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PREFACE 

This draft report was prepared by Midwest Research Institute (MRI) for the U. S. 
Environmental Protection Agency (EPA) under EPA Contract No. 68-D-98-027, Work 
Assignment No. 2-13. Mr. Michael Ciolek is the EPA Work Assignment M:1nager (WAM). 
Dr. Thomas Geyer is the MRI Work Assignment Leader (W AL). The field test was performed 
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pollutants. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

The Emission Measurement Center (EMC) of the U.S. 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 perform emissions testing at iron foundries, 

specifically on cupola emission control devices, as well as pouring, cooling, and shake-out 

operations. The test program was performed in September, 1997 under Work Assignment 4-25, 

under EPA Contract No. 68-D2-0165. This draft report was prepared under Work 

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

1.2 PROJECT SUMMARY 

The cupola melting process is used to melt iron for casting into automotive and machine 

parts. It is potentially a significant source of 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 the Waupaca Plant No.5 include a movable cap on the cupola, that seals 

the charge, coarse grain separator, afterburner, drop out chamber, heat exchangers (recuperators), 

dry calcium hydroxide injection system, pulse-jet baghouse, and stack. Cupola emissions testing 

was conducted at the stack (outlet) and an inlet location to the baghouse to determine the 

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

cooling line and shake-out housing ducts to determine the measurable emissions released during 

the cooling and shake-out of the castings. Pouring operations had no emission capture or control 

system; thus, no testing was conducted at the mold pouring location. 

Three 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). One test run over a 4 hour (hr) period was conducted by FfiR only at both the cooling 

line and shake-out housing locations. A summary of the FfiR results at the cooling and 

shake-out housing locations is presented in Table 1-1. Emissions from the mold cooling and 

shakeout housing included CO, methane, and ethylene. The emissions also contained a mixture 

of heavier aliphatic hydrocarbon compounds. In the draft report the mixture of heavier 
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hydrocarbons was represented by "hexane" because hexane and 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 also have similar spectral features. After 

the draft report was submitted, EPA directed MRI to measure quantitative spectra of some 

additional hydrocarbon compounds. MRI selected candidate compounds that, based on their 

infrared spectra in the region of the analyses, near 2900 cm- 1, were likely to be components of 

the sample mixture. MRI obtained commercially-prepared cylinder standards of butane, n­

heptane, pentane, 1-pentene, 2-methyl-1-pentene, 2-methyl-2butene, 2-methyl-2-pentene, and 3-

methylpentane. MRI then measured FfiR reference spectra of these compounds in the 

laboratory. MRI also measured new high-temperature spectra of the HAPs hexane and isooctane. 

Documentation of the new reference spectra and a brief description of the laboratory procedures 

is presented in Appendix B. 

The new spectra were used in revised analyses that gave the results presented in Table 1-1 

and in Tables B-1 and B-2. The new spectra made it possible to better represent the sample 

·mixture spectrum. Consequently hexane was not detected in mold cooling emissions, and was 

only detected in one sample in the shakeout housing emissions. The reported hexane 

concentrations are lower in the revised results because the spectrum of the sample hydrocarbon 

mixture, which was represented by "hexane" in the draft results, is better represented by some of 

the new spectra of other non-HAP hydrocarbons. In particular, 3-methylpentane and 1-pentene 

were detected in cooling and shakeout housing process emissions. Butane and 2-methyl-2-

butene were also measured at the shakeout housing. The revised results give a more accurate 

representation of the process emissions, but it's possible that other hydrocarbon compounds 

could be measured in the emissions if their reference spectra were available. 

The FfiR results from the cupola baghouse inlet and outlet locations are presented in 

Table 1-2. Toluene was included in the analysis because this compound was spiked at the inlet 

and outlet. Additional description of the results is in Section 4. 

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

are used to transport samples from the test port to a gas manifold in a trailer that contains the 

FfiR equipment. Infrared spectra of a series of samples are recorded. Quantitative analysis of 

the spectra was performed after the FfiR data collection was completed. All spectral data and 
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results were saved on computer media for review after the test is completed. A compact disk 

containing all of the FTIR data was provided with the draft report. 

TABLE 1-1. SUMMARY OF FTIR RESULTS FROM THE MOLD COOLING 
AND SHAKE-OUT HOUSING DUCTS 

Compound I Cooling Uncertaint~ I Shakeout Uncertainty 

Toluene ppm a 17.5 3.9 0.81 3.5 

lb/hr 5.01 0.33 

kg/hr 2.27 0.15 

Hexane ppm ND 30.6 0.16 17.3 

lb/hr 0.060 

. kg/hr 0.027 

Ethylene ppm 13.3 0.8 3.4 0.8 

lb/hr 1.158 0.42 

kg/hr 0.525 0.19 

Methane ppm 178.5 2.6 26.0 1.6 

lb/hr 8.859 1.82 

kg/hr 4.017 0.826 

Carbon Monoxide ppm 402.3 28.1 106.7 19.1 

lb/hr 34.95 13.06 

kg/hr 15.85 5.92 

Formaldehyde ppm ND 2.97 ND 1.74 

lb/hr 

kg/hr 

3-Methylpentane ppm 5.42 1.68 3.35 1.05 

lb/hr 1.45 1.263 

kg/hr 0.656 0.573 

Butane ppm ND 34.90 3.21 5.83 

lb/hr 0.816 

kglhr 0.370 

1-Pentene ppm 17.9 3.89 0.92 8.82 

lb/hr 3.88 0.28 

kg/hr 1.76 0.13 

2-Methyl-2butene ppm ND 8.81 7.02 1.53 

lb/hr 2.19 

kg/hr 0.991 

a Average ppm concentration for the Run. 
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TABLE 1-2. SUMMARY OF FTIR RESULTS ( ) AT THE CUPOLA BAGHOUSE INLET AND OUTLETa ppm, 

9/8/97 (12:02- 17:07) 9/9/97 (7:49- 14:19) 9110/97 (7:53- 14: 19) 
Compound Inlet Uncb Outlet Unc Inlet Unc Outlet Unc Inlet Unc Outlet Unc 

HCI ppmc 33.5 3.3 23.3 3.3 27.7 3.6 16.3 3.4 29.7 3.3 22.6 3.1 
lb/hr 5.2 4.7 6.2 4.6 6.7 6.4 
kg/hr 2.4 0.4 2.8 0.6 3.0 0.8 

Toluene ppm ND 2:9 ND 2.9 ND 3.2 0.4 3.0 ND 2.9 ND 2.8 
lb/hr 0.3 
kg/hr 0.1 

Methane ppm 5.2 1.2 4.7 1.2 5.3 1.3 4.9 1.2 4.8 1.2 4.7 1.1 
lb/hr 0.6 0.7 0.6 1.1 0.6 1.0 
kg/hr 0.3 0.1 0.3 0.1 0.3 0.1 

Formaldehyde ppm 0.3 1.7 ND 1.6 ND 1.8 ND 1.7 ND 1.7 ND 1.6 
lb/hr 0.04 
kg/hr 0.02 

a PES did not complete a run on 9/8, but completed a manual run on 9/9 and two manual runs on 9110. The PES flow data from 9/9 were used to calculate mass 
emission rates for the MRI runs on 9/8 and 9/9. The PES flow data from their first manual run on 9110 were used to calculate emission rates for the MRI run 

";""' on 9110. 
~ b Estimated uncertainty in ppm in the reported concentration. 

c Average ppm concentration for the Run. 
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1.3 PROJECT PERSONNEL 

The EPA test program was administered by the 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 1-3. 

TABLE 1-3. PROJECT PERSONNEL 

I Organization and Title I Name I Phone Number 

Waupaca Foundry, Inc. Jeff Loeffler (715) 258-6629 
P.O. Box 249 
311 S. Tower Road 
Waupaca, WI54981 
Waupaca Foundry, Inc. Keith Tremblay (812) 547-0700 
P.O. Box 189 
9856 State Highway 66 
Tell City, IN 47586 
U.S. EPA, EMC Michael K. Ciolek (919) 541-4921 
W ark Assignment Manager 
Work Assignment 4-25 
U. S. EPA, EMC Michael L. Toney (919) 541-5247 
W ark Assignment Manager 
W ark Assignment 2-08 

MRI Thomas J. Geyer (919) 851-8181 
W ark Assignment Leader Ext 3120 
W ark Assignment 4-25 
W ark Assignment 2-13 

MRI John Rosenfeld (816) 753-7600 
W ark Assignment Leader Ext 1336 
W ark Assignment 2-08 
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2.0 PROCESS AND CONTROL EQUIPMENT OPERATION 

The material 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 Waupaca foundry in Tell City, Indiana, is a completely new grey iron foundry that 

started operation in February 1997. The foundry casts a diverse group of products, including 

brake drums, shoes, rotors, calipers, and other parts. The plant operates one large cupola that 

melts at a rate of about 60 tons/hr (tph), and operates four pouring lines. This section of the test 

report provides a description of the cupola operation for iron melting, and the casting operation, 

including pouring, cooling, and shake out: 

2.2 PROCESS DESCRIPTION 

2.2.1 Iron Melting in Cupolas 

The Waupaca foundry in Tell City operates a large, water-cooled cupola that melts at a 

rate of approximately 60 tph, with a blast rate of 10,000 to 15,000 standard cubic feet per 

minute (scfm), which makes it a large cupola by U.S. industry standards. Figure 2-1 is a 

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

The cupola is charged with metal scrap, re-melt, coke, and limestone at the top of the 

cupola, using one of two automated skip buckets. The level of metal within the cupola is 

monitored, and the charge material in the skip bucket is dumped into the cupola when the level of 

charge falls below a set level. The seal from the charge material and a draft on the cupola 

prevent gases from escaping. If, for any reason, the charge material cannot be added to the 

cupola within 5 minutes (min) of the level falling below the set point, the cupola will 

automatically go "off blast" until the appropriate charge level in the cupola can be achieved. 

The blast air is preheated to about 1,000°F in the blast air recuperator and is introduced 

into the bottom of the cupola through 8 tuyeres. The blast is also enriched with oxygen under 

certain melting conditions. The off gas from the cupola is removed at 250-300°F. The off-take 

duct is lined with refractory material and leads to a coarse grain separator where heavy particles 

are removed. The separator is cooled with non-contact water. 
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Figure 2-1. Simplified schematic of cupola gas handling system. 

After removal of the heavy particles, the gas enters a large combustion chamber where 

combustion air is introduced and the CO is burned. Two burners are used when necessary to 

maintain the combustion temperature. The gas leaves the combustion chamber at approximately 

1650°F, and enters a dropout chamber where additional heavy particles are removed. The hot 

gas then passes through an air-to-air heat exchanger (blast air recuperator), followed by a series 

of three oil heat exchangers that are used to cool the air. These oil heat exchangers are not 

currently used for heat recovery. (Modifications may be made in the future to recover and use 

the heat, such as for heating the building.) 

The gas from the heat exchangers is injected with a dry mixture (mostly calcium 

carbonate and magnesium oxide) in a venturi mixer that increases the gas velocity and suspends 

the injected particles. Dry injection is used to improve pollutant removal in the baghouse. 
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During the source test, the dry powder injection was turned off to afford better characterization of 

uncontrolled emissions and baghouse efficiency for HAP constituents. The gas is then sent to a 

10 module, negative pressure baghouse that uses a high temperature fabric designed to withstand 

temperatures of up to 320°F. The temperature of the gas at this point is typically 280 to 290°F. 

A fan pulls the gas through the system and discharges the cleaned gases through a stack. 

The pressure drop across the baghouse is monitored, and when the pressure drop 

increases to 6 inches (in.) of water, individual bag house compartments are cycled off-line, the 

bags are cleaned with a pulses of air, then the compartments are brought back on-line. The 

baghouse uses plenum pulsing. During testing, each compartment was off line for approximately 

8 min for cleaning, with cleaning pulses occurring approximately every 30 seconds (sec) during 

this interval. 

The plant routinely monitors several parameters associated with the cupola, including 

blast air and oxygen rate, and afterburner air addition rates, as well as temperature at various 

points in the process. The combined air flow rate through the recuperator and the baghouse 

system is not directly monitored, but can be estimated from the blast air, oxygen and afterburner 

air addition rates. During testing, the combined flow rate of offgas was also measured by the test 

crew at the final stack sampling location. The plant also records the amount of each type of 

material added to the cupola by the automatic skip buckets for each charge load. The 

composition of a typical charge is given in Table 2-1 and contains approximately 4 tons of iron. 

The iron includes remelt from the foundry, steel scrap, and pig iron. 

TABLE 2-1 TYPICAL CUPOLA CHARGE MATERIALS 

Material Typical range (lbs/charge)a 

Remelt from foundryb 3,500 to 4,500 

Steel scrapb 3,200 to 4,000 

Pig ironb 600 to 1,400 

Silicon bricks 70 to 105 

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

Silicon carbide 210 to 250 

Coke 500 to 900 

Limestone 280 to 300 

a Typical range observed dunng the test days. 
b Remelt, steel scrap, and gray iron bricks are the sources of iron and total 8,700 lbs (4.35 tons) per charge. 
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2.2.2 Pouring, Cooling and Shakeout 

The plant has four lines for pouring, cooling, and shakeout. Silica sand, bentonite, and 

seacoal constitute the molding sand, which is recycled about 50 times prior to disposal in a 

monofill. Resins and a catalyst are used to produce warmbox cores. Some of the company's cast 

products use cores, and others do not. During the source test, cores were not being used on any 

of the lines. The lines are all similar except that Line 4, which is designed to handle larger 

molds, has an automatic pouring station and the other lines do not. Line 4 is typically used for 

casting the larger size parts. 

Pouring emissions are not captured at any of the four pouring stations. Cooling emissions 

are captured by hoods that cover the entire cooling line prior to shakeout. The shakeout 

operation is totally enclosed and evacuated to capture the emissions. After shakeout, the parts 

are transferred to a casting cooling house where they are placed on a metal "tree." The parts then 

proceed to a "spinner house" and are shot blasted to remove residual sand. The spinner house is 

also evacuated to the duct that removes emissions from shakeout. The captured emissions from 

shakeout and cooling are sent to a baghouse for gas cleaning. There are three baghouse systems; 

each system predominantly receives emissions vented from a single line, but a few of the vents 

from a given line are routed to another line's baghouse system. Consequently, controlled 

emissions represent contributions from multiple lines and multiple processes. 

The ductwork for the cooling lines are interconnected with either other cooling lines or 

shakeout enclosure ductwork. Therefore, it is impossible to get a representative sample for 

cooling emissions that could be attributed to an entire cooling line. The least amount of 

interconnection was on Line 4, so it was selected for emissions testing. The first third of the 

cooling section of Line 4 was ducted to a single vent that had a long, straight vertical section 

before connecting with other ductwork. Ports were installed in this straight section of the vent, 

so that the uncontrolled emissions from the first third (approximately 20-25 min) of the cooling 

line could be measured. The shakeout enclosure ductwork has a short vertical rise, then elbows 

to a horizontal section where it is tied to the vent from the spinner housing and the last hood from 

the cooling line. Ports were installed in the short vertical duct from the shakeout enclosure 

approximately one foot (ft) above the roof of the enclosure prior to the point where the ducts 

from the spinner house and the end of the cooling line join the shakeout enclosure duct. This 

point represents uncontrolled emissions from the shakeout operations. 
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2.3 SUMMARY OF PROCESS OPERATING DATA COLLECTED DURING SOURCE TEST 

2.3.1 Process Operating Data for Cupola Melting Operations 

Testing of the melting operations was conducted over a three-day period. Single test runs 

were performed on September gth and 9th, and two runs were performed on September 10th. 

During testing, process information was collected from the operating room's computer control 

panel. Process information collected included cupola charging data, process chemistry, gas flow 

rates, temperatures, baghouse pressure drop, and cupola stack opacity. 

Table 2-2 and Figure 2-2 present metal charging rates for the cupola during the three days 

of testing. Table 2-2 and Figure 2-2 show that the average metal production rate for 

September gth was higher than on the 9th or 10th. Table 2-2 and Figure 2-2 also show that hourly 

production rates varied significantly within a given day. 
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TABLE 2-2. SUMMARY OF CUPOLA CHARGING DURING THE TEST DAYS 

9/08/97 9/09/97 9/10/97 

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

7:01-7:56 48 

8:01-8:56 47 8:03-8:54 35 

9:01-9:56 52 9:01-9:59 49 

10:02-10:46 42 10:04-10:55 47 

11:02-11:57 45 11:03-11:50 35 11:01-11:57 54 

12:00-12:54 56 12:00-12:51 26 12:03-12:59 59 

13:00-13:58 59 13:00-13:56 58 13:03-13:41 40 

14:03-14:55 51 14:06-14:55 30 14:02-14:58 . 35 

15:00-15:57 55 15:01-15:28 32 

16:13-16:56 45 

17:00-17:56 51 

18:01-18:57 56 

19:02-19:58 55 

Average rate 53.2 lA verage rate (tonslhr) 41.4 Average rate 46.6 
(tons/hr) (tons/hr) 
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Table 2-3 presents average gas flow rates and temperatures for several locations in the 

cupola flue gas system on September 8th, 9th, and 10th_ As can be seen from Table 2-3, the 

average blast rate was lowest on September 9th, and the cupola typically operated with oxygen 

addition on that day. On September 8th and lOth, the average blast rate was higher, and oxygen 

addition was not used. The average baghouse pressure drop was lower on September 9th than on 

September 8th or 10th, (2.8 in. of water versus 4.4 in. of water), and the average opacity was 

higher on September 9th than September 10th (5.7 percent versus 2.8 percent). 

TABLE 2-3. PROCESS DATA DURING THEDA YS OF CUPOLA TESTING 

Average Value on Testing Date 

Process Parameter September 8 September 9 September 10 

Cupola process air flow information 

Blast rate (scfm) 14,794 9,131 13,665 

Oxygen addition (on/off) off on off 

Temperature in (F) 1,156 1,067 1,101 

Temperature out (F) 330 232 297 

Afterburner air flow information 

Primary air (scfm) 5,271 2,764 4,969 

Secondary air (scfm) 5,893 2,823 5,476 

Cooling air (scfm) 2,794 2,300 2,792 

Temperature out (F) 1,717 1,639 1,668 

Baghouse information 

Temperature in (F) . 297 281 299 

Pressure drop (inches H20) 4.4 2.8 4.4 

Opacity(%) Not Recorded 5.7t 2.8t 

- v fr m KVB EPA-2 Average of opactty readouts recorded every 15 mmutes, opactty readouts are 6 rrunute a erages o 

stack mounted opacity monitor. 

Continuous records of blast air flow rates are presented in Figure 2-3. Blast air rates were 

significantly reduced (i.e., the cupola was placed "on relief') for varying lengths of time on 

September 9th and 10th. The specific times when the cupola was on relief are listed in Table 2-4. 
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TABLE 2-4. PERIODS WHEN CUPOLA WAS "ON RELIEF" DURING TESTING 

September 8 September 9 September 10 

Continuous blast. 10:54- 11:09 13:51- 14:04 

14:11 - 14:28 

15:27- 16:03 

16:06- 16:08 

Table 2-5 presents average process iron chemistry values (from cupola) for September 9th 

and 10th. Although process chemistry values were not recorded on September gth, average trace 

metal impurity levels were typical on all three days. 
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TABLE 2-5. PROCESS IRON CHEMISTRY AT CUPOLA a 

Concentration (%) 

Element September 9 September 10 

ElCe 3.665 4.045 
(Elemental Carbon Equivalents) 

Calc C 2.470 3.450 
(Calculated Carbon) 

Si 1.050 4.490 

Mn 0.350 0.595 

p 0.055 0.042 

s 0.070 0.090 

Ni 0.045 0.090 

Mo 0.105 0.025 

Cr 0.205 0.240 

Cu 0.114 0.230 

AI 0.008 0.009 

Ti 0.009 0.011 

Sn 0.005 0.009 

Mg 0.006 0.001 

v 0.006 0.011 

Pb 0.001 0.002 

a The process chenustry values reported here are considered typical; the process chenustry values were not 
specifically recorded on September 8, but were also considered typical. 

2.3.2 Process Operating Data for Pouring, Cooling and Shakeout Operations 

Emissions from cooling (first third section) and shakeout were measured on 

September 5, 1997. Line 4 employs an automated molding machine. Testing was conducted 

only when the entire mold line was filled with recently poured molds. During the day of the 

source test of the cooling and shakeout operations, Line 4 was used to cast brake drums. Each 

mold produced two brake drums, and used 189 pounds (lb) of poured metal. For the test day, 

249 molds per operating hour were produced. Each mold contains 1393 lb of gree:n sand (lake 

sand, sea coal, and bentonite), so the molds had a sand to metal ratio of7.35:1. 

The properties of the molding sand measured during the test day are given in Table 2-6. 

A bonding agent was added to the sand in the amount of 38.1lb of bond per ton of sand mulled. 
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The bonding agent is a dry mixture of coal, brittle asphalt, cellulose, bentonite, starch, and cereal. 

The material safety data sheet for the product indicates no volatile components, and no hazardous 

ingredients other than coal dust and crystalline quartz. 

TABLE 2-6. TYPICAL RESULTS FROM GREEN SAND ANALYSIS 

Property Value 

Moisture (%) 3.5 

Clay(%) 8.7 

Loss on ignition(%, at 1800°F) 7.8 

Volatile content(%, at 900°F) 4.0 
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3.0 TEST LOCATIONS AND GAS COMPOSITION 

Figure 3-1 is a schematic showing an overview of the cupola gas handling system that 

presents the locations of both cupola test points. The baghouse inlet (location "A") and the outlet 

stack (location "B") were sampled concurrently. 

Figure 3-2 is a schematic showing a closer view of the cupola test locations. Location 

"A" was at the duct leading to the baghouse, and location "B" was at the exhaust stack following 

the baghouse. 

Figure 3-3 is a schematic with a view of test locations at the mold cooling and mold 

shake-out housing. The sample location of the mold cooling line was the collector duct for the 

first several cooling line vents. The shake-out housing was sampled at the duct drawing from the 

enclosure. 

3.1 BAGHOUSE OUTLET- STACK 

The test ports on the stack are located at about 70 ft above ground level. Access to the 

stack ports is at roof level, which can be reached by a ladder on the baghouse. Test ports on the 

7 ft 9 in.-diameter stack allowed for concurrent FTIR and manual sampling. 

3.2 BAGHOUSE INLET DUCT 

The test ports on the inlet duct are located at roof level about 70 ft above the ground. 

Ports allowed simultaneous testing by both FTIR and manual methods. The baghouse inlet and 

outlet were sampled by FTIR concurrently using a dual line extractive sampling system. 

3.3 MOLD COOLING LINE 

Two ports were utilized on the vertical duct that collects the emissions from the first 

seven take-off vents over the cooling line conveyer following the pouring station. That 

vertically-oriented duct is inside the main facility. Sampling was conducted at a height of 

approximately 30 ft above the facility floor to obtain volumetric flow, diluent, moisture, and 

FTIR data across the diameter of the duct interior. A dual-line system was used to conduct 

concurrent testing at the mold cooling line and shake-out housing. 

3-1 



tN 
I 

N 

Ch 

I 

Cupola 

Movabl 
Oil heat exchangers 

Exhaust 

Air-Air heat exchanger Mixer ••• Dry ..... ------- injection 
I 
I 
I Combustion A B I 
I chamber 
I (Baghouse 

(Baghouse 
I inlet) 
I Blast air 
I 
I 
I 

I 
I . --- I I -
I 
I Off I 
I gas Settler 

,.} 

Heated 
blast air 

, , , , 
Solids 

removed 

, Cupola blower 

Combustion a1r 

outlet) 

Baghouse 
Roof 

Figure 3-1. Schematic of cupola gas handling system, sampling points A and B. 

0 

~ 
Exhaust fan 

960075-01 

Ports 



(j.,) 
I 

(j.,) 

From other 

Sample Point B 
Exhaust stack 

(Baghouse outlet) 
(4ft. height) 

3 in. ports - -

Roof 

heat exchangers 
I 
I 
I 

t 
Oil heat 

exchanger 

+ I 
I 
I 
I 
I 

From baghouse 

Discharge 

Sample Point A 
(Baghouse inlet) To baghouse 

---------· 
Dry injection Roof 

~ ~ 56 in. O.D., slight curvature 

980075·02 

Figure 3-2. Schematic of baghouse inlet and baghouse outlet. Sampling points A and B, respectively. 



(.).) 
I 

+>-

Combines with 
other ducts . 

~---­ ---- ---- ---- ----

c 
(Mold 

Ports 1101 cooling 
line) 

Mold cooling 
......_ 
....... 

flow 

----

Mold cooling line 

' I I 
I 
0 
I 
I 

D 
Ports 

Shakeout 
housing 

Spinner house 

980075·03 

Figure 3-3. Schematic of mold cooling and mold shake-out gas handling system; sampling points C and D. 



3.4 MOLD SHAKE-OUT HOUSING 

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

Two 3-in. test ports were installed and utilized on the vertical portion of the duct. At a height of 

approximately 25ft above the facility floor, sampling was conducted to obtain volumetric flow, 

diluent, moisture, and FfiR data across the diameter of the duct interior. 

3.5 VOLUMETRIC FLOW 

Table 3-1 summarizes the gas composition and flow data for the mold cooling and mold 

shake-out housing. Measurements for velocity, flow, and oxygen and carbon dioxide 

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 3-2 summarizes the gas composition and flow data provided by PES for the cupola 

test locations. As part of their manual testing, PES provided volumetric flow rates, moisture 

content, gas molecular weight, etc.; therefore, MRI did not conduct these tests. 

TABLE 3-1. FLOW DATA AT WAPAUCA MOLD COOLING AND 
SHAKE-OUT HOUSING PROCESSESa 

Location Mold Cooling Line Shake-out Housing 

Date 05-Sep-97 05-Sep-97 

Carbon Dioxide, % 0.0 0.0 

Oxygen,% 20.9 20.9 

Moisture Content, % 2.6 5.4 

Gas Stream Velocity, fps 57.6 81.1 

Volumetric Flow Rate, dscfm 19,399 26,576 

Volumetric Flow Rate, dscmm 549.0 753 

Stack diameter, in. 34.25 34.25 

Stack area, ft2 6.4 6.4 

a Flow data uncorrected for Absolute Pressure- Th1s perrruts a vanance of +/-1% m volumetnc flow. 
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TABLE 3-2. CUPOLA BAGHOUSE INLET AND OUTLET GAS COMPOSITION 
AND FLOW SUMMARIES 

Cupola Test Dataa 

Run Number 1 2 3 

Date 09-Sep-97 10-Sep-97 10-Sep-97 

Baghouse Inlet 

Oxygen,% 10.9 9.5 8.8 

Carbon Dioxide, % 10.8 11.6 12.4 

Moisture Content, % 2.5 2.8 2.4 

Volumetric Flow Rate, dscfm 26,800 38,200 38,500 

Volumetric Flow Rate, dscmm 759 1,080 1,090 

Baghouse Outlet (Stack) 

Oxygen,% 12.7 11.0 11.0 

Carbon Dioxide, % 8.8 10.1 10.0 

Moisture Content, % 4.1 2.6 2.6 

Volumetric Flow Rate, dscfm 33,967 48,700 48,933 

Volumetric Flow Rate, dscmm 962 1,380 1,383 

a Data provtded by PES. 
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4.0 RESULTS 

4.1 TEST SCHEDULE 

The testing at Waupaca Foundry, Plant No.5 was completed from September 5 to 

September 10, 1997. Table 4-1 summarizes the sampling schedule. A complete record of all 

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

with the manual sampling conducted by PES. The FTIR sampling at the mold cooling line and 

the mold shake-out housing were conducted independently. 

TABLE 4-1. TEST SCHEDULE AT WAUPACA FOUNDRY 

I Date II Task I Location a 

9/4/97 Arrive on site and set up at mold cooling and shake-out. Mold cooling ("C") and 
Shake-out ("D") 

9/5/97 Mold cooling and shake-out test run w/ FTIR. 
15:23 - 19:11 

9/6/97 Relocation to cupola testing area 

9/8/97 Complete setup at cupola. Test Run 1 w/ FTIR. Baghouse 
12:56- 17:05 inlet ("A") and outlet ("B") 

at Cupola 

9/9/97 Test Run 2. FTIR in conjunction with manual methods 
by PES. 
9:25- 13:56 

9/10/97 Test Run 3. FTIR in conjunction with manual methods 
by PES. 
8:15 - 12:33 

Pack equipment and depart site 

a Location descriptions are in Section 3. 

4.2 FIELD TEST PROBLEMS AND CHANGES 

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

(carbon dioxide) C02 with respect to other compounds. Analyte spiking for quality assurance 

was conducted using toluene and formaldehyde vapor. The C02 spectrum interfered with the 

strongest toluene infrared band near 730 cm-1 so the weaker toluene absorbance, in the analytical 

region 2,850-3,100 cm-1 range, was used for the analysis. The presence of other aliphatic 

hydrocarbon species also contributed to the total infrared absorbance in this 2,850-3,100 cm-1 

region. 
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The analyte spiking for the inlet sample system was introduced into the sample line at the 

junction 50 ft downstream of the probe before and after Run 1 at the cupola. The plumbing was 

modified for Run 2 and Run 3 to allow introduction of the spiking analyte at the inlet probe. 

4.3 FfiR RESULTS 

The FfiR results and the mass emissions are summarized in Tables 1-1 and 1-2. The 

complete FfiR concentration results are presented in Appendix B in Tables B-1 to B-4. 

4.3.1 Mold Cooling Line and Shake-out Housing 

The FfiR results at the cooling and shake-out housing ducts are summarized in 

Table 1-1. The complete results for all of the samples from these locations are presented in 

Tables B-1 and B-2. The compounds detected consisted primarily of light hydrocarbon species 

methane and ethylene. Some higher molecular weight hydrocarbon species were also detected. 

In the draft report, the heavier hydrocarbons were reported as hexane. The revised analysis of the 

cooling and shakeout spectra included reference spectra of additional hydrocarbon compounds. 

The additional reference spectra were measured in the laboratory by MRI. Additional 

explanation of these spectra is provided in Section 1.2. Reference spectrum documentation is 

provided in Appendix B. 

Both toluene and formaldehyde were included in the analysis because some samples were 

spiked with each of these compounds. Formaldehyde was not detected in the unspiked samples. 

Toluene was detected in unspiked samples at the cooling and shake-out locations, but the 

uncertainties were relatively high (Table 1-1). 

4.3.2 Baghouse Inlet and Outlet 

The emissions were similar at both locations and are summarized in Table 1-2. The 

complete concentration results are in Tables B-3 and B-4. The samples contained moisture, C02, 

hydrogen chloride (HCl), and methane. Some samples were spiked with either toluene or 

formaldehyde, but neither toluene nor formaldehyde was detected in any of the unspiked 

samples. 

4.4 ANALYTE SPIKE RESULTS 

The revised cooling and shakeout spike results are slightly different from the draft report 

results due to the effect of using the additional hydrocarbon reference spectra. A permeation tube 

saturated with paraformaldehyde was heated to produce a vapor of the formaldehyde monomer. 

A steady state concentration of formaldehyde vapor was maintained with a temperature controller 
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set at 100°C and with a controlled flow of carrier gas. During spiking the carrier gas was 

4.01 ppm SF6 in nitrogen. 

The inlet and outlet locations were also spiked with toluene from a cylinder standard of 

60 ppm toluene in nitrogen (Scott Specialty Gases, ± 2 percent). The toluene spike flow passed 

through a mass flow meter and into the spike line where it was preheated before injection into the 

sample at the back of the sample probe. Section 5.3 gives additional description of the analyte 

spike QA procedure. 

The formaldehyde spike results for the cooling and shake-out locations are presented in 

Tables 4-2 and 4-3. The toluene spike results for the cooling and shake-out are summarized in 

Tables 4-4 and 4-5. The formaldehyde spike results at the inlet and outlet are summarized in 

Tables 4-6 and 4-7. The toluene spike results at the baghouse inlet and outlet are summarized in 

Tables 4-8 and 4-9. The toluene and formaldehyde spike standards were quantitatively mixed 

before the spike mixture was introduced to the sample stream. The analytical results for each 

spiked analyte are presented separately. Section 5.3 gives a discussion of the procedure for 

determining the analyte standard concentrations in the spike mixtures. The spike standard 

concentrations are presented in Table 5-2. The spiked sample spectrum file names are identified 

in Tables 4-2 to 4-9. These correspond to the sample file names in Section 5.3, where the 

formaldehyde and toluene spike standard concentrations are given for each spike mixture. 

Table 4-10 compares measured band areas of the EPA toluene reference spectra 

(deresolved to 2.0 cm-3) and spectra of samples taken directly from the 60 ppm toluene cylinder 

standard. The cylinder standard spectrum was measured at the Waupaca test site. The band area 

comparison differs from the comparison of the certified concentrations by about 35 percent. For 

a given concentration, (ppm-M)/K, the infrared absorbance in the cylinder standard spectra is 

about 35 percent greater than the absorbance in the EPA library spectra. Therefore, the library 

spectra calculate a toluene concentration that is 35 percent lower than that calculated using the 

cylinder standard spectra. Tables 4-4, 4-5, 4-8, and 4-9 present the toluene spike recoveries 

using both the library spectra and the cylinder standard spectra. 

A similar effect was observed in some other field tests using another toluene cylinder 

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

reference spectra. This could be assessed by evaluating several toluene gas standards from 

different sources and doing a comparison similar to that shown in Table 4-10. 
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The above observation is compound specific, and the information in Table 4-10 does not 

apply to the measurements of other analytes. The deresolved calibration transfer standard (CTS) 

spectra give a path length result that is consistent with the observed number of laser passes and 

the instrument resolution. The disagreement is also not related to the deresolution of the toluene · 

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

band areas in the deresolved 2.0 cm1 versions of these spectra. 
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TABLE 4-2. FORMALDEHYDE SPIKE RESULTS FROM THE MOLD COOLING PROCESS 
----- --------

Average Formaldehyde Concentration Average SF6 Concentration 

Files spike unspike (calc) spike unspike (calc) DF Cexp ~ %Recovery 

Coosp 101, 102, 12.5 0.0 12.5 0.442 0.000 0.442 4.7 13.2 -0.6 95.0 

Coosp107 12.8 0.0 12.8 0.545 0.000 0.544 3.8 16.2 -3.5 79.0 

Calc is equal to the difference, spike- unspike for the analyte or for SF6. Cexp is the calculated formaldehyde concentration at 100 percent recovery in the 
spiked samples. DF is the dilution factor calculated from the SF6 concentration. Ll is equal to Cexp- formaldehyde( calc). 

TABLE 4-3. FORMALDEHYDE SPIKE RESULTS FROM THE WAUPACA SHAKE-OUT HOUSING PROCESS 
Average Formaldehyde Concentration Average SF 6 Concentration 

Files spike unspike (calc) spike unspike SF6 (calc) DF Cexp ~ %Recovery 

Shksp101, 102 14.7 0.0 14.7 0.472 0.000 0.472 4.4 14.0 0.6 104.6 

Shksp107 18.7 0.0 18.7 0.605 0.000 0.605 3.5 18.0 0.7 103.8 

Calc is equal to the difference, spike- unspike for the analyte or for SF6. Cexp is the calculated formaldehyde concentration at 100 percent recovery in the 
spiked samples. DF is the dilution factor calculated from the SF6 concentration. Ll is equal to Cexp- formaldehyde( calc). 
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TABLE 4-4. TOLUENE SPIKE RESULTS FROM THE MOLD COOLING PROCESS 
Average Toluene Concentration Average SF6 Concentration GJ Files spike unspike (calc) spike unspike (calc) DF Cexp ~ %Recovery_ 

coosp101, 102 20.4 18.9 1.5 0.442 0.000 0.442 4.7 8.4 -6.9 17.6 

~ coosp107 16.5 16.4 0.1 0.545 0.000 0.545 3.0 10.4 -10.3 0.7 5 

Calc is equal to the difference, spike- unspike for the analyte or for SF6. Cexp is the calculated toluene concentration at 100 percent recovery in the spiked 
samples. DF is the dilution factor calculated from the SF6 concentration. f.. is equal to Cexp- toluene( calc). The toluene% recoveries were obtained using 
EPA reference spectra of toluene. 
a %R is the calculated percent recovery obtained if the spectra of the 60 ppm toluene cylinder standard are used in the analysis (see Table 4-1 0). 

TABLE 4-5. TOLUENE SPIKE RESULTS FROM THE SHAKE-OUT HOUSING PROCESS 
Average Toluene Concentration Average SF6 Concentration 

% Recovery GJ Files spike unspike (calc) spike unspike (calc) DF Cexp ~ 

shksp 10 1; 102 11.3 0 11.3 0.472 0.000 0.472 4.4 9.0 2.3 125.7 [;] shksp107 9.3 0 9.3 0.605 0.000 0.605 ·3.5 11.5 -2.2 80.7 0 

Calc is equal to the difference, spike- unspike for the analyte or for SF6. Cexp is the calculated toluene concentration at 100 percent recovery in the spiked 
samples. DF is the dilution factor calculated from the SF6 concentration. f.. is equal to the difference Cexp- toluene( calc). The toluene% recoveries were 
obtained using EPA reference spectra of toluene. 
a %R is the calculated percent recovery obtained if the spectra of the 60 ppm toluene cylinder standard are used in the analysis (see Table 4-1 0). 
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TABLE 4-6. SUMMARY OF FORMALDEHYDE SPIKE RESULTS AT THE CUPOLA BAGHOUSE INLET 
--- ----·-

Average Formaldehyde Concentration Average SF6 Concentration 

Files Date spike unspike (calc) spike unspike (calc) DF Cexp ~ %Recovery 

insp101, 102 9/8/97 17.5 0.0 17.5 0.561 0.000 0.561 3.9 12.8 ·4.7 137 

inspll7 14.6 . 0.0 14.6 0.484 0.000 0.484 3.0 11.4 3.2 128 

insp201 9/9/97 16.4 0.0 16.4 1.175 0.000 1.175 3.3 13.2 3.2 124 

insp205 17.3 0.0 17.3 0.619 0.000 0.619 3.3 13.2 4.1 131 

insp301 9110/9 16.2 0.0 16.2 0.595 0.000 0.595 3.5 12.4 3.9 131 

insp312 31.9 0.0 31.9 1.141 0.000 1.141 2.8 26.7 5.2 120 
·Calc is equal to the difference, spike- unspike for the analyte or for SF 6. Cexp is the calculated formaldehyde concentration at 100 percent recovery in the 
spiked samples. DF is the dilution factor calculated from the SF6 concentration. ~is equal to Cexp- formaldehyde(calc) . 

TABLE 4-7. SUMMARY OF FORMALDEHYDE SPIKE RESULTS AT THE CUPOLA BAGHOUSE OUTLET 

Average Formaldehyde Concentration Average SF6 Concentration 

Files Date spike unspike {calc) spike unspike (calc) DF Cexp ~ %Recovery 

outsp101 9/8/97 15.0 0.0 15.0 0.450 0.000 0.450 4.9 10.3 4.7 145 

outsp111 12.9 0.0 12.9 0.465 0.000 0.465 3.2 11.0 2.0 118 

outsp201 9/9/97 13.4 0.0 13.4 0.923 0.000 0.923 4.2 10.3 3.0 129 

outsp208 14.1 0.0 14.1 0.497 0.000 0.497 4.0 10.6 3.5 133 

outsp301 9/10/9 14.0 0.0 14.0 0.504 0.000 0.504 4.3 9.9 4.0 141 

outsp316 9/10/9 25.7 0.0 25.7 0.904 0.000 0.904 2.4 31.2 -5.4 83 
Calc is equal to the difference, spike- unspike for the analyte or for SF6. Cexp is the calculated formaldehyde concentration at 100 percent recovery in the 
spiked samples. DF is the dilution factor calculated from the SF6 concentration. ~is equal to Cexp- formaldehyde( calc). 

' 
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TABLE 4-8. SUMMARY OF TOLUENE SPIKE RESULTS AT THE CUPOLA BAGHOUSE INLET 
---------- ----

Q [: Average Toluene Concentration Average SF6 Concentration 

Date spike unspike (calc) spike unspike (calc) DF Cexp 11 %Recovery 

insp101, 9/8/97 10.5 0.0 10.5 0.561 0.000 0.561 3.9 7.6 2.9 138.3 88.8 I 

Insp117 24.4 0.0 24.4 0.484 0.000 0.484 3.0 17.4 7.0 140.3 90.0 

insp205 9/9/97 14.2 0.0 14.2 0.619 0.000 0.619 3.3 9.8 4.4 144.8 92.9 

insp301 9/10/9 12.5 0.0 12.5 0.595 0.000 0.595 3.5 7.9 4.6 157.9 101.3 
Calc is equal to the difference, spike- unspike for the analyte or for SF6. Cexp is the calculated toluene concentration at 100 percent recovery in the spiked 
samples. DF is the dilution factor calculated from the SF6 concentration. 11 is equal to the difference Cexp- toluene( calc). The toluene% recoveries were 
obtained using EPA reference spectra of toluene. 
a %R is the calculated percent recovery obtained if the spectra of the 60 ppm toluene cylinder standard are used in the analysis (see Table 4-1 0). 

TABLE 4-9. SUMMARY OF TOLUENE SPIKE RESULTS AT THE CUPOLA BAGHOUSE OUTLET 

c:J Average Toluene Concentration Average SF6 Concentration 

I %R' Date spike unspike (calc) spike unspike (calc) DF Cexp 11 %Recovery 

outsp101 9/8/97 7.6 0.0 7.6 0.450 0.000 0.450 4.9 6.1 1.5 124.5 79.9 

outsp111 9/9/97 21.2 0.0 21.2 0.465 0.000 0.465 3.2 16.7 4.5 126.9 81.4 

outsp301 9/10/9 10.0 0.0 10.0 0.504 0.000 0.504 4.3 6.3 3.6 157.4 101.0 
Calc is equal to the difference, spike- unspike for the analyte or for SF6. Cexp is the calculated toluene concentration at 100 percent recovery in the spiked 
samples. DF is the dilution factor calculated from the SF6 concentration. ~is equal to the difference Cexp- toluene( calc). The toluene% recoveries were 
obtained using EPA reference spectra of toluene. 
a %R is the calculated percent recovery obtained if the spectra of the 60 ppm toluene cylinder standard are used in the analysis (see Table 4-1 0). 



TABLE 4-10. COMPARISON OF FTIR SPECTRA OF SAMPLES FROM TOLUENE (60 ppm) CYLINDER 
TO EPA TOLUENE REFERENCE SPECTRA a 

Spectra comparison Comparison of spectra based on 

Toluene Band 
based on band areas 

Spectra Source Area Region (cm- 1) Ratio (Ra)b liRa 

153a4ara (2cm-1) EPA 23.4 3160.8-2650.1 5.4 0.184 
library 

153a4arc (2cm-1) EPA 4.3 1.0 1.000 
library 

tol0905a Waupaca 10.2 3160.8-2650.1 2.4 0.423 

tol0905b Waupaca 10.1 2.3 0.427 

tol0909ab Waupaca 10.5 2.4 0.411 

aThe relevant comparison is Rc/Ra for tol0905a,b and tol0909ab, which is about 65 percent. 
bRatio of band area to band area of 153a4arc. 

~ cRatio of concentration to concentration of 153a4arc. 
I 

1.0 

standard concentrations 

(ppm-m)/K Ratio (Rc)c 1/Rc 

4.94 4.8 0.210 

1.04 1.0 1.000 

1.58 1.5 0.655 

1.58 1.5 0.655 

1.58 1.5 0.655 
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The top trace is a spectrum of an outlet sample spiked with formaldehyde, "outsp208." The bottom trace is a spectrum of an 
unspiked outlet sample in the same run, "19080006." The asterisk(*) indicates features from HCl in the unspiked sample. 

Figure 4-1. Example spectra of spiked and unspiked baghouse outlet samples. 



5.0 TEST PROCEDURES 

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

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

industrial point sources. The objectives of the field test were to use the FTIR method to measure 

emissions from the processes, screen for HAP's in the EPA FTIR reference spectrum library, and 

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

compounds that could be measured with FTIR reference spectra. Additionally, manual 

measurements of gas temperature, gas velocities, moisture, C02, and 0 2 were used to calculate 

the mass emissions rates. MRI collected data for the mold cooling and the shake-out lines, and 

PES collected the data at the baghouse inlet and outlet. 

5.1 SAMPLING SYSTEM DESCRIPTION 

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: 

• two sample probe assemblies 

• two sample lines and pumps 

• 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 efficiency at 0.1 ,urn. The actuated spike 

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

sample probe assembly components are attached to or enclosed in an insulated metal box. 

The sample lines are standard heated sample lines with three 3fs 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 (Lpm) depending on the pressure drop created by the components installed upstream. 
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Figure 5-1. Sampling system schematic. 



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, and eight calibration gases; it 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 baghouse 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 baghouse 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 sample was vented). A location was selected for analysis using the four-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. 

5.2 FfiR SAMPLING PROCEDURES 

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

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

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

were sampled together. A single FfiR 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 FfiR cell. Sample flow was controlled by a needle 

valve and measured with a rotameter. 

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

procedures. All data were collected according to the Method 320 sampling procedure, which are 

described below. 
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5.2.1 Batch Samples 

In this procedure, the 4-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 opened to vent the cell to ambient pressure, 

the spectrum of the static sample was recorded, and 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 

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. 

5.2.2 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 Lpm. 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 Performance Specification 15 for FTIR continuous 

emissions monitoring systems (CEMS), is the period for one cell volume to flow through the 

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

volume. It depends on the sampling rate (R5 in Lpm), the cell volume (V cell in L) and the 

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

minimum interval between independent samples. 
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TC = 
vcell 

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. 

5.3 ANAL YTE SPIKING 

(1) 

Since there was little information available about HAP emissions from this source, there 

was no plan for validating specific HAP's at this test. MRI conducted limited spiking for quality 

assurance (QA) purposes using a toluene in nitrogen standard and a vapor-generated 

formaldehyde standard. 

5.3.1 Analyte Spiking Procedures 

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

because many compounds have distinct infrared spectra. 

The reason for analyte spiking is to provide a 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 1110 or less of the spiked sample. The actual dilution depends on the ratio of the sample 

and spike flow rates. The expected concentration of the spiked component is determined using a 

tracer gas, in this test 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. 
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5.3.2 Analysis of Spiked Results 

5.3.2.1 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 (K.intek) equipped with a 

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

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

carrier gas. For spiking the carrier gas was a constant flow from the SF6 cylinder standard 

(4.01 ppm in nitrogen at± 2 percent, Scott Specialty Gases). The SF6 cylinder certification had 

expired before the test. The SF6 concentration was confirmed by coitlparison to spectra of SF6 

from another cylinder. The SF 6 concentration was confirmed to be within 1.5 percent of the 

certified concentration of 4.01 ppm. When spiking was not performed the formaldehyde vapor 

was continuously vented using a low flow of nitrogen as the carrier gas. Using this device it was 

practical to generate a very stable concentration output of formaldehyde. The concentration of 

this formaldehyde standard was determined with respect to formaldehyde 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 ppm a Uncertainty 

9/5/97 FORMAL01 77.3 1.1 

9/9/97 FRM0909A 80.0 1.0 

Average-> 78.7 1.1 
a -1 -1 Measured between 3160.8 and 2650.1 em usmg EPA reference spectrum 087b4anb, deresolved to 2.0 em . 
The vapor generation oven was kept at 100°C and the carrier gas flow rate was 1.00 Lpm. Nitrogen was the carrier 
gas for the direct-to-cell measurements of formaldehyde. 

5.3.2.2 Determination of Concentrations in Spike Mixtures 

Frequently the output formaldehyde from the vapor generation oven was mixed 

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

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

dilution factor that had to be accounted for to determine the concentrations of each component of 

the spike mixture. The concentration of each component in the spike mixtures was determined 

independently by preparing a separate analytical computer program. The input for the computer 
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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 FfiR cell. For formaldehyde the program used a spectrum in the EPA library. 

The program was used to analyze spectra of each of the spike mixtures, which were measured 

directly in the FfiR gas cell. Table 5-2 present the results from this analysis. Table 5-2 also 

shows 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. 

The measured concentrations in Table 5-2 were used to determine the percent recoveries 

in Tables 4-2 to 4-9: the SF6 concentrations were used to determine the DF, and the toluene and 

formaldehyde concentrations were combined with DF to determine the Cexp and the percent 

recoveries for those analytes. 

5.3.2.3 Determination of Percent Recovery 

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 Table 5-2). 

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)· 

DF 
SF 6(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· 

where: 

cexp 
Analyte(direct) 

DF 

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

measurement of the spiked mixture (from Table 5-2). 
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TABLE 5-2. MEASURED ANAL YTE CONCENTRATIONS AND MIXING FLOW RATES FOR THE SPIKE MIXTURES 

Mixing Flow Rates (Lpm)c 

File name of Direct Toluenea Tolueneb SF6 Formaldehyde 
Date Spiked Sample Files Measurement (ppm) (ppm) (ppm) (ppm) Formaldehyde Toluene 

9/5/97 shksp101, 102, 107 average (sftol2, sftol3) 39.8 25.7 2.090 62.2 1.00 1.00 

coosp101, 102, 107 

9/8/97 outspl01 average (sf6tol4, sftol05) 29.7 19.1 2.191 50.1 1.00 1.00 

inspl01, inspl02 

outsp111, insp117 sftol06 53.0 34.2 1.475 34.8 1.00 2.00 

9/9/97 insp201, outsp201 sft0909a 3.841 41.8 2.00 XX 

insp205, outsp208 sft0909b 31.8 20.5 2.013 44.1 1.00 1.00 

average (sft0909a, sft909b)d 43.0 

9/10/97 insp30 1, outsp30 1 sft0910a 27.6 17.8 2.069 43.1 1.00 1.00 

outsp316, insp312 sft0910b 3.226 75.5 2.00 1.00 
- Toluene concentration determined using EPA reference spectrum "153a4arc" deresolved to 2.0 em . 
b Toluene concentration determined using spectrum of sample taken directly from 60 ppm toluene cylinder standard. See Section 3-4 and Table 15 for 

additional explanation. 
c The mass flow meter on the Kintek (formaldehyde) vapor generator was used to control the SF6 carrier gas flow. A separate mass flow meter was used to 

control the flow from the 60 ppm toluene gas standard. 
d The formaldehyde concentration in these two mixtures can be averaged because increasing the carrier gas flow from 1.0 Lpm to 2.0 Lpm dilutes the 

formaldehyde concentration in the vapor generation output. This dilution is similar to using a 1.0 Lpm carrier gas flow and then mixing the vapor generation 
output with a 1.0 Lpm flow from the toluene standard. 



The actual spike recovery in Tables 4-2 to 4-9 is the percent difference between the measured 

analyte concentrations in the spiked samples and Cexp· 

% Recovery 

where: 

= calc x 100 
Cexp 

calc= the analyte concentration in the spike samples, spiked- unspiked. 

5.4 ANALYTICAL PROCEDURES 

Analytical proc~dures in the EPA FfiR Protocol 2 were followed for this test. A 

computer program was prepared with reference spectra shown in Table 4-7. The computer 

program6 used mathematical techniques based on a K-matrix analysis.? 

(4) 

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

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

listed in Tables 5-3 and 5-4. The estimated uncertainty results for the undetected species were 

reported in Tables 1-1 and 1-2. Finally, compounds undetected in the initial analysis were 

removed from the program and the spectra were analyzed again using reference spectra only for 

the detected compounds. The results from this second analytical run are summarized in 

Tables 1-1 and 1-2 and reported in Appendix B. 

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

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

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

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

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

analytical result, but the reported uncertainties are equal to 4*sigma. The program was modified 

to report as a non-detect any concentration less than 2*uncertainty. 

The concentrations were corrected for differences in absorption path length and 

temperature between the reference and sample spectra. 
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where: 

ccorr = concentration, corrected for path length and temperature. 

CcaJc = uncorrected sample concentration. 

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

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

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

Tr = absolute temperature(s) (Kelvin) of gas cell used in recording the reference spectra. 

The ambient pressure recorded over the three days of the test averaged about 755 mm Hg 

so no pressure correction was applied to the results. 

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

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

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

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

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

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

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

spectra are reported in Section 4.4.1. 

5.4.1 Computer Program Input 

The reference spectra used in the program input are summarized in Table 5-3 for the 

analysis of the cooling and shake-out housing data and in Table 5-4 for the analysis of the 

baghouse inlet and outlet data. Results from MRI's analysis are presented in Tables 1-1 and 1-2 

and Tables B-1 to B-4. 

The program input for the cupola baghouse inlet and outlet included spectra of water 

vapor, C02, methane, toluene, formaldehyde, HCl, and hexane. The toluene and formaldehyde 

were included to analyze the spiked samples. The program input for the cooling and shake-out 

samples was similar, but HCl was not included in the analysis. 

Table 5-5 summarizes the program input used to analyze the CTS spectra recorded at the 

field test. The CTS spectra were analyzed as an independent determination of the cell path 

length. To analyze the CTS spectra, MRI used 0.25 em-' spectra "cts0814b" and "cts0814c." 

These reference CTS spectra were recorded on the same dates as the toluene reference spectra 

used in the analysis. These spectra were deresolved in the same way as the toluene reference 
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spectra: by using Section K.2.2 of the EPA FTIR protocol. The program analyzed the main two 

ethylene bands centered near 2,989 and 949 em -1. Table 5-6 summarizes the results of the CTS 

analysis. The cell path length from this analysis was used as Ls in equation 4. 

5.4.2 EPA Reference Spectra 

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

reference spectrum library (http://www.epa.gov/ttn/emc/ftir.html). To deresolve the spectra to 

2.0 cm-1, the sampling resolution, the original sample and background interferograms were 

truncated to the first 8,192 data points. The new interferograms were then Fourier transformed 

using Norton-Beer medium apodization and no zero filling. The transformation parameters were 

chosen to agree with those used to collect the sample absorbance spectra. The new 2.0 cm-1 

formaldehyde and toluene single-beam spectra were combined with their deresolved single-beam 

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

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

TABLE 5-3. PROGRAM INPUT FOR ANALYSIS OF MOLD COOLING 
AND SHAKE-OUT HOUSING SAMPLE SPECTRA 

Reference 

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

Water 194f2sub 1,2,3 100a 

Carbon monoxide co20829a 1 167.1 22 394 

Carbon dioxide 193b4a_a 1,2,3 415a 

Formaldehyde 087b4anb 3 100.0 11.25 373 

Methane 196clbsb 3 80.1 22 394 

Toluene 153a4arc 3 103.0 3 298 

Ethylene CTS0820b 2 20.1 10.4 394 

SF6 Sf60819a 2 4.01 10.4 394 

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 
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Reference 
Compound name File name Region No. Isca Meters T (K) 

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 

a Indicates an arbitrary concentration was used for the interferant. 

TABLE 5-4. PROGRAM INPUT FOR ANALYSIS OF BAGHOUSE 
INLET AND OUTLET SAMPLE SPECTRA 

Reference 

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

Water 194f2sub 1,2,3 lOOa 

Carbon monoxide co20829a 1 167.1 22 394 

Sulfur Dioxide 198clbsc 2 89.5 22 394 

Carbon dioxide 193b4a_a 1,2,3 415 a 

Formaldehyde 087b4anb 3 100.0 11.25 373 

HCl 097b4asd 3 72.2 2.25 373 

Methane 196c1bsb 3 80.1 22 394 

Toluene 153a4arc 3 103.0 3 298 

Hexane 095a4asd 3 101.6 3 298 

Ethylene CTS0820b 2 20.1 10.4 394 

SF6 Sf60819a 2 4.01 10.4 394 

Ammonia 174a4ast 2 500.0 3 298 

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 

a Indicates an arbitrary concentration was used for the interferant. 
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TABLE 5-5. PROGRAM INPUT FOR ANALYSIS OF CTS SPECTRA 
AND PATH LENGTH DETERMINATION 

Compound name File name ASC ISC % Difference 

Ethylene a cts0814b.spc 1.007 1.014 0.7349 

Ethylene cts0814c.spc 1.007 0.999 0.7350 

a Th1s spectrum was used m the analysis of the Waupaca CTS spectra. 

TABLE 5-6. RESULTS OF PATH LENGTH DETERMINATION 

CTS spectra Path length calculations 

100 ppm Ethylene Meters Delta a %Delta 

CTS0904A 10.91 0.29 2.70 

CTS0905A 10.81 0.18 1.71 

CTS0905B 10.79 0.17 1.56 

CTS0905C 10.60 -0.02 -0.23 

CTS0908A 10.62 -0.01 -0.08 

CTS0908B 10.61 -0.01 -0.12 

CTS0908C 10.52 -0.11 -1.03 

CTS0909A 10.50 -0.13 -1.19 

CTS0909B 10.40 -0.23 -2.14 

CTS0910A 10.46 -0.17 -1.57 

CTS0910B 10.67 0.04 0.39 

~verage Path Length (m) 10.63 

~tandard Deviation 0.16 

a The difference between the calculated and average values. 

5.5 FTIR SYSTEM 

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

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

path length of the cell was set at 20 laser passes and measured to be about 10.6 meters using the 

CTS reference and sample spectra. The interior cell walls have been treated with a Teflon® 
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coating to minimize potential analyte losses. A 'mercury/cadmium/ telluride (MCT) liquid 

nitrogen detector was used. The spectra were recorded at a nominal resolution of 2.0 cm-1. 

The optical path length was measured by shining an HeiNe laser through the cell and 

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

spot indicates two laser passes through the cell. The number of passes was recorded on the field 

data sheets in Appendix B. The path length in meters was determined by comparing calibration 

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

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

in Section 5.4. 
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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, spectra of at least 10 different samples were collected during each hour 

(five at each of two locations). 

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

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

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

were also stored on disks with their corresponding interferograms. 

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

Listed below are 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 

• Length of time to measure spectrum 
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• Time spectrum was collected 

• Time and conditions of recorded background spectrum 

• Time and conditions of relevant CTS spectra 

• Apodization 

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

temperature, moisture, and diluent data. 

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

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

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

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

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

completed or until it was necessary to collect another background spectrum. 

6.2 FfiR SPECTRA 

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

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

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

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

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

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

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

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

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

quantitative analysis. 

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

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

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

the raw interferograms, if necessary. A copy of the data was provided with the draft report. 

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

when available. 
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APPENDIX A 

VOLUMETRIC FLOW DATA 



A-1. MOLD COOLING AND SHAKE-OUT HOUSING LINE FLOW DATA 



V\ ...._ 

Project Waupaca Foundry, Plant No. 5, Tell City, IN 
Project Number 3804.25 I 4701.08.08 

Source Mold Cooling Line (Location C) I Shakeout Housing (Location D) 
Sample Location Combined Cooling Line Duct I Shakout Housing Duct 

Run Number 1a 1c 
Date 5-Sep-97 5-Sep-97 
Time 14:47 15:15 

Barometric Pressure Pbar 29.63 29.63 

Velocity Head .J"Ll.Pavg 0.9688 1.3576 

Pitot Tube Coefficient CP 0.84 0.84 

C02, dry basis % 0 0 

02, dry basis % 20.9 20.9 

N2, dry basis % 79.1 79.1 

Static Pressure Ps 0 0 

Stack Pressure Pg 29.63 29.63 

Stack Temperature,°F Ts 120.80 119.93 

Stack Temperature, OR Ts 580.80 579.93 

Water Vapor, proportion Bws 0.026 0.054 

Mole Fraction of dry gas 0.97 0.95 
Dry Molecular Weight Md 28.84 28.84 

Actual Molecular Weight Ms 28.55 28.25 

Gas Stream Velocity ftlsec 57.65 81.14 
Stack Diameter in 34.25 34.25 

Stack Area ft 2 6.40 6.40 
Actual Volumetric Flow wacfm 22130 31149 

Standard Volumetric Flow dscfm 19399 26576 
Standard Volumetric Flow dscmm 549 753 



Moisture Calculation With 

Run cool shake 
Pbar 29.63 29.63 
Ps 0 0 

Ts(DB) 121.2 126.6 
Ts(WB) 83.8 99.2 

Psat 1.175 1.876 

Calculations 

Pstack 
dT 
Pp H20 
BWS 

29.63 29.63 
37.4 27.4 

0.7795 1.5913 
0.0263 0.0537 

BWS 

WB/DB Measurement 
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Project \-Jaupaca Foundr~·. Plant lJo. 5, Tell Cit~·. Ill 
Project !lumber 3804.25 4701.08.08 

Data Input 

Source l·lold Cooling Line (Location C) Shakeout Housing (Location I 
Sample Location Combined Cooling Line Duct I Shakout Housing Duct 

Stack Diameter in. 34.25 (both) 
Cp 0.84 s-type pitot 

Operators Neal/Edwards/Raile 

Date 05-Sep-97 Date 05-Sep-97 
Time14:47 Time15:15 

Ts (DB) 121.2 Ts (DB) 126.6 
Ts (WB) 83.8 Ts (WB) 99.2 

Pbar29.63 Pbar 29.63 
Pt NA Pt NA 
Ps 0 Ps 0 

02 %20.9 02 % 2 0. 9 
C02 % 0 C02 % 0 

Run - Cool Run - Shake 
Port Point dP sqrt dP Ts dP sqrt dP Ts 

NE 1 0.61 0.7810 97 1. 85 1.3601 94.4 
2 0.83 0.9110 115 2 1.4142 99 

0.93 0.9644 120.4 2.05 1.4318 100.6 
4 0.85 0.9220 120.2 2.05 1.4318 99.6 
5 0.78 0.8832 121 2.05 1.4318 99.8 
6 0.83 0.9110 119.2 2.05 1. 4318 101.2 
7 1.1 1.0488 119.4 1.9 1.3784 111. 2 
8 1. 2 1.0954 125.4 1.8 1. 3416 115.8 

1.15 1.0724 12 5. 4 1. 75 1.3229 116 
10 1.25 1.1180 125.8 1.7 1.3038 122.6 
11 1. 3 5 1.1619 126.4 1. 8 1.3416 130.6 
12 1. 25 1.1180 126.6 1. 65 1.2845 130.4 

SE 1 0.59 0.7681 101.4 1.9 1.3784 119 
2 0. 96 0.9798 114.6 2. 2 1.4832 123.8 

1.1 1.0488 115 2.3 1.5166 126.2 
4 1. 15 1.0724 122.6 2.25 1.5000 127.6 
5 1. 15 1. 0724 123.2 2.35 1.5330 128.8 
6 1.1 1.0488 123.6 2.45 1.5652 129.6 
7 0.71 0.8426 126 1. 75 1.3229 129.6 
8 0.69 0.8307 126 1.4 1.1832 133.4 

0.68 0.8246 126.2 1. 35 1.1619 134 
10 0.71 0.8426 126.4 1. 35 1.1619 135 
11 0.91 0.9539 126.2 1.4 1.1832 134.8 
12 0.96 0.9798 126.2 1. 25 1.1180 135.4 

Average 0. 9688 120.8 1.3576 119.9 
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VELOCITY TRAVERSE DATA 
Project No. ~;;: 
Run No. Pre/,,... Date c:u~&1 
Plant Wp Pf)C A Fr)ll "' 0121 r 

1 

Sampling Location s'S!ke-C y':r . 
Operator(s) NfB< £_o<J.'/&f2S._ ea,fli> 
Barometric Pressure, iR. ~ 1?2 ..,,. tl5· 
Site to Barometer Elevation ft. 
Corrected Barometric Pressure ____ _ 
Pitot No. Pitot Cp ------
T/C No. Temp. Meter No. __ _ 
Stack Area, sq. ft. ~~------­
Static Pressure, in. H20 -------

Assumed Moisture, % --:----~~-­
Assumed %C02 __ Assumed %02 __ 

Initial Pitot Leak Check !!'_<;:<(' ~-== 
Final Pitot Leak Check --..L..~"'--"'[?:..L..-_'-t!c;A_~OI...l..­
Comments: 

TRAVERSE VELOCITY STACK ROTATION 
POINT HEAD.~ TEMP. ANGLE 

NUMBER in. H20 •F a. 

~6 J /,8'~ '1"/.(/ 
2. 2·00 ~~·WG 
~ 1.0~ Jro., /~2 
y 2 ,Qt:;" 

qq_, 
s- 2.0'J'"' 99, R" 

·~ ~.0) /Olt 
? I. 9 0 II I. '2 It' 
8' I. ffj lr~rr 
q ., ?~ 1/(.C 
/0 /.10 IZ2 ' 
1/ 1.~ I '!t:J. t. 
n I.~-~ 130.u 

Traverse Point Layout 

Start Time _.!50.._q_. 0 __ End Time !S'2 (} 

TRAVERSE VELOCITY STACK ROTATION 
POINT HEAD.~ TEMP. ANGLE 

NUMBER in.H~ •F a. 

'SuJ I 1!lfl LL!l.a 
t. 21_C ]ZJ.if 

1 2.30 l'!b.l. 
II 2_._t_s:_ )ll,_b_ 

s- (_J~ JZJr.x_ 

' (,(Is' IZRG 
2 l.!lr:_ 11.!l.' 
& /. qo /'$J. _(/ 
9 /.3~ IJILO 
IC /. ~s- )~0 

1L /. 40 /3'1.~ 
1'1 /. ts-_ JJS3l 

83-.1 SEV .,, fml 020JQ3 



VELOCITY TRAVERSE OAT A 

Traverse Point Layout 

Start Time /4 '3 c· End Time J tJ 01 

TRAVERSE VELOCITY STACK ROTATION TRAVERSE VELOCITY STACK ROTATION 
POINT HEAD. <lP TEMP. ANGLE POINT HEAD.~ TEMP. ANGLE 

NUMBER in. H20 •F a. NUMBER in. H~ •F a. 

<.£ I r1 ~I 910 Nl' en 10 I (.L 
2 (1, ~j !tS.c ' _f:.Q~ lt 1./C_ 
3 a. ct3 IZ0.4 3 J. I c Jj__£e_ 
v a. x-t· 1 ZCrc (.I /./s- JZ?·( 
J o.1o Jet. c s- I IS"" 17 3. { 
6 0·~3 1 ,q. z { [.IC 12 s.t 
r; J. I o /19. !/ ? (j_.2__ I li6. c 
~ J. zo I ?r.'-1 ~ Q.(9 I tG .o 
9 ). /~ 12f.4 9 c.(;r /( '· ( 
/C /. 2) }'().~ IC C·Jl ,z,. v 
II /. 35-

'"' 'y 
II G. vl 1 z.' e 

t'f... /.2) d't ,z 0.!11._ I? C .z 

113-.'l SEV .,, trm 0203113 



TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

I 

I 

I 
I 

-·ANT t/J.~ i~ P~t:.~ ;(,f./.vQ~: ·I C?An/ ;# S 
.., r a1 I 

. rE ' - <' ' :-:--:=---:-.------
SAMPLING LOCATION (;('J(l( ... 1~G :'1~ c,k_ 

INSIDE OF FAR WALL TO I 1 ') .,...,. I 

OUTSIDE OF NIPPLE. !DISTANCE AI -....!.J~I.z:: ..J..~=------
INSIDE OF NEAR WALL TO .J,. •1 

OUTSIDE OF NIPPLE. !DISTANCE Bl--:::-:3~'{~---­
STACK I.D .. !DISTANCE A · DISTANCE 81____.3.._'1..._· _:J:.s...V_''----
NEAREST UPSTREAM DISTURBANCE --..-------­
NEAREST DOWNSTR...EAM DISTURBANCE --------
CALCULATOR •. ._:£)~ . .:....:l/;..::1(...:.;;t':_::t ~:....,_ ________ _ 

TRAVERSE PRODUCT OF 
POINT FRACTION COLUMNS 2 AND 3 

NUMBER OF STACK 1.0. STACK I.D. (TO NEAREST 1 8 INCH) 

AJ. e. I . o~J 'j"(.a.r c,71? 
:;.. '""' ~ ,.1 ... 

• ~ ~ I .. 1-. r > .., 
.II~ II Lf.cr.t)... .J I 

'1 . 117 ., 6.r.(.J, 

r , ,}f ,, B.S"{.3 
{ . '35"' s ... I;;.. I )1 

7 ,6CfS' ., ).J..o91 
f.. ·...::... ..., - ),A. ··OJ ,,;) ~ "( Q.!~ .. ., "li"' ;.s: ~Pil 
9 I .BrJ ,, ;8. l8S 

/0 , 8c1 J... ,, ;".ro1 
J/ "'=""J . I.) I •• I Jl. 1fs-
!r (71" • I I " I 33. SJ I 

: 5.€. I , e J.. J ,, I 
0, '711 I 

I ., 
I -I 

I 3 
I '1 
I ( 
I 

I. 

7 

s 
'1 

/D 

II 

;;..-

:PA tOun 232 
4 72 

. oi-1 
, II P, 

, 17 7 
I ,).( 

. ])) 
I . 6. 'I<;" 
I .. ~ . --Ji. ·, e) 

I .. " ? .r.r.; 

' 

. q~;~ 
I ·13'3 
I ,117 

I I I ;../--95' 
,, i{. ()'(')-

" b. (It'),.. 

" 8.{'63 
I l I 1; . tf1 
I ,, ,.],0~1 

... S' i " 
I ;..s. ,;Bg • I I 

I I ;..s. tf?x ! II 

! II I J'"~· /"Oq I 

I 

I ]r.(jj{ I ., 
I 

I , I 33 .. (11 

X 
/ .. 

tJ 

t 
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SCHEMATIC OF SAMPLING LOCATION 

I 

TRAVERSE POINT LOCATION 
FROM OUTSIDE OF NIPPLE 

DISTANCE B (SUM OF COLUMNS 4 & 5) 

3. J.S 3,97 
I ., s.ss 
I ., 7- ;.? 
! 'I 1-3) 

I " .11. Bl 
I ,, I). VI 

I ., ';S.1'( 
H t;. !J. ;'S'. f r- }8. 7 '1 

I " 3 I. '1'1 .. 1J.tfb 
It . J:).;. I 

I II J6.78 ,, 3 .Cl7 
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

I 

I 

I 

r 

I 
i 

' 

PLANT W-<~l't4~ . .q h;.~ . .JC~-1 fL-f'...!i #5 
rE 1-.£· 97 

;)AMPLJNG LOCATION 5",t.l.t' 1: f£ j[.At:/0 

INSIDE OF FAR WALL TO J] J. 11 

OUTSIDE OF NIPPLE. !DISTANCE Al _ _;;_~-'"-----
INSIDE OF NEAR WALL TO J .f{ 11 

OUTSIDE OF NIPPLE. !DISTANCE Bl -~-+~----
STACK I.D .• !DISTANCE A ·DISTANCE Bl __.J'-yL.:.......-:...:~¥t-.• _, ___ _ 
NEAREST UPSTREAM DISTURBANCE ---------­
NEAREST DOWNST~EAM OJSTURBANCE --------
CALCULATOR -~IJ~· :.......;1</;..::~~..:.:..r.r..:::::: lC... _________ _ 

TRAVERSE PRODUCT OF 
POINT FRACTION COLUMNS 2 AND 3 

NUMBER OF STACK I.D. STACK I.D. (TO NEAREST 1 8 INCH) 

s. iN· / I (I/- I ']'(, ;.s- (),719 
.., 

I (.., 67 r I I '"';9( 
1 i , II 8 I ' q. c-=r;.. 
'-t r 177 'I 6. l, 6 ;-

) ---~ 
I I g.i63 ,,.. 

6 . 'JSS' n , ;.. · . .~r7 
7 I 6 '1.) I I 

r'-·"'~' -
8 .7~ ,. ;.)·. 68 8 

'1 .. 8;.~ : I "9 ,, .. , 
~ • ~C' 

/0 .Par- II 3C'.ro1 
(/ . ?33 ,, I JI,1S'J" 
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I 

11- I I I )J. s 3! 
~~ I 
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I 
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tJ 

/Z., 
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. ;rr 
I .i,Vf' 

. 7( 

I "-'b;1 
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, 711 

I' ,.,;.q<; 
1: '( . ,;H( )-

;• I 6 ,6 .. • l ,-

,, B.f63 ,, 
{j-. J.f1 

" ;;)..011 

I II ){. 6?.8 
I I 1-8. '8A I ,, 
I Jc. ro'j I I I 

I I 31 ·15"~ I , I 
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SCHEMATIC OF SAMPLING LOCATION 

I TRAVERSE POINT LOCATION 
FROM OUTSIDE OF NIPPLE 

l DISTANCE B (SUM OF COLUMNS 4 & 5) 

" ,. )"' J·' 3 ·1'1 
I ' ~.sr 

I II 7Y/ 
I I' q ·3' 
I II 11. g I 
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!.~· 11 
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FTIR FIELD DATA FORM 
PROJECT NO. ~~{)'-{- 2)....-vi .-oJ (Moisture Data - Wet Bulb and Dry Bulb Method) BAROMETRIC: _____ _ 

PLANT: U C..-A (h.P- OPERATOR: -:)JL'L--
' 

DATE LOCATION TIME DRY BULB WET BULB BAROMETRIC TOTAL VELOCITY PITOT CARBON 

24-HR TEMPERATURES TEMPERATURES PRESSURE PRESSURE IIEAD COEFFICIENT DIOXIDE OXYGEN 

t(F) tw(F) Pllu TP DcltaP Cp Dry-lwla Dry-llula 
i ' 'j;J/1- ..._ w.c:. ..._ w.c:. %11yvrl. % byvoL 

rq, off1 C.,JicL-- /t./1./7 11-I.Z- ~~ ~ 75Z {,JO tJ.x'/ov 0 7J.~ 

rq1 I qt~ S~i:A a-.t- rn? tJf,.~ 11.2- 75"7- '·XV 0./NVO 0 ZV.'J 

~ MIDWEST RESEARCH INSTITIJTE My Documents/FTIRFORM/Fieldata4.Xl.S 08-29-97 
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,.-)' . '. \- - \ ~ . '-\ ' 
(~ \ -~(' 9._~,..... 

'7 ·,, .. , -= o.'\"t ~\' .......... 

";h-p - I 7 ; 11 

<:c\\fC.c.:\~~c.~ J, O~~AT 6AuS 
OXYGEN AND CARBON DIOXIDE BY ORSAT 

l7.ll' \ - 2 '> ..-\ '\.. \ \" 
PROJECT NO . .) . RUN NO. Jf'll- '•,·J' ().v ., vo\\'')ORSAT lEAK CHECK BEFORE ANALYSIS: 

SAMPLE NO. '1\' DATE ')\':> '; J BURETTE CHANGE IN 4 MIN. 

PlANT SAMPLING LOCATION 'v.J..o,v~,~ c '- \ · ' ~ '·' J PIPETTES CHANGE IN 4 MIN. 

ANALYSIS TIME (24hr-CLOCK) ORSAT LEAK CHECK AFTER ANALYSIS: 

SAMPLE TYPE (BAG, GAA~ _\)\ 
OPERATOR ~ 

'm:IN-__1 1 

-AcruAL...__ 
GAS '-..... I READING 

C02 

1 
2 
3 

2 

BUAETIE CHANGE IN 4 MIN. 

PIPETTES CHANGE IN 4 MIN. 

1 
2 
3 

3 

11·11 SEV SUIIIoWIIIIuH OSlltl 

Acceptance Criteria 

Comments: 

E,c-~') 

CO 2 > 4% .3% by Volume 
$ 4% .2% by Volume 

vJ'·~ co\\1ch.~ rlr (J~ 
(.._ Y•.) (.c.,.._jr,t'-SIJ.r- v "\'\ 

02 ~ 15% .2% by Volume 
< 15% .3% by Volume 

c;c,_~r\( y, "I r: 'tr. r ~lt-J• :\J J 

<;L_. '1 ~ .~ L., ·. 

0i7 ·;(\I 

·<}···I~ I -1.J ( 

a I' I; .Prtr---
,1: u ) ' :· ~ 

.... >\of: \T. So 
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OXYGEN AND CARBON DIOXIDE BY ORSAT 

PROJECT NO. 3t~~: )5~(:1/~o] RUN NO.--~---
SAMPLE NO. DATE 1- .f: 71 
PLANT SAMPLING LOCATION "Jit-~: 1.:$ tJur YlA-: ,c_ 

ANALYSIS TIME (24hr·CLOCK) ---..1_.1..._1_0 
_______ _ 

SAMPLE TYP~ GRJ\~ 
OPERATOR /J, ·,../( ~l./ 

~ 
1 2 

ACTUAL NET ACTUAL NET READING READING s 

1 a." 1 

C02 
2 o.CJ ().0 2 ~ .. L> 
3 0.0 3 

. 
02 (NET IS SECOND 1 ;p.? 1 
READING MINUS ACTUAL 2 J<J~ 7 ;,.1 2 ~-~ 

C~READING) 
3 ;)-<J. 7 3 

- ---- -- - - ------ ---- - - -

Acceptance Criteria 

ORSAT LEAK CHECK BEFORE ANALYSIS: 
BURETTE p;,:. 1 CHANGE IN 4 MIN. 

PIPETTES /1J ;J CHANGE IN 4 MIN. 

ORSAT LEAK CHECK AFTER ANALYSIS: 

BURETTE /1.rJ 
PIPETTES &JJ 

3 

ACTUAL 
READING 

1 
2 
3 

1 
2 
3 

NET 

CHANGE IN 4 MIN. 

CHANGE IN 4 MIN. 

AVERAGE 
NET 

VOLUME 

I 

I 
- - -- - - - -- - -~ ~ ---

11·11 SEV SUIIMNI.,. 015;!111 

CO 2 > 4% .3% by Volume 
~ 4% .2% by Volume 

0 2 ~ 15% .2% by Volume 
< 15% .3% by Volume 

Comments: 
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OXYGEN AND CARBON DIOXIDE BY ORSAT 

PROJECT NO. ·.} S(l Y- )-(o '1- f)) RUN NO. -:---=~---
SAMPLE NO. DATE 7- .}- ?'1 

ORSAT LEAK ECK BEFORE ANALYSIS: 
BURETTE "4 J5 CHANGE IN 4 MIN. 

PLANT SAMPLING LOCATION Cco~'r..-t.J( ;r"K A PIPETTES f&;! CHANGE IN 4 MIN. 

ANALYSIS TIME (24hr-CLOCK) I tJ Y<" 
SAMPLE TYPE~ G~B) 
OPERATOR IJ. 11 /~otft_, 

ORSAT LEAK (JI;IECK AFTER ANALYSIS: 
BURETTE u.d CHANGE IN 4 MIN. 

PIPETTES ,1-Jf CHANGE IN 4 MIN. 

~ 
1 2 3 I 

AVERAGE 
ACTUAL NET ACTUAL NET ACTUAL NET I 

READING READING READING NET VOLUME s 
1 O.o 1 1 

C02 
2 (J C' 00 2 ~.D 2 

I 

3 o.n 3 3 I 
02 (NET IS SECOND 1 }cl.1 1 1 

I 

2 ~-7 /1J .r{ 2 ~-7 
I 

READING MINUS ACTUAL 2 ' 

C~READING) 
3}-o.] 3 3 

- - - --- - -- ----- L.....----- - - - - --- ------------- - ---

11·11 SEV SURIMH .. 052111 

Acceptance Criteria 

CO 2 > 4% .3% by Volume 
s 4% .2% by Volume 

02 ~ 15% .2% by Volume 
< 15% .3% by Volume 

Comments: 



A-2. BAGHOUSE FLOW DATA 



020598 16:H '5'19199-11023-' PES RTP ~C 

PARTICULATE/METALS EMISSIONS SAMPLING AND FLUE GAS 
PARAMETERS- CUPOLA BAGHOUSE INLET 

THE WAUPACA FOUNDRY- TELL CITY, INDIANA 

Run No. I-M29-1 I-M29-l 

~ate 9/9/97 9/10/97 
Total Sampling Time, min 240.5 240 
Average Sampling Rate, dscfin • 0.342 0.481 
Sample Volume: 

dscfb 82.208 115.471 

dscm' 2.328 3.270 
!Average Flue Gas Temp., °F 275 301 

0 2 Concentration, % by Volume 10.9 9.5 

C~ Concentration. % by Volume 10.8 11.6 

Moisture, % by Volume 2.5 2.8 
Flue Gas Volumetric Flow Rate: 

acfm 111 39,900 58,900 

dscfm • 26,800 38,200 

ctscmm• 759 1,080 

Isolc:inetic Sampling Ratio, % 104.0 102.7 

• Dey standard cubic feet per minute at 68° F (20° C) and 1 atm. 

b Dry stmdard cubic feet at 68° F (20" C) and 1 llbD. 

• Dry standard cubic meters at 68° F {20° C) and 1 aim. 
111 Actual cubic feet per mimne at exhaust gas conditions. 
e 01)' standard cubic meters per minute ar 68° F (20" C) and 1 atm. 

I-M29-3 
9/10/97 

240 
0.493 

118.408 
3.353 
302 
8.8 
12.4 

2.4 

59,300 
38,500 

1,090 
106.5 

Avenee 

0.439 

105.362 
2.984 
293 
9.7 

11.6 

2.6 

52,700 
34,500 

976 
104.4 

:4J 002 005 



02 os, 98 16: .t8 '6'19199H02J-t PES RTP :-<C 4J OOJ 005 

PARTICULATE/METALS EMISSIONS SAMPLING AND EXHAUST GAS 
PARAMETERS- CUPOLA BAG HOUSE OUTLET 

THE WAUPACA FOUNDRY- TELL CITY, INDIANA 

RUD No. O-M29-1 

!Date 9/9/97 
Total Sampling Time, min 240 
!Average Sampling Rate, dscfm • 0.378 
Sample Volume: 

dscfb 90.633 
dscm~ 2.566 

~ verage Exhaust Gas Temp., °F 231 

0 2 Concentration,% by Volume 12.7 

C02 Concentratio~ % by Volume 8.8 

Moisture, % by Volume 5.5 
Exhaust Gas Volumetric Flow Rate: 

acfincl 45,000 

dscfin • 32,100 

dscmm• 908 

~sokinetic Sampling Ratio, % 103.1 

• Dry standard cubic feet per minute at 68" F (20° C) and 1 atm. 

b Dry standard cubic feet at 68° F (20° C) and 1 atm. 

c Dry standard cubic meters at 68° F (20" C) and 1 atm. 

d Actual cubic feet per minute at exhaust gas conditions. 

O-Ml9-2 

9/10/97 
240 

0.580 

139.162 
3.941 
253 
11.0 

10.1 

2.6 

69,600 
49,700 
1,410 
102.2 

• OJ)' standard cubic mden per minute u 68" F (20° C) and I atm. 

O-M29-3 
9/10/97 

240 
0.552 

132.547 
3.753 
254 
11.0 

10.0 
2.8 

68,200 
48,500 
1,370 
99.7 

Average 

0.503 

120.781 
3.420 
246 
11.6 

9.6 

3.6 

60,900 
43,400 
1,230 
101.7 



02 05 98 16:H PES RTP \C 

SVOHAPS EMISSIONS SAMPLING AND EXHAUST GASP ARAMETERS 
CUPOLABAGHOUSEOUTLET 

THE WAUPACA FOUNDRY- TELL CITY, INDIANA 

Run No. B0-0010-1 B0-0010-2 

Date 919191 9/10/97 
Total Sampling Time, min 240 240 
Average Sampling Rate, dscfm • 0.458 0.627 
Sample Volume: 

dscfb 110.023 150.485 
dscm' 3.116 4.261 

Average Exhaust Gas Temp., °F 234 258 
0 2 Concentration, % by Volume 12.7 11.0 

C02 Concentration, o/o by Volume 8.8 10.1 

Moisture, % by Volwne 3.4 2.7 
il::'vhlianct Gas Volumetric Flow Rate: 

acfind 46,600 66,700. 

dscfin • 33,800 47,200 
dscmm • 957 1,340 

Isokinetic Sampling Ratio, % 99.4 97.3 

• Dry standard cubic feet per minute at 68° F (20° C) and I aan. 

b Dry standard cubic feci II 61° F (200 C) and 1 atm. 

' Dry standard cubic meters at 68° F (20° C) and 1 atm. 

" Actual cubic: feet per minute a1 exhaust gas conditions. 

• Dry standard cubic: meters per minute at 68° F (20° C) and I atm. 

B0-0010-3 

9/10/97 
240 

0.690 

165.500 

4.686 
256 

11.0 

10.0 

2.6 

69,300 

49,200 
1,390 
102.6 

Average 

0.592 

142.003 

4.021 

249 

11.6 

9.6 

2.9 

60,900 

43,400 
1,230 
99.7 

:4] 004 005 



02 05 98 16:~8 ~19199.U02J.t PES RTP \C ~oos.oos 

PCDDtiPCDFs EMISSIONS SAMPLING AND EXHAUST GAS PARAMETERS 
CUPOLA BAGHOUSE OUTLET 

TilE WAUPACA FOUNDRY- TELL CITY, INDIANA 

Run No. B0-23-1 

Date 9/9/97 
Total Sampling Time, min 240 
Average Sampling Rate, dscfm • 0.486 
Sample Volume: 

dscfb 116.671 
dscmc 3.304 

Average Exhaust Gas Temp., op 230 
0 2 Concentration, % by Volume 12.7 

C02 Concentration, % by Volume 8.8 
~oisture, % by Volume 3.4 
Exhaust Gas Volumetric Flow Rate: 

acfin d 49,400 
dscfm • 36,000 
dscmm • 1,020 

lsokinetic Sampling Ratio, % 98.9 

• Dry standard cubic feet per minute at 68° F (20° C) and 1 atm. 
11 Dry sWldatd cubic feet at 68° F (200 C) and 1 atm. 

c Dry standard cubic meters at 68° F (20° C) and 1 atm. 

• Actual cubic feet per minute at exhaust gas conditions. 

B0-23-2 

9/10/97 
240 

0.669 

160.663 
4.549 
258 
11.0 

10.1 
2.6 

69,500 
49,200 
1,390 
99.7 

• Dry standard cubic meters per minute at 68° F (20° C) and 1 ann • 

.. -· 

B0-23-3 

9/10/97 
240 

0.660 

158.414 
4.486 
254 
11.0 

10.0 
2.4 

68,800 
49,100 
1,390 
98.5 

Average 

0.605 

145.249 
4.113 
247 
11.6 

9.6 
2.8 

62,600 
44,800 
1,270 
99.0 



APPENDIXB 

FfiRDATA 



WAUPACA 

Date Time Location S~iked Unspiked Event/Notes 
9/9/97 10:30 Outlet X 

10:39 Outlet X 
10:50-11:00 Inlet X 
11:08-11:17 Inlet X 
11:28-11:34 Outlet X 

11:44 N2 only direct to cell 
11:50 Background - N2 only 
11:57 Inlet X 
12:24 Outlet X 
12:50 Inlet X 
13:24 Outlet X 
13:50 Inlet X 
14:05 Outlet X 
14:11 Inlet X 
14:29 Sj>ike direct to cell 
15:05 Outlet - air through 
15:25 Background - N2 only 

9/10/97 7:20 Leak check inlet and outlet 
7:49 Inlet X 
8:00 Outlet X 
8:10 Direct to cell SPike 

8:15-8:27 Outlet X 
8:34-8:47 Inlet X 

9:00 Background 
9:07 Outlet X 
9:40 Inlet X 
10:05 Outlet X 
10:29 Inlet X 
11:05 N2 only- Background 

11:17-11:37 Outlet X 
11 :45-12:07 Inlet X 
12:15-12:33 Outlet X 

12:45 Outlet X 
12:53 Inlet X 
13:04 Spike direct to cell 
13:26 Background - N2 only 



WAUPACA 

Date Time Location Sci ked Unsciked Event/Notes 

9/5/97 9:30 Background, N2 only 
9:45-9:53 Calibration 

9:55 Leak check 
10:15 Process down 
10:54 Background, N2 only 
11:20 X SF6 to spike line 
13:15 Process restarted 
14:10 SF6 into Kintek 

14:20-14:24 N2 only 
15:23-15:33 Cootina stack X 
15:37-16:02 X Shakeout probe in stack 
16:11-16:27 Coolina line X 
16:41-16:58 Shakeout line X 

17:21 Shakeout line 
17:41 Cooling line X 
18:03 Cooling line X 
18:07 Shakeout line X 
18:29 Coolina line 
18:50 Shakeout line X 
19:11 Cooling line X 
19:31 N2 only direct to cell 
19:45 N2 only - Background 

9/8/97 10:24 Backaround - N2 only 
11:07 direct to cell - SQike -

12:02-12:18 Inlet X 
12:27-12:40 Outlet X 

12:46 Background- N2 direct to cell 
12:56-13:27 Inlet X .. 

13:25 Changed outlet probe 
13:42-13:49 Inlet X 
14:04-14:15 Outlet X 
14:28-14:33 Inlet X 
14:45-15:09 Outlet X 
15:18-15:30 Inlet X 

15:39 Outlet X 
16:09 Inlet X 
16:39 Background - N2 only 
16:55 Outlet X 
17:05 Inlet X 
17:10 Probes pulled out of stack 
17:13 Inlet and Outlet pass leak checks 
17:28 N2 only 

9/9/97 7:10 Inlet and Outlet pass leak checks 
7:27 Backaround 
7:47 Inlet X 
8:00 Outlet X 
8:11 Spike direct to cell 

8:24 Outlet X 
8:57-9:06 N2 only in background 

9:25-9:44 Outlet· X 
9:54-10:08 Inlet X 

10:16 Outlet X 



B-1. FTIR RESULTS TABLES 
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TABLE B-1. FTIR RESULTS FROM THE MOLD COOLING LINE 

?I 



TABLE B-1. FfiR RESULTS AT MOLD COOLING LINE 

Toluene Hexane Ethylene SF6 Methane co Formaldeh vde 

Date Time File name 1 ppm Unc 2 ppm Unc ppm Unc ppm 3 Unc oom Unc ppm Unc ppm Unc 

9/5/97 15:25 ~OOSP101 19.9 3.1 0.0 22.2 7.3 0.8 0.440 0.018 129.3 1.9 337.9 20.3 12.8 1.7 

15:35 ~OOSP102 20.8 3.5 0.0 25.0 8.1 0.9 0.445 0.019 139.9 2.1 354.1 23.6 12.3 1.9 

16:12 ~OOUN103 19.5 4:0 0.0 31.5 13.5 0.8 0.000 0.019 189.6 2.7 438.4 27.5 0.0 3.0 

16:18 rooUNl04 18.7 4.0 0.0 31.3 13.2 0.8 0.000 0.018 184.4 2.6 417.3 27.3 0.0 3.0 

16:23 rooUNl05 19.3 4.0 0.0 31.9 13.6 0.8 0.000 0.019 189.1 2.7 425.0 27.9 0.0 3.1 

16:30. rooUN106 18.2 3.9 0.0 31.0 13.2 0.8 0.000 0.018 182.1 2.6 421.0 27.7 0.0 3.0 

17:07 19050001 19.0 4.0 0.0 31.0 13.6 0.8 0.000 0.019 189.5 2.6 441.9 27.1 0.0 3.0 

17:09 19050002 18.6 3.9 0.0 30.6 13.5 0.8 0.000 O.Dl8 187.2 2.6 437.0 27.0 0.0 3.0 

17:12 19050003 18.6 3.9 0.0 30.7 13.6 0.8 0.000 0.018 187.3 2.6 436.8 27.3 0.0 3.0 

17:14 19050004 19.0 4.0 0.0 31.2 13.8 0.8 0.000 0.019 189.9 2.7 438.5 27.8 0.0 3.0 

17:16 19050005 18.7 4.0 0.0 31.1 13.7 0.8 0.000 0.019 188.1 2.6 434.0 27.9 0.0 3.0 

17:18 19050006 17.8 3.9 0.0 30.5 13.3 0.8 0.000 0.018 182.4 2.6 424.2 27.6 0.0 2.9 

17:20 19050007 17.2 3.8 0.0 30.1 13.1 0.8 0.000 0.018 178.9 2.6 419.4 27.7 0.0 2.9 

17:44 19050018 16.8 4.0 0.0 31.4 13.2 0.8 0.000 0.019 174.3 2.7 385.4 30.0 0.0 3.0 

17:46 19050019 17.4 4.1 0.0 31.9 13.5 0.8 0.000 0.019 177.4 2.7 389.7 30.3 0.0 3.1 

17:48 19050020 17.6 4.1 0.0 32.2 13.7 0.8 0.000 0.019 179.0 2.7 392.5 30.5 0.0 3.1 

17:50 19050021 17.9 4.2 0.0 32.7 13.9 0.8 0.000 0.019 181.4 2.8 396.6 30.8 0.0 3.2 

17:52 19050022 18.1 4.2 0.0 32.9 14.0 0.8 0.000 0.019 183.0 2.8 396.8 30.9 0.0 3.2 

17:54 19050023 18.2 4.1 0.0 32.5 14.1 0.8 0.000 0.019 184.2 2.8 399.5 30.7 0.0 3.1 

17:57 19050024 18.2 4.2 0.0 32.8 14.1 0.8 0.000 0.019 184.1 2.8 396.8 30.8 0.0 3.2 

17:59 19050025 17.3 4.1 0.0 32.3 13.6 0.8 0.000 0.019 178.6 2.7 387.2 30.4 0.0 3.1 

18:05 19050028 9.2 2.0 0.0 13.4 7.4 0.4 0.000 0.010 74.3 1.2 196.0 14.5 0.0 1.3 

18:29 19050039 16.6 3.9 0.0 30.7 13.5 0.8 0.000 0.019 179.9 2.6 397.0 28.4 0.0 3.0 

18:31 19050040 16.5 3.9 0.0 30.6 13.5 0.8 0.000 0.019 179.9 2.6 396.9 28.4 0.0 3.0 

18:33 19050041 16.5 3.9 0.0 30.8 13.5 0.8 0.000 0.019 180.3 2.6 395.8 28.4 0.0 3.0 

18:35 19050042 16.1 3.9 0.0 30.5 13.3 0.8 0.000 0.018 178.2 2.6 392.0 28.2 0.0 2.9 

19:11 ~OOSP107 16.5 3.2 0.0 22.7 5.3 1.1 0.545 0.023 125.2 2.0 325.6 22.0 12.8 1.8 

Average---> 17.5 3.9 0.0 30.6 13.3 0.8 0.000 0.018 178.5 2.6 402.3 28.1 0.0 3.0 

1 The samples indicated in bold type, "COOSP101, "COOSP102" and "COOSP107," were spiked with a mixture of formaldehyde vapor, toluene vapor, and SF6• The spike 
results are presented in Seciton 4.4, and the analyte spike procedure is discussed in Section 5.3.1. 
2 Unc is th estimated uncertainty in the measurement. 
3 SF6 was spiked as a tracer gas to determine to spike dilution. SF6 was not detected in the gas stream. 

I 

I 



TABLE B-1. Continued. 

3-~ethylepentane 1-Pentene 

Date Time File name 1 DDm Unc 2 ppm Unc 
9!5197 15:25 ~OOSP101 3.9 1.2 10.9 3.3 

15:35 toosP1o2 4.3 1.4 11.1 3.7 

16:12 ~OOUN103 5.6 1.7 18.0 4.0 .. 
16:18 toOUN104 5.4 1.7 17.1 3.9 

16:23 ~OOUN105 5.6 1.7 17.7 4.0 

16:30 toOUN106 5.5 1.7 16.9 3.9 

17:07 19050001 5.9 1.7 18.1 3.9 

17:09 19050002 5.8 1.7 17.8 3.9 

17:12 19050003 5.8 1.7 18.0 3.9 

17:14 19050004 5.8 1.7 18.4 4.0 

17:16 19050005 5.8 1.7 18.2 3.9 

17:18 19050006 5.6 1.7 17.6 3.9 

17:20 19050007 5.4 1.7 17.2 3.8 

17:44 19050018 5.3 1.7 17.6 4.0 

17:46 19050019 5.4 1.7 18.2 4.0 

17:48 19050020 5.5 1.8 18.5 4.1 

17:50 19050021 5.5 1.8 18.8 4.1 

17:52 19050022 5.6 1.8 19.0 4.2 

17:54 19050023 5.6 1.8 19.1 4.1 

17:57 19050024 5.6 1.8 19.0 4.2 

17:59 19050025 5.4 1.8 18.2 4.1 

18:05 19050028 2.1 0.8 13.2 1.8 

18:29 19050039 5.5 1.7 18.0 3.9 

18:31 19050040 5.5 1.7 18.0 3.9 

18:33 19050041 5.5 1.7 18.1 3.9 

18:35 19050042 5.4 1.7 17.8 3.9 

19:11 - lcooSP107 7.8 0.7 0.0 11.7 

Average---> 5.4 1.7 17.9 3.9 
1 The samples indicated in bold type, "COOSP101, "COOSP102" and "COOSP107," were spiked with a mixture o fformaldehyde vapor, toluene vapor, and SF6• The spike 
results are presented in Seciton 4.4, and the analyte spike procedure is discussed in Section 5.3.1. · 
2 Unc is th estimated uncertainty in the measurement. 
3 SF6 was spiked as a tracer gas to determine to spike dilution. SF6 was not detected in the gas stream. 



Toluene Concentrations at Cooling Process (9/5/97) 
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Ethylene Concentrations at Cooling Process (9/5/97) 
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Methane Concentrations at Cooling Process (9/5/97) 
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CO Concentrations at Cooling Process (9/5/97) 
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Formaldehyde Concentrations at Cooling Process (9/5/97) 
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3-Methylpentane Concentrations at Cooling Process (9/5/97) 
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1-Pentene Concentrations at Cooling Process (9/5/97) 
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TABLE B-2. FfiR RESULTS FROM THE SHAKE-OUT HOUSING LINE 



TABLE B-2. FTIR RESULTS AT THE SHAKE-OUT HOUSING 

Toluene Hexane Ethylene SF" Methane co Formaldehyde 
Date Time File name 1 ppm Unc 2 ppm Unc ppm Unc ppm Unc ppm Unc ppm Unc ppm Unc 

915197 15:51 SHKSP101 11.1 1.8 0.0 12.1 0.0 0.8 0.464 0.016 10.7 1.2 91.1 13.3 14.6 1.0 

16:05 SHKSP102 11.5 1.8 0.0 11.8 0.0 0.8 0.479 0.016 13.7 1.2 93.4 12.8 14.7 1.0 

16:42 SHKUN103 0.0 2.5 3.0 0.2 1.8 0.6 0.000 0.014 12.2 1.0 78.1 13.8 0.0 1.2 

16:50 SHKUN104 0.0 3.4 0.0 17.1 2.7 0.7 0.000 0.017 17.8 1.6 96.9 17.8 0.0 1.7 

16:55 SHKUN105 0.0 3.6 0.0 18.0 2.9 0.8 0.000 0.018 19.1 1.7 96.2 18.3 0.0 1.7 

17:00 SHKUN106 0.0 3.5 0.0 17.4 2.8 0.7 0.000 0.018 18.4 1.6 94.8 17.9 0.0 1.7 

17:22 19050008 15.4 3.3 0.0 21.9 10.9 0.6 0.000 0.014 130.2 1.9 331.7 21.9 0.0 2.1 

17:24 19050009 0.0 2.4 0.0 12.2 2.1 0.5 0.000 0.012 15.5 1.2 76.1 13.0 0.0 1.2 

17:27 19050010 0.0 3.8 0.0 18.8 3.0 0.8 0.000 0.019 19.0 1.8 102.7 20.1 0.0 1.8 

17:29 19050011 0.0 3.5 0.0 17.4 2.6 0.8 0.000 0.018 16.0 1.6 100.5 19.0 0.0 1.7 

17:31 19050012 0.0 3.3 0.0 16.6 2.6 0.7 0.000 0.017 16.8 1.5 97.2 18.4 0.0 1.6 

17:33 19050013 0.0 3.7 0.0 18.3 3.2 0.8 0.000 0.019 21.4 1.7 104.1 19.9 0.0 1.8 

17:35 19050014 0.0 3.8 0.0 18.8 3.4 0.8 0.000 0.019 23.5 1.7 106.1 20.4 0.0 1.8 

17:37 19050015 0.0 3.8 0.0 18.8 3.3 0.8 0.000 0.019 22.4 1.7 102.4 20.4 0.0 1.8 

18:10 19050030 0.0 3.8 0.0 19.1 3.3 0.8 0.000 0.019 23.0 1.7 91.4 20.2 0.0 1.8 

18:12 19050031 0.0 3.9 0.0 19.2 3.3 0.8 0.000 0.020 22.7 1.7 98.6 20.6 0.0 1.9 

18:14 19050032 0.0 4.0 0.0 20.1 3.5 0.9 0.000 0.020 24.1 1.8 97.5 21.2 0.0 1.9 

18:16 19050033 0.0 3.7 0.0 18.6 3.2 0.8 0.000 0.019 22.5 1.7 85.8 19.7 0.0 1.8 

18:18 19050034 0.0 3.9 0.0 19.3 3.3 0.8 0.000 0.020 23.6 1.7 89.4 20.4 0.0 1.9 

18:20 19050035 0.0 3.7 0.0 18.4 3.2 0.8 0.000 0.019 22.8 1.7 90.2 19.8 0.0 1.8 

18:22 19050036 0.0 3.9 0.0 19.2 3.3 0.8 0.000 0.020 23.6 1.7 86.9 20.3 0.0 1.9 

18:57 ~HKSP107 9.3 2.0 0.0 11.8 0.0 1.4 0.605 0.026 11.7 1.2 70.3 13.2 18.7 1.1 

Average---> 0.8 3.5 0.2 17.3 3.4 0.8 0.000 0.018 26.0 1.6 106.7 19.1 0.0 1.7 

1 The samples indicated in bold type, "SHKSPIOl, "SHKSP102" and "SHKSP107," were spiked with a mixture of formaldehyde vapor, toluene vapor, and SF6• The spike results 
are presented in Seciton 4.4, and the analyte spike procedure is discussed in Section 5.3.1. 
2 Unc is th estimated uncertainty in the measurement. 
3 SF6 was spiked as a tracer gas to determine to spike dilution. SF6 was not detected in the gas stream. 



TABLE B-2. Continued. 

3-Methylepentane Butane 1-Pentene 2-Methyl-2butene 
Date Time File name 1 oom Unc 2 oom Unc oom Unc oom Unc 

9!5197 15:51 SHKSP101 0.0 1.0 0.0 3.9 0.0 6.2 6.4 1.0 

16:05 SHKSP102 0.0 1.0 0.0 3.8 0.0 6.1 6.6 1.0 

16:42 SHKUN103 0.0 0.9 0.0 2.8 0.0 6.4 0.0 0.9 

16:50 SHKUN104 4.2 0.5 0.0 4.0 0.0 8.8 8.2 1.2 

16:55 SHKUNl05 4.5 0.5 0.0 4.3 0.0 9.3 8.9 l.2 

17:00 SHKUNl06 4.3 0.5 0.0 4.1 0.0 9.0 8.5 1.2 

17:22 19050008 3.6 1.2 0.0 24.9 17.5 2.9 0.0 6.3 

17:24 19050009 3.6 0.4 0.0 13.9 0.0 6.3 6.8 0.9 

17:27 19050010 3.7 1.4 4.8 4.5 0.0 9.7 9.5 1.4 

17:29 19050011 4.4 0.5 0.0 4.1 0.0 8.9 8.5 1.2 

17:31 19050012 3.8 0.5 0.0 3.9 0.0 8.5 6.9 l.l 

17:33 19050013 3.2 1.3 5.3 4.3 0.0 9.4 7.8 l.3 

17:35 19050014 3.4 1.4 5.7 4.4 0.0 9.7 8.5 1.4 

17:37 19050015 3.3 1.4 5.6 4.4 0.0 9.7 8.3 1.4 

18:10 19050030 3.1 1.4 5.6 4.4 0.0 9.8 7.5 1.4 

18:12 19050031 3.1 1.4 5.7 4.5 0.0 9.9 7.5 1.4 

18:14 19050032 3.4 1.4 6.1 4.7 0.0 10.3 8.3 1.5 

18:16 19050033 3.0 1.3 5.5 4.3 0.0 9.6 7.0 l.3 

18:18 19050034 3.1 1.4 5.7 4.5 0.0 9.9 7.3 1.4 

18:20 19050035 3.0 l.3 5.4 4.3 0.0 9.5 6.9 l.3 

18:22 19050036 3.1 1.4 5.7 4.5 0.0 9.9 7.2 1.4 

18:57 SHKSP107 0.0 1.1 0.0 3.8 0.0 6.1 8.4 1.1 

Average---> 3.4 l.O 3.2 5.8 0.9 8.8 7.0 1.5 
1 The samples indicated in bold type, "SHKSPIOl, "SHKSP102" and "SHKSP107," were spiked with a mixture of formaldehyde vapor, toluene vapor, and SF6• The spike results 
are presented in Seciton 4.4, and the analyte spike procedure is discussed in Section 5.3.1. 
2 Unc is th estimated uncertainty in the measurement. 
3 SF6 was spiked as a tracer gas to determine to spike dilution. SF6 was not detected in the gas stream. 
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3-Methylpentane Concentrations at The Shakeout Housing (9/5/97) 
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TABLE B-3. FfiR RESULTS AT THE BAGHOUSE INLET 



~ 

~ 

Date 

9/8/97 

TABLE B-3. FfiR RESULTS AT THE CUPOLA BAGHOUSE INLET 
HCl Toluene Methane 

Time File name ppm Uncertainty ppm Uncertainty ppm Uncertainty 

12:02 INLSP101 17.58 2.37 10.27 2.08 3.43 0.84 

12:09 INLSP102 17.11 2.15 10.73 1.89 3.16 0.76 

12:18 INLSP103 3.80 0.52 0.00 0.43 0.00 0.17 

12:59 INLUN104 31.73 3.15 0.00 2.78 5.24 1.12 

13:05 INLUN105 30.94 3.22 0.00 2.85 5.31 1.14 

13:13 INLUN106 34.37 3.32 0.00 2.94 5.48 1.18 

13:20 INLUN107 29.57 3.23 0.00 2.86 5.15 1.15 

13:30 INLUN108 41.78 3.45 0.00 3.05 5.79 1.23 

13:45 INLUN109 27.15 3.23 0.00 2.86 4.99 1.15 

13:53 INLUNllO 27.25 3.26 0.00 2.89 5.05 1.16 

14:30 INLUN111 31.64 3.27 0.00 2.90 5.12 1.16 

14:35 INLUN112 34.65 3.08 0.00 2.73 4.95 1.09 

14:40 INLUN113 32.32 3.08 0.00 2.73 4.84 1.09 

15:21 INLUN114 30.83 3.53 0.00 3.13 5.14 1.25 

15:27 INLUN115 29.90 3.29 0.00 2.91 4.87 1.17 

15:33 INLUN116. 31.63 3.27 0.00 2.89 4.86 1.16 

16:11 19080015 43.96 3.59 0.00 3.18 5.42 1.27 

16:14 19080016 43.10 3.59 0.00 3.18 5.38 1.27 

16:16 19080017 41.10 3.57 0.00 3.15 5.29 1.27 

16:31 19080024 27.81 3.38 0.00 2.98 5.32 1.19 

17:07 INLSP117 12.99 2.15 24.42 1.46 3.97 0.76 

Average--> 33.51 3.32 0.00 2.94 5.19 1.18 

Formaldehyde 
ppm Uncertainty 

17.37 1.17 

17.66 1.07 

1.56 0.24 

0.00 1.57 

0.00 1.61 

0.00 1.66 

0.00 1.62 

0.00 1.73 

0.00 1.62 

0.00 1.64 

0.00 1.64 

0.00 1.54 

0.00 1.54 

0.00 1.77 

0.00 1.65 

0.00 1.64 

0.00 1.80 

0.00 1.80 

0.00 1.78 

4.30 1.55 

14.64 0.91 

0.25 1.66 



TABLE B-3. FfiR RESULTS AT THE CUPOLA BAGHOUSE INLET 
HCI Toluene Methane Formaldehyde 

Date Time File name ppm Uncertainty ppm Uncertainty ppm Uncertainty ppm Uncertainty 

9/9/97 7:49 INLSP201 7.74 2.52 0.00 2.23 3.38 0.89 16.37 1.16 

9:55 INLUN202 33.77 3.53 0.00 3.13 5.48 1.25 0.00 1.77 

10:03 INLUN203 35.02 3.58 0.00 3.18 5.53 1.27 0.00 1.80 

10:11 INLUN204 33.29 3.62 0.00 3.21 5.49 1.28 0.00 1.82 

10:52 INLSP205 12.62 2.68 14.15 2.35 4.00 0.95 17.34 1.33 

11:01 INLSP206 25.69 3.85 0.00 3.41 17.29 1.36 3.74 1.62 

11:09 INLUN207 22.85 4.55 0.00 4.04 5.79 1.62 0.00 2.28 

11:20 INLUN208 18.72 3.61 0.00 3.20 4.51 1.28 0.00 1.81 

12:00 19090001 18.49 3.15 0.00 2.79 4.66 1.12 0.00 1.58 

12:03 19090002 19.77 3.16 0.00 2.81 4.69 1.12 0.00 1.59 

12:05 19090003 20.61 3.17 0.00 2.81 4.73 1.13 0.00 1.59 

12:07 19090004 21.24 3.14 0.00 2.79 4.71 1.11 0.00 1.58 

12:09 19090005 21.67 3.13 0.00 2.78 4.74 1.11 0.00 1.57 

12:11 19090006 22.17 3.14 0.00 2.78 4.72 1.11 0.00 1.57 

12:13 19090007 22.60 3.12 0.00 2.77 4.72 1.11 0.00 1.57 

12:16 19090008 23.19 3.14 0.00 2.79 4.77 1.11 0.00 1.58 

12:52 19090023 24.18 3.53 0.00 3.13 5.10 1.25 0.00 1.77 

12:54 19090024 25.19 3.57 0.00 3.17 5.21 1.27 0.00 1.79 

12:56 19090025 25.79 3.60 0.00 3.20 5.25 1.28 0.00 1.81 

12:59 19090026 26.36 3.62 0.00 3.22 5.33 1.28 0.00 1.82 

13:01 19090027 27.41 3.59 0.00 3.19 5.33 1.27 0.00 1.80 

13:03 19090028 29.70 3.64 0.00 3.24 5.46 1.29 0.00 1.83 

13:05 19090029 31.42 3.66 0.00 3.25 5.56 1.30 0.00 1.84 

13:07 19090030 32.28 3.64 0.00 3.23 5.59 1.29 0.00 1.83 

13:09 19090031 32.84 3.65 0.00 3.24 5.61 1.29 0.00 1.83 

13:12 19090032 33.68 3.68 0.00 3.27 5.62 1.31 0.00 1.85 

13:14 19090033 34.50 3.73 0.00 3.32 5.69 - 1.33 0.00 1.88 

13:16 19090034 34.82 3.85 0.00 3.42 5.83 1.37 0.00 1.93 
--- --

~ 



TABLE B-3. FfiR RESULTS AT THE CUPOLA BAGHOUSE INLET 
HCI Toluene Methane Formaldehyde 

Date Time File name ppm Uncertainty ppm Uncertainty ppm Uncertainty ppm Uncertainty 
13:18 19090035 34.71 3.90 0.00 3.46 5.87 1.39 0.00 1.96 

13:20 19090036 34.45 3.89 0.00 3.46 5.85 1.38 0.00 1.95 

13:52 19090051 29.84 3.89 0.00 3.46 5.63 1.38 0.00 1.96 

13:54 19090052 30.25 3.86 0.00 3.42 5.64 1.37 0.00 1.94 

13:57 19090053 29.86 3.60 0.00 3.19 5.35 1.28 0.00 1.81 

14:19 INSP209 11.67 2.65 15.61 2.32 4.08 0.94 18.60 1.31 

Average--> 27.69 3.56 0.00 3.16 5.28 1.27 0.00 1.79 

~ 



TABLE B-3. FfiR RESULTS AT THE CUPOLA BAGHOUSE INLET 
HCI Toluene Methane Formaldehyde 

Date Time File name ppm Uncertainty ppm Uncertainty ppm Uncertainty ppm Uncertainty 

9/10/97 7:53 INLSP301 17.02 2.70 12.51 2.37 3.93 0.95 16.24 1.34 

8:37 INLUN302 39.90 3.67 0.00 3.25 5.12 1.30 0.00 1.84 

8:44 INLUN303 38.41 3.74 0.00 3.31 5.12 1.33 0.00 1.87 

8:50 INLUN304 35.86 3.55 0.00 3.14 4.72 1.26 0.00 1.78 

9:11 19100001 24.82 3.20 0.00 2.84 5.29 1.14 0.00 1.61 

9:41 19100015 38.26 3.43 0.00 3.04 5.50 1.22 0.00 1.72 

9:43 19100016 40.25 3.45 0.00 3.06 5.56 1.23 0.00 1.73 

9:45 19100017 42.10 3.51 0.00 3.11 5.67 1.24 0.00 1.76 

9:47 19100018 42.41 3.51 0.00 3.11 5.65 1.25 0.00 1.76 

9:49 19100019 40.58 3.47 0.00 3.08 5.51 1.23 0.00 1.74 

9:52 19100020 39.16 3.48 0.00 3.08 5.47 1.23 0.00 1.74 

9:54 19100021 38.11 3.46 0.00 3.07 5.41 1.23 0.00 1.74 

9:56 19100022 37.21 3.45 0.00 3.06 5.34 1.23 0.00 1.73 

9:58 19100023 36.49 3.44 0.00 3.05 5.31 1.22 0.00 1.73 

10:00 19100024 36.72 3.45 0.00 3.06 5.32 1.23 0.00 1.73 

10:33 19100039 35.63 3.31 0.00 2.93 4.92 1.17 0.00 1.66 

10:35 19100040 32.74 3.29 0.00 2.91 4.78 1.17 0.00 1.65 

10:37 19100041 28.97 3.26 0.00 2.88 4.62 1.16 0.00 1.63 

10:39 19100042 25.04 3.22 0.00 2.85 4.41 1.14 0.00 1.61 

10:41 19100043 21.66 3.18 0.00 2.82 4.29 1.13 0.00 1.59 

10:43 19100044 20.30 3.22 0.00 2.85 4.20 1.14 0.00 1.61 

10:45 19100045 20.09 3.26 0.00 2.89 4.21 1.15 0.00 1.63 

10:48 19100046 21.09 3.33 0.00 2.94 4.32 1.18 0.00 1.67 

10:50 19100047 22.46 3.37 0.00 2.98 4.40 1.19 0.00 1.69 

10:52 19100048 23.61 3.35 0.00 2.96 4.41 1.19 0.00 1.68 

10:54 19100049 24.49 3.38 0.00 2.99 4.46 1.20 0.00 1.69 

10:56 19100050 24.57 3.37 0.00 2.99 4.40 1.19 0.00 1.69 

10:58 19100051 23.93 3.34 0.00 2.96 4.33 1.18 0.00 1.67 

~ 



TABLE B-3. FfiR RESULTS AT THE CUPOLA BAGHOUSE INLET 
- - -- ---- ------

HCI Toluene Methane Formaldehyde 
Date Time File name ppm Uncertainty ppm Uncertainty ppm Uncertainty ppm Uncertainty 

11:49 INLUN305 36.39 3.19 0.00 2.82 . 5.07 1.13 0.00 1.60 

11:55 INLUN306 25.60 3.00 0.00 2.66 4.54 1.06 0.00 1.50 

11:58 INLUN307 22.57 2.96 0.00 2.62 4.35 1.05 0.00 1.48 

12:00 INLUN308 20.30 2.95 0.00 2.61 4.27 1.05 0.00 1.48 

12:03 INLUN309 17.37 2.92 0.00 2.59 4.13 1.04 0.00 1.46 

12:05 INLUN310 15.92 2.90 0.00 2.57 4.06 1.03 0.00 1.45 

12:10 INLUN311 15.49 2.97 0.00 2.63 4.04 1.05 0.00 1.49 

12:56 INLSP312 7.24 1.95 13.36 1.71 2.63 0.69 31.93 0.97 

Average--> 29.66 3.31 0.00 2.93 4.80 1.17 0.00 1.66 

~ .-....,_ 



TABLE B-4. FfiR RESULTS AT THE BAGHOUSE OUTLET 



~ 
\N 

Date 

9/8/97 

TABLE B-4. FflR RESULTS AT THE CUPOLA BAG HOUSE OUTLET. 
HCI Toluene Methane 

Time Pile name ppm Uncertainty ppm Uncertainty ppm Uncertainty 

12:30 OlJfSP101 15.24 2.59 7.59 2.27 3.26 0.92 

12:41 OlJfSP102 3.63 0.60 0.00 0.50 0.00 0.20 

14:06 OUTUN103 20.97 2.90 0.00 2.57 4.58 1.03 

14:11 OUTUN104 22.67 2.91 0.00 2.58 4.61 1.03 

14:18 OUTUN105 23.28 2.93 0.00 2.60 4.63 1.04 

14:47 OUTUN106 22.02 3.04 0.00 2.69 4.65 1.08 

14:54 OUTUN107 21.36 3.19 0.00 2.82 4.77 1.13 

15:00 OUTUN108 21.39 3.ll 0.00 2.75 4.63 l.IO 

15:05 OUTUN109 21.56 2.99 0.00 2.65 4.48 1.06 

15:12 OUTUNllO 21.24 3.00 0.00 2.66 4.44 1.06 

15:41 19080001 20.78 3.33 0.00 2.95 4.73 l.l8 

15:43 19080002 21.94 3.39 0.00 3.00 4.83 1.20 

15:46 19080003 22.29 3.41 0.00 3.02 4.85 1.21 

15:48 19080004 22.49 3.41 0.00 3.02 4.86 1.21 . 

15:50 19080005 21.90 3.41 0.00 3.02 4.79 1.21 

15:52 19080006 21.77 3.41 0.00 3.02 4.76 1.21 

15:54 19080007 21.96 3.41 0.00 3.02 4.76 1.21 

15:56 19080008 22.21 3.42 0.00 3.03 4.75 1.21 

15:59 19080009 21.99 3.40 0.00 3.01 4.73 1.20 

16:01 19080010 22.41 3.40 0.00 3.01 4.73 1.20 

16:03 19080011 22.81 3.38 0.00 2.99 4.73 1.20 

16:05 19080012 23.12 3.38 0.00 2.99 4.75 1.20 

16:22 19080020 29.85 3.42 0.00 3.03 4.95 1.21 

16:24 19080021 30.04 3.44 0.00 3.04 4.95 1.22 

16:26 19080022 29.91 3.44 0.00 3.04 4.94 1.22 

16:29 19080023 29.32 3.43 0.00 3.04 4.88 1.22 

16:57 OlJfSP111 14.33 2.41 21.20 1.63 4.13 0.85 

Average--> 23.30 3.27 0.00 2.90 4.74 l.l6 

Formaldehyde 
ppm Uncertainty 

14.95 1.28 

1.68 0.28 

0.00 1.45 

0.00 1.46 

0.00 1.47 

0.00 1.52 

0.00 1.59 

0.00 1.55 

0.00 1.50 

0.00 1.50 

0.00 1.67 

0.00 1.70 

0.00 1.71 

0.00 1.71 

0.00 1.71 

0.00 1.71 

0.00 1.71 

0.00 1.71 

0.00 1.70 

0.00 1.70 

0.00 1.69 

0.00 1.69 

0.00 1.71 

0.00 1.72 

0.00 1.72 

0.00 1.72 

12.93 1.01 

0.00 1.64 
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!Date 

9/9/97 

TABLE B-4. FfiR RESULTS AT THE CUPOLA BAGHOUSE OUTLET. 
HCI Toluene Methane 

Time File name ppm Uncertainty ppm U ncertaint_y_ ppm Uncertainty 

8:02 OUTSP201 10.80 2.68 0.00 2.36 3.47 0.95 

8:26 OlJfSP202 1.65 0.42 0.00 0.33 0.00 0.13 

9:27 OUTUN203 18.03 3.26 0.00 2.90 5.04 1.16 

9:33 OUTUN204 20.30 3.20 0.00 2.85 4.98 1.14 

9:40 OUTUN205 21.34 3.22 0.00 2.86 5.01 1.14 

9:47 OUTUN206 21.33 3.22 0.00 2.86 5.00 1.14 

10:19 OUTUN207 21.10 3.35 0.00 2.97 4.93 1.19 

10:33 OUTSP208 14.80 2.56 11.22 2.24 3.79 0.90 

10:41 OUTUN209 18.78 3.46 0.00 3.06 4.81 1.23 

11:31 OUTUN210 12.43 3.42 0.00 3.03 4.33 1.21 

11:37 OUTUN211 12.04 3.24 0.00 2.87 4.09 1.15 

12:24 19090011 16.08 4.81 0.00 4.26 6.95 1.71 

12:26 19090012 13.23 3.09 0.00 2.75 4.54 1.10 

12:28 19090013 13.66 3.18 0.00 2.82 4.64 1.13 

12:33 19090014 13.94 3.23 0.00 2.87 4.67 1.15 

12:35 19090015 13.88 3.23 0.00 2.87 4.67 1.15 

12:37 19090016 13.96 3.27 0.00 2.90 4.69 1.16 

12:39 19090017 14.18 3.31 0.00 2.94 4.72 1.18 

12:41 19090018 14.00 3.31 0.00 2.94 4.71 1.17 

12:44 19090019 13.67 3.30 0.00 2.93 4.69 1.17 

12:46 19090020 13.70 3.32 0.00 2.95 4.70 1.18 

13:27 19090039 17.22 3.58 0.00 3.18 5.12 1.27 

13:29 19090040 17.22 3.52 0.00 3.12 5.06 1.25 

13:31 19090041 17.36 3.52 0.00 3.13 5.06 1.25 

13:33 19090042 17.35 3.57 0.00 3.17 5.10 1.27 

13:35 19090043 16.85 3.50 0.00 3.10 5.02 1.24 

13:37 19090044 16.90 3.47 0.00 3.08 5.00 1.23 

13:39 19090045 17.17 3.50 0.00 3.11 5.02 1.24 

13:42 19090046 17.00 3.46 0.00 3.07 5.00 1.23 

13:44 19090047 17.13 3.45 0.00 3.06 4.96 1.22 

13:46 19090048 18.07 3.75 0.00 3.33 5.25 1.33 

Average--> 16.30 3.39 0.39 3.01 4.88 1.20 

Fonnaldehyde 
ppm Uncertainty 

13.38 1.23 

1.23 0.19 

0.00 1.64 

0.00 1.61 

0.00 1.62 

0.00 1.62 

0.00 1.68 

14.10 1.27 

0.00 1.73 

0.00 1.71 

0.00 1.62 

0.00 2.41 

0.00 1.55 

0.00 1.60 

0.00 1.62 

0.00 1.62 

0.00 1.64 

0.00 1.66 

0.00 1.66 

0.00 1.66 

0.00 1.67 

0.00 1.80 

0.00 1.77 

0.00 1.77 

0.00 1.79 

0.00 1.76 

0.00 1.74 

0.00 1.76 

0.00 1.74 

0.00 1.73 

0.00 1.88 

0.00 1.70 
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Pate 

9/10/97 

TABLE B-4. FTIR RESULTS AT THE CUPOLA BAGHOUSE OUTLET. 
HCJ Toluene Methane 

Time Filename ppm Uncertainty ppm Uncertainty ppm Uncertainty 

8:03 OtrfSP301 15.73 2.71 9.98 2.37 3.69 0.96 

8:19 OUTUN302 19.45 3.18 0.00 2:81 4.17 1.13 

8:25 OUTUN303 20.97 3.34 0.00 2.96 4.43 1.18 

8:31 OUTUN304 21.67 3.36 0.00 2.97 4.39 1.19 

9:13 19100002 25.50 3.21 0.00 2.85 5.32 1.14 

9:15 19100003 26.02 3.21 0.00 2.85 5.32 1.14 

9:17 19100004 26.29 3.19 0.00 2.84 5.30 1.13 

9:19 19100005 26.47 3.19 0.00 2.83 5.27 1.13 

9:21 19100006 27.13 3.21 0.00 2.85 5.27 1.14 

9:24 19100007 28.19 3.22 0.00 2.86 5.30 1.14 

9:26 19100008 28.71 3.20 0.00 2.84 5.27 1.14 

9:28 19100009 28.96 3.22 0.00 2.86 5.29 1.14 

9:30 19100010 28.59 3.25 0.00 2.88 5.30 Ll5 

9:32 19100011 28.79 3.25 0.00 2.88 5.29 1.15 

10:07 19100027 27.90 3.23 0.00 2.86 4.93 1.15 

10:09 19100028 27.98 3.19 0.00 2.83 4.86 1.13 

10:11 19100029 27.34 3.13 0.00 2.77 4.83 1.11 

10:13 19100030 26.53 3.11 0.00 2.76 4.76 1.11 

10:15 19100031 25.42 3.09 0.00 2.74 4.69 1.10 

10:17 19100032 24.07 3.06 0.00 2.71 4.57 1.09 

10:20 19100033 22.81 3.04 0.00 2.69 4.49 1.08 

10:22 19100034 21.97 3.03 0.00 2.68 4.43 1.07 

10:24 19100035 21.62 3.02 0.00 2.67 4.40 1.07 

10:26 19100036 22.64 3.04 0.00 2.69 4.42 1.08 

11:20 OUTUN305 16.00 2.92 0.00 2.59 4.49 1.04 

11:26 OUTUN306 19.13 2.92 0.00 2.59 4.55 1.04 

11:35 OUTUN307 21.27 2.98 0.00 2.65 4.67 1.06 

11:41 OUTUN308 22.53 3.05 0.00 2.71 4.80 1.08 

12:18 OUTUN309 13.41 2.96 0.00 2.62 4.25 1.05 

12:21 OUTUN310 13.98 2.96 0.00 2.62 4.23 1.05 

12:24 OUTUN311 14.70 2.97 0.00 2.63 4.26 1.05 

12:29 OUTUN312 15.18 3.05 0.00 2.70 4.37 1.08 

12:31 OUTUN313 15.32 3.10 0.00 2.75 4.42 1.10 

12:33 OUTUN314 15.43 3.09 0.00 2.73 4.40 1.10 

12:36 OUTUN315 15.72 3.08 0.00 2.73 4.43 1.09 

12:48 OtrfSP316 10.09 2.29 10.73 2.01 3.13 0.81 

Average--> 22.58 3.12 0.00 2.76 4.74 1.11 

Formaldehyde 
ppm Uncertainty 

13.96 1.34 

0.00 1.59 

0.00 . 1.67 

0.00 1.68 

0.00 1.61 

0.00 1.61 

0.00 1.60 

0.00 1.60 

0.00 1.61 

0.00 1.62 

0.00 1.61 

0.00 1.62 

0.00 1.63 

0.00 1.63 I 

0.00 1.62 I 

0.00 1.60 

0.00 1.57 ' 

0.00 1.56 

0.00 1.55 

0.00 1.53 

0.00 1.52 

0.00 1.51 

0.00 1.51 

0.00 1.52 

0.00 1.47 

0.00 1.46 

0.00 1.50 

0.00 1.53 

0.00 1.48 

0.00 1.48 

0.00 1.49 

0.00 1.53 

0.00 1.56 

0.00 1.55 

0.00 1.54 

25.75 1.13 

0.00 1.56 



B-2. FfiR FIELD DATA RECORDS 



FTIR FIELD DATA FORM 
PROJECT NO. 4701·01·01 (FTIR Sampling oa•J BAROMETRIC: 758 mm H1: 

PLANT: Wtuo•ca fouodarx Jpc. DATE: 21m OPERATOR: LMll 

SAMPLE mE NUMBEil llES CELL SPIKED/ SAMPLE SAMPLE 

TIME NAME PATH SCANS (c•-1) TEMP(F) UNSPIKED COND. FLOW BKG 

19:11 BKG0904b Nitroge-n in cell 500 2 130C 
CTS0904a 20 ..JII!Il. elh_ylme 250 2 130C BKG0904b 

-· 
-

---- -- ----- ----- ------ ---- ------ ----- --- --· 

"<;> 
'-..! 



>() 
:;,Q 

PROJECT NO. 

PLANT: 

SAMPLE 

TIME 

9:30 

9:45 
9:53 
9:55 
10:00 

10:11 
10:15 

10:54 
11:20 

13:15 

13:30 
13:53 

14:10 

14:20 
14:24 
15:00 
15:23 

4701-08-08 

Waupaca Foupdary lpc. 

mE 

NAME PATH 

BKG0905a 20m 
BKGCHKOI 
CTS0905a 

CTS0905b 

SF60905a 
SF60905b 
TOL0905a 

SFfOLOI 

BKG0905b 
SF60905c 

SF60905d 

SF60905e 

FORMALOI 20m 

SFfOL02 

N20NLYOI 
BKG0905c 

COOSPI01 

FTIR FIELD DATA FORM 
(FTIR s.mpling O.r.) BAROMETRIC: 755 mm He 

DATE: 'JI2ll. OPERATOR: LMil 

NUMBER RES CELL SPIKED/ SAMPLE SAMPLE 

SCANS <••·l) TEMPWJ UNSPIKED COND. FLOW BKG 

Nilrogen flowing 500 2 130C 51pm 

N2 mly as nitrogen absorbance 250 2 130C 51pm BKG0905a 

20 llll_m ethylene 250 2 130C 51pm BKG0905a 
20 ppm ethylene 

Leak dleck - cell al vacuum 
4 ppm SF6 - direct to cell 250 2 130C 5IJ1.m BKG0905a 

4 ppm SF6 - direct to cell 250 2 130C 51pm BKG0905a 

Toluene 60 ppm -direct to cell 250 2 130C 51pm BKG0905a 

Process down 
SF6 through kinlek al I lpm and mixed with 
toluene al I lpm, formaldehyde only been in 
oven for 90 min@ IOOC 

(Bad leak in Kintek.l 
N2 500 2 130C 51pm 

SF6 @4.97 lpm to spike line 250 2 130C spike -· 51pm 
Shakeout - sample nue @ 4.0 lj>_m ' BKG0905b 

SP6 @4.97lpm- sample nue@ 4.0 lpm 250 2 130C spike 51pm -- . BKG0905b 

Spike line •• Kintek was venting -VOID~Ies 
SP6@ 5.00 lpm - sample nue@ 4.0 lpm 250 • 2 ·J30C spike 51pm BKG0905b 

Process restarted - Computer clock is 1-hr 
ahead of recorded times 

Refilled Dewar 
Formaldehyde in N2 - direct to cell 250 2 130C llpm BKG0905b 

1.0 lpm@ IOOC - Permealim tube=94,000nanoL/min (-90 ppm) 
Serial I 2214 
SF6 4 ppm @ I lpm into Kintek 250 2 130C spike 21pm BKG0905b 

Toluene 60 ppm, llpm into MFC 
formaldehyde@ IOOC and llpm 
N2 only 250 2 130C 51pm BKG0905b 
Back_gyound - N2 only 500 2 130C 51pm 
Probe insened in cooling stack w/ spike 
Cooling stack 250 2 130C spike 3.5lpm BKG0905c 
Spiking w/SF6 (4ppm) and formaldehyde a1 1.0 lpm 
and 100C and toluene (60ppm)@ 1.0 lpm 
cell flow = 3.5 lpm, vent flow - 2 lpm 



"'::, 
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PROJECfNO. 

PLANT: 

SAMPLE 

TIME 

15:33 

I 15:37 
I 15:39 

16:02 
16:11 
16:15 
16:21 
16:27 
16:41 
16:48 
16:53 
16:58 

17:05 

17:21 
17:38 

17:41 
17:58 

4701-08-08 

Wauoaca Fouodary los:. 

FILE 

NAME PATH 

COOSP102 

SHKSP101 

SHKSP102 
COOUN103 20m 
COOUN104 20m 
COOUN105 20m 
COOUN106 20m 
SHKUN103 20m 
SHKUN104 20m 
SHKUN105 20m 
SHKUN106 20m 

19050001 
1905007 
1905008 
1905009 

19050010 
19050015 
19050016 
19050017 

19050018 
19050025 
19050026 
19050027 

FTIR FIELD DATA FORM 
(FTIR S.mp/ing O.ta) 

DA1E: 9/5/97 

NUMBER RES CELL 

SCANS (em-I) TEMP(F) 

Coolin~ w/spike 250 2 130C 
Shake out - probe in stack with spike 
Shakeout w/spike 250 2 130C 
same spike 
Shakeout w/spike 250 2 130C 
Cooling line only 250 2 130C 
Cooling line only 250 2 130C 
Cooling line only 250 2 130C 
Cooling line only 250 2 130C 
Shakeout line 250 2 130C 
Shakeout line 250 2 130C 
Shakeout line 250 2 130C 
Shakeout line 250 2 130C 

Stan continuous process software .. 

Cooling 
Stop - last good file 
Change to shakeout 
Evacuated cell 
Shakeout 250 2 130C 
Stop 
Switch lines and evacuate cell 250 2 130C 
Switch lines and evacuate cell 250 2 130C 
Continuous Software 
Cooling line 250 2 274 
Stop 
Change line - Evacuate cell 250 2 274 
Change line - Evacuate cell 250 2 274 

-

BAROMETRIC: 755 mm Hg 

OPERATOR: 1.MJi 

SPIKED/ SAMPLE SAMPLE 

UNSPIKED COND. FLOW BKG 

spike BKG0905c 

spike BKG 0905c 

spike BKG 0905c 
UN cooling line 5lpm 0905c 
UN cooling line 5lpm 0905c 
UN cooling line 5lpm 0905c 
UN · cooli~~g line 51pm 0905c 
UN shakeout 5lpm 0905c 
UN shakeout 5lpm 0905c 
UN shakeout 5lpm 0905c 
UN shakeout 5lpm 0905c 

UN shakeout 5lpm 0905c 

UN shakeout 5lpm 0905c 
UN shakeout 5lpm 0905c 

UN 5lpm 0905c 

UN 5lpm 0905c 
UN 5lpm 0905c 

---·-· -------- - -- ---
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PROJECT NO. 

PLANT: 

SAMPLE 

TIME 

18:03 

18:07 

18:29 
18:35 
18:50 

19:11 

19:23 

19:31 
19:38 
19:45 

------

4701-08-08 

Waupaca Foundary Ips;, 

FILE 

NAME PATH 

19050028 

19050030 
19050036 

19050037-38 
19050039 
1905042 

SHKSP107 

COOSP107 

SFTOL03 

N20NLY02 
CTS0905c 
BKG0905d 

- -·-----------

FTIR FIELD DATA FORM. 
(FTIR S.mpling O.ta) 

DA1E: 2m'Jl. 

NUMBER RES CELL 

SCANS (c~D-1) TEMP(F) 

Cooling ( .. BAD .. ) 250 2 274 
Reevacuaae cell 
Shakeout 250 2 274 
Stop 
Change line - Evacuate cell 
Cooling line 250 2 274 
Stop 
Shakeout w/spike 250 2 274 
~ike is SF6 (4ppm)@ 1.0 !P_m 
fonnaldehyde@ IOOC@ 1.0 lpm 
Toluene (60 ppm) @ 1.0 lpm 
Sample rate 3.0 lpm 
vent- 1.0 lpm 
Cooling line w/spike 250 2 274 
Spike = 1.0 lpm SF6 in fonnaldehyde @ IOOC .. 

w/1.0 lpm toluene (Toluene is 60 ppm and SF6 
is 4 ppm) · -· 
Direct to cell · 250 2 274 
spike mix 1.0 lpm SF6 @ 4 ppm 
and 1.0 lpm toluene 
and fonnaldehyde @ 1 OOC 
Fonnaldehyde @ - 94 000 nanoUmin 
N2 only direct to cell 250 2 274 
Eth_ylene 20 ppm 250 2 274 
N2 only- Background 

.. 
500 L .. 2 274 

BAROMETRIC: 755 mm Hg 

OPERA TOR: l.M.H 

SPIKED/ SAMPLE SAMPLE 

UNSPIKED COND. FLOW BKG 

UN 5Ipm 0905c 

UN 5Ipm 0905c 

UN 5lpm 0905c 

spike 3.01pm 0905c 

spike 3.0Ipm 0905c 
..... 

~. . . 

spike 2.0lpm 0905c 

5.0lpm 0905c 
5.0lpm 090Sc 

UN 5.0lpm 
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PROJECT NO. 

PLANT: 

: SAMPLE 

TIME 

9:45 
10:24 
10:36 
10:45 
10:~0 

10:59 
11:07 

12:02 

--
12:09 
12:18 

12:27 

12:40 

12:46 

4701·08-08 

Waupaca Fougdan los. 

FILE 
NAME PATH 

BKG0908a 20m 
N20NLY03 
CTS0908a 
CTS0908b 

SFfOL04 

SFfOL05 
INLSPIOt 20m 

1NLSP102 
INLSP103 . -

OUTSP10t 

OUTSP102 

BKG0908b 

FTIR FIELD DATA FORM 
(FTIR S.mpling D•t•) BAROMETRIC: 747 rnm II& 

DATE: 9/8/97 OPERATOR: 1.MJ1 

NUMBER RES CELL SPIKED/ SAMPLE SAMPLE 
SCANS (em- I) TEMP(F) UNSPIKED COND. FLOW BKG 

Detector filled 
Background- N2 only 500 2 274 dynamic 5.01pm 
N2only 250 2 274 dynamic 5.01pm BKG0908a 
20 ppm Ethylene 250 2 274 dynamic 5.01pm BKG0908a 
20 ppm Ethylene 250 2 274 dynamic 5.01pm BKG0908a 
Cban_ged fitter line 112 · inlet flow = 12 !J>m 
Direct to cell spike 250 2 274 dynamic 2.01pm BKG0908a 
SF64 ppm@ 1.0lpm 
w I formaldehyde @ 1 OOC and toluene 60 ppm 
@ 1.0 lpm (toluene= 60.6 ppm) from Scou 
gas cylinder HALM052730 MRI POll 029872 
(FORMALDEHYDE ABSORBANCE WAS LESS THAN 9/5/97) 
same as above 250 2 274 dynamic 2.01pm BKG0908a 
Spike to inlet - formaldehyde OK 250 2 274 dynamic 3.0 lpm BKG0908a 
Cell flow= 3.0 lpm -
Vent flow= 2.0 lpm - ·~· -
same as above 250 2 274 dynamic 3.0-tpm BKG0908a 
N2 only- flood N2 int('_line 250 - 2 -· 274 dynamic 3.0lpm BKG0908a 
spike = 10 lpm of N2 only 

line 111 =outlet, line 112 =inlet) 

Inlet and outlet leak. checks good 
' 

Spike w/toluene 60 _ppm@ 1.0 l_pm 250 2 275 SP dynamic 3.0lpm BKG0908a 
formaldehyde @ toOC and SF6 @ 1.0 lpm 
cell flow - 3.0 lpm 
vent flow= 2.0 lpm- OlJ11.£T-

' 
N2 only - Sample line 250 2 275 dynamic 5.01pm BKG0908a 
Outlet sample line 
Background - N2 direct to cell 500 2 275 dynamic 5.0lpm 



FTIR FIELD DATA FORM 
PROJECT NO. 4701-08-08 (FTIR Sampling D•t•) BAROMETRIC: 747 mm Hg 

PLANT: Waupaca Foundan lgc. DATE: 2lM1. OPERA TOR: l.Mil 

SAMPLE FILE NUMBER ·RES CELL SPIKED/ SAMPLE SAMPLE 

TIME NAME PAnt SCANS (cDI-1) TEMP(F) UNSPIKED COND. FLOW BKG 

12:56 INLUN104 Inlet sample 250 2 274 UN dynamic 5.0lpm 0908b 
13:02 INLUN105 Inlet sample 250 2 274 UN dynamic 5.0lpm 0908b 
13:10 INLUN106 Inlet sample 250 2 274 UN dynamic 5.0lpm 0908b 
13:17 INLUN107 Inlet sam_ple 250 2 274 UN dynamic 5.0lpm 0908b 
13:27 INLUN108 Inlet samt~le 250 2 274 UN dynamic 5.0lpm 0908b 
13:28 Shut probe box of outlet down to check jlitols 

Chan2ed outlet probe 
13:42 INLUN109 Inlet sample 250 2 274 UN dynamic 5.0 l_pm 0908b 
13:49 INLUNllO Inlet sample 250 2 274 UN dynamic 5.01pm 0908b 
14:04 OliTUN103 Outlet 250 2 275 UN dynamic 5.0Jpm 0908b 
14:09 OU11JN104 Outlet 250 2 275 UN dynamic 5.0lpm 0908b 
14:15 OU11JN105 Outlet 250 2 275 UN dynamic 5.0lpm 0908b 
14:28 INLUN111 Inlet 250 2 274 UN dynamic 5.01pm 0908b 
14:33 INLUNII2 Inlet 250 2 274 UN dynamic 5.0lpm 0908b 
14:38 INLUNII3 Inlet 250 2 274 UN dynamic 5.01pm 0908b 
14:45 OUTUNI06 Outlet 250 2 274 UN dynamic 5.0Jpm 0908b 
14:51 OU11JNJ07 Outlet 250 2 274 UN dynamic 5.0lpm 0908b 
14:58 OU11JNI08 Outlet 250 2 274 UN d.}'flamiC 5.0Jpm 0908b 
15:03 OU11JN109 Outlet 250 2 274 UN dynamic 5.0Jpm 0908b 
15:09 OU11JN110 Outlet 250 2 274 UN dynamic 5.0lpm 0908b 
15:18 INLUN1l4 Inlet 250 2 274 UN dynamic 5.01pm 0908b 
15:23 Refilled dewar 
15:25 INLUN115 Inlet 250 2 274 UN dynamic 5.0Jpm 0908b 
15:30 INLUN116 Inlet 250 2 274 UN dynamic 5.0 IJlm 0908b 

------- ----------

::, 
.:: 



FTIR FIELD DATA FORM 
PROJECT NO. 4701-08-08 (FTIR Sampling D•t•) BAROMETRIC: 747 rnrn H& 

PLANT: Waupaca Fqupdarrlgc, DA1E: 21m OPERATOR: I.MH 

SAMPLE FILE NUMBER RES CELL SPIKED/ SAMPLE SAMPLE 

TIME NAME PATH SCANS (em-I) TEMP(F) UNSPIKED COND. FLOW BKG 

Outlet stan continuous sampling 
15:39 19080001 Oullet 250 2 274 UN dynamic 5.0lpm 0908b 

16:04 19080012 SlOp 
Change to inlet evacuate 19080013 and 19080014 

16:09 19080015 Inlet 250 2 274 UN dynamic 5.0Jpm 0908b 

16:15 19080017 SlOp 
19080018-19 Evacuate cell 

19080020 Outlet - Continuous software 250 2 273 UN dynamic 5.0Ipm 0908b 

16:28 19080023 Stop 
16:39 BKG0908c N2 only- Background 500 2 274 UN dynamic 5.0lpm 

16:55 OtrfSP111 ~ike - 10Juenc 60 ppm@ 2.0 lpm 500 2 274 spike dynamic 5.01pm 0908c 
SF6 4ppm@ 1.0 lpm and formaldehyde @ 1 OOC 
toluene high in this spike 

17:05 INLSP117 Spike - same as above spike 

17:11 CTS0908c Ethylene 20 ppm, direct to cell 250 2 274 dynamic 5.0lpm 0908c 

17:21 SFf0106 Spike direct to cell 
Same as spikes above 
Toluene, 60 ppm @ 2.0 lpm 
SF6 4ppm@ 1.0 lpm 
Formaldehyde @ I OOC 

17:10 Probes pulled out of stack 

17:13 Inlet and outlet pass leak check 
17:28 N20NLY04 N20nly 250 2 274 dynamic 5.0lpm 0908c 

17:33 OUTAIROI Air only 250 2 274 dynamic 5.0lpm 0908c 

17:39 INAIROI Air only 250 2 274 dynamic 5.01p,lll 0908c 

~ 
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PROJECT NO. 

PLANT: 

SAMPLE 

TIME 

7:10 
7:15 
7:22 
7:27 
7:37. 

7:47 

8:00 

8:11 

8:24 
8:57 
9:06 
9:25 
9:31 
9:36 
9:44 

9:54 
10:00 
10:08 
10:16 
10:30 

10:39 
10:30 

4701-08-08 

Waupaca Fouodary Ins. 

FILE 
NAME PATH 

EVC0908 
BKG0909a 20m 
CTS0909a 
INSP201 

OUTSP201 

SFf0909a 

OUTSP202 
BKG0909b 
BKG0909c 
OUTUN203 
OUTUN204 
OUTUN205 
OUTUN206 

INLUN202 
INLUN203 
INLUN204 
OUTUN207 
OUTSP208 

OUTUN209 

FTIR FIELD DATA FORM 
(FTIR Sampling Data) BAROMETRIC: 745 mm II& 

DATE: 9/9/97 OPERATOR: L.Mli 

NUMBER RES CELL SPIKED/ SAMPLE SAMPLE: 

SCANS (em-I) TE:MP(F) UNSPIKED COND. FLOW BKG 

Passed inlet and outlet check 
filled detector 
Evacuaaed cell - 0.9 mm Hg 250 0908c 

Background 500 2 275 d_ynamic 5.0 lpm 

Ethylene 20 ppm 250 2 274 dynamic 5.0lpm 0909a 

Inlet - spike 250 2 274 SP dynamic 3.0lpm 0909a 

SF6 - 4ppm@ 20 lpm 
with formaldehyde_@ 100C 
Cell flow = 3.0 lpm, vent flow = 2.0 lpm 
Outlet spike 250 2 274 SP dynamic 3.0lpm 0909a 

same as above (no toluene) 
Cell leak check @ vacuum 0.6 mmHg in 60 sec 
Spike direct to cell 250 2 274 SP dynamic 3.0lpm 0909a 

same as mix above (no toluene) 
N2 only in line , OU1LET 250 2 274 SP dynamic 3.0 l_pm 0909a 
N2 only, background 500 2 274 dynamic 5.0lpm 
N2 only, back_nound 500 2 274 dynamic 5.0lpm 

Outlet 250 2 275 UN dynamic 5.0lpm 0909c 

Outlet 250 2 275 UN dynamic 5.0lpm 0909c 

Outlet 250 2 275 UN dynamic 5.0lpm 0909c 
Outlet 250 2 275 UN dynamic 5.0lpm 0909c 
Purge and evaluate 
INLET 250 2 275 UN dynamic 5.0lpm 0909c 

INLET 250 2 275 UN dynamic 5.0lpm 0909c 

INLET 250 2 275 UN dynamic 5.0lpm 0909c 
Outlet 250 2 275 UN dynamic 5.0lpm 0909c 
Outlet spike 250 2 275 spike dynamic 3.0lpm 0909c 
Toluene, 60ppm @ 1.0 lpm 
SF6, 4ppm@ 1.0 l_pm w/form@ JOOC 
Cell flow = 3.0 lpm 
Vent flow- 3.0 lpm 
Gullet only 250 2 275 UN dynamic 3.0 Ipm 0909c 
Manual sampling starte~ 

~- - - ~---~--- -- --
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PROJECT NO. 

PLANT: 

SAMPLE 

TIME 

10:50 

11:00 
11:00 
11:08 
11:17 

·11:24 
11:28 
11:34 
11:44 
11:50 

11:S7 

12:24 
12:46 
12:50 
13:20 

13:24 
13:45 
13:50 
13:S6 
14:0S 

14:11 

14:29 
14:36 
14:49 
14:57 
15:05 
15:13 
15:25 

4701-01-01 

Waupaca Foupdarr Inc. 

FILE 

NAME PATII 

INLSP20S 

INSP207 

INUN207 
INUN21M! 

OUTUN210 
OUTUN211 
NIT0909a 
BKG0909d 

19090001 
19090008 
19090009 
19090010 
19090011 
19090012 
19090020 
19090023 
19090036 

19090037-38 
19090039 

19090048 
19090051 
19090053 

OUTSP112 

INSP209 
SFT0909b 
TOL0909a 
FRM0909a 
CTS0909b 
OUTAIR02 
JNLAIR02 
BKG0909e 

FTIR FIELD DATA FORM 
(FTIR S.mpting Data) 

DATE: 'iMn. 

NUMBER RES CELL 

SCANS (c•·l) TEMP(F) 

lnlet~w 250 2 27S 
It inlet probe box 
toluene = 1.0 lprn, SF6 = 1.0 ljJITJ, form - IOOC 
Cell ftow = 3.0 lpm, vent= 2.0 lprn 
Inlet ooly - No spike 250 2 274 
Proocaa went to lower productim 
Inlet 250 2 274 
Inlet 250 2 274 
Refilled N2 detector 
Outlet 
Outlet 
N2 only - direct to cell 250 2 274 
Badtground-N2 soo 2 27S 
Slalt conlinuoua softwoue 
Inlet 250 2 27S 
SlOt> 
Evacuate cell 
Evacuate cell 
Bad 
Outlet 25() 2 27S 
Stop 
Inlet 250 2 275 
St_op_ 
Evacuate cell 
Outlet 250 2 275 
Stop 
Inlet 250 2 275 
Stop 
Outlet - spike toluene, 60 ppm@ 1.0 lpm and 250 2 274 
SF6, 4ppm w/fonnalddtyde penn tube@ IOOC 
carried at 1.0 lpm, cell flow =2.0 lpm, vetU flow = 20 lpm 
Outlet pulled from stadt - passed leak check 
Inlet spike (same as above) 250 2 274 
Spike -direct to ceU (same as above) 250 2 274 
Toluene, 60 ppm, direct 250 2 274 
Formaldehyde@ 1.0 lpm and 100 C 250 2 274 
Ethylene, 20 ppm 250 2 275 
Outlet - air through 250 2 275 
Inlet air sample line 
N2 onl}' 500 2 274 

-

BAROMETRIC: 745 mm He 

OPERA TOR: LM1i 

SPIJ(EO/ SAMPLE SAMPLE 

UNSPIJ(ED COND. FLOW BKG 

SP dynamic 3.01pm 0909c 

UN dynamic 3.0 Jl>nl .. 0909c 

UN dynamic 3.0lpm 0909c 
UN dynamic 3.0 lprn 0909c 

dynamic 3.01pm 0909c 
dynamic 5.01pm 

UN clynamic 5.01prn 0909d 

UN dynamic 5.0 lprn 0909d 
.. 

UN dynamic 5.0lpm 0909d 

UN dynamic 5.0 lprn 0909d 

UN dynamic 5.0lpm 0909d 

SP dynamic 2.0 lp!1l 0009d 

SP dynamic 2.01pm 0909d 
SP d_ynarnic 2.01pm 0909d 
SP d}'Il_amic 0909d 
SP dynamic J.Oipm 0909d 

sialic 0909d 
dynamic 5.0lpm 0909d 

5.0lpm 



~ 

~ 

PROJECT NO. 

PLANT: 

SAMPLE 

TIME 

7:20 
7:30 
7:38 
7:49 

8:00 
8:04 
8:10 
8:10 
8:15 
8:22 
8:27 
8:34 
8:41 
8:47 
8:55 
9:00 
9:07 
9:31 

9:40 
9:59 
10:05 
10:25 
10:29 
10:58 
11:05 
ll :17 
11:23 
11:32 
ll:37 

4701-08-08 

Waupaca Fougdvy Inc. 

FILE 

NAME PATH 

BKG0910a 
CTS0910a 
INLSP301 

OlJI'SP301 

SFf0910a 

OliTUN302 
OlJfUN303 
OliTUN304 
INLUN302 
INLUN303 
INLUN304 
N20910a 

BKG0910b 
19100001 
19100011 

1910012-14 
1910015 
1910024 
1910027 
1910036 
1910039 
1910051 

BKG0910c 
OliTUN305 
OUTUN306 
OlJfUN307 
OUTUN308 

FTIR FIELD DATA FORM 
(FTIR S.mpling Oat•) BAROMETRIC: 745 mm H&: 

DATE: 9/10/97 OPERATOR: LMII 

NUMBER RES CELL SPIKED/ SAMPLE SAMPLE 

SCANS ( .... 1) TEMP(F) UNSPIKED COND. FLOW BKG 

Leak check inlet and outlet 
N2 only backgroWJd 500 2 274 5.01pm 
Ethylene 20 ppm 250 2 274 5.01pm 0910a 
Spike - Inlet 250 2 274 SP dynamic 2.5lpm 0910a 
SF6 4ppm@ 1.0 1pm w/form@ lOOC 
and toluene 60 ppm @ 1.0 1pm 
Cell = 2.5 lpm, vent = 2.0 lpm 
Spike - outlet (same as above) 250 2 274 SP dynamic 2.5lpm 0910a 
Cell leak check under vacuum 1 mmHg in 99sec 
Direct to cell spike (same as above) 250 2 274 SP dynamic 2.0 l11_m 0910a 
Manual samplin~ started 
Outlet 250 2 274 UN dynamic 5.0lpm 0910a 
Outlet 250 2 274 UN dynamic 5.0lpm 0910a 
Outlet 250 2 274 UN dynamic 5.01pm 0910a 
Inlet 250 2 274 UN dynamic 5.01pm 0910a 
Inlet 250 2 274 UN dynamic 5.01pm 09l0a 
Inlet 250 2 274 UN dynamic 5.0lpm 0910a 
N2only 250 
Background 500 2 275 dynamic 5.0lpm 
Outlet - continuous software 250 2 275 UN dynamic 5.0Jpm 0910b 
Stop 
Evacua&e cell 
Inlet 250 2 275 UN dynamic 5.0lt>_m 0910b 
Stop 
Outlet 250 2 275 UN dynamic 5.0lpm 0910b 
Stop 
Inlet 250 2 275 UN dynamic 5.01pm 0910b 
Stop 
N2 only - background 500 2 275 <!}'namic 5.0lpm 0910c 
Outlet 250 2 275 UN dynamic 5.0lpm 0910c 
Outlet 250 2 275 UN dynamic 5.01pm 0910c 
Outlet 250 2 275 UN dynamic 5.0 lpm 0910c 
Outlet 250 2 275 UN !ly_namic 5.0lpm 0910c 



~. 
~ 

PROJECfNO. 

PLANT: 

SAMPLE 

TIME 

11:45 
11:52 
11:55 
11:57 
12:00 
12:02 
12:07 

12:15 
12:18 
12:20 
12:25 
12:28 
12:30 
12:33 

12:45 

12:53 
13:04 
13:11 
13:18 

__ 13:26-

4701-08-08 

Waupaca Foyodary lpc, 

FILE 
NAME PATH 

INUN305 
INUN306 
INUN307 
INUN308 
INUN309 
INUN3IO 
INUN311 

OUWN309 
OUWN310 
OUWN311 
OUWN312 
OUWN313 
OUTUN314 
OUWN315 

OlffSP316 

INSP312 
SFf0910b 
CTS0910b 
N20910b 

_llKG09l_Q<!. L__ 

FTIR FIELD DATA FORM 
{FTIR Sampling Data) 

DAlE: 2ill!L2Z 

NUMBER RES CELL 
SCANS (em-I) TEMP(F) 

Inlet 250 2 274 
Inlet 250 2 274 
Inlet 250 2 274 
Inlet 250 2 274 
Inlet 250 2 274 
Inlet 250 2 274 
Inlet 250 2 274 

Outlet 250 2 274 
Outlet 250 2 274 
Outlet 250 2 274 
Outlet 250 2 274 
Outlet 250 2 274 
Oullet 250 2 274 
Outlet 250 2 274 

Oullet spike 250 2 274 
SF6 4ppm @ 2.0 lpm w/formaldehyde@ IIOC 
and toluene 60 JlPm@ 1.0 lpm 
cell = 3.0 lpm, vent = 2.0 lpm 
Inlet- spike (same as above) 250 2 274 
Spike direct to cell 250 2 274 
Ethylene 20 ppm 250 2 274 
N2 onl_y_in cell 250 2 274 
Background - N2 500 

-

BAROMETRIC: 745 mm He 

OPERA TOR: L.Mil 

SPIKED/ SAMPLE SAMPLE 
UNSPIKED COND. FLOW BKG 

UN dynamic 5.01pm 0910c 
UN dynamic 5.01pm 0910c 
UN dynamic 5.01pm 0910c 
UN dynamic 5.01pm 0910c 
UN dynamic 5.0 lpm 0910c 
UN dynamic 5.01pm 0910c 
UN dynamic 5.01pm 0910c 

UN dynamic 5.01pm 0910c 
UN dynamic 5.01pm 0910c 
UN dynamic 5.01pm 0910c ' 

UN dynamic 5.01pm 09Hlc 
UN dynamic 5.01pm 0910c 
UN dynamic 5.0 _lpm 0910c 
UN dynamic 5.01pm 0910c 

SP dynamic 3.01pm 0910c 

SP dynamic 3.01pm 0910c 
SP dynamic 3.01pm 0910c 

dynamic 5.01pm 0910c 
dynamic 5.01pm 09J0c 

--· -- -·- ----
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LDt~L\NG is- Sh.c!,,kov\-

FTIR FIELD DATA FORM 
PROJECTN0.~3~8~0~4-~2~S ______________ __ (FTIR Sampling Data) 

PLANT:_ Waua•aca Foundry, Inc. Tell City, IN DATE: T/tfJ ~] 

S,\1\II'U: FILE NUMIIIm IU:s CELL~ 

TIME NAI\IE PAT II LOCATION I NOTI~S SCANS (n11-l} TEI\IPtiQ. 

)"\ .. \\ a_~.,..t')~ N.\1·~~~ ~ ... <:,.\\ ')c:J<J ..:1 ~~ .... 
..t• nl> .. i"'o. (i ~\~~~~ ~1 SoC,olf'-1 2.Su .J /3c. 

"" • 

1\ 
I \ 

\ 
"""' f"\ \ \ 

1\ r~ 
--.J( r\1 \ \ \ 

.r' \ \. ' \ 

I \ 
\. ) \ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\.\ 
~\ 

'\' 

~III>WEST RESEARCIIJNSTITUTE ~ly UO<:utn<nL'i/FriUFORM/Fiehlalal.XU> 

SPIKED/ 

UNSPIKEO 

BAROMETRIC: ~ 75r 

OPERATOR: J-1~ _....;__ __ _ 
SAMPLE SAMPLE 

CONJ>. FLOW II KG 

19~" v'idl ~ 
u 

I 

I 

I 
I 

~ 
08-27-97 / 



~ ... 
-.5'> 

FTIR FIELD DATA FORM 
(FTIR Sampling Data) 

PLANT:_ Wau1•aca Foundry, Inc. Tell City, IN DATE: 915( tf) , 
PROJECTN0.~3~8~0~4-~2~5 ______________ __ BAROMETRIC: rt sy. ~ "- 7 5 ~ 

OPERATOR· cJ r~\ ·----=-·---
SAMPI.E 

TIJ\1 .. : 

FILE 

NAI\IE PATII LOCATION I NOTES 

NIJI\IDER 

SCANS 
"":s I CELL ( I SPIKED/ I SAMPLE I SAMPLE 

c~m-1) TEI\IP f¥) UNSPIKED COND. FLOW I DKG -
d 

I'~~ I - I - I , !t~ I .l -- - ,, &t::.(, MO~c, 
,, '' ,, 

' 

~'l: ~u lmo1os~1 l_CJ,_ I !\\,\-,"'~~" (lc.-N·~ I soo 
a\(ll~~\1 I 1\\_ ,.~\"' ~ N,\;1~\" 4by•~(€ -I ?,.'Jv 

cf.•H I C\5~1o. I I ;to;;"" (OC...\~\- ~ I 'l/JU 
q·sr ~lc;o<Jasb I I ?c~ "u,,..... f-t~ ht 
("1 ss l...to~t. C'J'ItH-- - ~: 1l cJ- 11 Vr., r v._..--. - <. 

~~(.I~ Sf,<ftJScx I I qDo ..... - 5C - ).,~~.,\ \u \.,._\\ "2 \u ,, . ' p 
,, 

S{\,o~ b I I H ,, t>- u:nS __1___h\\ ,, ~ '' \\ \ '· 

ll~ 1 1 __ h~-fLoS_J L1•\\kM V>cot"'\.- l),"~ f~ Ctl\ ,, ,, ,, 
.\ 

,, 
1 f1~·~1t bGj~ D =t= ~~~ .\S '' 

isl1t.Lt't \ S~r Th_._~~_v·~ ~_,...\'{\' l-{ IJ,.p,~· IJ 
L"-t'.O~~b ·,tj 1.l~"''l: r:.t lie""'i=... A \I ,, v 
(1\.,...~\\l"\~\--~ hliL"'- ,;_ ~ ... ~1., ~1\_Q~ I - ~ .(<\f~ \""---
.\.u' .. m"''n ~~ l<.()~ \. p ~I•" 

t·)··s\ I ~o'Jb ~ - 5oo J. J)O sJ.,_r--....... 

~h(;.:\ -:__~ ...... ~A~-, ~h ~'<f~F.l "-11~--- I I I ... - OO.,\ X 

, __ 1""-s,,~~JJ, 1 
A.L vL.hL~~~~(n\;,_<'tF~:\/~1-~~~~ 

~,[ ~ 

_; -R 3 ,~ 

) !,: ,... ~~ oi<iSh 

51p.~ I ,.\ -

\\:.J.e> ~Cootto~(.lr-~"" Is(, ct"t 'f~~1Jr;r-- t~SJ,ktli~ IJt'"\) I col_ I 1_3_!!. __ ~L_~,h 

~,-Jf<iSAI/ """"E -1!, ~ ~~~-) j)~ ~ ~tv-.'_)\~";ev.,,' '-f.v~~ ~ ~~ I ~ I tl.o ~]}iJiu-

~01 ()S" t I st fi s: cJLl 2cr. -~\a pcJ.~ tt•'H~'~ .J r (.• I .) J I _L_]_ u- I ~h.~ { 
--1'K q,uM"~ ~"'"~ lew; ·-' ,- . 11 I I I ' 

- ~. \~ ]'y,V'_It /):jo 
~1111\\'FST RESE,\IU.'JIINSTITIITL * (c~;~/:";·~n•s~~•;:t~KM'::~I®t~~~.shcJ/ {\~h J ~ tfu,JvJ /,~r) OK-27-97 R 

7J'? 
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FTIR FIELD DATA FORM 
BAROMETRIC: ?55 -----(FTIR Sampling Data) PROJECT NO. --'3=8=11~4--=2::;.5 _______ _ 

PLANT: Wau11aca Foundry, Inc. Tell City, IN DATE: 7/:)rJ 
- Fj OPERA TOR: _.::....:./h;-.L;f-11-----

SAMPLE FILE NUMUI~R Ra.:s ca.:LL._( SPIKED/ SAMPLE SAMPLE 

TIME NAI\IE PATII I.OCATION I NO'fi<:S SCANS (nn-1) TEMP(I() UNSPIKED COND. FLOW DKG 
G If 
P, ·~I.-

)5;~ 

lt~·.5~ ~o~LM ~-,...... fo( (V\.U l<)'1h~t\ ~~ /J"> - u-,,~t fc, dl J.5G .2 /)(! .. ( I ft~,., p;_~()]O~b 

1 _ e ~11\." h Joo· c. - "·~ti IJ6J\J uh\ -== ~~ <¥ .~ {'I f.:>.."~ L.-l.rv.. ' v 

'""' 
t ~I;"-\ \t .l)l q ~·")or. 0 r-' 

......... , .. ,. \1) lS\ToL~;l. , .. .\ 
1 • 

- -~ - St'c-''~t \ i#"" 11\\a ~~1\h \.. ..l.-5'o :J.. I )a· c :>PtJ~f )._~ Bl(c, o?o51, 
' .1~~~~ ~,~~ tJof\1\ ;,.1. f'IK ' v 

f~· ~~,\\ . .,.\~~\~ {Ji lb~;. ( \ r~ lliJf'' 
v .. 

' 
)'-\'. (_(J f\~NL~ ~ \ rl") '-'"'"' 

,, ,. - - __..,_'"(~' 5 ~l) r'- \' ·- _v I 

1\\_.. 2 L\ '6~C~)o:,c ~'-'-\:_ ~\.dl Jr- ~ - f\J 1 C•' ''-·~ 5c't~ i I <o • l ~ 1 ,~,.,. 
. () ~ r~-\--,. 'f'>'>l<' \\ ;.._ cJ,: '_) C'~~l't\_ ... \ s _{ .,u (J I 

IS·.)..J ro.laJ C't(\ ,.;r ~\~ . ..:.\( - _'-, ,,B·(J ) I j·, • C. 10 (•.' i) J.~'fpr- sr> or.~< 
"\o·hi-. J ... / rr/~~J '~·fl'\ d t.utt~' 

I ' . .J - '0 

,... lcwc "'"' ~ J;.t ,,J H 'pr,... 
fr,t;r.-) I 

<..1i\ 011 .... ~- :1..5 lu,.._, V'" I (r.""- !; ~v•" I 

\~; '3 ~ (_t ~S{>\1:1).... ( \.lr\' ~ \. 11'-j I ?p-:\'~ 1....4o .j_ l~u\- c_p,V:t 1) ' 

·~. 31 f- ~\.\{\ ~f. 0" ~ \)I ,_\y, ,;._ <)\c..__(_'(._ v--\ ":>'\' K ~ 

\ s ·.)c., StJ l<.<>r, (J , ')~ d:_c.tJ'•-' \· .,;1 ~~)~t }~o --z... I ~o"1 ~'\(<'~ "' 
Sc.,'f>t\.t )o~\ f 

\~ ·'· 2. tj \\¥-<.,~\ ~z_ ~.}:-·~~\ "'~I r JO')( t" ' . ,- '' ' ' 

"· ~ 
~111>\\TST ltESE:\RCIIINSTITliTE ~ly l>ocum~nls!FI'IRH lllt.IIFi~hlillil:l.XJ.'i 

t (cn--r-.t', 1../u'~ 11 1 ~t- o.hh~~' <>\ J·..Jr~ sl'ftt5 
08-21-97 h 

J• -~ 
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FTIR FIELD DATA FORM 
PROJECT NO . .....::3:;..:8;.::..114.:..-.::.;25~------- (FTIR Sampling Data) 

PLANT:_ WauaJaca Foundry, Inc. Tell City, IN DATE: c/ I') 11 J 

SAI\11'1.1.!. FILE NlJMDJo:K KJo:s CELL t__ SPIKED/ 

TII\IJo: NAI\IE PATII LOCATION I NOTES SCANS (c111-l) TEl\ II' (I{> UNSPIKEU 

<.... '"t'~\ ~1.:\-\. 
,<.. .. \\ ..:_(j~\,.ll)\0) {.C'•,..,... (<,c.;\,,. ~ (_ . {· . c .. \ ... ~s~~ ol-. t~o'\ \.J", 

\Ia'· \5 ((;'.,) .,,j\\..:1\ •' 
, .... d , ..... ,, 

'' 
, .. 

I \~ 'L\ C'-'<!"'-f\.\.()~ 
.\ ,, ,, ,, 

' 
,., 

I"·. ).1 (.._tj.; -~ \()lo .. _, ' .. _, 
•' ,. 

-~~~-t_' ~'(~ ~ 

d'·Ll \ s~wJ\G-; 
,. 

<~.\00'4~ i. •,i\'1.: c;v do l..O ,...., ) 'J..N 

11,,' l\<! s~~i(H ,, 
_\, \' 

, ... ::- ... 
\(,," ~ 3. c.>\\\(. -.).\i \I£ ,, , ... ·' " ,. ,, 

\\o 'l)~ Sl1¥...~N\11"' 
, .. 

·' ,, , .. ' ... 

r- <)\\t-1 1\ ~1\.\,,, <:. J'} p,o'-~~ ~ s~.~\ \'-~··· \ 
c.~· ~.1\\ \)~() q \. 

•l'.C.(':> -...v fB' Coo\,...:.c., 
\'\.\f~\ J 

f\O?OG'§,. - - 'l\. () - \:. .:.\- ()'~ .. ~ _\\ 
..., ' " 

lctii')(H.i~ r, c ~\11.<\"\\. tu t;\....._'(~ Ov\-
\~or;l11.1~ " (;'"'"-vc~~~ r •• ~\ j 

~. -:1.\ \"\.Ol)C<.\0 S~t.ti II'J\ \' ,, .. ,. 
: -~: l' l'l.c>~.cc\S t>\ .. n 

\\Gt; Oq(, ..... ~ l~05<'l s,,.).l\ c.•,s ~ (v-(\l\h {dl 
.. -I I) \ 

-

- 1\IIUWI·:ST IU·:SEAIH.'IIINSTITIITL My llu~umcutsiFTIItF< IIU.I/Fi.:lwoliiJ.:\1.'\ 
() 
-... *· nt/ -;,<v·rh ,., d Y" ,A, ( 

.IC ' 

BAROMETRIC: 7 S ) -----
OPERA TOR: _·.j.L.j/W\__:__.!\ t.__ __ 

SAI\fi'LE SAMPLE 

COND. FLOW DKf; 

r .. ,,, \ c;., c;·o "'" ((/ r,') C.. 

,. ' ' ' 

" 
,, 

·' 
,. .. " 

:il'" ~. ~ ~ s·Jo,\ (I 90',;( 
\· I 

·' ,, \\ " 

" 
. , , . 

• ,, ,, 

' . '' '• 

~~ t/ 
~-~'~5 

1':. f5) 

OK-27-97 ~~ r; 
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FTIR FIELD DATA FORM 
PROJECT NO • ....:3~8::;.:::0~4--=2~5 _______ _ (FTIR Sampling Data) BAROMETRIC: (t;~) ._.__ ___ _ 
PLANT:_ Waua•aca Foundry, Inc. Tell City, IN DATE: J~)>\1 l 

I 
OPERA TOR: ""'""./tlj-4-~{....._'t __ _ 

S,\1\li'U~ FILE Nlii\1UI~R IU:S c .. :u, SPIKED/ SAMPLE SAMPLE 

TII\IE NAI\IE PATH LOCATION I NOTES SCANS (l"lll-1) TEMP(F) IJNSPIKED COND. FLOW BKG 

.\ ·,~r"\' ~ - ~r- · "' r, N v o\l '> s 0 ~ 1 \J-.!1\Q. t ... ~~,,, J 

~T·l\\ lf\c Sou t'h f "'\,...:_.,. l ,N l. C..~.: J A.1Li Lll\l 5· J [)V" Ol'J S'1... 

Gil 
f. i fSv, I 

~'-r-ls; 

\I'.C:.\ ~~ ot;o o }._t; 1-uo J I 

,qoi)C'·~ ~io \'l~Su·il1 - (IN."t I• llj\; - l \1( l V.A\1 (, 1\ ,, ,, ' . '' 
,, \ I 

J 

--1.\1. ' 
,, ·.(l) 't'luC.e~ U ~.,u ~ - '- .ff (o):J\,..:.., '" 

,, 
' \' 

\ ' ,, 
J 

'~ 
<l_~t<t ~'; :\\ 

\l·.c·l 1'-.u ~ta.'tl "> "-.v.v ~, () .J \ " '"" ,, ,, ,, \\ 

llO)vv1C.. <) lu.,., 
I 

l1 u )v\1 11 - !i · h"-~1.. L•"'- . ( \1~( .,c,l\ c~ II 
oJ 

\i. ·, 1.5\ t\o'Joi)~ (' ~.~.\,;:.l ( ,..:...~ \ . \\ \\ '" I' ,, 
\~'-">!:> \~oso~-n ~~f)J I 

\ 
I 

- j'(\, ..l.l 1\l I 

\'\"·S{) ISkt~VtO'l ~ht\.~Q c,v\ 11-J SPt (~ J 5"(1 /J ;;, I tJ sf.'u ]t·~. , 
t.fll(f .. 15 5(, {•jf'l',,) {i\ I. I) ~I' I'' ' 

fo,~JJ.J., ~: ~ 100"c ~ 1. :. ~u"' 
1u I vl11 ~ ( ~bfl'l' l C, I (I P tv-~1 

')., r I'll £.J1 _"? 0 1 t:J.-'' 
I 

I V·. (\~ ('- I(} 1; • .__ , 
1\llll\\'IST UFSFARCIIINSTITIITE 1\ly l>ucumcnl,/ITIHFI 1((1\IIFid<laliiL\I.S 

*(,,, '(/ctk ;) fj_/\r ('t,tviJ)(1 ;fJf0 ff("·"~Jc/r•fc'l(). 
1 Oll-27-97.., 

ICf,' r }' ..) 



FTIR FIELD DATA FORM 
PROJECT NO. _;3;;..;:8=11~4--=2=5 _______ _ (FTIR Sampling Data) BAROMETRIC: ____ _ 

PLANT:_ Wauataca Foundry, Inc. Tell City, IN DATE: 'j\ Jh } OPERA TOR: ~·'fu..VII\...:.._\--L\ __ _ 

S,\1\ll'l..l<: ...... ~ NIIMBEI{ tms CI~LL SI'IKI!.D/ SAMPLE SAMPLE 

'1'11\IE NAME PATH LOCATION I NOTES SCANS (nu-l) 'I'El\11' (F) llNSPIKEU COND. FLOW DKG 

f\"·\\ c. (.• ':1 !;") C.~\'"~ f.. "r ,.J <";p,Vr ~':1'J ~ J7l_l .. j(lll(•, ? . (J lJ.N~ o1 o~c 
c_ I 

t.·lQ.()I""' <;.£-, ,, {(M~\\ .. ~.·· 
1 

)fl~· :. 

~l<. \IJ _. ~ ~ ' l·'•lt,.. \,\.....,." 
\j ' . 'c; 

\1' -4. 1\\ \\ ~t'l"" 
w 

<:"'~ IT. •) ... , u ....... 
v • I 

f\'1. ~ 5\'\1)~3 f\ I H c..~ h ( ~ \\ \\ ,, ,, , .. ~ ,(J ~),.., " 

Sok~ IV',.,., 1 .u t... <:( ul/ 
, 

' f~7r 
• 1. 1 " 

IT fc.'•""~,IJ IAJ~ @ r_ 9~t'C\!I lofl4 L /hl 1 ( c.. ..... t f. o rai... r.L; "c 
" J (u ~~·v.' ) h"J' ~~ lot/ r J 

, 

\J 

(\' :~' t.J l.<NL'\~~ N, t··~" i),.~cJ ~ ... <'r\' ' 
.... ' ) t.1,,,._ . I\ 

' • ' 
,, .. J~ C.Ho"Jc£<:. {~v.l(!,,s.. Ju nth"' ,, ,, ,, ,, 

f.(,'~··· ,, 

\) 
\1 I I 

\1_'-l\S ~\(V\.o(:ui9J tJ.., .... \..., - ~c,tl•v < ~··· ~ - !;'0\..J ;) ~')1.1 _Lll\.; ~.l: ~£11" 
G I ';J I 

Wll\\'EST ltESI·:,\IU.'IIINSTITIITJo. 1-oly l>t><:umculs!ITIIl FC lltMII'icltl;•l;.:l.:'\l.'i OH-27-'J7 -
:::1 

\.)> ;f./ ( 
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~ (_,.,~-.~\~ .. c~~(_ u~T)c~~l) to v\<..\\lt"-' h~t 

FTIR FIELD DATA FORM 
PROJECT NO. -'3:;.;::8-.04 ..... --'='lS=---------- (FTIR Sampling Data) 

?Y 7,.,. ,.. ~ : .J 9. tl •. 

J BAROMETRIC:_ 

OPERATOR: Jlv"\\ PLANT:_ Waaua,aca Foundry, Inc. Tell City, IN DATE: 1.~~] ------

SAMPLE I FILE 

TIME NAI\JJo: PATH LOCATION I NOTI~S 

I1J~x~\I<.Jl ~~\~~ \-. '\S 
HY.l. '"\ I~~ O\d'&..l d_o,..,... I ~'~'"'J - ('J'l ." \, 
lc;36 f\i~J: £ti-_-.. _.-~r~;~-,7~. - ~ 

1'1 I '" (f 

NUMBER I RES I CELL I SPIKED/ I SAMPLE I SAMPLE 
SCANS (nu-l) TRI\11' (F) UNSPIKIW COND. FLOW 

~uu 2.- ~)tJ 

J5o .l J.74 -' 
J ·~""""i'-->I 

,\ 

~oo_~ 
• 

HKG 

gk,, o1o8 v 
Q 

11~~~~~ '*~~~~f -I ~vr~ ~lk)l~~-(--- -- I ~ -~- r 'I ~-- l· -- T u- -~--~~- =t-~--,-.~~, lr.!'!i;;[ 
,, 

"' 
,, ,, ' ' 

-I !Q'· {'"I 1 C~'~~'t}\~~ ~\\u (L,·f'l 11.)- Jnkf - (lo·l-4 ~J2.l._fr" 
·Jt 

t_l_'.l\1 lt~~ito)~l / 

..A..,_ 

"t"'f 

I\ d.'·()a_ 

\__Ql,_;O~ 

-- ( 
,,M 

- -1:1 MV 'O~_JJ 
I X 

.L ~ .. ._\,~>.. ({\< I 
V\1'}.,., Loo.I]0 (, j,_l 

-..---r -~l}lr 
'~""' 1\ ~Tio~-~ -- \ 

to \C)DI6 \ 6l t. IV'-

,11/~alo~ , 
\3,'.1~ ""'"SD)O) • 

'D"I?d \._, G~ - SPJKf •. Ko .{ 
~h--~Po;__ --~l];qo.,..._ 
~ -w'r ( .. , ,....,,ILI,c.Jf 1 (9 laoe c 

~Y'r 1~r-=- to on~ _v-~:.l J. o fcv.. 
1~1.,._,} ~ (Jl.bll/7:' I 

7 .. ,,..., $~~-<.;~cdfo~,, _q. At~os~)'30 
'M~ l' fo .. '!.# 0 ~~ ~(.;; 
,, ,, 

1'\ 

~PI~£ -~ -- ;" ~~-~- ·, \ I \ ' 

r.J.: \\Tit."" : S. u .Q.?""' -Jr .. Ill 

v\() rT'(;'"' ~ ~iCJ ~-~¥'-. ~1/Ff 
•' I ,\ I ' ' 

f\11 or.JL ~ - 71ouJ 1\J~ -~~"t )' 

)p'l, :· J(/( jlf"' o{ 11/
7 

( 1 It, 

J.7<J \'I, ~.~lp~ )) 

T 
.... o .. I - ~....,,.. t 11 
'~rr t'i~.s ~ '::;~"1 ""...:"d-

,, 
1\ I'· " 

,, 
I' 7.o {,.>., \ 

0,1: I...._ J\ 
1\ 'I 

. ' ' 

\\ 
,, II .. 

I I I I r-- I c d I I ., I I I I I /?_ 
""""'"T "'"""RCIIINS"rnum /..• r! /1. I c cv M / "' o~""'""FT'::;·-;;:;:"';~{:f 08 ,_, Y .;: , 

..,. ,_ r 1.\ I I , • 



I ' 

\\\lrl \\\ 
FTIR FIELD DATA FORM 7'n~~ 1J) 

:>""~~~ 

<:;. 
1.)'\ 

PROJECTNO.~J~8~114~-=2S~--------------- (FTIR Sampling Data) 

PLANT:_ Waua,aca Foundry, Inc. Tell City, IN DATE: ~ /K{ cl l 

BAROMETRIC:_ 

OPERATOR: {~·A-~~M~------
- SAMI'U: FlU~ NllMimlt IU:S L'Jo:LJ, SI'IK~U/ SAMPLE SAMPLE 

TIM F.. Ni\1\lE I' A Til LOCATION I NOTI~S SCANS (ma-l) TEI\11' (F) UNSPIKED COND. FLOW DKG 

;~n -- - \1\\~t\ a-.~-~ ~-~\\11\ LQ"''(_ c~~ G~u~ -
-4. ·• ... ) ./O,JC"_....--r < 11 

<l._•J) :>1-11""" 'lfll'¥' ...,. V' '\ \J'l1~.JJ711·~ 

___, -~~ --~ 

ld.'·"l.l (J\Jf<_,'1ol c;.p~ ""' u 111\,.~M ro,1,h ... ~ l1r- af. ol cfls SP ~1_ncJ:M~ i' 0,~1\ biOJc_k;to, 
f.•-v-.o.\~-.,k~·, ~\oo'\ h~"st (i_ lj~... v ' v 

nl\ rr(;o~:: j, 0~_,,... " r 

lk"f (l,_.v. ~J.o~J~"' - OviL£T -
I 

rC)..'.Llo (~vtSVIH. N? Ot0Ct - ~lo ~.---pit L ,~ ;\ ,, 1\ ,, ,, 

..... O.J~LE r 16.\"·d~ l :~\~ 
tJ._'.L-\ ~ lbV-e..v"ro'ii'h &:"-V '\~" -.~1\.J - tJ,. ,1,.: l~ t. c ~\ \ ~0" J J. ') S - '' ~.o ~ .... 

" .. 

\cl-· 5c_, .,,\~fi.I<J'I Jnl~r SClrv()ft ~o ., ~7'-f UIV J-IM"''' 5.0'l_p., 01u~b 
'1',11)_ '"'.JI\I<lS ' I ,, ,, ,, \, ,, " '· 

13: j{) lt'\,\/Aiot I\ I' \\ I, t\ '' 'I 1 

13: a'l hlvii!C7 II ,, ,I ,, ,, •' •' 'I 

!1• ;l/ .lo\\\JI\I6k fl 1 ' I 
1 

" •• ,, 

_l_ b. .I 

n ~~ .r ~ .. l ~ fltJ' JJc-' (,t o_ ffr I J ·~ rr1 rhr~ t lf-1 (c.f r -CA,.r e,~J Ov\'1{• t ~~~ b_~ 
;T'/tk lfl.,l-1/C·~ ,, I ., I. I /, 

1
' ,, 'I 

l1;~ ~ \t\} \AI\ 1\0 -.._ I\ \\ \\ I\ \ \ \\ • \ 

I~:(N °vr_4.A1'/CJ (j...,a.t J{o ~ cl,']<;,_ VI'/ d'11\«J'll( 5.le' .... ,, 
ll.f'O' 0\JfiAIIItifi ,, ,, ,. ,, .• v,, . I , 

1'/:15 Ovl!M)/CJ~ "' •' 1
1 

,, " 11 II 11 

t..III>\\'1-:ST RESEr\RCIIINSTITUTJ, My Do~umcn~'IIFJ'IRI't lRMtl'i.:ldalill.XLS 08-27-97 ,0 

J~ 
? 



~ 

- ,s·.-v 
"'"'~~ \>'-~ ..... ~ 

'­
<:). 

~ 

f \ 

FTIR FIELD DATA FORM 
PROJECT NO. 3804-25 (FTIR Sampling Data) 

PLANT:_ Waua•aca Foundry,lnc. Tell City, IN DATE:~ 
SAMPU: FILE NUMBER RES CELL 

TII\IF. NAI\IE PATII U)CATION I NOTES SCANS (nu-l) TEMP (I•) 

\tt' JJ in\ll.a.\11 11\\c,\ J_5o ~ ;...I 'I 
jLJ".)) ln \'~M-Ill \~\~ ,'\ I' II 

'4'·13 .·.J 111\11) ,, "'' , ... , .... 

~~-~ 5 c.i)~o.,\0~ ll-.~t\(i \ ,, ,, ,, 
,,~ t)/ nv\~ni0'1 

,, ---· -· 

:14:;g o.J\~I()'i 
,, 

w~·o1 c·A\M\.\0~ ,, 
's ·.t~'\ ~ v"\ V..t\.\ \0 -~ 

~ 
\'r:'._l~ 11\\W\\\'\ \~''·\- ,..._ --

liS \aS •nlw115 ,, 
\~'.3J 11\\v..fl.l\" 

,, 
/ 

()J\ l,(\ 
.C.,.\t i<\-- ( lA' l\ 1 f'\\JO f "So--y....._()-' .~ Q,. . 0 

1'5: ~' \9UlO~ \ 0-.~\\\- -JSu J.. .;l(q 
('\.. lb ·.o~ [qayOOJ ~ - ~ ,j-()p 

'-"'\U 
c.~ .. ~ . h \-.\ ~ ~\""t Ul~~ II\ (jg-IIO \ ~ V\"-d \ qo ~ o{ll4 

1', ·. t><) _nogc~~~5· IN(.£ I J. r; C.• I' ..... 

''-' .. \S 1'\0~tiO i 7 ~rc-r 
1\IIDWEST ltFSE.\Ilf.IIINSTI'I'ITI'E . , 1... t.!J ~·••um~nts/Vl'IRI'Oitl\1/l'icltlillal.XLS 

110B6tH8 ;.,~~-J i1tJlUt.l'\ ~ (vV..(\.v-1' ~~~ 

SPIKED/ 

UNSPIKEU 

1.1n 
,, 
•' 

,, 

l.l'l\ 

'" 

BAROMETRIC: 7'/7 , '"" ~ 
OPERATOR: -#d-M.:..:.N~--

SAMPLE SAMPLE 

COND. FLOW BKG 

J,1fi.Ap, ;l ).o ~., o1~~b 
,, ,, ,, 

,, \' '· 

\' I' ,, -· iY-

.!.. 

-- :;>. (c\ ~,r 
~ 

i 

-- . -:) 

Jc\(\~•t s.~~f'r,. ofo~b 
v I 

, .... ,, ,, 

011-27-97 

~-- ('; 1,• 

d' '}, 
,/. 



I \ 

FTIR FIELD DATA FORM 
PROJECTN0.~3~8~0~4-~2~5 ______________ __ (FTIR Sampling Data) 

PLANT:_ Waua•aca Foundry, Inc. Tell City, IN DATE: 1~~((1 

S.AMPI.E FILE NUMBER RIU> CELL 

TIM I': NAME PATII LOCATION I NOTI£S SCANS (nu-l) TEl\ II' (F) 

I fl0~4oa_Q OJTL _t;;,\ - r v"'\,1\\lj' S(.)\\-\J-1•1 olSo J_ JIS 
a.,-<.IP l'o'· d-~ _\\66lH'U c:::: ~Ioe 

\\c.'.'?:»~ ~~~'\\")~~ :~7 G'\\"1.- ~<.l¥>\.I'N'I''~ ~d.) cl J.l'-l 
d.·.~·s - /1Pt''lx~ c:!l\.1"\ ~\>\\ \ _v 1'"\'lol!t'\~ ~-l1Dt'W\.~ ~ 0 lor.-.. \' \\ \\ 

- ~( l\oo1-n Dl. \.\i_k~' ~>..1'\.'(= ;::::_ ' -~ 

.('\1\~\\L ~ .... - 'i\ ~~~~c.. ~.( . ..t&...--.t-, ~'\.'\ ~\\\ ,., r 
" .,) J 

\t~(j~ 1t'l~ "' ..;v, ¥-I - ~ 4~ v-'11 eN, <A.t......'\ t. 

,, .. ,, 1c..\so'"1o&'~... Q..t\,,\l!.f\4.. ;).cie"~ . ~,.(Jlc:.\ \.,c,\\ .,l$() -l .t lL\ 

" ' 

\."'\. ~ ()... '\ ~,,~~<a '}!\ \l ~ \'),(t..~L\ \u ~\LL )..SU .,1 ).14 

~. '' c.".> ~o-,t.4~ ~\,... •( 
' 

'f.,\ l..Vm.~ t\ J .CJ !lo, ...., 
<.( \' ' L\ """' {'; 1.11 t,? ,, 

"'·'A 'Of~ .'.~~'b_...._~'" ~,' ~\ \<A{ t 

1]\)""\_ ,\_~ Ia> \ 0-J\' ~ ~u..:.c. I ~IA\L C'~c \:. 
,,. ,o f·.<~ll\ ().l~~l .,v c\ s\~,4-

\, .. ~ n~.~"Xt ~~ t.l')~"' " v \) 

\1 :~.] 10J\~\r\\' {\ ' (Z.. ()1\ \"" uo l.. 2.1_'-l.-. I 

'T· ~'\ \~0..'-{~ \ J\,CL vi\\~ u ,, 
\\ 

tT I ' 
v ~111>\VI'ST ltESI,ARCIIINSTITUTE t.ly l>o.:uments/l·TIRFORMII'i.:ldllld.XI4<; 

SPIKEU/ 

UNSPIKEU 

\Ar .I 

II\.(\ 

~r.tw 

,\r/:P\Y""' . 

-

-

~ 

, ... 

BAROMETRIC: 7'C/ N~ 1/J 
OPERA TOR: ___,J..._t~...:...Lt/..__ __ 

SAMPLE 

COND. 

~~.\~1( 

J "1"···1'•· .. \( 
~ 

I) 

,, 

" 

-.... 
/ 

J~~ ,, . 

SAMPLE 

FLOW 

5. ,, tp.-"1 
I 

S.o lp"" 
5. (I ~{)til 

' 

5 o9-_v~'• 

~ (. Q {)'h 

\ 

.... IJll 0 
- _,[p. 

l 

!;'-cJO ·~~ 
,, 

II KG 

o)oKb 

dlu6·t 

,, 

'\ 

"' o~o8'( 

,. 
,, 

08-27·97 f) .tl 
J .. l,~ f1 



-.._ 
I:). 

"'\ 

t\J!'\ ~~ 
--?( Se: '""" \\.'> f\~ ( C\ 14t c\ (. 1 1)-:..\< ._ V\J {,......_~ 

t \..)< ()<.0'"" FTIR FIELD DATA FORM 
PROJECT NO. 3804-25 (FTIR Sampling Data) 

PLANT:_ Wllultaca Foundry, Inc. Tdl City, IN DATE:~ 
SAMPU: •. ILK NlJMIIIm IU!:S 

TIME NAME PATII WCATION I NOTES SCANS (nu-l) 

,;, (.) Fc..c:.. <;d lr-.\ \ (!.. '~ ().Jtl(•' k~V- ck~ cK 
, .. ,s ·{Ho do rch,r 
)·.'2-L ~ .Ju!\u'\ ~ \J"'-< v~.\, ~ (' ~ ~ - 0, '\,._"" \\" -l.~~c.J 

I 

");L...l PJ.I.~1Jo16.. J.o~l~~~ R~<'~loJ"J r(}, ;) ,.1, L\su\o~ ... d\..,l~~ ... J._()~ d..S"C. ~ 
II I 

l ~ ... '1 l·'\~~ lOI -~ \N_Li"I - SPI f{ lSo ]_ 

Sf",_- 'I(){)~- Q; ~' 0 lpfV' 

~ ... ""~ 'G_,""-4!\lJ_ili'\Jf rJ_ /OO"C. 
\.(f~- t-~..s::...l I II r. lA II ...,._ /\!<~ rrr ;, ' ICII .... 

"- C~\\ -n£•w:: _?.o'~P""' I \ ...... 7:1 ......_ ~ 
\lr.vJ f\<." .: d · fl lp"" V(''\~ ~<tS,.. ~ 

' 
~-co oJ~cl.CJI ovtld S.,ih 

$'" ..... t ".S ,Jt, IJ~ (~ to/vtnd 
r- (j_'~ u~ c~ (_~ ~ \),.. <-\)~N, <>, G, .,.,._"~ i" CIJ f. H. 

1~'.\\ Sffocto~ SP1¥.f )Jjtl.£.t.fro ((LL 
s.A,.,.., (11;).. CI\S 0.. L(i~~ [ /I}J_ fc,/ 

ti'f o.Jhpd.C.J 1\b c:"' /,, .~ / 1-Yif .i._ Ou/tff_ 
~ ·o 

~-
~IIJ>\\'1 

r./l r.l 
!'SEARQIIINST(!'IrrE 

'- ··' f'b!q-..::J/. ~ <:f'lt,- -r~ Jt\11 ~...,... 
~ly Do~umcul>fl:"f 

I • ,,.-. , .. .,... 

I 

,, \I 

,, ,, 
Mr) 

,\ 1\ 

HWFiciJ;ata3Xl.S 

CI!:LL 

TEMP( .. ) 

ol/5 
~?'I 

... r?~ 

j;/1_ I 
If\ IMJ 
~ 
l.-J, 

'I 

,, 

1\ 

• ..- n. L 

SI'IKI!:D/ 

UNSPIKED 

-· 
·-

SP 

.1__)_ 

rfJ)r' 1 
' 

\\ 

\\ 

II 

•' j II 

~J k... 8c>J11""~~r 
"'~j;" # ~-~Ill I 
BAROMETRIC: ~~~5 ;>-,..,. w1 
OPERA TOR: d'nH 

SAMPLE SAMPLE 

COND. FLOW BKG 

0 1Ucf\. 

J"\V\<l,<";r r. 'J 
\, \\ 0~0'" 

\\ I~ (J )eM 01<J~"' 

' 
' ,, ,, \\ 

,, I' 
I I 

.. ,, 
/) 

~ 

Jl, II ,, )8-27·97 ,.t;l 



FTIR FIELD DATA FORM 
PROJECT NO. 380-t-25 (FTIR Sampling Data) 

~ 
~ 

PLANT:_ Wau1taca Foundry, Inc. 

SAMPLE FILE 

'fii\IE NAME PATH 

~if57 ~~(J~'b 
~I}. a. 

I O'J\;oJ4 

(1 -. (j (f) P.'lt 01()~( 
u 

'1:.).5 tJ l1T u M J.o 
II.~ ~<--- ,._ 

I f J'l('-t T.0 

·('>I 0Jfl.I~).Vf 

lj 3(. oV(vt.IA.d. 
,... 
) 

1''.'-14 OvN.tD.•I.. 

f ... ~~ "(', 
~\5_4 1...;L L.llJ~oC 

\(.y.c:N lN\,\ktJ~O 

l~'.08 1 AJ lu~~·i 

LCl \1 G.._ uvr1.4 41A. cr 
l(f. }o cNl'Sf_~c:.~ 

ICJ: 31 IOv[u,UJ.. o~ 

•W\\11..' - ic.~ ~().,.. ~ fY1{/·I\' :...I 5c.~ .. ) , 
' :-, 
._S) t.TII>WI ~ WSEARClTINs·rrrll'r£ 

TeiiCity,IN DATE: 'r!Jj/o?/97 
r1 

NUMBER RKS CELL 

WCATION I NOTES SCANS (em- I) TEMP(F) 

N .. G"'"" gu..t'k.:,Jll-iV\.J 5(j() 7 J )'/ 
u ~-

, 
''\ .. '' ,, ..; 1\J-. &lt/ Vq>~~vfl J 

~ 

O·,fLff d_{"O .J. ~'7s ... /\ , ~ /o _'j 
JHI 1'I(LifV\J ~ 7, Jv ,..-

\' 
\I ,, ,, 

h 1\ 

- •' 
1\ \\ ,. I' 

(V'-/(1 

INL~T 1\ II II 

I I \\ II II 

,, " 
,, ,, 

Orm ,:r •' l\ I 

(j.,(l,f( lfJ~{. \. 
I' . \ 

f•h .. ~" (,of), .. " @ l.o~Pr-
sc. ~pp..., ~I L111M v--~' {otr- ( ~ Joo\ 
otl '(J~~ : 1.l lorr 
\Jr.,-J ~lu'wv: i.uJ;,,..___ , 

ovTLt:r IJ/\.JL 'r •' ,, ' \ 

I(,:_ 5/c../f,J -
) 

My nu~UIII<IIIsii·T 'Rt.·l/fi~l·liii~3.XLS 

SPIKED/ 

UNSPIKED 

-

l.( V\J 

., 

I' 

I\ 

•I 

I\ 

. \ 

,, 

\ 

•' 

BAROMETRIC: 7\f>~~~ 
OPERA TOR: 'Jtf! I 

SAMPLE SAMPLE 

COND. FLOW BKG 

J'-1""(.1,( S..o)p., . 
\I I 

I.' 

,, ( a II'~· t,tA a1o1c , I) 

I , ,, ·' ,, I' I• 

,, ,, 
1\ 

II /I II 

,, ·' ,I 

•' II 'I 

,, I I 

" .. ]. U/[)11"\ ,, 
I 

·' 
,, ll 

~ 
.l8-27-97 



......_ 
..... 
\) 

{Vi' d. 

FTIR FIELD DATA FORM 
BAROMETRIC: ]'/),.,..v-- ~~~ 

I 
PROJECT NO. 3804-25 (FTIR Sampling Data) 

PLANT:_ Waua,aca Foundry, Inc. Tell City, IN DATE:$ 

SAMPLE 

'fiME 

FILE 

NAME 

IO: {0 hNL~P..lOS 

\r, t~a I 1 t-)~0'-

PATII 

r+ J•·· ~g_ =-!_{" o Lt ~s 1 we tv1 

LOCATION I NOTES 

NUMBER 

SCANS 

• NL G r SP1 KF. I J5v 
Ai INL6T P~oef BoX 

Tol r J.02e~n. .. Vt.-=t.uRp"', fo<'"'-~lolJ\ 
c."lf,:-~·r,.q,~ ~: \$., . .\' :tJ_()~~~ 

11\Jt...-ET ONLf-'NCISPI~..- I I ....... 

.J -fo L'-\1'1\i ~ e~CI!)\)<..j\CI"-' 

w.o&" IIIIUN J..oll I 1 NL-J!t 
,, 

tLI]_ tN\JtJJll\1 I · ,, 1\ 

\I'· 21.\ ~·,llt~l N-. b~¢r-~ lc;ttt~(lr 

11\'.J I( ov\'\JN~1~ 0 JTL.t I 

11\·,1'--\ U\lfvAi.)..\\ O-.Lrc..tr 

d ·. i1 I rJ .ro1o~( 
1\·. )11_J6-£i~o1J 

<~n~ ~c..l\.1\,_,p .... ~ 

tJ). Ol\l'l - b,l(l(f ;. CelT 
e~JC{vo~J - tJ7 

Sc.HJ"''• .... 

i\ 

!'6u 

RES 

(&:m-1) 

-

~ 

,, 

•' 
,\ 

,. 
-
~ 

I,,·.)? lrCJo~ooo t IDJLJiT ~S'o 1 '' 
,{'f(l('j -, 

-.1-. rr./14-(IO•II-~ .. J-
~io101cJOl 

/YC/)OC/r:'f t,f\J C/CIU tJII'"" --•n 'I 1 

IJ:) l/ 1UJ1oU/l. I I OvJLI{ r ,, ... 
l~:t(C. i9cllou.Jd I I '5roP 

t.IIDWI" .. •HcSE.\RCIIJNSTI'I'I rn. My llu.:utn.:nls/1•1 lRt.IIFi.:I.J.,Ia:l.XI.S 

OPERA TOR: __.._;Jvl_1__./t __ _ 

CELL I SPIKED/ I SAMPLE I SAMPLE 
TEMP (I<) UNSPIKED COND. · FLOW BKG 

~').$" SP 1~ .. H'I'"'~~( ~ a~'j'> I <~1o? c 
" 

, 

'\\ ,, ,, ,, I ' I 

., 
I\ J\ ,, II 

I\ • I • I , I ,I 

II II '• '· ., 
.:J?~ ·'l·-1~~~oir 5',o.(p"' ~ ., , 

,, \AI\} '\ •' o909 d 

II I I I I II /1 

.II!-2H7 /'? ,, . 
. J.' 



FTIR FIELD DATA FORM 
PROJECTNO.~J~8~04~-2~5~------------- (FTIR Sampling Data) 

PLANT:_ Waupaca Foundry,lnc. Tdl Cily, IN DATE: ~ 
SAMPLE fo'ILE NUMBER IU:S CELL 

'riME NAME PATH LOCATION I NOTES SCANS (em-I) TEMP(F) 

\d.'-so ,,dt~ IAJL£ r GSo J .1/5 

r~:~o llll~ Ci(J)' S1l!Vl . 

1 '1alcGS'I ~o.~ /7u1o~Jf 'IJCA( v"~ ("I I 

f~'-:1'\ Jqd~OCI)~ OvTleT ,, •I •• 
, l:~s I 9of o61.fi S{CJf-J 

l )\ s () JfOiorJSJ /NLFT 1\ .. .. 
/:t:;' traJafl .rr~~ 

.~~() s 6 v\St u;). <hJ\Lltf - Sfl ~(: ~5~ J. J, '?4 
fc,/ viofll '(lpfN\ (} I jjl,... ~"J 

cj, <iiiP'fV' 
1vJ/ (;,,M .. IJJ,'i~ /f.,M f"b~ ~ )c. ~0( 

XI 1,' T -~ 

CC\It•~J ~ /. O.Jip.,....__ 
17 

(tll-.fl<_.w : d, tJ /pvv- 1 \};1\l (Jc..., :: ), 0 .R,r ~ 
)•{.\\ M\.\ o"\\ I~ (,(1"" ~ r"'c r - P4sW,J L~lt rh~c1 7 

IVJSP~o~ JWLE"( ~ ~~~~C II I ' \• 

r .. ""'r.- Go • ALM 
\4'4.'1 S{Tc;~o1b \f"1~F - /),,~r~ -/(>((.// •I \' ,. 

~w-r c.tS /lhovr 
''-\ ·• -s<o II(IL01l/lo... 1'1"~ "t t:;Opo ....___ O•IHl ,, ,, 

II 

r~F '-llf f1Moldlo.. ((I'"'"IJ\\k'IJ~' '0 1.0~,.,... (A,.J tuclc ~ ~~ ()0(1 /jt.o, lqnt .. : .. - .. .. ----- t.IIDWI ESE,\RCJIINSTITlfl'l. My Do~UIIl~IIL-JFI tM/Fidc.l"h•l.XI..S 

SPIKED/ 

UNSPIKED 

lA. I\) 

•• 

... 

~p 

I• 

., 

'I 

,. 

BAROMETRIC: t"-/)'f"'...,. ~, 

OPERATOR: 'c/M~ ........__...;....._ __ _ 
SAMPLE SAMPLE 

COND. FLOW DKG 

8fq.o~o9 J 
o/'11'4~1 c £11 (flo'"' 

VJ 
I 

,, }· I I 

.. •• II 

J'-1/fh•l ( c<.u~1r- o9o1J_ ' ., 

I' 01) cJ liP ....... o?(J1d 
I 

,. 1-< •. (Jt~ ' 

•I I\ 

I\ '· (/~~~ ., 
~ 
ll-27-97 f 



...._ 
........ 

\" 

FTIR FIELD DATA FORM 
PROJECT NO. _:3::!:8:::.:04:,;.;-2:::;;5:..__ ______ _ (FTIR Sampling Data) 

PLANT:_Waua,aca Foundry, Inc. Tell City, IN DATE: ~ 111 ~~ 
SAMPLE lo'IU: NUMOEil ltES CELL 

ni\IE NAME PATII LOCATION I NOTES SCANS (em- I) TEMP(It) 

~~-.s~ k;(_s_d\0~ b ~\~ ..... \<t'f'\ '20 P()'f'l'. ~i)CJ ~ .;)')~ 
v '' 

~-~ 
r;· (' .{, ... {;· Jt'AIO~J. o~fU:f- AIR l#lc.~lj ,, 

" ., 

\')',I") l...a&.AitZ.l!(;) INl-f f- Alt. s~~olc- L,N. 

IS·~, ~~~0~01~ rJ'-7 c"' I~ S"(JU .:) J.'~1 
11 .... 

d' 

t.IJJ)WJ 
.. ESEARCJIJNSTITLJfl! Illy Du..:umcui:JFT' RM!fici<M"3XLS 

SPIKED/ 

UN SPIKED 

-

'I 

,, 

' 

BAROMETRIC' ~ 7'/S-~~ 
OPERA TOR: ;/Jg.!_ 

SAMPLE SAMPLE 

COND. FLOW BKG 

r-..J I. 

~11( .c...:J...1.. O?Otc/ "..J' ,,. •. - , 

J.._,')l;, "'' l S.u -{;,,.., " 

$o~..__ -

i 
! 

~ 
.8-27-97 



R'\1" u ~ - ( V c,~,,\ <: .. 

FTIR FIELD DATA FORM 

~,,a... 

~·~~ 

~ ._ 

PROJECT NO. _:l::.::8:.::.0~4-.:::2S~------- (FTIR Sampling Data) 

PLANT:_Wautuac;a Foundry, Inc. Tell City, IN DATE:~ 
SAMPU: lo'ILE NUMIJEK KKS 

TIME NAME PA'fll WCATJON I NOTES SCANS (em-I) 

1.1..-Ult ~'<- Lv ,.v\L '" Lv~ f 
(,...~.:, ~J\.,(! ~ 

1: ~0 &~c~\Ot, N., o-\"' ~t--'-k ~ , .. ..~..,. ~ r;o"' ~ 
.... ' 

')·. ~'1 t.\c..6~t()c;, co\. "A\.,"~ )u({lv-... ~Sc.• 2-.. 
tt· l\'\ \NLSPJc \ Sf,\.-\: - JrJ u ) ,, ,..._ 

4L ~Po ....... -~ 1.c. /,.f"r" v-~1 (u~ ~ \o~-r ( 
,-....,._0 . (. \ (.," nn...- ~~ I ,\J 1-- (>¥"\ 

(_, ~ :. .J. sa ; :,._ --. 
L f~"'-\1<.:'"'' : ~ ,1.. 

0 ' I 

q. 
~~ C.v \ '>(' 3c• 1 ~~\'t-.~ - 0 -'fLI:) , ..... , ..... 

')" V""' (. c .... <, c,..ht- "'~ 
~ •A ~'-'' L~:tc.. '(._ (_\,-., .._~ V"~\. f '\}~.,(. \) .J ,.__ - 1,.....,..... ~\<., '" CjC\ S(( C... 

~ ·. \<.l ~f<ftiO~ D,((: t\ \o (v \\ ~ S\1\(-\~ 
.,, ,, 

~'-"""~ v:~ ~h(;'-1 ~ 

~:''-' ff'-v "'~· .... \ ~"'-rn\ "'\ ~\ .. ,h~ 
• 

. ~-.,c; I t.N \ \lkl j(; ~ C\.~,,fr ;;2, ')u J 
"15'. d- ') Ch.l"i U..t-1 ~C.) -::-. ,, ,, 

~·_')._I (1'-1~ J-.t-J)Io 1 ,, ,, ,, 

'S";TI I~!..U..JJ '.:St::.l. INL(~ J..'. ".)•.) ) 

~-YI INLVN~Io) 
,, ,, ,, 

:.s. l n ltll..-\)1" ~I.·\ 
~ t.IID\\'1"'' "'ESE.\IWIIINSTITIJTL t.ly llu.:uoucnls/FIT 'tt.I!Ficl<l;olil:l.XJ.<i 

CELL 

TEMP(fo) 

.1')<-/ 

.J)'I 

,, 

,, 

,, 

J1tl 
,, 
,, 

}'!'' 
..._, 

SPIKED/ 

UNSPJKED 

-
-

")r 

,, 

\' 

li\'V 
,, 

'' 

~'f-' 

-, 

BAROMETRIC: 
1716 ,.~ /JJ 

.J ,, 
OPERATOR: d/11 tr 

SAMPLE SAMPLE 

COND. FLOW BKG 

- :f~ ~P.'- -

- ~a (ft'- f>\('\(.')/Oo-. . 
\ '1"' "'"";, :-:. ~ -5..1P." 

,, 

'' 
,, 

' 

\ I J.L ~r-- ,, 
I 

~1""'" r~ c:;, (' /," &K~r.1/l.t, 
J, ~ I J 

'\ ,, ,, ,. 

J'1·'"'~"' ( t;_ G 1_/.,.._ "' 
\' 

,, ,, 

~ 
1!-27-97 

<:_,~\ ~\~s' 

I'"~~ lr)\J 



';:::· 

" 

FTIR FIELD DATA FORM 
PROJECT NO • ....:3::.::8:.::.04;:..· -..:25:.:.__ ______ _ {FTIR Sampling Data) 

PLANT:_ Waua•aca Foundry, Inc. Tell City, IN DATE: 11 l o l1J 
I 

S,\1\li'Ui. FILE NUMUER RES CELL 

TIME NAI\IE PAT II LOCATION I NOTES SCANS (cna-1) TEMP(F) 

'!~ s ~ N-,C\\Ilc... N., <:u' \ "- '2-So 
C)' ~":. i}t< ':.'W.lb u ... -,'\ '-''~ ~r r -\ Soo .l. .J( s 

.\ ' 

r"\ "'' 
,·\\~ o~c.\ ~-J\\.- \ -c (J'(\\ \-AV'-l'-''> SA' -/"&(! f(J ?S~ } " 

~- .-,, •\~() Ot\\ ~" f"'} 

\ 

I '\II.' .l. "u.'< 't ( (/ ,, '\ IIJO 11 .. " \Lt 
1 

£1'. ~() \\\<liJiS ,N\\1\- l C')I..J .l l.7S 

~·.~at 1\ct\llul. '-\ ~he> 
\ 

\(}'.Qs l'tlo~ ).l a.~\\(Jf ,, ,, 
' 

\U'·l .. ,S \'\\611 ~\, c)'ru () 
\ 

\U'.a._(\ ·~ \0~~'\ ,~vn- ,, \\ ,, 
\t\'. 5"8' l~\01\t:;\ S\D 

\ 

\..'v "-' 
\\·u? . ' # \' '- f\12 CM \v,. - Be" \.~.,..J \l-..1 yo. J ~(.')U . ' . ' lA. JU - Q J 

l\' ,, GJ1vtJllS O·A\k 2-«;u ,, ,, 

\.\'· ).~ G>~IIN~Ot ·' "' ,, ,, 
,,-.'Sl 0 111\1 fl '?<11 

,, 
\\ \.. 

,, 
II: ~1 ()>If \lN ]tJl 

,, 
\\ \' 

,, 

~ 
~1111\\'1. .SJ·:,\JtCIIINSTITI ITt. ~I)· J)u~umcutsiiTI 1\JIFidJ.olillXI S 

BAROMETRIC: 745'-"~~l 
OPERA TOR: -.::J'--'IY\~~ , __ _ 

SPIKED/ SAMPLE SAMPLE 

UNSPIKED COND. FLOW DKG 

- d~NJ.-.\\ ).GR_p,.. -- • 
UN ,, 5.& Lpt~ O~lt"tl b 

' 

l(tV ., .s. d (t»- ocdo b 

,, ,, 
" ,, 

\\ 
,, 

\ ' ,, 

'' ~ 
,, 

" 
,, ,, ,, O~ICJ~ 

~ ...... 
'" ,, ...... 

" , ... ,, ,, 
,, ,, •' 

,, 

-1(-27-97 



FTIR FIELD DATA FORM 
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FTIR FIELD DATA FORM 
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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 em·•. MRI selected nine candidate hydrocarbon compounds and measured their 
reference spectra in the laboratory. In add~tion 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. The FITR 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-1 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, crs spectra, and background spectra will be provided on a disk with a separate reference 
spectrum report. 



3000 2950 2900 

Wavenumbers ( em-•) 

2850 

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-D-98-027, Work Assignments 2-12 and 2-13 

MRI Work Assignments 4951-12 and 4951-13 

1.0 INTRODUCTION 

In 1997 Midwest Research· Institute (MRI) completed FITR 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-W6-0048, 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 
FTIR 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 FITR 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 (FTIR) Spectrometry for the Analyses of Gaseous Emissions From Stationary Sources, 
revised 1996. 

1.1 Objective 

The objective is to obtain accurate hexane measurements from FT1R 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. 
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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 provide!f 
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·1 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 cm·1. 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 FTIR 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 a T -type 
thermocouple temperature probe inserted through a 1/4 in. Swagelok fitting. The gas 
temperature will be maintained at about l20°C. Documentation of the temperature probe and 
thermometer calibration will be provided with the report. 
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TABLE 1. ORGANIC COMPOUNDS SELECTED FOR THE LAB ORA TORy STUDY 
I Compound Name I Boiling Point ~oq 

n-hexanea 69 

n-heptane 98.4 

Pentane 36.1 

isooctanea 99.2 

1-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 Hexane and tsooctane are HAPs. Therr reference spectra wtll be re-measured because the reference 
spectra in the EPA library were measured at ambient temperature. 

I 

The instrument is an Analect Instruments (Orbital Sciences) RFX-65 optical bench 
equipped with a mercury-cadmium-telluride (MCT) detector. The RFX-65 instrument is capable 
of measuring spectra at 0.125 cm·1 resolution. The reference spectra will be measured at · 
0.25 cm·1 or 0.50 cm·1 resolution. Gas pressure in the sample cell will be measured using an 
Edwards barocell pressure sensor equipped with an Edwards mod~l 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-2-0K1-PV1-V1-A1, 0 to 5 liters per minute). 

The instrument system will be configured to measure 0.25 cm·1 or 0.50 cm·1 resolution 
spectra. The measurement configuration is shown in Figure 1. 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 liSe 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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Cylinder gas inlets 

Calibration 
manifold 

Heated line 
(250 F) 

FTIR 
spectrometer 

Optical connection 

Gas cell 

l 

Figure 1. Measurement system configuration. 
PG = 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 MCT 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 !-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 
CTS 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. 
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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 ±0.02 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 CTS gas will be an ethylene gas standard, either 30 or 100ppm 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 em -l. 

3.0 QUALITY ASSURANCE AND QUALITY CONTROL 

The following procedures will be followed to assure data quality. 

3.1 Spectra Archivin& 

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. 
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3.2 CTS Spectra 

The CTS spectra will provide a record of the instrument stability over the entire project. 
The precision of the CTS 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 l20°C. The line temperature controllers will be adjusted to keep the gas sample 
temperature near l20°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 Reportin& 

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. 
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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!mt 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. ------- MIDWEST RESEARCH INSTITUTE 
DAILY CHECKLIST 

Start up Procedure 

DATE: __ _ 
OPERATOR: 

Check cell temperature 

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 Check Procedure: 

Evacuate cell to baseline pressure. 

Isolate cell (close cell inlet and cell outlet) 

Record time and baseline pressure (Pmm) 

Leave cell isolated for one minute 

Record time and cell pressure (Pmax) 

Calculate "leak rate" for 1 minute 

A.P = p miD - p ,_ 

Time 

Time 

Calculate "leak rate" as percentage of total pressure 

% VL = (A.P/Pb) * 100 

I% VLI should be< 4 

Record Nitrogen Background 

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) 

pmiD. 

pniiiX 

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 crs Spectrum 

Record Cell path length setting 

Evacuate Cell 

Fill Cell with CI'S gas 

Open cell outlet and purge cell with CTS at sampling rate ( 1 to S LPM) 

Record cylinder ID Number 

Record CTS gas cylinder identity and concentration 

Record and copy spectrum and interferogram to C-drive and back up using CTS 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 CTS Spectrum Ftle Name 

--------

Reviewed by: ---------------- Date:----------



Project No.------- MIDWEST RESEARCH INSTITUTE 
FTIR Reference Spectrum Checklist 

DATE: ---- OPERATOR: 

Reference Spectrum Sample 

Start Time 

Record Cell path length setting 

Record Background Spectrum File Name 

Record CTS Spectrum File 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 l LPM. Record flow rate 

Allow to equilibrate for 5 minutes 

Record sample pressure in cell 

Record sample flow rate through cell 

Startspectrumcollectprognun 

Record infonnation in data book 

Copy Spectrum and Interferogram to backup directories 

End Time 

Re~ewedby: ______________ ___ 

--------
Initials 

Date:----------



Project No. ------- 'MIDWEST RESEARCH INSTITUTE 
DAn.. Y CHECKLIST 
Shut Down Procedure 

DATE: ----

Purge sample from cell using ambient air or nitrogen 

Record Nitrogen Background 

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 sainpling flow rate) 

OPERATOR: 

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 Spectrum 

Evacuate Cell 

Fill Cell with crs gas 

Open cell outlet and purge cell with crs at sampling rate ( 1 to 5 LPM) 

Record cylinder ID Number 

Record crs gas cylinder identity and concentration 

Record and copy spectrum and interferogram. to C-drive and back up using crs batch file. 

Record Barytron pressure during collect 

Record infonnation on "Background and Calibrations" data sheet. 

Verify that spectrum and interferogram were copied to directories. 

Record crs Spectrum Ftle Name 

Close cylinders 

Evacuate or Purge crs from cell using nitrogen 

Leave cell under' fow nitrogen purge or under vacuum 

Fill Mer detector dewar 

------
Initials 

Reviewed by: ---------------- Date:----------



SHIPPING ORDER 

MIDWEST RESEARCH INSTITUTE 
425 Volker Boulevard, Kansas City, Missouri 84110 

0 TRANSFER 0 RETURN FOR CREDIT 

0 EXCHANGE 0 RETURN FOR REPAIR 
144099 
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Attachment 1 

Code: MRI-0701 
Revision: 3 

Effective: 10/23/98 
Page: 12 of 12 

Instrument Found Out of Tolerance 

Manufacturer: ....;fJ~1,..q .no~J~s~-------------------
~ 

MRI Number: ~ Y- ~'/72., cf- '/-" •f7J 

Serial Number: 4~3 7 4- 3~~/'U 5'1 

Acceptance Criteria: ___;ltl_~.;:;:.~-t...:.Aec=(.J.~fi:..;;Q.::..:e~y~--------------

Date of calibration or test that revealed the out of tolerance condition: S-'-1 1 

Date of previous calibration: ---=L(:!!,/J.;..:IC~AJ=ow=N~--------------

Responsible person: yM ~ 'PIQ.{' (Must receive a copy of this report) 

Tested/Calibrated b~"'-<- ~' 
Reviewed by: 2~~~-= 

Date: .......;;:;5_--=~;.....-~9_'1~--­

Date: ---=5.q.,/i..J..f4.~~~---

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 determine what data may have been 
corrupted and what corrective actions are indicated. 

Signed: d....,~ (Responsible person) 

Date: 5~~<f 

MRI-QA\MR!-070l.DOC 
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Attachment 1 
¢-~ Pressure Gauge Calibration Data Sheet 

Code: :Vffi.l-0722 
Revision: 0 

Effective: 03/22/99 
Page: 6 of 6 

•. M. r;t,C/7 z 4-- . . 
i\1RI No. 'l!!CYG--flJModel No. I Type I S7o Serial No. 4'23 7 
ReportNo. &..J1'W. W~ootfl/11 sy'lll ~tJ4tz.tS"'1 

Noun &uo~/ f'tS"Su.../'4..... trd.tc~ Ambient Temperature 7..3 • F Ambient Humidity tf{ 1., 
Applied Pressure Initial Check Final Check Tolerance±: Pass 

soc (d~ '5"07.9 ~ svo.~ -,ot,,( \.1. ~ c.--

~0 7lJi.J( (J,OS'.:3 7b~ ~.z ~~ 1.~ 1/JU (._. 

7oo 77JM 7oS.~ ~ fo9<i.'l 'TDP,t( 1.s~ '--

7S"' ~t. 751.7 7bit. 7'/~.~ ~~ J,, ~1.1{ .... 
roo ?IM gos. 'i ~ 7'1'1.7 "TaRt. t;J_ _It#.._ 

...... 

'foo 7b/2.~ qoCf.~ ~t. 8'19. t{ nt.~ 1.~ -roil?. ...... 

fOOD ~~-t<. roo ~-2 7JI!.t- <f'19 • .3 "nit. 2.( ~ 
..... 

...;. 

I----
Cumulative uncertainties of the standards used to perform this calibration did not exceed the requirements 
ofMRI-0701 and ISO 10012-1. 

Standards Used: MRI No. Date Cah'brated Date Due Cah'bration 
1-t,C{(3 (- Z.Z.- '1 '71 t-1-Z. -oo 

--=-

Notes/ Adjusnnents/Repairs/Modificarions: 

Fail 

;;.:::;;::::::: 

Tl'¥-

Limitations for use: 

/Jff eairG ~ IJzJfJ f.IJ 51J D 708!-

Date Cail'brated: 5"- (p- ._, '1 Date Due Recalibration: <)- "-- 0 0 Cal Interval: I Z.. U:lo Jt. ft.._ 

CalibrationPerti~~~~ Date: S-C.-'l? 
Reviewed by: ~ _Date: "S'(Ct.(tl '1 '? 

/ -...___ I 



Code: :V1Rl-072! 
Revision: 0 

Effective: 0 1129199 
Page: 9 of9 

Attachment 
Calibration Data Sheet 

MRI No.: - - Model No.frype: TIS$ -l&i·!Z. Serial No.: T<fq !30 Report No.: _-__ _ 

.. " I . o 
Noun: T TfvJ~ ~mbtent Temperature: 7¥ F Ambient Humidity: _ _3.J..Iwk:Q._ __ _ 

Applied temperature Initial check Final check Tolerance± Pass Fail 
De:_ /f\ol. ~':~ ~M.,g De:_ 

-J.S'. 0 f-aq~:~1 -~&/. (\ Sa.W\ot. l.o ~ 

().0 i!>.DDStf t).J. ~o.WI...I.. /.0 
,_.. 

/OO.JJ '1.-7'1<1 'i1151 ~"'-L J.O --
ISO 0 ~.{D'f~ ISO.O !S.:..!ML I. I 

,__ 

~0.0 q,;tq II ~(J(J. I Sc:l~ I.'S' .....-

3oc.o It~ !7~S 300..3 SQ H'\..1 :J.2 J--

'kJ().O UI.S~l\3 c./00..3 Sea /flf.L 3,0 

' 
Cumulative uncertainties of the standards used to perform this calibration did not exceed the requirements 
ofMRl-0701 and ISO 10012-1. 

Standards used: MRI No. Date calibrated 

Y·SS3~ I;:;.-'-/- 9 S 
Of~ft:,o I ~.;:u;,-9 3 
0 /d.fL, oo c/-~3 -9<1 
CJ (;).~ <f .3 /-7-99 

N~f~djustments/Repairs/Modifications: 

Date Calibrated: S"-7-'fq Date Due Recalibration: S'-7- oa 

Calibration Performed ~:...._j,U~f(.t.'P-+=:..!..~-----­
Reviewed by: .L~ 4 f__._4 (1 

> ~ 

Date due calibration 

/~-'1-99 
~-:1.Co·99 

t/- ~3- oo 
1-7-ao 

Cal Interval: ( t-ear 
Date: s--7-€jt:t 

Date: _s-"-~CI - '17' 



Code: :V!Rl-0721 
Revision: 0 

Effective: 01129199 
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Attachment 
Calibration Data Sheet 

MRl No.: '/-(pCf.7'( Model No.!Type: H H.?? ( Serial No.: i·il0~'8Zl Report No.:_. __ 

Noun:ltoorntpc..:ou.o/e.. Ambient Temperature: 74" r 
-r"kl-m~ 

Ambient Humidity: --..i!;.:::.lgL--0 
__ _ 

Applied temperature Initial check Final check Tolerance± Pass Fail 

'7-'' -Z.6o 0
C. -)..00.'/°C s.,...... o.8°C. (.... 

IY: -IOt:J~C -/()0.3·c.. ~ o.7•c. ....... 

rot' o·c. -o.2.oc::... ) ".IQ•c '--
"-!. 100 •c C(q. 7. c_ I a 7•c. L.. 

'T'· I !7) oc.. tl/9.7° c ( o.7.s-c. -
'7-· 2Da "c ,qq,,,C!,_ \ o.8•c:. -
I~'' 3~d "c:. ::l=l'i. 7" c._ ) ~.9•c -
M-"' 'faa 'c. 1~9.7"<:_ _St.-.._ /.0 •e_ --
Cumulative uncertainties of the standards used to perform this calibration did not exceed the requirements 
ofMRl-0701 and ISO 10012-1. 

Standards used: MRl No. Date calibrated Date due calibration 

Y-S'8J$"' t;..-<(-9~ 1~-f-'1!1 

~ 

- 1---
Notes/ Adjustments/Repairs/Modifications: 

Limitations for use: 
7 'tf'?- T 'il..v-miJc..cu.IJ/~_, o,..;lv r 1 

Date Calibrated: )-7-9?/ Date Due Recalibration: S""-7-ocJ Cal Interval: I 'f~r 

c,Jib"<ion Perfo::: ; ~ ~ 
Rev.ewed byo ~~ _ _ -~ 

Date: <':-7-2'? 

Date: ~- / tJ - 9 9 



IB Scott Specialty Gases 
~pped 6141 EASTON ROAD, BLDG 1 

From: PLUMSTEADVILLE PA 
Phone: 215-766-8861 

PO BOX 310 
18949-0310 

Fax: 215-766-2070 

C R R T I P I C A T B 0 P A N A L Y S I S 
-----------------~-------------------------------------------------------

MIDWEST RESEARCH 
SCOTT KLAMM 
425 VOLKER BLVD 

KANSAS CITY MO 64110 

PROJECT#: 01-01788-006 
PO#: 033452 
ITEM #: 01021951 SAL 
DATE: 3/31/99 

-------------------------------------------------------------------------
CYLINDER #: ALM025384 
FILL PRESSURE: 2000 PSIG 

ANALYTICAL ACCURACY: + /-5% 

BLEND TYPE 

COMPONENT 
ETHYLENE 
NITROGEN 

CERTIFIED WORKING STD 
U:QOBSTED GAS 

CONC MOLBS 
20. PPM 

BALANCE 

ANALYST: Ga"''~~.9Q) 
GENYA 

ANALYSIS 
(KOLJ:S) 

20.0 PPM 
BALANCE 



11!1 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 C A T E 

MIDWEST RESEARCH 

CROSSROADS CORP PARK 
5520 DILLARD RD,SUITE 100 

0 F A N A L Y S I S 

PROJECT #: 12-34162-005 
PO#: 038546 
ITEM #: 12022751 1AL 
DATE: 5/26/99 

CARY NC 27511 

-------------------------------------------------------------------------
CYLINDER #: ALM046483 
FILL PRESSURE: 2000 PSIG 

ANALYTICAL ACCURACY: +-1% 
PRODUCT EXPIRATION: S/26/2000 

BLEND TYPE : GP~i\ V:!: Y!:STR.:;: C: f'L.i\S TER GAS 

COMPONENT 
METHANE 
NITROGEN 

NIST TRACEABLE BY WEIGHT 

ANALYST: 

REQUESTED GAS 
CONC MOLES 

50. PPM 
BALANCE 

ANALYSIS 
(MOLES) 

52.6 PPM 
BALANCE 



IB 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 C A T E 0 F A N A L Y S I S 
-------------------------------------------------------------------------

MIDWEST RESEARCH 

CROSSROADS CORP PARK 
5520 DILLARD RD,SUITE 100 

PROJECT #: 12-34162-004 
PO#: 038546 
ITEM #: 12022232 1AL 
DATE: 5/25/99 

CARY NC 27511 

CYLINDER #: ALM045092 
FILL PRESSURE: 2000 PSIG 

BLEND TYPE : GRAVIMETRIC MASTER 

COMPONENT 
N-HEXANE 
NITROGEN 

NIST TRACEABLE BY WEIGHT 

ANALYST: 
L. tAYLOR .' 

ANALYTICAL ACCURACY: 
PRODUCT EXPIRATION: 

GAS 
REQUESTED GAS 

CONC MOLES 
50. PPM 

BALANCE 

+-1% 
5/25/2000 

ANALYSIS 
(MOLES) 

49.6 PPM 
BALANCE 



lfJ 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 C A T E 0 F A N A L Y S I S 
----------------~--------------------------------------------------------

MIDWEST RESEARCH 

CROSSROADS CORP PARK 
5520 DILLARD RD,SUITE 100 

PROJECT #: 12-34167-006 
PO#: 038545 
ITEM #: 1202M2034951AL 
DATE: 5/27/99 

CARY NC 27511 

CYLINDER #: ALM037409 
FILL PRESSURE: 2000 PSIG 

BLEND TYPE : GR.l'..VD1ETRIC i'1ASTER 

"COMPONENT 
3-METHYLPENTANE 
NITROGEN 

NIST TRACEABLE BY WEIGHT 

ANALYST: 
VI/TAYLOR 

ANALYTICAL ACCURACY: 
PRODUCT EXPIRATION: 

GAS 
REQUESTED GAS 

CONC MOLES 
50. PPM 

BALANCE 

+-1% 
5/27/2000 

ANALYSIS 
(MOLES) 

50.0 PPM 
BALANCE 



1111 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 C A T E 0 F A N A L Y S I S 
----------------~--------------------------------------------------------

MIDWEST RESEARCH 

CROSSROADS CORP PARK 
5520 DILLARD RD,SUITE 100 

PROJECT #: 12-34162-006 
PO#: 03 8546 
ITEM #: 1202P2000801AL 
DATE: 5/27/99 

CARY NC 27511 

CYLINDER #: ALM041358 
FILL PRESSURE: 2000 PSIG 

BLEND TYPE : GRAVIMETRIC MASTER 

COMPONENT 
N-PENTANE 
NITROGEN 

NIST TRACEABLE BY WEIGHT 

ANALYST: 

ANALYTICAL ACCURACY: 
PRODUCT EXPIRATION: 

GAS 
REQUESTED GAS 

CONC MOLES 
50. PPM 

BALANCE 

+-1% 
5/27/2000 

ANALYSIS 
(MOLES) 

49.99 PPM 
BALANCE 



lfJ 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 C A T E 0 F A N A L Y S I S 
----------------~--------------------------------------------------------

MIDWEST RESEARCH 

CROSSROADS CORP PARK 
5520 DILLARD RD,SUITE 100 

PROJECT #: 12-34167-005 
PO#: 038545 
ITEM #: 1202M2034941AL 
DATE: 5/26/99 

CARY NC 27511 

CYLINDER #: ALM054078 
FILL PRESSURE: 2000 PSIG 

B:UEND TYPE : GRM.V:J:i•!ZTR:i:C MASTER 

COMPONENT 
2-METHYL-2-PENTENE 
NITROGEN 

NIST TRACEABLE BY WEIGHT 

ANALYST, ~~-:).1~ 
B.M. BECTO 

ANALYTICAL ACCURACY: 
PRODUCT EXPIRATION: 

GAS 
REQUESTED GAS 

CONC MOLES 
50. PPM 

BALANCE 

+-1% 
5/26/2000 

ANALYSIS 
(MOLES) 

51.4 PPM 
BALANCE 



lfj 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 C A T E 0 F A N A L Y S I S 
-----------------~-------------------------------------------------------

MIDWEST RESEARCH 

CROSSROADS CORP PARK 
5520 DILLARD RD,SUITE 100 

PROJECT #: 12-34167-004 
PO#: 038545 
ITEM #: 1202M2034961AL 
DATE: 5/26/99 

CARY NC 27511 

CYLINDER #: ALM005876 
FILL PRESSURE: 2000 PSIG 

BLEND TYPE : GRAVIMETRIC MASTER 

COMPONENT 
2-METHYL 2-BUTENE 
NITROGEN 

NIST TRACEABLE BY WEIGHT 

ANALYST: 

ANALYTICAL ACCURACY: 
PRODUCT EXPIRATION: 

GAS 
REQUESTED GAS 

CONC MOLES 
50. PPM 

BALANCE 

+-1% 
5/26/2000 

ANALYSIS 
(MOLES) 

50.04 PPM 
BALANCE 



ifj 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 C A T E 0 F A N A L Y S I S 
-------------------------------------------------------------------------
MIDWEST RESEARCH 

CROSSROADS CORP PARK 
5520 DILLARD RD,SUITE 100 

PROJECT #: 12-34167-003 
PO#: 038545 
ITEM #: 1202M2034971AL 
DATE : 5 I 2 6 I 9 9 

CARY NC 27511 

CYLINDER#: ALM017936 
FILL PRESSURE:. 2000 PSIG 

BLEND TYPE : GRAVIMETRIC MASTER 

COMPONENT 
2-METHYL-1-PENTENE 
NITROGEN 

NIST TRACEABLE BY WEIGHT 

ANALYST: ~;1_~ 
L. TAYLOR\ 

ANALYTICAL ACCURACY: 
PRODUCT EXPIRATION: 

GAS 
REQUESTED GAS 

CONC MOLES 
50. PPM 

BALANCE 

+-1% 
512612000 

ANALYSIS 
(MOLES) 

50.08 PPM 
BALANCE 



ifJ 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 C A T E 0 F A N A L Y S I S 
----------------~--------------------------------------------------------

MIDWEST RESEARCH 

CROSSROADS CORP PARK 
5520 DILLARD RD,SUITE 100 

PROJECT #: 12-34167-002 
PO#: 038545 
ITEM #: 1202P2019421AL 
DATE: 5/27/99 

CARY NC 27511 

CYLINDER #: ALM041929 
FILL PRESSURE: 2000 PSIG 

BLEND TYPE : GRAVIMETRIC MASTER 

COMPONENT 
1-PENTENE 
NITROGEN 

NIST TRACEABLE BY WEIGHT 

ANALYST~~ 
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 



IB 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 C A T E 0 F A N A L Y S I S 
----------------~--------------------------------------------------------

MIDWEST RESEARCH 

CROSSROADS CORP PARK 
5520 DILLARD RD,SUITE 100 

PROJECT #: 12-34162-003 
PO#: 038546 
ITEM #: 1202N2007311AL 
DATE: 5/26/99 

CARY NC 27511 

CYLINDER #: AAL21337 
FILL PRESSURE: 2000 PSIG 

ANALYTICAL ACCURACY: +-1% 
PRODUCT EXPIRATION: 5/26/2000 

BLEND TYPE : G?_n.v:::I!E'TR=:C:: flfAS':'ER GAS 

COMPONENT 
N-HEPTANE 
NITROGEN 

NIST TRACEABLE BY WEIGHT 

ANALYST: ~~ 
L. TAYLOR 

REQUESTED GAS 
CONC MOLES 

50. PPM 
BALANCE 

ANALYSIS 
(MOLES) 

49.97 PPM 
BALANCE 



11 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 C A T E 0 F A N A L Y S I S 
----------------~--------------------------------------------------------

MIDWEST RESEARCH 

CROSSROADS CORP PARK 
5520 DILLARD RD,SUITE 100 

PROJECT #: 12-34162-001 
PO#: 038546 
ITEM #: 12021152 1AL 
DATE : 5 I 2 5 I 9 9 

CARY NC 27511 

CYLINDER#: ALM020217 
FILL PRESSURE:. 2000 PSIG 

BLEND TYPE : GRAVIMETRIC MASTER 

COMPONENT 
N- 8 UT Al.\IE 
NITROGEN 

NIST TRACEABLE BY WEIGHT 

ANALYST: ~.~vL· Q~~ 
B.M. BECTON 

ANALYTICAL ACCURACY: 
PRODUCT EXPIRATION: 

GAS 
REQUESTED GAS 

CONC MOLES 
50. PPM 

BALANCE 

+-1% 
512512000 

ANALYSIS 
(MOLES) 

51.3 PPM 
BALANCE 



Project No. ~'H"I · I '2- 1 -3 
MIDWEST RESEARCH INSTITIJTE 

DAll. Y CHECKLIST 
Start up Procedure 

OPERATOR: G.~ 

Cbec:t ceO tem~ 

Verify te~rure using thermocouple probe and hand-held readoul 
Purge cell with dry nitrt>gen and vent to ambient pressure 

Record ambieat presaare iD c:eD, (P.,) 

v: ... _ Leak Check Procedure: ( po.,:.:fW... ~,. .. rs~) 
Evacua~e cell to bueliDe pressure. 

Isolate cell (cla~e cell inlet and ceU owlet) 

Record time and bueliDe pressure (P~ 

l.eave cell isolated for ooe minute 

Record time and cell pressure (Pn.) 

Calculate 'leak rate' for 1 minute 
~:aP--P-

iune 

11!.1 
Pnu 

f1 I 3 
~ 

lDWIII 
;;,u.sc:P~ 

.,:p; 
7Y9.1 lM 

Calculate 'leak rate' as percentage of total pressure 
% VL • (~IP~~) • 100 1.1"% ;IJ6 
I% VLI sbould be< 4 %VL 

(_1 ;-11~'£1~ ~ J p~:..,) 
Record Nltrocea Backpooaad 

Purge cell with dry nicrogeo 

Verify cell is as dry as previous background 

Record ambient pressure usm, cell Barocell gauge 

Record nicrogen flow rate (about sampl.iq flow rate) 

Collect Backgrouad (AQBK) UDder continuous flow and ambient pressure 

Record informatioa. in data book. 

Copy Bactpouad to C-drive aud backup using batch file. 

Record crs Specta­

Record Cell padiJ.ath seaiDa 
~~t ~Celt 

Fill Cell wid&~,_ 

Open cell OUIM m:1 purp cell wich crs at sampling rate ( 1 to S LPM) 

Reccxd cylmder ID NamA. 

Record CTS gu cylinder identity aud coocentratioa. 

Record and copy spectrum aDd inted'eropam to C-drive and back up using CTS batch ftle. 

Record Barycron presaure duriq collect )"' 

-Rusi4 iuftlluatiw w 'BiiJcauAwd iiid Odflliiliiuua' data shee~ ~ 

Verify that spectrum aud interferopm wen co¢.ed to directories. 

Record CTS Spectrum F'tle Naa. 

R.ovUo....tby: ~-

1ff.tl ) 
l>.~ t..f!\(7S'I.S"f41A 

Q,, t.fM ~ 

pgc, 

;o.o3 ~ 
It: .z., ?}6 

I,P ~A., 

Rf 14'f72 

tTU:;Ir;.!te Ah (tt1't.l{ ~ 

'1 ~1. !J 



Project No. MIDWEST RESEARCH INSTITUTE 
DAll. Y CHECKLIST 

Start up Procedure 

Check ceD tem~ 

OPERATOR1Cb., ,£ 

1IWlAll 

Verify temperature usinJ thermocouple probe and hand-held readout 

Purge cell with dry nitrogen and vent to ambient pressure 

Record aaabieat presaun Ia ceB, (P.,) 

V aau• Leak Check Procedwa: 

Evacuate cell to bueliue pressure. 

Isolate cell (close cell inlet and cel:l outlet) 

Record time and baseline pressure (P.) 

Leave cell isolated for one minur8 

Record time and cell preaure (Pa.) 

Calculate "leak rare• for 1 minut8 

AP•P'*-P-

iuno 

lt.tllfl 

Calculare "leak rare· u percentage of total pressure 
. % VL. (APIP.,). 100 

I% VLJ should be< 4 

Record Nitropa Bac:kpooaad 

Purge cell with dry nitrogen 

Verify cell is u dry u previous beckgrouad 

Record ambient pressure using cell Baroc:ell gauge 

Record nitrogen flow rare (about sampling flow rate) 

Collect Background ~QBK) UDder continuous flow and ambient pressure 

Record informatiOD in data boot. 

Copy Bac:kpmd to C~ve aod backup using batch file. 

Record CTS Speca-

Record Cell pub Jeqdl seuiDa 
~~ !nccw Cell 

rill Cell wida CI'S JD 
Open ceU oadllad parp cell wid! CTS at samplinl rate ( 1 to S LPM) 

Record cyliadlr ID Numblr 

Record CTS ,.. cyliDdlr identity aad CODCeDtratiOD 

Record and copy spectrum aDd interferopm to C~ve and back up using CTS balch fla 
Record Barytton pressure c:luriq collect ~ 

;o.o~ 

¢ 
t"!Cc 

J. 0 1./M. .qr, 
A LJ1t)Hi'f 

_2~.0 t'"'- fl"?/.._ ... ;... 
~ 
~(51.~"' 

"-&:ettd iafera:liiMo a~ aM eati&iidima" M &beet ~ 4' 
Verify that spectrum and interferopm were copied to directories. 

Record CTS Spec:trum rtle Nam. 

Revieweclby: +r== Dalo< .__;.,.11~1,~( ,~"~--



ProjectNo ~4~/~ (1 1? 
MIDWEST RESEARCH INSTITUTE 

DAILY CHECKLIST 
Start up Procedure 

OPERATOR: {. 6~J 

Cbedt ceD tem~ 

Verify temperature usiq thermocouple probe and hand-held readout 
Purge ceU with dry nitrogen and vent to ambient pressure 

Record ambiellt pnuare iD eel, (P.J 

\' am Leak Check Proc:ed~tn: 
~o,~W. Ep.....,, U . 4~.,..,.,':. 
~re ~-- ~ ce to buetiM pressure. 

Isolate ceU (close ceU inlet and ceU outlet) 

Record time and baseline pressure {P..J 

Leave ceU isolated for ooe minute 

Record time and ceU pressurw {P..) 

Calculate "leak rate" for 1 minute 
~.p,__p_ 

rune 

Calculate "leak rata" as percentage of total pressure 
% VL • (~IP.,) • 100 

I% YLI should be< 4 

Record Nftrocea ~ 
Purge ceU with dry nitrogen 

Verify ceU is as dry as previous background 

Record ambient pressure usiq ceU Baroc:eU gauge 

Record nitrogen flow rare (about sampling flow rare) 

71~ .. (I 

P,_ 
77'f. ., 
p­

o.J 

Collect Backgroulld CAQBK) UDder continuous flow and ambient pressure 

Record informaciao. in data book. 

Copy Backpouad to C-<irive and backup using batch ffie. 

Record crs Speeb w 
Record CeU pdl Jeqdlllaiq 

..Evacne Cell 

9 /f JOift Cell wida crs pa 

Open cell ouMIIIld purp ceJ1 with crs at sampliq rate ( 1 to S LPM) 

Record cyliDdlr m Numblr 

Record crs gu cyliuder identity and cooc:enll'lticm 

Record and copy spectrum and interferopam to C-<irive and back up using CI'S batch ftle. 

Record Barytron pressure duriq collect 

Record infoanatioo OD "Backpooad and Calibnlioaa" data sheet 

Verify that spectrum and mt.ferognm _wen copied to directories. 

fll.b/tlfJS'( 
~ u- 'i-1~(c-6 
1/fi 

1S'J..1 ~ ~.qe'' 

± 
Record CI'S Spedi'UIIl Ftle Nama 

Reviewed by: -~4~~~.=...------
otr»i~ 

Dale --1-+~...:..f-g r~~, -



MIDWEST RESEARCH INSTITUTE 
DA.IL Y CHECKLIST 

Start up Procedure 

DATE: 7 f~l't<; 

·~ 
Check $.:1M!_Il~ 

OPERATOR: __ ~_. b_~_._~_r_ 

Verify temperature usiq thermocouple probe and band-held readout 

Purp cell with dry nitro&en and vem to ambient pressure 

Record aaabieat preuan Ia ceiL (P.J 

jMmdi L.U Check Proced-.: r.. • 1.. " "'w.,....:.;;_••-r~~ ~cellld~pnssure. 
~ .. ~......, ~...,.Isolate cell (close cell inlet and cell owlet) 

Record time and bueliue pressure (P,.) 

Leave cell isolated for ODe minura 

Record time and cell pressure (Pnu) c;.J 
Calculate "leak rate" for 1 minute 

AP•P--P-

~(4 

11 ;of;~ 
Trme '(c. 

l/~1:10 
Time 

Calculate •teat rate • as percentage of total pressure 
% VL a (APIP11) • 100 

I% VLi should be< 4 

Record Nftrocea Becqroaad 

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) 

?1"· g 
pnill 

711.~ 
p-

a.7 
AP 
~.{ 

Collect B~ (AQBK) UDder continuous flow and ambient pressure 

Record information in data boot. 

Copy BackJround to C-drive aud '*kup using batch flle. 

Record CTS Speeta­

Record Cell pdiJ.&tb seuiaa 
~~Cell 

Fill Cell willa Cl'S .. 

Open ceJl oudiiiDII pwp ca11 willa crs at sampliq rate ( 1 to 5 LPM) 

Record eytiodlr ID Nuwblr 

Record crs ... eyliDdlr ideadty aad coacellll'atioo 

ReCord and copy spectrum aud iDierferopm to C-drive and back up usin1 CTS batdl ftk. 

Record Bamroo preaure duriq coll~ 

Record informatioo oo ·s~ aud Calibn!ions" d&ta sheel 

Verify that spectrum aud inrsferopm were copied to directories. 

Record CTS SpedlUm File Nam. 

~hr. afr 

lDWila 

~ 
12fg .(, .'-

'S(,l( 4-.r 



ProJect No. ~j$1-12., ,.., 
• MIDWEST RESEARCH INSTITUTE 

DAII.. Y CHECKLIST 
Start up Procedure 

OPERATOR: --r ~,if 

Cheek ceD tem~~ 

Verify temperature usiq tbermocouple probe and hand-held readout 

Purge cell with dry nitrogen aod vent to ambient pressure 

Record ambieat presaun Ia cell, (Pj 

..Yec=- Leak Check Procedure: 

~r.~ ~cellto~pnuure. 
Isolate cell (close cell inlec and cell outlOt) 

Record time and b&seliDe pressure oJ.J <J ~ S Z: 1 II 

Leave cell isolated for ooe minute 

Record time and cell pressure {P._) . 

Calculate "leak rate" for 1 minure 

U•Pmia·P-

Calculate "leak rate" as percenrage of total pressure 
%Yr. • (UIP11) • 100 

1% VLI should be< 4 

0.10 

u '·" ,, .. %Yr. 

~ 

ta<r.s-·, 1' 
~" 

ZJ' 

~,, 

' 

Record Nitro&ea Backpooaad 
t, 1 ~ -I~:J 

Purge cell with dry nitropo 

Verify cell is as dry as previous background 

Record ambient pressure using cell Baroc:ell gauge 

Record nitrogen flow rate (about sampling flow rate) 

Collect Bactgrouad ~QBK) UDder continuous flow and ambient pressure 

Record informati011 in data boot. 

Copy Backpouad to C-drive and backup using batch tile. 

Record crs spwta­
Record Cell pada J1matb seaiDa 
~Cell 

Fill Cell wi1ll em a-
OpeD cell oudiC llld pgp cen with crs at samplinc rate ( 1 to s LPM) 

Record cylbld. m N'amhc 

Record CTS ps cylinder identity and ~ca 

Record and copy spectiWD and inlerferopam to C-drive and back up using CTS barch tile. 

Record Barytron pressure duriq collect 

Record informati011 011 "Backpouad and Calibntiom" dara sheel 

V f:rify that spectrum and interferogram wen copied to dim:tories. 

Record CTS Spedi'UID File Nama 

Ro.Wwedbyo d&~ 1f,.,,,, 

I I .if't'tt 

<Jie 
7fl.1o 

(,/ .tf'"1 

¥ 

-
et!<t 

f{jt I. 11 c.. II'\ 
ALMil S'1Y~ 
zo.o (Jt-- t~~ 

~A" 
7 f{p.( 
-q(t 

g1c, 

G'1J?'1f~~ 



ProJect No. '/1$1 - /"'1. 
1 
!J MIDWEST RESEARCH INSTITUTE 

DAn.. Y CHECKLIST 
Start up Procedure 

DATB: 1 ( \":l \1~ OPERATOR: 

Check cell tem~*'!-

verify temperaan using tbmmcouple probe and band-held readout 

Purge cell with dry nitrogen and vent to ambient pressure 

Record ambleDt presaan ia cell, (PJ 
• 

~Leak Check Proced C...f'-c.'~~ 
~ ('t. ~E cell to bueline pressure. 

Isolate cell (clOM cell inlet and cell outlet) 

Rec:ord - and baseline pressure (P-.) 

Leave cell isolated for ooe minor. 

Record time and cell pressure <P-> 
Calculate "leak rate" for 1 minute 

~ • P .. -p_ 

Calculate "leak rate" u percentage of total pressure 
% VL • (~/P._) • 100 

I% VLI should be< 4 

R.:ord NJtrocea Bacqroaa.l 

Purge cell with dry nitrogen 

Verify cell is u dry u previous beA:kgrouod 

Record ambient pressure using cell Barocell gauge 

Record nitrogen flow rate (about sampling flow rate) 

11!. '1 
plllil 

Collect Background ~QBK) UDder continuous flow and ambient pressure 

Record information in data book. 

Copy Backgrouad to C-drive and backup using batch flle. 

Record CTS Spedr­

Record Cell path llqth seaiDa 
~A~Cell 

F"tll Cell willa Cl'! pa 

Opal cell oudiC md pwp ce1l with crs at sunpl.iq rate ( 1 to s LPM) 

Rtlcord cyliDdlr m Namtw 
Record CTS gu cylinder identity aud CODCellttation 

Record and copy spectrum aud inlerferopam. to C-drive and back up using CTS bercb file. 

Record Barytron pressure c1uriq collect 

Record information on "Backgrouad aud Calilntioas" data sheel 

Verify that spectrum and inhlrferosnm were copied to directories. 

Record CTS Specttum F"tle N~ 

T:G~u-­

!mtilla 
I~ c.."( •c. 

712,.'") ~ .... 

• 

Roviewedby: 1Z-~ "'' 
Oat« __ 1"-j/~,~~J'M~---

1 f 



Project No. MIDWEST RESEARCH INSTITUTE 
DAn.. Y CHECKLIST 

Start up Procedure 

DATE: 7/t~/,, 
l I OPERATOR: {. 6..,....,-

Check ceO tem~*!n 

Verify temperature usiJli thermocouple probe and band-held readouc 
Purge cell with dry nitrogen and vent to ambient pressure 

Record ambieat pressure ia eel, (P.J 

v 8CUUIII Leak Cbect Proc:edare: ~ 

~ ~e cell to baseline pressure. { ~ ,_. 

Isolate cell (close cell inlet and cell outlet) 

Record time and baseline pressure {PmiJ 
Leave cell isolated for ooe minure 

Record time and cell pressure (Pmu) 

Calculate •teat rare" for 1 IDinute 

APaP--P-

11:~1:1( 
Tune 

ll;;.1:of 
Time 

Calculate "teat rate" as percentage of total pressure · 
. % VL. (APIP~)* 100 

I% VLi should be< 4 

Record Nftrocea Bac:qroaad 

Purge cell With dry nitrogeo 

Verify cell is as dry as previous background 

Record ambient pressure usiJli cell Barocell gauge 

Record nitrogen flow rate (about sampliq flow rate) 

11~.~ 
plllil 

77Y.8 
p_ 

fJ.1 
AP 
.1.t~"' 

%VL 
)t 

'/.1 

Collect Background GAQBK) UDder continuous flow and ambient pressure 

Record informatioo ia data boot. 

Copy B~ to C-drive and beckup using batch file. 

Record CTS Specta­

Record Cell padl-.m seaiDa 
q.J'I"E~ Cell 

Fill Cell widl Cl'S pa 

ap. cell oudiC ad parp cell wida crs at sampq rate ( 1 to s LPM) 

Record f:YliDdlr ID Numblr 
Record crs gu cyliDder identity aad c:cxaattatioo 

Record and copy specuum and inraferoaram to C-drive and back up using crs betch file. 

Record Buytron pressure durin& collect 

Record informatioo oo "Background and Ca.libntioua" data sheet. 

Verify that spectrUm and inrederolfllll_werw copied to directories. 

Record crs Spectrum Ftle Nama 

119 
et,$111 ~ r\ 

Roviewalby. qwy=:-- Date _....t.-1-#-Aft.-,.,~1)~-



Project No. MIDWEST RESEARCH INSTITUTE 
DAlLY CHECKLIST 

Start up Procedure 

DATB:--# 
Check cell tempent!n 

OPERATOR; 1. ~~.1/ 

lDW&Ia 

Verify temperature using thermocouple probe and hand-held readouc 
Purge cell with dry nitropn and veal to ambiem pressure 

IUcord ambieat ,.... ... ill cell, (P.,) 

Vaca- Leak C1leck Proced~ 

f~~cell tobMeliDI~ 
Isolate cell (close cell inlet aad cell outlet) 

Record time aad bueliDe pressure (P-.) ~Sl: YD 

Leave cell isolated for 0D1 minut. 

Record time aad cell pressure <P-> 
Calc:ulate "leak rate~ for llllinur. 

u .. p •. p_ 

Calculate "leak rate" u percenlap of total pressure 
% VL .. (UIP") • 100 

I% VLI sbould be< 4 

77S. ;- t.rr 
p-,.., ').. 
p_ 

o.7 
tlP 
A'·1 

/)%VL 

*I(,. 
11<",3 ., 

;-4tt 
7'55". ,_ 

qc, 
V'/6 

'1(!) 

1{, 
.:1'/r. 

I 

Record Nitropa Bacqr,a.d 
~ 1 ~ - f ,_~,t.:.Z 

Purge cell with dry nitropa 

V t:rify cell is u dry u previous backgrouad 

Record ambienl pressure u.siq cell Baroc:ell gauge 

Record nitrogen t1ow rate (about sampling flow rate) 

Collect Backpmd (AQBK) UDder continuous t1ow and ambient piessure 

Record informatioo in data book. 

Copy Bactpouad to C4ive aad baekup Using batch file. 

Record crs Sf8di­
Record CellldJiaadl~ 

~:no_ Cell 

Fill Cell widl em,_ 
OpeD cell oudlt 111111 ... cell willa crs at sampliq rate ( 1 to s LPM) 

Rec:ud cytiDdlr ID ~ 
Record crs gu cytiDdlr idealily aad CODI:IIDII'IItioo 

Record aad copy spectrum aad inlederopam to C4ive and back up using CTS balch file. 

Record Barytron pressure duriq collec:t 

Record informatiOil oo "Bactpouad aad Calibnncaa• data sheet. 

v t:rify that specttum aad imaferosram. were copied to directories. 

Record crs Spec:wm Pile Name 

Reviewed by: ~' ry::=::: o- 1Hn 

1$ 7.l 

~~ 



FnR DATA FORM 

Background and Calibration Spectra 
Ztf,, ? ..Jru PROJECT NO. 4951-U and lJ 

SITE: NCO Laboratory DATE: 

FILE (DW) 

TIME NAME PATH NOTES 

/0:'1"'1 Bt<~o7nA fD.o~ 
/<),._ ~..,k. r..dl@ &-~ lf~ 

II: ~'7 CT~•?o711 II to!.f.•( fp...- (...~ '-... P l.o 1-I.At 

12:.,; cno,n& , 
:IO.tJ .'f'- "$~{._ l.otf~ 

a1 ,.. ... "' 110 A , I ~M t'l.• .... .. 
.,,, -- f(/ lf7 

.,, v, ,.. 
Q - , 

l3~.,- c."1S ,., • ., (! 
'"· •":l :lO.IJ fP'" ~""ie- ~ l,oa..fl't 

I 

I 

emc_b.ldc\fy99>.49SI\121ufs\llirdala sheets for referenceuls 
07-07-99 

1(7('' . 
NUMBER Re.olulloo Gu 
SCANS (em· I) TEMP (F) 

c~ f.o ~3.!> 

s-oo /.o 23.& 

?(}Q (' D .,~,f, 

~""- cv 
r 

.(~, '7 

~- (.O ~'?».~ 

' 
- L...- -

BAROMETRIC: 

OPERATOR: .::T: ~ 

Gu 
PRESSURE 

75 (.of" 

7St.& 

7'>1. I 

7":1{, iL 

'151. ,. 

BKG 

-

/07 II 

7o71f 

...... 

'7D'/If 

Revi~w~d by 
Dale 

APOD 

.u~/.fc.J 

ll 

I I 

'· 

prx 
""'~ 

; 

I 

I 

___ j 

OtP~ 
~ 

fla'y--
--z-7-1? 



FriR DATA FORM 

PROJECT NO. 4951-U and 13 
Background and Calibration Spectra J>tJ. s 

BAROMETRIC: ___ _ 

SITE: NCO Laboratory DATE: 7/E/'tj 

FILE (OW) 

TIME NAME PATH NOTES 

to:'(o BKtO~A /0.03 ~· ~~ cd!l f# D.•rrt,-
r. '..r.t. 

I(; )<. cr!;,o-,oSA tf).e ..._, 
;to.o ft-. ~(-...@ o.'fou'~ 

/f.: ot; ~K,o7tJSIJ IO.fJ ., ,.,&. (;} "so £1'"1 
~A tAJ i4 /YIIiJ .11- {n. ~ ... ~ P 
~ n.tll col ( "-iJ;.ft). !J._"/1 .J 
~J+ f ... (AJ .:., 

ft,;tiD c-rs 07oi~ Bt..f._ (; IJ-1? L. p~ 
I D.()~ PD.t>,.. 

I 
I 

erne_ back\fy99...a951\J2'n:fs\ftir dllla sheeb for refermoes.:ds 
07-07-99 

NUMBER 

SCANS 

C1:1o 

~CJO 

s-co 

5"t:P 

• 

Resolution G• 
(em· I) TEMPO'( 

I. o ~'/.o 

t.O 
;-,.~ 

1.0 /2r,,s-·~ 

. 

/. 0 t:1t.. '(~ 

OPERATOR: T. ~_,.u=. 

G• 
PRESSURE 

7>1.7 

'7S:1.; 

7'11. 1 

1>D .• 

IKG APOD 

- 1()~}--...o_ 

-'fo~ A I( 

.voj_p -
J1-'J,,:..Y 
~7'f~. 0 

7t>t6 p~ II 

Reviewed by 

Date 

I 

• ! 

I 

~ 



FfiR DATA FORM 

Background and Calibration Spectra 
BAROMETRIC: 71"/. '/ PROJECT NO. 4951-llaod 13 

SITE: NCO Laboratory DATE: 7(1/11 
FlU: (Diel) 

TIME NAME PATH NOTES 

0~~ 8f<C.07Df7A 'c?.o~ 
A-',z. ~ o. f'i' L!',._, 

2n.:f/.. c.g'f 
~o ,...... ---e ~p,_, 

( 3 ~ 1(., a'"Jo7C"j/f lo.O ~ 

11fltJ1e'll /0.1~ 
~;1. Gr $AA,. tit~ ..; .1)~ 

(..,: t'{ ~'-'"" JJt.Moll~ 1/f. J . 

S '· '- ff'- )A..Jh- __.. AI-., 

l'i ·. ~1 I q f.l r/1~ "' flJ ~ L lb L.t'-M 
ID.•~ 

, t-.IA~ "'- '{. "'J 

~·4)~ ~2.@ ~''"' l . iW.,t>'701 & ID·•~ o.q o 

1 ~:o7 <!1"So 10ft~) 
,Ao""t ?•·" ,,.-..- ~(..,. jJ ".c, ~ "" 

(.... s;u., ~~ p.~ ~ A>L 

lw· • .,.~ ltj(,o,'t~ ,o.o"'t ~ f,(( ,,,., 

JtG. AIAA~ '((oof • ., 

/t.; 1'1 tf~o7oC1 0 
f' I..(, If- ,H..»'~--

,(),0., f!' I. ID C.~_..... 

erne_ ba~9S 1\1 rnh'ltir da1a sheeu for referenceult 
07-07-99 

NUMBER 

SCANS 

t"l¥' 

SC!'O 

5~ 

~-o 

5o0 

$IHI 

~tiD 

~~ 

• 

OPERATOR: f.~..,-

RMO!utloo G11 G11 

(c:m-1) TEMP(F) PRESSURE IKG APOD 

/,0 I A',, 2 /S/.~ - /:(._p 

•.o 7S.2. D fl. " I aGo. "3 

'· () I:J,; . ., 7'iJ. ,_ 4 ., 

(.0 
(-;1(.. 1 711-( A II 

/,0 
7SI . .., 

I( 
121.. ~ ~ ; 

r.-tJ { ;J_Gr,( 
7t; /,f) f; ~I 

(,o llC..( 1~r.~ P; 
., 

• 

(,0 ( 2fl·' 
7ll. 2.. B t, I 

I 

I 

Reviewed by~ 
Dale~ 



FfiR OAT A FORM 

Background and Calibration Spectra 
BAROMETRIC: 7S~ ~ PROJECT NO. 4951-11 and lJ 

SITE: NCO Laboratory 

TIME 

fpt!O 

tt :.~ 

FlU: 
NAME 

(DW) 

PATH 

BI<Go7t3A I ,,.o., 

91£.G.01t-t, ~~ f cVS 

ll ~51 I 6ktlt:f1f~~ I ••. tJ., 

12: lil I Cl)tnf""'~ I •D.•.., 

\-,1o 7 ("fS#I'"J ·~' 10.0 ~ 

l"}:a~ 1 q' o1•.., It ,.,,o..,. 

,~.,1 
I 

Ct~•lr~ e-- (0 •• ., 

(;'' r ff, 67118 I "'·"7 

DATE: 7 l3/tf1 
~· 

NOTES 

AJ:l ~cdl'e 
{). !£,!!'"} .. ~ --"~ "-· ...... I - • I I 

~ ~....:, 

P..fJo ~~c.-- r,.,Jl .. :J~ Gn~ 

NUMBER 

SCANS 

SolJ 

5•o 

~ ~t/.,."1~ 4( L~1 .. r 
c.~~ I 51>0 

e.'i., LfJ-1 

~e.e (¥""" ..&16'/.._,...:. Alz... 

4il-'f2~3gt.f ~d,tS"I..,J $.,. 

,, 
!> tf-f~~ 

~l.eo rr ,4(~ 
(!} /.~"- Ll*)1 

l•· e ,,_ ~t---e ,,'f.lfaJ~ 

c) z-.c. r ~,._ 
~ tt'1. c,P~ 

{"DO 

foO 

~-

!...e1 

emc_back\fy9914951\12Vefs\ltir tbta sheeb for referenceuls 
07-07-99 

Retolutloo 

(em-I) 

1-0 

1,0 

--* 

,.o 

/.0 

/. 0 

f.O 

1.0 

f, 0 

OPERATOR: "";: 6~ 

Gas I Gas 
TEMP (F) PRESSURE 

f;:J$, J -rst. , 

I J~.q 7rY.. Cf 

·r~s;.i I cSS· o 

t-:lS.( I 7~.o 

t'l r. £,I 7S'/. I 

·~'· f ...,~~., 

12f ·" .,~ .. ,., 

12~-·r ?Sf ·0 

IKG APOD 

~~ 

'' 

I~ 

'11"l 
~ 

,, 

(( 

11~ c. •• 

7(")t:... .. 

..., ,., C!... .. 

Reviewed by 
Date--~-

. 
6-t.... -= 
~ 

l• 
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., 

,, 

., 

.. 

' 



FfiR DATA FORM 

Background and Calibration Spectra 
BAROMETRIC: ?S .l 3 PROJECT NO. 4951-lland lJ 

SITE: NCO Labontory DATE: 7 /r~/17 , . 
FlU: (DIIII) 

TIME NAME PATH NOTES 

AJ:r. ~""- coed €! /,12 tp,., 

IIJ:'f• &c'o Jt<ZA !l:k>., 

·-·~ ~··· """' ,~,t- ..: Ai~.. 
(•;D-' cno7t•~ 

~ /, 4!'(1oLP.At 

CiSO'tl:tiJ -- f'P,_ d'f:.l-- r;: 0. ,, 
1/ :to oti.O~ 

612 A c..tw ""'''• /•to~] t.,O_,., 

~2 .t, It'- A .JN- ..; ,u .,_ 

12:'-o lf&tJ112A ••. o 'J ~ o.'tfL.fP~~ 
~"~· 

-A)z_ @ t.t-1 J.IM 
l '2 : '() ,. 61('-tnlt. 10.0,_,. 

Jo.o fP"" ~(~e. 
jl.f:t.IO Cf$o1tt.C.. fD,LJ 7 l.lO Lf.r-\ 

f'ff, b~" 
f'~.ll ,~ _,.,x_ ~ .u ... 

,'{ : SfD ftJ.I1 ~ ,_,,. LPI'\. 

emc_bac:k'ly99Yt9Sl\l mfs'lcir dMa sheets for referenoeuls 
07-07-99 

NUMBER 
SCANS 

$"0 

s--oo 

!{'•o 

$WI 

c;oo 

-5o0 

no 

' 

OPERATOR: 7: G!ftt-r 

Resolutloa Gu Gu 
(em-I) TEMP(F) PRESSURE IKG APOD 

,~_,' /.() 
(;},, /) 7~. 3 - 1/~:1: 

-?IZ 
/.0 /2(,.o 7S,.f A 

,, 

I. o 
,, 

I .a. S.. 'I. 7s~,-, ., 

11f-

1·0 A 
,, 

rzr..t 75$'· 1 

(.0 1::1,./ 75'"~.0 - ., 

\. 0 ;s~.c. "112 t1 I( 

I ::1t..1 

71< I " (.D (:1{, • ., i'>~ . .f' ; 

.. -~. 

Reviewed by rl'/ ,..,--
Date 7/d/11 

> I 



FfiR DATA FORM 

Background and Calibration Spectra 
PROJECT NO. §51-lll!dlJ 

SITE: NCO L8bontor:J DATE: 7f~f,, 

PILE (Dill) NUMai:R 
TIME NAME PATH NOTES SCANS 

, A);~ '"'-,~A rJ@ 1-~~-1'~ 

fttlo f/ref.o "11Sit I •• 0"1- ~dO 

lT~'"A 
•· • tP- f..¥- e ; .. ., '"' .... 

11'.1( 
''·· 'J /IL~~$JI1 r-' 

(.:2 '."JG. /tfeiJ?tS~ f•.o~ 
r;J.(, ,..~ e,,o ..... ~ 

S"#O 

lf)~.e_ /.eo a.P,... $'tlltJ 
(L{oJ f)fot'o 71f9 I 11.1:'') 

,,:., CT~"ifSf> 
16·0"' 

-;lo.o fr' ~L "·'1 C<~<~ 
At.AOU,., 

.. , ... 
jc.,·.~o ,,l. o1•~' ,.,A) 'l 

,4 t ,.ttl .,, ,, ., ~ ••• ; ~ 

~Sh...t ($2.(1 w-\ .. , ~dJ 

, 
~-- - ----- -- --- ---

emc_bld'lly91M951\I:l'ftfNtirdlla .._.. ror mem~Cel.lll 
07-07-99 

BAROMETRIC: 

OPERATOR: 

......... G-. G-. 

(n.·l) TEMP (F) raasuu 
7 t'1. I 

•.0 l"::lr,r ~8 

/.0 (~5.2 1f7./ 

~:?5 ,2 
7S7.o 

'· 0 

/ ... o , ::z s.f 7~,. r. 

. t.O /'1~.0 7t'r.~ 

f;{S'.V 

'· 0 I~ f-1~.8 

-~ ------

7st~,8 ~,.... 

(.~ 

IK.G APOD 

- ~ ..... J) 

6-.....;.-~ 

A •• .. 

.. 
If 

,, 

., - .. 

7158- ·~ 
... 

.. 
?rS ~ ,. 

I 

~-~ 

Reviewed bJ -~ 
Date~ 



FriR DATA FORM 

Background and Calibration Spectra 
BAROMETRIC: /S(, -z PROJECT NO. 1!51·11 pel ll 

SITE: NCO Lllbontory DATE: 7/cl/ 't; 

FILE (Dill) 

TIME NAME PATH NOTIS 

' ~l ~k c.l' 
II~.,_' gk,o, rt, A re.o-., Q ... ,, t.l'~ 

~·. o fr... !?1.,L 
(2 :J~ t!TCD7/t. II ,,.e~ (i I. •D t ,_.... 

s 1-~ ,,.. )t~ 
t 2 ·.-s I I 1'ell(,fl co.o.., 

t).t~ "'" r' R l.o, ,,_., 

,. " C f"SD711.9 10·0~ 2•-•f'P':'. ~L 
IS'(.() 1-/1'1 I ., ',1., 

A~ tf4. :H n'f 

-~;z.c. ,,_ ft~ 
,s:1""' /'ft.n~A tl>.• "> ~ (I.,, L ,,.., 

I 
~- --· --- - ---

emc_~95N?-ftfMirdu lheeb for refem10euls 
07-07-99 

NUMIER 

SCANS 

r110 

~tl 

5tl0 

'.(o-

s~ 

-~ -

OPERATOR: 7, 6~~ 

RMII•tlo• G• G• 
(nl·l) TDIP.r rai:SSVu I&G APOD 

'· 0 12. >.I\. 
7S7.1. - ~~-' 

t;;.,...:. • L 

.. 
'· 0 ]f'7. 0 

.. 
(;1.~.1. 71' II 

'·· I ::z> ./ 7~7. "2- 71<. If .. .. 

1.0 I :J $.2 ..., s~. t -rff. A .. 
. 

c.O ( l ~ .2 •c. 
'1 ~'·' 

11'- A .. 

.I 
-

Revie~by ~(,, 
Oa~~ 



Project No. MIDWEst RESEARCH INSTITI.JTE 
FI1R Reference Spectrum Checklist 

OPERA TOR: __ ,...;...t ._G_=,~u-;;,._ 

Reference Spectrum Sample 

Stan Tin» {tl..riJ ... ~'i I 
Record Cell ~tb leqtb seam, 
Record Backgrouad Spectrum Ftle Nama 

Record crs Spectrum Ftle Nam. 

Record Compound Nama 

Record Cylinder Identification Number 

Record Cylinder Concentration 

Record Spectrum Ftle Name 

Ftll cell to ambient pressure with gas from cylinder standard 

Open cell outlet vent valve 

Adjust sample flow through cell to O.S to 1 LPM. Record flow rate 

Allow to equilibrate for S minutea 

Record sample pressure in cell 

Record sample flow rate through cell 

Stan spec:trum collect program 

Record information in data boot 

Copy SpeclrWD and Interferogram to backup directories 

EndTimt 

Reviewed by: -----'~'4J,Vfl,.<'~~~-----

Initials 

1(), I"' 

i1Kt.o'711 fJ 

C1!D?, IIJB /ttf{t~D1Df 

8L.Nif(O,~ 
l{t.lf.t. ,,._ 

c:>,S'()1~, .. 
(Jb 

I 
/f~}f 

I '2!, . t. o !.--



Project No. ~19{ I -1'%. . ,..., MIDWEST RESEARCH INSTITUTE 
F11R Reference Spectrum Checklist 

DATB: 1 ~ ,.,.. ~., OPERATOR: /. ~.,Vr 

Reference Spectrum Sample 

Start Timl I 5 ~ ~ 
Record Cell path length settiq 

Record Bac:kground Spectrum Ftle Name 

Record crs Spectrum Ftle Name 

Record Compound Name 

Record Cylinder Identification Number 

Record Cylinder Concentration 

Record Spectrum Ftle Name 

Fill cell to ambiem pressure with ps 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 S minutes 

Record sample pressure in cell 

Record sample flow rate through cell 

Start spectrum collect program 

Record information in data boot 

Copy Spectrum and Interferogram to backup directories 

End Time 

Reviewed by:----~~~(;~~~------

fnitials 

H' K"Aif 
A L)tcif$'4'f 2.. 

'i"·<. e,.-.. 
'21$'o?ooft) 

=::--
,, ()' (,/4/f 

.. -~ r ·•A • ee;.""M .. ~~ 

~ 
/,0"7"'"' 

"(!' 

4/(t 
I 

,~;'((, 

1'2(p.( •c.. 

Date: __:.7.,_/.:...r ~-+-j "~'~--/ ~ 



Project No. MIDWEST RESEARCH INSTI11JTE 
FTIR Reference Spectrum Checklist 

OPERATOR: __ 'f,_. _G_, ... c.r.;..;...__ 

Reference Spectrum Sample 

StartTiJm 

Record Cell path leqth seum, 

Record Background Spectrum Pile Name 

Record Cl'S Spec:trum F'tle Name 

Record Compound Name 

Record Cylinder Idauiticatioo. Number 

Record Cylinder Coocentratioo. 

Record Spectrum F'tle Nam. 

Fill cell to ambient preaure with ps from cylinder standard 

Open cell outlet vent valve 

Adjuil sample flow tbrougb cell to 0.5 to 1 LPM. Record flow rate 

Allow to equilibrate for S minutea 

Record sample pressurw in cell 

Record sample flow rate tbrougb cell 

Start spectrum collect program 

Record informatioo. in data boot 

Copy Spectrum and Interferogram to backup directories 

End Time 

Reviewed by: --=:.1-~-=o~..;;.;~=l'· -------

Initials 

/'W! 
ID. e'11, 

&KC.e?l,.. B 
''T'S 0112. A -C l<i~l 

I 1-e...zr...,. 
,AI.~ 'fl1 i2ct . 

!.?.{ ,,... 
/fi.a?ll.l 

11# 

J2l. ,0 '(.., 



Project No. MIDWEST RESEARCH lNSTITUTE 
FTIR Reference Spectrum Checklist 

Reference Spectrum Sample 

Start Timl 

Record Cell path len,th settiq 

Record Background Spectrum F"tle Name 

Record crs Spectrum File Name 

Record Compound Name 

Record Cylinder Identification Number 

Record Cylinder Concentration 

Record Spectrum File Name 

F'tll cell to ambient pressure with ps from cylinder stan,dard 

Open ~ll outlet vent valve 

Adjust sample flow tbroulh cell to 0.5 to 1 LPM. Record flow rate 

Allow to equilibrate for S minutea ~ .....uiJ ~ fr 
Record sample pressure in cell 

Record sample tlow rate through cell 

Start spectrum collect program 

Record information in dara book 

Copy Specttum and Interferogram to backup directories 

End Timl 

Reviewed by: --1+-·~~·-~1'-------

Initials 

IO,o) 

3Kl.o2!~ & 
c.1~•1t21-< lq~dltl 

I - Pc..JJ c,...A. 

8 Lf!l'ft, 3.' · 
!JO,( , .... 

1 fv1t2& 
1~ 

7t;~,, 

t.O)t./1"' 

1U 



ProjectNo. '14SI-!1,'7 

Reference Spectrum S&mple 

Start Tim. 

MIDWEST RESEARCH INSTITUTE 
Fl1R Referena~ Spectrum Checklist 

Record Cell ~th lenath settint 
Record BackJround Spectrum Ftle Name 

Record CTS Spectrum File Name 

Record Compound Name 

Record Cylinder Identification Number 

Record Cylinder Conce:ntratioa 

Record Spectrum File Nam. 

Fill a~ll to ambiem pressure with JU from cylinder standard 

~ a~ll outlot vem valve 

Adjust sample flow through a~ll to 0.5 to 1 LPM; Record flow rate 

Allow to equilibrate for S minute~ (_ 

Record sample pnssure in cell 

Record sample trow rate through a~ll 

Start spedrUIIl collect program 

Record information in data book 

Copy Spectrum and Interferogram to backup directories 

End Time 

Reviewed by: -....W~~-~Gr=:::~----

Initials 

, ... , 
~ ""'., ,,. "' 
41'h1t1 A·G llfw(1711. A 

"'-1.1uta.-
HIU. ~IH1 

f.il\.11.1 ,,_ 

HVt1•'- A 

~· 

1~~.1.. ~ 

I·"" !.I,.._ 
ftt~ 

Da~e: ---J1~h:...:...)+/-'-,,.J..-__ 
I I 



Project No. MIDWEST RESEARCH INSTI11JTE 
F11R Reference Spectrum Checklist 

DATE: i /11./ ,., OPERATOR: ~. '~~ ____ ..:.,__ 

Reference Spectrum Sample 

Stan Time 

Record CeU path length senm, 

Record B&eqround Spectrum Ftle Name 

Record CTS Spectrum File Name . · 

Record Compound Name 

Record Cylinder Identi.ficatioo Number 

Record Cylinder Con=nratioo 

Record Spectrum Ftle Nam. 

F'tll ceU to ambient pressure with pa from cylinder standard 

Open ceU outlet vent valve 

Adjust sample flow through ceU to O.S to 1 LPM. Record flow rate 

Allow to equilibrate for S minut.ea ~ ~ P.... A 
Record sample pressure in ceU 

Record sample flow rate through ceU 

Start spectrum collect program 

Record informatioo in data book 

Copy Spectrum and Interferogram to backup directories 

End Time 

Reviewedby:_....::1~~~~~· -----

fnitials 

"--"004 
1~: ).0 ,. ,.,) 

?, It-. Cfll'l • 

C~oJ ft. '"' ,Jft. ()'7(1.. A I 
v')-kc.ja ..... 

A-'~'-ll1'7 

Lflf,'f1 ,,_ 

tffl.t'01rt.t 

~~ 
-1~ 

I 
/.<»c.~ 

----4f; 
I .otJ LPI" 

1(g 

~ 
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Project No. ~ ~.; l ' 1'1. , ~~ MIDWEST RESEARCH INSTm.JTE 
FTIR Reference Spectrum Checklist 

OPERATOR: "(: 6',4' 

Reference Spectrum Sample 

Srartlune 

Record Cell path length settina 
Record Background SpecttumF'tle Name 

Record crs Spectrum F'tle N&JD8. 

Record Compound Name 

Record Cylinder Identification N~ · 

Record Cylinder Concentration 

Record Spectrum F'tle N~m~~ 

F'tll cell to ambient pressure with gas from cylinder standard 

Open cell oudet vent valve 

Adjust ~le t1ow tbroush cell to 0.5 to 1 LPM. Record t1ow rare 

Allow to equilibrate for 5 minutes 

Record sample pressure in cell 

Record sample t1ow rate throuP ceU 

Start spectrum collect program 

Record information in data book 

Copy SpectrUm and Interferogram to backup direc:tories 

End Time 

Reviewed by: _ __..~~.\li(a"-1~~;.._-----

Initials 

~ --JA,t-~- ~4&...A. 
l)~lfC. 

t•.o~ 

a~r.•1t..,c... 

e"h., ''~ ... c. ''"' 07,.,~ 
/..·~(·1-~ ... ~~ 

Q.Wf'1fo'ft 

fl·'fre-
').J4.J..I1c''~ 

i{l.l 

1 }t(, 'l 
(.~t,/!4. 

tJ(, 

1/' 

Oat« _1f./-Lb~J ~~1...~--1 -­
/ I 



Project No. MIDWEST RESEARCH INSTITUTE 
FTIR Reference Spectrum Checklist 

OPERATOR:-~~-· G__.._,_J' __ 

Reference Spectrum Sample 

StartT~ 

Record Cell path len,th settina 
Record BackgrouDd Spectrum F'tle Name 

Record crs Spectrum F'tle Nan:w 

Record Compound Nan:w 

Record Cylinder Identification Number 

Record Cylinder Concentration 

Record Spectrum F'tle Name 

Fill cell to ambient pressure with ps from cylinder standard 

Open cell outlet vent valve 

AdjuSt sample tlow through cell to O.S to 1 ~- Record tlow rate 

Allow to equilibrate for S minutes ~ ~ ~ fr 
Record sample pressure in cell 

Record sample flow rate through cell 

Start spec:ttuDi collect program 

Record information in clara book 

Copy Spectrum and Interferogram to b6ckup directories 

End TimiD 

Reviewed by: ___ 1~~~~::::..-(~'~*""'-<::;:;...;:....:;.. __ . ___ _ 
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Project No. MIDWEST RESEARCH INSTITUTE 
FI1R Reference Spectrum Checklist 

DATE: 1{ ,.,,, 
I OPERATOR: :/ · t-,4("'" 

Reference Spectrum Sample 

Start TUn. 

Record Cell path length settiq 

Record Background Spectrum File Name 

Record CTS Spectrum Ftle Nam. 

Record Compound Nam. 

Record Cylinder Identification N~ 

Record Cylinder Concentration 

Record Spectrum Ftle Name 

Fill cell to ambient pressure with ps from cylinder ~ 

Open ~ll outlet vent valve 

Adjust sample flow throu&h cell to O.S to 1 ~ Record flow rate 

Allow to equilibrate for S minutea 

Record sample preuure in cell 

Record sampl~ flow rate throu&h cell 

Start spectrum collect program 

Record information in dara book 

Copy Spectrum and Interferogram to backup directories 

End Time 

Reviewed by: _.....:!J~v..:...:;~A/'"'-~----
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Project No. L1 '7 ~I; t1. t"7 MIDWEST RESEARCH INSTI11.JTE 
FTIR Reference Spectrum Checklist 

OPERA TOR: "L. 6 "z~ 

Refc:rence Spectrum Sample 

Start Tin» 

Record Cell path length settiq 

Record Background Spectrum Ftle Name 

Record CTS Spectrum Ftle Name . 

Record Compound Name 

Record Cylinder Identificatioo. Number 

Record Cylinder Concentration 

Record Spectrum Ftle Nam8 

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 s minutea W~ ~ A 
Record sample pressure in cell 

Record sample trow rate through cell 

Start spectrum collect program 

Record information in data book 

Copy Spectrum and lnterferogram to backup directories 

End Time 

Reviewed by: -#dJ'-I-/..;;....r:~.c"'41~~----
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Project No. '1 't) I· 11. 1 I~ MIDWEST RESEARCH INSTITUTE 
F1lR Reference Spectrum Checklist 

OPERATOR: :C: &~< 

Refert~¥:e Spectrum Sample 

Start Tux. {. ~ro,J f"-\4. \ 

Record Cell ~th length settina 

Record BacqroUDd Spectrum Ftle Name 

Record CI'S Spedl'Um File Name 

Record Compound Name 

Record Cylinder Identification Number 

Record Cylinder Co~tration 

Record Spectrum Ftle Name 

Fill cell to ambient pressure with pa from cylinder standard 

Open cell outlet vent valve 

Adj~ sample flow through cell to O.S to 1 LPM. Record flow rare 

Allow to equilibrate for S minutes 

Record sample pressure in cell 

Record sample flow rate through cell 

Start spec:ttum collect program 

Record information in data book 

Copy Spectrum aud Interferogram. to blw:kup directories 

End Time 

Reviewed by: --...J~JI.ot:31'.:~¥-.;;;_------
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MIDWEST RESEARCH INSTI1'U1"E 
FI'IR Reference Spectrum Checklist 

OPERATOR: f. 6~~ 

Reference Spectrum Sample 

Start TUn. 

Record Cell path length settiq 

Record Background Spectrum Ftle Name 

Record CTS Spec:ttum File Nam. 

Record Compoulld Name 

Record Cylinder ldeo.tificauon Number 

Record Cylinder Coacentration 

Record Spectrum File Name 

Fill cell to ambient pressure with ps from cylinder standard ~ ~~ ~ A 
Open cell outlet vem valve 

Adjust sample now through cell to O.S to 1 LPM. Record now rate 

Allow to equilibrate for S minutes 

Record sample pnaure in cell 

Record sample flow rate through cell 

Start spectrUm collect program 

Record information in data boot 

Copy Spectrum aod Interferogram. to backup directories 

End Time 

Reviewed by: _ _.;:;.1~~-r:T-------
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Project No. l{j~ l -('2. ~? MIDWEST RESEARCH INSTITUTE 
FTIR Reference Spectrum Checklist 

DATB:~~ OPERATOR: ~G¥£= 

Refennce Spectrum Sample 

Start TUn. 

Record Cell path length settiq 

Record Background Spectrum Ftle Name 

Record CI'S Spectrum Pile N~U~» 

Record Compound N~UJ» 

Record Cylinder Identification NUmber 

Record Cylinder Con=uration 

Record Spectrum File Name 

Fill cell to ambient pressure with gu 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 S minutea 

Record sample pressure in cell 

Record sample flow rate through cell 

Start spectrum collect program 

Record information in data boot 

Copy Spectrum and Interf~gram to backup directories 

End Time 

Initials 

'P·"~ 
(}MIIC71~ 8 

c1So7,SII ,It /1'()1J>A,P7 

,.vpdl._. 
fl<Lx6 iML 3~ 
·c.tq ,91 
?woi IrA 

-jt::. 
#/~ t ,011-.f~ 

I 

1({, 

1s'4u~ 
1,01 &.IM ,. 
~: 

[~·.1{1, 

('l. 'i • '\ De, 



Project No. MIDWEST RESEARCH INSTITUTE 
FTIR Reference Spectrum Checklist 

OPERATOR: 

Refer~ Spectrum Sample 

StartTiml 

Record Cell path lenatJl settinJ 
Record Background Spectrum F'tle Name 

Record CTS Spec:trum F'tle Name 

Record Compound Name 

Record Cylinder Identification Number 

Record Cylinder Co~tion 

Record Spectrum F'tle Name 

Fill cell to ambient pressure with gas from cylinder standard 

Open ~ll outlet vent valve 

Adjust sample flow through cell to 0.5 to 1 LPM. Record flow rate 

Allow to equilibrate for S minurea 

Record sample pressure in cell 

Record sample flow rate through cell 

Start spec:trum collect program 

Record information in data book 

Copy SpectrUm and Interferogram to backup directories 

End Timl 

Reviewed by: _7~7fvf....u..:·-+-· --+-1+:#-CJ ~Jc= __ 
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Project No. MIDWEST RESEARCH INSTITIJTE 
F'11R Reference Spectrum Checklist 

OPERATOR: )", 60z......,-

Refennce Spectrum Sample 

StartTUD. 

Record Cell p&tb leqth seum, 

Record Backpouod Spectrum File Name 

Record CTS Spectrum File Name 

Record Compound Name 

Record Cylinder Identification Number 

Record Cylinder Concentration 

Record Spectrum Ftle Name 

Fill cell to ambient pressure with gu from cylinder standard 

OpeD cell outlet vent valve 

Adjust sample flow tbrougb. cell to O.S to 1 ~ Record flow rate 

Allow to equilibrate for S minutea 

Record sample pressure in cell 

Record sample flow rate through cell 

Start spec:ttum collect program 

Record information in data boot 

Copy Spectrum and Interferogram to backup directories 

End Time 

l:ni.tials 
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Project No. Y'i $'I . rz. ,.? MIDWEST RESEARCH INSTITUTE 
FTIR Reference Spectrum Checklist 

DATE:..:!W9 OPERATOR: __ 'r ...... _b_ty...,lf~-

Reference Spectrum Sample 

Start Timl 

Record Cell path lCDJtb sel.tinJ 

Record Background Spectrum File Name 

Record CI'S Spectrum File Name . . 

Record Compound Nam8 

Record Cylinder ldentificatioo Number 

Record Cylinder Concentratioo 

Record Spectrum F'tle Name 

Fill cell to ambient pressure with gas from cylinder standard 

Open cell outlet vent valve 

Adjust sample flow through cell to O.S to 1 LPM. .Record flow rate 

Allow to equilibrate for S minurea 

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: -~4~(1.~;¥,_--;;.._ _____ _ 
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Project No. L{'1 S l·t'2 1"" 

Refer-ence Spectrum Sample 

Start Tuna 

MIDWEST RESEARCH INSTITUTE 
FTIR Reference Spectrum Checklist 

Record Cell patbleDJtb settiq 

Record BacqroUDd Spec~ Ftle Nam. 

Record crs Spectrum Ftle N~.~~~e, 

Record Compound Name 

. Record Cylinder Identificati011 NU!Ilbtr 

R~Cy~C~~ti011 

Record Spectrum Ftle Name 

Fill cell to ambient pressure with pa from cylinder standard 

Open cell outlet vent valve 

Adjua sample flow tbrou&h cell to 0.5 to 1 LPM. ·Record flow rate 

Allow to equilibrate tor 5 minutea C~ r ~A., 
Record sample pressure in cell 

Record sample trow rate rhrough cell 

Start spedrUin collect program 

Record informati011 in data book 

Copy Spectrum and lnterferogram to backup directories 

End Time 

J/r, ,--
Reviewed by: --lll1~-~1¥r ---------
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Project No.------ MIDWEST RESEARCH INST111JTE 
FITR Reference Spectrum Checklist 

DATB: ---- OPERATOR: 

Reference Spectrum Sample 

Start Time 

Record Cell path len,th settina 
Record Bac:kground Spectrum File Name 

Record CTS Spectrum Ftle Name 

Record Compound Name 

. Record Cylinder Identification Number 

Record Cylinder Concentration 

Record Spectrum F'tle Name 

Fill cell to ambient pressure with p.s from cylinder standard 

Open cell outlet vent valve 

Adjust sample flow through cell to O.S to 1 ~ Record flow rate 

Allow to equilibrate for S minures 

Record sample pressure in cell 

Record sample flow rate through cell 

Start spectruDi collect program 

Record information in data boot 

Cepy Spectrum and Interferogram to backup directories 

End Time 

Reviewed by:--------------

-------
Initials 

Date:--------



DATB:~' 

Ref«eoce Spectrum Sample 

StartTU. 

MIDWEST RESEARCH INSTITUTE 
FI1R Reference Spectrum Checklist 

Record Cell path lellltb settm, 
Record BackJround Spectrum Pile Name 

Record crs Spectrum F'tle Name . 

Record Compound Name 

Record Cylinder Identification Number 

Record Cylinder Concentration 

Record Spectrum F'tle Name 

Fill cell to ambiem pressure with ps from cylinder standard 

Open cell outlet vem valve 

Adjust sample ftow tbrouJh cell to 0.5 to 1 LPM. Record ftow rate 

AUow to equilibrate for 5 minutel 

Record sample preaure in Cell 

Record sample ftow rate through cell 

Start spec:ttum collect prop11m 

Record information in data boot 

Copy Spectrum and lnterferogram to backup directories 

End Time 

Reviewed by:------------~ 
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Project No. "i?$1 ~ 1"1 I t? MIDWEST RESEARCH INSTITIJTE 
FI'IR Reference Spectrum Checklist 

OPERATOR: ,_-, ~~'"""'-

Reference Spectrum Sample 

Start Time 

Record Cell ~th leqth seum, 
Record Background Spectrum .Ftle Name 

Record CTS Spectrum File Name . 

Record Compound Name 

Record Cylinder Identification Number 

Record Cylinder Concentration 

Record Spectrum .Ftle Nama 

Fill cell to ambient pressure with gu from cylinder standard 

Open cell outlet venl valve 

AdjUSl sample flow through cell to 0.5 to 1 LPM. Record flow rare 

Allow to equilibrare for S minutea 

Record sample pressure in cell 

Record sample flow rare through cell 

Start spec:trum collect program 

Record information in dara book 

Copy Spectrum and Interferogram to backup directories 

End Time 

Reviewed by:--------------
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Project No. "(1~1 -l"t-/1:7 

DATE:~' 

Refennu Spectrum Sample 

Startium 

MIDWEST RESEARCH INSTITUTE 
Fl1R Reference Spectrum Checklist 

Record CeU path length settin1 
Record BackJround Spectrum F'tle Name 

Record CTS Spectrum F'tle Name . 

Record Compound Name 

Record Cylinder Identification NUJ~lbeao 

Record Cylinder Con=1tratioo 

Record Spectrum F'tle Name 

Fill ceU to ambient pressure with gu from cylinder standard 

Open ceU outlet vent valve 

Adj_ust sample flow through ceU to 0.5 to 1 LPM. Record flow rata 

Allow to equilibrate for 5 minutea 

Record sample pressure in cell 

Record sample flow rate through ceU 

Start spectrum collect program 

Record information in dara book 

Copy Spectrum and Interferogram to backup directories 

End Time 

Reviewed by:-------------
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MIDWEST RESEARCH INSTm.JTE 
FTIR Reference Spectrum Checklist 

OPERATOR: T. 6,~ 

Reference Spectrum Sample 

Start ltD» ~-~-:c.?~ ·A II 

Record Cell path leqth settiq 

Record B~ SpectrumFtle Name 

Record CI'S Spec:ttum File N&IDI 

Record Compound N&IDI 

Record CyliDder ldentilicatiOD Number 

Record Cylinder ConcentratiOD 

Record Specttum Pile N&m~ 

Fill cell to ambient preuure with ps from cylinder standarti 

Opal cell outlet Veal valve 

Adjust sample flow through cell to 0.5 to 1 LPM. ·Record flow rare 

Allow to equilibrate for 5 minute~ 

Record sample preaure in ceU 

Record sample flow rare lbrough cell 

Start spec:triun collect program 

Record informatiOD in data book 

Copy Spectrum and Interferogram to backup directories 

End Time 

Reviewed by: _______ _.;.. _____ _ 
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FfiR DATA FORM 

Sampling Data 
PROJECT NO. 4951-U and 13 

SITE: NCO Laboratory DATE: 7{, I 'It 
File (01111) R•ulloa 

Time Name Padli NOT IS Scau • (CID·I) 

,~e4-- ( 'f1.c.- ,,,.,. .:.. "''2.) 
,,·.?." t•··~ 

tJ , .• ...,_., 'S"'DD /.0 
~ctS"D1.,., 4 

~L 1"10 '1r;t>t{J-

t$•.'\<- . ~ lo•'~ 
·~·---- I 'f"\•C. f,._ ..:. ~'2. 

o'1"D1o'f A .I,... 14 s- ,-,.1 suo l.o 

. 

I 
I 

' 

emc_baclt'ly99\4951\l mfs\flir cbla sheets for referenc:euls 
07-07-99 

Gu 
Temp(C) 

l2'-· 2.. 

.!J.S-1:-4; 

\~C.- t 

. 

BAROMETRIC: 75/. t./ 

OPERATOR: T. 6-,.,-

Flow 
Rate 

(.ot..IM 

I, & 'j LP/'\ 

Gu 
Pressure IKG 

.f.o~ r 
•1 

"1S"I.'!. s 

'lSI. -7 7oCf 8 

I 

I 
1 

I 

I 

i 

Reviewed by~ 
Dale~ 



FI'IR DATA FORM 

Sampling Data 
PROJECT NO. 4951-ll and 13 

SITE: NCO Laboratory DATE: '/(,3(Tt 
File (DW) RNOiutlo• 

Time N••• Petit NOTES Scau .~ (CID·I) 

\' ·. "" U«~f11~ ,.,.o~ 
:1-"""i:llf, 'l- p..:J~ 
Al~ ~'lo?S '' .'4 rt- ~"" /.0 

,3~1f(, 
,, 

1,M,,1t'~6 
····~ 

~.., ,_o 

["{·.).1 JIAfD11'3' '"·0~ 
J., }1.~/ p..M/-...J~ &f) .f),._.) 

'AL tff, 3'7 Yo' · f"" ( .o 

l--t · . ..,'f ':i~P;'1•~8 
.. (.0 16.0"2.7 \~· 

I 
I 

' 

• 

emc_back\ly9!M9SI\IZ'ftfs'11irdMa sheets ror rerermceuls 
07-07-99 

G• 
Temp(•C) 

It$.~ 

t:t S.c, 

t:t':~ 

,,s.-r 

----·--

BAROMETRIC: ? ~ ~. 1 

OPERA TOR: -r: 6 e.c.r-41£" 

Flow 
a ... 

I.DIJ 1.-8 

,_, . ., ' 
L.P....., 

I ,.1!)0 (,/ 1'1 

(9 .1,1l a..fl'\ 

G• 
r,_re IKG 

7'>'1. £t 71 ~ c:... 

79t .. ~ l.t~C.. 

1}lf.fo 717 t:-

7f'( .. t. "71") c__ 

. 

; 

Reviewed by ¢/10_.,­
Date~ 



FfiR DATA FORM 

Sampling Data 
PROJECT NO. 4951-12 and 13 

SITE: NCO Laboratory DATE: t!~ff 1 

File (DW) RNOiulloa 
Time Name ·~ .. NOTES Satu • (cm·l) 

Sf' ·I f(l'\ I ~ p441f-. e, 

\'}',1~ \~"11.tlt I t>.o'l l'lf~ 5tJD l.o 
IJ L,l(' - ~~ 'illf 

\3: }f> · \ P~o11~6 ,, .o., so.\ ,,.,... l- fe.~ 

u .. ,o1tl-l' ,,,0~ 

~t'f • .. ,,,..._ n -~~ 
l'f:to A-'l ~IS\7 

~.,_, I I 1-U.P 1ll llfJ " ,o,-,_, 

' ' 

emc_back'lly991A951\I Z'.efs\11ir data sheeiJ for references. lis 
07-07-99 

('oO J.O 

$o0 (.o 

~tO ,. 0 

' 

BAROMETRIC: 7~3./ 

OPERATOR: /, ~.ec 

G• Flew G• 
Te•p(C) Rate ,,_" IKG 

(2f..D /.btl t./,4/\ 
'75'; ·" 

e 

l.:U. .r /.o ~ Ll'"' 
75~. f. g. 

\ l..f. -~ ·{.bOL/A 1~$.).. g 

1:2~., 
I 

f,-o Ll" '!SS"·""l 8 
I 

I 

I 

- ----

Reviewed by ~(11 
Dale~'ll 



FI'IR OAT A FORM 

Sampling Data 
PROJECT NO. 4951-ll and 13 

SITE: NCO Laboratory DATE: 1f>/f7 
File (Dbll) l-.Julloa 

Time Ntme .... NOTES SaDI __._ (c:m-1) 
' 

4,. t:~c"t-.- 5"0. 'fP-.;., ~ 
( l:$9 /(e~D11~/t I e.o"J It (. ..... 1(1(, 'J SUD /.o 

-
11:r~ 

UHcf-._ E.J d. f I 1. f'1e.t 

~ 
/f. '501t~~ IC),O., ~, l.o 

1\.-f~ ~ t .a q ~ P/'1\ 
t'i:1'7 ff.AJD11Sil (., .. , ~,0 1.0 

~~?A- ~ 

I '1: 'fcf. Pf..Aio7t$PJ .o.o'tp 
AL Aoto il'ft ~s-f 

~d) 
'· 0 

(} 
9~a-.. '"'· ~ n·-~~~ 6jD11~ ,o.o'} A(, AM .to::z 11 r;"oO (.e1 

,,..., 10 
S"l.l ,,_.. tr::r ~ 

~tiO (.t:' 
~\1'161/'S' fO..O~ 

I 
I 

' 

emc_bad:.\fy99\4951\lmfs\ltir dala sheeiJ (or re(ermceuls 
07-07-99 

G• 
Temp('C) 

r;zs. ~ 

/2 '(',-.a "c. 

t2'f.1 •c. 

l2~·' 

l;l'f. 8 

(2'(., 

BAROMETRIC: 7$'(. S ~r-

OPERATOR: (, ~ 

Flow 

Rtle 

/.~L/11 

d·fKL/'~ 

t.o, 

l.•o 

( ·- l.l'}1 

IA2 ~fA 

G• 
Pl'ftlllre 11m 

7.f'(,.' 7Jr~J 

7s/,., 7rrA 

15"4· 2 ,,~ 8 

, s-c. .ar 71-s- B I 

7S7.-1 ,,, 9 

7$'(,.0 1t> ,. 

l 

Reviewedby~ 
Date~"\ 



FfiR DATA FORM 

Sampling Data 
PROJECT NO. 4951-lland 13 

SITE: NCO Laboratory DATE: 7/tt,/f, 

File (DW) Retolutloa 
Time N-e , .... NOTES Sale• • (cm-1) 

~ 
; .... ~~z-{;Y-., 

\ 3~((, ~~ « l"1~t,A ,,.o, 5"40 /.0 

A-l ~0 0 5"'1 1(, fo.el(.,._. 

'-)Ita f 11" " ~ -~. :z-'.!1-
n~o . 2.-...~e tr7"'' 1o-o""'7 ~(JO /. 0 

~ .... ,.,-~- ,, -r-~· ~ 
f~S 'l- ;111 rPT&A to,o"'J 

Al..'tP rt cur, .f'tJ .0~ ,._ *>., (.0 

ILflo l~ll"llt.& c o.o 'l' 
~ .,-~ •I. ,_.;;t,_ s«~ 1.0 

t'il(o ~f.Pn111A I~~'·~~'~ 
k-~;1.!_- f•·'"-111 "11.,., 1'1 -.,- 2. 

j\I'L 2 1 H '1 crs ~AM~~ t.u ) 
p6 /.o 

~~~~o.-

('f~ 0 
"t. ,..,, .. ~ , ... ~ .;.o /.0 

' ' 

• 

emc_bad:\fy99'.4951\JZ'cefs\flir d.ra sheeiS for refermceuls 
07-07-99 

G• 
Teatp("C) 

( :1~ • .2. 

(25".2. 

1'2~-~ 

1~5.1 

,., S". 1 

12S .~ 

BAROMETRIC: 7 S ~~ Z. 

OPERATOR: '/. 6r.v: 

Flow 

R•te 

I .eot-IA 

~-~~ ~ t..PA 

l.olo t-PA!t 

6.11 

o.t r 
&.l.f"\ 

O.CI(It.li't 

G• 
Pr-.n I .KG 

,~,-~ ?filA 

"1516- (, 7/l.lf 

,.s-,_ r 7/f. A 

"1'ff.. 3 -nr.A 

1J"t.. I 1tr.lf 

?ff..l ?lwA 

Reviewed by~ 
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Project No. <./"! S \ '11. l I""? MIDWEST RESEARCH INSTITUTE 
DAILY CHECKLIST 
Shut Down Procedure 

Purge sample from cell using ambient air or nitropG 

Record NHrocea Backpoaad 

Purge cell with dry nitrogen 

Verify cell is u dry u previoua background 

Record ambient pressure usinl cell Barocell pup 

Record nitrogen flow rate (about sampllilg flow rate) 

OPERA TOR: r: ~"z..c.<" 
Initials 

Collect BackgrourJd CAQBK) UDder continuous flow and ambient pressure 

Record information in data boot. 

Copy Background 10 C-drive &lid blu:kup usinJ batch file. 

Record CTS Spectrwa 

. Evacuate Cell 

Fill Cell with CTS ps 

Opal cell outlet &lid~ cell with CTS at samplinl rate ( 1 10 S LPM) 

Record cylinder ID Numb. 

Record CTS gu cylinder identity &lid conc:.entration 

Rec:ord and copy spectrum and interferogram 10 C-drive and back up using CTS batch ftle. 

Record Barytron pressure during collect 

Record information on "Bac:kgrouod &lid Callbratiooa" data sheet. 

Verify that spectrUm and interferogram were copied 10 directories. 

Rec:ord CTS SpecU"Um.Pile N&ID8 

Close cylinders 

Evacuate Cl' Plqe Crs from cUI Uliq Dilropll 

Leave cell uadlr law DitropD purp Cl' UDder VKUUm 

Fill MCf ~ct... 



Project No. ljc;S\ · 12., 1"7 MIDWEsr RESEARCH INSTITUTE 
DAILY CHECKLIST 
Shut Down Procedure 

DATE:~'f, OPERATOR: /. ~~,U 

CJJ- ~ ~ lu..IJJ lf). ll- 4 hrs. ~,9. !A·,;,;,; <;~~...,~ . 
.. c.1'\ Q.AJ ~ ~ .. ~~., .... -~ .... .,. lflfi.4--JJ 

Purge sample from cell using ambict air or nitropn 

Record Nltrocea Backcrouad 
Purge c:ell with dry nitropn 

V eciiy cell is u dry as previous background 

Record ambient pressure using c:ell Barocell pup 

Record nitrogen flow rate (about sampliq flow rate) 

Collect Background GAQBK) under continuous flow and ambient pressure 

Record information in data book. 

Copy Background to C-drive and beckup using batch ftle. 

Record CTS s,.Ctrua 
~~ell 

Fill Cell with CTS gu 

Open cell outlet and purge c:eU with CTS at sampling rate (1 to S LPM) 

Record cylinder ID Numt. 

Record CTS gas cylinder identity and coacentration 

Record and copy specaum and interferogram to C-drive and back up using CTS batch flle. 

Record Barytron pressure durina collect 

Record information on "Backgrouod and Calibrations• data sheet 

V eciiy that spectrum and interferogram were copied to directories. 

RecordCTS SpecuumFile Nam. 

aose cylinders 

Evacuale or Pulp Cl's from cell U1iDi nitropn 

Leave cell UDdlr low DitropD purp or UDder vacuum 

Fill MCT dellcfar dnw 

Jlti .. 

.til' 
"" ;f$ 
71fq, 0 

o. ro i.IA 

4ft 

t2 .~.., /..ltf't 
,lt. ~t ).f3~~ 
1.~ iflt111' frl.,t~ 

Date: -...Lf?r_l(+-1 ,.~......~., __ r \ 



. 'f'f~/-11.-c: t'? 
Project No.----'- MIDWEST RESEARCH INSTITUTE 

DAILY CHECKLIST 
Shut Down Procedure 

OPERATOR: T'. ~~r 

Initials 

Purge sample from cell using ambient air or nitropo 

Record Nftrocea Backcroaad 

Purge cell with dry nicropo 

Verify cell is u dry u previous bti:kgrouod 

Record ambient pressure usiq cell Barocell gaup 

Rec:cxd nill'Ogen flow rate (about sampUng flow rate) 

Collect B~ t;AQBX) UDder continuous flow and ambient pressure 7oq 6 
Record information in data book. 

Copy Backgrouod to C -drive and backup using batch file.-

Record crs spectrCiiii 
~~Cell 

Fill Cell with CTS gu 

Open cell outlet and purge cell with crs at sampling rate ( 1 to s LPM) 

Record cylinder ID Number ..1J~ 

Record crs gu cylinder identity and concentration ~ ( ~ M.~ ~ ~& J.:4 ~i . 
Record and copy spectrum and interferogram to C-drive and back up using crs batch fJ.le. 

Record Barytron pressure during collect 

Record information on ·a~ and Calibratioaa" data sheet 

Verify that spectrum and interferopm were copied to directories. 

Record crs Specuum File Nuu. 

Close cylindln 

Evacua~e or Purp t1'S from ceil usiq nicrogen 

Leave cell UDdiR law Di!ropD purp or UDder vacuum 

Fill Mer defectcr~ 

~ 

·*' 7y' ,( 

Date: -1.f....1{,f.I-'J~/..~,.1.L.1 --­
/ I 



Project No. MIDWEST RESEARCH INSTm.JTE 
DAlLY CHEcKI.lST 
Shut Down Procedure 

DATE:~ OPERATOR: (. 67« 

Initials 

Purge sample from cell using ambienl air or nitrogen 

Record Nltropa Becqrolllld 

Purge cell with dry nitropn 

Verify cell is u dry u previous ba.:kground 

Record ambient pressure using cell Barocell pup • " 

Record nitrogen flow rate (about sampling flow rate) fig ~ 
Collect Background ~QBK) UDder continuous flow and ambient pressure 

Record information in data book. 

Copy Background to C-drive and backup using batch flle. 

Record crs s,.c~r .. 

~ 
Fill Cell with crs gu 

Open cell outlet and purge cell with crs al sampling rate ( 1 to s LPM) 

Record cylinder lD Number 

Record CTS gas cylinder identity and concentration 

Record and copy spectrum and intelferogram to C-drive and back up using CTS batch ftle. 

Record Barytron pressure during collect . 

Record information on "Background and Calibrati001" data sheet 

Verify that spectrum and interferogram wen copied to directories. 

Record crs Spectrum F'lle Nama 

aose cylindas 

Evacuate IX Parp CTS tiom ceU Uliq nitrogen 

Leave·ceU uadlr low DitropD purp or UDder vacuum 

Fill Mer dec.culr ct.w.r 

Reviewed by: ____;:'::...t-/~',.C:~---

<Je; 
/,{o t,/11 

A,l +' ( :1 S" l !r"f 
;.o .ore,..,. sT,"-" 

;tJ c, 

-fS S'·; 
.s')C. 

fj 

W! 
cr .s 071.2. c 



Project No. ~4.{1 -11. t t"? MIDWEST RESEARCH INSTITUTE 
DAn. Y CHECKLIST 
Shut Down Procedure 

OPERATOR: --1. ~~ 

Purge sample from cell u.sinJ ambienl air or nitrogen 

Record Nltropa Bactcroaad 
Purge cell with dry nitrogeQ 

Verify cell is u dry u previous bectpound 

Record ambient pressure usin& cell Batoc:eU gaup • 9 ~~") e,.t 
Record nitrogen flow rare (about sampJ.ina flow rate) oJI 9,fi,O 
Collect Bactgrouad (AQBK) under COD.tinuous flow and ambient pressure 

Record information in data boot. 

Copy Background to C-drive aod backup usin& batch file. 

Record crs Spec:traa 

~Cell. 
Fill Cell with CTS gu 

Open cell outlet and purp cell with CTS at sampling rate ( 1 to S LPM) 

Record cylinder ID NUmba-
Record CTS gas cylinder identity aod concentration 

Record and copy spectrum aod interferogram to C-drive and beck up using CTS batch f.tle. 

Record Barytroa. pressure during collect 

Record information on "Background aod CalibratiQU" data sheet 

Verify that spectrum aod int«ferop-am were copied to directories. 

Record CTS Spec:1Nm File NatM. 

Close cylinders 

Evaaate or Purp crs trom cea 1J1iDt nitropa 

Leave cell uadlr law Ditropa purp or UDder vacuum 

Fill MCf clet8c:flar taw. 

Initials 

tl• 
~r, 

AL~•0 25'"'1-.J 

;, pt= ~L 
.?/~ 

Reviewed by: --d+-/t....;;tr=:;;..._---- Oat« _71+-(~.~~J t:.....~.'---1- I 



Project No. Lfq'S'l ~ {'t ,1'? MIDWEST RESEARCH INSTITUTE 
DAILY CHECKLlST 
Shut Down Procedure 

.. 

OPERATOR: __ 1._._c;_~-F-K':_ 

Initials 

Purge sample from cell usinJ ambient air or nitrogen 

Record Nltrocea Bactcroaad 
Purge cell with dry nitrogen 

Verify cell is u dry u previous background 

Reco!d ambient pressure usm, cell Baroc:ell gauge 

Reco!d nitrogen flow rate (about sampliq flow rate) 

Collect Bactpouud (AQBK) UDder continuous flow and ambient press~n 

Record information in data book. 

Copy Backpound to C-<hive and beckup using batch ftle. 

Record CTS SpeelriiiM 

~~Cell 
Fill Cell with Cl'S gu 

Open cell outlet and pqe cell with crs at sampling rate (1 to s LPM) 

Record cylinder ID Number 

Record crs gu cylinder identity and coocentration 

Record and copy spectrum and interferopam to C-<hive and back up using crs batch fl.le. 

Record Barytron pressure during collect 

Record information on "Backgrouad and Calibrations• data sheet 

verify that spectrum and int«ferosram w .. copied to directories. 

Record Cl'S Spectrum Fu Nam. 

Close cylinders 

Evacuaae or Purp crs from. ceil U1iDc nitropll 

Leave cell uadlr low DilropD purp 01' UDder vacuum 

Fill Mer deelc:tar cJn. 

Reviewed by: ----l1~~-+r==::::------

"4"' 

~8~ 
).() '",.... 'r'>l-.~ 

'lftf? 

q)+ 
Ji~ 



Project No. 1151 ·1'1. 1'? 
I MIDWEST RESEARCH INSTITtJTE 

DAn. Y CHECKLIST 
Shut Down Procedure 

OPERATOR: f. ~!At if 

Initials 

Purge sample from cell usina ambient air or nitrogen 

Record Nhropa Bac:kp'oaad 

Purge cell with dry nitrogen 

Verify cell is as dry as previous bactifOUDd 
Record ambient pressure using cell Barocell gaup 

Record nitrogen flow rate (about sampling flow rate) 

Collect Background (AQBK) UDder continuous flow and ambient pressure 

Record information in data book. 

Copy Background to C-drive and backup using batch file. 

Record CTS SpectrUM 

~~eCeU 
Fill Cell with CTS ps 

Open cell outlet and purge cell with crs at sampling rate (1 to s LPM) 

Record cylinder ID Number 

Record CTS gu cylinder identity and concentration 

Record and copy spectrum and interferogram to C-drive and back up using crs batch file. 

Record Barytron pressure during collect 

Record information on "Background and Calibrationa" data sheet 

Verify that spectrum and inlerferosnm were copied to directories. 

Record crs Spectrum File Naa. 

Close cylinden 

Evacuate <X" Pulp CTs !1om ceU usiq nitrogen 

Leave c:e1l UDdlr low aitropa pwp <X" UDder vacuum 

Fill Mer deeKtar deww -

Reviewed by: _...:.....1~~;..;.::;~~---- Date: _ _.:.-r-+i....,;;.,.+-/7,_.1 __ _ 

I I 
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01:05:98 18:58 '8'215 786 OJ20 

Scott Specialty Gases 

Shipped 
From: 

6141 EASTON ROAD 
PLUMSTEADVILLE 
Phone: 215-766-8861 

SCOTI 

PO :SOX 310 
PA. 18949-0310 

Fax: 215-766-2070 

~010 

C z· R T I P I C A T B 0 P A X A L Y S I S 
-------------------------------------------------------------------------

MIDWEST RESEARCH 
TOM GBY.ER. 
4 2 5 VOLKER. BL V:O 

KANSAS CITY MO 64110 

PROJECT #: 01-88514-002 
PO#: 029257 
ITEM #: 01023822 iAL 
DATE: -4}10/97 

-------------------------------·-----------------------------------------CYLINDER #: ALMOl0610 
FILL PRESSURE:. 1980 PSIG 

ANALYTICAL ACC'URACY: +-:-5% 

BLEND TYPE : GRAVIMETRIC MASTER GAS 

COXPONDT 
SULFUR HEXAFLUORIDE 
NITR.OGElll 

'. 

ANALYS~~ 'I. WI 

;,, 

-~ . .:. 
. . : .. 

UQti'ISDD ·GU 
.CQHC .JIOLU. 
-4. PPM 

'BiliANCE . · 

·.-~YSU 
·. ': ' , .. (XOI381 ' 
.3 4 8.9 :.'PPM 

·--~ 

; . .I·.~·. 

.. .. .. ~-~. . 

. . . . : _::,. ·~,~ : · .. ·.~~~:: ·;:".~ ·. :" :~ ' .. : 

.· .· , ;t' 5Ci;i~):£;;: ~2: ':: ' 

: .. : __ ·::.:- '' ' :~ ~-~ .. ·· .". . . . ,. 
: .. :.· 

... '··:·.:.;· ; .. 
. .. . . :· ., . :·.·.-· -

.. · .. , . : .. ·..; .. 

:· <.?:: ..... 
-:~:: : .. . ... . 



12 22/9i 10:J9 FA.! 181058921 .t 

I 

I 
Scott Specialty Gases 

I 
d 12 90 COMBERMERJE: STREET 

I 

SCOTI SPECIALIT 

From: TROY I MI 48083 
Phone: 248-589-2950 Fax: 248-589-2134 

C E R TIP I C·A T E 0 F AN A LYSIS 

[4J OOi 

--------------------------~~----------------------------------------------
MIDWEST RESEARCH PROJECT #: 05-97268-002 
MELISSA TUCKER; # 026075 I PO#: 026075 
425 VOLKER BLVD '\ ITEM #: 05023822 4A 

DATE: 6/03/96 
KANSAS CITY I MO 64ll0 

I 
---c~~i~E;-;~·;;;~;------:--------~~i;!~-i~~~~-~~=-;;-----------

FILL PRESSURE: 2000 PSI PRODUCT EXPIRATION: 6/03/1997 

BLEND TYPE : CERTIFIED ~STER GAS 

I REQUESTED GAS 
COMPONENT CONC MOLBS 
SULFUR HBXM'LUORIDB' I 4 . PPM 
NITROGEN I BALANCE 

! 

I 
I 
I 
I 
' 

CERTIFIED MASTER GAS 

ANALYST: 

' ! 
' 
I 
I 

rtittJ.ah~ 
~ ' 

I 
I 

ANALYSIS 
(MOLES) 

4.01 PPM 
BALANCE 



01 05 98 16:56 '5'215 i66 OJ20 SCOTI !41 005 

Scott Specialty Gases 
From: 

6141 BASTON ROAD 
PLOMSTBADVILLB 
Phone: 215-766-8861 

CBRTIFICATE 

PO BOX 310 
PA 18949-0310 

Pax: 215-76~-2070 

0 F A N A L Y S I S 
-------------------------------------------------------------------------MIDWEST RESEARCH 

TOM GEYER. 
425 VOLKER BLVD 

PROJECT #: 01-88514-001 
PO#: 029257 
ITEM #: 01021951 ~ 
DATE: 3/25/97 

KANSAS CITY MO 64110 

-------------------------------------------------------------------------CYLINDER #: ALM023940 
FILL PRBSSURB: 2000 PSIG 

AmU. Y"I'I CAL ACCURACY: + -1 t 

BLEND TYPE GRAVIMB"''lUC MASTER GAS 

COMPONENT 
BTHYl.JD1K. 
NITROGJDf 

,· 
' 

.-=:'f~ 
~~­

~~·­.. ~ 

REQO'!STBD GAS 
COHC MOLBS 

20. PPM 
BALANCE 

ANALYSIS 
(MQt.BS) 

20.01 PPM 
BALANCE 

,,,,•,:!::,c._ 



12 22 9i lO:Ji F..U l81058921J-l SCOTI SPECIALTI" ill 00 2 

I 
I 

Scott Specialty Gases 
I ed 

From: 
1290 COMBERMERE STREET 
TROY I MI 48083 
Phone: 248-589-2950 

Fax: 248-589-2134 

CERTIFICATE OF ANALYSIS 

-~~s~~;H---------r----------------------~~~~~~~:~s=~G~s;=oo~-
425 VOLKER BLVD I ITEM #: 05021951 lA 

DATE: 9/02/97 
KANSAS CITY I MO 64110 

---~~~~~~i-;~-~;;;;------i·-------~~YTi~-~~~~;~-:;:-~;-----------
FILL PRESSURE: 2000 PSI PRODUCT EXPIRATION: 9/03/2000 

I 
BLEND TYPE GRAVIMETRI~ MASTER 

COMPONENT 
B'l'HYLENB 
NITROGEN 

GRAVIMETRIC MASTER GAS 

ANALYST: ybddi~ 
. I 

I 
I 

GAS 
REQUESTED GAS 

CONC MOLES 
20. PPM 

BALANCE 

ANALYSIS 
(MOLES) 

19.38 PPM 
BALANCE 

CERTIFIED TO HAVE BEEN BLENDED 
AGAINST NIST TRACEABLE WEIGHTS 
AND VERIFIED CORRECT BY 
INDEPENDENT ANALYSIS. 



01.05-98 16:57 '6'215 i66 OJ20 SCOTT ~OOi 

Scott Specialty Gases 
From: 

6141 BASTON ROAD 
PLtlMSTEADVILLB 
Phone: 215-766-8861 

PO BOX 310 
PA 19949-0310 

Pax: 215-766-2070 

C s· R T I F I C A T E 0 F A N A L Y S I S 
-------------------------------------------------------------------------MIDWEST RESEARCH 
DA VB ALBOR.TY I Xl.S 2 s 
425 VOLKER BLVD 

lCANSAS CITY MO 64ll0 

PROJECT #: Ol.-89796-004 
PO#: 029872 
ITBM #: 01023912 4AL 
DATB: S/13/97 

-------------------------------------------------------------------------CYLINDER #: ALM0527JO 
PILL PRESSORS: 2000 PSIG 

ANALYTICAL ACCURACY: +I- 2\' 

BLEND 'l'YPB CERTIFIED ~TER GAS · 

COMPONENT 
TOLo:BNB 
Aill 

c 
. 

~~-· ANALYST: ~~ 
GBNY~ KOGUT 

-<· 
' 

REQTJBS'l'li:D GAS 
CONC MOLlS 

60. PPM 
BALANCE 

\ ~ ~' ..,, 

\. 
""' \ 

ANALYSIS 
(MOLES) 

60.6 PPM 
BALANCE 
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Appendix A of part 63 is amended by adding, in numerical 

order, Methods 320 and 321 to read as follows: 

Appendix A to Part 63-Test Methods 

***** 

TEST METHOD 320 

MEASUREMENT Of VAPOI PHASE OIGANIC AND INOIGANIC EMISSIONS 

IY EXTIACTIVE FOUIIEI TIANSFOIM INFIAIED (FTII) SPECTIOSCOPY 

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 ate 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 m0chod 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 ana~yte absorbance for a given concentration 
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may be increased by increasing the cell path length or (to 

some extent) using a higher resolution. Both modifications 

also cause a corresponding increased absorbance for all 

compounds in the sample, and a decrease in the signal 

throughput. For this reason the practical lower detection 

range (quantitation limit) usually depends on sample 

characteristics such as moisture content of the gas, the 

presence of other interferants, and losses in the sampling 

system. 

1.3 Sensitivity. The limit of sensitivity for an optical 

configuration and integration time is determined using 

appendix D of the Protocol: Minimum Analyte Uncertainty, 

(MAU) . The MAU depends on the RMSD noise in an analytical 

region, and on the absorptivity of the analyte in the same 

region. 

1.4 Data Quality. Data quality shall be determined by 

executing Protocol pre-test procedures in appendices B to H 

of the protocol and post-test procedures in appendices I and 

J of the protocol. 

1.4.1 Measurement objectives shall be established by the 

choice of detection limit (DL;) and analytical uncertainty 

(AU1 ) 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; and AU; 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;) . 

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 1 can be maintained; if the measured analyte 

concentration is less than MAUi, then data quality are 

unacceptable. 

2.0 Summary of Method. 

2.1 Principle. References 4 through 7 provide background 

material on infrared spectroscopy and quantitative analysis. 

A summary is given in this section. 

2.1.1 Infrared absorption spectroscopy is performed by 

directing an infrared beam through a sample to a detector. 

The frequency-dependent infrared absorbance of the sample is 

measured by comparing this detector signal (single beam 

spectrum) to a signal obtained without a sample in the beam 
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path (background) . 

2.1.2 Most moLecules absorb infrared radiation and the 

absorbance occurs in a characteristic and reproducible 

pattern. The infrared spectrum measures fundamental 

molecular properties and a compound can be identified from 

its infrared spectrum alone. 

2.1.3 Within constraints, there is a linear relationship 

between infrared absorption and compound concentration. If 

this frequency dependent relationship (absorptivity) is 

known (measured), it can be used to determine compound 

concentration in a sample mixture. 

2.1.4 Absorptivity is measured by preparing, in the 

laboratory, standard samples of compounds at known 

concentrations and measuring the FTIR "reference spectra" of 

these standard samples. These "reference spectra" are then 

used in sample analysis: (1) compounds are detected by 

matching sample absorbance bands with bands in reference 

spectra, and (2) concentrations are measured by comparing 

sample band intensities with reference band intensities. 

2.1.5 This method is self-validating provided that the 

results meet the performance requirement of the QA spike in 

sections 8.6.2 and 9.0 of this method, and results from a 

previous method validation study support the use of this 

method in the application. 

2.2 Sampling and Analysis. In extractive sampling a probe 
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assembly and pump are used to extract gas from the exhaust 

of the affected source and transport the sample to the FTIR 

gas cell. Typically, the sampling apparatus is similar to 

that used for single-component continuous emission monitor 

(CEM) measurements. 

2.2.1 The digitized infrared spectrum of the sample in the 

FTIR gas cell is measured and stored on a computer. 

Absorbance band intensities in the spectrum are related to 

sample concentrations by what is commonly referred to as 

Beer's Law. 

(1) 

where: 

Ai = absorbance at a given frequency of the ith sample 

component. 

ai absorption coefficient (absorptivity) of the ith 

sample component. 

b = path length of the cell. 

ci concentration of the ith 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 bo~rd 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 common example is de-resolving of 

reference spectra to lower-resolution standard spectra 

(Protocol, appendix K to the addendum of this method). 

Standard spectra, prepared by approved, and documented, 

procedures can be used as reference spectra for analysis. 

3.4 Concentration. In this method concentration is 

expressed as a molar concentration, in ppm-meters, or in 

(ppm-meters)/K, where K is the absolute temperature 

(Kelvin) . The latter units allow the direct comparison of 

concentrations from systems using different optical 
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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 (cls), partial least 

squares (pls), or K- or P- matrix method. 

3.9 One hundred percent line. A double beam transmittance 

spectrum obtained by combining two background single beam 

spectra. Ideally, this line is equal to 100 percent 
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transmittance (or zero absorbance) at every frequency in the 

spectrum. Practically, a zero absorbance line is used to 

measure the baseline noise in the spectrum. 

3.10 Background Deviation. A deviation from 100 percent 

transmittance in any region of the 100 percent line. 

Deviations greater than ± 5 percent in an analytical region 

are unacceptable (absorbance of 0.021 to -0.022). Such 

deviations indicate a change in the instrument throughput 

relative to the background single beam. 

3.11 Batch Sampling. A procedure where spectra of 

discreet, static samples are collected. The gas cell is 

filled with sample and the cell is isolated. The spectrum 

is collected. Finally, the cell is evacuated to prepare for 

the next sample. 

3.12 Continuous Sampling. A procedure where spectra are 

collected while sample gas is flowing through the cell at a 

measured rate. 

3.13 Sampling resolution. The spectral resolution used to 

collect sample spectra. 

3.14 Truncation. Limiting the number of interferogram data 

points by deleting points farthest from the center burst 

(zero path difference, ZPD). 

3.15 Zero filling. The addition of points to the 

interferogram. The position of each added point is 

interpolated fro~_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 MAO. 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 cell) . 

3.23 Measurement. A single spectrum of flue gas contained 

in the FTIR cell. 

3.24 Run. A run consists of a series of measurements. At 

a minimum a run includes 8 independent measurements spaced 

over 1 hour. 

3.25 Validation. Validation of FTIR measurements is 

described in sections 13.0 through 13.4 of this method. 

Validation is used to verify the test procedures for 

measuring specific analytes at a source. Validation 

provides proof that the method works under certain test 

conditions. 

3.26 Validation Run. A validation run consists of at least 

24 measurements of independent samples. Half of the samples 

are spiked and half are not spiked. The length of the run 

is determined by_ the 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 a lower absorptivity, or 

have a lower vapor pressure than the surrogate itself. 

4.0 Interferences. 

Interferences are divided into two classifications: 

analytical and sampling. 

4.1 Analytical Interferences. An analytical interference 

is a spectral feature that complicates (in extreme cases may 

prevent) the analysis of an analyte. Analytical 

interferences are classified as background or spectral 

interference. 

4 .1.1 Background Interference.· This results from a change 

in throughput relative to the single beam background. It is 

corrected by collecting a new background and proceeding with 

the test. In severe instances the cause must be identified 

and corrected. Potential causes include: ( 1) deposits on 

reflective surfaces or transmitting windows, (2) changes in 

detector sensitivity, (3} a change in the infrared source 

output, or (4) failure in the instrument electronics. In 
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routine sampling throughput may degrade over several hours. 

Periodically a new background must be collected, but no 

other 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 C02 are common spectral 

interferants. Both of these compounds have strong infrared 

spectra and are present in many sample matrices at high 

concentrations relative to analytes. The extent of 

interference depends on the (1) interferant concentration, 

(2) analyte concentration, and (3) the degree of band 

overlap. Choosing an alternate ~nalytical region can 

minimize or avoid the spectral interference. For example, 

C02 interferes with the analysis of the 670 cm-1 benzene 

band. However, benzene can also be measured near 3000 cm- 1 

(with less sensitivity). 

4.2 Sampling System Interferences. These prevent analytes 

from reaching the instrument. The analyte spike procedure 

is designed to m~asure sampling system interference, if any. 
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4.2.1 Temperature. A temperature that is too low causes 

condensation of analytes or water vapor. The materials of 

the sampling system and the FTIR gas cell usually set the 

upper limit of temperature. 

4.2.2 Reactive Species. Anything that reacts with 

analytes. Some analytes, like formaldehyde, polymerize at 

lower temperatures. 

4.2.3 Materials. Poor choice of material for probe, or 

sampling line may remove some analytes. For example, HF 

reacts with glass components. 

4.2.4 Moisture. In addition to being a spectral 

interferant, condensed moisture removes soluble compounds. 

5.0 Safety. 

The hazards of performing this method are those 

associated with any stack sampling method and the same 

precautions shall be followed. Many HAPs are suspected 

carcinogens or present other serious health risks. Exposure 

to these compounds should be avoided in all circumstances. 

For instructions on the safe handling of any particular 

compound, refer to its material safety data sheet. When 

using analyte standards, always ensure that gases are 

properly vented and that the gas handling system is leak 

free. (Always perform a leak check with the system under 

maximum vacuum and, again, with the system at greater than 

ambient pressure.) Refer to section 8.2 of this method for 
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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 Sup~lies. 

Note: Mention of trade names or specific products does 

not constitute endorsement by the Envircnmental 

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 1-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/! 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 evacuating the FTIR cell volume within 

2 minutes. The pumping speed'shall allow the operator to 

obtain 8 sample spectra in 1 hour. 

6.15 Absolute Pressure Gauge. Capable of measuring 

pressure from 0 to 1000 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 tw~ 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"e 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 °F. 

7.2 Calibration Transfer Standard(s). Select the 

calibration transfer standards (CTS) according to section 

4.5 of the FTIR Protocol. Obtain a National Institute of 

Standards and Technology (NIST) traceable gravimetric 

standard of the CTS (± 2 percent). 

7.3 Reference Spectra. Obtain reference spectra for each 

analyte, interferant, surrogate, CTS, and tracer. If EPA 

reference spectra are not available, use reference spectra 
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prepared according to procedures in section 4.6 of the EPA 

FTIR Protocol. · 

8.0 Sampling and Analysis Procedure. 

Three types of testing can be performed: (1) screening, 

(2) emissions test, and (3) validation. Each is defined in 

section 3 of this method.· Determine the purpose ( s) of the 

FTIR test. Test requirements include: (a) AU 1 , 011 , overall 

fractional uncertainty, OFUt, maximum expected concentration 

(CMAX;), and tAN for each, (b) potential interferants, (c) 

sampling system factors, e.g., minimum absolute cell 

pressure, ( Pmin), FTIR cell volume (V55 ), estimated sample 

absorption pathlength, 1 5 ', estimated sample pressure, P5 ', 

T5 ', signal integration time (t55 ), minimum instrumental 

linewidth, MIL, fractional error, and (d) analytical 

regions, e.g., m = 1 toM, lower wavenumber position, FLm, 

center wavenumber position, FCm, and upper wavenumber 

position, FUm, plus interferants, upper wavenumber position 

of the CTS absorption band, FFUm, lower wavenumber position 

of the CTS absorption band, FFLm, wavenumber range FNU to 

FNL. If necessary, sample and acquire an initial spectrum. 

From analysis of this preliminary spectrum determine a 

suitable operational path length. Set up the sampling train 

as shown in Figure 1 or use an appropriate alternative 

configuration. Sections 8.1 through 8.11 of this method 

provide guidance. on pre-test calculations in the EPA 
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protocol, sampling and analytical procedures, and post-test 

protocol calculations. 

8.1 Pretest Preparations and Evaluations. Using the 

procedure in section 4.0 of the FTIR Protocol, determine the 

optimum sampling system configuration for measuring the 

target analytes. Use available information to make 

reasonable assumptions about moisture content and other 

interferences. 

8.1.1 Analytes. Select the required detection limit (DL1 ) 

and the_maximum permissible analytical uncertainty (AU1 ) for 

each analyte (labeled from 1 to i). Estimate, if possible, 

the maximum expected concentration for each analyte, CMAX;. 

The expected measurement range is fixed by DL 1 and CMAX, for 

each analyte (i). 

8.1.2 Potential Interferants. List the potential 

interferants. This usually includes water vapor and C02 , 

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 (FRUi). The 

FRU is determined for each analyte by comparing CTS spectra 

taken before and after the reference spectra were measured. 
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The EPA para-xylene reference spectra were collected on 

10/31/91 and 11/01/91 with corresponding CTS spectra 

"cts103la," and "ctsl101b." The CTS spectra are used to 

estimate the reproducibility (FRU) in the system that was 

used to collect the references. The FRU must be < AU. 

Appendix E of the proto~ol is used to calculate the FRU from 

CTS spectra. Figure 2 plots results for 0.25 cm- 1 CTS 

spectra in EPA reference library: S3 (cts1101b- cts1031a), 

and S4 [(cts1101b + cts1031a)/2). The RMSD (SRMS) is 

calculated in the subtracted baseline, S3 , in the 

corresponding CTS region from 850 to 1065 cm- 1 • The area 

(BAV) is calculated in the same region of the averaged CTS 

spectrum, s4. 

8.1.5 Known Interferants. Use appendix 8 of the EPA FTIR 

Protocol. 

8.1.6 Calculate the Minimum Analyte Uncertainty, MAU 

(section 1.3 of this method discusses MAU and protocol 

appendix D gives the MAU procedure) . The MAU for each 

analyte, i, and each analytical region, m, depends on the 

RMS noise. 

8.1.7 Analytical Program. See FTIR Protocol, section 4.10. 

Prepare computer program based on the chosen analytical 

technique. Use as input reference spectra of all target 

analytes and expected interferants. Reference spectra of 

additional compounds shall also be included in the program 
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if their presence (even if transient) in the samples is 

considered possible. The program output shall be in ppm (or 

ppb) and .shall be corrected for differences between the 

reference path length, LR, temperature, TR, and pressure, PR, 

and the conditions used for collecting the sample spectra. 

If sampling is performed at ambient pressure, then any 

pressure correction is usuall~ 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 and inlet manifold under 

pressure. 

8.2.2.1 For the evacuated sample technique, close the valve 

to the FTIR cell, and evacuate the absorption cell to the 

minimum absolute pressure Pmin• Close the valve to the pump, 

and determine the change in pressure 6Pv after 2 minutes. 

8.2.2.2 For both the evacuated sample and purging 

techniques, pressurize the system to about 100 mmHg 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 55 and for ~P~x' 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 V55 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 s 5. 

mmHg, and fill with dry nitrogen gas to ambient pressure (or 

purge the cell with 10 volumes of dry nitrogen) . Verify 

that no significant amounts of absorbing species (for 

example water vapor and C02 ) are present. Collect a 

background spectrum, using a signal averaging period equal 

to or greater than the averaging period for the sample 

spectra. Assign a unique file name to the background 

spectrum. Store two copies of the background interferogram 

and processed single-beam spectrum on separate computer 

disks (one copy is the back-up) . 

8.5.1 Interference Spectra. If possible, collect spectra 

of known and suspected major interferences using the same 

optical system that will be used in the field measurements. 

This can be done on-site or earlier. A number of gases, 

e.g. C02 , S02 , CO, NH 3 , are readily available from cylinder 

gas suppliers. 

8.5.2 Water vapor spectra can be prepared by the following 



30 

procedure. Fill a sample tube with distilled water. 

Evacuate above the sample and remove dissolved gasses by 

alternately freezing and thawing the water while evacuating. 

Allow water vapor into the FTIR cell, then dilute to 

atmospheric pressure with nitrogen or dry air. If 

quantitative water spectra are required, follow the 

reference spectrum procedure for neat samples (protocol, 

section 4.6). Often, interference spectra need not be 

quantitative, but for best results the absorbance must be 

comparable to the interference absorbance in the sample 

spectra. 

8.6 Pre-Test Calibrations 

8.6.1 Calibration Transfer Standard. Evacuate the gas cell 

to ~ 5 mmHg absolute pressure, and fill the FTIR cell to 

atmospheric pressure with the CTS gas. Alternatively, purge 

the cell with 10 cell volumes of CTS gas. (If purge is 

used, verify that the CTS concentration in the cell is 

stable by collecting two spectr? 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.) 

8.6.2 QA Spike. 

Record the spectrum. 

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 ? 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. Calc~late 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 mmHg absolute pressure. Fill the cell with exhaust gas 

to ambient pressure, isolate the cell, and record the 

spectrum. Before taking the next sample, evacuate the cell 

until no spectral evidence of sample 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 integration times shall be sufficient to 
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achieve the required signal-to-noise ratio. Obtain an 

absorbance spectrum by filling the cell with N2 • Measure 

the RMSD in each analytical region in this absorbance 

spectrum. Verify that the number of scans used is 

sufficient to achieve the target MAU. 

8.8.2 Assign a unique file name to each spectrum. 

8.8.3 Store two copies of sample interferograms and 

processed spectra on separate computer disks. 

8.8.4 For each sample spectrum, document the sampling 

conditions, the sampling time (while the cell was being 

filled) , the time the spectrum was recorded, the 

instrumental conditions {path length, temperature, pressure, 

resolution, signal integration time), and the spectral file 

name. Keep a hard copy of these data sheets. 

8.9 Signal Transmittance. While sampling, monitor the 

signal transmittance. If signal transmittance (relative to 

the background) changes by 5 percent or more (absorbance 

-.02 to .02) in any analytical spectral region, obtain a new 

background spectrum. 

8.10 Post-test CTS. After the sampling run, record another 

CTS spectrum. 

8.11 Post-test QA. 

8.11.1 Inspect the sample spectra immediately after the run 

to verify that the gas matrix composition was close to the 

expected (assumed) gas matrix. 
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8.11.2 Verify that the sampling and instrumental parameters 

were appropriate for the conditions encountered. For 

example, if the moisture is much greater than anticipated, 

it may be necessary to use a shorter path length or dilute 

the sample. 

8.11.3 Compare the pre- and post-test CTS spectra. The 

peak absorbance in pre- and pos.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 prope~~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 analyie 

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 s 10 percent of the total sample flow, when 

possible. (~: Use the rotameter at the end of the 

sampling train to estimate the required spike/tracer gas 

flow rate.) Use a flow device, e.g., mass flow meter (± 2 

percent), to monitor the spike flow rate. Record the spike 

flow rate every 10 minutes. 
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9.2.2 Determine the response time (RT) of the system by 

continuously collecting spectra of the spiked effluent until 

the spectrum of the spiked component is constant for 5 

minutes. The RT is the interval from the first measurement 

until the spike becomes constant. Wait for twice the 

duration of the RT, then collect spectra of two independent 

spiked gas samples. Duplicat~ analyses of the spiked 

concentration shall be within 5 percent of the mean of the 

two measurements. 

9.2.3 Calculate the dilution ratio using the tracer gas as 

follows: 

where: 

DF = SF6<set> 
SF6(dlr) 

(3) 

CS = DF*Spikedir + Unspike(l-DF) (4) 

OF Dilution factor of the spike gas; this value 

shall be :?:10. 

SFs<dir> = SF6 (or tracer gas) concentration measured 

directly in undiluted spike gas. 

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

m~~sured in a spiked sample. 
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cs 
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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 (S/N). 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 rnrnHg. 

Measure the initial absolute temperature (Td 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 (Tf) and absolute pressure (Pf). 

Calculate the FTIR cell volume V55 , including that of the 

connecting tubing, as follows: 

V pm 
m T 

m 

11.0 Data Analysis and Calculations. 

Analyte concentrations shall be measured using 

(5) 

reference spectra from the EPA FTIR spectral library. When 

EPA library spectra are not available, the procedures in 

section 4.6 of the Protocol shall be followed to prepare 

reference spectra of all the target analytes. 

11.1 Spectral De-resolution. Reference spectra can be 

converted to lower resolution standard spectra (section 3.3 
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of this method) by truncating the original reference sample 

and background interferograms. Appendix K of the FTIR 

Protocol gives specific deresolution procedures. Deresolved 

spectra shall be transformed using the same apodization 

function and level of zero filling as the sample spectra. 

Additionally, pre-test FTIR protocol calculations (e.g., 

FRU, MAU, FCU) shall be performed using the de-resolved 

standard spectra. 

11.2 Data Analysis. Various analytical programs are 

available for relating sample absorbance to a concentration 

standard. Calculated concentrations shall be verified by 

analyzing residual baselines after mathematically 

subtracting scaled reference spectra from the sample 

spectra. A full description of the data analysis and 

calculations is contained in the FTIR Protocol (sections 

4.0, 5.0, 6.0 and appendices). Correct the calculated 

concentrations in the sample spectra for differences in 

absorption path length and temperature between the reference 

and sample spectra using equation 6, 

{6) 

where: 

C = Concentration, corrected for path length. corr 

C = Concentration, initial calculation (output of the calc 

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 1/min is 

monitored with such a MFM, which is calibrated in the range 

of 0-5 1/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. 



42 

13.1 Section 5.3 of Method 301 (40 CFR 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 continuous and constant as spiked 

samples are measured. 

13.1.2 The spike gas is introduced at the back of the 

sample probe. 

13.1.3 Spiked effluent is carried through all sampling 

components downstream of the probe. 

13.1.4 A single FTIR system (or more) may be used to 

collect and analyze spectra (not quadruplicate integrated 

sampling trains). 

13.1.5 All of the validation measurements are performed 

sequentially in a single "run" (section 3.26 of this 

method) . 

13.1.6 The measurements analyzed statistically are each 

independent (section 3.22 of this method). 

13.1.7 A validation data set can consist of more than 12 

spiked and 12 unspiked measurements. 

13.2 Batch Sampling. The procedure in sections 13.2.1 

through 13.2.2 may be used for stable processes. If process 

emissions are highly variable, the procedure in section 
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13.2.3 shall be used. 

13.2.1 With a single FTIR instrument and sampling system, 

begin by collecting spectra of two unspiked samples. 

Introduce the spike flow into the sampling system and allow 

10 cell volumes to purge the sampling system and FTIR cell. 

Collect spectra of two spiked samples. Turn off the spike 

and allow 10 cell volumes of unspiked sample to purge the 

FTIR cell. Repeat this procedure until the 24 (or more) 

samples are collected. 

13.2.2 In batch sampling, collect spectra of 24 distinct 

samples. (Each distinct sample consists of filling the cell 

to ambient pressure after the cell has been evacuated.) 

13.2.3 Alternatively, a separate probe assembly, line, and 

sample pump can be used for spiked sample. Verify and 

document that sampling conditions are the same in both the 

spiked and the unspiked sampling systems. This can be done 

by wrapping both sample lines in the same heated bundle. 

Keep the same flow rate in both sample lines. Measure 

samples in sequence in pairs. After two spiked samples are 

measured, evacuate the FTIR cell, and turn the manifold 

valve so that spiked sample flows to the FTIR cell. Allow 

the connecting line from the manifold to the FTIR cell to 

purge thoroughly (the time depends on the line length and 

flow rate). Collect a pair of spiked samples. Repeat the 

procedure until ·at least 24 measurements are completed. 
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13.3 Simultaneous Measurements With Two FTIR Systems. If 

unspiked effluent concentrations of the target analyte(s) 

vary significantly with time, it may be desirable to perform 

synchronized measurements of spiked and unspiked sample. 

Use two FTIR systems, each with its own cell and sampling 

system to perform simultaneous spiked and unspiked 

measurements. The optical configurations shall be similar, 

if possible. The sampling configurations shall be the same. 

One sampling system and FTIR analyzer shall be used to 

measure spiked effluent. The other sampling system and FTIR 

analyzer shall be used to measure unspiked flue gas. Both 

systems shall use the same sampling procedure (i.e., batch 

or continuous). 

13.3.1 If batch sampling is used, synchronize the cell 

evacuation, cell filling, and collection of spectra. Fill 

both cells at the same rate (in cell volumes per unit time). 

13.3.2 If continuous sampling is used, adjust the sample 

flow through each gas cell so that the same number of cell 

volumes pass through each cell in a given time (i.e. TC 1 = 

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 which are spiked with the analyte(s) and 12 
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of which are not spiked. 

13.4.1 Bias. Determine the bias (defined by EPA Method 301 

of this appendix, section 6.3.2) using equation 7: 

B = S - CS m {7) 

where: 

B = Bias at spike level. 

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 

considered to "not valid." 

13.4.3 If measurements do not pass validation, evaluate the 

sampling system, instrument configuration, and analytical 

system to determine if improper set-up or a malfunction was 

the cause. If so, repair the system and repeat the 

validation. 
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14.0 Pollution Prevention. 

The extracted sample gas is vented outside the 

enclosure containing the FTIR system and gas manifold after 

the analysis. In typical method applications the vented 

sample volume is a small fraction of the source volumetric 

flow and its composition is identical to that emitted from 

the source. When analyte spiking is used, spiked pollutants 

are vented with the extracted sample gas. Approximately 1.6 

x 10-4 to 3. 2 x 10-4 lbs of a single HAP may be vented to the 

atmosphere in a typical validation run of 3 hours. (This 

assumes a molar mass of 50 to 100 g, spike rate of 1.0 

L/min, and a standard concentration of 100 ppm) . Minimize 

emissions by keeping the spike flow off when not in use. 

15.0 Waste Management. 

Small volumes of laboratory gas standards can be vented 

through a laboratory hood. Neat samples must be packed and 

disposed according to applicable regulations. Surplus 

materials may be returned to SUP,plier for disposal. 
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Table 1. EXAMPLE PRESENTATION OF SAMPLING DOCUMENTATION. 

s...,Ie Tt.e Spect.- rue •- lac:qr..- file •- Suople ., .. ,uu-•• Prec:e .. c:eoadltl-

t..- file a. .. t.u.. lzatl- tr.a 
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PROTOCOL POR TBB USB OP BXTRACTIVB POURIBR TRAHSPORK 
INPRARBD (PTIR) SPBCTROMBTRY POR TBB ANALYSBS OP GASBOUS 

BHISSIONS PROM STATIONARY SOURCBS 

INTRODUCTION 

The purpose of this document is to set general guidelines 
for the use of modern FTIR spectroscopic methods for the analysis 
of gas 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 NOKBNCLATURB 

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 APPLICABILITY AND ANALYTICAL 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 GBNBRAL PRINCIPLBS 0~ PROTOCOL RBQOIRBKBNTS 

The characteristics that distinguish FTIR systems from gas 
analyzers used in instrumental gas analysis methods (e.g., 
EPA Methods 6C and 7B) are: (1) Computers are necessary to 
obtain and analyze data; (2) chemical concentrations can be 
quantified using previously recorded infrared reference spectra; 
and (3) analytical assumptions and results, including possible 
effects of interfering compounds, can be evaluated after the 
quantitative analysis. The following general principles and 
requirements of this Protocol are based on these characteristics. 

3.1 Verifiability and Reproducibility of Results. Store 
all data and document data analysis techniques sufficient to 
allow an independent agent to reproduce the analytical results 
from the raw interferometric data. 

3 . 2 Transfer of Reference Spectra. To determine whether 
reference spectra recorded under one set of conditions (e.g., 
optical bench, instrumental 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" (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~fluen7ed by a 
number of interrelated factors, which may be d1.v1.ded 1.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. Examples are spectral 
interferant& (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 mathematical 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 PRB-TBST PREPARATIONS AND BVALOATIOHS 

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 s 1 to I. 

4.1.2 Analytical uncertainty limit (AUi). The AUi is the 
maximum permissible fractional uncertainty of analysis for the 
itn 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 fr~ctional unc7rtain~y. (OFUi) is required to be 
less than its analyt~cal uncerta~nty l~m~t (AOi) . 

4.1.4 Maximum expected concentration of each analyte 
( CMAXi, ppm) • 
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4.2 Identify Potential Interferants. Considering the 
chemis~ry of the process or results of previous Studies, identify 
potent~al 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 ftjft pertains to potential interferants. 
Est~mate the concentrations of these compounds in the effluent 
(CPOTj I ppm) . 

4. 3 Select and Evaluate the Sampling System. Considering 
the source, e.g. I temperature and pressure profiles, moisture 
content, analyte characteristics, and particulate concentration), 
select the equipment for extracting gas samples. Recommended are 
a particulate filter, heating system to maintain sample 
temperature above the dew point for all sample constituents at 
all points within the sampling system (including the filter), 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' mmHg) and the 
infrared absorption cell volume (Vss' liter). Select the 
techniques and/or equipment for tlie 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 selecting the CTS. More than one 
compound may be needed to meet the criteria; if so, obtain 
separate cylinders for each compound. 

4. 5.1 The central wavenumber position of each analytical 
region lies within 25 percent of the wavenumber position of at 
least one CTS absorption band. 

4. 5. 2 The absorption bands in 4. 5.1 
absorbances greater · ·than ten times the value 
Sectioh 4.12) but less than 1.5 absorbance units. 

exhibit 
RMSEST 

peak 
(see 
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4.5.3 At least on~ absorption CTS ban~ within the operating 
range of the FTIR ~nstrument has an ~nstrument-independent 
linewidth no greater than the narrowest analyte absorption band· 
perfonn 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 FFL,, respectively) that 
bracket the CTS absorption bana or banos 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 
within 5 percent of that of the original CTS cylinders; the 
entire absorption spectra (not individual spectral segments) of 
the replacement gas shall be scaled by a factor between 0.95 and 
1.05 to match the original CTS spectra. 

4.6 Prepare Reference Spectra. 

~: Reference spectra are available in a permanent soft 
copy from the EPA spectral library on the EMTIC (Emission 
Measurement Technical Information Center) computer bulletin 
board; they may be used if applicable. 

4.6.1 
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 kno.wn spectral interferants, and CTS. 
Select the concentrations of the chemical standards to correspond 
to the top of the desired range. 

4.6.2.1 Commercially-Prepared Chemical Standards. Chemical 
standards for many compounds may be obtained from independent 
sources, such as a specialty gas manufacturer, chemical company, 
or commercial laboratory. These standards (accurate to within 
±2 percent) shall be prepared according to EPA Protocol 1 (see 
Reference D) or shall be traceable to NIST standards. Obtain 
from the supplier an estimate of the stability of the analyte 
concentration; obtain and follow all the supplier's 
recommendations for recertifying the analyte concentration. 

4. 6. 2. 2 Self- Prepared Chemical Standards. Chemical 
standards may be prepared as follows: Dilute certified 
commercially prepared chemical gases or pure analytes with ultra­
pure carrier (UPC) grade nitrogen according to the barometric and 
volumetric techniques generally described in Reference A, 
Section A4.6. 
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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 interferograms 
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 
abs?rption pathlen~th (La}, and ~nterfe~ogram signal integration 
per1.od (tsR> . S1.gnal 1.ntegrat1.on per1.ods for the background 
interferograms shall be iil!:tsR. Values of PR, L~, and tsR shall 
not deviate by more than ±1 percent from the t1.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 Perform 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 difference value 
calculated in Section 4.6.5.3 is larger for any compound than the 
corresponding AUi, the dilution technique is not sufficiently 
accurate and the reference spectra prepared are not valid for the 
analysis. 

4. 7 Select Analytical Regions. Using the general 
considerations in Section 7 of Reference A and the spectral 
characteristics of ~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~, FCzn, and FUm, respectively) . Specify the 
analytes and interferants which exhibit absorption in each 
region. 

4.8 Determine Fractional Reproducibility Uncertainties. 
Using Appendix E, calculate the fractional reproducibility 
uncertainty for each analyte (FRUi) from a comparison of {R1} 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, 
determine which potential interferant affects the analyte 
concentration determinations. 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 
determining 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, based on the selected 
analytical regions (4.7) and the prepared reference spectra 
(4.6). Specify the baseline correction technique (e.g., 
determining 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 (Lg), sample gas temperature (Ts) or sample gas 
pressure (Pg) during the actual sample analyses differ from LR, 
TR, and P'O, use a program or set of programs that applies 
multiplicat:ive corrections to the derived concentrations to 
account for these variations, and that provides as output both 
the corrected and uncorrected values. Include in the report of 
the analysis (see Section 7.0) the details of any transformations 
applied to the original reference spectra (e.g., 
differentiation), in such a fashion that all analytical results 
may be verified by an independent agent from the reference 
spectra and data spectra alone. 

4.11 Determine ·the Fractional Calibration Uncertainty. 
Calculate the fractional calibration uncertainty for each analyte 
(FCUi) according to Appendix F, and compare these values to the 



BPA PTIR Protocol 
Aug~n•t 14 1996 Page 8 

fractional uncertainty limits (AU·; see Section 4.1). If 
FCUi > AUi), either the reference sp~ctra 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 RMSs 
using Appendix G. Estimate the minimum measurement uncertaint~ 
fo7 each an~lyte (MAUi, ppm) and known interferant (MIUk, ppm) 
us1ng Append1x 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 AND ANALYSIS PROCBDURB 

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 tss· Leak volumes shall 
be ~4 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 unsealed CTS single. beam interferograms and 
spectra. Using Appendix H, calculate the sample absorption 
pathlength (Ls} for each analytical region. The values Ls shall 
not differ ~rom 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. Bither 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 Ss· 
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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 
unsealed analyte concentrations RUAi and unsealed interferant 
concentrations RUIK using the programs developed in Section 4. 
To correct for pathlength and pressure variations between the 
reference and sample spectra, calculate the scaling factor 
~LPS • (LRPRTs)/(LsPsTa). Calculate the final analyte and 
~nterferant concentrat~ons RSAi a RLpsRUAi and RSik • RLpsRUik. 

5. 6 Determine Fracti.onal 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 interferograrns 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 interferant a. Repeat the procedures of 
Section 4 to include the interferant& in the uncertainty 
calculations . and analysis procedures. Verify that the MAU and 
FCU values do not increase beyond acceptable levels for the 
application requirements. Re-calculate the analyte 
concentrations (Section 5.5) in the affected analytical regions. 

6.2 
(FMU) • 

Quantitatively Evaluate Fractional Model Uncertainty 
Perform the procedures of either Section 6.2.1 or 6.2.2: 

6. 2 .1 Using Appendix I, det;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 (OCU). 
Using Appendix J, determine the overall concentration uncertainty 
(OCU) for each analyte. If the OCU is larger than the required 
accuracy for any analyte, repeat Sections 4 and 6. 

7.0 RBPORTING RBQOIRBMBNTS 

[Documentation pertaining to virtually all the procedures of 
sections 4 1 5 1 and 6 will be required. Software copies of 
reference spectra and sample spectra will be retained for some 
min~ time following the actual testing.] 
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A) Standard Practices for General 
Quantitative Analysis (American 
Materials, Designation E 168-88). 

Techniques 
Society for 
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of Infrared 
Testing and 

B) The Coblentz Society Specifications for Evaluation of 
Research Quality Analytical Infrared Reference Spectra 
(Class II); Anal. Chemistry fl, 945A (1975); Appl. 
Spectroscopy !!!, pp. 211-215, 1990. 

C) Standard Practices for General Techniques for Qualitative 
Infrared Analysis, American Society for Testing and 
Materials, Designation E 1252-88. 

D) "Traceability Protocol for Establishing True Concentrations 
of Gases Used for Calibration and Audits of Continuous 
Emissions Monitors (Protocol Number 1)," June 1978,· Quality 
Assurance Handbook for Air Pollution Measurement Systems, 
Volume III, Stationary Source Specific Methods, EPA-600/4-
77-027b, August 1977. 
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DEFINITIONS OF TERMS AND SYMBOLS 

A.l Definitions of Ter.ms 
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absorption band - 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 spectrum - 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. 

Beers's law - the direct proportionality of the absorbance of a 
compound in a homogeneous sample to its concentration. 

calibratiam tranafer 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 substance possessing a distinct, unique molecular 
structure. 

concentration (c) - the quantity of a compound contained in a 
unit quantity of sample. The unit "ppmw (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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reference spectra, 
spectra, it is the 
law. The units 
reconmended. 

Page 13 

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 beam 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 (PP'r) 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. 

Fourier transform (PT) - the mathematical process for converting 
an amplitude-time spectrum to an amplitude-frequency 
spectrum, or vice versa. 

Fourier transform infrared (PTIR) 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/PTIR; 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. 

interferogram, I (CJ') ._ · record of the modulated component ~f the 
interference signal measured as a function of retardat~on by 
the detector. 



EPA PTIR Protocol 
l.n~n•t 14 1 99fi Page 14 

inte~ferometer - device that divides a beam of radiant energy 
~nto 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 em- . 

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. 

with known 
absorption 

analysis of 

retardation, a - 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 spectrum" 
above) • Here, the term applies (for example) to the two 
spectra used directly in the calculation of transmission and 
absorbance spectra of a sample. 

standard reference material a reference 
composition or properties of which are 
recognized standardizing agency or group. 

material, the 
certified by a 

~: The equivalent ISO term is "certified reference 
material.• 

transmittance, T - the ratio of radiant power transmitted by the 
sample to the . radiant power incident on the sample. 
Estimated in Fl'IR 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 usual unit of wavenumber is the reciprocal 
centimeter, cm- 1 . The wavenumber is the reciprocal of the 
wavelength, A, when A is expressed in centimeters. 

zero-filling - the addition of zero-valued points to the end of a 
measured interferogram. 

~: 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) 

AAiim - band area of the i th analyte in the mth analytical 
region, at the concentration (CLt) corresponding to the 
product of its required detection l~mit (DLi) and analytical 
uncertainty limit (AUi) . 

AAVim - average absorbance of the ith 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 •tandard 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. 

A'D'i, 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. 

CXWNk - estimated concentration of the kth known interferant. 

CMAXi - estimated maximum concentration of the ith analyte. 
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CPOTj - estimated concentration of the jth potential interferant. 

DLi, required detection limit - for the ith analyte, the lowest 
concentration of the analyte for which its overall 
fractional uncertainty (OFU;t) is required to be less than 
the analytical uncertainty l~mit (AUi) . 

P~ - center wavenumber position of the mth analytical region. 

PAUi, fractional analytical uncertainty - calculated uncertainty 
in the measured concentration of the itn analyte because of 
errors in the mathema.tical comparison of reference and 
sample spectra. 

PCUi, fractional calibration uncertainty - 1~lculated uncertainty . 
in the measured concentration of the i analyte because of 
errors in Beer's law modeling of the reference spectra 
concentrations. 

PPI.a - lower wavenumber lfosition of the CTS absorption band 
associated with the mt analytical region. 

PPUm - upper wavenumber _position of the CTS absorption band 
associated with the mtn analytical region. 

PLm - lower wavenumber position of the mth analytical region. 

PMOi, fractional model uncertainty - calculated uncertainty in 
the measured concentration of the i tn analyte because of 
errors in the absorption model employed. 

PNL - lower wavenumber position of the CTS spectrum containing an 
absorption band at least as narrow as the analyte absorption 
bands. 

PNu - upper wavenumber position of the CTS spectrum containing an 
absorption band at least as narrow as the analyte absorption 
bands. 

PR.Ui, 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. 

PUm - upper wavenumber position of the mth analytical region. 

IAI - band area of the j th potential interferant in the mth 
j~nalytical region, at its expected concentration (CPOTj). 

IAV - average absorbance of the ith analyte in the mth 
ana~tical region, at its expected concentration (CPOTj). 
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ISCi or k' indicated standard concentration - the concentration 
from the computerized analytical P.)pgram for a single­
compound reference spectrum for the it analyte or ktn known 
interferant. 

kPa - kilo-Pascal (see Pascal). 

L I s - estimated sample absorption pathlength. 

La - reference absorption pathlength. 

Ls - actual sample absorption pathlength. 

MAOi - mean of the MAUim over the appropriate analytical regions. 

MAOim, minimum analyte w:Lcertainty the calculated minimum 
concentration for which the analytic~l uncertainty limit 
(AUi) in the measurement of the it analyte, based on 
spectral data in the mtn analytical region, can be 
maintained. 

KIOj - mean of the MIUjm over the appropriate analytical regions. 

KIOjm• mintmum interferant w:Lcertainty - the calculated minimum 
concentration for which the analyl~cal uncertainty limit 
CPOTi/20 in the measurement gf the j interferant, based on 
spectral data in the mt analytical region, can be 
maintained. 

MIL, mintmum instrumental linewidth - the minimum linewidth from 
the FTIR system, in wavenumbers. 

~: 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. 

Nscan - 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}) · 

Pascal (Pa) - metric uhit of static pressure, equal to one Newton 
per square meter; one atmosphere is equal to 101,325 Pa; 



BPA PTIR Protocol 
Ang;n•t 14 1996 

1/760 atmosphere (one Torr, or one millimeter Hg) 
to 133.322 Pa. 
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is equal 

Pmin - minimum pressure of the sampling system during the 
sampling procedure. 

Ps' - estimated sample pressure. 

Pa - reference pressure. 

Ps - actual sample pressure. 

RXSs. - measured noise l.evel of the FTIR system in the mth 
analytical region. 

RMSD, root mean square difference a measure of accuracy 
determined by the following equation: 

where: 

n -

(2) 

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 ith analyte. 

RSik - the (calculated) final concentration of the kth known 
interferant. 

t80~, scan time time used to acquire a single scan, not 
1ncluding flyback. 

t 8 , signal integration period - the period of time over which an 
interferogram is averaged by addition and scaling of 
individual scans. In terms of the number of scans Nscan and 
scan time tscan• _ts ,. Nscantscan. 

tsa - signal integration period used in recording reference 
spectra. 
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t 98 - signal integration period used in recording sample spectra. 

TR. - 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. 

v98 - volume of the infrared absorption cell, including parts of 
attached tubing. · 

wik - weight used to average over analytical regions k for 
quantities related to the analyte i; see Appendix D. 

Note that some terms are missing, e.g., BAVm, OCU, RMSSm, SUBs, 
SICi, SACi, Ss 



BPA PTIR Protocol 
Ang;u•t 14 1996 

B.l General 

APPENDIX B 

IDENTIFYING SPECTRAL INTERFERANTS 
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B.l.l 
value Ls'. 

Assume a fixed absorption pathlength equal to the 

B .l: 2 Use band area calculations to compare the relative 
absorpt~gg strengths of the analytes and potential interferants. 
In them analytical region (FLm to FUm), use either rectangular 
or trapezoidal approximations to determine the band areas 
described below (see Reference A, ~ections A.3.l through 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 DLi 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 (AAV im> from these scaled 
analyte spectra. 

B. 2. 2 Prepare spectral representations of each potentia£. 
interferant at its expected concentration (CPOT·}. For the mt 
analytical region, calculate the band area ( IAf;;m> 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.l. 

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 
any analyte (i.e., IAI· > 0.5 AAiim for any pair ij and any m), 
classify the potentialJ~nterferant as known interferant.. Lab7l 
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 (AVTrn) for 
each analytical region and record the values in the last row of 
the matrix described in Figure B.2. Any analytical region where 
AVTrn >2.0 is unsuitable. 

FIGURE B.1 Presentation of Potential Interferant Calculations 

Analyte Labels 

Analytical Regions 
1 M 

.1 AAI11 . AAI1M 

I AAII1 . AAIIM 
------------------------

Potential Interferant 
Labels 
1 IAI11 . IAI1M 

. IAIJM 

FIGURE B.2 Presentation of Known Interferant Calculations 

Analytical Regions 

Analyte Labels 
1 

I 

Known Interferant 
Labels 

1 

Total Average 
Absorbance 

1 M 

. AAI1M 

. AAIIM. 

. IAI1M 

. IAIKM 
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APPENDIX C 

ESTIMATING NOISE LEVELS 

C.l General 

C.l.l TPe 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.l.2 The RMS noise value in double-beam absorbance 
spectra is assumed to be inversely proportional to: (a) the 
square root of the signal integration period of the sample single 
beam spectra from which it is formed, and (b) to the total 
infrared power transmitted through the interferometer and 
absorption cell. 

C. 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) 

(b) 

RMSMAN - the noise level of the system (in absorbance 
units), without the absorption cell and transfer optics, 
under those COnditions necessary to yield the specified 
minimum instrumental linewidth, e.g., Jacquinot stop 
size. 

tMAN' - the manufacturer's signal integration time used 
to determine RMSMAN. 

(c) tss - 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, tMAN, 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: 

~ 
. RMS8ST = RMSMAN TP ~ t:; (4) 
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ESTIMATING MINIMUM CONCENTRATION MEASUREMENT 
UNCERTAINTIES (MAU and MIU) 

D.l General 
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Estima~e the minimum concentrafiion measurement uncertainties 
for the it analyte (MAUi) and jt interferant (MIU·) based on 
the spectral data in the mtn analytical region by cabParing 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 

D.2.1 For each analytical region, set RMS • RMSsm if 
measured (Appendix G) , or set RMS = RMSEST if estimated (Appendix 
C) • 

D.2.2 For each analyte associated with the analytical 
region, calculate 

MAU 1m = (RMS) (DL1 ) (AU i ) (FU~I FLm) 
1m 

(5) 

D.2.3 If only the mth analfitical region is used to 
calculate the concentration of the it analyte, set MAUi = MAUim· 

D.2.4 If a number of analy~ical regions are used to 
calculate the concentration of the it 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 

Wa = ( FMk - F~ ) ( E [ P'Mp - F~] rl 
pE {m'} 

(7) 

0.2.5 Repeat Sections 0.2.1 through 0.2.4 to calculate the 
analogous values MIU1 for the interferants j • 1 to J. Replace 
the value (AU1 ) (OLii in· the above equations with CPOTj/20; 
replace the value AAiim in the above equations with IAijm·. 
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APPENDIX B 

DETERMINING FRACTIONAL REPRODUCIBILITY UNCERTAINTIES (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 Calculations 

E.2.1 The CTS spectra {R1} consist of N spectra, denoted by 
s 1i, i-1, N. Similarly, the CTS spectra {R2} consist of N 
spectra, denoted by s2i, i•1, N. Each 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. For.m the spectra s3 according to s 3i • s2 i -s1 i for each i. For.m the spectra s4 according to s 4 i • rs2i+S1iJ/2 for each i. 

E.2.2 Each analytical region m is associated with a portion 
of the CTS spectra s 2 :1 and S.l.i' for a particular i, with lower 
and upper wavenumber l1mits F~~ and FFUm, respectively. 

E.2.3 For each m and the associated i, calculate the band 
area of s 4 i in the wavenumber range FFUm to FFLro. Follow the 
guidelines of Section B.1.2 for this band area calculation. 
Denote the result by BAVm. 

E. 2. 4 For each m and the associated i, calculate the RMSD 
of s 3i between the absorbance values and their mean in the 
wavenumber range FFUm to FFLro. Denote the result by SRMSm. 

E.2.5 For each analytical regio~ m, calculate the quantity 

~ • SRMSm(FFUm-FFLro)/BAVm 

E.2.6 If only the mth analytical region is used to 
calculate the concentration of the itn analyte, set FRUi = FMro· 

E. 2. 7 If a number Pi of analhtical 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 

FRUi = E wik FMk 

k E (m'} 

where the wik are calculated as described in Appendix D. 

{8) 
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APPENDIX P 

DETERMINING FRACTIONAL CALIBRATION UNCERTAINTIES (FCU) 

P.l General 

F.1.1 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 determin~ 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 Calculations 

F.2.1 Apply each analytical program to each reference 
spectrum. Prepare a similar table as that in Figure F. 1 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.1. 

F.2.2 For all reference spectra in Figure F.1, verify that 
the absolute value of the ISC's are less than the compound's MAU 
(for analytes) or MIU (for interferant&) . 

F. 2. 3 For each analyte reference spectrum, calculate the 
quantity (ASC-ISC)/ASC. For each tnalyte, calculate the mean of 
these values (the FCUi for the it analyte) over all reference 
spectra. Prepare a similar table as that in Figure F. 2 to 
present the FCUi and ·analytical uncertainty limit (AUi) for each 
analyte. 
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Presentation of Accepted Standard Concentrations (ASC's) 
and Indicated Standard Concentrations (ISC's) 

IS€ {ppm)· 
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FIGURE F.2 

Presentation of Fnctional Calibration Uncertainties (FCU's) 
and Analytical Uncertainties (AU's) 
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APPENDIX G 

MEASURING NOISE LEVELS 

G.l General 

The root-mean-square (RMS) noise level is the standard 
measure of noise. The RMS noise level of a contiguous segment of 
a spectrum is the RMSD between the absorbance values that form 
the segment and the mean value of the segment (see Appendix A) . 

G.2 Calculat~ons 

G. 2 .1 Evacuate the absorption cell or fill it with UPC 
grade nitrogen at approximately one atmosphere total pressure. 

G.2.2 Record two single beam spectra of signal integration 
period 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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DETERMINING SAMPLE ABSORPTION PATHLENGTH (Lg) AND 
FRACTIONAL ANALYTICAL UNCERTAINTY (FAU) 

B.l General 

Reference spectra recorded at absorption pathlength (LR) , 
gas pressure (PR), and gas absolute temperature (TR) may be used 
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 (Tg), and pressure (Pg). 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.1.1 Before sampling, determine the sample absorption 
pathlength using least squares analysis. Determine the ratio 

. Ls/LR by comparing the spectral sets {R1} and {R3}, which are 
recorded using the same CTS at Ls and LR, and Ts and TR, but both 
at PR. 

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 PR. 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 AJ:>sorption Pathlength Determination. Perform and 
document separate linear baseline corrections to each analytical 
region in the spectral sets {R1} and {R3}. Form a one­
dimensional array AR 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 Ag from the ibsorbance values in the ·spectral 
set {R3}; the members of the array are Asi' i • 1, n. Based on 
the model ~ • rAR + B, determine the least-squares estimate ~f 
r' , the value of r which minimizes the square error B . 
Calculate the sample absorption pathlength Ls • ·r' (Tg/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 As 
and AR as described in Section H.2.1, using values from {Rl} to 
form AR, and values from {R4} to form As. Calculate the values 
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NRMSB = ~ [Asi- (~:)(~:)(~:)ARir 
and 

IAAV = ~ ~ [Asi + ( ~:)( ~:)( ~:)ARi] 

The fractional analytical uncertainty is defined as 

NRMSB 
FAU = --'""' IAAv 
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(9) 

(10) 

(11) 
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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 

= TR L 5 P5 RSA1 
Tg LR PR ISCi 

(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_s to 
form the spectrum SUBs. To save analysis time and to avoid- 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 FFLrn· Denote the result by RMSSm. 

I.2.5 For each analyte i, calculate the quantity 

fMa = RMSSm ( FFUm - FFt._) AU 1 DL1 

AAI 1 RSA1 

for each analytical region associated with the analyte. 

(14) 

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 analyt~cal regions are used to 
calculate the concentration of the it analyte, set FMi equal to 
the weighted mean of the appropriate ~ values calculated above. 
Mathematically, if the set of analyt1.cal regions employed is 
{m'}, then 

FMU1 = E wik FMk 
k e {m'} 

where Wik is calculated as described in Appendix D. 

(15) 
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APPENDIX J 

DETERMINING OVERALL CONCENTRATION UNCERTAINTIES (OCU) 

The calculations in previous sections and appendices 
estimate the measurement uncertainties for various FTIR 
measurements. The lowest possible overall concentration 
uncertainty (OCU) for an analyte is its MAU value, which is an 
estimate of the absolute concentration uncertainty when spectral 
noise dominates the measurement error. However, if the product 
of the largest fractional concentration uncertainty (FRU, FCU, 
FAU, or FMU) and the measured concentration of an analyte exceeds 
the MAU for the analyte, then the OCU is this product. In 
mathematical terms, set OFUi • ~{FRUi, FCUi, FAUi, FMUi} and 
OCUi .. MAX{RSAi *OFU1 , MAUi}. 
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APPBN'DIX lt 

SPECTRAL DB-RESOLUTION PROCEDURES 

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 cts030Sa.aif,0305dres,1,16384,1 

"decamp• converts cts0305a to an ASCII file with name 
030Sdres. The resulting ASCII interferogram file is truncated to 
16384 data points. Convert background interferogram 
(bkg0305a.aif) to ASCII in the same way. 

(ii) compose 030Sdrea,0305dres.aif,1 

"Compose" transforms ~runcated interferograms back to spectral 
format. 
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(iii) IG2SP 0305dres.aif,0305dres.dsf,3,1,low cm·l,high cm·l 

"IG2SP" converts interferogram to a single beam spectrum 
using Norton-Beer medium apodization, 3, and no zero filling 1 
De-resolved interferograms should be transformed using the ~am~ 
apodization and zero filling that will be used to collect s~le 
spectra. Choose the desired low and high frequencies, in cm·l. 
Transform the background interferogram in the same way. 

(iv) DVDR. 0305dres.dsf,bkg0305a.dsf,0305dres.dlf 

"DVDR" ratios the transformed sample spectrum against the 
background. 

(v) ABSB 0305dres.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. 

In either DOS 
"Extract" command 

(i) EXTRACT CTS0305a.aif,0305dres.aif,l,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 'IM Software Procedure - Grams 'IM is a software 
package that displays and manipulates spectra from a variety of 
instrument manufacturers. ~is 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-1 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 ~~nction chosen for the de-resolved spectral 
library. 

TABLE K-1. GRAMS DATA FILES AND DE-RESOLUTION PARAMETERS. 
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Desired Nominal Sp\ctral Data Pile Name Parameter "H" 
Reaolution (em- ) Value 

0.25 Z002SO.sav 65537 

0.50 ZOOSOO.sav 32769 

1.0 Z01000.sav 16385 

2.0 Z02000.sav 8193 

(i) Import using "File/Import" the desired *.aif file. 
all open data slots. 

Clear 

(ii) Open 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. 

xflip:ls•ls(IO,IH)+SO 

item input box, type the text 
by clicking on "OK" (once only), 
complete, click the "Continue" 

Note the comment in step (iii) 

(iv) Run ICOKPO'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-1 for the correct choice of 
"H":) 

First: H 
zero Fill: Hone 
Phasing: User 
Points: 1024 
Calculate 

Last: 0 Type: Single Beam 
Apodization: (as desired) 

Interpolation: Linear P h a s e 

(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 
n c : \mdgrams . " ) 

setffp 7898.8805, 0 : loadspc "c:\mdgrams\ PILB" : 12•1s+l2 
(vi) Use "Page t7p" to activate file #2, and then use the 

"Pile/Save Aa" menu item with an appropriate file name to save 
the result. 

K.3 Verification of Hew Resolution 
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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 
interferograrns 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 fQr 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}. 

RMSS1 x n (FFU1 - FFL1 ) 
~ • OS (16} 

ACTS-eese 

RMSS-RMSD in the ith analytical region in subtracted result, test 
CTS minus CTS standard. 

n-number of data points per cm- 1 . Exclude zero filled points. 

FFUi &•The upper and lower limits (cm- 1), respectively, of the 
FFLi analytical region. 

Atest-crs•band area in the ith analytical region of the test CTS. 
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