
United States
Environmental Protection
Agency

Air

Office of Air Quality
Planning and Standards
Research Triangle Park, NC 27711

EPA-454/R-00-020
April 2000

,~, EPA
HOT MIX ASPHALT PLANTS

KILN DRYER STACK

INSTRUMENTAL METHODS TESTING

ASPHALT PLANT "A"

CLAYTON, NORTH CAROLINA





HOT MIX ASPHALT PLANTS
KILN DRYER STACK

INSTRUMENTAL METHODS TESTING

Asphalt Plant "A"
Clayton, North Carolina

Prepared for

Office of Air Quality Planning and Standards
Emissions, Monitoring and Analysis Division

Emission Measurement Center (MD-19)
Research Triangle Park, North Carolina 27711

Mr. Michael L. Toney
Work Assignment Manager

EPA Contract No. 68-D-98-027
Work Assignment 3-02

MRI Project No. 104952-1-002-05

April 2000





PREFACE

This test report was prepared by Midwest Research Institute (MRI) for the U. S.
Environmental Protection Agency (EPA) under EPA Contract No. 68-D-98-027, Work
Assignment No. 3-02. Mr. Michael Toney is the Work Assignment Manager (WAM). Mr. Scott
Klamm is the MRI Work Assignment Leader (WAL). The field test was performed under EPA
Contract No. 68-D2-0165, Work Assignment No. 4-24. A draft report was submitted under EPA
Contract No. 68-W6-0048, Work Assignment No. 2-08, Task 2 and a revised draft was submitted
under Work Assignment 2-10 of 68-D-98-027. Mr. Toney was also the WAM for the previous
work assignments. Dr. Thomas Geyer was the MRI WAL for Work Assignments No. 4-24 and
3-10 and the Task Leader for Task 2. Mr. John Hosenfeld was the MRI WAL for Work
Assignment No. 2-08.

This report consists of one volume (360 pages) with six sections and five appendices.

MIDWEST RESEARCH INSTITUTE

ohn Hosenfeld
Program Manager

Approved:

?r(1~
Jeff Shular
Director, Environmental Engineering Department

April 2000

iii





TABLE OF CONTENTS

1.0 INTRODUCTION 1-1
1.1 BACKGROUND 1-1
1.2 PROJECT SUMMARY 1-1
1.3 PROJECT PERSONNEL 1-7

2.0 PROCESS DESCRIPTION AND TEST LOCATIONS 2-1
2.1 PROCESS DESCRIPTION 2-1
2.2 TEST LOCATIONS 2-1

2.2.1 Baghouse Inlet Duct . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.2.2 Baghouse Outlet - Stack. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1

2.3 VOLUMETRIC FLOW 2-1

3.0 RESULTS 3-1
3.1 TEST SClIEDULE 3-1
3.2 FIELD TEST PROBLEMS AND CHANGES 3-2

3.2.1 High Particulate at the Inlet 3-2
3.2.2 Method 25A Concentration Spikes 3-2
3.2.3 Addition of a Fourth Test Run 3-3
3.2.4 Method 25A Calibration Checks 3-3
3.2.5 Condenser Sampling 3-3
3.2.6 Inlet Flow Determination 3-3

3.3 METHOD 25A RESULTS 3-4
3.4 FTIR RESULTS 3-7
3.5 ANALYTE SPIKE RESULTS 3-8

4.0 TEST PROCEDURES 4-1
4.1 SAMPLING SYSTEM DESCRIPTION 4-1

4.1.1 Sample System Components 4-1
4.1.2 Sample Gas Stream Flow 4-3

4.2 FTIR SAMPLING PROCEDURES 4-3
4.2.1 Batch Sampling 4-4
4.2.2 Continuous Sampling 4-4

4.3 ANALYTE SPIKING 4-5
4.3.1 Analyte Spiking Procedures 4-5
4.3.2 Analysis of Spiked Results 4-7

4.4 ANALYTICAL PROCEDURES 4-7
4.4.1 Computer Program Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9
4.4.2 EPA Reference Spectra 4-9

4.5 FTIR SYSTEM 4-9
4.6 CONTINUOUS EMISSIONS MONITORING FOR TOTAL

HYDROCARBONS (THC) 4-10
4.6.1 Total Hydrocarbon Sampling Procedures 4-10

v



I

TABLE OF CONTENTS (continued)

5.0 SUMMARY OF QA/QC PROCEDURES 5-1
5.1 SAMPLING AND TEST CONDITIONS 5-1
5.2 FfIR SPECTRA 5-2
5.3 METHOD 25A 5-3

5.3.1 Initial Checks 5-3
5.3.2 Daily Checks 5-3

6.0 REFERENCES 6-1

APPENDIX A - METHOD 25A AND VOLUMETRIC FLOW DATA. . . . . . . . . . . . . . . .. A-I
A-I METHOD 25A RESULTS A-2
A-2 METHOD 25A CALIBRATION AND QA CHECK DATA A-3
A-3 VOLUMETRIC FLOW DATA A-4

APPENDIX B - FfIR DATA B-1
B-1 FfIR RESULTS TABLES B-2
B-2 FfIR FIELD DATA-RECORDS B-17
B-3 FfIR FLOW AND TEMPERATURE READINGS B-18

APPENDIX C - EQUIPMENT CALIBRATION CERTIFICATES C-l
C-l CALIBRATION GAS CERTIFICATES C-2
C-2 ENVIRONICS MASS FLOW METER CALIBRATIONS C-3

APPENDIX D - TEST METHODS AND HCI VALIDATION PAPER . . . . . . . . . . . . . . .. D-l
D-l EPA METHOD 320 D-2
D-2 EPA FfIR PROTOCOL D-3
D-3 EPA METHOD 25A D-4
D-4 EPA DRAFT METHOD 205 D-5
D-5 HCI VALIDATION PAPER D-6

APPENDIX E - PROCESS DESCRIPTION E-l

VI



LIST OF FIGURES

Figure 2-1. Baghouse inlet 2-2
Figure 2-2. Baghouse outlet (stack). . 2-3
Figure 3-1. THC concentration trend graphs 3-6
Figure 4-1. Sampling system schematic. . 4-2

LIST OF TABLES

TABLE 1-1. SUMMARY OF FfIR RESULTS FOR WET SAMPLES AT PLANT 1-4
TABLE 1-2. SUMMARY OF FfIR RESULTS FOR CONDENSER SAMPLES

AT PLANT A 1-5
TABLE 1-3. SUMMARY OF HYDROCARBON EMISSIONS RESULTS 1-6
TABLE 1-4. PROJECT PERSONNEL 1-7
TABLE 2-1. SOURCE GAS COMPOSITION AND FLOW SUMMARY AT PLANT A 2-4
TABLE 3-1. PLANT A FfIR AND 25A TEST SCHEDULE 3-1
TABLE 3-2. MINIMUM AND MAXINIUM THC CONCENTRATIONS 3-7
TABLE 3-3. SPIKE RESULTS IN WET SAMPLES COLLECTED AT THE

BAGHOUSEINLET 3-11
TABLE 3-4. SPIKE RESULTS IN WET SAMPLES AT THE BAGHOUSE OUTLET 3-11
TABLE 3-5. SPIKE RESULTS IN CONDENSER SAMPLES AT THE BAGHOUSE

INLET 3-12
TABLE 3-6. SPIKE RESULTS IN CONDENSER SAMPLES AT THE BAGHOUSE

OUTLET 3-12
TABLE 3-7. COMPARISON OF EPA REFERENCE SPECTRA TO SPECTRUM OF

TOLUENE CYLINDER STANDARD 3-13
TABLE 4-1. PROGRAM INPUT FOR ANALYSIS OF SAMPLE SPECTRA 4-12
TABLE 4-2. PROGRAM INPUT FOR ANALYSIS AND CTS SPECTRA AND PATH

LENGTH DETERMINATION 4-13
TABLE 4-3. RESULTS OF PATH LENGTH DETERMINATION 4-13

VB



VI11



1.0 INTRODUCTION

1.1 BACKGROUND

The Emission Measurement Center (EMC) directed Midwest Research Institute (MRI) to

conduct emissions testing at asphalt concrete production plants. This was in response to a test

request from the Minerals and Inorganic Chemicals Group of the Emission Standards Division

(ESD) and Source Characterization Group of the Emission Monitoring and Analysis Division

(EMAD), both in the Office of Air Quality Planning and Standards (OAQPS), U. S. EPA. The

test program was done in August 1997 under work assignment 4-24, on EPA Contract

No. 68-D2-0165. This draft report was prepared under work assignment 2-08, on EPA Contract

No. 68-W6-0048.

The purpose of this project was to perform an emissions test on the inlet and outlet of a

baghouse that controls emissions from the counterflow rotary dryer process used at asphalt

Plant A in Clayton, NC. Midwest Research Institute used EPA FTIR Draft Method 3201 and

EPA Method 25A. Method 320 is an extractive test method using Fourier Transform infrared

(FTIR) spectroscopy. Method 320 uses quantitative analytical procedures described in the EPA

FTIR Protocol.2 Method 25A is an extractive test method using a Flame Ionization Analyzer

(PIA). Data will be used to quantify and characterize hazardous air pollutant (HAP) emissions

and the performance of the control unit.

1.2 PROJECT SUMMARY

Asphalt paving materials are produced by drying and mixing various amounts of raw (and

sometimes recycled) materials in a rotary drum dryer. The product is carried from the dryer by

conveyor to heated storage silos before distribution by truck. The dryer emissions are drawn

through a baghouse for particulate control before being emitted to atmosphere. Testing was

conducted at the inlet and outlet of the baghouse to determine the amount of measurable

emissions released.

Four test runs were conducted by MRI at each location over a 3-day period concurrently

with manual method testing conducted by Pacific Environmental Services, Inc. (PES). Test

Runs 1, 2, and 3 were conducted during production using reclaimed asphalt pavement (RAP).

Test Run 4 was conducted during production using non-RAP containing material.
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The FTIR samples were collected by alternately sampling the baghouse inlet and stack,

using a single instrument. Method 25A testing was continuous at both locations using two

analyzers. A summary of the FTIR results for samples collected on a hot/wet basis (i.e.,

extracted stack gas) direct to the instrument for Runs 1-4 is presented in Table 1-1. FTIR results

for samples collected on a cold/dry basis (i.e., stack gas moisture removed with a condenser) for

Runs 1-4 are summarized in Table 1-2. Only detected compounds are shown in Tables 1-1 and

1-2. Toluene is shown because some samples were spiked with toluene. The Method 25A

results are summarized in Table 1-3. The complete Method 25A results are in Appendix A, and

the complete FTIR results are in Appendix B.

The EPA Method 320 uses an extractive sampling procedure. A probe, pump, and heated

line are used to transport sample gas from the test port to a gas distribution manifold in a trailer

that contains the FTIR equipment. Infrared spectra of a series of samples were recorded and

quantitative analysis of the spectra was done after the FTIR data collection was completed. All

spectral data and results were saved on computer media. A compact disk containing all FTIR

data was provided with the draft report.

The FTIR spectra showed evidence that the emissions included a mixture of aliphatic

hydrocarbon compounds. The only HAP's in that classification are 2,2,4-trimethylpentane

(isooctane) and hexane. Therefore, in the draft report, the hydrocarbon emissions were primarily

represented by "hexane." Since the draft report was submitted, MRI has measured reference

spectra of some additional hydrocarbon compounds. The new reference spectra were included in

the revised analysis to obtain a better representation of the hydrocarbon emissions.

The EPA Method 25A also uses an extractive sampling procedure, and the same sample

transport system was used for both the FTIR and Method 25A testing. Volume concentration

data and results obtained from the samples were recorded and saved on computer media and

reviewed after the test was completed.

The "wet" results are from spectra of untreated samples. The "condenser" results are

from spectra of sample gas that was passed through an ice-temperature chiller to remove

moisture from the sample. The condenser results are reported on a dry basis. The condenser, by

reducing moisture interference, can aid the analyses of some compounds, but soluble species

such as formaldehyde are more accurately measured in the wet samples. Even the concentration
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of non-soluble species can be reduced by the condenser because vapor pressures are lower at the

condenser temperature. Note that the condenser and wet samples cannot be compared directly

because they were measured at different times (see Table 3-1).
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TABLE 1-1. SUMMARY OF FfIR RESULTS FOR WET SAMPLES AT PLANT Aa

Run 1 Run 2 Run 3 Run 4

Untreated (wet) Samples Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet

Toluene ppm 0.49

Iblhr 0.21

kg/hr 0.09

Hexane ppm 3.22 0.46 2.30 2.00

Iblhr 1.12 0.20 0.92 0.81

kg/hr 0.51 0.09 0.42 0.37

Ethylene ppm 13.6 15.6 3.9 9.5 12.5 11.9 17.6

Iblhr 1.55 1.77 0.55 1.34 1.62 1.56 2.31

kg/hr 0.70 0.80 0.25 0.61 0.74 0.71 1.05

Methane ppm 22.2 20.8 62.9 45.7 23.5 18.1 20.7 22.2

Iblhr 1.44 1.35 5.04 3.66 1.73 1.34 1.55 1.66

kg/hr 0.65 0.61 2.28 1.66 0.79 0.61 0.70 0.75

Sulfur Dioxide ppm 35.5 51.8 9.5 57.1 60.1 52.8 46.5

Iblhr 9.19 13.42 3.05 18.29 17.77 15.81 13.94

kg/hr 4.17 6.09 1.38 8.29 8.06 7.16 6.32

Carbon Monoxide ppm 238.5 226.9 806.8 623.7 49.6 207.5 179.2 225.4

Iblhr 27.0 25.7 113.0 87.3 6.42 26.8 23.5 29.5

kg/hr 12.3 11.7 51.2 39.6 2.91 12.2 10.6 13.4

Formaldehyde ppm 15.5 9.0 1.0 4.7 1.5 13.0 11.4

Iblhr 1.89 1.10 0.15 0.70 0.21 1.81 1.60

kg/hr 0.86 0.50 0.07 0.32 0.10 0.82 0.72

Butane ppm 1.1

Iblhr 0.26

kg/hr 0.12

2-Methyl-1-pentene ppm 0.31 0.66 6.5

Iblhr 0.106 0.28 2.55

kg/hr 0.048 0.13 1.16

2-Methy1-2-butene ppm 0.089

Iblhr 0.029

kg/hr 0.013

a Blank space indicates a "non-detect."
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TABLE 1-2. SUMMARY OF FTIR RESULTS FOR CONDENSER SAMPLES AT PLANT Aa

Run 3 Run 4

Condenser Samples Inlet Outlet Inlet Outlet

Toluene ppm 0.28 8.9 12.4
lblhr 0.090 3.1 4.34

kglhr 0.041 1.4 1.97

Hexane ppm 2.5

lblhr 0.78

kglhr 0.35

Ethylene ppm 12.8 11.0 19.5 21.2
lblhr 1.27 1.10 2.08 2.26
kglhr 0.58 0.50 0.94 1.02

Methane ppm 7.4 8.3 10.1 11.4
1blhr 0.42 0.47 0.62 0.69

kglhr 0.19 0.21 0.28 0.31

Sulfur Dioxide ppm 49.3 51.5 45.1 35.1

lblhr 11.2 11.7 11.0 8.53
kglhr 5.06 5.30 4.97 3.87

Carbon Monoxide ppm 291.4 307.0 311.3 320.3

lblhr 28.9 30.5 33.1 34.1

kglhr 13.1 13.8 15.0 15.5

Formaldehyde ppm 9.2 4.1 4.1 5.3

lblhr 0.98 0.44 0.46 0.60

kglhr 0.44 0.20 0.21 0.27

3-Methylpentane ppm 1.6 0.11 0.42 0.09

lblhr 0.49 0.034 0.14 0.030

kglhr 0.22 0.016 0.062 0.013

Isooctane ppm 0.17 0.0281

1blhr 0.08 0.0122

kglhr 0.03 0.0055

Butane ppm 0.79 4.4

lblhr 0.16 0.97

kglhr 0.074 0.44

2-Methyl-l-pentene ppm 9.4 3.5 4.1 9.9

1blhr 2.8 1.0 1.3 3.2

kglhr 1.3 0.47 0.60 1.4

Heptane ppm 4.3 1.2

Iblhr 1.6 0.47

kglhr 0.73 0.21

I-Pentene ppm 3.1 0.52

lblhr 0.83 0.14

kglhr 0.37 0.06

2-Methyl-2-butene ppm 7.3 1.8 3.3 2.0

lblhr 1.84 0.46 0.88 0.53

kl!1hr 0.83 0.21 0.40 0.24

a Blank space indicates a "non-detect."
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TABLE 1-3. SUMMARY OF HYDROCARBON EMISSIONS RESULTS

I Test Data I
Run No. 1 2 3 4

Date 19-Aug-98 20-Aug-98 20-Aug-98 Averageb 21-Aug-98

I Baghouse Inlet I
Gaseous Concentrations

THC Concentration, ppm (wet basis) 66.7 54.0 27.0 49.2 60.1

THC Concentration, ppmca (wet basis) 199.8 162.0 81.0 147.6 180.3

THC Concentration, ppmc (dry basis) 243.4 206.5 105.6 185.2 222.0

Emissions Data

THC Emission Rate, Iblhr 9.7 9.7 4.5 8.0 10.1

THC Emission Rate, kglhr 4.4 4.4 2.0 3.6 4.6

I Baghouse Outlet ( Stack) I
Gaseous Concentrations

THC Concentration, ppm (wet basis) 47.4 47.7 25.4 40.2 38.1

THC Concentration, ppmc (wet basis) 142.2 143.1 76.2 120.5 114.3

THC Concentration, ppmc (dry basis) 173.2 182.4 99.3 151.7 140.8

Emissions Data

THC Emission Rate, Iblhr 6.9 8.6 4.2 6.6 6.4

THC Emission Rate, kglhr 3.1 3.9 1.9 3.0 2.9

a ppm is concentration measured as propane; ppmc =ppm as carbon.

b Results from Runs 1-3 are averaged because these runs were conducted during production using reclaimed asphalt
pavement (RAP). Run 4 was conducted during production using non-RAP material.
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1.3 PROJECT PERSONNEL

The EPA test program was administered by the EMC. Some key project personnel are

listed in Table 1-4.

TABLE 1-4. PROJECT PERSONNEL

Organization and Title Name Phone Number

Plant A Corporation
Phil Adams (919) 291-5165

EnvironmentalJ Safety

Plant A Corporation
George Reeves (919) 779-9752

Plant Manager/Supervisor

U. S. EPA, EMC
Work Assignment Manager

Michael L. Toney (919) 541-5247
Work Assignment 4-24
Work Assignment 2-08

U. S. EPA
Minerals and Inorganic Mary Johnson (919) 541-5025
Chemicals Group

MRI
(816) 753-7600

Work Assignment Leader Scott Klamm
Ext 1228

Wark Assignment

MRI
Work Assignment Leader
Work Assignment 4-24

Thomas J. Geyer
(919) 851-8181

Wark Assignment 2-10 Ext 3120
Task Leader
Work Assignment 2-08

MRI
Program manager

John Rosenfeld
(816) 753-7600

Work Assignment Leader Ext 1336
Work Assignment 2-08
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2.0 PROCESS DESCRIPTION AND TEST LOCATIONS

2.1 PROCESS DESCRIPTION

A process description and process data were provided by EC/R Incorporated. The EC/R

description and data are attached to this report in Appendix E.

2.2 TEST LOCATIONS

Figures 2-1 and 2-2 are drawings of the baghouse inlet and outlet test locations. Samples

from both the baghouse outlet stack and the baghouse inlet were analyzed by FTIR and THC

analyzers from the same trailer position.

2.2.1 Baghouse Inlet Duct

The inlet location was a circular duct with a diameter of 48 inches (in.). The testing was

conducted in the vertical segment of the duct immediately upstream of where it connects to the

baghouse. FTIR and Method 25A testing was conducted in a 4-inch diameter test port that was

36 in. above the baghouse roof. This port was in a plane about 11 in. above the manual testing

ports and offset by 45 0
•

2.2.2 Baghouse Outlet - Stack

The outlet location (stack) was a rectangular duct 49tA in. wide and 33Y2 in. deep. The

wide face of the duct faces toward the baghouse roof. Six 4-in. ports arrayed in a straight line

across the wide side of the duct were used for the manual testing. Another 4-in. port was

installed on the short side of the stack, 24 in. below the top to provide access for the FTIR and

Method 25A sample probe.

2.3 VOLUMETRIC FLOW

Table 2-1 summarizes the gas composition and flow data provided by PES. PES

provided volumetric flow rates, moisture content, gas molecular weight, etc. as part of their

manual testing; therefore, MRI did not conduct these tests.
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TABLE 2-1. SOURCE GAS COMPOSITION AND FLOW SUMMARY AT PLANT A

I Test Dataa I
Run No. 1 2 3 4

Date 19-Aug-98 20-Aug-98 20-Aug-98 21-Aug-98

I Baghouse Outlet ( Stack)b I
Oxygen, % 13.1 13.1 13.1 10.8

Carbon Dioxide, % 5.3 5.5 5.1 3.2

Moisture Content, % 17.9 21.6 23.3 18.8

Gas Stream Velocity, fps 46 61 55 53

Volumetric Flow Rate, dscfm 21,344 25,198 22,749 24,410

a Data in Table 2-1 were provided by Pacific Environmental Services (PES). Raw data are in Appendix A-3.

b Manual sampling was terminated at the inlet due to high particulate loading, therefore no gas measurements were
made at the inlet. Inlet mass emissions for all Runs were calculated using the velocity and gas composition data
measured at the outlet (Section 3.2.6).
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3.0 RESULTS

3.1 TEST SCHEDULE

The test program at the Plant A facility was completed from August 19 to August 21,

1997. Table 3-1 summarizes the sampling schedule. A complete record of all Method 25A and

FfIR sampling is in Appendices A and B. The FfIR and Method 25A sampling was coordinated

with the manual sampling conducted by PES.

TABLE 3-1. PLANT A FfIR AND 25A TEST SCHEDULEa

i DatelRun No. I

FTIR

I
INLET

I
OUTLET THe (25A)

Wet I Dry Wet I Dry Inlet Outlet

754-813 (spike) 900-1005

834-844 (spike) 927-957

1010-1427

900-913 1017-1024

917-1021 1054-1413

8/19/97 1026-1038 1428-1501

Run 1 1116-1203

1205-1241

1243-1307

1322-1347

1354-1424

1433-1438

747-800 (spike) 840-1242 840-1242

812-817 (spike)

834-906

8/20/97 912-944

Run 2 950-1030

1036-1108

1126-1158

1205-1239

1341-1401 1307-1725 1307-1656

1405-1525 1727-1743

1431-1506

1513-1542

8/20/97 1549-1617
Run 3 1625-1653

1705-1723
(spike)

1733-1740
(soike)
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TABLE 3-1. (CONTINUED)

I Date/Run No. I

FfIR

I
INLET

I
OUTLET THe (25A)

Wet I Dry Wet I Dry Inlet Outlet

732 748-817

739-809 (spike) 829-909 812-1158

817-834 (spike) 938-1158

8121/97 911-939

Run 4 943-1015

1028-1059

1106-1132

1138-1156

a See Tables and plots in Appendices A and B for details of 25A and FfIR sampling times, respectively.

3.2 FIELD TEST PROBLEMS AND CHANGES

Several factors worth noting are discussed below in separate subsections.

3.2.1 High Particulate at the Inlet

A short time into the first test run, the design of the FfIR sample probe and filter was

found incapable of handling the high particulate loading at the inlet sampling location. The

manual testing at the inlet was stopped because of the high particulate loading at the inlet

location. Therefore, no manual gas data were collected by PES at the inlet. The MRI field crew

tried several filtering designs before finding a solution that worked over a reasonable period. An

additional Balston filter was installed at the probe inlet, offset 90 0 from the probe and 180 0 from

the gas stream flow. The plugging of the filters and the removal of the probe for redesign caused

the loss of all inlet THC data and some FfIR data for these periods. MRI took steps to reduce

the loss of inlet data during installation or replacement of the filter.

3.2.2 Method 25A Concentration Spikes

Several times during Run 1 and at the beginning of Run 2, both THC analyzers recorded

process spikes when the THC concentration exceeded the analyzers' scale. All of the I-minute

averages that exceeded the scale are included in the run averages. Because the exact

concentration was unknown when the instrument scale was exceeded, the I-minute averages that

include these spikes are biased low. Nevertheless, because the number of out-of-range spikes

was few and their durations brief, the run average should not be significantly affected. This was
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discovered during Run 2 and was corrected by recalibrating the analyzers to a higher (0 to

1,000 ppm) range.

3.2.3 Addition of a Fourth Test Run

The EPA decided during the field test to add a fourth run to provide measurements while

non-RAP material was being used in the process. Run 4 was performed on August 21.

3.2.4 Method 25A Calibration Checks

The low-level THC calibration error check on the outlet analyzer for Run 4 was

5.2 percent, which exceeds the Method 25A performance limit of less than 5 percent. The error

was discovered during MRI's data quality assurance check and was found in the calculation of

the difference between the predicted and actual response. The operator used the calibration gas

value instead of calculating the predicted response. This approach would have been correct if the

instrument zero and span were set to the exact calibration gas values during instrument

linearization, but they were not. The calibration errors were recalculated, and all except this one

were within the required 5 percent. The oversight in the calibration procedure was brought to the

attention of the operator. Since the error is 0.2 percent outside the performance limit, MRI

decided that the effect on these data is small, and the data are presented without correction.

3.2.5 Condenser Sampling

Some samples were passed through a moisture condenser before measurement with the

FTIR system. This was not mentioned in the Site Specific Test Plan (SSTP), but it was a useful

procedure for FTIR analysis because the sample gas contained a relatively high moisture content.

The use of the condenser was approved by the EPA observer at the test site. The condenser was

used for portions of Runs 3 and 4. Moisture removal was accomplished by passing the sample

gas through an impinger immersed in an ice bath just before the FTIR cell. Moisture removal

reduces spectral interference in some frequency regions and can improve the analysis of

compounds that can pass through the condenser. Analyte spiking was successfully performed

through the condenser. Uncertainty results in Section 3.6 show that the quantitation limits are

lower for compounds that can pass through a condenser.

3.2.6 Inlet Flow Determination

For all runs, the flow data collected at the stack were used to calculate the inlet mass

emission rates. Manual testing at the inlet was discontinued due to high particulate loading, so
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only limited inlet flow information is available from the first test day. MRI monitored the

velocity pressure (~P) and temperature at the FfIR sampling point, but these data are not of

suitable quality for calculating the volumetric flow rate since they were not collected by the EPA

manual method. The use of the outlet flow data to calculate the inlet mass emission rate may

give inlet emission rates with a slightly high bias. The outlet flow rate could potentially be

higher than at the inlet because the ill fan was located at the base of the stack. This design also

can allow dilution air to be pulled into the system if any leaks exist between the inlet sample

location and the fan. The hydrocarbon results summarized in Table 1-3 show that the THC outlet

concentrations were lower in all of the test runs, which indicates the possibility that air in­

leakage across the baghouse occurred.

3.3 METHOD 25A RESULTS

Table 1-3 summarized the Method 25A THC results at both the baghouse inlet and outlet.

The emission data are presented in parts per million as carbon (ppmc), pounds per hour as

carbon (lb/hr), and kilograms per hour (kgjhr).

The THC emissions for all four runs show high concentration spikes throughout the test

periods. The results for Runs 1 and 2 were very similar in the number and duration of the high­

concentration spikes. In Run 3 fewer high-concentration THC spikes were seen, apparently

because of a burner adjustment, and the Run 3 average THe concentration was half that of

Runs 1 and 2. Run 4, the non-RAP run, displays the highest average emission rate at the inlet.

The Run 4 results show fewer spikes, but these are of longer duration than in the previous three

runs.

Graphical presentations of outlet results from Runs 2, 3, and 4 are shown in Figure 3-1.

The inset in the Run 3 graph shows the 1400-1500 period on an expanded scale. The expanded

view shows that the Run 3 variations are qualitatively similar to the variations in Run 2 but

smaller in magnitude.

Table 3-2 shows the minimum, maximum, and average THC concentrations for each run.

The I-minute average THC concentrations range from as low as 50.4 ppmc, during Run 3, to as

high as 639.9 ppmc, during Run 2. This does not mean that the highest spike was 639.9 ppmc

but that the highest I-minute average was 639.9 ppmc, excluding the first test run because the
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instrument range was set too low to measure the process spikes. THC emission trends similar to

Runs 1, 2, and 3 are what would normally be found at this type of facility.

The complete Method 25A results are included in Appendix A. The concentrations

presented were measured by MRI. The mass emissions data, presented in Section 1.2, were

calculated using volumetric flow results provided by PES. The pre- and post-run calibrations and

QA checks met the Method 25A criteria in all cases except for Run 4 as discussed in Section 3.2.

Calibration QA results are included in Appendix A.
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TABLE 3-2. MINIMUM AND MAXIMUM THC CONCENTRATIONSa

Minimum Maximum Average

Run No. ppm ppmc ppm ppmc ppm ppmc

I Baghouse inlet I
1 42.7 128.1 100.0 300.0b 66.7 199.8

2 27.4 82.2 213.1 639.3 54.9 162.0

3 17.9 53.7 83.2 249.6 27.0 81.0

4 31.3 93.9 129.0 387 60.1 180.3

I Baghouse stack I
1 25.2 75.6 100.0 300.0b 47.4 142.2

2 24.0 72 197.4 592.2 47.7 143.1

3 16.8 50.4 64.0 192 25.4 76.2

4 20.1 60.3 94.0 282 38.1 114.3

a ppm is the concentration as propane; ppmc = ppm as carbon

b Maximum concentration off scale

3.4 FfIR RESULTS

The two locations were sampled sequentially with the FfIR system. Wet and dry samples

were also measured sequentially. Sampling times are shown in Tables B-1 through B-4, and in

the accompanying graphs in Appendix B.

A summary of the FfIR results was presented in Tables 1-1 and 1-2. Complete FfIR

results at the inlet and outlet are presented in Tables B-1 to B-4 in Appendix B. The infrared

spectra showed evidence of water vapor, carbon dioxide (C02), CO, methane, formaldehyde,

sulfur dioxide (S02)' toluene, ethylene, and a mixture of aliphatic (non-aromatic) hydrocarbons.

The FfIR spectra showed evidence that the emissions included a mixture of aliphatic

hydrocarbon compounds. The only HAP's in that classification are 2,2,4-trimethylpentane

(isooctane) and hexane. Therefore, the hydrocarbon emissions were primarily represented by

"hexane" in the draft report results. Since the draft report was submitted, MRI has measured

reference spectra of some additional hydrocarbon compounds. The new reference spectra were

included in the revised analysis to obtain a better representation of the hydrocarbon emissions.
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A description of the analytical procedures used to prepare the FfIR results is given in

Section 4.4. The mass emission rates were calculated using flow data provided by PES. Mass

emission calculations for toluene include the results from samples that were not spiked from the

toluene cylinder standard.

Some samples in Runs 3 and 4 were measured on a cold/dry basis by passing the gas

through a condenser before· the FfIR cell. The condenser was used to remove moisture, which

was typically above 20 percent by volume. Which compounds can pass through the condenser

and be measured in the "dry" samples depends primarily on the vapor pressure and solubility of

the compounds in the sample. Analyte spiking was performed through the condenser using the

toluene calibration standard. The spike results showed that measurements of toluene (and

presumably compounds with similar chemical and physical properties) were unaffected by the

condenser. This was consistent with results from an EPA Method 301 validation test at a coal­

fired boiler.4

Because moisture is removed from the samples and because the calculated uncertainties

depend on the residual noise in the spectra, the calculated uncertainties for non-detects are much

lower in the dried samples. However, this is significant only for compounds that can pass

through the condenser.

3.5 ANALYTE SPIKE RESULTS

A toluene gas standard was used for analyte spiking experiments for quality assurance

only. Preferably, a spike standard combines the analyte and the tracer gas in the same cylinder,

but the SF6 and toluene were contained in two separate cylinders. Therefore, the two components

(SF6 and toluene) were quantitatively mixed (in equal proportions) before being introduced into

the sample gas stream.

The analyte spike results are presented in Tables 3-3 to 3-6. Samples were spiked with a

measured flow of toluene vapor during each run and at each location and through the condenser

in runs during which the condenser was used. The SF6 tracer gas spike was used to determine the

spike dilution factor. A description of the spike procedure is given in Section 4.3.1.

In general, the calculated spike recoveries were greater than 130 percent, which is above

the range specified by Method 301 for a validation correction factor (between 70 and

130 percent). However, for reasons discussed below, this does not reflect on the accuracy of the
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emissions results in Tables B-1 to B-4. The residual spectra do not show significant

absorbances, indicating that the computer program did not over- or under-subtract analyte

reference spectra.

One factor contributing to the (calculated) high spike recoveries relates to the use of the

toluene library reference spectra. The toluene spike recoveries and all of the toluene results were

obtained using reference spectra in the EPA library. Spectra of the toluene cylinder standard

used for spiking were recorded on site during the test. If these spectra are used in the analysis,

one obtains results about 40 percent lower (far right column in Tables 3-3 to 3-5) than those

obtained using the library reference spectra.

Table 3-7 presents measured band areas of the EPA toluene reference spectra (deresolved

to 2 cm- l
) and the spectrum of the toluene cylinder standard measured at the Plant A test site.

The comparison of the band areas does not agree with the comparison of the concentrations

(corrected for path length and temperature). The comparisons differ by nearly 40 percent. This

observed difference predicts that, if the spectra of the toluene cylinder standard are used in the

analysis rather than the EPA library spectra, then the result would give a toluene concentration

that is about 40 percent lower. This in fact happens when the computer program is modified to

include the cylinder standard spectra.

A similar disagreement was observed in other field tests using this toluene gas standard,

and one possibility is that the certified concentration of the toluene cylinder standard was

incorrect. However, this was a recently prepared cylinder with a quoted analytical accuracy of

± 2 percent. This possibility could be evaluated by purchasing several toluene gas standards

from different sources and doing a comparison similar to that shown in Table 3-7.

This observation about the toluene library spectra is compound specific, and the

information in Table 3-7 does not affect the results for other compounds detected. The

deresolved calibration transfer standard (CTS) (ethylene calibration) spectra give a path length

result (Section 4.4.1) that is consistent with the observed number of laser passes and the

instrument resolution. Additionally, this observation is not related to the deresolution of the

spectra because the band areas in the original 0.25 cm- l toluene spectra are nearly equal to the

band areaS in the deresolved 1 cm- l versions of these spectra.
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A discrepancy of this type has the greatest effect on the difference, "spike - unspike,"

when the unspiked concentration is near zero. This is because two sets of reference spectra that

disagree will yield the same answer for a zero concentration but will yield different answers for

nonzero concentrations.

A similar disagreement between reference and standard spectra has been observed at least

once previously.5 In that study, which is included in Appendix D, HCI was the analyte. The

spike recovery results were not significantly affected because there was a stable unspiked HCI

concentration and because both the spiked and unspiked HCI concentrations were large

compared with the disagreement between the reference spectra and the spectra of the cylinder

standard.
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TABLE 3-3. SPIKE RESULTS IN WET SAMPLES COLLECTED AT THE BAGHOUSE INLET

Average Toluene Concentration Average SF6 Concentration % Recovery

Run Spike Unspike Tol (calc)a Spike Unspike SF6 (calcY DFb Cexpc Ad % Recovery Tol Stan

1 24.1 0.0 24.1 0.541 0.000 0.541 3.7 16.1 8.0 149.7 92.1

17.4 0.0 17.4 0.329 0.000 0.329 6.1 9.6 7.7 180.2 110.8

2 39.8 0.0 39.8 0.609 0.000 0.609 3.1 19.6 20.2 202.9 124.8

aTol (calc) and SF6(calc) are equal to the difference between the spiked and unspiked concentrations for toluene and SF6, respectively.
bDF is the dilution factor in equation 4.
cCexp is shown in equation 5.
d~ is equal to the difference, Tol(calc) - Cexp.

TABLE 3-4. SPIKE RESULTS IN WET SAMPLES AT THE BAGHOUSE OUTLET

Average Toluene Concentration Average SF6 Concentration % Recovery

Run Spike Unspike Tol (calc)a Spike Unspike SF6 (calcY DFb Cexpc Ad % Recovery Tal Stan

1 21.2 0.0 21.2 0.326 0.000 0.326 6.0 10.1 11.1 209.4 128.8

17.3 0.0 17.3 0.370 0.000 0.370 5.4 10.9 6.4 159.0 97.8

2 17.1 0.1 17.0 0.170 0.000 0.170 11.3 5.5 11.5 311.4 191.5

aTol (calc) and SF6(calc) are equal to the difference between the spiked and unspiked concentrations for toluene and SF6, respectively.
bDF is the dilution factor in equation 4.
cCexp is shown in equation 5.
d~ is equal to the difference, Tol(calc) - Cexp.
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TABLE 3-5. SPIKE RESULTS IN CONDENSER SAMPLES AT THE BAGHOUSE INLET

Average Toluene Concentration Average SF6 Concentration

% Recovery
Run Spike Unspike Tol (caleY Spike Unspike SF6 (caleY DFb Cexpc Dd % Recovery Tol Stan

3 18.0 0.0 18.0 0.328 0.000 0.328 6.0 9.g 8.1 182.39 112.1

4 17.1 5.1 12.0 0.310 0.098 0.213 9.1 6.6 5.4 0.7 111.1

aTol (cale) and SF6(cale) are equal to the difference between the spiked and unspiked concentrations for toluene and SF6, respectively.
bDF is the dilution factor in equation 4.
cCexp is shown in equation 5.
d~ is equal to the difference, Tol(cale) - Cexp'

TABLE 3-6. SPIKE RESULTS IN CONDENSER SAMPLES AT THE BAGHOUSE OUTLET

Average Toluene Concentration Average SF6 Concentration

% Recovery
Run Spike Unspike Tol (caleY Spike Unspike SF6 (caleY DFb Cexpc Dd % Recovery Tol Stan

3 3.3 0.3 3.0 0.607 0.000 0.607 3.2 18.5 14.5 7.18 109.5

4 33.3 11.7 1.6 0.589 0.018 0.572 3.4 18.0 3.6 120.2 73.9

aTol (cale) and SF6(cale) are equal to the difference between the spiked and unspiked concentrations for toluene and SF6, respectively.
bDF is the dilution factor in equation 4.
cCexp is shown in equation 5.
d~ is equal to the difference, Tol(cale) - Cexp.



W
I...­

W

TABLE 3-7. COMPARISON OF EPA REFERENCE SPECTRA TO SPECTRUM OF TOLUENE CYLINDER STANDARD

Spectra comparison Comparison of spectra based on
based on band areas standard concentrations a

Frequency
Toluene Spectra Source Band Area Region (em-I) Ratio (Ra) =l/Ra (ppm-m)/K Ratio (Rc) = lIRe

153a4ara (2cm- l ) EPA library 23.4 3160.8 - 2650.1 5.4 0.184 4.94 4.8 0.210

153a4arc (2cm- l ) EPA library 4.3 1.0 1.000 1.04 1.0 1.000

1530819a Plant A 21.9 5.1 0.196 3.18 3.1 0.326

aThe comparison of the ratio based on concentrations to the ratio based on band area is equal to 61 percent.
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4.0 TEST PROCEDURES

The procedures followed in this field test are described in EPA Method 320 for using

FTIR spectroscopy to measure HAP's, the EPA Protocol for extractive FfIR testing at industrial

point sources, and EPA Method 25A for measuring total gaseous organics. Objectives of the

field test were to use the FTIR method to measure emissions from the processes, screen for

HAP's in the EPA FfIR reference spectrum library, conduct analyte spikingfor quality control

measurement, and analyze the spectra for compounds not in the EPA library. Another objective

was to monitor the process hydrocarbon emissions using Method 25A. Additionally, manual

measurements of gas temperature, gas velocities, moisture, CO2, and O2 by PES were used to

calculate the mass emissions rates.

The extractive sampling system shown in Figure 4-1 was used to transport sample gas

from the test ports to the FTIR instrument and the THC analyzers.

4.1 SAMPLING SYSTEM DESCRIPTION

4.1.1 Sample System Components

The sampling system consists of three separate components:

1. Two sample probe assemblies;

2. Two sample lines and pumps; and

3. A gas distribution manifold cart.

All wetted surfaces of the system are made of unreactive materials, Teflon®, stainless

steel, or glass and are maintained at temperatures at or above 300of to prevent condensation.

The sample probe assembly consists of the sample probe, a pre-filter, a primary

particulate filter, and an electronically actuated spike valve. The sample probe is a standard

heated probe assembly with a pitot tube and thermocouple. The pre-filter is a threaded piece of

tubing loaded with glass wool attached to the end of sample probe. The primary filter is a

Balston particulate filter with a 99 percent removal efficience at 0.1 ,um. The actuated spike

valve is controlled by a radio transmitter connected to a switch on the sample manifold cart. All

sample probe assembly components are attached to or enclosed in an insulated metal box.
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The sample lines are standard heated sample lines with three 3/8 in. Teflon tubes in 10, 25,

50, and 100 foot (ft) lengths. The pumps are heated, single-headed diaphragm pumps

manufactured by either KNF Neuberger or Air Dimensions. These pumps can sample at rates up

to 20 liters per minute (Lpm) depending on the pressure drop created by the components installed

upstream.

The gas distribution manifold was specially constructed for FTIR sampling by MRI. It is

built onto a cart that can be operated inside the MRI mobile lab or in an alternate location, if

necessary. The manifold consists of a secondary particulate filter, control valves, rotameters,

back pressure regulators and gauges, and a mass flow controller. The manifold can control two

sample gas stream inputs, eight calibration gases, and has three individual outputs for analyzers.

Alsoon the cart are a computer work station and controls for the spike valves and mass flow

controller.

4.1.2 Sample Gas Stream Flow

Exhaust gas was withdrawn at both the inlet duct and stack of the strand baghouse

through their respective sample probes and transported to the gas distribution manifold. Inside

the manifold the gas passed through separate secondary particulate filters. Downstream of the

secondary filters, part of each sample gas stream was directed to separate THC analyzers; one to

measure the inlet concentration and another to measure the outlet concentration. Part of the

remaining sample gas from each stream was either sent to the FTIR instrument for analysis or

exhausted with the remaining portion of the gas stream being sampled (i.e., when the inlet

sample was analyzed the stack sample was exhausted and vice versa). This was accomplished by

rotating the gas selection valves to allow the appropriate sample gas to pass the instrument inlet

port. The gas flow to the instruments was regulated by needle valves on rotameters at the

manifold outlets.

The FTIR instrument was used to sample each location alternately, while the two THC

analyzers were used to sample both locations simultaneously

4.2 FTIR SAMPLING PROCEDURES

Figure 4-1 shows a schematic of the FTIR instrument and connections to the sample

distribution manifold.
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Sampling was conducted using either the batch or the continuous sampling procedures.

All data were collected according to Method 320 sampling procedures, which are described

below.

4.2.1 Batch Sampling-

In this procedure, the valve on the manifold outlet was turned to divert part of the sample

flow to the FfIR cell. A positive flow to the main manifold outlet vent was maintained as the

cell was filled to just above ambient pressure. The cell inlet valve was then closed to isolate the

sample, the cell outlet valve was open to vent the cell to ambient pressure, the spectrum of the

static sample was recorded, and then the cell was evacuated for the next sample.

Batch sampling has the advantage that every sample is an independent sample. The time

resolution of the measurements is limited by the interval required to pressurize the cell and

record the spectrum. For this test the time resolution was 4 to 5 minutes. All of the spiked

samples were collected using this procedure.

4.2.2 Continuous Sampling

The cell was filled as in the batch sampling procedure, but the cell inlet and outlet valves

were then opened to keep gas continuously flowing through the cell. The inlet and outlet flows

were regulated to keep the sample at ambient pressure. The flow through the cell was maintained

at about 5 Lpm (about 0.7 cell volumes per min). The cell volume was about 7 liters (L).

The FfIR instrument was automated to record spectra of the flowing sample about every

2 minutes. The analytical program was revised after the field tests, and the spectra were analyzed

to prepare the results reported in Section 3.

This procedure with automated data collection was used for all of the unspiked testing

during Runs 2, 3, and 4. Because spectra were collected continuously as the sample flowed

through the cell, consecutive samples were mixed. The interval between independent

measurements (and the time resolution) depended on the sample flow rate (through the cell), and

the cell volume. The following explanation is taken from Performance Specification 15, for

continuous operation of FfIR systems: ''The Time Constant, TC, is the period for one cell

volume to flow through the cell. The TC determines the minimum interval for complete removal

of an analyte from the cell volume. It depends on the sampling rate (Rs in Lpm), the cell volume

(Vcell in L) and the analyte's chemical and physical properties."
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Performance Specification 15 defines 5 * TC as the minimum interval between independent

samples. In this test 5-* TC was about 7 minutes.

A stainless steel tube ran from the cell inlet connection point to the front of the cell.

outlet vent was at the back of the cell so that the flowing sample passed through the greatest

portion of the cell volume.

The

4.3 ANALYTE SPIKING

Because no information about possible HAP emissions or flue gas composition was

available for this source before the test, validating specific HAP's at this screening test was not

planned. MRI conducted spiking for QA purposes using a toluene (121 ppm in air) standard.

4.3.1 Analyte Spiking Procedures

The infrared spectrum is ideally suited for analyzing and evaluating spiked samples

because many compounds have distinct infrared spectra.

The reason for analyte spiking is to provide a quality control check that the sampling

system can transport the spiked analyte(s) to the instrument and that the quantitative analysis

program can measure the analyte in the sample gas matrix. If at least 12 (independent) spiked

and 12 (independent) unspiked samples are measured, this procedure can be used to perform a

Method 301 validation.3 No validation was done at this field test.

The spike procedure follows Sections 9.2 and 13 of EPA draft Method 320 in

Appendix D. In this procedure a gas standard is measured directly in the cell. This direct

measurement is then compared with measurements of the analyte in spiked samples. Ideally, the

spike comprises about 1110 or less of the spiked sample. The actual dilution ratio depends on the

sample flow rate and the spike gas flow rate. The expected concentration (Cexp, the calculated

100 percent recovery) of the spiked component is determined using a tracer gas, SF6. The SF6

concentration in the direct sample divided by the SF6 concentration in the spiked sample(s) is

used as the spike dilution factor (DF). The analyte standard concentration divided by DF gives

the "expected" value (100 percent) of the spiked analyte recovery.

In this test the analyte (121 ppm toluene in air) and the tracer gas (4.01 ppm SF6 in

nitrogen) were in separate cylinders. Flows from the two gas standards were passed through
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separate mass flow meters and then combined into one flow directed up the spike line and

introduced into the sample stream at the back of the sampling probe. Because the two gasses

were mixed, the concentrations of each component were reduced in the combined spike gas flow.

This had to be accounted for in the calculation of the spike dilution factor, DF. For example the

SF6 concentration in the combined spike stream was

where:

SF6(direct)
F + Ftoluene SF6

* SF6(standard) (2)

SF6 (direct) = the SF6 in the spike mixture. This is used in place of the cylinder

standard concentration.

FSF6 and Ftoluene = the measured flows from the toluene and SF6 cylinder standards.

SF6 (standard) = the concentration of the SF6 cylinder standard.

The toluene concentration in the combined spike flow is calculated in the same way.

toluene(direct)
Ftoluene

F + Ftoluene SF6

* toluene(standard) (3)

The value, SF6(spike) is compared to the measured SF6 concentration in the spiked samples to

determine the spike dilution factor.

DF
SF6(direct)

SF6(spike)
(4)

where DF is the spike dilution factor in Section 9.2.2 of Method 320 and SF6(direct) is calculated

using equation 2.

The calculated 100 percent recovery of the toluene spike is analogous to the expected

concentration in Section 9.2.2 of Method 320. In this case:
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where:

Cexp
toluene(direct)

DF
(5)

Cexp = the expected toluene concentration in the spiked samples (100 percent

recovery).

TolueneCdirect) = from equation 3.

DF = from equation 4.

4.3.2 Analysis of Spiked Results

The toluene and SF6 concentrations used ·in the evaluation of the spike recoveries in

Tables 3-3 through 3-6 were taken directly from the sample analyses reported in Tables B1

through B4. The concentrations in the spiked samples included a contribution from the spike gas

and from any analyte present in the flue gas. The component of the toluene concentration

attributed to the spike was determined by subtracting the average of the unspiked samples from

the measured concentration in each spiked sample (spike-unspike in Tables 3-3 through 3-6).

The percent recovery was determined by comparing the differences, spiked - unspiked, to the

calculated 100 percent recovery, Cexp in Section 4.3.1.

4.4 ANALYTICAL PROCEDURES

Analytical procedures in the EPA FTIR Protocol were followed for this test.2 A

computer program was prepared with reference spectra shown in Table 4-1. The computer

program used mathematical techniques based on a K-matrix analysis.6,7

Initially, the spectra were reviewed to determined appropriate input for the computer

program. Next an analysis was run on all of the sample spectra using all of the reference spectra

listed in Table 4-1. Finally, the undetected compounds were removed from the analysis, and the

spectra were analyzed again using reference spectra only for the detected compounds. Reference

spectra of 2-methyl-2-pentene, 3-methylpentane, butane, 2-methyl-1-pentene, n-heptane,

1-pentene, 2-methyl-2-butene, and n-pentane were included in the analysis to measure the

hydrocarbon mixture. These are the recently prepared hydrocarbon reference spectra described in
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Sections 1.2 and 3.4. The results from this second analytical run are summarized in Tables 1-1

and 1-2 and reported in Appendix B.

The same program that did the analysis calculated the residual spectra (the difference

between the observed and least squares fit absorbance values). Three residuals, one for each of

the three analytical regions, were calculated for each sample spectrum. All of the residuals were

stored electronically and are included with the electronic copy of the sample data provided with

this report. Finally the computer program calculated the standard 1*sigma uncertainty for each

analytical result, but the reported uncertainties are equal to 4*sigma.

The concentrations were corrected for differences in absorption path length and

temperature between the reference and sample spectra using equation 2.

where:

(LJ (TJC = _T _S

corr L
s

TT Ccalc
(6)

Ccorr = concentration, corrected for path length and temperature.

CcaIc = uncorrected sample concentration.

Lr = cell path length(s) (meters) used in recording the reference spectrum.

Ls. = cell path length (meters) used in recording the sample spectra.

Ts = absolute temperature (Kelvin) of the sample gas when confined in the FTIR gas cell.

T r = absolute ~emperature(s) (Kelvin) of gas cell used in recording the reference spectra.

The ambient pressure recorded over the three days of the test averaged about 746 mm Hg.

Because the sample pressure in the gas cell is equivalent to the ambient pressure, an addition

concentration correction factor of about 2 percent was included in the reported concentrations.

The sample path length was estimated by measuring the number of laser passes through

the infrared gas cell. These measurements were recorded in the data records. The actual sample

path length, Ls was calculated by comparing the sample CTS spectra to CTS (reference) spectra

in the EPA FTIR reference spectrum library. The reference CTS spectra, which were recorded

with the toluene reference spectra and are included in the EPA library, were used as input for a

K-matrix analysis of the CTS spectra collected at the Plant A field test. The calculated average

cell path length resulting from this analysis and the variation among the Plant A sample CTS

over the 3 days of testing are reported in Section 4.4.1.
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4.4.1 Computer Program Input

Table 4-1 presents a summary of the reference spectra input for the computer program

used to analyze the sample spectra. Table 4-2 summarizes the program input used to analyze the

CTS spectra recorded at the field test. The CTS spectra were analyzed as an independent

determination of the cell path length. To analyze the CTS spectra, MRI used 0.25 cm- l spectra

"cts0814b" and "cts0814c." These reference CTS spectra were recorded on the same dates as the

toluene reference spectra used in the analysis. These spectra were deresolved in the same way as

the toluene reference spectra: by using Section K.2.2 of the EPA FfIR protocol. The program

analyzed the main two ethylene bands centered near 2,989 and 949 cm- I . Table 4-3 summarizes

the results of the CTS analysis. The cell path length from this analysis was used as L s in

equation 2.

4.4.2 EPA Reference Spectra

The toluene spectra used in the MRI analysis were taken from the EPA reference

spectrum library (http://www.epa.gov/ttn/emc/ftir/welcome.html). The original sample and

background interferograms were truncated to the first 8,192 data points. The new interferograms

were then Fourier transformed using Norton-Beer medium apodization and no zero filling. The

transformation parameters were chosen to agree with those used to collect the sample absorbance

spectra. The new 2 cm- l toluene single beam spectra were combined with their deresolved single

beam background spectra and converted to absorbance. This procedure was used to prepare

spectral standards for the HAP's and other compounds included in the analysis.

4.5 FfIR SYSTEM

A KVB/Analect Diamond 20 spectrometer was used to collect all of the data in this field

test. The gas cell is a heated variable path (D-22H) gas cell from Infrared Analysis, Inc. The

path length of the cell was set at 20 laser passes and measured to be about 9.5 meters using the

CTS reference and sample spectra. The interior cell walls have been treated with a Teflon®

coating to minimize potential analyte losses. A mercury/cadmium/telluride (MCT) liquid

nitrogen detector was used. The spectra were recorded at a nominal resolution of 2.0 cm- l
.

The optical path length was measured by shining a HeINe laser through the cell and

adjusting the mirror tilt to obtain the desired number of laser spots on the field mirror. Each laser

spot indicates two laser passes through the cell. The number of passes was recorded on the field
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data sheets in Appendix B. The path length in meters was determined by comparing calibration

transfer standard (CTS, ethylene in nitrogen) spectra measured in the field to CTS spectra in the

EPA reference spectrum library. The procedure for detennining the cell path length is described

in Section 4.4.

4.6 CONTINUOUS EMISSIONS MONITORING FOR TOTAL HYDROCARBONS (THC)

The guidelines set forth in Method 25A were followed during the sampling at Plant A

with two exceptions. Section 7.2 of Method 25A specifies an analyzer drift determination hourly

during the test period, this instruction was not followed. Also, Section 7.2 specifies that the mid­

level calibration gas is used for the drift detennination. For this test program, the high-level

calibration gas was used for the drift determination.

There are two reasons the drift determination was not completed as specified. The first

reason is because of continuity in the FTIR and THC sampling. With run length exceeding four

hours, drift determination as specified would have involved off-line periods of up to 10 minutes

each hour for the THC analyzers and possibly for the FTIR instrument. The loss of this time

could affect the results if significant process events had occurred during these periods. The

second reason is that experience with the analyzers MRI was using show them to be stable over

extended periods when they are operated in a climate-controlled environment.

The need to do hourly drift determinations is somewhat diminished when the st£\bility of

the analyzer is known and when the possibility that being off-line could affect the

representativeness of both the FTIR and THC results.

4.6.1 Total Hydrocarbon Sampling Procedures

The THC sampling was conducted continuously from both locations by using two

separate analyzers. The same sample systems used for the FTIR sampling were used for the THC

sampling. Sample gas was directed to the analyzers through a separate set of rotameters and

control valves. Each test run was conducted from the start to the end of the manual test runs

completed by PES. A summary of specific procedures used is given below.

A brief description of each system component follows.

1. THC Analyzer - The THC concentration is measured using a flame ionization detector

(FID). MRI used two J.U.M. Model VE-7 analyzers. The THC analyzers were operated on the
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zero to 100 ppm range during Run 1 and at the zero to 1,000 ppm range throughout the test

period. The fuel for the FID was a mixture of 40 percent hydrogen and 60 percent helium.

2. Data Acquisition System- MRI uses LABTECH notebook (Windows version), which

is an integrated system that provides data acquisition, monitoring and control. The system

normally writes data to a disk in the background while performing foreground tasks or displaying

data in real time. The averaging period set for this test was one minute.

3. Calibration Gases- Calibration gases were prepared from an EPA Protocol 1 cylinder

of propane (5278 ppm propane in nitrogen) using an Environics Model 2020 gas dilution system

that complies with the requirements of EPA Method 205. High, medium, and low standard gases

were generated to perform analyzer calibration checks. The raw data is recorded in ppm as

propane, but is converted to an as carbon basis for reporting.

4.6.2 Hydrocarbon Emission Calculations

The hydrocarbon data are presented as THC emissions in Table 1-3. To do this the THC

emission data were first converted to an as carbon basis using Equation 7, and then the THC

emission rate was calculated using Equation 8.

C
c

= KCmeas

where:

Cc = organic concentration as carbon, ppmv.

Cmeas = organic concentration as measured, ppmv.

K = carbon equivalent correction factor, 3 for propane.

(7)

where:

HrHC

C
Cc xMWxQ x60

(l-B ) std
ws

385.3 X 106

(8)

Ernc = THC mass emission rate, lb/hr.

MW =molecular weight of Carbon, 12 lb/lb-mole.

Bws =moisture fraction in the flue gas stream.

Qstd = volumetric flow rate corrected to standard conditions, dscfm.

60 = conversion to hours, min/hr.

385.3 =molar volume, ft3/mole at standard conditions.

106 = conversion for decimal fraction to ppm
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TABLE 4-1. PROGRAM INPUT FOR ANALYSIS OF SAMPLE SPECTRA

Reference

Compound name File name Region No. ISC a Meters T (K)

Water 194c1bvj 1,2,3 100 a

Carbon monoxide co20829a 1 167.1 22 394

Sulfur dioxide 198cl bsc 2 89.5 22 394

Carbon dioxide 193b4a_a 1,2,3 415 a

Formaldehyde 087b4anb 3 100.0 11.25 373

Benzene 015a4ara 3 496.6 3 298

Methane 196c1bsb 3 80.1 22 394

Methyl bromide 106a4asb 2 485.3 3 298

Toluene 153a4arc 3 103.0 3 298

Methyl chloride 107a4asa 3 501.4 3 298

Methyl chloroform 108a4asc 2 98.8 3 298

1,1-dichloroethane 086b4asa 2 499.1 2.25 373

1,3-butadiene 023a4asc 2 98.4 3 298

Carbon tetrachloride 029a4ase 2 20.1 3 298

Chlorobenzene 037a4arc 2 502.9 3 298

Cumene 046a4asc 3 96.3 3 298

Ethyl benzene 077a4arb 3 515.5 3 298

Hexane 095a4asd 3 101.6 3 298

Methylene chloride 117a4asa 2 498.5 3 298

Propionaldehyde 140b4anc 3 99.4 2.25 373

Styrene 147a4asb 2 550.7 3 298

1,1,2,2-tetrachloroethane 150b4asb 2 493.0 2.25 373

p-Xylene 173a4asa 2 488.2 3 298

o-Xylene 171a4asa 3 497.5 3 298

m-Xylene 172a4arh 2 497.8 3 298

Isooctane 165a4asc 3 101.4 3 298

Ethylene CTS0820b 2 20.1 10.4 394

SF6 Sf60819a 2 4.01 10.4 394

Ammonia 174a4ast 2 500.0 3 298

I Region No. I Upper em'! I Lower em-I I
1 2,142.0 2,035.6

2 1,275.0 789.3

3 3,160.8 2,650.1

a Indicates an arbitrary concentration was used for the mterferant.
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TABLE 4-2. PROGRAM INPUT FOR ANALYSIS AND CTS SPECTRA
AND PATH LENGTH DETERMINATION

Compound name File name ASC ISC 0/0 Difference

Ethylene a cts0814b.spc 1.007 1.014 0.7349

Ethylene cts0814c.spc 1.007 0.999 0.7350

aThis spectrum was used in the analysis of the Plant A CTS spectra

TABLE 4-3. RESULTS OF PATH LENGTH DETERMINATION

CTS spectra Path length calculations

100 ppm Ethylene Meters Deltaa % Delta

CTS0819A 10.82 0.22 2.1

CTS0819C 10.39 -0.21 -2.0

CTS0820A 10.42 -0.17 -1.6

CTS0820B 10.58 -0.02 -0.1

CTS0821A 10.71 0.11 1.1

CTS0821B 10.66 0.06 0.6

Average Path Length (M) 10.60

Standard Deviation 0.166

aThe difference between the calculated and average values.
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5.0 SUMMARY OF QAlQC PROCEDURES

5.1 SAMPLING AND TEST CONDITIONS

Before the test, sample lines were checked for leaks and cleaned by purging with moist

air (250°F). Following this, the lines were checked for contamination using dry nitrogen. This is

done by heating the sampling lines to 250°F and purging with dry nitrogen. The FTIR cell was

filled with some of the purging nitrogen, and the spectrum of this sample was collected. This

single beam spectrum was converted to absorbance using a spectral background of pure nitrogen

(99.9 percent) taken directly from a cylinder. The lines were checked again onsite before

sampling, after each change of location, and after spiking.

During sampling, spectra of at least 10 different samples were collected during each hour

(five at each of two locations).

Each spectrum was assigned a unique file name and written to the hard disk and a backup

disk under that file name. Each interferogram was also saved under a file name that identifies it

with its corresponding absorbance spectrum. All background spectra and calibration spectra

were also stored on disks with their corresponding interferograms.

Notes on each calibration and sample spectrum were recorded on hard copy data sheets.

Below are listed some sampling and instrument parameters that were documented in these

records.

Sampling Conditions

• Line temperature

• Process conditions

• Sample flow rate

• Ambient pressure

• Time of sample collection

Instrument Configuration

• Cell volume (for continuous measurements)

• Cell temperature

• Cell path length

• Instrument resolution

• Number of scans co-added

5-1



• Length of time to measure spectrum

• Time spectrum was collected

• Time and conditions of recorded background spectrum

• Time and conditions of relevant CTS spectra

• Apodization

Hard copy records were also kept of all flue gas measurements, such as sample flow,

temperature, moisture, and diluent data.

Effluent was allowed to flow through the entire sampling system for at least 5 minutes

before a sampling run started or after changing to a different test location. FfIR spectra were

continuously monitored to ensure that there was no deviation in the spectral baseline greater than

±5 percent (-0.02 ::;;absorbance ::;;+0.02). When this condition occurred, sampling was interrupted

and a new background spectrum was collected. The run was then resumed until completed or

until it was necessary to collect another background spectrum.

5.2 FfIR SPECTRA

For a detailed description of QAlQC procedures relating to data collection and analysis,

refer to the "Protocol For Applying FfIR Spectrometry in Emission Testing.,,2

A spectrum of the CTS was recorded at the beginning and end of each test day. A leak

check of the FfIR cell was also performed according to the procedures in references 1 and 2.

The CTS gas was 100 ppm ethylene in nitrogen. The CTS spectrum provided a check on the

operating conditions of the FfIR instrumentation, e.g., spectral resolution and cell path length.

Ambient pressure was recorded whenever a CTS spectrum was collected. The CTS spectra were

compared to CTS spectra in the EPA library. This comparison is used to quantify differences

between the library spectra and the field spectra so library spectra of HAP's can be used in the

quantitative analysis.

Two copies of all interferograms, processed backgrounds, sample spectra, and the CTS

were stored on separate computer disks. Additional copies of sample and CTS absorbance

spectra were also stored for data analysis. Sample absorbance spectra can be regenerated from

the raw interferograms, if necessary.

The compact disk enclosed with this report contains one complete copy of all of the FfIR

data recorded at the Plant A field test. The data are organized into directories, whose titles
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identify the contents. The continuous data are in directories identified by the date on which the

spectra were recorded. The directory titles "BKG," "CTS," "outlet," and "inlet," identify

backgrounds, CTS spectra, and spectra of inlet and outlet samples, respectively. Additional sub­

directories "AIF' and "ASF" identify inferograms and absorbance spectra, respectively. All of

the sample data are in the Analect Instruments software format. The directories "refs" and

"residuals" contain de-resolved reference spectra that were used in the analyses and the residual

spectra, respectively. There are three residual spectra for each sample spectrum, one for each

analytical region. The information on the enclosed disk with the data records in Appendix A

meets the reporting requirements of the EPA FfIR Protocol and Method 320.

To measure HAP's detected in the gas stream MRI used spectra from the EPA library,

when available.

5.3 METHOD 25A

5.3.1 Initial Checks

Before starting the first run, the following system checks were performed.

1. Zero and Span check of the analyzer;

2. Analyzer linearity check at intermediate levels; and

3. Response time check of the system.

Calibration criteria for Method 25A is ±5 percent of calibration gas value.

5.3.2 Daily Checks

The following checks were made for each test run.

1. Zero/Span calibration and Linearity checks before each test run; and

2. Final Zero and Span calibration check of the analyzer at the end of each test run.

The difference between initial and final zero and span checks agreed within ±3 percent of

the instrument span.
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Run 1
Date: 8/19/97
Project No: 3804-24-04-03/4701-08-01
Operator: Gulick

Time (24 hour) THC inlet (ppm) THC Inlet (ppmc) THC outlet (ppm) THC Outlet (ppmc)
9:48 56.9 170.7 29.0 87
9:49 56.6 169.8 29.2 87.6
9:50 55.7 167.1 28.9 86.7
9:51 55.3 165.9 29.1 87.3
9:52 54.8 164.4 29.0 87
9:53 52.9 158.7 28.4 85.2
9:54 51.0 153 28.1 84.3
9:55 50.6 151.8 28.0 84
9:56 51.6 154.8 29.3 87.9
9:57 52.7 158.1 31.4 94.2
9:58 THC Off Line THC Off Line 29.1 87.3
9:59 28.5 85.5
10:00 27.9 83.7
10:01 31.1 93.3
10:02 32.2 96.6
10:03 28.9 86.7
10:04 28.3 84.9
10:05 27.2 81.6
10:06 THC Off Line THC Off Line
10:07
10:08
10:09
10:10 31.3 93.9
10:11 29.4 88.2
10:12 32.3 96.9
10:13 30.0 90
10:14 32.1 96.3
10:15 31.6 94.8
10:16 29.5 88.5
10:17 56.0 168 28.4 85.2
10:18 55.5 166.5 29.5 88.5
10:19 63.6 190.8 35.4 106.2
10:20 61.2 183.6 36.7 110.1
10:21 53.1 159.3 30.1 90.3
10:22 51.8 155.4 28.8 86.4
10:23 59.2 177.6 33.3 99.9
10:24 65.3 195.9 51.8 155.4
10:25 THC Off Line THC Off Line 26.2 78.6
10:26 31.4 94.2
10:27 25.2 75.6
10:28 26.0 78
10:29 25.7 77.1
10:30 26.8 80.4
10:31 46.8 140.4
10:32 36.9 110.7
10:33 51.8 155.4
10:34 35.6 106.8
10:35 44.4 133.2
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Run 1
Date: 8/19/97
Project No: 3804-24-04-03/4701-08-01
Operator: Gulick

Time (24 hour) THC inlet (ppm) THC Inlet (ppmc) THC outlet (ppm) THC Outlet (ppmc)
10:36 45.0 135
10:37 37.4 112.2
10:38 40.1 120.3
10:39 37.4 112.2
10:40 31.4 94.2
10:41 29.6 88.8
10:42 30.0 90
10:43 33.1 99.3
10:44 33.9 101.7
10:45 33.4 100.2
10:46 32.0 96
10:47 28.9 86.7
10:48 30.6 91.8
10:49 33.4 100.2
10:50 30.3 90.9
10:51 28.6 85.8
10:52 29.7 89.1
10:53 33.0 99
10:54 49.0 147 30.2 90.6
10:55 47.8 143.4 29.6 88.8
10:56 50.7 152.1 31.9 95.7
10:57 51.2 153.6 33.1 99.3
10:58 48.5 145.5 31.4 94.2
10:59 45.4 136.2 28.6 85.8
11 :00 44.6 133.8 27.3 81.9
11 :01 46.0 138 27.8 83.4
11 :02 53.5 160.5 34.0 102
11 :03 45.2 135.6 30.1 90.3
11 :04 46.7 140.1 27.8 83.4
11 :05 50.3 150.9 31.9 95.7
11 :06 50.9 152.7 32.9 98.7
11 :07 49.2 147.6 32.8 98.4
11 :08 47.0 141 32.8 98.4
11 :09 46.9 140.7 29.6 88.8
11 :10 44.2 132.6 28.6 85.8
11 :11 43.0 129 27.6 82.8
11 :12 44.5 133.5 26.1 78.3
11 :13 45.6 136.8 29.7 89.1
11 :14 43.8 131.4 28.4 85.2
11 :15 45.5 136.5 28.4 85.2
11 :16 45.0 135 28.6 85.8
11 :17 43.9 131.7 28.4 85.2
11 :18 42.7 128.1 27.4 82.2
11 :19 45.1 135.3 26.9 80.7
11 :20 54.6 163.8 34.1 102.3
11 :21 60.1 180.3 38.6 115.8
11 :22 84.5 253.5 54.0 162
11 :23 94.6 283.8 94.5 283.5
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Run 1
Date: 8/19/97
Project No: 3804-24-04-03/4701-08-01
Operator: Gulick

Time (24 hour)

11 :24
11 :25
11 :26
11 :27
11 :28
11 :29
11 :30
11 :31
11 :32
11 :33
11 :34
11 :35
11 :36
11 :37
11 :38
11 :39
11 :40
11 :41
11 :42
11 :43
11 :44
11 :45
11 :46
11 :47
11 :48
11 :49
11 :50
11 :51
11 :52
11 :53
11 :54
11 :55
11 :56
11 :57
11 :58
11 :59
12:00
12:01
12:02
12:03
12:04
12:05
12:06
12:07
12:08
12:09
12:10
12:11

THC inlet (ppm)

59.7
58.2
80.6
97.5
63.8
53.0
78.9
92.7
56.2
65.0
98.9
82.2
65.4
53.8
85.3
71.4
52.6
82.7
54.4
77.5
54.9
70.5
55.1
81.0
53.6
75.8
57.4
72.4
74.1
58.5
93.3
49.5
47.9
48.9
46.9
66.0
97.5
63.7
49.5
64.5
83.2

100.0"
69.2
49.5
71.3
83.2
48.5
84.6

THC Inlet (ppmc)

179.1
174.6
241.8
292.5
191.4
159

236.7
278.1
168.6
195

296.7
246.6
196.2
161.4
255.9
214.2
157.8
248.1
163.2
232.5
164.7
211.5
165.3
243

160.8
227.4
172.2
217.2
222.3
175.5
279.9
148.5
143.7
146.7
140.7
198

292.5
191.1
148.5
193.5
249.6
300

207.6
148.5
213.9
249.6
145.5
253.8

A-6

THC outlet (ppm)

57.8
41.2
46.8
94.3
64.8
40.5
45.4
79.3
56.5
38.0
72.8
86.3
57.2
36.5
54.8
71.3
39.5
56.1
51.9
57.1
42.7
58.9
38.0
58.6
47.7
45.1
59.1
40.4
71.6
39.9
76.5
53.3
32.3
34.1
32.2
34.0
79.5
74.5
35.0
41.8
62.7
99.2'"
70.3
36.9
44.0
87.2
36.7
56.0

THC Outlet (ppmc)

173.4
123.6
140.4
282.9
194.4
121.5
136.2
237.9
169.5
114

218.4
258.9
171.6
109.5
164.4
213.9
118.5
168.3
155.7
171.3
128.1
176.7
114

175.8
143.1
135.3
177.3
121.2
214.8
119.7
229.5
159.9
96.9
102.3
96.6
102

238.5
223.5
105

125.4
188.1
297.6
210.9
110.7
132

261.6
110.1
168
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Run 1
Date: 8/19/97
Project No: 3804-24-04-03/4701-08-01
Operator: Gulick

Time (24 hour)

12:12
12:13
12:14
12:15

.12:16
12:17
12:18
12:19
12:20
12:21
12:22
12:23
12:24
12:25
12:26
12:27
12:28
12:29
12:30
12:31
12:32
12:33
12:34
12:35
12:36
12:37
12:38
12:39
12:40
12:41
12:42
12:43
12:44
12:45
12:46
12:47
12:48
12:49
12:50
12:51
12:52
12:53
12:54
12:55
12:56
12:57
12:58
12:59

THC inlet (ppm)

62.5
86.7
56.0
95.5
56.5
85.5
74.8
84.4
69.0
78.6
57.4
99.7"
64.4
65.6
98.0

100.0"
93.6
52.8
50.6
57.6
95.2
99.3"
56.7
53.1
78.2
51.0
71.7
91.5
95.4
63.2
48.2
50.3
91.3
99.9"
97.6
71.2
91.2
61.8
88.5
53.8
72.1
86.4
47.6
45.2
53.5
76.1
84.4
55.3

THC Inlet (ppmc)

187.5
260.1
168

286.5
169.5
256.5
224.4
253.2
207

235.8
172.2
299.1
193.2
196.8
294
300

280.8
158.4
151.8
172.8
285.6
297.9
170.1
159.3
234.6
153

215.1
274.5
286.2
189.6
144.6
150.9
273.9
299.7
292.8
213.6
273.6
185.4
265.5
161.4
216.3
259.2
142.8
135.6
160.5
228.3
253.2
165.9

A-7

THC outlet (ppm)

61.3
68.6
51.5
80.8
51.0
68.8
63.6
83.8
47.3
81.6
38.9
90.3
64.7
43.7
89.6

100.0"
91.7
45.0
35.2
40.0
80.5

100.0"
56.5
37.0
66.5
41.6
47.3
74.5
96.9
57.1
34.7
33.4
62.0
91.4
95.2
75.4
79.9
60.0
81.2
50.4
44.2
84.8
45.1
31.4
34.7
47.3
98.7
44.7

THC Outlet (ppmc)

183.9
205.8
154.5
242.4
153

206.4
190.8
251.4
141.9
244.8
116.7
270.9
194.1
131.1
268.8
300

275.1
135

105.6
120

241.5
300

169.5
111

199.5
124.8
141.9
223.5
290.7
171.3
104.1
100.2
186

274.2
285.6
226.2
239.7
180

243.6
151.2
132.6
254.4
135.3
94.2
104.1
141.9
296.1
134.1
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Run 1
Date: 8/19/97
Project No: 3804-24-04-03/4701-08-01
Operator: Gulick

Time (24 hour)

13:00
13:01
13:02
13:03
13:04
13:05
13:06
13:07
13:08
13:09
13:10
13:11
13:12
13:13
13:14
13:15
13:16
13:17
13:18
13:19
13:20
13:21
13:22
13:23
13:24
13:25
13:26
13:27
13:28
13:29
13:30
13:31
13:32
13:33
13:34
13:35
13:36
13:37
13:38
13:39
13:40
13:41
13:42
13:43
13:44
13:45
13:46
13:47

THC inlet (ppm)

86.7
72.2
57.9

100.0A

100.0A

97.5
62.6
57.5
85.6
86.2
52.8
89.8

·61.8
70.5
72.5
56.5
47.6
49.7
62.0
78.9
80.7
82.1
84.7
63.9
53.1
63.0
65.8
96.0
99.9A

69.7
52.3
75.4
95.0
60.2
53.4
80.5
98.3
78.6
52.1
77.2
97.9
72.1
59.5
51.4
49.2
53.0
85.7
77.8

THC Inlet (ppmc)

260.1
216.6
173.7
300
300

292.5
187.8
172.5
256.8
258.6
158.4
269.4
185.4
211.5
217.5
169.5
142.8
149.1
186

236.7
242.1
246.3
254.1
191.7
159.3
189

197.4
288

299.7
209.1
156.9
226.2
285

180.6
160.2
241.5
294.9
235.8
156.3
231.6
293.7
216.3
178.5
154.2
147.6
159

257.1
233.4

A-8

THC outlet (ppm)

61.8
79.6
39.1
78.2
92.0
93.9
69.6
37.2
60.7
91.7
47.3
63.4
75.9
41.8
77.9
44.5
38.5
34.2
42.2
64.2
66.8
67.2
90.8
63.9
39.1
45.9
51.4
80.9

100.0A

70.0
39.7
51.7
90.9
52.9
39.6
56.1
83.6
75.1
40.2
53.0
88.5
66.8
45.8
40.5
33.5
38.3
64.3
82.6

THC Outlet (ppmc)

185.4
238.8
117.3
234.6
276

281.7
208.8
111.6
182.1
275.1
141.9
190.2
227.7
125.4
233.7
133.5
115.5
102.6
126.6
192.6
200.4
201.6
272.4
191.7
117.3
137.7
154.2
242.7
300
210

119.1
155.1
272.7
158.7
118.8
168.3
250.8
225.3
120.6
159

265.5
200.4
137.4
121.5
100.5
114.9
192.9
247.8
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Run 1
Date: 8/19/97
Project No: 3804-24-04-03/4701-08-01
Operator: Gulick

Time (24 hour)

13:48
13:49
13:50
13:51
13:52
13:53
13:54
13:55
13:56
13:57
13:58
13:59
14:00
14:01
14:02
14:03
14:04
14:05
14:06
14:07
14:08
14:09
14:10
14:11
14:12
14:13
14:14
14:15
14:16
14:17
14:18
14:19
14:20
14:21
14:22
14:23
14:24
14:25
14:26
14:27
14:28
14:29
14:30
14:31
14:32
14:33
14:34
14:35

THC inlet (ppm)

48.1
77.0
84.0
63.3
51.4
72.1
96.5
62.3
46.3
63.0
89.4
78.9
57.9
54.1
52.9
49.8
74.8
88.9
65.4
48.7
64.0
86.7
52.7
82.3
83.7
88.6

Inlet Spike

67.7
53.7
87.6
82.0
65.7
59.2
59.2
58.6

THC Inlet (ppmc)

144.3
231
252

189.9
154.2
216.3
289.5
186.9
138.9
189

268.2
236.7
173.7
162.3
158.7
149.4
224.4
266.7
196.2
146.1
192

260.1
158.1
246.9
251.1
265.8

Inlet Spike

203.1
161.1
262.8
246

197.1
177.6
177.6
175.8

A-9

THC outlet (ppm)

35.3
48.9
79.8
55.3
39.8
44.2
93.9
65.4
38.1
35.7
73.6
74.8
49.1
41.7
39.4
36.3
47.1
87.6
60.0
40.3
42.1
85.0
52.1
48.8
88.9
47.6
69.2
85.6
39.8
50.0
76.6
74.7
50.9
42.2
64.6
72.5
60.7
39.0
55.6
87.5

Outlet Spike

THC Outlet (ppmc)

105.9
146.7
239.4
165.9
119.4
132.6
281.7
196.2
114.3
107.1
220.8
224.4
147.3
125.1
118.2
108.9
141.3
262.8
180

120.9
126.3
255

156.3
146.4
266.7
142.8
207.6
256.8
119.4
150

229.8
224.1
152.7
126.6
193.8
217.5
182.1
117

166.8
262.5

Outlet Spike
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Run 1
Date: 8/19/97
Project No: 3804-24-04-03/4701-08-01
Operator: Gulick

Time (24 hour)

14:36
14:37
14:38
14:39
14:40
14:41
14:42
14:43
14:44
14:45
14:46
14:47
14:48
14:49
14:50
14:51
14:52
14:53
14:54
14:55
14:56
14:57
14:58
14:59
15:00
15:01

THC inlet (ppm)

58.0
57.2
47.2
50.8
53.5
54.0
83.0
89.0
90.4
90.6
86.6
61.2
52.4
52.1
53.7
60.5
64.8
93.4
73.9
51.3
80.7

100.01\
95.6
57.4
79.0

100.01\

THC Inlet (ppmc) THC outlet (ppm) THC Outlet (ppmc)
174

171.6
141.6
152.4
160.5
162
249
267

271.2
271.8
259.8
183.6
157.2
156.3
161.1
181.5
194.4
280.2
221.7
153.9
242.1
300

286.8
172.2
237
300

Minimum=
Maximum=
Average=

42.7
100.0
66.6

128.1
300

199.8

A-IO

25.2
100.0
47.4

75.6
300

142.2
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Run 2
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)
8:40
8:41
8:42
8:43
8:44
8:45
8:46
8:47
8:48
8:49
8:50
8:51
8:52
8:53
8:54
8:55
8:56
8:57
8:58
8:59
9:00
9:01
9:02
9:03
9:04
9:05
9:06
9:07
9:08
9:09
9:10
9:11
9:12
9:13
9:14
9:15
9:16
9:17
9:18
9:19
9:20
9:21
9:22
9:23
9:24
9:25
9:26
9:27

THC inlet (ppm)
39.5
50.1
35.1
55.5
37.6
40.7
49.7
38.9
44.5
59.1
41.6
45.4
58.9
44.7
43.0
38.0
52.1
35.2
43.2
36.2
35.3
35.9
37.2
43.2
39.5
34.6
35.0
35.7
49.6
52.2
51.8
41.2
39.6
53.1
47.3
46.5
46.3
40.3
46.9
29.4
31.7
34.2
32.6
32.1
32.7
32.4
33.6
37.4

THC inlet (ppmc)
118.5
150.3
105.3
166.5
112.8
122.1
149.1
116.7
133.5
177.3
124.8
136.2
176.7
134.1
129.0
114.0
156.3
105.6
129.6
108.6
105.9
107.7
111.6
129.6
118.5
103.8
105.0
107.1
148.8
156.6
155.4
123.6
118.8
159.3
141.9
139.5
138.9
120.9
140.7
88.2
95.1
102.6
97.8
96.3
98.1
97.2
100.8
112.2

A-13

THC outlet (ppm)
28.8
40.3
27.6
38.0
35.0
28.5
40.2
32.1
30.9
45.8
35.5
33.0
45.6
37.3
35.2
30.3
41.7
29.2
32.8
30.2
28.3
28.0
29.1
30.3
35.5
28.5
27.1
28.3
32.7
42.8
40.6
36.1
30.2
40.2
37.9
36.7
36.2
33.2
36.7
25.8
24.0
26.9
26.4
25.3
25.7
25.5
26.2
28.9

THC outlet (ppmc)
86.4

120.9
82.8
114
105

85.5
120.6
96.3
92.7

137.4
106.5

99
136.8
111.9
105.6
90.9

125.1
87.6
98.4
90.6
84.9

84
87.3
90.9

106.5
85.5
81.3
84.9
98.1

128.4
121.8
108.3
90.6

120.6
113.7
110.1
108.6
99.6

110.1
77.4

72
80.7
79.2
75.9
77.1
76.5
78.6
86.7
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Run 2
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

9:28
9:29
9:30
9:31
9:32
9:33
9:34
9:35
9:36
9:37
9:38
9:39
9:40
9:41
9:42
9:43
9:44
9:45
9:46
9:47
9:48
9:49
9:50
9:51
9:52
9:53
9:54
9:55
9:56
9:57
9:58
9:59
10:00
10:01
10:02
10:03
10:04
10:05
10:06
10:07
10:08
10:09
10:10
10:11
10:12
10:13
10:14
10:15

THC inlet (ppm)

38.3
38.9
40.4
39.0
33.2
33.8
39.2
42.8
42.6
71.5
46.5
41.0
37.6
33.5
31.7
37.0
39.8
38.8
42.3
45.9
46.7
44.5
36.5
34.6
35.9
47.6
32.9
33.1
36.9
75.4
75.9
84.3
87.3
55.9
42.2
43.1
55.8
58.2
58.8
64.9
67.7
78.6

100.0"
100.0"
69.1
69.8
91.7
99.4"

THC inlet (ppmc)

114.9
116.7
121.2
117.0
99.6
101.4
117.6
128.4
127.8
214.5
139.5
123.0
112.8
100.5
95.1
111.0
119.4
116.4
126.9
137.7
140.1
133.5
109.5
103.8
107.7
142.8
98.7
99.3
110.7
226.2
227.7
252.9
261.9
167.7
126.6
129.3
167.4
174.6
176.4
194.7
203.1
235.8
300.0
300.0
207.3
209.4
275.1
298.2

A-14

THC outlet (ppm)

29.9
30.1
31.3
30.8
26.2
25.7
28.8
33.0
33.0
55.9
43.5
32.4
29.6
27.0
24.0
28.3
30.3
30.5
32.7

·36.8
38.7
38.3
30.9
28.2
27.2
37.7
26.8
25.8
26.3
51.8
62.0
70.8
72.6
58.1
38.3
34.3
40.3
48.7
48.6
50.3
57.6
57.9
96.3

100.0"
82.1
50.7
72.9
90.8

THC outlet (ppmc)

89.7
90.3
93.9
92.4
78.6
77.1
86.4

99
99

167.7
130.5
97.2
88.8

81
72

84.9
90.9
91.5
98.1

110.4
116.1
114.9
92.7
84.6
81.6

113.1
80.4
77.4
78.9

155.4
186

212.4
217.8
174.3
114.9
102.9
120.9
146.1
145.8
150.9
172.8
173.7
288.9

300
246.3
152.1
218.7
272.4
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Run 2
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour) THC inlet (ppm) THC inlet (ppmc) THC outlet (ppm) THC outlet (ppmc)
10:16 100.0A 300.0 100.0A 300
10:17 86.4 259.2 91.3 273.9
10:18 59.3 177.9 59.1 177.3
10:19 42.9 128.7 34.8 104.4
10:20 80.9 242.7 53.5 160.5
10:21 100.0A 300.0 100.0A 300
10:22 92.4 2n.2 83.5 250.5
10:23 49.5 148.5 50.8 152.4

Range Change
10:30 50.8 152.4 43.9 131.7
10:31 80.5 241.5 63.6 190.8
10:32 76.4 229.2 77.7 233.1
10:33 63.7 191.1 60.0 180
10:34 51.6 154.8 49.9 149.7
10:35 42.1 126.3 41.5 124.5
10:36 37.9 113.7 34.5 103.5
10:37 73.6 220.8 60.9 182.7
10:38 87.3 261.9 76.6 229.8
10:39 196.9 590.7 168.9 506.7
10:40 213.1 639.3 197.4 592.2
10:41 118.8 356.4 130.9 392.7
10:42 65.2 195.6 62.3 186.9
10:43 63.3 189.9 58.9 176.7
10:44 57.9 173.7 53.8 161.4
10:45 59.5 178.5 54.7 164.1
10:46 59.7 179.1 54.4 163.2
10:47 60.7 182.1 57.0 171
10:48 60.8 182.4 56.5 169.5
10:49 43.4 130.2 43.0 129
10:50 39.4 118.2 36.6 109.8
10:51 74.4 223.2 59.0 177
10:52 134.2 402.6 117.5 352.5
10:53 166.8 500.4 151.1 453.3
10:54 167.0 501.0 157.4 472.2
10:55 44.4 133.2 59.7 179.1
10:56 30.0 90.0 27.4 82.2
10:57 31.7 95.1 28.9 86.7
10:58 31.5 94.5 28.9 86.7
10:59 42.8 128.4 36.1 108.3
11 :00 58.5 175.5 52.6 157.8
11 :01 75.8 227.4 69.0 207
11 :02 53.5 160.5 52.6 157.8
11 :03 38.1 114.3 37.7 113.1
11 :04 30.2 90.6 28.0 84
11 :05 31.3 93.9 28.1 84.3
11 :06 53.6 160.8 47.1 141.3
11 :07 52.5 157.5 49.1 147.3
11 :08 40.4 121.2 38.8 116.4
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Run 2
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

11 :09
11:10
11 :11
11 :12
11 :13
11 :14
11 :15
11 :16
11 :17
11 :18
11 :19
11 :20
11 :21
11 :22
11 :23
11 :24
11 :25
11 :26
11 :27
11 :28
11 :29
11 :30
11 :31
11 :32
11 :33
11 :34
11 :35
11 :36
11 :37
11 :38
11 :39
11 :40
11 :41
11 :42
11 :43
11 :44
11 :45
11 :46
11 :47
11 :48
11 :49
11 :50
11 :51
11 :52
11 :53
11 :54
11 :55
11 :56

THC inlet (ppm)

38.5
33.4
43.1

.45.2
39.8
36.4
34.5
35.7
36.5
36.8
38.0
56.2

117.3
186.7
183.4
160.7
101.8
75.1
52.7
40.0
34.6
35.5
35.3
57.3
65.7
63.0
51.5
36.1
37.5
36.7
71.2
80.1
54.1
50.8
51.7
51.2
40.6
42.3
119.3
119.0
89.5
49.8
42.1
43.9
40.3
33.9
49.1
54.1

THC inlet (ppmc)

115.5
100.2
129.3
135.6
119.4
109.2
103.5
107.1
109.5
110.4
114.0
168.6
351.9
560.1
550.2
482.1
305.4
225.3
158.1
120.0
103.8
106.5
105.9
171.9
197.1
189.0
154.5
108.3
112.5
110.1
213.6
240.3
162.3
152.4
155.1
153.6
121.8
126.9
357.9
357.0
268.5
149.4
126.3
131.7
120.9
101.7
147.3
162.3

A-16

THC outlet (ppm)

36.8
30.8
38.2
41.6
38.9
34.7
31.9
32.5
34.1
34.0
34.9
41.7
87.0
173.1
174.3
148.8
118.1
75.1
51.6
42.0
32.2
32.9
32.3
43.2
60.2
61.9
49.6
38.0
34.2
34.2
48.7
80.8
55.1
47.1
48.3
47.0
43.9
34.3
82.6
113.3
92.9
61.1
38.5
40.0
39.8
31.1
39.3
49.6

THC outlet (ppmc)

110.4
92.4

114.6
124.8
116.7
104.1
95.7
97.5

102.3
102

104.7
125.1

261
519.3
522.9
446.4
354.3
225.3
154.8

126
96.6
98.7
96.9

129.6
180.6
185.7
148.8

114
102.6
102.6
146.1
242.4
165.3
141.3
144.9

141
131.7
102.9
247.8
339.9
278.7
183.3
115.5

120
119.4
93.3

117.9
148.8
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Run 2
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour) THC inlet (ppm) THC inlet (ppmc) THC outlet (ppm) THC outlet (ppmc)
11 :57 85.2 255.6 67.2 201.6
11 :58 67.2 201.6 72.2 216.6
11 :59 48.6 145.8 50.2 150.6
12:00 39.6 118.8 37.1 111.3
12:01 38.9 116.7 36.5 109.5
12:02 41.3 123.9 35.9 107.7
12:03 43.5 130.5 40.0 120
12:04 48.5 145.5 43.8 131.4
12:05 48.3 144.9 45.1 135.3
12:06 48.0 144.0 43.2 129.6
12:07 50.5 151.5 45.9 137.7
12:08 48.9 146.7 45.9 137.7
12:09 41.6 124.8 38.2 114.6
12:10 39.0 117.0 36.0 108
12:11 37.1 111.3 34.0 102
12:12 ·37.8 113.4 34.3 102.9
12:13 37.9 113.7 34.5 103.5
12:14 38.2 114.6 34.1 102.3
12:15 36.8 110.4 33.4 100.2
12:16 37.5 112.5 33.9 101.7
12:17 46.4 139.2 38.4 115.2
12:18 62.5 187.5 57.0 171
12:19 63.8 191.4 58.0 174
12:20 44.4 133.2 44.1 132.3
12:21 35.7 107.1 32.7 98.1
12:22 50.8 152.4 41.4 124.2
12:23 70.9 212.7 64.1 192.3
12:24 67.2 201.6 61.7 185.1
12:25 56.5 169.5 55.0 165
12:26 29.9 89.7 29.1 87.3
12:27 27.8 83.4 25.5 76.5
12:28 27.4 82.2 24.7 74.1
12:29 28.3 84.9 25.3 75.9
12:30 29.8 89.4 26.5 79.5
12:31 43.6 130.8 34.5 103.5
12:32 41.7 125.1 42.9 128.7
12:33 29.9 89.7 27.5 82.5
12:34 28.3 84.9 25.9 77.7
12:35 33.8 101.4 29.5 88.5
12:36 34.1 102.3 31.0 93
12:37 34.8 104.4 31.7 95.1
12:38 31.8 95.4 29.3 87.9
12:39 30.1 90.3 27.4 82.2
12:40 27.8 83.4 24.8 74.4
12:41 32.7 98.1 28.3 84.9
12:42 35.0 105.0 32.1 96.3

Minimum= 27.4 82.2 24.0 72
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Run 2
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

Maximum=
Average=

THC inlet (ppm)

213.1
54.0

THC inlet (ppmc)
639.3
162.0

A-I8

THC outlet (ppm) THC outlet (ppmc)
197.4 592.2
47.7 143.1
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Run 3
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)
13:07
13:08
13:09
13:10
13:11
13:12
13:13
13:14
13:15
13:16
13:17
13:18
13:19
13:20
13:21
13:22
13:23
13:24
13:25
13:26
13:27
13:28
13:29
13:30
13:31
13:32
13:33
13:34
13:35
13:36
13:37
13:38
13:39
13:40
13:41
13:42
13:43
13:44
13:45
13:46
13:47
13:48
13:49
13:50
13:51
13:52
13:53
13:54

THC inlet (ppm)
29.9
31.5
49.1
26.7
27.2
25.4
30.1
32.5
26.2
26.1
24.7
23.6
25.0
26.2
35.5
29.7
29.3
38.8
27.3
29.8
30.5
27.4
25.9
27.4
32.3
37.8
31.3
26.4
27.5
28.4
28.9
28.5
26.8
26.6
25.6
25.9
26.7
30.1
29.7
24.2
24.8
25.0
26.6
30.4
27.7
24.7
24.3
26.8

THC inlet (ppmc)
89.7
94.5
147.3
80.1
81.6
76.2
90.3
97.5
78.6
78.3
74.1
70.8
75.0
78.6
106.5
89.1
87.9
116.4
81.9
89.4
91.5
82.2
77.7
82.2
96.9
113.4
93.9
79.2
82.5
85.2
86.7
85.5
80.4
79.8
76.8
77.7
80.1
90.3
89.1
72.6
74.4
75.0
79.8
91.2
83.1
74.1
72.9
80.4

A-21

THC outlet (ppmc)
21.9
28.8
43.5
29.2
24.8
23.8
24.1
33.0
24.7
25.2
24.3
23.0
23.4
24.3
31.3
29.2
25.7
35.7
25.3
26.6
28.1
26.1
23.7
24.9
28.3
33.6
30.0
24.7
24.7
25.8
26.2
26.3
25.0
24.4
23.8
23.6
24.1
26.8
27.8
22.4
22.7
23.1
23.4
27.5
25.7
23.0
22.1
24.3

THC outlet (ppm)
65.7
86.4
130.5
87.6
74.4
71.4
72.3
99

74.1
75.6
72.9
69

70.2
72.9
93.9
87.6
77.1
107.1
75.9
79.8
84.3
78.3
71.1
74.7
84.9
100.8

90
74.1
74.1
77.4
78.6
78.9
75

73.2
71.4
70.8
72.3
80.4
83.4
67.2
68.1
69.3
70.2
82.5
77.1
69

66.3
72.9
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Run 3
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

13:55
13:56
13:57
13:58
13:59
14:00
14:01
14:02
14:03
14:04
14:05
14:06
14:07
14:08
14:09
14:10
14:11
14:12
14:13
14:14
14:15
14:16
14:17
14:18
14:19
14:20
14:21
14:22
14:23
14:24
14:25
14:26
14:27
14:28
14:29
14:30
14:31
14:32
14:33
14:34
14:35
14:36
14:37
14:38
14:39
14:40
14:41
14:42

THC inlet (ppm)

26.5
24.9
23.1
22.5
22.1
21.8
20.9
21.8
21.9
21.8
18.9
19.6
20.4
20.8
24.6
36.8
29.0
34.4
26.1
27.5
27.3
27.1
24.7
23.6
24.6
28.1
27.0
25.4
24.7
27.4
26.5
26.5
26.8
23.9
26.2
26.9
27.4
26.6
27.4
27.1
24.9
25.0
25.3
25.0
26.6
25.6
25.7
25.7

THC inlet (ppmc)

79.5
74.7
69.3
67.5
66.3
65.4
62.7
65.4
65.7
65.4
56.7
58.8
61.2
62.4
73.8

110.4
87.0
103.2
78.3
82.5
81.9
81.3
74.1
70.8
73.8
84.3
81.0
76.2
74.1
82.2
79.5
79.5
80.4
71.7
78.6
80.7
82.2
79.8
82.2
81.3
74.7
75.0
75.9
75.0
79.8
76.8
77.1
77.1

A-22

THC outlet (ppmc)

24.2
23.0
21.9
20.9
20.7
20.5
19.6
20.2
20.5
20.4
17.8
18.1
18.7
19.2
22.5
26.5
32.7
30.7
24.2
24.8
24.8
24.6
23.2
21.5
22.2
24.7
24.8
23.5
22.4
24.3
24.2
24.1
24.0
22.6
22.9
24.4
24.7
24.3
24.4
25.0
22.8
22.7
22.8
22.3
24.2
23.2
23.2
23.2

THC outlet (ppm)

72.6
69

65.7
62.7
62.1
61.5
58.8
60.6
61.5
61.2
53.4
54.3
56.1
57.6
67.5
79.5
98.1
92.1
72.6
74.4
74.4
73.8
69.6
64.5
66.6
74.1
74.4
70.5
67.2
72.9
72.6
72.3
72

67.8
68.7
73.2
74.1
72.9
73.2
75

68.4
68.1
68.4
66.9
72.6
69.6
69.6
69.6
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Run 3
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

14:43
14:44
14:45
14:46
14:47
14:48
14:49
14:50
14:51
14:52
14:53
14:54
14:55
14:56
14:57
14:58
14:59
15:00
15:01
15:02
15:03
15:04
15:05
15:06
15:07
15:08
15:09
15:10
15:11
15:12
15:13
15:14
15:15
15:16
15:17
15:18
15:19
15:20
15:21
15:22
15:23
15:24
15:25
15:26
15:27
15:28
15:29
15:30

THC inlet (ppm)

25.8
24.8
27.6
26.3
25.6
25.5
25.9
26.3
25.1
26.0
24.0
23.4
23.9
23.9
27.1
37.2
32.8
28.5
28.8
31.7
32.4
28.5
26.3
28.2
26.4
25.2
23.2
23.9
27.1
28.6
29.6
25.1
23.3
22.1
24.9
25.0
21.7
17.9
22.8
21.0
19.7
22.7
23.3
24.5
27.3
24.6
22.7
21.9

THC inlet (ppmc)

77.4
74.4
82.8
78.9
76.8
76.5
77.7
78.9
75.3
78.0
72.0
70.2
71.7
71.7
81.3
111.6
98.4
85.5
86.4
95.1
97.2
85.5
78.9
84.6
79.2
75.6
69.6
71.7
81.3
85.8
88.8
75.3
69.9
66.3
74.7
75.0
65.1
53.7
68.4
63.0
59.1
68.1
69.9
73.5
81.9
73.8
68.1
65.7

A-23

THC outlet (ppmc)'

23.3
22.7
24.6
24.2
23.2
23.1
23.4
24.2
23.6
23.9
23.4
21.7
22.2
22.3
23.3
32.6
30.3
26.2
26.0
26.1
30.8
26.1
24.2
24.9
24.1
23.0
21.4
21.3
23.7
25.2
26.7
23.4
22.0
20.4
22.2
22.9
20.5
16.8
19.6
20.0
17.7
20.8
21.5
22.3
25.1
23.5
21.3
20.3

THC outlet (ppm)

69.9
68.1
73.8
72.6
69.6
69.3
70.2
72.6
70.8
71.7
70.2
65.1
66.6
66.9
69.9
97.8
90.9
78.6
78

78.3
92.4
78.3
72.6
74.7
72.3
69

64.2
63.9
71.1
75.6
80.1
70.2
66

61.2
66.6
68.7
61.5
50.4
58.8
60

53.1
62.4
64.5
66.9
75.3
70.5
63.9
60.9

Run3, Page 3 of 6



Run 3
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

15:31
15:32
15:33
15:34
15:35
15:36
15:37
15:38
15:39
15:40
15:41
15:42
15:43
15:44
15:45
15:46
15:47
15:48
15:49
15:50
15:51
15:52
15:53
15:54
15:55
15:56
15:57
15:58
15:59
16:00
16:01
16:02
16:03
16:04
16:05
16:06
16:07
16:08
16:09
16:10
16:11
16:12
16:13
16:14
16:15
16:16
16:17
16:18

THC inlet (ppm)

23.7
25.6
24.1
23.2
23.7
25.7
28.3
25.5
25.2
25.5
23.8
22.5
23.0
25.1
26.2
26.9
32.7
25.7
24.2
22.5
24.3
23.1
22.1
23.3
23.3
23.1
24.4
28.5
27.1
23.4
21.8
22.6
25.0
26.2
24.1
23.1
22.8
23.1
23.5
23.5
24.5
25.4
25.3
24.0
24.0
26.5
26.3
26.6

THC inlet (ppmc)

71.1
76.8
72.3
69.6
71.1
77.1
84.9
76.5
75.6
76.5
71.4
67.5
69.0
75.3
78.6
80.7
98.1
77.1
72.6
67.5
72.9
69.3
66.3
69.9
69.9
69.3
73.2
85.5
81.3
70.2
65.4
67.8
75.0
78.6
72.3
69.3
68.4
69.3
70.5
70.5
73.5
76.2
75.9
72.0
72.0
79.5
78.9
79.8

A-24

THC outlet (ppmc)

21.3
23.5
22.5
21.5
21.7
22.6
25.9
23.1
23.0
23.2
22.3
20.6
20.9
22.7
23.5
24.0
29.5
24.1
22.3
21.2
21.6
21.9
20.1
21.5
21.4
21.2
22.1
25.7
25.5
21.7
20.4
20.5
22.1
23.9
22.4
21.3
21.1
21.2
21.1
21.2
22.1
23.0
23.1
21.9
21.3
24.0
23.8
24.5

THC outlet (ppm)

63.9
70.5
67.5
64.5
65.1
67.8
77.7
69.3
69

69.6
66.9
61.8
62.7
68.1
70.5
72

88.5
72.3
66.9
63.6
64.8
65.7
60.3
64.5
64.2
63.6
66.3
77.1
76.5
65.1
61.2
61.5
66.3
71.7
67.2
63.9
63.3
63.6
63.3
63.6
66.3
69

69.3
65.7
63.9
72

71.4
73.5

Run3, Page 4 of 6



Run 3
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

16:19
16:20
16:21
16:22
16:23
16:24
16:25
16:26
16:27
16:28
16:29
16:30
16:31
16:32
16:33
16:34
16:35
16:36
16:37
16:38
16:39
16:40
16:41
16:42
16:43
16:44
16:45
16:46
16:47
16:48
16:49
16:50
16:51
16:52
16:53
16:54
16:55
16:56
16:57
16:58
16:59
17:00
17:01
17:02
17:03
17:04
17:05
17:06

THC inlet (ppm)

25.1
23.0
26.5
30.9
24.9
31.2
25.4
33.0
23.6
24.5
25.9
25.7
23.5
24.0
23.8
24.9
27.0
23.5
26.9
22.0
24.0
25.2
25.3
25.2
25.5
25.5
25.8
25.2
23.4
22.4
24.3
24.2
24.3
23.2
22.8
26.3
31.6
26.8
25.2
24.3
23.0
23.3
24.0
24.6
24.0
24.5
22.8
23.7

THC inlet (ppmc)

75.3
69.0
79.5
92.7
74.7
93.6
76.2
99.0
70.8
73.5
77.7
77.1
70.5
72.0
71.4
74.7
81.0
70.5
80.7
66.0
72.0
75.6
75.9
75.6
76.5
76.5
77.4
75.6
70.2
67.2
72.9
72.6
72.9
69.6
68.4
78.9
94.8
80.4
75.6
72.9
69.0
69.9
72.0
73.8
72.0
73.5.
68.4
71.1

A-25

THC outlet (ppmc)

23.4
21.4
22.9
29.6
21.8
29.5
21.8
30.8
21.6
22.6
23.7
24.0
21.9
22.3
22.2
22.1
25.3
21.6
23.8
21.1
21.2
23.2
22.8
23.1
23.2
23.4
23.5
23.4
21.5
20.6
21.9
22.2
22.3
21.5
21.0
23.1
28.4
25.4

Outlet Spike

THC outlet (ppm)

70.2
64.2
68.7
88.8
65.4
88.5
65.4
92.4
64.8
67.8
71.1
72

65.7 .
66.9
66.6
66.3
75.9
64.8
71.4
63.3
63.6
69.6
68.4
69.3
69.6
70.2
70.5
70.2
64.5
61.8
65.7
66.6
66.9
64.5
63

69.3
85.2
76.2
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Run 3
Date: 8/20/97
Project No.: 3804-24-04-03
Operator: Gulick

THC outlet (ppmc) THC outlet (ppm)Time (24 hour)

17:07
17:08
17:09
17:10
17:11
17:12
17:13
17:14
17:15
17:16
17:17
17:18
17:19
17:20
17:21
17:22
17:23
17:24
17:25
17:26
17:27
17:28
17:29
17:30
17:31
17:32
17:33
17:34
17:35
17:36
17:37
17:38
17:39
17:40
17:41
17:42
17:43

Maximum =
Maximum =
Average =

THC inlet (ppm)

24.0
24.6
29.6
49.7
29.9
47.8
30.4
50.9
31.7
49.4
32.6
49.0
34.6
44.1
32.1
37.0
53.9
39.2
83.2

Inlet Spike

17.9
83.2
27.0

THC inlet (ppmc)

72.0
73.8
88.8
149.1
89.7
143.4
91.2
152.7
95.1
148.2
97.8
147.0
103.8
132.3
96.3
111.0
161.7
117.6
249.6

53.7
249.6
81.0

A-26

56.7
31.1
55.5
35.2
45.2
43.2
46.8
45.8
38.9
57.5
38.1
64.0
42.0
62.5
38.9
59.6
52.3

16.8
64.0
25.4

170.1
93.3
166.5
105.6
135.6
129.6
140.4
137.4
116.7
172.5
114.3
192
126

187.5
116.7
178.8
156.9

50.4
192
76.2
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Run 4
Date: 8/21/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour) THC inlet (ppm) THC inlet (ppmc) THC outlet (ppmc) THC outlet (ppm)
7:48 62.8 188.4 Outlet Spike
7:49 63.3 189.9
7:50 65.2 195.6
7:51 65.3 195.9
7:52 65.4 196.2
7:53 65.7 197.1
7:54 65.6 196.8
7:55 65.9 197.7
7:56 64.9 194.7
7:57 65.5 196.5
7:58 66.5 199.5
7:59 67.7 203.1
8:00 67.0 201.0
8:01 65.8 197.4
8:02 65.4 196.2
8:03 74.7 224.1
8:04 81.0 243.0
8:05 80.5 241.5
8:06 83.4 250.2
8:07 89.5 268.5
8:08 81.9 245.7
8:09 89.5 268.5
8:10 89.9 269.7
8:11 86.1 258.3
8:12 80.6 241.8 54.7 164.1
8:13 67.6 202.8 49.6 148.8
8:14 51.2 153.6 36.9 110.7
8:15 45.2 135.6 32.6 97.8
8:16 42.1 126.3 29.8 89.4
8:17 40.2 120.6 28.4 85.2
8:18 Inlet Spike 27.4 82.2
8:19 26.5 79.5
8:20 25.5 76.5
8:21 25.3 75.9
8:22 26.8 80.4
8:23 30.1 90.3
8:24 32.7 98.1
8:25 35.0 105
8:26 34.6 103.8
8:27 36.5 109.5
8:28 36.9 110.7
8:29 85.0 255.0 35.1 105.3
8:30 85.5 256.5 34.7 104.1
8:31 84.8 254.4 34.3 102.9
8:32 84.8 254.4 34.9 104.7
8:33 84.4 253.2 34.6 103.8
8:34 83.8 251.4 34.4 103.2
8:35 82.5 247.5 32.9 98.7
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Run 4
Date: 8/21/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

8:36
8:37
8:38
8:39
8:40
8:41
8:42
8:43
8:44
8:45
8:46
8:47
8:48
8:49
8:50
8:51
8:52
8:53
8:54
8:55
8:56
8:57
8:58
8:59
9:00
9:01
9:02
9:03
9:04
9:05
9:06
9:07
9:08
9:09
9:10
9:11
9:12
9:13
9:14
9:15
9:16
9:17
9:18
9:19
9:20
9:21
9:22
9:23

THC inlet (ppm)

83.7
79.6
47.2
45.9
75.7
74.4
43.6
75.8
58.5
67.1
55.8
68.5
58.1
62.4
58.0
95.9
113.2
114.2
111.7
85.7
62.1
58.7
40.8
41.5
44.1
47.4
49.0
47.4
45.2
42.5
40.6
40.0
42.3
42.6

THC inlet (ppmc)

251.1
238.8
141.6
137.7
227.1
223.2
130.8
227.4
175.5
201.3
167.4
205.5
174.3
187.2
174.0
287.7
339.6
342.6
335.1
257.1
186.3
176.1
122.4
124.5
132.3
142.2
147.0
142.2
135.6
127.5
121.8
120.0
126.9
127.8

A-3D

THC outlet (ppmc)

32.4
33.0
33.1
30.5
42.2
57.2
31.4
41.3
48.9
34.4
47.5
34.8
49.3
33.2
46.1
50.0
76.2
76.0
77.6
62.6
44.3
40.7
30.2
27.7
28.6
30.5
31.9
31.8
30.7
29.1
27.8
26.8
27.9
28.4
28.4
28.0
28.7
34.5
44.4
64.5
40.5
43.0
47.8
31.9
33.2
50.4
33.9
49.3

THC outlet (ppm)

97.2
99

99.3
91.5

126.6
171.6
94.2

123.9
146.7
103.2
142.5
104.4
147.9
99.6

138.3
150

228.6
228

232.8
187.8
132.9
122.1
90.6
83.1
85.8
91.5
95.7
95.4
92.1
87.3
83.4
80.4
83.7
85.2
85.2

84
86.1

103.5
133.2
193.5
121.5

129
143.4
95.7
99.6

151.2
101.7
147.9
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I

Run 4
Date: 8/21/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour) THe inlet (ppm) THC inlet (ppmc) THC outlet (ppmc) THC outlet (ppm)
9:24 37.2 111.6
9:25 53.1 159.3
9:26 35.2 105.6
9:27 56.3 168.9
9:28 38.5 115.5
9:29 79.0 237
9:30 94.0 282
9:31 68.0 204
9:32 60.4 181.2
9:33 58.5 175.5
9:34 56.6 169.8
9:35 36.3 108.9
9:36 33.2 99.6
9:37 31.9 95.7
9:38 48.0 144.0 31.8 95.4
9:39 40.2 120.6 28.5 85.5
9:40 33.3 99.9 21.9 65.7
9:41 32.8 98.4 21.6 64.8
9:42 32.7 98.1 21.4 64.2
9:43 33.5 100.5 21.7 65.1
9:44 34.2 102.6 22.3 66.9
9:45 34.0 102.0 22.0 66
9:46 34.3 102.9 22.4 67.2
9:47 34.1 102.3 22.4 67.2
9:48 34.0 102.0 22.3 66.9
9:49 33.8 101.4 22.2 66.6
9:50 33.5 100.5 22.2 66.6
9:51 33.5 100.5 22.0 66
9:52 33.3 99.9 21.7 65.1
9:53 32.9 98.7 21.6 64.8
9:54 32.4 97.2 21.3 63.9
9:55 32.2 96.6 21.0 63
9:56 32.4 97.2 21.1 63.3
9:57 32.2 96.6 21.0 63
9:58 32.2 96.6 20.9 62.7
9:59 31.8 95.4 20.7 62.1
10:00 31.9 95.7 20.8 62.4
10:01 31.7 95.1 20.6 61.8
10:02 32.0 96.0 20.8 62.4
10:03 31.7 95.1 20.9 62.7
10:04 31.5 94.5 20.5 61.5
10:05 32.1 96.3 20.7 62.1
10:06 34.4 103.2 21.0 63
10:07 76.3 228.9 44.3 132.9
10:08 77.5 232.5 50.4 151.2

10:09 58.4 175.2 44.0 132

10:10 36.8 110.4 24.6 73.8

10:11 34.4 103.2 23.2 69.6

Run4, Page 3 of 6
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I

Run 4
Date: 8/21/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

10:12
10:13
10:14
10:15
10:16
10:17
10:18
10:19
10:20
10:21
10:22
10:23
10:24
10:25
10:26
10:27
10:28
10:29
10:30
10:31
10:32
10:33
10:34
10:35
10:36
10:37
10:38
10:39
10:40
10:41
10:42
10:43
10:44
10:45
10:46
10:47
10:48
10:49
10:50
10:51
10:52
10:53
10:54
10:55
10:56
10:57
10:58
10:59

THC inlet (ppm)

31.9
31.4
31.3
31.4
32.4
33.8
33.4
33.8
33.8
33.4
33.7
33.8
34.4
34.3
56.9
64.2
62.6
63.5
129.0
115.1
98.8
90.5
86.2
82.8
80.9
81.2
81.4
80.8
82.3
83.2
84.4
86.6
89.9
88.3
91.1
94.2
92.4
90.2
81.1
53.4
60.4
50.1
60.6
45.2
46.6
46.1
71.1
98.7

THC inlet (ppmc)

95.7
94.2
93.9
94.2
97.2
101.4
100.2
101.4
101.4
100.2
10·1.1
101.4
103.2
102.9
170.7
192.6
187.8
190.5
387.0
345.3
296.4
271.5
258.6
248.4
242.7
243.6
244.2
242.4
246.9
249.6
253.2
259.8
269.7
264.9
273.3
282.6
277.2
270.6
243.3
160.2
181.2
150.3
181.8
135.6
139.8
138.3
213.3
296.1

A-32

THC outlet (ppmc)

21.0
20.6
20.6
20.4
20.8
21.6
21.7
21.9
22.0
21.7
21.7
21.7
22.4
22.3
32.0
41.7
40.9
41.1
72.7
81.6
66.4
60.3
57.2
54.4
53.0
52.8
52.6
52.5
53.2
53.8
54.2
56.0
57.7
57.5
58.1
60.9
60.4
58.6
56.1
37.6
32.4
38.4
34.5
32.9
29.3
29.5
34.2
72.8

THC outlet (ppm)

63
61.8
61.8
61.2
62.4
64.8
65.1
65.7

66
65.1
65.1
65.1
67.2
66.9

96
125.1
122.7
123.3
218.1
244.8
199.2
180.9
171.6
163.2

159
158.4
157.8
157.5
159.6
161.4
162.6

168
173.1
172.5
174.3
182.7
181.2
175.8
168.3
112.8
97.2

115.2
103.5
98.7
87.9
88.5

102.6
218.4

Run4, Page 4 of 6



Run 4
Date: 8/21/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

11 :00
11 :01
11 :02
11 :03
11 :04
11 :05
11 :06
11 :07
11 :08
11 :09
11 :10
11 :11
11 :12
11 :13
11 :14
11 :15
11 :16
11 :17
11 :18
11 :19
11 :20
11 :21
11 :22
11 :23
11 :24
11 :25
11 :26
11 :27
11 :28
11 :29
11 :30
11 :31
11 :32
11 :33
11 :34
11 :35
11 :36
11 :37
11 :38
11 :39
11 :40
11 :41
11 :42
11 :43
11 :44
11 :45
11 :46
11 :47

THe inlet (ppm)

63.5
57.1
50.3
47.5

. 39.7

35.1
31.5
31.6
33.0
35.6
35.6
35.1
34.9
35.5
36.1
36.2
36.7
37.8
41.7
43.4
44.4
43.6
49.4
115.7
114.8
120.0
119.6
113.8
111.6
109.2
110.3
108.9
91.6
68.3
62.7
61.5
60.8
60.8
60.7
61.7
62.3
59.8
59.2
58.4
57.8
56.7
56.0
55.7

THC inlet (ppmc)

190.5
171.3
150.9
142.5
119.1
105.3
94.5
94.8
99.0
106.8
106.8
105.3
104.7
106.5
108.3
108.6
110.1
113.4
125.1
130.2
133.2
130.8
148.2
347.1
344.4
360.0
358.8
341.4
334.8
327.6
330.9
326.7
274.8
204.9
188.1
184.5
182.4
182.4
182.1
185.1
186.9
179.4
177.6
175.2
173.4
170.1
168.0
167.1

A-33

THC outlet (ppmc)

42.8
37.7
33.1
31.0
26.9
22.8
20.2
20.1
20.5
22.6
22.6
22.4
22.4
22.5
22.9
23.0
23.3
24.0
26.0
28.0
28.4
28.4
27.7
68.6
75.1
77.6
78.4
75.0
72.6
71.8
71.3
71.3
64.5
45.2
40.7
39.6
39.4
39.2
38.9
39.6
40.3
39.0
37.9
37.6
36.9
36.2
36.2
35.4

THC outlet (ppm)

128.4
113.1
99.3

93
80.7
68.4
60.6
60.3
61.5
67.8
67.8
67.2
67.2
67.5
68.7

69
69.9

72
78
84

85.2
85.2
83.1

205.8
225.3
232.8
235.2

225
217.8
215.4
213.9
213.9
193.5
135.6
122.1
118.8
118.2
117.6
116.7
118.8
120.9

117
113.7
112.8
110.7
108.6
108.6
106.2
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Run 4
Date: 8/21/97
Project No.: 3804-24-04-03
Operator: Gulick

Time (24 hour)

11 :48
11 :49
11 :50
11 :51
11 :52
11 :53
11 :54
11 :55
11 :56
11 :57
11 :58

Minimum
Maximum
Average

THe inlet (ppm)

56.1
56.9
45.0
43.9

. 69.4

42.1
48.7
78.3
77.6
62.5
45.9

31.3
129.0
60.1

THC inlet (ppmc)

168.3
170.7
135.0
131.7
208.2
126.3
146.1
234.9
232.8
187.5
137.7

93.9
387.0
180.3

A-34

THC outlet (ppmc)

35.9
36.2
31.6
25.7
44.5
28.8
29.7
45.9
53.3
42.9
30.9

20.1
94.0
38.1

THC outlet (ppm)

107.7
108.6
94.8
77.1

133.5
86.4
89.1

137.7
159.9
128.7
92.7

60.3
282

114.3
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A-2 METHOD 25A CALIBRATION AND QC CHECK DATA
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8-19cal

Calibration Error Determination For 8/19/97

Cal Gas Predicted Measured Difference as
Value Value Value % of Cal Gas Pass/Fail

THC 1 0.0 0.2 0.2 Pass
Inlet 90.4 91.0 0.7 Pass

50.4 50.8 49.9 1.8 Pass
35.2 35.6 34.3 3.5 Pass

THC2
Outlet

0.0
90.4
50.4
35.2

51.3
36.1

0.7
91.5
50.1
34.5

0.7
1.2
2.4
4.3

Pass
Pass
Pass
Pass

Pass Fail Criteria is +/- 5% of Calibration gas.

Final
Value

Initial
Value

Calibration Drift Determination For 8/19/97
Zero Drift

Difference as
% of Span Pass/Fail

THC 1

Inlet

THC2
Outlet

0.2

0.7

0.2

0.0

0.0%

0.7%

Pass

Pass

Instrument Span for THC 1 and THC 2 is 1000 ppm
Pass Fail Criteria is +/- 3% of Span.

THC 1
Inlet

THC2
Outlet

Initial
Value

91.0

91.5

Final
Value

89.1

93.1

Span Drift
Difference as

% of Span

1.9%

-1.6%

Pass/Fail

Pass

Pass

Instrument Span for THC 1 and THC 2 is 1000 ppm

Pass Fail Criteria is +/- 3% of Span.
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8-20cal

Calibration Error Determination For 8/20/97 (Run 2)

Cal Gas Predicted Measured Difference as
Value Value Value % of Cal Gas Pass/Fail

THC 1 0.0 -0.1 0.0 Pass
Inlet 898.0 902.0 0.4 Pass

502.0 504.2 495.0 1.8 Pass
251.0 252.0 249.0 1.2 Pass

THC2
Outlet

0.0
898.0
502.0
251.0

514.0
257.2

0.5
919.0
505.0
259.0

0.1
2.3
1.7
0.7

Pass
Pass
Pass
Pass

Pass Fail Criteria is +/- 5% of Calibration gas.

Calibration Drift Determination For 8/20/97 (Run 2)
Zero Drift

Final Difference as
Value % of Span Pass/Fail

THC 1
Inlet

THC2
Outlet

Initial
Value

-0.1

0.5

-1.5

-0.4

0.1%

0.1%

Pass

Pass

Instrument Span for THC 1 and THC 2 is 1000 ppm
Pass Fail Criteria is +/- 3% of Span.

THC 1
Inlet

Span Drift
Initial Final Difference as
Value Value % of Span Pass/Fail

902.0 906.0 -0.4% Pass

THC2
Outlet 919.0 917.0 0.2% Pass

Instrument Span for THC 1 and THC 2 is 1000 ppm
Pass Fail Criteria is +/- 3% of Span.
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8-20cal (2)

Calibration Error Determination For 8/20/97 (Run 3)

Cal Gas Predicted Measured Difference as
Value Value Value % of Cal Gas Pass/Fail

THC 1 0.0 -1.5 0.2 Pass
Inlet 898.0 906.0 0.9 Pass

502.0 505.8 512.0 1.2 Pass
251.0 252.2 252.0 0.1 Pass

THC2
Outlet

0.0
898.0
502.0
251.0

512.4
256.0

-0.4
917.0
497.0
258.0

0.0
2.1
3.0
0.8

Pass
Pass
Pass
Pass

Pass Fail Criteria is +/- 5% of Calibration gas.

Initial
Value

Calibration Drift Determination For 8/20/97 (Run 3)
Zero Drift

Final Difference as
Value % of Span Pass/Fail

THC 1
Inlet

THC2
Outlet

-1.5

-0.4

-1.3

0.2

0.0%

-0.1%

Pass

Pass

Instrument Span for THC 1 and THC 2 is 1000 ppm
Pass Fail Criteria is +/- 3% of Span.

THC 1
Inlet

THC2
Outlet

Initial
Value

906.0

917.0

Final
Value

900.0

915.0

Span Drift
Difference as

% of Span

0.6%

0.2%

Pass/Fail

Pass

Pass

Instrument Span for THC 1 and THC 2 is 1000 ppm
Pass Fail Criteria is +/- 3% of Span.
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8-21 cal

Calibration Error Determination For 8/21/97

Cal Gas Predicted Measured Difference as
Value Value Value % of Cal Gas Pass/Fail

THC 1 0.0 0.3 0.0 Pass
Inlet 898.0 899.0 0.1 Pass

502.0 502.7 501.0 0.3 Pass
251.0 251.5 247.0 1.8 Pass

THC2
Outlet

0.0
898.0
502.0
251.0

510.0
255.3

0.5
912.0
499.0
242.0

0.1
1.6
2.2
5.2
1.3

Pass
Pass
Pass
Fail

Pass Fail Criteria is +/- 5% of Calibration gas.

Pass

Pass/Fail

-0.1%1.4

Final
Value

Calibration Drift Determination For 8/21/97
Zero Drift

Difference as
% of Span

0.3

Initial
Value

THC 1
Inlet

THC2
Outlet 0.5 1.0 -0.1% Pass

Instrument Span for THC 1 and THC 2 is 1000 ppm
Pass Fail Criteria is +/- 3% of Span.

Initial
Value

Final
Value

Span Drift
Difference as

% of Span Pass/Fail

THC 1
Inlet 899.0 903.0 -0.4% Pass

THC2
Outlet 912.0 906.0 0.6% Pass

Instrument Span for THC 1 and THC 2 is 1000 ppm
Pass Fail Criteria is +/- 3% of Span.
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A-3 VOLUMETRICFLOWDATA
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APPENDIX A

METHOD 25A AND VOLUMERTRlC FLOW DATA
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Summary of Stack Gas Parameters and Test Results

US EPA Test Method 23 - PCDO I PCDF
Baghouselnlet

- Page 1 of6

RUN NUMBER S-M23-1-1

RUN DATE 8/19/97
RUN TIME 0915-1010

MEASURED DATA

y Meter Box Correction Factor 1.021

~H Avg Meter Orifice Pressure, in. H2O 1.93

PbW Barometric Pressure, inches Hg 29.90

V m Sample Volume, ft3 11.116

Tm Average Meter Temperature, OF 90

P.tMie Stack Static Pressure, inches H2O -2.5

Ts Average Stack Temperature, OF 230

Vie Condensate Collected, ml 84.0

CO2 Carbon Dioxide content, % by volume 5.3

O2 Oxygen content, % by volume '13.1

N2 Nitrogen content, % by volume 81.6

Cp Pitot Tube Coefficient 0.84

Apll2 Average Square Root 6p, (in. H20)1/2 0.5927

e Sample Run Duration, minutes 20

On Nozzle Diameter, inches 0.312

CALCULATED DATA

An Nozzle Area, If 0.00053

Vm(lJid) Standard Meter Volume, dscf 10.940

Vm(atd) Standard Meter Volume, dsan 0.310

p. Stack Pressure, inches Hg 29.72

Bwa Moisture, % by volume 26.5

Bws(Mt) Moisture (at saturation), % by volume 141.2

Vwstd Standard Water Vapor Volume, te 3.954

1-Bw. Dry Mole Fraction 0.735

Md Molecular Weight (d.b.), Ibllbomole 29.37

M. Molecular Weight (w.b.), Ibllb-mole 26.35

VIJ Stack Gas Velocity, ftIs 39.9

A Stack Area, ft2 12.57

Q. Stack Gas Volumetric flow, adm 30,119

a. Stack Gas Votumetric flow, dsdm 16.819

QS(cmm) Stack Gas Volumetric flow. dscmm 476.3

I Isokinetic Sampling Ratio, % 77.0
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Summary of Stack Gas Parameters and Test Results

US EPA EMC Asphalt Concrete Emissions Testing

US EPA Test Method 29· Multiple Metals

-
Baghouse Inlet

Page 1 of4

RUN NUJlSER S-M29-1-1

RUN DATE 8/19117

RUN TIME 0915-1010

MEASURED DATA

y Meter Box Correction Factor 1.016
.1H Avg Meter Orifice Pressure, in. H2O 1.10
Pbar Barometric Pressure, inches Hg 29.90

V m Sample Volume, ft3 10.780

Tm Average Meter Temperature. of 92

Pstatic Stack Static Pressure, inches H2O -2.5

T s Average Stack Temperature, OF 230

Vie Condensate Collected, ml 78.8

CO2 Carbon Dioxide content, % by volume 5.3

O2 Oxygen content. % by volume 13.1

N2 Nitrogen content, % by volume 81.6

Cp Pitot Tube Coefficient 0.84
.1p1/2 Average Square Root~. (in. H20)112 0.4682

e Sample Run Duration, minutes 20

Dn Nozzle Diameter, inches 0.311

CALCULATED DATA

An Nozzle Area, tr 0.000527

Vm(Sld) cf Standard Meter Volume. ff 10.491

Vm(stcl) em Standard Meter Volume, m3 0.297

Qm Average Sampling Rate, dscfm 0.525

PI Stack Pressure, inches Hg 29.72

Bw. Moisture, °Al by volume 26.1

Bws<s.) Moisture <at saturation), % by volume 141.2

V WMd Standard Water Vapor Volume, ,e 3.709

1-Bws Dry Mole Fraction 0.739

Md Molecular Weight (d.b.), Ibllbomole 29.37

M. Molecular Weight (w.b.), Ib/lbomole 26.40

V s Stack Gas Velocity, ttls 31.5

A Stack Area, ff 12.57

Q. Stack Gas Volumetric flow, acfm 23,773

Qsdm Slack Gas Volumetric flow, dscfm 13,353

Qsanm Stack Gas Volumetric flow, dsanm 378

I Isokinetic Sampling Ratio, % 93.6
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14------- 4*------..t
Section A

Traverse Point
Number

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

Distance from
Inside WaO, inches

1.02
3.25
5.72
8.58
12.1 .
17.3
31.2
38.4
39.9
42.8
45.3
47.5

Figure 3.2 Baghouse Inlet Traverse Point Locations,
Gamer, North Carolina
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l;!:U~ -a UH!HJ4102J4 p~s l{TP NC

Summary of Stack Gas Parameters and Test Results
US EPA EMC Asphalt Concrete Emissions Testing

US EPA Test Method 23 - PCDD I PCDF
Baghouse Outlet

Page 1 016 ,
-

RUN NUMBER 5-1123-0-1 5·Af23·o-2 5-",23-0-3
RUN DATE 8119/97 81201'7 8120197 Ave11lge
RUN nME 0915-1456 0122-1240 1405-1730

MEASURED DATA

y Meter Box Correction Factor 0.987 0.987 0.987 0.987

~H Avg Meter Orifice Pressure, in. H2q 1.29 2.82 2.50 2,20

Pb... Barometric Pressure, inches Hg 29.90 29.80 29.80 30.40

Vm Sample Volume, ft3 138.502 199.873 162.107 166.827

Tm Average Meter Temperature, of 115 102 109 109

p.tatie Stack Static Pressure. inches H2O -0.22 -0.25 -0.25 -0.24

T. Average Stack Temperature, of 185 223 209 206

VIr;. Condensate Collected, ml 601.6 1253.1 912.4 922.4

CO2 Carbon Dioxide content, % by volume 5.3 5.5 5.1 5,3

O2 Oxygen content. % by volume 13.1 13.1 13.1 13.1

N2 Nitrogen content, % by volume 81.6 81.4 81.8 81.6

Cp Pitot Tube Coefficient 0.84 0.84 0.84 0.84

~p1/2 Average Square Root ~p, (in. H20)1/2 0.6897 0.9039 0.8429 0.8122

0 Sample Run Duration, minutes 240 240 200 227

Dn Nozzle Diameter, inches 0.240 0.251 0.251 0.247

CALCULATED DATA

~ Nozzle Area, if 0.00031 0.00034 0.00034 0,00033

Vm(,ld) Standard Meter Volume. dscf 125.786 185.768 148.617 153.390

Vm(.td) Standard Meter Volume. dscm 3.562 5.260 4.208 4.344

p. Stack Pressure, inches Hg 29.88 29.78 29.78 29.82

Bw. Moisture, % by volume 18.4 24.1 22.4 21.6

Bw.('.) Moisture (at saturation), % by volume 56.9 NA 93.9 75.4

Vwstd Standard Water Vapor Volume. tr 28.317 58.983 42.947 43.416

1-Bws . Dry Mole Fraction 0.816 0.759 o.ne 0.784

Met Molecular Weight (d.b.). Ib/lb-mole 29.37 29.40 29.34 29.37

M. Molecular Weight (w.b.), Ib/lb-mole 27.28 26.66 26.80 26.91

Vs Stack Gas Velocity, ftls 44.1 60.2 55.4 53.2

A Stack Area. tf 11.46 11.46 11.46 11.46

Q. Stack Gas Volumetric flow, acfm 30,291 41,402 38,097 36,596

Q. Stack Gas Volumetric flow, dscfm 20,210 24,166 23,222 22.533

Q.(cmm) Stack Gas Volumetric flow, dscmm 572.3 684.3 657.6 638.1

I Isokinetic Sampling Ratio. % 94.6 106.8 106.7 102.7
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Summary of Stack Gas Parameters and Test Results

US EPA Test Method 23 • PCOO I PCOF
Baghouse Outlet

-
Page 1 of6

RUN NUMBER S·M23·0-4
RUN DATE 8/21/97

RUN TillE 0741·1148

MEASURED DATA

y Meter Box Correction Factor 0.987

liH Avg Meter Orifice Pressure. in. H2O 2.37

P~ Barometric Pressure, inches Hg 29.70

Vm Sample Volume, ft3 179.969

Tm Average Meter Temperature, OF 105

PSt.llC Stack Static Pressure, inches H2O -0.25

T, Average Stack Temperature, of 180

VIC Condensate Collected, ml 819.1

CO2 Carbon Dioxide content, % by volume 3.2

O2 Oxygen content, % by volume 10.8

N2 Nitrogen content, % by volume 86.0

Cp Pitot Tube Coefficient 0.84

lip112 Average Square Root lip, (in. H20) 112 0.8374

e Sample Run Duration, minutes 240

Dn Nozzle Diameter, inches 0.251

CALCULATED DATA

~ Nozzle Area, tt2 0.00034

Vm(std) Standard Meter Volume, dscf 165.621

Vm(ltd) Standard Meter Volume, dscm 4.690

PI Stack Pressure. inches Hg 29.68

Bn Moisture, % by volume 18.9

BWS(UIt) Moisture (at saturation), % by volume 51.1

Vwatfj Standard Water Vapor Volume, tr 38.555

1-Bw1 Dry Mole Fraction 0.811

Md Molecular Weight (d.b.), Ibllbemole 28.94

Ms Molecular Weight (w.b.), Ib/lbomole 26.88

V, Stack Gas Velocity, ftls 53.8

A Stack Area. ff 11.46

Q. Stack Gas Volumetric flow, acfm 37.027

Q. Stack Gas Volumetric flow, dscfm 24,580

Q.(cmm) Stack Gas Volumetric flow, dscmm 696.0

I Isokinetic Sampling Ratio, % 93.7
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Sunvnary of Stack Ga. P.rame.,. and Test Rqulta
US EPA EMC Asphalt Cone.... Emiuion. THtJng .

US EPA TNt Method 2t - lIultil* Meta.
a.ghou•• Outlet

-
Page 1014

RUN NUMBER S-",2I-0-1 $-1121-0-2 $.M2J-0-3
RUN DATE 1/111I7 81201I7 1120II7 AVW1Ige

RUNTIME O"~'4U 0122-1240 1405-1735

MEASURED DATA

y Meter Box Correction Factor 0.965 0.965 0.965 0.965
&H Avg Meter Orifice Pressure, in. H2O 1.76 2.57 2.05 2.13
Pber Barometric Pressure, inches Hg 29.90 29.80 29.80 29.83
Vm Sample Volume, tt3 170.576 216.899 159.831 182.435
Tm Averag. Meter Temperature, -F 104 96 104 101

Pa.tle Stack Static Pressure, inches H2O -0.25 -0.25 -0.25 -0.25

T. Average Stack Temperature, -F 179 222 207 203

Vic Condensate Collected, ml 691.0 993.1 978.8 887.6

CO2 Carbon Dioxide content, % by volume 5.3 5.5 5.1 5.3

O2 Oxygen content, % by volume 13.1 13.1 13.1 13.1

N2 Nitrogen content, % by votume 81.6 81.4 81.8 81.6

Cp Pitot Tube Coeffident 0.84 0.84 0.84 0.84
.1p1f2 Average Square Root dp, (in. H20)112 0.7558 0.9285 0.8233 0.8359

e Sample Run Duration, minutes 240 240 200 227

On Nozzle Diameter, inches 0.251 0.253 0.253 0.252

CALCULATED DATA

An Nozzle Area, r 0.0Q03.4.i 0.000349 0.000349 0.000347

Vm(ltd)d Standard Meter Volume, ft3 154.579 199.270 144.561 166.137

Vm(ltd)Cfn Standard Meter Volume, m3 4.377 5.643 4.094 4.704

Q m Average Sampling Rate, dldm 0.644 0.830 0.723 0.732

PI Stack P....sure, inches Hg 29.88 29.78 29.78 29.81

Bw. Moisture, % by volume 17.4 19.0 24.2 20.2

8..v.<..) Moisture <at saturation), % by volume 49.5 122.4 91.1 87.7

V'ftttJ Standard Water Vapor Votume, tt3 32.525 46.745 46.072 41.781

1-Bw. Dry Mole Fraction 0.826 0.810 0.758 0.798

Md Molecular weight (d.b.), lbIIb-moie 29.37 29.40 29.34 29.37

M, Molecular Weight (w.b.), IbIIb-mole 27.40 27.24 26.60 27.08

V. Stack G.. Velocity, ftls 47.9 61.1 54.3 54.4

A Stack Area, tf 11.46 11.46 11.46 11.46

Q. Stack G_ Volumetric ftow, .am 32,964 .2,043 37,305 37,437

Qsdrn Stack Gas Volumetric ftow, dsclm 22,478 26,229 22,276 23,661

Q.cmm Stack Gas Volumetric ftow, dscmm 637 743 631 670

I Isokinetic SampHng Ratio, % 95.6 103.9 106.5 102.0
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Summary of Stack G.. Parame1llra and Tnt R.utt.
US EPA EIIC Asphalt Concrete Em_Ions Testing

US ePA TNt Method 2t • Muldple 118m.
Baghou.. OUtlet

-
Page 1 of"

RUNNUlf8ER s-llJI.O.4
RUN DATE 11211t7
RUNntlE 0741-1153

MEASURED DATA

.., Meter Box Correction Factor 0.965
L\H Avg Meter Orifice Pressure, in. H2O 2.00
p. Barometric Presaure, inches Hg 29.70
Vm Sample Volume, tt3 186.221
T m Average Me.... Temperature. -F 102

PItadc Stack Static Pressure, inches H2O -0.25

T. Average Stack Temperature, -F 180

Vic Condensate Collected, ml 821.4

CO2 Carbon Dioxide content, % by volume 3.2

O2 OXygen content. % by volume 10.8

N2 Nitrogen content, % by volume 86.0

Cp Pilot Tube Coefftcient 0.84
L\p1/2 Average Square Root Ap, (in. H20)112 0.8239

e Sample Run Duration. minutes 240

On Nozzle Diameter. inches 0.253

CALCULATED DATA

An Nozzle Area. tr 0.000349

Vm(ltd)d Standard Me., Volume. tt3 168.390

Vm(atd)CIn Standard Metlr Volume, m3 4.768

Qm Average S-.npfing Ra., dsdm 0.702

p. Stack Pressure, inches Hg 29.68

a.. Moisture, % by volume 18.7

8w.<MII) MoiIture (at Nturatlon), % by volume 51.1

VwrIIJ Standard Wa.r Vapor Volume. tt3 38.663

1-Bw. Dry Mole Fraction 0.813

Md Molecular Weight (d.b.), Ibllb-mole 28.94

M. Molecular Weight (w.b.). Ibllb-mole 26.90

V. Stack Ga8 Vetoc:ity, ttl, 53.0

A Stack Area, tr 11.46

Q. Stack Gas Volumetric flow, acfm 38,415

Q1cfm Stack Ga. Volumetric flow, dscfm 24,240

Q.arMl StKk Ga. Volumetric flow, dscrnm 686

I Isokinetlc Sampling Ratio. % 95.0
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The semi-continuous FTIR analytical results are presented in Tables B-1 to B-4. Table B-1
presents results from the inlet (wet) samples. Table B-2 presents results from the outlet (wet)
samples. Tables B-3 and B-4 present results from dry samples collected at the inlet and outlet,
respectively.

The concentration results are presented in ppm with estimated uncertainties indicated by the
symbol "Ll" in the column heading. Samples that were spiked with toluene and SF6 are indicated
by bold-face type. Refer to the FTIR field data sheets for detailed documentation on each file
name and the sampling conditions.

Concentration versus time plots of the FTIR results are presented immediately after Table B-4.
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TABLE B-1. FfIR RESULTS OF WET SAMPLES FROM THE PLANT A BAGHOUSE INLET

Toluene Hexane Ethylene SF6 Methane 502 CO Fonnaldehyde
Date Time File Name ppm A ppm A ppm A ppm A ppm A ppm A ppm A ppm A

8/19/97 8:34 INLSPIOI 25.0 7.4 61.6 3.1 0.592 0.059 9.4 5.1 20.9 11.6 80.2 58.0 5.7
8:39 INLSPI02 23.2 7.3 60.8 3.0 0.542 0.058 9.2 5.1 22.1 11.4 72.4 56.7 5.6

Run 1 8:44 INLSPI03 22.9 6.9 57.3 2.9 0.548 0.056 8.Q 4.8 19.7 10.9 66.4 53.8 5.3
9:00 18190001 38.5 185.6 35.6 0.758 25.3 15.3 138.0 198.1 167.5 17.2
9:02 18190002 39.7 191.8 46.0 0.978 25.7 15.8 178.1 191.4 173.1 17.8
9:05 18190003 40.1 193.5 45.6 0.969 25.4 15.9 176.5 189.0 174.2 17.9
9:07 18190004 39.4 189.9 46.1 0.979 25.3 15.6 178.4 186.6 171.1 17.6
9:09 18190005 39.0 188.4 35.8 0.762 24.9 15.5 138.7 182.6 168.2 17.4
9:11 18190006 38.7 186.5 35.8 0.761 25.4 15.3 138.7 182.4 167.1 22.1 13.7
9:13 18190007 38.4 185.2 35.8 0.762 24.9 15.2 138.7 183.3 166.5 23.6 13.6

10:26 18190040 34.7 167.4 16.3 8.5 0.197 22.5 13.8 75.8 36.2 216.1 155.8 15.5
10:28 18190041 41.0 197.6 44.7 0.951 24.8 16.2 173.1 234.3 186.4 18.3
10:30 18190042 40.4 195.0 44.8 0.953 24.5 16.0 173.5 208.7 181.8 18.1
10:32 18190043 38.3 185.0 35.7 0.760 26.0 15.2 138.4 281.2 176.7 17.1
10:34 18190044 35.7 172.2 16.7 10.9 0.254 23.6 14.2 72.8 46.5 231.5 159.9 15.9
10:36 18190045 33.9 163.4 16.3 8.3 0.192 22.0 13.5 68.0 35.3 206.7 150.8 15.1
10:38 18190046 32.7 157.7 14.7 7.3 0.168 20.9 13.0 64.7 31.0 189.7 144.3 14.6

11 :16 18190047 42.0 202.7 43.7 0.929 28.0 16.7 169.2 267.6 199.2 18.8
11 :18 18190048 42.5 205.1 43.3 0.920 27.9 16.9 167.6 302.0 210.8 19.0
11:20 18190049 39.8 192.2 44.7 0.951 26.5 15.9 173.1 252.0 187.3 17.8
11:22 18190050 33.7 162.6 19..1 9.0 0.209 25.8 13.6 55.4 38.3 235.3 152.5 21.9 12.2
11:24 18190051 32.2 155.3 21.7 7.4 0.172 26.2 13.2 54.2 31.6 254.9 147.7 24.9 11.8
11:26 18190052 31.2 150.7 20.4 6.7 0.154 25.2 12.8 50.8 28.5 245.4 142.9 23.8 11.4
11:29 18190053 31.4 151.3 21.1 6.7 0.154 25.5 12.8 52.5 28.5 252.4 143.7 24.7 11.5
11 :31 18190054 31.0 149.4 20.5 6.5 0.150 25.0 12.6 51.8 27.7 249.2 142.6 23.5 11.3
11:33 18190055 31.4 151.6 19.2 6.8 0.158 24.5 12.7 53.8 29.1 237.7 143.5 22.9 11.4
11 :35 18190056 30.9 149.1 24.0 6.6 0.152 26.4 12.7 50.9 28.0 284.8 145.1 25.8 11.4
11:37 18190057 31.4 151.6 18.8 6.8 0.157 24.1 12.7 56.1 29.1 236.9 143.5 23.1 11.4
11:39 18190058 31.4 151.4 20.7 7.2 0.167 24.9 12.7 58.6 30.7 256.1 145.3 24.1 11.4
11 :41 18190059 30.9 149.1 18.8 6.7 0.154 23.4 12.5 58.0 28.4 244.7 142.0 23.0 11.2
11:44 18190060 31.8 153.2 18.4 7.0 0.161 24.0 12.8 58.0 29.8 234.7 146.6 22.7 11.5
11:46 18190061 32.9 158.5 18.0 7.9 0.183 24.0 13.2 59.1 33.7 223.9 148.4 21.7 11.8
11:48 18190062 32.5 156.9 18.9 7.5 0.174 24.5 13.1 59.3 32.1 231.9 147.1 22.1 11.7
11:50 18190063 32.7 157.6 19.2 7.8 0.180 24.3 13.2 60.3 33.1 233.3 148.1 22.2 11.8
11:52 18190064 31.2 150.7 19.7 6.9 0.161 24.1 12.6 57.9 29.7 246.3 142.5 22.9 11.3
11:54 18190065 29.6 142.8 20.9 6.1 0.142 23.8 12.1 50.6 26.2 259.4 138.0 23.7 10.8
11:56 18190066 27.5 132.7 14.9 5.3 0.121 20.9 11.2 44.5 22.4 211.8 125.4 20.5 10.0
11:58 18190067 25.0 120.7 12.1 4.8 0.110 18.9 10.2 34.1 20.3 184.8 112.1 17.9 9.1
12:01 18190068 5.1 24.6 2.5 1.3 0.029 4.6 2.1 10.0 5.4 44.6 20.4 3.4 1.9
12:03 18190069 17.0 82.1 7.6 3.6 0.084 13.5 7.0 26.5 15.3 139.2 75.8 12.8 6.2

12:43 18190088 6.9 33.2 3.5 1.7 0.040 6.3 2.9 12.8 7.3 63.8 27.4 5.0 2.6
12:45 18190089 14.7 71.1 18.9 3.3 0.078 16.3 6.9 22.0 14.2 232.5 74.0 18.1 6.2
12:48 18190090 24.1 116.2 28.5 4.7 0.108 25.3 11.1 34.0 20.0 347.8 122.4 30.0 9.9
12:50 18190091 25.0 120.6 22.3 4.8 0.111 22.4 10.8 38.6 20.5 295.3 122.9 26.1 9.6
12:52 18190092 25.0 120.8 17.7 4.8 0.110 20.6 10.5 39.3 20.4 256.0 118.9 22.8 9.4



TABLE B-1. Continued. Wet Sample Inlet Results.

Toluene Hexane Ethylene SF6 Methane S02 CO Fonnaldehyde
Date Time File Name ppm !J. ppm !J. ppm !J. ppm !J. ppm !J. ppm !J. ppm !J. ppm !J.

8/19/97 12:54 18190093 25.3 122.0 18.9 5.0 . 0.114 21.2 10.6 39.1 21.2 265.4 120.0 22.8 9.5
Run 1 12:56 18190094 23.8 114.7 12.8 4.6 0.105 17.7 9.7 35.6 19.5 208.9 109.5 18.8 8.7

12:58 18190095 23.9 115.4 22.8 4.6 0.107 22.4 10.4 32.2 19.8 303.8 118.7 23.9 9.3
13:00 18190096 24.1 116.4 20.4 4.6 0.106 21.4 10.2 35.3 19.7 295.2 116.8 23.0 9.2
13:02 18190097 25.0 120.4 18.9 4.7 0.107 20.4 10.5 36.1 19.9 268.8 118.8 22.8 9.4
13:05 18190098 25.1 121.2 26.8 4.8 0.110 24.1 11.0 34.9 20.4 333.9 126.7 26.9 9.8
13:07 18190099 25.8 124.3 19.0 5.1 0.116 20.9 10.8 37.8 21.6 270.2 123.8 24.2 9.7

13:54 18190120 23.9 115.2 21.1 4.6 0.106 20.8 10.2 33.4 19.7 293.0 116.3 22.0 9.1
13:56 18190121 24.5 118.1 16.5 . 4.9 0.112 18.7 10.2 40.7 20.9 249.8 117.1 20.7 9.1
13:58 18190122 24.0 115.9 19.1 4.6 0.107 19.7 10.1 37.4 19.8 279.4 117.7 21.4 9.0
14:00 18190123 24.6 118.8 17.7 5.1 0.118 17.9 9.8 37.4 21.9 267.4 118.4 18.1 8.9
14:02 18190124 24.7 119.1 13.7 4.8 0.111 17.1 9.9 39.4 20.6 223.8 114.6 16.4 8.9
14:04 18190125 24.1 116.3 18.3 4.9 0.112 19.7 10.1 35.9 20.8 268.5 116.2 20.0 9.0
14:06 18190126 24.7 119.1 17.6 4.6 0.106 18.6 10.3 39.0 19.9 265.5 117.3 20.7 9.2
14:09 18190127 24.1 116.4 18.9 4.7 0.109 19.6 10.1 34.7 20.2 276.0 116.5 20.9 9.1
14:11 18190128 23.9 115.5 19.2 4.7 0.108 19.8 10.1 35.4 20.0 276.7 115.8 21.4 9.1
14:17 INLSPI04 19.4 93.7 13.6 4.3 0.330 0.092 16.1 8.3 29.5 16.8 246.1 93.8 16.8 7.4
14:24 INLSPIOS 19.5 94.1 14.9 4.4 0.327 0.093 16.6 8.4 30.6 16.8 261.3 95.6 17.7 7.5

Avera~e ---> 13.6 22.2 35.5 238.5 15.5

Toluene Hexane Ethylene SF6 Methane S02 CO Fonnaldehyde
Date Time File Name ppm !J. ppm !J. ppm !J. ppm !J. ppm !J. ppm !J. ppm !J. ppm !J.

8(20/97 8:12 INLSP202 46.7 12.9 108.0 13.1 4.9 0.616 0.104 18.7 9.0 23.7 18.9 193.6 102.9 16.0 8.1
Run 2 8:17 INLSP203 43.1 13.6 114.0 11.3 5.1 0.610 0.108 18.2 9.5 28.4 19.7 176.5 106.1 10.6

8:34 18200001 41.4 199.6 45.6 0.969 28.2 16.4 176.4 185.2 176.7 18.5
8:36 18200002 40.3 194.2 36.7 0.779 27.8 16.0 142.0 185.4 170.6 18.0
8:38 18200003 40.2 194.0 46.1 0.979 29.2 16.0 178.4 211.6 173.5 18.0
8:40 18200004 40.9 197.5 45.7 0.971 28.8 16.2 176.8 195.8 176.3 18.3
8:42 18200005 40.5 195.5 45.9 0.977 28.5 16.1 177.8 204.3 175.4 18.1
8:44 18200006 40.8 196.7 45.7 0.972 28.9 16.2 177.1 206.1 176.1 18.2
8:46 18200007 39.8 191.8 36.0 0.764 28.7 15.8 139.2 211.6 169.8 17.8
8:49 18200008 37.7 181.8 17.8 13.0 0.312 27.8 15.0 56.9 216.6 163.0 16.8
8:51 18200009 37.1 179.1 20.7 11.8 0.276 27.3 14.8 63.6 50.5 214.8 160.4 16.6
8:53 18200010 37.7 181.7 23.1 12.2 0.284 28.4 15.1 63.8 52.1 230.3 164.3 16.8
8:55 18200011 38.0 183.5 20.2 0.429 27.4 15.1 78.1 210.5 163.8 17.0
8:57 18200012 37.9 182.6 16.6 16.3 0.390 27.1 15.1 71.1 208.5 162.6 16.9
8:59 18200013 37.3 179.8 18.3 12.9 0.300 26.3 14.8 65.6 55.0 196.5 159.4 16.6

8(20/97 9:01 18200014 36.6 176.7 16.8 10.8 0.251 25.6 14.5 65.8 46.0 189.2 156.4 16.4
Run 2 9:04 18200015 35.9 173.3 17.8 9.0 0.208 25.7 14.3 62.5 38.3 198.2 154.1 16.0

9:06 18200016 36.7 176.9 16.9 9.9 0.230 25.6 14.6 70.2 42.3 191.2 157.3 16.4

9:50 18200037 41.0 197.9 44.5 0.947 41.6 16.2 172.4 655.7 229.3 18.3
9:53 18200038 40.1 193.5 45.4 0.966 32.1 15.9 176.0 420.2 195.2 17.9
9:55 18200039 42.5 205.0 44.0 0.936 30.4 16.8 170.4 309.2 197.0 19.0
9:57 18200040 44.6 215.0 48.8 1.037 58.6 17.6 188.9 728.8 260.4 19.9
9:59 18200041 44.9 216.5 48.4 1.029 90.7 17.8 187.4 1202.8 377.8 20.0



TABLE B-1. Continued. Wet Sample Inlet Results.

Toluene Hexane Ethylene SF6 Methane S02 CO Formaldehyde
Date Time File Name ppm li ppm li ppm li ppm li ppm li ppm li ppm li ppm li

10:02 18200042 44.1 212.9 48.9 1.040 71.8 17.5 189.4 1002.8 308.7 19.7
8(20/97 10:04 18200043 43.7 210.9 49.3 1.047 51.5 17.3 190.7 776.2 266.5 19.5
Run 2 10:06 18200044 44.6 215.4 48.4 1.029 62.9 17.7 187.4 951.1 311.0 19.9

10:09 18200045 46.5 224.2 47.3 1.006 73.6 18.4 183.2 1058.6 362.4 20.8
10:11 18200046 47.7 230.3 46.9 0.997 129.8 18.9 181.6 1702.4 895.7 21.3
10:13 18200047 47.8 230.6 50.4 1.071 130.9 19.0 195.0 1703.3 895.5 21.3
10:15 18200048 48.2 232.6 50.1 1.065 112.2 19.1 194.0 1651.9 898.0 21.5
10:17 18200049 48.7 234.9 48.2 1.024 191.2 19.4 186.5 1894.1 879.7 21.7
10:19 18200050 43.9 211.7 48.9 1.040 88.9 17.4 189.4 1001.7 305.1 19.6
10:21 18200051 45.4 219.0 47.8 1.016 114.8 18.0 185.1 1236.2 398.1 20.3
10:24 18200052 50.8 245.2 49.1 1.044 225.3 20.2 190.1 1967.5 869.2 22.7
10:26 18200053 46.6 224.7 47.1 1.001 109.3 18.5 182.2 1718.0 783.8 20.8
10:28 18200054 44.6 214.9 48.3 1.027 68.1 17.6 186.9 988.5 326.5 19.9
10:30 18200055 44.5 214.6 48.4 1.029 54.8 17.6 187.4 823.1 291.5 19.9

11:26 18200074 45.9 221.3 50.6 1.076 103.4 18.2 196.0 1654.1 900.7 20.5
11:29 18200075 43.8 211.4 48.4 1.028 55.6 17.4 187.3 824.8 305.4 19.6
11 :31 18200076 43.2 208.3 43.6 0.926 43.4 17.1 168.6 678.6 269.2 19.3
11:33 18200077 44.3 213.8 47.9 1.019 70.1 17.6 185.6 1073.3 383.7 19.8
11:35 18200078 43.8 211.5 47.9 1.018 65.0 17.4 185.3 1016.1 359.6 19.6
11:37 18200079 43.3 209.0 48.4 1.029 46.0 17.2 187.3 746.1 301.9 19.4
11:39 18200080 44.4 214.0 47.4 1.008 75.5 17.6 183.5 1034.1 670.2 19.8
11 :41 18200081 44.4 214.1 47.4 1.009 72.7 17.6 183.7 1206.2 728.7 19.8
11:44 18200082 44.1 212.6 47.5 1.010 64.0 17.5 184.0 988.0 667.8 19.7
11:46 18200083 43.9 212.0 47.7 1.013 58.8 17.4 184.5 924.7 395.1 19.6
11:48 18200084 45.4 218.9 46.9 0.997 128.9 18.0 181.6 1780.3 888.8 20.3
11:50 18200085 44.1 212.7 47.5 1.010 89.8 17.5 184.0 1606.0 905.9 19.7
11:52 18200086 43.2 208.2 48.2 1.025 56.5 17.1 186.7 929.6 342.6 19.3
11:54 18200087 43.2 208.5 48.3 1.027 47.0 17.1 187.0 763.5 304.6 19.3
11:56 18200088 43.5 210.0 47.8 1.016 72.9 17.3 185.0 1149.1 474.8 19.4
11:58 18200089 42.9 207.0 48.1 1.022 75.7 17.0 186.1 1192.9 474.1 19.2

Average ---> 3.9 62.9 9.5 806.8 1.0
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TABLE B-1. Continued. Wet Sample Inlet Results.

Toluene Hexane Ethylene SF6 Methane S02 CO Fonnaldehyde
Date Time File Name ppm a ppm a ppm a ppm a ppm a ppm a ppm a ppm a

8fl.0197 15:49 18200157 34.0 164.2 35.4 0.752 21.5 13.7 137.0 206.1 168.1 15.2
15:51 18200158 38.4 185.4 43.8 0.931 23.5 15.4 169.6 272.5 270.7 17.2

Run 3 15:53 18200159 40.1 193.6 43.2 0.918 23.8 16.0 167.2 631.7 17.9
15:55 18200160 40.6 196.0 43.9 0.934 24.0 16.2 170.1 630.1 18.1
15:57 18200161 40.0 193.0 43.2 0.919 23.9 16.0 167.3 633.3 17.9
16:00 18200162 38.7 186.6 43.7 0.929 23.3 15.5 169.2 263.3 17.3
16:02 18200163 39.7 191.7 43.1 0.917 23.5 15.9 167.0 632.9 17.7
16:04 18200164 39.4 189.9 43.3 0.920 23.4 15.8 167.6 380.5 17.6
16:06 18200165 40.5 195.3 43.2 0.918 24.4 16.2 167.3 631.1 18.1
16:08 18200166 41.6 200.7 48.0 1.021 24.5 16.6 185.9 626.8 18.6
16:10 18200167 40.5 195.4 48.7 1.036 23.8 16.2 188.7 629.8 18.1

8fl.0197 16:12 18200168 39.2 189.1 43.3 0.920 23.0 15.7 167.6 632.8 17.5
Run 3 16:14 18200169 38.5 185.5 43.5 0.925 22.9 15.4 168.5 299.3 17.2

16:17 18200170 36.7 177.0 44.6 0.949 23.0 14.6 172.7 216.1 212.2 21.5 13.1
~veraJ1;e ---> 23.5 49.6 1.5

Toluene Hexane Ethylene SF6 Methane S02 CO Fonnaldehyde
Date Time File Name ppm a ppm a ppm a ppm a ppm a ppm a ppm a ppm a

8fl.1197 9:43 18210016 25.5 122.9 8.9 4.8 0.110 18.3 10.2 51.5 20.5 154.4 1l2.3 11.4
9:45 18210017 28.4 137.2 10.5 5.4 0.124 19.9 11.4 52.7 23.2 169.6 124.7 12.7

Run 4 9:47 18210018 29.5 142.3 10.6 5.7 0.130 20.4 11.8 52.7 24.3 172.6 128.3 13.2
9:49 18210019 30.2 145.5 10.7 5.9 0.135 20.8 12.1 52.5 25.1 168.5 130.3 13.5
9:52 18210020 30.3 146.1 10.7 5.9 0.135 20.8 12.1 52.4 25.2 164.8 130.2 13.5
9:54 18210021 30.0 144.8 10.7 5.8 0.133 20.6 12.0 52.6 24.9 166.3 129.2 13.4
9:56 18210022 29.2 140.6 10.5 5.6 0.129 19.9 11.6 51.4 24.1 166.1 126.3 13.0
9:58 18210023 28.9 139.3 10.4 5.6 0.127 19.7 11.5 50.8 23.7 168.6 125.6 12.9
10:00 18210024 28.8 138.8 10.2 5.5 0.126 19.4 11.5 50.2 23.7 171.6 125.6 12.8
10:02 18210025 28.6 138.0 10.3 5.5 0.126 19.6 11.4 50.5 23.5 171.0 125.2 12.8
10:04 18210026 28.4 136.9 10.2 5.5 0.125 19.3 11.3 50.3 23.3 169.1 124.0 12.7
10:06 18210027 29.5 142.1 13.5 5.7 0.129 21.1 11.8 52.3 24.2 200.0 131.0 13.2
10:09 18210028 32.8 158.1 24.6 7.2 0.165 26.6 13.4 55.4 30.6 284.3 150.4 14.6

8fl.1197 10:11 18210029 31.5 152.0 15.7 6.5 0.149 22.7 12.7 58.2 27.8 201.3 138.3 14.1
10:13 18210030 30.7 148.2 11.7 6.1 0.140 20.9 12.3 56.1 26.1 170.6 133.1 13.7

Run 4 10:15 18210031 30.8 148.7 10.9 6.1 0.139 20.7 12.3 54.7 26.1 168.4 133.4 13.8
AveraJ1;e ---> 11.9 20.7 52.8 179.2

.-



TABLE B-1. Continued. Additional Hydrocarbon Results in Wet Inlet Samples at Plant A

Butane 2-Methyl-l-pentene 2-Methy1-2-butene
Date Time FileName ppm Uncertainty ppm Uncertainty ppm Uncertainty

8/19/97 8:34 INLSPIOI 68.8 24.7 17.9
8:39 INLSPI02 67.9 24.4 17.7

Run 1 8:44 INLSPI03 64.0 23.0 16.7
9:00 18190001 207.4 74.5 54.0
9:02 18190002 214.3 77.0 55.8
9:05 18190003 216.2 77.7 56.3
9:07 18190004 212.2 76.3 55.3
9:09 18190005 210.5 75.6 54.8
9:11 18190006 208.4 74.9 54.3
9:13 18190007 207.0 74.4 53.9

10:26 18190040 187.1 67.2 48.7
10:28 18190041 220.8 79.4 57.5
10:30 18190042 218.0 78.3 56.8
10:32 18190043 206.7 74.3 53.8
10:34 18190044 192.4 69.1 50.1
10:36 18190045 182.6 65.6 47.5
10:38 18190046 176.2 63.3 45.9

1l:16 18190047 226.5 81.4 59.0
11:18 18190048 229.2 82.4 59.7
11:20 18190049 214.7 77.2 55.9
11:22 18190050 181.7 65.3 47.3
11:24 18190051 173.5 62.3 45.2
11:26 18190052 168.4 60.5 43.9
11:29 18190053 169.0 60.7 44.0
11 :31 18190054 167.0 60.0 43.5
1l:33 18190055 169.4 60.9 44.1
1l:35 18190056 166.7 59.9 43.4
1l:37 18190057 169.4 60.9 44.1
11 :39 18190058 169.1 60.8 44.0
11 :41 18190059 166.6 59.9 43.4
11:44 18190060 171.2 61.5 44.6
11:46 18190061 177.1 63.6 46.1
11:48 18190062 175.4 63.0 45.7
11:50 18190063 176.1 63.3 45.9
11:52 18190064 168.4 60.5 43.9
11:54 18190065 159.6 57.3 41.6
11:56 18190066 148.3 53.3 38.6
11:58 18190067 134.9 48.5 35.1
12:01 18190068 27.5 9.9 7.2
12:03 18190069 91.7 32.9 23.9

12:43 18190088 37.1 13.3 9.7
12:45 18190089 79.4 28.5 20.7
12:48 18190090 129.8 46.7 33.8
12:50 18190091 134.8 48.4 35.1
12:52 18190092 135.0 48.5 35.2
12:54 18190093 136.3 49.0 35.5
12:56 18190094 128.1 46.0 33.4
12:58 18190095 129.0 46.4 33.6
13:00 18190096 130.1 46.7 33.9
13:02 18190097 134.5 48.3 35.0
13:05 18190098 135.5 48.7 35.3
13:07 18190099 138.9 49.9 36.2

13:54 18190120 128.7 46.3 33.5
13:56 18190121 132.0 47.4 34.4
13:58 18190122 129.5 46.5 33.7
14:00 18190123 132.7 10.9 3.1 34.6
14:02 18190124 133.1 8.5 3.1 34.7
14:04 18190125 130.0 46.7 33.9
14:06 18190126 133.1 47.8 34.7
14:09 18190127 130.1 46.7 33.9
14:11 18190128 129.1 46.4 33.6
14:17 INLSPI04 104.6 37.6 27.3
14:24 INLSPIOS 105.2 37.8 27.4

Average-> 0.3
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TABLE B-l. Continued. Plant A Wet Sample Inlet Results

Butane 2-Methyl-l-pentene 2-Methyl-2-butene
Date Time File Name ppm Uncertainty ppm Uncertainty ppm Uncertainty

8(20/97 8:06 INLSP201 116.4 41.8 30.3
8:12 INLSP202 120.7 43.4 31.4

Run 2 8:17 INLSP203 127.4 45.8 33.2

8:34 oo1סס182 223.1 80.2 58.1
8:36 oo2סס182 217.1 78.0 56.5
8:38 oo3סס182 216.8 77.9 56.5
8:40 oo4סס182 220.7 79.3 57.5
8:42 18200005 218.4 78.5 56.9
8:44 18200006 219.8 79.0 57.2
8:46 oo7סס182 214.4 77.0 55.8
8:49 oo8סס182 203.1 73.0 52.9
8:51 oo9סס182 200.2 71.9 52.1
8:53 18200010 203.0 73.0 52.9
8:55 18200011 205.1 73.7 53.4
8:57 18200012 204.0 73.3 53.1
8:59 18200013 200.9 72.2 52.3
9:01 18200014 197.4 70.9 51.4
9:04 18200015 193.6 69.6 50.4
9:06 18200016 197.7 71.1 51.5

9:50 18200037 221.2 79.5 57.6
9:53 18200038 216.2 77.7 56.3
9:55 18200039 229.1 82.3 59.7
9:57 18200040 240.2 86.3 62.6
9:59 18200041 241.9 86.9 63.0
10:02 18200042 237.9 85.5 61.9
10:04 18200043 235.7 84.7 61.4
10:06 18200044 240.7 86.5 62.7
10:09 18200045 250.5 90.0 65.2
10:11 18200046 257.3 92.5 67.0
10:13 18200047 257.7 92.6 67.1
10:15 18200048 259.9 93.4 67.7
10:17 18200049 262.5 94.3 68.4
10:19 18200050 236.6 85.0 61.6
10:21 18200051 244.7 87.9 63.7
10:24 18200052 274.0 98.4 71.3
10:26 18200053 251.0 90.2 65.4
10:28 18200054 240.2 86.3 62.5
10:30 18200055 239.8 86.2 62.5

11:26 18200074 247.3 88.9 64.4
11:29 18200075 236.2 84.9 61.5
11:31 18200076 232.7 83.6 60.6
11 :33 18200077 238.9 85.8 62.2
11 :35 18200078 236.3 84.9 61.6
11:37 18200079 233.6 83.9 60.8
11:39 18200080 239.1 85.9 62.3
11 :41 18200081 239.3 86.0 62.3
11:44 18200082 237.6 85.4 61.9
11:46 18200083 236.9 85.1 61.7
11:48 18200084 244.6 87.9 63.7
11:50 18200085 237.6 85.4 61.9
11:52 18200086 232.6 83.6 60.6
11:54 18200087 232.9 83.7 60.7
11:56 18200088 234.6 84.3 61.1
11:58 18200089 231.3 83.1 60.3

Average -->

B-10
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TABLE B-1. Continued. Plant A Wet Sample Inlet Results

Butane 2-Methyl-l-pentene 2-Methyl-2-butene
Date Time File Name ppm Uncertainty ppm Uncertainty ppm Uncertainty

8(20/97 15:49 18200157 183.5 65.9 47.8
15:51 18200158 207.2 74.4 54.0

Run 3 15:53 18200159 216.4 77.8 56.4
15:55 18200160 219.0 78.7 57.0
15:57 18200161 215.7 77.5 56.2
16:00 18200162 208.5 74.9 54.3
16:02 18200163 214.2 77.0 55.8
16:04 18200164 212.2 76.3 55.3
16:06 18200165 218.2 78.4 56.8
16:08 18200166 224.3 80.6 58.4
16:10 18200167 218.4 78.5 56.9
16:12 18200168 211.3 75.9 55.0
16:14 18200169 207.3 74.5 54.0
16:17 18200170 197.8 71.1 51.5

Average-->

Butane 2-Methyl-l-pentene 2-Methyl-2-butene
Date Time File Name ppm Uncertainty ppm Uncertainty ppm Uncertainty

8(21/97 9:43 18210016 137.4 49.4 35.8
9:45 18210017 153.3 55.1 39.9

Run 4 9:47 18210018 159.1 57.2 41.4
9:49 18210019 162.6 58.4 42.4
9:52 18210020 163.3 58.7 42.5
9:54 18210021 161.8 58.1 42.1
9:56 18210022 157.2 56.5 40.9
9:58 18210023 155.6 55.9 40.5
10:00 18210024 155.1 55.7 40.4
10:02 18210025 154.2 55.4 40.2
10:04 18210026 152.9 55.0 39.8
10:06 18210027 158.8 57.1 41.4
10:09 18210028 176.7 63.5 46.0
10:11 18210029 169.9 61.0 44.2
10:13 18210030 165.7 59.5 43.1
10:15 18210031 166.1 59.7 43.3

Avera~e-->

B-ll



TABLE B-2. FfIR RESULTS OF WET SAMPLES FROM THE PLANT A BAGHOUSE OUTLET

Toluene Hexane Ethylene SF6 Methane 502 CO Fonnaldehyde
Date Time File Name ppm l:1 ppm l:1 ppm l:1 ppm l:1 ppm l:1 ppm l:1 ppm l:1 ppm l:1

8/19/97 7:54 WOUAMBOI 2.8 13.6 0.7 0.016 5.6 1.2 4.3 2.8 13.8 1.1
8:04 OUTSPOOI 21.7 7.9 67.1 9.9 2.9 0.324 0.061 19.8 5.5 48.4 11.1 150.9 60.5 9.9 4.9

Run 1 8:09 OUTSPI02 21.1 7.8 66.6 10.6 2.8 0.317 0.060 19.7 5.5 49.1 10.9 154.8 59.9 10.1 4.9
8:13 OUTSPI03 20.8 8.2 69.6 9.5 3.0 0.336 0.064 20.3 5.7 53.8 11.6 161.6 62.8 9.8 5.1

9:17 18190009 17.6 85.0 12.9 4.4 0.102 22.5 7.0 70.6 18.6 169.9 75.6 7.9
9:20 18190010 17.7 85.4 13.0 4.6 0.106 22.5 7.0 72.2 19.5 170.6 76.0 7.9
9:22 18190011 17.8 85.9 13.1 4.6 0.107 22.8 7.1 73.0 19.7 174.2 76.5 8.0
9:24 18190012 17.7 85.5 13.2 4.4 0.104 22.5 7.0 71.9 19.0 174.1 76.2 7.9
9:26 18190013 17.3 83.4 13.6 4.1 0.095 22.2 6.9 68.9 17.5 170.0 74.2 7.7
9:28 18190014 17.7 85.5 13.5 4.8 0.111 22.9 7.0 73.3 20.4 190.2 76.7 7.9
9:30 18190015 17.8 85.6 13.5 5.0 0.118 22.8 7.0 76.1 21.6 208.9 77.4 7.9
9:32 18190016 16.8 81.1 13.9 3.9 0.090 21.7 6.7 67.7 16.6 178.1 72.6 7.5
9:34 18190017 17.3 83.5 13.5 4.4 0.103 22.2 6.9 70.9 19.0 177.7 74.4 7.7
9:37 18190018 17.6 85.0 13.5 5.0 0.116 22.7 7.0 73.8 21.2 204.8 77.4 7.9
9:39 18190019 17.3 83.5 13.5 4.3 0.099 22.2 6.9 69.4 18.2 190.9 74.7 7.7
9:41 18190020 17.8 85.8 13.1 5.1 0.120 23.0 7.0 75.0 22.0 223.3 78.5 7.9
9:43 18190021 16.8 80.9 13.3 3.9 0.092 21.3 6.6 67.2 16.8 180.1 72.3 7.5
9:45 18190022 17.2 82.8 13.0 4.1 0.096 21.8 6.8 69.1 17.7 177.5 74.2 7.7
9:47 18190023 17.4 83.8 13.1 4.5 0.104 22.1 6.9 71.5 19.1 184.4 75.4 7.8
9:49 18190024 16.7 80.7 13.3 3.8 0.089 21.3 6.6 67.0 16.4 174.9 72.1 7.5
9:52 18190025 16.6 79.9 13.2 3.7 0.086 21.0 6.6 66.4 15.8 172.9 71.7 7.4
9:54 18190026 16.7 80.7 13.0 3.9 0.090 21.0 6.6 68.5 16.6 177.5 72.8 7.5
9:56 18190027 17.1 82.5 13.2 4.3 0.100 21.4 6.8 70.4 18.3 179.1 73.8 7.6
9:58 18190028 16.8 81.1 13.6 3.8 0.089 21.3 6.7 68.0 16.4 174.3 72.5 7.5
10:00 18190029 17.2 82.8 13.2 4.1 0.095 21.6 6.8 71.9 17.4 179.9 74.1 7.7
10:04 18190030 17.0 82.2 13.4 4.1 0.096 21.3 6.8 71.4 17.6 178.5 74.0 7.6
10:06 18190031 11.6 3.3 7.6 2.2 0.051 17.7 4.6 53.8 9.3 139.0 50.9 5.4 4.2
10:09 18190032 8.7 2.5 4.9 1.8 0.041 12.9 3.5 41.4 7.6 110.6 39.0 3.8 3.1
10:11 18190033 15.1 4.2 11.0 2.9 0.067 20.3 6.0 65.6 12.4 164.5 65.2 6.8
10:13 18190034 16.5 79.8 13.2 3.7 0.086 20.7 6.6 68.4 15.9 170.9 71.8 7.4
10:15 18190035 16.6 80.3 13.4 3.8 0.089 20.9 6.6 68.0 16.4 173.9 72.4 7.4
10:17 18190036 16.8 81.3 13.0 4.0 0.094 21.1 6.7 71.2 17.3 188.1 73.6 7.5
10:19 18190037 16.4 79.2 13.8 3.6 0.084 21.2 6.5 66.7 15.5 179.6 71.5 . 9.9 5.8
10:21 18190038 16.7 80.5 13.3 3.9 0.090 20.8 6.6 69.4 16.5 186.1 72.8 7.4

12:05 18190070 11.3 6.8 0.8 20.0 2.2 0.051 19.8 4.5 26.1 9.4 276.2 55.7 15.7 4.1
12:07 18190071 11.8 6.6 0.8 17.9 2.2 0.052 19.4 4.7 32.8 9.6 248.3 56.7 16.6 4.2
12:09 18190072 11.6 6.0 0.8 16.7 2.2 0.051 18.9 4.6 30.0 9.3 238.8 55.0 15.1 4.1
12:11 18190073 11.6 5.2 0.8 15.1 2.3 0.052 17.9 4.6 31.6 9.6 229.4 54.3 14.5 4.1
12:13 18190074 11.8 5.9 0.8 17.2 2.3 0.052 19.4 4.7 33.1 9.7 252.4 56.2 15.2 4.2
12:16 18190075 12.0 6.2 0.8 17.9 2.3 0.052 19.7 4.8 34.4 9.7 252.4 57.7 16.0 4.3
12:18 18190076 11.7 6.3 0.8 17.8 2.2 0.052 19.1 4.6 32.0 9.6 249.7 55.8 15.9 4.2
12:20 18190077 11.2 7.0 0.8 19.0 2.1 0.050 19.1 4.4 28.6 9.2 266.9 54.6 16.0 4.0
12:22 18190078 11.0 6.6 0.8 17.5 2.1 0.049 18.3 4.4 29.0 9.1 255.6 53.5 15.7 3.9
12:24 18190079 11.1 7.4 0.8 20.2 2.2 0.050 19.1 4.4 28.4 9.2 282.3 54.9 16.3 4.0
12:26 18190080 10.9 7.5 0.8 21.0 2.1 0.049 19.4 4.3 27.0 9.1 288.3 54.4 16.3 3.9
12:28 18190081 11.2 10.3 0.8 26.8 2.2 0.051 21.6 4.4 27.3 9.4 340.5 58.4 19.6 4.0
12:30 18190082 11.3 5.4 0.8 12.9 2.2 0.051 16.8 4.5 34.4 9.4 209.7 53.0 16.0 4.1
12:33 18190083 11.0 6.6 0.8 18.2 2.2 0.050 18.6 4.4 29.3 9.3 269.1 54.2 15.9 3.9



TABLE B-2. Continued. Wet Sample Outlet Results.

Toluene Hexane Ethylene SF6 Methane S02 CO Fonnaldehyde
Date Time File Name ppm Ii ppm Ii ppm Ii ppm Ii ppm Ii ppm Ii ppm Ii ppm I::t.

12:35 18190084 11.5 6.8 0.8 17.7 2.2 0.052 18.8 4.6 33.3 9.5 258.9 55.5 16.8 4.1
12:37 18190085 11.6 5.6 0.8 15.2 2.2 0.052 17.8 4.6 33.0 9.6 231.1 54.7 15.6 4.1
12:39 18190086 11.5 5.6 0.8 16.2 2.2 0.051 18.3 4.6 31.0 9.4 242.4 54.8 15.3 4.1
12:41 18190087 11.7 7.7 0.8 22.0 2.4 0.055 20.1 4.6 32.6 10.1 302.8 57.8 17.7 4.2

13:22 18190106 11.2 7.1 0.8 21.2 2.2 0.050 19.1 4.5 29.8 9.3 299.3 55.6 15.7 4.0
13:24 18190107 11.4 6.8 0.8 17.8 2.2 0.051 18.3 4.5 34.4 9.6 268.1 55.3 16.5 4.1
13:26 18190108 11.4 5.1 0.8 14.3 2.2 0.051 16.4 4.5 33.2 9.4 229.8 53.4 14.5 4.1
13:28 18190109 11.5 8.5 0.8 24.8 2.3 0.052 20.4 4.5 29.6 9.6 327.5 58.4 17.2 4.1
13:30 18190110 11.3 6.4 0.8 16.0 2.2 0.050 17.4 4.5 33.9 9.3 260.7 53.5 16.4 4.1
13:32 18190111 11.2 6.9 0.8 19.3 2.2 0.051 18.5 4.4 30.1 9.4 279.2 55.1 15.8 4.0
13:34 18190112 11.4 5.2 0.8 13.9 2.2 0.051 16.4 4.5 35.7 9.5 222.0 53.1 14.3 4.1
13:37 18190113 11.3 7.0 0.8 20.1 2.1 0.049 18.7 4.5 30.6 9.2 289.0 55.8 15.4 4.1
13:41 18190114 11.2 7.2 0.8 19.6 2.2 0.051 18.5 4.5 28.6 9.5 288.3 55.8 15.6 4.0
13:43 18190115 i1.2 5.0 0.8 13.4 2.1 0.049 15.8 4.5 32.9 9.2 219.2 52.9 14.2 4.0
13:45 18190116 11.0 4.3 0.8 11.5 2.2 0.050 15.6 4.4 31.7 9.3 198.2 50.7 13.0 3.9
13:47 18190117 11.2 7.1 0.8 20.0 2.2 0.051 18.1 4.4 30.7 9.4 281.1 55.4 15.2 4.0

14:33 OUTSPI04 17.8 5.3 4.1 0.7 10.3 2.1 0.371 0.044 13.0 3.6 26.5 8.1 209.7 43.2 11.7 3.3
14:38 OUTSPI05 16.8 5.3 3.3 0.7 8.1 2.1 0.368 0.044 12.3 3.6 26.3 8.0 180.3 41.6 10.1 3.3

Average ---> 3.2 15.6 20.8 51.8 226.9 9.0

Toluene Hexane Ethylene SF6 Methane S02 CO Fonnaldehyde
Date Time File Name ppm Ii ppm I::t. ppm I::t. ppm Ii ppm Ii ppm Ii ppm Ii ppm I::t.

8{20197 7:47 OUTSP201 15.3 6.5 4.7 0.8 12.5 2.4 0.160 0.051 18.3 4.4 35.8 9.2 196.2 51.5 15.3 4.0
7:54 OUTSP202 20.2 6.5 53.9 21.6 2.4 0.179 0.051 21.9 4.5 25.4 9.3 269.1 54.9 16.3 4.0

Run 2 8:00 OUTSP203 15.8 6.3 6.0 0.8 16.3 2.4 0.172 0.050 19.2 4.3 26.7 9.1 224.4 51.5 13.1 3.9

9:12 18200019 15.9 76.8 17.2 3.3 0.077 24.0 6.3 62.6 14.2 202.0 69.7 15.4 5.7
9:14 18200020 16.4 79.2 17.6 3.4 0.079 24.7 6.5 62.4 14.7 203.9 71.6 16.1 5.8
9:16 18200021 16.6 80.0 18.1 3.6 0.084 24.8 6.6 63.1 15.5 205.7 72.3 16.8 5.9
9:18 18200022 16.4 79.2 16.6 3.6 0.084 24.5 6.5 60.9 15.6 201.7 71.5 16.3 5.8
9:21 18200023 17.7 85.4 14.9 4.4 0.103 25.1 7.0 73.2 19.0 195.4 76.5 13.4 6.3
9:23 18200024 18.7 90.0 15.8 7.2 0.167 25.1 7.4 80.1 30.6 181.3 79.5 8.3
9:25 18200025 18.9 91.2 15.7 7.3 0.171 26.0 7.5 80.8 31.3 182.9 80.7 8.4
9:27 18200026 18.0 86.9 15.3 5.2 0.120 24.8 7.1 74.2 22.0 185.1 76.9 8.0
9:29 18200027 17.2 83.1 15.7 4.2 0.097 24.6 6.8 68.7 17.9 188.1 73.7 11.7 6.1
9:31 18200028 16.9 81.5 16.0 3.8 0.088 24.2 6.7 67.0 16.3 190.1 72.8 12.0 6.0
9:33 18200029 15.2 73.3 13.6 3.0 0.068 21.4 6.0 60.5 12.7 183.9 65.9 11.4 5.4
9:36 18200030 12.5 3.5 0.9 12.6 2.4 0.054 18.1 4.9 36.8 10.1 180.1 55.5 9.2 4.4
9:38 18200031 14.2 68.7 19.7 2.7 0.062 23.2 5.7 41.3 11.5 236.5 64.1 11.7 5.1
9:40 18200032 18.3 88.3 18.2 6.3 0.147 26.3 7.2 70.0 26.9 198.1 78.7 12.3 6.5
9:42 18200033 17.6 85.0 15.2 4.7 0.110 24.1 7.0 74.0 20.2 205.0 76.3 7.9
9:44 18200034 16.2 78.1 14.5 3.4 0.079 23.1 6.4 63.6 14.6 197.1 70.3 11.5 5.7

10:36 18200058 18.5 89.2 18.0 0.382 42.0 7.3 72.5 67.5 652.6 104.5 8.3



TABLE B-2. Continued. Wet Sample Outlet Results.

Toluene Hexane Ethylene SF6 Methane S02 CO Formaldehyde
Date Time File Name ppm A- ppm A- ppm A- ppm A- ppm A- ppm A- ppm A- ppm A-

10:38 18200059 19.7 95.0 22.3 0.475 91.7 7.8 83.9 1097.4 146.4 8.8
10:41 18200060 20.6 99.2 30.0 19.9 0.467 184.0 8.2 97.1 84.8 2023.9 360.8 9.2
10:43 18200061 19.2 92.6 22.6 0.480 97.3 7.6 84.8 1159.2 148.6 8.6
10:45 18200062 19.2 92.6 22.6 0.481 65.2 7.6 84.9 958.1 131.0 8.6
10:47 18200063 18.9 91.3 22.8 0.484 62.7 7.5 85.4 948.9 128.7 8.5

8f20/97 10:49 18200064 18.5 89.4 23.0 0.488 55.8 7.3 86.2 873.4 121.5 8.3
10:51 18200065 18.8 90.5 22.9 0.486 61.2 7.4 85.8 869.2 121.1 8.4

Run 2 10:53 18200066 19.9 95.9 26.9 20.1 0.473 147.5 7.9 103.1 85.9 1942.2 364.0 8.9
10:56 18200067 18.6 89.6 23.0 0.489 96.5 7.4 86.3 1020.4 128.6 8.3
10:58 18200068 18.2 87.8 17.9 0.380 36.5 7.2 73.5 67.1 516.3 95.3 8.1
11:00 18200069 18.5 89.2 18.2 0.386 42.8 7.3 74.6 68.3 649.6 104.2 8.3
11:02 18200070 18.4 88.6 19.0 0.403 65.6 7.3 78.5 71.3 963.2 125.1 8.2
11:04 18200071 17.2 83.1 14.7 5.6 0.130 38.6 6.8 83.1 23.9 629.8 97.2 7.7
11:06 18200072 17.4 84.0 15.0 5.9 0.136 40.0 6.9 84.5 25.0 647.4 99.0 7.8
11:08 18200073 17.9 86.5 17.8 0.379 45.5 7.1 77.4 66.9 762.7 109.6 8.0

12:05 18200092 18.4 88.8 19.5 0.415 48.6 7.3 83.3 73.3 826.8 118.2 8.2
12:07 18200093 18.6 89.7 20.3 0.431 50.5 7.4 83.2 76.1 847.5 120.4 8.3
12:09 18200094 18.3 88.3 18.7 0.397 44.0 7.3 80.0 70.2 773.5 114.3 8.2
12:11 18200095 17.8 85.8 17.9 0.381 37.5 7.0 76.0 67.3 688.5 105.3 7.9
12:13 18200096 17.9 86.2 17.9 0.380 35.9 7.1 74.6 67.1 655.9 103.2 8.0
12:16 18200097 18.2 87.8 17.9 0.381 36.3 7.2 75.1 67.4 648.7 105.3 8.1
12:18 18200098 18.3 88.1 22.9 0.488 51.8 7.2 86.1 850.7 119.5 8.2
12:20 18200099 18.7 90.2 22.8 0.485 55.5 7.4 85.6 903.7 126.7 8.3
12:22 18200100 18.7 90.1 22.8 0.485 50.3 7.4 85.7 823.4 120.9 8.3
12:24 18200101 18.8 90.7 22.7 0.483 70.2 7.5 85.3 1071.2 142.1 8.4
12:26 18200102 17.5 4.9 15.1 8.3 0.193 40.4 6.9 85.7 35.3 707.5 104.8 7.8
12:28 18200103 17.1 82.4 13.3 5.4 0.126 27.6 6.8 79.7 23.2 496.2 90.0 7.6
12:30 18200104 17.2 82.7 13.8 6.1 0.142 33.2 6.8 81.1 26.1 607.0 97.2 7.7
12:33 18200105 17.4 84.1 14.6 7.2 0.167 36.4 6.9 84.3 30.5 670.3 102.7 7.8
12:35 18200106 17.4 84.0 17.9 0.381 29.2 6.9 72.1 67.2 536.1 93.9 7.8
12:37 18200107 17.2 1.2 17.8 0.378 31.8 6.8 73.0 66.8 636.2 lOLl 7.7
12:39 18200108 17.6 84.8 17.8 0.379 28.2 7.0 71.1 67.0 518.7 94.9 7.9

k'\verage ---> 0.5 9.5 45.7 57.1 623.7 4.7



TABLE B-2. Continued. Wet Sample Outlet Results.

Toluene Hexane Ethylene SF6 Methane S02 CO Formaldehyde
Date Time File Name ppm !:J. ppm !:J. ppm !:J. ppm !:J. ppm !:J. ppm !:J. ppm !:J. ppm !:J.

8/20/97 13:41 OlITUN301 10.1 4.0 0.7 11.1 2.0 0.047 15.7 4.0 50.4 8.7 218.2 48.7 12.4 3.6
13:49 OlITUN302 4.9 1.8 4.4 0.3 8.8 0.7 0.016 8.2 1.0 23.7 2.9 255.1 26.3 4.9 1.0

Run 3 14:01 OlITUN303 3.9 1.7 4.5 0.2 8.5 0.8 0.018 9.0 1.1 49.6 3.4 297.0 30.5 4.2 1.0

15:13 18200140 14.4 2.9 1.0 13.3 3.2 0.072 19.0 5.7 59.0 13.5 198.9 65.1 14.4 5.1
15:15 18200141 14.3 2.7 1.0 13.0 3.2 0.074 18.8 5.7 57.9 13.8 190.9 65.3 14.3 5.1
15:17 18200142 14.9 2.0 1.0 12.5 3.7 0.084 18.8 5.9 63.4 15.7 188.3 67.9 14.0 5.3
15:19 18200143 15.4 1.9 1.1 12.8 4.1 0.094 19.5 6.1 64.7 17.4 192.7 70.5 14.1 5.5
15:21 18200144 15.5 1.3 1.1 11.9 4.1 0.095 19.2 6.2 68.4 17.6 232.2 72.9 13.8 5.5
15:23 18200145 15.4 1.3 1.1 11.9 4.0 0.091 19.0 6.1 66.6 16.9 202.1 71.0 13.9 5.5
15:25 18200146 15.9 1.5 1.1 13.0 4.9 0.112 19.8 6.3 65.8 20.7 189.9 73.2 14.0 5.7
15:28 18200147 15.9 2.1 1.1 13.7 4.5 0.104 19.9 6.3 63.6 19.2 188.1 73.4 14.4 5.7
15:30 18200148 16.4 1.6 1.1 13.7 6.0 0.140 20.6 6.5 68.4 25.8 213.9 78.1 14.2 5.9
15:32 18200149 16.4 1.6 1.1 14.2 7.2 0.169 20.4 6.5 69.4 30.8 210.6 77.7 14.3 5.9
15:34 18200150 15.8 1.8 1.1 13.2 4.8 0.1 II 19.9 6.3 62.8 20.6 190.4 72.8 14.3 5.7
15:36 18200151 15.6 2.0 1.1 13.4 5.1 0.118 19.3 6.2 62.0 21.7 186.0 72.7 14.3 5.6
15:38 18200152 15.1 2.4 1.1 13.5 3.8 0.088 19.4 6.0 58.6 16.4 191.4 69.1 14.5 5.4
15:40 18200153 15.4 2.1 1.1 13.4 4.1 0.095 19.6 6.1 61.2 17.7 186.3 71.2 14.3 5.5
15:42 18200154 16.2 1.6 1.1 13.5 5.5 0.128 20.2 6.4 67.0 23.6 202.1 76.2 14.0 5.8

Average ---> 0.5 2.3 12.5 18.1 60.1 207.5 13.0

-



TABLE B-2. Continued. Wet Sample Outlet Results.

Toluene Hexane Ethylene SF6 Methane S02 CO Formaldehyde
Date Time File Name ppm ~ ppm ~ ppm ~ ppm ~ ppm ~ ppm ~ ppm ~ ppm ~

8/21/97 7:32 OUTUN401 14.4 69.3 27.4 2.7 0.062 27.1 5.7 54.6 11.5 291.7 68.0 19.1 5.2

9:II 18210001 13.8 66.3 9.5 2.6 0.059 19.5 5.5 42.0 11.1 131.7 58.6 6.1
Run 4 9:13 18210002 14.4 69.7 10.5 2.8 0.063 20.5 5.7 40.8 11.7 136.4 61.1 6.4

9:15 18210003 15.2 73.3 17.5 3.0 0.068 23.6 6.1 38.2 12.7 208.1 66.6 6.8
9:17 18210004 15.2 73.1 18.1 2.9 0.067 24.2 6.0 39.3 12.6 215.2 66.7 11.6 5,4
9:20 18210005 14.6 70.6 15.9 2.8 0.065 22.9 5.8 38.1 12.0 198.2 64.2 11.0 5.2
9:22 18210006 14.6 70.3 15.7 2.8 0.064 22.8 5.8 38.1 11.9 196.8 63.9 10.4 5.2
9:24 18210007 15.1 72.9 16.6 3.0 0.068 23.5 6.0 41.3 12.7 202.6 66.1 11.0 5,4
9:26 18210008 14.8 71.6 17.3 2.9 0.066 23.6 5.9 44.0 12.3 211.2 65.5 12.0 5.3
9:28 18210009 14.0 67.8 18.3 2.7 0.061 23.1 5.6 43.1 11.4 229.2 63.4 13.1 5.0
9:30 18210010 13.8 66.7 28.1 2.6 0.061 26.6 5.5 37.3 11.3 307.9 66.1 16.8 5.0
9:32 18210011 14.2 68.6 27.9 2.7 0.063 26.6 5.7 46.3 11.7 311.4 68.1 19.0 5.1
9:34 18210012 14.2 68.3 24.3 2.7 0.062 24.9 5.6 49.9 11.6 287.6 66.8 18.2 5.1
9:37 18210013 13.9 4.6 1.0 16.7 2.6 0.060 21.7 5.5 51.3 11.3 221.1 62.9 14.0 5.0
9:39 18210014 13.8 3.6 1.0 14.2 2.6 0.060 20.6 5.4 50.7 11.2 197.7 61.4 12.1 4.9

II:38 18210058 14.1 4.9 1.0 16.7 2.8 0.063 20.5 5.6 51.8 11.8 237.2 64.0 11.9 5.0
11:40 18210059 14.4 4.9 1.0 17.2 2.9 0.065 20.8 5.7 51.1 12.2 240.3 65.3 12.1 5.1
II:42 18210060 14.6 4.3 1.0 17.4 2.9 0.067 21.0 5.8 51.7 12.5 240.2 66.2 12.1 5.2
11:45 18210061 15.0 3.9 1.0 17.4 2.9 0.067 21.4 5.9 52.6 12.6 233.5 67.5 II.8 5.4
11:47 18210062 14.7 3.7 1.0 17.0 2.9 0.067 21.0 5.8 53.9 12.5 234.7 66.8 11.9 5.3
11:49 18210063 14.6 3.6 1.0 16.9 2.9 0.066 20.7 5.8 54.3 12.3 236.9 66.0 11.9 5.2
11 :51 18210064 14.1 3.6 1.0 13.6 2.7 0.062 19.0 5.6 51.3 11.6 201.1 62.4 10.6 5.0
11:54 18210065 13.5 4.7 0.9 13.7 2.6 0.059 18.7 5.3 48.6 11.1 211.6 60.7 10.8 4.8
11:56 18210066 13.4 6.2 0.9 15.1 2.6 0.059 19.1 5.3 46.4 1l.0 226.9 60.9 11.0 4.8

Avera~e ---> 2.0 17.6 22.2 46.5 225.4 11.4



TABLE B-2. Continued. Additional Hydrocarbon Results of Wet Outlet Samples at Plant A

Butane 2-Methyl-l- 2-Methyl-2-butene
pentene

Date Time File Name ppm !:J. ppm !:J. ppm !:J.
8/19/97 7:54 WOUAMBOI 15.2 0.7 0.9

8:04 OUTSPOOI 16.5 9.6 19.5
Run 1 8:09 OUTSPI02 16.4 9.6 19.4

8:13 OUTSPI03 17.2 10.0 20.3

9:17 18190009 20.1 11.6 24.7
9:20 18190010 20.2 11.6 24.9
9:22 18190011 20.3 11.7 25.0
9:24 18190012 20.2 11.6 24.9
9:26 18190013 19..7 11.4 24.3
9:28 18190014 20.2 11.6 24.9
9:30 18190015 20.3 11.7 24.9
9:32 18190016 19.2 11.1 23.6
9:34 18190017 19.8 11.4 24.3
9:37 18190018 20.1 11.6 24.7
9:39 18190019 19.8 11.4 24.3
9:41 18190020 20.3 11.7 25.0
9:43 18190021 19.2 11.0 23.5
9:45 18190022 19.6 11.3 24.1
9:47 18190023 19.8 11.4 24.4
9:49 18190024 19.1 11.0 23.5
9:52 18190025 18.9 10.9 23.3
9:54 18190026 19.1 11.0 23.5
9:56 18190027 19.5 11.3 24.0
9:58 18190028 19.2 11.1 23.6
10:00 18190029 19.6 11.3 24.1
10:04 18190030 19.5 11.2 23.9
10:06 18190031 39.8 2.6 8.6 16.3
10:09 18190032 31.7 1.9 6.5 12.2
10:11 18190033 17.8 11.1 21.2
10:13 18190034 18.9 10.9 23.2
10:15 18190035 19.0 11.0 23.4
10:17 18190036 19.2 11.1 23.6
10:19 18190037 18.8 10.8 23.1
10:21 18190038 19.1 11.0 23.4

12:05 18190070 13.3 8.4 15.9
12:07 18190071 13.8 8.7 16.5
12:09 18190072 13.6 8.5 16.2
12:11 18190073 13.6 8.5 16.3
12:13 18190074 13.9 8.7 16.6
12:16 18190075 14.1 8.9 16.9
12:18 18190076 13.7 8.6 16.4
12:20 18190077 13.1 8.2 15.7
12:22 18190078 12.9 8.1 15.4
12:24 18190079 13.0 8.2 15.6
12:26 18190080 12.8 8.0 15.3
12:28 18190081 13.2 8.2 15.7
12:30 18190082 13.3 8.4 15.9
12:33 18190083 13.0 8.1 15.5
12:35 18190084 13.5 8.4 16.1
12:37 18190085 13.6 8.5 16.2
12:39 18190086 13.5 8.5 16.2
12:41 18190087 13.7 8.6 16.4

8/19/97 13:22 18190106 13.2 8.3 15.8
13:24 18190107 13.4 8.4 16.0

Run 1 13:26 18190108 13.4 8.4 16.1
13:28 18190109 13.5 8.4 16.1
13:30 18190110 13.3 8.4 15.9
13:32 18190111 13.1 8.2 15.7
13:34 18190112 13.4 8.4 16.0
13:37 18190113 13.3 8.4 15.9
13:41 18190114 13.2 8.3 15.7
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TABLE B-2. Continued. Wet Sample Outlet Results

Butane 2-Methyl-l- 2-Methyl-2-butem:
pentene

Date Time File Name ppm ~ ppm ~ ppm ~

13:43 18190115 13.2 8.3 15.7
8/19/97 13:45 18190116 13.0 8.1 15.5

13:47 18190117 13.1 8.2 15.7
Run 1

14:33 OUTSPI04 11.3 6.9 12.8
14:38 OUTSPIOS 11.2 6.8 12.6

Average ---> 1.1

Butane 2-Methyl-l- 2-Methyl-2-butem:
pentene

Date Time File Name ppm ~ ppm ~ ppm ~

8(20/97 7:47 OUTSP201 13.8 8.4 15.7
7:54 OUTSP202 13.3 13.2 1.4 15.7

Run 2 8:00 OUTSP203 13.4 8.2 15.2

9:12 18200019 18.2 10.5 22.3
9:14 18200020 18.7 10.8 23.0
9:16 18200021 18.9 10.9 23.3
9:18 18200022 18.7 10.8 23.0
9:21 18200023 20.2 11.6 24.9
9:23 18200024 21.3 12.3 26.2
9:25 18200025 21.6 12.4 26.5
9:27 18200026 20.6 11.8 25.3
9:29 18200027 19.6 11.3 24.2
9:31 18200028 19.3 11.1 23.7
9:33 18200029 17.3 10.0 21.3
9:36 18200030 14.6 9.2 17.5
9:38 18200031 16.3 9.3 1.8 20.0
9:40 18200032 20.9 12.0 25.7
9:42 18200033 20.1 11.6 24.7
9:44 18200034 18.5 10.6 22.7

10:36 18200058 21.1 12.1 25.9
10:38 18200059 22.5 12.9 27.7
10:41 18200060 19.7 39.8 28.9
10:43 18200061 24.3 13.7 26.9
10:45 18200062 21.9 12.6 26.9
10:47 18200063 21.6 12.4 26.6
10:49 18200064 21.2 12.2 26.0
10:51 18200065 21.4 12.3 26.3
10:53 18200066 19.0 38.5 27.9
10:56 18200067 23.5 13.3 26.1
10:58 18200068 20.8 12.0 25.5
11:00 18200069 21.1 12.1 26.0
11:02 18200070 21.0 12.1 25.8
11:04 18200071 19.7 11.3 24.2
11:06 18200072 19.9 11.5 24.4
11:08 18200073 20.5 11.8 25.2

12:05 18200092 21.0 12.1 25.8
12:07 18200093 21.2 12.2 26.1
12:09 18200094 20.9 12.0 25.7
12:11 18200095 20.3 11.7 25.0
12:13 18200096 20.4 11.8 25.1
12:16 18200097 20.8 12.0 25.5

8(20/97 12:18 18200098 20.9 12.0 25.6
12:20 18200099 21.3 12.3 26.2

Run 2 12:22 18200100 21.3 12.3 26.2
12:24 18200101 21.5 12.4 26.4
12:26 18200102 20.6 12.9 24.6
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TABLE B-2. Continued. Wet Sample Outlet Results

Butane 2-Methyl-l- 2-Methyl-2-butene
pentene

Date Time File Name ppm A- ppm A- ppm A-
12:28 18200103 19.5 11.3 24.0

8(20/97 12:30 18200104 19.6 11.3 24.1
12:33 18200105 19.9 11.5 24.5

Run 2 12:35 18200106 19.9 11.5 24.4
12:37 18200107 20.3 12.7 24.2
12:39 18200108 20.1 11.6 24.7

Average ---> 0.7

Butane 2-Methyl-l- 2-Methyl-2-butem
pentene

Date Time File Name ppm A- ppm A- ppm A-
8(20/97 13:41 OUTUN301 11.9 7.5 14.2

13:49 OUTUN302 3.0 1.9 1.6 1.0
Run 3 14:01 OUTUN303 3.6 2.2 1.1

15:13 18200140 16.9 10.6 20.2
15:15 18200141 16.9 10.6 20.1
15:17 18200142 17.6 11.0 21.0
15:19 18200143 18.1 11.4 21.7
15:21 18200144 18.2 11.4 21.8
15:23 18200145 18.1 11.4 21.7
15:25 18200146 18.7 11.7 22.4
15:28 18200147 18.6 11.7 22.3
15:30 18200148 19.3 12.1 23.0
15:32 18200149 19.3 12.1 23.0
15:34 18200150 18.6 11.7 22.2
15:36 18200151 18.3 11.5 21.9
15:38 18200152 17.8 11.2 21.3
15:40 18200153 18.2 11.4 21.7
15:42 18200154 19.1 12.0 22.8

Average ---> 0.1
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TABLE B-2. Continued. Wet Sample Outlet Results

Butane 2-Methyl-l- 2-Methyl-2-butene
pentene

Date Time File Name ppm !:J. ppm !:J. ppm !:J.
8/21/97 7:32 OUTUN401 16.6 18.3 1.8 20.2

9:11 18210001 15.8 8.1 1.7 19.3
Run 4 9:13 18210002 16.5 8.1 1.8 20.3

9:15 18210003 17.4 11.3 1.9 21.3
9:17 18210004 17.4 11.4 1.9 21.3
9:20 18210005 16.8 10.6 1.8 20.5
9:22 18210006 16.7 10.1 1.8 20.5
9:24 18210007 17.3 10.3 1.9 21.2
9:26 18210008 17.0 10.5 1.9 20.8
9:28 18210009 16.1 11.0 1.8 19.7
9:30 18210010 15.9 17.4 1.8 19.4
9:32 18210011 16.3 16.1 1.8 20.0
9:34 18210012 16.2 12.4 1.8 19.9
9:37 18210013 16.3 10.2 19.5
9:39 18210014 16.1 10.1 19.3

11:38 18210058 16.5 10.4 19.8
11:40 18210059 16.9 10.6 20.2
11:42 18210060 17.2 10.8 20.5
11:45 18210061 17.6 11.0 21.1
11:47 18210062 17.3 10.9 20.7
11:49 18210063 17.1 10.7 20.4
11 :51 18210064 16.5 10.4 19.7
11:54 18210065 15.8 9.9 18.9
11:56 18210066 15.7 9.8 18.8

Avera~e ---> 6.5
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TABLE B-3. FfIR RESULTS OF DRY SAMPLES FROM THE PLANT A BAGHOUSE INLET

Toluene Hexane Ethylene SF6 Methane S02 CO Formaldehyde
Date Time File Name ppm a ppm a ppm a ppm a ppm a ppm a ppm a ppm a

8nO/97 14:31 18200121 2.3 11.0 12.8 0.6 0.014 7.5 1.0 52.5 2.6 280.2 29.9 4.4 0.9
14:34 18200122 2.4 11.5 13.5 0.6 0.015 7.7 1.0 58.1 2.7 279.2 30.5 4.6 1.0

Run 3 14:36 18200123 2.4 11.8 13.1 0.6 0.015 7.6 1.0 59.1 2.8 277.0 30.7 4.6 1.0
14:38 18200124 2.5 12.0 12.8 0.7 0.015 7.5 1.1 60.5 2.8 276.2 31.1 4.5 1.0
14:41 18200125 2.5 12.0 13.1 0.7 0.015 7.6 1.1 59.7 2.8 274.6 30.9 4.6 1.0
14:43 18200126 2.5 11.9 12.9 0.7 0.015 7.4 1.1 58.6 2.8 276.3 30.9 5.3 1.0
14:45 18200127 2.5 11.9 12.7 0.7 0.015 7.2 1.1 57.3 2.8 276.7 30.8 6.8 1.0
14:47 18200128 2.5 11.9 12.4 0.6 0.015 7.1 1.1 55.5 2.8 276.8 30.7 8.2 1.0
14:49 18200129 2.5 12.0 12.1 0.6 0.015 7.0 1.1 54.0 2.7 275.8 30.9 9.6 1.0
14:51 18200130 2.5 12.0 11.9 0.6 0.015 6.8 1.1 52.1 2.7 276.6 30.7 11.0 1.0
14:53 18200131 2.5 11.9 11.7 0.6 0.014 6.6 1.1 50.8 2.7 276.8 30.7 12.2 1.0
14:56 18200132 2.5 12.0 11.5 0.6 0.014 6.7 1.1 ~8.8 2.7 277.2 30.7 11.4 1.0
14:58 18200133 2.5 12.0 11.3 0.6 0.015 6.6 1.1 47.9 2.7 277.6 30.7 12.5 1.0
15:00 18200134 2.5 12.0 11.3 0.6 0.014 6.4 1.1 46.4 2.7 277.1 30.6 13.7 1.0
15:02 18200135 2.5 12.1 10.9 0.6 0.014 6.4 1.1 45.4 2.7 277.5 30.6 14.7 1.0
15:04 18200136 2.5 12.1 10.7 0.6 0.014 6.2 1.1 43.2 2.7 276.9 30.7 15.7 1.0
15:06 18200137 2.5 12.2 10.5 0.6 0.014 6.2 1.1 41.7 2.7 277.3 30.7 16.7 1.0

17:33 INLSP301 35.9 1.5 8.2 9.5 0.5 0.657 0.010 5.9 0.8 11.0 1.8 218.8 17.7 3.8 0.8
17:40 INLSP302 36.8 1.5 8.3 10.9 0.5 0.659 0.010 6.3 0.8 13.2 1.8 232.5 18.5 4.1 0.8

Average--> 12.8 7.4 49.3 291.4 9.2

Toluene Hexane Ethylene SF6 Methane S02 CO Formaldehyde
Date Time File Name ppm a ppm a ppm a ppm a ppm a ppm a ppm a ppm a

8nl/97 8:17 INLUN401 4.2 1.4 9.3 9.7 0.6 0.052 0.013 6.4 0.8 49.3 2.3 212.6 27.7 2.1 0.8
8:28 INLSP402 29.9 1.2 7.8 6.7 0.5 0.568 0.010 5.3 0.7 32.0 1.8 173.3 20.7 1.4 0.7

Run 4 8:34 INLSP403 30.3 1.4 9.1 8.3 0.5 0.567 0.011 5.9 0.7 31.4 2.0 187.2 21.9 1.7 0.8

11:06 INLUN404 2.9 13.8 13.2 0.8 0.020 0.016 7.4 1.2 58.6 3.0 266.8 32.6 4.5 1.1
11:13 18210046 2.6 12.5 9.6 0.6 0.014 6.0 1.1 46.1 2.7 224.2 28.4 3.7 1.1
11 :15 18210047 2.6 12.3 9.8 0.6 0.014 6.1 1.1 45.5 2.6 225.7 28.4 3.6 1.1
11:17 18210048 2.5 12.2 10.1 0.6 0.014 6.1 1.1 45.6 2.6 229.7 28.5 3.6 1.0
11:19 18210049 2.6 12.3 10.1 0.6 0.014 6.1 1.1 44.9 2.6 228.4 28.3 3.7 1.1
11 :21 18210050 2.6 12.6 10.3 0.6 0.014 6.1 1.2 43.0 2.7 230.1 28.5 3.8 1.1
11:23 18210051 2.7 12.9 17.3 0.7 0.019 0.016 8.5 1.2 39.0 2.8 289.8 31.5 4.0 1.2
11:25 18210052 10.8 2.2 13.4 33.5 0.9 0.030 0.018 15.3 1.1 34.3 3.3 400.4 37.2 4.3 1.2
11:28 18210053 12.7 2.3 13.6 38.0 0.9 0.034 0.019 16.8 1.1 34.2 3.5 426.7 38.6 5.1 1.2
11:30 18210054 12.4 2.2 13.5 37.3 0.9 0.033 0.019 16.3 1.1 36.3 3.5 425.9 38.3 5.3 1.2
11:32 18210055 11.7 2.2 13.3 35.7 0.9 0.032 0.019 15.7 1.1 38.4 3.4 418.1 37.7 5.4 1.2

Average ---> 8.9 19.5 10.1 45.1 311.3 4.1



TABLE B-3. Continued. Additional Hydrocarbon Results in Dry Outlet Samples at Plant A

3-Methylpentane Isooctane Butane 2-Methyl-l- Heptane I-Pentene 2-Methyl-2-butene
pentene

Date Time File Name ppm 11 ppm 11 ppm 11 ppm 11 ppm 11 ppm 11 ppm 11
8fl.0/97 14:31 18200121 2.3 0.7 2.9 7.9 0.6 4.7 5.7 4.6 0.8

14:34 18200122 2.4 0.8 3.1 8.3 0.6 4.9 6.0 5.0 0.9
Run 3 14:36 18200123 2.5 0.8 3.2 8.3 0.6 5.0 6.1 5.0 0.9

14:38 18200124 0.9 0.8 3.5 8.1 0.6 5.1 6.2 4.9 0.9
14:41 18200125 2.5 0.8 3.2 8.3 0.6 5.1 6.2 5.0 0.9
14:43 18200126 0.8 0.8 3.5 8.7 0.6 5.1 6.2 5.4 0.9
14:45 18200127 0.9 0.8 0.8 3.5 8.1 1.6 5.1 6.2 6.3 0.9
14:47 18200128 1.2 0.8 0.8 3.5 8.7 1.6 5.1 6.2 7.1 0.9
14:49 18200129 1.3 0.9 0.8 13.4 9.5 1.6 5.1 6.2 7.7 0.9
14:51 18200130 1.5 0.9 0.8 3.5 10.0 1.6 5.1 6.2 8.5 0.9
14:53 18200131 1.8 0.9 0.8 13.3 10.6 1.6 5.1 6.2 9.1 0.9
14:56 18200132 2.3 1.0 0.8 6.5 3.5 7.2 2.0 5.1 6.2 7.6 0.9
14:58 18200133 3.3 0.9 0.8 13.4 10.1 1.6 5.1 6.2 8.4 0.9
15:00 18200134 2.5 1.0 0.8 8.5 3.5 7.7 2.0 5.1 6.2 8.6 0.9
15:02 18200135 3.7 0.9 0.8 13.5 11.3 1.7 5.2 6.3 9.4 0.9
15:04 18200136 4.0 0.9 0.8 13.5 11.6 1.7 5.2 6.3 9.9 0.9
15:06 18200137 4.3 0.9 0.8 13.6 12.1 1.7 5.2 6.3 10.5 0.9

17:33 INLSP301 0.9 0.6 0.5 9.2 5.3 1.2 3.5 4.3 3.9 0.7
17:40 INLSP302 1.0 0.6 0.5 9.3 6.4 1.2 3.5 4.3 4.6 0.7

Average ---> 1.6 0.8 0.8 9.4 7.3

3-Methylpentane Isooctane Butane 2-Methyl-l- Heptane I-Pentene 2-Methyl-2-butene
pentene

Date Time File Name ppm 11 ppm 11 ppm 11 ppm 11 ppm 11 ppm 11 ppm 11
8fl.l/97 8:17 INLUN401 0.7 0.6 2.6 1.6 6.7 0.1 4.8 0.8

8:28 INLSP402 0.5 0.5 8.8 1.1 4.7 0.1 4.1 0.7
Run 4 8:34 INLSP403 0.6 0.6 10.1 1.2 4.6 0.1 4.7 0.8

11:06 INLUN404 1.0 0.9 4.1 8.3 0.7 5.9 7.1 5.2 1.1
11:13 18210046 1.1 0.9 0.8 3.7 6.1 1.7 5.3 6.5 5.2 1.0
11:15 18210047 1.1 0.9 0.8 3.7 6.2 1.7 5.2 6.4 5.3 1.0
11:17 18210048 1.1 0.9 0.8 3.6 6.3 1.7 5.2 6.3 5.3 1.0
11:19 18210049 1.1 0.9 0.8 3.7 6.9 1.7 5.2 6.4 6.1 1.0
11:21 18210050 1.2 0.9 0.8 3.9 7.6 1.8 5.4 6.5 6.9 1.0
11:23 18210051 1.0 0.8 4.1 12.1 0.7 5.5 6.7 8.3 1.1
11:25 18210052 2.8 0.5 0.3 14.9 3.6 8.9 0.5 8.9 1.6 1.5
11:28 18210053 2.8 0.6 0.3 15.2 5.5 9.6 0.5 10.8 1.7 1.4
11:30 18210054 2.8 0.6 0.3 15.0 5.4 9.6 0.5 10.7 1.7 1.4
11:32 18210055 2.8 0.5 0.3 5.8 3.6 9.7 0.5 9.9 1.6 1.4

Average ---> 0.4 0.2 4.1 4.3 3.1 3.3
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TABLE B-4. FfIR RESULTS IN DRY SAMPLES FROM THE PLANT A BAGHOUSE OUTLET

Toluene Hexane Ethylene SF6 Methane S02 CO Fonnaldehyde
Date Time File Name ppm t::.. ppm t::.. ppm t::.. ppm t::.. ppm t::.. ppm t::.. ppm t::.. ppm t::..

8/20/97 14:05 18200109 2.6 12.3 8.8 0.6 0.014 7.0 1.1 51.0 2.6 270.5 28.7 2.9 0.9
14:08 18200110 2.5 3.7 0.2 8.8 0.6 0.014 7.0 1.0 49.6 2.6 247.9 27.0 2.7 0.9

RW13 14:10 18200111 2.4 11.4 10.1 0.6 0.013 6.9 1.0 43.2 2.4 236.8 24.7 2.9 0.9
14:12 18200112 6.6 1.9 11.2 12.8 0.6 0.013 8.5 1.0 39.3 2.5 296.8 27.6 5.1 1.0
14:14 18200113 2.6 12.3 12.1 0.6 0.014 9.5 1.1 48.1 2.7 372.4 32.8 3.9 1.0
14:16 18200114 2.6 12.5 11.4 0.6 0.014 8.0 1.1 47.8 2.6 281.0 28.4 3.0 1.0
14:18 18200115 2.6 12.5 10.4 0.6 0.014 7.6 1.1 48.6 2.6 276.5 28.5 3.0 1.0
14:20 18200116 2.6 12.5 10.9 0.6 0.014 7.7 1.1 48.0 2.6 266.2 27.8 3.0 1.0
14:22 18200117 2.6 12.5 10.8 0.6 0.014 7.5 1.1 47.8 2.7 266.4 27.9 4.0 1.0
14:25 18200118 2.6 12.3 11.2 0.6 0.014 7.4 1.1 46.5 2.6 255.0 27.0 4.0 1.0

16:25 18200174 3.1 5.4 0.2 12.0 0.7 0.016 8.5 1.2 49.1 2.9 295.6 30.6 5.1 1.2
16:27 18200175 2.7 5.5 0.2 12.0 0.6 0.015 8.2 1.1 52.9 2.7 281.9 29.2 4.2 1.0
16:29 18200176 2.6 12.7 10.9 0.6 0.014 7.0 1.1 55.6 2.7 265.8 28.4 5.1 1.0
16:32 18200177 2.6 5.0 0.2 10.1 0.6 0.015 9.3 1.1 58.5 2.7 378.9 33.8 3.9 1.0
16:34 18200178 2.7 4.5 0.2 9.5 0.6 0.015 11.8 1.1 65.3 2.8 514.9 40.6 3.9 1.0
16:36 18200179 2.7 5.0 0.2 10.5 0.6 0.015 9.1 1.1 60.3 2.7 366.2 33.1 3.7 1.0
16:38 18200180 2.6 5.0 0.2 10.4 0.6 0.014 7.9 1.0 56.3 2.7 296.5 29.6 3.6 1.0
16:40 18200181 2.6 4.9 0.2 10.2 0.6 0.014 7.4 1.0 54.2 2.6 264.1 28.1 3.5 1.0
16:42 18200182 2.6 5.1 0.2 10.6 0.6 0.014 7.6 1.0 52.7 2.7 252.6 27.7 3.5 1.0
16:44 18200183 2.6 5.2 0.2 10.7 0.6 0.014 7.5 1.0 51.8 2.7 251.1 27.6 3.5 1.0
16:46 18200184 2.6 5.1 0.2 10.4 0.6 0.014 7.7 1.0 53.7 2.7 275.5 28.9 3.6 1.0
16:49 18200185 2.7 4.7 0.2 9.8 0.6 0.015 8.3 1.1 59.3 2.8 336.0 32.3 3.7 1.0
16:51 18200186 2.7 4.8 0.2 10.1 0.6 0.015 7.9 1.1 60.1 2.8 291.3 30.2 3.7 1.0
16:53 18200187 2.7 4.7 0.2 9.9 0.6 0.015 8.0 1.1 60.6 2.8 301.3 30.9 3.7 1.0

17:05 OUTSP304 31.8 1.8 11.1 5.9 0.6 0.614 0.012 5.9 1.0 34.2 2.2 230.2 22.4 4.2 1.0
17:16 OUTSP305 34.3 1.7 9.6 10.3 0.5 0.605 0.011 6.4 0.9 23.3 2.1 230.7 20.4 4.3 0.9
17:23 OUTSP306 33.8 1.7 9.4 9.4 0.5 0.602 0.011 6.1 0.9 19.9 2.0 219.3 19.3 4.2 0.9

Average ---> 0.3 2.5 11.0 8.3 51.5 307.0 4.1



TABLE B-4. Continued. Dry Outlet Samle Results

Toluene Hexane Ethylene SF6 Methane Sulfur Dioxide Carbon MonoxideFonnaldehyde
Date Time File Name ppm !J. ppm !J. ppm !J. ppm !J. ppm !J. ppm !J. ppm !J. ppm !J.

8/21/97 7:39 OUTUN402 7.5 1.6 10.0 10.5 0.5 0.012 7.3 0.9 38.4 2.3 202.1 25.7 4.6 0.9
7:54 OUTSP403 32.8 1.2 7.8 10.5 0.5 0.589 0.010 6.6 0.7 23.5 1.8 205.0 22.1 1.2 0.6

RWl4 8:02 OUTSP404 33.1 1.3 7.9 10.8 0.5 0.588 0.010 6.9 0.7 24.3 1.8 211.9 22.3 1.6 0.7
8:09 OUTSP405 34.0 1.4 8.4 12.3 0.5 0.590 0.011 7.4 0.7 30.8 1.9 222.1 23.8 1.9 0.7

10:28 OUTUN406 2.6 12.3 12.6 0.6 0.014 7.5 1.1 25.2 2.5 242.3 26.8 3.3 1.0
10:32 18210032 10.9 2.2 13.4 30.7 0.8 0.025 0.017 14.6 1.1 26.2 3.1 367.8 34.7 4.4 1.2

10:35 18210033 19.6 2.6 13.7 27.8 0.8 0.025 0.017 14.1 1.4 33.6 3.0 353.4 34.2 6.3 1.4

10:37 18210034 16.0 2.4 13.5 24.9 0.8 0.023 0.016 13.0 1.3 34.8 2.9 337.2 33.2 7.0 1.3

8/21/97 10:40 18210035 15.1 2.4 13.4 23.8 0.7 0.022 0.016 12.5 1.2 34.5 2.9 330.2 32.7 6.8 1.3
10:42 18210036 15.0 2.3 13.2 23.6 0.7 0.022 0.016 12.3 1.2 33.7 2.9 329.9 32.5 6.9 1.3

RWl4 10:44 18210037 15.3 2.4 13.3 23.8 0.7 0.021 0.016 12.4 1.2 33.3 2.9 331.1 32.6 6.9 1.3
10:46 18210038 16.2 2.4 13.5 24.7 0.8 0.023 0.016 12.8 1.3 32.5 2.9 338.2 33.1 7.1 1.3

10:48 18210039 16.6 2.5 13.7 25.9 0.8 0.023 0.017 13.3 1.3 32.9 3.0 345.5 33.6 7.1 1.3

10:50 18210040 16.9 2.5 13.7 26.2 0.8 0.024 0.017 13.3 1.3 33.9 3.0 347.5 33.6 7.2 1.3

10:52 18210041 10.3 2.4 13.5 20.3 0.7 0.020 0.016 10.0 1.3 36.2 2.9 305.8 31.3 6.4 1.3

10:54 18210042 2.8 13.4 15.0 0.7 0.018 0.015 8.1 1.2 36.9 2.7 266.4 29.3 4.2 1.2

10:57 18210043 2.8 13.4 13.3 0.6 0.015 7.5 1.2 37.9 2.7 249.4 28.4 4.0 l.l

10:59 18210044 2.7 13.2 11.7 0.6 0.014 6.9 1.2 32.5 2.6 228.9 26.4 3.7 l.l

Average ---> 12.4 21.2 11.4 35.1 320.3 5.3
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TABLE B-4. Continued. Dry Outlet Sample Results, Additional Hydrocarbon Compounds.

3-Methylpentane Isooctane Butane 2-Methyl-l- Heptane I-Pentene 2-Methyl-2-
pentene butene

Date Time File Name ppm ~ ppm ~ ppm ~ ppm ~ ppm ~ ppm ~ ppm ~

8/20/97 14:05 18200109 2.6 0.8 3.0 5.5 0.6 5.2 6.3 2.1 0.9
14:08 18200110 2.5 0.8 2.9 1.8 5.1 6.1 0.9

Run 3 14:10 18200111 2.4 0.7 2.8 6.6 0.6 4.8 5.9 2.6 0.8

14:12 18200112 2.3 0.7 3.0 8.2 0.6 4.8 5.8 3.6 0.9

14:14 18200113 2.6 0.8 3.3 6.9 0.6 5.2 6.4 3.8 0.9

14:16 18200114 2.6 0.8 3.1 7.0 0.6 5.3 6.5 3.0 0.9

14:18 18200115 2.6 0.8 3.1 6.6 0.6 5.3 6.4 2.6 0.9

14:20 18200116 2.6 0.8 3.1 6.9 0.6 5.3 6.5 2.8 0.9

14:22 18200117 2.6 0.8 3.3 6.7 0.6 5.4 6.5 4.0 1.0

14:25 18200118 2.6 0.8 3.3 6.7 0.6 5.3 6.4 3.9 0.9

16:25 18200174 1.1 1.0 4.1 2.6 6.3 7.7 1.3

16:27 18200175 1.0 0.8 3.6 2.3 5.5 6.7 1.1

16:29 18200176 0.9 0.8 3.7 7.0 0.7 5.4 6.6 4.3 1.0

16:32 18200177 0.9 0.8 3.5 2.3 5.4 6.6 1.1

16:34 18200178 1.0 0.9 3.6 2.3 5.6 6.8 1.1

16:36 18200179 0.9 0.8 3.6 2.3 5.5 6.6 1.1

16:38 18200180 0.9 0.8 3.5 2.2 5.3 6.5 1.1

16:40 18200181 0.9 0.8 3.4 2.2 5.3 6.4 1.1

16:42 18200182 0.9 0.8 3.5 2.2 5.3 6.4 1.1

16:44 18200183 0.9 0.8 3.5 2.2 5.3 6.5 1.1

16:46 18200184 0.9 0.8 3.5 2.2 5.4 6.5 l.l

16:49 18200185 1.0 0.8 3.6 2.3 5.5 6.7 l.l

16:51 18200186 1.0 0.8 3.6 2.3 5.6 6.7 l.l

16:53 18200187 1.0 0.9 3.7 2.3 5.6 6.8 l.l

17:05 OUTSP304 0.8 0.7 3.2 4.4 0.6 4.7 5.7 2.3 0.9
17:16 OUTSP30S 0.9 0.7 0.6 10.8 5.7 1.3 4.1 5.0 3.7 0.8
17:23 OUTSP306 0.9 0.7 0.6 10.5 5.3 1.3 4.0 4.9 3.7 0.8

Avera2e ---> 0.1 3.5 1.8



TABLE B-4. Continued. Dry Outlet Sample Results, Additional Hydrocarbon Compounds.

3-Methylpentane Isooctane Butane 2-Methyl-l- Heptane I-Pentene 2-Methyl-2-
pentene butene

Date Time File Name ppm !:J. ppm !:J. ppm !:J. ppm !:J. ppm !:J. ppm !:J. ppm !:J.

8/21/97 7:39 OUTUN402 2.1 0.7 11.1 8.0 0.3 4.2 5.2 2.9
7:54 OUTSP403 0.9 0.6 0.5 8.8 4.7 1.1 3.3 4.1 2.0 0.6

Run 4 8:02 OUTSP404 0.5 0.5 8.8 1.7 0.6 3.5 0.3 4.1 0.7
8:09 OUTSP40S 0.6 0.5 9.4 1.4 0.7 4.5 0.3 4.4 0.7

10:28 OlITUN406 2.6 0.8 3.3 8.1 0.6 5.3 6.4 4.9 1.0
10:32 18210032 2.8 0.5 0.3 15.0 5.4 7.4 0.5 8.9 1.6 3.9

10:35 18210033 2.9 0.5 33.7 0.8 5.5 5.8 7.1 4.0

10:37 18210034 2.8 0.9 5.9 3.8 14.9 2.3 5.8 7.0 3.9

10:40 18210035 2.8 0.9 5.6 3.8 14.2 2.2 5.7 6.9 3.9

10:42 18210036 2.7 0.9 5.7 3.7 14.2 2.2 5.6 6.8 3.8

10:44 18210037 2.8 0.9 5.6 3.8 14.7 2.2 5.7 6.9 3.9

10:46 18210038 2.8 0.9 5.9 3.9 15.4 2.3 5.8 7.0 3.9

10:48 18210039 2.9 0.9 6.0 3.9 15.7 2.3 5.9 7.1 4.0

10:50 18210040 2.9 0.9 6.1 3.9 16.0 2.3 5.8 7.1 4.0

10:52 18210041 2.8 0.9 3.9 13.4 0.8 5.8 7.0 6.6 l.l

10:54 18210042 2.8 0.9 3.7 10.2 0.7 5.7 6.9 6.6 1.1

10:57 18210043 2.8 0.9 3.7 9.3 0.7 5.7 6.9 6.2 1.1

10:59 18210044 1.0 0.9 4.0 9.0 0.7 5.6 6.8 6.0 1.1

Average ---> .01 0.3 4.4 9.9 1.2 0.5 2.0
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The graphs on the following pages show concentration-versus-time plots of the FfIR results
presented in Tables B-1 to B-4. Each graph presents results from a single Test Run and for a
single analyte. Run 1 occurred on 8/19/97, Runs 2 and 3 on 8/20/97 and Run 4 occured on
8/21/97. The run times are indicated on each graph.

Each result is plotted as a graphical symbol and the results are connected by a solid line. Four
different symbols represent the wet and dry inlet results and the wet and dry outlet results. The
connecting lines are broken whenever there was a switch between test locations or type of sample
treatment (i.e., wet or dry sample). Taken together, the semi-continuous results on each graph
show the emission pattern for each analyte for that Run.

The samples spiked with toluene gas standard are indicated on the graph. The spiked results were
not included in the toluene run averages, because an unspiked toluene concentration was not
detected in the spiked samples.
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 1 8/19/97
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 2 8/20/97
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 3 8/20/97
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 4 8/21/97
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 1 8/19/97
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 2 8/20/97
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 3 8/20/97

--+- Hexane inlet
--- Hexane (dry) inlet

--e- Hexane outlet
--- Hexane (dry) outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 4 8/21/97

-
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 1 8/19/97

-+- Ethylene inlet -;:r- Ethylene outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 2 8/20/97

I ~ Ethylene inlet -e- Ethylene outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 3 8/20/97

--+- Ethylene inlet -B- Ethylene outlet
-&- Ethylene (dry) inlet --- Ethylene (dry) outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 4 8/21/97

--+- Ethylene inlet
-e- Ethylene (dry) inlet

-e- Ethylene outlet
__�E__ Ethylene (dry) outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 1 8/19/97

-+- Methane inlet -e-- Methane outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 2 8/20/97

-+- Methane inlet --e- Methane outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 3 8/20/97

-+- Methane inlet
~Methane (dry) inlet

--e- Methane outlet
---- Methane (dry) outlet

30 ~--------------------------------------...

5

25

f.J\..
20 ~

to :s 15I
~+:0-

w ~

10

17:3016:3015:3014:30

0-.....--------,....---------.,.--------..,...--------.,....---...
13:30

Time



-

Baghouse Inlet and Outlet Concentrations vs. Time.
Run 4 8/21/97

-+- Methane inlet
--&- Methane (dry) inlet

-e-- Methane outlet
-+- Methane (dry) outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 1 8/19/97

-+- S02 inlet -e- S02 outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 2 8/20/97

G02 inlet --e- S02 outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 3 8/20/97

~S02 inlet --a-- S02 outlet
--&- S02 (dry) inlet --- S02 (dry) outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 4 8/21/97

--+- S02 inlet
--e- S02 (dry) inlet

--e- S02 outlet
--- S02 (dry) outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 1 8/19/97

L -+- CO inlet -e-- CO outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 2 8/20/97

--+- CO inlet -a- CO outlet

2000

1600

tp ~ 1200
U\ ~
o ~

800

400

12:3011 :3010:309:308:30

0 ......------.,....------..,.-------..,.-------..,.-------.,....--.....
7:30

Time



Baghouse Inlet and Outlet Concentrations vs. Time.
Run 3 8/20/97

-+-CO inlet
-&- CO (dry) inlet

-a-- CO outlet
---- CO (dry) outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 4 8/21/97

I -+- CO inlet
l__--e-- CO (dry) inlet

-e- CO outlet
---- CO (dry) outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 1 8/19/97

-+- Formaldehyde inlet -e- Formaldehyde outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 2 8/20/97

--+- Formaldehyde inlet -e-- Formaldehyde outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 3 8/20/97

-+- Formaldehyde inlet
--&- Formaldehyde (dry) inlet

-e- Formaldehyde outlet
--- Formaldehyde (dry) outlet
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Baghouse Inlet and Outlet Concentrations vs. Time.
Run 4 8/21/97

--+- Formaldehyde inlet
-e-- Formaldehyde (dry) inlet

-e- Formaldehyde outlet
---- Formaldehyde (dry) outlet
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TABLE B-5. PLANT A "METHOD DETECTION LIMIT" ESTIMATES

MDL 2

tompound SUI (ppm)

Acetaldehyde 0.13 0.38

~enzene 0.14 0.41

tarbonyl Sulfide 0.00 0.01

Methylchloride 0.37 1.12

lMethylchlorofonn 0.04 0.13

1,1-dichloroethane 0.04 0.11

Iroluene 0.33 0.98

1,3-butadiene 0.18 0.53

!Methanol 0.05 0.14

tumene 0.11 0.32

~thylbenzene 0.31 0.93

lIexane 0.05 0.16

Methylene chloride 0.10 0.30

J>ropionaldehyde 0.04 0.13

Styrene 0.23 0.69

1,1,2,2-
0.02 0.06

Iretrachloroethane

p-Xylene 0.18 0.55

p-Xylene 0.15 0.44

m-Xylene 0.37 1.12

~,2,4-Trimethylpentane 0.02 0.02

Ponnaldehyde 0.15 0.46

I SU ="Statistical Uncertainty" From Proposed ASTM FTIR Method
2 The "Method Detection Limit" from ASTM FTIR method.

Table B-5 contains results from the "Method Detection Limit" calculation procedure suggested
in the September, 1998 version of an FfIR method proposed by the American Society of Testing
and Materials (ASTM).

The procedure, briefly, (1) prepares at least 7 spectra with zero analyte concentrations, but with
interference absorbance equivalent to the sample spectra, (2) runs the analytical program on these
spectra, (3) calculates the standard deviation ("statistical uncertainty," SU) in the results, and (4)
multiplies the SU results by 3 to give the "Method Detection Limit" (MDL)
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The spectra in step 1 were prepared in the laboratory as recommended. Seven independent
spectra of water vapor (approximately 20 percent), at 124°C, and 753 torr, were measured in a
heated cell at a path length of 10 meters. Seven independent spectra of carbon dioxide (C02, 20
percent) were also measured using the same instrument conditions. Seven interference spectra
were generated by combining pairs of water vapor and CO2 spectra. The CO2 concentrations in
the interference spectra were higher than in the sample spectra. The interference spectra moisture
concentrations were higher than or equivalent to the sample spectra moisture concentrations.

The laboratory moisture and CO2 spectra were measured at 1.0 cm- I
• The spectra were then

deresolved to 2.0 cm- I to match the sampling resolution used at the Plant A test. The deresolution
procedure followed Appendix K of the EPA FTIR Protocol and involved truncating and Fourier
processing the original interferograms.

In step 2 the interference spectra were analyzed using the computer program that was used in the
sample analyses. The computer program used reference spectra of moisture and CO2 that were
measured in the laboratory independently of the interference moisture and CO2 spectra.

The analytical program calculated concentration results for the target analytes in Table B-5. The
concentrations were all near zero and the estimated MDL values were determined from the
precision of the concentration results for each analyte. The sample results in Tables B-1 to B-4
were prepared using the same computer program, but the program was constrained to measure
only the detected analytes.

The calculation of the "SU" value for a single analyte is given in equation B-1.

su =
1 (n-1)

-- L (Ci - CM )2
(n-l) i=l

(B-1)

where;
SU =
N =
C· =1

CM =
n =

The "Statistical Uncertainty."
The number of spectra analyzed.
The concentration result from the ith spectrum In this procedure the
absolute value of the results was used in equation B-1.
The average of the concentration results for all of the spectra.
The number of measurements. In this case n = 14.

The values "MDL" reported in Table B-5 are equivalent to 3 * SU for each of the target analytes..
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B-2 FITR FIELD DATA RECORDS
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PROJEC 4701-88-82

FTIR FIELD DATA FORM
(Background and calibration spectra.) BAROMETRIC: _

-

PLANT: A DATE: 8/19/97 OPERATOR:

to
I
0\-

SAMPLE FILE NUMBER RES CELL

TIME NAME PATII SCANS (em-I) TEMP(F) PRESSURE BKG APOD NOTES

7:20 BK60819A 20 passes N2 flowiil~, Back~round 2 Ipm 500 2 130C 759.2 NB/med

7:30 CTS0819A 20 passes Ethylene 20 ppm 250 2 130C 762 A NB/med
7:38 1530819A 20 passes Toluene 121 ppm 250 2 130C 762 A NB/med

SF60819A SF64 ppm 250 2 130C 762 A NB/med
8:30 spike 001 spike flow direct to cell-SF6 O.99lpm, 250 2 130C 762 A NB/med

Toluene 0.98 Ipm
10:10 Gulick sending propane to outlet spike
10:15 Propane spike otT
11:09 BKG0819 20 passes flowin~ N2 throu~h cell 500 2 130C 763 torr NB/med
14:47 spike direct to cell SF6 1.05 lpm, Toluene 0.991pm B
15:00 Spike 002 spike direct to cell SF6 1.04lpm, Toluene 0.991pm
15:17 CTS0819C 20 ppm ethvlene 760.5 B



PROJEC 4701-08-02

FTIR FIELD DATA FORM
(Background and callbratlon spectra.) BAROMETRIC: _

PLANT: A DATE: 8120/97 OPERATOR: T. Geyer

SAMPLE FILE NUMBER RES CELL

TIME NAME PATH SCANS (~1) TEMP(F) PRESSURE BKG APOD NOTES

Good leak checks at inlet and outlet

Good leak check cell & jumper line

7:00 BKG0820A 20 passes N2 flowing through cell 500 2 130C 756.8 NB/med
7:10 . CTS0820A 20 passes 20 ppm ethylene through cell 250 2 130C 756.4 A NB/med
7:35 BKG0820B 20 passes N2 through cell - getting a large ice band 250 2 130C 756.4 A NB/med

Dectector holding aprox. 8 hrs
13:20 BKG0820C 20 passes N2 through cell 500 2 130C 758.4 NB/med
17:54 Spike 301 spike to cell- SF=1.90 Ipm, Tol=1.95 Ipm 250 2 130C 751.2 C
18:05 CTS0820B 20 ppm ethylene to cell 250 2 130C 757.3 C NB/med



PROJECT NO. 4701-08-02

FTIR FIELD DATA FORM
(Background and calibration spectra.) BAROMETRIC: _

-

PLANT: DATE: 8/21/97 OPERATOR: T. Geyer

SAMPLE FILE NUMBER RES CELL

TIME NAME PATH SCANS (a.l) TEMP(F) PRESSURE BKG APOD NOTES

7:15 BKG0821A 20 passes N2 flowing through cell 500 2 l30C 752.3 NB/med
7:25 CTS0821A 20 passes 20 ppm Ethylene through cell 250 2 l30C 752.3 A NB/med

8:42 - 8:47 Spike 401 Spike direct to cell- SF6 = 1.961pm, Toluene = 1.9 250 2 l30C 752.3 A NB/med
8:57 BKG0821B 20 passes N2 flowing through cell 500 2 l30C NB/med

All times are approximately 5 minutes fast compared to THC, FTIR computer & manual sampling times

9:07 N2CON401 N2 through the condenser 250 2 l30C B NB/med
12:16 ICE00401 20 passes N2 through cell to measure ice band 250 2 l30C 754.4 C NB/med
12:22 BKG0821C 20 passes N2 through cell 500 2 l30C 754.3 NB/med
12:28 CTS0821B 20 passes 20 ppm ethylene through cell 250 2 l30C 754.3 C NB/med
12:43 N2CON402 Nitrogen through the condenser flowing @ 5 Ipm 250 2 130 C • 755.8 C NB/med



PROJECT NO. 4701-08-02

PLANT:

FTIR FIELD DATA FORM
(FTIR Sampling Data)

DATE:

BAROMETRIC:

OPERATOR: T. Geyer

-

SAMPLE FILE NUMBER RES CELL SPIKEDI SAMPLE SAMPLE

TIME NAME PAUl SCANS (em-I) TEMP(F) UNSPIKED CONDo FLOW BKG

7:45 WINAMBOI 20 passes Ambient air throuRh inlet sample line 2 130 U 21pm A
7:58 WOUAMBOI 20 passes Ambient sample from outlet 130 U 21pm A

. 8:00 OUTSPOOI Spike w/toluene & SF6, SF6 flow = 0.99, toluene flow = 0.99 130 S
8:10 OUTSPI02 Spike w/toluene & SF6, SF6 flow = 0.99, toluene flow = 0.99 130 S
8:17 OUTSP103 Spike w/toluene & SF6, SF6 flow = 0.99, toluene flow = 0.99
8:25 Took out Rlass wool PIUR at inlet to Ret better flow

Spike to inlet, SF6 = 1.06Ipm, Toluene flow = 0.98Ipm,
Particulate is restricting and changinR inlet flow.

8:37 INLSP101 SF6 flow became erratic around end ofscan
8:43 INLSPI02 SF6 flow = 0.99Ipm, toluene flow = 0.981pm 130 S 31pm A

INLSPI03 SF6 flow = 0.99Ipm, toluene flow = 0.981pm 130 S 31pm A
9:02 Start sampling at inlet 41pm
9:05 18190001 First spectrum collected at inlet.
9:10 Started manual run.
9:12 21pm
9:17 18190007 Last spectrum at inlet

Switched to outlet sample.
9:22 18190009 First outlet spectrum 71pm

9:19 Manual run restarted
9:50 Putting tip in inlet probe so probe can be pointed away from flow to relieve clogging.
10:27 18190038 Last outlet spectrum
10:28 Switched to inlet sample

18190040 20 passes first good inlet spectrum 250 2 130 U 41pm A
Using elbow on end of probe oriented with the flow
Flow is still dropping at the inlet.

10:45 18190046 Last Rood inlet spectrum

11:16 Started filling with inlet



PROJECf NO. 4701-OS-62

PLANT:

FTIR FIELD DATA FORM
(FTJR Sampling Data)

DATE:

BAROMETRIC:

OPERATOR: T. Geyer

-

SAMPLE FILE NUMBER RES CELL SPIKEDI SAMPLE SAMPLE

TIME NAME PATH SCANS (em-I) TEMP(F) UNSPIKED CONDo FLOW BKG

11:20 18190047 20 passes Started data collect 250 2 130C U 4.51pm B
12:02 18190067 Last good inlet sample. Flow is holding steady.
12:06 Started filling with outlet sample
12:10 18190070 First good outlet spectrum

12:46 18190047 Last good outlet spectrum 250 2 130C U 4.51pm B

12:49 Started filling with inlet sample

12:53 18190090 First good inlet spectrum 250 2 130C U 4.51pm B

13:21 18190103 Last good inlet spectrum 250 2 130C U 4.5 lpm good flow B
13:23 Switched to outlet
13:25 1819106 First good outlet sample 250 2 130C U 5lpm B

13:54 1819117 Last good spectrum at outlet 250 2 130C U 5lpm B
13:56 Started· fill at inlet

13:58 1819120 First good outlet spectrum 5lpm B
14:16 Spike on to inlet SF6 at 1.061pm, Toluene at 1.00 lpm.

18190128 Last good unspiked inlet sample

14:20 lNLSP104 Spiked batch sample - inlet 250 2 130 S 51pm B
14:25-14:30 lNLSPI05 Spiked batch sample - inlet 250 2 130 S 5lpm B

14:32 Spike to outlet
14:36-14:40 OUTSPI04 Spike to outlet location, SF6 at 1.04 Ipm. 250 2 130 S 5lpm B

Toluene at 0.98Ipm.
14:42-14:45 OUTSP105

1443 SF6 = 1.04 lpm, Toluene = 0.99 Ipm

15:10 CTS0819B <20 ppm Ethylene direct to cell> 2 130 U 2lpm B
'l:ontaminated with propane

15:18 CTS0819C

15:15 Good leak check outlet, inlet ~2 Ipm leak under vacuum.



PROJECT NO. 4701-08-02

PLANT:

FTIR FIELD DATA FORM
(FTIR Sampling Data)

DATE:

BAROMETRIC:

OPERATOR: T. Geyer

,.-

SAMPLE FILE' NUMBER RES CELL SPIKEDI SAMPLE SAMPLE

TIME NAME PAm SCANS (c.-I) TEMP(F) UNSPIKED CONDo FLOW BKG

7:45 Spike to outlet SF6 = 1.95 lpm, toluene = 2.0Jlpm

7:49-7:54 OlITSP201 Spike to outlet sample 250 2 J30C S B
7:55-8:00 OlITSP202 Spike to outlet sample 250 2 J30C S

8:02 OlITSP203 Spike to outlet sample 250 2 J30C S
inlet spike valve was also on spike during above samples

8:08-8:12 INLSP201 spike to inlet 250 2 J30C S SF6 = 1.961pm, toluene = 1.991pm
8:13-8:17 INLSP202 spike to inlet 250 2 J30C S SF6 = 1.961pm, toluene = 1.991pm
8:18-8:23 INLSP203 spike to inlet 250 2 J30C S SF6 = 1.96 lpm, toluene = 1.99 lpm

8:28 Spike201 Spike direct to cell SF6 = 1.85 lpm, toluene = 1.96 lpm
8:22 Manual runs started
8:32 Start sampling at inlet
8:37 18200001 20 passes first spectrum 250 2 J30C U 5 lpm through cell B
9:12 18200006 Last good inlet spectrum

Started outlet sample
9:20 18200019 first good outlet sample 250 2 J30C U 4lpm B
9:37 Noticed that process conveyor had stopped. But all sampling continues.

Received report that process is warming
9:45 Conveyor moving again

18200034 last good outlet spectrum
9:54 Started inlet sample to cell

18200037 20 passes first good inlet spectrum 250 2 J30C U 5lpm B
10:36 18200055 Last good inlet sample
10:38 started outlet sample to cell
10:42 18200058 20 passes first good sample outlet 250 2 J30C U 51pm B
11: 14 18200073 last good outlet sample 250 2 J30C U 51pm B
11:19 Started inlet sample to cell
11 :30 18200074 first good inlet spectrum 250 2 J30C U 4.51pm B
12:04 18200089 Last good inlet spectrum
12:06 Started outlet sample to cell
12:09 18200092 First good outlet spectrum 250 2 J30C U 4.51pm B
12:45 182000108 end of Run #2, last good outlet sample
13:44 OlYI1JN301 HIW from outlet 250 2 J30C U 5lpm C

13:49-13:53 OlYI1JN302 Condensor sample/ outlet 250 2 130C U Cond 4.51pm C



PROJECT NO. 4701-08-02

PLANT:

FTIR FIELD DATA FORM
(FTlR Sampling Data)

DATE:

BAROMETRIC:

OPERATOR: T. Geyer

-

SAMPLE FILE NUMBER RES CELL SPIKEDI SAMPLE SAMPLE

TIME NAME PAm SCANS (c.-I) TEMP(F) UNSPIKED CONDo FWW BKG

14:05 OlITUN303 Condenser same sample after flow through @ 5 Ipm through cell Cond 755.3 torr C
14:08 Start continuous collection at outlet Cond 51pm C

18200109 First good outlet condenser sample Cond
14:30 18200118 Last good outlet condenser sample 250 2 130C U Cond 5lpm C
14:36 18200121 first good inlet sample 250 2 130C U Cond 41pm C
15:06 18200137 final outlet sample 250 Cond 41pm
15:19 18200140 first good outlet sample 250 2 U WW 4.51pm C
15:19 18200140 20 passes Outlet first sample 250 2 130C U WW· 5lpm C
15:50 18200154 Last outlet sample WW
15:52 Started filling with inlet WW
15:54 18200157 first inlet sample 250 2 130C U WW 5lpm C
15:23 18200170 last inlet sample
15:28 18200174 first outlet sample 250 2 130 C U Cond 5lpm
15:58 18200187 last outlet sample 250 2 130C U Cond 51pm
17:01 Started spike to outlet SF6 flow = 1.99, toluene = 1.951pm

17:08-17: 11 OlTfSP304 Spiked outlet through condenser 250 2 130C Cond 51pm C
SF6 flow = 1.95, toluene = 1.93 Ipm

17:20 OlTfSP305 Spike spectrum to outlet after spike flow Cond
17:26 OlTfSP306 Cond
17:29 Spike on to inlet

17:36-17:39 INLSP301 Spike to inlet 250 2 130C S Cond SF6 = 2.00, toluene = 1.931pm
17:44 INLSP302 Spike to inlet through condenser 250 2 130C S Cond SF6 = 2.00, toluene = 1.931pm C

End of run #3



PROJECT NO. 4701-08-02

PlANT:

FTIR FIELD DATA FORM
(FTIR Sampling Data)

DATE:

BAROMETRIC:

OPERATOR: T. Geyer

to
I

0\
00

SAMPLE FILE NUMBER RES CELL SPIKEDI SAMPLE SAMPLE

TIME NAME PAm SCANS (cm-l) TEMP(F) UNSPIKED CONDo FLOW BKG

7:32-7:36 OlJfUN401 20 passes Outlet 250 2 130C U HIW 51pm A
7:41 OlJfUN402 Outlet - Condenser 250 2 130C U Cond 51pm A
7:40 Manual run start
7:50 Spike on to outlet

7:55 - 8:00 OUTSP403 Spiked outlet sample 250 2 130C S Cond F6 = 1.96, toluene = 1.981pm (5 Ip A
8:02.- 8:03 OUTSP404 Spiked outlet sample 250 2 130C S Cond SF6 = 1.95, toluene = 1.97 Ipm
8:10-8:15 OUTSP405 Spiked outlet sample 250 2 130C S Cond SF6 = 1.95, toluene = 1.97 Ipm

All times are approximately 5 minutes fast relative to the other times (eg. computer,THC,manual)
8:15 Spike off to outlet

8:17 - 8:22 INLUN401 Unspiked inlet condenser 250 2 130C U Cond 51pm A
8:24 Spike on to inlet

8:29 - 8:34 INLSP402 Spiked inlet sample 250 2 130C S Cond SF6 = 1.96, toluene = 1.97
8:36 INLSP403 Spiked inlet sample 250 2 130C S Cond SF6 = 1.96, toluene = 1.97

Ethylene is present in samples so will spike with ethylene @ REA
8:42 Spike off to inlet
9:10 Start sample from outlet HIW
9:14 18210001 20 passes first outlet sample 250 2 130C U HIW 51pm B
9:45 18210014 last outlet sample 250 2 130C U HIW 51pm B
9:47 Started to fill with inlet sample
9:52 18210016 first full inlet sample
10:22 18210031 last inlet sample

10:30 - 10:35 OlJfUN406 Started outlet to cell 250 2 130C U Cond 51pm B
10:33 182100032 first automated outlet spectrum 250 2 130C U Cond 51pm B
11:02 18210044 Last condenser sample outlet 250 2 130C U Cond 51pm B

11 :02 - 11 :06 INLUN404 Inlet sample 250 2 130C U Cond 4.51pm B
11:14 18210046 Start automated inlet sample 250 2 130C U Cond 4.51pm B
11 :39 18210055 last inlet sample 250 2 130C U Cond 4.51pm B
11 :40 18210058 Started fill with outlet, 250 2 130C U HIW 51pm B

first full outlet sample
12:02 18210066 End of run
12:16 ICE00401 N2 in cell to measure ice band 250
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Data Shect FTIR Samplcs: EPA Work Assignmcl1l4-

ftl.-"r' 1

Date Sample time File name Palh Location/Notes Mscans Res (em-t. Cell Temp (F) SpklUnsp Sample Condo Sample Flow BKG

~1 '1.1 lei 1 1~t"l IJfPO U'fupc ito' '20(. () c.a let a'o It,o J ~&J Co ~J JJ!'U 5.-e~ a
, I . I ,

'1'11'" D u..-r,,&1 1103- .udltLt -~Acu.4t..t"" ., '3.0 I !Jo t: L... ~~AI /" ,IJ

'"7"0 /lL( t'M.ILJ I(~ ~ttur,
( .

" ...
7~D I " :' <::.n.L QtA. ~ oe111J eF;- I, 'tl. .Y. fL

I " ~ - .
"QO

A
7.>~ /.1'f ,Rp"--,

d:-r-~~ __O_~~O~ GA.'v...., n -~~+S~ I 11)0 ~.O I • :x:> c.. 51) 1'.-..,12 c1~ -A---
~. -e..l'A,C·

. t . ,.. ,
~ ~-_. --a.~l~ffo-&L-- ---- r ( s€" - .I.'>-. ----, --- --- ---- _.. -

_"J ~ , .01)-....
~ to" SI • tl{50 tJ5 1 ( 7~1 ';: ,. ~ 7 -r.
~

---. ~/C ~ l\,o -(',~ ~ IJII- S"AtAa.4AJ~ A,... J ALl'" .tL W
tv -- . - . r ; . P

,q({,c..6\( .J..lh _....l -- /"......... ~.3.. k- THe ltf~ ....-.Y .
• 1

. , I J

~,< I It) .111,/1' ~ en3(~ f'

I ... ro
--

--~- -
1/7 -'1SI' J,A)~tt~L/ol lVW~nJAlj} uJ/f fLuiuuor 2'0 ~"o (30 c... L flAFIf.. (_i!I;'~-v- A

I . I
, v

g.zy~ I u'k~~ ".(j I I ?p~ -::j,qr;,
d-:-r-..--

' .
, II 1 .

l~ '1--7J-
, ~

IAJ .s~ ) II' ~ /h~ ~~- ~':i"'o 'to I~O c:.. -t;o---
~Mf."

) --I.nI","~ ... ~ I.'(f I
" _ , .....

_.._--
-~~..,-IA/t. -~ P-ili3 ~Jilu~ ~ ,~

-~.

....... r.---\-v .
...... f1 I C\. ' I

'-&'lM('~ I/) IdA vVVf JilA ~I/V'?I.,./l ~ .,nIIJ
I r, I (j r..-t I A /J /\

L; • diu. ~Io.. lJfv..,~~ It¥ U\w~ /4 4,
I

. /\J ,
f!

tZ<-t '~ 10 l),1u ~ ~y ~
Jl IIV

!
.,

I
I ------

I



Dala Sheet FfIR Backgrowld and Calibralion Spectra:
z.Lf

EPA Work Assigmnenl4-

Date Time File Name Path LocatioolNotes #Scans Res (cm-l) Cell temp (F) Pressure BKG Apod
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Data Sheet: FTIR Samples: EPA Work Assignmclll4-

Date Sample time File name Palh location/Notes 'scans Res (cm-l : Cell Temp (F) SpklUnsp Sample 9ond. Sample Flow BKG
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B-3 FTIR FLOW AND TEMPERATURE READINGS
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FTIR FIELD DATA FORM
PROJECT NO. 310'("Il. 'I. PLANT: __ DATE: q./c.l ((1 BAROMETRIC: -t$'2, c. .-. tit

to
I

00
W

INLET t~
CLOCK DELTAP STACK PROBE PROBE BOX

TIME IN. H20 TEMP. TEMP. TEMP.

~<& ,~6' d-,T: "z1lJ ~il

,0'6 ,(p< Iq~ ~tt7 2.. 71
0) 4 ( rJ.bC, Iqt.. 02~ ~/CJ

1010 O,t/Cn J7fo ~flS :2 "1~

I J0'/. o .tj z..- J~ tf 2-g~ 'J1q'

Il"J"'- 6,S~ J, , ~ '5'\ ~7~

H$O o.~3 ~ol ~C6 ;J..17S

OUTLET
CLOCK DELTAP STACK PROBE PROBE BOX

TIME IN. H20 TEMP. TEMP. TEMP.

..If> '6'Co ~A /1'1 -::l.1~ 'liQ

~ o if I ./
C/o'?, f),l{/ J Ro ;),"1Cp ~'60

q IJ ( 1'), '1'7 17(; 2rzf.o ':21 'f
/0/0 ()" 3L/ t70 21ca 2741

1/0&./ ~ ,sq 11CJ :21~ ~!O

lJis' 0, ~'l \11 2,'S ~1,

1,5"0 0,4(, 1'Z?4 27'7 .Q. 8{.

FTIRFPQM.XLS 1\~-08-97



) ')..00 ps L

f = 7 51.1
'Yo<:' f~{,' 0? 0.- <-' ~

DATE: 20 BAROMETRIC: IJ 5-c; ~7V1
I 7 ~Oj(~ ,?t, ric

OUTLET
I

CLOCK DELTAP STACK PROBE PROBE BOX

TIME IN. H2O TEMP. TEMP. TEMP.

~:S5 f)~'t3 Jq ~ :J.7~ -26{)
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Pl."{~ -10 ~f{;..~l...~ r. l'

151 /17FTIR FIELD DATA FORM
PROJECT NO. :lrel.' -;z L{ PLANT:

INLET 1l-'l.Jf~
CLOCK DELTAP STACK PROBE PROBE BOX

jYY\~ :If(VTIME IN. H20 TEMP. TEMP. TEMP.
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OUTLET ;t&!.t'\
CLOCK DELTAP STACK PROBE PROBE BOX

TIME IN. H20 TEMP. TEMP. TEMP.
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y<l FTIR FIELD DATA FORM
PROJECT NO 3~c)4- zq PLANT-

OPER .....OR:~ FTIRFf' TJ l\1.XLS "Q-08-97



·4U,t·

1)5 I/&>]
I

BAROMETRIC:DATE: ~r ((77
I ~-
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FTIR FIELD DATA FORM
PROJECT No.12~oL{.... 2 f.( PLANT:

INLET
CLOCK DELTAP STACK PROBE PROBE BOX

TIME IN. H20 TEMP. TEMP. TEMP.
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C-l CALIBRATION GAS CERTIFICATES
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I 41"7 998 6389
-~--_w_ .... "- . '- . - ~. 1:5

.1~1"

LIQUID CA-.oNIC
a1.INHII G\I~

mo ICVn4~ t1'Mft.t.oe~CA 100M

C\J.TO..... bv•• I"'. te".
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N1ft 11M NO. C'YUNDD NO.

ve *' U '65'
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501' J;pI

• ,. ••tll II 11M S310A4I5D
LAIr ~noNDAU OJ/2I/95
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.z C COHe.
e a CONe.

I4Wf1"UJ' AQIAY

z
•Z
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04/01'"
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41'1' 998 6389-........ _-....,- ............ , - ~. l3
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I
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a 26,aato Z 0
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:
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I 01 05 98 16:56 '5'215 i66 OJ20 scon 4J 005

PO BOX 310
18949-0310

Pax: 215-766-2070

o FAN A L Y SIS

•
Scott S.pecialty Gases

ed 6141 BASTON ROAD
From: PLUMSTEADVILLE PA

Phone: 215-766-8861

C E·R T I F I CAT E
--------~-~-----~-~~~~~~---------~~------~~~---~~~-----~----~-~-----._---
MIDWEST RESEARCH
TOM GEYER.
425 VOLKER BLVD

KANSAS CITY MO 64110

PROJECT #: 01-88514-001
POt: 029257
ITEM #: 01021951 ~

DATB: 3/25/97

---~~~----~-~----------~---------~----~--------~-------------------------
ANALYTICAL ACCURACY: +-l\'

CQMRONSNT
BTHY1JD1B.
NITROGBlf

CYLINDER #: ALM023940
FILL PRESSURE: 2000 PSIG
BLEND TYPE GRAVIMETR..IC MASTER GAS

REQtrESTED GAS
CONC MOLES

20. PPM
BALANCE

ANALYSIS
(MOLES)

20.01 PPM
BALANCB

.... :£:.:;.

,-:;.~.:e
~._4..
~, 1., ...
'~i- .-".L1:
~:::vr

-- ...
~.

'~o' "

~"

o·,:"i

t"f - ~~ ":::.. ;~":
~. ~:·~.l

'~';:,#

""~. CA $AH I5RNARON). CA I.ONCIMOHT'. co OCAOO. '" WAlCIiJ1Il.C.1M TII'Oy... eMDA. nil~
OU.......... lIIIC SOUTH~. IIU &AANA, ONTAM) ~UM~~,,. p~ T1l SHEFfIC)N). UNITIO I<JNGDCIot
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01 05 93 16:58 '5'215 ';'66 OJ20 SCOTT ·41 003

•
Scott Specialty Gases

d 6141 BASTON ROAD PO BOX 310
Prom: PLUMSTEADVILLE PA 18949-0310

Phone: 215-766-8861 Fax: 21S-76c-2070

C I-R T I FIe ATE o FAN A L Y SIS
------~--~---~--~_._---~.~-----~-----~-~-~._-----~----~--------~---------

MIDWEST RESEARCH
DAVi AI..aBURTY, X1S 25
425 VOLXBR BLVD

KANSAS CITY MO 64110

PROJECT #: 01-8979~-00S

POi: 029872
ITEM #: 01023912 ~

DATE: 5/13/97

ANALYTICAL ACCURACY: ... / - 2'

COMPONENT
TOLt7B!m
AIR

CYLINDER #: ALMOS7730
FILL PRESSURE: 2000 PSIG
BLEND TYPE CERTIFIED MASTER GAS

REQUESTID GAS
CONe MOLES

120. PPM
BALANCE

ANALYSIS
(MQLES)

121. PPM
BALANCE

1:',,­
',:

\ ..
"i:.

I~~
';'';'' .. ,:-;
~~;-~,.. .

..~.

0 ", ..
'.)0 ....

:.i. .~
~-

ANALYST: ~.

""!MQNT. CA $AN "IIINAIONO. CA' I.ONGMO'lIT. co ~. IL WAlCIP1ILD. - TIIIOY." IMDA. ne~
lJlnIIHMI. JlC. SOuTH ~""l!lO. NoI 8A~. ONT~' 1I\.UM6T~""; p~ n ~,UHlTID KINGDOM

C-6



I t2 22 9i 10:39 F.U 19l058921~~

1
scon SPECIAL'l'Y ~O(}1

\

•
Scott Specialty ~es

ped 1290 COMBERME~ STREET
From: TROY MI 48083

Phone: 248-589-2950 Fax: 248-589-2134

C E R TIP I CAT E 0 FAN A L Y SIS__________________________ 1\ _

MIDWEST RESEARCH PROJECT #: 05-97268-002
MELISSA TUCKER; # Q26075 POi: 026075
425 VOLKER BLVD ITEM #: 05023822 4A

DATE: 6/03/96

ANALYSIS
(MOLES)

4.01 PPM
BALANCE

GAS
REQUESTED GAS

CONe MOLES
4. PPM

BALANCE

KANSAS CITY

COMPONENT
SULFUR. HEXAFLUORIDE'
NITROGEN

I MO 64110

I
-------~--------------~---l---~--------~---------------------------------

CYLINDER #: A78S3 \ AN~YTICAL ACCURACY: +/- 2%
FILL PRESSURE: 2000 PSI PRODUCT EXPIRATION: 6/03/1997

I
BLEND TYPE : CERTIFIED ~STER

\

\

I
!

I
\

CERTIFIED MASTER GAS

ANALYST: C-7
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01'05/93 16:56 '8'215 i66 0.120 SCOTT

I. Scott Specialty Gases, Inc.
ped 6141 EASTON ROAD PO BOX 310

From: PLUMSTEADVILLE PA 18949-0310
Phone: 215-766-8861 Fax: 215-766-2070

C E R.T I FIe ATE o F ANALYSIS
------~~---~-~~~~-----~~~~---------~~~-------~~-~---------~~--~-------~~~

MIDWEST RESEARCH
PO#014952
425 VOLKER BLVD

KANSAS CITY MO 64110

PROJECT #: 01-59176-001
POI: 014952
ITEM I: 01021912 2AL
DATE: 7/20/94

---~~~-------~-~~---------~-~--------------------~--~-~-~~-------~-~-----
CYLINDER #: ALM020008 ANALYTICAL ACCURACY: +/-1%

BLEND TYPE : ACUBLEND MASTER GAS

COMPONENT
ETHYLENE
AIR

~~­f "
~,- ~
~6~:

REQUESTED GAS
CONC MOLES

100. PPM
SAL

ANALYSI:S
(MOLES)

101. PPM

~o

~EMOwr, C.l S4N BE~NAFlOINO. CA l..ONGMONT, co TFtOY. MI· CHICAGO.IL 5AANIA. ONTARIO A.V~ L.AKC, OH t-40LJSTON. TX

BATON ROUGE. LA' MAAIElT.... GA' OUAHAM. NC: PLUMSTEADVIu.E.!SA SOUTH P~NFIELD, ~. wAl<E'lE&.C. MA ~ THE NETHeRL..ANCS
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II Scott Specialty Gases
pped 6141 EASTON ROAD

From: PLUMSTEADVILLE PA
Phone: 215-~66-8861

\,

C E R T I FIe ATE

PO BOX 310
18949-0310

Fax: 215-766-2070

o FAN A L Y SIS
-------------------------------------------------------------------------

MIDWEST RESEARCH

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 01-08674-002
PO#: A035678
ITEM #: 01021912 2AL
DATE: 9/22/98

-------------------------------------------------------------------------

CYLINDER #: ALM020008
FILL PRESSURE: 400 PSIG

ANALYTICAL ACCURACY: +\-2%

BLEND TYPE : ACUBLEND MASTER GAS

COMPONENT
ETHYLENE
AIR

REQUESTED GAS
CONC MOLES

100 . PPM
BALANCE

ANALYSIS
(MOLES)

101. PPM
BALANCE

II

ANALYST:
l\.V'l.l. C-ll

I
I

I
I

I:
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C-2 ENVIRONICS MASS FLOW METER CALIBRATIONS
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ENVIRONICS FLOW CONTROLLER CALIBRATION SHEET

Mf #: 1, Descri?tion: AIR Size: 10000. sceM, K-factcr: 1.0

SERIALII A.., , So AJ...o;;.s-_"' _

This flow controller was calibrated using a Sierra Cal BenchCTM}, a traceable
Primary Flow Standard Calibration System. This calibration is refe~enced to
dry air at a temperature of ~f ( __C) and a pressure of 29.92 in.Hg (760Torr).

Set Flow
5 % 500.0 ceM
10 % 1000.0 ceM
20 % 2000.0 CCM
30 % 3000.0 CCM
40 % 4000.0 ceM
SO % 5000.0 CCM
60 % 6000.0 CCM
70 .. 7000.0 CCM' ..
dO % 8000.0 CCM
90 % 9000.0 CCM
100~ 10000. ceM

Calibration data was last saved on

True flow
498.79 ceM
1009.0 CCM
2029.8 CCM
3058.2 CCM
4088.8 CCM
5121.9 CCM
6143.3 ceM
7178.3 CCM
8206.3 CCM
92~4.6 CCM
10252. CCM

Friday 03 January 97 at 16:22:00

Date : ....1---~ .....:J.2..
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ENVIRONICS FLOW CONTROLLER CALIBRAT:ON SHEET

Mf #: 2, Description: ~rR Size: lOJOO. seeM, K-factor: 1.0

SERIAL II AM)qSO~/~::-'?II-- _

This flow cont~oller was calibrated using a Sierra Cal 8ench(TM), a t~aceable

Primary Flow Standard C411bration System. Thi5 calibrati~n i5 referenced to
dry air at a temperature of ~F ( __C) and a p~essure of 29.92 in.Hg (760Torr).

Set Flow
5 % 500.0 GCM
10 % 1000.0 GCM
20 % 2000,0 CeM
30 " 3000.0 GCM
40 " 4000.0 CeM
50 % SOOO.O CCM
50 " 6000.0 CeM
70 % 7000.0 CCM
80 % 80 a0 . a ccr-t
90 % 9000.0 GCM
100% 10000. CCM

Cal:bration data was last saved on

True Flew
510.51 CCM
1021.4 GCM
2046.9 CCM
3074.8 GCM
4103.8 GCM
5136.6 CCM
6:56.8 CCM
7182.5 GGM
8203.3 CCM
9219.5 GCM
10233. CeM

Friday 03 January 97 at 17:09:00

Verified by:. ,.",4 s~''''(J==- Dat~: __I__ '_~-_~
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ENVIRONICS FLOW CONTROLLER CALIBRATION SHEET

Mf #: 3 I Description: AIR Size: 1000.0 SC CM I K - fa c!;. 0 r: 1. 0

This flow controlle~ was calib~ated using a Sierra Cal Bench(TM), a traceable
Primary Flow Standard Cdlib~atlon System. This caltb~at1on ls refe~enced to
dry ai r at a temperature of ~F (_C) ~nd a press'..l1"'e of 29.92 in .Hg (760Tol"r).

Set Flow
5 " SC.O CeM...
10 % 100.0 CeM
20 % 200.0 CCM
30 % 300.0 CCM
40 % 400.0 eGM
50 % 500.0 GCM
60 ~ 600.0 CeM
70 " 700.0 CeM..
80 % 800.0 CeM
90 % 900.0 eeM
100% 1000.0 CCr-t

Calibration data was last saved on

True Flew
50.515 CCM
101.84 CeM
204.84 CCM
306.67 CCM
408.82 CCM
510.43 CCM
611.44 CCM
713.59 CCM
816.61 CeM
918 .19 CCM
1021.3 CCM

criday 03 Ja~ua1"'Y 97 at 17:55:00

Ver l fied by: «4 5 -..-t;;-e-- Date: __'__ ·~__ --JlL

C-17



ENVIRONICS FLOW CONTROLLER CALIBRATION SHEET

Mf #: 4, Description: AIR Size: 100.0 seeM, K-factot": 1 ,0

SERIA!.. II A~'1"1 ~o..., 9

This flow controller was calibrated using a Sierra Cal BenchCTM), a traceable
Primary Flow Standard Calibration System. This calibration 1s referenced to
dry air ~t a temperature of ~LF ( __C) and a pressure of 29.92 in.Hq (760rorr).

Set Flow
5 ~ 5.0 CCM
10 % 10.0 CeM
20 % 20 .0 eeM
30 % 30.0 CeM
40 % 40.0 CeM
50 % 50.0 CCM
60 % 60.0 CCM
70 % 70.0 CCM
80 % 80.0 eCM
90 % 90.0 eeM
100% 100.0 CeM

Calibration data was last saved on

True Flow
5.236 CCM
10 .269 CeM
20.434 CeM
30.524 CCM
40 .606 CCM
50.636 CeM
60 .683 CeM
70.779 CCM
8 0.917 CeM
91 .035 CCM
101.12 CCM

Friday 03 January 9; at 19:11:00

Verified by:_ d4 Statt;~ Date :._L__ ·~_-...!12-
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Appendix A of part 63 is amended by adding, in numerical

order, Methods 320 and 321 to read as follows:

Appendix A to Part 63-Test Methods

*****

TEST IlETBOD 320

KEASUUIIENT 0' VAPOa PBASI OaGANIC AND DOaGANIC EMISSIONS

IY EXnACTIVI FODDa TlANSFOU INRAUD (FrIa) SPECDOSCOPY

1.0 Introduction.

Persons unfamiliar with basic elements of FTIR

spectroscopy should not attempt to use this method. This

method describes sampling and analytical procedures for

extractive emission measurements using Fourier transform

infrared (FTIR) spectroscopy. Detailed analytical

procedures for interpreting infrared spectra are described

in the "Protocol for the Use of Extractive Fourier Transform

Infrared (FTIR) Spectrometry in Analyses of Gaseous

Emissions from Stationary Sources," hereafter referred to as

the "Protocol." Definitions not' given in this method are

given in appendix A of the Protocol. References to specific

sections in the Protocol are made throughout this Method.

For additional information refer to references 1 and 2, and

other EPA reports, which describe the use of FTIR

spectrometry in specific field measurement applications and

validation tests. The sampling procedure described here is
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extractive. Flue gas is extracted through a heated gas

transport and handling system. For some sources, sample

conditioning systems may be applicable. Some examples are

given in this method. Note: sample conditioning systems

may be used providing the method validation requirements in

Sections 9.2 and 13.0 of this method are met.

1.1 Scope and Applicability.

1.1.1 Analytes. Analytes include hazardous air pollutants

(HAPs) for which EPA reference spectra have been developed.

Other compounds can also be measured with this method if

reference spectra are prepared according. to section 4.6 of

the protocol.

1.1.2 Applicability. This method applies to the analysis

of vapor phase organic or inorganic compounds which absorb

energy in the mid-infrared spectral region, about 400 to

4000 cm- 1 (25 to 2.5 ~m). This method is used to determine

compound-specific concentrations in a multi-component vapor

phase sample, which is contained in a closed-path gas cell.

Spectra of samples are collected using double beam infrared

absorption spectroscopy. A computer program is used to

analyze spectra and report compound concentrations.

1.2 Method Range and Sensitivity. Analytical range and

sensitivity depend on the frequency-dependent analyte

absorptivity, instrument configuration, data collection

parameters, and gas stream composition. Instrument factors
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include: (a) spectral resolution, (b) interferometer signal

averaging time, (c) detector sensitivity ~nd response, and

(d) absorption path length.

1.2.1 For any optical configuration the analytical range is

between the absorbance values of about .01 (infrared

transmittance relative to the background = 0.98) and 1.0 (T

= 0.1). (For absorbance> 1.0 the relation between

absorbance and concentration may not be linear.)

1.2.2 The concentrations associated with this absorbance

range depend primarily on the cell path length and the

sample temperature. An analyte absorbance greater than 1.0,

can be lowered by decreasing the optical path length.

Analyte absorbance increases with a longer path length.

Analyte detection also depends on the presence of other

species exhibiting absorbance in the same analytical region.

Additionally, the estimated lower absorbance (A) limit (A =

0.01) depends on the root mean square deviation (RMSD) noise

in the analytical region.

1.2.3 The concentration range of this method is determined

by the choice of optical configuration.

1.2.3.1 The absorbance for a given concentration can be

decreased by decreasing the path length or by diluting the

sample. There is no practical upper limit to the

measurement range.

1.2.3.2 The analyte absorbance for a given concentration
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may be increased by increasing the cell path length or (to

some extent) using a higher resolution. Both modifications

also cause a corresponding increased absorbance for all

compounds in the sample, and a decrease in the signal

throughput. For this reason the practical lower detection

range (quantitation limit) usually depends on sample

characteristics such as moisture content of the gas, the

presence of other interferants, and losses in the sampling

system.

1.3 Sensitivity. The limit of sensitivity for an optical

configuration and integration time is determined using

appendix D of the Protocol: Minimum Analyte Uncertainty,

(MAU). The MAU depends on the RMSD noise in an analytical

region, and on the absorptivity of the analyte in the same

region.

1.4 Data Quality. Data quality shall be determined by

executing Protocol pre-test procedures in appendices B to H

of the protocol and post-test procedures in appendices I and

J of the protocol.

1.4.1 Measurement objectives shall be established by the

choice of detection limit (DL i ) and analytical uncertainty

(AU i ) for each analyte.

1.4.2 An instrumental configuration shall be selected. An

estimate of gas composition shall be made based on previous

test data, data from a similar source or information
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gathered in a pre-test site survey. Spectral interferants

shall be identified using the selected DL i and AU i and band

areas from reference spectra and interferant spectra. The

baseline noise of the system shall be measured in each

analytical region to determine the MAU of the instrument

configuration for each analyte and interferant (MIU i ).

1.4.3 Data quality for the application shall be determined,

in part, by measuring the RMS (root mean square) noise level

in each analytical spectral region (appendix C of the

Protocol). The RMS noise is defined as the RMSD of the

absorbance values in an analytical region from the mean

absorbance value in the region.

1.4.4 The MAU is the minimum analyte concentration for

which the AU i can be maintained; if the measured analyte

concentration is less than MAU it then data quality are

unacceptable.

2.0 Summary of Method.

2.1 Principle. References 4 through 7 provide background

material on infrared spectroscopy and quantitative analysis.

A summary is given in this section.

2.1.1 Infrared absorption spectroscopy is performed by

directing an infrared beam through a sample to a detector.

The frequency-dependent infrared absorbance of the sample is

measured by comparing this detector signal (single beam

spectrum) to a signal obtained without a sample in the beam
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path (background).

2.1.2 Most molecules absorb infrared radiation and the

absorbance occurs in a characteristic and reproducible

pattern. The infrared spectrum measures fundamental

molecular properties and a compound can be identified from

its infrared spectrum alone.

2.1.3 Within constraints, there is a linear relationship

between infrared absorption and compound concentration. If

this frequency dependent relationship (absorptivity) is

known (measured), it can be used to determine compound

concentration in a sample mixture.

2.1.4 Absorptivity is measured by preparing, in the

laboratory, standard samples of compounds at known

concentrations and measuring the FTIR "reference spectra" of

these standard samples. These "reference spectra" are then

used in sample analysis: (1) compounds are detected by

matching sample absorbance bands with bands in reference

spectra, and (2) concentrations are measured by comparing

sample band intensities with reference band intensities.

2.1.5 This method is self-validating provided that the

results meet the performance requirement of the QA spike in

sections 8.6.2 and 9.0 of this method, and results from a

previous method validation study support the use of this

method in the application.

2.2 Sampling and Analysis. In extractive sampling a probe
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assembly and pump are used to extract gas from the exhaust

of the affected source and transport the sample to the FTIR

gas cell. Typically, the sampling apparatus is similar to

that used for single-component continuous emission monitor

(CEM) measurements.

2.2.1 The digitized infrared spectrum of the sample in the

FTIR gas cell is measured and stored on a computer.

Absorbance band intensities in the spectrum are related to

sample concentrations by what is commonly referred to as

Beer's Law.

(1)

where:

Ai absorbance at a given frequency of the ith sample

component.

ai absorption coefficient (absorptivity) of the ith

sample component.

b path length of the cell.

C i concentration of the ~th sample component.

2.2.2 Analyte spiking is used for quality assurance (QA).

In this procedure (section 8.6.2 of this method) an analyte

is spiked into the gas stream at the back end of the sample

probe. Analyte concentrations in the spiked samples are

compared to analyte concentrations in unspiked samples.
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Since the concentration of the spike is known, this

procedure can be used to determine if the sampling system is

removing the spiked analyte(s) from the sample stream.

2.3 Reference Spectra Availability. Reference spectra of

over 100 HAPs are available in the EPA FTIR spectral library

on the EMTIC (Emission Measurement Technical Information

Center) computer bulletin board service and at internet

address http://info.arnold.af.mil/epa/welcome.htm.

Reference spectra for HAPs, or other analytes, may also be

prepared according to section 4.6 of the Protocol.

2.4 Operator Requirements. The FTIR analyst shall be

trained in setting up the instrumentation, verifying the

instrument is functioning properly, and performing routine

maintenance. The analyst must evaluate the initial sample

spectra to determine if the sample matrix is consistent with

pre-test assumptions and if the instrument configuration is

suitable. The analyst must be able to modify the instrument

configuration, if necessary.

2.4.1 The spectral analysis shall be sup~rvised by someone

familiar with EPA FTIR Protocol procedures.

2.4.2 A technician trained in instrumental test methods is

qualified to install and operate the sampling system. This

includes installing the probe and heated line assembly,

operating the analyte spike system, and performing moisture

and flow measurements.
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3.0 Definitions.

See appendix A of the Protocol for definitions relating

to infrared spectroscopy. Additional definitions are given

in sections 3.1 through 3.29.

3.1 Analyte. A compound that this method is used to

measure. The term "target analyte" is also used. This

method is multi-component and a number of analytes can be

targeted for a test.

3.2 Reference Spectrum. Infrared spectrum of an analyte

prepared under controlled, documented, and reproducible

laboratory conditions according to procedures in section 4.6

of the Protocol. A library of reference spectra is used to

measure analytes in gas samples.

3.3 Standard Spectrum. A spectrum that has been prepared

from a reference spectrum through a (documented)

mathematical operation. A cornmon example is de-resolving of

reference spectra to lower-resolution standard spectra

(Protocol, appendix K to the addendum of this method) .

Standard spectra, prepared by approved, and documented,

procedures can be used as reference spectra for analysis.

3.4 Concentration. In this method concentration is

expressed as a molar concentration, in ppm-meters, or in

(ppm-meters)/K, where K is the absolute temperature

(Kelvin). The latter units allow the direct comparison of

concentrations from systems using different optical

D-ll



configurations or sampling temperatures.

3.5 Interferant. A compound in the sample matrix whose

infrared spectrum overlaps with part of an analyte spectrum.

The most accurate analyte measurements are achieved when

reference spectra of interferants are used in the

quantitative analysis with the analyte reference spectra.

The presence of an interferant can increase the analytical

uncertainty in the measured analyte concentration.

3.6 Gas Cell. A gas containment cell that can be

evacuated. It is equipped with the optical components to

pass the infrared beam through the sample to the detector.

Important cell features include: path length (or range if

variable), temperature range, materials of construction, and

total gas volume.

3.7 Sampling System. Equipment used to extract the sample

from the test location and transport the sample gas to the

FTIR analyzer. This includes sample conditioning systems.

3.8 Sample Analysis. The process of interpreting the

infrared spectra to obtain sample analyte concentrations.

This process is usually automated using a software routine

employing a classical least squares (cIs), partial least

squares (pIs), or K- or P- matrix method.

3.9 One hundred percent line. A double beam transmittance

spectrum obtained by combining two background single beam

spectra. Ideally, this line is equal to 100 percent
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transmittance (or zero absorbance) at every frequency in the

spectrum. Practically, a zero absorbance line is used to

measure the baseline noise in the spectrum.

3.10 Background Deviation. A deviation from 100 percent

transmittance in any region of the 100 percent line.

Deviations greater than ± 5 percent in an analytical region

are unacceptable (absorbance of 0.021 to -0.022). Such

deviations indicate a change in the instrument throughput

relative to the background single beam.

3.11 Batch Sampling. A procedure where spectra of

discreet, static samples are collected. The gas cell is

filled with sample and the cell is isolated. The spectrum

is collected. Finally, the cell is evacuated to prepare for

the next sample.

3.12 Continuous Sampling. A procedure where spectra are

collected while sample gas is flowing through the cell at a

measured rate.

3.13 Sampling resolution. The spectral resolution used to

collect sample spectra.

3.14 Truncation. Limiting the number of interferogram data

points by deleting points farthest from the center burst

(zero path difference, ZPD).

3.15 Zero filling. The addition of points to the

interferogram. The position of each added point is

interpolated from neighboring real data points. Zero
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filling adds no information to the interferogram, but

affects line shapes in the absorbance spectrum (and possibly

analytical results).

3.16 Reference CTS. Calibration Transfer Standard spectra

that were collected with reference spectra.

3.17 CTS Standard. CTS spectrum produced by applying a de­

resolution procedure to a reference CTS.

3.18 Test CTS. CTS spectra collected at the sampling

resolution using the same optical configuration as for

sample spectra. Test spectra help verify the resolution,

temperature and path length of the FTIR system.

3.19 RMSD. Root Mean Square Difference, defined in EPA

FTIR Protocol, appendix A.

3.20 Sensitivity. The noise-limited compound-dependent

detection limit for the FTIR system configuration. This is

estimated by the MAU. It depends on the RMSD in an

analytical region of a zero absorbance line.

3.21 Quantitation Limit. The lower limit of detection for

the FTIR system configuration in the sample spectra. This

is estimated by mathematically subtracting scaled reference

spectra of analytes and interferences from sample spectra,

then measuring the RMSD in an analytical region of the

subtracted spectrum. Since the noise in subtracted sample

spectra may be much greater than in a zero absorbance

spectrum, the quantitation limit is generally much higher
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than the sensitivity. Removing spectral interferences from

the sample or improving the spectral subtraction can lower

the quantitation limit toward (but not below) the

sensitivity.

3.22 Independent Sample. A unique volume of sample gas;

there is no mixing of gas between two consecutive

independent samples. In continuous sampling two independent

samples are separated by at least 5 cell volumes. The

interval between independent measurements depends on the

cell volume and the sample flow rate (through the cell).

3.23 Measurement. A single spectrum of flue gas contained

in the FTIR cell.

3.24 Run. A run consists of a series of measurements. At

a minimum a run includes 8 independent measurements spaced

over 1 hour.

3.25 Validation. Validation of FTIR measurements is

described in sections 13.0 through 13.4 of this method.

Validation is used to verify the test procedures for

measuring specific analytes at a source. Validation

provides proof that the method works under certain test

conditions.

3.26 Validation Run. A validation run consists of at least

24 measurements of independent samples. Half of the samples

are spiked and half are not spiked. The length of the run

is determined by the in'terval between independent samples.
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3.27 Screening. Screening is used when there is little or

no available information about a source. The purpose of

screening is to determine what analytes are emitted and to

obtain information about important sample characteristics

such as moisture, temperature, and interferences. Screening

results are semi-quantitative (estimated concentrations) or

qualitative (identification only). Various optical and

sampling configurations may be used. Sample conditioning

systems may be evaluated for their effectiveness in removing

interferences. It is unnecessary to perform a complete run

under any set of sampling conditions. Spiking is not

necessary, but spiking can be a useful screening tool for

evaluating the sampling system, especially if a reactive or

soluble analyte is used for the spike.

3.28 Emissions Test. An FTIR emissions test is performed

according specific sampling and analytical procedures.

These procedures, for the target analytes and the source,

are based on previous screening and validation results.

Emission results are quantitative. A QA spike (sections

8.6.2 and 9.2 of this method) is performed under each set of

sampling conditions using a representative analyte. Flow,

gas temperature and diluent data are recorded concurrently

with the FTIR measurements to provide mass emission rates

for detected compounds.

3.29 Surrogate. A surrogate is a compound that is used in
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a QA spike procedure (section 8.6.2 of this method) to

represent other compounds. The chemical and physical

properties of a surrogate shall be similar to the compounds

it is chosen to represent. Under given sampling conditions,

usually a single sampling factor is of primary concern for

measuring the target analytes: for example, the surrogate

spike results can be representative for analytes that are

more reactive, more soluble, have a lower absorptivity, or

have a lower vapor pressure than the surrogate itself.

4.0 Interferences.

Interferences are divided into two classifications:

analytical and sampling.

4.1 Analytical Interferences. An analytical interference

is a spectral feature that complicates (in extreme cases may

prevent) the analysis of an analyte. Analytical

interferences are classified as background or spectral

interference.

4.1.1 Background Interference. This results from a change

in throughput relative to the single beam background. It is

corrected by collecting a new background and proceeding with

the test. In severe instances the cause must be identified

and corrected. Potential causes include: (1) deposits on

reflective surfaces or transmitting windows, (2) changes in

detector sensitivity, (3) a change in the infrared source

output, or (4) failure in the instrument electronics. In
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routine sampling throughput may degrade over several hours.

Periodically a new background must be collected, but no

other corrective action will be required.

4.1.2 Spectral Interference. This results from the

presence of interfering compound(s) (interferant) in the

sample. Interferant spectral features overlap analyte

spectral features. Any compound with an infrared spectrum,

including analytes, can potentially be an interferant. The

Protocol measures absorbance band overlap in each analytical

region to determine if potential interferants shall be

classified as known interferants (FTIR Protocol, section 4.9

and appendix B). Water vapor and CO2 are cornmon spectral

interferants. Both of these compounds have strong infrared

spectra and are present in many sample matrices at high

concentrations relative to analytes. The extent of

interference depends on the (1) interferant concentration,

(2) analyte concentration, and (3) the degree of band

overlap. Choosing an alternate analytical region can

minimize or avoid the spectral interference. For example,

CO2 interferes with the analysis of the 670 cm- 1 benzene

band. However, benzene can also be measured near 3000 cm- 1

(with less sensitivity).

4.2 Sampling System Interferences. These prevent analytes

from reaching the instrument. The analyte spike procedure

is designed to measure sampling system interference, if any.
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4.2.1 Temperature. A temperature that is too low causes

condensation of analytes or water vapor. The materials of

the sampling system and the FTIR gas cell usually set the

upper limit of temperature.

4.2.2 Reactive Species. Anything that reacts with

analytes. Some analytes, like formaldehyde, polymerize at

lower temperatures.

4.2.3 Materials. Poor choice of material for probe, or

sampling line may remove some analytes. For example, HF

reacts with glass components.

4.2.4 Moisture. In addition to being a spectral

interferant, condensed moisture removes soluble compounds.

5.0 Safety.

The hazards of performing this method are those

associated with any stack sampling method and the same

precautions shall be followed. Many HAPs are suspected

carcinogens or present other serious health risks. Exposure

to these compounds should be avoided in all circumstances.

For instructions on the safe handling of any particular

compound, refer to its material safety data sheet. When

using analyte standards, always ensure that gases are

properly vented and that the gas handling system is leak

free. (Always perform a leak check with the system under

maximum vacuum and, again, with the system at greater than

ambient pressure.) Refer to section 8.2 of this method for

D-19



leak check procedures. This method does not address all of

the potential safety risks associated with its use. Anyone

performing this method must follow safety and health

practices consistent with applicable legal requirements and

with prudent practice for each application.

6.0 Equipment and Supplies.

Note: Mention of trade names or specific products does

not constitute endorsement by the Environmental

Protection Agency.

The equipment and supplies are based on the schematic

of a sampling system shown in Figure 1. Either the batch or

continuous sampling procedures may be used with this

sampling system. Alternative sampling configurations may

also be used, provided that the data quality objectives are

met as determined in the post-analysis evaluation. Other

equipment or supplies may be necessary, depending on the

design of the sampling system or the specific target

analytes.

6.1 Sampling Probe. Glass, stainless steel, or other

appropriate material of sufficient length and physical

integrity to sustain heating, prevent adsorption of

analytes, and to transport analytes to the infrared gas

cell. Special materials or configurations may be required

in some applications. For instance, high stack sample

temperatures may require special steel or cooling the probe.
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For very high moisture sources it may be desirable to use a

dilution probe.

6.2 Particulate Filters. A glass wool plug (optional)

inserted at the probe tip (for large particulate removal)

and a filter (required) rated for 99 percent removal

efficiency at I-micron (e.g., Balston~) connected at the

outlet of the heated probe.

6.3 Sampling Line/Heating System. Heated (sufficient to

prevent condensation) stainless steel,

polytetrafluoroethane, or other material inert to the

analytes.

6.4 Gas Distribution Manifold. A heated manifold allowing

the operator to control flows of gas standards and samples

directly to the FTIR system or through sample conditioning

systems. Usually includes heated flow meter, heated valve

for selecting and sending sample to the analyzer, and a by­

pass vent. This is typically constructed of stainless steel

tubing and fittings, and high-temperature valves.

6.5 Stainless Steel Tubing. Type 316, appropriate diameter

(e.g., 3/8 in.) and length for heated connections. Higher

grade stainless may be desirable in some applications.

6.6 Calibration/Analyte Spike Assembly. A three way valve

assembly (or equivalent) to introduce analyte or surrogate

spikes into the sampling system at the outlet of the probe

upstream of the out-of-stack particulate filter and the FTIR
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analytical system.

6.7 Mass Flow Meter (MFM). These are used for measuring

analyte spike flow. The MFM shall be calibrated in the range

of 0 to 5 L/min and be accurate to ± 2 percent (or better)

of the flow meter span.

6.8 Gas Regulators. Appropriate for individual gas

standards.

6.9 Polytetrafluoroethane Tubing. Diameter (e.g., 3/8 in.)

and length suitable to connect cylinder regulators to gas

standard manifold.

6.10 Sample Pump. A leak-free pump (e.g., KNF-), with by­

pass valve, capable of producing a sample flow rate of at

least 10 L/min through 100 ft of sample line. If the pump

is positioned upstream of the distribution manifold and FTIR

system, use a heated pump that is constructed from materials

non-reactive to the analytes. If the pump is located

downstream of the FTIR system, the gas cell sample pressure

will be lower than ambient pressure and it must be recorded

at regular intervals.

6.11 Gas Sample Manifold. Secondary manifold to control

sample flow at the inlet to the FTIR manifold. This is

optional, but includes a by-pass vent and heated rotameter.

6.12 Rotameter. A 0 to 20 L/min rotameter. This meter

need not be calibrated.

6.13 FTIR Analytical System. Spectrometer and detector,
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capable of measuring the analytes to the chosen detection

limit. The system shall include a personal computer with

compatible software allowing automated collection of

spectra.

6.14 FTIR Cell Pump. Required for the batch sampling

technique, capable of evacuating the FTIR cell volume within

2 minutes. The pumping speed shall allow the operator to

obtain 8 sample spectra in 1 hour.

6.15 Absolute Pressure Gauge. Capable of measuring

pressure from 0 to 1000 rnrnHg to within ± 2.5 rnrnHg (e.g.,

Baratron"') .

6.16 Temperature Gauge. Capable of measuring the cell

temperature to within ± 2°C.

6.17 Sample Conditioning. One option is a condenser

system, which is used for moisture removal. This can be

helpful in the measurement of some analytes. Other sample

conditioning procedures may be devised for the removal of

moisture or other interfering species.

6.17.1 The analyte spike procedure of section 9.2 of this

method, the QA spike procedure of section 8.6.2 of this

method, and the validation procedure of section 13 of this

method demonstrate whether the sample conditioning affects

analyte concentrations. Alternatively, measurements can be

made with two parallel FTIR systems; one measuring

conditioned sample, the other measuring unconditioned
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sample.

6.17.2 Another option is sample dilution. The dilution

factor measurement must be documented and accounted for in

the reported concentrations. An alternative to dilution is

to lower the sensitivity of the FTIR system by decreasing

the cell path length, or to use a short-path cell in

conjunction with a long path cell to measure more than one

concentration range.

7.0 Reagents and Standards.

7.1 Analyte(s) and Tracer Gas. Obtain a certified gas

cylinder mixture containing all of the analyte(s) at

concentrations within ± 2 percent of the emission source

levels (expressed in ppm-meter/K). If practical, the

analyte standard cylinder shall also contain the tracer gas

at a concentration which gives a measurable absorbance at a

dilution factor of at least 10:1. Two ppm SF6 is sufficient

for a path length of 22 meters at 250 of.

7.2 Calibration Transfer Standard(s). Select the

calibration transfer standards (CTS) according to section

4.5 of the FTIR Protocol. Obtain a National Institute of

Standards and Technology (NIST) traceable gravimetric

standard of the CTS (± 2 percent) .

7.3 Reference Spectra. Obtain reference spectra for each

analyte, interferant, surrogate, CTS, and tracer. If EPA

reference spectra are not available, use reference spectra
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prepared according to procedures in section 4.6 of the EPA

FTIR Protocol. '

8.0 Sampling and Analysis Procedure.

Three types of testing can be performed: (1) screening,

(2) emissions test, and (3) validation. Each is defined in

section 3 of this method. Determine the purpose(s) of the

FTIR test. Test requirements include: (a) AU u DL u overall

fractional uncertainty, OFUi , maximum expected concentration

(CMAX i ), and tAN for each, (b) potential interferants, (c)

sampling system factors, e.g., minimum absolute cell

pressure, (Pmin ), FTIR cell volume (Vss ) , estimated sample

absorption pathlength, Ls ', estimated sample pressure, Ps ',

Ts ', signal integration time (tss ), minimum instrumental

linewidth, MIL, fractional error, and (d) analytical

regions, e.g., m = 1 to M, 'lower wavenumber position, FLm,

center wavenumber position, FCm, and upper wavenumber

position, FUm' plus interferants, upper wavenumber position

of the CTS absorption band, FFUm, lower wavenumber position

of the CTS absorption band, FFLm, wavenumber range FNU to

FNL. If necessary, sample and acquire an initial spectrum.

From analysis of this preliminary spectrum determine a

suitable operational path length. Set up the sampling train

as shown in Figure 1 or use an appropriate alternative

configuration. Sections 8.1 through 8.11 of this method

provide guidance on pre-test calculations in the EPA
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protocol, sampling and analytical procedures, and post-test

protocol calculations.

8.1 Pretest Preparations and Evaluations. Using the

procedure in section 4.0 of the FTIR Protocol, determine the

optimum sampling system configuration for measuring the

target analytes. Use available information to make

reasonable assumptions about moisture content and other

interferences.

8.1.1 Analytes. Select the required detection limit (DLd

and the maximum permissible analytical uncertainty (AU i ) for

each analyte (labeled from 1 to i). Estimate, if possible,

the maximum expected concentration for each analyte, CMAX i •

The expected measurement range is fixed by DL i and CMAX i for

each analyte (i).

8.1.2 Potential Interferants. List the potential

interferants. This usually includes water vapor and CO2 ,

but may also include some analytes and other compounds.

8.1.3. Optical Configuration. Choose an optical

configuration that can measure all of the analytes within

the absorbance range of .01 to 1.0 (this may require more

than one path length). Use Protocol sections 4.3 to 4.8 for

guidance in choosing a configuration and measuring CTS.

8.1.4. Fractional Reproducibility Uncertainty (FRUJ. The

FRU is determined for each analyte by comparing CTS spectra

taken before and after the reference spectra were measured.
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The EPA para-xylene reference spectra were collected on

10/31/91 and 11/01/91 with corresponding CTS spectra

"cts1031a," and "cts1101b." The CTS spectra are used to

estimate the reproducibility (FRU) in the system that was

used to collect the references. The FRU must be < AU.

Appendix E of the protocol is used to calculate the FRU from

CTS spectra. Figure 2 plots results for 0.25 cm- 1 CTS

spectra in EPA reference library: S3 (cts1101b - cts1031a),

and S4 [(cts1101b + cts1031a)/2]. The RMSD (SRMS) is

calculated in the subtracted baseline, S3' in the

corresponding CTS region from 850 to 1065 cm- 1 • The area

(BAV) is calculated in the same region of the averaged CTS

spectrum, S4.

8.1.5 Known Interferants. Use appendix B of the EPA FTIR

Protocol.

8.1.6 Calculate the Minimum Analyte Uncertainty, MAU

(section 1.3 of this method discusses MAU and protocol

appendix D gives the MAU procedure). The MAU for each

analyte, i, and each analytical region, m, depends on the

RMS noise.

8.1.7 Analytical Program. See FTIR Protocol, section 4.10.

Prepare computer program based on the chosen analytical

technique. Use as input reference spectra of all target

analytes and expected interferants. Reference spectra of

additional compounds shall also be included in the program
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if their presence (even if transient) in the samples is

considered possible. The program output shall be in ppm (or

ppb) and shall be corrected for differences between the

reference path length, LR, temperature, TR, and pressure, PR,

and the conditions used for collecting the sample spectra.

If sampling is performed at ambient pressure, then any

pressure correction is usually small relative to corrections

for path length and temperature, and may be neglected.

8.2 Leak-check.

8.2.1 Sampling System. A typical FTIR extractive sampling

train is shown in Figure 1. Leak check from the probe tip

to pump outlet as follows: Connect a 0- to 250-mL/min rate

meter (rotameter or bubble meter) to the outlet of the pump.

Close off the inlet to the probe, and record the leak rate.

The leak rate shall be ~ 200 mL/min.

8.2.2 Analytical System Leak check. Leak check the FTIR

cell under vacuum and under pressure (greater than ambient) .

Leak check connecting tubing and inlet manifold under

pressure.

8.2.2.1 For the evacuated sample technique, close the valve

to the FTIR cell, and evacuate the absorption cell to the

minimum absolute pressure Pmin • Close the valve to the pump,

and determine the change in pressure 6P v after 2 minutes.

8.2.2.2 For both the evacuated sample and purging

techniques, pressurize the system to about 100 rnmHg above
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atmospheric pressure. Isolate the pump and determine the

change in pressure ~Pp after 2 minutes.

8.2.2.3 Measure the barometric pressure, Pb in rnrnHg.

8.2.2.4 Determine the percent leak volume %VL for the

signal integration time t ss and for ~Pmax, i. e., the larger of

~Pv or ~Pp, as follows:

(2)

where 50 = 100% divided by the leak-check time of 2 minutes.

8.2.2.5 Leak volumes in excess of 4 percent of the FTIR

system volume Vss are unacceptable.

8.3 Detector Linearity. Once an optical configuration is

chosen, use one of the procedures of sections 8.3.1 through

8.3.3 to verify that the detector response is linear. If

the detector response is not linear, decrease the aperture,

or attenuate the infrared beam. After a change in the

instrument configuration perform a linearity check until it

is demonstrated that the detector response is linear.

8.3.1 Vary the power incident on the detector by modifying

the aperture setting. Measure the background and CTS at

three instrument aperture settings: (1) at the aperture

setting to be used in the testing, (2) at one half this

aperture and (3) at twice the proposed testing aperture.
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Compare the three CTS spectra. CTS band areas shall agree

to within the uncertainty of the cylinder standard and the

RMSD noise in the system. If test aperture is the maximum

aperture, collect CTS spectrum at maximum aperture, then

close the aperture to reduce the IR throughput by half.

Collect a second background and CTS at the smaller aperture

setting and compare the spectra again.

8.3.2 Use neutral density filters to attenuate the infrared

beam. Set up the FTIR system as it will be used in the test

measurements. Collect a CTS spectrum. Use a neutral

density filter to attenuate the infrared beam (either

immediately after the source or the interferometer) to

approximately 1/2 its original intensity. Collect a second

CTS spectrum. Use another filter to attenuate the infrared

beam to approximately 1/4 its original intensity. Collect a

third background and CTS spectrum. Compare the CTS spectra.

CTS band areas shall agree to within the uncertainty of the

cylinder standard and the RMSD noise in the system.

8.3.3 Observe the single beam instrument response in a

frequency region where the detector response is known to be

'zero. Verify that the detector response is "flat" and equal

to zero in these regions.

8.4 Data Storage Requirements. All field test spectra

shall be stored on a computer disk and a second backup copy

must stored on a separate disk. The stored information
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includes sample interferograms, processed absorbance

spectra, background interferograms, CTS sample

interferograms and CTS absorbance spectra. Additionally,

documentation of all sample conditions, instrument settings,

and test records must be recorded on hardcopy or on

computer medium. Table 1 gives a sample presentation of

documentation.

8.5 Background Spectrum. Evacuate the gas cell to s 5

mmHg, and fill with dry nitrogen gas to ambient pressure (or

purge the cell with 10 volumes of dry nitrogen). Verify

that no significant amounts of absorbing species (for

example water vapor and CO2) are present. Collect a

background spectrum, using a signal averaging period equal

to or greater than the averaging period for the sample

spectra. Assign a unique file name to the background

spectrum. Store two copies of the background interferogram

and processed single-beam spectrum on separate computer

disks (one copy is the back-up) .

8.5.1 Interference Spectra. If possible, collect spectra

of known and suspected major interferences using the same

optical system that will be used in the field measurements.

This can be done on-site or earlier. A number of gases,

e.g. CO2 , S02' CO, NH 3 , are readily available from cylinder

gas suppliers.

8.5.2 Water vapor spectra can be prepared by the following
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procedure. Fill a sample tube with distilled water.

Evacuate above the sample and remove dissolved gasses by

alternately freezing and thawing the water while evacuating.

Allow water vapor into the FTIR cell, then dilute to

atmospheric pressure with nitrogen or dry air. If

quantitative water spectra are required, follow the

reference spectrum procedure for neat samples (protocol,

section 4.6). Often, interference spectra need not be

quantitative, but for best results the absorbance must be

comparable to the interference absorbance in the sample

spectra.

8.6 Pre-Test Calibrations

8.6.1 Calibration Transfer Standard. Evacuate the gas cell

to ~ 5 mmHg absolute pressure, and fill the FTIR cell to

atmospheric pressure with the CTS gas. Alternatively, purge

the cell with 10 cell volumes of CTS gas. (If purge is

used, verify that the CTS concentration in the cell is

stable by collecting two spectra 2 minutes apart as the CTS

gas continues to flow. If the absorbance in the second

spectrum is no greater than in the first, within the

uncertainty of the gas standard, then this can be used as

the CTS spectrum.) Record the spectrum.

8.6.2 QA Spike. This procedure assumes that the method has

been validated for at least some of the target analytes at

the source. For emissions testing perform a QA spike. Use
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a certified standard, if possible, of an analyte, which has

been validated at the source. One analyte standard can

serve as a QA surrogate for other analytes which are less

reactive or less soluble than the standard. Perform the

spike procedure of section 9.2 of this method. Record

spectra of at least three independent (section 3.22 of this

method) spiked samples. Calculate the spiked component of

the analyte concentration. If the average spiked

concentration is within 0.7 to 1.3 times the expected

concentration, then proceed with the testing. If

applicable, apply the correction factor from the Method 301

of this appendix validation test (not the result from the QA

spike) .

8.7 Sampling. If analyte concentrations vary rapidly with

time, continuous sampling is preferable using the smallest

cell volume, fastest sampling rate and fastest spectra

collection rate possible. Continuous sampling requires the

least operator intervention even without an automated

sampling system. For continuous monitoring at one location

over long periods, Continuous sampling is preferred. Batch

sampling and continuous static sampling are used for

screening and performing test runs of finite duration.

Either technique is preferred for sampling several locations

in a matter of days. Batch sampling gives reasonably good

time resolution and ensures that each spectrum measures a
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discreet (and unique) sample volume. Continuous static (and

continuous) sampling provide a very stable background over

long periods. Like batch sampling, continuous static

sampling also ensures that each spectrum measures a unique

sample volume. It is essential that the leak check

procedure under vacuum (section 8.2 of this method) is

passed if the batch sampling procedure is used. It is

essential that the leak check procedure under positive

pressure is passed if the continuous static or continuous

sampling procedures are used. The sampling techniques are

described in sections 8.7.1 through 8.7.2 of this method.

8.7.1 Batch Sampling. Evacuate the absorbance cell to

~ 5 mmHg absolute pressure. Fill the cell with exhaust gas

to ambient pressure, isolate the cell, and record the

spectrum. Before taking the next sample, evacuate the cell

until no spectral evidence of sample absorptic £emains.

Repeat this procedure to collect eight spectra ~f separate

samples in 1 hour.

8.7.2 Continuous Static Sampling. Purge the FTIR cell with

10 cell volumes of sample gas. Isolate the cell, collect

the spectrum of the static sample and record the pressure.

Before measuring the next sample, purge the cell with 10

more cell volumes of sample gas.

8.8 Sampling QA and Reporting.

8.8.1 Sample integration times shall be sufficient to
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achieve the required signal-to-noise ratio. Obtain an

absorbance spectrum by filling the cell with N2 • Measure

the RMSD in each analytical region in this absorbance

spectrum. Verify that the number of scans used is

sufficient to achieve the target MAU.

8.8.2 Assign a unique file name to each spectrum.

8.8.3 Store two copies of sample interferograms and

processed spectra on separate computer disks.

8.8.4 For each sample spectrum, document the sampling

conditions, the sampling time (while the cell was being

filled), the time the spectrum was recorded, the

instrumental conditions (path length, temperature, pressure,

resolution, signal integration time), and the spectral file

name. Keep a hard copy of these data sheets.

8.9 Signal Transmittance. While sampling, monitor the

signal transmittance. If signal transmittance (relative to

the background) changes by 5 percent or more (absorbance

-.02 to .02) in any analytical spectral region, obtain a new

background spectrum.

8.10 Post-test CTS. After the sampling run, record another

CTS spectrum.

8.11 Post-test QA.

8.11.1 Inspect the sample spectra immediately after the run

to verify that the gas matrix composition was close to the

expected (assumed) gas matrix.
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8.11.2 Verify that the sampling and instrumental parameters

were appropriate for the conditions encountered. For

example, if the moisture is much greater than anticipated,

it may be necessary to use a shorter path length or dilute

the sample.

8.11.3 Compare the pre- and post-test CTS spectra. The

peak absorbance in pre- and post-test CTS must be ± 5

percent of the mean value. See appendix E of the FTIR

Protocol.

9.0 Quality Control.

Use analyte spiking (sections 8.6.2, 9.2 and 13.0 of

this method) to verify that the sampling system can

transport the analytes from the probe to the FTIR system.

9.1 Spike Materials. Use a certified standard (accurate to

± 2 percent) of the target analyte, if one can be obtained.

If a certified standard cannot be obtained, follow the

procedures in section 4.6.2.2 of the FTIR Protocol.

9.2 Spiking Procedure. QA spiking (section 8.6.2 of this

method) is a calibration procedure used before testing. QA

spiking involves following the spike procedure of sections

9.2.1 through 9.2.3 of this method to obtain at least three

spiked samples. The analyte concentrations in the spiked

samples shall be compared to the expected spike

concentration to verify that the sampling/analytical system

is working properly. Usually, when QA spiking is used, the
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method has already been validated at a similar source for

the analyte in question. The QA spike demonstrates that the

validated sampling/analytical conditions are being

duplicated. If the QA spike fails then the

sampling/analytical system shall be repaired before testing

proceeds. The method validation procedure (section 13.0 of

this method) involves a more extensive use of the analyte

spike procedure of sections 9.2.1 through 9.2.3 of this

method. Spectra of at least 12 independent spiked and 12

independent unspiked samples are recorded. The

concentration results are analyzed statistically to

determine if there is a systematic bias in the method for

measuring a particular analyte. If there is a systematic

bias, within the limits allowed by Method 301 of this

appendix, then a correction factor shall be applied to the

analytical results. If the systematic bias is greater than

the allowed limits, this method is not valid and cannot be

used.

9.2.1 Introduce the spike/tracer gas at a constant flow

rate of ~ 10 percent of the total sample flow, when

possible. (~: Use the rotameter at the end of the

sampling train to estimate the required spike/tracer gas

flow rate.) Use a flow device, e.g., mass flow meter (± 2

percent), to monitor the spike flow rate. Record the spike

flow rate every 10 minutes.
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9.2.2 Determine the response time (RT) of the system by

continuously collecting spectra of the spiked effluent until

the spectrum of the spiked component is constant for 5

minutes. The RT is the interval from the first measurement

until the spike becomes constant. Wait for twice the

duration of the RT, then collect spectra of two independent

spiked gas samples. Duplicate analyses of the spiked

concentration shall be within 5 percent of the mean of the

two measurements.

9.2.3 Calculate the dilution ratio using the tracer gas as

follows:

where:

DF = SF6(Spk)

SF6(dir)

(3)

CS = DF*Spikedir + Unspike(l-DF) (4)

OF

SF6 (dir)

SF6 (sPk)

=

Dilution factor of the spike gas; this value

shall be ~10.

SF6 (or tracer gas) concentration measured

directly in undiluted spike gas.

Diluted SF6 (or tracer gas) concentration

measured in a spiked sample.
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Spikedir

CS

Unspike

Concentration of the analyte in the spike

standard measured by filling the FTIR cell

directly.

Expected concentration of the spiked samples.

Native concentration of analytes in unspiked

samples

10.0 Calibration and Standardization.

10.1 Signal-to-Noise Ratio (SiN). The RMSO in the noise

must be less than one tenth of the minimum analyte peak

absorbance in each analytical region. For example if the

minimum peak absorbance is 0.01 at the required OL, then

RMSO measured over the entire analytical region must be

~ 0.001.

10.2 Absorbance Path length. Verify the absorbance path

length by comparing reference CTS spectra to test CTS

spectra. See appendix E of the FTIR Protocol.

10.3 Instrument Resolution. Measure the line width of

appropriate test CTS band(s) to verify instrument

resolution. Alternatively, compare CTS spectra to a

reference CTS spectrum, if available, measured at the

nominal resolution.

10.4 Apodization Function. In transforming the sample

interferograms to absorbance spectra use the same
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apodization function that was used in transforming the

reference spectra.

10.5 FTIR Cell Volume. Evacuate the cell to ~ 5 rnrnHg.

Measure the initial absolute temperature (Td and absolute

pressure (Pd. Connect a wet test meter (or a calibrated

dry gas meter), and slowly draw room air into the cell.

Measure the meter volume (Vm), meter absolute temperature

(Tm), and meter absolute pressure (Pm); and the cell final

absolute temperature (T f ) and absolute pressure (P f ).

Calculate the FTIR cell volume Vss , including that of the

connecting tubing, as follows:

Pmv­
m T

m

11.0 Data Analysis and Calculations.

Analyte concentrations shall be measured using

(5)

reference spectra from the EPA FTIR spectral library. When

EPA library spectra are not available, the procedures in

section 4.6 of the Protocol shall be followed to prepare

reference spectra of all the target analytes.

11.1 Spectral De-resolution. Reference spectra can be

converted to lower resolution standard spectra (section 3.3
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of this method) by truncating the original reference sample

and background interferograms. Appendix K of the FTIR

Protocol gives specific deresolution procedures. Deresolved

spectra shall be transformed using the same apodization

function and level of zero filling as the sample spectra.

Additionally, pre-test FTIR protocol calculations (e.g.,

FRU, MAU, FCU) shall be performed using the de-resolved

standard spectra.

11.2 Data Analysis. Various analytical programs are

available for relating sample absorbance to a concentration

standard. Calculated concentrations shall be verified by

analyzing residual baselines after mathematically

subtracting scaled reference spectra from the sample

spectra. A full description of the data analysis and

calculations is contained in the FTIR Protocol (sections

4.0, 5.0, 6.0 and appendices). Correct the calculated

concentrations in the sample spectra for differences in

absorption path length and temperature between the reference

and sample spectra using equation 6,

CmIT = ( ~:) ( i)( ~) C~lc (6)

where:

Ceorr Concentration, corrected for path length.

Cea1e Concentration,. initial calculation (output of the

analytical program designed for the compound) .
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12.0

12.1

Lr Reference spectra path length.

Ls Sample spectra path length.

Tg Absolute temperature of the sample gas, K.

Tr Absolute gas temperature of reference spectra, K.

Pg Sample cell pressure.

Pr Reference spectrum sample pressure.

Method Performance.

Spectral Quality. Refer to the FTIR Protocol

appendices for analytical requirements, evaluation of data

quality, and analysis of uncertainty.

12.2 Sampling QA/QC. The analyte spike procedure of

section 9 of this method, the QA spike of section 8.6.2 of

this method, and the validation procedure of section 13 of

this method are used to evaluate the performance of the

sampling system and to quantify sampling system effects, if

any, on the measured concentrations. This method is self­

validating provided that the results meet the performance

requirement of the QA spike in sections 9.0 and 8.6.2 of

this method and results from a previous method validation

study support the use of this method in the application.

Several factors can contribute to uncertainty in the

measurement of spiked samples. Factors which can be

controlled to provide better accuracy in the spiking

procedure are listed in sections 12.2.1 through 12.2.4 of

this method.
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12.2.1 Flow meter. An accurate mass flow meter is accurate

to ± 1 percent of its span. If a flow of 1 L/min is

monitored with such a MFM, which is calibrated in the range

of 0-5 L/min, the flow measurement has an uncertainty of 5

percent. This may be improved by re-calibrating the meter

at the specific flow rate to be used.

12.2.2 Calibration gas. Usually the calibration standard

is certified to within ± 2 percent. With reactive analytes,

such as HCI, the certified accuracy in a commercially

available standard may be no better than ± 5 percent.

12.2.3 Temperature. Temperature measurements of the cell

shall be quite accurate. If practical, it is preferable to

measure sample temperature directly, by inserting a

thermocouple into the cell chamber instead of monitoring the

cell outer wall temperature.

12.2.4 Pressure. Accuracy depends on the accuracy of the

barometer, but fluctuations in pressure throughout a day may

be as much as 2.5 percent due to weather variations.

13.0 Method Validation Procedure.

This validation procedure, which is based on EPA Method

301 (40 CFR part 63, appendix A), may be used to validate

this method for the analytes in a gas matrix. Validation at

one source may also apply to another type of source, if it

can be shown that the exhaust gas characteristics are

similar at both sources.
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13.1 Section 5.3 of Method 301 (40 eFR part 63, appendix

A), the Analyte Spike procedure, is used with these

modifications. The stitistical analysis of the results

follows section 6.3 of EPA Method 301. Section 3 of this

method defines terms that are not defined in Method 301.

13.1.1 The analyte spike is performed dynamically. This

means the spike flow is continuous and constant as spiked

samples are measured.

13.1.2 The spike gas is introduced at the back of the

sample probe.

13.1.3 Spiked effluent is carried through all sampling

components downstream of the probe.

13.1.4 A single FTIR system (or more) may be used to

collect and analyze spectra (not quadruplicate integrated

sampling trains) .

13.1.5 All of the validation measurements are performed

sequentially in a single "run" (section 3.26 of this

method) .

13.1.6 The measurements analyzed statistically are each

independent (section 3.22 of this method) .

13.1.7 A validation data set can consist of more than 12

spiked and 12 unspiked measurements.

13.2 Batch Sampling. The procedure in sections 13.2.1

through 13.2.2 may be used for stable processes. If process

emissions are highly variable, the procedure in section
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13.2.3 shall be used.

13.2.1 With a single FTIR instrument and sampling system,

begin by collecting spectra of two unspiked samples.

Introduce the spike flow into the sampling system and allow

10 cell volumes to purge the sampling system and FTIR cell.

Collect spectra of two spiked samples. Turn off the spike

and allow 10 cell volumes of unspiked sample to purge the

FTIR cell. Repeat this procedure until the 24 (or more)

samples are collected.

13.2.2 In batch sampling, collect spectra of 24 distinct

samples. (Each distinct sample consists of filling the cell

to ambient pressure after the cell has been evacuated.)

13.2.3 Alternatively, a separate probe assembly, line, and

sample pump can be used for spiked sample. Verify and

document that sampling conditions are the same in both the

spiked and the unspiked sampling systems. This can be done

by wrapping both sample lines in the same heated bundle.

Keep the same flow rate in both sample lines. Measure

samples in sequence in pairs. After two spiked samples are

measured, evacuate the FTIR cell, and turn the manifold

valve so that spiked sample flows to the FTIR cell. Allow

the connecting line from the manifold to the FTIR cell to

purge thoroughly (the time depends on the line length and

flow rate). Collect a pair of spiked samples. Repeat the

procedure until at least 24 measurements are completed.
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13.3 Simultaneous Measurements With Two FTIR Systems. If

unspiked effluent concentrations of the target analyte(s)

vary significantly with time, it may be desirable to perform

synchronized measurements of spiked and unspiked sample.

Use two FTIR systems, each with its own cell and sampling

system to perform simultaneous spiked and unspiked

measurements. The optical configurations shall be similar,

if possible. The sampling configurations shall be the same.

One sampling system and FTIR analyzer shall be used to

measure spiked effluent. The other sampling system and FTIR

analyzer shall be used to measure unspiked flue gas. Both

systems shall use the same sampling procedure (i.e., batch

or continuous).

13.3.1 If batch sampling is used, synchronize the cell

evacuation, cell filling, and collection of spectra. Fill

both cells at the same rate (in cell volumes per unit time).

13.3.2 If continuous sampling is used, adjust the sample

flow through each gas cell so that the same number of cell

volumes pass through each cell in a given time (i.e. TC I =

TC 2 ) •

13.4 Statistical Treatment. The statistical procedure of

EPA Method 301 of this appendix, section 6.3 is used to

evaluate the bias and precision. For FTIR testing a

validation "run" is defined as spectra of 24 independent

samples, 12 of which are spiked with the analyte(s) and 12
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of which are not spiked.

13.4.1 Bias. Determine the bias (defined by EPA Method 301

of this appendix, section 6.3.2) using equation 7:

B = S - CSm

where:

B Bias at spike level.

Sm Mean concentration of the analyte spiked

samples.

(7)

CS Expected concentration of the spiked samples.

13.4.2 Correction Factor. Use section 6.3.2.2 of Method

301 of this appendix to evaluate the statistical

significance of the bias. If it is determined that the bias

is significant, then use section 6.3.3 of Method 301 to

calculate a correction factor (CF). Analytical results of

the test method are multiplied by the correction factor, if

0.7 ~ CF ~ 1.3. If is determined that the bias is

significant and CF > ± 30 percent, then the test method is

considered to "not valid."

13.4.3 If measurements do not pass validation, evaluate the

sampling system, instrument configuration, and analytical

system to determine if improper set-up or a malfunction was

the cause. If so, repair the system and repeat the

validation.
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14.0 Pollution Prevention.

The extracted sample gas is vented outside the

enclosure containing the FTIR system and gas manifold after

the analysis. In typical method applications the vented

sample volume is a small fraction of the source volumetric

flow and its composition is identical to that emitted from

the source. When analyte spiking is used, spiked pollutants

are vented with the extracted sample gas. Approximately 1.6

x 10-4 to 3.2 x 10-4 lbs of a single HAP may be vented to the

atmosphere in a typical validation run of 3 hours. (This

assumes a molar mass of 50 to 100 g, spike rate of 1.0

L/min, and a standard concentration of 100 ppm). Minimize

emissions by keeping the spike flow off when not in use.

15.0 Waste Management.

Small volumes of laboratory gas standards can be vented

through a laboratory hood. Neat samples must be packed and

disposed according to applicable regulations. Surplus

materials may be returned to supplier for disposal.
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PROTOCOL POR THB OSB OF EXTRACTIVB POURIER TRANSPORM
INFRARED (PTIR) SPBCTROMBTRY POR THB ANALYS2S OF GASBOOS

BNISSIONS PRON STATIONARY SOURCBS

INTRODUCTION

The purpose of this document is to set general guidelines
for the use of modern FTIR spectroscopic methods for the analysis
of gas sarnpl~s extracted from the effluent of stationary emission
sources~ Th~s document outlines techniques for developing and
evaluat~~g such methods and sets basic requirements for reporting
and qual~ty assurance procedures.

1. 0 NOImHCLA~

1.1 Appendix A lists definitions of the symbols and terms
used in t~is Prot?col, many of.which have been taken directly
from Amer~can Soc1ety for Test1ng and Materials (ASTM)
publication E 131-90a, entitled ·Terminology Relating to
Molecular Spectroscopy~-

1.2 Except in the case of background spectra or where
otherwise noted, the term •spectrum- refers to a double-beam
spectrum in units of absorbance vs. wavenumber (em- 1 ).

1.3 The term ·Study- in this document refers to a
publication that has been subjected to EPA- or peer-review.

2.0 APPLICABILITY AND ANALYTICAL PRIHCIPLa

2.1 Applicability. This Protocol applies to the
determination of compound-specific concentrations in single- and
multiple-component gas phase samples using double-beam absorption
spectroscopy in the mid-infrared band. It does not specifically
address other FTIR applications, such as single-beam
spectroscopy, analysis of open-path (non-enclosed) samples, and
continu~us measurement techniques. If multiple spectrometers,
absorption cells, or instrumental linewidths are used in such
analyses, each distinct operational configuration of the system
must be evaluated separately according to this Protocol.

2.2 Analytical Principle.

2.2.1 In the mid-infrared band, most molecules exhibit
characteristic gas phase absorption spectra that may be recorded
by FTIR systems. Such systems consist of a source of mid­
infrared radiation, an interferometer, an enclosed sample cell of
known absorption pathlength, an infrared detector, optical
elements for the transfer of infrared radiation between
components, and gas flow control and measurement components~

Adjunct and integral computer systems ~re used for con~roll~ng
the instrument, processing the signal, ~nd for perform~ng both
Fourier transforms and quantitative ~~alyses of spectral data.
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2.2.2 The absorption spectra of pure gases and of m~xt~~e3
of gase~ are_ descr~bed b~ a linear absorbance theory referred :~
as Beer ~ Law. Us~ng th~s law, modern FTIR systems use
comput~r~zed analytical programs to quantify compounds by
comparlng the ~bsorption spectra of known (reference) gas samples
to the a~sorptlon spectrum of the sample gas. Some standard
mathematl~al techniques used for comparisons are classical least
squares, ~nverse least squares, cross-correlation factor
analysis, and partial least squares. Reference A'describes
several o~ these ~ec~iques, as well as additional techniques,
such ~s d~fferentlat~onmethods, linear baseline corrections, and
non-l~near absorbance corrections.

3.0 GBHBaAL PRIHCIPLBS ow PROTOCOL RBQOI~S

The characteristics that distinguish FTIR systems from gas
analyzers used in instrumental gas analysis methods (e.g.,
EPA Methods 6C and 7E) are: (1) Computers are necessary to
obtain and analyze data; (2) chemical concentrations can be
quantified using previously recorded infrared reference spectra;
and (3) analytical assumptions and results, including possible
effects of interfering compounds, can be evaluated after the
quantitative analysis. The following general principles and
requirements of this Protocol are based on these characteristics.

3.1 Verifiability and Reproducibility of Results. Store
all data and document data analysis techniques sufficient to
allow an independent agent to reproduce the 'analytical results
from the raw interferometric data.

3.2 Transfer of Reference Spectra. To determine whether
reference spectra recorded under one set of conditions (e.g.,
optical bench, instrumental linewidth, absorption pathlength,
detector performance, pressure, and temperature) can be used to
analyze sample spectra taken under a different set of conditions,
quantitatively compare ·calibration transfer standards· (CTS) and
reference spectra as described in this Protocol. (~: The CTS
may, but need not, include analytes of interest). To effect
this, record the absorption spectra of the CTS (a) immediately
before and immediately after recording reference spectra and
(b) immediately after recording sample spectra.

3.3 Evaluation of FTIR Analyses. The applicability,
accuracy, and precision of FTIR measurements are influenced by a
number of interrelated factors, which may be divided into two
classes:

3.3.1 Sample-Independent Factors. Examples a~e.s¥stem

configuration and performance (e.g., detector sensltlvlty and
infrared source output), quality and applicability of reference
absorption spectra, and type of mathematical ana~Y7es ?f the
spectra. These factors define the fundam~ntal ~lm~tatlons of
FTIR measurements for a given system conflguratlon. These
limitations may be estimated from evaluations of the s~stem. .
before samples are available. For example, the dete~t~on llmlt
for the absorbing compound under a given set of condlt~ons may be
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estl~ated from the system noise level and the strength of a
partlcular absorption band. Similarly, the accuracy of
measurements .may be estimated from the analysis of the reference
spectra.

. 3.3.2 Sample-Dependent Factors. Examples are spectral
lnterferants (e.g., water vapor and CO) or the overlap of
spectral features of different compounds and contamination
dep?s~ts on reflective surfaces or transmitting windows. To
max~m~ze the ef~ect~vene~s.of ~he mat~ematical techniques used in
~p~c~ral analysls, ldentlflcatlon of lnterferants (a standard
ln~tla~ step) and analysis of samples (includes effects of other
analytlcal errors) are necessary. Thus, the Protocol requires
post-analysis calculation of measurement concentration
uncertainties for' the detection of these potential sources of
measurement error.

Before testing, demonstrate the suitability of FTIR
spectrometry for the desired application according to the
procedures of this section.

4.1 Identify Test Requirements. Identify and record the
test requirements described below in 4.1.1 through 4.1.5. These
values set the desired or required goals of the proposed
analysis; the description of methods for determining whether
these goals are actually met during the analysis comprises the
majority of this Protocol.

4.1.1 Analytes (specific chemical species) of interest.
Label the analytes from i = 1 to I.

4.1.2 Analytical uncertainty limit (AU i ). The AU
i

is the
maximum permissible fractional uncertainty of analysis for the
i~h analyte concentration, expressed as a fraction of the analyte
concentration in the sample.

4.1~3 Required detection limit for each analyte (DL
i

, ppm).
The detection limit is the lowest concentration of an analyte for
which its overall fractional uncertainty (OFU i ) is required to be
less than its analytical uncertainty limit (AUJ.

4.1.4 Maximum expected concentration of each analyte
(CMAX i I ppm).

4.2 Identify Potential Interferants. Considering the
chemistry of the process or results of previous Studies, identify
potential interferants, i.e., the major effluent constitu~nts and
any relatively minor effluent constituents that possess elther
strong absorption characteristics or strong structural
similarities to any analyte of interest. Labe,l th.em 1 through
N where the subscript -j. pertains to potentlal lnterferants.
Ektimate the concentrations of these compounds in the effluent
(CPOT), ppm).
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4.3 Select and Evaluate the Sampling System. Consideri~g
the source, e.g., temperat~re and pressure profiles, moisture
content, analY~e characterlstics, and particulate concentration) I

select the equlpment for extracting gas samples. Recommended are
a particulate filter, heating system to maintain sample
temperature above the dew point for all sample constituents at
all points ~ithin the sampling system (including the filter) and
sample conditioning system (e.g., coolers, water-permeable '
membr~nes.that r~move water or other compounds from the sample,
and d~lutlon dev~ces) to remove spectral interferants or to
protect the sampling and analytical components. Determine the
~inimum absolute. sample system pressure (Pl'Ilin' mmHg) and the
lnfrared absorpt~on cell volume (Vss ' liter). Select the
techniques and/or equipment for the measurement of sample
pressures and temperatures.

4.4 Select Spectroscopic System. Select a spectroscopic
configuration for the application.' Approximate the absorption
pathlength (LsI, meter), sample pressure (PSI, kPa) , absolute
sample temperature Ts I, and signal integration period (tss '
seconds) for the analysis. Specify the nominal minimum
instrumental linewidth (MIL) of the system. Verify that the
fractional error at the approximate values PSI and Tsl ~s less
than one half the smallest value AUi (see Section 4.1.2) .

4.5 Select Calibration Transfer Standards (CTS's). Select
CTSls that meet the criteria listed in S~ctions 4.5.1, 4.5.2, and
4.5.3.

~: It may be necessary to choose preliminary analytical
regions (see Section 4.7), identify the minimum analyte
linewidths, or estimate the system noise level (see
Section 4.12) before selecting the CTS. More than one
compound may be needed to meet the criteria; if so, obtain
separate cylinders for each compound.

4.5.1 The central wavenumber position of each analytical
region lies within 25 percent of the wavenumber position of at
least one CTS absorption band.

4 . 5"·. 2 The absorpt ion bands in 4. 5 . 1 exhibi t peak
absorbances greater than ten times the value RMSE~ (see
Section 4.12) but less than 1.5 absorbance units.

4.5.3 At least one absorption CTS band within the operating
range of the FTIR instrument has an instrument-independ~nt

linewidth no greater than the narrowest analyt~ absorptlon ~and;

perform and document measurements or cite Stud~es to determ~ne

analyte and CTS compound linewidths.

4.5.4 For each analytical region, specify th~ upper and
lower wavenumber positions (FFUl'Il and FFL'lI,respectlvely! that
bracket the CTS absorption band or bands for the assoclated
analytical region. Specify the wavenlli~er range~ F~ to FNL,
containing the absorption band that ~eecs the crlterlon of
Section 4.5.3.
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4.5.5 Associate, whenever possible a single set of CTS gas
cyl~nders w~th a set ?f reference spect~a. Replacement CTS gas
c~l~~ders snaIl conta~n the same compounds at concentrations
wlt~ln 5 perce~t of that of the original CTS cylinders; the
entlre absorptlon spectra (not individual spectral segments) of
the replacement gas shall be scaled by a factor between 0.95 and
1.05 to match the original CTS spectra.

4.6 Prepare Reference Spectra.

~: Reference spectra are available in a permanent soft
copy from the EPA spectral library on the EMTIC (Emission
Measurement Technical Information Center) computer bulletin
board; they may be used if applicable.

4.6.1 Select the reference absorption pathlength (LR) of the
cell.

4.6.2 Obtain or prepare a set of chemical standards for
each analyte, potential and known spectral interferants, and CTS.
Select the concentrations of the chemical standards to correspond
to the top of the desired range.

4.6.2.1 Commercially-Prepared Chemical Standards. Chemical
standards for many compounds may be obtained from independent
sources, such as a specialty gas manufacturer, chemical company,
or commercial laboratory. These standards (accurate to within
±2 percent) shall be prepared according to EPA Protocol 1 (see
Reference D) or shall be traceable to NIST standards. Obtain
from the supplier an estimate of the stability of the analyte
concentration; obtain and follow all the supplier's
recommendations for recertifying the analyte concentration.

4.6.2.2 Self-Prepared Chemical Standards. Chemical
standards may be prepared as follows: Dilute certified
commercially prepared chemical gases or pure analytes with ultra­
pure carrier (UPC) grade nitrogen according to the barometric and
volumetric techniques generally described in Reference A,
Section A4.6.

4.6:3 Record a set of the absorption spectra of the CTS
CR1}, then a set of the reference spectra at two or more
concentrations in duplicate over the desired range (the top of
the range must be less than 10 times that of the bottom),
followed by a second set of CTS spectra {R2}. (If self-prepared
standards are used, see Section 4.6.5 before disposing of any of
the standards.) The maximum accepted standard concentration­
pathlength product (ASCPP) for each compound shall be higher than
the maximum estimated concentration-pathlength products for both
analytes and known interferants in the effluent gas. For, each
analyte" the minimum ASCPP shall be no greater than ~en t~me7 the
concentration-pathlength product of that analyte at ~ts requ~red

detection limit.

4.6.4 Permanently store the background and inte~ferograms
in digitized form. Document details of the mathernatlcal process
for generating the spectra from these lnterferograms. Record the
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sample pressure (PR) I sample temperature (T
R

) I reference
abS?rptlon p~th~ength (L R) I and interferogram signal integration
~erlod (t SR )' Slgnal integration periods for the background
lnt~rferograms shall be ~tSR' Values of PR1 LR, and t

SR
shall not

devlate by more than ±1 percent from the time of recording (Rl}
to that of recording {R2}.

4.6.5 If self-prepared chemical standards are employed and
spectra of only two concentrations are recorded for one or more
compou~ds, verify the accuracy of the dilution technique by
analyzlng the prepared standards for those compounds with a
secondary (non-FTIR) technique as follows:

4.6.5.1 Record the response of the secondary technique to
each of the four standards prepared.

4.6.5.2 P'erform a linear regression of the response values
(dependant variable) versus the accepted standard concentration
(ASC) values (independent variable), with the regression
constrained to pass through the zero-response, zero ASC point.

4.6.5.3 Calculate the average fractional difference between
the actual response values and the regression-predicted values
(those calculated from the regression line using the four Ase
values as the independent variable).

4.6.5.4 If the average fractional difference value
calculated in Section 4.6.5.3 is larger for any compound than the
corresponding AUt, the dilution technique is not sufficiently
accurate and the reference spectra prepared are not valid for the
analysis.

4.7 Select Analytical Regions. Using the general
considerations in Section 7 of Reference A and the spectral
characteristics of the analytes and interferants, select the
analytical regions for the application. Label them m = 1 to M.
Specify the lower, center and upper wavenumber positions of each
analytical region (FLm, FCm, and FUm' respectively). ,Specify the
analytes and interferants which exhibit absorption in each
region ..'

4.8 Determine Fractional Reproducibility Uncertainties.
Using Appendix E, calculate the fractional reproducibility
uncertainty for each analyte (FRU i ) from a comparison of {Rl} and
{R2}. If FRU! > AUt for any analyte" the reference ~pec~ra
generated in Section 4.6 are not valld for the appllcatlon.

4.9 Identify Known Interferants. Using Appendix 8,
determine which potential interferant affects the analyte .
concentration determinations. If it does, relabel the potentlal
interferant as "known- interferant, and designate these compounds
from k = 1 to K. Appendix 8 also provi?es crit~ria for ,
determining whether the selected analytlcal reglons are SUltable.

4.10 Prepare Computerized Analytical Programs.

D-60



4:10.1 Choose or devise mathematical techniques (e.g,
class~ca~ le~st squares, inverse least squares, cross­
correlat~on, and factor analysis) based on Equation 4 of
Refere~ce A ~hat are appropriate for analyzing spectral data by
compar~son w~th reference spectra.

4.10.2 Following the general recommendations of Reference
A, prepare a computer program or set of programs that analyzes
all the analytes and known interferants, based on the selected
analytical r~gions (4.7) ~nd the prepared reference spectra
(4.6). Spec~fy the basel~ne correction technique (e.g.,
determining the slope and intercept of a linear baseline
con~ribu~ion i~ each analytical region) for each analytical
reglon, lncludlng all relevant wavenumber positions.

4.10.3 Use programs that provide as output (at the
reference absorption pathlength (LR), reference gas temperature
(TR), and reference gas pressure (PR)] the analyte
concentrations, the known interferant concentrations, and the
baseline slope and intercept values. If the sample absorption
pathlength (Ls )' sample gas temperature (Ts ) or sample gas
pressure (Ps ) during the actual sample analyses differ from LR,

TR, and PR1 use a program or set of programs that appli~s

multiplicative corrections to the derived concentrations to
account for these variations, and that provides as output both
the corrected and uncorrected values. Include in the report of
the analysis (see Section 7.0) the details of any transformations
applied to the original reference spectra (e.g.,
differentiation), in such a fashion that all analytical results
may be verified by an independent agent from the reference
spectra and data spectra alone.

4.11 Determine the Fractional Calibration Uncertainty.
Calculate the fractional calibration uncertainty for each analyte
(FCU·) according to Appendix F, and compare these values to the
fractional uncertainty limits (AU i ; see Section 4.1). If
FCU· > AU.), either the reference spectra or analytical programs

L 1 •

for that analyte are unsultable.

4.12 Verify System Configuration Suitability. Using
Appendix C, measure or obtain estimates of the noise level
(RMS~I' absorbance) of the FTIR system; alternatively, construct
the complete spectrometer system and determine the values ~S~

using Appendix G. Estimate the minimum measurement uncerta~nty

for each analyte (MAU i , ppm) and known interferant (MIUki ppm)
using Appendix D. Verify that (a) MAUL < (AU i ) (DL i ) I FRU i < AU i ,

and FCU < AU1 for each analyte and that (b) the CTS chosen meets
the re~irements listed in Section 4.5.

s.o S~LIHG AND' ANALYSIS PROCBDaa-

5.1 Analysis System Assembly and Leak-Test. Assemble the
analysis system. Allow sufficient time for all system components
to reach the desired temperature. Then determine the leak-rate
(L

R
) and leak volume (V~), where VL = LR t ss ' Leak volumes shall

be' s4 percent of Vss '
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5.2 Ver~fy Instrumental Performance. Measure the noise
level of ~he -system in ea7h analytical region using the procedure
of Append~x G. If any no~se level is higher than that estimated
for th7 system in Section 4.12, repeat the calculations of
Appen~~x D and verify that the requirements of Section 4.12 are
me~; ~f t~ey are not, adjust or repair the instrument and repeat
th~s sect ~on-.

5.3 Determine the Sample Absorption Pathlength. Record a
background spectrum. Then, fill the absorption cell with CTS at
the pressure PR and record a set of CTS spectra {R3}. Store the
background and unsealed CTS single beam interferograms and
spectra. Using Appendix H, calculate the sample absorption
pathlength (Ls) for each analytical region. The values Ls shall
not differ from the approximated sample pathlength Lsi (see
Section 4.4) by more than 5 percent.

5.4 Record Sample Spectrum. Connect the sample line to the
source. Either evacuate the absorption cell to an absolute
pressure below 5 mmHg before extracting a sample from the
effluent stream into the absorption cell, or pump at least ten
cell volumes of sample through the cell before obtaining a
sample. Record the sample pressure Ps ' Generate the absorbance
spectrum of the sample. Store the background and sample single
beam interferograms, and document the process by which the
absorbance spectra are generated from these data. (If necessary,
apply the spectral transformations developed in Section 5.6.2) .
The resulting sample spectrum is referred to below as Sse

UQta: Multiple sample spectra may be recorded according to
the procedures of Section 5.4 before performing Sections 5.5
and 5.6.

5.5 Quantify Analyte Concentrations. Calculate the
unsealed analyte concentrations RUAt and unsealed interferant
concentrations RUIK using the programs developed in Section 4.
To correct for pathlength and pressure variations between the
reference and sample spectra, calculate the scaling factor
RtFS = (LRPRTs)/{LsPsTR). Calculate the final analyte and
interferant concentrations RSAt = Rt.psRUAt and RSl k = Rt.psRUI k •

5.6 Determine Fractional Analysis Uncertainty. Fill the
absorption cell with CTS at the pressure Ps . Record a set of CTS
spectra {R4}. Store the background and CTS single beam
interferograms. Using Appendix H, calculate the fractional
analysis uncertainty (FAU) for each analytical region. If the
FAU indicated for any analytical region is larger than the
required accuracy requirements determined in Section 4.1, ,then.
comparisons to previously recorded reference spectra are ~nvalld
in that 'analytical region, and the analyst shall perform one or
both of the following procedures:

5.6.1 Perform instrumental checks and adjust the i~strument

to restore its performance to acceptable levels. If adJu~tments
are made, repeat Sections 5.3, 5.4 (except for the record~ng of a
sample spectrum), and 5.5 to demonstrate, that ac~eptable
uncertainties are obtained in all analytlcal reg~ons.
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5.6.2 A~pl~ appropria~e ~athernati~al ~ransforrnations (e.g.,
frequency s~~ft~ng, zero-f~ll~ng, apodlzatlon, smoothing) to the
spectra (or to the interferograms upon which the spectra are
base~) generated during the performance of the procedures of
Sectlon 5.3. Document these transformations and their
reproducibility. Do not apply multiplicative scaling of the
spe~tra, or any se~ o~ tr~nsforma~ions t~at is mathematically
equlvalent to multlpllcatlve scallng. Dlfferent transformations
may be applied to different analytical regions. Frequency shifts
shall be smaller than one-half the minimum instrumental '
linewi?th, and,must be applied to all spectral data points in an
anal~tlcal reglon. The.ma~hematical transformations may be
retalned for the analysls lf they are also applied to the
appropriate analytical regions of all sample spectra recorded,
and if all original ~ample spectra are digitally stored. Repeat
Sections 5.3, 5.4 (except the recording of a sample spectrum),
and 5.5 to demonstrate that these transformations lead to
acceptable calculated concentration uncertainties in all
analytical regions.

6.0 POST-ANALYSIS BVALOATIOHS

Estimate the overall accuracy of the analyses performed in
Section 5 as follows:

6.1 Qualitatively Confirm the Assumed Matrix. Examine each
analytical region of the sample spectrum for spectral evidence of
unexpected or unidentified interferants. If found, identify the
interfering compounds (see Reference C· for guidance) and add them
to the list of known interferants. Repeat the procedures of
Section 4 to include the interferants in the uncertainty
calculations and analysis procedures. Verify that the MAU and
FCU values do not increase beyond acceptable levels for the
application requirements. Re-calculate the analyte
concentrations (Section 5.5) in the affected analytical regions.

6.2 Quantitatively Evaluate Fractional Model Uncertainty
(FMU). Perform the procedures of either Section 6.2.1 or 6.2.2:

6.2".1 Using Appendix I, determine the fractional model
error (FMU) for each analyte.

6.2.2 Provide statistically determined uncertainties FMU
for each analyte which are equivalent to two standard deviations
at the 95' confidence level. Such determinations, if employed,
must be based on mathematical examinations of the pertinent
sample spectra (not the reference spectra alone). Includ7 i~ the
report of the analysis (see Section 7.?) a comple~e ~escrlptlon

of the determination of the concentratlon uncertalntles.

6.3 Estimate Overall Concentration Uncertainty (OCU). .
Using Appendix J, determine the overall concentration uncer~alnty

(OCU) for each analyte. If the OCU is larger than the requ~red
accuracy for any analyte, repeat Sections 4 and 6.

7~0 RBPORTING RBQOIRBNBHTS
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[Documentation pertaining to virtually all the procedures of
Section. 4, 5, and 6 will be required. Software copi•• of
reference apectra and .ample apectra will be retained for some
minimum time following the actual t.ating.]
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8.0 RBFERBNCES

A) Standard Practices for General Techniques of Infrared
Quantitative Analysis (American Society for Testing and
Materials, Designation E 168-88).

B) The Coblentz Society Specifications for Evaluation of
Research Quality Analytical Infrared Reference Spectra
(Class II) i Anal. Chemistry il, 945A (1975); Appl.
Spectro8coPY iii, pp. 211-215, 1990.

C) Standard Practices for General Techniques for Qualitative
Infrared Analysis, American Society for Testing and
Materials, Designation E 1252-88.

D) "Traceability Protocol for Establishing True Concentrations
of Gases Used for Calibration and Audits of Continuous
Emissions Monitors (Protocol Number 1),· June 1978, Quality
Assurance Handbook for Air Pollution Measurement Systems,
Volume III, Stationary Source Specific Methods, EPA-600/4­
77-027b, August 1977.
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APPENDIX A

DEFINITIONS OF TERMS AND SYMBOLS

A.l Definitioa. of T.~

abaorpti~D _band - a contiguous wavenumber region of a spectrum
(e~~val~ntly~ a contiguous set of absorbance spectrum data
po~nts) ~n wh~ch the absorbance passes through a maximum or
a series of maxima.

abaorptioD pathlength - in a spectrophotometer, the distance
measured in the direction of propagation of the beam of I

radiant energy, between the surface of the specimen on which
the radiant energy is incident and the surface of the
specimen from which it is emergent.

analytical,regioD - a contiguous wavenumber region (equivalently,
a cont~guous set of absorbance spectrum data points) used in
the quantitative analysis for one or more analyte.

~: The quantitative result for a single analyte may be
based on dat~ from more than one analytical region ..

apodi.atioD - modification of the ILS function by multiplying the
interferogram by a weighing function whose magnitude varies
with retardation.

backgrOUDd .pectrwa - the single beam spectrum obtained with all
system components without sample present.

ba.eline - any line drawn on an absorption spectrum to establish
a reference point that represents a function of the radiant
power incident on a sample at a given wavelength.

Seera'a law - the direct proportionality of the absorbance of a
compound in a homogeneous sample to its concentration.

, calibration traa.fer at&D4ar4 (CTS) ga. - a gas standard of a
comPound used to achieve and/or demonstrate suitable
quantitative agreement between sample spectra and the
reference spectra; see Section 4.5.1.

comp0UD4 - a substance possessing a distinct, unique molecular
structure.

cODCentratioD (c) - the quantity of a compound contained in a
unit quantity of sample. The unit II ppm- (number, or mole,
basis) is recommended.

concentration-pathlengtb product - the mathematical product of
concentration of the species and absorption pathlength. For
reference spectra, this is a known quantity~ for sample
spectra, it is the quantity directly determ~ned from Beer's
law. The units "centimeters-ppm" or "meters-ppm- are
recommended.
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derivative absorption. spectrum - a plot of rate of change of
absorbance or of any function of absorbance with respect to
wavelength or any function of wavelength.

double ~eam apectrua - a transmission or absorbance spectrum
der~vedby dividing the sample single beam spectrum by the
background spectrum.

~: The term -double-beam- is used elsewhere to denote a
spectrum in which the sample and background interferograms
are col~ected simultaneously along physically distinct
absorpt~on paths. Here, the term denotes a spectrum in
which the sample and background interferograms are collected
at different times along the sarne absorption path.

t •• t Fourier traa.fo~ (PPT) - a method of speeding up the
computation of a discrete FT ay factoring the data into
sparse matrices containing mostly zeros.

flyback - interferometer motion during which no data are
recorded.

Fourier traa.fo~.(~) - the mathematical process for converting
an amplitude-time spectrum to an amplitude-frequency
spectrum, or vice versa.

Fourier traa.fo~ i~r.re4 (PTIK) .pectro..ter - an analytical
system that employs a source of mid-infrared radiation, an
interferometer, an enclosed sample cell of known absorption
pathlength, an infrared detector, optical elements that
transfer infrared radiation between components, and a
computer system. The time-domain detector response
(interferogram) is processed by a Fourier transform to yield
a representation of the detector response vs. infrared
frequency.

~: When FTIR spectrometers are interfaced with other
instruments, a slash should be used to denote the interface;
e.g4, GC/FTIR; HPCL/FTIR, and the use of FTIR should be
explicit; i.e., FTIR not IR.

frequ~, v - the number of cycles per unit time.

i~r.re4 - the portion of the electromagnetic spectrum containing
wavelengths from approximately 0.78 to 800 microns.

interferograa, %(0) - record of the modulated component of the
interference signal measured as a function of retardation by
the detector.

interferometer - device that divides a beam of radiant energy
into two or more paths, generate an optical path difference
between the beams, and recombines them in order to P70duce
repetitive interference maxima and minima as the optlcal
retardation is varied.
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linewidth - the full width at half maximum of an absorption ca~d
in units of wavenumbers (cm- 1 ).

mid-infr.r~d - the region of the electromagnetic spectrum from
approx~mately 400 to 5000 cm- 1

•

p.thl.ng~h - see -absorption pathlength. q

reference apectra - absorption spectra of gases with known
chemical-compositions, recorded at a known absorption
pathlength, which are used in the quantitative analysis of
gas samples.

retardation, a - optical path difference between two beams in an
interferometer; also known as ·optical path difference q or
qoptical retardation.-

.can - digital representation of the detector output obtained
during one complete motion of the interferometer's moving
assembly or assemblies.

acaling - application of a multiplicative factor to the
absorbance values in a spectrum .

• ingl. be.. ap.ctrwa - Fourier-transformed interferogram,
representing the detector response vs. wavenumber.

~: The term -single-beam- is used elsewhere to denote
any spectrum in which the sample and background
interferograms are recorded on the same physical absorption
path; such usage differentiates such spectra from those
generated using interferograms recorded along two physically
distinct absorption paths (see -double-beam spectrum­
above). Here, the term applies (for example) to the two
spectra used directly in the calculation of transmission and
absorbance spectra of a sample.

at&D4ar4 refereac...terial - a reference material, the
composition or properties of which are certified by a
recognized standardizing agency or group.

~: The equivalent ISO term is "certified reference
material.-

traa.~ttaDC., T - the ratio of radiant power transmitted by the
sample to the radiant power incident o~ the sampl7·
Estimated in FTIR spectroscopy by form~ng the rat~o of the
single-beam sample and background spectra.

wavenumber, v - the number of waves per unit length.

~: The usual unit of wavenumber is the reciprocal
centimeter, cm- 1 The wavenumber is the reciprocal of the
wavelength, A, when A is expressed in centimeters.

zero-filling - the addition of zero-valued points to the end of a
measured interferogram.
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~: P~rforrning the.FT of a zero-filled interferograrn
results -~n correctly ~nterpolated points in the compu"'ed
spectrum. ~

A.2 Definition. of Nathematical Symbol.

A, ab.orbance - the logarithm to the base 10 of the reciprocal of
the transmittance (T).

(1)

AAIua - band area of the i ch analyte in the mCh analytical
region, at the concentration (CL i ) corresponding to the
product of its required detection limdt (DL i ) and analytical
uncertainty 1imi t (AUi)

AAVua - average absorbance of the i ch analyte in the mth

analytical region, at the concentration (CL i ) corresponding
to the product of its required detection limdt (DL.) and
analytical uncertainty limdt (AU i ) • 1

ASC, accepted .taDdard conceDtration - the concentration value
assigned to a chemical standard.

ABCP., accepted ataDdard cODCeDtration-pathleD~hproduct - for
a chemical standard, the product of the Ase and the sample
absorption pathlength. The units -centimeters-ppm- or
"meters-ppm- are recommended.

A01 , analytical uncertainty limit - the maximum permissible
fractional uncertainty of analysis for the i Ch analyte
concentration, expressed as a fraction of the analyte
concentration determined in the analysis.

AVT. - average estimated total absorbance in the mCh analytical
region.

C~ - estimated concentration of the kCh known interferant.

C'KUt - estimated maximum concentrat ion of the i co analyte.

CPOT, - estimated concentration of the jCh potential interferant.

DL
1

, required detection liJDit - for the i ch analyte, the lowest
concentration of the analyte for which its overall
fractional uncertainty (OFU i ) is required to be less than the
analytical uncertainty limit (AU,).

PC. - center wavenumber position of the rnCh analytical region.

PAO, fractional analytical uncertainty - calculated uncertainty
1 in the measured concentration of the i ch analyte because of
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errors in the mathematical comparison of reference and
sample spectra.

PctJ!', fractional calibration un,certainty -, ~~alculated uncertainty
1n the ~easured concentrat~on of the 1- analyte because of
errors 1n ~eerls law model1ng of the reference spectra
concentrat1ons.

PPL. - lower wavenumber position of the CTS absorption band
associated with the mth analytical region.

Pro. - upper wavenumber position of the CTS absorption band
associated with the mth analytical region.

~ - lower wavenumber position of the mth analytical region.

PMD1 , fractional madel uncertainty - calculated uncertainty in
the measured concentration of the i th analyte because of
errors in the absorption model employed.

~ - lower wavenumber position of the CTS spectrum containing an
absorption band at least as narrow as the analyte absorption
bands.

~ - upper wavenumber position of the CTS spectrum containing an
absorption band at least as narrow as the analyte absorption
bands.

raul' fractional reproducibility uaeertainty '- calculated
uncertainty in the measured concentration of the i th analyte
because of errors in the reproducibility of spectra from the
FTIR system.

po. - upper wavenumber position of the mth analytical region ..

IAI ja - band area of the j th potential interferant in the rnth

analytical region, at its expected concentration (CPOT j ).

IAVs.a - average absorbance of the i th analyte in the mth analytical
regfon, at its expected concentration (CPOT j ).

ISC k" iDdicate4 .taDeS.reS concentration - the concentration
1 from the computerized analytical program for a single-

h ' th 1 k Ch kcompound reference spectrum for tel ana yte or nown
interferant.

kPa - kilo-Pascal (see Pascal) .

L.' - estimated sample absorption pathlength.

La - reference absorption pathlength.

L. - actual sample absorption pathlength.

NAU
l

- mean of the MAU im over the appropriate analytical regions.
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MAOi ., minimum analyte uncertainty - the calculated minimum
concen~~ation for which the analytical uncertainty limit
(AU i ) .~n the ~;asureme.nt of the i,:n analyte, based on spect ral
data ~n the m analyt~cal region, can be maintained.

MIO j - mean of the MIU)m over the appropriate analytical regions.

MIOjal minimua interferant uncertainty - the calculated minimum
concentration for which the analytical uncertainty limit
CPOT j /20'in the measurement of the j~h interferant, based on
spectral data in the meh analytical region, can be
maintained.

HIL, minima. inatrumantal linewi4th - the minimum linewidth from
the FTIR system, in wavenurnbers.

~: The MIL of a system may be determined by observing an
absorption band known (through higher resolution
examinations) to be narrower than indicated by the system.
The MIL is fundamentally limited by the retardation of the
interferometer, but is also affected by other operational
parameters (e.g., the choice of apodization).

Hi - number of analytes .

• , - number of potential interferants.

Hk - number of known interferants.

H - the number of scans averaged to obtain an interferogram.NU

OPU1 - the overall fracti~nal ~ncertainty i? an analyte
concentration determ~ned ~n the analys~s (OFU i = MAX {FRU i I

FCU i , FAU i , FMU i })·

Pa.cal (Pa) - metric unit of static pressure, equal to one Newton
per square meter; one atmosphere is equal to 101,325 Pa;
1/760 atmosphere (one Torr, or one millimeter Hg) is equal
to 133.322 Pa.

P~ - minimum pressure of the sampling system during the sampling
procedure.

P,' - estimated sample pressure.

p. - reference pressure.

p. - actual sample pressure.

d . 1 1 of the FTIR system in the m~hRMS. - measure no~se eve
analytical region.

RMSD, root mean .quare difference - a measure of accuracy
determined by the following equatlon:
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where:

t e;
= 1

(2 )

n = the number of observations for which the accuracy is
determined.

e i = the ~ifference between a measured value of a property
and ~ts mean value over the n observations.

~: The RMSD value "between a set of n contiguous
absorbance values (Ai) and the mean of the values" (~) is
defined as

(3 )

RS~ - the (calculated) final concentration of the i Ch analyte.

RSI_ - the (calculated) final concentration of the kCh known
interferant.

t MU ' .CaD tt.e - time used to acquire a single scan, not
including flyback.

t" aignal integration period - the period of time over which an
interferogram is averaged by addition and scaling of
indivi~ual scans. In terms of the number of scans Nscan and
scan t~me t scan ' t s = Nscantscan.

t n - signal integration period used in recording reference
spectra.

t,. - signal integration period used in recording sample spectra.

T. - absolute temperature of gases used in recording reference
spectra.

T, - absolute temperature of sample gas as sample spectra are
recorded.

TP, Througbpu~ - manufacturer's estimate of the fraction of the
total infrared power transmitted by the absorption cell and
transfer optics from the interferometer to the detector.

V., - volume of the infrared absorption cell, including parts of
attached tubing.

W1k - weight used to average over analytical regions k for
quantities related to the analyte i; see Appendix D.
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Note that some terms are missing, e.g., BAV~, oeu, RMSS~, SD3: ,
SIC" SAC" S5
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APPZNDIX B

IDENTIFYING SPECTRAL INTERFERANTS

B.l General

B.1.1 Assume a fixed absorption pathlength equal to the
value Ls I •

8.1:2 Use band area calculations to compare the relative
absorpt~~n stren~ths of ~he analytes and potential interferants.
In the m ~nalyt~cal ~eg~?n (FLm to FUm)' use either rectangular
or trapezoldal approxlmatlons to determine the band areas
described below (see Reference A, Sections A.3.l through A.3.3);
document any baseline corrections applied to the spectra.

B.l.3 Use the average total absorbance of the analytes and
potential interferants in each analytical region to determine
whether the analytical region is suitable for analyte
concentration determinations.

~: The average absorbance in an analytical region is the
band area divided by the width of the analytical region in
wavenumbers. The average total absorbance in an analytical
region is the sum of the average absorbances of all analytes
and potential interferants.

B.2 CalculatioDa

B.2.1 Prepare spectral representations of each analyte at
the concentration eLi = (DL i ) (AUt), where DL t is the required
detection limit and AUt is the maximum permissible analytical
uncertainty. For the mCb analytical region, calculate the band
area (MIi.Ift) and average absorbance (AAVi.m) from these scaled
analyte spectra.

8.2.2 Prepare spectral representations of each potential
interferant at its expected concentration (CPOT j ). For the mCh

analytical region, calculate the band area (IAI jlft ) and average
absorbance (IAVja ) from these scaled potential interferant
spectra.

B.2.3 Repeat the calculation for each analytical region,
and record the band area results in matrix form as indicated in
Figure B.1.

B.2.4 If the band area of any potential interferant in an
analytical region is greater than the one-hal~ t~~ band area of
any analyte (i. e., IAl jlft > 0.5 AAI1.m for any p~lr ~J and any m) ,
classify the potential interferant as known lnterferant~ Labe~
the known interferants k = 1 to K. Record the results ln rnatrlx
form as indicated in Figure B.2.

B.2.5 Calculate the average total absorbance (AVTm) for each
analytical region and record the val~es in the last row of the
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~at=ix jescribed in Figure B.2. Any analytical region ~here
AVT~ >2.0 is -unsuitable.

FIGURE 8.1 Presentation of Potential Interferant Calculations

Analytical Regions
1 M

1
Analyte Labels

MIll . AAI 1M

I MI rl . AAI rM

Potential Interferant
Labels
1 IAI ll . IAI 1M

J IAIn . IAIJM

FIGURE B.2 Presentation of Known Interferant Calculations

Analytical Regions
1 M

Analyte Labels
1

I

Known Interferant
Labels

1

'K

Total Average
Absorbance

MIll

IAI 11
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APPZNDIX C

ESTIMATING NOISE LEVELS

C.l General

C.l.l The root-mean-square (RMS) noise level is the
standard measure of noise in this Protocol. The RMS noise level
of a cont iguous segment of a s'pectrum is defined as the RMS
difference (RMSD) between the absorbance values which form the
segment and the mean value of that segment (see Appendix A) .

C.l.2 The RMS noise value in double-beam absorbance
spectra is assumed to be inversely proportional to: (a) the
square root of the signal integration period of the sample single
beam spectra from which it. is formed, and (b) to the total
infrared power transmitted through· the interferometer and
absorption cell.

C.l.3 Practically, the assumption of C.l.2 allow the RMS
noise level of a complete system to be estimated from the
following four quantities:

(a) RMS~ - the noise level of the system (in absorbance
units), without the absorption cell and transfer optics,
under those conditions necessary to yield the specified
minimum instrumental linewidth, e.g., Jacquinot stop
size.

(b) t~ - the manufacturer's signal integration time used to
determine RMS~.

(c) t ss - the signal integration time for the analyses.

(d) TP - the manufacturer's estimate of the fraction of the
total infrared power transmitted by the absorption cell
and transfer optics from the interferometer to the
detector.

C.2 C.lcul.tio~

C.2.1 Obtain the values of RMS~, t~, and TP from the
manufacturers of the equipment, or determine the noise level by
direct measurements with the completely constructed system
proposed in Section 4.

C.2.2 Calculate the noise value of the system (RMS EST ) as
follows:

~
ss

RMSe:ST = RMS MAN TP ­t MAN
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APP2NDIX D

ESTIMATING MINIMUM CONCENTRATION MEASUREMENT
UNCERTAINTIES (MAU and MIU)

D.1 General

Estimate the minimum concentration measurement uncertainties'
for the i I:h analyte (MAU i ) and j I:h interferant (MIU) based on the
spectral data .in the ml: h analytical region by compJaring the
analyte band area in the analytical region (AAI. ) and estimating
or measuring the noise level of the system (RMS~~ or RMS~) .

~: For a single analytical region, the MAU or MIU value
is the concentration of the analyte or interferant for which
the band area is equal to the product of the analytical
region width (in wavenumbers) and the noise level of the
system (in absorbance units). If data from more than one
analytical region is used in the determination of an analyte
concentration, the MAU or MIU is the mean of the separate
MAU or MIU values calculated for each analytical region.

D.2 C.leulatio~

0.2.1 For each analytical region, set RMS = RMS~ if
measured (Appendix G), or set RMS = RMS!$T if estimated (Appendix
C) •

D.2.2 For each analyte associated with the analytical
region, calculate

(5)

D.2.3 If only the mcn analytic~l region is used to calculate
the concentration of the i Ch analyte, set MAU i = MAU im •

0.2.4 If a number of analytical regions are used to
calculate the concentration of the il: h analyte, set MAU i equal to
the weighted mean of the appropriate MAU im values calculated
above; the weight for each term in the mean is equal to the .
fraction of the total wavenumber range used for the calculatlon
represented by each analytical region. Mathematically, if the
set of analytical regions employed is Cm'}, then the MAU for each
analytical region is
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~Ul = E W;.i< MAU;.i<
k€ (m'}

where the weight Wik is defined for each term in the sum as

( 6 )

(7)

0.2.5 Repeat Sections 0.2.1 through 0.2.4 to calculate the
analogous values MIU j for the interferants j = 1 to J. Replace
the value (AU i ) (OL i ) in the' above equations with CPOT j /20ireplace
the value AAI i .. in the above equations with IAl j ...
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APPENDIX B

DETERMINING FRACTIONAL REPRODUCIBILITY UNCERTAINTIES (cRU)

B.1 General

To estimate the reproducibility of the spectroscopic results
of the system, compare the CTS spectra recorded before and after
preparing the reference spectra. Compare the difference between
the spectra to their average band area. Perform the calculation
for each analytical region on the portions of the CTS spectra
associated with that analytical region.

B.2 Calculatioa.

E.2.1 The CTS spectra (Rl} consist of N spectra, denoted by
Sli' i=l, N. Similarly, the CTS spectra {R2} consist of N
spectra, denoted by S2i' i=l, N. Each S~i is the spectrum of a
single compound, where i denotes the compound and k denotes
the set {Rk} of which Ski is a member. Form the spectra S)
according to SJi = S2i -Su for each i. Form the spectra S4
according to S4i = (S2i +S11] /2 for each i.

E.2.2 Each analytical region m is associated with 'a portion
of the CTS spectra S2i and S11' for a particular i, wi th lower and
upper wavenumber limits FFLa and FFU~, respectively.

E.2.3 For each m and the associated i, calculate the band
area of Su in the wavenumber range FFU~ to FFLm. Follow the
guidelines of Section 8.1.2 for this band area calculation.
Denote the result by BAV~.

E.2.4 For each m and the associated i, calculate the RMSD
of SJi between the absorbance values and their mean in the
wavenumber range FFU~ to FFLm. Denote the result by SRMSm.

E.2.5 For each analytical region rn, calculate the quantity

~ = SRMSm(FFUm-FFLm)/BAV~

E.~.6 If only the mCh analytical region is used to calculate
the concentration of the i Ch analyte, set FRU i = F"Mm.

E.2.7 If a number Pi of analytic~l regions are used to
calculate the concentration of the i~ analyte, set FRU i equal to
the weighted mean of the appropriate,F"Mm val~es calculated .above.
Mathematically, if the set of analyt1cal reglons employed 1S
{m' }, then

FRU i = E Wik FMk
kf (m"}

where the W
1k

are calculated as described in Appendix D.

D-81

(8 )



I

D-82



I

APPENDIX F

DETERMINING FRACTIONAL CALIBRATION UNCERTAINTIES (FeU)

P.l General

F.~.l The concentr~tions yielded by the computerized
analytlcal program applled to each single-compound reference
spectrum are defined as the indicated standard concentrations
~ISC'S}. The ISC values for a single compound spectrum should
ldeally equal the accepted standard concentration (ASC) for one
analyte or interferant, and should ideally be zero for all other
compounds. Variations from these results are caused by errors in
the ASC values, variations from the Beer's law (or modified
Beer's law) model used to determine the concentrations, and noise
in the spectra .. When the first two effects dominate; the
systematic nature of the errors is often apparent; take steps to
correct them.

F.l.2 When the calibration error appears non-systematic,
apply the following method to estimate the fractional calibration
uncertainty (FCU) for each compound. The FCU is defined as the
mean fractional error between the ASC and the ISC for all
reference spectra with non-zero ASC for that compound. The FCU
for each compound shall be less than the required fractional
uncertainty specified in Section 4.1.

F.l.3 The computerized analytical programs shall also be
required to yield acceptably low concentrations for compounds
with ISC=O when applied to the reference spectra. The limits
chosen in this Protocol are that the ISC of each reference
spectrum for each analyte or interferant shall not exceed that
compound's minimum measurement uncertainty (MAU or MIU).

P.2 CalculaeioDa

F.2.1 Apply each analytical program to each reference
spectrum. Prepare a similar table as that in Figure F.l to
present~ the ISC and ASC values for each analyte and interferant
in each' reference spectrum. Maintain the order of reference file
names and compounds employed in preparing Figure F.l.

F.2.2 For all reference spectra in Figure F.I, verify that
the absolute value of the ISC's are less than the compound's MAU
(for analytes) or MIU (for interferants).

F.2.3 For each analyte reference spectrum, calculate the
quantity (ASC-ISC)/ASC. For each analyte, calculate the mean of
these values (the FCU· for the i~h analyte) over all reference
spectra. Prepare a similar table as that in Figure F.2 to
present the FCU

i
and analytical uncertainty limit (AUt) for each

analyte.
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FIGURE F.l

Presentation of Accepted Standard Concentrations CASC's)
and Indicated Standard Concentrations (ISC's)

FIGURE F.2

Presentation of Fractional Calibration Uncertainties (FCU's)
and Analytical Uncertainties (AU's)
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APPBNDIX G

MEASURING NOISE LEVELS

G.l General

The root-mean-square (RMS) noise level is the standard
measure of noise. The RMS noise level of a contiguous segment of
a spectrum is the RMSD between the absorbance values that form
the segment and the mean value of the segment (see Appendix A) .

G.2 Calculationa

G.2.1 Evacuate the absorption cell or fill it with UPC
grade nitrogen at approximately one atmosphere total pressure.

G.2.2 Record two single beam spectra of signal integration
period t~.

G.2.3 Form the double beam absorption spectrum from these
two single beam spectra, and calculate the noise level RMS~ in
the M analytical regions.
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APPBNDIX H

DETERMINING SAMPLE ABSORPTION PATHLENGTH (L
s

) .~
FRACTIONAL ANALYTICAL UNCERTAINTY (FAU)

H.1 General

Reference spectra recorded at absorption pathlength (L
R
), gas

pressu7"e (PR), and gas absolute temperature (T) may be used to
determ~ne analyte concentrations in samples whose spectra are
recorded at conditions different from that of the reference
spectra, i.e., at absorption pathlength (Ls)' absolute
temperature (Ts) , and pressure (Ps). Appendix H describes the
ca~culatio~s for estimating t~e fractional uncertainty (FAU) of
th~s pract~ce. It also descr~bes the calculations for
determining the sample absorption pathlength from comparison of
CTS spectra, and for preparing spectra for further instrumental
and procedural checks.

H.l.l Before sampling, determine the sample absorption
pathlength using least squares analysis. Determine the ratio
Ls/LR by comparing the spectral sets {Rl} and {R3}, which are
recorded using the same CTS at Ls and LR, and Ts and TR, but both
at PR •

H.l.2 Determine the fractional analysis uncertainty (FAU)
for each analyte by comparing a scaled CTS spectral set, recorded
at Ls' Ts' and PSI to the CTS reference spectra of the same gas,
recorded at LR, TR, and PRo Perform the quantitative comparison
after recording the sample spectra, based on band areas of the
spectra in the CTS absorbance band associated with each analyte.

H.2 Calculatio~

H.2.1 Absorption Pathlength Determination. Perform and
document separate linear baseline corrections to each analytical
region in the spectral sets {Rl} and {R3}. Form a one­
dimensienal array ~ containing the absorbance values from all
segments of {Rl} that are associated with the analytical regions;
the members of the array are ~i' i = 1, n. Form a similar one­
dimensional array As from the absorbance values in the spectral
set {R3}; the members of the array are Asi' i = 1, n. Based on
the model As = r~ + ., determine the least-squares estimate of
r', the value of r which minimizes the square error .2.
Calculate the sample absorption pathlength Ls = r' (Ts/TR ) LR •

H.2.2 Fractional Analysis Uncertainty. Perform and
document separate linear baseline corrections to each analytical
region in the spectral sets {R1} and {R4}. Form the arrays ~

and ~ as described in Section H.2.1, using values from {R1} to
form~, and values from {R4} to form~. Calculate the values
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and

The fractional analytical uncertainty is defined as

NRMSe:
FAU =

IAAV
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APPBNDIX I

DETERMINING FRACTIONAL MODEL UNCERTAINTIES (FMU)

1.1 General

T? prepare anal¥tical programs for FTlR analyses, the sample
const~tuents must f~rst be assumed; the calculations in this
appendix, based upon a simulation of the sample spectrum, verify
the appropriateness of these assumptions. The simulated spectra
consist of the sum of single compound reference spectra scaled to
represent their contributions to the sample absorbance spectrum;
scaling factors are based on the indicated standard
concentrations (ISC) and measured (sample) analyte and
interferant concentrations, the sample and reference absorption
pathlengths, and the sample and reference gas pressures. No
band-shape correction for differences in the temperature of the
sample and reference spectra gases is made; such errors are
included in the FMU estimate. The actual and simulated sample
spectra are quantitatively compared to determine the fractional
model uncertainty; this comparison uses the reference spectra
band areas a~d residuals in the difference spectrum formed from
the actual and simulated sample spectra.

1.2 CaleulatioDa

l.2.1 For each analyte (with scaled concentration RSAi) ,
select a reference spectrum SAi with indicated standard
concentration lSC i . Calculate the scaling factors

T
R

Ls Ps RSA i

Ts LR PR lSC i

(12)

and form the spectra SAC i by scaling each SAi by the factor RAt·

I. 2.<. 2 For each interferant, select a reference spectrum SIi(
with indicated standard concentration lSC k • Calculate the
scaling' factors

(13)

and form the spectra SICk by scaling each SI k by the factor RIi(.

I.2.3 For each analytical region, deterrnine.b~ visual
inspection which of the spectra SAC 1 and SICk exh~b~t absorbance
bands within the analytical region. Subtract each spectrum SAC l

and SIC exhibiting absorbance from the sample spectrum S~ to
form th~ spectrum SUBs. To save analysis time and to avo~d t~e
introduction of unwanted noise into the subtracted spectrum, lt
is recommended that the calculation be made (1) only for those
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spectral data points within the analytical regions, and (2) Eor
each analytical region separately using the original spectrum S3.

I.2.4 For each analytical region m, calculate the RMSD of
SUBs between the absorbance values and their mean in the region
FFUm to FFLm• Denote the result by RMSSm•

I.2.5 For each analyte i, calculate the quantity

= RMSS m (FFUm - FFLm ) AU i DL i

AAI i RSA i
(14)

for each analytical region associated with the analyte.

I.2.6 If only the mth analytical region is used to calculate
the concentration of the i th analyte, set FMUi=FMn..

I.2.7 If a number of analytical regions are used to
calculate the concentration of the i th analyte, set FMi equal to
the weighted mean of the appropriate ~ values calculated above.
Mathematically, if the set of analytical regions employed is
{ml}, then

FMU i = E Wik FMk
k E (m'}

where Wik is calculated as described in Appendix D.
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APPENDIX J

DETERM~NING OVERALL CONCENTRATION UNCERTAINTIES (OCU)

The calculations in previous sections and appendices
estimate the measurement uncertainties for various FTIR
measurements. The lowest possible overall concentration
uncertainty (OCU) for an analyte is its MAU value, which is an
estimate of the absolute concentration uncertainty when spectral
noise dominates the measurement error. However, if the product
of the largest fractional concentration uncertainty (FRU, FCU,
FAU, or FMU) and the measured concentration of an analyte exceeds
the MAU for the analyte, then the OCU is this product. In
mathematical terms, set OFU i = MAX{FRU i , FCU i , FAU i , FMU i } and OCU l

= MAX {RSA i *OFU i , MAU i }.
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APPZNDIX It

SPECTRAL DE-RESOLUTION PROCEDURES

It.l Gener.l.

High resolution reference spectra can be converted into
lower ~esolution standard spectra for use in quantitative
analys~s of sample spectra. This is accomplished by truncating
the number of data points in the original reference sample and
background interferograms.

De-resolved spectra must meet the following requirements to
be used in quantitative analysis.

(a) The resolution must match the instrument sampling
resolution. This is verified by comparing a de-resolved CTS
spectrum to a CTS spectrum measured on the sampling instrument.

(b) The Fourier transformation of truncated interferograms
(and their conversion to absorbance spectra) is performed using
the same apodization function (and other mathematical
corrections) used in converting the sample·interferograms into
absorbance spectra.

1t.2 Procedur••

This section details three alternative procedures using two
different commercially available software packages. A similar
procedures using another software packages is acceptable if it is
based on truncation of the original reference interferograms and
the results are verified by Section K.3.

K.2.1 KVB/Analect Software Procedure - The following
example converts a 0.25 cm- 1 100 ppm ethylene spectrum (cts030Sa)
to 1 cm- 1 resolution. The 0.25 cm- 1 CTS spectrum was collected
during the EPA reference spectrum program on March 5, 1992. The
origina~ data (in this example) are in KVB/Analect FX-70 format.

(i); 4eca.D c~.0305•••if,03054r•• ,1,1'384,1

-decomp- converts cts0305a to an ASCII file with name
0305dres. The resulting ASCII interferogram file is truncated to
16384 data points. Convert background interferogram
(bkg0305a.aif) to ASCII in the same way_

(ii) compo.e 03054r•• ,03054r••. aif,1

"Compose- transforms truncated interferograms back to spectral
format.

(iii) IG2S. 03054r••.•if,03054r••.d.f,3,1,low ea-1 ,high ca-
1

"IG2SP- converts interferogram to a single beam sp~ct~um

using Norton-Beer medium apodization, 3, and no zero f~ll~ng, 1.
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De-resol~ed interferog~arn~ should be transformed using the sa~e
apod~zat~ocnh-and zero f~l~~ng that will be used to collect sample
spectra. oose the desl~ed low and high frequencies, in cm-·.
Transform the background lnterferogram in the same way.

(iv) DVDR 030Sdr.a.daf,bkg030Sa.daf,030Sdr••.dlf

"DVDR" ratios the transformed sample spectrum against the
background.

(v) ASS. 0305dr••.dlf,0305dr••.dlf

"ABSS" converts the spectrum to absorbance.

The resolution of the resulting spectrum should be verified
by comparison to a CTS spectrum collected at the nominal
resolution. Refer to Section K.3.

K.2.2 Alternate KVB/Analect Procedure In either DOS
(FX-70) or Windows version (FX-80) use the "Extract" command
directly on the interferogram.

(i) BZTRACT CTS030S•••if,0305dr••.•if,l,163S4

"Extract" truncates the interferogram to data points from to
16384 (or number of data points for desired nominal resolution).
Truncate background interferogram in the same way.

(ii) Complete steps (iii) to (v) in Section K.2.1.

K.2.3 Grams~ Software Procedure - Grams~ is a software
package that displays and manipulates spectra from a variety of
instrument manufacturers. This procedure assumes familiarity
with basic functions of Grams~.

This procedure is specifically for using Grams to truncate
and transform reference interferograms that have been imported
into Grams from the KVB/Analect format. Table K-l shows data
files and parameter values that are used in the following
procedu.re.

The choice of all parameters in the ICOMPUTE.AB call of step
3 below should be fixed to the shown values, with the exception
of the MApodization- parameter. This parameter should be set
(for both background and sample single beam conversions) to the
type of apodization function chosen for the de-resolved spectral
library.
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TABLE K-l. GRAMS DATA FILES AND DE-RESOLUTION PARAMETERS.

D••ir.d Nominal Sp.ctral Data rile Name Parameter liN"
a••olution (c.- 1

) Value

0.25 Z00250.sav 65537

0.50 ZOOSOO.sav 32769

1.0 Z01000.sav 16385

2.0 Z02000.sav 8193

(i) ~rt using -File/Import- the desired *.aif file. Clear
all open data slots.

(ii) QpeD the resulting *.spc in~erferogram as file #1.

(iii) Zflip - If che x-axis is increasing from lefc co righc,
and che ZPD burst appear!l near che left end of che crace, omit
this step.

In the -Arithmeti~/Calc- menu item input box, type the text
below. Perform the calculation by clicking on -OK- (once only),
and, when the calculation is complete, click the -Continue­
button to proceed to step (iv). Note the comment in step (iii)
regarding the trace orientation.

xflip:,••,.(.0".)+50

(iv) Run IC~UTB.AB from -Arithmetic/Do Program- menu.
Ignore the -subscript~~q error,- if it occurs.

The following menu choices should be made before execution
of the program (refer to Table K-1 for the correct choice of

".- : )

Interpolation: Linear

First: •
Zem Fill: RoDe
Phasing: O.eZ'
Points: 1026
Calculate

Last: 0 Type: Single ....
Apodization: (•• d••ired)

Phase:

(v) As in step (iii), in the ·Arit~tie/C.le- menu item
enter and then run the following commands (refer to Table 1 for
appropriate -.%La,· which may be in a directory other than
•c: \mdgrams. -)

••tffp 7898.8805, 0 : load.pc Nc:\m4gr... ' FILa- : .2.,•••2
(vi) Use -Page up- to activate file #2, and then use the

-pileISave Aa- menu item with an appropriate file name to save
the result.
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K.3 verification of New Re.olution

K.3.1 Obtain interferograrns of reference sample and
background spectra. Truncate interferograrns and convert to
absorbance spectra of desired nominal resolution.

K.3.2Document the apodization function, the level of zero
filling, the number of data points, and the nominal resolution of
the resulting de-resolved absorbance spectra. Use the identical
apodization and level of zero filling when collecting sample
spectra.

K.3.3 Perform the same de-resolution procedure on CTS
interferograms that correspond with the reference spectra
(reference CTS) to obtain de-resolved CTS standard spectra (CTS
standards). Collect CTS spectra using the sampling resolution
and the FTIR system to be used for the field measurements (test
CTS). If practical, use the same pathlength, temperature, and
standard concentration that were used for the reference CTS.
Verify, by the following procedure that CTS linewidths and
intensities are the same for the CTS standards and the test CTS.

K.3.4 After applying necessary temperature and pathlength
corrections (document these corrections), subtract the CTS
standard from the test CTS spectrum. Measure the RMSD in the
resulting subtracted spectrum in the analytical region(s) of the
CTS band(s). Use the following equation to compare this RMSD to
the test CTS band area. The ratio in equation 7 must be no
greater than 5 percent (0.05).

RMSS x n(FFU. - FFL,)
l l 1 ~ .05

ACTS-test

(16)

RMSS=RMSD in the i~h analytical region in subtracted result, test
CTS minus CTS standard.

n=number of data points per cm- 1
• Exclude zero filled points.

FFU. &=The upper and lower limits (cm- 1
), respectively, of the

L •

FFL i analytical reg~on.

~ =band area in the i~Q analytical region of the test CTS.
~est-CTS
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EMISSION IlEAStJIlEIIENT RCDICAL INFOIllATION CENTER
IS.S TEST KETlOI

IETIOI 25A-IETEIIINATION O' TOTAL GASEOUS ORGANIC
CONCENTRATION USING A 'LAKE IONIZATION ANALYZER

1. Applicability aad 'riaciple

1.1 Applicability. This method applies to the measurement of total gaseous
organic concentration of vapors consisting primarily of alkanes, alkenes, and/or
arenes (aromatic hydrocarbons). The concentration is expressed in terms of
propane (or other appropriate organic calibration gas) or in terms of carbon.

1.2 'riaciple. A gas sample is extracted from the source through a heated
sample line, if necessary, and glass fiber filter to a flame ionization analyzer
(FIA) . Results are reported as volume concentration equivalents of the
calibration gas or as carbon equivalents.

2. lefiaitioa.

2.1 Measure.eat Syste.s. The total equipment required for the determination
of the gas concentration. The system consists of the following major subsystems:

2.1.1 Sa.ple laterface. That portion of the system that is used for one or more
of the following: sample acquisition, sample transportation, sample
condi tioning, or protection of the analyzer from the effects of the stack
effluent.

2.1.2 Orlaaic Aaalyzer. That portion of the system that senses organic
concentration and generates an output proportional to the gas concentration.

2.2 Spaa Value. The upper limit of a gas concentration measurement range that
is specified for affected source categories in the applicable part of the
regulations. The span value is established in the applicable regulation and is
usually 1.5 to 2.5 times the applicable emission limit. If no span value is
provided, use a span value equivalent to 1.5 to 2.5 times the expected
concentration. For convenience, the span value should correspond to 100 percent
of the recorder scale.

2.3 Calibratioa Gas. A known concentration of a gas in an appropriate diluent
gas.

2.4 Zero Irif~. The difference in the measurement system response to a zero
level calibration gas before an~ after a stated period of operation during which
no unscheduled maintenance, repair, or adjustment took place.

2.5 Calibratioa drift. The difference in the measurement system response to
a midlevel calibration gas before and after a stated period of operation during
which no unscheduled maintenance, repair or adjustment took place.

2.8 Respoase Tille. The time interval from a step change in pollutant

Prepared by '-issioa leasurelleat Iraac~

Technical support Division, OAQPS, EPA
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EMTIC TM-25A EMTIC NSPS TEST METHOD

co~centration at the inlet to the emission measurement system to the time at
wh~ch 95 percent OI the corresponding final value is reached as displayed on the
recorder.

2.7 CalibratioD Error. The difference between the gas concentration indicated
by the measurement system and the known concentration of the calibration gas.

3. Apparatus.

A schematic of an acceptable measurement system is shown in Figure 25A-1.
The essential components of the me~surement system are described below:

3.1 Orgaaic eoaceatratio. Aaalyzer. A flame ionization analyzer (FIA) capable
of meeting or exceeding the specifications in this method.

3.2 S..,le Probe. Stainless steel, or equivalent, three-hole rake type.
Sample holes shall be 4 mm in diameter or smaller and located at 16.7, 50, and
83.3 percent of the equivalent stack diameter. Alternatively, a single opening
probe may be used so that a gas sample is collected from the centrally located
10 percent area of the stack cross-section.

3.3 S..,le Li.e. Stainless steel or Teflon * tubing to transport the sample
gas to the analyzer. The sample line should be heated, if necessary, to prevent
condensation in the line.

3.4 Calibratioa Valve Asseably. A three way valve assembly to direct the zero
and calibration gases to the analyzers is recommended. Other methods, such as
quick-connect lines, to route calibration gas to the analyzers are applicable.

3.5 Particulate Filter. An in-stack or an out-of-stack glass fiber filter is
recommended if exhaust gas particulate loading is significant. An out-of-stack
filter should be heated to prevent any condensation.

* Mention of trade names or specific products does not constitute
endorsement by the Environmental Protection Agency.

3.6 Recorder. A strip-chart recorder, analog computer, or digital recorder for
recording measurement data. The minimum data recording requirement is one
measurement value per minute, Note: This method is often applied in highly
explosive areas. Caution and care should be exercised in choice of equipment and
installation.

4. Cali.ra~io• ..d O~.er Gases.

Gases used for calibrations, fuel, and combustion air (if required) are
contained in compressed gas cylinders. Preparation of calibration gases shall
be done according to the procedure in Protocol No.1, listed in Citation 2 of
Bibliography. Additionally, the manufacturer of the cylinder should provide a
recommended shelf life for each calibration gas cylinder over which the
concentration does not change more than ±2 percent from the certified value. For
calibration gas values not generally available (i.e., organics between 1 and 10
percent by volume), alternative methods for preparing calibration gas mixtures,
such as dilution systems, may be used with prior approval of the Administrator.

Calibration gases usually consist of propane in air or nitrogen and are
determined in terms of the span value. Organic compounds other than propane can
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EMTIC TM-25A EMTIC NSPS TEST METHOD

be used following the above guidelines and making the appropriate corrections for
response factor.

4.1 Fuel. A 4{) percent H2/60 percent N2 gas mixture is recommended to avoid
an oxygen synergism effect that reportedly occurs when oxygen concentration
varies significantly from a mean value.

4.2 Zero Gas. High purity air with less than 0.1 parts per million by volume
(ppmv) of organic material (propane or carbon equivalent) or less than 0.1
percent of the span value, whichever is greater.

4.3 Low-level Cali.ratio. Gas. An organic calibration gas with a concentration
equivalent to 25 to 35 percent of the applicable span value.

4.4 Kid-level Cali.ratio. Gas. An organic calibration gas with a concentration
equivalent to 45 to 55 percent of the applicable span value.

4.5 Big.-Ievel Cali.ratio. Gas. An organic calibration gas with a
concentration equivalent to 80 to 90 percent of the applicable span value.

5. Measure.eat Systea Perfo~ce Specificatioas

5.1 Zero Drift. Less than ±3 percent of the span value.

5.2 Cali.ratio. Drift. Less than ±3 percent of span value.

5.3 Cali.ratioa Error. Less than ±5 percent of the calibration gas value.

8. Pretest Preparatioas

6.1 Selectioa of Saapliag Site. The location of the sampling site is generally
specified by the applicable regulation or purpose of the test; i.e., exhaust
'stack, inlet line, etc. The sample port shall be located at least 1.5 meters or
2 equivalent diameters upstream of the gas discharge to the atmosphere.

8.2 Locatioa of Saaple Probe. Install the sample probe so that the probe is
centrally located in the stack, pipe, or duct and is sealed tightly at the stack
port connection.

8.3 Measureaeat Syste. Preparatio.. Prior to the emission test, assemble the
measurement system following the manufacturer's written instructions in preparing
the sample interface and the organic analyzer. Make the system operable.

FIA equipment can be calibrated for almost any range of total organics
concentrations. For high concentrations of organics (>1.0 percent by volume as
propane) modifications to most commonly available analyzers are necessary. One
accepted method of equipment modification is to decrease the size of the sample
to the analyzer through the use of a smaller diameter sample capillary. Direct
and continuous measurement of organic concentration is a necessary consideration
when determining any modification design.

6.4 Cali.ratio. Error Test. Immediately prior to the test series, (within 2
hours of the start of the test) introduce zero gas and high-level calibration gas
at the calibration valve assembly. Adjust the analyzer output to the appropriate
levels, if necessary. Calculate the predicted response for the low-level and
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mid-level gases based on a linear response line between the zero and high-level
responses. Then introduce low-level and mid-level calibration gases successively
to the measurement system. Record the analyzer responses for low-level and mid­
level calibration gases and determine the differences between the measurement
system responses ahd the predicted responses. These differences must be less
than 5 percent of the respective calibration gas value. If not, the measurement
system is not acceptable and must be replaced or repaired prior to testing. No
adjustments to the measurement system shall be conducted after the calibration
and before the drift check (Section 7.3). If adjustments are necessary before
the completion of the test series, perform the drift checks prior to the required
adjustments and repeat the calibration following the adjustments. If multiple
electronic ranges are to be used, each additional range must be checked with a
mid-level calibration gas to verify the multiplication factor.

6.5 lespoase Tt.e Test. Introduce Zero gas into the measurement system at the
calibration valve assembly. When the system output has stabilized, switch
quickly to the high-level calibration gas. Record the time from the
concentration change to the measurement system response equivalent to 95 percent
of the step change. Repeat the test three times and average the results.

7. E.issioa leasure.eat Test Procedure

7.1 Orlaaie Measare.eat. Begin sampling at the start of the test period,
recording time and any required process information as appropriate. In
particular, note on the recording chart periods of process interruption or cyclic
operation.

7.2 Drift Dete~iaatioa. Immediately following the completion of the test
period and hourly during the test period, reintroduce the zero and mid-level
calibration gases, one at a time, to the measurement system at the calibration
valve assembly. (Make no adjustments to the measurement system until after both
the zero and calibration drift checks are made.) Record the analyzer response.
If the drift values exceed the specified limits, invalidate the test results
preceding the check and repeat the test following corrections to the measurement
system. Alternatively, recalibrate the test measurement system as in Section 6.4
and report the results using both sets of calibration data (i.e., data determined
prior to the test period and data determined following the test period) .

8. Orgaaie Coaeeatratioa ealeulatioas

Determine the average organic concentration in terms of ppmv as propane or
other calibration gas. The average shall be determined by the integration of the
output recording over the period specified in the applicable regulation. If
results are required in terms of ppmv as carbon, adjust measured concentrations
using Equation 25A-l.

Where:
Cc

K

organic concentration as carbon, ppmv.

Organic concentration as measured, ppmv.

Carbon equivalent correction factor.
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K

K

K

K

= 2 for ethane.

3 for propane.

4 for butane.

Appropriate response factor for other organic calibration
gases.

1. Measurement of Volatile Organic Compounds-Guideline Series. u.S.
Environmental Protection Agency. Research Triangle Park, NC.
Publication No. EPA-450/2-78-041. June 1978. p. 46-54.

2. Traceability Protocol for Establishing True Concentrations of Gases
Used for Calibration and Audits of Continuous Source Emission
Monitors (Protocol No.1). U.S. Environmental Protection Agency,

Environmental Monitoring and Support Laboratory. Research Triangle
Park, NC. June 1978.

3. Gasoline Vapor Emission Laboratory Evaluation-Part 2. U.S.
Environmental Protection Agency, Office of Air Quality Planning and
Standards. Research Triangle Park, NC. EMB Report No. 75-GAS-6.
August 1975.
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Figure 25A-l. Organic Concentration Measurement System.
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EIIISSION IlEASUDJIENT TECDICAL INFOIUlATION CENTO
TEST METIIOI

DRAFT--DO NOT CITE OR QUOTE

The EPA proposes to amend Title 40, Chapter I, Part 51 of the Code of
Federal Regulations as follows:

1 . The authority ci tation for Part 51 continues to read as follows:
Authority: Section 110 of the Clean Air Act as amended. 42 U.S.C. 7410.

2. Appendix M, Table of Contents is amended by adding an entry to read as
follows:

Method 205--Verification of Gas Dilution Systems for Field Instrument
Calibrations

3. 8y adding Method 205 to read as follows:
.et~" 205 - Verificatio. of Gas lil.tio. Systeas

for Field I.st~.t Calibratioas
I . INDO.UcrION
1.1 Applicability. A gas dilution system can provide known values of
calibration gases through controlled dilution of high-level calibration gases
with an appropriate dilution gas. The instrumental test methods in 40 CFR Part
60 -- e.g., Methods 3A, 6C, 7E, 10, 15, 16, 20, 25A and 258 -- require on-site,
multi-point calibration using gases of known concentrations. A gas dilution
system that produces known low-level calibration gases from high-level
calibration gases, with a degree of confidence similar to that for Protocol 1

gases, may be used for compliance tests in lieu of multiple calibration gases
when the gas dilution system is demonstrated to meet the requirements of this
method. The Administrator may also use a gas dilution system in order to produce
a wide range of Cylinder Gas Audit concentrations when conducting performance
speci fica tions according to Appendix F, 40 CFR Part 60. As long as the
acceptance criteria of this method are met, this method is applicable to gas
dilution systems using any type of dilution technology, not solely the ones
mentioned in this method.
1.2 Pri.ciple. The gas dilution system shall be evaluated on one analyzer once
during each field test. A precalibrated analyzer is chosen, at the discretion
of the source owner or operator, to demonstrate that the gas dilution system
produces predictable gas concentrations spanning a range of concentrations.
After meeting the requirements of this method, the remaining analyzers may be
calibrated with the dilution system in accordance to the requirements of the
applicable method for the duration of the field test. In Methods 15 and 16, 40
CFR Part 60, Appendix A, reactive compounds may be lost in the gas dilution
system. Also, in Methods 25A and 258, 40 CFR Part 60, Appendix A, calibration
wi th target compounds other than propane is allowed. In these cases, a
laboratory evaluation is required once per year in order to assure the
Administrator that the system will dilute these reactive gases without
significant loss. Note: The laboratory evaluation is required only if the
source owner or operator plans to utilize the dilution system to prepare gases
mentioned above as being reactive.
2. SPECInCATIONS
2.1 Gas lil.ti•• Syst_. The gas dilution system shall produce calibration
gases whose measured values are within ±2 percent of the predicted values. The
predicted values are calculated based on the certified concentration of the
supply gas (Protocol gases, when available, are recommended for their accuracy)
.and the gas flow rates (or dilution ratios) through the gas dilution system.

Prepared by £.issio. leasare.eat lraac.
Technical Support Division, OAQPS, EPA
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inj ection shall differ by more than ±2 percent from the average instrument
response for that dilution. 3.2.5 For each level of dilution, calculate the
difference between the average concentration output recorded by the analyzer and
the predicted concentration calculated in Section 3.2.2. The average
concentration output from the analyzer- shall be within ±2 percent of the
predicted value.
3.2.8 Introduce the mid-level supply gas directly into the analyzer, bypassing
the gas dilution system. Repeat the procedure twice more, for a total of three
mid-level supply gas injections. Calculate the average analyzer output
concentration for the mid-level supply gas. The difference between the certified
concentration of the mid-level supply gas and the average instrument response
shall be within ±2 percent.
3.3 If the gas dilution system meets the criteria listed in Section 3.2, the gas
dilution system may be used throughout that field test. If the gas dilution
system fails any of the criteria listed in Section 3.2, and the tester corrects
the problem with the gas dilution system, the procedure in Section 3.2 must be
repeated in its entirety and all the criteria in Section 3.2 must be met in order
for the gas dilution system to be utilized in the test.
4 • IEFEIDCES
1. "EPA Traceability Protocol for Assay and Certification of Gaseous

Calibration Standards," EPA-600!R93!224, Revised september 1993.
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For Presentation -at the Air & Waste Management Association's 90tb Annual Meeting
& Exhibition, June 8-13, 1997, Toronto, Ontario, Canada

97·MP74.0S

Validation of EPA FTIR Method For Measuring HCI

Thomas J. Geyer

Midwest Research Institute, Suite 350, 401 Harrison Oaks Boulevard, Cary, North Carolina 27513
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Introduction
In 1997 EPA is preparing to publish a sampling method (Draft Method 320)1 based on the use of Fourier
transfonn infrared (FTIR) spectroscopy to measure emissions of hazardous air pollutants (HAPs). This
method establishes sampling procedures for measuring HAPs and employs analytical procedures in the
EPA FTIR Protocol.2

In 1996 EPA conducted a field test at a source with HCl emissions. The test goal was to use the FI1R
Draft Method 320 to measure vapor phase pollutants at this source. Measurements were conducted on
the inlet and outlet of a control device. Hydrogen chloride (HQ) was a target pollutant for this source
and, for this reason, some samples were spiked from a cylinder containing a standard concentration of
103 ppm HCl. Results of HCI measurements are presented along with a Method 3013 statistical analysis
of spiked and unspiked samples, and a comparison of results obtained using EPA reference spectra and
results obtained using spectra of the HQ gas standard to measure the sample concentrations.

Experimental
The source tested in this project was a coal burning process with a relatively low moisture content (3 to
4% by volume). Flue gas temperatures were between 400 and 500~. The principal components of the
gas stream were water vapor, C~, S~, and NO.

Sampling System
The sampling system is depicted in Figure 1. The sample was extracted through a 4-ft long, 0.5-in
diameter stainless steel probe. Sample was transported through heated 318-in Teflon line using a KNF
Neuberger heated head sample pump (Model N035 ST. lID. A Balston particulate tilter (holder Model
Number 30-25, filter element Model Number lOO-25-BH, 99 percent removal efficiency at 0.1 J,Lm) was
connected in-line at the outlet of the sample probe. The sample line was heat wrapped and insulated.
Temperature controllers were used to monitor and regulate the sample line temperature at about 350

0

F.
The stainless steel manifold contained 3/8-in tubing, rotameters and 4-way valves to monitor and control
the sample flow to the FTIR gas cell. The manifold temperature was maintained between 300 to 310~.
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The FTIR system inclu?ed an Analect instruments Model RFX-40 interferometer equipped with a broad
band Mer detector. Samples were contained in an Infrared Analysis Model D22H variable path gas cell.
The cell temperature was maintained at 250OP.

Sampling Procedure

~ series of di~eet batch samples was collected by filling the cell above ambient pressure and closing the
Inlet valve to Isolate the sample. An outlet valve was briefly opened to vent the sample to ambient
pressure. The spectrum of the static sample was recorded. Then the cell was evacuated for the next
sample. Each spectrum consisted of 50 co-added scans. The minimum time between consecutive
samples was about 2 minutes. Inlet and outlet runs were conducted at the same time: the two location
were sampled alternately with the one FTIR system. The minimum time between consecutive
measurements was about 3 to 5 minutes.

Path Length Determinations

Two path lengths were used in this test The cell was adjusted to 40 beam passes for the fust two test
runs and reduced to 20 beam passes for a third test run. The number of beam passes was measured by
shining a HeINe laser through the optical path and observing the number of laser spots on the field
mirror. The path lengths in meters were determined by comparing CTS EPA reference spectra to the
crs spectra collected at each path length.

Absorption path lengths were determined from a comparison of the field test crs spectra and EPA
library crs spectra of ethylene (Czl'L). For high temperature spec~ the EPA library interferograms
ctsOl15a.aif and bkgQl15a.aif were de-resolved to the appropriate spectral resolution (either I or 2 em-I)
according to the procedures of reference 2 (Appendix K). The same procedure was used to generate
low-temperature spectra from the original interferometric data in the EPA library fues cts0829a.aif and
bkg0829a.aif. The resulting files were used in least squares fits to the appropriate field ers spectra (see
reference 2, Appendix H) in two regions (the FP, or "fmgerprint" region from 790 to 1139 cm- l and the
CH, or "CH-stretch region" from 2760 to 3326 em-i). The fit results for each region, tes~ and set of test
sampling conditions were averaged. They and their average uncertainties are presented in Table 1. The
CH values were used in analytical region 4 where HC was measured.

Analyte Spiking
Draft Method 3201 contains a procedure for spiking the flue gas with one or more of the target analytes.
The spike procedure closely follows Section 6.3 of reference 3. The primary purpose of analyte spiking
is to provide a quality assurance check on the sampling system to detennine if analyte losses occur in
transport to the analyzer. A second purpose is to test the analytical program to verify that the analyte(s)
can be measured in the sample matrix. If at least 12 (independent) spiked and 12 (independent) unspiked
samples are measured then a Method 301 statistical analysis can be perfonned on the results to "validate"
the method.

Figure 1 shows the sampling configuration used for the analyte spike. This procedure is described in
detail elsewhereI. In this test, a measured flow of the gas standard was preheated to the sample line
temperature before being introduced into the extracted flue gas at the back of the probe. The spiked
sample then passed through all of the sample components to the gas cell where the spectrum was
recorded. A series of unspiked samples was measured, the spike was turned on and then a complete
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series of spiked samples was measured. The spike then was turned off to make additional unspiked
measurements. Ideally·, the spike comprises 1/10 or less of the sample mixture. The dilution is estimated
by comparing th~ sp~e flow. to the total flow, but the actual dilution is determined measuring a tracer
(SF6) concentration In the spiked samples and comparing that to tracer concentration in the undiluted gas
standard. I

Usually the tracer is spiked with the analyte standard. In this test the SF6 standard and HCl standard
were contained in separate cylinders so the SF6 was spiked fust, then the HCl was spiked, and fmally the
SF6 was spiked again. The total sample flow stayed constant during the entire sampling period. The
spike flow was also held constant to insure that the dilution ratio was the same when the SF6 was spiked
as when the HCl was spiked.

Quantitative Analysis

FrIR analysis is perfonned in two steps: (1) collecting spectra of samples, and (2) analyzing the spectra
to detennine concentrations of detected compounds. The quantitative analysis step usually is performed
with an automated program that relates sample absorbance intensities to absorbance intensities at known
concentrations in reference spectra.2 The Protocol1 describes procedures for preparing reference spectra
and Method 3201 requires the analyst to use reference spectra prepared with the Protocol procedures. To
date, the only existing set of reference spectra for HCl and most Clean Air Act HAPs is in the EPA FTIR
spectral library (http://mfo.amold.af.mil/epalwelcome.hnn).

The Calibration Transfer Standard2 is the key requirement in using reference spectra for quantitative
analysis. ers spectra help the analyst characterize differences in resolution, path length, temperature,
and sample pressure between the instrument system used to collect reference spectra and the system used
to collect the sample spectra. Table 1 illustrates how the ers spectra were used to detennine the optical
path lengths for the system used in this test The HCl reference spectra were de-resolved in the same way
as the ers reference spectra before they were used in the quantitative analysis.

References 4 through 8 comprise a thorough description of one technique for analyzing FTIR absorbance
spectra. Two different analytical routines were used in this study. The fust was prepared by Rho
Squared using the progranuning language ARRAY BASICrM (GRAMS,l'M Version 3.02, Galactic
Industries Corporation, Sal~ New Hampshire). The "classical least squares" (CLS) or "K-Matrix"
technique and the associated computer program "4FIT' are described in Reference 9. The tenninology
and basic analytical approach employed in this work are described in the "EPA FrIR Protocol"
(Reference 2). 'The second routine used the K-matrix analytical program "Multicomp" version 6.0
(Analect Instruments).

The two analyses were performed independently by different analysts and then compared without
modification.

Reference Spectra
The program "4FIT" used as input EPA FrIR library spectra of HO de-resolved to 1cm-l.and
nonnalized for absolute temperature, concentration, and absorption path length. The resultmg fues were
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averaged to provide a :~reduced absorptivity" (see Reference 9), which was stored in the spectral file
097.alf and employed-m all subsequent HCl analyses. The HCl analysis was applied to the de-resolved
EPA library HO spectra to determine the fractional calibration uncertainty (FCU), which is presented in
Table 2.

During the test MRI recorded spectra of samples taken directly from an HO cylinder standard (103 ppm
HCl in nitrogen, ±5% accuracy from Scott Specialty Gases). Four independent HCl "calibration" spectra
were measured at each of the two instrument configurations used to collect the data presented in Figures
2 and 3. The Fractional Calibration Uncertainty for each set of four spectra and the analytical region for
the "Multicomp" analysis is presented in Table 2.

Even though the two sets of results are identified by the program names "4FIT" and "Mulitcomp," it is
important to note that the "Multicomp" results were reproduced by the program "4FIT" when the HO
calibration spectra were used as input for "4FIT." Therefore, any differences in the analyses are not
attributable to the programs, but to the use of different input spectra.

Results

HCI Concentrations
Table 3 summarizes results from the three test runs at the two locations. The agreement between the
"4FIT' and the "Multicomp" analyses is very good except for the third run. This run was conducted after
the path length had been decreased from 40 to 20 laser passes.

The two comparisons plotted in Figures 2 and 3 are indicated in Table 3. The Run 2 outlet results
(Figure 2) are typical of those obtained for the Run 2 inlet results recorded on the same day and the Run
1 inlet and outlet results recorded a day earlier. The close agreement was typical also for two data sets
collected at another field test in one test run. For 3 of the 6 data sets presented in Table 3, the results
obtained with program "4FIT," using de-resolved EPA library reference spectra and the crS-derived
absorption path lengths, are nearly identical (within the 40 uncertainty) to those obtained using
"Multicomp," which employed the field HO calibration standard spectra without an explicit absorption
path length determination. The average percent difference of the Run 2 inlet results was slightly higher
than the 40 uncertainty, but this percent difference corresponded to an average difference of 1.7 ppm.
The error bars in Figures 2 and 3 correspond to the 4a statistical uncenainties in the "4FIT" HO
concentrations.

Method 301 Analysis
Tables 4 and 5 present the results of the method 301 statistical analysis of the spiked and unspiked
"4FIT' and "Multicomp" Run 3 outlet results, respectively. Note that the nearly constant difference of
about 19 percent in the two analyses has almost no effect on the Method 301 statistical analyses, which
indicate no significant bias in the HO measurements. This is because the statistical treatment analyzes
differences between spiked and unspiked measurements and compares the differences to an expected
value of the spike. Since the same offset is apparent in the uMulticomp" analysis of both the spiked and
unspiked results, the calculated bias is not affected.
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This is another indica:~on that the difference in the 444FIT, and "Multicomp" run 3 results is not due to a
measur~m~nt or analytical error. It i~ likely due either to an anomaly in the Run 3 path length
de~emunatlon f~r the ~H s~~tch regIon or to an error associated with using the HO "calibration spectra
as mput for the Multlcomp program. As stated above, the "4FIT" program reproduced the
"Multicomp" results when using the HO "calibration" spectra as input

Discussion
The uncertainties for the four data sets in Runs 1and 2 are approximately equal to the small differences
between the "4AT" and "Multicomp" results. The excellent agreement of the two analyses is noteworthy
for several reasons. HO is notoriously difficult both in terms of sampling and data analysis, due
(respectively) to the compound's high chemical reactivity and the details of the infrared spectrum which
make the analysis susceptible to instrument resolution errors. The results also provide a direct
comparison between two fundamentally different analytical approaches, one relying on in situ calibration
of the instrument using actual calibration gas standards, and the other using the calibration transfer
concept.

This comparison is somewhat clouded by the results depicted in Figure 3, which show the HCl
concentration detennined during Run 3 at the outlet. These are also typical of the results for another data
set recorded on the same day at the inlet Unlike the Runs 1 and 2 data, the Run 3 data indicate a
statistically meaningful difference of approximately 18% between the "4FIT" and "Multicomp" results.
We stress that this difference is not attributable to errors in the computer programs, which produced
reliable results in these and many independent test cases. Rather, the difference seems be related to an
anomaly in the absorption path length determinations presented in Table 1. Note that the crS-derived
absorption path length for (nominally) 20 passes, corresponding to the Run 3 data, are 10.2 meters 14.3
meters for the CH-streteh and "fmgerprint" (FP) analytical regions. The difference between the CH and
FP results is much larger for this particular day of testing than on the other two test days, represented in
the table by the 16- and 40- pass results. (It is also anomalous with respect to results obtained using the
same instrument in another field test completed within nine days of the testing addressed here.)
Moreover, were the average of the CH and FP region values (12.2 meters) used for the HeI
concentration values rather than the CH region value of 10.2 meters, the level of agreement between the
two sets of analytical results for the Run 3 data would be comparable to that of the Run 1and 2 data
discussed immediately above.

We have attempted to determine the cause of this difference by considering of a number of possible
operational and insuumental problems. However, no single systematic effect seems sufficient Because
consistent path length determinations were carried out both before and after the HeI measurements in
question, a sudden change in instrument performance must be ruled out Gas pressure an~ dilution
effects cannot cause the type of wavenumber-dependent effects observed in the crs spectra; subsequent
laboratory measurements of C1H. indicated that temperature variations, like pressure and dilution effects,
would lead to path length errors in the same direction for the CH and FP regions. Because the same EPA
crs ethylene spectra were used in all the path length detenninations and led to excellent statistical results
in all cases, potential data processing errors in the deresoluton procedure are also insufficient to explain
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the anomalous results..__~owever, we note that the observed 18% discrepancy still allows high confidence
in the data and the infrared technique, and the discrepancy is obvious mainly because of the overall high
quality of the data set and statistical results.

Conclusions
The evaluation presented in this paper demonstrates that the EPA FTIR Protocol analytical procedures
based on the use of laboratory reference spectra to detennine analyte concentrations in sample spectra
give excellent, and verifiable, results. This is true even for HO, which is difficult to sample, and even
when the reference spectra are deresolved to match the sample spectra.

Two independent analyses using different programs and different spectral input data were perfonned on 6
FTIR data sets collected at a site with HCI emissions. The alternate analyses produced nearly identical
results in 4 of the data sets. In two of the data sets the agreement was also good, but the average
discrepancy of about 18 percent between results produced by the alternate analyses was larger than the
average measurement uncertainty of about 5.5 percent. A preliminary evaluation of this discrepancy has
not determined the exact cause, but it is probably attributable to an anomaly in the measurement of the
absorption path length for the one test run.

These results also demonstrate the need for careful instrument performance checks and preparation of
library reference spectra. Strict QNQC standard procedures are required to produce accurate
measurements. The Method 301 validation results showed no significant bias in the FTIR measurements
of HCl at this test, but the validation procedure cannot reveal a constant offset "error" that is applied
equally to both spiked and unspiked samples.
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Table l. Pathlength Determination Results.

CTS Conditions cn region FP region
# Passes Temp (K) Result (m) % uneert. Result (m) % uneert.

16 293 6.5 2.9 6.7 1.3
20 293 11.0 2.6 11.3 1.6

Run 3 (Figure 3) 20 393 10.2 2.5 14.3 2.2
40 293 19.2 5.5 20.0 1.8

Run2 (Fh~ure 2) 40 393 20.2 2.6 23.4 1.6

Table 2. Fractional Calibration Uncertainties (FCU in Reference 2) For the Two Quantitative Analyses.

Compound FCU(%) Analytical Remon (em-[)
HO "4fit" 4.6 2747 - 2848

HO "Mcomp" 2569 - 2871
Run2* LOS
Run 3 * 3.14

* Spectra of four samples from the cylinder standard (103 ppm HO in nitrogen) were used in the
"Mcomp" analysis. The spectra were measured at the same instrument configuration used in each run.

Table 3. Summary of results comparisons in 4 runs (8 data sets).

Average "4FIT', Average "Multicomp"
!Data Set Results Result

HClp.. ~ 4*0 1 HCI ppm ~ DilrereDce 1 No. o( Reswts J

Run 1 Inlet 43.3 3.9 42.1 2.9 36
Run 1 Outlet 34.5 4.1 32.9 4.4 30
~un 2 Inlet 14.8 7.7 13.1 11.84 16
Run 2 Outlet (Figure 2) 48.0 4.5 46.4 3.2 33
Run 3 Inlet 62.5 5.6 50.9 18.6 41
IRWl 3 Outlet (Figure 3) 58.0 5.5 47.3 18.4 52

1 - Average percent uncertainty in the 4FIT results.
2 - Equals (4FIT-Multicomp)/4FIT.
3 - Equals the number of spectra included in the average. Results from condenser and ambient air
samples were not included in the averages.
4 - Flow restriction during this run may have caused HO losses resulting in lower measured
concentrations for this run. An average difference of 1.7 ppm corresponded to a relatively large percent
difference of 11.8 % on the smaller average concentration for this run.
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Table 4. Method 30 ~_~~tistical analysis of "4FIT" HCI results in Figure 3.

Unspiked Spiked
HClppm d j Cd j)z HCl ppm d j Cd .1

lRun Average = 57.18 • 9.68 52.561 62.14 • 4.74 25.784

Statistical ,SO= 2.093 SO= 1.466
lResults

F= 0.491 SOpooied = 1.807
RSD= 3.7
Bias = -0.088 ExpConc= 5.05

t= 0.12 CF= 1.02

* Represents the average result in 12 unspiked or spiked samples. Statistical variables are described in
Section 6.3 of EPA Method 301.3 Procedure for determining spiked dilution factor and expected
concentration, Exp Conc, is described in reference 10.

Table 5. Summary of Method 301 statistical analysis of "Multicomp" results in Figure 3.

Unspiked Spiked
HCl ppm dr Cd i)z HCl ppm d j Cd 52

Run Average = 45.88 • 8.62 34.242 50.86 • 3.51 21.496

Statistical SO= 1.689 SD= 1.338
Results

F= 0.628 SOpooied = 1.524
RSo- 3.7
Bias = -0.070 Exp Cone = 5.05

t= 0.11 CF= 1.01

* Represents the average result in 12 unspiked or spiked samples. Statistical variables are described in
Section 6.3 of EPA Method 301.3 Procedure for determining spiked dilution factor and expected
concentration, Exp Conc, is described in reference 10.
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Figure 1. Extractive sanlpling systeill.
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APPENDIX E

PROCESS DESCRIPTION





This process de~cription was prepared by EC/R Incorporated and was provided to MRI by
the Emission Measurement Center. The process description was included in this report without
review by MRI.
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PROCESS DESCRZPTZON FOR

Facility Description

CLAYTON FACXLXTY

. The ~ Construction Asphalt Concrete Production
Facility in Clayton, North Carolina, has been in operation since
1989. It is a counter flow, continuous drum mix process. The
dryer/mixer is an ASTEC double-barrel drum, a variation of the
drum mixer, with a rated capacity of 400 tons per hour. The
p~ant has , the capability of producing up to 15 asphalt mix types,
w1th or w1thout the use of reclaimed asphalt pavement (RAP).

Asphalt concrete, called ~hot mix asphaltW(HMA) by the
industry, is a mixture of well-graded, high quality virgin
aggregate that is heated and mixed with liquid asphalt cement to
produce paving material. The characteristics of the asphalt
concrete are determined by the relative amounts and types of
aggregate (and RAP) used. In the asphalt reclamation process,
old asphalt pavement is removed from the road surface,
transported to the plant, and crushed and screened to the
appropriate size for further processing.

In the counter flow continuous double-barrel drum mix
process, virgin aggregate of. various sizes is fed to the drum by
cold feed controls in proportions dictated by the final mix
specifications. Aggregate is delivered by conveyor belt to the
inner drum, entering at the opposite end as the burner (hence,
the descriptor "counter- flow). The aggregate moves towards the
burner within the inner drum and is dried. The hot aggregate
falls to the outer drum through holes at the burner end of the
inner drum. As the hot aggregate moves along the outer drum,
liquid asphalt cement and conditioner (if used) are added. The
liquid asphalt cement and conditioner are delivered to the drum
mixer by a variable flow pump that is electronically linked to
the aggregate feed weigh scales. Recycled dust from the control
system and RAP (if used) are also added into the outer drum. The
resulting asphalt concrete mixture is discharged from the outer
drum and conveyed to storage silos for delivery to trucks.

There are five cold storage bins and three hot mix storage
silos at Clayton facility. The hot mix storage
silo capacity is 200 tons each, for a total of 600 tons. There
are three screens for aggregate sizing and one 52,000 gallon (130
ton) heated asphalt cement storage vessel. The plant uses virgin
and recycled No.2 fuel oil, supplied by Noble Oil Services, Inc.,
for all its process fuel needs. (Recycled fuel assay report is
attached). Virgin fuel oil is used during extremely cold weather
and/or if there is a fuel-related problem with the burner.
Therefore, virgin fuel is usually only used during the winter
months (January/February). The amount of energy needed from the
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fuel for the asphalt production process is 225,600 BTU per ton of
asphalt produced. The hot gas contact time with the aggregate is
approximately 1 minute, and the process time from the beginning
of the drum ta the coater is approximately 6 minutes.

Clayton facility uses an asphalt cement (AC)
called AC-20, obtained from Citgo of Wilmington, North Carolina.
An anti-strip conditioner, called Perma-Tac (from Arr-Maz), is
sometimes used; antistrip is required for all NC DOT jobs.
(Conditioner MSDS is attached). For particulate matter (PM)
control, the facility uses a fabric filter. The
fabric filter is an ASTEC Pulse-Jet, equipped with 1024 14-ounce
Nomex bags; it is operated with an air-to-cloth ratio of 5.54
feet per minute. The process gas exits the drum and coater and
proceeds into the fabric filter, where it is exhausted through a
stack. As mentioned above, the dust collected by the PM control
devices is recycled to process.

Source Tests

EPA source tests were performed at Clayton
facility on August 19, 20, and 21, 1997. The source testing took
place at the inlet and outlet of the fabric filter. Data were
taken at 15-minute intervals during the entire "test period,·
i.e. the time period when at least one manual and both
instrumental tests were running. According to plant personnel,
the plant was operating under normal conditions during the tests.

Four tests were performed during the three-day test period.
(Two test runs were performed on August 20: one in the morning
and one in the afternoon). The average asphalt concrete
production rates during the four test runs were 171, 276, 240,
and 185 tons per hour (tph), respectively, corresponding to total
production of 735, 1,187, 840, and 778 tons. During the first
three test runs (August 19, August 20 a.m., and August 20 p.m.),
a surface asphalt coating that included RAP was produced; during
the fourth test run (August 21), a surface coating (accounting
for 75 percent of the total asphalt concrete produced) and a
binder coating (accounting for 25 percent of total production)
were produced, both without RAP. Recycled No. 2 fuel oil was
used for fuel in the production process during the tests.
Conditioner was used during the four test runs at a rate of
0~25 percent of the asphalt cement used, for a total of 186, 302,
220, and 200 pounds, respectively, during the four test runs. No
visible emissions were observed by EC/R Inc. personnel during the
source tests.
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Table 1 that follows summarizes the operating conditions
observed during the EPA source test periods at
Clayton facility. Tables 2 and 3 describe the asphalt mixes
produced and the fuel used, respectively, during the tests.
Table 4 describes the specifics of plant operation 'during the
tests. Appendix A shows all the data recorded during the tests,
along with the results of statistical analyses.
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TABLE 1. PLANT OPERATING CONDITIONS DURING
SOURCE TESTS, AUGUST 19, 20, AND 21, 1997

Test Run / Test Date

Run 1 Run 2 Run 3 Run 4
08/19/97 08/20/97 08/20/97 08/21/97

Process Data (a.m.) (p.m. )

Product Type(s)· surface mix, surface mix, surface mix, surface mix,
with RAP with RAP with RAP no RAP (BCSC,
(BCSC, Type (BCSC, Type (BCSC, Type Type HOS) ;
ROS) ROS) ROS) and binder

(BCBC, Type H)

Asphalt Concrete
Production Rate,

tr1 tphI

0\ Averageb 171 276 240 185
Range 146-254 223-302 152-254 150-204

Total Produced,
tons 735 1,187 840 778

Mix Temperature,
of

Averageb 305 312 310 308
Range 295-315 303-346 299-322 271-351

Raw Material
(Virgin Aggregate)

Use Rate, tph
Averageb 145 236 205 176
Range 126-213 191-255 138-215 142-194

Total Used, tons 622 1,013 718 740



tI1
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TABLE 1. (continued)

Test Run / Test Date

Run 1 Run 2 Run 3 Run 4
08/19/97 08/20/97 08/20/97 08/21/97

Process Data (a.m.) (p.m. )

RAP
Use rate, tph

Averageb 18 '" 28 24
Range 13-27 21-32 17-27 none

Total Used, tons 76 119 85

Asphalt Cement
Use rate, tph

Averageb 8.7 14.0 12.3 9.2
Range 7.5-12.6 11.4-15.5 7.8-13.0 7.8-10.6

Total Used, tons 37 60 43 39

Conditioner (lb)C 186 302 216 200

Fabric Filter
Operationb

Temperature, of
Inlet 193 255 232 201
Outlet 170 214 195 175

Pressure Drop,
inches water

Averageb 1.8 3.3 2.5 1.9
Range 1.5 - 2.9 2.1-4.0 1 .. 8-2.9 1.8-2.0

Fuel
Use Rate, d gph 214 410 334 280
Total Used, gal 920 1,762 1,168 1,117



TABLE 1. (continued)

Test Run / Test Date

Run 1 Run 2 Run· 3 Run 4
08/19/97 08/20/97 08/20/97 08/21/97

Process Data (a.m. ) (p.m. )

Visible Emissions none none none none

a BCSC, Type HDS =
BCSC, Type RDS =

BCBC, Type H =

bituminous concrete, surface coarse, type high density surface
bituminous concrete, surface coarse, type high density surface
with RAP
bituminous concrete, binder coarse (type H)

tr1
I

00

b

c

d

See Table 2 for more detail on product specifications.

As a straight average of the 15-minute interval data shown in Appendix A.

The amount of conditioner used was calculated as 0.25 percent of the asphalt cement.

Fuel use rate was calculated from the total fuel used during the time interval.



TABLE 2. ASPHALT MIX SPEC~F~CAT~ONS

Product

Surface Coating
(BCSC, Type HDS)

Surface Coating, with
RAP (BeSC , Type RDS)

Binder (BCBC, Type H)

Material

78-M
screenings
sand
asphalt cement
conditioner

78-M
dry screenings
natural sand
RAP
asphalt cement total

additional
from RAP

conditioner

78-M
#67
screenings
sand
asphalt cement
conditioner

Amount

50% aggregate
30% aggregate
20% aggregate
5.2% mix
0.25% cement

43% aggregate
27% aggregate
20% aggregate
10% aggregate
5.1% mix

4.6% mix
0.5% mix

0.25% cement

16% aggregate
46% aggregate
20% aggregate
18% aggregate
4.5% mix
0.25% cement

TABLE 3. FUEL SPEC~F~CAT~ONS

FUel Type Characteristics Descriptor(s)

Oil flash point 150°F recycled no. 2
lead 28 mg/kg diesel fuel
sulfur 3590 mg/kg

(0.36%)
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TABLE 4. SPEC:IF:ICS OF PLANT OPERATJ:ON DORJ:NG
EPA SOURCE TESTS

Parameter

Test Period

Plant Shut
Downs·

(with
approximate

duration)

Test Run / Test Date

Run 1 Run 2 Run 3 Run 4
08/19/97 08/20/97 08/20/97 08/21/97

(a.m. ) (p.m. )

0915-1456 0822-1240 1405-1735 0741-1153

none 0930{4 none none
min)

Plant
Production
Rate Change(s)

Product
Changes

1115-1145:
mix rate
slowed from
nominally
250 to 200
tph

1200-1500:
mix rate
slowed from
nominally
200 to 150
tph

none

0945­
1245: mix
rate
increased
from
nominally
225 to
300 tph

none

1715­
1745: mix
rate
decreased
from
nominally
250 to
150 tph

none

1030-1200:
mix rate
increased
from
nominally
180 to 200
tph

0730-0815,
0900-0915,
1015-1155:
HDS produced
(600 tons)

0830-0900,
0915-1000,
1155-1200:
binder
produced 195
tons)

a Shutdown occured because the RAP feed went down.
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Appendix A: Process Data

Test Run I
Test Date: August 19, 1997
Total Test Time: 4.3 hrs

Asphalt Concrete Asphalt Calculated
Production Asphalt Aggre~ate Use RAP Use Cement Use Conditioner Use

Product Rate Total Temp. Rate Total Rate Total Rate Total Rate Total
Time Event Tvne ITPH) (tons) (oF) (TPH) (tons) (TPH) (tons) (TPID (tons) (TPH) (tons)
0915 • RDS 250 315 213 26 12.5 0.03
1100 RDS 254 304 211 27 12.6 0.03
1115 • RDS 202 295 171 22 10.2 0.03
1130 RDS 202 311 170 21 10.0 0.03
1145 RDS 200 304 168 21 10.0 0.03
1200 • RDS 150 299 127 15 7.8 0.02
1215 RDS 152 .306 126 16 7.5 0.02
1230 RDS 149 306 127 16 7.7 0.02
1245 RDS 150 300 127 15 7.7 0.02
1300 RDS 152 300 128 16 7.6 0.02
1315 RDS 150 300 127 16 .7.8 0.02
1330 RDS 150 310 128 15 7.6 0.02
1345 RDS 149 301 127 15 7.7 0.02
1415 RDS 147 313 127 13 7.6 0.02
1430 RDS 146 307 127 15 7.5 0.02
1445 RDS 150 305 128 15 7.7 0.02
1456 RDS 151 304 129 15 7.7 0.02

Total·· 735 622 76 37 0.093
Mean 171 305 145 18 8.7 0.02

St. Dev 35 5 29 4 1.7 0.004
Min 146 295 126 13 7.5 0.02
Max 254 315 213 27 12.6 0.03

* See Table 4 for a description of these events.
** Because running total data were not available, the run totals were calculated from the average of the TPH data multiplied

by the total run time.



tr1
I-N

Appendix A: Process Data

Test Run I
Test Date: August 19, 1997
Total Test Time: 4.3 hrs

Fabric Filter
Inlet Outlet Pressure Fuel Use

Product Temp. Temp. Drop Rate Total Visible
Time Event TVDe (oF) (oF) (in. H2O) (OPM) (l!a)) Emissions
0915 • RDS 245 200 2.9 5 80 none
1100 RDS 240 200 2.5 5 1693 none
1115 • RDS 220 195 2.5 5 1817 none
1130 RDS 205 185 2.0 5 1855 none
11115 RDS 205 180 2.0 3 1911 none
1200 • RDS 180 170 1.8 3 1994 none
1215 RDS 175 160 1.5 3 2036 none
1230 RDS 185 160 1.5 3 2092 none
1245 RDS 180 160 1.8 3 2136 none
1300 RDS 180 160 1.5 3 2192 none
1315 RDS 185 160 1.5 3 2234 none
1330 RDS 185 160 1.5 3 2274 none
1345 RDS 182 160 1.7 3 2336 none
1415 RDS 180 160 1.5 3 2388 none
1430 RDS 180 160 1.5 3 2441 none
1445 RDS 180 160 1.5 3 2489 none
1456 RDS 170 160 1.5 3 2533 none

Total·· 920
Mean 193 170 1.8 3.5

St. Dev 22 15 0.4 0.9
Min 170 160 1.5 3.0
Max 245 200 2.9 5.3

* See Table 4 for a description of th,ese events.
** Because running total data were not available, the run totals were calculated from the average of the TPH data multiplied

by the total run time.

-
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Appendix A: Process Data

Test Run 2
Test Date: August 20, 1997 a.m.
Total Test Time: 4.3 hrs

Asphalt Concrete Asphalt Calculated
Production Asphalt Aggregate Use RAP Use Cement Use Conditioner Use

Product Rate Total Temp. Rate Total Rate Total Rate Total Rate Total
Time Event Type lTPID (tons) (oF) (TPH) (tons) ffPH) (tons) ITPH) (tons) (TPH) (tons)
0822 RDS 225 306 192 21 11.5 0.03
0845 RDS 226 304 191 24 11.5 0.03
0900 RDS 223 316 192 22 11.5 0.03
0915 RDS 225 306 191 23 11.4 0.03
09:!0 • RDS 223 346 214 24 11.5 0.03
0945 • RDS 249 308 213 25 12.7 0.03
0100 RDS 298 312 254 30 15.3 0.04
1015 RDS 299 314 254 30 15.5 0.04
1030 RDS 301 308 255 30 15.3 0.04
1045 RDS 300 314 254 31 15.2 0.04
1100 RDS 300 303 255 26 15 0.04
1115 RDS 301 314 253 32 15 0.04
1130 RDS 302 309 255 31 15 0.04
1145 RDS 300 311 255 31 15.4 0.04
1200 RDS 300 317 254 30 15.3 0.04
1215 ROS 300 307 252 31 15 0.04
1230 RDS 298 313 255 29 15 0.04
1240 ROS 299 310 253 30 15 0.04

Total·· 1,187 1,013 119 60 0.151 .
Mean 276 312 236 28 14.0 0.04

S1. Dev 34 9 27 4 1.7 0.00
Min 223 303 191 21 11.4 0.03
Max 302 346 255 32 15.5 0.04

* See Table 4 for a description of these events.
** Because running total data were not available, the run totals were calculated from the average of the TPH data multiplied

by the total run time.
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Appen~ix A: Process Data

Test Run 2
Test Date: August 20, 1997 a.m.
Total Test Time: 4.3 hrs

-
Fabric Filter

Inlet Outlet Pressure Fuel Use
Product Temp. Temp. Drop Rate Total Visible

Time Event Type (oF) (oF) (in. H2O) (GPM) (~al) Emissions
0822 RDS 230 185 2.1 5 324 none
0845 RDS 230 192 2.6 5 427 none
0900 RDS 230 190 2.8 5 512 none
0915 RDS 235 197 2.8 5 592 none
0930 • RDS 195 200 2.1 3 704 none
0945 • RDS 260 205 2.8 7 760 none
0100 RDS 270 215 3.2 7 869 none
1015 RDS 270 225 3.1 7 984 none
1030 RDS 270 230 3.8 7 1118 none
1045 RDS 271 228 3.6 7 1200 none
1100 RDS 269 225 3.5 7 1335 none
1115 RDS 262 220 3.8 7 1440 none
1130 RDS 270 225 4.0 7 1539 non~

1145 RDS 270 225 3.8 8 1663 none
1200 RDS 270 230 3.5 7 1757 none
1215 RDS 265 225 3.9 7 1881 none
1230 RDS 268 220 3.8 7 1993 none
1240 RDS 260 220 3.8 6 2086 none

Total·· 1,762
Mean 255 214 3.3 6.3

St. Dev 21 15 0.6 1.2
Min 195 185 2.1 3.0
Max 271 230 4.0 8.0

* See Table 4 for a description of these events.
** Because running total data were not available, the run totals were calculated from the average of the TPH data multiplied

by the total run time.
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Appendix A: Process Data

Test Run 3
Test Date: August 20. 1997 p.m.
Total Test Time: 3.5 hrs

Asphalt Concrete Asphalt Calculated
Production Asphalt Aggre~ ate Use RAP Use Cement Use Conditioner Use

Product Rate Total Temp. Rate Total Rate Total Rate Total Rate Total
Time Event Tvoe ITPH) ltons) (oF) lTPH) (tons) (TPH) (tons) (TPH) ltons) lTPH) . (tons)
1405 RDS 250 309 214 25 12.6 0.03
1415 RDS 251 303 211 27 13.0 0.03
1430 RDS 251 312 212 27 13.0 0.03
1445 RDS 252 311 212 26 13.0 0.03
1500 RDS 245 305 212 25 12.8 0.03
1515 RDS 245 320 212 22 12.5 0.03
1530 RDS 254 310 215 26 12.8 0.03
1545 RDS 250 307 213 25 12.9 0.03
1600 RDS 249 307 211 24 13.0 0.03
1615 RDS 247 322 215 23 12.7 0.03
1630 RDS 252 312 214 25 12.6 0.03
1645 RDS 250 316 213 24 12.8 0.03
1700 RDS 249 315 213 25 12.8 0.03
1715 * RDS 205 307 172 24 10.5 0.03
1735 RDS 152 299 138 17 7.8 0.02

Total·· 840 718 85 43 0.108
Mean 240 310 205 24 12.3 0.03

St. Dev 26 6 21 2 1.3 0.003
Min 152 299 138 17 7.8 0.02
Max 254 322 215 27 13.0 0.03

* See Table 4 for a description of these events.
** Because running total data were not available, the run totals were calculated from the average of the TPH data multiplied

by the total run time.
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Appendix A: Process Data

Test Run 3
Test Date: August 20, 1997 p.m.
Total Test Time: 3.5 hrs

Fabric Filter
Inlet Outlet Pressure Fuel Use

Product Temp. Temp. Drop Rate Total Visible
Time Event Type (oF) (oF) (in. H2O) (GPM) (~al) Emissions
1405 RDS 240 200 2.8 6 2560 none
1415 RDS 238 200 2.9 5 2630 none
1430 RDS 232 200 2.5 5 2731 none
1445 RDS 235 195 2.5 5 2823 none
1500 RDS 230 195 2.5 5 2873 none
1515 RDS 240 195 2.8 6 2992 none
1530 RDS 235 195 2.5 6 3071 none
1545 RDS 240 195 2.5 5 3162 none
1600 RDS 245 200 2.5 6 3248 none
1615 RDS 235 200 2.5 5 3333 none
1630 RDS 240 200 2.5 6 3415 none
1645 RDS 240 200 2.5 6 3488 none
1700 RDS 240 200 2.5 6 3602 none
1715 * RDS 210 190 2.0 5 3656 none
1735 RDS 180 165 1.8 3 3728 none

Total** 1,168
Mean 232 195 2.5 5.3

St. Dev 16 9 0.3 0.8
Min 180 165 1.8 3.0
Max 245 200 2.9 6.0

* See Table 4 for a description of these events.
** Because running total data were not available, the run totals were calculated from the average of the TPH data multiplied

by the total run time.



Appendix A: Process Data

Test Run 4
Test Date: August 21, 1997
Total Test Time: 4.2 hrs

Asphalt Concrete Asphalt Calculated
Production Asphalt A~gre~ateUse RAP Use Cement Use Conditioner Use

Product Rate Total Temp. Rate Total Rate Total Rate Total Rate Total
Time Event Tvoe (TPID (tons) (oF) (TPH) (tons) mID (tons) (TPH) (tons) (TPH) (tons)
0741 lIDS 150 315 142 0 7.8 0.02
0745 lIDS 179 306 169 0 9.2 0.02
0800 lIDS 177 302 169 0 9.2 0.02
0815 lIDS 177 335 168 0 9.3 0.02
0830 Binder 178 300 171 0 8.1 0.02
0845 Binder 179 300 171 0 8.2 0.02
0900 HDS 184 351 174 0 9.0 0.02
0915 Binder 179 283 167 0 9.1 0.02
0930 Binder 181 297 172 0 8.5 0.02
0945 Binder 178 319 172 0 8.0 0.02
1000 Binder 177 320 171 0 7.8 0.02
1015 HOS 176 350 167 0 9.3 0.02
1030 * HOS 200 271 191 0 lOA 0.03
1045 HDS 200 303 190 0 10.6 0.03
1100 HOS 200 282 189 0 lOA 0.03
1115 HOS 200 310 190 0 10.5 0.03
1130 HOS 200 289 191 0 10.3 0.03
1145 HOS 200 318 189 0 10.6 0.03
1153 Binderl HOS 204 297 194 0 8.9 0.02

Total** 778 740 0 39 0.10
Mean 185 308 176 0 9.2 0.02

St. Dev 13 21 13 0 1.0 0.00
Min 150 271 142 0 7.8 0.02
Max 204 351 194 0 10.6 0.03

* See Table 4 for a description of these events.
** Because running total data were not available, the run totals were calculated from the average of the TPH data multiplied

by the total run time.
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Appendix A: Process Data

Test Run 4
Test Date: August 21, 1997
Total Test Time: 4.2 hrs

Fabric Filter
Inlet Outlet Pressure Fuel Use

Product Temp. Temp. Drop Rate Total Visible
Time Event Tvue (oF) (oF) (in. H2O) (GPM) (gal) Emissions
0741 HOS 195 168 2.0 5 146 none
0745 lIDS 203 178 2.0 4 216 none
0800 lIDS 203 177 2.0 4 288 none
0815 lIDS 205 178 2.0 4 363 none
0830 Binder 195 170 2.0 4 440 none
0845 Binder 200 170 2.0 3 474 none
0900 lIDS 210 180 2.0 4 560 none
0915 Binder 200 180 1.8 3 626 none
0930 Binder 195 170 2.0 4 669 none
0945 Binder 195 175 1.9 4 743 none
1000 Binder 190 168 1.9 4 812 none
1015 lIDS 192 170 1.8 4 871 none
1030 lIDS 205 170 1.9 5 932 none
1045 * lIDS 210 180 2.0 5 1004 none
1100 lIDS 205 175 1.9 5 1063 none
1115 lIDS 200 180 1.8 4 1133 none
1130 lIDS 205 175 1.9 4 1208 none
1145 lIDS 210 180 2.0 5 1285 none
1153 Binder/lIDS 210 180 1.9 4 1323 none

Total** 1,177
Mean 201 175 1.9 4.2

St. Dev 6 5 0.1 0.6
Min 190 168 1.8 3.0
Max 210 180 2.0 5.0

* See Table 4 for a description of these events.
** Because running total data were not available, the rlIn totals were calculated from the average of the TPH data multiplied

by the total run time.
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- MATERIAL SAFETY DATASBEET

MagC'CtpRf
ARR·MAZ PRODUCTS, LP.

fiZl Sllively Aveaae
WIIltR' KaYeII, Fl 33110

Emergmacy JlJJOD' Npmhcr
941-%'3-1BM

PRODUcr INfORMATION

Cbemic.al FwiJy;

Compo:ritiqn-

AD-hc:rc: LOF 6S-OO

Modified FI1ty Amidopmjne

HMIS RATING:

DOT. SbimriDa
C-iican:ipp-

DqjJipgEgipt e'f);
SgJPbUJt;y in !later:
yepor P'AAgre emmH. II 2S°C):
Vapor Dcrwitf (Air - l)~

Appcm ImCC:

~
S»edfiQ rmrvify (III "OJ7lj

Health HI22lCl
PlammabilityHazm1
Reactivity Hazard

Not reguIm:d

PBVSICAL DATA
>SOO-P'
Slight:
~1

>1
Dark bmwn liquid
Mild
0.96-0.98

Rev. Date: 11/26/96

FIRE EXPLOSION
>300 -P

C02, foam. or dI:y chemical.

Wear NIOSHIMSBA approved 4clf-<:ontaiDed1neItbing equipment
aDd pro=tive e1odJiJsS-

Z·9061
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