


NOx Converter Efficiency
Date:

Analyzer:

Audit Gas: NO2 Concentration (Cv), ppmvd
Converter Efficiency Calculations:

Analyzer Reading, NO Channel, ppmvd
Analyzer Reading, NOx Channel, ppmvd
Analyzer Reading, NO2 Channel (CDir(NO2)), ppmvd
Converter Efficiency, %

ppmvd

ppmvd

Date/Time Elapsed Time NOx NO

mm/dd/yy hh:mm:ss Seconds ppmvd ppmvd

RM 7E, (08-15-06), 8.2.4.1  Introduce a concentration of 40 to 60 ppmv NO2 to the analyzer in 
direct calibration mode and record the NOx concentration displayed by the analyzer. ... Calculate 
the converter efficiency using Equation 7E-7 in Section 12.7.  The specification for converter 
efficiency in Section 13.5 must be met. ... The NO2 must be prepared according to the EPA 
Traceability Protocol and have an accuracy within 2.0 percent.

RM 7E, (08-15-06), 13.5  NO2 to NO Conversion Efficiency Test (as applicable).  The NO2 to 
NO conversion efficiency, calculated according to Equation 7E-7 or Equation 7E-9, must be 
greater than or equal to 90 percent.

Eq. 7E-7 =1002 ×⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

V

Dir
NO C

CEff x 100 =
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Fuel Data Weather Data
Fuel Fd factor  SCF/MMBtu  in. Hg

Fuel Heating Value (HHV)  Btu/SCF  %
 o F
 lb H2O / lb air

Unit Data
Unit Load  megawatts

Heat Input  lb/MMBtu
Steam Rate  Steam lb/hr

Combustor Inlet Pres.  psig
NOx Control Water Injection  gpm

Est. Stack Moisture  %
Stack Exhaust Flow (M2)  SCFH

Stack Exhaust Flow (M19)  SCFH

Date/Time Elapsed Time O2 NOx CO
(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd)

RAW AVERAGE

O2 NOx CO

(%) (ppmvd) (ppmvd)
Initial Zero
Final Zero
Avg. Zero

Initial UpScale
Final UpScale
Avg. UpScale

Upscale Cal Gas

O2 NOx CO

Concentration (ppm@ %O₂&ISO)
Concentration (ppm@ %O₂)

Barometric Pressure 
Relative Humidity 

Ambient Temperature 
Specific Humidity 

Run - 1

Emission Rate (tons/year) at 8760 hr/yr

Emission Rate (g/hp*hr)

Serial Number:

Corrected Raw Average (ppm/% wet basis)

B
ia

s

EMISSIONS DATA

Emission Rate (lb/MMBtu)

Emission Rate (lb/hr)

Corrected Raw Average (ppm/% dry basis)

Emission Rate (tons/day) at 24 hr/day
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O2 NOx CO

Initial Zero
Final Zero

Initial Upscale
Final Upscale

O2 NOx CO

Initial Zero
Final Zero

Initial Upscale
Final Upscale

3% of Range (drift)
5% of Range (bias)

Final Upscale Bias
Upscale Drift

  A
lte

rn
at

iv
e

S
pe

ci
fic
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A
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iff

Calibration Span

Initial Zero Bias
Final Zero Bias

Zero Drift
Initial Upscale Bias

Avg. UpScale
Sys Resp (Zero)

Sys Resp (Upscale)
Upscale Cal Gas

Final Zero
Avg. Zero

Initial UpScale
Final UpScale

DRIFT AND BIAS CHECK
Run - 2

Raw Average
Corrected Average

Initial Zero

  A
lte

rn
at
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e

S
pe

ci
fic

at
io

n
   

A
bs

 D
iff

Calibration Span
3% of Range (drift)
5% of Range (bias)

Zero Drift
Initial Upscale Bias
Final Upscale Bias

Upscale Drift

Sys Resp (Upscale)
Upscale Cal Gas
Initial Zero Bias
Final Zero Bias

Initial UpScale
Final UpScale
Avg. UpScale

Sys Resp (Zero)

DRIFT AND BIAS CHECK
Run - 1

Raw Average
Corrected Average

Initial Zero
Final Zero
Avg. Zero
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 Parameter Run - 1 Run - 2 Run - 3 Average

Start Time (hh:mm:ss)
End Time (hh:mm:ss)
Run Duration (min)
Bar. Pressure (in. Hg)
Amb. Temp. (°F)
Rel. Humidity (%)
Spec. Humidity (lb water / lb air)
Turbine Fuel Flow (SCFH)
Stack Flow (RM19) (SCFH)
Power Output (megawatts)
NOx (ppmvd)
NOx (lb/hr)
NOx (lb/MMBtu)
NOx (g/hp*hr)
CO (ppmvd)
CO (lb/hr)
CO (lb/MMBtu)
CO (g/hp*hr)
O₂(%)

 Parameter Run - 4 Run - 5 Run - 6 Average

Start Time (hh:mm:ss)
End Time (hh:mm:ss)
Run Duration (min)
Bar. Pressure (in. Hg)
Amb. Temp. (°F)
Rel. Humidity (%)
Spec. Humidity (lb water / lb air)
Turbine Fuel Flow (SCFH)
Stack Flow (RM19) (SCFH)
Power Output (megawatts)
NOx (ppmvd)
NOx (lb/hr)
NOx (lb/MMBtu)
NOx (g/hp*hr)
CO (ppmvd)
CO (lb/hr)
CO (lb/MMBtu)
CO (g/hp*hr)
O₂(%)

TABLE A.2
 LOAD 1 DATA SUMMARY

TABLE A.3
 LOAD 2 DATA SUMMARY
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EXAMPLE CALCULATIONS (INFORMATION)

Specific Humidity (RHsp)

gr lb H2O
lb Air

Fuel Flow Conversion (Qf) Note: Qf(lb/min) is a value uptained from the source operator.

lb ft3

lb

Combustor Inlet Pressure / Compressor Discharge Pressure (CIP / CDP)
(corrected from gauge to atmospheric pres. and conv. to mm Hg.)

Heat Rate (MMBtu/hr)

Estimated Stack Gas Moisture Content (Bws)

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

EXAMPLE CALCULATIONS (CALIBRATION)

Analyzer Calibration Error

ppm - ppm
ppm

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

ppm - ppm
ppm - ppm

ppm - ppm
ppm

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

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

CIP / CDP = mmHg (abs)
51.71493 mmHg

=x
MMBtu

hr 106 Btu
Heat Rate =

Btu
x

SCF
SCF

x x
lb-mol

x

lb-mol

Note: CIP / CDP (psig) is a value obtained 
from the source operator.

1 psia

Qf = x
60 min

min hr

psig +

RHsp= 

%x
hr

SCF
Bws = 2 x

SCF
hr

x 100 =

=

= SCFH

hr

=

MMBtu

lb
x

7000 gr
l lb

RM 7E, (08-15-06), 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  analyzer mid gas, if applicable)

ACE = Eq. 7E-1

x 100 = %Eq. 7E-1

Eq. of a line
y=mx+b

ACETHC = 

Ep = 

RM 25A, (07-19-06), 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 THC analyzer mid gas, if applicable)

ppm + = ppmx

%x 100 =100×⎟
⎠
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EXAMPLE CALCULATIONS (BIAS, DRIFT, AND CORRECTED RAW AVERAGE)

System Bias

ppm - ppm
ppm

Drift Assessment

Eq. 7E-4 %  - % %

Alternative Drift and Bias

Eq. Section 13.2 and 13.3 ppm - ppm ppm

Bias Adjusted Average

ppm
ppm - ppm

EXAMPLE CALCULATIONS (BSFC)
Using HHV with Qf (SCFH)

Using LHV with Qf (Btu/hp*hr)

hp

Using LHV with Qf (SCFH) Using HHV with Qf (Btu/hp*hr)

Btu SCF
hp

EXAMPLE CALCULATIONS (Emissions based on Table 29 values)

Emission Rate (lb/hr)
Qf (Btu/hp*hr))

g lb

Emission Rate (g/hp-hr)
Qf (Btu/hp*hr))

lb

g
SCF %

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

SB / DAlt = | 

Eq. 7E-5 ppm - ppm

RM 7E, (08-15-06), 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  analyzer upscale gas, Run 1 initial bias, if applicable)

SB = Eq. 7E-2

=

| =

ppm xCGas = 

| =

RM 7E, (08-15-06), 12.6  Effluent Gas Concentration.  For each test run, calculate Cavg, the arithmetic average of all valid  concentration values (e.g., 1-
minute averages).  Then adjust the value of Cavg for bias, using Equation 7E-5. (calc for  analyzer, Run 1, if applicable)

RM 7E, (08-15-06), 12.5  Drift Assessment.  Use Equation 7E-4 to separately calculate the low-level and upscale drift over each test run. (calc for  
analyzer upscale drift, Run 1, if applicable)

D =  | 

RM 7E, (08-15-06), 13.2 / 13.3  System Bias and Drift. Alternatively, the results are acceptable if |Cs – Cdir| is ≤ 0.5 ppmv or if |Cs – Cv| is ≤ 0.5 ppmv 
(as applicable). (calc for  analyzer initial upscale, Run 1, if applicable)

%x 100 =

=
Btu

hp*hr
Btu

Btu

Btu
scfBtu

x=
SCF

BSFC = 

hp*hr
1

Btu
hp*hr hp*hr

=
Btu

hr
BSFC = 

N/A Btu
x

hp*hr
BSFC = 

SCF

E (lb/hr) =
hp*hr

SCF
hr

x
1

=
hp*hr

BSFC = x
Btu

SCF

x
453.6 g

lb
hr

hp =x

E (g/hp-hr) = ppm x x
1 MMBtu
106 Btu

x
453.6 g

Btu
hp*hr

x
1 parts

106 ppm
x

20.9%lb-mol
x

hp*hr
=

MMBtu
x

lb
x

lb-mol
SCF
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EXAMPLE CALCULATIONS (RUNS)

Stack Exhaust Flow (QS) - RM19

%

NO2 Conversion Efficiency Correction

ppm - ppm
%

Moisture Correction

ppmvw
1 -

Diluent-Corrected Polutant Concentration, O2 Based

%
%

Diluent-Corrected Polutant Concentration, CO2 Based

%
%

SCF/MMBtu
SCF/MMBtu

7.2.2. Calculate the CO2 correction factor for correcting measurement data to percent oxygen, as follows:  

%

Diluent-Corrected Polutant Concentration Corrected to ISO Conditions

(19x( lb/lb-0.00633)) 1.53

psig + K
K

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

0.01933677 psi/mm Hg.
psig + 14.69232 psi

40CFR60.335(b)(1), Conversion for conc. at ISO Conditions (68°F, 1 atm). Calculate, as follows: (calc for @% with Run 1 data, if applicable)

xppm@%O₂
0.01933677 psi/mm Hg.

xx 2.718CISO = 
psi

%

Cadj = ppm x

=

RM 20, (11-26-02), 7.3.2 Correction of Pollutant Concentration Using CO2 Concentration. Calculate the CO2 corrected pollutant concentration, as 
follows: (calc for  gas, Run 1, if applicable)

Eq. 20-2
0.209 x

F0 =

7.2 CO2 Correction Factor. If pollutant concentrations are to be corrected to percent O2 and CO2 concentration is measured in lieu of O2 concentration 
measurement, a CO2 correction factor is needed. Calculate the CO2 correction factor as follows: 7.2.1 Calculate the fuel specific Fo, as follows:

Eq. 20-5

Cadj =Eq. 20-4 ppm@%O₂
20.9% -

=ppm x

=

RM 7E, (08-15-06), 12.8  NO2 - NO Conversion Efficiency Correction.  If desired, calculate the total NOX concentration with a correction for converter 
efficiency using Equations 7E-8. (calc for non-bias corrected (raw) NOx gas, Run 1, if applicable)

Eq. 7E-8 NOxCorr = ppmx 100 =

20.9% -
=Eq. 20-3

20.90%

XCO2 =

ppm@% and ISO

QS =

=

RM 20, (11-26-02), 7.3.1 Correction of Pollutant Concentration Using O2 Concentration. Calculate the O2 corrected pollutant concentration, as follows: 
(calc for  gas, Run 1, if applicable)

ppm +

20.9% -

BtuSCF
x

RM 7E, (08-15-06), RM7E, (08-15-06), 12.10  Moisture Correction.  Use Equation 7E-10 if your measurements need to be corrected to a dry basis. (calc 
for THC analyzer, Run 1, if applicable)  Note: Calculations may not match as Run 1 results are typically also bias adjusted

Eq. 7E-10 CD = ppmvd

=
288
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EXAMPLE CALCULATIONS (RUNS)

Emissions Rate (lb/hr)

ppm lb

Emissions Rate (ton/year)

lb hr ton

Emissions Rate (lb/MMBtu)

Oxygen Based

SCF/MMBtu x lb
20.9% - %

Carbon Dioxide Based

SCF/MMBtu x lb
%

Conversion Constant
Convc for 

lb lb

Sulfur Dioxide Rate (lb/MMBtu), 40CFR60, App. A, RM 19, Eq. 19-25 (11/20/03)

lb

Emissions Rate (g/hp-hr)
Calculation for grams per horsepower-hour. Calculate, as follows: (calc for  gas Run 1, if applicable)

lb g
mw 1314.022 hp

lb g
hp

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

=
Btu/lb MMBtuwt%•MMBtu

2x104 Btu

SCF

wt%

year

SO2 = 0.97 x

hr

=

xElb/hr =

Eg/hp-hr =

hr

RM 19, (07-19-06), 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 ng/J (lb/million Btu). (calc for  gas Run 1, if applicable)

12.2.1 Oxygen-Based F Factor, Dry Basis. When measurements are on a dry basis for both O2 (%O2d) and pollutant (Cd) concentrations, use the 
following equation:

Eq. 19-1

=

lb•mole

Eq. 19-6

lb/ppm*ft3 x 20.9%

lbhr
453.6 g

x

hp*hr

= ppm-ft3
x

1
x

MMBtu

lb•mole

=
ppm x

Convc =
106

hr

hp*hr
=

lb

x
1

x
453.6 g

x

lb/ppm*ft3 x 100%

=

12.2.4 Carbon Dioxide-Based F Factor, Dry Basis. When measurements are on a dry basis for both CO2 (%CO2d) and pollutant (Cd) concentrations, 
use the following equation:

Elb/MMBtu =

Eg/hp-hr =

x

mw
x

x
2000 lb

106 ppm/part

year

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

ppm x
Elb/MMBtu = MMBtu

Eton/yr =
ton

Calculation for pound per hour emission rate. Calculate, as follows: (calc for  gas Run 1, if applicable)

lb/lb-mol
=

SCF/lb-mol
SCFH x

G
MWQC

E SGas
hrlb

×
×= 6/ 10

)2(
/

%100

COGas

CdGas
MMBtulb C

ConvFactorFCE ×××
=

)2(
/ %9.20
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OGas

CdGas
MMBtulb C

ConvFactorFCE
−

×××
=
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yearhrlb

yrton

hrE
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×
=
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E

or
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E

E hrlbhrlb
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022.1314
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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, percent/100.
CAvg = Average unadjusted gas concentration indicated by data recorder for the test run.
CD = Pollutant concentration adjusted to dry conditions.
CDir = Measured concentration of a calibration gas (low, mid, or high) when introduced in direct calibration mode. 
CGas = 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.
CMA = Actual concentration of the upscale calibration gas, ppmv.
CO = Average of the initial and final system calibration bias (or 2-point system calibration error) check responses from the low-level (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.
CSpike = Concentration of NOx in the undiluted spike gas.
CCalc = 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.
Ep = The predicted response for the low-level and mid-level gases based on a linear response line between the zero and high-level response.
EffNO2 = 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.
QSpike = Flow rate of spike gas introduced in system calibration mode, L/min.
QTotal = Total sample flow rate during the spike test, L/min.
R = Spike recovery, percent.
SB = System bias, percent of calibration span.
SBi = Pre-run system bias, percent of calibration span.
SBf = Post-run system bias, percent of calibration span.
SB / DAlt = Alternative absolute difference criteria to pass bias and/or drift checks.
SCE = System calibration error, percent of  calibration span.
SCEi = Pre-run system calibration error, percent of calibration span.
SCEfinal = 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:

Pr = reference combustor inlet absolute pressure at 101.3 kilopascals ambient pressure, mm Hg
Po = observed combustor inlet absolute pressure at test, mm Hg
Ho = observed humidity of ambient air, g H2O/g air

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

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

bhp = brake horsepower
hp = horsepower
Qsys = system flow (lpm)
Qm = matrix spike flow (lpm)
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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 polltant
Bwa = Moisture fraction of ambient air, percent.
Btu = British thermal unit
%C = Concentration of carbon from an ultimate analysis of fuel, weight percent.
%CO2d,%CO2w = 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).
Ea = Average pollutant rate for the specified performance test period, ng/J (lb/million Btu).
Eao, Eai = Average pollutant rate of the control device, outlet and inlet, respectively, for the performance test period, ng/J (lb/million Btu).
Ebi = Pollutant rate from the steam generating unit, ng/J (lb/million Btu).
Ebo = Pollutant emission rate from the steam generating unit, ng/J (lb/million Btu).
Eci = Pollutant rate in combined effluent, ng/J (lb/million Btu).
Eco = Pollutant emission rate in combined effluent, ng/J (lb/million Btu).
Ed = 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 Btu).
Edi = Average inlet SO2 rate for each sampling period d, ng/J (lb/million Btu).
Eg = Pollutant rate from gas turbine, ng/J (lb/million Btu).
Ega = Daily geometric average pollutant rate, ng/J (lbs/million Btu) or ppm corrected to 7 percent O 2.
Ejo,Eji = Matched pair hourly arithmetic average pollutant rate, outlet and inlet, respectively, ng/J (lb/million Btu) or ppm corrected to 7 percent O 2.
Eh = Hourly average pollutant, ng/J (lb/million Btu).
Ehj = Hourly arithmetic average pollutant rate for hour "j," ng/J (lb/million Btu) or ppm corrected to 7 percent O 2.
EXP = Natural logarithmic base (2.718) raised to the value enclosed by brackets.
Fc = Ratio of the volume of carbon dioxide produced to the gross calorific value of the fuel from Method 19
Fd, Fw, Fc = Volumes of combustion components per unit of heat content, scm/J (scf/million Btu).
ft3 = cubic feet
G = ideal gas conversion factor

(385.23 SCF/lb-mol at 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 (Btu/lb).
GCVp, GCVr = Gross calorific value for the product and raw fuel lots, respectively, dry basis, kJ/kg (Btu/lb).
%H = Concentration of hydrogen from an ultimate analysis of fuel, weight percent.
Hb = Heat input rate to the steam generating unit from fuels fired in the steam generating unit, J/hr (million Btu/hr).
Hg = Heat input rate to gas turbine from all fuels fired in the gas turbine, J/hr (million Btu/hr).
%H2O = Concentration of water from an ultimate analysis of fuel, weight percent.
Hr = Total numbers of hours in the performance test period (e.g., 720 hours for 30-day performance test period).
K = volume of combustion component per pound of component (constant)
K = Conversion factor, 10−5 (kJ/J)/(%) [106 Btu/million Btu].
Kc = (9.57 scm/kg)/% [(1.53 scf/lb)/%].
Kcc = (2.0 scm/kg)/% [(0.321 scf/lb)/%].
Khd = (22.7 scm/kg)/% [(3.64 scf/lb)/%].
Khw = (34.74 scm/kg)/% [(5.57 scf/lb)/%].
Kn = (0.86 scm/kg)/% [(0.14 scf/lb)/%].
Ko = (2.85 scm/kg)/% [(0.46 scf/lb)/%].
Ks = (3.54 scm/kg)/% [(0.57 scf/lb)/%].
Ksulfur = 2x104 Btu/wt%-MMBtu
Kw = (1.30 scm/kg)/% [(0.21 scf/lb)/%].
lb = pound
ln = Natural log of indicated value.
Lp,Lr = Weight of the product and raw fuel lots, respectively, metric ton (ton).
%N = Concentration of nitrogen from an ultimate analysis of fuel, weight percent.
M% = mole percent
mol = mole
MW = molecular weight (lb/lb-mol)
MWAIR = molecular weight of air ( lb/lb-mole)1

NCM = net Btu per SCF (constant based on compound)
%O = Concentration of oxygen from an ultimate analysis of fuel, weight percent.
%O2d, %O2w = Concentration of oxygen on a dry and wet basis, respectively, percent.
PB = barometirc pressure, in Hg
Ps = Potential SO2 emissions, percent.
%S = Sulfur content of as-fired fuel lot, dry basis, weight percent.
Se = Standard deviation of the hourly average pollutant rates for each performance test period, ng/J (lb/million Btu).
%Sf = Concentration of sulfur from an ultimate analysis of fuel, weight percent.
S(wt%)  = weight percent of sulfur, per lab analysis by appropriate ASTM standard 
Si = Standard deviation of the hourly average inlet pollutant rates for each performance test period, ng/J (lb/million Btu).
So = Standard deviation of the hourly average emission rates for each performance test period, ng/J (lb/million Btu).
%Sp, %Sr = 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
t0.95 = Values shown in Table 19-3 for the indicated number of data points n.
Tamb = ambient temperature, oF
W/D Factor = = conv. at 14.696 psia and

68 deg F (ref. Civil Eng. Ref. Manual, 7th Ed.)
XCO2=CO2 Correction factor, percent. 
Xk = Fraction of total heat input from each type of fuel k.  

1.0236

28.9625
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68 oF
29.92 in Hg

indust. spec. 100 scf
chk Subpart 180 minutes

% or w/DB

in
TRUE

1 2 3
from ACS

(Y)
(∆H@) in H2O

from ACS
(Cp) 0.840 0.840 0.840

from ACS
from ACS

(Dn) in
from ACS

in
from list inconel inconel inconel

from ACS
from ACS
from bottle

Company Name

(SS, Glass …. ) Liner Material

Probe Number
Probe Length

Sample Case / Oven Number
Impinger Case Number

Acetone Lot Number

Testing Company Information

Fax Number

Address
City, State Country Zip

Project Manager
Phone Number

Pitot Tube Coefficient
Orsat Identification

Nozzle Number
Nozzle Diameter

Number of Ports Used

Pitot Identification

Port Inside Diameter
Circular Stack

Test Equipment Information
Run

Meter Box Number
Meter Calibration Factor
Orifice Meter Coefficient

Standard Temperature
Standard Pressure

Minimum Required Sample Vol.
Run Duration

Test Information

Plant Name
Sampling Location

Fuel or Source Type
Fuel F-Factor

Starting Test Date

Source Information

Gas, Natural

Project #
Operator

TRUE English Units 2 Cells Unprotected

ALARMS EXIST !!! - Check Alarm Sheet

Unit Number
Load

(918) 307-8865
(918) 307-9131

Air Hygiene International, Inc. (Tulsa, Oklahoma)
5634 S. 122nd East Ave., Suite F
Tulsa, Oklahoma 74146

Base Run Number
Number of Ports Available

Isocalc-AHI v4.3



(Lfw) in
(Lnw) in
(D) in
(As) ft2

(B) in
(BD) diameters
(A) in
(AD) diameters

Down Up Particulate Velocity
Stream Stream Points Points

2.00-4.99 0.50-1.24 24 16
5.00-5.99 1.25-1.49 20 16
6.00-6.99 1.50-1.74 16 12
7.00-7.99 1.75-1.99 12 12
>= 8.00 >=2.00 8 or 122 8 or 122

Ports by Across
Pts Used Required

1  Check Minimum Number of Points for the Upstream
   and Downstream conditions, then use the largest.
2  8 for Circular Stacks 12 to 24 inches
   12 for Circular Stacks over 24 inches Fraction Distance Distance

Traverse of from Including
Point Stack Inside Reference

Number Diameter Wall Length
in in

1
2
3
4
5
6
7
8
9
10
11
12

Distance to Near Wall of Stack
Diameter of Stack

Stack Type
Stack Size Port Inside Diameter

Circular

Traverse Point Locations

Circular Stack or Duct Diameter

Distance from Port to Disturbances

Number of Traverse Points Required

Number of Traverse Points Used

Particulate TraverseTRUE

Distance to Far Wall of Stack

Area of Stack

Distance Downstream

METHOD 1 - SAMPLE AND VELOCITY TRAVERSES FOR CIRCULAR SOURCES

Plant Name
Sampling Location

Operator

Date
Project #

# of Ports Available
# of Ports Used

Diameters Downstream
Distance Upstream

Upstream Spec
Downstream Spec

Traverse Pts Required

Diameters Upstream

Diameters to
Flow Disturbance

Minimum Number of1

Traverse Points

Lnw

Lfw

D

B

A

Traverse
Point

Number 2 4 6 8 10 12 14 16 18
1 .146 .067 .044 .032 .026 .021 .018 .016 .014
2 .854 .250 .146 .105 .082 .067 .057 .049 .044
3 .750 .296 .194 .146 .118 .099 .085 .075
4 .933 .704 .323 .226 .177 .146 .125 .109
5 .854 .677 .342 .250 .201 .169 .146
6 .956 .806 .658 .356 .269 .220 .188
7 .895 .774 .644 .366 .283 .236
8 .968 .854 .750 .634 .375 .296
9 .918 .823 .731 .625 .382
10 .974 .882 .799 .717 .618
11 .933 .854 .780 .704
12 .979 .901 .831 .764

(Fraction of Stack Dimension from Inside Wall to Traverse Point)
Number of Traverse Points Across the Stack

Location of Traverse Points in Circular Stacks

Isocalc-AHI v4.3



FALSE PreTest FALSE PostTest

(D) in
(W) in Run Time Start End
(As) ft2 Traverse Velocity Null Stack Local

Point Head Angle Temp Velocity
(∆p) (Na) (ts) (vs(l))

(Pb) in Hg in H2O deg oF ft/sec
(Pstatic) in H2O

(Ps) in Hg

(%CO2) %
(%O2) %
(%CO) %
(%N2) %
(Bws) %
(Md) lb/lb-mole
(Ms) lb/lb-mole

(vs) ft/sec
(Qsd) dscf/hr
(Qsd) dscf/min
(Qaw) acf/min
(Qsw) ascf/hr

V1

0.84

Alarms Exist - Measure Static Pressure, turn side-to
side, unplug to get positive reading!!!

Average
= Square roots of ∆p

Carbon Dioxide Concentration
Oxygen Concentration

METHOD 2 - DETERMINATION OF STACK GAS VELOCITY AND VOLUMETRIC FLOW RATE

Stack Dimensions Velocity Traverse Data

Pressures

Circular

Carbon Monoxide Concentration
Nitrogen Concentration

Avg Stack Dry Std Flow Rate
Avg Stack Dry Std Flow Rate

Pitot Leak Check

Date
Project #

# of Ports Used
Pitot Identification

Pitot Coefficient (Cp)

Plant Name
Sampling Location

Operator
Stack Type

Diameter or Length of Stack
Width of Stack

Area of Stack

Run Number

Barometric Pressure
Static Pressure

Absolute Stack Pressure

Composition Data:
Stack Gas Composition

Alarms Exist - Enter Static Pressure (see below)!!!

Estimated CompositionFALSE

Stack Cross Section Schematic

Avg Stack Wet Flow Rate

Stack Moisture Content
Stack Dry Molecular Weight
Stack Wet Molecular Weight

Avg Stack Gas Velocity
Results

Avg Stack Wet Std Flow Rate

Isocalc-AHI v4.3



1.600 1.836
FALSE PreTest FALSE PostTest

(%CO2) (%O2) (ppmCO) (%CO2) (%O2) (%CO) (%N2) (Md) (∆Md)
hh:mm percent percent ppm percent percent percent percent lb/lb-mole lb/lb-mole

Averages
(Fo)avg FALSE

(%EA)avg percent FALSE

(%CO2) (%O2) (ppmCO) (%CO2) (%O2) (%CO) (%N2) (Md) (∆Md)
hh:mm percent percent ppm percent percent percent percent lb/lb-mole lb/lb-mole

Averages
(Fo)avg FALSE

(%EA)avg percent FALSE

(%CO2) (%O2) (ppmCO) (%CO2) (%O2) (%CO) (%N2) (Md) (∆Md)
hh:mm percent percent ppm percent percent percent percent lb/lb-mole lb/lb-mole

Averages
(Fo)avg FALSE

(%EA)avg percent FALSE

Minimum Maximum
1.016 1.130
1.016 1.130
1.083 1.230
1.260 1.413
1.210 1.370
1.600 1.836
1.434 1.586
1.405 1.553
1.000 1.120
1.003 1.130

Molecular 
Weight 

Deviation

Nitrogen 
Conc.

Dry 
Molecular 

Weight

Molecular 
Weight 

Deviation

Molecular Wt Deviation < 0.3?
Fuel Factor in Handbook Range?

Sample 
Analysis 

Time

Carbon 
Dioxide 
Conc.

Oxygen 
Conc.

Carbon 
Monoxide 

Conc.

Carbon 
Dioxide 
Conc.

Oxygen 
Conc.

Carbon 
Monoxide 

Conc.

Nitrogen 
Conc.

Carbon 
Dioxide 
Conc.

Oxygen 
Conc.

Carbon 
Monoxide 

Conc.

Gas Analysis Data

Average Calculated Fuel Factor
Average Excess Air

Molecular 
Weight 

Deviation

Sample 
Analysis 

Time

Carbon 
Dioxide 
Conc.

Oxygen 
Conc.

Carbon 
Monoxide 

Conc.

Carbon 
Dioxide 
Conc.

Oxygen 
Conc.

Carbon 
Monoxide 

Conc.

Carbon 
Monoxide 

Conc.

Carbon 
Dioxide 
Conc.

Oxygen 
Conc.

Run Number

Run Number

Sample 
Analysis 

Time

1

2

METHOD 3a - DETERMINATION OF DRY MOLECULAR WEIGHT BY ANALYZER

Date
Project #

# of Ports Used

Results

Fuel Factor Fo

N/A
Orsat Leak Check

Gas Analysis Data

Results

Gas Analysis Data

Results

Average Calculated Fuel Factor
Average Excess Air

Run Start Time Run Stop Time

Dry 
Molecular 

Weight

Maximum Fuel Factor
Orsat Identification

Minimum Fuel Factor

Run Start Time Run Stop Time

Molecular Wt Deviation < 0.3?
Fuel Factor in Handbook Range?

Plant Name
Sampling Location

Operator
Fuel Type

Molecular Wt Deviation < 0.3?
Fuel Factor in Handbook Range?

Fuel Type

Run Number Run Start Time Run Stop Time

Average Calculated Fuel Factor

3

Nitrogen 
Conc.

Dry 
Molecular 

Weight

Coal, Anthracite
Coal, Lignite
Coal, Bituminous

Average Excess Air

Gas, Butane
Wood
Wood Bark

Oil, Distillate
Oil, Residual
Gas, Natural
Gas, Propane
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FALSE PreTest FALSE PostTest

(Vm) dcf (Pb) in Hg
(tm)avg oF  (Pstatic) in H2O
(ts)avg oF (∆H)avg in H2O

Impinger 1 Impinger 2 Impinger 3 Impinger 4 Impinger 5 Impinger 6 Impinger 7 Impinger 8
g g g g g g g g

Contents DI DI DI Sil Gel
Final Value (Vf),(Wf)
Initial Value (Vi),(Wi)
Net Value (Vn),(Wn)

(Wt) g (Vwsg(std)) scf
(Vm(std)) dscf (Bws(svp)) %

(Bws(calc)) % (Bws) %

Run Number Run Start Time Run Stop Time
Total Meter Volume (Vm) dcf Barometric Press. (Pb) in Hg

Avg Meter Temp (tm)avg oF Stack Static Press.  (Pstatic) in H2O
Avg Stack Temp (ts)avg oF Avg Orifice Press. (∆H)avg in H2O

Impinger 1 Impinger 2 Impinger 3 Impinger 4 Impinger 5 Impinger 6 Impinger 7 Impinger 8
g g g g g g g g

Contents DI DI DI Sil Gel
Final Value (Vf),(Wf)
Initial Value (Vi),(Wi)
Net Value (Vn),(Wn)

Total Weight (Wt) g Water Vol Weighed (Vwsg(std)) scf
Std Meter Volume (Vm(std)) dscf Sat. Moisture Content (Bws(svp)) %

Calc Moisture Content (Bws) % Final Moisture Content (Bws) %

Run Number Run Start Time Run Stop Time
Total Meter Volume (Vm) dcf Barometric Press. (Pb) in Hg

Avg Meter Temp (tm)avg oF Stack Static Press.  (Pstatic) in H2O
Avg Stack Temp (ts)avg oF Avg Orifice Press. (∆H)avg in H2O

Impinger 1 Impinger 2 Impinger 3 Impinger 4 Impinger 5 Impinger 6 Impinger 7 Impinger 8
g g g g g g g g

Contents DI DI DI Sil Gel
Final Value (Vf),(Wf)
Initial Value (Vi),(Wi)
Net Value (Vn),(Wn)

Total Weight (Wt) g Water Vol Weighed (Vwsg(std)) scf
Std Meter Volume (Vm(std)) dscf Sat. Moisture Content (Bws(svp)) %

Calc Moisture Content (Bws) % Final Moisture Content (Bws) %

Sat. Moisture Content
Final Moisture Content

Run Number
Total Meter Volume

Avg Meter Temp
Avg Stack Temp

Train Leak Check

Date
Project #

# of Ports Used
Meter Box Number

Meter Cal Factor (Y)

Plant Name
Sampling Location

Operator
Stack Type

3

Results

Moisture Content Data

Results

Moisture Content Data

Total Weight
Std Meter Volume

Calc Moisture Content

1

2

Run Start Time Run Stop Time
Barometric Press.

Stack Static Press.
Avg Orifice Press.

Water Vol Weighed

Results

METHOD 4 - DETERMINATION OF MOISTURE CONTENT IN STACK GASES

Moisture Content Data

Circular

Isocalc-AHI v4.3



(Cp) 0.84
(ts) oF
(tm)

(∆H@) in H2O
(∆pavg) in H2O

Train Pre ft3/min @ in Hg (Bws) %
OK? Post ft3/min @ in Hg (Y) (Md) lb/lb-mole

Pitot Pre in. H2O for sec (Qm) 0.750 acfm
OK? Post in. H2O for sec (Dna) in (K)

Orsat OK? (Dni) in
in

 (Pb) in Hg
Pre PASS  (Pstatic) in H2O

Post PASS  (Ps) in Hg
 (Pm) in Hg

Weights Imp 1 Imp 2 Imp 3 Imp 4 Imp 5 Imp 6 Imp 7 Imp 8
Start End Pre H2O 50.0 ml Filter #

Post MeCl ml

Dry Gas Desired Actual Impinger Meter Meter Square Local Cumulative Cumulative Est-Run
Traverse Sampling Timer Meter Velocity Orifice Orifice Stack Probe Filter Exit Aux Inlet Outlet Pump Root Stack Meter Percent Meter
Point # Time Time Reading Head ∆H ∆H Temp Temp Temp Temp Temp Temp Temp Vacuum ∆P Velocity Volume IsoKinetic Volume

(Θ) (Vm) (∆p) (∆Hd) (∆Ha) (ts) (tmi) (tmo) (∆p1/2) (vs)l (Vm)std (I) (Vm)std

min hh:mm:ss ft3 in H2O in H2O in H2O oF oF oF oF oF oF oF in Hg (in H2O)1/2 ft/sec scf % scf
0.0 0:00:00

#VALUE!

Final Val 0.0 0:00:00 Max Vac

Wash 
VolumeAlarms Exist - Enter Run Times!!!

Leak Checks

Nozzle Measurements

Meterbox Cal. Factor
Nozzle #

Average Nozzle Diameter
Rec. Nozzle Diameter

Sample Case / Oven #
Impinger Case #

Avg Pitot Tube Diff. Pressure
Stack Moisture Content

ISOKINETIC SAMPLING DATA

Average Values

Run Time

Ideal Nozzle Diameter and IsoKinetic Factor Setup

Pressures

Plant Name
Sampling Location

Operator

Final Values

Sampling Equipment

inconel
Probe # / Length

Liner Material

# of Points Across

Date
Project #

Run #
# of Ports Used

1

Meter #

Pitot Tube Coefficient
Avg Stack Temp

Avg Gas Meter Temp
DH @ 0.75 SCFM

Stack Dry Molecular Weight
Estimated Orifice Flow Rate

Absolute Meter Pressure

DP to DH Isokinetic Factor

Barometric Pressure
Stack Static Pressure

Absolute Stack Pressure

Isocalc-AHI v4.3



1 2 3
(hh:mm)
(hh:mm)

(mm/dd/yy)

(mm/dd/yy)
(hh:mm)

Sample Blank Taken NO

(Vf) ml
(Vi) ml
(Vn) ml

(Wf) g
(Wi) g
(Wn) g

(Vlc) ml

Silica Gel
Impinger Case

Sample Box
Oven

Final Volume
Impingers 1, 2, and 3 - Liquid Volume

Final Weight
Impinger 4 - Silica Gel Weight

Comments

 - SAMPLE RECOVERY AND INTEGRITY DATA SHEET

Run History Data

Equipment Identification Numbers

Moisture Content Data

Plant Name
Sampling Location

Operator

Date
Project #

Acetone Lot Number

Run Number
Run Start Time
Run Stop Time

Train Prepared By
Train Recovered By

Recovery Date
Relinquished By

Received By

Total Volume

Initial Weight
Net Weight

Comments

Total Water Collected

Initial Volume
Net Volume

Alarms Exist - Collect Sample 
Blanks of at least 75ml each!!!

Alarms Exist - Enter 
Filter Numbers!!!

Relinquished Date
Relinquished Time

Filter
Acetone Wash

Isocalc-AHI v4.3



Run 1 Start Time
Number Date Time

Filter Date Time Humidity Temp Cal Audit
g mm/dd/yy hh:mm %RH oF g

(m1f)
(m2f)
(m3f)
(m4f)

Acetone Date Time Humidity Temp Cal Audit
g mm/dd/yy hh:mm %RH oF g

(m1a)
(m2a)
(m3a)
(m4a)

Imp Water Date Time Humidity Temp Cal Audit
g mm/dd/yy hh:mm %RH oF g

(m1ino)
(m2ino)
(m3ino)
(m4ino)

MeCl Org Date Time Humidity Temp Cal Audit
g mm/dd/yy hh:mm %RH oF g

(m1org)
(m2org)
(m3org)
(m4org)

Probe Wash Beaker #
Water Beaker #

MeCl (org) Beaker #

Measurement 4

Measurement 2

Measurement 2
Measurement 1

Estimated Volume 0.00

Filter and Beaker Weight

Measurement 4

Filter

Measurement 1
Measurement 2
Measurement 3

Weight Data

Measurement 3
Measurement 4

Imp Content and Beaker Weight

Probe Wash and Beaker Weight

Measurement 1

Measurement 3
Measurement 4

Organics and Beaker Weight

Measurement 1
Measurement 2
Measurement 3

FALSE

METHOD 5 (FRONTHALF) AND 202 (BACKHALF) - SAMPLE ANALYTICAL DATA SHEET

Date
Project #

Acetone Lot Number

Plant Name
Sampling Location

Operator

Placed in Desiccator
Leakage Evident?

Analytical Data

Isocalc-AHI v4.3



METHOD 5 (FRONTHALF) AND 202 (BACKHALF) - SAMPLE ANALYTICAL DATA SHEET

Date
Project #

Acetone Lot Number

Plant Name
Sampling Location

Operator

Filter
g

g Run 1

(va) ml
(vino) ml
(vorg) ml
(vn) ml

(wab) g
(winob) g
(worgb) g
(vab) ml
(vinob) ml
(vorgb) ml
(Ca) mg/ml
(Cino) mg/ml
(Corg) mg/ml

Filterf PM10a1' Probea' Imp Contino' Organicsorg'

(mfx) g
(mtx) g
(mx) mg
(Wx) mg
(Mn) mg

PM10 Beaker
Tare

Sample Volume and Blank Concentrations

Total Particulates

Organics Wash Volume

MeCl Blank Weight of Solids

MeCl Blank Volume

Blank Adjustment

Tare Weight
Final Weight

Results

Weight Gain

MeCl Blank Concentration

Net Wash Volume
Acetone Blank Weight of Solids

Imp Cont Blank Weight of Solids

Acetone Blank Volume

Acetone Blank Concentration
Imp Content Blank Concentration

Filter Beaker
Tare (Pre-Particulate) Weights

Tare
Imp Content BeakerAcetone Beaker

Imp Content Blank Volume

Probe Wash Volume
Impinger Content Volume

Organics Beaker

Isocalc-AHI v4.3



Date
Project #

Stack Type

1 2 3 Average
hh:mm
hh:mm

(Y)
(Cp) 0.840 0.840 0.840
(Dna) #DIV/0! #DIV/0! in

(Vm)i ft3
(Vm)f ft3
(Vm) ft3

(Θ) 0.0 0.0 0.0 0.0 min
(tm)avg oF
(ts)avg oF
 (Pb) in Hg

 (Pstatic) in H2O
 (Ps) in Hg

(∆H)avg in H2O
 (Pm) in Hg

(∆p1/2)avg (in H2O)1/2

(Vn) ml
(Wn) g
(Vlc) ml

(Vw)std scf
(Vm)std dscf

(Bws(calc)) %
(Bws(svp)) %

(Bws) %

(%CO2) %
(%O2) %

(%CO) %
(%N2) %
(Md) lb/lb-mole
(Ms) lb/lb-mole
(Fo)
(Fd) dscf/MMBtu

(%EA) %

(vs) ft/sec
(As) ft2

(Qaw) acfm
(Qsw) wkscfh
(Qsd) dscfm

(I) %

(Mf) mg
(Ma') mg
(Mino') mg
(Morg') mg
(Mn) mg
(cs) g/dscf

(cs
') gr/dscf

(E) kg/hr

(E') lbs/hr

(E'') tons/yr

(E''') lbs/MMBtu

(HI) MMBtu/hr

Historical Data

Stack Test Data

Moisture Content Data

Gas Analysis Data

Run Number
Run Start Time
Run Stop Time

Meter Calibration Factor
Pitot Tube Coefficient

Average Nozzle Diameter

Circular

Plant Name
Sampling Location

Operator

Initial Meter Volume
Final Meter Volume
Total Meter Volume

Total Sampling Time
Average Meter Temperature
Average Stack Temperature

Barometric Pressure
Stack Static Pressure

Absolute Stack Pressure
Average Orifice Pressure Drop

Absolute Meter Pressure
Avg Square Root Pitot Pressure

Impingers 1-3 Water Volume Gain
Impinger 4 Silica Gel Weight Gain

Total Water Volume Collected
Standard Water Vapor Volume

Standard Meter Volume
Calculated Stack Moisture
Saturated Stack Moisture

Reported Stack Moisture Content

Carbon Dioxide Percentage
Oxygen Percentage

Percent Excess Air

Average Stack Gas Velocity

Carbon Monoxide Percentage
Nitrogen Percentage

Dry Gas Molecular Weight
Wet Stack Gas Molecular Weight

Volumetric Flow Rate Data

Fuel F-Factor

(Pt 75 App F Sect. 5.2.1) Heat Input

Percent of Isokinetic Rate

Mass of Particulate on Filter
Mass of Particulate in Acetone

Emission Rate Data

Mass of Particulate in Imp Content
Mass of Particulate in Org Rinse

METHOD 5 (FRONTHALF) AND 202 (BACKHALF) - RESULTS

Total Mass of Particulates

Stack Particulate Concentration

Particulate Emission Rate

Stack Cross-Sectional Area
Actual Stack Flow Rate

Wet Standard Stack Flow Rate
Dry Standard Stack Flow Rate

Calculated Fuel Factor

Isocalc-AHI v4.3



Relinquished by: (Signature) Date: Time: Received by: (Signature) Date: Time:

Relinquished by: (Signature) Date: Time: Received by: (Signature) Date: Time:

SAMPLE DESCRIPTION AND
CHAIN OF CUSTODY RECORD

Project Number:

Person Taking Samples:  

Analysis MethodSample 
Number

Laboratory Analysis Requested: 

Location Date Volume

Air Hygiene International, Inc.
5634 S. 122nd East Ave, Suite F
Tulsa, Oklahoma 74146
(888) 461-8778
www.airhygiene.com
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EXAMPLE CALCULATIONS (Reference Method 1 - Circular Stack)

Lfw = distance to far wall of stack (in.) Diameter of Stack (in.)
Lnw = distance to near wall of stack (in.) [reference]
D = diameter of stack (in.)
As = area of stack (ft2) in.
B = distance downstream (in.)
BD = stack diameters downstream (dia.) Stack Diameters Downstream
A = distance upstream (in.)
AD = stack diameters upstream (dia.)

in.
Area of Stack (ft2) in.

Stack Diameters Upstream
2

in.
in.
in.

Number of Traverse Points
Based on 40 CFR Part 60, Appendix A, Method 1, Section 2.2

Traverse Point Locations
Based on 40 CFR Part 60, Appendix A, Method 1, Section 2.3

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

D (in.) = 0 0

=BD (dia.) =

=

in. - in. =

As (ft
2) = ft2

2 x 12in./ft
=3.14 x

diameters
0

diameters
0

AD (dia.) =

nwfw LLinD −=.)(

2
2

122
)( ⎟

⎠
⎞

⎜
⎝
⎛

×
×=

DftAs π

D
BdiaB D =.)(

D
AdiaAD =.)(
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EXAMPLE CALCULATIONS (Reference Method 2)

Pb = barometric pressure (in. Hg) Cp = pitot tube coefficient
Pstatic = static pressure (in. H20) ∆p = velocity head (in. H2O)
Ps = absolute stack pressure (in. Hg) As = area of stack (ft2)
%N2 = nitrogen concentration (%) Na = null angle (deg.)
%CO2 = carbon dioxide concentration (%) ts = stack temperature (oF)
%O2 = oxygen concentration (%) Tu = temperature offset, 460oR
%CO = carbon monoxide concentration (%) Kp = pitot tube constant,
MW = molecular weight (lb/lb-mole)  85.49 (ft/sec)(((lb/lb-mole)(in. Hg))/((oR)(in. Hg)))1/2

Bws = stack moisture content (%)
Md = stack dry molecular weight (lb/lb-mole)
Ms = stack wet molecular weight (lb/lb-mole)
Tstd = standard temperature, 68oF, 528oR
Pstd = standard pressure, 29.92 in. Hg
vsl = local velocity (ft/sec)
vs = average stack gas velocity (ft/sec)
Qsd = average stack dry standard flow rate (dscf/hr)
Qaw = average stack wet flow rate (ascf/min)

Absolute Stack Pressure (in. Hg)

Nitrogen Concentration (%)

% - % - %

Stack Dry Molecular Weight (lb/lb-mole)

lb

Stack Wet Molecular Weight (lb/lb-mole)

lb % % lb

Local Velocity (ft/sec)

1/2

ft

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

% =

Ps (in. Hg) = =0 in. Hg +
13.6 in. H2O/in. Hg

in. H2O in. Hg

%N2 (%) = 0 0100 - 0

0.00

lb/lb-mol

100
x 0 %  +
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EXAMPLE CALCULATIONS (Reference Method 2)

Pb = barometric pressure (in. Hg) Cp = pitot tube coefficient
Pstatic = static pressure (in. H20) ∆p = velocity head (in. H2O)
Ps = absolute stack pressure (in. Hg) As = area of stack (ft2)
%N2 = nitrogen concentration (%) NA = null angle (deg.)
%CO2 = carbon dioxide concentration (%) ts = stack temperature (oF)
%O2 = oxygen concentration (%) Tu = temperature offset, 460oR
%CO = carbon monoxide concentration (%)
MW = molecular weight (lb/lb-mole)
Bws = stack moisture content (%)
Md = stack dry molecular weight (lb/lb-mole)
Ms = stack wet molecular weight (lb/lb-mole)
Kp = pitot tube constant,

 85.49 (ft/sec)(((lb/lb-mole)(in. Hg))/((oR)(in. Hg)))1/2

TSTD = standard temperature, 68oF
PSTD = standard pressure, 29.92 in. Hg
vsl = local velocity (ft/sec)
vs = average stack gas velocity (ft/sec)
QSD = average stack dry standard flow rate (dscf/hr)
QAW = average stack wet flow rate (ascf/min)

Average Stack Gas Velocity (ft/sec)

1/2

ft

Average Stack Dry Standard Flow Rate (dscfh)

% ft

Average Stack Wet Flow Rate (acfm)

ft

Average Stack Wet Standard Flow Rate (dscfh)

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (Reference Method 3a)

%N2 = nitrogen concentration (%)
%CO2 = carbon dioxide concentration (%)
%O2 = oxygen concentration (%)
ppmCO = carbon monoxide concentration (ppm)
%CO = carbon monoxide concentration (%)
Md = stack dry molecular weight (lb/lb-mole)
(Fo)avg = average calculated fuel factor
(%EA)avg = average excess air (%)

Carbon Monoxide Concentration (%)

Nitrogen Concentration (%)

% - % - %

Stack Dry Molecular Weight (lb/lb-mole)

lb

Average Calculated Fuel Factor

%
% + %

Average Excess Air (%)

%
%

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (Reference Method 4)

Vmf = final dry gas meter reading (dcf) Wt = total impinger weight (g) = Σ(Wf-Wi)
Vmi = initial dry gas meter reading (dcf) K5 = water mass to std water vapor, 0.04715 ft3/g
Vm = total meter volume (dcf) K1 = standard volume correction, 17.65oR/in. Hg
tm(avg) = average meter temp. (oF) Y = meter calibration factor
ts(avg) = average stack temp. (oF) Tu = absolute temperature offset, 460oR
Pb = barometric pressure (in. Hg) Bws = final moisture content (%) = min of Bws(calc) and Bws(svp)

Pstatic = static pressure (in. H2O)
∆Havg = average orifice pressure (in. H2O)
Vi = initial impinger volume (ml) Water Volume Weighed (dscf)
Vf = final impinger volume (ml)
Wi = initial impinger weight (g)
Wf = final impinger weight (g) dscf
Vt = total impinger volume (ml) = Σ(Vf-Vi)

Standard Meter Volume (dscf)

oR

oF + oR

Calculated Moisture Content (%)

Saturated Moisture Content (%)

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

Cn = nozzle diameter constant, 0.03575 ∆pavg = average pitot tube differential pressure (in. H2O)
Qm = estimated orifice flow rate, 0.750 acfm ∆H@ = DH @ 0.75 SCFM (in. H2O)

else Vm/Θ from previous run Dna = actual nozzle diameter (in.)
Vm = total meter volume (acf) ∆p = velocity head (in. H2O)
Θ = total sampling time (min)
tm = average gas meter temperature (oF) Desired Orifice (in. H2O)
Tu = absolute temperature offset, 460oR
Cp = pitot tube coefficient x
Bwm = meter moisture content (%)
Bws = stack moisture content (%) Absolute Meter Pressure (in. Hg)
ts = average stack temperature (oF)
Md = stack dry molecular weight (lb/lb-mole)
Ps = absolute stack pressure (in. Hg)
Ck = K Factor Constant, 849.8

Recommended Nozzle Diameter (in.)

%

%

lb %

DP to DH Isokinetic Factor

%
oF + 460oR

%

lb % %
in. Hg

lb % % in. Hg

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (Reference Method 5)

K4 = isokinetic conversion constant, 0.0945min•in.Hg/sec• oR vx = blank volume (ml)
m#x = weight measurements (g) mfx = final weight, avg of last two measurements (g)
va = acetone volume (ml) mtx = tare weight (g)
vino = impinger content volume (ml)
vorg = organics wash volume (ml) Total Particulates (mg)
wx = blank weight of solids (g)

mg

Local Stack Velocity (ft/sec)

1/2

lb % %

Cumulative Percent Isokinetic (%)

ft in. %

Net Wash Volume (ml)

ml

Blank Concentration (mg/ml) Blank Adjustment (lesser of)

g mg mg
ml

Weight Gain (mg)

mg

Note: Lack of significant figures may cause rounding errors between actual calculations and example calculations. 
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EXAMPLE CALCULATIONS (Reference Method 5)

Mn = total particulates (mg)
Vm(std) = standard meter volume (dscf) Stack Particulate Concentration (g/dscf)
Qsd = dry standard stack flow rate (dscfm)
Fd = fuel f-factor (dscf/MMBtu)
%O2 = oxygen percentage (%) g
Qsw = wet standard stack flow rate (ascfm)

Stack Particulate Concentration (gr/dscf)

gr

Particulate Emissions Rate (kg/hr)

g kg

Particulate Emissions Rate (lb/hr)

lb

Particulate Emissions Rate (ton/yr)

lb ton

Particulate Emissions Rate (lb/MMBtu)

lb
%

Heat Input (MMBtu/hr)

% %

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

  AIR TESTING SERVICES FOR POWER PLANTS 
www.airhygiene.com    

January, 2005 
INTRODUCTION 
 

AIR HYGIENE INTERNATIONAL, INC. (AIR HYGIENE) is a professional air emission testing services firm with fixed offices in Tulsa, 
Oklahoma; Houston, Texas; Denver, Colorado; and Orlando, Florida.  Additional mobilization points are located in Philadelphia, 
Atlanta, Chicago, Los Angeles, and Seattle to serve all 50 United States.  AIR HYGIENE specializes in air emission testing services for 
combustion sources in both simple and combined cycle operation burning multiple fuels with multiple control devices and supporting 
equipment.   
 

AIR HYGIENE has testing laboratories which serve all fifty (50) of the United States and North America.  Each mobile laboratory can 
be equipped with the following equipment and capabilities: 

1. State-of-the-Art air emission analyzers, computers, and datalogging software.  All designed into an efficient system to 
provide the fastest, most reliable information possible! 

2. Dual racks for multiple source testing simultaneously or multiple points on a single source (in/out SCR, etc.)! 
3. NIST traceable gases for the most accurate calibration.  Ranges as low as 5 ppm! 
4. PM10, NH3, mercury, sulfuric acid mist (H2SO4), SO3, and formaldehyde sampling equipment! 
5. VOC testing with on-board gas chromatograph to remove methane and ethane!  
6. On-board printers to provide hard copies of testing information on-site! 
7. Networking capabilities to provide real-time emission data directly into the control room! 

 

AIR HYGIENE is known for providing professional services which include the following: 
• Providing superior, cost saving services to our clients! 
• High quality emission testing personnel with service oriented, friendly attitude! 
• Meeting our client’s needs whether it is 24 hour a day testing or short notice mobilization! 
• Using great equipment that is maintained and dependable! 
• Understanding the unique startup and operational needs associated with combustion turbines! 

 
MISSION STATEMENT 
 

Our mission is to provide innovative, practical, top-quality services allowing our clients to increase operating efficiency, save money, 
and comply with federal/state requirements.  We believe our first responsibility is to the client.  In providing our unique services, the 
owners of AIR HYGIENE demand ethical conduct from each employee of the company.  The character and integrity of AIR HYGIENE 
employees allows our clients to feel confidence in the air testing services of AIR HYGIENE.  Through a long-term commitment to this 
mission, AIR HYGIENE is known as a company committed to improving our clients’ operations.  
 

AIR HYGIENE … Does work worth paying for every time! 
  … Is well known for our emission testing services and uncompromising efforts to serve our clients! 
  … Does work that matters! 
  … Is proud of our emission testing capabilities! 
  … Provides exciting growth opportunities for energetic individuals! 
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EMISSION TESTING TEAM 
  

Air Hygiene International, Inc. (AIR HYGIENE) intends to exceed your expectations on every project.  From 
project management to field-testing teams, we’re committed to hard work on your behalf.  The job descriptions 
and flowchart below outline AIR HYGIENE’s client management strategy for your testing services.  
  

From the initial request through receipt of the purchase order, 
the Inquisition To Order (ITO) team strives to inform every 
client of the benefits gained by using AIR HYGIENE for their 
emission testing project.  The ITO team includes 
representatives from the sales, marketing, and contracts 
divisions.  In addition, several support staff assist to ensure the ITO 
team provides the support for client needs as requested by a client or 
project manager.  
  

Project Managers are the primary contact for clients and 
ultimately responsible for every emission testing project.  AIR 
HYGIENE’s Project Managers experience range from masters 
level, professional engineers to industry experts with over 
5,000 testing projects completed.  Each project is 
assigned a Project Manager based primarily 
upon geographic location, then industry 
experience, contact history, and 
availability.  The Project Manager 
prepares the testing strategy and 
organization for the project.  This includes 
preparation of testing protocol; coordination with 
state agencies, client representatives, and any 
interested third parties.  The site testing and report preparation are executed under the direction of the Project 
Manager from start to finish. 
  

Testing Managers have completed Air Hygiene’s rigorous demonstration of capability training program and 
are capable of operating all testing equipment and performing all test methods required for your testing project.  
Testing Managers assist Project Managers by leading the field testing when required, preparing draft reports, 
calibrating equipment, and overseeing testing team on-site.  
 

Test Engineers have significant background and understanding of emission testing or related services.  Test 
Engineers prepare pre-test drawings for port location, ensure on-site logistics for electrical and 
mechanical/structural needs, and conduct on site testing as directed by the Project Manager and/or Testing 
Manager.  Test Engineers often have special understanding of process and/or regulations applicable to specific 
testing jobs, which provide great value to both the client and Project Manager in testing strategies. 
  

Testing Specialists have performed over 500 emission tests and have a basic understanding of both particulate 
and gaseous sampling strategies.  Testing Specialists have significant testing experience with AIR HYGIENE 
equipment along with a variety of industries and source equipment.  Testing Specialists often operate 
isokinetic sampling trains or gas analyzers on-site under the direction of the Project Manager and assist with 
preparation of field reports and quality assurance procedures. 
  

Staff Technicians are entry-level personnel who have performed 100 to 500 emission tests.  Staff 
Technicians perform pre-test equipment preparation, on-site test preparation, and testing assistance under the 
direction of Project Manager and/or Testing Manager.  At least one Staff Technician is assigned to every 
project to assist on-site.  Staff Technicians connect sampling probes to ports, assist with leak checks, raise and 
lower equipment to and from sampling platform, and other support activities under the direction of the Project 
Manager and/or Testing Manager.   
   

Testing Assistants are entry-level personnel who have performed less than 100 emission tests.  Testing 
Assistants help with equipment set-up, teardown, and simple testing procedures (i.e. move probe, fill ice bath, 
clean impingers, etc.) as directed.   



 
 

AIR HYGIENE Emission Services Summary 
 
Air Hygiene International, Inc. (AIR HYGIENE) is a privately-held 
professional services firm headquartered in Tulsa, Oklahoma with 
additional offices in Denver, Colorado; Houston, Texas; and 
Orlando, Florida.  AIR HYGIENE specializes in emission testing 
services for a variety of industries including natural gas 
companies, utilities, refineries, printers, glass plants, bulk fuel 
loading stations, chemical plants, pulp & paper mills, various 
manufacturers and related industries. 
 
AIR HYGIENE provides turn-key emission testing services which 
include: 

1. Pre-test site visit and consulting for port locations and 
setup; 

2. Preparation of test plan for state agency; 
3. Coordination with state agency regarding emission 

testing; 
4. On-site emission testing services; and 
5. Preparation of draft and final reports.  

 
AIR HYGIENE has mobile laboratories that serve all 50 United States and 
around the world.  AIR HYGIENE employees have performed over 15,000 
emission tests on a variety of sources.  

 
AIR HYGIENE performs air emission certification compliance testing on 
combustion sources (natural gas, coal, fuel oil, jet fuel, etc), NSPS sources, 
and Title V compliance sites. Our experience ranges from emission testing 
for new PSD facilities, MACT and RACT required performance certification 
testing to Relative Accuracy Test Audits (RATA Tests) for Continuous 
Emission Monitoring Systems (CEMS) and Parametric Emission Monitoring 
Systems (PEMS).   
 
Air Hygiene has conducted numerous emission testing projects, which 
involved multiple groups relying upon instantaneous reporting of important 
test data.  These projects relied upon Air Hygiene‘s SPIDER network.  The 
SPIDER network provides Simultaneously Produced Information During 
Emission Readings (SPIDER) between the emission monitoring system and 
multiple locations (i.e. control room, test center, office, etc.).  Hence, you can 
view real-time emission testing data on-demand from any location you 
choose!  
 
AIR HYGIENE performs FTIR testing by EPA Method 320 for Hazardous Air 
Pollutants (HAPS) including formaldehyde, benzene, xylene, toluene, 
hexane, ammonia, hydrogen chloride, etc.  This methodology provides real-
time analysis of these critical pollutants. 

 
AIR HYGIENE specializes in the following types of pollutants and EPA Reference Methods (RM): 

• Nitrogen Oxides (NOx) – RM 7e &/or 20 
• Sulfur Dioxide (SO2) – RM 6c 
• Total Hydrocarbons (THC) – RM 25a 
• Volatile Organic Compounds (VOC) RM 25a & RM 18 
• Particulates (PM) – RM 5(filterable) & 202(condensable) 
• PM < 10 microns (PM10) – RM 201a  
• PM < 2.5 microns (PM2.5) – RM 201b 
• Opacity – RM 9 
• Exhaust Flow – RM 2 &/or 19 
• Moisture – RM 4 
• Carbon Monoxide (CO) – RM 10 
• Carbon Dioxide (CO2) – RM 3a 

• Oxygen (O2) – RM 3a &/or 20 
• Dioxin & Furans – RM 23 
• Metals – RM 29 
• Chrome – RM 306 
• Lead – RM 12 
• Formaldehyde – RM 320 (FTIR), SW-846 0011, CARB 429, 

or CTM-037  
• H2S – RM 11 
• BTEX – RM 18 
• HAPS – FTIR – RM 320 (FTIR) 
• Ammonia – CTM-027 or BAAQMD ST-1B 
• Mercury – Ontario Hydro Method or RM 29 

 



  
 

 

TESTING EXPERIENCE 
 
AIR HYGIENE testing personnel account for more than sixty-five (65) years of testing experience and over 15,000 emission tests.  Our 
testing services have involved dealings with all 50 state agencies and EPA regional offices.   AIR HYGIENE testing personnel are 
rigorously trained on EPA reference test methods from 40 CFR Part 51, 60, 63, and 75.  All testing personnel are instructed and tested 
on test responsibilities and must complete a “Demonstration of Capability” test per the AIR HYGIENE Quality Assurance Manual and 
the AIR HYGIENE Emission Testing Standard Operating Procedures Handbook. 
 
AIR HYGIENE has completed testing on over 134 power plants including 315 combustion 
turbines, 21 coal fired boilers, 17 gas fired boilers representing 64,876 megawatts (MW).  Let us 
add your project to our list of satisfied customers!  
 
TESTING SUCCESS STORIES 
 
AIR HYGIENE personnel have performed thousands of testing projects which have yielded 
significant benefits for our clients.  The following project descriptions briefly discuss some of 
these emission testing projects. 
 

 Conducted numerous projects optimizing SCR performance by conducting inlet & outlet 
SCR analysis for NH3, NOx, flow, and Oxygen.  Used information to assist with flow 
optimization and AIG tuning.   

 
 Conducted federal and state required compliance testing for NOx, CO, PM-10 (front & 

back-half), SO2, VOC, Ammonia, Formaldehyde, Opacity, RATA testing (NOx and CO) 
for new and updated power plants with both simple and combined cycle turbines firing 
natural gas and fuel oil.  

 
 Conducted dry low NOx burner tuning and performance testing for various models of 

GE, Siemens Westinghouse, Mitsubishi, Pratt & Whitney, and ABB combustion turbines 
to verify manufacturer’s emission guarantees for clients in preparation for compliance 
testing. 

 
 Conducted emission testing for NOx, CO, and VOC to assist tuning by performance 

engineers for meeting low-level NOx emissions and balancing combustion turbine 
performance.  

 
 Performed power plant emission testing for natural gas fired combustion turbines.  Tests 

included federal required testing per 40 CFR Part 75, state air permit requirements, 
RATA testing, and emission testing to verify manufacturer’s guarantee’s during 
electric/heat output performance testing.   Other services for combustion turbine testing 
included preparation of the QA/QC manual, monitoring plan, seven-day drift test report, 
system linearity test, and cycle time test. 

 
 
 
TESTING LOCATIONS 
 
AIR HYGIENE bases mobilization charges 
on the distance from your site to the closest 
of nine (9) regional starting points covering 
all 50 United States.  These include Seattle, 
Los Angeles, Denver, Tulsa, Houston, 
Chicago, Orlando, Atlanta, and 
Philadelphia. 
 
Each start point is located such that the AIR 
HYGIENE test teams can mobilize to your 
site at affordable costs to ensure we are 
price competitive to any U.S. location. 
 
 



COMBUSTION TURBINE TESTING SERVICES SUMMARY 
 
Thank you for your consideration of the power and energy industry testing services of Air Hygiene International, Inc. (AIR 
HYGIENE).  The following list details some of the testing services and extras AIR HYGIENE includes with each testing job. 
  
Types of Air Testing Services for Combustion Turbines: 
 

• Turbine tuning/mapping for NOx & NH3 emissions 
• Pollutant testing to verify EPC contractual emission 

guarantees 
• Research and Development (R&D) emission data 

research and turbine optimization 
• 40 CFR Part 60 Subpart GG – Turbine Compliance 

Testing 
• 40 CFR Part 75 – Acid Rain Classified Equipment 

Testing 
• 40 CFR Part 75 Appendix E – Peaking Plant CEMS 

alternative NOx emissions versus Heat Input 
mapping  

• RATA Testing on CEMS systems for NOx, CO, 
SO2, CO2 or O2, Flow (3-D & Wall effects) 

• QA/QC Plans, Monitoring Plans, Linearity Checks, 
Testing Protocols, etc. are provided with our high 
quality, service oriented emission testing services 

• Initial permit compliance testing for PM, PM-10, 
PM-2.5, SO2, NOx, CO, exhaust flow, moisture, O2, 
CO2, Ammonia, Formaldehyde, other HAPs 

 
AIR HYGIENE will provide the following testing services: 
 

• On-site, real-time test data 
• Fuel F-Factor calculation data sheet 
• Experienced turbine testing personnel 
• Flexible testing schedules to meet your needs 
• Electronic reports provided on CD upon request 
• Extensive experience with all 50 state agencies in 

the U.S. 
• EPA Protocol 1 Certified Gases (one percent 

accuracy) for precise calibration 
• Low range (0-10 ppm) equipment calibration and 

measurement available 
• Test protocol preparation, coordination with state 

agency, and site personnel 
• Numerous mobile testing labs, which may be used 

for your projects across the U.S. 
• State-of-the-art data logging technology to allow 

real-time examination of meaningful emission data 
• Monitor your emissions data measured in our test 

lab from your control room via our datalogging 
network system   

 
 
AIR HYGIENE is committed to providing testing teams that will take the time to meet your needs.  We ensure the job is 
completed on time with the least amount of interruption to your job and site operation as possible.  Thank you for considering 
our services. 

 



 

 
AIR HYGIENE’s Synergistic Approach to Power Plant Air Emissions Testing 

 
Power plants continue to be built, modified, and improved across the United States.  These new or modified facilities are at the forefront of clean energy.  These units 
are very efficient yet environmentally friendly, and must be to meet the stringent requirements set forth by the Environmental Protection Agency (EPA) and relevant 
state agencies.  Air Hygiene International, Inc. (AIR HYGIENE) has developed a unique strategy to help owners deal with these complicated requirements. 
 
Unique Testing Strategy 
 
AIR HYGIENE has developed a synergistic approach to assisting the various groups involved in the 
completion of a commissioning/startup unit or modification project. AIR HYGIENE strives to 
combine the multiple testing aspects involved with bringing a combustion unit to commercial 
service. By conducting the various emission tests required for a new combustion unit using one test 
company, the following benefits are a given:  

 
1. Save money by… 

a. Reduced mobilizations 
b. Combined tests yield reduced fuel usage and site time 
c. Bulk projects receive quantity discounts  

2. Improve efficiency through familiarity with site needs 
3. Site personnel and testing team are comfortable working together 

 
These projects typically involve some or all of the following groups. There is not a defined set of 
responsibilities that will match every project. The table below simply suggests a typical list of 
testing responsibilities. 
 
Responsible Party   Testing Responsibilities 
Owner    Initial and on-going federal and state compliance testing (i.e. NSPS Sub GG, Part 75, Operating Air Permit, etc.) 
Operator    Initial and on-going federal and state compliance testing (i.e. NSPS Sub GG, Part 75, Operating Air Permit, etc.) 
Turbine/Boiler manufacturer  Contractual emission guarantees of unit (i.e. NOx, SO2, CO, VOC, PM-10, NH3, H2SO4) 
EPC & Construction Company  Contractual emission guarantees including control devices (i.e. NOx, SO2, CO, VOC, PM-10, NH3, H2SO4) 
CEMS Supplier   Initial RATA testing (i.e. NOx, CO, SO2, CO2, O2, flow) 
Lending Party (i.e. bank)  No responsibility, but concerned with outcome of all tests 
Environmental Consultant  Concerned with air permit and overall compliance; may select the test contractor and provide oversight for testing   
 
Example Project: 
 
A recent project provides a prime example of the synergistic benefits of using AIR HYGIENE to perform 
your commissioning/startup or remodification testing needs for performance and compliance. Eight GE 
Frame 7FA turbines were taken from performance testing through compliance testing in 20 days. The 
following tests were performed on each turbine: 

 
• NOx tuning and mapping  
• Contractual performance testing for NOx, CO, VOC, SO2, NH3, & PM10  
• 40 CFR Part 60 Subpart GG: testing for NOx and CO at max load 
• 40 CFR Part 75: NOx & CO RATA certification on CEMS 
• State required compliance testing for NOx, CO, VOC, NH3(on-site analysis), 

formaldehyde (on-site analysis by FTIR),  opacity and SO2 burning natural gas 
 
Test data was provided on-site for all tests, except PM-10. Electronic files were e-mailed for review to 
the turbine manufacturer, owner & operator, and environmental consultant within 24 hours following 
completion of site work. Complete reports including PM-10 were submitted to interested parties within 
10 days following each blocks completion.  
 
Power Plant Testing Experience  
AIR HYGIENE personnel have over sixty-five (65) years of testing experience on combustion turbines, 
coal fired boilers, gas fired boilers, landfill gas, wood fired, & diesel fired engines across the United 
States. AIR HYGIENE has 10 combustion labs serving all 50 states from four permanent offices (Tulsa, 
OK; Houston, TX; Denver, CO; & Orlando, FL) and five mobilization points (Los Angeles, CA; Seattle, 
WA; Chicago, IL; Atlanta, GA; & Philadelphia, PA).  AIR HYGIENE has tested plants ranging from 50 
to 2,000 megawatts in both simple and combined cycle operation with controls including: 

• Selective Catalytic Reduction - Ammonia injection 
• Steam/Water injection 
• Sprint injection 
• Dry Low NOx burners (DLN) 

 
AIR HYGIENE has completed testing at 134 plants on 315 combustion turbines, 21 coal fired boilers, 17 gas fired boilers, and others representing 64,876 megawatts 
(MW).  AIR HYGIENE tested 5 power plants in 2000 and we have grown since testing 8 in 2001, 19 in 2002, 41 in 2003, and 52 in 2004.  Let us add your upcoming 
project to our list of satisfied customers! 



 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
INSTRUMENT CONFIGURATION AND OPERATIONS FOR GAS ANALYSIS 
 
The sampling and analysis procedures used by AIR HYGIENE during tests conform in principle with the methods outlined in the Code 
of Federal Regulations, Title 40, Part 60, Appendix A, Methods 3a, 6c, 7e, 10, 18, 19, 20, and 25a.   
 
The flowchart on the next page depicts the sample system used by AIR HYGIENE for analysis of oxygen (O2), carbon dioxide (CO2), 
sulfur dioxide (SO2), carbon monoxide (CO), nitrogen oxides (NOx), and volatile organic compounds (VOC) tests.  A heated stainless 
steel probe is inserted into the sample ports of the stack to extract gas measurements from the emission stream.  The gas sample is 
continuously pulled through the probe and transported via 3/8 inch heat-traced Teflon® tubing to a stainless steel minimum-contact 
condenser designed to dry the sample through Teflon® tubing via a stainless steel/Teflon® diaphragm pump and into the sample 
manifold within the mobile laboratory.  From the manifold, the sample is partitioned to the O2, CO2, SO2, CO, and NOx analyzers 
through glass and stainless steel rotameters that control the flow rate of the sample.  The VOC sample is measured as a wet gas. 
 
The flowchart shows that the sample system is also equipped with a separate path through which a calibration gas can be delivered to 
the probe and back through the entire sampling system. This allows for convenient performance of system bias checks as required by 
the testing methods. 
 
All instruments are housed in an air-conditioned trailer which serves as a mobile laboratory. Gaseous calibration standards are 
provided in aluminum cylinders with the concentrations certified by the vendor.  EPA Protocol No. 1 is used to determine the cylinder 
concentrations where applicable (i.e. NOx calibration gases).   
 
All data from the continuous monitoring instruments are recorded on a Logic Beach Hyperlogger which retrieves calibrated electronic 
data from each instrument every second and reports an average of the collected data every 30 seconds and 10 seconds.  The averaging 
time can be selected to meet the clients needs.  This data is available instantaneously for printout, statistical analysis,  viewable 
by actual values, or examined by a trending graph! 
 
The number of test runs, test loads, and length of runs is based upon federal and state requirements for the facility.  Typical run times 
associated with emission testing are as follows: 
 

   Type of Test                                # of runs                         Length of runs 
O2 Traverse (GG)   1 run @ low load (8 – 48 points)   2 minutes per point 
NOx Stratification Test  1 run @ base load (12 points)   2 – 4 minutes per point 
Subpart GG   3 runs @ 4 loads (30%, 50%, 75%, & 100%)   15 – 60 minutes per run 
RATA    9 – 12 runs @ normal load    21 minutes per run 
State Permit Test (gases)  3 runs @ base load    1 hour per run 
State Permit Test (particulates) 3 runs @ base load    2 – 4 hours per run 

 
The stack gas analysis for O2 and CO2 concentrations are performed in accordance with procedures set forth in EPA Method 3a (EPA 
Method 20 for O2 on combustion turbines). The O2 analyzer uses a paramagnetic cell detector.  The CO2 analyzer uses an infrared 
detector. 
 
CO emission concentrations are quantified in accordance with procedures set forth in EPA Method 10.  A continuous nondispersive 
infrared (NDIR) analyzer is used for this purpose.   
 
NOx emission concentrations are measured in accordance with procedures set fort in EPA Method 7e and/or 20.  A 
chemiluminescence analyzer is used to determine the nitrogen oxides concentration in the gas stream.  
 
Total hydrocarbons (THC), non-methane, non-ethane hydrocarbons also known as volatile organic compounds (VOC) are analyzed in 
accordance with procedures set forth in EPA Methods 18 & 25a.  A flame ionization detector calibrated with methane is used to 
determine the THC concentration in the gas stream and VOCs analyzed by GC to determine methane, ethane, and remaining VOCs 
per EPA Method 18 determination with gas chromatograph using FID detector.  
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TURBINE TESTING QUALITY ASSURANCE ACTIVITIES 
 
A number of quality assurance activities are undertaken before, during, and after turbine testing projects.  This section describes each 
of those activities. 
 
Each instrument’s response is checked and adjusted in the field prior to the collection of data via multi-point calibration.  The 
instrument’s linearity is checked by first adjusting its zero and span responses to zero nitrogen and an upscale calibration gas in the 
range of the expected concentrations.  The instrument response is then challenged with other calibration gases of known concentration 
and accepted as being linear if the response of the other calibration gases agreed within ± two percent of range of the predicted values.   
 
NO2 to NO conversion is checked via direct connect with a EPA Protocol certified concentration of NO2 in a balance of nitrogen. 
Conversion is verified to be above 90 percent. 
 
Instruments are both factory tested and periodically field challenged with interference gases to verify the instruments have less than a 
two percent interference from CO2, SO2, CO, NO, and O2.  
 
After each test run, the analyzers are checked for zero and span drift.  This allows each test run to be bracketed by calibrations and 
documents the precision of the data collected. The criterion for acceptable data is that the instrument drift is no more than three 
percent of the full-scale response.  Quality assurance worksheets summarize all multipoint calibration linearity checks and the zero to 
span checks performed during the tests are included in the test report.   
 
The sampling systems is leak-checked by demonstrating that a vacuum greater than 10 in. Hg can be held for at least one minute with 
a decline of less than one in. Hg.  A leak test is conducted after the sample system is set up and before the system is dismantled.  This 
test is conducted to ensure that ambient air does not dilute the sample.  Any leakage detected prior to the tests is repaired and another 
leak check conducted before testing will commence.   
 
The absence of leaks in the sampling system is also verified by a sampling system bias check. The sampling system’s integrity is 
tested by comparing the responses of the analyzers to the responses of the calibration gases introduced via two paths.  The first path is 
directly into the analyzers and the second path includes the complete sample system with injection at the sample probe.  Any 
difference in the instrument responses by these two methods is attributed to sampling system bias or leakage.  The criterion for 
acceptance is agreement within five percent of the span of the analyzer. 
 
The control gases used to calibrate the instruments are analyzed and certified by the compressed gas vendors to ± one percent accuracy 
for all gases.  EPA Protocol No. 1 is used, where applicable, to assign the concentration values traceable to the National Institute of 
Standards and Technology (NIST), Standard Reference Materials (SRM).  The gas calibration sheets as prepared by the vendor are 
included in the test report.  
 
 
 
 



 

 
 

 

 
 
 
 
 
 
 
 
 
 
TURBINE QUALITY ASSURANCE PROGRAM SUMMARY 
 
AIR HYGIENE ensures the quality and validity of its emission measurement and reporting procedures through a rigorous quality 
assurance (QA) program.  The program is developed and administered by an internal QA team and encompasses five major areas: 
 

1. QA reviews of reports, laboratory work, and field testing; 
2. Equipment calibration and maintenance;  
3. Chain-of-custody;  
4. Training; and 
5. Knowledge of current test methods. 

 
QA Reviews 
 
AIR HYGIENE’s review procedure includes review of each source test report, along with laboratory and fieldwork, by the QA Team. 
The most important review is the one that takes place before a test program begins.  The QA Team works closely with technical 
division personnel to prepare and review test protocols.  Test protocol review includes selection of appropriate test procedures, 
evaluation of interferences or other restrictions that might preclude use of standard test procedures, and evaluation and/or development 
of alternate procedures. 
 
Equipment Calibration and Maintenance 
 
The equipment used to conduct the emission measurements is maintained according to the manufacturer’s instructions to ensure 
proper operation.  In addition to the maintenance program, calibrations are carried out on each measurement device according to the 
schedule outlined by the Environmental Protection Agency.  Quality control checks are also conducted in the field for each test 
program.  Finally, AIR HYGIENE participates in a PT gas program by analyzing blind gases semi-annually to ensure continued quality. 
 
Chain-of-Custody 
 
AIR HYGIENE maintains full chain-of-custody documentation on all samples and data sheets.  In addition to normal documentation of 
changes between field sample custodians, laboratory personnel, and field test personnel, AIR HYGIENE documents every individual 
who handles any test component in the field (e.g., probe wash, impinger loading and recovery, filter loading and recovery, etc.).  
Samples are stored in a locked area to which only AIR HYGIENE personnel have access.  Field data sheets are secured at AIR 
HYGIENE’s offices upon return from the field.   
 
Training 
 
Personnel’s training is essential to ensure quality testing.  AIR HYGIENE has formal and informal training programs, which include: 

1. Participation in EPA-sponsored training courses; 
2.  A requirement for all technicians to read and understand Air Hygiene Incorporated’s QA manual; 
3. In-house training relating to 40 CFR Part 60 Appendix A methods and QA meetings on a regular basis;  
4. OSHA 40 hour Hazwopper Training; 
5. Visible Emission (Opacity) Training; and 
6. Maintenance of training records. 

 
Knowledge of Current Test Methods  
 
With the constant updating of standard test methods and the wide variety of emerging test procedures, it is essential that any qualified 
source tester keep abreast of new developments.  AIR HYGIENE subscribes to services, which provide updates on EPA reference 
methods, rules, and regulations.  Additionally, source test personnel regularly attend and present papers at testing and emission-related 
seminars and conferences.  AIR HYGIENE personnel maintain membership in various relevant organizations associated with gas fired 
turbines.  



Company: XYZ Power
Location: XYZ Power Plant
Date:

Mole (%) Molecular Weight 
(lb/lb-mole)

lb Component per 
lb-Mole of Gas 

Weight % of 
Component

Fuel Heat Value 
[HHV] (Btu/scf)1

Fuel Heat Value 
[LHV] (Btu/scf)1

Methane CH4 96.491 16.04 15.477 92.97 974.27 877.20
Ethane C2H6 2.115 30.07 0.636 3.82 37.41 34.22
Propane C3H8 0.186 44.1 0.082 0.49 4.68 4.31
iso-Butane iC4H10 0.019 58.12 0.011 0.07 0.62 0.57
n-Butane nC4H10 0.023 58.12 0.013 0.08 0.75 0.69
Iso-Pentane iC5H12 0.008 72.15 0.006 0.03 0.32 0.30
n-Pentane nC5H12 0.005 72.15 0.004 0.02 0.20 0.19
Hexanes C6H14 0.025 86.18 0.022 0.13 1.19 1.10
Heptanes C7H16 0.000 100.21 0.000 0.00 0.00 0.00
Octanes C8H18 0.000 114.23 0.000 0.00 0.00 0.00
Carbon Dioxide CO2 0.510 44.01 0.224 1.35 0.00 0.00
Nitrogen N2 0.618 28.01 0.173 1.04 0.00 0.00
Hydrogen Sulfide H2S 0.000 34.08 0.000 0.00 0.00 0.00
Oxygen O2 0.000 32 0.000 0.00 0.00 0.00
Helium He 0.000 4 0.000 0.00 0.00 0.00
Hydrogen H2 0.000 2 0.000 0.00 0.00 0.00
Totals (dry) 100.000 16.648 100.00 1019.44 918.57
Totals (wet) 1001.66 902.55
1 Standardized to 60oF and 1 atm to match fuel flow data

Component Weight %
Molecular Weight of gas = 16.648 lb/lb-mole carbon 73.71
Btu per lb. of gas = 23239.7689 gross (HHV) oxygen 0.98
Btu per lb. of gas = 20940.2961 net (LHV) hydrogen 24.27
wt % VOC in fuel gas = 0.83 % nitrogen 1.04
Specific Gravity = 0.5749 helium 0.00

sulfur 0.00
8641.17 Total 100.00

F-Factor Calculation:
F-Factor = 1,000,000*((3.64*%H)+(1.53*%C)+(0.57*%S)+(0.14*%N)-(0.46*%O))/GCV
%H, %C, %S, %N, & %O are percent weight values calculated from fuel analysis and have units of (scf/lb)/%
GCV = Gross Btu per lb. of gas (HHV)

F-Factor Datasheet and Fuel Gas Analysis

April 9, 2001

Gas Component

F-Factor (scf dry exhaust per MMBtu [HHV] =
(Based on EPA RM-19) at 68oF and 1 atm

Characteristics of Fuel Gas

High Heat Value of dry gas (HHV-dry)
This is the primary fuel heat value used in 
emission testing calculations.

High Heat Value of wet Gas. 
HHV-wet

Low Heat Value of dry gas.  LHV-dry

Low Heat Value of wet gas.  LHV-wet

Fuel Specific F-Factor. Note that EPA
Method 19 lists natural gas's F-
factor as 8710.

Font Scheme:
Blue Font = enter new data
Black Font = calculated data
Green Font = Labels for columns & rows
Red Font = Important results with notes

If total is not 100.000 then the mol% data 
was either entered incorrectly or the gas 
analysis is incomplete.  Sometimes small 
differences are due to rounding error.

Value used to convert THC 
readings to VOC.

Values to enter from fuel gas 
analysis by GPA 2166. 



Fuel Data Weather Data
Fuel F-Factor 8,671.5 SCF/MMBtu Barometric Pressure 29.11 in. Hg

Generator Output 172.0 MW 82 %
Fuel Flow 515,040.8 SCFH Dry Bulb Temperature 72 F

Fuel Heating Value (HHV) 1,076.5 Btu/SCF 0.0142443 lb H2O/lb air
Combustor Inlet Pressure 6,166.5 mm Hg Wet Bulb Temperature 68 F

Heat Input (LHV) 500.6 MMBtu/hr
Stack Moisture Content 8.4 % yellow  - supporting information

Stack Exhaust Flow 13,600,266.4 SCFH gray - raw testing data 
green  - final results

Run #1 - 100% High Load
Date/Time Elapsed Time O2 NOx CO VOC SO2 CO2

(mm/dd/yy hh:mm:ss) (seconds) (%) (ppmvd) (ppmvd) (ppmvw) (ppmvd) (%)
06/27/01 11:47:32 16770 13.57 5.05 -0.38 0.59 0.59 5.09
06/27/01 11:48:02 16800 13.57 5.85 -0.26 0.63 0.63 4.83
06/27/01 11:48:32 16830 13.55 6.37 -0.44 0.71 0.71 4.71
06/27/01 11:49:02 16860 13.54 6.83 0.60 0.83 0.83 4.33
06/27/01 11:49:32 16890 13.55 7.26 0.25 0.99 0.99 4.49
06/27/01 11:50:02 16920 13.55 6.44 -0.24 1.14 1.14 4.64
06/27/01 11:50:32 16950 13.54 6.28 -0.75 1.29 1.29 4.79
06/27/01 11:51:02 16980 13.55 5.68 -0.68 1.46 1.46 4.96
06/27/01 11:51:32 17010 13.58 6.01 -1.14 1.60 1.60 5.10
06/27/01 11:52:02 17040 13.49 5.05 1.36 1.69 1.69 5.19
06/27/01 11:52:32 17070 13.60 5.14 -0.47 1.70 1.70 5.20
06/27/01 11:53:02 17100 13.61 4.58 0.69 1.69 1.69 5.19
06/27/01 11:53:32 17130 13.62 4.93 0.90 1.65 1.65 5.15
06/27/01 11:54:02 17160 13.62 4.69 0.54 1.64 1.64 5.14
06/27/01 11:54:32 17190 13.61 4.83 0.64 1.59 1.59 5.09
06/27/01 11:55:02 17220 13.61 4.76 -0.07 1.60 1.60 5.10
06/27/01 11:55:32 17250 13.64 4.86 -0.02 1.59 1.59 5.09
06/27/01 11:56:02 17280 13.63 4.38 0.92 1.51 1.51 5.01
06/27/01 11:56:32 17310 13.61 4.94 -0.01 1.47 1.47 4.97
06/27/01 11:57:02 17340 13.61 4.89 0.27 1.47 1.47 4.97
06/27/01 11:57:32 17370 13.61 4.82 1.28 1.46 1.46 4.96
06/27/01 11:58:02 17400 13.61 4.69 1.55 1.46 1.46 4.96
06/27/01 11:58:32 17430 13.60 4.23 1.16 1.46 1.46 4.96
06/27/01 11:59:02 17460 13.59 4.69 -0.26 1.46 1.46 4.96
06/27/01 11:59:32 17490 13.57 4.89 -1.46 1.49 1.49 4.99
06/27/01 12:00:02 17520 13.58 4.86 -1.49 1.53 1.53 5.03
06/27/01 12:00:32 17550 13.59 4.79 -0.79 1.53 1.53 5.03
06/27/01 12:01:02 17580 13.58 4.76 -1.57 1.54 1.54 5.04
06/27/01 12:01:32 17610 13.57 4.65 1.17 1.53 1.53 5.03
06/27/01 12:02:02 17640 14.24 4.69 0.01 1.52 1.52 5.02
06/27/01 12:02:32 17670 13.54 4.83 1.68 1.52 1.52 5.02
06/27/01 12:03:02 17700 13.55 5.70 1.31 1.53 1.53 5.03
06/27/01 12:03:32 17730 13.55 5.66 -0.73 1.53 1.53 5.03
06/27/01 12:03:32 17760 13.55 5.04 -0.48 1.53 1.53 5.03

RAW AVERAGE 13.6 5.2 0.1 1.4 1.4 5.0

O2 (%) NOx (ppmvd) CO (ppmvd) VOC (ppmvw) SO2 (ppmvd) CO2 (%)
Bias & Drift Checks Initial Zero 0.2 0.3 -0.2 0.0 0.1 0.1

Final Zero 0.2 0.5 -0.2 0.2 0.2 0.1
Avg. Zero 0.2 0.4 -0.2 0.1 0.2 0.1

Initial UpScale 12.1 5.8 4.0 3.4 28.3 9.0
Final UpScale 12.1 5.7 4.0 3.3 28.2 8.8
Avg. UpScale 12.1 5.8 4.0 3.4 28.3 8.9

Upscale Cal Gas 12.0 5.7 4.0 3.5 28.0 9.0

Emissions Data
O2 (%) NOx (ppmvd) CO (ppmvd) VOC (ppmvd)* SO2 (ppmvd) CO2 (%)

Corrected Raw Averages 13.5 5.1 0.3 1.5 1.3 5.0
ppm @ 15% O2 N/A 4.2 0.2 1.2 1.0 N/A

ppm @ 15% O2 & ISO N/A 4.7 0.2 1.4 1.1 N/A
Emission Rate (lb/MMBtu) N/A 0.015 0.000 0.004 0.005 N/A

Emission Rate (lb/hr) N/A 8.46 0.27 2.40 2.84 N/A
Emission Rate (ton/year) @ 8760 hr/yr N/A 37.07 1.20 10.49 12.43 N/A

Emission Rate (g/MW*hr) N/A 0.06 0.00 0.02 0.02 N/A
*VOC data in Emissions Data Table has been converted to dry values by the equation below.
*VOC uncorrected raw average * (100/100-stack moisture content)

QA/QC Data Control

EXAMPLE TESTING DATASHEET FOR GASES
XYZ Power Plant

GE GTG Frame 7FA Combustion Turbine
Fuel: Natural Gas

Relative Humidity

Specific Humidity



 
  

CLIENT REFERENCES 
 
The following are current clients who represent the various companies for whom AIR HYGIENE has performed testing services.  
Please feel free to call and discuss our services with them. 
 
Brian Kearney    Linda Boyer     David Sloat 
Reliant Energy    Pennsylvania Power & Light    Sargent & Lundy 
(814) 533-8261     (610) 774-4400     (312) 269-2784 
  
Kathy Waxman    Rex Lee      Sheila Wheeler 
Keyspan Energy    Kiewit       Burns & McDonnell 
(516) 545-2579    (434) 589-7224     (816) 822-3250 
 
Jose P. Lozada    Kevin Kellie     Mark Chrisos 
Burns and Roe    Calpine      Intergen 
(201) 986-4261    (918) 486-1830     (781) 993-3036 
 
Gush Singh    Ron Sigur     Tom Price 
Bechtel     Fresh Meadow Mechanical    Calpine - Oregon 
(301) 228-7281    (516) 546-1656     (541) 667-3222 
 
Don Fritz     Jordan M. Haywood    Ken Welch 
Mirant     Siemens Westinghouse    Universal Energy 
(702) 632-8630    (407) 736-3045     (281) 335-9811 
 
Richard Winch    Charles Spell     Glenn Atkinson 
PowerTek (A Subsidiary of Power Technological Services) Arizona Public Service Co.    Zachry Construction 
(417) 538-9013    (602) 250-1383     (770) 251-7915 
 
Roosevelt Huggins    Steve Brooks     Tim Travers 
Black & Veatch    Aquila      Florida Power & Light 
(913) 458-7864    (816) 387-6266     (610) 859-9591 
 
Tracy Patterson    Rod Klauer     Terrie Blackburn 
Cogentrix    Peerless Manufacturing    Williams Power 
(804) 541-4246    (972) 559-6308     (918) 573-9766 
 
PK Chelian               Mary Kate Grossman    Sam Faghih 
Foster Wheeler               AES      SNC-Lavalin 
(908) 713-2159    (817) 579-8201     (425) 896-3916 
 
Tim Mordhorst    Mark Finnlay     David Stackhouse 
Black Hills     Alstrom      KM Power (Kinder Morgan) 

(605) 721-2181    mark.finlay@power.alstom.com    (303) 914-7517 
 
Darin Watson    Mike Geers     Monty Wiggins 
Transalta     Cinergy      Modern Continental 
(360) 807-3002    (513) 287-3839     (864) 243-0519 
 
Satoru (Scott) Shishido   Karst Postma     Chris Jacobsen 
Hitachi     TIC      Tenaska Power Partners 
(914) 524-6614    (970) 879-2561     (402) 691-9500  
 
Robert Van Engelenhoven   John Davis     J. Neely Ashe 
Pacificorp    LG Constructors     Duke Energy 
(801) 220-4402     (702) 644-5896     (713) 989-8325 

 
Jammie Bowen    Joe Elliot      Richard Hooper 
Utility Engineering    Nooter Erickson     Stone & Webster  
(806) 359-2497    (636) 651-1198     (303) 741-7409 
 
Marilyn Teague    William Stark     Robert Farmer 
Sempra Energy    RW Beck      URS Corporation 
(949) 387-5712    (303) 299-5200     (602) 371-1100 
 
Lewis Schuessler    Charles Gibbs     Mike Brown 
BE&K Engineering    PIC World     AEP 
(205) 972-6522    (678) 627-4467     (724) 449-9700 
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Thomas Graham 

From: Gorg, Steven [Steven.Gorg@state.mn.us]
Sent: Tuesday, May 29, 2007 3:02 PM
To: chuck.wagoner@fibrowattusa.com
Cc: Terry Walmsley; victor.myers@slthermal.com; robert.dolesky@snclavalin.com; Magee-Hill, 

Heather; Kilgriff, Sarah; Stock, Curtis; Place, Andrew; tom@airhygiene.com
Subject: Fibrominn, LLC (SV 001): Test Plan Approval Letter (May 29, 2007)
Attachments: Fibrominn (SV 001).pdf; Performance Test Report Completeness Criteria (PTRCC).pdf

Page 1 of 1Message

7/16/2007

Hello Chuck.  Attached is the approval letter and referenced form (Performance Test Report Completeness 
Criteria (PTRCC).pdf) for your recently submitted test plans.  
  
Thanks - Steve    
    
Steven J. Gorg, M.S., P.E.  
Environmental Engineer 
Industrial Division  
Minnesota Pollution Control Agency (MPCA)  
520 Lafayette Road, St. Paul, MN 55155-4194  
Phone: 651-296-8766  
Fax: 651-296-8717  
Email: steven.gorg@pca.state.mn.us  
MPCA web site: http://www.pca.state.mn.us 

  



 

Performance Test Plan Approval 
 

Minnesota Pollution Control Agency 
520 Lafayette Rd. N. Saint Paul, MN  55155-4194 (651) 296-6300 

www.pca.state.mn.us 
 

AQ#4065 
 
Facility Name:  Fibrominn, LLC 
Facility Contact:  Chuck Wagoner   
Address:   900 Industry Drive 
Phone:    320-843-9013 
Test Locations: SV 001 (EU 001, MR 001-007; CE 001, 003 and 004)   
Scheduled For:  June 04 through June 11, 2007, at your facility located in Benson, Minnesota. 
 

Your test plan received on May 07, 2007, and discussed on May 29, 2007, is approved  
by the Minnesota Pollution Control Agency (MPCA) as follows: 

 
      Shortened test notification approved 
 
      Test plan approved without modification 
 
      Test plan approved with the following provisions: 
  

The performance tests are being performed to measure emissions for determining the 
compliance status with permitted emission limits/requirements (see the relevant permit 
requirements for limits/requirements/parameters).  Emission units and control equipment 
associated with the results of the performance test must be operated at maximum 
capacity/worse case conditions to avoid the establishment of new operational limits.  The 
control equipment operational parameters may change based on the averages recorded during 
testing.   
 
Include in the final test report(s) the full reference method data record (strip chart and/or 
datalogger output) used to calculate emissions.  The data record should include calibration 
values for any instrumental analyzer used for emissions compliance testing. 
 
Include in the final test report(s) all process and pollution control equipment operating data 
collected at 15 minute intervals and averaged for each test period.  This information should 
be easily understood by individuals not familiar with the process. 
 
Include in the final test report and CD-ROM copy; a signed certifications form, the test plan, 
this test plan approval letter (TPAL) and the email to which the TPAL was attached.  The 
CD-ROM test report copy must be labeled with the AQ File Number, Company Name, 
Emission Unit Tested and Test Dates as stated on the submittal form.  Only one paper copy 
and one CD-ROM/Microfiche copy of the test report are to be submitted. 
 
Include in the final test report a simplified drawing of the test locations including pollution 
control equipment, stack orientation and test port locations. 
 
Include the process rates and control equipment rates on the Operating Data Summary Form. 
 
Obtain the required submittal and operating data forms from the website noted below1. 

 
Required Forms: 
 

  Operating Data Summary- Combustion    Operating Data Summary- Waste   



       Sources1        Combustors1

  Operating Data Summary- Process Sources1   Operating Data Summary- Asphalt Plants1

  Certifications Form1   Microfiche/CD-ROM Submittal Form1

  Performance Test Report Completeness Criteria (PTRCC) (attached) 
1 – Available at: www.pca.state.mn.us/air/performancetest.html 
 
Approved by:           Date:  May 29, 2007  

     
          Steven J. Gorg, M.S., P.E.        

Environmental Engineer 
Industrial Division  
Compliance and Enforcement Section 

Please contact me at (651) 296-8766 if you have any questions regarding this approval. 
 
Please be aware that enforcement action will be taken for performance test failures indicating emissions above applicable limits 
(excess actual emissions to the environment).  Failures commonly result in assessment of a monetary penalty.  Upon the first test 
failure, the Company should take immediate measures to minimize emissions.  The measures taken should be documented, as 
they will become part of the record of corrective actions.   
 
Hard Copy Performance Test Reports and Microfiche or CD Copy submittals will be addressed to: Compliance Tracking 
Coordinator, Compliance and Enforcement Unit, Industrial Division, Minnesota Pollution Control Agency, 520 Lafayette Road 
North, St. Paul, Minnesota 55155-4194  
 
cc:   Terry Walmsley, Fibrowatt (email) 

Victor Myers, Fibrominn (email) 
Robert Dolesky, SNC Lavalin (email) 
Thomas Graham, P.E., Air Hygiene International (email) 
Heather Magee-Hill, MPCA St. Paul (email) 
Sarah Kilgriff, MPCA St. Paul (email) 
Curt Stock, MPCA St. Paul (email) 
Andy Place, MPCA St. Paul (email) 
AQ Correspondense File No. 4065  
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Air Performance Test Form 
Operating Data Summary for Combustion Sources 

 

Facility Information (please print) 

Company name: Fibrominn, LLC Furnace(s) No: 1 

Test date(s): July 2-4, 2007 

A. Fuel Input and Operating Capacities: Itemize fuels and materials added to the combustion process during the 
test period. Attach ultimate/proximate analysis of the fuel, if applicable. List appropriate units. 

Run 
No. 

Fuel type & origin  
(e.g. Bituminous/Eastern) 

Fuel input  
(list units) 

Heat content 
(list units) 

Steam  
(103 lbs/hr) 

Gross 
MW/hr 

Heat input  
(106 Btu/hr) 

1 Biomass (turkey litter) 83.9 ton/hr 4,334 Btu/lb 487 61 784.4 

2 Biomass (turkey litter) 83.3 ton/hr 4,334 Btu/lb 487 62 774.1 

3 Biomass (turkey litter) 88.5 ton/hr 4,334 Btu/lb 490 63 777.9 

Avg. Biomass (turkey litter) 85.22 ton/hr 4,334 Btu/lb 488 62 778.8 

B. Operating Data for Furnace and Air Pollution Control Equipment 

1. Were the furnace(s) and control equipment operated consistent with normal procedures?   Yes    No   If no, explain 

       

2. Date(s) and procedure(s) of last maintenance/cleaning within 6 months:   
 Remains unchanged from information provided in test plan 

       

3. Include a copy of chart/data log records during test for the combustion efficiency indices: carbon monoxide (CO), oxygen 
(O2), carbon dioxide, (CO2), combustibles, steam flow, air flow, etc. (Label as appropriate.) 

4. Soot blowing and ash pulling information:   No soot blowing or ash pulling conducted, go to Item 5. 

 What is the normal soot blowing frequency for unit(s)?   Continuous, no further information required for this column. 
  a) minutes/shift: 240 b)  shifts/day: 2 
 What were the soot blowing times during the test? 
  Start: periodic End:       
  Start:       End:       
 Last time before testing when soot blown? (date and time)       

 What is the normal ash pulling frequency for unit(s)?   Continuous, no further information required for this column. 
  a) minutes/shift:       b)  shifts/day:       
 What were the soot blowing times during the test? 
  Start:       End:       
  Start:       End:       
 Last time before testing when soot blown? (date and time)       
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5. Summarize control equipment operating data documented during testing. Values reported should reflect maximum, 

minimum, averages, or as approved in the test plan. (See test plan and approval letter) 
 Examples of APC equipment and parameters generally monitored. Monitor as in the test plan and/or approval letter. 
 • Scrubber (list type of scrubber):  ΔP (in. w.c.) and feed 

rate (gpm and psig) 
• Baghouse, Cyclone, and Multi-clone:  ΔP (in. w.c.) 

 • Catalytic Incinerator :(°Finlet ,°Foutlet)  and  Thermal 
Incinerator:   (°Foperating) 

• ESP: Number and identity of operating field(s) 

 APC equipment and parameter monitored Run 1 Run 2 Run 3 Average 
 SDA Slurry Flow (GPM) 27.1 22.3 30.9 26.8 
 SDA Quench Flow (GPM) 14.4 14.5 8.6 12.5 
 SH Steam Temp (°F) 968 971 969 969.2 
 SH Steam Pres. (psi) 1,500 1,504 1,499 1,501 

 List pollutant & averaging basis—should reflect permit Run 1 Run 2 Run 3 Average 
 Continuous Opacity Monitor(list hourly average): (%) 2.69 2.94 0.83 2.15 
 NOx  Monitor (list averaging basis):  lb/MMBtu 0.141 0.118 0.160 0.140 
 SO2  Monitor (list averaging basis):  % reduction 80.88 81.23 80.47 80.86 

 
Abbreviations:  

APC = air pollution control 
Btu = British thermal units 
gpm = gallons per minute 
in. w.c. = inches of water column 
lbs. = pounds 
MW = megawatts 
Psig = pressure per square inch gauge 
ΔP = pressure drop  

 
NOTE: This form provides only a summary of the operating conditions during the performance test. Additional and more detailed 
records are required to meet the requirements of Minn. R. 7017.2035. This form is to be submitted as part of the performance test 
report. 
Hard Copy Performance Test Reports and Microfiche or CD Copy submittals will be addressed to:  

Air Quality Compliance Tracking Coordinator 
Minnesota Pollution Control Agency 
520 Lafayette Road North 
St. Paul, Minnesota 55155-4194 
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Air Performance Test Form 
Performance Test Report Completeness Criteria 

 

The owner or operator of an emissions facility is responsible for submitting a complete test report as defined by Minn. R. 7017.2035.  
A test report may be rejected if it is deemed incomplete. As a result, this form is designed to ensure that your submittal is complete.   

1) Facility name:       

2) Air quality facility ID number (first 8 digits of permit number):       

3) Air quality file number:       

4) Facility location address:       

 City:       State:       Zip code:       

5) Date of performance test:      

6) Facility contact person (Individual who is designated to receive agency correspondence related to this test): 

Mr./Ms:       Phone:       

Title:       Fax:       

Mailing address:       

City:       State:       Zip code:       

e-mail address:       

7) Test report checklist: 

Cover: 
 Name and location (address) of the emission facility  Date(s) of the performance test 

 Identification of emission unit(s) tested (i.e. GP002, 
EU031, SV028, or CE001 – Identification of the 
tested unit which has the emission limit as designated 
by your permit [source designators]) 

 Name and address of the testing company or agency 

 AQ Facility ID Number (first 8 digits of permit number) 
and AQ File Number 

 Facility contact person (individual designated to receive 
agency correspondence), and contact information including 
title, address, phone number, fax number, and email 
address 

Certification: 

 Signed and dated certification statements as defined by Minn R. 7017.2040 (An exact duplicate must be included in the CD-
ROM copy of the test report) 

Introduction: 

 Reason for testing (i.e. Permit condition, notice of 
violation, etc., including permit number or name of 
other applicable compliance document, include 
correct Rule citation as outlined in permit) 

 Pollutants tested (for each emission unit tested) 

 Test location and type of process including source 
designators as outlined in permit 

 Observers names including industry and agency observers 

 Test date(s)  Changes from test plan, problems experienced during test 
and any other relevant background information 
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Summary of Results:  (see attached Table 1:  Summary of Performance Test Results) 

 Emission results expressed in the same units as the 
emission limits 

 Description of collected samples 

 Process data as related to determination of 
compliance (must include process rates, process 
parameters and pollution control equipment 
parameters that will be used to determine worst  
case operating conditions and pollution control 
equipment limitations during the test  
[see the relevant operator data forms at 
http://www.pca.state.mn.us/air/performancetest.html]) 

 Visible emissions summary if applicable 

 Emission limits (as stated in your permit or applicable 
regulations) and applicable regulations citations as 
stated in your permit 

 Discussion of errors, both real and apparent (If no errors 
occurred, verify by including statement) 

Operating Parameters:  (see the relevant operator data forms at http://www.pca.state.mn.us/air/performancetest.html) 

*Note: Readings of discrete data from monitoring instruments must be recorded at least every 15 minutes, or other reasonable 
time interval as approved, during the test and strip charts or retrieved electronic data from continuous monitors must be included in 
the test report. 

 Description of process and air pollution control 
devices including emission unit(s) tested (i.e. GP002, 
EU031, SV028, or CE001 – Identification of the 
tested unit which has the emission limit as designated 
by your permit [source designators]) 

 Process data and results, with example calculations 
(Process data must be collected and averaged for each test 
run and averaged for each series of tests for each unit 
tested.  Process data must be displayed in the same units 
that were used to determine worst case operating conditions 
during the test.  Process data must be easily understood by 
personnel not familiar with the process.) 

 Process and control equipment flow diagrams  Any specially required operation demonstrations 

Maintenance: 

 Description including dates of all maintenance and operational inspections, including major cleaning operations and 
replacement, repair, or modification of functional components of process or control equipment done in the month prior to the 
test (Include a statement if no maintenance was performed) 

Sampling and Analysis Procedures: 

 Sampling port location and dimensioned cross 
section showing all flow disturbances including fans, 
elbows, dampers, constrictions and pollution control 
equipment.  Measurements should be included on 
diagram(s). 

 Brief description of sampling procedures and analytical 
methods, with discussion of deviations from standard 
methods (include a statement if no deviations were made), 
including a statement of source methods used, but not 
including complete copies of reference methods 

 Description of sampling point (including duct 
orientation, number of test ports, number of sampling 
points, distances to upstream and downstream flow 
disturbances) 

 If a method other than a US EPA reference method was 
used: a statement of the detection limit and the level of 
accuracy of the method under the conditions of the test and 
at the concentration of air pollutant that is reported. 

 Description of sampling train   

Appendix: 

 Complete results, including any fuel analysis, with 
example calculations, showing equations used and 
actual results in equation form on same or adjacent 
pages, using applicable equations shown in the 
reference method 

 Test log (include test times, test interruptions and causes, 
and any other significant events related to the testing) 

http://www.pca.state.mn.us/air/performancetest.html
http://www.pca.state.mn.us/air/performancetest.html
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 Copies of raw field data  Calibration procedures and results including pitot tube, 
nozzle, meter box, thermometer, barometer calibrations and 
any other equipment used to collect emissions samples.  
Instrument calibrations must be performed in accordance to 
the reference method used and calibration values must be 
displayed on the same data recorder from which emissions 
results are calculated. 

 Laboratory report with chain of custody record  Project participants and titles 

 Raw production data, signed by plant official who can 
interpret, and be held accountable for the data 

 A copy of the most recent version of the test plan and a 
copy of the commissioner’s written approval of the test plan 

Additional Information: 

 Any other special requirement of the test method, test 
plan, applicable requirement or compliance document 

 Any other information necessary to evaluate compliance 
with Minn R. 7017.2020 and 7017.2025 as requested by the 
commissioner. 

REFERENCED TABLE 
Table 1:  Summary of Performance Test Results 

1(a) 
Emission Unit Tested 

1(b) 
Limitation Basis 

1(c) 
Pollutant and Emission Limit 

1(d) 
Test Result 

                        
                        
                        

Particulate (B): 
12 lbs/hour 

Particulate (B): 
4.1 lbs/hour 

Minn. Stat. 116.07, subd. 
4a 

VOC: 
13 lbs/hour as carbon 

VOC: 
2.3 lbs/hour as carbon 

Carbon Monoxide: 
0.090 lbs/MMBtu 

Carbon Monoxide: 
0.00078 lbs/MMBtu 

Title I Condition:  40 CFR § 
52.21(j) (BACT limit); Minn. 

R. 7007.3000 Volatile Organic Compounds: 
0.0090 lbs/MMBtu 

Volatile Organic 
Compounds: 

0.00050 lbs/MMBtu 

EXAMPLE 
 

Boiler No. 3 
(EU 042/ 
SV 440) 

Title I Condition:  40 CFR § 
52.21(k) (modeling); Minn. 

R. 7007.3000 

Carbon Monoxide: 
33.6 lbs/hour 

Carbon Monoxide: 
0.26 lbs/hour 

Table References: 
(A)  Filterable particulate matter as determined by U.S. Environmental Protection Agency (EPA) Method 5. 
(B)  Filterable plus organic condensable particulate matter as determined by EPA Method 5 and Method 202/ Minn. R. 7011.0725. 
(C)  Particles with an aerodynamic diameter less than or equal to a nominal ten micrometers (PM10) as determined by EPA Methods 5 and 202. 

Instructions for Completing this Form: 
1) Facility Name -- Enter your facility name. 
2) AQ Facility ID No. -- Fill in your Air Quality Facility ID Number. This is the first eight digits of the permit number for all new 

permits issued under the new operating permit program. In the future, this number will replace the AQ File Number in item 
3) below. 

3) AQ File No. -- Fill in your AQ File Number. This is the first group of characters in your current Air Emission Facility Permit. 
For example, for permit number 1899AB-93-OT-1, the AQ Facility ID number would be 1899AB. Can be found in the upper 
right hand corner of the Test Plan Approval. 

4) Facility Location -- Fill in the facility's street address and the city and county where the facility is located.  
5) Date of Performance Test -- Enter the date of your performance test. 
6) Facility Contact Person -- Fill in the contact information for the person that the MPCA may contact regarding this 

performance test. 
7) Test Report Check List:  This checklist is to ensure that your test submittal includes all of the required information. 

 
Reference Table: 

1) Summary of Performance Test Results: 
1a)  Emission Unit Tested:  As designated by permit (i.e. EU, SV, etc.)    
1b)  Limitation Basis:  All applicable rule citations from permit that apply to tested unit(s). 
1c)  Pollutant and Emission Limit:  Pollutant to be tested and emission limit as outlined in permit 
1d)  Test Result:  State test result.      
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