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SECTION 1

INTRODUCTION

The Environmental Protection Agency, Office of Solid Waste (EPA/QOSW), is
developing regulations to control emissions of products of incomplete combus-
tion (PICs) from cement kilns. The emission parameters planned for use in
this regulation are total hydrocarbons (HCs) and ‘carbon monoxide {CO). To
support the use of these parameters as surrogates for PICs, more information
from fuli-scale itesting of dry cement kiins is needed. As a part of this
data-gathering effort, a test was conducted at the Ash Grove Cement Company
precalciner kiln in Louisville, Nebraska.

The Ash Grove facility was selected for the test for two reasons. It has
a precalcirer as part of the cement-making process, a technology expected to
be used for cement production more frequently in the future. The facility
also burns both liquid and solid hazardous waste as supplementary fuels in the
kiln.

The remaining sections of this Test Report present a detailed
description of the test. Section 2 is a summary of the conclusions drawn from
the test. Section 3 presents a description of the test project including the
project objectives, facility operations, and test design. A discussion of the
results of this study is provided in Section 4.

Three appendices contain additional information as follows: Appendix A
presents a detailed discussion of the sampling and analysis methods used in
the study, Appendix B provides the experimental data from the study, and
Appendix C s a vreview of quality assurance/quality control (QA/QC)
activities.
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This

SECTION 2

CONCLUSIONS

section contains brief statements of the major conclusions

determined from analysis of the data generated during this project. Further
discussion of these conclusions and other aspects of the data are presented in

Section 4.

[y
.

There was no detectabie effect on the Tevels of total organic mass
(TOM), hot total hydrocarbons (HC), or cold total hydrocarbon (HC)
from burning waste versus coal in either the bypass or main ducts.
Organic mass emissions in the main duct appear to be related to
organic material in the process raw material and/or coal combustion
in the pyrocicne.

Low levels (near detection 1limits) of TOM and hot and cold HC
prevented comparison of these measures of organic mass emissions in
the bypass duct. Data for the main duct show that TOM and hot HC
levels agreed well and that cold HC levels were about 70% of the
other two measures.

Determination of the destruction and removal efficiency (DRE)} of
monochlorobenzene (MCB) was complicated by the formation of MCB as a
PIC in the main duct emissions. Estimates of the DRE, discounting
MCB formed as a PIC, were about 99.994%. However, this DRE could
not be measured divectly.

Formation of MCB as a PIC was related to high benzene levels in the
main duct emissions and to the amount of chlorine input to the
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kitn. In the presence of benzene, MCB concentrations increased as
the input of chlorine increased.

The concentrations and identity of PICs measured, including dioxins

and furans, were generally similar to those historically detected in
hazardous waste incinerator gases.

Chloride emissions calculated as HC1 were less than 4 1b/h and were
about 1% of the chlorine input rate to the kiln.

Relatively high levels of ammonijum ion compared to chloride ion were
measured in the HC1 sampling train. Evaluation of this result leads
to a plausible interpretation of the data  that the measured chloride
was ammonium chioride, not HCl. Literature sources indicate that at
the measured stack temperatures and stack gas concentrations,

ammonium chloride would vaporize and be almost totally dissociated
to HC1 and ammonia.
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SECTION 3.0

PROJECT DESCRIPTION

This section presents the project objectives, a description of the Ash

" Grove facility operations, the test design, and a summary of the sampling and

analysis

3.1 PROJECT OBJECTIVES

The test at the Ash Grove kiln was designed to gather emission data for
three modes of process operation: one using liquid and solid waste feed, a
second with liquid waste feed only, and a third, a baseline mode, using no
waste feed. The data-gathering objectives were to characterize these three
operating modes as follows:

1. Measure and compare emission levels of THCs (using both a heated and
unheated monitor system), and total organic mass (TOM).

2. Measure the levels of carbon monoxide (C0), carbon dioxide (C0.),
and oxygen (0,) in the process exhaust gases.

3. Measure PIC emission, including dioxins and furans, for comparison
to historical data from other hazardous waste combustion devices.

4. Determine the destruction and removal efficiency (DRE) of a hard-to-

destruct Appendix VIII compound (monochlorobenzene) spiked into the
solid hazardous waste feed.

3-1




5. Measure the emission levels of hydrogen chloride (HC1). Ammonium
and potassium concentrations were also measured.

6. Obtain data on emission levels of nitrogen oxides (NOX) monitored by
the facility.

7. Measure the levels of total organic carbon (TOC) in the cement kiln
raw materia)l feed for comparison to historical data from other
cement kilns and as a source of background data.

B. Obtain data from Ash Grove that characterizes the fossil fuel and
hazardous waste fed to the kiln,

9. Obtain data on process operating conditions monitored by the
facility.

3.2 PROCESS DESCRIPTION

The Ash Grove-lLouisville facilities consist of the following: (1) quar-
ries from which raw materials are extracted; (2) grinding and blending opera-
tions for preparing a homogeneous, properly praopartioned mixture of raw
materials; (3) an alkali bypass kiln and & precalciner kiln which convert the
raw materials into cement clinker; (4) grinding mills in which the clinker is
finely ground and mixed with gypsum to form the cement product; (5) storage,
bagging, and materials transfer equipment; and (6) office, maintenance, dust
disposal, and related areas. Figure 3-1 illustrates the general plant layout.

The test was conducted on the precalciner rotary kiln system. This
system is designed to generate 1,800 tons of cliinker per day at an energy use

of 3.0 million Btu/ton. This system, shown in Figure 3-2, is essentially
composed of the following subsystems:

. Rotary kiln

* . Pyroclone precalciner
' Fuel feed

3-2
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. Emissions management
. Clinker handling systems
. Operational controls

3.2.1 Rotary Kiln

The Humboldt-Wedag (H-W) rotary kiln is a sloped cylinder, 12 1/2 ft in

. diameter and 164 ft long. At the downslope end, the kiln can be fired with

No. 2 fuel oil, natural gas, pulverized coal, and/or 1liquid organic waste.
Pulverized coal and/or solid waste can be fired near the upslope end of the
kiln. Kiln temperatures are about 2800°F in the combustion zone and 1900°F at
the gas exit.

Raw materials (i.e., homogenized limestone, clay-stone mix, and iron ore)
are introduced to the kiln at the upslope end via a pyroclone precalciner (see
Section 3.2.2). The kiln is opevated as a countercurrent system; i.e., as the
kiln rotates, solids gravitate toward the downslope end of the unit and hot
combustion gases travel toward the upslope end. An average 4- to 5-s gas
phase residence time is provided in the kiln,

At the upslope end of the kiln, combustion gases are channeled to either
the pyroclone precalciner or a bypass system. In the bypass system, combus-
tion gases are cooled with air and water sprays prior to release through an
electrostatic precipitator.

3.2.2 Pyroclone Precalciner

The pyroclone precalciner is utilized to preheat and precalcinate raw
material prior to introductioﬁ to the rotary kiln. Materials are approxi-
mately 60% prepared by the time they enter the upslope end of the rotary
kiln. The pyroclone precalciner system can be subdivided into two brimany
components: a four-stage cyclone preheater and the pyroclone. Figure 3-3
illustrates the general configuration of the system.
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Figure 3-3. Pyroclone precalciner configuration.
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3.2.2.1 Cyclone Preheater--

Raw materials are metered to the cyclone preheater from feed bins and
enter the preheater at the vertical duct (riser duct) between the stage 1 and
stage 2 cyclones. Raw materials are entrained in the gas stream from one
stage to the next until they reach the pyroclone riser. Temperatures range
from approximately 660°F in the stage 1 cyclone to 1630°F in the stage 4
cyclone.

3.2.2.2 Pyroclone--

The pyroclone 1is -actually an extension of the riser between the kiln
exhaust hood and stage 4 cyclone. As mentioned previouﬁ]y, hot combustion
gases from the rotary kiln which do not escape to the bypass system are chan-
neled to the pyroclone. Auxiliary fuel (in addition to the combustion gas
Heat) is added in the pyroclone by the introduction of a pulverized coal/
petroleum coke fuel mix. By maintaining'suf.icient Tug) in the pyrocione, a
"flameless" combustion zone is created to preheat and calcine the materials-
entrained in the precalciner system.

Auxiliary preheated air is provided in the pyroclone precalciner through
a tertiary air duct. Preheated combustion air from the downsliope end of the
kiln is introduced to the pyroclone via the tertiary air inlet duct, located
below the coal/coal fuel inlet and above the kiln exhaust hood.

3.2.3 Fuel Systems

3.2.3.1 Pure Fuel Feed--

The precalciner kiln is brought up to operating temperature and operating
temperatures are maintained by use of a "pure" fuel feed (i.e., No. 2 fuel
oil, natural gas, and/or a pulverized coal and petroleum coke fuel mix).

No. 2 fuel oil and natural gas are introduced via burners in the down-
sTope end of the kiln. The position and flame shapes in the downslope portion
of the kiln allow for sufficient cooling of clinker product.

Coal/petrolieum coke is fired via a burner in the'downslope end of the
kiln and in the pyroclone section of the precalciner. The coal/petroleum coke
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grinding system uses exhaust gas from clinker cooler as the source of heat and
low oxygen gas for drying the coal.

3.2.3.2 MWaste Feed--

Operating temperatures in the precalciner kiln may also be maintained by
uyse of 1iguid and solid hazardous wastes. The physical and chemical prop-
erties of wastes will vary slightly from day to day. A1l waste fuels are
physically and chemically characterized prior to acceptance at the facility to
ensure that waste constituents can be appropriately managed through the
precalciner kiln.

Preblended liquid organic wastes are stored in bulk tanks on the site.
Liquid organic waste is introduced at the atomizing burner in the downslope
end of the kiln. The burner position and flame shape allow for sufficient
cooling of clinker product.

Containerized solids (i.e., 7-gal drums) are introduced to the rotary
kiln via an enclosed drum feed mechanism, located along the kiln's exhaust
hood. The drum feed mechanism is essentially composed of a drum elevator,
conveyor, and pusher; a drum feed hopper with hopper door; a kiln charging
door; and drum feed chute. The hopper door and kiln charging door are
sequenced and interlocked to prevent flashbacks. The feed cycle is variable
with & maximum number of cycles at two per minute. Each container is
individually weighed prior to feeding to the kiln and the weight written on
the container to record solids feed quantities.

3.2.4 Emissions Control

Bypass combustion gas emissions are controlled by the bypass electro-
static precipitator. Gases exhausted from the pyroclone precalciner are
controlled by the main electrostatic precipitator. Most of the collected dust
is recycled with kiln feed; a small part of the dust is utilized to backfill
quarried properties.

l IS IE N T N TR A N WS W I N Be En . .. M N O



Dust control for the clinker cooler is provided through baghouses.
Collected dust is returned to the clinker handling system for subsequent
processing.

An induced draft fan provides the motive power for the entire process
train {i.e., rotary kiln, bypass, and main dust precipitators). The fan
produces a system-wide negative pressure that prevents fugitive emissions.
Treated exhaust gases from the bypass precipitator and main precipitator are
vented to a common exhaust stack.

3.2.5 (Clinker Handling System

Clinker is discharged from the kiln into the clinker cboler which uses a
water tube heat exchanger to cool the product. CooTing air is discharged to
the coal preheater, precalciner, and kiin. After cooling, clinker is mixed
with gypsum and ground in a finish mi1l to make the final cement product.

3.2.6 Operational Controls

The precalciner kiln is operated with a computer-based control system.
This system is configured to provide semiautomatic operation of the kiln, with
operator manual adjustments to fine-tune performance. The system provides a
visual display and hard copy record of monitoring parameters (e.g., kiln
operating temperatures, CO and 0, concentrations, HC concentrations, nitrogen
oxide [NO,], fuel feed rates, etc.).

3.3 TEST DESCRIPTION

This section provides a description of the test program. The test
design, sampling and analysis activities, and facility monitoring activities
are described. Data reduction methods and calculations are presented in
Appendix A-4.
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3.3.1 Test Design

The test program involved a matrix of five, 2-h test runs at three
defined kiln operating conditions. The first test condition (Condition A)
involved two duplicate test runs. The precalciner kiln was operated at stable
conditions with liguid waste fired at the discharge end of the kiln and solid
waste fired at the upslope end of the kiln. During this test condition, mono-
chlorobenzene was poured into the solid waste feed drums and analyzed in the
exhaust gas streams.

The second test condition (Condition B) involved a single test run and
was conducted at bhaseline operating conditions. The precalciner kiln was
operated at essentially stable conditions with no waste feed to the system.

The third test condition (Condition C) involved two duplicate test
runs. The precalciner kiln was operated at stable conditions with 1liquid
waste fired at the discharge end of the kiln.

During all test conditions, & crushed coal mixture was fed to the
pyrocione precalciner.

3.3.2 Summary of MRI Sampling and Analysis Procedures

A summary of the frequency, number, type, and size (or quantity) of all
samples collected during the test is presented in Table 3-1. The table also
Tists the sampling and analytical method(s) used for each sample. The matrix
presented in Table 3-1 represents the sample collection scheme for one 2-h
test run. Figure 3-4 notes the location of each sampling point. Summary
descriptions of the sampling and analysis procedures are presented below.
Appendix A-1 contains a full description of the sampling and analysis
procedures utilized during the test.

3-10
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3.3.2.1 Combustion Gas--

Combustion gas was isokinetically sampled at the main and bypass electro-
static precipitator exhaust ducts. Samples were collected at a 30-ft eleva-
tion, through four sampiing ports located across the width of each rectangular
duct. Both ducts were sampled to detect any difference in emissions between
the two exhaust streams. Exhaust gases are transferred from the separate
ducts to a common stack; hence total emission quantities could be determined
by combining the measured separate emission quantities. '

tEach type of combustion gas sampling and analysis is summarized below.

Total Hydrocarbon (HC) and Total Organic Mass (TOM)

HC emissions were measured using heated and unheated EPA Modified
Method 25A (M25A) sampling systems, equipped with {lame ijonization detectors
(FIDs). As a means of comparison, total organic carbon mass emissions were
measured using a Method 0010 sampling train (i.e., SW-846 Method 0010) and a
field gas chromatograph (GC). The GC, equipped with an FIB, was used to
determine Cl through C17 carbon fractions (up to 300°C boiling point).
Samples from the Method 0010 train were analyzed gravimetrically to determine
the carbon fraction greater than C17 (> 300°C boiling point). The gravimetric
and GC fractions, together, provide a total organic mass (TOM) value which can
be quantitatively compared to the Modified M25A THC values. This comparison
was made on the basis of emissions calculated as propane. The organic mass
sampling approach was developed from the existing EPA Level 1 testing proto-
cols, as defined in the Level 1 Source Assessment Manual.

During the test, HC and TOM measurements were checked by measuring sampie
line bias. A nitrogen blank sample was analyzed by GC and the HC monitor at
the conclusion of each test run to determine the potential for organics to
desorb out of sample lines. Ambient air measurements were also made at the
conclusion of each test run for comparison to the HC and TOM measurements.
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Organic Screen

The organic screen was conducted to provide characterization of organic
compounds, or PICs, present in exhaust gases. Volatile organics were deter-
mined using a volatile organic sampling train (VOST) as described in SW-846
Method 0030. VOST samples were analyzed by gas chromatography/mass spectrom-
etry (GC/MS). Semivolatile organics were determined using the SW-846
Method 0010 sampling train (previously referenced for organic mass gravimetric
determinations). These samples were analyzed by GC/MS. The screen was used
ta define compounds amenable to the analytical technigues described in
Appendix A-4 including the five largest GC peaks.

As a part of the organic screen, total polychlorinated dibenzodioxin and
polychlorinated dibenzofuran (PCDD/PCDF) concentrations were determined in
exhaust gas during three of the five test runs. PCDDs/PCDFs were analyzed

from a separate split of the extract from the above-referenced Method 0010
sample train.

Destruction and Removal Efficiency

The precalciner kiln was tested to determine the DRE of a volatile
principal organic hazardous constituent (POHC) in the drummed waste fed to the
kiin. The POHC for the test was monochlorobenzene {(MCB). MCB is ranked 19th
on the Thermal Stability (TSLo02) incinerability ranking system, and is one of
the highest ranking (most difficult to destroy), fully evaluated Appendix VIII
organic compounds.! A volatile compound was chosen to provide a worst case
test of rapid volatilization of the POHC.

The VOST (as described for the organic screen) was used to sample for
MCB. Appendix A-3 defines the analysis procedures used for volatiles deter-
mination., Section 3.3.3 describes the POHC spiking and waste analysis
procedures for subsequent DRE determination.

1 Detlinger, B., M.D. Graham, and D. A. Tirey, "Predicting Emissions from

the Thermal Processing of Hazardous Wastes," Hazardous Waste and
Hazardous Materials, Vol. 3, No. 3, 1986.
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Hydrogen Chloride (HC1), Ammonia, and Potassium

Total HC1 was determined in exhaust gas for comparison to historical data
from other cement kilns. Ammonium and potassium ion concentrations were also
determined. HC1 concentrations were analyzed by ion chromatography, ammornium
concentrations were determined by selective ion measurement, and potassium
concentrations were determined by inductively coupled atomic emission spec-
troscopy (ICP-AES). Samples were collected based on the EPA's "Draft Method
for the Determination of HC1 Emissions from Municipal and Hazardous Waste
Incinerators" (USEPA, Source Branch Quality Assurance Division, July 1988}.

Continuous Emiss{ons Monitors (CEMs)

Carbon monoxide (CO), carbon dioxide (CO0,), and oxygen (0,) were
monitored throughout the test. CO0 was sampled and analyzed following EPA
reference Method 10; CO, and 0, were monitored using EPA reference Methods 3
and 3A. Appendix A-1 describes the MRI continuous emissions monitors, and
Section 3.3.3.3 describes the Ash Grove monitoring system.

3.3.2.2 Raw Materials Sampling-- _

The raw materials feed (e.g., crushed limestone, clay, etc.) was sampled
once every 30 min during each test run. These grab samples were then
composited into a single sample for each run for TOC analysis. A metai trier
was used for the collection of the raw feed samples. ATl samples were
collected at the inlet feed chute, located adjacent to the precaiciner.

3.3.2.3 Electrostatic Precipitator (ESP) Dust Sampling--

Dust discharged from the main and bypass electrostatic precipitators
(ESPs) was sampied at the end of each run. These samptes were archived for
future analysis, if necessary.
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3.3.3 Summary of Ash Grove Sampling/Analysis Activities

3.3.3.1 POHC Spiking--

During Runs 1 and 2 (i.e., Test Condition A}, the precalciner kiln was
tested to determine the destruction and removal efficiency (DRE) of mono-
chlorobenzene (MCB) spiked into the solid waste feed. A 1-L quantity of MCB
was poured into each solid waste charge (i.e., each 7-gal drum), prior to the
test. Drums were loaded to the kiln at a rate of 40 drums/h, resulting in a
MCB feed rate of 40 1/h (738 g/min).

The 7-gal drums were fitted with a vapor seal in the 1id, preventing
release of volatiles from the drum. Drums were sealed immediately following

spiking. About 10% of the drums were opened for sampling immediately prior to
feeding to the kiln,

3.3.3.2 Waste Feed Analysis--

The liquid waste was sampled by Ash Grove from a tap located in the waste
feed 1ine. Grab samples were collected and composited throughout the course
of each run. Approximately 100 mL grab samples were collected, starting
15 min after the start of each test run and every 30 min thereafter. A total

of 6 grab samples were collected, resulting in an approximate 600 mL composite
sample for each run.

The solid waste was sampled by Ash Grove from the waste drums. Approxi-
mately 100 mL grab samples were collected every 15 min (every 10th drum) and
composited to form a single sample for each run.

Waste samples were anaiyzed by Ash Grove and an independent laboratory to
define the chemical and physical characteristics of the wastes burned during
the test. This information included concentration of POHC present, heat of
combustion (Btu value), and total chlorine. Section 4 provides additional
information concerning the data compiled for wastes during the test. Appen-

dix B contains copies of the laboratory analysis reports for the waste/fuel
samples.
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3.3.3.3 Process Monitors--

Process data measured by Ash Grove process monitors was recorded through-
out each 2-h run. Specific parameters monitored are listed in Section 4.

Facility emissions monitors measured 0,, NO,, CO and cold HC in the main
and bypass ESP exhaust ducts. Oxygen was measured using a paramagnetic
sensor. Nitrogen oxide was measured using a Thermo Electron Model 10 chemi-
Tuminescent monitor. Carbon monoxide was measured using a Fuji Model 3300
infrared analyzer, and total hydrocarbon was measured using a Ratfisch
Model RS55 with FID. A1l data, including calibration data, were recorded for
each 2-h run.

Ffigure 3-5 is a schematic of the facility CEM system. A gas sample is
collected alternately from each duct every 7.5 min. The sampling system
operates on a cycle, i.e., equilibration, back purge, prime, and sampling.
The sampiing portion of this cycle is 2.5 min. The gas sample is transferred
via a heated (i.e., 250°F) Teflon sampie line to a condenser which is operated
at 28° to 34°F for H;0 removal. The sample is then split for THC, CO, 0,, and
NOX analysis.
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SECTION 4

DISCUSSION OF RESULTS

This section discusses the results of the test and analyzes the data
relative to the project objectives. The section is divided into three sub-
sections. The first discusses process data and operation of the precalciner
kiln. The second subsection discusses organic compound emissions, and the
third discusses inorganic compound emissions.

4.1 PROCESS OPERATION

Table 4-1 presents average values of the principal process operating
parameters for each test run. Table 4-2 presents additional CEM data from the
facility monitors. Process operation was replicated closely from run to run,
except for planned variations in the feed of coal and waste to the kiln for
each test condition. Process capacity, as measured by the raw material feed
rate was within 95 to 98 tons/h for all runs. Kiln exit gas temperature
(measured at the entrance to the precaiciner where some cooling from
infiltration air had occurred) was consistently within the range of 1830° to
1970°F. Inaccurate temperature data were obtained for Run 4, believed to
result from a thermocoupie probjem.

Oxygen and carbon monoxide concentrations, and stack gas flow in the
bypass duct are also indicative of kiln operation; however, the vclues of
these parameters are heavily influenced by dilution from cooling air and water
sprays. The higher oxygen concentration, slightly higher stack gas flow rate,
and lower carbon dioxide concentration for Run 1 show this dilution efrect.
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TABLE 4-2. FACILITY CEM AVERAGE DATA
Parameter Units Run 1 Run 2 Run 3 Run 4 Run &
CEM Averages
Main duct:
0, % 5 5.3 4.7 4.6 4.3
NO, ppm 412 443 512 415 529
CO (dry, 7% 0,;) ppm 692 763 324 982 644
THC {dry, 7% 0,) % 7 12 6 -1 6
Opacity % 4 4 3 4 4
Bypass duct:
0, % 18 17.5 16.5 16.8 16.9
NO, ppm 312 723 1,174 472 765.4
CO {dry, 7% 0,) ppm 108 87 25 229 203.3
THC (dry, 7% 0,) ppm 4 1 0 0 1.6
Opacity % 4 4 3 4 4
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During part of Run 1 the cooling water flow rate was higher, and damper set-
tings allowed a higher flow of dilution air than for the remainder of the
test. The dilution air damper setting was 50% open during test Run 1 and at
40% open during all other test runs. Also, a water flow rate of 6 gpm was
established during test Run 1, and a flow rate of B gpm was established for
a1l other test runs. The estimated amount of dilution air was generally about
a factor of 5. The average carbon monoxide concentrations from run to run can
still be viewed as reflective of kiln operation by adjusting the values to a
common amount of CO0, to account for dilution. The carbon dioxide concen-
tration can be used as a relative indicator of the amount of dilution to
adjust the CO values. Using this technique, the CO concentrations exiting the
kiln were about the same during Runs 1, 2, 4, and 5. The concentration during
Run 3 was about a factor of 5 lower than in all other runs. '

variation in coal feed rate, temperature, and stack gas flow rate and oxygen
concentration in the main duct. Coal feed rate varied from 7.2 to 8.0 tons/h,
temperature from 1600° to 1620°F, and oxygen concentration from 4.0% to 4.4%.
Stack gas flow rate was about 52,000 dscf/min. Carbon monoxide concentration
in the main duct, which reflects the pyroclone operation rather than the kiln,
was also relatively consistent. The average CO concentration varied from 240
to 950 ppmv, with the lowest value occurring during Run 3.

Operation of both ESPs remained consistent. Inlet ESP temperatures
remained within a range of 720° to 760°F for the main duct ESP and 700° to
710°F for the bypass duct ESP.

Heat load to the kiln was slightly lower during Runs 1 and 2, due to a
lower feed rate of liquid waste introduced to the kiln. The heat load to the
pyroclone was higher during Runs 1 and 2, due to a higher coal feed rate.

Chlorine load to the kiln varied with the soilid and liquid waste feed
rates and chlorine content. Coal was determined to have a negligible chlorine
content, thus the pyroclone did not have a measurable chlorine input.
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The spiked solid waste introduced during test Runs 1 and 2 was found to
have a MCB concentration of 8.1% and 6.4% respectively. The anticipated
concentration was 4.8%, based on a spike rate of 40 L/h MCB (1 L MCB/drum,
charged at 40 drums/h) and an average solid feed rate of 2,036 Tb/h
{approximately 50 1b/drum). The measured MCB concentration was higher than
the anticipated MCB concentration due to the difficulty of representative
sampling of the drums. A disproportionate quantity of iiquid MCB was probably
collected with each sample to bias the results on the high side. Thus, the
known quantity of MCB spiked to the drums was used to calculate MCB feed
rates.

4.2 ORGANIC COMPOUND EMISSIONS

This subsection presents a discussion of organic compound emissions.
Included are a description of: (1) total hydrocarbon (HC) and total organic
mass (TOM) emissions; (2) emissions of the spiked principal organic hazardous
constituent (POHC} and its destruction and removal efficiency (DRE}; and
(3) the emissions of products of incomplete combustion (PICs), including
dioxin/furan emissions. This section also discusses the organic carbon
content of the raw material feed (i.e., crushed limestone and shale).

4,2.1. TOM and HC Emissions

Organic carbon mass emissions were quantified within boiling point ranges
which roughly eguate to ranges in the number of carbon atoms in organic
compounds. Organic mass was measured using a SW-846 Method 0010 sampling
train for nonvolatiles and a field gas chromatograph (GC) for volatiles and
semivolatiles. Samples from the Method 0010 train were analyzed gravimetri-
cally to determine the carbon fraction greater than C17 (> 300°C boiling
point). The GC, equipped with an FID, was used to determine the Cl through
C17 carbon fraction (up to 300°C boiling point). GC samples were split off
the hot HC (subsequently defined) sample 1line. Summed together, the
gravimetric and GC fraction provided a total organic mass (TOM) value which
was compared to total hydrocarbon (THC) data values. This comparison was made

by converting the organic mass values to propane equivalent since HC emissions
are measured as propane.
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HC emissions were measured by'two different techniques identified here as
hot and cold HC. The primary difference was that the hot HC had a sample line
and instrument heated to 150°C and the cold HC had an ice cooled condensate
trap near the duct sampling port and an unheated sample line. Both used a
flame ionization detector (FID) as did the organic GC analyses. Both tech-
niques are described in Appendix A, along with the field GC technique. The
cold HC technique is more closely representative of historical HC monitoring
techniques. The hot HC technique is under consideration as a measurement
technique for amended hazardous waste incinerator regulations.

The following discussions of total organic mass (TOM) and HC emission
measurements is divided into three subsections. The first presents the total
organic mass results determined by the gravimetric and GC sampling systems.
The second and third presents the HC measurements and compares HC data to TOM
measurements for the bypass and main ducts, respectively.

4.2.1.1 Total Organic Mass (TOM) Emissions--

Total organic mass (TOM) was determined as three major carbon
fractions: C1-C7 volatile compounds, C7-Cl7 semivolatile compounds, and > C17
nonvolatile compounds. The average C1-C7 and C7-C17 fractions were calculated
from individual GC samples. An average value for the > Cl7 fraction was gen-
erated from the gravimetric analysis of the Method 0010 sampling train. The
reported total mass was calculated by summing the fractional carbon masses.
A1l carbon masses were calculated on a dry basis. Appendix B contains the
anatytical data for each GC sample.

The average volatile and semivolatile data for the main duct may be
biased high or low. A limited number of discrete GC sampies were analyzed
during each test run, which may or may not have corresponded in time %o a
representative number and size of emission peaks. Table 4-3 presents the
analytical data for the samptes collected during test Run 1. As illustrated
in the tabie, two C1-C7 and C7-C17 spikes were measured at 69.54 ppm C1-C7 and
2.00 ppm. (C7-C17) and 66.29 ppm C1-C7 and 3.75 ppm C7-Cl7. Together, these
spikes more than doubled the volatile and semivolatile run averages. Later
comparisons to the continuous HC data suggest this bias is probably small.
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TABLE 4-3. ORGANIC MASS DATA FOR RUN 1

Total
Sampling Run time Sample Carbon fractions {ppm propane, dry) mass
location (24-h) Na. Time Ci-Cy Cr-Ci7 > Cyy (TOM)
Main duct
1548-2012 R1SS8 1557 69.54 2.00
R1SS9 1616 10.24 0.37
R1SS10 1645 9.74 0.50
R1SS11 1720 6.24 0.00
R1SS12 1739 7.24 0.37
R1SS13 1757 7.49 0.50
R15514 1815 66.29 3.75
R1SS15 1834 7.99 0.25
R15S16 1852 7.87 0.62
R1SS17 1910 7.49 0.62
R1S518 1930 9.24 0.75
R1SS19 2002 7.62 0.75
Run average: 18.08 0.87 0.39 19.35
Bypass duct
1548-2012 R1SS8 1557 1.41 0.43
R1SS9 1616 1.41 0.22
R1SS10 1645 1.62 0.12
R1SS11 1720 2.62 0.25
R1SS12 1739 1.30 0.11
R1SS13 1757 1.41 0.11
R1S514 1815 2.25 0.37
R1SS15 1834 1.75 0.25
R1SS16 1852 1.50 0.12
R1SS17 1910 1.62 0.11
R1SS18 1930 1.30 0.11
R1SS519 2002 2.60 0.11
Run average: 1.73 0.19 0.01 1.93




Table 4-3 shows that similar high spikes did not occur in the bypass
duct. This suggests that the spikes may be related to pyroclone coal
combustion or variation in organic content of the raw material. A direct tie
to solid or liquid waste feed combustion was not observed.

Table 4-4 shows the distribution of the TOM among the three fractions
measured in all runs. The distribution was similar for both ducts with most
of the mass in the volatiles fraction. The percent in the volatiles fraction
was 85 to 93 for the main duct and 75 to 100 for the bypass duct. The semi-
volatile and nonvolatile fractions contributed about equally to the remaining

. mass. The data for the bypass duct was more scattered than for the main duct,

which probably reflects a loss of precision in the measurements near detection
levels.

Table 4-5 presents the average TOM determined for each process condition.
No definite effect of waste burning on TOM emissions could be associated with
the three process conditions. However, the TOM levels in the main duct were
slightly higher during Runs 1 and 2 when the solid waste was fired in the
kiln. These higher emissions mostly reflect an increase in the mass of the
volatiles fraction. This increase is 1likely related to conditions in the
pyroclione or preheater, not to solid waste burning. A similar trend was not
noted in the bypass duct where the effects of combustion in the kiln should be
most evident., The coal feed rate to the pyroclone during Runs 1 and 2 was
higher than during the other three runs.

The higher TOM levels measured in the main duct versus the bypass duct
are probably associated with two factors. One is the evolution of organic
compounds from the raw material in the preheater. Very little organic matter
is 1ikely to be left in the calcined limestone by the time it reaches the
kiln; therefore, the bypass duct emissions would not be similarly affected.
The second factor is organic emissions from coal combustion in the pyrocione,
which also does not affect the bypass duct emissions. Both of these factors
probably contribute to the main duct organic compound emissions; however, the
test data were not sufficient to separate these effects.
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TABLE 4-4. CARBON MASS DISTRIBUTION

Sampling
location Average carbon Total Distribution
and mass (dry, ppm propane) mass percent of total mass
Run No. CI—C-; C7-C1'1 > C11 (TOM) Cl-—C-; C1-C17 > C]_';
Main duct
1 18.08 0.87 0.39 19.35 93 4 2
2 11.30 0.80 0.54 12.64 89 6 4
3 8.19 0.59 0.90 9.68 85 6 9
4 8.29 0.68 0.39 9.36 89 7 4
5 8.07 0.56 0.50 9.12 88 6 5
Bypass duct
1 1.173 0.19 0.01 1.93 90 10 1
2 1.63 0.09 0.44 2.16 75 4 20
3 2.09 0.03 0.42 2.54 82 1 17
4 1.51 0.00 N 1.51 100 0 0
5 1.86 0.05 0.26 2.17 86 2 12

N = Negative quantity measured; value assumed to be 0.00.
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4,2.1.2 HC and TOM Emissions in the Bypass Duct--

Table 4-6 shows the results for HC and TOM emissions measured in the
bypass duct. The results are shown for each of the three process conditions.
The TOM results are presented as the mass in each of three fractions described
earlier and as total mass. HC results are shown for both the hot and cold
monitoring systems.

These results for the bypass duct do not provide any definitive conclu-
sions about relationships between HC or TOM levels and other parameters. This
is because of the low levels of organic emissions encountered during the
test. HC levels were at or below the level they could be accurately quanti-
fied, and thus differences between runs or between the hot and cold HC are not
significant. To further complicate the data interpretation, HC levels in the
ambient air were also high enough to have contributed significantly to the
measured duct Tlevels. Most of the gas at the sampling point in the bypass
duct is ambient dilution air used to cool the gas stream. Thus, much of the
measured HC Jevels may have originated with the ambient air (0.6 ppmv). A
nitrogen check on the monitor sampling Tines was conducted by introducing pure
nitrogen into the sample 1ines at the probe and monitoring for HC. This check
showed about 0.2 ppmv, a bias which contributed to the measured levels.

The TOM levels measured in the bypass duct were also low, but slightly
higher than the measured HC. Most of the TOM was in the C, to C, compound
range. Again, it was not possibie to reach definitive conclusions with these
data, except that burning waste versus coal in the kiln did not result in any
large increase in HC or TOM emissions.
4.2.1.3 HC and TOM Emissions in the Main Duct--

Table 4-6 shows the results for HC and TOM emissions measured in the main
duct, presented in the same manner as for the bypass duct. The measured
values were higher than those for the bypass duct and were, therefore, more
amenable to evaluation of the emission levels. The nitrogen bias check of the
main duct sampling line showed slightly higher results than for the bypass

duct sampling 1ine, but the values in this case were well below the sample
values.

4-12
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TABLE 4-6. HC AND TOM EMISSIONS
BYPASS DUCT

TOM, ppmv dry as propane HC, ppmv dry
Process Test C,-C, Cs-Civ > Cyv Total ds propane
condition run mass mass mass mass Hot Cold
Liquid plus 1 1.7 0.19 0.01 1.9 0.8 0.6
solid waste 2 1.6 0.09 0.44 2.2 0.7 1.8
Coal only 3 2.1 0.03 0.42 2.5 1.1 1.1
Liquid waste 4 1.5 ND ND 1.5 0.1 0.7
5 1.9 0.05 0.26 2.2 0.6 0.7
ND = Not detected.
MAIN DUCT
TOM, ppmv dry as propane HC, ppmv dry
Process Test c,-C, Cr-Civ > Cyq Total as propane
condition run mass mass mass mass Hot Cold
Liquid ptlus 1 18.1 0.87 0.39 19.4 16.1 11.5
2 11.3 0.80 0.54 12.6 16.6 11.8
- Coal only 3 8.2 0.59 0.90 9.7 9.7 6.8
Liquid waste 4 8.3 0.68 0.39 9.4 10.6 6.7
5 8.1 0.56 0.50 9.1 9.6 6.4
4-13




Figure 4-1 shows the TOM, hot HC, and cold HC values generally waintained
a relatively consistent relationship to each other for all five test runs.
The TOM and hot HC values agreed well with each other, indicating these two
measurement techniques provided similar results for organic compound emis-
sions. The cold HC results were consistently lower than the other two mea-
surag, with the cold HC being 70% of the hot HC. Loss of organic compounds in
the condensate trap on the cold HC sampling Tine is the most likely explana-
tion for the lower cold HC values. As was the case for the bypass duct
measurements, the TOM consisted primarily of C; to C, compounds. About 90% of
the TOM was found in this fraction.

As was discussed in Section 4.2.1.2 for TOM emissions in the bypass duct,
no change in HC emissions could be associated with.the three test conditions.
The higher values during Runs 1 and 2 are probably associated with the pyro-
clone operating conditions as discussed in Section 4.2.1.

4.2.2 Destruction and Removal Efficiency

The DRE of monochlorobenzene (MCB) spiked into the solid waste drums was
measured during Runs 1 and 2. MCB was chosen as the compound to spike because
it ranked high among Appendix VIII compounds as difficult to incinerate. The
choice of MCB, however, complicated interpretation of the DRE results because
the data indicate formation of MCB in the pyrocione. Formation of MCB is dis-

cussed below, foliowea by discussion of alternative methods to estimate the
DRE for MCB.

The data indicate that the formation of MCB in the pyroclone was related
to high levels of benzene as a PIC {product of incomplete combustion) and to
the chlorine input level to the kiln. Table 4-7 shows the emission concen-
trations measured for these two PICs and the chlorine input levels for each
test run. First considering the main duct data, Table 4-7 shows that the
benzene concentrations were relatively high during all five test runs.
Benzene is known to be a common PIC of fossil fuel combustion, and its
presence is likely related to the coal combustion in the pyroclone. The MCB
concentration was also relatively high except during Run 3 when no chlorinated
waste was burned. The MCB concentrations were also similar for Runs 4 and 5,
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TABLE 4-7. MCB PIC FORMATION

Main duct Bypass duct
concentrations concentrations
Process Test Chiorine input ~(ng/L) {ng/L)

condition run (1b/h) Benzene MCB Benzene MCB

Liquid plus 1 194 600 44 28 10

solid waste 2 248 700 72 63 15
Coal only 3 None detected 490 : 5 15 0.4
Liquid waste 4 217 500 66 7 0.5
5 215 450 62 9 0.7
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when chiorinated waste was burned, but no MCB was spiked into the waste (as
for Runs 1 and 2 when MCB was spiked into the waste). Figure 4-2 shows more
clearly how the MCB concentration in the main duct related to the level of
chlorine input. As the level of chlorine input increased, the concentration
of MCB increased. These data show that most of the MCB in the main duct was
formed as a PIC and was not just the result of lack of destruction of the MCB
spiked into the waste during Runs 1 and 2.

Data for the bypass duct support a different conclusion. The benzene and
MCB concentrations were both much lower than in the main duct, and the MCB
concentrations did not relate to the chlorine input levels. Rather, the MCB
concentrations in the bypass duct appear to be related to the presence of MCB
in the waste feed. The concentrations were over an order of magnitude higher
when the MCB-spiked waste was burned than during the other runs, which
inciuded the chlorindated 1iguid waste in Runs 4 and 5. These data show that
the MCB in the bypass duct reflected residual MCB that was not destroyed, and
that MCB levels were not significantly related to PIC formation. Some MCB may
‘have formed as a PIC, as in the main duct, but it appears that the lower
benzene levels kept the PIC levels small compared to the levels of residual
MCB from waste destruction.

Several alternative methods to calculate DRE were considered. The common
approach is to use the total emission rate of MCB, main plus bypass duct, as
the MCB output in the DRE equation, regardiess of whether the MCB was due to
PIC formation. This approach yields the result tabeled as minimum ORE on
Tabte 4-8. The maximum ORE shown on Table 4-8 1is calculated by attributing
all of the main duct emissions to PIC formation and using only the bypass duct
emissions as the output in the DRE eguation. Direct evaluation of the data
only allows the conclusion that the actual DRE, defined as input MCB not
destroyed, is between the minimum and maximum values. Actually some of the
MCB in the main duct is probably reiated to lack of destruction.

Since neither the minimum or maximum values discussed above provided a
very precise understanding of the DRE achieved, an alternate method was
developed to provide a best estimate of the actual DRE. The basic assumptions
were that the bypass duct data provide the best measure of the input MCB that
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TABLE 4-8. DRE VALUES FOR MCB

Test Test
DRE run 1 run 2 Average
Minimumd 99.993 99.984 99.989
Max imum? 99.9994 99,9986 99.999

Best estimate® 99.9958 99.9914 99.9936

Calculated using main duct plus bypass duct
MCB emission rates.

Calculated using bypass duct MCB emission
rates, only. Main duct MCB emissions assumed
to be from PIC formation.

8]

Calculated as defined in Appendix A-6.
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was not destroyed (little influence from PIC formation) and that the
undestroyed MCB at the kiln exit was apportioned between the main and bypass
ducts relative to the split of total gas flow. The calculations for the
alternate method required back calculation from the bypass duct measured stack
gas flow to the bypass flow at the kiln exit, by correcting for dilution air,
and a combustion mass balance calculation of the total combustion gas flow at
the kiln exit (see Appendix A-6 for example calculations). The ratio of total
gas flow at the kiln exit to the portion of the flow split to the bypass duct
could then be determined. The output value for MCB in the DRE equation was
then caiculated as this gas flow ratio times the measured bypass MCB emission
rate. This method yielded a best estimate of the actual DRE of 99.9936% for
MCB spiked into drums that were fed at the gas exit end of the kiln. This
estimating method does not provide an accurate -determination of DRE as
required during trial burns.

4.2.3 Emissions of PICs

This section covers the qualitative screening analysis for PICs and the
quantitative analysis for dioxins and furans.

4.2.3.1 Organic Emissions Screen--

Qualitative screening analyses of the VOST Method 0030 and Method 0010
samples were conducted to characterize the organic compounds emitted as
products of incomplete combustion (PIC) 1in both the main and bypass ducts.
The GC/MS analyses were targeted to identify about 110 compounds listed in EPA
Methods 624 and 625, commoniy called the priority pollutants. The analyses
were qualitative in that sample quantities were based on average response
factors and not on specific standards. Tables 4-9 and 4-10 present the
concentrations of compounds detected by these analyses. A btank entry on
these tables indicates that the compound was not detected; detection levels
are on the order of a few nanograms.
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TABLE 4-9.

BYPASS DUCT PIC SCREENING DATA

Stack gas concentrations, ng/L

Process condition: Liquid + Coal
solid waste only Liguid waste

Compound Run 1 Run 2 Run 3 Run 4 Run 5
Volatile compounds

Acetone ‘ 61

Benzene 28 63 15 7 9

1,1-Dichloroethene 2

Ethylbenzene 2 3 1 1

Methylene chloride 1 2 17 4 8

Methyl ethyl ketone 68 1

Monochlorobenzene 10 15 1 1 1

Tetrachloroethene 2 1 1 1 l

Toluene 22 21 6 5 8

1,1,1-Trichloroethane 1

Trichloroethene 2 1

Trichloreflucromethane 2 2 5 i
Semivolatile compounds

Bis(2-ethylhexyl) phthalate 8 130 92
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TABLE 4-10. MAIN DUCT PIC SCREENING DATA

Stack gas concentrations, ng/L

Process condition: Liquid + Coal
' solid waste only Liquid waste
Compound Run 1 Run 2 Run 3 Run 4 Run 5

Volatile compounds

Benzene 600 700 490 500 450

Bromoform 1

Ethylbenzene 100 130 74 85 77

Methylene chtloride 66 89 260 54 64
~ Monochlorobenzene 44 72 5 66 62

1,1,2,2-Tetrachloroethane 1

Tetrachloroethene 6 2 2

Toluene 580 650 470 420 440

Trichloroethene 1 ' 3

Trichlorofluoromethane 35

Semivolatile compounds

Anthracene 10
Bis(2-ethylhexyl) phthalate 16 15 62 45 92
Dibenzofuran 25 28
Di-n-butyl phthalate 6
Diphenyl 11 11
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Table 4-9 shows that a few PICs at relatively low concentrations were
emitted from the bypass duct. The voiatile species identified were all com-
pounds commonly detected in combustion gas effluents. Very few semivolatile
compounds were identified. The data show a general scatter from run to run,
with only one trend evident. Higher levels of MCB during Runs 1 and 2 are
likely associated with spiking of this compound into the solid waste feed
during these runs. Section 4.2.2 provides further discussion of MCB emis-
sions. Benzene and toluene concentrations were also higher during these two
runs.

Table 4-10 shows the PICs detected in the main duct. The array of com-
pounds found here was similar te that found in the bypass duct, but individual
compound levels were higher. Benzene, toluene, and. ethylbenzene were found at
the highest concentrations and showed 1ittle variation in concentration from
run to run. Benzene and toluene are known to be common PICs resulting from
fossil fuel combustion and are, therefore, 1ikely associated with coal combus-
tion in the pyroclone.

These data also indicate that MCB was formed as a PIC. The formation was
related to high levels of benzene and to the level of chlorine input to the
kiln, and not to the spiking of MCB in the waste during Runs 1 and 2 (see
Section 4.2.2).

Table 4-11 is a comparison of the PICs measured in the main and bypass
ducts to the PICs historically detected in stack gases from hazardous waste
incinerators. The incinerator data include the most common PICs that were
detected during tests at eight incinerators. Comparison of any individual
compound concentrations should be made with caution, since only one kiln test
is compared to a series of incinerator tests. However, Table 4-11 does
indicate that many compounds are common to combustion of waste in both kiins
and incinerators. It also shows that the concentrations of PICs in both cases
are generally in the same range.

4.2.3.2_ Dioxins and Furans--
Table 4-12 shows the concentrations of dioxins and furans measured in the
main and bypass ducts. Generally, littie difference was noted between runs
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TABLE 4-11. COMPARISON OF KILN AND INCINERATOR PICs

Range of concentrations, ng/L

Kiln, Kiln,
PIC main duct bypass duct Incinerators?
Benzene 450-700 7-62 12-670
Bis(2-ethylhexyl) phthalate 15-62 8~130
Bromodichioromethane 3-92
Bromoform 1-24
Chloraoform 1-1300
Dibenzofuran 25-28
Dibromochloromethane 1-12
Diphenyl 11
Ethylbenzene 74-130 1-3
Hexachlorobenzene 1-7
Methylene chloride 54-260 1-17 2-27
Methyl ethyl ketone 1-68
Monochiorobenzene 5-72 1-10
Naphthalene 5-100
o-Nitrophenol 25-50
Phenol 4-22
Tetrachloroethylene 2-6 1-2 1-9
Toluene 440-650 5-22 2-25
1,1,1-Trichloroethane 1-2
Trichloroethylene 1-3 1-2
Trichloroflucromethane 1-5

& wparformance Evaluation of Full-Scale Hazardous Waste Incinerators,

Volume 2," EPA-600/2-84-181b, PB85-129518, November 1984,
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TABLE 4-12, DIOXIN/FURAN CONCENTRATIONS
Concentration, ng/dscm
Main duct Bypass duct

Homolog Run 1 Run 3 Run 4 Run 1 Run 3 Run 4
Dioxins

TCDD ND ND 0.16 ND ND ND

PeCDD 0.007 ND 0.21 . 0.017 ND ND

HxCOD 0.041 0.10 0.46 0.044 0.043 0.020

-HpCDD 0.10 0.13 0.52 0.082 0.07 0.085

‘0coD 0.260 0.21 0.48 0.17 0.25 0.27
Total dioxins 0.41 0.44 1.8 0.31 0.37 0.38
Furans

TCDF 0.046 0.066 1.1 0.48 0.043 . 0.2%

PeCDF 0.081 0.084 1.1 0.21 0.024 0.10

HxCDF 0.03 0.069 0.90 0.15 0.046 0.12

HpCDF ND 0.10 .71 - 0.04 0.04 0.069

0CODF 0.071 0.23 0.43 0.12 0.16 0.13
Total furans 0.23 0.55 4,2 1.0 0.3 0.67
'ND = Not detected.
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except the levels of both the dioxins and furans were higher in the main duct
during Run 4, An explanation for this increase in concentration was not
found. The concentrations in Table 4-12 are on the low side of the range of
concentrations that have been measured previously for hazardous waste
incinerators.

4,2.4 Total Organic Carbon Concentrations in Raw Materials Feed

Composite samples of the raw materials feed (i.e., crushed limestone and
shale) were collected and analyzed for total organic carbon (TOC), in order to
allow comparison to the total hydrocarbon emissions from the stack. Samples
were analyzed by combustion in a LECO furnace using Texas A&M Geochemical and
Environmental Research Group SO0P-8907. Appendices A-1 and A-5 describe the
sampling and analysis methods, respectively.

The TOC, or organic carbon, input rates were compared to the stack
emission or output of organic carbon based on the HC measurements. Percent
TOC in the feed was converted into a mass input rate of carbon, while the hot
HC emission rate (as ppm propane) was converted into carbon output rates. The
ratio of carbon input to carbon output ranged from 27 to 44, as shown in
Table 4-13. The carbon input was sufficient to potentially account for the HC

output from the stack. Appendix B-4 provides copies of the 1laboratory
analysis data.

4.3 C17 AND NO, EMISSIONS

This section discusses the data collected on inorganic compound
emissions. The discussion is divided into two sections on chloride and
nitrogen oxide emissions.

4.3.1 Chloride Emissions

Table 4-14 shows the chloride data for both ducts assuming all chloride
measured is emitted as HC1. The concentrations of HC1 were relatively low,
and the total emission rates were less than 4 1b/h for all test runs. The
lower values for the bypass duct compared to the main duct are partly the
result of the greater dilution of the gas stream in the bypass duct.

4-26
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TABLE 4-13, ASH GROVE TOC/THC COMPARISIONS
Raw meal
TOC in feed rate TOC input rate in raw meal
Run feed (%) (ton/h) (g/hr) (ton/h)
1 .10 98 89,000 0.0980
2 .10 96 87,200 0.0960
3 .04 g5 34,500 0.0380
4 .07 95 60,400 0.0665
5 .06 97 52,800 0.0582
THC Co. .. Stack flow Emissior
Run (ppm)? (uiL) (dscm/min) (g/hr)
1 16.1 24 1500 2100
2 16.6 25 1460 2200
3 9.7 15 1490 1300
4 10.6 16 1510 1500
5 9.6 14 1460 1200

a

ppm as propane, carzon fraction alone.

Lverall Summary

Input Qutput Ratio
Run (g/hr) {g/hr) (input/output}
1 89,000 2100 42
2 87,200 2200 40
3 34,500 1300 27
4 60,400 1500 40
5 52,800 1200 44
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Table 4-15 compares the emission rate with the input chloride rate and shows
that about 99% of the input chlorine was removed from the gas stream before it
exited the stack. The chlorine reacts with raw material in the pracess to
form chloride salts, mainly potassium chloride. However, the chloride
emission rates did not éppear to relate to the chloride input level.

The sampling and analysis method used for this program was developed to
measure HC1 emissions from incinerators. The method actually measures the
amount of chioride ions collected in impingers located behind a filter and is
typically considered adequate to determine the emissions of HCl1 from inciner-
ators. Apparently, in these tests of cement kilns, an alternate plausible
argument is that the measured chioride ion in the sampling train impingers is
attributed to ammonium chloride, not HC1. Table 4-16 shows data on potassium,
ammonium, and chloride ions in the impingers that support this argument.

The analysis of the impinger solutions for potassium ion show that it is
unlikely that potassium chloride particles pass the filter. Formation of some
potassium chloride would be expected due to the high potassium content of the
raw material fed to the kiln relative to the chloride levels present. How-
ever, no significant potassium ion concentration was found in the sampling
train impingers. Thus, any potassium salts in the stack gas must be solid
particlies that are captured on the filter in the sampling train. If salt
particles do not penetrate the filter, then the ammonium ion levels shown on
Table 4-16 must have passed the filter in vapor or gaseous form. Ammonia or
ammonijum chloride are two possibilities.

Any ammonia present in the gas stream would easily pass through the
filter and be captured in the impingers. This is one possible way to explain
the presence of ammonium ion in the impingers. However, ammonia and HC1 are
highly reactive, and if both were present in the gas stream, they would likely
react to form ammonium chloride. A more reasonable explanation for the
presence of ammonium jon in the impingers is that ammonium chloride vapor
passes the filter. The vapor pressure of ammonium chloride at the filter
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TABLE 4-15, CHLORIDE REMOVAL EFFICIENCY

Chloride
Chloride Chloride removal
Process Test input emissions efficiency
condition run (1b/h) (1b/h) (%)
Liquid plus ¢ 1 194 1.1 99.4
Solid waste 2 248 0.7 99.7
Coal only 3 None detected 0.5 -
Liquid waste { 4 217 2.3 98.9
5 215 a a

2 pata not available.
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temperature of 250°F is 0.089 mm of mercury.2 This vapor pressure can account
for the existence of up to 120 ppm of ammonium chloride, in the gas phase, in
the sampled stream. Thus, it is possible for sufficient gas phase ammonium
chloride to pass through the filter at levels well above those measured in the
impingers. The percent of the measured chloride ievels in the impingers that

The form of the chloride in the sampling train impingers does not
necessarily indicate its form in the stack gases. Literature sources indicate
that ammonium chloride is a crystalline solid which sublimes without melting
and, is almost completely dissociated to ammonia and HC1 in the vapor
phase.3 At average stack temperatures (300°F) and stack gas concentrations
(2 to 10 ppm HC1; equivalent to 3 to 15 ppm NH,C1), all of the NH,C1 would be
in the vapor phase and, therefore, almost entirely dissociated to ammonia and
HC1. The dissociated ammonia and HC1 in the hot stack gases may recombine to
NH,C1 after the stack gases are emitted and cooled in the atmosphere.

4.3.2 Nitrogen Oxide Emissions

Nitrogen oxide (NO,) emissions were measured in the main and bypass ducts
using Ash Grove's continuous monitor. Table 4-17 Tists the average NO, values
for each test run along with pyroctones and kiln operating temperatures. NO,
concentrations in the main duct were generally lower than those measured in
the bypass duct. No relationship was evident between NO, concentrations and
pyroclone or kiin operating temperature.

2 International Critical Tables, Volume III, First Edition, McGraw Hill
Publishers, p. 207, 1928.
3 Sources include:
. Inogggnic and Theoretical Chemistry, J. W. Mellor, Volume II,
p. 566.
. Goldfinger, L., and G. Verhaegen, "Stability of Gaseous Ammonium
Chloride Molecule,: J. Chemical Physics, 50(3), 1467 (1969).
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TABLE 4-17. ASH GROVE NO, DATA AND OPERATING TEMPERATURES

Bypass Kiln
Main duct) duct Pyroclone exit gas
Test run NO, (ppm) NO, (ppm) temp. (°F) temp. (°F)
1 412 312 1600 1970
2 443 723 1620 1880
3 512 1174 1620 1940
4 415 472 1600 a
5 529 765 1600 1831
@ Dpata not available.
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APPENDIX A

SAMPLING AND ANALYSIS METHODS

A-1




This appendix contains information concerning the sampling and analytical

procedures used during the test at the Ash Grove precalciner kiin. Informa-
tion is presented as follows:
Content Page
A-1 Sampling ProceduresS.....ccecseescecesnaces vesescana seressssseas A-5
1.0 Exhaust Gas Testingeseiencceeceeaes tiecsrecssnena vees A-T
2.0 Raw Meatl Sampling........ e tteraesreretsesnressenunns A-26
3.0 Electrostatic Precipitator Dust Sampling......c...... A-27
A-2 Sample Handling and AnalySiS.cecacsacscanaas ciesssesssssranen .. A-29
1.0  :Method 0010 Samples....... sescssssecacsrttstrsasnnnane A-31
2.0 Method 0030 SampleS.ciecccccecee. eresessssssacn seeseas A-36
3.0 HC1 Train SamplesS..ciecereeeccinesrecccncanscases vess A-38
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APPENDIX A-1
SAMPLING PROCEDURES

Test objectives were met by the sampling and subsequent analysis of
exhaust gas streams, raw meal feed, and waste feeds. This section summarizes
the sampling procedures used during the test burn. Preparation of the
sampling equipment and sampling procedures is addressed. Equipment calibra-
tion is briefly addressed; the Project QAP more specifically addresses
equipment calibration. Sample handling (transport and storage) and sample
analysis procedures are addressed in Section A-2.

1.0 EXHAUST GAS TESTING

The following sampling systems were used tc collect exhaust gas sampies
during the test:

. Method 0010 sampling train--Used to determine PCDD/PCDF emission
concentrations (during run 1 of test Condition A, run 3 of
Condition B, and run 4 of test Condition C), to determine an organic
mass fraction, and to screen for a specific array of semivolatile
organics.

. HC1 train--Used to determine HC1 emission concentrations. Ammonium
and potassium ion concentrations were also determined in these
samples.

. VOST--Used to screen for a specific array of volatile organics.
Also used to determine POHC emission concentrations during test
Condition A.

. Field GC system--Equipped with FID. \Used to determine an organic
mass fraction. .

. Orsat--Method 3 sampling system used to determine 0, and (O,
emission concentrations using an Orsat analyzer.

. Continuous emission monitors (CEMs)--Used to monitor hot and cold
THCs using Modified Method 25A systems equipped with FIDs. (0, CO,,
and 0, emission concentrations also measured following EPA Reference
Methods 10, 3, and 3A.

These sampling systems are further defined in the subsequent discussion.
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1.1 Method 0010 Train

The Method 0010 sampling train was used to measure carbon fractions
greater than Cl7 (i.e., organic mass fraction) and to define specific semi-
volatile organics (i.e., organic screen analysis). The carbon fraction was
determined by gravimetric analysis; semivolatile organics were determined by
GC/MS analysis. During three test runs, this train was also used to measure
PCDDs/PCDFs.

The sampling procedure consists of isokinetically sampling a volume of
the exhaust gas (usually no less than 70 ft3 corrected to dry standard condi-
tions). In general, the sampling procedures paraliel those specified in
40 CFR 60, Methods 1 through &, for particulate analysis.

The design of the Method 0010 sampling train was based on the apparatus
described in SW-846, Method 0010 (September 1986 edition). The train consists
of a stainless steel nozzle, a heated borosilicate glass probe iiner, and a
borosilicate filter. The control module used to control the gas sampling rate
and monitor the stack gas parameters contains a leakless vacuum pump; a dry
gas meter; an orifice meter; and the appropriate valves, gauges, temperature
controllers, and associated hardware. The impingers and their contents are
described below:

. The first impinger is a spiral condenser to cool the sample gas.

. The second impinger is an MRI-designed XAD module containing 70 g of
XAD.

. The third impinger is an empty modified GBS to catch any carryover
from the first two impingers.

. The fourth impinger is a GBS and will contain 100 mL of doubie dis-
tilled in glass H,0.

. The fifth impinger is an empty modified GBS.

. The sixth impinger is a modified GBS, containing approximately 200 g
of blue indicating sitica gel.

A1l glass-to-glass connections are made from threaded glass and Teflon
ferrules, Schematics of the train are shown in Figures Al-1 and Al-2.

Calibration--The sampling equipment will be calibrated, checked for
proper operation, and cleaned for use prior to arrival on-site.

As a minimum, the following equipment will be calibrated:
1. Dry gas meter/orifice
2. Stack temperature thermocouple

3. Filter oven thermocouple
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4. Thermocouple and pyrometer for gas meter
5. Probe nozzles
6. Pitot tube (by comparison to pitot tube in wind tunnel)

Copies of all calibration data are offered in Appendix C. The
calibration procedures used are from the "Quality Assurance Handbook for Air
Pollution Measurement Systems: Volume I[II--Stationary Source Specific
Methods," USEPA 600/4-77-027b.

A11 surfaces in the sampling train that came into contact with the sample
gas stream were thoroughly cleaned. The cleaning procedure is discussed in
more detail 1later in this section. To minimize the potential for
contamination of sampling train glassware, all glassware components were
sealed with aluminum foil prior to being packed for storage and transport.
A1l remaining sampling train components were cleaned and prepared in
accordance with EPA Method 5 procedures.

Sample collection--Sample collection, including leak-checking, was
conducted in accordance with EPA Method 5 procedures. The samples were col-
lected isokinetically over a comnlete travarse of cach exhaust diuct (i.e., the
main precipitator and bypass precipitator exhaust ducts). Twenty traverse
points were sampled using four sampie ports located across the width of each
duct. A minimum of 70 ft3 was collected at a sampling rate of
~ 0.75 ft3/min. Two-hour samples were collected.

Sample recovery--At the end of a test run after the final leak check, the
sampling train was disassembled into two parts, the probe and the sample box,
which were then transferred to the field laboratory for recovery. The inlet
to the sample box was covered, and both ends of the probe were sealed to
prevent sample loss and contamination. In a designated section of the field
laboratory, sample components were recovered from the sample box and the
nozzie. The sample component from the probe was recovered in a clean,
ventilated area. ATl Tliquid sample components were transferred to tared
bottles and reweighed after recovery to verify that no losses occurred during
transport to the laboratory. Sample components were recovered as follows.

. Container 1--Filter. Use Teflon-coated or stainless steel forceps
to recover the filter; place the filter in the labeled glass petri
dish,

. Container 2--XAD-2 resin. Cap the XAD-2 resin module with threaded
glass plugs {Teflon ferrules).

. Container 3--Front-half rinse. Rinse and brush the probe nozzle,
probe, and all glassware up to and including the front-half of the
filter with methanol, methanol/methylene chloride, and toluene;
three time each. Retain the rinse.

. Container 4--Back-half rinse. Rinse all glassware from the filter
back-half up to the XAD resin cartridge including the condenser with
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ethanol, methanol/methylene chloride, and toluene; retain the
rinse.

. Container 5--Condensate. After weighing, collect the first, third,
and fourth impinger condensates, then rinse with a known volume of
water, adding it to the condensate container. Record the total
final volume of condensate. Rinse all impingers three times with
methanol, methanol/methylene chloride, and toluene, and add these
rinses to the condensate container.

Cleaning glassware--A1l gtass parts of the train including the empty XAD
sorbent tube were cleaned in MRI's laboratory prior to use as follows:

1. Scrub and soak in hot "Alconox" soapy water.
2. Hot water rinse.

3. Distilled water rinse.

4. Methanol.

5. Methanol/methylene chloride rinse.

6. Toluene rinse.

7. Bake in 100°C oven until dry.

8. Cap ends in methanol/methylene chloride rinsed aluminum foil (dull
side in).

9. Store.

Note: Chromic acid rinse to remove grease was not required because all
fittings were designed as greaseless and were never to be used with grease.

Blank train--A biank train was fully assembled in the field, heated, and
then a train blank sample recovered using the same procedures as a normal
sample recovery.

1.2 HC1 Sampling Train

HC1 present in exhaust gas was collected using an HC1 sampling train.
The sampling procedure consisted of sampling a predetermined volume of stack
gas using the proposed sampling procedures specified in EPA‘s "Draft Method
for the Determination of HC1 Emissions from Municipal and Hazardous Waste
Incinerators" (USEPA, QAD, July 1988), adapted for use with an M5 train.

The HC1 sampling train utilized a heated quartz fiber disc filter and
glass borosilicate probe. A flow control module was used to permit control
and monitoring of the gas sample. The module contains a leakless vacuum pump;
a dry test meter; a surge tank; and the appropriate valves, gauges,
temperature controllers, and associated hardware. The impingers and their
contents are described on the following page.
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. The first and second GBS impingers contain 100 mL of 0.1 N H,SO,
each. These impingers were used to collect condensate and HC1.

- The third and fourth modified impingers contain 100 mL of 0.1 N
NaOH. These impingers were used to absorb C1,, which, if present,
could damage the samplie pump.

. The fifth modified impinger was filled with blue-indicating silica
gel.

A1l glass-to-glass connections were glass and Tef:on. A schematic of the
HC1 train is shown in Figure Al-3.

Calibration--The HC1 sampling equipment was calibrated, checked for
proper operation, and cleaned for use prior to arrival on-site.

As a minimum, the following equipment was calibrated:

1. Dry gas meter/orifice

2. Stack temperature thermocouple

3. Filter oven thermocouple

4. Thermocouple and pyrometer for gas meter

5. Probe nozzles

6. Pitot tube (by comparison to pitot tube in wind tunnel)

The calibration procedures used are from the "Quality Assurance Handbook
for Air Pollution Measurement Systems: Volume III--Stationary Source Specific
Methods," USEPA 600/4-77-027b, and/or from the previously referenced EPA draft
method for the determination of HC1 emissions.

A1l surfaces in the HC1 sampling train that came into contact with the
sample gas stream were thoroughly cleaned. The cleaning procedure is
discussed in more detail later in this section. To minimize the potential for
contamination of sampling train glassware, all glassware components were
sealed with aluminum foil prior to being packed for storage and transport.
A1l remaining sampling train components were cleaned and prepared in
accordance with appropriate EPA reference procedures {i.e., EPA Method 5).

A1l glassware, rinse bottles, and associated apparatus used for in-field
sampling and recovery were thoroughly cleaned and conditioned. ATl sample
containers were glass with Teflon-lined 1ids or Nalgene and were rinsed with
c¢istilled water. :

Cleaning glassware--All glass parts of the train were cleaned in MRI's
laboratory prior to use as follows:

1. Scrub and soak in hot water with Alconox.
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2. Rinse in hot water.

3. Rinse in distilled water.

4, Rinse in acetone.

5. Cap ends in aluminum foil (dull side in).

Sample bottles--Al1 sample bottles required for recovery of HCI

condensate were polyethylene or glass bottles. The sample bottles were rinsed
with distilled water.

Sample collection--Sample collection, including leak-checking, was
conducted in accordance with the procedures described in the EPA draft proto-
col, "Draft Method for the Determination of HC1 Emissions from Municipal and
Hazardous Waste Incinerators." Even though this draft method is directly
applied to incineration systems, the proposed methods may be equally applied
to other industrial combustion systems, such as the precalciner cement kiln.

Samples were collected at a single point in each duct (i.e., in the main
precipitator and the bypass precipitator exhaust ducts). A sampling rate of
approximately 10 L/min was maintained throughout a 2-h sample pericd.

Sampie recovery--At.the end of the test after the final leak check, the
sample train was taken to the Tlaboratory to recover the sample. The samples
from the HC1 train were recovered as follows:

. Container 1--Condensate, HC1, and rinsate. Combine contents of
jmpingers 1 and 2. Rinse these impingers with water, and add the
rinsate to the combined impinger volume.

NOTE: The contents of impingers 3 and 4 can be discarded. To
protect sampling equipment, these impingers were used to collect any
C1, present in the sample volume.

Blank train--A blank train was fully assembled in the field, heated, and
then a train blank sample recovered using the same procedures as a normal
sample recovery.

1.3 Volatile Organics Sampling Train

Volatile organics, including the volatile POHC (introduced during test
Condition A), were collected from exhaust gases using a VOST. VOST samples
were collected from a single source in each duct (i.e., the main and bypass
precipitator exhaust ducts). The VOST was placed in a common port with the
CEM/THC sampling probe to accommodate the number of available sample ports.

The VOST method involved collecting a 20-L exhaust gas sample at a flow
rate of approximately 0.5 L/min. The gas sample was cooled to approximately
20°C by passage through a water-cooled condenser, and volatiles were collected
on & pair of sorbent resin traps. Liquid condensate was collected in a catch
flask placed between the two resin traps. The first resin trap (front trap)
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contained approximately 1.6 g of Tenax, and the second trap (back trap)
contained approximately 1 g each of Tenax and petroleum-based charcoal, 2:1 by
volume,

A diagram of the VOST component arrangement 1is presented in Fig-
ure Al-4. The sample was passed from the probe to a valve train, a water-
cooled glass condenser, a sorbent cartridge containing Tenax (1.6 g), an empty
catch flask for condensate removal, a second water-cooled glass condenser, a
second sorbent cartridge containing Tenax and petroleum-based charcoal, a

silica gel drying tube, a rotameter, a sampling pump, and a dry gas meter.

The gas pressure during sampling and for leak-checking was monitored by
pressure gauges which were in line with and downstream of the silica gel dry-
ing tube.

The probe was constructed of borosilicate glass in a stainless steel
outer sheath. The temperature of the probe was maintained at approximately
140°C, which was low enough to ensure a resin temperature of 20°C.

An isolation valve was used to isolate the VOST apparatus from the sample
probe. The fisolation valve consists of a greaseless stopcock and sliding
Teflon plug. The charcoal tube valve was also used to direct a hydrocarbon-
free gas (charcoal-filtered air) to the inlet of the sample train. This gas
was used to prevent contamination during leak-check procedures.

The condensers were of sufficient capacity to cool the gas stream to 20°C
or less prior to passage through the first sorbent cartridge.

The sorbent cartridges for the VOST are of the inside-inside (I/I) con-
figuration in which only a single glass tube is used for each of the two
tubes. The second sorbent cartridge was placed in the sample train so that
the sample gas stream passes through the Tenax layer first and then through
the charcoal.layer. . The sorbent cartridges were glass tubes with approximate
dimensions of 10 cm (long) by 1.6 cm i.d. The resin was held in pilace by
Teflon-coated stainless steel screens and clips at each end of the resin
layer. Threaded end caps were placed on the sorbent cartridges after packing
to protect the sorbent from contamination during storage and transport.

The metering system for VOST consisted of vacuum gauges, a leak-free
pump, a rotameter for monitoring the gas flow rate, a dry gas meter (low
volume) with 2% accuracy at the required sampling rate and related valves and
equipment. A1l sample transfer lines used with the VOST up to and including
the second resin cartridge were Teflon or glass with connecting fittings that

are capable of forming leak-free, vacuum-tight connections without the use of
sealing grease.

Calibration--A11 VOST equipment was calibrated, checked for proper
operation, and cleaned for use prior to arrival on-site. The gas meter and
condenser thermocouple were calibrated before and after the test. '

The gas meter was calibrated against a wet test meter. The thermocouple
was calibrated against a mercury-in-glass thermometer.
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Glassware cleaning-~Al1 glass parts of the VOST train were cleaned as
follows:

. Washed with Alconox and hot water.

. Rinsed with tap water.

. Rinsed with distilled water.

. Oven-dried at 150°é for 2 h.

. Capped with aluminum foil or Teflon caps until used.

Tenax preparation--The sorbent tube cartridges were packed with Tenax and

conditioned by flowing, organic-free nitrogen (30 mL/min) through the resin
while heating to 190°C for at least 3 h.

During the thermal conditioning, the Tenax cartridges are installed in a
specially designed manifold which permits the nitrogen purge from the traps to
be individually monitored by an FID. The conditioning is continued until the
FID response indicates the traps are clean (less than 5 ppb total hydrocarbon
as propane). If after 24 h of purging the trap is still contaminated, it is
discarded.

Used Tenax cartridges are thermally conditioned by the method described
above.

Charcoal (SKC petroleum base or equivalent)--Procedures for recondition-
ing charcoal are the same as those described for Tenax above.

Sampie cartridges--“Primary® VOST cartridges were packed with 1.6 to
1.8 g of prepared Tenax, and "secondary” cartridges will be packed with
approximately 1 g.each of prepared Tenax and prepared petroleum-based charcoal
(SKC Lot 104 or equivalent), 2:1 by volume. The packed cartridges were condi-
tioned as described above.

After the tubes were conditioned, the tubes were capped and placed into a
steel can which was then sealed for shipment. The can contained a small
amount of charcoal for shipment. During each test, each tube was marked
directly with a label.

VOST sample collection--Sample collection was conducted in accordance
with procedures described in the USEPA document SW-846, Method 0030, except as
noted below. Samples were collected from each exhaust duct at a single sample
point for three 40-min sample periods during each test condition.

The following are exceptions and/or additions to the procedures in the
above-referenced document. ’

1. After collection of the 20-L sample, the two sorbent cartridges were
removed from the train, capped at the ends, and placed into the metal trans-
port can which contains charcoal. The cans were stored and transported in
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insulated containers packed with ice to maintain temperature of the tubes at
4°C at all times.

2. Field blanks, trip blanks, and other conditioned (clean) sorbent
tubes are stored and transported as described above for the sample tubes.

The volatile organic sample train will be assembled as shown in Figure
1-4. A Teak check of the train will be made at 250 mmHg with the three-way
valve at the inlet from the probe to the condenser closed. After all leak
checks, the vacuum will be released by admitting charcoal-filtered air through
the three-way stopcock.

The probe will next be purged with stack gas by drawing stack gas through
the probe via the three-way stopcock with a pump. After this purge of the
probe, the sample is collected following these steps:

. Record the dry gas meter reading.

- Position the three-way stopcock to connect the condenser with the
probe.

«  Turn on the pump and open the coarse metering valve.

. Operate the train at the sampling rate of 0.5 L/min for the next
40 min.

. Collect readings as required by the VOST data sheet each 5 min
throughout the run.

. Ensure the sampling rate remains constant throughout the run.

. Ensure the temperature of the gas entering the first sample tube
remains below 20°C throughout the run.

. Ensure the probe remains above 140°C throughout the run.

. At the end of the sampling period, turn off the pump and the three-
way valve,

After the sample is collected, the final meter volume is recorded and a
final leak check done. The cartridges just used are removed and replaced with
fresh cartridges. No cleaning of the condenser or other VOST equipment is
required between subsamples. A new pair of traps is installed in the system,

.and sampling is continued as described above.

One set of field blanks was collected during each run. These samples
were obtained by removing the end caps from a pair of traps and exposing them
to the atmosphere while placing a pair of sample traps into the VOST train and
again while removing the sample traps from the VOST train.

A set of trip blanks was retained at each duct (two sets per run) for
analysis from the set of tubes used during the trial burn.
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VOST sample recovery--The VOST traps removed from the sample train are
immediately capped. A label is placed on the end cap to indicate the sample
run number for ease in identification. However, each trap tube is permanently
marked with a unique identification number. This identification number is
recorded on the data form and sample traceability form to ensure proper sample
identification. This trap number is used as the primary sample identification
number.

_ PO .

The seajed trap is repiaced in the trap storage/transport c
kept in a cooler with ice during the duration of the test and du
on-site.
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1.4 Field GC

The field GC will be utilized to didentify C1 through Cl17 carbon
fractions. This is necessary in obtaining an organic mass value.

GC samples were split directly off the hot THC pump exit, placing the GC
sampling lines under positive pressure. The entire sampling system was Teak-
checked as a unit. Line and valve purging was sufficient to reduce/eliminate
contamination from previous samples.

Prior to test run I, it was discovered that an isothermal run program was
inappropriate; oxygen present in the sample gas and higher temperatures acted
on the GC columns to generate false high readings. A temperature-programmed

run was developed and then utilized through the test. This program was
defined as follows:

Dual columns: 30 m DB-1, 5.0 uM megabore; column flow and temp-
erature were adjusted with the oven temperature at
100°C to 250°C at 20°C/min. Samples were held for
6 min at 250°C.

Analyzer: Shimadzu GC with dual FID
Carrier gas: He, 7 to 10 mL/min
Sample loops: Approximately 1 mL

Two propane standard concentrations were analyzed each day. A 4.98-ppm
propane standard was analyzed prior to each test run to check instrument
Hnearity. A 9.788-ppm propane standard was analyzed prior to and after each
test run to generate an average response factor. The average response factors
were then utilized to calculate the C1-C7 and C7-C17 carbon fractions.

Several aliquots of a C17 in a C7 solution were injected into the propane
standard gas stream to determine appropriate retention times for carbon
separation. The following ranges were determined:

C1-C7 Main Duct: 0-153s
Bypass Duct: 0-141.5s
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C7-C17 Main Duct: 154-583s
Bypass Duct: 142-572s

To shorten sampling time, some of the quality assurance (QA) samples
(i.e., initial and final nitrogen blanks, propane standards, and ambient air
samples) were not run through the entire temperature program. Early in the
test, it was determined that there were no apparent high boiling point
compounds present in the QA samples. Therefore, a second (A sample could be
analyzed immediately following baseline recovery of the first, without
qualitatively interfering with the analysis.

It should be noted that GC sampling times were reported by the operator
prior to actually injecting the sample. Reported times may be off by up to
10 min. AYso, a 10-ft length of sampliing line was used to transfer sample gas
to the field GC. A low flow rate was maintained through this Tine; therefore,
GC sampling periods do not correspond directly (i.e., minute for minute) with
hot THC sampling periods.

1.5 Orsat Analysis

An integrated, multipeint gas sample was taken from each exhaust duct
during each test run using a modified EPA Reference Method 2 {40 CFR §0). The
sampling procedures consisted of extracting a sample at a constant rate into a
leak-free Mylar bag, which was subsequently analyzed for percent 0, and CO, by
volume on a dry basis using an Orsat gas analyzer.

Figure Al-5 is a schematic of the sampling system. The sampie was taken
from a connection at the exhaust end of the Method 0010 meter orifice. This
sampling method provides a sample from which particulate and moisture have
already been removed in the M5 train and automatically provides a multipoint
and integrated sample. The integrated sample was taken over the entire 2-h
Method 0010 sampling pericd.

The modified apparatus is the same as described in USEPA Method 3 for
integrated sampling except that the probe and condenser are part of the
Method 5 train (see Figure 1-5). '

Large dfameter flexible tubing of sufficient length (4 to 8 ft) is
usually connected to the orifice meter outlet to exhaust sample gas so that it
is vented away from the train operator. This tubing will not interfere with
the orifice meter output and will ensure that no ambient air is drawn into the
Method 3 apparatus.

The sampling system leak checks required in Method 3 was conducted prior
to sampting. These included:

1. Leak checks of bags.

2. Sampling system leak check.
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A1l bags were leak-checked in the taboratory prior to being shipped to
the field. The sampling train was leak-checked before and after each run as
required in Method 3.

1.6 Continuous Emission Monitoring

Samples were collected at each exhaust duct to measure CO, CO,, O,, and
hot and cold THC.

1.6.1 THC Measurement--

THC emissions were measured using EPA Modified Method 25A (MM25A)
sampling systems, equipped with FIDs. This THC measurement was compared to an
organic mass measurement (subsequently discussed).

Heated and unheated THC emission concentrations were measured using the
MM25A systems. This method essentially measures hydrocarbons expressed in
terms of propane.

To measure heated THC concentrations, the following changes were made to
the Method 25A system:

ng
(o)

. The entire sample system from probhe to detector was heated
> 300°F (150°C).

. A Beckman 402 THC analyzer or eguivalent was used.
. Propane was used as the calibration gas.

. EPA protocol 1 cylinder standards of 5, 20, and 100 ppm propane in
nitrogen were used.

In measuring unheated THC concentrations, the following changes were made
to the Method 25A system:

. An ice-cooled water knockout trap was used to remove condensables.

J An unheated Teflon sample line was used tc conduct the sample
through a stainless steel pump to the FID.

. Propane was used as the calibration gas.

. EPA protocol 1 c¢ylinder standards of 5, 20, and 100 ppm propane in
nitrogen were used.

Figure Al-6 illustrates the general configuration of the THC gas sampling
system. At each sample point (i.e., exhaust duct), combustion gas was sampled
using a probe with a sintered metal filter. Immediately after extraction, the
gas sample was split into "heated" and "unheated" sample fractions. The
heated sample fraction was transferred to a hot THC analyzer via a heated
sample Tine. The sample 1line, along with in-l1ine tees and valves, was
maintained at over 300°F {(150°C). Pumps were used to maintain constant
purging of all sampling Tines.
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The unheated sampte fraction was passed through a condensate trap (i.e.,
a modified GBS impinger placed in an ice bath) which was located adjacent to
the sample port. Using a Teflon sample line, the sample was then transferred
to the cold FID, carbon monoxide, carbon dioxide, and oxygen analyzers.

During the test the condensate trap was operated at “contact" and
"noncontact" conditions. Contact conditions were characterized by the sample
gas bubbling through collected condensate. Noncontact conditions were
achieved early 1in the day's test and were characterized by the sample gas
passing through the condensate trap without contact with collected condensate.

The THC monitors included a Beckman 400 series model and a comparable MRI
in-house designed model. A data logger was used to record all necessary
information. The monitors were spanned and zerced prior to and immediately
following each run with 99.26 ppm propane, NBS-traceable EPA protocol 1 gas,
and prepurified nitrogen. A linearity check was conducted in the field prior
to initiating the first test run using -49.09 ppm propane and 20.35 ppm propane
NBS-traceable EPA protocol 1 gases. Monitor response times also were checked
(90% of full scale). '

To determine the potential for organics to leach out of sample lines, a
nitrogen blank sample was analyzed at the conciusion of each test run.
Figura Al-6 41lystrates the location of the nitrogen blank sampling iine
associated with each duct. As illustrated in the figure, nitrogen was

‘introduced at the CEM/THC sample probe where it was immediately split into

heated and unheated sample fragments. The split nitrogen blank was then -
transferred via the heated and unheated sampie lines to the field GC, the hot
and cold THC analyzer, and the CEM systems.

After each run, ambient air was collected and analyzed for hot and cold
THC concentrations. These data offer information on potential THC bias
because of ambient conditions.

1.6.2 Carbon-Monoxide, Carbon Dioxide, and Oxygen Measurement--

Figure Al-6 (previously offered) ilustrates the schematic layout of the
CEM system. As illustrated, CEM samples were split from the cold THC MM25A
sample Tine. In the MM25A system, immediately after extraction, the gas
sample was passed through a condensate trap. The sample was then transferred
via TFE Teflon sample line and split for CO,, O,, CO, and cold THC analysis.
C0, was independently monitored and used to volume-correct the CO reading to
account for the CO, removed. A Horiba Model PIR-2000S nondispersive infrared
(NDIR) analyzer was used to measure CO,. 0, was also independently monitored
and used to correct the CO reading to 7% oxygen concentrations. A Horiba
PMA-200 paramagnetic sensor and a Teledyne Model 320AX polarographic sensor
were used to measure 0,. Each manifold maintained constant purge of the two
cold TFE sampie lines.

Total CO concentration was determined using Horiba Model PIR-2000L
NDIRs. After a CO sample was split from the cold THC MM25A sample line, it
was passed through an ascarite/silica gel cartridge containing approximately
200 g of ascarite and 20 g of silica gel. The ascarite trap removes carbon
dioxide, which is an finterference to the CO monitor, and the silica gel
removes the last traces of moisture prior to the monitor. The sample fraction
is then pumped to the NOIR analyzer.
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Zero drift 1s determined by checking the zero calibration before and
after each run and comparing the two. Calibration drift is determined by
checking the span gas calibration before and after a given period of time
(usually the same time as the zero drift is done). The response time is
determined by adding a calibration gas while the instrument is at the zero
calibration in the end of the probe and determining the length of time for the
instrument to reach 90% of the corresponding span value. The calibration
error (usually referred to as the linearity check) 1is done by zeroing and
spanning tne instrument and then adding a midievel caiibration gas and
comparing the instrument value with the real gas value. Zero and calibration
drift must be less than *3% of the span value, while the calibration error
must be less than ¥5% of the calibration gas value.

The performance checks for the analyzers are summarized below:

Zero drift: 3% of span

Span drift: 3% of span

Linearity checks: 5% of cylinder gas value

Leak checks: < 4% of normal flow, before and after each run
Nominal gas concentrations:

Linearity
THC--span 100 ppm propane 50, 20 ppm
C0--800 ppm 400, 200 ppm
C0,--14% 7%
0,--14% 7%

2.0 RAW MEAL SAMPLING

The raw feed (e.g., crushed limestone, clay, etc.) was sampled once every
30 min during each test run. These grab samples were composited into a single
sample for each run for TOC analysis. A metal trier was used for the collec-
tion of the raw feed samples.

Sampie containers for raw feed (e.g., crushed limestone, clay, ore, etc.)
samples were prepared in the laboratory prior to the test. A1l bottles used
for samples were made of polyethylene or glass. The sample bottles were
cleaned as follows, prior to shipment to the field:

. Rinse copiously with tap water.

. Secak in hot, Alconox-soapy water.

. Rinse with hot water.

. Rinse with distilled water.

. Rinse with reagent-grade methanol.

* . Rinse with methanol/methylene chloride.

. Rinse with toluene.
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. Let dry, cap, and place in storage container.

3.0 ELECTROSTATIC PRECIPITATOR DUST SAMPLING

Dust discharged form the main and bypass electrostatic precipitators

(ESPs) was sampled at the end of each run.
future analysis, if necessary.

A-27

These sampies were archived for




APPENDIX A-2

SAMPLE HANDLING AND ANALYSIS

A-29




APPENDIX A-2
SAMPLE HANDLING AND ANALYSIS

The following sections briefly describe the procedures employed during
the analysis of the sampies collected during this project. These procedures
cover the analysis of all emission (exhaust) samples and raw meal feed
samples.

1.0 METHOD 0010 SAMPLES

The following sections summarize the procedures utilized in analyzing
Method 0010 samples for estimates of semivolatile compounds, quantitation of

dioxins and furans, and gravimetric analysis to combine with GC/FID data for
total organic mass,

1.1 Sample Handling

A1l samples were sealed, labeled, and stored in insulated containers 1in
the field and during transport. A1l samples that were to undergo organic
analysis were stored on ice in the field and during transport. Upon receipt
in the laboratory the samples were removed from the insulated containers and
were placed in cold storage (< 4°C). Each of the samples included the
following fractions:

1. Filter

2. Sorbent trap

3. Front-half organic rinse

4. Back-half organic rinse

5. Condensate (first and second impinger contents and rinse)

1.2 Sample Analysis

Figure A2-1 presents a schematic of the anmalytical scheme of the samples
for semivolatiles, PCDOs/PCOFs, and gravimetric analyses. Prior to
extraction, each component was spiked with method internal standards
(surrogates). The PCDD/PCDF surrogates are listed in Table A2-1. The
semivolatile surrogates included D4-2-chlorophenol and D10-pyrene.

Each train component was triple-extracted using methylene chloride,
methyl t-butyl ether, and toluene. The solvent fractions generated through
the extraction and concentration process were then ultimately combined,
concentrated to a 10-mL final volume, and split into.analytical aliguots.
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TABLE A2-1.

FOR DIOXIN/FURAN ANALYSES

LIST OF ANALYTES, STANDARDS, AND SURROGATES

Compounds in

calibration Surrogate?® (method GC/MS b

Analyte standard internal standard) internal standards
Tetra-CDD 2,3,7,8-TCDD 13C,,-2,3,7,8-TCDD 13C,,-1,2,3,4-TCOD
Tetra-COF  2,3,7,8-TCOF 13C, ,-2,3,7,8-TCDF
Penta-COD 1,2,3,7,8-PCDD
Penta-COF 1,2,3,7,8-PCOF 13(¢,,-1,2,3,7,8-PCOD

2,3,4,7,8-PCDF 13C,,-1,2,3,7,8-PCDF
Hexa-CDD 1,2,3,4,8,9-HxCDD

1,2,3,4,7,8-HxCDD

1,2,3,6,7,8-HxCDD 13C, ,-1,2,3,6,7,8-HxCDD 13C,,-1,2,3,6,7,8-HxCOD
Hexa-CDF 1,2,3,7,8,9-HxCDf 13C,,-1,2,3,5,7,8-HxCDF

2,3,4,6,7,8-HxCDF

1.2.3,6,7,8-Hx(CDF

1,2,3,4,7,8-HxCDF
Hepta-COD 1,2,3,4,6,7,8-HpCDD
Hepta-CDF 1,2,3,4,6,7,8-HpCDF  13(C,,-1,2,3,4,6,7,8-HpCOD

1,2,3,4,7,8,9-HpCDF 13C,,-1,2,3,4,6,7,8-HpCDF
0CoD Octa-CDD 13C, ,-0CDD
OCDF Octa-CDF

@ Added to sample prior to extraction and used for

in sample.

b added to extract at time of injection into GC/MS.
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TABLE A2-2. COMPQOUNDS MONITORED DURING GC/MS SCREEN FOR
SEMI-VOLATILE ORGANICS ANALYSIS

1. N-Nitroso-dimethyl aniline 42. 2-Naphthylamine
2 a-Picoline 43. N-Hexadecane
3. Styrene . ‘ 44, Fluorene
4. Bis(2-chlorophenol)ether 45, 4-Chlorophenyl-phenyl ether
5. Phenol 46. 0Diethyl phthalate
6. 2-Chlorophenol 47. 4,6-Dinitro-2-methyl phenol
7. N-Decane 48. Diphenylamine
8. N-Nitroso-DI-N-propylamine 49, 1,2-Diphenylhydrazine
9. 1,3-Dichlorsbenzene 50. N-Nitroso-diphenylamine
10. 1,4-Dichiorobenzene 51. 4-Bromophenyl-phenyl ether
11. P-(Cymene 52. Hexachlorobenzene
12. 1,2-Dichlorobenzene 53. Dibenzothiophene
13. Bis{2-chloroisopropyi)ether 54, Pentachlorophenol
14. Hexachloroethane 55. Phenanthrene
15. Nitrobenzene 56. Anthracene
16. Isophrone 57. Carbazole
17. 2-Nitrophenol 58. Di-N-buty! phthalate
18. 2,4-Dimethyl phenol 59. N-Eicosane
19, Bis{2-chloroethoxy)methane 60. Fluoranthene
20. 2,4-Dichlorophenc] 6l1. Benzidine
21. 1,2,4-Trichlorobenzene 62. Pyrene
22. Naphthalene 63. Benzyl buty! phthalate
23. a-Terpineol 64. Tetracosane
24, N-Dodecane 65. Chrysene
25. 1,2,3-Trichlorobenzene 66. 3,3'-Dichlorobenzidine
26. Hexachloro-1,3-butadiene 67. Benzla]anthracene
27. 4-Chloro-3-methyl phenol 68. Bis{2-ethylhexyl)}phthalate
28, Hexachlorocyclopentadiene £9. ODi-N-octy! phthalate
29. 2,4,6-Trichlorophenol 70. Benzo[b]fluoranthene
30. 2,4,5-Trichlorophenol 71. Benzo{k]fluoranthene
31. 2-Chloronaphthalene 72. Benzola]pyrene
32. Diphenyl 73. Triacontane
33. Diphenyl ether 74. Dibenz[a,h]anthracene
34, 2,6-Dinitrotoluene 75. Benzo[g,h,i]perylene
35. Dimethy! phthatate 76, Tetradecane
36. Acenaphthylene 77. Octadecane
37. Acenaphthene 78. Docosane
38. 2,4-Dinitrophenol 79. Hexacosane
39. Dibenzofuran 80. Octacosane
40. 4-Nitrophenol 8l. Indeno[l1,2,3,-c,d]pyrene
41. 2,4-Dinitrotoluene 82. 2,3,6-Trichlorophenol
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The Method 0010 samples from test runs 1, 3, and 4 were split for
semivolatile organics analysis, PCOD/PCDF determination, and gravimetric
analysis. Samples fraom the blank train and test runs 2 and 5 were split for
semivolatile organics analysis and gravimetric analysis.

A 2.5-mL to 5.0-mL aliquot was separated for the semivolatile organic
screen. A 2.5-mL aliquot was separated for PCDD/PCDF determination, and a
5.0-mL aliquot was separated for gravimetric analysis. Detailed Standard
Operating Procedures are included in Appendix A-4.

1.2.1 Sample Preparation and Analysis for Semivolatile Organics--

The semivolatile (SV) extraction procedures for rinses and condensates
were adopted from SW-846, Methods 0010 and 3510 (separatory funnel
extraction). The SV extraction procedures for the XAD and filter components
were adopted from SW-846, Methods 0010 and 3540 (Soxhlet extraction). The
extracts did not undergo column cleanup, becauseé an organic screen was
required.

SV analysis was conducted following SW-846, Method 8270, guidelines.
This method is a capillary column full-scan GC/MS method applicable to a
variety of semivalatile compounds. Table A2-1 1ists the compounds screened in
the SV analysis. Calibration checks were completed by daily standard
verification (+30%). Quantification was accomplished by the internal standard
method, using a relative response factor of 1.0,

1.2.2 Sample Preparation and Analysis for PCDD/PCDFs--

The final 2.5-mL aliquot for PCDD/PCDF analysis was solvent-exchanged to
hexane and cleaned up according to SW-846 Method 8280 and analyzed for tetra
through octa PCDD and PCDF congener groups. Samples were analyzed by high
resclution gas chromatography mass spectrometry (HRGC/MS), using Draft ASME
method 8290, "Analytical Procedures to Assay Stack Effluent Samples and
Residual Combustion Products for Polychlorinated Dibenzo-p-dioxins (PCDD) and
Polychiorinated Dibenzofurans (PCDF)." A 60-m x 0.25-mm DB-5 fused silica
capillary column (FSCC) was utilized.

The levels of dioxins and furans were calculated by comparison of the
response samples to calibration standards (listed in Table A2-1). Isomer-
specific quantitation was not completed; total concentrations of each congener
group were determined. Congeners were tabulated (by comparison to the
appropriate response factor determined from the calibration curve. Table A2-1
lists the analytes, standard compounds, and surrogates used in PCDD/PCDF
analysis.

1.2.3 Sample Preparation for Gravimetric Analysis--

Semivolatile and nonvolatile sample extraction were performed following
the procedure given in "POHCs and PICs Screening Protocol” (Southern Research
Institute), Section III.C., As mentioned in Section 5.1, all solvent rinses,
filter, and XAD were combined and extracted with methylene chloride, again
with methyl t-buty? ether, and a third time with toluene.
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The methylene chioride, t-butyl methyl ether, and toluene extracts from
the train components were combined and gravimetrically analyzed without
deviation in accordance with the procedure in Section III.F. of "POHCs and
PICs Screening Protocol." The precision and accuracy of duplicate analyses
were based on two criteria:

. Duplicate sample weights were to be within 20% of the average
sample weight.

. The difference between replicate weights were to be < 0.1 mg (the
required extent of accuracy).

A sample could fail the first test but still be within the limits of
required accuracy; hence a sample was reanalyzed only if it did not pass the
second test.

The respective method blank was subtracted from each sampie. The
remainder was then multipiied by a numerical factor to obtain the total ug per
sample. Bividing by the dry standard sample volume allowed for yug/L
calculation based on the air sampled. To obtain the ppm propane equivalent,
it was assumed that half of the sample molecular weight had no FID response;
thus ppm propane was calculated as follows:

(ug of sample/L of air sampled)+(0.5)=(24.1 uL per umol of gas/44 u propane
per umol propane)

2.0 METHOD 0030 SAMPLES

Votatile compounds present in stack gases were collected on Tenax and
Tenax/charcoal sorbent cartridges using a volatile organic sampling train
(VOST). Methods 5040 and 8240 in SW-846, third edition, describe in detail
procedural steps required to desorb VOST cartridges and analyze the effluent
gas stream for volatile organic compounds. An SOP is also provided in Appen-
dix A-3 that basically follows Methods 5040 and 8240, but only addresses the
quantitation of one each POHC, surrogate, and internal standard. The VOST
samples were analyzed for the compounds 1isted in Table A2-3. Identification
of target analytes in the VOST samples was performed using the Target Compound
Analysis (TCA) procedure. The TCA program uses experimentally determined

retention times and response factors to locate and quantitate any target
analyte.

The contents of the sorbent cartridges were spiked with an internal stan-
dard and thermally desorbed for approximately 10 min at 180°C with organic-
free nitrogen or helium gas (at a flow rate of 40 mL/min), bubbled through a
tower to impinger water desorbed from the cartridges. Target analytes were
trapped on an analytical adsorbent trap. After the 10-min desorption, the
analytical adsorbent trap was rapidly heated to 180°C with the carrier gas
flow reversed. Volatile organic compounds were desorbed from the amalytical
trap and vented directly to the gas chromatograph. The VOCs were separated by
temperature-programmed gas chromatography and detected by low-resolution mass
spectrometry. Concentrations of the POHC were calculated using the internal
standard technique. PIC compounds were quantitated using a single-point
calibration and by internal standard method using RRFs equal to 1.0.
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TABLE A2-3.

CEMENT KILN SEMIQUANTITATIVE SCREEN TARGET LIST FOR

VOLATILE ORGANICS ANALYSIS

Acetone

Acrolein
Acrylonitrile

Benzene
Bromodichloromethane
Bromoform

Carbon tetrachloride
Z2-Chloroethyl-vinyl ether
Chloroform
Dibromochloromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
t-1,2-Dichloroethene
1,2-Dichloropropane
t-1,3-Dichloropropene
c-1,3-Dichlorpropene
Diethyl ether
Ethyibenzene

Methylene chloride
Methyl ethyl ketone
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
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3.0 HC1 TRAIN SAMPLES

The contents of the condensate impingers from the HC1 trains were
analyzed for HC1 using 1ion chromatography, ASTM Method D4327-84.
Concentrations as low as 0.1 mg/L can be determined.

In the analysis, a filtered aliquot of the sampile is injected into an ion
chromatograph. The sample is pumped through three different ion exchange
coiumns and into a conductivity detector. The first two coiumns, a precoiumn
and separator column, are packed with a low-capacity anion exchanger. Ions
are separated based on their affinity for the exchange sites of the resin.
The last column is a suppressor column that contains cation exchange resin in
the hydrogen form. The suppressor column reduces the background conductivity
of the eluent to a Tow or negligible level and converts the anions in the
sample to their corresponding acids. The separated anions in their acid form
are measured using an electrical-conductivity cell. Anions are identified
based on their retention times compared to known standards. Quantitation is
accomplished by measuring the peak height or area and comparing it to a
calibration curve generated from known standards.

The HC1 samples were also analyzed for potassium using inductively
coupled plasma-atomic emissions spectrometry (ICP-AES). The samples were
analyzed for ammonium using gas chromatograph/mass spectrometry-selective ion

measurement (GC/MS-SIM).
4.0 RAW MATERIALS FEED SAMPLE HANDLING

Raw materials feed samples were analyzed for total organic carbon (TOC)
by Galbraith Laboratories of Knoxville, Tennessee.

Samples were analyzed using Galbraith Procedure Nos. ME-7 and ME-6 for
carbon, hydrogen, and nitrogen analysis. Galbraith Procedure No. E6-5 was
utilized for the coulometric determination of inorganic carbon.
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APPENDIX A-3

PROCEDURES FOR VOLATILE ORGANIC ANALYSIS
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The analytical procedures used by MRI for volatile organic analysis are
based on EPA SW-846 Method 5040, "Protocol for Analysis of Sorbent Cartridges
from Volatile Organic Sampiing Train" and Method 8240, "Gas Chromatography/
Mass Spectrometry for Volatile Organics.”" Any deviations from these SW-846
methods normally used by MRI are noted in the procedures.
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1.0 GLASSWARE PREPARATION
1.1 FIELD SAMPLING

1.1.1 A1l containers for field sampling are glass and have Teflon-
Tined caps or Teflon-1ined septa. Samples for volatile organic analysis (VOA)
are protected from l1ight as much as possible to avoid degradation of halo-
genated compounds. Amber bottles are useful for this purpose. If amber bot-
ties are not used, the samplie bottlie can be wrapped with foii or stored in a
container to protect from iight.

1.1.2 When possible, 40-mL screw cap septum vials (VOA vials) that
have been manufacturer precleaned according to EPA protocel are used for the
collection of water and waste samples. However, these vials are currently
available in clear glass only. If contract specifications require amber VOA
vials, these must be prepared according to the procedure in Section 1.2.

1.1.3 Other containers may be required for VQA sampling and these
will be specified by the field programs crew chief prior to each burn. If
other containers are required, they are also be prepared according to the pro-
cedure in Section 1.2.

1.1.4 Water field blanks are prepared for each field sampling trip
by adding VOA water (see Section 2.1 far prep of VOA water) to clean VOA vials
and sending them to the field with the other containers. These field blanks
demonstrate that no contamination of samples has occurred due to ambient con-
ditions at the site or during shipment.

1.2 GLASSWARE CLEANING

1.2.1 Preparation of glassware to be used in the collection or prep-
aration of samples for volatile organic analysis (VOA) is performed in a
laboratory free from organic solvents other than methanol.

1.2.2 A1l glassware (amber VOA vials, sampling bottles, compositing

bottles, volumetric flasks, etc.) is prepared according to the following pro-
cedure:

1.2.2.1 Wash in hot soapy water using Micro (or equivalent)
and a clean brush.

1.2.2.2 Rinse thoroughly in tap water (3 x), deionized water
(3 x), and distilled-in-glass methanol (B&J or equivalent).

1.2.2.3 Any glassware that does not appear to be clean, i.e.,
does not “sheet" when rinsed with water or methanol, is cleaned by soaking in
concentrated sulifuric acid, then rinsed as in Section 1.2.2.2.

1.2.2.4 Allow the glassware to air dry and then place in a
clean glassware drying oven at ~ 110°C for at least 1 h,
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1.2.2.5 After removing bottles from the oven, ailow to cool to
room temperature, then cap with Teflon lined Tids. 1If glassware is not used
immediately, cover the open ends with methanol rinsed aluminum foil and store.

1.2.3 Rinse Teflon liners and Teflon-lined septum thoroughly with
distilled-in-glass methanol. Allow to either air dry or bake at ~ 110°C for
no longer than 1 h,

1.2.4 New reactivials and 2-dram screw cap vials are rinsed with
methanol and baked at "110°C for at least 1 h. After removing from the oven,
they are allowed to cool and then capped with Teflon lined 1ids.

1.2.5 Syringes should be thoroughly cleaned with methanol. This is
done as soon as possible after use to avoid contamination of the syringe.
Syringes are not routinely baked because high temperatures will weaken the
adhesive used to affix the needle to the barrel.

2.0 REAGENTS
2.1 REAGENT WATER (VOA WATER)

2.1.1 Reagent water

.
r 1S

ate defined as & water in which compounds that
interfere with the analytes are not observed at the method detection 1limit.

2.1.2 Reagent water is prepared by pouring Milli-Q (or equivalent)
through a carbon bed into a chromatography column. The column is maintained
at a temperature of approximately 50°C with a gentle flow of prepurified
nitrogen. Other methods of generating reagent water can be found in SW-846
method 8240 "GAS CHROMATOGRAPHY/MASS SPECTROMETRY FOR VOLATILE ORGANICS."

2.1.3 Reagent water is used to prepare matrix spikes, field blanks,
and system blanks for the GC/MS system.

2.2 METHANOL

2.2.1 Only distilled-in-glass (pesticide quality, B&J or equivalent)
methanol is used for glassware prep, preparation of standards, and preparation
of samples.

2.2.2 Store methanol in an area not contaminated by solvent vapors.
2.2.3 Bulk methanol may be used for decontamination of bottles and °
vials prior to disposal and decontamination of glassware prior to cleaning for
re-use,
2.3 TENAX AND TENAX/CHARCOAL TRAPS
2.3.1 VOST traps of tenax and tenax/charcoal are prepared by field -

sampling personnel. Oetails on preparation of traps are available in the ap-
propriate field sampling standard operating procedures (SOP) documents.
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2.4 SCREENING AND BLANKS

2.4.1 To ensure that no contaminants are present in the reagents,
blanks of each matrix type are analyzed by the appropriate GC/MS method.

3.0 SAMPLE TRACEABILITY AND CHAIN-OF-CUSTODY
3.1 SAMPLE TRACEABILITY

3.1.1 Each sample taken in the field is given a unique number by
field personnel. In the case of Volatile Organic Sampling Train (VOST) sam-
ples and gas bags, this number is carried throughout field sampling and anal-
ysis. Water and waste samples are also given a unique number by field per-
sonnel. However, these samplies are composited in the laboratory prior to
analysis. Afterwards, the sample composite is given a new number by labora-
tory personnel. A record of sample composition and their new numbers are
recorded in the appropriate laboratory notebook.

3.1.2 A record of who was responsible for each sample and where the

sample was during the sampling and analysis procedures is kept using the forms
in Figures A2-1 and A2-2.

3.1.2.1 Figure A2-1 is the form used by the field sampling
personnel. This form contains sampling information as well as the field
sample numbers. This form accompanies the samples from the time they are
taken in the field until their receipt by analytical personnel.

3.1.2.2 Figure A2-2 1is the form wused by analytical
personnel. This form is used to transfer samples within the analytical
sections or to instrument facilities.

3.2 CHAIN-OF-CUSTODY

3.2.1 In the event a contract requires chain-of-custody, the samples
are stored in a locked cold room which has restricted access. During the sam-
ple preparation or analysis, the samples must be within the sight of the per-
son who has custody, in a locked container, or in a container sealed with
evidence tape which has been appropriately signed and dated.

3.2.2 The forms in Figures A2-1 and A2-2 are appropriate for chain-
of-custody so long as this is noted on the form.

4.0 SAMPLE RECEIPT

4.1 Volatile samples are usually shipped daily from the field site.
These can be shipped by an overnight delivery service such as Federal Express
or by airport counter-to-counter service. The samples are shipped with suf-
ficient quantities of wet ice or "blue ice" to keep the samples cool. Dry ice
is not recommended for water samples due to freezing of the samples which
will, in turn, break the vials.
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LABORATORY CHAIN OF CUSTODY OR TRACEABILITY RECORD
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Figure A2-2
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4.2 Once the sampies arrive, they are 1nvehtor1ed and examined for
breakage as soon as possible. In the event the samples cannot be inspected
right away, they are stored in a cold room in the shipping container until
such time as the inspection can be accomplished.

4.3 The inventory of the sampies is performed in a volatile free labora-
tory and includes the following items:

4.3.1 The temperature of the shipping container is observed. The
samples should still feel cool. If they are found to be above room tempera-
ture, this is noted either on the traceability sheet or in the appropriate
laboratory notebook.

4.3.2 The samples are inventoried against the enclosed traceability
sheets. If no traceability sheets accompany the samples, then the inventory
is recorded in the appropriate laboratory notebook. During the inventory, the
condition of the samples is noted as well as the labeling information. The
label should be legible and contain the sample number as well as sample col-
lection information.

4.3.3 After inventory, the samples are stored in a cold room to
maintain sample integrity.

5.0 PREPARATION OF CALIBRATION STANDARDS, SPIKING SOLUTIONS MATRIX SPIKES,
AND MATRIX BLANKS

5.1 PRIMARY STANDARD SOLUTIONS

5.1.1 Standards may be prepared from the purest available standard
materials or purchased as certified solutions.

5.1.2 The name, manufacturer, lot number, and purity of each
compound used to prepare primary stock solutions is recorded in the
appropriate laboratory notebook.

5.1.3 The following gravimetric method of standard preparation is
used to prepare primary standard solutions:

5.1.3.1 With an analytical balance accurate to 0.0001 g,
obtain initial and final weights.

5.1.3.2 Calibrate the balance using class "S§" weights if
available. This calibration should bracket the expected working range of the
standards. Record the calibration in the appropriate laboratory notebook.

5.1.3.3 Place about 9.0 mL methanol in-a clean 10.0 mL class
"A" volumetric flask. Allow the flask to stand until all methanol wetted
surfaces have dried. Stopper the flask and obtain an initial weight.

5.1.3.4 LIQUIDS: Determine the target concentration for the

stock solution and use the density of the chemical to determine an approximate
volume to add to the flask. Add the appropriate amount of the standard
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material to the flask using a syringe. The liquid must fall directly onto the
surface of the methanol without touching the neck of the flask. Also, care
should be taken to not touch the surface of the methanol with the end of the
syringe as this would change the initial weight of the methanol and the
flask. The flask is immediately restoppered.

5.1.3.5 GASES: To prepare standards for any compounds that
boil below 30°C {e.g. bromomethane, chloroethane, chloromethane, and vinyl
chioride), fill a 5.0 mL vaived gas-tignt syringe with the reference standard
to the 5.0 mL mark. LlLower the needie to 5 mm above the methanol meniscus.
Slowly introduce the reference standard above the surface of the liguid. The
heavy gas will rapidly dissolve in the methanol. Standards may also be pre-
pared by using a lecture bottle equipped with a Hamilton Lecture Bottle Septum
(#86600). Attach Teflon tubing to the side-arm relief valve and direct a
gentle stream of gas into the methanol meniscus. Immediately restopper the
flask.

5.1.3.6 0Obtain a final weight on the flask. Dilute to volume,
stopper, and mix by inverting the flask several times. Calculate the concen-
tration in mg/mL from the net gain in weight. Unless the compound purity is
stated to be 99+%, then the concentration must be corrected for compound
purity.

5.1.4 The primary stock solution is transferred to a clean {see
Section 1.2.4) 2-dram vial, capped with a Teflon lined 1id, and sealed with
Teflon tape. The vial is filled so that a minimum amount of headspace remains
in the top of the vial. The vial is labeled with the name of the compound,
concentration, solvent, date prepared, initials of person preparing, and the
notebook reference for preparation. Store the vial at -10° to -20°C and
protect from light.

5.1.5 Prepare fresh standards every two months for gases. Reactive
compounds such as 2-chloroethyl vinyl ether may need to be prepared more fre-
quently. A1l other standards must be replaced after six months, or sconer if
comparison with check standards indicates a problem.

5.2 INTERMEDIATE DILUTION STANDARDS

5.2.1 Using primary stock solutions, prepare intermediate dilution
standards in methanol either singly or as a combined mix.

5.2.2 Use volumetric glassware and syringes for all dilutions.

5.2.3 Allow the primary stock to reach room temperature before pre-
paring the intermediate solution. Check the stock solution for signs of
degradation or evaporation. The level of the liquid in the vial is marked
after each use, if possible, therefore once the solution has reached room tem-
pergture the meniscus should match the mark on the vial. Gently mix the vial
by inversion prior to removing an aliquot of the primary stock.
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5.2.4 Add a small amount of methanol to the volumetric flask. Then
add the appropriate amount of primary stock solution(s). Dilute to volume,
stopper, and gently mix by inversion.

5.2.5 Transfer and store intermediate dilutions as described for
primary standard solutions (see Section 5.1.4).

5.3 CALIBRATION STANDARDS

5.3.1 Calibration standards containing the POHCs, surrogates, and
internal standards at a minimum of three concentration levels are prepared
from intermediate or primary stock solutions (Sections 5.1 and 5.2). Prepare
these solutions in methanol according to the procedure outlined in Section 5.2
for preparation of intermediate stock solution. Transfer an aliquot to a
reactivial with minimum headspace, cap with a mininert valve and label.
Transfer and store the remainder as in Section 5.1.4.

5.3.2 One of the concentration levels should be at a concentration
near, but above, the method detection 1limit (usually 10 ng total). The
remaining concentration levels should correspond to the expected range of con-
centrations found in real samples or should not exceed the working range of
the GC/MS system. ELCach standard contains all analytes for detection by this
method. In addition, the recovery internal standards (RIS) and surrogates are
included in the calibration standard mixes.

5.3.3 The calibration standards are replaced when signs of degrada-
tion are evident (typical replacement time is 2 weeks). If the standards fail
to pass the established curve or fail to pass the other calibration require-
ments (see Section 8.5), then the calibrations standards are reprepared.

5.4 SURROGATE AND RECOVERY INTERNAL STANDARD (RIS) SPIKING SOLUTIONS

5.4.1 Surrogates are organic compounds which are similar to analytes
of interest in chemical composition, extraction, and chromatography, but which
are not normally found in environmental samples. These compounds are spiked
into all blanks, standards, samples, and spiked samples prior to analysis.
Percent recoveries are calculated for each surrogate and should not vary from
the expected values by more than *+35%. d8-Toluene, 4-bromofluorcbenzene, and
d4-1,2-dichloroethane are typically used as surrogate compounds, as recom-
mended by SW-846 method 8240.

5.4.2 Recovery internal standards (RIS) are compounds added to all
standards, blanks, and samples which are used to quantitate the analytes. The
RIS chosen should be similar in analytical behavior to the compounds of
interest, It must be demonstrated that the measurement of the internal
standard is unaffected by method or matrix interferences. Bromochloromethane,
1,4-difluorobenzene, and d5-chlorobenzene are recommended by method 8240 as
RIS compounds. {Bromochloromethane, however, is sometimes found as a "native"
in samples, in which case its value as a surrogate is limited.) Method 5040,
"PROTOCOL FOR ANALYSIS OF SORBENT CARTRIDGES FROM VOLATILE ORGANIC SAMPLING
TRAIN" requires db-benzene as a RIS for VOST analysis. Other compounds may be
used depending on the analysis requirements. D6-benzene may be used as the
RIS for all sample types.
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5.4.3 A spiking solution containing each of the RIS and surrogate
compounds is prepared in methanol according to the procedure in Section 5.2,
INTERMEDIATE STOCK SOLUTIONS. Transfer an aliquot to a reactivial with a
mininert valve and continue as in Section 5.1.4. The fipnal concentrations of
each surrogate and RIS are approximately 50 ng/ul). Two microliters (2 ul)
are used to spike each VOST trap, gas bag sample, water sample, and system
blank prior to analysis. This will yield 100 ng total per analysis for each
surrogate and RIS. Alternate spiking volumes and concentrations may be used
but will still yield approximately 100 ng total per analysis.

5.5 BROMOFLUOROBENZENE (BFB) FOR INSTRUMENT TUNING

5.5.1 A solution of 4-bromofiuorobenzene in methanol with a concen-
tration of 50 ng/ul is prepared according to the procedure in Section 5.2.
This solution is used to tune the mass spectrometer according to SW-846 method
8240 specifications. (See Section 7.5.2.)

5.6 MATRIX SPIKING STANDARDS

5.6.1 Matrix spiking standards, if applicable, are prepared in
methanol from compounds representative of those being investigated. This
solution is used to prepare check samples and matrix spikes. No internal
standards or surrogates are added to this mix as these are added to these
samples during the routine prep of the samples. This solution is prepared
according to the procedure outlined in Section 5.2.

5.7 QC CHECK SAMPLES

5.7.1 A QC check sample 1is analyzed during the initial GC/MS
calibration (see Section 7.5.8) to verify the ratio of instrument response to
analyte amount. Analysis of this sample alsc serves to verify the preparation
of the calibration standards. This solution is prepared independently of the
intermediate stocks used to prepare the calibration standards. The final con-
centrations of the analytes should fall within the calibration curve. This
solution is prepared according to the procedure outlined in Section 5.2. It
contains all analytes of specific quantitative interest.

6.0 PREPARATION OF SAMPLES, BLANKS, CHECK SAMPLES, MATRIX SPIKES, AND
REPLICATES

6.1 HOLDING TIMES
6.1.1 Unless otherwise specified by the trial burn plan, QA plan, or
the project Jeader, the holding time from date of sampling to date of analysis
for VOST samples is 2-6 weeks (see SW-846 method 5040 Section 6.2), and for
water samples, the holding time is 10 days.

6.2 VOST AND INTEGRATED GAS BAG SAMPLES (for analysis by purge and trap
desorption GC/MS)

6.2.1 VOST traps are glass tubes filled with either Tenax (2,6-di-
phenylene oxide polymer) only or one half each Tenax and charcoal. The ends
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of these tube are tightly capped. One trap of each type constitutes a
“pair.” There are generally three or four sample "pairs" per run. Each trap
is analyzed separately. In addition, the field sampling crew prepares a field
blank pair for each run and a trip blank pair for each shipment container.
The field blank pair is opened briefly in the field. These samples are used
to demonstrate that there is no contamination from ambient conditions at the
site. The trip blank pair is never opened and accompanies each respective
sample batch of samples returning to the laboratory. These samples are to
demonstrate that there is no contamination from the shipping process.

6.2.2 The VOST samples need no preparation prior to analysis. These
samplies are stored in the cold room until analysis and are spiked with a2 mixed
RIS and surrogate solution. by the GC/MS analyst immediately prior to
analysis. A daily system blank is analyzed (see Section 8.5.3) by spiking a
clean trap with the RIS/surrogate solution. This is to ensure the cleanliness
of the GC/MS system and also serves as a bltank sample for each day's
analysis. Each VOST trap is only valid for one analysis, therefore replicate
analyses and matrix spikes cannot be performed.

6.2.3 After analysis, the spent VOST traps and gas bags are returned
to field programs where they will be recycled.

6.3 WATER AND VOST CONDENSATE SAMPLES (for analysis by purge and
trap GC/MS)

6.3.1 Water samples are samples taken of various water streams as
specified by the trial burn plan for each project. These are usually called
scrubber waters and are usually of two types, inlets and outlets. Occa-
sionally other types of water samples are taken, for example, VOST con-
densates, but they are prepared in the same manner.

6.3.2 The preparation of the water samples 1is performed in a
volatile free laboratory (VOA lab). .

6.3.3 MWater samples are sampled at either 15- or 30-min intervals
during each field test and are typically composited prior to analysis.

6.3.4 The samples are sorted according to run number and type.
Then, all of the VOA vials of each run and type are composited by pouring the
contents of the vial into a larger clean compositing bottle. The composite is
gently mixed and the composited sample is returned to the original VDA vials
filling them in such a manner as to have no headspace in the vials. This is
done as quickly as possible to avoid loss of volatile compounds. The vials
are labeled as having been composited. Each vial is typically used for only
one analysis, with different VOA vial of the composited sample being used for
each replicate analysis. The remainder of the vials are stored in the coid
room (4°C).

6.3.5 Replicate analyses of samples should be performed at 1least
once every 20 samples. The project QA pltan should be consulted for specific
requirements.
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6.3.6 Laboratory blanks for the water samples are performed using
VOA water with the addition of mixed surrogate and RIS spiking solution. This
is done on a daily basis and also functions as the "system blank" for the
GC/MS system. In addition, the water field blanks (Section 1.1.4) shipped
with the samples are analyzed.

6.3.7 Five milliliters (5.0 mL) of each composited sample fis

analyzed by GC/MS purge and trap. The GC/MS analyst spikes each sample with

the mixed RIS and surrogate spiking solution immediateiy prior to anaiysis.
7.0 GC/MS ANALYSIS OF WATER SAMPLES BY PURGE AND TRAP
7.1 SUMMARY. OF METHOD

7.1.1 Five milliliters (5 mL) of the sample is poured into a glass
syringe, spiked with surrogate and RIS, then added to a glass purge tower. An
inert gas is bubbled through the solution at ambient temperature and the
volatile components are efficiently transferred from the aqueous phase to the
vapor phase, The vapor is swept through a sorbent column where the volatile
components are trapped. After purging is completed, the sorbent column is
heated and backflushed with inert gas to desorb the components onto a gas
chromatographic column. The volatile POHCs are separated by temperature pro-
grammed gas chromatography and detected by mass spectrometry. The concentra-
tions of the POHCs are calculated using the internal standard technique.

7.1.2 Refer to SW-846 method 8240 "GAS CHROMATOGRAPHY/MASS SPECTROM-
ETRY FOR VOLATILE ORGANICS" for comptete details of this analytic method. Any
deviations from SW-846 are listed in Section 11.0 of this document.

7.2 PURGE AND TRAP DEVICE

7.2.1 The purge and trap device consists of three separate pieces of
equipment: the sample purger, the analytic trap, and the desorber. It is
recommended that any surface to come in contact with the samples be con-
structed entirely of glass and Teflon.

7.2.2 The recommended purging chamber is designed to accept 5-mL
samples with a water column at Teast 3 cm deep. The gaseous headspace between
the water column and the trap must have a total volume of less than 15 mL.
The purge gas must pass through the water column as finely divided bubbties
with a diameter of less than 3 mm at the origin. The purge gas must be
introduced no more than 5 mm from the base of the water column., The sampie
purger, illustrated in Figure A2-3 meets these design criteria. Alternate
sample purge devices with 20-25 mL headspace may also be utilized. These have
been demonstrated to yield equivalent sample recoveries and are useful for

aga]gsis of waste samples dispersed in PEG since line contamination is mini-
mized.
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7.2.3 The trap must be at least 25 cm long and have an inside diam-
eter of at least 0.105 in. Starting from the inlet, the trap is packed with
the following: 1.0 cm of methyl silicone coated packing (3% SP2100 on 60/80
Chromosorb WAW or equivalent to prolong the life of the trap); 15 cm 2,6-di-
phenylene oxide polymer 60/80 mesh chromatographic grade (Temax GC or equiva-
lent); 8 cm siTica gel 35/60 mesh (Davison, grade 15 or equivalent}, If anal-
ysis for dichlorodifluoromethane or other fluorocarbons of similar volatility
is required, then the trap should be packed with equal parts of coconut char-
coai, Tenax, and siiica gei with 1.0 cm of methyl siiicone coated packing at
the inlet. The coconut charcoal is prepared from Barnebey Cheney, CA-580-26
tot #M-2649 by crushing through 26 mesh screen. If only compounds boiling
above 35°C are to be analyzed, then the trap should be packed with only the
methyl silicone packing and Tenax, Before initial use, the trap should be
conditioned overnight at 180°C by.backflushing with an inert gas flow of at
least 20 mL/min. Vent the trap effluent to the room, not to the analytical
cofumn. Prior to daily use, the trap should be conditioned for 10 min at
180°C with backflushing. The trap may be vented to the analytical column
during daily conditioning, however, the column must be run through the
temperature program prior to aralysis of samples. -

7.2.4 The desorber should be capable of rapidly heating the trap to
180°C for desorption. The polymer section of the trap should not be heated
higher than 180°C and the remaining sections should not exceed 220°C during
bake-out mode. The desorber design in Figure A2-4 meets these criteria.

7.2.5 The purge-and-trap device may be assembled as a separate unit
or may be coupled to a gas chromatograph as shown in Figures A2-5 and A2-6.

7.3 GAS CHROMATOGRAPHY/MASS SPECTROMETRY SYSTEM

7.3.1 GAS CHROMATOGRAPH: An analytical system complete with a tem-
perature programmable gas chromatograph and all required accessories including
syringes, analytical columns, and gases.

7.3.2 COLUMN: 6 ft x 0.1 in i.d. glass, packed with 1% SP 1000 on
Carbopak-B, 60/80 mesh, or equivalent. In some cases, an 8 ft column with
similar packing provides better resolution of coeluting compound such as car-
bon tetrachloride and 1,1,l-trichioroethane. Alternatively, a 30-m 0B-624
megabore capillary column can be used. This cotlumn has resolution and reten-
tion order comparable to the SP 1000, however, analysis time is shortened.
(This column was not commercially available at the time SW-846 was published.)

7.3.3 MASS SPECTROMETER: Capable of scanning from 40-260 amu every
3 s or less, using 70 electron volts (nominal) electron energy in the electran
impact mode and producing a mass spectrum that meets all the criteria in
Table A3-1 when 100 ng of 4-bromofluorobenzene (BFB) are injected through the

gas chromatographic inlet. Typically a MAT CH4, or Finnigan OWA, or
Varian 312A is used.
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7.3.4 GC/MS INTERFACE: Any GC-to-MS interface that gives acceptable
performance criteria may be used. GC-to-MS interfaces constructed entirely of
glass or of glass-lined materials are recommended. Glass can be deactivated
by silanizing with dichlorodimethylsilane.

7.3.5 DATA SYSTEM: A computer system that allows the continuous
acquisition and storage on machine-readable media of all mass spectra obtained
throughout the duration of the chromatographic program must be interfaced to
the mass spectrometer. The computer must have software that allows searching
any GC/MS data file for ions of a specified mass and plotting such ion abun-
dances versus time or scan number. This type of plot is defined as an
Extracted Ion Current Profile (EICP). Software must also be available that
allows integrating the abundances in any EICP between specified time or scan-
number limits. The most recent version of the EPA/NIH Mass Spectral Library
should also be available.

7.4 GC/MS OPERATING CONDITIONS

Electron energy: 70 electron volts (nominal)

Mass range: 40-260 (40-280 amu for the MAT CH4
mass spectrometer)

Scan time: To give 5 scans per peak but not to
exceed 7 s/scan.

Initial column temperature: 45°C

Initial column holding time: 3 min

Column temperature program: 8°C/min

Final column temperature: 220°C

Final column holding time: Analyte and matrix dependent

Injector temperature: 200-225°C

Source temperature: According to manufacturer's
specifications

Transfer line temperature: 250-300°C

Carrier gas: Helium at 30 cm/sec

Purge flow: Nitrogen at 40 mL/min

7.5 [INITIAL CALIBRATION

7.5.1 Each mass spectrometer will be calibrated for mass scaile using
perfluorokerosene (PFK) or perfluorotributylamine (FC-43) according to '
manufacturer's specifications.

7.5.2 Each GC/MS system must be hardware tuned to meet the criteria
in Table A2-1 for a 100 ng injection of BFB (see Sect1on 5.5). Analysis must
not begin until these criteria are met.

7.5.3 A system blank consisting of five milliliters (5.0 miL) reagent
(VOA) water spiked with the surrogate/RIS solution will be analyzed (as
outlined in Sections 7.5.4.1 through 7.5.4.5) to ensure that the GC/MS system
is contaminant free. This shall be done immediately before and after the
calibration curve injections. Should the system prove to be contaminated,
then the following measures are taken.
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TABLE A2-1. BFB ION ABUNDANCE CRITERIA

Mass Ion abundance criteria

50 15% to 40% of mass 95

75 30% to 60% of mass 95

g5 Base peak, 100% relative abundance

96 5% to 9% of mass 95

173 Less than 2% of mass 174

174 Greater than 50% of mass 95

175 5% to 9% of mass 174
176 Greater than 95% but less than 101% of mass 174
177 5% to 9% of mass 176
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7.5.3.1 Perform a "bake-out" of the analytic system by running
through the temperature program and heating the analytic trap. Occasionally,
an gvernight bake-out of the system may be necessary to rid the system of
gross contamination.

7.5.3.2 Ensure that the purge towers and syringes have been
properly cleaned.

7.5.3.3 Obtain fresh VOA water to rule out contaminated water.

7.5.3.4 If necessary, the spiking solution will be reprepared
to rule out contamination during the preparation.

7.5.3.5 If these measures prove to be unsuccessful in elim-
inating the contamination, then the GC/MS supervisor or project leader should
be consulted for further action to be taken.

7.5.4 A five-point calibration curve will be established using the
following procedure: '

7.5.4.1 After allowing the standards to warm to room tempera-
ture, spike the calibraticn standards {sese Section 5.3) into an aiil giass
syringe containing 5 mL VOA water. Be sure the standard solution is expelled
beneath the surface of the water and away from the delivering syringe
needle.

7.5.4.2 This solution is then mixed by inversion and added to
the purge tower. Purge the standard for 11.0 min at ambient temperature.

7.5.4.3 At the conclusion of the purge time, desorb the
analytic trap, begin the GC temperature program, start the GC/MS data acquisi-
tion. Concurrently, introduce the trapped materials to the column by rapidly
heating the trap to 180°C while backflushing the trap with inert gas between
20 and 60 mL/min for 4 min.

7.5.4.4 While the trap is being desarbed into the GC, empty
the purge tower. Wash with a minimum of two 5 mL flushes of reagent water (or
methanol followed by reagent water) to avoid carryover intec subsequent
analyses.

7.5.4.5 After desorbing the standard for 4 min, recondition
the trap by returning the purge-and-trap device to the purge mode. Maintain
flow through the trap. The trap temperature should be maintained at 180°C.
Trap temperatures up to 220° may be employed, however, the higher temperatures
will shorten the useful life of the trap. After approximately 7 min, turn off
the trap heater and open the valve to stop the gas flow through the trap.
When cool, the trap is ready for the next sample.

7.5.5 Tabulate the area response of the characteristic ifons (see
Table B2-1-2) against concentration for each organic compound of interest,
surrogate, and each internal standard. This is calculated for each point in
the curve. Calculate response factors (RF) for each compound relative to the
internal standard.
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TABLE A2-2. RETENTION TIMES AND CHARACTERISTIC IONS FOR

VOLATILE COMPOUNDS

Retention Secondary

Compound time (min) Primary ion jon(s)
Acetone -- 43 58
Acrolein . 56 55, 58
Acrylonitrile -- 53 52, 51
Benzene 17.0 78 52, 77
8romodichloromethane 14.3 83 85, 129
Bromoform 19.8 173 171, 175, 252
Carbon tetrachloride 13.7 117 119, 121
Chlorodibromomethane - 129 208, 206
2-Chioroethyl vinyl ether 18.6 63 65, 106
Chloroform 11.4 83 85, 47
1,1-Dichioroethane - 63 65, 83
1,2-Dichloroethane -- 62 64, 98
1,1-Dichloroethene 9.0 96 61, 98
trans-1,2-Dichloroethene 10.0 96 61, 98
1,2-Dichloropropane 15.7 63 62, 41
cis-1,3-Dichloropropene 15.9 75 77, 39
trans-1,3-01chloropropene 17.2 75 77, 39
Diethyl ether
Ethylbenzene 26.4 106 91
Methylene chloride 6.4 84 49, 51, 86
Methyl ethyl ketone
1,1,2,2-Tetrachloroethane 22.1 83 85, 131, 133
Tetrachioroethene 22.2 164 129, 131, 166
Toluene 23.5 92 91, 65
1,1,1-Trichloroethane 13.4 97 99, 117
1,1,2-Trichloroethane 17.2 97 83, 85, 99
Trichloroethene 16.5 130 95, 97, 132
Trichlorofluoromethane 8.3 101 103, 66
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The RF s calculated as follows:

= {AxCis)/(A1sCx)
where:

Ax = Area of the characteristic ion for the compound being
measured.

Ais = Area of the characteristic ion for the specific internal
standard.

Cis = Amount (ng) of the specific internal standard.

Cx = Amount {ng) of the compound being measured.

7.5.6 Tabulate the area response of the characteristic ions of each
organic compound of interest and surrogate against the concentration of the
internal standards as described in Section 7.5.5.

7.5.7 Calculate the average RF for each compound. If the RF value
over the working range is a constant {+20% RSD), the RF can be assumed to be
invariant, and the average RF can be used for calculations. This variabiTity
range may be expanded to +30% RSD with the approval of the project 1leader.
The ability to meet this criteria is dependeni upon the concentration range of
the calibration standards; i.e., a wider range will have a larger R3D. Alter-
natively, the results can be used to plot a calibration curve of response
ratios As/Ais versus RF.

7.5.8 Analyze a QC check sample by the procedure described
beginning in Section 7.5.4.1. The recoveries should fall within +20% of the
expected value.

7.6 DAILY CALIBRATION

7.6.1 Perform the calibration steps as described in Sections 7.5.1
and 7.5.2 on a daily basis. In addition, the BFB tuning requirement must be
demonstrated every 12 h during extended work days.

7.6.2 Analyze an aliquot of reagent water. This will serve as both
a system blank and a reagent blank.

7.6.3 Daily calibration checks are performed by analyzing the
midrange standard at least once every 12 h.

7.6.3.1 The internal standard responses are examined for re-
tention time shifts. If the retention times have shifted more than 30 s from
the last calibration check, the chromatographic system must be inspected for
malfunctions and correct1ons made.

7.6.3.2 If the EICP area for any of the internal standards
changes by a factor of two from the last daily calibration check standard, the
mass spectrometer must be inspected for malfunctions and corrections made as
appropriate.

A-61




7.6.3.3 MWhen corrections are made, reanalysis of samplies ana-
1yzed while the system was malfunctioning are necessary.

7.7 ANALYSIS OF WATER SAMPLES

7.7.1 Once the initial and/or daily calibration requirements have
been met, analysis of samples may begin.

7.7.2 An aliquot of the weil mixed water sampie prepared in
Section 6.3 is poured into an all glass syringe. The volume of the water
sample 1is adjusted to 5.0 mL. The sample is then spiked with the
surrogate/RIS spiking solution and mixed by inversion.

7.7.3 Analysis then continues as described in Section 7.5.4 using
5.0 mL of sample and spiking with the RIS/surrogate solution.

7.7.4 If analysis of the sample shows any analyte to be outside the
calibration range of the instrument, this sample must be diluted as described
in 7.7.4.1 and 7.7.4.2. If the high level sample  saturates any of the quan-
titation ion, a system blank must be analyzed to assure no carryover to the
next analysis.

7.7.4.1 Dilutions are made from a different VOA vial of the
composited sample than was used for the first analysis whenever possible.

7.7.4.2 Allow the water sample to be diluted and the VOA water
to reach room temperature. Add an aliquot of the sample to a volumetric flask
and dilute to volume with the VDA water. An aliquot of this dilution is ana-
lyzed as in Section 7.5.4 using 5.0 mL of the diluted sampie and the RIS/sur-
rogate solution.

7.7.5 Surrogate recoveries must be +35% from the expected value.
Reanalysis of the sample is necessary if recoveries fall out of this range.

7.7.6 A replicate analysis is performed for every 20 samples unless
otherwise specified by the project specific trial burn plan or the QA plan.

8.0 GC/MS ANALYSIS OF VOST SAMPLES
8.1 SUMMARY OF METHOD

8.1.1 The traps are spiked with an internal standard solution using
the flash evaporation technique. They are then thermally desorbed for 1l min
at 180°C with organic-free nitrogen, bubbled through 5 mL of organic-free
water, and trapped on the analytical trap. After the ll-min desorption, the
analytical trap is rapidly heated to 180°C with the carrier gas reversed so
that the effluent flow from the analytical trap is directed into the GC/MS.
The volatile POHCs are separated by temperature-programmed gas chromatography
and detected by low-resolution mass spectrometry. The concentrations of the
volatile POHCs are calculated using the internal standard technique.
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8.1.2 Refer to SW-846 method 5040 "PROTOCOL FOR ANALYSIS OF SORBENT
CARTRIDGES FROM VOLATILE ORGANIC SAMPLING TRAIN" for complete details of this
analytic method. Deviations are listed in Section 11.0 of this document.

8.2 APPARATUS
8.2.1 Trap spiking apparatus:

8.2.1.1 Internal standards are introduced into each VOST trap
prior to analysis using a special accessory. This consists of a trap holder,
a heated GC-type septum injector, and a supply of helium gas. The injector is
maintained at a temperature of 220°C and the helium flow is about 50 mL/min.

8.2.2 Thermal desorption unit:

8.2.2.1 The thermal desorption unit is capable of heating the
traps to 180°C with flow of organic-free nitrogen through the traps. For
inside/inside VOST traps, wuse the Supeico “ciamshell” heater; for
inside/outside VOST traps, a user fabricated heater is required.

8.2.3 Purge and trap device:

8.2.3.1 The purge and trap unit is as described in
Section 7.2,

8.3 GC/MS SYSTEM
8.3.1 The GC/MS system is as described in Section 7.3.
8.4 GC/MS OPERATING CONDITIONS

8.4.1 The GC/MS operating conditions are as described in Sec-
tion 7.4.

8.5 INITIAL CALIBRATION

8.5.1 Each mass spectrometer will be calibrated for mass scale
using perfluorokerosene {(PFK) or perfluorctributylamine (FC-43) according to
manufacturer's specifications.

8.5.2 Each GC/MS system must be hardware tuned to meet the criteria
in Table B2-1-1 1 for a 100-ng injection of BFB (see Section 5.5). Analyses
must not begin until these criteria are met.

8.5.3 A system blank is performed immediately before and after
analysis of the calibration curve standards according to the following proce-
dure:

8.5.3.1 Turn the helium flow on. Insert a clean trap into the
spiking accessory and seal with the knuriled nut.
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8.5.3.2 Using an exact volume technique, slowly inject the
internal standard solution into the vaporizing port of the spiking acces-
sory. After 15 seconds, shut off the gas flow, and remove trap. The total
flow of gas through the trap during addition of internal standards should be
25 mL or less.

8.5.3.3 Place the spiked trap into the thermal desorption unit
and attach the "ctamshell" heater. Check the flow to ensure a 40-mL/min
nitrogen Fiow rate. feat trap and desorb for 11 min.

8.5.3.4 The desorbed components pass into the bottom of the
water column, are purged from the water, and are collected on the analytic
trap. After the ll-min desorption period, the compounds are desorbed from the
analytical trap into the GC/MS system by rapidly heating the analytic trap and
backflushing with inert gas for 4 min.

8.5.3.5 If the system proves to be contaminated, then the cor-
rective action outlined in Section 7.5.3 is initiated.

8.5.4 A minimum of calibration standards at three levels are used
to prepare the calibration curve. Each standard is analyzed on three Tenax
traps spiked with calibration standards to establish a calibration curve.
These traps are spiked and analyzed as described beginning in Section 8.5.3.1.

8.5.5 Tabulate the area response of the characteristic ions of each
analyte (surrogate and compound of interest) against the concentration of the
internal standards as described in Section 7.5.5.

8.5.6 Calculate the average RF for each compound. If the RF value
over the working range is a constant (+20% RSD), the RF can be assumed to be
invariant, and the average RF can be used for calculations. This variability
range may be expanded to +30% RSD with the approval of the project leader.
The ability to meet this criteria i{s dependent upon the concentration range of
the calibration standards; f.e., a wider range will have a larger RSD. Alter-

natively, the results can be used to plot a calibration curve of response
ratios As/Ais versus RF.

8.5.7 Analyze AQC check sample by the procedure described beginning
in Section 8.5.3.2. The recoveries should fall within *20% of the expected
value.

8.6 DAILY CALIBRATION

8.6.1 Perform the calibration steps outiined in Sections 7.5.1 and
7.5.2, In addition, the BFB tuning requirement must be demonstrated every
12 h during extended work days.

8.6.2 A system blank is analyzed as outlined in Section 8.5.3.
8.6.3 A dailly calibration check is performed by spiking a Tenax

trap with the mid range calibration standard. The response factors calculated
from this injection must not vary by more than *20% for any analyte. This
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¥ar1abi1ity range may be expanded to +30% with the approval of the project
eader.

8.7 ANALYSIS OF VOST SAMPLES

8.7.1 Each sample trap, field blank trap, and trip blank trap is
analyzed by the procedure described beginning in Section 8.5.3.

8.7.2 If anmalysis shows any analyte to be outside the calibration
range of the instrument, then a higher level standard is prepared and analyzed
to bracket that sample.

8.7.3 If samples are encountered that have concentrations of
analytes above the highest paint in the calibration curve, the cleanliness of
the system must be proved by analyzing a system blank as in Section 8.5.3. If
this system blank proves to be clean, this establishes a new lower l1imit for
the analysis of system blanks. If, on subsequent analyses, a sample is en-
countered that is above this new limit, a system blank must be analyzed. 0{nce
again, if this proves the system to be clean, then this higher limit is estab-
lished. This continues until an amount of analyte is found that does not
clean up from the system during the usual operating procedure. When this
oCccurs, a longer bake-out of the sysiem is required.

9.0 DATA INTERPRETATION
9.1 QUALITATIVE ANALYSIS

9.1.1 An analyte is identified by comparison of the sample mass
spectrum with the mass spectrum of a standard of the suspected compound (stan-
dard reference spectrum). Mass spectra for standard references are obtained
on the user‘'s GC/MS within the same 12 h as the sample analysis. These
standard reference spectra may be obtained through analysis of the calibration
standards.. Two criteria must be satisfied to verify identification: (1) eiu-
tion of sample component at the same GC relative retention time (RRT) as those
of the standard component; and (2) correspondence of the sample component and
the standard component mass spectrum,

9.1.2 The sampie component RRT must compare within *0.06 RRT units
of the RRT of the standard component. Ffor reference, the standard must be run
within the same 12 h as the sample. If coelution of interfering components
prohibits accurate assignment of the sample component RRT from the total ijon
chromatogram, the RRT is assigned by using extracted ion current profiles for
ions unique to the component of interest.

9.1.3 Every ion plot and mass spectrum will be visually inspected
to ensure that (1) A1l ions present in the standard mass spectra at a relative
intensity greater than 10% (most abundant fon in the spectrum equals 100%)
must be present in the sample spectrum. (2) The relative intensities of ions.
specified in (1) must agree within *20% between the standard and sample
spectra. (Example: for an ion with an abundance of 50% in the standard
spectra, the corresponding sample abundance must be between 30% and 70%.)
These criteria may be relaxed slightly if, in the best professional judgment
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of the data analyst, a compound lacking all criteria is still deemed to be a
Ilhit.ll

9.1.4 If the project specific trial burn plan indicates that com-
pounds other.than the analytes of interest (i.e., PICs or unknowns) are to be
identified, this work is performed by personnel experienced in mass spectral
interpretation. A computer search of the NBS mass spectral Tibrary is
obtained for each unknown spectrum, followed by manual evaluation of the
spectra and search resuits. Manuai searches of mass spectral libraries are
also used to facilitate identifications. In some cases it is not possible to
identify a compound based on its electron impact mass spectrum aione. To the
extent possible, these compounds will at least be characterized by class; for
example, as "hydrocarbon', "amine", etc. Unknown and PIC compounds may also
be semiquantitated by calculating ng amounts as outline in Section 7.5.9 using
total ion areas for both unknown and internal standard and assuming a response
factor of 1.000.

9.2 QUANTITATIVE ANALYSIS

9.2.1 Specific quantitation information based on response factors
for compounds {(Section 9.5.6) will be done for surrogates and POHCs only.
Quantitation for PICs and unknowns will be calculated using RFs of 1.000 or
historical response factors if available.

9.2.2 When a compound has been identified, the quantification of
that compound will be based on the integrated abundance from the EICP of the
primary characteristic ion. For VOST samples only, if the primary ion is
saturated or has an interference, then a secondary ion is used for quantifica-
tion. However, a new RF should be established for the secondary ion. Quanti-
fication will take place using the internal standard technigue.

9.2.3 Calculate the total ng per analysis of each identified
analyte in the sample as follows:

total ng = [Aa/Ais] x [Cis/RFa)

where:
Aa = Area of the characteristic ion for the analyte to be
measured.
Ais = Area of the characteristic ion for the specific
internal standard.
Cis = Amount (ng) of the specific internal standard.
RFa = Calculated average response factor for the analyte.

9.2.4 The "TCA" quantitation report values may be used in place of
manual calculations for the total ng per analysis.

9.2.5 VOST samples are reported as total ng per trap or total ng
per pair.
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g.2.6 Water samples are reported in ng/mL by the following:
ug/L = ng/mL = total ng found / purge volume (5.0 mL)

9.2.7 MWaste feeds are reported in ug/g by the following:
ug/g = [ug found/injection volume (mL)] x [dilution (mL)/sample wt(g)]

9.2.8 Report results without correction for recovery data. When
duplicates, matrix spikes, and check samples are analyzed, report all data
with sample results.

10.0 QUALITY CONTROL

Specific QC requirements are included in the section where appropr1ate,
however, a summary of the QC performed w1th sample preparation and analysis is
summarized in this section.

10.1 BLANKS

10.1.1 Field blanks are analyzed to ensure that no contamination of
the samples has occurred during the samp11ng and shipping processes. Trip
blanks are a specific type of field blank and are utilized for VOST analysis
to segregate the sampling process from the shipping process. See Sec-
tion 6.2.1 for further explanation of VOST trip and field blanks. The

preparation of water field blanks is outlined in Section 1.1.4.

10.1.2 System blanks for the GC/MS system are performed on each in-
strument on a daily basis. These analyses are to demonstrate that the GC/MS
system is free from contaminants. These may also function as reagent blanks
(Section 10.1.3).

10.1.3 Reagent blanks are performed by spiking the various reagents
with RIS and surrogate and are analyzed according to the procedure for that
type of sample. This is done for each batch or lot number of reagent.

10.2 SAMPLE QA REQUIREMENTS

10.2.1 For all water samples spiked with surrogates. Recoveries
are calculated for all these sampies and must fall within £35%.

10.2.2 Replicate an&]yses water samples are performed at least once
per 20 samples. However, the project specific QA plan is consulted for addi-
tional replicate analyses.

10.3 INITIAL INSTRUMENT CALIBRATION REQUIREMENTS
10.3.1 Each instrument is calibrated for mass scale using PFK or

FC-43 according to manufacturer's specifications prior to the initial calibra-
tion curve.

10.3.2 Each instrument is tuned to meet the criteria in Table A2-1
for a 100-ng injection of BFB.
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10.3.3 A calibration curve is established and acceptable per-
formance demonstrated prior to the analysis of samples. Initial calibration
procedures are dependent on sample type and are outlined in Sections 7.5, 8.4,
and 8.5.

10.4 DAILY INSTRUMENT CALIBRATION REQUIREMENTS

10.4.1 Each instrument is calibrated for mass scale with PFK or FC-
43 on a daiiy basis.

10.4.2 The BFB performance criteria in Table 1 must be demonstrated
every 12 h.

10.4.3 Daily calibration requirements are dependent on sample type
and are outlined in Sections 7.6 and 8.6.

11.0 MODIFICATIONS FROM SW-846 METHODS

11.1 METHOD 8240 "GAS CHROMATOGRAPHY/MASS SPECTROMETRY FOR VOLATILE
ORGANICS"

METHOD 8240
SECTION NO. MODIFICATION

4,12.3 100 ng of BFB is injected rather than 50 ng. This
5.5 gives better instrument response on the lower
7.2.2 jntensity ions.

7.3.1

5.1.3 Purities < 100% (or 99+%) are corrected.

5.3 Concentrations of stock solutions will vary

5.4 according to analysis needs. Usually, surrogate
5.7

and RIS solutions are such that 100 ng per analysis

is achieved. RIS and surrogates are prepared as a

mix for VOST, water samples, and system blanks.

A three point calibration curve is acceptable.

5.6 Calibration standards are prepared in methanol rather
than reagent water and they are used until signs of
degradation become evident.

5.8 standard solutions are stored in clear vials and placed

in a closed container to protect from light.

6.1 New bottles and vials are cleaned according to
Introductory Chapter, Section 4.1.2. Sample bottles
and vials are not reused, they are decontaminated with
methanol and disposed of. Reactivials and volumetric
flasks are decontaminated after use, then cleaned as
in Section 4.1.2.
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7.2.5

7.2.9

7.4.1

7.4.1.5

7.4.1.7.3

7.5.2

Calibration standards are prepared as a mix which
jincludes analytes, surrogates, and RIS. This standard is
spiked directly into the glass syringe containing 5.0 mL
VOA water, mixed, and added to the purge tower.

The GC/MS data system (INCOS) uses n rather than n-1 for
%RSD calculations. If a %RSD falls within 3% of the
cutoff value, then this ¥RSD is recalculated manually
using n-1 to achieve a more accurate value.

Water samples are not prescreened as they generally
contain a very low concentration of analytes.

Purge gas is nitrogen at 40 mL/min. Carrier gas is
heiium at 30 cm/s.

Only one aliquot for analysis is taken from any given VOA
vial. If repiicates are required, then these altiquots
are taken from individual VOA vials. If dilutions are
necessary, then an aliquot is taken from a fresh VOA
vial.

Quantitation for PICs will be completed by using the RFs
generated by standard injections. Unknowns will be
quantified by using RRFs of 1.000.

Concentrations of analytes will vary depending on
the analysis needs.

11.2 METHOD 5040 "PROTOCOL FOR ANALYSIS OF SORBENT CARTRIDGES
FROM VOLATILE ORGANIC SAMPLING TRAIN*®

METHOD 5040

SECTION NO.

5.3.2

5.5

5.6

7.2.3

8.4.1

MODIFICATION

Stock solutions are maintained for 2 months for
reactive compounds and gases, 6 months for all others.
They are replaced sooner if signs of degradation are
evident. (per method 8240)

.100 ng BFB used for better instrument response on 7.1 the

lower intensity ions.

Concentrations of stock solutions will vary depending
on analysis needs.

Internal standard amounts are typically 100 ng per
analysis.

Acceptable range for internal standard areas is +35% from

run to run, or a factor of two (-50% to +100%) from the .
last daily standard per method 8240.
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APPENDIX A-4

SEMIVOLATILE ORGANICS ANALYSIS AND
PCDD/PCDF DETERMINATION

1.0 GLASSWARE PREPARATION

1.1 Standard Procedures

A11 glassware for field sampling and analysis of semivolatile organic
compounds is prepared according to the- following procedures.

1.1.1 Wash all glassware in hot, soapy water (use ISOCLEAN nonionic
soap, Micro, Alconox, or equivalent synthetic detergents and a clean brush).

1.1.2 Rinse with tap water (5X), deionized water (3X), and bulk acetone
(2X).

1.1.3 Air dry and cover open ends of glassware with solvent-rinsed
aluminum foil and store in appropriate drawers.

1.1.4 Any glassware that gives an indication of still being dirty, i.e.,
the water and acetone rinses do not “sheet,” should be recleaned by soaking in
concentrated sulfuric acid overnight then rinsed as in Section 1.2.2.2.

1.1.5 Before actual use, clean glassware and Teflon liners from storage
drawers. should be rinsed with high purity acetone followed by a 2X rinse with
the appropriate solvent to be used in the method. Glassware for field
sampling should be rinsed a final time with methylene chloride (DCM).

1.1.6 Glassware used for extraction, concentration, and cleanup
procedures are numbered as a set. Such glassware is to be used in a set.

1.1.7 A final rinse of the glassware sets with the appropriate solvent
should be collected in a vial, labeled to note glassware type and set, and
archived as a glassware rinse.

1.1.8 The dram vials, reacti-vials, and autosampler vials are rinsed 2X
with the solvent to be used and allowed to air dry.

1.1.9 When required, dram vials may be precalibrated by dispensing a
measured volume of the appropriate solvent into the vial and etching the glass
at the bottom of the miniscus. Precalibrated vials are to be rerinsed with
the appropriate solvent and allowed to dry.

1.1.10 Vial caps are to be lined with solvent-rinsed Teflon liners.
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1.1.11 After use, glassware is to be rinsed once with extraction solvent
and once with bulk acetone before detergent washing.

1.2 SW-846 Method Modifications, Deviations, and Enhancements

The following modifications, deviations, and enhancement from SW-846 and
other standard methods will be employed during this study. None are expected
to impact ihe quaiity of the resuits submitted. The glassware cleaning
procedure deviates from SW-846, Chapter 4 recommended method, as follows.

1.2.1 SW-846 recommends using methanol rather than bulk acetone in
Steps 1.1.2 and 1.1.11.

1.2.2 SW-846 suggests using a hot (= 50°C) soap water soak and a hot
water rinse.

1.2.3 SW-846 recommends a soak with hot chromic acid solution to destroy
traces of organic compounds. '

2.0 SORBENT CLEANUP AND PREPARATION

2.1 XAD-2 Cleanup and Trap Preparation

2.1.1 Extraction and Fluidation--A batch of XAD-2 adsorbent (Alltech
Assoc./Applied Science, 20/50 mesh, 90 X pore size, precleaned) is placed into
a Soxhlet extraction apparatus and extracted for 22 h with methylene chloride
(DCM) as outlined in Section 2.3.2.

The XAD-2 is then placed into an evaporating dish lined with methylene
chloride-rinsed aluminum foil, placed in & hood and dried for 12 h. The
evaporating dish is lined with aluminum foil to prevent possible contamination
of the XAD-Z vesin from the dish. Prerinsed aluminum foil is placed over the
§AD;2 to keep particulate matter from falling into the evaporating dish during

rying.

Glass wool (preextracted with methylene chloride as outlined in
Section 2.4.1) is placed in the bottom of a 1-L continuous extraction
column. The XAD-2 adsorbent is next placed into the column (~ 1,000 g/
extraction column). A stream of high purity gaseous nitrogen is passed for
16 h through a bed of 50% activated carbon/50% molecular seive and then
through the extraction column. The rate of N, flow should gently dry the
resin. Excessive fluidation may cause the XAD-2 particles to break up. The
activated charcoal/molecular sieve trap consists of a 8 x 1 1/2 in stainless
steel case with stainless steel frits on the inlet and outlet. A1l 1ines

Eog?ecting the N, tank to the column should be Teflon or precleaned copper
ubing.

g.l.Z_ Storage of Extracted XAD-2--Precleaned XAD-2 resin not to ‘be used
immediately (within 2 weeks) should be stored under high purity methanol.
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2.1.3 Packing the XAD Trap--

2.1.3.1 Dry method--Place a wad of glass wool (preextracted with
methylene chloridei into the bottom of a precleaned XAD-2 cartridge. The XAD
trap is packed just prior to use in the field (not to extend longer than
2 weeks prior to use). Use just enough glass wool to cover the glass frit.
Add XAD-2 resin to fill the cartridge to the top of the curved section. Do
not tap the cartridge. Packing the resin too tightly may plug the sample
train during sampling. Add enough glass wool (preextracted) into the top of
the cartridge to ensure the resin will not leak out. Cover both ends of the
cartridge tightly with methanol-rinsed aluminum foil, Wrap the cartridge with
bubble pack and tape to ensure safe delivery to the field site.

2.2 Cleanup and Preparation of Solid Materials Used in the Analytical
Procedures

2.2.1 The following adsorbents are to be extracted in the giant Soxhiet
extractor.

. Na,S0, (anhydrous, granutar, Fisher Scientific or equivalent)
. Florisil {pesticide grade, 60/100 mesh)

2.2.2 Soxhlet Extraction Procedure for the 12-L Giant Soxhlet--

2.2.2.1 Charge the Soxhlet by adding 6 L DCM in the 12-L round bottom
flask.

2.2.2.2 Add boiling chips (silicon carbide) to the 12-L round bottom
flask.

2.2.2.3 Place preextracted regular glass wool in bottom of Soxhlet
extractor to prevent solids from entering into the Soxhlet arm. Add the solid
material and wet with 1 L DCM.

2.2.2.4 Extract overnight, 16 to 22 h at a turnover rate of 2 cycles/h.

2.2.2.5 Remove the solid material from the extractor and air dry in
methylene chloride-rinsed aluminum foil-l1ined evaporating dishes until solvent
odor is no longer detected (~ 4 h).
2.2.3 Adsorbent and Drying Agent Activation Procedure--

2.2.3.1 Na,S0,--Ensure that the Na,S0, is dry. Transfer the air-dried
Na,$0, to small evaporating dishes and heat in a muffle furnace at 400°C for
4 h.

Store the Na,$0, in a clean glass jar covered with methylene chioride-
rinsed foil in an oven at 130°C.

2.2.3.2 Florisil--Activate a batch of Florisil by heating at 130°C for
16 h. Store in a desiccator.
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2.2.3.3 Carbopak C/Celite 545--Prepare by mixing 3.6 g of Carbopak C
(80/100 mesh) and 16.4 g of Celite 545 in a 40-mL vial (different amounts may
be mixed in the same proportions). Place sorbent mixture on rock tumbler and
tumble for 3 h. Activate at 130°C for 6 h. Store in a desiccator.

2.3 Cleanup and Preparation of Glass Wool and Boiling Chips

2.3.1 Glass Wool (Soxhlet Extraction)--

2.3.1.1 Add approximately 6 L of methylene chloride to a 12-L round

bottom flask. Add boiling chips (silicon carbide) to the 12-L round bottom
flask.

2.3.1.2 Place regular or silanized glass wool in Soxhlet and wet with
1 L methylene chloride.

2.3.1.3 Extract overnight, 16 to 22 h at a rate of 2 cycles/h.

2.3.1.4 Air dry on methylene chloride-rinsed aluminum foil.

2.3.1.5 Store on bench in clean glass jar with Teflon-lined screw cap.
2.3.2 Boiling Chips--

2.3.2.1 Silicon carbide boiling chips (Soxhlet extraction)--

2.3.2.1.1 Add approximately 500 mL of methylene chloride to a 1-L

round bottom flask. Add boiiing chips (silicon carbide) to the round bottom
flask.

2.3.2.1.2 Place preextracted reqgular glass wool in the bottom of a
71/60 Soxhlet extractor. Add the silicon carbide boiling chips to be
extracted and wet with approximately 200 mL of methylene chloride.

2.3.2.1.3 Extract overnight, 16 to 22 h.
2.3.2.1.4 Air dry on methylene chloride-rinsed aluminum foil.

1id 2.3.2.1.5 Store on bench in a clean glass jar with a Teflon-1ined

2.3.2.2 Berl saddle boiling chips--Simply crush the Berl saddles to

small pieces and store in a methyiene chloride-rinsed vial or jar with Teflon-
lined 1id.

2.4 SW-846 Method Modifications, Deviations, and Enhancements

The following modifications, deviations, and enhancement from SW-846 and
othgr standard methods will be employed during this study. WNone are expected
to impact the quaiity of the results submitted.
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2.4.1 Appendix A of SW-846 Method 0010 suggests twe XAD-2 cleanup
methods.

2.4.1.1 [Initial rinse of XAD-2 resin in Type II water (2X) in a beaker,
followed by Soxhlet extraction with water (8 h), methanol (22 h), and two
separate methylene chloride extractions, each for a duration of 22 h.

2.4.1.2 Using an XAD-2 cleanup extraction apparatus which includes a
three-necked flask, air-jacketed Snyder distiltation column, and an XAD-2
canister in which the resin is held light spring tension between a pair of
coarse and fine screens. Solvent is refluxed through the Snyder column, and
the distillate is continuously cycled upward through the XAD-containing canis-
ter for extraction-and returned to the flask. The resin is first water-washed
by pumping 20 L of distilled water upward through the canister. The resin is
then solvent-rinsed with methanol and methylene chloride (2X) for 10 to 20 h
using the described distillation apparatus.

2.4.1.3 MRI will extract the XAD-2 for 22 h using methylene chloride
(Section 2.1.1). The resin purchased will have been precleaned by the
manufacturer. A subsample of the cleaned resin will be solvent extracted and
analyzed by GC/MS to ensure that the resin has been efficiently cleaned.

2.4.2 Appendix A of Method 0010 suggests two XAD-2 drying techniques.
MRI will use a method similar to the second option recommended, modified as
follows. The high purity nitrogen will be passed through & stainless steel
case (approximately 200 cm3 capacity) containing a mix of activated carbon and
molecular sieve {in equal proportions).

2.4.3 Method 0010 recommends that c¢leaned XAD-2 be stored in an
airtight, wide-mouth amber jar or in one of the glass sorbent modules sealed
with Teflion film and elastic bands for no more than 4 weeks. MRI will modify
this procedure by storing the precleaned resin in a jar under high purity
methanol if it will not be used within 2 weeks after preparation.

2.4.4 Method 0010 recommends the use of Teflon boiling chips for all
sample preparation procedures (Soxhlet extraction, Kuderna Danish volume
reduction). MRI will use silicon carbide or Berl saddle boiling chips
instead.

3.0 EXTRACTION OF FIELD SAMPLES FOR SEMIVOLATILE ORGANIC COMPOUNDS

3.1 Sample Train and Aqueous Sample Extraction

The components of the Modified Method 5 (MM5) sampiing train that need to
be extracted are as follows:

. Particulate filter/probe rinse

. XAD-2 resin/back half rinse

. Condensate water
These and several other additional aqueous samples (e.g., scrubber water, lean
water) from the trial burns will be spiked with a method internal standard
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(i.e., surrogates) compounds and solvent extracted. The MM5 components will
be solvent-extracted using procedures consistent with SW-846 Method 0010,
while the additional aqueous and ash samples will be extracted using SW-846
3500-series methods.

The extracts from the MM5 sampling train components may be combined into
a single extract, thus generating a new composite, as described below.
Bacause they will be composited, only the particulate/XAD resin extracts will
be spiked with method internai standards.

3.1.1 Extraction of Probe Rinse and Back Half Rinse--

The probe rinse and back half rinse are treated separately but in the
same way. Each is composed of combined acetone and totuene rinses which may
contain water.

3.1.1.1 If the rinse sample contains particulate matter, set up a glass
fiber filter folded in quarters and held with a powder funnel such that it
drains into a separatory funnel. Record the glassware identification numbers

in the lab record book (LRB), collect all proper glassware rinses, and
archive. ‘

3.1.1.2 Filter the sample into the separatory funnel. The filter and
filter catch will be extracted with the particulate filter and XAD-2 resins
(Section 3.1.2). Rinse the powder funnel (used to hold the filter, if
applicable} with toluene into the separatory funnel.

3.1.1.3 Rinse the sample container with toluene and pour the rinsates
into the separatory funnel.

3.1.1.4 Back extract the rinses by adding enough reagent water to the
separatory funnel so that its volume is 3X the volume of the field sample
rinses. Drain the acetone/water layer from the bottom of the separatory

funnel and save (see 3.1.1.5). Drain the toluene phase into a separate clean
bottie.

3.1.1.5 Pour the acetone/water phase back into the separatory funnel and
extract two more times with toluene., Combine these totuene extracts with the
toluene extract from step 3.1.1.4.

3.1.1.6 Save this extract for combination with the particulates, XAD,
and condensate extracts and proceed to Section 4.0.

3.1.1.7 At least one method blank (consisting of 1 L of reagent water
sptked with the methed internal standards) is to be extracted with each set of
samples extracted by this method.

3.1.2 Extraction of Particulate Filters and XAD Resin--

3.1.2.1 Set up a ¥55/50 Soxhlet extraction apparatus with 200 mL toluene
in a 500-mL boiling flask along with several boiling chips. Record the
identification numbers of glassware and lot numbers of the solvent used in the
lab record book (LRB). Collect all glassware rinses and archive.
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3.1.2.2 Put preextracted regular glass wool in the bottom of the Soxhlet
extractor to prevent particulates from entering the Soxhlet arm. Confirm that
the probe rinses do not contain any particulate matter (refer to
Section 3.1.2.1). If the probe rinses contain particulates, add the filter
containing the particulates to the Soxhlet extractor.

3.1.2.3 Carefully fold the MM5 train filter in half. Do not allow any
particulate material to be lost from the filter. Add the particulates sample
to the Soxhlet extractor using tweezers, being careful not to lose any
particulate material from the filter. Rinse the sampie container with three
5-mL portions of toluene and add to the boiling flask.

3.1.2.4 Add the entire contents of the XAD-2 resin module (%75 g) from
the sampling train to the Soxhlet extractor. Cover the XAD-2 resin with
preextracted giass wool to ensure that the resin is held in the extractor.
Soxhlet extractors should not be filled more than one half full with resin.
Rinse the resin module thoroughly with toluene into the Soxhlet extractor.

3.1.2.5 Spike the sample with the method internal standards (surrogate)
solution (see Tabies 3 and 5).

. east 16 n at a soivent cyciing rate
of 3 cycles/h.

3.1.2.7 Drain the solvent extract into the boiling flask. If there is
an aqueous layer in the extract, transfer the extract into a separatory funnel
and drain the water layer off.

3.1.2.8 Save the solvent extracts for combining with the condensate, the
front half, and back half rinse extracts and proceed to Section 4.0.

3.1.3 MM5 Train Condensates--Each of the aqueous samples will be extracted
according to SW-846 3500-series methods as described below. The MM5 train
condensate samples will be extracted using toluene and will be combined with
the filter, front half, and back half rinse extracts.

3.1.3.1 Separatory funnel extraction (SW-846-3510)--

This method is designed to -quantitatively extract semivolatile organic
compounds from aqueous samples using a separatory funnel, If emulsions
present a significant problem during sample extraction, the samplie will be
drained into a continuous Tiquid-liquid extractor (Section 3.1.3.2) and the
extraction continued.

3.1.3.1.1 The liquid samples will be extracted using a 2-L separatory
funnel. Record the glassware identification numbers in the LRB and collect
the appropriate glassware rinses for archiving.

3.1.3.1.2 Mark on the sample bottle the 1level of the meniscus for
subsequent determination of total sample volume,
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3.1.3.1.3 Shake the sample container for 30 s and pour a 1-L portion of
the sample into a graduated cylinder. Add the 1-L portion to the separatory
funnel. If the sample exhibits two separate phases, transfer the balance of
the sample to the separatory funnel. Drain each phase into separate con-
tajners. The aqueous phase will be transferred back to the original sample
container. The organic layer will be drained into a clean bottle and treated
as described in Section 4.0.

3.1.3.1.4 ™ark the ievel of the meniscus on the side of the sampie
container for determination of the agueous phase volume. Measure a 1-L
portion of the aqueous phase and pour it back into the separatory funnel.

3.1.3.1.5 Spike the sampie with- the method internal standards mix (see
Tables 3 and 5) and gently swirl the solution. DO NOT SPIKE CONDENSATE
SAMPLES FROM THE MM5 SAMPLING TRAIN WITH METHOD INTERNAL STANDARDS.

3.1.3.1.6 Check the pH of the agueous sample using a gtass stirring rod
to apply several drops of the sampie to a piece of multirange pH paper.

3.1.3.1.7 Adjust the pH of the sample to about 8 using either a 6N NaOH
solution for acidic samples or a 6N H,S0, solution for alkaline samples. Add
the acid or base, swirl the contents of the separatory funnel, check the pH,
and readjust as necessary until a neutral pH is attained.

3.1.3.1.8 Add 60 mL of the extraction solvent to the original sample
container, cap, and shake 30 s to rinse it.

3.1.3.1.9 Transfer the solvent rinse to the separatory funnel and
extract the sample by shaking vigorously for 2 min with periodic venting to
release excess vapor pressure. Record solvent lot number in the LRB.

3.1.3.1.10 Allow the organic layer to separate from the aqueous phase.
When using methylene chloride as a solvent, drain the organic phase into a
clean bottle. If the solvent employed is toluene, drain the aqueous phase
into the original sample bottle, and drain the organic phase into a clean
bottle. Transfer the aqueous phase back to the separatory funnel.

3.1.3.1.11 Repeat steps 3.1.3.1.8 to 3.1.3.1.10 two more times,

combining each of the three extracts in the same bottle and proceed to
Section 4.,0.

3.1.3.1.12 At least one method blank (consisting of 1 L of reagent water
spiked with the method internal standards) is to be extracted with each set of
samples extracted by this method.

3.1,3.1.13 Measure the volume of the aqueous phase and of the total
sample described above by adding water to the sample bottle to the marks

made. Pour the water into a graduated cylinder and record the volume of
sampie extracted.
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3.1.3.2 Continuous 1iquid extraction (SW-846-3520)--

This method is designed to quantitatively extract semivolatile organic
compounds from aqueous samples using a continuous Tliquid-liquid extractor.
This method is to be used only for samples that form emulsions when extracted
using a separatory funnel. The samples that form emulsions during
step 3.1.3.1.9 should be transferred directly to the continuous 1liquid
extractor and the extraction continued using the device.

3.1.3.2.1  The 1iquid samples will be extracted using a continuous
liquid-1iquid extractor. Record the glassware identification numbers in the
LRB and collect the appropriate glassware rinses for archiving.

3.1.3.2.2 Assemble the device and add 200 mL of the appropriate solvent
to the extractor. Add 300 mL of the appropriate solvent to the 500 mL boiling
flask together with several boiling chips and install on the device.

3.1.3.2.3 Measure 1 L of sample into a 1-L graduated cylinder. If the
sampie to be extracted by this method js from the separatory funnel method
described above, transfer the entire sample into the continuous liquid-liquid

extractor, rinse the separatory fumnel 3X with 25 mL of solvent and proceed to
etan 2 1 1 2.8
q.lw\-F - Y

3.1.3.2.4 Spike the sample with the method internal standards mix (see
Tables 3 and 5) and gently swirl the solution. DO__NOT SPIKE CONDENSATE
SAMPLES FROM THE MM5 SAMPLING TRAIN WITH METHOD INTERNAL STANDARDS.

3.1.3.2.5 Check the bH bf the aqueous sample using a glass stirring rod
to apply several drops of the sample to a piece of multirange pH paper.

3.1.3.2.6 Adjust the pH of the sampie to about 8 using either a 6N NaOH
solution for acidic samples or a 6N H,80, solution for alkaline sampies. Add
the acid or base, swirl the contents of the separatory funnel, check the pH,
and readjust as necessary until a neutral pH is attained.

3.1.3.2.7 Transfer the sample to the extractor. Rinse the graduated
cylinder 3X with 30 mL of solvent and add to the extractor.

3.1.3.2.8 Turn on the cooling water to the condenser and the heating
mantle and extract the sample for at least 18 h.

3.1.3.2.9 Treat the sample extract as described in Section 4.0.

3.1.3.2.10 At least one method blank (consisting of 1 L of reagent water
spiked with the method internal standards) is to be extracted with each set of
samples extracted by this method.

3.2 SW-846 Method Modifications, Deviations, and Enhancements

The following modificétions, deviations, and enhancements from SW-846 and
other standard methods will be employed during this study. MNone are expected
to impact the quality of the results submitted.
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3.2.1 SW-846 Method 3510 and 3520 require that samples extracted from an

agueous matrix be extracted first under basic conditions and subsequently
under acidic conditions. Because of the nature of the target analytes,
performing the extractions under nonneutral pH conditions may result in their
degradation. Furthermore, the analysis is not directed toward base/neutral
and acidic compounds, but rather to neutral compounds only.

3.2.2 SW-846 Method 0010 specifies that methylene chloride be used as
the organic soivent for extraction of MM5 components. However, during the
conduct of independent studies to test the effectiveness of various solvents
in extracting PCDD/PCDFs from dynamically spiked MM5 train components, MRI
scientists discovered that toluene is a more effective solvent. Therefore,
toluene will be .used as the preferred organic solvent for extracting MM5
companents.

3.2.3 SW-846 Method 0010 specifies that each individual MM5 sampliing
train component be spiked with surrogates (i.e., method internal standards)
prior to solvent extraction. Analysis of each MM5 component separately would
increase analytical costs significantly. Furthérmore, independent studies
conducted by MRI scientists on dynamically spiked MM5 sampling trains
indicated that the bulk of the organic analytes recovered from MM5 sampling
trains is found in the particulate filter catch and XAD-2 trap. Therefore,
the particulate filter catch will be coextracted with the XAD-2 resin
components, and only this sample will be surrogate-spiked.

3.2.4 SW-846 Method 0010 specifies that the train solvent rinses are
treated as a single sample during extraction. MRI will treat the probe and
back half rinses separately.

3.2.5 SW-846 Method 0010 specifies that, during liquid-liquid extraction
of MM5 train solvent rinses and condensate, the sample be initially extracted
under acidic conditions and subsequently under basic conditions. Since the
analytes of interest (PCDD/PCDFs, PCBs) are neutral, the samples will be
extracted under neutral conditions.

4.0 EXTRACT CONCENTRATION AND COLUMN CLEANUP FOR SEMIVOLATILE ORGANIC
COMPOUNDS

Each of the sample extracts from the various extraction procedures will
be concentrated for GC/MS analysis. Depending on the type of compounds to be
analyzed, concentration of the sampies may be followed by a column cleanup
procedure and then further concentrated. Column cleanup procedures for
analysis of PCOD/PCDFs are based on those described in SW-846 Draft
Method 8290. Method 0010 for the analysis of MM5 sampling train components
has no provisions for extract cleanup. However, through long experience with
the analtysis of PCDD/PCOFs, MRI chemists have determined that the MM5 samples
have sufficient interferences that make extract cleanup compulsory.

4.1 KD Concentration of Extracts

4.1.1 Place a small plug of preextracted silanized glass wgol in a

powder funnel and fil1l with approximately 20 g of preextracted anhydrous
granular Na,SO,.
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4.1.2 Transfer sampie from the original extract container via the sodium
sulfate packed funnel to a 500-mL KD flask fitted with a 25-mL graduated
concentrator tube containing two clean boiling chips. Make sure the concen-
trator tube is firmly in place (with clamp or elastic bands) in order to avoid
loosing sample or allowing steam to condense in the sample. Pour in enough
sample extract to fill the KD flask no more than one-half full. Since the
volume of the MM5 sampling train extracts will 1ikely exceed the capacity of
the KD flask, several transfers to the KD flask may be necessary.

4.1.3 Attach a 3-balt Snyder column to the KD flask and rinse with 1 mL
of the appropriate solvent,

4.1.4 Place the KD. apparatus on a steam bath outlet such that the entire
fower rounded surface of the KD flask is bathed with steam. At the proper
rate of distillation, the balls in the Snyder column will constantly chatter,
but the chambers will not flood with condensed solvent.

4.1.5 When all of the contents of the-original extract containers have
been added to the KD flask, rinse the containers three times with 25 mL of the
appropriate solvent and add the rinses to the KD flask through the sodium
sulfate packed funnel.

4.1.6 Concentrate the extract to a final volume of 5 mL.

4,1.7 Add 50 mL of hexane to the KD flask, add a fresh boiling chip to
the flask, reattach the Snyder column, and concentrate the sample extract to
approximately 5 mlL.

4.1.8 Rinse the flask and Tower joint of the KD apparatus with two 5-mL
portions of hexane and adjust the final extract volume to 20 nmL.

4.1.8.1 If the sample 1is to be analyzed for both PCBs and
PCDD/PCDFs (composited MM5 sampling train extracts), the sample extract will
be split into two 10-mL portions. Dispense 10 mL of the extract into two
separate vials.

4,1.8.2 If the sample is to be analyzed for PCBs only (ash,
scrubber effluent, lean water samples), the volume is further reduced to 10 mL
and stored in a vial.

4.2 Column Cleanup Procedures

The following coiumn cleanup procedure is based on the methods described
in SW-846 Draft Method 8290.

4.2,1 Transfer the 10-mL aliquot of the extract slated for analysis of
PCDO/PCOFs into a 125-mL separatory funnel.

4,2.2 Add 40 mL of a 20% (w/v) agueous KOH solution to the extract.
Shake the contents for 2 min and rapidly drain and discard the aqueous
(bottom) phase. Repeat the base washing until no color is visible in the
aqueous layer to a maximum of four washings. Strong base is known to degrade
certain PCDD/PCDFs, so contact time with the base must be minimized.

A-83




4.2.3 After the aqueous phase of the last base washing has been drained,
add 40 mL of a 5% (w/v) aqueous NaCl solution. Shake for 2 min. Drain and
discard the aqueous phase.

4,2.4 Add 40 mL concentrated H,50, to the sample extract. Shake for 2
min. Drain and discard the sulfuric acid (bottom) phase. Repeat the acid
washing until no color is visible in the acid layer to a maximum of four
washings.

4.2.5 After the acid phase of the last acidic washing has been drained,
add 40 mL of a 5% (w/v) agueous NaCl solution. Shake for 2 min. Remove and
discard the agueous (bottom) layer.

4.2.6 Transfer the extract to a 50-mL boiling flask by passing it
through a powder funnel packed with anhydrous granular Na,S0, as described
above. Rinse the sodium sulfate with two 15-ml portions of hexane into the
boiling flask, and concentrate the sample extract to near-dryness using a
rotary evaporator (35°C water bath), making sure ‘that all traces of toluene
(when applicable) have been removed.

4.2.7 Dry pack a gravity column {glass, 300 mm x 10.5 mm) fitted with a
PTFE stopcock in the following manner:

4.2.7.1 Insert a precleaned plug of silanized glass wool in the
bottom of the column,

4.2.7.2 Add a 4-g layer of sodium sulfate to the column.

4,2.7.3 Add a 4-g layer of Woelm Super I neutral alumina and tap
the top of the column gently. Woelm Super I neutral alumina does not need to
be activated or cleaned prior to use, but it shouid be stored at all times in
a sealed desiccator.

4.2.7.4 Add a 4-g layer of anhydrous granular sodium sulfate to
cover the alumina.

4,2.7.5 Elute the column with 10 mL hexane and close the stopcock
just before the 1level of the solvent reaches the top layer of sodium
sulfate, Discard the eluate and check the column for channeling. If
channeiing is present, discard the packing and repack the column.

4.2.8 Adjust the volume of the acid and base washed extract to 2 mL with
hexane and gently apply the extract to the top of the column. Open the
stopcock to draw the sample into the column and close the stopcock. Rinse the
sample container with three 1-mL portions of hexane and add to the coTumn,

always drawing the rinse into the column before applying the next rinse.
Discard the eluate.

4.2.9 Elute the column with 10 mL of an 8% (v/v) methylene chloride in
hexane solution. Collect this fraction and archive.
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4.2.10 Elute the PCDD/PCDFs from the column using 15 mL of a 60% (v/v)
methylene chloride in hexane solution. Collect this fraction in a 15-mL
conical vial.

4.2.11 Pack a carbon column for further cleanup of the sample as
follows:

4.2.11.1 Cut off both ends of a 10-mL disposable serological pipet
such that a 4-in column remains.

4.2.11.2 Insert a preextracted silanized glass wool plug at one end
of the column and pack the column with 0.64 ¢ of the activated Carbopak
C/Celite 545 mixture to form a 2-cm-long adsorbent bed. Cap the packing with
another silanized glass wool plug.

4.2.12 Concentrate the alumina column eluate (step 4.2.1.10) using a
nitrogen evaporator as follows:

4,2.12.1 Rinse the disposable pipettes to be used as needles in the
N, evaporator with hexane.

4,2.12,2 Insert the samplie vial in the rack and direct the flow of
N, into the sample. Adjust the flow such that gentle waves are noticeable on
the surface of the sample extract.

pee )
L

4.2.12.3 Concentrate the sample extract to < 1 mL, add 5 mL hexane,
and concentrate to 2 ml.

4,2.13 Rinse the Carbopak C/Celite 545 column with the following
solvents:

. 5 mL toluene

. 2 mi of a 75:20:5 (v/v) methylene chloride/methanol/ benzene mix
. 1 mL of a 1:1 (v/v) cyclohexane/methylene chloride mix

. 5 mL hexane

4.2.14 The flow rate should be less than 0.5 mi/min. Discard the
rinsates.

4.2.15 While the column is still wet with hexane, add the sample
concentrate to the top of the column. Rinse the sample extract container
twice with 1-mL hexane portions and add the r1nsates to the top of the
column. Elute the column sequentially with:

. Two 2-mL portions of hexane

. One 2-mL portion of a 1:1 (v/v) cyclohexane/methylene chloride mix

. One 2-mL portion of a 75:20:5 (v/v) methylene chloride/
methanol /benzene mix
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4.2.16 These eluates can be collected in the same container. Archive
these the combined eluates for checks on column efficiency.

4,2.17 Invert the column and elute the PCDD/PCDF fraction with 20 mL
toluene into a 50-mL boiling flask. Verify that there are no carbon fines in
the eluate.

4,2.18 Concentrate the toluene fraction to about 1 mL on a rotary
evaporator (water bath at 50°C). Carefully transfer the sampie into a
graduated 1-mL conical vial, and reduce the volume to about 100 uL using a
nitrogen evaporator. Rinse the boiling flask three times with 300 ul of a 1%
(v/v) toluene in methylene chloride solution and add to the cleaned-up
extract. Reduce the volume to 100 uL once again.

4.2.19 Store the sample at room temperature in the dark.

5.0 PREPARATION AND USE OF CALIBRATION STANDARDS, METHOD INTERNAL STANDARDS
(SURROGATES), AND RECOVERY INTERNAL STANDARDS

Recovery internal standards are compounds added to the native sample
matrix just prior to GC/MS analysis to determine the recovery of method inter-
nal standards and relative response factors of the calibration standards.
Method internal standards (surrogates) are compounds added to the native
sample matrix prior to sample extraction to determine if any sample matrix
effects and extraction problems prevent good recovery of the compounds from
the sample.

5.1 General Procedures for Standard Preparation

5.1.1 Preparation and/or acquisition of accurate calibration standards,
method internal standards, and recovery internal standards are extremely
crucial in achieving accurate quantification of sample components and
determination of analytical quality. It is also important that the standards
be prepared in the correct solvent, since the standards are used both for
direct analysis and for spiking.

5.1.2 As many as possible of the pure compounds and diluted calibration
standards will be obtained from the EPA Quality Assurance Branch, EMSL/CI, and
the Reference Standards Repository EPA/RTP.

5.1.3 The source, lot number, and purity of all standards will be
recorded in the LRB. ATl standard solutions will contain the following infor-
mation on its respective vial:

Concentration of standard

Date of preparation

Solvent used

Project number of sample ID

Initials of person preparing solution
Expiration date of solution
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5.1.4 Primary stock solutions of the various target analytes will be
prepared. All neat standards will be weighed on an analytical balance and
diluted to the mark in a Class A volumetric flask with the appropriate
solvent. Secondary standard mixes will be prepared by combining the
appropriate volumes of the primary stock solutions in a Class A volumetric
flask and diluting to the mark with the appropriate solvent.

. 5.1.4.1 Calibrate the analytical balance prior to weighing
standards by using certified Class S weights which are in the range of the
standard weighings.

5.1.4.2 Dilutfons of the secondary standard mixed solutions will be
prepared by serial dilution. Preparation of final working solutions will be
recorded and dilution records maintained.

5.1.4.3 The various standard solutions will be stored at 4°C in a
Teflon-lined screw-cap amber vial with the solution level marked on the vial.

5.2 Standards Used in the Analysis of PCDD/PCDF Organic Compounds

The semivolatile organic compounds consist of liquids and solids. The
sotid and liguid compounds will be weigned and diiuted to volume in Class A
volumetric flasks. Wash all glassware used in the standard preparation as
outlined in Section 1.2.2 of Section 1.0. ATl standards are stored at < 4°C
in amber vials with Teflon-lined screw cap.

Recovery internal, method internal (surrogate), native calibration and GC
performance check standard solutions for PCOD/PCDF analysis should be obtained
from the MRI repository of dioxin/furan standards. See Table A4-1 for a
complete 1list of dioxin/furan analytes, method internal standards, and
recovery internal standards. Dioxin/furan native calibration standard, method
internal standard (surrogate) and recovery internal standard solutions will
be: :

. Dissolved in anisole or toluene and diluted with tridecane for
analysis by GC/MS. The method internal standards will be prepared
in isooctane for spiking into samples.

. Prepared in quantities of at least 1 mL. Prepare enough method
internal standard to last the entire project.

. Prepared in concentrations Tlisted in Table A4-2. Each working
standard solution will be prepared to contain the same concentration
of each of the isotopically stabie labeled method internal standards
but a different concentration of native calibration standards. The
ratio of native calibration standards to method internal standards
will range from 0.05 to 4.

*  Replaced after 6 months or sconer if comparison with quality control

check samptes indicates compound degradation or concentration
change.

A-87




The GC performance check mixture will be per Table A4-3 with each isomer
at a concentration equivalent to DF50 from Table A4-2Z.
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TABLE A4-1.

LIST OF ANALYTES, METHOD INTERNAL STANDARDS (SURROGATES), AND RECOVERY

INTERNAL STANDARDS FOR DIOXIN/FURAN ANALYSIS

Compounds in

Method

Recovery

Anaiyte calibration standard internal standard?® internal standardb
Tetra-CDD 2,3,7,8-TCDD 13¢,,-2,3,7,8-TCDD 13€C,,~1,2,3,4-TCDDC
Tetra-CDF 2,3,7,8-TCDF 13C,,-2,3,7,8-TCDF

Penta-CDD 1,2,3,7,8-PeCDD 13C,,-1,2,3,7,8-PeCDD

Penta-CDF 1,2,3,7,8-PeCDF 13C,,-1,2,3,7,8-PeCDF

Penta CDF 2,3,4,7,8-PeCDF

Hexa-CDD 1,2,3,4,7,8-HxCDD 13C,,-1,2,3,6,7,8-HxCDD

Hexa-COD 1,2,3,6,7,8-HxCDD

Hexa-COD 1,2,3,7,8,9-HxCDD ‘ 13¢,,-1,2,3,7,8,9-Hxcopd
Hexa-CDF 1,2,3,4,7,8-HxCDF 13¢,,-1,2,3,4,7,8-HxCDF

Hexa-CDF 1,2,3,6,7,8-HxCDF

Hexa-CDF 2,3,4,6,7,8-HxCOF

Hexa-CDF 1,2,3,7,8,5-HxXCOF

Hepta-CDD 1,2,3,4,6,7,8-HpCDD 13C,,-1,2,3,4,6,7,8-HpCDD

Hepta-CDF 1,2,3,4,6,7,8-HpCOF 13¢,,-1,2,3,4,6,7,8-HpCDF

Hepta-CDF 1,2,3,4,7,8,9-HpCDF

Octa-CDC OCDD 13C, ,-0CDD

Octa-CDF OCDF

standards.

internal standards.

Added to sample prior to extraction.

Added to sample at time of injection into GC/MS.
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TABLE A4-2. SUGGESTED CONCENTRATIONS OF CONGENERS IN TCDD/TCDF-0CDD/OCDF
CALIBRATION STANDARDS, METHOD INTERNAL STANDARDS (SURROGATES), AND RECOVERY
INTERNAL STANDARDS FOR SIM ANALYSIS

Concentration {pg/ul)

Compound bDF2.5 DF5 0F10 OF50 BF200
Unlabeled Analytes
2,3,7,8-TCbp -- 2.5 ) 10 50 200
2,3,7,8-TCDF 2.5 5 10 50 200
1,2,3,7,8-PeCOD 2.5 5 10 50 200
1,2,3,7,8-PeCDF 2.5 5 10 50 200
2,3.4,7,8-PeCDF 2.5 5 10 50 200
1,2,3,4,7,8-HxCDD 6.25 12.5 Z5 125 500
1,2,3,6,7,8-HxCDD 6.25 12.5 25 125 500
1,2,3,7,8,9-HxCDD 6.25 12.5 25 125 500
1,2,3,4,7,8-HxCDF 6.25 12.5 25 125 500
1,2,3,6,7,8-HxCDF 6.25 12.5 25 125 500
1,2,3,7,8,9-HxCDF 6.25 12.5 25 125 500
2,3,4,6,7,8-HxCDF 6.25 12.5 25 125 500
1,2,3,4,6,7,8-HpCDD 6.25 12.5 25 125 500
1,2,3,4,6,7,8-HpCDF 6.25 12.5 25 125 500
1,2,3,4,7,8,9-HpCDF 6.25 12.5 25 125 500
0oCbD 12.5 25 50 250 1,000
OCDF 12.5 25 50 250 1,000
Internal Standards
13¢,,-2,3,7,8-TC0D 50 50 50 50 50
13C,,-2,3,7,8-TCDF 50 50 50 50 50
13C,,-1,2,3,7,8-PeCDD 50 50 50 50 50
13¢,,-1,2,3,7,8-PeCDF 50 50 50 50 50
13¢,,-1,2,3,6,7,8-HxCDD 125 125 125 125 125
13C,,-1,2,3,4,7,8-HxCDF 125 125 125 125 125
13¢,,-1,2,3,4,6,7,8-HpCDD 125 125 125 125 125
13¢,,-1,2,3,4,6,7,8-HpCDF 125 125 125 125 125
13C, ,-0C0D 250 250 250 250 250
Recovery Standards
13C,,-1,2,3,4-TCDD? 50 50 50 50 50
13012-1,2,3,7,8,9-HxCDDb 125 125 125 125 125

standards.
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TABLE A4-3. PCDD AND PCDF CONGENERS PRESENT IN THE GC PERFORMANCE
EVALUATION SOLUTION AND USED FOR DEFINING THE HOMOLQGOUS GC
RETENTION TIME WINDOWS ON A 60-m DB-5 COLUMN®

No. of PCOD-positional isomer PCDF-positional isomer
chiorine Early eluter Late eluter tarly eluter Late eluter
atoms
4P 1,3,6,8 1,2,8,9 1,3,6,8 1,2,8,9
5 1,2,4,6,8/ 1,2,3,8,9 1,3,4,6,8 co 1,2,3,8,9
1,2,4,7,9
6 1,2,3,4,6,8 1,2,3,4,6,7 1,2,3,4,6,8 1,2,3,4,8,8 7
7 1,2,3,4,6,7,8 1,2,3,4,6,7,9 1,2,3,4,6,7,8 1,2,3,4,6,7,9
8 1,2,3,4,6,7,8,9 1,2,3,4,6,7,8,9

Tetra- and penta-CDD and CDFs will be at 50 pg/ul, hexa- and hepta-

CDD and CDFs will be at 125 pg/uL, and octa-CDD and CDFs will be at

250 pg/ul.

In addition to these two PCDD isomers, the 1,2,3,4-, 1,2,3,7-, 1,2,3,8-,

2,3,7,8-, 13C,,-2,3,7,8-, and 1,2,3,9-TCDD isomers must aTso be

present.
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6.0 GC/MS ANALYSIS OF PCDD/PCDFs

Analysis for PCOD/PCDFs will be performed in accordance to SW-846 Draft
Method 8290. This method employs high resolution gas chromatography/ high
resolution mass spectrometry techniques to measure parts-per-trillion and
lower levels of PCDD/PCDFs in soil, sediment, and aqueous samples. MRI has
adapted the method for analysis of PCDD/PCOFs in MM5 sampling train
components.

MRI will use in-house developed software to reduce and quantify the
results for all samples. In addition, the data from a selected number of
samples will be reduced manually to validate the results obtained from the MRI
developed software.

6.1 Instrument Requirements and Operating Conditions

The following analytical instrument requirements and operating conditions
will be used for the analysis of PCDD/PCDFs by GC/HRMS.

* Mass spectrometer--double focusing, capable of maintaining static
resolving power at a minimum of 10,000 (10% valley). Should be
operated in the electron impact mode at a nominal electron energy of
70 eV. The mass spectrometer must be operated in the selected fon
monitoring (SIM) mode. System must be capable of acquiring data at a
minimum of 10 ions per scan.

* Scan time--1 s or less (including voltage reset time).

* Scan range--202 to 472 amu, SIM mode monitoring the ions listed in
Table A4-4,

= Resolution--10,000.
* Analytical column--DB-5, 60-m x 0.32-mm ID, 25-um film thickness.
» Carrier gas--Helium, 20 to 40 cm/s.

» Injector--Grob type, splitless mode at 270°C, splitless valve time of
45 s,

* Injection volume--1 to 2 ulL, same volume used for all standards and
samples.

* Transfer line temperature--350°C.

. Temperature program--200° C (2-min hold), increase to 220°C at 5°C/min
(16-min hold), increase to 235 at 5°C/min (7-min hold), increase to
330°C at 5°C/min (5-min hold).
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TABLE A4-4. TIONS MONITORED FOR HRGC/HRMS ANALYSIS OF PCDD/PCDFs
(S = INTERNAL/RECOVERY STANDARD)

_ - - - - ‘-‘ - ’-' - - - - -

S R
Descriptor Accurate{a) lon Elemental Analyte
Mass ID Composition
1 303.9016 - M c,,8,3%¢c1,0 TCDF
305.8987°  m+2  CyH,35c1337c10 TCDF
315.9419 - H 3em 310 TCDF (S)
317.9389 - me2 13¢5 331,370 TCDF (S)
3s
319.8965 M ¢, ,H,3%¢1,0, TCDD
. 350 37
321.8936 w2 Cy.H,3%c1,3clo0, TCDD
331.9368 o 13c,.m,3%,0, TCDD (S)
333.9339 me2 L3¢ .n,35¢1.37c10 TCDD (S)
. 12847 7¢43 2
375.8364 M+2  CyaH,3%C0 - HxCDPE
[354.9792)  LOCK CgF)3 PFK
2 339.8597 Me+2 ¢ 85331, 3c10 PeCDF
' . 350 37
341.8567 urs  CyoH3%%c1;%c1,0 PeCDF
3s1.9000  mv2 L, ug¥cr3cio pechF ()
353.8570  w+s 3¢ ,Ha3%c13¥ci0 pecDF ()
355.8546  M+2 c,.853%c1,37c10,  PecDD
357.8516 M+ c,,8;3%c1,37c1,0,  PecoD
13 35¢ 37
367.8949 M+2 ¢, 85331, 37c10,  pecoD (s)
369.8919 wes  13¢m,39c1,37¢1,0,  pecOD ()
409.7974 M+2 ¢, ,H433c1,0 HpCDPE
[354.9792]  LOCK  CgoF)3 PFR
(Continued)
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TABLE A4-4 (continued)

I
Descriptor Accurate Ion Elemental Analyte
Mass 1D Composition

3 373.8208  H+2 ¢, 0,7 c13 o HxCDF
375.8178  meh  CpoHp2cc1,37c1,0  mxcoF

383.8642 no 13,10 HXCDF (S)

385.8610  me2 L3¢ ,H,%%c1.37c10 BxCDF (S)
389.8156 M+2 C oHp7%C1g%7cl0,  BxcDD
391.8127 M+ c 8,331,710,  ExcOD

4s01.8559  ms2 L3¢ P 3cro,  mxcop (5)

403.8529  mw  13c;,8,3%c1, 31,0,  mxcpD (S)
445.7555 M+ ¢ Mp35c13c1,0  ocoeE
[354.9792]  LOCK CoF13 PFK
4 407.7818 M+2 ¢, 13%c13cr0 HpCDF
409.7789 H+d ¢y t3%c137 10 HpCDF

417.8253 M 3¢ ,u3%c1,0 HpCDF (S)

419.8220 m+2 3¢ ,uPc1Fcio mwpooF (s)
423.7766 M+2 c,H%%c137c10,  HpcDD
425.7737 M ¢,43%c1537c1,0,  HpeoD

435.8169 M+2 13¢,,u%c1,%7c10,  mpepD (5)

437.8140 M+h P3¢ u3%c1437¢1,0,  HpeD (S)
479.7165 M+h c,,8%%c1;,¥%1,0  neoee

[430.9728]  LeCCK CoFy7 PFK -
(Comtinued)
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TABLE A4-4 (continued)

Descrlptor Accurate lon Elemental Analyte

Mass ID Composition

5 441.7428 M+2 ¢,,>>c1,37ci0 OCDF
443.7399 M+h ¢,,3%c13c1,0 OCDF
457.7377 M+2 c,,3%c1,%cl0, 0CDD
459.7348 M+4 ¢,,3%c1,37c10,  ocoD
469.7779  H+2 13¢,, 1,370,  ocoD (s)
471.7750 M+ 13¢,,%%c1¢3%c1,0,  cooD (5)
513.6775 M+ c,,>%c15%7c1,0  DCDPE

{430.9728 ]  LOCK CgF17 PFK

A N E.E WA B m e

(a)the following nuclidic masses were used:

H = 1.007825
C = 12.000000

13C = 13.003355

O = 15.994915

35¢1 = 34.968853

37¢c1 = 36.965903
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6.2 Instrument Tuning and Calibration

The GC/MS must be tuned and calibrated every day during which samples are
to be analyzed. The following tests must be performed at the beginning and
end of each 12-h period {except as specified below) of sample analysis.

6.2.1 Mass Calihration--

The foliowing tests are used to check the mass spectrometer's resolving
power and mass accuracy. These tests are conducted because the mass of the
jons monitored are exact (to four decimal places), and even slight instru-
mental drift may result in incorrect masses being monitored. These tests are
to. be performed- at the beginning and end of each 12-h period of consecutive
analysis.

6.2.1.1 Introduce a small amount of PFK (perfluorokerosene) into the
system by molecular leak. The Tevel of PFK introduced into the system should
be adjusted so that the amplitude of the most intense lock-mass ifon signal
does not exceed 10% of the full-scale deflectiaon,

6.2.1.2 The mass resolution check is accompliished by recording the peak
profiles of m/z 304.9824 and 380.9760 of PFK on a calibrated mass scale
(horizontal axis, amu or ppm per division) and measuring the width of the
latter peak at the 5% abundance level over a 200-ppm range. The peak width
must not exceed 100 ppm (or 0.038 amu).

6.2.1.3 Confirm that the exact mass of m/z 380.9760 is within 5 ppm of
the required value.

6.2.2 GC Column Performance Check--

A GC column performance check mixture contains the known first and last
chromatographic eluters for each group of PCDB/PCDF congeners, such that all
of the congeners within a homologous series will elute between the first and
last eluters. In addition, the GC performance check mixture contains 2,3,7,8-
TCDD and several other TCDD congeners which elute close to 2,3,7,8-TCDD. This
solution is analyzed to establish the retention times at which the ions
monitored will be switched to a different set of fons, and also to determine
the chromatographic resolution between 2,3,7,8-TCDD and the closest eluting
TCDD congener. The GC column performance mix will be analyzed once at the
beginning of each 12-h analysis, after performing the mass resolution and
accuracy test described above.

6.2.2.1 Inject 2 ulL of the GC performance check mixture (Table 3) and
acquire SIM data as described in Table 4.

6.2.2.2 Determine the chromatographic resolution between 2,3,7,8-TCOD

and the closest eluting TCDD peak. This is accomplished by the following
equation:

A-96

.




Resolution (% valley) = (x + y) x 100

where: x = total height of the valiey (from baseline) separating
2,3,7,8-TCDD and the closest eluting TCDD
y = total peak height (from baseline) of 2,3,7,8-TCDD

6.2.2.3 The resolution must be < 25%.

6.2.2.4 Determine the retention time (or scan number) of the first and
last eluter for each homologous series. Print out an RIC (reconstructed ion
chromatogram) for each of the five homologous series (Cl1, to Cl,) and label
each peak together with an "F" for the first eluter and an "L" for the last
eluter in the series. These retention times will be used to establish the
switching times for the SIM descriptors.

6.2.2.5 Allowable tolerance on the daily verification of the GC per-
formance check mixture will be *10-s drift on the absolute retention times of
all components.

6.2.3 Instrument Calibration--

Before any samples can be analyzed, an initial five-point calibration
will be performed. This calibration will be verified at the beginning and end
of each 12-h period of sample analysis.

6.2.3.1 Initial calibration--Initial calibration is required before any
samples may be analyzed, but after all of the tests described above have been
successfully compieted. Initial calibration is also required if any
continuous calibration check is not successful.

6.2.3.1.1 Analyze 2 ulL of each of the five calibration solutions.
Note that prior to analysis, each solution must be spiked with the appropriate
amount of the recovery internal standards mix (50 pg/uL of 13C-1,2,3,4-TCDD
and 125 pg/ul of 13C-1,2,3,7,8,9-HxCDD).

6.2.3.1.2 Confirm that the ratio of the areas for each of the two
ions monitored for each homologous set of congeners and for the 13C-labeled
internal standards are within the control limits indicated in Table A4-6,

6.2.3.1.3 Confirm that the signal-to-noise (S/N) ratio for each
target compound is 2 2.5.

6.2.3.1.4 Calculate the relative response factors' (RRF) for each of
the 17 unlabeled PCDD/PCDF target analytes relative to the appropriate method
internal standards (surrogates) and for each of the 9 labeled PCDD/PCDF
internal standards relative to the appropriate recovery internal standards.

6.2.3.1.5 Calculate the average RRF and the percent relative

standard deviation (RSD) for each target compound. For the initial
calibration to be acceptable, the % RSD of the average RRFs must be < 20%.
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TABLE A4-5. THEORETICAL ION ABUNDANCE RATIOS AND THEIR
CONTROL LIMITS FOR PCDDs AND PCDFs

Nuaber of

Chlorine Ion Theoretical Control Limits
Atoms Type Ratio lower upper
M
4 - 0.77 0.65 0.89
M+2 '
M+2
5 L 1.55 1,24 1.86
M+4
M+2
) - 1.24 1.05 1.43
M+4
M
g(a) -— 0.51 0.43 0.59
H+2
M
7(d) . 0.64 0.37 0.51
M+2
M+2
7 —— 1.04 Q.58 1.20
M4
M+2
8 — 0.89 0.76 0.89
H+4

(a)used only for 13c-HxCDF (IS).
()used only for !3c-HpCDF (IS).
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6.2.3.2 Continuing calibration--Continuing calibration must be conducted
at the beginning of each 12-h period of analysis after successful mass
accuracy and resolution GC resolution performance checks. Continuous
calibration is also required at the end of a 12-h shift, before the final mass
resolution and accuracy check. If the continuing calibration does not meet
criteria, the initial calibration must be repeated and the samples reanalyzed
except as noted below.

6.2.3.2.1 Analyze 2 uL of the midlevel calibration solutions. Note
that prior to analysis, each solution must be spiked with the appropriate
amount of the recovery internal standards mix (50 pg/ul of 13C-1,2,3,4-TCDD
and 125 pg/uL of 13C-1,2,3,7,8,9-HxCDD).

6.2.3.2.2 Confirm that the ratio of the areas for each of the two
ions monitored for each homologous set of congeners and for the 13(C-labeled
internal standards must be within controil limits.

6.2.3.2.3 Calculate the relative response factors (RRF) for each of
the 17 unlabeled PCDD/PCDF target analytes relative to the appropriate method
internal standards (surrogates) and for each of the 9 1labeled PCDD/PCDF
internal standards relative to the appropriate recovery internal standards.

6.2.3.2.3.1 For the continuing calibration to be acceptable,
the RRFs must be within +20% of the average RRF from the initial calibration.

6.2.3.2.3.2 1If the end-of-the-day continuing calibration check
standard has RRFs that are not within 20% but are within +25% of the average
RRF from the curve, samples analyzed during that 12-h period will be calcu-
lated using the average RRF from the beginning-of-day and the end-of-day stan-
dards.

6.2.3.2.3.3 If the end-of-day continuing calibration check
standard has RRFs that are not within 25% of the average RRF from the curve,
all positive samples analyzed during that 12-h period are invalidated and must
be reanalyzed. '

6.3 Sample Analysis

Samples may be analyzed only after the initial tuning and calibration

.requirements have been met. ‘In addition, a solvent blank must be analyzed

before any samples can be injected.

6.3.1 Adjust the volume of each sample to be analyzed to the final
amount.

6.3.2 Add recovery internal standards to each sample or portion thereof
such that there are 50 pg/uL of 13C-1,2,3,4-TCDD and 125 pg/uL of 13C-
1’2’3’7’8,9-HXCDD.

6.3.3 Inject 2 uL of a hexane solvent blank. If the the blank contains
any of the 2,3,7,8-substituted congeners at more than 10% of the detection
1limit, the results of all positive samples analyzed on that 12-h shift are
invalidated and will require reanalysis.
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6.3.4 Analyze 2 uL of each sampie.
6.4 Data Reduction

Data reduction of each sample run consists of confirmation of target
compounds identification and quantification of the compounds detected.

6.4.1 Documentation--

For each sample analyzed, the following documentation must accompany
anaiytical results for the purpose of their validation.

6.4.1.1 Reconstructed ion chromatogram (RIC) with a header
identifying the sample or standard by a unique laboratory designator.

6.4.1.2 Extracted current ion profiles (EICPs} for each compound
detected within the appropriate retention time window. For each compound,
there must be one EICP page which will include the name of the compound
monitored in the page header, and the following information. A1l peaks must
include scan numbers and areas found. The primary and secondary quantitation
jons must be printed together with the appropriate PCDPE interferent ion.

6.4.2 Compound Identification Criteria--

For a GC peak to be positively identified as a PCDD/PCDF, it must meet
all of the following criteria:

6.4.2.1 For 2,3,7,8-substituted congeners which have an equivalent
13C-labeled method or recovery internal standard in the sample extract, the
retention times of the unlabeled congeners must be within -1 and +3 s of the
retention time of the equivalent 13C-labetled congener.

6.4.2.2 For 2,3,7,8-substituted congeners that do not have an
equivalent 13C-labeled congener in the sample extract, the relative retention
time (RRT) of the uniabeled congener must be within the established GC reten-
tion window for its homologous series.

6.4.2.3 For non-2,3,7,8-substituted congeners, the retention time
must be within the established GC retention window for its homologous series.

6.4.2.4 The ion current responses for the primary and secondary ions
used for confirmation and quantification purposes must reach their apex within
+2 s of each other.

6.4.2.5 The ion abundance ratios of both ions used for quantitative
purposes must be within the tolerance 1imits for the homologous series to
which the peak is assigned.

6.4.2.6 Signal-to-noise ratios must be = 2.5 for compounds
tentatively identified.
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6.4.2.7 Because polychlorinated diphenyl ethers (PCOPE) are a common
interferent for analysis of PCDFs, the extracted ion current plot of the
corresponding PCDPE must have a S/N ratio < 2.5,

6.4.3 Quantification--

The amount of each 2,3,7,8-substituted congener 1included in the
calibration standards will be calculated together with total tetra- to octa-
PCDD/PCDFs using the formula:

(area

- quantitation ion X amount internal standard [pg])
x  (area

internal standard X RRF average X amount extracted [g or L])

C

where:  C, = concentration [ug/g or ug/L] or total amount [ug]
- found in the sample. If convenient, the units may be changed
to reflect the magnitude of the value of C,.
RRFaverage is the average RRF for -each individual congener ;,
the calibration mixtures or is representative of the RRF for
that homologous group of congeners.

. For congeners that belong to a homologous series con-
taining only one isomer (i.e., OCDD and OCDF) or only one
2,3,7,8-substituted congener (TCDDs, PeCDDs, HpCDDs and
TCDFs), the average RRF to be used will be the same as
that used for the individual compounds.

. For congeners that belong to a homologous series con-

" taining more than one 2,3,7,8-substituted congener (i.e.,

HxCDD, PeCDF, HxCDF, and HpCDF), the average RRF to be

used will be the mean of the average RRFs calculated for

the 2,3,7,8-substituted cengeners representative of that
homologous series analyzed during calibration.

. Please be sure to note Sections 6.2.3.2.3.1 to 6.2.3.2.3.3
for specific cases in which the average RRF from the curve
will not be used.

6.5 SW-846 Method Modifications, Deviations, and Enhancements

The following modifications, deviations, and enhancements from SW-846 and
other standard methods will he employed during this study. MNone are expected
to impact the quality of the results submitted.

6.5.1 Method 8290 specifies that before any samples are analyzed, a
method blank associated to the samples be analyzed. MRI will instead analyze
a solvent blank to confirm that there is no carryover in the chromatographic
system. If any method blank presents contamination problems, the specific
causes of the problem will be investigated and reported.
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Geochemical and Environmental Research Group Page 1 of 6
STANDARD OPERATING PROCEDURES SOP-8907

TOTAL ORGANIC AND CARBONATE CARBON CONTENT OF
SEDIMENTS

1.0 INTRODUCTION

Precise measurements of total organic and carbonate carbon are
necessary for interpreting trace organic contamination. Carbon
concentrations are determined on freeze-dried (or oven-dried at 40°
to 50°C) sediment using a LECO Model 523-300 induction furnace (or
equivalent) to burn samples in an oxygen atmosphere. The carbon
dioxide that is produced is swept out of the furnace's combustion
chamber by the oxygen flow. The gases then pass through a dust trap
and two reaction tubes. The first of these is a two-stage chamber with
the first stage consisting of manganese dioxide. The manganese
dioxide absorbs the sulfur oxides that may have formed during
combustion. The second stage is made of anhydrone which removes
water vapor from the gas stream. The second tube, filled with
platinized silica, is maintained at an elevated temperature by an

-external heating case. The contents of this tube act as a catalyst to

convert any carbon monoxide present into carbon dioxide. Carbon
dioxide is detected and quantified with a Horiba PIR-2000 infrared
detector. The output signal from the Horiba is sent to a HP 3396A

integrator which reports the quantity of carbon dioxide as a peak area.

Total organic carbon is determined after sample acidification.
Carbonate carbon is determined as the difference between total carbon
and total organic carbon. -

2.0 SAMPLE COLLECTION, PRESERVATION AND STORAGE
2.1 Sample Collection
Sediment should be collected in precleaned and/or pre-
Egﬁ?usted (400°C) glass jars, or core liners and frozen (-20°C) in the
2.2 Sample Preservation and Storage
Sediment samples are shipped frozen to the laboratory and

stored at -20°C until analysis. After subsampling excess sample is
archived at -20°C in the dark. .

Rev. 1 November 19089
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3.0 APPARATUS AND MATERIALS

3.1 Labware and Apparatus

The following labware and equipment is needed to perform the

total organic carbon and total carbon analyses:

Note:

Freeze Drier: Capable of freeze drying sediment at -40°C.
Mortar and Pestal: 500-ml mortar or other suitable container.
LECO Model 523-300 Induction Furnace

Horiba PIR-2000 Infrared Detector: Or other suitable detector.
HP 3396A Integrator: Or other suitabie recorder/integrator.
Glass Measuring Scoop

Drying Oven: Capable of maintaining 4090 to 50°C.

Analytical Balance: Capable of weighing to 1 mg,

Rotameter: Part No. 112-02, Cole-Parmer, Inc.

Flow Controller: Part No. 42300513, Veriflo Corp.

Volumetric glassware for accelerator measurement and

analytical balances must be calibrated.

3.2 Reagents

The following reagents are required:

10% HCI in Methanol (V:V)

LECO Iron Chip Accelerator: Part No. 501--077, Leco Corp.
LECO Copper Metal Accelerator: Part No. 501-263, Leco Corp.
LECO Combustion Crucibles

LECO Pin and Ring Carbon Standards: Range: 0.1 to 1.0% carbon.

Rev. 1

November 1989
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4.0 PROCEDURE
4.1 Leco System Preparation

The first step in operating the LECO furnace is to turn it on by
flipping all switches on the front panel to the "ON" (up) position. The
"Grid Tap Switch" should be set to the "MED" position. The
instrument then needs a warm-up period of at least 30 minutes. When
the furnace has had time to warm-up, close the oven on the right side
of the instrument {pedestal up) and open the valve on the oxygen tank;
set the regulator pressure to 40 psi. Open the toggle valve and allow
oxygen to flow through thie system for 15 seconds and then check the
flow rate using the rotameter. Set to the 150 mark on the rotameter
tube with the knob on the flow controller to the right of the
rotameter. After 30 seconds of correct flow, zero the panel meter on
the front of the Horiba Infrared Analyzer. Set the Horiba Infrared
Analyzer detector range to 3, and the span to 0.°

4.2 Total Carbon Determination
4.2.1 Sample Preparation

Weigh 10 to 500 mg of freeze dried (or oven dried) sediment
into a tared crucible. The amount of sample depends upon the
expected carbon concentration. Ideally between 0.5 mg and 8.6 mg of

carbon should be combusted to fall within the range of the standard
curve. :

Add one scoop each of the copper and iron chip accelerators to
all the weighed crucibles containing samples. All crucibles should be
kept covered with aluminum foil prior to analyses.

4.2.2 Sample Analyses

Place the crucible on the oven pedestal. Close the oven and start
the oxygen flow. Allow the oxygen to flow for 15 seconds and then
check the flow rate on the rotameter and adjust the flow, if needed.
After 15 seconds of correct flow, push the pedestal lever in to start
the induction furnace. At the same time push the "START" button on
the HP integrator. About 20 seconds after the furnace is activated the
metals should begin to burn. After about another 20 seconds the
detector should begin to register carbon dioxide in the gas flow and
the integrator should begin to show a peak. At this point carefully pull
the lever out to turn the furnace OFF -- be sure that you don't open the

Rev. 1 November 1989
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combustion chamber. Once the integrator has returned to baseline,
carefully open the oven and press STOP on the integrator. Use a pair
of large tweezers or tongs to take the hot crucible off the oven
pedestal and place it on a non-flammable heat-resistant surface to cool.
Repeat this procedure for all crucibles to be run.

4.2.3 Standard Analyses

Stardard Leco pin and ring carbon standards are placed into an
empty crucible with one scoop of the copper accelerator. Standards
are analyzed per the identical procedure as outlined in Section 4.2.2.

4.3 Total Organic Carbon Determination
4.3.1 Sample Preparation

Weigh an appropriate amount of freeze dried (or oven dried)
sample as per step 4.2.1 into a tared crucible. Add small amounts of
- 10% HCI in methanol solution slowly to the sample until all bubbling
stops. Use a minimal amount of acid. Dry the treated samples
overnight at 50°C in the drying oven.

4.3.2 Sample Analyses
Combust and analyze as indicated in Section 4.2.2.
4.3.3 Standard Analyses

Standards are analyzed per the identical procedure as outlined
in Section 4.2.3.

4.4 Total Carbonate Carbon Content

Carbonate content is determined by subtracting the total organic
carbon concentration from the total carbon concentration. To express
as percent calcium carbonate, instead of total carbonate carbon
content, multiply this result by 8.33.

5.0 STANDARDIZATION AND CALCULATIONS

Prior to combusting samples, a set of standards is run to

getenm'ne a standard curve. Standard curves vary slightly from day to
ay.

Rev. 1 . November 1989
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5.1 To determine the curve, combust a set of five standards at
varying concentrations. Several standard rings and/or pins may need
to be run initially to bring the system to correct operating conditions;
the data collected will be discarded. The values of the standards in
the set should be selected to cover the 0.1 to 1.0% carbon range (1
gram basis).

8.2 A graphics package on a Macintosh {such as Kaleidagraph)
is used to make a graph of carbon percentage vs. integrator counts.
This software is used to determine a best fit equation for the data. R
should be no less than .99 or the data set should be discarded and
another set of five calibration points should be run and plotted. This
equation will be used to determine the carbon percentage of samples
for that day.

5.3 The counts reported by the integrator for a sample are
simply entered for X in the equation and Y becomes an intermediate
value. The Y value is divided by the sample weight in grams to
determine the percent carbon.

6.0 QUALITY CONTROL

Quality control samples are processed in an identical manner as
the actual samples.

6.1 A method blank is run with every 20 samples, or with
every sample set, whichever is more frequent. Blank levels should be
no more than 3x method detection limit (MDL).

6.2 Duplicate samples are run every 20 samples, or with every
sample set. Duplicates should be = 20% for low level (<1.0% carbon)
samples and + 10% for normal/high level (>1.0% carbon) sample.
Duplicates may be somewhat less precise for very inhomogeneous
samples (i.e., peats, samples containing twigs, grasses, etc.).

6.3 Reference Materials: Leco pin and ring carbon standards
are run as reference materials and standards.

Rev. 1 November 1989
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7.0 REPORTNG AND PERFORMANCE CRITERIA
7.1 Reporting Units

Reporting units are percent organic carbon (on a dry weight
basis) and percent carbonate carbon {on a dry weight basis).

[ oI SN j 7 s Spigh B » P S o W ¥ Ty
T.2 Minimum Method Perfcormance Criterla

The minimum method performance standard for the method is
detection of 0.02 percent carbon in a sample.

7.3 Significant Figures ?
Results are reported to two (2) significant figures.
7.4 Duplicate Analyses

: All duplicate analyses are reported. Duplicate analyses are run at
least every 20 samples.

7.5 Reference Materials

Leco pin and ring carbon standards are analyzed as reference
materials and standards.

Rev. 1 November 1988
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ORGANIC CARBON, TOTAL
Method 415.1 (Combustion or Oxidation)

STORET NO. Total 00680
Dissolved 00681

Scope and Application

1.1 This method includes the measurement of organic carbon in drinking, surface and saline
waters, domestic and industrial wastes. Exclusions are noted under Definitions and
Interferences.

1.2 The method is most applicable to measurement of organic carbon above 1 mg/1.

Sumimary of Method

2.1 Organic carbon in a sample is converted to carbon dioxide (CO,) by catalytic combustion
or wet chemical nxidation, The CO, formed can be measured directly by an infrared
detector or converted to methane (C!—L) and measured by a flame ionization detector.
The amount of CO, or CI1, is directly proportional to-the concentration of carbonaceous
malerial in the sample.

Definitions

3.1 The carbonaceous analyrer measurcs all of ilie carbon in a sampie. Becanse of various
propertics of carbon-containing compounds in liguid samples, preliminary treatment of
the sample prior to analysis dictates the definition of the carbon as it is mczmurcd Forms
of carbon that are measured by the method are:

A} soluble, nonvolatile organic carbomn; for instance, natural sugars.

RB) soluble, volatile organic carbon; for instance, mercaptans.

C) insoluble, partially volatile carbon; for instance, oils.

D) insoluble, particulate carbonaceous materials, for instance; cellulose fibers.

E} soluble or insoluble carbonaceous materials adsorbed or entrapped on insoluble
inorganic suspended matter; for instance, oily matter adsorbed on silt particles.

3.2 The final usefulness of the carbon measurement is in assessing the potential oxygen-
demanding load of organic material on a receiving stream, This statement applies
whether the carbon measurement is made on a sewage plant eMuent, industrial waste, or
on water taken directly from the stream. In this light, carbonate and bicarbonate carbon
are not a part of the oxygen demand in the stream and (herefore should be discounted in
the final caleulation or removed prior to analysis. The manner of prefiminary treatment
of the sample and instrument settings defines the types of carbon which are measured.
Instrument manufacturer’s instructions should be followed.

Approved for NPDES
Issued {971
Editorial revision 1974

415.1-1
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Sample Hundling und Preservation

4.1 Sampling snd storage of samples in glass bottles is preferable. Sempling and storage in
plastic hottles such as conventional polyethylene and cubitainers is permissible if it is
established that the containers do not coniribute contaminating organics to the samples.
NOTE 1: A brief study performed in the EPA Laboratory indicated that distilled water
stored in new, one quart cubitainers did not show any increase in organic carbon after
two weeks exposure.

4.2 Because of the postibility of oxidation or bacterial decomposition of some components of
aqueous samples, the lupse of time between collection of samples and start of analysis
should be kept to a mjnimum. Also, samples should be kept cool {(4'C) and protected
from sunlight and atmospheric oxygen.

4.3 Ininstances where analysis cannot be performed within two hours (2 hours) from time of
sampling, the sample is acidified (pH < 2) with HCl or H,50,.

Interferences

5.1 Carbonate and bicarbonsate carbon represent an interference under the terms of this test
and must be removed or accounted for in the final calculation.

5.2 This procedure is applicablc only to homogeneous samples which can be injected into the
apparatus reproducibly by means of & microliter type syringe or pipette. The openings of
the syringe or pipette limit the maximum size of particles which may be included in the
sample.

Apparatus

6.1 Apparatus for blending or homogenizing samples: Generally, a Waring-type blender is
satisfactory.

6.2 Apparatus for total and dissolved organic carbon:

6.2.1 A number of companies manufacture systems for measuring carbonaceous
materisl in liquid samples. Considerations should be made as to the types of
samples to be analyzed, the expected concentration range, and forms of carbon to
be measured. '

6.2.2 No specific analyzer is recommended as superior.

Reagents

7.1 Distilled water used in preparation of stundards and for dilution of samples shounld be
ultra pure to reduce the carbon concentration of the blank. Carbon dioxide-fres, double
distilled water is recommended. Ton exchanged waters are not recommended because of
the possibilities of contamination with organic materials from the resins.

7.2 Potassium hydrogen phthalate, stock solution, 1000 mg carbon/titer: Dissolve 0.2128 g

of potassium hydrogen phthalate (Primary Standard Grade) in distilled water and dilute

10 100.0 ml.

NOTE 2: Sadium oxalate and acetic acid are not recommended as stock solutions.

7.3 Potassium hydrogen phthalate, standard solutions: Prepare standard solutions from the
stock solution by dilution with distilled water.

7.4 Carbcnate-bicarbonate, stock solution, 1000 mg carbon/liter: Weigh 0.3500 g of sodium
bicarbonate and 0.4418 g of sodium carbonate and transfer both to the same 100 ml
voiumetric flask. Dissolve with dis.lled water,

415.1-2
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7.5 Carbonate-bicarbonate, standard solution: Prepare a series of standards similar to step
1.3,
NOTE 3: This standard is not required by some instruments,
7.6 Blank solution: Use the same distilled water (or similar quality water) used for the
preparation of the standard solutions. '
8. Procedure

8.1 Follow instrumemt manufacturer's instructions for calibration, procedure, and
caiculations.
8.2 For calibration of the instrument, it is recommended that a series of standards
encompessing the expected concentration range of the samples be used.
9. Precision and Accuracy
9.1 Twenty-eight analysts in twenty-one laboratories analyzed distilled water solutions
containing exact increments of oxidizable organic compounds, with the following results:

lnerement as Precision as Accuracy as
TOC Standard Deviation Bias, Dias,
mg/liter TOC, mg/liter o mg/liter
4.9 3.93 +15.27 +0.75
107 ' 8.32 + 1.0l +1.08

(FWPCA Method Study 3, Demand Analyses)
Bibliography

. Annual Book of ASTM Standards, Part 31, “"Water", Standard D 257479, p 469 (1976).

2. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 532,

Method 505, (1975).
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APPENDIX A-6
DATA REDUCTION/INTERPRETATION

1.0 CEM DATA REDUCTION

Raw data were refined, as follows, to generate final data values (i.e.,
averages, etc.).

* The CEM raw data were first converted from percent of full-scale
values to percent (0, and CO,) or ppm (€O and THC) values using a
data logging program. This conversion was based upon the average of
initial and final zero and span calibration data.

* Het THC data were corvected from a wet to a dry basis following
app11cab1e EPA Method 4 (40 CFR 60) protocols. The volume of mois-
ture collected in the Method 0010 semivolatiles sampling train and
the associated dry gas metered volume were used to determine a
moisture content during each run.

* (CO, hot THC, and cold THC data were corrected to 7% oxygen conditions
using the following formula: (uncorrected value) x (14/[21-0,}])
corrected value. Oxygen data collected during each run was used to
make this correction.

< At various points during each test, the THC analyzers were taken off-
line to zero and span the instrument., Available data points within
the sample period were utilized to interpolate 1-min rolling
averages, if necessary.

» Facility 0,, CO, NO and THC data were recorded at varying'time
intervals dur1ng thé pretest. Available data points within each
‘sample period were utilized to interpolate l-min averages.

2.0 TOTAL ORGANIC MASS DATA REDUCTIONS/INTERPRETATION

In field GC data analysis, areas integrated under each peak were summed
to give a total peak area for each run. This value was then divided by the
average dajly reference factor for propane, resulting in a total organics
concentration for ppm propane equivalent. The average daily reference factor
was obtained from an average of peak areas for a standard propane sample of
known concentration.

Carbon fractions (i.e., Cl - C7 and C7 - C17 fractions) were determined
by comparing sample peak retention times to standard peak retention times.
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Aliquots of a Cl7 in a C7 solution were injected into the propane standard and
analyzed to establish standard peak retention times. The following standard
retentjon time ranges were determined in the test:

Cl1-C7 €7-C17
Main Duct: 0-153s Main Duct: 154-583s
Bypass Duct: 0-141.5s Bypass Duct: 142-572s

for gravimeiric data reduction, method biank weight was subtracted from
each sample analysis value to determine a net gravimetric value. This net
value was then multiplied by a numerical factor to obtain the organic mass in
ug per sample. The dry standard sample volume was then utilized to generate a
pu/L emission concentration. The ppm propane equivalent was then calculated by
assuming that half of the sample molecular weight has no FID response; cal-
culated as follows:

ug of sample x 0.5 x 24.1 ul gas per umol of gas
L of air sampled * 44 yl propane per pmol propane

3.0 DRE OF MONOCHLOROBENZENE

Monochlorobenzene concentrations in exhaust gas were determined and ORE
for each run was calculated in several ways as explained in Section 4.2.2 of

the Test Report. The following sample calculation shows the method of
calculation for the "best estimate" DRE.

An examination of the process data and analytical results from the POHC
levels in the bypass duct allows a calculation estimate of main duct POHC
levels, however. This estimate is based upon the proportional split of the
POHC with gas flow exiting the kiln.

Using stack flow rate measurements and organic levels in the bypass duct,
measured oxygen levels, and known material input rates, a material balance is
performed on the total kiln system. This allows calculation of the flow split
as gases exit the kiln entering either the bypass duct or ghe main flow
duct. The ratio of this split is then appliied to the measured POHC tevel of
the bypass duct, resulting in the "best estimate" of expected POHC levels in
the main duct, and subsequent calculation of the DRE.

The calculation is divided up into 10 separate steps; Run 2 has been
shown for the example. :

3.1 Stepl

. An oxygen balance and a flow balance are performed on the bypass duct,
using a "known" oxygen level of 2.25% entering the duct. The "known" value is

EQ%ained from measured CO levels and Figure A6-1, CO, and NO vs. oxygen in
iln.
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Figure A6-1. CO and NO vs. oxygen in kiln.
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BF, = bypass flow into the duct at the end of the kiln (dscm/min),
~ 2.25% 0,

BF, = bypass flow at sampling location (dscm/min), at 17.5% 0,

BA = bypass air in (dscm/min), at 21% 0,

Oxygen balance: BF, 0, + BA 0, = BF, 0,

BF, (0.0225) + BA(0.21) = BF, (0.175)
Flow batance: BF, + BA = BF,

BF, was measured by MM5 data to be 668 dscm/min. Solving for BF, in the
flow balance equation, then:

BF, = 668 - BA

Substituting the numeric value of 8F, and the algebraic value of BF, into

the oxygen balance equation, BA and BF, are solved. Hence, the flow data
values are:

BF; = 125 dscm/min
BA = 543 dscm/min
BF, = 668 dscm/min

Step 2: Steps 2 to 9 are performed to calculate the gas flow through the

kiln itself. An overall mass balance is done along with combustion reaction
stoichiometry.

Feeds:

Coal: 1.036 ton/h = 2,072 1b/h

Liquid waste {LIQ): 3.565 ton/h = 7,130 1b/h

Raw meal: 96.20 ton/h x .025 = 4,810 1b/h (2.5% of the total mass
enters kiln as CD,; rest is ignored for this calculation)

Chlorobenzene (C1-B): 738 g/min = 98 1b/h (spiked into kiln)

Combustion air (CA} = unknown quantity, yet sufficient to give
2.25% 0, at kiln exit

Step 3: Each feed stream is broken down into elemental quantities.
COAL:

Using ultimate analysis data as follows (0, 19.8; H, 5.5; C, 61.4; N,

1.5; C1, 0.0; S, 0.6), sulfur content is dropped in the calcula-
tion...negligible presence.

For our mass input rate of 2,072 1b/h coal,

0 410 1b/h

H 114 1b/h
C 1,274 tb/h
N 31 1b/h
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An ultimate analysis is assumed based on data from Combustion Gas
Velocity Measurement Manual, Trenholm and Ktamm, MRI, 1989 (C, 84; H,
10; C1, 6).

For our mass input rate of 7,130 ib/h,

C 5,989 1b/h
H 713 1b/h
C1 428 1b/h

C1-B:
Chemical structure yields (C, 64; H, 4.4; C1, 31.6).
For our mass input rate of 98 1b/h,

C 63 1b/h
H 4 1b/h
C1 31 1b/h

Meal:

Introduces €0, into the kiln at 4,810 1b/h. €O, is (C, 27.2; O,
72.7). '

C 1,308 1b/h
0 3,497 1b/h

CA:

By mass, air is (0, 23.3; N, 76.7). The total mass input rate, CA, is
unknown.

0 .233 CA
N .767 CA

Step 4: The overall reaction is written, and combined feed totals are
converted to melar guantities.

C+H+0+N+C1 ~CO, + H0+ HC1 + N, + 0,

c H 0 N C1
COAL 1,272 114 410 31 --
LIQ 5,989 713 -- - 428
Meal 1,308 -- 3,497 -- -
C1-8 63 4 - -- 03
CA - -- .233 CA .767 CA --

Totals 8,632 831 3,907 + .233 CA 31 + .767 CA 459
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Mass ~ moles conversion, divide by molecular weight of each species

C 8,632 s 12

H 831 :1

0 (3,907 + .233 CA) : 16
N (31 + .767 CA) = 14

C1 459 & 35.5

719 moles/h

831 moles/h

244 + ,0146 CA moles/h
2 + .0548 CA moles/h
13 moles/h

Is

Step 5: The reaction is completed in molar quantities, balanced by the
reaction stoichiometry.

¢ - O, 719 moles/h CO,
H + H,0 (+ HC) 8L-13 4 409 motes/h H,0
N~ N, 2+ 048 A pyecn i,

0+ 0, (+ CO, + H,0) (244 + .0146 CA% - 2(719) - 409 _

— 1603 +2.0146 CA moles/h 0,

Step 6: We can now solve for CA the actual combustion air in, by using
the products formed and known, 2.25% 0, at the kiln exit.

motes 0,
(dry) % 0, = total dry moles * 100
- 1603 + .0146 CA
2
.0225 =
- 1603 +2.0141 CA L 719 + 13 + 2% .5548 CA
L0225 = - 1603 + .0146 CA

1603 + .0146 CA + 1438 + 26 + 2 + .(0548 CA

1603 + .0146 CA

-0225 = 1377 0694 CA

Cross-multiply: - 3.0825 + .0015615 CA = - 1603 + .0146 CA
1599,92 = .0130 CA

Solve: CA = 122,707 1b/h (combustion air in) (CA originally defined as mass,
not moles)

Step 7: The total moles of products are calculated based on the
combustion air flow rate.
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719 moles/h
13 moles/h

N, = 2 + .05482(122,707) = 3,363 moles/h

(Dry basis) CO,
HC1

= 34 moles/h

0, . 1603+ .0146 (122,707)
z - 2

Step 8: Volumetric flow is calculated based on molar flow (dry basis)
using the Ideal Gas Law.

PV = nRT . 3

(14.7 psi) V= (4,298 moles/h) 10.73 BSLIE. (5ogep)
v = 1,656,467 dscf/h

Convert units,
'} = 782 dscm/min

Step 9: Overall baltance is performed at kiln exit/entry to bypass and
main flow ducts.

KF = BF, + MF
782 = 125 + MF
MF = 657 dscm/min

Step 10: The flow split is determined and DRE calculated.

84%
16%

% MF
% BF,

657/782
125/782

non

DREs are then calculated using the flow split and emission in the bypass
duct as a basis.

Feed = 738 g/min
Bypass emission = .01016 g/min

“Theoretical" main duct emission = .01016 x %% = .05334 g/min

"Total" emission = ,01016 + .05334 = .0635 g/min

"Best estimate" ORE = lﬂ—%EQEE x 100

_ 738 - .0635
- 738

99.9914%

x 100

1]
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This appendix presents data collected during the test at the Ash Grove

precalciner kiln. Data are presented as follows:

Content Page
B-1 CEM Data Measured by Ash Grove....cceesvecesccccsccssncvonceses B-5
B-2 Process Data Measured by Ash Grove.....ceeeecececaccccccacccane B-17
B-3 Fuel/Waste Characterization.....ecevcceessearnrosssessecscessses B-21
B-4 Galbraith Lab Analysis ResultS.....cceeeevecsceccnncncnsns eeese B-33
B-5 CEM Data Measured by MRI....ceeeeeeereeeeasaanannens cereeeenans B-39
B-6 Organic Mass Data......ccevvveenncnnscsscssensassscconnanancsss B-83
B-7 Total Hydrocarbon and Total Organic Mass Data.....cceeceeeences B-91
B-8 HCY Dat@eeceerveessnesessnsacaaccencasesncasnnae O S ¥4 |
B-9 Volatiie Organics Data...ceeeeessesrscensrsccscscsvasocancnnsas B-155
B-10 Semivolatile Organics Data........ tesesesscssassnsssarcssnane .. B-201
B-3




APPENDIX B-1

CEM DATA MEASURED BY ASH GROVE
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I OMAHA PLANT CEM DATA - BYPASS DUCT RUN 1

|

- TIME 02 (%) NOx (ppm) CO (ppm) THC (ppm) OPACITY (%

l 1559.5 18.5 399 50 .
1604.5 18.7 416 16 3
1609.5 18.6 414 39 .
1614.5 18.5 400 69 .
1619.5 18.7 397 62 1 .
1624.5 18.6 412 44 .
1629.5 18.5 421 8 .

I 1634.5 18.5 ~ 415 23
1644.5 18.4 . 433 17 .

1649.5 18.2 396 58
1654.5 18.1 403 203
1659.5 18.5 404 =10
1724.5 18.5 385 33.4
1729.5 18.4 377 70
1734.5 18.1 351 421
19239.5 18.4 268 63
1744.5 17.9 273 91
1749.5 18.1 282 235
1754.5 18.3 313 -23
1759.5 17.9 246 133
1804.5 17.8 297 1328
1809.5 18.3 304 a2
1814.5 18.3 221 -9
1819.5 17.7 216 31
1824.5 17.8 254 53
1829.5 17.9 231 17
1834.5 17.8 224 21
1839.5 18 236 -2

I 1844.5 17.8 252 45
|

Wk WWWe e WWeWwwWww
[ ]

w

*

3

1849.5 17.8 248 28
1854.5 18 257 48
1859.5 18 258 73
1904.5 18 253 19
1909.5 17.8 267 79
1914.5 17.9 244 23
1919.5 17.8 282 96
1924.5 17.8 287 38
1934.5 17.7 281 73
1939.5 17.9 280 35
1944.5 17.9 289 39
1949.5 18.1 278 -6
1954.5 17.9 273 897
2004.5 18 289 25

[

- L] -a‘ . a .
HYUNaLUoa L, AOUUNORNDINEJOERWNEODOMNREENBWBDSDW

o+
NOANPMNMNNOORUIVMBROOQOORMOFPWHRMORPPRLBRNNFEFWNWELE JWANNDN

EUWLWWWLWLRWLWRWWWWRWWWLWWLOLDWWWWLEWW
- L - LI

Minimum= 18 216 -23 -1
Maximum= 19 433 1328 46
Average= 18 312 108 4

& oW

B-7




OMAHA PLANT CEM DATA - MAIN DUCT RUN 2

TIME 02 (%) NOx (ppm) CO (ppm) THC (ppm) OPACITY (%)

1159.2 4.7 532 445 3 3.6
1204.2 3.9 377 1295 14 3.8
1209.2 3.9 373 494 44 3.7
1214.2 4.0 389 1251 15 3.5
1219.2 4.4 470 635 10 3.9
1224.2 4.6 480 530 8 3.5
1229.2 4.3 430 685 9 3.6
1234.2 4.4 - 435 1157 28 3.5
1239.2 4.1 413 929 17 3.8
1244.2 4.2 428 812 9 3.7
1249.2 4.4 454 609 9 3.5
1254.2 3.9 338 1330 - 23 3.6
1259.2 4.6 503 536 8 3.6
1304.2 4.6 486 517 8 3.7
1309.2 4.5 477 549 8 3.3
1314.2 4.5 478 553 8 3.4
1319.2 4.7 514 3os8 8 3.6
1324.2 4.5 483 620 8 3.5
1329.2 4.1 418 875 11 3.7
1334.2 4.2 431 1037 17 4.1
1339.2 4.2 440 1024 10 3.5
1344.2 4.0 401 1010 11 3.6
1349.2 4.3 456 604 ] 3.6
1354.2 4.2 419 1001 14 3.5
1359.2 4.2 419 694 10 3.8
1404.2 4.4 454 528 8 3.5
1409.2 4.4 470 523 8 3.7
1414.2 4.2 432 781 10 3.6
319.2 4.5 466 523 8 4.1
1424.2 4.0 389 1069 14 3.1
1429.2 4.2 431 714 9 3.3
1434.2 4.1 412 lo1s8 14 3.0
1439.2 4.4 457 690 g 3.4
1444.2 4.6 493 474 8 3.5
1449,2 4.2 443 781 11 3.4
Minimum= 3.9 338 398 8 3.0
Maximum= 4.7 532 1330 44 4.1
Average= 4.3 443 763 12 3.6
B-8
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OMAHA PLANT CEM DATA - BYPASS DUCT RUN 2

TIME 02 (%) NOx (ppm) CO (ppm) THC (ppm) OPACITY (%)
1201.5 17.6 763 10 -1 3.7
1206.5 17.5 758 10 -2 2.9
1211.5 17.3 716 301 19 3.5
1216.5 17.7 789 47 o 3.7
1221.5 17.6 750 29 -1 3.7
1226.5 17.6 668 20 -1 3.4
1231.5 17.6 707 24 -1 3.5
1236.5 17.4 624 233 0 3.6
1241.5 17.4 646 115 0 3.4
1246.5 17.4 627 190 1 3.5
1251.5 17.7 663 19 -1 3.5
1256.5 17.5 679 46 0 3.5
1301.5 17.6 709 12 -1 3.4
1306.5 17.5 704 84 9 3.8
1311.5 17.3 708 72 4 3.5
1316.5 17.5 729 166 2 3.5
1321.5 17.4 768 21 -1 3.8
1326.5 17.5 736 17 0 3.6
1331.5 17.3 775 45 -1 3.6
1336.5 17.2 710 307 1 4.0
1341.5 17.5 756 88 0 3.5
1346.5 17.4 785 5 0 3.4
1351.5 17.4 742 135 -1 3.6
1356.5 17.3 715 355 16 3.5
1401.5 17.5 751 39 0 3.5
1406.5 17.5 719 36 -1 3.4
1411.5 17.5 721 7 -1 3.6
1416.5 17.4 690 89 -2 3.9
1421.5 17.4 738 38 -1 3.8
1426.5 17.5 771 95 -1 3.4
1431.5 17.4 754 42 -1 3.6
1436.5 17.4 726 113 -1 3.5
1441.5 17.7 ‘ 726 21 =2 3.3
1446.5 17.5 758 116 10 3.9

Minimum= 17.2 624 5 =2 2.9

Maximum= 17.7 789 355 19 4.0

Averages= 17.5 723 87 1 3.6
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OMAHA PLANT CEM DATA - RUN 3 MAIN DUCT

TIME 02 (%) NOx (ppm) CO (ppm) THC (ppm) OPACITY

—

-~

1139.2 4.5 466 470 7 3.3
1144.2 4.4 472 401 6 3.2
1149.2 4.2 469 375 6 2.7
1154.2 4.5 476 371 6 2.9
1159.2 4.6 488 331 6 3.3
1204.2 4.4 464 354 6 2.8
1209.2 4.5 482 349 6 3.0
1214.2 4.6 . 495 348 6 3.0
12198.2 4.6 493 327 6 3.3
1224.2 4.8 501 318 6 3.0
1229.2 4.7 492 314 6 3.2
1234.2 4.6 501 308 6 3.0
1239.2 4.6 521 297 6 3.6
1244.2 4.3 473 384 6 2.6
1249.2 4.7 536 303 6 3.0
1254.2 4.7 528 294 6 3.1
1259.2 4.7 525 279 6 3.2
1304.2 5.1 587 265 6 3.0
1309.2 4.2 486 311 6 3.6
1314.2 4.8 550 284 6 3.4
1326.5 5.0 564 279 6 3.0
1339.2 4.9 530 282 5 3.7
1346.5 4.9 545 284 5 3.0
1354.2 5.0 565 260 6 3.2
1401.5 5.0 546 295 6 3.4
1409.2 4.9 532 296 6 2.6
1416.5 4.9 529 323 5 3.8
1424.2 4.6 514 367 6 3.4
1431.5 4.5 509 324 5 2.9
Minimum= 4.2 464 260 5 2.6
Maximum= 5.1 587 470 7 3.8
Average= 4.7 512 324 6 3.1

B-10




|

N |l e

OMAHA PLANT CEM DATA - RUN 3 BYPASS DUCT
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TIME ©02 (%) NOx (ppm) CO (ppm) THC (ppm) OPACITY (%)
1141.5 16.6 1119 37 o 3.1
1146.5 16.7 1173 25 0 2.8
1151.5 16.4 1072 116 0 3.5
1156.5 16.6 1181 14 0 3.4
1201.5 16.6 1085 82 0 3
1206.5 16.6 1105 |6 0 3.1
1211.5 16.8 1147 18 0 3
1216.5 16.5 1101 0 o} 2.9
1221.5 16.7 1137 Tg 1 2.9
1226.5 16.5 1047 22 0 3
1231.5 16.4 1162 1 3
1241.5 16.4 1139 80 1 3.1
1246.5 16.5 1237 17 1 3.1
1251.5 16.6 1277 -3 1 3.2
1256.5 16.4 1193 1 1 3
1301.5 16.5 1253 58 1 3.1

- 1306.5 16.4 1265 -10 0 2.5

1311.5 16.5 1200 6 0 3.5
1316.5 16.4 1223 43 1 2.8
1329.2 16.6 1203 -14 1 3.3
1341.5 16.3 1129 24 0 3.2
1349.2 16.3 1213 -4 ] 3
1356.5 16.4 1189 20 0 3
1404.2 16.3 1156 -7 0 3.3
1411.5 16.3 1147 36 0 3.2
1419.2 16.5 1244 25 -1 2.7
1426.5 16.6 1297 -7 0 3

Minimum=  16.3 1047 -14 -1 2.5
Maximum= 16.8 1297 116 1 3.5
Average= 16.5 1174 25 0 3.1




OMAHA PLANT CEM DATA - RUN 4 MAIN DUCT

TIME 02 (%) NOx (ppm) CO (ppm) THC (ppm) OPACITY (%)

1138.2 4.4 373 879 -1 4.3
1146.5 4.7 383 815 -1 4.1
1151.5 4.3 383 1502 -1 4.1
1156.5 4.5 395 | 1326 -1 4.3
1201.5 4.6 389 ' 754 -1 4.6
1206.5 4.5 408 1246 -1 4.2
1211.5 4.2 343 1747 -1 4.8
1216.5 4.2 280 1501 -1 3.7
1549.2 4.4 419 1077 -1 4.8
1554.2 4.4 406 992 -1 3.8
1559.2 4.6 436 1047 -1 4.3
1603.2 4.7 424 877 -1 4.8
1609.2 4.8 439 830 -1 4.5
1614.2 4.6 404 1037 © -1 4.8
1619.2 4.6 417 960 -1 5.5
1629.2 4.5 411 1153 -1 4.3
1634.2 4.9 454 855 -1 4.8
1639.2 4.8 461 947 -1 4.6
1644.2 4.6 455 977 -1 5
1649.2 4.7 448 1012 -1 4.7
1654 .2 4.6 423 963 -1 4.8
1659.2 4.5 405 1137 -1 4.2
1704.2 4.6 450 1040 -1 4.2
1709.2 4.5 414 881 ~1 3.9
1714.2 4.4 415 1182 -1 4.5
1719.2 4.6 424 1011 -1 4.4
1724.2 4.7 434 963 -1 4.2
1729.2 4.7 434 963 -1 3.8
1734.2 4.7 434 963 -1 4.8
1739.2 4.9 450 835 -1 4.6
1744.2 4.8 429 693 -1 4.2
1749.2 4.8 417 801 -1 4.3
1754.2 4.5 375 668 ~1 4
1759.2 4.5 391 1090 -1 4.2
1804.2 4.7 412 763 -1 4.3
1809.2 4.9 434 690 ~1 4.2
1814.2 4.8 435 1120 -1 4.2
1819.2 4.8 425 546 -1 4.4
1824.2 4.7 421 968 -1 4.1
1829.4 4.7 410 742 -1 4.6
1834.2 4.7 414 912 -1 4.5
1839,2 4.6 430 1059 -1 4.4
1844.2 4.7 421 798 -1 4.3
1849.2 4.6 434 896 -1 4.4
Minimum= 4.2 280 546 -1 3.7
Maximum= 4.9 461 1747 -1 5.5
Average= 4.6 415 982 -1 4.4
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OMAHA PLANT CEM DATA - RUN 4 BYPASS DUCT

TIME 02 (%) NOx (ppm) CO (ppm) THC (ppm) OPACITY (%)
1141.5 16.8 468 97 -3 4,2
1149.2 17.1 502 31 -3 3.6
1154.2 17 492 4 -3 4.2
1159.2 16.8 518 25 -3 3.8
1204.2 16.9 455 816 -3 4.2
1209.2 16.7 483 22 -3 4.3
1214.2 17 426 178 -3 4.5
15346.5 16.7 469 90 ~36 5.1
1551.5 le.9 475 131 -3 4.6
1556.5 16.8 523 15 -3 4
1601.5 16.8 530 237 -3 4.5
1606.5 16.9 558 157 -3 5
1611.5 16.9 588 -3 -3 4.6
1616.5 16.8 530 174 -3 5.4
1621.5 16.6 516 537 -3 4.3
1626.5 16.8 393 3472 -3 4.8
1631.5 16.6 472 71 -3 4.2
1636.5 16.9 513 -4 -3 4.7
1641.5 16.9 438 200 -3 4.6
1646.5 l6.7 425 61 -3 4.3
1651.5 16.9 370 246 -3 4.1
1656.5 16.7 426 3Q9 -3 4.7
1707.5 16.7 429 208 -3 4.1
1706.5 16.7 399 510 =3 1.4
1711.5 16.7 426 165 -3 4.4
1716.5 l6.7 427 381 -3 4.4
1721.5 l6.8 463 20 -3 4.2
1726.5 16.9 456 =50 -3 4.4
1731.5 16.9 456 ~-50 -3 4.6
1736.5 16.9 456 =50 -3 4.5
1741.5 17.1 478 16 -3 4.3
1746.5 17 497 12 -3 4.5
1751.5 16.8 430 274 -3 4.7
1756.5 16.9 421 228 -3 4.3
1801.5 16.7 403 369 =3 4.3
1806.5 17.1 487 11 -3 4.3
1811.5 16.9 493 36 -3 4.4
1816.5 17 521 30 -3 4.3
1821.5 l16.9 489 183 -3 4.2
1826.5 16.9 527 17 -3 4.2
1831.5 16.8 448 126 -3 4.7
1836.5 l6.8 503 20 -3 4.2
1841.5 17.1 502 70 -3 4.3
1846.5 l6.8 475 68 -3 4.5
Minimum= 16.6 370 -50 -36 3.6
Maximum= 17.1 588 3472 -3 5.4
Average= 16.8 472 229 -4 4.4
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OMAHA PLANT CEM DATA - RUN 5 MAIN DUCT

TIME 02 (%) NOx (ppm) CO (ppm) THC (ppm) OPACITY

1124.2 4,2 564 543 6 3.4
1129.2 4.6 529 543 6 3.4
1134.2 4.5 515 644 6 4.2
1139.2 4.5 505 ' 387 6 4.2
1144.2 4.3 482 870 6 3.8
1149.2 4.3 480 894 6 3.8
1154.2 4.3 527 659 6 3.7
1159.2 4.3 519 734 6 3.5
1204.2 4.1 480 879 6 3.6
1209.2 4.2 487 853 6 4.3
1214.2 4.4 511 493 6 3.5
1219.2 4.5 525 558 6 3.6
1224.2 4.6 526 674 6 3.8
1229.2 4.4 519 800 6 4.7
1234.2 4.3 514 686 6 4.1
1239.2 4.3 534 560 6 3.8
1244.2 4.3 523 684 6 3.6
1249.2 4.5 553 846 6 3.9
1259.2 4.5 513 556 6 3.8
1304.2 4.3 521 728 6 3.9
1309.2 4.3 516 736 6 3.7
1314.2 4.3 548 625 6 3.8
1319.2 4.5 553 550 ) 3.6
1324.2 4.1 503 732 6 4.1
1329.2 4.4 508 673 6 3.7
1334.2 4.4 527 508 6 4.0
1339.2 4.4 524 770 6 3.9
1344.2 4.3 546 369 6 3.9
1349.2 4.1 561 644 6 3.8
1354.2 4.1 528 689 6 3.9
1359,2 4.2 567 536 6 3.9
1404.2 4.1 571 533 6 4.0
1409.2 4.4 592 v 492 6 4.1
1414.2 4.4 586 460 6 4.3
1419.2 4.3 580 696 6 4.4
1424.2 4.2 556 769 6 4.0
Minimum= 4.1 480 369 6 3.4
Maximum= 4.6 592 894 6 4.7
Average= 4.3 529 644 6 3.9
B-14
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OMAHA PLANT CEM DATA - RUN 5 BYPASS DUCT

TIME 02 (%) NOx (ppm) CO (ppm) THC (ppm) OPACITY

1119.2 17.3 806 15 0 3.7
1126.5 16.8 752 62 0 3.7
1131.5 16.6 719 98 1 3.6
1136.5 16.7 723 67 1 3.7
1141.5 16.8 712 308 1 3.8
1146.5 17.0 704 117 1 3.5
1151.5 16.6 711 482 2 3.5
1156.5 16.7 797 . .92 1 3.6
1201.5 16.9 728 580 2 3.4
1206.5 16.8 741 93 1 4.3
1211.5 17.0 702 701 2 4.2
1216.5 16.8 758 271 2 4.1
1221.5 17.0 844 51 2 3.9
1226.5 17.0 817 58 2 4.4
1231.5 16.8 769 123 2 4.3
1236.5 17.0 777 138 2 4.0
1241.5 16.8 794 328 2 3.1
1246.5 16.9 829 122 1 4.1
1251.5 16.9 732 323 1 3.7
1256.5 16.9 757 84 1 4.0
1301.5 16.9 667 502 2 3.9
1306.5 16.8 703 369 2 4.3
1316.5 16.9 81ls 144 2 4.1
1321.5 16.7 768 111 2 3.4
1326.5 16.8 688 425 2 3.6
1331.5 1l6.6 659 323 2 4.4
1336.5 17.0 760 17 2 4.0
1346.5 16.8 819 64 2 3.5
1351.5 16.9 721 404 2 4.0
1356.5 17.1 813 80 2 4.1
1401.5 17.3 893 -11 2 3.9
1406.5 17.0 854 =10 2 3.9
1411.5 16.9 878 21 2 3.7
1416.5 16.9 807 155 2 4.2
1421.5 16.7 767 410 2 4.4
Minimum= 16.6 659.0 -11.0 0.0 3.4
Maximum= 17.3 893.0 701.0 2.0 4.4
Average= 16.9 765.4 203.3 1.6 3.9
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APPENDIX B--2

PROCESS DATA MEASURED BY ASH GROVE
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SUMMARY OF PROCESS DATA MEASURED BY ASH GROVE

Raw Meal Kiin Inlet Temp F 1567 1606 1589 1594 1589
Entrance Kiln Gas Pressure in Hg -0.112 | -0.124 | -0.142 | -0.161 | -0.139
Kiln Coal Feed T/hr 0.993 1.036 5.140 0.000 0.049
Kiln Speed RPH 113.7 112.2 112.2 104.5 110.2
Kiln Current Amps 178.2 228.1 244.2 226.2 258.9
Exit Kiln Gas Pressure in Hg -0.819 | -0.613 | -0.517 | -0.583 | -0.645
Kifn Iniet Termp. F 1974 1883 1939 1565 1831
Raw Meal Feed Tibr 98.11 96.20 95.00 95.38 96.71
Ligquid Hazardous Waste Feed STPH 2.874 3.565 0.000 5.789 5.756
Solid Hazardous Waste Feed TPH 0.925 0.925 0.000 0.000 0.000
Pyroclone Coal Feed Tihr 7.974 7.704 7.273 7.358 7.156
Pyroclone Temperature F 1598 1616 1619 1601 1598
Pyroclone Exhaust/Main ESP inlet:
Temperature F 742.5 755.2 716.7 739.8 741.4
Pressure in H20 -28.03 | -28.04 | -26.81 | -28.08 | -27.65
Bypass ESP Inlet Temp F 696.8 695.8 692.1 694.0 711.4
Bypass ESP Voltage kv
First Stage 36.1 36.6 35.9 36.3 34.8
Second Stage 32.6 30.3 34.3 29.6 29.8
Third Stage 27.2 27.8 27.5 28.1 28.2
Fourth Stage Cyclone Temp F 1567 1683 1520 1573 1571
Bypass ESP Qutlet
Temperature F 600.6 602.2 591.7 584.6 596.1
Pressure in Hg -3.074 | -2.567 | -2.639 | -2.908 | -2.508
Bypass Quench Water gpm 6.0 8.0 8.0 8.0 8.0
Damper Setting Open % 50.0 40.1 40.0 40.0 40.0
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FUEL/WASTE CHARACTERIZATION
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NOTE: Waste samples were collected and analyzed by Ash Grove. An independent
contract laboratory also analyzed these samples. MRI had no control over the
quality assurance/quality control procedures initiated and followed in the
sampling and analysis of these samples.

FUEL CHARACTERIZATION AND TEST SUMMARY

RUN# RUN#2 RUN#3 RUN# RUN#5

KILN
Coal
Feed Rate (T/hr) 0.99 1.04 5.14 0.00 0.05
Heating Value (Btu/Ib) 12300.00 12300.00 12300.00 12300.00 12300.00
Chlorine (%) 0.00 0.00 .00 C.00 0.00
Solid Waste
Feed Rate (T/hr) 0.83 0.93 0.00 0.00 0.00
Heating Value (Btu/lb) 8620.00 8410.00 0.00 0.00 0.00
Chlorine (%) 3.30 3.70 0.00 0.00 0.00
Liquid Waste
Feed Rate (T/hr) 2.87 3.57 0.00 5.79 5.76
Heating Value (Btu/Ib) 10080.00 10010.00 0.00 11220.00 11170.00
Chlorine (%) 2.00 2.20 0.00 1.70 1.70
KILN HEAT INPUT RATE
(106 Biu/h) 108.15 123.66 1398.09 142.90 142.77
KILN CI INPUT RATE
(Ib/h) 193.61 247.84 .00 216.51 215.27
PYROCLONE
Coal _
Feed Rate (T/hr) 7.97 7.70 7.27 7.36 7.16
Heating Value (Btu/ib) 12300.00 12300.00 12300.00 12300.00 12300.00
Chlorine (%) 0.00 C.00 0.00 0.00 0.00

'PYROCLONE HEAT INPUT RATE .
(106 Btu/h) 215.78  208.47  196.81 189.11 193.64

PYROCLONE CI INPUT RATE
(!bh) 0.00 0.00 0.00 C.00 0.00
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THE PITTSBURG & MIDWAY COAL MINING CO,

EDNA MINE

TYPICAL ANALYSIS - AS RECEIVED

Average Range - Average Range
% Moisture 10.7 9.0-12.5 Silica, S:LO2 51.0  45.0-57.0
% Ash 11.2 9.0-14.0 Alumina, A1203 31.2 27.0-35.0
% Volatile 34.9 32.7-36.6 Titania, T:LO2 0.8 0.6-1.0
% Fixed Carbon 43,2 40.7-45.4 Ferric Oxide, Fe203 5.4 4,0-7.0
Lime, CaO 4.9 3.5-6.5
BTU 10800 10600-11000 Magnesia, Mg0 1.4 1.0-1.8
%% Sulfur 0.6 0.4-1,0  Potassium Oxide, K,0 0.9  0.6-1.3
Sodium Oxide, NaZO 0.5 0.3-0.8
Sulfur Trioxide, SO3 2.5 1.0-3.5
SULFUR FORMS Phos. Pentoxide, P'ZO5 1.3 1.0-1.7
Undetermined 0.1 -
% Pyritic 0.1 0.0-0.2
% Sulfate 0.0 0.0-0.0
% Organic 0.5 0.4-0.8  ASH FUSION TEMPERATURE (°F)
Reducing Oxidizing
ULTIMATE ANALYSIS
Initial Deformation 2500 2650
% Meisture 10.7 9.0-12.5 Softening (H=W) 2600 +2700
% Carbon 61.4 57.7-64.6 Softening (H=1/2W) 2640 +2700
% Hydrogen 4.3 b,1-4.5 Fluid 2685 +2700
% Nitrogen ] 1.4-1.6
% Chlorine .0 0.0-0.0 Hardgrove Grindability 47
% Sulfur .6 0.5-0.7 Z Equilibrium Moisture 9.5
% Ash ‘11.2 9.0-14.0 Alkalies as Na,0 (dry coal) 0.1
% Oxygen 10.3 9.7-10.8 Free Swelling ;gdex Nil

*Sulfur Dioxdide (S50.)
.on a monthly average

shall not exceed 1.2 pounds per million BTUs
basis,
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SUMMARY OF DATA FROM MRI TESTING
Oct./Nov. 1989

sSamples tested

Sample ID Rescription
#1031 10/28/89 Test #1 Liguid Chemfuel
#1033 10/28/89 Test #1 So0lid Chemfuel (Spiked)
#2031 10/29/89 Test #2 Ligquid Chemfuel
#2033 10/29/89 Test #2 So0lid Chemfuel (Spiked)
#4031 10/31/89 Test #4 Liquid Chemfuel
#5631 11/02/89 Test #5 Liguid Chemfusl
Coal Coal sample typical during run
Solid Composite sample of solids before spiking
Test Results
Lab: Ash Grove A&L Mid West Lab - Ash Grove
Louisville Omaha Kansas City
Honochlorobenzene
ID BTU cl BTU cl % 3
#1031 10080 2,0 9299 1.51
#1033 8620 3.3 8605 0.99 8.43 7.8
#2031 10010 2.2 8839 1.69 _
#2033 8410 3.7 8562 1.086 6.64 6.2
#4031 11220 1.7 9941 1.15
#5031 11170 1.7 10350 0.89
Coal 12030 0.0 12137 <0.01
Solid 8640 1.7 8389 0.60 0.1 - 0.04
pg : 219 g4l
Mo, WT SeLiD = 2226 o/
Rl CPe® = A0 Uy
oL AT $ ’
Tt e .ol L Bt 0.046 b Pouc
B-25




RESEARCH LABORATORY
ASH GROVE CEMENT COMPANY
KANSAS CITY, KANSAS

JANUARY 19, 1990

REPORT ON LOUISVILLE STACK TEST SAMPLES:

COMPOSITION AND MONOCHLOROBENZENE DETERMINATION

Samples Received:

Sample No. Identification Date Received Requested By
S=-891206 #1033 10/28/89 12/15/89 R. Behrns
5-891207 #2033 10/29/89 " "
5-891208 Sclid Chemfuel " n
S-891209 Monochlorobenzene " n
5-891223 #1031 10/28/89 12/28/89 h
S-891224 #2031 10/29/89 " "
5-891225 #4031 10/31/89 " "
S-891226 #5031 11/2/89 " n

The above samples were received with a request for
determination by capillary gas chromatography of the amount of
monochlorobenzene in all samples (except the menochlorobenzene,
5-891209, which was included for a reference standard). The
results of this determination are given in Table I attached.

An organic screen for the most abundant constituents in the
sample marked "solid chemfuel" ($-891208) was also requested. The
liguid chemfuel burned during the stack test (5-891223 - S-891226)
was composited and analyzed for organic constituents also. These
results are given in table II attached.

Finally Table III attached gives an analysis of “solid
chemfuel” (S-891208) for water, volatile organic, non-volatile

extractable organics, non-volatile non-extractable organics, and
inorganic ash.

Tested and reported by,
CZLaMl*ﬂ\j‘zii?a”_’

Dan Logan

DIL:1 Chemist

cc:

g

HX WO
HO STy

Behrns

MA[ oK

@
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S=Number

$~891206

5-8%1207

S-891208

5-891223

5-891224

S-891225

S-891226

TABLE I

DETERMINATION OF MONOCHLOROBENZENE (MC1lBz)

IN LOUISVILLE STATE TEST SAMPLES

Iouisville

#1033

#2033

#1031

#2031

#4031

#5031

Date

Sample Tvpe % MClBz by Wt

10/28/89

10/29/89

10/28/89

10/29/89

10/31/89

11/2/89

Spiked Solid Chemfuel 7.8%
(S =+ 0.9, n = 3)
" ‘1 n 6.2% '
(S =+0.9, n=3)

Solid Chemfuel 0.04%

(Single Determination)

Ligquid Chemfuel N.D. (<0.1%)

N.D. (<0.1%)
N.D. (<0.06%)

N.D. (<0.08%)
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TABLE II

ANALYSIS OF ORGANICS IN CHEMFUEL AND SOLID CHEMFUEL

FROM LCUISVILLE STACK TESTS

Compound Determined Louisville Chemfuel Louisville Sclid Chemfuel

Composite: $-891223, 5-891208
S-891224,1225, 1226
% %

Residuex* 7.4 48.
Water 11 l6.
S5toddard Solvent 8.8 0.04
Xvylenes 4.7 1.9
Toluene 3.5 2.0
Methyl Iscobutyl Ketone 1.4 1.0
Isopropyl Alcohol 2.3 .08
VMP Naptha 4.6 .02
Methyl Ethyl Ketone 2.2 .23
1,1,1-Trichloroethane 0.76 .17
Trichloroethylene 0.87 .19
Methylene Chloride 1.6 .03
Ethyl Alcchol 0.86 .01
2-Nitropropane 0.96 .15
n-Hexane 0.61 .10
Tetrachloroethylene 0.24 .84
Heptane 3.1 47
Chlorobenzene N.D.(<0.1) .04
Acetone 2.7 .03
Undetermined=*=* 42, 29

* Nonvolatile (100°C, 3 hours), non-extractable
(into Methyl Isobutyl Ketone) residue.

** Includes oil, grease, and dnidentified solvents.
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TABLE III

CHARACTERIZATION OF SOLID CHEMFUEL S-891208

Water 16.1% by Weight
Volatiles* 37.4% by Weight
(including water)

Extractable*#* 14.8% by Weight
Nonvolatile

Organic Residue

Nen—-Extractable 21.5% by Weignt
Nonvolatile

Organic. Residue

Inorganic 25.9% by Weight

ASH* %%

* 100°C for 3. hours

** Methyl Isobutyl Ketone (M.I.B.K.) has been found to be the best
solvent for extracting. Sample extracted 4 times with 20 ml M.I.B.K.

*%% ASTM D 482 (775°C muffle furnace)
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APPENDIX B-4

TOC AND INORGANIC COMPOUND ANALYSIS RESULTS
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HARRY W. GALBRAITH, PH.D KENNETH 5. WOODS GAIL R. HUTCHENS VELMA M. RUSSELL
CHAIRMAN OF THE BOARD " FRESIDENT EXECUTIVE VICE. FRESIDENT SECRETAAY/TREASURER

CALDRRATTH

Labo ratoriss, Ezc.

QUANTITATIVE MICROANALYSES

P.0. BOX 51610 ORGANIC — INORGANIC
KNOXVILLE, TN 37950-1610 615/546-13389

Ms. Deann R. Williams
Midwest Reserach Institute
425 Volker Boulevard
Kansas City, Kansas 64110

Dear Ms. Williams:
Analysis of your compounds gave the following results:
Your #, Our #, Analyses,
1022 J-5057 ppm Potassium
(I-7007) mg/liter NH, as Nitrogen
mg/liter Chloride
1023 J-5058 meg/liter Potassium
{1-7012) mg/liter NH, as Nitrogen
mg/liter Chloride
5022 J-5059 mg/liter NH, as Nitrogen
(I-7011)

" There is no charge for these repeat analyses.

Sincerely yours,
GALBRAITH LABORATORIES, INC.

-

&1 R. Hutchens
Exec. Vice-Presiden

GRH:sc
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2323 SYCAMORE DR.
KNOXVILLE, TN 37921-1730

February 1, 1990

Received: January 9th
PO#: 108796

<0.2
57.6
14.9

< 0.
0.77
<1

59.39 59.36 .

LETTER AND SHIPMENTS BY U.S. MALL - P.O. BOX 51610. KNOXVILLE, TN 37950-1810. OTHER CARRIERS - 2323 SYCAMORE DR. KNOXVILLE. TN 37911780

ESTABLISHED 1950
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HARRY W. GALBRAITH. PH.D KENNETH §. WOODS GAIL A. HUTCHENS VELMA M. RUSSELL
CHAIRMAN OF THE BOARD PRESIDENT EXECUTIVE VICK - PRESIDENT SECRETARY/THEASURER

GALBRATTH »
Labo watorics, e,

QUANTITATIVE MICROANALYSES

P.C. BOX 51610 ORGANIC ~ INORGANIC 2323 SYCAMORE DR.
KNOXVILLE, TN 37980-1610 815/845-1335 MMOXVILLE, TH 27021-1750
Ms. Deann R. Williams December 7, 1989

Midwest Research Institute

425 Volker Boulevard

Kansas City, Missouri 64110 Received: November 13th
PO#: 108796 )

Dear Ms. Williams:

Analysis of your compounds gave the following results:

Your #, Our #, $ Total Carbon, % Inorganic $ Total
Carbon, Organic Carbo
1030 I-7002 9.57 10.15 less than O0..
9.90 10.90 less than 0.5
2030 I-7003 9.66 9.96 less than 0.,|
3030 I-7004 9.56 9.81 less than 0.5
4030 I-7005 9.87 9.98 less than 0.-'
5030 I-7006 9.71 9.85 less than o.‘l
|
|
I
I
I
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Ms. Deann R. Williams
Page 2
December 7, 1989

Your #, Our #,
1022 I-7007
2022 I-7008
3022 I-7009
4022 I-7010
5022 I-7011
1023 I-7012
2023 I-7013
3023 I-7014
4023 I-701%
5023 I-7016
1024 I-7017
1025 I-7018

ppm Potassium, mg/litef NH3

less than 1
less than 1
less than 1
less than 1
less than 1
less than 1
less than 1
less than 1
less than 1
less than 1

1.2

less than I

as Nitrogen,
44.2

27.4

mg/liter Chloride,

12.51

11.8

41.71

42.8

2.27

3 2N
Py

1.59

- -,

less than 20*
less than 0.4

less than 0.4

* We regret that there was too much interference for a lower

determination.

B-37
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Ms. Deann R. Williams
Page 3
December 7, 1989

Your #, our #,
21889 I-7019
21890 I-7020

See Raw Data package for information on

Sincerely yours,

Nitrogen,

mg/liter

Potassium, NH3
4160 0.11
43.9 G.092

GALBRAJYH LABORATORIES, INC.

LA

Gail R. Hutchens
Exec. Vice~Preside&

GRH:sc

B-38

GALBRAITH LABORATORIES. INC.

mg/liter

TOC wvalues.

mg/liter
Chloride,

3545

35.4
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TEXAS A&M UNIVERSITY
Teiephone: (409) §90-0095

-FAX: (409) 680-0059

TELEX: 910-380-8722

Geochemical and Environmental Research Group
Ten South Graham Road

College Station, Texas 77840

1 August 1990

Scott Klamm

Midwest Research Institute
425 Volker Blvd.

Kansas City, MO

Dear Scott:

Enclosed are TOC analysis results for the industrial cement kiln
study (per GERG SOP-8907). These samples were particularly difficult
to analyze and the following comments should be noted. A number of
samples could not be dried even after several days of exposure in a
recirculating oven at 50°C. This affected our ability to obtain an
accurate sample weight and apparently the samples were moist with
something other than water. The values on many samples approach
the detection limit of the method (~0.05%}. The samples were
inhomogenous causing more than usual scatter in replicate analyses.
Average TOC values are reported for each sample with replicates
provided for the samples as requested. If you have any questions,
please call.

Sincerely yours,

WM&W

Mahlon C. Kennicutt II, Ph.D,
Associate Research Scientist

MCK/dep
enclosure
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Table 1. Total organic carbon content of industrial cement kiln

samples.

Sample I.D. TOC (%)
1037 0.10
2037 0.10
3037 0.04
4037 0.07
5037 0.06

B-38b
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APPENDIX B-5

CEM DATA MEASURED BY MRI
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NOTE: No significant problems were encountered with the CEM systems. All
tests fell within the appropriate range for zero and calibration drift, and
all final leak checks were passed.

The nitrogen bias sampling line was not correctly connected during test
runs 2, 3, and 4, invalidating the nitrogen bias data collected. The ambient
air sampling line was inappropriately connected during test run 5,
invalidating data.

Times recorded in the field were in error during portions of the test.
Because of a time change (i.e., daylight savings time change) and computer
equipment changes during the test, analog times were recorded incorrectly.
Reported times were corrected immediately following the test; sampling train
data and field notes were utilized to determine appropriate time designations
to be reported with CEM data. Appendix B notes the changes made to time
analogs.
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RUN 1 - 02, CO2, CO

MAIN DUCT BYPASS DUCT
CARBON MCONOXIDE CARBON MONOXI10E

TIME DECIMAL 02 Co2 AT 7X 02 ROLLING 02 co2 AT 7% 02 ROLLING

TIME (%) (X)) (ppm} {ppm) AVERAGE (¢3] (X)  (pem)  (ppm) AVERAGE
1548 15.80 4.5 32.6 3800 3218 18.7 1.2 -1 -7
1549 15.82 4.6 32,4 3916 3347 18.7 1.3 -1 -3
1350 1>.85 4.7 32.3 4138 BN 18.6 1.4 0 2
1551 15.85 4.8 32.0 6112 5269 18,5 1.4 -0 -2
1552 15.a7 4.8 31,9 4898 5942 18.4 1.5 5 27
1553 15.88 4.9 31,7 7953 6907 18.4 1.5 4 23
1554 15.90 4.9 31.7 5548 4834 18,5 1.4 4 20
1555 15.92 4.9 31.6 3142 2727 18.5 1.3 1 8
1556 15.93 4.7 3.7 17583 1516 18.7 1.3 0 1
1557 15.95 4.3 32,4 1274 1068 18.7 1.3 1 8
1558 15.97 4.0 33.1 1107 913 18.6 1.3 & 25
1559 15.98 4,1 33.5 842 697 18.56 1.4 5 30
1500 16.00 4.2 33.5 &92 575 18.6 1.5 2 14
1601 16.02 L0 33.4 601 W94 18.5 1.4 1 8
1602 16.03 4.2 33.6 593 494 18.6 1.4 2 14
1803 16.05 4.0 33.5 544 447 . 18.6 1.4 5 30
1604 16.07 4.0 33,4 520 429 18.7 1.4 3 18
1605 16.08 4.0 335 471 388 18,7 1.4 2 1
1606 16.10 4.0 33.7 501 412 18.6 1.5 1 5
1607 16.12 4.1 33.7 492 407 18.6 1.5 1 5
1608 16.13 4.2 33.6 443 370 18.7 1.4 -1 -8
1609 16.15 4.4 133 394 332 18.7 1.4 -0 -1
1410 16.17 4.5 331 373 316 18.8 1.4 -2 -1
1611 16.18 4.3 3341 361 303 18.8 1.4 -3 -16
1612 16.20 4.0 33.4 353 290 18.6 1.5 -0 -2
1613 16.22 3.7 3.0 715 580 18.5 1.5 6 31
1614 16.23 3.9 34,1 1409 1155 18.6 1.5 7 43
1615 16.25 4.3 33.8 1005 81 18.7 1.4 S 30
1616 16,27 4.4 33.2 551 465 18.7 1.4 -1 -7
1617 16.28 4.3 331 383 322 18.7 1.4 -3 -17
1618 16.30 b2 333 357 297 18.7 1.4 -3 -17
1619 16.32 4.1 33.5 386 320 18.4 1.4 -1 -4
1620 16.33 4,1 33.4 397 328 18.6 1.4 0 1
1621 16,35 4.1 336 407 337 18.7 1.4 2"
1622 16.37 4.1 33 441 345 18.6 1.5 4 *
1623 16.38 4.1 33.8 451 374 18.6 1.5 3T
1624 16.40 4.4 33,5 417 352 18.7 1.4 6 *
1625 16.42 4.7 -32.8 362 3 158.8 1.3 g
1626 16.43 4.9 32,4 08 e 18.9 1.2 9>
1627 16.45 4.9 32,0 304 @ 18.9 1.3 e
1628 16.47 4.7 321 301 @ 18.8 1.3 12
1629 16.48 4.4 32.4 208 @ 18.8 1.4 14 ®
1630 16.50 4.3 128 295 * 18.8 1.4 15 @
1631 16.52 4.3 330 292 ® 18.8 1.4 3 17
1632 14.53 4.2 33.3 348 289 " 18.8 1.5 2 10
1633 16.55 4.1 334 334 277 18.8 1.5 2 14
1634 16.57 4.2 335 416 347 18.8 1.5 1 8
1635 16.58 4.3 33.3 451 378 18.8 1.5 -1 -3
1636 16.60 4.3 33.3 404 340 18.8 1.5 1 3
1637 16.62 4.5 33.2 384 326 18.8 1.6 1 ¢
1638 16,63 4.4 33.0 361 305 18.8 1.6 1 3
1639  16.65 4.6 331 338 286 18.8 1.6 0 2
1640 16.67 4.3 33,2 330 277 18.8 1.6 1 9
1641 16.68 4.1 335 322 267 18.7 1.6 1 a
1642 16.70 4.1 33.5 369 306 18.8 1.4 2 10
1643 16.72 4.3 33.8 400 334 18.8 1.4 -1 -7
1644 16.73 4.5 33.4 504 427 18.8 1.6 -2 -10
1645 16.75 4.1 33.2 393 326 18.7 1.5 -1 -5
1646 16,77 4.0 33.8 328 278 18.6 1.5 -2 -1
1647 14.78 4.2 338 426 354 970 18.6 1.5 -1 ~3 7
1648 16.80 4.3 33.4 411 344 922 18.6 1.5 2 14 7
1649 16.82 4.2 334 374 312 a2 18.7 1.4 -1 -8 7
1650 16.83 3.9 33.7 386 300 817 18.7 1.4 1 3 7
1651 16.85 3.8 33,9 395 32y 735 18.8 1.5 _ -0 . -1 7
1652 16.87 3.9 34,0 511 419 643 18.5 1.5 0 1 [
1653 14,38 3.9 2.9 505 494 536 18.5 1.5 -1 -3 &
1654 16.%90 4.0 33.7 624 515 454 18.5 1.6 4 22 6
1655 16,92 4.1 33.8 676 560 428 18.5 1.6 2 10 é
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MAIN DUCT BYPASS DUCT
CARBON MONOXIDE CARBON MONOXIDE

TIME DECIMAL 02 o2 AT 7% 02  ROLLING 02  co2 AT 7% 02 ROLLING

TIME (X) (% (ppm} (ppm)  AVERAGE (X) (%) (ppm) (ppm)  AVERAGE
1656 16.93 4.3 335 572 479 411 18B.4 1.6 2 13 6
1657 16.95 43 331 476 400 400 18.5 1.6 1 8 6
1658 16.97 3.9 33.3 422 348 350 18.5 1.7 1 7 6
1659 16.98 3.8 33.9 485 39% 385 18.4 1.8 2 10 6
1700 17.00 3.9 34.2 908 744 388 18.2 1.9 3 14 6
1701 17.02 4.1 3.1 887 735 392 18.2 1.9 8 40 6
1702 17.03 4.4 33,6 709 597 394 18.2 1.9 13 67 7
1703 17.05 4.6 33.2 510 435 393 18.3 1.8 14 3 8
1706 17,07 4.7 32.7 382 329 392 185 1.7 8 42 8
1705 17.08 4.6 32.7 341 291 390 18.6 1.6 3 16 8
1706 17.10 4.6 32,9 336 284 388 18.6 1.7 2 13 8
1707 17.12 4.3 333 348 292 386 18.5 1.7 1 4 8
1708 17.13 4.5 33.4 368 311 385 185 1.7 A -8 8
1709 17.15 4.6 33.2 3% 319 385 18.& 1.8 -1 -7 8
1710 1717 46 3B 366 313 385 8. 1.7 -0 -1 8
1711 17.18 4.6 33.0 333 283 385 18.5 1.8 -2 -1 9
1712 17,20 4.6 33.0 307 262 384 18,5 1.7 -1 -4 8
1713 17.22 4.3 333 303 54 379 18. .7 -5 8
1716 17.23 4.6 33.5 307 262 36 18. 1.7 1 8 7
1715 17.25 4.7 32.8 317 273 354 18 1.8 3 14 7
1716 17,27 4.4 33.0 298 251 353 18,5 1.8 -1 -5 7
1717 17.28 4.3 33.4 302 252 350 18 1.8 8 150 10
1718 17.30 4.3 33.6 340 285 349 18 1.9, 5% 308 15
1719 17.32 4.3 33.7 387 307 345 18.. 1.9 5% 277 20
1720 17.33 4.0 33.7 392 32 349 18.0 1.9 W) 207 23
1721 17.35 3.9 3%.1 355 290 348 18 1.9 3 159 26
1722 17.37 4.0 344 2% 349 348 18.6 1.8 112 28
1723 17.38 4.1 3.2 S5 425 340 18, 3 i3 &% 25
1726 17.40 4.3 33,9 450 744 349 18.3 1.9 12 53 30
1725 17.42 4.4 335 413 349 350 18.4 1.9 " 58 3
1726 17.43 4.6 331 370 315 350 18.4 1.8 8 41 31
1727 17.45 43 330 3% 282 350 18.5 1.7 4 26 £}
1728 17.47 4.1 335 3 269 349 18.5 1.7 2 72 31
1729 17,48 4.3 33.6 431 360 350 18.5 1.7 8 43 32
1730 17.50 4.3 334 22 353 351 18.5 1.7 7 40 32
1731 17.52 3.9 33.7 3 319 352 18.5 1.7 4 24 32
1732 17.53 3.8 34.3 433 376 353 18.4 1.8 10 54 33
1733 17.55 3.9 3.5 764 627 359 18.z 2.0 17 84 34
1736 17.57 4.2 3.0 793 661 364 18.2 2.0 3 113 36
1735 17.58 4.1 33.7 533 445 365 18.2 2.0 19 % 38
1736 17.60 4.0 33.9 479 395 366 18.3 .0 14 72 39
1737 17.62 4.0 34.0 51X a2 358 18.2 .0 13 ) 40
1738 17.63 4.3 33.8 535 486 370 18.3 -9 1% i 41
1739 17.65 4.1 332 49 410 373 18.4 1.8 10 85 42
T740° 17.67 3.9 336 449 366 374 184 1.8 7 40 42
1741 17.68 3.7 3.3 734 593 379 18.3 1.9 ! 73 43
1742 17.70 4,0 343 1215 1000 391 18.2 w0 I 182 46
1743 17.72 4.4 336 1515 1275 407 18.1 2.0 326 52
1744 17.73 4.5 3.1 a2 578 409 18.2 2.0 E 256 56
1745 17,75 4.2 33.1 474 395 410 18.3 .9 I, 162 59
1766 17.77 3.8 33.7 432 351 412 18.4 1.9 i3 o6 81
1747 17.78 3.7 3.3 697 562 415 18.3 .9 13 67 62
1748 17.80 3.9 345 1443 1184 429 18.2 2.0 T4 7z 63
17649 17.82 4.0 34,2 1268 1043 441 18.1 2.1 I A 64
1750 17.83 3.9 .2 762 576 4hb 18.0 7.2 Te 6 66
1751 17.85 4.2 363 62 517 449 18.0 .2 3z 58 66
1752 17.87 4.3 1.8 ST 484 450 18.0 .2 ? 47 67
1753 17.88 4.1 L..7 450 378 448 18.1 .2 3 68
1756 17.90 4.0 359 4¥% 339 445 18.2 .. 1 68
1755 17.92 4.1 3.2 45, 3T 42 18.2 1.1 4 68
1756 17.93 4.1 329 SE 426 442 18.2 1.1 % 101 70
1757 17.95 45 33.7 51 436 443 8.2  :1 2 99 4
1758 17.97 4.7 32.9 470 410 444 18.2 2.0 % 78 2
1759 17.98 4.2 32.9 3, 316 443 183 0 t 43 3
1800 18.00 4.4 33.6 427 359 436 18.3  :.0 ¥ 37 73
1801 18,02 4.6 333 440 392 431 18.3 1.9 S 2 73
1802 18.03 4.8 32.9 403 348 426 18.5 1.8 2 13 72
1803 18,05 4.5 32.6 366 N 426 18.5 1.8 1 6 7
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MAIN DUCT BYPASS DUCT

CARBON MONOXIDE CARBON MONOXIDE

TIME DECIMAL 02 co2 AT 7% 02 ROLLING 02  co2 AT 7X 02 ROLLING
TIME (X) (X) (ppm) (ppm)  AVERAGE (%) (X) (ppm} (ppm}  AVERAGE

1804 18.07 3.9 33.4 348 285 424 18.2 2.0 ) 43 7
1805 18.08 3.8 34.3 837 679 430 18.0 2.2 16 77 72
1806 18.10 3.8 34.4 1211 986 442 17.9 2.2 16 73 7
1807 18.12 3.9 34.4 993 812 450 17.8 2.3 18 7 74
1808 18.13 3.7 3.3 1216 o2 462 17.8 2.6 56 264 7
1809 18.15 3.6 34.4 2461 1958 489 17.6 2.5 20 819 92
1810 18.17 3.5 34.6 8054 6458 591 17.5 2.4 322 1304 114
1811 18.18 3.6 34.5 5572 ® 680 17.7 2.3 249 1064 132
1812 18.20 3.9 34.5 5736 4486 753 17.9 2.1 141 645 143
1813 18.22 4.0 34.3 2526 2075 784 18.0 2.1 a3 382 149
1814 18.23 4.1 33.% 1926 1593 806 18.0 2.1 63 295 154
1815 18.28 4.2 33.9 1155 961 817 18.1 2.0 37 177 157
1816 18.27 4.2 33.9 660 550 822 18.2 1.9 20 97 158
1817 18.28 4.0 33.8 478 39 325 183 1.9 15 77 157
1818 18.30 4.0 34.1 489 402 827 18.3 1.9 9 48 153
W19 13.32 4.2 34.0 490 407 a8 18.3 1.8 5 27 149
1820 18.33 4.6 33.6 467 39 329 18.5 1.7 3 15 146
1821 18.35 4.4 33.3 448 373 831 18.5 1.8 1 4 143
1822 18.37 4.3 33.4 404 338 831 8.6 1.9 | 4 141
1823 18.38 4.2 33.6 421 350 829 18.3 1.9 4 18 140
1826 18.40 4.2 33.7 428 356 829 . 183 2.0 5 24 140
1825 18.42 4.0 33.B 448 369 829 18.2 2.0 é 28 139
1826 18.43 3.8 34.0 454 370 830 18.1 2.0 7 36 139
1827 18.45 4.0 34.1 638 526 834 18.2 2.0 13 67 140
1828 18.47 4.2 34.0 742 619 840 18.3 1.9 13 65 141
1829 18.48 4.2 33.5 515 428 841 18.3 1.9 7 36 141
1830 18.50 3.7 33.8 501 406 82 18.3 1.9 7 33 140
1831 18.52 3.4 34.6 876 698 849 18,1 . 2.1 10 47 141
1832 18.53 3.5 34.8 2807 2246 280 18.0 2.1 15 69 141
1833 18.55 3.6 3.6 3739 3013 919 18.0 2.1 17 80 141
1834 18.57 3.7 3.6 1696 1373 931 18.0 2.1 16 77 140
1835 18.58 4.1 34.3 1090 903 939 18.2 1.9 7 33 139
1836 18.60 4.5 33.5 631 535 941 8.4 1.7 3 18 139
1837 18.62 4.7 32.9 436 375 90 18,5 1.7 -1 -4 137
1838 18.63 4.6 32.5 355 303 938 18.4 1.7 -3 -19 136
1839 18.65 4.4 32.7 341 288 936 18.4 1.8 -4 -18 135
1840 18.67 4.0 33.2 356 294 935 S 182 Ly -2 -11 134
1841 18.68 3.9 33.7 389 319 930 8.1 2.0 3 13 133
1842 18.70 4.2 33.9 504 419 920 18.2 2.0 3 16 130
1843 18.72 4.3 33.9 468 393 906 18.3 2.0 2 " 125
1844 18.73 4.2 33.6 428 357 902 18.3 2.0 1 6 121
1845 18.75 4.5 33.5 415 352 901 18.6 1.9 2 9 118
1846 18,77 4.6 32.9 377 322 901 184 1.9 -1 -3 116
1847 18.78 4.3 32.9 346 290 896 18.3 2.0 -2 -n 115
1248 18.80 4.0 33.6 39 325 882 18.2 2.1 2 10 114
1849 18.82 4.0 34.0 503 415 87 18.2 2.1 f 52 114
1850 18.83 3.9 34,0 455 373 868 18.2 2.1 10 47 13
1851 18.85 4.3 3.1 529 bhd 867 18.3 2.0 4 19 13
1852 18.87 4.5 33.64 447 379 25 18.4 1.9 3 1% 112
1853 18.88 4.5 33.2 344 292 364 18.5 1.8 -1 -4 112
1854 18.90 4.3 33.0 312 262 862 18.5 1.8 - -4 111
1855 18.92 4.1 33.4 329 272 841 18.3 2.0 0 2 m
1856 18.93 4.0 33.8 418 345 858 18.2 2.1 3 17 109
1857 18.95 3.9 34.0 465 381 as7 18.1 2.2 0 0 107
1858 1B8.97 3.9 3.1 406 496 859 18.1 2.2 3 12 106
1859 18.98 3.9 3.2  &55 536 862 18.1 2.1 17 82 107
1900 19.00 4.2 34.1 638 531 865 18.2 2.0 17 84 108
1901 19.02 4.3 33.5 484 405 865 18.3 1.9 26 133 110
1902 19.03 4.3 33.6 376 315 865 18.3 1.8 &3 326 115
1903 19.05 4.3 33.4 356 298 865 18.3 1.8 47 241 119
1906 19.07 4.5 33.3 355 302 865 18.3 2.0 28 145 120
1905 19.08 4.6 133.0 369 315 asp 18.3 2.0 15 76 120
1906 19.10 4.3 33.0 355 298 87 18.2 2.1 14 68 120
1907 19,12 4.2 335 355 295 839 18.2 2.1 15 75 120
1908 19.13 4.2 33.8 354 302 a7 18.2 2.1 10 7 17
1909 1915 4.1 33.9 378 314 800 18.2 2.1 10 49 104
1910 19.17 4.4 33.8 172 314 698 18.3 2.1 4 21 83
1911 19.18 4.4 33.5 340 286 610 18.4 2.0 1 5 65
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MAIN DUCT BYPASS DUCT

CARBON MONOXIDE CARBON MONOXIDE

TIME DECIMAL 02 co2 AT 7X 02 ROLLING 02 coz AT 7X 02 ROLLING

TIME Xy (X (pem) (ppm) AVERAGE (X (%)  (ppm) (ppm) AVERAGE
1912 19.20 3.9 33.6 335 274 536 18.2 2.1 6 32 35
1913 19.22 3.6 343 1249 1002 518 18.0 2.2 20 90 50
1914 19,23 3.6 34.6 5437 4385 365 "18.0 2.2 17 30 46
1915 19.25 3.7 3.7 3090 2507 590 18.1 2.2 1 54 Ak
1916 19.27 3.9 34.5 1898 1556 407 18.2 2.0 7 36 43
1917 19.28 4.4 339 1211 1018 618 18.4 1.9 1 6 42
1918 19.30 &3 33.2 601 505 &19 18.5 1.8 -0 -1 41
1919 19.32 4.1 33,2 440 365 619 18.4 1.8 -1 -8 41
1920 19.33 4.3 335 431 LY ey 618 18.3 2.0 2 t4 41
1921 19.35 4.0 33.7 426 349 618 18.2 2.1 7 33 41
1922 19.37 4.0 331.9 541 47 620 18.1 2.2 & 31 42
1923 19.38 4.1 33.8 597 493 622 18.2 2.2 7 33 42
1924 19.40 4.1 ‘I3.8 549 454 824 18.2 2.2 9 43 %2
1925 19.42 3.8 3.9 533 434 625 18.1 2.2 15 7 43
1926 19.43 3.8 3.2 614 500 827 18.1 2.1 1 54 43
1927 19.45 &1 3 776 641 629 18.3 2.1 5 25 43
1928 19,47 4.2 33.8 591 492 627 18.3 2.0 5 23 42
1929 19.48 4.1 33.8 434 359 626 18.1 2.1 4 18 42
1930 19,50 4.0 33.7 416 343 625 18.1 2.1 5 23 41
1931 19.52 4.2 3.9 439 365 619 18.2 2.1 4 20 41
1932 19.53 4.2 33.6 435 379 588 18.3 2.0, 2 9 40
1933 19.55 4.0 33.6 407 336 343 18.2 2.0 0 2 39
1934 19,57 4.1 33.8 446 370 527 18.3 1.9 3 14 18
1935 19.58 4.0 33.8 420 346 37 18.3 2.0 5 24 37
1936 19.560 4.1 33.8 423 351 514 18.2 2.0 8 40 38
1937 190.62 L3 wny 442 3re Sts i8.2 £.0 6 30 35
1938 19.83 4.3 33.2 399 334 515 18.2 2.0 2 10 39
1939 19.65 6.2 333 354 295 515 18.1 2. 2 10 39
1940 19.67 4.2 33.8 32 309 515 18.1 2.1 3 16 40
1941 19.58 4.2 33.5 437 364 516 18.2 2.1 5 23 40
1942 19.70 4.5 33.4 409 346 515 18.3 2.0 é 28 40
1943 19.72 4.4 33.2 368 310 513 18.2 2.2 14 72 41
1966 19.73 4.2 3.2 354 294 12 18.2 2.1 13 14 42
1945 19.75 4.2 35.6 358 35 512 18.2 2.1 7 37 43
1946 19.77 4.5 33.6 426 363 512 18.3 2.1 3 18 43
1947 19.78 4.3 33.4 245 289 312 18.3 2.1 2 1" o3
1948 19.80 4.1 33.4 331 274 512 18.2 2.1 2 8 43
1949 19.82 4.0 33.9 516 425 512 18.2 2.1 10 49 43
1950 19.83 4.2 33.8 671 561 515 18.3 2.0 5 27 43
1951 19.85 4.2  33.5 447 37 514 18.3 2.0 4 20 43
1952 19.87 4.1 33.7 406 337 513 18.3 2.0 4 19 43
1953 19.88 4.1 33.7 455 409 315 18.2 2.0 4 19 43
1954 19.90 4.4 33.5 560 473 518 18.3 2.0 2 " 44
1955 19.92 4.7 32.9 440 37 520 18.4 2.0 -1 -6 44
1956 19.93 4.3 330 b 290 519 18.3 2.0 4 21 4
1957 19,95 4.2 33.5 364 302 518 18.2 2.1 3 13 a4
1958 19.97 4.1 33.7 367 304 315 18.2 2.1 5 22 bl
1959 19.98 3.9 34,1 379 310 S11 18.1 2.1 66 316 48
2000 20.00 4.0 34.2 538 44k 510 18.1 2.1 116 565 56
2001 20.02 4.1 33.9 458 378 509 18.2 2.0 [ 318 39
2002 20.03 4.0 3.9 424 349 510 18.1 2.1 32 156 56
2003 20.05 4.0 33.9 448 370 511 18.1 2.1 17 i3 54
2004 20.07 4.1 33.9 423 351 512 18.1 2.1 8 41 s2
2005 20.08 4.2 33.% i3 37 512 18.2 2.0 5 23 51
2006 20.10 4,1 335 350 250 512 18.1 2.0 (] 30 50
2007 20.12 4.3 33.9 334 279 511 18.1 2.1 20 96 51
2008 20.13 L.t 33.4 404 340 512 18.3 1.9 15 74 =
2009 20.15 4.2 33.2 3139 283 511 18.3 1.9 é 30 -]
2010 20.17 4.0 33.8 358 294 N 18.2 2.0 4 19 51
2011 20.18 3.8 3.3 465 378 513 18.0 2.2 10 46 51
2012 20,20 3.9 345 437 321 517 18.0 2.3 20 21 5e
Hinimums 3.6 318 298 251 17.5 1.2 -4 -18.6
Maximum= 4.9 34.8 8054 6907 18.9 2.5 322 1304.1
Averages 4.2 33.6 788 667 18.3 1.8 13 59.3
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MAIN DUCY BYPASS DUCT
CARBON MONOXIDE CARBON MONOXIDE

TIME DI:'TCIIHHEAL 22 coz2 AT 7% 02 ROLLING 02 co2 AT 7% 02 ROLLING

(2) (X))  (ppm) (ppm) AVERAGE (%) (%) (ppm) (ppm) AVERAGE
2ero drift= 0.35 4,38 3.50 0.49 0,05 1.79
(% of span) '
Span drift= 0.8 10,06 3.89 1.73 3.82 0.56
(% of span)
Error Est.=  0.08 3.90 58.17. 0.38 0.08 13.52

e Data points generated by extrapolation.

Comments;

LINEARITY CHECK CO 392.8 PPM CYLINDER ALN-853 [10-28-1989 -- 09:45:00)

LINEAITY CHECK CO 148.2 PPM CYLINDER ALM-867 [10-28-1989 -- 09:56:17]

LINEARITY CHECK 02 6.044X CYLINDER ALM-2904 [10-28-198% -- 10:67:313

LINEARITY CHECKCO2 5.957X% CYLINDER AAL-3453 [10-28-1989 -- 10:18:32]
ALL ANALYZERS PASSED LINEARITY CHECK [10-28-1989 -~ 10:36:12)

[10-28-1989 -- 10:48:171
BYPASS IS AT 20 INCHES-LESS THAN 10 ROTOMETER. MAIN 22 INCHES-25 TO 30 ON PYREX INITIAL CHECK OK. [
Now on stack gas. [10-28-1989 -- 11:05:57]

[10-28-1989 -- 16:28:35)]

ASCARITE FILTER CHANGED [10-28-1989 -- 16:29:10]
LEAK CHECKED BYPASS LINE, ok. BACK TO SAMPLE. [10-28-1989 -- 16:45:58]

[10-28-1589 -- 17:23:10)

[10-28-1989 -- 20:22:18]
END RUN 1 [10-28-1989 -- 20:22:24]
BY PASS LESS THAN 5 AT 20 INCHES [10-28-1989 -- 20:28:121
MAIN AT 22 INCHES 28 AND 18 ON PYREX BALLLLL--FINAL LEAK CHEC oK1l [10-28-1989 -- 20:29:17]
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COLD THC HEATED THC
BYPASS MAIN MAIN BYPASS
TIME DECIMAL AT 7X 02 RUNNING AT 7X 02 RUNNING AT 7% 02 RUNNING AT 7% 02 RUNNINE
TIME (ppm) (ppm) AVERAGE (ppm)}  (ppm) AVERAGE {ppm) DRY AVERAGE (ppm) DRY AVERAGE

2054 20.90
2055 20.92
2056 20.93
2057 20.95
2058 20.97
2059 20.98
2100 21.00
2101 21.02
2102 21.03
2103 21.05
2104 21.07
2105 21.08
2106 21.10
217 21.12
2108 21.13
2109 21.15
2110 1.7
2111 21.18
2112 21.20
2113 21.22
2114 21.23
2115 21.2%
2116 21.27
17 21.28
2118 21.30

2119 21.32

2120 21.33
2121 21.35
2122 21.37
2123 21.38
2124 21.40
2125 21.42
2126 21.43
2127 21.45
2128 21.47
2129 21.48
2130 21.50
2131 21.52
2132 21.53
2133 21.55
2136 21,57
2135 21.58
2136 21,60
2137 21.62
2138 21.63
2139 21.65
2140 21.67
2141 21.68
2142 21.70
2143 21.72
2166 21.73
2145 21.75
2146 21.77
2147 21.78
2148 21.80
2149 21.82
2150 21.83
2151 21.85
2152 21.87
2153 21.88
2154 21.90
2155 21.92
2156 21.93
2157 21.95
2158 24.97
2159 21.98
2200 22,00
2201 22.02
2202 22.03
2203 22.05
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COLD THC
BYPASS
TIME DECIMAL AT 7% 02 RUNNING

TIME (ppm)  (ppm) AVERAGE  {ppm)

For Time Period 1548-1624
2ero Drift=  0.04

(X of span)

Span Drift= 3.86

(% of span)

grror Esg.=  G.06

For Time Period 1437-2012
Zero Drift= 0,00

(X of span)

Span Driftz 3.39

{X of span)

Error Est.= 0.02

. Data calculated by extrapolation.

Comments:

0.1

MAIN

AT 7% 02 RUNNING
{ppm) AVERAGE {ppm)

0.18
0.56
0.25

0.05
13.10
1.74

HEATED THC

MAIN
AT 7% 02
DRY

LINEARITY CHECK 20,35 PPM PROPAKE CYLINDER ALM-857 [10-2B-1989 -- 11:49:51)
LINEARITY CHECK 49 09 PPM PROPANE CYLINDER ALM-854 [10-2B-158% -- 11 57:45]
ALL THC'S PASSED LINEARITY CHECK [10-2B-1989 -- 11:58:42)
NOW ON STACK GAS [10-2B-1989 -- 12:00:47)

SPAN THC’S [10-28-1989 -- 13:57:13)
ZERO THC’S [10-28-1989 -- 14:06:401

BACK ON STACK GAS [10-28-1989 -- 14:12:31)

SPAN THC [10-28-1989 -- 16:25:57)

SPANNED THC’'S FROM 16:23 TO 16:25 (10-28-1989 -- 16:26:41)

ZERO THC'S [10-2B-1989 -- 16:27:05]
END RUN 1 [10-28-1989 -- 20:18:22)

NITROGEN BIAS CHECK [10-28-198% -- 20:49:09]
STARTED AMBIENT AIR CHECK AT 2123. {10-28-1989 -- 21:29:37]
ALL T{MES MENTIONED IN THE COMMENTS ARE 5 MINUTES SLOM.
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RUNNING
AVERAGE

BYPASS

(ppm)

0.00
2.23
0.02

0.40
4.54
0.63

AT TZ 02

DRY

RUNNING
AVERAGE
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RUN 2 - 02, CO2, CO

MAIN DuUCT BYPASS DUCT
CARBON MONOXIDE CARBCN MONOXIDE

TIME DECIMAL Q2 co2 CO AT 7% Q2 ROLLING 02 co2 CO AT 7% 02 ROLLING

TIME %) (X}  (ppm} (ppm) AVERAGE (%) (%)  (ppm) (ppm)  AVERAGE
1159 11.98 3.9 3.8 360 296 17.6 1.9 6 23
1200 12,00 3.8 31.9 421 3bb 17.5 2.0 S 18
1201 12.02 3.7 32.0 642 519 17.4 2.1 16 60
1202 12,03 3.9 32.2 184% 1529 17.4 2.2 12 47
1203 12.05 4.0 32.1 1204 990 17.4 2.1 12 45
1206 12.07 4.0 31.9 767 632 17.4 2.0 S 21
1205 12.08 4.0 31.5 315 424 7.4 2.1 5 20
1206 12.10 3.8 32.2 519 421 17.2 2.3 18 &6
1207 12.12 3.8 3.5 18w 1544 17.1 2.4 61 222
fam 12,13 3.7 32.4 3301 2666 17.1 2.4 91 328
1209 12.15 3.7 32.8 3383 2737 17.2 2.4 76 277
1210 12.17 3.8 32.2 1970 1602 i7.2 2.3 37 134
1211 12.18 3.7 32.6 1094 885 17.1 2.3 30 108
1212 12.20 4.1 32,5 2234 1846 17.3 2.1 26 100
1213 12.22 4.3 3241 908 761 . 17.5 2.9 15 61
1214 12.23 4.2 3.9 539 449 17.6 1.9 7 28
1215 12.35 4.1 31.8 497 41 17.6 1.9 12 49
1216 12.27 4.1 32.2 496 411 17.5 2.0 12 49
1217 12.28 4.0 324 497 410 i7.5 1.9 15 81
1218 12.30 4.2 3.9 589 490 17.5 2.1 12 48
1219 12.32 4.2 31.9 489 408 17.4 2.1 9 34
1220 12.33 4.3 31,7 410 343 17.5 2.1 £ 22
1221 12.35 4.3 31,5 376 315 17.5 2.1 4 16
1222 12.37 4,1 31.8 378 313 17.4 2.2 10 39
1223 12.38 4.0  31.7 418 344 17.4 2.2 10 37
1224 12.40 3.9 32.2 556 435 i7.5 2.2 7 28
1225 12.42 4,0 323 603 497 17.3 2.1 7 26
1226 12.43 4.0 32.0 534 439 17.4 2.2 13 52
1227 12.45 3.8 32.2 361 458 17.2 2.3 19 &9
1228 12.47 I.e 323 917 749 17.3 2.3 21 s
1229 12.48 4.1 321 803 664 17.5 2.1 12 49
1230 12.50 4.3 32.0 544 456 17.6 2.1 7 27
1231 12.52 4.2 3.6 424 354 17.5 2.2 20 80
1232 12.53 3.8 31.8 933 760 17.3 2.3 89 341
1233 12.55 3.8 32.2 2241 1842 17.3 2.3 72 274
1234 12.57 4,0 32.7 1310 1076 17.3 2.3 49 189
1235 12.58 4.1 32.4 859 [ak! 17.4 2.4 25 97
1236 12.60 3.9 323 544 444 17.3 2.4 17 &5
1337 12,62 3.7 3.6 748 604 17.% 2.5 25 91
1238 12.53 3.6 32,9 1595 1367 17.1 2.5 35 127
1239 12.65 3.8 33.0 1670 1356 17.3 2.3 29 m
1240 12.67 3.9 32.6 851 698 17.4 2.2 16 &0
1261 12.43 3. 32,2 607 496 17.4 2.¢ 9 34
1242 12.79 4.0 32.4 765 628 17.5 2.5 8 32
1243 12,72 4.0 32.2 589 1.4 17.4 2.2 8 30
1244 12.73 &1 319 659 545 17.3 2.3 16 61
1245 12.75 4.1 3.8 669 554 17.3 2.2 25 96
1246 12.77 4.7 32.0 542 449 17.4 2.2 15 59
1247 12.74 4.0 32.0 496 408 17.4 2.2 10 3%
1248 12.80 4.2 32.2 641 535 17.6 2.1 8 31
1249 12.22 4.3 3.7 474 398 . 17.6 2.1 S 21
1250 12.&82 .0 31.7 398 329 17.5 2.¢ 7 29
1251 12.85 3.7 323 678 548 17.3 2.3 18 67
1252 12.87 3.5 32.3 1972 1608 17.3 2.3 18 68
1253 12.88 4. 32,5 1282 1055 17.4 2.3 17 &6
1254 12.90 4.1 32.3 821 &9 17.5 2.2 11 44
1255 12.9z 4.2 32 551 458 17.5 2.2 8 31
1256 12.92 4.3  32.0 447 374 17.5 2.2 37
1257 12.9% 4.1 3.9 443 368 18.3 8 41
1258 12.97 4.0 32.1 474 39 739 18.0 9 &de 5
1259 12.98 4.0 3211 509 420 741 18.0 & 28 75
1300 13.00 4.3 31.8 470 394 742 18.0 5 24 75
1301 13.02 4.2 1.7 407 340 739 17,9 34 v s
1302 13.03 3.9 3.5 410 335 79 7.7 43 * 73
1303 13.05 3.9 32.3 624 n FA R . Y4 53+ [t
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MAIN DUCT BYPASS DUCT
CARBON MOUNOXIDE CARBON MONOXIDE

TIME DECIMAL Q2 co2 CO AT 7X 02 ROLLING 02 co2 CO AT 7X 02 ROLLING

TIME %3 (%)  (pem) (ppm) AVERAGE (%) (X) (ppm) (ppm)  AVERAGE
1304 13.07 4.2 32,4 586 487 708  17.7 62 * 76
1305 13.08 4.6 32.2 490 413 708 17.8 17 72 77
1208 11,42 £,7 2.3 470 403 708 7.7 2.1 i 81 I
1307 13.12 .0 31.8 448 368 688 17.6 2.1 12 52 74
1308 13.13 3.9 323 541 bdody 651 17.6 2.2 16 64 70
1309 13.15 4.0 32.5 724 597 816 17.5 2.3 16 62 66
1310 13.17 4.1 32.2 518 429 596 17.5 2.3 1% 57 &5
1311 13,18 4.2 32.0 485 404 588 17.5 2.1 13 53 64
1312 13,20 4.1 319 454 376 564 17.5 2.2 10 39 &3
1313 13.22 4.1 32.0 455 376 557 17.5 2.2 14 55 &3
1314 13.23 4.1 32.2 524 433 557 17.5 2.1 21 82 (-
1315 13.25 4.3 321 549 450 558 17.6 2.0 13 55 64
1316 13.27 4.4 31,7 429 361 557 7.7 2.0 5 22 63
1317 13.28 4.3 3. 325 272 558  17.6 2.2 5 19 62
1318 13.30 4.0 3.9 396 327 552  17.4 2.3 7 26 &2
1319 13.32 4.1 32.2 545 451 553 17.4 2.3 7 26 &2
1320 13.33 4.3 32.2 530 bty 354 17.5 2.1 & 22 62
1321 13.35 4.1 3.6 417 346 555 17.5 2.2 16 &4 63
1322 13.37 4.1 321 568 469 557 17.5 2.3 18 74 &3
1323 13.38 3.¢ 32.2 703 576 561 17.4 2.2 18 e 64
1326 13.40 4.1 321 S00 767 566 17.5 2.2 1 43 &4
1325 13.42 4.1 3241 543 467 566 17.4 2.5 8 32 54
1326 13.43 3.8 32.2 629 512 567 7.2 2.4 9 32 64
1327 13.45 3.6 32.4 1085 857 373 17.2 2.4 21 75 b4
1328 13.47 l.¢ 32.6 2712 2217 598 17.3 2.4 18 &7 64
1329 13.48 4.0 32.2 1433 1" 606 17.4 2.3 12 &b &
1330 13.50 4.0 32.2 949 780 612 17.5 2.3 7 29 &4
1331 13.52 4.0 32.0 738 609 816 17.5 2.3 8 34 63
1332 13.53 3.9 32.2 656 538 812 17.4 2.4 25 96 59
1333 13.55 3.8 32.2 1296 1051 599 17.4 2.4 13 128 57
1334 13.57 3.7 32.4 2532 2046 815  17.4 2.5 38 145 5é
1335 13,58 3.7 32.5 2528 2042 638 17.3 2.4 33 126 56
1336 13.60 3.6 32,5 2154 1737 659 173 2.5 25 93 57
1337 13.62 3.8 32.5 2470 201 683 17.3 2.4 37 141 58
1338 13.43 3.9 32.5 1745 1424 684 17.4 2.3 n 121 58
1339 13.65 4.0 32,5 1286 1041 678 17.6 2.2 22 91 57
1340 13,67 3.8 32,5 788 &40 677  17.5 2.2 19 76 57
1341 13.48 3.8 2.6 10} 838 683 17.5 2.1 30 121 59
1342 13.70 3.9 T4 1113 913 638 17,4 2.2 22 a7z 60
1343 13.72 4.0 321 614 508 688 17.4 2.1 14 55 &0
13464 13.73 4.2 32.0 506 421 686 17.5 2.2 7 29 &0
1345 13.75 4.0 32.0 510 421 684 -17.5 2.1 7 26 39
1346 13.77 4.1 31.8 568 469 684 17.5 2.0 6 23 58
1347 13.78 3.9 3.8 465 381 684 17.5 2.1 3 14 57
1348 13.80 3.9 323 604 495 683 17.4 2.2 9 35 58
1349 13.82 4.0 32.3 ™ 636 687 17.5 2.1 12 47 58
1350 13.83 3.9 32.1 580 476 689 17.4 2.3 1% & 58
1351 13.85 3.8 32.4% 788 640 691 17.2 2.4 7 283 62
1352 13.87 4.0 32,5 2182 1775 6% 17.3 2.2 194 731 3
1353 13.88 3.9 32.2 1065 872 9 17.3 2.3 173 656 a3z
1354 13.90 4.1 323 821 679 691 17.4 2.3 4 353 83
1355 13,92 4.0 32,0 579 476 691 17,5 2.0 49 194 M
1356 13.93 3.9 3.9 464 39 691 17.5 2.0 23 %0 N
1357 13.95 3.8 32.2 638 520 694 17.5 2.2 13 53 92
1358 13.97 3.8 32.6 899 734 &9¢  17.5 2.1 14 57 92
1359 13.98 4.1 32.2 770 436 703 17.6 2.1 1 43 92
1400 14.00 4.2 32,0 514 428 704 17.6 2.1 9. 36 92
1401 14.02 4.1 31,9 501 415 705  17.6 2.1 5 22 92
1402 14.03 4.2 3.7 419 350 705 17.7 2.0 7 29 92
1403 14,05 41 3¢ 427 355 702 7.7 2.4 5 21 9
1404 14,07 4.2 3.9 479 398 0 178 2.1 6 25 b4
1405 14.08 4.1 318 416 344 700 17.7 2.0 7 31 90
1406 14.10 4.1 31,8 350 289 698  17.7 2.2 ) 21 a9
1407 14.12 4.1 32.2 447 n 698 17.5 2.3 .3 24 89
1408 14.13 4.1 32,0 475 394 697  17.6 2.1 8 34 -]
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MAIN DUCT BYPASS DUCT
CARBON MONOXIDE CARBOM MCNOXIDE

TIME DECIMAL 02 co2 CO AT 7X 02 ROLLING 0z co2 CO AT 7% 02 ROLLING

TIME (%) (%) {ppm) (ppm}  AVERAGE (&3] %) (ppm) (ppm)  AVERAGE
1409 14.15 3.9 3.9 41% 343 693 17.5 2.2 7 28 83
16410 14.17 4.0  32.3 573 47 896  17.5 2.3 5 19 a7
1411 14.18 3.9 32.4 641 524 696 17.5 2.2 1n &l 87
14612 16.20 3.8 32.1 662 538 698 17.4 2.3 1" 43 a7
1413 14.22 3.8 325 785 637 703 17.3 2.4 16 61 87
1614 14.23 3.9 32.7 1213 992 T2  17.5 2.2 17 56 87
1415 14.25 6.0 32.4% 809 467 715 17.5 2.2 10 41 86
1416 14.27 4.0 321 602 497 718 175 2.2 [ 24 86
1417 14.28 3.9 31.9 461 378 719  17.4 2.2 4 17 86
1618 14.30 4.0 32.3 789 450 75 17.4 2.3 6 24 86
1419 14,32 1.9 32.2 421 508 726 17.4 2.2 7 28 86
1420 14.33 1.8 323 806 655 729 17.5 2.0 9 37 87
1421 14,35 3.7 321 968 784 737 17.4 2.2 16 &3 87
1622 14.37 3.8 3z2.4 1180 943 745 17.4 2.2 17 &7 87
1423 14.38 4.0 32.5 924 760 7%8 17.5 2.2 17 &9 87
1424 14,40 I 324 627 514 Thh  17.4 2.2 12 48 87
1425 14.42 3.9 32.2 7es 397 746 17.4 2.2 15 59 87
1426 14.43 4.0  32.3 665 546 w7 17.4 2.1 15 58 87
1427 14,45 4.0 32.1 515 424 7640 17.4 2.2 10 40 a7
1428 14.47 3. 321 534 438 710 17.4 2.3 9 34 85
1629 14.48 3.9 323 5bi 528 899 17.5 2.3 9 35 856
1430 14.50 3.7 32.4 784 4345 A7 17.4 2.2 19 7L 87
1431 14.52 3.8 32.3 2035 1660 14 17.5 2.3 21 a3 aa
1432 14.53 1.9 32.4 1088 891 720 17.5 2.4 14 55 87
1433 14.55 3.8 32.5 204 738 715 17.4 2.4 18 &9 85
1434 14.57 3.8 32.3 1148 952 897 17.4 2.2 15 57 85
1435 14,58 3.9 32.2 758 621 673  17.4 2.3 8 32 83
1436 14.80 4.0 32.3 568 493 652 17.5 2.2 [ 24 a2
1637 14.62 4.1 31.9 532 440 626 17.5 2.1 5 21 80
1438 14.83 4.1 324 in 258 607 17.6 2.1 7 27 78
1439 14.465 4.1 32.1 3152 292 594 17.6 2.1 2 6 7
1440 14.67 4.1 324 486 404 590 17.6 2.0 5 21 76
Minimums 3.6 31.4 n 258 17.1 1.9 2 é
Max imum= 4.7 33.0 3383 2737 1a.3 2.5 19 73
Average= 4.0 32.2 829 &79 17.5 2.2 19 72
Zero drifts 0.92 2.34 4.88 0.58 0.34 0.39
(X of span)
$pan drift= 1.41 3.73 3.83% 0.58 0.32 1.14
(X of span}
Error Est.s 0.17  1.48 50.9 0.17 0.05 1.75

hd Data generated by extrapolation.

Comments:

LINEARITY CHECK CO 392.8 PPM [10-29-1989 -- 10:26:13)

LINEARITY CHECK CO 148.2 PPM [10-29-1989 -- 10:45:46]

LINEARITY CHECK 02 6.044X [15-29-1989 -- 10:50:33)

LINEARITY CHECK 02 &.044% [10-29-1989 -- 10:50:52)

LINEARITY CHECK CO2 5.957X {10-19-198%9 -- 11:32:41]

LIREARITY CHECK 02 &6.C44% [10-2%-1989 -- 11:39:25)

ALL ANALYZERS PASSED L WEARITY CHECK [10-29-1$8% -- 11:51:28)

BYPASS LEAK CHECK OK, <5MM ON PYREX. [10-29-1989 -- 11:57:00]

BYPASS LINE NOW ON STALK GAS. {10-29-1989 -- 12:05:04]

MAIN LEAK CHECK IS OK, 20 EACH UM THE PYREX BALLS. [10-29-1989 -- 12:48:39)
NOW PULLING STACK GAS OM ALL $VSTEMS. [10-29-1987 -- 12:48:56) .

CLOCY 1S STILL ON DAYLIGHT TIMI. (10-29-1989 -- 12:56:05)

BEGIN RUN 2 [10-29-198% -- 12:53:51)

EXCHANGED DRIERITE FOR SILICA GEL ON BYPASS MANIFOLD. [10-29-1989 -- 13:56:33]
BYPASSED DRYER TRAPS COMPLETELY. [10-29-198% -- 14:08:05]

€02 RESPONSE SHOULD NOW BE MUCH FASTER WITH NO ABSORBENT. [10-29-1989 -- 14:08:33)
"REPLACED LIOH CARTRIDGE ON MAIN MANIFOLD. [10-29-1989 -- 15:38:05)

[10-29-1989 -- 15:45:121
END RUN 2 [10-29-1989 -- 15:45:52]

BYPASS LESS THAN 5 ON THE PYREX AT 20 INCHES [10-29-1989 -- 15:48:20]
MAIN AT 20 AND 5 ON PYREX AT 20 INCHES. ALL LEAK CHECKS OKI[{1110101) [10-29-1989 -- 15:4
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COLD THC
BYPASS MAIN
TIME DECIMAL ‘AT 7% 02 ROLLING AT 72 Q2
TIME (ppm}  (ppm) AVERAGE (ppm)  (ppm)
1635 16.58 0.8 0.3
1636 16,60 0.8 0.9
1637 16.862 0.8 0.9
1638 16.43 0.8 0.9
1639 16.65 0.7 , 0.9
1640 16.67 0.7 0.9
1641 16,48 9.7 0.8
1642 16.70 9.7 0.8
1643 16.72 0.8 0.7
1664 16.73 0.8 0.7
1645 16.75 0.8 0.6
1646 16.77 0.8 0.6
1647 16.78 0.8 0.5
1648 16.80 0.8 n.4&
1649 16,82 0.8 0.6
1650 16.83 g.8 0.6
1651 16.85 0.8 0.6
1652 16.87 0.8 0.6
1653 16.88 0.6 0.6
1654 16.90 0.0 0.6
1655 16.92 0.6 0.6
1656 16.93 0.9 0.6
1657 16.95 0.0 0.0

Run Average= 7.1

1.8
Ambient Air 0.7

For Time Peroid 1159-1326
Zero Drift=  0.15

(X of gpan)

Span Drift= 5.08

(X of span)

Error Est.= 0,24

For Time Peroid 1338-1440
Zero Drift=  0.04

(X of span)

Span Drift=  3.24

(X of span)

Error Est.= 0.10

oo
.
~

0.60
5.58
1.25

0.18
2.13
0.43

. Data calculated by extravolation.

Comments:

9.7

ROLLING
AVERAGE  (pgm)

I .

. . " I T
QWEDESIN-INNANY TP~~~y @

.

.

o = I R e i T e i A P Sy

prs
w
4

gt

-
.
sl

Q.<2
2.94%

0.7

0.0a
2.1
[

LINEARITY CHECK PROPANE 49.0% #PM [10-29-1989 -- 09:49:597
LINEARITY CHECK 49.09 PPM PRCANE [1G-29-1989 -- 10:08:361
LINEARITY CHECK PROPANE 20.3% PPM [10-29-1989 -- 10:11:02)
ALL BUT HOT THC MAIN PASSED i!NEARITY CHECK-WILL REZERO AND RESPAN HOT MAIN [16-29-1989 -- 10:13:391
LINEARITY CHECK 20.35 PPM PRUPANE [10-29-1989 -- 12:06:511

LINEARITY CHECK PROPAKE 49.09 PPM [10-29-1989 -- 12:14:111

ALL THC'S KOW PASS LINEARITY CHECK [10-29-1989 -- 12:20:081

BYPASS THC'S NOW ON STACK GAS [10-29-1989 -- 12:21:27]
CLOCX IS 5 MINUTES SLOW. ALL CLOCKS THIS RUN ARE STILL ON DAYLIGHT TIME. [10-29-1989 -- 12:50:43]
- BEGIN RUN 2 [10-29-1989 -- 12:54:59]

THC ZERO [10-29-1989 -- 14:21:48)
SPAR THC [10-29-1989 -- 14:27:05)}
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HEATED THC
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AVERAGE (ppm)

£ .QOOﬁOO
'
=P NI O

= 0000000000000 00
N . .

»

WWANWWMNAR - cb a2 O et

(=2 =)
.

1.48
2.63
1.48

0.10
5.12
0.13

AT 7% 02
ORY

2.5

ROLLING
AVERAGE




RUN 3 - 02, CO2, CO

MAIN SUCT BYPASS DUCT
CARECN MONOXIDE CARS8ON MONQXIDE

TIME DECIMAL Q2 o2 AT TH 02 ROLLING 02 coz2 AT 7% Q2 ROLLING

TIME (%) (%) (ppm) (Fpm)  AVERAGE (%) (%)  (ppm)  (Fpm)  AVERAGE
1139 11.65 4.1 31,2 332 27 16.3 4.2 ] 25
1140 11.67 4.2 311 299 249 16.2 4.1 14 41
1141 11.68 4.1 31.1 310 257 1.4 3.9 16 48
1142 11.70 4.0 31,2 318 281 4.5 3.8 12 37
1343 11.72 4.0 31.3 306 252 16.4 3.9 a 26
itae 11,73 4.0 31.3 330 rre] 6.4 3.9 5 %
143 11.75 4.0 31,2 344 284 16.3 4.0 4 12
1146 11.77 4.0 31.3 3 256 6.3 3.9 & 12
1947 11.78 4.0 3t.3 298 245 16.3 4.0 4 13
1148 11.80 4.0 31.2 296 264 16.2 4.1 9 25
1149 11.82 4.1 31.1 351% 29 16.2 4.1 17 50
1150 11.83 4.2 31,2 410 -341 16.3 4.0 9 27
1151 11.85 4.2 3.2 317 264 6.5 3.9 6 19
1152 11.87 4.2 3.2 296 247 16.5 3.8 4 12
1153 11.88 4.3 30.9 275 230 16.5 3.9 2 7
1156 11.90 4.3 30.8 266 223 16.4 4.0 3 15
1355 11.92 4.3 30.8 248 208 16.4 4,0 1" 34
1156 11.93 4.4 0.8 251 21 .4 40 9 28
1157 11.95 4.3 30.7 256 214 16.3 4.2 4 1
1158 11.97 4.2 31.2 246 205 16.4 4.2 7 20
1159 11.98 4.2 31.2 256 213 16.4 4.1 15 45
1200 12.00 4.2 31 243 207 16.5 4.1 13 38
1201 12.02 4.2 3.2 257 214 16.5 4.0 3 25
1202 12.03 4.3 3t.2 272 227 16.4 4.1 & 18
1203 12.05 4.3 30.9 262 220 16.4 4.1 3 8
1204 12.07 4.2 30.9 258 215 16.6 4.1 4 12
1205 12.08 4.2 30,9 256 213 16.4 4.0 21 &5
1206 12.10 4.2 310 273 228 16.6 4.0 26 82
1207 12.12 4.1 31,0 27 225 16.5 4.0 13 19
1208 12,13 4.1 310 282 234 16.6 3.8 8 27
1209 12.15 4.2 31.1 289 240 16.7 1.8 3 9
1210 12.17 4.2 31.1 310 258 16.6 3.9 5 16
1211 12.18 4.3 31.0 319 267 16.5 4.0 10 9
1212 12,20 4.3 30.8 277 232 16.4 4.0 20 &2
1213 12.22 4.3  30.7 269 225 16,3 4.2 16 &7
1214 12,23 4.3 30,9 253 212 16.4 4.0 13 50
1215 12.25 4.3 30.8 266 224 1.5 4.0 8 2%
1216 12.27 4.3 30.7 247 207 16.4 4.1 9 27
1217 12.28 4.3 30.6 248 208 16.5 4.0 8 25
1218 12.30 4.4 30.8 247 208 16.5 4.1 5 1%
1219 12.32 4.6 30.6 233 198 16.4 4,2 3 &
1220 12.33 4.5 30.3 225 191 16.5 4.1 5 15
1221 12.35 4.4 30.4 229 194 16.4 4.3 7 22
1222 12.37 4.4 30.6 234 197 163 4.3 4 13
1223 12.38 4.3 30,7 2238 199 6.3 4.3 5 15
1226 12,40 4.2 3.0 236 197 16.5 4.2 5 14
1225 12.42 4.3 3.0 238 198 16.4 4.3 1 32
1226 12.43 4.3 30.9 226 190 16.5 4.3 2 E]
1227 12.45 4.2 3.0 234 195 16.5 4.3 20 60
1228 12,47 4.2 31.2 251 209 16,4 4.3 7 22
1229 12.48 4.1 311 257 213 16.3 4.3 & 17
1230 12.50 4.2 31,1 33§ 27 6.3 4.2 '3 17
1231 12.52 4.2 31.0 333 278 16.4 4.1 4 12
1232 12.53 4.3 30,8 2583 216 16.5 3.9 1 4
1233 12.55 4.2 30.6 @ 23¢ 199 16.5 4.0 1 4
1234 12.57 4.3 30.8 234 196 16.5 3.9 0 1
1235 12.58 4.3 30.6 241 202 16.6 4.0 1 3
1236 12.60 4.3 20.7 228 L3 16.4 4.1 1 .
1237 12.62 4,3 30.8 225 188 16.4 4.2 3 8
1238 12.63 4.3 30.8 218 183 227 16,6 4.1 4 13 25
12359  12.4% 4.3 30.7 229 192 226 16.5 4.1 14 42 25
1260 12,67 4,2 30.7 261 217 225 6.4 4.2 2 &4 25
1241 12.48 4.0 31.0 273 225 225 16.4 4.1 18 55 26
1242 12,70 4.1 31,3 291 261 224 16.5 4.0 13 42 26
1263 12.72 4.2 3.2 283 235 224 16.5 4.0 9 28 26
1244 12.73 4.3 309 299 210 223 16.5 4.0 1 4 26
1245 12.75 4.5 30.6 234 198 221 16.4 4.1 2 6 26
1246 12,77 4.3 30.6 209 175 220 1.4 6 1 2 25
1247 12.78 4,3 30.7 225 189 219 16.5 4.0 2 5 25
1248 12,80 4.4 30,7 238 201 218 6.5 4.0 5 16 25
1249 12,82 4.6 3.7 235 98 217 16.6 4.0 3 8 25
1250 12.83 4.4 30.7 224 189 214 6.6 4.0 2 & 24
1251 12.85 4.4 30.7 220 185 213 16.6 3.9 4 12 24
1252 12.87 4.4 30.8 224 189 212 16.6 4.1 8 24 24
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MAIN DUCT BYPASS DUCT
CARBON MONOXIDE CARBON MONOXIDE

TIME DECIMAL 02 coz2 AT 7X 02 ROLLING 02 coz AT 7X 02 ROLLING

TIME (%) (€3] {pEm) {pom)}  AVERAGE (%) () {pom) (ppm)  AVERAGE
1253 12.88 4.5  30.8 226 " 211 16.5 4.2 9 2b 25
1254 12,90 4.5 30.8 216 183 2N 16.5 4.1 2 b 24
1255 12,92 4.5 30,5 216 182 210 16.4 4.1 6 18 gé
1256 12.93 4.6 305 211 178 210 16.4 4.1 18| 33 26
1257 12,95 4.6 30.5 215 183 209 16.5 4.2 19 58 25
1258 12.97 4.7  30.2 218 187 209 16.53 4.2 43 135 27
1259 12.98 4.7 3041 219 189 209 16.46 4.1 22 70 27
1300 13,00 4.8 30.3 204 176 208 16.7 4.0 8 27 27
1301 13.02 4.8 30.2 197 170 207 16.6 4.1 3 g 27
1302 13.03 4.3 30.0 195 168 206 16.6 4.1 3 9 27
1303 13.05 4.6 30,0 199 170 206 16.5 4.2 2 b 27
1304 13,07 4.2 30.4 203 170 205 16.4 4.3 3 10 27
1305 13,08 4.0 31,0 219 181 204 16.3 4.3 1 2 5
1306 13.10 4.0 313 238 194 204 16.3 4.3 9 27 25
1307 13,12 4.0 315 239 157 203 16.4 4.2 14 41 25
1308 13,13 4.2 3.5 242 20 203 16.5 4.3 9 29 25
1309 13.15 4.3 In1.3 232 194 202 16.5 4.2 7 23 25
1310 13,17 4.3 310 227 150 201 16.5 4.2 3 20 25
1311 13,18 4.3 10.8 223 189 199 16.5 4.2 2 & 25
1312 13.20 4.4 30.7 217 183 199 16.5 4.2 g [} 26
1313 13.22 4.4 30,56 213 180 198 16.4 4.3 4 13 23
1214 13,23 4.4 30.6 221 187 197 16.4 4.3 8 24 23
1315 13.25 4.5 30.5 221 187 197 16.4 4.3 7 a1 23
1316 13,27 4.5 305 218 185 196 16.5 4.2 7 20 23
i317 13,28 4.7  30.4 217 186 196 16.6 4.2 5 16 23
1318 13.30 4.8 30.3 208 139 196 16.6 4.2 1 2 22
1319 13.32 «.9 30.0 207 180 195 16.6 4.2 2 7 a2
1320 13.33 4.9 29.9 203 176 195 16.5 4.3 2 7 22
1321 1238 L2 0.0 202 7s 155 6.4 4.3 2 7 22
1322 13.37 4.9 30,2 206 178 194 16.4 4.2 1 4 22
1323 13,38 4.7 30.2 203 174 194 16.4 4.3 2 -} 22
1326 13,40 4.6 303 207 177 194 16.4 4.3 14 43 22
1325 13.42 4.7 30.4 223 191 194 16.5 4.2 9 2% 22
1326 13,43 4.7 30.4 220 188 194 16.3 4.5 4 " a1
1327 13.45 4.7 30.5 210 180 193 16.2 4.6 3 7 20
1328 13.47 4.6 305 209 179 193 16.2 4.5 3 8 20
1329 13,48 4.7 30.5 205 176 192 16.2 4.3 0 1 19
1330 13.50 4.7 30.2 207 177 190 16.3 4.3 1 4 19
1331 13.52 4.7  30.3 203 174 189 16.3 4.3 4 11 19
1332 13.53 4.6 30.3 215 184 188 16.4 4.2 5 14 19
1333 13.55 4.6 30.2 214 182 188 16.3 4.3 6 18 20
1334 13.57 4.6 305 207 176 183 16.2 4.5 7 22 29
1335 13.58 4.6 30.6 215 184 187 16.1 4.5 6 16 20
1336 13.80 4.6 30.5 215 183 187 16.2 4.4 4 10 20
1337 13.82 4.6  30.4 206 176 187 16.1 4.4 10 29 21
1338 13.43 4.5 30.5 207 176 187 16.1 4.4 16 . 21
1339 13.65 4.5 30.8 220 186 187 16.2 4.3 13 39 21
1340 13,67 4.5 30.% 222 188 1846 16.2 4.3 15 44 el
1341 13,68 4.6 30.6 2156 184 1846 16.3 4.2 19 56 21
1342 13.70 4.6 30.5 215 184 185 16.4 4.2 1 32 21
1343 13,72 4.5 30.5 212 181 184 16.3 4.3 7 22 20
1344 13,73 4.7 30.5 215 184 183 16.2 4.4 14 “1 21
1345 13.7% 4.7 30.3 207 178 183 16.2 4.3 13 k2.3 22
1346 13.77 4.8 30.4 205 177 183 16.1 4.4 7 19 22
1347 13.78 4.8 30.3 202 174 .183 16.2 4.4 16 b 23
1348 13.80 4.8 30.3 206 179 182 16.3 4.3 21 61 23
1349 13,82 4.8 30,3 206 178 182 16.3 4.3 8 23 24
1350 13.83 4.8 30.1 196 169 182 16.4 4.1 é 19 24
1351 13,85 4.7 30.2 193 166 181 16.3 4.3 5 16 24
1352 13.87 4.7 I0.3 198 170 181 16.2 4.4 8 24 24
1333 13.88 4.6 30,5 204 174 181 16,2 4.4 9 26 24
1354 13.90 4.5 305 208 175 181 16.2 G.4 4 12 2é
1355 13,92 4.3 30.5 206 175 31 16.1 4.5 3 8 24
1356 13.93 4.5 30.8 210 179 181 16.2 4.4 4 12 23
1357 13.95% 4.6 30.5 219 187 181 16.3 4.2 4 11 23
1358 13.97 4.6 30,5 218 186 181 16.3 4.1 7 20 21
1359 13.98 4.5 30.4 220 186 181 16.3 4.2 7 21 20
1400 14.00 4.5  30.7 221 187 181 16.2 4.4 4 12 20
1401 14,02 4.5 30.8 216 184 181 16.1 “.5 4 10 20
1402 14,03 4.5 30.7 217 184 189 16,2 4.3 4 n 20
1403 14.05 4.6 30,5 222 189 182 16.2 4.3 b 15 20
14606 14.07 4.5 303 21 180 182 16.1 4.4 16 46 20
1405 14,08 4.6 30.6 224 19 182 16.3 4.2 13 40 21
1406 14.10 4.5 30.6 224 190 182 16.4 4.2 8 23 21
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ROLLING
AVERAGE

20
20
20
20
20
20
21
22

MAIN 2UCT BYPASS DUCT
CARBON MONOXIDE CARBON MONOXIDE

TIME DECIMAL 02 coz2 AT 7X 02 ROLLING 02 coz2 AT ™% Q2

TIME (%) () (ppm)  (ppm)  AVERAGE (%) (%)  (ppm)  (ppm)
1407 14.12 4,5 30.5 26 206 182 16.3 4.3 3 7
1408 14.13 4.4 30.8 276 233 182 16.3 4.6 5 14
1oa 14 .18 4.5 1.9 225 258 183 i6.3 4.3 5 15
1410 14.17 4.4 30.7 226 190 183 16.2 4.3 5 16
1411 14.18 4.3 30.8 227 1% 183 16.2 4.3 3 8
1412 14,20 4.6 31.0 231 194 183 16.2 4.3 1 4
1413 14.22 4,5 30.8 232 198 183 16.3 4.3 16 48
1414 16.23 4.3 30.7 240 201 183 16.2 4.2 35 106
1415 14.25 4.3 I0.9 263 221 184 16.3 4.1 18 52
1416 14,27 4.4 30.9 n 262 185 16.3 4.3 13 38
1697 14,28 4.3 30.8 296 249 186 16.3 4.2 15 43
1418 14.30 4.4 30,8 261 220 187 16.3 4.3 6 17
1419 14.32 4.4 30.9 267 225 188 16.3 4,2 5 15
1420 14.33 4.3 30.8 245 222 188 16.3 4.2 4 13
1421 14.35 4.3 30,9 27 227 189 16.3° 4.3 5 14
1422 14.37 4.3 30.9 269 225 190 16.3 4.2 [ 19
1423 14.38 4.2 3.9 255 213 1" 16.5 3.9 3 \ 9
16246 14,40 4.1 314 275 228 192 16.6 4.0 2 7
1425 14.42 4.3 33 316 265 193 16.4 4.2 3 9
1425 14.43 4.3 30,9 285 239 194 16.3 4.2 2 7
1427 14.45 4.2 30.8 252 210 194 16.3 4.2 1 4
1428 14.47 4.2 110 248 207 195 16.3 4.2 3 9
1429 14.48 4.2 3.0 248 207 195 16.4 4.0 2 -]
1430 14.50 4.2 30.9 258 215 196 16.5 4.1 (-] 19
Minimum= 4.0 29.9 193 166 16.1 1.8 0 0
Max imum= 4.9 31.5 410 341 16.7 4.6 43 135
Averages= 4.4 30.7 243 204 16.4 4.2 8 23
Zero drifr=  0.82 2.26 1.19 0.50 0.49 0.20
(X of span)
Span drift=  1.82 4.29 3.98 2.42 1.45 3.7
(X of span)
Error Est.= 0,18 1.59 19.02 0.46 0.12 1.8
Comments:

LINEARITY CHECK CO 392.8 PPM [10-30-1989 -- 09:34:01]
LINEARITY CHECK PROPANE 148.2 PPM [10-30-1589 -- 09:47:24)

LAST ENTRY MADE IN ERROR-LINEARITY CHECK IS 148,2 PPM CO {10-30-1989 -- 09:57:58]

LINEARITY CHECK 02 4,044% [10-30-1989 -- 10:04:01)

LINEARITY CHECK O2 6.044% 110-30-1989 -- 10:46:53]

LINEARITY CHECK CO2 5.957% [10-30-1989 -- 10:57:36)

ALL ANALYZERS PASSED LINEARITY CHECK ([10-30-1989 -- 11:06:491

BYPASS 20 INNCHES -LESS THAN 5 ON PYREX [10-30-1989 -- 11:11:2¢]

MAIN 22 INCHES 15 AND 25 ON PYREX [10-30-1989 -- 11:11:52]

ALL LEAK CHECKS OK!!raditnany (10-30-198% -- 11:12:09]

NOW CH STACK GAS [10-30-1989 -~ 11:12:25)

BEGIN RUN 3 [10-30-1989 -- 11:18:15]

LAST ENTRY WAS IN ERROR-RUN 3 HAS NOT BEGUN [30-30-198% -- 11:32:271
[10-30-1989 -- 11:41:36)

RUN 3 BEGAN AT 11:40 {10-30-1989 -- 11:47:;31)

END RUN 3 [10-30-1989 -+ 14:33:49)

BYPASS 20 INCHES LESS THAM 5 ON PYREX [10-30-198% -- 14:38:00]
£10-30-1989 -- 14:46:36]

TAIN 22 INCHES AND 20 ON PYREX BALLS-LINES PASS LEAK CHECK [10-30-1989 -- 14147 146]
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COMMENTS
SAMPLING BEGUN

33399999656336669666666633330000033333366300066?o:éfuﬁﬁﬂﬂﬂﬂﬂééééé
5554444&664&&66444464446454444446444466446&6633633336446444433333

7w C2
ORY

66655555444334&465-&-&44“‘3-\_33222223333334432-&211.:?.|..-.| . [ARTS SO I S
P « e .
1111111111111111111111111111111111!11111111111111111111111IL111LL

BYPASS

(ppm)

‘?6537:!4‘9812121900000133320092109011111999900090'0!‘:-99995901110900 -
9850.0..888888&858?388858888888?3887 8383887???888?78187???7788888788

HEATED THC
7% 02
DRY

MAIN

255A1522?6989597888889111888?898?899999??7?8387?823??7?6?89998?88
COOVCCMOOOBON M~ MMM ©OO0 . ???77?77?7?77?777??18?77777??777?7?

(ppm)
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660522011109899777??7801.UO0981299999998877?8888797317 COONO MO
665676666?65555555555566666556655555555555555555578655555666$6666

™ o2
(ppm)

661?541224179?77588559121..!17.9237.7.7-7-7?7.?1.. .‘,03.0.,6.5?..4 Freie o ;....,....-...32?.2

Lol Al -0 L N S S ~0 66#.-05.06—777.?7- 67.7: R CRIVIED I | s..cﬁééé Q.C.-.I . 67.77.-77-7-7-7

MAIN

(ppm)

33333333333333333333333333333333333333333333333333-3-)»3 .\-3-&3?1-3-3333?
33333333333333333333333333333333333333333333333333333333333333333

COLD THC

7% 02
(o)

..Iulcl-lqlo.rqlclal..lslul-lcl-.aalo.l.lalql.loi.lqlcl-l-Iqlalql-lal.l.lalalolnlnlclolclqnclcl_.lclol.l.....rclql1.1..]1.1“11.1..]4-1.?_
a.-..........-.-.-.-...-....-.-.....--............ + e e e v
1111111111111111111111111111111111111

BYPASS

(ppm)
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

RUN 3 - THC

-
(Al ™M)y ~ PO MMINEDOMNMMINMDO =&y OO NMN DO N~
Mﬁ 5.ﬂwmnnﬁnnws$8wam9%%990.0000MJ111JJ2““.«D.5.23“JJ“W"MJMJJ444nwsssssm.wﬂﬂﬁﬂﬁmn
— . v oeoa [ .« e e . « v . a H R IR I B B 2 B B T T e
- LYY OO O NN R o
oz HﬂHnHHHnHnHHHnHnHnHHHuuwwﬁﬁﬁ111&&111111111&111wuu1wwﬂmwmuwunwmnnu
o
w 901234567-590123456?890123.&567.89012345678901234557890123456?890
L — ey
~1 ~F sty [ 4 555555555500000.0000011111111112 NN NN O N
= B?MM1M11M1M11IT111111222222222222222222222&222222223888333383%“%%
qlq...'.-.lqlclq...-l..l...l-l-lcl-l.ql-lalulolql-lal-.l-lqlcl 111111111111111111111111-l.-lal..Iq.u-l-l-l-l-l.lqlolnl-l




_I_Ill..l.lll.ll.lll.l.lll.l_l‘

LOMMENTS
PAN CHECK

ZERQ AND
g

66666..0666666666066667830123556?89 Dll230663333000666660306505000333

33333—5333333333433333334‘4“4444Iu. 55553222222222111112221121222222

a2
ORY

(S

..I-lql..lnlqlulclqlql-l....ulal.lZ.lnl.l.:l 69887?7766&5555567655656667??

LR R .

~
m T o T T T T T R T - e - cl0000000000000000000000000000
—

BYPASS

HEATED THC

- 8?8776.6&666685454545 5666663285112288!111111112123
e oaoa + .

m ?-7..7.7.7-77.7.7.7..7-7- 77..7-7-7-7'7. 60 00 00 &0 60 (0 @ M 0| ] > 3 0

~
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=z

m 11217777177767665556 34!6.6.!!333333222213233222113111
-
m Lol Al ol ~ 7.- 6666&5 716666666666666666666666666666
—

7..7.7???3333333337?773333332222221111103333333333333337?33333333333
13141a2J1314131J131J79131413131a101¢1;1¢1-1-131¢1;131J131J1)1u131;-JQJ1313149313141atuta1)131313191;141324131¢1ut;1a1a131¢1azawava

COLD THC

7% 02
(opm)

22222211111111122221 e .-
« 4w e e
-..111.111111-111111.1111

BYPASS

{ppm)

-
OQNMOIhDO 0O NMN NMmunhkooNMhboONMInheDO N nmhkooo
Mﬁ nﬁnm88$88%3ﬂﬁ399£ﬁﬁﬂﬂ 5333&J3646ﬂ555555@6&66&7ﬁﬁﬁﬂnm
z S i St Bada At % 4 Ha O It it il el et B i B e A R L S
e N L N N N N L N L e T o T o DOROMMEM0IMMMIA MRS NN RN RS e
w T T e e T e T YT T T T T = - — Tull.[cl.l!lclqlqlnl-lolclc.l-l!lqlilclnlnlc.lnl
o
w
3 NN NN DO O NI IO OO O NN IND DO O e (Nt b e R R R o L - T I Ry e
= 3o oF of oF <F LA LD W O &5550000000000111111111122282522223333333333464 e -5
= R ER LR 2223333333333333333333333333333333333333333333“3&%3“
QI.I1.Iql||-l.l-lc|1.4l.lql-I-Iql.l-lql-lalalolql..lqlqlalnlqlql.lclul.lqlal-lalalclcl-l111111111111111111111



COMMENTS
AMBIENT AIR CHECK

SAMPLING ENDED

3330000000300333353533-3 MM MO R D0 6660066666

ﬂﬂ 2222222222222222222222222222222222223322222
nn.

2]

m - 7..776666666766?7?78787?78777788788 8839988388 55555666555555555555
vl m 0000000000000000000000000000000000000000000 00000000000000000000
= &

i
M o~ 5502198260976469258689900601433320582222251
w DM 88999385?76666667977??788998883888388838889
nﬁ
=
M - 368997683936535813656778528921118 8368883839 ./..JJJJJJJA.JJAG.JJJJZ.?_?“J n
W e 00 76666666?97777??79878850 e e bl Ak ek el ek el adl ol ol ol o Ak SR R 4
a o
D N e s At e e e L B e L L L R R ST LT
DW 5555555555555555575555555605555555555555555
ra

=

M 222112222211112117622332115433332 OO M M 00000001111100010900

x m 010 31010 6 0 10 0 0 G %8 0 -8 G 5 0 830 0 3 0 6 13 B e 00 0030 60 000G GGG E e Rt .t . . S S S
3] ~
-

-

o o~ 330000000300000033333333333333333JJJJJJJJJJ

m UM 3333333333333333333333333333333333333333333
ra

a

= T o T o P e e T T T Y T T e = e v e T T T T Y - - — — - 0,0, 0:0.0: 0, 0. 0. 0,0, 0: O~ Oy 0 O\ O~ 0+ O O~ O

= m o0 - S S L L P O O U U U L L O . . D L L coococcocooosasacacaag

P
-
£p YOARERSRAERSAREE8A NN rENRNNARNARNRR HRIYILNIRNNSEsyRssseNnnreganuN e
e abudabul el S B R S RN B SV R e R JU g IR I NN 002009000000 00 600G 9
[ ]
> wmm.ﬁﬂuﬁ%wmwmmwmmwmwwwmumuuﬁwwmwmmaana%nmnmnnnwmmmmmmmwmmwnmuuwwww
N N I N I R gy I I YT N8 3833333338355 505500%
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TIME DECIMAL
TIME

1619 16.32
1620 16.33
1621 16,35
1622 16.37
1623 16.38
1624 16,40
1625 16.42
1626 16.43
1627 16.45
1628 16.47
1629 16.48
1630 16.50
16371 16.52
1632 16.53
1633 16.55
1634 16.57
1635 16.58
1636 16.60
1637 16.62
1638 16.43
1639 16.65
1640 16,67

Run Average=z
Ambient Air

{ppm>

oePoLRoOoor
N0 00000000 G000V OD0000D0

DRI

o000 0D000VOOOOOONOOOOS
N

1.1
0.9

COLD THC

33

For Time Peroid 1139-1303

Zero Drift=
(% of span)
$pan Drift=
{% of span)
Error Est.=

0.08
0.89
0.09

For Time Peroid 1320-1431

Zero Driftz
{% of span)
Span Drift=
{% of span)
Error Est.=s

0.02
1.04
0.03

MAIN

R
DO 20000

* s+ v 8 & & 4 & ®
VWOoOQOoOOoOYoOOoOoOODOOoOO

L= g B . S P QA P Y

-t On
.
om

0.41
3.63
0.45

0.00
2.38
0.16

Th 02
{ppm)

5.7

MAIN

(ppm)

L T ]

IR N
—'NNN;\INN—‘NN—-‘NN-O—!NNN-JNN

.

et T S S S S S A U A

« »

0.21
9.23
0.54

¢.07
2.88
0.30

HEATED The

7% 02
DRY

8.1

Cold THC corrected to 7%02 = Raw value x ((14/(21-02 cone.))

Hot THC corr. to 7%02, dry = Raw value x ((14/{21-02 conc.))/(1-moist. conc.)

Comments:

THC'S PASSED LINKEARITY CHECX [10-30-1989 -- 11:51:05]

NCW ON STACKX GAS [10-30-1989 -- 12:07:55)

BEGIN RUN 3 [10-30-1989 -- 12:13:38)
LAST ENTRY WAS MADE IM ERRCR-RUN 3 HAS NOT BEGUN [10-30-1989 -- 12:28:56]
RUN 3 BGAN AT 11:48 (10-30-1989 -- 12:42:40)
SPAN THC'S [10-30-1989 -~ 14:01:14)
ZERQ THC'S [10-30-1989 -- 14:07:53)
BACK ON STACK GAS {10-30-1989 -- 14:14:01)
END RUN 3 [10-30-1989 -- 15:29:18)
NITROGEN BIAS CHECX [10-30-1989 -- 16:01:22)
ON AMBIENT AIR AT 1646.
SECONDARY ZERO CHECK WITH THC PRESSURES AT ZERO. [10-30-1989 -- 17:35:51]
ALL TIMES MENTIONED IN THE COMMENTS ARE 55 MINUTES AHEAD,

[10-30-1989 -- 16:53:50)
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BYPASS

(pom)

IR 4 e " 8 s %
LAV AV R RV AV, RV NV 97, ]

.

COODODoCDDOOO0DO0OC
. . .
LR RS R R RV, I R T Y,

o —-
.
o

0.49
0.46
0.49

on
5.27
0.16

= 02
DRY

3.4

COMMENTS




RUN 4 - 02, CO2, cO

MAIN DUCT BYPASS DUCT
' CARBON MONOXIDE CARBON MONOXIDE
TIME DECINAL Q2 caz AT 7% Q2 ROLLING 02 coz2 AT TX O ROLLING
TIME (%) (%) (ppm) (ppm)  AVERAGE (X) (X) (ppm) (ppm) AVERAGE

1100 11.00 4.3 30.3 834 700 17.5 3.0 -3 -12
1101 11,02 4.3  30.7 630 527 17.5 341 -4 -14
1102 11.03 4.5 31.0 1035 876 17.7 2.9 -2 -9
1103 11.05 4.6 30.1 1093 930 17.8 2.9 -4 -18
1104 11.07 4.5 30.3 676 574 17.7 3.4 -3 -14
1105 11.08 4.5 30.3 776 656 17.6 3.9 -4 =15
1106 11.10 4.4 30.5 599 505 17.6 3.1 ~4 =15
1107 11.12 4.3  30.5 720 604 17.6 3. -2 4
1108 11.13 4.2 31.0 556 463 17.5 3.3 -3 -14
1109 11.15 4.3 1.3 £29 &95 17.6 3.1 -5 -19
10 11.17 4.3  30.5 819 686 17.6 3.2 -3 -13
1111 11,18 4.2 3.0 683 370 17.56 3.1 -2 -10
112 11.20 4.3 30.7 1046 876 ‘ 17.¢ 2.9 -3 =N
1113 1,22 4.3 30.6 624 322 17.. 3a -é =25
1114 11.23 6.2 I 804 671, 17.¢ 3.2 -2 -6
1115 11.25 4.3 30.7 983 822 17.6 3.1 -1 -2
1116 11.27 4.0 30.8 665 548 17 .« 3.4 2 9
1117 11.28 3.8 3.2 1304 1063 ) 17« 1.2 27 104
1118 11.30 3.8 31.5 228 1855 17.5 3.2 82 326
1My 11.32 3.8 31.4 357 2908 17.4 3.0 99 401
1120 11,33 3.9 3.2 2210 1810 17.7 2.9 48 205
1121 11.35 4.1 3.4 1744 1441 7.7 3.2 27 14
1122 11.37 4.2 30.9 1903 1587 17.7 3.0 23 59
1123 11.38 4.3 30.5 1A 947 17.¢& 34 8 34
1124 11.40 4.3 30.6 1098 s21 173 2.% 1 3
1125 11.42 4.3 30.3 831 697 17.% 2.9 -2 -9
1126 11,43 4.2 30.7 918 766 17.% 2.9 -3 -12
1127 11.45 4.2 30.5 1304 1083 18.7 2.8 -2 -8
1128 11.47 4.1 30.8 860 72 17.% 3.0 -2 -1
1129 11.48 4,2 31.2 120 1000 17. 3.0 0 1
1130 11.50 4.3 30,6 11 932 17.¢ 2.9 -5 -21
1131 11.52 4.2 30.8 7m 585 17.8 3.2 -1 b
1132 11.53 4.2 3.0 123 1027 17.2 3.0 1 3
1133 11.55 4.2 30.6 1013 843 17. 3.1 -1 -4
1136 11.57 4.1 31.0 850 704 7. 3.2 -1 -4
1135 11.58 4.1 31.0 1333 1104 17.¢ 2.9 -3 -12
1136 11.60 4.1 30.8 1052 870 17 2.9 -5 -22
1137 11.62 4.1 31.1 1020 844 17 .- 3.2 -2 -11
1138 11,63 4.1 31.3 12 142 172 3.2 10 45
1139 11.65 4.2 30.5 ¢ 1264 17.% 3.0 5 22
1140 11,67 4.1 30.7 851 706 17.¢ 3.2 -1 -3
1141 11.68 &1 51,2 1276 1059 17.¢ 1.2 o 1
1142 11.70 4.3 30,7 1713 1432 18. " 2.9 0 1
1143 11.72 4.3 30.4 890 745 18.. 2.9 -4 -17
144 11.73 4.2 30.6 738 816 18 3.1 -4 -18
1145 11,75 4.2 31.0 1538 1283 18 kI 0 1
1146 11.77 4.4 30,7 2004 1687 18 2.9 0 0
1147 11.78 4.2 30.4 968 ag7 18.U 3.0 -2 =10
1148 11.80

1547 15.78

1548 15.80 &1 50.9 787 653 19.* 3.3 13 114
1549 15.82 4.1 30.8 930 772 19.- 3.2 21 200
1550 15.83 4.1 3t1.0 Thié 615 190 3.1 17 m”m
1551 15.85 4.1 2.0 708 585 19 3.3 8 7
1552 15.87 4.1 1.2 962 795 19 3.4 8 70
1353 15.88 4.2 0.7 736 612 19. 3.2 8 &9
1554 15.90 4.2 0.6 474 395 19.4 3.2 10 89
1555 15.92 4.0 0.9 535 441 19.3 3.4 34 285
1556 15.93 4.3 30.8 115 97 19.5 3.1 58 529
1557 15,95 4.3 39.5 730 610 19.8 3.1 35 330
1558 15.97 4.2 0.9 783 651 19.5 3.2 34 314
1559 15.98 4.2 31.0 993 829 19.4 3.3 42 363
1600 16.00 4.4 30.4 1240 1044 19.4 3.2 32 276
1601 16,02 4.1 30.5 783 549 19,1 3.7 120 965
1602 16.03 4.2 31.5 e 650 19.3 3.5 271 2244
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TIME DECIMAL

1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1613
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1845
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1700
1701
1702
1703
1704
1705
1706
1707

TINE

16.05
16.07
16.08
16.10
16.12
16.13
16.15
16.17
16.18
16.20
16,22
16.23
16.25
16.27
16.28
16.30
16.32
16.33
16,35
16.37
16.38
16.40
16.42
16.43
16.45
16.47
16.48
16.50
16.52
16.53
16.55
16.57
16.38
16.60
16.62
16.63
16.565
16,67
16.58
16.70
16.72
16.73
16.75
16.77
16.78
16.80
16.82
16.83
16.85
16.87
16.88
16.90
16.92
16.93
16.95
16.97
16.98
17.00
17.02
17.03
17.05
17.07
17.08
17.10
17.12

e Y L T L T P PR FERT O S AT S S P

R R RN RN NN NN CRR SN
Nl

Lt ofF A3 ol LT T L A Y
A I R
=Nk N NWNN SN N R - g

hf*bbbb&‘bbbh&\bhb

MAIN DUCT
CARBON MONOXIDE

AT TX 02 ROLLING

(ppm)

co2
x)

g

-t eaB} 2 DO a2
. " e n N s e e
NNV e o0~ B WO

3

U L W LA Ll LN R A L L e

.

I W
-0
. a
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BYPASS DUCT

CARBON MONOXIDE
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TIME DECIMAL
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MAIN DUCT
CARBON MONOXIDE
AT 7% 02 ROLLING

(ppm) AVERAGE
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250
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402
622
367
391
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CARBON MONOXIDE
AT 7% O ROLLING
AVERAGE
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MAIN DUCT BYPASS DUCT
CARBON MONOXIDE CARBON MONOXIDE
TIME DECIMAL 02 coe AT 7% 02 ROLLIKG o2 coe AT 7% 0 ROLLING
TIME {%) (%) (ppm) {ppm)  AVERAGE (%) (X) {ppm) (ppm) AVERAGE
1813 18.22 4.4 301 519 437 694 17.6 3.2 [ 23 66
1814 18.23 4,2 30.8 677 565 686 17.3 3.7 11 41 &2
1815 18.25 4.3 30,9 143 976 689 17.3 3.2 15 56 80
1816 18.27 4.4 30.2 664 560 680 17.4 3.2 8 33 58
1817 18,28 4.2 30.6 592 494 &76 17.3 3.6 16 60 57
1818 18.30 4.3 31,2 1090 912 680 17.4 35 34 133 58
1819 18.312 6.3 30.8 982 823 680 17.5% 3.3 22 87 59
1820 18.33 4.3  30.9 826 693 681 17.5 3.5 1" 44 59
1821 18.35 4.3 31.0 ¢31 821 681 17.6 3.5 " 43 56
1822 18.37 4.6 31.2 905 764 681 17.6 3.5 11 46 59
1823 18.38 4.5 30.5 807 682 681 17.6 13 8 32 59
1824 18.40 4.3 30.7 504 507 679 17.5 3.8 8 33 &0
1825 18.42 4.3 3. & 748 630 17.5 3.7 20 78 61
Minimum= 3.8 29.9 115 97 16.7 2.8 -6 -25
Maximun= 4.6 32.1 3T 2908 20.1 4.0 71 6912
Average= 4.3 30.9 94b 71 18.3 3.4 49 425
Zero drift= 0.8 2.74 4.9%1 0.08 0.73 2.81
(% of span)
Span drifts  0.04 1.41 4.18 5.67 0.57 4.24
(% of span)
Error Est.=  0.11 0.76 T78.19% 1.05 0.11 24.1%9
Comments:

LINEARITY CHECK CO 392.8 pPM [10-31-1989 -- 09:31:391

LINEARITY CHECK CO 148.2 PPM {10-31-1989 -- 09:40:10}

LINEARITY CHECK 02 6.044X [10-31-1989 -- 09:52:05]

LIMEARITY CHECKX CO2 5.937% (10-31-1989 -- 10:21:16]

ALL ANALYZERS PASSED LINEARITY CHECK [10-31-1989 -- 10:22:36]

BYPASS AT 20 INCHES LESS THAN 5 ON PYREX [10-31-1989 -- 10:29:351

MAIN AT 22 INCHES 20 AND 25 ON PYREX-- SAMPLE LINES PASSED LEAK CHECK !!!!} [10-31-1989 --
ON STACK GAS [10-31-1989 -- 10:35:54]

BEGIN RUN4 [10-31-1989 -- 10:59:23]

TEST STOPPED [10-31-1989 -- 11:52:27)

RESTARTED SAMPLING. [10-31-1989 -- 15:53:19]

CHANGED LIOH ON MAIN MAN[FOLD. [10-31-1989 -- 15:55:12]

END RUN4 [10-31-1989 -- 18:31:14)

MAIN AT 22 INCHES 5 AND 15 OM PYREX [10-31-1989 -- 18:41:23)

?YPASS AT 20 INCHES LESS THAN 5 ON PYREX--LEAK CHECK OKI!I1! [10-31-198% -- 18:42:09)
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HEATED THC

COLD THC

COMMENTS

AT X Q2

BYPASS

AT 7% 02

MAIN

AT TX 02
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TIME DECIMAL
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*SPAN CHECK
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HEATED THC

COLD THC

BYPASS

COMMENTS

AT 7% 02

AT 7X 02

TIME DECIMAL
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TIME DECIMAL
TIME

1813 18.22
1814 18.23
1815 18.25
1816 18.27
1817 18.28
1818 18.30
1819 18.32
1820 18.33
1827 18.35
1822 18.37
1823 18.38
1824 18.40
1825 18.42
1826 18.43
1939 19.45
1940 19.467
1941 19.68
1942 19.70
1943 19.72
1946 19.73
1945 19.75
1946 19.77
1947 19.78
1948 19.80
1949 19.82
1950 19.83
1951 19.85
1952 19.87
1953 19.88
1954 19.90
1955 19.92
1956 19.93
1957 19.95
1958 19.97
1959 19.98
2000 20.00
2001 20.02
2002 20,03
2003 20.05
2004 20.07
2005 20.08
2006 20.10
2007 20.1%2
2008 20.13
2009 20.15
2010 20.17
2011 20.18
2012 20.20

Run Average=
Ambient Air

COLD THC

BYPASS

(pem)

COoOO0O000000O0O00

N OOV 000000000000 00030000 B0 00 08 09 03 00 0 0 O @ 0 0 OGP CDO

DA

_Q COQO0O00O00000000000000000000D000000C0O

(=]
o

AT 7% 02

{ppm)

Lo Ll L L L N T B L W W N

e R Y A i R I S iy

(2
’
o

For Time Peroid 1100-1147

Zero Drifts
{% of span}
Span Drift=
(% of span)
Error Est.z

0.08
0.43
0.08

For Time Peroid 1548-1623

Zero Drift=
(% of span)
Span Drifts
(% of span)
Error Est.=

0.18
0.22
0.18

MAIN

(ppm)

wvigh O

[V, ] Wil
AR M
ROV ONNOO

NNENDDN NGO EOERE OO~~~

COoO0ODOoO0O0ODO0QOODDOODOD
R

00~ 000000 0 00 00 0F ~d = =y

oo COoOOoO0O0O0ODOODO0OO0O00

¢.65
0.17
0.65

0.1
1.93
0.44

AT 7% 02
(pom)

. .

CVOVWVVOBVNNDD

NS unng-unuauiun

3.6

HEATED THC
BYPASS MAIN
AT 7X 02 AT 7% Q2
{pom) DRY {ppm} ORY
-0.2 -1.1 7.7 8.0
-0.2 -1 7.6 7.9
-0.2 -1.1 7.9 8.2
-0.2 -1 7.8 8.1
-0.2 -1 7.5 7.8
-0.2 -1.1 7.7 8.0
-8.2 1.1 7.6 7.9
-0.2 -1.1 7.4 7.7
-0.2 -1.1 7.4 7.7
-0.2 -1 7.5 7.8
-0.2 -1.1 7.6 7.9
-0.2 -1.1 7.4 7.7
-0.2 -1 7.6 7.9
0.4 1.4
0.4 1.4
0.4 1.3
0.4 1.3
0.4 1.3
0.4 1.3
0.4 1.3
0.4 1.3
0.4 1.3
0.5 1.3
0.5 1.3
0.5 1.3
0.4 1.3
0.5 1.3
0.4 1.3
0.4 1.3
0.5 1.2
0.4 1.3
0.4 1.3
0.5 1.3
0.4 1.3
0.4 1.3
0.4 1.3
0.5 1.3
0.5 1.3
0.5 1.3
0.5 1.3
0.5 1.3
0.5 1.3
0.6 1.3
0.6 1.3
0 0.3
-0.4 0.1
0.1 1.2 8.5 9.0
0.4 1.3
0.07 0.06
1.35 10.43
0.07 0.95
0.65 0.49
1.48 1.84
0.64 .54
B-74

COMMENTS

SAMPLING ENDED

AMBIENT AIR CHECK



COLD THC - HEATED THC
BYPASS MAIN BYPASS MAIN
TIME DECIMAL AT 72 02 AT 7% 02 AT 7% 02 AT 7% 02 COMMENTS
TIME (ppm) (ppm} {ppn) (ppm) {ppm) DRY {ppm) DRY

For Time Peroid 1640-1825

Zero Drift= 0.26 0.64 1.42 0.09
(%X of span)
Span Drift= 3.07 3.27 3.71 1.46
(% of span)
Error Est.= 0.28 0.85 1.41 0.21

hd DATA CALCULATED BY EXTRAPOLATION.
Cold THC corrected to 7% 02 = Raw value x ((14/(21-02 conc.))
Hot THC corr. to 7% 02, dry = Raw value x ({14/(21-02 conc.))/(1-Hoist. cone,)

Comments:

LINEARITY CHECX 20.35 PPM PROPANE [10-31-1989 -- 11:29:070

LINEARITY CHECK PROPANE 4%.09 PPM [10-31-1989 -- 11:35:170

ALL THC’S PASSED LINEARITY CHECK [10-31-1989 -- 11:41:43]

ON STACK GAS [10-31-1989 -- 11:43:08])

BEGIN RUN4-THC [10-31-1989 -- 11:54:38)

TEST STOPPED [10-31-1989 -- 12:47:50]

ZERO THC'S [10-31-1989 -- 12:59:32]

SPAN THC'S [10-31-1989 -- 13:11:58)

BACK ON STACK GAS [10-31-1989 -- 13:15:22)

RESTARTED SAMPLING. {10-31-1989 -- 146:48:49]

2ERQ THC'S ([10-31-1989 -- 17:19:17)

SPAN THC'S [10-31-1989 -- 17:27:33]

END RUNG [10-31-1989 -- 19:25:43)

NITROGEN LINE WAS KOT CONNECTED DURING PREVIOUS SECTION GF LINE BIs3 CHRECK. [10-31-198% -- 20:28:34]
NITROGEN LINE WAS PROBABLY NOT CONNECTED DURING RUNS 2 TH2. UGH 4. [10-31-198% -- 20:30:55])
NOW IN AMBIENT AIR CHECK. [10-31-1989 -- 20:31:42]

HAVE BEEN PULLING 1N AMBIENT AIR FROM TRAILER DURING 2 THRCUGH 4. (10-31-1989 -- 20:33:28]

ENTER KEY IS STIKIMG BADLY. THIS SEGMENT MUST BE SPLICED INTO RUKATHC DUE TO MACHINE LOCKUP AT END OF TES

ALL TIMES MENTIONED: iN THE #OMMENTS ARE 55 MINUTES AHEAD.
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RUN 5 - 02, CO2, CO

MAIN DUCT BYPASS DUCT
CARBON HMONOXIDE CARBON MONOXIDE

TIMEDECIMAL 02 €02 AT 7% 02 ROLLING 02 €02 AT 7X 02 ROLLING

TIME (X}  (X) (ppm} (ppm) AVERAGE (X) (%) <(pom) (ppm) AVERAGE
1130 1150 4.2 30.1 507 423 15.9 3.6 15 41
1131 11.52 4.2 30.1 477 397 15.8 3.5 19 51
1132 11.53 4.2 29.8 526 437 16.0 3.3 30 84
1133 11.55 4.1 29.6 404 335 16.0 1.3 16 46
1136 11.57 4.1 30.0 444 368 t6.0 3.3 1 30
1135 11.58 4.1 30.0 629 521 16.2 3.1 16 45
1136 11.60 4.1 29.4 583 A3 4.2 2.1 23 &7
1137 11.62 4.1 29.6 38 320 16.0 3.3 15 41
1138 11.63 4.1 30.0 3% 331 16.0 3.4 10 29
139 11.65 4.1 29.9 718 595 16.1 3.2 36 104
1140 11.67 4.0 29.6 62 514 16,1 3.1 38 110
1141 11.48 4.0 30,0 42 346 16.2 3.3 21 60
1142 11,70 4.1 30.2 684 565 16.2 33 32 9%
143 11.72 4.1 29.7 BR 721 16.3 3.1 33 97
1166 11.73 4.0 29.5 462 379 16.3 3.1 17 51
1145 11.75 3.9 30.1 3% 322 16.2 3.5 20 57
146 11.77 4.0 30.4 480 560 %1 35 %9 167
1947 1178 41 29.9 842 695 t6.1 3.4 138 395
1148 11.80 4.0 29.8 520 L27 16.1 3.5 99 281
1169 11.82 4,0 30.3 543 448 16.0 3.5 78 221
1150 11,83 4.0 30.1 716 501 16.2 3.2 81 237
1151 11.85 4.0 30.0 521 428 6.3 3.4 ' 49 144
1152 11,87 3.9 30.4 527 432 16.3 3.3 49 146
1153 11.88 4.0 29.9 685 565 16.3 3.4 59 173
1154 11,90 4.0 30.0 498 409 16.1 3.5 30 86
1155 11.92 4.0 30.2 61 502 16.1 3.5 22 62
1156 11.93 4.0 30.2 540 443 16.0 3.5 26 74
1157 11.95 4.0 30,3 620 512 16.1 3.4 59 167
1158 11.97 3.9 30.0 560 457 16.2 3.3 s7 168
1159 11,98 3.9 30.5 580 475 16.3 3.2 &9 207
1200 12.00 3.8 30.0 679 554 16.4 3.1 98 298
1201 12.02 3.8 30.4 563 458 16.4 3.3 128 386
1202 12.03 3.9 30.6 759 621 16.2 33 i 423
1203 12.05 3.9 30.3 712 584 16.2 3.3 120 351
1206 12.07 3.9 304 623 510 16.2 3.3 53 155
1205 12.08 3.8 30.1 513 417 16.1 3.4 40 115
1206 12.10 3.9 30.7 604 49% 16.1 3.4 98 280
1207 12,12 4,0 30.1 768 633 16.2 3.2 115 .79
1208 12.13 4.0 29.8 47% 386 16.3 3.1 61 183
1209 12,15 3.9 30.2 465 382 16.4 3.2 51 155
1210 12.17 4.0 30.1 742 612 16.3 3.2 109 326
1211 12,18 4.0 29.8 565 465 16.3 3.1 67 199
1212 12,20 4.0 29.8 447 367 16.3 3.3 29 8
1213 12,22 4.0 303 542 445 16.2 3.5 22 65
1214 12.23 4.1 30.2 818 676 16.3 3.1 37 109
1215 12,25 4.1 29.6 610 505 16.6 3.0 32 96
1216 12.27 4.1 29.6 360 298 16.3 3.1 17 51
1217 12,28 4.3 29.9 425 355 16.4 3.1 42 127
1218 1230 4.5 29.7 777 658 16.6 3.0 104 330
1219 12.32 4.3 28,9 589 495 16.5 3.1 53 165
1220 12.33 4.2 29.5 417 347 16.3 3.4 20 60
1221 12.35 4.2 30.1 530 [2%4 16.2 35 32 3
1222 12,37 4.2 29.7 57¢ 481 16.3 3.4 56 " 165
1223 12.38 4.2 30.1 451 376 16.4 3.3 33 100
1226 12,40 4.3 29.9 586 49 16.5 3.1 2 76
1225 12,42 4.1 29.3 496 41 16.5 3.2 11 34
1226 12,43 4.1 30.% 477 395 16.5 3.3 16 48
1227 12,45 4.1 29.9 60 548 16.3 3.4 19 55
1228 12,47 4.0 30.1 537 443 16.3 3.4 19 55
1229 12.48 4.1 30D 595 493 472 16.3 3.3 2 70 142
1230 12,50 4.0 29.8 425 350 471 16.2 3.4 19 56 142
1231 12.52 4.0 30.3 465 383 471 16.2 3.3 36 105 143
1232 12.53 4.0 30.0 562 463 71 16,4 3.2 58 174 145
1233 12,55 4.0 30.1 520 429 473 16,5 3.1 54 167 147
1234 12,57 3.9 29.9 500 409 47 165 3.2 8 86 148
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MAIN DUCT BYPASS BUCY
CARBON MONOXIDE CARSON MONOXIDE

TIMEDECIMAL 02 co2 AT 7% 02 ROLLING ©O2 co2 AT 7% 02 ROLLING

TIKE  (X) (%) (ppm) (ppm) AVERAGE (X) (%) (ppm) (ppm) AVERAGE
1235 12.58 3.9 30.4 496 405 472 16,3 3.4 36 108 149
1236 12.60 3.9 30.3 583 478 472 16.2 3.3 51 146 150
1237 12.462 3.9  30.2 511 419 473 16.2 3.5 41 117 151
1238 12.63 4.0 30.3 541 445 475 16.2 3.4 57 167 154
1239 12.65 4.0 29.9 624 512 474 16.3 3.3 &3 246 156
1240 12,67 3.9 30.2 472 3a7 472 163 3.3 60 176 157
1261 12.68 4.0 30.3 658 542 AT 16.4 3.1 66 201 159
1242 12.70 4.0 30.1 600 494 476 16.5 3.0 43 135 160
1243 12.72 4.1 29.9 S84 484 470 16.6 3.0 58 183 162
1244 12.73 4.1 29.6 398 329 465 14,4 3.2 34 162 162
1245 12.75 4.1 30.1 376 mn 469  16.3 3.4 33 9¢ 163
1246 12.77 4.2 301 582 484 468 16.3 3.2 £ | 153 163
1247 12.78 4.2 29.7 547. <455 464 16.4 3.0 45 137 159
1248 12.80 4,1 29.7 403 333 452 16,5 3.2 33 101 156
1269 12.82 4.0 30.1 S04 416 461 16.4 3,2 37 13 154
1250 12.83 4.0 29.7 608 501 460 16.5 3.0 48 148 152
1251 12.85 4.0 29.8 407 336 458 16.6 3.0 29 @1 151
1252 12.87 4.1 30.2 494 409 458 16.5 3.1 18 55 150
1253 12.28 4.1 29.6 576 477 . A57  16.% 3.0 47 1446 149
1254 12.90 4.1 29.3 350 290 455  16.% 2.9 38 118 150
1255 12.92 4.1 29.5 296 245 450 16.5 3.1 18 55 150
1256 12.93 4.1 29.9 357 304 448 16.4 3.3 15 45 149
1257 12.95 4.1 29.8 544 450 447 16.4 3.2 25 ™ 148
1258 12.97 4.0 29.7 522 430 446  16.5 3.2 29 89 147
1259 12.%98 3.9 29.8 453 n 445  16.5 3.2 28 87 144
1300 13.00 3.¢ 30.2 589 482 444 16.5 3.2 48 150 142
1301 15.02 3.9 30.1 678 555 445  16.6 3.2 54 172 138
1302 13.03 3.9 304 534 437 4h2 16.6 3.2 38 120 133
1303 13.05 3.9 30.3 569 466 440 16.5 3.2 24 Ie) 129
1306 13.07 3.9 30.0 627 512 440 16,5 3.3 15 47 127
1305 13.08 3.8 30.2 551 449 441 16.5 3.3 28 35 127
1306 13.10 3.9 30.3 &35 519 41 16.5 - 3.3 37 115 124
1307 13.12 4.1 30.2 618 511 439  16.% 3.1 30 95 120
1308 13.13 4.0 30.1 470 388 439 16.7 3.1 16 53 118
1309 13.15 3.9 29.9 576 &72 441 16.6 3.2 1" 33 116
1310 13.17 3.9 30.1 490 400 437 165 1.2 10 n m
1311 13,18 4.0 30.4 621 510 438 16.5 3.2 15 45 108
1312 13.20 4.0 30.1 5&2 462 439 16.4 3.3 10 29 107
1313 13.22 4,0 30.3 523 431 439 16.5 3.2 10 32 107
1316 13,23 4.0 29.8 516 424 435 16.5 3.2 11 36 105
1315 13.25 4.1 30.3 82 399 433 16.5 3.2 26 86 105
1316 13.27 4.0 30.0 587 483 436 16.6 3.1 18 58 105
1317 13.28 4.0 30.2 482 397 437 165 3.3 1" 3% 104
1318 13.30 3.9 30.0 534 437 433 16.4 3.4 9 28 L
1319 13.32 3.9 30.3 487 399 432  16.3 3.5 14 42 o7
1320 13.33 3.9 30.3 571 466 434 16.4 3.4 14 42 96
1321 13.35 3.8 30.3 462 376 433 16.3 3.5 20 58 96
1322 13.37 3.9 30.3 626 512 433 156.3 3.3 72 215 97
1323 13.38 3.9 30,0 500 409 436 16.4 3.3 45 139 97
1324 13.40 3.9 30.5 493 404 432 16.5 3.3 30 Sk 98
1325 13.42 4.0 30,2 &70 552 435  16.5 3.2 Th 233 101
1326 13.43 4.0 29.9 500 412 435 16.4 3.3 56 172 103
1327 13.45 4.0 2¢.% 577 - 475 434 16.4 3.2 58 177 105
1328 13.47 3.9 29.9 440 359 432 16.4 3.4 29 85 105
1329 13.48 3.9 30,4 576 471 432 16.4 3.3 53 161 107
1330 13.50 4.0 30.% 723 594 436 16.5 3.0 3 o7 108
1331 13,52 3.9 29.8 451 368 436 16.6 3.0 14 45 107
1332 13.53 4.0 30,2 508 417 435  16.6 3N 19 61 105
1333 13.55 4.1 29.7 681 563 437  16.7 2.9 28 2% 104
1334 13.57 4.0 29.4 426 351 436 16.5 3.1 10 32 103
1335 13.58 4.0 29.8 344 283 434 16.4 3.4 12 36 101
1336 13.40 4.1 300 640 530 435 16.4 3.3 72 221 103
1337 13.62 4.0 29.5 5 486 436 16.5 141 36 112 103
1338 13.63 3.9 29.7 37 309 434 16.5 3.2 14 43 101
1339 13.65 3.9 30.2 519 425 432  16.5 3.3 B4 260 101
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MAIN DUCT BYPASS DUCT
CARBON MONOXIDE
TIME DECIMAL 02 coe AT 7% 02 ROLLING 02 co2
TIME (%) (%) (ppm)  (ppm)}  AVERAGE (&3] (%)
1340 13.67 3.9 30.0 747 612 436 16,6 3.1
1341 13.48 3.8 29.8 467 i 433 16.7 3.0
1342 13.70 3.9 30.3 189 9 431 16.6 3.3
1343 13.72 4,0 29.8 702 577 432 16.4 3.2
1344 13.73 3.9  30.0 504 &N 433 16.4 3.5
1345 13.75 1.7 30.5 553 448 435 16.3 3.4
13446 13.77 3.7 30.3 Bs2 699 439 16.4 3.4
1347 13.78 3.6 30.5 584 470 440 16.4 3.4
1348 13.80 3.7 30.7 751 609 444 16,5 3.2
139 13.82 3.8 304 BOt 651 448 16.5 3.1
1350 33.83 3.7 30.5 567 458 447 16.7 3.1
1351 13.85 3.7 30.4 748 605 452  16.7 3.0
1352 13.87 3.6 30.4 601 485 453 16,7 3.0
1353 13.88 3.7 30,2 716 579 455  16.8 2.9
1354 13.%90 3.6 3041 526 424 457  14.8 3.0
1355 13,92 3.7 30,5 602 485 4% 168 2.9
1356 13.93 3.8 30.1 795 645 467 17.0 2.7
1357 13.95 3.6 30.0 430 387 466 17.0 2.8
1358 13.97 3.6 30.5 662 534 467  17.1% 2.7
1359 13.98 3.7 30.2 B20 663 472 17.0 2.9
1400 14.00 3.7 30.5 654 528 473 16.8 2.8
1401 14,02 3.7 30 650 533 473 17.0 2.6
1502 14.03 3.7 29.8 442 358 47T 17.0 2.7
1403 14.05 3.6 304 35 283 468 16.9 3.0
1404 14.07 3.8 30.5 702 572 469  16.9 2.9
1405 14.08 3.9 29.6 841 489 473 17.0 2.7
1406 14.10 3.8 29.6 440 359 47 169 2.9
1407 14.12 3.8 303 491 401 459  16.9 3.2
1408 14.13 3.9 30.0 5897 570 472 16.8 3.1
1409 14.15 3.8 301 436 355 70 16.7 3.3
1410 14.17 3.¢ 30.6 503 411 470 16.6 3.4
1411 14,18 3.9 29.9 664 543 471 16,7 3.2
1412 14.20 3.7 30.0 392 318 468  16.7 3.3
1613 14,22 3.9 30.6 4bb 345 467  16.6 3.2
1414 14.23 4.0 29.%9 658 540 469  14.8 3.0
1415 14.25 3.8 3041 448 365 468 16.8 3.1
1416 14.27 3.9 30,4 578 474 468 16.8 LI
1417 14,28 3.9 29.7 5N 467 470 16.7 3.1
Minimum= 3.6 28.9 296 245 15.8 2.6
Maxigum= 4.5 30.7 .y e 721 17.1 3.6
Averages 4.0 30.0 559 459 16.4 3.2
Zero drift= 0.47 2.30 0.98 0.21 0.9
(X of span}
Span drift=  1.24 2.92 0.09 3.26 2.13
(%X of span)
Error Est.z2 0,10 1.15 8.21 0.5 0.18
Comments: '

LINEARITY CHECK €02 5.957% [11-02-1989 -- 09:39:34)

LINEARITY CHECK 02 6.044X [11-02-1989 -- 09:50:30)

LINEARITY CHECK CO 392.8 PPM [11-02-1989 -- 10:09:10)
LINEARITY CHECK CO 148.2 PPM ([11-02-1989 -- 10:18:22]

ALL ANALYZERS PASSED LINEARITY CHECK [11-02-1989 -- 10:34:35]
BYPASS 20 INCHES 10 ON PYREX (11-02-1989 -- 10:43:23)

MAIN AT 22 INCHES 18 AND 32 ON PYREX [11-02-198% -- 10:43:581
SAMPLE LINES PASSED LEAK CHECKII!I!IVME] [11-02-1989 -- 10:44:32)
ON STACK GAS [11-02-198% -- 10:49:44)

CHANGED CAUSTIC ON MAIN CD MONITOR. [11-02-198% -- 11:04:42]
BEGIN RUN 5A [11-02-1989 -~ 11;30:01]

PRINTER JAMMED. [11-02-1989 -- 13:55:59)

END OF RUN 5 [11-02-1989 -~ 14:17:21F

iINAL LEAK CHECKS OK, BYPASS BOTH <SMM AT 20"HG, MAIN <10MM AT 22NG, [11-02-1989 -- 14:25
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CARBON MONOXIDE
AT TX 02 ROLLING

{ppm)

(ppm)

290
95
7

1332
34

195

196

109

259

215

206

176
81
48
40
51
66
26
20
15

9
17
11
-0
17
12
11
58
2
40
a8
81
38

6
97
46
n
16

-0
&23
13

AVERAGE

103
101
100

29

98
100
m
100
103
104
105
107
107
105
104
104
104
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RUN 5 - THC

KOT THC

BYPASS DUCT

COLD THC

BYPASS DUCT

COMMENTS

MAIN DUCT MAIN DUCT
7% 02 7% 02 7% 02,dry 7% 02,dry
{ppm) (ppm) (ppm) (ppm} (ppm) {ppm) (ppm) (pem)

TIME DECIMAL
TIME

TEST BEGUN
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COMMENTS
SAMPLING ENCZD
N2 PURGE CHECX
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TIME DECIMAL

1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1600
1601
1602
1603
1604
1605

Run Average=
N2 Bias Aver

TIME

15.63
15.65
15.67
15.68
15.70
15.72
15.73
15.75
15.77
15.78
15.80
15.82
15.83
15.85
15.87
15.88
15.90
15.92
15.93
15.95
15.97
15.98
16.00
16.02
16.03
16.05
16.07
16.08

BYPASS DU
7=

COLD THC

cT
02

{ppm} {ppm)

ol [=N-X-R-y--Yo¥_¥-)
P = on w4 4 s e .
D00 ne oo oo o

09 0 0 09 0 08 [0 (o £0 0 0 ©

=~ R =E=NeR=y-f. Ny _F-N-F.F-Y-FN_N-]

0.7
0.3

For Time Peroid 1130-1253
Zero Drift=
(% of span)
Span Drift=
(% of span)
Efror Est.=

.04
0.7
0.05

For Time Peroid 1308-1437

2ero Drift=
(X of span)
Span brift=
(% of span)
Error Est,=

L]

0.15
0.26
0.15

2.2

MAIN DUCT

{pem)

. R
COO0VOoODODODO O

T
(=X-~N=X=F-F-¥-F- =L ¥ F_ 2]

— b e ok b el ek ) B LD el o ) et b omh D ik b eh kel rh el mh e B B
.

oo
h
LV,

0.32
2.40
0.47

0.05
1.38
0.1

Data calculated by extrapolation.

7% 02
{ppm)

5.3

HOT THC

BYPASS DUCT

(pem}

. . M oo o &8 4 8 s 8 N . .
N R N R R P R

Ud A B Ul ot Ll o M A S

B etk ek ke kb ol ol mh Bk h ok h b ol ol b b kb ol —k ok kol

0.31
2.02
0.46

0.02
7.85
0.62

7X 02,dry
{ppm)

7.9

Cold THC corrected to 7% 02 = Raw value x ((14/(21-02 conc.))
Hot THC corr. to 7% 02, dry = Raw value x ((14/(21-02 conc.})/(1-Moist. conc. )

Comments:
LINEARITY CHECX PROPANE 20.35 PPM [01-19-1580 -- 04:30:13)]
LINEARITY CHECK PROPANE 49.09 PPM {01-19-198Q -- 04:35:09)
THC'S PASSED LINEARITY CHECK [D1-19-1980 -- 04:38:08]
ON STACK GAS ([01-19-1980 -- 04:45:33)
\BEGIN RUN 5A [D1-19-1980 -- 05:25:48]

LOGGER TIME IS 6 HR, 5 MIN SLOW, TIME Now IS 1237. [01-19-1980 --

ZERO THC'S [01-19-1980 -- 06:48:14)
SPAN THC' FROM 6:54 TO 4:55 [01-19-1980 -- 07:01:37}
BACK ON STACK GAS [01-19-1980 -- 07:01:53]
END OF RUN 5 [01-19-1980 -- 0B:13:0%)
FLAMEOUT ON COLD MAIN. [01-19-1980 -- 08:18:23)
ALL TIMES MENTIONED IN THE COMMENTS ARE & HOURS AND 5 MINUTES BEHIND.
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MAIN DUCT

{ppm)

CO0O0D00Oo0O00DOODOO.
IR I R I N e e e e e e
LA AV C RS RV RV BV JU N YV T IV Y 3T ]

OO0 000O000000O
a
VI WA WMo WA

.
- On

0.03
20.70
6.15

0.43
0.92
0.43

06:33:20)

7% 02,dry
(ppm)

2.0

COMMEKTS




APPENDIX B-6

ORGANIC MASS DATA
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NOTE: QC sampling times were reported by the operator prior to actually
injecting the sample. Reported times may be premature by up to 10 min. Also,
a2 10-ft length of sampling line was used to transfer sample gas from the hot
THC sample 1ine to the field GC. A low flow rate was maintained through this
1ine; therefore, GC sampting times do not correlate d1rect1y (i.e., minute for
minute) with THC sampling times.

Method 0010--No significant problems were encountered with the Method 0010

trains. A1l test runs at each duct fell within the acceptable range for
isokinetic performance, and all leak checks were passed.
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ORGANIC MASS DATA

TOTAL
CARBON FRACTIONS (ppm Propane) MASS
RUN TIME C1-C7| C1-C7 [ C7-C17 | C7-C17 | >C17 (pprn)
RUN # {24-hour) SAMP. # | TIME | (wet) (dry) {wet) (dry) {dry) {dry)
Main Duct
1 1548-2012 R1858 1557 55.7 69.54 1.6 2.00 0.39 71.93
R1889 1616 8.2 10.24 0.3 0.37 0.39 11.00
R18810 1645 7.8 9.74 0.4 0.50 0.39 10.63
R1SS11 1720 5.00 6.24 0.00 0.00 0.39 6.63
R18812 | 1739 5.80 7.24 0.30 0.37 0.39 8.0
R15S13 1757 6 7.49 0.4 0.50 0.39 8.38
R1SS14 | 1815 83.10 £6.29 3.00 3.75 0.39 70.43
R18815 | 1834 6.40 7.99 0.20 0.25 0.39 8.63
R1SS16 | 1852 6.30 7.87 Q.50 0.62 0.39 8.88
R18817 | 1910 6.00 7.49 0.50 0.62 0.39 8.50
R18518 | 1930 7.40 9.24 0.60 0.7% 0.39 10.38
R1S519 { 2002 6.10 7.62 0.60 0.75 0.39 8.75
Run Average 14.48 18.08 0.70 0.87 0.39 19.35
2 11589-1440 R2SS2 1222 12.30 15.39 1.20 1.50 0.54 17.44
R2SS3 1241 8 10.01 0.3 0.38 0.54 10.93
R2584 1259 9.20 11.51 0.90 1.13 0.54 13.18
R28S5 1318 4.10 5.13 0.30 0.38 0.54 6.05
R25S6 1347 12.30 15.39 1.10 1.38 0.54 17.31
R2887 1408 8.40 10.51 0.50 0.63 0.54 11.68
R25S8 1424 8.90 11.14 0.20 0.25 0.54 11.93
Run Average 95.03 11.30 0.64 0.80 0.54 12.64
3 1139-1431 R3S83 1154 7.10 8.59 0.80 0.97 0.90 10.45
R3SS4 | 1213 7.90 9.55 . 0.50 . 0.60 0.80 11.06
R3ISSS 1247 6.50 7.86 0.40 0.48 0.90 9.24
R3556 1251 6.20 7.50 0.40 0.48 0.90 8.88
R3SS57 1321 7.30 8.83 0.30 0.36 0.90 10.08
R3S58 1342 7.00 8.46 0.60 0.73 0.90 10.09
R3559 1401 7.20 8.71 0.40 0.48 0.90 10.09
R3SS10 | 1419 5.00 6.05 0.50 0.60 0.90 7.55
Run Average 6.78 8.19 0.49 0.59 Q.90 9.68
4 1100~-1147 R4552 1117 9.10 11.30 1.80 2.24 0.39 13.93
1548-1825 R48S53 1135 7.60 9.44 0.70 0.87 0.39 10.70
R4SS4 1556 5.50 6.83 0.50 0.62 0.39 7.84
R4585 1614 6.60 8.20 0.40 0.50 0.39 9.09
R4SS7 1647 6.90 8.57 0.20 0.25 0.39 9.21
R4558 1705 7.60 9.44 0.30 0.37 0.39 10.20
R4S8S9 1723 5.90 7.33 0.30 0.37 0.39 8.09
R4SS10 | 1742 6.20 7.70 0.50 0.62 0.39 8.71
R4SS11 1801 5.00 6.21 0.40 0.50 0.39 7.10
R45812 | 1818 6.30 7.83 0.40 0.50 0.39 8.71
Run Average 6.67 8.29 0.55 0.68 0.39 9.36
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ORGANIC MASS DATA

. TOTAL
CARBON FRACTIONS (ppm Propans) MASS
RUN TIME C1-C7| C1-C7 |[C7-C17 | C7-C17 | >C17 | (ppm)
RUN # {(24-hour) | SAMP. # [ TIME | (wet) (dry) (wet) {dry) (dry) (dry)
S 1130-1417 | R5BSS2 | 1148 6.10 7.54 0.70 0.87 0.50 8.91
RSBSS3 | 1207 6.70 8.28 0.50 0.62 0.50 9.40
R5BSS4 | 1225 6.70 8.28 0.50 0.62 0.50 9.40
R5BSS5 | 1243 5.90 7.29 0.20 0.25 0.50 8.04
R5BSS6 | 1307 740 9.5 0.20 0.25 0.50 9.89
R5B3S7 | 1330 6.00 7.42 0.60 0.74 0.50 8.66
RSBSSB | 1352 6.60 8.16 0.40 0.49 0.50 9.15
R5BSS9 | 1409 6.80 8.41 0.50 0.62 0.50 9.52
Run Average 6.53 8.07 0.45 0.56 0.50 9.12
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ORGANIC MASS DATA

TOTAL
CARBON FRACTIONS {ppm Propane) MASS
RUN TIME C1-C7| C1-C7 |C7-C17 | C7-C17 | »C17 (ppm)
RUN # (24-hour) | SAMP. # | TIME | (wet) {dry) {wet) (dry) (dry) {dry)
Bypass Duct
1 1548-2012 R1SS8 1557 1.30 1.41 0.40 0.43 0.01 1.85
R1SS9 | 1616 1.30 1.41 0.20 0.22| 0.01 1.63
R1S8810 1645 1.3 1.62 0.1 0.12 0.01 1.76
R1SS11 | 1720 210 2.62 0.20 0.25 0.01 2.88
R18S12 | 1739 1.20 1.30 0.10 0.1 0.01 1.42
R18813 1757 1.30 1.41 0.10 0.11 0.01 1.53
R1S514 | 1815 1.80 2.25 0.30 0.37 0.01 2.63
R18S15 | 1834 1.40 1.75 0.20 0.25 0.01 2.01
R18S16 | 1852 1.20 1.50 0.10 0.12 0.01 1.63
R1SS17 | 1910 1.50 1.62 0.10 0.11 0.01 1.74
R18518 | 1930 1.20 1.30 0.10 0.11 0.01 1.42
R1S519 | 2002 2.40 2.80 0.10 0.11 0.01 2,72
Run Average 1.50 1.73 0.17 0.19 0.01 1.93
2 1159-1440 R2S882 1222 1.70 1.86 0.00 0.00 0.44 2.30
R2883 1241 1.4 1.75 0 0.00 0.44 2.19
R2584 1259 1.50 1.64 0.00 0.00 0.44 2.08
R2885 1318 1.10 1.20 0.60 0.66 0.44 2.30
R2SS5 1347 1.60 1.75 0.00 0.00 0.44 2.19
R2SS7 1406 1.50 1.64 0.00 0.00 0.44 2.08
R2S88 1424 1.40 1.53 0.00 0.00 0.44 1.97
Run Average 1.46 1.63 0.09 0.09 0.44 2.16
3 1139-1431 R3583 1154 1.70 1.84 0.00 0.00 0.42 2.26
R3554 | 1213 1.80 1.95 0.00 0.00 0.42 2.37
R3SS5 1247 2.00 217 0.20 0.22 0.42 2.80
R38s6 1251 2.30 2.49 0.00 0.00 0.42 2.91
R3S87 1321 1.90 2.06 0.00 0.00 0.42 2.48
R3SS8 1342 1.90 2.06 0.00 0.00 0.42 2.48
R3SS9 1401 1.90 2.08 0.00 0.00 0.42 2.48
R3SS10 | 1419 1.90 2.06 0.00 0.00 0.42 2.48
Run Average 1.93 2.09 0.03 0.03 0.42 2.54
4 1100-1147 R48852 1117 1.50 1.62 0.00 0.00 N 1.62
1548-1825 R458S3 1135 1.70 1.84 0.20 0.22 N 2.05
R4SS4 1556 1.30 1.40 0.00 0.00 N 1.40
R4SS5 1614 1.30 1.40 0.10 0.1 N 1.51
R4SS7 1647 1.40 1.51 0.00 0.00 N 1.51
R45S8 1705 1.40 1.51 0.00 0.00 N 1.51
R4SS9 1723 1.40 1.51 0.00 0.00 N 1.51
R48S10 | 1742 1.40 1.51 0.00 0.00 N 1.51
R4SS11 | 1801 1.40 1.51 0.00 0.00 N 1.51
R45S12 1818 1.30 1.40 0.00 0.00 N 1.40
Run Average 1.40 1.51 0.00 0.00 N 1.51
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ORGANIC MASS DATA

TOTAL

CARBON FRACTIONS {ppm Propane} MASS

RUN TIME C1-C7| C1-C7 |C7-C17 | C7-C17 | >C17 | (ppm)

RUN # {24-hour) SAMP. # | TIME | (wat) (dry) (wet) (dry} (dry) (dry)
5 1130-1417 | R5BSS2 | 1148 2.00 2.16 0.10 0.11 0.26 2.53
R5BSS3 | 1207 1.60 1.73 0.20 022 | 0.26 2.21
R5BSS4 | 1225 1.70 1.84 0.00 0.00 0.26 2,10
R5BSS5 | 1243 1.60 1.73 0.00 0.00| 0.26 1.99
R5BSS6 | 1307 1.70 1.84 0.00 0.00| 0.26 2.10
R5BSS7 | 1330 1.70 1.84 0.00 0.00 0.26 2.10
R5BSS8 | 1352 1.80 1.95 0.00 0.00 0.26 2.21
R5BSS9 | 1409 1.80 1.95 0.00 0.00| 0.26 2.21
Run Average 1.72 1.86 0.05 0.05 0.26 217
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APPENDIX B-7

TOTAL HYDROCARBON AND
TOTAL ORGANIC MASS DATAZ

8 HC and organic mass data presented as dry, ppm propane
equivalent.
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RUN 1

THC CONCENTRATION (dry)
8YPASS DUCT MAIN DUCT
TIME DECIMAL  ORGANIC MASS Cold Hot Cold Hot  COMMENTS
TIME BYPASS MAIN  (ppm) (ppm) (ppm) (ppm)

1548 15.72 36.7 38.5 SAMPLING BEGUN
1549 15.73 59.2  80.9

1550 15.75 67.3  57.6

1551 15.77 85.3 127.5

1552 15.78 101.9 60.3

1553 15.88 29.0
1554 15.90 27.5
1555 15.92

1556 15.93

1557 15.95 1.9 71.9
1558 15.97

1559 15.98

1600 16.00

1601 16.02

1602 16.03

1603 16.05

1604 16.07

1605 16.08

1606 16.10

1607 16.12

1608 16.13

1609 16.15

1610 16.17

1611 16.18

1612 16.20

1613 16.22

1614 16.23

1615 16,25

1616 16.27 1.6 11.0
1617 16.28

1618 16.30

1619 16.32

1620 16.33

1621 16.35

1622 16.37

1623 16.38

1626 16.40

1625 16.42 ZERO AND
1826

1627

1628

1629

1630

1631

1632

1633

1634

1635

1636 16.60 SPAN CHECK
1637 16.62

1638 16.63

1639 16.65

1640 16.67

1641 16.68

1642 16.70

1843 16.72

1646 16.73

1645 16.75 1.8 10.6
1646 16.77

1647 16.78

1648 16.80

1649 16.82

1650 16.83

1651 16.85

1652 16.87

v .
'

.
"
—
-~

. n
—

.

-
O -
N

.
O=MNOWOoN

.
-

.

.

N
M .

— AR OWa O R
1

et i R e g gurgururgu—y XY V1

EN N NN T NN NSRS -

OCO0O00OoOROOO00OCO0O0DOOOC
v o n
.

nnbnp o NnNNNNNR RN NR RN W

00D OOCO0DDOCO00000E0000000
ol

N

PN O LW R R i

'Of‘:‘i‘l"“-l‘-l.‘\l‘i'ﬂmmm‘om

.
-

GHO\OO‘DOPGOOQQQN

H
= —a

'ONUIU"&‘-S‘-&'LINJ“(DU‘H&-

s w
.
- PO WSS
e
.

—
MOVOOVVOOVOW

NWNRSrE~NPODCNO OO

N
. v
D

W QIO DO~~~y

-

]
.

v .
o
I

—~ S ewua000000000

S =SS N=000000000000
h

P NNNNNNNNNE

.
.

.
[

=l =R=K-J-]
a

0O 000

.

uo.qgs_._.mos.-oomm'r:'-——

.
.

¥
[

[
[=R=N~R=y=)-)
"

]
v

v

CO00-=2~200000
.

. + . on
NNMNMNNNNNURNWWARD N OO
1
.

]
OO0 OoOoO0OOO

DDV OO A DB~ OO

= ORPNNP N NVNNO OO

PNNNN"J“J:'J'\INCDN"J'NI‘HON
D‘O'O'O'O'OO’O:OWO

-

B-93



COMMENTS

Hot
{ppm)

MAIN DUCT

Cold
{ppm)

THC CONCENTRATION (dry)
Kot
(ppm)

BYPASS DUCT

Cold
(ppm)

ORGANIC MASS
HAIN

BYPASS

TIME DECIMAL
TIME

231.99591??65787656?8858989922157&?986162?303981510387801619911995
090.89199353888888888888888599988888889?98899382109830309998890838

—— - - —

951-185592199010988899?80001‘53219032940610261035129978448‘213‘530

oMM 77037.7.7-66?7-7:666656667.7.7:7.7.7.7-—{767!7.7.57.8777777.7.0997668197.7.7.7-77.3777'

39588?77665544564&£55737163109877765555555655378877?7877389885776
00900000000000000000003221111000000000000D00000100030000000000000

00“.00000000000000000000000000000000000000000000000000000000000000

2 o <
L] [aad «©
o < "
~n - —
PR OMNMINMDONMNANSNMINEDONMINMAOONMINERGNNMINh OO o e ™~
%WW%%W”WW&WDD11B11122822%33333”54444655555j@6ﬂ66“7ﬂﬂﬂﬂ?%&ﬂ38%%9%%
N N R N N e @ m = % % = w. % 8 m. % & moe a w e aw i I e R e e NN A N e i NN
i e el e e el e e el el e e el e el o o el e N N Ny o S i S A N S S S
T T e e T o P o o T T T o T T T T e T T T e o o P o T v Ve o re T P e T I T " T ¥ T Ve o T = T T T Y T o Y T Ty T v
3456?8901ZSNS678901234567890123656?390123456789012345678901234567
ood e oo oF AP < oF of SF ST o3 o3
883 e SR RERR R R R R R RN AR ARRK R AR NN N N RN N R R R R R R R R PR RO RER R R
11111-1-l-lllnl-l.lalal-lcl-lal-lqlal-l.lnl-l-lql-I-Inl-lllc.l-l-lcl111111111111111111111111111llnl

B-94




THC CONCENTRATION (dry)

MAIN DUCT

BYPASS DUCT

Cold Hot Cold Hot COMMENTS
(pem) (ppm) (ppm) {(ppm)

ORGANIC MASS
MAIN

BYPASS

TIME DECIMAL
TIME
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COMMENTS

Hot
(ppm)

MAIN DUCT

Cold
(ppm)

THC CONCENTRATION (dry)
Hot
{ppm)

BYPASS DUCT

Cold
{ ppm}

ORGANIC MASS
MATN

BYPASS

TIME DECIMAL
TIME
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TIME DECIMAL

2008
2009
2010
201
2012

TIME

20.13
20.15
20.17
20.18
20.20

ORGANIC MASS

THC CONCENTRATION (dry)

BYPASS DUCT
Cold

(ppm)

0.6

=E-3-X-]
[+ 0 Y-

-

NNNNO
NW OO

MAIN DUCT
Cotd

{ppm)

Hot
(ppm)

8.9
9.0
9.4
2.1
9.1
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RUN 1, BYPASS DUCT

HOT THC CONCENTRATION AND TOTAL ORGANIC MASS

fg 9
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RUN 1, MAIN DUCT

HOT THC CONCENTRATION AND TOTAL ORGANIC MASS
< 200
L

(WY

wn

(=3
1

2

LN
=)
T

CONCENTRATION (ppm Propan

-“*“_ﬂr-—-f'*-l-J

16 17 18 19 20 21

(=1

15
24—HOUR TIME
— HOTTHC + ORGANIC MASS

RUN 1, MAIN DUCT

COLD THC CONCENTRATION AND TOTAL ORGANIC MASS
< 300
Q

&
S

[
3

|

e

o
T

wn
<
T

CONCENTRATION (ppm Propan
2

/t/\g +
- ;hurn4_~+~4Jk_J+_+*JLd¢_,_+_

17 18 19 20 - 21

=]

15 16
24-HOUR TIME
— COLDTHC + ORGANIC MASS

B-99




RUN 2
THC CONCENTRATION (dry)
CRGANIC MASS BYPASS MAIN

TIME DECIMAL BYPASS MAIN CoLD HOT CoLD HOT COMMENTS

TIME (dry) (dry)  (ppm) (ppm) (ppm) {ppm)
1159 11.98 1.9 0,0 11.8 15,8 SaMpl ING REGIN
1200 12.60 1.8 0.0 18.9 19.5
1201 12.02 1.7 -0.1 11.6 13.6
1202 12.03 1.7 -0.1 10.3 12.6
1203 12.05 1.8 -0.2 2.9 12.5
1204 12.07 1.9 -0.2 9.5 12.0
1205 12.08 2.6 0.1 39.8 49.7
1206 12.10 4.1 1.7 36,7 25.3
1207 12.12 4.1 2.5 3.6 32.0
1208 12.13 3.0 1.3 16.4 15.4
1209 12.15 2.6 0.6 15.8 19.4
1210 12.17 2.3 0.5 20.6 20.0
1211 12.18 2.1 0.3 11,5 12.5
1212 12.20 2.0 0.1 ¢.0 11.5
1213 12.22 1.9 0.1 2.2 11.8
1214 12.23 1.9 0.2 2.2 1.7
1215 12.25 1.9 0.3 9.2 1.9
1216 12.27 1.8 0.3 1.7 13.9
1217 12.28 1.7 0.2 2.2 1N.2
1218 12.30 1.7 0.3 8.7 11.%
1219 12.32 1.7 0.2 8.7 1.2
1220 12,33 1.6 0.3 8.7 11.0
1221 12.35 1.6 0.3 2.1 11.4
1222 12.37 2.3 17.44 1.5 0.3 9.7 11.9
1223 12.38 1.5 0.3 9.5 11.4
1225 12.40 1.6 0.4 2.5 11.5
1225 12.42 1.6 0.5 9.7 1.7
1226 12.43 1.7 0.6 12.2 14.2
1227 12.45 1.6 0.3 10.8 12.2
1228 12.47 1.5 0.2 ?.5 11.2
1229 12.48 1.5 .1 9.0 10.8
1230 12.50 3.3 1.8 19.8 22.4
1231 12.52 2.1 0.9 3.5 29.4
1232 12.53 1.9 0.6 13.3 14.4
1233 12.55 1.5 0.0 10.8 12.1
12346 12.57 1.5 -0.1 .1 10.9
1235 12.58 1.8 3.1 12.7 1.6
1236 12.80 1.6 0.0 23.3 23.7
1237 12.62 1.6 -0.1 12.6 13.7
1238 12.63 1.5 -0.1 .8 1.6
1239 12.45 1.5 -0.1 g4 1.4
1240 12.67 1.4 -0.1 10.6 12.4
1261 12.68 2.19 10.93 1.4 -0.9 9.3 1141
1242 12.70 1.5 0.0 9.7 11.6
1243 12.72 1.7 0.3 10.3 12.2
1246 12.73 1.5 0.0 9.7 1.4
1245 12.7% 1.4 0.0 9.1 11.0
1246 12.77 1.4 0.0 11.4 135.2
1247 12.78 1.4 0.0 9.5 111
1248 12.80 1.4 0.1 8.9 10.8
1249 12.82 1.4 0.1 ?.3 11,2
1250 12.83 1.4 0.1 28.6 29.7
1251 12.85 1.4 0.1 15.4 14,5
1252 12.87 1.4 0.2 .7 1.4
1253 12.88 1.5 0.2 9.2 111
1254 12.90 1.5 0.2 9.2 11
1255 12,92 1.5 0.3 g.0 10.8
1256 12.63 1.4 0.3 2.1 11.0
1257 12.95 1.4 0.2 9.4 111
1258 12.97 1.4 ¢.1 8.7 1.2
1259 12.98 2.08 13.18 1.9 0.2 9.2 10.7
1300 13.00 3.2 2.3 9.1 10.7
13071 13,02 2.7 1.3 10.5 121
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THC CONCENTRATION {dry)
ORGANIC MASS BYPASS MAIN
TIME DECIMAL BYPASS MAIN COLD HOT coLD HOT COMMENTS
TIME {(dry) {dry} (ppm) (ppm) (ppm) (ppm}
1302 13.03 2.3 0.8 9.8 11.3
1303 13.05 2.1 0.5 9.2 10.8
1304 13,07 2.1 0.4 8.9 10.é
1305 13.08 2.0 0.2 9.1 10.7
1306 13.10 2.0 0.3 101 11.9
1307 13.12 1.9 0.2 10.3 1.7
1308 13.13 1.9 0.2 e.1  10.9
1309 13.15 1.9 0.2 9.t  10.9
1310 13.17 1.8 0.2 9.1 10.9
1311 13.18 1.7 0.1 9.2 1.0
1312 13.20 1.9 0.3 9.2 11.0
1313 13.22 1.7 0.3 9.9 11.5
1314 13.23 1.6 0.1 8.9 .10.6
1315 13.25 1.5 0.1 9.0 10.7
1316 13.27 1.5 0.1 8.9 10.6
1317 13.28 1.5 0.1 9.2 10.9 i
1318 13.30 2.3 6.05 1.6 0.2 9.3 11.0
1319 13,32 1.6 0.1 9.1 10.8
1320 13.33 1.8 0.5 ¢.1 10.8
1321 13.35 1.6 0.3 9.2 10.7
1322 13.37 1.5 0.2 13.9¢ 15.1
1323 13.38 1.5 0.2 10.6 1.9
1324 13.40 1.5 0.2 9.1 10.6
1325 13.42 1.5 0.2 12.0 13,5
1326 13.43 1.7 0.4 15.4 16,6
1327 13.45 ZERO AND
1328
l 1329
1330
1331
- 1332
l 1333
1334
1335
1336
1337 13.62 SPAN CHECK
1338 13.63 1.4 1.0 13.0 13.7
1339 13.465 1.7 0.9 12,3 13.6
' 1340 13.67 1.7 0.8 15.2 15.5
1341 13.48 1.6 0.6 11.1 12.4
1342 13.70 1.6 0.6 10.3 11.9
1343 13.72 1.6 0.6 9.6 1MA
1344 13.73 1.7 0.6 10.8 12.6
1345 13.75 1.7 0.6 10.7 12.2
1346 13.77 1.6 0.6 10.2 12.0
1347 13.78 2.19 17.31 1.6 6.7 10.0 1.8
1348 13.80 1.6 0.7 .8 1.6
1349 13.82 1.7 0.7 2.6 11.5
1350 13.83 4.6 3.6 19,6 215
1351 13.85 7.4 7.5 18.9 18.1
1352 13.87 4.6 4.0 NM.6 12,9
1353 13.88 3.0 2.2 2.5 1.2
1354 13.90 2.1 1.3 9.6 11.5
1355 13.92 1.8 1.1 10.3 121
1356 13.93 1.7 1.1 12.0 13.7
1357 13.95 1.7 1.0 2.9 11.6
1358 13.97 1.7 1.0 .9 N.7
135¢ 13.98 1.7 1.0 9.2 1.1
1400 14.00 1.6 1.0 9.7 11.5
1401 14.02 1.5 1.0 9.5 1.3
1402 14.03 1.5 0.9 9.4 11.0
1403 14.05 1.5 0.9 2.5 11.0
1404 14.07 1.4 0.8 9.6 1.2
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THC CONCENTRATION (dry)

ORGANIC MASS BYPASS MAIN

TIME DECIMAL BYPASS MAIN coLp HoT CoLD HOT COMMENTS

TIME (dry) (dry) (ppm} (ppm) {ppm) {ppm)
1405 14.08 1.4 0.7 9.7 1.3
1606 14.10 2.08 11.68 1.4 0.6 9.2 10.8
1407 14.12 1.4 e.5 P4 MNMA
1408 14.13 1.5 0.5 1.6 12,9
1409 14.15 1.5 0.4 9.8 11.3
1410 14.17 1.4 0.4 f12.2 13.7
1411 14.18 1.4 ¢.3 10,8 12.3
1412 14.20 1.4 0.4 113 12.9
1413 14.22 1.4 0.6 11,0 12.6
1414 14.23 1.4 0.4 9.3 1A
1415 14,25 1.4 0.4 2.3 t11.2
1416 14.27 1.5 0.5 1.0 15.8
1417 14.28 1.5 0.6 10.9 12.0
1418 14.30 1.5 0.6 11,3 13.3
1419 14.32 1.5 0.6 1.1 15.5
1420 14.33 1.7 0.8 16.0 17.1
1521 14.35 1.6 0.8 14.4 15.2
14622 14.37 1.5 0.7 10.1 11.8
1423 14.38 1.6 0.8 10.0 11.8
1426 14.40 1.97 11.93 1.5 .8 10.3 12.0
1425 14,42 1.5 0.8 10.9 2.5
1426 14.43 1.5 0.8 0.4 12.2
14627 14.45 1.5 .8 10.& 11.9
1428 14.47 1.5 0.7 ¢.¢ 1.5
1429 14.48 1.7 1.0 26.6 27.8
1430 14.50 1.5 0.6 18.3 17.3
1431 14.52 1.4 0.6 13.6 14.4
1432 14.53 1.4 0.5 1.3 12.8
1433 14.55 1.4 0.4 16.5 17,2
1434 14.57 1.4 0.4 10,6 121
1435 14.58 1.4 0.4 9.7 1.3
1436 14.60 1.4 0.3 10.2 1.9
1437 14.62 1.4 0.4 10.9 12.6
1438 14.63 1.4 0.4 2.5 W.s
1439 14.65 1.4 0.5 9.7 1.6
1640 14.67 2.4 1.4 9.5 11.4 SAMPLING ENDED
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RUN 2, BYPASS DUCT

COLD THC CONCENTRATION AND TOTAL ORGANIC MASS
8 .

th (=, ~J
T T T

(¥

(3% ]

12 12.5 13 13.5 14 14.5 15

CONCENTRATION (ppm Propane)
N

—

24—HOUR TIME
— COLD THC + ORGANIC MASS

RUN 2, BYPASS DUCT
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RUN 2, MAIN DUCT

COLD THC CONCENTRATION AND TOTAL ORGANIC MASS
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RUN 3

THC CONCENTRATION (dry)
ORGANIC MASS BYPASS MAIN
TIME DECIMAL BYPASS MATN CoLD HOT COoLD HOT COMMENTS
TINE (dry) {dry) (ppm) (ppm} {ppm) (ppm)

1139 11.65
1140 11,67
1141 11.68
1142 11.70
M43 11.72
44 11.73
1145 11,75
1146 11.77
1147 11.78
1148 11.80
1149 11.82
150 11.83
1151 11.85
1152 11.87
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1218 12.30 1
1219 12.32 1
1220 12.33 1
1221 12.35 1
1222 12.37 1
1223 12.38 1
1224 12.40 1
1225 12,42 1
1226 12.43 1
1227 12.45 1
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1229 12.48 1
1230 12.50 1.
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THC CONCENTRATIOR (dry)

ORGANIC MASS BYPASS MAIN
TIME DECIMAL BYPASS MAIN coLp HOT coLD
TIME  {dry) {dry) {ppm) (ppm) {ppm)

1243 12.72

1321 1% T

LS g LN -]

1245 12.75

1266 12.77

1247 12.78 2.8 9.24
1248 12.80

1249 12.82

1250 12.83

1251 12.85 2.9 8.88
1252 12.87

1253 12.88

1254 12.90

1255 12.92

1256 12.93

1257 12.9%

1258 12.97

1259 12.98

1300 13.00

1301 13.02

1302 13.03

1303 13.05 .
1304 13.07 ZERO AND
1305 SPAN CHECK
1306

1307

1308

1309

1310

1311

1312

1313

1314

1315

1316

1317

1318

1319 13.32

1320 13.33

1321 13.35 2.48 10.09
1322 13.37

1323 13.38

1324 13.40

1325 13.42

1326 13.43

1327 13.45

13268 13,47

1329 13,48

1330 13.50

1331 13.52

1332 13.53

1333 13.55

1336 13,57

1335 135.58

1336 13.60

1337 13.62

1338 13.43

1339 13.45

1340 13.47

13417 13,68

1342 13.70 2.48 10.09
1343 13.72

1346 13.73

1345 13,75

1346 13.77
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- AN R O T A & B B B B B e ==

THC CONCENTRATION (dry)
ORGANIC MASS BYPASS MAIN
TIME DECIMAL BYPASS MAIN coLD HOT coLp HOT COMMENTS
TIME  (dry) (dry) (ppm) (ppm) (ppm) {ppm)

1347 13.78
1348 13.80
1349 13.82
1350 13.83
1351 13.85
1352 13.87
1353 13.88
1356 13.90
1355 13,92
1356 13.93
1357 13.95
1358 13.97
1359 13.98
1400 14.00
1401 14,02 2.48  10.09
1402 14.03
1403 14.05
1404 14.07
1405 14.08
1406 14.10
1407 14.12
1408 14.13
1409 14.15
1410 14.17
1411 1418
1412 14.20
1413 14.22
1414 14.23
1415 14.25
1416 14.27
1417 14.28
1418 14.30
1419 14.32 2.48  7.55
1420 14.33
1421 14.35
%2 14.37
1423 14.38
1524 14.40
1425 14.42
1426 14.43
14627 14.45
1428 14.47
1429 14.48
1430 14.50
1431 14.52
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RUN 3, BYPASS DUCT

COLD THC CONCENTRATION AND TOTAL ORGANIC MASS
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RUN 3, BYPASS DUCT

HOT THC CONCENTRATION AND TOTAL ORGANIC MASS
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RUN 3, MAIN DUCT

COLD THC CONCENTRATION AND TOTAL ORGANIC MASS
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RUN 3, MAIN DUCT

HOT THC CONCENTRATION AND TOTAL ORGANIC MASS
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COMMENTS
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THC CONCENTRATION (dry)

ORGANIC MASS BYPASS MAIN
TIME DECIMAL BYPASS MAIN CoLD HOT coLD COMMENTS
TIME (dry) (dry) (ppm) {ppm) (ppm) (pyrt)
1810 18.17 0.6 -0.2 5.9 7.5
1811 18.18 0.6 -0.2 6.0 7.7
1812 18.20 0.6 -0.2 6.2 8.0
1813 18.22 0.6 -0.2 6.0 7.7
1814 18.23 0.6 -0.2 6.0 7.6
1815 18.25 0.6 -0.2 6.2 7.9
1816 18.27 0.6 -0.2 6.2 7.8
1817 18.28 0.6 -0.2 5.9 7.5
1818 18.30 1.4 B.7 0.6 -0.2 6.0 7.7
1819 18.32 0.6 -0.2 6.0 7.6
1820 18.33 0.6 -0.2 5.8 7.4
1821 18.35 0.& -0.2 5.9 7.4
1822 18.37 0.6 -0.2 5.9 7.5
1823 18.38 0.6 -0.2 6.0 7.6
1824 18.40 0.6 -0.2 5.8 7.4
1825 1B8.42 0.6 -0.2 6.0 7.6

SANPLING ENDED
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RUN 4, BYPASS DUCT

COLD THC CONCENTRATION AND TOTAL ORGANIC MASS
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RUN 4, BYPASS DUCT

HOT THC CONCENTRATION AND TOTAL ORGANIC MASS
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RUN 4, MAIN DUCT

COLD THC CONCENTRATION AND TOTAL ORGANIC MASS
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RUN 4, M#IN DUCT

HOT THC CONCENTRATION AND TOTAL ORGANIC MASS
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RUN 5
THC CONCENTRATION (dry)
CRGANIC MASS BYPASS MAIN

TIME DECIMAL BYPASS MAIN coLp HOT coLD HOT COMMENTS

TIME  (dry) {dry) {ppm) {ppm) {ppm) {ppm)
1130 11.50 0.7 0.5 6.2 7.6 TEST BEGUN
1131 11.52 0_R 0.5 Y 7.7
1132 11.53 0.8 0.5 6.4 8.0
1133 11.55 ¢.7 0.5 6.2 7.6
1134 11.57 0.8 0.5 6.2 7.6
1135 11.58 0.8 0.5 6.3 7.9
1136 11.60 0.7 0.5 6.5 8.0
1137 11.62 0.8 S 6.4 7.8
1138 11.83 0.8 0.5 6.0 7.5
1139 11.65 0.8 0.5 6.2 8.1
1140 11.67 0.8 0.5 6.3 8.1
1141 11.68 0.8 0.6 6.1 7.6
1142 11.70 0.8 0.7 6.2 7.4
1143 11.72 0.7 0.5 6.7 7.7
1146 11.73 0.7 0.5 6.8 7.7
1145 11.75 0.7 0.5 6.4 7.4 ,
1146 11.77 0.7 0.5 6.4 7.6
1147 11.78 0.8 0.6 6.6 7.9
1148 11.80 2.5 8.9 0.8 0.6 6.3 7.6
1149 11.82 0.8 0.6 6.2 7.7
1150 11.83 0.8 0.6 6.5 8.0
1151 11.85 0.8 0.6 6.4 7.8
1152 11.87 0.8 0.6 6.5 7.9
1153 11.88 0.8 0.6 6.6 8.1
1154 11.90 0.8 0.6 6.4 7.9
1155 11.92 0.7 0.6 6.6 8.1
1156 11,93 0.7 0.6 6.5 7.8
1157 11.95 a.7 0.6 6.6 8.1
1158 11.97 0.7 0.6 6.6 7.9
1159 11.98 0.7 0.6 6.6 8.1
1200 12.00 0.7 0.6 6.7 7.9
1201 12.02 0.7 0.6 6.6 7.5
1202 12.03 0.7 0.6 6.5 7.6
1203 12.05 0.7 0.6 6.5 7.7
1204 12.07 0.7 0.6 6.6 8.0
1205 12.08 0.7 0.6 6.5 7.7
1206 12.10 0.7 6.6 6.4 7.8
1207 12.12 2.2 9.4 0.8 (1. 6.6 8.0
1208 12.13 0.8 0.6 6.4 7.6
1209 12.15 0.8 0.6 8.2 7.
1210 12.17 0.7 0.5 6.4 7.7
1211 12.18 0.8 0.6 6.5 7.8
1212 12.20 0.8 0.6 6.3 7.5
1213 12,22 0.8 0.6 6.3 7.6
12146 12.23 0.8 0.6 6.6 8.1
1215 12.25 0.8 0.5 6.7 8.1
1216 12.27 0.8 0.5 6.4 7.8
1217 12.28 0.8 0.6 6.1 7.5
1218 12.30 0.8 ¢.6 6.2 7.6
1219 12,32 0.8 0.5 6.3 7.5
1220 12,33 0.8 0.5 6.2 7.3
1221 12.35 0.8 0.5 6.3 7.5
1222 12.37 0.8 0.5 6.4 7.6
1223 12.38 0.8 0.6 6.2 7.5
1224 12.40 0.8 0.5 6.5 7.9
1225 12.42 2.1 9.4 0.8 0.6 6.5 7.8
1226 12.43 0.8 0.5 6.5 7.7
1227 12.45 0.8 0.5 4.5 7.7
1228 12,47 0.8 0.6 6.5 7.7
1229 12.48 0.8 0.5 6.7 8.0
1230 12.50 0.8 0.6 6.6 7.7
1231 12.52 0.8 0.6 6.6 7.9
1232 12.53 0.7 0.6 6.6 7.7
1233 12.55 0.7 0.6 6.7 7.9
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THC CONCENTRATION {(dry)

ORGANIC MASS BYPASS MAIN
TIME DECIMAL BYPASS MAIN coLD Hat coLp
TIME (dry) (dry) {ppm) {ppm) (ppm)

1234 12.57
1235 12.58
1236 12.60
1237 12.62
1238 12.63
1239 12.65
1240 12.67
1241 12.68
1242 12.70
1243 12.72 2.0 8.0
1244 12.73
1245 12.75
1246 12.77
1247 12.78
1248 12.80
1249 12.82
1250 12.83
1251 12.85
1252 12.87
1253 12.88
1256 12.90 : 1EBO AND
1255 SPAN CHECK
1256

1257

1258

1259

1300

1301

1302

1303

1304

1305

1306

1307 2.1 9.9
1308 13.13
1309 13.15
1310 13.17
1313 13.18
1312 13.20
1313 13.22
1314 13.23
1315 13.25
1316 13.27
1317 13.28
1318 13.30
1319 13.32
1320 13.33
1321 13.35
1322 13.37
1323 13.38
13264 13.40
1325 13,42
1326 13.43
1327 13,45
1328 13.47
1329 13.48
1330 13.50 2.1 8.7
1331 13.52
1332 13.53
1333 13.55
1334 13.57
1335 13.58
1336 13.60
1337 13.62
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THC CONCENTRATION (dry)
ORGANIC MASS BYPASS MAIN
TIME DECIMAL BYPASS MAIN coLp HOT coLp HOT COMMENTS
TINE  (dry) (dry) (ppm) (ppm) (ppm) (ppm)

1338 13,463
1330 1345
1340 13.67
1341 13.68
1342 13.70
1343 13.72
1346 13.73
1345 13.75
346 13.77
1347 13.78
1348 13.80
1349 13.82
1350 13.83
1351 13.85
1352 13.87 2.2 9.2
1353 13.88
1354 13.90
1355 13.92
1356 13.93
1357 13,95
1358 13.97
1359 13.98
1400 14,00
1401 14.02
1402 14.03
1403 14,05
1404 14.07
1405 14.08
1406 14.10
1407 14,12
1408 14.13
1409 14.15 2.2 9.5
14610 14,17
1411 14.18
1412 14.20
1413 14.22
1414 14.23
KI5 .25
1416 14.27
1417 14,28

“« »
.
.

« 3
M
?-0*0‘00‘?0!0\00-0-0

LoOo0C0Oo0OO0O00OOo OO
»

OO OO D OO (RO

Qoaooo?noooooo
&Nhhbm:omu-o.:\.aa

NNNNNNNYNLGNYNNNY

NBNNNREN NN
ceoooor
NN
e

NNNNr N NrrrNNE NNy

. w *
..
e

o000 0C0CCOoOOO0O
900@0\&?\0000&00
DWWV VION A

€ c .ODOQOQOQDOOC)
v .

. P

v o

POQODQ

-d-q-q-q-q:ummmon-qca

GODP-O\O-DA

. . .
. e . .
D

QGOPOOOO

OO0 oOCDOoCOoOOO0DDD

. .

QIS ANOWVMNSVIWSON &

bl AR N Y

B-118

‘il NS N B e

-



I -

> W s

—

CONCENTRATION (ppm Propane)

RUN 5, BYPASS DUCT

OLD THC CONCENTRATION AND TOTAL ORGANIC MASS
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RUN 5, BYPASS DUCT

HOT THC CONCENTRATION AND TOTAL ORGANIC MASS
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RUN 5, MAIN DUCT

COLD THC CONCENTRATION AND TOTAL ORGANIC MASS
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CONCENTRATION (ppm Propan
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RUN 5, MAIN DUCT

HOT THC CONCENTRATION AND TOTAL ORGANIC MASS
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APPENDIX B-8
HC1 DATA
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NOTE: A1l leak checks of the HC1 sample trains were passed with the exception
[t is believed that
the train's impinger connections were loosened as the train was removed from
the duct at the conclusion of the test.

of the final leak check for test Run 2 at the main duct.

HCI TRAIN SAMPLING TIMES

24-HOUR TIME

SAMPLE PERIOD RUIN #1 RUN #2 RUN #3 RUN #4 RUN #5
MAIN DUCT
1 1715 - 1745 1200 - 1730 1142 - 1212 1100 - 1130 1133 - 1203
2 1810 - 1840 1246 - 1316 1230 - 1300 1632 - 1702 T 1218 - 1248
3 1900 - 1930 1329 - 1359 1315 -1345 1714 - 1744 1305 - 1335
4 1940 - 2010 1408 - 1438 1401 - 1431 1755 - 1825 1347 - 1917
BYPASS DUCT
1 1549 - 1619 1159 - 1229 1139 - 1209 1100 - 1130 1130 - 1200
2 1730 - 1800 1249 - 1319 1218 - 1248 1626 - 1656 1205 - 1235
3 1900 - 1330 1323 - 1353 1257 - 1327 1704 - 1734 1241 - 1311
q 1941 - 2011 14310 - 1440 1340 - 1410 1740 - 1810 1320 - 1350
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FILE NAME - FIMHZL - PROG.=VER 2&/737%/83
FUN # - RUN1HECL QE-29-1330 O06:2I: 20
LOCATIOMN — mMAIM ESF QUTLET DULCT

DATE - 10/25/8%

FROJECT # - 102

Initial Meter Volume {(Cubic Feet)= 7H1L.T700
Final Meter ¥olume (Cubic Feeti= 8IL.5660
Meter Factor= G991
Final Leak Fate (cu ft/min)= £ 000
Net Meter Volume (Dubic Feetli= &l.dii
HFas Vaolume (Dry Standard Cubic Feesti= S&e.47
Barometric Frezsure (in Hgi= 25011
SGtatic Fressure (Inches HIQ)= -0, 41
Fercent Oxygen= S.3
fFercent Zarbaon Dicxide= 26.3
Moisture Callected (mlr= Q.0
Fercent Water= 0.0
Average Meter Temperature (F)= J1
Average Delta H cin HZ0)= 0,38
Average Delta P (in HIO)= Q.3500
Rveraqge Stack Temperature (Fi= S00
Dry Molecular Weight= 3. 94
Wet Molecular Weight= L. 44
Average Square Root of Delta P (in HZO)= 00,7071
Z Isakinetic= 73.7
Fitot Coefficient= 0. 83
Sampling Time (Minutesi= 120.0
Nozzle Diameter (Inches)= 0.250
Stack Axis #1 (Inches)= 48.0
Btack Axis #Z (Inchesi= 6.0
Fectangular Stack

Stack Area (Square Feet)= 3Z.00
Stack Velacity [{Actual, Feet/min)= 2,702
Flow Rate (Actual, Cubic ft/mind= B&, 4351
Flow rate (Standard, Wet, Cubic ft/mind= =8,375
Flow Rate (Standard, Dry, Cubic ft/min)= o8, 375

Farticulate Loading - Front Half

Farticulate Weight (gi= G.0000 Corv. to 7% 02 & 12% COZ
Farticulate Loading, Dry Std. (gr/scfi= 0. 0000 0. G000 0. 0000
Farticulate Loading, Actual (gr/cu fto= 0. 0000

Emission Rate (lb/hra= 0. 00

Nz Rack Half Analysis
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* % METRIZ UNITS # =

FILE NAME - RIMHCL

FUN # - ZUN1HCL

LOCATION - MAIN ESF QUTLET DUCT
DATE - 10/,28/89

FREOJECT # - 9102

Initial Meter Volume (Cubic Meters)=
Final Meter Vaolume (Cubic Meters)s=
Meter Factor=

Final Laak Fate fcu m/mins=

Net Meter Volume (Cubic Meters)=

Has Voluine (Dry Standard Cubic Metersi=

Barometric Fressure (mm Hgl=
[and - Ve e e i Ty
Static Fressure (mm HZO)=

Fercent Oxygens=

Fercent Carbon Dioxide=s
Moisture Collected (mlo=
Fercent Water=

Average Meter Temnperature (Ci=
Average Delta H (mm HZG)=
Average Delta F (mm HZO)=
Average Stack Temperature (C)H=

Dry Molecular Weight=
Wet Molecular Weight=

Average Square Foot of Delta B (mm HZ0)=
4 Isckinetic=

Fitot Coefficient= ‘
Sampling Time (Minutes)=
MNozzle Diameter (mm)=

Stack Axis #l (Metersi=
Stack Axis #Z (Meters)=
Fectangular Stack

Stack Area (Square Meters)i=

Stack Velocity C(Actual, m/mina=
Flow rate (Actual, Cubic m/minld=
Flow rate <(Standard, Wet, Cubi:c m/mini=
Flow rate (S5tandard, Dry, Cubic m/mini=

Farticulate Loading - Front Half
Farticulate Weight (gQli=

Farticulate Loading, Dry 5td. (mg/cu ma=
Farticulate Loading, Actual (mg/cu my=

Emission Fate (kg/hra=

Nz Back Half Analysis

II.413
4, 144

0. 991
0, Q000

a0

e
ey dm m

12,

143

3z, a4
32. 44

e
(=

2]
~H
[}

~ -

0.83
120.0
6.35
1.219
Z.438

0. 0000
0.0
Q.0

Q.00

B-125

FFOG. =VER 06/(13/83
06-23-1990 063

Corr.

ta

74 02
Q.0

=y

&

=
=2 dD

1324
0,0

coz




FILE mMAME - RIMBZL FROG. =VER 06/03/8%3
mUN # — RUNLIHCL OE=-29—1330 Q&:I22:47

LOCATION -
DATE - 10/Z

MAIN ESF CLTLZT DUCT

8/83

N |

~

FROJECT # - 3102
moint # Delta F Delta H Stack T Metaeyr T
Cim. HZDY Tim. HZOS R In(F)» Qut(Fa
i 0. 900 . 38 200 81 80
z 0, 200 U, 388 300 a3z 86
= 0 S00 i, 28 200 84 20
o4 0,500 0.88 200 3¢ 7'
= 0,500 3,88 200 37 100
& 0, 300 G, 38 300 1) 101
7 O, 500 .38 200 85 85
3 0. 306G .38 300 a8 a3
) 0,500 .38 300 83 98
10 0, 500 0,88 =00 0 102
i1 O, 500 .88 300 = 104
12 0,300 ¢, 38 300 25 104
3 0. 500 &, 88 200 38 88
13 0.S00 Q.88 00 560 88
13 0. 500 0. 88 300G 83 30
1€ 0,300 0,08 300 20 92
17 0. 500 Q.88 SO0 30 93
H 0,300 0.89 300 'S0 =L
13 0,300 £.88 300 88 a8
20 0. 3S00 Q.88 300 23 33
21 0, S00 0. 88 300 88 S0
2z 0. 500 0,83 300 38 =
23 0,500 .38 200 835 =)
s 0,500 0.88 2300 83 332
Fraction Final Wt. Tare Wt. Blank Wt. Net Wt.
tgl tgl tql (gl
DEY CATCH 0. 0000 Q. 0000 Q. 0000 Q, OO00
FILTER (s Pntutate] O, QOO0 O, 0000 Q. QOO0
Fraction Fimnal Wt. Tare Wt. Val, Net Wt.
(gl gl {ml3d (gl
FEOEE RINSE Q. 0000 G QOO0 Q.0 0, 0000
IMFINGERS 0. 0000 0. Q000 0.0 Q. QOO0

Frobe Rinse Blank (mg/mli= Q. 0000
Impinger Blank (mg/miz= O.0000
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FILE NAME -~ R1BHCL

T LN

Imitial

Final Me
Metzsr ITx
Final Le
Net Mete

Has & Ol A

Baraometr
S'Cati-:

UM 4 — mUNTBRCL
P - EYE

10,287,873

it - 31

Meter
tar
cLor=
ak Rat

r MYaolume
ma (Dry Standard

iz Fre

Frassures

Vol ne

STD IaE
[ P v B i

O

Vol ume

2 Loy

SSUra

Fercent Oxygen=

Fercent
2voant

Average
Average
Average
Average

Dry Maole
Wet Mole

Cartbon Diaxide=
Moisture Collected (ml)=

Waters=

Meter
Delta
Delta
Stack

cular
Tular

Temperature
H (ip HZO!=
HZO) =
Temperature

Foiin

Weight=
Weight=

il

(Cubic
b ic

(Cubic

ft/mind=
Feet)=
(RNl W

{in Hg»=
(Inches HzO)=

(Fi=

(Fa=

mverage Sguare Root of Delta F

% Isokin

Fitot
Sampling

Nozzle Diameter

Stack Ax

Stack Axi

etic=

Time

i= #1

is <

Coefficient=
(Minutes)=
(Inches)i=
(In-hes)=
(Inches)=

Fectangular Stack,

Stack Ar

Stack Ve

Flow Rate
Flow rate

Farticulate Loading ~ Front RHalf
Farticulate Weight

Farticulate Loading,
Farticulate Loading,

Emission

ea (Square Feet)=

locity
CACt

FRate

(Standard,
Flow Rate (Standard, Dry, Cubic ft/mind=

(Actual,
Cubic
Wet,

ual,

fgi=

Feet/mini=
ft/min)=
Cubic

Dry 35td.
Actual
(lb/hr2=

N Back Half Analysis

T DULT

Feet’
Feet)

(in HZO)=

ft/miny=

(gr/ecfi=
(gr/cu

468,374
547,130

1,030
63,570
o7 914

23,11
-Z.80

17.8
Z.6
0.9
Q.0

78
0.88
0, 500

335

23.13

3.13

0.7071

83.2

.83
120.0
0. 250

24,0

FE. 0

16. 00

3,305

52,881

26,574

26,574

G, 0000
Q. 0000
QL0000

Q.00
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= % METEIC UNITS + =

CILL NAME -° RLIEHCL FROG, =VER GE/02/84
UM B — RUNIEBHCL ‘ QEe-23—-1330 O:37:35

LOCATION - BYFASE P OGUTLET DUCT
DATE — 10/28/879
FREOJECT # - 10z

Initial Meter “Yolume ‘Cubic Metersi= 13.8279
Final Meter Yoluwne (Cubic Metersi= 135,434
Meter Factor= 1.6020
Fimal Leak mate {(cu m/mind= €, Q000
Net Meter Vaolume (Cubic Meters)i= 1.715
Gas Volume (Dry Standard Cubic Metersi= 1.540
Barometric Fressure (mm Hgi= 739
Btatic FPrassure (mm H20)= -71
Fercent Oxygen= 17.8
Fercent Carbon Dioxides 2.6
Moisture Collected imlo= 0.0
Faercent Water= 0,0
Average Meter Temperature ()= ZE
Average Delta H (mm HZO)= 2.9
Averages Delta F (mm HMZO)= 12.7
Average Stack Temperature (D)= 291
Dry Molecular Weight= Z3.13
Wet Molecular Weight= 29.13
Average Square Root of Delta P (mm HZO)= 3. 36357
%W Isakinetics 35.Z2
Fitot Coefficient= Q.83
Sampling Time (Minutes)= 120.0
Nozzliz Diameter (mm)= &.35
Stack Axis #1 (Meters)= G.610
Stack Axis #Z (Meters)= 2,438
Fectangular Stack

Stack Area (Square Meters)= 1.486
Stack Velocity (Actual, m/mini= 1,007
Flow rate (Actual, Cubic m/mind= 1,397
Flow rate (Standard, Wet, Cubic m/minds= 733
Flow rate (Standard, Dry, Cubic m/min)= 723
Farticulate Laading — Fromt Hal f

Farticulate Weight (g)= 0. Q000 Corr. to 774 02 % 12% COZ
Farticulatz Loading, Dry Std. (mg/cu mo= Q.0 0.0 G0
Farticulate Loading, Actual tmg/cu m)= Q.0
Emission Rate (kg/hra= .00

Na Back Half Analysis
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FILE NAME —- R1EBHCL
LN # - FEUNIBHCL

LGCATION - BYFASS ESF OUTL

DRTE - 10/28/,8Y
FROJECT # - 3102

Fodint # Delta F Delx
Cim. HZO)Y (in.
1 0.500 O, 3
e 0. 300 .8
= 0,500 =
4 G500 0.3
= 0, 500 a,.8
& 0. 900 0.3
7 Q. D00 0.8
2] O.S00 .3
] 0,500 0.8
10 0. S00 0.8
11 0. 300 0.8
iz 0,500 0.8
iz 0.500 0.8
14 Q.5300 0.3
135 0. 300 .38
1& 0,500 0.8
i7 0, 500 0.8
id 0y D00 0. g
19 0,500 0.3
=0 0,500 0.8
=1 Q. 500 0.8
22 Q.3500 0.3
23 0.500 0.8
=4 Q.300 0.8
Fraction Final
L a?
DRY CATCH Q. o000
FILTER O, OO0
Fraction Final
(g)
FROBE RINSE O, 0000
IMF INGEFRS 0. 0000

Frobe Rinse Blanmk (mg/ml)=
Impinger Blank <(mg/mli= O

-1

[
-
[ml
‘:..
L]

a H Stack T
HZ@) CF 23
g8 555
8 =33
e 555
2] 555
8 325
2 395
8 5SS
3 535
S )t
a 555
8 995
3 o258
8 555
8 =25
g IS5
8 S55
8 o355
LS 555
a8 559
a8 535
8 o999
8 S55
8 535
3 SS9
WE. Tare Wt.
g2
0, 0000
€, Q000
Wt. Tare Wt.
gl
0, Q000
0, 0000

QL QGO0
. CHOHOO)

Me

IndcrF

— =
4o

74
73

]
=

83
7S
75
77
79
81
8z
83
7S
77
80
83
835

80

Blank
(gl
QL Q000

O, Q000

Vol
(ml)
Q.0
(RS

B-129

FROG. =VER
OE~-Z5—1930

ter T
Qut {(F
71
7
73
73
75
76
76
74
74
74
7€
76
76
79
77
77
78
79
80
81
81
a1
81
a8z

Wt. Net Wt.
(g)

0O, 0000

0, 0000

Net Wt.
(:g ]
0, 0O00

0O&/03/83
061 53:01



FiLs inamME - RZMHCL
FRUN # - RZMHCL

L OCATION — MAIN c3F
DATE - 10O/723/3%

OUTLET DULT

FREOJECT # — 9102
initial Meter Volume (Cubic Feet
Final Meter Yaolume (Cubic Feetl=

Meter Factor=

Final Leak FRate (cu ft/nmini=

ret Meter Vaolume (Cubic Feet)=s
[ I e R FT e, T e mem A Ty b s = BT
iSoao WL LLee WA 'j et Sl PR W LSSLAR Y T

Fressure (in
Linches

Barometric
Static Fressure

Fercent Oxygen=

Fercent Carbon Dioxides
Moisture Collected (mlo=
Tzrocent Waters

Average Meter Temperature (Fi=
Average Delta H (in HZ2Q)=
Average Delta F Cip HZO)=
Avarage Stack Temperature (Fi=

Dry Molecular
Wet Molecul ar

Waight=
Weight=
Average Square Root of Delta F
W oIsckinetic=

Coefficient=
(tMinutes)=
(Inchesi=

Fitot
Sampling Time
HNozzle Diameter

Stack Awis #1 (Incheso=
Stack Axis #Z (Inches)=

Fectangular Stack
Area (Square Feet)=

Stack

)=

(in HzO)=

ft/min)=

Stack Velooity f{Actual, Feettmin)d=
Flow Rate (Actual, Cubic ft/mind=
Flow rate (Standard, Wet, Cubic
Flow Fate (Standard, Dry, Cubic

Farticulate Loading - Front Half

ft/mini=

[
—~
s

[l
LR e | N o
A

s
:
L)

0,230
48, 0
FE. 0

2Z2.00

z,688
86, 021
58, 144
58, 144

FrRGE. =VER

O7~GI-1930

08 /03 /8%5
DEL 2T EE

L]

Farticulate Weight
Farticulate Loading, Dry Std. (gr/scfi=
Farticulate Loading, Actual (gr/cu fti=
Emission Rate (lb/hri=

QL0000
0, 0000
0. GOa0

0. 00

12%

O, 0000

Corr, to 74 02 % coz

0. Q000

{gi=

NS Back Half Analysis

B-130
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= « METRILC UNITS
FILE NAME - RIMHCL
FUMN # - REZMBCL
LOCATION - MAIN ESF OUTLET DUCT
DATE - t0/2%,839
FROJECT # — 3102

Initial Meter Volume (Zubic Mstersi=
Final Meter VYolume (Cubic Meters)=
Meter Factor=

Final Leak Rate (cu m/mind=

Net Meter Volume (Cubic Metersys=

Gas Yolume (Dry Standard Cubic Metersi=

Barometric Fressure (mm Hgl=
Static Fressure (mm HZO)=

Cercent Oxyqen=

Fercent Carbon Dioxides=
Moisture Collected (mlos
Fercent Water=

Avarage Meter Temperature (D)=
Average Delta H (mm H20)=
Average Delta F ¢mm HZO)=
Average Stack Temperature (Ci=

Dry Molecular Weight=
Wet Molecular Weight=

Average Square FRoot of Delta F (mm H20»=

“ Isokinetic=

Fitot Coefficient=

Sampling Time (Minutess)=
Nozzlie Diameter (mm»=

Stack Axis #1 (Metsrs)i=
Stack Axis #Z (Metersi=
Fectangular Stack

Stack Area (Square Meters)=

Stack Velocity J{Actual, m/mini=
Flow rate (Actual, Cubic m/mini=
Fluouw rate (Standard, Wet, Cubic m/min)=
Flow rate (Standard, Dry, Cubic m/mini=

Farticulate Loading - Front Half
FParticulate Weight <(gi=

Farticulate Loading, Dry Std. (mg/cu md)=
Farticulate Loading, Actual <mg/cu mi=

Emission Rate fkg/hri=

Mo Back Hal f Analysis

* #

3z.74

SZ.74

—
(=

~ (N

&3
F.

L~

0.83
120.0
5.33
1.219
Z.538

Q. Q000
0,0
0,0
QL. 00

B-131

FROG.=VER O6/33/853
G7=02=1330

Carr.

to

7%
Q.0

0E: 26 QO

az
g

&

12%
0.0

coz




FILE NAME — FoMHnL FROG. =VER O&/09/83
FUN # - RIZMHCL Q7-02-1990 08328122

-
=,
i3

<4

LOCATION - MAIN E3F OUTLZ
DATE - 10/23/83

- T — T
o

FEOJIEZIT OB

Faxint # Lelta F Delta H Stack T Meter T

cip. HZO3 Cin. HZO) CF In(F» QutiF)

i 0. S00 0, 86 300 £2 &
g 0,300 .36 SO0 53 &4
| Q. S00 U. 36 S0 o) &8
4 0. 00 0, 86 SO0 &4 72
b 0. SO0 0.8& SO0 &6 75
& Q.300 .36 00 = 77
7 0.300 .36 ciuly &3 71
3 O, D00 .86 300 71 73
E, Q. SO0 0, 86 200 72 8z
10 0,300 0,386 300 74 86
11 O, 300 0.86 300 79 a8
12 O, 300 0,86 SO0 77 91
z Q. o000 .86 00 74 78
1< e SO0 o, 386 200 7€ 73
i3 O, D00 Q.86 200 76 81
16 0. 500 Q.86 200 7& 33
17 0,900 0,86 3G 77 84
18 0. 300 .86 300 77 84
13 CLTOo 0. 8¢ 500 74 77
20 0,300 0,86 300 75 77
21 0L S00 0,86 jelute) A 80
=2 . QL300 Q.36 300 76 a3
23 QL300 0. 86 300 76 83
24 0,500 0,86 300 76 84

Fractiaon Final Wt. Tare Wt. EBlank Wt. Net Wt.

tgo (gl £g? gl
DREY CATCH 0, QOGO Che QOOO 0, 0000 0. 0000
FILTEF Q. QOO0 0L 0000 QL 0000 O, 0000

Fractiaon rimal Wt. Tare Wt. Vol . Net Wt.

tgl tgo Cml) (g2
FFROEBE RINSE Q. D000 0, QOO0 0.0 O 0000
IMPINGERS 0. 0000 O, DOGD 0.0 G G000

Frobe Rinse Blank (mg/mll= 0, 0000

Impinger Blank (mg/mli= 0.0000

B-132

I--“--‘--‘-l--




‘
2 = 3

-
[}

=

FILE MAME - =Z
FEUN # - RZBHCL
LOCATION - BYF
DATE - 10/23/8
FREOJEST # — 91

Iinitial Meter
Metsr Mo
Meter Factor=
Finmal Leak Rat
Net Meter VYolu
izl uine

-4 = =)
L SRR

Gaz

-
A e =

N ol =)
ASS
=

O

Yol ume
iume (L

e (cu f
me (Cub

tDry Standard

Barometric Fressures
Static Fressure (Inch

Fercent Oxygen
Fercent

Moisture Collected (m
Fercent Waters=

Average Meter Tempera
Average Delta H (in M
Average Delta & (inmn H

Avarage Stack

Dry Molecular
Wat Molecular

Tempeara

Weight=
Waisght=

ESF QUTLET DUCT

filunic Feet)=
ubiz Feetir=
t/mini=
i Faet)=

Zubic Feetl=
in Hgl=

es HI0)=

Carbon Dicoxides

li=

ture (Fi=
2=

200 =

ture (Fi=
f Delta F

Average Square FRoot o

“ lesokinetic=

Fitot Coefficient=
Sampling Time (Minut
Nozzle Diameter (Inc
Stack Axis #1 (Inche
Stack Axis #Z (Inche
Fectangular Stack
Stack Area (Square F

Stack Velooity
Flow Rate {Actual, C
Flow rate (Standard,
Flow Fate (Standarz,

Farticulate

Farticulate Weight ¢

(Actual,

esi)=
hesi=
s)1=
SI=

getl=

ubic
Wet,
Cry,

gi=

Farticulate
Farticulate
Emission

Nz Back

T - e
[ROF= R T

Loading,
Leading,

Half Analysis

Dry 5td.
Actual

tlg/hro=

fgr/cu

Cin Hza)=

Feet/minl=

ft/mini=
Cubic
Cubic

Lmading — Fraont Half

(gr/scfi=
ftai=

ft/mini=
ft/miny=

S50, 608
€11.763
1.030
T
GZ. 30
€1, 200

23,11
-Z.80

EISTRY
6. QO

2, 344
53, 497
26,239

26,239

0, Q000
. 0000
O, 0000

0,00

B-133
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Q. Q000

0z
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=
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& 12%

Q. 0000
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* #® METRIZ UNITS # #
FILE NAME - REIZIBHCLC FROG, =VERF Q& 03/23
FUN # - RZBHCL O7—-02=-13390 06:33:3€
LooATION - BYFASE ESF OUTLET DUCT
DATE - 10723733
FROJECT # — 9102

Imitial Meter Yalume (Cubic Metersd= 15.351
Tinal Meter Yolume (Cubic Meters)s= 17,223
Meter ractor= 1.032¢
Final Leak Fates (Cu a/mins= 0L D000
Net Meter VYolume Cubic Metergi= 1.784
Hdags Volume (Dry Standard Zubic Meters)i= 1.733
Barometric Fressure (mm Hgo= 73
Static Pressure mm H2O0)= =71
Fercent Oxygen= 17.4
Fercent Carbon Dioxide= 2.3
Modsture Coliectsd (mll= 0.0
Fercant Water= 0.0
Average Meter Temperature (C)= 2
Average Delta H Gam HZCy= 2.4
Averags Delta P (mm H20O= iz2.7
Average Stack Temperature (L= S04
Dry Molecular Weight= 29.1¢6
Wet Molecular Weight= 23,16
Average Square Foot of Delta P (mm HZO)= 2. 3637
7% Isokinetic= F1.2
Fitot Coefficients 0.33
Sampling Time (Minutes)= 120.0
Nozzle Diameter (mmi= £.35
Stack Axis #1 (Metersi= 0,810
Stack Rxis #IZ (Metersi= 2.438
Faectangular Stack

Stack Area {(Sgquars Meters)= ’ 1.48&
Stack Velosoity (Actual, m/miny= 1,019
Flow rate (Actual, Cubic m/mini= 1,515
Flow rate (Standard, Wet, Cubic m/miny= 743
Flow rate (Stancard, Dry, Cubic m/mind= 743
Farticulate Loading — Fromt Half

Farticulate Weight (gi= 00000 Corr. to 74 02 & 124 202
Farticulate Loading, Dry Std. (mg/cu md= 0.0 Q.0 Q.0
Farticulate Loading, Actual (mg/cu m)= 0.0
Emission Rate (kg/hri= 0.00

Nz Back Half Analysis

B-134
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FILE NAME - FRIRHCL FROE.=VER Q&/03/893
FUN # - RIZRHCL O7=0%2=19390 (06:325:5%

4

LOCATION - SYFASS ESF CUTLET DUCT
DATE -~ 10/239/89

l FROJECT # — 2107
Foint # Delta F Delta H Stack T Meter T
' Cin. HZ0) {im. HZO) (F) In{F)» Out(F
l 1 O.T00 G.38 580 (AC] &5
s 0,500 ¢.38 =80 &7 &5
. 3 Gy OO0 0. 88 530 71 &5
I 4 & . 500 .68 =30 7o ES
3 0.3500 ¢. 88 o280 7T &7
& G300 €, 38 S80 73 68
7 0, D00 0, 83 =SB0 && &E
l 8 LS00 .38 S30 &3 &7
3 Qe 00 .88 oS80 71 &7
., 10 0.300 .38 580 72 63
I 11 0. 500 0.8 S80 73 £8
< QLS00 0.88 SB0 73 (S
3 0. S00 .88 S80 71 v B9
' 14 0. 500 0.88 580 72 70
l 15 O, 500 0.38 S80 74 70
' 16 0. 500 0.33 580 74 70
17 0. 300 Q.88 =80 7S 70
' i3 O.500 C,88 580 75 70
19 G 300 0. 88 580 &7 &3
20 0. 500 Q,38 oS80 &z &8
21 O 200 .88 S80 72 59
' zz 0. 500 0. 38 530 73 &3
=22 0, 500 .38 580 74 e
' = 0. 500 1,38 280 74 &3
I Fracticon Final Wt. Tare Wt. Blank Wt. Net WL,
(g2 (g gl Cg)
oREY CATCH 0. 0Q0GO QL0000 Q. 0000 I aIntaly
'4 FILTER 0, Q000 0. 0000 0. 0000 O L0000
Fraction Final Wt. Tare Wt. Vol. Net Wt.
i (gl = (ml?d g
- FFORE FRINSE 0. 0000 0. 0000 0.0 0. 0000
IMFINGERS 0. QOG0 QL0000 Q.0 G 0000
Frobe Rinse Blank (mg/mlo= O, 0000
' Impinger Blank (mg/ml)i= (.0000
l_’ B-135




FILE NAME - RSMMCL

FUN # — RIMHIL

LOCATION ~ MAIN ESF OUTLET DUET
SRTE — 10/7,3058%9

FROJECT # — 'J102

Initial Meter Volume (Zubic Feet)r=
Final Meter Valiame (Cubic Feeti=
Meter Factors

Final Leak Hates icu ft/mini=

Net Meter Volume (Cubic Feet)=

Fas Yolume

Barometric

(Dy, Standard

Fressure

Cabic

tin Hgl=

Feet)=

Static

Fressure

Cinches

HZO) =

Fercant
Parcent
Muisture
FPercent

Average
Average
Aver age
Average

Stack

Oxygens=

Carbon D
Collect

Water:=

Meter
Delta H
Delta F

ioxides=
ed (mlil=

tin HZO) =
(in H20)=

Temperature

Temperature (Fi=

(Fo=

Dry Molecular
Wet Molecul ar

Average Square Foot

% olsok

Fitot
Sampli

Mazzle Diameter

Stack
Stack

inetic=

Coeffici
ng Time

Axis #1
Axls #Z

Weight=
Weight=

ent=
tMirnutes)=

tIn-hes)=
tInches)=

Fectangular Stack

Stack

Stack

Area

of Delta F

(Inches)=

(Square Feet)=

(in Hzo)=

Veloscity

(Actual,

Feet/min)=

Flow
Flow
Flow

Fate
rate
Fate

CActual,
tStandard,
{Standard,

Wet,
Dry,

Cubic ft/mind=
Cubin
Cubic

ft/min)=
ft/miny=

Farticulate Loading - Fraont Half

Farticulate Weight

cgr=

&. 000
SO0
Q.33
O 005
59.460
&0, 402

Z5.58

L

4.8
Z3.Z
Q.0
0,0

=3
O.30
0.280

e
ol

32,70
32.70

O.7wlé
73.3

0.83
120,06
G230

43. 0

S .0

32,00

2,714
93, 262
&2, 270
B2, 270

0, D000

Farticulate Loading, Dry Std. (gr/scfi= 0. 0000
Farticulate Loading, Actual (gr/cu ftoi= 2. QGO
Emission Fate (lpb/hro= .00
No Back Half Analysis

B-136

Corr.

FROG, =VER 0O&/09/33

07=0Z-1330

t [(]

74 02 %
Q. 0000

e d6: 21

12%
O, 0000

cgz

-y T A




#* % METRIEL UNITE % #*

FILE NAME - FSMHCL FRGSE.=VER Q&/03/89
s - REMECL Q7 =0Z~=1390 05:456: 25
LOCATION - AN E5F QUTLET DuUCT

DATE - 10/50/8%
FROJECT # - Z10Z

l Initial Meter Volume (Cubis Meters)= 25,937
Fimal Meboer Yolume (Cubic Meters)= =7 .636
Meter Factor= 0,391

l Final Leak FRats (ou w/mind= Q, Q00
Net Meter Volume (Cubic Metersg)= 1.E68¢
3as Volune (Dry Standard Cubic Metersi= 1.710

l Barometric Pressure (mm Hgl= 751
Static Fressure (mm HZO0)= =10

l Fercent Ouwygen= ) 4.8
Fercent Carbon Dioxide= =8.2
Moisture Collected (mlo= 0.0

l Fercent Water= 0.0
fverage Metesr Temperature (CZ)= 2

a Fverage Delta H otmm H20)= 2203

' Averages Delta P (mm HZ2O0)= 14.7
Average Stack Temperature (2)= 11
Dry Molecular Weight= 3Z.70
Wet Maolecular Weight= 32,70
Average Sgquare Foot of Delta F (mm HZO»= 3.8382

' % Isakinetics= 73.9
Fitot Coefficient= ' 0,83
Sampling Time iMinutesis 120.0
Nozzle Diameter (mmai= &.323
Stack Axis #1 (Meters)= 1.219

- Btack Axis #Z (Meters)i= Z.4Z28
'. Factangular Stack
Stack Area (Square Metersi= 2.'973
- Stack Velaocity <{Actuail, m/min)= 238
; Flow vate (Actual, Cubic m/minl= 2,641
Flow rate (Standard, Wet, Cubic m/mini= 1,763

' Flow rate t(Standard, Dry, Cubic m/min2= 1,763
Farticulate Loading - Front Half
Farticulate Weight (gi= G 0000 Corr. to 74 02 & 1Z% COz
Farticulate Loading, Dry Std. (mg/cu moy= .0 0.0 .60
Farticulate Loading, Actual (mg/cu mi= 0.0

l‘, Emission Fate (kg/hri= 0. 00
"No Back Half fAnalysis

' B-137




FILE NaME - FE3IMRCL
*UN # — RSMHIL

LOCATION -~ MAIM
DATE - 10/30/87
FROJECT # - BL0Z

ESF QUTLET

N

Fxint & Delia F Deita
Cim, AZOY Cin.

i 0,530 .30
z O, 530 Gy 90
3 0. 530 Q.30
<} 0.530 0,90
=S 0. 580 G. 90
& 0,230 QL 0
7 0,580 IR 1e
a . S80 Q.20
I Q. 330 0. 90
10 . 280 0,30
11 Q.580 Q.30
= 0,580 0, 90
e 0.380 0,30
14 0.380 0,30
15 Q. 280 Q.30
16 0,580 QL 30
17 e oB0 Q.90
18 0. T80 .30
13 0,580 0,30
20 0,380 Q.30
= 1, 580 .20
22 0,580 QL0
=22 0,580 Q.30
23 0.580 Q.30

Fraction Final
¢ql
DEY CATCH 0, 0000

FILTER O, QOO0

Fimal
tg?

QL0000

Fraction

FFROBE RINSE
IMFINGERS

Frobe FRinse Blank
Impinger Blank

0, 0000

Ctmg/mli=
Ctmg/mli= 0,

DUCT

H Stack T
200 (Fo
321
221
el
=l
321
el
ot i

R Rl]
321
e
et
e
et e
-
[T
——
321
—ey
321
T
[

b e
FE
D
o
e
K==
T
i
T
o
A
=
-
Tl
T

[

-

=21
ety

ol o

27
[

D
o=

Wt. Tare Wt,

cg)
0, 0000
O, 0000

Wt. Tare Wt.
€gl

Q. 0000

G QOO0

O, QOO0

QOO0

FROS. =VER
O7=-0Z~1990

Meter T

intF> Out F)
1 41
42 shed
432 48
33 54
47 =8
37 &0
e o2
o4 =9
=3 E&
o7 &3
=3 7Tz
&0 74
=54 oD
SE 't
bl =
=% 57
o4 b
=T =Y
=0 St
a1 o3
=z o7
=3 &1
S &2
o9 (=]

Bl ank
(:g)

Q. 0000

G, QOO0

Wt. Net Wt.

igd
0. 0000

QL 0000

Vol . Net Wt.

(ml) gl
Q.0 0. 0000

G, 0 0. DO00

B-138
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SILE NAME - RIEHCL

RUN # - &ZBHCL

LOCATICON — BYPASS ESP QUTLET DUCT
DATE - 10/30/8%

PROJECT # - 9102

Initial Meter Volume (Cubic Feet)=
Final Meter Volume (Cubic Feeg)=
Meter Facror=

Final Leak Rate (cu ft/min)=

Met Meter Volume (Cuble Feet )=

Gaz volume (Dry Standard Cubic Feet )=

Barometric Pressure {in Hg)=
Static Pressure {( Inches H20 )=

Percent Oxygen=

Percent Carbon Dioxide=
Moisture Collected (ml)=
Percent Water=

Average Meter Temperature (F )=
Average Delta H (in H20)=
Average Delta P (in H20)=
Average Stack Temperature (F )=

Dry Mclecular Weight=
Wet Molecular Weight=

Average Square Root of Delta P (in H20)= -

% Isokinetic=

Pitot Coefficients=
Sampling Time (Minutes )=
Nozzle Diameter (Inches )=
Stack Axis #1 (Inches)=
Stack Axis #2 (Inches)=
Rectangular Stack

Stack Area (Square Feet )=

Stack Velocity (Actual, Feet/min)=

Flow Rate (Actual, Cubic ft/min)=

Flow rate (Standard, Wet, Cubic ft/min)=
Flow Rate (Standard, Dry, Cubic ft/min)=

particulate Lecading - Front Half
Particulate Weight (g)=

particulate Loading, Dry std. (gr/scf)=
particulate Loading, Actual (gr/cu ft)=
Emission Rate (1lb/hr )=

No Back Half analysis

B-139

29.40
29 .40

0.7071
83.3

0.83
120.0
©.250

24.0

96 .0

16.00

3,303
52,848
26,341
26,341

©.0000
0 .0000
.0 .0000

0.00

PROG.=VER 046/09/89

Q7-=02-1990C
Corr. to 7%
0.0000

07:51:06

02 & 12% COzZ

0 .0000




*k k% METRIC UNITS x x

FILZ NAME - R3BHCL

RUN 4 - R3IBHCL

LOCATION —~ BYPASS ESP OUTLET DUCT
DATE = 1O/30/89

PROJECT % - 9102

Initial meter volume (Cubic Meters)=
Final Meter Volume (Cubic Meters)=
Meter Factor=

Final Leak Rate (cu m/min)=

Net Meter Volume (Cubic Meters)=

Gas VYolume {(Dry Standard Cubic Meters)=

garometric Pressure (mm Hg)=
Static Pressure (mm H20 )=

Percent Oxygen=

Percent Carbon Dioxide=
Moisture Collected (ml)=
Percent Water=

Average Meter Temperature (C)=
Average Delta H (mm H20)=
Average Delta P (mm H20)=
Average Stack Temperature (C)=

Dry Molecular Weight=
Wet Molecular Welight=

Average Square Root of Delta P (mm H20)=
% Isokinetic=

Pitot Coefficient=

Sampling Time (Minutes)=
Nozzle Diameter (mm)=

Stack Axis #1 {Meters)=
Stack Axis #2 (Meters)=
Rectangular Stack

Stack Area (Sguare Meters)=

Stack velocity (Actual, m/min)=
Flow rate (Actual, Cubic m/min)=
Flow rate (Standard, Wet, Cubic m/min)=
Flow rate (Standard, Dry, Cubic m/min)=

Particulate Loading - Front Half
Particulate Weight (g)=

Part@culate Loading, Dry Std. {(mg/cu m)=
Particulate Loading, Actual (mg/cu m)=
Emission Rate (kg/hr)=

No Back Half Analysis

B-140

17.349
18.968
1.030
0.0000
1.668
1.704

751
=71

OO b O
OO NNW

11
22.4
12.7

304

29.40
29.40

3.5637
89.3

¢.83
120.0
6.35
0.610
2.438

1.486

1,007
1,496
746
746

©.0000
0.0
0.0
0.00

PROG .=VER 06/09/8%
07-02-1990

Corr.

to 7% 02 & 12% CO2

0.0

07:51:07

0.0

—



FILE NAME - RZBHCL
RUN # - R3BHCL

LOCATION - BYPASS ESP OUTLET DUCT

DATE = 10/30/39
PROJECT # - 9102

PROG .=VER 06/09/89

07-02-1990

Point # Delta P Delta M stack T Meter T
(in. H20) (in. H20) (F) In(F) out(F)

1 Q.500 Q.88 530 4.4 45

2 0.500 0.88 580 47 45

3 0 .500 0.88 580 50 46

4 C.500 0.88 580 52 46

5 ©.500 Q.88 580 52 46

& 0.500 0.88 580 52 46

7 0.50C0 0.88 580 50 48

8 Q.500 0.88 580 53 49

< 0 .500 0.88 580 55 50

10 0.500 Q.88 580 57 51

11 C.500 0.88 580 58 52

12 0.500 ©.88 580 59 52

13 0.500 O .88 £20 5S4 53

l4a 0 .500 Q.88 580 56 53

15 0.500 Q.88 580 57 54

16 0.500 0 .88 580 57 54

17 0.5Q0 0.88 580 57 54

18 0 .500 0 .88 580 49 49

i9 0.500 Q.88 580 52 50

20 0.500 0.88 580 54 50

21 0.500 ©.88 580 56 50

22 0.500 0.88 580 57 51

23 0.500 0.88 580 57 51

24 C.500 0.88 580 58 52
Fraction Final Wt. Tare Wt. Blank Wt. Net Wt.

(g) (g) (g) (g)
DRY CATCH 0.0000 0.0000 0 .0000 0.0000
FILTER 0 .0000 0 .0000 0.0000 0.0000
Fraction Final Wt. Tare Wt. vol. Net Wt.
(g) (g) (ml) (g)
PROBE RINSE 0.0000 C.0000 0.0 0.0000
IMPINGERS 0 .0000 0 .0000 0.0 0.0000
Probe Rinse Blank {(mgs/ml )= 0.0000 '
Impingey Blank (mg/ml)= 0.0000
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FILE MNAME - RamHCL

AN # — fUN 4HCL -~ ASH GROVE CEMENT HILM
LOCATIGON — p3Ip ZEF8 OUTLET DUCT

DATE ~ 10.51/,872

FROJECT 4 — Zlag-584-12

Imitial mMetsr Yolume {Clubic Feegtl=
Firal Meter Volume (Cubic Feet)=
vletar Factor=

Fimal Leak Rate (cu fto/mimd=

Walume iCubic Feetl=
(O Standard Cubic Feeti=

Net pMeter
Gas Yolume

Barocmetric Fressure (im Hg)=
Static Pressure {(Inches HEW) =
FPercerit Orxygen=

fercent Carbon Dioxide=s
Fercent Mater=

Average Meter Temperature (Fl=
Average Delta H (in HEO)=
Average Delta & fin HEO)=
Average Stack Temperature (Fi=
Dry PMalecular Weight=

Wlet Molecular Weight=

Average Sguare Foot of Delta F (in HIM =

* Isckirnetic=s

Fitot Coefficient=
Sampling Time (Mirutes)=
Muzzle Diameter {Inches)=
Stack RAxig #1 (Inches)=
Stack Axis #& (Inches)=
Fectargular Stack

Stack Area {(Sguare Feetl=
Stack Yelacity

tRctual, Feet/mind=

Flow Rate {Actual, Cubic ft/mirm=
Flow rate {(Stardard, Wet, Cubic ft/mir)=
Ficw Rate {Starndard, Dry, Cubic Fftsimird=

Farticulate Loading — Frownt Half

Farticulate Weight ig)=

Farticulate Losding, Dry Std. (gr/iscf)=
Farticulate Loadimg, Actual {gesocu Fi)=
Emiszion Rate (lbs/hri=

Mo Back Half Analysis

Py il
&l.x

&, o

-..-_.1-..

4

&3.53

-1, 4]

91, 037
61, 951
61, 351

O 000
Ch, CHIOND
e MO

000
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< # PMETRIC UMITS

FILE MAPE - Ra4mHCL

HUM B — RUN 4HCL - ABH GROVE CEMEMT KILN
LOCATICN — MSIN ESF OUTLET DUCT

DRATE - 1o0/,Z31/8%

FROJECT # - 3102-€4-13

Iritial peter Yoluwne (Cubic Meters)=
Fimal fMeter Yolume (Cubic Metersis
Meter Factor=

Fimal Leak Fate {cu msmind=

fet Meter Yalume (Cubic dMeters)=

Gas Volume 1Dry Starmdard Cubic Metersis

Harometric Pressure {mm Hg)=
Static Fressure {(mm HIO) =

Fercent Onygens
Fercent Carborn Dioxide=s
Fercent Water=

Fverage Meter Temperature (C)=
Average Delts H {mm Ha)) =
Hverage Delta B imm HSO) =
Fverage Stack Temperature (L)=

Dry Molecular bWeight=
Wet Molecular Weight=

Rverage Sguare Root of Delta F {mm HZ2M =
* Ischinetics

Fitot Coefficient=

Sampling Time Minutes)=
Mozzle Diameter f{mm)=

S5tack Axis #1 {Metersl)=
Stack Axis HZ iMetersi=
Rectarmgular Stack

Stack Area (Sguare Meters)=

Stack VYelagity fActual, msmind=
Flow rate (Actual, Cubic mimind=
Flow rate (Starmdard, Wet, Cubic m miw)=
Fiow rate {(Starndard, Dry, Cubic m min)=

Farticulate Loading - Frant Half
Farticulate Weight (g)=

Farticulate Losding, Dry Std. fmgfcocu m)=
Farticulate Loading, RActual <(mgscou mi=

Emission Rate {(kgshri=

No Back Hxlf Analysis
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FILE HMAME -~ Fa4MmHCL

RUM # - RUM 4HCL -~ ASH GROVE CEMEMT HMILM
LOCATION — MRIN ESFH CQUTLET DUCT

DATE - 10/31./8%

FROG. =VER
11-01-138%

FROJECT # — Z1loa2-64-13
Foimt # Deita F Delta H Stack T Meter T
Civie MED) dim. HEDD LF) IrmiF? Cut {F}
1 Jhe ST LR ey 05 53 =2
z O S50 G 33 305 S4 58
& V. 550 0,33 303 535 &2
4 2. S350 e 53 205 ST 1=
5 . TS0 0, 33 305 ='F &7
S e TSSO 33 305 &1 832
7 e S30 .33 S05 &5 85
& . SS 7,33 et =% a7
3 . 530 e 33 05 =12 T
Lo Q. S50 . 33 305 &7 T3
11 LT D33 S5 a8 T4
1& . 550 . 33 305 55 76
13 e O, 33 IS T T
14 LSS0 e 33 305 T2 T3
15 . 350 .33 305 T T8
1a e SEO Q33 305 73 78
17 T S0 Q.33 305 74 80
18 e TS0 .33 0% =] 81
13 Q. SS0 .33 305 TS rin)
et e S5O he 33 =03 =) 73
=3 . S50 0. 33 305 77 81
== G 3350 e 33 305 rira =
&3 Te SE0 b 33 305 =] 83
4 D S50 0,33 305 Ta =)
Fract iawn Firmal Wt., Tare Wt., Hlarmk Wt. MNet Wt.
g ‘gl g} gl
DRY CRTCH O.Ggﬂﬂ o.ogoo o.mgao o.gooo
FILTER Ch 00 Ca N D w1 Cra QOO Ol IO
Fractiaom Fimal Wt., Tare Wt. NMal., MEt WL,
ig) g} i) {g)
FROBRE RINSE 0.0300 Q.Ogﬂe a, 0 0.0030
IMFINGERS eI sTalule] ALl T &, QOG0

Fraobe Rinse EBlarnk {mgsml)= &, GO0
Impingeyr Elamk (mg/mli= Q00000
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FILE mMApE ~ RA4EHCL

FUM OB - RUM 4HCL - /SR SROVE CEMEMT HILM
LOCATION - oviRss 230 SUTLET DUCT
DRTE - 45/31./8%

FEQIECT B o~ BiaE-S4-1C

Imitizal Metze Yolume iCubic Feeti=
Firmal Meter Yolume (Cuzic Feetl=
Meter Factor=

Fimal Leak Rate fcu Tt mivd=

rMet Meter VMolume (Cubic Feetil=

Gas Volume (Dryw Standard Cubic Feeti=

Barocmetric Fressuwre (in Hgl=
Static Fyvessure 4 Inchecs S =

Fercent OhiygzEn=

Fercemt Carbon Dicxide=

Fercermt Water=

Rverage Meter Tamperature (F)=

Average Delta M (in HEZO)=

Average Delta P (in H2O) =

Rverage Stack Temperature (F)=

Drw Molecular Weight=

et Moleculas Weight=

fverage Sguare Foot of Delta F o {im HEM =

w Isckinetic=

Fitot Coefficierts=
Sampling Time (Mirnutes)=
Maozzle Diameter ({Inches)=
Stack Axis #1 {Inches)=
Stack Axizs #$EZ (Inches)=
Fectangular Stack

Stack fhrea (Square Feeti=
Stack Velaocity {RActual, Feets/unin)=

Flow Rate {(Rotual, Cubic ftlimirvrd=

Flew rate {Standard, Wet, Cubic ft mivo=
Flow Rate {(Standard, Dry, Cubic ft/mirer)=
Farticulate Loadimg — Fraont Half
Farticulate Weight (gr=
Farticulate Lcading, Dry Std.
Farticulate Loading, RActual {grscu
Fmissicon Fate {(lbshr)=

(gr/ecfi=
ftr=

Mo Back Half Analysis

i
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= ¥ FETHID UMNITS + =
TILE MEME — TaERCL PRCC. =VER 06/ 0583
UM OB — RUN 4RHCL - ASH GROVE CEMERMT HILM 11-01-132382 03:48:28
LCCRATION - BYRASD ZISF JUTLET TULCT
DARTeE — 1O/310.87
FROIJECT # - F10Z2-54-13

Initigl Meter Yolume (Cubic Meters)= 12,02z
Fimal Meter YMolume (Cubic Metewvzsi= . TE L
Metezr Factor=s . 837
Fimal Lezak Rate fou msSminl= 0 e
ret Meter YVolume Cubic Meters)= 1,535
Ga=z Yolume (Dvy Standeard Cubic Meter=i= 1.520
Baraometric Preszuare fmm Hgl= TS0
Static Fressure tmm MI0) = 73
Fercent Onygen= 15.3
Farcent Carbonm Dioride= 3.7
Fercernt Water= 0,0
Fverage Meter Temperature (C)= 19
FAverage Delta H (mom HSOD) = . 1
Average Delta B odmm HEO) = 14,0
Average Stack Tzmperature (C)= =33
Dyy Molecular Weight= E3.27
Wet Molecular Weight= =32, 27

Average Sguare Root of Delta B (pm HED)= 3. 7376

% Isckineticg= SZ.1

Fitot Coefficiernt= 0. 84

Samplimg Time (Mirgtes)= 1&29,0

Mozzle Diametere fmam)= T.B2

Stack Anics #1 (Meters)= (P =% S

Stack Rxiz #2 iMeters)= S. 438

Fectangular Stack

Stack Arex {Sguare Meters)= 1.488

Stack Yelacity tRotusl, mimiv) = 1,082

Flcw rate (Actual, Cubic msimirD= 1,578

Flow rate (Standard, Wet, Cubic ms/mivo)= TE3

Flow vate (Btarndard, Dry, Cubic m/mind= T3I3

Farticulate Loading - Front Half

Farticulate Weight (g)= O 000 Cerr. to Tx 02 & 12% COE
Farticulate Loadirg, Dry S5td. (mg/ocu m)= Q.0 0.0 T 9
Farticulate Loading, Rotual {mg,Scu ml= 0.0

Emissicr Rate (kg /he)= e N

Mo Back Half Analysis
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FILE MAME — =4BHCL FROGG.
RUM # — RUN 5MCL - ASH GROYE CEMEMNT KILN 1i-01
LOCATION - mYrag5 =50 CUTLET DLCT

DRTE - 10,21.5%
i

FROJECT # — Ti10Z-564~-13
Frodek # Deltas R Dzlta Stack T Metar T
tivie HEZOY fim. HEO) iF) I (F) Qut (F}
1 D, 5T D, BT ST =57 =T
= i, SIS0 DL 87 ST G4 =2
= e S50 1, 87 ST Y= =Xe]
5 0, ST e BT ST &7 Bi
= O S50 0. 87 570 3 83
5 0. S5 .87 ST & 54
) 0. 550 e 87 STO &8 &7
g 0S50 .. a7 ST &3 'BZ
cl O ST Cl. 87 ST (=% &
10 0. 50 . 87 70 &7 sS4
13 O, 550 . &7 ST T S5
1= 0. S50 o, 87 g7 T =4
13 L S50 . 87 ST =4 66
14 2. S50 . 87 STO T =3
13 T S 2. 87 o7 71 67
18 1. S50 . 87 STO T3 &7
17 0. 550 . 87 S70 T3 =1-]
18 O S50 . 87 ST T4 68
13 O, 550 .87 S7a 7O &8
=0 0. 550 0, 87 =70 71 &8
=1 0. 590 . 87 ST 71 68
== T, DS Q. 87 ST 71 &8
=3 e 500 7. 87 ST 71 =%
24 . 550 . 87 a7 71 =Y-]
Fraction Firmnal Wt. Tare Wt., EBlarmk Wt. MNet Wt.
(g : =) ig’ ‘g’
DRy CRTEH O THO0 G D0 Cr, 0G0 S QOO0
FILTER e slelels s M sleleld] ) OO
Fraction Fimal Wt., Tare Wt. VMol Met Wt.
g’ 1g} iml) ig)
FROEBE RINSE eI atalele] P alelele] G, G Chy D000
ImMeIMNGERS Chy CHINDD o MG O, O O, QOO0

Frobe Rinse Hlamk {mg/mll)= O, Q030
Impinger Blank {mglml)= Q. G000
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FILE MAME ~ RSMHCL

RUN B — RS5MHCL

LOCATION - MAIN ESP QUTLET DUCT
OATE - 11/2/89

PROJECT # - 9102

Iinitial Meter volume (Cublic Feet )= 38 .150
Final Meter volume (Cubic Feet)= F7 .618
Meter Factor= ) 0.991
Final Leak Rate {cu Tt/min)= 0.000
Net Meter Volume (Cubic Feet)= 28.933
Gas Volume (Dry Standard Cublc Feet )= 59.911
Barometric Pressure (in MHg)= 29.72
Static Pressure ( Inches H20)= -0 .41
Percent Oxygen= 5.2
Percent Carben Dioxide= 27 .4
Moisture Collected (ml )= 0.0
Percent Water= 0.0
Average Meter Temperature (F )= 57
Average Delta H (in H20)= 0.89
Average Delta P (in HZ0)= 0.590
Average Stack Temperature (F )= 317
Ory Molecular Weight= 32.59
Wet Molecular Weight= . 32.59
Average Sauare Root of Delta P (in H20)= 0.7681
% Isokinetic= 74 .1
Pitot Coefficient= 0.83
Sampling Time (Minutes)= 120.0
Nozzle Diameter (Inches)= 0.250
Stack Axis #1 (Inches)= 48 .0
Stack Axis #2 (Inches)= 96 .0
Rectangular Stack

Stack Area (Square Feet )= 32.00
Stack Velocity (Actual, Feet/min)= 2.930
Flow Rate {Actual, Cubic ft/min)= 93,761
Flow rate (Standard, Wet, Cubic ft/min)= 63,224
Flow Rate (Standard, Dry, Cubic ft/min)= 63,224
Particulate Loading - Front Half

Particulate Weight (g)= 0.0000
Particulate Loading, Dry Std. (gr/scf)= 0.0000
Particulate Loading, Actual (gr/cu ft)= 0.0000
Emission Rate (1lb/hr )= 0.00

No Back Half analysis
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* % METRIC UNITS =*= x

FILE NAME - RSMHCL

RUN # -~ RSMHCL

LOCATION - MAIN ESP OUTLET DUCT
DATE - 11/2/89

PROJECT # - 9102

Initial Meter volume {(Cubic Meters)=
Final Meter Volume (Cubic Meters)=

Meter Factor= o
Final Leak Rate (cu m/min)=

Net Meter Volume (Cublc Meters)s
Gas Volume {Ory Standard Cubic Meters )=

Barometyric Pressure {mm Hg)=
Static Pressure (mm H20)=

Percent Oxygen=
Percent Carvrbon Cioxide=

- Moisture Collected (ml)=

Fercent Water=

Average Meter Temperature (C)=
Average Delta H (mm H20 )=
average Delta P (mm H20 )=
Aaverage Stack Temperature (C)=

Dry Molecular Weight=
Wet Molecular Weight=

Average Square Root of Delta P (mm H20 )=
% Isckinetics=

Pitot Coefficlent=

sampling Time (Minutes)=
Nozzle Diameter (mm)=

stack Axis #1 (Meters)=
Stack Axis #Z2 (Meters)s=
Rectangular Stack

stack Area {Sguare Meters )=

stack vVelocity (Actual, m/min)=
Flow rate (Actual, Cubic m/min)=
Flow rate (Standard, Wet, Cubic m/min)=
Flow rate (Standard, Dry, Cubic m/min)=

Particulate Loading - Front Half
particulate Weight (g)=

particulate Loading, Dry Std. (mg/cu m)=
particulate Loading, Actual (mg/cu m)=
Emission Rate (kg/hr )=

No Back Half Analysis
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3.8712
74.1

0.83
120.0
6.35
1.219
2.438

2.973
893

2,655
1,790

1,790

0.0000
0.0
0.0

0.00

PROG.=VER 06/09/89
07-02-1990

Corr.

to 7% 02 & 12% CozZ
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FILE NAME - RSMHCL PROG.=VER 06/09/89
RUN # — RBMHCL _ 07-02-1990 08:19:34
LOCATION - MAIN ESP QUTLET DUCT

DATE - 11/2/89

PROJECT # - 9102

Foint # Deita P Delta H stack T Meter T
{in. H20) {in. HW20) (F) In{F) Out{F)
1 0.590 0 .89 317 37 44
2 0.590 0.89 , 317 40 42
3 0.590 0.89 317 46 52
ot 0.590 Q.89 317 47 54
5 0.590 0.89 317 a8 56
5 0.5%90 0.89 317 50 57
7 0.590 Q.89 317 52 53
8 0.590 G .89 317 53 57
9 0.590 Q.89 317 54 6l
10 0.590 0.89 317 56 63
11 0.5%0 0.89 317 58 64
12 0.590 Q.89 317 59 65
13 C.590 Q.89 317 S7 57
14 0.590 0 .89 317 57 60
15 0.590 ©.89 317 57 62
16 0.5%90 Q.89 317 58 62
17 0.590 0.89 317 58 63
18 0.590 0 .89 317 59 65
19 0.590 0.89 317 58 59
20 0.590 0.89 317 60 63
21 C.590 Q.89 317 60 &5
22 0 .590 0.89 317 &0 65
23 0.590 0.89 317 61 . 66
24 0.590 0.89 317 62 66
Fraction Final WL. Tare Wt. Blank Wt. Net Wt.
(g) (g) {g) (g)
DRY CATCH C.0000 ©.0000 0.0000 0 .0000
FILTER 0.0000 0.0000 0.0000C 0.0000
Fraction Final Wt. Tare Wt. vol. Net Wt.
(g) (g) (ml) (g)
PROBE RINSE C.0000 0.0000 0.0 0.0000
IMPINGERS Q.0000 0 .0000 0.0 0 .0000

Probe Rinse Blank (mg/ml)= ©.0000
Impinger Blank {(mg/ml)= 0.0000
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FILE NAME - RSBHCL

RUN # - RSEHCL

LOCATION — BYPASS ESP OUTLET DUCT
DATE - 11/02/89

PROJECT % - 2102

Initial Meter Volume (Cubic Feet )= 733.596
Final Meter Volume (Cubic Feet)= 784 .313
Meter Factor= 1.030
Final Leak Rate (cu ft/min)= 0.000
Net Meter Volume (Cubic Feet )= 52.238
Gas volume (Dry Standard Cubic Feet )= 52.925
Barometric Pressure (in Hg)= 29.72
Static Pressure (Inches H20)= -2.80
Percent Oxygen= - 16.8
Percent Carbon Dioxide= 3.8
Moisture Collected (ml)= 0.0
Percent Water= Q.0
Average Meter Temperature (F )= 59
Average Delta W (in H20)= 0.89
Average Delta P (in HZ0 )= 0.460
Average Stack Temperature (F)= 570
Dry Molecular Weight= 29.28
Wet Molecular Weight= 29 .28
Average Sqguare Root of Delta P (in M20)= 0.6782
% Isokinetic= 97 .4
Pitot Coefficient= C.83
Sampling Time (Minutes )= 100.0
Nozzle Diameter (Inches)= 0.250
Stack Axis #1 (Inches)= 24.0
Stack Axis #2 (Inches )= 36.0
Rectangular Stack

stack Area (Square Feet )= : 16 .00
stack Velocity (actual, Feet/min)= 3,152
Flow Rate (aAactual, Cublic ft/min)= 50,433
Flow rate (Standard, Wet, Cubic ft/min)= 25,502

Flow Rate (Standard, Dry, Cubic ft/min)= 25,502

Particulate Loading - Front Half

Particulate Weight {g)= 0.0000
Particulate Loading, Dry std. (gr/scf)= 0.0000
particulate Loading, Actual (gr/cu ft)= 0.0000
Emission Rate (1lb/hr )= 0.00

No Back Half aAnalysis
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x k% METRIC UNITS =

FILE NAME - RSBHCL

RUN # ~ RS8HCL

LOCATION - BYPASS ESP OUTLET DUCT
DATE - 11/02/89

PROJECT # - 910

Initial Meter Volume (Cubic Meters)=
Final Meter Volume (Cublic Meters)=
Meter Factor=

Final Leak Rate (cu m/min)=

Net Meter Volume (Cubic Meters)=

Gas Volume (Dry Standard Cubic Meters)=

Barometric Pressure (mm Hg)=
Static Pressure (mm H20)=

Percent Oxygen=
Percent Carbon Dlioxide=
Moisture Collected (ml )=
Percent Water=

Average Meter Temperature (C)=
Aaverage Delta H (mm H20 )=
Average Delta P (mm HZ0)=
Average Stack Temperature (C)=

Dry Molecular Weight=
Wet Molecular Weight=

Average Sguare Root of Delta P {(mm H20)=
% Isckinetic=

Pitot Coefficient=

Sampling Time {Minutes)=
Nozzle Diameter {mm)=

Stack Axis #1 (Meters )=
Stack Axis #2 (Meters)=
Rectangular Stack

Stack Area (Sguare Meters)=

Stack velocity (Actual, m/min)=
Flow rate (Actual, Cubic m/min)=
Flow rate (Standard, Wet, Cubic m/min)=
Flow rate (Standard, Dry, Cubic m/min)=

Particulate Loading - Front Half

Particulate Weight (g)=

Particulate Loading, Ory Std. {mg/cu m)=
Particulate l.oading, Actual {mg/cu m)=
Emission Rate ( kgs/hr )=

No Back Half Analysis
B-152

20.773
22 .209
1.030
0.0000
1.479
1.499

1.486

G961
1,428
722
722

0.0000
0.0
0.0

0.00

PROG .=VER 06/09/89
07-02-1990 08:41:07

corr.

to 7% 02 & 12% CC

0.0

0.0
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FILE NAME - RSBHCL

RUN # - RSBHCL

LOCATION - BYPASS ESP OUTL
DATE - 11/02/89

PRCJECT # - <9102

ET DUCT

aH Stack T

PROG .=VER 06/09/89

07-02-1990

Point % Delta P Delt Meter T
(in. H20) (in. H20) (F) In(F) OQut(F)
1 Q.460 0.89 570 49 48
2 0.460 Q.89 570 54 50
3 0.460 0.89 570 57 51
4 0.460 Q.89 570 58 52
S Q.460 0.89 570 &0 54
& ¢.460 Q.89 570 N -10) 55
7 0.460 Q.89 570 58 57
8 0.460 0.89 570 59 57
G 0.460 Q.89 570 &1 58
10 Q.460 Q.89 570 61 58
11 0.460 Q.89 570 61 59
12 C.460 o.89% 57C 63 5%
13 0.460 C.89 570 61 61
14 0.460 Q.89 570 62 62
15 0.460 Q.89 570 63 61
16 0.460 0.89 570 63 &1
17 0.460 0.89 570 64 61
18 0.460 Q.89 570 65 61
19 0.460 - 0.89 570 58 61
20 0.460 Q.89 570 59 62
Fraction Final Wt. Tare Wt. Blank Wt. Net Wt.
(g9) (g) (g) (g)
DRY CATCH 0 . 0000C 0.0000 0.0000 0 .0000
FILTER 0 .0000 Q.0000 0 .0000 0 .0000
Fraction Final Wt. Tare Wt. vol. Net Wt
(g) (g9) (ml) (g)
PROBE RINSE Q.0000 0 .0000 0.0 0.0000
IMPINGERS 0 .0000 0 .0000 0.0 0.0000
Probe Rinse Blank (mg/ml)= 0Q.0000
Impinger Blank (mg/ml)= 0.0000
B-153
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APPENDIX B-9

VOLATILE ORGANICS DATA
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NOTE:

A1l leak checks of the VOST were passed with the exception of the final

teak check for test Run 1 at the bypass duct. The Teflon seating located

- between the sample probe and the VOST valve assembly was replaced following

Run 1, and no other problems were encountered through Runs 2 through 5.

VOST SAMPLING TIMES

24-HOUR TIME
VOST PAIR NUMBER RUN #1 RUN #2 RUN #3 RUN #4 RUN #5
MAIN DUCT
1 1548 - 1623 1201 - 1241 1144 - 1224 1100 - 1140 1133 - 1213
1730 - 1735
2 1750 - 1810 1252 - 1319 1233 - 1308 1632 - 1712 1220 - 1300
1855 - 1915 1329 - 1342 1316 - 1321
3 1924 - 1333 1350 - 1401 1330 - 1347 1720 - 1746 1308 - 1336
1941 - 2007 1409 - 1438 1358 - 1421 1755 - 1809 1345 - 1357
BYPASS DUCT
1 1552 - 1627 1202 - 1242 1141 - 1221 1100 - 1140 1130 - 1210
1732 - 1737
2 1744 - 1809 1250 - 1330 1228 - 1308 1633 - 1713 1218 - 1258
1856 - 1911
3 1918 - 1933 1341 - 1421 1316 - 1356 1722 - 1802 1306 - 1346
1942 - 2007
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ADJUSTED TRAP PAIR VOLUMES - OMAHA KILN STUDY

METER TRAP METER ADJUSTED
SAMPLE TRAP TEMP. PRESSURE VOLUME CORRECTION VOLUME
RUN 4 LOCATION # (F) (in Hg) (L) FACTOR (L)
1 MAIN 1 23 29.11 20.000 0.999 19.24
1 MAIN 2 24 29.11 19.970 0.999 19.15
1 MAIN 3 24 29.11 20.000 0.999 19.18
1  BYPASS 1 24 29.11 20.011 1.016 19.51
1  BYPASS 2 25 29.11 20.040 1.016 19.48
1  BYPASS 3 27 29.11 20.013 1.016 19.32
2 MATN 1 19 29.13 20.000 0.999 19.52
2 MAIN 2 19 29.13 19.770 0.999 19.29
2 MAIN 3 19 29.13 20.000 0.999 19.52
2  BYPASS 1 22 29.13 20.011 1.016 19.66
2  BYPASS 2 23 29.13 .20.029 1.016 19.61
2  BYPASS 3 24 29.13 20.017 1.016 19.53
3 MAIN 1 8 29.42 19.970 0.999 20.45
3 MAIN 2 9 29.42 19.950 0.999 20.36
3 MAIN 3 9 29.42 19.970 0.999 20.38
3  BYPASS 1 11 29.42 20.028 1.016 20.64
3  BYPASS 2 14 29.42 20.011 1.016 20.41
3  BYPASS 3 14 29.42 20.032 1.016 20.43
4 MAIN 1 14 29.48 19.930 0.999 20.03
4 MAIN 2 18 29.48 20.000 0.999 19.82
4 MAIN 3 18 29.48 19.800 0.999 19.62
4  BYPASS 1 20 29.48 20.023 1.016 20.04
4  BYPASS 2 23 29.48 20.012 1.016 19.83
4  BYPASS 3 26 29.48 20.008 1.016 19.63
5 MAIN 1 8 29.72 20.000 0.999 20.69
5 MAIN 2 9 29.72 20.000 0.999 20.62
5 MAIN 3 10 29.72 19.880 0.999 20.42
5  BYPASS 1 15 29.72 20.014 1.016 20.55
5  BYPASS 2 20 29.72 20.029 1.016 20.21
5  BYPASS 3 21 29.72 20.021 1.016 20.14
VOLUME * PRESSURE *# 293 K * METER
MEASURED MEASURED FACTOR
STANDARD =
VOLUME

29.92 in Hg

*

(METER TEMPERATURE + 273 K)
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Appendix B-9
Volatile Organics Analysis
Data Summary

VOLATILE ORGANICS ANALYSIS DATA SUMMARY

This Data Summary describes the analysis of volatile samples collected
from the Ash Grove Cement Kiln, Louisville, Nebraska. Two samples types were
analyzed for volatile organic components: VOST traps and VOST condensate
water samples. Analysis of samples began on November B8, 1989 and proceeded
until November 15, 1989, AT1 VOST trap samples were analyzed on a Finnigan/
MAT 312 double-focusing magnetic sector GC/MS system, and all VOST condensate
samples were analyzed on a Finnigan/MAT CH4 single-focusing magnetic sector
GC/MS system.

Analysis consisted of three phases: POHC analysis, Tentatively
Identified Compound analysis (TIC) and General Organic Screen analysis for the
determination of products of incomplete combustion {(PIC's). The POHC analysis
consisted of a fuilly quantitative target compound analysis, including analysis
of authentic POHC standards and quantitation using response factors based on a
multipoint standard curve. The organic screen consisted of a semiguantitative
target compound analysis in which PIC target compound amounts were quantitated
using response factors derived from a single point calibration standard. The
NBS mass spectral database was used as the reference library for the forward
search. POHC analysis was performed on both VOST and VOST condensate samples,
while PIC and TIC analysis was performed on the VOST samples only. Additional
details regarding each of these three analysis types are described below. For
a more complete description of the objectives and guidelines for these
analyses, please refer to the Draft Test and QA Plan, Work Assignment No. 64
{Qctober 11, 1989),

1.0 POHC ANALYSIS

Analytical and quality assurance procedures which were used for POHC
analysis were the same as those typically used for trial burn tests and are
essentially identical to EPA SW-846 (Rev. 3) Methods 8240 and 5040. Modifi-
cations from these methods which were followed by MRI for this test were noted
in the Test/QA Plan.

One POHC compound, monochlorobenzene, was selected fro this study. In
addition, one internal standard (dg-benzene) and two surrogate compounds
(dy-1,2-dichloroethane and dg-toluene) were also used.

Two separate procedures were used to analyze the two sample types:
purge-and-trap GC/MS for the analysis of VOST condensate water samples, and
VOST desorption GC/MS for the anaiysis of the VOST cartridges. Separate cali-
bration curves and QA data were generated for each of these two procedures.
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2.0 ORGANIC SCREEN ANALYSIS

The organic screen was conducted on the VOST samples using the same GC/MS
datafilas that were generated for the POHC analysis. The major difference
between this analysis and the POHC analysis was that only a singlie calibration
standard was analyzed to determine response factors for the PIC target com-
pounds and no daily PIC verification standards were run. Quantitation of PIC
compounds was performed via the internal standard method using response
factors determined from the single-point calibration standard.

3.0 TENTATIVELY IDENTIFIED COMPOUND ANALYSIS

TIC analysis was performed on the VOST samples using the same GC/MS
datafiles that were generated for the POHC analysis. In this analysis, the
five largest GC/MS peaks in each of the VOST samples were selected. The
corresponding mass spectra for each of these peaks were then searched against
the NBS/EPA mass spectral database using the Finnigan/INCOS mass spectral
searching program, LIBR. The LIBR program output consisted of a 1ist of the
best ten matches to the unknown mass spectrum. The results of each library
search were then manvally reviewed and the most appropriate match chosen from
the list of candidate compounds. The reduced 1ist of TIC compounds found in

each sample was then checked by a second staff member experienced in mass
spectral interpretation.

4.0 DATA ORGANIZATION

Results of this analysis are available in two forms: summary reports and
"raw" GC/MS data. The summary reports are attached to this memo and the raw
data has been appropriatedly stored for possible future reference. The
contents of each of these two data formats are summarized below:

A. Summary Reports
1. Calibration Standard Preparation Summary
Calibration Curve Analysis Summary
Daily Standard and Blank Analysis Summary
SPCC Control Chart
VOST Analysis Summary
VOST Condensate Anailysis Summary
VOST Organic Screen Analysis Summary
VOST Tentatively Identified Compound Summary

aw Data

Daily PRK spectrum and mass listing

Daily BFB spectrum, mass listing and mass calibration summary
Daily POHC spectrum and mass 1isting from the first daily
verification standard

PARA printouts for each GC/MS datafiles

QUAN quantitation report printouts for each GC/MS datafile

RIC and ion plots for each GC/MS datafile

Copies of all relevant laboratory/MS instrument logbook pages
Calibration curve products, including RESP cali curve plots,
EDRL Tistings and average relative response factors.

[~
L)
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5.0 ADDITIONAL NOTES REGARDING THIS ANALYSIS

5.1 A1l samples were analyzed within the 14 day holding time specified
in the Test/QA Ptan.

5.2 Two calibration curves were generated during the course of the VOST
analysis and one curve was generated for the VOST condensate analysis.
Relative standard deviations for the surrogates and POHC were well within the
specifications of the the Test/QA Plan. A1l daily system blanks and daily
standards were also within the Test/QA Plan specifications.

5.3 A BFB standard was analyzed at the beginning of each 12 hour
shift. Al1 BFB runs passed the Test/QA specifications.

5.4 An independently prepared QA performance check sample was analyzed
on each of the two GC/MS systems used in this study. Only one compound,
monochlorobenzene was added to the QA check sample. Both of the GC/MS systems
passed the 60-120% POHC recovery accuracy requirement specified in the Test/QA
Plan.

5.5 Limit of Quantitation {LOQ) values were determined for the POHC and
for PIC's by finding the peak height of a give compound's quantitation ion at
a known concentration, extrapolating to find the concentration of the compound
at the instrument hardware threshold, and multiplying the extrapolated
concentration by a multiplication factor.

L0g = C(std) x H (thresh) x Factor

H(std)
where:
C(std) = concentration of standard compound
H(std) = peak height of standard compound
H(thresho1d)'= instrument hardware threshold {units of peak ht)
factor = multiplication factor

The multiplication factor used for this study was 10, i.e., a signal had
to rise 10 times above the instrument hardware threshold in order for it to be
considered a quantifiable peak. The use of a multiplication factor of 10 is
somewhat arbitrary; its purpose is to eliminate the reporting of false posi-
tives from spurious signals and to raise the minimum quantifiabie value to a
level that is hopefully within the linear range for that compound. As an
example, the following equation shows the LOQ that was determined for the POHC
in VOST samples:

5 ng x 100 counts

LoQ = 825 counts

x 10 = 6 ng

It should be noted that this LOQ value is very close to the concentration
of the standard used in the equation. This is because the data used to
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calculate this LOQ came from the lowest level standard in the VOST calibration
curve, and the mass spectrometer sensitivity was intentionally adjusted so
that this standard would fall near the 1limit of quantitation, thereby
maximizing the linear range of the calibration curve.

5.6 In addition to observing all of the normal QA requirements specified
in Methods 9240 and 5050, an additional QA standard containing three System
Performance Calibration Check (SPCC) compounds was analyzed on a daily basis.
A multipoint SPCC calibration curve was not generated. The daily SPCC com-
pound response factors were plotted versus time as a check of the instruments'

continuing- system performance.

5.7 Two VOST samples (3040 and 3044) were received cracked. However,
there was no loss of absorbent material so the contents of these traps were
transferred to ciean unbroken tubes prior to analysis. Immediately before the
transfer of absorbent material was performed, the sample was spiked with the
jnternal standard surrogates so that any losses incurred during the transfer
might be estimated. There was no loss of Tenax from sample 3040 but a small
amount of Tenax was lost from sample 3044 during the transfer., The difference
in I.S. and surrogate signal between these two samples and the other samples
and standards analyzed on the same day was estimated to be ca. 20% to 25%.
However, this figure may not necessarily be relevant to the amount of POHC or
other compounds that were Jlost since the time the sample was collected. It
should also be noted that the [.S. and surrogates were spiked on the cracked
tube using a flow of inert gas to transport them onto the absorbent material.
Thus, some loss of I.S. and surrogates may have occurred if any portion of the
carrier gas flowed through the crack rather than through the tube. Since so
many factors related to the quantitation of these samples could not be fully
quantified, no correction was-made to the amounts of any compounds found in
these samples.

5.8 One sample, 5043, was received broken. However, a significant
amount of absorbent material had spilled from the tube during shipment so it
was not possible to salvage it using the procedure described above.

5.9 One sample, 3051, broke while its contents were being purged onto
the GC/MS. The internal standard responses for this sampie was only ca. 15%
to 20%, compared to other samples and standards that were analyzed on the same
day. No correction was made to any compound amounts found in this sampte
since the I.S. was spiked onto the tube while it was still intact. Thus, it
may be assumed that the Toss of [.S. was representative of the loss of any
other compounds which may have been on the trap.

5.10 The field blank pairs for Runs 4 and 5 (4046, 4047, 5056, and 5057)
were not analyzed. It should be noted that no POHC was observed in the field
blank pairs for Runs 1, 2, or 3.

5.11 Very high levels of native benzene and toluene were observed in
many of the VOST samples. Unfortunately, the Test/QA Plan called for
dg-benzene to serve as the internal standard for this analysis. Based
strictly on a comparison of mass spectral overlap, the presence of native
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benzene should not have caused any interference to the dg-benzene signal.
However, the presence of large amounts of benzene did in fact severely alter
the MS response of the dg-benzene in this study. Since the two compounds are
chemically and physically identical (or nearly so), they exhibit nearly the
same GC elution characteristics and thus enter the mass spectrometer at the
same time. It is unclear whether the observed change in the dg-benzene
response was due to chromatographic or mass spectrometric effects, although
the latter is the most 1likely possibility. A similar change in dg-toluene
response was also observed when native toluene was present in large guanti-
ties, although the change was much less severe than that for benzene. As a
result, the internal standard used to quantitate POHC concentrations in VOST
samples was changed from de-benzene to dg-toluene (it should be noted that the
internal standard and surrogates were added to the samples at the same time,
thus allowing their roles to be switched). The switch from dg-benzene to
da-toluene resulted in a more consistent intermal standard response throughout
the sample set, although the dg-benzene, in its new role as surrogate,
exhibited very poor and erratic recovery values as a result. No significant
amounts of benzene or toluene were observed in'the VOST condensates and so
de-benzene continued to be used as the internal standard for these samples.

5.12 Many of the comnoundg reported as TICs were not actually identified
by a specific compound name but rather in terms of a compound class. This is
due to the fact that many compounds have similar mass spectra. In such cases,
the library search program was unable to locate a unique match but was suc-
cessful in providing at least some structural or class information related to
the unknown compound. In these cases, the most general compound description
encompassing the range of Tibrary candidate compounds was given. For example,
a search of a peak in sample 1042 resulted in a number of Tlibrary candidate
compounds of the general formula C,4Hz2, yet no single candidate compound was
significantly better than the others in its match to the unknown spectrum. As
a result, the peak was identified simply as "decene," with the understanding
that no further information regarding the location of the double bond could be
discerned from the available information.

5.13 For the quantitation of TICs in the samples, a different approach
to the internal standard problem had to be used. Quantitation of TICs usually
consists of comparing the absolute response between the TIC and the internal
standard peak. Response is determined using the total ion count over the
entire mass scanning range. A response factor of unity is assumed, since
historical Rfs are not usually available for TICs. Unfortunately, the total
ion peaks of the tabeled compounds in many of these samples were compietely
obscured by the very much larger TIC and PIC peaks, most notably benzene and
toluene. Thus, it was necessary to use an “external® 1.S. total ion count,
taken from each sample's corresponding daily system blank. Since the system
blanks did not contain any native compounds, & “"clean" I.S. signal could be
measured, against which the TICs in the samples were then quantitated.

B-163




Calibration Standard Preparation Summary / Ash Grove Cement Kiin 8102R-6415

Concentration  (ng/ul)
Compound / Nominal POHC Concentration 0 2.5 10 25 100 250
d6-Benzene 51.2 51.2 81.2 51.2 51.2 51.2
d4-1,2-Dichloroethane (d4-DCE) 52.4 10.5 21 52.4 105 210
d8-Toluene (d8-Tol) 50.4 10.1 20.2 50.4 100.8 202
Monochlorobenzene (MCB) 0 2.4 9.9 24.8 99.3 250
B-164

- -




Calibration Curve Summary / Ash Grove Cement Kiln 9102L-6415

Amount®/ Response Factor (Rf)

(total ng) d6-Benzene d4-DCE d8-Toluens MCB (112)br MCB (114)5'-/

VOST 5 1.000 179 - .695 .543

.118
11/8/89 20 1.000 .198 .B24 .661 .194
Rf's vs d6-Benzane 50 1.000 215 .B73 .704 215
200 1.000 .220 .893 746 .240
500 1.000 .212 .884 .728 .240
Average Rf: .205 .834 .676 .201
RSD (%): 8.1 9.8 12.0 25.0
Amounty Rosponse Factor (Rf)

(total ng) d6-Benzene d4-DCE d8-Toluene MCB (112)e/ MCB (115E-‘J

VOST 5 1.437 . .258 1.000 .781 170
11/8/89 20 1.212 .240 1.000 .802 .235
Rfs vs d8-Toluene 50 1.145 .248 1.000 .8086 .248
200 1.119 .246 1.000 .835 .269
500 1.130 .240 1.000 822 271
Avarzna Rf: 1,200 .24¢ .BUS .238
RSD (%): 11.0 3.0 2.5 17.2
Amountg"" - Response Factor (Rf)
(total ng) d6-Benzene  d4.DCE  dB8-Toluene  MCB (112)kr MCB (114)%/
VOST 2000 1.137 .239 1.000 .481 .237
11/10/89

High-Level Std.

Amountd‘:j Response Factor (Rf)
_(total ng).  d6-Benzene _d4-DCE___d8-Toluene _ MCB (112)b/ _MCB (114)=/
VOST Condensate 5 1.000 .188 .891 .687
(Purge-and-Trap) 20 1.000 .181 .945 .832 .229
11/13/89 50 1.000 .174 1.010 .926 276
Rf's vs d6-Benzene 200 1.000 .153 .955 .853 .265
500 1.000 180 .904 .817 .266
Average Rf:  1.000 177 .941 .823 .259
RSD (%): 8.4 5.0 10.5 8.0
Notes:
a Standard amounts are shown as nominal values. Exact concentrations of target
analytes are shown in the Calibration Standard Preparation Summary.
b, Quantitated using primary quantitation ion (m/z 112).
c. Quantitated using secondary quantitation ion (m/z 114).
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Siandard and Blank Analysis Summary \ Ash Grove Cement Kiln 9102L-6415

vosT
POHC Amt. Amount (total ng)a-'-/ % Variance
Date (ng) Description d6-Benz d4-DCE  MCB by MCBEY/ d6-Benz d4-DCE MCBb/ MCB &/
11/9/89 0 Daily Blank 100 102 2 0 0 2
50 Daily Verification Std. 101 102 50 52 1 2 1 5
0  Cleanup Blank o8 97 3 3 +2 -3
50 Shift Verification 5td, 96 08 58 82 -4 -4 17 24
0 Cleanup Blank o8 98 o] 0 -2 -2
2000 Daily Final Std. 4, 94 97 1190 1992 N -3 41 9
11/10/89 0 Daily Blank 101 100 1] 0 1 0
EQ  Daily Yerifiration Std. 05 ag 51 52 -8 -4 1 5
0 Cleanup Blank 97 95 3 2 -3 -5
50 Shift Verification Std. 98 94 49 51 -2 -6 -2 2
50 Daily Final Std. 99 99 52 55 -1 -1 5 9
11/13/89 0 Daily Blank 98 93 0 0 -2 -7
50 Daily Verification Std. 100 95 47 50 0 -5 -6 -1
50 Shift Verification Std. 193 186 46 48 -3 -7 -8 -4
50 Daily Final Std. 97 94 55 58 -3 -6 9 16
11/14/89 0 Daily Blank 101 96 0 0 1 -4
§0 Daily Verification Std. 87 92 46 49 -3 -8 -7 -2
50 Shift Verification Std. 86 92 49 53 -4 -8 -2 6
0 Cleanup Blank 986 a9 1 0 -4 =11
0 Cleanup Blank 97 90 0 0 -3 -10
0 Cleanup Blank 97 93 0 0 -3 -7
50 Daily Final Std. 97 28 49 51 -3 -2 -2 1
11/15/89 1] Daily Blank 103 100 0 0 3 0
50 Daily Verification Std. 92 20 47 49 -8 =10 -8 -2
50  Shift Verification Std. 91 90 44 46 -9 -10 -11 -8
0  Cleanup Blank 101 89 4 3 1 -1
50 Daily Final Std. 97 93 48 50 -3 -7 -3 0

VOST Condensate (Purge-and-Trap)

POHC Amt Amount (total ng) *% Variance
Date (ng} Description d4-DCE _ d8-Tol MCBLs MCBS, d4-DCE  d8-Tol MCBE MCB o
11/14/89 0 Daily blank 117 99 0 0 1 -2
S0 Daily verification std. 114 100 49 45 9 0 -1 -10
50 Daily final std. 108 105 47 43 3 4 -5 -14
11/15/89 0 Daily biank Bé 107 0 o -18 6
50 Daily verification sid. 103 103 48 45 -1 2 -3 -8
50 Daily final sid. 110 a7 47 48 5 -14 -8 -3
Notes:
a Compeunds guantitated vs dB-toluene internal standard.
b. Amounts calculated using primary gquantitation lon {m/z 112).
c. Amounts calculated using secondary guantitation ion (nmvz 114),
d. This standard alse served as an extended point for the 11/8/89 calibration curve.
e. Primary quantitation lon was saturated at this level.
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VOST Analysis Summary

!/ Ash Grove Cement Kiln 9201L-6415

MCB % Recovery by

No Sample No Description Amount (nglh/ d6-Benzene d4-DCE
1 1040 PR1 TNX 1011 % 47 144
2 1041 PR1TC - & 100 100
3 1042 PR2 TNX 1060 &/ 23 104
4 1043 PR2TC - 95 96
5 1044 PR3 TNX 681~ 62 149
6 1045 PR3 TC - 99 08
7 1047 PR1 TC . 100 98
8 1048 TB TNX - 99 96
9 1049 TBTC - 100 97
10 1050 PR1 TNX 140 93 98
11 1051 PR1TC 18 100 99
12 1054 PR3 TNX 220 97 99
13 1055 PR3 TC - 100 98
14 1056 FB TNX - 100 97
15 1057 FBTC - 101 99
16 1058 TB TNX - 101 99
i7 1059 TBTC - 101 98
18 2040 PR1 TNX 1278 % 42 148
19 2041 PR1TC - 98 99
21 2042 PR2 TNX 1331 %/ 52 160
20 2043 PR2 TC - 101 101
22 2044 PR3 TNX 1540 &/ 53 158
23 2045 PR3 TC - 98 99
24 2046 FB TNX - 96 96
25 2047 FBTC .- 85 94
26 2048 TB TNX - 98 96
27 2049 TBTC - 100 98
28 2050 PR1 TNX 33 94 106
29 2051 PR1TC 6 98 96
30 2054 PR3 TNX 556 &/ 98 111
31 2055 PR3 TC - 99 98
32 2058 TB TNX - 105 102
33 2058 TBTC - 100 99
34 3040 PRI TNX L/ 108 70 139
35 3041 PR1 TC - 96 91
36 3042 PR2 TNX 114 74 145
37 3043 PR2TC - 98 96
38 3044 PR3TNX &/ 104 70 125
39 3045 PR3 TC - 97 93
40 3048 TB TNX - 99 94
41 3049 TBTC . 102 97
42 3050 PR1 TNX 9 96 92
43 3051 PR1TC & - 196 190
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VOST Analysis Summary / Ash Grove Cement Kiln 9201L-6415

MCB % Recovery

No. Sample No Description Amount (ng) d6-Benzene d4-DCE
44 3052 PR2 TNX 9 98 94
45 3053 PR2TC - 101 97
46 3054 - PR3TNX 6 97 92
47 3055 PR3TC. - 99 103
48 3056 FB TNX - 138 i30
49 3057 FBTC . 135 129
50 3058 TB TNX - 97 93
51 3059 TBTC - 169 170
52 4040 PR1 TNX 1394 & 61 126
53 4041 PR1 TC - 96 94
54 4044 PR3 TNX 1226 &/ 64 127
55 4045 PR3TC . 96 94
56 4048 TB TNX - ' 95 93
57 4049 TRBTC . 97 93
58 4050 PR TNX 11 93 90
59 4051 PR1TC - 98 98
60 4054 PR3 TNX - 96 94
61 4055 PR3 JG - 98 98
62 4058 TB Y, . 96 94
63 4059 TBTC - 107 103
64 5040 PR1 TNX 1329 %/ 64 132
65 5041 PR1TC . 97 95
A6 5044 PR2 TNX 1197 & f4 1383
67 5045 PR3 TNX - 96 95
68 5048 TB TNX - 96 94
69 5049 TCTC - 104 102
70 5050 PR1 TNX 23 103 110
71 5051 PR1TC - 164 176
72 5054 PR3 TNX & 94 92
73 5055 PR3 TC - 129 131
74 5058 TB TNX - 93 90
75 5059 TBTC - 160 159
Notes:

a. MCB amounts in excess of 500 ng were determined using a secondary ion (m/z 114).

b. All MCB amounts and surrogate recovery values were determined using d8-toluene
as the internal standard.

c. Not detected above the measured limit of quantitation. LOGQ = 6 total ng of POHC.

d. VOST cartridge was received broken. The cartridge contents were transferred to a new tubc,
prior to analysis.

e. VOST cartridge cracked during heated purge. Internal standard (d8-toluene) response
was very low, resulting in artificially high surrogate recovery values.
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VOST Condensats Analysis Summary / Ash Grove Cement Kiln 9102L-6415

MCB Surrogate Recovery (%)y
No. Description Amount (mg/l) d4-DCE d8-Toluene
1 1026 - b 97 95
2 2026 - 100 95
3 2027 - 88 78
4 3026 - 80 88
5 3027 - 90 76
6 4026 - 92 93
7 4027 - 95 80
8 5026 . - 94 95
9 5027 - 89 g2

Noies:
a. Surrogate recovery determined relative to d6-Benzene internal standard.
b. Not detected above the measured limit of quantitation. LOQ = 2.2 mg/l condersate.
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1624 Tar

acetone

acrolein

acrylonitrile

benzene
bromodichloromethane
bromoform

carbon tetrachloride
2-chloroethyl-vinyl ether
chloroform
dibromochloromethane
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
t-1,2-dichloroethene
1,2-dichloropropane
t-1,3-dichloropropene
c¢-1,3-dichloropropene
diethyl ether
ethylbenzene
methylene chloride
methyl ethyl ketone
1,1,2,2-tetrachloroethane
tetrachloroethene
toluene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
trichlorofluoromethane

An

chloromethane
bromomethane
chloroethane

vinyl chloride
p-dioxane
chlorobenzene (POHC)

B-177

Li

for Kiln Ser




¥E*199 6E'LEV

09°96
60911

68°€9
8492

LE°LL9 ooy

mm s

6¥'SIL XAV

6118
6.'8¢21

0265
8138

v9°.LS. 80°10S

£9'es
86'v

Sg'SE
ve'e

16'869
St'e

91°89¢%
ig'e

EL'26E
¥S°0LL

¥9'¢9z
yo'vs

L8221 8lL'/8F

v6'81v6
8L’
YA

29'8r9
05°1
g¥L

Svogl
68°981

Z1°68
| APEAS

t8°0 S49°0

£9°'6101L V6’969

bl 16°0

e5'evs
6E°6

SL°LLS
Er'9

$6°G6
ec'epbl

¢.L'89
82201

t0'bi8 ¥9°865

SUBYIBWOION)OI0|YO1 |
EIEINEL T TR
BUBYIB0I0IYOU] -2 L ]
QuUBYIB0IOIYOUL-1"L
auanjo)
auaylaolojyorila)
aueylacio|yoenay-z'2't't
suclay 1Ay 1Aylap
apuolyd aualhylon
euazusqlAyly

J8yig |Agielg
auadosdosolyag-g* 1-g19
auadosdosojyoig-¢g* 1-suel |
auedoidololyorig-z'y
dUBLIS0I0IYIIQ-2' | -SuBI]
suaylaoloiyng-1';
sueylaoso|ydIg-2'1
aUBYIL0I0JYOIg-1'L
BuUBYISWIOIOIYOI0oWOIGI
wlojoIoIyD

1BUY13 Aunhyisoioyo-z
apuojyoeNa] uoqien
unojowolg
SUBUIBWOIOIYIIPOWOIY
auazuag

ajLuoAioy

u9jo1oy

auolaoy

(unu/Bu) (1/6u)
JlvHd  NOILYHL
NOISSINI -NIONOD

(uny/Bu) (1/6u)
3Lvd  NOlLvdi
NOISSIWI -NIONOD

(unu/Bus) (3/6u)
J1VH  NOLLVHL
NOISSINI -N3IONOD

(uw/Bw) (7/6u)
31vH  NOILVYHL
NOISSINI -NIDONOD

(Lw/Bwy) (/6u)
31vH  NOILYHIL
NOISSING -NIDONOD

ANNOJWOD

S# NNYH

v# NN

£# NNY

c# NNy

L# NNY

10NAa NIvin

SOld 371LVYI0A

/.
* .
l ... -. ,l .l =

B-178



"sanjea elep yuejq Aq paloedw) aq Aew Sanjea

16°0 ze’l rL'e £SP o'l G5 el UTAN BUBYISWOION|JOI0|YI1I ).
980 62’1 FA N 5L auayisoiopyon
SUBIBOIOIYIL -2 L L
04°0 gL aueLacIoIOL -1 1L
LYS 162 99'e £E'S 90 S8°S 16°EL ¢80 45°'SG1 i8'1¢e auanjo)
vP 0 <90 St'0 99°0 Se0 0S°0 96°0 12! 6L°L 291 auayianlo|yoensa
aueylsolodenel -2'z'L'L
suolay Y3 Aylep
epuoys suslyiapy
auazuaqiiyig
oy yiaig
suadosdoloyaia-g1-g1n
suadoidoolyoig-¢' | -sues)
suedoidoioyoig-g'1L
suayIvoIoYoIg-g* 1-suel)
SL't g9°4 aus180I0|yaIa-L°1
aueylaoloyg-zg'L
aueYIB0IoYNT~ L' L
BUBY18WOI0]|o0WO0IqIQ
ULOJCION D
A 113 Kuinhylsoloyo-z
. epliojyoene) uoqies
wiojowolg
BUBYISWOIOIYDIPOWOIG
96°S 298 ISt 999 GS'LL v9°91 ooy 1829 AV £P'82 6uazuag
alunuolAIoY
LsjoIoY
912t S2°09 auolaoy
wpw)  (BY | uwbw) — OB | bwpw)  (BY | (wopw) (e (wwbw)  (7/6u) aNNOdWOD
3ivy NOILYHL | 3lvd NOILVHL 3ivd NOLLYHL Jlvd NOILYYL 3lvy NOlLVYY1
NOISSIWT -N3ONOD |NOISSING ~NIONQD [NOISSING ~NIONOD |NOISSINZ —NIINGD NOISSINI ~NJONOD
S# NNY v# NNY 4 NNY ¢# Nn4 L4 NN 10NA SSYdAg

0S50 €20
8l's pS'L . SS90l
280 L2 ¥8°0 12'1

SOld 3T1LVYI0A

B-179




RUN #1
MAIN DUCT
Pair 1 Sample Vol 19.2 L
Pair 3 Sample Vol 191 L
Total Sample Vol 384 L
Stack flow rate

1460 dscm/min

Amount Detected (ng)

Trip Blk
Compound T TIC

Pair 1

T TIC | T

Pair 3

T/IC

Total
Amount

(ng)"

Average
conc

{ng/L or

ug/dscm)

Analyte

Emission
rate
{mg/min)

Trinkhimrmathama
L UG W HONIT

1,1-Dichloroethene

Methylene Chloride
Trichlorofluoromethane
Trans~1,2-Dichloroethens
1,1-Dichloroethane

Chloroform
1,1,1-Trichloroethane

Carbon Tetrachloride

Benzene 1 19
1,2-Dichloroethane
1,2-Dichloropropane
Bromodichloromethana
2-Chloroethylvinyl Ether
C1S-1,3-Dichloropropene
Toluene 26 7
Trans-1.3-Dichlnropronens
1,1,2-Trichloroathane
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Ethylbenzene

Bromoform
Dibromochloromethane

Acetone 529
Acrolein

Acrylonitrile

Diethyl Ether

Methyl Ethyl Ketone

(2]
~

796

12415

12072

201

2159

359 | 821

46 10426

11 110097

46

1769

* SUM OF TWO PAIRS

B-180

547

100

37

2524

22988

22186

247

3928

0.57

65.72

598.64

577.75

6.43

102.28

P

1.4

95.95

874.01

843.52

9.39

149.33
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i

MAIN DUCT

Pair 1 Sample Vol
Pair 3 Sample Vol
Total Sample Vol
Stack flow rate

RUN #2

19.5 L
1.5 L
39 L

1463 dscm/min

Compound

Amount Detected (ng)

Field Bik
T TIC

Trip BIk

T

TIC

Pair 1

T TIC

Pair 3

T

T/C

Total
Amount

(ng)*

Average
conc
{ng/L or

Analyte

Emission
rate
(mg/min)

Trichoroethene
1,1-Dichloroethene
Mathylene Chioride
Trichlorofluoromethane
Trans-1,2-Dichloroethene
1,1-Dichloroethane
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachiorige
Benzene
1,2-Dichloroethane
1,2-Dichloropropane
Bromodichloromethane
2-Chloroethylvinyl Ether
Ci1S-1,3-Dichloropropene
Toluene
Trans-1,3~Dichloropropene
1,1,2-Trichloroethane
Tetrachioroethene
1,1,2,2-Tetrachloroethane
Ethylbenzene

Bromoform
Dibromochloromethane
Acetone

Acrolein

Acrylonitrile

Diethy! Ether

Methyl Ethyl Ketone

32

i2 5

707

63

11

63

835

22

* SUM OF TWO PAIRS

1101

13935

12527

51

2377

434

21

28

58

22

B-181

1294

13015

12732

23

2605

648

110

3478

27181

25296

74
58
4982
22

ug/dscm)

89.17
0.00

0.00

696.94

648.62

1.90
1.48
127.74
0.55

130.45
0.00

0.00

1019.63

948.94

2.78
2.17
186.89
0.81




MAIN DUCT

Pair 1 Sample Vol
Pair 3 Sarnple Vol
Total Sample Vol
Stack flow rate

RUN #3

20.4 L
203 L
40.8 L

1493 dscm/min

Compound

Amount Detected (ng)

Trip BIK
T TiC

Pair 1

T TIC

Pair 3

T TIC

Total
Amount

(ng)*

Average

conc
{ng/L or
ug/dscm)

Analyte
Emission
rate

(mg/min)

Trichivreeinens
1,1-Dichloroethene
Methylene Chiloride
Trichlorofluoromethane
Trans-1,2-Dichioroethene
1,1-Dichloroethane
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene
1,2-Dichioroethane
1,2-Dichloropropane
Bromodichioromethane
2-Chiloroethylvinyl Ether
C15-1,3-Dichloropropene
Toluene
Trans-1,3-Dichloropropense
1,1,2-Trichloroethane
Tetrachiorosthene
1,1,2,2-Tetrachloroethane
Ethylbenzene

Bromoform
Dibromochloromethane
Acetone

Acrolein

Acrylonitrile

Diethyl Ether

Methy! Ethy! Ketone

51 115

25 50

8949
1303

10153

8753

57

1411

id

223
55

199

b
[+}]

* SUM OF TWO PAIRS

[7+])
N

1397 148

81

9038

9322

37

1610

B-182

487

11

136

10716
1438

19877

19101

94

3021

3.34

262.64
35.25

487.18

468.16

2.31

74.04

4.98

392.13
52.63

727.37

698.97

3.45

110.54

e
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MAIN DUCT

Pair 1 Sample Vol
Pair 3 Sample Vol
Total Sample Vol
Stack flow rate

RUN #4

200 L
19.6 L
396 L
1512 dscm/min

Compound

Amaount Detected (ng)

T

Trip Blk

TIC

Pair 1

T TIC

Pair 3

T TIC

Total
Amount

(ng)*

Average
conc

(ngy/L. or

ug/dscm)

Analyte
Emission
rate

{mg/min)

Trichloroethene
1,1-Dichloroethene
Methylene Chloride
Trichlorofluoromethane
Trans-1,2-Dichloroethene
1,1-Dichloroethane
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachioiide
Benzene
1,2-Dichloroethane
1,2-Dichlcropropana
Bromodichloromethane
2-Chloroethylvinyl Ether
C18-1,3-Dichloropropene
Toluene
Trans-1,3-Dichloropropene
1,1,2-Trichloroethane
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Ethylbenzene

Bromeform
Dibromochloromethane
Acetone

Acrolein

Acrylonitrile

Diethyl Ether

Methyl Ethyl Ketone

179

a3

15

57

10

11

822

10270

9696

1766

245

87

* SUM OF TWO PAIRS

676

9379

9032

1607

B-183

384

107

11

2126

19843

18739

3373

83.70
0.00

501.08

473.21

85.18

B1.19
0.00

757.64

715.49

128.79




MAIN DUCT

Pair 1 Sample Vol
Pair 3 Sample Vol
Total Sample Vol
Stack flow rate

RUN #5

20.7 L
204 L
41.1 L

1512 dscm/min

Compound

Trip Blk
T TIC

Pair 1

T T/C

Amouni Deiected (ng)

Pair 3
T TIC

Totai
Amount
(ng)"

Average
conc

(ng/L or

ug/dscm)

Analyte
Emission
rate

{mg/min)

Trichlcrogthono
1,1-Dichloroethene
Methylene Chloride
Trichlorofluoromethane
Trans-1,2-Dichloroethene
1.1-Dichloroethane
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene
1,2-Dichloroethane
1,2-Dichloropropane
Bromodichloromethane
2-Chloroethylvinyl Ether
CI1S-1,3-Dichloropropene
Toluene
Trans~1,3-Dichloropropene
1.1,2-Trichloroethane
Tetrachioraethene
1.1.2,2-Tetrachloroethane
Ethylbenzene

Bromoform
Dibromochloromethane
Acetone

Acrolein

Acrylonitrile

Diethyl Ether

Methyl Ethyl Ketone

519
71

35 16

846

89176

9142

1630

596

115

41

* SUM OF TWO PAIRS

853 332

9016 110

871 7

16827

B-184

2626

18417

17981

3156

63.89

448.00

437.39

76.78

96.60

677.37

661.34

116.09

4
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BYPASS DUCT
Pair 1 Sample Vol
Pair 3 Sample Vol
Total Sample Vol
Stack flow rate

RUN #1

19.5 L
193 L
388 L

712 dscm/min

Compound

Amount Detected (ng)

Field Blk
T T/iC

Trip Blk

T T/IC

Pair 1
T TIC

Pair 3

T TiIC

Total
Amount

(ng)*

Average
conc

(ng/L or

ug/dscm)

Analyte
Emissicn
rate

{(mg/min)

Trichloroethene
1,1-Dichloroethene
Methylene Chloride
Trichlorofluoromethane
Trans-1,2-Dichioroethene
1,1-Dichloroethane
Chloroform
1,1,1-Trichloroathane
Carbon Tetrachloride
Benzene
1,2-Dichloroethane
1,2-Dichloropropane
Bromodichloromethane
2-Chloroethylvinyl Ether
C1S8-1,3-Dichloropropene
Toluene
Trans-1,3-Dichloropropene
1,1,2-Trichloroethane
Tetrachloroethene
1.1,2,2-Tetrachloroethane
Ethylbenzene

Bromotorm
Dibromochloromethane
Acetone

Acrolein

Acryionitriie

Diethyl Ether

Methyl Ethyl Ketone

*Sum of Pair 1 & 2.

26 14

183

27 21

3

23 38

25
68

508

33

509 29

43

623

B-185

536

312

21

46

2005

26

61

25
68

1104

849

65

89

2628

1.57

0.65
1.75

28.43

21.87

1.67

2.28

67.68

1.12

0.46
1.24

20.24

15.57

1.63

48.19




BYPASS DUCT
Pair 1 Sample Vol
Pair 3 Sample Vol
Total Sample Vol
Stack flow rate

RUN #2

19.7 L
185 L
382 L

668 dscm/min

Compound

Amount Detected (ng)

Trip Blk
T TIC

Pair 1

T TIC T

Pair 3
TIC

Total
Amount

(ng)*

Average
conc

(ng/L or

ug/dscm)

Analyte
Emission
rate

(mg/min)

Tricinoroetiene
1,1-Dichlorosthene
Methylene Chloride
Trichlorofluoromethane
Trans-1,2-Dichloroethene
1.1-Dichloroethane
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
Benzene
1,2-Dichloroethane
1.2-Dichloropropane
Bromodichloromethane
2-Chloroethylvinyt Ether
CIS~1,3-Dichloropropene
Toluense
Trans-1,3-Dichloropropene
1,1,2-Trichloroethana
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Ethylbenzene

Bromoform
Dibromochloromethane
Acetone

Acrolein

Acrylonitrile

Diethyl Ether

Methyl Ethyl Ketone

26 13

* SUM OF TWO PAIRS

1081

390

32

48

1628

26
61

63| 1284 46

47 373 6

24

Al

B-186

63
61

2464

B16

56

119

1628

1.29

1.60
1.85

62.87

20.82

0.00
1.44

3.04

0.86

1.07
1.04

42.00

13.41

0.00
0.96

2.03

- I Em




BYPASS DUCT
Pair 1 Sample Vol
Pair 3 Sample Vol
Total Sample Vol
Stack flow rate

RUN #3

206 L
204 L
411 L

694 dscm/min

Compound

Amount Detected (ng)

Fieid Blk
T T/IC

Trip Blk
T TIC

Pair 1
T TIC

Pair 3
T TIC

Total
Amount
{ng)*

Average
conc

(ng/L or

ug/dscm)

Analyte

Emission
rate
(mg/min)

Trichloroethene
1,1-Dichloroethene
Methylene Chioride
Trichloroflusromethane
Trans-1,2-Dichloroethens
1,1-Dichloroethane
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachioride
Benzene
1,2-Dichloroethane
1,2-Dichloropropane
Bromodichloromethane
2-Chloroethylvinyl Ether
CIS-1,3-Dichloropropene
Toluene
Trans-1,3-Dichloropropene
1,1,2-Trichloroethane
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Ethylbenzene

- Bromoform

Dibromochloromethane
Acetone

Acrolein

Acrylonitrile

Diethyl Ether

Methyl Ethyl Ketone

38

688

95 143

19 24

17

* SUM OF TWO PAIRS

29
399
68

121

396

135

21

30

1292

B-187

39
187
§5

97
64

41

75 18

96 9

20

1203

68
684

186

41

609

240

21

50

2495

1.66
16.64
4.53

1.01

14.83

5.85

0.50

1.21

60.75

1.15
11.55
3.14

0.70

10.29

4.06

-0.35

0.84

42.16




BYPASS DUCT
Pair 1 Sample Vol
Pair 3 Sample Vol
Total Sample Vol
Stack flow rate

RUN #4

200 L
196 L
39.7 L
687 dscm/min

Compound

Amount Detected {ng)

Trip Blk Pair 1 Pair 3

T TCI|T TIC | T TIC

Total
Amount

(ng)*

Average
conc

{ng/L or

ug/dscm)

Analyte

Emission
rate

(mg/min}

Trichloroathans
1,1-Dichloroethene
Methylena Chioride
Trichlorofluoromethane
Trans-1,2-Dichloroethena
1,1-Dichloroethane
Chloroform
1,1,1=-Trichloroethane
Carbon Tetrachloride
Benzene
1,2-Dichioroethane
1,2-Dichloropropane
Bromodichloromethane
2-Chloroethyivinyl Ether
CIS-1,3-Dichloropropene
Toluene
Trans-1,3~Dichloropropena
1,1,2-Trichloroethane

“Tetrachloroethene
1,1,2,2-Tetrachloroethane
Ethylbenzene

Bromoform
Dibromochloromethane
Acetone

Acrolein

Acrylonitrile

Diethy! Ether

Methyl Ethyl Ketone

74 86 76 89

25 35 98 80 47 39

26

* SUM OF TWO PAIRS

B-188

165

264

212

26

4.15

6.66

5.33

0.66

2.85

4.57

3.66

0.45

i




BYPASS DUCT
Pair 1 Sampie Vol
Pair 3 Sample Vol
Total Sample Vol
Stack flow rate

RUN #5

20.0 L
19.6 L
39.7 L

687 dscm/min

Compound

Amount Detected (ng)

Trip Blk
T T/C

Pair 1 Pair 3

T

TIC | T TIC

Total
Amount

(ng)*

Average
cong

{ng/L or

ug/dscm)

Analyte
Emission
rate

(mg/min)

Trichloroethene
1,1-Dichloroethene
Methylene Chiloride
Trichlorofluoromethane
Trans-1,2-Dichloroethene
1,1~Dichloroethane
Chioroform
1,1,1-Trichloroethans
Carbon Tetrachioride
Benzena
1,2-Dichloroethane
1,2-Dichloropropane
Bromodichloromethane
2-Chloroethylvinyl Ether
CIS-1,3-Dichloropropene
Toluene
Trans-1,3-Dichioropropene
1,1,2-Trichloroethane
Tetrachtoroethene
1,1,2,2-Tetrachloroethane
Ethylbenzene

Bromoform
Dibromochloromethane
Acetong

Acrolein

Acrylonitrile

Diethyl Ether

Methyl Ethyl Ketone

58

37

121

204

207

26

38

114 43 21
52

114 26

110

12

29

* SUM OF TWO PAIRS

B-189

299
52

344

316

26

51

29

7.54
1.32

8.67

7.97

0.65

1.27

0.73

5.18
0.1

5.96

5.47

0.44

0.87

0.50




NoN- LISTED V-PiCs
BLANK TRAP DATA RANGES

Compound RANGE (ng)

(LOW) (HIGH)
* ACENAPHTHYLENE 140
ALKENE
ALKYLATED HYDROCARBON
BEWNZALGEHYDE i6 821
BENZONITRILE 16 1540
* 2-BUTANONE 10 24
BUTENE/2-METHYL-1-PROPENE
CARBON DIOXIDE 24 85
CARBON DISULFIDE 74
DECANSE
* DIBENZOFURAN 86

1,1-DIMETHYLCYCLOPROPANE
DIMETHYL HEPTENE

ETHYLCYCLOPROPANE

ETHYLENIMINE

* 2-FURANCARBOXALDEHYDE 16

* HEPTANE 29
1-HEPTANOL

1-HEPTENE

HEXANE 10 85
1-HEXENE

ISOCYANOMETHANE 90 280
KETONE 209
3-METHYLENE-PENTANE

3-METHYLHEXANE 13 71
2-METHYL-1-PROPENE

NAPHTHALENE 33

* OXYBISMEHANE 18

2-PENTENE

1-PHENYLETHANONE 48 411

2-PROPENENITRIL

2-PROPYL-1-HEPTANOL
TETRAHYDROFURAN 100
TRIDECANE

2,3,4-TRIMETHYLHEXANE

* 1,3,6-TRIOXOCANE 47
4-UNDECENE

XYLENE

o-XYLENE

* Detected only in blank traps.

Blank ranges determined using total (T + T/C)
data values. Field blank data and trip blank
data were used as separate data points.

B-190
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NON-LISTED V-PICs

Compound

MAIN DUCT RUN #1

T

PAIR #1

TIC

1040 1041

PAIR #3
T TIC
1044 1045

TrpBlk
T TiC
1048 1049

TOTAL
(ng)

AVERAG
CONC.

(ng/L)

EMISSION
RATE
(mg/min)

* ACENAPHTHYLENE
ALKENE

ALKYLATED HYDROCARBON
BENZALDEHYDE
BENZONITRILE

* 2-BUTANONE
BUTENE/2-METHYL-1-PROPENE
CARBON DIOXIDE

CARBON DISULFIDE
DECANSE

* DIBENZOFURAN
1,1-DIMETHYLCYCLOPROPANE
DIMETHYL HEPTENE
ETHYLCYCLOPROPANE
ETHYLENIMINE

* 2-FURANCARBOXALDEHYDE
* HEPTANE

1-HEPTANOL

1-HEPTENE

HEXANE

1-HEXENE
ISOCYANOMETHANE
KETONE
3-METHYLENE-PENTANE
3-METHYLHEXANE
2-METHYL~1-PROPENE
NAPHTHALENE

* OXYBISMEHANE
2-PENTENE
1-PHENYLETHANONE
2-PROPENENITRIL
2-PROPYL-1-HEPTANOL
TETRAHYDROFURAN
TRIDECANE

2.3, 4-TRIMETHYLHEXANE

* 1,3,6-TRIOXOCANE
4-UNDECENE

XYLENE

o-XYLENE

3300

1422

2400
6100

4796

390
690

500
800

1000

359

46

274
207

460
900

1200

1400

4200

3000

2200

5600

140

47 87
190 340

86

36 54

33

35 56

850.00
1590.00
3300.00

1200.00

1800.00
800.00

4200.00

3000.00

3200.00
1422.00

2758.90
11700.00
4842.30

32.32
60.45
125.47

22,14
41.41
85.94

31.25 45.63

72.24
30.42

49.48
20.83

109.38

159.69

78.13 114.06

83.33
37.03

121.67
54,07

71.85
304.69
126.10

104.90
444,84
184.11

B-191




NON-LISTED V-PICs

Compound

MAIN DUCT RUN #2

PAIR #1
T TIC
2040 2041

PAIR #3
T TIC
2044 2045

FidBik
T TIC
2046 2047

TrpBlk
T TIC
2048 2049

TOTAL
(ng)

AVE.

CONC.

(ng/L)

EMISS.
RATE
(mg/min)

* ACENAPHTHYLENE
ALKENE

ALKYLATED HYDROCARBON
BENZALDEHYDE
BENZONITRILE

* 2-BUTANONE
BUTENE/Z-METHYL-1-PROPENE
CARBON DIOXIDE

CARBON DISULFIDE
DECANSE

* DIBENZOFURAN
1,1-DIMETHYLCYCLOPROPANE
DIMETHYL HEPTENE
ETHYLCYCLOPROPANE
ETHYLENIMINE

* 2-FURANCARBOXALDEHYDE
* HEPTANE

1-HEPTANOL

1-HEPTENE

HEXANE

1-HEXENE
ISOCYANCMETHANE
KETONE
3-METHYLENE-PENTANE
3-METHYLHEXANE
2-METHYL-1-PROPENE
NAPHTHALENE

* OXYBISMEHANE
2-PENTENE
1-PHENYLETHANONE
2-PROPENENITRIL
2-PROPYL-1-HEPTANOL
TETRAHYDROFURAN
TRIDECANE
2,3,4-TRIMETHYLHEXANE

* 1,3,6-TRIOXOCANE
4-UNDECENE

XYLENE

0~-XYLENE

280
780

4458
880

3800

3100

1600

460

5600

2580

520
580

1500

§500

3500

2800

950

4700

23 40

23 40

26

* Detected only in blank traps

B-192

2580.0

800.0
1360.0

4458.0
2380.0

5500.0

7300.0

3100.0

4400.0

1410.0

10300.0

66.2

20.5
34.9

114.3
61.0

141.0

187.2

79.5

112.8

36.2

2641

96.8

30.0
51.0

167.2
89.3

206.3
273.8

116.3

165.1

52.9

386.4

i—_—---—-—-'-l-l‘-v-



NON-LISTED V-PICs

Compound

MAIN DUCT RUN #3

PAIR #1
T TIC
3040 3041

PAIR #3
T TIC
3044 3045

TrpBlk
T TIC
3048 3049

TOTAL
(ng)

AVE,

CONC.

(ng/L)

EMISS.
RATE
(ma/min)

* ACENAPHTHYLENE
ALKENE

ALKYLATED HYDROCARBON
BENZALDEHYDE
BENZONITRILE

* 2-BUTANONE
BUTENE/2-METHYL-1-PROPENE
CARBON DIOXIDE

CARBON DISULFIDE
DECANSE

* DIBENZOFURAN
1,1-DIMETHYLCYCLOPROPANE
DIMETHYL HEPTENE
ETHYLCYCLOPROPANE
ETHYLENIMINE

* 2-FURANCARBOXALDEHYDE
* HEPTANE

1-HEPTANOL

1-HEPTENE

HEXANE

1-HEXENE
ISOCYANOMETHANE
KETONE
3-METHYLENE-PENTANE
3~-METHYLHEXANE
2-METHYL~1-PROPENE
NAPHTHALENE

" OXYBISMEHANE
2-PENTENE
1-PHENYLETHANONE
2-PROPENENITRIL
2-PROPYL-1-HEPTANOL
TETRAHYDROFURAN
TRIDECANE

2,3 4-TRIMETHYLHEXANE
*1,3,6-TRIOXOCANE
4-UNDECENE

XYLENE

0-XYLENE

480
240

3300

3100

4500

1800

160

3600

350

530

3000

2800

2000

240

3600

B-193

450

120 210
44 84

24

25

78

* Detected only in blank traps

3300.00

3100.00

7500.00

2800.00

3800.00

7200.00

24.26
5.88

80.88

75.98

183.82

68.63

93.14

3.92

176.47

.+Shaded .’ : data may be impacted by blank data values.

36.23
8.78

120.76

113.44

274,45

102.46

139.05

5.85

263.47




NON-LISTED V-PICs

Compound

MAIN DUCT RUN #4

PAIR #1
T TIC
4040 4041

PAIR #3
T TIC
4044 4045

TrpBlk
T TIC
4048 4049

TOTAL
(ng)

AVE.
CONC.

(ng/L)

EMISS.
RATE
(mg/min)

* ACENAPHTHYLENE
ALKENE

ALKTYLATED AYDROCARBON
BENZALDEHYDE
BENZONITRILE

* 2-BUTANONE

TTh g WAV ] L =
EU Ll 511'5’2—,"1& 11} == 1™

CARBON DIOXIDE
CARBON DISULFIDE
DECANSE

* DIBENZOFURAN
1,1-DIMETHYLCYCLOPROPANE
DIMETHYL HEPTENE
ETHYLCYCLOPROPANE
ETHYLENIMINE

* 2-FURANCARBOXALDEHYDE
* HEPTANE

1-HEPTANOL
1-HEPTENE

HEXANE )
1-HEXENE
ISOCYANOMETHANE
KETONE
3-METHYLENE-PENTANE
3-METHYLHEXANE
2-METHYL-1-PROPENE
NAPHTHALENE

* OXYBISMEHANE
2-PENTENE
1-PHENYLETHANONE
2-PROPENENITRIL
2-PROPYL-1-HEPTANOL
TETRAHYDROFURAN
TRIDECANE
2,3,4-TRIMETHYLHEXANE
* 1,3,6-TRIOXOCANE
4-UNDECENE

XYLENE

0-XYLENE

3700

520
670

430

3000

1500

3300 270

340
730

1300

3600

2900

2400

1500

3600

250 510
440 1100

280
59 150

57

860.00
1400.00

1730.00

3600.00

5900.00

3900.00

5070.00

7300.00

* Detected only in blank traps

B-194

21.72
35.35

43.69

80.91

148.99

98.48

128.03

184.34

32.84
53.45

66.05

137.45

225.27

148.91

193.58

278.73

i----—_--l-l-



NON-LISTED V-PICs

Compound

MAIN DUCT RUN #5

PAIR #1
T TIC
5040 5041

PAIR #3
T TIC
5044 5045

TrpBIk
T TIC
5048 5049

TOTAL
{ng)

AVE.

CONC.

(ng/L)

EMISS.
RATE

(mg/min)

* ACENAPHTHYLENE
ALKENE

ALKYLATED HYDROCARBON
BENZALDEHYDE
BENZONITRILE

* 2-BUTANONE
BUTENE/2-METHYL-1-PROPENE
CARBON DIOXIDE

CARBON DISULFIDE
DECANSE

* DIBENZOFURAN
1,1-DIMETHYLCYCLOPROPANE
DIMETHYL HEPTENE
ETHYLCYCLOPROPANE
ETHYLENIMINE

* 2-FURANCARBOXALDEHYDE
* HEPTANE

1-HEPTANCL

1-HEPTENE

HEXANE

1-HEXENE
ISOCYANOMETHANE
KETONE
3-METHYLENE-PENTANE
3-METHYLHEXANE
2-METHYL-1-PROPENE
NAPHTHALENE

* OXYBISMEHANE
2-PENTENE
1-PHENYLETHANONE
2-PROPENENITRIL
2-PROPYL-1-HEPTANOL
TETRAHYDROFURAN
TRIDECANE
2,3,4-TRIMETHYLHEXANE

* 1,3,6-TRIOXOCANE
4-UNDECENE

XYLENE

o-XYLENE

690
870

1000

4100

2500

3600 470

4200

470

540
480

480

4200

1600

3200

3800

31 790
320

85

71

51 360

47

* Detected only in blank traps
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470.00

1230.00
1350.00

1480.00

8300.00

4100.00

4070.00

3200.00

8000.00

11.44

29.93
32.85

36.01

201.95

99.76

99.03

77.86

194.65

17.29

45.25
49.68

54.45

305.34

150.83

149.73

117.72

294.31




NON-LISTED V-PICs

BYPASS DUCT RUN #1
PAIR #1 PAIR #3 FidBIk TrpBlk AVE. |EMISS.
T TIC [T TIC T TIC |T T/IC |TOTAL | CONC. | RATE
Compound 1050 1051 [1054 1055 |1056 1057 |1058 1059 | (ng) (ng/L) |(mg/min})

* ACENAPHTHYLENE
ALKENE 170 170.00 4.38 3.12

BANFE A ymemam | Gk e v s s s s

ALr\ T LH ' =U n T UHUL'AHBUN ................... PR RTPRTEP R PP
BENZALDEHYDE 11210 35 16 256.00 |~ 6.60:} -4.70"
BENZONITRILE 47 60| 18 36
* 2-BUTANONE
BUTENE/Z-METHYL 1_PROPENE 260 220 480.00 | 12.37 | 8.81
CARBON DIOXIDE 110 160 ] 22 48| 22 4327000 | 6.96] 4.95
CARBON DISULFIDE

DECANSE

* DIBENZOFURAN
1,1-DIMETHYLCYCLOPROPANE
DIMETHYL HEPTENE
ETHYLCYCLOPROPANE 220 17 237.00 [ 6.11] 4.35
ETHYLENIMINE
* 2-FURANCARBOXALDEHYDE 16
* HEPTANE
1-HEPTANOL
1-HEPTENE
HEXANE
1-HEXENE 420 230
ISOCYANOMETHANE 33 37
KETONE
3-METHYLENE-PENTANE
3-METHYLHEXANE
2-METHYL-1-PROPENE
NAPHTHALENE

* OXYBISMEHANE
2-PENTENE
1-PHENYLETHANONE 25 25.00° 7 0.64 " 0.46
2-PROPENENITRIL R .
2-PROPYL-1-HEPTANOL
TETRAHYDROFURAN
TRIDECANE
2,3,4-TRIMETHYLHEXANE
* 1,3,6-TRIOXOCANE
4-UNDECENE

XYLENE

0-XYLENE

* Detected only in blank traps
Shaded : data may be impacted by blank data values.
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NON-LISTED V-PICs

Compound

BYPASS DUCT RUN #2

PAIR #1
T TIC
2050 2051

TrpBlk

T TIC
2058 2059

TOTAL
(ng}

AVERAG

CONC.
(ng/L)

EMISSIO
RATE
(mg/min)

* ACENAPHTHYLENE
ALKENE

ALKYLATED HYDROCARBON
BENZALDEHYDE
BENZONITRILE

* 2-BUTANONE
BUTENE/2-METHYL-1-PROPENE
CARBOCN DIOXIDE

CARBON DISULFIDE
DECANSE

* DIBENZOFURAN
1,1-DIMETHYLCYCLOPROPANE
DIMETHYL HEPTENE
ETHYLCYCLOPROPANE
ETHYLENIMINE

* 2-FURANCARBOXALDEHYDE
* HEPTANE

1-HEPTANQOL

1-HEPTENE

HEXANE

1-HEXENE
ISOCYANOMETHANE
KETONE
3-METHYLENE-PENTANE
3-METHYLHEXANE
2-METHYL-1-PROPENE
NAPHTHALENE

" OXYBISMEHANE
2-PENTENE
1-PHENYLETHANONE
2-PROPENENITRIL
2-PROPYL-1~-HEPTANOL
TETRAHYDROFURAN
TRIDECANE
2,3,4-TRIMETHYLHEXANE

* 1,3,6-TRIOXOCANE
4-UNDECENE

XYLENE

0-XYLENE

370
160

560
740

230

370

430

30

B-197

45

18

100

560

230

370

* Detected only in blank traps
ded: " i: data may be impacted by blank data valu 22

14.29

5.87

9.44

9.54

3.92

6.31




NON-LISTED V-PICs

Compound

BYPASS DUCT RUN #3

PAIR #1
T T/IC
3050 3051

PAIR #3
T TIC
3054 3055

FldBlk
T TIC
3056 3057

TrpBlk
T TIC
3058 3059

AVE.
CONC.

(ng/L)

EMISS.
RATE
(mg/min)

* ACENAPHTHYLENE
ALKENE

ALKYLATED HYDROCARBON
BENZALDEHYDE
BENZONITRILE

* 2-BUTANONE

BUTENE/ 2-METRYL-1-FROPENE
CARBON DIOXIDE

CARBON DISULFIDE
DECANSE

* DIBENZOFURAN
1,1-DIMETHYLCYCLOPROPANE
DIMETHYL HEPTENE
ETHYLCYCLOPROPANE
ETHYLENIMINE

* 2-FURANCARBOXALDEHYDE
* HEPTANE

1-HEPTANOL

1-HEPTENE

HEXANE

1-HEXENE
ISOCYANOMETHANE
KETCNE
3-METHYLENE-PENTANE
3-METHYLHEXANE
2-METHYL-1-PROPENE
NAPHTHALENE

* OXYBISMEHANE
2~-PENTENE
1-PHENYLETHANONE
2-PROPENENITRIL
2-PROPYL-1-HEPTANOL
TETRAHYDROFURAN
TRIDECANE
2,3,4-TRIMETHYLHEXANE

* 1,3,6-TRIOXOCANE
4-UNDECENE

XYLENE

0-XYLENE

32

63

50

24

18

71 100

38

610

140

11

45
16

18 33

48

* Detected only in blank traps

Shaded:::.

42

13

12

610.00

50.00

35.00

~.63.00°|*

140,00+

it data may be impacted by blank data values.
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14.84

3.41

1.22

0.85

0.84
289
0.64.

10.30

1.06

2.36

0.84

0.59

i o

B



NON-LISTED V-PICs

Compound

BYPASS DUCT RUN #4

PAIR #1
T TIC
4050 4051

PAIR #3
T TIC
4054 4055

TrpBIk

T TIC
4058 4059

TOTAL
{(ng)

EMISS.
RATE

(mg/min)

AVE.
CONC.
(ng/L)

“ ACENAPHTHYLENE
ALKENE

ALKYLATED HYDROCARBON
BENZALDEHYDE
BENZONITRILE

* 2-BUTANONE
BUTENE/2-METHYL-1-PROPENE
CARBON DIOXIDE

CARBON DISULFIDE
DECANSE

* DIBENZOFURAN
1,1-DIMETHYLCYCLOPROPANE
CIMETHYL HEPTENE
ETHYLCYCLOPROPANE
ETHYLENIMINE

* 2-FURANCARBOXALDEHYDE
* HEPTANE

1-HEPTANOL

1-HEPTENE

HEXANE

1-HEXENE
ISOCYANOMETHANE
KETONE
3-METHYLENE-PENTANE
3-METHYLHEXANE
2-METHYL-1-PROPENE
NAPHTHALENE

* OXYBISMEHANE
2-PENTENE
1-PHENYLETHANONE
2-PROPENENITRIL
2-PROPYL-1-HEPTANOL
TETRAHYDROFURAN
TRIDECANE

2,3 4-TRIMETHYLHEXANE

* 1,3,6-TRIOXOCANE
4-UNDECENE

XYLENE

o-XYLENE

250
340

140
85

150

100 410
78

‘i Shadec

190 230
180 120

690

57 530

38

30

14

13

* Ei_etected only in blank traps

B-199

74

29

33

840.00

1097.00

21.16

14.54

+4: data may be impacted by blank data values.




NON-LISTED V-PICs

Compound

BYPASS DUCT RUN #5

PAIR #1
T TIC
5050 5051

PAIR #3
T TIC
5054 5055

TrpBlk
T TiC
5058 5059

TOTAL
(ng)

AVE,

CONC.

(ng/L)

EMISS.
RATE
(mg/min)

* ACENAPHTHYLENE
ALKENE

ALKYLATED HYDROCARBON
BENZALDEHYDE
BENZONITRILE

* 2-BUTANONE
BUTENE/2-METHYL-1-PROPENE
CARBON DIOXIDE

CARBON DISULFIDE
DECANSE

" DIBENZOFURAN
1,1-DIMETHYLCYCLOPROPANE
DIMETHYL HEPTENE
ETHYLCYCLOPROPANE
ETHYLENIMINE

" 2-FURANCARBOXALDEHYDE
* HEPTANE

1-HEPTANCL

1-HEPTENE

HEXANE

1-HEXENE
ISOCYANOMETHANE
KETONE
3-METHYLENE-PENTANE
3-METHYLHEXANE
2-METHYL-1-PROPENE
NAPHTHALENE

* OXYBISMEHANE
2-PENTENE
1-PHENYLETHANONE
2-PROPENENITRIL
2-PROPYL-1-HEPTANOL
TETRAHYDROFURAN
TRIDECANE
2,3,4-TRIMETHYLHEXANE

* 1,3,6-TRIOXOCANE
4-UNDECENE

XYLENE

0-XYLENE

430 15
1200

520

12

250

37
550 -

350
990

410

530
190

22

31 58

10

930.00

250.00

-, 59.00
550.00

* Detected only in blank traps

B-200

6.30

' Shaded:!’ : data may be impacted by blank data values.

3 | 376

16.09

4.33




Appendix B-9
Voiatile Organics Analysis
Data Summary

APPENDIX B-10

SEMIVOLATILE ORGANICS DATA
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Appendix B-9
Volatile Organics Analysis
Data Summary

NOTE: No significant problems were encountered with the Method 0010 trains.
A1l test runs at each duct fell within the acceptable range for isokinetic
performance, and all leak checks were passed.
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FILE NAME — R1MSY

RUM # -~ RUNM 13V -ASH GROVE CEMEMT KILM
LOCATION — MAIN ESF QUTLET DUCT

DRATE - 1Q/28/873

FREOJECT # — 32293

Imitial Pleter Vaolume (Cubic Feetl=

Fimal Meter Yolume 1Cubic Feetl=

Meter Factor=

Multiple leak checks, see end of printout
Met Meter Volume {(Cubic Feet)=

Gas Yolume {Dry Stanmdard Cubilic Feet’=
Barometric Fressure {in Hgl=

Static Fressure (Inches HIZN)=

Fercent Oxrygers

rercent Carbon Dioxides
Moigture Collected (mil)=
Tercent Waters

dverage PMeter Temperature (Fl=
Average Delta H (in HEO) =
Sverage Delta P (in H2O) =
dverage Stack Temperature (F)=

Dy Molecular Weight=
det Molecular Weight=

PR

verage Sguare Root of Delta P {in HEM =
Isckinetic=

—itot Coefficienmt=
sampling Time {Mirutes)=
dlxzzle Diameter (Irnches)=
Stack Axis #1 (Irnches)=
stack Axis #Z (Irnches)=
iectangular Stack

stack Area (Sguare Feest)=

itack Velocity (Actual, Feets/mivd=

"low Rate {(Actual, Cubic ft/mivm) =

“lew rate {(Standard, Wet, Cubic ft/min)=
‘low Rate {Standard, Dry, Cubic ft/mird=

*articulate Loading -~ Fraomt Half
*articulate Weight ig)=

‘articulate Laading, Dry Std. (gr/scf)=
‘articulate Loadiwg, Rctual {gr/cu fi)=

missicrn Rate (1b/hr)=

e Back Half Arnalysis

-1 [
[N, ]
g

.
o -
O
o

O.83
120, O
Q. IO0C

48, 0

96. ¢

_— -
. K

D

_

g ]
236,
B4,

0
oD
~ B MW

N L) o

(@I aTaTelw]
4, SCHD
Cra CHOOG

0, Q0

B~204

FROG. =VER O&/27/873
Ql=18-1280 1Q:

Leak Correction=

Carr.

to 7% 02
e pelelale

2S108

-

& 12%
G QOO

[ I T T T

Coz

o




* # METRIC UNITS * =
FILE MAME — RimsY
AUM # - RUNM 1SV -ASH GROVE CEMENT KILN
LOCRTICMN — mMAIM ESPE QUTLET DUCT
DATE -  10/28/835
~ROJECT # - 9959373

Initial reter Yolume (Cubic Meters)= 18,433
Final Meter Volume {Cubic Metersi= Z1.886
Meter Fastor= 1000
Multiple leak checks, see end of prirntout
C et Meter Yolume (Cubic Meters)s S.
Gas Velume (Dry Standard Cubic Meters)= =

Barometric Fressure (mm Hgl= T3T
Static Pressuwre imm H2O) = -10

rercent UOxygen=

Fercent Carbom Diaxides
Moisture Collected iml)=
Fercernt Waters=

ua
re I 0
w oW o
b.’\ [ ] L[] L] [ ]
w o ey

B M L)

Fverage Meter Temperature (Ci=
Average Delta H {mm H2Q)=
Average Delta B dfmm HEO) =
Average Stack Temperature ()=

w [
[ <

[

Dry Molecular Weight= IZ. O
biet Molecular Weight= 23.358

w Isokirnetic= 199,58

Fitot Coefficient= 0.8
Sampling Time {Mirutes)= itz
Mozzle Diameter imm)= 7
Stack Aris #1 (Meterg)i= i
Stack Axis #Z {Meters)= 2.

Fectangular 3tack
Stack Area {Square Meters)= 2.3

Stack Velocity {Rctual, mAmind=

Flaw rate {fRctual, Cubic mimin)= =
Flow vate {(Stardard, Wet, Cubic m/imirad= 1
Flow rate (Standard, Dry, Cubic mifmirg= 1

Farticuwlate Loading — Frowmt Half

Farticulate Weight {g)= (ePpelele/a]
Farticulate Loading, Dry Std. (mg/cu m)= Q.0
FParticulate Loading, Rctual (mg/cua m)= a. QO

Emicssico Rate (kg /hri= . Q¢

Mo Back Half Arnalysis

B-205

'Ft,c_r age Square Root of Delta B {mm HZQ)= 3. 7583

FROG. =VER 06/2

Q1—-18-1380

Leak Correctiomn=

Carr.

to

7w Oz
G. ¢

10

‘83
=

s
1251356

O 00D

& 12% Cco=
Q. O




FILE NAME - RimSY FROG. =VER Q&/27/5893
RUN # ~ RUM 15V —-ASH GROVE CEMENT KILN D1-16—-1380 10;28:04
LOCATION ~ MAIN ESF OUTLET DUCT

DATE - 10/28/8%

FROJECT # — 3333

Faint # Delita F Delta H Stack T Meter T
tiv. HEQY {iw. H2O) iF) ImiF) Out {F}
b Q. 600 2. 34 307 T1 71
= 0, ST D=0 307 81 T
3 0. 580 3. 3¢ 307 82 TS
4 O 550 3.15 A0 T4 7a
b O, 440 Z. 5D SCH 38 82
=Y Iny=tele] 3.35 34T 7T 7S
N O ST0 =20 303 a5 80
8 0, 70 3. 25 309 95 =
T G, 51l S. Sl 303 10H0) 85
10 0. 500 .30 308 103 a7
11 0, 5840 3. 30 308 85 S
1z O, 6850 S 7O 308 3= 865
13 .10 2. 50 308 7 37
14 Q. 500 Se DO 308 101 &8
15 0. 560 3. S0 308 103 30
1g L, 4390 E. 80 309 &a asc
17 Q. 520 S. O 207 ra 30
18 T.210 3. 00 307 10z a1
13 2S00 =. 893 3Q7 103 F=
20 O 450 Z. 60 307 1405 92
~Fraction Final Wt, Tare Wt. Hlarmk Wt. het Wt.
{g? (g’ (g} (g’
JBY CATCH ), G000 O 0000 G QOO0 Oy COQ0
SILTER Q. G000 G, QCHO0 4 PRelalele . Q000
Traction Firnal Wt. Tare Wt, Val. Net Wt.
g} {97 imld (g’
“ROBE RINSE O OO00 e GQO0Q Q.90 Cr, OO
MEIMGERS O, QOO0 O, D000 1, O O, 000

‘robe Rimse Hlank (mgsml)= O, Q0Q0
Inpinger Blanmk {(mg/smll= . QOO0

tltiple leak checks used. Final readings for each segment are listed belaow

-k Rate {cfm) Time (mir)
O, OO0 30, QOO0
Q, GO0 SO QOO0
L OO0 30, Q00O
O, QL0 30, QOO0

B-206
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FILE NAME - ®1ESV
EUN # - F‘da
LUUHTIDN - BYFASS E5F OUTLET DUCT
e R A V=Pt
lF‘FrLJJEe_‘.T $ - 910
o Initial meter Voluame (Cubic Feet)d= Se4.8673
Fimal Meter YVoluoss (Cubic Faeti= 1061.885
Meter Factor= 1.027
Final Leak Fate jocu ft/mins= 0. 004
Net Meter Volums (Cuabic Feet)= Fa.331
Irias VMaxlume (Dry Standard Dubic Feet)s= 94, 738
Barometric Pressure (in Hg)= 27011
':313\—_11:1!: Fressure (Inches HIZO)= -2.8%
Fercent Oxygen= 17.8
Fercent Carbon Dioxides 2.6
l’“h_ul*'_—”uu"e Ceillected imlo= ieg6.5
Farcsent Water= 7.8
l-‘f%'vE'rage Meter Temperature (F)= 3
Avaerags Delta H (in HMZO)= 2.33
- Average Delta F {in HZOu= 0. 208
I:’—'ava‘r’age Stack Temperature (F)= 568
vy Molecular Weight= 29.13
Wet Molecular Weight= =8.:8
lﬁverage Square Foot of Delta P (in HZQ)= Q. 7095
% Isokinetic= 102,44
'F’itc-t Coefficient= 0. 384
Sampling Time (Minutes)= 120.0
Nozzle Diameter (lnches)= 0.300
lStc:uL Axis #1 (Inches)= 25,0
Stack Axis #Z (Inchesi= FE. 0
Fectarngular Stack
lStan_k Area i(Square reeti= 1€.00
Stack Velocity (Actual, Feet/mind= o,328
Fiow Rate (Actual, Cubic ft/mini= 54, 850
'Fl-:.u rate (Standard, Wet, Cubic ft/mini= 27,210
Flow Fate (Standard, Dry, Cubic ft/miny= 23,130
lF'arti-:ulate Loading — Fraont Half
Farticulate Weight (gi= 0. QOO0
Farticulate Loading, Dry Std. t(gr/scfi= 0. 0000
'F'artic!.tlate Loading, Actual (gr/cu fto= G a000
Emission FRate (lb/hri= O, 00
lN.:. Rack Half Analysis
l B-207

Corev.

FrROE. =VER
Q&=23—1330

to 7% Qz2

0L, 0000

%
0.

QE /3 ./3%
0&:12:04

12% COz




*# ¥ METRIC UNITS * = .
- R1ESV FROSG, =VER 0&/03/82
1EEY OE=-23-1330 06:12:03
- BYFAS5 ESF OUTLET DUCT
T O/28/39
FOJEST # o~ TlOZ

Initial Metsr YVolume (Cubic FMeters)i= 27.316
“inal Meter Volume (Cubic Metersa= 0. 063
letar Factor= 1,027
‘"inal Leak Rate (cu m/mind= Q. Q001
et Meter Volume (Cubic Metersi= =, 827
jas Valwne iDry SBtandard Lubic Metersi= Z,883
Ercm@ty ic Fressure (mm Hgor= 7353
tatic Fressure (am HZO)= ~73
ercent UOxygen= i17.8
‘arcent CTarbon Dicxides .6
mxisture Collected (mld= 1e6.5 -
2roant Waters= 7.6
werage Meter Temperature (D)= =9
varage Delta H (mm HZO)= 59.2
verage Delta P (mm HZO)= 12.9
verage Stack Temperature (Ci= =38
ry Molecular Weight= 29.13
et Molecular Weight= =8. L8
verage Square Foot of Delta P (mm HzZO)= 3.3735
isakinetic= i0z.4
1tot Coefficient= 0. 84
ampling Time ¢(Minutesi= 120.0
wZzle Diameter (mm)= 7.82
tack Axis #1 (Meters)i= 0.610
tack Axis #Z (Meters)= -.3328
actangular Stack
tack Area (Square Meters)= 1.486
tack Velacity (Actual, m/mints= 1,045
law rate C(Actual, Cubic m/mini= 1,553
low rate (Standard, Wet, Cubic m/min)= 771
iow rate (Standard, Dry, CTubic m/min»= 712
articulate Loading ~ Front Half
articulate Weight (gr= 0, 0000 Corv. to 74 02 & 12% COZ
irticulate Loading, Dry Std. (mg/cu m)= 0.0 .0 Q.0
articulate Loading, Aztual (mg/cu m)= 0,0
rission Rate (ka/hri= 0,00

» Back Half Anal,sis

B-208
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FILE NAME - RLIERSY PROE. =VER Q6/03/897
FUN # - F1ESY DE—-23-1330 0&:1Z2:30

LOCATION - EBYFASS ESF OUTLET DUCT
DATE - 10/,28/89
FROJECT # - 310%

Foint # belta F Delta H Stack T Meter T
Cin. HZOD Cin. HZO) (FD In(F>» OutiF)
O, 230 1.20 zis 73 743
O, 20 pue v =577 7E 74
O G20 2.80 el 31 73
O.E10 2,80 oS0 a8 7
0,550 2. 80 Se4 TZ 7
O.360 1.0 =3& 75 7
i 2,30 sSTE 79 7

7

7

R IR LN A O 3 BV

'::u -t & s —d s

0, SS90 Z.60 oS80 8&

G, 330 2.0 530 31

0.540 2,60 582 95 3
0. 330 1.50 553 75 79
0,370 .00 o7z a4 .80
Q. 300 2.20 57 S0 . =)
O.510 2,50 78 35 34

— 1 0

- [
L) B T

H
o

0. S40 2.70 82 37 b=

-
w

0.410 = 00 577 7 35
LS00 Zed0 o3t 91 B&
0,520 .30 SES 36 87
0. 600 .30 o422 ioo 88

l 20 0.580 TLEO =88 1602 30

R s s
O m~ o,

Fractiaon Final Wt. Tare Wt. Blank Wt. Net Wt.
(g (q? (g tgy

DEY CATCH O, DOO0 0. Q000 Ch, OO0 0. 0000

FILTER 0. 0000 0L 0000 O, 0000 0, 0000

Fraction Final Wt. Tare Wt. Val. Net Wt.
cgo cq? “ml? £gl

FRORBE RINSE : Q. 0000 0.0000 0.0 0L 0000

IMFINGERS O, 0000 0, Q000 0,0 0, QOO0

Frobe Rinse EBElank (mg/mlli= 0O, 0000

Impinger Blank (mg/mli= G.0000

B-209




FILE NAME - R2MSV
RUN # — RUN 28Y — ASH GROVE CEMENT KILN

LOCATION — MARIN ESF QUTLET DUCT
DATE - 1O/E29/8%
FROJECT # — 3102-84-13

Imitial Meter Volume {(Cubic Feet)= 763, 100
Firnal Meter “Yolume (Cubic Feet)= 8c3. 350
Meter Factor= 1. 9000
Multiple leak checks, see end of printcut
Net Meter Yolume (Cubic Feet)= 38. 230
Gas Yolume {Dry Stardard Cubic Feet)= S4. 371
Harcometric Pressure {(im Hgl)= 293,11
Static Fressure (Inches H20)= =Q. 41
Toroowmt Duygons Had
Fercent Carbonm Digxide= =8.5
Moisture Collected (ml)= S06.7
Fercent Waterw 20,1
Average Meter Temperature {(F)x= 75
Average Delta H {(in HZO)= 2. 62
Average Delta P {in H2O0) = . 577
Average Stack Temperature (F)= 3&1
Dry Molecular Weight= 3Z. 74
Wet Molecular Weight= ‘ =23.78
Aversge Square Root of Delta B (in HEG) = Q. 7385
% Ischinetics 93.3
Fitet Coefficient= . 83
Samipling Time (Minutes)= 124, 0
Noazzle Diameter (Inches)= Q. 300
Stack Axis #1 (Irnches)= 48. 0
Stack Axis #Z (Iwnches)= B3e. ¢
Rectangular Stack
Stack Area {(Square Feet)= 3. 00
3tack Velaocity {(RActual, Feet/mir)= 3,074
“lcw Rate (Actual, Cubie ft/miv= 348, 369
“laew rate (Standard, Wet, Cubic ft/miv)= 64, 636
“loew Rate (Stardard, Dry, Cubic ft/miro= 51,655
“articulate Loeading — Fromt Half
Hfarticulate Weight {g)= O, G000
“articulate Lcading, Dry Std. (gr/scf)= Gl QOO0
“articulate Loadirg, Rectual (gr/cu ftis Gl Q000
amission Rate (lbh/hr)= C. Q0
{icc Back Half Analysis

B-210

FROG. =VER O&/27/83
G1-135-13980

Leak Correcticrn=

Corr.

11:31:41

to 7% 02 &

Q. QO0C

.0

=%
(4]

Q

€. D000

Co=




#* % METRIC UNITS % #

FILE NAME — REpMSY PROG. =VER O&/27/83
RUN # - RUN 25V - ASH GROVE CEMEMNT KILN : 01-15-1380 11:32:08

LOCATION -~ mMAIM ESF QUTLET DUCT
DRTE - 10,23/83
FROJECT # - 3102-564—-13

Ivitial Meter VYolume (Cubic Meters)=

21.5658%
Firmal Meter Yalume (Cubic Meters)= . 4T
Meter Factor= 1,000

Multiple leak checks, see end of prirntout Leak Correcticon=s O, GOQO0

Met Meter Volume {(Cubic Meters)= 2.78¢&
Ga= VYolume {(Dry Stardard Cubic Meters)= =. 5873
EBarocmetric Fressure (mm Hg)= 733
Static Fressure (mm HESO) = -10
Fercernt Oxygern= : a. 4
Fercernt Carbonm Dioxides 28.5
Maisture Collected (ml)= S06. 7
Fercent Water= 20, t
Aversge Meter Temperature (C)= 24
Average Delta H {mm H2O)= 66. 6
Rverage Delta P {mm H2ZO) = 14.7
Hverage Stack Temperature {(C)= 161
Dry Mcoclecular Weight= 32.74
Wet Molecular Weight= 29.78
Average Square Rooct of Delta F (mm H2M) = 3. 8223
% Isckinetic= 99. 3
Fitot Coefficient= <. 83
Sampling Time (Minutes)= 120, ¢
Nazzle Diameter {rm)= T.82
Stack Axis #1 (Meters)= 1.2:19
Stack Axis #Z (Meters)= =. 438
Rectarngular Stack

Stack Area (Sgquare Meters)= . 373
Stack Velocity (Actual, m/mirn)= 5337
Flow rate {(Actual, Cubic m/mir)= =, 785
Flew rate (Starndard, Wet, Cubic m/mir)= 1,830
Flow rate {Standard, Dry, Cubic m/minl}= 1,483
Farticulate Loading — Fremt Half

Farticulate Weight (g)= Q. QOO Corr. ta 74 02 & 12% COZ
Farvticulate Loading, Dry Std. {(mg/cu m)= 0. ¢ . . ¢ Q.
Farticulate bLoading, Actual (mg/cu mi= G.Q
Emissicrn Rate (kg/hrl= O, Q0

Na Back Half Arnalysis
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FILE NAME - RZ&MsV

FROG. =VER 0&/27/873

RUN # ~ RUN 26V — ASH GROVE CEMENT KILM 01-15-1980 11:32:36

LOCATICON — MAIN ESF
DATE — 14/29/89

FROJECT # - 3102-864-1i3

Faint # Delta F
fim. HaZM)
1 0. 800
= <, 580
3 O, 530
2 <, S0
S O 460
=Y Q. 850
n G 630
8 ¢ S0
3 B4
10 0, S50
11 . eTO
1= Q. 650
13 C. 840
14 L8100
13 Q. 340
15 T SO0
17 Q. S
18 G S30
13 <. S30
=0 QL 470

Fraction

DRY EATCH
FILTER

Fracticnm

FROEBE RINSE
IMPFINGERS

Delta
{ime. H
565
(28]
(=Y¢]
7O
. O
. I

133
.

C
C

®woo
DOmom

th
o

. 30
4

O N me) e felo I:'C' eI

f

{g)

[aFRalelsle)
Q. QQOG

Finmal

g’

Vo RO
Che QOO0

Fvabe Rivise Hlark {(mgsml)=

Impinger Elank (mg/ml)=

Multiple leak checkz used.

Lk Rate (cfm) Time (min)

Q. 0130 30, QOO0
Q. 0100 30, QOO0
G, OLS0 30, aQQQ
CG. 0100 30, QOO0

CUTLET DUCT

H Stack T Meter T
20 iF) IniF} Out iF)
322 e o3
323 &7 a1
323 75 683
32 a0 =%
319 8z 8
322 =¥=] a7
323 Te =%
32z 8= T
=z es T
320 a8 e
3¢ 1 &8
321 73 73
321 84 T4
321 a8 75
3173 83 76
317 7S 71
320 8¢ 74
320 a3 74
3z= 86 79
321 a7 76

Firal Wt. Tare Wt. ERlank Wt. Net Wt.

(g} {g} (g} N
Q. QQOd Q, QOO Ct, QOO0
QL QOO0 G QOQ0 G. GOQd
Wt. Tare Wt. Val. Net Wt.
{g} {ml) (g’
G, GGG T O O D000
G, D000 Q.0 O, D000
Q. Q00

Q. GO

Firnal readings for each segment are listed belaow
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FILE NRAME - RZESV

RUN # - RUN &8V - ASH GROVE CEMENT KILN
LOCATION - EYPASS ESF OUTLET DUCT

DRTE - 10/23/8%3

FROJECT # — 3102-64-13

Vxlume {Cublic Feet)=
(Cubic Feetl=

Initial Meter
Firmal Meter VYolume
Meter Factors=
Fimal Leak Rate
Met Meter VYalunme
Gas Valume

icw ft/mivd=

(Cubic Feet)s=
(Dry Standard Cubic Feet)=
Harametric Fressure
Static Pressure (Inches

{irs Hg)=
HEO) =

Fercert Oxygern=
Fercernt Carbon
Moisture Codllected
Fercernt Water=

Diaoxide=
{ml}=

Average Meter Temperature (F)=
Average Delta H {(ir HEOQ)=
Rverage Delta F (ir HZO) =

Average Stack Temperature (F)=

Dry Mclecular
Wet Malecular

Weight=

Weight=

Average Square Root of Delta F (in H2ZO)=
X Isckiwmetic=

Fitot Cocefficient=
Samplirng Time (Mirmgtes)=
Mozzle Diameter (Irnches)=
Stack Axis #1 {Inches)=s
Btack Axris #HZ (Irvches)=
Rectarigular Stack

Stack Area {(Sguare Feet)=

Stack Velcocity <(Actual, Feet/min)=

Flow Rate (RActual, Cubic ft/mirv)=

Flow rate (Starndard, Wet, Cubic ft/miw)=
Flow Rate (Starndard, Dry, Cubic ft/mirod=

Farticulate Loading — Fraormt Half

Farticulate Weight (g)=
Farticulate Loading, Dry Std. (g+r/scf)=
Farticulate Lcading, Rctual (gr/cu ft)=

Emissicrn Rate {(lb/hr)=

No Back Half Aralysis
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+ 0
(O]
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. Q27
e 04
DG, K00
86. 485

=3. 11
-Z.83

[y

e

=]
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[ - T =

. 8780
93.6

. 84
120. 0
G 300

24,0

95, O

16. Q0

-
w

G} _E."I n o
tmmdn

e mnao
g oo

= 3

-

Q. QOG0
G QOQQG
Ce QGQ0

GO0

FROG. =VER 0&6/27/873
91-15-1380 11:26:55

ta 7% Dz
Q. QOO0

& 12X COs
G, QGOQQC

Corr.




® x METRIC UNITS * =%

FILE NAME — RZESV

RUN # - RUM &5V - ASH GROVE CEMENT KILN
LOCATION — EBYFASS ESF QUTLET DUCT

DRTE - 14/29/873

FROJECT # — 102-54-13

Initial Meter “olume {(Cubic Meters)=
Firmal PMeter Yolume (Cubic Meters)=
Meter Factor=

Firial Leak Rate icu msmin)=

Met pMeter Volume (Cubic Meters)=

Gas Volume (Dry Stamdard Cubic Meters)=

EBarametric Pressure {(mm Hgl=
Static FPressure (mm HEZO)=

Fercert Oxnygern=

Fercent Carbon Dicxide=
Moisture Collected (mll=
Fercent Water=

Average Meter Temperature (O)=
Average Delta H (mm HZO) =
Average Delta P {mm H20)=
Average Stack Temperature (C)=

Dry Molecular Weight=
Wet Molecular Weight=

Average Square Root of Delta B (mm HE2W) =
%X Isckirnetic=

Fitot Coefficient=

Sampling Time {Mirutes)=
FMozzle Diameter (m)=

Stack Axis #1 (Meters)=
Stack Axis #Z& (Meters)=
Rectangular Stack

Stack Area (Sguare Meters)s=

Stack VYelocity (Actual, m/min)=
Flaw rate (RAcoctual, Cubic wm/miv=
Flow rate (Standard, Wet, Cubic m/min)=
Flow rate {Standard, Dry, Cubic m/mim}=

Farticulate Loadirng ~ Fromt Half
Farticulate Weight {(g)=

“farticulate Loading, Dry Std. {(mg/cu m)s=
~articulate Loadimg, Actual (mg/cu m)=

Zmissicarn Rate (kg/hr)=

No Hack Half Arnalysis

B-214

1.734
4.288
1,027
O, 0001

SQ. 0
11.8
303

=3. 16
=8. 20

S. 417
99.

o n

J. 84
180.0
7.6
aldQ
. 538

[e)
L]

[\

G SOOG
Q.0
. 0

L, QO

FROG. =VER 0&/27/873
i—-15-1380  11:2

Corr.

ta

7% 02
0.0

- -
2722

& 1&%
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. FILE NAME - REESV PROG. =VER 0&6/27/87
RUN ¥ - RUN 25V - ASH GROVE CEMENT KILN O1-15-1980C 11:87:49
LOCATIDON - BYFASS ESF OUTLET DUCT

DATE - 1G/2378%

FROJECT # — 3102-684-13

Foint # Delta F Delta H Stack T Meter T
Airm. HEO)Y fiwv. HEW) (F) Ini{F} Out (F}
1 O 360 1.5¢ =80 7O 59
! Z Q. 430 Z. 00 =9z 73 &3
3 G.510 2. 40 568 80 T
= 2, 520 =2. 30 SiG 84 73
= Q.31C . 30 598 1=} T4
5 Q. 330 1.80 Tl o) L 73
7 Q. 440 1.80 584 8¢ T i
8 O 480 1. 9¢ S84 &85 T3
2 O 500 1.530 S84 87 7B
10 Q. SO0 1.3¢ 8% 30 78
11 G 250 1.10 534 86 79
1z 480 2. 00 78 as 8¢
13 G.510 Z. 20 =31 a8 80
14 a.510 2. 20 488 (=121 -1
15 G 470 Z2.10 87 a3 a1
186 Q. 400 1.860 585 78 Te
17 Q. 470 2. Q0 S36 8z 78
18 G. OT0 ICPCAT, 270 87 78
13 {540 =20 567 8a 73
20 Q. 500 2. 20 584 a8 &¢
Fractiowm Firal Wt. Tare Wt. Blarmk Wt. Net Wt.
(g} {g) ‘g’ {g)
DRY CATCH Q. Q00 G GO0 G QGO0 Q. GOQG
FILTER Q. Q000 C. QOQQ L OO00 Q. QGOQQ
Fracticrm Fivial Wt., Tare Wt. Val. Net Wt.
{g) (g’ {ml) {g}
FROEE RINSE Q. OO <, OO0 O, O Q. QA
IMRINGERS by QQOC O, QOG0 Q. ¢ (sl 4ielalq)

Fraobe Rirse Flamk i{mg/ml)= (. 0000
Impinger Elarnk {mg/ml)= Q.0000
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FILE MAME - R3IMEY

RUM # — RUNM 35V - ASH GROVE CEMEMT KILM
LOCATION — mAalM ESE QUTLET

FILE MAME — RIMSY

UM # — RUN 35V - ASH GROWVE CEMEMNT KILN
LOCATION - MAINM ESF OQUTLET DUCT

DRTE — 19,/30/8%

“ROJECT # - 310c=-64-13

Initial Pleter VMolume {(Cubic Feet)l)= 855. 100
“imal Meter Yolume (Cubic Feet)= 55T . 530
mMeter Factor= 1. 0000
Multiple leak checks, see end of printout

et Meter Volume (Cubic Feet)= FE. 430
Sas Volume {Dry Standard Cubic Feet)= 4. 436
Iarcmetric Fressure {in Hgl= ='3. 58
Static Fyressuwre (Inches H2O)= .41
ercent Oxygens 4.8
*ercent Carborm Dicoxide= =8, 2
tristure Collected mli= 418.8
Tercent Waters 17.3
werage Meter Temperature (Fliz= S4
verage Delta H {im HEM) = CP S 3
Iverage Delta P (irn HZM) = O, 548
iverage Stack Temperature (F)= 305

2ry Molecular Weight=
et Molecular Weight=

verage Square Root of Delta F {in HEQ)=
¢ Isakinetics

‘itat Ceefficient=
amplinmg Time (Misutes)=
Ixzzle Diameter (Inches)=
tack Axis #i (Irches)=
tack Axis #Z (Irnches)=
‘ectarigular Stack

‘tack PArea {Sgquare Feet)=

tack VYelacity (Actual, Feet/mir)=

. 83
120, 0
Che 3UQ

48.Q

B6. 0

—_i
‘low Rate {Actual, Cubic ft/mirm= 93, 506
lew rate {Stardard, Wet, Cubic ft/miv)= 863, 747
low Rate (Starndard, Dvy, Cubic ft/mim)= o2, 737
articulate Loading -~ Front Half
articulate Weight (g)= QL RGO
articulate Loading, Dry Std. (gr/scf)= O D000
articulate Loadimg, Actual (gr/ou Ft)= QL G000
missior Rate {(lb/hr)= Q. GO0
o Fack Half Analysis
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FROG. =VER 0&/27/83

Qi-18-1380

FREG., =VER
D1-15-138¢C

Leak Correcticrn=

Corr.

to 7R 0O2
Q. GQOQ

193:15:23

D5 /27 /83
1031307

e QOO0

& 12% CO=
Qo QRO

GiE mE TN =N e




+ ® METRIC UNITS * «
FILE MAME -~ RIMSY
Rur # - RUM Z5% — ABH GROWE CEMENT KILN
LOCRTICH - MAIM ESF OUTLET DUCT
DATE —~ 10,30/,83
FROJECT # — S108-54-13

Imitisl Meter Volume (Cubic Meters)=
Firal Meter Volume (Cubic Meters)s=

Meter Factor=

Multiple leak checks, see erd of printout
Met Meter Yoalume {(Cubic Meters)=

Gag Mzlume (Dry Standard Cubic Meters)=

Rarwmetric Fressure {(am Hg)=
Static Fressure (mm HIZO) =

Fercent Oxygern=

Fercent Carborm Dicoxide=
Moisture Collected (ml)=
Fercent Water=

Rverage Meter Temperature {(C)=
Average Delta H {mm HIQ)=
RAverage Deltsa F {(mm H2O) =
Average Stack Temperature (C)=

Dry Malecular Weight=
Wet Molecular Weight=

Average Square Root of Delta F {(mm H20)=
% Isakirnetic=

Fitot Cocefficienmt=

Sampling Time (Minutes)=
Mcozzle Biameter (mm)=

Stack Axis #1 (Meters)=
Stack Axis #Z (Meters)=
Rectarngular Stack

Stack Area (Sguare Meters)=

Stack Velacity (Actual, m/miv)=
Flow rate (Rctual, Cubic m/mird=
Flcw rate (Starndard, Wet, Cubic m/minl=
Flow rate (Btandard, Dry, Cubic m/min)=

Farticulate Loading — Fronmt Half
Farticulate Weight {(g)=

Farticulate Loading, Dry Std. (mg/cu m)=
Farticulate Loading, Rcoctual {(mg/cuw m)=

Emissicr Rate f{kgrhr)=

Mo Back Half Analysis B-217
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FILE NAME - RIMSY FROG. =WER O8./27
RUN # — RUM 35V - ASH GROVE CEMEMT KILM 1-16-1380  1d:
LOCATION — MAIM ESF OUTLET DUCT

DATE - 10/30./893

FROJECT # — F10Z-54-—-13
Foinmt # Delta F Delita H Stack T Meter T
{irm. H2D) {im. HZD) iR I iF} Out (F)
] (. B30 Yy 307 43 43
= he B Z. B 08 45 43
3 O, 530 =. 55 307 =5 44
& 2, DO =. o0 307 ==} 45
5 e 450 . 00 =33 61 47
(=3 Tl 480 2. 40 309 53 48
7 G 540 2. 35 08 58 43
<] T SHO Z. 40 308 B4 91
=2 O, SO0 Z2.865 306 =) S3
14 . T340 Z. 45 S0 T 4
13 D810 .65 307 31 St
1z O, 620 2.75 305 57 =52
13 {530 Z. 80 305 ={e) 51
14 . 580 Z.55 303 61 o1
13 Q. S50 FEP e 30 6= =1
16 O, SO0 2. 20 301 S0 45
17 O 520 .25 IO a7 o1
18 O D20 2. 25 el ) (234 St
13 O SO0 2. 20 04 66 w3
=20 O, 430 1.35 30 7 T4
Traction Firmal Wt. Tare Wi, Blank Wt. Net Wt.
‘gl il (gl (gl
IRY CATCH O, IGO0 <, OO 0, OO060 C, QOO0
"ILTER 0. N0 s lalule] G, QOO0 (M slelnle]
racticm Fimal Wt. Tare Wt. Vol. Net Wt.
il (g’ ¢ml) (g’
“ROBE RINSE O OO0 O, GO00 e 'dPelelele)
MEINGERS Cha CHIO) O, CHOO0) 0.0 e OOC0
‘robe Rinse Elank (mgsmll= O 0000

mpinger EBlank (mgsmll=s . 0000
initiple leak checks used. Firnal readings for each segment are listed belaow

v Rate {eofm) Time (mir)
Gl 0L 30 S0, OOQ0
C. QG40 3. OO0
Q. GOS0 S0, QOO0
. GOS0 30, Q000
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FILE NAME - R3IESY

RUM # .- RUM =53 - ASH GROVE CEMERNT KILM
LOCATION - BYFASS ESF DUTLET DUCT

DATE - 10,30/,89

FROJECT # — 2102-94-~13

Yolume (Cubic Festli=
(Cubic Feet)=

Initial Meter
Firal Meter Valume
Meter Factor=
Muiltiple leak checks, see end of printout
Met Meter Volume {(Cubic Feet)=

Gas Yolume i{Dvy Standard Cubic Feet)=

Earcmetric Fressure {(in Hg)=
Static Fressure (Inches HEG)=

+
- b
QD

fQ w
- ro

~l ~l

Fercent Oxygen= 16. 3
Fercent Carbonm Dioxide= 4.7
Moisture Collected {(ml)s 138. ¢
Fercert Water= T.7
Hverage Meter Temperature (Fl= 58
Average Delta H (in HE2O)= 1.37
RAverage Delta F (in HZO)= O. 478
Average Stack Temperature (Fi= 556
Dry Molecular Weight= Z23. 40
Wet Molecular Weight= 28.53
Average Square Root of Delta F {in H20)= <. 5884
% Isckinmetic= F9. 5
Fitot Coefficient= 0. B4
Sampling Time Mirmtes)= 120. ¢
MNoczzle Diameter (Inches)= e 300
Stack RAxis #1 {Inches)= 24,0
Stack Axis #2 (Inches)= Fe. 0
Fectarngular Stack
Stack Prea (Square Feet)= 15, o0
Stack Yelocity {RActual, Feet/min}= 3,200
Flow Rate {(RActual, Cubigc ft/miv)= Sz, 004
Flow rate (Standard, Wet, Cubic ft/miri= 25, 530
Flcw Rate {(Standard, Dry, Cubigc ft/miwn)= Eh, 437
Farticulate Loadirng — Fraont Half
Farticulate Weight (g)= G QOO0
Farticulate Loading, Dry 8Std. (gr/scfl= (e slelele)
Farticuwlate Loading, Rctual (gr/cu Fi)= G 0000
Emissicrn Rate 1lb/hr)= 0., OC
Mo Back Half Analysis
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FROG. =VER 0O&8/27/8%3
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Leak Correction=

Corr.

to
Q. OQOa

101008

7% O2 & 124
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#* # PMETRIC UNITS #* #

FILE MAME — R3B3SY

RUM # — RYUM 38V - ASH GROVE CEMENT KILMN

LocaTION — BYFASS ESF GUTLET DUCT

DATE — 10/30/82

FRGIECT 4 — 3Floz2-84-13

Initial Meter Volume {Cubic Meters)= 4. 364
Firmal Mester Yolume {(Cubic Metersl= S . A5S
Meter Factor= 1.027
Multiple leak checks, see end of primtout

Met Meter Voalume (Cubic Meters)= 2. 3558
Gas “lume (Dry Stamdard Cubic Meters)= . S40
Baraometric Fressure imm Hgl= 751
Static Fressure {mm HEZG) = -T74
Fercent Oxygen= 16.3
rercent Carborn Dicxide= 3.7
Moisture Collected {ml)= 158.1
Fercent Waters 7.7
Average Meter Temperature {(C)= =5
Average Delta H {mm H2O) = 43,9
Gverage Delta F {mm H2Q)= 124
Average Stack Temperature (C)= =231
Ory Mclecular Weight= Z3. 40
Adet Molecular Weight= . 28.53
dverage Sguare Root of Delta B (mm H2O)= 3. 4538
“ ITsackinetic= 9.5
“itot Cocefficients= Q. 84
Samplivng Time {(Mirnutes)= 120, 0
iozzle Diameter {(mm)= T.62
itack Axis #1 (Meters)= O.610
itack Axis #Z (Meters)= . 438
tectamgular Stack

itack PArea {Square Meters)= 1. 485
itack Velocity (RAotual, m/mind= FHL
law rate {(Aoctual, Bubic m/miv)= 1,473
“law rate (Standard, Wet, Cubic m/mird= 7ol
‘low rate (Btarndard, Dry, Cubic m/mir)= 534
‘articulate Loadirng — Front Half

‘articulate Weight (g)= Q. QOO0
articulate Loading, Dry Std. (mg/cocw m)= .
srticulate Loading, Rcoctual (mg/cu m)= GO
missicr Rate (kg/hr)= O Ga

a Hack Half Analysis
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FROG. =VER Q&/27V /8%
T1-15—-1380 10:10:345

Leak Corrvecticarn= O, Q000

Corr. tao 7% D2 & 12X COZ
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FILE NRME - RIESVY FROG. =VER Q6/27/873
FUM # - RUMN 35% — ASH GROVE CEMENT KILM D1-16-19680 10:11:01

LOCATION - BYFPASS ESF OUTLET DUCT
DATE —~ 10,30/8%
FROJECT # - 9i0Z~04—13

—

l Foirmt # Delta & Pelta H Stack T Meter T
it HEQ) din. HED) vF) Ivi{fF} Cut (F)
1 D 3T 1. 70 42 S o1
l & 0. SE0 Z.10 =584 87 55
3 g, D80 2. 30 1= 78 1=
4 0. S70 S. 30 54 8 e
= O 540 .20 S&1 a8 84
l =S Gl 350 1.4Q 236 TO 83
T Q. 470 2. 00 266 T =%
& G S0 Cylul aTE 79 &6
I.-‘ 3 0.510 2. 20 570 85 &8
i0 e 48O Z.1¢ S70 88 83
11 C 3OCH 1.=20 Sa3 T 67
1= e 440 1.8¢ sS85 76 &7
I 13 4380 1.3¢ 568 73 &5
14 D.3510 Z. 10 o688 7S 54
: 13 . 310 2. 10 S58 TS 63
I 15 0, 330 1.40 537 == =5
r Q. 450 1.7¢ =8 583 s7
18 D, S50 Z. 20 =535 57 a7
13 . 5S40 2. 20 S30 75 S3
I =0 Q. S30 2. 20 S84 81 at
Fraction Fimal Wt. Tare Wt. Elarmk Wt. Net Wt.
' g’ {g} {g) (g’
l DRY CARTCH G, OO0 QL 0000 G, QOO0 (e s lalolnl
FILTER Q. GO0 (R alelale (eFnelsiele’ iomelalele]
l Fraction Firnal Wt. Tare Wt. Vel Met Wt.
(g’ (g’ iml) (g}
FROBE RINSE ' O CHOONDY Q. OO0 Q.0 G, Q000
l IMRINGERS Cre QOO O, QOO0 LS IR O, OO
¢ Feeabe Rinse Blank {mgsmly= 0. 0000

Impinger Hlawvk (ag/ml)= O, 4000
Multiple leak checks used. Final readirngs for each segment are listed below

tk Rate (cfm) Time imir)
Q. QO30 3, QOO0
O QOO0 SO QQOG
G, GOZ0 e dldlely)
QL OO0 3, QOO0

&

B-221

T




SILE MRME — FHamBuy

AU ¥ - FUM A% - As cROVE CEMEMT HIuH

COoATION ~- MRIN O ESE CUTLZET DUCT

DETE — 10/°31,8%

EROIEDT $# — TLOZ-84-13

Initial Meter Yoiume (Cubig Festli=

Fimal Meter Volumo (Cubio Fegt)=

Met er ot or=

Maltiple leak checks, see ernd of primtout
2

Met Meter VMolume (Cubic Feet) =
Ga=z Yoiume (Dvw Starmdarag Cubic Feetl=

Baromegtric FPressure (1imn g
5k =]
b =

1=
atic Fressure [(Inches a

l

)=

Fercernt Oxygen=

Fercent Carbon Dioxide=
Maisture Collected iml)=
Fercent MHaters

Average Meter Temperatuwre (Fi=
Average Delta H {ivw HED)=
Average Delta F (in HEZO)=
Average Stack Temperature (F)=

Dry Molecular Weight=
et Mocleculasr Weipght=

Hverage Sguare Root of Delta P {in HEZO)=
“* Isckirnetic=

Fitot Coefficient=
Sampling Time Mirnutes)=
Mozzle Diameter {lnches)=
Stack Axis #1 (Irches)=
Stack HRris #2 {Irnchesg)=
Fectarngular Stack

Stack Ares {Sguare Feet)=

Stack Yelocity Rotual, Feet/mivng=
Flow Rate {RActual, Cubic Fi/miv)=

Flcw rate {Gtandard, Wet, Cubic fi/mind=
Flow Rate (Standard, Dry, Cubic ft/mirvd)=

Harticulate Loading — Fronmt Half
Harticulate Weight (gy=

Marticulate lLcading, Dry Std. (gr/scfl=
Farticulate Loading, Actual {gricu ft)=

Zmicsiar Rate (lb/hri=

Hoo Back Half Analysis
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*» « METRIC UNITS = #

! E MEME - RamMsy
RUM # — RUM 43V — A5H GROVE CEMEMT FILM
SOCATION ~ MAIN ESF QUTLET DUCT
i DATE ~ 1G,/31/8%
PROJECT # — 210&-84-12
l. Imitial Meter Yolume (Cubic Metersi= =7 . BT
Fimal Meter Yolume Cubic Metersi= 0. 8BTS
Meter Factoe= 1. 2nind
Multiple leak checks, see end of printout
Met Meter Volume (Cubic Meters)= Za FOT
Gas Yolume (Dry Starndard Cubic Metersi= . 827
l Barometric Pressure (am Hg) = To
Static Fressure {mm HEZO) = -1
I Frercent Oxyger= 5.8
Fercent Carbom Dioxide= S4. 1
Moisture Coallected iml)= StE. 4
'F'E-r-cent Hater= 15.5
Average Meter Temperature ()= =5
. Average Delta H imm HED) = T2 7
Iﬁuer‘-age Delta F (mm HE2O)= 14.73
Average Stack Temperature (C}= 138
| Dry Molecular Weight= S=. 032
Wet Moleculay Weight= =29. 35
 Rverage Sguare Root of Delta F (mm HI0)= 3. 8342
'] % Isckinetic= 191,68
Fitat Cocefficienmt= 2. 83
Sampling Time Mirutes)= ' 1&0. 0
INc-:zle Diameter {mm)= T.62
Stack FAxis #1 {Meters)= 1.213
Stack Axi=s #Z idMeters)= . 438
I Fectangular Stack
" St ack RArea (Sguare Meters)= =.373
Stack Yelocity thctuwal, moimivd= F4E
'Flow rate (Actual, Cubic mimin)= =, 802
Flow vrate (Standard, Wet, Cubic m/min)= 1,877
Flow rate’ (Starndard, Dry, Cubic m/imin)= i,31&

Farticulate Loading - Fromt Half

—-
T‘I.T‘l

‘articulate Wei gkt (g)= O, OO0
‘srticulate Loading, Dry Std. <mgicu mr= L0
Farticulate Loading, RActual imgsocu ml}= P
.Emissicm Rate {kgr/hr)= 1. O
| Mo mack Half Analysis
l B-223
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FILE MAME - FR4M5Y

BUM # — RUNM 435V — A5 GRCVE CEMENMNT KILM 11=21-158% OZ:3T:30
T

LOCATIOM ~ MAIMN ESF OU
DATE - 10/31./873
FROJECT # — 31l0Z-54-13

LET DUCT

Faoimt # Delta F Delta H Stack T Meter T
Pivie MDY iv. HEO) LF) ImiF} Gut {F
1 DL BED e ls] =15 &3 S4
z 13, S0 .80 317 T 83
= 2 SE0 =, 8¢ 315 ) 1=1-)
&5 . 500 nPNste 317 S3 =¥5)
S T G40 .15 31z a7 7O
= O, Tal .45 319 T4 T3
7 O, 230 . 2T SE0 a5 Ta
] O BED I 00 319 873 TS
3 O, 5e0 3. 29 313 30 76
10 oS30 . 865 216 91 Te
il O, 850 Sl 17 316 7o T3
iz O, B 50 Sa L0 218 g3 7o
13 L5810 3. 05 317 &8 TS
14 . 830 . 10 318 F1 Te
is 0,530 2. 60 316 33 i
lo 0, S0 =, S0 315 T3 =)
17 e T30 2. 65 316 a8 T
15 G 5490 2. 7S 317 = at
13 O, T4 Z.7TC 318 37 81
=0 LD 430 I S 317 100G az
Tracticm Fimal Wt. Tare WL, Blarmk Wt. Met Wt.
ig? g} i} 18-
Y CATCH O, 00 T 00D T DO Ty OO0
TILTER e PsTalals) T, SR [« alaTale G DO
ractiorn Fimal Wt. Tare Wt. Yol Net Wt.
(g (gJ tml) ig)l
“ROEE RIMSE G OO O, SO ) O, G000
MEINGERS CF, R0 s Lalalv] O, O )
“robe Rinse Hliamk {mgsmli= O, 0000

mpinger Elank (mg/mll= Q.

ltiple leak checks used.

.k Rate {(cfm) Time (mir)

QL O30 30, GO
Q. 000 IO OO0
Q. QOzZ0 30, OO0
O OOz 30, D000

Felalels)

Firnal readings for each segment are listed below

B-224
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FILE MAPME — FA4ES
UM # — LM a5y —
LOCATIOM - BYERES
DRTE — 19/°Z: 7533

FROJEDT # - S1d

SH GROVE CEMEMT RKILM
TP DUTLET DUCT

II[’ lll Ml

) W
n m
=) A -]

.
O

[

[
_t.
T W

=lw e m

1.

[

£ u o~
(TN I [\

(L

. 84
130, 0
e SO

=4, 0

FE. O

16,00

R 1 I 1Y)
e
Ll R
g F= e ~]

M e i

n I alelale)

Gt D000

‘Iﬁl ial Meter Volume (Cubic Feet)= =
Fimal Meter Volume {Cubic Feet)= i
‘Meter Factoes
o Midltigle leak checks, see end of primtout
',iet Meter Yoluams (Cubic Feet)=
Gas Volume (Dry Stardard Cubic Feetl=
' Barcmetric Prsssure iin Hg)=
'Static Pressure [(Inches HEZM) =
Fercent Oxyvgern=
lF’ercent Cavborn Dionide=
Moisture Collscted {(ml)=
- FevoeEnt Waters
l»—l'u'er'-age Meter Temperature (F)=
Average Delta H (inm HZD)=
Mverage Delta B {im HED)=
IF—%«Er’ng Stack Temperature (Fl=
Drv Molecular bWeight=
Iwet Molecular Weights=
Average Square Focot of Delta F (inm H2O)=
I/i Isckinetics
Fitat Coefficiernts
Sampling Time Mirmutes)=
IN‘:czzle Diameter {Inmches)=
Btack Axris #1 {Inches)=
Stack Axis #HZ {Inches)=
Fectanmgular Stack
l:t:u:h HArea (Sguare Feet)=
Stack Yelocity {Actual, Feet/mirn)=
'Fluw Fate {(Actual, Cubic Tt/ mir)=
Flow rate {(Stardard, Wet, Cubic ft/mirl=
Flow Rate (Starndard, Dry, Cubic ft/min)=
lﬁ'ar-t icwlate Loeading — Fromt Half
Farticulate Weight {(gi=
l\Fcﬂ"‘th'—‘lth Loading, Dry 5td. {(gr/s/scfl)= Chy 00
Farticulate Loading, Actuxl {grsou ft)=

Emicstiarn FRate {lb /hri=

v BHack Half Analyszis

=
e
(]

B-225
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Leak Correoticn=

Corv.

to 74 D2 & 13% COZ

Q. QOO0
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QL D000




= ¥ METRIT UMITS * =
FILE pamE — R4ESY
FUM # — RUNM 45Y — ASH GROVE CEMEMNT KILM
LSCST 0N — BYRARS3S ESF QUTLET DRUCT
CARATE - 10/31 783

SROJECT B — FLoE-54-413

Imitial mMeter Yolume (Cubic Meters)= €. 336
Fivmal Meter Yolume Cubic Metersi= T. i3
Meter Factor= 1,027

Multiple leak checks, see end of printcut
Met deter Volume (Cubic Metersi=
Sas Yelume {(Dry Standard Cubic Meters)=

I fi
L
+
I

Harometric Pressure (mm Hg) = TS0
Static Fressure {mm H2D) = -7T4
Tercent Ouygens _ 1.9
Sercent Carborn Diowxide=s 3.7
Moisture Collected (ml)= 143. 8
“groent Waters T4
Sverage Meter Temperature (C)= =2
Iverage Delta H {mm HZO) = 43,5
dveraxge Delta B (mm HZO) = 11.7
Average -Stack Temperature {(O)= z84
Dy Moleculasr Weight= =Z9. 27
det Molecular Weight= 8. 43
Gverage Sguare Root of Delta F odmm HEO) = 3. 4038
t Isckinetic= 38. 8
“itot Coefficient= . B4
sampling Time (Mirutes)= 180,90
izzzle Diameter {mm)= TebS
stack Axis #1 (Meters)= C.610
itack Axis #2 iMeters)= Z.438
lgctangular Stack

itack Area (Sguare Meters)= 1.486
tack ¥Yelocity (RAotual, m/mirn)= 68
“low rate {Actual, Cubic m/min)= 1,433
‘low rate {Starndard, Wet, Cubic m/mini= T4
low rate (Standard, Dry, Cubic ms/mivd= 587
‘articulate Loading - Fraomt Half

articulate Weight (g)= Cha QORI
‘articulate Loadimg, Dry Std. {(mgscu m)= (e
‘Brticulate Losding, Actual {mg/cu m)= . O
missicey Rate (kgs/hr)= O 00

i Hack Half Analysis

B-226

FROG., =YER 4G5/
1:=21-138%3 03
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7w oz
e
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N N E

FILE MAME — =4mEv FROG. =VER 06/03./839
RUN # - RUR 43y - ASH Z20VE CEMEMT =ILk 1i—01—1287 G L0:02
LOCATION - BvrEaSS ESk CUTLET TUCT
DRTE — 10, 35178%
FROJECT # — 3108-564-13
Foint # Deltas P Celts H Stack T Meter T
Tavi. HEDT Tins M2 CFD IrmaF? Tut (F)
H LIS S 1430 =70 =& oz
& e G40 L. 80 S84 =y =3
3 . B30 2.1 o4 T =91
4 e SN .10 513 s od
bl 0. 510 .10 =71 80 (=3
g e 70 N g 206 T &8
n Oy w30 1. 30 o7l 54 o4
& D 470 .10 557 o7 &4
9 2, S =, 10 o83 73 &4
14 e SO0 Z. 10 o7 7T 51=Y
11 DL 310 1,50 S82 T1 &8
1z i 4gd als =70 TS =5
13 0, SO0 =Z. 190 STS 8z 71
14 T 430 S0 571 &4 T
S Che 530 = Q0 o7l 21y T4
i i, S50 1.50 =55 77 T4
17 L DR Y= ) 1.30 =78 83 75
18 e ST Z. L0 30 88 77
13 O, 530 Z. 14 TEB 88 TE
20 0, 480 . 10} =571 ¥ s
Fraction Firal Wt. Tare Wt. Hlarmk Wt. Net Wt.
g} (g’ (g’ ig)
DRY CATCH s R a e Ta W] (el Tele 0 0000 Cha 0
FILTER O OO0 eI Da TaTa T 0 6 e e le
Fraction Fingl Wt, Tare Wt. Vol. Met Wt.
ig} ig} {ml} ‘gl
FFROBE RINSE [ s talals) Cr Qa0 O, O G, D000
IMPRIMGERS Gty il s lelaly ) 0, N0

Frobe Rinse Blamk imgimlir= O, 0000

Impinger Hlamk (mg/mli= O QOO
Multiple leak checks used. Final readings for each segment are listed below

Ik Rate {cofm) Time {(miwn)

O, G150 30, GO0
. D050 30, 0000
0, D100 3G, Q000
IO Sah. R0
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FILE MRME — RIMIY

FUN # - REMSY

LSCATION ~ malr 25 JUTLET DLCT
DRATZ — 1i-—-C-8%

FROJECT # — 3210C-B4-13

imitial Meter Yolume (Cubic Feet)= 1500
Firmal Meter Yolume iCubic Feet)i= 185,510
Meter Factor= 1.2l

Multiple leak checks, see =2rnd of printout

Met peter VYolume (Cubic Feetls= a0
Gas Yolume (Dry Standard Cubic Festis= 25,5932
EBarometric Pressure (ir Hol)= =3, 7
Static Pressure (Inches HEO)= —Ga il
Fercent Uxygen= 3. &
Fercent Larborn Diaxides ST 4
Moigture Coxllected imli= 473. 3
Fercernt Water= 19.1
Average Meter Temperature (Fl= 53
Average Delta H {in HEO)= Z. 46
Average Delta F {in HEG)= 0. 551
Average Stack Temperature {F)= IE0
Oy Molecular Weight= 3E.53
HWet Molecular Weipht= 25, 30
Mverage Sguare Roeot of Delta F (in HEO) = O.T4413
7 Izschkirnetic= 100,86
“itot Coefficiernt= O, 83
sampling Time Minutes)= LG, O
Mozzle Diameter {(Inches)= O 300
Stack Axkis #1 {Irnches)= HE. 0
Stack Axis #HZ 1ilnches)= Fo. 0
rectangular Stack

stack RArea {Sguare Feet)= S&. 00
3tack VYelacity (Actual, Feet/min)= =, 371
Flow Rate {(RActual, Cubic Ft/mird= 25, 085
“low vate {Starndard, Wet, Cubic ft/miro= &3, 820
“law Rate (Starndard, Dry, Cubic ft/miro= S1,515
“articulate Loading — Fromt Half

*articulate Weight (g)= e D000
‘articulate Loading, Dry Std. i{gr/scfi= 0000
‘articulate Loading, Rctual (gr/cu ftoi= T D000
nissiorn Rate {lbs/hr)= e i

lo Back Half Armalysis
B-228

Leak Correcticorn=

Corr,

tc 7H O2 & 132% COZ
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* ® METRIC UMITS * =
~IlLz MAME  ~ REMSY FRCG. =VER Do/1073
BEUM # - psmoy 1i-0g-1389 17:
LOCATION - maln ESF QUTLET bucT
DATE - 11-2-89%
FROJECT 4 - 3l10c-—84-13

Imitizl PMeter Yolume Cubic Metersi= Z. 53912
Fimal Peter Yolume (Cubic Meters)= 5. 253
Meter Factor= 1.0

Pultiple leak checks, see end of printout tesk Correcticns 00 D

Met Meter Yolume (Cubic Meters)= =. B6&
Gas Yolume {Dry Standard Cubic bMetersi= 2. 707
Barametric Fressure {mm Hg)= 755
Static Fressure ‘mm H2O) = -1
Fercent Oxygern= .=
Fercent Carbon Dioxides=s =T. 4
Mouictorc Dollscised imid= 47 3.5
Fercent Water= 15.1
Average Meter Temperature ()= 15
Average Delta H {mm H2O)= 8. T
Average Delta F fmm HEO) = 14,0
Hverage Stack Temperature (Cl= 160
jDry Molecular Weight= 3k.59
ket Molecular Weight= 23. 80
Average Square FHoot of Delta F {mm HEOQ) = 3. 7353
l':’i Ischkinetic= 130, 6
Fitot Coefficient= 2, 83
Sampling Time (Minutes)= 120,00
Mozzle Dismeter imm)= 7.6
Stack Axis #1 (Meters)= 1.213
Stack Axis #2 iMeters)= . 438
Fectangular Stack
Stack Ares (Square Meters)= Z.373
l‘St ack VMelocity f{Actual, mwm/min)= FOS
Flocw rate (Actual, Cubic mismin)= z, 632
Flow rate iStandard, Wet, Cubic mlmirmd= 1,807
lFlcm rate (Standard, Dry, Cubic mimiri= 1,462
|
Farticulate LLoading ~ Fraonmt Half
'F'E"r""tic‘.\late Weight ig)= Chy RO Corr. to 74 02 & 12% LDz
Farticulate Loadinmg, Dry S5td. (mg/ocu mi= (A MR e] 0, 0.6
Farticuwlate Loading, Actual {(mglfcuw m)= (e
Emicsion Fate (Rgslhv)= T, n

Moo Back Half PAralysis
B-229




FILE MAME - RSMEY FRCG. =Y
RUM # ~— RoM3Y 1= nE—-1
LOCATION — MAIN ESF OUTLET DUCT
DRTE — 11-2-8%
PROJECT # — FLoZ-84-1C7
Foint # Delta P Dzlita H = Meter T
Ciw. HED) fiwm, HEO Im i3 Gut iF3
i Ch, SN0 Z. 358 i 43 G2
= e S80 P P i S G4
= K S840 .30 SEO =0 4
% (IR A .40 381 a3 48
5 O, 4770 =L 15 318 =¥ =14
& d. 550 Z.TT 3IEZ ze 493
ra (U Xel¢ . T IeE &t 52
& Q. S0 Z. 66 IZz &7 T4
3 O, S0 Z.TO Iz T3 part =Y
10 T SIS0 .45 S&1 TS =8
11 0. &40 =85 SE0 =6 S4
1z 3. BE0) .82 321 [S¥ey zc
13 O B0 .75 =21 =% o7
14 . S50 .48 Zl T =7
15 0. 490 .2z Sz T S8
15 . 4890 z.15 318 559 1)
17 D H3Z0 =. 18 318 =% 58
18 Qe SO 2. 27T 320 T et 2
13 D.310 2. 31 320 71 53
iz QL 450 Z.048 ZzZ0 Tz o
Fractiam Firmal Wt. Tare Wi, Hlarnk Wt. Met Wt.
‘gl ‘gl igl {g?
DREY CATCH e leTels] Cha QOO0 Ty THHONG O, QTG0
FILTER Y, D) D D000 O, D00 i, 0000
Fractican Fimal Wt. Tare Wt. Yol Met Wt.
ig) {g} iml} g}
FROEBE RIMNSE Cre SN0 OO0 O, O 0. 000
IMEINGERS . RO LA s TwTels] D, 0 NN

Ferabe Rinse Blawmbk
Impinger BHlank

trag mil=
Ligsml)d

Multiple leak checks used.

Lk Rate {cfm)
o Qa0
2. QQOC
QOO0
O, GO0

Time mir)
S0, QOO
e Iy g TaTs u
ST, QOO0
ST, OO0

.,

0,

QD000

B-230

Final resdings for each Eeément are listed below
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' FILE mRmE -~ F{ TE o
FLEM 3 - BEERS
LOCRT ICM BrF i3 ZSF OUTLET DUCT
DRTE - 1172685
FREOJECT B ~ F108-84—-13
iriitial Meter Yolums (Cubic Fest)= IS5Z. 362
I Fival Meter Volume {(Cubic Feetls= G2, Bog
Meter Factor= 1.9E7
Multiple leak checks, =see end of primtout
Met Meter YWolume iCubic Feet)= 83,243
Gas “Yolume (Dry Standard Cubic Feet)= 87. 360
Haraometric Fressure {in Hgi= 2B TE
l Static Fressure {(Inches HEQ)= —Z. 0
Fercent Oxyvgens 15.8
l Fercent Carban Dicxide= 3.8
Mocisture Collected (ml)= 15301
Fercent Water= T.5
I Rverage Meter Temperature (F1= T4
Average Delta H {im HZM = 1.75
Average Delta £ {in HE2O)= O, 430
I Average Stack Temperature <(Fl= =73
Dy Moalecular Weight= =23, 28
l Wet Molecular Weights=s 28. 43
Average Square Root of Delta A {im H2ZO = . B53T
n Jsakinetic= 103, 3
l F':.tcd: Cocefficient= 84
Sampling Time (Minuteg)s= 12,0
N@::le Diameter {(Iirnmches)= Che 3OO
Stack FAxris #1 (Irnches)i= Sha D
Stack Axis #Z dlrnches)= F6. 0
Rectangular Stack
l Stack RAresa (Bguare Feset)= 16,00
Stack Velocity <{Actusl, Feet /mird= 3,113
Flow Rate {RActual, Cubic ft/mird= 43, 301
Flow rate {Stardard, Wet, Cubic ft/mivd= 25, -’11"
Flcw Rate (SBtandard, Dry, Cubic ft /mird= 23, 12
.F' rticulate Loading — Frovnt Half
Farticulate Weight {(g)= e lelele)
l articulate Loadirg, Dry Std. {(gr/scf)= 0. D000
mrticulate Loaading, Actusal (gr/socu ft)= O OO0
Emissicwm Fate (1bs/her)= iy THO
ln.:.- Back Hzlf RARrnalysis
I B-231

Leak Correction=

Ceoirr.
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* * METRIC UMNITE = =
FILE MAME - RIZESY
RUM # — RSEEY
LOCATION — BYFASS ESFH OUTLET DUCT
DATE -~ 115278
SMROJECT # — SlOZ-34—1 3

F

{mitial Meter Yolume (Cubic Meters)=

Fimal Meter VYolume Cuabic Meters)= 1
Meter Faoctors

Multiple lsak checks., =&c end of prismtoot

ret Meter Volume (Cubic Meters)=

as YMolume (Dry Starndard Cubic Meters)=

1

U

Harometric Fressurs dmm Hgl =
3tatic Pressure (me HIO) =
“erocent Oxygen=s

rercernt Carbon Dicwides=
Moisgture Collected imid=
ferocent Water=

Iverage Meter Tamperatore ()=
Iverage Delta H imm HZO=
Iverage Delta B oimm HSO) =
Average Stack Temperature (C)=

Ty Molecular Height=
et Moleculsr Weight=

verage Sguare Root of Delta B imm H2O)=
Isckinmetic=

L

“itot Coefficient=
jampling Time (Minutesi=
kozzle Diameter {mm!=

FTack Oxis #1 (Meters)=

itack Axis #2 (Meters)i=

ectanmgular Stack

itack Area (Sguare Metsrs)=

tack Yelacity (Actual, ms/min)=

‘law rate {RActual, Cubic wm/mirn=

low rate {(Standard, Wet, Cubic m/mird=

low rate (Starndard, Dry, Cubic m/min)=
articulate Loading — Front Half

articulate deight ig)= O

articulate Loading, Dry Std. {mg/cu m)=
articulate toading, RActual {(mg/cu m)=
Mmissicnm Rate (kgshr)=

o Back Half Arnalvsis

B-232
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. 2355
103.3
O B4
120, 0
7,62
D, 514
2. 438
1. 488
951
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FILE MAME - RSESY FRCG. =VER D6/035872
FUrt # - pspswy 11=02~-1985 1Tl sl
LOCATION -~ BEYFOSS ESF CUTLET DUCT
DATE - 11,2r/83
FPROJECT # - 2105-64-13
 Fradivt B Delta F Celta H Stack T Meter T
fdm. HEDY 1in. 20 F} ImiF) Cut (72
1 Zhe 300 1010 CeE 51 =1
= L P 1.70 S8z =8 54
l 3 0. 500 &, 00 562 58 =g
L D, 430 I 64 T o3
= O, 480 =00 82 T3 (Y
) T, Z30 1.40 S6E T B4
'1 7 T 450 1.3 585 75 58
8 Ch B8O =. G =85 TT &8
g 2. 480 Z. 00 S8 TSI BT
l £ 0. HTO 1.50 S&0 73 70
- 11 T 230 1,10 =STE =4 a3
R LIS L.T0 =84 e 7=
15 T 430 1.70 S30 35 i
l 14 450 1. 8¢ S8e a3z 73
13 Q. 450 1.80 S86 37 80
15 Q. SEO 1. 40 88 T 7
I 17 e 410 1.8¢ SO0 a= 81
15 L 580 Z.10 5890 83 as
13 T, 4T 2. 30 oZ8 33 84
l' =0 O, 480 2. 30 =TS 1) 8%
l Fraction Fimal Wt. Tare Wt, Elarnk Wt. Net Wt.
ig) 1g) (g’ {g}
DFEY CRATCH s I wTalsle’ O, OO s Eeialele &, D000
l; FILTER by LCHD ), N0 0. IO D QOO0
Fractice Firmal Wi, Tare Wt. Mol Met Wt.
‘ (g’ ‘gl (ml} {g)
FRORE RINSE O D000 e TR ] G, QOO0
IMRINGERS Cra OO0 T, THOTED Or, 0 Oha CHONON

Frobe Rinse Hlamk (mgsmll)= O, Q00
Impirnger Blambk (mgrsmli= O, GO0

Multiple leak checks used. Firnal readings for each segmernt are listed below

U LKk FEate {cfm) Time {(miwn)

O Q00 3T, QO
Q. 010 30, 0000
O, 0010 30, QOO0
O, OO0 S QOO0
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Appendix B-9
Volatile Organics Analysis
Data Summary

METHQDS

The MM5 samples for semivolatiles, PCDD/PCDFs, and gravimetric analyses
were extracted according to EPA SW-846 methods with some modifications. The
five components of the MM5 sampling train (front-half rinse, filter, back-half
rinse, XAD, and condensate) were each extracted separately. A1l samples were
treated similarly. The surrogates for the PCDD/PCDFs and semivolatiles were
added alternating between the five componments. The surrogates employed for
this study were D,-2-chlorophenol and D,,-pyrene to moniter accuracy for the
semivolatile organic screen and the 13C-labeled PCDD/PCDFs specified in SW-846
Method 8290 to monitor accuracy for PCDD/PCDF analysis.

Prior to extracting the filter, the front-half rinse was filtered to
remove any particulates. This filter and solids catch were added to the
Soxhiet setup used to extract the MM5 filter. The filter and XAD samples were
extracted initially with methylene chloride for 16 to 22 h. The solvent was
removed, and toluene was added to the apparatus for a second extraction. A
third solvent, methyl-t-butyl ether, was added to the components and extracted
for 16 to 22 h. A1l three solvent extractions were cambined and saved to he
combined with the aqueous extracts. These samples were extracted using a

4 3 Mabklh~ad CAN
Soxhlet cxtraction device accerding to SW-846 Method 3540.

The three solvent extraction scheme was also used for front-half, back-
half, and condensate components of the MM5 train. The pH of the fractions was
jnitially adjusted to neutral, pH 7-8, using 1 N NaOH or 1l:1 H,S0,:H,0.
Methylene chloride was the first solvent, and each sample was extracted three
times in a separatory funnel. The pH was adjusted to 11 using 1 N NaOH and
the sample extracted three more times with methylene chloride. The pH of the
fraction was adjusted back to neutral for extraction with toluene and methyl-
t-butyl ether, respectively. A1l the solvent extracts were combined and saved
to be concentrated with the filter and XAD fractions. SW-846 Method 3510 was
used for these extractions.

The five component extracts from each train were combined and
concentrated by rotoevaporation to approximately 5 mL. The samples were then
transferred to a vial calibrated to a volume of 10 mL together with several
rinses, The combined extracts were concentrated to 10 mL using a nitrogen
evaporator and split as follows: 2.5 mL for PCDD/PCDF analysis, 2.5 mL for
semivolatile organic screen, and 5 mL for gravimetric analysis. The semi-
volatile portion was nitrogen-evaporated to 1 mt and held for analysis. The
PCDD/PCDF portion was cleaned up according to SW-846 Method 8280. The
cleaned-up extracts were concentrated to a finral volume of 25 ul.

The sample aliquots designated for the semivolatile organic screens were
spiked with 100 uyg of 2,2'-difluorcbiphenyl and analyzed according to EPA
Method 1625. This analytical method is roughly equivalent to SW-846 Method
8270 in terms of chromatographic conditions and analytical parameters. The
target compound 1list from Method 1625 (Table B-10-1) was used to create a
target compound library. In addition, the five most abundant nontarget
compounds were identified for each sample. With the exception of the
surrogates, relative response factors equal to 1 were used to calculate target
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and nontarget compound concentrations. A1l sample concentration calculations
accounted for the splits described above.

The cleaned-up sample aliquots designated for PCDD/PCDF analysis were
spiked with the Method 8290-required interna) standards (98 pg of 13C-1,2,3,4-
TCOD and 196 pg of 13C-1,2,3,7,8,9-HxCDD). They were analyzed by SW-846
Method 8290. A1l sample concentration calculations accounted for the splits
described above.

Several quality control samples were prepared to monitor the quality
(precision and accuracy) of the analytical results. These sampies were a
filter blank, bliank filter matrix spike, hiank filter matrix spike duplicate,
XAD blank, blank XAQ matrix spike, blank XAD matrix spike duplicate, water
blank, blank water matrix spike, and blank water matrix spike duplicate.
These nine samples were prepared and analyzed as described above for
PCOD/PCOF. The blanks were alsc analyzed for semivolatiles.

RESULTS

Table B-10-2 summarizes the analytical results for PCDDs and PCDFs in the
Ash Grove samples, Positive identification of the 2,3,7,8-substituted con-
geners was based on retention time and theoretical ratios of areas measured
for each of the two ions monitored (+30%). Al1 calibration criteria specified
on SW-846 Method 8290 for the initial and continuing calibration checks of
PCODs and PCOFs were met during the analysis of these samples.

Surrogate recoveries for PCDDs and PCDFs are summarized in Table B-10-3.
Only two of the 63 surrogate recovery determinations did not meet the accuracy
quality control limit (QCL) of 40% to 120%. Precision QCLs (35% RSD) were met
for the combined total of surrogate recoveries and also for the surrogates
spiked into the XAD-2 resin component of the MM5 sampling trains. One of nine
surrogate determinations spiked into the filter component of the sampling
trains did not meet precision QCLs.

Tables B-10-4 and B-10-6 present the recoveries of PCDD/PCDFs spiked into
XAD, filter, and water blanks, respectively. For the XAD spiked blanks
(Table B-4), only three out of 34 recovery determinations did not meet the
accuracy QCLs. Both of the duplicate spiked blanks met the precision quality
control limits. The filter (Table B-10-5) and water (Table B-10-6) spikes met
accuracy QCLs for 32 out of 34 determinations, and the duplicate spiked blanks
met precision QCLs.

Tables B-10-7 to B-10-16 summarize the results of the semivolatile
organic screen using GC/MS. For each table, the compounds specified in
Table B-10-1 that were found in these samples are reported together with
approximate concentrations for compounds found above or near the estimated
detection 1imit, also specified in the tables. In addition, for each sample,
the five most abundant nontarget compounds identified are reported, with
approximated sample concentrations.

Table B-10-17 summarizes surrogate recoveries for samples screened for
semivolatile organic compounds by GC/MS. Only D,,-pyrene recoveries are
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reported. Dy-2-Chlorophenol recoveries were not reported because this
compound eluted within the toluene solvent front. The use of toluene as an
extraction solvent was required for effective solvent extraction of PCDDs and
PCOFs. It was not foreseen that this compound would elute within the toluene
solvent front, and thus no corrective action could be taken to resolve this,
Out of 14 surrogate recovery determinations, 13 met accuracy quality control
1imits. Precision QCLs for overall surrogate recoveries were met but were
slightly above the QCL of 35% for surrogates spiked into the filter and XAD-2
components of the sampling trains.

Tables B-10-18 to B-10-20 present the results for the blanks (XAD,

filter, and water) corresponding to samples screened for semivolatile organic
compounds using GC/MS.
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TABLE B-10-1, COMPOUNDS MONITORED DURING GC/MS SCREEN

1. N-Nitrosodimethylaniline 42. 2-Naphthylamine
2. a-Picoline 43. N-Hexadecane
3. Styrene 44, Fluorene
4. Bis{2-chlovrophensl) ether 45. 4-Chlorophenyi-phenyi ether
5. Phenol 46, Diethyl phthalate
6. 2-Chlorophenol 47. 4,6-Dinitro-2-methylphenol
7. n-Decane 48, Diphenylamine
8. N-Nitroso-di-n-propylamine 49, 1,2-Diphenylhydrazine
9. 1,3-Dichlorobenzene 50. N-Nitrosodiphenylamine
10. 1,4-Dichlorobenzene 51. 4-Bromophenyl-phenyl ether
11. p-Cymene 52. Hexachlorgbenzene
12. 1,2-Dichlorobenzene 53. Dibenzothiophene
13. Bis(2-chloroisopropyl) ether 54. Pentachlorophenol
14, Hexachloroethane 55. Phenanthrene
15. Nitrobenzene 56. Anthracene
16. Iscphraone 87. Carbazole
17. 2-Nitrophenol §8. Di-n-butyl phthalate
18. 2,4-Dimethylphenol 59. n-Eicosane
19. Bis(2-chloroethoxy)methane 60. Fluoranthene
20. 2,4-Dichlorophenoi 61. Benzidine
21. 1,2,4-Trichlorobenzene 62. Pyrene
22. Naphthalene 63. Benzyl butyl phthalate
23. a-Terpineol 64. Tetracosane
24. n-Dodecane 65. Chrysene
25. 1,2,3-Trichlorobenzene 66. 3,3'-Dichlorobenzidine
26. Hexachloro-1,3-butadiene 67. Benz[a]anthracene
27. 4-Chloro-3-methylphenol 68. Bis(2-ethylhexyl) phthalate
28. Hexachlorocyclopentadiene 69. Di-n-octyl phthalate
29. 2,4,6-Trtchiorophenol 70. Benzo[b]fluoranthene
30. 2,4,5-Trichlorophenol 71. Benzo[k]fluoranthene
31. 2-Chloronaphthalene 72. Benzo[a]pyrene
32. Diphenyl 73. Triacontane
33. Diphenyl ether 74. Dibenz[g,h]anthracene
34, 2,6-Dinitrotoluene 75, Benzo[g,h,i]perylene
35. Dimethyl phthalate 76. Tetradecane
36. Acenaphthylene 77. Octadecane
37. Acenaphthene 78. Docosane
38. 2,4-Dinitrophenol 79. Hexacosane
39. Dibenzofuran 80. Octacosane
40. 4-Nitrophenol 8l1. Indeno{l,2,3-c,d]pyrene
41. 2,4-Dinitrotoluene 82. 2,3,6-Trichlorophenoc
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TABLE B-10-2.

AMOUNT OF PCDD/PCDF FOUND (pg)

Run Run Run Run Run Run
1001- 1006- 3001- 3006- 4001- 4006-
Analyte 1005 1010 3005 3010 4005 4010
2,3,7,8-TCOF ND 240 £9.6 3.1 700 170
2,3,7,8-TCDD ND ND ND ND ND ND
1,2,3,7,8-PeCDF 57.7 ND 50.1 ND 279 128
2,3,4,7,8-PeCDF 37.3 101 33 ND 330 ND
1,2,3,7,8-PeCDD 21.8 ND ND ND 92 ND
1,2,3,4,7,8-HxCir 69.6 126 96.8 62.9 736 147
1,2,3,6,7,8-HxCi" ND 61.5 36.1 ND 287 40.8
2,3,4,6,7,8-HxCLF 36.3 80.8 ND 25.9 380 33.1
1,2,3,7,8,9-HxCi~ ND ND ND ND ND 33.1
1,2,3,4,7,8-HxCDu ND ND ND ND 141 ND
1,2,3,6,7,8-HxCOi ND ND ND ND 140 ND
1,2,3,7,8,9-HxCDD 44.1 37.3 31.4 38.2 212 39.3
1,2,3,4,6,7 ,8-HnCDF AR ND 157 HHH 1300 D
1,2,3,4,7,8,9-HpCOF ND ND ND 55.2 241 92
1,2,3,4,6,7,8-HpCDD 177 122 134 119 799 123
OCDF 211 312 616 405 1210 328
ocoD 761 468 550 629 1350 677
TCOF 136 1290 177 108 3220 625
TCOD ND ND ND ND 463 ND
PeCDF 240 552 225 59.7 3130 259
PeCDD 21.8 44,5 ND ND 595 ND
HxCDF 97.8 413 184 116 2540 297
HxCDD 122 118 98.2 108 1310 4.2
HpCDOF ND 110 273 101 2020 172
HpCDD 302 219 349 193 1470 212
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TABLE B-10-7. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 1001-1005

Total extract volume (mL): 10
Split volume (mL): 2.5
Final spiit volume {(mL): 1

Amount surrogate spike (ug)

D, 4-Pyrene:

394

D,-2-Chlorophenol: 400

1S areas

Detection 1i

it:

(3]
N
€L
.

N
N
[«)}

Sample amount® Surrogate

No. Compound Total area (ua) recovery

2 D,o-Pyrene b 420337 295.8 75.1%

3 Dy-2-Chlorophenol 0 0.0 0.0%
35 Diphenyl 25849 31.4 NA
42 Dibenzofuran 60925 74,0 NA
59 Anthracene 23360 28.4 NA
71  Bis(2-ethylhexyl) phthalate 37718 45.8 NA

Nontarget majors

Conc. Sample amount® Surrogate

Scan Compound (ng/mL) {ug) recovery
764  Methylphenoi 320 1280 NA
775 Methylphenol 31 124 NA
1036 Alkane 1600 6400 NA
795  Methylphenol 52 208 NA
882 Methylbutylbenzene 11 44 NA

2 an compounds with areas less than 10% of the internal standard are

considered to be below the stated detection limit.

analytes monitored are listed separately.

A1l of the target

The filament on the mass spectrometer was turned on too late to detect this

compound. This was due to the use of toluene in the sample extracts, which
burned out the filament several times.

Sampie _ (Total area - 100 « Final split vol. » Total extract vol.)

amount (ug) (IS area * RRF « SpTit volume)
where RRF = 1 except for surrogates.
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TABLE B-10-8. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 1006-1010

Total extract volume (mL): 10 Amount surrogate spike (ug)
Split volume {mL): 2.5 D;o-Pyrene: 394
Final split volume {mbL): 1 D,-2-Chlorophenol: 400

IS area: 256.563
Detection limit: 40 total ug?

Sample amount® Surrogate

No. Compound Total area (ng) recovery

2 D,p-Pyrene b 350293 316.6 80.4%

3 D,-2-Chlorophenol . 0 0.0 0.0%
71 Bis(2-ethylhexyl) phthalate 13223 20.6 NA

Nontarget majors

: Conc. Sample amount® Surrogate

Scan Compound {ug/mL) (vg) recovery
718  Trimethylbenzene 21 84 NA
758 Methylphenol 120 480 NA
884 Substituted benzene 340 1360 ' NA
1035 Alkane 2100 8400 NA
1250 Substituted benzene 28 112 NA

3 A1l compounds with areas less than 10% of the internal standard are

considered to be below the stated detection Timit. A1l of the target
analytes monitored are listed separately.

The filament on the mass spectrometer was turned on too late to detect this
compound. This was due to the use of toluene in the sample extracts, which
burned out the filament several times.

Sample _ (Total area - 100 « Final split vol. ¢ Total extract vol.)
amount (ng) (IS area * RRF ¢ Split volume)

where RRF = 1 except for surrogates.
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TABLE B-10-9.

GC/MS SCREEN DATA SUMMARY FOR SAMPLE 1011-1015

Total extract volume (mL): 10

Sp1it volume (mL):

Final split volume (mL): 1

5 ‘ D1o-Pyrene:
D-2-Chlorophenol: 400

iS area:
Detection 1imit:

Amount surrogate spike (uq)

454,457

394

20 total ug®

Sampie amount® Surrogate
No. Compound Total area {na) racavary
2 Dyg-Pyrene b 1037216 264.6 67.2%
3 Dy-2-Chlorophenol 0 8.0 0.0%
61 Di-n-butyl phthalate 20426 9.0 NA
71  Bis{2-ethylhexyl) phthalate 73761 32.5 NA
Nontarget majors
Conc. Sample amount® Surrogate
Scan Compound (ng/mL) (ng) recovery
748  Methylphenol 110 220 NA
1229  Substituted benzene 46 92 NA
778  Phenyl ethanone 6 12 NA
979 Ethyl phenyl ethanone 7.4 14.8 NA
1240 Bis-ethanediyl benzene 35 70 NA

& an compounds with areas less than 10% of the interpal standard are
A1l of the target

considered to be below the stated detection limit.

analytes monitored are listed separately.

compound.

Sample
amount (wg) ~

The filament on the mass spectrometer was turned on too late to detect this

This was due to the use of toluene in the sampie extracts, which
burned out the filament several times.

_ (Total area = 100 » Final split vol. = Total extract vol.)

(IS area  RRF = Split volume)
where RRF = 1 except for surrogates.
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TABLE B-10-10. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 2001-2005

Total extract volume (mL): 10
Split volume (mL): 5
Final sp1it volume (mL): 1

IS area:

Amount surrogate spike (ug)

D, q¢-Pyrene:
Dy-2-Chlorophenol:

Detection 1imit:

336.527

394

20 total ug?

400

Sampie amount® Surrogate

No. Compound Total area (ug} recovery”

2 D,o-Pyrene b 871752 300.3 76.2%

3 Dy-2-Chloropheno]l 0 0.0 0.0%
35 Diphenyl 47586 28.3 NA
42 Dibenzofuran 126490 75.2 NA
61 Di-n-butyl phthalate 27166 16.1 NA
71 Bis(2-ethylhexyl) phthatate 68199 40.5 NA

Nontarget majors

Conc. Sample amount® Surrogate

Scan Compound (ug/mL} (ug) recovery
757  Methylphenol 320 640 NA
767 Methylphenol 58 116 NA
789  Methylphenol 150 300 NA
1247  Methyl phenylmethyl benzene 160 320 NA
1258 Methyl phenylmethyl benzene 57 114 NA

a AT compounds with areas less than 10% of the internal standard are
A1l of the target

considered to be below the stated detection limit.

analytes monitored are listed separately.

compound.

burned out the filament several times.

Sample
amount (ug)

The filament on the mass spectrometer was turned on too late to detect this
This was due to the use of toluene in the sample extracts, which

_ (Total area - 100 « Final split vol. * Total extract vol.)

where RRF = 1 except for surrogates.
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TABLE B-10-11. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 2006-2010

Total extract volume (mL): 10 Amount surrogate spike (uq)
Split volume (mL): 5 D,o-Pyrene: 394
Final split volume (mL): 1 D,~-2-Chlorophenol: 400

IS area: 301.311
Detection 1imit: 20 total ug?

Sample amount® Surrogate

" No. Campound Total area (ug) recovary
2 D,p-Pyrene b 745166 286.7 72.8%
3 D,~2-Chlorophenol . 0 0.0 0.0%

Nontarget majors

Conc. Sample amount® Surrogate

Scan Compound (ug/mL) (ug) recovery
762 Methylphenol 240 480 NA
890 Substituted benzene 560 1120 NA
717  Trimethylbenzene 30 60 NA
1022 Alkane 27 54 NA
1249 Bis-ethanediy] benzene 39 78 NA

a an compounds with areas less than 10% of the internal standard are
considered to be below the stated detection limit. A1l of the target
analytes monitored are listed separately.

The filament on the mass spectrometer was turned on too late to detect this
compound. This was due to the use of toluene in the sample extracts, which
burned out the filament several times.

Sample  _ (Total area « 100 » Final split vol.  Total extract vol.)
amount {ug) ~ (IS area * RRF < Spiit volume)

where RRF = 1 except for surrogates.
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TABLE B-10-12. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 3001-3005

Total extract volume (mL): 10
Split votume (mL): 2.5
Final split volume (mL): 1

Amount surrogate spike (ug)

IS area:
Detection 1imit:

D,o-Pyrene:
Dy-2-Chlorophencl: 400

254.282

394

40 total wg?

Sample amount® Surrogate
No. Compound Total area (ng) recovery
2 D,o-Pyrene b 43747 39.9 10.1%
3 Dy-2-Chloropheno? 0 0.0 0.0%
71 Bis(2-ethylhexyl) phthalate 105234 165.5 NA
Nontarget majors
Conc. Sample amount™ Surrogate
Scan Compound (nug/mL) (ng) recovery
756  Methylphenol 230 920 NA
1025 Alkane 970 3880 NA
1029 Alkane 210 840 NA
1859 Atkanoic acid ester 67 268 NA
1255 Methyl phenylmethy1 benzene 51 204 NA

& A1l compounds with areas less than 10% of the internal standard are
A1l of the target

considered to be below the stated detection limit.

analytes monitored are listed separately.

The filament on the mass spectrometer was turned on too late to detect this
compound. This was due to the use of toluene in the sample extracts, which
burned out the filament several times.

Sample _ (Total area = 100 » Final split vol. » Total extract vol.)
amount (ug) (IS area » RRF * Split volume)

where RRF = 1 except for surrogates.
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TABLE B-10-13.

GC/MS SCREEN DATA SUMMARY FOR SAMPLE 3006-3010

Total extract volume (mL): 10

Split volume {mL):

Final split volume (mL): 1

Amount surrogate spike (ug)

2.5 Dygo~-Pyrene:
D,-2-Chlorophenol: 400

15 area:
Detection limit:

394

Sample amount® Surrogate
No. Compound Tota) area (ua) recovery
2 Dyg-Pyrene b 351046 292.0 74.1%
3 D,-2-Chiorophenol 0 0.0 0.0%
71 Bis{2-ethylhexyl) phthatate 222088 318.7 NA
Nontarget majors
Conc. Sample amount® Surrogate
Scan Compound {ng/mL) (ng) recovery
894 Benzaldehyde 57 228 NA
905 Dimethyl ethoxy toluene 120 480 NA
1032  Alkane 1600 6400 NA
1863  Substituted benzene 220 880 NA
1256 Methyl phenylmethyl benzene 100 400 NA

& A1 compounds with areas less than 10% of the internal standard are
A1 of the target

considered to be below the stated detection limit.

analytes monitored are listed separately.

amount (ug)

The filament on the mass spectrometer was turned on too late to detect this
compound.

This was due to the use of toluene in the sample extracts, which
burned out the filament several times.

_ {Total area ~ 100 « Final split vol. ¢ Total extract vol.)

(IS area = RRF = Split volume)
where RRF = 1 except for surrogates.

B-250




TABLE B-~10-14. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 4001-4005

Total extract volume (mL): 10 Amount surrogate spike (pgq)
Split volume (mL): 2.5 D,o-Pyrene: 394
Final spilit volume (mL): 1 D,-2-Chlorophenol: 400

IS area: 370.980 :
Detection limit: 40 total ug?

Sample amount® Surrogate

No. Compound Total area (ng) recovery
2 D,g-Pyrene b 344368 215.3 54.6%
3 Dy-2-Chloropheno! 0 0.0 0.0%
71  Bis(2-ethylhexyl) phthalate 117158 126.3 NA

Nontarget majors

Conc. Sample amount® Surrcgate

Scan Compound (ug/mL) (ug) recovery

756  Methylphenol 380 1520 NA
726  Substituted benzene 30 120 NA
785  Methylphenol 55 220 NA
1624 Alkane 1300 5200 NA
765 Methylphenol - 27 108 NA

a an compounds with areas less than 10% of the internal standard are
considered to be below the stated detection limit. A1l of the target
analytes monitored are 1isted separately.

b The filament on the mass spectrometer was turned on too late to detect this
compound. This was due to the use of toluene in the sample extracts, which
burned out the filament several times. )

¢ Sample _ (Total area = 100 = Finatl spiit vol. « Total extract vol.)
amount {ug) (IS area  RRF < Split volume)

where RRF = 1 except for surrogates.
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TABLE B-10-15. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 5001-5005

Total extract volume (mL): 10 Amount surrogate spike (pg)
Split volume (mL): 5 D,o-Pyrene: 394
Final split volume (mL): 1 D,-2-Chlorophenol: 400

nnnnnn

i3S area: 340.186 a
Detection 1imit: 20 total ug

Sample amount® Surrogate

No. Compound Total area {ua) recovery
2 D,g-Pyrene b 720208 245.5 62.3%
3 D,-2-Chlorophencl 0 0.0 0.0%

71 Bis{2-ethylhexyl) phthalate 146269 86.0 NA

Rontarget majors

Conc. Sample amount® Surrogate
Scan Compound (ug/mL) (ug) recovery
757  Methylphenol 98 196 NA
888 Substituted benzene 23 46 NA
715  Trimethylbenzene 35 70 NA
923 Benzothiophene + unknown 43 86 NA
919 Methyl benzaldehyde : 28 56 NA

& an compounds with areas less than 10% of the internal standard are
considered to be below the stated detection 1imit. Al1 of the target
analytes monitored are listed separately.

The filament on the mass spectrometer was turned on too late to detect this
compound. This was due to the use of toluene in the sample extracts, which
burned out the filament several times.

Sample _ (Total area - 100 » Final split vol. * Tota! extract vol.)
amount {ug) (IS area = RRF < Split volume)

where RRF = 1 except for surrogates.
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TABLE B-10-16. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 5006-5010

Total extract volume (mL): 10 Amount surrogate spike {ug)
Spiit volume (mL): 5 D,o-Pyrene: 394
Final split volume (mL): 1 D,-2-ChYorophenol: 400

IS area: 322.369
Detection 1imit: 20 total ug?

Sampie amount® Surrogate

No. Compound Total area (ug) recovery

2 D,;o-Pyrene b 870250 313.0 79.4%

3 D,-2-Chlorophenol 0 0.0 0.0%

Nontarget majors

Conc. Sample amount® Surrogate

Scan Comnound {(na/mi) {ug) racovery
760  Methylphenol 94 188 NA
881 Substituted benzene 68 136 NA
714 Unknown compound 35 70 NA
897 Benzaldehyde 43 86 NA
2114 Unknown 23 46 NA

& A1l compounds with areas less than 10% of the internal standard are
considered to be below the stated detection limit. A11 of the target
analytes monitored are 1isted separately.

The filament on the mass spectrometer was turned on too late to detect this
compound. This was due to the use of toluene in the sample extracts, which
burned out the filament several times.

Sample _ (Total area » 100 » Final spiit vol. s Total extract vol.)
amount (ug) (IS area = RRF * Split volume)

where RRF = 1 except for surrogates.
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TABLE B-10-17.

PERCENT SURROGATE RECOVERIES (SV0)

Sample D, qa-Pyrene D,-2-Chlorophenol Spiked on
Filter blank g91.8 ND
Water bilank 86.6 ND
XAD blank 85.8 ND
1001-1005 75.1 ND Filter
1006-1010 80.4 ND ¥AD
1011-1015 67.2 ND Condensate
2001-2005 76.2 ND FH/BH
2006-2010 72.8 ND FH/BH
3001-3005 10.12 ND Filter
3006-1010 74.1 ND XAD
4001-4005 54.6 ‘ND XAD
4006-4010 50.6 ND Filter
5001-5005 62.3 ND Condensate
5006-5010 79.4 ND Condensate
Average recovery
Total 69.1 NA
% RSD 28.8 NA
Filter 62.9 NA
Range % 39.08 NA
XAD 69.7 NA
Range % 37.0% NA
FH/BH 74.5 NA
Range % 4.56 NA
Condensate 69.6 NA
Range % 24.6 NA

& Did not meet DQOs.
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TABLE B-10-18. GC/MS SCREEN DATA SUMMARY FOR XAD BLANK

Total extract volume (mL): 10 Amount surrogate spike {ug)
Split volume (mL): 2.5 D,o-Pyrene: 394
Final split volume (mL): 1 D,~-2-Chlorophenoi: 400

IS area: 248.178
Detection Timit: 40 total ug?

Sample amount® Surrogate

No. Compound Total area {(ug) recovery
2 D,s-Pyrene b 361752 338.0 85.8%
3 Du-2-Chlorophenol 0 0.0 0.0%

71 8.9 NA

Bis(2-ethylhexyl) phthalate 24137 38.

Nontarget majors

Conc. Sample amount® Surrogate

Scan Compound (ug/mL}) (ug) recovery

752 Methylphenol 37 148 NA
1036 Alkane 2700 10800 NA
715 Trimethylbenzene 13 52 NA
815 Butylbenzene 5.1 20.4 NA
908 Benzoic acid 27 108 NA

a an compounds with areas less than 10% of the internal standard are
considered to be below the stated detection 1imit. A1l of the target
analytes monitored are 1isted separately.

b The filament on the mass spectrometer was turned on too late to detect this
compound. This was due to the use of toluene in the samplie extracts, which
burned out the filament several times.

¢ Sample _ (Tota1'area‘° 100 « Final split vol. ¢ Total extract vol.)
amount (ug) ~ (IS area * RRF « Split volume)

where RRF = 1 except for surrogates.
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TABLE B-10-19, GC/MS SCREEN DATA SUMMARY FOR FILTER BLANK

Total extract volume (mL): 10 Amount surrogate spike {uq)
Split volume (mL): 2.5 D,o-Pyrene: 394
Final split volume (mL): 1 Dy-2-Chlorophenol: 400

IS area: 234.672

Detection 1imit: 40 total ug®

Sample amount® Surrogate
No. Compound Total area {ug) recovery
2 D,o-Pyrene b 366190 361.8 91.8%
3 D,-2-Chlorophenol 0 0.0 0.0%
Nontarget majors c
Conc. Sample amount™ Surrogate
Scan Compound (ug/mbL) (ng) recovery
711  Trimethylbenzene 27 108 NA
749  Methylphenol 12 84 NA
873 Substituted benzene 15 60 NA
919 Alkane 3100 12400 NA
1037 Alkane 13 52 NA

& An compounds with areas less than 10% of the internal standard are
A1l of the target

considered to be below the stated detection 1imit.

analytes monitored are listed separately.

The filament on the mass spectrometer was turned on too Tate to detect this

compound. This was due to the use of toluene in the sample extracts, which

burned out the filament several times.

Sample _ {Total area = 100 = Final split vol. » Total extract vol.)

amount (ug) (IS area = RRF e Split volume)

where RRF = 1 except for surrogates.
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TABLE B-10-20. GC/MS SCREEN DATA SUMMARY FOR WATER BLANK

Total extract volume (mL): 10 Amount surrogate spike (ug)
Split volume (mL): 2.5 D;o-Pyrene: 394
Final split volume (mL): 1 D,-2-Chiorophenotl: 400

[S area: 275.288
Detection 1imit: 40 total wg?

Sample amount® _Surrogate

No. . Compound Total area (ng) recovery

2 D,o-Pyrene b 405163 341.3 86.6%

3 Dy-2-Chlorophenol 0 0.0 0.0%
Nontarget majors c

Conc. Sample amount™~ Surrogate

Scan Compound {ug/mL} {ug) rgcovery
753  Methylphenol 35 140 NA
878 Substituted benzene 44 176 NA
1040 Alkane 27 108 NA
714  Substituted benzene 24 96 NA
1249  Substituted benzene 16 64 NS

8 A11 compounds with areas less than 10% of the internal standard are
considered to be below the stated detection limit. A1l of the target
analytes monitored are listed separately.

The filament on the mass specirometer was turned on too late to detect this
compound. This was due to the use of toluene in the sample extracts, which
burned out the filament several times.

Sample _ {Total area < 100 - Final split vol. = Total extract vol.)
amount (ug) ~ (IS area » RRF » Split volume)

where RRF = 1 except for surrogates.
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SUMMARY OF QUALITY ASSURANCE AUDITS

This appendix describes the audits conducted during this work assignment.
A1l audits were conducted by T. Dux, the Quality Assurance Coordinator (QAC)
for this work assigmément. A1l audits were reported to the program Quality
Assurance Manager, C. Green, the Program Manager, T. Ferguson, the Work
Assignment Manager, A. Trenholm, and appropriate line management and work
assignment task leaders.

Audits of Field Activities

There were three audits of field activities. First, a technical systems
audit was conducted of all field operations done on 10/29/89, Run 2. Second,
an audit of the data quality associated with the field sampling operations was
done by reviewing the field sampling records and resulting calculations.
Third, an audit of the data quality of the field GC results was done by
reviewing the supporting records and final calculations.

Technical Systems Audit of Field Operations--

Scope of the audit--The audit was conducted on 10/29/89, Run 2; the QAC
was present from initial setup to final disposition of samples. During the
audit, the QAC compared actual field operations to the specifications in the
applicable methods and the draft test/QA plan, plus the comments from the EPA
reviewers. Specific audit forms with applicable questions/observations were
generated for this audit and filled out on-site. After the audit, the quali-
fications of all sampiing personnel were verified by checking corporate
records.

The following specific operations were observed:

Sampling of raw meal

Sampling of waste feed

Delivery of waste feed, both solid and 1iquid

VOST sampling by Method 0030

SVOST sampling by Method 0010

M3 sampling

M5 sampling

MM5 sampling for hydrogen chloride

Calibration of field GC

Calibration of THC

Disassembly and storage of the MM5 train components
Disassembly and storage of VOST condensate and cartridges
Collection of plant operating data

" 8 & 8 0 4 & & 9 0 8 @

Audit results--In general, a1l field operations were conducted in
accordance with the methodology and the draft test/QA plan. Personnel
appeared to be well trained and competent. There was sufficient information
recorded in most cases to completely support the data generated during this
demonstration test. Most calibration, leak checks, and associated QA proce-
dures and information were well within criteria.

-3




Audit of Data Quality of Field Sampling and Associated Calibrations and
Calculations--

Scope of the audit--The raw data and calculations associated with field
sampling were examined by the QAC and compared to the test plan for compliance
to planned methodology and achievement of project objectives. A1l information
and data for Run 3 sampling of the main duct emissions (semivolatile, hydrogen
chloride, volatile, and Orsat)., raw meal, liauid waste, solid waste, and LSP
dust were reviewed and traced through the project records. This was done to
verify the reported results of Run 3 sampling and to establish that amalytical
results are traceable to valid field samples. Project records were reviewed
to determine if the overall conduct of the test met project requirements.

Audit results--The samples of raw meal and ESP dust were traceable and
generated in accordance with project requirements. The Orsat samples and
analytical results were traceable and were in accordance with method reguire-
ments. The hydrogen chloride, semivolatile sampies (MM5 train), and volatile
samptes (VOST) were generated in accordance with project and method require-
ments. Some difficulties were noted during the audit concerning HCOY
calculations and field equipment calibration records. These topics were
reported to project and line management and corrected before the test report
was finalized.

Audit of Data Quality of Field GC Sampling and Analysis--

Scope of the audit--This audit concerned field analyses for organics
which are chromatographable and can be detected with a flame ionization
detector. Samples were taken from the main and bypass ducts and introduced
directly into the GC for amalysis. Quantitation was done using a reference

standard of propane, and & standard containing C7 and Cl7 hydrocarbons was
used to separate data into a Cl-7 fraction and a C7-17 fraction.

The raw data and summary results were examined and compared to the test
plan for compliance to planned methodology and achievement of project objec-
tives, A1l information and data for Run 3 sampling were reviewed and traced
through the project records to verify the reported results. Calculations were
manually checked.

Results of the audit--The audit indicated that standards, blanks, and
linearity standards were analyzed and met objectives, and that final sampie
data were traceable and correctly calculated. In general, project objectives

were met, and any analysis difficulties are discussed in the technical portion
of this report.

Audit of Data Quality for Semivolatile, ODioxin/Furan, and Gravimetric
Determinations of Stack Gas Samples .

Scope of the Audit--

The objective of these determinations was to characterize the
semivolatile organic fraction of a stack gas sample by determining the amount
of polychlorinated dibenzodioxins and dibenzofurans (PCDD/F) by GC/MS,
identifying the major semivolatile (SV0) components by GC/MS, and determining
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organic residue by gravimetric analysis. Sampling train components were
extracted with three solvents, and the three extracts were combined into a
single sample which was split into three fracticns, one each for PCDD/F, SVO,
and gravimetric analysis. The reported data consist of total organic residue
results, PCDD/F data for specific isomers and total homologs, plus qualitative
results for the SVO analysis for compounds listed in EPA Method 1625 and the
five major components of the SVO fraction. The analytical methodology was
based on EPA procedures.

The analysis summary, project records, and raw data were examined by the
QAC and compared to the test plan and 12/13/89 memo (Trenholm to Hlustick) for
compliance to planned methodology and achievement of project objectives. Al}l
information and data for initial and continuing calibration, surrogate recov-
eries, field blanks, system blanks, GC/MS logbook entries, sample preparation,
and standard preparation were reviewed in detajil. One train, Run 3 bypass
duct (samples 3006-3010), was traced through the project records, and sample
results were verified by hand calculation.

Audit Results--

for PCDD/F and gravimetric analyses, the results and supporting
documentation for the PCDOD/F meet project requirements and objectives.
Holding times were mel; caiibralion criteria were met; all sampie results for
PCCO/F surrogates, matrix spike, and spike duplicates met precision and
accuracy criteria. A calculation error was noted with the gravimetric
analyses and corrected before sample data were finalized.

The results for SVO analysis did not meet some of the project
requirements. Following are the main QA topics of the audit:

. Some sample preparation and analysis holding times were exceeded by
a short time; however, the results were not compromised.

. SV0 calibration procedures were different from those specified in
the test plan, but the calibration procedure was satisfactory.

. There were two surrogates for SV0 analysis, one base-neutral and one
acidic surrogate. Results were not obtained for the acidic
surrogate because of solvent interferences which are explained in
technical report, Appendix B.

A1l difficulties noted during the audit were reported to project and line
management for consideration and resolution. A1l pertinent topics concerning
analysis difficulties are discussed in the technical portion of this report,
Appendix B.

Audit of Data Quality for Volatile Organic Determinations in Stack Gas Samples

Scope of the Audit--

This audit covered the volatile organic analysis (VOST) for the principal
organic hazardous constituent (POHC}, chlorobenzene, and the major volatile
components in the stack gas. For VOST, there was a quantitative chlorobenzene
analysis, a semiquantitative volatile compound report (identification and
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semiquantitation of all compounds on the EPA Method 1624 target analyte 1ist),
and a qualitative tentatively identified compound analysis (reporting of five
largest peaks). The analytical methodology was based upon SW-846 procedures.

The project records and raw data were examined by the QAC and compared to
the test plan and the 12/13/89 memo (Trenholm to Hlustick) for compliance with
planned methodology and achievement of project objectives. All data for
initial and continuing calibration, surrogate recoveries, field blanks, svstem
blanks, performance samples, and GC/MS Tlogbook entries were reviewed in
detail., One sample, 4040, was traced through the project records to verify
sample results.

In general, the data were generated according to project specifications
and meet project objectives. The records were organized, traceable, and
relatively complete. The majority of calibration criteria were met, as were
applicable surrogate accuracy and precision objectives. Samples were analyzed
within holding times. Blanks demonstrated that operations were generally free
from contamination. Due to a sample handling problem, a few VOST field blanks
were not analyzed; however, other fieid blanks showed that there were no
contamination problems. A few analysis problems and one calculation error
were reported to project and line management for consideration. The

calculation error was corrected, and analysis difficulties are discussed in
Appendix B-9.

Performance Audit Samples

Two performance audit samples were prepared. An EPA certified standard
of the POHC, chlorobenzene, was diluted in methanol (50 ug/mL Tevel) and
analyzed following instrument calibration. A potassium chloride reference
solution was diluted to two Jevels (7 and 0.7 g/L). Results for chloro-
benzene, potassium, and chloride are reported in the technical portions of
this report, Accuracy results were within the objectives specified in the

test plan: 60% to 120% of the reference value for chlorobenzene and 90% to
110% for chloride.
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