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To develop and validate effective measurement technologies
for pollutants of potential concern in internal combustion
engine exhaust.

In response to Title Il of the 1990 Clean Air Act, GRI is
investigating air toxics emissions from natural gas industry
equipment, including internal combustion engines.
Formaldehyde and other aldehydes are potentially present in
engine exhaust. GRI and member companies have plaps to
collect air toxics emissions data to advance the information
base. Such data could also facilitate industry participation in
EPA’s Maximum Achievable Control Technology (MACT)
based standard development for the engines source category.
To ensure acceptability of such data, there is a need to use
validated methods for measuring emissions of pollutants of
concern. However, there were no EPA-validated methods for
quantifying formaldehyde and other aldehydes potentially
present in engine exhaust.

Testing was conducted to validate extractive FTIR method for
measurement of formaldehyde, acetaldehyde, and acrolein
according to the EPA Method 301 - Field Validation of
Pollutant Measurement Methods from Various Waste Media.
Since FTIR is capable of measuring multiple species on a
continuous and realtime basis, other compounds, NO,, CO,
CO,, and moisture, were also included in this validation effort.
For validation of aldehydes, the analyte spiking procedure was
used, while the validation of the other compounds was based
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on direct comparison to the applicable EPA reference
methods (Methods 7E, 3A, 10, and 4 for NO,, CO,, CO, and

‘moisture, respectively).

The validation test was conducted on July 11-15, 1994 at a
GRI member company’s facility in the Midwest. Samples
were taken from a Cooper-Bessemer GMV-10TF engine rated
at 1,100 hp. Engine operating parameters were monitored
during the validation testing; however, no attempt was made
to optimize engine performance or minimize emissions.

A Nicolet Model RS-3 FTIR bench equipped with a gas cell
adjusted to a path length of 10.8 meters was used to obtain
maximum sensitivity for the compounds of interest while
minimizing interferences from high concentrations of moisture
and carbon dioxide. The cell had a 32-inch mitTor spacing
inside a 4-inch ID stainless steel tube (Model 4-32-AU,
Infrared Analysis). The spectral data were recorded using a
flow-through cell maintained at 365° F. The cell pressure was
monitored continuously during the measurements,
Instrumental resolution was set at 0.5 em™ for all validation
and reference spectra measured. Quantitation of the spectral
data was based on classical least squares and band area
techniques.

Based on the calculational procedures in EPA Method 301,
the FTIR data met the precision and bias criteria in the
method for all of the target compounds. EPA also made
available a draft, revised Method 301 which includes revised
statistical procedures. Calculations performed according to
the revised procedures indicated that the FTIR data met the
revised method criteria as well,

The results of this validation testing were submitted for EPA’s
review and approval in mid-1995. On July 21, 1995, EPA, in
a letter to GRYI, indicated that the test results "can be
considered valid according to Method 30] Jor this source and
similar sources” and the draft FTIR test protocol based on the
validation testing results "may be used at any gas-fired Jacility",
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Executive Summary

Under Title III of the 1990 Clean Air Act, the U.S. Environmental Protection
Agency (EPA) is developing air toxics regulations for various source categories. The
target promulgation dates for the oil and gas production industry and for the stationary
internal combustion (IC) engines source category are 1996 and 2000, respectively.
Because these regulations could have large economic and operational impacts on the gas
industry, Gas Research Institute (GRI) initiated an air toxics research program. A
survey of the air toxics emissions data in the first phase of this program identified critical
research needs for field measurement of key emission sources and development of
effective measurement technologies, with preliminary field measurements in Phase IO of
the study indicating IC engine air toxics emissions to be a potential concern.

GRI and its member companies have plans to continue to collect air toxics
emissions data to advance the information base. In addition, such data could facilitate
industry participation in EPA’s maximum achievable control technology (MACT) based
regulation development. To ensure acceptability of such data, there is a need to use
validated methods for measuring emissions of the pollutants of concern. However, there
are no EPA-validated sampling and analytical methods available for measuring
formaldehyde and other aldehydes which are potentially present in the engine exhaust.
Measurement methods exist for these compounds in other sources, such as boilers and
industrial furnaces firing hazardous waste, but the methods have not been validated for
gas industry related sources. Therefore, GRI conducted a study for validating the
extractive Fourier Transform Infrared (FTIR) spectroscopy method according to EPA
Method 301-"Field Validation of Pollutant Measurement Methods from Various Waste
Media." Method 301 is a set of procedures to be followed in validating a proposed test
method for a particular emission source/category; it is not a measurement method.

The target compounds for the validation testing are shown below:

° Acetaldehyde;

o Acrolein;

° Formaldehyde;

. Carbon Monoxide (CO);
. Carbon Dioxide (CO,);



o Oxides of Nitrogen (NO,); and
. Moisture. |

Since FTIR is capable of measuring multiple species on a continuous and realtime basis,
NO,, CO, CO,, and moisture were also considered in this validation. Field validation
testing was conducted on July 11-15, 1994 at a GRI member company’s COmpressor
station facility in the Midwest. Samples were taken from a Cooper-Bessemer
GMV-10TF 2-cycle engine rated at 1,100 horsepower. Engine operating parameters
were monitored during the validation testing; however, no attempt was made to optimize
engine performance or minimize emissions.

Based on the calculational procedures in EPA Method 301, the FTIR data meet
the criteria specified in the method for all of the target compounds. EPA also made
available a draft, revised Method 301 which includes revised statistical procedures.
Calculations were performed acéording to the revised procedures, which also indicated
that the FTIR data meet the revised method criteria. The following tables present a
summary of results, with precision and bias acceptability information and correction
factors (where applicable) calculated according to both versions of Method 301,

Table S-1

Validation Results Summary -- Analyte Spiking?

Precision Acceptable? | Yes Yes Yes Yes | Yes Yes
Bias Statistically No Yes No Yes Yes Yes
Significant? ,
Correction Factor -- 0.90 - 0.95 1.14 1.14
Meet Validation Yes Yes Yes Yes Yes Yes

Criteria?

301 = Method 301.
DR301 = Draft Revised Method 301. .




Table S-2

Validation Results Summary -- Paired Sampling®

Precision Acceptable?

Bias Statistically Yes Yes | Yes| Yes | Yes| Yes
Significant?

Correction Factor 102 | 1.02 |098| 098 |098]| 0.98 - -
Meet Validation Yes Yes | Yes| Yes | Yes| Yes |Yes| Yes
Criteria?

2301 = Method 301.
DR301 = Draft Revised Method 301.

The EPA has reviewed the results presented in this document and indicated in a
July 21, 1995 letter to GRI that the results "can be considered valid according to
Method 301 for this source and similar sources” (see Appendix A).

Additionally, the EPA stated that the proposed FTIR test protocol drafted based
on the validation testing results "may be used at any gas-fired facility" (see Appendix B for
the FTIR test protocol).
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1.0 INTRODUCTION

11 Background

In the 1990 Clean Air Act Amendments (CAAA), Congress included provisions to
reduce emissions of hazardous air pollutants (HAPs) considered to pose a risk to human
health and the environment. The U.S, Environmental Protection Agency (EPA) defined
a schedule for developing air toxics regulations for various source categories. The
accelerated schedule includes a target promulgation date of mid-1996 for the oil and
natural gas production industry. In addition, air toxics regulations for stationary internal
combustion (IC) engines are scheduled for promulgation in 2000. Additionally, several
states have air toxics regulatory initiatives underway that will impact the natural gas
industry.

Because these regulations could have large economic and operational impacts on
the gas industry, the Gas Research Institute (GRI) contracted with Radian Corporation
to conduct a multi-phase research program to determine potential sources of air toxics
emissions, the quantities emitted, individual species present at each source, and the
potential risk they pose. A survey of the air toxics emissions data in Phase I of this
program identified critical research peeds for field measurement of key emission sources
and development of effective measurement methodologies. Among the key emission
sources are IC engines used for compression and transmission of natural gas in the
industry. |

Preliminary testing on natural gas-fired engines performed during the first three
field campaigns (late 1993 and early 1994) showed potentially significant emission levels
of formaldehyde from some engines. In these tests, extractive Fourier Transform
Infrared (FTIR) spectroscopy and manual methods [SW-846 Method 0011 and California
Air Resources Board (CARB) Method 430] were used for measurement of the aldehyde
species.? Differences between the FTIR method and the mannal methods were
observed in some of the test results, Additionally, high variability was observed in
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CARB Method 430 triplicate measurements during test runs. Both manual methods are
based on derivatization of the aldehydes with 2,4-dinitrophenylhydrazine (DNPH) in
impinger solutions. In several cases where aldehydes were observed using the FTIR,
they were not observed in the analysis of the manual method samples, although trace
amounts were found in the field blanks. Impinger solutions were observed to be clear
instead of the orange color typically associated with DNPH, indicating a potential cross-
reaction which consumed the derivatizing reagent. Recent results reported in literature
indicate potential interferences may be caused by nitrogen dioxide (NO,) present in the
exhaust gas.>*

Similar problems were observed with the manual methods in laboratory studies
under controlled conditions. However, laboratory spiking studies and line loss tests
conducted using the FTIR method consistently resulted in recoveries at or greater than
90 percent for the spiked aldehydes (formaldehyde, acetaldehyde, and acrolein).

12  Objective

GRI and its member companies have plans to participate in EPA’s MACT
regulation development by continuing to collect air toxics emissions data. To ensure
acceptability of such data, it is critical to use validated methods and procedures for
measuring emissions of pollutants of concern. Currently, there are no EPA-validated
measurement meﬂiods available for quantifying formaldehyde and other aldehydes
potentially present in the engine exhaust. Measurement methods exist for these
compounds in other sources, such as boilers and industrial furnaces firing hazardous
waste, but the methods have not been validated for gas industry related sources. As
described above, problems were observed using the DNPH-based methods for
characterizing the exhaust from some engines.

Based on the data collected during the preiiminary testing and the laboratory

study, GRI conducted a field test (July 11-15, 1994) to validate the extractive FTIR
method for formaldehyde, acetaldehyde, and acrolein. Since FTIR is capable of
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measuring multiple species on a contiruous and realtime basis, oxides of nitrogen (NO,),
carbon monoxide (CO), and carbon dioxide (CO,) were also considered in this
validation, The comparison between FTIR and the EPA reference method results for
these species was made on a dry basis, necessitating collection of moisture data for this
correction. Therefore, validation of moisture measurements using FTIR was also
undertaken during this testing effort. The target compounds are summarized below:

. Acetaldehyde;

. Acrolein;

. Formaldehyde;

o Carbon Monoxide (CO);

. Carbon Dioxide (CO,);

. Oxides of Nitrogen (NO,); and

° Moisture.

13  Approach

In validating the extractive FTIR method for measurement of the pollutants listed
above, the procedures outlined in Method 301--"Field Validation of Pollutant
Measurement Methods from Various Waste Media" were followed (see Appendix C). A
test plan was submitted for EPA’s review and comment before the field testing. For
validation of the aldehydes, the analyte spiking procedure from Method 301 was used, as
consistent with the validation testing conducted by EPA on a coal-fired boiler® For
validation of NO_, CO, CO,, and moisture using FTIR, a paired sampling system was
employed since EPA reference methods exist for measuring these compounds
(Method 7E, 10, 3A, and 4, respectively).

Field measurements were based on extraction of a slip-stream of the IC engine
exhaust through a heated transfer line and delivery of 2 portion of this sample stream t0
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the analytical instruments for concentration measurements. FTIR analysis of this
extracted sample was performed on a hot/wet basis, as removal of moisture can result in
losses of aldehydes, Conditioning of the gas sample was necessary for CO, CO,, and
NO, measurements using the EPA reference methods. For a direct comparison between
the reference methods and FTIR, the FTIR data were converted to a dry basis.
Moisture in the gas stream was measured using EPA Method 4, as well as a direct
measurement with the FTIR method.

The testing was broken into two separate periods which were performed over
two days in the field. On July 13, 1994, validation testing was performed for
formaldehyde, acetaldehyde, and acrolein. The testing for CO, CO,, NO, and moisture
was conducted on July 14, 1994, '
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20 SITE DESCRIPTION

2.1  Test Site

The sampling site for the testing was a GRI member company’s cOmpressor
station facility in the Midwest. The engine selected for the validation testing was a
Cooper-Bessemer GMV-10TF, 2-cycle unit rated at 1,100 horsepower. This engine is
considered to be representative of 2-cycle engines used in the natural gas industry. In
addition, measurable levels of the target compounds listed in Table 1-1 were present in
its exhaust.

Engines at this site were housed inside a building with the individual exhaust duct
passing through the building wall into a vertical muffler and tailpipe. All engines were
fueled with the same gas which was supplied from a common header pipe. Since the
engines also shared common suction and discharge lines, the load on each engine was a
function of the station suction and discharge pressures and the number of engines on-line
at any given time.

The engine used for the validation tests was tested approximately one month
before the validation tests. Results from that effort were used to determine calibration
and spike levels for the validation testing. The formaldehyde, acetaldehyde, and acrolein
levels measured during the validation testing were very similar to those observed
previously. The NO,, CO, and CO, levels were slightly different, with NO,
concentrations having the largest deviation from previous test results.

22 Engine ration
An engine analyst was on-site during testing to ensure the engine was operating at
steady conditions, to measure and confirm load conditions, and to be available should

any maintenance be required during testing. No attempt was made to tune the engine to

optimize efficiency or to minimize emission levels.
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Process data were collected during the testing to document the operating
conditions (see Appendix D). In general, the operation was steady throughout the
testing. An upset was experienced during the aldehyde spiking on July 14, when another
engine which was on common suction and discharge lines went out of service. This event
changed the load conditions on the engine being tested and caused some rapidly
changing concentrations of the target compounds. Data collected during this upset
period were not used in the calculations, and additional test runs were made to ensure
sufficient data were available to perform the necessary calculations. '
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30 SAMPLING PROCEDURES

3.1 Analyte Spiking

The validation for the target aldehyde compounds consisted of dynamic spiking of
a slip-stream of the exhaust gas stream with the target compounds as close to the sample
probe tip as possible. The spike gas stream volume comprised about 23 percent of the
sample gas volume extracted from the stack. For formaldehyde, acetaldehyde, and
acrolein, the spike levels were approximately 2X, 3X, and 8X the concentrations in the
exhaust gas stream before spiking, respectively.

The tests consisted of 32 separate test runs involving one FTIR instrument
(24 test runs, 12 spiked and 12 unspiked are required by Method 301). Four of the
paired runs (eight test runs) were not used in the Method 301 calculations due to an

engine upset during data collection.

Measurements consisted of monitoring the unspiked sample stream for a period of
five minutes as a complete run followed by monitoring the spiked sample stream for
five minutes. A single composite FTIR spectrum, consisting of 185 scans, was generated
for each 5-minute test run. Sufficient time (five minutes) was allowed between runs to
thoroughly flush the FTIR cell before data collection was begun for the next run. FTIR
spectra were monitored during the S-minute flush period to ensure the cell was
completely flushed and had reached steady conditions in the time interval between the
spiked and unspiked sample analyses. The cell was observed to reach steady conditions
within two minutes of the 5-minute flush period, indicating the adequacy of this

procedure to ensure no overlap between spiked and unspiked samples occurred.
32  Paired ing (NO,, CO and Maisture

A total of nine sets of replicate samples were collected for the NO,, CO, CO,,
and moisture data validation (nine sets are required by EPA Method 301). Each test
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run (1-hr duration) consisted of simultaneous collection of data using the EPA reference
methods and FTIR. An average concentration over the test run was calculated for all
methods. The FTIR data for N O,, CO, and CO,, were corrected for moisture for
comparison to the data collected using the respective EPA reference methods.

33  Sampling/D ic Spiking §

During the validation testing, samples of the engine exhaust were extracted
through 3-inch ports in the horizontal section of the exhaust duct (12-inch ID) by
inserting a sample probe (see Figure 3-1). The sample ports were located three stack
diameters upstream of the muffler and 14 diameters downstream of the 90° elbow in the
exbaust duct. As illustrated in Figure 3-2, the sample from the engine exhaust for both
the reference method analyzers and the FTIR was collected with the same shielded,
sintered stainless sample probe and extraction system. Samples were extracted
continuously at a single point in the exhaust stream and delivered via a 100-ft heated
Teflon® line to the monitoring trailer for measurement of the target analytes.

33.1 Sample Delivery/Conditioning

Located immediately after the sample probe was an insulated orifice meter
connected to a Magnahelic for periodic measurement of the extracted gas flow rate. The
total gas flow rate was monitored on a continuous basis using the calibrated heated
rotameter inside the mobile laboratory.

Immediately after the orifice meter was a calibration tee assembly used to
periodically introduce calibration gases into the sample line as close to the probe tip as
practical. Calibration gas introduction was controlled remotely using an electric 3-way
solenoid valve.

The sample gas was directed through a heated (280°F) Teflon® sample line to a
heated head diaphragm pump. This pump provided a pressurized sample to a flow
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controller metering the sample stream to a heated glass manifold. Sample gas flow rate
was maintained at a constant rate of approximately 15 standard liters per minute (lpm)

during the entire testing period.

After entering the glass manifold, the exhaust gas was split into separate streams;
one directed to the NO,, CO, CO,, and O, analyzers, a second directed to the FTIR
analyzer, a third directed to the total hydrocarbon analyzer (data collected, but not used
in the validation effort), and a fourth to a moisture train. The sample stream for the
NO,, CO, CO,, and O, analyzers was sent t0 a gas conditioning system designed to
remove both fine particulate matter and moisture prior to introduction into the
analyzers. Moisture removal was achieved using chilled condensers maintained at
35+2°F, with continuous condensate removal to minimize any losses due to absorption
(e.g., NO,).

The sample stream to the FTIR instrument was transferred through a heated line
from the glass manifold to prevent moisture condensation, and directed through the
7-liter FTIR cell using a heated head diaphragm pump. Sample cell pressure was
monitored to allow corrections based on the absolute pressure of the cell. The FTIR
cell was heated with a blanket (tube) heater controlled at 365°F (185°C) to avoid
condensation of water and higher molecular weight organic compounds. (Note: All
reference spectra used in this validation effort were developed at this temperature.)

Moisture samples were collected inside the mobile laboratory as close to the
FTIR instrument as possible. A heated line from the glass manifold system was used to
deliver sample to a Method 4 moisture train. Samples were collected at a flow rate of

approximately one liter per minute into a midget impinger-based collection system.
All supporting information (e.g., flow rate data, calibration data, and raw data

sheets for moisture measurements, gas cylinder certification sheets) is documented in

Appendix E.
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332 Spiking System Design

The dynamic spiking system was designed to allow simultaneous generation of
known concentrations of the target aldehyde compounds. The spiking gas stream was
generated through dynamic dilution of a certified multi-component standard contained in
a high pressure cylinder for acetaldehyde and acrolein. Formaldehyde spiking was
performed by continuous volatilization of a liquid solution of formalin at a known
concentration. Figure 3-3 presents the schematic of the spiking system.

333 Spiking System Operaﬁon_

The target spiking concentrations for each of the aldehyde compounds were
calculated based on the native concentrations measured in the engine exhaust. Flow
rates of the gaseous standards being spiked were set using flow controllers and were
monitored with mass flowmeters calibrated using a National Institute of Standards
Technology (NIST) traceable bubble meter.

A formalin solution with a formaldehyde concentration of 380 ug/mL was
prepared from a stock formalin solution of 37 percent formaldehyde. This formalin
solution was injected into a heated block [482°F (250°C)] for vaporizatioil and was swept
into the extracted exhaust stream using the gaseous standards of the other target
aldehydes. Its flow rate was maintained nominally at 1.0 mL/min using a High
Performance Liquid Chromatography (HPLC) pump. A calibrated balance was used to
confirm the formalin solution flow rate by measuring weight loss from the container as a
function of time. Laboratory tests were conducted with this volatilization system to
ensure that a consistent spike level of formaldehyde could be delivered. Additional tests
were conducted in the field using ambient air before the validation testing began.

The HPLC pump/balance assembly and the heated injection block were
positioned on scaffolding next to the exhaust manifold to minimize the distance the
formalin solution was pumped and to avoid condensation of the vaporized stream prior

3-6




J/\‘/
%ﬁ’/
|
Stainless Magnehelic
?t:el Orifice
ner
Probe ‘/ Tube
; ? » To Sample
_IJ Extraction
System
To Atmosphere
(fw
‘Stationa Source D
Y 3-way
Solenoid
Valve
>
A Insulated
Heat Traced
Sample Line
L{ Temperature r——éj‘ﬁ ,
Controlled AMass Flo Metering|Valve
\Volatilization! | Meter[é, E j
‘i . Block
i Mass Flow Metering [Valve
Syringe Metering M&%—
A
Needle Pump Mass Flow Metering|Valve

Solution :
Reservoir ‘|
[4—Balance | Validation Validation

Std. Std. Std.

Met [\]

? eter .
|
\

Figure 3-3. Dynamic Spiking System

3-7

940166DRTP



to spiking into the exhaust flow. As previously. described, a 3-way valve was used to start
spike gas flow into the extracted exhaust gas stream to allow the concentrations to reach
steady conditions and to completely flush the FTIR cell. The spike gas was vented to
the atmosphere via a remotely actuated 3-way valve during collection of unspiked sample
spectra. A S-minute time interval was maintained between diverting the spike gas flow
to the atmosphere and measurement of the unspiked native aldehyde concentrations.

Documentation of supporting information (e.g., flowmeter calibration data,
formalin solution flow rate check) is provided in Appendix E.

3-8




40 ANALYTICAL PROCEDURES

41  Extractive FTIR System Description

For the validation testing, a Nicolet Model RS-3 bench with a cell path length of
10.8 meters was used to obtain maximum sensitivity for the compounds of interest while
minimizing the spectral interferences due to the high concentrations of water and carbon
dioxide. The spectral resolution of the FTIR instrument was 0.5 cm™. The cell had a
32-inch mirror spacing inside a 4-inch ID steel tube. Gold coated glass mirrors were
utilized to prevent degradation of the mirror surface due to moisture or any acid gases in

the exhaust stream.

The FTIR scans were recorded using a flow-through cell maintained at 365°F
(185°C). The cell pressure was continuously monitored during the measurements.

411 FTIR Calibration Procedures

The FTIR instrument was calibrated for the target compounds by a two-step
process: 1) measurement of the gas phase infrared spectrum at known concentrations
and at the operating temperature of 365°F (185°C); and 2) development of a quantitation
method for data processing where detection of target compounds is optimized and
interference effects are minimized. These procedures are consistent with those found in
the document, "Protocol for Performing Extractive FTIR Measurements to Characterize
Various Gas Industry Sources for Air Toxics," prepared for GRI (see Appendix F; also
included as part of the EPA-approved FTIR Test Protocol presented in Appendix B).

Calibrations were checked in the field by analyzing certified gas standards for all
of the target compounds. During these checks, the cylinder gas mixtures were introduced
into the instrument directly and/or at the sampling probe through the heat traced line.
Line loss tests were conducted prior to the validation testing to confirm minimal
sampling bias.



The formalin injection system used for introducing formaldehyde spike into the
sample gas stream was checked for accuracy by injecting the solution into a heated
ambient air stream and comparing the measured concentration versus the calculated
concentration of formaldehyde.

4.12 FTIR Quantitation Procedures

Since concentration is a function of absorbance, the target compounds were
quantitated by ratioing the field-measured spectrum to the reference spectrum ﬁsing a
classical least squares (CLS) technique. The basis of the CLS method is to scale each
reference spectrum so that its spectral features match the magnitude of the.

corresponding field spectrum as closely as possible. The least-squares criterion is used to
determine the best match for all spectral features in the analysis, where the sum of the
squared residuals over the spectral analysis region is minimized. The scaling factor used
for each spectrum is then converted to a concentration. It is assumed that the spectral
lines obey Beer’s law, which states that the line intensity is linearly proportional to the
concentration of the species (and pathlength).

‘The CLS method allows the computation of concentrations using spectral features
which may overlap with features from interfering species. Compounds that possess
moderate to strong spectral features in a particular sampling environment (i.e., H,O,
CO,, and CO in combustion exhaust) usually have features which are free of
interferences, and can be analyzed by band area/height methods without résorﬁng to
interference corrections. The remaining target compounds (i.e., formaldehyde,.
acetaldehyde, acrolein, and NO,) are subject to interferences, particularly from the
compounds listed above and were quantitated using algorithms developed by Radian to

compensate for these interferences.

Nonlinear behavior is expected for low molecular weight compounds such as CO,
which exhibit sharp spectral features. Correction curves that cover the range of




concentrations observed during this effort were used for CO, NO, and CO, to account
for this nonlinear behavior.

Spectral analysis regions used for the target compounds in this study are shown in
Table 4-1. A relatively weak absorbance band was used for the quantitation of moisture.
By using a weaker band, any problems with nonlinearity or saturation caused by the

relatively high levels of moisture present in the exhaust gas stream were avoided.

Table 4-1

FTIR Target Compound Spectral Analysis Regions

Acetaldehyde 2665 - 2834
Acrolein 920 - 995

Formaldehyde 2665 - 2834

.| co 2164 - 2185 Il
co, 1009 - 1083

|NO 1818 - 1931 l

NO, 1598 - 1600
Moisture 870 - 886 n

Modifications were made to the FTIR analysis method to correct for an observed
loss in resolution. This loss was due to a temperature increase in the mobile laboratory
resulting from increasing ambient temperatures. Compounds with very sharp spectral
features, such as water and CO, were affected and quantitated low during this time
period. The instrumént was realigned after Run No. 6 resulting in much better
agreement for water and CO. The data collected during Runs 2 through 6 were

requantitated using band areas in order to correct for the loss of resolution.
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413 FTIR Data Handling

All FTIR raw and processed data were stored on a computer hard disk. Each
day, all data were transferred onto backup storage media (e.g., optical drive) which was
stored in a secure location. In addition, all quantitation routines developed for the data
were backed up on floppy diskette and on hard drive.

42  Instrament Based Reference Method Analyzers

Table 4-2 lists the analyzers used for continuous emissions monitoring (CEM)
during this testing effort, with the operating ranges indicated.

Table 4-2

Reference Method Analyzers

Co, Beckman 865 020% | Nondispersive infrared
NO, TECO 10AR 0-2500 ppm Chemiluminescence
co TECO 48 0-500 ppm Gas filter correlation
| o, Servomex 1100 _ 0-25% Electrocatalysis

42.1 Data Acquisition

The NO,, CO, CO,, and O, data were collected electronically using an analog to
digital (a/d) converter and a computer system.. The a/d converter and the computer
were the primary components of a data acquisition system (DAS) designed to complete a
full cycle of data collection and processing at least 10 times every minute. Data
processing included calculation of average values based on operator-specified intervals.
The DAS system also permitted periodic, on-demand calibrations of the analyzers. The
calibration data presentation format indicated the calibration response for the analyzers
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before and after application of appropriate correction factors for any calibration drift
which may have occurred between calibrations. All calibration and emissions data were

stored on magnetic media at the conclusion of each test day.
422 Calibration Procedures

Prior to sampling on the first test day, a three-point (zero plus two upscale points)
calibration was performed on each instrument to provide a linearity response check. The
calibration gases were introduced at the sampling probe to determine analyzer
calibration error during the tests. Immediately after each test run, zero and upscale
cylinder gases were introduced through the entire sampling system to determine
calibration drift during each test run.

423 Data Handling

All data were stored on a computer hard disk, with hard copy printouts.
Additionally, the data were backed up on floppy diskettes.

43 Mamual Method Procedures

Moisture in the exhaust gas was measured during the NO,, CO, and CO,
validation testing using EPA Method 4 for comparison with FTIR measurements.
Moisture measurements were conducted in the mobile laboratory on a slip stream of the
hot/wet sample measured by the FTIR. The balance used to weigh the moisture
collected in the impingers was calibrated with type "S" weights prior to deployment in the
field; it was checked with standard weights in the field. All other equipment (e.g., dry
gas meter) used in Method 4 data collection were calibrated according to procedures

described in the method.
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44  Data Reduction

Data reduction was conducted on-site. FTIR data reduction was based on_
predetermined quantitation routines developed for similar sources. Minor modifications
of the quantitation routines were necessary to tailor the FTIR analysis to the particular
exhaust gas and observed interferences. Calculations of aldehyde compound spike rates
and stream composition were performed on-site and compared with measurement results
on a continuous basis. In this manner, any problems observed due to differences
between calculated and measured concentrations of the spiked compounds were

identified and resolved immediately.




50 RESULTS

5.1  Validation of Formaldehyde, Acetaldehyde, and Acrolein

Key spiking data are summarized in Table 5-1. Formaldehyde, acetaldehyde, and
acrolein were dynamically spiked into a slip stream of the engine exhaust gas. Prior to
the initiation of spiking, native levels of these compounds were determined in the
unspiked exhaust gas stream. Spiking levels for formaldehyde and acetaldehyde were
designed to result in a factor of two to three increase in concentration above the native
levels. The spiking level for acrolein was similar to that of acetaldehyde since the two
compounds were in the same cylinder at approximately the same concentrations.
Acrolein was present at a lower concentration than acetaldehyde in the unspiked stack
gas, resulting in spiked gas acrolein concentrations about eight times the native acrolein

concentration.
5.1.1 Spiked Gas Concentrations

Formaldehyde concentration in the spiking solution was determined from seven
individual measurements, with triplicate measurements made before and quadruplicate
measurements made after the validation testing. These measurements were based on
DNPH derivatization followed by laboratory HPLC analysis. The average concentration
in the spiking solution was determined to be 380 xg/mL.

Since the extracted gas sample was diluted during spiking (23.1 percent), the total
concentration of the target compound present in the spiked total sample gas was
calculated using the native amount in the unspiked exhaust (corrected for dilution) plus
the amount spiked corrected for. total gas flow. The concentration of formaldehyde in
the spiked total sample gas was calculated using the following expression:
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Table 5-1

Aldehyde Spiking Data

Total sample gas flow rate

Diluted acetaldehyde and acrolein gas
flow rate

Vapor flow rate (from formalin solution)
Total spiked gas flow rate
Percentage of extracted gas in total sample gas

14.62 I./min
2.04 L/min

1.34 L/min
3.38 L/min
76.9

Formalin solution

Acetaldehyde

Acrolein

380 ug/mL
48.0 ppm

55.2 ppm

Formaldehyde
Acetaldehyde

Acrolein

6.7 ppm

7.7 ppm




L 24.04) x 10°

(Csoln x Qspikcsoln X
cF,spike = o

Qe

(5-1)

where:

Ce, spixe = Concentration of formaldehyde in spiked total sample gas (ppm)
o = Concentration of formaldehyde in spiking solution (ug/mL)

Qupise som = Flow rate of spiking solution (mL/min)
MW, = Molecular weight of formaldehyde (ug/umole)
Q... = Flow rate of spiked total sample gas (L/min)

The constant 24.04 uL/umole in Equation 5-1 is the volume occupied by one ymole of
gas. An example calculation is shown below:

[380 f‘r.i x1 DL, 1 pmole  oyoq HL 106J

_ min 30 ug pmole
CF, spike L
14.62 —
min

= 20.8 ppm

For acetaldehyde and acrolein, the following expression was used to calculate spiked gas
concentrations in the spiked total sample gas:

C, wite = G, 0 X Q (52)

i, spike i
tal
where:
C, oie = Concentration of compound "i" in spiked total sample gas (ppm)
C,en = Concentration of compound "i" in cylinder (ppm)
Q = Flow rate of cylinder gas containing compound "i" (L/min)

For acetaldehyde, the spike gas concentration was calculated as 6.7 ppm:

48 ppm x 2.04 _I_‘_
min

A, spike
1462 L
min

6.7 ppm
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5.12 Validation Data

Table 5-2 presents the data collected during the validation of formaldehyde,
including the unspiked native concentration, the corrected native concentration, the total
spiked concentration which includes the spike amount added to the corrected native
amount, and the concentrations measured by the FTIR instrument. A calculation of the

total concentration measured as a percentage of the spiked amount is also shown.

A total of 16 spiked/unspiked paired runs were made. As previously mentioned,
an engine upset condition was observed during Runs 1 through 4. Therefore, the data

from these runs are not included in the calculations.

The data for acetaldehyde and acrolein measurements are shown in Tables 5-3
and 5-4, respectively. Acrolein was consistently measured at levels higher than those
spiked. Direct measurement of the acrolein spike cylinder gas é]so showed a similar
trend. Values reported in Table 5-4 reflect corrected concentrations based on
recertification of the spiking cylinder (see Section 6.1.1 for additional discussion).

5.1.3 Validation Results

The concentration data measured for the three aldehydes were used to calculate
precision and bias as detailed in Section 6.3 of Method 301 (Part 63 of CFR Vol. 57,
No. 250, dated Tuesday, December 29, 1992, with the corresponding errata). A
calculation spreadsheet was retrieved from the EPA bulletin board for performing these
calculations and used to determine if the proposed method results pass the criteria for
validation. A summary of Method 301 calculations for formaldehyde, acetaldehyde, and
acrolein is shown in Table 5-5. The criteria for precision is that the relative standard
deviation shall not be greater than 50 percent. Bias is established by comparing the
proposed method results against a reference value (i.e., calculated value of the spike
level) using a t-test. Bias may be eliminated by employing a correction factor based on

the validation data, with bias correction factors outside the 0.7 to 1.3 range considered
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Table 5-2

FTIR Validation Data for Formaldehyde

l

*

| 5 24.01 18.46 3926 42.15 1074 |
6 2327 17.89 38.69 37.16 96.0

7 22.58 17.36 38.16 35.29 92.5 I
8 195 15.00 35.80 39.76 1111

9 19.47 14.97 35.77 38.79 108.4 1

10 19.8 1523 36.03 36.28 1007 |
11 20.11 15.46 3626 | 3874 106.8
12 19.96 1535 36.15 41.74 115.5
13 20.02 15.40 36.20 37.35 103.2
14 19.78 15.21 36.01 39.38 109.4
15 19.83 15.25 36.05 42.62 1182
16 19.71 15.16 35.96 39.74 110.5

| Mean 20.67 15.90 36.70 39.08 | 1066 |

“Runs 1 through 4 were not used due to engine upset conditions.
®Corrected for dilution (e.g., 18.46 = 24.01 x 0.769).
‘Recovery [e.g., 107.4 = (42.15/39.26) x 100].



FTIR Validation Data for Acetaldehyde

Table 5-3

5 5.47 4.21 10.90 1145

6 5.33 4.10 10.80 11.10 102.8
7 5.22 4.01 10.71 10.38 96.9
8 4.04 3.11 9.80 10.16 103.7
9 4.00 3.08 9.77 10.40 106.4
10 3.68 2.83 9.53 9.73 102.1
11 3.90 3.01 9.70 10.06 103.7
12 4.08 3.14 9.84 10.28 104.5
13 3.90 3.00 9.70 9.86 101.6
14 3.85 2.96 9.66 10.24 106.0
15 3.78 291 9.60 10.00 104.2
16 3.35 2.58 9.27 9.96 1074

- Mean 4.22 3.24 9.94 1030 103.7 II

“Runs 1 through 4 were not used due to engine upset conditions.
®Corrected for dilution.

‘Recovery.




Table

5-4

FTIR Validation Data for Acrolein

5 1.50 1.15 8.86 7.79
6 141 1.08 8.79 7.71 87.7
7 147 1.13 8.83 7.71 873
8 136 1.05 8.75 7.65 87.4
9 132 1.02 8.72 8.08 92.7
10 1.00 0.77 8.47 7.52 88.8
11 141 1.08 8.79 7.92 90.1
12 1.34 1.03 8.73 7.69 88.1
13 133 1.02 8.73 7.74 88.7
14 1.52 1.17 8.87 7.68 86.6
15 147 1.13 8.83 7.64 86.5
16 135 1.04 8.76 7.66 87.4
| Mean 137 1.06 8.76 7.79

*Runs 1 through 4 were not used due to engine upset conditions.
®Corrected for dilution.

‘Recovery.



Table 5-5

Results Summary - Analyte Spiking
(Method 301)

RSD, 6.3 25 48 =50
"'RSD“ 4.5 9.0 8.9 <50
B 2.39 0.36 -0.96 -

ll Bias Statistically No t <2201

Significant?

LCF -

Meet Validation Yes
|| Criteria?

®Sm = Measured mean of the spiked samples.

M, = Measured mean of the unspiked samples.

SD, = Standard deviation of the FTIR spiked values.

SD, = Standard deviation of the FTIR unspiked values.

RSD, = Relative standard deviation of the FTIR spiked values.
RSD, = Relative standard deviation of the FTIR unspiked values.
B = Bias at the spike level.

t = t-statistic.

CF = Correction factor.
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unacceptable. As indicated in the table, FTIR data for all three compounds meet the
precision and bias criteria (see Appendix G for spreadsheet printouts).

5.14 Draft Revised Method 301

In addition to the method published in the Federal Register, Radian has received
from EPA a draft revision of Method 301 including a spreadsheet (see Appendix H).
The revised methodology was evaluated for formaldehyde, acetaldehyde, and acrolein.
Results of the revised calculations are presented in Table 5-6 documenting that FTIR
data for all three target compounds meet the criteria specified in the draft revised
method as well (see Appendix I for spreadsheet printouts).

52  Validation of NO_ CO. and CO,

The target compounds, CO, CO,, NO, including moisture were validated using the
paired train procedure for comparison to reference methods. Concentrations of these
compounds were measured by both the reference method and by FTIR and averaged
over a period of one hour. The results of these paired measurements were then
compared using the Method 301 calculation methodology.

521 Validation Data

A total of nine paired tests were performed on July 14, 1994. Engine operation
was relatively stable across this entire period. However, some variation was observed,
primarily due to changes in suction pressure, which affected the load on the engine.
These excursions can most easily be observed by reviewing the NO, data presented in
Appendix J or in the data summary shown in Table 5-7. |

Table 5-7 contains average values determined from the EPA reference methods
and FTIR for the nine 1-hr runs. All FTIR data were corrected to a dry basis using the
EPA Method 4 results.



Table 5-6

Results Summary - Analyte Spiking
(Draft Revised Method 301)

Bias Statistically
Significant?

Meet Validation
Criteria?
Sm = = Measured mean of the spiked samples.
M, = Measured mean of the unspiked samples.

SD, = Standard deviation of the FTIR spiked values.
SD, = Standard deviation of the FTIR unspiked values.
SD,ea = Pooled standard deviation.

pool
B = Bias at the spike level.
RSD = Relative standard deviation.
t = t-statistic.

CF = Correction factor.

NA = Not applicable (see Appendix I).
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522 Validation Results

A summary of the validation results is given in Table 5-8 based on Method 301
calculations. The acceptance criteria for precision requires the precision of the proposed
method to be the same or better than that of the validated reference method as
determined by an F-test. Significance of bias between the results from the proposed and
the validated reference method is determined using a t-test. Bias correction factors
outside the range 0.9 to 1.1 are considered unacceptable. Table 5-9 summarizes the
results using the draft revised Method 301 procedures. As indicated in both tables, the
FTIR data for all four compounds meet the specified criteria. A brief description of the
calculations is included below, with detailed spreadsheet printouts provided in
Appendices G and 1.

NO,: The standard deviation for the reference method was obtained by
converting the precision or the relative standard déviation (RSD) value into standard
deviation using the mean of the Method 7E measurements. The RSD of Method 7E is
2.16 percent in the range of 100 to 1,000 ppm, as presented in the stack measurement
precision data obtained from EPA (see Appendix K).

Method 7E measures NO, as a combination of NO and NO, while the FTIR
measures NO and NO, individually. The NO and NO, concentrations were added to get
a total concentration which was directly compared to the conceni:rations from the
reference method. In these measurements, NO, comprised less than 2.5 percent of the
total NO, measured.

CO:  Since EPA has not included precision data for Method 10 in the summary
provided in Appendix K, the precision indicated in the method (2 percent of span) was
applied in the calculations, as suggested by EPA.

CO,: Precision data available from EPA were used in the comparison of the two
methods (see Appendix K).

5-12




Table 5-8

Results Summary - Comparison with Validated Methods
(Method 301)

d, 13.21 -2.43 -0.10 0.14 -
SD, 13.20 10.00 0.11 0.23 -
SD, 2091 5.05 0.07 0.39 -
SD, 7.71 3.57 0.05 0.16 -
Precision Yes Yes Yes Yes F<10
Acceptable?

Bias Statistically Yes Yes Yes No t < 1397
Significant?

CF 1.02 0.98 0.98 - 09 =CF = 11
Meet Validation Yes Yes Yes Yes -
Criteria?

%d, = Mean of the paired sample differences.
SD, = Standard deviation provided with the validated method.
SD, = Standard deviation of the paired sample differences.
SD, = Standard deviation of the FTIR measurements.

F = F-statistic.
t = t-statistic.
CF = Correction factor.
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Table 5-9

Results Summary - Comparison with Validated Methods
(Draft Revised Method 301)

Bias Statistically

Significant?

CF

Meet Validation

Criteria?

3, = Mean of the paired sample differences.

SD, = Standard deviation provided with the validated method.
SD, = Standard deviation of the paired sample differences.
SD, = Standard deviation of the FTIR measurements.
SDpociea = Pooled standard deviation.

CF = Correction factor.

F = F-statistic.

t = t-statistic,
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Moisture: In the spreadsheet, a value of 0.23 percent was used for the standard
deviation of the reference method (see Appendix K). Since the FTIR and Method 4
moisture results are very similar, correction of the FTIR NO,, CO, and CO,
concentrations by the FTIR moisture data has no impact on the validation results.

5-15







6.0 QUALITY ASSURAN CE AND QUALITY C_ONTROL I’ROCEDURFS

61 Reference Spectra

A number of quality control pro

ated during the validation of

so formaldelnyde WeS
Gases. This

cedures were ini

and acrolein. The standard spectrum

gas purchased from Scott Specialty
the EPA document "Protocol
sting", Draft

formaldehyde, acetaldehyde,
ed from a certified cylinder

spectrum was generated according 10
Applying Fourier Transform Infrared (FTIR) Spectr

Version S7, March 31, 1992.

for

develop
the procedures in

ometry in Emission Te:

eference spectrum was measured

The formaldehyde cylinder
by direct introduction into the FTIR cell a number of times to assess measurement
nted in Table 6-1 with the .diﬂerence between

reproducibility. This data set is prese
measured and certified cylinder concentrations expressed as 2 percent of the certified

concentration.

used to generate the r

Table 6-1
ormaldehyde Master Cylinder

FTIR Measurements of F

generated from certified

Specialty Gases using procedures similar to those

d above. All spectia were me

acrolein reference spectra were

Acetaldehyde and
gaseous standards obtained from Scott

described in the draft EPA protocol reference
cell temperature of 365°F (185°C)

asured at 2




Acetaldehyde




7—'

Gases has shown that the concentration of the original gas cylinder used to generate the
reference spectrum was in error. The acrolein data in this report have been corrected
for this difference of 23.7 percent. Regardless of this discrepancy between the standard
cylinders, the FTIR acrolein results meet the Method 301 criteria.

The reference spectra for NO, NO,, CO, and CO, were generated from certified
gaseous standards while the reference spectra for moisture were generated by vaporizing

known quantities of water into a nitrogen stream.

62 Functionali Check

Ethylene and CO gases were analyzed on a daily basis during validation testing.
Ethylene was used as o functionality check standard in a manner consistent with that
employed by Entropy Environmentalists, Inc. for the validation FTIR at 2 coal-fired
boiler. The CO results were used as a functionality check in a similar mannet, but since
CO has sharper spectral lines than ethylene, analysis of this cylinder on a regular basis
was used to determine if degradation of instrument performance had occurred. The
results from the measurement of both gases are shown in Table 6-3. For ethylene
measurements, the average error was -1.7 percent, while the error for CO measurements

averaged -3.2 percent for the 99.7 ppm gas.

Table 6-3

Results from FTIR Analysis of Ethylene and CO Gases

97.1 101
Carbon Monoxide 99.7 913 100.6 994 96.5 32
s \\
Carbon Monoxide 350° 361 361 +3.1

aCEM QC gas.




63 Coll_lp_am to EPA Reference Spectra

Spectra from the bulletin board were also included in this analysis. Table 6-4 presents
the results of this comiparison, using the EPA reference spectra to quantify the results

Table 6-4

Comparison of Radian Reference Spectra
to EPA Reference Spectra

Formaldehyde 47 5.0

Actolein 500 206 4238
| Acrolein (corrected) 382 40.6 42.8
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64 Blank Check

When analyte spiking was performed, dry nitrogen gas was purged through the
sample line as a blank to check for contamination in the sample lines. The results of
this blank analysis are shown in Table 6-5. None of the target compounds were
identified in the blank on July 13, 1994. '

Table 6-5

Nitrogen Blank Analysis Results by FTIR

Formaldehyde 0.01 = 0.05

Acetaldehyde 0.14 = 024
Acrolein 051 = 053
Moisture : 298 = 558
(o0) - -0.05 = 0.10
co, 779.1 = 145
NO 010 £ 022
NO, 0.07 = 0.11
65 Instrumental Analyzer Method Quality Control Procedures

For the NO, analyzer, the NO, to NO conversion efficiency was determined prior
to field sampling by using a certified NO, calibration gas cylinder. The converter
efficiency was determined to be greater than 90 percent. The same gas cylinder was
analyzed using the FTIR instrument to verify the NO; concentration analysis. The FTIR
quantitated both NO and NO;, with NO, calculated as the sum of the individual

measurements of these two compounds.

Leak checks of the entire sample system, including the extraction and standard
injection system, were conducted by capping the lines at the probe and at the injection

6-5
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Immediately following each test Tun, zero and high-range cylinder gases were introduced
into the analyzers through the entire sampling System to determine the drifi during each
run. As summarized in Table 6-7, the error was well within +3 percent of span.




Table 6-6

CEM Calibration Error Check

Oxygen Zero Tov
Mid GV 30 31 04
Span TV 209 209 0.0
Cco Zero ppmv 0 0 0.0
Mid ppmv 99.7 99 02
Span ppmv 500 502 04
CO, Zero GV 0 0.0 0.0
Mid 9oV 349 35 0.1
Span Tov 18 18.0 0.0
NO, Zero ppmv 0 0.0 00
Mid ppmv 509 539 12
Span ppmv 2005 2005 0.0
Oxygen Zero DoV 0 0.0 0.1
Mid Tov 3.0 31 03
Span v 209 209 02
Co Zero ppmv 0 0 0.0
Mid ppmv 99.7 o8 03
Span ppmv 500 498 04
CO, Zero oV 0 00 0.0
Mid %ov 3.49 35 0.0
Span Gov 18.0 18.1 05
NO, Zero ppmv 0 1 0.1
Mid ppmv 509 557 19
Span ppmv 2005 1984 | 038




Table 6.7
Inter-Run CEM Calibration Check
! ‘ppmv 500 498 -0.4
co, Zero %V 0 0.0 0.0
Upscale v 18.0 181 0.5
NO, Zero ppmv 0 13 0.1
Upscale ppmav 2005 1934 -0.8
Post Oxygen Zero %ov 0 0.0 0
Run 2 Upscale %v 209 209 0.1
Cco Zero ppmv 0 0.1 0
Upscale ppmv 500 302 0.5
CO, Zero Tov 0 0.0 0.1
Upscale %y 180 18.1 0.4
NoO, Zero ppmv 0 0.9 0
Upsecale ppmv 2005 2006 0
Post Oxygen Zero Gov 0 0.0 0
Run 3 Upscale Tov 209 208 02
co Zero ppmv 0 0.1 0
Upscale ppmv 500 502 03
‘ 0.0 0.1
179 -0.4
0.8 0 I
1998 03 |
0.0 01 |f
209 01 |
02 0 I
T
0.0 01 |
18.1 06 I
0.1 0 4
1993 -0.5
——
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Table 6-7

(Continued)

Post Oxygen Zgro %oV
Run 5 Upscale %v 209 209 0.1
co Zero ppmv 0 0.1 0
Upscale ppmv 500 500 0.1
Co, Zero YoV 0 0.0 0.1
Upscale %v 180 18.0 0.1
NO, Zero ppmv 0 0.7 0
' Upscale ppmv 2005 1995
Post Oxygen Zero %V 0 00
Run 6 Upscale v 209 209
Cco Zero ppmv 0 -0.2
Upscale ppmy 500 497
CO, Zero %ov 0 0.0
Upscale v 18.0 180
NO, Zero ppmv 0 09
Upscale ppmv 2005 1990
Post Oxygen Zero YoV 0 0.0
Rua7 Upscale %V 209 209
co Zero ppmv 0 0.1
Upscale ppmv 500 506
CO, Zero Jov 0 0.0
Upscale %ov 180 180
NO, Zero ppmv 0 00
Upscale ppmv 2005 2009
Post Oxygen Zero Pov 0 0.0
Run 8 Upscale %y 209 210
co Zero ppmv 0 0.1
Upscale ppmv 500 499
CO, Zero %oV 0 0.0
Upscale %v 18.0 18.1
NO, Zero ppmv 0 0.1
Upscale ppmv 2005 2030
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Table 6-7

(Continued)

COZ Zer 0 v 0 0.0 02
Upscale %v 180 180 01
N ox Zero pPpmv 0 .10 0.0
]
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for this apparent mid-range nonlinearity still provides data which meet the Method 301

validation criteria.

A comparison of the values measured using the CEM analyzers t0 those
determined from the FTIR analysis is presented in Table 6-8. For CO measurements,
the percent difference ranged from 2.2 to 1.2 for the CO analyzer, while the range for
the FTIR measurements was -3.6 to 6.8 percent. For CO, measurements, the respective
ranges for the CO, and the FTIR analyzers were -0.6 to 0.6 and -2.4 to 1.7 percent. The
percent error for the NO, analyzer ranged from .07 to 1.3. For the FTIR NO, data, the

range was -10.5 to 7.9 percent.

6.6 Analysis of EPA Audit Cylinder

An EPA audit cylinder was available for acetaldehyde for analysis by FTIR during
the validation testing. The acetaldehyde audit cylinder was measured by direct
introduction into the FTIR cell. Acetaldehyde was not observed in the duplicate analysis
of the cylinder gas and was presumed to be at levels below the FTIR detection limit of
0.3 ppm (see Appendix L for letter submitted to Ms. Ellen Streib of EPA on audit
result).

6-11




Table 6-8

Comparison of CEM/FTIR Measurements

Post Co 500 ppm 501 490 0.2 -2.0
Rua 5 ™00, 18 % 180 17.56 0.0 2.4
NO, 2005 ppm 1995 1815 05 9.5
Post CO 500 ppm 497 508 -0.6 16
Run 6 Co, 18 % 18.0 17.58 0.0 23
NO, 2005 ppm 1990 1794 X -10.5
Post co 500 ppm 506 482 12
Rua 7 ™ oo, 18 % 180 1775 00
NO, 2005 ppm 2009 1998 02
Post Co 500 ppm 499 505 -02
Rua 8 ™o, 18 % 18.1 183 06
NO, 2005 ppm 2030 2054 12
Post Co 500 ppm 439 534 22
Run 9 co, 18 % 18.0 17.98 0.0
NO, 205 | ppm 2031 2163 13
MEEEEE—S e - = —_—

_—t x|
2 100 (Measured - Certificd) /Certified,
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Gas Research Institute arl
8600 West Bryn Mawr Avenue

Chicago. lllinois 60631-3562

312/399-8100

FAX: 312/399-8170

May 26, 1995

Mr. William F. Hunt, Jr.

Director, Emissions, Monitoring and Analysis Division
MD-14

Office of Air Quality and Planning Standards

U.S. Environmental Protection Agency

Research Triangle Park, North Carolina 27711

Subject: | Request for Approval -- Validation of Extractive FTIR Method for
Measurement of Select HAPs and Other Air Pollutants in Natural Gas
Fired Engine Exhaust

Dear Mr. Huni:

As discussed in the May 12, 1994 letter submitted to Mr. Robert G. Kellam, Acting
Director, Technical Support Division, the Gas Research Institute (GRI) is investigating
emissions from internal combustion engines, one of the source categories targeted by
EPA for development of maximum achievable control technology (MACT) based
regulations by 2000. Formaldehyde and other aldehydes are potential air toxics in
engine exhaust. Since there is no validated measurement method currently available for
quantifying these species, GRI conducted a field experiment on July 11-15, 1994 to
validate an extractive Fourier Transform Infrared (FTIR) method for measurement of
formaldehyde, acetaldehyde, and acrolein using U.S. EPA Method 301 procedures. Since
FTIR is capable of measuring multiple species on 2 continuous and realtime basis, NO,,
CO, CO,, and H,0, were also included in this validation.

A test plan for the validation effort was prepared and submitted to the Agency for
review on June 13, 1994. In preparing the test plan, we referenced the FTIR validation
study conducted by EPA on a coal fired boiler, and also our discussions with Robin
Segall, Lori Lay, and Gary McAlister of EPA. Their review comments were
incorporated into the revised test plan as implemented in the field.

Based on the procedures in Method 301, the FTIR data collected during the testing meet
the validation criteria specified in the method for all of the above compounds. The
FTIR data also meet the revised criteria included in EPA’s draft, revised Method 301.
These results are described in detail in the enclosed summary report "Fourier Transform
Infrared (FTIR) Method Validation at a Natural Gas Fired Internal Combustion
Engine". Following EPA’s suggestion, a test method entitled "Measurement of Select
Hazardous Air Pollutants. Criteria Pollutants. and Moisture Using Fourier Transform
Infrared (FTIR) Spectroscopy” is also enclosed for your review. In addition, the




Mr. William F, Hunt, Jr.
May 26, 1995
Page 2

document "Protocol for Performing Extractive FTIR Measurements to Characterize
Various Gas Industry Sources for Air Toxics" is included to Provide supporting

information. Please note that the result of the audit gas analysis was submitted to Ellen
Streib of EPA on December 21, 1994,

GRI réquests your review of this information Package and approval of the extractive
FTIR method for measuring formaldehyde, acetaldehyde, acrolein, NO,, CO,, CO, and
H,0 in the exhaust of a]] natural gas fired, Stationary internal combustion engines.

Sincerely,

-/James M. McCarthy /

Senior Technology Manager
Air Quality Research

cc: Jim Evans, GRI
Tom Roose, GRI
Conniesue Oldham, EPA/MD-19
Lori Lay, EPA/MD-19
Gary McAlister, EPA/MD-19
Gunseli Sagun Shareef, Radian/RTP
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY, ...
Office of Air Quality Planning and Standards Ty
Research Triangle Park, North Carolina 27711
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JUL 21 a3

Mr. James M. McCarthy

Senlor Technology Manager

Air Quality Research

Gas RrResearch lnstitute
Chicago, Illinecis 60€31-335€2.

Dear Mr. McCarthy:

- The "Fourier Transform Infrared (FTIR) Method validation at
a Natural-Gas Fired Intermal Combustion Engine," which was

submitted by Radian Corporation, can be considered valid
according to Method 301 for thig source and similar sources. ’

The Emissior Measurement Center noted that the propcéed
protocol "Measurement of Select Hazardous Air Pollutants,
Criteria Follutants, and Moisture Using Fourier Transforn

. Infrared Spectroscopy" was somewvhat different than the procedure
used in the 301 validation.

The validation test used an in-stack filter. Spiking was
performed after the primaxy (in-stack) filter and before &
secondary filter. The protecol has one external filter. $Spiking
ic performed befcre the external filter.

Technically, the protocol that has been proposed is
different from the procedures used in the 301 validation test.
ilowever, we consider spiking before the filter more stringent;
therefore, we consider the protoccl acceptable. Also, the
performance specifications listed in the proposed protocol are
more stringent than Method 301 requirements. TFor future use of
the submitted pcotocol, the burden of proadf of a similar source
is normally up to the facility. However; as long as these
proposed periormance specifications are met, we sSee NO neeq ror
‘additional proof of the similar source requirement. Therefore,

The protocol you have proposed may be used at any gas—fired
facility. ‘




e

It should also pe noted that the Maximum Achievable Contro]
Technology standara Tor this source category is not scheduled
until the year 2000. Therefore, any data subnitted will be
considered when tha ERission Standardg Division (EsD} is in the
data colléction Phase of the regulation. The contack person in
ESD is anmanda agnew. The Emission Measurement Center ¢contact for

this source category is Foston Curtis. They can be xeached at
8913-541=-5268 ang 915-541-1063, respectively

-

Sincerely,

William F. Runt, Jv.
Director.. B
issions,;uonitoring,'and
Analysis Division
Cc: Amanda Aqnew (MD-13) |

Fosten Qursis (MD=29)
ILori Lay {(MD-19) '
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MEASUREMENT OF SELECT HAZARDOUS AIR POLLUTANTS,
CRITERIA POLLUTANTS, AND MOISTURE USING
FOURIER TRANSFORM INFRARED (FTIR) SPECTROSCOPY

INTRODUCTION

This method describes the sampling and analysis procedures to be applied when
using FTIR spectroscopy for measurement of select hazardous air pollutants, criteria
pollutants, and moisture in the exhaust of natural gas-fired, stationary internal
combustion (IC) engines.

The analytical procedures for FTIR measurements aré described in the "Protocol
for Performing Extractive FTIR Measurements to Characterize Various Gas Industry
Sources for Air Toxics" which was prepared for the Gas Research Institute (GRI). The
protocol document is included as an addendum to this method, with additional details
provided in Reference 1. '

1.0 SCOPE AND APPLICATION

1.1  Analytes. The analytes measured by this method and their CAS numbers
are shown in Table 1. :

Table 1. Target Analytes

Formaldehyde 50-00-0
Acetaldehyde 75-07-0

Acrolein 107-02-8

Carbon Monoxide 630-08-0

Carbon Dioxide 124-38-9

Nitric Oxide | 10102-43-9
Nitrogen Dioxide 10102-44-0

Oxides of Nitrogen Not Applicable
Moisture (Water) 7732-18-5

12  Applicability.
12.1 This method is for determination of the analytes listed in Table 1 for

uncontrolled and controlled emissions from natural gas-fired, stationary IC engines.
Suggested analysis regions are shown in Table 2.

1




Table 2. Analysis Regions

und -
Formaldehyde 2665-2834 water, methane "
Acetaldehyde 2665-2834 water, methane "
Acrolein 920-995 water |
Carbon Monoxide 2164-2185 water, carbon dioxide
Carbon Dioxide 1009-1083 water 4,
Nitric Oxide 1818-1931 water, carbon dioxide |
Nitrogen Dioxide 1598-1600 water |
Oxides of Nitrogen -- - |
Moisture (Water)_ 870-886 - l

Formaldehyde, acetaldehyde, and acrolein are measured on a wet basis, and reported as

parts-per-million volume (ppmV) on a wet or d
measured on a wet basis and reported on a dry

correction for moisture,
(NO,) are measured on
for moisture. The oxide

where
[NO] =
[N 0] =

[NO] =

Moisture (H,0) is measured as

Iy basis. Carbon dioxide (CO,) is

basis as percent volume (%V) after
Carbon monoxide (CO), nitric oxide (NO), and nitrogen dioxide
a wet basis and reported on a dry basis as ppmV after correction
s of nitrogen (NO,) concentrations are calculated as follows:

[NOJ = [NOJ + [NO,] (D

measured concentration of NO on a dry basis
at a specific point in time;

measured concentration of NO, on a dry basis
at the same point in time as [NO]J; and
calculated concentration of NO, on a

dry basis. -

70V. Correction of all target analyte concentrations to a

dry basis is made using the following equation:

[Wet]
| 0]
100




where

[Dry]
[Wet]

corrected dry concentration of the target analyte;

measured concentration of the target analyte on a wet basis,
at a specific point in time; '
[H,0] = measured concentration of H,O at the same point

in time as [Wet].

n

122 This method does not apply when moisture condensation occurs in either
the sampling system or the instrumentation (see Section 4.0).

1.3  Method Range and Sensitivity.
13.1 Range and sensitivity of the method are functions of the following factors:

measurement cell pathlength;
absorption coefficient of each target compound at the selected
analytical frequency region;
spectral resolution;
interferometer sampling time;
number of individual interferograms used to produce each
time-averaged spectrum;’
detector sensitivity and response time;
compounds comprising the sample matrix (i.e., H,0, CO,, and
methane); and
J biases due to the sample collection and/or analysis system.

132 Measurement cell pathlength is the primary determinant of the range and
sensitivity of the method. Appropriate pathlength of the measurement cell is determined
by considering the following: '

. the lowest expected concentration or the desired target detection
limit of each target compound; and

. the concentration response characteristic of any interfering
compound.

14 Performance Specifications.

14.1 The method performance specifications are presented in Table 3 for each
analyte. These specifications are based on the validation test results and other tests
conducted by GRI and can be achieved using an FTIR system with a spectral resolution
of 0.5 cm™! and a measurement cell pathlength of 10.8 meters (see Reference 1).




Table 3. Method Performance Specifications

Formaldehyde 0.25 - 1.0 ppmV <10° *10
Acetaldehyde 1.0 - 4.0 ppmV <10° 10
Acrolein 1.0 - 4.0 ppmV <10° +125
Carbon Monoxide 0.25 - 1.0 ppmV <5 x5
Carbon Dioxide 0.05 - 0.2 ppmV =25 x5

Oxides of Nitrogen 0.5 - 2.0 ppmV <25 x5
Moisture (Water) 0.05 - 0.20 %V =25 +5
 Accuracy = [(Concentration(measmd) - Concentration(mua,) / Concentration(mual)] x 100

® Based on replicate measurements of spiked samples.

142 Prior to initial field application, an assessment of the specific sample
collection and analysis system is recommended to ensure that the method performance
specifications can be met (see Section 9.0).

15  Data Quality Goals. The Data Quality Goals (DQGs) are defined by the overall
requirements for the intended use of the data. The DQGs for this method are
considered the same as the performance specifications (refer to the addendum for
additional discussion).

20 SUMMARY OF METHOD

21  Principle.

2.1.1 FTIR measurement is based on the absorbance of infrared energy by gas
phase compounds. Most molecules absorb infrared energy at characteristic frequencies
based on the molecular vibrational and/or rotational motion within the molecule, The
absorption characteristics of a particular compound can be used to identify and
quantitate the concentration of that compound. The concentration of a single target
compound is related to its absorbance according to Beer’s Law:

A®) = a(»)be 3)
where
A(v) = absorbance at wavelength p,
a(v) = absorption coefficient at wavelength »,
b = pathlength, and
¢ = concentration.
4




If more than one compound absorbs light at a given wavelength, then the total
absorbance is found from a linear combination of Beer’s law for each compound:

N
A ) = b E ai(") < ‘ 4)
i=1

where

>
I

o = total absorbance at wavelength »,

a,(v) = absorption coefficient for compound i at wavelength »,
¢, = concentration of compound i,
N = total number of absorbing compounds, and
b = pathlength.

2.12 Compounds with very sharp spectral features such as CO can exhibit
nonlinear analyzer response, requiring correction algorithms to accurately calculate
concentrations. Correction algorithms are generated by measuring the spectrum of the
compound at several different concentrations and fitting the resulting data to an
appropriate correction curve.

213 OQuantitation of each target compound is based on the application of a
reference spectrum that is specific to that compound and is measured at a known
concentration, temperature, and pressure. For the target compounds, quantitation is
performed by selecting characteristic absorbance regions that have minimal interferences
from other compounds present in the gas stream. The classical least squares (CLS)
method is applied to fit the reference spectra to the sample spectrum, with the resulting
scaling factors used to calculate concentrations. The CLS method finds the set of
concentrations that minimizes the residuals in the analysis region and provides a
confidence interval for each concentration calculated. The confidence interval is used as
a diagnostic to determine how well the CLS method fit was accomplished. It is used to
assess instrument performance and to alert the user to review the data for the presence
of new or elevated concentrations of interferants in the sample.

22 Sampling and Analysis.

22.1 Sample gas is extracted from a point in the exhaust pipe before or after the
muffler assembly, depending on the length of the exhaust pipe sections and the distance
from the nearest upstream and/or downstream disturbances. A heated external filter
attached to the outlet of the sample probe is used to remove any particulates in the
exhaust stream.

222 The stack flow may be pulsed, consistent with the movement of mechanical

components. A velocity traverse is performed according to EPA Method 1 to ensure
that the sample probe is located at a representative point in the sample stream.
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Typically, the exhaust flow pattern from IC engines is turbulent, providing for a well-
mixed, non-stratified profile,

223 Sample gas is continuously extracted from the exhaust stream at a flow rate
of 15-20 liters/minute via a sample probe and a temperature controlled Teflon transfer
line using a high-capacity, heated head pump. The sample gas stream is then delivered
to a heated distribution manifold within the mobile laboratory. A portion of the sample
gas is continuously extracted from the distribution manifold, through a temperature
controlled Teflon transfer line, and the FTIR measurement cell at a flow rate of 7-10
liters/minute using a lower capacity heated head pump (see Figure 1).

224 Analyte/surrogate spiking is used for quality assurance (see Section 9.0).

23  Operator Requirements. To effectively operate the sampling equipment
and FTIR system and to perform the procedures presented in the method, the operator

must have a working knowledge of FTIR spectroscopy, continuous emissions monitoring,
and source sampling.

3.0 DEFINITIONS
Definitions of terms are presented in Appendix A.
40 INTERFERENCES

41  Analytical Interferences. Compounds present in the sample exhaust gas
stream that could interfere with the accurate measurement of the target compounds
include CO,, H,0, and methane. These interferants have absorption features that can
overlap the absorption features of the target compounds. The degree of interference is
dependent upon the spectral absorbance region used to measure each target compound,
the concentration of the target compound, spectral resolution, and the associated sample
matrix. The effect of interferences is minimized by selecting appropriate quantitation
regions specific to each target compound (see Reference 1 for additional discussion).

42  Background Interferences. Interferences in the FTIR spectral background
can be caused by condensation of organic or inorganic material on the cell windows or
mirrors. Monitoring of the background spectra is required to avoid these interferences
(see Section 8.0) '

43  Sampling System Interferences, Potential interferences include the loss of
the target analytes in the sampling system or contributions from the sampling system
which may interfere with sample analysis. Cold spots in the sample line can result in
moisture condensation and loss of water soluble compounds such as the aldehydes.




50 SAFETY

5.1 Prior to field application of the method, a site-specific Health and Safety
Plan must be prepared. General safety precautions include the use of steel-toe boots,
safety glasses, hard hats, and work gloves. In certain cases, facility policy may require
the use of fire-resistant clothing while on-site. Since the method involves monitoring at
high-temperature sampling locations, precautions must be taken to limit the potential for
exposure to high-temperature gases and surfaces while inserting or removing the sample
probe. Additionally, precautions must be taken to limit exposure to high-temperature
surfaces in the mobile laboratory, such as heated sample lines, heated head pumps, and
the heated FTIR cell. -

52  Potential chemical hazards include the aldehydes and CO. Acetaldehyde
and acrolein are respiratory irritants. Formaldehyde is also a respiratory irritant and a
carcinogen, and should be handled accordingly. Internal combustion engines can
potentially emit CO at toxic concentrations. Care should be taken to minimize exposure
to the sample gas while inserting or removing the sample probe. Personal CO monitors
must be used to insure that the concentration of CO in the work area is maintained at
safe levels.

60 INSTRUMENTATION AND EQUIPMENT

6.1 FTIR Spectrometer and Detector. An instrument with a spectral
resolution of at least 0.5 cm™ and a nominal measurement cell pathlength of 10.8 meters
is required. Alternative measurement cell pathlengths may be used if the method
performance specifications are met. The system must include a personal computer with
compatible software that provides realtime updates during data collection.

6.2 Measurement Cell Temperature/Control. A heating blanket and an active
temperature controller capable of maintaining the measurement cell at 185°C (x2°C).

63  Pressure Measurement Device. A 0-1000 Torr electronic pressure
measurement device to monitor the measurement cell pressure (£1 Torr). The device
must also provide an electronic signal to the analyzer data system to continuously
monitor and record the cell pressure.

64  Analyzer Sample Pump. A heated head pump capable of delivering a
controlled flow rate that allows the cell volume to be exchanged at least once each
minute.

6.5 Sample Source Extraction Pump. One or more heated head pumps
capable of delivering a controlled extraction flow rate of 15-20 liters/minute.

6.6 Heated Sample Transfer Line. Heat traced sample lines, containing one to
three individual Teflon gas lines, capable of maintaining a temperature in excess of
120°C.




also include a volatilization chamber for generation of formaldehyde vapors from
formalin solution, if a gaseous formaldehyde standard is not available for analyte spiking,

6.8  Sample Probe. A glass or stainless steel probe, The sample probe should
be heated or insulated to prevent moisture condensation.,

6.9  Filter. Heated external filter to remove particulate matter from the
extracted sample gas stream.,

6.10 Distribution Manifold A temperature controlled, glass or stainless steel
sample gas distribution manifold.

6.11 Flow Meter. A heated rotameter or othéer flow measurement device to
indicate excess sample flow.

6.12 Gas Regulators; Appropriate regulators for individual gas cylinders.
7.0 REAGENTS AND STANDARDS

7.1  Aldehyde Standards.

7.1.1 Formaldehyde, acetaldehyde, and acrolein are available as gas standards
from commercial specialty gas suppliers. The formaldehyde gas standard is currently
available at levels less than 25 ppmV. Higher level formaldehyde standards may be
generated by thermal evolution from paraformaldehyde or by vaporizing formalin
solutions of known concentrations. Formalin solution and paraformaldehyde are
available from commercial chemical suppliers.

7.12 Acetaldehyde and acrolein are available as gas standards in concentrations
greater than 50 ppmV in nitrogen. Since potential problems with the stability of these
standards have been noted, the standards should be recertified on a regular basis
(approximately every 6 months) to verify concentrations.

72  Criteria Pollutants. Certified gas standards of the target criteria pollutants
are available from commercial specialty gas suppliers. L S

73  Diagnostic Standard. An NIST traceable or Protocol 1 CO gas standard at
concentration levels appropriate for the emission source. Other compounds such as
ethylene may be used; however, CO is recommended due to its sharp spectral features
which are sensitive to system changes.




74  Absorbance Pathlengm Standard. Obtain an NIST traceable or Protocol 1
chlorodifluoromethane (CHCIF,) gas standard at a concentration appropriate for the
optical pathlength of the FTIR cell.

75  Nitrogen. Ultra high purity grade nitrogen gas for blanks and background
checks. '

76  Surrogate/Analyte Spike Gas with Tracer. A gas cylinder mixture of
surrogate/analyte spike gas and silicon hexafluoride (SF¢) in nitrogen. Formaldehyde is
recommended as the surrogate analyte since it represents the greatest sampling challenge
due to its solubility in water. The SFj concentration in this gas mixture should be low
(i.e., <10 ppmv). Note this gas mixture will be used for confirming the validity of the
sampling system for the analytes of interest (see Section 9.0).

. 77  Reference Spectra. Obtain reference spectra for each of the target
analytes at concentrations that bracket the emission source levels. Reference spectra
must be recorded at the correct cell temperature, and at known pressure, pathlength, and
concentration, in conjunction with a diagnostic (or calibration transfer) standard. The
procedures for generation of reference spectra for this method are described in the
addendum. Similar procedures developed by EPA are documented in Reference 2.

80 SAMPLE COLLECTION, PRESERVATION, AND STORAGE
8.1 Pre-test

81.1 Collect information about the site characteristics, such as exhaust pipe
diameter, gas flow rates, port location, access to ports, access to pOwer, and safety
requirements during a pre-test site survey. If possible, collect samples of the exhaust gas
under various operating conditions. Measure preliminary FTIR spectra to determine the
concentration ranges of the target compounds and interferants (e.g., CO,, H,0) present
in the emission source.

8.12 Set up the sampling train (see Figure 1).

8.13 Analyze blank samples by purging the sampling system and the FTIR cell
with nitrogen gas to ensure there are no interferences due to outgassing.

814 Confirm integrity of the sampling system by running a humidified,
surrogate/analyte spike sample from the probe inlet through the heat traced transfer line
to the instrument. .

8.1.5 Perform a sampling system leak check (from the probe tip to pump outlet).
Connect a rotameter to the outlet of the pump. Close off the inlet to the probe and
observe the leak rate. The leak rate must be less than 4 percent of sampling rate or
500 ml/min, whichever is less.




82  Analyzer Ieak Check. Measure the leak rate of the FTIR measurement
cell by evacuating the measurement cell to 20 percent (or less) of the normal operating
pressure. After evacuation, isolate the measurement cell and monitor pressure with a
cell pressure sensor. The leak rate must be less than 10 Torr per minute.

83  Background Spectrum. Continuously purge the measurement cell with N,
gas at the same flow rate used to introduce sample gas into the analyzer, Purging ten to
20 minutes should be sufficient to thoroughly flush and condition all components,

While purging, monitor the FTIR Spectra until the concentrations of CO, and H,0 are
reduced to normal steady-state background levels. After normal background levels are

84  Pre-Test Calibration.

84.1 Prior to the first run of each day (or when the mobile laboratory is moved),
calibrate the measurement cell pathlength with a standard gas containing CHCIF, and

perform calibration tests according to the procedures described in the protocol document
(see addendum). -

842 Introduce diagnostic standard (CO) into the FTIR instrument and record
the spectrum (same number of scans as will be used during the field measurements).
‘The measurements must agree within * 10 percent of the certified concentrations.

843 Introduce surrogate/analyte gas standard(s) at the inlet to the heated
sample transfer line to assess sample recovery. The measurements must agree within
+10 percent of the certified concentrations,

85  Analyte Spiking. Use surrogate/analyte gas standard(s) with tracer gas to
verify the validity of the sampling and analysis system (see Section 9.0).

8.6  Continuous Sampling. Extract sample gas from the source, through the
sample collection system and FTIR measurement cell, until thoroughly flushed. Ten to
20 minutes should be sufficient to thoroughly flush and condition all components. While
flushing the system, adjust the flow through the FTIR measurement cell to achieve a
minimum of one complete cell volume exchange per minute. Begin recording sample
spectra. Based on Reference 1, the spectra collected over a 5-minute period will consist
typically of 185 scans. Monitor and record the FTIR cell pressure continuously. Ensure
temperatures in the mobile laboratory remain steady during data collection.

10




8.7  Sampling Quality Assurance, Data Storage, and Reporting.

87.1 Record instrument conditions such as cell pathlength, cell temperature, cell
pressure, ambient barometric pressure, instrument resolution, and the number of scans
comprising each spectra in a signed and dated notebook. Record beginning and ending
times for each sampling run in the notebook and correlate to the appropriate data file
name and instrument conditions.

872 Assign individual, descriptive file names to all field-generated spectra and
store on a magnetic media during sample collection. At the end of each day, backup all
data files on separate magnetic media for raw data archival.

88  Baseline Stability Assessment. Monitor baseline absorbance continuously
during the data collection. The baseline absorbance must not change more than 0.1
absorbance units or the analyzer interferometer must be realigned. After realignment,
collect a new background spectruim.

89  Post-test Calibration. Repeat pre-test calibration procedures at the end of
the test. The results from the pre- and post-test measurements must agree within
+10 percent of the certified concentrations.

8.10 Post-test Quality Assurance.

8.10.1 Examine the sample spectra immediately after a test run to ensure that the
observed gas composition is similar to the expected gas matrix.

8102 Confirm that the sampling and analysis system operating parameters were
appropriate for the test conditions observed. Examine the CLS error bars to determine
if any changes have occurred.

90 SYSTEM PERFORMANCE ASSESSMENT

A performance assessment is recommended prior to the first use of the sample
collection and analysis system in the field and whenever a change is made in the optical
system (e.g., replacement of any of the critical optical system components, such as the
interferometer, detector, and the beam splitter).

The performance assessment is conducted in the field by spiking a slipstream of
the exhaust gas with the target/surrogate analyte(s) at known concentrations to assess
precision and accuracy. A direct-to-cell measurement of the spike gas should also be
performed during the pre-test spiking. Results of the performance assessment are used
to determine acceptability of the sampling and analytical system and to calculate the
accuracy and precision for the specific hardware configuration and quantitation
procedures considered.
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9.1 Reagents. Use formaldehyde gas standard with SFy tracer gas for

surrogate/analyte spiking, Alternatively, use formalin solution or paraformaldehyde to
generate formaldehyde gas standards,

9.2  Spiking Procedures

92.1 Analyze the unspiked gas stream to establish concentrations of the target
analyte(s) native to that source. Note that the operation of the engine being tested must
be stable. Large variations in the source will be reflected in the accuracy and precision

922 Measure the flow rates of the spiked gas and the sample gas stream
to calculate the concentrations of spiked compound(s) in the combined gas stream. Use
calibrated mass flow meters/controllers for monitoring spike gas flow rates. Use
calibrated orifice tubes or heated rotameters for exhaust flow rate measurements,

9.2.3 Using the spiking procedure specified in EPA Method 301 (see
Reference 3), introduce the surrogate/analyte spike gas with the tracer into the sample
collection and analysis system at flows which will approximately double the concentration

native in the unspiked gas. The spiked gas stream flow should not comprise more than
25% of the total flow. '

9.24 Record the analyzer responses for spiked and unspiked gas. Allow
sufficient time between native and spiked concentration measurements to thoroughly
flush the FTIR cell and avoid carryover between the two consecutive samples. Record
concentrations from a minimum of four spiked/unspiked paired samples. '

9.3 Calculations.

93.1 Calculate the dilution ratio using the tracer gas as follows:

DR = Saan ®

SFﬁ(Spk)

where

DR = dilution ratio;
SFﬁ(,__y,) = concentration of tracer gas in cylinder (undiluted); and
Fqspk) = concentration of tracer gas in spiked gas (diluted).

12




932 Calculate concentration of spike added as follows:

CS = Cen ~ (6)
DR
where
CS = calculated concentration of spike added; and
Cen= concentration of spike compound in gas cylinder (undiluted).

933 Calculate bias for the surrogate/analyte compound(s) as follows:

B=S,-(M,*D)~CS )
where
B = bias at spike level;
Sp = measured mean concentration of spiked samples;
M, = measured mean concentration of unspiked samples; and
D = [1-(1/DR)); dilution factor for unspiked samples.

Calculate the percent bias as follows:

B

% B = (M * D) ~ CS

= 100 (8)

934 Determine standard deviation of spiked sample measurements (SD,) for
the surrogate/analyte compound(s):

5
D, - F&T ©
n-1

where
SD, = standard deviation of spiked sample measurements;
S = measured concentration of spiked sample i;
n = number of spiked sample measurements.
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93.5 Calculate precision of the spiked samples for each surrogate/analyte
compound(s) in terms of relative standard deviation (RSD):

SD

RSD = ke
M, » D) + CS

* 100 (10)

The bias and precision results must meet the method performance specifications
presented in Section 1.0. The bias determined during the performance assessment can
be used to calculate correction factors to obtain corrected concentration values,

10.0 ANALYTICAL PROCEDURE

A description of the analytical and quantitation procedures is included in the
addendum to this method.

1.0 METHOD PERFORMANCE

Method performance for the target compounds is presented as performance
specifications in Section 1.0. These specifications were determined as part of the
Method 301 validation testing and other testing conducted for GRI, and should be
representative of method performance under similar conditions.

120 POLLUTION PREVENTION

Sample gas from the engine exhaust is vented to the atmosphere after analysis,

13.0 WASTE MANAGEMENT

Standards of the aldehydes, particularly if formalin solution is used, should be
handled according to the material safety data sheets.
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APPENDIX A - DEFINITIONS OF TERMS

absorbance: the logarithm to the base 10 of the reciprocal of the transmittance, (T).
A = logy(1/T) = -logy,T

absorption band: a wavenumber region of a spectrum containing a single or multiple
spectral features.

apalysis region: a wavenumber region used in the quantitation process for one or more
target compounds. The quantitative result for a single target compound may be based
on data from more than one analytical regiomn. ‘

background spectrum: the analyzer single beam spectrum obtained with all system
components but no sample present.

Beer’s law: the absorbance of a homogeneous sample containing an absorbing
compound is directly proportional to the concentration of the absorbing compound.

interferogram: record of the interference signal.
line width: the full width at half maximum of an absorption feature.

measurement cell pathlength: the distance that the optical beam travels through the
measurement cell,

reference spectrum: absorption spectrum of compound(s) recorded at a known
measurement cell pathlength that are used as part of the quantitative analysis procedure.

scaling: application of a multiplicative factor to the absorbance values in a spectrum.

scan: digital representation of the detector output obtained during one complete motion
of the interferometer’s moving assembly or assemblies.

wavenumber: the number of waves per unit length (cm-1).
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1.0 INTRODUCTION

This protocol describes the procedures which will be used in performing the-
extractive Fourier Transform Infrared (FTIR) spectroscopic measurements on the
~ various gas industry sources which will be investigated during the Gas Research Institute
(GRI) Air Toxics program. Its purpose is to document the overall approach and provide
guidance during execution of the work to ensure that the data collected meets the
program’s needs.

The protocol is divided into three sections. Section 2.0 includes a brief discussion
of key issues related to emission source characterization. Section 3.0 describes the
'~ laboratory procedures including analytical method development and refinement, and data
verification. Section 4.0 describes the field measurement procedures, with supporting
information provided in Appendices A and B. '

20 SOURCE CHARACTERIZATION

2.1 Determining Sample Composition

The information available from literature and previous source testing (e.g., data
collected during the Phase I effort, gas canister sampling and analysis) will be used to
determine emission stream composition for a particular emission source type. In some
cases, canister samples will be obtained from the emission source as part of the pretest
site surveys prior to the field effort. These samples will be analyzed by FTIR and other
methods such as gas chromatography/mass spectrometry (GC/MS). Based on this
information, potential interferants will be identified and incorporated into the analysis
method development.

22  FEmission Stream Characteristics

As part of the pretest site survey, the following emission stream information
critical to FTIR measurements will be obtained:

. Temperature,

. Pressure;

. Flow rate; and

. Relative humidity.

Location of sampling ports relative to possible sampling vehicle locations will also
be determined. This is especially important since the extractive FTIR procedure uses a
heated sample line which should be as short as possible.




3.0 LABORATORY PROCEDURES

The objective of the laboratory study is to optimize the performance of the FTIR
measurement system for a given measurement scenario. The key steps in the laboratory
effort are described below for a given emission source type:

. Measurement objectives definition;
. Preliminary methods development;
. Reference spectra development;

J Final methods development; and

. Laboratory method verification.

3.1 Measurement Objectives

Once the emission source has been charaéterized, the following parameters must
be defined: '

. Accuracy;
) Precision;
J Detection range for each compound (i.e., minimum/maximum detectable

concentrations); and

. Measurement (or signal averaging) period.

A =100 [Cmcﬁ"c] (3-1)

= accuracy;
= measured compound concentration; and

standard compound concentration.

Accuracy is defined as:

where

FoP RN




Precision is defined as:

CS
where
P = precision;
Cl,g = the 95 percent confidence interval of the measurement; and

C, = standard compound concentration.

These data quality objectives will help establish the preliminary configuration of the

FTIR system.
32  Preliminary Method Development

To define the operating parameters for the FTIR system, the following steps must

be performed:
. Define spectral resolution;
. Determine reference spectrum requirements;

o Define spectral analysis technique;

. Establish spectral analysis regions; and

. Determine optical pathlength.
It is expected that these steps will be conducted in an itera’give manner.
32.1 Define Spectral Resolution

Choice of spectral resolution is based on the following factors:

. Signal-to-noise ratio; and

. Interferences. |

For a given source category, the lowest resolution which provides adequate
discrimination should be used. The preliminary method development will be based on a

resolution of 0.5 cm™, due to the following factors:

. The 0.5 cm! resolution provides a good balance between signal-to-noise
ratio and compound discrimination; and

3




o A large number of reference spectra at this resolution are available.

322 Reference Spectrum Requirements

Reference spectra available in the FTIR library will be determined based on the
sample matrix, and a list of those spectra not available in the FTIR library will be
compiled. Reference spectra that are not available or do not meet concentration-
pathlength product (CPLP, i.e., optical depth) or resolution requirements determined 4n
the laboratory phase will need to be generated (see Section 3.3). If reference spectra
were measured at a higher resolution than required, they can be used at lower resolution
by de-resolving the spectrum. At least one reference spectrum per sample matrix
component is required before proceeding further in the preliminary method
development,

323 Establish Initial Analysis Regions

Given the list of compounds anticipated to be present in the source, a preliminary
measurement matrix showing the spectral regions required to analyze for the compounds
of interest will be constructed. In this matrix, all bands of other compounds which could
possibly interfere will be included. Using the developed matrix, all compounds which
will be required in setting up a valid data analysis method will be identified. The
primary and secondary spectral regions which could be used for analysis will be noted.

324 Define Spectral Analysis Technique

Choice of spectral analysis technique is primarily based on experience. Classical
Least Squares (CLS) has been shown to be successful in cases where interferences are
significant. CLS also provides a confidence interval estimate for each compound. Other
methods, such as band area or height techniques are useful when interferences are
minimal, or where degradation of spectral resolution occurs due to drift in
interferometer alignment, etc. CLS will be used in all phases of this program due to its
extensive applications on many sources containing interfering compounds. Appendix B
provides details on the CLS analysis technique.

Next, a computer-based data analysis method is constructed. Using this method,
the regions and sub-regions (windows) will need to be modified to optimize all |
compound detections by simultaneously minimizing error and detection level. For the
regions and windows chosen, the quality of all reference spectra will need to be verified
by examining the signal-to-noise ratio, concentrations of foreign compounds present (if
any), and the absorbance level for the given concentration-pathlength product.

A list of any spectra which are not adequate for use in the method will then be
compiled. The measurement cell pathlength that will be required to achieve the desired
detection levels will be determined, and the necessary spectral resolution to preserve
speciation, detection, and signal-to-noise ratio under anticipated measurement conditions
will be assessed. '




325 Determine Optical Pathlength

Before conducting this procedure, insure all appropriate reference spectra have a
signal-to-noise ratio of at least 10 in the quantitation regions to be used for analysis. An
initial choice of optical pathlength is made according to the following procedure:

1.

where

Measure a series of at least 10 spectra of zero air or nitrogen at the
specified measurement time period. Use an instrumental configuration
which is expected to be used in the field.

Quantitate the spectra collected in Step 1 using the computer-based data
analysis method after applying a unit pathlength in the quantitation
software.

For each spectrum, determine the peak-to-peak noise-equivalent
absorbance (NEA) in each analysis region. For each analysis region,
average all the NEA values obtained from each spectrum. Usually, the
NEA values will be close in magnitude between regions. These average
NEA values will be the maximum allowed for the lower detection limits
specified in the data quality objectives.

Determine the peak-to-peak scatter in the results for each component using
the following equation:

N,_, = Cpax = Cos (3-3)
N,p = peak to peak scatter;
C,, = maximum quantitation results
for the indicated compound; and
C,_. = minimum quantitation results

for the indicated compound.

Calculate the noise-limited CPLP (CPLP,) as follows:

CPLP, =2 * N,_, (3-4)

Identify the component with the most critical detection requirements. The
required minimum detectable concentration and CPLP,; for this component
are used in the next step.




7. Compute the péthlength from the following equation:

PL - CPLP nl (crit) (3-5)
MDC
(crit)

Wwhere

PL = pathlength;
al(eiyy = Ctitical component noise ~limjted CPLP; and
Claiy = minimum detectable concentration for
~ critical component identified in Step 6.

- CPLP

8. Use the computed pathlength to calculate noise-limited minimum
detectable concentrations for the remaining compounds using the following
equation; '

CPLP, (i '
MDC(i) = CLE, @ - (3-6)
. PL

Use the CPLP,, derived for each component "i" in Step 5. Insure all noise-
limited minimum detection limits meet the data quality objectives.

33 Reference Spectra Development

Reference spectra for those compounds not available in the current FTIR library
will be generated and verified as described below.

33.1 Determine CPLP

Using the results of the preliminary methods development, the optimum CPLP for
each of the reference spectra to be generated will be determined. These CPLP should
closely match the conditions and maximum spread of conditions expected for the field
measurements. The measurement cell total pressure and temperature must be matched
to within 15 percent. Also, the CPLP produced in the laboratory with the measurement
cell length anticipated for use should encompass the maximum, mean, and minimum
concentrations anticipated. This process is important for compounds with a high degree
of spectral structure but is less critical for broad-band absorbers which will scale linearly
in CPLP. Compounds with a high degree of spectral structure (i.e., compounds such as
CO with actual line widths which are less than or of the same magnitude as the
instrumental resolution) will require multiple reference spectra in order to generate non-
linear correction curves. The minimum CPLP required is 50 times the CPLP,, in the
appropriate analysis region.




All compressed gases used should conform with EPA Protocol 1 requirements
unless the physical characteristics of the components preclude meeting the accuracy
specified in Protocol 1. For those compounds which cannot be produced and maintained
in a stable state for extended periods of time, methods for accurate generation of these
gases in the laboratory will need to be determined. Typically, a gas standard containing
100 ppmV used in conjunction with a 3- to 30-meter variable pathlength measurement
cell will encompass most required CPLP levels.

332 Measure Reference Spectrum

The measurement cell will be heated and evacuated to eliminate all outgassing
and then backfilled with the appropriate gas mixture at the temperature necessary {0
match field measurement conditions. Both static and dynamic fills should be considered
depending on the adsorption characteristics of the compound on the measurement cell
walls. Dynamic flows are used for adsorbing compounds and static fills for stable non-
adsorbing compounds. For static fills, rapid (15- to 20-seconds) and measurements are
taken with the FTIR immediately after completing a fill to look for trends in the data
that would be indicative of concentration losses in the measurement cell. If any losses
are observed, the fill is repeated after the measurement cell has been passivated to
assure stable measurement cell conditions. If stable fills cannot be achieved, a dynamic
flowing measurement should be attempted.

For dynamic flows, FTIR measurements are taken at 20- to 40-second intervals
using as short a measurement time as possible commensurate with an acceptable signal-
to-noise ratio. Two conditions are to be confirmed. The absorbance spectrum is
constant within system error, and the spectrum is constant at both higher and lower flow
rates indicative of insignificant loss to the measurement cell walls. During flow rate
changes, however, the pressure in the measurement cell must be maintained constant to
within 15 percent to assure that broadening effects on the spectral lines are not
significantly altered. If variations in the spectra are observed, measurement cell
passivation followed by a dynamic flow may be required to achieve stable conditions.

A spectrum of a diagnostic standard will be measured before and after recording
the reference spectrum. The diagnostic standard is used primarily for wavelength shift,
non-linear response, and resolution diagnostics. An appropriate level CO gas standard is
recommended as a diagnostic check, due to its numerous sharp spectral features. The
diagnostic standard will be measured under identical conditions as the reference
spectrum.

Spectra are collected by coadding a sufficient number of interferograms and/or
spectra to ensure noise equivalent absorbances of less than 0.01 times the minimum
absorbance of concern for quantitation (i.e., signal-to-noise ratio of 100 or greater). Two
replicate measurement cell fills and data acquisition sequences are taken to ensure
reproducibility of the data. If discrepancies greater than 2 percent are observed between
the absorbance spectra of the two tests, the process is repeated until a precision of at
least 2 percent is achieved.



All spectra are stored as original interferograms as well as absorbance spectra,
and the appropriate background spectrum is stored with the interferogram. The
diagnostic spectra will be stored as inteferograms with the reference spectrum. The
header of each file must specify the date, the gas concentration, the total pressure, the
temperature, and the pathlength used.

333 Non-Linear Spectral Response Tests

For compounds with a high degree of spectral structure, tests of linearity will also
be undertaken. These tests are necessary to determine the range over which the
reference spectra can be legitimately scaled during quantitation. This procedure should
be accomplished by collecting spectra spanning the full range of optical depths (i.e.,
CPLP) expected in the field, at a minimum spanning the minimum, maximum and mean
optical depths. Using the mean as a reference, quantitation of the maximum and
minimum spectra determines the errors incurred in scaling over these ranges. If
unacceptable (i.e., greater than 5 percent) errors are observed, spectra at intermediate
levels must be generated. These spectra should be used in conjunction with the non-
linearity correction algorithm given in Appendix B to correct for any residual error, and
the process should be carried out to guarantee a quantitation accuracy of at least
5 percent over the total range.

34  Final Methods Development
34.1 Final Analysis Method Optimization

Using the full set of reference spectra, development of the data analysis method
will be completed by choosing final analysis regions and windows within these regions.
Optimization of the method will be carried out in conjunction with the bias test
described in Section 3.4.2. This test will constitute the worst case calculation of
interference and the minimum -concentration possible for the compound(s). Using the
bias test, a data analysis method is constructed that produces minimum concentrations
for the compound(s), minimum residuals, and minimum data scatter across multiple
spectra. Such a method would be optimum for detection of the desired compound(s) in
the presence of the other interferences. '

This process may have to be repeated for cross interferences between compounds
if theré are multiple compounds in a given region/window which affect one another. If
such a cross interference exists, a compromise method may be necessary which produces
the best overall detection for all compounds in the presence of one another.

34.2 Bias Measurements
Bias testing requires several gas matrix standards in which a different target

compound is missing in each standard, and the remaining components are at their
expected concentrations. Bias tests will be conducted if suitable standards are available.




The test is conducted by measuring at least five spectra for each synthetic sample
mixture. Each spectrum will be measured under identical conditions (i.e., measurement
period) as expected in the field test. The five repetitions serve as a measure of scatter in
quantitation bias. At a minimuml, a test using a synthetic sample stream containing the
major interfering species (e.g., H;O, CO,, and possibly CH, for internal combustion
engines) will be conducted. The spectra obtained in the bias tests will be used in the
procedure described above to optimize the analysis method.

343 Instrument Detection Limit Determination

Once the method has been optimized, instrument detection limits (IDLs) will be
established for each compound of interest. The IDL for each target component is
determined in the same way as in the methods refinement procedure, using spectra with
all interferences present (at one or several concentrations) but void of the compound
being tested.

Several spectra of this type are analyzed successively and the residuals as well as
total scatter in the reported concentrations observed. The minimum detectable
concentration should then be specified as twice the peak-to-peak scatter observed in the
quantitated concentrations for the compound. This calculation is repeated for each
compound of concern.

The IDL determination approach described here is similar to that described in the
Code of Federal Regulations, Title 40, Part 136.1, Appendix B. The key differences are
as follows: |

. Peak-to-peak method measures quantitation scatter with zero compound
present, while the Part 136.1, Appendix B procedure is a determination
with a compound concentration of one to five times the estimated IDL;
and

. IDL in the FTIR determination is twice the peak-to-peak scatter, while the
Part 136.1, Appendix B method uses a t-distribution statistic at the
99 percent confidence interval.

Given the IDLs, the signal-to-noise ratio required to achieve interference-limited
(non-signal-to-noise limited) data can be assessed. This is given to first order by
determining the smallest of the compound absorbances at its minimum detectable
concentration. This absorbance level should be at least a factor of two above the
inherent noise level of the spectrum. This noise level, in turn, dictates the minimum
integration time and the most rapid measurement frequency.



35  Laboratory Method Verification

3.5.1 Line Loss Test

In extractive sample collection, there is a possibility that the sample may be
altered due to long heated sample transfer lines and low sample collection flow rates.
Before performing a test in the field, it is imperative that an assessment of all possible
line losses be performed. This task is best accomplished using reference gases in a
"sampling mixture" representative of the actual mix of compounds to be encountered in
the field. Ideally, the diluent should also be as close as possible to the actual exhaust
stream to be sampled in order to simulate all possible reactive and loss effects.

In performing the line loss test, the "sampling mixture" will be admitted directly to
the analyzer initially to quantify its concentrations under flowing conditions. The flow
will then be diverted to the extraction line. The mathematical difference between the
two spectra will then be indicative of the change in gas concentrations arising from the
extraction system. This procedure will be repeated to ensure consistency of results,

In some cases, drying or other preparations of the sataple may be desirable before
admitting it to the FTIR to decrease interferences and improve detection limits, If
drying of any kind is performed, it is important to ensure that the conditioning process
does not influence the gas mixture as a whole.

3.52 Sample Residence Time

The final test which needs to be performed is a verification of the gas fill/flow
times for the measurement cell and the gas sampling system. This testing can be
accomplished by introducing the diluent into the system and then introducing a known
step function concentration of an easily detectable and unreactive. compound into the-
system. The FTIR instrument should be set up to sample as rapidly as possible
consistent with an acceptable signal-to-noise ratio (perhaps 10- to 30-second
measurements) and the gas concentrations recorded until an obvious stationary state is
achieved. The resulting change in concentration can then be used to determine the time
at which 95 percent of the target concentration level is measured. This value will then
dictate the minimum transfer time required for sample set independence.

4.0 FIELD PROCEDURES
The following guidelines and procedures will be used in FTIR field operations.

41 Injtial Instrument Checkout

The FTIR hardware and software will be checked according to the following
procedures: '

L Fill measurement cell with zero air or dry nitrogen.
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2. Check for proper interferogram signal using alignment software.

3. Collect a single beam spectrum and inspect for irregularities.

4, Check the single-beam spectrum for detector non-linearity and correct if
necessary.

5. Collect two successive single-beam spectra (store first as a background),

ratio, convert to absorbance, and examine resultant spectrum for
irregularities and determine peak-to-peak (p-p) and/or root-mean-square
(RMS) noise equivalent absorbance (NEA) in appropriate spectral regions.
The NEA shall not exceed limits determined in the laboratory phase for
the compounds in each analysis region. See Section 3.2.5, Step 3 for NEA
criteria.

6. Analyze a zero gas (or dry nitrogen) sample. All quantitation results
should be zero at the 95 percent confidence interval. The 95 percent
confidence intervals for each compound measured shall be no greater than
3 times the MDL determined in the laboratory.

7. If the instrument passes these tests, measuie the background spectrum.

All spectral data collection parameters used in the checkout will be identical to
those used in the actual field data collection. If any failures are detected in the initial
checkout, corrective action will be taken to restore instrumental performance to
acceptable standards.

42  Pre-sampling Calibration

Prior to actual sampling, the FTIR system is subjected to calibration tests which
will assess instrument performance. The indicator compounds will be selected before
arival on site, and will duplicate that sample matrix as closely as possible. A standard
gas mixture(s) containing the set of indicator compounds will be used. In addition to the
indicator compounds, chlorodifluoromethane (CHCIF,) will be used for measurement
cell pathlength calibration. A carbon monoxide gas standard at an appropriate level will
be used as an analyzer diagnostic. The diagnostic gas will provide information on

instrument resolution, wavelength calibration, and non-linear response.

Procedure:
1. Pathlength Determination. Determine measurement cell pathlength using

the CHCIF, standard. Introduce the standard directly into the
measurement cell. Compute the pathlength from the following formula:

PL = 376 12 L | (4-1)
C P,
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where | |

PL = pathlength in meters;

37.6 = constant representing CHCIF, intrinsic

band strength and conversion factors;

A, = area of CHCIF, absorption band between 1040-1220 ¢cm -,
T, = measured cell temperature (Kelvin);
G = concentration of the CHCIF, standard in ppm;
P, = measured cell pressure (Torr).

This constant is subject to slight changes due to anticipated improvements
in the precision of CHCIF, intrinsic band strength, The value obtained for
the measurement cell pathlength will be used in all subsequent ‘
quantitations,

la.  Alternative Pathlength Calibration. Use CLS to analyze the

CHCIF, spectrum. Setup the CLS software in the following manner:;

i) Use an acceptable CHCIF, reference spectrum (i.e., 1040-
1220 cm™ band strength is within +3 percent of strength
given in Equation 4-1) that was measured at same
temperature and pressure as the test spectrum.

ii)  Use a CLS analysis region which includes the 1040-1220 cm?
. absorption band.

iii)  Use a "pathlength” equal to the CHCIF, concentration in the
CLS software to directly obtain the pathlength. Alternatively,
One can use a unit "pathlength” to directly obtain the CPLP.
Divide the CPLP by the CHCIF, standard concentration to
obtain the pathlength.

2, Analyzer Diagnostic. Analyze the diagnostic standard. Introduce the
standard directly into the measurement ce]]. If the result meets Table 4-1
criteria, proceed to the next step. Otherwise, perform corrective actions in
Appendix A.

3. Indicator Check. Analyze the indicator standard gas mixture(s). Introduce
the indicator gas directly into the measurement cell, If the result meets

Table 4-1 criteria, proceed to the next step. Otherwise, perform corrective
actions in Appendix A.

4, Line Loss Test. Determine potential sample line losses by analyzing an |
indicator compound known to be susceptible to line losses. The indicator
gas must be introduced directly into the cell and into the complete
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measurement system (i.e., where sample gas is extracted from the source).
Compute recovery using the following formula:

R = 100 Cm - Cd (4'2)
| G
where
R = recovery,
C. = concentration based on the complete
measurement system; and
G = concentration based on the complete

direct measurement system.

The result must meet the recovery criteria in Table 4-1 before data
collection can proceed.

5. Table 4-1 presents the pass/fail criteria for the calibration procedures:

Table 4-1

Calibration Pass/Fail Criteria

.

Accuracy + 10 percent

Precision + 10 percent
Recovery + 10 percent

Accuracy and precision are computed from Equations 3-1 and 3-2. Use the Clygs
reported from the CLS software in Equation 3-2. The line loss test (Step 4) is only
required when a key component (ie., heat-traced sample line) of the sample delivery
system has been replaced since the last line loss test. The test should be carried out with
a humidified sample, if possible.

43 Eiror Corrections

Corrections to unacceptable error can be classified as recoverable and non-
recoverable. Unacceptable errors which occur after permanently recording the true
infrared spectrum of the process stréam under measurement are defined as recoverable.
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Recoverable errors can be corrected on site as well as after the measurements are
completed because the actual spectral data recorded are permanently preserved; thus
subsequent manipulations (e.g. quantitation) can be adjusted to correct for the error.

Non-recoverable errors are only correctable on site. Any error which affects the
collection of the true infrared spectrum of the process stream under investigation can be
classified as non-recoverable. The most important of these errors is the possibility of
sample line losses.

Procedure:

1. Determine whether the error is recoverable or non-recoverable.

2. If the error is recoverable and time permits, determine possible source(s)
of error and attempt to correct. If time is critical, proceed with
measurement. If correction is achieved, re-conduct calibration checks in
Section 4.2, :

3. If the error is non-recoverable, identify source(s) of error and correct

before proceeding with any data collection.

44 Measurement Procedures

Before field measurements are attempted, the following parameters will be
defined:

. Measurement frequency;

. Measurement cell flow rate, temperature, and pressure;
J Integration time;

. Number of measurement repetitions; and

. Measurements required under alternate test conditions.

Measurement frequency, repetition, measurement cell temperature, integration
time, and alternate measurements will be defined before preliminary methods
development. Measurement cell pressure will be kept to within 10 percent of ambient
air pressure. Measurement cell flow rate muyst be sufficient to insure that at least
five measurement cell volumes pass through the measurement cell within one integration
period. Measurement cell temperature will be maintained to within 5 percent of the
target.
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45  Post-sampling Calibration

The procedures for post-sampling calibration are identical to those given in
Steps 2-5, Section 4.2. If the diagnostic test fails, perform Steps 1 and 2, Section 4.2. If
the diagnostic test still fails, proceed to the procedures in Appendix A.

4.6 Data Verification

To confirm data validity, the following procedures will be implemented:
4.6.1 Post-test Procedure

1. Examine the concentration vs. time series plots for each compound of
interest, and determine initial regions for further examination. These
regions may include: 1) sudden changes in concentration; 2) unrealistic
concentration values; 3) significant changes in 95 percent confidence limits;
and 4) increasing noise in data.

2. Select representative spectra from the time periods indicated in Step 1.

3. Subtract from the spectra chosen in Step 2 a spectrum which was taken
immediately prior in time to the indicated time region.

4. Manually quantitate for the species in question and compare that result to
the difference in software-computed concentrations for respective spectra.

5. If concentration values do not compare, then attempt to determine whether
the difference is due to a recoverable or non-recoverable error.

6. If the error is non-recoverable, the spectra in the time region are declared
invalid. '

7. Determine the peak-to-peak scatter and/or the RMS NEA for the
representative spectra.

8. If the NEA. exceeds the limits imposed in the laboratory phase, the spectra
in the time region are declared invalid (non-recoverable error).

9. Data found invalid are subject to the corrective actions in the test plan
(re-measurement may be required).’

4.62 Final Test
The procedures for final data validation include the above procedures; however, if

a non-recoverable error is found during this phase, the data are considered invalid. In
addition, the following procedures are carried out to perform a final data validation:
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2.

3.

If any recoverable data errors are detected from the procedure, determine
the cause and perform any necessary corrections.

Estimate MDL values from validated data (see Section 3.0).

Check data for linearity and bias (see Section 3.0).

4.7 Data Handling

To ensure data integrity throughout the sampling and subsequent archival of field
data, the following procedures will be used: '

1.

All pertinent FTIR data collection parameters will be stored in the file
header of each spectral data file.

A project notebook containing all sampling parameters for each spectral
data file set collected will be maintained throughout the project.

Listings of all calibrations and data validations performed on the data will
be entered in the project notebook, along with appropriate data file names.

Spectral data (with companion background spectrum) will be stored as

interferograms or single-beam spectra and logged so that all data can be
regenerated and re-quantitated as required. '
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CORRECTIVE ACTIONS

The following procedures will be used if the diagnostic test in Section 4.2 fails.

A.1 Non-linear Correction Check

1. Ensure that the non-linear correction feature is enabled in the software
and re-quantitate the diagnostic spectrum.

2. If the result is not within acceptable limits (Table 4-1), disable the non-
linear correction feature and re-quantitate.

3. Manually compute the corrected concentration using the non-linear
response algorithm derived in the laboratory phase ‘and the quantitation
result derived in Step 2.

4, If the result is not within acceptable limits, determine the validity of the
correction curve.

a. If the optical depth range is not within prescribed limits of the
correction curve, regenerate non-linear response coefficients for
optical depth used in the diagnostic test. Re-quantitate and correct
for non-linearity with the new set of coefficients. Go to Step 5.

b. If the optical depth is within range, proceed to A2,

5. If the result is still not within limits, proceed to A.2.

A2 Spectral Line Position and Width Diagnostic

1. Compare the diagnostic standard spectrum with the present diagnostic
reference spectrum by subtraction.

2. Look for significant line shifts or changes in line width in the diagnostic
| analysis region.
3. If neither line shifts nor line width differences are present, continue to
Section A.3.
4. i) If line shifting is present, invoke the line shifting algorithm, re-quantitate

the spectrum, and go to Step 5.




A3

5.

6.

1.

2.

3.

ii) If line shifts are not present, but line width differences are significant,
proceed to Step 6.

i) If the accuracy falls within the specifications stated in Table 4-1, the
procedure is completed. Enable the line shifting algorithm in the data
collection software and continue regular testing.

ii) If the accuracy fails specification, proceed to Step 6.

If line width differences are significant, determine whether the appropriate
-reference spectrum is being used. If so, determine the cause of the line
width difference and attempt to correct it. :

Background Spectrum Quality Check

Fill the cell with dry nitrogen and measure a single-beam spectrum. Check
the single-beam spectrum for detector linearity. Readjust the detector
linearity if necessary. Detector gain may need slight adjustment if linearity
is adjusted. :

Calculate the ratio of the single-beam spectrum measured in Step 1 with
the current background spectrum.

Optionally, convert the ratio to absorbance and examine the spectrum for
abnormalities, such as baseline distortions in the quantitation regions or
unexpected spectral features.

a.

If baseline percent transmittance (T) is flat (i.e., slope less than 0.01
absorbance units/1000cm™) and below 80 percent (or absorbance
greater than 0.1), determine the source of signal reduction.

If baseline is sloped, re-align the interferometer and check for
stability,

If baseline anomalies are present, repeat the diagnostic standard test
with the original single-beam spectrum collected in Step 1 as a
background. If quantitation is within limits stated in Table 4-1,
corrective action is completed. If quantitation fails, proceed to
Section A4,

If no abnormalities are found, proceed to Section A4,




A4 Sample Integrity Check

1. Check sample flow into the cell. Insure measurement cell flush time is
within desired specifications. If flush time is not within specifications, take
corrective action and repeat the diagnostic test. If the test fails again,
proceed to Section A.1.

2, If sample flow is adequate, check the cell for leaks. Pump the cell to a
pressure less than 20 percent of normal operating pressure. Isolate the
cell, and measure the leak rate. Leak rate must be less than 10
Torr/minute. If the leak test passes, proceed to Section A.1.
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CLASSICAL LEAST SQUARES TECHNIQUE

B.l Summary of CLS Equations

For each analysis region, the following matrix equation is used to determine the
concentrations:
C=A"B ' (B-1)

where
C = N-dimensional vector (or column matrix) representing the
. concentrations of the N-2 compounds analyzed in the region (two
clements are used for linear baseline correction in the analysis
region);
N-dimensional square matrix; and
N-dimensional vector.

A
B

A is defined as:
A=DDT | (B-2)

where D is the reference spectrum matrix. Or in terms of matrix elements:

M
A(k;m)=Y, D (kj)D (,m) (B-3)
i=1

The reference spectrum matrix is constructed in the following manner:

((D(1,1) . . . D(,M))

p=| . . D.j) . -(B-4)

\D(N,)) . . . D(N,M))

where
km = compound identifiers;
j = spectral data point in the region; and
M = number of spectral data points in the analysis region.

The elements of D for a given compound are normalized by dividing by the CPLP of the
reference spectrum. B is defined as:

B=DE (B-5)

B-1




or for the elements:

. M
B(k)=Y_ D(k,)E() (B-6)
) j=1 .

where E(j) equal the jth spectral data point in the region for the sample spectrum. In
order to fit a linear baseline to the data, the following "reference" spectra are used for
“compounds” N-1 and N: '

For j=1M
D(N-Lj)=1 =~ (B-7)

D(Nj) =j - (B-8)

B2 Confidence Interval Estimation

The 95 percent confidence intervals derived for each compound are found from
the following equation:

Forl=1to N

M N
Y EGP-Y C)B(k) (B-9)
CI()=1.96,| A(LD ™| i =
O ab Tay

where CI(l) = 95% confidence interval for compound 1.
B3  Incorporation of Sub-Regions

In cases where a strong absorption feature(s) is(are) present in the sample
spectrum, the region may be broken up into sub-regions. This is achieved by removing
the spectral data points in both sample and reference spectra which correspond to the
interfering feature(s). This reduces the M dimension in all appropriate matrices.

B4  Non-linear Response Corrections

Corrections for non-linear response are handled by quantitation of a series of
reference spectra with increasing optical depth by the reference spectrum which will be
used in the actual quantitation. The optical depths found by CLS are fitted using
standard multivariate linear least-squares to the polynomial equation:

B-2




. |
OD,,_,=Y. (OD)'C() (B-10)
i=0

where .
OD rua = Actual optical depth;
0D, = CLS derived optical depth;
C(i) = polynomial fit coefficients; and
0 = highest order of the polynomial.

The lowest order polynomial which gives less than 3 percent error in optical depth is
used. The derived polynomial is valid only over the range of optical depths used in the
fit.

Cross-corrections due to molecular interactions or interferences may be required. .
If cross-corrections are necessary, then the following equation is used in a multivariate
linear squares fit to the appropriate spectra:

0 0
OD,y=Y. Y C,)(OD4)(OD,,) (B-11)

i=0 j=0

where OD,; represents the level of the major interfering compound(s). If more that
one major interferant is present, then terms representing each interferant should be
added in the expansion. Appropriate spectra containing the interference(s) or

. interactions are required for the fitting process.

An alternative approach is to use orthogonal polynomials as the fitting functions
instead of monic polynomials. Orthogonal polynomials should be used when fit
parameter stability is a concern.

B.5 Reference

1. "Multivariate Least-Squares Methods Applied to the Quantitative Spectral

Analysis of Multicomponent Mixtures", Applied Spectroscopy, 39(10),
73-84, 1985. .
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s.EPA METHOD 301
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Appendix A to Part 83—Test Methods
Method 301—Field Validation of Pollutant
u::.m Mathods fram Various Wasts
Medi

1. Applicability and principle

1.1 Applicability. This method, as
specified in the applicabie subpart, is to be
wead whenever a Sourca owner oF opasatar
(hereafter referred to asan “apalyst”)
praposes a test method to meet a 1.8,
Environmental Protection Agency (EPA)

uirement in the absence of a validated

method. This Methed includes

{precisicu}, of the measured concentrations
froma an efected scurce. This method is
applicabie to various waste madia (le..
exhaust gas, wastewster, sludge, etc.)s

1.1.1 If EPA currently recognizes an
appropriate test method or considers the
gnalyst's test method to be satisfactary fora
particular sourcs, the Administrator may
waive :heuseof:hisprotmolurmayspedfy
a less rigorous validation A list of
validated methods may be obtained by
contacting the Emission Measurament
Technical Information Center [EMTIC), Mail
Drop 19, U.S, Paviranmental Protection
Agency, Research ‘Triangle Park, NC 27711,
(919) 541-0200. Procedures for obtaining a
waives 27e in Section 12.0.

4.1.2 This methed includes optional
procedures that may be used to expand the
applicability of the proposed method.
Sacties 7.0 invoives oss testing
(Laboratory Evaluation), which demonstrates
the se=sitivity of the method to varicus
paraotars. Secdon 3.0 involves a p
for inciuding sammple stability in bias and
precision for assessing sample recovery and
aralvsis times: Section 9.0 involves a
procedure for the determination of the
practical limit of quantitation for deta:rmlning
ihe cwer limit of the method. These opti
procs Sures are required for the waiver
consiceration outlined in Section 12.0.

1.2 Principle. The purpose of these
proceéures is to determine bias aud precision
of a test method at the level of the a plicabla
stancéa=d. The procedures involve (al;
introducing known concentrations of an
analyte ar comparing the test method against
a valiZated test method to determine the .
methcd’s bias and (b) collecting multiple or
collecated simultanecus semples to
deter—ine the method's precision.

1.2.1 Bias. Biag is established by
compering the method’s results against a
refere=ce valua and may be eliminated by
emy.2ving a correction factor established
troin the data obtained during the validation
test. Az offsat bias may be handled
aceer2ingly. Mathods that have bias
corection factors outside 0.7 10 1.3 are
unacceptable. Validated method to proposed
me:tad comparisons, section 8.2, requires a
mare estrictive tost of central tendency and
a lewar correction factor allowance of 0.90 to

1.12

1+ 11 Precision, At the minimum, paired
samoiiag systencs shall be used to establish
prox .sion. The precision of the method at the
love. of the standerd shall not be greater than
50 sercent rolative standerd deviation. Fara
wil cated mathod to proposed methed

equi

analyst must demcastratd that the precision
of the pmpoadunmethodbupndﬂg-
the validated method for acceptance.

2. Definitions

2. Negative bias. Blas resulting wher the
measured sesult is less than the “true”

2.2 Paired sampling systea. A samplivg
system capable of obtaining two replicate -
samples that wers collected as M}L‘; .
rouibla in sampling time and samp
ocatlon. ' v

2.3 Positive bics. Bias resalting when the
measured result is greater than the “trud”™
value. '

2.4 pesed method. The ad
analytical methodology aalocted for
validation using the method described
herein .

2.5 Quodruplet sampling system. A
sarpling system capable of obtaining four
roplicate samples that were as
closaly as possible in sampling time and -
sampling location. _

2.6 Surrogats compound. A compaumnd
that serves as a model for the types of
compounds being analyzad (Le., ‘
chetnical structure, properties, bebavict). The
maodel can be distin ed by the method
from the compaunds being
3. Reference Material

The referenca materials shall be obtained
ar prepared at the lavel of ths standard.
Additional runs with higher and lower
ssferenca material concentrations may be
made ta expand the applicable range of the
method, in accardance with the
tast procedun& S
3.1 Exhaust Gas Tests. The analyst shall .
obtain a known concentration of the
referenca material (L.e., anaiyte of concern)
from an independent source such 213
specialty gas manufacturer, specialty

emical company, of commercial
laboratory. A ligt of venders may be obtained
tam EMTIC (see Section 1,1.1). The analyst
should obtain the manufacturer's stability
data of the analyte concentration and
recoramendations for recertification.

3.2 Other Wasta Media Tests. The analyst
shall obtain pure liquid components of the
reference materials (i.e., analytes of concern)
from an independent manufactuser-and
dilute them in the same type matrix as the
source waste. The pure reference materials
shall be certified by the manufacturer as to
puity and shelf lite. The accuracy of all
Qiluted reference material concentrations
shall be verified by comparing their response
to i.ndependently-preparad materials
(independently prepared in this case means
propared from pure camponents by a
different analyst).

3.3 Surrogate Reference Materiols. The
analyst may use surrogate compounds, 8.3,
for highly toxic or reective organic
compounds, provided the analyst can
demonsirate to the Administrator’s
satisfaction that the surrcgate compound
bebaves as the aralyte. A surrogate may be
an isotopo or one that cuntains & unique
element (e.g., chlcrine) that is not present in
the source or a derivation of the toxic or
reactive compound, if the derivative
formation is pert of the method's procedurs.
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Laboratory experiments or literaturo data
may be usad to show behavieral .
acceptability, o

3.4  Isotopically Labeled Matarials,
Isotope mixtures may contain the isotope and
the natural analyte. For best results, the
isotope labeled analyte concentration should
be more than five times the natural
concentration of the analyte,

4. EPA Periormance Audit Material

sl
ently, vse
addition to the referenca material) an EPA

The analyst may contact EMTIC (see section
1.1.1) to receive 3 list of currently available
EPA audit materials. If the analyte is listed,

4.2 The analyst shall sample and analyze
the performance audit sample three times
gccording to the instructions provided with
the audit sample. The anzlyst shall submit
the three msuﬁs with the field validation
repart. Although no acceptance Criteria are
set for these perfarmance audit results, the
analyst end reviewing authority may use
themn to assesg %a relative error of sample
recovery, sample preparation, and
procedures and then consider the rolative’

.error in evaluating the measurad amissions..
5. Procedure for Dotermination of Bias and
Precision in the Field

The analyst shall select oza of the
sampling approaches bolow to determine the
bias and precision of the data, After
analyzing the samples, the analyst shall
calculate the bias and precision to
the procedure described In section 6.0, When
sampling a stationary source, follow the

Spectrometry (MS) analysis. Biag and
precision are calculated by Frocedurss
described in section 6.1.

511 Number of Samples and Sampling
Fluns. Collect a total of 12 replicate samples
by sithar obtaining six sets of paired samples
or three sets of quadruplet samples,

5.1.2  Spiking Procadure. Spike all 12
samples with the reference material at the
levei of the stendard. Follow the appropriata
spiking procedures listed below for the
applicable waste medium.

5.1.2.1 Exhaust Gas Testing, The gpike
sball be introduced as closs to the tip of the
sampling probe ag possible.

5.1.2.1.1 Gaseous Reference Material with
Serbent or Impinger Sampling Traing,
Sample the referance materig] (in the
labaratery or in the field) at a concentration
which is close t0 the allowable concentration
siandard for the time required by the method,
and then sample the gas stroam for an
amount of tirme. The tims for sampling both
the reference matarial and gn8 stream shouid
be equal; however, the tims should be
adjusted to avoid sorbent breakthrough,

5.1.2.1.2 Gaseous Reference Material with
Sample Container (Pag or Canister), Spike
the sample containers after completion of
eachtestnmwithmamuuntequaltoths
allowable concentration standard of the
emigsion point, The figal concantration of
the reference material shall approximate the
level of the emission concentration in the
stack The vohome amount of
material shall be less than 10 percent of the
sampla volume, ' :

5.1.2.1.3 Liquid and Solid Reference
Material with Sorbent or Impinger Trains,
Sgi.kgthatmimwithanamuntequalmtba_
al hglse nuncsndf:-ation standard befora i
sampling the sta gas, The spiking shoy
be done in the field; bowever, it may be dene
in the laboratory. -

g standard.
5.1.2.2 Other Waste Media, Spika the12

replicate samples with the reference material
eitherb’eforg or directly after sampling in the

field,

5.2 Com, Against a Validated Test
Method, Bies and precision are calenlated
using the procedures described n section
6.2. Thisa shall be used when a
alv'alidatsd xnethu;ogd is ava.l.lablebe' and an

ternative me ia bei pased.

5.2.1 Number of Saml:?e‘sw:nd Sampling
Runs, Collect nine sets of replicate samples
using a paired sampling system (a tota) af 18
saroples) or df;auurlsets of nil‘p;!léeate e:_al.-|:1:al;a&lal _
usizg a qua plet samp systam {a
ot‘lesamplas).lnaachmﬂaset.the
validated test method shall be used to collect
anq analyzs half of the samples,

5.2.2 Performance Audit Exception.
Conduct the performance audit as reguired in
section 4.0 for the validated tzlst method,
Conducting a performance auy it on the test
method beai?g evaluated is rm:mn:1.-.en';]:!:‘e;:lhal '

$.3 Analyte Spikin g. This approa
be used when sac}t’ims 5.1and 5?2 are pot
applicable. Bias and precision are calculated
using the procedures desctibed in Section
6.3, i

5.3.1 Number of Samples and Sampling
Runs. Collect a total of 24 samples using the
quadruplet sampling system (a total of 6 sats
of replicate samples).

5.3.2 In each quadnuplet set, spike half of
the samples (two out of the four) with the
refarence material according to the applicable
procedurs in section 5.1.2.1 or 5.1.2.2,

5.4 Probe Placement and Amangement
for Stationary Source Stack or Duet '
Sampling. The probes shall be placed in the
same horizontal plare, For paired sample
probes the arrangement should be that the
Probe tip is 2.5 cm from the outside edge of
the other with a pitot tube on the cutside of
each probe, Other paired arrangements for
the pitot tube may be acceptable. For
quadruplet sampling probes, the tips should
beina 6.0 cmx6.0 cm square area meesured
from the center line of the opening of the
probe tip with a single pitot tube {n the
center or two pitot tubes with their location
oa ejther side of the probe Up configuration,
An alternative amangement should be
proposed whenever the tross-gectional areg

 isotopic spiking tests as outlined in
C 611 th.msggh 6.1.8.

Eq. 301-2
where: -
- 8 =Msaasured valus of the cally
labeled analyte in the ith field samlple.
=Number of isotopically spiked samples,
12.

-value the bias is statistically significant and

of the probe tip configuration fs
appraximately 5 percent of the stack or duet
crosg-sectional area,

6 G leulations

Data resulting fram the procsdures
specified in section 5.0 shall be treated as
follows to determine bias, correction factors,
relative standard Ag=jatinns. vrecisfon. and
data acceptanca, th. data fo

6.1 Isotopic Spiking. Analyze the 'y

soctions

6.1.1 Calculate the muzerical valus of the
bias using the results from the analysig of the
isctopically gpiked field samples and the
caleulated v&m-o.f the isdtopically labeled
spike: - :

B=CS-S»  Eq.301=1

whera:

B=Bias at the spiks lavel.

Sz=Mean of the measured values of the
isntopmllyvﬂnkaod} ﬁples.' .

CS=Calculated value isotopically
labeled spike. -

- 6.1.2 Calculate the standard deviation of

the S, values as follows: :

6.1.3. Calculate the standard deviation of
the mean (SDM] as follows: :

spM = 5D
vn

Eq. 301-3

=Bl
SDM

6.1.4 Test the bias for statistical
significance by calculating the t-statistic,
Eq. 3014
and compare it with the critical value of the
two-sided t-distribution at the 95-percent ‘
confidence level and n-1 degrees of freedarm,
This critical value is 2.201 for the eleven
degrees of freedom when the durs
specified in section 5.1.2 is followed. if the
caiculated t-value is greater than the critical

the analyst should proceed to evaluate tke
correction factor,

6.1.5 Calculation of a Correction Factor.
If the t-test does not show that the bias is
statistically significant, use all analytical
results without correction and to the
Precision evaluation. If the methad's bias is
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statistically significant, calculate the -
correction factor, CF, using the-following
equation:

Eq. 301-5 - .
If the CF is cutside tha range of 0.70 to 1.30,
the data and method are considered
unacceptable. For correction factors within
the range, multiply all analytical results by
the CF to obtain the final values.

6.1.6 Calculation of the Relative Standard
Deviation (Precision). Calculate the relative
standard deviation as follows:

RSD =[§—D-) % 106__

Eq. 301-6

where Sa is the measured mean of the
isotopically labeled spiked samples.

6.2, Comparison with Validated Method.
Analyzo the data for comparison with a
validated method as outlined in sections
6.2.1 or 6.2.2, as appropriate. Conduct these
procedures in order to determine ifa
proposed method produces results equivalent
to a validated method. Make all necsssary
bias corrections for the validated method. as
appropriate, If the proposed methed fails .
either tast, the method results are
unacceptsble, and conclude that the
proposed method is not as precise or accurate
as the validated method. For highly variable
sources, additional precision checks may be
necessary. The analyst should consult with
the Administrator if a highly varfabie source
is suspected.

6.2.1 Paired Sampling Systerrs.

. 6.2.1.1, Precision. Determine the
acceptance of the proposed method's
variance with respect to the variability of the
validated method results. If a significant
difference is determined, the propased
method and the results are rejected. Proposed
methods demonstrating P-values equal to or
less than the critical value have acceptable
precision.

6.2.1.2 Calculate the variance of the
proposed method, S;? and the variance of
the validated method, S,2, using the
following equation:

Sp e y=SD*  Eg.301-7

where:

$D,=Standard deviation proviced with the
validated method,

5D, =Standard deviation of the proposed
method ealculated using Equation 301
9a.

6.2.1.3 The F-test. Determine if the
variance of the proposed method is
significantly different from that of the
validated method by calculating the F-value
using the following equation:

o

s
F =
S

v

A

~N

Eq. 301-8
Compare the experimental F value with the

critical value of F. The critical velue is 1.0 -~

when the procedure specified in section 5.2.1
for paired trains is followed. If the calculated
P is graates than the cxitical value, the
difference in precision ls significant and the
data and proposed method are unacceptable.

6.21.4 Bias Anclysis. Test the bias for
statistical significance by calculating the t-
statistic and determine if the mean of the
differences between the proposed method
and the validated method is significant at the
80-percent confidence level. This procedure
requires the standard deviation of the .
validated method, SDs, to be known. Employ
the value furnished with the method. If the
standard deviation of the validated method is
pot available, the paired replicate sampling
procedure may not be used. Determine the
mean of the paired sample differences, da,
and the standard deviation, SD, of the
differences, d.'s, using Equation 301-2
where: d, replaces S, da replaces S
Calculate the standard deviation of the
proposed method, SDy., s follows:
SD,=8Ds-SD,  Eq. 301-0a

{If SD\>8Dy, let SD=8Dy/1.414).

Calculate the value of ths t-statistic using

the following equation:
t = %
SD

Eg. 301-8
where n is the total number of paired
samples. For the procedure in section 5.2.1,
n equals nine. Compare the calcu:lated t-
statistic with the correspoading value from
the table of the t-statistic. When nine runs are
conducted. as specified in section 5.2.1, the
critical value of the t-statistic is 1.397 for
sight degrees of freedom. If the calculated t-
value is greater than the critical value the
bias is statistically significant and the analyst
should proceed to evaluate the correction
factor.

6.2.1.5 Calculation of a Correction Factor.
1{ the statistical test cited above does not
show a significant bias with respect to the
reference method, assume that the proposed
method is unbiased and use all enalytical
results without correction. If the method's
bias is statistically significant, calculate the
correction factor, CF, as follows:

-

CF _= , .
1+ =2
N /S
Eq. 301-10

where Ve is the mean of the validated
mmu?gslﬂ}a}ll?mlyﬂml results by CF to

M y

in the final values. The method results,

and the method, ara unacceptable if the
corraction factor is ontside the range of 0.9
to0 1.10. - - : : ’

6.2.2 Quadruplet Replicate Sampling
Systems, .. - o

6.2.2.1 Precision. Determine the
acceptance of the proposed method's

proposed method, §,7, using the following
equation: - .o .

| Sz.= z_qi
2n

Eq. 301-11

where the d,'s are the differences between the
validated method values and the proposed
method values. ' .

6.2.2.3 . The F-test. Determine if the
varianca of the proposed method is more
variable than that of the validated method by
calculating the F-value using Equation 301~
8. Compare the experimental F value with
the critical value of F. The cxitical value is
1.0 when the procedure specified in section
5.2.2 for quadruplet trains is followed. The
calculated F should be less than or equal to
the critical value. If the diffsrence in
precision is significant the results and the
proposed method ara unecceptable.

6.2.2.4 Bias Analysis. Test the bias for
statistical significance at the B0 percent
confidence level by calculating the t-statistic.
Determine the bias (mean of the differences
between the d method and the
validated method, dr) and the standard
deviation, SD, of the differences. Calculate
the standard devietion of the differences,
SDy, using Bquation 301-2 and substituting
d, for S,. The following equation is used to
calculate di:

) (v, + V) (g, +

P,)
i 2 ' 2

Eq. 301-12

and: Vy=First measured value of the
validated maethod in the ith test sample.
P, =First measured value of the propased
method in the ith test sample.
Calculate the t-statistic using Equation
301-9 where 1 |s the total number of test
sample diffarences (d.). For the procedure in
section 5.2.2, n equals four, Compare the
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caleulated t-statistic with the carresponding
value from the table of the t-statistic and
determine if the mean is significant at the g0-
percent confidence lovel. When runs are
conducted, as specified in section 5.2.2, the
critical value of the t-statistic is 1.638 for
three degroes of freedom. If the calculated t-
value is greater than the ritical value the
bias ig statistically significant and the analyst
f:ﬂm\.xld proceed 0 evaluate the carrection
actar, :

6.2.2.5 Correction Factor Calculation. If
the method's bias is statistically significant,
calculate the correction factar, CF, usin,
Equation 301-10. Multiply all analytica%
results by CF to obtain the &ina)] valyes, The
method results, and the method, are
unacceptable if the carrection factor is
outside ﬂ:‘:’ range of 0.9 to 1.10. the da

6.3 Analyte Spiking. Analyze the data for
analyte spike testing as outlined in Sections
6.3.1 through 6.3,3, - '

6.3.1 Precision.

6.3.1.1 Spiked Semples. Calculate the
difference, d;, between the pairs of the spiked
proposed method measurements for each
replicate sample set, Determine the standard
deviation (SD,) of the spiked values using the
following equation:

SD, = 'E_diz

s 2n

Eq. 301-13
where: 1 = Number of runs.

Galculate the relative standard deviation of
the proposed spiked method using Equation
301-6 whe:rke Snis t.tie m_oja_hasmed mean of the
analyte spiked samples. The pased
method is unacceptable if thaosn is greater
than 50 percent,

6.3.1.2 Unspiked Samples. Calculate the
standard deviation of the uzspiked values
using Equation 301-13 and the relative
standard deviation of the proposed unspiked
method using Equation 301-6 where S, is
the measured mean of the analyte spiked
saraples. The RSD must be less than 50
percent. :

6.3.2 Bias. Calculate the numerical value
cf the bias using the results from the analysis
of the spiked field samples, the unspiked
field samples, and the calculated value of the
spike: .

B=S-Mn—CS
Eq. 301-14

where: B = Bias at the spike level.

Sz = Mean of the spiked samples,

M = Mean of the unspiked samplas,

CS = Calculated value of the spiked level.
6.3.2.1 Calculate the standard deviation

of the mean using the follewing equation

where SD, and SD, are the standard

deviations of the spiked and unspiked

sample valugs respectively as calculated

using Equation’ 301-13.

SD = [/sp? + sp?

Eq. 30115

6.3.2.2 Test the bias for statistical
significanca by calculating the t-statistic
using Equation 301—4 and comparing it with
the critical value of the two-sided t- :
distribution at the 95-percent confidence
level and n-1 degraes of freedam. This
critical value is 2.201 for the eleven degrees
of freedam, .

6.3.3 Caleulation of ¢ Correction Factor,
If the t-test shows that the bias is not
statistically significant, use all analytical
results without correction. If the method's

- bias is statistically significant, calculate the

corraction factor using Equation 301-5,
Multiply all analytical results by CF to obtain
the final vaéues. ( : o .

7. Ruggedness Testing (Optional)

7.1 Laboratory Evaluation, -

7.1.1 Ruggedness testing is a useful and
cost-effective laboratory study to determine
the sensitivity of a methed to certain
parameters such a5 sample collection rate,
interferant concentratlion. collecting medium
temperature, or sample recovery temperature.
This Section generally discusses the
principle cf the ruggedness test. A more
detailed description is presented In citation
10 of Saction 13.0,

7.1.2 In aruggedness test, several
variables are changed simultaneously rather

one variable at a time. This reduces the
number of expériments required to evaluate
the effect of a variable. For example, the
effect of seven variables can be determined
in eight experiments rather than 128 (W.J.
Youden, Statistical Manual of the
Association of Official Analytical Chemists,
Association of Official Analytical Chemists,
Washington, DC, 1975, pp. 33-38),

7.1.3 Data from ruggedness tests are
helpful in extending the applicability of a
test method to different source .
congentrations or source categories.

8. Procedure for Including Sample Stabiiity
in Bias and Precision Evaluations -

8.1 Sample Stability.

8.1.1 The test method being evaluated
must include procedures for sample storage
and the time within which the collected
samnples shall be analyzed.

8.1.2 This section identifies the
procedures for including the effect of storage
time in bias and precision évaluations. The
evaluation may be delated if the test methad
specifies a time for sample storage.

8.2 Stability Test Design, The following
procedures shall be conducted 2o identify the
effect of storage timeson analyte saraples.

Store the samples according to the procedure

specified in the test method. When using the
analyte spiking procedures (section 5.3), the
study should include equal numbers of
spiked and unspiked samples.

8.2.1 Stack Emission Testing,

8.2.1.1 For sample container (bag or
canister) and impinger sampling systems,
sections 5.1 and 5.3, analyze six of the
samples at the minimum storage ime. Then
analyze the same six samples.at the
maximum storage time.

8.2.1.2 For sorbent and impinger
sampling systems, sections 5.1 and 5.3, that
fequire extraction or digestion, extract or
digest six of the samples at the minimum

. sections 5.1 and 5.3, that
~ desorption, analyze six sam

' Analyze half of the replicate sam&les at the

" acceptable degree of confidence. For this

storage time and extract or digest six other
samples at the maximum starage time,
Analyze an aliquot of the first six extracts
(digestates) at both the minimum and-
maximum storage times. This will provide
some freedom {0 analyze extract starage
impacts.

8.21.3 For sorbent sampling systems,
require thermal
les at the
minimum storage time. Analyze anather set
of six samples at the maximum storage time,

8.2.1.4 For systems set up in accordance
with section 5.2, the number of samples
analyzed at the minimum and maximum
storage times shall be half those collected (3
or 5). The procedures for samples requiring
extraction or digestion should paralle] those
in section 8.2.1.

8.2.2 Other Waste Media Testing.

minimum storage time and the other half at
the taximum storage time in order to
identify the effect of storage times on analyte
samples. .
9. Procedure for Determination of Practical
Limit of Quantitation (Optional)

9.1 Practical Limit of Quantitation,

9.1.1 The practical limit of quantitation
(PLQ) is the lowest level shove which
quantitative results may be chtained with an

protocol, the PLQ) is defined as 10 times the
standard deviation, s,, at the blank level.
This PLQ corresponds to an uncertainty of
:11:30 {:ercent at the 99-percent confidence -
evel, .

9.1.2 The PLQ will be used to establish
the lower limit of the test method.

9.2  Procedure  for Estimating s.. This
procedure is acceptable if the estimated PLQ
is no more than twice the calculated PLQ. If
the PLQ is greater than twice the calculated
PLQ use Procedure 1, .

9.2.1 Estimate the PLQ and prepare a test
standard at this level. The test standard could
consist of a dilution of the reference material
described in section 3.0,

9.2.2 Using the normal sampling
analytical procedures for the method, sample
and analyze this standard at least seven times
in the laboratory. :

9.23 Calculate the standard deviation, s,,
of the measured values. ’

9.2.4 Calculate the PLQ as 10 times s,.

9.3 _Procedure Il for Estimating s.. This
procedure is to be used If the estimated PLQ
is more than twice the calculated PLQ.

9.3.1 Prepare two additicua) standards at
concentration levels lower than the standard
used in wre .

9.3.2 Sample and analyze each of these
standards at least seven times.

9.3.3 Calculate the standard deviation for
each concentration level,

9.3.4 Plot the standard deviations of the
three test standards as a function of the
standard concentrations.

9.3.5 Draw a best-fit straight line through
the data points and extrapolate to zero
concentration, The standard deviation at zero
concentration is Se.

9.3.6 Calculate the PLQ as 10 times So.

10.0 Field Validation Report Requirements

The field validation report shall include a
discussion of the regulatory objectives for the
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tosting which describe the reasons for the description of the test method, the intended 8. Taylar, LK. 1637, Quality Assurance of
test, applicable amission limits, and a . application, and results of any validation ar ‘Chemical Messuremsats. Lswis Publishers,
description of the source. In addition, othumppurﬁngdocumnu.nemmdthe Ine., pp. 79-81.
va!idaﬁonmsuns%inchlde:m ::mypahnﬁslsihmﬁm:i:':hhhﬁ: o. U.S. Environmental Protection Agency.
101 Summary results dminjstratr may grant a walver, Assurance Handbook for Alr
calculations shown in section 6.0. naither possible nor desirable to prescribe the ;,zaitg‘:ﬁzm‘ Systems: Vo?u:ne o
10.2 Roference material certificationand ~ exact citeria for a waiver. At a minigrom, the Station: S Me
value(sh . requester is responsible for providing the Publ?;atfym smnmmgp pedﬂcb"thod&_m 7b. Office
10.3 Performance audit results of letter following. - . 'A~600/
from the reviewing autbority stating the andit  12.2.1 A clearly written test mothod, of Research end Development Publications,
material is currently not available. preferably in the format of 40 CFR part 60, 26 West St. Clair St., Cincinnati, OH 45268.
10.4 Laboratory demonstration of the appendix A Test Methods. The must 10. U.S. Enviroamental Protection Agency.
quality of the spiking syster. ‘include an applicability statement, 1981. A Procadure for Esteblishing
10.5 Discussion of laboratory evaluations. — concentration range, precision, bias “Traceability of Gas Mixtures to Caortaln
10.6 Dismnslonogﬁeld:mpnng. wons gcmrwy).mdﬁmemwm:hmplesmust National Burean of Standards Standard
10.7 Discussion of sample prepamt analyzed. ' P
and analysis. 12.2.3.2 Summaries (see section 10.0) of m;‘_“sf_g‘fﬁ“’:,mm, mﬁ“‘u& -y
10.8 Storage times of samples (and previous validation tests or gther arg[;fﬁns . Division (MD-77),
extracts, if applicable). documents, If a difforent procedurs from that Q“aha?chm“’m v WNC"‘ 27
X 0.9  Reasons for eliminating any results.  described in this method was used, the Research Triangle P‘!kom .
11, Follownp Testing requester shall provide appropriate 11. U.S. Enviroamental Protection

. \ documents substantiating (to the satisfaction 1991, Protocol for The Field Velidation of
The correction factor calculated in saction  of the Administrator) the bigs and precision . Emission Concentrations From Stationsry

6.0 shall be used to adjust the sample
concentrations in all followup tests values.

conductad at the same source. These tests respect to sections 7.0, 8.0, and 9.0,
shall consist of at least three replicate 12.2.3 Discussion ott%e applicebility

) . Sources. Publication No. 450/4-~90-015.
12.2,2.3 Results of testing conductad with  Available fram the U.S, EPA, Emission
Moasurement Techaical Infirmation Canter,

samples, and the average shall be used to statement and argaments of Tochnical Support Division (MD-14),
determine the pollntant concentration. The watiem-_ Tl:déismsﬁon for address ::"B Research Triangle Park._NC by at
nueaber of samples to be collected and applicable the following: Appliceble 12. Youdon, W.J. Statistical techaiques for
analyzed shall be as follows, depanding on regulation, emission stan offluent collabarative tests. In: Statistical Manual of
the validated method precision level: characteristics, and process operations- the Association of Official Analytical

11.1 Validated relative standard deviation
{RSD) £ +15 Percept. Three replicate sampies.

12.3 Requests for Waiver. Each request Chemists, Association of Qfficial

Anslytical

112 Validated RSD <£30 Percent. Six shall be in writing and signed by the analyst.  Chemists, Washington, DC, 1975, pp. 33-36.

Submit requests to the Director, OAQPS,

replicate samples. ochnital tvision, U. ; :
DS Validated RSD < £50 Percent. Nine T Support Division, U.S. Reseesch APPENDIX B TO PART 63—SOURCES DE-

Environmentat Protection Agency,

. replicate samples. Triangle Park, NC 27711 FINED FOR EARLY REDLCTIC

11.4 Eguivelent method. Three replicate ' SIONS

samples. 13. Bibliography -
s " 1. Albritton, J.R., G.B. Howe, 5.B. Sowce - wm'
1 z;z l:m;o'dure fo;hO:::inmg 2 Wmv;r” be Tompk.ig;_{;.&:ft ]ayal;ty. and C.B. Decker,
2.1 Waivers. procedures 1989, Stabi Parts-Per-Million Organic '

waived or 2 less rigorous protocol may be B s Gosae and Rowulls of Sourco Teat - Ogane, Proowss EUomet B S ech 6,
granted for site-specific applications. The Analysis Audits, Status Report No. 11. Volatie Hazardous ”"m 1901 Aa"._
following are three example situations for Environmental Protection Agency Contract s“m““m;:wmc"“'w,:m AOUnCE-
which a waiver may be considered. 68-02-4125. Research Triangle Institute, ment of

1211 “Similar” Sources. If the tast " Research Triangle Park, NC. September, . Negotated
reethed has been validated previouslyata 2, DeWees, W.G., P.M, Grohse, KX Luk, Fuse-
;ﬂixmv;lgr Source, g: m may be and FE augfer. 1989, Laboratery and Field making
demonstrate to the satisiaction of the f:‘!ii‘é?‘é‘;ﬁm‘ from s}:aon?mrym Spedns.umm e s?wv&m -mmh g:'prma m:uu
Administrator that the sources are “similar.”  EPA Contract 68-02—4442, Prepared for b. Al pumps fn fight aukd sanv-
The methods's applicability to the “similar™  Awmospheric Research snd Environmental ice within a process unlt
source may be demonstrated by conducting  Agsassment Laboratory, Ofice of Research c. AY cornectcs In gas or light
aru s test a5 described i section 6.0.  and Development, U.S. Environmental fiquid ssrvice within a process

121.2 “Documented” Mathods. In some  Protection Agency, Research Triangle Park, it
cases, blas and precision may have been NC 27711. Januaty. d. Each comprassor
documsnted through laboratory tests or 3. Xeith, L.H., W. Crummer, }. Deegan Jr., 8. Each product gccumulator
protocols different from this method. If the RA. Libby, ].K. Taylor, and G. Wentler. 1883. vegsal
analyst can demonstrate to the satisfaction of  Principles of Environmental Analysis. 1. Each agitator
the Administrater that the biss and precision  American Chemical Society, Washington, g. Each pressure refiel device
apc}:ly to a particular appli:;tlon. the DC. ; open-ended vahe of
Administrator may waive these procedures or . 4. Maxwell, EA., 1974, Estimati ne
parts of the procedures. variances from one or two maasg;lgmms on i. Each sampking coAnaction 8ys-

12.1.3 “Conditional” Test Methods. each sample, Amer. Statistician 28:96-57. m
When the method has been demonstrated to 5, Midgett, M.R, 1977, How EPA Validates I Each nsgumentation $ysiam
be valid at several sources, the analyst may NSPS Methodology. Environ. Sci & Tochnol - k. graf: hmwm wxm
saek a "'conditional”” method desighation 11(7):655—-859. |, Each closed vent system and
from the Administrator. “Conditional” 6. Mitchell, W.J., and M.R. Midgett. 1976. " control davics
method status provides an automatic waiver  Means to evaluate performance of stationary
from the procedures provided the test source test methods. Eaviron. Sci. & Techool. {FR Doc. 92-28515 Filed 12-28-92; 8:45 am)
method is used within the stated 10:35-88. BILLING CODE 9580-50-M
applicability. 7. Plackett, R.L., and J.P. Burman. 1946,

12.2 Application for Waiver. In general. The design of optimum multifactorial
the requester shall provide a thorough experiments, Biometrika, 33:305.

h ]



METHOD 301 ERRATA

Section 6.1.1, Eg 301-1, the terms to the right of the
equals+sign should be reversed: :

85 =35 -c¢5

Section €.2.1.4, Eq 301~9, SD, should be sD..

- Section 6.2.1.5, Eq 301-10, remove the numerator to the

right of the equals sign.
CP =1+ 4y,

Section 6.3.1.2, should read: "...the measured mean of
the unspiked samples."; pot "...the measured rean of the
analyte spiked samples."_ _

Section 6.3.2.1 should read: "Calculate the standard
deviation of the mean using Equation 301-3. The
standard deviation shall be calculated by usirg the
following equation where..."
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ENGINE PROCESS DATA
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SOURCE SAMPLING FIELD DATA
\ -

PLANT NAME (DQI ’Y\\ﬂ&m\, 30\ Um

TRAIN Ué,,_c;c,; ;1 2 PM:g;’,Q_z.Page _' oL

SAMPLING LOCATION

RUNNO.__ [ COND.NO. _ Fa1ll [l
DATEQ 11 39 TiME START _|_I_._-_ TIME FINISH _|g_5c_ TEST DURATION __me
DUCT DIMENSIONS DIAMETER ft INITIAL LEAK RATE et
Prcr O, S DGMCE NOZZLE DIA, _— inches..  FINALLEAKRATE _ .~ cfm -
BAR PRESS c'l M5 Hg '
STATIC PRESS * H20 orerator _=03
Travers | Clock |Dry gas meter| -P “H Stack [Dry gas meter temp| Hot box | Probe Last |Vacuum

Paint Time reading t3 | inH20 | in H20 |Temp. F| Inlet Outlet | Temp.

-Hz;_':_ VAL — [+ |— [Z40
a)

Temp |Impinger| in. Hg

\ -~ '-}'. - "'"‘D — —~ - b - -
Rt ~ 140~ Ts%a] - S S P =
H3 . ~ 3G9 ~ b= - ~ - ~ - -
HA |V — 3 Q ~ |4w4]| -~ - - ~ - -
A\ 1950 — 3 bl ~ lewd | — — - - - -

Avg. -
Check'd

consoer 31613 4

FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

. ¢ b
REMARKS Mawd 10,5 e Trelpn ' I




MOISTURE AND IMPINGER CATCH DATA SHEET

Impinger _
Number Solution Approx. mi — - Configuration |
1 —_— _—
2 S —_—
3 ey, ———
4 —— ——
5 .
6 ———— ———
Total Impinger Weight Gain (We) grms

Analyst

Vf = Final Meter Volume = ft3

Vi = Initial Meter Volume= ft3
DGMCF = Dry Gas Meter Correction Factor =
Vm = Metered Gas Volume = (VE-Vi)DGMCF) =

Tm = Average Meter Temp. = F+460 =

Pm = Meter Pressure (Barometric Pressure) = in. Hg

(17.64)(Vm)(Pm) (17.64)( ft3)( "H

Vm (std) =

Weight

in grams - -
Fina] : =  Weight
Initia] Gain

Final ' Weight
Initial Gain

Final Weight
Final ‘Weight
Initia] Gain

Final Weight
Initial Gain )
Final Weight
Initial Gain

%CO %N2
%C02 %H2

%02 %CH

CONDENSED WATER gms
FILTER WT. GAIN gms
PROBE WASH WT. GAIN i gms

Tm

Vw(std) = Volume of Water Vapor = .0472(Wc) = .0472(

Vw(std)
Bws = Moisture Fraction =

Vw(std) + Vm(std)

2)
= ft3
 _R
g) = ft3
_fa
3 + ft3 = Revision Date 4/93




SOURCE SAMPLING FIELD DATA

PLANT NAME _Q@_I_ 7%%7,3::‘“ U QM%;:U i.!(tc;_’b-t Page __Z___of_]_

SAMPLING LOGATION RUN N con. No. _E o 00 kel
oate 001494 TIME START __ﬁ_D_‘*'._ TIME FINISH _L._ TEST DURATION min.
DUCT DIMENSIONS DIAMETER __ | U ft INMTIAL LEAK RATE _G ool eim
PTCF % DGMCF i NOZZLEDIA. _~—— __ inches  FINALLEAKRATE___™— _ cim
BARPRESS M. ) __"Hg N
STATICPRESS _+ K. B ~"H20 operaton ARTS
Travers| Clock |Drygasmeter| ~P | ~H | Stack [Drygas meter temp| Hot box Proba | Last 'VEcmeTi l
Point Time reading 13 | in H20 | in H20 |[Temp. F{ Inlet Qutlet | Temp. | Temp |Impinger| in. Hg
b o5 | — fo5| — (s — [ — [~ [~ T- 1=
Hh - 4.3 — s7| — — _ - - ~
s = ol — les7|— | — 1= T-1-1-
K3 - 4.2 | — 165% —~ - - - - -
My 190Kk — 2, —~ |¥o| — | — - [ = 1=

Avg. ---
Check'd

CONSOLE # A Lk V3NN
FILTER #
AMBIENT TEMP.
PROBE LENGTH
LINER MATERIAL

e Quaaed 10310 Mol | C




MOISTURE AND IMPINGER CATCH DATA SHEET

Impinger
 Number _ Solution _ . Approx. mi . - Configuration -
1
e i— e ——
2
——— ——
3
4 e i
5 —_— -—
6 —_— —_—
Total Impinger Weight Gain We) - Erms Analyst
Vf = Final Meter Volume = ft3

Vi = Initial Meter Volume= fis

DGMCF = Dry Gas Mete-r Correction Factor =

Vm = Metered Gas Volume = (VEVIDGMCEF) = f3
Tm = Average Meter Temp. = F+460 = R

Pm = Meter Pressure (Barometric Pressure) = in. Hg

(17.64)(Vm)(Pm) (17.64)( f3)( "Hg)

Weight

in grams . . -
Final - - Weight
Initial Gain
Final — Weight
Initial ‘ Gain
Final : Weight
Initial Gain
Final ' Weight
Initial Gain :
Final Weight
lniti;l Gain
Final Weight
Initial Gain
%CO : %N2
%CO2 %H2
%02 %CH _ .

' CONDENSED WATER: . pgms
FILTER WT. GAIN gms
PROBE WASH WT. GAIN gms

Vm (sid) = ‘ = f3
Tm ( R)
Vw(std) = Volume of Water Vapor = .0472(Wc) = 0472 g) = f3
Vw(std) ft3
Bws = Moisture Fraction = =

Vw(std) + Vm(std)

f3 + fi3 = . Revision Date 4/93 -




Plant Name: GRI FTIR Method 301 Validation
Location: Engine 2 Exhaust
Type of Sample: Velocity - Full Load

Run No.§ One
Date§ 07/13/94
Time Start] 1946
Time Finishj 1950
Operator] LDO/WG
Initial Leak Rate] N/A
Final Leak Rate] N/A
Duct Dimensions (f)} . 0
_ Stack Diameter (ft) 1.00
Pitot Tube Correction Factor (Cp)d§ 0.84
Dry Gas Meter Calibration (Yd) NA
Nozzle Diameter (inches)] N/A
Barometric Pressure ("Hg)§ 29.45
Static Pressure ("H20)4  8.25
Meter Volume (acf)y NA
Average square root of deltapj 1.9826
Average delaH (" H20)|] NA
Average Stack Temperature (F) 642
Average DGM Temp (F) N/A
Test Duration (minutes) N/A
Condensed Water (g) N/A
Filter Weight Gain (g) N/A
PNR Weight Gain (g))] N/A
Impinger Residue (g) N/A
% CO2 4.1
% 02 13.7
% N2 82.2
Meter Volume (dscf)} 0.000
Flue Gas Moisture (%) 10.3
as Molecular Weight (Wet) (g/g-r% 28.05
Absolute Stack Pressure (" Hg)f  30.06
Absolute Stack Temperature (R)| 1102
Average Gas Velocity (f/sec)| 162.77
Avg Flow Rate (acfm){| 7,671
Avg Flow Rate (dscfm)§ 3,310
Isokinetic Sampling Rate (%) N/A

Duct Dimensions (ft) 0
Stack Diameter (ft) 1.00
Pitot Tube Correction Factor (Cp)j 0.84
Dry Gas Meter Calibration (Yd) NA
Nozzle Diameter (inches)] NA
Barometric Pressure ("Hg)| 29.41
Static Pressure ("H20) 8.5
Meter Volume (acf) N/A
Average square root of delta p§ - 2.0190
Average deltaH (" H20)j = NA
- -Average Stack Temperature (F) 653
Average DGM Temp (F)§ NA
Test Duration (minutes) NA
Condensed Water (g) N/A
Filter Weight Gain (g) NA
PNR Weight Gain (g)§ NA
Impinger Residue (g) NA
% CO2 43
% 02 13.5
% N2 82.2
Meter Volume (dscf)] 0.000
o Flue Gas Moisture (%) 10.3
as Molecular Weight (Wet) (glg-nr 28.07
Absolute Stack Pressure (" Hg)§ 30.04
Absolute Stack Temperature (R) 1113
Average Gas Velocity (f/sec)| 166.58
Avg Flow Rate (acfm)f 7,850
Avg Flow Rate (dscfm)f 3,352
| Isokinetic Sampling Rate (%) N/A

Note: The moisture data was assumed. Horizontal traverse only.
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APPENDIX E.1

Spiking Data







GRI FTIR Method 301 Validation Tests
Formalin Solution Spiking Rate Data

Elapsed Feed
: Initial Final Time Rate
-Test No. Mass (grams) Mass (grams) (min.) {grams/min)

1 354 . - 255 . 10 0.99

2 13.8 44 10 0.94

3 94.7 84.9 10 0.98

4 754 65.4 10 1.00

5 56 46.2 : 10 0.98

& 36.5 31.6 5 . 098

7 10.3 53 5 1.00

8 98.4 886 10 0.98

9 821 772 5 0.98

10 98 88.1 10 0.99

1 802 706 10 - 0.96

12 61.5 51.7 10 0.98

13 419 319 . 10 1.00

14 227 12.9 10 0.98

15 703.1 693.5 10 0.96
16

83.7 . 74 10 0.97






GRI Method 301 Validation

Formaldehyde Spiking Solution
Flow Rate Documentation Data Sheet

pae: 013 94 Recorded By: )\“Q
Pumpﬂ)No.:Qlog7)7 Balance ID No. : HND}'H""BO
- | pump |  Spiking Solution Weight Change Dam | Eiapsed Flow Rate | AN
Setting | Start (zrams)  Stop (grams)  Delta Change | Time (min) | (grams/min) ]
9ok [T (1.0 |35+ [30.5 [ 5.1 | 5p | 1.0a}1e3
v s 1ho130% 1a5.51 43 [ 5.0 | O9 | %3
"k \F\‘&@ 1.0 [joi3.2_lleog.® | 50 | 5.0 l‘39~
“n‘.ﬂ- 1.0 10088 ligo¥. + H, o 5.0 os?s? , &d
; s | 99 [0 | oag e
989.% 198+.9 4.9 | 5.0 0. °I‘EI°H
|
G254 (270.% | S.0 | 5.0 L.oo |1.7¢
970.41945. 4 5,0 1| 50 ). 00 1.7
9g6p [ 95L) | 49 | S0 | 0.9% ',
95).1 [ 94bad | 4 | 50 | 0.99)!
- : _ ‘ l
9365 ;\3!.6 49 150 | 0.92 E
4315 Couch, A MG ST '3




GRI Method 301 Validation

Formaldehyde Spiking Solution
Flow Rate Documentation Data Sheet

Date; ___‘Dl%th‘ 'Recorded By: LR
Pump ID No. : D’Q_g_]’j Balance ID No. : A/_é_"fh[BD

Spiking Solution Weight Change Data '
Start (grams) Stop (grams) Delta Change

[,Q. 410.23[905. 2T ©.D
Onﬂ? Omsr So—-wf-f“’ QCAAM- A

39g.F Qﬁ:;,

—

o
89341838 (
77,3

7,
Giney | 2 Col At

-

. Lot 0 Tiepne 1300~ 1330 Hipiney Tom wosthe
Kour . O ' ,

MMM aad lex@(’/m b anck 7

Qveingg feod. note drovn. 1385 - ]3] = C-98 T grons /s,




o343

GRI Method 301 Validation

Formaldehyde Spiking Solution
Flow Rate Documentation Data Sheet

Da_te; _ O 7 ! 3?’7/ Recorded By: LAQ
Pump ID No. : A’D?W—) Balance ID No. : A }‘é 4‘7630

=
ime of Pu.mp Spiking Solution Weight Change Data Elapsec} Flow Ra'tc A H
Day Setting | Start (grams) Stop (grams) Delta Change | Time (min) (grams/min).
I3 1722) 1.0 D419 1736.9] 5.0 | 5.0l Jp |!-88
L01736a 1731, 91 5o | 50| 1o {18l
st lle) 1.0 123, 7[717,% 4.9 [5,.0 1o09% [1.77
b 1. O [717.21718.4 4.9 15.0 10,92 11.7%
B 201110 17703, P9%al 49150 pggla)
2 o110 L%’?.a L5 #7150 o949
XA 1 0683, 78 ) | 5.6 5.0 [ 13 1).82
AL )0 &I\ 74 %0 w1\ [5.0 [ 0.9501,75
-+
[ 1C I N

Comments:







GRI Method 301 Validation

Aldehyde(s) Spiking Gas . - -
Flow Rate Documentation Data Sheet

‘7. /I;/?‘/ Recorded By: L D @g_«/@

Test Sequence No. : ( Room Temperature (° F): 40

Date:

-
Barometric Pressure @7 Hg.): z Ség My E7

Mass Flow Rate Meters - Indicated Flow Rate Data (mllmm)

Mctg)l( 1) Meter 2 Meter 3 Meter 4

Comments:




GRI Method 301 Validation

i F
Aldehyde(s) Spiking Gas ~ T
Flow Rate Documentation Data Sheet

Lh

Date: 77/ / 5/7‘1[’

Recorded By:

Test Sequence No. : 2~ Room Temperatre CF: ' %
Barometrig Pressure (in. Hg.): Zt 8/
| Mass Flow Rate Meters - Indicated Flow Rate Data (ml/min)
Time of Day . _
{hhmm) Meter 1 Meter 2 Meter3 Meter 4
1522 L34 '
/5 1232
[6:/D H«Lé
AL L3
(315 [34

l
L




APPENDIX E.2

Moisture Measurements






[P * QP TR ] Vd

SOURCE SAMPLING FIELD DATA

PLANT NAME -l- k tnd g | Page of.
GRT 301 Valitete! . 1

SAMPLING LOCATION M&L RUNNO. _[ __ COND. NO.
DATEQ7IMYY TMESTART____ TIMEFINISH_________ TESTDURATION _________min.
PUCT DIMENSIONS . DIAMETER 1t INITIALLEAKRATE_OK ____cim

PTCF__ "  DGMCF _CML NOZZLEDIA. _~ ____inches FINALLEAKRATE_ OK ____emm

BARPRESS _39.4 1 " Hg L AQ
STATICPRESS _—— =~ H20 OPERATOR L H
Travers | Clock |Drygasmeter| *P “H Stack |Dry g=as meter temp| Hot box | Probe Last . | Vacuum

Roint | Time m'lgm in H20 | in H20 |Temp. F| Inlst Outlst | Temp. | Temp |Impinger| in. Hg

58 :HO — — | — 172 1- — [ = | —~ | +#
030 13w 0 = [ — [ = (94 T = [ -~ 1 =1 -1%
—
-:""')/

TR Vel | 9661 | X 0,950

< \[EJI:A\ /

L
|‘|
)
&
N
\~P
N
ek
1
1

Avg. i

Check'd

consoLe # 20 - 03870
FILTER #
AMBIENT TEMP., -
PROBE LENGTH -
LINER MATERIAL -

REMARKS __M(}Qb Q/O(’debfl/ oK ’Mm&m&L J\MMLQ }.0-01’ )/101-00/\-'




MOISTURE AND IMPINGER CATCH DATA SHEET
Impinger ‘ Weight
Number Solution Approx. ml Configuration in grams
20 fm,.'o\,ag
1 A%\O : e ' Final g D. é Wexght
\ ’
2 5!9!&4 G A4 s o Fal 6§, Weight
Initial Gain
3 Final Weight
4 ' Final Weight
Initial Gain
5 . Final Weight
: Initial Gain
6 Final _ Weight
Initial Gain
Total Impinger Weight Gain (Wc) 2, 5! ) grms Analyst
Vf = Final Meter Volume = fi3
= Initial Meter Volume= f3 . %CO . %N2
: - ' %CO2 , %H2
DGMCF = Dry Gas Meter Correction Factor = %02 %CH
Vm = Metered Gas Volume = (VEVi)(DGMCEF) = Mﬂa h \ 'CONDENSED WATER gms
. FILTER WT. GAIN . gms
Tm = Average Meter Temp. = F+460 = 23 Z~ R N PROBE WASH WT, GAIN grns
Pm = Meter Pressure (Barometric Pressure) =0‘ﬁ‘-‘_'“ in, Hg
3319
- Ry 22f
(17.64)(Vm)(Pm (17.64)%&3) Tk 1gy
Vm (std) = = _
Tm (9%22R)
Vw(std) = Volume of Water Vapor = .0472(We) = L047( ? mg) =003(“{
: Vw(std) fa'l'g-ﬁ:i b 04\6 3
Bws = Moisture Fraction = mﬂb
Vw(std) + Vm(std) 0.4 a3 +% Rcvmon Date 4/93
s ¥52 7

N7 =



SOURCE SAMPLING FIELD DATA

PLANT NAME 2’- l‘ Page of
GRZ 3o Validatn. Misstors 2.4

A d. TRAIN
SAMPLING LOGATION mAM [  RUNNO. _Z— conp.no. ___{
DATE TIME STAHT______ TIMEFINISH _____ TEST DURATION min.
DUCT DIMENSIONS B} DIAMETER _.________ ft INmALLEAKRATE—COﬁa' cfm
PTCF_—_______ DGMCF 35 NOZZLEDIA. _ inches ~  FINAL LEAK RATE _ O cfm
BARPRESS _29.4 [  *Hg _ '
STATICPRESS . "H20 . OPERATOR LA—fL’/LDD
Travers | Clock |Dry gas meter| *P *“H Stack |Dry gas meter temp| Hot box | Probe | Last |Vacuum
Point || Time r c:!in g'#a., | in H20 | in H20 |Temp. F| Inlet Qutlet | Temp. | Temp |Impinger| in. Hg
[ I M S T — ] — o e
= X =AY ANN) A N
—~ NaD 31,3&..— =15 — = 1=1=-71¢
_— 1210 1/ 4/52;@6 — =~ - —— — - -
’/ .Ao-QI Y A ) 7 L b - rd
Yol VoK, | Y0, 8] X DHSQP > [ He.flp L1 YO, | 200
7 s c‘ﬁ#” - % -
00 20
Avg. — e
Check’d | Piaammammeaan
CONSOLE # 20~ 3O
FILTER # —_
AMBIENT TEMP. —
PROBE LENGTH -
LINER MATERIAL -

REMARKS éﬂ—vwait_ wiﬂ md-—vwzs-l-/j sacdr {M_




- MOISTURE AND IMPINGER CATCH DATA SHEET

Impinger . Weight
Number " Solution Approx. ml - Configuration in grams
Mudegd
1 Ny O 10 Final 64, | - Weight
Initial Gain ' b 0
— W
2 Doy Final 53.8 Weight

Initial 0" G4, [ Gain I £
4 Final Weight
Initial Gain
5 Final Weight
Initial Gain
6 - Final | Weight
Initial

1.8~ 350

Total Impinger Weight Gain (We) 5 :¢D grms

Vf = Final Meter Volume = _f3 Wﬂﬁ VN'&)M

Vi = Initial Meter Volume= 3 %CO SN2
. . %CO2___ %H2
DGMCF = Dry Gas Meter Correction Factor = ; %02 %CH
Vm = Metered Gas Volume = (VE-ViDGMCF) s 5—&% CONDENSED WATER gms
. .’J.Ob "FILTER WT. GAIN . gms
Tem = Average Meter Temp. = F+460 = 9 3 l R PROBE WASH WT. GAIN gms

Pm = Meter Pressure (Barometric Pressure) =°H’ QE in. Hg

Job 299
(7.64)vVem)Pm) (1764 S0y Akl -Hg) ‘
Vi (std) = = A Ry ) 3
Tm 23t » S04)
5 _
Vwistd) = Volume of Water Vapor = .0472(We) = ,0472( )% ) =0: Ef&éﬁs

A

Ve 0FY 0.136
Vw(sid) + Vm(std) 0.35¢a3 + A =9.-In'§m Revision Date 4/93

n Wyo et

Bws = Moisture Fraction =




SOURCE SAMPLING FIELD DATA

PLANT NAME CJRI fY\BO) Uaﬂucht.c — M Page_:iofi

SAMPLING LOCATION M&b RUNNO. _ 2  COND. NO.
pATE D7-)4-34 TIME START —— M FINSH____ TEST DURATION min,
DUCT DIMENSIONS DIAMETER __ ft INITIAL LEAK RAcfm
PTCF ME NOZZLE DIA. inches FINAL LEAKRATE_G o od___cim
BAR PRESS , _
STATIC PRESS ______: H20 operator AA L DO
Travers| Clock |Drygasmeter| *P “H Stack |Dry gas meter temp| Hot box | Probe Last |Vacuum

Point Time reading'ﬁ& in 420 | in H20 |Temp. F| Inlet Qutlet | Temp. | Toemp |impinger| in. Hg

L Keas _ _
— 11304 [1483.07 — ~ — 93 1 — - » - 7.0
- 1599951 — - - - -~ 1= -
Yol
(Y A
“ ,bq\ A#M K_ OIQ§b; IC'!I} "5(7 -1 P, 3‘ S:Z +
V&8 %0 T .

Avg. -—-
consoLe # 20~ OQ 87 O
FILTER #
AMBIENT TEMP. -
PROBE LENGTH —
LINER MATERIAL

REMARKS SMQ" = ( gQ._ZLuL OI— W@-«MGS ta:é’\-/



Titis R 2

MOISTURE AND IMPINGER CATCH DATA SHEET:

lmping;:r . Weight
~ Number Solution Approx. ml -Configuration i grams
Madaet
1 H 20 30 o Fnat b - w.agn 6
o Initial § 5, 20
. AR ~1
2 0 A — Fot 53,9  Weight
0 litial 53, Gain O /0
: * 1K) N . ’
3 S!Qéggtg—zéﬁ Yy Final 4 7. ) We:ght
4 Final Weight
Injtiai Gain
5  Final Weight
Initial Gain
6 Final Weight
Initial . Gain '
Total Impinger Weight Gain (We) rms | Analyst
Vf = Final Meter Volume = 3
= Initial Meter Volurlnc= ﬂ‘3 ) _ %CO BN2
%CO2 %H2 -
DGMCF = Dry Ga.s Meter Correction Faetor = 95 é %02 %CH.__
Vm = Metered Gas Volume = (Vf-Vi)(DGMCF) = 30{20 ft3 CONDENSED WATER gms
FILTERWT.GAIN . .o
Tm = Average Meter Temp. = F+460 = 55 3 R PROBE WASH WT. GAIN ‘ gms

Pm = Meter Pressure (Barometric Pressure) = Zﬁ"‘{ in. Hg

(17.64)(Ven)(Pm) (17.64)(35&3)(@-‘{('*@‘ |

Vm (std) = = = 3‘4'3 f3
Tm 833 n
Vw(std) = Volume of Water Vapor = .0472(Wc) = .0472({' 3 g) = 0. Qi fi3
Vw(std) Ofﬁns

Bws = Moisture Fraction =

Vw(std) + Vm(std) d:ﬂ ns + 3 "{ §ﬂ3 0 /O?/ Revision Date 4/93

1029,



SOURCE SAMPLING FIELD DATA
PLANT NAME Gq MBO( Ua"(c‘cl'aj-’m : ‘ > Pageiszi
TRAIN W
SAMPIWON WN*-GS[CL

~ RUNNO. COND. NO.
DATE TIMESTART TMEFINISH_____  TESTDURATION min.
DUCT D|MENSIONS X B} DIAM — K INMALLEAK RATE cfm
PTCF cF 0430  NOZZLEDIA. inches  FINAL LEAK RATE ctm
BAR PRESS . " Hg /
STATICPRESS _____*H20 orerator LAR /DD
Travers | Clock |Drygasmeter| “P “H Stack |Dry gas meter temp| Hot box | Probe Last | Vacuum
Point Time reading {t3 | in H20 | in H20 [Temp. F| Inlat Outlet | Temp. | Temp |Impinger] in. Hg
— [ IK91. 73] — ~ 151 — i e 4
— “J,?; ’ |.:'1—Q_‘ -~ - — - - - — —
— lis3Ug9580l —T—= 1= 199 [ =T =~T—T="1T¢
A . Y 4 yi - - A .
- a— =4 .
7ot Wb, /03,9 Ut X900 = 19,54 o 1
e 1 B K
I
1
Avg. —-—
Check'd
consoLe# 20 -0 ¥FFO
FILTER # -
AMBIENT TEMP. —
PROBE LENGTH -
LINER MATERIAL

REMARKS 5%@% ok /"‘—-ﬂ%"ﬁ_m Fabon



#4

MOISTURE AND IMPINGER CATCH DATA SHEET

Impinger Weight
Number Solution . Approx. ml Configuration in grams
1 AaD A0 M%g: Final é#/ - Weight
‘ Initial Gai
s O cw
2 On,-q/ — Fial 57, Weight
" Lnitial  Gain
¢ - A 1€ A%
3 Sica Gl AO o 46,5 Weight
T T e S
4 : Final Weight
Initial - Gain
5 ' ' Final Weight
Initial Gain
6 - Final - Weight
: Initial Gain
Total Impinger Weight Gain (We) & Tms Analyst
V£ = Final Meter Volume = a3’
Vi = Initial Meter Volume= fi3 ' - %CO %N2
%C0O2 %H2
DGMCF = Dry Gas Meter Correction Factor = 0\9% _ %02 %CH
Vm = Meu:réd Gas Volume = (VEVIXDGMCF) = 3:"_!%?’ fi3 CONDENSED WATER gms
: , FILTER WT. GAIN . giis
Tm = Average Meter Temp. = F+460 = i 3 [g R - . PROBE WASH WT. GAIN gms
Pm = Meter Pressure (Barometric Pressure) =9- i:ﬁ in, Hg
(17.64)(Vm)(Pmy) (17.54)3( o"H;hJ)(ﬂ('Hg)
.Vm (std) = = =3 ‘38 fia
" Tm (e ®
Vw(std) = Volume of Water Vapor = ,0472(Wc) = .0472(ng) = Oéizg ft3
Vw(std) 0.8
Bws = Moisture Fraction = = ’
Vw(std) + Vm(std)d , i?i fi3 + 3:33 B = 0; [0 l Revision Date 4/93
10 19 A O



SOURCE SAMPLING FIELD DATA

- ’
PLANT NAME G Y 30| ~ ' Page > o
TRAIN ”W

SAMPLING LOCA"I'!ONM RUNNO._-h  COND. NO.

DATEbZ 494 TMESTART TIME FINSH___________ TEST DURATION min.

DUCT DIMENSIONS %_n INMTIAL LEAK RATE cfm

PTCF . — D&MCFM NOZZLE DIA. inches  FINAL LEAK RATE - cfm

BARPRESS ) 1)

STATICPRESS .=  *H20 OPERATOR \_\_ML&Q_

Travers | Clock |Drygasmeter| “P *H Stack |Dry gas meter temp| Hot box | Probe | Last | Vacuum
Point Time reading ft3 | in H20 | in H20 |Temp. F| Inlet Outiet | Temp. | Temp |impinger| in. Hg
— 1]e03 700691 — ~1= 1l = |= =1~
— 17703 1) 905.458 : :

d
7 (el YN AT 1 B PR o X ) 'ﬁlv- fa ) - />
Ao | 106 AR N9 = (0004 /1 - 3, DA bt
_ T

Avg —— e -'::‘t: : X

Check'd "

CONSOLE # 0 O;L@7O

FILTER #

AMBIENT TEMP. -

PROBE LENGTH =

LINER MATERIAL —

REMARKS




Molina 5

MOISTURE AND IMPINGER CATCH DATA SHEET

Impinger

Number Solution Approx. ml

. HQ,O _lo_

cslell a0

e
————
e

Total Impinger Weight Gain (Wc) g- b grms

Vf = Final Meter Volume = ft3

Vi = lnitial Meter Volume= 3

DGMCF = Dry Gas Meter Correction Factor =

[ 3

Configuration

Tadagt

A

iy

W\ 1

e

Vm = Metered Gas Volume = (VE-VIDGMCF) = él 5’ LM

Tm = Average Meterthp. = F+460 = 52& R

Pm = Meter Pressure (Barometric Pressure) =2?. / in, Hg

Vm (std) =

Analyst

(17.64)(Vm)(Pm) (17.64)&5%3)(21‘#&13)

Weight

-in grams

Final 5 7 ? Weight

lital 5775 an 0,7
' Final § “+.9 Weight

Final Weight

Initial Gain

Final Weight

Initial Gain :

Fina] Weight

Initia} “~Gain

%CO %N

%CO2 %H2

%02 %CH

CONDENSED WATER gms
FILTER WT. GAIN .

e Ems
PROBE WASH WT. GAIN gms

-3%%.

Tm

Bws = Moisture Fraction =

Vw(std)

( EBE R)

: —
Vw(std) = Volume of Water Vapor = 0472(We) = 0472( 3:5 g =(2 fzn fi3

041

Vw(std) + Vim(std) Oﬁﬂm +2.3) 3 0./ Dé Revision Date 4/93

/0.6:0)0




SOURCE SAMPLING FIELD DATA

PLANT NAME Q‘ka m\f‘lgo’ U"-QJ:C(Aatﬂ‘»mlN 7]_1 x Pag_e_é__otj

¢
SAMPLING LOCATlONMG&L RUNNO.__£ ___COND. NO.
DATE O 11~ G TIME START _ Y TIME FINISH TEST DURATION min.

DUCT DIMENSIONS __ DIAMETER ___________t INITIAL LEAK RATE cfm
PTCF :"_B“T DGMCF _Q_C\.S_tz "NOZZLEDIA. A) A\ inches  FINAL LEAK RATE cfm
BARPRESS 3.\ “Hg

STATICPRESS " H20 operaTor LAR / 100

“p *H Stack |Dry gas meter temp| Hot box | Probe Last | Vacuum
in H20 | in H20 |Temp. F| Inlet Outlet | Temp. | Tomp |Impinger| in. Hg

Travers | Clock |Dry gas meter
Point Time reading ft3

MN+43 [1%0b9

'

— | — 176 1l- |- |l —=1— (30
= 73 = [ = —

= 431191 L05

(«
Y

LN (s i P - / /\./
AR E R T4 X o = e A T S SO

i ) /2%

G

[Avg. | AR

'Check'd a.

consore» M) 0 o;% 20
FILTER #

AMBIENT TEMP. -

FPROBE LENGTH -

LINER MATERIAL —

REMARKS




./TYd$mih»'fb

MOISTURE AND IMPINGER CATCH DATA SHEET

Initia]

Impinger . Weight
Number Solution Approx, ml . Configuration In grams
1 HQ.O A Final )714 ~  Weight
: ' a Initial Gain 2 / 27
. n
2 Dxm/ Final Weight (( : |
[8) - .
/

th \\

e —

Final

Final
Initial

Final
Initial

Weight
Gain

Final
Initial

Weight
-= Cain

L
1Bl E
E
111 1] B

Total Impinger Weight Gain (We) g * a rms Analyst
— B

VI = Final Meter Volume = - ft3

Vi = Initial Meter Volume= ft3 %CO %EN2
. : %C0O2 %H2
DGMCF = Dry Gas Meter Correction Factor = %02 %CH
Vin = Metered Gas Volume = (VE-ViXDGMCF) = ?. i@ f3 + CONDENSED WATER . gms
FILTER WT. GAIN gms
Tm = Average Meter Temp. = F+460 = Z % R : : PROBE WASH WT, GAIN gms

Pm = Meter Pressure (Barometric Pressure) =ﬁ ‘Eﬂ in. Hg

(17.64)Vm)Pm) (17.64 3,5 a3y Y bragy
Vw(std) = Volume of Water Vapor = 0472(We) = L0472 g 3g) = d' ,39243

Vw(std) 0.3 #s

Bws = Moisture Fraction = =

Vw(std) + Vm(std) ¢ 3753 +2.50 3 =6. ) ' Revision Date 4/93

N ,Qn

=3.2% us

Vm (std) =




SOURCE SAMPLING FIELD DATA

PLANT NAME MM% Page /_of ﬁ_

SAMPLING LOCAﬂONMM :

RUN NO. 2 COND. NO.

DATE TMESTART .~ TIMEFINISH __ _____ TEST DURATION min,
DUCT DIMENSIONS X . DIAMETER -~ ft INTIALLEAKRATE G m‘ ofm
PTCF_—— 3 DGMCF 5 ;5 5 E NOZZLEDIA. __ —— __inches FINAL LEAK RATE _G._m;
BAR PRESS Q.4 s * Hg /

STATICPRESS ... " H20 . OPERATOR A& AQI LNO
Travers | Clock |Drygasmeter] “P “H Stack |Ory gas meter temp| Hot box | Probe Last |Vacuum
Point Time reading ft3 | in H20 | inH20 |Temp. F| Inlet Outlet | Temp. | Temp }Impinger| in. Hg
— 1304 |80 W\HAD — | - - 1771 = - | =1 =
LN T[0T A 10U Y = 2,
/ ]

Avg. -—= |3 * « &

Check'd ' L :

CONSOLE # 9 O 09 8 70

FILTER #

AMBIENT TEMP.

PROBE LENGTH -

LINER MATERIAL -

REMARKS




Moutie 7

- MOISTURE AND IMPINGER CATCH DATA SHEET
Irmpinger ' ‘ | Weight
Number Solution Approx. ml Configuration in grams
1 Ha O A0 /)w o A - Weight 5/
T Y ww B2 s Sl
2 D Arn/ T Final éh[r g Weight
) Initial A\ Gain £2 / ?“
8 ! . e W .
3 5&-&:« GL Q D . Final. ,3 Weight [
‘ Initial Gain 4
4 - Final Weight
Initial Gain
5 ' ‘ Final Weight
Initial Gain
6 Final Weight
: . Initial ‘Gain
Total Impinger Weight Gain (Wc) g’l ms Analyst
Vf = Final Meter Volume = fi<
Vi = Initial Meter Volume= f3 %CO %N2
_ %CO2 %H2
DGMCF = Dry Gas Meter Correction Factor = %02 %CH _
Vm = Metered Gas Volume = (VE-Vi)(DGMCF) = 3; 3 CI m CONDENSED WATER gms
_ FILTER WT. GAIN - _ gms
Tm = Average Meter Temp. = F+460 = 9.3 Z R PROBE WASH WT. GAIN _ gms
Pm = Meter Pressure (Barometric Pressure) =;9¢‘é(in. Hg
(17.64)(Vm)(Pm) (17.54)(3:3"115)(37,_4_“1-13)
Vm (std) = = . =3116 ft3
Tm DR
Vw(std) = Volume of Water Vapor = .0472(Wc) = 0472 g 2 =D. 2)2#‘3
Vw(std) 0.28243
Bws = Moisture Fraction = =
' Vw(sid) + Vmesid) U383 +4- 2883 < O [0 Revision Date 4/93
118%



SOURCE SAMPLING FIELD DATA

PLANT NAME Mﬂnﬁ_o\)a&é& Page _§ _ of
\ Jf K f a7

SAMPLING LOCATION /Y‘l\.txm,-&chcL ' AuNnO._%  conp. NoO.

pATE 2= {4 QY TIME START __”_______ TMEFINISH ____~  TESTDURATION_________ _ _min.

DUCT DIMENSIONS : DIAMETER_______ ft INITIAL LEAK RATE ﬁcm
PTCF _~— DGMCF _Q_\Q_';L NOZZLEDIA. __ " _inches FINAL LEAK RATE ctm

BARPRESS _ A H 1 vHg D\ /

STATICPRESS .~ ____ "H20 OPERATOR J\J\ L D D

Travers | Clock |Drygasmeter] “P *H Stack |Dry gas meter temp| Hot box | Probe Last | Vacuum
Point Time reading ft3 | in H20 | in H20 |Temp. F| Inlet Outlet | Temp. | Temp |Ilmpinger| in. Hg
— BOHS QO3] —~ -~ 1= 2b - n ~ = 110.5]

= (1363 = [ = - - = 1=1=

/2

K
Y
SN
)
|
\)‘J
<
S~

Avg. -—
Check'd

CONSOLE # AD-r) A%? O

FILTER #

AMBIENT TEMP. —
PROBE LENGTH -~
LINER MATERIAL —

REMARKS




Impinger

TMoabe

MOISTURE AND IMPINGER CATCH DATA SHEET

Weight
" Number Solution Approx. ml Configuration ingran!s o .
gk
p R ;LO 20 - Final 6?0_1 - Weight
. Initia] .LL Gain
A W\
5 D | - ‘ Final 5’7‘0' Weight
fjAfF;‘“‘“ B wial £F. 8 cuin
, (L AR '
odee Gl 30 TV U] e
: _ Iniial &4, 3 Gain -
“ Final Weight
Initial Gain
p Final Weight
Initial Gain
6 Final Weight
Initial

. .Gain

Total Impinger Weight Gain (We) i t 3 grms Analyst

Vf = Final Meter Volume = ft3

Vi = Initial Meter Volume= B '  %Co %N2
: %CO2 %H2
DGMCF = Dry Gas Meter Correction Factor = ' %02 %CH'

; .
Vm = Metered Gas Volume = (V{-ViDGMCF) =3¢Z_Li <]

Tm = Average Meter Temp. = F+460 = 5 55‘; R
Pm = Meter Pressure (Barometric Pressure) =ﬁ -? l in. Hg

CONDENSED WATER gms

FILTER WT. GAIN . gms
PROBE WASH WT. GAIN gms

areovmem a7.602-2 A fug
el (22FR)

Vw(std) = Volume of Water Vapor = .0472(We) = .0472( &y D) =0_,2‘é?\?

S 1o

Vw(std) + Vm-_(-std) 0-H515 +3 [0 = 0_,_0_% 3 Revision Date 4153
9.9% 620

LT

Vm (std) =

Vw(std)
Bws = Moisture Fraction =




SOURCE SAMPLING FIELD DATA

PLANT NAME Me,%,d 201 Va,l;dajﬂ"g\,\
SAMPLING LOGATION ﬂ\gm'ﬁy /CL

3+UY‘&,. Page 3'_ of j
RUN NO. i COND. Ng. '

TIME FINISH TEST DURATION __

DATE %ME START ______
DUCT DIMENSIONS X,

ft INITIAL LEAK RA

PTCF_— _ peMCF 0. 950k
BARPRESS _29.¥/ rHg -

STATICPRESS " H20

o
FINAL LEAK RATE

NOZZLEDIA. A inches _
OPERATOR L-DO’/LA’/;

Travers | Clock |Dry gasmeter] +P

33 QA

Dry gas meter temp

Point Time reading ft3 | in H20

{

09 RI\6 .5 | —

|

O AN —

!

I~

)

/

AL0™ -

\

9
=
N
o\
&
’><f
C

~D
o

V)
F

I

Avg. -—
Check'd B :
consoe#_ 2O = 0 3€ 0
FILTER # —
AMBIENT TEMP, -
PROBE LENGTH _
LINER MATERIAL -

REMARKS




MOISTURE AND IMPINGER CATCH DATA SHEET

lmpinger : Weight
Number Solution Approx. ml Corfiguration in grams
! HZ O J0 M.&J Final I‘E 55 - Weign
' Initial 0, i Gain
W
—_— re
: Dey Fl 520 Weight
s nital S & Gain
- Ne A "
3 52«&—@« @ @0_/ c;z O Final S ‘Weight
Initial Gain
4 Final Weight
5 Final Weight
Initial Gain
6 Final Weight
Initial Gain
Total Impinger Weight Gain (We) E! . ‘ grms Analyst
V{ = Final Meter Volume = fi3
Vi = Initial Meter Volume= i) - ®CO %N2
' %CO2 %H2
DGMCF = Dry Gas Meter Correction Factor = %02 %CH

Vm = Metered Gas Volume = (Vi-Vi)(DGMCF) =3 13 Q fi3

Tm = Average Meter Temp. = F+460=.,§35‘ R -

CONDENSED WATER gms
FILTER WT. GAIN . gms

PROBE WASH WT. GAIN gms
Pm = Mecter Pressure (Barometric Pressure) M in. Hg

(A7.640VmPm) (17,643, 30 A g
-Vm (std) = =
Tm | (234 R)
Vw(std) = Volume of Water Vapor = .0472(Wc) = .omaﬁﬁég) 0 z A3
. ‘ —
03,195
Vw(std) + Vn(std) ), )W 13 + 22D a3 = [Q,_Q%Revision Date 4/93

323w

Vw(std)
Bws = Moisture Fraction =










APPENDIX E3

Calibration Data
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SOURCE SAMPLING FIELD DATA

PLANT NAME egl 30, UW

‘ Page of _____
' ! : TRAIN _{V /A
SAMPLING LOCATION_Orelnend Quan, runno. N/A cono. no. __N /A |
DATEQ JWNYY TIMESTART__._____ TIMEFINISH TESTOURATION ______ min.
DUCT DIMENSIONS X .- DIaMETER_IV JH _# INMIAL LEAK RATE _©0 00, _cim
pTcF _N A pemcr .99  NozzLEDIA. nches  FINALLEAKRATE_____ cfm
BARPRESS 1 1@ M- *Hg 89.45 '
STATICPRESS __V/ B * H20 operaton _ AP
Fravars| Clock |Dry gas meter| ~P “H Stack |Dry gas meter temp| Hotbox | Probe | Last |Vacuum
Raint Time reading 3 | in H20 | in H20 |Temp. F| Inlet Qutlet | Temp. | Tomp |Impinger| innHg |
[ TanX _ S :
W0-1 11620 9700 | — | —~ |— |98 |9 |~ |—|— | —
Is1oP /435 1971.69 ] — - — 196 19% | — — —
10-3 6361971801 — | ~ - 02 9| —~1 =] =1 =
qToP;bur‘l gzﬁgo ~ | =1 = ; /gg — | =1 -~
10-2 114 43 ool — | — T = J — | - 1=1T=
5Pt v 1I97RN | — | —~ | — V-g /4| — | ~1. —
?lq 5 Q;.xg.u /mM’m.. Ko
15~ 163019778 | — |~ |— NS In3[— | = — | =
SoPl/e 58 198034 - |~ — 196 Q9| — | — | — 1T —
15-3 J6R 6198080 — | — | — |96 [IOH] = = | — 1 —
0P/ 70) 0 $¥3,335] ~ |~ ~ 6 o1 7 [ =1 —1T ~
15-3 1204 19 33, ~ ~— — 196 o4 | — — - ~
SToP 1207 (986 . 238B— | ~ — 195 fjod | = [ —] —] ~
13,37 ¢ iemakp
D0- | 13 15 1991.00|e—r [— [— TR I — [ — [ — |~
e 930199420 | — | — [~ 196 JjoF | — [ =1 - 1=
20~ |1 7 Q__g._go —~ =~ = 19 No4| = | ~ | = 1=
510P N8 6 9938\ — | ~ [ — 145 [In3 — 1= 1=
20-311747 | 9AY.0n| — - . 91 1103 — | — | - -
SIoPNIRAN00A. N = T — 1= 19 D3| — — | — [ =
- [6,.915 At /ofnin o)
Avg. ---
Check'd| - : G
Qe%vge\uﬂ A9 04D
FILTER # -
AMBIENT TEMP. ___— U]/ 3E)
PROBE LENGTH N
LINER MATERIAL




MOISTURE AND IMPINGER CATCH DATA SHEET

Impinger _ ) _ ) Weight
Number Solution Approx. ml Configuration in grams
1 ‘ Final = Weight
2 - Final Weight
Initial Gain
3 —_ —_— Final Weight
4 Final Weight
Initial Gain '
5 ' ' Final Weight
' Initia] Gain
6 —_— —_— Final - "‘Weight
: - Initial Gain
Total Impinger Weight Gain (We) - ' grms Analyst
Vf = Final Meter Volume = fi3
Vi = Initial Meter Volume= B ' . ®mco %N2 .
: %CO2 %H2
DGMCF = Dry Gas Meter Correction Factor = %02 %CH
Vm = Metered Gas Volume = (V{-Vi)(DGMCF) = 03  CONDENSED WATER . gms
: ' FILTER WT. GAIN . gms
Tm = Average Meter Temp. = F+460 = R . PROBE WASH WT. GAIN \ gms
Pm = Meter Pressure (Barometric Pressure) = in, Hg
(17.64)Vm)(Pm) (17.64)( R3)___"Hg)
Vm (std) = = : = A3
Tm ( R)
Vw(std) = Volume of Water Vapor = 0472(We) = 0472 g) = ft3
Vw(std) ft3
Bws = Moisture Fraction = ' = ]
Vw(std) + Vm(std) f3 + fi3 = . Revision Date 4/93 -




SOURCE SAMPLING FIELD DATA

PLANT NAME _(;_Q.J. 30 ) Vs dalien~ . . page o\
, : TRan _Col D atTm

SAMPLING LOCATION_Qn@remt (s no RUN NO. CONOD. NO.
pDATE O TIMESTART ________ TIMEFINISH____________ TESTDURATION __________ min.
DUCT-DIMENSIONS X A DIAMETER _{\J A ft INITIAL LEAK RATE ____ cfm
pTCF _N pgMcF_(D.99¢ NOzzLEDIA. M) A inches FINALLEAKRATE __________ cfm
BAR PRESS * Hg 47
STATICPRESS __IN_ P\ H20 operaton & B R‘
Travers | Clock |Drygasmeter| *P “HX [ Stack |Drygas meter temp| Hotbox | Probe | Last |Vacuum

Point Time reading ft3 | inH20 | inH20 |Temp. F| Inlet OQutlet | Temp. | Temp |impinger} in. Hg
[7.5-0082A L JF10 | — 11.28 — [FA318L | — [ = | ~ | —
stoPloaa 1) 45 | — ).% - 21 86| = | — -~
1n5-3l0949l1. 00 — 1).4 — 24 o) — 11— — |~
STOP [O9341d0. 11| — 11.84] — “ERRAS —_] = | — —
115309351 ), 0 — .31~ 1241 &6| — - - | —
sl (pg+#0las. V 7} — [].3) | — g3 &7 — - — | —
17541094 VA5. 00| — 1/.d%]| — | 3|1 2| — -1 = ——
SiP 099 6 ). 771 — 11.2%] — 3| 881 — - - —

2 —
'. #J v O.qqgv 5 g _M_ — l‘-l-t ql 2»\-/-1.-‘-4-
S i ) 2593 3£ = : e

62°F loock 129.94|

A

e
o ‘}\ & ! s

FILTER # _
AMBIENT TEMP. ~ g5
PROBE LENGTH -
LINER MATERIAL -

REMARKS MM%Q%WN ok oA | 7.50p~
X A0 . AN m0s. (VT . NO, M“ngOb




MOISTURE AND IMPINGER CATCH DATA SHEET

Impinger Weight
Number Solution Approx. m| Configuration in grams
1 Final
- B Initial
2 Final
- I Initial
3 Final
B — — Initial
4 _— —_— Final
Initial
5 _ ' Final
Initia]
6 Final -
Initia]
Total Impinger Weight Gain (We) Erms . Analyst
Vf = Final Meter Volume = fi3
Vi = [nitial Meter Volume = ﬂ3_ %CO
. %®C0O2
DGMCF = Dry Gag Meter Correction Factor = . %02

Vm = Metered Gas Volume = (VEViDGMCF) = fi3

~  Weight
Gain
Weight
Weight
Weight
Weight

Weight

IEIEIEIT D
l

.CONDENSED WATER gms

. FILTER WT. GAIN
Tm = Average Meter Temp. = F+460 = R PROBE WASH WT. GAIN gms

Pm = Meter Pressure (Barometric Pressure) = in, Hg

(17.64)(Vm)(Pm) (17.64) f3)( "Hg)

Vm (std) = = f3
Tm ( R)
Vw(std) = Volume of Water Vapor = 0472(Wc) 0472( g) = ft3
Vw(std) ft3
Bws = Moisture Fraction = =
Vwistd) + Vm(std) f3 + fi3 = Revision Date 4/93




SOURCE SAMPLING FIELD DATA

PLANT NAME g QI 3 O , UW

_ Page of
TRAIN

SAMPLING LOCATION FT1I ﬂ g}!«i RUNNO. _______ COND. NO.

pATEQ ) A TIMESTART________  TIMEFINISH__________ TEST DURATION __min.
DUCT DIMENSIONS DIAI\?SI’ER . ft INTIALLEAKRATE_________ cfm
PTCF Dapcr _&3_‘5-_ “NozzLe DA, [V /8 inches  FINAL LEAK RATE ctm
BAR PRESS " Hg
STATICPRESS " H20 - operaTor _W G,/ LAR

A:?- Fri@ = 7 es

Travers | Clock |Drygasmeter] “P “H Stack |{Dry gas meter temp| Hot box | Probe Last | Vacuum
Point | Time reading ft3 | in H2Q | in H20 |{Temp. F| Inlet Outlet | Temp. | Temp |impinger| in. Hg

By AV 15 [28.8b5 [ — [ — — 1 80 |
206 430 ¥

— -

l

o
|
J
i

Avg. .

Check'd| 2
S6M_"301) 14D

FILTER #

AMBIENT TEMP.

PROBE LENGTH

LINER MATERIAL

REMARKS Clu&).(\f(,"d_ﬂ. H‘«O‘LM('LQLQ o Gog g;g@g .&LIQ.



MOISTURE AND IMPINGER CATCH DATA SHEET

Impinger ' _ Weight
Number Solution -~ Approx.ml -~ ~ Configuration in grams
1 H o} D A~ |DO /V\66 Final (‘p?&..s/ - Weight

. - €61 5 q.0
, ~—
2 SAﬂu.«a. G)P,Q/ 4 00 m5é> Fimal (68..S | Weight |
- il §58,2) Gain _Z7.3
3 Final Weight
4 Final Weight
5 Fina| Weight
Initial Gain
6 Final Weight
lniﬁal .:;:‘,'Gavillll
Total Impinger Weight Gain (We)__/ [+ 3 goms Analyst
Vf = Final Meter Volume = 34, , 30 13
Vi = Initial Meter Volume= 2§ £6 3 i3 . %CO %N2
o %C0O2 %H2
DGMCF = Dry Gas Mcter Correction Factor = £2.99& %02 %CH.
Vm = Metered Gas Volume = (VF-V)(DGMCF) = 7,0, £2 CONDENSED WATER ___gms
_ FILTER WT. GAIN . gms
Tm = Average Meter Temp. = F+460 = {3F R - , PROBEWASHWT.GAIN ___ . gms
Pm = Meter Pressure (Bammdri;: Pressure) = ai.‘// in. Hg g 7-{ 68 5
Qs
(17.64)(Vm)Pm) (17.64)(7.6283)22.4/"Hg)
Vi (std) = = = Y %sT
Tm . ($=E R
Vw(std) = Volume of Water Vapor = .0472(We) = .0472(_/1. 3 g) = 0,533 p3
Vw(std) .5 3 2 R3

Bws = Moisture Fraction = = : _
Vw(std) + Vm(sid) SR8 +7.30 a3 = 6757 Revision Date 4/93




SOURCE SAMPLING FIELD DATA

PLANT NAME ofaViow Page of
. TRAIN

SAMPLING LOCATION__F 7 (& £ » baus Y- RAUN NO. _a_coun. NO.

DATE®//2/77 TMESTART _______ TIMEFINISH____ TEST DURATION min.

DUCT DIMENSIONS. X . DIAMETER______ #INITIALLEAKRATE_____ __ cfm

PTecF_.— _ DGMCF_{J). 99% NOZZLEDIA. _g/A _inches  FINALLEAKRATE______ cfm

BARPRESS _27.<// "Hg

STATICPRESS __——— " H20 oreraTor hA /8,

’mvsrs Clock |Drygas metﬁ ‘P *H Stack |Dry gas meter temp| Hot box | Probe Last |Vacuum

Point Time reading t3 | in H20 | in H20 |Temp. F| Inlet Outlet | Temp. | Temp lrnpinder innHg |

ffﬁ__@_-gi— — [ —192 9L [~ — [—
| |4+€39 ] ~ | — —2%‘79.-— = 1=

[

I\

Avg. -

Check'd e :
N

D %eusees ¢ 239040

FILTER #

AMBIENT TEMP.

PROBE LENGTH
LINER MATERIAL

REMARKS neAstioag O/U'n.@.tm Cleclo




MOISI'URE AND IMPINGER CATCH DATA SHEET .

[mpingl.;.-r _ ] Weight
" Number Solution : Approx. m| . Configuration in grams
1 HQLO ’OO [!\5(; ~ Final 7037 = Weight

oL itel 26,57  Gin ).
2 §_~Q).u.._(‘2y€, 00 mséG Fal § 47§

I — waw a—
Initial & Q. 3 Gain Qu }
3 Final Weight
Initial Gain ‘
4 Final Weight '
Initial Gain
5 Final ‘ Weight
) Initial Gain -
] . Final \Veigh;
Initial _.Gain
Total Impinger Weight Gain (Wc)go\ ! 50 grms Analyst
Vf{ = Final Meter Volume = ft3
Vi = Initial Meter Volume= f3 %CO N2
' : %CO2 %H2
DGMCF = Dry Gas Meter Correction Factor = , 950\16 : %02 : %CH’
Vm = Metered Gas Volume = (VEVIXDGMCE) = l I ' 79‘&3 CONDENSED WATER ) gms

FILTER WT. GAIN . gms

Tm = Average Meter Temp. = F+460 = D > / R PROBE WASH WT. GAIN _ pms

Pm = Meter Pressure (Barometric Pressure) =<;2 ‘1-4' in. Hg

AL IEY
| 4 o0

(17.64)(Vm)(Pm) (17.64)( I l'#mx ‘;H' *Hg)

Vm (std) = = - =”u3b f3 -
Tm (537 R)
Vw(std) = Volume orWa:Qr Vapor = .0472(We) = .0472(2 "’59 = ). 3“\ (ix]
Vw(std) | |.ﬁ_ﬂ3 - 6

Bws = Moisture Fraction = , D' C) 3 /0

Vw(std) + Vim(std) 13§83 + B s = Revision Date 4/93




SOURCE SAMPLING FIELD DATA ..

PLANT NAME C?Q-L FTJ— Q 50\ ()m | Pag'e.‘_of_\__

SAMPLING LOCATION ManJ Q.-/v RUN NO.___COND NO.
oaTE 011397 TimE START___— TIMEFINISH________ TEST DURATION ___ min,
- DUCT DIMENSIONS DIAMETER Y fINITIAL LEAK RATE _ cfm
PTCF _—— DGMCF_O_EE@_ NOZZLEDIA. (VA _inches FINAL LEAKRATE cfm
BAR PRESS __ A 93.45+ |
STATIC PRESS __M/L____' H20 oreraton __ hAR
Travers| Clock |[Dry gas meter] P “H Stack |Dry gas meter temp| Hot box | Probe Last | Vacuum
Point Time reading #3 | in H20 | in H20 |Temp. F| Inlet Outiet | Temp. | Temp |Impinger| in. Hg
g B=108A5> 00 — [.ogl — 9¢ 2 =1 =T=1<=
' ToC 1D K571 55. 68| — 1281 — 779 1 7 - —~ ~ —
175 oesggcugo = A = (I 751 — | — | = —
(7 J9P 109035 8. L7 | — l,vé; — 1% — -1 —
1753|080 [S Y00 | — J. 3% - 78] 2] = — 1T = 1 =
69 BC 0909 5144 — A% = [ 7G| 94| -~ [ =1~ 1"—
_1@_5? 9Re . [B1% . 49145 J 13 : [4.5(3
N i af 3 L4 N o q. H 4 i D o ) 8 1ASS)
[Rmund " " 1840 |27 Q - ai ¥
3 Find 3903 B
Avg. -
Check'd v e
O &M
Someores_ 39040
FILTER # —_
AMBIENT TEMP. —
PROBE LENGTH -
LINER MATERIAL __ -

REMARKS mfég gie
n - ' N



MOISTURE AND IMPINGER CATCH DATA SHEET
" Impinger ' Weight -
Number Solution Approx. ml Configuration in grams
1 \ Final . ~  Weight
‘ Initial Gain
2 - . Final Weight
Initial ' Gain
3 . _ Final Weight
y Initial —_— Gain -
4 —_..___ —_— Final —_— Wcigﬁt
Initial Gain
5 " Fisal Weight
' Initial Gain
6 Final Weight
Initial .~ Gain _
Total Impinger Weight Gain (Wc) grms Analyst
Vf = Final Meter Volume = fi3
Vi = Initial Meter Volume= fia- %CO %N2
' %CO2 %H2
DGMCF = Dry Gas Meter Correction Factor = %02 %CH __ '
Vm = Metered Gas Volume = (VEVIXDGMCF) = f3 CONDENSED WATER gms
. FILTER WT, GAIN- . gms
Tm = Average Meter Temp. = F+460 = R PROBE WASH WT. GAIN gms
Pm = Meter Pressure (Barometric Pressure) = in. Hg
(17.64)(Vm)(Pm) (17.64)(____R3)___ "Hg)
Vm (std) = - - = ft3
Tm _—_ R
Vw(std) = Volume of Water Vapor = .0472(Wr) = 0472( g) = ft3
Vwi(std) 3
Bws = Moisture Fraction = =
Vw(std) + Vm(std) f3 + ft3 = Revision Date 4/93




¢le7l9y

Dynamic Spiking System for Method 301 Validatiori

Mass Flow Meter Calibration

The dynamic spiking system contains four Tylan mass flow meters (MFM) for

- measuring the flow of the spiking gas. Three of the MFM'’s have a range of 0-5 liters per

minute, one has a range of 0-10 liters per minute. The larger range MFM is for blending
the other three MFM into one stream for delivery to the sampling probe.

All of the low range MFM’s were calibrated, with nitrogen, tliroughout their ranges
(0-6 Lpm) using a mini-Buck bubble flow meter (m-7337) that had been referenced to a
primary standard. The larger range MFM was calibrated (also using nitrogen) using the
mini-Buck up to 5 liters per minute and with a bubble flow meter from 5.5 to 10 liters per
minute. All measurements were made at the measurement ports on the front panel of the
spiking system, at half liter intervals. The flow was also checked at the outiet ports for all
four channels at least once during calibrations to ensure that the flow from the measured
port did equal the flow that would be delivered in a normal operating mode. In addition
to measuring the actual flows at each flow setting, the output voltage for each channel was
also recorded for each flow setting. The output voltages were measured using a Fluke 8020
multimeter at the end of the 100ft of signal line running from the back of the mass flow
meter display.

Three calibration curves were generated for each channel; actual flow v. observed
flow, actual flow v. output voltage, and observed flow v. output voltage. The results of linear
regression analyses on all the curves showed R squared values ranging from 0.99916 to
1.00000. The graph of each curve along with the equation of its regression line is provided
in the calibration notebook.



Actual Flow vs. Observed Flow

Channel ONE R squared = ,99985
errof y = ,02150
err of x = 00370

Channel TWO R squared = .99962

errofy = 03397

err of x .00589

Channel THREE R squared = 99972

err ofy = ,02951

errof x = 00512

Channel FOUR R squared = .99916
errofy = .09214
errof x = .00610




Actual Flow vs. Output Voltage

Channel ONE R squared = .99985

err ofy = .02475

err of x = .00426

Channel TWO R squared = .99959

errofy = .03513

err of x = .00609

Channel THREE R squared = .99967

err ofy = .03166

err of x 00549

Channel FOUR R squared = .99920
errofy = .04502

err of x = .00298




Observed Flow vs, Output Voltage

Channel ONE R squared = .99999

errof y = .00549

00104

err of x

Channel TWO R squared = 1.00000
errofy = .00275
errof x = .00053

Channel THREE R squared = ,99999

errofy = .00550
errof x = .00105
Channel FOUR R squared = 1.00000
errofy = 00263
err of x = .00019
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Certification Sheets







Scott Specialty Gases, Inc.

| Shipped 3714 LAPAS DRIVE '
From: HOUSTON TX 77023 :
Phong: 713-644-4820 . Fax:t 713-644-0244

CERTIFICATE OF ANALYS IS

--——-—-q-—--——--—--—-&-——-——-—-_-—--ﬂ-c---I------------------—--—-—-—-——-m--—-—

RADIAN CORPORATION ) PROJECT =: 04-26842-003
HOWARD GOAD | PQ®: 222483
15508 BRATTON LANE ITEM #: O402AZOQ4924AL
' DATE:10/04/33
AUSTIN TX 78728
CYL INDER #®: AAL18772 ANALYTICAL ACCURACY: +/= 2%
- FiLL PRESSURE: 2000 PSI PRODUCT EXPIRATION: 10702794
BLEND TYPE : CERTIFIED MASTER GAS .
REQUESTED GAS ANALYSIS
COMPONENT - _CONC_MOLES. _{MOLES) _
ACROLEIN 50. PPM 50. PFM
N | TROQGEN ' BAL BAL

ANALYSTQ%AWMQQQCQM—ML- APPRWED‘_

PLUMSTEADVILLE. PENNSYLVANIA | TROY. MICHIGAN - HOUSTON, TEXAS / DURHAM, NORTH CAROLINA v
T B AMEIEL O NEW JERSEY FREMONT. CALIFORNIA WAKEFIELD. MASSACHUSETTS i LONGMONT, COLORADO




Scott Specialty Gases, Inc.

3714 LAPAS DRIvVE :
HQUSTON - TX 77023
Phone: 713-644-4820 :

Fax: 713-844

~0244

" RADIAN CORPORAT | ON PROJECT = 04-28842-002
HOWARD GoAD PO®: 222433
15508 BRATTON LANE : ITEM #: 04020222 4AL
DATE:10/04/92
AUSTIN : TX 78728
CYLINDER &, AAL 13957 ANALYT | cAL ACCURACY: +/- 24
FILL PRESSURE. 2000 pPg| PRODUCT EXPIRATION: 9/30/94
BLEND Typg CERTIFIED MASTER GAS
. REQUESTED GAS _ ANALYS | S
COMPONENT __QQ&Q_MQLEQ_ -IMOLES)
ACETALDEHYDE : 50, PPM 50. PPM
NI TROGEN BAL BAL

ANALYS




Scott Specialty Gases, Inc.

pped 6141 EASTON ROAD PO BOX 310
From: PLUMSTEADVILLE PA 18949-0310
Phone: 215-766-8861 ' Fax: 215-766-2070

CERTIFICATE OF ANALYSIS

RADIAN CORPORATION PROJECT #: 01-57645-002
ROHLACK/MCDONALD PO#: 234945
8501 MOPAC BOULEVARD : ITEM #: 0102A3014814AL
| DATE: 6/15/94
AUSTIN - TX 78759
CYLINDER #: ALM041267 ANALYTICAL ACCURACY: +/- 2%
BLEND TYPE : CERTIFIED MASTER GAS ‘ '
- REQUESTED GAS ANALYSIS
COMPONENT _ . —.CONC MOLES
ACETALDEHYDE .- - 50. PPM 55.4 PPM
.ACROLEIN 50. PPM 55.2 PPM
NITROGEN BAL BAL

ANALYTICAL METHOD: G.C. F.I.D.

ANALYST:RL-——"-:_7 [>——

RENE J. BEDOYA

FREMONT.CA SAN BERNARDING. CA LONGMONT.CO TROY.MI CHICAGD.IL SARNIA. ONTARID AVON LAKE. OM  HOUSTON Tx
BATON AOUGE LA MARIETTA GA DURMAM NG PLUMSTEADVILLE PA  SOUTM PLAINFIELD N9 WAKEFIELD MA  BREDA. THE NETHERLANDS

e




8] Scott Specialty Gases, Inc.

Shipped 6141 EASTON ROAD
Fron: PLUMSTEADVILLE PA 18949-0310
: Phone: 215-766-8861 -

PO BOX 310

Fax: 215~766-2070
. SERTIFICATE oOF apya LYSIS

1

RADIAN CORPORATION PROJECT #: 01-58085-~00
: PO#: 234292
C/0 -COLUMBIA GAS TRANS ' ITEM #: 0102F2002204A71,
1258 HURRICANE RoAD 'DATE: 7/06/94
PIKEVILLE KY 41501
CYLINDER #: ALMO41182 ANALYTICATL ACCURACY: +/-10%
) PRODUCT EXPIRATION: 1/06/95 .
BLEND TYPE -: CERTIFIED MASTER GAS
- ' REQUESTED GAS ANALYSIS
FORMALDEHYDE ‘ 5. PPM 4.7 PPM
NITROGEN . BAL - : BAL

-
ANALYST:a:yaa(A}JLbﬂﬂAAx :#qﬁ-)(iu¢.
KEN WONG I

-




.ELJ!lGhurIﬁzuhicasihnc. 

MADDFESS LOCATION
P.O.Box 2074, BAm_vm,Tx77522-2_0‘74 _

4428 SueLL Dock Ro., Bayrown, TX 77520

PHONE: (713) 383-7236 e Fax: (713) 383-7237

CERTIFIED GAS STANDARD FOR INSTURMENT CALIBRATION (+OR- 2%)

CYLINDER NUMBER: A841S5

COMPONENT : CONCENTRATION:
' (MOLE %)

Carbon Monoxide : 99.7 ppm

Nitrogen - Balance

* 6 MONTH SHELF LIFE FROM DATE OF MANUFACTURE.

MAKE DATE: 06-09-94 :
EXP. DATE: 12-09-94

ROVAL




- P.O.Box2074,BAY'mwN.TX77522-20’I4 - 4428 SHrL Docx

LOCATION '
RnannumeXﬂvﬁw

Puone: (713) 383-7236 Fax: (713) 383-7237

CERTIEI"ED GAS STANDARD FOR INSTURMENT CALIBRATION (+OR~ 2%)

CYLINDER NUMBER.: GG7324

COMPONENT : CONCENIRAII ON:
(MOLE %)

Ethylene 100.0 ppm

Nitrogen Balance

* 6 MONTH SHELF LIFE FROM DATE OF MANUFACTURE.

MAKE DATE: 06~09-94
EXP. DATE: 12-09-94

PROVAL




H.P. Gas Proddcts, Inc.

MALING ADORESS

 LOCATION

P.0.Box2074, Bavtown, TX 775222074 = 4428 SeELL Dock Ro., BAYTown, TX 77520

Puone: (713) 383-7236 o Fax:(713) 383-7237

CERTIFIED GAS STANDARD FOR INSTURMENT CALIBRATION (+OR- 2%)

CYLINDER NUMBER: GG2091

COMPONENT : . CONCENTRATION:
* (MOLE %)

Nitric Oxide - ¢+ 506 ppm

Nitrogen : Balance

Nitrogen Dioxide _ 3 ppm

'

% 6 MONTH SHELF LIFE FROM DATE OF MANUFACTURE.

MAKE DATE: 06-09-94
EXP. DATE: 12-09-94

PROVAL




'mumuﬂﬁn ué : LOCATION
ROkazﬂﬁgBAnuﬁmTXTﬁﬂLmnu f

4428 SHEu.Dochn Bmowu TX 77520
PHONE: (713) 383-1236 o  Fax: (713) 383-7237

i

CERTIFIED GAS STANDARD FOR Nsrnuggux QALLBRATION (+og— 2%

CYLIND R NUMBER: CC25449

COMPONENT : CONCENTRATIOH y
’ (MOLE %) s
Nitric Oxide 1978 ppm g?
Nitrogen Balance o
Nitrdger_i_;_:Dioxide ' 27 ppm

) Ol it 1557 e

: 12‘M0NTHASHELF LIFE FROM DATE OF MANUFACTURE,

MAKE DATE':§05-26—94
EXP. DATE: | 05-26~95




Scott Specialty Gases, Inc.

sced 1750 EAST CLUS ELVI. .
: DURMHAM Mg 27704
Phomes 212-22%4-G8223

Fax: 913-220-0848

CERTIFICATE OF ANALYSTIS

PROJECT H#: 12-05412-013
POH#: 22249093

ITEN #: 12024520  4A!
DATE:16/11/93

- o b ke R A W W o R b MR nm - e w wE —  w D S M kb W M M M mm mm mm mm o SR WR Sm Mmoo

CYLIMDER #: AAL13037

BLEND TYPE : CERTIFIZD KASTER GAS .
REQUESTED 6AS ANALYSIS
JMPONENT - --CONC_MOLES_ _{MOLES) _
3REBOM DISXIDE 3.5 PCT 3.43 PCT
JRBON XONOXIDE 500. PPM 500. PPM
IYBEN 3. FCT 3.00 PCT
ITROGEN . 3AL BAL

ANALYST:

ApeRCVED BY: (AYN _ Ebélﬂibﬁﬁw

A. SARBER

PLUMSTEADVILLE, PENNSYLVANIA / TROY. MICHIGAN ! HOUSTON, TEXAS / DURHAM, NORTH CAROLINA

EOUTH B AINEIELD NEW IEREEY | EREMONT CALIEORNIA ! WAKEFIELD, MASSACHUSETTS / LONGMONT. COLORADO




Scott Specialty Gases, Inc.

Shiggped 1730 EAST CLUB AaLvD. . o
From: DURHAX NC 27704

Phone: 319-220-0803

Fax: 919-220-0808

ANALY S SI S
RADIAN. CORPORATION PROJECT 4: 12-05412-905
_ PO¥: 222409
300 PERIMETER PARK ITEM #: 12024520 4aL
o ‘ - DATE:10/11,93
MORRISVILLE NC 27550 _
CYLINDER #: ALM029911

ANALYTICAL ACCURACY: +/-2%
BLEND TYPE CERTIFIED ¥ASTER BAS

: REQUESTED gAs ANALYSIS

COMEONENT ' --EONC_MOLES_ ~{8OLES)

CARBON DIOXIDE : 18. PCT 17.97  pCT-

CARBON MONOXID 2. per - 2.00  PeT

OXYGEN ' - 20,9 PCT 20.9 PCT

NITROGEN "~ BAL BAL
.1?_5: =

-
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MASSACHUSETTS / LONGMONT, COLORADO
BATON ROUGE. LOUISIANA




APPENDIX F

EXTRACTIVE FTIR PROTOCOL

See Appendix B--FTIR Test Protocol (Addendum)







APPENDIX G

METHOD 301 SPREADSHEET PRINTOUTS







VALIDATION OF FTIR FOR THE ANALYSIS OF FORMALDEHYDE

ANALYTE SPIKING: QUAD TRAINS
FEDERAL REGISTER CALCULATION METHOD

ENTER VALUE OF SPIKED LEVEL (CS)= 20.800
Dilution Factor for Unspiked Samples = 0.769
ENTER SPIKED AND UNSPIKED CONCENTRATIONS (COMPARABLE UNITS ASSUMED)
CONCENTRATION IN PPM (WET)
SPIKED SAMPLES UNSPIKED SAMPLES
RUN# A B c D AB (A-B*2 c-0 (C-Dy2
1 4215 37.18 24.01 23.27 4.99 24.90 0.74 0.55
2 35.29 39.76 22.58 19.50 -4.47 19.98 3.08 9.49
3 38.79 3528 19.47 19.80 2.51 6.30 . 033 0.11
4 3874 A1.74 20.11 19,96 -3.00 9.00 0.15 0.02
5 37.35 39.38 20.02 19.78 203 4.12 0.24 0.06
6 4262 30.74 19.83 1971 288 8.29 0.12 0.01
AVERAGE: Sm= 39.08 M= 20.67
STANDARD DEVIATION:
SPIKED $Ds= 2.46
UNSPIKED SDu= 092
RELATIVE STD RSDs= 8.3% (acceptable)
RELATIVE STD RSDu= 4.5% (acceptable)
BIAS:
Corrected Unspiked Con¢ = 15.90
B= 2,388
STD OF MEAN SDme= 2.627
+-VALUE= 0.909
CRITICAL £VALUE= 2.201
(n=12, alpha=95%)

Bias not statistically significant, CF not needed.




VALIDATION OF FTIR FOR THE ANALYSIS OF ACETALDEHYDE

ANALYTE SPIKING: QUAD TRAINS

FEDERAL REGISTER CALCULATION METHOD

ENTER VALUE OF SPIKED LEVEL (Cg)= €.700

Dilution Factor for Unspiked Samples = 0.769

ENTER SPIKED AND UNSPIKED CONGENTRATIONS (COMPARABLE UNITS ASSUMED)
CONCENTRATION IN PPM (WET)

SPIKED SAMPLES UNSPIKED SAMPLES
RUN # A B c D AB (A-By2
1 11.45 11.10 547 533 035 0.12
2 10.38 10.16 5.22 4.04 022 0.05
3 10.40 973 4.00 3.68 067 0.45
4 10.06 1028 391 408 . g2 - 0.05
5 9.8 10.24 3.90 3.85 038 0.14
8 10.00 9.9 378 3.35 0.04 0.00
AVERAGE: Sm= 10.30 Mm= 422
STANDARD DEVIATION:

SPIKED SDs= 0.26

UNSPIKED SDu= 0.38

RELATIVE STD RSDs= ' 25% (acceptable)

RELATIVE STD RSDy= 9.0% (acoeptable)

BIAS:
Corrected Unspiked Cone = 3.24
B= 0.358
STD OF MEAN $Dm= 0.451
tVALUE= 0778
CRITICAL t-VALUE= 2201

(n=12, alpha=95%)

Bias not statistically significant, CF not needed.

c-D
0.14
1.18
0.32
0.17
0.05
0.43

(C-Dp2
0.02
1.39
0.10
0.03
0.00
018




‘ VALIDATION OF FTIR FOR THE ANALYSIS OF ACROLEIN

NOTE: CORRECTED FOR 23.7% DIFFERENCE BETWEEN MEASURED AND CYLINDER

ANALYTE SPIKING: QUAD TRAINS

FEDERAL REGISTER CALCULATION METHOD

ENTER VALUE OF SPIKED LEVEL (Co)= 7.700

Dilution Factor for Unspiked Samples = 0.769

ENTER SPIKED AND UNSPIKED CONCENTRATIONS (COMPARABLE UNITS ASSUMED)
: - CONCENTRATION IN PPM (WET) -

SPIKED SAMPLES UNSPIKED SAMPLES )

RUN # A B c D AB (ABM2 CD (CD"2
1 7.79 7.71 1,50 1.41 008 001 0.09 0.01
2 7.7 7.65 1.47 1.36 0.06 0.00 0.1 0.01
3 8.80 7.52 1.32 1.00 1.28 1.64 0.32 0.10
4 7.92 7.69 1.41 1.34 0.23 005 . 0.07 0.00
5 7.74 7.68 1.33 1.52 0.06 0.00 -0.19 0.04
6 7.64 7.66 1.47 1.35 -0.02 0.00 0.12 0.01

AVERAGE: sm= 779 = Mm= 1.37

STANDARD DEVIATION:

SPIKED SDs= 0.28
UNSPIKED SDu= 0.12
RELATIVE STD RSDs= 4.8% (acceptable)
RELATIVE STD RSDu= 8.9% (acceptable)
BIAS:
Corrected Unspiked Conc = 1.06
B= -0.964
STD OF MEAN SDm= 0.396
t-VALUE= 2.432
CRITICAL t-VALUE= 2.201

(n=12, alpha=95%)
Bias is statistically significant

CORRECTION FACTOR= 1.143 (Acceptable)




VALIDATION OF NOx BY COMPARISON OF FTIR TO CEM

METHOD COMPARISON: PAIRED TRAIN SPREADSHEET
FEDERAL REGISTER METHOD OF CALCULATION
ENTER STANDARD DEVIATION OF VALIDATED METHOD:

S\‘an&ardoeviaﬁonofVaﬁdamdMeﬂm

based on 2.16% RSD of 611.08 ppm

1320

ENTER SAMPLE CONCENTRATIONS (ASSUMED TO BE IN COMPARABLE UNITS)
CONCENTRATION IN PEM ON A DRY BASIS
RUN# PROPOSED VAUDATED

1 446.76
492.92
5194
S43.7
474,12 .
724.38
77339
724.91
68121

0V N oae W N

AVERAGE: 597.86
TOTAL 5380.77
COUNT:

STANDARD DEVIATION:

DIFFERENCE (SDd)=
PROPOSED (SDp)=

VARIANGE:
PROPOSED METHOD (Spr2)=
VALIDATED METHOD (SvA2)=

Proposed Variance Acceptable
(F-Factor=1.0)

BIAS:
+VALUE=

447.94
§20.17
538.31
568.99
§06.61
768.43
763,77
72454
662.93

611.08
5499.69

CRITICAL t-VALUE=

(n=9.alpha=80%)
Biag Statisticaily Significant

CORRECTION FACTOR (CF)=

DYV-P) D2
118 139
7725 742.56
18.91 357.59
23.20 542,42
3249 1055.60
4407 1842.16
062 8254
©.37 0.14
-18.28 334.16
1321 563.17
118.92 5068.5718

9

20.91 comected error in formula
7.708 added @if statement

$59.417
174,240

1.8%6
1.397

1.022 (acceptable)




VALIDATION OF CO BY COMPARISON OF FTIR 70 CEM

METHOD COMPARISON: PAIRED TRAIN SPREADSHEET
FEDERAL REGISTER METHOD OF CALCULATION
ENTER STANDARD DEVIATION OF VALIDATED METHOD: 10.00
Standard Deviation of Validated Method Assumed to be 2% of Span
ENTER SAMPLE CONCENTRATIONS (ASSUMED TO BE IN COMPARABLE UNITS)
CONCENTRATION IN PPM ON A DRY BASIS

RUN 2 PROPOSED  VALIDATED DI(V-P) D2
1 106.51 103.14 -3.37 11.36
2 103.51 103.27 0.24 0.06
3 103.01 103.32 0.31 0.10
4 101.66 103.1 144 207
5 101.07 103.91 284 8.07
-] 99,38 10155 217 47
7 109.17 102.99 -6.18 38.19
8 106.8 100.08 -8.72 45.16
9 111.76 99.6 +12,16 147.87
AVERAGE: 104.76 10233 243 2862
TOTAL: 842,87 920.96 -21.91 257.5751
COUNT: 9
STANDARD DEVIATION:
DIFFERENCE (SDd)= 5.05 comected emor in formmda
PROPOSED (SDp)= 3.573322336 added @if statement
VARIANCE:
PROPOSED METHOD (Sp*2)= 12.769
VALIDATED METHOD (Sv*2)= 100,000
Propesed Variance Acceptable
(F-Factor=1.0)
BIAS:
t-VALUE= 1.445
CRITICAL t-VALUE= 1.397
(n=9,alpha=80%)
Bias Statistically Significant

CORRECTION FACTOR (CF)= 0.976 (acceptable)




T

VALIDATION OF €02 Y COMPARISON OF FTIR TO CEM
METHOD COMPARISON: PAIRED TRAIN SPREADSHEET
FEDERAL REGISTER METHOD OF CALCULATION
ENTER STANDARD DEVIATION OF VALIDATED METHOD: 0.11
ENTER SAMPLE CONCENTRATIONS (ASSUMED TO BE IN COMPARASLE UNITS)
CONCENTRATION IN PERCENT ON A DRY BASIS
RUN# PROPOSED VALIDATED ‘DIV-F) Dis2
1 422 4.17 -0.05 0.00
2 4,29 4.24 -0.05 0.00
3 4.28 4.22 =0.04 0.00
4 426 42 -0.06 0.00
] 4.24 417 -0.07 - 0.00
[} 4.36 4.27 -0.09 0.01
7 4.47 429 -0,18 0.03
8 4.41 425 -0.16 0.03
9 4.47 424 .23 005
AVERAGE: 4.33 423 =0.10 0.01
TOTAL: 38,98 38,05 -0.93 0.1341
COUNT: 9
STANDARD DEVIATION:
DIFFERENCE (SDd)= . ) 0.07 corrected error in formuila
PROPOSED (SDp)= 0.048741332 added @if statement
VARIANCE:
PROPOSED METHOD (Spr2)= 0.002
VALIDATED METHOD (Bvr2)= 0.012
Proposed Variance Acceptable
(F-Factor=1.0)
BIAS:
t+-VALUE= 4498
CRITICAL t-VALUE= 1.397
(n=9.alpha=80%)
Bias Statistically Significant
CORRECTION FACTOR (CF)= 0.976 (acceptable)




VALIDATION OF WATER BY COMPARISON OF FﬂR TO CEM

METHOD COMPARISON: PAIRED TRAIN SPREADSHEET
FEDERAL REGISTER METHOD OF CALCULATION
ENTER STANDARD DEVIATION OF VALIDATED METHOQD: 0.23
ENTER SAMPLE CONCENTRATIONS (ASSUMED TO BE IN COMPARABLE UNITS)
CONCENTRATION IN PERCENT .
RUN# PROPOSED  VALIDATED DI(V-P) Dir2

1 .55 9.63 0.08 0.01
2 10.37 108 023 0.05
3 10.07 10.2 0.13 0.02
4 10.13 10.1 -0.03 0.00
-] 10.32 10.6 028 0.08
6 10.58 101 048 0.23
7 10.24 104 0.16 0.03
-} 9.99 9.9 -0.08 0.01
9 10.02 1 0.98 0.96
AVERAGE: 10.14 10.28 0.14 0.18
TOTAL: 9.27 . 9283 1.26 1.380
COUNT: 9
STANDARD DEVIATION:
DIFFERENCE (SDd)= ’ 0.39 eomected error in formuta
PROPOSED (SDp)= 0.158 added @if statement
VARIANCE:
PROPOSED METHOD (Sp*2)= 0.025
VALIDATED METHOD (Sv*2)= 0.053
Proposed Variance Acceplable
(F-Factor=1.0)
BIAS;
t-VALUE= 1.083
CRITICAL t-VALUE= 1.397
(n=9,alpha=80%)

Bias Not Statistically Significant, CF not needed.
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6. CALCULATIONS |

Data resulting from thé procedures specified in section 5.0
shall be treated as follows to determine bias, correction
factoré, RSDs, pracision, and data acceptance.

6.1 Isotopic Spiking. Analyze the data for isotopic
spiking tests as outlined in Sections 6.1.1 through 6.1.3.-

6.1.1 Bias Analysis.




6.1.1.1 Bias. Calculate the numerical value of the bias
using the results from the analysis of the isotopically spiked

field samples and the calculated value of the isotopically
labeled spike:

B=5,-Cs Eq. 301-1

whefe:
B = Bias at the spike level. |
Sa = Mean of the measured values of the isotopically spiked
samples. | ‘
CS = Calculated value of the isotopically labeled spike.
6.1.1.2 t~Test. Test the bias for statistical significance
by calculating the t-statistic using Equation 301-2. Use the
standard deviation determined in Section 6.1.3.1.

L= —LB-L
SD,
v

-Bg. 301-2

Compare the calculated t-value with the critical value of the
two-sided t-distribution at the 95-percent confidence level and
- n=1 degrees of freedom. This critical value is 2.201 for the
eleven degrees of freedom when the procedure specified in
Section 5.1.2 is followed. If the calculated t-value is greater
than the critical value, the bias is statistically significant

and the analyst should proceed to evaluate the correction factor.




6.1.2 Calculation of a Correction Factor. If the t-test
~does not ghow that the bias is statistically significant, use all
analytical results without correction and proceed to the
precision evalﬁatian. If the method’s bias is statistically
gignificant, calculate the correction factor, CF, using the

following equation:

= Bq. 301-4
Tt s —

If the CF is outside the range of 0.70 to 1.30, the data and
method are considered unacceptable. For correction factors
within the range, multiply all analytical results by the CF to
obtain the final values.

6.1.3 Precision

6.1.3.1 Standard Deviation. Calculate the standard

deviation of the S, values as follows:

' . 301-4
D = J (8,-5,) 3 Eq
(n-1) B

where:
S, = Measured value of the isotobically labeled analfte in
the i-th field sample, |
n = Number of isotopically spiked samples, 1l2.

6.1.3.2 RSD. Calculate the RSD as follows:

10




6.2 Comparison with Validateq Method. Analyze thé data for
conparison with a validated method as outlined in Sections 6.2.1
or 6.2.2, asg appropriate. Conduct these Procedures in order to
determine ir a Proposed method Produces resultg equivalent to a
validated methed. Make all hecessary bias corréctions for the
validated methed, asg appropriate, 7If the data from Proposed
method fail either test, the data and the Proposed test method
are unacceptabile. Fér highly variable Sources, additienal
Precision checks may be necessary. fThe analyst should consult

6.2.1 Paired Sampling Systenms.

6.2.1.1 Biag Analysis.

6.2.1.1.1 Deteémina the standarqg deviation, $D,, of the
differences, d;’s8, of the Paired samples usiﬁg Equation 301-6.

;‘dx‘d.)’ | BEg. 301-6
-—___-.“ .

11




where:

d; = The difference between the i-th pair of sampleé.
_d, = The mean of the paired sample differences.
6.2.1.1.2 t-Test. Test the bias for statistical
significance by calculating the t-statistic and determine if the
r .an of the differences between the proposed method and the
validated method is significant at the Bo-percenf confidence
level.
Calculate the value of the t-statistic ﬁsing the‘folldwing

eguation:

&

ik

‘Eq.301=7

where n is the total number of paired samples. For the procedure
in Section 5.2.1, n equals nine. Compare the calculated t-
statistic with the corresponding value from the table of the t-
statistic. When nine runs are conducted, as specified in
Section 5.2.1, the critical value of the t-staﬁistic is 1.397 for
eight degrees of freedom. If the calculated t-value is greater
than the critical value, the bias is statistically significant
and the analyst should proceed to evaluate the correction factor.
- 6.2.1.2 Calculation of a Correction Factor. If the -
statistical test cited above does not show a significanﬁ_bias

with respect to the reference method, assume that the proposed

12




method is unbiased and use al1 analytical results without
correction. If the method's bias ig statistically s;gnlflcant,

calculate the correction factor, CF, as follows:

\‘\“’\\\‘
CP = R RN .
1+ d- Eq. 301=-8

where V, is the mean of the validated method’s values. Muitiply
all analytical results by CF to obtain the final values. The
data and the Proposed method are unacceptahle if the,correction
factor is outside the range of 0.9 to 1.10.

6.2.1.3 Precision. Compare the variance of the proposed
method to that of the validated method. If a significant
difference is determined using the F-test, the proposed method
and the results are rejected Proposed methods demonstratzng
Fe~values egual to or less than the critical value have acceptable
Precision. This Procedure requires the standard deviation of the
validated method, SD,, to be known. Use the value furnished wlth
the method. If the standard deviation of the validated method is
not available, the paired replicate sampllng procedure may not be
used. _ :

6.2.1.3.1 calculate the variance of the validated method,
s}, usxng the following equation:

52 = sp? Eq. 301-9

13




where:

sD, = Standard deviation provided with the
validated method.
6.2.1.3.2 Dooled Variance. Calculate the pocled variance

of both methods, S%.,,, as follows:

N
, d;? | BEg. 301-9
s povled - 2(n-1)

If the proposed method has a bias, all data points must be
multiplied by CF before calculating the 4;’s.

6.2.1.3.3 Proposed Method Variance. Calculate the
variance of the proposed method, s?,, from the $%.u4 using the
following equation. '

St = 287, - SO Eg. 301-10

(If S% > Sy, let 8, = §%../2).

6.2.1.4 The F-test. Determine if the variance of the
" proposed method is.significantly different from that of the
validated methed by performing the P-test. Calculate the

experimental F-value using the following equation:

k2

F= Eq. 301-12

“

14




Compare the experimental F value with the critical value of P at
~a 95% confidence level. The critical value should be less than
4.03 when the procedure specified in section 5.2.1 ror paired
trains is followed. If the calculated F is greater than the
critical value, the difference in Precision is significant and
the data ang Proposed method are unacceptable.

6.2.2 Quadruplet Replicate sampling Systems.

6.2.2.1 Bias Analysis. Test the bias for statistical
significance at the 80 percent confidence level by calculating
the t-statistic.

6.2.2.1.1 Bias. Determine the bias which is defined as the
mean of the differences between the proposed method and the
validated method (d.) . The following equation is used to
calculate 4

(V;h * Vﬂ;) - (Plt * Pfﬁ_

Eg. 301-12
2 2

d.i:

and: vy First measured value with the validated
' method in the i-th sample.

Second measured value with the validated

md
i

method in the-i;th sanple.

Py = First measured value with the proposed method
in the i-th sample.

Py = Second measured value with the groposed‘

method in the i-th sample.

15




6§.2.2.1.2 Standard Deviation of the Differences. Calculate
the standard deviation of the differences, S$b,, using Equation
301-6.

6.2.2.1.3 T-test. Calculate the t-statistic using Equation
301-7 where n is the total number of test sanple differences .
(4;). For the procedure in Section 5.2.1, n equals four.
Compare the calculated t-statistic with the corresponding value
from the table of.the t-statistic and determine if the mean is
significant at the 80-percent confidence level. When four runs
are conducted, as specified in SectiAn 5.2.1, the critical value
of the t-statistié is 1.638 for three degrees of freedom. If the
calculated t-value is greater than the critical value, the bias
is statistically significant and the analyst should proceed to
evaluate the correction factor. _

6.2.2.2 Correction Factor Calculation. If the method’s
bias is statistically significant, calculate the correction
factor, CF, using Equation 301-8. Multiply all analytical
results by CF to obtain the final values; The data and the
proposed method are unacceptable if the correction factor is
outside the range of 0.9 to 1.10.

6.2.2.3 Precision. Compare the variance of the proposed
method to that of the validated method. If a significant
difference is determined using the F-test, the proposed method.
and the results are rejected. Proposed methods dem&nstrating

F-values equal to or less than the critical value have acceptable

precision.

16




6.2.2.3,1 Froposed Method Variance. Calculate the variance
of the proposed method, s,?, using the following equation:

di

s? <
2n

Eq. 301-14

where the ¢,'s are the differenqqs between the j-tp pair of
samples'collected'with the proposed methed. Use the Publisheq

calculating the F-value using Equation 301-12, Compare the
experimental F valne with the critical value of F. fThe critical
value is 6.68 for the 95%'canfidence level when the procedure
specified in section 5.2.1 for quadruplet trains is followed.
If the calculated p is greater than the critical value, the
difference in Precision ig significant, ang the data and the .
proposed method. are Unacceptable,

| 6.3 Analyte Spiking. Analyze the‘data for analyte spike
testing as outlined ipn Sections 6.3.1 through 6.3.3.

6.3.1 Bias Analysis.

6.3.1.1 Biag,. Calculate the numerical value of the bhias

17




the unspiked field samples, and the calculated value of the

spikes:

B=S,-M,-C  Eg. 301-15

B = Bias at the spike level.
- Sp = Mean of the spiked samples.
M, = Mean of the unspiked sampies.
¢S = Calculated value of the spiked level.
6.3.1.2 Test the bias for sﬁatistical significance by
calculating the t- étatistic using gquation 301-16 and comparing
it with the critical value of the two-sided t-distribution at the

.. 95=percent confidence level and n-2 degrees of freedom. This

, U
critical value is 2.228 for the ten degrees of freedom. o
- t - — IB' . )
(/N = —urs 2 . 301-16
(A%aﬂe:fwzzr fﬂQ}+f$)¢ ™
! 3 , T ———————————
\ 2

6.3.2 Calculation of a Correction Factor. 1If the t-test
shows that the bias is not statisticaily.significant,'use all
analytical results without correction. If the method’s bias is
statistically significant, calculate the correction factor usirg
Equation 301-3., If the CF is outside the range of 0.70 to 1.30,

the data and method are considered unacceptable. For correction

18



- factors within the range, multiply all analytical resﬁlta by the
CF to obtain the final values. |

€.3.3 Precision. Calculate the standard deviation and th
35D of the proposed method. |

6.3.3.1 Spiked Samples. Calculate the difference, 4,
between the pairs of the spiked proposed method measurements for
each replicate sample set. Determine the standard deviation

(SD,) of the spiked values using the following equation:

sD, = Zzzgi.’ S . Eq. 30117
where: d; = Difference between the i-th pair of épiked
samples.

n = Number of paired samples.' o
6€.3.3.2 Unspiked Samples. Calculate the standard deviation
of the unspiked values using the fellowing equation.

D lz dy? / - Eq. 301-18
“ 2n : :

where: d, = Difference between the i-th pair of unspiked

samples.
h = Number of paired samples.

6.3.3.3 Pooled Standard Deviation. Calculate the pooled

standard deviation of the spiked and unspiked samples if the

15
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DRAFT REVISED METHOD 301 SPREADSHEET PRINTOUTS
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VALIDATION OF FTIR FOR THE ANALYSIS OF ACROLEIN
NOTE: CORRECTED FOR 23.7% DIFFERENCE BETWEEN MEASURED AND CYLINDER
ANALYTE SPIKING: QUAD TRAINS NUMBER OF RUNS =
DRAFT REVISED CALCULATION METHOD

ENTER VALUE OF SPIKED LEVEL (CS)= 7.700
DILUTION FACTOR FOR UNSPIKED SAMPLES = 0.769
ENTER SPIKED AND UNSPIKED CONCENTRATIONS (COMPARABLE UNITS ASSUMED)
CONCENTRATION IN PPM (WET) _ _ )
SPIKED SAMPLES UNSPIKED SAMPLES SPIKED SAMPLES -  UNSPIKED SAMPLES™
RUN # A B c D AB ABP*2 CD - (CDP2
1 7.79 7.7 1.50 141 0.08 0.01 0.09 0.01
2 7.7 7.865 1.47 1.36 0.06 - 0.00 0.11 0.01
3 8.80 7.52 1.32 1.00 1.28 1.64 0.32 0.10
4 7.92 7.69 1.41 1.34 023 " 0.05 007 0.0
5 7.74 7.68 1.33 1.52 0.08 0.00 -0.19 0.04
6 7.64 7.66 1.47 1.35 -0.02 0.00 . 0.12 0.01
AVERAGE: Sm= 7.753 Mm= 1.37 SUM ds™2 = 1705 SUMdur2=  0.178
STANDARD DEVIATION: ]
SPIKED SDs= 0.38
UNSPIKED SDu= - 0.12
POOLED SD (SDpooled)= NA
RELATIVE STD RSD= 4.8% (Acceptabie)
RSD = SDs/Smv
BIAS: CORRECTED UNSPIKED CONCS = 1.06
B= -0.964 Experimental F = 0.104
F Bounds = 0.140 7.146
STD OF MEAN SDm= 0.114 F TEST => Spike
t-VALUE= 8.426
CRITICAL t-VALUE= 2.228
(n= 12 ,alpha=95%)

Bias is statistically significant

CORRECTION FACTOR= 1.143
(Acceptable)
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APPENDIX J

PAIRED SAMPLING DATA






GRI FTIR Validation Program - CEM & FTIR Data Comparisons
Critaria Pollutants Data - Run 1 on July 4, 1994 TEST 1 CRITEIOA POLLUTANTS ON DRY BAZIS
BATED ON METHOD 4 SIOISTURE DETERMINATIONS

FTIR Data

Ho - €0 (Lo) L) ca2 €0 (ko) uw NO2 "wox sETMOD4 &S €0 o) . Mox
Thne Gem)  ppm(NeD  pam (W) ppem(We)  ppo (Dr)  pom (Do ppm {Dry)  ppoe (Bey) ppm Ry} MOISTURE  pem (Dry) ppm(Dyy)  poes (Ory)
03147 9547470 M21010 98.51 WSS 4207 W% 778 [X:] “©3 083 4 10079 “338
R348 Q540020 3H16R00 90.04 0108 4219488 10497 44138 EE - “9 LY maz “9A2
0541:48 SSAERS0  AM21.90 |2y 300 28 51 10845 43094 545 “ an 10053 “un
op4meS SE2E280  38118.00 08.z7 W& 4213090 oA TS 514 ©7 . an 100.53 43738
QBS1AS SO0Z220  SHIAM0 94.74 408 €76 107N 45D 547 “2 42 107.05 219
DR:S&44 9SOSIAD 3425480 837 WIST A28 WNAS Qe - LN “s [T 100.5% “ize
10:01:44 DES4A00  IB4R40 a4 WEA0 427437 10819 [T 514 a2 - WAl - M
10:08:43 H6100.00 306010 5.8 MM 20119 10588 “nis 534 “s an oLz 44007
W4 Q507300  3M3O0 9574 447 AW 10890 4TS Y] . 440 a2 107.05 “850
AEIGE2 9400820 3818410 98.04 SE AN e “r02 837 “-2 (s 108.28 ASI05
WENA2 0543380 3815370 98z anos @M 10aa 4337 547 “9 “n 10853 49.29
12041 RS78200 3434220 o8.z7 A2 A277 10047 “935 577 “5 a2 10853 45539
103141 OSTELN 361200 90.04 515 45804 108 “ys 553 as4 M 10828 45355

Average 543472 3RS w2 MRS ATNMLSY 10642 0.9 537 “s azn 19854 e
GRI FTIR Validation Prograsn - CEM & FTIR Data Comparizons
Critaria Pollutants Data - Run 1 on July 14, 1934
FTIR Data Run 1

wo ct2 &% (o) ] co2 €0 (Lo) no (- NOX
T = R(Wet) pom(WNe ppm(Wet) %(Ory) peuily) ppm(yl ppm({Dry)  pem @)
[ A Y 362 08,51 [¥- 408.59 e 9 “290
s 954 a2 98,04 “01.08 =z 10817 430 5 -
024148 958 A 0.7 19828 Y] 10845 S 545 “43.59
aRases 953 ET) .27 390.22 R 108.41 17 S 436.90
DES1:45 940 a8 .74 304.00 2 0700 4305 547 “208
oRSses 950 183 08.27 w57 an 108048 <N % s
100144 955 a8 .04 0510 = 10019 oanss 514 “ise
0Hees 95 ast o581 W02 4~ 105.88 “«“a1s e 4549
10:11:43 951 an 8.74 wany - 108,90 “a7s s 44590
10:16:42 950 LY -] 98.04 40458 “n 10812 “rom 537 452,40
102042 054 EY - 9627 5V.08 az 10843 “asy La 44884
102641 958 3.8 9827 40832 “~24 10847 44935 &7 45512
103141 958 3 06.04 05,15 424 10821 “4a05 563 453,58

Average .55 182 w2 [T 108,42 a0 537 “s

137 A0.98 4.12 “r.m 71581 10148
”»N 8752 4.3 584 71563 10248
73n TTL54 412 448.75 nz.m 103,54
nn 0538 4.14 440.87 71641 10255
nn TH2 45 413 H138 71553 w78
1372 s 413 445.14 748 0202
B 78483 412 438,48 7879 1003
1.7 78218 4.14 441,40 71648 0
133 75054 494 425,38 716.84 W20
1274 78858 414 430.52 71587 10341
ANy TE2.88 478 430.40 7158 W2es
173 a1e.a2 447 443.25 716.50 10208
1374 T75.68 47 43915 nan 10281
3.2 =813 418 44519 7T 10308
131N TBALD 419 44245 717.08 103.04
1B ™M 420 440,44 kal ¥4l 10238
33 SiR.08 417 442,00 71645 100.73
1.7 T8 4.18 44737 7712 100.90
3 78510 4.19 443,49 717149 W2 64
1373 79024 4.19 “1.27 717.10 1.0
1372 704,44 420 449.53 72 10290
13 7o5.03 420 444.08 716.04 n2.%
" 0 4. 440.85 bals-] 103,85
13.73 a5 4.20 44755 e 10260
1372 ™ 4.19 43024 717.48 48
1373 B08.40 420 443.28 716.99 1088
372 Tus4s N 448,16 Tr 10289
72 2852 420 457,10 718 102.80
13.74 Tra0s 4.2 &40.58 7795 wwry
hr %] 754 51 4.20 477 7715 10296
13.72 78181 4.20 A75 nrm 102.62
1137 785.48 420 44376 71084 10303
AN, 7002 +.20 0.9 718.97 104.13
132 804,15 420 44808 nsn 104.13
3.7 788.10 4.9 450.01 717.40 104.12
13.74 768,41 £.19 44284 717.89 R [i= -
1372 790,268 4.9 472 717,48 10424
7?73 AX0.04 4.8 45277 71851 k=% )
1372 819,48 4.8 454.79 ML 109
32 T2 4.18 450.50 T18.50 10223
1372 78520 408 454,40 718,14 1233
13.72 200.72 417 447.57 795 100.14
3N 7872.15 4.16 44920 11838 103.0t
1371 ana.al 4.8 440897 718.81 10013
13.70 815.84 418 454,34 71890 103.28
13.70 767 24 4.7 450.09 717.98 102.53
1.1 764,54 47 45263 71823 103,30
17N T4 407 45255 71860 104.28
1370 15 %3] 417 453.35 71800 103.63
1nn 811.48 498 45568 e 104.16
13N Te0.08 497 458.71 Ty5e 103.37
32 81888 4.7 454,55 nsn 102,44
17n 804,42 418 452.88 718,48 1033
wn 7a8.88 4.18 451.01 717.85 100,54
131 20314 %168 449.04 719.22 1038.52
1a70 80T M 417 459.43 7028 103.20
13.60 79738 407 46135 719.13 102,95
1370 T90.49 418 %8718 71838 163,74

"z ™ e “7.04 71745 10a14




GRI FTIR Validation Program - CEM & FTIR Data Comparisons
cmmmm-mzu.myu.sm TEST 2; CRITERIA POLLUTANTS ON DRY BARS
BAZED ON METHOD 4 MOISTURE DETERMINATIONS

FTIR Dat Run 2
o -] €0 (La) (-] <oz €O {Lo) NO noz NOX METHOD4  CO2 [—-T ) NOx
Time sl gum (Wet)  ppm(Wet) poem(Wel) pom (Dry)  prem (Dvy) POm (Dry}  ppm (Ory)  powe (Ory) MOISTURE pom (Bvy) ppm (Dry) o (ey)
MAS28 10530000 3840050 BnaT 43 4265484 10092 474.88 [T 42052 1080 4% 105,12 48830
112027 10480000 3844810 97 4053 24023 1087 0 550 43219 4% 10512 . AR
M2527  104300.00 $.08 ANME8  AZMOEY 10281 AT850 (14 48307 (L] .10 43290
71028 10380000 3432520 -1 0L N e 8179 [+ 42097 4% 10384 45445
MAS26 10570000 353710 T3] 7S 4225083 0228 “ie 647 48050 0 10059 sy
114025 1030000 3N 9238 2o QI IST-  AT7A4 (1] 4835) 8 10334 - Ams -
194525 10530000  3X281.70 "o [T 2257 146 48373 (1] 450,04 o~ 028 49858,
115024 D000 383090 218 42574 10 400.53 34 “urm 20 10308 49497
115524 10340000  35M8.50 9218 43864 Q2R me 4096 as? 48854 48 103.00 49490 '
1Z00:23 10300000  AZ70.80 o o 24339 MG 82659 623 [T o8 10283 4532
120523 10M00.00  3K294.70 N 438,00 25448 10144 2 [T ] 48995 A 10283 49859
121022 10270000 3526540 9148 43544 20758 10091 48030 846 a7 4“2 10233 405
Average 10373333 3T e [T AU el 027 430,78 [t 463 AVERAGE 4«2 1035 a2
GR) mnvmpmgm-lmoahcompamou
Criteria Pollutants Data - Rum 2 on July 44, 1994
FTIR Data Run 2 ‘
20 co2 <0 Lo) -] co2 €O (L) NO NO2 NOX ;
. Pam)  ppm (Wet) pom (Wat)  pone (Wet)  ppm (Ory) Ppm(Dey)  ppm ([Dvy) ppmitey)  ppm (Ory) !
MAS2 1053 EY- 425 474.88 604 -
M2027 1048 304 397 42093 L3 10187 mn 550 48219
112527 1043 15 .06 .68 [r-3 10281 ) 813 5.0
M2 1038 383 284 43834 v 10251 .7 638 48897
N2 1057 4 261 45785 “~ 10225 I 847 48990
114025 1034 am (171 a2 40 0w 4714 638 4x181
MAS2 1033 s Ny 43830 e 104,46 48, 628 490.04
15024 10 s 9218 43574 an 1011 Won 6 451.70
115524 1034 15 ?16 664 an 0172 451,96 657 458,54
120023 1038 3x N 3735 'Y 10149 482659 (¥} 48892
120523 1031 an 91.93 438,00 o 10144 48329 666 8958
12202 1027 s.83 148 43544 L% 100.91 0.0 646 45578
Average 1057 i 254 e 3 10247 4202y [T H 48553
Note: Weater aned CO Recalcuted Sifg baret press
CEM Data Run 2
1111509 7
610 1388 a2 -2 510.91 7758 10274
MA709 1368 83286 4 504,94 717.89 w0
11808 1368 £54.57 Y] 05,653 1742 10340
19900 1168 a2s [T S08.97 1805 0an
12009 13 o934 o 502,58 717.98 10254
M2909 1369 830,13 o 504,35 71695 104.13
M09 1369 asz.as @ 51208 716.80 W24
12209 1369 86600 4 S12.47 7t 103.49
12405 1369 459 24 523,06 7758 10258
12509 1370 24890 [r.} 509.31 71643 100330
11:26:09 13.69 4127 424 S22 77.79 103.08
1709 138 859,09 24 5.7 677 103.46
112809 1369 83513 24 509.30 patd 10284
112909 1369 A58 68 424 5275 71717 10367
13009 1170 9.7 42 51319 716.54 103.00
N30 170 82956 “~n 51841 71828 10205
MI200 136 85720 24 530.73 71658 10274
M09 1A s [ 52159 71838 103,84
M09 1370 57579 s M7 w70
12509 1369 84338 4 518.94 M. 1305
13S0 13N 84546 Y- 514,95 M8 10240
M3I7H 117 84052 4 51854 71786 10
1380 138y 25758 42 516,14 71635 0357
113500 1374 seam 24 519.16 794 10320
140t 1370 a1 425 £17.3 743 10807
114109 13569 asg2 425 52087 7745 1022 ‘ !
14209 1370 261 “= 526.86 71861 103,91
14309 13N [T e 52478 71740 1259
114409 1370 [-T% ) s 52659 T8 100.40
114509 13,69 12 [ 51827 T34 10340
14609 1370 €519 425 51744 718.03 103.06
114710 1270 29.03 = 515,64 71758 10254
11:4808 1370 422 LFs 1628 M7 103.05
114909 1371 8673 424 53464 71549 103.38
11:5009 1371 9.8 24 52348 71690 10290
1M5109 137 82658 [F- S23.62 71841 103.52
15209 1370 537.33 4 52248 717.44 103.40
15309 1370 a1z [E.] 52098 nazs 103,26
115408 1370 a2 a2 0.0 bat & 10262
"5509 10,70 s11.67 4 £32.77 M7 103.00
5609 1370 34953 424 530.37 718,82 1043
15710 1368 8114 424 51511 7an 10358
1:58.09 1368 4308 4,25 519.45 nie 10117
15908 1368 853 5 425 5348 7852 02N
1Z200:09 1388 847 .50 425 531.07 nres $03.70
12:01:09 1368 a74. 3 4.25 535.87 718,10 m.e
120210 1368 33318 425 5149 M3 104.10
120309 1368 81765 45 1.2 79.50 104,72
120409 1370 8292 425 52516 7.8 102.53
120508 1370 851.04 425 526.36 71753 103.50
120609 1370 250.95 425 523 71745 103,20
120709 1370 24.88 4 51827 1963 103.10
120809 137 8E3.67 oD $24.11 717.65 103.95
120909 1371 87624 “n 530.51 718.7% 10328
121008 1370 829.59 424 518.41 71878 103.41
1Z1:08 1370 80.76 an 514.46 9.0 103.59

Average ARV ] uipy 424 52047 Min 10327




ONFWVMMPMM-CEHGFHRMCOMW
mmm-m:umunm

mumow TIONS
FYIR Data Run 3
Ho co2 ¢o (o) [) (=~ 0 (o) [ ] noz wox wETHODA  CR <O (o) NOX
orma (Wat)  pom (Wal) pom (Wet)  pom (O poes (Dry)  pomt (DNY) pom (Dry)  poew (7Y MOISTURE  ppoe (Dry) o (O8] pown (OXY)
o1:08 PM 10030000  38476.40 2T~ 6505 aao292 104 51251 h&] 59,12 1020 428 10425 52508
40080000 9240 457.58 53 mn 504.63 744 51182 - 428 102.90 7.1
10050000 380020 9240 457.04 Loes e 503,66 748 51142 ar 102.90 51841
10170000 30INM 240 oo e 49012 72 s 16250 51163
| 9240 a0 | s2sire | 2w 508,00 73 51332 . o w0290 51849
10000 M3MAS0 9240 458.1% Lonse w0l 50451 .55 51238 27 w290 517.70
40050000 3816500 R0 AT US4 w1 .12 .96 435 10290 1334
10000000 3321480 240 AATY 21 0288 0549 748 51295 428 10290 829
1170000 20600 9240 45300 o1sse e 508,95 707 5140 a5 10290 519,10
1 AH205.40 280 w2 oo 51138 742 51809 (¥ 1092.90 4.7
WEHN.00 3824760 260 HATA £ems W0 51190 767 51957 ¥ 142.90 52520
aZC3IPM 101000.00 2.0 465,57 218457 w028 $13.%0 5 £20.88 428 10290 525.94
Proveer o a o 25 45834 ALY 10222 0878 733 1400 AVERAGE 42 10301 51940
mmvmm-mamammpm
MWM-MSMMMJW
coz ) NOX
pom (DY) pom(Dvy)  pom (DY) pom
a4 51251 pZ] 519.72
s S04.68 7.44 51182
Y- 503.56 746 0112
%] 49952 kX -
a3 50600 732 51332
[¥-] 50451 755 51236
@ 50112 695 508,07
%] 0549 7.46 §12.95
an 50696 707 514.03
an 51138 142 518,81
an 511.90 787 51957
a2 61330 7
AR S06.7T6 758 51409




GRI FTIR ngm-miﬁmbahcompwians
cﬂu.hmmnah-uuumuuunm m«mmmumnn
NASED ON METHOD ¢ OETERMINATIONS
FTIR Data Ryn ¢
"o coz 0 ¢to) [ -] coz €0 {Lo) NO [ -] w-nm o2 €0 (Lo) lﬂ‘:m
Term Prm) o (Weg) PO (Wat)  poom (W) PP (DY)  poam(Bry) pom PP ] e PomEey) oo Ory) PR
M e 3zepg1g 74.09 35438, 16 1,96 410.‘:” u(:m mw 10,70 am 1 . am
241 A 19190000 3wvae00 20 47858 0225 524,40 7.78 X317 7 10278 o7
0248 A4 10060000  3pa0.00 *2.40 .81 AD04TS  jonee [T 7.00 54058 az 10278
U251 PM 1ms0mn  3aven g .19 4TS 0085 gy 78 s34y 4 e Se1m
0258 /4 10170000  Xpoe .00 .19 47887 008 100.85 525,52 740 14 . 4 .4 —. SR
P OIN0000 e o 2 @130 10090 B TN Sas.08 _ .29 1043 S40.08
G306 fd 1010000 3a230.1p e axm862 gy 527.00 758 53450 429 M08
03711 P 3528810 "W 219 2N 100.729 53110 a2 0.2 428 101,43 ]
15 PM 3 RIM. 10 .1 e - L I 3452 0 S243 “m 101,43 54780
D204 10150000 340587 .19 445,87 18133 53541 a“p 54370 420 101,43 :::
Q325 Pl 10r1300,00 3R209.80 .19 48129 b 55237 812 S40.49 “2 101.43
0330 Py 28390 n.ne 48500 RX jpar 53492 L2 S43.04 a9 N3 548.51
35 Fl 10920000 3p257.99 .19 M2 1742 07 53028 .17 S4143 420 10143 54890
& T " 02 semeaz gy S n a2 AVERAGE s 0188 4170
GRI FTIR Validation Program - CEM & FTIR Comparizons
Cﬂbmhﬂmﬂm-kuulon.lulyﬂ 1994
FTIR Bata Run 4
Tina o coz €Q (Lay [ -] caz [--] ﬂ‘;)” lnm ] NOX
Brm)  pom (Way) PR (Wet)  ppam (Wee) Pam(ry}  pom Ppn Ppm Dy} pom (Dry)
02384 gos 1z 24.99 a5y ass nos 418.98 ’05 aam
x4t 1049 384 52 4782 “n 028 540 7 s3%97
Qe8P 10ps ¥ w240 “F3.81 42 0oie [T 7.08 54058
s s an .19 479.53 423 10045 528.61 7.8 S0
Q58P 1097 as .19 470.87 4“2 10048 2552 0 [~ Y
oS 1 s ne 7012 “n 100.90 2088 g S35.08
@00 1045 a2 g 47850 4 e 527.00 7.58 53450
0311 Py E .19 48210 2 w7y e 812 52022
OI5P 1040 an .19 445,13 4“2 100.88 53452 7.8 54243
D20 s s n.1e 445,81 -2 100,89 535,41 a9 5470
@25 1013 ET) e .29 a2 100,30 SRy 12 S4nap
X0 020 7Y nie “a5.81 4 100,71 S34.52 an S43.04
B35 1012 83 .19 45430 - 100.29 [~ a1? 54143
Aversge 1a4s in 47402 417 10105 240 7.8 s20.57
Note Water and CO macaics g vaing band araas
143824 gy e XAl 56838 7.7 10358
3724 1342 88237 “-2 58028 7724 103,19
U2y gy 84379 “ sT0.0% (4L 0330
M2 3, 84872 o Ssnas 117.07 may
e j3my 53059 L 55058 71854 08
AN qamm 338.08 420 580.42 7168 10268
AZM 1m 853,68 < S7a.8s 7o 104,52
WM m 8248 420 58049 71830 1n.m
104424 g3y 197 4.19 580 81 71620 10217
4524 1am 25885 19 57308 718.70 10208
T4t ey o714 2 577.00 71624 02,85
144724 933 mzy a0 717085 102.54
HA42M  gre MoT8 20 57485 - repg 0.2
U gyey 852,42 420 57510 71657 0262
145024 138y 85034 499 semq2 718.70 0208
5124 ey 81718 419 567.77 7 .3y
522 384 813,05 419 56343 M7ae 0202
145324 wa3m 82751 419 552,00 716.87 10285
145424 1y [~ -R1 L] 588,42 7 10,80
145524 13e0 86204 420 S80.02 716.89 msy
1435824 j3m [T @20 588,78 7737 0oy
165724 1am 20 S67.88 71024 .39
5824 13y 81970 20 57157 M7 m257
M4 e 55700 499 Erel ] 738 m7
150024 gaes 9.0 4.19 S48 7 1.8 [
1S4 13, 530,53 4.19 59.73 718 e
W2 pm 851,00 4.20 555,08 71838 10328
1BW2H4 1308 5352 4.98 5557 710.48 10208 '
D420 13es 302> 4.9 55048 71843 s ’
15052 138 84098 419 559.80 e 0278
150024 3 K358 419 550,14 7712 0.ey
0724 13e3 854.03 “~0 554,64 717,08 0.8
150824 1aem 27w 419 554,32 710,67 102.80
150024  13m 21 4.19 558 03 M1 10274
WIEH 1am 830.70 4“2 571.08 7M7.39 -3
151924 13m0 28,95 42 S6x 74 Mysg mes
1EIZM pamm 849.42 LX- ] 56,63 T17.068 a7
151224 38 3 421 504,84 T7er 10318
154 13 120,87 420 58049 717.43 10324
15:11524 132 48,14 420 582 55 Mo 102.80
s 1ae; 870.89 21 57819 M7.81 o
15174 1304 23 420 568.29 718.00 109,28 ) .
1SN ey B24.00 20 554,18 717,89 103.38
159024 1382 a50.40 LX) 585.38 717,42 10255
152024 13;m 833,67 4. 587.19 717.90 0279
152124 133 axnny -~ 560.48 782 103.88
W 1amy 34,04 21 563,12 718.26 103.89
W 13 858,37 -2 s88.91 T17.40 1028
152024 1384 8.9 -z £01.51 Tiazs 102.92
152524 y384 818.5) 419 58021 712.58 100,08
1B:2e4 y1ae 810.83 420 557.80 717.70 1.7
B 13m 850,62 -~ 557.58 Az 103.00
152824 1384 852.30 21 567.48 717.38 102.59
15:29:24 13.84 B48.1a 421 58526 71314 1278
153024 1384 840.91 4N 576.55 717.48 162,00
153124 1308 84075 @ 575.24 nrn 100,00
1S322 e 810.61 “n 571.50 716.57 10313
15:33:4  1aem 83358 4 571152 7183 102,38
153424 1308 &3y 21 574.09 718.70 02,7
153524 1305 884,08 L3 574.29 718,30 102.54

Aversges 1343 B a2 Sk 9 MM 40340




emmvmmm-cmsmnmcmm .
Critesia Potlutants Data - Run 5 oa July 14, 1994 TEST S CRITENA POLLUTANTE OM DRY BALIS
SASKD N METHOD 4 MOKETURE DETERMINATIONS

FTIR BataRun 5
o co2 €0 (Lo) L] coz 0 (o) NO NO2 ox METHOD 4 ca2 €0 (o)
Time EGpm)  ppm(Wet)  ppm (Net)  pRot (Wat) e (Diy) pom(Dry) pem (Dy)  ppm ([Dry)  pon(Dey) MOISTURE  powm (ry)  (xem (Dvy)
1GU200 W2000,00 3600020 [T 475 4195008 [ 3;) ) $90 47385 0.0 425 100568
180704 10240000 37840.00 0.0 044 OTIRDS Y 4250 a4 T [y s
J&1208 10270000 IR Y 42078 4ues02 w2 4542 e32 470.60 s 00.50
AEN707 10390000 ITEES0 nae A5 MTRST W0t 4518 044 468.05 424 10290
162207 1GH0A00  37851.00 (-1 MNMTS 4170900 w2 45438 580 480,17 [y 100,008
. 14:77:08 102000.00 s1.19 1387 4181250 WIS aass . 02 -1 - 4 R0
162208 10310000  STEMO.80 0.5 Q97 MEDS =070 45058 a05 “aAm a2 100.88
163705 10510000 3794230 0.0 7R 410050 w7 a7 620 8717 a2 100.90
184205 100000  SOOZRO0 69,00 ares  MeT7 .74 1.3 .00 46730 v} 10008
164705 100000  ITRER00 1.9 768 4E00.14 W0LDY 48045 8.10 400.95 a2 #2200
16404 1DEO0.00  3TRER10 n.ae S8 4185472 VD 457.18 813 45134 s 102m
165704 10270000  36010.70 ] 42241 Py w3 A4 030 AT214 425 10009
A70203 10410000 2330 =0 R4 a9E2SS R7 AT084 645 a7 s 100.88
Aversge 10315833 JTRI7AS "3 41833 4121 108 48180 (X0 45750 AVERAGE A wLsr
GRIHIRVMGMM-GEI&NRMCWM
Criteria Pollutants Data - Run 5 on July 14, 1994
FTIR Data Run 5

N NOZ NOX

(oy) ppm(Dry) epmDey]  ppm (D)

7.0 595 4TSS

45250 Gad 46894

A [¥-] 470.60

45161 [ 4BRO5

45430 580 ;.17

45855 812 5263

45598 (Y] 46803

ama? a0 747

481.30 6.00 487.39

440,85 an 48095

45798 a1s 6334

0504 ax ATL14

47004 as k-]

48L51 “@wre

a2
20530
2208
B2
B A2
88045
181513 B45.08
18163 1370 s -} 415 0479 71879 (1%
184713 1368 a4 24 418 S02.80 719.00 040
18:18:93 1388 844.74 4,18 9820 71850 104.08
g0 1A 2041 445 279 71859 10427
16213 1389 8472 445 ©a7e 71939 10347
162913 1388 sal2e a7 S:2.90 71819 10365
182213 13m 2880 4.8 50388 balvo 163,00
eI 138 2579 a8 04.72 7173 10128
102413 1360 amn 67 417 513.04 770.60 10472
182513 1268 84829 a1? 97.0 7867 104,12
16:26:13 1308 85452 418 55.00 71875 10446
162713 1308 75T 417 49955 718.50 103.52 .
1687813 1367 “ns 47 510.64 71858 s '
1826013 A7 53840 418 =275 71808 104,00
1€:30:13 1367 8558 497 496,02 717.09 103.94 :
103113 13 22074 447 9428 717.88 10428 '
163213 1288 0s252 4ty 509.52 720.80 10425
16:33:13 3.6 asas 418 S04 50 719.01 10318
1834013 1364 T2 r] S00.88 71863 104.80
10:3513 13.08 aes.90 418 51055 71858 104.47
16:30:13 13688 858.31 48 09.78 71945 10420
; 888.58 41? £10.88 71815 103,84
| Beees 417 490,48 7192 C-%-
] 439 508,65 719.8% 10428
a8 47 .87 71931 100.73
S92 418 509.12 71895 10S
2424 .18 4592 7992 10,54
450 418 01,15 71897 104,49
854,54 410 502,55 7852 103,72
B49.04 418 05,2 718,08 10.61
843,17 418 S14.09 710.68 104,12
530,00 418 £08.43 71947 103.58
s 47 500.87 719.01 10.76
Ba7 37 +.18 00,88 719.08 WA
B45.95 X1 50344 71914 104.50
8875 418 500,84 718.8 104.40
84852 4.8 504.52 710.58 104.13
pezeq 7 1571 710.45 .51
£2408 418 509,51 719.28 104.18
87394 4.9 £07.90 719.28 w72
ADD.21 4.0 113 71881 104.94
83439 420 262 719.50 103.88
84124 421 511,75 710.80 10400
[T~ % r) an £12.30 T19.75 103.08
87.: an 51648 719.81 16330
88235 422 52659 71918 B8
868,23 L4 SZ2AS 719.08 104,33

AR 417 508.84 71885 103,91

HE LTI



ammmm-msmmmmm
mmm-mc»muam ’

L] -] ) N -] €0 (La]
T o) pyws (Wet) Do (Wey Prem (Wet)  poam (Dry)  pom (Dry)  pym (Dry)
0541 PN 10580000 30240 00 [T 05144 43279 100,00
0551 PM 105700.00 30284 80 [ %] oSS M N

08:01 PM 10510000 3021780 o G478 - 4338525 gaas

JHTHAH L

gge
£
i
I
4
1
il
f
s

emmmm-cmammcmnms
mmmm-mc«:«wunm

FTIR Data Run 6
3o oz €0 (Ls) NO €0 fLo) L]
Time BEm)  ppm Ve pom (wey P (Wat)  ppm vy} ppm { ppm (|
0541 P 1058 0.9 651.44 L} m;” . nn.g”

0548 P 1058 33 [T SA5e . 10002 .81
OSSIPM Y057 EY--] amn 68758 34 [T 73005
aS:50PM 1051 304 (%] s0.00 3% wmer 737
08.01FM 1051 2 879 847.88 434 [ e
oa08 PN 1085 g n 2420 433 8.7 ™mas
051 PM 1087 a2 8.7 62.78 43 wnn oa.2n
08:10P4 1053 300 B7 24,63 “n 875 850.31
OB21PM 1084 82 [T 24,78 433 00.01 50,80
oM PM 1079 EY--] 80.90 619.71 433 100.11 [TT-]
0N PM 1053 3 20.59 1519 LY.} 10010 &80.12
0538 PM 1053 3N B £22.16 432 20,80 8789
08:41PM 1051 39 80,50 21.3 432 1000 68468
Averages SR e [T Re5e 43 KT T8

24 1345 2705 4 30.79 100,42
17:43234 1344 9.7 4.2 801.53 730.60 10125
174434 143 225 Ly ] T87.89 | 3052 10732
174534 1345 442 128 803.58 7048 10235
17:45:33 1144 a8 420 anry 730,82 100,53
17:4734 1144 &n.m 429 81130 73059 10033
17:48:34 1345 503 428 21562 =53 100.67
17:40:34 148 1904 428 B05.01 73025 100,54
17:50:234 1248 85525 423 0304 730.40 10138
175134 1244 33824 429 788.10 TEAS 101,45
17:520 1345 &£30.58 428 78505 730.60 10144
17:53:34 1345 84087 429 80525 730,00 10142
175432 1345 2511 428 811.05 7588 o
175533 1145 &8 3 428 70858 7099 101.15
17:54:23 1345 [ X A28 790,43 73057 101487
175734 144 sas 87 430 78346 a2 2,08
1758 1345 2844 420 788,53 730.02 M
17:50:% 1347 19.78 420 77452 nass 1018
18:00:34 1247 oo 427 70 ™2 w2
180178 1347 £30.00 428 77540 730,59 101,85
1E0234 1248 81473 -7 T8e25 .07 10118
TEA M 13.48 =09 w7 78428 =S 100,83
04T 1148 M40 a2 08458 730,28 .2
18.05:34 1347 2738 47 Te4.59 3143 10040
18:00:33 1247 81248 a2y 754.87 730.87 10204
120734 13.40 £R.04 428 757.30 1.5 10052
180833 1248 84512 427 7850 7054 10192
12:06:33 1348 200 4.2 pir4 ™37 100.a8
X 1348 848,73 428 5074 73085 100.75
15:11:33 1348 83085 424 7838 . s
181204 1248 s1n 428 758.85 731.08 100.45
18133 13.47 ase3s a@zr 75715 3170 w0687
181434 1340 &5 27 7524 ™as 1Sy
11534 12340 428 426 757.87 70.88 100,72
e 1349 817.95 a6 75428 TIAS 101.53
18174 1348 ax 426 75048 .8 10260
11a:34 134 4501 42 754.00 153
18134 1248 85714 420 7889 7084 10102
1820034 1348 28452 420 744,49 .02 102y
1834 1.4 Maas 20 74289 3.8 e
182234 1343 3855 424 751.48 2442 m2am
18:23:04 13428 ns.ee 426 745.51 733,97 101.58
18243 1340 258,13 4.6 75400 mn 10183
182534 13.40 50 426 74259 bt 1282
18:20:34 .40 &30y 426 746,81 2459 1.
10:27:33 4 #5230 2% 74488 733,49 w210
18:28:34 1342 80222 427 742,80 420 0218
18:29:33 1342 2185 428 742,13 72378 10%.59
18:30033 13.49 810,54 429 74429 733.92 101.54
14:31:23 13.50 ato.gs 25 73945 7435 1m.a?
18:32:34 1349 843,435 428 781,89 7328 o2
18:23:24 1249 84155 425 750.87 73425 101.70
18:34:33 13.40 805.65 . 428 743.04 734.20 101.2
18:25:24 13,50 84850 425 750.96 734,45 101,70
18;26:34 12.49 3.0 . 426 750,03 73398 e
18.37:34 130 80830 . 425 751.90 ™73 101.50
18:30:34 1250 420239 +.25 754,02 733,97 102.43
18:28:34 13.50 81719 424 74172 7452 100,91
18:40:34 13.49 &1.53 25 74900 734,00 noaw

Averages 1347 LX) 427 76843 32.02 10155

no2
P (Dvy)

"nn

701

NOX
e (Dry)
N
74573

Ppm (Dry)
3.1

TEST §: CRITERA FOLLUTANTS OM DRY BANS
SASED ON METHOD 4 NCISTURE DETERMINATIONS

kERELECEREESSS
§

AVERAGE




GRJ FTIR Validatlon Program - CEM & FTIR Data Comparisons

FTIR Data Run 7
€0 (Lo} ™
peie (Wist)  ppam (Net)  pown (Wat)

[*X] 659.50
e 877
a4 Sp440
.14 ans x>
37 681.13
98,14 s
N 7424
wan 7153
07,44 674,20
N 7100
97,67 777
F L 7279
9538 7.8

o -4

Critaria Pollutants Data - Run 7 on July 44, 1954

FTIR Data Run 7
o coz €0 {Lo) NO
Tire o)  pom(Wet) ppm (Wer)  ppm (Wer)
12208 972 LY. ] 29.50
18927:05  W0R2 am $8.61 o877
193205 1038 40 68.14 834,40
193704 1030 Y] 1) s
1424 10.34 01 8837 1,13
WATOS 102 m 14 L]
195203 1030 am o2 7424
WMSTO2  OE 400 75 7153
0202 10D LY 97,44 874,80
20:07:00 1027 am 7. 7189
Az W03 “m 9187 &76.77
209700 1025 409 1.7 m
02150 1000 385 9535 057.00
Averapge M [x ] w.5R 737
CEM Data Run 7
-] ™C [~ NOx
TIME % [
rzz29 9 IK 430 776.10
1028 1348 4953 431 A
102426 1348 84328 2% 7828
192526 1348 847.42 “z mr
1926828 1349 f--Y. -] a8 75798
192728 1349 ="M 428 76842
1228 1349 044,04 428 74044
192926 1348 P = 7183
193026 1348 85300 “~ 20
19318 1347 a57 55 430 77020
%228 1347 5042 430 784.70
193328 1349 847.71 “z7 ™29
1838 1349 [~ % 478 770,43
13528 13.47 84427 e 77849
193820 1348 45374 430 76880
19:37:26 1347 oo 430 77087
19828 1347 85357 “ T4
193526 1348 8489 £« 78881
19:40:26 1348 858.42 430 mers
1T4126 1348 a57.48 4230 76450
AR4226 1348 BASLS 8 78515
104326 1343 25598 4% 76369
19428 1347 .79 43 7525
14528 1349 85087 430 | TRReT
104820 1348 86324 430 764.43
194728 1349 858.90 % 78092
194828 1348 4588 3 75485
194928 12,49 5158 a0 764.40
19:5028 1348 841 430 =%
1WS12E 1348 229 “n 758.9¢
1E20e 1348 4730 “ 767.42
196328 1348 8£0.58 428 788,00
1915426 1348 $80.08 420 753.45
195520 1348 sas.02 420 75444
19:50:28 1348 45450 430 75831
19:57:28 1348 $40.99 9 759.13
195008 1349 85097 428 767.95
19:50:28 1349 830.80 % 7%0.71
20:00:2¢ 13,47 525,82 430 TEL9S
20:01:26 1347 A54.41 4.30 =3
200226 1340 85028 “28 75859
20:03:26 1348 £31.95 = 756.72
200428 1348 2537 428 75578
2010526 13.48 a5.62 20 759.19
200820 1349 85230 428 78094
20:07:26 1349 2% 428 78250
20:08:26 1349 7648 .28 760.12
20:00:26  13.49 84503 428 760.00
20:10:26 1348 851.58 429 768.89
20:11:28 13,40 861.75 428 767.42
0220 1348 2.7 428 700,39
200138 1348 545.02 LY ) 758.44
200428 1348 531,47 4.5 760.03
2011528 13.48 B44.98 428 759.68
20:18:28 1348 sev.14 428 750.25
20728 1347 844.657 428 %N
20:18:28 1340 852,30 42 753.24
2001928 1347 887.52 427 752,42
202026 13,47 841,70 428 750.59
20:21:26 1345 858.92 .28 77159
202226 1335 878.00 425 735.01
Averspes 1348 5037 429 mn

co2 €0 (ol [ ] o2 NOX

pem(Dry) ppmiy) ppm(Dry)  pem Dvy)  ppm )
4456715 10857 ™78 1088 70008
ARG 100.90 70583 17.90 7174
“738.17 10048 76348 w0 e
474567 184 TEA90 1w 7.
476237 A7 ™72 "wn may
4470088 100.4) a5 7w 77008
470028  10R1S ™LED 1744 0014
4483577 10097 a2 a7 708.19
4a8TVE 10RS2 75200 7.5 760.80
4404772 10099 74879 ”mn 890
4485508 10883 754.00 17.6 mmn
4484190 T0RES 740.64 17.43 76708
£351923 10804 7139 1441 74580
-z 109 £ 1745 m.e
co2 €0 (La) -] (-] NaX

pom(Dry) pom(Gry) ppm(Dry) paa(Dry)  pom (Ovy)
440 10897 75078 1088 70008
A7 10098 | 70580 1750 =24
a7 100,48 78348 1820 78199
44T 100.41 75499 "y 7838
a4 100.72 072 wi T
48! 100,43 75825 wn 7440
487 100.15 75180 17,44 014
448 00,97 T ws 798,19
447 10802 =200 175 TR0
448 100.11 74879 mn 78590
447 10853 754.00 17.83 T
440 10883 749.84 7”e 76708
430 10804 ™ 14 745.00
448 0898 TSASS 1245 mee
FTR [--]

73249 W18

™87 A48

73154 120

™. w38

732.00 W57

1.8 o

™e LY

73208 w12

e [T+

73224 1014

731.85 10299

b~ 3T 1247

TS 10248

3220 10285

TazN2 e

731.87 13

732 10262

kg -2y pl.-T.- 1

™m 104.08

248 0z

=M 026

TN (-] )

Ta098 10330

™ 1

73240 10374

™S 101.80

™o 191.80

73248 0y

73294 072

T32.00 1048

73282 et

73288 1057

8% 10315

252 10375

T3251 WM

73283 10298

73088 10188

732,87 e

73285 10330

™ 10243

™R 1246

733,08 1022

733.20 10349

73347 10247

T3 jv-t]

T33.00 1w

73388 w0272

TIE5 101.49

73380 10255

T.52 114

T33.44 h[:-A Y

733.50 10289

73378 103

T33.24 10320

301 0288

™R 10258

72087 102.47

71989 103.08

9.7 103.00

71082 102.08

720.10 103.41

731,62

10299

TEST 7: CRITERA POLLUTANTS OM DY BANS

BATID SN METHOO0 4 MOIFTURE DETERMINATIONS

OO 4

co (Lo}
MOISTURE ppm (Dry)  poms (Dvy)
we [ ] nase

MNNS

i (Dey)
T84

HEH T



FTIR Data Ron 8
o -] [ NO o2 <o o)
Time oW} ppw (Per)  pram (er) P (Wat)  ppm (Dry)  ppe (Dry)
2004736 G0N0 OSEB.0 75 10411
25237 W54 3040180 .08 790 475734 10413
ASTAL W71 00050 5.8 SIS 415790 10080
NOZI6 100779 Wk19.10 “w SAR 277 os
NO735 100018 W70 20.04 05108 4425000 10882
211235 G5 M0.20 95.58 05500 4426100 10818
74 KRS W745.80 8.2 64084 415383 10898
2UI2ZM I X710 .14 Q0D S 10008
T3 M2 XNTES0 9651 EWL7S TS 10744
FAI2I KA WS40 Mz SNLEZ  «4D0477 10890
23722 eas  XTes.00 .8.97 6478  e18S8S 770
ZRAZI2 MMZ8 T30 9720 008 X0 10704
Z04TM 10028 30M00.00 W44 1019 Mms1  mzm
averape  DEMR s - “s a3 1wy
BIIFTIRVMPm-IPﬂRMCMuMom
mmm-ﬂnnlmdulyﬂ.‘lm
FTIR Data Run 8
Wo - -] €0 (o) ] -] €0 (Lo)
Tims  (ppm)  ppm (Wet)  pam (Wer) ¢om (Wet)  ppen (Dry)  pps (Dry)
204738 996 398 0 045.58 440 10411
205297 995 104 2408 7.5 a3 105,13
25736 10.12 gy 9551 10 4.2 108.80
N0230 10,08 398 o827 [T 4“3 107.08
210735 10.00 199 96.04 85198 44 10842
123 e 1% 9558 €52 00 LY -1 100,18
T4 998 a w7y 54004 .42 10895
N2 98 ane o814 30.20 .2 100,08
1273 943 397 90.51 [ XY Xt 10714
21320y 90 397 | T on.g2 4.6 106.90
naTL 9 i 985y 2478 “2 w70
20422 904 aw LX) 62108 44 107,54
214737 1000 194 97.44 819.19 442 Az
Avermpm 490 197 [ - v 10890

T 10 §.q X0
04503 1352 4597 425 73408 T19.0t 100.67
5000 1253 2424 429 T28.09 719.48 un.ee
5103 1354 20027 426 e 719.10 100.98
008 1354 3804 o R4 71947 10105
WMSIT 1254 san 4.2% 787.87 .17 10064
5408 1354 A= 425 T3 9% 71942 100,68
05503 1354 518 « 4132 725.10 0z
AnSS03 1352 5220 27 T44.00 TIST 10087
205703 1343 20403 427 72an 1009
ASSLI3 1358 sy 426 73815 =00 W87
205008 1358 85319 429 TS89 ke N 10085
2:00.03 1254 a5A19 28 743.01 man 120
L0108 1as54 ., 423 T40.95 mn 10058
00 1258 25500 ar 74590 727.58 0nar .
2303 1357 5.0 425 748 mmn 100.07
0403 1357 .0 425 743,87 728208 100.00
210503 1158 875 4.7 745,47 72801 10050
21:081003 1352 X~ -5 812 78,37 100.03
210743 1354 827.19 429 7an.3 727.95 10028
30803 1254 31840 42 743.41 7238 s
00t 1357 5250 45 75058 285 w2
211003 1358 81267 425 743.87 72108 $0a8
2148 s &7.45 425 73738 =24 w.re
2112 136 as0.78 42 ™5 A% L]
211303 1356 asa7d 428 74924 .M #.40
4 1187 e 425 T2A 74 72020 100.00
1503 1187 AN .43 425 738.13 720.35 100.16
2111808 1357 84488 28 73520 =m 100,53
1703 1358 072 424 T80 Ta.Q 0.5
2911803 1358 £7.. 424 71450 72230 w092
201403 135 230,05 LF-] e 72877 100.00
2920:03 1357 £0.31 424 723.90 72042 107.37
292103 1359 [~k ] 43 T20.78 AT 100,22
22503 S 84452 Ly =4 720.00 w2
21303 1258 844,43 424 ma 7 mss
2403 1350 a6 424 71878 7875 9030
212503 1AM 4500 -3 >mn 727.00 10073
212003 1355 L 424 T24.28 20,48 043
21703 134 81,72 a“n Ti5.68 T28.55 950
292803 138 857.40 a“ry 7204 12025 w.1e
23203 1481 [=1F- ] a4 71033 .29 055
213003 13,83 [ -] 422 158 TZ.14. S4.52
213103 1382 57.19 22 24 T2 2039
:a20 e 43245 a3 TO4.87 720.90 | I
13303 13m 824.74 “M 70592 2888 ]
213403 1363 815.89 43 0 728,89 mee
293503 1382 429.00 424 Tar.84 729.30 9.2
nsEs  1Be 83838 425 o2 728.968 $8.50
21370 B ness 425 o879 72980 10005
2138 nue M “25 .08 2026 si58
21350 1K 815.53 4.26 T08.29 7. W42
24003 13 81574 43¢ 704,40 THRAT 8938
AL 1384 807.84 L] (<3 128.82 S8.82
4203 1383 a07.78 4.3 07.00 72017 wn
214308 3 4N 4.24 e 729.96 o097
M3 1m LR -] 4M 700,38 72045 o058
M45:03 1382 803,94 .25 007,57 b Xl 0.4
214603 1341 8122w 425 70241 729.29 100,39
294703 1302 arm 425 .oy 73012 100,77
21480 13O 802,83 4235 Tor.82 7573 905
Aversgs 1153 385 425 754 727.82 100,08

[ -] N2 NOX
POm{ry)  ppem (Dry)  ppm (Dry)
T894 n32
70849 1M ™
TS0 " 73290
™ n2 4540
72514 e TN
ToR85 1824 76089
T2 1530 ™
TOL® .53 242
an " 72050
7054 s THe92
- nne  wme
63452 155
o.M 1320 7011
LT “" - T
-] NOX
pom (Cry)  ppm (Ory)  ppvs (Ory)
4l 1] 1n32
70849 "M e
408 " 730,08
730 1528 745.40
72519 14,08 7082
72005 1524 74309
e 1530 nrn
To080 4.5 4
bl T “un 2450
T00.54 1“5 Tie.02
[T 137 T2
saa.52 1355
asb o 1320 .0
7118 “w 75m

TEST & CRITERIA POLLUTANTS ON DRY RANE
BAZED OM METHOD 4 MOETURE DETERIMNATIONS

HETHDD 4 caz 0 Qs NOX
WORTURE  ppve (Cry)  pguw (Dvy) Fpn (Dry)
290 4% 1008 TEAS
L 4 105.08 e
441 00,34 o X
a2 TO0AS T44.04
3 108.80 ™
a2 100.00 74022
4 e T 7ASe
a2 Tohe2 .
M LA 4.0
441 10088 74
441 10783 or.R
4“4 107 ™mors
442 10414 Ton.42
AVERAGE 441 Hm 40




GRI FTIR Valldation Program - CEM & FTIR Data Comparisons
Criteria Pollutants Data - Run 9 on July 14, 1934 : TEST & CRITENA FOLLLTANTS ON DEY RASRE
RASED ON BIETHOD 4 NOISTURE DETEREIMATIONS

FTIR Data Run 9
Ho (-] O o NO coz €0 (ko) ) ("] NOX METHOD4 CO2 [T,V NOX

Tew (om) ppm(Ne) ppm(Wet) pan(Wet) ppn(ry) pomiTsy) pemiDry)  ppm [@ny) o (Ony) MOETURE  pore (Dry)  peem (Rry) pp (Dry)
20840 01 3082820 [ ¥ 0739 | ANMZ.41 10887 67420 »n 638,99 1095 445 108.11 04,08
ZE0 M2 W20 0.4 00100 4404468 10890 08720 1280 30,15 Y] 1o e
ZENE0 TR 3ET.TO m’az? 5730  MDSAM 1ORE 083.00 ”nB 7585 445 10 683,10
22308 100006 7800 S804 W756  A0NLD 10084 [ Y 126 s 4.0 11.00 8308
22838 1005 38440 .08 %87 “Is44 11013 [T ] 1226 87552 47 11128 68234
228337 W7 MTIAS0 .08 SEMAS  ABA73 12 5058 azis [k 4~ 11128 [T
223837 100173 WA 0055 S99 406 1ass [ F-] 1208 ariss 448 1129 084
Zr43:30 QU005 E74.40 9055 . M40 407790 1080 057.04 75 0.2 4 mn a7
ZxANS 1NED  30E20.00 10050 00386 HMZNE  NTI as3.00 1250 7531 w7 128 68190
225335 100474 MWOSS50 10028 SBE4D 2274 1B sS4 1213 e 447 1M2% areee
25635 100300  M417.50 0074 250 44130 11198 AT 1218 670.88 447 1213 715D
20334 101041 MKW 101.45 516 4431714 11288 oax08 1240 67445 447 1133 6074
2320833 101115 MOEL0 0 00  A44AN04S 140 #5859 1200 oss.68 49 114,67 674.86
Average tOME4  N7E3 100 A 44190 "4 “2 (-1 7425 AVERAGE 447 HLze s

GRl FTIR Valldation Program - GEM & FTIR Data Comparisons
Criteria Pollutants Data - Run 9 on July 14, 1934

FTIR Data Run 9
o -3 €0 (La) w o2 €0 {Lo) w O o
Tana pm)  ppm{Wel) Do (We) pom(Wel mm(Dry) pem(Try) e (Dry) pom (ey)  peem (Ory)
20840 99 EY 3 30 10047
Z21X39 0 a9y a1 =100 440 108,90 o720 7. 018
830 958 97 a3y %7.% “ 1002 ary.o0 1225 [ 7]
Zas  ao 3w s 56758 LY 10084 [ Y. me 7885
z22838 00 308 9000 50.71 3 1013 [ %] 2. erss2
Zna7 106 ET ) .08 .45 442 7m0.12 =058 18 N7
=057 am 197 55 £54.90 441 10.8 Lo F- 2.0 [V )
Z4336 90 aw w055 551,40 . 10.00 65708 1224 0.2
T3S 1005 398 100.50 443 "3 [ -Y.] 7% a5
ZeEA5 4005 208 1028 S8A.49 443 M 5423 1213 [ L]
5835 10.04 ET- ) 100.74 0250 “s mes 65872 12213 670.80
2mae 1040 198 101.45 585,10 443 1288 [.-T. ] 1240 87445
20833 10.99 400 g =020 445 11340 05850 20 [ Y-}
Aversgs 1002 p X 90.52 9550 as2 110,80 .01 =M 7425

2B e 52920 424 57.40 205 i
Zrona2s P 85N 423 L X mas 045
s 16 7% 424 65425 T2A72 8o
23025 1300 81938 4“5 8238 A8 10032
2125 18 TaR18 425 65774 Tans 49.08
220225 1300 K65 425 88006 728.20 w3
o328 13M BN.49 424 88137 T720.04 02
M2 16 T2 424 [ >3 TR 100.03
A 138 0004 425 (-3 B s 100,43
zas e [ 424 054 .08 ™ %19
212 1N 80519 424 808,90 T8 00,58
23825 130 TH1L.65 425 L1 ] TA58 w.a?
Zrag2s 1361 780.44 424 o007 720.20 w7
24025 e 78032 424 649.88 T80 9053
24125 e 707.73 424 ad4.13 T20.34 90.19
2TATXB NN 4113 424 0.0 T840 90.10
24325 1)@ 24 425 1., 2R3 e
Zra42s 126D 80032 425 7164 720.49 £90.50
4S5 1300 784.01 424 54,75 T28.50 0.05
24025 130 804.62 425 06734 7.5

224725 1381 Te0.23 435 oms TH.0 29.33
4825 10 788,10 425 o9 TH.G 20.80
TGS NE £1.08 L] 654,51 7281 88D
RE0BS 136 =2 424 w1y T30 100.02
25125 N&e [ AL 424 [ -2 ] T29.00 k)
REFH 18 80245 425 049.58 8.8 w2
53X Ne 7%7.51 424 658,50 729.50 8258
DE428 135 ™ 424 s a7 T8 85.88
nssa 136 Mass 424 4n8.87 170.92 9598
5825 136 TT4.800 425 2.4 730.19 2.1
5725 134 781.00 LF ] &57.51 TR.78 .80
25825 1361 2473 a2 08344 0.5 90.72
525 126 218.54 428 659.88 7308 9.9
@3S N 853.92 427 874 T30.49 S840
20125 13 o8 425 658.04 7 8.7
ams Ne [ ] 424 58,68 73088 “w/n
s 182 830,77 40 [ 18] ™27 m.a7
30425 & 811,57 426 452,42 730.50 100.73
20525 1361 81092 4.0 654,00 73032 9948
230825 1362 Tes.e8 4.6 85054 T "o
20725 1N 27.88 426 858.04 THas el
DA 1300 830.58 27 as5.78 730.48 00.84

Aversge 1380 R.32 44 “He nLe 9960







APPENDIX K
STACK MEASUREMENT METHOD PRECISION DATA







MEASUREMENT/METHOD

TEMPERATURE
Type K thermocouple
Mater temparature

Marcury-in-Glass thermometar

Dial thermomeoters

PRESSURE/DIFFERENTIAL PRESSURE

Stack gauge pressure
Mater gauga prossuro
Atmospheric pressure
Velocity pressurs

Orifice pressure differontial

VELOCITY
Type S pitot/Mothad 2
Coefficient, Cp

3D Fitot
Pitch angla, deg
Yaw angle, deg
Coafficient, F2

DRY MOLECULAR WEIGHT
Orsat/Method 3
Fyrite/Method 3

Meathod 3A

STACK GAS MOISTURE
Mathod 4/5 Impinger

PARTICULATE MATTER
Method 5

Mass concentration

METERING SYSTEM

Sample volume/Mathod S

DGM AuditvMethod 5
Orifice metar coafficiant
Diameter of probe nozzie

Sample volume/Method 6

CARBON DIOXIDE
Orsat/Method 38
Method 3A

OXYGEN
Orsat/Method 38
Mathod 3A

SULFUR DIOXIDE
Method 6/Analytical
Methaod 6C

Meathod 6C

NITROGEN OXIDES
Method 7/Analytical
Method 7E
Meathod 7E

VOST/SEMIVOST
See attached table

STACK SAMPLING MEASUREMENT PRECISION

SPECIFICATION

b1.5% of absolute

p5.4%F

p0.1 in.Hg

p0.1 in.Ho
b10.0%
p5.0%

£0.02
£0.02

p2.0%
b2.0%
p3.0%

p0.3 Ib/ib-mole
b0.3 b/lb-mole
p0.3 Ib/lb-mole

b2%

p2%

£0.2% CO2
£0.2% CO2
p0.3% CO2
b0.5% CO2

p0.2% 02
p0.2% 02
p0.3% 02
p0.5% 02

RSD OR SD

p0.27%F SD
p0.29%F 5D
p0.10%F SD

p2.2% RSD
p0.32% RSD
p0.0026 SD

p1.0% SO
p1.0% SO
p3.0% SD

p0.035 Ib/ib-mole S0
p0.044 By/lb-mole SO
p0.035 Ih/ib-mole SD

p0.23% moisture SD

b10.4% RSD @ 133 mg/scm
p13.81 mg/sem SD

p0.00667 SD
p5.0% RSD
p0.0584 SD
p0.0011 SD
»0.0084 SD

p0.20% CO2 SD
p0.11% CO2 SD

" p0.16% €02 SD

p0.28% CO2 SD

p0.32% 02 SD
p0.11% 02 SD
p0.14% 02 SD
£0.19% 02 SD

b1.3% RSD
p2.25% RSD
p2.4 ppm S0

p6.2% RSD
p2.16% RSD
p1.2 ppm SD

AANGE

32 o 400°AF
40 w 110%F
0 to 200%F

44.6 to 54.1 fps
10 100 fps

pa0%, 20 to 100 fps

'B40Y%, 20 to 100 fps

pa0%, 20 to 100 fpe

28.06 to 29.21 b/ib-mole
28.06 to 29.21 b/b-mole
28.06 to 29.21 [b/lb-mola

11.7 to 17.5% moisture

81.7 to 254.5 mg/sem

0.97 to 1.03

1.6t0 2.0
3/16 to 0.50 inches
0.97 t0 1.05

1.8 to 3.1% CO2

3.9 te 18.4% CO2
3.9 to 18.4% CO2
3.9 to 18.4% CO2

16.5 to 19.5% 02
1 to 21% 02
110 21% 02
1to 21% 02

100 to 2800 ppm
0 to 100 ppm

100 to 1000 ppm
0 to 100 ppm







APPENDIX L

AUDIT RESULT







MEMORANDUM

TO: Elien Sireih, EPA

FROM: Gunseli Sagun Shareef. Radian
.COPY: Robin Segall. EPA

Jim Evans. GRI

Jim McCarthy. GRI

Larry Ogle. Radian
DATE: December 21. 1994
SUBJECT: .-\udit_ Result

.Below you will find the result of the audit cylinder analyzed during the FTIR mhdatmn
testing conducted in July 1994 under the GRI Aur Toxics program:

Cylinder ID Target Analyte Measured Concentration
(ppm)
693¢ Acetaldehyde ND (DL: 0.3 ppm)

Please call me at 481-0212 if yvou have any questions.








