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This report presents the procedures, schedule, and test results for an emissions test
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1.0 INTRODUCTION

1.1 BACKGROUND

The Emission Measurement Center (EMC) of the U. S. Environmental Protection Agency

(EPA) received a request from the Metals 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, to perfonn emissions

testing at iron foundries, specifically on cupola emission control devices, and pouring, cooling,

and shake-out operations. The test program was perfonned in September, 1997 under EPA

Contract No. 68-D2-0165, Work Assignment 4-25. This draft report for testing conducted at the

GM Powertrain Group Saginaw Metal Casting Operations (GMISMCO) facility was prepared

under EPA Contract No. 68-W6-0048, Work Assignment 2-08.

1.2 PROJECT SUMMARY

The cupola melting process is used to melt iron for casting into automotive parts. It is

potentially a significant source of hazardous air pollutant (HAP) emissions, including metal and

organic compounds. Emissions from the mold pouring, cooling, and shake-out are also potential

sources of HAP emissions.

The principal emission point at a cupola furnace is the exhaust from the furnace itself.

Emission controls for GMISMCO include a coarse grain separator, afterburner, drop out

chamber, heat exchangers (recuperators), quench, venturi scrubber, and stack. Cupola emissions

testing was conducted at the stack (scrubber outlet) and the inlet to the scrubber to determine the

measurable emissions released during the melting process. Testing was also conducted at the

ducts drawing from the pouring, cooling, and shake-out lines to determine the measurable

emissions released during the pouring, cooling, and shake-out of the castings.

Three Fourier transfonn infrared (FTIR) test runs were conducted at the cupola inlet and

outlet locations over a three-day period simultaneously with manual method testing conducted by

Pacific Environmental Services (PES). Additionally, Midwest Research Institute (MRI)

collected Tedlar bag samples from pouring, cooling, and shake-out ducts. The Tedlar bag

samples were analyzed by FTIR. Summaries of the FTIR results are presented in Tables 1-1

to 1-4.
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The FfIR analyses followed EPA Method 3201, which employs an extractive sampling

procedure. A probe, pump, and heated line are used to transport samples from the source to a gas

manifold in a trailer that contains the FfIR equipment. A separate procedure for collecting and

analyzing the Tedlar bag samples was prepared by MRI and approved by EPA prior to the field

test. A preliminary analysis of the spectra was performed onsite. The analysis was reviewed and

revised after the FfIR data collection was completed. A compact disk containing all of the FfIR

data was provided with the draft report.

The results at the mold cooling, pouring and shakeout housing processes have been

revised since the draft report. The revised results are from analyses that included reference

spectra of additional aliphatic organic compounds. The additional reference spectra were

measured in the laboratory under work assignments 2-12 and 2-13. The revised analyses are

discussed in Section 4.3.1. Appendix B contains documentation of the reference spectra

prepared for the revised analysis.
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TABLE 1-1 SUMMARY OF FTIR RESULTS FROM THE MOLD POURING PROCESSa

Mold Pourin2 (ppm)

File name Date Time Methanol Unc. Toluene Unc. Hexane Unc. Ethvlene Unc. Methane Unc. CO Unc.

POURIOI 9123/97 11:07 0.0 0.4 0.0 0.9 0.0 5.0 3.9 0.5 38.4 0.4 87.1 12.8

POVRI02 9123/97 11:25 0.0 0.4 2.3 0.6 0.0 5.0 4.0 0.5 39.3 0.4 86.3 12.6

Emission Ratl
Average ppm 0.0 0.4 1.2 0.8 0.0 5.0 3.9 0.5 38.8 0.4 86.7 12.7

Iblhr 0.0 0.89 0.00 0.92 5.20 20.3

kglbr 0.0 0.41 0.00 0.42 2.36 9.2

aConcentrations are in ppm. A zero concentration indicates a non-detect for that sample. "Vnc" indicates an estimated uncertainty in each measurement.

TABLE 1-1. (CONTINUED)
Mold Pourin2 (p ilm)

Formalde-
File name Date Time hyde Vnc. Butane Vnc. I-Pentene Vnc.

POVRIOI 9123/97 11:07 1.0 0.4 3.70 0.24 0 2.42

POVRI02 9123/97 11:25 1.4 0.4 0 5.49 3.93 0.18

Emission Ratl

Average ppm 1.2 0.4 1.85 1.96

Ib/hr 0.30 0.90 1.15

kg/hr 0.14 0.41 0.52

a Concentrations are in ppm. A zero concentration indicates a non-detect for that sample.
"Vnc" indicates an estimated uncertainty in each measurement.



TABLE 1-2. SUMMARY OF FTIR RESULTS FROM THE MOW COOLING PROCESSa

I Mold Cooling (ppm) I
Formalde-

Duct File name Date Time Methanol Unc. Toluene Unc. Hexane Unc. Ethvlene Unc. Methane Unc. CO Unc. hvde Unc.

Main cOOLMIOI 9/25/97 14:09 1.8 0.7 12.8 1.3 2.1 0.5 10.2 0.8 139.7 0.8 192.7 25.1 1.8 0.7

cOOLMI02 14:13 1.8 0.7 12.6 1.3 2.2 0.5 10.2 0.8 139.0 0.8 192.6 25.0 1.7 0.7

Average --> 1.8 0.7 12.7 1.3 2.2 0.5 10.2 0.8 139.4 0.8 192.7 25.1 1.7 0.7

R cOOLRI01 11:09 2.5 0.8 18.9 1.8 2.2 0.8 16.8 1.0 195.0 l.l 243.9 32.9 2.1 1.0

cOOLRI02 11:13 2.5 0.8 18.9 1.8 2.2 0.8 16.8 1.0 195.2 l.l 245.3 33.0 2.1 1.0

Average --> 2.5 0.8 18.9 1.8 2.2 0.8 16.8 1.0 195.1 l.l 244.6 32.9 2.1 1.0

S COOLS 101 9/24/97 15:32 4.5 0.7 16.6 1.1 5.2 0.5 8.2 0.8 118.3 0.8 137.9 21.8 2.0 0.7

COOLS 102 15:37 4.5 0.7 16.8 1.1 5.1 0.5 8.3 0.8 119.4 0.8 141.3 22.0 1.8 0.7

Average --> 4.5 0.7 16.7 l.l 5.1 0.5 8.3 0.8 118.8 0.8 139.6 21.9 1.9 0.7

Emission Ratt
Total ppm b 8.8 0.7 48.3 1.4 9.5 0.6 35.2 0.9 453.2 0.9 576.9 26.6 5.7 0.8

Iblhr c 1.48 20.3 4.47 4.01 30.92 68.25 0.79

kg/hr C 0.67 9.22 2.03 1.82 14.04 31.00 0.36...
I

.j::>. a Concentrattons are In ppm. A zero concentratIOn indicates a non-detect for that sample. "Unc" indicates an estimated uncertamty In each measurement.
b The total ppm concentration is the sum of the average concentrations in each duct.
c The emission rates for each duct were calculated separately using the flow rates in Table 3-2. The emission rates fo r the three ducts were summed to give the total emission rate.



TABLE 1-2 (CONTINUED)

Concentrations are 10 ppm. A zero concentration mdlcates a non-detect for that sample. Unc mdlcates an estimated uncertamty 10 each measurement.
b The total ppm concentration is the sum of the average concentrations in each duct.

C The emission rates for each duct were calculated separately using the flow rates in Table 3-2. The emission rates for the three ducts were summed to give the total emission rate.

Mold Cooling (ppm)

3-Methyl-
Duct File name Date Time pentane Unc. Butane Unc. I-Pentene Unc.

Main COOLMIOI 9/25/97 14:09 0.74 0.65 5.7 3.0 7.5 1.8

COOLMI02 14:13 0.75 0.66 5.6 3.0 7.4 1.8..

Average --> 0.75 0.65 5.6 3.0 7.5 1.8

R COOLRIOI 11:09 1.2 0.9 12.3 4.3 8.9 2.6

COOLRI02 11:13 I.2 0.9 12.4 4.3 8.8 2.6

Average --> 1.2 0.9 12.4 4.3 8.9 2.6

S COOLS 101 9/24/97 15:32 0 0.6 0 2.9 13.4 1.1

COOLS 102 15:37 0 0.6 0 3.0 13.5 1.1

Average --> 0 0.6 0 3.0 13.5 1.1

Emission Rall

Total ppm b 1.98 18.0 29.8

Iblhr c 0.53 3.05 10.59

kglhrc 0.24 1.39 4.81

" ...
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TABLE 1-3. SUMMARY OF FTIR RESULTS FROM THE SHAKEOUT HOUSING PROCESSa

I Shake-out Housing (ppm) I
Formalde-

Stack File name Date Time Methanol Unc. Toluene Unc. Hexane Unc. Ethylene Unc. Methane Unc. CO Unc. hyde Unc.

3 SHK3_101 9/23/97 1l:36 1.0 0.3 7.0 0.4 0.0 2.9 0.0 0.3 14.5 0.2 32.9 5.4 I.I 0.2

SHK3_201 9/24/97 13:22 1.2 0.4 4.4 0.5 3.7 0.2 0.0 0.5 17.9 0.3 61.8 9.4 0.8 0.3..
SHK3_202 9/24/97 13:25 I.2 0.4 4.1 0.6 0.0 3.4 0.0 0.5 17.7 0.4 62.1 9.4 1.0 0.3

Average --> I.I 0.4 5.2 0.5 1.2 2.2 0.0 0.5 16.7 0.3 52.3 8.1 0.9 0.3

4 SHK4_101 9/23/97 14:55 1.4 0.5 9.6 0.5 0.0 4.2 1.0 0.6 20.5 0.3 66.1 9.3 1.6 0.3

SHK4_102 9/23/97 15:00 1.4 0.5 8.9 0.6 0.0 4.2 1.0 0.6 20.6 0.4 66.5 9.4 1.3 0.3

Average --> 1.4 0.5 9.3 0.5 0.0 4.2 1.0 0.6 20.6 0.4 66.3 9.3 1.4 0.3

5 SHK5_101 9/24/97 13:29 2.1 0.0 4.8 0.0 0.0 0.0 0.6 0.0 20.7 0.0 75.2 0.0 1.2 0.0

Emission Ratt

Total ppm b 4.6 0.4 19.2 0.4 1.2 2.5 1.6 0.4 58.0 0.3 193.8 7.2 3.6 0.2

Iblhr c 0.94 1l.5 0.7 0.29 6.0 34.8 0.7

kg/hr c 0.43 5.2 0.3 0.13 2.7 15.8 0.3......
I

0\ a ConcentratIOns are m ppm. A zero concentratIOn mdlcates a non-detect for that sample. "Vnc" mdlcates an estImated uncertamty In each measurement.
b The total ppm concentration is the sum of the average concentrations in each duct.
c The emission rates for each duct were calculated separately using the flow rates in Table 3-2. The emission rates for the three ducts were summed to give the total emission rate.



TABLE 1-3. (CONTINUED)
Shakeout Housing (ppm)

3-Methyl- 2-Methyl- n- 2-Methyl-
Stack File name Date Time pentane Dnc. Butane Dnc. l~Pentene Dnc. Heptane Dnc. I-Pentene Dnc. 2-butene Dnc.

3 SHK3_101 9/23/97 11:36 0 0.6 0 0.8 0 0.8 2.2 0.1 4.2 0.3 0.40 0.3

SHK3_201 9/24/97 13:22 0 0.3 0 0.9 0.8 0.3 0 1.4 0 1.6 1.01 0.3

SHK3_202 9/24/97 13:25 0.44 0.3 0 1.2 5.4 0.6 0 1.5 0 1.7 2.78 0.3

Average --> 0.15 0.4 0 1.0 2.1 0.6 0.7 1.0 1.4 1.2 1.40 0.3

4 SHK4_101 9/23/97 14:55 0 0.9 0 1.1 0 0.9 3.2 0.1 5.5 0.4 0 1.2

SHK4_102 9/23/97 15:00 0 0.9 0 1.1 4.2 0.3 2.9 0.2 0 2.0 1.25 0.3

Average --> 0 0.9 0 1.1 2.1 0.6 3.1 0.2 2.8 1.2 0.624 0.8

5 SHKS 101 9/24/97 13:29 0 0.2 1.7 0.9 1.7 0.5 3.3 0.1 0 1.6 1.77 0.3

Emission Rate

Total ppm b 0.15 1.5 1.7 2.9 5.8 1.7 7.0 1.3 4.2 4.0 3.79 1.3

Iblhr C 0.084 0.59 3.17 4.48 1.93 1.72

kglhrc 0.038 0.27 1.44 2.03 0.88 0.782

" n·
..-
~ Concentrations are m ppm. A zero concentration mdlcates a non-detect for that sample. Vnc mdlcates an estimated uncertamty m each measurement.

b The total ppm concentration is the sum of the average concentrations in each duct.
C The emission rates for each duct were calculated separately using the flow rates in Table 3-2. The emission rates for the three ducts were summed to give the total emission rate.



) AT THE VENTURI SCRUBBER INLET AND OUTLETTABLE 1 4 SUMMARY OF FfIR RESULTS (- lPpm

Run 1 Run 2 Run 3

Compound Units Inlet Unc.a Outlet Unc. Inlet Unc. Outlet Dnc. Inlet Unc. Outlet Unc.

Methane ppm 52.7 4.6 18.5 3.7 27.0 7.1 20.5 5.3 25.4 7.1 11.2 3.1

lblhr 9.9 3.5 5.6 4.0 5.0 2.0

kglhr 1.6 2.6 1.8 2.2 0.89

Carbon Monoxide ppm 91.1 68.4 76.8 64.9 ND 101.8 ND 82.08 ND 103.3 0.20 61.08

lblhr 29.9 25.4 0.06

kglhr 11.5 0.03

aUnc IS the estimated uncertamty (ppm) 10 the calculated analyte concentratIon.

.....
I
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1.3 PROJECT PERSONNEL

The EPA test program was administered by EMC. The Test Request was initiated by the

Metals Group of the ESD and the Source Characterization Group of the EMAD, both in OAQPS.

Some key project personnel are listed in Table 1-5.

TABLE 1-5 PROJECT PERSONNEL

I Organization and Title I Name I Phone No. I
Coordinator Environmental & Energy Steven M. Tomaszewski (517) 757-0920 Tel
GM Powertrain Group (517) 757-0899 Fax
General Motors Corporation
Saginaw Metal Casting Operations
77 W. Center Street
P.O. Box 5073
Saginaw, MI 48605-5073

Environmental Auditor David F. Genske (517) 757-1455 Tel
GM Powertrain Group (517) 757-1652 Fax
General Motors Corporation
Saginaw Metal Casting Operations
Mail Code 486-629-016
1629 N. Washington Avenue
Saginaw, MI 48605

U. S. EPA, EMC Michael K. Ciolek (919) 541-4921
Work Assignment Manager
Work Assignment 4-25

U. S. EPA, EMC Michael L. Toney (919) 541-5247
Work Assignment Manager
Work Assignment 2-08

MRI Thomas J. Geyer (919) 851-8181,ext3120
Work Assignment Leader
Work Assignment 4-25
Work Assignment 2-13

MRI John Hosenfeld (816) 753-7600, ext 1336
Program Manager .
Work Assignment Leader
Work Assignment 2-08
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2.0 PROCESS AND CONTROL EQUIPMENT OPERATION

The infonnation in Section 2 was prepared by Research Triangle Institute and provided to

MRI by the EMC. It was included in the report without MRI review.

2.1 INTRODUCTION

The GM Powertrain Group, part of the General Motors Corporation, operates a foundry in

Saginaw, Michigan named Saginaw Metal Casting Operations (SMCO), which casts grey iron

and aluminum. This foundry was constructed by GM in 1918 and is currently operating three

cupolas and two green sand lines for casting iron along with a melting furnace and one casting

line for aluminum to produce engine blocks for use in GM automobiles. The plant has about

2,000 employees. This section of the test report provides a description of the cupola operation

for iron melting and the casting operation, including pouring, cooling, and shakeout.

2.2 PROCESS DESCRIPTION

2.2.1 Iron Melting in Cupolas

There are three cupolas in operation ("B", "C", and "D"). Cupolas Band C are very

similar and are configured with an afterburner followed by a venturi scrubber (i.e., they bum

"dirty" gas). Cupola D bums the gas after removal of particulate matter by the scrubber. Plant

personnel indicated that Cupolas Band C were more representative of the industry and pointed

out that cupolas configured like D are no longer constructed. Consequently, Cupola B was

chosen for testing, primarily because it had more modem and complete controls and

instrumentation.

Cupola B has a diameter of 114 inches (in.) and melts at a rate of about 55 tons per hour

(tph) with a blast rate of 21,000 to 23,000 cfm, which makes it among the larger cupolas in use in

the U.S. The blast is enriched with oxygen at a rate of about 4 percent. Figure 2-1 is a simplified

schematic of the cupola gas handling system and emission control equipment.

The cupola is charged with metal scrap, briquettes made from metal shavings, coke, and

limestone at a point that is above the gas take-off. The composition of a typical charge is given

in Table 2-1 and includes 6 tons of iron. Very few emissions occur from charging because of the

below-charge gas take-off and the maintenance of negative pressure on the cupola. The off gas.
from the cupola is removed at about 400° to 500°F and contains 12 to 14 percent carbon

monoxide (CO). This gas enters a large combustion chamber where th~ CO is burned at about

2-1



1500° to 1600 0 P. Some heavy and larger size particles settle out in the combustion chamber and

are removed at that point. The hot exhaust gases from the combustion chamber pass through two

recuperators that are used to pre-heat the cupola's blast air to about 1100°F. There is also a

cooler available for additional temperature control as necessary.

TABLE 2-1. TYPICAL CUPOLA CHARGE MATERIALS

Material Typical range (lbs/charge)a

Remelt from foundryb 4,000 to 6,000

Steel scrapb 3,000 to 4,000

Gray iron bricksb, c 3,000

Silicon bricks 70 to 105

Blend bricks (Si, Mn, Cr) 260 to 300

Silicon carbide 300

Coke 1,400 to 1,500

Limestone 500

a Typical range observed during the test days.
b Remelt, steel scrap, and gray iron bricks are the sources of iron and total 12,000 lbs (6 tons) per charge.
c Gray iron bricks are a pressed material made from borings, shavings, etc.
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From the recuperators, the gas passes through a quencher, which cools the gas and also

removes some of the entrained particulate matter. The gas then enters a venturi scrubber

(manufactured by Air Pollution Industries) that is operated at a pressure drop of about 40 in. of

water and a water flow rate of about 625 gallons per minute (gal/min). A vacuum is maintained

on the system and the gas is moved by a 1200 horsepower (hp) exhaust fan following the

scrubber. The cleaned gas is exhausted ~hrough a stack. The wastewater from the scrubber is

sent to a wastewater treatment recycle system where polymers are added to assist in settling fine

particles, and 99 percent of the water is recycled to the scrubber (with a one percent blowdown to

the city's wastewater treatment facility). Particulate matter emissions from the scrubber are

limited to 0.15 pounds (lb) per 1,000 lb of gas by the State.

The plant has instrumentation available to monitor several parameters associated with the

emission control system, including the pressure drop across the scrubber, the water flow rate,

electric current to the fan, and gas temperature. Temperature and blast rate for the cupola are

monitored routinely. In addition, an accurate measure of the melting rate (e.g., for use in

normalizing mass emission rates by production rate) can be obtained from the charging data

sheets.

The plant buys scrap from other GM plants and controls the quality because scrap quality

directly affects the quality of the castings. However, plant personnel pointed out that it would be

difficult to have a parameter to measure scrap quality that could be used to make valid

comparisons among different foundries.

2.2.2 Pouring, Cooling and Shakeout

The two iron pouring lines are labeled Lines 3 and 4. Plant personnel indicated that Line

4 was the best candidate for testing because it is newer and the layout is more amendable to

sampling. A simplified schematic of the capture and control equipment for Line 4 is given in

Figure 2-2. The line has a capacity of 270 molds per hour with two engine blocks per mold.

Each horizontal mold contains 3,300 lbs of green sand (lake sand, sea coal, and bentonite). The

typical properties that are measured and the range during the test days are given in Table 2-2.
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TABLE 2-2. TYPICAL RESULTS FROM GREEN SAND ANALYSISa

Property Range

Moisture (%) 2.8 to 3.3

Clay (%) 6.8 to 7.4

Compactability (%) 3.6 to 4.8

Green strength (psi) 164 to 221

Penneability (AFS units) 114 to 130

Loss on ignition (%) 3.8 to 5.0

a From analyses during the first shift of the test days.
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The cores used in the molds include both hot box and cold box systems with phenol

formaldehyde. For the 4-cylinder engine, 15.7 lbs of hot box cores and 74.5 lbs of cold box cores

are used for a total core weight of 90.2 lbs per block or 180.4lbs per mold. For the 6-cylinder

engine, 17.9 lbs of hot box cores and 95.2 lbs of cold box cores are used for a total core weight of

113 lbs per block or 226 lbs per mold. The chemicals used to make the cores are summarized in

Table 2-3. The materials used for core dipping are primarily minerals, such as crystalline silica

(quartz), mica, aluminum silicate, along with graphite, clay and water.

The pouring station for Line 4 is automated and uses 6 ladles in a circular configuration.

A large, circular side draft hood evacuates the entire pouring area at a rate of about 50,000 cfm.

During the testing, no significant visible emissions were observed escaping capture from the

pouring operation. The captured emissions are ducted overhead through the roof to the

atmosphere. During the test days, both 4- and 6-cylinder engine blocks were poured on Line 4.

The pouring weight of iron for the 4-cylinder block is 202.8 lbs to produce a casting of 116.2 lbs.

For the 6-cylinder block, the pouring weight is 250.4lbs and the casting weight is 149.2 lbs.

The cooling line is enclosed and has a series of hoods throughout the line tha~ evacuate

the enclosures at a rate of about 50,000 cfm and send the emissions to a bank of pre-coated

cartridge filters to remove particulate matter. The cooling line is evacuated through three main

ducts that send the cooling emissions to three separate sets of cartridge filters. The residence

time of the cooling line is about 25 minutes (min).

The shakeout operation is totally enclosed in a small, evacuated building (roughly 40 by

60 feet [ftl). The room is evacuated at about 150,000 cfm, and the captured emissions are sent to

three spray scrubbers that have 2 to 3 stages for cleaning.

The plant monitors the pressure drop across the cartridge filters used for the cooling

emissions and also the pressure drop across the shakeout scrubbers. No other parameters

associated with the control equipment are monitored.
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TABLE 2-3. CHEMICALS USED IN CORE MAKING AND MOLD SPRAYINGa

Product Function Chemical Percent

Acme 45MRlBS® Hot box catalyst Urea 30 to 35

Ammonium hydroxide 0.1 to 1

Ammonium nitrate 10 to 15

Water 45 to 50

Ammonium chloride 0.1 to 1

Siloxanes and silicones 1 to 5

Acme 745LF® Phenolic resin for hot box Formaldehyde 1 to 5
cores

Phenol 5 to 10

Acme-flow 2012® Phenolic resin for cold box Formaldehyde 0.1 to 1
cores

Phenol 1 to 5

Ethyl 3-ethoxypropionate 5 to 10

Heavy aromatic solvent naphtha 10 to 30

Acme-flow 2052A® Isocyanate resin for cold box Diphenylmethane 4,4'-Diisocyanate 10 to 30
Part 2

Kerosine 5 to 10

Polymeric Diphenylmethane 30 to 50
Diisocyanate

Isocyanic acid, methylenediphenylene 1 to 5
ester

Heavy aromatic solvent naphtha 10 to 30

Tribonol® Mold spray Zircon 90

Diethylene glycol polymer with l-chloro- 10
2,3-epoxypropane

a From the manufacturer's rnatenal safety data sheets (MSDS).
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2.3 PROCESS AND CONTROL DEVICE MONITORING RESULTS

2.3.1 Cupola B

During each test run, several parameters associated with the operation of the cupola and

the Venturi scrubber were monitored and recorded. For the cupola, these parameters included the

blast air flow rate, the relief stack flow rate, the hot blast temperature, oxygen feed pressure, and

the combustion chamber temperature. In addition, information was obtained on each time the

cupola was charged and the charge composition. Each time period that the blast was stopped

(and the emission testing was also stopped) was also recorded.

The plant had instrumentation installed to monitor several parameters associated with the

Venturi scrubber, including the water flow rate to the scrubber, flow rate of makeup water, inlet

temperature, inlet pressure, pressure drop, and the pressure (vacuum) at the induced draft fan.

These parameters, with the exceptions noted below, were monitored and recorded during the test.

Before the sampling runs were begun, the process observers worked with the plant personnel to

determine if the instruments indicating venturi pressure drop and water flow rate to the scrubber

were showing correct readings. Calibration of the pressure drop instrumentation, completed

early on September 24, consisted of a direct manometer reading at the venturi followed by

adjustment of the pressure drop reading in the control room. Calibration of the water flow rate

reading could not be confirmed during the sampling campaign. After the testing was completed,

plant personnel confirmed that the instrument had been calibrated and that the water flow rate

was 625 gal/min.

Table 2-4 summarizes the major monitoring results for the cupola during each test run,

and Table 2-5 provides the cupola charging data for about 12 hours (hr) during each test day.

The blast air temperature and flow rate are plotted for the four test runs in Figures 2-3 and 2-4.

The blast air rate showed very little variability during the test; however, there were significant

differences in the temperature of the hot air blast, which averaged 464° to 488 OF during Runs 1

and 2 and 364° to 366°F during Runs 3 and 4.

The pressure drop across the Venturi scrubber increased during each run. At the request

of EPA personnel, adjustments were made after the first test run to increase the scrubber pressure

and to maintain a range closer to the original design specifications. The pressure drop averaged

33, 35, 38, and 42 in. of water for Runs 1, 2, 3, and 4 respectively.
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TABLE 2-4. SUMMARY OF CUPOLA MONITORING RESULTS

Parameter Run Average Range

I 21,400 21,000 - 22,200
Blast flow rate (cfm)

2 22,100 21,800 - 22,500

3 21,900 21,700 - 22,800

4 21,800 21,000 - 22,400

1 488 443 - 539
Hot blast temperature (oF)

2 464 448 - 488

3 366 336 - 385

4 364 327 - 409

1 30 30
Oxygen (psig)

2 49 43 - 61

3 50 40- 65

4 59 54 - 65

1 not available
Combustion chamber
temperature (oF) 2 1,557 1,401 - 1,669

3 1,518 1,276-1,633

4 1,608 1,495 - 1,670

1 38.8 --
Melting rate (tonslhr)a

2 41.7 --

3 45.4 --

4 43.5 --

I 156 --
Time blast stopped (min)

2 6 --

3 29 --

4 15 --

I 33.4 33 - 35
Scrubber IIp (in. water)

2 35 32 - 37

3 38 36 - 40

4 42 40 - 42

a Adjusted for the downtime when the blast was stopped (i.e., the downtime was subtracted from the operating time
when determining the melting rate).
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TABLE 2-5. SUMMARY OF CUPOLA CHARGING DURING THE TEST DAYS

9/23/97* 9/24/97 9/25/97

Time period Tons charged Time period Tons charged Time period Tons charged

-- -- 6:00-7:05 54 7:11-8:05 42

-- -- 7:13-8:02 42 8:11-9:01 36

-- -- 8:25-9: 14 30 9:10-10:07 42

-- -- 9:19-10:09 42 10:12-11:06 42

-- -- 10:14-11:05 36 11:10-12:02 36

-- -- 11:14-12:05 42 12:12-13:03 42

-- -- 12:10-13:02 42 13: 12-14:07 42

-- -- 13:20-14:03 42 14:18-15:10 48

-- -- 14:08-15:12 54 15:27-16:02 30

13:58-14:49 48 15:17-16:08 42 16:11-17:03 42

15:51-16:19 30 16:21-17:10 36 17:12-17:59 42

18:20-19:12 24 17:17-18:18 36 18:07-19:10 42

Average rate 38.8 Average rate 40.5 Average rate 40.6
(tonslhr) - (tonslhr) (tonslhr)

* Run 1 on thIS day was a short test wIth 110 mm of samplmg between 14:10 and 18:41.
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2.3.2 Mold Line 4

During the testing of Line 4, a record was kept of the rate at which the line moved (e.g.,

molds per hour) and pouring was observed to identify when broken molds were not poured and

the temperature of the molten iron when poured. Several observations were made of the time to

"light off' after pouring, when the vapors escaping from the mold self-ignited. The first hole

ignited on average about 6 to 8 seconds (sec) after pouring, and all holes were lit 11 to 18 sec

after pouring. During the testing of the scrubbers used on the shakeout operation, the pressure

drop across the scrubbers was recorded and ranged from 13.9 to 16.5 in. of water.

Table 2-6 provides a summary of the number and types of molds that were processed

during each test day from plant records, and Table 2-7 provides a summary of the quantity of iron

poured and the amount of downtime during each hour of the testing days. Table 2-8 contains the

mold counts made by the process observers when testing was being performed. Table 2-9

provides an estimate of the tons of iron poured per hour and the number of molds poured per

hour during the testing periods on Line 4.

During the testing days, the pouring temperature of the iron was maintained within a

narrow range of 2,743 0 to 2,818 oF. A typical analysis of the iron (from 9/25/97) showed

3.11 percent carbon, 0.13 percent sulfur, and 2.28 percent silicon.
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TABLE 2-6. SUMMARY OF NUMBER OF MOLDS POURED ON LINE 4

Number of molds poureda

Hour 9122/97 9/23/97 9/24/97 9125/97
(first
shift) 4-cyl. 6-cyl. 4-cyl. 6-cyl. 4-cyl. 6-cyl. 4-cyl. 6-cyl.

1 223 -- 224 -- 152 -- 180 --

2 . 64 126 16 165 194 -- 235 --

3 -- 220 -- 214 59 -- 155 48

4 -- 185 -- 208 0 -- -- 208

5 56 36 -- 217 171 -- -- 245

6 237 -- 225 -- 114 98 48 126

7 37 46 205 -- -- 195 202 --

8 -- 217 70 76 -- 227 176 18

9b 106 108 83 109 -- 108-- --

-- -- -- -- 104 -- -- --

a Does not mclude broken molds that were not poured.
b The line usually shut down around 3 p.m.
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TABLE 2-7. SUMMARY OF METAL POURED AND DOWNTIME FOR LINE 4

Hour Tons of metal poureda Downtime (minutes)
(first
shift) 9/22/97 9/23/97 9/24/97 9/25/97 9/22/97 9/23/97 9/24/97 9/25/97

1 45.2 4504 30.8 36.5 8 10 26 20

2 44.5 44.6 39.3 47.7 17 20 17 8

3 55.1 53.6 12.0 43.5 11 12 47 15

4 46.3 52.1 0.0 52.1 15 14 60 14

5 2004 54.3 34.7 61.3 40 12 22 6

6 48.1 45.6 47.7 41.3 7 10 13 21

7 19.0 41.6 48.8 41.0 42 14 17 15

8 54.3 33.2 56.8 40.2 12 26 10 17

9 26.5 27.0 44.1 27.0 0 0 17 0

-- -- 21.1 -- -- -- I --
a Based on 202.8 lbs per 4-cyhnder engme block (405.61bs per mold) and 250Albs per 6-cylmder engme block

(500.8 lbs per mold).
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TABLE 2-8 LINE 4 MOLD COUNTS DURING TESTING PERIODS

Date: 09/22/97

Number of
Time moldsa Molds/hrb Cumulative molds/hrc Comments

1:41 pm 0 0 0 6-cylinder engine blocks; 8 broken molds
1:42 pm 5 300 300 were not poured between 1:30 and 3:00

1:45 pm 14 280 285

1:50 pm 21 252 267

2:00pm 40 240 253

2:15 pm 57 228 242

2:20pm 21 252 243

2:25 pm 21 252 244

2:30 pm 22 264 246

2:40pm 28 168 233

2:45 pm 22 264 235

2:50pm 21 252 237

2:53 pm 17 340 241

2:55 pm 3 90 237

3:00pm 16 192 234

Date: 9/23/97

Number of
Time moldsa Molds/hrb Cumulative molds/hrc Comments

8:39 am 0 0 0 6-cylinder engine blocks; 26 6-cylinder

8:40am 5 300 300 molds not poured between 8:00 and 12:00

8:43 am 14 280 285

8:57 am 54 231 243

9:23 am 93 215 226

9:41 am 69 230 227

10:00 am 64 202 221

10:18 am 73 243 225

10:30 am 32 160 218

10:42 am 49 245 221

10:54 am 44 220 221

11:02 am 35 263 223

11:10 am 34 255 225

11:42 am 109 204 221 Switched to 4-cylinder blocks at 11 :45;

12:01 om 78 246 224 3 4-cylinder molds not poured
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TABLE 2-8. (continued)

Date: 9/24/97

Number of
Time moldsa Molds/hrb Cumulative molds/hrc Comments

11:03 am 0 0 0 4-cylinder engine blocks; 5 molds not

11:06 am 12 240 240 poured

11:08 am 9 270 252

11:10 am 9 270 257

11:35 am 94 226 233

11:51 am 68 255 240

12:04 pm 44 203 232

Date: 9/25/97

Number of
Time moldsa Molds/hrb Cumulative molds/hrc Comments

8:57 am 0 0 0 4-cylinder engine blocks; 3 molds not

9:17 am 68 204 204 poured

9:30am 41 189 198 Switched to 6-cylinder at 9:30; 14 molds no

9:48 am 72 240 213 poured

9:58 am 42 252 219

10:15 am 52 184 212

10:26 am 38 207 211

10:41 am 59 236 215

10:57 am 64 240 218

11:25 am 118 253 225

11:~2 am 29 249 226
a Number of molds counted for the Incremental tIme penod.
b Rate based on the incremental time period.
c Cumulative rate based on number of molds from the start time; this is the most accurate measure of the rate over

the time period (i.e., the last bolded number in this column).
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TABLE 2-9. MOLD LINE 4 PRODUCTION DURING TESTING PERIODS

No. of molds poured
Molds/hr Tons/hr

Date Time Period 4-cylinder 6-cylinder poured poureda

9/22/97 1:41 - 3:00 pm -- 300 227 56.9

9/23/97 8:39 - 12:01 pm 75 652 216 53.0

9/24/97 11:03 - 12:04 pm 231 -- 226 45.8

9/25/97 8:57 - 11:32 am 106 460 219 53.0

a Based on 405.6 lbs for 4-cylinder molds and 500.8 lbs for 6-cylinder molds.
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3.0 TEST LOCATIONS AND GAS COMPOSITION

Figure 3-1 is an overview of the cupola gas handling system and the locations of the

sample points. Figure 3-2 is a more detailed schematic of the scrubber inlet and scrubber outlet

(exhaust stack). The cupola inlet and outlet were sampled concurrently.

Figure 3-3 is a schematic showing detailed views of the sampling points for the pouring,

cooling, and shake-out. One pouring duct was sampled, three cooling ducts (Main, R, S) were

sampled, and three shake-out stacks (3, 4, 5) were sampled.

3.1 VENTURI SCRUBBER OUTLET - STACK

The test ports on the stack (Location B) are located on the roof at about 140 ft above

ground level and 50 ft north of the venturi scrubber inlet duct. Access to the stack ports is by

stairways in the interior of the cupola building, a short exterior catwalk, and stairs. Sufficient

ports were installed to allow simultaneous FTIR and manual method sampling.

3.2 VENTURI SCRUBBER INLET DUCT

The test ports were installed on the inlet duct (Location A) and located on the roof about

140 ft above ground level. Access to the inlet location on the roof was the same route as to the

stack. Testing was run in a 66-in. interior-diameter duct.

3.3 MOLD POURING DUCT

The duct is inside the main facility, with the ports at a height of approximately 25 ft

above the shop floor. The sampling location was identified as location "E" by GM Powertrain

personnel. Access to the ports is available from a little-used stair platform, although access to

one port required the use of scissors-type platform. The ports were used by MRI for obtaining

volumetric flow, diluent, moisture, and FTIR data across the 51.75-in. interior diameter duct.

Previous testing indicated a particulate loading range of 0.0171 to 0.0312 grains per dry standard

cubic foot (gr/dscf). Gas temperatures in this duct ranged from 80° to 101°F. Flow data are

reported in Table 3-1.

3.4 MOLD COOLING LINE

Testing at the mold cooling line occurred at three separate ducts, identified in this report

as Main, R, and S. Titles used to identify the ducts are the same as those used by GM Powertrain

personnel. The Main duct is circular with ports accessed approximately 10 ft abo~e the facility
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first floor level. Ducts Rand S are both rectangular with dimensions 34 by 68 in. Ducts Rand S

were accessed at two different locations in the facility upper level.

Previous testing on the Main duct reported particulate loading that ranged from

0.00132 to 0.00206 gr/dscf. Temperatures in the three ducts ranged from 94 ° to 115°F. MRI

collected volumetric flow rates, moisture content, and diluent gas information for this location.

3.5 MOLD SHAKE-OUT HOUSING

The mold shake-out housing and its ducting system are located inside the main facility.

Each duct leads to a scrubber, then is vented through stacks to atmosphere on the roof. Sampling

of three shake-out housing stacks (Nos. 3,4, and 5) on the roof level was performed. Four-in. test

ports following the scrubbers were utilized on the stacks at a height of approximately 3 ft above

the roof. MRI collected volumetric flow, diluent, moisture, and FTIR data across the diameter of

the duct interiors.
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3.6 VOLUMETRIC FLOW

Table 3-1 summarizes the gas composition and flow data provided by PES for the cupola

test locations. PES provided volumetric flow rates, moisture content, gas molecular weight, etc.

as part of their manual testing; therefore, MRI did not conduct these tests.

Table 3-2 summarizes the gas composition and flow data for the sampling conducted at

the pouring, cooling, and shake-out housing. Measurements for velocity, flow, and oxygen (02)

and carbon dioxide (C02) concentrations were conducted and calculated following EPA Test

Methods 1,2, and 3B referenced in 40 CFR Part 60, Appendix A. Moisture content of the stack

gas was calculated using wet bulb/dry bulb measurements. Records of volumetric flow data are

located in Appendix A.

TABLE 3-1. CUPOLA GAS COMPOSITIONS AND FLOW. SUMMARY
II~ a Test Data a

Run No. 1 2 3 4

Date 23-Sep-97 24-Sep-97 25-Sep-97 25-Sep-97

Scrubber Inlet - Location A

Oxygen, % 12.3 12.7 12.2 11.9

Carbon dioxide, % 8.9 9.4 10.0 11.0

Moisture content, % 20.0 30.0 28.9 30.3

Volumetric flow rate, dscfm 60,183 58,682 56,090 54,702

Volumetric flow rate, dscmm 1,704 1,662 1,588 1,549

lEer Outlet - Location B (Exhaust Stack)

Oxygen, % 16.7 U.8 12.5 12.4

Carbon dioxide, % 4.0 10.6 9.7 10.3

Moisture content, % 12.6 16.4 9.1 9.1

Volumetric flow rate, dscfm 66,304 64,783 63,143 64,748

Volumetric flow rate, dscmm 1,878 1,834 1,788 1,833

aThe data were collected by PES with their Method 29 manual samplmg trams. Two manual runs were
performed on 9/25 from 8:38 to 11 :49, and from 15: 12 to 18:45. The FfIR measurements were performed semi
continuously from about 8:00 to about 17:00.
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TABLE 3-2. MOLD POURING, COOLING, AND SHAKE-OUT HOUSING GAS
COMPOSITION AND FLOW SUMMARY

IMoId Pouring I
Sample location E

Date 23-Sept-97

Carbon dioxide, % 0.2 -- --

Oxygen, % 20.7 -- --

Moisture content, % 1.7 -- --

Gas stream velocity, fps 65.8 -- --

Volumetric flow rate, dscfm 52,824

Volumetric flow rate, dscmm 1,495 -- --

IMOld Cooling I
Sample location Main Duct RDuct SDuct

Date 25-Sept-97 24-Sept-97 24-Sept-97 Average

Carbon dioxide, % 0.3 0.3 0.2 0.3

Oxygen, % 20.2 19.8 20.4 20.1

Moisture content, % 1.9 1.7 1.7 1.8

Gas stream velocity, fps 40.6 15.0 51.7 35.7

Volumetric flow rate, dscfm 30,674 13,118 45,393 29,645

Volumetric flow rate, dscmm 868 371 1,285 838.9

IShake-out housinga I
Sample location Stack 3 Stack 4 Stack 5

Date 22-Sept-97 22-Sept-97 22-Sept-97 Average

Carbon dioxide, % 0.2 0.2 0.2 0.2

Oxygen, % 20.4 20.1 20.3 20.3

Moisture content, % 3.3 3.8 3.3 3.5

Gas Stream velocity, fps 52.2 51.5 47.9 50.5

Volumetric flow rate, dscfm 41,046 40,679 37,751 39,825

Volumetric flow rate, dscmm 1,162 1,151 1,068 1132.4

aThe velocity traverses were performed and stack temperatures were measured on 9/22/97. The Tedlar bags were
collected and the Orsat analyses were performed on 9/23 and 9/24/97.
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4.0 RESULTS

4.1 TEST SCHEDULE

The testing at GM Powertrain, Saginaw, Michigan was performed from September 21 to

September 26, 1997. Table 4-1 summarizes the sampling schedule. A complete record of all

FfIR sampling is in Appendix B. The FfIR sampling at the cupola locations was coordinated

with the manu~l sampling conducted by PES. The FfIR sampling at the mold cooling line and

the mold shake-out housing were conducted independently.

TABLE 4-1. TEST SCHEDULE AT GM POWERTRAIN,
SAGINAW, MICHIGAN

Date Task Locationa

9/21/97 Arrive on site and started set-up at cupola. ~Cupola

9/22/97 Complete cupola set-up; ~Cupola

Obtain shake-out flow data. ~Shake-out Stacks
9/23/97 Test Shake-out #3 and #4 ~Shake-out Stacks

Test Pouring "E" ~Pouring Duct
Cupola Test Run I wi FTIR 14:43 - 18:45 ~Cupola

9/24/97 Test Shake-out #3 and #5 ~Shake-out Stacks
Test Cooling "S" ~CoolingDucts
Cupola Test Run 2 wi FTIR 8:41 - 13:04 ~Cupola

9/25/97 Test Cooling "R" and "Main" ~Cooling Ducts
Collected Background Sample in facility ~Facility 1st Level
Cupola Test Run 3 wi FTIR 8:54 - 13:50 . ~Cupola

9/26/97 Packed equipment and departed site

a Location descriptions are in Section 3.

4.2 FIELD TEST PROBLEMS AND CHANGES

The cupola gas at GM Powertrain contained high concentrations of both water vapor and

CO2 with respect t~ other compounds. Analyte spiking for quality assurance was conducted

using toluene and formaldehyde vapor. The CO2 spectrum interfered with the strongest toluene

infrared band near 730 cm- l so the weaker toluene absorbance, in the analytical region 2,850 to

3,100 cm- l range, was used for the analysis. The presence of other hydrocarbon species

contributed to the total infrared absorbance in the 2,850 to 3,100 cm- l region.

Moisture collected in the pitot tubes used to monitor pressure drop in the ducts. The pitot

lines were cleaned regularly by back-blowing pitot lines with compressed nitrogen gas.
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4.3 FfIR RESULTS

The FfIR results from the mold cooling and pouring and shake-out housing ducts are

presented in Tables 1-1 to 1-3. A summary of the FfIR results from the cupola scrubber inlet

and outlet locations is presented in Table 1-4. Detailed FfIR results from the cupola scrubber

inlet and outlet are presented in Appendix B in Tables B-1 and B-2.

4.3.1 Tedlar Bag Samples

Tables 1-1 to 1-3 present the FfIR results and the mass emissions rates for the Tedlar bag

samples. The emissions rates for the pouring process were determined using the average concen

trations in the two bag samples taken from a single duct.

Three ducts were sampled at the cooling process and at the shake-out housing. The

emissions rates were calculated for each duct, and then summed to obtain the total emissions

from the process. For example, the methanol concentrations were 1.8, 2.5, and 4.5 ppm at the

main, R, and S cooling ducts, respectively. The methanol mass emissions were calculated using

the flow data in Table 3-2 to be 0.28, 0.17, and 1.03 lb/hr in the main, R, and S cooling ducts,

respectively. The total methanol emission rate was the sum of the emissions in each duct, or

1.48Ib/hr. Only the total emission rates are shown in Tables 1-1 to 1-3.

The moisture content was lower at the mold process locations so the calculated

uncertainties in the results were also relatively small compared to the uncertainties for the

scrubber inlet and outlet results. None of the bag samples were spiked.

Emissions from the mold cooling and shakeout housing included CO, methane, methanol

and ethylene. The emissions also contained a mixture of heavier aliphatic hydrocarbon

compounds. In the draft report the mixture of heavier hydrocarbons was represented by "hexane"

because hexane anq isooctane are the only aliphatic hydrocarbons in the EPA library of HAP

reference spectra. There are many hydrocarbon compounds that are structurally similar to hexane

and have similar spectral features. Since the draft report was submitted, EPA directed MRI to

measure quantitative spectra of some additional compounds. MRI selected some candidate

compounds that were likely components of the sample mixture and measured spectra of butane,

n-heptane, pentane, 1-pentene, 2-methyl-1-pentene, 2-methyl-2butene, 2-methyl-2-pentene, and

3-methylpentane. MRI also measured ne:w high-temperature spectra of the HAPs h~xane and

isooctane. The new spectra were used in revised analyses that gave the results presented in
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Tables 1-1 to 1-3. The new spectra made it possible to better represent the sample mixture

spectrum and the reported hexane concentrations are lower compared to the draft results. The

revised toluene results are similar to the draft toluene results because the addition of the new

spectra did not significantly affect the analysis of the aromatic compounds in the mixture.

Samples collected at the pouring process also contained methane, ethylene, and CO, but

at lower concentrations. Heavier hydrocarbons, such as methanol, toluene and hexane were not

detected at the pouring process.

Figure 4-1 is a plot of a spectrum of a sample taken from a cooling duct. Reference

spectra of water and methane have been scaled and subtracted from the original sample spectrum

to give the spectrum plo.tted in Figure 4-1. This figure also shows a reference spectrum of

methanol plotted underneath the sample spectrum. The presence of methanol and ethylene are

clearly indicated in Figure 4-1. Figure 4-2 shows the same two spectra as Figure 4-1 plotted in

the region near 3,000 em-I. It is clear from Figure 4-2 that most of the infrared absorbance near

2,900 cm-I cannot be attributed to the methanol. Figure 4-3 shows the same sample spectrum as

in the previous two figures, but it is plotted with reference spectra of hexane and toluene. The
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/ \!\ /---'---.

~ '-..1 '-' ~_~ ----I

1100 1000

Wavenumbers

900 800

Top trace, Sample from the cooling line, "coolsI02"; bottom trace, methanol reference
spectrum l04a4ase offset by -.025

Figure 4-1. Sample spectrum from the cooling process plotted with
a methanol reference spectrum.
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Figure 4-2. Sample spectrum from the cooling process plotted with a methanol reference
spectrum shown in a different frequency region.
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Top trace. "cools 102" after water and methane have been subtracted. Middle. toluene reference spectrum, 153a4arc, which has been

scaled by a factor of 0.483. Bottom, hexane reference spectrum, 095a4asd, which has been scaled by a factor of 0.285. All

three spectra are plotted from -0.05 10 + 0.1 absorbance units. Calculation of scaling faclors is in section 5.5.

Figure 4-3. Sample spectrum from the cooling process plotted with toluene and hexane
reference spectra.
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reference spectra have each been multiplied by a scaling factor determined from the reported

concentrations of 19.4 parts per million (ppm) for toluene and 11.1 ppm for hexane (Table 1-2,

spectrum "cools102"). The scaling factors are derived from equations 5 and 6 in Section 4.5.

In Figure 4-2, it is the region between 3,000 and 2,800 cm- 1 that was represented by

"hexane" in the draft results and is now better represented by including spectra of additional

hydrocarbon compounds in the revised results.

4.3.2 Scrubber Inlet and Outlet

The spectra were analyzed for a number of HAP's which were not detected. The analysis

was then refined to analyze for the spiked compounds and a smaller number of selected

compounds. The hydrocarbon emissions consisted primarily of methane. Formaldehyde and

toluene were not detected in the unspiked samples. The uncertainties for carbon monoxide were

relatively high. In runs 2 and 3 the calculated CO uncertainti€s were greater than the reported

concentrations.

4.4 ANALYTE SPIKE RESULTS

A toluene gas standard and a formaldehyde permeation tube were used for analyte spiking

experiments for quality assurance. The analyte spike results are presented in Tables 4-2 to 4-5.

Table 4-6 compares measured band areas of the EPA toluene reference spectra

(deresolved to 2.0 em-I) and a spectrum of a sample taken directly from the 196.6 ppm toluene

cylinder standard. The cylinder standard spectrum was measured at the Saginaw test site. The

band area comparison is different from the comparison of the concentrations, corrected for path

length and temperature: for a given concentration (ppm -m/K) the infrared absorbance in the

cylinder standard spectra is about 45 percent greater than the absorbance in the EPA library

spectra. Therefore, ,the library spectra calculate a toluene concentration that is 45 percent lower

than that calculated using the cylinder standard spectra. Tables 4-3 and 4-4 present the toluene

spike recoveries using both the library spectra and the cylinder standard spectra.

A similar disagreement was observed in other field tests using another toluene gas

standard. One possibility is that there was a systematic error in the original toluene library

reference spectra. This could be evaluated by purchasing several toluene gas standards from

different sources and doing a comparison similar to that shown in Table 4-6.
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The disagreement is compound specific, and the information in Table 4-6 does not apply

to the measurements of other analytes. Deresolved calibration transfer standard (CTS) (ethylene

calibration) spectra give a path length result that is consistent with the observed number of laser

passes and the instrument resolution. But ethylene is a relatively stable compound, which is why

it can serve as a CTS. The disagreement is also not related to the deresolution of the toluene

spectra becaus~ the band areas in the original 0.25 cm-1 toluene spectra are nearly equal to the

band areas in the deresolved 2.0 cm-1 versions of these spectra.
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TABLE 4-2. SUMMARY OF FORMALDEHYDE SPIKE RESULTS AT THE SCRUBBER INLET

Formaldehyde concentration SF6 concentration

Spiked samples Date Spike Unspike Calc Spike Unspike Calc DF Cexp !1 % Recovery

INLSPI02 9/23/97 0.0 0.5 -0.5 0.424 0.018 0.406 9.8 6.0 -6.5 ND

INLSP201 9/24/97 0.0 0.0 0.0 0.924 0.000 0.924 3.1 10.3 -10.3 ND

INLSP202 9.8 0.0 9.8 0.875 0.000 0.875 3.3 9.7 0.03 100.3

INLSP203 17.7 0.0 17.7 0.909 0.000 0.909 3.0 21.2 -3.6 83.3

INLSP301 9/25/97 22.0 0.0 22.0 0.921 0.000 0.921 3.0 21.5 0.4 102.0

INLSP302 14.6 0.0 14.6 0.729 0.000 0.729 3.8 170 -2.5 85.5

INLSP304 0.0 0.0 0.0 0.483 0.000 0.483 4.6 10.9 - 10.9 ND

Average recovery = 91.7

f" Spike and unspike are equal to the measured analyte concentrations in spiked and unspiked samples. Calc is equal to the difference, spike - unspike. DF, the
-J dilution factor, is given in Equation 2 in Section 5.4.2.3. Cexp is equivalent to the calculated 100 % recovery (Equation 3 in Section 5.4.2.3). A is equal to Calc

- Cexp. % Recovery is equal to (CalclCexp) * 100 (Equation 4 in Section 5.4.2.3). ND indicates that formaldehyde was not detected in these samples.



TABLE 4-3 SUMMARY OF TOLUENE SPIKE RESULTS AT THE SCRUBBER INLET
Toluene concentration SF6 concentration % Recovery

Spiked samples Date Spike Unspike Calc Spike Unspike Calc DF Cexp !!. EPA Ref Cylinder

INLSP102 9/23/97 34.8 0.0 34.8 0.424 0.018 0.406 9.8 12.7 22.1 273.5 150.0

INLSP202 9/24/97 32.5 0.0 32.5 0.875 0.000 0.875 3.3 23.3 9.2 139.7 76.6

INLSP203 28.9 0.0 28.9 0.909 0.000 0.909 3.0 24.0 4.9 120.6 66.1

INLSP301 9/25/97 29.4 0.0 29.4 0.921 0.000 0.921 3.0 24.3 5.1 121.0 66.3

INLSP302 22.5 0.0 22.5 0.729 0.000 0.729 3.8 19.2 3.3 117.0 64.2

INLSP304 35.5 0.0 35.5 0.483 0.000 0.483 4.6 26.9 8.6 131.9 72.4

Average recovery = 153.2 82.6

Spike and unspike are equal to the measured analyte concentrations in spiked and unspiked samples. Calc is equal to the difference, spike - unspike. DF, the
dilution factor, is given in Equation 2 in Section 5.4.2.3. Cexp is equal to the calculated 100 % recovery (Equation 3 in Section 5.4.2.3). !!. is equal to Calc 
Cexp. % Recovery is equal to (Calc/Cexp) * 100 (Equation 4 in Section 5.4.2.3). "EPA Ref' indicates the EPA toluene reference spectra were used in the

f" analysis. "Cylinder" indicates that a spectrum of the toluene cylinder standard was used in the analysis.
00



TABLE 4-4. SUMMARY OF FORMALDEHYDE SPIKE RESULTS AT THE SCRUBBER OUTLET

Formaldehyde concentration SF6 concentration

Spiked samples Date Spike Unspike Calc Spike Unspike Calc DF Cexp A % Recovery

OUTSPI04 9/23/97 16.7 0.0 16.7 0.914 0.000 0.914 3.2 10.2 6.5 163.8

OUTSPI05 15.5 0.0 15.5 0.866 0.000 0.866 3.4 9.7 5.8 160.6

OUTSP201 9/24/97 9.0 0.0 9.0 1.071 0.000 1.071 2.7 11.9 -2.9 75.7

OUTSP203 13.6 0.0 13.6 1.247 0.000 1.247 2.3 13.9 -0.3 97.6

OUTSP205 20.2 0.0 20.2 0.942 0.000 0.942 2.9 22.0 -1.9 91.6

OUTSP301 9/25/97 30.7 0.0 30.7 1.221 0.000 1.221 2.3 28.6 2.2 107.7

OUTSP305 13.3 0.0 13.3 0.563 0.000 0.563 3.9 12.7 0.6 105.1

Average recovery = 114.6

Spike and unspike are equal to the measured analyte concentrations in spiked and unspiked samples. Calc is equal to the difference, spike - unspike. DF, the
+:-. dilution factor, is given in Equation 2 in Section 5.4.2.3. Cexp is equal to the calculated 100 % recovery (Equation 3 in Section 5.4.2.3). A is equal to Calc 
~ Cexp. % Recovery is equal to (Calc/Cexp) * 100 (Equation 4 in Section 5.4.2.3).



TABLE 4-5 SUMMARY OF TOLUENE SPIKE RESULTS AT THE SCRUBBER OUTLET

Toluene concentration SF6 concentration % Recovery

Spiked samples Date Spike Unspike Calc Spike Unspike Calc DF Cexp /)" EPA Ref Cylinder

OUTSP104 9/23/97 32.6 0.0 32.6 0.914 0.000 0.914 3.2 24.3 8.3 134.2 73.6

OUTSP105 31.2 0.0 31.2 0.866 0.000 0.866 3.4 23.0 8.2 135.4 74.3

OUTSP203 9/24/97 40.6 0.0 40.6 1.247 0.000 1.247 2.3 33.2 7.4 122.4 67.1

OUTSP205 26.2 0.0 26.2 0.942 0.000 0.942 2.9 24.8 1.4 105.5 57.9

OUTSP301 9/25/97 35.7 0.0 35.7 1.221 0.000 1.221 2.3 32.2 3.4 110.6 60.7

OUTSP305 36.1 0.0 36.1 0.563 0.000 0.563 3.9 31.3 4.7 115.1 63.1

Average recovery = 120.5 66.1

Spike and unspike are equal to the measured analyte concentrations in spiked and unspiked samples. Calc is equal to the difference, spike - unspike. DF, the
dilution factor, is given in Equation 2 in Section 5.4.2.3. Cexp is equal to the calculated 100 % recovery (Equation 3 in Section 5.4.2.3). /)" is equal to Calc 
Cexp. % Recovery is equal to (Calc/Cexp) * 100 (Equation 4 in Section 5.4.2.3). "EPA Ref' indicates the EPA toluene reference spectra were used in the

f" analysis. "Cylinder" indicates that a spectrum of the toluene cylinder standard was used in the analysis....-
o

TABLE 4-6. COMPARISON OF EPA TOLUENE REFERENCE SPECTRA TO SPECTRA OF TOLUENE
CYLTINDERSTANDARD1

Spectra comparison: Spectra comparison:
based on band areas based on standard concentrations

Toluene spectra Source Band area Region, cm-1 Ratio (Ra)2 (ppm-m)/K Ratio (Rc)3 RclRa, %

153a4ara (2cm-l) EPA library 23.4 3160.8 - 2650.1 5.4 4.94 4.8 88

153a4arc (2cm-l) EPA library 4.3 1.0 1.04 1.0 100

tol0923a1 GM 38.1 8.8 5.02 4.8 55
" " . " "When the spectrum of the cylinder standard, tol0923a IS compared to the reference spectrum, 153a4arc, the ratIO of the concentratIon IS 35 percent less

than the comparison of the band areas.
2 For example 5.4 = 23.414.3
3 For example 4.8 = 4.94/1.04



5.0 TEST PROCEDURES

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

FfIR spectroscopy to measure HAP's and the EPA Protocol for extractive FfIR testing at

industrial point sources.2 The objectives of the field test were to use the FfIR method to

measure emissions from the processes, screen for HAP's in the EPA FfIR reference spectrum

library, and analyze the spectra for compounds not in the EPA library. Concentrations are

reported for compounds that could be measured with FfIR reference spectra. Additionally,

manual measurements of gas temperature, gas velocities, moisture, CO2, and 02 were used to

calculate the mass emissions rates. MRI collected such data for the mold cooling and the shake

out housing ducts, and PES collected the data at the scrubber inlet and outlet.

An extractive sampling system was utilized for the cupola sampling points and gas bags

were collected at the pouring, cooling, and shake-out locations. Extractive sampling is generally

the preferable approach, however, access restrictions at GM Powertrain prevented extractive

sampling at the pouring, cooling, and shake-out locations. Gas samples were collected in

Tedlar® bags at these locations and analyzed by FfIR.

5.1 EXTRACTIVE SAMPLING SYSTEM

A schematic of the extractive sampling and spiking system is shown in Figure 5-1.

5.1.1 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 300°F 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 O.l,um. The actuated spike
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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.

The sample lines are standard heated sample lines with three 3/8-in. Teflon tubes in 10,

25,50, and 100 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 (I!min) depending on the pressure drop created by the components installed

upstream.

The gas distribution manifold was constructed for FfIR 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. The cart

also contains a computer work station and controls for the spike valves and mass flow controller.

5.1.2 Sample Gas Stream Flow

Exhaust gas was withdrawn through the sample probe and transported to the gas

distribution manifold. The mold cooling and shake-out processes were each sampled alternately

with the two gas handling systems during a single run. The scrubber inlet and outlet were

sampled alternately over three runs. Inside the manifold the gas passed through separate

secondary particulate filters. Downstream of the secondary filters, a portion of either gas stream

could be directed to the FfIR gas cell. The remainder of each gas stream was exhausted through

a manifold vent. The scrubber inlet and outlet were sampled alternately (i.e., inlet sample was

analyzed for an interval while the outlet sample was exhausted, then outlet sample was analyzed

while the inlet saml?le was vented). A location was selected for analysis using the 4-way gas

selection valve on the manifold outlet to the instrument. Gas flow to the instrument was

regulated with a needle valve on a rotameter at the manifold outlet.
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5.2 TEDLAR® GAS BAG SAMPLING

The Tedlar gas bag sampling approach was derived from EPA Method 18. MRI extracted

the sample from ports in the designated process ducts using a Teflon sampling line connected to

a sampling pump with Teflon-coated heads and exhausting into a Tedlar bag. Prior to connecting

the bag to the pump, the sampling pump was operated for one minute in order to purge the

sampling system with process gas. The bag was then connected and the pump operated at a flow

of about 250 milliliter (ml)/min for a period of approximately 1 hr. Data recording sheets are

presented in Appendix A. Periodically during the sample collection, the flow meter was checked

for a constant flow rate. At the completion of the sampling period, the bag was sealed and taken

to the onsite FTIR instrument for analysis.

5.3 FTIR SAMPLING PROCEDURES

For each run, two locations were sampled using two separate sample systems that were

both connected to the main manifold (Figure 5-1). In the first run, the mold cooling and shake

out housing were sampled together and for three runs the scrubber inlet and scrubber outlet were

sampled together. A single FTIR instrument was used to analyze samples from both locations

during a test run. The manifold's four-way valves allowed the sample from either of two

locations to be directed alternately to the FTIR cell. Sample flow was controlled by a needle

valve and measured with a rotameter.

FTIR sampling was conducted using either the batch or the continuous sampling

procedures described below. All data were collected according to the Method 320 sampling

procedure, which is described below.

5.3.1 Batch Samples

In this procedure, the four-way valve on the manifold outlet was turned to divert a portion

of the sample flow to the FTIR 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. This procedure was repeated to collect a desired number of discreet samples.

Batch sampling has the advantage that every sample is independent from the other

samples. The time resolution of the measurements is limited by the interval required to evacuate
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a sample, pressurize the cell, and record a spectrum. All of the calibration transfer standards, and

spiked samples were collected using this procedure. Several spectra in each run were also

collected in this manner.

5.3.2 Continuous Sampling

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

were kept open to allow gas to continuously flow through the cell. The inlet and outlet flows

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

maintained at about 5 Umin. The cell volume was about 7 liters (L).

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

2 min, and the quantitative analysis was automated to measure pollutant concentrations as each

spectrum was recorded. The analytical program was revised after the test was completed and all

of the spectra were reanalyzed.

This procedure with automated data collection was used during each of the test runs.

Because spectra were collected continuously as the sample flowed through the cell, there was

mixing between consecutive samples. The interval between independent measurements (and the

time resolution) depends on the sample flow rate (through the cell), and the cell volume.

The Time Constant (TC) defined by Perfonnance Specification 15 for FTIR Continuous

Emission Monitoring Systems (CEMS), is the period for one cell volume to flow through the

cell. The TC detennines the minimum interval for complete removal of an analyte from the cell

volume. It depends on the sampling rate (Rs in Umin), the cell volume (Vcell in L) and the

analyte's chemical and physical properties. Perfonnance Specification 15 defines 5 * TC as the

minimum interval between independent samples.

V
TC =~ (1)

Rs

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

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

greatest portion of the cell volume and minimized the likelihood of a short-circuiting flow.

5.4 ANALYTE SPIKING

There was little infonnation available about HAP emissions from this source, so there

was no plan for validating specific HAP's during this test. MRI conducted spiking for quality
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assurance (QA) purposes using a toluene in nitrogen standard and a vapor-generated

formaldehyde standard.

5.4.1 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 QA check that the sampling system can

transport the spiked analytes 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, then this procedure can be used to perform a

Method 301 validation.3

The spike procedure follows Sections 9.2 and 13 of EPA Method 320 in Appendix D. In

this procedure a gas standard is measured directly in the cell.. This direct measurement is then

compared to measurements of the analyte in spiked samples. Ideally, the spike will comprise

about 1/10 or less of the spiked sample. The expected concentration 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 of the spiked analyte

concentration.

5.4.2 Analysis of Spiked Results

The statistical procedures in Section 6.3 of EPA Method 301 were followed to analyze

the spiked and unspiked results. The application of these procedures to FTIR test data is

described in Section 13 of EPA Method 320. This involved evaluating the measurement

precision, determin~ng any systematic bias in the results, and calculating a correction factor that

can be applied to the results when the validated method is used.

5.4.2.1 Determination of Formaldehyde Standard

Formaldehyde vapor was produced by heating a permeation tube filled with solid

paraformaldehyde. The tube was placed in a vapor generation oven (Kintek) equipped with a

temperature controller and mass flow meter to regulate the carrier gas. The oven was raised to

100° or 110°C and the vapor of the formaldehyde monomer was purged with a continuous flow

of a carrier gas. For spiking, the carrier gas was from the SF6 cylinder standard (4.01 ppm in
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nitrogen at ±2 percent, Scott Specialty Gases). When spiking was not perfonned, the

fonnaldehyde vapor was continuously vented using a low flow of nitrogen as the carrier gas.

With this device it was practical to generate a very stable concentration output of fonnaldehyde.

The concentration of this fonnaldehyde standard was detennined with respect to fonnaldehyde

reference spectra in the EPA FTIR spectral library (Table 5-1).

TABLE 5-1. DETERMINATION OF FORMALDEHYDE STANDARD
CONCENTRATION

File name of Formaldehyde,
Date direct measurement ppma Uncertainty

9/23/97 FOR0923A 74.8 1.1

9/23/97 FOR0923B 81.7 1.2

Average 78.3

aMeasured between 3160.8 and 2650.1 cm-I using EPA reference spectrum
087b4anb, deresolved to 2.0 em-I. The vapor generation oven was kept at lOOoe and
the carrier gas flow rate was 1.00 Urnin. Nitrogen was the carrier gas for the direct-to
cell measurements of formaldehyde.

5.4.2.2 Detennination of Concentrations in Spike Mixtures

Frequently the output fonnaldehyde from the vapor generation oven was mixed

quantitatively with the toluene standard so that sample stream could be spiked with toluene, SF6

and fonnaldehyde simultaneously. Mixing the two spike streams together introduced another

dilution factor that had to be accounted for. The concentration of each component in the spike

mixtures was detennined independently by preparing a separate analytical computer program.

The input for the computer program consisted of reference spectra of each analyte in the

mixtures. For SF6 and toluene spectra the program used spectra of samples taken directly from

the cylinder standards and measured in the FTIR cell. For fonnaldehyde the program used a

spectrum from the EPA library. The program was used to analyze spectra of each of the spike

mixtures, which were measured directly in the FTIR gas cell. Tables 5-2 and 5-3 present the

results from this analysis and show the mass flow meter readings used to prepare the spike

mixtures, the files names for the direct-to-cell measurements of each mixture, and the file names

of the samples that were spiked with each mixture.
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TABLE 5-2. CALCULATED CONCENTRATIONS IN MIXTURES USED
FOR ANALYTE SPIKING AT THE SCRUBBER INLET

Spike mixture concentrations, ppm Spike flow, Umin

Kintek

Spectra
SF&, oven temp.,

Formaldehyde SF6 Toluene form flow! Toluene flow °C Mixture

INLSP102 59.2 3.97 124.5 1.0 1.00 100 mix0923 a

INLSP201 32.4 2.91 0.0 2.0 x 100 mix0924a

INLSP202 32.4 2.91 77.3 2.0 1.00 100 mix0924a

INLSP203 64.8 2.77 73.1 2.0 1.00 110 mix0925a

INLSP301 64.8 2.77 73.1 2.0 1.00 110 mix0925a

INLSP302 64.8 2.77 73'.1 2.0 1.00 110 mix0925a

INLSP304 . 49.8 2.21 122.9 1.0 1.00 100 mix0925B

lCombmed flow of formaldehyde vapor WIth SF6 carner gas.

TABLE 5-3. CALCULATED CONCENTRATIONS IN MIXTURES USED FOR
ANALYTE SPIKING AT THE SCRUBBER OUTLET

Spike mixture concentrations, ppm Spike flow, Umin
Kintek

SF&, Toluene oven temp.,
Spectra Formaldehyde SF6 Toluene form flow 1 flow °C Mixture

OUTSP104 32.4 2.91 77.3 2.0 1.00 100 mix0924 a

OUTSP105 32.4 2.91 77.3 2.0 1.00 100 mix0924 a

OUTSP201 32.4 2.91 0.0 2.0 1.00 100 mix0924a

OUTSP203 32.4 2.91 77.3 2.0 1.00 100 mix0924a

OUTSP205 64.8 2.77 73.1 2.0 1.00 110 mix0925a

OUTSP301 64.8 2.77 73.1 2.0 1.00 110 mix0925a

OUTSP305 49.8 2.21 122.9 1.0 1.00 100 mix0925B

ICombined flow of formaldehyde vapor WIth SF6 carner gas.
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The measured concentrations in Tables ,5-2 and 5-3 were used to determine the percent

recoveries in Tables 4-2 to 4-5: the SF6 concentrations were used to determine the dilution

factor (DF) and the toluene and formaldehyde concentrations were combined with DF to

determine the Cexp and the percent recoveries for those analytes.

5.4.2.3 Determination of Percent RecoveI)'

The expected concentration of the spiked component was determined using the tracer gas,

SF6' In the following discussion the "direct" measurement refers to the measured concentration

in the spike mixture before it was added to the sample stream (i.e., the concentrations presented

in Tables 5-2 and 5-3).

The DF was determined by the ratio of the measured SF6 concentration in the direct

measurement of the spike mixture, SF6(direct)' to the measured SF6 concentration in the spiked

samples, SF6(spike)'

Cexp

DF = SF6(direct)

SF6(spike)

The direct measurement of the analyte concentration in the spike mixture divided by DF gives

the expected concentration for a 100 percent recovery of the analyte spike, Cexp'

Analyte(direct)

DF

(2)

(3)

where:

Analyte(direct) = The concentration of either toluene or formaldehyde from the direct

measurement of the spiked mixture (from Tables 5-2 and 5-3).

The actual spike recovery in Tables 4-2 to 4-5 is the percent difference between the measured

analyte concentrati<?ns in the spiked samples and Cexp.

Calc
% Recovery = -- x 100 (4)

Cexp

where "Calc" is equal to the difference between the measured analyte concentration in spiked

samples minus the measured analyte concentration in the unspiked samples.
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5.5 ANALYTICAL PROCEDURES

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

computer program was prepared with reference spectra shown in Tables 5-4 and 5-5. The

computer program used techniques based on a K-matrix analysis4-6.

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 a large data set of reference

spectra. Finally, undetected compounds were removed from the analysis, and the spectra were

analyzed again using a smaller reference spectra data set. The results from this second analytical

run are summarized in Tables 1-1 and 1-2 and reported in Appendix B.

The same program used for the analysis also 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 Isigma

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

Calculated concentrations in sample spectra were corrected for differences in absorption

path length and temperature between the reference and sample spectra by

(5)

where:

Ccorr = Concentration, corrected for path length and temperature.

Ccalc = Calculated analyte concentration based on the best fit of the spectra without

ac~ounting for the path lengths and temperatures.

1;. = Reference spectrum path length.

Ls = Sample spectrum path length.

Ts = Absolute temperature of the sample gas, K.

Tr = Absolute gas temperature of reference spectrum sample, K.

The values of 1;., Ls' TS' and Tr are included in the computer program input for each

spectrum. The program output gives Ccorr directly for each detected component of the mixture.
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(6)

The scaling factors in Figure 4-3 were determined by using the output of the computer program,

Ccorr ' and solving equation 5 for Ccalc '

CcalcScaling factor = --
Ref ppm

Then where "Ref ppm" is the ppm concentration (ASC in Appendix A of the FTIR

Protocol) associated with the reference spectrum to be scaled. The scaling factors were

multiplied by the toluene and hexane reference spectra. The scaled reference spectra are plotted

in Figure 4-3.

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 FfIR reference spectrum library. The reference CTS spectra were recorded at the

same time as the toluene reference spectra and are included in the EPA library. The reference

CTS spectra were used as input for a K-matrix analysis of the CTS spectra collected at the

Saginaw field test.

5.5.1 Program Input

Tables 5-4 and 5-5 summarize the reference spectra input for the computer program used

to analyze the sample spectra. Table 5-6 summarizes the program input used to analyze the CTS

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

tion of the cell path length. To analyze the CTS spectra, MRI used 0.25 cm-1 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 to 2.0 cm-1 in the same

way as the toluene ~eference spectra using Section K.2.2 of the EPA FTIR protocol. The

program analyzed the main two ethylene bands centered near 2,989 and 949 cm-1. Table 5-7

summarizes the results of the CTS analysis. The cell path length from this analysis was used as

Ls in equation 5.
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TABLE 5-4. PROGRAM INPUT FOR ANALYSIS OF SAMPLE SPECTRA FROM
POURING AND COOLING AND SHAKE-OUT HOUSING

Reference

Compound name File name Region No. ISCa Meters T (K)

Water 194a2sub 1,2,3 100a

Carbon monoxide co20829a 1 167.1 22 394

Carbon dioxide 193b4a~ 1,2,3 415a 22 394

Formaldehyde 087b4anb 3 100.0 11.25 373

Methanol 104a4ase 2 20.0 3.0 298

Methane 1962bsft 3 80.1 22 394

Toluene 153a4arc 3 103.0 3 298

Ethylene cts0923c 2 20.1 10.4 408

Hexane 0950709a 3 46.9 10.3 399

butane but0715a 3 100.0 11.25 397.8

n-heptane hep0716a 3 49.97 10.3 398.3

pentane pen0715a 3 49.99 10.3 397.9

1-pentene 1pe0712a 3 50.1 10.3 399

2-methyl-1-pentene 2m1p716a 3 50.08 10.3 398.2

2-methyl-2butene 2rn2b716a 3 50.04 10.3 398.2

2-methyl-2-pentene 2rn2p713a 3 51.4 10.3 398.6

Isooctane 1650715a 3 50.3 10.3 398.3

3-methylpentane 3mp0713a 3 50.0 10.3 398.5

Region No. Upper cm-1 Lower cm- 1

1 2,142.0 2,035.6

2 1,275.0 789.3

3 3,160.8 2,650.1

aIndicates an arbitrary concentration was used for the interferant.
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TABLE 5-5. PROGRAM INPUT FOR ANALYSIS OF SAMPLE SPECTRA
FROM SCRUBBER INLET AND OUTLET

Reference

Compound. name File name Region No. ISCa Meters T (K)

Water 194h2sub '1,2,3 100a

Carbon monoxide co20829a 1 167.1 22 394

Carbon dioxide 193b4a_a 1,2,3 415a 22 394

Formaldehyde 087b4anb 3 100.0 11.25 373

HCI 097b4asd 3 72.2 2.25 373

Methane 196c1bsd 3 16.1 22 394

Toluene 153a4arc 3 103.0 3 298

Hexane 095a4asd 3 101.6 3 298

SF6 Sf60923a 2 4.01 lOA 408

Region No. Upper cm- l Lower cm-1

1 2,142.0 2,035.6

2 1,275.0 789.3

3 3,160.8 2,650.1

aIndicates an arbitrary concentration was used for the interferant.

TABLE 5-6. PROGRAM INPUT FOR ANALYSIS OF CTS SPECTRA AND
PATH LENGTH DETERMINATION

Compound name File name ASC ISC % Difference

Ethylenea 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 GM Powertrain CTS spectra.
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TABLE 5-7. RESULTS OF PATH LENGTH DETERMINATION

CTS spectra
100 ppm ethylene Meters Lla %Ll

CTS0921A 10.49 0.08 0.7%

CTS0921B 10.45 0.04 0.4%

CTS0923A 10.43 0.02 0.2%

CTS0923B 10.43 0.02 0.2%

CTS0923C 10.40 -0.01 -0.1%

CTS0924A 10.49 0.08 0.8%

CTS0924B 10.48 0.06 0.6%

CTS0925A 10.29 -0.12 -1.2%

CTS0925B 10.29 -0.12 -1.1%

CTS0925C 10.37 -0.04 -0.4%

Average path length (M) 10.41

Standard deviation 0.074

aThe difference between the calculated and average values.

5.5.2 EPA Reference Spectra

The formaldehyde, hexane, methanol, Hel, and toluene spectra used in the MRI analysis

were taken from the EPA reference spectrum library (http://www.epa.gov/ttnlemc/ftir.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 agreed with those used to collect the sample

spectra. The deresolved 2.0 cm-1 single beam spectra were combined with their deresolved

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

prepare spectral standards for the HAP's and other compounds included in the preliminary

analysis.

5.6 FTIR SYSTEM

The FTIR system used in this field test was a KVBIAnalect Diamond-20 interferometer.

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

length of 20 laser passes was used for measurement at both locations. The inside of the cell

walls have been treated with a Teflon® coating to minimize potential analyte losses. A
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mercury/cadmiurnJ telluride (MCT) liquid nitrogen detector was used. Spectra were collected at

2.0 cm-1, the highest resolution of the Diamond-20 system.

The optical path length was measured by shininga HeINe laser into the cell and adjusting

the mirror tilt until the desired number of passes was obtained. The number of passes was

recorded on the field data sheets in Appendix B-1. 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.
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6.0 SUMMARY OF QA/QC PROCEDURES

6.1 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 on site before

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

During sampling at the scrubber inlet and outlet an effort was made to measure at least

five different samples from each location.

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
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• 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 at the mold cooling and shake-out housing line of all

flue gas measurements, such as sample flow, temperature, moisture and diluent data. Flow data

at the cupola scrubber inlet and outlet were obtained by PES.

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

a sampling run started 9r after changing to a different test location. FTIR 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 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.

6.2 FTIR SPECTRA

For a detailed description of QA/QC procedures relating to data collection and analysis,

refer to the "Protocol For Applying FTIR 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 FTIR cell was also performed according to the procedures in references 1 and 2.

The CTS gas was 20.1 ppm ethylene in nitrogen. The CTS spectrum provided a check on the

operating conditions of the FTIR 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 be stored for data analysis. Sample absorbance spectra can be regenerated from

the raw interferograms, if necessary. A copy of the data was provided with the draft report.
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To measure HAP's detected in the gas stream, MRI used spectra from the EPA library,

when available.
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A-I VOLUMETRIC FLOW

CUPOLA SCRUBBER



The flue gas data and flow calculation results from the cupola scrubber inlet and outlet were
provided to MRI by Pacific Environmental Services (PES). In the draft report the inlet flow
results were incorrect. The corrected inlet flow results were provided by PES for the revised test
report. The corrected inlet flow results are also present in summary Table 3-2 and the corrected
inlet flows have been incorporated into the mass emission results.



InM29

PARTICULATE/METALS EMISSIONS SAMPLING AND FLUE GAS PARAMETERS

CUPOLA INLET

GM POWERTRAIN - SAGINAW, MICHIGAN

Run No. I-M29-1 I-M29-2 I-M29-3 I-M29-4 Average
Date 9/23/97 9/24/97 9/25/97 9/25/97
Total Sampling Time, min 115 237.3 120 120
Average Sampling Rate, dscfin a 0.517 0.515 0.897 0.858 0.643
Sample Volume:

dscf b 59.458 122.140 107.586 103.008 96.394
dscm C 1.684 3.459 3.046 2.917 2.730

Average Flue Gas Temp., of 125 128 133 137 129

O2 Concentration, % by Volume 12.3 12.7 12.2 11.9 12.4

CO2 Concentration, % by Volume 8.9 9.4 10.0 11.0 9.4

Moisture, % by Volume 20.0 30.0 28.6 30.3 26.2

Flue Gas Volumetric Flow Rate:
acfin d 81,999 81,108 82,857 83,329 57,280
dscfin a 60,183 58,682 56,090 54,702 40,743
dscmm e 1,704 1,662 1,588 1,549 1,154

Isokinetic Sampling Ratio, % 102.3 104.5 103.8 105.1 103.5

a Dry standard cubic feet per minute at 680 F (200 C) and 1 atm.

b Dry standard cubic feet at 680 F (200 C) and 1 atm.

e Dry standard cubic meters at 680 F (200 C) and 1 atm.

d Actual cubic feet per minute at exhaust gas conditions.

e Dry standard cubic meters per minute at 680 F (200 C) and 1 atm.
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SVOHAPs EMISSIONS SAMPLING AND FLUE GAS PARAMETERS

CUPOLA OUTLET

GM POWERTRAIN - SAGINAW, MICHIGAN

Run No. BO-OOIO-l BO-OOIO-2 BO-OOIO-3 BO-OOIO-4 Average
Date 9/23/97 9/24/97 9/25/97 9/25/97
Total Sampling Time, min 110 240 240 240
Average Sampling Rate, dscfin a 0.640 0.636 0.882 0.895 0.763
Sample Volume:

dscf b 70.444 152.632 211.667 214.771 162.378
dscm C 1.995 4.322 5.994 6.082 4.598

Average Flue Gas Temp., of 125 135 111 111 121

O2 Concentration, % by Volume 16.7 11.8 12.5 12.4 13.4

CO2 Concentration, % by Volume 4.0 10.6 9.7 10.3 8.7

Moisture, % by Volume 12.7 16.6 9.3 9.2 11.9

Flue Gas Volumetric Flow Rate:
acfin d 74,589 76,444 64,403 65,580 70,254
dscfin a 58,567 56,562 52,693 53,676 55,375
dscmm e 1,658 1,602 1,492 1,520 1,568

Isokinetic Sampling Ratio, % 98.4 101.2 101.2 100.8 100.4
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PARTICULATEIMETALS EMISSIONS SAMPLING AND EXHAUST GAS
PARAMETERS

CUPOLA BAGHOUSE OUTLET

GM POWERTRAIN - SAGINAW, MICHIGAN

Run No. O-M29-1 O-M29-2 O-M29-3 O-M29-4 Average
Date 9/23/97 9/24/97 9/25/97 9/25/97
Total Sampling Time, min 110 240 120 120
Average Sampling Rate, dscfin a 0.692 0.633 0.946 0.939 0.757
Sample Volume:

dscf b 76.163 151.911 113.491 112.649 113.855
dscm C 2.157 4.302 3.214 3.190 3.224

Average Exhaust Gas Temp., OF 125 133 109 109 122.3
O2 Concentration, % by Volume 16.7 11.80 12.5 12.4 13.67

CO2 Concentration, % by Volume 4.00 10.60 9.70 10.30 8.10

Moisture, % by Volume 13.0 16.4 9.2 9.6 12.9
Exhaust Gas Volumetric Flow Rate:

acfin d 80,243 74,042 68,668 69,760 74,318
dscfin a 62,768 55,151 56,641 57,542 58,187
dscmm e 1,777 1,562 1,604 1,629 1,648

Isokinetic Sampling Ratio, % 95.4 99.3 97.8 95.5 97.5
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PCDDslPCDFs EMISSIONS SAMPLING AND FLUE GAS PARAMETERS

CUPOLA OUTLET

GM POWERTRAIN - SAGINAW MICHIGAN

Run No. BO-23-1 BO-23-2 BO-23-3 BO-23-4 Average
Date 9/23/97 9/24/97 9/25/97 9/25/97
Total Sampling Time, min 110 240 240 240
Average Sampling Rate, dscfin a 0.499 0.629 0.904 0.925 0.739
Sample Volume:

dscf b 54.895 151.041 217.061 221.977 161.244
dscm C 1.554 4.277 6.146 6.286 4.566

Average Flue Gas Temp., OF 125 133 110 108 119
O2 Concentration, % by Volume 16.7 11.8 12.5 12.4 13.4

CO2 Concentration, % by Volume 4.0 10.6 9.7 10.3 8.7

Moisture, % by Volume 12.2 16.2 8.7 ' 8.5 11.409
Flue Gas Volumetric Flow Rate:

acfin d 98,273 110,810 97,171 100,082 101,584
dscfin a 77,577 82,637 80,094 83,025 80,833
dscmm e 2,197 2,340 2,268 2,351 2,289

Isokinetic Sampling Ratio, % 93.0 102 103.4 102.0 99.993



A-I VOLUMETRIC FLOW

Shakeout Housing



A-2 GAS BAG COLLECTION DATA
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Field Sample Data Sheet - Tedlar Bag Collection Method
GMiSMOC

MRI Project No. 3804.25

Sampling Location: ~hJgr:,.A -'fl:"
Date: qlz 3&1
Sampling personnel:----4'&='-::..../~+t.L..;AJe~,J-'---------------

I "~e
Pll51 i();.-J Hj @ ,~:"Jf'"

Sample No. _

l~ .... 1.: ck~ t fZ Sh(

Sample No.~o.~ #'- 'Z-

Sample No. -;r.,,_~ Sample No.
I1qy·t:J. "-

Pump ID Number lti'ff.-.
Source Temperature (deg. C)

Barometric Pressure (mm Hg)

Ambient Temperature (deg. C)

Sample Flow Rate (Umin) 0, <:;
Sample Volume (L) t'

Sample Number .(--.Jk ~.~'-

Start Time tv:} 1.' ...5"'

Finish Time /) I'DO ,. :37

L.tAt:. C/'· ..~ E2 s.;--," .B:rS"5 € z,,:' 14 Iv: 3 I"""

Time Flowmeter Reading

I~:'~~~ ::::Ji:2
Flowmeter Reading

EPAlEMC/lronlGMsamp.doc



Field Sample Data Sheet - Tedlar Bag Collection Method
GMiSMOC
MRI Project No. 3804.25

Sampling Location: 5?f-'ft4"~Wr =# if
Date: 9,~J- 97
Sampling personnel:......,:...J.L..A=-.;?,.;....L=- _

Sample No. _Sample No. 3"-- _

Sample No. At- J oJJ Sample No.

Pump ID Number s-S
Source Temperature (deg. C)

Barometric Pressure (nun Hg)

Ambient Temperature (deg. C)

Sample Flow Rate (Umin) d, i-..
Sample Volume (L)

Sample Number -Sf 3 ~N

Start Time /'1,'13 j C(J

Finish Time I S,'13 :....'..

U~~ e:#t:'cli:.. J;~r if;:~~@..&!-
~Ic" ~(I~t:.lc, e,J~ -. cl.5": .!S
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(

Time
1%"/ ;).:0-0

Flowmeter Reading
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Flowmeter Reading

•

EPA/EMC/Iron/GMsamp.doc



Field Sample Data Sheet - Tedlar Bag Collection Method
GM/SMOC
MRI Project No. 3804.25 .

Sampling Location: 9/~i:.z(,?'/1 ifj v-s
Date: . Cf/ZY/f7
Sampling personnel: /<V.l<&I~"-{ / M.,<U

. I

~
<)ltf & .."f . ~.I J!Ntf)/I,:

Sample No. & ( JJ..fc . .....

Sample No., ';:k;f t:tr Sample No.. il-'j p'?
S-kJz ~..---fJ "] 4J7~_bC' ..;;/ #-r

Pump ID'Num15er S',5. ~I/--
Source Temperature (deg. C) .
Barometric Pressure (mm Hg) .
Ambient Temperature (deg. C) ..

Sample Flow Rate (Umin) O.S ·O,~

Sample Volume (L)

Sample Number

Start Time
.

Finish Time •
U~.I:. t..'~~t jl;,) 01 It': '1/ ~'A-I C~c~ -I'A ~t6',

~~ v.Jc ~c.f:- tffrj ;U5
. Sample No. '~"F'5

.-

It :; ("

~'''Vo-lJ"w~ /0 $'3
54Jfl.1 ...? Ie51'
5it ... ~.1';""tt /1 tJ f'
-f+~1t+\4( /I (> ~

'Ilcd
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II ;/.;

iln
lile)

IIIf
II t'~

Flowmeter Reading. . ( .
:,..',., c ~("/~.

.• Time

. t"f"o
.511 ~ -IJ.".,,; I () ~.f

If) ~r

~h .. t/'''''l I/~{

5~ ..1.1~; ·IIG!

II I~

Itc ...
-#rlF-,lrJ

d;t>.

II~S

lIla

Flowmeter Re~ding
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. -. ,
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D ~/·.o '/-= - (jate: . ~ :; I I . v

Sampling personnel:--'-&..::.~~___::/e.~/--:.....lv-'oJ-i _

lass eZ) ,"'-~ e 1l>:OO
'q:;,s@zZ, ...~ Eo (1.';]£/

Sample No. _

I-er-K- c/',Q.d. @ S h
Lf!'r.: t- Cl..-.,:. k. @. :;;'of

SampleNo.~~~ I

~ Sample No. i Sample No.
~ <;'e-?Ie. {k. #- ;

Pump ID Number "',.- v
, .....-- -"

Source Temperature (deg. C)
Barometric Pressure (mm Hg)
Ambient Temperature (deg. C)
Sample Flow Rate (Umin) O,l)
Sample Volume (L)
Sample Number I
Start Time /n:07:00

Finish Time I :;','e.l
:" ~ •

;;If .

Flowmeter Reading
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!,'
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Field Sample Data Sheet - Tedlar Bag Collection Method
GMiSMOC
MRI Project No. 3804.25

Sampling Location: Ga~ ?-./-.s
Date: f/£H/r2
Sampling personnel: 1?b~lt. &~~(1~

Time Flowmeter Reading

Sample No. _

ISo1

Sample No. i3a.J#-] Sample No.

Pump ID Number <;,5
Source Temperature (deg. C)

Barometric Pressure (mm Hg)

Ambient Temperature (deg. C)

Sample Flow Rate (Umin) o.~

Sample Volume (L) \t "30 L
Sample Number f D~{#o7 ?t,.'.J, 5
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Field Sample Data Sheet - Tedlar Bag Collection Method
GM/SMOC
MRI Project No. 3804.25

Sampling Location: /lV*'b'e~-I -' lns;h fO',JI\~<t-.('O n~<A.( (Y)~,.~ C\lO~"l)f,,~-IS~~'v~\
Date: 9-/~ - '17

Sampling personnel: ,J~c.l/ J!... '/..~ ) MteYr 7

Sample No. ~ J' Sample No.

Pump ID Number ).$',

Source Temperature (deg. C)

Barometric Pressure (mm Hg)

Ambient Temperature (deg. C)

Sample Flow Rate (Umin) ;, ~I',.I

Sample Volume (L)

Sample Number ~",;,.'~A-I- 04/-~.1

Start Time I/~'

Finish Time 115tp
./-/#+- L~4'eJ-1{. ::,ht'-'¥oloiI~I'-lL.I/&::Z=.;2..::.._
~I~ ~let ~II~ eNS" @ 1/5'8'-, ----...

Sample No. 11~6- #-- r

Time Flowmeter Reading

)4.,a~ (I 'f}(, 1~/A',i/,
JlJ/ L ~W;t

~ /
Ill? I. t./.;rr

(

11 'II ,. "he.
114/' /, L/~,
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~4'
11ft I. /../As·

I
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Field Sample Data Sheet - Tedlar Bag Collection Method
GMiSMOC
MRI Project No. 3804.25

Sampling Location:~Lt.Wd.Utr~ rs
7

MA:"; ¢a,I,." c,?~•.,

Date: &f{t$7 ~
Sampling personnel: Cec:;r~ V~ ~ 'Q'( (\~\\2" "(1J0\~~'

~ I J

If II

10$'

~{

1/ II,

II~ I

Ie III

103 (

~l...K eJ,.~ €J ff#f t'19~S~ I(~

Sample No. PA 6- -#- /0
l'mAIN"

Flowmeter Reading

~:::f;i
5(;.C-nfd1 1 •

, c

50o~

10 d:/

Sample No. ~ts:- '7 Sample No. B" "'If)

Pump ID Number 5.5, <: (",
Source Temperature (deg. C)

Barometric Pressure (mm Hg)

Ambient Temperature (deg. C)

Sample Flow Rate (Umin) 0.5 d.~

Sample Volume (L)

Sample Number tJ.:JO/ fJ,/. '2. I' ;"kl;,1 I'_ /,Ac:Io

Start Time 0903~,,o /0;)./; 0 e /

Finish Time 11/0,3 :". /1:; I .' t:> ~...;-

tffiil.~ ., fi-f V~ t2- 11>5 ~.N, Z C'/r~cll PJ ~hllt.!- /)"ss- /"

LL~C4d:-~ ~~ €2 /c05

Sample No. ~S ~ 1
",

". Time

~ t77~3

,,, R."
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e:z1t'i5

~4.l
0'12"3
07J3
0'23'6
t> ,c{j
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()i~3o','i

5it~de-,) /00 ~
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TABLE B-1 FflR RESULTS FROM THE SCRUBBER INLET
HydroJCft chloride Tolucac HcXllllC MCIhaDe Camon monoxide FonnaIdchyde

Dale Time Filename ppm UDCCI1ainty ppm Uncenainty ppm Uncenainty ppm UDCCI1ainty ppm UDCCI1ainty ppm Uncenainty

9123197 10:59 INLSPI.I 1M 1.1 15.3 1.1 1.1 1.1 ,.1 I.' 1.1 U., 14.' 0.1

9123197 12:2 INLSPIU 1M 11.1 34.1 14.1 1.1 U 31.1 1.4 0.. 116.1 .... 1.9

9123197 12:11 INLN2103 0.14 0.4 0.00 0.] 0.4 0.0 0.8 0.1 22.5 5.2 2.8 0.11

9123197 1]:11 INWNI04 0.00 16.9 0.00 11.6 0.0 1.6 25.] 5.9 0.0 85.8 0.00 7.2

9123197 13:2] INWNI05 0.00 17.4 0.00 12.0 0.0 1.6 25.9 6.1 0.0 88.7 0.00 7.4

9/23197 13:5] INWNI06 0.00 11.0 0.00 12.4 0.0 1.7 26.8 6.] 0.0 87.2 0.00 7.6

9n3l97 14:]2 INWNI07 0.00 11.4 0.00 7.8 0.0 1.1 19.4 4.0 0.0 57.0 0.00 4.8

912319.7 15:7 INWNIOB 0.00 18.3 0.00 12.6 0.0 1.7 26.7 6.4 0.0 94.9 0.00 7.7

9123197 15:44 19230014 0.00 12.0 0.00 8.3 0.0 1.1 20.4 4.2 0.0 61.3 0.00 5.1

9123197 15:46 19230015 0.00 11.9 0.00 8.2 0.0 1.1 20.0 4.2 0.0 62.4 0.00 5.0

9123197 15:49 19230016 0.00 11.7 0.00 8.0 0.0 1.1 19.8 4.1 0.0 62.4 0.00 5.0

9/23197 15:51 19230017 0.00 11.5 0.00 7.9 0.0 1.1 19.7 4.0 0.0 62.7 0.00 4.9

9/2]197 15:53 192]0018 0.00 11.4 0.00 7.8 0.0 1.1 20.0 4.0 0.0 63.5 0.00 4.8

9/2]/97 15:55 192]0019 0.00 11.1 0.00 7.7 0.0 1.0 19.8 3.9 0.0 62.4 0.00 4.7.
912]/97 15:57 19230020 0.00 10.9 0.00 7.5 0.0 1.0 19.4 3.8 0.0 62.1 0.00 46

912]/97 15:59 19230021 0.00 10.8 0.00 7.5 0.0 1.0 18.8 3.8 0.0 62.9 0.00 4.6

9/23/97 16:25 192300]3 0.00 10.] 0.00 7.1 0.0 1.0 19.1 3.6 111.5 62.0 0.00 4.4

9123/97 16:27 19230034 0.00 10.4 0.00 7.1 0.0 1.0 18.8 3.6 113.6 62.3 0.00 4.4

9123/97 16:29 192300]5 0.00 10.2 0.00 7.0 0.0 0.9 18.4 3.6 118.7 6J.l1 0.00 4.]

9123197 16:32 19230036 0.00 10.2 0.00 7.0 0.0 0.9 18.3 3.6 122.8 62.2 0.00 4.3

9/23/97 16:36 192300]7 0.00 10.3 0.00 7.1 0.0 1.0 18.0 3.6 129.2 63.3 0.00 4.4

9/23197 16:]8 192]0038 0.00 10.4 0.00 7.1 0.0 1.0 18.6 3.6 J3J.l 63.8 0.00 4.4

9123/97 . 16:40 192]0039 0.00 10.4 0.00 7.2 0.0 1.0 19.6 3.7 1]4.2 64.] 0.00 4.4

9123197 11:8 192]0052 0.00 10.2 0.00 7.0 0.0 0.9 19.7 3.6 144.6 64.9 0.00 4.]

9/23197 11:10 192]0053 0.00 10.3 0.00 7.1 0.0 1.0 19.7 ].6 146.2 65.4 0.00 4.3

9/2]/97 17:12 19230054 0.00 10.3 O()() 71 0.0 1.0 19.8 3.6 150.2 657 0.00 43

Bold text indicates Ihatlhis is spiked dala nol used in average.
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TABLE B-1. (continued)

HydrogCR chloride Toluene Hexane Medaanc Carbon monoxide FonnaIdehyde

Dale Time Filename ppm Unccnainly ppm Unccnainly ppm Unccnainly ppm Unccnainly ppm Uncc:nainly ppm Uncertainly

9123197 11:IS 192JOOSS 0.00 10.2 0.00 7.0 0.0 0.9 19.8 3.6 148.6 6S.3 0.00 4.3

9n3l97 11:17 19230056 0.00 11.1 0.00 7.6 2.2 1.0 78.7 3.9 312.2 81.3 0.00 4.7

9n3l97 11:19 192JOOS7 0.00 62.0 0.00 41.S 0.0 S.8 848.6 21.8 737.6 134.8 0.00 26.3

9/23197 17:21 192JOOSI 0.00 IS.3 0.00 10.6 0.0 1.4 138.9 S.4 300.9 99.8 0.00 6.S

9123197 11:23 19230059 0.00 IS.O 0.00 10.3 0.0 1.4 43.3 S.3 0.00 87.1 0.00 6.3

9123197 11:2S 19230060 0.00 16.2 0.00 11.1 0.0 I.S 26.8 S.7 0.00 86.1 0.00 6.8

9/23197 18:36 INAlRI09 0.00 I.S 0.00 1.0 0.0 0.1 6.3 0.54 0.00 10.S 0.00 0.6

AvCOlC ---> 0.03 13.1 0.00 9.0 0.1 1.2 S2.7 4.6 91.1 68.4 0.09 S.6

Bold text indicales that this is spik.ed data not used in average.
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TABLE 8-1. (continued)

Hydrogen chloride Toluene Hexane MCIhanc Cadloo monoxide FormaIdcbyde

Date Time File IIIIIIC ppm Uncataioly ppm UDCCltllinly ppm UncataiOly ppm Uncatainly ppm Uncatainly ppm Uncatainly

9124H1 8:47 INI..SPJII 1M 17.4 •• 11.1 ... 1.6 11.1 ... •• 17.1 ... 7.4

9124197 9:32 JNLSI'2iU 1M 1.4 31.5 5.6 ... ... 13.5 3.' .... 49.9 U 3.5

9124197 9:58 19240001 0.00 18.8 0.00 12.9 0.0 1.7 25.6 6.6 0.00 94.7 0.00 8.0

9124197 10:0 19240002 0.00 19.5 0.00 13.4 0.0 1.8 26.1 6.8 0.00 98.6 0.00 8.2

9124197 10:2 19240003 0.00 19.4 0.00 13.3 0.0 1.8 25.9 6.8 0.00 98.1 0.00 8.2

9124197 10:4 19240004 0.00 19.1 0.00 13.2 0.0 1.8 25.4 6.7 0.00 96.11 0.00 8.1

9124t97 10:6 19240005 0.00 19.1 0.00 13.1 0.0 1.8 25.4 6.7 0.00 96.2 0.00 8.1

9124197 10:9 19240006 0.00 18.9 0.00 13.0 0.0 1.8 25.2 6.7 0.00 95.6 0.00 8.0

9124197 10:11 19240007 0.00 18.8 0.00 13.0 0.0 1.7 24.9 .6.6 0.00 95.5 0.00 8.0

9124197 10:45 19240022 0.00 20.0 0.00 13.8 0.0 1.9 26.3 7.0 0.00 100.6 0.00 8.5

9124197 10:47 19240023 0.00 19.9 0.00 13.7 0.0 1.9 26.5 7.0 0.00 100.1 0.00 8.4

9/24197 10:49 19240024 0.00 19.6 0.00 13.5 0.0 1.8 25.9 6.9 0.00 98.9 0.00 8.3

9/24/97 10:52 19240025 0.00 19.4 0.00 13.4 0.0 1.8 25.6 6.8 0.00 97.7 0.00 8.2

9/24/97 10:54 19240026 0.00 1q,4 0.00 13.4 0.0 1.8 25.6 6.8 0.00 97.5 0.00 11.2

9/24/97 10:56 19240027 0.00 19.6 0.00 13.5 0.0 18 25.8 6.9 0.00 98.3 0.00 11.3

9/24/97 10:58 192400211 0.00 19.11 0.00 13.7 0.0 1.11 26.1 7.0 0.00 99.8 0.00 8.4

9/24/97 11:51 19240051 0.00 22.3 0.00 15.4 0.0 2.1 29.4 7.9 0.00 112.6 0.00 9.5

9/24197 11:54 19240052 0.00 22.6 0.00 15.5 0.0 2.1 29.8 7.9 0.00 113.1 0.00 9.6

9i24/97 11:56 19240053 0.00 22.3 0.00 15.4 0.0 2.1 29.8 7.8 0.00 111.7 0.00 9.5

9/24/97 lUll 19240054 0.00 22.0 0.00 15.2 0.0 2.0 29.4 7.7 0.00 110.6 0.00 9.3

9/24197 12:0 19240055 0.00 21.9 0.00 15.1 0.0 2.0 29.2 7.7 0.00 110.1 0.00 9.3

9/24/97 12:2 19240056 0.00 21.9 0.00 15.1 0.0 2.0 29.3 7.7 0.00 109.8 0.00 9.3

9/24197 12:4 19240057 0.00 21.8 0.00 15.0 0.0 2.0 29.2 7.7 0.00 109.0 0.00 9.2

9/24/97 12:6 192400511 0.00 21.7 0.00 14.9 0.0 2.0 29.0 7.6 0.00 1011.9 0.00 9.2

9/24197 12:9 19240059 0.00 21.4 000 14.7 0.0 2.0 28.6 7.5 0.00 107.8 0.00 9.1

Bold leXl indicales lhallhis is spiked dala nol used in average.



TABLE B-1. (continued)

Hydroaen chloride Toluene HexlllC Mclhane Carbon monoxide Formaldehyde

Date Time Filename ppm Uncertainly ppm UnceJ1ainly ppm Uncertainly ppm UnceJ1ainly ppm Uncertainly ppm UnceJ1ainly

9124197 12:41 19240074 0.00 10.8 0.00 7.4 0.0 1.0 16.6 3.8 0.00 SI.O 0.00 4.6

9124197 12:43 19240075 0.00 20.8 0.00 14.4 0.0 1.9 28.0 7.3 0.00 104.9 0.00 8.8

9124197 12:4S 19240076 0.00 20.8 0.00 14.3 0.0 1.9 28.0 7.J· 0.00 104.S 0.00 8.8

9/24/97 12:47 19240077 0.00 20.7 0.00 14.3 0.0 1.9 27.9 7.3 0.00 104.S 0.00 8.8

9124197 12:49 19240078 0.00 21.1 0.00 14.S 0.0 2.0 28.2 7.4 0.00 106.3 0.00 8.9

9124197 12:SI 19240079 0.00 21.S 0.00 14.8 0.0 2.0 28.7 7.6 0.00 IOU 0.00 9.1

9124J?7 12:S4 19240080 0.00 21.9 0.00 IS.! 0.0 2.0 29.2 7.7 0.00 109.4 0.00 9.3

9/24/97 12:S6 19240081 0.00 22.2 0.00 IS.3 0.0 2.1 29.4 7.8 0.00 110.9 0.00 9.4

9/24197 12:S8 19240082 0.00 22.6 0.00 IS.6 0.0 2.1 29.8 8.0 0.00 112.9 0.00 9.6

9/24/97 13:0 19240083 0.00 22.9 0.00 IS.8 0.0 2.1 30.2 8.1 0.00 113.8 0.00 9.7

9/24/97 13:2 19240084 0.00 22.6 0.00 IS.6 0.0 2.1 30.1 8.0 0.00 112.S 0.00 9.6

9/24197 13:54 19240110 0.00 21.S 0.00 14.8 0.0 2.0 28.3 7.6 0.00 107.6 0.00 9.1

9/24/97 13:S6 19240111 0.00 22.0 0.00 IS.I 0.0 2.0 28.8 1.7 0.00 110.0 0.00 9.3

9/24/97 I3:S8 19240112 0.00 22.0 0.00 IS.I 0.0 2.0 29.1 7.7 0.00 109.6 0.00 9.3

9124/97 14:0 19240113 0.00 21.8 0.00 IS.O 0.0 2.0 28.9 7.7 0.00 108.8 0.00' 9.2

9124/97 14:2 19240114 0.00 21.7 0.00 IS.O 0.0 2.0 28.7 7.6 0.00 IOB.S 0.00 9.2

9124197 14:S 19240IIS 0.00 22.0 0.00 IS.I 0.0 2.0 28.7 7.7 0.00 109.9 0.00 9.3

9124197 14:7 19240116 0.00 22.2 0.00 IS.3 0.0 2.1 29.0 7.8 0.00 110.4 0.00 9.4

9/24197 14:9 19240117 0.00 21.8 0.00 IS.O 0.0 2.0 28.6 7.7 0.00 IOB.4 0.00 9.2

9124197 14:23 INLSnG3 0.00 14.5 11.9 9.7 0.' I.l .... 5.1 0.00 73.4 17.7 6.J

9124197 14:S8 INUl2204 1.2 0.6 0.00 0.42 0.0 0.1 O.S 0.2 0.00 S.O 0.00 0.3

AVc:rlI&e ---> 0.03 20.3 0.00 14.0 0.0 1.9 27.0 7.1 0.00 101.8 0.00 8.6

Bold lexl indicates lhatlhis is spiked dala not used ill average.
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TABLE B-1. (continued)

Hydrogen cbloride TolllCftC Hexane MCIhane Carbon monoxide FonnaJdehyde

Dale Time Filcoamc ppm Unccr1ainly ppm Unccnainty pplD Unccr1ainty ppm Unccr1ainly ppm Uncertainly ppm Unccnainly

912SN1 8:lS INLSPlII .... 13.5 19." 9.1 ••• U 15.3 .... 0." ".. 11.1 5.7

912S197 8:2S INLSP3U .... 15.3 11.5 1'.3 ••• 1." 17.7 5.4 .... 77.' I"" ...
912S197 8:32 INLN2303 1.2 0.S2 0.00 0.27 0.0 0.0 0.00 0.14 0.00 2.4 0.00 0.16

912SN1 9:18 19250011 0.00 21.6 0.00 14.9 0.0 2.0 26.3 7.6 0.00 107.3 0.00 9.1

9125197 9:20 I92SOO12 0.00 21.8 0.00 IS.O 0.0 2.0 26.S 7.7 0.00 1011.3 0.00 9.2

912SN1 9:22 I92S0013 0.00 21.S 0.00 14.8 0.0 2.0 26.2 7.6 0.00 106.9 0.00 9.1

912si9,7 9:24 I92SOOI. 0.00 21.1 0.00 14.S 0.0 2.0 2S.7 7.4 0.00 104.S 0.00 8.9

912SJ97 9:26 1925OOlS 0.00 20.6 0.00 14.2 0.0 1.9 2S.0 7.2 0.00 102.4 0.00 8.7

912SJ97 9:28 1925OO16 0.00 20.4 0.00 14.1 0.0 1.9 24.9 7.2 0.00 101.1 0.00 8.6

912SJ91 9:31 I92SOO17 0.00 20.3 0.00 14.0 0.0 1.9 24.8 7.1 0.00 101.1 0.00 8.6

9/2S191 10:8 I92SOO30 0.00 21.8 0.00 IS.O 0.0 2.0 26.4 7.1 0.00 109.6 0.00 9.2

912S191 10:10 I92SOO3 I 0.00 21.9 0.00 IS.I 0.0 2.0 26.4 7.7 0.00 109.1 0.00 9.3

9/2SJ97 10:12 I92SOO32 0.00 22.3 0.00 IS.4 0.0 2.1 27.0 7.9 0.00 111.8 0.00 9.5

912S197 IO:IS 19250033 0.00 22.0 0.00 IS.2 0.0 2.0 26.S 7.7 0.00 110.6 0.00 9.3

912S197 10:17 19250034 0.00 22.1 0.00 IS.2 0.0 2.1 26.6 7.8 0.00 110.7 0.00 9.4

9125197 10:19 I92SOO35 0.00 22.0 0.00 IS.2 0.0 2.1 26.6 7.8 0.00 110.4 0.00 9.3

912SJ97 10:21 I92SOO36 0.00 21.8 0.00 IS.O 0.0 2.0 26.S 7.7 0.00 109.2 0.00 9.3

912SJ97 10:23 I92SOO37 0.00 22.0 0.00 IS.I 0.0 2.0 26.S 7.7 0.00 IIO.S 0.00 9.3

912SJ97 10:2S I92SOO38 0.00 22.1 0.00 IS.2 0.0 2.1 26.8 7.8 0.00 110.9 0.00 9.4

912SJ97 11:20 I92SOOSO 0.00 20.2 0.00 B.9 0.0 1.9 24.S 7.1 0.00 100.S 0.00 8.6

912SJ97 11:22 I92SOO5 I 0.00 19.6 0.00 B.5 0.0 1.8 29.9 6.9 0.00 100.2 0.00 8.3

912SN1 11:24 I92SOOS2 0.00 IS.6 0.00 10.8 0.0 I.S 33.S S.S 469.7 113.6 0.00 6.6

912S197 11:26 I92SOOS3 0.00 14.3 0.00 9.9 0.0 1.3 20.6 5.0 232.8 88.5 0.00 6.1

912SN1 11:28 I92SOOS4 0.00 B.4 0.00 9.3 0.0 1.2 18.4 4.7 246.0 85.5 0.00 5.7

9125197 11:31 19250055 0.00 15.9 0.00 11.0 0.0 1.5 20.0 5.6 0.00 858 0.00 6.8

Bold lext indicates thatlhis is spiked data not used in average.



TABLE B-1. (continued)

Hydropl chloride Toluene Hexane Melhanc Cadlon moooxide Formaldehyde

Oalc Time Filename ppm UnccI1ainly ppm Unccnainly ppm UnccnaiDly ppm UnccnaiDly ppm UDCCI1aiDly ppm Unccnainly

912S197 11:33 1925Cm6 0.00 19.5 0.00 13.4 0.0 1.8 23.7 6.9 0.00 97.7 0.00 8.3

9/25/97 11:35 19250057 0.00 20.6 0.00 14.2 0.0 1.9 24.9 7.2 0.00 101.7 0.00 8.7

912S197 11:37 192500S8 0.00 20.1 0.00 13.8 0.0 1.9 24.3 7.1 0.00 99.7 0.00 85

9/2S197 11:39 I92S0059 0.00 19.9 0.00 13.7 0.0 1.8 24.2 7.0 0.00 98.5 0.00 8.4

912S197 11:41 19250060 0.00 20.0 0.00 13.7 0.0 1.9 24.5 7.0 0.00 99.0 0.00 8.5

912S197 11:43 19250061 0.00 19.9 0.00 13.7 0.0 1.8 24.1 7.0 0.00 98.3 0.00 8.4

912S19,7 12:11 I92S0074 0.00 21.3 0.00 14.6 0.0 2.0 25.4 7.5 0.00 10H 0.00 9.0

912S197 12:14 I92S0075 0.00 21.6 0.00 14.9 0.0 2.0 25.9 7.6 0.00 106.6 0.00 9.2

912S197 12:16 19250076 0.00 21.7 0.00 14.9 0.0 2.0 26.0 7.6 0.00 107.0 0.00 9.2

9/2S197 12:18 I92SOO77 0.00 21.7 0.00 IS.O 0.0 2.0 26.0 7.6 0.00 IOU 0.00 9.2

912S197 12:20 I92SOO78 0.00 21.7 0.00 15.0 0.0 2.0 26.0 7.6 0.00 107.4 0.00 9.2

912S197 12:22 19250079 0.00 21.8 0.00 15.0 0.0 2.0 25.9 7.7 0.00 107.8 0.00 9.2

9/25/97 12:24 I92SOOl10 0.00 ~2.3 0.00 15.4 0.0 2.1 26.2 7.8 0.00 109.8 0.00 9.4.
9125/97 12:27 19250081 0.00 22.0 0.00 15.2 0.0 2.0 26.0 7.8 0.00 108.1 0.00 9.3

..
9125/97 12:57 19250095 0.00 22.6 0.00 15.5 0.0 2.1 26.3 7.9 0.00 111.0 0.00 9.6

9125/97 12:59 19250096 0.00 22.7 0.00 15.7 0.0 2.1 26.4 8.0 0.00 111.4 0.00 9.6

9/25/97 13:1 19250097 0.00 23.2 0.00 16.0 0.0 2.2 26.8 8.2 0.00 114.0 0.00 9.11

9125197 13:3 19250098 0.00 23.6 0.00 16.3 0.0 2.2 27.2 8.3 0.00 115.5 0.00 10.0

912S197 13:5 19250099 0.00 23.7 0.00 16.4 0.0 2.2 27.4 8.4 0.00 116.1 0.00 10.1

912S197 13:7 19250100 0.00 23.5 0.00 16.2 0.0 2.2 27.4 11.3 0.00 114.7 0.00 9.9

9125197 13:10 19250101 0.00 23.1 0.00 15.9 0.0 2.1 26.5 11.1 0.00 112.7 0.00 9.8

9125197 14:32 INLSP304 0.00 10.1 35.5 1l.9 0.0 1.9 13.7 7.3 0.00 107.0 0.00 8.8

9125197 14:39 1N1..N2305 0.39 0.2 0.00 0.1 0.0 0.0 0.2 0.1 0.00 1.9 0.00 0.1

9125197 15;35 19250122 0.00 15.1 0.00 10.4 0.0 1.4 36.7 5.3 493.3 110.2 0.00 6.4

9125/97 15;37 19250123 0.00 14.7 0.00 10.1 0.0 1.4 23.0 5.1 200.0 871 000 62

Bold lexl indicales lhal this is spiked dala nol used in average.



TABLE 8-1. (continued)

Hydroac:a chloride Toluene Hexane Methane Carbon mooollidc fonnaIdchyde

Date Time File IIUIC ppm Uncenainty ppm Unccnainly ppm Uncenainly ppm Uncertainty ppm UncenaiRlY ppm UnccnaiRly

9125/97 15:40 19250124 0.00 16.6 0.00 1I.s 0.0 1.5 21.6 5.8 0.00 88.4 0.00 7.1

9125/97 15:42 19250IU 0.00 20.0 0.00 13.8 0.0 1.9 24.1 7.0 0.00 100.s 0.00 8.5

9125197 15:44 I92S0126 0.00 20.8 0.00 14.3 0.0 1.9 24.7 7.3 0.00 102.7 0.00 8.8

9I2SI91 15:46 I92S0127 0.00 21.1 0.00 14.6 0.0 2.0 24.8 7.4 0.00 103.8 0.00 9.0

9125197 1S:48 I92S0121 0.00 21.2 0.00 14.6 0.0 2.0 24.7 7.4 0.00 IOU 0.00 9.0

9125197 15:SO 192S0I29 0.00 21.4 0.00 14.7 0.0 2.0 25.1 7.5 0.00 105.6 0.00 9.1

912SNJ 15:52 I92SOIJO 0.00 21.9 0.00 15.1 0.0 2.0 25.8 7.7 0.00 101.4 0.00 9.3

912S191 15:55 19250131 0.00 21.8 0.00 1.5.0 0.0 2.0 29.5 7.7 0.00 108.0 0.00 9.3

9125/97 1.5:57 I92S0132 0.00 16.7 0.00 11.5 0.0 1.6 43.9 .s.a 578.3 129.8 0.00 7.1

9125/97 16:23 19250144 0.00 22.4 0.00 ISA 0.0 2.1 25.9 7.9 0.00 110.8 0.00 9.5

9125/97 16:25 19250145 0.00 22.7 0.00 15.6 0.0 2.1 26.2 8.0 0.00 112.0 0.00 9.6

9125197 16:27 19250146 0.00 22.9 0.00 15.8 0.0 2.1 26.5 8.0 0.00 112.3 0.00 9.7

9/25197 16:29 19250147 0.00 23.0 0.00 15.8 0.0 2.1 26.6 8.1 0.00 112.5 0.00 9.7

9125197 16:32 19250148 0.00 22.6 0.00 15.5 0.0 2.1 25.9 7.9 0.00 110.8 0.00 9.6

W2S197 16:34 19250149 0.00 22.6 0.00 1S.5 0.0 2.1 25.9 7.9 0.00 111.1 0.00 9.6

W25197 16:36 19250150 0.00 22.8 0.00 15.7 0.0 2.1 26.2 8.0 0.00 112.0 0.00 9.7

912S197 17:0 19250160 0.00 25.7 0.00 17.7 0.0 2.4 28.2 9.0 0.00 124.1 0.00 10.9

AvClll&c ---> 0.03 20.3 0.00 14.0 0.0 1.9 25.4 7.1 34.7 103.3 0.00 8.6

Bold text indicates thai Ihis is spiked data nOI used in average.
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TABLE B-2. FfIR RESULTS FROM THE SCRUBBER OUTLET
Hydrogen chloride Hexane Methane CadJoo monoxide FonnaIdcbyde

Dale Time File name ppm Uncertainly ppm Uncertainly ppm UncCnainly ppm Uncertainly ppm Uncertainly

9123197 12:30 ourspl.1 ... •5•• .... 1.4 13.5 5.3 .... 11.5 .... 6."

9123197 12:S3 OUIVIU ... 13... .... U ..7 ".7 0." 75.0 ••• 5.7

9123197 13:30 OUISPI.. ••• '.7 .... ... ....1 3.• 0." 51.1 .6.7 3.6

9123197 13:38 OUISPI.. ... U 0.00 '.9 .".9 3.1 0.• 51." .5.5 3.1

9123197 13:46 OUISPI" ... ..... .... 1.3 11.1 ".9 ••to 76.6 .... 5.9

9123197 IS:16 19230001 0.00 13.S 0.00 1.3 20.5 4.8 0.00 77.0 0.00 5.7

9123197 lS:19 19230002 0.00 13.9 0.00 1.3 20.6 4.9 0.00 78.9 0.00 5.9

9123/97 15:21 19230003 0.00 13.6 0.00 1.3 20.3 4.8 0.00 78.0 0.00 5.8

9123197 15:23 19230004 0.00 13.7 0.00 1.3 20.6 4.8 0.00 78.6 0.00 5.11

9123197 15:25 I923000S 0.00 13.6 0.00 1.3 20.9 4.8 0.00 76.8 0.00 5.8

9123197 15:27 19230006 0.00 13.6 0.00 1.3 20.6 4.8 0.00 78.0 0.00 5.11

9123/97 15:29 19230007 0.00 13.7 0.00 1.3 20.9 4.8 0.00 77.8 0.00 5.8

9123/97 15:31 19230008 0.00 13.5 0.00 1.3 20.8 4.8 0.00 77.1 0.00 5.7

9/23/97 15:34 19230009 0.00 13.11 0.00 1.3 23.1 4.8 0.00 79.0 0.00 5.8

9123/97 15:36 19230010 0.00 11.9 0.00 1.1 36.3 4.2 544.3 115.8 0.00 5.1

9123/97 15:311 19230011 0.00 10.5 0.00 0.98 20.4 3.7 102.1 65.0 0.00 4.5

9/23/97 16:6 19230024 0.00 1.3 0.00 0.68 15.8 2.6 139.3 51.8 0.00 3.1

9/23191 16:8 19230025 0.00 1.3 0.00 0.68 16.0 2.6 126.5 SO.8 0.00 3.1

9/23197 16:10 19230026 0.00 1.3 0.00 0.67 16.0 2.5 127.4 SO.6 0.00 3.1

9/23197 16:12 19230021 0.00 1.2 0.00 0.67 15.9 2.5 129.6 50.5 0.00 3.0

9123191 16:14 19230028 0.00 1.1 0.00 0.66 15.9 2.5 143.5 51.3 0.00 3.0

9/23/97 16:11 19230029 0.00 1.1 0.00 0.66 16.1 2.5 153.0 52.2 0.00 3.0

9123/97 16:19 19230030 0.00 1.1 0.00 0.66 15.3 2.5 153.8 52.3 0.00 3.0

9/23/97 . .
16:47 19230042 0.00 6.8 0.00 0.64 15.2 2.4 163.1 51.8 0.00 2.9

9/23/91 16:49 19230043 0.00 6.9 0.00 0.64 14.1 2.4 165.6 52.2 0.00 2.9

9123/91 16:51 19230044 0.00 6.9 0.00 0.64 14.6 2.4- 163.9 52.1 0.00 29

9123/97 16:53 19230045 0.00 6.9 0.00 0.64 14.8 2.4 166.0 52.4 0.00 2.9

9123/97 16:55 19230046 0.00 6.9 000 0.64 14.4 2.4 165.6 52.4 0.00 2.9

Bold lexl indicales lhallhis is spiked dala nol used in average.



TABLE B-2. (continued)

Hydroa 8 chloride HelUlDC Mclbanc Carboo monoxide FomlaIdcbydc

Dale Time PUCDIIIIC ppm Unccnainly ppm UnccnainlY ppm Uncauinly ppm Unccnainly ppm ~ lo<:er1ainly

9123197 16:57 1921OlM7 0.00 6.9 0.00 0.64 14.9 2.4 166.1 52.4 0.00 2.9

9123197 17:32 19230061 0.00 13.1 0.00 1.2 19.7 4.6 0.00 76.0 0.00 5.6

9123197 17:34 19230064 0.00 13.7 0.00 1.3 20.3 4.8 0.00 78.5 0.00 5.8

9123197 17:36 19230065 0.00 14.0 0.00 1.3 20.8 4.9 0.00 79.0 0.00 5.9

9123197 17:38 19230066 0.00 14.3 0.00 1.1 21.2 5.0 0.00 80.1 0.00 6.0

9123197 17:40 19230067 0.00 14.6 0.00 1.4 21.4 5.1 0.00 81.0 0.00 6.2

9I2'JI97 17:43 19230068 0.00 14.3 0.00 1.3 21.2 5.0 0.00 17.4 0.00 6.1

9n3l97 17:45
.

19230069 0.00 12.3 0.00 1.1 19.7 4.3 0.00 61.8 0.00 5.2

9123197 17:47 19230070 0.00 11.1 0.00 1.03 18.4 3.9 0.00 55.5 0.00 4.7

9n3l97 17:49 19230071 0.00 10.3 0.00 0.95 17.1 3.6 0.00 52.4 0.00 4.4

9n3l97 18:50 OUTARI07 0.00 1.4 0.00 0.13 4.6 0.49 0.00 9.7 0.00 0.59

Average·--> 0.00 10.5 0.00 0.97 18.5 3.7 76.8 64.9 0.00 4.4

Bold lexl indicales lhallhis is spiked data nol used in average.
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TABLE B-2. (continued)

Hydrogen chloride Hexane Mclbane ClIIbon moooxide FonnaIdehyde

Dale Time Filename ppm Uncertainly ppm Unccnainly ppm Uoccnainly ppm Uncertainly ppm Unccnainty

9/24197 8:34 OU'I'SI'JII .... 11.1 0.00 1.1 15.1 4.3 '.01 ".5 U 5.1

9/24197 9:8 OU1lJN202 0.00 14.S 0.00 1.3 30.1 S.I 0.00 82.4 0.00 6.1

9/24197 9:41 0I1fSPJI3 'M U .... ... 11.1 2.9 .... 4'.1 13.6 3.5

9/24/97 9:SO ounJN204 0.00 I3.S 0.00 1.3 18.7 4.8 0.00 7S.0 0.00 S.7

9124/97 10:17 19240010 0.00 13.9 0.00 1.3 18.8 4.9 0.00 77.4 0.00 S.9

9/24/97 10:21 19240011 0.00 13.9 0.00 I.l 18.8 4.9 0.00 77.2 0.00 S.9

9/24/97 10:24 19240012 0.00 14.0 0.00 1.3 19.1 4.9 0.00 77.6 0.00 S.9

9/24197 10:26 19240013 0.00 14.1 0.00 1.3 19.1 S.O 0.00 78.1 0.00 6.0

9124197 10:28 19240014 0.00 14.2 0.00 1.3 19.1 S.O 0.00 78.S 0.00 6.0

9/24/97 10:30 19240015 0.00 14.1 0.00 1.3 18.9 4.9 0.00 78.S 0.00 6.0

9/24197 10:32 19240016 0.00 14.3 0.00 1.3 19.4 S.O 0.00 79.3 0.00 6.1

9/24197 10:34 19240017 0.00 14.4 0.00 1.3 19.4 S.I 0.00 79.8 0.00 6.1

9/24/97 10:37 19240018 0.00 14.4 0.00 1.3 19.3 S.O 0.00 79.7 0.00 6.1

9124/97 11:9 19240032 0.00 IS.2 0.00 1.4 20.7 S.3 0.00 83.9 0.00 6.4

9124197 11:11 19240033 0.00 IS.I 0.00 1.4 20.6 S.3 0.00 83.6 0.00 6.4

9124/97 11:13 19240034 0.00 IS.3 0.00 1.4 20.9 S.4 0.00 84.1 0.00 6.S

9124197 II:IS I924003S 0.00 IS.2 0.00 1.4 20.6 S.4 0.00 83.9 0.00 6.S

9124/97 11:17 19240036 0.00 IS.2 0.00 1.4 20.4 S.3 0.00 83.7 0.00 6.4

9124197 11:20 19240037 0.00 IS.I 0.00 1.4 20.3 S.3 0.00 84.0 0.00 6.4

9/24197 11:22 19240038 0.00 1S.4 0.00 1.4 20.S S.4 0.00 8S.4 0.00 6.S

9/24197 11:24 19240039 0.00 1S.7 0.00 I.S 21.0 S.S 0.00 86.S 0.00 6.7

9124197 11:26 19240040 0.00 IS.7 0.00 I.S 21.0 S.S 0.00 86.8 0.00 6.7

9124197 12:IS 19240062 0.00 IS.4 0.00 1.4 21.S S.4 0.00 84.S 0.00 6.S

9/24197 12:11 19240063 0.00 IS.3 0.00 1.4 21.4 S.4 0.00 83.7 0.00 6.S

9/24197 12:19 19240064 0.00 IS.3 0.00 1.4 21.2 S.4 0.00 83.8 0.00 6.5

9124/97 12:21 19240065 0.00 15.1 0.00 1.4 21.0 S.3 000 1127 0.00 6.4

9124/97 12:24 19240066 000 15.0 0.00 1.4 20.8 S.3 000 82.5 0.00 6.4

Bold lexl indicales lhallhis is spiked dala nOI used in average.
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TABLE B-2. (continued)

Hydrogen chloride Hexane Medaanc Carbon monoxide FornWcIchyde

Dale Time File DIIDIl ppm UIlCCI1lIiOly ppm UDCCf1lIioly ppm UoccnaiDIy ppm UDCCI1aiDly ppm UDCCI1aiOly

9/24197 12:26 1~1 0.00 IS.I 0.00 1.4 20.7 5.3 0.00 83.0 0.00 6.4

9124/97 12:28 19240061 0.00 ISA 0.00 1.4 21.1 5.4 0.00 84.0 0.00 6.S

912419' 12:30 19240069 0.00 IS.4 0.00 1.4 21.1 5.4 0.00 83.8 0.00 6.S

9124/97 12:32 19240070 0.00 IS.2 0.00 1.4 21.0 5.3 0.00 83.0 0.00 6.4

9124197 12:34 19240071 0.00 IS.I 0.00 1.4 20.9 5.3 0.00 83.1 0.00 6.4

9124197 13:35 19240101 0.00 18.7 0.00 1.7 24.6 6.6 0.00 104.1 0.00 7.9

9124/9,7 13:37 19240102 0.00 18.4 0.00 1.7 24.2 6.S 0.00 99.0 0.00 7.8

9124197 13:39 19240103 0.00 18.1 0.00 1.7 24.1 6.4 0.00 96.6 0.00 7.7

9124197 13:41 19240104 0.00 17.0 0.00 1.6 22.7 6.0 0.00 91.2 0.00 7.2

9124197 13:43 19240105 0.00 16.5 0.00 1.5 22.4 5.8 0.00' 89.2 0.00 7.0

9124/97 13:45 19240106 0.00 16.6 0.00 1.5 22.3 5.8 0.00 89.4 0.00 7.0

9124197 13:47 19240107 0.00 16.4 0.00 1.5 22.2 5.8 0.00 88.8 0.00 7.0

9n4l97 14:35 OUTSP105 0•• 11.3 o. 1.1 14.t 4.t 0.00 ,... 10.1 4.8

9n4/97 14:49 OUTN2206 1.2 0.7 0.00 0.06 0.66 0.24 0.00 5.7 0.00 0.211

9124/97 15:5 OUTUN207 0.00 14.2 0.00 1.3 19.7 5.0 0.00 77.5 0.00 6.0

Average---> O.oJ 14.9 0.00 1.4 20.5 5.3 0.00 82.1 0.00 6.3

Bold lexl indicales !hat !his is spiked dala nOI used in average.
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TABLE B-2. (continued)

Hydrotl: :0 chloride Hexane Methane Cadlon monoxide FonnaIdehyde

Dale Time A1coamc ppm UnccnainlY ppm UnccnainlY ppm Uncenainay ppm Unccnainty' ppm Uncertainly

'Jf1.5WI 1:1 OlJ'I'SP3Il .... U .... ..57 7.7 1.1 '.M ..... lI.7 1.6

9n5l97 8:8 0U1N230Z 0.88 0.34 0.00 0.03 0.00 0.10 7.0 2.6 0.00 0.1

912SN1 8:S6 I~I 0.00 9.4 0.00 0.87 11.7 3.3 0.00 64.2 0.00 4.0

9nSl97 8:58 1~2 0.00 9.5 0.00 0.89 11.7 3.4 0.00 .65.0 0.00 4.0

9nSl97 9:1 19250003 0.00 9.7 0.00 0.90 11.8 3.4 0.00 65.4 0.00 4.1

9nSl97 9:3 19250004 0.00 9.6 0.00 0.90 11.8 3.4 0.00 M.O 0.00 4.1

9~7 9:S 1925OOOS 0.00 9.6 0.00 0.89 11.7 3.4 0.00 645 0.00 4.1

9nSl97 9:7 19250006 0.00 9.6 0.00 0.89 11.8 3.4 0.00 64.2 0.00 4.1

9nSl97 9:9 1925OOO7 0.00 9.6 0.00 0.89 11.8 3.4 0.00 64.2 0.00 4.1

9nSl97 9:11 19250008 0.00 9.6 0.00 0.89 11.8 3.4 0.00 64.0 0.00 4.1

9nSl97 9:42 19250018 0.00 9.0 0.00 0.84 1l.2 3.2 0.00 60.8 0.00 38

9n5197 9:45 19250019 0.00 9.1 0.00 0.85 11.4 3.2 0.00 61.4 0.00 3.9

9/25197 9:47 19250020 0.00 9.1 0.00 0.85 11.4 3.2 0.00 61.4 0.00 3.9

9/25197 9:49 19250021 0.00 9.1 0.00 0.85 11.3 3.2 0.00 61.1 0.00 3.9

9125/97 9:51 19250022 0.00 9.1 0.00 0.85 11.3 3.2 0.00 61.1 0.00 3.9

9/25197 9:53 19250023 0.00 9.1 0.00 0.84 11.3 3.2 0.00 60.7 0.00 3.8

9125197 9:55 1925OO24 0.00 9.1 0.00 0.84 11.3 3.2 0.00 61.1 0.00 3.8

9n5l97 9:57 19250025 0.00 9.1 0.00 0.85 11.2 3.2 0.00 61.S 0.00 3.9

9125197 10:0 1925OO26 0.00 9.2 0.00 0.86 11.4 3.2 0.00 62.2 0.00 3.9

9n5l97 10:32 19250041 0.00 9.4 0.00 0.87 II.S 3.3 0.00 61.9 0.00 4.0

9125197 10:34 19250042 0.00 9.4 0.00 0.87 11.6 3.3 0.00 62.2 0.00 4.0

9125197 10:36 19250043 0.00 9.4 0.00 0.88 11.6 3.3 0.00 62.5 0.00 4.0

9/25197 10:38 19250044 0.00 9.4 0.00 0.88 11.8 3.3 0.00 62.2 0.00 4.0

9n5l97 10:41 19250045 0.00 9.4 0.00 0.88 11.7 3.3 0.00 62.0 0.00 4.0

9n5l97 10:43 19250046 0.00 9.4 0.00 0.87 11.6 3.3 0.00 61.4 0.00 4.0

9125197 10:45 19250047 0.00 9.2 0.00 0.86 11.5 3.2 0.00 60.6 0.00 3.9

9/25197 10:47 19250048 0.00 9.2 0.00 085 II.S 3.2 000 60.4 0.00 3.9

Bold lexl indicales that this is spiked data not used in average.



ttl
I-t"J

TABLE B-2. (continued)

Hycirot :a chloride Hexane Mcdaane Carbon moooxide FonnaIdchyde

DaIc Time FiIcDUlC ppm Uncatainly ppm Unccnainly ppm Uncatainly ppm UDCCI1ainly ppm UllCCI1ainly

912S197 10:49 192D)49 0.00 9.1 0.00 0.8S 11.4 3.2 0.00 60.2 0.00 3.9

912S197 II:~ 19250064 0.00 9.0 0.00 0.84 11.4 3.2 0.00 63.2 0.00 3.8

9I2SI97 II:S2 1925006S 0.00 9.1 0.00 0.8S 11.8 3.2 0.00 63.2 0.00 3.9

912S197 11:54 192'0066 0.00 9.2 0.00 0.8S 11.7 3.2 0.00 62.9 0.00 3.9

912S197 11:56 19250067 0.00 9.2 0.00 0.86 11.6 3.2 0.00 63.1 0.00 3.9

912S197 II:S9 1925OO61 0.00 9.2 0.00 0.86 11.6 3.2 0.00 62.9 0.00 3.9

912~ 12:1 19250069 0.00 9.2 0.00 0.86 11.8 3.2 0.00 62.6 0.00 3.9

912S197 12:3 19250070 0.00 9.2 0.00 0.86 11.7 3.2 0.00 62.7 0.00 3.9

9I2SI97 12:S 19250071 0.00 9.2 0.00 0.8S II.S 3.2 0.00 62.6 0.00 3.9

9I2SI97 12:33 19250084 0.00 9.2 0.00 0.86 11.7 3.2 0.00 63.1 0.00 3.9

912S197 12:3S 192S008S 0.00 9.3 0.00 0.86 11.8 3.3 0.00 63.S 0.00 3.9

912S197 12:37 19250086 0.00 9.4 0.00 0.87 11.8 3.3 0.00 63.8 0.00 4.0

912S197 12:40 192S0087 0.00 9.4 0.00 0.87 11.7 3.3 0.00 63.8 0.00 4.0

912S197 12:42 192SOO88 0.00 9.4 0.00 0.87 11.7 3.3 0.00 63.9 0.00 4.0

9125197 12:44 19250089 0.00 9.4 0.00 0.87 11.6 3.3 0.00 63.9 0.00 4.0

9125197 12:46 19250090 0.00 9.4 0.00 0.87 IU 3.3 0.00 63.7 0.00 4.0

9/25197 12:48 19250091 0.00 9.4 0.00 0.87 11.9 3.3 0.00 63.0 0.00 4.0

9/2S197 12:50 192S0092 0.00 9.4 0.00 0.87 12.1 3.3 0.00 62.7 0.00 4.0

912S197 13:16 19~104 0.00 9.7 0.00 0.90 12.0 3.4 0.00 65.5 0.00 4.1

912S197 13:18 192~IOS 0.00 9.8 0.00 0.91 12.0 3.4 0.00 66.0 0.00 4.2

912S197 13:20 19250106 0.00 9.9 0.00 0.92 12.2 3.5 0.00 66.2 0.00 4.2

9125197 13:23 19250107 0.00 9.9 0.00 0.92 12.1 3.5 0.00 66.3 0.00 4.2

9/2S197 . 13:25 19250108 0.00 9.9 0.00 0.92 12.0 J.S 0.00 66.4 0.00 4.2

912SJ97 13:27 19250109 0.00 9.9 0.00 0.92 12.0 3.5 0.00 66.2 0.00 4.2

9/2S197 13:29 19250110 0.00 9.8 0.00 0.92 11.9 3,S 0.00 66.4 0.00 4.2

9/25197 13:46 OUTDlJ03 0.00 5.3 0.00 0.49 6.2 1.9 0.00 34.7 0.00 2.2

9/25197 13:54 OUTDIJ04 0.00 5.2 0.00 0.49 6.1 1.8 0.00 36.3 0.00 2.2

Bold text indicales that Ihis is spiked dala not used in average.



TABLE B-2. (continued)

Hydrog a chloride Hexane McIhane elUtIon monoxide FonnaIdchyde

Dale Time Pile IWIIC ppm UncenaiDly ppm Uncertainly ppm Uncertainly ppm Uncenainly ppm Uncertainly

911!191 14:41 0UI'SP3IS •• I .• .... '.'4 1• .3 1.1 0.00 61.1 1J.3 3.4

9/25197 14:S4 0UTN2306 0.40 0.11 0.00 0.02 0.00 0.06 7.2 2.0 0.00 0.1

9125197 15:14 19~112 0.00 9.7 0.00 0.90 12.4 3.4 '0.00 75.3 0.00 4.1

9125197 U:16 19~113 0.00 9.6 0.00 0.90 12.1 3.4 0.00 68.1 0.00 4.1

9125197 U:18 1~1l4 0.00 9.6 0.00 0.89 12.0 3.4 0.00 66.6 0.00 4.1

9125197 U:20 19~11S 0.00 9.5 0.00 0.88 11.9 3.3 0.00 65.7 0.00 4.0

9125197 15:22 19250116 0.00 9.5 0.00 0.88 12.1 3.3 0.00 6S.2 0.00 4.0

912si97 15:24 I92S0117 0.00 9.5 0.00 0.88 12.3 3.3 0.00 65.0 0.00 4.0

9125197 15:27 I92S011 8 0.00 9.4 0.00 0.87 12.1 3.3 0.00 64.5 0.00 4.0

9125197 16:5 19250136 0.00 8.3 0.00 0.17 11.3 2.9 0.00 59.5 0.00 3.5

9125197 16:8 19250137 0.00 8.4 0.00 0.78 11.4 2.9 0.00 60.1 0.00 3.6

9/25197 16:10 19250138 0.00 8.5 0.00 0.79 11.6 3.0 0.00 60.5 0.00 3.6

9125197 16:12 I92S0139 0.00 8.7 0.00 0.81 11.5 3.0 0.00 61.6 0.00 3.7

9125197 16:14 19250140 0.00 8.7 0.00 0.81 11.7 3.1 0.00 61.6 0.00 3.7

9125197 16:16 19250141 0.00 8.8 0.00 0.81 11.6 3.1 0.00 61.6 0.00 3.7

9125/97 16:44 19250154 0.00 9.3 0.00 0.87 12.0 3.3 0.00 65.9 0.00 4.0

9125197 16:47 19250155 0.00 9.3 0.00 0.86 11.9 3.3 0.00 65.8 0.00 3.9

9125197 16:49 1925OIS6 0.00 9.2 0.00 0.86 12.1 3.2 0.00 65.6 0.00 3.9

9125/97 16:51 19250157 0.00 9.2 0.00 0.85 11.8 3.2 0.00 6S.7 0.00 3.9

9125197 16:53 I92S01 58 0.00 9.2 0.00 0.85 11.8 3.2 0.00 65.3 0.00 3.9

A VCrallC ---> 0.02 8.9 000 0.83 11.2 3.1 0.20 61.1 0.00 3.8

Bold lexI indicates that this is spiked data not used in average.



B-2 FIlR FIELD DATA RECORDS



PROjECT NO.

PLANT:

17U......

GM Po.wk_

FTIR FIELD DATA FORM
{FTIR SMnpII"II Datil}

DATE:

BAIlOME11UC: 712 mm "'

OPERATOR: LMII

SANPLE PILE NuaDEa au CELL SnltEIlI SAIIIPLE SAIIIPLE
TINE HAllIE PATH SCAHS (...1) TEIIIP(I') UHSPIIlED COHO. now C£LLra£S. IIW

IU5 INLSPIOI IaIcl air wlSllitea. 250 2 275 SP 4.01Plll 756 0923.
I.O_~196_
1.0'" 51361_ MIl f-.ldchvdc lit lOOC,.
Row -Ceu -1.0 ..... v_ .2.0"

12:04 POURIOI BAG II - pcuriaaliDc 250 2 275 SIalic 745 0923a
_DIed 10:00_10 11:12_

12:11 BK00923b 8el:blOUlld. H2 500 2 275 dyn_ic 51P11l 755
12:21 POURI02 BAG , I - pouI"iDl liDe 250 2 275 5Ialic 0923b
12:33 SHK3_101 BAG 12 - Slaakcw,-3 250 2 275 5IMic 349· 0923b

• Sucked 0111 baa widlllWllP before realized value was iDeOlToc'
Slack '3. shakeOUl liDe 14

12:58 INLSPlO2 1a1cl - Ia stacl wi SPike I.as 250 2 274 SP d_ic 4.01Plll 760 0923b
1.011l1l1lo1ucDC 196_
1.0lpm SF6 4 PPIIl and fcrmaldehydc @ lOOC
flow --Cell = 4.0 1Pm. velll = 2.0 IPIIl

13:07 INI.N2103 N2 noodina spike liDe 250 2 274 N2 dynamic 4.01Plll 760 0923b
13:21 OUTSPIOI Oulld - io slack. spike SF6, 4 ppm@ 1.00pm 250 2 275 SP dvn-ic 4.0'" 158 0923b

BAD SPIKE wlf<lllDaIdchydc@ 100 C.loIueac ,196_.
@ 1.0 Ipm, flow - cell =4.0 .... vall ,. 2.0 Ipm

OlITN2102 N2 floodinl. spike liBe 250 2 215 N2 d_ic 4.01Plll 158 0923b
BAD SPIKE •• <lic1D', wort ••

13:50 OUTSPI03 SF6a1.0IPlD iD oudca 250
BAD SPIKE •• SPIKE INCORRECT ••

14:00 BKG0923c BlICk.ouad HZ ODlv 500 2 215 N2 dynamic
14:14 INLUNI04 Ialcl 250 2 275 UN dynamic 5.01Plll 751 0923c
14:19 INLUNIOS Ialcl 2SO 2 215 UN dyoamic 5.01pm 751 0923c
14:27 OUTSPI04 Dudel - spike SF6. IOlueoc ..d foonaldchdye 250 2 275 SP dyn_ic 4.01Plll 758 092Jc

SF6 = 2.0 1pm wlfoonaldchydc @ 100 C aod IOlucoe@ 1.0 '-
14:35 OUTSPI05 same as above

Manual SUlplioR Slarlcd III 14:12



PROJECT NO.

PLANT:

4701....01

GM Powcrtr.jp

FTIR FIELD DATA FORM
(FnR SMrpIInIJ 1M")

DATE:

BAROMETRI~: 74' mm Ug

OPERATOR: LMll

SAMPLE . FILE NUMUI IES CELL SPII'EDI SAMPLE SAMPLE
11ME NAME PATH SCANS (t.-I) TEMP(F) UNSPIK.ED CONDo FLOW CELL PIlES. UG

14:43 OUTSPI06 Olm..ET -- NO SPlKEIII 250 2 215 UN dynamic 5.01pm 758 0923c
14:49 INLUNI06 INLET 250 2 215
14:50 Prooeu Wall cIo_ - iDIel flow dIoIlIlOd

Blowenoff
15:29 INlUNI01 INLET 250 2 215 UN dynamic 5.01pm 151 0923c
15:45 BKG0923d BKkalOUDd. N2 500 2 215 dynamic 5.01pm 758
15:52 SHK4 lOt BAG '3 -- SluIlteour 4 250 2 215 llaIiC 748 0923d
15:S6 '>IIK4 102 BAG '3 -- SluIlteour 4 250 2 215 lillie 748 0923d
16:OS INlUNI08 INLET 250 2 215 UN dvnami~ 5.01pm 755 0923d

Prooeu sofIw~

16:12 1923001 0uI1et 250 2 217 UN dynamic 5.01pm 755 0923d
16:38 1023011 Slop

1923012 and 1923013 pUlltc and fill cell
16:40 Procell down
16:41 1923014 INLET 250 2 215 UN dynamic 5.01pm 151 0923d
16:58 1923021 Slop

1923022 and 1923023 pUrge and fill cell
11:02 1923024 OuIlel
17:11 1923030 Slop

Procesl softw~
11:21 1923033 INLET 250 2 215 UN dynamic 5.01pm 158 0923d
11:39 1923039 ISiop

40 and 41 pUlJtC and fill cell
11:43 1923042 OuIlel 250 2 215 UN dynamic 5.01pm 759 0923d
11:51 Found Probe and Probe boll unphau.ed

Probe@ l25C, BOll@ 188C
oolv cffecll Ibis oudc:t RIll

1923041- SlOP
18:05 1923052 INLET 250 2 .. 215 UN dynamic 5.01pm 759 0923d



PROJECfNO. 470'·11."

FTIR FIELD DATA FORM
(FTIR sampling 0._) IAROMI!."'TRJC: 142 mm HS

PLANT: GM ro"Crlr.jg DATE: OPERATOR: J.M1l

SAMPLE FILE NUMBER RES CELL SPIUDI SAMPLE SA.....E
11ME NAME PATH SCANS (--I) TEMP(F) UNSPIkED CONDo FLOW CELL PRES. BIW

'1:20 Promu RlIIIIIeII
11:24 1923060 ISwo

611Dd 62 .....0 IDd fill cell
11:29 1923063 Cullec 250 2 275 UN dYnamic 5.01II1II 759 0923d
11:45 PRMzu Wall down
11:41 1923071 SIOO 250 2 275 UN Ivnamic 5.0 10m 759 0923d
19:01 N20923c N20nly 250 2 275 UN ~namic 5.01II1II 759 0923d
19:10 MIX0923b Tolucoe flow of( SF6 4PPD.@ 2.01II1II 250 2 275 UN Ivnamic 3.0 10m 755 0923d

wJfonnaldehYcie @ lOoe
19:20 CTS0923c Ethylcae 20 PPIIl 250 2 275 SllIlic 754 0923d
19:24 BKG0923e N2 only 250 2 275 lillie 754
19:33 INAIRI09 Air from roof - Inlcl 250 2 276 5.0 10m 757 0923e
19:46 OUTARI07 Air from roof - Oudel 250 2 276 5.0 10m 757 0923e



PROJECfNO. 47.1.01·M
FTIR FIELD DATA FORM

(FnR s.ntpllnfil 0...) BAROMETRIC: 752 mm Ug

PLANT: GM Powertr.jn DATE: OPERATOR: LMIl

SAMPLE m.E NUMU. .IS CELL S.II(EDI SAMPLE SAMPLE
TIME NAME PATH SCANS (_-I) TEMP (F) UNSPIIlEO CONDo FLOW CELL PaIS. 81W

7:46 N20924a 20m N2 only direct 10 eel 2SO 2 27S dynamic S.Olpm 7S8 0923e
8:29 OUTSP201 0udeI - Spike 2SO 2 27S SP dynamic 4.01pm 7S8 0924a

SP6, 4tJIJm@ 2.0 !pm wJfonnalclrhyde @ IOOC
Toluene valve off
Cell Row =4.0 Ipm, vent Row - 2.0 Ipn

8:41 ·INlSP201 Inlet - Spike _ ClOOCIiIioaa u above 2S0 2 27S SP dYnamic 4.01pm 7S9 0924.
8:SI MaN.llIIIIDIinalllded
9:06 OUTIJN202 OutIea 2S0 2 27S UN dYnamic 3.01pm 760 0924.
9:01 ~udown

9:16 BKG0924b ~ground SOO 2 27S UN dYnamic S.Olpm 760
9:30 INlSP202 InIetIilike wAokJeac 2SO 2 276 SP dynamic 4.01pm 7S8 0924b

SF6 4 ppm@ 2.0 Ipn wlfonnalddlyde @ IOOC
and loluene 196 ppm@ 1.0lpn
Cell flow - 4.0 Jpm. velll flow - 2.0 Ipm

9:3S Manual reslllt
9:39 OUTSP203 Outlet spike - JUIIC as above 2S0 2 27S UN dynamic 3.01pm 7S9 0924.

Shill off spike al S.O Ipm, SF6 wu gORe in <3 min.
9:48 OUTUN204 OUIlea 2S0 2 276 UN dynamic S.Olpm 7S6 0924b

Procell software
9:SS 19240001 Inlea 2S0 2 276 UN dYnamic S.OJpm 7S9 0924b
10:11 19240007 SloP

0008 and 0009 ourae and fill cell
10:17 19240010 Outlea 2S0 2 276 UN dynamic S.Olpm 0924b
10:36 19240018 StOP

0019 and 0020 &: 0021 pune and fill cell

10:43 19240022 Inlet 2S0 0924b
IO:S8 19240028 SlOP

29.30 &:31 pune Uld fill cell
II:OS 19240032 Outlea 2S0

1I:18-1I:4S Manual PO" dwlge -- Melhod 23
11:26 19240040 SloP



PROJECT NO.

PLANT:

470HI."

GM PQWcrJ[ajp

FTIR FIELD DATA FORM
(FOR SMnpIInfI DtJ..)

DATE:

BAROMETRIC: 752 mm Ull

OPERATOR: LMIl

SAMPLE nLE NUM.ER RES CELL SPIIlEDI SAMPLE SAMPLE

TIME NAME PAm SCANS (_.1) TEMP(F) UNSPD(ED CONDo FLOW CELLPaES. all:G

11:31 BKG0924c Bac::kllround 500
Kalan IIIOOCI' aoftWaR

11:49 19240001 ..... (RIIIIDe &0 OOSI) 250 2 275 UN dvllllnic 5.01pm 758 0924c
12:09 19240009 SlOP(_10 OOS9)
12:13 19240012 Outlcl (_10 (062) 250 2 276 UN dvllllnic 5.01pm 756 0924c
12:35 19240021 SlOP _100071
12:41 19240024 Inlcl _100074 250 2 275 UN dvllllnic 5.01pm 758 0924<:
13:04 19240034 SlOP _100084
13:15 N20924b N2 direalO ccU. ooIy 250 2 275 dynunic 5.01pm 758

NO BAG 14 TESTED
13:20 SHK3201 Shakcout '3 - BAG '5 250 2 276 UN ....ic 745 092..c
13:23 SHK3202 ShakcOOl '3 - BAG '5 250 2 276 UN ....ic 745 0924<:
13:27 SHK5 101 ShakcOOl '5 . BAG 16 250 2 276 UN ....ic 745 0924c
13:33 19240001 Outld (rename to olOn 250 2 276 UN dynunic 5.01pm 756 0924c-
13:49 19240007 SlOP I rcnamc to 0107
13:52 19240010 Inld rMUllC 10 0110 250 2 276 UN dvnunic 5.01pm 756 0924c
14:09 19240017 SlOP' renamc 100117
14:21 INSP203 Inld .pike 250 2 276 SP dvnunic 4.01pm 758 0924c

SF6@ 2.0 Ipm wlfonnalddlydc @ IIOC
IOkaeoc 6il1.0 Inn
CcO flow - 4.0 Ipm, VCIIl - 2.0 Ipm

14:33 OUTSP205 Outlel - Spikc 250 2 275 SP Ivnunic 4.01Plll 758 0924c
14:46 OUTN2206 Nitro!!eII in Itack line - Outld 250 2 275 N2 lynunic ,..Olpm 758 0924c
14:56 INLN2204 Nitro!!eII in .tack - inld 250 2 275 N2 Ivnunic 4.01pm 758 0924c
15:03 OUTUN207 Outld 250 2 275 UN ynunic 5.01pm 755 0924<:
IH6 N20924<: N2 direcl to ceO 250 2 275 N2 lynunic 5.01Plll 755 0924c
15:23 BKG0924d Bacbround 500 2 275 ynunic 5.01pm 755 0924c
15:30 COOLS101 BAG '7 . Coolin!! stack 250 2 276 ....ic 745 0924d
15:35 COOLSI02 BAG '7 . Coolin!! Itack 250 2 276 •..aic 746 0924d



PROJECT NO.

PLANT:

4791.01·M

GM PowsrtrMjp

FTIR FIELD DATA Ji'ORM
(FTIR s.mpIIng Da..)

DATE:

BAROMETRIC: 735 mm He

OPERATOR: LMIl

SAMPLE
TIME

fILE
NAME PATH

NU..IU RES CELL SP.ltEDI SAMPLE
SCANS (_·1) TEM' (I") UNSPlltED CONDo

SAMPLE
FLOW CELL PIlES. .ltG

7:59

8:06
8:13
8:23

8:31
8:34

8:54
9:12
9:16
9:31

OlITSPlOI

OUTN2302
INLSP301
INLSP302

INLN2303

19250001
19250008
19250011
19250017

SP6 4 JlIIID@ 2.0 !pm wlfonnaldehyde @ 110 C
.....101_ 196111111l(i 1.0 11m
cell flow =4.0 .... vClll flow =2.0 11m
0udeI- ia lioe

cell flow = S.O km. vCIll flow - 4.0 !pm

Inlet - Niarol.co oolv ia IlIIIlPlc line
Manual RIllS IlaIkIlI

OuIlet
StOP

Slop

250

250
250
250

250

250

250

2

2
2
2

2

2

2

275

275
275
275

275

276

276

SP

N2
SP
SP

N2

UN

UN

~lUlIIIic

dvlUllllic

dvlUllllic

dvlUllllic

4.01pm
4.01Dlll
5.0lpm

4.01pm

5.0 IIIIIl

742

742
742
742

743

743

0925.

0925.
0925.
0925.

0925b

0925b

9:40 Moved inIcl pons
9:41 19250018 OuIlet-Col\liQuous sofawalCrcsW1ed
10:00 19250026 iSIOO
10:011 19250030 Inlet
10:26 19250038 Slop
10:30 19250041 ~Iet

250

250

250

2

2

2

276

276

276

UN

UN

UN

dylUllllic

dylUllllic

dvlUllllic

5.01pm

5.01pm

743

742

745

0925b

0925b

0925b
10:49 19250049 SIOO

I---;';~-~~~:+----E::~--:-,,:--~--:-:--;---_ .._' .. --t--;:-;:~+---::,-+-""'::'::--+-~-f--.......,-I-----+---::,::-;----II-;;=----i
11:01 N2BAGlOI N2 only in bag. Nilrogco blaol 250 2 276 N2 sialic 736 0925c
1l:07 COOLRIOI 0.1.119· Cooling SlaCk "R" 250 2 275 sialic 733 0925c
1l:l1 COOlRI02 0... 119· Coolinl.slaCk "ROO 250 2 275 Sialic 733 0925c
II: 17 19250050 Inlet 250 2 276 UN dylUllllic 5.0 bxn 747 092Sc
11 :25 Process down
II :32 Process UP and IlUlIling

11:44 19250061 StoP



PROJECT NO. 47'1·1'·"

FTIR FIELD DATA FORM
(FTIR SMJpIIne 0...) BAROMETRIC: 14' mm He

PLANT: GM PoyrsrlrtiD DATE: OPERATOR: LMII

SAMPLE

11ME
nu:

NAME PATH
NUM••

SCANS

.ES CELL SPiKEDI SAMPLE

(_-I) TEMP (F) UNS'IJ(ED CONDo
SAMPLE
now CI!:LLPRES. &KG

11:48
12:05
12:10
12:26
12:31
12:50
12:55
13:10
13:14
13:29
13:44

I3:S0
I3:S8
14:00
14:07
14:11
14:11

14:20
14:30

14:37
14:46
14:53

19250064
19250071
19250074
19250081
19250084
19250092
19250095
19250101
19250104
19250110
Ouldi303

oUldi304
N20925e
Bb0925d

COOlMIOI
COOUdlO2
BACKIOI

BACKI02
INLSP304

INLN2305
OUTSP305
OUTN2306

Inlet
SlOp
OuIlet
SlOP

ISloP
OuIlet
StOP
DiIUled OUIIet - oudcl._PIe
diluted with N2 II manifold
1_llIe =2.5 IDm
N2 = 2.5 Ipm
Diluted oUllet - ._e .. above
N210 edl

BAG 1110 - coolin~ main Slack
BAG 1110- cooling main IIad.
BAG .8 - Background bag

IIlIIPIed inlide fllCililY 011 III floor
near the coolW main .Iad.
Same al above
Inlet lpike SF6 4 IlPI\ @ 1.0 Ipm wlfonnalddlVde

cell flow - 5.0 IPIIl. VCnI - 2.0 IDm
Inlet zero - N2 onIv in IUllDIc line
Outlet lpike (Iamc al above)
OuIlet - zero - N2 in samPle line

250

250

250

250

250

250

500
250
250
250

250
250

250
250
250

2

2

2

2

2

2

2
2
2

2
2

2
2
2

276

276

275

275

275

275

275
275
275

275
276

276
276
276

UN dyllllllie

UN dyllllllic

UN dyllllllie

UN dyllllllie

UN dvIIIIIlie

diluled @ dyllllllie
manifold

lillie
lillie
lillie

lillie
SP dyllllllie

N2 ~lIIIIlie

SP ¥namie
N2 yllllllie

5.01pm

5.01pm

5.01pm

5.01pm

5.01Dm

5.01pm

S.Olpm

5.01pm
5.01pm
5.01pm

747

747

746

744

745

74S

738
738
733

733
746

74S
745
74S

0925e

0925e

0925e

0925e

0925c

092Se

092Sd
092Sd
092Sd

092Sd
092Sd

092Sd
092Sd
092Sd



I

PROJECT NO. 4711·..·M
FTIR .-lELD DATA FORM

(FTIR SMnpllng 0...) BAROMETIUC: 749 mm UII

PLANT: GM Powerlrlm DATE: OPERATOR: LMIl

SAM""E fILE NUIUEa alS CELL SPIKEDI SAM""E SAMI'LE

TIME NAME PATH SCANS (--I) TEMP(F) UNSPlitED CONDo FLOW CELL PRES. .KG

15:11 19250112 OuIlct 250 2 275 UN dyllllllic 5.01pm 745 0925d
15:27 19250118 SIoo
15:33 19250122 Intel 2S0 2 27S UN dynamic S.Olpm 745 0925d
15:35 PIoceudo_
15:43 r.-IIIP

15:55
. PI-. do_

19250132 Stop

16:01 r.-IIIP

16:03 19250136 0uIle& 250 2 275 UN dynamic 5.01Dlll 747 092511
16:16 19250141 SlOp

16:21 19250144 Inld 250 2 275 UN dynamic 5.01pm 0925d
16:37 19250150 SlOP

16:46 19250154 Quaid 2S0 2 276 UN dYnamic 5.01Dlll 746 0925d

16:54 I9250lS8 SloP

16:56 19250160 Inld 250 2 276 UN dYnamic 5.01Dlll 744 0925d

16:58 SloP

17:08 N20925d N2 direcllo ceU 250 2 275 dYnamic 5.01pm 747 0925d



PROJECT NO. 4701-91...
FTIR FIELD DATA FORM

(Badcllround and CIIIlbrafion .".en.) BAROMETRIC; M9mmUc

PLANT: GM Powsrtrala DATE: OPERATOR: T.Guer

SAMPLE FILE NUMaER RES CEU.

TIME NAME PAm SCANS (••1) TEMP(F) PRESSURE 81W APOD NOTES

9:00 N20923a N20nly 250 2 275 760 09228 2ain =4
9:21 Cell leak check T=O 2.3 lorr, T=ll7s 3.3101T
9:28 BKG0923a Bacbrouod N2 onlY 500 2 275 756 flowinK - 51pm
9:37 CfS0923a Elhylenc, 20 ppm in nilro2en 250 2 275 752 0923a sialic
9:43 CfS0923b Elhylenc 20 ppm in nilrolten 250 2 275 752 0923a sialic
9:50 SF60923a SF6 diRct 10 cell - 4.01 ppm 250 2 275 752 0923a sialic
9:57 TOL0923a Toluene OOCCIIO cell 196_9 ppm in air 250 2 275 752 0923a sialic
10:10 FOR0923a Formaldehyde perm lube 250 2 275 752 0923a sialic

1000 Ipm of N2 @ 100 C 94 087 nano Umin
direct 10 cell

10:38 FOR0923b Formaldehvde - same as above 250 2 275 752 0923a c.lynamic - I 1"01
10:47 AIR0923a Inlel - Air only 250 2 275 752 0923a c.lynamic - 5 Ipm
11:07 AIR0923b Oullel - air only 250 2 275 152 0923a dynamic - 5 Ipm

11:42 MIX0923b Toluene 196.9 oom @ I Ipm 250 2 275 752 0923a dynamic - 5 IDOl
Kinaek = SF6 - 4oom@ 1.0 Ipm and form @ IOOC
direct 10 cell



PLANT: GM Powcrlr'iD

PROJECT NO. 4701..-11
FTIR FIELD DATA FORM

(S.cJcground and cMlbrlltlon .pIICtta)

DATE: tLm1

BAROMETRIC:

OPERATOR:

151m. UK

T.Gever

SAMPLE FILE NUMBER RES CELL
TIME NAME PAnt SCANS (e.-l) TEMP (F) PRESSURE BKG APOD NOTES

7:50 BKG0924a Background, N2 only 500 2 275 758 51pm flow
8:14 CTS0924a 20 ppm Ethvlene in nitro2en 250 2 275 757 0924a
8:57 MIX0924a SF6, 4 ppm @ 2.01pm wilh formaldehyde @ 100 C 250 2 275 757 0924a

94.000 nanollmin and 101uene 196 ppm @ 1.0 Ipm
9:00 Lea check cell T:::O 3.7. T=60sec 4.3

0.6 mm Haf60 sec
9:16 BKG0924b N2. Background 500 2 275 760
1l:31 BKG0924c N2. Background 500 2 275 758
15:23 BKG0924d N2, Bachround 500 2 275 • 755
15:47 CTS0924b 20 ppm Ethylene 250 2 275 0924d



PLANT: GM Powertraip

PROJECT NO. 4Dl-OJ-OJ

FTIR FIELD DATA FORM
(s.cJcllround and c.liIK.lJon .".ch.)

DATE: 'JJJjJH

BAROMETRIC:

OPERATOR:

73S mm Hc

T.Genr

SAMPLE nLE NUMJER RES CELL
TIME NAME PATH SCANS (e_1) TEMP(F) PRESSURE BKG APOD NOTES

7:29 N20925a N2 only direclloceU 250 2 275 742 0924a
7:32 BKG0925a BactaroWld 500 275 51pm
7:42 CTS0925a Elhylene 2 !ppm in Niuugen 250 2 275 742 0925a
7:47 CTS0925b Ethylene 2 !ppm in Nitrogen 250 2 275 742 0925a
8:39 MIX0925a SF64ppm W2.0 Ipm with fonnaldehvde @ 110 C 250 2 276 739 0925a 3.01pm

202,000 nanoLlmin) and loluene 196 ppm@ 1.0 Ipm
direct 10 cell

8:43 N20925b N2 only. direcl to cell 250 2 276 747 0925a 5.01pm

8:48 BKG0925lJ Baclo!round. N2 only 500 2 276
10:54 BKG0925c Bacbround. N2 only 500 276 746
13:58 N20925c N2 only. direcl to cell 250 2 276 745 0925c 5.01pm

14:00 BKG0925d Bacbround. N2 only 500 2 276 745
15:04 MIX0925b SF6 4ppm @ 1.0 Ipm wI fonnaldehvde @ lOOC 250 2 276 741 0925d

94.000 nanoL/min) and loluene 196 ppm @ 1.0 Ipm
direct 10 cell

17:12 BKG0925e Bacbround. N2 only 500
17:20 CTS0925c Elhylene, 20 ppm 0925e



~~f\ ~ \

PROJECT NO. sY,t.·L\. LL)

PLANT: 6~ ....In.. L.s-'~f\t:.-\N, \""t
OPERATOR: ~..I.:t!\:.:.lI~L- _

FTiR FIELD DATA FORM

Sampling Data

DATE:~
BAROMETRlC:_~_---"'-<--_-7I-_
LEAK CHECK-START: _
LEAK CHECK-END: _

SAMPLE fiLE NUMBER RES CELL SPIKEDt SAMPLE SAMPLE CELL

TIME NAME PATII LOCATION I NOTES SCANS (c.-I) TEMP(F) UNSPIKED CONDo FLOW PRESS. BKG

" "S' S INL~(»'()\ INL~ t - AIR- IIvl I!)P,ot ('\'~ .2S(; .J .J.)5 Sf l'l.OJnvn 75'~· ()ll3l\
/. d Iptv\.~ "'i'" ,I. . ,

r."d~

'.(JO~.~ 1(. (//M k ':... d ';·",..IJ'i! ]l!C' (, <:
1I.v4 ';:) (;11 ! (/.0 ~p~""

"",1 :tJ·O .f},~,
, 'l',(\'-\ PO\)l\'o , gAG" ,. p() ,,1l.1I~~ LIAle ..l50 J ~")s - ~-hli~ - 7 '1C. 01 X$c\

5",f"o"@\t ~ IC"l;,\:,.~ h tr1AI'...t.
l).:t4 ~'l...('\).3" fl.,>.1 ,,~ •~,V\..~ '\I,., 50\} .1 .J.?5 - ih.,I'\l\"';( 5J()..... }$"S -.. J v

\).,'.~\ PC,J{l.IC.l.. £f1{) 11 I - Pc.""",";, LInt )..1){. \' \\ , Skl;( - (J'i.Hb...
~/

,~i ~~ Is"~~- P\ RA{) It J. - 5h\b 0" t -:3 ~So .,
" "

,. "1ft 1t/7 % "
~- ~\I( \:..,~ o,,~ go. 'oJ; t"'- fl.. 1\I\n ". J.,fl. f ffkJlVIr oJ 11"1,, ~ vv..S ,'K(.I ,<.4 ~ )

'J\lol..~ It 3 S\-.lA.~." ~\' l\nt "4 , • I i. -
,'t~S~ IIIILSP 10), 11\Il,..f. r· I .... ';fAt.~ 11"\ 4~lh (.u J.50 l J. 1L1 s'r uww""'-' 'If. O.(~ 7/. 1/

\.c.Q-, ........ tt\'\)\W'~ \;~J(I'-
II ,

l·1l Q..~P' sl. ll,).')..... lI.,,'O L." VI k)o"(

f\t .... \ •::::> (:I\ : ~1.1I ')~ 4~~ C)lJd ~ ... ""'.f/"'I~
\i..A\ : cl, uQ~,'-o

B:(,') ,lilt AJJ. It j IV) It,j ,,< f;,,'h lilt' .. 1\ .\ ~l,\ "
,. ?f~J II

~
0<

MIOWEST RESEARClIlNSTlllJrE My DocumcnWHIRFORMlFieldalal.XLS 09-1~-97
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PROJECT NO. 3~~\. J S
PLANT: Gf4\(JQ~~R. S,~,l""" M'
OPERATOR: ~~\\:.--- _

FnR FIELD DATA FORM

Sampling Data

DATE:~

('1'/1 ;1vt'II)

BAROMETRIC: ~~:~f-' _
LEAK CHECK-START:, _
LEAK CHECK-END: _

, •• I
In. ...,\ - C:.. l\:. q.tl.tl'-"

BKG

I
Sf

NUMBER RES CELL SPIKEDI SAMPLE SAMPLE CELL

SCANS (c.-I) TEMP (f) UNSPIKED CONDo FWW PRESS.LOCATION I NOTES
SAMPLE FILE

TIME NAME PATII

I \#~)..\ O"'Sf\~'

., ~"'\ ..,n' :'lU'
-T

I

'" ...' \ ,.\l~'
. .. 1\ \ ,

'\.

tl.\'.\)J

,
" \ ...

" 0

,...... '.\

UN
.. V., "

'?S) o~J)(

.'

" ,
•

75k 1\

• r I / • Y. .\- ..~

\'

MU4\ lI·j 5o-..w"O\~~
MIDWEST RESEARCH INSTlTUh J My DocumcnWFTlP ~·f)RM/Ficldal&l.XLS



PROJECT NO. .~~.\ .. 2.s
-'-';"-=~--~~

PLANT: (,.'t\.~b~=a... '>(>..~"_I"\t
OPERATOR:J.;a.:~~~l-- _

FTIR FIELD DATA FORM

Sampling Data

DATE:~

BAROMETRlC:~
LEAK CHECK-START:, _
LEAK CHECK-END: _

SAMPLE FILE NUMBER RES CELL . SPIKEDf SAMPLE SAMPLE CELL

TIME NAME PATH LOCATION' NOTES SCANS (ea-I) TEMP(F) UNSPIKED COND. FWW PRESS. BKG

lq'·"t"\ IG..t~\l:)\a Q..st"t...€T - • NO c;'l~tl_ -,
~SO ~ .;ns ON tl.AN.lMl {.o~,.. 1,<1 o~l.J~

~
... I

,,,\',~ IN\..'*~\o \NLE1' J..~(J J ,),15

\'\~Sc,) - t>.G,t~~ WfiM- )(, ...." ~ In"- ~ (/uw DJ()O{Jt~
I- i\..... ~S c:)(k '.

,c, '.")..C\ \HL\lWow1 :'\d..f:l ~s,: J.. J.I ~ \1.N ~.~~\<. t;.(, ~D- 75, Ol'f2J (
v ,

,tj',"\S ~y.Ct...c.'I;).~ ~ ~:I'L\.""'. \l~:\ '(,\ r.J " 500 " " - " ')( 8" ---v J

.S', ~:l S\\~~_,~ &.J.' ~~ - <\..\1 .. \ 4 ~S() .l.. a\?S - ~\()..,\h ·)1.1 f (f1G~ J
:) a~'.'>\a C)\~'l.'-\- 'fl' 0 \" '" " .,

" "" ,'" " "
1

~:'I \l.. (.c; ·\O~"'\\N\\l1I \N\..f..\ ,,'\ '" '\' uN ~~'tC"l ~.O tOtw- '155 I1Y~.. SO,
.q"j~'~S L L\.•ia.. r-c.... ,

\C.'.~ IG. \'"l.~' 0\ (),,>r\~'\ 2.-; (J 1 .J../) \AN .'l ~t\"f\I\ __\, ).0 {p,.. "75'5, uli L~ J,,, ',\\ \<11..1 ~\\ S\i.¥
,

1\l."\\) "l.~'~1. \()\ "\ o".c..io -.} tll (.\\
, )S 1)......1\ I:~ 1';.'10 . VI

l~'A\ \\1\G\\: - INLtr tS b L ')')< t.\1\1 eL,,,,, 1""( S:O.€o", 7r? on3J
\ ~'.l}~ .GcHe ;).~ ~\~O

II J

I(U 1.11. ""J I .l:! t i._i\. {{ 1/ U ,. '"J (,11 (~I\

'1:CI~ \'\A3 cll\ ov..rLL: r J
-

I 11', \., ,If).3o lU ~h.,.(),

MIDWEST II ESEARCH INSlITlJI'E My DocurnenwtT'· -lRMlFicldatalXLS 09-'5·97



BAROMETRIC: '7tJ~ _
LEAK CHECK-START:

~ \

FTiR FIELD DATA FORM

Sampling Data

OPERATOR:~ ro\\
t C\ 1..~ \J Iq' 15 - It' IDATE: LEAK CHECK-END: • 1.1 'I,

id'~.II'i\
SAMPLE flU NUMBER us CELL SPIKEDf SAMPLE SAMPU CELL

TIME NAME PATH LOCATION I NOTES SCANS (ca-I) TEMP(f) UNS.IKED CONDo FWW PRESS. BKG

r fUJ ',--~ "... t....t\•.. l\

f'l:' ";}.\ ,~)."\() ~~ \N\t." l5() .;l l')S Ul\l J-'\.,"'t"it 5,0 fA,.. IISll o~)'3J

\1: 1\ I\~).,'\ ()~c\ ~\,e" J)
v ,

l\C .." ~ "" ~~IM ........~ {~\\ (t\\
\1··~3 \Q~l.rtul .Au"'" t' _t=: T' " .\ " \, ., \\ ,51 .'
n"~\-- to .~ f,rJ~ "",. .) f\ ·J,e, .a.L'II. '-'1\6\ ,,'~'tO - 911)6 • It) n 4;." !'- gc.JI ~ IkE'" c

- ('I\\~ ..«~J< "'\ S (I"".t ''V.''!..
,e,~J<d'l ~t~D,

! )t:o~ t~).1Q'A. INLtr II

" ,\ .,
" \' '\ "

;1', 0 f,(~~..; ) O-Vl\W ,~t~

i'~~'" \'1 ).'()~ !oS TL..p

\.\ (o,V~ ~ .l. o'\l·~ ~~ \,\\ (lin
•

'i~;).~ \~)..,\of.. ~ ovTt( f ,.
" \' " .. ' , ,\

",ai45 j7,.OS"i I )6~",
'~.lt' II Cj 1.3l!11 IcL/) ~ .' " 1\ I' " .' .\

~ '/
l ~·.U\ :J,lCiB~ N, ,,,,I,,,, I' "

a- .' \, ,, I· ,.

d ,"'.1".·.. d

\'t. \\\) (ft\lt.o~lil ili ~lir • 'f1,w ~'l'f I' ,. ,. II ? o?/lh '7$ ( I'~ I'

Sf.. • '-'nIH'" '~ ~,C 1t..... I \/til ~ I n "IlL .le ~) IU/ i
,

1~··lO .1'\(\ll').~( '",~ ...f~~\ )'M-~
I ,

v ,,,' ---- S1l.'1·\ l )St/ ".... ," ~

i~;d(1 IRY" fl"I).H: N .. tJ (:." I",
•

\' f 1-..1, l 7 S'l -1\ I' -- ....
G ... J

PROJECT NO. 3t'~'-\ - L Ii
PLANT: C>('f\f\:>vl~Q.. I) ....c~\f' ..... ,~,

MII>WEST RESEARCIIINSTIIUJ'[ My DocumcnWFTIPr.£}RM/Ficld...lXLS



\'-\J4 ,

PROJECT NO. 3~'\ -J 5
PLANT: {)f!l eC..N~I{ S("'Y"~'·1"4\ (.
OPERATOR: ~.n.- _

SAMPLE nLE

TIME NAME PATH LOCATION I NOTES

n r

Sampling Data

DATE: --1\1..'\",
NUMBO RES

SCANS (ca-I)

'\

BAROMETRIC: ~l Il:f./U ; )S)~.... UJ
LEAK CHECK-START: <It .,}q, H
LEAK CHECK-END:

CELL SPIUDI SAMPLE SAMPLE CELL
TEMI'(F) UNSPIDD COND. fLOW PRESS. BKG.

~)' - - S.d to.~ ')5? O~? ~"
" -, ., ,

-' -..,

""'- _ J
U I\~

MIDWEST RESEARCH INSTlTIJfE My DocumcnuIFTIRFORMIFicJdaIaJ.XL8 09·1 ~-97



... LJ-~~\~'
~.j(\ *')..

PROJECT NO. ~~4 - J.. 5"
PLANT: (if\. 2):"0" ~l
OPERATOR: ~~_i-I\;,.:.;~L.:.\ _

FTiR FIELD DATA FORM

Sampling Data

DATE:~

BAROMETRlC:---,,-7=S~f"\/"'-~~f-=-~-r,--=:...,
LEAK CHECK-START:'a-~~-;";'~TU-;,

LEAK CHECK-END:--,"," "-,,,---",-.:u-~--,

NUMBER RES CELL SPIKEDf SAMPLE SAMPLE CELL

SCANS (_I) TEMP (F) UNSPIKED CONDo FLOW PRESS. BKG

." ~.O 1.prv.. lS ¥Sf.\"

LOCATION I NOTES

SAMPLE FILE

TIME NAME P.UII

2JJ,..,.

l~ '"\. to. N~~'ld.<\o...

!.~;).., Cl,)l~P;)'<1 \

- -'.' • ~ .. n . t..., \ \. .ct. __... v, ,.. v ~u,~ ~ "'nQ "... \~~ 0\\

I(,\\ {'a ~= LJ.() f~ I

,
\\ \, Sf?

•

I---+---ll---+---:------~---_tr__--_t__::_-_t---+_-- ..- .-f~--_f_::---;--_t_~r:----ll_:____r_l
C\'.C(,. O\1tlt-N}.o) ~"\L-E\ ..l~\l ~ J.1< ""\oJ ~"I"''''~l ?o..fpr-- 7bO 0);)'1",

-' "

\,

•

, .
, , \, \' \'

I

MIDWEST RESt:AR<.:tlINSTI lUI E 09 D 97



~"'i\-.~')...

PROJECT NO. 3 ~v l.\.' 0\5
PLANT: U~Qtv4~'~\f'.
OPERATOR: ---,,1~f4\.............\\~ _

FTiR FIELD DATA FORM

Sampling Data

DATE:~

BAROMETRIC: 75J ty\",JL,-- _
LEAK CHECK-START:_~ _
LEAK CHECK-END:, ---:._

SAMPLE FILE NUMBER RES CELL SPIKEDI SAMPLE SAMPLE CELL
TIME NAME PATII LOCATION I NOTES SCANS (a.-I) TEMP(t') UNSPIKED CONDo FWW PRESS. BKG

C(."\1 (\~"t\)~Q,", O'oJ\LET J-;(J .J 1,t. UN a'V"'~\t (,(1 ~ 7Sc:' (J~~«-I b

P1'lUc.4 ~~\~~

G',5~ \~).~QQO' IrJ tt ~SCJ l. ~)~ \IN ~I\~\\. rCl .1pr-... 1S' 17~.J ~b
,a', \,\ \\ i).'\Q\¥.)'l ~]uD

..
ooci .. L~. <Ad"t , I-II~~ lto~~ t\\ Cf<.\\

\' '. '1 i~ )''1ou\a Ovll..fi'T J.S(I J J)(" cAN Jvw.,ll r. IJ J.or.,. <JfJ.'16
"',}f. ,<\).'-\0<..\1 ~t"o

v .
c.~\' ..... ~ ~,,,,"l." ~\ "", Il..l, • e;,..'~ \.\\ Ct \\

\~ .. ,-\~ \ctl'-\OO A\.. INL.E r \\ II

\\.\ ~ ~~ ,c:.~"Q\ll1a ~r·o ,,., ",

'J ~ 1(, \- \ fl~ (c. ...~t\ r~\\ f) I II. .... " ~ "I'''''~ #

1\, C) 5 1~;}~()u3 ;l ovn...t r ,fII.....~·· '
U'I ,

\, II''''~ "
'\' ;;}\", ,\~~Cl(j~O ~,p ": ,..

" " r.l\

'"
'''1.\ II ,<I 'U\' ""

\ \. ~, B\<.~o~;;llf<. gc·.c.!t, (CJ\Jl'.b ~c'u ~

IZt'.J\\Io'\ P)~~IcC)~ r...(jl\-.N~
- \\','-ft ,,~;).~oeu\ i~,,#,jlf. ~.!l\ 'n'~\- JSd ~ J)~ UN JVII'l4'" It. ~o fnt" 7~"i o)J.lh

, il.'I()~ \'\1..'\ o~ IQ.~""... los" c...\\lD u ,
\

l;l ~ I ~ 1'1~lIOoll. ~,,~~\ ~~(.~ d\l Tcf r ·2.~o 2. 2)(. UN J,,~,l 5:0 ~?r.. 15'{. o 'J.) l{t

'-' J..'. ~'j IIJ l llJ' J...\ NfI!Avr-\." )\ sho.
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\
PROJECT NO. 5<:~L' -as
PLANT: (,r(\ \lu,.-..&{l. S~,~\i'l.M:f.
OPERATOR: _....:o1\oL:.rt\:.:.N~~~ _

FTIR FIELD DATA FORM

Sampling Data

DATE:~

BAROMETRIC: ..., S'~
'-':--~-----

LEAK CHECK-START: _
LEAK CHECK-END: _

SAMPLE fiLE NUMBER RES CELL SPIKEDf SAMPLE SAMPLE C~LL

TIME NAME PATII LOCATION I NOTES SCANS (~·I) TEMP(t') UNSPIKED CONDo fWW PRESS. DKG

in."'-\.\ I\)..'\\\u~ ~e-.~~,\l (1\1(;(\ a.; 0 J. ;), c; \AN ~""~(. r;, e;, '/>J\ ))( 0/\ ~tf c..
n.·o u l-\ \~A'\aq,,\ f.-.f' ...c1L~ S~.o

v ,

f1'.\ ~ It1 ;}.Ctlz.'\~ N':\ }.\. t L\ \" (i} \\ ea/\\"" ~C;U
,,- 'L ,\ ,.. ,.

", ..

- Nt) ~ A{~ "ll 'ff''51f,J) - I
\~ .. ~(,) 5~k."!_~'\ ~ \'. v\ ~3 - ~C~ if r; ~r:;cJ J J/~ UN f~\\ l - ,'·/5 o~J~(

\'J·.~1 ~~\~ :>.P) \' II \'

" " " " "

\~'.}., 5",'S_'~ \ <)~~""\ "S - ~() '" !t {,o " " ..." ." ", - " '\

~ U .

\\','\~ \ct l~lC,
~~.

(\;)!LE r J.. S() J 11 G, \AN dll}~'( S'-c ~o,.. 15'- d~~1j <.•• l\\()\

\~ ...~t\ t\l..'\'\,'([1 h(·.al"\~\'" ~h.(')
v ,

. ,
\"\ ... ~;).., ,,).'\ a\l\C) ~':~ o\\\} in\1/ \- \' ,..

" -, ,,' ,- ,,
'\

Ilr. ~r1 ,e.l.\l0\\\1 W~~af' S,",",()
\

,t.t ',1\ 'N~C>.l()1 It\lLf'f - Sp, tlf. ~~c1 2 -z. if.. )fJ J,M"1\ l./,O (!,"'- )}( 072. <f(
«. ~ d.C) 'It"'- ""I '.",,~IJ\J'\rj (.1 JI() c

,

1.1~~",~ ~\ I~ aloi"- " v =--1- ~,.)."J 0)' 1\1l1\' JIm'"
-----:tu (,l l\.vJ : II •Qp~ ,*1\~ -;-J ,0 .fllJt~

\"Ii 11 .....-11.', (JvTLf r -S'PIKf '
I

2~O 2- 1.1 S- rI' '1olpf'- 75K o9-?{(I'

QVPI'W.> 'S't\ rV't lAS Ahc·-.lf
,

,,,tL\(, lovfI\lJat.(, IAI jh~:f(\. ;, ')/~d::~. l,M - Ov fid ', " N1
,- II
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"
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PROJECT NO. ~--'-,.Jo---:--- _

PLANT:'-'-;:C>:..L.--r-T-'~""';""">- _
OPERATOR: ......w.a::.u. _

F'fIR FIELD DATA FORM

Sampling Data

DATE:~

BAROMETRIC: 75"../ ..,..V,f---_
LEAK CHECK-START:, _
LI:AKCHECK~ND: _

SAMPU FlU NUM8£Il RES CELL SPIDDf SAMPLE SAMPLE CELL

TIME NAME PATH LOCATION I NOTES SCANS (ca-l) TEM'(f) UNSPIUD CONDo rww PRESS. BKG

";'. ij", (}\I{\M&l(n Q\A"(Ll, ~~(J 2 .:nc; Uf\I ~."t S:O )fS o~ 2-'1 f

,S', \(. ...\;).\'),\1'\ ~ N.... ~\":l\ -tel tt\\ ~S() ./. '" tJ., \, ., '. , ...

too.\~ "'t."3 ~\tq.~l...'\~ ~C1\.\J~~ Cl" W"'\\ 5dQ .,
" - " '" " -

as', "\ C) Il~-tL""5 \t1 \ BCA.I.\ tr7- Cool ,oX st"q:." s'" ~S() .1 J) C. - 51<.\l,{ - *)tIS lI~)..tl J
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PROJECT NO. 3Y6L\- d .;
PLANT: (,f1' 9,.rolt." \~'!) Sno- 'M-W) Ml
OPERATOR: "1f\\\\ 1$

FTIR FIELD DATA FORM

Sampling Data

DATE:~

BAROMETRIC: 1.35M~~ or Qa.l~ ,.,
LEAK CHECK-START: j"If ~ .....&VdJi I <j'"
LEAK CHECK-END: B )~'5v, .. ,

09-15-97My DocumcnWFTIP"flRMlFicldalaJ.XLS

<\-.~~tV PI")~(".""

MIDWEST RESEARCH INSTITIffE

SAMPLE FILE NUMBER RES CELL SPIKEDI SAMPLE SAMPLE CELL

TIME NAME PATII LOCATION I NOTES SCANS (ca-)) TEMP(f} UNSPIKED CONDo FLOW PRESS. DKG
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PROJECT NO, 3,&oL.\-- ~5
PLANT: ~~~~,0.,-", ~"""'toll ff\{.
OPERATOR: :.\\

~-----

FTIR FIELD DATA FORM

Sampling Data

DATE:·~

BAROMETRIC: 73S ~"'\
LEAK CHECK-START: J _
LEAK CHECK-END: _

SAMPLE nLE NUMBER Rt:S CELL SPIKED/ SAMPLE SAMPLE CELL

TIME NAME PATH LOCATION I NOTES SCANS (....1) TEMP(f/) UNSPIKI!D CONDo FWW PRESS. BKG
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PROJECT NO. T,~L\' 1-c;
PLANT: \iff\. Qo=J.<..:.\" 1(~~1\!),,"-l I M.1.
OPERATOR: ---'~~~L- _

FTiR FIELD DATA FORM

Sampling Data

DATE:~

BAROMETRIC: 735-"""""--------
LEAK CHECK-START: _
LEAK CHECK-END: _

SAM'LE
TIME

la·· '\\
\1.. .. S'

FILE

NAME 'ATH LOCATION I NOTES

QUTLET

.

NUMBER

SCANS

RES

(01-1)

CELL

TEM'(F)

J..15

S'IKEDI

UNS'IKED
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CONDo
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FLOW
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PROJECT NO. .....3;..-~~IL\r-·-....;.ZS~_~ __
PLANT: f, rofo-:N~'''''''t'. ~I"'''''I r-tl
OPERATOR: -.JI.:.:.Ma:~L-- _

FTIR FIELD DATA FORM

Sampling Data

DATE:~

BAROMETRIC: .~ 35,.,....,.\1 _
LEAK CHECK-START:__~ _
LEAK CHECK-END:, _

SAMPLE
TIME

FILE
NAME PATH

NUMBER
LOCATION I NOTES SCANS

RES
(....1)

CELL
TEMP(t)

SPIKEDI
UNSPIKED

SAMPLE
CONI).

SAMPLE
FLOW
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PRESS. DKG
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PROJECT NO. _3+i~O:...lo'\_- ~2-.;..S--= _
PLANT: C:m l.",,\, tu\,,,> ~f .., J-""-

OPERATOR:---'l~~~-------

FTiR FIELD DATA FORM

Sampling Data

DATE: Jj.a:;;:2.5~h-,J__

BAROMETRIC: 715~ yj _
LEAK CHECK-START:'<T"T~/ _
LEAKCHECK-END:C!';\\l\ - tL:SI\ r-;S

SAMPLE 'ILE NUMBER us CELL SPIKEDf SAMPLE SAMPLE CELL

TIME NAME PATH LOCATION I NOTES SCANS (a.-I) TEMP(t) UNSPIKED CONDo ,WW PRESS. BKG
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"IR FIELD DATA FORM

Background and Calibration Spectra~\l(\ \\

PROJECT NO. ~(\~ ~ tA ~

PLANT: 6tf\PCl~E(l.. ~~\nlt\., .\\,d\ DATE:~

BAROMETRIC: I~'~\\ (r )1.t.{1."

OPERATOR: __

09·' 59.,

~ I (
blf(-cl II (I'll MyDocumentslfTIP"C)RMlFicldaIa2XLSMIDWEST RESEARClIlNSnnrrE

SAMPLE fiLE NUMBER RES CELL

TIME NAME PATII LOCATION I NOTES SCANS (~·I), TEMP(f) PRESSURE BKG APOD NOTES
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PROJECT NO. ~~ Cfl at. ')

PLANT: Gft\fCl "..,\.(L S:'bIJ't\~ ... , t~[

nlR FIELD DATA FORM

Background and Calibration Spectra

DATE:~

BAROMETRIC: ~""",UJ CI ~7U'J'\

OPERATOR: J/A11·---"'-'--:..-_-

SAMPLE FILE NUMBER RES CELL

TIME NAME PATII LOCATION I NOTES SCANS (c.-I) TEMP(F) PRESSURE BKG APOD NOTES
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PROJECT NO. S«OL\- J.S--""--"-"------

FlIR FIELD DATA FORM

Background and Calibration Spectra

DATE:~

BAROMETRIC: 11S/y\"'~'A <'r ~~.IIJ, ..

OPERATOR:_dm~lt~ ___

My OoculllcnlslFTlP"f\RMlFieidala2.XLS
''I ~}..() <hO"~5c..

MIDWEST R£SEJ\RCIIINSHI1JTE

SAMPLE flU NUMBER us CELL

TIME NAME PATII LOCATION I NOTES SCANS (CIa-I) TEMP(F) PRESSURE BKG APOD NOTES
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B-3 FfIR FLOW AND TEMPERATURE READINGS
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·:,.;. .....

_ (\J(.~c..\I; ....
tVrJ 1\\

PROJECT NO. ~iV 1- -~s
-~-----

PLANT: 6""Pc.'I'J'Hl. 5ec,'''f'V, fV\'C

)\o.l¥- i.M~--
(to\NS

FTIR FIELD DATA FORM
(Sampling Location Data)

DATE:~

BAROMETRIC: 11/1 ~"'" ~r)..
OPERATOR: J-li _

'ROBE ....TER
TEMP. TEMP.

JOCI J(//

OUTLET

It ,

'0 t»

STACK
TEMP.

.-f.lJ
v 'I

SAMPLE DELTA'
TIME IN. H2O

INLET
SAM'LE DELTA' STACK .ROD FILTER

TIME IN. H2O TEM'. TEMP. TEM'.

Il~ \C. , .tt \\.\~ le~ ~o\
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'~" ~). c., <.. nc; ~o " '30v

""'" "-........
"- I'..

"-........
-' I

Ie . p-

'" '" '" I'"
"-

"-
f'...

"'-
'"

MIDWEST RESEARCH INSTITUTE My Doc:umenlslfTIRFORMlFieldatal.XLS 08-21-97



RVN ~ J cvo rJ.c-..

PROJECT NO. ~1~:.....(I_q...;.-.;t..;...S _
FTIR FIELD DATA FORM

(Sampling Location Data)

DATE:~

BAROMETRIC: lS~ t'-" W1)--

OPERATOR: ....1m<..:....,;,.;,.,,'--- _

INLET
SAMPLE DELTAP STACK .ROBE nLTD ~ ..,,~\~~

TIME IN. H2O TEMP. TEMP. TEMP. ffc""P
~:S4 O.Q \S~ 30 3 .Jtiq
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G( ~(\ «3 ( U C (l c\~
PROJECT NO. 1~t\ - J.. C)

FTIR FIELD DATA FORM
(Sampling Location Data)

DATE:~

BAROMETRIC: 7 '$ 5 {>\ '" IJJ
OPERATOR: .....¥.:jJt1~/~, _

INLET
SAMPLE DELTAP STACK 'ROBE FILTER

IT\o.1\~\~~~1TIME IH.mo TEMP. TEMP. TEMP.

~·.4~ c.f,S f~S 1o"t ;U~

Iq'.1..o 0.<".....\ '<..t, '\Co..., ~1)
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OUTLET
SAMPLE DELTA' STACK 'ROBE FILTER

TIME IN.mo TEMP. TEMP. TEMP.
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B-4 HYDROCARBON REFERENCE SPECTRA



Reference Spectra of Hydrocarbon Compounds

The purpose of measuring reference spectra of some hydrocarbon compounds was to aid the
analyses of FTIR sample spectra from iron and steel foundries and from integrated iron and steel
plants. Four facilities were tested at these sources. At each facility hydrocarbon compounds were
detected in the emissions. Because the EPA library of FTIR reference spectra contains only
spectra of hazardous air pollutant (HAP) compounds, only quantitative reference spectra of
hexane and isooctane were available to analyze the sample hydrocarbon emissions. As a result the
hydrocarbon emissions were represented primarily by "hexane" in the draft report results. Many
hydrocarbon compounds have infrared spectra which are similar to that of hexane in the spectral
region near 2900 cm-l. MRI selected nine candidate hydrocarbon compounds and measured their
reference spectra in the laboratory. In addition MRI measured new high-temperature reference
spectra of hexane and isooctane. The new reference spectra of these 11 compounds were
included in revised analyses of the sample spectra. Th.e FTIR results presented in the revised test
reports show the measured concentrations of the detected hydrocarbons and also show revised
concentrations of hexane and toluene. The hexane concentrations, in particular, are generally
lower because the infrared absorbance from the hydrocarbon emissions is partly measured by the
new reference spectra. As an example, figure B-1 illustrates the similarities among a sample
spectrum and reference spectra of hexane and n-heptane.

MRI prepared a laboratory plan specifying the procedures for measuring the reference spectra.
The EPA-approved laboratory plan is included in this appendix. The data sheets, check lists and
other documentation are also included. During the measurements some minor changes were made
to the laboratory plan procedures. These changes don't affect the data quality, but did allow the
measurements to be completed in less time. This was necessary because the plan review process
was more length than anticipated.

The following changes were to the procedures. The spectra were measured at 1.0 cm-l resolution,
which was the highest resolution of the sample spectra. It was unnecessary to use a heated line
connection between the mass flow meter and the gas cell because the gas temperature in the cell
was maintained without the heated line. Leak checks were conducted at positive pressure only
because all of the laboratory measurements were conducted at ambient pressure. The reference
spectra, ers spectra, and background spectra will be provided on a disk with a separate reference
spectrum report.
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Figure B-1. Top trace, example sample spectrum; middle trace, n-heptane reference spectrum; bottom trace, n-hexane reference
Spectrum.
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Laboratory Plan For Reference Spectrum Measurements
EPA Contract No. 68-0-98-027, Work Assignments 2-12 and 2-13

MR.I Work Assignments 4951-12 and 4951-13

1.0 INTRODUCTION

In 1997 Midwest Research Institute (MRI) completed FI1R field tests at two iron and
steel sintering facilities and at two iron and steel foundries. The tests were completed under EPA
Contract No. 68-02-0165, work assignments 4-20 and 4-25 for the sintering plants and
foundries, respectively. The draft test reports were completed in 1998 under EPA Contract
No. 68-W6-Q048, work assignment 2-08, tasks 11 and 08 for the sintering plants and foundries,
respectively.

Results from the data analyses indicated that the emissions from some locations included
a mixture of hydrocarbon compounds,.one of which was hexane. The EPA spectral library of
FfIR reference spectra is comprised primarily of hazardous air pollutants (HAPs) identified in
Title ill of the 1990 Clean Air Act Amendments and, therefore, contains a limited number of
aliphatic hydrocarbon compounds. MRI will measure reference spectra of some additional
organic compounds that may have been part of the sample mixtures. The new reference spectra:
will be used in revised analyses of the sample spectra. The revised analyses will provide a better
measure of the non-hexane sample components and, therefore, more accurate hexane
measurements.

A Quality Assurance Project Plan (QAPP) was submitted for each source under EPA
Contract No. 68-02-0165, work assignments 4-20 and 4-25. When the QAPPs were prepared it
was not anticipated that laboratory measurements would be required. This document describes
the laboratory procedures and is an addition to the QAPPs.

This document outlines the technical approach and specifies the laboratory procedures
that will be followed to measure the FfIR reference spectra. Electronic copies of the new
reference spectra will be submitted to EPA with corresponding documentation. The laboratory
procedures are consistent with EPA's Protocol for the Use of Extractive Fourier Transform
Infrared (FfIR) Spectrometry for the Analyses of Gaseous Emissions From Stationary Sources,
revised 1996.

1.1 Objective

The objective is to obtain accurate hexane measurements from FTIR spectra recorded at
field tests at iron and steel sintering plants and at steel foundry plants. The approach is to
measure reference spectra of some organic compounds that are not included in the EPA reference
spectrum library and then use these new reference spectra in revised analyses of the field test
spectra. The revised analyses will provide better discrimination of the hexane component from
the absorbance bands of the organic mixture.

Laboratory Reference Spectrum Plan
Draft June 14. 1999

EPA Contract No. 68-0·98·027, MRl Work Assignments 2·12 and 2-13
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1.2 Background

Spectra of samples measured at the field test sites contained infrared absorbance features
that may be due to a mixture of non-aromatic organic compounds. The samples were measured
using quantitative reference spectra in the EPA library and the hexane reference spectra provided
the best model for the observed absorbance features. The EPA library contains a limited number
of reference spectra, primarily HAPs, listed in Title ill of the 1990 Clean Air Act Amendments,
which includes hexane. To obtain accurate measurements of target components it is helpful to
use reference spectra of all compounds in the sample gas mixture. In this case it was decided to
measure reference spectra of some additional organic compounds, which are similar in structure
and have spectral features similar to hexane. The revised analyses will measure the sample
absorbance in the 2900 cm-i region using a combination of the hexane and new reference
spectra. The revised analyses should provide more accurate hexane measurements, by measuring
the non-hexane sample components more accurately.

2.0 TECHNICAL APPROACH

The analytical region used to measure hexane lies near 2900 em-i. Other aliphatic
hydrocarbons with structures similar to hexane exhibit similar absorbance band shapes in this
region. MRI viewed spectra of aliphatic organic compounds to identify some likely components
of the sample spectra. Table 1 identifies the compounds that were selected for reference
spectrum measurements. Cylinder standards of the selected compounds will be purchased from a
commercial gas supplier. The standards will be about 50 ppm of the analyte in a balance of
nitrogen. The cylinders will contain gravimetric standards (analytical accuracy of ±1 percent) in
a balance of nitrogen.

2.1 Measurement System

A controlled, measured flow of the gas standard will be directed from the cylinder to the
infrared gas cell. The gas cell is a CIC Photonics Pathfinder. This is a variable path White cell
with an adjustable path length from 0.4 to 10 meters. The path lengths have been verified by
measurements of ethylene spectra compared to ethylene spectra in the EPA FfIR spectral library.
The inner cell surface is nickel coated alloy to minimize reactions of corrosive compounds with
the cell surfaces. The cell windows are ZnSe. The cell is heat-wrapped and insulated.
Temperature controllers and digital readout are used to control and monitor the cell temperature
in two heating-zones. The gas temperature inside the cell will be recorded using aT-type
thermocouple temperature probe inserted through a 1/4 in. Swagelok fitting. The gas
temperature will be maintained at about 120°C. Documentation of the temperature probe and
thermometer calibration will be provided with the report.

Laboratory Reference Spectrum Plan
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TABLE 1. ORGANIC COMPOUNDS SELECTED FOR THE LABORATORY STUDY

Hexane and Isooctane are HAPs. TheIr reference spectra will be re-measured because the reference
spectra in the EPA library were measured at ambient temperature.

Comoound Name Boilin\! Point (OC)

n-hexanea 69

n-heptane 98.4

Pentane 36.1

isooctanea - 99.2

l-pentene 30

2-methyl, l-pentene 60.7

2-methyl,2-butene 38.6

2-methyl,2-pentene 67.3

3-methylpentane 63.3

Butane -0.5
a

The instrument is an Analect Instruments (Orbit~ Sciences) RFX-65 optical bench
equipped with a mercury-cadmium-telluride (MeT) detector. The RFX-65 instrument is capable
of measuring spectra at 0.125 cm- l resolution. The reference spectra will be measured at
0.25 cm- l or 0.50 cm- l resolution. Gas pressure in the sample cell will be measured using an .
Edwards barocell pressure sensor equipped with an Edwards model 1570 digital readout. A
record of the pressure sensor calibration will be provided with the report.

A continuous flow of the gas standard will be maintained through the cell as the spectra
are recorded. A mass flow meter will be used to monitor the gas flow (Sierra Instruments, Inc.,
model No. 822S-L-2-0KI-PVI-VI-AI, 0 to 5 liters per minute).

The instrument system will be configured to measure 0.25 cm- l or 0.50 cm- l resolution
spectra. The measurement configuration is shown in Figure I. Calibration transfer standards
(CTS) will be measured each day before any reference spectra are measured and after reference
spectra measurements are completed for the day.

2.2 Procedure

Information will be recorded in a laboratory notebook. Additionally, the instrument
operator will use check lists to document that all procedures are completed. There will be three
checklists for: (1) daily startup prior to any reference measurements, (2) reference spectrum
measurements, and (3) daily shut down after reference measurements are completed. Example
checklists are at the end of this document.

The information recorded in the laboratory notebook includes; the cell temperature,
ambient pressure, background, CTS and spectrum file names, sample temperatures and pressures
for each measurement, cell path length settings, number of background and sample scans,

instrument
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FTIR
spectrometer

Optical connection

Cylinder gas inlets

Calibration
manifold

Heated line
(250 F)

Gas cell

Figure 1. Measurement system configuration.
PO =pressure gauge; TP =temperature probe; MFM =mass flow meter.

resolution, gas standard concentration, sample cylinder identification, and sample flow rates for
each measurement. Certificates of Analysis for all gas standards used in the project will be
provided with the report.

The Mer detector will be cooled with liquid nitrogen and allowed to stabilize before
measurements begin.

The cell will be filled with dry nitrogen and vented to ambient pressure. The pressure, in
torr, will be recorded from the digital barocell readout. The cell will then be evacuated and leak
checked under vacuum to verify that the vacuum pressure leak, or out-gassing, is no greater than
4 percent of the cell volume within a.l-minute period. The cell will then be filled with nitrogen
and a background will be recorded as the cell is continuously purged with dry nitrogen. After the
background spectrum is completed the cell will be evacuated and filled with the CTS gas. The
ers spectrum will be recorded as the cell is continuously purged with the CTS gas standard.
The purge flow rates will be 0.5 to 1.0 LPM (liters per minute) as measured by the mass flow
meter.

Laboratory Reference Spectrum Plan
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After the background and CTS measurements are completed the cell will be filled with a
reference gas sample. The reference spectra will be recorded as the cell is continuously purged at
0.5 to 1.0 LPM with gas standard. The gas flow will be monitored with a mass flow meter before
the gas enters a heated line, and with a rotameter after the gas exits the cell. The mass flow
meter is calibrated for nitrogen in the range 0 to 5 LPM. The purpose of the heated line
connection is to help maintain the gas temperature inside the cell. This may only require placing
a heat wrap on the line where the gas enters the cell.

The gas temperature of each nitrogen background, CTS, and reference gas will be
recorded as its spectrum is collected.

Several preliminary spectra will be recorded to verify that the in-cell gas concentration
has stabilized. Stabilization usually occurs within 5 minutes after the gas is first introduced into
the cell with the measurement system that will be used for this project. Duplicate (or more)
reference spectra will be collected for each flowing sample. The second reference spectrum will
be recorded at least 5 minutes after the first spectrum is completed while the continuous gas flow
is maintained.

At least 100 scans will be co-added for all background, CTS , and reference
interferograms.

A new background single beam spectrum will be recorded for each new compound or
more frequently if the absorbance base line deviates by more than ±O.02 absorbance units from
zero absorbance in the analytical region.

After reference spectrum measurements are completed each day, the background and CTS
measurements will be repeated.

The crs gas will be an ethylene gas standard, either 30 or lOOppm in nitrogen
(±1 percent) or methane (about 50 ppm in nitrogen. ±1 percent). The methane CTS may be
particularly suitable for the analytical region near 2900 cm- i .

3.0 QUALITY ASSURANCE AND QUALITY CONTROL

The foJlowing procedures will be followed to assure data quality.

3.1 Spectra Archivina

Two copies of all recorded spectra will be stored, one copy on the computer hard drive
and a second copy on an external storage medium. The raw interferograms will be stored in
addition to the absorbance spectra. After the data are collected, the absorbance spectra will be
converted to Grams (Galactic Industries) spectral format. The spectra will be reviewed by a
second analyst and all of the spectra, including the Grams versions will be provided with a report
and documentation of the reference spectra.

Laboratory Reference Spectrum Plan
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3.2 CTS Spectra

~~ crs spectra will provide a record of the instrument stability over the entire project.
The precIsIon of the crs absorbance response will be analyzed and reported. All of the CTS
spectra will be archived with the background and reference spectra.

3.3 Sample Pressure

The barocell gauge calibration will be NIST traceable and will be documented in the
reference spectrum report. The ambient pressure will be recorded daily and all of the samples
will be maintained near ambient pressure within the IR gas cell.

3.4 Sample Temperature

The IR gas cell is equipped with a heating jacket and temperature controllers. The
temperature controller readings will be recorded whenever spectra are recorded. Additionally,
the temperature of each gas sample will be measured as its spectrum is collected using a
calibrated temperature probe and digital thermometer. The calibration record will be provided
with the reference spectrum report. The gas sample will be preheated before entering the cell by
passing through a heated 20 ft. Teflon line. The Teflon line temperature will be maintained at
about 120°C. The line temperature controllers will be adjusted to keep the gas sample
temperature near 120°C.

3.5 Spectra

MRI will record parameters used to collect each interferogram and to generate each
absorbance spectrum. These parameters include: spectral resolution, number of background and
sample scans, cell path length, and apodization. The documentation will be sufficient to allow an
independent analyst to reproduce the reference absorbance spectra from the raw interferograms.

3.6 Cell Path Length

The cell path length for various settings is provided by the manufacturer's documentation.
The path length will be verified by comparing ethylene CTS spectra to ethylene CTS spectra in
the EPA spectral library.

3.7 Rem>rtinl

A report will be prepared that describes the reference spectrum procedures. The report
will include documentation of the laboratory activities, copies of data sheets and check lists, and
an electronic copy of all spectra and interferograms.

Laboratory Reference Spectrum Plan
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3.8 Documentation

Laboratory analysts will use three check lists to document data recording activities. The
check lists are appended to this plan. The checklists: (1) record start up activities such as
instrument settings, background and CTS spectra. (2) record reference spectra activities, and
(3) record daily s~ut down procedures, including post-reference spectra background and CTS
measurements.

In addition to the check lists the operator will record notations in a laboratory notebook.
Copies of the check lists and note book pages will be provided with the reference spectrum
report.

A draft of the reference spectrum report will be provided with the revised test reports.
The reference spectrum report will then be finalized and submitted separately.
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Project No. _

DATE:----

MIDWEST RESEARCH INSTITUTE
DAn...Y CHECKLIST

Start up Procedure

OPERATOR:-------

Check ceO temperatare

Verify temperature using thermocouple probe and hand-held readout

Purge cell with dry nitrogen and vent to ambient pressure

Record ambient pressure in cell, (p.,)

Vacuum Leak Cheek Procedure:

Evacuate cell to baseline pressure.

Isolate cell (close cell inlet and cell outlet)

Record~ and baseline pressure (PaJ

Leave cell isolated for one minute Time

Record time and cell pressure (PmoJ
Calculate "leak rate" for 1 minute Time

M=PmiIl-Pmax

Calculate "leak rate" as percentage of total pressure
% VL =(MlPb )· 100

1% VLi should be < 4

Pmax

Record Nitrogen Bac:qroUDd

Purge cell with dry nitrogen

Verify cell is as dry as previous background

Record ambient pressure using cell Barocell gauge

Record nitrogen flow rate (about sampling flow rate)

Collect Background (AQBK) under continuous flow and ambient pressure

Record infonnation in data book.

Copy Background to C-drive and backup using batch file.

Record crs Spec:tr1llD

Record Cell path length setting

Evacuate Cell

Fill Cell with crs gas

Open cell outlet IDd purge cell with crs at sampling rate (1 to 5 LPM)

Record cylinder ID Numba'

Record crs gas cylinder identity and concentration

Record and copy spectrum and interferogram to C-drive and back up using CTS batch me.

Record Barytron pressure during collect

Record information on "Background and Calibrations" data sheet.

Verify that spectrum and interferogram were copied to directories.

Record CTS Spectrum Fl1e Name

Reviewed by: _ Date: _



Project No. _

DATE: _

MIDWEST RESEARCH INSTITIJTE
FTIR Reference Spectrum Checklist

OPERATOR:-------
Initials

Reference Spectrum Sample

Start Time

Record Cell path length setting

Record Background Spectrum File Name

Record crs Spectrum Ftle Name

Record Compound Name

Record Cylinder Identification Number

Record Cylinder Concentration

Record Spectrum Ftle Name

Fill cell to ambient pressure with gas from cylinder standard

Open cell outlet vent valve

Adjust sample flow through cell to 0.5 to 1 LPM. Record flow rate

Allow to equilibrate for 5 minutes

Record sample pressure in cell

Record sample flow rate through cell

Start spectrum collect program

Record information in data book

Copy Spectrum and Interferogram to backup directories

End Time

Reviewed by: _ Date: _



Project No. _

DATE: _

MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST
Shut Down Procedure

OPERATOR:--------
Initials

Purge sample from cell using ambient air or nitrogen

Record NitroceD BacqroUDd

Purge cell with dry nitrogen

Verify cell is as dry as previous background

Record ambient pressure using cell Barocell gauge

Record nitrogen flow rate (about sampling flow rate)

Collect Background (AQBK) under continuous flow and ambient pressure

Record information in data book.

Copy Background to C-drive and backup using batch file.

Record ers Spectrum

Evacuate Cell

Fill Cell with ers gas

Open cell outlet and purge cell with ers at sampling rate (l to 5 LPM)

.Record cylinder ID Number

Record ers gas cylinder identity and concentration

Record and copy spectrum and interferogram to C-drive and back up using ers batch file.

Record Barytron pressure during collect

Record information on "Background and Calibrations" data sheet.

Verify that spectrum and interferogram were copied to directories.

Record ers Spectrum Flle Name

Oose cylinders

Evacuate or Purge CTS from cell using nitrogen

Leave cell UDdec fow nitrogen purge or under vacuum

Fill Mer detector dewar

Reviewed by: _ Date: _
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Date: --.;:;.S_--="~-...J.9_CYL.- _

Date: ---=5~/ti""l4lhrtJ....L..jI:7'----

Code: MRI-0701
Revision: 3

Effective: 10n3198
Page: 12 of 12

Attachment 1
Instrument Found Out of Tolerance

Instrument: [S70 lNl.tc4c

Manufacturer: ...;€J~(ll.6t?O~JI;,!!.S~~ _

~
MRI Number: _~:..r'-lI--_Y.r...-...:l"::....::~:..:..72,~~~~Y-..:!:'~'f1..:.=J:....-- _

Serial Number: __4_Z.3_7__<l-----.,;a~&..:..ql_2._(;;..n~ _
Acceptance Criteria: --:.'";.:.;r,~~~..J.tk'_=:l:Gl:.t.f'.:::e:t.::..e7~--------------

Date of calibration or test that revealed the out of tolerance condition: S -,- , .,

Date of previous calibration: --:,L(.:,:.N;;.:.IC;:AJ.:.;4;.:fJJ::;.AJ2- _

Responsible person: :ro..:;.."""~..;;,.~.:.::i~~Q.(:::L- (Must receive a copy of this report)

T~stedlCalibrated b~"'-<- ~,
Reviewed by: z.:e:;;~~-=

I hereby certify that I have received a copy of this report and will notify the appropriate
people and take the appropriate actions necessary to detennine what data may have been
corrupted and what corrective actions are indicated.

Signed:d~ (Responsible person)

Date: 4~<f

MRI.QAIMIlI.0701.00c



Attachment 1
~6 J'\ Pressure Gauge Calibration Data Sheet
r- .,bl Y;~'i7 Z. '"' .

MRl No. r:!-~!f7JModel No.1 Type I S70 Serial No. 42'3 7
Report No. e.v."'H. w""Ol{1I11 o/N S04/?./S"'1

Noun &uoc:i.1 fWSJ(J.f'4- ,rJ.lCdw- Ambient Temperature 7..3·P Ambient Humidity iff'D

, .
If: ' .. oi'

~', ~" :
;_:" ' I ... •

.'.,.' .

'\ " .

Code: yffi1-0722
Revision: 0

Effective: 03/22199
Page: 6 of 6

Cal Interval: (1.. U1" It-fk

AOtllied Pressure Initial Check Final Check Tolerance :: Pass Fail

SOC T~~ 5'07.9 ~ S!)O.{ 7CJ~~ \.2. ~ <--

""0 ~ (",o~.3 7lJ~ ~.Z i'M./.. I.~ 7IJU (...

700 /DM /t:) ~." ~ 62'j'l.Q 'TD1l,( I.S TJU. '--

7nt ~~ 7~1.7 7b~ lCf~.g "T'Dt./l. I.' ~ ~

i"Oo .."M, gog.? 7T#.. 1'JQ.7 ia/2t. 1.7 '7tiU.
.....

'too 1MII. 'foq.:t ~l. 6'1<1. t.{ TI/.~ I.~ 7Ci~ -
fOOD 71J1.~ (009.7 7JU- qqq•.3 7&~ 2.( 7!U.. ....

----
Cumulative uncertainties of the standards used to perform this callbration did not exceed the requirements
ofMRl-0701 and ISO 10012-1.

Standards Used: MRI No. Date Cahbrated Date Due Cahbration

y-t,C{(3 1- Zz.· '1 ~ I-'l..l. -00

--
c;;o.--

Notesi'AdjustmentsIRepairslModifications:
T"",-

Limitations for use:
Pn- caI,',.JuJ 41f) 1M 57J () 7?JM-

Date Callbrated: 5"- ~-1fI j Date Due Recallbration: 5' -~- Q 0

Cahbrationperformed~:~ Date: s'''-?1
Reviewed by:~~ Date:__Sit-0_l,.+I!...;.!...;.1...;.'....J.':"'-_
/~~ i



Code: MRl-0721
Revision: 0

Effective: 01/29/99
Page: 90f9

Attachment
Calibration Data Sheet

MRl No.: - - Model NoJType:TTs'S-f&i-/Z,Serial No.:TCfq {3D Report No.: _- _

Noun';T" .yt,u~q,AmbientTemperature: "fJ F Ambient Humidity: ~.3....1.....4 _
Applied temperature Initial check Final check Tolerance :: Pass Fail

De:- ",1/. ~,.~
~M§ Dc...

-,,25'.0 - ._- -~C/.~ SaH"C.. I.Q (,..-l"'u'f;.L~1

1).0 () O,,~q tJ.J. <'_ ..... " 1.0 £,..-

IO().,fJ '1.~7Cl9 ~.C; <:-. _. J. 0 400-

ISO 0 1&.10'13 ISO. 0 :5A.wv 1.1 ~

;)I)D.O q,J:<I 1\ .:JtYJ.1 SQ~ I.fi ...-.

3o(}.o lIe( !7~S 300...3 "SQ W\...I :1.2. ~

'ItJtJ.O UJ."\3 '/CO..:! "Sca~ 3,0
~

'"
Cumulative uncertainties of the standards used to perfonn this calibration did not exceed the requirements
ofMRl-0701 and ISO 10012·1.

Standards used: MRl No. Date calibrated Date due calibration

V.. S83S'" 1;:)-'1- 93 1~-'f-99

()('-"O I ~.;}.c,,- 93 ~."" ~~

O/;)'~CO cf...~3 -'1<1 1./. ~3 .. 00
() 1~~~.3 /-7-99 /-7-c:;o

N~~djUSnnentslRepairslMOdifications:

i

(

Date Calibrated: 5"-7-'1<1 Date Due Rec:llibration: $'-7- 00

Calibration Perfonnod~e.,-4-n....=.:..~------
Reviewed by: d~ 4 f---4_ a.

> )1

Cal Interval: ( t-ear
Date: s--7-~<j

Date: S--/t' - ., r



Code: \ilRl-0721
Revision: 0

Effective: 01/29/99
Page: 90f9

Attachment
Calibration Data Sheet

MRI No.: '1-fJJQ7i Model No.!fype: HH;? ( Serial No.: i-,;z.o"RZI Report No.: _- _

Noun:~n\pua.ale. Ambient Temperature: 7-tf'r Ambient Humidity: ;Zg"
nL;1t\~ --"=:.IL..- _

Applied temperature Initial check Final check Tolerance ... Pass Fail

'7" _-2.0l]°c. -).Oo.4°c 'Sorf,..,.. a.S°c::. c...-

¥ -/o"oc - 100. '!>. c.. ~ a.7-c. '--

~ o·Co -o.-z."c.. ') ~.~-c "-

I...,' 100 ·e '1'1.7- t:... / ~ 7°c. l.-,

~,. I SO 0c.. 1'19.7° c. ( .
".7SOc. ......

I~' 2D,., °c ,q<:t.,-c... \ 0.8-c:. -i.,,, 3"d tile. ;;;qq, 7" c.. J tJ.? -e -
9" thtJ-c:.. 7, tJ/t:;. 7°<:..-

S:t__
I .tJ Or::- --

Cumulative uncertainties of the standards used to perfonn this calibration did not exceed the requirements
ofMRI-0701 and ISO 10012-1.

Standards used: MRI No. Date calibrated Date due calibration

V·S'~3S- 1;..-r-9~ 1~-'!-9~

--
_I-"

Notes/AdjustmentslRepairslModifications:
UdAlL

Date Calibrated: )'-7-91 Date Due Recalibration: S--7-ocJ

C,l;br>tionperfO~ ~ b
Rev,ewed by: ----=:::..- __ -=~~

» Y I

Cal Interval: ( i~r

Date: <':-7 -??
Date:- r-ltJ - 99
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I. Scott Specialty Gases
Ulll'pped 6141 EASTON ROAD, BLDG 1

From: PLUMSTEADVILLE PA
Phone: 215-766-8861

PO BOX 310
18949-0310

Fax: 215-766-2070

C.RTIPICA'l'B 0' ANALYSIS
--------._-------~-------------------------------------------------------

MIDWEST RESEARCH
SCOTT KLAMM
425 VOLKER BLVD

KANSAS CITY MO 64110

PROJECT #: 01-01788-006
POi: 033452
ITEM #: 01021951 SAL
DATE: 3/31/98

-------------------------------------------------------------------------CYLINDER #: ALM025384
FILL PRESSURE: 2000 PSIG

ANALYTICAL ACCURACY: +/ -5%

BLEND TYPE

COlGORDr
ETHYLENE

.NITROGEN

CERTIFIED WORKING STD
RBgUBSTED GAS

CONe MOLBS
20. PPM

BALANCE

ANALYSIS
(MOLES)

20.0 PPM
BALANCE

ANALYST, Go"'~t:lOta9~
GENYA



, I I. Scott Specialty Gases
~ped 1750 EAST CLUB BLVD

From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

C E R T I F I CAT E o FAN A L Y SIS
----------------------------------------------------------------------

MIDWEST RESEARCH

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 12-34162-005
PO#: 038546
ITEM #: 12022751 lAL
DATE: 5/26/99

CYLINDER #: ALM046483
FILL PRESSURE: 2000 PSIG

ANALYTICAL ACCURACY: +-1%
PRODUCT EXPIRATION: 5/26/2000

BLEND TYPE

COMPONENT
METHANE
NITROGEN

: GR~V:;::1ETR:;:C H.~STER GAS
REQUESTED GAS

CONe MOLES
50. PPM

BALANCE

ANALYSIS
(MOLES)

52.6 PPM
BALANCE

NIST TRACEABLE BY WEIGHT

ANALYST:



"III Scott Specialty Gases
~ped 1750 EAST CLUB BLVD

From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

C E R T I FIe ATE o FAN A L Y SIS
-------------------------------------------------------------------------

MIDWEST RESEARCH

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 12-34162-004
PO#: 038546
ITEM #: 12022232 1AL
DATE: 5/25/99

-------------------------------------------------------------------------
CYLINDER #: ALM045092
FILL PRESSURE: 2000 PSIG

ANALYTICAL ACCURACY:
PRODUCT EXPIRATION:

+-1%
5/25/2000

BLEND TYPE : GRAVIMETRIC MASTER

COMPONENT
N-HEXANE
NITROGEN

NIST TRACEABLE BY WEIGHT

GAS
REQUESTED GAS

CONC MOLES
50. PPM

BALANCE

ANALYSIS
(MOLES)

49.6 PPM
BALANCE

ANALYST:



II Scott Specialty Gases
pped 1750 EAST CLUB BLVD

From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

C E R T I F I CAT E o FAN A L Y SIS
----------------~--------------------------------------------------------

MIDWEST RESEARCH

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 12-34167-006
PO#: 038545
ITEM #: 1202M2034951AL
DATE: 5/27/99

CYLINDER #: ALM037409
FILL PRESSURE: 2000 PSIG

BLEND TYPE : G~~VI~ETRIC t1ASTER

COMPONENT
3-METHYLPENTANE
NITROGEN

NIST TRACEABLE BY WEIGHT

ANALYTICAL ACCURACY:
PRODUCT EXPIRATION:

GAS
REQUESTED GAS

CONC MOLES
50. PPM

BALANCE

+-1%
5/27/2000

ANALYSIS
(MOLES)

50.0 PPM
BALANCE

ANALYST: ¥(; TAYLOR



I. Scott Specialty Gases
~pped 1750 EAST CLUB BLVD

From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

•

C E R T I F I CAT E o FAN A L Y SIS
----------------~--------------------------------------------------------

MIDWEST RESEARCH

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 12-34162-006
PO#: 038546
ITEM #: 1202P2000801AL
DATE: 5/27/99

-------------------------------------------------------------------------
CYLINDER #: ALM041358
FILL PRESSURE: 2000 PSIG

ANALYTICAL ACCURACY:
PRODUCT EXPIRATION:

+-1%
5/27/2000

BLEND TYPE : GRAVIMETRIC MASTER

COMPONENT
N-PENTANE
NITROGEN

NIST TRACEABLE BY WEIGHT

GAS
REQUESTED GAS

CONC 'MOLES
50. PPM

BALANCE

ANALYSIS
(MOLES)

49.99 PPM
BALANCE

ANALYST:



II Scott Specialty Gases
pped 1750 EAST CLUB BLVD

From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

C E R T I F I CAT E o FAN A L Y SIS
----------------~------------------------------------------------~-------

MIDWEST RESEARCH

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 12-34167-005
PO#: 038545
ITEM #: 1202M2034941AL
DATE: 5/26/99

-------------------------------------------------------------------------
CYLINDER #: ALM054078
FILL PRESSURE: 2000 PSIG

BLEND TYPE : GRAVIMETRIC MASTER

COMPONENT
2-METHYL-2-PENTENE
NITROGEN

NIST TRACEABLE BY WEIGHT

ANALYST,~J,r
B.M. BECTO

ANALYTICAL ACCURACY:
PRODUCT EXPIRATION:

GAS
REQUESTED GAS

CONe MOLES
50. PPM

BALANCE

+-1%
5/26/2000

ANALYSIS
(MOLES)

51.4 PPM
BALANCE



II Scott Specialty Gases
pped 1750 EAST CLUB BLVD

From: DURHAM NC 2 7704
Phone: 919-220-0803 Fax: 919-220-0808

C E R T I F I CAT E o FAN A L Y SIS
-------------------------------------------------------------------------
MIDWEST RESEARCH

CROSSROADS 'CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 12-34167-004
PO#: 038545
ITEM #: 1202M2034961AL
DATE: 5/26/99

CYLINDER #: ALM005876
FILL PRESSURE: 2000 PSIG

BLEND TYPE : GRAVIMETRIC MASTER

COMPONENT
2-METHYL 2-BUTENE
NITROGEN

NIST TRACEABLE BY WEIGHT

ANALYTICAL ACCURACY:
PRODUCT EXPIRATION:

GAS
REQUESTED GAS

CONC MOLES
50. PPM

BALANCE

+-1%
5/26/2000

ANALYSIS
(MOLES)

50.04 PPM
BALANCE

ANALYST:



II Scott Specialty Gases
lpped 1750 EAST CLUB BLVD

From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

C E R T I F I CAT E o FAN A L Y SIS
----------------~--------------------------------------------------------

MIDWEST RESEARCH

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 12-34167-003
PO#: 038545
ITEM #: 1202M2034971AL
DATE: 5/26/99

-------------------------------------------------------------------------
CYLINDER #: ALM017936
FILL PRESSURE: 2000 PSIG

BLEND TYPE : GRAVIMETRIC MASTER

. COMPONENT
2-METHYL-I-PENTENE
NITROGEN

NIST TRACEABLE BY WEIGHT

ANALYTICAL ACCURACY:
PRODUCT EXPIRATION:

GAS
REQUESTED GAS

CONC MOLES
50. PPM

BALANCE

+-1%
5/26/2000

ANALYSIS
(MOLES)

50.08 PPM
BALANCE

ANALYST:



,. Scott Specialty Gases
~pped 1750 EAST CLUB BLVD

From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

C E R T I F I CAT E o FAN A L Y SIS
-----------------------------------------------------------------------

MIDWEST RESEARCH

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 12-34162-003
PO#: 038546
ITEM #: 1202N2007311AL
DATE: 5/26/99

-------------------------------------------------------------------------
CYLINDER #: AAL21337
FILL PRESSURE: 2000 PSIG

ANALYTICAL ACCURACY: +-1%
PRODUCT EXPIRATION: 5/26/2000

BLEND TYPE

COMPONENT·
N-HEPTANE
NITROGEN

: G~~V!~ETRIC MASTER GAS
REQUESTED GAS

CONC MOLES
50. PPM

BALANCE

ANALYSIS
(MOLES)

49.97 PPM
BALANCE

NIST TRACEABLE BY WEIGHT

\~~------
ANALYST: ~--.../

L:TAYLOR



I. Scott Specialty Gases
~pped 1750 EAST CLUB BLVD

From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

C E R T I F I CAT E o FAN A L Y SIS
----------------~--------------------------------------------------------

MIDWEST RESEARCH

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 12-34167-002
PO#: 038545
ITEM #: 1202P2019421AL
DATE: 5/27/99

CYLINDER #: ALM041929
FILL PRESSURE: 2000 PSIG

BLEND TYPE : GRAVIMETRIC MASTER

COMPONENT
l-PENTENE
NITROGEN

NIST TRACEABLE BY WEIGHT

ANALYST«~J\itS:
B.M. BECTON

ANALYTICAL ACCURACY:
PRODUCT EXPIRATION:

GAS
REQUESTED GAS

CONC MOLES
50. PPM

BALANCE

+-1%
5/27/2000

ANALYSIS
(MOLES)

50.1 PPM
BALANCE



I" Scott Specialty Gases
. pped 1750 EAST CLUB BLVD

From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

C E R T I F I CAT E o FAN A L Y SIS
----------------~--------------------------------------------------------

MIDWEST RESEARCH

CROSSROADS CORP PARK
5520 DILLARD RD,SUITE 100
CARY NC 27511

PROJECT #: 12-34162-001
PO#: 038546
ITEM #: 12021152 1AL
DATE: 5/25/99

CYLINDER #: ALM020217
FILL PRESSURE: 2000 PSIG

BLEND TYPE : GRAVIMETRIC MASTER

COMPONENT
N- BUTAJ.\JE
NITROGEN

NISTTRACEABLE BY WEIGHT

ANALYTICAL ACCURACY:
PRODUCT EXPIRATION:

GAS
REQUESTED GAS

CONC MOLES
SO. PPM

BALANCE

+-1%
5/25/2000

ANALYSIS
(MOLES)

51. 3 PPM
BALANCE

ANALYST: ~.~vl. b~~
B.M. BECTON



PrOject No. MIDWEST RESEARCH [NSTITUTE
oAILYCHECKLlST

Start up Procedure

OPERATOR: ~;z<

~

2t·B ~~

;t'ti
7y9,' JM

7'f1/1 )
().~ LcP,A\ C7S'/.S' W

0.'1-''''1 ~

pg"

77>,'/
P,.

71!,7
p-

t1,3
AP

I.J" Z; ,fJ6
%VL(1 ;-lI~'d~ ~ J p-,,:..,)

Record Nltroc.. 8acqroaad

Purge cell with dry nilrOgea

Verify cell is u dry u previous background

Record ambient pressure usiq cell Barocell gauge

Record nilrOgen flow rate (about sampliq flow rate)

Collect Bact,rouad ~QBK) UDder continuous flow and ambient pressure

Record informacioD in daca book.

Copy Bact,rouad to C4ive aDd backup using batch file.

Check ceO telapen~

Verify te~lUnI usmc thmDocouple probe and hand-held readout
Purge cell with dry ni~gen IDd vent to ambient pressure

Record amb.at ,......... ia eel, <P.>1'._-Leak Check Procedan: ( 'O\::#w... ,,.~ rs""""" )
Evacuace cell to bueliDl pressun.

Isolate cell (CIOM cell inlet aDd cell outlet)

Record time aDd bueliDl pressure (PmiJ
Leave cell isolated for ODe minut8

Record time aDd cell preaun <p->
Calculate 'leak rate' for 1minute

AP.p.. ·p_

Calculate 'leak rate' u percenrage of total pressure
% VL • (APIP~)· 100

1% VLI should be < 4

'1~/.!J

/o.oJ ~

It;;." ??
I,D '-lit.,

~t 1~l(72

e.ru..,/";IlH. .ul. (I o't .1( ff"

ReconI crs S,...ta_

Record Cell padr.....aiaI
~-.' ~C.

Fill CeO willaCU.-.

Opm ceO oudII aadparp cell with CIS at sampliq rate (1 to SLPM)

Record cytiDdlr ID~
Record CIS gu cytiDder ideD&ity IUd CCD:eIlIraIioa

Record aDd copy spectrum IUd interferopam to C4ive and back up using ers berdl m•.
Record Barytton preaun duriq coUect it'

-a.llif~ iI401uwliw \Ai 'Backpowzl iiid 0IItlt1lkm' clara sheer:- ~

Vt:rify that speccrum IUd m-t'erosnm~ c:oP.ed to directories.

Record CTS Specuum File N&IIIII . 'r SOJq1 A

-br. ~- o-4{n..l----



PrOject No. MIDWEST RESEARCH £NSTITUTE
DAll..Y CHECKLIST

Start up Procedure

OPERATOR1Cb., ,.r

!DWAII
Cbedt c:eDt~

Verify temperaan usiq thermccouple probe and band·held readout

Purp cell with dry nitrolen IDd veal to ambieal pressure

Record .......... ,....an ba eel, (P~

Vaca_ Led Cback Proced..

Evacuate cell to buellDe presSun..
Isolare cell (close cell iDl. and ce~ outlet)

Record time and bueliM preuun (P.-.)

Leave cell isolated lor ODI rninuI. lUDI p..

Record lime and cell preaure (P...J
Calculare "leak rare" for 1minute lUDI p_

U-p..·p_

Calculate "leak rare" IS percentage of total pressure
% VL-(UJPlI } * 100

1% VLI should be < 4

Record NItropa Backp'oaad

Purge cell with dry nitropn

Verify cell is IS dry IS previous backpound

Record ambieDl pressure using cell Barocell gauge

Record nitropn flow rare (about sampliDg flow rate)

CoUect Backp'ouDd ~QBIt) UDder continuous flow and ambient pressure

Record informaUOIl in data book.

Copy BackpouDcl to C4iveand backup using batch flle.

'1'*7" ~

1('1.'""",,--Reviewed by:

Record CIS Spada_

Reccrd Cell pUb 1Iqda...

~~!.&....c.a
Fill Cell widlcrl..
Ope celloadIIlIIdparp cell withcrs at sampliJ1I rate (1 to 5 LPM)

RAlCCIdcy~ ID Nuaubiw

Record crs pi eytiDdlr ideIlIity ad caocearntiOD

Record and copy speclMD and iDrerferopam toC~ve and back up using ers bardl (de.

Record Barytron press1ft duriq collect ~

-.a.eetxd iIIf=..... _~ aM edi:1wdCJID" ... i_e tI +
Verify chatspec~ and iDrerferopam.wen copied to directories.

Record ers SpectrUm Ftle N..-

#r==

lo.D'

~
t'ICc

/.0 LIM -tit,
A LJ110SH'(

~ tJ, 0 i'''''' ['1"71-- ... )

~
~ {'I.~ 'Jt



Project No. MIDWEST RESEARCH INSTITUTE
DAn..Y CHECKLIST

Start Up Procedure

OPERATOR; T. 6~J

0.'1:1 c..fM

44
4&
¥

1<0,"

71-(, t1

Pmia

77'- ~
P
o.~

to'. "S':to
Time

Record NltropaBactpooaad

Purge cell with dry nitropa

Verify cell is u dry u previous b8cqrouDd

Record ambient pressure usm, cell Barocell gauge

Record nitropa flo.. rate (aboul samplin, flo.. rate)

CoUect Backpouad (AQBK) UDder cootinuous flow and ambient pressure

Record informacia1 in dara book.

Copy Backpouad to Codrive aDd beckup using batch file.

Cheek ceDt_pen~

Verify telnpentuft usm, thmnocouple probe and band-held readout
Purge cell with dry nitrogen IDd vent to ambient pressure

Record aU.at preu.. ill eel, (P~

V ca_ Leak Check Ptocedan:
~o,~c.:;.. E P....., II . M..~""dl ..
~re ~w.A v.MUIIIe ce to~ pressure.

lsoJat. cell (eiOM cell inlet aDd cell outlet)

Record time aDd bueliDe pressure <PaiJ
Leave cell isolated for OM miDura

Record time and cell pressure <P..)
CalcuJat8 "teat rate" for 1minute

AP.Pmia-p_

Calculate "teat rate" u percentap of total pressure

" VL • (APJPlt )· 100

I" VLI should be < 4

Record crs SpwII_

Record Cen paIIa....1eUiDI
.EKIC'.CeIl

9t'f.M Cen widacrs..
OpeD cen oadIC ....parp cell wiIh CIS at samplinJ rate (1 to 5 LPM)

.Record cytiDdlr ID NumbIr·

Record CIS gil cy6Dder ideality IDd cco:entrItiaa

Record and copy specuumlDd intederopam to Codrive and back up using crs batch me.
Record BaryUOIl pnaure duriq collect

Record infODDauaa aa "Backpouad IDd CalibntiQIII" data sheet.

Verify that speccrum IDd iDrIrferopam..... copied to directories.

Record CIS Specuum Pile NUDI



MIDWEST RESEARCH INSTITUTE
DAn.Y CHECKLIST

Start up Procedure

--~l(.fq" ."
, f (, If tI.4 .,

a·7
AP
;,{

71 fJ• g
p..

11{,~
p-

OPERATOR:--_J-...__

~(I

11 ;01; 14

irma4"
~

Time

CaIcu1ara "teak rate" u percentage of tota1 pressure
% VI. • (APJP,,)· 100

1% VtI should be < 4

DATE: 71'1l Cf ~

.~
Cbect$~~!,"

Verify temperaan usiq tbermccouple probe and band-held readout

Purp cell with dry Ditropa. aDd Veal to ambieal presIUre

Record ....Ieat preuve ia eel, (P~

jMnIiL_Clleck~~.....

P~c..J ~cell~~';-...
","f'~""'" ~~lsolatecell (ciON cell inlet aDd cell outlet)

Reccird time aDd buetiDe pressure (PaJ

Leave cell isolated for ODe minute

Reccird tiDMl aDd cell pnuure (P...) ~.-J

Calculare "leak rate" for 1minute
AP.p.. ·p_

Record N......Bacqro....

Purge ceU with dry nitrogea

Verify ceU is u dry u previous becqrouIId

Record ambieal pressure usiq cell BaroceU gauge

Record Ditropn flow rate (about sampJing flow rate)

CollectB~ (AQ81t) UDder continuous flow and ambient pressure

Record informatiOD in data book.

Copy BackpouDd toC~ve aDd bKkup using batch me.

C.1 SO"I>' Ao-41{1,__-

lUcord crs 511' b_

Record CeU padl....1ItIiaa
~~C•.

Fill CeU widacrs..
Opea een oadIIlIIlI parp ceil willa crs at samp1iq rate (l to 5 LOO

Reccxd cytiDdlr ID NumbIr
Record crs pi cyliDdlr ideality aDd~

Record aDd copy spectrUm aDd iDt.ederoJI'IID toC~ve and back up using crs bau:b (tie.

Record Bamron presI1R duriq coUeec
Record iDtormatiCll CIl "BackpouDd aDd Cah1:nticm" diua sheet.

VfIlify that spectrUm aDd inrarleroFUD.w..~ to directories.

Record CTS SpectNIIlPile Nam.

-bY- ~~'----------



PrOject No. MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST

Start up Procedure

DATE:~ -OPERATOR: J • ~,if

<J ~ Sz:,.
Time

6JSI: 111

TIme

~

I a" ,f-' ".,
tpr

tJ.10

~

;. 'f 1',
.' %VL

Calculate "leak rate" u percencap of total pressure .
, V... <~IP1J) • 100

I'VLI should be < 4

CbeckceDt.........

Verify teMperature asiDe tbermocouple probe and hand-held readout
Purge cell with dry nitrog_and vent to ambient pressure

Record ........t press.. fa cell, (P~

.l'ear_l.eak Check Procell..

0.'" "'cellto~pnaure.
Isolate cell <close cell inlet and cell outlet)

Reccrd time and bueUDe pressure cPaJ
Leave cell isolated (or 0D8 minute

Reccrd time aDd cell preaure <P-> .
Calc:u1ata "leak rate" (or 1minute

~.Plllil-P_

Record N......8eckpotIIId

Purge cell with dry nitro..

Verify cell is u dry'u previous background

Record ambient pressure asiDe cell Baroc:ell gaup

Record nitrogen tIow rate <about sampling tIow rate)

Collect Backgrouad (AQBK) UDder continuous tIow and ambient pressure

Record iDfon:naCioD in daca boot.

Copy BackpouDd to Codrive aad b8ckup using batch file.

I ( ..e f;-tt

~
7£),1-

/,/ .f..("1

¥

Reviewed by:

Record crs S...._

Record Cell palla__ seaiDa
~CeJI

Fill Cell wida C1'S..

OpeD cell oadIC..parp ce11 wi1has at sampling rate (1 to 5 LPM)

Reccxd cytiadlr m NambIE

Recordas pi cyliDdlr idemity aDd ccac:eDlntioo

Record aDd copy spec:tlWD aDd iDrmeropm to Codrive and back up using CTS batch file.

Record Bamroo pressure cIuriDI collect

Record iDformatioo OIl "BactpouDd aDd Calibratioal" data sheet.

Verify that spectrum aDd iDtIrfero~ were copied to directories.

Record crs Spectrum File Nama

di~~~-

-



Project No. 'Itt> I - 1''1.. ,(; MIDWEST RESEARCH INST111JTE
DAn..Y CHECKLIST

Start up Procedure

~Gec.rU-

!nWIII
~"t -Co

"tV=' ~ ....
=$

o.~

/:).p

1.1

'171. '1
PIIIia

IO',I1:G~

IUDD

OPERATOR:DATB:~,

Check ceDteIB~

Veri.fy temperature usiq thermocouple probe and band-held readout

Purge cell with dry nitrogen and vent to ambient pressure

1Ucord aaableDt prell" Ia cell, (PiJ ,
~ Leak C1Mck Proced ~'''c.,~6
~ ('&~E cell to buetine pressure.

Isolate cell (ciON cell inlet IDd cell outlet)

Record time IDd buetine pressure (PaiJ

Leave cell isolated for ODe miDuIa

Record time aDd cell pressure (P->

Calculate "teak rare" for 1minute

/:).p • PIIIia • P_

Record NItropa 8acqroaIMl

Purp cell with dry nitrogell

Veri.fy cell is u dry u previous background

Record ambient pressure usiq cell Barocell gauge

Record nitrogen flow rate (about sampling flow rate)

Collect Bacqrouod (AQ8K) UIId« continuous flow and ambient pressure

Record informatiOl1 in data book.

Copy Bacqrouod toC~ve aad beckup using batch tile.

Calculate -teak rare- u percentage of total pressure
t;\ VL • (/:).pIP,,)· 100

It;\ VLI sbouId be < 4

/8.()"'! 4,,~__Jt'
-_,!
jl.j(lA(~,,1

?J> P".. ~e.-
_ ....O.Il!

=i
("{)o1\"\ A

D~~

Record CTS SpedI_

Reccxd Cell padl....seaiDI
~A~CeII

Fill Cell widlem..
Opea cell oadIIlIIlI para- cell withcrs at umpliq rate (1 to SLPM)

Reconl cytiDdlr mNamba-
Record CTS gal cyliDdlr ideality aad COIJCIDttItiOl1

Record aDd copy spectrUm aad inlaferopam to C-drive and back up using CTS batch file.

Record BaryU'OIl pressure duriDI collect
Record informatica 011 "Backpmd aad CahDntioaa- data sheet

VfJlify tba1 spectrUm. aad interferosram wen copied to directories.

Reconl CTS Spectrum F'tle Nam-

-by. ,J~~



Project No, MIDWEST RESEARCH INSTITUTE
DAn.Y CHECKLlST

Start~ Procedure

OPERATOR: r. 6.., 40('"

fJ.1
AP
1.4'",

%VL
)t

'/.1

..11111:1."
Tune

II;21:0{
Time

Calculate "leak rare" as percentage of total pressure
. % VL a (APIP,,) • 100

I%VLi sbouldbe<4

Cbeck ceD teIII~t1!N

Verify temperature usiq tbermoco~leprobe and hand-held readou&
Purge cell with Ury nitrogen and vent to ambient pressure

Record ambieD~PrtsI....1 ia cell, (PJ
Vaca_ Leak Check Procedan:
H~ cell to bueliDl pressure.{(.......)

Isolare cell (close cell inlet ADd cell outlet)

Record time and bueliDl pnssure (PaiJ

Leave cell isolated tor ODI minute,

Record time and cell preaure (P-J

CaJ.culare "teat rate" for I minute

APaP_-P_

Record NItrapa Backpooaad

Purge cell with dry nitro,.

Verify cell is u dry as previous b8ckgr0Ulld

Record ambient pressure usiq cell Barocell gauge

Record nitrogen flow rate (about sampling flow rare)

Collect B&c:qrouoci~QBK) UDder continuous flow and ambient pressure

Record iDformalicD in data book.

Copy B&c:qrouoci to C-dri.,. and backup using batch tile.

Record CI'S Sp. Ii_

Record Cell pda....seaiaI
q.J1EVJMIa Cell

Fill Cell willaCI'S...

ep. ce1l oudIIlIId pulP cell withas at sampliq rare (1 to S LPM)

Rec:crd cytiDdlr ID Nama.
Recordas pi cytiDdlr ideality aad CODCeDIntiOll

Record aad copy spectrum aad mr.feropm to C-drive and back.~ using crs batch file.

Record BaryuoapreIAI8 duriq co11ecl

Record iDfcrmadcD OIl "BKqrouad and Calibn&iclDl" data sheet

Verify tbat specnm and iDterferosnm.were copied to directories.

Recordas SpecUUDl Pile Nam.

Reviewed by: _.....:~!:-y=::=



Project No,~ MIDWEST RESEARCH INSTlTUTB
oAlLY CHECKLIST
, Start up Procedure

e:;fCP
V(t2

1~

!J{,
4'/,

I

7780;- (.,r

p-

~
P-
0.7
AP
;l.,

/?" VL

~ 4/ ~ - Io-J".:J

OPERATOR; 1. ~1.t/"

lIWiIiI
#1(,.

11(',3 .~

-$
~

~:n:YD

Tune
If: 51: liD

Time

Calc:uIare 1eak rate" U perceIllap of toea! pmSln

" VL • (APIP~)· 100

I" VLI should be <4

DATB:~

Record N.....Sac....

Purge cell 'Rim dry DitropD

Verify cell is u dry u pnYicul bacqrouDd

Record ambient pressure usm, cell Baroc:ell gauge

Record Dirrogen flow rare (about sampling flow rare)

Collect BadtpouDd (.4.QBK) UDder continuous flow and ambient pfessuze

Record iDformatiaD in data book.

Copy BICkpluDd to C-drive and backup using batch file.

Cbect cell t.........

verify temperature usm, thIllrmocouple probe and hand-held readout
Purge cell with dry Dirropn aDd veal to ambieal pressure

1Ucord amble.............. cell, (P~

Vaca_ Leat·Cbeck Proced~

p~~celltohMetia.~
lsolare cell (ciON cell iDleeand cell outlet)

Record ,time aDd baseliDe pressure (PaJ

Leave cell isolated fQl' ODe II:Iinua

Record am. aDd cell pnlSI1R (p->
Calc:uIare "leak rate" fQl' 1minute

AP.p_-p_

Record CTS st• .._
Record Cellpalb1laa*......

~n_CeII

Fill cen widlCD..
os-ceil oudII ....parp cell widlcrs a& sampliq rare (1 to SLPM)

Record cyliDdlr ID N'umbII

Record crs gu cyJiDdlr i.deaIicy IDll c:oacmnbClll
Record aDd copy spedNIIllDll iDl.taopull to C-drive and back up using crs batch file.

Record Baryuon pr.-n duriq collect

Record iDformaticlD c:a "BICkpluDd aDd CalibnlioDa" data sheet.

Verify tbac specCrUID IDll mr-ferolfllll.... copied to directories.

Record crs Spec:uumPile Nam.

Reviewedby: __~



PROJECT NO. 4951-12 and IJ

FflR DATA FORM

Background and Calibration Spectra
BAROMETRIC: 71/',' .J,.u

SITE: NCO Laboratory DATE: 1!7(', OPERATOR: .::r:~

FlU (OW) NUMBER R_ulloa G. G.
TIME NAME PATH NOTES SCANS (em-I) TEMP(F) PRESSURE IKG APOD

If):'1., Bl<(,o7nA JJ2,. tU....,k. t..dl. @ 6·f Lf.A1 Cc:IO 1.0 ~)." 75{. <) - .v8/.....,:ID.O':J

It: -;'1 C1"·'0711 " ,o'f.-. ,,,.... (..~'-- P I~ 1-''''' S''''' /'0 23.. 75'.& "1tf1 ~ "

12:.,.;- CPO'#?& " :lO.tJ 'f'- ~""/~ 1.0 ..,"" ~tJO (·.0 -'l.fJ 7>1.' 70711 "

~I I:J c-KJ
/

t'~ .... n. .-. ,- ...
• ~ I ~Aj .(~.7 7"3/. IA- ,. _.

,- ~- ,. .__ ,u IV .,. OJ , r V

l3~') ~-.so-,•.,c! ,"0.1' f'''" "-""1e- ~ J.oa.''''' ~-
(.0 ~~.~ 11"/·1 '7D'114 p%

ItJ.O~ ;u.u

,
I •

•

emc_bact'ly99149SI\lZVefs'lli.data sheelJ ror rererenceuls
07·07-99

Reviewed by
Dale



PROJECT NO. 49S1·!Z a.d lJ

Fl'IR DATA FORM

Backgrolind and Calibration Spectra
BAROMETRIC:_~_lJ._·_r__

SITE: NCO Laboratory DATE: _i'l...L.1""""E.L....:1?-$-j_ OPERATOR: 7:~¥

FILE (OW) NUMBER ReRlulioD G. G.
TIME NAME PATH NOTES SCANS (em·l) TEMP(Jl'( PRESSURE .KG APOD

1°:'(0 8""Di17!lA ID.o", ::t ~te c:d!J ~ t'• ., ..,111 CdO 1.0 ~'1'0 7~,. .., - .()~J.....c.
C4,' r. ~.

cr ::,0'7oJ A
~o.o ,,-. ~ (__ @ D..,O"~

~JO '.01(; 3~ 'D.·~ ;'}.& 'IS:?? "7o"l It . It

1'-: 0; /!J1('07IJs~ /O.tJ ., .Ja. (;J "So iI'''' 1.0 1:l,,5"~ 'l'ff. , ,()'¥-o
(,If. fA] if IU~;Z~ {n.~.~ 11 ~CO -
40 (t,(' ('#(~f(). bl.""J
~J+ f4 c.J ;., .

'f,;1.-l# C-;S U7fJ'd1J ~.... @ I)., '1 L. 1''1
5"~ 1.0 /Qt-. '(~ 7~D.' ,iJ~,O.D" /lO.fJ,,- 7fJt~

I
I ;

•

"

emc_bad\fy9!M9SI\J2'Ire(s'ltir"a sheets (or references.x1s
07-07-99

Reviewed by
Date



PROJECT NO. 49SI·Uaad IJ

SITE: NCO Laborator,

FfIR DATA FORM

Backgroiind and Calibration Spectra
BAROMETRIC: 7·f"/. '!

DATE: 7(1/17 OPERATOR: {:~4#

FILE (OW) NUMBER ReIOIulloo G. Gas
TIME NAME PATH NOTES SCANS (rID'1) TEMP(F) PRESSURE .KG APOD

0:(3 8kr.o7~A 't?c~
A.'.z. ~ .,. t'~ LI'~ '"at' t.O I ::1'.2 7S/.~ - ~~

?& ",- ~/--e
e.g.,
~p~ S~o '.0 7S.2.o II- "

(~~ lfl/ i:H o7C1,,. 10.0 ~ I aGo. '3

11(, IJ 11J,A ItJ.'~
~;1. ("$"""'t!,~ ..; ,()~

5~ '. () l~fD·.., 7~1, f.- It} 't,LI: 10( ~L'1'1ill •. _I.>' uf.. 1 .

S,. c. ,t- J;l..f1'J- .... AI..... ro (.0
1-;h.1 712., If "l'i '.11 ''1(,0'11

' 8
Vll. Ib e..t'M

ID.I"'I
,#1JIl' "'"v. "J

~.'St;
~l. r; ~L'''1 5.,0 1.0

7SI. 'J
It, . ~~t>'101 9- ID.·~ D.lf 0 '2f.. ~ ~ ;-

I~:o-t, a,.so 10'\~
(AO .." ..,•.6,r-- """t..,.. iJ d.~~ "" ftHJ (,;1) (;].(".(

7r;I. f) !!J ./

c... 5;l.c.,~ I-t~ ..:r. A)

/,,,,,,1.. f ICj(,.1~ . (0.0-" 1; 1.11 L'~ 1- ~tIO (.0 I~t.·f 1~1. ~ ~
.(

;

/1"- A.'u.~ 'tCo".'
, .. ;1' If~tl7ot1 0

f" l.. (, II'- ,HJn--
~", .,SI. 2.. 8 t,

,(J.t) .,. t? I. If) 4'''''
(.0 (2f1.'

•

erne_back\fy99IA9S1\l2Ireb'ltir daIa Jheeb lor relerenceuls
07·07-99

Reviewed by~
Da~~



FfIR DATA FORM

Background and Calibration Spectra
BAROMETRIC: 15~. 3PROJECT NO. "'51-118M 13

SITE: NCO Laboratory DATE: 71"~/11, . OPERATOR: ~_.__6~~~~~_

FILE (DIll) NUMBER ReIlIIullo. G. G.
TIME NAME 'ATH NOns SCANS (em·I) TEMP(F) PRESSURE IKG APOD

AJz. ~;"~-d€! /"2 l/'",
~5.0 I.D

#~.JflJ,''''_ /t('oMzA IDiD' f~,. /) 7~. 3 -
~•.• IfN' fJll,'-..: d'l. "7 ,.z.

II
Cn'7/.~ ....~ $'fIO A 'f

'-Jo- ~ /. ~"L"''''''
/.0 12,.0 7S'.'

CiSO"',20
".. pP"'" ~I-. (;: 0.7' $'_0 1.0

,.
~,

II :to ID.o~

6'2" c..tw -'''~/.I41) ",.- , .&". ~ 7s~," ..
S"J'(' ,.,- ...~ ..: AJz.. 7/t-

/f& "11:lA ~ 0.'" Loft..... I'D A ., "
/2:').0 1_.0 ~

~, .~~.,.~
$WI /2{,.1 75$',1

. AJ~ @ t.,~ LIM
';00 '.0 - ...

1'1: y~ ,. ~f.111If. 1;1'., 7$'"".0 "co.o....,.

Jo.o f'P'" ~(--.. l!-
'Sol' ..,S~."

.,,2. ~ I( "
erSo1l1..c.. co.~ 7 ' ,0 1;Jftt,J11f:&lO l.tO L'I"\

I"'b/~d
S'~.fI"'~ ,H~ ...: .v..

71ft( e "
'I

,,,, : s(c, / •. '1
~ I./)" LP~

ToO C.D I;t(". 'I 1'>t? .-5" ;

•

emc_bac:lt\l'y9!M9S'\I1'tefs\flir daIa sheeu for refermoeuls
07·07-99

Reviewed by
Oale
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PROJECT NO. 4951·11 and IJ

FfIR DATA FORM

Background and Calibration Spectra
BAROMETRIC: 7S~?

SITE: NCO Laboratory OPERATOR: -;:6~

TIME
FILE

NAME
(OW)

PATH NOTES

NUMIER
SCANS

R-.»Iulloo G. G.
(em-I) TEMP (F) PRESSURE IKG .tPOD

" :.I~

, f ,

~~~

P-.Oo ~6c'-- r. fl. -g~ in~

;2".0 "...,.. .&ft.'!.....,.:. AJz..

MJA.' z ~3g t{ tP",'ISl~

soO (·0

t,O

1·0 cSS• O

7r<.o

I.

It..

I(

t.

I,

..

'-';07 (0.0""

It
1·0 It "

I,

~~Uo ,,..,.. ,4(~

~ I.f!)~ L',fIJ
1.0

t,O

i~~, ,

.,,....,

tt

I •

..

",

'.

..

emc_bad\fy9'M95 I\J mfs'llir tWa S'-Is for refermceuls
07-07-99



PROJECT NO••51·11.. 13

SITE: NCO ...bon....,

nlR DATA FORM

Background and Calibration Spectra
BAROMETRIC:

OPERATOR:

PILE (DIll) NtlMla .......... Ge. Ge.

TIME NAME .ATH NOTES SCANS (c.·l) TDI'(II) ..asua IItG AfOD
, AJ:J "'-',c... rJ@ ,. OJ 6- ,'" 7t'1· ,

tI~f,(o Btc"0 7'SA , ••o~ ~-- 1.0 12r,r ~6 - ~~p

l.T""'~A
-'.I'r- f..w,t-.- e i.•.",...

A II

'2','( ,I...
ALMf/:lS "1 r- '.0 ,~~.2 1r1./

l'fel11/sA
5"3.(, I'r"~ e 1.0" &.,,~ ~;;s ,2.

7S7.0 !l- I<

1:J '."J~ (.<o~ S"ID 1.0

If)~~ I,'" ..P~ ~- ' ..0 I ::IS. ( 7~,.4 - '.
(1-{ 0 3 61.('0 7If() , ",1')

1':,0 CT?o1fS t> '6.0
"

- 20.0 If'" ~~ b.'1 ~014 t.O 11C.o 7t'1.~ 1/~e-
'I

A'AUS')"
..,...

,4 t.AtA' 'I" 'If ., ~ I.•; ~ I~$·f)

I(,'.'J,0 11(, o11~' ,.,.0'"
~~ (f2."".- \ ..~ )~ 1.0 ~ f-1SS'.e 7tS# "

I

, ,

.,

"

en1C_bId:'ly9!M95I\12'ftfNtir ......heeII for "'__'.1II.
07-01-99

Reviewed by ~~
D*~



PROJECT NO. 4951·111114 13

sm;: NCO .........,

nlR DATA FORM

Background and Calibration Spectra
BAROMETRIC: 75~,"'Z

OPERATOR: I. 6~~

FILE ,(DIll) NUMla .......... G8I G8I

TIME NAME 'ATH NOTa SCANS (CII-I) TDI.(11{ raasuu 1&0 AfOB

,
~). ~e.... cJ

II ~;a.' gk'o' It." t ••• ..., Q ."1 L.t';I>t rdO t,O /2.> .I\.
7$1·1 - ~.J

~•.•~~I..-
t.o ]1'1. 0 ..

(2 :J~ ~TCt)"'" A ,o..~ ~ I .•" t"..... .:P't) 1;2 ~.1 111.1#

51-~ ,,,,.. )t~
12 '.~, (1'.,If, 11 ,D,.'" $00 1,- l:l r ,I 7~7. "2- '11<' If

,.

JA ...~ ,,,eI" , I.", ,'~

,';"(~ CrS",1,-9 lO·"~ 2•••~ ~I.-
If) I·D L'1'1 ';(0- I." I~S,~ ~ S~.( ~(fI It "

A'tft. :z S 91'"

h~
,

'f~,(, ,,-

,~~1'" (''',.,/fILA I~,· ., , ".,., &.,~ 5cJC' c.0 (1 ~ .2 6c. 1~'·f 11"~ ..

,

"

'.

emc_b~95N?ftfMirdIU IheetJ for referemeull
07-07-99

Revie~'"~{
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Project No. MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist

OPERATOR:
--~-~:..-

Initials

Reference Spectrum Sample

Start Tm. {J..,iJ.., ~'i I
Record Cell padlleqtb settiq

Record Backp'ouDd Spectrum Fue Nama

Record CTS Spectrum Fite Naa.

Record Compound Nama

Record Cylinder IdmtifieatiooN~

Record Cylinder Coocentratioo

Record Spectrum Fue Name

Fill cell to ambient pressure widl gas from cylinder standard

Open cell outlet vent valve

Adjust sample now t.brou&h cell to 0.5 to 1LPM. Record flow rate

Allow to equilibrate for 5 miDuteI

Record sample pressure in cell

Record sample fiow rate t.brou&h cell

Start spectrwD collect propam

Record informatioo in data book

Copy SpectrUm and Interferogram to backup directories

End TIme

Reviewed by: __-td~
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Project No. ~/9t I ./'1. ,,"" MIDWEST RESEARCH INSTITUTE
FI1R Reference Spectrum Checklist

OPERATOR: r· e:, 1Ur

Initials

Reference Speccrum Sample

Start Tum J~ ~~

Record Cell path length settiDI

Record BackJrouDd Speccrum Ftle Name

Record ers SpedI'Um Ftle Name

Record Compouad Name

Record Cylinder Identification NUQ.1ber

Record Cylinder Conc:entntion

Record Spectrum Ftle Nama

Fill cell to ambia pressure with ps from cylinder standard

Open cell outlet veal valve

Adju,lt sample ftow through cell to 0.5 to 1LPM. Record flow rate

Allow to equilibrate for 5 minutes

Record sample pressUIe in cell

Record sample flow rate through cell

Start spectrUID collect program

Record infomation in data boot

Copy Speccrum aDd Interferogram to backup directories

End TIme

Ii i Kt4Nf

A/',l(D I( '"''~
1,.(, Pt"'
O1$o')olfO

=:=
I, f) tf/LI.-.

- r "A'ee't·_,() ~_

,$t.:> pp"

/, /)., "p,..

iIJ'

4/"
i

1<: Iff,

/'2{P.( 0e,.

Reviewed by. Date:



Project No. '1t:t~ /- /1., f'"
MID~ST RESEARCH INSTITUTE

FTIR Reference Spectrum Checklist

OPERATOR: _....:1"'~._~_',J.;.u~_

InitiaJs

(\',~'f

12(, ,0·('"

I-Pc.-lr....
AL4M YI,2't .

5"9.( tft'.
IPiQ1~-

1~

/1;"
10 • • ",

&\:(<. e'Ha,.. ~

'''''$ cr'712. A - C rCj"
)

Reference Spectrum Sample

StartTiIM

Record Cell path lenlth settiDI
Record Baetpouad Spectrum File NlUD8

Record ers Spectrum Fue NlUD8

Recor4 Compound Nam.

Record Cylinder Idmtifieation Numbw

Record Cylinder Coacentration

Record Spectrum Fue Name

Fill coll to ambieal pressure with ps from cylinder standard

Open coll outlot Veal valve

Adjuit sample flow tJuousb coll to 0.5 to I LPM. Record flow rare

Allow to equilibrare for 5 min_

Record sample presI\ft in"cell

Record sample flow rare tJuousb coll

Start spectium collect program

Record information in data book

Copy SpeclrUm and Interferogram to backup directories

End Time

Reviewed by: $--~--



Project No. t.t Cf '5/ .. a. /", MIDWEST RESEARCH INSTITUTE
FTIR Reference SpectrUm Checklist

lnitials

Reference Spectrum Sample

Stan Ti.Jm

Record Cell I*h leqtb settinl
Record Bactarouad Spectrum rue Name

Record crs SpedrUm rue Name

Record Compound Naa»

Record Cylinder Ideatification Number

Record Cylinder Concentration

Record SpectrUm fUe NIIDIt

Fill cell to ambient pnasun with ps from cylinder stan4ard

OpeD ~ll outlet vent valve

Adjust sample now tbrou&h cell to 0.5 to 1 LPM. Record flow rate

Allow to equilibrate for 5 minurea ~~~ ~
Record sample pressure in cell

Record sample now rate through cell

Stan specuumcollect program

Recotd information in data book

Copy Spectrum aDd Interferogram to backup directories

EDdTlIDD

1Kleoll.t &
c:.1'~."21-< Iq~dl(1. .
j-PwlJ~

8
L,Icf",''''
!If,' tI"
I fs,01,2i

1f1

~
(.11'" ~/J4

~
7t;~,,,

(.OJ ~/j'1

~

Reviewed by. Date:



Project No. '11SJ - 11 J"

DATE: ;., 11. -'1~

MIDWEST RESEARCH INSTITl.JTE
FTIR Reference Spectrum Checklist

OPERATOR: ~ ~c.y.(""

InitiaLI

Refermce Spectrum samp..
SrartTiDw

Record Cell path leqth settiq

Record BackJrouad Spectrum Yd. Nama

Record crs SpectrumPile Nama

Record ColllpOUDli Nama

Record Cy1iDder IdeoIi.fieatioo Number

Record Cy1iDder Concauratioa

Record Spectrum File Nama

Fill cen to ambient pressure with pi from cylinder standard

OpeD cell outlet vent valve

Adjust sample flow tbrou&b cell to 0.5 to 1 !.PM: Record flow rare

Allow to equilibrate for 5 miDuIeI C.
Record sample pressure in cell

Record sample ffow rate tbrou&b cell

Srart spectrUm collect program

Record information in data boot

Copy SpeclrUm aud Inrerferogram to b8ckup directories

EndTinw

Revieweclby:--1-~-----
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Project No. MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist

OPERATOR:
----~-

Initials

Reference Spectrum Sample

StartTilm

Record Cell path length settinl

Record Backp'ouad Spectrum Fde Name

Record ers Spectrum File Name

Record Compouad Name

Record Cylinder Identification Number

Record Cylinder Conceatratioo

Record SpectrUm File Name

Fill cell to ambient pressure with au from cylinder standard

Open cell outlet vent valve

Adjust sample flow throuah cell to 0.5 to I LPM. Record flow rare

Allow to equilibrate for 5 minUla c.,;:J~ l....- A
Record sample pressure in cell

Record sample flow rate through cell

Start spectrum collect program

Record information in data book

Copy Spectrum aod Interferogram to backup directories

End TIme

Reviewed by:-1&y==:
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Project No. MIDWEST RESEARCH [NS11TUTE
FTIR Reference Spectrum Checklist

DATB:~"l~ OPERATOR:
--.-j__---I~-

Initials

Reference Spectrum Sample

StartTm.

Record Cell pathlenctb settiDI 10 • 0 ;

Record Backiround Spectrum Ftle NlIJM

Record crs SpedlUm Ftle Nam.

Record Compound Nam.

Record Cylinder Identification NUJDbw

Record Cylinder Concentration

Record Spectrum Ftle NlIJM

Fill cell to ambient pressure with pi from cylinder standard

Open cell owlet vent valve

AdjUSt sample flow tbrough cell to 0.5 to I LPM. Record flow rate

Ailow to equilibrate for 5 minuteI ~~~ ~
Record sample pressure in cell

Record sample flow rate tbrough cell

Start spec:trUDi collect program

Record information in data book

Copy Spectrum and lnterferogram to beckup directories

End Time

Reviewed by: 1+-/~~;.-,.(.&r'::::","""-<~::;",,,. _r }
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Project No. MIDWEST RESEARCH INSTITtJ'TE
FTIR Reference Spectrum Checklist

OPERATOR: :I ' ~,..r

Initials

Reference Spectrum Sample

Start 1m.

Record CeU path lenatb seum.,

Record Bactaround Spectrum P'de Name

Record crs Spectrum P'1le Name

Record CompoUDd NIlIm

Record Cylinder Idaltification Number

Record Cylinder CoacentI1ltion

Record Spectrum P'de Name

Fill ceU to ambient pressure with au from cylinder~

Opea.~U outlet vent valve

Adjust sample flow tbroush cell to 0.5 to I LPM. Record flow rate

ADow to equilibrate for 5 minutes

Record sample pressure in ceJ.1

Record sample. flow tate tbroush cell

Start speccrum coUect propam

Record information in data boot

Copy Spectrum aad Inrerferogram to backup directories

End Time

1-~iI..i~
p{',2.1

,...'
9!$o1/1 ~

etS9j"'~< ,,,,,011~,A;

;·'-~l~'
A"~2 31'40'

$'0-9,P-O
3" PQ1/1 #t

rIJIf

"
1~&(,fI

I~d""

=t
H',~O
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Project No. 11 '7 ~ I ~ I 1. "",

DATB:~"

MIDWEST RESEARCH INSTITUTE
FI'IR Reference Spectrum Checklist

OPERATOR: "l. 6",,,,,

lnitia.ls

Referen.:e Spectrum Sample

StartThm

Record Cell path leDJfh -ttin&
Record Bactpouad Spectrum Fde Name

Recorcl crs SpedlUm Fde Name .

Record Compound Name

Record Cylinder Idaltificatioo Nuznb«

Record CyliDder Concentration

Record Spectrum Pile Name

Fill cell to ambient pressure with ps from cylinder standard

Opm cell outlet Veal valve

Adjust sample flow throuIb cell to 0.5 to 1LPM. Record flow rare

Allow to equilibrare (or 5 minuteI ~~ r Il
Record sample pressure in cell.

Recorcl sample fIow rare throuIb cell

Start spectrum collect program

Recorcl information in data boot

Copy Spectrum IIId Interferognm to beckup directories

End rune

3'~{~~
1'1 '. '1

(/).. .,
Y;(.<.G,o",c..

c.'T~"'",,-( 1"~o1{'

~
!lW~1((O' .

11•• f,..,..
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Project No. I.{ i\ ~ /- ,1. II~ MIDWEST RESEARCH INSTmJTE
FTIR Reference Spectrum Checklist

Reference Specttum Sample

Start Tum t. Cf1~-:I , ..........\
Record CeU path length seam,

Record Baetpouad Specttum Ftle Name

Record crs Spectrum File Name

Record Compound Name

Record Cylinder IdeotificatioaN~

Record Cylinder Concentration

Record Specttum Ftle Name

Fill ceU to ambient pressure with pa from cyliDder standard

OpeD ceU owlet vent valve

A~~ sample flow throuIh ceU to 0.5 to 1LPM. Record flow rate

ADow to equilibrate for 5 minutes

Record sample pressure in cell

Record sample flow rate throuIh ceU

Start specuum coUect program

Record information in data book

Copy Specttum aad Interferosram to backup directories

End Time

Reviewed by:--r¥~
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Project No. 111 ~ 1-1'1 I'; MIDWEST RESEARCH INSTI11.JTE
F11R. Reference Spectrum Checklist

OPERATOR: f. 6~~

Initials

Reference Spectrum Sample

StartTuu.

Record Cell path lencth settinI
Record Backgrouad Spectrum Fil. Nama

Record crs Spectrum Fil. Nama .

Record Compouad Nam.

Record CyliDder IdentificationN~

Record CyliDder Coacctrao.on

Record Spectrum File Nama

Fill cell to ambieal pressure with pi from cylinder standard e~~ I,.-. A
Open cell outlet Veal valve

Ad~ sample fiow tIuouP cell to 0.5 to 1LPM. Record flow rate

Allow to equilibrate for 5 miDurea

Record sample presI1n in ceU

Record sample flow rate through cell

Start spectrum collect program

Record information in dara book

Copy Spectrum and Interferogram to b8ckup directories

End Time

Reviewed by: Date: ~"1~1(-I"!~'f....:.' _



Project No. 3i~ l ' 1'2.. ~.,
i

DATB:~~

MID~ST RESEARCH 1NST1TU1'B
FI'IR Reference Spectrum Checklist

OPERATOR: ~G~

Initials

Refera¥:e Spectrum Sample

Start Ti.JM

Record CeO path length settiDI
Record BICkpouad Spectrum File NamI

Record CTS SpectrumFile Nama

Record ~ompouad Nama

Record Cylinder IdeDtitieatioo Number

Record CylinderC~tioo

Record Spectrum File Name

Fill ceO to aiDbi_ preasure with pi from cylinder standard

Opeo ceO outlet Veal valve

AdjUit sample now tbIouP cell to O.S to 1LPM. Record flow rata

ADow to equilibrate for SmiDUfeI

Record sample pnaure inceU

Record sample now rate tbrou&h ceO

Start specui.un coOect program

Record iDformatioo in data boot

Copy Spectrum and Inrerf'e!?P'UJ1 to beckup directories

End Time

Reviewed by: ~-
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Project No. '19 $" I . (1. J \? MIDWEST RESEARCH INSTI11JTE
FTIR Reference Spectrum Checklist

OPERATOR:

Initials

Referezx:e Spectrum Sample

Stan Time

Record Cell path leDlth settiDI
Record Badtpouod Spectrum Fd. NlUDI

Record crs Spectrum Fd. NlUDI

Record Compouad NlUM

Record Cylinder Identification Number

Record Cylinder Coaceauation

Record Spectrum Fd. Name

Fill cell to. ambient pressure with au from cylinder stanQard

Opea ~ll out1e& vent valve

AdjUSl sample flow tbrougb. cell to 0.5 to 1LPM. Record flow rate

Allow to equilibrate for 5 mmurea
Record sampl. pnaure in cell

Record sample flow rate tbrougb. cell

Stan spedrWD collect program

Record information in data boot

Copy Spectrum and Interferogram to b8ckup directories

Fndlune

y\-~~~

6~Dk

l~c·~

1IY~!?JI~ ~
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Project No.

DATE:#
MIDWEST RESEARCH INSTITUTE

FTIR Reference Spectrum Checklist

OPERATOR: '\. 6~~

...~ t.

Reference Spectrum Sample ~~~~
Start TUM

Record CeU path leqth settiq

RecordB~ Spectrum Pile Ne.m.

Record crs SpectrUmFile Ne.m.

Record Compouad Ne.m.

Record Cylinder Idmtific:atioaN~

Record Cylinder Coocauratioa

Record Spectrum Ftle Name

Fill ceU to ambient pressure with pi from cylinder staDdlrd

Open ceO outlet veal valve

Adjust sample flow tbrouih ceU to 0.5 to 1L~ Record flow rate

ADow to equilibrate for 5 miDutII

Record sample pnaure ill cell

Record sample flow rate tbrougb. cell

. Start spedrU1D cooect program

Record informatioa ill data book
Copy Spectrum IDd Interferopun to b8ckup directories

End Time

Reviewedby:_~~L~ _
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Project No. I../'i$'!-/'Z.//?

OATB:~'

MIDWEST RESEARCH INSTITUTE
F11R Reference Spectrum Checklist

OPERATOR:-----...:;..;-.-
Initials

Reference Spectrum.Sample

Start Tin»

Record Cell pach length settiq

Record Back&round SpectrUm Ftle Na.ma

Record CTS Spectrum Ftle Nam.

Record Compound Nam.

Record Cy1iDder IdentificationN~

Record Cylinder Concentration

Record Spectrum Ftle Name

Fill cell to ambient pressure with au from cylinder standard

Open cell outlet vent valve

Adjust sample fiow through cell to 0.5 to tlPM. ,Record flow rate

Allow to equilibrate for Sminurea

Record sample preuure in cell

Record sample fiow rate lhrough cell

Start spectrum collect program

Record information in data book

Copy SpectrUm aDd Interferogram to backup directories

End TIme

2 ...;t(e...,('~. ~.df!~
11:o~

IO.()~

il!WQJtp A
c'1SoM.•t l& 1'1<'.'71(.
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Project No. _L{_'1>_I_~l_'1...., _''''_

DATE:~

MIDWEST RESEARCH INSTITIJTE
FTIR Reference Spectrum Checklist

OPERATOR: :C. 64ftIA

Initials

Refereace Spectrum Sample

Start Tune

Record Cell pdilqtb settiDI
Record BactarouadSpec~Yd. Nama

Record CTS SpectrumPile Nama

Record ColDpOUDd Nama

Record Cylinder IdalCificatiOD Numba'

Record Cylinder ConceotratiOQ

Record Spectrum Yd. Nama

Fill cell to ambient preasure with au from cylinder standard

Opal cell owlet vent valve

Adjust sample nowlhzou&h cell to 0.5 to 1LPM. .Record now rare
~ ..

ADow to equilibrate Cor 5 minur. C~J..- A
Record sample pnssure.in cell

Record sample trow rare lhzou&h cen

Start specIl'Uin collect propm
Record iDCormauOQ in dara book

Copy Spectrum IIJd Interferogram to backup directories

End Time

;.,-.st'1( .,L. ~J~

1~4'J

@)K,"o",Ilrlf

c.l1d1fw",11 t'f"'7~A"
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Project No. _

DATB: _

MIDWEST RESEARCH INSTITIJTB
FTIR Reference Spectrum Checklist

OPERATOR:-------
Initials

Reference Sl*crum Sample

Start Time

Record Cell path leqth settiq

Record Baet,rouDd Speccrum File Name

Record ers Spectrum Ftle N&lIIO

Record Compouad Name

Record CyliDcler Identification NUJDbcr

Record CyliDcler COnceDb'auon

Record Speccrum Ftle Name

Fill cell to ambienc pressure with lIS from cylinder standan:l

Opea ~ll outlet venc valve

Adjust sample flow rhrough cell to 0.5 to 1LPM. Record flow rare

Allow to equilibrate fer 5 aUnuteI

Record sample presIUI'8 in cell

Record sample flow rare through cell

Start spedrUDi collect program

Record information in data book

CApy Speccrum and Interferogram to backup directories

End TIme

Reviewed by: _ Date: _



DATB:~'

MIDWEST RESEARCH INSTITUTE
FTIR Reference Spectrum Checklist

Initials

Refennce Spectrum Sample

Start Tim.

Rec:crd C.U path leqtb settiDI
Record Bact,rouad SpectrumPil. Name

Record CTS Spectrum FJ1e N..- .

Record Compouad N..-

Record CyliDder IdeaIi1ie:ation N11IlIbw

Record CyliDder CODCaltration

Record Spectrum F'J1e NIIIIlI

Fill ceU to ambieal pressure withpa from cylinder standard

Open ceU outlet Veal valve

Adjust sample flow tbrouP ceU to 0.5 to 1 LPM. Record flow rate

ADo. to equilibrate (or 5 minuteI

Record samp" pnaure in cell

Record samp" flo. rate throuP ceO

Start specIrUm coDed propam

Record information in data book

Copy Spectrum and Interferocram to b8ckup directories

End Time
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Project No. L1'f51 - /7. I I?

DATJ!:~1

MIDWEST RESEARCH IN'STITtJTE
FT'IR Reference Spectrum Checklist

OPERATOR: 'f. b~,",,-

Initials

RefereDR Spectrum Sample L_ ''1''
. Stan Tm. ~ ..... P0-

lUccxd Cell path lenatb settina
Record B&eqrouad Spectrum Fde Ne.ma

Record crs SpedrUIIl Pile Ne.ma .

lUccxd CompoUDd N...

Record Cylinder Idctifieation Number

Record Cylinder COIJCIIltl'alion

Record Spectrum Fde Name

Fill cell to ambient pressure with PI from cylinder standard

OpeD ceUoudet vent valve

Adjust sample flow tbrouIh cell to 0.5 to 1LPM. Record flow rare

Allow to equilibrare fer 5 minuteI

Record sample presIUIe in cell

Record sample flow rare tbrouIh cell

Stan specr:rum collect propaID

Record information in data book

Copy SpectrUm aDd Interferolfllll to backup directories

End TIme

Reviewed by: _
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Project No. '1't~I· 11./2;,

DATB:4-b'
MIDWEST RESEARCH INSTmJTE
FTIR Reference Spectrum Checklist

OPERATOR: 'T" I ,~<

Initials

0.11/,.'1'

l'
11; 1ff,.{
o.,,}" LfA(

l]"

MU.1I>M

'1"." ,,
\-'41.'011(" A

4"1·

tt·k~

{.p.'
(o .•~

1/~ A

C1S.,,«.A 1~W'1Ic..A

ii'

Refermce Spectrum Sample

StartTJ.JM

Record Cell paIh leqtb settinI
Record Bactpouad Spectrum F'tle Name

Record crs Specuum F'tle Name ,

Record Compound Name

Record CyliDder Idaltification Number

Record CyliDder CODCaltration

Record Spectrum F'tle Nam.

Fill cell to ambient pressure with gas from cylinder standard

OpeD cell outlet veal valve

AIii.- sample flow tbrough cell to 0.5 to 1LPM. Record flow rata

Allow to equilibrate for 5 mimuea

Record sample pnsI\R in cell

Record sample flow rate tbrouP cell

Start spectrum collect propam

Record information in data book

Copy Spectrum aad Interferogram to beckup directories

EndT1JD8

Reviewed by: _ Due: _



MIDWEST RESEARCH INSTITlJTE
FTIR Reference Spectrum Checklist

DATB:~ OPERATOR: T. (,,~

fnitiall

H~ IlnJ

~." '7
Us. fq'7t"A

~

1{(,.'

as". 4/1'\

tQ.o ')

7ft, f:
'1"\."'" ,. (~"7/.A

Reference Spectrum Sample l
Start TUM e,.;..-1-:.2 "'" 141t II
Record Cell path leqdl seam,
Record Bacqrouud SpectrumFtl. NIlIm

Record crs SpectrumPile Nam.

Record Compouad Nam.

Record CyUDder Idmti1icatiOll NumbIr

Record Cyl.iDder CODCaltratica

Record Spectrwn Pile NIIIM

Fill cell to ambieat pnssun with IU from cylinda' standard

OpeD cell outlet Veal valve

AdjUit sample flow tbrouIh cell to 0.5 to 1LPM. ·Record flow rare

ADo. to equilibrate for Sminutea

Record sample preuun in cell

Record sample flow rare tbrouIh cen

Start spectrum collect proll'llD

Record iDf'ormation in dara book

Copy Spectrum aad lntarferoll'llD to beckup directories

EDdTUDe

Revi.wed by: _ Dale: _



PROJECT NO. 4951·11 and 13

SITE: NCO Laboratory

FrIR DATA FORM

Sampling Data
BAROMETRIC: 7'5/. t/

OPERATOR: T, 6""er

PRe (DIll) .e8OIullo. G.. Flow q..
TI.e N.... .... NOTIS Sau • (em·l) Te.p(C) a.l• P.-re JKG

,.....,,_ ('f1.C- ",.. ... "''2.) l2f..~
.-.,,,r

,.,1
,,, .. 'Jot

c'1S"D1~4 I···~
~ 1._ ".,"'" 'S'"t)D I.D

~ 1.01,',41 8
~L MO 'It;()q '- "151. ~

lS .. ~<. . & ,\....~ , C4~.C. fP- .;. ~2-
70q g

O~~Dl01' IO.'~ A~ ,..- 'C f ,. a. Suo 1.0 , -;;ll..' '. & '7 LI'I'\
'lSI . .;

.

.

,,

,

emc_badc\ly99'A9S1\1mfs'ftir cbla thee., for referenceuls
07·07-99

Reviewed by~
D.te~



PROJECT NO. 49S1-11 and 13

SITE: NCO Laboratory

FfIR DATA FORM

Sampling Data

DATE: 1f~/f ,

BAROMETRIC: 7$3. I

OPERATOR: r; ?~C

File (OW) ."'utloa G. FIvw G.
Time Name ."" NOTIS sc.u • (01-1) T-.(C) .a" '..-n IKG

srJ·'"'" ' - P"'--'~ g
\'·.I~

,~b1'.t"
IO.o~

~11~ SiP (.0 12f...o 1.811 LI.N\ '1~."IJLA, o't 1;1=4

,3', ~~ . \ 't(l11~& ID.O",
SO., ,,~ l-fe.~ 7Sf". G, S

~ 1.0 1"'.1 ltD ~ ,,'M

u",,0111" 11 .0"3-
ItLt ••",,.... .n-~~ '.0 .l.bO LII"t 1 ~5. "- &''I: 10 A~l ~IS\>7 500 \~f...~

~'i" ,-1 tP,11.2f) " 1::Z~. ,' , ,0'-"7 ~tO 1. 0 /,., ..,...,. -1$5", ~ 6

I

,

emc_back'ly99'A951\1mfs\llir cbla ,hee" for refermcel.lli.
01-07-99

Reviewed by~(
Da,e~1.I11



PROJECT NO. 4'51·12 and 13

SITE: NCO Laboratory

Fl'1R DATA FORM

Sampling Data
DAROMETRIC:__?_S_;'_._'__

OPERATOR: --r. 6~-cr=

FIle (DIll) ."'ullo. G.. Flow G..
Time N••• .... NOTES ScaDI • (mi·.) TeIIp(C) Rale '.-n IKG

\,~cf" 1J.tg,',,~
10.0

'

:l--iA,I ,~ . p..:1~ ,.0 I.DOLB 7S"'t. £f 71 ~c:..Al~fJ ~C(07& (",",4 rt- ~f1/1 1'2$.(,.

\'3~tfc, " 1:1 f.e,1M.t'1..~6 ,••-"J "$-- 1.° ~." 1'9t .. Cf "1 t~ c..
t..p~

l&o(~~' JlAfD1a'J' ..,...., J-'ft~f>.,iJ~ &I).f) (f'-)
f.,o 1. 0 t:l':~ I .,eJO(,/1"1 1>q. Co 7'~ e.'-Allft' l'1 'Iof .

1'1 : ..,'1 ~~P;"'~8
II (.0 11'(. ~1·.0~ \.- "s. of (9 .~""1\ .."." C-

.

I,

,

emc_badr:'ly99'.49SI\lZlrefI'#cir cbIIa IheelJ for referateel.llis
07-07-99

Reviewed by ¢/1iJ--r
D.le~



PROJECT NO. 4951-11 and 13

SITE: NCO Laboratory

,FfIR DATA FORM

Sampling Data
BAROMETRIC: 7$'(. B ~,..

OPERATOR: """0~

File (OW) ......10. G. Flew G.
Tim. N••• ..... NOTES Sau • (em-I) T•..,(C) R••• 'ftII8re .KG..

~(Jc"t~ 5"0. J",...;. J1
I ~:$'9 It"r'D1'I"" , ••D"1

It f.~ I(I((,'J ~ /.0 (,;/5', ~ /.ot.L/I? 7-'t. , 7/r/*

...
r~:,.~

U-cf..... l:J d.f, ..~

~
If. '501/~~ ,q.D., ~-o 1.0 /2 f". '''c.

d.fKL./'.... ,p,. ,
7,rll

,,-f~ ~ I·~q .. P/II\
'«4:1'1 f£AJD1,SIl (tI•• , ~.o 1.0 ,.21. 1 -C- lio' 1 Sf,.,. 2- -"~ B

,~?~ (L.
1 S-".S" ..,.~ ,

f"f: 'f<l Pf.AJ011$fJj .0•• .., ~aO '.0 12~·' .. ,0
AL AtO ;I'" ~ ~f

IJ
j~o-. 6"1.3 f"-,~:4 6j,,1'~ 11'·0"1 Ac,MtIilo~ 11 5:00 (.~ 1;2'1.8 l. oeI l..'J1 7~·1 ;,e 9

,,..~ .,0
$"1.1 fr- tr:r~ 1"eJO f.o 7$'(,·0

~\l'Tcn119 'o..o~ (2'(. , , ..2 ~fA 1'> fI-

I
I

,

emc_bad.\fy99Io4951\Jmfs'llir daIa sheeu for refelUlCel.llls
07-07-99

Reviewed by~
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PROJECT NO. 49S1·UaDd 13

SITE: NCO Laboratory

FrIR DATA FORM

Sampling Data
BAROMETRIC: L S>, z..

OPERATOR: .,-;6,.~

File (DIll) R_ullo. G. Flow G. -
Time N.... .... NOTES Sau • (clD-l) T_,(°C) Rete 'reIIlIn .~G

~
~...-:t£,I-z-;;y..,

\ 3:1(, ~J;\ «''''''A 111•• ' 5"dJ /.0 , ;1~. 2- I.t:Jcnl"" 7 S'(,. &
~'''"A-t lAo 0 fl1(, fo ....,...

~}lCa.1/..~
~_~-:z-,~-

n~o . 2}it~t "'HI- ,o.o~ ~- '.0 f:lS".2 ,,_~~ I-P", -t$lI. (, 7/~ If

~ ...,ttA~C 'I-~•. ~
flS ). ;111 "1&' ,o.o~ '2~.2. I.e'o L.'"" 75'''. r 7/(. A

A",~Pf1 If ,,, 1""..oa IP_ S'., 1.0

le.tlo ;lHI''l'C.& ,0.0 "

~-,...SA,t -,-~~ s.P I.D t.:lS. , tJ.f1 "7'ft.. 3 -I/t.A

A-~~- ~.re...._1" It4t, f ll,,,A I"'"'' ''''.'"If'! ~(;_ 2- p6 /.0 ,.,. S'.1 D.t f 1.n,. I 7/""1"11(0 J\"L~Ul? as.....,,,...., > &.II""

~-\II.,-t......

(Lf~ 0
,.l tff1," ~ ,...~ ';.0 1.0 '2S .~ O.'t..,l'", ,,~".I 7/ ...· ..

I
I

,

emc_blld~9S1\12're1s'llir ..... sheels lor referatClCl.llls
01-01-99

Reviewed by~
D.le~



DArB: ..!1.::..1:1~

MIDWEST RESEARCH INSTITUTE
DAlLY CHECKLIST
Shut Down Procedure

OPERATOR: r ~'7~

Initials

Puree sample from ceU usina ambiClll air or nitro..

Reeord Nttropa Back&roaM
Puree ceU with dry nitro..

Verify ceU is u dry u previOUl bKkpouad

Recocd ambieac pressure usm, ceU BaroceU pup

Record nitrog. tlow rate (about sampliq tlow rate)

Couect BackpouDd CAQ8K) UDder COIltinuous tlow and ambieac presIUI'lI

Record information in data boot'.

Copy Bapouad to C-drive aad bIckup usiDI batch file.

R8conI~ Specta..

EvaCuite Cell

Fill CeU with CTS pa

Opm cell outlet aad~ cell wich CTS at sampliq rate (1 to S LPM)

Record cylinder m~
Record CTS gu cylinder identity aad coaceDtratiOll

Record aad copy spectrum aad inlerferopam to C-drive and back up using CTS batch me.

Record Barytroa pressure duriq collect

Record information OIl "BackpouDd and Calibraticaa" data sheel

Verify tbat specaum and iDrIrferopam were copied to direc:toriea.

Record CTS SpectrumPu. N..-

Close cyliDdea

EVICUIIe or ParI-Crs from. cellUIiq nitropD

Leave cell uadIr law DiIroIaparp or UDder VKUUIIl

Fill Merdill.ar""

Reviewed by:-"'~r<' Dale: -....:rr-..l-----



Project No. j'i"I· (2. I ,." MIDWESf RESEARCH INSTITUTE
DAlLY CHECKLIST
Shut Down Procedure

OPERATOR: t: ~~.u

Initials

CcJ.J- ~ ~ Lu.1JJ. l(). "'- 4 hrs. IMA~ w· ,,~JJ S;J,J...,;.., .
.. c..~ a..v ~ ~..,~., io _-"t.w~ ItAC_-,;)J

Purge sample from ceU usinI ambilllt air or DitropID

Record NHroc.. 8acqroualI

Purp cell with dry DitropID

VfJtify cell is u dry u previous beckpoUDd

Record ambient pressure usm, cell BaroceU pup

Rec:ord nitrogen now rate (about sampUq now rate)

Collect Backp'ouad (AQBK) UDder continuous now and ambient pressure

Rec:ord information in data book.

Copy Bactpouad to C-drive IDd beckup usiDt barch ftIe.

~ crs s,.etr_
~~ell

Fill CeU with crs pi

Open cell outlet IDd purp ceU withcrs at sampliq rate (1 to 5 LPM)

Record cylinder ID Number

Record crs gu cylinder identity IDd CODCeDtration

Rec:ord IDd copy spectrum IDd inrerferopam to C-drive IDd beck up using CTS batch me.

Rec:ord BarytroD pressure duriq coUect

Record information on "Backp'ouad IDd Calibraliooa- data sheel

Verify that spectrum IDd inta'ferocnm were copied to directories.

Record CTS Spedl'UDlPu. N..-

Close cyUDders .

Evacuate or Purp CTs fMm cell-. nitro..

Leave ceU aadIr low maroa-purp or UDder vaamm

Fill MeTdeeIcIar...

,/[fl
•
.t1C'

.AD :t~

71ft1,O
O. ffJ LIft

--$
~

Reviewed by:---!J~.-:;/_.---



· 1{~51-"'''i \'7Project No. ,_

DATB: !l,l"

MIDWESf RESEARCH INSTITUTE
DAn..Y CHECKLIST
Shut Down Procedure

OPERATOR: 'T. b~"

Initials

Purp sample tiom ceD usinc ambieat air or nitropG

Record Nltropa BacqroaM

Purp ceD with dry nitro.-

Verify ceD is u dry U Iftvious '*:k&rouDd
Record ambieDt pressure usiq ceD BaroceD pup

Reccrd nitro.. flow rate (about sampliq flow rare)

Collect Bacqrouad ~QBJ[) 1mder Coaanuous flow aDd ambient pressure 70ti 6
Record iDformatiOll in data boot.

Copy BICkpouad to Codrive aDd beckup using barch til..·

Record CTS Spec"_6 .
~~CeD

Fill CeU with crs pa

Open ceU outlet aDd purp ceD with crs at sampling rate (1 to S LPM)

Record cylinder mNumber .IJfI

Record CTS ,.. cyliDder iclenrity aDd coocentratiOll ~ (~ M.~ - ~c I.J.. c;...4 .
Record and copy spectrum and interferopun to Codrive aDd back. up using CTS batch tile.

Record BarytIOIl pressun durinI coUect

Record int'ormatiOll OIl "BICkpouad and Calibntioaa" data sheec.

Verify tbat spectrum and mr.ferolfllll went copied to directories.

Record crs SpectrUID At. N_

ClaM cy1iDden

EVICUIte ex Parp tTs !laID c:eil UIiq nitropll

Leave cell UIIdIr law aiIIoa-purse ex UDder vacuum
Fill Mel'delula....

~

--4L
7y, ,f

Reviewed by: Data ---f7,+,{,.-,'J''"''''''.....1 __{I
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j

DATE:~

MIDWEST RESEARCH 1NSTlTU1'B
DAJLY CHECKLIST
Shut Down Procedure

OPERATOR: fo G~u

Initials

Purge sample from ceU usiDI ambill1l air or nitrogen

Record Nltropa Bacq.-o..
Purge ceU with dry nitropll

VfJrily ceU is u dry u previous bKkpouad

Record ambient pressure usiq ceU BaroceU pup . 1\

Record nitropll fiow rare (about sampliq fiow rate) p~
Collect Bacqrouad 4'QBK) UDder continuous fiow and ambient pressure

Record information in dara boot.

Copy Bacqrouad to C~veaDd backup using batch file.

ReeOr.I ers Spec"_

~
Fill CeU with CiS au
Opea. ceU outlet and purp ceU with crs at sampling rare (1 to SlPM)

Record cylinder ID Numb«

Record CiS gas cylinder identity aDd coocentration

Record and copy spectrUm aDd interferogram to C-drive and bKk up using CiS barch me.
Record BarytrOD. pressure cturinI coUect .

Record information on "BackgrouDd aDd Calibntiona" clara sheet

Veriiy that spectrUm aDd iDWrfecosnm were copied to directories.

Record crs SpedrU1Il File NUDI

Close cyliDderl

EVICUIIe cr Parpcrs fiom oeIlUIiDI nitropll

Leave'ceJl uadIr low aiIropD pap cr UDder vacuum

Fill MerciIeIc:rcr ....

eJ,..
1,(0 1,/"

A.l+,( ::lS'l8'"
AO .0r~ ~T~ r-..

itl c,
=tif·?

67JC.
"1M

C'T5 o71~ C

Reviewed by:.--:.,~ _ Date: _4-1+/1..:.1..;.5+-/..1..:11:.-.-_-



Projec:tNo. ~;{l-I"l, I~

DATB:~,

MIDWEST RESEARCH INSTITUTE
DAILY CHECKLIST
Shut Down Proc:edure

OPERATOR: '1"".~4

Initials

Purp sample from c:ell usiDI ambi..air or nillO..

a.con NHropa Bactcro-d
Purp cell wid! dry nillOpIl

Verify cell is u dry u pRviousbec~

Record ambia pnaure usinI cell Barocen pup . 0 ~I'"e,-
Record nitropG fiow rare (about sampliq fiow.rare) ...",#10
Collect BlICkcrouad ~QBIt) UDder COIltimJous flow and ambient pnsrure

Record iDfCll'lllaliOll in dara boot.

Copy Bactpouad to C-drive aad t.ctup usiq btateh tile. l~.
RICOI'd ers Speclr_

~Cell'

Fill Cen with crs ...

Opal cell outlet and purp c:eU with ers at sampJiDs rare (I to SLPM)

Record c:ylinder ID Numblr

Record CTS gu cylinder idelltity aad c:oacencratiOll

Record and copy speccrum aad inrederopm to C-drive and back up usinI CTS batch f11e.

Record Baryuon pressure duriq collect

Record iDformatiOll OIl "BlICkcrouad and CalibnaiCilll" data sheet

Verify that speccrum aDd iDr.rferosram wen copied to directories.

Record ers SpedI'UID PiJ8 Ham.

Clote cylmden

EvacuI&a IX PIJra- CTS !romceIlUliq DiClOpl

Leave cell uadIrJaw~ para- IX UDder VICUUIIl

FillMcrd•• ~....

tt·
~/"

ALII.l2f''I,~

,1, pf=~L
4~

1'ff.1

~~~

ReviOwedbr.--df-/ty:---- Dale: _7J-+I.;.;,~+-/ ...t ,"'--__



Project No. lj~51- (1.. II'" MIDWEST RESEARCH 1NSTITU1'E
DAILY CHECKLIST
Shut Down Procedure

OPERATOR:

..

Purge sample from cell usinc ambicc air or nitrogell

Record N........ Bacqroad

Purge cell with dry nitro..

Vt:rify cell is u dry u previous bacqrouad

Record·ambieru pressure usm, cell BaroceU pup

Record nitrogen now rate <about sampliq now rite)

CollectB~ (AQBK) UDder continuous now and ambient pressure

Record iDformatioa in data book.

Copy BICkpouDd to C-drive and backup using bate~ me.

Record crs Specll_

\;"t~Cell

Fill Cell with CTS pi

Open cell outlet and pqe cell with CTS at sampling rate (1 to 5 LPM)

Record cylinder 1D NuJnt.

Record CTS gu cylinder identity and coocentratioa

Record and copy spectrum and iIlterferogram to C-drive and back up using CTS batch me.

Record Barytron pressure duriDa collect

Record informatioa oa "BICkpouDd and Calibratiooa- data sheet.

Verity that spectrum and iDCIrferopam 'tV.. copied to directories.

Record CTS SpedrUm Pu. Ham.

Close cyliDderl·

Evaculle (X P\Jra-crs rmaaceil..nilZOpD

Leave cellUDdlr lowDiIros-parae or~ vaeuum

Fill Mcr..........

Reviewed by:--J1~'4-~------
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Project No. 11SI "Itt. \'1;7
I MIDWEST RESEARCH INSTmlTE

DAILY CHECKLIST
Shut Down Procedure

OPERATOR: 1.~~if

Initials

Purp sample (rom cell usiDc ambi_ air or nilropll

Record Nitropa BacqroaDd

Purp cell with dry nilropll

VwiIy cell is u dry u previous bacqround

Record ambient pressure usm, ~ll Barocell pup

Record nitropll flow rate (about sampliq flow rate)

Collect Bactpound ~QBK)UDder continuous flow and ambient pressure

Record information in dara book.

Copy Bactpound toC~ve and bIckup usinI batch file.

~ CTS Spectr_

~~Cell
Fill Cell with CTS pi

Opm cell outlet and purp cell with CTS at sampq rate (l to 5LPM)

Record cyliDder m Number

Record CTS pi cyliDder identity and cocantration

Record and copy spectrum and interferogram toC~ve and back up usinI CTS belch rue.

Record BarytzOIl pressure durinI collect

Record information OIl "Backpmd and Callbntioaa" data sheet.

Verify that spectrum and iDttIferopm. were copied to direc:tories.

Record CTS Spec:uumPu. Nama

Ooee cyUDden

EVICUIIe or ParpCTs rramcell \1Iiq nilropll

Leavecell__Jow~ parae or UDder VICUUDl

Fill Merdillntll-" -
Reviewed by:-...:;1~(,~~----- Dale: _...J-r-fi~,,+-6~, _
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,. Scott Specialty Gases
~ 6141 BASTON R.OAD
From: PLOMSTBAOVILLB PA

Phone: 215-766-8861

PO BOX 310
18949-0310

Pax: 215-766-2070

CBRTIPICATB OF ANALYSIS

-------------------------------------------------------------------------MIDWEST RBSBARCH
TOM GBYBR
425 VOLXBR BLVD

KANSAS CITY MO 64110

PROJECT #: 01-88514-001
POt: 029257
ITEM #: 01021951 LAL
DATE: 3/25/97

-------------------------------------------------------------------------ANALY"l'ICAL ACCURACY: +-1'CYLINDER #: ALM023940
FILL PRBSSURB: 2000 PSIG
BLBND TYPE '. GRAVIMBTIlIC MASTER GAS

REQOESTED GAS
CONe MOLlS

.20. PPM
BALANCB

ANALYSIS
<MOLHS)

20.01 PPM
BALANCB

_.~
~.--

- ':;
",.

'~

,{::~~~"
~-,

,:.,I'::~~
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919221:31:381:38 SCOTT SPECIAlTY NC PAGE 1:32

I. Scott Specialty Gases
~pped i7S0 EAST CLUB BLVD

From: DURHAM NC 27704
Phone: 919-220-0803 Fax: 919-220-0808

-------------------------------------------------------------------------
C B R TiP i CAT E 0 FAN A L Y SIS

MIDWEST RESEARCH
PO # 031064
425 VOLKER BLVD

KANSAS tITY MO 64110

PROJECT #: 12-24558-001
PO#: 031064
ITEM #: 12023912 4AL
DATE: 9/14/97

----------------------------------------------------------------~--------
CYLINDER #: ALM060523
FILL PRESSURE: 600 PSIG

ANAiIYTICAL ACCURACY: +/ - 2'

BLEND TYPE

COMPONBm
TOLUENE
AIa- .

:.CERTIFIED MASTER GAS
RBQtJBSftD GAS

COKe IIOLBS
200. PPM

BALANCE

AlGLYS:IS
<ICOLBS)

196.6 PPM
BALANCE



•

Scott Specialty et.ases
ped 1290 COMBERME~ STREET

From: TROY I MI 48083
Phone: 248-589-2950 Fax: 248-589-2134

CERTIFICATB OP ANALYSIS
--------------------------~----------------------------------_.------.---MIDWSST RESEARCH
MELISSA TUCKER; # 026075
425 VOLl<ER BLVD

KANSAS CITY . MO 64110

PROJECT #: 05-97268-002
POi: 026075
ITEM #: 05023822 4A
DATE: 6/03/96

------._------------------~----.-----------------------------------------

:OMPONBNT
30LFUR HBXAPLOORIDSo
UTROGB1I

CYlIINDER #: A7853 ANALYTICAL ACCURACY:FILL J?RESSUR2: 2000 PSI PRODUCT EXPIRATION:

iLEND TY~E : CERTIFIED ~TER GAS
I REQUESTED GAS

CONe MOLBS
4. PPM

BALANCE

CERTIFIED MASTER GAS

+/- 2%
6/03/1997

ANALYSIS
(MOLES)

4.01 PPM
BALANCE



APPENDIXD

TEST METHODS



D-l EPA METHOD 320



1

Appendix Aof 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 UTiOD 320

IEASlJUlIUl 0' VAPOa PIASE OIGANIC AND INORGANIC EMISSIONS

IY I!X'I'IAClIVI FOUIDa TlANS'OIll INnAUD (nIl) SPEClIOSCOPY

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 ~). 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 and 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 l~mit) 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

cnpice of detection limit (OLd and analytical uncertainty

(AUt) 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 i , 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

absorba~ce 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 constra~nts, 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

(eEM) 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! = concentration of the i 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 supervised 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 compa~ison of

concentrations from systems using different optical
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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 th~n ± 5 percent in an analytical region

are una~ceptable (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 qua~titation 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 ceil).

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 th~ 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 interval 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 on~y). 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 ~ 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 co~rective 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 alternat~ ?nalytical 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 de~igned to measure sampling system interference, if any.



17

4.2.1 Temperature. A temperature that is too low causes

condensation of analytes or water vapor. The materials of

t?e 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 ~tack 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 pressur~.l Refer to section 8.2 of this method for
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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 l-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 Analy~~cal 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 ~vacuating 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 mmHg to within ± 2.5 mmHg (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 sampl~, 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 th~ 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



23

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 i , DL i , overall

fractional uncertainty, OFU i , maximum expected concentration

(CMAX i ), and t~ 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, PSI,

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, FFU~, 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 (DL i )

and the_maximum permissible analytical uncertainty (AUd 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 (FRUd. 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 CT5 spectra

"cts1031a," and "cts1101b." The CT5 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 protoyol is used to calculate the FRU from

CT5 spectra. Figure 2 plots results for 0.25 cm- 1 CT5

spectra in EPA reference library: 53 (cts1101b - cts1031a),

and 54 [(cts1101b + cts1031a)/2]. The RM5D (5RM5) is

calculated in the subtracted baseline, 53' in the

corresponding CT5 region from 850 to 1065 cm-1 • The area

(BAV) is calculated in the same region of the averaged CT5

spectrum, 54'

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. 5ee 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 s 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 an9 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 ~Pv after 2 minutes.

8.2.2.2 For both the evacuated sample and purging

techniques, pres~~rize 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 mmHg.

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 hard copy or on

computer medium. Table 1 gives a sample presentation of

documentation.

8.5 Background Spectrum. Evacuate the gas cell to ~ 5

rnmHg, 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 inierferences 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, NH3 , 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

~lternately 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 s 5 rnrnHg absolute pressure, and fill the FTIR cel,l 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

s 5 rnrnHg 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 absorption remains.

Repeat this procedure to collect eight spectra of 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 in~egration 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 Nz. Measure

the RMSP 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 po~t-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 proper~y. 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 RTf 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:

DF = SF6(spk)
SF6(dir)

where:

CS = DF*SpikedJr + Unspike(l-DF).

(3)

(4)

DF

SF6 (dir) =

=

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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CS

Unspike

=

=

=
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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 RMSD 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 DL, then

RMSD measured over the entire analytical region must be

s 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 s 5 mmHg.

Measure the initial absolute temperature (T;) and absolute

pressure (Pi)' 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 t ) and absolute pressure (P t ).

Calculate the FTIR cell volume Vss , including that of the

connecting tubing, as follows:

Vss =

Pmvm T
m

(5)

11~0 Data Analysis and Calculations.

Analyte concentrations shall be measured using

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 procedu~es. 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,

(6)

where:

C = Concentration, corrected for path length.corr

C = Concentration, initial calculation (output of thecalc

analytical program designed for the compound) .
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Lr = Reference spectra path length.

Ls = Sample spectra path length.

Ts = Absolute temperature of the sample gas, K.

Tr = Absolute gas temperature of reference spectra, K.

Ps = Sample cell pressure.

Pr = Reference sp~ctrum sample pressure.

12.0 Method Performance.

12.1 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 HCl, 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 statistical 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 contin~ous 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 config~rations 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. Tel =

TC2 ) •

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 w~ich 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:

where:

B = S - CSm

B = Bias at spike level.

(7)

Sm = Mean concentration of the analyte spiked

samples.

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 s CF s 1.3. If is determined that the bias is

significant and CF > ± 30 percent, then the test method is

cortsidered 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

enclosur~ 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 su~plier for disposal.
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PI.O'1'OCOL POI. TO USB OP U'l'RACTIVB POtrRIBI. 'l'RAN'SPORK
INPIlUBD (P'l'II.) SPBC'l'R.OXB'l'R.Y POI. TO ANALYSBS OP GASBOUS

BllISSIONS PROX STATIONARY SOORCBS

INTRODUCTION

The purpose of this document is to set general guidelines
for the use of modern FTIR spectroscopic methods for the analysis
of gas samples extracted from the effluent of stationary emission
sources. This document outlines techniques for developing and
evaluating such methods and sets basic requirements for reporting
and quality assurance procedures.

1. 0 . NOKBNCLA'l'tJU

1.1 Appendix A lists definitions of the symbols and terms
used in this Protocol, many of which have been taken directly
from American Society for Testing and Materials (ASTM)
publication B 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 (cm- 1).

1.3 The term "StUdy" in this document refers to a
publication that has been subjected to EPA- or peer-review.

2.0 APPLICABILI'l'Y AND ANALY'l'ICAL PRINCIPLB

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
continuous 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 are used for controlling
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the instrument, processing the signal, and for performing both
Fourier transforms and quantitative analyses of spectral data.

2.2.2 The absorption spectra of pure gases and of mixtures
of gases are described by a linear absorbance theory referred to
as Beer's Law. Using this law, modern FTIR systems use
computerized analytical programs to quantify compounds by
comparing the absorption spectra of known (reference) gas samples
to the absorption spectrum of the sample gas. Some standard
mathematical techniques used for comparisons are classical least
squares, inverse least squares, cross -correlation, factor
analysis, and partial least squares. Reference A describes
several of these techniques, as well as additional techniques,
such as differentiation methods, linear baseline corrections, and
non-linear absorbance corrections.

3.0 GBHBRAL PRIHCIPLBS OP PROTOCOL RBQt1IRBImN'l'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 resul ts, 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.,
optica~ bench, instrumental linew~dth, 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 n (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 .i~fluen~ed by a
number of interrelated factors, which may be dl.vl.ded J.nto two
classes: ,

3.3.1 Sample-Independent Factors. Examples are system
configuration and performance (e. g., detector sensitivity and
infrared source output), quality and applicability of reference
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absorption spectra, and type of mathematical analyses of the
spectra. These factors define the fundamental limitations of
FTIR measurements for a given system configuration. These
limitations may be estimated from evaluations of the system
before samples are available. For example, the detection limit
for the absorbing compound under a given set of conditions may be
estimated from the system noise level and the strength of a
particular absorption band. Similarly, the accuracy of
measurements may be estimated from the analysis of the reference
spectra.

3.3.2 Sample-Dependent Factors. Bxamples are spectral
interferants (e. g ., water vapor and CO2) or the overlap of
spectral features of different compounds and contamination
deposits on reflective surfaces or transmitting windows. To
maximize the effectiveness of the msthematical techniques used in
spectral analysis, identification of interferants (a standard
initial step) and analysis of samples (includes effects of other
analytical errors) are necessary. Thus, the Protocol requires
post-analysis calculation of measurement concentration
uncertainties for the detection of these potential sources of
measurement error.

4.0 PO-THST PRBPARATIONS AND EVALUATIONS

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 (AUi). The AUi is the
maximum permissible fractional uncertainty of analysis for the
i tn analyte concentration, expressed as a fraction of the analyte
concentration in the sample.

4.1.3 Required detection limit for each analyte (DLi' ppm).
The detection limit is the lowest concentration of an ana~yte for
which its overall fractional uncertainty (OPUi) is required to be
less than its analytical uncertainty limit (AUi)·

4.1.4 Maximum expected concentration of each analyte
(CMAXi ' PPm)·
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4.2 Identify Potential Interferants. Considering the
chemistry of the process or results of previous Studies, identify
potential interferants, i.e., the major effluent constituents and
any relatively minor effluent constituents that possess either
strong absorption characteristics or strong structural
similarities to any analyte of interest. Label them 1 through
N;, where the subscript RjR pertains to potential interferants.
Eatimate the -concentrations of these compounds in the effluent
(CPOTj' PPm).

4.3 Select and Evaluate the Sampling System. Considering
the source, e.g., temperature and pressure profiles, moisture
content, analyte characteristics, and particulate concentration),
select the equipment for extracting gas samples. Recommended are
a particulate filter, ~eating system to maintain sample
temperature above the dew point for all sample constituents at
all points within the sampling system (including the filt~r), and
sample conditioning system (e.g., coolers, water-permeable
membranes that remove water or other compounds from the sample,
and dilution devices) to remove spectral interferants or to
protect the sampling and analytical components. Determine the
minimum absolute sample system pressure (Pmin' nunHg) and the
infrared absorption cell volume (VSS ' liter). Select the
techniques and/or equipment for tne measurement of sample
pressures and temperatures.

4.4 Select Spectroscopic System. Select a spectroscopic
configuration for the application. Approximate the absorption
pathlength (LS', meter), sample pressure (PS', kPa), absolute
sample temperature TS', 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 PS ' and TS ' is less
than one half the smallest value AUi (see Sect~on 4.1.2).

4.5 Select Calibration Transfer Standards (CTS's). Select
CTS's that meet the criteria listed in Sections 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 select ing 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 absorption bands in 4 . 5 . 1
absorbances' greater' -than ten times the value
Section 4.12) but less than 1.5 absorbance units.

exhibit
RMS EST

peak
(see
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4.5.3 At least o~e absorption CTS ban~ within the operating
range of the FTIR 1nstrument has an 1nstrument-independent
linewidth no greater than the narrowest analyte absorption band.
perform and document measurements or cite Studies to determin~
analyte and CTS compound linewidths.

4.5.4 For each analytical region, specify the upper and
lower :wavenumber positions (FFUm and FFLm, respectively) that
bracket the CTS absorption bana or band's for the associated
analytical region. Specify the wavenumber range, FNU to FNL
containing the absorption band that meets the criterion of
Section 4.5.3. .

4.5.5 Associate, whenever possible, a single set of CTS gas
cylinders with a set of reference spectra. Replacement CTS gas
cylinders shall contain the same compounds at concentrations
wi thin 5 percent of that of the original CTS cyl inders; the
entire absorption spectra (not indivi~ual 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 E:M'I'IC (Emission
Measurement Technical Information Center) computer bulletin
board; they may be used if applicable.

4.6.1
the cell.

Select the reference absorption pathlength (LR) of

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 (upe) grade nitrogen according to the barometric and
volumetric techniques generally described in Reference A,
Section A4.6.
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difference value
compound than the
not sufficiently
not valid for the

4 . 6 . 3 Record a set of the absorption spectra of the CTS
{R1}, 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 ten times the
concentration-pathlength product of that analyte at its required
detection limit.

4.6.4 Permanently store the background and interferograrns
in digitized form. Document details of the mathematical process
for generating the spectra from these interferograms. Record the
sample pressure (PR) , sample temperature (TR) , reference
absorption pathlength (La)' and interferogram signal integration
period (tSR)' Signal J.ntegration periods for the background
interferograms shall be atSR' Values of PR, L~, and tSR shall
not deviate by more than ±1 percent from the tJ.me of recording
{R1} 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
compounds, verify the accuracy of the dilution technique by
analyzing 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 Perfor.m 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 ASC
values as the independent variable) .

4.6.5.4 If the average fractional
calculated in Section 4.6.5.3 is larger for any
corresponding AUi' the dilution technique is
accurate and the reference spectra prepared are
analysis.

4.7 Select Analytical Regions. Using the general
considerations in Section 7 of Reference A and the spectral
characteristics of ~he 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
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analytical region (F~, FCm, and FUm' respectively). Specify the
analytes and interferants which exhibit absorption in each
region.

4.8 Determine Fractional Reproducibility Uncertainties.
Using Appendix H, calculate the fractional reproducibility
uncertainty for each analyte (FRUi) from a comparison of {Rl} and
{R2}. . If FRUi > AUi for any analyte, the reference spectra
generated in Section 4.6 are not valid for the application.

4.9 Identify Known Interferants. Using Appendix B,
dete~ine which potential interferant affects the analyte
concentration dete~inations. If it does, relabel the potential
interferant as "known· interferant, and designate these compounds
from k .. 1 to K. Appendix B also provides criteria for
dete~ining whether the selected analytical regions are suitable.

4.10 Prepare Computerized Analytical Programs.

4.10.1 Choose or devise mathematical techniques (e.g,
classical least squares, inverse least squares, cross
correlation, and factor analysis) based on Equation 4 of
Reference A that are appropriate for analyzing spectral data by
comparison with 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 I based on the selected
analytical regions (4.7) and the prepared reference spectra
(4.6). Specify the baseline correction technique (e.g.,
dete~ining the slope and intercept of a linear baseline
contribution in each analytical region) for each analytical
region, inclUding 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 PR.' use a pz;ogram or set of. programs that. applies
multiplicative correct10ns to the der1ved concentrat10ns 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 Dete~in~ . the Fractional Calibration Uncertainty.
Calculate the fractional calibration uncertainty for each analyte
(FCUi) according to Appendix F, and compare these values to the
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fractional un~ertainty limits (AUi; see Section 4.1) . If
FCUi > AUi)' e1ther the reference spectra or analytical programs
for that analyte are unsuitable.

4.12 Verify System Configuration Suitability. Using
Appendix C, measure or obtain estimates of the noise level
(RMSEST ' absorbance) of the FTIR system; alternatively, construct
the complete spectrometer system and determine the values RMSsusing Appendix G. Estimate the minimum measurement uncertaint~
for each analyte (MAUi' ppm) and known interferant (MIUk' ppm)
using Appendix D. Verify that (a) MAUi < (AUi) (DLi) , FRUi < AUi'
and FCUi < AUi for each analyte and that (b) the CTS chosen meets
the requirements listed in Section 4.5.

5.0 SAMPLING AHJ) AJlALYSIS PROCBDOllB

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
(LR) and leak volume (VL) , where VL • LR t SS ' Leak volumes shall
be s4 percent of VSS '

5.2 Verify Instrumental Performance. Measure the noise
level of the system in each analytical region using the procedure
of Appendix G. If any noise level is higher than that estimated
for the system in Section 4.12, repeat the calculations of
Appendix D and verify that the requirements of Section 4.12 are
met; if they are not, adjust or repair the instrument and repeat
this section. '

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 unscaled CTS single. beam interferograms and
spectra. Using Appendix H, calculate the sample absorption
pathlength (Ls ) for each analytical region. The values L~ shall
not differ trom the approximated sample pathlength LS (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 absor~ance
spectrum of the sample. Store the background and sample s1ngle
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
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~: 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
unscaled analyte concentrations RUAi and unscaled interferant
concentrations RUII{ using the programs developed in Section 4.
To correct for pathlength and pressure variations between the
reference and sample spectra, calculate the scaling factor
~LPS • (LRPRTS)/(LsPsTa)' Calculate the final analyte and
1nterferant concentrat1ons RSAi • RLPSRUAi and RSlk • RLPSRUlk .

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 invalid
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 instrument
to restore its performance to acceptable levels. If adjustments
are made, repeat Sections 5.3, 5.4 (except for the recording of a
sample spectrum), and 5.5 to demonstrate that acceptable
uncertainties are obtained in all analytical regions.

5.6.2 Apply appropriate mathematical transformations (e.g.,
frequency shifting, zero-filling, apodization, smoothing) to the
spectra (or to the interferograms upon which the spectra are
based) generated during the performance of the procedures of
Section 5.3. Document these transformations and their
reproducibility. Do not apply multiplicative scaling of the
spectra, or any set of transformations that is mathematically
equivalent to multiplicative scaling. Different transformations
may be applied to different analytical regions. Frequency shifts
shall be smaller than one-half the minimum instrumental
linewidth, and must be applied to all spectral data points in an
analytical region. The mathematical transformations may be
retained for the analysis if they are also applied to the
appropriate analytical regions of all sample spectra recorded,
and if all original sample 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 BVALUATIOHS

Estimate the overall accuracy of the analyses performed in
Section 5 as follows:
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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
FCO 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, de~ermine the fractional mod~l

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 95t confidence level. Such determinations, if employed,
must be based on mathematical examinations of the pertinent
sample spectra (not the reference spectra alone). Include in the
report of the analysis (see Section 7.0) a complete description
of the determination of the concentration uncertainties.

6.3 Estimate Overall Concentration Uncertainty (OCO).
Using Appendix J, determine the overall concentration uncertainty
(OCO) for each analyte. If the OCU is larger than the required
accuracy for any analyte, repeat Sections 4 and 6.

7.0 RBPOR.'l'IHG RBQUIRBICBH'l'S

(Documentation pertaining to virtually all the procedures of
Sections 4, 5, aneS 6 will be required. Software copies of
reference spectra aneS sample spectra will be retaineeSfor some
mint.wa time following the actual testing.]
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B) The Coblentz Society Specifications for Evaluation of
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C) Standard Practices for General Techniques for Qualitative
Infrared Analysis, American Society for Testing and
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of Gases Used for Calibration and Audits of Continuous
Emissions Monitors (Protocol Number 1)," June 1978, Quality
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Volume III, Stationary Source Specific Methods, BPA-600/4
77-027b, August 1977.
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absorption baDd - a contiguous wavenumber region of a spectrum
(equivalently, a contiguous set of absorbance spectrum data
points) in which the absorbance passes through a maximum or
a series of maxima.

absorption pathlength - in a spectrophotometer, the distance
measured in the direction of propagation of the beam of
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 region - a contiguous wavenumber region (equivalently,
a contiguous 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 data from more than one analytical region.

apodization - modification of the ILS function by multiplying the

interferogram by a weighing function whose magnitude varies
with retardation.

background spectrua - the single beam spectrum obtained with all
system components without sample present.

baseline - 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.

Seers's law - the direct proportionality of the absorbance of a
compound in a homogeneous sample to its concentration.

calibratioa trUl..fer standard (CTS) gas - 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.

compound - a suPstance possessing a distinct, unique molecular
structure.

concentration (c) - the quantity of a compound contained in a
unit quantity of sample. The unit "ppm- (number, or mole,
basis) is recommended.

concentration-pathlength product - the mathematical product of
concentration of the species and absorption pathlength. For
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this is a known quantity; for sample
quantity directly determined from Beer's
"centimeters-ppm" or "meters-ppm" are

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 b.... spectrum - a transmission or absorbance spectrum
derived by 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 ~nd background interferograms
are collected simultaneously along physically distinct
absorption paths. Here, the term denotes a spectrum in
which the sample and background interferograms are collected
at different times along the same absorption path.

fast Pourier transform (1'1"1') a method of speeding up the
computation of a discrete FT by factoring the data into
sparse matrices containing mostly zeros.

flyback - interferometer motion during which no data are
recorded.

Pourier transform (1"1') - the mathematical process for converting
an amplitude-time spectrum to an amplitude-frequency
spectrum, or vice versa.

Pourier transform infrared (1"1'IR.) spectrometer - 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.g., GC/FTIR; HPCL/FTIR, and the use of FTIR should be
explicit; i.e., FTIR not IR.

frequency, v - the number of cycles per unit time.

infrared - the portion of the electromagnetic spectrum containing
wavelengths from approximately 0.78 to 800 microns.

interferograa, I(~) ~ "record of the modula~ed component ~f the
interference signal measured as a funct10n of retardat10n by
the detector.
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with known
absorption

analysis of

material, the
certified by a

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 produce
repetitive interference maxima and minima as the optical
retardation is varied.

linewidth - the full width at half maximum of an absorption band
in units of wavenumbers (cm- r ).

mid- infrared - the region of thi. electromagnetic spectrum from
approximately 400 to 5000 cm- .

pathlength - see "absorption pathlength."

reference spectra absorption spectra of gases
chemical compositions, recorded at a known
pathlength, which are used in the quantitative
gas samples.

retardation, ~ - optical path difference between two beams in an
interferometer; also known as "optical path difference" or
"optical retardation."

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

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

single beam spectrum 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 spectnnn"
above) • Here, the term applies (for example) to the two
spectra used directly in the calculation of transmission and
absorbance spectra of a sample.

standard reference material a reference
composition or properties of which are
recognized standardizing agency or group.

~: The equivalent ISO term is ncertifie4 reference
material."

transaittanc., T - the ratio of radiant power transmitted by the
sample to the' radiant power incident' on the sample.
Estimated in FTIR spectroscopy by forming the ratio of the
single-beam sample and background spectra.
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wavenumber, v - the number of waves per unit length.

~: The u::,pal unit of wavenu;nber is the reciprocal
centimeter, em . The wavenumber 1S 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.

~: Performing the FT of a zero- filled interferogram
results in correctly interpolated points in the computed
spectrum.

A.2 Definitions of Mathematical Symbols

A, absorbance - the logarithm to the base 10 of the reciprocal of
the transmittance (T).

(1)

AAI im - band area of the i th analyte in the mth analytical
region, at the concentration (CL!) corresponding to the
product of its required detection l1mit (DLi) and analytical
uncertainty limit (AUi) .

AAVim - average absorbance of the i th analyte in the mth
analytical region, at the concentration (CLi) corresponding
to the product of its required detection limit (DLi) and
analytical uncertainty limit (AUi) .

ASC, accepted standard concentration - the concentration value
assigned to a chemical standard.

ASCPP, accepted standard concentration-pathlength product - for
a chemical standard, the product of the ASC and the sample
absorption pathlength. The units "centimeters-ppm" or
"meters-ppm- are recommended.

AUi' analytical uncertainty limit - the maximum ~firmissible
fractional uncertainty of analysis for the i analyte
concentration, expressed as a fraction of the analyte
concentration determined in the analysis.

AVTm - average estimated total absorbance in the mth analytical
region.

CEKRk - estimated concentration of the k th known interferant.

CKA%i - estimated maximum concentration of the i th analyte.
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CPOTj - estimated concentration of the jth potential interferant.

DLi , required detection ltait - for the i th analyte, the lowest
concentration of the analyte for which its overall
fractional uncertainty (OFUi) is required to be less than
the analytical uncertainty 11mit (AUi).

Pc. - center wavenumber position of the mth analytical region.

PAUi' fractional analytical uncertainty - calculated uncertainty
in the measured concentration of the i th analyte because of
errors in the mathema,tical comparison of reference and
sample spectra.

PCOi' fractional calibration uncertainty - calculated uncertainty
in the measured concentration of the i th analyte because of
errors in Beer's law modeling of the reference spectra
concentrations.

PPLm - lower wavenumber .Dosition of the CTS absorption band
associated with the mtn analytical region.

PPU. - upper wavenumber .Dosition of the CTS absorption band
associated with the mttt analytical region.

~ - lower wavenumber position of the mth analytical region.

PJm'i' fractional model uncertainty - calculated uncertainty in
the measured concentration of the i tn analyte because of
errors in the absorption model employed.

PHL - lower wavenumber position of the CTS spectrum containing an
absorption band at least as narrow as the analyte absorption
bands.

PHU - upper wavenumber position of the CTS spectrum containing an
absorption band at least as narrow as the analyte absorption
bands.

PRUi' fractional reproducibility uncertainty· - c~lculated
uncertainty in the measured concentration of the it analyte
because of errors in the reproducibility of spectra from the
FTIR system.

PD. - upper wavenumber position of the mth analytical region.

IAI - band area of the j th potential interferant in the roth
j!nalytical region, at its expected concentration (CPOTj).

IAV - average absorbance of the i th analyte in the mth
ana~tical region, at its expected concentration (CPOTj).
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ISCi or k' indioated standard oonoentration - the concentration
from the computerized analytical p.5?gram for a single
compound reference spectrum for the it analyte or ktn known
interferant.

kPa • kilo-Pascal (see Pascal) .

LS' • estimated sample absorption pathlength.

La • reference absorption pathlength.

LS • actual sample absorption pathlength.

MAUi • mean of the MAUim over the appropriate analytical regions.

MA0tm' min~ analyte uncertainty the calculated m1n1mum
concentration for which the analyticftl uncertainty limit
(AUi) in the measurement gf the it analyte, based on
spectral data in the mt analytical region, can be
maintained.

KIUj ~ mean of the MIUjm over the appropriate analytical regions.

KIUjm' min~ interferant uncertainty - the calculated minimum
concentration for which the analy~~cal uncertainty limit
CPOTi/20 in the measurement gf the j interferant, based on
spectral data in the mt analytical region, can be
maintained.

KIL, min~ instrumental linewidth - the minimum linewidth from
the FTIR system, in wavenumbers.

c

~: 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).

Ni . number of analytes.

Nj . number of potential interferants.

Nk . number of known interferants.

Nsoan . the number of scans averaged to obtain an interferogram.

OPOi • the overall fractional uncertainty in an analyte
concentration determined in the analysis (OFUi • MAX{FRUi'
FCUi' FAUi' FMUi})'

Pasoal (Pa) • metric unit of static pressure, equal to one Newton
per square meter; one atmosphere is equal to 101,325 Pa;
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1/760 atmosphere (one Torr, or one millimeter Hg) is equal
to 133.322 Pa.

PmiD - minimum pressure of the sampling system during the
sampling procedure.

PS' - estimated sample pressure.

PR - reference pressure.

Ps - actual sample pressure.

RKSsm - measured noise level of the FTIR system in the mth
analytical region.

RXSD, root meaD square difference a measure of accuracy
determined by the following equation:

where:

RMSD = (2)

n •

e· ".1..

the number of observations for which the accuracy is
determined.

the difference between a measured value of a property
and its 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)

RSAi - the (calculated) final concentration of the i th analyte.

RBIk: - the (calculated) final concentration of the kth known
interferant.

t.CQ' SCaD time time used to acquire a single scan, not
1.ncluding flyback.

t s ' signal iDtegrat~oD period - the period of time over which an
interferogram 1.S averaged by addition and scaling of
individual scans. In terms of the number of scans Nscan and
scan time tscanl .ts - Nscantscan.

tSR - signal integration period used in recording reference
spectra.
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t ss . signal integration period used in recording sample spectra.

Ta . absolute temperature of gases used in recording reference
spectra.

TS • absolute temperature of sample gas as sample spectra are
recorded.

TP, Throughput· 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.

VSS • volume of the infrared, absorption cell, inclUding parts of
attached tubing.

Wilt· weight used to average aver analytical regions k for
quantities related to the analyte ii see Appendix D.

Note that some terms are missing, e.g., BAVm, OCU, RMSSm, SUBs'
SICi' SACi' Ss
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B.1.1 Assume a fixed absorption pathlength equal to the
value LS ' .

B.1. 2 Use band area calculations to compare the relative
absorptigR strengths of the analytes and potential interferants.
In the m analytical region (FLm to FUm)' use either rectangular
or trapezoidal approximations to determine the band areas
described belbw (see Reference A, Sections A.3.1through A.3.3)'
document any baseline corrections applied to the spectra. '

B.1.3 Use the average total absorbance of the analytes and
potential interferants in each analytical region to determine
whether the analytica~ 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 Calculations

B.2.1 Prepare spectral representations of each analyte at
the concentration CLi .. (DLi) (AUi)' where DL1 is the required
detection limit and AU' is the maximum perm~ssible analytical
uncertainty. For the m~h analytical region, calculate the band
area (AAIim) and average absorbance (AAVim) from these scaled
analyte spectra.

B.2.2 Prepare spectral representations of each potentiaA
interferant at its expected concentration (CPOT·). For the mt
analytical region, calculate the band area (Ii3:.im) and average
absorbance (IAVjm) from these scaled potentral 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-half the band area of
anyanalyte (i.e., IAI· > 0.5 AAIim for any pair ij and any m),
classify the potenticUJDtnterferant as known interferant,' Lab71
the known interferants k .. 1 to K. Record the results ~n matr~x

form as indicated in Figure B.2.
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B.2.5 Calculate the average total absorbance (AVTm) for
each analytical region and record the values in the last row of
the matrix described in Figure B.2. Any analytical region where
AVTm >2.0 is unsuitable.

FIGURE B.l Presentation of Potential Interferant Calculations

Analytical Regions
1 M

Analyte Labels
1 AAIll . AAI 1M

. IAI1M

I AAIIl------------
Potential Interferant

Labels
1 IAIll

. IAIJM

FIGURE B.2 Presentation of Known Interferant Calculations

Analytical Regions
1 M

Analyte Labels
1

I

Known Interferant
Labels

1

Total Average
Absorbance

. AAI1M

. IAI1M

. IAII(M
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C.1.1 ~e root-mean-square (RMS) noise level is the
standard measure of noise in this Protocol. The RMS noise level
of a contiguous segment of a spectrum 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.1.2 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.1.3 Practically, the assumption of C.1. 2 allow the RMS
noise level of a complete system to be estimated from the
following four quantities:

(a) RMSMAN - the noise level of the system (in absorbance
units), without the absorption cell and transfer optics,
under those conditions necessa~ to yield the specified
minimum instrumental linewidth, e.g., Jacquinot stop
size.

(b) t MAN - the manufacturer's signal integration time used
to determine RMSMAN .

(c) t ss - the signal integration time for the analyses.

(d) TP - the manufacturer's estimate
total infrared power transmitted
and transfer optics from the
detector.

of the fraction of the
by the absorption cell
interferometer to the

C.2 Calculation.

C.2.1 Obtain the values of RMSMAN, t MAN, 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 (RMSEST) as
follows:

.RMS • RMS TP ~ t ..
BST MAN t

MAN

(4)
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D.l General
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Estimatbe the minimum concentr~fiion measurement uncertainties
for the i analyte (MAUi) and j interferant (MIUi) based on
the spectral data in the mtli analytical region by comparing the
analyte band area in the analytical region (AAIim) and estimating
or measuring the noise level of the system (RMSEST or RMSSm) .

~: 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 Calculations

0.2.1 For each analytical region, set RMS - RMSSm if
measured (Appendix G), or set RMS = RMSEST if estimated (Appendix
C) •

0.2.2 For each analyte associated with the analytical
region, calculate

(5)

0.2.3 If only the mth analKtical region is used to
calculate the concentration of the it analyte, set MAUi - MAUim'

0.2.4 If a number of analYt~cal regions are used to
calculate the concentration of the i analyte, set MAUi equal to
the weighted mean of the appropriate MAUim values calculated
above. the weight for each term in the mean is equal to the
fraction of the total wavenumber range used for the calculation
represented by each analytical region. Mathematically, if the
set of analytical regions employed is {m'}, then the MAU for each
analytical region is
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(6)

where the weight Wik is defined for each term in the sum as

Wik =( FMk - FLk ) (E [FMp - F~] fl

P E {m'}

(7)

0.2.5 Repeat Sections 0.2.1 through 0.2.4 to calculate the
analogous values M1Ui for the interferants j • 1 to J. Replace
the value (AUi) (OLi' in. the above equations with CPOTj /20;
replace the value AAItm in the above equations with IAljm.
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is used to
FRUi = FMm·

APPBNDIX B

DBTERMINING FRACTIONAL RBPRODUCIBILITY UNCBRTAINTIBS (FRU)

B.l 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 Calculation.

B.2.l The CTS spectra {R1} consist of N spectra, denoted by
Sli' i-1, N. Similarly, the CTS spectra {R2} consist of N
spectra, denoted by S2i' i-1, N. Bac~ Ski 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 S3
according to S3i - S2i -Slt for each i. Form the spectra S4
according to S4i - [S2i+S1i /2 for each i.

B.2.2 Bach analytical region m is associated with a portion
of the CTS spectra S21 and S.J..i' for a particular i, with lower
and upper wavenumber 11mits F~~ and FFUm, respectively.

B.2 . 3 For each m and the associated i, calculate the band
area of S4i in the wavenumber range FFUm to FFLm. Follow the
guidelines of Section B.1.2 for this nand area calculation.
Denote the result by BAVm.

B.2 .4 For each m and the associated i, calculate the RMSD
of S3i between the absorbance values and their mean in the
wavenumber range FFUm to FFLm. Denote the result by SRMSm·

B.2.5 For each analytical regio~ m, calculate the quantity

~ - SRMSm(FFUm-FFLm)/BAVm

B.2.6 If only the mth analytical region
calculate the concentration of the i tn analyte, set

B.2.7 If a number Pi of analt,tical regions are used to
calculate the concentration of the it analyte, set FRUi equal to
the weighted mean of the appropriate ~ values calculated above.
Mathematically, if the set of analyt1cal regions employed is
{m'}, then

FRU! = L Wilt FMit

it e (m'}

where the Wik are calculated as described in Appendix D.

(8)
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APPBNDIX P

DETERMINING FRACTIONAL CALIBRATION UNCERTAINTIES (FCU)

P.l General

F.l.l The concentrations yielded by the computerized
analytical program applied to each single-compound reference
spectrum are defined as the indicated standard concentrations
(ISC' s) . The ISC values for a single compound spectrum should
ideally equal the accepted standard concentration (ASC) for one
analyte or interferant, and should ideally be zero for all other
compounds. Variations from ~hese 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.1.3 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 Calculation.

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.l, 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 tn analyte) over all reference
spectra. Prepare a l.similar table as that in Figure F. 2 to
present the FCUi and "analytical uncertainty limit (AUi) for each
analyte.
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FIGURE F.l

Presentation of Accepted Standard Concentrations (ASC's)
and Indicated Standard Concentrations (ISC's)
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FIGUREF.2

Presentation of Fractional Calibration Uncertainties (FCU's)
and Analytical Uncertainties (AU's)

Adal)te,··
f>i ~, •. '

FCU
(%)

AU
(%:):
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G.l General

APPBNDIX G

MEASURING NOISE· LEVELS
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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 Calculation.

G.2.1 Evacuate the absorption cell or fill it with upe
grade nitrogen at approximately one atmosphere total pressure.

G.2.2 Record two single beam spectra of signal integration
period,tsS'

G.2 .3 Form the double beam absorption spectrum from these
two single beam spectra, and calculate the noise level RMSSm in
the M analytical regions.
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APPENDIX B
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DETERMINING SAMPLE ABSORPTION PATHLENGTH (LS) AND
FRACTIONAL ANALYTICAL UNCERTAINTY (FAU)

B.l General

Reference spectra recorded at absorption pathlength (L),
gas pressure (PR) , and gas absolute temperature (TR) may be u~ed
to determine analyte concentrations in samples whose spectra are
recorded at conditions different from that of the reference
spectra, i.e., at abso~tion pathlength (LS) , absolute
temperature (TS) , and pressure (PS). Appendix H describes the
calculations for estimating the fractional uncertainty (FAU) of
this practice. It also describes 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 PRo

H.1.2 Determine the fractional analysis uncertainty (FAU)
for each analyte by comparing a scaled CTS spectral set, recorded
at LS ' TS ' and PS' 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.

B.2 Calculation.

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
dimensional array ~ containing the absorbance values from all
segments of {Rl} that are associated with the analytical regions;
the members of the array are AR', i = 1, n. Form a similar one
dimensional array As from the ~sorbance values in the ·spectral
set {R3}; the members of the array are Asi' i • 1, n. ~ased on
the model ~ • rAR. + B, determine the least-squares est~mate ~f

r', the value of r which minimizes the s,quare error B .
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 spectra~ sets {Rl} and {R4}. Form the arrays Ag
and AR as described in Section H.2.l, using values from {Rl} to
form AR, and values from {R4} to form Ag. Calculate the values
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and

The fractional analytical uncertainty is defined as

NRMS)
FAU =

IAAV
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(9)

(10)

(11)
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APPENDIX I

DETERMINING FRACTIONAL MODEL UNCERTAINTIES (FMU)

I.l General
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To prepare analytical programs for FTIR analyses, the sample
constituents must first 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 and residuals in the difference spectrum formed from
the actual and simulated sample spectra.

I.2 Calculations

I.2.1 For each analyte (with scaled concentration RSAi)'
select a reference spectrum SAi with indicated standard
concentration ISCi' Calculate the scaling factors

(12)

and form the spectra SACi by scaling each SAi by the factor RAi·

I.2.2 For each interferant, select a reference spectrum SIk
with indicated standard concentration ISCk . Calculate the
scaling factors

(13)

and form the spectra SICk by scaling each SIk by the factor RIk ·

I.2.3 For each" analytical region, determine by visual
inspection which of the spectra SACi and SICk exhibit absorbance
bands within the analytical region. Subtract each spectrum SACi
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and SICk exhibiting absorbance from the sample spectrum S to
form the spectrum SUBS. To save analysis time and to avoi~ the
introduction of unwanted noise into the subtracted spectrum, it
is recommended that the calculation be made (1) only for those
spectral data points within the analytical regions, and (2) for
each analytical region separately using the original spectrum SS.

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

FHa = RMSS IIl ( FFUIIl - FFLm) AU1 DLl
AAI l RSA i

(14)

for each analytical region associated with the analyte.

I.2.6 If only the mth analKtical region is used to
calculate the concentration of the it analyte, set FMUi-FMm·

I.2.7 If a number of analYEAcal regions are used to
calculate the concentration of the i analyte, set FMi equal to
the weighted mean of the appropriate ~ values calculated above.
Mathematically, if the set of analyt1cal regions employed is
{m'}, then

FMUi = L Wik FMk
k E {m'}

where Wik is calculated as described in Appendix D.

(15)
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DBTERMINING OVERALL CONCBNTRATION UNCBRTAINTIBS (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 OFUi • ~{FRUi' FCUi' FAUi' FMOi} and
OCUi • MAX{RSAi*OFUi' MAUi}·
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1:.1 General.

APP1D1DIX I:

SPBCTRAL DB-RESOLUTION PROCEDURES
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file with name
is truncated to

interferogram

High resolution reference spectra can be converted into
lower resolution standard spectra for use in quantitative
analysis 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.

1:.2 Procedures

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 (cts0305a)
to 1 cm- 1 resolution. The 0.25 cm- 1 CTS spectrum was collected
during the BPA reference spectrum program on March 5, 1992. The
original data (in this example) are in KVB/Analect FX-70 format.

(i) decamp cts0305a.aif,0305dres,1,16384,1

"decamp" converts cts030Sa to an ASCII
030Sdres. The resulting ASCII interferogram file
16384 data points. Convert background
(bkg0305a.aif) to ASCII in the same way.

(ii) campo.e 0305dre.,0305dr.s.aif,1

"Compose" transforms. 1:runcated interferogr~ back to spectral
format.
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In either DOS
"Extract" cormnand

(iii) IG2SP 0305dres.aif,0305dres.dsf,3,1,low am-1,high am- 1

"IG2Sp· converts interferogram to a single beam spectrum
using Norton~Beer medium apodization, 3, and no zero filling, 1.
De-resolved ~nterferograms should be transformed using the same
apodization and zero filling that will be used to collect s~le
spectra. Choose the desired low and high frequencies, in cm- 1 .
Transform the background interferogram in the same way.

(iv) DVDR 0305dr••• dsf,bkg0305a.dsf,0305dres.dlf

"DVDR" ratios the transformed sample spectrum against the
background.

(v) ABSB 0305dr•••dlf,0305dres.dlf

"ABSB" 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
(FX-70) or Windows version (FX-80) use the
directly on the interferogram.

(i) BXTRACT CTS0305a.aif,0305dres.aif,1,16384

"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'I'M is a software
package that displays and manipUlates spectra from a variety of
instrument 'manufacturers. mis 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
procedure.

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 "Apodization" parameter. This parameter should be set
(for both background and sample single beam conversions) to the
type of apodization f~nction chosen for the de-resolved spectral
library.

TABLE K-l. GRAMS DATA FILES AND DE-RESOLUTION PARAMETERS.
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De.ired Nominal sP\ctral Data Pile Name Parameter "N"
ae.olution (em- ) Value

0.25 Z00250.sav 65537

0.50 Z00500.sav 32769

1.0 Z01000.sav 16385

2.0 Z02000.sav 8193

Clear(i) Import using "File/Import" the desired *.aif file.
all open data slots.

(ii) OpeD the resulting *.spc interferogram as file #1.

(iii) Xflip - If the x-axis is increasing from left to right,
and the ZPD burst appears near the left end of the trace, omit
this step.

In the "Arithmetic/Calc" menu
below. Perform the calculation
and, when the calculation is
button to proceed to step (iv).
regarding the trace orientation.

item input box, type the text
by clicking on "OK" (once only),
complete, click the "Continue"

Note the comment in step (iii)

xflip: ••••• (IO,.N)+SO

(iv) R.un ICOJIPO'l'B.AB from "Arithmetic/Do Program" menu.
Ignore the "subscripting error," if it occurs.

The following menu choices should be made before execution
of the program (refer to Table K-l for the correct choice of
"N" : )

P has e

Type: Single Beam
Apodization: (as desired)

Last: 0

Interpolation: Linear

First: R'
Zero Fill: None
phasing: tr.er
Points: 102.
Calculate

(v) As in step (iii), in the "Arithmetic/Calc" menu item
enter and then run the following commands (refer to Table 1 for
appropriate "PILB," which may be in a directory other than
"c: \mdgrams. ")

setffp 7898.8805, 0 : loadspc "c:\mdgrams\ PILB" : '2.'8+'2
(vi) Use "page Up" to activate file #2, and then use the

"Pile/Save As" menu item with an appropriate file name to save
the result.

E.3 Verification of New Re.olution
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K.3.1 Obtain interferograms of reference sample and
background spectra. Truncate interferograms and convert to
absorbance spectra of desired nominal resolution.

K.3.2 Document 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).

(16)

RMSS-RMSD in the i th analytical region in subtracted result, test
CTS minus CTS standard.

n-number ot data points per cm- 1 . Exclude zero filled points.

FFUi &-The upper and lower limits (cm- 1), respectively, of the
FFLi analytical region.

~est-CTS.band area in the i th analytical region of the test CTS.
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