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ABSTRACT

In 1990, EPA’s Air and Energy Engineering Research Laboratory (AEERL)
began a research program with the goal of improving global landfill methane
(CH,) emissions estimates. Part of AEERL’s program includes developing a
field testing program to gather data to identify key variables that affect
methane generation and to develop an empirical model of methane generation
based on those variables. _

The first step in developing the field testing program was a pilot study
of six U.S. Tandfills that have CH, gas recovery systems. Landfill gas
testing was conducted at each of the six landfills to evaluate the quality of
the gas recovery data available at each site. The testing program included
assessing the adequacy of on-site instrumentation and scanning the landfill
surfaces for the presence of organic vapors that would indicate emissions of
CH,.
characteristics was sought for each landfill. 1In order to evaluate the
effects of climate on CH, production and recovery, the sites were chosen to
represent a variety of moisture and temperature patterns (i.e., hot and wet,
cool and wet, hot and dry).

With the exception of flow measurements, the test procedures selected
for this project were well suited to the types of gas recovery installation
encountered at the landfills visited. Based on comparisons between the RM 3C
and instrument analyses of the landfill gas composition, all on-site analysis
instruments appeared to be operating within reasonable accuracy ranges.
Review of calibration procedures and records indicate that long-term
instrument accuracy should be comparable to the accuracies noted during
on-site testing. A negative correlation between refuse age and CH, recovery
per ton was found; a weak positive correlation was found for normal annual
precipitation and CH4 recovery per ton. The results of this small study are
sufficiently encouraging to warrant further data gathering and analyses.

"In addition, information on waste composition and landfill
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1.0 INTRODUCTION

1.1 BACKGROUND

In response to concerns about global warming, the U.S. Environmental
Protection Agency’s (EPA’s) Office of Research and Development (ORD) has
initiated a program to characterize the causes and effects of global climate
change, and to identify and quantify emission sources of greenhouse gases. To
assist in this undertaking, EPA’s Air and Energy Engineering Research
Laboratory (AEERL) has begun research to improve emissions inventories of
greenhouse gases in the United States and throughout the world.

One greenhouse gas of particular concern is methane (CH,). Methane’s
radiative-forcing potential is thought to be much greater than that of carbon
dioxide (CO,). Although the major sources of CH, emissions are known, there
‘is considerable uncertainty about the quantitative emissions from each source.
However, as much as 15 percent of all CH, generated annually is thought to
come from landfills (Thorneloe and Peer, 1990). One of AEERL’s goals is to
develop a database that can be used to accurately estimate CH, emissions from
landfills on a global basis.

In 1990, AEERL began a research program with the goal of improving global
Tandfill CH, emissions estimates (Thorneloe and Peer, 1990). This work began
with a review of the currently available models and data (Peer et al., 1991).
It was determined that current methodologies could be improved using available
data or data from research currently underway. One important limitation of
global emissions methodologies is the lack of data sufficient to model the
effects of climate, refuse composition, and refuse age on methane generation
in landfills. Theoretical models and laboratory experiments have been used to
estimate the methane production in individual landfills, but methane recovery
systems in. 1andfills are generally collecting less than predicted.

In order to determine the factors that affect” CH, generation in landfills
on a global basis, a model is needed that is responsive to a wide range of
c]ihates and types of waste. Understanding the effects of climate on CH,
production is especially important to climate modelers who are studying
feedback effects of global climate change. Part of AEERL’s program to create
~a CH, 1andfill emissions database, therefore, includes developing a field
testing program to gather data to:

{1) Identify key variables that affect methane generation; and
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(2) Develop an empirical model of methane generation based on those
variables.

From the literature review, several variables were identified as
potentially important. These include refuse moisture content, refuse
composition, refuse age, pH, and a variety of other variables related to
landfill characteristics and waste-handling practices. However, the global
scope of this database effort limits the number and type of variables that can
be considered.

Landfills with gas recovery systems offer unique opportunities for
studying methane production from landfills. The landfill gas is being
co]]écted and measured by the gas recovery operators; if those data can be
verified to be reasonab1y accurate, and if sufficient data are available on
the landfill itself, the landfill gas measurements collected over several
years may be used to estimate total methane generation. If sufficient sites
are available to provide a representative sample of current U.S. landfills,
then an empirical model may be developed using data from these sites.
Eventually, this model can be expanded to model landfills globally. Gas
recovery systems are being used widely in Europe, and are beginning to be more
common in other parts of the world. They represent an important source of
data for estimating global landfill CH, emissions, and may be used to
calibrate the model.

1.2 OBJECTIVES

The first step in developing the field testing program was a pilot study
of six U.S. landfills that have CH, gas recovery systems. The objectives of
the pilot study were to:

(1) Determine the types and quality of landfill data on CH,
recovery rates, gas composition, and refuse
characteristics available at landfills with gas recovery ..
systems;

(2) Use these data to determine trends in the effects of
climate, refuse age, and landfill characteristics on CH,
recovery; and

(3) Use the results of the emissions testing and data analysis
to assess the relationship between gas recovery and gas
generation, and assess the feasibility of expand1ng the
study to include other sites.
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To meet these objectives, a pilot study of six sites chosen to represent
a range of climates was undertaken. The general procedures and methodologies

planned were:
o Identify potential sites;

° Visit the landfills to collect data records from the facility;
° Independently measure landfill gas flow;
° Assess accuracy and adequacy of the data; and

° Develop statistical methods for analysis of the data.

Although the CH, content of the landfill gas is of most importance at
this time, other constituents were also measured (carbon dioxide, oxygen,
nitrogen, and nonmethane organic compounds). Eventually, this inventory
development program may be extended to include other gases. The procedures
and results of the pilot study are described in this report.
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2.0 SITE SELECTION AND DESCRIPTION

2.1 SITE SELECTION

The pilot study included visits to six landfills in the United States to
gather data on CH, recovery rates and factors thought to influence these
rates. The primary criterion in selecting a landfill for study was that it
have a gas recovery system in place. The recovery system needed to be well-
controlled (i.e., operating under good engineering practices to minimize leaks
and maximize CH, recovery) so that the CH, recovery data would be useful in
estimating total CH, production at the site. In addition, well-maintained
records on routine monitoring for possible gas migration at the perimeter and-
surface of the landfill were needed. _

In order to evaluate the effects of climate on CH, production and
recovery, sites were sought in geographic regions representing a variety of
moisture and temperature patterns (i.e., hot and wet, cool and wet, hot and
dry). Initial recommendations provided by landfill gas recovery experts in
the United States were used to identify potential sites. Final site selection
was largely influenced by:

) Assurance that long-term gas production and refuse composition data

were available at the site;

° Suitability of the site for sample acquisition; and

° The Tandfill operator’s willingness to cooperate in the study.

A Landfill Survey Form (Appendix A) was sent to the operators of the
selected sites prior to visiting the landfills so that they could begin
gathering the records. Site visits took place between August 6 and August 24,
1990.

2.2 SITE DESCRIPTIONS

The following paragraphs briefly describe each of the landfills selected
for the pilot study. The monthly precipitation normals (30-year) for each
site are shown in Figure 2-1; the monthly mean temperature normals are shown
in Figure 2-2. (Climate data sources and statistical methodology are
described in Section 5.0.) More detailed descriptions of the sites are
presented in Appendix Bl.
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- Landfill 1 is located in Wisconsin. The site is considered
reﬁresentative of a cool, wet climate. The 35-hectare landfill was closed in
1989. Cap thickness is reported to be at least 1.5 meters.

Refuse was placed at this site beginning in the 1950s; hazardous waste
was also accepted (and placed in separate cells) until the early 1980s. An
estimated 9 to 11 million cubic meters, or 6.3 x 10° Mg, of refuse are in
place at the landfill. Gas recovery began on December 31, 1985. As of
July 1, 1990, 1.8 x 10® cubic meters of gas had been recovered (approximately
162,823 cubic meters per day). At the time of the study, 45 wells were in
place, and three Solar Centaur turbines were in place and operating full time.

Landfill 2 is located in I1linois and also represents a cool, wet
“climate. Gas is being recovered from approximately 54 hectares: An older
" closed section of the landfill encompasses 26 hectares, and a newer closed
section covers 28 hectares. The original owners were very inconsistent in cap
placement and thickness, and the surface of the older section varies from
0.15 to 2.4 meters. The cap thickness on the newer section of the site
averages 0.9 meters. '

Refuse was first placed on'the older section in 1968. Refuse acceptance
at the newer section began in November 1982. A Solar Centaur turbine was
installed in January 1989, and a Solar Saturn turbine was slated to go on-line
in the fall of 1990. Sixty-five wells were on-line at the time of the study.
Total combined gas recovery from both sections of the landfill is about
56,600 cubic meters per day. ‘

Landfill 3 is located in Pennsylvania. Like Landfills 1 and 2, it
represents a cool, wet climate. Gas is recovered from a 51-hectare portion
that began accepting refuse in 1970 and was essentially closed in 1988,
although refuse is still being added in small amounts as settling occurs.
Hazardous wastes were accepted until 1981, and make up about 1 percent of
-total refuse. An estimated 8.4 x 10° cubic meters of refuse are currently in
place. The clay cap averages 0.6 meters in thickness. ‘

Gas was originally vented to the atmosphere to prevent off-site
migration. A Solar Centaur turbine was installed in January 1988, and a
second one was added in June 1989. At the time of the pilot study, both
turbines were operating full time. There are a total of 31 wells on-site. An
estimated 1.2 x 10° cubic meters of gas are recovered daily.
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Landfill 4, located in Florida, represents a hot, wet climate. Gas is
recovered from a closed portion of the 1andfill that covers about 57 hectares.
Average refuse height in this portion is 56 meters above sea level including a
0.5-meter cap on the uppermost 16 hectares. (The landfill is shaped like a
pyramid.) Refuse acceptance began in 1971 and ceased in 1989. Portions of
the Tandfill accepted and continue to accept sludge from a nearby wastewater
treatment plant. Most (94 percent) of the compacted 13.8 x 10° Mg of refuse
estimated in place at the closed portion is thought to be CH,-producing.

Final cover on the closed areas of the Tandfill is 45.7 cm of topsoil,
45.7 cm of clay (rock tailings), and 45.7 cm of sand. The cover is very
permeable to rainfall and this permeability limits the amount of vacuum that
" can be applied. . . :

This Tandfill has 111 wells in place; five Solar turbines were started up
in 1989. Four turbines are currently in continuous operation at 95 percent
~ capacity. At the time the study was conducted, the maximum gas recovery rate
attained was 293,170 cubic meters per day, but recovery had leveled off to
about 156,000 cubic meters per day.

Landfill 5, located in southern California, was the only site in a hot,
dry climate. Gas is being recovered in a closed portion covering 32 hectares.
Refuse acceptance began in 1952. The closed portion of the landfill has
approximately 11 x 10° Mg of refuse in place, of which approximately
8.7 x 10° Mg are decomposable. Reinjection of condensate to boost moisture in
the refuse was permitted until 1985. Since this practice ceased, hgwéver,
there has been no appreciable drop in either gas or condensate production.

At the time of the study, the closed portion of the landfill did not have
a final cover in p]acé, although one was scheduled to be installed in the fall
of 1990. The area is currently covered with a permeab]é silty sand and is not
vegetated. Refuse moisture content is estimated to be 12 percent.

-There are a total of 102 wells on site. Gas collection began in 1976,
originally using either an internal combustion engine or flaring the gas.
Currently, a Solar skid is used for gas compression prior to flaring, and
condensate is treated in an oil/water separator.

Landfill 6 is located in north central California, another relatively hot
and dry climate. Gas is recovered from closed portions of the landfill. This
landfill was the only one visited where gas recovery and refuse composition
data could be gathered for three separate portions within the landfill.

Area 1 covers 27 hectares’ and contains about 1.74 x 10° Mg of refuse; Area 2
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covers 10 hectares and contains 5.8 x 10° Mg of refuse; and Area 3 covers

3 hectares and contains 2.5 x 10° Mg of refuse.  The final covers on Areas 1
and 2 and part of Area 3 consist of a 1.2-meter clay cap and a 0.3-meter soil
cover, with vegetation established. Parts of Area 3 had not yet been seeded
with vegetation.

Information on refuse was gathered for the entire site. Refuse was
accepted at different times in different areas between 1975 and 1989. Average
moisture content of the refuse is reported to be 23 percent, with paper waste
comprising about 46 percent (wet weight) of the total waste.

Gas recovery began at this site in 1988. The current system consists of
three internal combustion engines and a backup flare. The flare burns
constantly (fueled with propane and a small stream of CH,). and on-site
personnel indicated that the amount of CH, burned in the flare has been
steadily decreasing over time. Of the 68 wells located on site, 47 are in
Area 1, 17 in Area 2, and 4 in Area 3. The estimated landfill gas flow for
the entire site is 40,766 cubic meters per day, with 50 to 52 percent CH,.

. "This area-does not include the 6.7 hectares and 11 wells brought on line in May
1990.
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3.0 LANDFILL GAS TEST PROCEDURES

Landfill gas testing was conducted at each of the six landfills in the
pilot study in order to evaluate the quality of the gas recovery data
available at each site. The testing program included assessing the adequacy
of on-site instrumentation and scanning the landfill surfaces for the presence
of organic vapors that would indicate emissions of CH,.

This section of the report identifies the methods used in the testing
program and describes the site-specific testing procedures used at each of the
landfills visited. A more detailed description of the test methods, site-
specific procedures, and laboratory analyses are given in. Appendix C. The
program’s quality assurance procedures are presented in Appendix D.

3.1 GENERAL TEST PROCEDURES
3.1.1 Methane, Carbon Dioxide, Oxygen, and Nitrogen Test Method

The EPA Reference Method (RM) 3C (U.S. EPA, 1991a) was used to determine
the composition of the Tandfill production gas. This method was developed and
proposed for use at municipal Tandfills for determining CH,, COZ; nitrogen '
(N,), and oxygen (0,) levels. Figure 3-1 shows a diagram of the RM 3C

sampling system.
3.1.2 Nonmethane Organic Compounds Test Method

Nonmethane organic compounds (NMOC) in the landfill gas were determined
using EPA RM 25C (U.S. EPA, 1991b). Samples were taken using the same
procedures as for RM 3C (figure 3-1). After a 5-minute leak check procedure,
starting vacuum pressures were recorded and samples were extracted into
evacuated stainless steel canisters. Canisters were shipped off-site for GC

analysis.
3.1.3 Moisture Test Methods
, Moisture content of the landfill gas was determined using EPA RM 4

(U.S. EPA, 1989a). This method uses a chilled impinger train to condense and
trap water from the landfill gas. . The water is then weighed and related to
the volume of gas sampled.' Figure 3-2 shows a diagram of the RM 4 sampling

system.
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3.1.4 Volumetric Gas Flow Rate Test Method

Initially, the volumetric flow rates of the landfill gas production were
to be measured using EPA RM 2 (U.S. EPA, 1989b). This method requires that a
pitot tube with a diameter of about 0.5 to 1.0 cm be inserted into the gas
transport pipe. At the landfills visited, however, there were no sample ports
on the gas transport pipes large enough to insert a pitot tube. Therefore,
field measurement for gas flow rate was not possible. In lieu of this test,
copies of recent calibration records of on-site flow measurement instruments
were obtained for three of the six landfills.
3.1.5 Landfill Surface Organic Vapor Testing

Tests for the presence of organic vapors near the landfill surface were
conducted using an organic vapor analyzer (OVA). An OVA basically consists of
a sample probe, a vacuum pumb to draw the sample through the analyzer, a flame
ionization detector, and a display that indicates the concentration in parts

per million (ppm) of organic vapors.

Prior to surface testing at each site, the OVA was calibrated using three
calibration standards, with air containing (1) 0 ppm organic vapor;
(2) 100 ppm CH,; and (3) 500 ppm CH,. Field tests were conducted by.sampling
at various points in the 1andfil1 at a distance of about 10 cm above the |
surface. Areas of vegetative stress were sampled, as well as any cracks or
fissures in the landfill surface. As each point was tested, its location, a
brief description of the surface characteristics, and the organic vapor
concentration measured were recorded in the project notebook.

3.2 SITE-SPECIFIC TEST PROCEDURES
3.2.1 Test Procedures at Landfills 1 through 4

Landfills 1, 2, 3, and 4 have very similar landfill gas recovery and
electrical generation equipment. Figure 3-3 shows a schematic diagram of the

gas recovery and electric generation process.

At Landfills 1 through 4, RM 3C (CH,, CO,, N,, and 0,) samples were taken
from a sample port on the landfill gas line that feeds the gas turbine. This
port corresponds to sample port A on Figure 3-3. At this point, the landfill
gas has been processed to remove condensate and particulate. The sample port
is ‘also on the same line from which sampies are withdrawn by the on-site
automatic gas analyzer.’ .

Landfills 1 through 4 all have an automatic GC analyzer that periodically
samples and analyzes the composition of the gas entering the turbines. The

3-4
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analyzer determines the percentage of CH,, CO,, 0,, and N, in the gas. Sample
frequency is computer controlled, and samples are taken every 3 minutes.

Six RM 3C samples were taken at each of the landfills. Each sample was
extracted over a period of 10 to 20 minutes, and total sampling time for all
six samples was 1.5 to 2 hours. After RM 3C field testing was complete, gas
composition data printouts generated by the automatic analyzer during field
testing were obtained from the gas plant operator. These gas composition data
would be compared to the composition determined from laboratory analysis of
the field samples. '

Reference Method 25C (NMOC) samples from Landfills 1 through 4 were taken
from the main gas header as far upstream from gas conditioning equipment as
possible. The sampling point for RM 25C corresponds to sample port B on
Figure 3-3. It should be noted, however, that at Landfill 1, the first sample
port on the main leader was located downstream from a condensate collection
tank, and no sample could be taken further upstream. For Landfills 2, 3,
and 4, there was no treatment of the gas upstream of the sampling point.

At each of the sites, six RM 25C samples were taken. Each sample was
- extracted over a period of about 10 to 20 minutes, and collection of all six
samples required 1.5 to 2 hours.

Reference Method 4 (moisture) samples were taken from the same sample
port that the RM 25C samples were taken from (sample port B on Figure 3-3).
Six samples were taken at each of the landfills. Each RM 4 sample was
collected over a period of about 20 minutes. Total sampling time at each
Tandfill for the six moisture samples was 3 to 4 hours.

Organic vapor analysis testing was performed at only Landfills 2 and 4.
At Landfill 2, landfill personnel were asked to point out locations on the
landfill where there were known vegetative stress problems, and OVA tests were
performed at these locations. At Landfill 4, there were no specific gas
migration problem areas, and tests were performed at random locations on the
landfill surface. Organic vapor analysis testing was not performed at
Landfills 1 and 3 because high winds were continually sweeping over the
landfill surfaces, removing any buildup of organic vapor that might have been
detectable.

3.2.2 Test Procedures at Landfill 5

At Landfill 5, there are two separate gas collection systems. An
interior gas collection system collects the landfill production gas, and a
perimeter collection system collects gas that migrates to the perimeter of the
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landfill. Figure 3-4 shows a diagram of the gas recovery and treatment
processes at Landfill 5.

Reference Method 3C samples were taken from the perimeter collection main
header. The sampling point corresponds to sample port A on Figure 3-4.
Landfill gas from the perimeter wells is not treated prior to combustion in
the flare.

Routine on-site gas composition testing by landfill personnel is
performed by taking grab samples in Tedlar bags and analyzing the samples with
a GC located in the gas plant control room. For this test program, field
sampling for RM 3C was coordinated with on-site sampling and analysis.
Reference Method 3C sampling by the field team and grab sampling.by a Tandfill
employee were performed alternately. A total of six RM 3C samples were
extracted. The grab samples were “then analyzed by landfill personnel, and the
results were given to the field team. Therefore, the RM 3C results obtained
through laboratory analysis can be compared to the results of on-site tésting.

Reference Method 25C samples were taken from the main header serving the
interior production gas wells. Samples were taken upstream of any gas
treatment. The sample point for RM 25C sampling corresponds to sample port B
on Figure 3-3. A total of six RM 25C samples were extracted.

Moisture samples were also taken from the main production gas header at
the same point as the RM 25C samples (sample port B on Figure 3-3). A total
of three moisture samples were taken.

Organic vapor analysis was performed at Landfill 5. Surface test
readings were taken from several points at the perimeter of the landfill. as
well as from the surface of the interior production portion of the landfill.
3.2.3 Test Procedures at Landfill 6 . _

There are three separate gas collection areas at Landfill 6. These three
areas were filled with refuse and capped at different times. Separate headers
carry landfill gas from each of these areas to one main header which then
transports the gas to the gas recovery plant. Figure 3-5 shows a flow diagram
of the landfill gas recovery and electrical generétion process at Landfill 6.

Reference Method 3C samples were collected from each of the three
separate landfill areas. The sample points correspond to test ports A, B,
and C on Figure 3-5. Landfill personnel routinely test for methane
concentration at these three ports using a hand-held methane analyzer.

A total of nine RM 3C samples were taken at Landfill 6, three samples
_from each area. A landfill employee performed methane testing using the
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hand-held analyzer prior to extraction of each of the RM 3C field samples.
The results from the laboratory analyses of the field samples can then be
correlated with the methane concentration results recorded during routine
on-site testing. _ _ .

It should be noted that for Area 1, the sample port on the Area 1 header
(sample port A) is located upstream from the junction of a pipe carrying
landfill gas from one section of Area 1. This port is used for routine
sampling by landfill personnel, and the data obtained is integrated into the
historical gas production data for Landfill 6. However, landfill gas from a
segment of Area 1 is not represented in test results obtained from sample
port A or in the data collected routinely by landfill personnel.

Reference Method 25C samples were taken in the same manner as RM 3C
samples above. A total of nine éamp1es were taken, three from each of
Areas 1, 2, and 3 (sample ports A, B, and C on Figure 3-5).

Moisture samples were taken from the main landfill gas header that
transports gas from all three areas to the gas plant. Samples were taken
dpstream of any gas treatment. The sample point for the moisture testing
corﬁesponds-to sample port D on Figure 3-5.. A total of three moisture samples
were taken at Landfill 6. '

Organic vapor analysis testing was performed on Area 1 of Landfill 6.
Several areas in the landfill surface had fissures 3 to 4 cm wide and about a
meter deep. These fissures were tested for organic vapor. '



4.0 TEST RESULTS

This section presents the results of the comparative testing between the
source operated analysis equipment and EPA reference methods. These
comparisons are made for composition monitoring only due to problems
encountered with the velocity testing sites. A discussion of these problems

“is presented later in this section. Field data sheets are included in

Appendix D.

4.1 METHANE AND CARBON DIOXIDE

Table 4-1 presents the results of the RM 3C tests of CH, and CO, from
each of the six landfills. (Note that the sums of CH, and CO, are less than
100 percent due to the presence of other constituents in the gas stream.)
Sample locations for the RM 3C testing were selected to acquire a gas
composition value which would be representative of the landfill gases
collected from the site as monitored and recorded by the site operators. The
procedures described in Section 3.1.1 were used to ;o]}ect the samples for
analysis by GC. Samples for Landfills 1 through 4 were co]]ecfed at the gas
line feeding the power turbines. This location was adjacent to the sampling
point used by the on-site analyzers, and provided the ability to acquire
‘concurrent samples with the site analyzers for subsequent accuracy
evaluations. Gas samples for CH, and CO, analysis from Landfills 5 and 6 were
collected from the locations normally used by site personnel for the routine-
checks made of composition. Sampling for gas composition at these two sites
is performed manua]ly'and arrangements were made to collect samples
- concurrently for later accuracy comparisons. ' ,

On-site analysis of the landfill gas composition was made by an automated
GC system obtaining a sample from one location at Landfills 1 through 4.
Landfill 5 employed manual sample collection from a number of locations for
operational data to maintain control of fugitive emissions as well as-
measurement of production gas compositions. Samples collected during the
course of the day were analyzed using a GC operated in a manual batch
processing mode. Gas composition measurements at Landfill 6 are made at
various locations to permit balancing of the gas collection system. Samples
are analyzed using a combustibles analyzer.

4-1



Table 4-1
RM 3C Test Results

Sample [.D. CO2 - CH4 Sample I.D. CcOo2 CH4
{vol %) (vol %) . (vol %) (vol %)
Landfill 1 Landfill 4
4T42*  45.30 60.81 39 44.97 53.38
4T64 36.81 49.81 45| 43.44 54.47
4TS0 37.83 52.27 150 44.82 53.35
4T57 33.52 44.90 175 46.24 53.76
4T21 36.48 51.48 70* 4491 55.28
343 34.53 47.50 89 44.21 52.73
Landfill 2 .  |Landfill 5
4T54 35.70 50.78 102 31.89 30.73
4T56 31.36 46.35 179 31.00 . 30.60
4T28 37.09 52.72 109 24.38 23.89

4TS5 39.29 56.49
4T48 35.92 51.47
4T8 35.73 54.29

Landfill 3 Landfill 6
4T52 | 38.29 51.46 57 37.10 47.21
6156 37.82 51.13 181 38.58 46.49
6148 38.20 51.91 : 142 39.88 47.97
6103 38.34 52.78 87 36.40 46.30
6177 38.62 52.26 156 39.62 48.68
6181 36.81 50.10 183 39.93 50.02

126 44.34 51.16
108 43.43 51.17

*The sum of CH, and CO, is greater than 100% -- results are attributed to
sampling error.
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Accuracy evaluations of the on-site instrumentation was performed
similarly to the procedures established by EPA to assess continuous emission
monitoring systems. This evaluation process involves determining the actual
gas species concentration simultaneously with the instrument under scrutiny.
The two resulting emission values are then compared and the differences
between the reference method (in this instance RM 3C) and the analyzer are
recorded. From this group of differences between the instrument and the
reference method a confidence level is assessed and an accuracy value relative
to the emission rate is ca1cuiated. (More detailed discussion of the
calculation procedures is contained in Appendix B of 40 CFR 60, "Performance
Specifications for Continuous Emission Analyzers.") Tables 4-2 through 4-7
present the results of the comparisons between CH, and CO2 concentrations
measured and those of the on-site analyzers. (Landfill 6 did not perform
analysis of CO, at the time of testing, so CO, accuracy calculations were not
possible.) The relative accuracy of each instrument, determined using the
procedures listed in 40 CFR 60, Appendix B, are also presented in these
tables. '

There are currently no evaluation criteria established for accuracy.of
this type of instrumentation, so the following observations are méde based on
experience with other types of analyzers. In general, all of the instruments
were observed to be operating in manner consistent with good operating
practices. Calibration of the analyzers is performed by landfill personnel on
a routine basis, and the instruments appeared to be included in a regular
maintenance program. Three CH, analyzers exhibited relative accuracies-better
than 10% (Landfills 3, 4, and 6), and 5 of the 6 were within about 12%. Three
of the five CO, instruments tested were found to have relative accuracies
better than 15% (Landfills 1, 4, and 5). (An instrument is considered to be
more accurate as the relative accuracy approaches zero.)

4.2 NONMETHANE ORGANIC COMPOUNDS :

Results of the NMOC tests are presented in Table 4-8. Sample points for
Landfills 1 through 4 were located as close as practicable to the collection
field. At these sites however, this location was downstream of condensate
collection tanks. It is not known to what extent NMOC concentrations may be
reduced by these collection tanks. Samples collected at Landfills 5 and 6
were acquired before any gas cleaning took place, and should be representative
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Table 4-2
Relative Accuracy Results for Landfill 1

" Sample  Reference Method Site Analyzer Difference
ID CO2 CH4 Cco2 CH4 Cco2 CH4
(vol %) (vol %) (vol %) (vol %) (vol %) (vol %)
4T42 45.30 60.81 39.39 51.78 . .
4T64 36.81 49.81 39.33 51.78 2.52 1.97
4T50 37.83 52.27 39.41 51.81 1.58 -0.46
4T57 33.52 44.90 39.36 51.83 5.85 6.94 -
4T21 36.48 51.48 39.35 51.83 2.87 0.35
343 '34.53 4750 39.33 51.81 4.80 4.30
avg = 35.83 49.19 avg = 2.94 2.18
' ’ sum X = 17.63 13.10
sum x*2 = 74.35 70.81
|t = mantacd deviation sd = 1.75 291
CC = confidence coefficiont CcC = 2.17 3.61
RA = relative socurscy ) _ ) o
RA = U % L B t s

* - since the sum of the reference method analyses was greater than
100% this test was not used in the calculations
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Table 4-3
Relative Accuracy Results for Landfill 2

Sample Reference Method Site Analyzer Difference
ID CO2 CH4 CO2 CH4 COo2 CH4
(vol %) (vol %) (vol %) (vol %) (vol %) (vol %)
4T54 35.70 50.78 39.13 53.29 343 2.51
4T56 31.36 46.35 39.12 53.28 1.7 6.93
4T28 37.09 52.712 39.13 53.30 2.04 0.57
4TS 39.29 56.49 39.11 53.31 -0.18 -3.18
4T48 35.92 51.47 39.11 53.30 3.19 1.82
4T8 35.13 54.29
avg = 35.87 51.56 avg = 3.25 1.73
sum X = 16.25 B.65
sum x*2 = 86.49 68.03
d = 2.90 3.64
o = mandard deviation cC = 3.60 4.52
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Table 4~4

Relative Accuracy Results for Landfill 3

Sample Reference Method Site Analyzer Difference
ID CcO2 CH4 co2 CH4 co2 CH4
(vol %) (vol %) ¢vol %) (vol %) (vol %) (vol %)
4T52 38.29 51.46 43.39 55.11 5.10 3.65
6156 37.82 51.13 43.40 55.10 5.59 3.97
6148 38.20 5191 43.40 55.10 5.20 3.19
6103 38.4 52.78 43.40 55.10 5.06 2.32
6177 38.62 | 52.26 43.40 55.11 4.77 2.85
6181 36.81 50.10 43.41 55.10 6.59 5.00
avg = 38.01 51.61 avg = 5.39 3.50
sum x = 32.31 20.98
sum x*2 = 176.13 77.18
sd = 0.65 0.94
od = aandard deviation CcC = 0.68 0.98
RA= C 18,98 e v gles

RA = relative sccuracy
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Table 4-5

Relative Accuracy Results for Landfill 4

Sample Reference Method Site Analyzer Difference

ID CcOo2 CH4 CcO2 CH4 Cco2 CH4
(vol %) (vol %) {vol %) (vol %) (vol %) (vol %)

39 44.97 53.38 43.37 53.67 -1.60 0.29

45 43.44 54.47 43.37 53.65 -0.07 -0.82

150 44.82 53.38 43.36 53.62 -1.46 0.27

175 46.24 . 53.76 43.35 53.63 -2.89 -0.14

70 491 - 55.28 43.34 53.62 -1.57 -1.65

89 44.21 52.13 43.36 53.61 -0.85 0.88

avg = 44.76 53.83 - avg= -1.41 -0.20

sum X = -8.45 -1.17

sum x“2 = 16.26 4.35

sd = 0.4 0.91

o« = gandard devistion CC = 1.06 1.03
©C = confidenas cocfTicient ’ _ _

RA = 228

RA = relative socurecy
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- Table 4-6
Relative Accuracy Results for Landfill 5

Sample Reference Method Site Analyzer .~ Difference
ID CcO2 CH4 co2 CH4 co2 CH4
(vol %) (vol %) (vol %) (vol %) (vol %) (vol %)
102 31.89 30.73 . 29.66 29.76 -2.23 -0.97
179 31.00 30.60 28.81 . 28.91 -2.19 -1.69
109 24.38 23.89 29.06 T 29.14 + .
115 46.53 5529 44.29 49.11 -2.24 -6.18
135 48.23 56.5 44.86 48.50 -3.37 -8.04
900 | 4737 55.67 4.84 43.64 -2.53 -7.03
avg = 41.00 45717 avg = -2.51 —4.78
sum x = -12.56 -23.91
sum x“2 = 32.53 156.04
od = 0.50 3.23
o = sandard deviation CC = 0.62 4.01
CC-u:nﬁdﬂl:codTn'n;: -
RA = rolative sccuracy RA= RSN X TERRSEIS T %11

* - this test was not used in the calculations because there is a greater than 20% difference
between the values from this test and the average values from the previous two tests.

4-8



Table 4-7
Relative Accuracy Results for Landfill 6

Sample Reference Method Site Analyzer . Difference
ID CO2 CH4 CcO2 CH4 co2 CH4
(vol %) (vol %) (vol %) (vol %) (vol %) (vol %)
57 37.10 . 47.21 : 51.00 3.79
181 38.58 46.49 51.00 . 4.51
142 39.88 47.97 "~ 51.00 3.03
87| 36.40  46.30 48.50 2.20
156 39.62 48.68 51.00 2.32
183 |  39.93 50.02 - 52.00 1.98
126 44.34 51.16 . 51.00 -0.16
108 43.43 . 51.17 51.00 -0.17
avg = 38.59 47.78 avg = 2.97
sum x = 17.83
sum x*2 = 58.03
sd = 1.62
o = sandard devistion CC = 1.35
RA = relative accurscy RA = l.: i 8-45 :
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Nonmethane Organic Compounds Test Results

Sample
Identification

Total Gaseous
Nonmethane Organics
(mg C/m*3)

Sample
Identification

Total Gaseous
Nonmethane Organics
(mg C/m*3)

Landfill 1

Average =

951
1463
805
679

620

886.7

Landfill 4

Average =

902
933 |
1019
888
726
1166

939.0

Landfill 2

Average =

841
491
m
547
555
563

628.0

Landfill 5

Average =

2712
2736
2741

2729.7

Landfill 3

Average =

1316
1288
2130

765

1226

1231.7

Landfill 6

Average =

503
384
408
405
642
461
601

486.3




of total landfill NMOC’s generated. A wide range of the NMOC concentrations
were noted at the six sites (486 mg C/m’ to 2730 mg C/m3).

The large degree of variability between the NMOC results for the six
sites may be caused by several factors. The primary influence is most 1ike1y
the differences in landfill composition. Of a secondary, but potentially
significant impact, is the use of condensate collection tanks at sites 1
through 4. It is suspected that these tanks, located prior to the sampling
locations, may remove a certain amount of NMOC’s from the landfill gas.

4.3 LANDFILL GAS FLOW RATE

During the test program development, measurement of total Tandfill gas
flow rate was believed to be possible utilizing EPA Reference Method 2. Due -
to various operating conditions and constraints encountered in the field, it
was not possible to perform velocity measurements for eventual comparisons to
site instrumentation. The two principal constraints on using RM 2 for
determining gas flow rates were the lack of sample ports adjacent to the
on-site flow monitors and operational and safety considerations relating to
the working pressures at the monitoring site.

At Landfills 1 through 4 the flow monitor (an orifice and differential
pressure monitor) was located in the high pressure exhaust line of the gas
compressor. Working pressures at this location were typically between 150 and
170 psi, precluding use of standard test equipment. Also, the only access for
sampling would have been throUgh one of the pressure tap ports of the
differential pressure gauge, effectively disabling the flow monitor during the
test. At Landfills 4 and 5 the problem encountered was one of limitations
based upon site operational constraints. The available sample ports were
located in the vacuum side of the gas collection lines. Insertion of the
pitot tube in the ports would have caused significant air infiltration into
the gas supply lines, causing problems with operating equipment. It was not
the intention of this test program to impose any adverse or potentially
dangerous operating conditions on any of the sites, so testing was not
perfofmed. Because no pre-site visit was possible before selecting a test
method, there was no contingency plan for alternative sampling procedures.

An alternative approach was taken to assess the accuracy of the flow
monitors used by the sites to record total gas flow from the landfills. The
landfill operators were asked to describe the calibration procedures used for
routine checks of the differential pressure gauges used at their landfill.
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Each site routinely calibrates the differential pressure gauge against a
"standard reference. These procedures, as well as the frequency'of
calibration, were evaluated to determine if it would be possible to
qualitatively identify the relative accuracy of the flow monitors. Based on
the information supplied by the landfill operators, the flow monitors appeared
to be reasonably accurate. Given the calibration procedures and instrument
types, the expected accuracy of the flow monitors is about 10%.



5.0 STATISTICAL METHODS DEVELOPMENT

The ultimate objective of this research program is to determine which
variables relating to refuse characteristics, landfill characteristics, or
climate are significant determinants of gas production. This pilot study
addressed a small number of sites and the results were not intended to be
representative of all landfills. Rather, the study was intended to provide
the basis for development of statistical methods for use in a larger study, to
identify data quality issues, and to look for trends. This section describes
the landfill and climatological data, the statistical methods used, and the
results of the analysis. . _

The data obtained from each landfill consisted of computer printouts or
handwritten data sheets 1listing total gas flow, percent CH, composition of the
“total gas flow, and other information applicable to the individual landfills.
The data were usually in the form of daily averages of hourly flow rates, and
were reported for each on-line gas recovery unit.

The descriptive data for each landfill are summarized in Table 5:1. The
average CH, flow in standard cubic feet per minute (CFM)** was calculated
from daily averages supplied by site operators. Although the between-landfill
variation is large, ranging from 590 CFM to 3477 CFM (16.71 to 98.47 nP/min),
the day-to-day variability is relatively small, as shown by the coefficients
of variation, which were generally below 10% except for Landfill 6 (12.4%).
Data sources, limitations, and preparation are described in the next
two sections. '

5.1 DESCRIPTION OF DATA
5.1.1 Landfill CH, Data

Data were'reporfed and summarized for each of the three on-line turbines
at Landfill 1; for one on-line turbine at Landfill 2; for each of the two
turbines at Landfill 3; and for each of the five turbines at Landfill 4.
App]icab1e data for these four landfills include daily averages of total gas
flow in cubic feet per hour and percent CH, composition of the gas streams for
each turbine. Other available data include percent composition of other
gases, temperature, pressure, run time, and other parameters.

“Flow rate at 25°C and 1 atmosphere.
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TABLE 5-1. SUMMARY

STATISTICS FOR EACH LANDFILL CALCULATED FROM DAILY CH, AND WEATHER DATA

Landfill

Parameter

1

2

.3

4

5

6

Analysis Period

Number of wells

5/89 to 4/90

45

10/89 to 7/90

8/89 to 7/90

7/89 to 6/90

1/90 to 8/90

5/89 to 4/90

65 (44 VA)* 31 111 102 68
Average well depth (meters) 14 _ 14 23 21 34 10
Number of hectares 35 55 51 57 32 40
Refuse mass (10° Mg) 6.3 6.1 7.3 13.8 10.9 2.6
Average landfill depth (meters) 67 26 66 56 46 10
1990 average age (years) 8 10 10 9.50 15 7
Total Methane Flow
Number of days 194 302 314 65 209 37
Mean (m'/min) (CFM) 55.36 {1955) 18.04 (637) 40.07 (1415) 98.47 (3477) 24.86 (B78) 16.71 (590)
Standard deviation 2.12 1.19 2.32 1.33 1.70 2.07
Coefficient of variation (%) 3.80 6.60 5.80 1.40 6.80 12.40
Jemperature
Mean (°C) during analysis period 7.34 7.67 10.51 24.96 16.12 16.57
30-year normal 7.51 9.28 12.23 23.96 17.12 16.18
Precipitation
Total (cm) during analysis period 80.52 86.36 111.51 101.6 22.86 42.16
30-year normal 73.15 90.42 107.7 158. 43.18 45.5

*VA = very active; other wells were primarily for odor control.



Data from Landfill 5 were reported and summarized for each well type.
Wells at this site are classified as either "production" or "perimeter" wells.
Applicable data include production and perimeter well gas flows, total CH,
sold, and percent CH, composition of the production and perimeter well gas
flows. The gas flow and gas sales data were all reported as daily averages in
CFM. _

Data from Landfill 6 were reported and summarized for each of five
specific areas. Applicable data include daily averages of total gas flow in
CFM and percent CH, composition for each area. .Other data available at
Landfill 6 include daily averages of'CH4 flow in CFM per refuse wet weight per
year for each area. :

'5.1.2 Weather Data

Daily temperature and precipitation data were obtained from the State
Climatologist’s Office in each respective state for a cooperative National
Weather Service (NWS) station nearest each landfill. In most cases, the State
Climatologist made copies of the appropriate'pages from Climatological Data
(U.S. Department of Commerce, 1989-1990). At the time of this study, the
current issue of Climatological Data was June 1990; thus, daily weather data
were available for most of the same time period as the available CH, data.

In addition to the daily weather data, 30-year averages of monthly and
annual temperature and precipitation were obtained for the NWS stations (U.S;
Department of Commerce, 1982). These 30-year averages are referred to as the

"normal" values.

Weekly values of the Palmer Drought Severity Index (PDSI), which.are
reported by climatic division within a state, were obtained for all reporting
weeks in 1989 and 1990 from the Weekly Weather and Crops Bulletin (NOAA/USDA
Joint Agricultural Weather Facility). The PDSI reflects the long-term
moisture ba1ance,'which affects groundwater volume. The PDSI is generally
reported every other week between April and October.

5.2 DATA PREPARATION
5.2.1 Landfill CH, Data

Because the landfill CH, data arrived in the form of paper printouts, the
data applicable to this study were first entered into computer files for
further processing. Exploratory data analysis was then performed for total
gas flow and percent CH, composition on a turbine-by-turbine basis for
Landfills 1 through 4, on'a well type (i.e., producing wells versus migration
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col]ectioﬁ wells) basis for Landfill 5, and on an area-by-area basis for
Landfill 6. This exploratory analysis consisted primarily of summary
statistics, inc]udingna listing of the five largest and smallest extreme
values, and time series plots of the data. The intent of the exploratory
analysis was to remove outliers and any other data deemed unrepresentative of
the true population.

No rigid procedure was adopted for outlier removal because outliers were
very obvious. However, in removing outliers, two general steps were followed.
In the first step, any of theifive Targest or smallest extreme values that
were obviously different from the other extreme values, or that were obviously
far from the bulk of the data (as indicated by Box plots) were removed. In
the second step, the remaining data were plotted in time series fashion. Any
data points that were located outside the region of general variability of the
majority of the data were removed. Most of the points removed in the second
step were associated with periods leading to downtimes, with periods beginning
from start-up times, or when there were other problems with the gas collection
system. For borderline data points, landfill operators were sometimes
contacted to verify that problems existed at the time data were cq]lected.

After the outliers and questionable data were removed, CH, flow rates
were calculated for each turbine, well type, or area by multiplying the total
gas flow rate by the percent CH, composition. Because landfill parameters
were unknown for individual turbines, well types, or areas at most landfills,
a total CH, flow rate for each landfill was calculated by summing the CH, flow
from all gas recovery systems. These sums were calculated only when all.
systems were operating, or when data were reported from all well types or
areas. When necessary, total CH, flow rates were converted to CFM for
between-landfill comparisons.

Time series plots were then made of the total CH, flow rates for each
-landfill. Because the total CH, was calculated only when all turbines, well
types, or areas were reporting, there were gaps in the plots at each landfill.
Thus, it was decided to further analyze only the one-year span that contained
the most complete data.

The time series plot for Landfill 2 revealed noticeably different CH,
flow rates before September 1989 compared to those after September 1989, The
landfill operator was contacted and it was found that 30 additional wells were
brought on-line in September 1989. Thus, data before and after that time were
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not comparable and a one-year period of comparable data did not exist. The
period between September 1989 and July 1990 was selected for further analysis.
5.2.2 Weather Data '

The daily weather data for all but one site also arrived in the form of
paper copies from Climatological Data (U.S. Department of Commerce, 1989-90).
As with the landfill CH, data, the weather data were entered into computer
files for further processing. However, the only screening necessary for the
weather data was a quality check to ensure that the correct numbers had been
entered from the printouts. Data in Climatological Data publications have
already been screened for accuracy and are officially certified.

The monthly normals of the weather data and the weekly PDSI data
originated from paper copies and were also entered into computer files for
further processing. As with the daily weather data, no additional screening
was necessary, except for ensuring that the numbers had been entered
correctly.

5.3 STATISTICAL METHODS AND RESULTS

One objective of this study was to determine if sufficient data were
available for a time series analysis of methane emission rates from individual
landfills. Methane recovery is a relatively new process, and none of these
landfills had records for methane emissions of sufficient length (several
years) and completeness for time series analysis. It is highly probable that
emissions are autocorrelated so that any attempt to find correlations between
methane recovery and weather data on a daily or monthly basis is likely to be
confounded by autocorrelations in the data. Since the strength of
. autocorrelation decreases with'averaging period, only annual averages were
used in the statistical analysis of the relationship between long-term CH,
emissions and weather data between landfills. The annual CH, averages were
“correlated. to annua) averages of temperature and precipitation obtained from
30 years of data, as well as to other landfill parameters.

Table 5-2 shows the Pearson correlation coefficients between annual CH,
flow rates and CH, flow rates per unit mass with the annual and long term
(normal) weather data and other landfill parameters for the six landfills.
Only two correlations with CH4 flow rate were found to be significant at the
95 percent confidence level and no correlation coefficients were significant
with the CH, flow rate per unit mass. The Tow number of significant
correlations can be attributed, at least in part, to the low number of
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TABLE 5-2. CORRELATION COEFFICIENTS OF CH, RECOVERY VARIABLES

WITH LANDFILL PARAMETERS
AND SUMMARIZED WEATHER DATA (n=6)

Dependent Variables

Annual Methane
Recovery Rate

Annual Methane
Recovery
Rate per Unit Mass

Independent Variables
Annual temperature (1989-1990)

Normal annual temperature

Annual precipitation (1989-1990)
Normal annual precipitation
1990 mean age of tandfill

Number of wells
Tons of refuse

Meén-depth of 1andfi]i

Area of landfill

Vo]uﬁe of landfill

Mean well depth

0.56
0.51
0.55
0.81*
-0.15
0.37
| 0.71

0.62 -

0.37
0.74*
0.10

0.12
0.01
0.33
0.25
-0.80**
-0.15
-0.18
0.26
-0.04
0.24
-0.58

*Correlation coefficient significant at 95 percent confidence level.

**Correlation coefficient significant at 90 percent confidence level.
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observations. The normal annual precipitatioh correlated fairly well with the
one-year annual mean CH, flow rate, and even though it was not significant for
the CH, flow rate per unit mass, it had the largest positive correlation,
coefficient. The correlation coefficient for refuse mass with CH, flow rate
was just under the cutoff point for significance at the 95 percent confidence
level, but its value of 0.71 suggests that perhaps with more data it would be
significant.

Figure 5-1 shows the scatter plot of mean annual CH, flow rate per unit
mass versus 30-year annual mean precipitation for the six landfills (as
numbered). The least squares regression line is also shown to indicate the
trend. With only six data points, it is impossible to determine any '
sighificant relationship.

5.4 DISCUSSION

These comparisons yielded promising results and are worth pursuing
further. The strongest correlation was the positive relationship between CH,
flow rate and weight of refuse in place--not a surprising result. Variability
of flow rate data appears to increase with larger landfills, but this effect
needs to be analyzed further. It is possib]e'that larger landfills vary mofe'
in depth than smaller ones, which may affect production rates. However, this
is not likely to be important for estimating global emissions.

The CH, flow correlated well with landfill volume, land area, and other
measures of size. For global CH, estimation, refuse mass is the only relevant
size variable and, fortunately, CH, flow appears to be a Tinear function of
mass. In order to determine the effects of climate on CH, productioh, the
effect of mass needs to be removed. Therefore, reéu]ts that relate to CH, per
total refuse weight in place were the most pertinent for estimating global CH,
production.

Three variables are of'particu]ar interest: normal annual mean ambient
temperature, normal annual precipitation, and age of refuse. - The production
of CH, per ton of refuse is expected to show a lag in the early years, rise
fairly rapidly to a maximum, and then to decline slowly with age of the
refuse. The length of the lag can be very short, particularly under optimal
conditions. Since the population of landfills within a country represent the
entire range of ages, all that is of interest, ultimately, is the average
annual CH, produced per ton of refuse. However, since refuse age does appear
to have a strong effect, it needs to be included in the analysis.
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To accurately quantify'the effects of climate on the rate of CH, production,
interactions between refuse age or landfill characteristics and climatic
effects need to be identified. '

It is likely that long-term (normal) precipitation affects methane
production. Although a cap may impede rainfa]]linfiltration, some rainfall
may enter before the final cap is in place. When a site is open and refuse is
being added, precipitation can accumulate. The patchiness of moisture in
landfills is borne out by the boring logs of two of the landfills in the
study. A well dug at one location in a landfill found very dry conditions,
with Tittle or no degradation of the waste; another well in a different
location within the same landfill found saturated conditions, with completely
decayed wastes. These difference may be due, in part, to the moisture in the
waste itself, but it is more likely that they are the result of whether or not
it was raining the day the refuse was put in place and covered.
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6.0 CONCLUSIONS

With the exception of flow measurements, the test procedures selected for
this project were well suited to the types of gas recovery installations
encountered at the landfills visited. Alternative flow measurement methods
that are more appropriate to the site conditions must be identified if flow
measurements are desired in the future. Since all sites record flow data,
however, a quality assurance program could be used to determine the
acceptability of the on-site data.

Based on comparisons between the RM 3C and instrument analyses of the
landfill gas composition, all on-site analysis instruments appeared to be .
operating within reasonable accuracy ranges. Review of calibration procedures
and records indicate that long-term instrument accuracy should be comparable
to the accuracies noted during on-site testing. ,

NMOC results for the sites exhibited moderate to significant variability.
The NMOC data variability is most 1ikely due to differences in waste
cqmpoéition. Of a secondary, but potentially significant impact, is the use
of condensate collection tanks upstream of sample.collection points at some of
the sites. The method used for these tests requires extensive field
collection, analytical, and data reduction time. Should further NMOC
measurements be needed in the future, alternative methods are available that
will improve turn-around of results with very little, if any, loss in data
accuracy.

Although the results of this small study are sufficiently.encouraging to
warrant further data gathering and analyses, some limitations need to be -
recognized. The main problem was that the collection efficiencies of the CH,
recovery systems were not known. Where emission control was one (or the only)
reason for the collection system’s existence, efficiency appeared to be high.
However, this is a qualitative assessment based on visual inspection of the
landfills and an assessment of operating practices at the-landfills. Perhaps
landfills where CH, recovery systems are used for emissions control can be
used as the benchmark, if enough of them can be found. Again, the end-use of
the gas shou]d be part of the site selection process. ‘

One key piece of information is missing from most landfills: the average
composition of the refuse. Not only would it be useful to know the total
percent of the refuse that is biodegradable, it would also help to know the
percentage of putrescibles (i.e., rapidly decomposing garbage such as kitchen
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wastes), paper and texfi]es, and slowly decomposing organics such as leather
and wood. Waste composition undoubtedly contributes to data variability but,
unfortunately, it is not possible to get composition information for most
landfills in the United States. :

Also, it is impossible to fully account for differences in the structure
and operating characteristics of landfills. A1l of these unknowns contribute
to the variability of the CH, flow rate data. Although it should be possible
to explain some of the variability, a certain amount will always remain.

It is 1ikely that the functional.relationships between CH, per ton of
refuse and age and climate are nonlinear, or that interactions between these
variables produce nonlinearities. With a larger sample size, it may be
possible to identify these nonl{nearities, and fit the data to the appropriate
model.

Finally, these analyses illustrate the importance of carefully selecting
study sites. By chancé, the larger landfills in the pilot study were located
-in'regions with the highest precipitation. This resulted in a strong positive.
correlation between precipitation and tons of refuse. While this relationship
can be removed to a large extent by using CH, per ton of refuse as the
dependent variable, it makes identification of possible interactions between
precipitation and landfill size impossible. In the next phase of the study,
as much data as possible on physical characteristics and operating procedures
should be gathered to facilitate site selection. An equal number of large and
small landfills should be chosen from wet and dry regions. A greater
proportion of the sites should be from extremely wet or dry climates. This
will make it more likely that significant effects are detected, if they exist.
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APPENDIX A

LANDFILL SURVEY FORM

Call Made By Date Call Made
Landfill Facility Name:

Address:

Contact at Landfill: Phone Number:

Please provide the following information for only that portion of.your landfill where methane is being
recovered. Please provide this information for the period of time that data has been collected. For items
such as the number of wells that may have changed over time, please provide the current information.

* PRIORITY DATA
Active Landfill?

Date Waste Acceptance Began

Date Waste Acceptance Ceased

Date Methane Recovery Began

Gas End Use

Annual Methane Production Rate

Tons of Refuse in Place

Age of the Refuse

Number of Acres

ADDITIONAL INFORMATION (provide as necessary)
Number of Active Wells (Regular- or High-Flow Wells)

Number of Low-Flow Wells

Bepth of Active Wells: Minimum Average Maximum
Depth of Low-Flow Wells: Minimum __ : Average Max imum
Depth of Landfill: Minimum Average Max imum

Methane Recovery System {i.e., turbine, IC engine, other):

Landfill Design (i.e., cell, canyon, trench, or other)

Cap Composition - ' Cap Thickness

Cap Permeability

No. of Flares (if applicable)

Acceptance Rate of Waste by Year

Total Capacity (by weight):

[If capacity is provided by volume, what is the average refuse density?]

Daily Soil Cover lnformation (doe§ volume number include ALL refuse-or soil and refuse?)..

Results of Routine Testing for Surface or Perimeter Leaks

Any other data available on:
Refuse Composition?

Gas Composition?

Moisture Content of Refuse?

Compliance Testing of Power Generation or Control Equipment Exhaust?
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APPENDIX B1
LANDFILL CHARACTERISTICS

The following discussion will present a brief description of each
landfill tested. Following these descriptions will be a general discussion of
the type of information gathered at each site. Historical refuse composition
data of interest includes the age, acceptance rates, the type of refuse in
place (preferably as shown on a map of the landfill), and any history of
hazardous waste codisposal. ther information of interest includes the
groundwater proximity to the refuse in place, rainfall patterns, cap
permeability, and leachate collection (to give some indication of refuse
moisture content and any changes in conditions).

Landfill 1

The first landfill was visited August 6, 1990. Located in Wisconsin,
this site is considered to be representative of sites in cool, wet climates.

The landfill covers about 35 hectares, with a refuse height of 67 meters.
Refuse was originally placed at this site in the 1950s. The original. owners
filled approximately three cells. The site also accepted hazardous waste
until the early 1980s (placed in separate cells). The current owners
purchased this site in 1972. Refuse acceptance ceased June 1989, and the
landfill was closed.

An estimated 9 to 11 x 10° cubic meters of refuse are in place at this
site. On-site personnel at Landfill 1 do not typically report refuse by
weight, but the Corporate-Office stated that a total of 6.3 x 10° Mg of refuse
are in place.

~ Cap thickness on the landfill is reported to be at least 1.5 meters;
rainfall percolation through the cap is estimated by on-site personnel to be
less than 2.5 cm/yr.

Gas recovery began at this site December 31, 1985. Three Solar Centaur
turbines are currently in place and operating full time (at 3,300 kW/turbine).
Forty-five wells are in place, 25 along the perimeter of the site that were
installed in 1985 and 20 on the interior portion of the site that were added
in 1987. Six wells are over the refuse placed by the original owner, and
average well depth is 12 to 15 meters. The wells installed most recently are
24 to 27 meters deep.



As of July 1, 1990, 1.8 x 10% cubic meters have been recovered (producing
141,202,025 kW-hrs of energy). The Corporate Office stated that 162,823 cubic
meters are recovered per day.

On-site personnel estimate leachate production (primarily due to
rainfall) to range from 1.5 to 1.7 x 105 liters/month.

Landfill personnel do not routinely monitor for surface or perimeter
leaks. Problem areas are usually identified by visual inspection of the
surface for vegetative stress. Once a problem area is identified, the
decision is made as to whether or not to install a new well. They are
currently dealing with a problem area that shows methane levels of 20 to
30 percent (no details provided on the size of this area). .

Eicept for roadbeds, the entire surface was seeded with grass. The only
fissures noted in landfill surface appeared to be due to water erosion. On
the day of the site visit, it was too windy to detect gas odor or conduct OVA

sampling.

Landfill 2

The second landfill tested (August 7, 1990) is located in.I1linois.. Gas
is being recovered from the two closed sections of Landfill 2. The oldest
closed section of the recovery area covers about 28 hectares, and the average
refuse height is about 30 meters. The newer closed section of the landfill
covers about 26 hectares, and the average height is also about 30 meters.
Refuse was first placed in the older section of the landfill in 1968, and the
previous owner filled about 8 hectares. The current owner took over the site
in 1980. Refuse acceptance at the newer section of the landfill began
November 1982.

Approximately 3.6 x 10° Mg of refuse are in place in the older closed
section, and 2.5'x 108 Mg in place in the newer closed section.

The original owners were very inconsistent in cap placement and cap
thickness. Cap thickness in the older section varies from 0.15 to 2.4 meters.
The newer ;ection of the site has an average clay cap thickness of 0.9 meters.
The current owner uses visual vegetation inspection and routine surface
monitoring to identify areas that need to have a new or a thicker clay cap
installed.

The current owners of this facility installed a flare system in 1988, and
converted to Solar turbines in January of 1989. The facility has two turbines
manufactured by Solar, but only the Centaur (3,300 kW) is currently active.
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The other turbine, a Saturn (933 kW), is slated to go on-line after more wells
are installed-in the fall of 1990. '

There are 65 wells currently on-line (72 wells total). Of the 65 wells
on-line, 45 are considered very active and 17 are "tubed" (very low flow,
installed primarily to control odors). The oldest section of the landfill has
40 wells in place, and the other 30 are on the newer section.

Total combined gas recovery from both sections of the landfill is about
56,600 cubic meters per day.

The oldest section of the landfill produces from 19,000 to 30,000 liters
of leachate per week. The leachate and the landfill gas condensate are
transported by truck to a local wastewater treatment plant. The newer section
of the 1andfill produces a much smaller quantity of leachate (not quantified,
however). _

Routine gas monitoring reports of permanent probe_.testing for pressure,
percent methane, and water levels are prepared by landfill personnel. Wells
-are added as needed to improve gas recovery. The landfill operators place a
great emphasis on controlling any gas migration problems to prevent odor
comp]aints.and vegetative stress. T

A visual inspection of the vegetation growing on the landfill surface
revealed only one area with vegetative stress; a well had already been
installed to correct the problem, but it was not under a vacuum yet. Gas was
"~ bubbling through the water that had collected in the bottom of the well. No
odors were detected in any other parts of the collection area. Although
gusting winds were present at the time of the site visit, OVA tests for - -
ambient methane were conducted. The only location at which measurable
concentrations could be found was within a new well enclosure. No other
significant leaks were found.

Landfill 3

Landfill 3, in PennSy]vania, was visited August 9, 1990. ‘Gas is
recovered from the closed portion of Landfill 3, which covers about
51 hectares. The active portion covers about 24 hectares, and will also have
gas recovery. The height of the closed portion is about 66 meters, with no
refuse below ground level. Refuse acceptance.began in 1970 and essentially
ceased in 1988 for the portion of the landfill with gas recovery. The
original owner placed refuse on about. 21 hectares (1ined with 1.6 cm thick
asphalt). Hazardous wastes were accepted until 1981, and make up about 1% of

B1-3



the total refuse. The current owner took over the site in 1981. 'Refuse is
sti11 being added in small amounts to the closed portion as settling occurs.

Annual refuse intake can only be estimated for the previous owner’s years
of operation; the current estimate is that a total of 8.4 x 10° Mg -are in
place (29,000 Mg/month). Average clay cap thickness is 0.6 meters.

Gas was originally vented to the atmosphere to control off-site
migration. Gas recovery began with the installation of a Solar Centaur
turbine (3,300 kW) in January 1988. A second Centaur turbine was added June
1989. Both turbines are currently operating full time.

A total of 31 wells are on the site, with an average well depth of 100
feet. The Corporate Office estimates that this site recovers 1.2 x 10° cubic
meters of gas per day. ,

Landfill personnel estimate that approximately 132,000 liters of liquid
. are collected each month. Included in this estimate are about 19,000 liters
condensate generated each week.

Landfill personnel report that they are encountering problems on the
eastern slope of the recovery area, with organic vapor surface probe readings
of 25 to 48 percent as methane. One suspected reason for this problem is the
fact that this slope ha§ several leachate manholes that are not tied into the
gas'collection system. They are currently trying to address this problem.

There were a few areas with sparse vegetation, but it could not be
concluded that these areas had migration problems because the topsoil applied
to the site was very poor quality (very rocky), and there had been a 6-week
period with very 1ittle rain. On the eastern slope, there was a very strong
gas odor in at least five separate areas (even with a brisk wind), but there
were no signs of vegetative stress. Most of these areas, however, were
probably located near leachate manholes. On the day of the site visit it was
too windy to attempt OVA sampling.

Landfill 4

- During the second week of testing, a landfill in Florida was visited
(August 20, 1990). This climate is considered representative of hot, wet
areas. Gas is recovered from the closed portion of Landfill 4. Another
portion of the landfill is currently accepting refuse. The. average refuse
height on the closed portion is 56 meters above sea level, including a
0.5 meter thick cap on the uppermost 16 hectares. The closed portion covers
about 57 hectares and is shaped like a pyramid. Refuse acceptance began in
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1971 and ceased in April 1989. The next portion was then opened. Portions of
the landfill also accepted sludge from a nearby wastewater treatment plant in
the past and continue to do so.

The total volume of the part of the landfill with gas recovery is
14 x 10® cubic meters. Using a compacted density of 889 to 1,067 kg/cubic
meters, there are 12.5 to 15.0 x 10° Mg of refuse in place. Monthly gate
receipt information was gathered for 1987 through July 1990. This information
shows both cubic meters (yard waste and construction and demolition debris)
and Mg (garbage) brought to the landfill. On-site personnel recommended that
a conversion factor of 237 kg/cubic meter be used for the refuse measured in
cubic meters, and indicated that construction and demolition debris account
for about 15.5% of the cubic meters reported. After converting cubic meters
to Mg, it appears that construction and demolition debris make up from 5.5 to
6% of the total volume. Given an average compacted refuse density of
978 kg/cubic meter, of the 13.8 x 10° Mg of refuse in place in the closed
portion of the landfill, 5.75% (793,553 Mg) can be assumed to be construction
and demolition debris. Removing this non-organic fraction yields an estimated
methane producing total tonnage of 13 x 10° Mg. '

Final cover on the closed areas of Landfill 4 is 45.7 cm of topsoil,
45.7 cm of clay (rock tailings), and 45.7 cm of sand. This cover is very
permeable to rainfall and the permeability also limits the amount of vacuum
that can be applied.

Landfill 4 currently has 111 wells in place. Average well depth is
21 meters, with depths ranging from 18 to 46 meters. - Five Solar turbines-
(each with a rated capacity of 300 kW) were installed and brought on-1line
during March and April of 1989. Official start-up began July 1989. Previous
to this time, recovered gas was processed in a former gas'plant and/or flared.
Currently, the facility is continuously operating four turbines at 95%
capacity. At the time the study was conducted, the maximum gas recovery rate
attained was 283,170 cubic meters per day, but recovery had leveled off to
about 156,000 cubic meters per day. The Plant Manager hopes to increase
recovery by installing eight new deep wells. There are also plans to tie the
other closed cells into the gas recovery system. Gas recovery in closed areas
can begin 6 months after construction is started.

The Plant Manager estimated leachate collection to range up to
- 5.3 million liters/month, depending on rainfall. Because the cap is so
- permeable, the amount of leachate produced will be greatly affected by
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rainfall amounts. Leachate and condensate from the area currently accepting
waste are shipped off site to a wastewater treatment facility. The portion of
the 1andfill with gas recovery does not have a true leachate collection
system. |

Permanent bore holes have not been installed for routine perimeter gas
migration monitoring. Buildings near the perimeter of the site (up to
305 meters from the landfill) are routinely tested for gas levels.

Organic vapor analyzer measurements were restricted due to gusting wind
conditions. During close visual inspection of the vegetative stress areas,
OVA readings up to 400 ppm were noted. Due to the variable wind cohditions,
it is not known if this was a peak concentration or not.

On-site personnel indicated that when vegetation stress is identified,
they first try to adjust the vacuum on nearby wells. If required, a decision
is made as to whether a new well should be added to alleviate the vegetative
stress. Soil dehydration due to lateral gas lines may also result in

vegetative stress.

Landfill § _ :

Landfill 5, located. in southern California, was the only site in a hot,
‘dry climate, tested (August 23, 1990). Gas is being recovered from the closed
portions of the landfill. The refuse was (and still is) placed ‘in the pit
left from a gravel mining operation. The average refuse height is 46 meters,
with a maximum of 76 meters. No refuse will be placed above grade. The
closed portion of the landfill 1is about 32 hectares. Refuse acceptance began
at this site in 1952, and there is no known history of co-disposal of
hazardous waste. During the 1950s and 1960s, the site primarily received
inert waste, but at that time the waste also contained a high proportion of
orange trees. The very center portion of the landfill reportedly contains a
“high proportion of construction and demolition debris, but there is still some
gas produced at wells in this area. Reinjection of condensate to boost -
moisture in the refuse was permitted by the local authorities until 1985.
Landfill personnel note, however, that since this practice ceased, there has
not been any appreciable drop in either gas or condensate production.

The closed portion of the landfill has approximately 11 x 10°® Mg of
refuse in place, and the active portion of the site accepts another
1.4 x 108 Mg each year. Total capacity of the site is permitted to be
23 x 10° Mg tons over 122 hectares. Examination of gate receipt records for
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1987 through February 1989 shows a breakout 6f solid waste (Class 3
decomposable waste) and inert wastes. On the average, inert wastes account
for approximately 20% of the total wastes received. Much of these inert
wastes are debris from the adjacent gravel-mining operation. Thus, it may be
estimated that of the 11 x 10° Mg of refuse in place, approximately

8.7 x 10° Mg are decomposable waste.

A 1984 report on gas production at this facility indicates that at that
time, 8 x 10° Mg of refuse were in place, of which inerts accounted for 10% of
the total.

The closed portion of the landfill does not have a final cover in place
yet (will be installed Fall 1990). The area is currently covered with a
permeable silty sand and is not vegetated. Landfill personnel estimate the
moisture content of the refuse in place to be 12%.

Gas collection first began at this site in 1976; the previous owners
periodically used an internal combustion engine to produce energy or flared
the gas. The site was purchased by the current owners in 1987.

The closed portion of this landfill has a total of 102 wells. These -
wells are divided as interior (42) and perimeter (60) wells.. Orifice plates .
are used on each well to measure and control gas flow. The lines connecting
these two well systems are kept separate and lead to flares on the perimeter
of the site. There are three flares at the site, one for each well system and
one for backup use only. The interior wells are better producers than the
perimeter wells, with high gas flow and higher methane content of the gas (48
vs 32%). The depth of the interior wells ranges from 46 to 76 meters, while
the perimeter wells, designed primarily for migration control, are much
shallower. ‘

A Solar skid is used for gas compression prior to flaring, and
condensate is treated in an oil-water separator. Landfill personnel estimate
that hydrocarbons account for 1% of the condensate. The water is transported
to an off site wastewater treatment facility, and the hydrocarbon fraction is
handled as a hazardous waste and burned off site as kiln fuel.

There is currently only a sporadic market for gas sales at this facility.
Local regulations often limit customer use of landfill gas. Operators of this
facility are optimistic that gas sales will increase in the future, and
predict that as waste acceptance rates increase, gas recovery rates will also

increase.



Because of the age of this landfill, there is currently no leachate
collection system in places where gas is being collected.

Perimeter gas migration is controlled by the 60 shallow perimeter wells
that encircle the closed portion of the landfill. Monthly surface test data
(2.5 samples/hectare) typically indicate organic vapor readings below 50 parts
per million.

No measurable organic vapors levels were detected. Vegetation has not
been established on any portion of the landfill.

Landfill 6

Landfill 6, located in northern California, was visited August 24, 1990.
This . 1andfill was the only one visited where gas recovery and refuse
composition data could be gathered for separate portions of the landfill. As
shown in Figure 3-5, three portions of the landfill had separate gas recovery
lines. The dates of refuse acceptance at these three areas were estimated
Zthrough discussions with landfill personnel.

" Gas ié recovered from the closed portions of the landfill (Areas 1, 2,
and 3). Refuse is currently being placed in another area. The acreage and
the estimated -volume of refuse in place for each of the closed units are shown
below:

° Area 1: 27 hectares, 1.74 x 10° Mg refuse;
° Area 2: 10 hectares, 5.8 x 10° Mg refuse; and
e  Area 3: 3 hectares, 2.5 x 10° Mg refuse.’

There are an estimated total of 2.6 x 10° Mg of refuse over 40 hectares at
. this site.

Refuse was first accepted at this site in 1975. The refuse placement
dates for the C]osed portions of this site are:

° Area 1: 1975-1983, 1987, 1988;
. Area 2: 1983-1986; and
° Area 3: 1984-1986, 1989.

“This area does.not include the 6.7 hectares and 11 wells brought on-line May
1990.
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Area 1 did not accept any refuse from approximately 1983 through 1986. After
this period, landfill personnel decided to add another 4.6 meters of compacted
refuse to the top of Area 1 units, and this addition was completed in 1988.
The height of the refuse placed on the 3 areas ranges from 9.7 to 13.7 meters,
all above ground level. The final cover on Areas 1 and 2 and part of Area 3
consists of a 1.2-meter clay cap, .a 0.3-meter soil cover, with vegetation
established. Parts of Area 3 have not been seeded with vegetation yet.

Information was also gathered on the refuse composition for the entire
site. The average refuse moisture content is reported to be 23%, and the
composition is listed below by wet weight percent:

Comgonént . Percent
Paper Waste 46
Garden Waste 13
Glass/Ceramics 10
Food Waste 10
Metals 9
Plastics/Rubber 8
Textiles 2
Wood- 1
Ash/Dirt/Rock 1
Total 100

Gas recovery began at this site in August of 1988. The current system
consists of three internal combustion engines and a backup flare that is used
if one of the engines fails. This flare is constantly burning, and normally
runs on propane (with only a small stream of recovered methane). On-site
personnel indicate that the amount of methane burned in the flare has been
steadily decreasing over time. Gas is collected from the closed portions of
the landfill from three separate areas. These areas corréspond to the acres
listed'for Areas 1 through 3 as shown above. All header and subheader lines



are on the surface of the fill areas. There are a total of 68 wells, and the
number of wells in each unit 'is listed below:

° Area 1: 47;
. Area 2: 17; and
. Area 3: 4.

The estimated landfill gas flow for this entire site is 40,766 cubic
meters per day, with 50 to 52% methane. Gas is cooled to about 34°F prior to
entering the internal combustion engines. This pretreatment of the gas
results in the formation of a thick sludge (3.8 to 7.6 liters/8 hours). On-

" site personnel indicated that this sludge will be tested for its$ toxicity and
the sludge will be landfilled, if it is permissible. _

Condensate collected at the well heads is fed back into the fill area.
Condensate collected at the gas recovery plant is combined with the leachate
collected from the landfill and transferred to one of two surface collection
ponds. The liquid is then allowed to stand until it reaches a solids to
liquid ratio of 50:50. After testing the mixture’s toxicity, it is placed in
- the landfill if permitted.

Information received from the County Environmental Health group, the
party responsible for gas migration testing, showed that there are no areas
with any significant gas migration problems.

At the time of year this testing was performed, all vegetation was dry
and in a generally dormant condition. Visual inspection indicated one small -
area (~28 m?) of possible distress during the last growing season. The cap is
full of large cracks, caused by excessive dryness of the soil. Use of the OVA
in the larger cracks did not indicate leaks, however. '

B1-10



APPENDIX B2
SUMMARY OF INFORMATION GATHERED

The amount of information obtained from the landfills varied from one
landfill to another and is summarized below. This information is best used
when examining the gas recovery variances. The recent waste composition
data gathered may be useful in predicting future methane rates. In addition,
the topographic site maps can be used to estimate the amount of refuse in
place if a compacted refuse density is avai]ab]e. These estimates could then
be compared to the amount of refuse in place provided by the landfill

operators.
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Landfill 1

Refuse Filling Plans - 1985 through 1989:
These give projected volumes of waste to be landfilled, the portion of
the landfill to be filled, and the type of cover for each of the above
years. These also contain brief discussions of gas well installation
plans. Refuse composition is not discussed in any of these plans.

Waste Acceptance Data - 1985 through 1989:
A11 total cubic yard data is listed by month from 1/85 to 6/90. It is
also broken down as loose, packed, roll-off, compacted, loads,
demolition, and miscellaneous. The break-out categories change from year
to year and are not consistent over the 5-year perjod.

Calibration Data:
Four sets of calibration reports for flow, temperature, and pressure
instruments were obtained. Calibrations are done quarterly and dates are

3/89, 6/89, 9/89, and 1/90.

Gas Composition Data:
Daily average gas composition data (CH,, co,, N,, 0,) are listed for 5/89
through 7/90. One month, 9/89, seems to be missing. There are gaps of
several days during most months where data was not collected. These must
be days when the turbine was down. These data sheets also contain values
for Btu, pressure, temperature, and graVity.

Site Maps:
These accompany the refuse filling plans.
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Landfill 2

Waste Acceptance Data:
Have data for the period of 1/90 to 7/90. Cubic yards are broken out by
loose, compacted, contaminated soil, sludge, industrial waste, and
asbestos. Older data was not available.

Calibration Data:
Have Quarterly calibration reports for temperature, flow, and pressure
were obtained. Report dates are for 4/89, 8/89, 11/89, 2/90, and 5/90._

Gas Composition Data: .
Daily average gas composition data is listed for each month from 1/89 to
July 1990. 'No gaps in data (except for downtimes}).

Perimeter Gas Migration Data:
Monitoring data for the perimeter gas wells is included for years 1985 to
1990. The 1985 report is not an official report or data sheet, but the
others are. Gas monitoring was also performed in area bui]dfngs.
Figures are included that show the locations of the wells and buildings.
Leachate Data:
One report (1984) of leachate chemical analysis was provided.

Recovery Well Boring Logs:
Provides information on borings for the gas wells. Information includes
degree of decomposition, qualitative moisture content, waste composition,
and temperature at various drilling depths.

B2-3



Landfill 3

Gas Production Data:
Annual gas production and refuse-in-place data are listed for 1970 to

1989.

Gas Composition Data:
Data for CH,, N,, CO,, O,, pressure, temperature, gravity, and Btu are
listed daily for each month from 5/88 through 7/90. Data for 8/88, 9/88,
and 1/89 are missing.

Gas Migration Data: .
1989 and 1990 reports of perimeter gas well and building monitoring are
included. These also contain figures showing the locations of the sample

locations.

Recovery Well Boring Logs:
There are several reports describing well installation and drilling data.

Site Closure Plans:
Describes different landfill sections, sizes, liners, leachate

collection, and cover plans.
Calibration Data:
Calibration reports for the pressure transmitters and the flow computer

are included for 3/89, 7/89, 10/89, 1/90, and 3/90.

Site Maps: .
Two site maps were provided by landfill personnel.
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Landfill 4

Waste Acceptance Data:

"~ Monthly cubic yardage and tonnage data for waste accepted (1/87 to 7/90)
is listed along with calculations showing the percent of construction and
demolition debris. The amount of sludge received is broken out
separately for each month from 1986 to 1989.

Gas Production Data:
~ Give total gas production and use for the whole plant (and by turbine)
for each month ffom 7/89 to 7/90. Condensate and leachate (total liquid
volume) are also provided for each month. '

Gaé Composition Data: _
Average monthly values for CH,, N,, 0,, and CO, for the period 8/89 to
6/90 are provided. Weekly average values are listed over the period
4/10/90 to 8/21/90. '

Gas Production Data Sheet:
Gives total annual refuse and gas production for the years 1971 to 1989.

Site Map:
A site map was provided that shows current and past fill areas.

Ambient Temperature Data:
Shows monthly average temperatures for 1989.
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Landfill 5

Waste Acceptance Data: .
Daily weight records (tonnage) for waste received is listed for each

month from 8/88 to 7/90. Also provided total amount of refuse in place.

Flare Exhaust Reports:
These give the composition of the flare inlet gas and the exhaust gas

from flares 1 and 2 (one sample from each flare).

Gas Production and Composition Data:
Describes composition of gas, gas plant, and gas quantities.

Sampling Results:
From 4/89 to 6/90, the following data are summarized:

° Integrated surface sampling analyses (methane, non-methane
hydrocarbons, total organic compounds, and toxic contaminants).

e  Landfill gas (CH,, CO,, NMOC, toxics). :

° Perimeter samples (CH,, CO,, NMOC, TOC, toxics).

° Ambient air (CH,, NMOC, TOC, toxics).

Gas Production Data:
Daily gas production (sales gas and migration collection) is listed for
each month from 1/90 to 8/90. It is broken down into the following
categories: CH, concentration, Btu’s, flare CFM, CFM sold, and total
CFM. Other data may be sent on historical gas production, if found.
These data may not have been complete in the past.
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Landfill 6

Waste Acceptance Data: .
Total tonnage values are listed for years 1976 to 1989. Monthly values

are given for 1/88 through 6/90.

Waste Composition Data:
A 1990 breakdown of average waste composition and moisture content is

given. About 10 waste types are listed.

Gas Flow and Composition Data:
Gas flow and methane composition data are listed for areas 1 through 3
for the period 8/88 to 8/90. About two to three samples are taken per
week. Samples are not taken every day of the week. This data sheet also
includes total refuse volume and depth for the three landfill areas.

Site Map:

A site map was provided that indicates gas recovery lines, surface
elevations, and past and current fill areas. ‘
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APPENDIX C
TEST PROCEDURES AND LABORATORY ANALYSIS

Methane, Carbon Dioxidé, Oxygen, and Nitrogen Test Method
Environmental Protection Agency (EPA) Reference Method (RM) 3C was used

for determining the composition of the landfill production gas. This method
has been developed and proposed for use at municipal landfills for
determination of methane, carbon dioxide (CO,), nitrogen (Nz), and oxygen (0,)
levels. Landfill gas samples are taken using evacuated leak-free stainless
steel canisters. Sampling lines are securely connected to the landfill gas
1ine sampie port and the sampie canister. A three-way valve and a vacuum
gauge are connected in the sampling line. Prior to extracting the sample gas,
a leak check is performed. The three-way valve is positioned to isolate the
sampling line between the vacuum gauge and the sample canister. The sample
canister valve is then opened, and the vacuum pressure is noted. After

5 minutes, the vacuum pressure is noted again. If the vacuum pressure has not
changed during this time, the canister is leak-free, and the gas sampling is
initiated.

To begin sampling, the starting vacuum pressure is recorded, and the
tﬁree-way valve is positioned to open the line between the gas sample port and
the sample canister. The valve is adjusted such that the sample gas is
extracted slowly and evenly over a period of 10 to 20 minutes. When the
vacuum gauge pressure drops to zero, sample extraction is complete. The
three-way valve is then positioned to shut off the flow of sample gas to the
canister, and the canister valve is closed. A cover nut is attached to the
canister sample connection to protect and securely seal the canister. Sample
" canisters were shipped for laboratory analysis using gas chromatography (GC).

Nonmethane Organic Carbon Test Method

Nonmethane organic carbon (NMOC) in the landfill gas was determined using
EPA Reference Method 25C. Samples were taken using the same procedures as for
Reference Method 3C. After a 5-minute leak check procedure, starting vacuum
pressures were recorded and samples were extracted into evacuated stainless
steel canisters. Canisters were then shipped for GC analysis.
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Moisture Test Methods

" Moisture content of the landfill gas was determined using EPA Reference
Method 4. This method uses a chilled impinger train to condense and trap
water from the Tandfill gas; the water is then weighed and related to the
volume of gas sampled. To collect gas for moisture analysis, the sample line
is connected to the landfill gas sample port and to a gas volume meter box.
The meter box contains a vacuum pump which draws the sample through a chilled
impinger train consisting of four impinger bottles submerged in ice. The

first impinger bottle is empty, the second two contain measured volumes of
water, and the fourth contains a known weight of dry silica gel.

Prior to gas sampling, the sampling train is checked for leaks. The
vacuum pump is started with the landfill gas sample port valve closed. If the
gas meter shows no gas flow after evacuation of sample lines and impinger
bottles, the sample train contains no leaks, and gas sampling can begin.

To begin sampling, the starting gas meter reading is recorded and then
the sample port valve is opened to allow landfill gas to be drawn through the
sampling train. Sampling is conducted for 20 minutes per sample. Impinger
temperature, sample gas temperature, and gas meter readings are recorded every
5 minutes. At the end 6f 20 minutes, the sample valve is closed, the vacuum
pump is stopped, and the final gas meter reading is recorded. The first three
impinger bottles are then emptied into a graduated cylinder and -the volume of
water is recorded. The silica gel from the fourth bottle is emptied into a
tared sample bottle, to be weighed at a later time.

Moisture in the gas is determined by relating the increased volume of
water in the first three impinger bottles and the increased weight of the
silica gel to the volume of landfill gas extracted through the sample train.

Volumetric Gas Flow Rate Test Method

The volumetric flow rates of the landfill gas production at the six
landfills were to be measured using EPA Reference Method 2. - This ‘method
requires that a pitot'tube with a diameter of about 0.5 to 1.0 centimeters
(cm) be inserted into the gas transport pipe. At the landfills visited,
however, there were no sample ports on the landfill gas transport pipes large
enough to insert a pitot tube. Therefore, field measurement for gas flow rate
was not possible. In lieu of this test, for three of the six landfills copies
of recent calibration records of the on-site flow measurement instruments were

obtained.
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Landfill Surface Orqanic Vapor Testing

Tests for the presence of organic vapors near the landfill surface were
conducted using an organic vapor analyzer (OVA). An OVA basically consists of
a.sample probe, a vacuum pump to draw sample through the analyzer, a flame
jonization detector, and a display that indicates the concentration in parts
per million (ppm) of organic vapors.

Prior to surface testing at each of the landfill sites, the OVA was
calibrated using three calibration standards with air containing: 1) 0 ppm
organic vapor; 2) 100 ppm methane; and 3) 500 ppm methane. Field tests were
conducted by sampling at various points on the landfill surface at a distance
of about 10 cm above the surface. Areas of vegetative stress were sampled, as
well as any cracks or fissures in the landfill surface. As each point was
tested, its location, a brief description of the surface characteristics, and
the organic vapor concentration measured were recorded in the project

notebook.
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LABORATORY ANALYSES

Methane, Carbon_Dioxide, Oxygen, and Nitrogen

Determination of co,, CH,, 0,, and N, concentrations of the landfill gases
was performed using proposed Reference Method 3C (RM 3C). As described by
RM 3C, sample analysis is conducted using a GC with a thermal conductivity
detector. For this project, a Shimadzu Model GC3-B GC, associated automatic
integrator, and column supplied by Alltech Inc. were utilized to analyze the
landfill gas samples. Calibration of the GC was performed by injecting
replicate samples of a gas mixture containing known concentrations of the
three gases of interest. To establish a calibration curve, three different
- concentrations covering the expected range of landfill gas concentrations were

used. Calibrations were repeated at regular intervals to detect instrument
drift. '

The sample is analyzed by injecting a known aliquot (1-mL total volume)
into the GC column. The column separates the sample constituents, which are
eluted at different rates dépending on the chemical characteristics of the
column and the specific gas. After being separated, the sample passes through
a thermal conductivity detector. The resulting output of the detector is
recorded on an integrating recorder for determination of the concentration of
the gas. Samples were analyzed a minimum of three times.

Nonmethane Organic Carbon

Measurement of Nonmethane Organic Carbon (NMOC) concentrations in the
landfill gas was performed using proposed EPA Reference Method 25C. This
method utilizes evacuated canisters to collect a sample for subsequent
analysis. After sample collection was completed, the canisters were returned
to Radian for recovery and analysis. The Radian laboratories are not
currently performing RM 25C analyses on a routine basis, so Research Triangle
Laboratories, Inc. were used to insure timely turn around of sample results.

The sample tank is analyzed by injecting an aliquot via a 1-mL sample
loop into a GC column, which is maintained at a constant 85°C. Methane and
then CO, elute through the column to an oxidation catalyst, reduction
catalyst, and finally to a flame ionization detector (FID). -The column is
then backflushed to elute the organic fraction, which is analyzed in a similar
fraction. Triplicate injections are made for all samples. The NMOC analysis
system is calibrated frequently to insure proper operation.
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1.0 PROJECT DESCRIPTION

In response to concerns about global warming, the U.S. Environmental
Protection Agency’s (EPA) Office of Research and Development (ORD) has
initiated a program to characterize the effects of global climate change. The
program includes identifying and quantifying emission sources of greenhouse
gases. As part of this effort, EPA’s Air and Eneréy Engineering Research
Laboratory (AEERL) has begun research to improve emissions inventories for the
United States and the world.

. Methane (CH,) is of particular concern because its radiative forcing
potential is thought to be much greater than that of carbon dioxide (CO,).
Although the major sources of CH, are known qualitatively, considerable
uncertainty exists about the quantitative emissions from each source. One of
the goals of AEERL’s global climate research program is- to develop a more
accurate inVentory for CH, emissions from landfills.

As part of the ORD Global Climate Change program, AEERL is developing a
database that can be used to estimate CH, emissions from landfills. This
effort began with an analysis of available models that estimate CH, production
and an assessment of the data available to parameterize the models
(Peer et al., 1990). Available models were found to be very simplistic.

These models use the CH, potential of the refuse (which is a function of its
organic content) and the age of the landfill to predict annual emissions. The
best available models were designed to predict emissions from a single
landfill. One of these, the Landfill Air Emissions Estimation Model, which is
based on the Scholl Canyon model, was developed for use by regulatory agencies
for estimating landfill air emissions. The rate constant in this model was
chosen by fitting best estimates of CH, emissions from approximately

50 landfills in the United States.

In order to determine the factors that affect CH, production in landfills
on a global basis, a model that is more responsive to the wide range of
climates and wastes found throughout the worid is needed. Understanding
climatic effects is considered especially important to climate modelers who
are studying feedback effects of global climate change. To this end, the
AEERL is developing a field testing program to gather data that can be used to

nja.0s2
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create a model that demonstrates the relationship between climatic and
landfill characteristics and CH, production.
The project is divided into the following subtasks:

Task
Task

Task

1: Project Management

2: Site Selection

Develop selection and evaluation criteria,

Complete preliminary screening of potential sites,
Select final list of candidate facilities, and.

Contact faci1ities and obtain permission for testing.

3: Test Plan/Quality Assurance Project Plan Development

Prepare Test Plan for landfill gas composition and flow rate
measurements, and

Develop Category II QA project plan for testing program to be
performed under-this work assignment.

4: Landfill Emission Testing and Instrument Evaluation
Perform landfill gas composition and flow rate measurements,
Collect historical operations data, and

Complete all sample analysis and preliminary data reduction.
5: Data Analysis and Report Preparation

Compile historical data into a format compatible with model
requirements,

Complete model runs using historical data,

Assess accuracy and precision of site determined composition
and flow data,

Compare emission rates predicted by model with observed
emission rates, and

Prepare a report assessing site selection criteria, test
methods, and test results.

The field testing to be completed in Task 4 includes the following:

nja.052
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° Landfill Gas Composition: expected concentrations are 40 to 50%
methane, 40 to 45% carbon dioxide (C0,), 5 to 15% water vapor,
0.5 to 1% nonmethane organic compounds, and balance nitrogen.

) Landfill Gas Production Rate: rates may vary from 28,317 standard

cubic meters per day to 240,694 standard cubic meters per day.

The specific sites have not yet been selected so only a generic
description can be presented at this time. At each site a number of
collection wells have been constructed based upon the size and configuration
of the landfill. These wells collect the methane, CO,, and other generated
gases and direct them to a common manifold. This manifold feeds either an
energy recovery facility or control device (such as a flare). Sampling would
be performed in the manifold at existing test ports.

This Quality Assurance Project Plan (QAPP) details the methods which will
be used by Radian Corporation to assure that quality data are collected during
the field program. Table 1-1 lists the measurements to be performed by Radian
personnel. In addition to these measurements, information from each site will
be collected regarding: 1) past gas produciion, 2) waste composition, and 3) -
historical meteorological data required by the model.

This QAPP has been prepared in accordance with AEERL quality assurance
procedures specified in the document "AEERL Quality Assurance Procedures for
Contractors and Financial Assistance Recipients." The emissions testing and
data validation conform to Category Il requirements. Radian is committed to
implementing this QAPP and conducting the testing portion of this program in a
fashion which will generate quality data.

nja.052
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TABLE 1-1.

EMISSTION MEASUREMENTS

Section 1
Revision No. 1
August 3, 1990
.Page 4 of 4

Gas species

Methodology

Number of tests

Methane

Nonmethane organic carbon
Carbon dioxide

Oxygen

Moisture

Velocity

EPA Reference
EPA Reference
EPA Reference
EPA Reference
EPA Reference

EPA Reference

Method-3C
Method-25
Method-3C
Method-3C
Method-4

Method-2C
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2.0 PROJECT ORGANIZATION

The Program Organization is shown in Figure 2-1. Mr. Clint Burklin is
the Radian Program Manager and Mr. Walter Gray is the technical Project
Director for Radian. The Radian QA/QC officer is Ms. Linda Brown.
Administratively, Ms. Brown is independent of the technical project
management. For the purposes of this project she will coordinate her
activities through the Procject Director and report her findiﬁgs to him at
appropriate intervais.

As task leaders for the on-site testing program and the data analysis,
Mr. Walter Gray and Ms. Darcy Campbell will be responsible for implementing
the task specific quality control (QC) activities. They will conduct any
needed training sessions and proficiency evaluations, schedule QC activities,
establish sampling/analytical protocols, insure that all equipment
cé]ibrations are completed, and coordinate record keeping and data
review/validation. ' '

As Project Director Mr. Gray is responsible for the overall technical
effort. This includes responsibility for the timely, cost-effective execution
of all project activities. He will also coordinate preparation of a final
data quality report.

This organization of QA/QC has proven effective in past Radian
sampling/analysis programs. As problem areas and/or project priorities arise,
the field team members who execute daily QC efforts bring them to the
attention of the field task leaders for appropriate action. The QA officer
provides independent review of QC activities and independent performance
checks through QA audits.

nja.052
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3.0 DATA QUALITY OBJECTIVES

The objectives of the quality assurance efforts for this program is to
assess and document the precision, accuracy, and adequacy of the data
collection systems including sample collection and laboratory analysis.

Table 3-1 summarizes the QA objectives for each major measurement parameter.
Data comparability will be achieved by using standard units of measure as
specified in the methods indicated in Table 3-1. ,

At this time it is not possible to set Data'Quality Objectives for the
comparison of real (historical) emission data to predicted (modeled) emission
data. The reasons for this include the following:

. The amount of historical data is not yet known.
° The quality of available historical data is unknown.

® Collection of historical data will be performed by facility
operators or owners.

. Records verifying quality of the instrumental data may be incomplete
or inadequate.

Each of these concerns may have an impact on the usefulness of data
collected from the host facilities. It is not, however, within the scope of
this project to determine what level of data quality is needed for comparison‘
with the Scholl Canyon model. Rather, it is one of this project’s goals is to
determine what information is available and what the best methods of obtaining
it are. Further assessments of the quality of data obtained from the host
facilities will be made under a separate scope of work.

In selection of the types of test methods to be used and the number of
test runs required, the following criteria were considered:

° Is there a current or proposed Reference Method for the parameter to
be measured.
° Is the method selected appropriate for anticipated concentrations.
nja.052
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TABLE 3-1. DATA QUALITY INDICATORS

Parameter

Methodoiogy

Precision?  Accuracy?

Volumetric flow rate

Methane, carbon dioxide,
oxygen, nitrogen

Moisture

Nonmethane organic carbon

Reference Method 2C
Reference Method 3C

Reference Method 4

Reference Method 25

(%) (%)
6 % +10
5 9P +10
20 % . +10
5% +10

gBased on EPA collaborative tests.
Precision required by methodology.
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. Can the selected method meet the required level of accuracy and
precision. .

e How much data is needed for the evaluation of facility operated
instrumentation.

Each of the test methods selected for this project are either promulgated
Reference Methods (40 CFR 60, Appendix A) or have been developed specifically
for testing landfill emissions. The use of a standardized method is thus
assured.

After selection of the test procedure, an assessment of the potential
ranges of emission concentrations was made to determine if it was within the
detection limits of the proposed method. In each case the method specified
was either capable of measurements over the anticipated rénges or contained
procedures to make the method applicable.

Accuracy and precision of the methods has been determined through
collaborative tests sponsored by EPA. Since it is believed that order of
magnitude comparisons will be made with data collected during this program the
data quality goals set in Table 3-1 are more than adequate.

Selection of the number of test runs to perform used the requirements of
40 CFR 60, Appendix F "Quality Assurance Guidelines for Continuous Emission
Monitors" for guidance. In this procedure a Relative Accuracy of the
instrument in question is checked with either calibration gases or a
comparison with a reference method value. A total of three comparisons is
made by either method. For this test series six test runs were selected to
guard against unforseen data loss and to provide a potential excess of data by
which to evaluate the effectiveness of the procedures used.
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4.0 SAMPLING AND ANALYTICAL PROCEDURES

Included in this section are the sampling and analytical techniques to be
used to characterize landfill emissions during this pilot program. Also is
included a tentative test schedule and sampling matrix that will be used.

4.1 SITE DESCRIPTION
Sites for this program have not yet been selected. As such there are no

specifics available for a discussion of the test locations.

4.2 TEST SCHEDULE AND SAMPLING MATRIX

The proposed sampling/analysis matrix for the emissions tests is
-presented in Table 4-1. The tentative test schedule is presented in
Table 4-2.

4.3 VOLUMETRIC GAS FLOW RATE SAMPLING PROCEDURES

The volumetric gas flow rate of the landfill production gas will be
determined using procedures described in EPA Reference Method 2. Based on
this method, the volumetric flow rate is determined by measuring the
cross-sectional area of the transport pipe and the average linear velocity of
the gas stream.

The averaée gas velocity is calculated from the temperature, wet
molecular weight, static pressure, and differential pressure induces in a
pitot tube by the gas flow. The temperature and pressure profile will be
obtained by traversing the pipe. The number of sampling points and distances
from the pipe Wa11s will be determined based on the configuration of the
piping and the requirements of Reference Method 2.

Temperature and differential pressure profile data will be measured at
each o? the sampling points using an S-type pitot tube and K-type
thermocouple. The static gas pressure will be measured at several points and
averaged for a single value. An example of the data sheet used is presented
in Figure 4-1.
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TABLE 4-1
Sampling/Analysis Matrix
' | Sampling
Parameter Sampling Method | Analytical Method Frequency
Flow rate RM 2 pitot troverse 6 tests per site
Methane, carbon RM 3C GC with thermal 6 tests per site
dioxide, oxygen, (integrated grab | conductivity
nitrogen sample) sensor
Moisture RM 4 Analytical 6 tests per site
balance
Non-Methane RM 25C GC/FID 6 tests per site
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ITINERARY FOR LANDFILL FIELD TEST WORK*

Sunday, August S
Monday, August 6

Tuesday, August 7
Wednesday, August 8
Thursday, August 9
. Friday, August 10

- Monday, August 20
Tuesday, August 21
Wednesday, August 22
Thursday, August 23

Friday, August 24

Saturday, August 25

Travel to Wisconsin

Site visit/Field Test - Wisconsin Landfill
Travel to Illinois

Site visit to I1linois Landfill
Travel to Pennsylvania
Site visit to Pennsylvania Landfill

Travel Home

Travel to Florida
Site visit to Florida Landfill
Travel to Southern California

Site visit to Southern California Landfill
Travel to Northern California .

Site visit to Northern Ca]ifornia Landfill

Travel Home

*These are proposed dates and are being confirmed with each site.
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CORPORATION
VELOCITY TRAVERSE
2LANT
OATE
LOCATION
STACK 1.0.
BAROMETRIC PRESSURE. . Mg
STACK GAUGE PRESSURE. is. Ny0
OPERATORS SCHEMATIC GF TRAVERSE POINT LAYOUT
TRAVERSE VELOCITY STACK TRAVERSE VELOCITY STACK
POINT HEAD TENPERATURE rOLNT HEAD TENPERATURE
MUBSER | Wa,). i W0 (Tgh °F MER @ag). 8470 (Ty). °F
AVERAGE ;;1=:7 - AVERASE
EPA (Own 203
M
Figure 4-1. Velocity Traverse Data
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4.4 METHANE, CARBON DIOXIDE, OXYGEN, AND NITROGEN SAMPLING/ANALYSIS

PROCEDURES

The composition of the landfill production gas will be determined using
proposed EPA Reference Method 3C. This method has been developed and proposed
for use at municipal landfills for the determination of methane, carbon
dioxide (CO,), nitrogenl(Nz), and oxygen (0,). A sample of the landfill
production gas is extracted into a leak-free stainless steel canister. This
sample is collected (integrated) over a period contiguous with the other
emission measurements.

Once the sample has been collected it is analyzed using a gas ‘
chromatograph (GC) with thermal conductivity (TC) detector. The analyzer is
calibrated using three gas mixtures of known concentration to establish a
calibration curve for the'detector’s response to gas constituents. A portion
of the'sample is injected into the GC and the response is recorded for
calculation of the various component concentrations. Replicate analyses are
performed until the average difference between values is less than or equal to
five percent.

4.5 MOISTURE SAMPLING/ANALYSIS PROCEDURES

The moisture content of the landfill gas will be determined using EPA
Reference Method 4. In this test method, a known volume of particulate-free
gas is bubbled through a chilled impinger train. The quantity of condensed
water is determined and related to the volume of gas sampled to determine the
moisture content.

4.6 NONMETHANE ORGANIC COMPOUNDS SAMPLING/ANALYSIS PROCEDURES

Nonmethane organic compounds will be determined using EPA Reference
Method 25C. This method utilizes a dry ice cooled trap and evacuated canister
to collect the sample from the effluent stream. The trap and flask are then
returned to the laboratory where the NMOC is flushed into an NMOC analyzer
consisting of a GC equipped for back purging, an oxidation section, a
reduction section, and a Flame Ionization Detector (FID).

Analysis of the sample begins by separating the NMOC components present
in the trap and canister by using the GC system. Any NMOC species collected
on the GC column are then flushed off into an intermediate collection vessel.
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Next, the NMOC present in the sample is converted to CO2 in the oxidizer
section of 'the analyzer and is then quantitatively reduced to methane. This
insures that the detector will give a consistent response for all species of

NMOC present in the sample.
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5.0 SAMPLE CUSTODY

Sample custody procedures for this program are based on EPA procedures
recommended in "Quality Assurance Handbook for Air Pollution Measurements".
Since samples will be analyzed both on and off site, the custody procedures
. emphasize: 1) careful documentation of sample collection, analytical, and
quality control data, and 2) the use of chain-of-custody records for samples
being transhipped.

A1l field data sheets will be completed at the end of each test run and
will be initialed by the operator conducting the test and by the field team
leader at the end of the day. A1l samples which are to be shipped will be
clearly labeled and sealed prior to packing. An example of the sample labels
and seals is presented in Figures 5-1 and 5-2. A sample chain-of-custody form
will be completed for each sample as they are packaged for shipment. Examples
of all data sheets to be used in this project are included as Figures 5-3
through 5-6. ' .

A1l gas samples will be returned to the Radian laboratory and to Research
Triangle Laboratory for analysis. A1l RM 3C samples will be analyzed at the
Radian RTP facility within two weeks of collection. A1l RM 25C samples will
be analyzed at the Research Triangle Laboratory facilities within two weeks of
collection. Each sample canister will be shipped in its own individual box,
and will be completely labelled before packaging by the field crew.
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CORPORATION PRELIM. NO:

900 Perimeter Park
Moarrisville, NC 27580
(919)481-0212

SAMPLE TYPE:

LOCATION:
DATE: __ ______ CONTRACT:
REMARK: FINAL WT:
TARE: 3
SAMPLE WT: §
Figure 5-1. Example Sample Label
arrention: RADIAIN 57 00 e ™ ATTENTION:
SEFORE OPENING Resserch Trangie Park, NC 27700/ 015 541-9100 BEFOAE OPENING
NOTE IF BOTTLE WAS SAMPLE CODE: NOTE IF 8OTTLE WAS
TAMPERED WITH.

TAMPERED WITH.

Figure 5-2. Example Sample Seal
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PLANT

DATE

LOCATION

STACX 1.D.

BARCMETRIC PRESSURE. n. Mg
STACK GAUGE PRESSURE. in. Nl

CPERATORS

TRAVERSE
POINT
NUMSER

YELOCITY
HEAD

Gay ). in. M0

© STACK
TENPERATURE
Ty, F

AVERAGE

EPA (Dwn 233
720

VELOCITY TRAVERSE

Section §

Revision No. 1
August 3, 1990
Page 3 of 6

SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
WABER | g, ing0 (T,). °F

AVERAGE

Figure 5-3. Method 2C Velocity Traverse
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MOISTURE RECOVERY FORM FOR METHOD 4

Plant _ Sample I[dentification Code:

Date

Sampling lacation

Sample type

Run number

'Sample box number

Clean-dp person

Solvent rinses

Amount of Impinger Weight (grams)
Impinger Impinger Solution Impinger Tip Weight

Number Solytign _{(q) confiqyration Fingl  Initial Gain

— — ——— —— E—— A ———— —— — — —— —— ——— — — — — —
— . ————— —— — —— — —— — — —— — — — —— ———————
e e - — e ——— e i o Tt T e e et e e i s S

— e A . — —— —— — — — —— — —— —— — —— —— A —— t— ——— — —
——— ——— — A G — —— ——— ——— — —— — — — Vo— —— ——— —

Tatal Weight Gain (grams)

Figure 5-4. Moisture Recovery Form for Method 4
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CORPORATION
Run Number DATE
Samplers Initials
TEMPERATURE | FLASK PRESSURE | BAROMETRIC

SA®LE Ko, | SMPLE | FLASK °F “H PRESSURE "Hg | RECOVERY

TIME | O/VOLWME Fypirpn | ponac | onvias | Fana | onevnae Jranas | DATE/TIME
HOTES:

Figure 5-5.

Method 3C Field Sampling Data Sheet
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CORPORATION
Run Number DATE
Samplers Inftials
TEMPERATURE | FLASK PRESSURE | BARGMETRIC
saueLe Ko, | SAPLE | FLask of " PRESSURE “Hg | RECOVERY
TIME | A/VOLUME Tooron [ rmnac | sniviac [rnar | annvoae [rimae | BATE/TIME
+OTES:

Figure 5-6. Method 25C Field Sampling Data Sheet
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6.0 CALIBRATION PROCEDURES

Information is presented in this section pertaining to the calibration of
both sampling and analytical systems. Included is a description of the
procedure or reference to an applicable standard operating procedure, the
frequency and the calibration standards to be used.

6.1 SAMPLING EQUIPMENT CALIBRATION PROCEDURES

The checkout and calibration of source sampling equipment is an important
function in maintaining data quality. Referenced calibration procedures will
be strictly followed when available and the results will be properly
documented and retained. If a referenced calibration technique for a piece of
equipment is not available, then a state-of-the-art technique will be used.
'Ca1ibration,requirements are summarized in Table 6-1.
6.1.1 Type-S Pitot Tube Calibration

EPA has specified guidelines concerning the construction and geometry of
an acceptable Type-S pitot tube. If the specific design and construction
guidelines are met, a pitot tube coefficient of 0.84 can be used. Information
relating to the design and construction of Type-S pitot tubes is presented in
detail in Section 3.1.1 of the EPA document "Quality Assurance Handbook for
Air Pollution Measurements - Volume III" and in Section 2 of 40 CFR 60
Appendix A, Reference Method 2. Type-S pitot tubes not meeting referenced
specifications will rot be used during this project. Pitot tubes will be
inspected and documented as meeting specifications prior to the field
sampling. An example of the pitot specification sheet is shown as Figure 6-1.
6.1.2 Dry Gas Meter Calibration

Meter boxes will be used for RM 4 (moisture determination). The meter
box houses a dry gas meter, sample pump, and flow metering/control hardware.
Figure 6-2 shows the meter box calibration form used to check to inspect the
operation of the components and to calibrate the dry gas meter. Space is
provided for leak checks of the dry gas meter, calibration of vacuum gauges
and flow meters, and for calibration of temperature sensors (thermometers or

nja.052
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TABLE 6-1. EQUIPMENT REQUIRING CALIBRATION

Equipment | - Sampling Method |- Calibration Data Sheets 1
S

Type S Pitot Reference Method 2C Figure 6-1

Meter Box Reference Method 4 Figure 6-1
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Dace (DDMMYY):
[nicials of Calibracaor:
Nozzle . Dy D2 Dy Average
Idencification (inches) (inches) ({nches) Diamecer
No. (iaches)

Note: The maximum acceptable difference between any two mesasurements is
0.004 inches. If this tolerance cannot be met, the nozzle should ngt

be used.

Figure 6-1. Nozzle Calibration Data Sheet
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DRY GAS METER CAUBRATION DATA

(English Units) Pretest  Post Teat
Calibration meter #: Y=
Date: Barometric Pressure (in. Hg):
Calib. by: Dry Gas meter #:
Crillce Manometer { Gas Voluma Gas Volume Yomparature
Manometer Prassure Calibration Dry Gas Time aH
Selling Cal. Meter Matar Meter Calibration Metar Dry Gas Meter (min) (in. Ho0)
AH in. Ha0 in_Ha0 Vag Cu Fl. Vag Cu. Fi. In Qut In Out i
tina| inat initial initial
initlal nitial mid mid
total total linal fina
final finai Initlal initlel
Initiat initial mid mid
fotal total final_ | tinal
final final initlal initial
initlal Initia mid mid
1otal total finat final
final linal initlal initlat
initial Initial mid mid
total total tinal {inal
{inal tinal InHiat Initial
{nitlal initlal mid id
tolal total final ;Innal
final final initlal Inkia}
Initial Initlal mid mid
total total tinal linal
final final Initial Initial
Initial Initlai mid mid
total lgml final final
avg avg
q
Leak Test status: Front Back .
Thermocouple calibration
Pitot test status:
inlet
Vacuum Gauge Check: lce
3"Hg: Room Temp
10" Hg:
15" Hg: Outlet
Ice
Room Temp
Figure 6-2. Meter Box Calibration Data Sheet
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thermocouples) at ice and ambient temperatures against an NBS traceable
mercury-in-glass thermometer. The dry gas meter will be calibrated
(documented correction factor at standard conditions) prior to the shipment of
the equipment to the test site. A post-test calibration check will be
performed as soon as possible after the equipment has returned to Radian/RTP.
Pre- and post-test calibrations should agree within 5 percent. The same data
form is used for both pre- and post-test calibrations.

Dry gas meters will be calibrated using the catibration system
illustrated in Figure 6-3. Prior to calibration, a positive pressure
leak-check of the system will be performed using the procedure outlined in the
EPA Quality Assurance Handbook. The system is placed under approximately ten
inches of water column pressure and a manometer is: used to determine if a
change in pressure occurs over a one minute period. If Teaks are detected
(indicated by a drop in pressure), corrective actions will be taken before

calibrations are begun.

6.2 ANALYTICAL EQUIPMENT CALIBRATION

Chemical and physical characterization of field samples will require
calibration of analytical instruments. Analytical calibration requirements
are summarized in Table 6-2. Calibration procedures are briefly discussed
below.
6.2.1 Analytical Balance Calibration

Analytical balances will be calibrated over the expected range of use
with standard weights (NBS Class S). Measured values must agree within +2 mg.
The balances will be calibrated prior to the field measurement program and
again at the completion of the program. Balance calibration data will be

recorded in the laboratory and project notebooks.

6.2.2 Gas Chromatograph Calibration
~ Prior to analysis of any samples the gas chromatograph (GC) is setup
based on manufacturer’s specifications for température and carrier gas flow
rates, and permitted to reach stable conditions. After the GC has stabilized
(about 1 hour) the instrument is checked for linearity of response and
calibration. Using three gas mixtures spanning the expected concentration
range of the samples, verify the detector linearity for each gas component of

nja.052
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Dry Gas
oter

Manometer

Thermometer r
Level
Thermometer
Pointer
Rate Meter Needle Valve
Wet Test Meter
Air Outlet
Pump
Surge Valve

Figure 6-3. Meter Calibration System
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TABLE 6-2. ANALYTICAL EQUIPMENT CALIBRATION

Equipmgnt o Type of Ca]ibration- Frequehc&
_ _
Analytical Balance Mg]tipoint Semi-Annual
Gas Chromatograph Multipoint ' Daily
Non-methane Organic Analyzer Multipoint Daily

nja.0s2
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interest. This check also serves as the initial calibration of the GC. For
this and all subsequent calibrations the carrier flow rates, instrument
temperatures, injection times, component concentrations, and sample loop
volumes will be recorded. Figure 6-4 presents an example of the calibration
data sheet. A plot of peak height versus concentration will be prepared and
used to determine proper operation of the instrument.

A1l samples will be analyzed in duplicate. Consecutive analyses of the
same sample must agree within 15%. If ihey do not agree, additional samples
will be analyzed until consistent answers are obtained.

6.2.3 Nonmethane Orqanic Compounds Analyzer Calibration

Procedures for the initial performance check and calibration of the
Nonmethane Organic Compounds'ana1yzer are contained in 40 CFR 60 Appendix A,
Section 5. Analyzer calibrations will be conducted each day (or for each set
of samples analyzed, whichever is more frequent) and results will be recorded
in the laboratory notebook. An instrument linearity check will also be
performed before each set of samples are analyzed. Propane standards
(specified in RM 25) wiJT be used to assess instrument response over the
expected concentration range of the sample. Analyzer linearity is acceptable
if the response to each standard gas is +5% of the average of the three
replicate injections and the standard deviation is less than +5%.
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CORPORATION

mple Loop Volume (cc):

Gas Chromatograph Calibration Data

Carrier Flow (cc/min):

Temperature (deg F): Carrier Gas:
Low Mid High
Conc. Inj. Time | Reponse Conc. Inj. Time | Reponse Conc. Inj. Time | Reponse

Figure

6-4. Gas Chromatograph Calibration Data Sheet
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7.0 DATA REDUCTION, VALIDATION, AND REPORTING

Table 7-1 contains a list of data reduction, validation, and reporting
tasks along with the individual(s) responsiblie for complietion of that task.
Also included in Table 7-1 are those individuals responsible for data review.

7.1 DATA REDUCTION

Calculations for determining flow rates, moisture contents, and emission
concentrations are very repetitive in nature and have been converted into
computerized data analysis programs. These programs use the calculation
procedures specified in EPA Reference Methods 2, 3C, 4, and 25C. The program
has been validated by independent checks and simplifies data review to
verification of correct input values. Data are input to the program from
field data sheets.

Examples of the calculations being performed are presented in Figures 7-1
through 7-4. ' |

7.2 DATA VALIDATION

A1l measurement data will be validated based upon representative process
conditions during sampling or testing, acceptable sample collection/testing
procedures, consistency with expected and/or other results, adherence to
prescribed QC procedures, and the specific acceptance criteria outlined in
Section 6 for calibration procedures and in Section 8 for internal quality
control procedures. Any suspect data will be flagged and identified with
respect to the nature of the problem with validity. Suspected outliers will
be tested using the Dixon Criteria at the five percent significant level.

Several of the data validation acceptable criteria presented in
Sections 6 and 8 involve specific calculations. Representative examples of
these are presented below.
7.2.1 Instrument Response Linearity

Acceptance criteria for instrument response linearity checks are based
upon the correlation coefficient, r, of the best fit line for the calibration

data points.

nja.052
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TABLE 7-1. SUMMARY OF DATA REDUCTION AND REVIEW RESPONSIBILITIES

T B - Review and - ' :
Task . Data Reduction Validation Reporting
'—_'_——F'_———_———T
Test Plan and QAPP M. Hartman W..Gray
Test Data Summaries Test Team Members Lee Davis W. Gray
QC Data Summary Test Team Members D. Campbell W. Gray
Final Data Summary W. Gray C. Burklin.

nja.052
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vo-kc (Var IW
k Ps Ms
Qs = 3,600 (l-Bw) VS A IEEQ Ps
Ts(avg) Pstd
Where: A = Cross sectional area, ftz.
Bw = Water vapor in gas stream, fraction.
Cp = Pitot tube coefficient.
Kp = Pitot tube constant = 85.49.
MS = Molecular weight of gas stream, wet basis.
PS = Absolute gas pressure, in Hg.
Pstd'= Staﬁdard pressure, in Hg.
P = Velocity head of gas stream, in N,0.
QS = Yolumetric flow rate, dscf/hr.
TS = Gas temperature, OR.
TStd = Standard temperature, Or.

Figure 7-1. RM2 Calculations.
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A

C = _

R(l-Bw)

Where: A = GC Response (sample area).

Bw = Moisture content in the sample, fraction.

C = Component concentration, dry basis, ppm.

Pbar = Barometric pressure, mm Hg.

Pw = Vapor pressure of HZO’ mm Hg.

R = Mean calibration response factor for specific component,
area/ppm.

Figure 7-2. RM3C Calculation.
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Mstd

Y = Dry gas meter coefficient.

Water content of gas stream, fraction.
0.04707 |
17.64
Barometric pressure, {n Hg.
Temperature of meter, OR.

Initial volume of liquid in impinger.
Final volume of liquid in impinger.
Standard volume of waer collected.
Actual volume of sample.

Standard volume of sample collected.

Figure 7-3.

RM 4 Calculations.
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T, > ¢, W)
tf ‘ 1 tm
Pe Py (1-B)r J=1
Ty Tt

: Moisture content in the sample, fraction.

Calculated NMOC concentration, ppm C equivalent.

= Measured NMOC concentration, ppm C equivalent.
= Barometric pressure, mm Hg.

= Gas sample tank pressure after evacuation, mm Hg absolute.

Gas sample tank pressure after sampling, but before
pressurizing, mm Hg absolute.

‘Final gas sample tank pressure after pessurizing, mm Hg
absolute.

Vapor pressure of HZO’ mm Hg.
Sample tank temperature at completion of sampling, %K.

Sample tank temﬁerature at completion of sampling, %.

= Sample tank temperature after pressurizing, %.

Total number of analyzer injections of sample tank during
analysis (where j = injection number, 1...r).

Figure 7-4. RM 25C Calculations.
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The correlation coefficient reflects the linearity of response to the

calibration gas mixtures and is calculated as:

r o= n (¥xy) - (¥x) (Fv) (7-1)
(In(Ix?) - (D)% In(DY®) - (Ly)*))*

where:
= calibration concentrations
y = instrument response (peak area)
n = number of calibration points (x,y data pairs)
7.2.2 Precision

Control limits for control sample analyses, acceptability limits for
replicate analyses, and response factor agreement criteria specified in
Sections 6 and 8 are based upon precision, in terms of the coefficient of
variation (CV), i.e,. the relative standard deviation. . The standard deviation
of a sample set is calculated as:

S = standard deviation =,/§(x - X)°
n -1

where:
X = individual measurement
x = mean value for the individual measurements
n = number of measurements

The CV in percent is then calculated as:
CV= _S x100%

x

(g ]
=
Q
-

Pooled CV =

-
-

[ow)
—mn

o »
N MXRIN a2
e

-l
Il

where:
Cv. = Cv of data set i
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7.3 REPORTING _

Reporting responsibilities for this project are outlined in Table 7-1.
These include both formal reports (e.g., QA Project Plan, final reports, etc.)
and internal reports (e.g., test data summaries, QC data summaries, etc.).

Upon completion testing, the Field Team Leaders will be responsibie for
preparation of a complete data summary including calculation results and raw
data sheets. They will be assisted in this effort by other field team
members. Following the performance and systems audits, the Project Director
will prepare a summary audit report which details the audit activities and
results. This summary report will be included as part of the final project

‘report.
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8.0 INTERNAL QUALITY CONTROL PROCEDURES

Prior to actual sampling on site, all of the applicable sampling
equipment will be thoroughly checked to ensure that each component is clean
and operable. Each of the equipment calibration data forms will be reviewed
for completeness and adequacy'to ensure the acceptability of the equipment.
Each component of the various sampling systems will\be carefully packaged for
shipment, and upon arrival at the site, the equipment will be unioaded,
inspected, and assembled for use.

General quality control procedures for flue gas sampling (i.e., EPA
Methods 2C, 3C, 4, and 25C) will include the following:

- Each sampling train will be visually inspected for proper assembly
before every use.

- A11 sampling data will be recorded on standard data forms.

- Any unusual conditions or occurrences will be noted during each run
on the appropriate data form.

- Field sampling team leaders will review sampling data sheets daily.
In addition to the general QC procedures listed above, QC procedures

specific to each sampling method will also be followed. These method-specific
procedures are discussed below.

- 8.2.1 Quality Control Procedures for Velocity/Volumetric Flow Rate
Determination

Data required to determine the vo]umétric gas flow rate will be
collected using Method 2C. Quality control will focus on the following
procedures:

- The S-type pitot tube will be visually inspected before sampling.

nja.052
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- Both the low pressure and high pressure legs of the pitot tube will

be leak checked before sampling.

- The oil manometer or Magnehelic gauge used to indicate the
differential pressure (AP) across the S-type pitot tube will be
leveled and zeroed.

- The number and location of the sampling traverse points will be
checked before taking measurements.

- The temperature measurement system will be visually checked for
damage and operability by measuring the ambient temperature prior to

each traverse.

- A1l sampling data and calculations will be recorded on preformatted
data sheets.

8.2.2 Quality Control Procedures for CO,, 0,, N,, and Methane
Determination
Data required to calculate molecular weight of the gas stream will be
collected using EPA Method 3C. Quality control for Method 3C sampling will
focus on the following:

- The sampling train will be leak-checked before and after each
sampling run.

-~ A constant sampling rate (+10%) will be used in withdrawing a

sample.
- The sampling train will be purged prior to sample collection.

- The sampling port will be properly sealed to prevent air in leakage.

nja.052
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Analytical quality control for Method 3C will include the following:
- Instrument will be set to manufacturer’s specifications before use.
- Instrument linearity will be checked daily.

- Instrument calibration will be checked before and after each series
of runs are completed.

8.2.3 Quality Control Procedures for Moisture Determination

The moisture content of the gas streams will be determined using the
technique specified in Method 4. The following internal QC checks will be
performed as part of the moisture determinations:

- Each impinger will be weighed to the nearest 0.02 grams before and
after sampling.

- The sampling train, including impingers, will be leak-checked before
and after each run.

- Ice will be maintained in the ice bath throughout the run.

- Dry gas meter readings will be made at the start and end of each
sampling segment.

- The sampling train will be purged following each run.

- Sampling and impinger catch data will be recorded on preformatted
data sheets.
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8.2.4 Quality Control Procedures for NMOC Determination
Data required to calculate NMOC concentration of the effluent stream will
be collected according to EPA RM 25C. Quality control for RM 25C sampling

will include:

- The sampling train will be leak-checked before and after each
sampling run.

- A constant sampling rate (t10%) will be maintained when collecting
the sample.

- The sample train will be purged before samp]e'co]iection.
Analytical quality control fot Method 25C will include the following:

- Instrument will be set to manufacturer’s specifications before use.

- Instrument linearity will be checked daily.

- Instrument calibration will be checked before and after each series
of runs are completed.
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9.0 PERFORMANCE AND SYSTEMS AUDITS

A quality assurance audit is an independent assessment of a measurement
system. It typically includes performance evaluation using apparatus and/or
standards that are different from those used in the measurement system. It
also may include an evaluation of the potential of the system to produce data
of adequate quality to satisfy the objectives of the measurement efforts. The
independent, objective nature of the audit requires that the auditor be
functionally independent of the sampling/analytical team.

Quality assurance audits play an important role in Radian’s overall QA/QC
program. This section describes the role of the QA auditor and the nature of
both performance and systems audits.

9.1 AUDIT APPROACH
' The QA Coordinator or her designee will perform an independent
performance and systems audits. The function of the auditor will be to:

Check and verify records of calibration,

- Assess the effectiveness of and adherence to the prescribed QC

procedures,
- Review document control procedures,

- Identify and correct any weaknesses in the sampling/analytical
approach and techniques, and

- Assess the overall data quality of the various sampling/analytical

systems.

Generally, the role of the auditor is to observe and document the overall
performance of each of the various sampling and analytical systems. Audit
standards and test equipment which are traceable to acceptable reference
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standards may be used to assess the performance of each analytical method
and/or measurement device (performance audit). Based on the audit results,
the auditor may, as necessary, initiate corrective action at the project
level, through the Program Manager or Project Director.

During the field testing portion of this program, an individual not
directly involved with operation of the sampling equipment will periodically
check the tester’s compliance with all QA/QC functions appropriate for the
testing. These observations will be recorded in a permanently bound notebook
assigned specifically for this project.

In addition to the field QA/QC, all 1aboratory QA/QC activities will be
similarly documented. An internal laboratory audit will also be performed td

assess the effectiveness of the QA/QC program.
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10.0 PREVENTIVE MAINTENANCE

The primary objective of a comprehensive preventive maintenance program
is to help ensure the timely and effective completion of a measurement effort.
Radian’s preventive maintenance program is designed to minimize the downtime
of crucial sampling and/or analytical equipment due to component failure.
Details of the preventive maintenance efforts for this project are discussed

below.

10.1 GENERAL

Prior to this field program, all sampling and analytical systems will be
assembled and checked for proper operation. At this time, any worn or
inoperative components will be identified and replaced.

The component parts of the sampling system will be checked on a daily
basis to ensure that the equipment is operating properly. The checklists
similar to those shown in Figure 10-1 will be used to document the daily
system check and routine maintenance activities. Any major problems requiring
unscheduled maintenance will be recorded in the field log, which will be a
bound paginated laboratory notebook. Pertinent information to be recorded

will include:

- name of operator,

- date,

- maintenance activity,

- problems encountered,

- cause of problem, and

- corrective actions taken.

A1l entries will be made in ink and signed. Any corrections will be made
by drawing a single line through the improper entry and entering the correct
information.

nja.052
0-45



9%-0

EXCESS

FiLOwW

———- e w-

— e

: : P::;‘é:l' : S::::[ : ::?“C?::'; :2::;[ (fik: : INSTRUNENT | BLOWBACK |
] f . « FLOW] AREA TEMP. ) FREQUENCY NA ]
: TEST I_D : DATE : TINE " LOCATED | MEATING | (DEG. F) | (SCFH) I (DEG. F) 1 (MINUIES) : Fow "
““““ ———- “==='F ccccncac | cccevms | cecamennes | vmreccan | cdcemcacce | memcmaaan )
. ) | L] | (] i | | i
. ' ] L | t | —_—— b . ]
b | | L | ] | ) { |
o 1 | e ) — | — | |
. | [ . ] ! i ] t |
L o __| _. . -\ e ! | . | S |
. ] i o t | ] ! | {
. | | s SO | i ——— - S D |
. t | L] i | t | |. |
e ] | s S | b e | S | — S |
I ' 1 ® 4 (] (] L R i i
. ) ] L] | | | S | t 1
s [} i . | i | [ 1 [
. | | s | 1 . | { | [
» | | . | | | | | |
. ] ] e | ! | ] - N |
. | | ‘s i i | | | !
o ____1 | ] o~ _____ [ —_—— ] | | U |
» | [} . | | | | | |
. i ) ® [} | " § | IO |
s (] [ . ! ! | | [ t
s . ol ____» { | S | | N |
" ] ! s | | ) ] | t
. | | L] ] | | | i NP |
. | | . | [} | (] | |
. [ | s ) . | ] ] | !
U] | | s ] [} | ! | |
L | ] bl 1 {] t ] . ——
e (] | s [ | | (] | i
s ] | . | | ) ! ! |

NOTES:

Figure 10-1.

Example Operator Checklist.

€ 40 2 abey
0661 ‘T 3snbny
0 "ON UOLSLA3Y
O U0L328S



Section 10
Revision No. 0
August 1, 1990
Page 3 of 3
10.2 SPARE PARTS
The maintenance activities described above, and an adequate inventory of
spare parts will be required to minimize equipment downtime. This inventory

will emphasize those parts (and supplies) which:

- are subject to frequent failure,
- have limited useful lifetimes, or

cannot be obtained in a timely manner should failure occur.
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11.0 ASSESSMENT OF PRECISION, ACCURACY, AND COMPLETENESS

The performance audits and QC analyses conducted during the testing
program are designed to provide a quantitative assessment of the measurement
system data. The two aspects of data quality which are of primary concern are
precision and accuracy. Accuracy reflects the degree to which the'measured :
value represents the actual or "true" value for a given parameter, and
includes elements of both bias and precision. Precision is a measure of the
variability associated with the measurement system. The completeness of the
data will be evaluated based upon the valid data percentage of the total tests

conducted.

11.1 PRECISION

_ Precision, by the definition presented in the EPA Quality Assuranc
Handbook for Air Po]]ut1on Measurement Systems, Volume I, Principles (EPA-
600/9-76-005) is "a measure of mutual agreement among individual measurements
of the same property, usually under prescribed similar conditions." Different
measures of precision exist, depending upon these "prescribed similar

conditions."

Quality control procedures, such as control sample analyses and replicate
analyses, represent the primary mechanism for evaluating measurement data
variability or precision. Replicate analyses will be used to define
analytical replicability, while results for replicate samples may be used to
define the total variability (replicability) of the sampling/analytical system
as a whole.

Precision of the measurement data for this program will be based upon
replicate analyses (replicability) and control sample analyses
(repeatability). Variability will be expressed in terms of the coefficient of
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variation (CV) for the replicate and repeat analyses where,

%Cy = Standard Deviation « 100

Mean

This term is independent of the error (accuracy) of the analyses and
reflects only the degree to which the measurements agree with one another, not
the degree to which they agree with the "true" value for the parameter
measured. The CV is in units of percent since it is the standard deviation of
the mean expressed as percent of the mean (relative standard deviation).

For the CEMS data, the daily drift checks will provide another means of
controlling and assessing monitor data precision. These data will be
summarized in terms of percént drift for each monitor as discussed in
Section 8.0.

11.2 ACCURACY

Accuracy, according to EPA’s definition is "the degree of agreement of a
measurement (or an average of measurements of the sam thing),.X, with an
accepted reference or true value T." This definition actually encompasses two
concepts, which creates a strong potential for confusion if the difference
between the concepts is not clearly understood. The confusion arises due to
the discrepancy between the concept of accuracy of individual measurements and
the concept of accuracy of average values obtained from replicate or repeat
measurements of a given parameter. In the case of accuracy of individual
measurements, accuracy includes components of bias and precision (i.e., both
systematic and random error). On the other hand, accuracy of the average of
individual measurements equates accuracy with bias and represents an attempt
to quantitate systematic error (bias) independent of random error (precision).
Under this approach, a set of measurements could be said to the accurate
without being precise. Under the other approach, where individual
measurements are considered, precision is a requisite of accuracy since random
variability is a component of the total measurement error and does not get
"averaged out." The validity of significance of the estimate of bias is
directly related to the number of individual measurements used to compute the
average. It is based on the principle that as the number of individual
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measurements is increased indefinitely, the sample mean, X, approaches a
definite value, u. The difference between u and the true value, T represents
the magnitude of the measurement bias, or systematic bias plus random error
due to imprecision.

Performance audits represent one mechanism for defining measurement
system error. Typically, repeated measurements are made of the parameter of
interest for the same audit sample or using additional samples at different
levels, -and the average error is calculated. As discussed above, this error
value represents an estimate of measurement bias or systematic error, although
it is often simply referred to as "accuracy." The significance of the bias
estimate may be evaluated using confidence intervals. An approximate 95%
confidence interval for the mean error (bias) can be calculated using:

Standard Deviation
Mean(X) ¢ t.025, (n-1) Ok

where n is the number of measurements used to compute the average and standard
deviation and t is a table statistical value (.025 confidence level, n-1
degrees of freedom; when n is greater than 10, 5 approaches 2.0)}.

As an example, for a particular set of nine measurements, assume an
overall mean of 20 ppm is reported, and the standard deviation of these data
is 10 ppm. Also, assume that the true concentration is 30 ppm. For these
measurements, the 95% confidence internal is:

10
20 + 2.3 (g)" or 20 + 7.7
which is the interval (12,28). Since this interval does not include the true
value, 30 ppm, a conclusion of bias is justified. The magnitude of this bias
is between 2 and 18 ppm. The uncertainty in the estimate is due to
variability arising from random error.

The choice of definitions of accuracy should be made based on the
specific application. Regardless of the definition chosen, performance audit
results provide only a point-in-time measure of accuracy, and actually reflect
only the capability of the system. In most cases, the results provide some
insight into the precision, as well as the bias of measurements. These data
supplement data generated by the internal QC procedures. Extrapolation of the
audit and QC data to actual samples and measurements provides the primary
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mechanism whereby error limits for various measurements may be estimated and
the confidence in the measurement data defined.

Daily control samples analyses may be used to assess measurement bias.
While performance audit results represent a point-in-time assessment of
measurement error, the average degree of agreement between measured values and
actual values for control samples provides a long-term, or average estimate of
measurement bias, as well as precision (repeatability).

11.3 COMPLETENESS _

Measurement data completeness is a measure of the extent to which the
database resulting from a measurement effort fulfills objectives for the
amount of data required. For this program, completeness will be defined as
the valid data percentage of the total tests planned.
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12.0 CORRECTIVE ACTION

During the course of the LIMB testing program, it will be the
responsibility of the Field Task Leader and the sampling team members to see
that all measurement procedures are followed as specified and that measurement
data meet the prescribed acceptance criteria. .In the event a problem arises,
it is imperative that prompt action be taken to correct the problem(s). The
Field Team Leaders will initiate corrective action in the event of QC results
which exceed acceptability limits. Corrective action may also be initiated by
the team leaders upon identification of some other problem or potential
problem. Corrective action may be initiated by the QA Coordinator based upon
QC data or audit results. The corrective action scheme is shown in the form
of a flow chart in Figure 12-1. Acceptability limits and prescribed
corrective action related to the various internal QC checks are discussed.in
Section 8 and are summarized in Table 8-1.
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Notity
Team Leader
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Notity Yes Modification of Prescribed™~ Formulate
Project Director Procedures glfegrl.ggeig l'ngr Resolution Solution
) Implement

Major Yes| Notify Project Solution

Modification Offi
Required? cer
. o No
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Problem Task Leader RF;;%?:,:Q?
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Problem Report Notify Project Officer | End

Figure 12-1. Corrective Action Flow Scheme
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13.0 QUALITY ASSURANCE REPORTING

Effective management of a field sampling and analytical effort requires
timely assessment and review of field activities. This will require effective
interaction and feedback between the Field Team Leader, the Project Director
-and the QA Coordinator. _

During the project, the Field Team Leader will be responsible for
submitting QC reports to the EPA Project Manager, the Radian Project Director,
~and the Radian QA Coordinator(§). These monthly reports will address the
following:

- summary of activities and general program status,
- summary of corrective action activities,
- assessment and summary of data completeness, and

- summary of any significant QA/QC problems and recommended and/or
implemented solutions not included above.

The QA Coordinator (or her designee) will prepare an audit report
following the ‘performance and systems audits. The audit report will address
data accuracy, the qualitative assessment of overall system performance. This
report will be submitted to the Project Director. The project final report
will include a separate QA/QC section which summarizes the audit results, as
well as the QC data collected throughout the duration of the program.

Problems requiring swift resolution will be brought to the immediate
attention of the Project Director via the malfunction reporting/corrective
action scheme discussed in Section 12.0. '
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Field Data Sheets

(Appendix E sheets are numbered
to correspond with site
numbers; e.g., sheet El-1 is
for run No. 1 and sheet E2-1 is’
for run No. 2. The gas
analysis reéeports for Sites 2
and 4 were retyped due to poor
copy quality of the originals.)
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AMALYSIS

DATE: 937939 ANAL'YSIS TIME: 155 STREAM SERUENCE: 12
TiME:? 1&:¢el CYiZLE TIME: 186 STREAM#: 1
HANALYZERS: 3 MJDE: RIJN CYCLE START TIME: 12:13
CiorMP MAME ZOMP CODE MOLE = B.T. L % SP. GR. %

cooe 117 39, 434 3. B9 3. 5033

MY GEM 116 8. 5%2 S % N 5 5 3. 3¢S

NITRIOGEN 114 3. 33% 3. 33 8, 3387

METHAMNE 198 51. S&¢ See. 99 8. 2es-

TOTALS ' 1913, ¥913 522. 183 B, 9722

&L 14.?3@ FSIA DRY & UMCORRECTED FOR COMPRESSIEILITY

COMPRESSIBILITY FACTOR 1.2

DRY B.T.lJ. ® 14,730 PSIA & 4@ DEG. F CORRECTED FOR ¢ 1.2
SAT B.T.U. ® 14,739 PSIA & A8 DEC. F CORRECTED FOR « 1-27
RESL SPECIFIC GRAUITY '

UANDRMALIZED TOTAL

ANALY3 IS

1. 8830
= 5&83.6
514.5
8. 3733
39.27

" DATE: 889699 ANALYSIS TIME: 165 STREAM SEQUEMCE: 12
TIME: 12:29 CYCLE TIME: 189 . STREAM#: 1
HNALYZER#: ) MODE: RUN CYCLE START TIME: 12:21
COMP NAME COMP CODE MOLE X B. T.I). %  3P. GR.%

- 117 29, 386 0. 60 9, 5985
XY EN 115 2. 554 3. 99 9. P94 |
HI TROGEN 114 B. 388 &, 69 D, 8504
METHANE 139 51. 752 523,73 8. 2367
TOTALS ' 108, PEO 522. 73 8. 9716

X ® 14,739 PSIA DRY % UNCORRECTED FOR COMPRESSIBILITY
SOMPRESSIBILITY FACTOR (1.2) = 1.0830
DRY B.T.lJ. ® 14,738 PSIA % &3 DEC. F CORRECTED FOR ¢ 12> = 525.3
SAT B.T.U. © 14,730 PSIA & 68 DEG. F CORRECTED FOR ¢1-2% .= Sié. 1
REAL SPECIFIC GRAUITY = 9, 9749
LUNMORMAL IZED TOTAL = 99,77

E1-11



ANALYSIS

DRTE: 56 6690 AMALYSIS TIME: 185  STREAM SEQUENCE: 12

TIME: 12:27 CwCLE TIME: 1:39 STREAM#S: 1

AMALYZER#: 5, MODE: RUN CYCLE START TIME: 1&:24
ZOMP NAME COMP CODE MOLE X  B.T.U. % 5P, GR. ¥

- 117 29, 39 A, a0 3, 936

L TEN 116 -3, 543 3. 39 9. 295 1

HITROGEMN 114 &, 319 . a8 B. BEBS

METHANE 193 51. 736 523. 57 3. 2366

TAOTALS _ 160, 086 se3. 57 8. 9717

* 2 14.739 P51A DRY &% UNCORRECTED FOR COMPRESSIBILITY

COMFRESSIRILITY FACTOR © 1.2 = 1.0830.
DRY B.T.U. ® 14,739 PSIA % 59 DEG. F CORRECTED FOR 4123 = 52S.1

SAT B.TolU. ® 14,730 PSIA & 68 DEG, F CORRECTED FOR ¢1-2) = 514.0

REAL SPECIFIC GRAVITY " = D, 9741
NMORMALIZED TOTAL = 99,57

ANALYS15

DATE: 088698 ANALYSIS TIME: 165 STREAM SEQUENCE: 12
TIME: 12:39 , CYCLE TIME: 138 STREANM#: 1
ANALYZER#: 5 MODE: RUN CYCLE START TIME: 12:87F
COMP NAME 12OMP Z0ODE MOLE % B.T.U. % SP. GR. %

ol -] 117 39, 433 6. 8@ a, 5992

JXYGEN 116 ' 2, 541 9. 99 9. 3965

NI TROGEN 114 8, 266 . 08 8. 3799

HMETHANE 198 51. 759 523. 91 P, 2947

TOTALS 168, 880 523. 81 B. 9718
% ® 14,738 P5IA DRY % UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR C1-2 = 1, 9930

DRY B.T.lJ. ® 14.732 PSIA & 49 DEG. F CORRECTED FOR ¢1-2) = 525.4

SAT B.T.U. ® 14.730 PSIA & &0 DEG. F CORRECTED FOR (1.2) = 516.2

= 9, 9742

REAL SPECIFIC GRAUITY _
LINMORMALIZED TOTAL £1-12 ' = 99,42



ANALYSIS

IHTE: £2-96-90 AHALYSIS TIME: 165 STREAM SEQUEMCE: 12
TLIME: 12:33 CYCLE TINME: 138 STRERM#: 1
AMHRLYZER#: 5 MODE: RUN CYCLE STHRT TIME: 12130
COMF MAME CIOMP CDDE MOLE X B. T. . % 5P, GR. ¥

VI 1y 39, 345 A, 5o 3, 5978
DHPSEN 114 2. 547 9. 93 3. 3949
HITROGEN 114 . 316 a. 99 A, 0SA4
METHANE 199 S1. 733 524, 14 9. 2943
TOTALS 190. 8980 Sed. 14 B, 9712
* ® 14.739 P5IA DRY % UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR ¢ 1.2% = 1. 0030

DRY B.T.U. ® 14,733 PSIA & 43 DEG. F CORRECTED FOR (120 = 525.7

38T E.T.U. ® 14,730 PSIA & 58 DEG. F CORRECTED FOR ¢1.2) = Sié.5
REAL SPECIFIC GRAUITY = 8, 9735
UMNORMALIZED TOTAL = 99,47

ANALYSIS

DATE: ©E.-86.90 ANALYSIS TIME: 15 STREAM SEQUENCE: 12
TIME: 12:36 CYCZLE TIME: 139 STREAM#: 1
ANARLYZER#: 5] MODE: RUM CYCLE START TIME: 12:33
COMP NAME C0OMP CODE MILE * B.T.U. % 5P. GR. X
- ge 117 39, 340 8. 09 a. 5978
DAYGEN 116 3. 550 B. 29 2. B35 1
HITROGEN 114 8. 332 8. 08 0. a8es
METHANE 190 51. 729 524. 188 B. 2343
TOTAHLS -160. 800 S24. 86 8.9712

* 2 14,739 P3IA DRY % UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR (1-2) = 1.28308
DRY B.T.U. ©® 14.733 PSIA & 489 DEG. F CORRECTED FOR ¢1-2) = 525.6
3AT B. 7.l © 14,730 PSIA & 68 DEG. F CORRECTED FOR ¢(1-2) = 316.4
REAL SPECIFIC GRAVITY = 8.9736
IIMNORMALIZED TOTAL = 99,41

E1-13



ANALYSIS

ORTE: &g ds.-9a AHALYSIS TIME: 185 STREAM SEQUENMCE: 18
TIME: 12:33 CYCLE TIME: 139 STREAN#: 1
AMMLYZER#E & MODE: LM CYCLE STHRT TIME: 12:3¢&
LOMF MAME COMP O 2IDE FMOLE X B. T. ). % SP. R, %

Coa e 117 39, 2e2 4, Aa 3. 3975

15PGEN 115 3. 553 3. 88 ' 3. B985 1

AITROGEM 114 2, 352 ) M, P9 2. 9268

METHANE 199 31.771 523. 93 H. 2353

TOTALS S 168, 958 523. 93 Aa. 9712

4 214,739 P3IA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1. , = 1. 0830
DRY B.T.U. ® 14.733 PSIA % »3 DEG. F CORRECTED FOR ¢ 142 = 525.5
SAT B.T.L. © 14,730 PSIA & ¢0 DEC. F CORRECTED FOR (1-2) = S1é.2

REAL SPECIFIC GRAUITY = B.3735
UMHORMALIZED TOTAL - = 99,35
ANALYSIS
DATE: O8.-86..98 ANALYSIS TIME: 165 STREAM SEQUENCE: 12
TIME: - 12352 CYCLE TIME: 139 STREAM#: 1
AMALYZER#: B MODF: FUN CYCLE START TIME: 1c:39
COMP NAME COMP CODE MOLE * B.T.U. % SP. GR. %
coe 117 39. 406 6. 98 8. 5988
OX'P3EN 114 8. 533 B. B3 B. 8353
HITROGEN 114 8. 247 a. o8 g. 8798
METHARE~ 189 - 351.314 - - - - 534,38 -~ B.2879

TATALS 100, pee Se24. 36 8. 9714

% 2 14.739 PSIA DRY % UNCORRECTED FOOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR ¢1.2) = 1,00830
DRY B.T.U. € 14.739 PSIA & %9 DEG. F CORRECTED FOR ¢1-2) = 525.9
3AT B.T.U. € 14.738 PSIA & ¢8 DEG. F CORRECTED FOR (1-2) = 516.8
REAL SPECIFIC GRAVITY = B.9738
UNMNORMALIZED TOTAL E1-14 = 99,47

Reproduced from
best available copy.




ALY CERS: 5]

CONF NAnE COMF CDDE

ooe 117
DS ET 115
HITROGEM 114
ME THANE 198
TOTALS

AMALYSIS TIME:
CYCLE TIME:

MODE:
MDLE =
3], I8E
0. 523

51. 363

160, asa

c. 2e6

AMARL'YS 13

1:5
1:29
FLiM

B.T. L% -

& @
0. 318
g, 88
524, 31

Sc4, 21

STREAM

SEQUENCE:

STREAM#: 1

CYCLE START TINE:

5F.

¥ ¥ 14,729 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMFRESSIEILITY FACTOR ¢ 1.2

14.733 P31A &
14. 738 PSIA
REAL SPECIFIC GRAUITY

DR B.T.lL B
AT B.T.U. B

UNMORMALIZED TOTAL . .

IRTE: 088590
TIME: 13:19
AMALYZER#: %)

COMP NAME OMP CODE

[ ) 117
IR'PGEN 1146
HITEOGEN 114
METHANE 199
TATAHLS

HNALYSIS TIME:
iZYCLE TIME:

MODE:
MOLE X%
39, 340
2. 533
2. 322
51. 388

186, 09

ANALYS IS

165
139
RUN

‘B.T.U. %

8. 88
3. 29
0. 68
524. 21

524. 21

43 DEG. F CORRECTED FOR ©1-23
& 60 DEC. F CORRECTED FOR ¢1.2)

SP.

* 2 14,738 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR ¢ 1.2

DRY B.T.U. 12
SAT B.T. L ©
REAL SPECIFIC SRAVITY
UNNORMALIZED TOTAL

14.738 PS1A & 59 DEL.

El-15

- F CORRECTED FOR <122
14,736 PSIA & &8 DEG. F CORRECTED FOR ¢1/2>

GR. &

3, 5984
2. BB53
g, 979

P Tty I
B' Eb:" -t

8. 9”11

1. 8038
325. 5
317, 3

. B. 3734
= 99,42

STREAM SEQUEMCE:
STREAN#: 1
CYCLE START TIME:

SR. ¥

8. 5978
3. ¥A59
8. 9805
B. 2369

8, 9711

= 1, 0&38
525. 8
S1é. 6

9. 9735
99.e7

1';

=

CHR B

13:1¢



ANALYSIS

DHTE: @296 90 © ANALYSIS TIME: 165 STREAM SEGUENCE: 12
TIME: 13122 " CYCLE TIME: 130 STREAM#: 1

AMFLYZEFR:# 9 MCDE : RUM CYCLE START TIME: 13:19%
COMP HAME COMP CIDE MOLE B.T.10. % 5P. GR. %

o0 2 117 39. 261 @, 78 8. 5951

DAYISEN 115 3. 532 3. 93 3. PRS3

MITROGEM 114 g, 2r1 2. 29 9. 6e0a

METHANE 199 51.:336 524.53 . 2371

TOTALS 100, 600 524, 58 . 9711

% ® 14.733 PSIA DRY % UNCORRECTED FOR COMPRESSIBILITY

COMFRESSIBILITY FACTOR < 1.3 = 1. 8030
DRY B.T.U. @ 14,732 PSIA & 69 DEG. F CORRECTED FOR (125 = 525 1
SAT B.T.U. © 14,730 PSIA & 66 DEG. F CORRECTED FOR (1.2 = Si7.2
REAL SPECIFIC GRAUITY = 8.9735
UMNORMALIZED TOTAL = 99,29
ANALYS1S

DATE: 88-86.99 ANALYSIS TIME: 165 STREAM SEQUENCE: 12
TIME: 1325 CYCLE TINME: 199 STREAM#: 1
ANALYZER#: @  MODE: RUN CYCLE START TIME: 13:22
COMP NAME COMP CODE MOLE X B.T.U. % SP. ©GR. %

coe 117 39. 337 6. 89 8. 5977
OXVEN 116 3. 533 2. 99 8. 8959
NITROGEN 114 8. 296 8. 09 e. 9802
METHANE 199 51.333 524. 55 2. 2871
roTALS 100, 660 524. 55 8. 9710

% ® 14,733 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR (1.2 = 1.0030
DRY B.T.U. © 14.732 PSIA % 9 DEG. F CORRECTED FOR ¢142> = 524.1
SAT B.T.U. ® 14,738 PSIA & 68 DEG. F CORRECTED FOR (1D = 517.8
REAL SPECIFIC GRAUITY = 8.9733
UMNORMALIZED TOTAL . El1-16 = 99.38



IATED a8 190e. =l
TInMkE: 13203
HHALYZER#: o

LOHF HAME COMP CODE

I I 117
134 PGEM 115
HITROGEN 114
METHRNE 1993
TOTALS

AMALYSTS TIME:

ANALYSIS

CYCLE TIME:

MODE:

MOLE °

29, 245
8. 5.39
£, 2089

51. 314

198, agg

165 STREAM SEQUEMCE: 12
139 STREAM#E: 1
RLIM CYCLE START TIME: 12:2S
B. T. . % SF. GR. %
@, 09 9. 5578
2. 99 9. 9953
&, 90 3. BEAG
524, 33 3. 23379
524, 28 8. 9711

* 2 14,738 P3IA DRY & UNCORRECTED ¥R COMPRESSIBILITY

COMPRESSIBILITY FACTOR ¢ 1.3
DRY E.T.U. 2 14.739 PSIA &
54T BT, © 14,738 PSIA & 6@ DEG. F CORRECTED FOR 1.2

REAL SPECIFIC GRAVITY
UMHORMALIZED TOTAL

DATE! 88.96.98
TIME:  13:31
ANALYZER#: e

COMP NAME COMP CODE

coe 117
DRYISEN . 116
NITROGEN 114
METHANE 199
TOTALS

ANALYSIS TIME:

53 DEG.

F CORRECTED FOR © 1223

ANALYS IS

CYCLE TIME:

MODE:

MILE %

39, 3e¢
B, 536
8. 38’

51.329

168, nee

[t}

1. 8820
325, 2
S1£. 8

8. 3735

29, 23

u

i

165 STREAM SEQUENCE: 12
198 STREAM#: 1
RUN CYCLE START TIME: 13:28
B.T.U.& SP. GR. ¥
8. 60 8. 5976
2. 38 9. 8353
5. 68 9. 0863
S24. 51 2. 2871
524, 51 8. 9769

% 2 14.739 PSIA DRY % UNCORRECTED FOR CDHPRESSIBILIfV

COMPRESSIBILITY FACTOR (1-2)

DRY B.T.U. ® 14,738 PSIA & 4@ DEL.
SAT B.T. UL €& 14,7306 PSIA & 60 DEG.

REAL SPECIFIC GRAVITY
UNMNORMALIZED TOTAL

E1-17

F CORRECTED FOR (1.2
F CORRECTED FOR (1.2

1. 6839
524, 1
S516. 2
B. 9733
99. 27

L]

L}



ANAL'PS IS

UATE: 0906 95 AMALYSIS TIME: 145 STREAM SEQUENCE: 12
TIME: 13134 LYiLE TIME: 139 STREAM#: 1
AMALYTER#:2 ) MODE: FUM CYCLE START TIME: 13:31
COMP MAME COMFP CIODE MOLE B.T.U. % SP. GR. ¥

o0 e 117 9, 219 - £, 00 8, 5975

YIS EN 116 B. 543 3, 32 2. BIET

HITRIJGEM 114 £, 319 A, 09 8, PEBS

METHANE 159 S1.313 524, 41 9. 2376

TOTALS 168, 068 S24. 41 A, 9799

% 2 14,733 P3S1A DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIEILITY FACTOR (120 : = 1,8839
DRY B.T.lJ. ® 14,739 PSIA % A8 DES. F CORRECTED FOR ¢ 1-2» = 5264.8
AT B.T.U. @ 14,728 PSIA & 58 DEG. F CORRECTED FOR (10 = Sl16.8
REAL SPECIFIC GRAVITY = 13,9733
UMMORMALIZED TOTAL = 99,23
ANRL'YS IS
DATE: B85.86.-9a AMNALYSIS TIME: 165 STREAM SEQUEMCE: 12
TIME: 13:37 C¥YCLE TINE: 189 STREAM#: 1
ANRLYZER#: 3} MODE: RUN CYCLE START TIME: 13:34
COMP NAME CIOMP CODE MOLE % B.T.LU. % SP. GR. %X
coe 117 39, 347 B. 88 A, 5979
JXYSEN 116 2. 534 - B.BY 9, ¥RS3
MITROGEN 114 8. 344 8. B9 0, 98075
METHANE 193 51. 7795 523. 97 B. 2348
TOTALS 1606, 680 S5es, 97 8.9713
X ® 14,739 PSIA DRY & WUNCORRECTED FOR COMPRESSIBILITY
ZOMPRESSIBILITY FACTOR (1-2 = 1. 8830
DRY B.T.U. & 14,739 PSIA & 43 DEG. F CORRECTED FOR ¢1/2> = 5235.95
SAT B.T.U. @ 14.738 PSIA & 6@ DEG, F CORRECTED FOR (1-/2) = S16.49
REAL SPECIFIC GRAVITY = 3. 9736
= 99,15

JNNORMALIZED TOTAL
: El1-18



ANALYS 1%

ORTE: 98- Je. 30 AHALYSIS TIME: 165 STEEAM SEQUENCE: 12
TIME: 1255 CYCLE TIME: 138 STREMM#: 1
AMAL'TZERH: 5 MODE: FLM CYCLE START TIME: 12:5e
LOMP HAME COMP CODE MOLE & B.T. L. % SP. GR. %

S0 i 29,412 A, 68 g, 5989

DWYGEN 11 B. 537 9. B9 3. 9953

MITRDZEM 114 £, 248 O - N - A, 8798

METHANE 153 51. 382 524, 24 B. 2353

TOTALS 198, baa Se4. 24 B, 9715

¥ 1T 14,738 PSIA DRY % .UHCDRRIETED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR ¢ 1.2 = 1, 9339
DRY B.T.U. ® 14,733 P3IA % 48 DE3. F CORRECTED FOR ¢ 1.2
SAT B.T.U. ® 14,730 PSIA & 60 DEG. F CORRECTED FOR ¢1.2»
REAL SPECIFIC GRAUITY . = 3.
UNNORMALIZED TOTAL ' -

n
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1-23

Run lumber _ Site &

DATE

¥-1-90

Samplers Inftfals___ ALD
l TORERATURE | FLASK PRESSURE |  BARGMETRIC
SAwLE wo. | SNPLE | AAsk of "Hq PRESSURE *Hg | RECOVERY
VINE | 0/vOLE ouvvin Tromae | onevoae [ennae | omoviae [ ranac | BATE/TINME
/ i 1% 151 ) 36 %5 30.17
2 1131 47 ¥4 4.8 I
B) n4e { s %6 4.5 ‘“
L /3271 202 g3 143 30-13
- WOTES:

Method 25C Field Sampling Data Sheet




2-23

Method 25C Field Sampling Data Sheet

CORPORATION
Run Mmber___ Sife d DATE 5-7- 70
Sasplers lattials__ 4/ O
TENPERATURE | FLASK PRESSURE |  BAROHETRIC
SneLE uo. | SNPLE |  RLASK °F M PRESSURE “Hg | RECOVERY
TIME | O/VOLWE T ypivom | wama | snvoac [ eomac | anemon Jrumas | DATE/THE
S /344 {13 83 /4.9 30.)%
6 /357 351 g3 17:% "
W0TES:




£-23

CORPORATION

Run Nusber Site oL

g-92-50D

Method 3C Field Sampling Data Sheet

DATE
- Samplers laitlals__ 2004’ |
l 1 TEMPERATURE | FLASK PRESSURE |  BAROMETRIC
saeLe no. | SMPLE | FLASK of "} PRESSURE "Hq | RECOVERY
VIME | #/vOLWE [ouivan T e | omevaac [ramas [ anemoas [rowan | DATE/TIME
/ 09sH AT 5% 23 /9.9 Jo.15
2 oo VATrst Fle Vi 24 !
3 Nwe l4rzs | 9 /t 8 "
s 020 )47 g6 /Y9 “
WOTES:




p-23

CORPORAVION

fun fumber Site L DATE -7 - 9D
Samplers Iaitials
T TENPERATURE | FLASK PRESSURE | BARDMETRIC
SuLE no. | SHPLE | Ruask of " PRESSURE “Hg | RECOVERY
TINE | /VOLUME |ouirin Dranan | snroa [ramae [ omivaae [rama | OATE/TiNE

s /03¢ | 47%8 ’44 14,9 30./5°
4 o4y | 478 <% J¢ 9 '

HOTES:

Method 3C Field Sampling Data Sheet




§-23

CORPORAVION FIELDDATA
PLANY 5;1’6 a— PRUGE LENGTN ARD YYPL
e _____"8.2-90 so2 €10 . . ... -
m“lmll“w ASSUOMO MO IUNE % __
ARPLE VYRS N A AN ERORBUNNR
e — 5 BTy —
i T —
VANCPRILN 0y BEATER 801 46 L1
falinmEstR MEFERENCE o)
_ SCMEMALIC OF FAAVENSE POMVI LAYOU!  MCIER v
READ AND AECORD ALL DATA (VERY o ' [
IRavieu Qocx Tmi]  casmEVER AgABMC veiocy | omwick mmesomt | siacn ORYGAS BETES rue | sarii oon E&ET
T P, ne . 1) orteana | et | vwoanms | VAGAS. | arastn | nereaan,
e o) ). » 80 “ith m U [ R w | eno LA °f +
T orsmed |actom 11 ). [(1q g%
- P57zl ¥iL7ac _ 92 134 e
1208 ngq. _ /o% g _’Zi__
7. 2 3 % /o 22 |
§ TL‘LPQ X1 JI 7. 282 |
1212 50L.S$72 IMAR LA
a i 4
| da=b iff 23"
A
S
,'o.Q
COmE 811, -
(P8 v 11 —

« "

l ' Reproduced from
best available copy.




9-23

FIELD DATA

- Site ' -
f—— e T P —
SAMPL MIG L OCASOE —e ASMAND MDSIURE %, __ -
v S o oon mamen T
e e 7g -
m'lmm T T G PROSE WEANERSEVIMG
SN Py SLATER 008 1 1TmG
TR IER mEsea atrLatnc o)
SCHERATIC OF IRAVERIE PO LAYOUY  METER v
READ ARD BECORD ALL DATA §VEAY -t 20 ( ‘
TRAvERM aecn tex|  casmEvEnagases vitoony | omvice rmitom | tiack oavGAl REVIR roe | swiioon | wemcin |
rom} . [ XX L ) OIFFERINIAL | HEPIRANRE |  TONPEAATURE | VACUS. | ygapantume. | Teapemaions.
amaly ll-\{“"i woenp | unmum | mr wo Jane | *° “ N
' - arumep |aciua e ).F il 0.5t
R | £0b.ko] _ ol |92 yo
— s - B =
. | |
| 423 7 89 NV KX £
a4 R4 (Ll
&
*_
/PO
osms o
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CORPORATION FIELD DATA
Sire ol :
- P S e mntip i ————
SN MG LOCATION ALUANO O tuRe o _ _
memmas B o sosmmmes T
. Sesme viare Cracion” __
ﬂ'.ﬂ':’.m,_@ﬁ_ Pane warin vime
sanChLN 0y REATER 902 3§ 11 MG
FulEn masia SEFERENCE o
SCMEMATIC OF TRAVERSE POMI LAYOUT  METER v
AEAD ARD A CORD ALL DATS £VERY L T oY _
ImAVERS cLece v A8 METLR By ANRG virociyy | omsfice ewatsues 1A DAYGAS RETER rue | s eon WPOGIR
romi PG [ X3 "o orFisian | iarceatume T(areaaTUnE VACAN. | jgurisarume. | L1SPERALU
“es 19 aa Wy e i) w 4 no.f an | sna LR o ¢
B : veused |actua e J)F |itg Q.
/R 32,875 _ lo 32957 by
12 451 _£27.0 : _ ) %] 997 8
(LS8 s34, 1091 15 o2
1307 <3v.3 09 76 &0
1 4306 <38 .400 02 | 75 | sg
—
—
—1-
T
+
/o (4]
Commt 813, -

_ LPADw) I3
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coaponarion FIELDOATA
_dte oL
P — P B 120 i ——
LANPLING LOCATION —_—. ASSUMED SO TURE % _ -
SARPLE T VPR —— e - — e
o SE mrte o s T -
OPIRATON G L UL -
ampunt owriritvat D Ceacvom ___ _ _  __
SARCNE TSt PRESURE 9. I PROBE MEATER SEVING o
STANC PRELSURE. (P)) SEATES 001 16 1 VG
M CUT T
SCNEMATIC OF TRAVIAIE POMIE LAVGUT  MITER v
READ AND RECORD ALL BATS §yIAY ity 206
Inavieu aocn 1|  casmTEangAN veeocuy | omeice mivont | sracn smeumvie | rur | usnioon | wrecn
rom | e nn ny). (") MFrEmanA | tareaatume TiartaaTun VADUS. | jeurgaatune. | (EEPLRAIGRS
s | N “o).m. 00 i) 40y ) et | ooner LA o “
B otseed factum | - [ ) [ 110 0 |
(4t <(3.d . (6% 1 12 &7
(427 s$41.-3 43 ] 9%
1432 S0 Y1 99 4¢€
M 37 S54.307 us—\ 93 23
o
—{755
1+
1202
comuls T

EPA (Dw) 203
n-
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CORPORAVION FIELD DATA
nul_s'_1-_e’__'=_:).\.~...-... - PRUBE LENGTN ARD LYPL
oalL ~71-90__ _ _ sorn€e0 - . _
SAIP, NG L OCATION . ASUMCO MO IURE C __ -
e g —_ L T
ma mmsta s Sflinoonmmets . _
oraalon e LU ;
Ml arialvet L3 - ConcoOm ___ _ _ __
SARCE T POEDUNE PROBI MEANINMEING _
AVALC Potium . P SEATER 908 U MG -
FRI(0 mAnER ®EFERENCE o
SCMERATIC OF DRAVERIE POMID LAYOUT  METIR v
READ ARD RECORD ALL DATA (VERY - 208
InavEm ascs is| cumtiasgaems | weoony Jomuserasua | s | emvcsmus | raw | s oo wmﬁT
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DATE: 08/07/90

ANALYSIS

ANALYSIS TIME:

TIME: 09:46 CYCLE TIME:
ANALYZER: 72092 MODE:

COMP NAME COMP CODE MOLE %
cC 02 117 39.121
OXYGEN 116 0.131
NITROGEN 114 7.475
METHANE 100 53.273
TOTALS 100.000

B.T.U.*

0.00
0.00
0.00
539.13

539.13

1

165 STREAM SEQUENCE:
180 STREAM#:
RUN CYCLE START TIME: 09:43

SP. GR.

0.5944
0.0014
0.0723
0.2951

0.9633

* @ 14,730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/Z)
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z)
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

DATE: 08/07/90
TIME: 09:49

ANALYSIS

ANALYSIS TIME:
CYCLE TIME:

ANALYZER: 72092 MODE:

COMP NAME COMP CODE

cCO02 117
OXYGEN 116
NITROGEN 114
METHANE 100
TOTALS

o

MOLE

39.111
0.131
7.508

53.250

100.000

B.T.U.*

0.00
0.00
0.00
538.89

538.89

1

SP. GR.

0.5943
0.0014
0.0726
0.2950

0.9633

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2)
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

E2-11

1

*

1.0030
540.7
531.3

0.9657
99.62

165 STREAM SEQUENCE: 1
180 STREAM#:
RUN CYCLE START TIME: 09:46

*

1.0030
540.5
531.1

0.9657
99.56



ANALYSIS

DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 09:52 CYCLE TIME: 180 STREAM#: 1
ANALYZER: 72092 MODE: RUN CYCLE START TIME: 09:49
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

C o2 117 39.118 0.00 0.5944

OXYGEN 116 0.130 0.00 0.0014
NITROGEN 114 7.470 0.00 0.0723

METHANE 100 53.282 539.21 ) 0.2951

TOTALS 100.000 539.21 0.9632

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2Z) = 1.0030
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 540.8
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 531.4
REAL SPECIFIC GRAVITY = 0.9656
UNNORMALIZED TOTAL = 99.56
ANALYSIS
DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 09:55 CYCLE TIME: 180 STREAM#: 1
ANALYZER: 72092 MODE: RUN CYCLE START TIME: 09:52
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *
co2 C117 39.138 0.00 0.5947
OXYGEN 116 0.129 0.00 0.0014
NITROGEN 114 7.417 0.00 0.0717
METHANE 100 53.317 539.56 0.2953
TOTALS | 100.000 539.56 0.9632
* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR (1/2) = 1.0030
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2Z) = 541.2
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 531.8
REAL SPECIFIC GRAVITY = 0.9656
UNNORMALIZED TOTAL = 99.64

E2-12



DATE: 08/07/90

ANALYSIS TIME:

ANALYSIS

165 STREAM SEQUENCE:

1

*

TIME: 09:58 CYCLE TIME: 180 STREAM#: 1l

ANALYZER: 72092 MODE: RUN CYCLE START TIME: 09:55
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR.

c o2 117 39.127 0.00 0.5945

OXYGEN 116 0.129 0.00 0.0014
NITROGEN 114 7.480 0.00 0.0724

METHANE 100 53.263 539.02 0.2950

TOTALS 100.000 539.02 0.9633

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2) ' = 1.0030

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 540.6

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 531.2

REAL SPECIFIC GRAVITY = 0.9657

UNNORMALIZED TOTAL = 99,51
ANALYSIS

DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1

TIME: 10:01 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 72092 MODE: RUN CYCLE START TIME: 09:58

COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

Cc o2 ' 117 39.120 0.00 0.5944

OXYGEN 116 - 0.130 0.00 0.0014

NITROGEN 114 7.467 0.00 0.0722

METHANE 100 53.284 539.23 0.2951

TOTALS 100.000 539.23 0.9632

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2) = 1.0030

DRY B.T.U. € 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = ©540.8

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 531.4

REAL SPECIFIC GRAVITY = 0.9656

UNNORMALIZED TOTAL = 969.53

E2-13



ANALYSIS

DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:04 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 72092 MODE: RUN CYCLE START TIME: 10:01
COMP NAME COMP CODE MOLE 3 B.T.U.* SP. GR. *
cCo2 117 39.119 0.00 0.5944

- OXYGEN 116 0.130 0.00 0.0014
NITROGEN 114 7.468 0.00 0.0722

METHANE 100 53.283 539,22 0.2951

TOTALS 100.000 539.22 0.9632

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/%Z) = 1.0030

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 540.8

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 531.4

REAL SPECIFIC GRAVITY = 0.9656

UNNORMALIZED TOTAL = 99.59
ANALYSIS

DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1

TIME: 10:07 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 72092 MODE: RUN CYCLE START TIME: 10:04

COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

C 02 117 39.126 0.00 0.5945

OXYGEN i16- 0.130 0.00 0.0014

NITROGEN 114 7.466 0.00 0.0722

METHANE 100 53.278 : 539.17 ' 0.2951

TOTALS 100.000 539.17 0.9633

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2) = 1.0030

DRY B.T.U. € 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 540.8

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 531.4

REAL SPECIFIC GRAVITY = 0.9657

UNNORMALIZED TOTAL = 99.48

E2-14



ANALYSTIS

DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:10 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 72092 MODE: RUN CYCLE START TIME: 10:07
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

CcC 02 117 39.105 0.00 0.5942

OXYGEN 116 0.129 0.00 - 0.0014
NITROGEN 114 7.477 0.00 0.0723

METHANE 100 53.288 539.28 0.2952

TOTALS 100.000 539.28 0.9631

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (l/Z) = 1.0030
DRY B.T.U. € 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 540.9
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 531.5
REAL SPECIFIC GRAVITY = 0.9655
UNNORMALIZED TOTAL = 99.53
ANALYSIS
DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:13 CYCLE TIME: 180 STREAM#: 1
ANALYZER: 72092 MODE: RUN CYCLE START TIME: 10:10
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *
Cc o2 117 39.128 0.00 0.5945
OXYGEN 116 0.128 0.00 0.0014
NITROGEN 114 7.403 - 0.00 " 0.0716
METHANE 100 53.341 539.81 ~ 0.2955
TOTALS 100.000 539.81 0.9630
* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPREéSIBILITY
COMPRESSIBILITY FACTOR (1/2) = 1.0030
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 541.4
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 532.0
REAL SPECIFIC GRAVITY , = 0.9654
UNNORMALIZED TOTAL = 99.60

E2-15



ANALYSIS

DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:16 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 72092 MODE: RUN CYCLE START TIME: 10:13
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

cC o2 117 39.139 0.00 0.5947

OXYGEN 116 0.134 0.00 0.0015
NITROGEN 114 7.509 0.00 0.0726

METHANE 100 53.219 538.58 0.2948

TOTALS 100.000 538.58 0.9636

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/Z) = 1.0030

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 540.2

SAT B.T.U. @ 14.730 PSTA & 60 DE. F CORRECTED FOR (1/Z) = 530.8

REAL SPECIFIC GRAVITY = 0.9660

UNNORMALIZED TOTAL = 99.39
ANALYSIS

DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1

TIME: .  10:19 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 72092 MODE: RUN CYCLE START TIME: 10:16

COMP NAME COMP CODE  MOLE % B.T.U.* SP. GR. *

c o 2 117 39.119 0.00 0.5944

OXYGEN 116 0.128 0.00 0.0014

NITROGEN 114 7.427 0.00 0.0718

METHANE 100 53.326 539.65 0.2954

TOTALS 100.000 539.65 0.9630

*# @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/32) = 1.0030

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 541.3

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 531.9

REAL SPECIFIC GRAVITY = 0.9654

UNNORMALIZED TOTAL = 99.60

E2-16



DATE: 08/07/90

ANALYSIS

ANALYSIS TIME:

TIME: 10:22 : CYCLE TIME:
ANALYZER: 72092 MODE:

COMP NAME COMP CODE MOLE %
CcC 02 117 39.106
OXYGEN 116 0.130
NITROGEN 114 . 7.496
METHANE 100 53.268
TOTALS 100.000

165 STREAM SEQUENCE:
180 STREAM#:

1

1

RUN CYCLE START TIME: 10:19

B.T.U.*

0.00
0.00
0.00
539.08

539.08

SP. GR.

0.5942
0.0014
0.0725
0.2951

0.9632

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/Z)
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

DATE: 08/07/90

TIME: 10:25 CYCL
ANALYZER: 72092 MODE:
COMP NAME COMP CODE

CcC 02 117

OXYGEN 116
NITROGEN 114
METHANE 100

TOTALS

ANALYSIS

ANALYSIS TIME:

E TIME:

MOLE %

39.094
0.129
7.468

53.309

100.000

165 STREAM SEQUENCE:
180 STREAM#:

FOR (1/2)

1

*

1.0030
540.7
531.3

0.9656
99.53

1

RUN CYCLE START TIME: 10:22

B. T.U.*

0.00
0.00
0.00
539.49

539.49

SP. GR.

0.5940
0.0014
0.0722
0.2953

0.92630

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

- COMPRESSIBILITY FACTOR (1/2)
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

E2-17

*

1.0030
541.1
531.7

0.9654
99.58



DATE: 08/07/90

ANALYSIS

ANALYSIS TIME:

TIME: 10:28 CYCLE TIME:
ANALYZER: 72092 MODE:

COMP NAME COMP CODE MOLE %
co2 117 39.109
OXYGEN 116 0.129
NITROGEN 114 7.449
METHANE 100 53.313
TOTALS 100.000

165 STREAM SEQUENCE:
180 STREAM#:
RUN CYCLE START TIME:

B.T.U.*

0.00
0.00
0.00
539.52

539.52

* @ 14 730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2)

DRY B.T.U. @ 14.730 PSIA & 60 DE.

F CORRECTED FOR (1/2Z)

'SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

DATE: 08/07/90

ANALYSIS

ANALYSIS TIME:

TIME: 10:31 CYCLE TIME:
ANALYZER: 72092 MODE:

COMP NAME COMP CODE MOLE %
CcC 02 117 39.119
OXYGEN 116 0.128
NITROGEN 114 7.433
METHANE 100 53.320
TOTALS 100.000

165 STREAM SEQUENCE:
180 STREAM#:

1
1
10:25
SP. GR. *
0.5943
0.0014
0.0721
0.2953
0.9630
= 1.0030
= 541.1
= 531.7
= 0.9654
= 99.65
1

1

RUN CYCLE START TIME: 10:28

B.T.U.*

0.00
0.00
0.00
539.59

539.59

SP. GR.

0.5944
0.0014
0.0719
0.2953

0.9631

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2Z)
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/72)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

E2-18

*

1.0030
541.2
531.8

0.9654
99.56



ANALYSIS

DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:34 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 72092 MODE: RUN CYCLE START TIME: 10:31
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *
co2 117 39.107 0.00 0.5942

OXYGEN 116 = 0.128 0.00 0.0014
NITROGEN 114 7.426 0.00 0.0718

METHANE 100 53.339 539.79 0.2954

TOTALS 100.000 539.79 0.9629

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/Z) = 1.0030
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 541.4
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2Z) = 532.0
REAL SPECIFIC GRAVITY = 0.9653
UNNORMALIZED TOTAL = 99.62
ANALYSIS
DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:37 CYCLE TIME: 180 STREAM#: 1
ANALYZER: 72092 MODE: RUN CYCLE START TIME: 10:34
COMP NAME COMP CODE MOLE $ B.T.U.* SP. GR. *
cCo2 117 39.115 0.00 0.5944
OXYGEN 116 0.129 0.00 0.0014
NITROGEN 114 7.489 0.00 0.0724
METHANE 100 53.266 539.05 0.2950
TOTALS 100.000 539.05 0.9633
* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR (1/Z) = 1.0030
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 540.7
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 531.3
REAL SPECIFIC GRAVITY = 0.9656
UNNORMALIZED TOTAL = 99.58

E2-19



DATE: 08/07/90

ANALYSIS

ANALYSIS TIME:

TIME: 10:40 CYCLE TIME:
ANALYZER: 72092 MODE:

COMP NAME COMP CODE MOLE %
co2 117 39.103
OXYGEN 116 0.129
NITROGEN 114 7.470
METHANE 100 53.298
TOTALS 100.000

165 STREAM SEQUENCE:

180 STREAM#:

1

1-

RUN CYCLE START TIME: 10:37

B.T.U.*

0.00
0.00
0.00
539.38

539.38

SP. GR.

0.5942
0.0014
0.0723
0.2952

0.9631

* @ 14.730 PSTIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/7Z)
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)

SAT B.T.U. @ 14.730 PSIA & 60 DE.

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

DATE: 08/07/90

ANALYSIS

ANALYSIS TIME:

TIME: 10:43 CYCLE TIME:
ANALYZER: 72092 MODE:

COMP NAME COMP CODE MOLE %
cC o2 117 39.104
OXYGEN 116 0.129
NITROGEN 114 7.476
METHANE 100 53.292
TOTALS 100.000

F CORRECTED FOR (1/2Z)

165 STREAM SEQUENCE:

180 STREAM#:

1

*

1.0030
541.0
531.6

0.9654
99.51

1l

RUN CYCLE START TIME: 10:40

B.T.U.*

0.00
0.00
0.00
539.31

539.31

SP. GR.

0.5942
0.0014
0.0723
0.2952

0.9631

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/Z)
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z)
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

E2-20

*

1.0030
540.9
531.5

0.9655
99.56



ANALYSIS

DATE: 08/07/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:46 CYCLE TIME: 180 STREAM#: 1l

ANALYZER: 72092 MODE: RUN CYCLE START TIME: 10:43
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

cC o2 117 39.135 0.00 0.5947

OXYGEN 116 0.128 0.00 0.0014
NITROGEN 114 7.406 0.00 0.0716

METHANE 100 53.331 539.71 0.2954

TOTALS 100.000 539.71 0.9631

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/Z) = 1.0030
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 541.3
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 531.9
REAL SPECIFIC GRAVITY = 0.9655
UNNORMALIZED TOTAL = 99.57

E2-21
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Sasplers laftlals__ /L0
P TEWPERATURE | FLASK PRESSURE |  BARGMETRIC
SAPLE N0, | SNWPLE | FLASK °F "W PRESSURE *Hg | RECOVERY
TINE § O/VOLUME Touuvin Dramal | omnvaae [romas | amimaas [raman | DAVE/TIME
/ joos 31 74 16:3 l=o.1
2 |ionn | (3¢ 76 16 ¢ y
<~ | j635 | 1% 76 16 '
f Lz | st | 76 /6.7 /
HOTES:

Method 25C Field Sampling Data Sheet
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CORAPORATION

Run Number 5H'§v 3 DATE g’/"[‘io
sasplers laftials__ AL D
1' | TEMPERATURE | FLASK PRESSURE |  BAROMETRIC
SARLE N0, | SMWPLE | FuasK of "H PRESSURE “Hg | RECOVERY
TINE | #/VOLUKE T ooy [ranae | annvaac [ Fanan | annvoae Jramar | DATE/ZTINE |
s lizo | 222 bt 0. |
WOTES:

Method 25C Field Sampling Data Sheet
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Run Number Site 3 ) DATE E/?/jt)
samplers Inftlals__ At

| TENPERATURE | FLASK PRESSURE |  BAROHETRIC
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WOTES:

Method 3C Field Sampling Data Sheet
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CORPORATION

Method 3C Field Sampling Data Sheet

Run Number Site 3 DATE % |9 }%
Sasplers Inftfals___ ACD -
| TENPERATURE | FLASK PRESSURE |  BARGMET
| RIC
sweie wo, | SHRLE | SLAR °F " PRESSURE “Hg | RECOVERY
vl | FIAL | emavaa | Fana | amemian | pwan | QATE/TIME
S~ 1So2) 6117 | 79 /6.3 3./
A 1Sy | 618 | 77 164 v
- HOTES:
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e S uaree sorwmain T
e Y BEVER 00D MMSER __ o
oEmAION . _ . #iee an
Mmuny TERPERATURE 1 © Coacton ___ _ _
GAROME TRIC PRESIURE 0. PROBE NEATER SETVING - -
STAVIC PRESE. (P ) SEATER 001 3£ 11ic
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ANALYSIS

DATE: 08,869,986 ANALYSIS TIME: 165 STREAM SEQUENIE |

TIME: 14224 ~ CYCLE TIME: 180 STREAH# : 1
ANALYZER#: 51386 MODE: PGH CYCLE START TINE: 14:22
COMP NAME COMP C:ODE MOLE % B T.U & SP. GR. %
co?2 117 43, 384 . 0.08 @. £591
OXY GEN 116 8. 0e9 @. ea 9. 001@
NITROGEM 114 1. 412 0. 80 o, 0137
METHANE 198 S5, 115 557, 76 0. 3053
TOTALS : 100. 080 . 557.76 8. 9791

¥ @ 14,738 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1-2) = 1.8033
IRY B.T.U. & 14.73@ PSIA & é@ DEG. F CORRECTED FOR (1-2) = 559.6
SAT B.T.U. € 14,738 PSIA & é@ DEG. F CORRECTED FOR (12> = 549.9
REAL SPECIFIC GRAVITY = @.9819
UNNORMALIZED TOTAL = 98. &3
ANALYSIS
DATE: ©88,89/98 ANALYSIS TIME: 165 STREAM SICIUEHCE: 1
TIME: 14:27 CYCLE TIME: ige STREAMS!: 1
ANALYZERS! 51386 MODE: PGH CYCLE START TINE: 14:24
CaonP MAME COMP CODE MOLE = E.T.U % SP. GR. X
coe 117 43, 408 0. 66 8. 5595
OXYGEN 116 0. ag9 6. 60 8. ae1a
NITROGEN 114 . 405 @. 80 3. 8134
METHANE 100 S%. 167 557, 68 @, 3852
TOTALS 160. 86a 557. 68 @. 9792
% & 14,738 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR <(1/2) = 1.883]
DRY B.T.U. © . 14,730 PSIA & 6@ DEG. F CORRECTED FOR (1-2) = 559.5
SAT B.T.U. & 14,730 PSIA & 60 DEG. F CORRECTED FOR €1-2> = 3549.:3
REAL SPECIFIC GRAVITY = @.98c0
UNNORMALIZED TOTAL =

98. 68

E3-11



ANALYSIS

DATE: @z-09-9@ ANALYSIS TINME: 165

TIME: 14:20 CYCLE TIME: 18@
ANALYZER#: 51286 MODE: PCN

COMP NAME COMP CODE MOLE % B T.U %
coz2 117 43. 390 : Q. @8
OXYGEN 116 @, 689 @. ae
NITROGEN 114 1. 411 0. 6@
NETHANE 108 55, 116 s57. 71
TOTALS 100. 286 557, 71

STREAM SEQUENCE: 1
STREAM&: |
CYCLE STRART TIAME: 14:27

SP. GR. X
8. £53%
6. ae18
€. 13133
0. 3853

8. 9792

¥ € 14,738 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1-2)

IRY B.T.U. © 14,730 PSIA & &@ DEG. F CORRECTED FOR (1.2
SAT B.T.U. @ 14.738 PSIA & 6@ DEG. F CORRECTED FOR (1-2)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

ANALYSIS
DATE: 88-89.98 ANALYSIS TIME: 165
TIME: 14:33 CYCLE TIME: 18@
ANRLYZER#:! 51386 - MODE PGH
COMP NAME COMP CODE MOLE % B.T.U. ¥
coe2 117 43, 388 . 08
OXYEN 116 @, 09 0. 69
NITROGEN 114 1.413 8. 00
NETHANE 100 55, 109 557. 71
TOTALS 100, 000 . 557. 71

1. 88313
959, &6
549. 8

9. 9828
94 32

STREAM SEQUENCE: 1
STREAMS: 1
CYCLE START TIME: 14:38

SP. GR. X
a. 6593
9. 0010
8. 8137
0. 3052

@. 9792

X © 14,730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1,2

DRY B.T.U. @ 14,738 PSIA & 68 DEG. F CORRECTED FOR (1-O
SAT B.T.U. € 14.730 PSIA & 68 DEG, F CORRECTED FOR C(1-2)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

E3-12

1.0033
559. 6
549.€&

0. 9819
98, 48



DATE: 83-09-/90
T IME: 142 34
ANALYZER#®: 5138¢

COMP MAME COMP CODE

coe 117
OXYGEN 116
NITROGEN 114
NETHANE 108
TOTALS

ANARLYSIS

ANALYSIS TIME: 165

 CYCLE TIME: 18@
MODE: PGH
MOLE % E.T. U X
43. 422 9. 90
@. 889 . 0. 80
1. 487 0. 00
S5, @82 S57. 43

160, pge 557. 43

STREAM

SEQUEN(::

STREAME: 1

CYCLE START TIME:

§P.

£ @ 14,732 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIRILITY. FACTOR (1-2)

DRY R.T.U. © 14.7%@ PSIf & &@ DEG.

F CORRECTED FOR (1/2)

ZAT B.T.UL. @ 14.73@ PSIA & 6@ DEG. F CORRECTED FOR ¢1/2)

REAL SPECIFIC GRAVITY

UNNORMALIZED TOTAL

DATE: 88,8998
TIME:  14:39
ANALYZER#: 51386

COMP NAME COMP CODE

coe © 117
OKYGEN 11¢
NITROGEN 114
NETHANE lae

TOTALS

ANALYSIS

ANALYSIS TIME: 165

CYCLE TIME: 180
MODE: PGH
MOLE % BR.T.U X
43. 482 0. 00
@. 889 0. 08
1. 411 8. 88
55, @98 557, 66
100, 908 557. 68

STREAM

GR. ¥

8. 6593
0. 0010
8.8136
8. 3851

§. 3735

1.6833
959. 3
549.5
@. 9823
98.3

nh n it

SEQUEMCE:

STREANS: 1

CYCLE START TINE:

SP.

e 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COHPRESSIBILITV FACTOR (I/Z)
.IRY B.T.U. @ 14,738 PSIA & 4@ DEG. F CORRECTED FOR (1-/2

SAT B.T.U. @ 14,730 PSIA & 66 DIG.
REAL SPECIFIC GRAVITY

UNNORMALIZED TOTAL

£3-13

F CORRECTED FOR (1/2)

GR. ¥

0. 65593
8. @10
8. 81 34
a. 3e5e

8. 9793

1.033
S$59. 5
549.7

8. 9821
98.. 47

1

1

14:33

14136



ANALYSIS

DATE: 68-89-96 ANALYSIS TINE: 165 STREAM SEQUENCIZ: |
IME: 13: 42 CYCLE TIME: 1ea STREANS: 1

ANALYZERE: 51386 MODE: PGH CYCLE START TIME: 14:39
COMP NAME COMP CODE " MOLE % B.T.U. ¥ SP. GR. X%

coe 117 43. 394 6. 8a 8. $%i94

OxYGEN 116 8. g9 @, aa 8. 68le

MITROGEN 114 1. 4086 e. aa 8. 8136

METHAME 100 S8 112 957, 72 . @, 3853

TOTALS 169. aeo 557.73 8. 9792

X 2 14.7308 PSlA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1.2 : = 1,9033
DRY R.T.U. © 14,738 PSIA & 68 DEG. F CORRECTED FOR (1-2) = S59.6
SAT B.T.U. @ 14.738 PSIA % é8 DEG. F CORRECTED FOR <1,2) = 549, 9
REAL SPECIFIC GRAVITY = ®. 9820
UNNORMALIZED TOTAL = 98.48
ANALYSIS
DATE: 086998 " ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 14145 CYCLE TIME: 120 STREAN®: 1
ANALYZER®: 51386 MODE: PGH CYCLE START TIME: 14:42
COMP NAME COMP CODE MOLE % RT.U& SP. GR. ¥
coea 117 43. 412 8. 0@ 8.6596
YGEN 116 8. 889 @, @ 0. 0810
NITROGEN 114 1. 406 6. 89 . 8136
ME THANE 100 SS. 393 57, 54 . @. 3852
TOTALS 100. 080 557. 54 - 8.9794
£ € 1d.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR (1-2) = 1. 9923
DRY B.T.U. © 14.738 PSIA & &8 DEG. F CORRECTED FOR ¢1-2) = S559. 4
SAT R.T.U. @ 14,730 PSIA & 6@ DEC. F CORRECTED FOR (12> = 549.7
REAL SPECIFIC GRAVITY = 0. 9821
UNNORMALIZED TOTAL = 94 49

£3-14



ANALYSIS

DATE: 98-89-9@ ANALYSIS TIME: 165 STREAM SHAUR4I3]
TMET 14043 CYCLE TIME: 188 . STREAMS: 1
ANALYZER#: 51386 MODE: PGM CYCLE START TIME: 14:45
COMP MAME COMP CODE MOLE * ELT.W ¥ SP, GR. X
coe2 117 43. 403 8. 69 8. 6393
0XYGEN 116 a. 089 Q. 6e. 8. 001@
HITROGEN 114 " 1. 489 8. 6@ @, 08136
NETHANE 180 55, B99 S57. 6@ @. 3852
TOTALS 100. 608 557. 68 0.9793

% @ 14,720 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR <1/2) = 1.0833
DRY B.T.U. © 14,730 PSIA & 6@ DEG. F CORRECTED FOR (1/2) = 559.5
SAT B.T.U. & 14.738 PSIA & 68 DEG, F CORRECTED FOR (1-2) = 549,7
REAL SPECIFIC GRAVITY = @, 9821
UNNORMALIZED TOTAL = 98,58
ANALYSIS

DATE: @8-89.-90 ANALYSIS TIME: 165 STREAM SEQUENCI: |
TIME: 14151 CYCLE TINE:  1g@ STREAMS: 1
ANALYZER#: S1386  MODE: PGH " CYCLE START TIME: 14:48
COMP NAME COMP (0DE HOLE % B.T.U. ¥ SP. GR. X
coe 117 43.389 8.068 8. 6593
OXYGEN 116 9. 689 @, 00 0. 0810
NITROGEN 114 1. 406 .8.00 8.(313

NETHANE 180 sS. 116 557, 78 8. 3053
TOTALS 100. 886 557.78 9. 9792

X € 14.738 PSIA DRY % UNCORRECTED FOR COMPRESSIRILITY
COMPRESSIBILITY FACTOR (1.2 = 1.08833
DRY B.T.U. © 14,738 PSIA & 6@ DEG. F CORRECTED FOR ¢1-2) = 559.6
SAT B.T.U. @ 14.738 PSIA & 60 DEG. F CORRECTED FOR (12) = 549.9
REAL SPECIFIC GRAVITY = 9, 9819
UNNORMALIZED TOTAL = 94, 54
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ANALYSIS

DATE: 88-89-99 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 14:54 CYCLE TIME: 180 STREAMA: 1
ANALYZER#: 51386 MODE: PGM CYCLE START TIME: 14:5]
COMP NAME COMP (ODE MOLE % E.T.U % SP. CGR. %
caaza 117 43, 399 0. @8 8. 65935
NXYGEN 116 . age @, 68 6. @010
NITROGEN 114 - 1.400 . 98 @313
IME THANE 108 55,112 557. 73 _ 0. 3853
TOTALS : 100, 200 557,73 8.5792

¥ © 14,738 FSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

CONPRESSIBILiTY FACTOR ¢(1-2) = 1.08833
DRY B.T.U. ®© 14,7308 PSIA & é8 DEG. F CORRECTED FOR (1-2) = 339.6
SAT B.T.U. & 14,730 PSIA & é8 DEG. F CORRECTED FOR (1-2) = 0549.9
REAL SPECIFIC GRAVITY = g.98z28
UNNORMALIZED TOTAL ' = 98.51
ANALYSIS
DATE: @8/689/9@ ANALYSIS TIME: 145 STREAM SEQUENCE: 1
TIHE: 14257 CYCLE TIME: 180 STREAME: 1
ANALYZER#: - 51386 MODE: PGH CYCLE START TIME: {4:54
COMP NAME COMP CODE MOLE % B.T.U. % SP. GR. X
coea i1z 43. 408 6. 09 8. 6534
QXYGEN 116 a. ag9 Q. aa 8. @010
NITROGEN 114 1. 485 6. a0 8.0136
NETHANE 186 55. 898 _ 557. 59 0. 3852
TOTALS 160. 068 557. 59 ' €. 9793
X € 14,728 PSIA DRY & UNCORRICTEﬁ FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR (1/2) = 1.0833
DRY B.T.U. © 14,730 PSIA & 60 DEG. F CORRECTED FOR ¢1-2) = 559, 4
SAT B.T.U. & 14.730 PSIA & 60 DEG. F CORRECTED FOR <(1-2) = 5449, 7
REAML SPECIFIC GRAUITY = 8.9821
UNNORMALIZED TOTAL = 98. 4
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DATE: 88.-09-90
TIHE: 15:08
ANARLYZER#: 51386

COMP NAME COMP CODE

coe 117
OXYGEN 116
NITROGEN 114
NEVHANE 1ee
TOTALS

ANALYSIS

ANALYSIS

TIME:

CYCLE TINE:

MODE:

MOLE %

43. 480
@. a%a
1.418

55, 166

160. 008

X @ 14.72@ PSIA DRY & UNCORéECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR ¢1-2)

DRY BR.T.U. © 14,738 PSIA & 60 DEG.
SAT B.T.U. @ 14,738 PSIA & 6@ DEG.

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

DATE: 08.69.9@
TIME: 15:83
ANALYZER®: 51386

COMP MAME COMP CODE

coz2 117
OXYGEN 116
NITROGEN 114
HETHANE 100
TOTALS

ANALYSIS
~ ANALYSIS TINE: 165
CYCLE TIME: 1&0
MODE: PGH
MOLE % E.T.U. %
43. 406 0. 00
8. 889 8. ag
1. 486 8. 6@
55. 899 557, 68
16e. ceo 557. 68

STREAN SEQUENCE!: 1

STREAMS:

CYCLE START TIME:

SP.

145 STREAM SEQUENCE:
iea STREAM#E: 1
PGH CYCLE START TINE:
E.T.U0 ¥ SP. GR. X
0. 89 9. 5595
6. 60 0.06108
0. 00 B. 8134
S557. é2 a. 3852
557. 62 a. 9793
= 1.0833
F CORRECTED FOR (1-2) = 5359.5
F CORRECTED FOR (1/2) = 549.7
= 0. 9821
= 98.47

i

GR. ¥

8. 45334
8. 6010
€L dis
a. 2052

8. 9733

X € 14,730 PEIA DRY & UNCORRECTED FOR COHPRfSSIBILITV

COMPRESSIBILITY FACTOR ¢1./2)

IRY B.T.U. @ 14.730 PSIﬁl& 68 DEG. F CORRECTED FOR ¢1-2)
SAT B.T.U. @ 14.738 PSIA & 60 DEC. F CORRECTED FOR (1-2)

REAL SPECIFIC GRAUITY
UNNORMALIZED TOTAL

E3-17

1. 8833
559. 5
*$9,.7

8. 9821
98.. 68

1
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ANALYSIS

DATE: @8-089-98 ANALYSIS TIME: 165 STREAM SEQUENCE: 1.

T IME: 1'5:8¢ CYCLE TIME: 180 STREAMS: 1
ANALYZER#: 513286 MODE: PGM CYCLE START TIME: 15:83
COMP MAME COMP CODE MOLE % E.T.UL ¥ - SP. CR. %

coe 117 43, 387 8. 60 @. 6593

OXYGEN 116 0. BeY 8. e 2. @010

NITROGEN 114 ' 1. 486 @. 0@ . 12134

METHANE 1e9 55, 118 557, 79 @a. 3853

TOTALS 100, 686 557.79 . 9791

X ® 14,736 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1,2 , = . KID
DRY B.T.U. © -14.738 PSIA & 6@ DEG. F CORRECTED FOR (1.2) = 559, 6
SAT B.T.U. © 14.738 PSIA & 6@ DEGC. F CORRECTED FOR ¢1.2> = 549. 9
REAL SPECIFIC GRAUITY - 9. 9819
UNNORMALIZED TOTAL = 98,48
ANALYSIS
DATE: ©8-09.98 . ANALYSIS TIME: 165 STREAM SEQUENCE: 1
FIME:  15:89 CYCLE TIME: 18@ STREAME: 1
ANALYZER®: 51386 MODE PGH CYCLE START TIME: 15:86
COMP NAME COMP CODE MOLE % RT.ULX $P. GR. %
coe 117 - 43.392 0. 08 8. 6593
OXYGEN 116 B, €98 @, 00 - 0. 6818
NITROGEN 114 1,497 @. 08  8.9136
METHANE 100 55,111 557, 72 8. 3053
TOTALS 108. 080 557, 72 8. 9792
X © 14,738 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR ¢€1,2) | = 1.0033
DRY B.T.U. © 14.73@ PSIA & 6@ DEG. F CORRECTED FOR (1-2) = 559.6
SAT B.T.U. € 14.738 PSIA & 68 DEG. F CORRECTED FOR (1/2) = 549, 8
REAL SPECIFIC GRAUITY - = @. 9828
UNNORMALIZED TOTAL = 9€.50
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DATE: B88-69-98@
TIRE: 15:12
ANALYZER#:

COMP NAME COMP CODE

coe 117
{XYEN 11é
NITROGEN 114
HETHANE 160
TOTALS

S1386

ANALYSIS

ANALYSIS TIME: 165

CYCLE TIME: 18@

MODE: PGH
MOLE % E.T. U
.43, 400 @. 0@
@, 690 . aa
1. 407 0. 86
55, 162 557, 65
160. 068 557. 65

STREAM SEQUIENCIE: |
STREAM#: {
CYCLE START TIME: 15:09

&P. GR. X
@, 395
0. 0910
a. 4136
8. 2052

€.'3793

¥ & 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2)

IRY B.T.U., @
SAT B.T.U. €

UNNORMALIZED TOTAL

DATE: ©08-89-/96
TIME: 15215
ANALYZER#: 51386

COMP NAME COMP CODE

coa 117
OXYGEN 116
NITROGEN 114
ME THANE 100
TOTALS

14,738 PSIA & 6@ DEG.
14.738 PSIA & 6@ DEG.
REAL SPECIFIC GRAVITY

ANALYSIS

ANALYSIS TIME: 165

F CORRECTED FCOR (1/2)
F CORRECTED FOR (1-/2>

CYCLE TIME: 180
MODE ! PGM
MOLE % B.T.U. %
43, 4989 @. 00
@. 689 8. 09
1. 400 0. 08
55. 102 S57. 63
100. 980 557. 63

1.0833
558. 5
%*19,:2

2. 9820
98. 53

STREAM SIEGIUEMCE: |
STREAM#: 1
CYCLE START TINE: 15:12

SP. GR. X
B. €536
8.0018
& 8135
8. 3852

8.9793

X € 14.738 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR ¢1/2)

bRY B.T.U. @
SAT B.T.U. €

UNNORMALIZED TOTAL

14. 730 PSIA & 68 DEG.
14. 738 PSIA & 68 DEG.
REAL SPECIFIC GRAVITY

E3-19

F CORRECTED FOR (1-/2)
F CORRECTED FOR (12>

1. 0833
559.95
549.¢&
@. 9821
98. 53



DATE: B83-63/9@
TINE: 15:18
ANALYZER#: 51386

COMP MAME COMP CODE

cozgz 1?2
OXYGEN 116
NITROGEN 114
RETHANE 180
TOTALS

ANALYSIS

ANALYSIS TIME: 1635

CYCLE TIME: 160
MODE: PGHM
MOLE % E.T. U, ¥
43. 288 2. 80
@. @ea 2. 6o
{. 404 @. @@
Ss. 119 s57. &1
108. 086 £57. 81

STREAM SEQUENCE: 1
STREAM#: 1
CYCLE START TIME: 15:15
SP. GR. X

8. 6533
a. 0010
.63 1%
a. 3653

a. 9791

X © 14.738 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (12>

1.0633

IRY B.T. ., @ 14,738 PSIf & 68 DEG. F CORRECTED FOR (1-2) = S59.7
SAT B.T.U. @ 14,7306 PSIA & 68 DEG. F CORRECTED FOR (12> .= 549.%
REAL SPECIFIC GRAVITY = @.9819
UNNORMALIZED TOTAL = 98, %

DATE: 88/09/908
TIME: 15:21
ANALYZER#S: 51386

COMP NAME COMP CODE

Co2 117
MY GEN 116
NITROGEN 114
METHANE 100
TOTALS

ANALYSIS

ANALYSIS TIME: 165

CYCLE TIME: 120
MODE: PGN
MOLE % B.T. U X
43. 419 8. 00
8. 889 @. 00
1. 485 8. 00
55, 887 S57. 48
160, 008 557. 48

STREAM SIGUEMCE: 1
STREAM#S: 1 '
CYCLE START TIME: 15:18

SP. GR. X%
8. 435391
8. 06010
8.6136
8. 3851

8. 9795

X @ 14.73¢ PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIEILITY FACTOR (1/2)

DRY B.T.U. €&
SAT B.T.U. &

UNNORMALIZED TOTAL

14.738 PSIA & 68 DEG.
14.73@ PSIA & 6@ DEG.
REAL SPECIFIC GRAVLITY

£3-20

F CORRECTED FOR (12
F CORRECTED FOR (1/2)

1.8833
559.3
549. &

0. 9822
98. 44



ANALYSIS  RAW LIAT A

DATE: B9R-/89/90 ANALYSIS TIME: 145 STREAM SEQUENCE: |
TIME: 146232 CYCLE TIME: l1ea STREANS: 1
ANALYZER#: 51386 MODE: . PGH CYCLE START TIME: 14:22
FEARK REVENTION PEAK PEAK
4 TIME - AREA HEIGHT
1 33,9 1, 81748 E+@7 237861
4 9a.1 66549. 8 834. 379
3 160, 5 Sese ¢ 10183, 1
4 124.7 3.07438 E+@7 166883
GRI Pz
8 285
1 2eé
5 20¢
62 8ce

ANALYSIS RAW DATA

DATE: B8-089-90 ANALYSIS TIME: 165 STREAM SEQUEINCE:: 3

TIME: 141 24 CYCLE TIME: 18@ STREAM#: 1
ANALYZER#: 51386 MODE: PGH CYCLE START TINE: 14:24
PEAK RETENTLON PEAK PEAK
# TIME - AREA HEIGHT
1 44.9 ©1,82116 E+@7 237871
2 8. 1 | 68585. 8 833,922
3 100, 5 9G3834 10153, 5
4 124.7 3, 87907 E+07 166300
‘GRI  PAZ
@ 285
5 206
12. 206
66 821

£3-21



ANALYSIS RAW  DATA

DATE: 08-89/96 ANALYSIS TIME: 165 - STREAM SEQUENCE: |

TIHE: 14:29 CYCLE TIME: 186 STREAMB: "1
ANALYZER#: 51386 MODE: PGH CYCLE START TIME: 14:27
PEAK RETENT IOM . PERK PEAK
4 TINE AREA : HEIGHT
{ 44,6 1.81936 E+67 237687
2 9a. 1 68576. 0 335. 672
a 108, S . 9ar25é l1a1g8. 2
4 124.7 _ 3.87684 E+67 166235
GRI PAc?
e 2@é
4 206
8 286
71 821

FNALYSIS RAW DATA

DATE: 08,0998 " ANALYSIS TIME: 165 STREAN SEQUENCE: 1
TIHE: 14132 CYCLE TIME: 180 STREAMS: 1
ANALYZER#: 51386 MODE: PGH CYCLE START TIME: 14:38
PEAK RETENT 10N PEAK PEAK
# ' TIME AREA HE 1GHT
1 44,8 1. 81842 E+87 237613
2 9@. 1 61095. 8 838. 9222
3 1e@. S 988073 10195, 8
4 124.7 3.07541 E+@7 166882
CRI  PAZ:
@ 286
e 206
4 206
61 820

£3-22



ANALYSIS RAW DATA

DATE: 68-@9.-90 ANALYSIS: TIME! 165 STREAM SEQUENCE: |}
TIME: 14235 CYCLE TIME: igae STREAN#: 1
ANALYZER#: 51386 MODE: _ PGHM CYCLE START TIME: 14:33
PEEFIK RETENT ION PEAK PEAK
# TIME AREA HEIGHT
1 43.9 1. 8c@é E+@7 237874
2 9a. 1 68288.8 832. 2%e
2 180.5 964689 1Bléé. 2
4 124.7 3. 87453 E+67 1641088
GRI PAZ
g 28s
1 2eé
S &2eé
63 8el

ANALYSIS RAW  TATA

DATE: @&/09-90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TINE: 14:38 CYCLE TIME: 18@ STREAM#: 1
ANALYZER#: 51386 MODE: PGM CYCLE START TIME: 14:3¢
PEAK RETENTION PERK ' PEAK
# TIME AREA HEIGHT
1 44,8 : 1. 81888 E+@7 237881
2 98. 1 60330. 0 _ 830. 047
3 100, 5 SRER79 16183. 6
4 124.7 3.87461 E+07 166839
GRI  PAZ
@ 2es
1 286
4 206
62 821

£3-23



ANALYS IS RAW  DATA

DATE: @§.-09-9a ANALYSIS TIME: 165 STREAM SEQUEMZE: 1
T'IME: 14131 - CY'CLE TIME: l1ge STREANS: 1
ANALYZER#: 51386 MODE: PGHM CYCLE START TIME: 14:39
FEAK RETENTION PEAK PEAK
L : TIME AREA HEIGHT
! 44, 8 1. 81&74 E+@7 2237868
2 906. 1 60396, 6 833. 922
3 108, S 9823521 18159.5
4 124.7 3.87571 E+87 166145
GRI PAZ
@ 285
1 g2e¢
S 2eé
é2 820

ANALYSIS RAW DATA

DATE: 93-09/9@ ANALYSIS TIME: 165 STREAM SEQUENCE: |
TINE: 1444 CYCLE TIME: 180 STREAMS: 1
ANALYZER#: 51386 MODE: PGM CYCLE START TINE: 14:42
PEAK FETENTION PEAK PEAK
8 TIME AREA HEIGHT
1 44.0 1. 81961 E+@7 237951
2 98. 1 60366, 9 829. 9z:2
3 tee, S 90404 | 10159, 8
4 124.7 3.97488 E+67 166896
GRI' PAZ
@ 205
1 206
4 206
61 820

E3-24



DATE: 83-09-9G
14147

TIME:

ANALYZER#:

PEAK

#
i
-2
3
4

GRI

[
[ O I - N ]

DATE:
TIME:

PAZ
206
206

286

g8e1

@68-289/90
14:58

ANALYZER®:

PEAK
#

S L) MY ee

GRI

D0 AD

PrZ
206
206

206

82e

ANALYSIS RAW  DATA .

ANALYSIS TIME:

165
CYCLE TIME: 18@
51386 MODE® PGH
RIETENTION PEAK
TINME AREA
43, 9 1. 81942 E+07
99, 1 68174.0
180. 5 9@5825
124.7 3, 07547 E+87
ANALYSIS RAW DATA
ANALYSIS TIME: 165
CYCLE TIME: 180
'$1386 MODE: PGH
RETENTION PEAK
TIME 'AREA
44,9 1. 81967 E+@7
99. 1 66588, 9
108. 5 904206
124, 7 3.087789 E+87

£3-25

STREAM SIQUEMCE:
STREANS: !
CYCLE START TIME:

PEAK
HEIGHT

237618
829. 375
18172, 1
166168

STREAM SEQUENCE:
STREANS®: 1
CYCLE START TIME:

PEAK
HEIGHT

237628
834, 8¢5
10146, 3
166259

|

1

14:45

14:48



ANALYSIS RAW DATA-

DATE: 88,0998 ANALYSIS TIME:  16S
TIME: CY'CLE TIME: 180
ANALYZER#: 12386 MODE: PGH
PEAK REVENT 1M PEAK
8 TIME AREA
{ 3.9 1. 81948 E+@7
2 9@. 1 ¢0174, 0
2 106, S 900294
4 124.7 3. 07656 E+67
GRI  PAZ
@ 206
B 206
4 286
62 82l
ANALYSIS RAW DATA
DATE: 88-89-98 ANALYSIS TIME: 165
TIME: 14:5¢ . CYCLE TIME: 180
ANALYZER#: 512386 MODE: PeH
PEFK RETENTION PEAK
* TINE AREA
! 43:9  1.81861 E+@7
2 sa, 1 é8438, @
< 1e@, S 992964
4 124.7 3.07378 E+07
GRI  PAZ
8 206
@ 206
4 206
¢2 521

E3-26

STREAN SEQUEKRCE: 1
STREAN#: i

CYCLE START TIME: 14:51

PEAK
HEIGHT

237616
829. 373
let1g. t
166156

STREAM SEQUEMCE:
STREANS: 1
CYCLE START TIHE: 14:54

PEAK
HEIGHT

237620
838. 500
101480. ¢
166835



ANALYSIS RAW DATA
DATE: @2.-@9.,9@ ANALYSIS TIME: 165
TIME: 14:53 CYCLE TIME: 186
ANALYZER#: 51386 MODE: PGH
PEAK RETENTION PEAK
I TINE AREA
y 43.9 1. 8187@ E+87
2 9@. 1 61005, 8
3 100, 5 90594@
4 124.7 3. 07455 E+@7
GRI  PAZ
B 285
1 206
S 286
é2 8ce
ANALYSIS RAW DATA
DATE: 88,089,909 ANALYSIS TIME: 145
TINE: 15: 82 CYCLE TIME: 18@
ANALYZER#: 51386 MODE: PGM
PEAK RETENT 10N PEAK
# . TIME AREA
1 ' 44.9 1. 82150 E+@7
2 9@, 1 68864, 8
= 108, 5 904485
4 124, 7 3. 87888 E+07
GRI  Pm2
a 286
4 206
12 206
65 821

£3-27

STREAM SERQUEMCE: 1.

STREAM#: 1
CYCLE START TIHNE:

PEAK
HEIGHT

22ree2
839, 625
1e172. 3
166899

STREAM SEQUENCE: 1
STREAME: 1
CYCLE START TIME:

PEAK
HEIGHT

237626
840. 508
18163. 6
166295

14:57

15:00



ANBLY'SIS RAlW  DATA

DATE: @8-@3-9@ ANALYSIS TIME: 165 STREAN SEQUENCE: |

TIME: 151 @5 CYCLE TIME: {5@ STREAME: {
ANALYZER#: 51386 MODE: PGH  CYCLE START TIME: 15:@3
PEA RETENTION PEAK PEAK
N TIME AREA HEIGHT
! 43.5 1. 21838 E+07 227363
2 9@. 1 60660, 8 : 835, 375
2 loe. S 9E291 2 18138, 2
4 124.7 3, 87592 E+87 166865
GRI  PRZ
9 2@6
4 206
3 286
69 828

ANALYSIS RAW  DATA

DATE: 98,0990 ANALYSIS TIME: 165 STREAM SHUB4CE 1
TIHE: 15:08 CYCLE TIME: 180 STREAM#: 1
ANALYZERS: 51386 MODE: PGHM CYCLE START TIME: 15:86
PERK RETENTION PERK PEAK
¥ TIME AREA HEIGHY
1 44,0 1. 81896 E+07 23rele
2 90. 1 68957. @ 838. 922
] 160. S 904692 10157. @
4 124.7 3.07613 E+87 166207
GRI  PA2
@ 206
5 206
] 2086
71 8ce

£3-28



ANALYSIS RAW DATA

DATE: @8-/09-/90 ANALYSIS TIME: 165 STREAM SEQUENCE: |
TLMES 151y ~ CYCLE TIME: = ig€@ STREANE: 1
ANALYZER#: = S1386 MODE: PGH CYCLE START TIME: 15:83
PEFK RETEMT ION PEAK PEAK
) TIME AREA HEIGHT
1 - 44,0 1. 81994 E+@7 237616 -
2 9@, 1 61026.0 842, 375
3 .10@.5 904914 10162, 9
4 _ 124.7 : 3.87684 E+87 166224
GRI PAZ
@ 296
4 206
8 206
78 82a

ANALYSIS RAW DATA

DATE: 98-89/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1o
TINE: 15! 14 CYCLE TIME: . 186 © STREAN#: 1
ANALYZER#: 51386 MODE: PGM CYCLE START TIME: 1S5:12
PEAK RETENTION PERK _ PEAK
% TIME ‘AREA HEIGHT
1 44, 9 1. 82126 E+67 ' 237686
2 o 9e. 1 68891, 0 837. 37
3 100, 5 900534 10119. 6
4 124.7 3. 07833 E+07 166355
GRI  PA2
8 206
5 206
9 286
76 8ee

E3-29



DATE:
. TINME:
ANALYZER#:

82,6990

PEAK

1
2

3
4

GRI

no

- 0

~ e

DATE:
TIME:

PAL.
-28é
286
206
821

@8-8%9-90
15:28
ANALYZER#:

FEREK

W -

GRI
-1

é8

14274
2eé
20é
286
820

ANALYSIS RAW TDATA

ANALYSIS TIME: 165
CYCLE TIME: 1ea@
51386 MODE: PGH
RETENTION PERK
TIME AREA
446 1. 819 E+@7
9a. 1 60369.8
168. S 262871
124.7 3.687829 t+@7
ANMALYSIS ~RAW  DATA
'ANALYSIS TIME: 165
CY'CLE TIME: 18@
51386 MODE: PGH
RETENTION -PERK
TINE AREA
43,93 1. 81895 E+87
90. 1 60483, 0
- 1088. 5 9629a1
124, 7 3.87285 E+B87

E3-30

STREAM SEGUENCE: |
STREAM#: 1 :
CYCLE START TIME: 15:15

PEAK
HEIGHT

237616
832. 8815
16131. 9
16631@

STREANM SEQUENCE: |
STREANS: 1
CYCLE START TIME: 15:18

PEAK
HEIGHT

237628
832. 8ai -
10139.8
166855



1-¢3

CORPORATION
Run umber__Jite 7 | DATE___ €°2/-P0
Semplers Inftials 475
| TORERATURE | FLASK PREssuRe | saRomETRIC
sneLE wo. | SNPLE |  Fuask o "l PRESSURE "Hg | RECOVERY
TIKE | OVOLWE T oivam | manan | omomac [ronas | onemoae [romas | PATE/TINE
[ pos | 45="1| g5 27,5 30.(5
2 (25t /R 2 G0 _ 22..5 "
3 )24 3 | ooy g7 26 . s~ 0.5
‘/ 3% L o9 Z9 | =zs9 g
WOTES:

Method 25C Field Sampling Data Sheet




2-t3

CORPORAVION

Run Number Site ‘5/ DATE S- T /- 95D
Samplers Initlals____ A .0

B TENPERATURE FLASK PRESSURE BAROMETRIC . |
SANPLE NO. SAPLE FLASK °F “H PRESSURE “tiq RECOVERY

TIKE | @/VOLWME | ounvan [ A | amimaae Teomae 1 amnvone [romar | OATE/TiME
S 11277 | 02% 0 25.% 30./5
6 1330 | 147 1 Jzes !
HOTES:

Method 25C Field Sampling Data Sheet



€-¥3

CORPORATION

Run Nasber Site </ O ONE /=)0
Samplers Initials M

| snere | puasg | TEPERURE | ruask eressuge [ ommomeraic.
F “Hg PRESSURE “Hg | RECOVERY
SMPLE M0. | “rir | a/voLime

INTIAL | FINAL | THIVIAL | FINAL | aneroa | Fana | DATE/TINE
/ 10z | 037 |90 272 30.)5°
2 jozs | O4S” n - 2S.0 v
2 /634 | 150 " 293 "
Y Yews | 75 | 291

. HOTES:

Method 3C Field Sampling Data Sheet



p-43

CORNPORATION
Run Nusber__Oite < DATE g/ZJ / 90
Sasplers Inttials__ LD
| TENPERATURE | FLASK PRESSURE | BAROMETRIC
SAPLE N0, | SMPLE | FLASK | °F Mg | eRessure "Hg | RECOVERY
TINE | O/VOLWE Loyryin | Fama | wovaa [ Fanac | awevaae [ rana | DATE/TIME
5 [0 5S 0710 70 | 290 30./5
b J1o¥ O%9 " | | 25.2 "
HOTES:

Method 3C Field Sampling Data Sheet-



S-+3

CORPORATION FIELD DATA
;l‘::l Jjgf ;_ZU e PRUBE LENGTH AND 1YPY
T S 2:';,‘.‘.‘.,‘:,.;..,.._-.:: T
et ve __ N _C) _____ UePLERONNUNBIR
N MMER __ / [ 41 ] SORmumRIN __ o
OPERATOR ¢ WA AN, e
N RY ummm cCoacoom ___ _
SARONE 1@C mm-t PROBE NEATER 161 1ING e
STATIC PRESSURE. (P, |__L__ SEATER DOR 361V mG -
FULTER BUNBER 1 HMEERENCL o)
SCHIRATIC OF IMAVERM POISY LAYOUT  METER ¥ 728
READ ARD RECORD ALL DATA EVERY ____ _ swwlfs
mvm; cLocH T GAS METER R ADMIC vewociiy | omfice pRetsuas SIacn ORYCAS RETER e | samerc sox WPmGER
roml - e L . D GIFFERINNIAL _ | TENPERAVURE TEBPEAATURE VACRE. | jomremarume. | vumpeatums
wmin | aocn “s. @ H0 wh.e D a mor | wna aly °f I
B ofumeD {AcsuAL ta ) ¥ [l ).
/38 /S8 485" 9 X AA
TEEY /S 8. 00 _ <7 &
N RL= /S5 85 251 o |
[[523 /5% 9% P A
R 7ER 59,17 7 5] 6.3
Lres /ST 32 75 1. k!
VD d
vl

LPA (Den) 103

Reproduced from
best avallable copy.




9-%1

conronavion FIELD DATA
site *'/
o ERIRO weacio
SANPULING LOCAYOS ___ ASSUMED mesQuRE o _ . - .
(U0} [, S e e e .
- e ice oo mmmtn T
OPERATON __ e B BEIER N, '
AMDUENT TEmrPEQATURE _ 000 Cracrom ____ _
SARONE YRIC PREDSURE PRORE MEATERSEVING
S1ATKC ﬁ(m.('.l ; SEATER 002 12 1V )
FRLTER BBER (1 RIFERERCE o)
CHERATIC OF IRAVERSE POIRT LAYOUT  WETER v
READ ARD RECORD ALL DATA EVERY [ "1} /OL
RAVERY cocn |  casmevenwganmc | weioony | omusiceemessuns | viace omvcumtEn | P | sawicson | ermern
oot | e . "D DFERIAUAL | mPEMANE | TEMPtMATRE | ACUS. | omrqmarume. | earennis.
s 1T P Usg.aufp ] um=up hos wer Jomer | °™ * o
- oisweo [acium o - fifa 0. |
| 1209 | 757.335| _ P | o3
EWKD A VIRG 4 _ % &2
28 1 /59.7/ 93 eZ
| - [ 5T F5 g le ]
L2 R 9 /oo .07 72 57
/2 3% 2l A7 2o 35
.
(elo) 'g‘g
comnis T

EPA (D) 213



L-13

COMPORATION FIELD DATA
PoAnt §_TC_ '(l_--_.___ . PRUBE LUNGIH ARD FYPY
DAl STl ot A sInEww .
SARPL NG LOCAYION _ ASSUNED iDMSEURSE . _ _ I
e - .
P e SE mris wrmaty
poblopii mAToRE c-r':c.l:: M
MmNy TIPS —
BARDME VRIC PRESWRE __3°_L§_7__ PROBE MEATER 3ET1ING .
ANCPRIGUNE ) BEATER 008 3 VDG
FRLTER BUNSEA (% : CUT L
ICNEMATIC OF TRAVIASE POIY LATOUY  MEIER v
R1A0 AND RECORD ALL DATA EVERY -ty /oY
TRAVERY CLOCK Vi CAS EVER B} ADG vELOCHY | omiricE PResSuRE siacx ORYCAI REVER ewr | sameLs sox PmCER
rom| P "ne [ XX A DIFFERERTIAL | TUMPERAVURE VERPERATURE VACUR. | japEmATURE, urn..um.
.-.u \ I - oo W) m. up 1AR), 0. WOy naey = | wne = g 73 f
' oesmen [actum e )% [iTg 0.
DNY [gU. 382 . 90 =
(350 Mo . s _ 1 g0 [y
[ 355 [60. go 92 4y
1_1%00 (G 15 90 R
L9425 L[S0 a "3
[ © [6(, €1 7 46
——
[ ©2.
T} -

(PR (Dee) 1)




8-¥3

CORPONATION ' FIELD DATA
riaml__ oir re -</ e, . PRUBE LENGTN AND T¥PL
OATE g -Lt-§oS sQnew0 - .
SANPL UG L OCATION T ASUNED WO FUNE o _ . _ _
SASrPtEYYPR 0 SANPLE GON NUMBIR __ .
T __‘-.{.- I BEVEN SOR MADIR __ L
OPERATON e CETER AN,
NRENT TERPERATURE ceaciom ___ _ . __
BARONS TASC PRESWRE 30 /> PROBE MEATER SETTING —
SIAVICPRELSURE Py SEATEROONSENIMG
IR TR MMBIR in - RIFERERCE op ]
SCHEMATIC OF TRAVERSE POMST LATOUY  METER v

READ AND RECORD ALL DATA EVERY -_—res [o%

Ve cLoce e CAS BETER READIRG verLociry | omcce emeuRt | tiacs ORYCAI METER ruer SANPLE BON [
rom! ne "y (71" OIFFENIAIAL | TEwPERATURE TERPERATURE VACUN. | jempgaatume. | TEmPERATURE .
mmsin "‘:l: noch Wy ang | wumwum ). at Tona | =" o N

o DOsMED {AcTum Ua ). °F [11g 0.7
(M7 el ¥<5 _ q[ 61
(MLl lie 2 — q/
I 3 (6270 9/
(437 /£3. 0620 <l $4¥
10Y
=TT} -

€PA (Dw) I3

an ' \
¢



6-¥3

CORPORATION FIELD DATA
PLANT S’re__j._....“. . PRUBE L ENG TN AND [YPL
DAVE _j_ T - 90 _ worneso . . _ __
SARPLING LOCATION e ASUSNO WIS TURE . _ _ -
P E Vvrg e 0 —————
mn st e 5 mu'-onl::(ua.__ _—
a1 mAtuat _ - t.l':c.l:: ’
ANDNNT TERPS e
u-u:c.nm-t X073 PROBE WEATER W 1TIRG —
Rl L, 0 T — BEATER 00 SETVING
7 FRLTER BBLR REFERENLE o)
ICHERANIC OF TRAVERSE POIMT LAYOUY  MENCR v
READ ARD WECORD ALL DABA LVEAY o= 106
TnaviRu cLoCH T €3 METEA B ADC VELOCITY | ORI ICE PRESIURE Ao ORYGAS METER ruw | saweLr son e wGER
romt | NG . 1] OIFFIEERIIAL | VENPERAVURE TINrERATURE VACUUR. | jgarenarunt. | VERPIRASURE
e cul:nl up). 8. 00 i), w. 0,0 LR P LB f *f
B DELRED |ACTuM Ve )F Jutg ).
AT [65. 05V _ 40 (Y
I4M 6 /673 .17 _ Y0 &6
NST [65. 53 95 AT
(16 [¢y). 1% 79 éoy
_ (s°] /¢ 02 70 S-
( $O6 (€Y. 253 70 _<¥
O
[9%
comaa1s. o

£PA (D) IDY ~

an



0f-#3

CORPORATION FIELD DATA
na_ 5’ 7"?___ . PRUBE LENGIN AND IYPL
oaNe . Qo . WOZZEID _ -
SARPL (NG LOCATION _ . AISUND MO TURE N
samei € 1VPE __ wan
e :n-u E . .u.'.ﬁ'::.': N L
prliopites shtoet C-l"c.l:. -
MmNT YEOPE actos _________
lll“llt PRETURE :SE_ PROSE MATCAMETIG
L T X BEATER 801 5 110G
FI TER MBER (0 REFERENCE o)
SCHEMATIC OF TRAVERME POIY LAYOUT  METCR v
READ ARD RECORD ALL DATA (VERY i '
InavEm cloce Tme{  GASBETER READIG vecoony | omnice rmevsoms | stack oAYCAS RETER rae | wwrioon | arwmcen
eI P . w40 orremeatia | remeeaatume | vrwremarume | vACUM. | jeapgmarane. | remeemniuns. |
e N aml o). m. N0 un). m N ). vt | oones =g 5 5
B pevmed [actum (Va ) °F [11g 0.
1S 1OMBHA [LN-2.5] - 3 'R 1
JS]c (6} %Y _ };’ £
) (1649 .75 { 2
is [6q 35 37 —4=—
T /S30 /(5. 20 37 TS
_ /535 (65 .35 29 sY
.
@
—
106
T o

A D I



ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:12 CYCLE TIME: 180 STREAM#: 1l

ANAL.YZER: 802903 MODE: RUN CYCLE START TIME: 10:09
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

C 02 117 43.385 0.00 0.6592

OXYGEN 116 0.485 0.00 0.0054
NITROGEN 114 . 2.452 0.00 0.0237

METHANE 100 53.678 543.22 0.2973

TOTALS 100.000 543.22 0.9856

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2Z) = 1.0033
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 545.0
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 535.5
REAL SPECIFIC GRAVITY = 0.9884
UNNORMALIZED TOTAL = 99,08
ANALYSIS
DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:15 CYCLE TIME: 180 STREAM#: 1
ANALYZER: 802903 - MODE: RUN CYCLE START TIME: 10:12
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *
cCo2 117 43.353 0.00 0.6588
OXYGEN 116 0.483 0.00 0.0053
NITROGEN 114 2.496 0.00 0.0241
METHANE 100 53.667 543,11 0.2973
TOTALS 100.000 543.11 0.9855
* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR (1/Z) = 1.0033
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 544.9
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 535.4
REAL SPECIFIC GRAVITY : . = 0.9882
UNNORMALIZED TOTAL = 99.12
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ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:18 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 802903 MODE: RUN CYCLE START TIME: 10:15
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *
co2 117 43.373 0.00 0.6591

OXYGEN 116 0.480 0.00 . 0.0053
NITROGEN 114 2.490 0.00 0.0241

METHANE 100 53.656 543.00 0.2972

TOTALS 100.000 543.00 0.9856

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2) = 1.0033

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 544.8

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2Z) = 535.3

REAL SPECIFIC GRAVITY : _ = 0.9884

UNNORMALIZED TOTAL = 99.10
ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1

TIME: 10:21 CYCLE TIME: 180 STREAM#: 1 '

ANALYZER: 802903 MODE: RUN CYCLE START TIME: 10:18

COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

cCo 2 117 43.356 0.00 0.6588

OXYGEN 116 0.481 0.00 0.0053

NITROGEN 114 2.490 . 0.00 0.0241

METHANE 100 53.673 543.17 © 0.2973

TOTALS 100.000 543.17 0.9855

*# @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/Z) = 1.0033

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 545.0

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2Z) = 535.5

REAL SPECIFIC GRAVITY = 0.9882

UNNORMALIZED TOTAL = 99.30
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ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:24 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 802902 MODE: RUN CYCLE START TIME: 10:21
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *
co2 117 43.371 0.00 0.6590

OXYGEN 116 0.482 0.00 0.0053
NITROGEN 114 2.504 0.00 0.0242

METHANE 100 53.643 542.87 0.2971

TOTALS ' 100,000 542.87 0.9857

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2) = 1.0033
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 544.7
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 535.2
REAL SPECIFIC GRAVITY = 0.9884
UNNORMALIZED TOTAL = 99.29
ANALYSIS
DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
‘TIME: 10:27 CYCLE TIME: 180 STREAM#: 1
ANALYZER: 802903 MODE: - RUN CYCLE START TIME: -10:24
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *
co2 117 43.375 0.00 0.6591
OXYGEN 116. 0.482 0.00 0.0053
NITROGEN 114 2.488 0.00 0.0241
METHANE 100 53.655 542.98 - 0.2972
TOTALS 100.000 542.98 0.9857
* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR (1/2) = 1.0033
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = ' 544.8
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 535.3
REAL SPECIFIC GRAVITY = 0.9884
UNNORMALIZED TOTAL = 99,29
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ANALYSIS

DATE: '08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:30 _  CYCLE TIME: 180 STREAM#: 1

ANALYZER: 802903 MODE: RUN CYCLE START TIME: 10:27
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *
cCo2 117 43.365 0.00 0.6589

OXYGEN 116 0.480 0.00 0.0053
NITROGEN 114 2.511 0.00 0.0243

METHANE . 100 '53.644 542.87 0.2971

TOTALS 100.000 542.87 0.9857

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/Z) = 1.0033

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2Z) = 544.7

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 535.2

REAL SPECIFIC GRAVITY = 0.9884

UNNORMALIZED TOTAL = 99.19
ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1

TIME: 10:33 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 802903 MODE RUN CYCLE START TIME: 10:30

‘COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

c o 2 117 . 43.369 0.00 0.6590

OXYGEN 116 0.483 0.00 0.0053

NITROGEN 114 2.501 0.00 0.0242

METHANE 100 53.647 542.91 0.2972

TOTALS 100.000 542.91 0.9857

*# @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/3Z) = 1.0033

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 544.7

SAT B.T.U. @ 14.730 PSIA ‘& 60 DE. F CORRECTED FOR (1/2) = 535.2

REAL SPECIFIC GRAVITY = 0.9884

UNNORMALIZED TOTAL = 99.14
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ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:36 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 80250 MODE: RUN CYCLE START TIME: 10:22
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *
co2 117 43.364 0.00 0.6589

OXYGEN 116 0.480 0.00 0.0053
NITROGEN 114 2.511 0.00 0.0243

METHANE 100 ‘53,645 542.89 0.2971

TOTALS 100.000 542.89 0.9856

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2) = 1.0033

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 544.7

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 535.2

REAL SPECIFIC GRAVITY = 0.9884

UNNORMALIZED TOTAL = 99.27
ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1

TIME: 10:39 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 802903 MODE: RUN CYCLE START TIME: 10:36

COMP NAME COMP CODE MOLE $% B.T.U.* SP. GR. *

C O 2 117 . 43.355 0.00 0.6588

OXYGEN 116 0.486 0.00 0.0054

NITROGEN 114 2.549 0.00 0.0246

METHANE 100 53.610 542.54 0.2969

TOTALS 100.000 542.54 0.9857

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2) = 1.0033

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 544.3

SAT B.T.U. @ 14.730 PSIA ‘& 60 DE. F CORRECTED FOR (1/Z) = 534.8

REAL SPECIFIC GRAVITY = 0.9885

UNNORMALIZED TOTAL = 99.21
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ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:42 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 802903 MODE: _ RUN CYCLE START TIME: 10:39
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

cC 02 117 43.355 0.00 0.6588

OXYGEN 116 - - 0.482 0.00 0.0053
NITROGEN 114 2.531 0.00 0.0245

METHANE 100 53.632 542.75 0.2971

TOTALS 100.000 542.75 0.9857

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2) = 1.0033

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 544.5

SAT B.T.U. € 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 535.1

REAL SPECIFIC GRAVITY = 0.9884

UNNORMALIZED TOTAL = 99.16

ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1

TIME: 10:45 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 802903 MODE: RUN CYCLE START TIME: 10:42

COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

cCo2 117 43.351 0.00 0.6587

OXYGEN 116 0.483 0.00 0.0053

NITROGEN 114 2.562 0.00 0.0248

METHANE 100 53.604 542.48 0.2969

TOTALS 100.000 ~ 542.48 0.9857

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2) = 1.0033

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 544.3

SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 534.8

REAL SPECIFIC GRAVITY = 0.9885
= 99,08

UNNORMALIZED TOTAL
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ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:48 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 802903 MODE: RUN CYCLE START TIME: 19:45
COMP NAME COMP CODE  MOLE % B.T.U.* SP. GR. *°

C O 2 117 43.347 0.00 0.6587

OXYGEN 116 - ¢ 0.483 0.00 0.0053
NITROGEN 114 2.542 0.00 0.0246

METHANE 100 53.628 542.71 0.2970

TOTALS 100.000 542.71 0.9856

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2) = 1.0033
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 544.5
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 535.0
REAL SPECIFIC GRAVITY = 0.9884
UNNORMALIZED TOTAL = 99,23
ANALYSIS
DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 10:51 CYCLE TIME: 180 STREAM#: 1
ANALYZER: 802903 MODE: RUN CYCLE START TIME: 10:48
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *
cCo2 117 43.361 0.00 0.6589
OXYGEN 116 0.484 0.00 0.0053
NITROGEN 114 2.514 0.00 0.0243
METHANE 100 53.641 542.85 0.2971
TOTALS 100.000 542.85 0.9856
* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR (1/2) = 1.0033
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2Z) = 544.6
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2Z) = 535.2
REAL SPECIFIC GRAVITY .7 = 0.9884
UNNORMALIZED TOTAL = 99.27
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DATE: 08/21/90
TIME: 10:54

ANALYSIS

ANALYSIS TIME:
CYCLE TIME:

ANALYZER: 802903 MODE:

COMP NAME COMP CODE

cC o2 117
OXYGEN 116
NITROGEN 114
METHANE 100
TOTALS

MOLE %

43.342
0.489
2.564

53.606

100.000

165 STREAM SEQUENCE:

180 STREAM#:

1

1

RUN CYCLE START TIME: 10:51

B.T.U.*

0.00
0.00
0.00
542.49

542.49

SP. GR.

0.6586
0.0054
0.0248
0.2969

0.9857

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2)
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

DATE: 08/21/90
TIME: 10:57

/

ANALYSIS

ANALYSIS TIME:
CYCLE TIME:

ANALYZER: 802903 MODE:

COMP NAME COMP CODE

C 02 ' 117
OXYGEN 116
NITROGEN 114
METHANE 100
TOTALS

MOLE %

43.341
0.479
2.531

53.649

100.000

165 STREAM SEQUENCE:

180 STREAM#:

1

*

1.0033
544.3
534.8

0.9884
99.04

1l

RUN CYCLE START TIME: 10:54

B.T.U.*

0.00
0.00
0.00
542.93

542.93

SP. GR.

0.6586
0.0053
0.0245
0.2972

0.9855

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2)
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL
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1.0033
544.7
535.2

0.9882
99.26



DATE: 08/21/90
TIME: 11:00

ANALYSIS

ANALYSIS TIME:
CYCLE TIME:

ANALYZER: 802903 MODE:

COMP NAME COMP CODE

co2 117
OXYGEN 116
NITROGEN 114
METHANE 100
TOTALS

MOLE %

43.350
0.484
2.558

53.607

100.000

165 STREAM SEQUENCE:

180 STREAM#:

1

b

RUN CYCLE START TIME: 10:57

BCT.U.*

0.00
0.00
0.00
542.51

542.51

SP. GR

0.6587
0.0054
0.0247
0.2969

0.9857

* @ 14,730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTO

R (1/2)

DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z)
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL

DATE: 08/21/90
TIME: 11:03

ANALYSIS

ANALYSIS TIME:

CYCLE TIME:

ANALYZER: 802903 MODE:

COMP NAME COMP CODE

C o2 ' 117
OXYGEN 116
NITROGEN 114
METHANE 100
TOTALS

MOLE %

43.341
0.488
2.568

53.603

100.000

165 STREAM SEQUENCE:

180 STREAM#:

(1/2)

1

*

1.0033
544.3
534.8

0.9885
99.17

1l

RUN CYCLE START TIME: 11:00

B.T.U.*

0.00
0.00
0.00
542.46

542.46

SP. GR

0.6586
0.0054
0.0248
0.2%69

0.9857

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/2)
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z)
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z)

REAL SPECIFIC GRAVITY
UNNORMALIZED TOTAL
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1.0033
544.2
534.8

0.9884
99.14



ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 11:06 CYCLE TIME: 180 STREAM#: 1

ANALYZER: 802903 MODE: RUN CYCLE START TIME: 11:03
COMP NAME COMP CODE MOLE % ~ B.T.U.* SP. GR. *

CcC 02 117 43.344 0.00 0.6586

OXYGEN 116 0.482 0.00 . 0.0053
NITROGEN 114 2.547 0.00 0.0246

METHANE - 100 53.627 542.70 0.2970

TOTALS 100.000 542.70 0.9856

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/Z) , = 1.0033
DRY B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 544.5
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 535.0
REAL SPECIFIC GRAVITY - , = 0.9883
UNNORMALIZED TOTAL = 99.01
ANALYSIS
DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 11:09 CYCLE TIME: 180 STREAM#: 1
ANALYZER: 802903 MODE : RUN CYCLE START TIME: 11:06
COMP NAME COMP CODE MOLE & - B.T.U.* SP. GR. *
cCo2 117 43.364 0.00 0.6589
OXYGEN 116 0.490 0.00 0.0054
NITROGEN 114 2.545 _ 0.00 0.0246
METHANE 100 53.601 542.44 © 0.2969
TOTALS 100.000 542,44 0.9858
* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY
COMPRESSIBILITY FACTOR (1/Z) = 1.0033
DRY B.T.U. @ 14.730 PSIA & 60 DE. F.CORRECTED FOR (1/2) = 544.2
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 534.8
REAL SPECIFIC GRAVITY = 0.9886
UNNORMALIZED TOTAL = 99.00
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ANALYSIS

DATE: 08/21/90 ANALYSIS TIME: 165 STREAM SEQUENCE: 1
TIME: 11:12 CYCLE TIME: " 180 STREAM#: 1

ANALYZER: 802903 MODE: RUN CYCLE START TIME: 11:09
COMP NAME COMP CODE MOLE % B.T.U.* SP. GR. *

cC O 2 117 43.347 0.00 0.6587

OXYGEN 116 0.485 0.00 0.0054
NITROGEN - 114 2.548 0.00 0.0246

METHANE 100 53.620 542.63 0.2970

TOTALS 100.000 542.63 0.9857

* @ 14.730 PSIA DRY & UNCORRECTED FOR COMPRESSIBILITY

COMPRESSIBILITY FACTOR (1/Z) = 1.0033
DRY B.T.U. €@ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/Z) = 544.4
SAT B.T.U. @ 14.730 PSIA & 60 DE. F CORRECTED FOR (1/2) = 534.9
REAL SPECIFIC GRAVITY = 0.9884

= 99.04

UNNORMALIZED TOTAL
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CORPORATION
Site b ' :
Run Mber_ Qoo [ A ds 142 DATE gj;zz/f/yo.
Sasplers Iattlals__ )& :
r TEWERATURE | FLASK PRESSURE |  BARDMETRIC
SneLE o, | SAPLE | | FLasK of M PRESSURE "Hg | RECOVERY
TINE | ANVOLUME T yyivam | Funs | mrvaa [ Fann | owomea [ | DATE/TINE
/ j2t0 | JoST | 24 0‘2.8'-.5/
2 (1224 ©3/ 25 2.5 |
3 25| 4o 7§ | 29.0
NOTES:

Method 25C field Sampling Data Sheet
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CORPORATION
- Site © -
Run Nusber__ ()REA -2 - DE__F8-29-7D
Samplers Initials__ o JCG : '
| TENPERATURE  { FLASK PRESSURE |  BAROMETRIC
SPLE Ko, | SMPLE | FLASK AN PRESSURE “Ha | RECOVERY
TINE | O/VOLWE Typpvon | Funac | imemoac [ Fonac | awrraa [ uma | DATE/TIHE
! j0:80 | o1¥ s 285"
i /0:45) )99 | L3S 288
NOTES:

Method 25C Field Sampiing Data Sheet



€-93

INIHDIIIIMIIGH!
sire @ .
hun Mmber__Area 3 U 4dST . DATE__E-2Y- g0

Samplers Inftials A<D

. TENPERATURE | FLASK PRESSURE | BAROMETRIC

SHeLE no. | SRLE | ALK oF " PRESSURE "ila | RECOVERY
| TIKE | OVOLUME Tyypia | Fama | amovaac [rom | wemoa [ | DATE/TINE
[ Yyoe3| ool | 7 |2z.0_
2 _jrwel 2SS | 24 24,0
WOTES:

Method 25C Field Sampling Data Sheet
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CORPORATION
e G
i;{ivts /E2_
Run Musber /7o |

Samplers Inftials /,Jﬁé

DATE_ s;/z jf’/?o

| TENPERATURE | FLASK PRESSURE |  BAKDHETAIC
soeLe wo. | SmeE | Rk F H PRESSURE “Hg | RECOVERY
TIRE 1 O/VOLME 1 ypvin | P | omowoas [ Fona | awimens Jrana | DATE/TIME
! e VE 685 29.0 g
2 \md g3 & 2975
3
WOTES:

Method 3C Field Sampling Data Sheet

£ %
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CORPORATYION
. Site b
Run Number__ Jrog DATE ,4,@_0\ 2 3%25,/70
Sasplers Iaitfals wgg f e
TEMPERATURE | FLASK PRESSURE |  BARDMETRIC
SAMPLE MO, Smi uctllme °F W PRESSURE "Hq | RECOVERY
| INTIAL | FINAL | IiTAL | FINAL | aneriae [ pawa | DATE/TIME
| oz |og7  |eas— 240
A [ 20 — @’,5/ 250
WOTES:

Method 3C Field Sampling Data Sheet

He 5% cHy
_ 023¢M1F71
49 %
: '235?¢;FW7
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~ Method 3C Field Sampling Data Sheet.

CORPORATION
site 6 |
Run Number_ 7575 [ DATE__ &/24/20
| 77
Samplers umm__&cg__
| ] TENPERATURE | FUASK PRESSURE |  BAROMETRIC
SOPLE N0, | SMPLE | RLASK o H PRESSURE “Ha | RecoveRy |
/ VINE | VOLE | yypmin | e | memoa | o | awinaa [ enna | BATE/TINE
/ 1ndo | 352 7o, 24"
2 lugal| s/ | 25"
-3 1200 ) /#2 | 7/ 286
HOTES:

\57?4///(543

-0

$7%
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CORPORATION FIELD DATA
nm__511e & ) PRUBE LERGIN ARD TYPY
o ¥-2%-Jo | sonw . . ___
SARPLIRG LOCATION . ) ATSUMD MONSFURE % __ RS
SABPLE TYPE —_—— SANPLE 80X Bumbl & .
—7 . —
orcaion . AC.O e ——
ANS BT YERPERATURE Cractom ___ _
GARDEE 181C PRESURE Z° PROBE MEATEMSEIIING _
STATIC PROSUSE (P WEATER 801 56§ VG
FLTER AR (0 REFERENCE o)
SCHERATIC OF IRAVEAME PONIT LAYOUT  METER ¥
, . READ AND RECORD ALL OATA EVERY wnuis /oD
imAvERy caocs 1mi] comvmagaome | weocny | omrcerneswnt | siacx oaveasmren | rme | sawricoon | wemcen
PO} nu Wy neA OIFFERIANAL | VERPERATURE VERPERATURE VACUEL | (emptaatume. | 1ESPIRAIURE
mamia ‘::‘: ocn) W) e np | i e LAR wet lones | ° " ] *f
B ofueeo [actum Vo J)F [ilg 0.5
1295 | 729777 Yo | 6%
/2. SO | 70.00 __ <4 Lo
12.55 119.2.4 % ¥ 55|
|— 1360 RERKT] <Y <o
_ (%05 [70.67 g5 7
1519 (20 .94 'S T
4
'j 00 ml
comuls. T

(PA Dea) IS
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cConPORATION FIELD DATA
__5Site 6 '
R i Tk k. seneip ot —————
‘ SANPL WG LOCATION e . AISUMED MO TURE ~ e
vaMEVYPE 000 AP € ﬂlll.llll___- .
;s mmet e 3'500_ BEVER GOR MUMBER o
orEaalon — [ I Y]
3 —
....'-"'.:r::::::.:: ——5-—'1‘3 i Faone weavin Ve
STANIC PRt t' b SEATER DOL SE LT G
illll..(l "w ] BEFIRENCE &y
CHEMATIC OF TAAVIRLE POIRT LAYONY NIA ¥
READ ARD RECORD ALL DAVA FVERY [ 113 190
IRAvERL aocn il - caswETER afADG veLoony | omifice pIsuRt sacu DRYCAS REVER ruer | sameir sox PINCER
romi | e e v €MD QIFFEREATIAL | TEMPERATURE TERPERATURE VACUE. | ¢upqRATIRE. | SESPERATURE
L LI T ocn) W) e up i), .. 40 nr wtt Tona oy ] ¢
' oesaed [acioa e . F |11y 0. _
1317 /70,972 %6 X
/321 (. L3 _ %gl ¢z
1_(317 1) 28 < 532
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1131 114 ST $7 44
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CORPORATION

A
oAVE

Siteb
u&t_'js_ _____

SARPL NG LOCATION _

MUA nuRsES 3 S

orematon_______ALD

m'lg‘u“n'n:: ____.__—%%W—

STATIC PRELSURE (P )

FIELD DATA

PRUBE LENGIH ARD T¥PL
sOINE10 -

ASSUMED MO TURE _". __

PROBE MEATER l(lllm

- WEATER 00X S£ 1V MG
FULTER BUBSER (y SIFERERCE o,
R CNEMANIC OF VAAVERSE POMNY LAYOUT  METER v
READ ARD RECORD ALL DASA EVERY ______ mawit) 97
10avieu . CL0CK T A3 MEVEA G ADMC ORISILE PRETURE I DAYGAS METIR rae | wei oo IPIRGER
romtl | muL o O FERENTIAL | VERPERANURE TERPERATURE "Cl:a:- uru.um. USPLRATRE.
e oK Wy s up | wheum 00 o Jana | ( '
_ ofumED [Actum a8 Jilg 0.
135¢ 11L. 95% _<£3% . - 67
____-,,umz__ [12.03 €Y 7
A 1% (7241 __8% s
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APPENDIX F

RESULTS OF REFERENCE METHOD 25C -
DETERMINATION OF NONMETHANE ORGANIC COMPOUNDS (NMOC)
IN LANDFILL GASES

Reference Method 25C (RM 25C) is applicable to the sampling and
measurement of nonmethane organic compounds (NMOC) as carbon in landfill
gases. A sample of the landfill gas was first extracted with an evacuated
cylinder. The NMOC content of the gas was determined by injecting a portion
of the gas into a gas chromatographic column to separate the NMOC from carbon
monoxide (CO), carbon dioxide (CO,), and methane (CH,); the NMOC are oxidized
to CO,, reduced to CH,, and measured by a flame ionization deteptor (FID). In
this manner, the variable response of the FID associated with different types
of organics is eliminated. This Appendix presents the RM 25C laboratory
analysis.
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 SAMPLING DATA

Cowparny Name: &lf:.& Zgr,@

Rnt Tank ¢ /< Trap # I

Description ——— a4 i C 20 space limit
Tank Vacuum Barometric Absolute ture
g ™y g in.Hg u@imm g ™Hy g In.Hg Z%r

Pre-Test 2.5 30./5” &9

Post-Test [2) 30./5 g9

EENEIN TS L

| Description o o R ) 20 space limit
Tank Vacunm Baraometric Absolute ture

Pressure

I gmig g'in.Hg | gmmig g in.Hg | gmig gin.Hg g ¢ gF

| Pre-Test

l-mst-'lst

Rni 23

e I £ L
Tank Vacnm " Baremetric Absolute ‘lﬁt\m
gmilg g in.Hg | g mmig ufn-Hq gmg g in.Hg g ¢ &F

Pre-Test 26.5 30, /5 g7

Post-Test & 0./5 b

Rn{ g Tank ¢ /9 Trap # _ !

Description L o o 20 space limit
Tank Vacm ' Barametric Absolutae ture
prmily gin.Hy | gy pin.Hg | gmig g in.Hg o ¢ gF

Pre-Test. 259 3, /5 &7

Post-Test o 0,/5 , g5

[T s [t paa? [T

Description L o ) 20 space limit
Tank Vacuum Barometric Absolute 'lw
pmfy g in.Hg umﬂy gm.lﬂ D ¢ x°F

Pre-Test 255 30,/5 , 7o

Post-Test o .75 90

T o ot

Description o R L 20 space limit
Tank Vacam Barametric Absolute ture
gmiy gindy | gy ginsg |gmig pintg | g°C m F

Pro-Test 267 B30,/ | _Zo

Post-Test 20,/ - i [ )




adl_m25/jym3/hpD
RESEARCH TRIANGLE LQBORATORIES, INC.

METHOD 25 SAMPLING DATA

Rnt 1/ |k oof |Trepf

o ) . ) _ o 20 space limit
Tank Vacam Barometric Absolute ture
p iy xin.Hy | g mmidg oin-l"! g reHg u!n-ﬂ! 0 ¢ xF
&9




sd1_x2s/3ym3/hpD
RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 SAMPLING DATA

A

m Namas: égé|gn. {:or’%L.

e

s v

Rmn #3 Tark § /g5 | Trep | o

Description e o o 20 spaca limit
Tank Vacitm Barunetric Absoclute ture
gmHg gin.Hy uwﬂ!zjmu g mrg &&ﬁ{ g C &x¢?

Pre-Test L4 0 2S.8% _ PH

Post-Test - g >

Rn#y |[Tanké ,/5 |Trapt

Description o o o 20 space limit
Tank Vacinm Barametric Absolute ture
gm#ly ginHy | gmmiy ginig |gmeg pinBg | g B P

Pre-Test R ! 25. 92 90

Post-Test - p 29. )

Rm-§ /£ Tank § /Lg{ Trap §

Description | L o o 20 space limit
Tank Vacinam Barometric Absolute ture
pmiy ginHy | gmég gin.Hy | gmHg g in.Ag pc¢ gtfF

| Pre-Test 280 2%, 92 g/

Post-Test O 92 7

Rm 4§/ Tark ¥ 9p0 Trap # |

Description L L L 20 space limit
Tank Vacaam Barometric Absolute ture

: gmHy in.Hy | pmlg g in.Hg nm-’ﬂ g ¢ &F

Pro-Teet 285" 29.92 g/

Post-Test 29,92 oy

Rm § Tank # o Trap #

Dascription o o 20 space limit
Tank Vacum Barametric Absoluts ture
grfy gin.Ay g Aty ’;;““'In.m g mg g in.Ag g C x°F

Pre-Teat L

Post-Tast -

1 Rmn § Tank § Trap #

Description o o L 20 space limit
Tank Vaciam Barcmetric Absolute ture
gmfy gin.Hy um-m um-fb g ¢ xF

Pre~Test

Post-Test : |
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METHOD 25 REPORT
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by
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Gene Mull
Chemist
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A Member of the Andersen Technology Growp
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 TABLE OF RESULTS
Name: Radian Corporation 1D #90-141-275 Date: 8/20-22/90
Sample Sample [~ Concentrations (ppmC) ———— Mass Conc.
Number Description CO+CH4  CO2 Noncon- Conden- TGNMO (mgC/cu.m)
densibles sibles
oo T 434032 296449 1906 o 1906 951
I 116266 196976 2930 o 2930 1463
I 114879 191109 1613 o 1613 805
WL T 408519 278376 1360 o 1360 679
ST T 111716 189487 1606 o 1606 802
6T 113253 192639 1262 o 122 620
YL T 874051 651608  1e84 o 1686 TSN
s T 637980 420544 983 o 983 a9l
K 139108 237992 1545 o 1545 77
0 T 142356 243972 1095 o 1095 547
un oo T 642138 419894 1112 o 12 555
R 132075 225284 1128 o 1128 563
oo T 120613 205833 2635 . o 2635 1316
w T 118510 202461 2580 o 2580 1288
s T 121396 209779 4266 o 4266 2130
e 7 126594 218626 1332 o 1532 765
A 116812 201279 1331 o 1331 865
8 T 117211 203412 2455 o 2455 1226

F-6



RESEARCH TRIANGLE LABORATORIES, INC.

COMMENTS ON THE ANALYSES
' Report #90-141-275

Samples #2,3,5,6,9,10,12-18:
For these samples, electrometer overload prevented proper integration of the
areas for CH4 and CO2 and therefore the reported concentrations are lower
than the actual tank concentrations. For the six other samples, the
electrometer range was increased which resulted in properly integrated areas.
For these samples, the areas were multiplied by 10 to bring them in line with
the other areas.



RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 EXPERIMENTAL PROCEDURE
Calibraii

A propane calibration gas mixture of 82 ppm CO, 68 ppm CH, 2.07% CQ,, and 75
ppm propane is injected via a 1-mL sampling loop into the analyzer. The injections are
repeated until three integrated areas indicate reasonable agreement. A 1.18% COQ,
standard is run daily with the same requirement. The average daily response factors must
agree within 5% of the RF(CQ,) and the RF(NMO) from the initial performance check.

Daily Performance Checks are performed at the beginning of each work day.
Calibrations are performed daily or between customer sets of samples, whichever comes
first. Additionally, a System Background Check is performed between each set of samples.
- Duplicate injections of 1.0% CQ, are made after the final sample each day.

Response factors (average integrated area/concentration in ppmC) are calculated
daily from the initial triplicate injections.

Analysis

Each trap is stored under dry ice until just prior to analysis and is flushed of CQ,
by passing zero air through it at -78 °C and via the CO, NDIR to the sample tank.
Flushing is continued until no NDIR response is noted. The trap is baked at 200 °C with
zero air flushing through the trap and via the oxidation catalyst and the NDIR into the
collection vessel. Collection is continued until no NDIR response is noted. The trap is
transferred to an oven set at 350 °C and baking is continued for 30 minutes. This ensures
the cleanliness of the trap for a subsequent sampling. The trap is taken out of the oven
and allowed to cool; it is then capped and stored for shipment.

The sample tank is analyzed by injecting an aliquot via a 1-mL sample loop into the
GC column, which is held at 85 °C to elute the CO+CH, and then the CQ, which is
passed to the oxidation. catalyst, reduction catalyst, and FID. The column is then
backflushed at 195 °C to elute the organic fraction. The collection vessel is analyzed
identically. In both cases, triplicate injections are made. The sample tank is pumped for
5 minutes (to less than S mmHg) and air is then allowed in via a paper fiber filter; this
procedure is repeated. The tank is pumped 10 minutes and allowed to stand overnight.
The tank is then connected to a pressure gauge to test for leaks (maximum permissible leak
rate = 10 mmHg/day). If the tank passes the leak test, it is filled with zero air to slightly
greater than atmospheric pressure and stored for shipment.

Calculations

Calculations are done in accord with EPA Method 25 procedures. A sample
calculation is provided using client/RTL data. -

F-8



- RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 SAMPLE CALCULATION

Note: All pressure values have been converted when necessary to mm Hg and all temperature values to Xelvin.

Name: Radlan Corporation ID #90-141-275 Date: 8/20-22/90
Sample # 1
DATA
Tank 6191: Trap NA°  Collection Vessel:
Volume (cu.m) = 0.005785 Volume (cu.m) = 0.004551
Pressure Temp.(K) Pressure Temp.(K)
(mm Hg) (om Hg)

Presampling 348.0 302.0

Postsampling 767.1 302.0

Final 1052.0 299.2 Final 0.0 273.2
Calibration Data:

co2 Backflush
Response Factor (area units/ppmC) 880.5 902.0

Blank (ppmC) 6.6
Blank Area (area units) _ 33183

Areas:
CO + CH&4 150,834,200 150,684,700 150,857,900
co2 102,969,400 102,999,900 103,009,500
Noncondensibles 763,820 729,530 639,410
Condensibles 0 0 0

CALCULATIONS

Measured Concentrations, corrected for blank:

Cn(CO+CH4) = Area(CO+CH4)/RF(CO2)
= 1.508342E+08 /880.5 = 171305.2
= 1.506847E+08 /880.5 = 171135.4
= 1:508579E+08 /880.5 = 171332.1

Cm(C02) = Area(C02)/RF(C02)
= 1.029694E+08 /880.5 = 116944.3
= 1.029999E+08 /880.5 = 116978.9
= 1.030095E+08 /880.5 = 116989.8
Con(Noncondensibles) = [Area(Noncondensibles) - Blank Arsa(NMO)]/RF(NMO)
= ( 763820 - 33183)/902.0 = 810.0
= ( 729530 - 33183)/902.0 = 772.0
= ( 639410 - 33183)/902.0 = 672.1
Cm(Condensibles) Area(Condensibles)/RF(CO02) - Blank(C02)

0 /880.5 - 6.6 =  -6.6
0 /880.5 - 6.6 = -6.6
0 /880.5 - 6.6 =  -6.6

F-9
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RESEARCH TRIANGLE LABORATORIES, INC. ' METHOD 25 SAMPLE CALCULATION

Pregsure-Temperature Ratio, O(1) = P(L)/T({):

postsampling tank: Q(1) = 767.08 / 302.0389 = 2.539673
presampling tank: Q(2) 347.98 / 302.0389 = 1,152103

final tank: Q(3) = 1052 / 299.15 = 3.516631

final CV: -~ Q(4) = 0/ 273.15 « 0

Volume Sampled (dscm) = 0.3857 x Tank Volume x {Q(1)-Q(2)]
= 0.3857 x .005785 x [2.5397 - 1.1521)
= 0.003096

Averages and § Relative Standard Deviations (%RSD) of Cm’'s are calculated.
(3RSD of C = RRSD of Cam) '

t Cone atio

C(CO+CH4) = Q(3)/[Q(1)-Q(2)] x Cm(CO+CH4)
= 3.5166/(2.5397 - 1.1521) x 171257.6 = 434032.0

€(C02) = Q(3)/(Q(1)-Q(2)] x Cm(CO2)
= 3.5166/(2.5397 - 1.1521) x 116971.0 = 296449.1

C(Noncondensibles) = Q(3)/{Q(1)-Q(251'x Cm(Noncondensibles)
- 3.5166/(2.5397 - 1.1521) x 751.4 = 1904.3

C(Condensibles)
= Volume(CV)/Volume(Tank) x Q(4)/(Q(1)-Q(2)] x Cm(Condensibles)
= 0.004551/0.005785 x 0.0000/(2.5397 - 1.1521) x -6.6 = 0.0

Total Gaseous Non-Methane Organics(TGNMO)=C(Noncondensibles)+C(Condensibles)

= 1904.3 + 0.0
- 1904.3

Mass Conconcraéion = 0.4993 x TGNMO
= 0.4993 x 1904.3 = 950.8

F-10



RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 SAMPLE QA/QC DATA & CALIBRATION CHECK/A

5.1.1 Carrier Gas and Auxiliary QOxygen Blaak (1/3/90)

CO + CH, + CO, + NMO « 0 ppm Requirement: < 5 ppm

5.1.2 Catalyst Efficiency Check (1/4/90)
_ CO, = 9982 ppaC Requirement: CO, = 10000 + 200 ppmC
5.1.3 System Performance Check (1/4/9087)
Average Percent
_ Recovery SRSD

50 ulL hexane/decane 107.6/103.6 0.1/0.5

10 uL hexane/decane 102.1/103.2 0.5/0.9

Requirement 100 ¢+ 109 <5

5.2.1 Qxidation Catalyst Efficiency Check (1/5/90)
FID Response vith Reduction Catalyst Out = 0.25%
Requireaent . : <18

5.2.2 Reduction Catalyst Efficiency Check (1/5/90)

Response of CO, with Oxidation Catalyst and Reduction
Catalyst operative was 100.3% of response with catalyst

out.
Requirement 100 + S
5.2.3 Analyzer Linearity Check and NMO Calibration (1/2/90)
RF values agree vithin 2.5 Requirement: within 2.5¢
SRSD values for triplicates < 2% * < 2%

except Propane 4th Dilution (22 ppme) SRSD = 2.4%

(deviation by Gene Mull, Manager and Joseph Adamovic,
Laboratory Manager)

RE(NMO) _ 4 o5 REQMO) _ ) 94 0.1
 RF(CO,) RF(CO,)

5.2.4 System Performance Check (1/5/90-4/10/90)

Measured Value Expected Value Requirement

Requirement:

Propane Mix 75.0 ppa 73.0 ppm + 5%
Hexane 53.4 ppn 55.2 ppm + 5¢
Toluene 54.9 ppm 546.5 ppm + 56
Methanol * ppa ppm + 5%

* Methanol is currently being analyzed.

F-11



2
5.3 NMO Analyzer Daily Calibration

Triplicace injections of a mixture containing propane and high-
level CO, are made at the beginning of each set of samples or
every 24 hours, vwhichever comes first.

Requirements *: DRF(NMO) = [RF(NMO) = 915]) + 5%
DRF(CO,) = [RF(CO,) = 862] + 5%

* Original calibration values were 91.5 and 86.2; on 5/30/90,
electrometer range was lowered by a factor of 10, increasing each
response factor by a factor of 10.

F-12



RESEARCH TRIANGLE LABORATORIES, INC. °

METHOD 25 DATA REPORT
Name: Radian Corporatioen ID #90-141-275 Date: 8/20-22/90
Sample # 1
TANK 6191: TRAP NA  COLLECTION VESSEL:
Volume (cu.m) = 0.005785 Volume (cu.m) = 0.004551
Pressure Temp. (k) Pressure Temp.(K)
(mm Hg) (mm Hg)
Presampling 348.0 302.0 .
Postsampling 767.1 302.0
Final 1052.0 299.2 Final 0.0 273.2

Volume Sampled (dscm) = 0.003096

Calibration Data:
co2 Backflush

Response Factor (area units/ppmC) 880.5 902.0

Blank (ppmC) 6.6

Blank Area (area units) 33183
Areas:

CO + CH4 150,834,200 150,684,700 150,857,900

co2 102,969,400 102,999,900 103,009,500

Noncondensibles 763,820 729,530 639,410

Condensibles 0 0 0
Concentrations (ppmC): $RSD

CO + CH4 434032.0000 0.06213

co2 296449.1000 0.0203

Noncondensibles 1904.2620 9.4814

Condensibles 0.0000 0.0000

TGNMO 1904.2620

(= 950.7978 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation
Sample = 2
TANK new 87: TRAP NA
Volume (cu.m) = 0.004435
Pressure Temp. (K)
(mm Hg)
Presampling 340.4 301.5
Postsampling 767.1 301.5
Final 1053.0 300.2 Final
Volume Sampled (dscm) = 0.002421
Calibration Data:
_ C02 Backflush
Response Factor (area units/ppmC) 880.5 902.0
Blank (ppmC) 6.6
Blank Area (area units) 33183

Areas: :
CO + CH4 41,097,790 41,305,950 41,500,100
co2 69,691,330 70,112,900 70,115,580
Noncondensibles 1,024,969 1,142,894 1,129,982
Condensibles 0 0 0
Concentrations (ppmC): 3RSD
CO + CH4 1162613.8000 0.4871
co2 196976 .0000 0.3490
Noncondensibles 2929.5530 6.0670
Condensibles 0.0000 0.0000
TGNMO 2929.5530

ID #90-141-275 Date: 8/20-22/90

COLLECTION VESSEL:

Volume (cu.m) = 0.004551

Pregsure Temp.(K)
(mm Hg)
0.0 273.2

(= '1462.7260 mgC/cu.m)



RESEARCH TRIANGLE LABORATORIES, INC.

<141-275 Date: 8/20-22/90

COLLECTION VESSEL:

Volume (cu.m) = 0.004551

METHOD 25 DATA REPORT
Name: Radian Corporation ID #90
Sample # 3
TANK new 16: TRAP NA
Volume (cu.m) = 0.004358
Pressure Temp. (K)
(mm Hg)
Presampling 340.4 299.3
Postsampling 767.1 299.3
Final 1066.0 301.2 Final
Volume Sampled (dscm) = 0.002397
Calibration Data:
Cco2 Backflush
Response Factor (area units/ppmC) 880.5 902.0
Blank (ppmC) 6.6
Blank Area (area unitcs) 33183
Areas: : :
CO + CH4 40,164,670 41,210,500 40,863,970
co2 67,869,890 67,864,580 67,618,240
Noncondensibles 631,807 577,029 646,652
Condensibles 0 0 0
Concentrations (ppmC): . $RSD
CO + CH4 114879.2000 1.3074
Co2 191109.0000 0.2121
Noncondensibles 1612.7160 6.3227
Condensibles 0.0000 0.0000
TGNMO 1612.7160

(= - 805.2288 mgC/

Pressure Temp.(K)
(mm Hg)
0.0 273.2
cu.m)



RESEARCH TRIANGLE LABORATORIES, INC.

ID #90-141-275 Date: 8/20-22/90

METHOD 25 DATA REPORT
Name: Radian Corporation
Sample # 4
TANK new 225: TRAP NA
Volume (cu.m) = 0.004500
Pressure Temp. (K)
(mm Hg)
Presampling 370.8 298.7
Postsampling 767.1 298.7
Final 1031.0 299.7 Final
Volume Sampled (dsem) = 0.002302
Calibration Data:

_ Co2 Backflush
Response Factor (area units/ppmC) 880.5 902.0
Blank (ppmC) 6.6
Blank Area (area units) 33183

Areas:
CO + CH4 138,436,200 138,868,400 138,733,600
€02 94,549,180 94,449,920 94,500,420
Noncondensibles 480,780 519,310 518,190
Condensibles 0] 0 0
Concentrations (ppmC): SRSD
CO + CH4 408518.7000 0.1595
co2 278375.5000 0.0525
Noncondensibles 1359.8830 4.6371
Condensibles 0.0000 0.0000
TGNMO 1359.8830

COLLECTION VESSEL:
Volume (cu.m) = 0.0064551

Pressure Temp . (K)
(am Hg)

0.0 273.2

(= 678.9897 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation

ID #90-141-275

Sample # 5
TANK new 46: " TRAP NA
Volume (cu.m) = 0.004577
Pressure Temp. (K)
(mm Hg)
Presampling 340.4 298.7
Postsampling 767.1 298.7
Final 1058.0 302.2 Final
Volume Sampled (dscm) = 0.002522
Calibration Data: :
co2 Backflush
Response Factor (area units/ppmC) 893.2 923.1
Blank (ppmC) 6.6
Blank Area (area units) 8938

Date: 8/20-22/90

COLLECTION VESSEL:

Volume (cu.m) = 0.004551
Préssure~ Temp . (K)

(mm Hg)

0.0 273.2

Areas:
CO + CH4 40,713,790 40,618,500 40,797,440
co2 68,973,120 68,698,180 69,479,010
Noncondensibles 546,647 517,922 776,632
Condensibles 0 0 0
Concentrations (ppmC): 3RSD
CO + CH4 111715.9000 0.2199
co2 189486 .9000 0.5736
Noncondensibles 1605.9180 23.4465
Condensibles 0.0000 0.0000
TGNMO 1605.9180
(= 801.8349 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation ID #90-141-275 Date: 8/20-22/90
Sample # 6
TANK 6101: : TRAP NA COLLECTION VESSEL:
Volume (cu.m) = 0.005756 Volume (cu.m) = 0.004551
Pressure Temp. (K) Pressure Temp.(K)
(mm Hg) (mm Hg)
Presampling 340.4 299.3
Postsampling 767.1 299.3
Final 1065.0 302.2 Final 0.0 273.2
Volume Sampled (dsem) = 0.003166
Calibration Data:
C02  Backflush
Response Factor (area units/ppmC) 893.2 923.1
Blank (ppmC) 6.6 '
Blank Area (area units) 8938
Areas:
CO + CH4 40,998,370 40,910,500 40,858,750
co2 70,092,930 69,043,010 69,687,490
Noncondensibles 438,800 465,803 513,266
Condensibles 0 0 0
Concentrations (ppmC): SRSD
CO + CH4 113252.6000 0.1725
co2 192638.8000 0.7607
Noncondensibles 1241.6770 8.1302
Condensibles 0.0000 0.0000
TGNMO 1241.6770 .
(= 619.9695 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation ID #90
Sample # 7
TANK new 151: TRAP NA
Volume (cu.m) = 0.004551
Pressure Temp . (K)
(mm Hg)
Presampling 398.0 303.2
Postsampling 766.3 303.2
Final 1085.0 300.2 Final
Volume Sampled (dscm) = 0.002133
Calibration Data:
co2 Backflush
Response Factor (area units/ppmC) 880.5 902.0
Blank (ppmC) 6.5
Blank Area (area units) 33183
Areas:
CO + CH4 258,153,000 258,596,800 259,211,700
€02 192,904,000 192,964,000 192,614,000
Noncondensibles 536,260 518,070 576,350
Condensibles 0 0 ' 0
Concentrations (pme):- SRSD
CO + CH4 874051.0000 0.2055
co2 651608.1000 0.0971
Noncondensibles 1683.5730 5.8423
Condensibles 0.0000 0.0000
TGNMO 1683.5730
. (= 840.6078 mgC/

F-19

-141-275 Date: 8/20-22/90

COLLECTION VESSEL:

Volume (cu.m) = 0.004551

Pressure Temp. (K)
(mm Hg)
0.0 273.2
cu.m)



RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT.
Name: Radian Corporation ID #90-141-275 Date: 8/20-22/90
Sample # 8
TANK new 47: TRAP NA COLLECTION VESSEL:
Volume (cu.m) = 0.004563" Volume (cu.m) = 0.004551
Pressure Temp . (K) ‘ Pressure Temp:(x)
(mm Hg) (mm Hg) '
Presampling 390.4 303.2
Postsampling 766.3 ©303.2 o
Final 1058.0 300.2 Final 0.0 273.2

Volume Sampled (dscm) = 0.002182

Calibracion Data:
C0o2 Backflush

Response Factor (area units/ppmC) 880.5 902.0

Blank (ppmC) 6.6

Blank Area (area units) 33185
Areas:

CO + CH4 196,188,200 197,900,000 198,766,200

co2 129,548,700 130,610,800 130,638,300

Noncondensibles 333,470 339,000 363,200

Condensibles 0 0 0
Concentrations (ppmC): SRSD

CO + CH4 637979.8000 0.6639

Cc02 420543.6000 0.4769

Noncondensibles -983.3562 ‘ 5.0673

Condensibles 0.0000 0.0000

TGNMO 983.3562
. (= 490.9898 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 2S5 DATA REPORT
Name: Radian Corporation | ID #90-141-275 Date: 8/20-22/90
Sample # 9
TANK new 115: . TRAP NA COLLECTION VESSEL:
Volume (cu.m) = 0.004566 : Volume (cu.m) = 0.004551
Pressure Temp. (K) _ Pressure Temp.(K)
(mm Hg) (mm Hg)
Presampling 390.4 303.2
Postsampling 766.3 303.2 '
Final 1070.0 301.2 Final 0.0 273.2

Volume Sampled (dscm) = 0.002184

Calibration Data:
c02 Backflush

Response Factor (area units/ppmC) 893.2 923.1

Blank (ppmC) 6.6

Blank Area (area unics) 33183
Areas: :

CO + CH4 43,409,700 43,317,830 43,367,040

co2 74,286,280 74,241,350 74,043,330

Noncondensibles 539,259 557,536 495,752

Condensibles 0 0 0
Concentrations (ppmC): SRSD

CO + CH4 139108.1000 0.1060

co2 237991.6000 0.1742

Noncondensibles 1544.7290 6.3776

Condensibles . 0.0000 - 0.0000

TGNMO . 1544 .7290

(= 771.2832 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation ID #90
Sample # 10
TANK new 202: - TRAP NA
Volume (cu.m) = 0.004489
Pressure Temp. (K)
(mm Hg)
Presampling 390.7 301.5
Postsampling 766.6 301.5
Final 1090.0 301.2 Final
Volume Sampled (dscm) = 0.002159
Calibration Data:
_ co2 Backflush
Response Factor (area units/ppmC) 880.5 - 902.0
Blank (ppmC) 6.6
Blank Area (area units) 33183
Areas: ' '
CO + CH4 43,263,550 43,325,190 42,952,530
C02 74,336,000 74,503,880 73,173,120
Noncondensibles 366,712 377,219 376,010
Condensibles 0 0 0
Concentrations (ppmC): RSD
CO + CH4 142353.8000 0.4626 .
Cc02 243971.6000 0.9793
Noncondensibles 1094 .5880 1.6903
Condensibles 0.0000 0.0000
TGNMO 1094.5880
(= 546.5279 mgC/

F-22
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COLLECTION VESSEL:

Volume (cu.m) = 0.004551

Pressure Temp. (K)
(mm Hg)
- 0.0 273.2
cu.m)



RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation
Sample # 11
TANK new 193:
Volume (cu.m) = 0.004484
Pressure
(mm Hg)
Presampling 390.7
Postsampling 766.6
" Final 1058.0

ID #90-141-275 Date: 8/20-22/90

TRAP NA COLLECTION VESSEL:
Volume (cu.m) = 0.004551
Temp. (K) Pressure Temp. (K)
. (om Hg)
301.5
301.5
301.2 Final 0.0 273.2

' Volume Sampled (dscm) = 0.002156

Calibration Data:

Response Factor (area units/ppmC) 880.5

Blank (ppmC)
Blank Area (area units)

c02 Backflush
902.0
6.6

33183

Areas: .
' CO + CH4 200,253,100 200,259,500 201,503,400
co2 131,071,500 130,977,400 131,609,900
Noncondensibles 422,970 356,430 387,840
Condensibles 0 0
Concentrations (ppmC): SRSD
CO + CH4 642137.6000 0.3588
co2 419894.5000 0.2601
Noncondensibles 1111.7020 9.3531
Condensibles 0.0000 0.0000
TGNMO 1111.7020

(= 555.0730 mgC/cu.m)



RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation ID #90-141-275 Date: 8/20-22/90
Sample # 12
TANK new 351: TRAP NA COLLECTION VESSEL:
Volume (cu.m) = 0.004534 Volume (cu.m) = 0.004551
Pressure Temp. (K) Pressure Temp. (K)
(mm Hg) (mm Hg)
Presampling 390.7 301.5
Postsampling 766.6 301.5
Final 1030.0 299.7 Final 0.0 273.2

Volume Sampled (dscm) = 0.002181

Calibracion Data:
co2 Backflush

Response Factﬁr (area units/ppmC) 880.5 902.0

Blank (ppmC) 6.6

Blank Area (area units) 33183
Areas:

CO + CH4 42,433,860 42,360,260 41,760,930

Cc02 72,648,320 72,416,580 70,803,780

Noncondensibles 396,154 401,885 408,586

Condensibles 0 0 0
Concentrations (ppmC): $RSD

CO + CH4 - 132074.7000 0.8750

co2 225283.8000 1.3963

Noncondensibles 1127.8220 - 1.6861

Condensibles 0.0000 0.0000

TGNMO 1127.8220

(= 563.1214 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC. -

METHOD 25 DATA REPORT
Name: Radian Corporation ID =90
Sample # 13
TANK new 31: TRAP NA coL
Volume (cu.m) = 0.004566
Pressure Teamp. (K)
(mm Hg)
Presampling 350.5 297.6
Postsampling 764.5 297.6
Final 1070.0 299.2 Final
Volume Sampled (dsecm) = 0.002450
Calibration Data:
C02  Backflush
Response Factor (area units/ppmC) 893.2 923.1
Blank (ppmC) : 6.6
Blank Area (area units) 33183
Areas: : : '
CO + CH4 41,905,540 41,975,970 41,827,460
co2 71,868,860 71,328,710 71,332,160
Noncondensibles 1,055,117 948,219 934,921
Condensibles 0 0 0
Concentrations (ppmC): SRSD
CO + CH4 120613.1000 0.1773
co2 205833.4000 0.4347
Noncondensibles 2635.4150 6.9637
Condensibles 0.0000 0.0000
TGNMO 2635.4150
(= 1315.8630 mgC/

F-25

-141-275 Date: 8/20-22/90

LECTION VESSEL:
Volume (cu.m) = 0.004551

Pressure
(mm Hg)

Teap. (K)

0.0 273.2

cu.m)



RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation ID #90-141-275 Date: 8/20-22/90
Sample # 14 -
TANK new 134: TRAP NA  COLLECTION VESSEL:
Volume (cu.m) = 0.004554 Volume (cu.m) = 0.004551
Pressure Teap. (K) Pressure Temp.(K)
(mm Hg) (mm Hg)
Presampling 348.0 297.6 .
Postsampling 764.5 297.6
Final . 1049.0 301.2 Final 0.0 273.2

Volume Sampled (dscm) = 0.002459

Calibration Data: -
_ Cco2 Backflush
Response Factor (area units/ppmC) 893.2 923.1

Blank (ppmC) 6.6

Blank Area (area units) 33183
Areas:

CO + CH4 42,971,750 42,678,400 41,959,680

co2 71,899,260 73,905,600 72,202,370

Noncondensibles 1,005,653 954,375 1,010,856

Condensibles 0 0 0
Concentrations (ppmC): SRSD

CO + CH4 118509.8000 1.2242

co2 202460.8000 1.4883

Noncondensibles 2580.2030 . 3.2615

Condengibles 0.0000 0.0000

TGNMO 2580.2030

(= 1288.2950 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radlan Corporation ID #90-141-275 Dace: 8/20-22/90
Sample # 15
TANK new 133: ' TRAP NA COLLECTION VESSEL:
Volume (cu.m) = 0.004555 : Volume (cu.m) = 0.004551
Pressure Temp.(K) Pressure Teap.(K)
(mm Hg) : (mm Hg)
Presampling 348.0 297.6
Postsampling 764.5 297.6 _
Final 1042.0 300.2 " Final 0.0 273.2

Volume Sampled (dscm) = 0.002459

Calibracion Data: ’ .
€co2 Backflush

Response Factor (area units/ppmC) 880.5 902.0

Blank (ppmC) 6.6

Blank Area (area units) 33183
Areas: _

CO + CH4 " 43,000,230 43,294,740 42,998,910

Cc02 73,924,230 74,849,220 74,653,700

Noncondensibles 1,618,009 1,528,139 1,607,910 °

Condensibles 0 0 0
Concentrations (ppmC): SRSD

CO + CHa4 121395.9000 0.3954

Cco2 209779.0000 0.6546

Noncondensibles 4266.0190 3.1731

Condensibles 0.0000 - 0.0000

TGNMO 4266.0190
. (= 2130.0240 mgC/cu.m)
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RESEARCH TRIANGLE LAliORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation : ID #90-141-275 Date: 8/20-22/90
Sample # 16
TANK new 84: TRAP NA COLLECTION VESSEL:
Volume (cu.m) = 0.004583 Volume (cu.m) = 0.004551
Pressure Temp.(K) Pressure ' Temp. (K)
(mm Hg) (mm Hg)
Presampling 340.4 297.6
Postsampling 764.5 297.6 , .
Final 1126.0 301.2 Final 0.0 273.2

Volume Sampled (dscm) = 0.002520

Calibration Data:
Co2 Backflush

Response Factor (area units/ppmC) 880.5 902.0

Blank (ppmC) 6.6

Blank Area (area units) 33183
Areas:

CO + CH4 ' 41,935,490 43,041,990 42,499,520

co2 72,634,660 74,528,260 72,989,180

Noncondensibles 569,587 570,168 540,546

Condensibles 0 0 0
Concentrations (ppmC): SRSD

CO + CH4 126593.5000 1.3021

co2 218626.3000 - - 1.3718

Noncondensibles 1532.3790 3.2144

Condensibles -0.0000 0.0000

TGNMO 1532.3790

(= 765.1167 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation - ID #90-141-275 Date: 8/20-22/90
Sample # 17
TANK new 222: TRAP NA  COLLECTION VESSEL:
Volume (cu.m) = 0.004496 Volume (cu.m) = 0.004551
Pressure Temp.(K) Pressure Temp. (K)

' (mm Hg) (o Hg)

Presampling 342.9 297.6

Postsampling 764.5 297.6

Final 1067.0 - 302.2 Final 0.0 273.2 -

Volume Sampled (dscm) = 0.002457

Calibration Data:
co2 Backflush

Response Factor (area units/ppmC) 893.2  923.1

Blank (ppmC) 6.6

Blank Area (area units) 8938
Areas: ‘

CO + CH4 41,805,730 41,607,870 42,170,050 -

co2 . 72,230,530 71,571,460 72,591,620

Noncondensibles 482,187 503,635 520,218

Condensibles 0 0 0
Concentrations (ppmC): SRSD

CO + CHG4 116812.2000 0.6812

co2 201279.4000 0.7171

Noncondensibles 1331.3410 3.8670

Condensibles 0.0000 0.0000

TGNMO 1331.3410 :

(= 664.7388 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
" Name: Radian Corporation ID #90-141-275" Date: 8/20-22/90
Sample # 18
TANK new 79: TRAP NA COLLECTION VESSEL:

Volume (cu.m) = 0.004559

Pressure Temp. (K)

(mm Hg)
Presampling . 345.4 297.6
Postsampling 764.5 © 297.6
Final 1058.0 300:2 Final

Volume Sampled (dscm) = 0.002476

Calibration Data:
co2 Backflush

Response Factor (area units/ppmC) 893.2 923.1

Blank (ppmC) 6.6

Blank Area (area units) 89138
Areas:

CO + CH4 41,919,590 41,710,910 41,852,550

co2 72,664,260 72,416,580 72,686,280

Noncondensibles 884,386 978,659 880,483

Condensibles 0 0 0
Concentrations (ppmC): 8RSD

CO + CH&4 117211.3000 0.2547

Cc02 203412.1000 . 0.2063

Noncondensibles 2455.4350 . 6.1386

Condensibles 0.0000 0.0000

TGNMO 2455.4350 '

(= 1225.9990 mgC/
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Volume (cu.m) = 0.004551

Pressure Temp. (K)
(mm Hg)

0.0 273.2

cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 TABLE OF RESULTS
1
Name: Radian Corporation ID #90-141-304 Date: 9/18-9/19/90
Sample [~ Concentrations (ppmC) — Mass
# Description co CH4 C02 Noncon- Conden- TGNMO Conc.
densibles sibles (mgC/cu.m)
1 Run 1 0 588777 440273 1807 0 1807 902
2 Run 2 0 576308 429887 1869 0 1869 933
3 Run 3 0 579089 427375 2040 0 2040 1019
4 Run & 0 576860 426636 1778 0 1778 888
5 Run $ 0 620554 461827 1454 0 1456 726
6 Run 6 0 605251 449943 2336 0 2336 1166
7 Run 7 0 547630 397193 1007 0 1007 503
8 Run 8 0 559645 408619 770 0 770 184
9 Run 9 0 559157 405974 817 0 817 408
10 Run 10 0 516040 378688 812 0 812 405
11 Run 11 0 586596 445773 1286 0 1286 642
12 Run 12 0 523619 388038 923 0 923 46l
13 Run 13 0 548983 410480 1203 0 1203 60l
14 Run 14 0 552874 465279 5431 0 s431 2712
15 Run 15 0 565403 482293 5480 0 5480 2736
16 Run 16 0 556735 473719 5489 0 5489 2741

F-32



Radian Corporation 90-141-304
Iank Pressure* Higscory

Pressure (Temperature) Pressure (Temperature) Pressure (Temperature)
2 Iank ® After Connection aAfcer Pressurizacion After Analysis
1 155 619 (26) 1057 (26) 885 (26)
2 122 609 (26) 1033 (26) 960 (26.5)
3 068 588 (26.5) 1104 (26.5) 1050 (27)
4 019 577 (28) 1115 (28) 1080 (28)
5 038 612 (28) 1126 (28) 1074 (29)
6 147 647 (29) 1094 (29) 1027 (28)
7 105 666 (29) 1080 (29) 1045 (29)
8 031 670 (29) 1055 (29) 1020 (30)
9 140 699 (30) 1087 (30) 950 (30)
10 014 696 (27.5) 1124 (27.5) 1027 (27)
11 001 691 (26) - 1084 (26) 1014 (28)
12 189 701 (27) 1068 (27) 988 (28)
13 185 682 (28) 1070 (28) 986 (29)
14 115 ' 687 (29) 1303 (29) 1114 (30)
15 135 691 (29) 1116 (29) 1077 (30)
16 900 683 (30) 1085 (30) 1048 (30)

* Pressure, mmHg: Temperature, °C
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All samples:

RESEARCH TRIANGLE LABORATORIES, INC.

COMMENTS ON THE ANALYSES
Report #90-141-304

CH, and CO, were analyzed with the electrometer set at a range 100 times
less sensitive than normal in order to prevent signal overload. The areas
were multiplied by 100 before calculations. The NMO were analyzed at the
normal electrometer range.

All NMO peaks tailed badly: this may have resulted in some degree of
integration error.

Since tank volumes were not supplied, a volume of 2 L was used for all
samples. The only results affected by this are the volume sampled and the
[zero value] condensibles concentrations.
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 EXPERIMENTAL PROCEDURE
Calibration

A propane calibration gas mixture of 82 ppm CO, 68 ppm CH,, 2.07% CQ,, and 75
ppm propane is injected via a 1-mL sampling loop into the analyzer. The injections are
repeated until three integrated areas indicate reasonable agreement. A 1.18% CO,
standard is run daily with the same requirement. The average daily response factors must
agree within 5% of the RF(CO,) and the RF(NMO) from the initial performance check.

Daily Performance Checks are performed at the beginning of each work day.
Calibrations are performed daily or between customer sets of samples, whichever comes
first. Additionally, a System Background Check is performed between each set of samples.
Duplicate injections of 1.0% CO, are made after the final sample each day.

Response factors (average integrated area/concentration in ppmC) are calculated
daily from the initial triplicate injections.

Analysis

Each trap is stored under dry ice until just prior to analysis and is flushed of CO,
by passing zero air through it at -78 °C and via the CO, NDIR to the sample tank.
Flushing is continued until no'NDIR response is noted. The trap is baked at 200°C with
zero air flushing through the trap and via the oxidation catalyst and the NDIR into the
collection vessel. Collection is continued until no NDIR response is noted. The trap is
transferred to an oven set at 350 °C and baking is continued for 30 minutes. This ensures
the cleanliness of the trap for a subsequent sampling. The trap is taken out of the oven
and allowed to cool; it is then capped and stored for shipment.

The sample tank is analyzed by injecting an aliquot via a 1-mL sample loop into the
GC column, which is held at 85 °C to elute the CO+CH, and then the CO, which is
passed to the oxidation catalyst, reduction catalyst, and FID. The column is then
backflushed at 195 °C to elute the organic fraction. The collection vessel is analyzed
identically. In both cases, triplicate injections are made. The sample tank is pumped for
S minutes (to less than S mmHg) and air is then allowed in via a paper fiber filter; this
procedure is repeated. The tank is pumped 10 minutes and allowed to stand overnight.
The tank is then connected to a pressure gauge to test for leaks (maximum permissible leak
rate = 10 mmHg/day). If the tank passes the leak test, it is filled with zero air to slightly
greater than atmospheric pressure and stored for shipment.

Calculations

P lmila ne ara Aana in anmrd u.n'ln CDA .eghvnd q
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calculation is prowded using client/RTL data.

PSS
25 procedures, A sample
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 SAMPLE CALCULATION

Note: All pressure valuss have been converted when necessary to mm Hg and al) temperature values to Kelvin.
Name: Radian Corporation ID #90-141-304 Date: 9/18-9/19/90

Sample # 1 Run 1

DATA
Tank 155: Trap Collection Vessel:
Volume (cu.m) = 0.002000 Volume (cu.m) = 0.004551
Pressure Temp. (K) Pressure Temp. (K)
: (zm Hg) (mm Hg)

Presampling 67.3 ~ 304.8

Postsampling 765.8 304.8

Final 1057.0 299.2 Final 0.0 273.2
Calibracion Daca:

co2 Backflush
Response Factor (area units/ppaC) 890.4 911.2

Blank (ppmC) 21.4
Blank Area (area units) 7710
Areas:

co 0 0 0
CH4 340,139,800 339,868,800 339,988,000
co2 : 253,890,600 254,771,800 254,066,900
Noncondensibles 1,047,863 1,115,551 1,064,129
Condensibles 0 0 0

CALCULATIONS

Measured Conceptrationg, corrected for blank:

Area(C0O)/RF(C02)

0 /890.4 = 0.
0 /8%0.4 = 0.
0 /890.4 = 0.

Cm(CO)

[ I |
Qo

Cm(CH4) = Area(CH4)/RF(CO2)

3.401398E+08 /890.4 = 382007.9
3.398688E+08 /890.4 = 381703.5
3.39988E+08 /890.4 = 381837.4

Cm(CO2) = Area(CO2)/RF(C0O2)
2.538906E+08 /890.4 = 285142.2
2.547718E+08 /890.4 = 286131.9

2.540669E+08 /890.4 = 285340.2
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RESEARCH TRIANGLE LABORATORIES, INC. - METHOD 25 SAMPLE CALCULATION
Cm(Noncondensibles) = [Area(Noncondensibles) - Blank Area(NMO))/RF(NMO)
= ( 1047863 - 7710)/911.2 = 1141.5
= ( 1115551 - 7710)/911.2 =« 1215.8
- ( 1064129 - 7710)/911.2 « 1159.4
Can(Condensibles) = Area(Condensibles)/RF(CO2) - Blank(C02)
-0 /890.4 - 21,4 = -21.4
-0 /890.4 - 21 .4 = -21.4
=0 /890.4 - 21 .4 = -21.4
- t tio -

postsampling tank: Q(1)
presampling tank: Q{(2)
final tank: Q(3)
final CV: Q(s)

765.81 / 304.8167 = 2.512363
67.30999 / 304.8167 = .2208212
1057 s/ 299.15 = 3.533345
0/273.15 =0

Volume Sampled (dscm) = 0.3857 x Tank Volume x {Q(1)-Q(2)]
- 0.3857 x .002 =x [2.5124 - 0.2208]
= 0.001768

Averages and % Relative Standard Deviations (8RSD) of Cm’'s are calculated.
(3RSD of C = 3RSD of Cm)

C ted t ")

C(CO) = Q(3)/(Q(1)-Q(2)] x Cm(CO)
= 3.5333/(2.5124 - 0.2208) x 0.0 = 0.0

C(CH4) = Q(3)/[Q(1)-Q(2)] x Cm(CH4)
= 3.5333/(2.5124 - 0.2208) x 381849.6 = 588776.6

C(C02) = Q(3)/(Q(1)-Q(2)] x Cm(CO2)
= 3.5333/(2.5124 - 0.2208) x 285538.0 = 440273.2

C(Noncondensibles) = Q(3)/tQ(1)-Q(2)] x Cm(Noncondensibles)
= 3.5333/(2.5124 - 0.2208) x 1172.2 = 1807.5

C(Condensibles) ’
= Volume (CV)/Volume(Tank) x Q(4)/[Q(1)-Q(2)] x Cm(Condensibles)
= 0.004551/0.002000 x 0.0000/(¢(2.5124 - 0.2208) x 214 = 0.0

Total Gaseous Non- Hethane Organics(TGNMO)=C(Noncondensibles)+C(Condensibles)

- 1807.5 + 0.0
- 12075

Mass Concentration = 0.4993 x TGNMO
= 0.4993 x 1807.5 = 902.5
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 2§ SAMPLE QA/QC DATA & CALIBRATION CHECK/A

5.1.1 Carrier Gas and Auxiliary Oxygen Blank (1/3/90)

CO + CH, + CO, + NMO = 0 ppm Requirement: < 5 ppm

5.1.2 Catalyst Efficiency Check (1/4/90)

CO, = 9982 ppmC Requirement: CO, = 10000 + 200 ppmC
5.13 Sm:.m_l’_mmmansz_cmsk (1/4/90) .

Average Percent
Recovery SRSD

50 ulL hexane/decane 107.6/103.6 0.1/0.5

10 uL hexane/decane 102.1/103.2 0.5/0.9

Requirement 100 + 10% <5

5.2.1 Oxidation Catalyst Efficiency Check (1/5/90)
FID Response with Reduction Catalyst Out = 0.25%
Requirement < 1%

5. ZZBsnusxm_lem_Efﬁm:y_Chmk (1/5/90)

Response of CO, with Ox{dation Catalyst and Reduction
Catalyst operative was 100. 3! of response with catalyst
out.

Requirement 100 + Ss

5.2.3 Analyzer Linearity Check and NMO Calibration (1/2/90)

RF values agree within 2.5¢ Requirement: within 2.5%
$SRSD values for triplicates < 2% " < 2%
except Propane 4th Dilution (22 ppmc) SRSD = 2.4%

(deviation by Gene Mull, Manager and Joseph Adamovic,
Laboratory Manager)

REQMO) _ ) 015  Requiremenc: BEUMO _ 5, 0.3
RF(CO,) RF(CO,)

5.2.4 System Performance Check (1/5/90-4/10/90)

Measured Value Expected Value Requirement

Propane Mix 75.0 ppm 75.0 ppm + 58
Hexane 55.4 ppm 55.2 ppm + 5%
Toluene 54.9 ppa 54.5 ppn + 5%
Methanol * ppa ppa + 5%

* Methanol is currently being analyzed.

F-38



2

5.3 NMO Analyzer Daily Calibratiop

Triplicate injections of a mixture containing propane and high-

level CO, are made at the beginning of each set of samples or
every 24 hours, whichever comes first

Requirements *: DRF(NMO) = [RF(NMO) = 915] +

DRF(CO;} = {RF(CO;) = 862} £ 5

59
%

* Original calibration values were 91.5. and 86.2

. on 5/30/90,
electrometer range was lowered by a factor of 10, increasing each
response factor by a factor of 10.
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation ' ID #90-141-304 Date: 9/18-9/19/90
Sample # 1 Run 1
TANK 155: TRAP COLLECTION VESSEL: '
Volume (cu.m) = 0.002000 Volume (cu.m) = 0.004551
Pressure Temp. (K) : Pressure Temp. (K)
(mm Hg) (zm Hg)
Presampling 67.3 304.8
Postsampling 765.8 304.8
Final 1057.0 299.2 Final . 0.0 273.2 -

Volume Sampled (dscm) = 0.001768

Calibration Data:
€02 Backflush

Response Factor (area units/ppmC) 890.4 911.2

Blank (ppmC) 21.4
Blank Area (area units) 7710
Areas: :
co , 0 0 0
CH4 340,139,800 339,868,800 339,988,000
Co02 253,890,600 254,771,800 254,066,900
Noncondensibles 1,047,863 1,115,551 1,064,129
Condensibles 0 0 0
Concentrations (ppmC): 3RSD
B ofs] 0.0000 0.0000
CH& 588776.6000 0.0400
- €02 440273.2000 ° 0.1834
Noncondensibles 1807.4730 3.3079
Condensibles 0.0000 0.0000
TGNMO 1807.4730

(= 902.4711 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation
Sample # 2 Run 2
TANK 122:
Volume (cu.m) = 0.002000
Pressure
(mm Hg)
Presampling 67.3
Postsampling 765.8
Final 1033.0

ID #90-141-304 Date: 9/18-9/19/90

TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.004551
Temp. (K) Pressure Temp. (K)
(am Hg)
304.8
304.8
299.2 Final 0.0 273.2.

Volume Sampled (dscm) = 0.001768

Calibration Data:

Cc0o2 Backflush

Response Factor (area units/ppmC) 890.4 911.2

Blank (ppmC) 21.4

Blank Area (area units) 7710
Areas:

co _ . 0 0

CH4 340,554,400 340,540,500 340,497,800

co2 254,036,500 254,076,000 253,927,000

Noncondensibles 1,029,935 1,152,579 1,231,261

Condensibles 0 0
Concentrations (ppamC): SRSD

co 0.0000 0.0000

CH4 576308.4000 0.0087

co2 429887.4000 - 0.0304

Noncondensibles 1869.0940 8.9771

Condensibles 0.0000 0.0000

TGNMO 1869.0940

(= 933.2387 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation
Sample = 3 Run 3
TANK 068:
Volume (cu.m) = 0,002000
Pressure
(mm Hg)
Presampling 92.7
Postsampling 765.8 °
Final 1104.0

ID #90-141.304 Date: 9/18-9/19/90

TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.004551
Temp. (K) Pressure Temp. (K)
(mm Hg)
303.7
303.7
299.7 Final 0.0 273.2

Volume Sampled (dscm) = 0.001710

Calibration Data:

co2 Backflush

Response Factor (area units/ppmC) 890.4 911.2

Blank (ppmC) 21.4 ‘

Blank Area (area units) 7710
Areas:

co 0 0

CH4 309,882,600 310,270,400 310,363,400

. €02 228,621,800 228,515,400 229,595,700

Noncondensibles 1,045,804 1,178,481 1,153,974

Condensibles (o] 0
Concentrations (ppmC): 3RSD

co 0.0000 0.0000

CH4 C 579089.4000 . 0.0822

co2 427375.3000 0.2601

Noncondensibles 2040.3390 6.3126

Condensibles 0.0000 0.0000

TGNMO 2040.3390

(= 1018.7410 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation
Sample # 4 Run &
TANK 019:
Volume (cu.m) = 0.002000
Pressure
(mm Hg)
Presampling 108.0
Postsampling 765.8.
Final 1115.0

ID #90-141-304 Date: 9/18-9/19/90

COLLECTION VESSEL:

TRAP
Volume (cu.m) = 0.004551
Temp. (K) Pressure Temp. (K)
(mm Hg)
304.8
304.8
301.2 Final 0.0 273.2

Volume Sampled (dscm) = 0.001665

Calibration Data:

Cc0o2 Backflush

Response Factor (area units/ppmC) 890.4 911.2

Blank (ppmC) 21.4 .

Blank Area (area units) 7710
Areas:

co 0 0

CH4 299,183,700 299,508,200 299,521,000

€02 221,236,500 221,205,400 221,862,100

Noncondensibles 928,609 927,797 1,000, 344

Condensibles 0 0
Concentrations (ppmC): 3RSD

co 0.0000 0.0000

CH4 . 576859.5000 0.0638

€02 426636.2000 0.1673

Noncondensibles 1778.2950 4.4098

Condensibles 0.0000 0.0000

TGNMO 1778.2950

(= 887.9027 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation

Sample # 5 Run 5
TANK 038:
Volume (cu.m) = 0.002000
Pressure
(mm Hg)
Presampling 110.5
Postsampling .765.8
Final - 1126.0

ID #90-141-304 Dace: 9/18-9/19/90

TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.004551
Temp. (K) Pressure Teamp.(K)
(mm Hg)
305.4
305.4 .
301.2 Final 0.0 273.2

Volume Sampled (dscm) = 0.001655

Calibration Data:

co2 Backflush

Response Factor (area units/ppmC) 890.4 911.2

Blank (ppmC) 21.4

Blank Area (area units) 7710
Areas:

co : 0 0

CH4 . 317,011,400 317,370,900 316,999,000

co2 236,101,800 236,354,100 235,577,300

Noncondensibles 759,143 792,136 752,935

Condensibles 0 0
Concentrations (ppmC): $RSD

co 0.0000 0.0000

CH4 620554,3000 - 0.0666

co2 - 461826.5000 0.1679

Noncondensibles 1453.9110 2.7711

Condensibles 0.0000 0.0000

TGNMO 1453.9110

(= 725.9380 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

41-304 Date: 9/18-9/19/90

COLLECTION VESSEL:

Volume (cu.m) = 0.004551

METHOD 25 DATA REPORT
Name: Radian Corporation ID #90-1
Sample # 6 Run 6
TANK 147: TRAP
Volume (cu.m) = 0.002000
Pressure Temp. (K)
: (mm Hg)
Presampling ~ 85.1 305.4
Postsampling 765.8 305.4
Final 1094.0 302.2 Final
Volume Sampled (dscm) = 0.001720
Calibration Data:
€02 Backflush
Response Factor (area units/ppmC) 890.4 911.2
Blank (ppmC) 21.4
Blank Area (area units) 7710
Areas:
co 0 0 0
CH4 331,748,500 331,744,500 331,881,300
€02 246,575,200 246,731,000 246,653,300
Noncondensibles 1,312,223 1,337,616 1,304,746
Condensibles 0 0 ' 0
Concentrations (ppmC): : sRSD
co 0.0000 0.0000
CHa4 605251.4000 0.0235
€02 - 449942.8000 0.0316
Noncondensibles 2336.0070 1.3147
Condensibles 0.0000 0.0000
TGNMO 2336.0070

(= 1166.3680 mgC/
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation

1D #90-1

Sample # 7 Run 7
TANK 105: TRAP
Volume (cu.m) = 0.002Q00
Pressure Teamp. (K)
(mm Hg)
Presampling 35.1 296.5
Postsampling 759.0 296.5
Final 1080.0 302.2 Final-
Volume Sampled (dscm) = 0.001883
Calibration Data:
€02  Backflush
Response Factor (area unicts/ppmC) 890.4 911.2
Blank (ppmC) 21.4 :
Blank Area (area units) 7710
Areas:
co 0 0
CH&4 333,049,600 333,093,500 333,098,900
c02 241,706,200 241,573,400 241,465,800
Noncondensibles 628,062 647,449 627,329
Condensibles 0 0
Concentrations (ppmC): SRSD
co 0.0000 0.0000
CH4 ,547629.9000 0.0081
co2 397193.3000 0.0498
'Noncondensibleas 1006 .6510 1.8211
Condensibles 0.0000 0.0000
TGNMO 1006.6510
(= 502.6207 mgC/
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation ID #90-141-304 Date: 9/18-9/19/90
Sample # 8 Run 8
TANK 031: TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.002000 Volume (cu.m) = 0.004551
Pressure Temp . (K) . Pressure Temp.(K)
(mm Hg) (mm Hg)
Presampling 35.1 297.0
Postsampling 759.0 297.0

Final 1055.0 302.2 Final. 0.0 273.2
Volume Sampled (dscm) = 0.001880
Calibrac;on Data:

C02 Backflush
Response Factor (area units/ppmC) 890.4 911.2

Blank (ppmC) 21.4 ,

Blank Area (area units) 7710
Areas:

co ' 0] 0 0

CH4 347,793,000 347,856,800 347,759,400

€02 253,837,400 253,846,400 254,149,400

Noncondensibles 495,672 519,682 475,993

Condensibles 0 0 0
Concentrations (ppmC): ' SRSD

co 0.0000 0.0000

CHa4 559645.3000 0.0142

co2 " 408618.5000 0.0699

Noncondensibles 769.5199 4.4708

Condensibles 0.0000 0.0000

TGNMO 769.5199
. (= 384.2213 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radian Corporation . ID #90-141-304 Date: 9/18-9/19/90,
Sample # 9 Run 9
TANK 140: o TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.002000 Volume (cu.m) = 0.004551
Pressure Temp. (K) Pressure Temp. (K)
. (mm Hg) ' (mm Hg)

Presampling 22.4 297.0

Postsampling 759.0 297.0 :

Final 1087.0 303.2 Final 0.0 273.2

Volume Sampled (dscm) = 0.001913

Calibration Data:
: , ' C02  Backflush
Response Factor (area units/ppmC) 890.4 911.2

Blank (ppmC) 21.4

Blank Area (area units) ) 7710
Areas:

co _ 0 0] 0

CH4 344,141,800 344,357,000 344,468,600

co2 ' 250,368,200 249,554,200 250,059,400

Noncondensibles 512,900 539,399 515,176

Condensibles 0 0 0
Concentrations (ppmC): 3RSD

co 0.0000 0.0000

CHa4 559157.0000 - 0.046482

€02 405973.7000 0.1644

Noncondensibles 816.8888 2.8529

Condensibles 0.0000 0.0000

TGNMO 816.8888

. (= 407.8726 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation ID #90-141-304 Date: 9/18-9/19/90

Sample # 10 Run 10

TANK 014: o TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.002000 Volume (cu.m) = 0.004551
Pressure Temp. (K) Pressure Temp.(K)
(mm Hg) . : (mm Hg)
Presampling 35.1 293.7
Postsampling 759.0 293.7 :
Final 1124.0 300.7 Final 0.0 273.2

Volume Sampled (dscm) = 0.001901

Calibration Data:
co2 Backflush

Response Factor (area units/ppmC) 888.0 897.0

Blank (ppmC) 21.4

Blank Area (area units) 3918
Areas:

Cco 0 0 0

CH4 . 302,808,200 302,995,400 302,960,000

co2 . 221,618,100 221,622,100 221,844,200

Noncondensibles 485,521 471,923 494,452

Condensibles 0 0 0
Concentrations (ppmC): : 3RSD

co 0.0000 0.0000

CH4 516039.8000, 0.0328

Cc02 378687.7000 0.0584

Noncondensibles 811.7649 , 2.3633

Condensibles 0.0000 0.0000

TGNMO 811.7649
. (= 405.3142 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation
Sample # 11 Run 11
TANK 001:
Volume (cu.m) = 0.002000
Pressure T
(mm Hg)
Presampling 200.2
Postsampling 759.0
Final 1084.0

Volume Sampled (dscm) = 0.00

Calibration Data:

Response Factor (area units/ppmC)

Blank (ppmC)
Blank Area (area units)

Areas:
co 0
CH4 273,855,800 2
co2
Noncondensibles 580,017
Condensibles 0
Concentrations (ppmC):
co 0.0000:
CH4 586595.6000
co2 445773.2000
Noncondensibles 1285.8970
Condensibles 0.0000
TGNMO 1285.8970

ID #90-141-304 Date: 9/18-9/19/90Q

TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.004551
emp.(K) Pressure Temp. (K)
(mm Hg)

294.3
294.3
299.2 Final 0.0 273.2
1465

C02  Backflush

888.0 897.0

21.4

3918
0 0

73,897,600 273,407,800

207,763,900 207,334,200 207,247,200

628,954 616,222
0 0
$RSD
0.0000
0.0992
0.1334
4.2002
0.0000

(= 642.0481 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation

Sample # 12 Run 12
TANK 189:
Volume (cu.m) = 0.002000
Pressure
(mm Hg)
Presampling 27.4
Postsampling 759.0
Final 1068.0

ID #90-141-304 Date: 9/18-9/19/90

‘TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.004551
Temp. (K) Pressure Temp. (K)
(mm Hg)
293.7
293.7
300.2 Final 0.0 273.2

Volume Sampled (dsem) = 0.001921

Calibration Data:

Cco2 Backflush

Response Factor (area units/ppmC) 888.0 897.0

Blank (ppmC) 21.4

Blank Area (area units) 3918
Areas:

co 0 0

CH4 326,599,800 326,399,700 326,045,300

c02 241,062,600 241,073,300 241,448,500

Noncondensibles 613,481 562,669 573,629

Condensibles 0 0
Concentrations (ppmC): $RSD

co 0.0000 0.0000

CH4 523618.6000 0.0860

co2 388037.7000 0.0911

Noncondensibles 922.7015 4.6156

Condensibles 0.0000 0.0000

TGNMO 922.7015

(= 460.7049 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation ID #90-141-304 Date: 9/18-9/19/90

Sample # 13 Run 13

TANK 185: TRAP COLLECTION VESSEL:

Volume (cu.m) = 0.002000 Volume (cu.m) = 0.004551
Pressure Temp.(K) Pressure Temp.(K)
(om Hg) (mm Hg)
Presampling 149.4 296.5 :
Postsampling 759.0 296.5
Final 1070.0 301.2 Final 0.0 273.2°

Volume Sampled (dscm) = 0.001586

Calibration Data: :
Cc02 Backflush

Response Factor (area units/ppmC) 888.0 897.0

Blank (ppmC) 21.4

Blank Area (area units) 3918
Areas: .

co ' 0 0 0

CH4 282,945,800 282,846,900 282,819,700

co2 210,669,600 210,938,700 211,196,500

Noncondensibles 611,123 646,701 627,839

Condensibles 0 0 0
Concentrations (ppmC): sRSD

co 0.0000. 0.0000

CH4 548983.4000 . 0.0235

co2 410479.8000 0.1249

Noncondensibles 1203.3470 2.8496

Condensibles 0.0000 0.0000

TGNMO 1203.3470

. (= 600.8314 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radisn Corporation ' ID #90-141-304 Date: 9/18-9/19/90

Sample # 14 Run 14

TANK 115: TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.002000 Volume (cu.m) = 0.004551
Pressure Temp. (K) Pressure Temp.(K)
(mm Hg) - (mm Hg)
Presampling 46.2 299.8
Postsampling 760.0 299.8
Final 1303.0 302.2 Final 0.0 273.2

Volume Sampled (dscm) = 0.001836

Calibracion Data:
€02 Backflush

Response Factor (area units/ppmC) 888.0 897.0

Blank (ppmC) 21.4

Blank Area (area units) 3918
Areas: ’ .

co . 0 0 0

CH4 271,662,100 271,904,500 271,691,200

Cco2 228,319,700 228,023,700 227,899,700

Noncondensibles 2,697,226 2,681,410 2,701,270

Condensibles 0 0 0
Concentrations (ppmC): SRSD

co _ 0.0000 0.0000

CH4 552873.9000 0.0487

co2 465279.2000 0.0946

Noncondensibles - 5431.2260 0.3903

Condensibles 0.0000 0.0000

TGNMO $431.2260
. (= 2711.8110 wgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.
METHOD 25 DATA REPORT

Name: Radian Corporation ID #90-141-304 Date: 9/18-9/19/99

Sample # 15 Run 15

TANK 135: TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.002000 Volume (cu.m) = 0.004551
Pressure Temp.(K) ' Pressure Temp. (K)
(mm Hg) (mm Hg)
Presampling 48.8 300.4
Postsampling 760.0° 300.4
Final 1116.0 302.2 Final 0.0 273.2

Volume Sampled (dscm) = 0.001826

Calibration Data:
Cc02 Backflush

Response Factor (area units/ppmC) 888.0 8?7.0

Blank (ppmC) . 21.64

Blank Area (area units) 3918
Areas:

co 0 0 0

CH4 322,280,200 323,576,500 322,320,500

co2 274,264,500 275,876,200 273,495,800

Noncondensibles 3,108,126 3,110,944 3,246,762

Condensibles 0 0 0
Concentrations (ppmC): $RSD

co 0.0000- 0.0000

CH4 - 565403.0000 - 0.2284

co2 482293.1000 0.4425

Noncondensibles 5480.4360 2.5145

Condensibles 0.0000 0.0000

TGNMO 5480.4360

(= 2736.3820 mgC/cu.m)
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RESEARCH TRIANGLE LABORATORIES, INC.

METHOD 25 DATA REPORT
Name: Radisn Corporation ID #90-141-304 Date: 9/18-9/19/90
Sample = 16 Run 16
TANK 900: TRAP COLLECTION VESSEL:
Volume (cu.m) = 0.002000 ' : Volume (cu.m) = 0.004551
Pressure Temp.(K) Pressure Temp.(K)
: (mm Hg) (mm Hg)

Presampling 36.1 300.4

Postsampling 760.0 300.4 _ :

Final 1085.0 303.2 . Final 0.0 273.2

Volume Sampled (dscm) = 0.001859

Calibration Daca:
co2 Backflush

Response Factor (area units/ppmC) 888.0 897.0

Blank (ppaC) 2l.4

Blank Area (ares units) 3918
Areas:

co ) -0 0 .0

CH4 333,794,900 334,197,400 333,394,100

co2 281,729,600 283,869,600 284,171,000

Noncondensibles 3,263,488 3,342,518 3,351,486

Condenaibles 0 0 0
Concentrations (ppmC): SRSD

co 0.0000 0.0000

CHG 556735.1000 ' 0.1203

co2 473718.8000 0.4699

Noncondensibles 5488.7910 - 1.4607

Condensibles 0.0000 0.0000

TGNMO 5488.7910
. (= 2740.5530 mgC/cu.m)
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