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SECTION 1 

INTRODUCTION 

The Environmental Protection Agency, Office of Solid Waste (EPA/OSW), 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 (“3) and ‘carbon monoxide (CO). To 
support the use of these parameters as surrogates for PICs, more information 
I I U I I I  ?u;;-scilie testing o f  dry cement kiins is needed. As a part o f  t h i s  

data-gathering effort, a test was conducted at the Ash Grove Cement Company 
precalciner kiln in  Louisville, Nebraska. 

e..-- 

The Ash Grove facility was selected for the test for two reasons. It has 
a precalciner 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 o f  this Test Report present a detailed 
Section 2 is a summary of the conclusions drawn from 

Section 3 presents a description of the test project including the 
A discussion of the 

description of the test. 
the test. 
project objectives, facility operations, and test design. 
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 is a review of quality assurance/quality control (QA/QC) 
activities. 
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SECTION 2 

CONCLUSIONS 

This 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. 

I. 

2. 

3. 

4. 

There was no deiectabie effect on tire ieveis o f  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 pyroclone. 

Low levels (near detection limits) 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% o f  the 
other two measures. 

Determination of the destruction and removal efficiency (ORE) of 
monochiorobenzene (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 ORE could 
not be measured directly. 

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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kiln. In the presence o f  benzene, MCB concentrations Increased as 
the input o f  chlorine increased. 

5. The concentrations and identity o f  PICs measured, including dioxins 
and furans, were generally similar to those historically detected in 
hazardous waste incinerator gases, 

6. Chloride emissions calculated as HC1 were less than 4 lb/h and were 
about 1% o f  the chlorine input rate to the kiln. 

7. Relatively high levels o f  ammonium ion compared to chloride ion were 
measured in the HC1 sampling train. Evaluation o f  this result leads 
to a plausible interpretation o f  the data,that the measured chloride 
was ammonium chloride, 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. 

2. 

3. 

4. 

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

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

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

Determine the destruction and removal efficiency (DRE) of a hard-to- 
destruct Appendix VI11 compound (monochlorobenzene) spiked into the 
solid hazardous waste feed. 
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5. 

6. 

7. 

8. 

9. 

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

Obtain data on emission levels of nitrogen oxides (NO,) monitored by 
the facility. 

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

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

Obtain data on process operating conditions monitored by the 
f aci 1 i ty. 

3.2 PROCESS DESCRIPTION 

The Ash Grove-Louisville 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 proportioned mixture of raw 
materials; (3)  an alkali bypass kiln and a 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 clinker 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 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
,I 
I 
I 
1 
I, 



~~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

c, 

0 
a 

4 
7 



. 
P 2 

3-4 

> 
Y In 

Fi 
L 
m 
TI 

0 

m 
.I- 

3 
7 

u- 

N 
I 

W 
L 

m 

a 
m 
c 
LL 

I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 



I 
I 
1 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
r 
1 
I 
1 
I 
I 

I - 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 liquid organic waste. 
Pulverized coal and/or solid waste can be fired near the upslope end o f  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 1,2.2). The k i l n  i s  Gpei-atrii as a countercurrent system; i.e., as the 
kiln rotates, solids gravitate toward the downslope end o f  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 Precal ciner 

The pyroclone precalciner is utilized to preheat and precalcinate raw 
material prior to introduction 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 .primary 
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 is actually an extension of the riser between the kiln 

exhaust hood and stage 4 cyclone. As mentioned previously, 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) i s  added in the pyroclone by the introduction of a pulverized coal/ 
petroleum coke fuel mix. Ry mainteinin; s u f f i c i ~ t  fUs1 iii 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 downslope 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 (<.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- 
The position and flame shapes in the downslope portion slope end of the kiln. 

o f  the kiln allow for sufficient cooling of clinker product. 

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

3 . 2 . 3 . 2  Waste Feed-- 
Operating temperatures in the precalciner kiln may also be maintained by 

sse of l i q u i d  and scllid hazardous wastes. The physical and chemical prop- 
erties of wastes will vary slightly from day to day. All 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 a maximum number o f  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. 
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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 cooler which uses a 
water tube heat exchanger to cool the product. Cooling air is discharged to 
the coal preheater, precalciner, and kiln. After cooling, clinker is mixed 
with gypsum and ground in a finish mill 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 O2 concentrations, HC concentrations, nitrogen 
oxide [NOx], fuel feed rates 

3.3 TEST DESCRIPTION 

This section provides 
design, sampling and analys 

etc.). 

a description of the 
s activities, and faci 

test program. The 
ity monitoring activ 

test 
ties 

are described. Data reduction methods and calculations are presented in 
Appendlx A-4. 
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3.3.1 Test Desiqn 

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 liquid 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 baseline 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 liquid 
waste fired at the discharge end of the kiln. 

During all test conditions, a crushed coal mixture was fed to the 
pyroclone 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 
lists 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. 
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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 sampling 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. 

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

Total Hydrocarbon (HC) and Total Organic Mass (TOMI 

HC emissions were measured using heated and unheated EPA Modified 
Method 25A (M25A) sampling systems, equipped ~ f t h  =’--- I ~aliie ionization 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 FID, was used to 
determine C1 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 sample 
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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Orqanic 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 chromatographylmass 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 
to define compounds amenable to the analytical techniques described in 
Appendix A-4 including the five largest GC peaks. 

As a part of the organic screen, total polychlorinated dibenzodioxin and 
polychlorinated di benzofuran (PCDD/PCDF) concentrat ions were determined in 
exhaust gas during three of the five test runs. PCDDs/PCOFs were analyzed 
from a separate split of the extract from the above-referenced Method 0010 
s amp 1 e tra i n . 

Destruction and Removal Efficiency 

The precalciner kiln was tested to determine the ORE of a volatile 
principal organic hazardous constituent (POHC) in the drummed waste fed to the 
kiln. 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 VI11 
organic compounds.1 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 ORE determination. 

1 Dellinger, B., M.D. Graham, and D. A. Tirey, "Predicting Emissions from 
the Thermal Processing o f  Hazardous Wastes," Hazardous Waste and 
Hazardous Materials, Vol. 3, No. 3, 1986. 
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Hydrogen Chlor ide ( H C l ) ,  Ammonia, and Potassium 

Total  HC1 was determined i n  exhaust gas f o r  comparison t o  h i s t o r i c a l  data 
from other cement k i l n s .  Ammonium and potassium i o n  concentrations were a l so  
determined. HC1 concentrat ions were analyzed by i o n  chromatography, ammonium 
concentrations were determined by se lec t i ve  i o n  measurement, and potassium 
concentrations were determined by i nduc t i ve l y  coupled atomic emission spec- 
troscopy (ICP-AES). Samples were co l l ec ted  based on the  EPA's "Dra f t  Method 
f o r  the Determination o f  HC1 Emissions from Municipal and Hazardous Waste 
Inc inera tors '  (USEPA, Source Branch Q u a l i t y  Assurance Division, Ju l y  1988). 

Continuous Emissions Monitors (CEMs) 

Carbon monoxide (CO), carbon d iox ide  (C02), and oxygen (0,) were 
monitored throughout the  test .  CO was sampled and analyzed fo l low ing  EPA 

reference method iU;  CU2 and O2 were monitored using EPA reference Methods 3 
and 3A. Appendix A-1  describes the M R I  continuous emissions monitors, and 
Section 3.3.3.3 describes the Ash Grove moni tor ing system. 

3.3.2.2 Raw Mater ia ls  Sampling-- 
The raw mater ia ls  feed (e.g., crushed limestone, clay, etc.) was sampled 

once every 30 min dur ing each t e s t  run. These grab samples were then 
composited i n t o  a s ing le  sample f o r  each r u n  f o r  TOC analysis. A metal t r i e r  
was used f o r  the c o l l e c t i o n  o f  the raw feed samples. A l l  samples were 
co l lected a t  the  i n l e t  feed chute, located adjacent t o  the precalc iner.  

3.3.2.3 E l e c t r o s t a t i c  Prec ip i ta to r  (ESP) Oust Sampling-- 

Dust discharged from the main and bypass e lec t ros ta t i c  p r e c i p i t a t o r s  
(ESPs) was sampled a t  the end o f  each run. These samples were archived f o r  
fu tu re  analysis, i f  necessary. 
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3.3.3 Summary of Ash Grove Samplinq/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 (ORE) of mono- 
chlorobenzene (MCB) spiked into the solid waste feed. A 1-L quantity of MCB 
was poured into each solid waste charge (1.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 l/h (738 g/min). 

The 7-gal drums were fitted with a vapor seal in the lid, preventing 
Drums were sealed immediately following 

About 10% of the drums were opened for sampling immediately prior to 
release of volatiles from the drum. 
spiking. 
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 line. 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 m L  grab samples were collected every 15 min (every 10th drum) and 
composited to form a single sample for each run. 

Waste samples were analyzed 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 02, 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- 
luminescent monitor. Carbon monoxide was measured using a Fuji Model 3300 
infrared analyzer, and total hydrocarbon was measured using a Ratfisch 
Model RS55 with FIO. All data, including calibration data, were recorded for 
each 2-h run. 

Figure 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 o f  this cycle is 2.5 min. The gas sample is transferred 
via a heated (i.e., 250°F) Teflon sample line to a condenser which is operated 
at 28" to 34°F for H20 removal. The sample is then split for THC, CO, 02, 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 t o  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 precalciner 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 thermocouple problem. 

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 effect. 
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TABLE 4-2. F A C I L I T Y  CEM AVERAGE DATA 

Parameter Units Run 1 Run 2 Run 3 Run 4 Run 5 

CEM Averaqes 

Main duct: 
02 
NO, 
CO (dry, 7% 0,) 
THC (dry, 7% 0,) 
Opacity 

Bypass duct: 
0 9  

N6, 
CO (dry, 7% 0,) 
THC (dry, 7% 0,) 
Opacity 

% 5 
ppm 412 
ppm 692 

% 7 
% 4 

% ia 
ppm 312 
ppm 108 
PPm 4 

% 4 

4-4 

5.3 
443 
763 
12 
4 

17.5 
723 
87 
1 
4 

4.7 4.6 
512 415 

6 -1 
3 4 

324 982 

16.5 16.8 
1,174 472 

25 2 29 
0 0 
3 4 

4.3 
529 
644 
6 
4 

16.9 
765.4 
203.3 
1.6 
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 8 gpm was established for 
all 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 CO, t o  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. 

Pyroclone operation was also very consistent, as shown hy the lack sf 
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 162OoF, 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 solid and liquid waste feed 
Coal was determined to have a negligible chlorine rates and chlorine content. 

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 lb/h 
(approximately 50 lb/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  liquid 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. 

I 
I 

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 m,ass emissions were quantified within boiling point ranges 
which roughly equate 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 C1 through 
C17 carbon fraction (up to 300’C boiling point). GC samples were split off 
the hot HC (subsequently defined) sample line. 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: C l - C 7  volatile compounds, C7-Cl7 semivolatile compounds, and C17 
nonvolatile compounds. The average C1-C7 and C7-Cl7 fractions were calculated 
from individual G C  samples. An average value for the > C17 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. 
All carbon masses were calculated on a dry basis. Appendix B contains the 
analytical data for each G C  sample. 

The average volatile and semivolatile data for the main duct may be 

biased high or low. A limited number of discrete G C  samples were analyzed 
during each test run, which may or may not have corresponded in time to a 
representative number and size of emission peaks. Table 4-3 presents the 
analytical data for the samples collected during test Run 1. As illustrated 
in the table, two Cl-C7 and C7-Cl7 spikes were measured at 69.54 ppm Cl-C7 and 
2.00 ppm (C7-C17) and 66.29 ppm Cl-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 i s  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 
1 ocati on (24-h) No. Time c1-c7 c7-c17 ’ c17 (TOM) 

Main duct 
1548-2012 RlSS8 1557 69.54 2.00 

RES9 1616 10.24 0.37 
RlSSlO 1645 9.74 0.50 ..__ 
RlSSll 1720 6.24 0.00 
RISS12 1739 7.24 0.37 
RlSS13 1757 7.49 0.50 
RES14 1815 66.29 3.75 
RlSS15 1834 7.99 0.25 ~ 

RlSS16 1852 7.87 0.62 
RlSS17 1910 7.49 0.62 
RlSS18 1930 9.24 0.75 
RISS19 2002 7.62 0.75 

Run average: 18.08 0.87 0.39 19.35 

Bypass duct 
1548-2012 RlSS8 1557 1.41 0.43 

R1SS9 1616 1.41 0.22 
RlSSlO 1645 1.62 0.12 ..__ 

RlSSll 1720 2.62 0.25 
RlSS12 1739 1.30 0.11 
RlSS13 1757 1.41 0.11 
RlSS14 1815 2.25 0.37 
RlSS15 1834 1.75 0.25 

~ 

RlSSl6 1852 1.50 0.12 
RlSS17 19 10 1.62 0.11 
RlSS18 1930 1.30 0.11 
RlSS19 2002 2.60 0.11 

Run average: 1.73 0.19 0.01 1.93 
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Table 4-3 shows that similar high spikes did not occur in the bypass 
duct. This suggests that the spikes may be related t o  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 likely related to conditions in the 
pyroclone 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 likely 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 pyroclone, 
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 
1 ocat i on Average carbon Tota l  O i  stri but i  on 
and mass (dry,  pp m propane) mass percent of t o t a l  mass 
Run NO. C1-C7 C7-Ci5 > C17 (TOM) C1-C7 c7-c 17 ’ c17  

Main duct ~ ___. 

1 18.08 0.87 0.39 19.35 93 
2 11.30 0.80 0.54 12.64 89 
3 8.19 0.59 0.90 9.68 85 
4 8.29 0.68 0.39 9.36 89 
5 8.07 0.56 0.50 9.12 88 

Bypass duct 
1 1.173 0.19 0.01 1.93 90 
2 1.63 0.09 0.44 2.16 75 
3 
4 
5 

2.09 0.03 0.42 2.54 82 _ _  
i.51 0.00 N 1.51 100 
1.86 0.05 0.26 2.17 86 

4 2 
6 4 
6 9 
7 4 
6 5 

10 
4 
1 
0 
2 

1 
20 
17 
0 
12 

N = Negative quanti ty  measured: value assumed t o  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 levels. 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 levels may have originated with the ambient air (0.6 ppmv). A 
nitrogen check on the monitor sampling lines was conducted by introducing pure 
nitrogen into the sample lines 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 o f  the TOM was in the C, to C, compound 
range. Again, i t  was not possible 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 line, but the values in this case were well below the sample 
values. 

. 
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TABLE 4-6. HC AND TOM EMISSIONS 

BYPASS DUCT 

TOM, ppmv d r y  as propane HC, ppmv dry  
Process Test  C l - c 7  C 7 - c l 7  ’ c17 Total  as propane 

condi t ion run mass mass mass mass Hot Cold 

L iqu id p lus 1 
solid waste 2 

Coal only 3 

Liquid waste 4 
5 

1.7 0.19 0.01 1.9 0.8 0.6 
1.6 0.09 0.44 2.2 0.7 1.8 

2.1 0.03 0.42 2.5 1.1 1.1 

1.5 
1.9 

NO ND 
0.05 0.26 

1.5 0.1 0.7 
2.2 0.6 0.7 

NO = N o t  detected. 

MAIN DUCT 

TOM, ppmv d r y  as propane 
~~ 

Process Test 
HC. ppmv dry  

Cold 

L iqu id plus 1 
2 

18.1 0.87 0.39 19.4 16.1 11.5 
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 
5 

8.3 0.68 0.39 9.4 10.6 6.7 
8.1 0.56 0.50 9.1 9.6 6.4 
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Figure 4-1 shows the TOM, hot HC, and cold HC values generally maintained 
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- 
::res, with tho cold CIC be!ng 70% nf the hot HCi Loss o f  orgznic compounds i n  

the condensate trap on the cold HC sampling line 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 C7 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 VI11 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 pyroclone. Formation of MCB i s  dis- 
cussed below, followed by discussion of alternative methods to estimate the 
DRE for MCB. 

The data indicate that the formation o f  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 P I C  FORMATION 

Main duct Bypass duct 
concentrations concentrations 

Process Test Chlorine input (nq/L) (ng/L) 
condit ion run ( Ib/h) Benzene MCB Benzene MCB 

Liquid plus 1 
s o l i d  waste 2 

Coal only 3 

Liquid waste 4 
5 

None 

194 600 
248 700 

detected 490 

217 500 
215 450 

44 
72 

5 

66 
62 

28 10 
63 15 

15 0.4 

7 0.5 
9 0.7 
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when ch lor inated waste was burned, but no MCB was spiked i n t o  the  waste (as 
f o r  Runs 1 and 2 when MCB was spiked i n t o  the  waste). Figure 4-2 shows more 
c l e a r l y  how the MCB concentrat ion i n  the main duct r e l a t e d  t o  the  l eve l  o f  
ch lo r ine  input. As the l e v e l  o f  ch lo r ine  i n p u t  increased. the  concentrat ion 
of MCB increased. These data show t h a t  most of the  MCB i n  the  main duct was 
formed as a P I C  and was not  j u s t  t h e  r e s u l t  o f  lack o f  des t ruc t ion  o f  the MCB 
spiked i n t o  the waste dur ing Runs 1 and 2. 

Data f o r  the  bypass duct support a d i f f e r e n t  conclusion. The benzene and 
MCB concentrations were both much lower than i n  the  main duct, and the MCB 
concentrat ions d i d  n o t  r e l a t e  t o  t h e  ch lo r ine  i n p u t  leve ls .  Rather, the  MCB 
concentrat ions i n  the bypass duct appear t o  be r e l a t e d  t o  the  presence o f  MCB 

i n  the  waste feed. The concentrat ions were over an order  o f  magnitude higher 
when the  MCB-spiked waste was burned than dur ing the  other  runs, which 
included the chlor indated l i q u i d  waste i n  Runs 4 and 5. These datz show t h e t  
the MCB i n  the bypass duct r e f l e c t e d  residual  MCB t h a t  was n o t  destroyed, and 
t h a t  MCB leve ls  were not  s i g n i f i c a n t l y  re la ted  t o  P I C  formation. Some MCB may 
have formed as a P I C .  as i n  t h e  main duct, but  i t  appears t h a t  the lower 
benzene leve ls  kept the  P I C  l e v e l s  small compared t o  the leve ls  o f  res idua l  
MCB from waste destruction. 

Several a l t e rna t i ve  methods t o  ca lcu late DRE were considered. The common 
approach is t o  use the t o t a l  emission ra te  of MCB, main p lus  bypass duct, as 
the MCB output i n  the ORE equation, regardless of whether the MCB was due t o  
P I C  formation. This approach y i e l d s  the r e s u l t  labeled as minimum ORE on 
Table 4-8. The maximum ORE shown on Table 4-8 i s  ca lcu lated by a t t r i b u t i n g  
a l l  o f  the main duct emissions t o  P I C  formation and using on ly  the bypass duct 
emissions as the output i n  the DRE equation. D i r e c t  evaluat ion o f  the data 
on ly  al lows the conclusion t h a t  t h e  actual DRE, def ined as input  MCB not  
destroyed, i s  between the minimum and maximum values. Ac tua l l y  some o f  the  
MCB i n  the main duct i s  probably r e l a t e d  t o  lack o f  destruct ion.  

Since ne i ther  the  minimum o r  maximum values discussed above provided a 
very precise understanding o f  the  DRE achieved, an a l te rna te  method was 
developed t o  provide a best est imate of the actual  DRE. The basic assumptions 
were t h a t  the  bypass duct data prov ide the best  measure o f  the  input  MCB t h a t  
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TABLE 4-8. ORE VALUES FOR MCB 

~ ~~ 

Test Test 
ORE run 1 run 2 Average 

M i  nimuma 99.993 99.984 99.989 

Maximumb 99.9994 99.9986 99.999 

Best estimate' 99.9958 99 -9914 99.9936 

a Calculated using main duct plus bypass duct 
MCB emission rates .  

Calculated using bypass duct MCB emission 
rates ,  only. 
t o  be from P I C  formation. 

Calculated as defined i n  Appendix A-6. 

Main duct MCB emissions assumed 
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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 ORE equation was 
then calculated as this gas flow ratio times the measured bypass MCB emission 
rate. This method yielded a best estimate of the actual ORE 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 ORE 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) in both the main and bypass ducts. 
The GC/MS analyses were targeted to identify about 110 compounds listed in EPA 
Methods 624 and 625, commonly 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 blank 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 P I C  SCREENING DATA 

Process condition: 

Compound 

Stack gas concentrations, nq/L 
L iqu id  + Coal 

s o l i d  waste only Liquid waste 
Run 1 Run 2 Run 3 Run 4 Run 5 

V o l a t i l e  compounds 
Acetone 
Benzene 28 
1,l-Dichloroethene 
Ethylbenzene 2 
Methylene ch lo r i de  1 
Methyl e thy l  ketone 68 
Monochlorobenzene 10 
Tetrachloroethene 2 
Toluene 22 
1,l. l-Trichloroethane 
Trichloroethene 2 
Tr i~h!~rof !uor=methane L 

7 

Semivolat i le compounds 
B i  s(2-ethyl hexyl) phthalate 8 

6 1  
63 15 

2 
3 1 
2 17 

15 1 
1 
6 

1 
2 1  

1 ~ 

c 9 c i )  

1 

130 

7 9 

1 
4 8 

1 
1 1 
1 1 
5 8 

i 

92 
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TABLE 4-10. MAIN DUCT PIC SCREENING DATA 

Process condition: 

Compound 

Stack qas concentrations, nq/L 

solid waste only Liquid waste 
Run 1 Run 2 Run 3 Run 4 Run 5 

Liquid + Coal 

Volatile compounds 
Benzene 
Bromoform 
Ethylbenzene 
Methylene chloride 
Monochlorobenzene 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
To1 uene 
Trichloroethene 
Trichlorofluoromethane 

600 700 490 500 450 

100 130 74 85 77 
66 89 260 54 64 
44 72 5 66 62 

1 

1 
6 2 2 

580 650 470 420 440 
3 1 
35 

Semivolatile compounds 
Anthracene 10 
Bis(2-ethyl hexyl ) phthalate 16 
Oibenzofuran 25 
Di -n-butyl phthalate 
Diphenyl 11 

15 62 45 92 
28 
6 

ii 
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Table 4-9 shows tha t  a few PICs a t  r e l a t i v e l y  low concentrat ions were 
emitted from the  bypass duct. The v o l a t i l e  species i d e n t i f i e d  were a l l  com- 
pounds commonly detected i n  combustion gas ef f luents.  Very few semivo la t i le  
compounds were ident i f ied .  The data show a general sca t te r  from r u n  t o  run, 
w i t h  on ly  one trend evident. Higher l e v e l s  o f  MCB dur ing Runs 1 and 2 are 
l i k e l y  associated w i th  sp ik ing .of t h i s  compound i n t o  the  s o l i d  waste feed 
dur ing these runs. Section 4.2.2 provides f u r t h e r  discussion o f  MCB emis- 
sions. Benzene and toluene concentrat ions were also higher dur ing these two 
runs. 

Table 4-10 shows the PICs detected i n  t h e  main duct. The array o f  com- 
pounds found here was s i m i l a r  t o  t h a t  found i n  the bypass duct,. but  i n d i v i d u a l  
compound l e v e l s  were higher. Benzene, toluene, and.ethylbenzene were found a t  
the highest concentrations and showed l i t t l e  v a r i a t i o n  i n  concentrat ion from 
run t o  run. Benzene and toluene are known t o  be common PICs r e s u l t i n g  f rom 
f o s s i l  f u e l  combustion and are, therefore,  l i k e l y  associated w i t h  coal combus- 
t i o n  i n  the pyroclone. 

These data also ind icate t h a t  MCB was formed as a PIC. The format ion was 
re la ted  t o  h igh leve ls  o f  benzene and t o  t h e  l e v e l  o f  ch lo r i ne  input  t o  the 
k i l n ,  and not  t o  the spik ing o f  MCB i n  the  waste during Runs 1 and 2 (see 

Section 4.2.2). 

Table 4-11 i s  a comparison of  the PICs measured i n  the main and bypass 
ducts t o  the PICs h i s t o r i c a l l y  detected i n  stack gases from hazardous waste 
incinerators.  The inc inera tor  data include the most common PICs t h a t  were 
detected dur ing t e s t s  a t  e i g h t  inc inerators .  Comparison o f  any ind iv idua l  
compound concentrat ions should be made w i t h  caution, since only  one k i l n  t e s t  
i s  compared t o  a series o f  inc inera tor  tests .  However, Table 4-11 does 
ind ica te  t h a t  many compounds are common t o  combustion o f  waste i n  both k i l n s  
and inc inerators .  It also shows t h a t  the  concentrations o f  PICs i n  both cases 
are genera l ly  i n  the same range. 

4.2.3.2 Dioxins and Furans-- 
Table 4-12 shows the concentrat ions o f  d iox ins  and furans measured i n  the 

main and bypass ducts. Generally, l i t t l e  di f ference was noted between runs 
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TABLE 4-11. COMPARISON OF KILN AND INCINERATOR PICS 

PIC 

Ranqe of concentrations, nq/L 

main duct bypass duct Incineratorsa 
Kiln. Kiln, 

- . . - . . . uenrene 
Bis(2-ethylhexyl) phthalate 

353-383 
15-62 

Bromodi chloromethane 
Bromoform 
Chloroform 
Dibenzofuran 
0 i bromoch 1 oromet hane 
Diphenyl 
Ethylbenzene 
Hexachlorobenzene 
Methylene ch 1 ori de 
Methyl ethyl ketone 
Monochlorobenzene 
Naphthalene 
o-Nitrophenol 
Phenol 
Tetrachloroethylene 
To 1 uene 
l,l,l-Trichloroethane 
Tr i chl oroethy 1 ene 
Trichlorofluoromethane 

25-28 

11 
74-130 

54-260 

5-72 

2-6 
440-650 

1-3 

7-52 
8-130 

1 Q  c7n 
L L - U I  u 

3-92 
1-24 
1-1300 

1-12 

1-3 
1-7 

1-17 2-27 
1-68 

1-10 
5-100 

1-2 
5-22 

1-2 
1-5 

25-50 
4-22 . ~~ 

1-9 
2-25 
1-2 

a "Performance Evaluation of Full-scale Hazardous Waste Incinerators, 
Volume 2," EPA-600/2-84-l81b. PB85-129518, November 1984. 
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TABLE 4-12. OIOXIN/FURAN CONCENTRATIONS 

Concentration, ng/dscm 
Main duct Bypass duct 

Homolog Run 1 Run 3 Run 4 Run 1 Run 3 . Run 4 

Dioxins 
TCDD 
PeCOD 
HxCOD 
HpCDD 
acoo 

Total  dioxins 

Furans 
TCDF 
PeCOF 
HxCOF 
H p C E  
OCDF 

Total furans 

NO NO 0.16 NO NO NO 
0.007 NO 0.21 0.017 NO NO 
0.041 0.10 0.46 0.044 0.043 0.020 
0.10 0.13 0.52 0.082 0.07 0.085 
0.260 - 0.21 0.48 0.17 0.25 0.27 m 0.44 1.8 0.31 0.37 0.38 

0.046 0.066 1.1 0.48 0.043 . 0.25 
0.081 0.084 1.1 0.21 0.024 0.10 

0.90 0.15 0.046 0.12 0.03 0.069 
un 0.04 0.04 0.069 n 7 %  c. 10 ".,A I." 

0.43 0.071 0.23 - 
0.23 0.55 4.2 

0.12 0.16 0.13 
1.0 0.31 0.67 
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except the l eve l s  o f  both the dioxins and furans were higher i n  the main duct 
during Run 4. An explanation fo r  t h i s  increase i n  concentration was no t  
found. The concentrat ions i n  Table 4-12 are on the  low side o f  the range o f  
concentrations t h a t  have been measured prev ious ly  f o r  hazardous waste 
incinerators. 

4.2.4 Total Orqanic Carbon Concentrations i n  Raw Mater ia ls  Feed 

Composite samples o f  the raw mater ia ls  feed (i.e., crushed limestone and 
shale) were co l l ec ted  and analyzed f o r  t o t a l  organic carbon (TOC), i n  order t o  
allow comparison t o  the  t o t a l  hydrocarbon emissions from the stack. Samples 
were analyzed by combustion i n  a LECO furnace using Texas A&M Geochemical and 
Environmental Research Group SOP-8907. Appendices A - 1  and A-5 describe the 
sampling and analys is  methods, respect ive ly .  

The TOC, o r  organic carbon, inpu t  ra tes  were compared t o  the stack 
emission o r  output o f  organic carbon based on the HC measurements. Percent 
TOC i n  the feed was converted i n t o  a mass input  r a t e  o f  carbon, whi le  the ho t  
HC emission r a t e  (as ppm propane) was converted i n t o  carbon output rates. The 
r a t i o  o f  carbon input  t o  carbon output ranged from 27 t o  44, as shown i n  
Table 4-13. The carbon input  was s u f f i c i e n t  t o  p o t e n t i a l l y  account f o r  the HC 

output from the stack. Appendix 6-4 provides copies o f  the laboratory  
analysis data. 

4.3 C1- AND NOx EMISSIONS 

This sect ion discusses the data co l l ec ted  on inorganic compound 
emissions. The discussion i s  d iv ided i n t o  two sections on ch lo r i de  and 
n i t rogen oxide emissions. 

4.3.1 Chloride Emissions 

Table 4-14 shows the ch lor ide data f o r  both ducts assuming a l l  ch lo r i de  
measured i s  emitted as HC1. The concentrat ions o f  HC1 were r e l a t i v e l y  low, 
and the t o t a l  emission ra tes  were  less than 4 l b / h  f o r  a l l  t e s t  runs. The 
lower values f o r  the bypass duct compared t o  the main duct are p a r t l y  t he  
r e s u l t  o f  the greater  d i l u t i o n  o f  the gas stream i n  the bypass duct. 
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TABLE 4-13. ASH GROVE TOC/THC COMPARISIONS 

Raw meal 
TOC i n  feed r a t e  TOC input  r a t e  i n  r a w  meal 

Run feed (%) ( ton/h)  (g/hr) ( ton /h)  

1 -10 ~ ~~ 

2 .10 
3 .04 
4 -07 
5 .06 

98 89 -000 
96 8S;ioo 
95 34,500 
95 60.400 
97 52,800 

0.0980 
0.0960 
0.0380 
0.0665 
0.0582 

THC co. _.. Stack f low Emissior: 
Run (PPm)a (11.. #iL) (dscm/min) (g /hr )  

1 16.1 24 
2 16.6 25 
3 9.7 15 
4 10.6 16 
5 9.6 14 

1500 2100 ~... __ .~  

1460 2200 
1490 1300 
1510 1500 
1460 1200 

ppm as propane, carzon f r a c t i o n  alone. a 

- (,*feral 1 Summary 
Inout  Ratio 

1 89,000 2100 
2 87 -200 2200 
3 34;500 1300 
4 60,400 1500 
5 52,800 1200 

42 
40 ~. 

27 
40 
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 process to 
form chloride salts, mainly potassium chloride. However, the chloride 
emission rates did not appear 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 o f  chloride ions collected in impingers located behind a filter and is 
typically considered adequate to determine the emissions of HC1 from inciner- 
ators. Apparently, in these tests of cement kilns, an alternate plausible 
argument i s  that the measured chloride 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 o f  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 
particles 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 
ammonium 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 ion 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 

Process 
condition 

Chloride 
Chloride Chloride r emov a 1 

Test input emissions efficiency 
run (lb/h) (lb/h) (%) 

Liquid plus 
Solid waste 

Coal only 

Liquid waste 

1 194 1.1 
2 248 0.7 

3 None detected 0.5 

4 217 2.3 
5 215 a 

99.4 
99.7 

98.9 
a 

a Data not available. 
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temperature of 250°F i s  0.089 mm of mercury.* 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 levels in the impingers that 
cnuld be present. as cgmnnium chloride i s  shnwn nn Table 4-16, 

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, i s  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,,Cl), all of the NH4C1 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 
NH4C1 after the stack gases are emitted and cooled in the atmosphere. 

4.3.2 Nitroqen Oxide Emissions 

Nitrogen oxide (NO,) emissions were measured in the main and bypass ducts 
using Ash Grove's continuous monitor. Table 4-17 lists the average NO, values 
for each test run along with pyroclones 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 kiln operating temperature. 

International Critical Tables, Volume 111, First Edition, McGraw Hill 
Publishers, p. 207, 1928. 

Inorganic and Theoretical Chemistry, J. W. Mellor, Volume 11, 

Goldfinger, L.. and G. Verhaegen, "Stability of Gaseous Ammonium 

3 Sources include: 

p. 566. 

Chloride Molecule,: J. Chemical Physics, 50(3), 1467 (1969). 
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TABLE 4-17. ASH GROVE NO, DATA AND OPERATING TEMPERATURES 

BVDaSS Kiln - - r - - -  

duct Pyroclone exit gas 
Test run NO,j temp. (OF) temp. ( O F )  

412 

443 

512 

415 

529 

3 12 

723 

1174 

472 

765 

1600 

1620 

1620 

1600 

1600 

1970 

1880 

1940 

a 

1831 

Data not available. a 
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This appendix contains information concerning the sampling and analytical 
Informa- procedures used during the test at the Ash Grove precalciner kiln . 

tion is presented as follows: 

Content 

A-1 Sampling Procedures ............................................ A-5 
1.0 Exhaust Gas Testing .................................. A-7 
2.0 Raw Meal Sampling .................................... A-26 
3.0 Electrostatic Precipitator Dust Sampling ............. A-27 

A-2 Sample Handling and Analysis ................................... A-29 

2.0 Method 0030 Samples .................................. A-36 
3.0 HC1 Train Samples .................................... A-38 
4.0 Raw Materials Feed Sample Handling ................... A-38 

1.0 Hethod 0010 Sampl eS .................................. A-31 

A-3 Procedures for Volatile Organics Analysis ...................... 
1.0 Glassware Preparation ................................ 
2.0 Reagents ............................................. 
3.0 Sample Traceability and Chain-of-Custody ............. 
4.0 Sampie Keceipt ....................................... 
5.0 Preparation of Calibration Standards. Spiking Solu- 

tions. Matrix Spikes. and Matrix Blanks ............... 
6.0 Preparation of Samples. Blanks. Check Samples . 

Matrix Spikes. and Replicates ........................ 
7.0 GC/MS Analysis of Water Samples by Purge and Trap .... 
8.0 GC/MS Analysis of VOST Samples ....................... 
9.0 Data Interpretation .................................. 
10.0 quality Control ...................................... 
11.0 Modifications from SW-846 Methods .................... 

. 

A-39 
A-42 
A-43 
A-44 
A-44 

A-47 

A-50 
A-52 
A-62 
A-66 
A-67 
A-68 

A-4 Semivolatile Organics Analysis and PCDD/PCDF Determination ..... A-71 
1.0 Glassware Preparation ................................ A-73 
2.0 Sorbent Cleanup and Preparation ...................... A-74 

Extraction of Field Samples for Semivolatile Organic 
Compounds ............................................ A-77 
Extract Concentration and Column Cleanup for Semi- 
volatile Organic Compounds ........................... A-82 
Preparation and Use o f  Calibration Standards. Method 
Internal Standards (Surrogates). and Recovery 
Internal Standards ................................... A-86 

6.0 GC/MS Analysis of PCOD/PCDFs ......................... A-92 

A-5 TDC Analysis Procedures ........................................ A-103' 

A-6 Data Reduction/Interpretation .................................. A-109 
1.0 CEM Data Reduction ................................... A-111 
2.0 Total Organic Mass Data Reductions/Interpretation .... A-111 
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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 PAP 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 s e d  to cc::ect ciihausi gas sampies 

Method 0010 sampling train--Used to determine PCDO/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 arrav of volatile oraanics. 

during the test: 

Also used to determine POHC emission corkentrations durih- 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 CO, 
emission concentrations using an Orsat analyzer. 

Continuous emission monitors (CEMs)--Used to monitor hot and cold 
THCs using Modified Method 25A systems equipped with FIOs. CO, 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 C17 (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 parallel those specified in 
40 CFR 60, Methods 1 through 5, 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 liner, 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 

The fourth impinger is a GBS and will contain 100 mL of double dis- 

from the first two impingers. 

tilled in glass H,O. 

The fifth impinger is an empty modified GBS. 

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

All glass-to-glass connections are made from threaded glass and Teflon 

Calibration--The sampling equipment will be calibrated, checked for 

As a minimum, the following equipment will be calibrated: 

1. Dry gas meter/orifice 

2. Stack temperature thermocouple 

3. Filter oven thermocouple 

ferrules. Schematics of the train are shown in Figures A l - 1  and A I - 2 .  

proper operation, and cleaned for use prior to arrival on-site. 
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Figure A1-2. MM5 condenser and XAD resin cartridge. 
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4. 

5. Probe nozzles 

6. 

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 111--Stationary Source Specific 
Methods.'' USEPA 600/4-77-027b. 

All 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 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. 
All remaining sampling train components were cleaned and prepared in 
accordance with EPA Method 5 procedures. 

Thermocouple and pyrometer for gas meter 

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

Sample col lection--Sampl e col 1 ection, including leak-checking, was 
conducted in accordance with EPA Method 5 procedures. The samples were col- 
lected isokinetically over ii complete t r ~ % r s e  o f  each ?xhai;t chct ( < . e . ,  the 
main precipitator and bypass precipitator exhaust ducts). Twenty traverse 
points were sampled using four sample ports located across the width of each 
duct. A minimum of 70 ft3 was collected at a sampling rate of - 0.75 ft,/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 t o  
prevent sample loss and contamination. In a designated section of the field 
laboratory, sample components were recovered from the sample box and the 
nozzle. The sample component from the probe was recovered in a clean, 
ventilated area. All liquid 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 

Cleaninq glassware--All glass parts of the train including the empty XAD 

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 1OO'C oven until dry. 

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

9. Store. 

Note: 

rinses ti) the ioiideii~&te c ~ i i t a t i i ~ .  

sorbent tube were cleaned in MRI's laboratory prior to use as follows: 

side in). 

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 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. 

1.2 HC1 Samplinq 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. PAD. 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,SO1, 
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 Cl,, which, if present, 
could damage the sample pump. 

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

All glass-to-glass connections were glass and Tef on. A schematic of the 
HC1 train is shown in Figure A1-3. 

Cal ibration--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 calibrared: 

1. Dry gas meter/orifice 

2. Stack temperature thermocouple 

3. Filter oven thermocouple 

4. 

5. Probe nozzles 

6. 

The calibration procedures used are from the "Quality Assurance Handbook 
for Air Pollution Measurement Systems: Volume 111--Stationary Source Specific 
Methods," USEPA 600/4-77-027b. and/or from the previously referenced EPA draft 
method for the determination of HC1 emissions. 

All 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. 
All remaining sampling train components were cleaned and prepared in 
accordance with appropriate EPA reference procedures (i.e., EPA Method 5). 

All glassware, rinse bottles, and associated apparatus used for in-field 
sampling and recovery were thoroughly cleaned and conditioned. All sample 
containers were glass with Teflon-lined lids or Nalgene and were rinsed with 
distilled water. 

Cleaning glasswire--All glass parts of the train were cleaned in MRI's 

1. Scrub and soak in hot water with Alconox. 

Thermocouple and pyrometer for gas meter 

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

laboratory prior to use as follows: 
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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--All sample bottles required for recovery of HC1 
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 thrnughnut 1 2-h sa=p!e period. 

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

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

NOTE: The contents o f  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 accomodate 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 
2O'C by passage through a water-cooled condenser, and volatiles were collected 
on a 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 o f  Tenax. and the second t rap  (back t rap )  
contained approximately 1 g each o f  Tenax and petroleum-based charcoal, 2 : l  by 
volume. 

A diagram o f  the VOST component arrangement i s  presented i n  Fig- 
ure AI-4. The sample was passed from the  probe t o  a valve t ra in .  a water- 
cooled glass condenser, a sorbent ca r t r i dge  containing Tenax (1.6 g), an empty 
catch f lask f o r  condensate removal, a second water-cooled glass condenser, a 

s i l i c a  gel d ry ing  tube, a rotameter, a sampling pump, and a dry gas meter. 

The gas pressure dur ing sampling and f o r  leak-checking was monitored by 
pressure gauges which were i n  l i n e  w i th  and downstream o f  the s i l i c a  ge l  dry- 
i n g  tube. 

The probe was constructed o f  bo ros i l i ca te  glass i n  a s ta in less s tee l  
outer  sheath. The temperature o f  the probe was maintained a t  approximately 
140°C, which was low enough t o  ensure a r e s i n  temperature o f  20°C. 

An i s o l a t i o n  valve was used t o  i s o l a t e  the  VOST apparatus from the sample 
probe. The i s o l a t i o n  valve consists o f  a greaseless stopcock and s l i d i n g  
Tef lon plug. The charcoal tube valve was a lso used t o  d i r e c t  a hydrocarbon- 
f r e e  gas (charcoa l - f i l te red  a i r )  t o  the i n l e t  o f  the sample t ra in .  This gas 
was used t o  prevent contamination during leak-check procedures. 

The condensers were o f  s u f f i c i e n t  capacity t o  cool the gas stream t o  20°C 
o r  l ess  p r i o r  t o  passage through the f i r s t  sorbent car t r idge.  

The sorbent car t r idges  f o r  the VOST are o f  the ins ide- ins ide ( I / [ )  con- 
f i g u r a t i o n  i n  which only  a s ing le  glass tube i s  used f o r  each o f  the two 
tubes. The second sorbent ca r t r i dge  was placed i n  the  sample t r a i n  so t h a t  
the sample gas stream passes through the Tenax layer  f i r s t  and then through 
the charcoal. layer. The sorbent car t r idges  were glass tubes w i t h  approximate 
dimensions o f  10 cm (long) by 1.6 cm i.d. The r e s i n  was held i n  place by 
Teflon-coated s ta in less s tee l  screens and c l i p s  a t  each end o f  the r e s i n  
layer. Threaded end caps were placed on the  sorbent car t r idges  a f t e r  packing 
t o  p ro tec t  the sorbent from contamination during storage and transport.  

The metering system f o r  VOST consisted o f  vacuum gauges, a leak-free 
pump, a rotameter f o r  monitoring the gas f low rate,  a dry gas meter (low 
volume) w i th  2% accuracy a t  the required sampling r a t e  and re la ted  valves and 
equipment. All sample t rans fe r  l i n e s  used w i t h  the VOST up t o  and inc lud ing 
the second r e s i n  ca r t r i dge  were Teflon or glass w i th  connecting f i t t i n g s  t h a t  
are capable o f  forming leak-free, vacuum-tight connections without the use o f  
seal ing grease. 

Cal ib ra t ion- -A l l  VOST equipment was cal ibrated, checked f o r  proper 
operation. and cleaned f o r  use p r i o r  t o  a r r i v a l  on-site. The gas meter and 
condenser thermocouple were ca l ib ra ted  before and a f t e r  the tes t .  

The gas meter was ca l i b ra ted  against a wet t e s t  meter. The thermocouple 
was ca l ib ra ted  against a mercury-in-glass thermometer. 

second sorbefit ta r t r idg2  contain:ng Tenax 2nd petroleiuEi-based charcoa:. a 
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Glassware cleaning--Al l  glass pa r t s  Of the VOST t r a i n  were cleaned as 
fol1ows: 

Washed w i t h  Alconox and hot water. 

Rinsed w i t h  tap  water. 

Rinsed w i t h  d i s t i l l e d  water. 

Oven-dried a t  150°C f o r  2 h. 

Capped w i t h  aluminum f o i l  or Tef lon caps u n t i l  used. 

Tenax preparation--The sorbent tube car t r idges  were packed w i t h  Tenax and 
conditioned by flowing, organic-free n i t rogen (30 mL/min) through the  r e s i n  
whi le  heating t o  190°C f o r  a t  leas t  3 h. 

During t h e  thermal conditioning, the Tenax car t r idges  are i n s t a l l e d  i n  a 
spec ia l l y  designed manifold which permits t h e  n i t rogen purge from the t raps t o  
be i n d i v i d u a l l y  monftored by an FID. The condi t ion ing i s  continued u n t i l  the 
F I D  response ind ica tes  the traps are clean ( less than 5 ppb t o t a l  hydrocarbon 
as propane). I f  a f t e r  24 h o f  purging the t rap  i s  s t i l l  contaminated, it i s  
discarded. 

Used Tenax car t r idges  are thermally condit ioned by the method described 
above. 

Charcoal (SKC petroleum base o r  equivalent)--Procedures f o r  recondi t ion-  
i n g  charcoal are the  same as those described f o r  Tenax above. 

Sample cartridqes--"Primary" VOST car t r idges  were packed w i t h  1.6 t o  
1.8 g o f  prepared Tenax, and "secondary" car t r idges  w i l l  be packed w i t h  
approximately 1 g each o f  prepared Tenax and prepared petroleum-based charcoal 
(SKC Lot 104 o r  equivalent),  2: l  by volume. The packed car t r idges were condi- 
t ioned as described above. 

After t he  tubes were conditioned, the tubes were capped and placed i n t o  a 
s tee l  can which was then sealed for  shipment. The can contained a small 
amount o f  charcoal f o r  shipment. During each tes t ,  each tube was marked 
d i r e c t l y  w i t h  a label .  

VOST sample collection--Sample c o l l e c t i o n  was conducted i n  accordance 
w i t h  procedures described i n  the USEPA document SW-846, Method 0030, except as 
noted below. Samples were co l lected from each exhaust duct a t  a s ing le  sample - 
po in t  f o r  th ree  40-min sample periods dur ing each t e s t  condition. 

The fo l l ow ing  are exceptions and/or add i t ions  t o  the procedures i n  t h e  
above-referenced document. 

1. A f t e r  c o l l e c t i o n  o f  the 20-L sample, the two sorbent car t r idges  were 
removed from the t ra in ,  capped at  the ends, and placed i n t o  the metal t rans-  
p o r t  can which contains charcoal. The cans were stored and transported i n  
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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 leak 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 ope!! the c ~ b r s o  meterlng vake. 

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 i s  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 o f  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 o f  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. 

ine seaied trap i s  tepiiced iii the t rap  stoi-ageittaiispott c ~ i i ,  iiiiich is 
kept in a cooler with ice during the duration of the test and during storage 
on-si te. 

C. 

1.4 Field GC 

The field GC will be utilized to identify C1 through C17 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 leak- 
checked as a unit. Line and valve purging was sufficient to reduce/eliminate 
contamination from previous samples. 

Prior to test run 1, 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 fl 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 
linearity. 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 Cl-C7 and C7-Cl7 carbon fractions. 

Several aliquots o f  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: 

Bypass Duct: 0-141.5s 
Cl-C7 Main Duct: 0-153s 
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C7-Cl7 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 OA 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. Al-so, a 10-ft length of sampling line was used to transfer sample gas 
to the field GC. A low flow rate was maintained through this line: therefore, 
GC sampling periods do not correspond directly (i.e.. minute for minute) with 
hot THC sampling periods. 

1.5 Orsat Analysis 

An integrated, multipoint gas sample was taken from each exhaust duct 
during each test run using a modified EPA Reference Method 2 (4C CFP, 5g). 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. 

The sample was taken 
from a connection at the exhaust end o f  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 period. 

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 diameter 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 sampling. These included: 

1. Leak checks of bags. 

2. Sampling system leak check. 

Figure A 1 4  is a schematic of the sampling system. 
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' I  
Figure A1-5. MM3 sampling train (using a Method 5 train as 

primary sampling device). 1 
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A l l  bags were leak-checked i n  the labora tory  p r i o r  t o  being shipped t o  
The sampling t r a i n  was leak-checked before and a f t e r  each run  as the f i e l d .  

required i n  Method 3. 

1.6 Continuous Emission Moni tor inq 

hot and co ld  THC. 

1.6.1 THC Measurement-- 
THC emissions were measured using EPA Modif ied Method 25A (MM25A) 

sampling systems, equipped w i t h  FIOs. This THC measurement was compared t o  an 
organic mass measurement (subsequently discussed) . 

Heated and unheated THC emission concentrat ions were measured using the 
MM25A systems. This method essen t ia l l y  measures hydrocarbons expressed i n  
terms o f  propane. 

To measure heated THC concentrations, t h e  fo1,lowing changes were made t o  
the Method 25A system: 

The e n t i r e  sample system frnm pmhe tn  r fetectnr KIF. heate:! tz 

Samples were co l lec ted  a t  each exhaust duct t o  measure CO, CO,. 02,  and 

> 300°F (150°C). 

A Beckman 402 THC analyzer o r  equiva lent  was used. 

Propane was used as the  c a l i b r a t i o n  gas. 

n i t rogen were used. 
EPA protocol  1 cy l i nde r  standards o f  5. 20, and 100 ppm propane i n  

I n  measuring unheated THC concentrations, the fo l l ow ing  changes were made 
t o  the Method 25A system: 

An ice-cooled water knockout t rap  was used t o  remove condensables. 

An unheated Tef lon sample l i n e  was used t o  conduct the sample 
through a s ta in less  s tee l  pump t o  the  FID. 

Propane was used as the c a l i b r a t i o n  gas. 

n i t rogen were used. 
EPA protocol  1 cy l i nde r  standards of 5, 20, and 100 ppm propane i n  

Figure A1-6 i l l u s t r a t e s  the  general con f igura t ion  o f  the THC gas sampling 
system. A t  each sample p o i n t  (i-e.. exhaust duct) ,  combustion gas was sampled 
using a probe w i t h  a s in tered metal f i l t e r .  Immediately a f t e r  ext ract ion,  the 
gas sample was s p l i t  i n t o  "heated" and "unheated" sample f ract ions.  The 
heated sample f r a c t i o n  was t ransferred t o  a ho t  THC analyzer v i a  a heated 
sample l i ne .  The sample l i ne ,  along w i t h  i n - l i n e  tees and valves, was 
maintained a t  over 300°F (150°C). Pumps were used t o  maintain constant 
purging o f  a l l  sampling l ines .  
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The unheated sample f r a c t i o n  was passed through a condensate t r a p  (i-e., 
a modified GBS impinger placed i n  an i c e  bath) which was located adjacent t o  
the sample port. Using a Tef lon sample l i n e ,  the sample was then t rans fer red  
t o  the co ld  FID, carbon monoxide, carbon dioxide, and oxygen analyzers. 

During the  t e s t  t he  condensate t r a p  was operated a t  "contact" and 
"noncontact" conditions. Contact condi t ions were characterized by the sample 
gas bubbling through co l lec ted  condensate. Noncontact condit ions were 
achieved e a r l y  i n  the day's t e s t  and were characterized by the sample gas 
passing through the condensate t rap  wi thout  contact w i th  co l lec ted  condensate. 

The THC monitors included a Beckman 400 ser ies model and a comparable M R I  
in-house designed model. A data logger was used t o  record a l l  necessary 
information. The monitors were spanned and zeroed p r i o r  t o  and immediately 
fo l lowing each run w i t h  99.26 ppm propane, NBS-traceable EPA protocol  1 gas, 
and p repur i f i ed  nitrogen. A l i n e a r i t y  check was conducted i n  the f i e l d  p r i o r  
t o  i n i t i a t i n g  the f i r s t  t e s t  run  using .49.09 ppm propane and 20.35 ppm propane 
NBS-traceable EPA protocol  1 gases. Monitor response times also were checked 
(90% o f  f u l l  scale). 

To determine the p o t e n t i a l  f o r  organics t o  leach out o f  sample l ines ,  a 
nitrogen blank sample was analyzed a t  the conclusion o f  each t e s t  run. 
F!$!rre A?-6 !!!u:tr;tes the :ocatjaii i r i  the ni t rogen blank sampling l i n e  
associated w i t h  each duct. As i l l u s t r a t e d  i n  the f igure, n i t rogen was 
introduced a t  the CEM/THC sample probe where it was immediately s p l i t  i n t o  
heated and unheated sample fragments. The s p l i t  n i t rogen blank was then .  
transferred v i a  the heated and unheated sample l i n e s  t o  the f i e l d  GC, the hot 
and co ld THC analyzer. and the CEM systems. 

A f te r  each run, ambient a i r  was co l l ec ted  and analyzed f o r  hot and co ld  
THC concentrations. These data o f f e r  in format ion on po ten t i a l  THC b ias 
because o f  ambient conditions. 

1.6.2 Carbon -Monoxide, Carbon Dioxide, and Oxygen Measurement-- 
Figure A1-6 (prev ious ly  o f fered)  i l u s t r a t e s  the  schematic layout  o f  the 

CEM system. As i l l u s t r a t e d ,  CEM samples were s p l i t  from the co ld  THC MM25A 
sample l ine .  I n  the MM25A system, immediately a f t e r  extract ion, the gas 
sample was passed through a condensate trap. The sample was then t rans fer red  
v i a  TFE Tef lon sample l i n e  and s p l i t  f o r  CO,, 0,. CO, and co ld THC analysis. 
C02 was independently monitored and used t o  volume-correct the CO reading t o  
account f o r  t he  CO, removed. A Horiba Model PIR-2000s nondispersive i n f ra red  
(NDIR) analyzer was used t o  measure CO,. 0, was a lso independently monitored 
and used t o  cor rec t  the CO reading t o  7% oxygen concentrations. A Horiba 
PMA-200 paramagnetic sensor and a Teledyne Model 320AX polarographic sensor 
were used t o  measure 0,. Each manifold maintained constant purge o f  the two 
co ld TFE sample l ines.  

Total CO concentrat ion was determined us ing Horiba Model PIR-2000L 
NOIRs. A f t e r  a CO sample was s p l i t  from the co ld  THC MM25A sample l i ne ,  it 
was passed through an a s c a r i t e / s i l i c a  ge l  ca r t r i dge  containing approximately 
200 g of asca r i t e  and 20 g o f  s i l i c a  gel. The ascar i te  t rap  removes carbon 
dioxide. which i s  an in ter ference t o  the CO monitor. and the s i l i c a  ge l  
removes the l a s t  t races of moisture p r i o r  t o  the monitor. The sample f r a c t i o n  
i s  then pumped t o  the NDIR analyzer. 
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Zero d r i f t  i s  determined by checking the zero c a l i b r a t i o n  before and 
a f te r  each run  and comparing the two. Ca l i b ra t i on  d r i f t  i s  determined by 
checking the  span gas c a l i b r a t i o n  before and a f t e r  a given period o f  time 
(usually t he  same time as the  zero d r i f t  i s  done). The response time i s  
determined by adding a c a l i b r a t i o n  gas whi le  the  instrument i s  a t  the zero 
c a l i b r a t i o n  i n  the end o f  the probe and determining the length o f  t ime f o r  the 
instrument t o  reach 90% of the corresponding span value. The c a l i b r a t i o n  
e r r o r  (usua l ly  re fe r red  t o  as the l i n e a r i t y  check) i s  done by zeroing and 
spanning the instrument and then adding a midievei c a i i b r a t i o n  gas ana 
comparing the instrument value w i th  the r e a l  gas value. Zero and c a l i b r a t i o n  
d r i f t  must be less than 23% o f  the span value, whi le  the c a l i b r a t i o n  e r ro r  
must be l ess  than 25% o f  the c a l i b r a t i o n  gas value. 

The performance checks f o r  the analyzers are summarized below: 

Zero d r i f t :  3% o f  span 
Span d r i f t :  3% o f  span 
L i n e a r i t y  checks: 5% o f  cy l inder  gas value 
Leak checks: < 4% o f  normal flow, before and a f t e r  each run 
Nominal qas concentrations: 

THC--span 100 ppm prooane 
CO--800 ppm 
CO ,--14% 
0,--14% 

L i n e a r i t y  
50. 20 DDm 
400, 200 ppm 
7% 
7% 

2.0 R A W  MEAL SAMPLING 

The raw feed (e.g., crushed limestone. clay, etc.) was sampled once every 
30 min during each t e s t  run. These grab samples were composited i n t o  a s ing le  
sample f o r  each run f o r  TOC analysis. A metal t r i e r  was used f o r  the co l lec -  
t i o n  o f  the raw feed samples. 

Sample containers f o r  raw feed (e.g., crushed limestone, clay, ore. etc.) 
samples were prepared i n  the laboratory  p r i o r  t o  the tes t .  A l l  b o t t l e s  used 
for  samples were made o f  polyethylene o r  glass. The sample b o t t l e s  were 
cleaned as fol lows, p r i o r  t o  shipment t o  the f i e l d :  

Rinse copiously w i t h  tap water. 

Soak i n  hot, Alconox-soapy water. 

Rinse w i t h  hot water. 

Rinse w i th  d i s t i l l e d  water. 

Rinse w i th  reagent-grade methanol. 

Rinse w i t h  toluene. 

. Rinse w i t h  methanol/methylene chloride. 
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I 
I - Let dry, cap, and place in storage container. 

3.0 ELECTROSTATIC PRECIPITATOR DUST SAMPLING 

(ESPs) was sampled at the end o f  each run. 
Dust discharged form the main and bypass electrostatic precipitators 

These samples were archived for 1 future analysis, if necessary. 
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APPENDIX A-2 

SAMPLE HANDLING AND ANALYSIS 

The following sections briefly describe the procedures employed during 
the analysis of the samples 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 

1.1 Sample Handling 

All samples were sealed, labeled, and stored in insulated containers in 
the field and during transport. All 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 ( c  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. 

tota.! o r y n i r  !!!ESS.  

Condensate (first and second impinger contents and rinse) 

1.2 Sample Analysis 

Figure A2-1 presents a schematic of the analytical scheme of the samples 
for semivolatiles, PCDDs/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 
semivolati le surrogates included 04-2-chlorophenol and 010-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.analytica1 aliquots. 
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XAD - 
Spike with Surrogate 

I 

XAD t 
Extract with Solvent c Concentrate Methyl t Butyl Ether Extract --c 

Filter 
XAD 

. c Concentrate Extract with 
Toluene Extract ---c 

* Filter, front-half, back-half, 
and condensate extracted as 
defined for XAD. Triple 
condensate volumes from 
each component extraction 
are then combined. 

Combine All * 
Concentrates 

Concentrates to 
lOmL Final Volume 

Sample Split 

I I 
I f 

Gravimetric 
Analysis 

2.5 mL 
Concentrate 

Figure A2-1. Sample analysis f l o w .  
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TABLE A2-1. LIST OF ANALYTES, STANDARDS, AN0 SURROGATES 
FOR OIOXIN/FUfWN ANALYSES 

Compounds i n  
ca l i b ra t i on  Surrogatea (method GC/MS 

Analyte standard i n te rna l  standard) in te rna l  standardsb 

Tetra-COO 
Tetra- CO F 
Penta-COO 
Penta-COF 

Hexa-COO 

Hexa-COF 

Hepta-COO 
Hepta- COF 

OCOO 
OCDF 

1.2.3,4.8,9-H~COO 
1,2,3,4,7, 8-HxCOO 
1.2,3,6.7,8-H~COO 
1,2,3,7,8,9-HxCOF 
2,3,4,6,7,8- Hx COF 
1,2,3,6,?,8-HrCDF 
1,2,3,4,7, E-HXCOF 

1,2,3,4,6,7,8-HpCOO 
192,3,4,6,7,8-HpC0F 
1,2,3,4,7,8,9-HpCOF 

Octa-COD 
Oc ta-COF 

a Added t o  sample p r i o r  t o  ex t rac t ion  and used f o r  quant i ta t ion  o f  dioxins/furans 
i n  sample. 

Added t o  ex t rac t  at  t ime o f  i n j e c t i o n  i n t o  GC/MS. 
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TABLE A2-2. COMPOUNDS MONITORED DURING GC/MS SCREEN FOR 
SEMI-VOIATILE ORGANICS ANALYSIS 

1. 
2 
3. 
4. 
5. 
6. 
7. 
8. -. 
9. 
IO. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 

29. 
2a . 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37 - 
38. 
39. 
40. 
41. 

N-Nitroso-dimethyl aniline 
=-Pi col i ne 
Styrene . 
Bis(2-chlorophenol )ether 
Phenol 
2-Chlorophenol 
N-Decane 
N-NI troso-01-N-propyl amine 
1,3-LLichlorobenzene 
1,4-Dichlorobenzene 
P-Cymene 
1,t-Oichlorobenzene 
Bi s(2-chloroi sopropyl )ether 
Hexachloroethane 
Nitrobenzene 
Isophrone 
2-Nitrophenol 
2,4-Dimethyl phenol 
B i  s(2-ch1oroethoxy)methane 
2.4-Dichlorophenol 
1.2.4-Tri chlorobenzene 
Naphthalene 
a-Terpineol 
N-Dodecane 
1,2,3-Trichlorobenzene 
Hexachloro-1,3-butadiene 
4-Chloro-3-methyl phenol 
Hexachlorocyclopentadi ene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chl oronaphthal ene 
Diphenyl 
Diphenyl ether 
2,6-Dinitrotoluene 
Dimethyl phthalate 
Acenaphthylene 
Acenaphthene 
2.4-Dinitrophenol 
Dibenzofuran 
4-Ni trophenol 
2,4-Di ni trot01 uene 

42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66 - ~~. 

67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 

2-Naphthyl amine 
N-Hexadecane 
F 1 uorene 
4-Chlorophenyl-phenyl ether 
Diethyl phthalate 
4,6-Di ni tro-2-methyl phenol 
Diphenylamine 
1.2-0 i phenyl hydraz i ne 
N-Nitroso-diphenylamine 
4-Bromophenyl-phenyl ether 
Hexachlorobenzene 
Dibenzothiophene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-N-butyl phthalate 
N-E icosane 
Fluoranthene 
Benzidine 
Pyrene 
Benzyl butyl phthalate 
Tetracosane 
Chrysene 
3,3'-Dichlorobenzidine 
Benz[a] anthracene 
Bi s( 2-ethyl hexy1)phthal ate 
Di-N-octyl phthalate 
Benzo [b] f luoranthene 
Benzo [ k] f 1 uoranthene 
Benzo[alpyrene 
Triacontane 
Di benz[a,h]anthracene 
Benzo[g,h,i]perylene 
Tetradecane 
Octadecane 
Docosane 
Hexacosane 
Octacosane 
IndenoI u . 3 ,  -c,d] pyrene 
2.3.6-Trichlorophenol 
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I 
The Method 0010 samples from test runs 1, 3, and 4 were split for 

semi vol at i 1 e organics analysis, PCOD/PCDF determination, and gravimetric 
analysis. Samples from 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-- 

1 

I 

I 

I 
I 

E 

1 
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 XAO and filter components 
were adopted from SW-846, Methods 0010 and 3540 (Soxhlet extraction). The 
extracts did not undergo column cleanup, because an organic screen was 

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 nf semivo!ati!e cx!p~nc!s. T;L;:E A?-1  ;isis 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. 

I required. 

I 
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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 PCDO and PCDF congener groups. Samples were analyzed by high 
resolution 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 
Polychlorinated Dibenzofurans (PCDF)." A 60-m x 0.25-nnn OB-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 1II.C. As mentioned in Section 5.1, all solvent rinses, 
filter, and XAD were combined and extracted with methylene chloride, again 
with methyl t-butyl ether, and a third time with toluene. 

I 
I 
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The methylene chloride, 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 1II.F. of "POHCs and 
PIGS Screening Protocol .'I The precision and accuracy of duplicate analyses 
were based on two criteria: 

- Duplicate sample weights were to be within +20% of the average 

The difference between replicate weights were to be < 0.1 mg (the 

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 sample. The 
remainder was then multiplied by a numerical factor to obtain the total 119 per 
sample. Dividing by the dry standard sample' volume allowed for ug/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: 

(pg of sample/L of air sampled)-(0.5)-(24.1 VL per m o l  of gas/44 II propane 
per pmol propane) 

2.0 METHOD 0030 SAMPLES 

sample weight. 

required extent of accuracy). 

Volatile 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 o f  one each POHC, surrogate, and internal standard. The VOST 
samples were analyzed for the compounds listed 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 analytical 
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 
2-Chloroethyl-vinyl ether 
Chloroform 
Dibromochloromethane 
1.1-Dichloroethane 
1.2-Dichloroethane 
1.1-Dichloroethene 
t-l,Z-Dichloroethene , 

1.2-Dichloropropane 
t-1.3-Dichloropropene 
c-l,3-Dichlorpropene 
Diethyl ether 
Ethylbenzene 
Methylene chloride 
Methyl ethyl ketone 
l.l,Z,Z-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1.1.1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Trichlorofluorornethane 
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3.0 HC1 TRAIN SAMPLES 

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

In the analysis, a filtered aliquot of the sample is injected into an ion 
chromatograph. The sample is pumped through three different ion exchange 
coiumns ana into a conductivity detector. Tie 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 low 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 i s  
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 

A-39 



I 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 Sampling 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 All containers for field sampling are glass and have Teflon- 
lined caps or Teflon-lined septa. Samples for volatile organic analysis (VOA) 
are protected from light as much as possible to avoid degradation of halo- 
genated compounds. Amber bottles are useful for this purpose. If amber bot- 
L I ~ >  are not used, the silmpie bot'cie can be wrapped with ioii or stored in a 
container to protect from light. 
L.. . 

1.1.2 When possible, 40-mL screw cap septum vials (VOA vials) that 
have been manufacturer precleaned according to EPA protocol 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 VOA 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 for 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 All 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 sulfuric 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. 

A-42 

7 ~- ~ 

1 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I - 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1.2.2.5 After removing bottles from the oven, allow to cool to 
room temperature, then cap with Teflon lined lids. If 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 lids. 

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 Reilgent water  !s defined 2s a watei- in  which compounds that 
interfere with the analytes are not observed at the method detection limit. 

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 o f  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. Details 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 t h a t  no contaminants are present i n  the reagents, 
blanks o f  each matr ix  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 i n  the f i e l d  i s  g iven a unique number by 
f i e l d  personnel. I n  the case o f  V o l a t i l e  Organic Sampling Tra in  (VOST) sam- 
p les and gas bags, t h i s  number i s  ca r r i ed  throughout f i e l d  sampling and anal- 
ysis. Water and waste samples are also given a unique number by f i e l d  per- 
sonnel. However, these samples are composited i n  the laboratory  p r i o r  t o  
analysis. Afterwards, the sample composite i s  given a new number by labora- 
t o r y  personnel. A record o f  sample composition and t h e i r  new numbers are 
recorded i n  the appropriate laboratory  notebook. 

3.1.2 A record o f  who was responsible f o r  each sample and where the 
sample was during the sampling and analysis procedures i s  kept using the forms 
i n  Figures A2-1 and A2-2. 

3.1.2.1 F igure A2-1 i s  t he  form used by the  f i e l d  sampling 
personnel. This form contains sampling information as we l l  as the f i e l d  
sample numbers. This form accompanies the samples from the  t ime they are 
taken i n  the f i e l d  u n t i l  t h e i r  rece ip t  by ana ly t i ca l  personnel. 

3.1.2.2 Figure A2-2 i s  the form used by ana ly t i ca l  
personnel. This form i s  used t o  t ransfer  samples w i t h i n  the ana ly t i ca l  
sections o r  t o  instrument f a c i l i t i e s .  

3.2 CHAIN-OF-CUSTODY 

3.2.1 I n  the event a contract  requi res chain-of-custody, the samples 
are stored i n  a locked co ld  room which has r e s t r i c t e d  access. During the sam- 
p l e  preparation o r  analysis, the samples must be w i t h i n  the s igh t  o f  the per- 
son who has custody, i n  a locked container, o r  i n  a container sealed w i th  
evidence tape which has been appropr ia te ly  signed and dated. 

3.2.2 The forms i n  Figures A2-1 and A2-2 are appropriate f o r  chain- 
of-custody so long as t h i s  i s  noted on the form. 

4.0 SAMPLE RECEIPT 

4.1 V o l a t i l e  samples are usua l ly  shipped d a i l y  f r o m  the f i e l d  s i t e .  
These can be shipped by an overnight de l i very  service such as Federal Express 
O r  by a i r p o r t  counter-to-counter service. The samples are shipped w i th  suf -  
f i c i e n t  quant i t fes  o f  wet i c e  o r  "b lue ice"  t o  keep the samples cool. Dry i c e  
1s no t  recommended f o r  water samples due t o  f reez ing o f  the samples which 
W i l l ,  i n  turn, break the v ia l s .  
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4.2 Once the samples arrive, they are invintoried 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 samples 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 
m a i n t e i r !  s?mp!e !ntegr!ty. 

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 "Sat  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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mater ia l  t o  the f lask using a syringe. The l i q u i d  must f a l l  d i r e c t l y  onto the 
surface of the methanol wi thout  touching the  neck o f  the f lask.  Also, care 
should be taken t o  no t  touch the surface of t he  methanol w i th  the end o f  the 
syringe as t h i s  would change the i n i t i a l  weight o f  the methanol and the 
flask. The f lask i s  immediately restoppered. 

5.1.3.5 GASES: To prepare standards f o r  any compounds tha t  
b o i l  below 30°C (e.g. bromomethane, chloroethane. chloromethane, and v i n y l  
cii ioi- idej,  iiii a 5.6 mi vaived yas- t ight  syringe w i th  the reference standard 
t o  the 5.0 mL mark. Lower the needle t o  5 nun above the methanol meniscus. 
Slowly introduce the reference standard above the surface o f  the l i q u i d .  The 
heavy gas w i l l  r a p i d l y  d isso lve i n  the  methanol. Standards may also be pre- 
pared by using a l ec tu re  bot t le .equipped w i t h  a Hamilton Lecture B o t t l e  Septum 
(#86600). Attach Tef lon tub ing t o  the  side-arm r e l i e f  valve and d i r e c t  a 
gent le  stream o f  gas i n t o  the methanol meniscus. Immediately restopper the 
f lask. 

5.1.3.6 Obtain a f i n a l  weight on the f lask. D i l u t e  t o  volume, 
stopper, and mix by i nve r t i ng  the f l a s k  several t imes.  Calculate the concen- 
t r a t i o n  i n  mg/mL from the net gain i n  weight. Unless the compound p u r i t y  i s  
stated t o  be 99+%, then the concentrat ion must be corrected f o r  compound 
p u r i t y  . 

5.1.4 The primary stock s o l u t i o n  i s  transferred t o  a c lean (see 
Section 1.2.4) 2-dram v ia l ,  capped w i t h  a Teflon l ined  l i d ,  and sealed w i th  
Teflon tape. The v i a l  i s  f i l l e d  so t h a t  a minimum amount o f  headspace remains 
i n  the top o f  t he  v i a l .  The v i a l  i s  labeled w i th  the name o f  the compound, 
concentration. solvent, date prepared. i n i t i a l s  of person preparing, and the 
notebook reference f o r  preparation. Store the  v i a l  a t  -10' t o  -2O'C and 
pro tec t  from l i g h t .  

5.1.5 Prepare f resh standards every two months f o r  gases. Reactive 
compounds such as 2-chloroethyl v i n y l  e ther  may need t o  be prepared more f r e -  
quently. A l l  o ther  standards must be replaced af ter  s i x  months, o r  sooner i f  
comparison w i t h  check standards ind icates a problem. 

5.2 INTERMEDIATE DILUTION STANDARDS 

standards i n  methanol e i t he r  s ing ly  o r  as a combined mix. 
5.2.1 Using primary stock so lut ions,  prepare intermediate d i l u t i o n  

5.2.2 Use volumetric glassware and syringes f o r  a l l  d i l u t i ons .  

5.2.3 Allow the primary stock t o  reach room temperature before pre- 
Paring the intermediate solut ion. Check t h e  stock so lu t ion  f o r  signs o f  
degradation o r  evaporation. The leve l  of the l i q u i d  i n  the v i a l  i s  marked 
a f te r  each use, i f  possible. therefore once the  so lu t ion  has reached room tem- 
perature the meniscus should match the mark on the v ia l .  Gently mix the v i a l  
by invers ion p r i o r  t o  removing an a l i quo t  o f  t he  primary stock. 
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5.2.4 Add a small amount o f  methanol t o  the volumetric f lask.  Then 
add the appropriate amount o f  primary stock so lu t ion(s ) .  D i l u t e  t o  volume, 
stopper, and gent ly  mix by inversion. 

5.2.5 Transfer and s to re  intermediate d i l u t i o n s  as described f o r  
primary standard so lut ions (see Section 5.1.4). 

5.3 CALIBRATION STANDARDS 

5.3.1 Ca l i b ra t i on  standards containing the POHCs, surrogates, and 
in te rna l  standards a t  a minimum o f  three concentrat ion leve ls  are prepared 
from intermediate o r  primary stock so lut ions (Sections 5.1 and 5.2). Prepare 
these so lut ions i n  methanol according t o  the procedure ou t l i ned  i n  Section 5.2 
f o r  preparation o f  intermediate stock solut ion. Transfer an a l i quo t  t o  a 
r e a c t i v i a l  w i t h  minimum headspace, cap with a min iner t  valve and label. 
Transfer and s tore the remainder as i n  Section 5.1.4. 

5.3.2 One o f  the concentrat ion l e v e l s  should be a t  a concentration 
near, but above, the method de tec t ion  l i m i t  (usua l l y  10 ng t o t a l ) .  The 
remaining concentrat ion l eve l s  should correspond t o  the expected range o f  con- 
centrat ions found i n  r e a l  samples or should no t  exceed the working range o f  
clls ub,,,4 aJaCc:"n. L ~ L I I  > ~ u l ~ u a r u  u i i L a i i i >  a i i  anaiyres f o r  detect ion by t h i s  
method. I n  addition, the recovery i n te rna l  standards (RIS)  and surrogates are 
included i n  the c a l i b r a t i o n  standard mixes. 

5.3.3 The c a l i b r a t i o n  standards are replaced when signs o f  degrada- 
t i o n  are evident ( t y p i c a l  replacement time i s  2 weeks). I f  the standards f a i l  
t o  pass the establ ished curve o r  f a i l  t o  pass the other  c a l i b r a t i o n  require- 
ments (see Section 8.5). then the  ca l i b ra t i ons  standards are reprepared. 

+*- r r , u c  _.,_ + "̂. C--L -*-->-*A - - - * - 1 - -  

5.4 SURROGATE AND RECOVERY INTERNAL STANDARD (RIS) SPIK ING SOLUTIONS 

5.4.1 Surrogates are organic compounds which are s i m i l a r  t o  analytes 
o f  i n t e r e s t  i n  chemical composition, ext ract ion.  and chromatography, but which 
are not normally found i n  environmental samples. These compounds are spiked 
i n t o  a l l  blanks, standards, samples, and spiked samples p r i o r  t o  analysis. 
Percent recoveries are ca lcu lated f o r  each surrogate and should not vary from 
the expected values by more than ?35%. d8-Toluene, 4-bromof luorobenzene. and 
d4-1,2-dichloroethane are t y p i c a l l y  used as surrogate compounds, as recom- 
mended by SW-846 method 8240. 

5.4.2 Recovery i n t e r n a l  standards (RIS) are compounds added t o  a l l  
standards, blanks, and samples which are used t o  quant i ta te  the analytes. The 
R I S  chosen should be s i m i l a r  i n  ana ly t i ca l  behavior t o  the compounds o f  
in te res t .  It must be demonstrated tha t  t he  measurement o f  the i n te rna l  
standard i s  unaffected by method or matr ix  interferences. Bromochloromethane, 
1,4-difluorobenzene, and d5-chlorobenzene are recommended by method 8240 as 
R I S  compounds. (Bromochloromethane, however. i s  sometimes found as a "native" 
i n  samples, i n  which case i t s  value as a surrogate i s  l imi ted. )  Method 5040, 
"PROTOCOL FOR ANALYSIS OF SORBENT CARTRIDGES FROM VOLATILE ORGANIC SAMPLING 
TRAIN" requires d6-benzene as a R I S  f o r  VOST analysis. Other compounds may be 
used depending on the analys is  requirements. 06-benzene may be used as the 
R I S  f o r  a l l  sample types. 
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5.4.3 A sp ik ing  so lu t i on  conta in ing each o f  the R I S  and surrogate 
compounds i s  prepared i n  methanol according t o  the  procedure i n  Section 5.2. 
INTERMEDIATE STOCK SOLUTIONS. Transfer an a l i quo t  t o  a r e a c t i v i a l  w i t h  a 
min iner t  valve and continue as i n  Section 5.1.4. The f i n a l  concentrations of 
each surrogate and R I S  are approximately 50 ng/vL). Two m i c r o l i t e r s  ( 2  vL) 
are used t o  spike each VOST trap. gas bag sample, water sample, and system 
blank p r i o r  t o  analysis. This w i l l  y i e l d  100 ng t o t a l  per analysis f o r  each 
surrogate and RIS.  A l te rna te  spiking volumes and concentrations may be used 
but w i i i  s t i i i  y i e l d  approximateiy io0 ng t o t a i  per analysis. 

5.5 BROMOFLUOROBENZENE (BFB) FOR INSTRUMENT TUNING 

5.5.1 A s a l u t i o a o f  4-bromofluorobenzene i n  methanol w i t h  a concen- 
t r a t i o n  of 50 ng/vL i s  prepared according t o  the procedure i n  Section 5.2. 
This so lu t ion  i s  used t o  tune the mass spectrometer according t o  SW-846 method 
8240 specif icat ions. (See Section 7.5.2.) 

5.6 MATRIX SPIK ING STANDARDS 

5.6.1 Matr ix  sp ik ing  standards, if applicable, are prepared i n  
methanol from compounds representative of those being investigated. This 
so lu t ion  i s  used t o  prepare check samples and mat r ix  spikes. No in te rna l  
standards o r  surrogates are added t o  t h i s  mix as these are added t o  these 
samples dur ing the rou t i ne  prep o f  t he  samples. This so lu t ion  i s  prepared 
according t o  the  procedure ou t l ined  i n  Section 5.2. 

5.7 QC CHECK SAMPLES 

5.7.1 A QC check sample i s  analyzed dur ing the i n i t i a l  GC/MS 
c a l i b r a t i o n  (see Section 7.5.8) t o  ve r i f y  the r a t i o  o f  instrument response t o  
analyte amount. Analysis o f  t h i s  sample a lso serves t o  v e r i f y  the preparation 
o f  the c a l i b r a t i o n  standards. This so lu t i on  i s  prepared independently o f  the 
intermediate stocks used t o  prepare the c a l i b r a t i o n  standards. The f i n a l  con- 
centrat ions o f  the analytes should f a l l  w i t h i n  the c a l i b r a t i o n  curve. This 
so lut ion i s  prepared according t o  the procedure ou t l i ned  i n  Section 5.2. It 
contains a l l  analytes o f  spec i f i c  quan t i t a t i ve  in te res t .  

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

6.1 HOLDING TIMES 

6.1.1 Unless otherwise spec i f ied  by the t r i a l  burn plan, QA plan, or 
the Pro ject  leader, the holding time from date of sampling t o  date o f  analys is  
fo r  VOST samples i s  2-6 weeks (see SW-846 method 5040 Section 6.2), and f o r  
water samples, the holding t i m e  i s  10 days. 

6.2 VOST AND INTEGRATED GAS BAG SAMPLES (for analysis by purge and t r a p  
desorption GC/MS) 

6.2.1 
phenylene oxide polymer) only o r  one ha l f  each Tenax and charcoal. 

VOST t raps are glass tubes f i l l e d  w i th  e i t he r  Tenax (2,6-di- 
The ends 

A-50 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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 
samples are stored in the cold room until analysis and are spiked with a 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 blank 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 o f  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 o f  the water samples is performed in a 
volatile free laboratory (VM lab). 

6.3.3 Water 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 VOA 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 o f  the vials are stored in the cold 
room (4°C). 

6.3.5 Replicate analyses o f  samples should be performed at least 
once every 20 samples. The project PA plan should be consulted for specific 
requirements. 
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6.3.6 Laboratory blanks f o r  t he  water samples are performed using 
VOA water w i t h  the  add i t i on  o f  mixed surrogate and R I S  spik ing solut ion.  This 
i s  done on a d a i l y  basis and a lso func t ions  as the "system blank" f o r  t he  
GC/MS system. I n  addit ion, the water f i e l d  blanks (Section 1.1.4) shipped 
w i th  the samples are analyzed. 

6.3.7 F ive m i l l i l i t e r s  (5.0 mL) of each composited sample i s  
analyzed by GC/MS purge and trap. The GC/MS analyst  spikes each sample w i t h  
the mixed RiS ana surrogate sp ik ing s o i u t i o n  immeaiateiy p r i o r  t o  anaiysis. 

7.0 GC/MS ANALYSIS OF WATER SAMPLES BY PURGE AND TRAP 

7.1 SUWARY- OF WETHOD 

7.1.1 F ive m i l l i l i t e r s  (5  mL) o f  t he  sample i s  poured i n t o  a g lass 
syringe. spiked w i t h  surrogate and RIS, then added t o  a glass purge tower. An 
i n e r t  gas i s  bubbled through the s o l u t i o n  a t  ambient temperature and the 
v o l a t i l e  components are e f f i c i e n t l y  t rans fe r red  from the aqueous phase t o  the 
vapor phase. The vapor i s  swept through a sorbent column where the v o l a t i l e  
components are trapped. A f te r  purging i s  completed, the sorbent column i s  
heated and backflushed w i th  i n e r t  gas t o  desorb the components onto a gas 
chromatographic column. The v o l a t i l e  POHCs are separated by temperature pro- 
grammed gas chromatography and detected by mass spectrometry. The concentra- 
t i ons  o f  the POHCs are calculated using the i n t e r n a l  standard technique. 

7.1.2 Refer t o  SW-846 method 8240 "GAS CHROMATOGRAPHY/MASS SPECTROM- 
ETRY FOR VOLATILE ORGANICS" f o r  complete d e t a i l s  o f  t h i s  ana ly t i c  method. Any 
deviat ions from SW-846 are l i s t e d  i n  Sect ion 11.0 o f  t h i s  document. 

7.2 PURGE AND TRAP DEVICE 

7.2.1 The purge and t rap  device consis ts  o f  three separate pieces o f  
equipment: t he  sample purger. the a n a l y t i c  trap, and the  desorber. It i s  
recommended t h a t  any surface t o  come i n  contact  w i th  the samples be con- 
s t ructed e n t i r e l y  o f  g lass and Teflon. 

7.2.2 The recommended purging chamber i s  designed t o  accept 5-mL 
samples w i t h  a water column a t  leas t  3 cm deep. The gaseous headspace between 
the water column and the t rap  must have a t o t a l  volume o f  less than 15 mL. 
The purge gas must pass through the  water column as f i n e l y  d iv ided bubbles 
w i th  a diameter o f  less than 3 mm a t  the o r ig in .  The purge gas must be 
introduced no more than 5 mm from the base o f  t he  water column. The sample 
Purger, i l l u s t r a t e d  i n  Figure A2-3 meets these design c r i t e r i a .  A l te rna te  
sample purge devices w i th  20-25 mL headspace may also be u t i l i z e d .  These have 
been demonstrated t o  y i e l d  equivalent sample recoveries and are use fu l  f o r  
analysis o f  waste samples dispersed i n  PEG since l i n e  contamination i s  min i -  
mized. 
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Figure A2-3. Purging chamber. 
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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 (Tenax GC or equiva- 
lent); 8 cm silica 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, ienax, ana siiica ge i  w i t h  i.3 cm of rnethyi siiicone coated packing at 
the inlet. The coconut charcoal is prepared from Barnebey Cheney. CA-580-26 
lot #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 !n!tia! 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 
column. 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 analysis of samples. 

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. 

- 

' 

7.2.4 

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,l.l-trichloroethane. Alternatively, a 30-m DE-624 
megabore capillary column can be used. This column 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 electron 
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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Figure A2-4. Trap packings and construction to include desorb capability. 
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Figure A2-5. Schematic o f  purge-and-trap device--purge mode. 

Figure A2-6. Schematic o f  purge-and-trap device--desorb mode. 
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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 recmended. Glass can be deactivated 
by si 1 ani zi ng with di chl orod imethy 1 si 1 ane. 

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: 
Mass range: 

Scan time: 
exceed 7 s/scan. 

Initial column temperature: 
Initial column holding time: 
Column temperature program: 
Final column temperature: 
Final column holding time: 
Injector temperature: 
Source temperature: 

specifications 
Transfer line temperature: 
Carrier gas: 
Purge flow: 

"i"' ,,u3> >~CL.LIUlllCL.CI ] 

70 electron volts (nominal) 
40-260 (40-280 amu for the MAT CH4 

To give 5 scans per peak but not to 

45°C 
3 min 
8'C/min 
220°C ~~~ ~ 

Analyte and matrix dependent 
200-225°C 
According to manufacturer's 

Helium at 30 cm/sec 
Nitrogen at 40 mL/min 

250-300°C 

7.5 INITIAL CALIBRATION 

7.5.1 Each mass spectrometer will be calibrated for mass scale 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 Section 5.5). Analysis must 
not begin until these criteria are met. 

7.5.3 A system blank consisting of five milliliters (5.0 mL) 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. 

A-57 



TABLE A2-1. BFB I O N  ABUNDANCE C R I T E R I A  - 

Mass Ion abundance criteria 

iG 
75 
95 
96 

173 
174 
175 
176 
177 

i5% tu 40% o f  mass 95 
30% to 60% of mass 95 
Base Peak, 100% relative abundance 
5% to 9% o f  mass 95 
Less than 2% o f  mass .174 
Greater than 50% o f  mass 95 
5% to 9% of  mass 174 ~ _ _  - 
Greater than 95% but less than 101% of mass 174 
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 overnight 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: 

After allowing the standards to warm to room tempera- 
ture, spike the  ca!;bration standard: (:?e Section 5.5j  i n t o  an aii 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 desorbed 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 into 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 ions (see 
Table 82-1-2) 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 

I 

Compound 
Retention Secondary 
time (min) Primary ion ion(s) 

Acetone 
Acrolein 
Acrylonitrile 
Benzene 
BrcimabFchlomthane 
Bromoform 
Carbon tetrachloride 
C h 1 orod i bromomethane 
2-Chloroethyl vinyl ether 
Ch 1 oroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1.1-Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dichloropropane 
cis-1.3-Dichloropropene 
trans-l,3-O i ch 1 oropropene 
Diethyl ether 
Ethylbenzene 
Methylene chloride 
Methyl ethyl ketone 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1-, 1-Tri ch loroe t hane 
1,1 ,2-Trichloroethane 
Trichloroethene 
Trichlorofluoromethane 

-_ 
17 .O 
14.3 
19.8 
13.7 

18.6 
11.4 

-- 

-- 
-- 
9.0 
10.0 
15.7 
15.9 
17.2 

26.4 
6.4 

22.1 
22.2 
23.5 
13.4 
17.2 
16.5 
8.3 

43 
56 
53 
78 
83 
173 
117 
129 
63 
83 
63 .~ 

62 
96 
96 
63 
75 
75 

106 
84 

83 
164 
92 
97 
97 
130 
101 

58 
55, 58 
52, 51 
52. 77 
85; 129 
171, 175, 252 
119, 121 
208, 206 
65, 106 
85. 47 
65; 83 
64, 98 
61, 98 
61. 98 
62; 41 
77, 39 
77, 39 

91 
49, 51, 86 

85, 131, 133 
129, 131. 166 
91, 65 
99, 117 
83, 85, 99 
95, 97, 132 
103, 66 
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The RF is calculated as follows: 

RF 

where: 

Ax = Area of the 

Ais = Area of the 

Cis = Amount (ng) 
Cx = Amount (ng) 

measured. 

standard. 

= (AxCis) /(Ai SCX) 

characteristic ion for the compound being 

characteristic ion for the specific internal 

of the specific internal standard. 
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. 

Calculate the average RF for each compound. If the RF value 
over the working range i s  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 phility to meet t h i ;  c:ter:ci  is dependent upon tne concentration range of 
the calibration standards; i.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. 

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

7.5.7 

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 corrections made. 

7.6.3.2 If the EICP area for any o f  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. 
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7.6.3.3 When correct ions are made, reanalysis o f  samples ana- 
lyzed wh i le  the system was malfunctioning are necessary. 

7.7 ANALYSIS OF WATER SAMPLES 

7.7.1 Once the i n i t i a l  and/or d a i l y  c a l i b r a t i o n  requirements have 
been met, analys is  o f  samples may begin. 

7.7.2 An a i i q u o t  o f  the w e i i  mixed water sampie prepared i n  
Section 6.3 i s  poured i n t o  an a l l  g lass syringe. The volume o f  the water 
sample i s  adjusted t o  5.0 mL. The sample i s  then spiked w i t h  the 
surrogate/RIS sp ik ing  so lu t i on  and mixed by inversion. 

7.7.3 Analysis then continues as described i n  Section 7.5.4 using 
5.0 mL o f  sample and sp ik ing w i th  the RIS/surrogate solution. 

7.7.4 I f  analysis of the sample shows any analyte t o  be outs ide the 
c a l i b r a t i o n  range o f  the instrument, t h i s  sample must be d i l u t e d  as described 
i n  7.7.4.1 and 7.7.4.2. I f  the high l e v e l  sample'saturates any o f  the quan- 
t i t a t i o n  ion, a system blank must be analyzed t o  assure no carryover t o  the 
next analysis. 

7.7.4.1 Di lu t i ons  are made from a d i f f e r e n t  VOA v i a l  o f  the 
composited sample than was used for t he  f i r s t  analysis whenever possible. 

7.7.4.2 Allow the water sample t o  be d i l u ted  and the VOA water 
t o  reach room temperature. Add an a l i q u o t  o f  the sample t o  a volumetric f l a s k  
and d i l u t e  t o  volume w i th  the VOA water. An a l i q u o t  o f  t h i s  d i l u t i o n  i s  ana- 
lyzed as i n  Section 7.5.4 using 5.0 mL o f  t he  d i l u t e d  sample and the RIS/sur- 
rogate solut ion. 

7.7.5 Surrogate recoveries must be t35% f r o m  the expected value. 
Reanalysis o f  t h e  sample i s  necessary i f  recover ies f a l l  out o f  t h i s  range. 

7.7.6 A rep l i ca te  analysis i s  performed f o r  every 20 samples unless 
otherwise spec i f ied  by the p ro jec t  s p e c i f i c  t r i a l  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 w i t h  an i n t e r n a l  standard so lu t ion  using 
the f lash evaporation technique. They are then thermally desorbed f o r  11 min 
a t  180°C w i t h  organic-free nitrogen, bubbled through 5 mL o f  organic-free 
water, and trapped on the ana ly t i ca l  trap. A f t e r  the 11-min desorption. the 
ana ly t i ca l  t r a p  i s  rap id l y  heated t o  180°C w i t h  the c a r r i e r  gas reversed so 
t ha t  the e f f l u e n t  f low from the ana ly t i ca l  t r a p  i s  d i rected i n t o  the GC/MS. 
The v o l a t i l e  POHCs are separated by temperature-programmed gas chromatography 
and detected by low-resolut ion mass spectrometry. The concentrations o f  the 
v o l a t i l e  POHCs are calculated using the i n t e r n a l  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 
This consists of a trap holder, 

The injector is 
prior to analysis using a special accessory. 
a heated GC-type septum injector, and a supply of helium gas. 
maintained at a temperature of 220°C and the helium flow i s  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, use the Supelco 'lclamshell'l 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 perfluorotributylamine (FC-43) according to 
manufacturer's specifications. 

8.5.2 Each GC/MS system must be hardware tuned to meet the criteria 
in Table 62-1-1 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. 
spiking accessory and seal with the knurled nut. 

Insert a clean trap into the 
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8.5.3.2 Using an exact volume technique, slowly i n j e c t  the 
i n te rna l  standard so lu t i on  i n t o  the vapor iz ing p o r t  o f  the sp ik ing  acces- 
sory. A f t e r  15 seconds, shut o f f  the gas flow, and remove trap. The t o t a l  
f low o f  gas through the t r a p  during a d d i t i o n  o f  i n t e r n a l  standards should be 
25 mL or less. 

8.5.3.3 Place the spiked t r a p  i n t o  the  thermal desorption u n i t  
and attach the "clamshell" heater. Check the f l ow  t o  ensure a 40-mL/min 
n i t rogen i i o w  rate. neat t r a p  ana desorb f o r  ii min. 

8.5.3.4 The desorbed components pass i n t o  the bottom o f  the 
water column, are purged from the water, and are co l lec ted  on the ana ly t i c  
trap. A f t e r  the 11-min desorption period, the compounds are desorbed from the 
ana ly t i ca l  t r a p  i n t o  the  GC/MS system by r a p i d l y  heating the ana ly t i c  t rap  and 
backflushing w i th  i n e r t  gas f o r  4 min. 

8.5.3.5 I f  the system proves t o  be contaminated, then the cor- 
r e c t i v e  ac t i on  ou t l ined  i n  Section 7.5.3 i s  i n i t i a t e d .  

8.5.4 A minimum o f  c a l i b r a t i o n  standards a t  three leve ls  are used 
t o  prepare the c a l i b r a t i o n  curve. Each standard i s  analyzed on three Tenax 
traps spiked w i th  c a l i b r a t i o n  standards t o  es tab l i sh  a c a l i b r a t i o n  curve. 
These t raps are spiked and analyzed as described beginning i n  Section 8.5.3.1. 

8.5.5 Tabulate the area response o f  t he  cha rac te r i s t i c  ions o f  each 
analyte (surrogate and compound o f  i n t e r e s t )  against the concentration o f  the 
i n te rna l  standards as described i n - S e c t i o n  7.5.5. 

8.5.6 Calculate the average R F  f o r  each compound. I f  the RF value 
over the working range i s  a constant (220% RSD). the RF can be assumed t o  be 
invariant, and the average RF can be used f o r  calculat ions. This v a r i a b i l i t y  
range may be expanded t o  230% RSD w i t h  the  approval o f  the p r o j e c t  leader. 
The a b i l i t y  t o  meet t h i s  c r i t e r i a  is dependent upon the concentration range o f  
the c a l i b r a t i o n  standards: i.e., a wider range w i l l  have a larger  RSD. Al te r -  
natively, the r e s u l t s  can be used t o  p l o t  a c a l i b r a t i o n  curve o f  response 
r a t i o s  As/Ais versus RF. 

8.5.7 Analyze AQC check sample by the procedure described beginning 
i n  Section 8.5.3.2. The recoveries should f a l l  w i t h i n  t20% o f  the expected 
value. 

8.6 DAILY CALIBRATION 

8.6.1 Perform the c a l i b r a t i o n  steps ou t l i ned  i n  Sections 7.5.1 and 
7.5.2. I n  addition, the BFB tuning requirement must be demonstrated every 
12 h during extended work days. 

8.6.2 A system blank i s  analyzed as ou t l i ned  i n  Section 8.5.3. 

8.6.3 A d a i l y  c a l i b r a t i o n  check i s  performed by sp ik ing a Tenax 
The response fac to rs  calculated 

This 
t rap  w i th  the mid range c a l i b r a t i o n  standard. 
from t h i s  i n j e c t i o n  must not vary by more than t20% f o r  any analyte. 
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v a r i a b i l i t y  range may be expanded t o  230% w i t h  the  approval o f  the p ro jec t  
1 eader . 

8.7 ANALYSIS OF VOST SAMPLES 

8.7.1 Each sample trap, f i e l d  blank trap, and t r i p  blank t rap  i s  
analyzed by the procedure described beginning i n  Section 8.5.3. 

8.7.2 I f analys is  shows any analy te t o  be outside the c a l i b r a t i o n  
range o f  t he  instrument, then a higher l e v e l  standard i s  prepared and analyzed 
t o  bracket t h a t  sample. 

8.7.3 I f  samples are encountered t h a t  have concentrations o f  
analytes above the highest po in t  i n  the c a l i b r a t i o n  curve, t he  c leanl iness o f  
the system must be proved by analyzing a system blank as i n  Section 8.5.3. I f  
t h i s  system blank proves t o  be clean, t h i s  establ ishes a new lower l i m i t  f o r  
the analysis o f  system blanks. If, on subsequent analyses, a sample i s  en- 
countered t h a t  i s  above t h i s  new l i m i t ,  a system blank must be analyzed. Once 
again, i f  t h i s  proves the system t o  be clean, then ' t h i s  higher l i m i t  i s  estab- 
lished. This continues u n t i l  an amount of analyte i s  found t h a t  does not 
clean up from the system during the usual operating procedure. When t h i s  

9.0 DATA INTERPRETATION 

occurj, 2 loi;ger :;ke-out jf A'-- LIE system i s  required. 

9.1 QUALITATIVE ANALYSIS 

9.1.1 An analyte i s  i d e n t i f i e d  by comparison o f  the sample mass 
spectrum w i t h  the mass spectrum o f  a standard o f  the suspected compound (stan- 
dard reference spectrum). Mass spectra f o r  standard references are obtained 
on the user 's  GC/MS w i t h i n  the same 12 h as the sample analysis. These 
standard reference spectra may be obtained through analysis o f  t he  c a l i b r a t i o n  
standards, Two c r i t e r i a  must be s a t i s f i e d  t o  v e r i f y  i d e n t i f i c a t i o n :  (1) elu- 
t i o n  o f  sample component a t  t he  same GC r e l a t i v e  re ten t i on  time (RRT) as those 
o f  the standard component; and (2) correspondence o f  the sample component and 
the standard component mass spectrum. 

The sample component RRT must compare w i t h i n  ?0.06 RRT u n i t s  
o f  the RRT o f  t he  standard component. For reference, the standard must be run  
w i th in  the same 12 h as the sample. I f coe lu t ion  o f  i n t e r f e r i n g  components 
p roh ib i ts  accurate assignment o f  the sample component RRT from the t o t a l  i o n  
chromatogram, the RRT i s  assigned by using ext racted i o n  current  p r o f i l e s  f o r  
ions unique t o  the  component o f  in te res t .  

9.1.3 Every i on  p l o t  and mass spectrum w i l l  be v i s u a l l y  inspected 
t o  ensure t h a t  (1) A l l  ions present i n  the standard mass spectra a t  a r e l a t i v e  
i n tens i t y  greater than 10% (most abundant i o n  i n  the spectrum equals 100%) 
must be present i n  the sample spectrum. (2) The r e l a t i v e  i n t e n s i t i e s  o f  ions 
specif ied i n  (1) must agree w i t h i n  9 0 %  between the standard and sample 
spectra. (Example: f o r  an ion w i th  an abundance o f  50% i n  the  standard 
spectra, the corresponding sample abundance must be between 30% and 70%.) 
These c r i t e r i a  may be relaxed s l i g h t l y  i f , i n  the best professional judgment 

9.1.2 
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of the data analyst, a compound lacking all criteria is still deemed to be a 
"hit . " 

9.1.4 If the project specific trial burn plan indicates that com- 
pounds other than the analytes of interest (1-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 library is 
obtained for each unknown spectrum, followed by manual evaluation of the 
spectra ana search results. Manuai searches o f  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 alone. To the 
extent possible, these compounds will at least be characterized by class; for 
example, as "hydrocarban", "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 technique. 

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] 

Aa = Area of the characteristic ion for the analyte to be 

Ais = Area of the characteristic ion for the specific 

Cis = Amount (ng) of the specific internal standard. 
RFa = Calculated average response factor for the analyte. 

where: 

measured. 

internal standard. 

9.2.4 The "TCA" quantitation report values may be used in place of 

9.2.5 VOST samples are reported as total ng per trap or total ng 

manual calculations for the total ng per analysis. 

per pair. 
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9.2.6 Water samples are reported in ng/mL by the following: 
pg/L = ng/mL = total ng found / purge volume (5.0 mL) 

9.2.7 Waste feeds are reported in pg/g by the following: 

ug/g = [pg found/injection volume (mL)] x [dilution (mL)/sample wt(g)l 

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 appropriate, 
however, a summary of the QC performed with 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 sampling and shipping processes. Trip 
blanks are 3 sper!ffc type o f  f i e ld  blank aiiu' ai-e u t i i i z e a  for V U ~ I  anaiysis 
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 varlous 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 

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

are calculated for all these samples and must fall within f35%. 

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 

1 

for a 100-ng injection of BFB. 
I 
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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- 

10.4.2 The BFB performance criteria in Table 1 must be demonstrated 

10.4.3 Daily calibration requirements are dependent on sample type 

43 on a aaiiy oasis. 

every 12 h. 

and are outlined in Sections 7.6 and 8.6. 

11.0 MODIFICATIONS FROM SW-846 METHODS 

I 
I 
I 
1 ,  

11.1 METHOD 8240 "GAS CHROMATOGRAPHY/MASS SPECTROMETRY FOR VOLATILE 
ORGAN ICs" 

METHOD 8240 
SECTION NO. MODIFICATION 

4.12.3 
5.5 
7.2.2 intensity ions. 
7.3.1 

5.1.3 

5.3 Concentrations of stock solutions will vary 
5.4 according to analysis needs. Usually, surrogate 
5.7 

100 ng of BFB is injected rather than 50 ng. 
gives better instrument response on the lower 

This 

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

and RIS solutions are such that 100 ng per analysis 
is achieved. 
mix for VOST. water samples, and system blanks. 
A three point calibration curve is acceptable. 
Calibration standards are prepared in methanol rather 
than reagent water and they are used until signs of 
degradation become evident. 
standard solutions are stored in clear vials and placed 
in a closed container to protect from light. 

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. 

RIS and surrogates are prepared as a 

5.6 

5.8 

6.1 
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7.2.5 Ca l ib ra t i on  standards are prepared as a mix which 
includes analytes, surrogates, and RIS. This standard i s  
spiked d i r e c t l y  i n t o  the glass syringe conta in ing 5.0 mL 
VOA water, mixed, and added t o  the purge tower. 

The GC/MS data system (INCOS) uses n r a t h e r  than n-1 f o r  
%RSD calcu lat ions.  I f  a %RSD f a l l s  w i t h i n  3% o f  the 
c u t o f f  value, then t h i s  %RSD i s  recalcu lated manually 
using n-1 t o  achieve a more accurate value. 

Water samples are no t  prescreened as they genera l ly  
contain a very low concentrat ion o f  analytes. 

Purge gas i s  n i t rogen a t  40 mL/min. Car r i e r  gas i s  
helium a t  30 cm/s. 

Only one a l i quo t  f o r  analysis i s  taken from any given VOA 
v i a l .  I f  rep l i ca tes  are required, then these a l iquots  
are taken f r o m  i nd i v idua l  VOA v ia l s .  I f  d i l u t i o n s  are 
necessary, then an a l i quo t  i s  taken from a f resh  VOA 
v i a l .  

Quan t i t a t i on  f o r  P I C s  w i l l  be completed by using the RFs 
generated by standard in jec t ions .  Unknowns w i l l  be 
quan t i f i ed  by using RRFs o f  1.000. 

Concentrations o f  analytes w i l l  vary depending on 

7.2.9 

7.4.1 

7.4.1.5 

7.4.1.7.3 

7.5.2 

8.5.1 
8.5.2 the analys is  needs. 

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

METHOD 5040 
SECTION NO. MODIFICATION 
5.3.2 Stock so lu t ions  are maintained f o r  2 months f o r  

reac t ive  compounds and gases, 6 months f o r  a l l  others. 
They are replaced sooner i f  signs o f  degradation are 
evident. (per method 8240) 

,100 ng BFB used f o r  b e t t e r  instrument response on 7.1 the 
lower i n t e n s i t y  ions. 

Concentrations o f  stock so lut ions w i l l  vary depending 
on analys is  needs. 

I n te rna l  standard amounts are t y p i c a l l y  100 ng per 
analysis. 

run  t o  run, o r  a fac to r  o f  two (-50% t o  +loo%) from the 
l a s t  d a i l y  standard per method 8240. 

5.5 

5.6 

7.2.3 

8.4.1 Acceptable range f o r  i n te rna l  standard areas i s  235% from 
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APPENDIX A-4 

SEMIVOLATILE ORGANICS ANALYSIS AND 
PCDD/PCDF DETERMINATION 

1.0 GLASSWARE PREPARATION 

1.1 Standard Procedures 

compounds is prepared according to the. following procedures. 

soap, Micro, Alconox, or equivalent synthetic detergents and a clean brush). 

All glassware for field sampling and analysis of semivolatile organic 

1.1.1 Wash all glassware in hot, soapy water (use ISOCLEAN nonionic 

, -..\ 1 1 -  
L . L . L  Rinse W i t h  "Lap water ( > A ) ,  deionized water (3X). and bulk acetone 

(2X). 

1.1.3 Air dry and cover open ends of glassware with solvent-rinsed 

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. 

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. 

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 o f  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. 

aluminum foil and store in appropriate drawers. 

1.1.5 

Such glassware is to be used in a set. 

1.1.10 Vial caps are to be lined with solvent-rinsed Teflon liners. 
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1.1.11 After  use, glassware i s  t o  be r insed once w i t h  ex t rac t i on  solvent 
and once w i t h  bulk acetone before detergent washing. 

1.2 SW-846 Method Modi f icat ions,  Deviations, and Enhancements 

The fo l lowing modif icat ions, deviations, and enhancement from SW-846 and 
other  standard methods w i l l  be employed during t h i s  study. None are expected 
to impact t he  q u a i i t y  o f  the r e s u i t s  submitted. The glassware cleaning 
procedure deviates from SW-846, Chapter 4 recommended method, as follows. 

1.2.1 SW-846 recommends using methanol ra the r  than bulk acetone i n  
Steps 1.1.2 and 1.1.11. 

1.2.2 SW-846 suggests using a hot ( 2  50°C) soap water soak and a hot 
water r inse. 

1.2.3 SW-846 recommends a soak w i th  hot chromic ac id  s o l u t i o n  t o  destroy 
traces o f  organic compounds. 

2.0 SORBENT CLEANUP AND PREPARATION 

2.1  XAD-2 Cleanup and Trap Preparation 

2.1.1 Extract ion and Fluidation--A batch o f  XAD-2 adsorbent (A l l tech  
Assoc./Applied Science, 20/50 mesh, 90 pore size, precleaned) i s  placed i n t o  
a Soxhlet ex t rac t ion  apparatus and ext racted f o r  22 h w i th  methylene ch lo r ide  
(DCM) as ou t l ined  i n  Section 2.3.2. 

The XAD-2 i s  then placed i n t o  an evaporating d ish  l i n e d  w i t h  methylene 
chloride-r insed aluminum f o i l ,  placed i n  a hood and d r ied  f o r  12 h. The 
evaporating d ish i s  l i n e d  w i th  aluminum f o i l  t o  prevent poss ib le  contamination 
of t h e  XAD-2 r e s i n  from the dish. Prerinsed aluminum f o i l  i s  placed over the 
XAD-2 t o  keep p a r t i c u l a t e  matter from f a l l i n g  i n t o  the evaporating d ish during 
drying. 

Glass wool (preextracted w i t h  methylene ch lo r i de  as ou t l ined  i n  
Section 2.4.1) i s  placed i n  the bottom o f  a 1-L continuous ex t rac t ion  
column. The XAD-2 adsorbent i s  next placed i n t o  the column (- 1,000 g/ 
ex t rac t ion  column). A stream o f  h igh p u r i t y  gaseous n i t rogen i s  passed f o r  
16 h through a bed o f  50% ac t iva ted  carbon/50% molecular seive and then 
through the ex t rac t ion  column. The r a t e  o f  N, f low should gent ly  dry the 
resin. The 
act ivated charcoal/molecular sieve t r a p  consists o f  a 8 x 1 1/2 i n  s ta in less 
Steel case w i th  s ta in less  s tee l  f r i t s  on the i n l e t  and ou t l e t .  A l l  l i nes  
connecting the N, tank t o  the column should be Teflon o r  precleaned copper 
tubing. 

2.1.2 Storage o f  Extracted XAD-2--Precleaned XAD-2 r e s i n  no t  t o  be used 
immediately (w i th in  2 weeks) should be stored under high p u r i t y  methanol. 

Excessive f l u i d a t i o n  may cause the XAD-2 p a r t i c l e s  t o  break up. 
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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 chloride) 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 t o  the top of the curved section. 
not tap the cartridqe. Packing the resin too tightly may plug the s ampE 
train during samplinq. Add enouqh glass wool (preextracted) into the top o f  
the cartridge to. ensure the resin will not leak-out. 
cartridge tightly with methanol-rinsed aluminum foil. 
bubble pack and tape to ensure safe delivery to the field site. 

Cover.both ends of. the 
Wrap the cartridge with 

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

2.2.1 
extractor. 

Florisil (pesticide grade. 60/100 mesh) 

The following adsorbents are to be extracted in the giant Soxhlet 

Na,SO, (anhydrous, granular, Fisher Scientific or equivalent) 

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

flask. 

flask. 

2.2.2.1 Charge the Soxhlet by adding 6 L OCM in the 12-L round bottom 

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

2.2.2.3 Place preextracted regular glass wool in bottom of  Soxhlet 
Add the solid extractor to prevent solids from entering into the Soxhlet arm. 

material and wet with 1 L OCM. 

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-lined evaporating dishes until solvent 
odor is no longer detected (- 4 h). 

2.2.3 Adsorbent and Drying Agent Activation Procedure-- 

2.2.3.1 &,SO,--Ensure that the Na2S0, is dry. Transfer the air-dried 
Na2S0, to small evaporating dishes and heat in a muffle furnace at 400'C for 
4 h. 

Store the Na,SO, in a clean glass jar covered with methylene chloride- 

2.2.3.2 Florisil--Activate a batch of Florisil by heating at 130°C for 

rinsed foil in an oven at 130°C. 

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 
IR0/100 mesh) and 16.4 a of Celite 545 in a 40-mL vial (different amounts mav ,--, _ _ _  ~~. 

be mixed in khe same proportions). 
tumble for 3 h. 

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. 

Place sorbent mixture on rock tumbler a& 
Activate at 130°C for 6 h. Store in a desiccator. 

2.3.2 Boiling Chips-- 

2.3.2.1 Silicon carbide boilinq chips (Soxhlet extractionl-- 

2.3.2.1.1 Add approximately 500 mL of methylene chloride to a 1-L 
round bottom flask. Add boiling chips (silicon carbide) to the round bottom 
flask. 

2.3.2.1.2 Place preextracted regular glass wool i n  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. 

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

2.3.2.2 Berl saddle boiling chips--Simply crush the Berl saddles to 
small pieces and store in a methvlene chloride-rinsed vial or iar with Teflon- 
lined iid. 

2.4 SW-846 Method Modifications, Deviations, and Enhancements 

- I 

The following modifications, deviations, and enhancement from SW-846 and 
None are expected other standard methods will be employed during this study. 

to impact the quality of the results submitted. 
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2.4.1 Appendix A o f  SW-846 Method 0010 suggests two XAD-2 cleanup 
methods. 

2.4.1.1 I n i t i a l  r i n s e  o f  XAD-2 r e s i n  i n  Type I1  water (2X) i n  a beaker, 
fol lowed by Soxhlet ex t rac t i on  w i th  water (8 h), methanol (22 h), and two 
separate methylene ch lo r i de  extract ions.  each f o r  a durat ion o f  22 h. 

2.4.1.2 Using an XAD-2 cleanup ex t rac t i on  apparatus which includes a 
three-necked f l ask ,  a i r - jacketed Snyder d i s t i l l a t i o n  column, and an XAD-2 
canister i n  which the r e s i n  i s  held l i g h t  spr ing tension between a p a i r  o f  
coarse and f i n e  screens. Solvent i s  re f luxed through the  Snyder column, and 
the d i s t i l l a t e  i s  cont inuously cycled upward through the XAD-containing canis- 
t e r  f o r  e x t r a c t i m a n d  returned t o  the f lask.  The r e s i n  i s  f i r s t  water-washed 
by pumping 20 L o f  d i s t i l l e d  water upward through the canis ter .  The r e s i n  i s  
then solvent-r insed w i t h  methanol and methylene ch lo r ide  (2X) f o r  10 t o  20 h 
using the described d i s t i l l a t i o n  apparatus. 

2.4.1.3 M R I  w i l l  e x t r a c t  the XAD-2 f o r  22 h using methylene ch lo r i de  
(Section 2.1.1). The r e s i n  purchased w i l l  have been precleaned by the 
manufacturer. A subsample o f  the cleaned r e s i n  w i l l  be solvent ext racted and 
analyzed by GC/MS t o  ensure t h a t  the r e s i n  has been e f f i c i e n t l y  cleaned. 

2.4.2 Appendix A o f  Method 0010 suggests two XAD-2 dry ing techniques. 
MRI  w i l l  use a method s i m i l a r  t o  the second op t ion  recommended, modi f ied as 
follows. The h igh p u r i t y  n i t rogen w i l l  be passed through a s ta in less  s tee l  
case (approximately 200 cm3 capacity) conta in ing a m i x  o f  act ivated carbon and 
molecular sieve ( i n  equal proport ions). 

2.4.3 Method 0010 recommends t h a t  cleaned XAD-2 be stored i n  an 
a i r t i gh t ,  wide-mouth amber j a r  o r  i n  one o f  t he  glass sorbent modules sealed 
w i t h  Teflon f i l m  and e l a s t i c  bands f o r  no more than 4 weeks. M R I  w i l l  modify 
t h i s  procedure by s to r i ng  the  precleaned r e s i n  i n  a j a r  under h igh  p u r i t y  
methanol i f  i t  w i l l  not  be used w i t h i n  2 weeks a f t e r  preparation. 

2.4.4 Method 0010 recommends the use o f  Tef lon b o i l i n g  chips f o r  a l l  
sample preparat ion procedures (Soxhlet ext ract ion,  Kuderna Danish volume 
reduction). M R I  w i l l  use s i l i c o n  carbide o r  Ber l  saddle b o i l i n g  chips 
instead. 

3.0 EXTRACTION OF FIELD SAMPLES FOR SEMIVOLATILE ORGANIC COMPOUNDS 

3.1 Sample T ra in  and Aqueous Sample Ex t rac t i on  

The components o f  the Modif ied Method 5 (MM5) samp 
be extracted are as fo l lows: 

- Pa r t i cu la te  f i l t e r / p r o b e  r i nse  
XAD-2 resin/back h a l f  r i nse  
Condensate water 

These and several other add i t iona l  aaueous samoles fe.a 

ing t r a i n  t h a t  need t o  

, , scrubber water, lean 
water) from the t r i a l  burns w i l l  be spiked w i t h  a method in te rna l  standard 
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(i.e., surrogates) compounds and solvent extracted. The MM5 components w i l l  
be solvent-extracted using procedures cons is ten t  w i th  SW-846 Method 0010. 
whi le  the add i t i ona l  aqueous and ash samples w i l l  be extracted using SW-846 
3500-series methods. 

The ex t rac ts  from the MM5 sampling t r a i n  components may be combined i n t o  
a s ing le ext ract ,  thus generating a new composite, as described below. 
Because they w i l l  be composited, only the  particulate/XAD r e s i n  ex t rac ts  w i l l  
be spiked w i th  method in te rna i  standards. 

3.1.1 Ex t rac t ion  o f  Probe Rinse and Back Ha l f  Rinse-- 

The probe r i n s e  and back h a l f  r i n s e  are t reated separately but i n  the 
same way. Each i s  composed o f  combined acetone and toluene r i nses  which may 
contain water. 

I f  the  r i nse  sample contains p a r t i c u l a t e  matter, set  up a glass 
f i b e r  f i l t e r  folded i n  quarters and held w i t h  a powder funnel such t h a t  it 
dra ins i n t o  a separatory funnel. Record the  glassware i d e n t i f i c a t i o n  numbers 
i n  the l ab  record book (LRB), c o l l e c t  a l l  proper glassware r inses, and 
archive. 

3.1.1.2 F i l t e r  the sample i n t o  the separatory funnel. The f i l t e r  and 
f i l t e r  catch w i l l  be extracted w i th  the p a r t i c u l a t e  f i l t e r  and XAO-2 res ins  
(Section 3.1.2). Rinse the powder funnel (used t o  hold the f i l t e r ,  i f  
applicable) w i t h  toluene i n t o  the separatory funnel. 

3.1.1.3 Rinse the sample container w i t h  toluene and pour the r i nsa tes  
i n t o  the separatory funnel. 

3.1.1.4 Back ex t rac t  the r inses  by adding enough reagent water t o  the 
separatory funnel so t h a t  i t s  volume i s  3X the volume o f  the f i e l d  sample 
r inses. Dra in the acetone/water l aye r  from the bottom o f  the separatory 
funnel and save (see 3.1.1.5). Drain the toluene phase i n t o  a separate clean 
bo t t l e .  

3.1.1.5 Pour the  acetone/water phase back i n t o  the separatory funnel and 
ex t rac t  two more times wi th  toluene. Combine these toluene ext racts  w i t h  the  
toluene ex t rac t  from step 3.1.1.4. 

3.1.1.6 Save t h i s  ex t rac t  f o r  combination w i th  the par t icu la tes.  XAD, 
and condensate ex t rac ts  and proceed t o  Section 4.0. 

3.1.1.7 A t  l e a s t  one method blank (cons is t ing  o f  1 L o f  reagent water 
spiked w i th  the method in te rna l  standards) i s  t o  be extracted w i th  each set o f  
samples extracted by t h i s  method. 

3.1.2 Ex t rac t ion  o f  Par t i cu la te  F i l t e r s  and XAD Resin-- 

3.1.2.1 Set up a f55/50 Soxhlet ex t rac t i on  apparatus w i th  200 mL toluene 
i n  a 500-mL b o i l i n g  f l ask  along w i t h  several b o i l i n g  chips. Record the 
i d e n t i f i c a t i o n  numbers o f  glassware and l o t  numbers o f  the solvent used i n  the 
lab record book (LRB). 

3.1.1.1 

Col lect  a l l  glassware r i nses  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 sample container with three 
5-mL portions of toluene and add to the boiling flask. 

L 1 2 . 4  Add the entire contents of the XAD-2 resin module (275 g) from 
the sampling train to the Soxhlet extractor. Cover the XAD-2 resin with 
preextracted glass 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 Tables 3 and 5). 

3.1.2.5 Extrsct t k ~  sample f o r  a t  least  i6 h 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 sample will be 
drained into a continuous liquid-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 level 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- 
tainers. 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 . i . 3 . i . 4  mark the ievei o f  the meniscus on the side o f  the sampie 
container for determination of the aqueous phase volume. Measure a 1-L 
portion o f  the aqueous phase and pour it back into the separatory funnel. 

3.1.3.1.5 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 WM5 SAMPLIN6 TRAIN WITH METHOD INTERNAL STANDARDS. 

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

3.1.3.1.7 Adjust the pH of the sample to about 8 using either a 6N NaOH 
solution for acidic samples or a 6N H2S0,, solution for alkaline samples. Add 
the acid or base, swirl the contents o f  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 i s  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) i s  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 
Sample extracted. 
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3.1.3.2 Continuous 1 i quid ex t rac t ion  (SW-846-3520)-- 

This method i s  designed t o  q u a n t i t a t i v e l y  ex t rac t  semivolat i le  organic 
compounds from aqueous samples using a continuous l i q u i d - l i q u i d  ext ractor .  
This method i s  t o  be used only f o r  samples t h a t  form emulsions when extracted 
using a separatory funnel. The samples t h a t  form emulsions during 
step 3.1.3.1.9 should be t ransferred d i r e c t l y  t o  the continuous l i q u i d  
ext ractor  and the ex t rac t i on  continued using the device. 

3.1.3.2.1 The l i q u i d  samples w i l l  be ext racted using a continuous 
l i q u i d - l i q u i d  ext ractor .  Record the glassware i d e n t i f i c a t i o n  numbers i n  the 
LRB and c o l l e c t  the appropriate glassware r i nses  f o r  archiving. 

3.1.3.2.2 Assemble the device and add 200 mL o f  the appropriate solvent 
t o  the ext ractor .  Add 300 mL o f  the appropr ia te solvent t o  the 500 mL b o i l i n g  
f l ask  together w i th  several b o i l i n g  chips and i n s t a l l  on the device. 

3.1.3.2.3 Measure 1 L o f  sample i n t o  a I - L  graduated cyl inder. I f  the 
sample t o  be extracted by t h i s  method i s  from the  separatory funnel method 
described above, t rans fe r  the e n t i r e  sample i n t o  the  continuous l i qu id -1  i q u i d  
extractor, r i n s e  the separatory funnel 3X w i t h  25 mL o f  solvent and proceed t o  

3.1.3.2.4 Spike the sample w i t h  the  method i n t e r n a l  standards m i x  (see 
Tables 3 and 5) and gent ly  s w i r l  the so lut ion.  DO NOT SPIKE CONDENSATE 
SAMPLES FROM THE W5 SAMPLING TRAIN WIM MEMOD INTERNAL STANDARDS. 

3.1.3.2.5 Check the  pH o f  the aqueous sample using a glass s t i r r i n g  rod 
t o  apply several drops of the sample t o  a p iece o f  multirange pH paper. 

3.1.3.2.6 Adjust the pH o f  the sample t o  about 8 using e i t h e r  a 6N NaOH 
solut ion f o r  a c i d i c  samples or a 6N H,SO, s o l u t i o n  f o r  a l ka l i ne  samples. Add 
the acid o r  base, s w i r l  the contents o f  the separatory funnel, check the pH, 
and readjust as necessary u n t i l  a neutra l  pH i s  attained. 

3.1.3.2.7 Transfer the sample t o  the ex t rac tor .  Rinse the graduated 
cy l inder  3X w i t h  30 mL o f  solvent and add t o  the  ext ractor .  

3.1.3.2.8 Turn on the cool ing water, t o  the  condenser and the heating 
mantle and e x t r a c t  the sample f o r  a t  l e a s t  18 h. 

3.1.3.2.9 Treat the sample ex t rac t  as described i n  Section 4.0. 

3.1.3.2.10 A t  l e a s t  one method blank (cons is t ing  o f  1 L o f  reagent water 
spiked w i th  the method in te rna l  standards) i s  t o  be extracted w i t h  each se t  o f  
samples extracted by t h i s  method. 

step 3.1.3.2.8. 

3.2 SW-846 Method Modif icat ions, Deviations, and Enhancements 

The fo l l ow ing  modifications, deviat ions, and enhancements from SW-846 and 
None are expected other standard methods w i l l  be employed dur ing t h i s  study. 

to  impact t he  q u a l i t y  o f  the resu l ts  submitted. 
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3.2.1 SW-846 Method 3510 and 3520 requ i re  t h a t  samples extracted from an 
aqueous matr ix  be ext racted f i r s t  under basic condi t ions and subsequently 
under ac id ic  conditions. Because o f  t h e  nature o f  the ta rge t  analytes. 
performing the ex t rac t ions  under nonneutral pH condi t ions may r e s u l t  i n  t h e i r  
degradation. ' Furthermore, the analysis i s  not d i rec ted  toward base/neutral 
and ac id ic  compounds, bu t  ra the r  t o  neut ra l  compounds only. 

3.2.2 SW-846 Method 0010 speci f ies t h a t  methylene ch lor ide be used as 
tire organic soivent f o r  ex t rac t i on  07 MN5 components. However, during the  
conduct of independent studies t o  t e s t  t he  ef fect iveness o f  various solvents 
i n  ex t rac t ing  PCDD/PCDFs from dynamically spiked MM5 t r a i n  components, M R I  
sc ien t i s t s  discovered t h a t  toluene i s  a more e f f e c t i v e  solvent. Therefore, 
toluene will be-.used as the preferred organic solvent f o r  ex t rac t ing  MM5 
components. 

3.2.3 SW-846 Method 0010 spec i f ies  tha t  each ind iv idua l  MM5 sampling 
t r a i n  component be spiked w i t h  surrogates (1 .e., method in te rna l  standards) 
p r i o r  t o  solvent ext ract ion.  Analysis o f  each MM5 component separately would 
increase ana ly t i ca l  costs s i g n i f i c a n t l y  . Furthermore, independent studies 
conducted by M R I  s c i e n t i s t s  on dynamically spiked MM5 sampling t r a i n s  
indicated tha t  the bulk  o f  the organic analytes recovered f r o m  MM5 sampling 
t r a i n s  i s  found i n  the pa r t i cu la te  f i l t e r  catch and XAD-2 trap. Therefore, 
the pa r t i cu la te  f i l t e r  catch w i l l  be coextracted w i th  the XAO-2 r e s i n  
components, and only t h i s  sample w i l l  be surrogate-spiked. 

3.2.4 SW-846 Method 0010 speci f ies t h a t  the t r a i n  solvent r inses  are. 
t reated as a s ing le  sample during ext ract ion.  M R I  w i l l  t r e a t  the probe and 
back h a l f  r inses  separately. 

3.2.5 SW-846 Method 0010 speci f ies that ,  during l i q u i d - l i q u i d  ex t rac t i on  
of MM5 t r a i n  solvent r inses  and condensate, the sample be i n i t i a l l y  ext racted 
under ac id ic  condi t ions and subsequently under bas ic  conditions. Since the 
analytes of interest (PCDDIPCDFs, PCBs) are neutra l ,  t he  samples w i l l  be 
extracted under neutra l  conditions. 

4.0 EXTRACT CONCENTRATION AND COLUMN CLEANUP FOR SEMIVOLATILE ORGANIC 
COMPOUNDS 

Each o f  the sample ex t rac ts  from the various ex t rac t ion  procedures w i l l  
be concentrated fo r  GC/MS analysis. Depending on the type o f  compounds t o  be 
analyzed. concentration o f  t h e  samples may be followed by a column cleanup 
procedure and then f u r t h e r  concentrated. Column cleanup procedures f o r  
analysis of PCDD/PCOFs are based on those described i n  SW-846 D r a f t  
Method 8290. Method 0010 f o r  the analysis o f  MM5 sampling t r a i n  components 
has no provisions f o r  ex t rac t  cleanup. However, through long experience w i th  
the analysis o f  PCDO/PCOFs, M R I  chemists have determined t h a t  the MM5 samples 
have su f f i c i en t  in ter ferences tha t  make ex t rac t  cleanup compulsory. 

4.1 KO Concentration o f  Ext racts  

4.1.1 Place a s m a l l  p lug o f  preextracted s i lan ized glass wool i n  a 
powder funnel and f i l l  w i t h  approximately 20 g o f  preextracted anhydrous 
granular Na2S0,. 
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4.1.2 Transfer sample from the  o r i g i n a l  ex t rac t  container v i a  the sodium 
su l fa te  packed funnel t o  a 500-mL KO f l a s k  f i t t e d  w i th  a 25-mL graduated 
concentrator tube containing two c lean b o i l i n g  chips. Make sure the  concen- 
t r a t o r  tube i s  f i rmly i n  place (w i th  clamp o r  e l a s t i c  bands) i n  order t o  avoid 
loosing sample o r  al lowing steam t o  condense i n  the sample. Pour i n  enough 
sample ex t rac t  t o  f i l l  the KO f l a s k  no more than one-half f u l l .  Since the 
volume o f  the MM5 sampling t r a i n  ex t rac ts  w i l l  l i k e l y  exceed the capaci ty of 
the KO f lask ,  several t rans fers  t o  the  KD f l a s k  may be necessary. 

4.1.3 Attach a 3-bal l  Snyder column t o  the KO f l ask  and r i n s e  w i th  1 mL 
o f  the appropr iate solvent. 

4.1-4 Place the KO-apparatus on a steam bath o u t l e t  such t h a t  the e n t i r e  
lower rounded surface o f  the KO f l a s k  i s  bathed w i th  steam. A t  the proper 
r a t e  o f  d i s t i l l a t i o n ,  the b a l l s  i n  the  Snyder column w i l l  constant ly  chatter,  
but  the chambers w i l l  not f lood  w i t h  condensed solvent. 

4.1.5 When a l l  o f  the contents o f  the o r i g i n a l  ex t rac t  containers have 
been added t o  t h e  KO f lask,  r i n s e  the  conta iners three times w i t h  25 mL o f  the 
appropriate solvent and add the r i nses  t o  the KO f l ask  through the sodium 
su l fa te  packed funnel. 

4.1.6 Concentrate the ex t rac t  t o  a f i n a l  volume o f  5 mL. 

4.1.7 Add 50 mL o f  hexane t o  the KO f l a s k ,  add a f resh  b o i l i n g  ch ip  t o  
the f lask ,  reat tach the Snyder column, and concentrate the sample ex t rac t  t o  
approximately 5 mL. 

4.1.8 Rinse the f l a s k  and lower j o i n t  o f  the KO apparatus w i t h  two 5-mL 
por t ions o f  hexane and adjust  the f i n a l  e x t r a c t  volume t o  20 mL. 

4.1.8.1 I f  the sample i s  t o  be analyzed f o r  both PCBs and 
PCDD/PCDFs (composited MM5 sampling t r a i n  ext racts) ,  the sample e x t r a c t  w i l l  
be s p l i t  i n t o  two 10-mL port ions.  Dispense 10 mL o f  the e x t r a c t  i n t o  two 
separate v ia l s .  

4.1.8.2 I f  the sample i s  t o  be analyzed f o r  PCBs only (ash, 
scrubber e f f luen t ,  lean water samples), the volume i s  f u r t h e r  reduced t o  10 mL 
and stored i n  a v i a l .  

4.2 Column Cleanup Procedures 

The fo l low ing  column cleanup procedure i s  based on the methods described 
i n  SW-846 Dra f t  Method 8290. 

4.2.1 Transfer the 10-mL a l i q u o t  of t he  ex t rac t  s la ted f o r  analys is  o f  
PCDO/PCOFs i n t o  a 125-mL separatory funnel. 

4.2.2 Add 40 mL o f  a 20% (w/v) aqueous KOH so lu t ion  t o  the  ext ract .  
Shake the contents fo r  2 min and r a p i d l y  d ra in  and discard the  aqueous 
(bottom) phase. Repeat the base washing u n t i l  no co lo r  i s  v i s i b l e  i n  the 
aqueous layer  t o  a maximum of four  washings. Strong base i s  known t o  degrade 
ce r ta in  PCOD/PCOFs, so contact t ime w i t h  the base must be minimized. 
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4.2.3 A f t e r  the aqueous phase o f  the l a s t  base washing has been drained, 
add 40 mL o f  a 5% (w/v) aqueous NaCl solut ion.  Shake f o r  2 min. Drain and 
discard the aqueous phase. 

4.2.4 Add 40 mL concentrated H,SO, t o  the sample ext ract .  Shake f o r  2 
min. Drain and d iscard the s u l f u r i c  ac id  (bottom) phase. Repeat the ac id  
washing u n t i l  no co lo r  i s  v i s i b l e  i n  the ac id  l aye r  t o  a maximum of f ou r  
washings. 

4.2.5 A f t e r  t he  ac id  phase of the l a s t  a c i d i c  washing has been drained, 
add 40 mL of a 5% (w/v) aqueous NaCl solut ion.  Shake f o r  2 min. Remove and 
discard the aqueous (bottom) layer. 

4.2.6 Transfer t h e  ex t rac t  t o  a 50-mL b o i l i n g  f l a s k  by passing i t  
through a powder funnel packed w i th  anhydrous granular Na,SO, as described 
above. Rinse the sodium su l fa te  w i t h  two 15-mL por t ions  o f  hexane i n t o  the 
b o i l i n g  f lask ,  and concentrate the sample ex t rac t  t o  near-dryness using a 
r o t a r y  evaporator (35°C water bath), making sure t h a t  a l l  t races o f  toluene 
(when applicable) have been removed. 

Dry pack a g r a v i t y  column (glass, 300 mm x 10.5 mm) f i t t e d  w i th  a 
PTFE stopcock i n  the fo l l ow ing  manner: 

4.2.7.1 I n s e r t  a precleaned p lug o f  s i lan ized glass wool i n  the 
bottom o f  the column. 

4.2.7.2 Add a 4-9 layer  of sodium su l fa te  t o  the column. 

4.2.7.3 Add a 4-9 layer  o f  Woelm Super I neut ra l  alumina and tap 
the top o f  the column gently. Woelm Super I neutra l  alumina does not need t o  
be act ivated o r  cleaned p r i o r  t o  use. but it should be stored a t  a l l  times i n  
a sealed desiccator. 

4.2.7.4 Add a 4-9 layer  o f  anhydrous granular sodium su l fa te  t o  
cover the alumina. 

4.2.7.5 E lu te  the column w i th  10 mL hexane and c lose the stopcock 
j u s t  before the l eve l  o f  the solvent reaches the top layer  o f  sodium 
sul fa te.  Discard the e luate and check the column f o r  channeling. I f  
channeling i s  present, d iscard the packing and repack the column. 

4.2.8 Adjust the volume o f  the ac id  and base washed ex t rac t  t o  2 mL w i t h  
hexane and gent ly apply the ex t rac t  t o  the top o f  the column. Open the 
stopcock t o  draw the sample i n t o  the column and close the stopcock. Rinse the 
sample container w i th  three 1-mL por t ions of hexane and add t o  the column, 
always drawing the r i n s e  i n t o  the column before applying the next r inse. 
Discard the eluate. 

4.2.9 Elute the column wi th  10 mL of an 8% (v/v) methylene ch lo r ide  i n  
hexane solut ion. Co l lec t  t h i s  f r a c t i o n  and archive. 

4.2.7 
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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 
fol 1 ows: 

4.2.11.1 Cut off both ends of a 10-mL disposable serological pipet 

4.2.11.2 Insert a preextracted silanized glass wool plug at one end 
of the column and pack the column with 0.64 g 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: 

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

!n:ert the s&iple v i d i  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. 

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 

5 mL toluene 

5 mL hexane 

4.2.14 The flow rate should be less than 0.5 mL/min. Discard the 
ri mates. 

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 rinsates to the top of the 
column. 

such that a 4-in column remains. 

4.2.12.1 

4.2 .E.2  

sol vents: 

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

1 m L  of a 1:l (v/v) cyclohexane/methylene chloride mix 

Elute the column sequentially with: 

- One 2-mL portion of a 75:20:5 (v/v) methylene chloride/ 

Two 2-mL portions o f  hexane 

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

methanol/benzene mix 

A-a5 



4.2.16 These eluates can be c o l l e c t e d  i n  the  same container. Archive 
these the combined eluates f o r  checks on column e f f i c iency .  

4.2.17 I n v e r t  t he  column and e l u t e  the PCDD/PCDF f r a c t i o n  w i t h  20 mL 
toluene i n t o  a 50-mL b o i l i n g  f lask .  Ver i fy  t ha t  there are no carbon f i n e s  i n  
the eluate. 

4.2.18 Concentrate the toluene f r a c t i o n  t o  about 1 mL on a r o t a r y  
evaporator (water bath a t  50’Cj. Carefu l ly  t rans fe r  t he  sample i n t o  a 
graduated 1-mL conical v i a l ,  and reduce the  volume t o  about 100 UL using a 
n i t rogen evaporator. Rinse the b o i l i n g  f lask  three times w i th  300 pL o f  a 1% 
(v/v) toluene i n  methylene ch lo r ide  so lu t i on  and add t o  the cleaned-up 
extract. Reduce the voJume t o  100 UL once again. 

4.2.19 Store the sample a t  room temperature i n  the dark. 

PREPARATION AND USE O F  CALIBRATION STANOARDS, METHOD INTERNAL STANDARDS 
(SURROGATES), AND RECOVERY INTERNAL STANDARDS 

Recovery i n te rna l  standards are compounds added t o  the na t ive  sample 
matr ix  j u s t  p r i o r  t o  GC/MS analysis t o  determine the recovery o f  method i n t e r -  
nal standards and r e l a t i v e  response factors  of the c a l i b r a t i o n  standards. 
Method in te rna l  standards (surrogates) are compounds added t o  the na t ive  
sample matr ix  p r i o r  t o  sample ex t rac t i on  t o  determine i f  any sample matr ix  
e f fec ts  and ex t rac t ion  problems prevent good recovery o f  the compounds f r o m  
the sample. 

5.1 General Procedures f o r  Standard Preparation 

Preparation and/or acqu is i t i on  o f  accurate c a l i b r a t i o n  standards, 
method in te rna l  standards, and recovery i n te rna l  standards are extremely 
c ruc ia l  i n  achieving accurate q u a n t i f i c a t i o n  o f  sample components and 
determination o f  ana ly t i ca l  qua l i t y .  It i s  also important t ha t  the standards 
be prepared i n  the cor rec t  solvent, since the standards are used both f o r  
d i r e c t  analysis and f o r  spiking. 

5.1.2 As many as poss ib le  of the pure compounds and d i l u t e d  c a l i b r a t i o n  
standards w i l l  be obtained from the EPA Qua l i t y  Assurance Branch, EMSL/CI, and 
the Reference Standards Repository EPA/RTP. 

5.1.3 The source, l o t  number, and p u r i t y  o f  a l l  standards w i l l  be 
recorded i n  the LRB. A l l  standard so lut ions w i l l  conta in  the fo l low ing  in for -  
mation on i t s  respective v i a l :  

Concentration o f  standard 
Date o f  preparation 
Solvent used 
Pro ject  number o f  sample I D  
I n i t i a l s  o f  person preparing so lu t i on  
Expi rat ion date o f  so lu t ion  

5.0 

5.1.1 
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5.1.4 Primary stock so lut ions o f  t h e  various t a r g e t  analytes w i l l  be 
prepared. A l l  neat standards w i l l  be weighed on an ana ly t i ca l  balance and 
d i l u ted  t o  the mark i n  a Class A vo lumetr ic  f l a s k  w i t h  the appropriate 
solvent. Secondary standard mixes w i l l  be prepared by combining the 
appropriate volumes o f  the primary stock so lu t ions  i n  a Class A volumetric 
f lask and d i l u t i n g  t o  the  mark w i t h  the appropr ia te solvent. 

5.1.4.1 Ca l ib ra te  the a n a l y t i c a l  balance p r i o r  t o  weighing 
standards by us ing c e r t i f i e d  Class S weights which are i n  the range o f  the 
standard weighings. 

5.1.4.2 D i l u t i o n s  of the secondary standard mixed solut ions w i l l  be 
prepared by s e r i a l  d i l u t i o n .  Preparation of f i n a l  working solut ions w i l l  be 
recorded and d i l u t i o n  records maintained. 

5.1.4.3 The various standard so lu t ions  w i l l  be stored a t  4°C i n  a 
Teflon-lined screw-cap amber v i a l  w i th  the s o l u t i o n  l eve l  marked on the v i a l .  

5.2 Standards Used i n  the Analysis of PCOD/PCDF Orqanic Compounds 

The semivo la t i le  organic compounds cons is t  o f  l i q u i d s  and so l ids.  The 
scltd and !;quid ccmpoi;nds i i f : :  be weighed and d i i u t e d  t o  volume i n  Class A 
volumetric f lasks. Wash a l l  .glassware used i n  the standard preparation as 
out l ined i n  Section 1.2.2 o f  Section 1.0. A l l  standards are stored a t  5 4°C 
i n  amber v i a l s  w i th  Teflon-l ined screw cap. 

Recovery i n te rna l ,  method in te rna l  (surrogate), na t ive  c a l i b r a t i o n  and GC 
performance check standard so lut ions f o r  PCDD/PCOF analysis should be obtained 
from the M R I  repos i to ry  o f  d iox in / furan standards. See Table A4-1 f o r  a 
complete l i s t  o f  d iox in / fu ran  analytes, method in te rna l  standards, and 
recovery i n te rna l  standards. Diox in / furan na t i ve  c a l i b r a t i o n  standard, method 
in te rna l  standard (surrogate) and recovery i n t e r n a l  standard so lut ions w i  11 
be : 

. 

. 

. 

. 

Dissolved i n  aniso le o r  toluene and d i l u t e d  w i t h  tr idecane f o r  
analysis by GC/MS. The method i n t e r n a l  standards w i l l  be prepared 
i n  isooctane f o r  sp ik ing  i n t o  samples. 

Prepared i n  quan t i t i es  of a t  l e a s t  1 mL. Prepare enough method 
in te rna l  standard t o  l a s t  the e n t i r e  project. 

Prepared i n  concentrations l i s t e d  i n  Table A4-2. Each working 
standard so lu t i on  w i l l  be prepared t o  contain the  same concentrat ion 
o f  each o f  the i s o t o p i c a l l y  s tab le  labeled method in te rna l  standards 
but a d i f f e r e n t  concentration of na t i ve  c a l i b r a t i o n  standards. The 
r a t i o  o f  na t ive  c a l i b r a t i o n  standards t o  method in te rna l  standards 
w i l l  range from 0.05 t o  4. 

Replaced a f t e r  6 months o r  sooner if comparison w i t h  q u a l i t y  con t ro l  
check samples ind icates compound degradation o r  concentration 
change. 
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The GC performance check mixture will be per.Table A4-3 with each isomer 
at a concentration equlvalent to OF50 from Table A4-2. 
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TABLE A4-1. LIST OF ANALYTES, METHOD INTERNAL STANDARDS (SURROGATES). AND RECOVERY 
INTERNAL STANDARDS FOR DIOXIN/FURAN ANALYSIS 

Compounds i n  Method Recovery 
Analyte c a l i b r a t i o n  standard i n t e r n a l  standarda i n t e r n a l  standardb 

Tetra-COD 2,3,7,8-TCDD 
Tetra-COF 2,3,7 ,E-TCDF 

'3C 1 ,-1,2,3,4-TCDDC 

Penta-COD 1,2,3,7 ,E-PeCDD 1 3 C  2-1 ,2,3,7,8-PeCDD 
Penta-CDF 1,2,3,7 ,E-PeCDF 13C1 ,-1,2,3,7,8-PeCDF 
Penta CDF 2,3,4,7,8-PeCOF 

Hexa-COO 1,2.3,4,7,8-HxCDD '3C 12-192,3,6,7,8-HxCDD 

Hexa-COD 1,2,3.7,8,9-HxCDD '3C,2-1,2,3,7,8,9-H~CDD d 
Hexa-COD 1,2,3,6,7,8-HxCDD 

Hexa-CDF 1,2,3.4,7,8-HxCDF 13C 2-1 ,2,3,4.7,8-HxCDF 
Hexa-CDF 1.2.3.6.7.8-HxCDF . . . . .  
Hexa-COF 2,3,4,6,7,8-HxCDF 
U,X,-COF 1,:,:,:.8,%HxCDF 

Hepta-COD 112,3,4,6.7,8-HpCDD '3C 12-1,2,3,4,6,7 ,E-HpCOD 
Hepta-CDF 1,2,3,4.6,7,8-HpCOF '3C 12-1,293,4,6,7,8-HpCOF 
Hepta-CDF 1,2.3,4,7.8,9-HpCDF 

Octa-COD OCOD 
Octa-COF OCDF 

Added t o  sample p r i o r  t o  ex t rac t ion .  

Added t o  sample a t  t ime o f  i n j e c f i o n  i n t o  GC/MS. 

Used f o r  recovery determinations of TCDD, TCD:, PeCDO, and PeCOF method i n t e r n a l  
standards. 

Used f o r  recovery determinations of HxCDD, HxCDF, HpCDO. HpCDF, and OCDD method 
i n t e r n a l  standards. 
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TABLE A4-2. SUGGESTED CONCENTRATIONS OF CONGENERS I N  TCDD/TCDF-OCDD/OCDF 
CALIBRATION STANDARDS, METHOD INTERNAL STANDARDS (SURROGATES), AND RECOVERY 

INTERNAL STANDARDS FOR S I M  ANALYSIS 
~ ~ 

Compound 
Concentrat ion (pq/u L) 

DF2.5 DF5 OF10 OF50 0f200 

Unlabeled Analytes 

2,3,7,8-TCDB - .  

2,3,7,8-TCDF 
1.2.3.7.8-PeCDD . ~ .  I .~ I ,2,3,7,8-PeCOF 
2,3,4,7,8-PeCDF 
1,2,3,4,7,8-HxCDD 
1.2.3.6.7 -8-HxCDD . . . . .  
1,2,3,7,8,9-HxCDD 
1,2,3,4,7,8-H~CDF 
1,2,3,6,7,8-HxCDF 
1,2,3.7,8.9-HxCDF 
2,3,4.6,7.8-HxCDF 
1 92,3,4,69798-HpCDD 
1.2,3,4.6,7,8-HpCDF 
1 A 3  ,4.798,9-HpCDF 
OCDD 
OCDF 

In te rna l  Standards 

I ~ C ,  2-1 ,2,3,7,8-PeCDF 
13C 2-1,2 .3,6,7,8-HxCDD 
"CI2-1,2.3,4,7,8-HxCDF 
13C 12-1,2.3,4,6,7,8-HpCDD 
'3C12-l92,3 ,4,6.7.8-HpCOF 
'3C 12-OCDD 

Recovery Standards 

13C ,-1,2.3,4-TCODa 
13C1 2-1,2 ,3,7 .8,9-HxCDDb 

2.5 
2.5 
2.5 
2.5 
2.5 
6.25 
6.25 
6.25 
6.25 
6.25 
6.25 
6.25 
6.25 
6.25 
6.25 

12.5 
12.5 

50 
50 
50 
50 

125 
125 
125 
125 
250 

50 
125 

5 10 
5 10 
5 10 
5 10 
5 10 

12.5 25 
12.5 25 
12.5 25 _. 

12.5 25 
12.5 25 
12.5 25 
12.5 25 
12.5 25 ~. 

12.5 25 
12.5 ' 25 

25 50 
25 50 

50 50 
50 50 
50 50 ~~ 

50 50 
125 125 
125 125 
125 125 
125 125 
250 250 

50 50 
125 125 

50 
50 
50 
50 
50 

125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
250 
250 

50 
50 
50 
50 

125 
125 
125 
125 
250 

50 
125 

200 
200 
200 
200 
200 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

1,000 
1,000 

50 
50 
50 
50 

125 
125 
125 
125 
2 50 

50 
125 

a Used f o r  recovery determinations of TCDD. TCDF, PeCOD. and PeCDF i n t e r n a l  
standards. 

Used f o r  recovery determinations o f  HxCDD. HxCDF. HpCOD, HpCDF, and OCOD 
i n t e r n a l  standards. 
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TABLE A4-3. PCDD AND PCDF CONGENERS PRESENT I N  THE GC PERFORMANCE 
EVALUATION SOLUTION AND USED FOR DEFINING THE HOMOLgGOUS GC 

RETENTION TIME WINDOWS ON A 60-m DE-5 COLUMN 

No. o f  PCDD-positional isomer PCDF-positional isomer 
ch lor ine Ear ly e l u t e r  Late e l u t e r  Ear ly e l u t e r  Late e l u t e r  

atoms 
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6.0 GC/MS ANALYSIS OF PCDD/PCDFs 

Analysis for PCDO/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 PCDO/PCOFs in soil, sediment, and aqueous samples. MRI has 
adapted the method for analysis of PCDD/PCDFs 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 softuare. 

6.1 Instrument Requirements and Operating Conditions 

The following analytical instrument requirements and operating conditions 
will be used for the analysis of PCOD/PCOFs 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 ion 
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. S I M  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 5. 

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

Transfer 1 ine temperature--35O0C. 

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.  IONS MONITORED FOR HRGC/HRMS ANALYSIS OF PCDD/PCDFs 
(S = INTERNAL/RECOVERY STANDARD) 

D e s c r i p t o r  A c c u r a t e ( a )  Ion Elemental Analyca 
Uast ID Composlclon 

1 303.9016 ' 

305 .8987 ,  

315.9419 ' 

317.9389 . 

3 19.8965 

32  1. a936 . 

331.9368 

333.9339 

375  .a 364 

1354.97921 
-. 

2 339.8597 

341.8567 

35 1.9090 

353. a s 7 0  

355.85Ab 

3 57. a 5  16 

367.8949 

369.8919 

409.7974 

I354.97921 

n 

n+2 

n 
n+2 

n 

n+2 

n 

n+2 

n+2 

LOCK 

n+2 

n i 4  

n+2 

n+4 

n+2 

n+6 

n+2 

n+r, 

n+2 

LOCI; 

C12H335C1437C10 

Cl 2H335 C:337C120 

13C12H335C1437C10 

13C12H335C1337C120 

C12H335C1437C102 

C12H335C1337C1202 

13C12H3 35C14 37C102 

1 3c 2H ,35 c1 337c1 ?O 

cl 2~ 335c1 ?o 

C9F13 

TCDF 

TCDF 

TCDF (S) 

TCDF (SI 

TCDD 

TCDD 

TCDD (SI 

TCDD ( S )  

hCDPE 

PFK 

PeCDF 

PeCDF 

PeCDF (S) 

PeCDF ( S )  

PeCDD 

PeCDD 

PeCDD ( S )  

PeCDD (S) 

HpCDPE 

PFK 

(Conclnuod) 
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TABLE A4-4 (continued) 

D e s c r i p t o r  Accurate Ion Elemental A n a l y t e  
nass I D  Composi t ion  

3 373.0200 

37 5.0 17  E 

303.0642 

30 5. E61 0 

389.0156 

391.0 127 

401.0559 

4'23.8529 

445.7555 

[354.97?2]  

- 

4 407.78 10 

409.7709 

41 7.0253 

419.0220 

423.7760 

425.7737 

4 3 5 . 0  169 

437.8!&0 

479.7165 

[430.9728 ] 

n+', 

n+l 

n 
n+z 
n+z 
u+4 

n+z 

n+4 

n+4 

LOCK 

n+2 

n+& 

U 

n+z 
n+2 

U+& 

M+Z 

U+4 

n+4 

LCCK 

A-94 

HxCDF 

BxCDF 

HxCDF (S) 

BxCDF (S) 

HxCDD 

BxCDD , 

BxCDD (S) 

HxCDD (S) 

OCDPE 

PFK 

HpCDF 

HpCDF 

HpCDF (S) 

HpCDF (S) 

HpCDD 

HpCDD 

HpCDD (S) 

apCDD (5) 

NCDPE 

PFK 

(Concinued)  
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TABLE A4-4 (continued) 

Lkscr lpcor  Accurate Ion Elemencal b n a l y t e  
Mass ID Compos1 t i o n  

5 64 1.7428 M+2 c12~5c1737c10 OCDF 

663.7399 M 4  c1235c1637c120 OCDP 

457.7377 M+2 c1235c17 3 7 ~ 1 0 ~  OCDD 

459.7348 n+4 c 3 5c1637c1202 OCDD 

469.7779 n+z 13 c12 35 ci 37c102 OCDD (S) 

471.7750 n+4 13c1 23~clg37c1202 GCDD (S) 

513.6775 n+4 c1 235c1837c1 2o DCDPE 

(430.9728 ] LOCK - 
(a1Th.e following n u c l i d i c  masses were used:  

H - 1.007825 . 0 - 15.996915 
c - 12.000000 35c1 - 34.968853 

13C - 13.003355 37cl - 36.965903 
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6.2 Instrument Tuninq and Ca l i b ra t i on  

The GC/MS must be tuned and ca l i b ra ted  every day dur ing which samples are 
The fo l low ing  t e s t s  must be performed a t  t he  beginning and t o  be analyzed. 

end o f  each 12-h per iod  (except as spec i f ied  below) o f  sample analysis. 

6.2.1 Mass Cal ibrat ion--  

The fo i iow ing  t e s t s  are used t o  check the mass spectrometer’s reso lv ing  
power and mass accuracy. These t e s t s  are conducted because the mass o f  the 
ions monitored are exact ( t o  four  decimal places), and even s l i g h t  ins t ru -  
mental d r i f t  may r e s u l t  i n  incor rec t  masses being monitored. These t e s t s  are 
to  be performed-at the beginning and end of each 12-h per iod o f  consecutive 
analysis. 

6.2.1.1 Introduce a small amount of PFK (perfluorokerosene) i n t o  the 
system by molecular leak. The leve l  of PFK introduced i n t o  the system should 
be adjusted so t ha t  the amplitude o f  t he  most intense lock-mass ion  s ignal  
does not exceed 10% o f  the f u l l - s c a l e  def lect ion.  ’ 

6.2.1.2 The mass reso lu t i on  check i s  accomplished by recording the peak 
p r o f i l e s  o f  m/z  304.9824 and 380.9760 of PFK on a ca l i b ra ted  mass scale 
(hor izonta l  ax i s ,  amu or ppm per d i v i s i o n )  and measuring the width o f  the 
l a t t e r  peak a t  the 5% abundance leve l  over a 200-ppm range. The peak width 
must not exceed 100 ppm (or  0.038 amu). 

Confirm tha t  the exact mass of m/z 380.9760 i s  w i t h i n  5 ppm o f  
the requ i red  value. 

6.2.2 GC Column Performance Check-- 

A GC column performance check mixture contains the known f i r s t  and l a s t  
chromatographic e lu te rs  for  each group of PCDD/PCDF congeners, such t h a t  a l l  
of the congeners w i t h i n  a homologous ser ies  w i l l  e l u t e  between the f i r s t  and 
l a s t  e lu ters .  I n  addit ion, the GC performance check mixture contains 2,3,7,8- 
TCDD and several o ther  TCOD congeners which e l u t e  c lose t o  2,3,7,8-TCDD. This 
so lu t ion  i s  analyzed t o  establ ish the re ten t i on  t i m e s  a t  which the ions 
monitored w i l l  be switched t o  a d i f f e ren t  se t  of ions, and also t o  determine 
the chromatographic reso lu t i on  between 2,3,7,8-TCOD and the c losest  e lu t i ng  
TCDO congener. The GC column performance mix w i l l  be analyzed once a t  the 
beginning o f  each 12-h analysis, a f t e r  performing the mass reso lu t i on  and 
accuracy t e s t  described above. 

I n j e c t  2 VL o f  the GC performance check mixture (Table 3) and 
acquire SIM data as described i n  Table 4. 

6.2.1.3 

6.2.2.1 

6.2.2.2 Determi ne the chromatographic reso lu t i on  between 2,3,7,8-TCOD 
This  i s  accomplished by the fo l low ing  and the c losest  e l u t i n g  TCDO peak. 

equation: 
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Resolution (% valley) = (x c y) x 100 

2,3.7,8-TCDD and the closest eluting TCDD 
where: x = total height of the valley (from baseline) separating 

y = total peak height (from baseline) of 2.3,7,8-TCDD 

6.2.2.3 The resolution must be 5 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 (Cl, 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 210-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 
This calibration will be verified at the beginning and end 

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 completed. Initial calibration is also required if any 
continuous calibration check is not successful. 

6.2.3.1.1 Analyze 2 pL of each of the five calibration solutions. 
Rote that prior to analysis, each solution must be spiked with the appropriate 
amount of the recovery internal standards mix (50 pg/pL of 13C-1,2.3,4-TCDD 
and 125 pg/pL 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 A4-5. 

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 PCDO/PCDF target analytes relative to the appropriate method 
internal standards (surrogates) and for each of the 9 labeled PCDO/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%. 

will be performed. 
of each 12-h period of sample analysis. 

J 
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TABLE A4-5. THEORETICAL I O N  ABUNDANCE RATIOS AND THEIR 
CONTROL L I M I T S  FOR PCDOs AND PCOFs 

Number of 
Chlorine Ion  Theoretical  Control Limits 

Atoms Type Ratlo lover upper 

n 
4 

n+2 
0.77 

n+2 

n+4 
5 1.55 

0.65 0.89 

1.24 1.86 

n+2 

n+4 
6 1 .24  '1.05 1.43 

0.51 0 .43  0 . 5 9  
n+2 

0.37 0 . 5 1  

7 
n +2 

n+4 
1.04 -- 0.68 1.20 

n+2 

n+4 
8 0 .89  0.76 0 . 8 9  

(a)Used on ly  for I3C-HxCDF ( I S ) .  
(b)Used only f o r  13C-HpC3F ( I S ) .  
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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 i s  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 pL 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/pL of 13C-1.2,3,4-TCDD 
and 125 pg/pL of 13C-1,2,3,7,8,9-HxCOO). 

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 IsC-labeled 
internal standards must be within control 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 labeled 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 220% of the average RRF from the initial calibration. 

6.2.3.2.3.2 If the end-of-the-day continuing calibration check 
standard has RRFs that are not within 20% but are within t25% 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/pL of 13C-1,2,3,4-TCDD and 125 pg/vL of 1%- 

6.3.3 Inject 2 pL 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 
limit. the results of all positive samples analyzed on that 12-h shift are 
invalidated and will require reanalysis. 

1,2,3,7.8,9-HxCDO. 
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6.3.4 Analyze 2 pL of each sample. 

6.4 Data Reduction 

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

6.4.1 Documentation-- 

For each sample analyzed, the following documentation must accompany 
analytical 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. All peaks must 
include scan numbers and areas found. The primary and secondary quantitation 
ions 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: 

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-labeled congener. 

6.4.2.2 For 2,3,7.8-substituted congeners that do not have an 
equivalent 1JC-labeled congener in the sample extract, the relative retention 
time (RRT) of the unlabeled 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 
22 S of each other. 

The ion abundance ratios of both ions used for quantitative 
Purposes must be within the tolerance limits for the homologous series to 
which the peak is assigned. 

6.4.2.6 Signal-to-noise ratios must be t 2.5 for compounds 
tentatively identified. 

6.4.2.1 

6.4.2.5 
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6.4.2.7 Because polychlor inated diphenyl  ethers (PCDPE) are a common 
i n t e r f e r e n t  f o r  analys is  o f  PCDFs, the ex t rac ted  i on  cur ren t  p l o t  o f  the 
corresponding PCDPE must have a S/N r a t i o  < 2.5. 

6.4.3 Quant i f i ca t ion- -  

The amount o f  each 2,3,7,8-substituted congener included i n  the 
c a l i b r a t i o n  standards w i l l  be ca lcu lated together w i th  t o t a l  t e t r a -  t o  octa- 
PCDD/PCDFs using the formula: 

1 (area quant i ta t ion  i o n  amount i n t e r n a l  standard [us]  
x amount extracted [ g  o r  L l )  c, = 

(area i n te rna l  standard RRF average 

where: C, = concentrat ion [vg/g o r  pg/L] o r  t o t a l  amount [pg l  
found i n  the sample. I f  convenient, the u n i t s  may be changed 
t o  r e f l e c t  the magnitude o f  t h e  value o f  C,. 

‘‘‘average i s  the average RRF fo r .each  ind i v idua l  congener in 
the c a l i b r a t i o n  mixtures or i s  representat ive o f  the RRF f o r  
t h a t  homologous group o f  congeners. 

For congeners t h a t  belong t o  a homologous ser ies con- 
t a i n i n g  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 t o  be used w i l l  be the same as 
t h a t  used f o r  the i nd i v idua l  compounds. 

For congeners t h a t  belong t o  a homologous ser ies con- 
t a i n i n g  more than one 2,3,7.8-substituted congener (i.e., 
HxCDD, PeCDF. HxCDF, and HpCDF). the average RRF t o  be 
used w i l l  be the mean of the average RRFs ca lcu lated f o r  
the 2.3,7,8-substituted congeners representat ive o f  t h a t  
homologous ser ies analyzed dur ing ca l ib ra t ion .  

Please be sure t o  note Sections 6.2.3.2.3.1 t o  6.2.3.2.3.3 
fo r  spec i f i c  cases i n  which the  average RRF from the curve 
w i l l  not  be used. 

6.5 SW-846 Method Modif icat ions,  Deviations, and Enhancements 

The fo l low ing  modif icat ions,  deviat ions, and enhancements from SW-846 and 
other standard methods w i l l  be employed dur ing  t h i s  study. None are expected 
t o  impact the q u a l i t y  o f  the r e s u l t s  submitted. 

6.5.1 Method 8290 speci f ies t h a t  before any samples are analyzed, a 
method blank associated t o  the samples be analyzed. MRI  w i l l  instead analyze 
a solvent blank t o  conf i rm t h a t  there i s  no carryover i n  the chromatographic 
system. I f  any method blank presents contamination problems, the spec i f i c  
causes o f  the problem w i l l  be invest igated and reported. 
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Geochemical and Environmental Research Group Page 1 of6  
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 50OC) sediment using a LECO Model 523-300 induction furnace (or 
equivalent) to burn samples in an oxygen atmosphere. The carbon 
dioldde that is produced is swept out of the furnace's combustion 
chamber by the oxygen flow. 'Ihe gases then pass through a dust trap 
and two reaction tubes. The first of these is a --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 heatTlg case. Th,e ccntents of Cube act as a catalyst to 
convert any carbon monafide present into carbon dioxide. Carbon 
dioxide is detected and quantified with a Horiba PIR-2000 iniYared 
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- 
combusted (4OOOC) glass jars, or core liners and frozen (-20°C) in the 
field. 

2.2 Sample Reservation and Storage 

Sediment samples are shipped frozen to the laboratory and 
stored a t  - 2 O T  until analysis. After subsampling excess sample is 
archived at -20°C in the dark. 

Rev. 1 November 1989 
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3.0 APPARATUS AND MATERIALS 

3.1 Labware and Apparatus 

The following labware and equipment is needed to perform the 

Fxeeze Drier: 

total organic carbon and total carbon analyses: 

Capable of freeze dry-hg sediment at -4oOC. 

Mortar and Pestak 500-ml mortar or other suitable container. 

LECO Model 523-300 Induction Furnace 

Horiba PIR-2000 Infrared Detector: Or other suitable detector. 

Hp 339% Integrator: Or other suitabie recorder/integrator. 

Glass Measuring Scoop 

Drying Oven: Capable of maintaining 400 to 50OC. 

Analytical Balance: Capable of weighing to 1 mg. 

Rotameter: Part No. 112-02. Cole-Pmer. hc. 

Flow Controller: Part No. 42300513. Veriflo Corp. 

Note: Volumetric glassware for accelerator measurement and 
analyhcal balances must be calibrated. 

3.2 Reagents 

The following reagents are required: 

l O o h  HC1 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. i November 1989 
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Geochemical and Environmental Research Group Page 3 of 6 
STANDARD OPERATING PROCEDURES SOP-8907 

4.0 PROCEDURE 

4.1 Leco System Preparation 

The fist step in operattng the LECO furnace is to turn it on by 
flipping all switches on the kont 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 a t  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 
axygen to flow through tfie 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 Preparaff on 

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 
AU crucibles should be all the weighed crucibles containing samples. 

kept covered with aluminum foil prior to analyses. - 
42.2 SampleAnSlyses 

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 t h e  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 "ET" button on 
the HP integrator. About 20 seconds after the furnace is activated the 
metals should begin to bum. M e r  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 carefuUy 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 StandardAnalpses 

Stardard Leco pin and rlng carbon standards are placed into an 
Standards empty crucible with one scoop of the copper accelerator. 

are analyzed per the identical procedure as outlined in Section 4.2.2. 

4.3 Total Organic Carbon Detamkratian 

4.3.1 Sample Reparation 

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. Dry the treated samples 
overnight at 50OC in the drying oven. 

Use a minimal amount of acid. 

4.3.2 Sample Analyses 

Combust and analyze as indicated in Section 4.2.2. 

4.3.3 StandardAnalySes 

Standards are analyzed per the identical procedure as outlined 

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 

in Section 4.2.3. 

Prior to combusting samples, a set of standards is run to 
determine a standard curve. Standard curves vary slightly from day to 
day. 

Rev. 1 November 1989 
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Geochemical and Environmental Research Group Page 5 of 6 
STANDARD OPERATING PROCEDURES SOP-8907 

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). 

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 caltbration points should be run and plotted. lMs 
equation will be used to determine the carbon percentage of samples 
for that day. 

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 Dercent carhnn; 

6.0 QUAtrrP CONTROL 

5.2 . -  

5.3 

Quality control samples are processed in an identical manner as 

6.1 

the actual samples. 

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). 

Duplicate samples are run every 20 samples, or with every 
sample set. Duplicates should be 5 20% for low level (~1.0% carbon) 
samples and k 10Y0 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. 

6.2 - 

Rev. 1 November 1989 
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7.0 REWRTNG AND PERFORMANCE CRITERIA 

7.1 ReportbgUdts 

Reporting units are percent organic carbon (on a dry weight 
basis) and percent carbonate carbon (on a dry weight basis). - - .cI-*-- .I &-^-I n Am----- N C  ..I #.A A V A L U L U A r i E k  AUeLUUU r & A U A A U P Y b . S  u A r b = A A a  

The minimum method performance standard for the method is 
detection of .0.02 percent carbon in a sample. 

7.3 SignLfiCantFiguree 0 

Results are reported to two (2) significant figures. 

7.4 DupUcateAnalyses 

All duplicate analyses are reported. Duplicate analyses are run a t  

7.5 Reference Materials 

Leco pin and ring carbon standards are analyzed as reference 

least every 20 samples. 

materials and standards. 

Rev. 1 November 1989 
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ORGANIC CARBON, TOTAL 

.Method 415.1 (Cornbustion or Oxidation) 

STORET X O .  Total 00680 
Dissolved 00681 

1. Scopeand Application 
1.1 This niethod iiicludes the measurement of organic carbon iii drinking. surface and saline 

waters. dninestic 'and industrial wastes. Exclusions are iioted under Definilioris and 
Interferences. 
Tlienielhod is most applicnble to mmsurcnient oforganiccarbon above 1 mg/l. 

Organic carbon in a sample is converted to carbon dioxitlc (CO,) by catnlytic combustion 
or wet chemical oxidalioii. The CO, formed cat1 be nieasured directly by an  iiifrared 
detector or converted to inethane (CH,) and measured hy a flame ionization detector. 
The amount of CO, or CII, is directly proportional to,the coiiccnlrafioii of arhoiiaceous 
material iii the sample. 

The imrhn!mcenus nnz!yrer m c m i i i s  6;; o: ihs carimn iii a snnrpie. Because of various 
propertic; of carbowcontaining compounds iii liquid samples. preliminary treatment nf 
the sanrple prior to aiinlysis dictntes the deliiiition of the carbon as it  is nicawred. Forms 
ofcarhon that are measured by the rnctliod.nre: 
A) soluble, noiivolalile orgaiiic carbon; for instance. irnturnl sugars. 
R) soluble, volatile organic carbon; for instance. mcrcaptaiis. 
C) insoluble, partially volatile carbon; for instancc. oils. 
D) insoluhle. particulate carbonaceous materials. for instatice: cellulose fibers. 
E) soluble or inwluble carbonaceous materials ndsorbcd or eiirrappcd on iiisolublc 

iiiorgnnic suspended inntier; for instance, oily matter adsorbed on silt particles. 
l h e  final usefulncr of the carbon nieasurement is in assessing the potential oxypen- 
demaiidiiig load or orgaiiic material on a receiving sircam. This $taiemenl applies 
whctlicr the carbon mc~~uretiieiit is ninde on a sewage plniit emuelit, industrial waste, or 
on water taken directly from the streaiii. In this light. cnrbonatc alid bicarbonate carbon 
are not a part of the oxygcn dcmaiid i i i  the stream aiid therefore should be discounted in 
the f i t i ~ l  calcrtlation or removed prior t o  analysis. The niaiincr or preliniinary treatnient 
of Ihc sample nnd instrutt!ent settings defines t he  lypes of carbon which are measured. 
Instruiiient ninniifacturcr's iiistructioiis should hc fi~llou~ed. 

1.2 

2. I 
2. Summary of Method 

3. Definitions 
3.1 

3.2 

Approved for NPDES 
Issued 1971 
Editorial revisiori t 974 

415.1-1 
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4. Saniplc Handling d i i d  I’re.;erv.llion 
4.1 Ssnipiiiig m i  siorage oisrrniplej in glass holtles is preferable. Sumpling and storage in 

p l a d c  hr~tlles such LIS conventionnl polyethylene and cubitainers is permissible if i t  is 
established (hat the containers do not conrribure contaminating organics to the samples. 
NOTE ]:‘A hricf study pcrfornied in the EPA Laboratory indicated that distilled water 
stored in new. one quart cubitnincrs did not show any increase in organic carbon after 
two weeks exposure. 
Bccause of the possibility of oxidation or bacterial decomposition of soniecomponenls of 
squcnus samples, thc lapse of time between collection of samples and start of analysis 
should he kept to n mjnimuni. Also, snmples should be kept cool (CQ and protected 
from sunlight and attnosplieric oxygen. 
In instances whcre analysis cannot be performed within two hours (2 hours) from time of 
sampling. the sample is acidified (pH 2 2) with HCI or HISO,. 

Curbonate and bicarbonate carbon rrpruent an inrerfermce under the terms of this test 
and must br removed or accounted for in the final calculation. 
This procedure is applicable only to homogeneous samples which can be injected into the 
apparatus reproducibly by means of a 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. 

Apporatus for blending or homogenizing samples Generally, a Wnring-type blender is 
satisfactory. 
Appnratus for total antl dissolved organic carbon: 
6.2. I A number of companies manufacture systems for measuring carbonaceous 

material 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. 

4.2 

4.3 

5 .  Interferences 
5.1 

5.2 

6.  Apparatus 
6. I 

6.2 

6.2.2 No specific analyzer is recommended ns superior. 

Distilled wnter used in  preparation of standards and for dilution of sampler should be 
ultra pure to ruluce the carbon concentration of the blank. Carbon dioxide-free, double 
distillcd water is reconimended. Ion exchanged waters are not recomniended because of 
the possibilities of contnminatiou with orgatiic materials froin the resins. 
l’otassium hydrogen phthalate, stock solulion, loo0 mg carbon/littr: Dissolve 0.2128 g 
Of potassium hydrogen phthnlate (Primary Srsndard Grade) in distilled water and dilute 
to 100.0 ml. 
NOTE 2: Sodium onrlate niid ncetic acid are not recommended as stock solutions. 
Potasiuni hydrogen phthalate, standard solutions: Prepare standard soiuti&s from the 
Stock solution by dilution with distilled water. 
Carbcnnce-bicarbonate. stock solution, loo0 nlg carhn/lirer: Weigh 0.3500 g of sodium 
bicarboriatc antl 0.4418 g of sodium carbonate and transfer both to the same 100 ml 
voiurrietric flack. Dissolve with distilled water. 

7. Reagents 
7.1 

7.2 

7.3 

7.4 

415.1-2 
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7.5 C3ibotinte.hicnrbonatc, staiidttrd solution: t’rqinre n series or standards similar lo step -.  
1 .3 .  

NOTE 3: This standard is not required by seine instruments. 
Alntik solution: Use the same distilled water (or similar quality water) used Tor the 
prcpnratioii of thestandard solutions. 

7.6 

R. Procedure 
R.1 Follow instrunlent manufacturer‘s instructintis for calibration, proccdure. and 

R.2 For calibration of the instninient, i t  is recommended that a series of standards 
calculations. 

enconipcssing the expected concmhtion range of the samples be used. 

Twenty-eight analysts in twenty-one laboratories analyzed distilled water solutions 
containing exact increments of oxidizable organic compounds, with the following results: 

9. Precision and Accuracy 
9.1 

Increment PI Prccisioti a6 Accuracy as 
TOC Standard Dcvintion Dins. Bias, 

mg/liter TOG mgAiter .% nig/liter 

4.9 3.93 i I S.27 4-0.75 
107 8.31 . I .  1.01 +1.08 

(FWPCA Method Study 3. Demand Analyses) 

Bibliography 

I .  
2. 

Aniiual Book of ASTM Standards, Part 3 1. “Wnter”. Slattdard D 2574-79, p 469 (1976). 
Standard Methods for the Examination of Wnter and Wastewater. 14th Edition. p 532, 
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APPENDIX A-6 

DATA REDUCTION/INTERPRETATION 

1.0 CEM DATA REDUCTION 

averages, etc.). 
Raw data were refined, as follows, to generate final data values (i.e., 

The CEM raw data were first converted from percent of full-scale 
values to percent (0, and CO,) or ppm (CO and THC) values using a 
data logging program. This conversion was based upon the average of 
initial and final zero and span calibration data. 

T I C  A-&- ..--- ------&-A 
W C I C  C U I I ~ C L ~ U  irum a wet to a dry basis following 

applicable 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-O,]) = 
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 during the pretest. Available data points within each 
sample period were utilized to interpolate 1-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 daily 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., C1 - 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 C17 in a C7 solution were injected into the propane standard and 
analyzed to establish standard peak retention times. The following standard 
retention time ranges were determined in the test: 

c i - c i  
Main Duct: 0-153s 
Bypass Duct: 0-141.5s 

C7-Cl7 

Bypass Duct: 142-572s 
Main Duct: 154-583s 

For gravimetric data reduction, metnod bianic 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 
pg per sample. The dry standard sample volume was then utilized to generate a 
p/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: 

pg of sample 24.1 L as er of as = ppm propane equivalent L of air sampled x 0.5 x 44 plppr&anE pe; vmol p:opane 

3.0 ORE 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" ORE. 

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 o f  this split is then applied to the measured POHC level of 
the bypass duct, resulting in the "best estimate" of expected POHC levels in 
the main duct, and subsequent calculation of the ORE. 

The calculation is divided up into 10 separate steps; Run 2 has been 
shown for the example. 

3.1 Step 1 

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 
obtained from measured CO levels and Figure A6-1, CO, and NO vs. oxygen in 
kiln. 
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% OXYGEN IN KILN 

Figure A6-1. CO and NO vs. oxygen i n  kiln. 
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BF, = 

BF, = 
BA = bypass a i r  i n  (dscm/min), a t  21% 0, 

bypass f low i n t o  the duct a t  t h e  end of the  k i l n  (dscm/min), 

bypass f low a t  sampling l o c a t i o n  (dscm/min), a t  17.5% 0, 
- 2.25% 0, 

Oxygen balance: 

Fiow balance: 

BF, 0, + BA 0, = BF, 0, 
BF, (0.0225) + BA(0.21) = BF2 (0.175) 
BF, + BA = BF, 

BF, was measured by MM5 data t o  be 668 dscm/min. Solv ing f o r  BF, i n  t h e  
f low balance equation, then: 

BF1 = 668 - BA 

Subs t i t u t i ng  t h e  numeric value o f  BF, and the  algebraic value o f  BF, i n t o  
the oxygen balance equation, BA and BF, are solved. Hence, the  f low data  
values are: 

BF, = 125 dscm/min 
BA = 543 dscm/min 
BF, = 668 dscm/min 

Step 2: Steps 2 t o  9 are performed t o  ca lcu la te  the  gas f low through t h e  
k i l n  i t s e l f .  An ove ra l l  mass balance i s  done along w i t h  combustion reac t i on  
stoichiometry. 

Feeds : - 
Coal: 1.036 ton/h = 2,072 lb /h  
L iqu id  waste (L IQ) :  3.565 ton/h = 7,130 l b / h  
Raw meal: 96.20 ton/h x .025 = 4,810 lb/h (2.5% o f  the t o t a l  mass 

enters k i l n  as CO,; r e s t  i s  ignored f o r  t h i s  ca lcu la t ion)  
Chlorobenzene (Cl-B): 738 g/min = 98 l b / h  (spiked i n t o  k i l n )  
Combustion a i r  (CA) = unknown quant i ty ,  y e t  s u f f i c i e n t  t o  g ive 

2.25% 0, a t  k i l n  e x i t  

Step 3: Each feed stream i s  broken down i n t o  elemental quant i t ies .  

COAL: - 
Using u l t i m a t e  analysis data as f o l l ows  (0, 19.8; H. 5.5; C ,  61.4; N, 
1.5; C1, 0.0; S, 0.6). su l fu r  content i s  dropped i n  the ca lcu la-  
t ion.. .neg l ig ib le  presence. 

For our mass input  r a t e  o f  2,072 l b / h  coal, 

0 410 l b l h  ~~ ~ 

H 114 l b j h  
C 1,274 lb /h 
N 3 1  lb /h  
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An u l t i m a t e  analvs is  i s  assumed based on data from Combustion Gas 
Velocity Measurement Manual, Trenholm and Klamm, MRI ,  1989 (C, 84; H, 
10; C1, 6). 

For our mass inpu t  r a t e  o f  7,130 lb/h.  

C 5.989 l b / h  
H 713 lb /h  
C 1  428 lb /h  

C1-B: - 
Chemical s t ruc tu re  y i e l d s  (C. 64; H, 4.4; C1, 31.6). 

For our mass i npu t  r a t e  o f  98 lb/h, 

C 63 l b / h  
H 4 lb /h  
c1 31 l b /h  

Meal : - 
Introduces CO, i n t o  t h e  k i l n  a t  4,810 lb/h. CO, i s  (C, 27.2; 0, 
72.7). 

C 1,308 l b / h  
0 3.497 lb /h  

CA: - 
By mass, a i r  i s  (0, 23.3; N, 76.7). 
unknown. 

The t o t a l  mass i npu t  ra te ,  CA, i s  

0 .233 CA 
N .767 CA 

Step 4: The o v e r a l l  r eac t i on  i s  w r i t t en ,  and combined feed t o t a l s  are 
converted t o  molar quant i t ies .  

C + H + 0 + N + C1 - CO, + H,O + HC1 + N, + 0, 

C H 0 N c1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

COAL 1,272 114 410 31  -- 
-- 428 

Meal 1,308 -- 3.497 -- -- LIQ 

C1-B 63 4 -- 31 
CA -- -- .233 CA .767 CA -- 

5,989 713 -- 
-- 

~ 

To ta ls  8,632 831 3,907 + .233 CA 3 1  + .767 CA 459 
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Mass - moles conversion, divide by molecular weight of each species 
C 8,632 + 12 = 719 moles/h 
H 8 3 1  L 1 = 831 moles/h 
0 (3,907 + .233 CA) I 16 = 244 + .0146 CA moles/h 
N (31  + .767 CA) s 14 = 2 + -0548 CA moles/h 
c1 459 t 35.5 = 13 moles/h 

Step: The reaction is completed in molar quantities, balanced by the 
reaction stoichiometry. 

c + co, 
H + H,O (+ HC1) 

N + N, + moles/h N, 

719 moles/h CO, 

831 - l3 + 409 moles/h H,O 2 

2 
(244 + -0146 CA) - 2(719) - 409 - 

2 '  
- 0 + 0 2  (+ C O Z  + H20) 

- 1603 + .0146 CA moles/h o, 
2 

Step: 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. 

moles 0, 
(dry) % '2 = total dry moles x 100 

- 1603 + -0146 CA - 
Z 

= - 1603 + .0141 CA + 719 + 13 + 2 + .0548 CA 
2 2 

- 1603 + .0146 CA 
.OZz5 = - 1603 + .0146 CA + 1438 + 26 + 2 + .0548 CA 

- 1603 + .0146 CA 
= - 137 + .0694 CA 

Cross-multiply: - 3.0825 + .0015615 CA = - 1603 + .0146 CA 

1599.92 = .0130 CA 

Solve: CA = 122,707 lb/h (combustion air in) (CA originally defined as mass, 
not moles) 

combustion air flow rate. 
Step 7: The total moles o f  products are calculated based on the 
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(Dry basis) C02 = 719 moles/h 
HC1 = 13 moles/h 

- 1603 + .0146 (122,707) E 94 moles/h 
2 0 2  = 

Step: Volumetric flow is calculated based on molar flow (dry basis) 
using the Ideal Gas Law. 

I 
I PV = nRT 3 

(14.7 psi) V = (4,298 moles/h) 10.73 mole (528"R) 

V = 1,656,467 dscf/h 
Convert units, 

V = 782 dscm/min 
I 
I Step: Overall balance is performed at kiln exit/entry to bypass and 

. main flow ducts. 

KF = BF1 + MF 
782 = 125 + MF 
MF = 657 dscm/min 

I 
I Step 10: The flow split is determined and ORE calculated. 

% MF = 657/782 = 84% 
% 8FI = 125/782 = 16% 

ORES are then calculated using the flow split and emission in the bypass 
duct as a basis. I 

I 
I 
I 
I 
I 
I 

Feed = 738 g/min 
Bypass emission = .01016 g/min 

"Theoretical" main duct emission = .01016 x E = .05334 g/min 

"Total" emission = .01016 + .05334 = .0635 g/min 

84 

In - Out "Best estimate" ORE = In 
- 738 - -0635 

738 
- 

= 99.9914% 
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This appendix presents data collected during the test at the Ash Grove 
precalciner kiln. Data are presented as follows: 

Content 

8-1 CEM Data Measured by Ash Grove................................. 

B-2 Process Data Measured by Ash Grove............................. 

8-3 Fuel/Waste Characterization.. .................................. 
8-4 Galbraith Lab Analysis Results ................................. 
8-5 CEM Data Measured by MRI....................................... 

8-6 Organic Mass Data.............................................. 

8-7 Total Hydrocarbon and Total Organic Mass Data .................. 

& 
8-5 

8-17 

8-21 

8-33 

8-39 

8-83 

8-91 

E-8 HC1 Data ....................................................... 6 - M  

8-9 Volatile Organics Data ......................................... 8-155 

8-10 Semivolatile Organics Data... .................................. 8-201 

8-3 
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APPENDIX 6-1 

CEM DATA MEASURED BY A S H  GROVE 
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I 
I 
f 
P 
11 
I 
I 
1 
a 
I 
I, 
I 
I 
i t  

I 
I 

1559.5 
1604.5 
1609.5 
1614.5 
1619.5 
1624.5 
1629.5 
1634.5 
1644 :5 
1649.5 
1654.5 
1659.5 
1724.5 
1729.5 
1734.5 
1939.5 
1744.5 
1749.5 
1754.5 
1759.5 
1804.5 
1809.5 
1814.5 
1819.5 
1824.5 
1829.5 
1834.5 
1839.5 
1844.. 5 
1849.5 
1854.5 
1859.5 
1904.5 
1909.5 
1914.5 
1919.5 
1924.5 
1934.5 
1939.5 
1944.5 
1949.5 
1954.5 
2004.5 

Minimum= 
Maximum= 
Average= 

18.5 
18.7 
18.6 
18.5 
18.7 
18.6 
18.5 
18.5 
18.4 
18.2 
18.1 
18.5 
18.5 
18.4 
18.1 
18.4 
17.9 
18.1 
18.3 
17.9 
17.8 
18.3 
18.3 
17.7 
17.8 
17.9 
17.8 

18 
17.. 8 
17.8 

18 
18 
18 

17.8 
17.9 
17.8 
17.8 
17.7 
17.9 
17.9 
18.1 
17.9 

18 

18 
19 
18 

399 
416 
414 
400 
397 
412 
421 
4 15 
433 
396 
403 
404 
385 
377 
351 
268 
273 
282 
313 
246 
297 
304 
221 
216 
254 
231 
224 
236 
252 
248 
257 
258 
253 
2 67 
244 
282 
287 
281 
280 
289 
278 
273 
289 

216 
433 
3 12 

50 
16 
39 
69 
62 
44 
8 

23 
17 
58 

203 
-10 

33.4 
70 

421 
63 
9 1 

235 
-23 
133 

1328 
92 
-9 
31 
53 
17 
21 
-2 
45 
,2 8 
48 
73 
19 
79 
23 
96 
38 
73 
35 
39 
-6 

897 
25 

-2 3 
1328 
108 

8-7 

2 
2 
2 
6 

13 
7 
4 
3 
2 
3 
1 
2 
2 
1 
4 
1 

1 
0 
-1 
31 
3 
1 
0 
1 
0 
0 
0 
0 
0 
1 

14 
5 
5 
1 
0 
0 
2 
2 
1 
2 

46 
2 

-1 
46 
4 

1 - 

5.3 
3.8 
3.4 
3.4 
4.3 
3.4 
3.2 
4.1 
3.7 
3.1 
4.2 
3.6 
3.9 
3.4 
4.2 
3.3 

1 - 
3.8 
3.7 
4.1 
3.2 
3.7 
3.4 
3.9 
3.7 
3.5 
3.5 
3.6 
3.6 
3.6 
3.4 
3.6 
3.4 
3.4 
3.6 

3.5 
3.5 
3.6 
3.7 
3.5 
3.7 
4.1 

3 
5 
4 

3 38 



OMAHA PLANT CEM DATA - MAIN DUCT RUN 2 

1159.2 
1204.2 
1209.2 
1214.2 
1219.2 
1224.2 
1229.2 
L234.2 
1239.2 
1244.2 
1249.2 
1254.2 
1259-2 
1304.2 
1309.2 
1314.2 
1319.2 
1324.2 
1329.2 
1334.2 
1339.2 
1344.2 
1349.2 
1354.2 
1359.2 
1404.2 
1409.2 
1414.2 
1429.2 
1424.2 
1429.2 
1434.2 
1439.2 
1444.2 
1449.2 

4.7 532 
3.9 377 
3.9 373 
4.0 389 
4.4 470 
4.6 480 
4.3 430 
4.4 435 
4.1 413 
4.2 428 
4.4 454 
3.9 338 
4.6 503 
4.6 486 
4.5 477 
4.5 478 
4.7 514 
4.5 483 
4.1 4 18 
4.2 431 
4.2 440 
4.0 401 
4.3 456 
4.2 419 
4.2 419 
4.4 454 
4.4 470 
4.2 432 
4.5 466 
4.0 389 
4.2 431 
4.1 412 
4.4 457 
4.6 493 
4.2 443 

445 8 
1295 14 
494 44 

1251 15 
635 10 
530 8 
685 9 

1157 28 
929 17 
812 9 
609 9 

1330 . 23 
536 8 
517 8 
549 8 
553 8 
398 8 
620 8 
875 11 

1037 17 
1024 10 
1010 11 
604 9 

1001 14 
694 10 
528 8 
523 8 
781 10 
523 8 

1069 14 
714 9 

1018 14 
690 8 
474 8 
781 11 

3.6 
3.8 
3.7 
3.5 
3.9 
3.5 
3.6 
3.5 
3.8 
3.7 
3.5 
3.6 
3.6 
3.7 
3.3 
3.4 
3.6 
3.5 
3.7 
4.1 
3.5 
3.6 
3.6 
3.5 
3.8 
3.5 
3.7 
3.6 
4.1 
3.1 
3.3 
3.0 
3.4 
3.5 
3.4 
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I 
1 
P 
I 
I 
I 
I 
I 
E 
I 
i 
I 
I 
I) 
I 
I 
I) 
I 
1 

1201.5 
1206.5 
1211.5 
1216.5 
1221.5 
1226.5 
1231.5 
1236.5 
1241.5 
1246.5 
1251.5 
1256.5 
1301.5 
1306.5 
1311.5 
1316.5 
1321.5 
1326.5 
1331.5 
1336.5 
1341.5 
1346.5 
1351.5 
1356.5 
1401.5 
1406.5 
1411.5 
1416.5 
14-21. 5 
1426.5 
1431.5 
1436.5 
1441.5 
1446.5 

17.6 
17.5 
17.3 
17.7 
17.6 
17.6 
17.6 
17.4 
17.4 
17.4 
17.7 
17.5 
17.6 
17.5 
17.3 
17.5 
17.4 
17.5 
17.3 
17.2 
17.5 
17.4 
17.4 
17.3 
17.5 
17.5 
17.5 
17.4 
17.4 
17.5 
17.4 
17.4 
17.7 3 

17.5 

763 

716 

750 
668 
707 
624 
646 
627 
663 
679 
709 
704 

729 
7r;n 
736 
775 
7 10 
756 

742 
715 
751 
719 
721 
690 

771 
754 
726 
726 
758 

758 

789 

708 

785 

738 

10 
10 

301 
47 
29 
20 
24 

233 
115 
190 
19 
46 
12 

72 
166 
21 
17 
45 

307 

5 
135 
355 
39 
36 
7 

a4 

aa 

a9 
38 
95 
42 

113 
21 

116 

-1 
-2 
19 
0 
-1 
-1 
-1 
0 
0 
1 

-1 
0 
-1 
9 
4 
2 

0 
-1 
1 
0 
0 

-1 
16 
0 

-1 
-1 
-2 
-1 
-1 
-1 
-1 
-2 
10 

-I 

3.7 
2.9 
3.5 
3.7 
3.7 
3.4 
3.5 
3.6 
3.4 
3.5 
3.5 
3.5 
3.4 

3.5 
3.5 
2 . 8  
3.6 
3.6 
4.0 
3.5 
3.4 
3.6 
3.5 
3.5 
3.4 
3.6 
3.9 

3.4 
3.6 
3.5 
3.3 
3.9 

3.8 

3.8 
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1139.2 
1144.2 
1149.2 
1154.2 
1159.2 
1204.2 
1209.2 
1214.2 
1219.2 
1224.2 
1229.2 
1234.2 
1239.2 
1244.2 
1249.2 
1254.2 
1259.2 
1304.2 
1309.2 
1314.2 
1326.5 
1339.2 
1346.5 
1354.2 
1401.5 
1409.2 
1416.5 
1424.2 
1431.5 

4.5 
4.4 
4.2 
4.5 
4.6 
4.4 
4.5 
4.6 .. 
4.6 
4.8 
4.7 
4.6 
4.6 
4.3 
4.7 
4.7 
4.7 
5.1 
4.2 
4.8 
5.0 
4.9 
4.9 
5.0 
5.0 
4.9 
4.9 
4.6 
4.5 

466 
472 
469 
476 
488 
464 
482 
495 
493 
501 
492 
501 
521 
473 
536 
528 
525 
587 
486 
550 
564 
530 
545 
565 
546 
532 
529 
514 
509 

470 
401 
375 
37 1 
331 
3 54 
349 
348 
327 
318 
314 
308 
297 
384 
303 
294 
279 
265 
311 
284 
279 
282 
284 
260 
295 
296 
323 
367 
324 

7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
6 
6 
6 
5 
6 
5 

3.3 
3.2 
2.7 
2.9 
3.3 
2.8 
3.0 
3.0 
3.3 
3.0 
3.2 
3.0 
3.6 
2.6 
3.0 
3.1 
3.2 
3.0 
3.6 
3.4 
3.0 
3.7 
3.0 
3.2 
3.4 
2.6 
3.8 
3.4 
2.9 
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I 
I 
b 
I 
1 
I 
1 
I 
11 
I' 
1 
I 
I 
I 
I 
I 
11 
1' 

OMAHA PLANT CEM DATA - RUN 3 BYPASS DUCT 
TIME 02 ( % )  NOx (ppm) CO (ppm) THC (pprn) OPACITY ( % )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1141.5 16.6 1119 37 0 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 

0 3.1 
0 3 

1206.5 16.6 1105 16 
1211.5 16.8 1147 18 

0 2.9 
1 2.9 
0 3 

1216.5 16.5 1101 
1221.5 16.7 1137 

1 3 
1 3.1 

1226.5 16.5 1047 
1231.5 16.4 1162 
1241.5 16.4 1139 80 
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 - I n  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 0 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 

7: c 

-_------__------------------------------------------- 
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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 I 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 4 17 960 -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 4.7 434 363 -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 4 12 763 -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 
A v e r a g e =  4.6 4 15 982 -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 4 68 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 
1546.5 16.7 469 90 -36 5.1 
1551.5 16.9 475 131 -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 a72 67 I -3 3 . G  

1636.5 16.9 513 -4 -3 4.7 
1641.5 16.9 438 200 -3 4.6 
1646.5 16.7 425 61 -3 4.3 
1651.5 16.9 370 246 -3 4.1 
1656.5 16.7 426 309 -3 4.7 
1707.5 16.7 429 208 -3 4.1 
1706.5 16.7 399 510 -3 4.4 
1711.5 16.7 426 165 -3 4.4 
1716.5 16.7 427 381 -3 4.4 
1721.5 16.8 463 20 -3 4.2 
1726.5 16.9 456 -50 -3 4.4 
1731.5 16.9 456 -5 0 -3 4.6 
1736.5 16.9 456 -5 0 -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 16.9 489 18 3 -3 4.2 
1826.5 16.9 527 17 -3 4.2 
1831.5 16.8 448 12 6 -3 4.7 
1836.5 16.8 503 20 -3 4.2 
1841.5 17.1 502 70 -3 4.3 
1846.5 16.8 475 68 -3 4.5 

Minimum= 16.6 370 -50 -3 6 3.6 
Maximum= 17.1 588 3472 -3 5.4 
Average= 16.8 472 229 -4 4.4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 -  

--______________________________________------------- ----_----___________-------_---------------_--------- 
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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 4.3 519 134 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 

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 4.5 553 646 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 6 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 54 6 369 6 3.9 

1354.2 4.1 528 689 6 3.9 
1359.2 4.2 5 67 536 6 3.9 
1404.2 4.1 571 533 6 4.0 
1409.2 4.4 592 I 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 

1224.2 4.6 526 674 6 3 . 8  

1349.2 4.1 581 644 6 3.8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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1 
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I 
I 
I 
I 
u 
1 
1 
I 
1 
1 
1 
I 
I 
I 
I 
I 
I 
I 

1119.2 
1126.5 
1131.5 
1136.5 
1141.5 
1146.5 
1151.5 
1156.5 
1201.5 
1206.5 
1211.5 
1216.5 
1221.5 
1226.5 
1231.5 
1236.5 
1241.5 
1246.5 
1251.5 
1256.5 
1301.5 
1306.5 
1316.5 
1321.5 
1326.5 
1331.5 
1336.5 
1346.5 
1351.5 
1356.5 
1401.5 
1406.5 
1411.5 
1416.5 
1421.5 

Minimum= 
Maximum= 
Average= 

17.3 
16.8 
16.6 
16.7 
16.8 
17.0 
16.6 
16.7 
16.9 
16.8 
17.0 
16.8 
17.0 
17.0 
16.8 
17.0 
16.8 
16.9 
16.9 
16.9 
16.9 
16.8 
16.9 
16.7 
16.8 
16.6 
17.0 
16.8 
16.9 
17.1 
17.3 
17.0 
16.9 
16.9 
16.7 

16.6 
17.3 
16.9 

806 
752 
719 
723 
712 
704 
711 
797 
728 
741 
702 
758 
844 
817 
769 
777 
794 
829 
732 
7 57 
667 
703 
8 19 
768 
688 
659 
760 
8 19 
721 
813 
893 
854 
878 
8 07 
767 

659.0 
893.0 
765.4 

15 
62 
98 
67 

308 
117 
482 
92 

580 
93 

701 
271 
51 
58 

123 
13 8 

122 
323 
84 

502 
369 
144 
111 
425 
323 
17 
64 

404 
80 
-11 
-10 
21 
155 
410 

-11.0 
701.0 
203.3 

?9E. - - -  

0 
0 
1 
1 
1 
1 
2 
1 
2 
1 
2 
2 
2 
2 
2 
2 

1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

0.0 
2.0 
1.6 

7 s. 

3.7 
3.7 
3.6 
3.7 
3.8 
3.5 
3.5 
3.6 
3.4 
4.3 
4.2 
4.1 
3.9 
4.4 
4.3 
4.0 

4.1 
3.7 
4.0 
3.9 
4.3 
4.1 
3.4 
3.6 
4.4 
4.0 
3.5 
4.0 
4.1 
3.9 
3.9 
3.7 
4.2 
4.4 

3.4 
4.4 
3.9 

1 1  
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APPENDIX 6-2 

PROCESS DATA MEASURED BY ASH GROVE 
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Raw Meal Kiln Inlet Temp 
Entrance Kiln Gas Pressure 
Kiln Coal Feed 
Kiln Speed 
Kiln Current 
Exit Kiln Gas Pressure 
Kiln Inlet Temp. 
Raw Meal Feed 
Liquid Hazardous Waste Feed 
Solid Hazardous Waste Feed 
Pyroclone Coal Feed 
Pyroclone Temperature 
Pyroclone ExhaustIMain ESP Inlet: 

Temperature 
Pressure 

Bypass ESP Inlet Temp 
Bypass ESP Voltage 

First Stage 
Second Stage 
Third Stage 

Fourth Stage Cyclone Temp 
Bypass ESP Outlet 

Temperature 
Pressure 

Bypass Quench Water 
Damper Setting Open 

SUMMARY OF PROCESS DATA MEASURED BY ASH GROVE 

Parameter 1 units 
I 
F 
in Hg 
Tlhr 
RPH 
Amps 
in Hg 
F 
Tlhr 
STPH 
TPH 
Tlhr 
F 

F 

in Hg 

- "Ufl.J$ 

1567 
-0.112 

0.993 
113.7 
178.2 

-0.81 9 
1974 

98.1 1 
2.874 
0.925 
7.974 
1598 

742.5 
-28.03 
696.8 

36.1 
32.6 
27.2 
1567 

600.6 

6.0 
50.0 

:::. ... . ... ....:. : 

-3.074 

- 

B-19 

1606 
-0.124 

1.036 
112.2 
228.1 

-0.613 
1883 

96.20 
3.565 
0.925 
7.704 
1616 

755.2 

695.8 

36.6 
30.3 
27.8 
1593 

602.2 

8.0 
40.1 

-28.04 

-2.567 

- 

__ :;RrinB, 
:3 ...,. .... <. .. 

159s 
-0.142 
5.14C 
112.2 
244.2 

-0.517 
1939 

95.00 
0.000 
0.000 
7.273 
1619 

71 6.7 
-26.81 
692.1 

35.9 
34.3 
27.5 
1520 

591.7 

8.0 
40.0 

-2.639 

- 

- $R&-fg ..... . 

159' 
-0.1 61 

O.OO( 
104.5 
226.; 

-0.58: 
156: 

95.3E 
5.78s 
0.ooc 
7.35E 
1601 

739.8 
-28.08 
694.C 

36.3 
29.6 
28.1 
1573 

584.6 

8.0 
40.0 

-2.908 

- 

- "Runs,, 

1589 
-0.139 
0.049 
110.2 
258.9 

-0.645 
1831 

96.71 
5.756 
0.000 
7.156 
1598 

741.4 
-27.65 
71 1.4 

34.8 
29.8 
28.2 
1571 

596.1 
-2.508 

8.0 
40.0 

a:.. - 

- 
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APPENDIX 8-3 

FUELDASTE CHARACTER I U T  ION 
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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 

RUN111 RUN112 RUN113 RUN.44 RUN#5 
KILN 
Coal 

Feed Rate (Tlhr) 0.99 1.04 5.14 0.00 0.05 
Heating Value (Btu/lb) 12300.00 12300.00 12300.00 12300.00 12300.00 
Chlorine (%) 0.00 0.00 0.00 0.00 0.00 

Solid Waste 
Feed Rate (T/hr) 
Heating Value (Btullb) 
Chlorine (%) 

Liquid Waste 
Feed Rate (Tlhr) 
Heating Value (Btu/lb) 
Chlorine (%) 

KILN HEAT INPUT RATE 
(1 OSBtulh) 

KILN CI INPUT RATE 
(Iblh) 

PYROCLONE 
Coal 

Feed Rate (Tlhr) 

0.93 0.93 0.00 
8620.00 841 0.00 0.00 

3.30 3.70 0.00 

2.87 3.57 0.00 
10080.00 10010.00 0.00 

2.00 2.20 0.00 

108.15 123.66 139.09 

193.61 247.84 0.00 

0.00 
0.00 
0.00 

5.79 
1220.00 

1.70 

142.90 

216.51 

0.00 
0.00 
0.00 

5.76 
1170.00 

1.70 

142.77 

215.27 

7.36 7.97 7.70 7.27 
~~ 7.16 

Heating Value (Btullb) 12300.00 12300.00 12300.00 12300.00 12300.00 
Chlorine (%) 0.00 0.00 0.00 0.00 0.00 

PYROCLONE HEAT INPUT RATE 
(106 Btulh) 215.78 208.47 196.81 199.11 193.64 

PYROCLONE CI INPUT RATE 
(Iblh) 0.00 0.00 0.00 0.00 0.00 

8-23 



THE PITTSBURG d MIDWAY COAL MINING CO. 

EDNA MINE 

I 

TYPICAL ANALYSIS - AS RECEIVED 

Average Range Average Range 

X Mois tu re  10.7 

X Ash 11.2 
X V o l a t i l e  34.9 
X Fixed Carbon 43.2 

BTU 10800 

*% S u l f u r  0.6 

SULFUR FORMS 

% P y r i t i c  0.1 

% S u l f a t e  0.0 

X Organic  0.5 

ULTIMATE ANALYSIS 

X Mois tu re  

X Carbon 

7. Hydrogen 

5 Nitrogen 

X Chlo r ine  

% S u l f u r  

% Ash 

Z Oxygen 

10.7 

61.4 

4.3 

1.5 
0.0 
0.6 

'11.2 

10.3 

9.0-12.5 

9.0-14 .O 
32.7-36.6 

40.7-45.4 

10600-11000 

0.4-1.0 

0 .o-0.2 
0.0-0.0 
0.4-0.8 

9.0-12.5 
57.7-64.6 

4.1-6.5 

1.4-1.6 
0.0-0.0 

0.5-0.7 
9.0-14.0 

9.7-10.8 

S i l i c a ,  S i 0 2  

Alumina, A1203 

T i t a n i a ,  T i 0 2  

F e r r i c  Oxide,  Fe203 

Lime, CaO 

Magnesia, Fig0 

Potassium Oxide, K20 

Sodium Oxide, Na20 

S u l f u r  T r i o x i d e ,  SO3 
Phos. Pen tox ide ,  P. 0 

Undetermined 
2 5  

51.0 
31.2 

0.8 

5.4 

4.9 
1.4 
0.9 

0.5 
2.5 
1.3 

0.1 

ASH FUSION TEMPERATURE (OF) 

Reducing 

I n i t i a l  Deformation 2500 

S o f t e n i n g  (H=W) 2600 
S o f t e n i n g  (H=1/2W) 2640 

F l u i d  2685 

Hardgrove G r i n d a b i l i t y  

X Equi l ib r ium Moisture  

A l k a l i e s  as Na,O (dry c o a l )  

F r e e  Swe l l ing  1,pdex 
L 

"Sulfur  Dioxide (SO2) s h a l l  no t  exceed 1.2 pounds p e r  m i l l i o n  BTUs 
.on a monthly average b a s i s .  

6-24 

45 .O-57 .O 
27 .O-35.0 
0.6-1.0 

4.0-7.0 

3.5-6.5 
1 .O-1.8 

0.6-1.3 

0.3-0.8 
1.0-3.5 
1 .O-1.7 

--- 

Oxid iz ing  

2650 
+2700 

+2700 

+2700 

47 

9.5 
0.1 
N i l  
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SamDlem 
11031 10/28/89 
111033 10/28/89 
12031 10/29/89 
12033 10/29/89. 
#4031 10/31/89 
15031 11/02/89 
Coal 

Solid 

SUMMARY OF DATA mon MRI TESTING 
Oct./Nov. 1989 

SamDlestcsted 

DescriDtion 
Test 111 Liauid Chemfuel ~~~- 
Test lil Soiid Chemfuel (Spiked) 
Test 12 Liquid Chemfuel 
Test # 2  Solid Chemfuel (spiked) 
Test 14 Liquid Cheafuel 
T P S t  r-5 I;iq:..id C . h . = = f y ?  
Coal sample typical during run 
Composite sample of solids before spiking 

TFS& Res u1tg 

Lab: Ash Grove AhL Mid West Lab - Ash Grove 
Louisville Omaha Kansas City 

Le 
#la31 
11033 
12031 
12033 
14031 
15031 
Coal 
Solid 

m 
10080 
8620 

10010 
8410 

11220 
11170 
12030 
8640 

- c1 
2.0 
3.3 
2.2 
3.1 
1.7 
1.7 
0.0 
1.7 

uonochlorobenzene 
BTU a. s % 
9299 1.51 
8605 0.99 8.43 7.8 
8839 1.69 
8562 1.06 6.64 6.2 
9941 1.15 

10350 0.89 
12137 (0.01 
8389 0.60 0.1 0.04 
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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. 
5-891206 
5-891207 
S-891208 
S-891209 
S-891223 
S-891224 
5-891225 
S-891226 

Identification 
#lo33 10/28/89 
#2033 10/29/89 
Solid Chemfuel 
Monochlorobenzene 
#lo31 10/28/89 
#2031 10/29/89 
#4031 10/31/89 
#5031 11/2/89 

Date Received 
12/15/89 

II 

I1  

I 1  

12/28/09 
,I 

II 

11 

Requested By 
R. Behrns 

11 

I1 

11 

,I 

II 

I, 

I t  

The above samples were received with a request for 
determination by capillary gas chromatography of the amount of 
monochlorobenzene in all samples (except the monochlorobenzene, 
S-891209, which was included for a reference standard). The 
results of this determination are given in Table I attached. 

An organic screen f o r  the most abundant constituents in the 
Sample marked "solid chemfuel" (S-891208) was also requested. The 
liquid chemfuel burned during the stack test (5-891223 - 5-891226) 
was composited and analyzed for organic constituents also. 
results are given in table I1 attached. 

These 

Finally Table I11 attached gives an analysis of l'solid 
chemfuelii (5-891208) for water, volatile organic, non-volatile 
extractable organics, non-volatile non-extractable organics, and 
inorganic ash. 

Tested and reported by, 

DJL : lm 
CC: G.D.J. 

E.R.H. 
D.R.Y. 
W.E.W. 
R. Behrns 
R & E  

Dan Logan 
Chemist 
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TABLE I 

DETERMINATION OF MONOCHLOROBENZENE (MClBz ) 

IN LOUISVILLE STATE TEST SAMPLES 

S-Number Louisville Date Samol e TVQ e % MClBz bv Wt. 

5-891206 #lo33 . 10/28/89 Spiked Solid Chemfuel 7.8% 
(S = 2 0.9, n = 3) 

6.2% 5-891207 #2033 10/29/89 I, 11 I, 

(S = 2 0.9, n = 3) 

5-891208 Solid Chemfuel 0.04% 
(Single Determination) 

S-891223 #lo31 10/28/89 Liquid Chemfuel N:D. (<0.1%) 

I, N.D. (<0.1%) S-891224 #2031 10/2 9/8 9 II 

I ,  N.D. (<0.06%) 5-891225 #4031 10/31/89 I, 

I, N.D. (<0.08%) S-891226 #5031 11/2/89 II 
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TABLE I1 

ANALYSIS OF ORGANICS IN CHEMFUEL AND SOLID CHEMFUEL 

FROM LOUISVILLE STACK TESTS 

Compound Determined Louisville Chemfuel Louisville Solid Chemfuel 

5-891208 Composite: S-891223, 
S-891224.1225. 1226 

% % 

7.4 48. 

11. 16. 

Residue* 

Water 

Stoddard Solvent 
Xylenes 
Toluene 
Methyl Isobutyl Ketone 
Isopropyl Alcohol 
VMP Naptha 
Methyl Ethyl Ketone 
l,l,l-Trichloroethane 
Trichloroethylene 
Methylene Chloride 
Ethyl Alcohol 
2-Nitropropane 
n-Hexane 
Tetrachloroethylene 
Heptane 
Chlorobenzene 
Acetone 
Undetermined** 

8.8 
4.7 
3.5 
1.4 
2.3 
4.6 
2.2 
0.76 
0.87 
1.6 
0.86 
0.96 
0.61 
0.24 
3.1 
N.D. (<O 
2.7 

42. 

0.04 
1.9 
2.0 
1.0 
.08 
.02 
.23 
.17 
.19 
.03 
.Ol 
.15 
.10 
.84 
.47 
.04 
.03 

29. 

* Nonvolatile (lOO°C, 3 hours), non-extractable 

** Includes o i l ,  grease, and unidentified solvents. 

(into Methyl Isobutyl Ketone) residue. 
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TABLE I11 

CHARACTERIZATION OF SOLID CHEMFUEL 5-891208 

Water 16.1% by Weight 

Volatiles* 3 7 . 4 %  by Weight 
(including water) 

Extractable** 14.8% by Weight 
Nonvolatile 
Organic Residue 

Inorganic 
ASH*** 

25.9% by Weight 

* 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.X. 

*** ASTM D 482 (775OC muffle furnace) 
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0 

0 

3 

c? 
? 

0 
v) 
3 

3 

0 

d 
4 

.. 

v) 
W u 
N 
3 * 

0 
eis - a0 
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APPENDIX E-4 

TOC AND INORGANIC COMPOUND ANALYSIS RESULTS 
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QUANTITATIVE MICROANALYSES 
P.O. BOX 51610 ORGANIC - INORGANIC 2323 SYCAMORE DR. 

KNOXVILLE. TN 37990-1610 619/546-1335 KNOXVILLE. T N  37921.1750 

Ms. Deann R. Williams 
Midwest Reserach Institute 
425 Volker Boulevard 
Kansas City, Kansas 64110 

February 1, 1990 

Received: January  9th 
PO#: 108796 

Dear Ms. Williams: 

Aiiniysi> ul* your compounds gave rile ioiiowing resuits: 

Your #, Our #, Analyses, 

1022 5-5057 ppm Potassium < 0.2 
(1-7007) mg/liter NHJ as Nitrogen 57.6 

mg/l i ter  Chloride 14.9 

1023 5-5058 mg/l i ter  Potassium < 0.24 
(1-7012) mg/liter NHI as Nitrogen 0.77 

mg/l i ter  Chloride < 1  

5022 5-5059 mg/l i ter  NHs as Nitrogen 59.39 59.36 
(1-7 0 1 1) 

There is no charge for these repea t  analyses. 

Sincerely yours, 

GALBRAITH LABORATORIES, mc. 

Exec. Vice-Presiden 

GRH:sc 



K E N N R M  5. WOO06 GAIL R. HUTCHENS 
.@'.101*T I.ICY.I"I "IC.. .11.101*. . I C I " . ~ " I I I ~ . . " I L I  VELMA M. RUSSELL I 

P.O. BOX SI610 
KNOXVILLE. TN 37950-1610 

YaGo mtc, T k  5, 'fix. 
QUANTITATIVE MICROANALYSES 

ORGANIC - INORGANIC 
*:=:54e.;=j; 

I 

MS. Deann R. W i l l i a m s  
M i d w e s t  R e s e a r c h  I n s t i t u t e  
425  V o l k e r  B o u l e v a r d  
K a n s a s  C i t y ,  M i s s o u r i  64110 

I 
I 

December 7 ,  1 9 8 9  

Received: November 1 3 t h  
P O # :  1 0 8 7 9 6  

Dear Ms. W i l l i a m s :  

A n a l y s i s  o f  y o u r  compounds  gave the  f o l l o w i n g  r e s u l t s :  

Your # ,  O u r  # ,  % T o t a l  C a r b o n ,  % I n o r g a n i c  
Carbon, 

1030  1 - 7 0 0 2  9 .57  1 0 . 1 5  
9 . 9 0  1 0 . 9 0  

2030 1 - 7 0 0 3  9 .66  9 . 9 6  

3030 1 -7004  9 .56  9 . 8 1  

4030 1 -7005  9 .87  9 . 9 8  

5030 1 -7006  9 . 7 1  9 .85  

I 
I 
I' 

less t h a n  0 .  I 
I 
-I 
I 
I 
I 
I 
I 

% T o t a l  
O r g a n i c  C a r b o  

less t h a n  0. -  
less  t h a n  0 . 5  

less  t h a n  0 .5  

less t h a n  0 . -  

less  t h a n  0 .  

i 
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Ms. Deann R. Williams 
Page 2 
December 7, 1989 

Your # ,  Our # ,  

1022 

2022 

3022 

4022 

5022 

1023 

2023 

3023 

4023 

5023 

1024 

1025 

1-7007 

1-7008 

1-7009 

1-7010 

1-7011 

1-7012 

1-7013 

1-7014 

1-7015 

1-7016 

1-7017 

1-7018 

ppm Potassium, mg/liter NH3 
as Nitrogen, 

less than 1 

less than 1 

less than 1 

less than 1 

less than 1 

less than 1 

l e s s  than 1 

less then 1 

less than 1 

less than 1 

1.2 

less than 1 

44.2 

27.4 

29.0 

48.8 
.. . \.. 

0 . 4 2 ,': 
. ,.. 

0.58 

0.22 

0.28 

0.066 

0.18 

0.18 

0.15 

mg/liter Chloride, 

12.51 

11.8 

6.96 

41.71 

42.8 

1.30 

2.27 

7 ?n 
A. e" 

__-. 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. 
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Ms. Deann R. Williams 
Page 3 
December 7 ,  1 9 8 9  

Your # ,  Our # ,  mg / 1 iter mg / liter mg/liter 
Potassium, N H 3  as Chloride, 

Nitrooen 

2 1 8 8 9  1 - 7 0 1 9  4160 0 . 1 1  3545 

2 1 8 9 0  1 - 7 0 2 0  43.9 0 . 0 9 2  35.4 

See Raw Data package for information on TOC values 

Sincerely yours, 

GALBRARH LABORATORIES, INC . 

GRH: sc 
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Geochemical and Environmental Research Group 
Ten South Graham Road 
College Station, Texas 77840 

TEXAS A&M UNIVERSITY 
Telephone. (409) 690-0095 

TELEX: 910-380-8722 

I 
I 
I 

FAX: (409) 690-0059 

1 August 1990 
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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 Wicult  
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 5OoC. 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, 

Mahlon C. K e h c u t t  11. Ph.D. 
Associate Research Scientist 

MCK/dep 
enclosure 
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APPENDIX 8-5 

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 savjngs 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 
50 be reported with CEM data. Appendix E notes the changes made to time 
analogs. 
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RUN 1 - 02, C02, CO 

1 
1 
1 
1 
- 

TLMEOECIMAL 
TIME 

1548 15.80 
1549 15.82 
i%u i>.u 
1551 15.85 
1552 15.87 
1553 15.88 
1554 15.90 
1555 15.92 
1556 15.95 
1557 15.95 
1558 15.97 
1559 15.98 
1600 16.00 
1601 16.02 
1602 16i03 
1603 16.05 
1604 16.07 
1605 16.08 
1606 16.10 
1607 16.12 
1608 16 . l j  
1609 16.15 
1610 16.17 
1611 16.18 
1612 16.20 
1613 16.22 
1614 16.23 
1615 16.25 
1616 16.27 
1617 16.28 
1618 16.30 
1619 16.32 
1620 16.33 
1621 16.35 
1622 16.37 
1623 16.38 
1624 16.40 
1625 16.42 
1626 16.+3 .- 
1627 16.45 
1628 16.47 
1629 16.48 
1630 16.50 
1631 16.52 
1632 16.53 
1633 16.55 
1634 16.57 
1635 16.58 
1636 16160 
1637 16.62 
1638 16.63 
1639 16.65 
1640 16.67 
1641 16.68 
1642 16170 
1643 16.72 
1644 16.73 
1645 16.75 

1647 16.78 
1648 16.80 
1649 16.82 

1646 16.77 

1650 16.G 
1651 16.85 
1652 16.87 
1653 16.88 
1654 16.90 
1655 16.92 

02 
( X I  

4.5 
4.6 
4.7 
4.8 
4.8 
4.9 
4.9 
4.9 
4.7 
4.3 
4.0 
4.1 
4.2 
4.0 
4.2 
4.0 
4.0 
4.0 
4.0 
4.1 
4.2 
4.4 
4.5 
4.3 
4.0 
3.7 
3.9 
4.3 
4.4 
4.3 
4.2 
4.1 
4.1 
4.1 
4.1 
4.1 
4.4 
4.7 
4 .9 
4.9 
4.7 
4.4 
4.3 
4.3 
4.2 
4.1 
4.2 
4.3 
4.3 
4.5 
4.4 
4.4 
4.3 
4.1 
4.1 
4.3 
4.5 
4.1 
4.0 
4.2 
4.3 
4.2 
3.9 
3.8 
3.9 
3.9 
4.0 
4.1 

c02 
( X )  

32.6 
32.4 
32.3 
32.0 
31.9 
31.7 
31.7 
31.6 
31 .'7 
32.4 
33.1 
33.5 
33.5 
33.4 
33.6 
33.5 
33.4 
33.5 
33.7 
33.7 
33.6 
33.3 
33.1 
33.1 
33.4 
34.0 
34.1 
33.8 
33.2 
33.1 
33.3 
33.5 
33.4 
33.6 
33.6 
33.6 
33.5 

. 3 2 J  
32.4 
32.0 
32.1 
32.6 
32.8 
33.0 
33.3 
33.4 
33.5 
33.3 
33.3 
33.2 
33.0 
33.1 
33.2 
33.5 
33.5 
33.8 
33.4 
33.2 
33.8 
33.8 
33.4 
33.4 
33.7 
33.9 
34.0 
33.9 
33.7 
33.8 

MAIN DUCT 
CARBON MONOXIDE 

AT 7% 02 ROLLING 
(PpR) (Ppn) AVERAGE 

3800 3218 
3916 3347 
4158 3571 
6112 5269 
6898 5942 
7953 6907 
5548 40% 
3142 2727 
1TQ 1516 
1 274 1068 
1107 913 
842 697 
692 575 
601 494 
593 494 
544 447 
520 4 n  
471 388 
501 412 
492 407 
443 370 
394 332 
373 316 
361 303 
353 2 w  
715 580 

1409 1155 
1005 841 
551 465 
383 322 
357 297 
386 320 
397 328 
407 337 
441 3 5  
45 1 374 
417 352 
362 31 1 

308 
3DL 
301 
298 
295 9 

292 
u6 289 
335 277 
416 347 
451 378 
LDL u n  - .- .. . 
384 326 
361 305 
338 2 G  
330 277 
322 267 
369 306 
400 334 
504 427 
393 326 
338 278 
426 351 970 
411 344 922 
374 312 872 
364 300 817 
395 321 ?35 
511 419 643 as 4% 536 
624 515 461 
676 560 428 

02 
( X I  

18.7 
18.7 
18.6 
18.5 
18.4 
18.4 
18.5 
18.5 
18.7 
18.7 
18.6 
18.6 
18.6 
18.5 
18.6 
18.6 
18.7 
18.7 
18.6 
18.6 
18.7 
18.7 
18.8 
18.8 
18.6 
18.5 
18.6 
18.7 
18.7 
18.7 
18.7 
18.6 
18.6 
18.7 
18.6 
18.6 
18.7 
18.8 
18.9 
18.9 
18.8 
18.8 
18.8 
18.8 

. 18.8 
18.8 
18.8 
18.8 
18.8 
18.8 
18.8 
18.8 
18.8 
18.7 
18.8 
18.8 
18.8 
18.7 
18.6 
18.6 
18.6 
18.7 
18.7 
18.6 
18.5 
18.5 
18.5 
18.5 

8-42 

c02 
(XI 

1.2 
1.3 
1 .I 
1.4 
1 .5 
1 .5 
1.4 
1.3 
1.3 
1.3 
1.3 
1.4 
1.5 
1.4 
1.4 
1 .I 
1.4 
1.4 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
1.5 
1 .5 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1 .4 
1.4 
1.5 
1.5 
1 .4 
1.3 
1.2 
1.3 
1.3 
1.4 
1 .o 
1.4 
1.5 
1.5 
1 .5 
1.5 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.4 
1 .I 
1.6 
1.5 
1.5 
1.5 
1.5 
1.4 
1.4 
1.5 
1.5 
1.5 
1.6 
1.6 

BYPASS DUCT 
CARBON MOYOXIOE 

AT 7% 02 ROLLING 
(Ppn) (Ppn) AVERAGE 

-1 -7 
-1 -3 
0 2 - 

-0 -2 
5 27 
4 23 
4 20 
1 R - 
0 1 
1 a 
4 25 
5 30 
2 14 
I n - 
2 14 
5 30 

18 3 
2 11 
1 5 
1 5 

-1 -8 
-0 -1 
-2 -11 
-3 .16 
-0 -2 
6 31 

43 7 
5 30 

-1 -7 
-3 - ii 
-3 -17 
-1 -4 
0 1 

2 '  
4 .  
5 .  
6 '  
8 *  
9 9  

11 
12 
14 
15 

3 17 
2 10 
2 14 
1 8 

-1 -3 
1 3 
I 0 

i 3 
0 2 
1 9 
1 a 

10 
-1 -7  
-2 -10 

2 

-2 -11 
-1 -3 7 
2 0 7 - 

-1 -a 7 
1 3 7 

-0 -1 7 
0 1 6 

-1 -3 6 
4 22 6 
2 10 6 

_- - 



I 
I 
I 
1 
I 
1 
I 
I 
I 
E 
I 
I 
1 
I I  

1 
1 
I 
I 
I 

TlMEOECI lUL 
TIME 

1656 16.93 
1657 16.95 
1658 16.97 
1659 16.98 
1700 17.00 
1701 17.02 
1702 17.03 
1703 17.05 
1704 17.07 
1705 17.08 
1706 17.10 
1707 17.12 
1708 17.13 
1709 17.15 
1710 17.17 
1711 17.18 
1712 17.20 
1713 17.22 
1714 17.23 
1715 17.25 
1716 17.27 
1717 17.28 
1718 17.30 
1719 17.32 
1720 17.33 
1721 17.35 
1722 17.37 
1723 17.38 
1724 17.40 
1725 17.42 
1726 17.43 
1727 17.45 
1728 17.47 
1729 17.48 
1730 17.50 
1731 17.52 

1733 17.55 
1734 17.57 
1735 17.58 
1736 17.60 
1737 17.62 
1738 17.63 
1739 17.65 
1740. l7.67 
1741 17.68 
1742 17.70 
1743 17.R 
1744 17.73 
1745 17.75 
1746 17.77 
1747 17.78 
1748 17.80 
1749 17.82 
1750 17.83 
1751 17.85 

1732 17.53 

1752 17.87 
1753 17.88 
1754 17.W 
1755 17.92 
1756 17.93 
1757 17.95 
1758 17.97 
1759 17.98 
1800 18.00 
1801 18.02 
1802 18.03 
1803 18.05 

UAlN DUCT BYPASS DUCT 

4.3 
4.3 
3.9 
3.8 
3.9 
4.1 
4.4 
4.6 
4.7 
4.6 
4.4 
4.3 
4.5 
4.6 
4.6 
4.6 
4.6 
4.3 
4.6 
4.7 
4.4 
4.3 
4.3 
4.3 
4.0 
3.9 
4.0 
4.1 
4.3 
4.4 
4.6 
4.3 
4.1 
4.3 
4.3 
3.9 
3.8 
3.9 
4.2 
4.1 
4.0 
4.0 
4.3 
4.1 
3.9 
3.7 
4.0 
4.4 
4.5 
4.2 
3.8 
3.7 
3.9 
4.0 
3.9 
4.2 
4.3 
4.1 
4.0  
4.1 
4.1 
4.5 
4.7 
4.2 
4.4 
4.6 
4.8 
4.5 

33.5 
33.1 
33.3 
33.9 
34.2 
34.1 
33.6 
33.2 
32.7 
32.7 
32.9 
33.3 
33.4 
33.2 
U.1 
a . 0  
33.0 
33.3 
33.5 
32.8 
33.0 
33.4 
33.6 
33.7 
33.7 
34.1 
34.4 
x.7. 
33.9 
33.5 
33.1 
33.0 
33.5 
33.6 
33.4 
33.7 
34.3 
34.5 
34.0 
33.7 
33.9 
3.0 
33.8 
33.2 
33.6 
34.3 
34.3 
33.6 
33.1 
33.1 
33.7 
34.3 
34.5 
3.2 
34.2 
36.3 
3.8 
:>.7 
zi.9 
J. .2 
3z.9 
33.7 
32.9 
32.9 
33.6 
33.3 
32.9 
32.6 

572 
476 
422 
485 
908 
887 
709 
510 
3.52 
341 
336 
348 
36a 
374 
366 
333 
307 
303 
307 
317 
298 
302 
340 
367 
392 
355 
421 
5 I L  
450 
413 
370 
337 
32: 
AS1 
i i 2  
3 . 2  
453 
764 
7 0 5  
538 
4:- 
F:T  
53s 
494 
449 
734 
1215 
1515 
69' 
474 
432 
697 
1443 
1268 
7G2 
622 
5T. 
45: 
41: 
45. 
58: 
516 
47: 
38%. 
427 

403 
3& 

- .. 

479 
400 
346 
394 
744 
TJ5 
597 
435 
329 
291 
204 
292 
311 
319 
313 
283 
262 
254 
262 
273 
251 
252 
285 
307 
324 
2 w  
349 
425 
377 
349 
315 
202 
269 
360 
353 
319 
376 
627 
661 
445 
3% 
422 
4m 
410 
366 
593 
1000 
1275 
578 
395 
351 
562 
1104 
1043 
576 
517 
u14 
378 
339 
3 n  
486 
456 
410 
316 
359 
3?2 
348 
311 

411 
400 
3 w  
385 
u18 
392 
394 
393 
392 
390 
YYI 
3E6 
3as 
385 
385 
385 
3% 
379 
3tL. 
35:s 
35 : 
350 
349 
349 
349 
348 
348 
X? 
349 
350 
350 
350 
349 
350 
35 1 
352 
353 
359 
364 
365 
3M 
368 
370 
373 
374 
379 
391 
407 
409 
410 
412 
415 
429 
441 
u6 
449 
450 
448 
445 
442 
442 
443 
445 
443 
436 
431 
426 
424 

18.4 
18.5 
18.5 
18.4 
18.2 
18.2 
18.2 
18.3 
18.5 
18.5 
18.5 
18.5 
18.: 
18.:. 
18.:; 
18.5 
18.5. 
18.'. 
18. 
18. i 
18.; 
18. .- 
18. 
18.I 
182 
18.i. 
18.L 
:E.& 
18.3 
18.4 
18.4 
18.5 
18.5 
18.5 
18.5 
18.5 
18.5 
18.2 
18.2 
18.2 
18.3 
18.3 
18.3 
.la.& 
18.4 
18.3 
18.2 
18.1 
18.2 
18.3 
18.4 
18.3 
18.2 
18.1 
18.0 
18.0 
18.0 
18.1 
18.2 
18.2 
18.2 
18.2 
18.2 
18.3 
18.3 
18.3 
18.5 
18.5 

6-43 

1.6 
1.6 
1.7 
1.8 
1.9 
1.9 
1.9 
1.8 
1.7 
1.6 
1.7 
1.7 
1.7 
1.8 
1.7 
1.8 
1.7 
1.7 
1.7 
1.8 
1.8 
1.8 
1.9, 
1.9 
I .9 
1.9 
1.8 

1.9 
1.9 
1 .8 
1.7 
1.7 
1.7 
1.7 
1.7 
1.8 
2.0 
2.0 
2.0 
2.0 
z.0 
.9 
k.8 
?.8 
1.9 
?.O 
3.0 
2 .0  
I .9 
I .9 
I .9 
2.0 
2.1 
?.2 
.2 
..2 
.2 

..1 
?.l 
': . 1 
2.1 
3.0 
2.0 
L.0 
1.9 
1.8 
1.8 

. a  .." 

2 
1 
1 
2 
3 
8 
13 
14 
8 
3 
2 
1 

-1 
-1 
-0 
-2 
-1  
-1 
1 
3 

-1  
28 
59 
$4 
.*0 
30 
21 

12 
I1 
8 
4 
2 
8 
7 
4 
10 
17 
25 
19 
1 4  
13 
14 
10 
7 
I5 

.- 
0.2 

I., ... 
? I  

i3 .- 
I> 
I+ 
. I  

1,. 

i z  
? 

I .  

L 
2% 
l i  
L 

5 
2 
1 

13 
8 
7 
10 
14 
40 
67 
73 
42 
16 
13 
4 
-8 
-7 
-1 

-11 
-4 
-5 
8 
14 
-5 
150 
308 
277 
2%' 
159 
i12 
6 i  
53 

41 
10 
I 2  
65 
40 
24 
51 
04 
113 
94 
Ti: 

7'1 
55 
40 
79 
182 
326 
256 
162 
96 
6: 
7z 
E 
ti 

42 
3e 
lC 
4L 
101 
W 
78 
43 
37 
26 
13 
6 

sa 

sa 

6 
6 
6 
6 
6 
6 
7 
8 
8 
8 
8 
8 
8 
8 
8 
9 
8 
8 
7 
7 
7 
10 
15 
20 
23 
26 
28 
ZP 
30 
31 
31 
31 
31 
32 
32 
32 
33 
34 
36 
38 
39 
40 
41 
42 
42 
43 
46 
52 
56 
59 
61 
62 
63 
64 
66 
66 
67 
68 
68 
68 m 
71 
72 
73 
73 
73 
72 
71 



I 
I 
d 
1 
R 
I 
I 
I 
I 
1 
I 
I 
I 
I 
c 
I 
I 

M I N  DUCT BYPASS DUCT 
CARBON W O X I O E  CARBON l gNOXlOE 

TIMEOECIMAL 02 C02 AT 7% 02 ROLLING 02 c02 AT ?% 02 ROLLING 
TIME ( X )  (XI  ( p ~ m )  (p) hVERAGE (%I (%I (ppp) (PpR) AVERAGE 

1804 
1805 
1806 
1807 

1809 
1810 
1811 
1812 
1813 
1814 
1815 
1816 

1 808 

18.07 
18.08 
18.10 
18.12 
18.13 
18.15 
18.17 
18.18 
18.20 
18.22 
18.23 
18.25 
18.27 
18.28 
18.30 

18.33 
18.35 
18.37 
18.38 
18.40 
18.42 

18.32 

3.9 33.4 
3.8 34.3 
3.8 34.4 
3.9 34.4 
3.7 34.3 
3.4 34.4 
3.5 34.6 
3.6 34.5 
3.9 34.5 
4 . 0  34.3 
4.1 33.9 
4.2 33.9 
4.2 33.9 
4.0  33.8 
4.0 34.1 
5.2 34.0 
4.4 33.6 
4.4 33.3 
4.3 33.4 
4.2 33.6 
4.2 33.7 
4.0 33.8 
3.8 34.0 
4.0 34.1 
4.2 34.0 
4.2 33.5 
3.7 33.8 
3.4 34.6 
3.5 34.8 
3.6 3 . 6  
3.7 34.6 
4.1 41.3 
4.5 33.5 
4.7 32.9 
4.6 32.5 
4.4 32.7 
4.0 33.2 
3.9 33.7 
4.2 33.9 
4.3 33.9 
4.2 33.6 
4.5 33.5 
4.6 32.9 
4.3 32.9 
4.9 33d 
4 . 0  34.0 
3.9 34.0 
4.3 34.1 
4.5 33.4 
4.5 33.2 
4.3 33.0 
4.1 33.4 
4.0  33.8 
3.9 34.0 
3.9 34.1 
3.9 34.2 
4.2 34.1 
4.3 33.5 
4.3 33.4 
4.3 33.4 
4.5 33.3 
4.6 33.0 
4.3 33.0 
4.2 33.5 
4.2 33.8 
4.1 33.9 
4.4 33.8 
4.4 33.5 

348 
837 

1211 
993 

1216 
2L61 
8054 

285 
679 
986 
812 
982 

1958 

424 
430 
L42 
450 
462 
489 
591 
680 

m 
806 
817 
822 
825 
827 
828 
a29 
831 
831 
a29 
8% 
a29 

753 

18.2 
18.0 
17.9 
17.8 
17.8 
17.6 
17.5 
17.7 
17.9 
18.0 
18.0 
18.1 
18.2 
18.3 

2.0 
2.2 
2.2 
2.3 
2.4 
2.5 
2.4 
2.3 
2.1 
2.1 
2.1 
2.0 
1 .9 
1.9 
1.9 
1 .8 
1.7 
1.8 
1.9 
1.9 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
2.1 
2.1 
2.1 
2.1 
1.9 
1.7 
1.7 
1.7 
1.8 
1.9 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
2.0 
2.1 
2.1 
2.1 
2.0 

8 
16 

43 
77 
73 
79 

244 
819 

1304 
1W 
66s 
382 
2% 
177 
97 
TI 

71 
72 
73 
74 
79 
92 

114 
132 
145 
149 
154 
157 
158 
157 
153 
149 
146 
143 
141 
140 
140 
139 
139 
140 
141 
141 
140 
141 
141 
141 
140 
139 
1 39 
137 
136 
135 
134 
133 
130 
125 
121 
118 
116 
115 
114 
114 
113 
113 
112 
112 
111 
111 
109 
107 
106 
107 
108 
110 
115 
119 
120 
120 
120 
120 
117 
104 
83 
65 

16 
18 
56 

201 
322 
249 

83 
63 
'(7 

6458 
5572 
4686 
207s 
1593 
961 

5736 
2526 
1926 
1155 

550 
_. 
20 
15 1817 

1 8 U  

1820 
1821 
1822 
1823 

la19 
478 
483 
490 
467 
Lw( 

3% 
402 
407 
391 
378 
338 
350 

18.3 
18.3 
18.5 
18.5 
18.6 
18.3 

~~ 

9 
5 
3 

4s 
27 
15 
4 
4 

18 
24 
28 
36 
67 

1 . ._ 
404 
421 
428 
44a 

i 
4 
5 

.~~ 
1824 
1825 
1026 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
1 8 3  
1835 
1836 
1837 
1838 
1839 
1840 
18-51 
1ffi2 
1843 
1844 
1845 

~. . 
356 18.3 

18.2 
18.1 
18.2 
18.3 
18.3 
18.3 
18.1 
18.0 
18.0 
18.0 
18.2 
18.4 
18.5 
18.4 
18.4 
18.2 

369 
370 
524 
619 
42a 
406 
698 

22L6 
3013 

903 
535 
373 
303 
2ea 
291 
319 
419 
393 
357 
352 
322 m 
325 

i 3 n  

6 
7 

13 
13 
7 
7 

18.k3 
18.45 
18.47 
18.48 
18.50 
18.52 
18.53 
18.55 
18.57 
18.58 
18.60 
18.62 
18.63 

454 
638 
742 
515 
501 
876 

830 
83L 
840 
841 
812 
U P  

65 
36 
33 
L7 16 

15 
17 
16 
7 
3 

-1 
-3 
-4 

2807 
3739 
1696 
1 ow 
63 1 
436 
355 
U1 
356 
389 
504 
468 
428 
415 

sso .. 
69 
80 
77 
33 
18 
-4 

-19 
-18 
-11 
13 
16 
11 
6 
9 

-3 
-11 
10 

919 
93 1 
939 
94 1 
940 
938 
936 
935 
930 
920 
w6 
902 
OLll 

18.65 
18.67 
18.68 

18.72 
18.73 
18.75 
18.77 

i8.m 

-2 
3 
3 
2 
1 
2 

-1 

18.1 
18.2 
18.3 
18.3 
18.4 
18.4 
18.3 
18.2 
18.2 
18.2 
18.3 

1846 
1847 
1348 
1849 
1850 
1851 

... 
901 
e.96 
882 
871 
868 
867 
865 
664 
862 
861 
858 
857 
859 
862 
a5 
865 
865 
865 
865 
859 
847 
a39 
827 
E00 
698 
610 

18.76 
tam 
18.82 
18.83 
18.85 
18.87 
18.88 
18.90 
18.92 
18.93 
18.95 
18.97 
18.98 
19.00 
19.02 
19.03 
19.05 
19.07 
19.m 
19.10 
19.12 
19.13 

-2 
2 

11 
10 
4 
3 

-1 

394 
503 
455 
529 
447 
344 
312 
329 
418 

415 
373 
L44 
379 
292 
262 
272 
345 
381 
4% 
536 
531 
405 
315 
298 
302 
315 
298 
2% 
302 
314 
314 
286 

~~ 

52 
47 
19 . 

1852 
1853 
1854 

18.4 
18.5 
18.5 
18.3 
18.2 
18.1 
18.1 
18.1 
18.2 

1.9 
1.8 
1 .8 
2.0 
2.1 
2.2 
2.2 
2.1 
2.0 
1 .9 
1.8 
1.9 
2.0 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 

14 
-4 

-1 
0 
3 
0 
3 

17 
17 
26 
63 
47 
28 
15 
1L 
15 
10 
10 

-4 
2 

17 
n 

~ 

1855 
1856 
1857 
1858 
1859 

us 
606 
655 
63a 
484 
376 
356 
355 

- 
12 
82 
84 

133 
326 
241 
145 
76 
68 
75 
47 
49 
21 

5 

1900 
1901 18.3 

18.3 
18.3 
18.3 
18.3 
18.2 
18.2 

1902 
1903 
1904 
1905 
1906 

M9 
355 
355 
364 

372 
340 

378 

~. .- 
1907 
1908 18.2 

18.2 
18.3 
18.4 

1909 
1910 
1911 

~ .~ 
19.15 
19.17 
19.18 

4 
1 

I 
I 8-44 



1 
I 
I. 
1 
4 
I 
I 
I 
1 
I 
I 
I 
I 

1 
I 
I 
1 
I 

i 

TlHEDECllViL 
TIME 

1912 19.20 
1913 19.22 
1914 19.23 
1915 19.25 
1916 19.27 
1917 19.28 
1918 19.30 

1933 19155 
1934 19.57 
1935 19.58 
1936 19.60 
1937 1V.fZ 
1938 19.63 
1939 19.65 
1940 19.67 

. . . - . . . . . 
1947 19.78 
1948 19.m 
1949 19.82 
1950 19.83 
1951 19.85 

H i n i m  
Maxi- 
Averages 

.. . x. 

MAIN DUCT BYPASS DUCT 
CARBON MONOXIDE CARBON MONOXlOE 

AT 7% 02 ROLLING 02 c02 AT 7% 02 ROLLING 
(%) (%I (P) (Ppa) AVERAGE (%) (%) (ppn) tm) AVERAGE 
02 c02 

3.9 33.6 
3.6 34.3 
3.6 34.6 
3.7 34.7 
3.9 34.5 
4.4 33.9 
4.3 33.2 
4.1 33.2 
4.3 33.5 
4.0 33.7 
4.0 33.9 
4.1 33.8 
4.1 33.8 
3.8 33.9 
3.8 34.2 
4.1 34.1 
4.2 33.8 
4.1 33.8 
4.0 33.7 
4.2 33.9 
4.2 33.6 
4.0  33.6 
4.1 33.8 
4.0 33.8 
4.1 33.8 
4 .3  33.7 
4.3 33.2 
4.2 33.3 
4.2 33.8 
4.2 33.5 
4.5 33.4 
4.4 33.2 
4.2 33.2 
4.2 33.6 
4.5 33.6 
4.3 33.4 
4.1 33.4 
4.0 33.9 
4.2 33.8 
4.2 33.5 
4.1 33.7 
4.1 33.7- 
4.4 33.5 
4.7 32.9 
4.3 33.0 
4.2 33.5 
4.1 33.7 
3.9 34.1 
4.0 34.2 
4.1 33.9 
4.0 33.9 
4.0 33.9 
4.1 33.9 
4.2 33.6 
4.1 33.5 
4.3 33.9 
4.4 33.4 
4.2 33.2 
4.0  33.8 
3.8 34.3 
3.9 34.5 

335 
1249 
5437 
30W 
1896 
1211 
601 
440 
451 
426 
541 
597 
549 
533 
614 
776 
591 
434 
416 
439 
455 
407 
446 
420 
425 
442 
399 
354 
372 
437 
409 
M8 
354 
398 
426 
345 
331 
516 
671 
447 
406 
6% 
560 
440 
346 
364 
367 
379 
538 
458 
424 
448 
423 
381 
350 
334 
404 
339 
358 
465 
637 

274 
1002 
4% 
2507 
1556 
1018 
505 
365 
377 
349 
447 
493 
454 
434 
500 
641 
492 
359 
343 
365 
379 
336 

346 
35 1 
3m 
334 
2% 
309 
364 
346 
310 
294 
33 1 
363 
289 
274 
425 
561 
372 
337 
409 
475 
377 m 
302 
304 
310 
444 
378 
349 
370 
351 
317 m 
279 
340 
283 
294 
378 
521 

370 

3.4 31.6 298 251 
4.9 34.8 8054 6907 
4.2 33.6 788 M 7  

5% 
518 
565 
5W 
607 
618 
619 
619 
618 
618 
620 
622 

.624 
625 
627 
629 
627 
626 
625 
619 
588 
543 
527 
517 
514 

515 
515 
515 
516 
515 
513 
512 
512 
512 
512 
512 
512 
515 
514 
513 
515 
518 
520 
519 
518 
515 
511 
510 
509 
510 
511 
512 
512 
512 
511 
512 
511 
511 
513 
517 

c., , ,. 

18.2 
18.0 

'18.0 
18.1 
18.2 
18.4 
18.5 
18.4 
18.3 
18.2 
18.1 
18.2 
18.2 
18.1 
18.1 
18.3 
18.3 
18.1 
18.1 
18.2 
18.3 
18.2 
18.3 
18.3 
18.2 

18.2 
18.1 
18.1 
18.2 
18.3 
18.2 
18.2 
18.2 
18.3 
18.3 
18.2 
18.2 
18.3 
18.3 
18.3 
18.2 
18.3 
18.4 
18.3 
18.2 
18.2 
18.1 
18.1 
18.2 
18.1 
18.1 
18.1 
18.2 
18.1 
18.1 
18.3 
18.3 
18.2 
18.0 
18.0 

.^ - 
IO.' 

2.1 
2.2 
2.2 
2.2 
2.0 
1.9 
1.8 
1.8 
2.0 
2.1 
2.2 
2.2 
2.2 
2.2 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.0, 
2.0 
1.9 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.1 
2.0 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.0 
2.0 
2.1 
1.9 
1.9 
2.0 
2.2 
2.3 

6 
20 
17 
11 
7 
1 

-0 
-1 
2 
7 
6 
7 
9 

15 
11 
5 
5 
4 
5 
4 
2 
0 
3 
5 
8 
6 
2 
2 
3 
5 
6 

14 
13 
7 
3 
2 
2 

10 
5 
4 
4 
4 
2 

-1 
4 
3 
5 
M 

116 
64 
32 
17 
8 
5 
6 

20 
15 
6 
4 

10 
20 

32 
90 
80 
54 
36 
6 

-1 
-8 
9 
33 
31 
33 
43 
71 
54 
25 
23 
18 
23 
20 
9 
2 

14 
24 
40 
30 
10 
10 
16 
23 
28 
72 
67 
37 
18 
11 
8 

49 
27 
20 
19 
19 
11 
-6 
21 
13 
22 

316 
565 
318 
156 
81 
41 
23 
30 
96 
74 
30 
19 u 
91 

17.5 1.2 -4 -18.6 
18.9 2.5 322 1304.1 
18.3 1.8 13 59.3 

B-45 

55 
50 
46 
44 
43 
42 
41 
41 
41 
41 
42 
42 
42 
43 
43 
43 
42 
42 
41 
41 
40 
39 
38 
37 
38 
58 
39 
39 
40 
40 
40 
41 
42 
43 
43 
43 
43 
43 
43 
43 
43 
43 
44 
44 
44 
44 
44 
48 
56 
59 
56 
54 
52 
51 
50 
51 
51 
51 
51 
51 
52 



BYPASS DUCT MAIN DUCT 

CARBON MONOXIDE CARBON MONOXIOE 

02 c02 AT 7% 02 ROLLING 
(%) (X) (W) (ppn) AVERAGE 

TIHEOECIMAL 02 COi! AT 7% 02 ROLLING TIWE (%I (%) (ppn) (e) A.VER*GE 

Zero dr i f t= 0.35 4.38 3.50 
(!4 of Spa") 

Span dr i f t ;  0.86 10.06 3.89 
(Z of span) 
Error Est.= 0.08 3.90 58.17 

0.19 0.05 1.71 

1.73 3.82 0.56 

0.38 0.08 13.52 

' Data  po ints  generated by extrapolation. 

Ccmnents: 
L INEARITY CHECK CO 392.8 PPW CYLINDER ALW-853 [lo-28-1989 -- 09:45:001 
L l N E A l T Y  CHECK CO 148.2 PPW CYLINOER ALW-867 [lo-28-1989 -- 09:56:171 
L INEARITY CHECK 02 6.044% CYLINDER ALW-25% [lo-28-1989 - -  10:07:311 
LINEARITY CHECKCOZ 5.957% CYLINDER AAL-U53 [lo-28-1989 .- 10:18:321 
&LL ANALYZERS PGSED LINEARITY CHECK 110-28-1989 -- 10:36:121 

BYPASS IS AT 20 INCHES-LESS THAN 10 ROTWETER. MAIN 22 INCHES-25 TO 30 ON PYREX INITIAL CHECK OK. t 
NOY on stack gas. [lo-28-1989 - _  11:05:521 

ASCARITE FILTER CHANGED [lo-28-1989 -- 16:29:101 
LEAK CHECKED BYPASS LINE, ok. BACK TO SUIPLE. [lo-28-1989 - -  16:45:581 

110-28-1989 -- 10:48:171 

[lo-28-1989 -- 16:28:351 

110-28-1969 -. 17:23:101 
[lo-28-1989 -- 2O:22:181 

EN0 RUN 1 [lo-28-1989 -- 20:22:241 
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 OK!!I! I I  [lo-28-1989 -- 20:29:171 
I 

8-46 

I 
1 
1 
I 
i 
I 
I 
I 
I 
I 
I? 
I 
I 
1 
I 
I 
I 
P 
I1 



I 
I 
1 
Y 
I 
1 
1 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
'I 
I 

RUN 1 - THC 

COLD THC HEATED THC 
BYPASS MAIN MAIN BYPASS 

TIMEDECIMAL AT 7% 02 RUNNING AT 7z 02 RUNNING AT 7% 02 RUNNING AT 7% 02 RUNNING 
(p) AVERAGE (FW) twn) AVERAGE (w) DRY AVERAGE (p) DRY AVERAGE 

1548 15.72 
1549 15.73 
1550 15.75 
1551 15.77 
1552 15.78 
1553 15.88 
1554 15.90 
1555 15.92 
1556 15.93 
1557 15.95 
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 
~ U U D  16.i: 
1609 16.15 
1610 16.17 
1611 16.18 
1612 16.20 
1613 16.22 
1614 16.23 
1615 16.25 

'1616 16.27 
1617 16.28 
1618 16.30 
1619 16.32 
1620 16.33 
1621 16.35 
1622 16.37 

16% 16.40 
1625 16.42 
1625 
1627 

1629 
163G 
1611 

.,"" 

1623 16.38 

1628 

. 
1632 
1633 
1634 
1635 
1636 16.60 
1637 16.62 
1638 16.63 
1639 16.65 
1640 16.67 
1641 16.68 

1643 16.R 
164L 16.73 
1645 16.75 
1646 Id.?? 

i t a  16.70 

1647 16.78 
1645 16.80 
1649 16.82 
1650 16.83 
1651 16.85 
1652 16.07 
165s iC88 

0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0 .5  
0.6 
0 . h  
0.7 
0.5 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
1.L 

1.5 
1.3 
1.2 

1.a 

0.6 
0 

-0.2 
-0.2 
-0.3 
-0.3 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
.0.2 
-0.2 
.0.2 
-0.2 

3.1 
3.1 
3.1 
3.6 
3.6 
3.6 
3.6 
3.6 
3.u 
3.9 
3. ; 
3. I 
3.1 
3.1 
3.6 
3.! 
3.' 
3. 
3. 

5.1 
3. I 
3.' 
3.1 
3. I 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.6 
7.3 
9.3 
7.6 
6.7 
6.2 
6.0 
5.7 * 
5.5 * 
5.3 
5.0 ' 
4.8 L 

4.5 
4.3 * 
1.1 * 

3.6 * 
3.L 
3.1 
0.0 

-1.0 
-1.0 
-1.6 
-1.6 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 

3. 

3.8 . 

0-47 

38.5 
80.9 
57.6 

127.5 
6C.3 
22.3 
29.5 
1? .5 
lF . l  
12.: 
11 ,. 
lo .?  
li' 
10 
1C. .. 
10. 
10. 
lo,:, 
10.: 
9.0 
9.Y 
9.1 
9.7 

10.: 
2 ;  

13 
10. ' 
9. ' 
9.. 
9.b 

l!! 
9.5 
9.1 

10.; 
9. ' 
9. 
9: 

9.1 
9.1 

9 
9.2 
9.5 
9.9 
8.9 
9.1 
9.6 
9.2 
9.1 
9.1 
9.4 
9.7 
9.6 

10.3 
10.2 

40.1 
a4.2 
59.9 

132.6 
62.7 
23.2 
30.7 
14.0 
18.8 
13.1 
11.0 
11.: 
13.2 
10.0 
11.2 
11.0 
10.8 
10.7 
10.5 
jC.3 
10.1 
9.9 

10.1 
10.6 
37.5 
14.3 
10.5 
10.1 
10.1 
10.2 
10.4 
10.3 
10.5 
10.6 
10.3 
10.9 
9.7 
9.7 
9.6 ... 
9.6 
9.6 * 
9.6 * 
9.6 a 
9.6 * 
9.5 
9.5 * 
9.5 * 
9.5 * 
9.5 1 

9.5 
9.5 
9.4 
9.6 
9.9 . .. 

10.3 
9.3 
9.5 

10.0 
9.6 
9.5 
9.5 
9.8 

10.1 
10.0 
10.7 
10.6 

0.3 1.7 
0.3 1.7 
0.3 1.7 
0.4 2.2 
0.4 2.2 
0.4 2.2 
0.5 2.8 
0.5 2.8 
0.6 3.4 
0.6 3.1 
0.6 3.4 
0.7 3.9 
0.7 3.9 
c.7 3.9 
0.7 3.9 
0.7 3.9 
0.7 3.9 
0.6 3.4 

3.4 0.6 
0.5 L . D  

0.5 2.8 
0.5 2.8 
0.5 2.8 
0.5 2.8 
0.5 2.8 
0.4 2.2 
0.4 2.2 
0.4 2.2 
0.3 1.7 
0.3 1.7 
0.3 1.7 
0.4 2.2 
1.6 9.0 

2 11.2 
1.4 7.9 
1.2 6.7 
1.1 6.2 

." 

5.7 
5.2 
1.7 * . ~ .  
4.3 f 

3.8 
3.3 
2.8 f 

2.4 
1.9 
1.4 f 

0.9 
0.5 * 

0 0.0 
-0.6 -3.4 
-0.7 -3.9 
-0.7 -3.9 
-0.8 -4.5 
-0.8 4 . 5  .~~ 
-0.7 -3.9 
-0.7 -3.9 
-0.7 -3.9 
-0.6 -3.4 

16.9 1.9 10.7 2.4 
16.4 1.6 9.0 2.5 
15.2 0.9 5.1 2.5 
14.4 0.8 1.5 2.6 
12.3 0.8 4.5 2.6 
11.5 0.8 4.5 2.7 
11.2 0.8 4.5 7 . 7  



I 
1 
i 

COLD THC HEATED THC 
MAIN MAIN BYPASS BYPASS 

AT 7% 02 RUNNING AT 7% 02 RUNNING AT 7% 02 RUNNING 
TIME tppn) (ppn) AVERAGE (ppn) (ppn) AVERAGE DRY AVERAGE (ppn) DRY AVERAGE 

TIWEOECIMAL AT 7% 02 RUNNING 

. ,e>* .. _ _  
IO.VU 
16.92 
16.93 
16.95 
16.97 
16.98 
1LOo 
17.02 
17.03 
17.05 
17.07 
17.08 
17.10 
17.12 
17.13 
17.15 
17.17 
17.18 
17.20 
17.22 
17.23 
17.25 
17.27 
17.28 
17.30 
17.32 
17.33 
17.35 
17.37 
17.38 
17.40 
17.42 
17.43 
17.45 
17.47 
17.U 
17.50 
17.52 
17.53 
17.55 
17.57 
17.58 
17.60 
17.62 
17.63 
17.65 
17.67 
17.68 
17.70 
17.72 
17.73 
17.75 
17.77 
17.78 
17.80 
17.82 
17.83 
17.85 
17.87 
17.88 
17.90 
17.92 
17.93 
17.95 
17.97 
17.98 

-0.2 
-0.2 
-0.3 
-0.3 
-0.3 
-0.3 
-(*3 
-0.3 
-0.3 
-0.3 

-i.S 
-1.0 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 

i.i 
2.6 
2.5 
2.4 
2.3 
2.2 
2.2 
2.1 
2.0 
1.9 
1.8 
1.8 
1.7 
1.6 
1.5 
1.5 
1.4 
1.3 
1.2 
1.2 
1.1 
1.0 
1.0 
0.9 
0.8 
0.8 

- _  
f .3 
7.3 
7.1 
7.8 

10.5 
8.5 
7.9 
7.2 
7.1 
6.9 
6.9 

7 

6.3 
6.1 
5.9 
6.5 

6.9 
6.8 
6.7 
6.6 
6.7 

9.3 
9.1 
8.9 
9.9 

11.5 
9.9 
9.1 

8.7 
8.6 
8.5 
8.7 
8.8 
8.7 

, 8.6 
8.5 
8.6 
8.7 
8.8 
8.8 
8.6 
8.8 
8.9 
8.8 
8.9 
8.9 
9.2 
9.2 

8.7 

9.7 
9.5 
9.3 

10.3 

i0.9 
10.8 
10.7 
10.6 
10.6 
10.6 
10.5 
10.5 
10.5 
10.4 
10.4 
10.4 
10.3 
10.3 
10.3 
10.3 
10.3 
10.2 
9.8 
9.7 
9.7 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
,922 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.6 
9.5 
9.5 
9.5 
9.6 
9.6 
9.6 
9.6 
9.7 
9.6 
9.6 
9.6 
9.6 

i 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

5 . i  
4.5 
4.5 
4.5 
3.9 
3.9 
3.9 
3.4 
3.4 
2.8 
2.8 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.8 
2.8 
3.9 

18.5 
15.2 
11.8 
9.0 
7.3 
6.2 
5.6 
5.1 
4.5 
3.9 
3.9 
3.9 
3.4 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.2 
2.8 
2.8 
4.5 
3.9 

10.1 
4.5 
3.9 
3.9 
3.9 
3.9 
4.5 
3.9 
3.9 
4.5 
4.5 
5.1 
4.5 
4.5 

2 . 7  
2.3 
2.g 
2.8 
2.8 
2.9 
2.8 
2.8 
2.8 
2.3 
2.8 
2.7 
2.7 
2.: 
2.7 
2 . i  
2.7 
2.7 
2.7 
2.7 
2.7 
3.0 
3.2 
3 . i  
3.5 
3.5 
3.5 
3 .4  
3.4 
3.4 
3.3 
3.3 
3.3 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.5 
3.5 
3.6 
3.3 
4.0 
4 . 1  
4.3 
4 .4  
4.5 
4.7 
4 . 5  
4.5 
4.5 
4 . 5  
4.5 
4.5 
4.5 
4.5 
4.4 
4.4 
4 . 6  
4.4 
4.4 

0.9 
0.8 
0.8 
0.8 
0.7 
0.7 
0.7 
0.6 
0.6 
0.5 
0.5 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.5 
0.5 
0.7 
3.3 
2.7 
2.1 
1.6 
1.3 
1.1 

1 
0.9 
0.8 
0.7 
0.7 
0.7 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.4 
0.5 
0.5 
0.8 
0.7 

i655 
1656 
1657 
1658 
1659 
txm 

8.8 
7.1 
6.6 
6.0 
5.9 

12.0 
10.3 
9.5 
9.1 
9.1 

6.7 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.5 
6.5 
6.5 
6.5 
6.5 
6.3 

1701 
1702 
1703 
1704 
1705 
1706 
1707 
1708 
1709 
1710 

... 
5.8 

... 
8.9 
8.8 -0.3 

-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.2 

-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 

5.8 
5.8 
5.9 
5.8 
5.8 
5.7 
5.7 
5.7 
5.8 

9.1 
9.2 
9.1 
8.9 
8.8 
8.9 
9.1 

7.1 
7 

6.9 
6.8 
6.8 
6.8 
6.9 
6.9 
6.7 
6.8 

7 
7 
7 

7.1 
7.4 
7.5 
7.3 
7.2 
7.1 
6.9 

7 

~ .. 
-1.6 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 

1711 
1712 
1713 
1714 
1715 
1716 
1717 

-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.3 
-0.3 
-0.3 
-0.3 

~~~ 

9.2 
9.2 
8.9 
9.2 
9.3 
9.2 
9.3 
9.3 
9.6 
9.6 
9.5 
9.2 

5.8 
5.6 
5.7 
5.8 
5.8 
5.8 
5.9 
6.2 
6.3 
6.1 

6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 

1718 
1719 
1720 
1721 
lR2 
1 R 3  
1 R 4  
1725 
1726 
1727 
l R 8  
1RP 
1730 
1731 
1732 
1733 
1734 
1735 
1736 
1737 

-1.0 
-1.0 
-1.0 

0.6 
0.4 
0.3 
0.1 
0.0 

-0.1 
-0.2 
-0.3 

6.1 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.0 
-1.0 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.0 
-1.6 
-1.6 

6.0 
6.0 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.2 
6.2 
6.2 
6.2 
6.2 
6.2 
6.2 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.2 
6.2 

9.1 
8.8 
8.7 
8.6 
8.7 
8.9 
8.8 
8.6 
9.1 
9.6 
9.2 
8.7 
8.8 

9 
9.3 
8.9 
8.8 

12.1 
11.5 
10.1 

9 
8.8 
8.8 

10.7 
13.8 

10 
9.1 
9.6 
9.1 
8.9 
8.9 
9.1 

10.1 
8.9 
8.9 
8.5 
8.8 
8.9 

6.0 
5.9 
5.8 
5.8 
6.1 
6.0 

9.1 
8.9 
9.1 
9.3 
9.2 
8.9 
9.5 

10.0 
9.6 
9.1 
9.2 
9.4 
9.7 
9.3 
9.2 

12.6 
12.0 
10.5 
9.4 
9.2 
9.2 

11.1 
14.4 
10.4 
9.5 

10.0 
9.5 
9.3 
9.3 
9.5 

10.5 
9.3 
9.3 
8.8 
9.2 
9.3 

~ .. 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 

7.3 
7.2 -0.5 

-0.6 
-0.7 
-0.8 
-0.9 
-1.0 
-1.1 

6.9 
7.4 

8 
7.6 
7.1 

5.8 
6.2 
6.7 
6.3 
5.9 
5.8 
6.0 
6.3 
5.9 
5.8 
8.6 
8.2 
7.6 
6.0 
5.8 
5.8 
7.3 
9.8 
7.8 
6.2 
6.5 
6.2 

. .- 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.2 
-0.2 
-0.3 
-0.3 

7 
-1.1 7.2 

7.6 
7.1 

7 

-1.2 
-1.3 
-1.3 
-1.3 
-1.3 
-1.3 
-1.3 

1 5 8  
1739 
1740 
1741 
1742 
1743 
17L4 
1745 
1746 
1747 
1748 
1749 
1750 

10.3 
9.8 
9.1 
7.2 
6.9 

1.8 
0.8 
0.7 
0.7 
0.7 
0.7 
0.8 
0.7 
0.7 
0.8 
0.8 
0.9 
0.8 
0.8 
0.8 
0.7 
0.7 
0.6 
0.6 
0.5 

-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.2 

-1.3 
-1.3 
-1.4 
.1.4 

6.9 
8.7 

11.8 
9.4 
7.4 

.. . 
-1.4 
-1.4 
-1.4 
-1.4 

-0.3 
-0.3 
-0.2 
-0.2 
-0.3 
-0.3 
-0.3 
-0.3 

718 
7.4 

-1.4 7.2 
-1.4 7.1 
-1.4 7.3 
-1.4 8.4 

7.5 
7.3 

7 
7.1 
7.3 

-1.0 
-1.0 
-1.6 
-1.6 
-1.6 
-1.6 

1751 
1752 
1753 
1754 
1755 
1756 
1757 
1758 
1759 

6.0 
5.9 
6.1 
7.0 
6.3 
6.1 
5.8 
5.9 
6.1 

9.6 
9.6 
9.6 
9.6 
9.5 
9.5 

4.5 
3.9 
3.9 
3.4 
3.4 
2.8 

.. . 
-1.4 
-1.4 
-1.4 
-1.4 
0.6 

-0.3 
-0.3 
-0.3 

23 

-1.6 
-1.6 
-1.6 

119.3 
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I 
I 
I 
I 
1 
I 

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
3 
I 

i 

coLo THC 
BYPASS MAIN 

TIMEDECIMAL AT 7% 02 RUNNING AT 7% 02 
TIME 

1800 18.00 
1801 18.02 
1802 18.03 
1803 18.05 
1804 18.07 
1805 18.08 
1806 18.10 
1807 18.12 
1808 18.13 
1809 18.15 
1810 18.17 
1811 18.18 
7812 18.20 
1813 18.22 
1814 18.23 
1815 18.25 
1816 18.27 
1817 18.28 
1818 18.30 
1819 18.32 
1820 18.33 
1821 18.35 
1822 18.37 
1823 18.38 
1824 18.40 
1825 18.42 
1826 18.43 
1827 18.45 
1828 18.47 
1829 18.48 
1830 18.50 
1831 18.52 
1832 18.53 
1833 18.55 
1834 18.57 
1835 18.58 
1836 18.60 
1837 18.62 
1838 18.63 
1839 18.65 
le40 18.67 
1841 18.68 

1843 18.72 
1844 18.73 
1845 18.75 
1846 18.77 
1847 18.78 
1848 18.80 
1849 18.82 
1850 18.83 
1851 18.85 
1852 18.87 
1853 18.88 
1854 18.90 
1855 18.92 
1856 18.93 
1857 18.95 
1858 18.97 
1859 18.98 
1900 19.00 
1901 19.02 
1902 19.03 
1903 19.05 

'1904 19.07 
1905 19.08 
1906 19.10 
1907 19.12 

1842 i8.m 

(Fpn) 

0.7 
0.7 
0.7 
0.7 
0.6 
0.7 
0.8 
3.9 
8.6 

5 
2.7 
1.8 
1.4 

1 
0.9 
0.8 
0.8 
0.8 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
1.9 
2.8 
2.4 

2 
1.6 
1.4 
1.4 
1.2 

(ppa) 
3.6 
3.6 
3.6 
3.6 
3.1 
3.6 
4.1 

20.2 
44.6 
25.9 
14.0 
9.3 
7.3 
5.2 
4.7 
4.1 
4.1 
4.1 
3.6 
3.6 
3.1 
3.1 
3.1 
3>1 
3.1 
3.6 
3.6 
3.1 
3.1 
3.1 
3.1 
3.1 

' 3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
9.9 

14.5 
12.4 
10.4 
8.3 
7.3 
7.3 
6.2 

AVERAGE tppn) 

0.7 7 
0.8 6.8 
0.9 6.8 
0.9 11.7 
1.0 10.6 
1.1 8.4 
1.2 10.4 
1.6 22.2 
2.3 131.7 
2.8 280.5 
3.1 37.4 
3.2 t5:4 
3.4 18.2 
3.5 11.7 
3.6 9.3 
3.5 
3.7 
3.8 
3.9 
4.0  
4.0 
4.1 
4.2 
4.3  
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.8 
4.9 
5.0 
5.1 
5.1 
5.2 
5.3 
5.L 
5.L 
5.; 
5.0 
5.7 
5.7 
5.8 
5.9 
6.0 
6.1 
6.1 
6.2 
6.3 
6.4 
6.5 
6.5 
6.6 
6.7 
6.7 
6.8 
6.9 
7.0 
5.0 
5.1 
5.3 
5.5 
5.6 
5.7 
5.7 
5.8 
5.5 

8.7 
8.2 
8.1 

8 
7.7 
7.8 
7.5 
7.5 
7.6 
7.6 

8 
9.3 
7.7 
7.3 
8.7 

17.6 
27.7 
11.6 
9.1 

8 
7.4 
7.1 

7 
7 

7.3 
7.7 
7.4 
7.3 
7.1 
7.2 

7 
7 

7.5 
7.5 
7.6 
7.5 

7 
7 
7 

7.2 
7.6 
7.9 
9.9 
7.8 
7.7 
7.2 

7 
7.1 

7 
6.7 
6.7 
7.2 
7.1 

( p i -  
5.8 
5.7 
5.7 
9.8 
8.8 
7.0 
8.7 

18.5 
109.8 
233.8 
31.2 
l2.8 
15.2 
9.8 
7.8 
7.3 
6.8 
6.8 
6.7 
6.4 
6.5 
6.3 
6.3 
6.2 
6.3 
6.7 
7.8 
6.4 
6.1 
7.3 

14.7 
23.1 
9.7 
7.6 
6.7 
6.2 
5.9 
5.8 
5.8 
6.1 
6.4 
6.2 
6.1 
5.9 
6.0 
5.8 
5.8 
6.3 
6.3 
6.3 
6.3 
5.8 
5.8 
5.8 
6.0 
6.3 
6.6 
8.3 
6.5 
6.4 
6.0 
5.8 
5.9 
5.8 
5.6 
5.6 
6.0 
5.9 

8-49 

RUNNING 
LVERAGE 

6.2 
6.2 
6.2 
6.2 
6.3 
6.3 
6.4 
6.6 
8.3 

12.1 
12.5 
12.7 
12.8 
12.9 
12.9 
12.9 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
? L O  
13.0 
13.0 
13.1 
13.1 
13.1 
13.1 
13.2 
13.5 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.3 
13.3 
13.3 
13.0 

(Ffm 
8.6 
8.5 
8.6 

14.2 
10.7 
9.8 

12.2 
28.9 

149.2 
173.7 
26.6 
15.1 
20.1 
11.7 
10.7 
10.3 
9.7 
9.7 
9.6 
9.3 
9.3 
9.1 
9.2 

9.2 
9.8 

10.4 
9.2 
8.9 

10.5 
21.6 
23.7 
11.8 
10.5 
9.5 
9.2 
8.8 
8.8 
8.8 
9.1 
9.5 
9.1 
9.1 

9 
9 

8.8 
8.9 
9.3 
9.2 
9.4 
9.1 
8.7 
8.8 
8.8 
9.1 
9.4 

10 
11.1 
9.5 
9.3 
9.1 
8.9 
9.1 

9 
8.7 
8.8 
9.2 

9 

n .  I. I 

HEATED THC 
M A I N  BYPASS 
AT 7% 02 RUNNING AT 7% 02 RUNNING 

DRY AVERAGE (pn) DRY AVERAGE 

8.9 
8.8 
8.9 

14.8 
11.1 
10.2 
12.7 
30.1 

155.2 
180;7 
27.7 
15.7 
20.9 
12.2 
11 1 
10.7 
10.1 
10.1 
10.0 
9.7 
9.7 
9.5 
9.6 

9.6 
10.2 
10.8 
9.6 
9.3 

10.9 
22.5 
24.7 
12.3 
10.9 
9.9 
9.6 
9.2 
9.2. 
9.2 
9.5 
9.9 
9.5 
9.5 
9.4 
9.4 
9.2 
9.3 
9.7 
9.6 
9.8 
9.5 
9.1 
9.2 
9.2 
9.5 
9.8 

10.4 
11.5 
9.9 
9.7 
9.5 
9.3 
9.5 
9.4 
9.1 
9.2 
9.6 
9.4 

n C  7.a 

9.5 
9.5 
9.5 
9.6 
9.6 
9.6 
9.7 

10.1 
12.5 
15.4 
15.7 
15.8 
16.0 
16.0 
16.1 
16.1 
16.1 
16.1 
16.1 
16.1 
16.1 
16.1 
16.1 

16.2 
16.2 
16.2 
16.2 
16.2 
16.2 
16.5 
16.7 
16.8 
16.8 
16.8 
16.8 
16.8 
16.8 
16.8 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.5 
16.5 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.5 
16.5 
16.5 
16.1 

., . I". I 

0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
3.3 
7.9 
4.3 
2.2 
1.5 
1.3 
0.9 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.6 
0.6 
0.5 
0.: 
0.4 
0.5 
0.1 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.1 
0.4 
0.5 
0.5 
0.5 
0.5 
.0.5 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.5 
0.6 
0.5 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
1.6 

3 
2.1 
1.7 
1.5 
1.3 
1 .4 
1.3 

2.2 
2.2 
2.2 
1.7 
1.7 
1.7 
1.7 

18.5 
44.3 
24.1 
12.3 
8.4 
7.3 
5.1 
4.5 
4.5 
4.5 
4.5 
4.5 
3.9 
3.4 
3.4 
1.8 " 
L.O 

2.2 
2.8 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.8 
2.8 
2.8 
2.8 
2.8 
3.4 
3.4 
3.4 
3.9 
3.9 
3.9 
3.9 
3.9 
3.4 
3.4 
3.4 
2.8 
3.4 
2.8 
2.2 
2.2 
2.2 
2.2 
2.2 
1.7 
9.0 

16.8 
11.8 
9.5 
8.4 
7.3 
7.9 
7.3 

4.: 
4 . 3  
4 . 3  
4 . 3  
4.3 
4.3 
4 . 3  
4.5 
5.2 
5.6 

5.9 
5.9 
6.0 
6.0 

5.5 
5.5 
5.4 
5.3 
5.3 
5.2 
5.2 

5.2 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.0 
5.9 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
4.9 
4.9 

4.8 

5.8 

5.a 

_ -  
3.' 

4.8 

4.8 
4.8 

4.a 
4.a 
L.a 
4.8 
4.8 

4 . 8  

4.7 
I..? 
4.7 
4 . 6  
4.6 
4.6 
4.6 
4.6 
4 . 7  
4.9 
5.1 
5.2 
5.3 
5.4 
5.5 
5.3 



COLD THC ~ ~~~ 

BYPASS 
TlWEOEClFAL AT 7% 02 

TIME 

1908 19.13 
1909 19.15 
1910 19.17 
1911 19.18 
1912 19.20 
1913 19.22 
1914 19.23 
1915 19.25 
1916 19.27 
1917 19.28 
1918 19.30 
1919 19.32 
1920 19.33 
l921 19.35 
1922 19.37 
1923 19.38 
1924 19.40 
1925 19.42 
1926 19.43 
1927 19.45 
1928 19.47 
1929 19.w) 
1930 19.50 
1931 19.52 
1932 19.53 
1933 19.55 
1934 19.57 
1935 19.58 
1936 19.60 
1937 19;62 
1938 19.63 
1939 19.65 
1940 19.67 
1941 19.68 
1942 19.70 
1943 19.72 
1944 19.73 

1946 19.77 
1947 19.78 
1948 19.80 

1945 19.75 

(rn) 
1.1 

1 
0.9 

1 
0.9 
0.9 
0.8 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
3.3 
3 

1.8 
1.3 
0.9 
0.8 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

(ppn) 

5.7 
5.2 
4.7 
5.2 
4.7 
4.7 
4.1 
3.6 
3.6 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
17.1 
15.6 
9.3 
6.7 
4.7 
4.1 
3.6 
3.6 
3.6 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 

RUNNING 
AVERAGE 

4.9 
4.5 
4.4 
4.3 
4.3 
4.3  
4.3 
4 .3  
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
b.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.4 
4.6 
4.6 
4.5 
4.4 
4.3 
4.2 
4.1 
4.1 
4.0 
4.0 
3.9 
3.9 
3.9 
3.8 

(Fpn) 

7.1 
7.1 
6.9 
10.5 
71.6 
34.8 
14.6 
18.5 
10.1 
7.5 
7.5 
7.5 
7.3 
7.8 
7.3 
7.4 
7.6 
8.3 
9.4 
7.3 
7.2 
7.3 
7.3 
7 

7.1 
7.2 
7.2 
7.2 
7.1 
7 

7.1 
7.1 
7.1 
7.1 
6.8 
6.9 
7.2 
7.2 
7 

7.3 
9.1 
7.5 
7.1 
7.4 
7.3 
7.3 
6.9 
6.8 
7 

7.1 
7.2 
7.3 
7 
7 

7.1 
7 
7 

7.1 
7.1 
6.8 
6.9 
7 

7.4 
7.3 
7.2 

MAIN 
A T  7% 02 RUNNING 

AVERAGE (Ppn) 

5.9 
5.9 
5.8 
8.8 
59.7 
29.0 
12.2 
15.4 
8.4 
6.3 
6.3 
6.3 
6.1 
6.5 
6.1 
6.2 
6.3 
6.9 
7.8 
6.1 
6.0 
6.1 
6.1 
5.8 
5.9 
6.0 
6.0 
6.0 
5.9 
5.8 
5.9 
5.9 
5.9 
5.9 
5.7 
5.8 
6.0 
6.0 
5.8 
6.1 
7.6 
6.3 
5.9 
6.2 
6.1 
6.1 
5.8 
5.7 
5.8 
5.9 
6.0 
6.1 

5.8 
5.9 

5.9 
5.9 
5.7 
5.8 
5.8 
6.2 
6.1 
6.0 

5.8 

5.8 
5.8 

11.3 
7.5 
7.1 
7.0 
7.8 
8.1 
8.2 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.1 
7.9 
7.8 
7.8 
7.8 
7.7 
7.7 
7.7 
7.8 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.8 
7.8 
7.8 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.6 
6.7 

HEATED THC 
FAIN BYPASS 
A T  i% 02 RUNNING AT 7% 02 RUNNING 

(~pn )  DRY AVERAGE ( p p )  DRY AVERAGE 1 
9 

9.1 
8.9 
15 

74.5 
27.6 
1L:S 
19.9 
10.5 
9.3 
9.4 
9.3 
9.2 
9.6 
9.2 
9.2 
9.5 
10.6 
10.6 
9.1 
9.1 
9.2 
9.2 
8.9 
9.1 
9.2 
9.2 
9.2 
9.1 
9 

9.1 
9.1 
9.1 
9.1 
8.8 
9 

9.2 
9.1 
8.8 
9.2 
10.8 
9.1 
8.9 
9.2 
9.1 
9 

8.7 
8.7 
8.9 
9.1 
9.2 
9.4 
9.1 
9.1 
9.1 
9 

8.9 
9.2 
9 

8.7 
8.9 
9 

9.4 
9.1 
9.1 

9.4 
9.5 
9.3 
15.6 
77.5 
28.7 
15.1 
20.7 
10.9 
9.7 
9.8 
9.7 
9.6 
10.0 
9.6 
9.6 
9.9 
11.0 
11.0 
9.5 
9.5 
9.6 
9.6 
9.3 
9.5 
9.6 
9.6 
9.6 
9.5 
9.4 
9.5 
9.5 
9.5 
9.5 
9.2 
9.4 . 
9.6 
9.5 
9.2 
9.6 
11.2 
9.5 
9.3 
9.6 
9.5 
9.4 
9.1 
9.1 
9.3 
9.5 
9.6 
9.8 
9.5 
9.5 
9.5 
9.4 
9.3 
9.6 
9.4 
9.1 
9.3 
9.4 
9.8 
9.5 
9.5 

13.7 1.2 6.7 4.7 
10.8 1.1 6.2 4.4 
10.5 1.1 6.2 
10.5 1.2 6.7 
11.5 1.1 6.2 4.; 

5.6 4.3 11.7 1 

t:3 I 
? ! . B  
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
11.8 
11.5 
11.5 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.5 
11.5 
11.5 
11.5 
11.5 
11.5 
11.5 
11.5 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.3 
10.2 

! 
0.8 
0.7 
0.6 
0.6 
0.5 
0.5 
0.L 
0.4 
0.5 
0.1 
0.4  
0 .4  
0.1 
0.4  
0 .4  
0 .4  
0.3 
0.3 
0.4  
0.4 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.6 
0.7 
0.7 
0.8 
0.7 
0.6 
0.6 
0.6 
0.5 
0.5 
0.4 
0 .4  
0.3 
0.3 
0.3 
0.2 
0.2 
3.5 
3.1 
1.5 

1 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 

5.6 
4.5 
3.9 
3.4 
3.4 
2.8 
2.8 
2.2 
2.2 
2.8 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
1.7 
1.7 
2.2 
2.2 
2.8 
2.8 
2.8 
2.8 
2.8 
3.4 
3.4 
3.9 
3.9 
4.5 
3.9 
3.4 
3.4 
3.4 

2.2 
2.2 
1.7 
1.7 
1.7 
1.1 
1.1 
19.6 
17.4 
8.4 
5.6 
3.9 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.9 
3.9 
3.9 

2.a 
2.8 

i.? 
4.3 
4 . 3  
4.2 
4.2 

- 

4.7 
4.2 
4.2 

4.7 
4.2 
4.2 

4.2 
4.1 

4.1 I 
4.1 

4.1 
4.2 ~ 

4.2 
4.1 

2:: 1 
4.1 
4.1 

4.2 

4.0 
3.9 
3.9 

3.7 
3.7 
3.6 

B-50 

a 
1 
1 



1 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
1% 
I 
I 
I 
I 
I 
I 
1 

mw THC 
BYPASS MAIN 

TIMEDECIMAL AT iX 02 RUNNING AT 7x 02 RUNNING 
T IME ( p p )   pa) AVERAGE t ~ p n )  (~pn )  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 
2 m 7  21.12 
2108 21.13 
2109 21.15 
2110 21.17 
2111 21.18 
2112 21.20 
2113 21.22 
2114 21.23 
2115 21.25 
2116 21.27 
2117 21.28 
2118 21.30 
2 ! ! 9  21.52 
2120 21.33 
2121 21.35 
2122 21.37 
2123 21.u) 
2124 21.40 
2125 21.42 
2126 21.43 
2127 21.65 
2128 21.47 
2129 21.48 
2130 21.50 
2131 21.52 
2132 21.53 
2133 2lZS5 
2134 21.57 
2135 21.58 
2136 21.64 
2137 21.62 
2138 21.63 
2139 21.65 
2140 21.67 
2141 21.68 

2143 21.72 
2144 21.73 

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 21.97 
2159 21.98 
2200 22.00 
2201 22.02 
2202 22.03 
2203 22.05 

2142 21.70 

2 1 ~  21.75 

Run Average. 
N2 B i a s  Aver 
hbient A i r  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

, o  
0 
0 
0 

n 

0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.1 
0.i  
0.1 
0.1 

0 
0 

0 0 
0 
0 
0 
0 

0.2 
0.9 
0.9 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 

~. 

0 
0 
0 

0.7 
2 

2.7 
1.8 
1.6 
1.6 
1.5 
1.5 
1.5 
1.4 
1.4 
1.3 
1.2 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.2 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.1 
1.1 
1.2 
1.2 
1.2 
1.2 

0.6 11.5 
0.0 0.1 
0.8 1.3 

B-51 

HEATED THC 
MAIN BYPASS 
AT ?% 02 RUNNING AT n 02 RUNNING 

(ppn) DRY AVERAGE tm) DRY AVERAGE 

0.5 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.6 
0.3 
-0.2 
1.2 
5.2 
2.6 
2.1 
1.9 
1.9 
1 .8 
1.7 
1.7 
1.6 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.7 
1.6 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

12.9 
0.5 
1.7 

0.1 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
0.3 
0.4  
0 .4  
0.4 
0 .4  
0.4 
0.4 
0 .4  
0.3 
0.3 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0 
0 
0 
0 

0.1 
0.1 
0.2 
0.2 
0.3 
0.2 
0.1 
0.8 
1.1 

1 
0.9 
0.8 
0.9 
0.8 
0.8 
0.7 
0.7 
0.7 ... 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.5 
0.5 
0.6 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.8 
0.8 
0.9 
0.9 
0.9 
0.9 

1 

0.7 
0.2 
0.7 



mLo THC 
BYPASS 

TIMEDECIMAL AT 7% 02 RUNNING 
TIME (Ppnl ( P I  AVERAGE 

For Tim Period 1548-1624 
Zero D r i f t s  0.04 
( X  of span) 
Span D r i f t s  3 .M 
( X  of spanl 
E r r o r  Est.= 6.M 

For T i m e  Period 1637-2012 
Zero D r i f t s  0.00 
( X  of spanl 
Span D r i f t s  3.39 
( X  of span1 
Error Est.. 0.02 

Data calculated by extrapolat ion 

Cements: 

MAIN 
AT 7% 02 RUNNING 

(FWI (pFm1 AVERAGE 

HEATED THC 

I MAIN BYPASS 
AT 7% 02 RUNNING AT 7% 02 RUNNING 

(pFm) DRY AVERAGE (Ppnl DRY AVERAGE 

0.11 

0.20 

c.<3 

0.09 

1.13 

0.22 

0.18 

0.56 

0.25 

0.05 

13.10 

1.74 

LINEARITY CHECK 20.35 PPI4 PROPANE CYLINDER ALM-867 110-28-1989 - _  11:49:51] 
LINEARITY CHECK 49.09 PPI4 PROPANE CYLINDER ALM-854 110-28-1989 -- 11:57:45] 
ALL THC'S PASSED LINEARITY CHECK [lo-28-1989 -- 11:58:421 
NW ON STACK CAS [lo-28-1989 -- 12:00:47l 
SPAN THC'S 110-28-1989 - -  13:57:131 
ZERO THC'S 110-28-1989 -- 14:06:401 
BACK ON STACK CAS 110-28-1989 _ -  14:12:311 
SPAN THC 110-28-1989 - -  16:25:57l 
SPANNED THC'S F R M  16:23 TO 16:25 110-28-1989 -- 16:26:411 
ZERO i ~ c t s  i i o - 2 8 - i o ~ o  .. i.+?7:nw .--. . . . .. . . . _ _  . . -. 
END RUN 1 [lo-28-1989 - -  20:18:221 
NITROGEN B I A S  CHECK [lo-28-1989 - -  20:49:091 
STARTED AMBIENT A I R  CHECK AT 2123. [lo-28-1989 - -  21:29:371 
ALL TIMES WENTIONED I N  THE C W E N T S  ARE 5 MINUTES SLW. 

0.02 

0.60 

4.54 

0.63 

I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
- 



1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
It 
I 
i 
I 
I 
1 
I 
I 

RUN 2 - 02, C02, CO 
MAIN DUCT W D L C C  n,wr _..^_" "I-. 

CARBON MONOXlOE CARBON MONOXIDE 
TIME OECIML 02 C02 CO AT 7% 02 ROLLING 02 C02 CO AT 7x 02 ROLLING 

TIME ( X )  ( X )  ( p p n )  (w) AVERAGE (X I  ( X )  tm) ( p p ~ )  AVERAGE 
1159 11.98 
1200 12.00 
1201 12.02 
1202 12.03 
1203 12.05 
1204 12.07 
1205 12.08 
1206 12.10 
12D7 12.12 
lm8 12.13 
1209 12.15 
1210 12.17 
1211 12.18 
1212 12.20 
1213 12.22 
1214 12.23 
1215 12.25 
1216 12.27 
1217 12.28 
1218 12.30 
1219 12.32 
1220 12.33 
1221 12.35 
1222 12.37 
1223 12.38 
1224 12.40 
1225 12.42 
1226 12.43 
1227 12.45 
1228 12.47 
1229 12.48 
1230 12.50 
1231 12.52 
1232 12.53 
1233 12.55 
1234 12.57 
1235 12.58 
1236 12.M 
1237 12.62 
1238 12.63 
1239 12.65 
1240 12.67 
1241 12.63 
1242 12.70 
1243 12.Z 
1244 12.Z 
1245 12.iJ 
1246 12.i- 
1247 12.7d 
1248 12.eo 
1249 12.12: 
1250 12.K3 
1251 12.85 
1252 12.87 
1253 12.W 
1254 12.90 
1255 12.92 
1256 12.93 
1257 12.95 
1258 12.97 
1259 12.98 
1300 13.00 
1301 13.02 
1302 13.03 
1303 13.05 

3.9 
3.8 
3.7 
3.9 
4.0 
4.0 
4 . 0  
3.8 
3.8 
3.7 
3.7 
3.8 
3.7 
4.1 
.4.3 
4.2 
4.1 
4.1 
4 . 0  
4.2 
4.2 
4.3 
4 . 3  
4.1 
4.0 
3.9 
4 . 0  
4.0 
3.0 
3.9 
4.1 
4.1 
4.2 
3.8 
3.8 
4.0 
4.1 
3.e 
3.i 
3.6 

3.9 
3.9 

3.a 

4.0 
4.0  
4.1 
4. :  
4.: 
4.u 
4.2 
4.3  
4 .0  
3.i 
3.8 
4.0  
4.1 
4.2 
4.3 
4.1 
4.0 
4.0  
4.3 
4.2 
3.9 
3.9 

31.6 
31.9 
32.0 
32.2 
32.1 
31.9 
31.6 
32.2 
32.5 
32.4 
32.8 
32.2 
32.4 
32.5 
32.1 
31.9 
31.8 
32.2 
32.1 
31.9 
31.9 
31.7 
31.5 
31.8 
31.7 
32.2 
32.3 
32.0 
32.2 
32.3 
32.1 
32.0 
31.6 

32.2 
32.7 
32.4 
32.3 
32.6 
32.9 
33.0 
32.6 
32.2 
32.4 
32.2 
31.9 
31.8 
32.0 
32.0 
32.2 
31.7 
31.7 
32.3 
32.3 
32.5 
32.3 
32.1 
32.0 
31.9 
32.1 
32.1 
31.8 
31.7 
31.5 
32.3 

3i.n 

3 M  
421 
642 
1869 
1204 
767 
515 
519 
18W 
no 1 
3383 

1094 
2234 
908 

1970 

~ ~. 
539 
497 
496 
497 
589 
LRO 
410 
3 76 
378 
418 
556 
603 
534 .. 
561 
91 7 
803 
544 
b7L ._ . 
933 
2261 
1310 
859 
544 
748 
1695 
1670 
85 1 
607 
765 
589 
659 
659 
542 
496 
641 
474 
398 
678 
1972 
1282 
821 
551 
447 
445 
474 
509 

407 
470 
~.~ 
410 
624 

296 
344 
519 
1529 wo 
63 2 
424 
L71 .- . 
15U 
26% 

1602 
885 
1846 
76 1 
449 
411 
41 1 
410 
490 
408 
343 
315 
313 
344 
455 
497 
439 
458 
749 
664 
456 
354 
760 
l%2 
1076 
71 1 
444 
Mu 
1367 
1356 
698 
496 
628 
484 
545 
554 
449 
408 
535 
398 
329 

1608 
1055 
679 
458 
374 
368 
391 
420 
394 
340 
335 
511 

2n7 

548 

739 
74 1 
742 
739 
719 
71 1 

8-53 

17.6 
17.5 
17.4 
17.4 
17.4 
17.4 
17.4 
17.2 
17.1 
17.1 
17.2 
17.2 
17.1 
17.3 
17.5 
17.6 
17.6 
17.5 
17.5 
17.5 
17.4 
17.5 
17.5 
17.4 
17.4 
17.5 
17.5 
17.4 
17.2 
17.3 
17.5 
17.6 
17.5 
17.3 
17.3 
17.3 
17.4 
17.3 
17.1 
17.1 
17.3 
17.4 
17.4 
17.5 
17.4 
17.3 
17.3 
17.4 
17.4 
17.6 
17.6 
17.5 
17.3 
17.3 
17.L 
17.5 
17.5 
17.5 
18.3 
18.0 
18.0 
18.0 
17.9 
17.7 
17.7 

1.9 
2.0 
2.1 
2.2 
2.1 
2.0 
2.1 
2.3 
2.4 
2.4 
2.4 
2.3 
2.3 
2,l 
2.0 
1.9 
1.9 
'2.0 
1.9 
2.1 
2.1 
2.! 
2.1 
2.2 
2.2 
2.2 
2.1 
2.2 
2.3 
2.3 
2.1 
2.1 
2.2 
2.3 
2.3 
2.2 
2.4 
2.4 
2.5 
2.5 
2.3 
2.2 
2.2 
2.; 
2.2 
2.3 
2.2 
2.2 
2.2 
2.1 
2.1 .. . 
2.2 
2.5 
2.5 
2.3 
2.2 
2.2 
2.2 

6 
5 
16 
12 
12 
5 

23 
18 

5 
18 
61 
91 
76 
37 
30 
26 
15 61 
7 28 
12 49 
12 49 
15 61 
12 48 
9 3 4  
6 E  
4 16 
10 39 
10 37 
7 28 
7 26 
13 52 
19 69 
21 79 
12 49 
7 27 
20 en 
89 341 
72 27b 
49 189 
25 97 
17 65 
25 91 
35 127 
29 1 1 1  
16 60 
9 3 4  
8 32 
8 30 
16 61 
25 96 
15 59 
10 39 
8 31 
5 21 
7 29 
18 67 
18 68 
17 66 
11 L4 

. 8 31 
9 37 
8 41 
9 6 4  
6 28 
5 

60 
47 
45 
21 
20 
65 
222 
328 
277 
134 
108 
100 

~~ 

24 
34' 

53 
43 : 

75 .. 
75 
75 
75 
75 
75 



TIMEOECIMAL 
T IME 

13OL 13.07 
1305 13.08 
!3% !3 .!0  
1307 13.12 
1308 13.13 
1309 13.15 
1310 13.17 
1311 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 
1324 13.40 
1325 13.42 
1326 13.43 
1327 13.45 
1328 13.47 
1329 13.48 
1330 13.50 
1331 13.52 
1332 13.53 
1333 13.55 
1334 13.57 
1335 13.58 
1336 13.64 
1337 13.62 
1338 13.63 
1339 13.65 
1340 13.67 
1341 13.68 

1343 13.72 
1344 13.73 
1345 13.75 
1346 13.n 
1347 13.78 
1348 13.80 
1349 13.82 
1350 13.83 
1351 13.85 
1352 13.87 
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 

1342 13.70 

4.2 
4.4 

4.0  
3.9 
4 . 0  
4.1 
4.2 
4.1 
4.1 
4.1 
4.3 
4.4 
4.3 
4.0 
4.1 
4.3 
4.1 
4.1 
3.9 
4.1 
4.1 
3.8 
3.6 
3.9 
1.0 
4.0  
4 .0  
3.9 
3.8 
3.7 
3.7 
3.6 
3.8 
3.9 
4.0 
3.8 
3.8 
3.9 
4 . 0  
4.2 
4.0  
4.1 
3.9 
3.9 

I 7 -.. 

MAIN DUCT BYPASS DUCT 
CARBON MONOXIDE CARBON MONOXIDE 

02 (02 CO A T  7% 02 ROLLING 02 C02 CO A T  7% 02 ROLLING 
(XI ( X )  tw) tppn) AVERAGE ( X )  ( X )  tppn) tppn) AVERAGE 

4.0 
3.9 
3.8 
4.0 
3.9 
4.1 
4 . 0  
3.9 
3.8 
3.8 
4.1 
4.2 
4.1 
4.2 
4.1 
4.2 
4.1 
4.1 
4.1 
4.1 

32.4 
32.2 

31.8 
32.3 
32.5 
32.2 
32.0 
31.9 
32.0 
32.2 
32.1 
31.7 
31.4 
31.9 
32.2 
32.2 
31.6 
32.1 
32.2 
32.1 
32.1 
32.2 
32.4 
32.6 
32.2 
32.2 
32.0 
32.2 
32.2 
32.4 
32.5 
32.5 
32.5 
32.5 
32.5 
32.5 
32.6 
s . 4  
32.1 
32.0 
32.0 
31.8 
31.8 
32.3 
32.3 
32.1 
32.1 
32.5 
32.2 
32.3 
32.0 
31.9 
32.2 
32.6 
32.2 
32.0 
31.9 
31.7 
31.9 
31.9 
31.8 
31.8 
32.2 
32.0 

1 3  1 <-.< 
586 
490 

u8 
541 
724 
518 
485 
454 
455 
524 
549 
429 
325 
396 
545 
530 
417 
568 
703 
900 
563 
629 

1065 
2712 
1433 
949 
738 
656 

1296 
2532 
2528 
2154 

1745 
12M m 
1031 
1113 
616 
506 
510 
568 
465 
604 
771 
580 
788 

2162 
1065 
821 
579 
464 
638 
899 
770 
514 
501 
419 
427 
479 
416 
350 
u 7  
475 

IT" 
v . 1  

2470 

487 
413 

368 
444 
597 
429 
404 
376 
376 
433 
&MI 
361 
272 
327 
451 
444 
346 
469 
576 
747 
467 
512 
857 

2217 
1177 
780 
MI9 
554 

1051 
2046 
2042 
1737 
2011 
1424 
1041 
640 
8u) 
913 
508 
421 
421 
469 
381 
495 
636 
476 
640 

872 
679 
476 
379 
520 
734 
636 
428 
415 
350 
355 
398 
w 
289 
371 
394 

,*7 .".a 

im 

708 
708 
708 
688 
65 1 
616 
596 
588 
564 
557 
557 
558 
557 
555 
552 
553 
554 
555 
557 
561 
566 
5M 
567 
573 
598 
646 
612 
616 
612 
5w 
615 
638 
659 
683 
684 
678 
677 
683 
688 
688 
686 
684 
6&c 
684 
683 
687 
689 
691 
694 
691 
691 
691 
691 
694 
6W 
703 
704 
705 
705 
702 
701 
700 
698 
698 
697 

B-54 

17.7 
17.8 

17.6 
17.6 
17.5 
17.5 
17.5 
17.5 
17.5 
17.5 
17.6 
17.7 
17.6 
17.4 
17.4 
17.5 
17.5 
17.5 
17.4 
17.5 
17.4 
17.2 
17.2 
17.3 
17.4 
17.5 
17.5 
17.4 
17.4 
17.4 
17.3 
17.3 
17.3 
17.4 
17.6 
17.5 
17.5 
17.4 
17.4 
17.5 

.17.5 
17.5 
17.5 
17.4 
17.5 
17.4 
17.2 
17.3 
17.3 
17.4 
17.5 
17.5 
17.5 
17.5 
17.6 
17.6 
17.6 
17.7 
17.7 
17.6 
17.7 
17.7 
17.5 
17.6 

4 7  _. 1 1 . 1  - .  
L. I 

2.1 
2.2 
2.3 
2.3 
2.1 
2.2 
2.2 
2.1 
2.0 
2.0 
2.2 
2.3 
2.3 
2.1 
2.2 
2.3 
2.2 
2.2 
2.5 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.4 
2.4 
2.5 
2.4 
2.5 
2.4 
2.3 
2.2 
2.2 
2.1 
2.2 
2.1 
2.2 
2.1 
2.0 
2.1 
2.2 
2.1 
2.3 
2.4 
2.2 
2.3 
2.3 
2.0 
2.0 
2.2 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.0 
2.2 
2.3 
2.1 

17 

12 
16 
16 
14 
13 
10 
14 
21 
13 
5 
5 
7 
7 
6 

16 
18 
18 
11 
8 
9 

21 
18 
12 
7 
8 

25 
33 
38 
33 
25 
37 
31 
22 
19 
30 
22 
14 
7 
7 
6 
3 
9 

12 
11 
77 

194 
173 
91 
49 
23 
13 
14 
11 
9 
5 
7 
5 
6 
7 
5 
6 
8 

.^ 
,I 

62 
R 
81 
52 
64 
62 
57 
53 
39 
55 
82 
55 
22 
19 
26 
26 
22 
64 
74 
72 
43 
32 
32 
75 
67 
46 
29 
34 
96 

128 
145 
126 
93 

141 
121 
91 
76 

121 
87 
55 
29 
26 
?3 
14 
35 
47 
44 

283 
731 
656 
353 
194 
90 
53 
57 
43 
36 
22 
29 
21 
25 
31 
21 
24 
34 

76 
77 

74 
70 
66 
65 
64 
63 
63 
64 
64 
63 
62 
62 
62 
62 
63 
63 
64 
64 
64 
64 
64 
64 
64 
64 
63 
59 
57 
56 
56 
57 
58 
58 
57 
57 
59 
60 
60 
60 
59 
58 
57 
58 
58 
58 
62 
73 
83 
88 
91 
91 
92 
92 
92 
92 
92 
92 
91 
91 
90 
89 
89 
88 

- 
I ,  

1 
1 
1 
i 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 

1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

TIMEDECIMAL 
T l U E  

1409 14.15 
1410 14.17 
1411 14.18 
1412 14.20 
1413 14.22 
1414 14.B 
1415 14.25 
1416 14.27 
lC17 14.28 
1418 14.30 
1419 14.32 
1420 141% 
1421 14.35 
1422 14.37 
1423 14.u) 
1424 14.40 
1425 14.42 
1426 14.43 
1427 14.45 
1428 14.47 
1429 14.48 
1430 14.50 
1431 14.52 
1432 14.53 
1433 14.55 
1434 14.57 
1435 14.58 
1436 14.60 
1437 14.62 
1438 14.63 
1439 14.65 
1440 14.67 

M i n i m  
Mexi- 
Average- 

Zero drift; 
( X  of span) 
Span drift. 
( X  of span) 
Error Est.= 

MAIN DUCT BYPASS DUCT 
CARBON HONOXIOE CARBON MONOXIOE 

02 C02 CO AT 7% 02 ROLLING 02 CO2 CO AT 7% 02 ROLLING 
( X )  ( X )  (m) t m )  AVERAGE ( X )  ( X )  (ppn) tppn) AVERAGE 

3.9 
4 . 0  
3.9 
3.8 
3.8 
3.9 
4.0 
4 . 0  
3.9 
4 . 0  
3.9 
3.8 
3.7 
3.8 
4.0 
3.9 
3.9 
1 . 0  
4.0 
3.9 
3.9 
3.7 
3.8 
3.9 
3.8 
3.8 
3.9 
4.0  
4.1 
4.1 
4.1 
4.1 

31.9 
32.3 
32.4 
32.1 
32.5 
32.7 
32.4 
32.1 
31 .9 
32.3 
32.2 
32.3 
32.1 
32.4 
32.5 
32.1 
32.2 
32.3 
32.1 
32.1 
32.3 
32.4 
32.3 
32.4 
32.5 
32.3 
32.2 
32.3 
31.9 
32.1 
32.1 
32.1 

419 
573 
6&1 
662 
785 

1213 
809 
602 
461 
789 
621 
806 
w8 

1180 
924 
627 
728 
665 
515 
534 
644 
7% 

2035 
1 088 
904 

1168 
758 
598 
532 
311 
352 
186 

343 
471 
524 
5u) 
637 
992 
667 
497 
378 
650 
508 
655 
781 
963 
760 
514 
597 
546 
424 
438 
528 
63.5 

1660 
891 
738 
952 
621 
493 
440 
258 
292 
404 

693 
694 
696 
698 

712 
71 5 
718 
719 
725 
776 
729 
737 
745 
748 
744 
746 
747 
740 
710 
699 
60-r 
714 
720 
715 
697 
673 
652 
626 
607 
594 
590 

703 

17.5 
17.5 
17.5 
17.4 
17.3 
17.5 
17.5 
17.5 
17.4 
17.4 
17.4 
17.5 
17.4 
17.4 
17.5 
17.4 
17.4 
17.4 
17.4 
17.4 
17.5 
17.6 
17.5 
17.5 
17.4 
17.4 
17.4 
17.5 
17.5 
17.6 
17.6 
17.6 

2.2 
2.3 
2.2 
2.3 
2.4 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.0 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.2 
2.3 
2.3 
2.2 
2.3 
2.4 
2.4 
2.2 
2.3 
2.2 
2.1 
2.1 
2.1 
2.0 

7 
5 

11 
11 
16 
17 
10 
6 
4 
6 
7 
9 

16 
17 
17 
12 
15 
15 
10 
9 
9 

!O 
21 
14 
18 
15 
8 
6 
5 
7 
2 
5 

28 
19 
44 
43 
61 
66 
41 
24 
17 
24 
28 
37 
63 
67 
69 
48 
59 
58 
40 
34 
36 
?$ 
83 
55 
69 
57 
32 
24 
21 
27 
6 

21 

3.6 31.4 311 258 17.1 1.9 2 6 
4.7 33.0 3383 2737 18.3 2.5 1 9 4  731 
4.0 32.2 829 679 17.5 2.2 19 72 

0.92 2.34 4.88 

1.41 3.73 3.85 

0.17 1.48 50.91 

0.58 0.34 0.39 

0.58 0.32 1.14 

0.17 0.05 1.75 

Data generated by extrapolation. 

comnnts: 

LINEARITY CHECK CO 148.2 PPI! [lo-29-1989 -- 10:45:461 
LINEARITY CHECK 02 6.0UX [lo-299-1969 -- 10:50:331 
LINEARITY CHECK 02 6.0UX t1C-29-1989 -- 10:50:521 
Ll l lEARlTY CHECK CO2 5.957% [13-29-1989 - -  11:32:411 
LINEARITY CHECK 02 6.CUX [lO-i?-1989 .- 11:39:?51 
ALL ANALYZERS PASSED LjHEARlTY A E C K  [10-29-15.89 -. 11:51:281 
BYPASS LEAK CHECK OK, 'SMM ON PYREX. 110-29-1989 -- 11:57:001 
BYPASS L I N E  N W  ON STACX CAS. 110-29-9989 - -  12:05:041 
MAIN LEAK CHECK IS OK, 20 EACH UY THE PYREX BALLS. [lo-29-1989 - _  12:48:391 
N W  PULLING STACK CAS OU ALL S:XEHS. [10-29-1980 -- 12:48:561 
CLOCK IS S T I L L  ON DAYLIGHT TIHE. (10-29-1989 - -  12:56:051 
BEGIN RUN 2 [lo-29-1989 - -  12:5):511 
EXCHANGED ORlERlTE FOR S I L I C A  GEL ON BYPASS MANIFOLD. [lo-29-1989 - _  13:5C:33] 
BYPASSED DRYER TRAPS C M P L E T E L I .  [lo-29-1989 -- 14:08:051 
C02 RESWllSE SHWLD N W  BE MUCH FASTER WITH NO ASSORBENT. [lo-29-1989 -- 14:08:331 
REPLACED L lOH CARTRIDGE ON MAIN MANIFOLD. [lo-29-1989 .- 15:38:051 

END RUN 2 [lo-29-1989 - -  15:45:521 

LINEARITY CHECK co 392.8 ppn [io-29-1989 - -  10:26:131 

[lo-29-1989 - -  15:45:121 

88 
87 
87 
87 
87 
87 
86 
86 
86 
86 
86 
87 
87 
87 
87 
87 
87 
87 
87 
86 
86 

88 
87 
86 
85 
85 
82 
80 
78 
17 
76 

-7 
" I  

BYPASS LESS THAN 5 ON THE PYREX AT 20 INCHES [lo-29-1989 - -  15:48:201 
MAIN AT 20 AND 5 ON PYREX AT 20 INCHES. ALL LEAK CHECKS @ $ . I ! ! ! ! ! ! ! ! ! ! !  [lo-299-1969 - -  15:4 
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- 
i 
1 
i 
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RUN 2 - THC 

i COLD THC HEATED THC 
MAIN BYPASS BYPASS MAIN 

AT 7% 02 ROLLING TlUE (m) (m) AVERAGE tm) (p) AVERAGE (m) DRY AVERAGE (ppn) DRY AVERAGE 
TIMEDECIMAL AT 7% 02 ROLLING AT 7% 02 ROLLING AT 7Z 02 ROLLING 

1 1.9 
1.8 
1.7 
1.7 
1.8 
1.9 
2.6 
4.1 
4.1 
3.0 
2.6 
2.3 
2.1 
2.0 
1.9 
1.9 
1 .9 
1.8 
1.7 
1.7 
1.7 
1.6 
1.6 
1.5 
1.5 
1.6 
1.6 
1.7 
1.6 
1.5 
1.5 
3.3 
2.1 
1.9 
1.5 
1.5 
1.6 
1.6 
1.6 
1.5 
1.5 
1 .I 
1.4 
1.5 
1.7 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1 .4 
1.5 
1.5 
1.5 

7.6 
7.2 
6.8 
6.8 
7.2 
7.6 

10.4 
16.4 
16.4 
12.0 
10.4 
9.2 
8.4 
8.0 
7.6 
7.6 
7.6 
7.2 
6.8 
6.8 
6.8 
6.4 
6.4 
6.0 
6.0 
6.4 
6.4 
6.8 
6.4 
6.0 
6.0 

13.2 
8.4 
7.6 
6.0 
6.0 
6.4 
6.4 
6.4 
6.0 
6.0 
5.6 
5.6 
6.0 
6.8 
6.0 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
6.0 
6.0 
6.0 

11.8 
18.9 
11.6 
10.3 
9.9 
9.5 

39.8 
36.7 
31.6 
16.4 
15.8 
20.6 
11.5 
9.0 
9.2 
9.2 
9.2 

11.7 
9.2 
8.7 
8.7 
8.7 
9.1 
9.7 
9.5 
9.5 
9.7 

12.2 
10.8 
9.5 
9.0 

19.8 
32.5 
13.3 
10.8 
9.1 

12.7 
23.3 
12.6 
9.8 
9.4 

10.6 
9.3 
9.7 

10.3 
9.7 
9.1 

11.4 
9.5 
8.9 
9.3 

28.6 
15.4 
9.7 
9.2 
9.2 
9.0 

9.7 
15.6 
9.6 
8.5 
8.2 
7.8 

32.8 
30.2 
26.0 
13.5 
13.0 
17.0 
9.5 
7.4 
7.6 
7.6 
7.6 
9.6 
7.6 
7.2 
7.2 
7.2 
7.5 
8.0 
7.8 
7.8 
8.0 

10.0 
8.9 
7.8 
7.4 

16.3 
26.8 
11.0 
8.9 
7.5 

10.5 
19.2 
10.4 
8.1 
7.7 
8.7 
7.7 
8.0 
8.5 
8.0 
7.5 
9.4 
7.8 
7.3 
7.7 

23.6 
12.7 
8.0 
7.6 
7.6 
7.4 

8-56 

15.8 
19.5 
13.6 
12.6 
12.5 
12.0 
49.7 
25.3 
32.0 

'15.4 
19.4 
20.0 
12.5 
11.5 
11.8 
11.7 
11.9 
13.9 
11.2 
11.1 
11.2 
11.0 
11.4 
11.9 
11.4 
11.5 
11.7 
14.2 
12.2 
11.2 
10.8 
22.4 
29.4 
14.4 
12.1 
10.9 
14.6 
23.7 
13.7 
11.6 
11.4 
12.4 
11.1 
11.6 
12.2 
11.4 
11.0 
13.2 
11.1 
10.8 
11.2 
29.7 
14.5 
11.4 
11.1 
11.1 
10.8 

16.3 
20.1 
14.0 
13.0 
12.9 
12.4 
51.2 
26.1 
33.0 
15.9 
20.0 
20.6 
12.9 
11.9 
12.2 
12.1 
12.3 
14.3 
11.5 
11.4 
11.5 
11.3 
11.7 
12.3 
11.7 
11.9 
12.1 
14.6 
12.6 
11.5 
11.1 
23.1 
30.3 
14.8 
12.5 
11.2 
15.0 
24.4 
14.1 
12.0 
11.7 
12.8 
11.4 
12.0 
12.6 
11.7 
11.3 
13.6 
11.4 
11.1 
11.5 
30.6 
14.9 
11.7 
11.4 
11.4 
11.1 

0.0 
0.0 

-0.1 
-0.1 
-0.2 
-0.2 
0.1 
1.7 
2.5 
1.3 
0.6 
0.5 
0.3 
0.1 
0.1 
0.2 
0.3 
0.3 
0.2 
0.3 
0.2 
0.3 
0.3 
0.3 
0.3 
0.4 
0.5 
0.6 
0.3 
0.2 
0.1 
1.8 
0.9 
0.4 
0.0 

-0.1 
-0.1 
0.0  

-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.3 

0.0 
0.0 

-0.4 
-0.4 
-0.9 
-0.9 
0.4 
7.4 

10.9 
5.7 
2.6 
2.2 
1.3 
0.4 
0.4 
0.9 
1.3 
1.3 
0.9 
1.3 
0.9 
1.3 
1.3 
1.3 
1.3 
1.8 
2.2 
2.6 
1.3 
0.9 
0.4 
7.9 
3.9 
1.8 
0.0 

-0.4 
-0.4 
e.0 

-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
0.0  
1.3 
0.0  
0.0 
0.0 
0.0 
0.4 
0.4 
0.4 
0.4 
0.9 
0.9 
0.9 
1.3 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 

COLD THC HEATED THC 
BYPASS MAIN MAIN BYPASS 

AT 7x 02 ROLLING 
T IME (m) (m) AVERAGE tppn) tm) AVERAGE (ppn) DRY AVERAGE (ppn) DRY AVERAGE 

TIMEDECIMAL AT 7% 02 ROLLING AT 7% 02 ROLLING AT 7% 02 ROLLING 

1256 12.93 
1257 12.95 
1258 12.97 
1259 12.98 
1300 13.00 
1301 13.02 
1302 13.03 
1303 13.05 
1304 13.07 
1305 13.08 
1306 13.10 
1307 13.12 
1308 13.13 
1309 13.15 
1310 13.17 
1311 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.u) 
1324 13.40 
1325 13.42 
1326 13.C3 
1327 13.45 
1328 
1329 
1330 
1331 
1332 
1333 
1334 
1335 
1336 
1337 13.62 
1338 13.63 
1339 13.65 
1340 13.67 
1341 13.68 
1342 13.70 
1343 13.72 
1314 13.73 
1345 13.75 
1346 13.77 
1347 13.78 
1348 13.80 
1349 13.82 
1350 13.85 
1351 13.85 
1352 13.87 

1 .I 
1 .I 
1 .4 
1.9 
3.2 
2.7 
2.3 
2.1 
2.1 
2.0 
2.0 
1 .9 
1.9 
1 .v 
1.8 
1.7 
1.9 
1.7 
1.6 
1.5 
1.5 
1.5 
1.6 
1.6 
1.8 
1.6 
1.5 
1.5 
1.5 
1.5 
1.7 

1.4 
1.7 
1.7 
1.6 
1.6 
1.6 
1.7 
1.7 
1.6 
1.6 
1.6 
1.7 
4.6 
7.4 
4.6 

5.6 
5.6 
5.6 
7.6 

12.8 
10.8 
9.2 
8.4 
8.4 
8.0 
8.0 
7.6 
7.6 
7.4 
7.2 
6.8 
7.6 
6.8 
6.4 
6.0 
6.0 
6.0 
6.4 
6.4 
7.2 
6.4 
6.0 
6.0 
6.0 
6.0 
6.8 
6.7 
6.6 
6.5 
6.4 
6.3 
6.2 
6.1 
6.0 
5.9 * 
5.8 
5.7 
5.6 
6.8 
6.8 
6.4 
6.4 
6.4 
6.8 
6.8 
6.4 
6.4 
6.4 
6.8 

18.4 
29.6 
18.4 

7.2 
7.2 
7.3 
7.3 
7.4 
7.4 
7.4 
7.4 
7.2 
7.1 
7.0 
6.0 
6.9 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.7 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.7 
6.7 
6.7 
6.7 
6.7 
6.9 
7.3 
7.6 

9.1 
9.4 
9.7 
9.2 
9.1 

10.5 
9.8 
9.2 
8.9 
9.1 

10.1 
10.3 
9.1 
P.! 
9.1 
9.2 
9.2 
9.9 
8.9 
9.0 
8.9 
9.2 
9.3 
9.1 
9.1 
9.2 

13.9 
10.6 
9.1 

12.0 
15.4 

13.0 
12.3 
15.2 
11.1 
10.3 
9.4 

10.8 
10.7 
10.2 
10.0 
9.8 
9.6 

19.6 
18.9 
11.4 

7.5 
7.7 
8.0 
7.6 
7.5 
8.6 
8.1 
7.6 
7.3 
7.5 
8.3 
8.5 
7.5 
7.5 
7.5 
7.6 
7.6 
8.2 
7.3 
7.4 
7.3 
7.6 
7.7 
7.5 
7.5 
7.6 

11.4 
8.7 
7.5 
9.9 

12.7 

10.7 
10.1 
12.5 
9.1 
8.5 
7.7 
8.9 
8.8 
8.4 
8.2 
8.1 
7.9 

16.1 
15.6 
9.4 

B-57 

11.0 11.3 
11.1 11.4 

10.7 11.2 11.5 
10.6 10.7 11.0 
10.5 10.7 11.0 
10.5 12.1 12.5 
10.5 11.3 11.6 
10.5 10.8 11.1 
10.5 10.6 10.9 
10.0 10.7 11.0 
9.7 11.9 12.3 
9.4 11.7 12.1 
9.3 10.9 11.2 
9.2 :e..? ::.: 
9.0 10.9 11.2 
9.0 11.0 11.3 
9.0 11.0 11.3 
9.0 11.5 11.9 
9.0 10.6 10.9 . ~ . .  ~~~ 

9.0 10.7 11.0 
9.0 10.6 10.9 
9.0 10.9 11.2 
9.0 11.0 11.3 
9.0 10.8 11.1 
9.0 10.8 11.1 .... ~~~ 

9.0 10.7 11.0 
9.0 15.1 15.6 
9.1 11.9 12.3 
9.1 10.6 10.9 
9.1 13.5 13.9 
9.1 16.6 17.1 
9.1 16.9 
9.2 16.6 
9.2 16.4 
9.1 16.1 * 
8.7 15.9 - 
8.7 15.6 
8.7 15.4 
8.7 15.1 
8.7 14.9 
8.5 14:k 
8.4 14.; 
8.5 13.7 14.1 
8.5 13.6 14.0 
8.6 15.5 16.0 
8.6 12.4 12.8 
8.7 11.9 12.3 
8.6 11.1 11.4 
8.7 12.6 13.0 
8.7 12.2 12.6 
8.7 12.0 12.4 
8.7 11.8 12.2 
8.7 11.6 12.0 
8.7 11.5 11.9 
8.5 21.5 22.2 
8.6 18.1 18.7 
8.6 12.9 13.3 

0.3 1.3 
0.2 0.9 

15.0 0.1 0.4 
14.9 0.2 0.9 
14.8 2.3 10.1 
14.7 1.3 5.7 
14.7 0.8 3.5 
14.7 0.5 2.2 
14.7 0.4 1 .8 
14.0 0.2 0.9 
13.8 0.3 1.3 
13.4 0.2 0.9 

0.9 13.3 0.2 
0.9 

13.0 0.2 0.9 
13.0 0.1 0.4 
13.0 0.3 1.3 
13.0 0.3 1.3 
13.0 0.1 0.4 
13.0 0.1 0.4 
12.9 0.1 0.4 
12.9 0.1 0.4 
12.9 0.2 0.9 
12.9 0.1 0.4 
12.9 0.5 2.2 
12.9 0.3 1.3 
12.9 0.2 0.9 
12.9 0.2 0.9 
12.9 0.2 0.9 
13.0 0.2 0.9 
13.0 0.4 1.8 
13.1 2.0 f 

13.2 2.2 f 

13.2 2.4 * 
13.1 2.6 
12.9 2.8 f 

12.9 3.1 * 
12.9 3.3 * 
13.0 3.5 
13.0 3.7 
12.8 3.9 f 

12.8 4.2 
12.9 1.0 4.4 
12.9 0.9 3.9 
13.0 0.8 3.5 
13.0 0.6 2.6 
13.0 0.6 2.6 
13.0 0.6 2.6 
13.0 0.6 2.6 
13.0 0.6 2.6 
13.0 0.6 2.6 
13.0 0.7 3.1 
13.0 0.7 3.1 
13.0 0.7 3.1 
12.9 3.4 14.9 
13.0 7.5 32.8 
13.0 4.0 17.5 

..- e -  
I.#.L ".& 

1.2 
1.2 
1.3 
1.5 
1.5 
1.6 
1.6 
1.6 
1 .? 
1.3 
1.3 
i . i  
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1 .? 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.2 
1.2 
1.1 
1.1 
1.1 
1.2 
1.2 
1.3 
1.4 
1 .4  
1.5 
1.6 
1.7 
1.7 
1.8 
1.8 
1.8 
1.9 
1 .9 
2.0 
2.0 
2.0 
2.3 

3.1 
2.a 



I 
i 
i 
i 

COLD THC 
BYPASS MAIN 

T l M E O E C l M L  AT 7% 02 ROLLING AT 7% 02 ROLLING 

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 
1410 14.17 
1411 14.18 
1412 14.20 
1413 14.22 
1414 14.73 
1415 14.25 
1416 14.27 
1417 14.28 
1418 14.36 
1419 14.32 
1420 14.33 
1421 14.35 
1422 14.37 
1423 14.38 
1424 1 L L P  . .. .- 
1425 14.42 
1426 14.43 
1427 14.45 
1428 14.47 
1429 14.48 
1430 14.50 
1131 1L.57 . 
1432 14.53 
1433 14.55 
1434 14.57 
1435 14.58 
1436 14.60 
1437 14.62 
1438 14.63 
1439 11.65 
iiio i i i ?  
1441 14.68 
1627 16.45 
1628 16.47 
1629 16.48 
1630 16.50 
1631 16.52 
1632 16.53 
1633 16.55 
1634 16.57 

3.0 
2.1 
1.8 
1.7 
1.7 
1.7 
1.7 
1.6 
1.5 
1.5 
1.5 
1 .I 
1.4 
1.4 
1 .4 
1.5 
1.5 
1.4 
1 .& 
1.4 
1.4 
1.4 
1.4 
1.5 
1.5 
1.5 
1.5 
1.7 
1.6 
1.5 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.7 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
2.4 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 

12.0 
8.4 
7.2 
6.8 
6.8 
6.8 
6.8 
6.4 
6.0 
6.0 
6.0 
5.6 
5.6 
5.6 
5.6 
6.0 
6.0 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
6.0 
6.0 
6.0 
6.0 
6.8 
6.4 
6.0 
6.4 
6.0 
6.0 
6.0 
6.0 
6.0 
6.8 
6.0 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
5.6 
9.6 

7.7 9.5 
7.7 9.6 
7.7 10.3 
7.7 12.0 
7.8 9.9 
7.8 9.9 
7.8 9.2 
7.7 9.7 
7.6 9.5 
7.5 9.4 
7.5 9.5 
7.4 9.6 
7.4 9.7 
7.4 9.2 
7.3 9.4 
7.3 11.4 
7.3 9.8 
7.2 12.2 
7.2 10.8 
7.2 11.3 
7.2 11.0 
7.2 9.3 
7.1 9.3 
7.1 14.0 
7.1 10.9 
7.1 11.3 
7.1 14.1 
7.1 16.0 
7.1 14.4 
7.1 10.1 
7.1 10.0 
7.1 10.3 
7.1 10.9 
7.1 10.4 
7.1 10.4 
7.1 9.9 
7.1 26.6 
7.1 18.3 
7.1 13.6 
7.1 11.3 
7.1 16.5 
7.1 10.6 
7.1 9.7 
7.1 10.2 
7.1 10.9 
7.1 9.5 
7.0 9.7 
7.1 9.5 

0.7 
0.7 
0.7 
0.7 
0.7 
0.8 
0.8 

7.8 
7.9 
8.5 
9.9 
8.2 
8.2 
7.6 
8.0 

7.7 
7.8 
7.9 
8.0 
7.6 
7.7 
9.4 
8.1 

10.0 
8.9 
9.3 
9.1 
7.7 
7.7 

11.5 
9.0 
9.3 

11.6 
13.2 
11.9 
8.3 
8.2 
8.5 
9.0 
8.6 
8.6 
8.2 

21.9 
15.1 
11.2 
9.3 

13.6 
8.7 
8.0 
8.4 
9.0 
7.8 
8.0 
7.8 

7.8 

tm) 

11.2 
11.5 
12.1 
13.7 
11.6 
11.7 
11.1 
11.5 
11.3 
11.0 
11.0 
11.2 
11.3 
10.8 
11.1 
12.9 
11.3 
13.7 
12.3 
12.9 
12.6 
11.1 
11.2 
15.8 
12.0 
13.3 
15.5 
17.1 
15.2 
11.8 
11.8 
12.0 
12.5 
12.2 
11.9 
11.5 
27.8 
17.3 
14.4 
12.8 
17.2 
12.1 
11.3 
11.9 
12.6 
11.5 
11.6 
11.4 

1.7 
1.8 
1.7 
1.7 
1.8 
1.8 
1.8 

M A I N  
AT 7% 02 

DRY 

11.5 
11.9 
12.5 
14.1 
12.0 
12.1 
11.4 
11.9 
11.6 
11.3 
11.3 
11.5 
11.6 
11.1 
11.4 
13.3 
11.6 
14.1 
12.7 
13.3 
13.0 
11.4 
11.5 
16.3 
12.4 
13.7 
16.0 
17.6 
15.7 
12.2 
12.2 
12.4 
12.9 
12.6 
12.3 
11.9 
28.7 
17.8 
14.8 
13.2 
17.7 
12.5 
11.6 
12.3 
13.0 
11.9 
12.0 
11.7 

13.0 
13.0 
13.0 
13.1 
13.1 
13.1 
13.1 
13.1 
13.1 
13.1 
13.1 
13.1 
13.1 
13.1 
13.1 
13.1 
13.1 
13.2 
13.2 
13.2 
13.2 
13.2 
13.3 
13.3 
13.4 
13.4 
13.5 
13.6 
13.7 
13.6 
13.6 
13.6 
13.6 
13.5 
13.5 
13.4 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.5 
13.5 
13.4 
13.4 
13.4 
13.3 

2.2 
1.3 
1.1 
1.1 
1 .o 
1 .o 
1.0 
1 .o 
1 .o 
0.9 
0.9 
0.8 
0.7 
0.6 
0.5 
0.5 
0.4 
0.4 
0.3 
0.4 
0.4 
0.4 
0.4 
0.5 
0.6 
0.6 
0.6 
0.8 
0.8 
0.7 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
1 .o 
0.6 
0.6 
0.5 
0.4 
0.4 
0.4 
0.3 
0.4 
0.4 
0.5 
1.4 

0.5 
0.5 
0.5 
0.6 
0.5 
0.6 
0.6 

i HEATED THC 
BYPASS 

ROLLING AT 7% 02 ROLLING 
AVERAGE (!$a) DRY AVERAGE 

3 . 2  
3 .3  
3.4 

9.6 
5.7 
4.8 
4.8 
4 . 4  
4 .4  
4 .4  
4.4 
4.4 
3.9 
3.9 
3.5 
3.1 
2.6 
2.2 
2.2 
1 .8 
1.8 
1.3 
1.8 
1.8 
1.8 
1 .8 
2.2 
2.6 
2.6 
2.6 
3.5 
3.5 
3.1 
3.5 
3.5 
3.5 
3.5 
3.5 
3.1 
4 .4  
2.6 
2.6 
2.2 
1.8 
1.8 
1.8 
1.3 
1.8 
1.8 
2.2 
6.1 

3.: 

3 . 6  
3.5 
3 . 5  

3 .6  
3.6 

3 . 7  
3 . 7  

3 . 8  
3 . 8  
3.8 

3 . 9  
3 . 9  

4.0 
4.1 
4.1 

::: I 
::: I 
4.2 
4.2 
4.2 

4 . 2  
1.2 
.. . 

4.0 
4.0 
4.0 

1 

6-58 
1 
1 



I 
I 
I 
I 
1 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
1 
1 
I 
I 

COLD THC 
BYPASS 

TlMEOEClMAL AT ?% 02 ROLLING 
TIME 

1635 16.58 
1636 16.60 
1637 16.62 
1638 16.63 
1639 16165 
1640 16.67 
1641 16.68 

1643 16.72 
1644 16.n 
1645 16.75 

1642 16.70 

1646 16.+ 
1647 16.78 
1648 16.80 
1649 16.82 
1650 16.83 . . . . . .- 
1651 16.85 
1652 16.87 
1653 16.88 
1654 16.90 
1655 16.92 
1656 16.93 
1657 16.95 

Rm Average= 
Ambient A i r  

0.8 
0.6 
0.0 
0.6 
0.9 
0.0 

1.8 7.1 
0.7 

For T i m  P e r o i d  1159-1326 
Z e r o  D r i f t =  0.15 
(%of SPm) 
Span D r i f t =  5.08 
( X  of span) 
E r r o r  Est.. 0.24 

F o r  T i m  P e r o i d  1338-1440 
Z e r o  D r i f t =  0.04 
( X  of span) 
Span D r i f t .  3.24 
( X  of span) 
E r r o r  Es t .=  0.10 

D a t a  c a l c u l a t e d  by e x t r a i l o l a t i m  

(ppn) 

0.8 
0.9 
0.9 
0.9 
0.9 
0.9 
0.8 
0.8 
0.7 
0.7 
0.6 
0.6 
0.6 
o;c, 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.0 

11.8 
0.7 

0.60 

5.58 

1.25 

0.18 

2.13 

0.43 

HEATED THC 
MAIN MAIN D"D.CC 

AT ?% 02 ROLLING AT 7 X  
s , r m - "  

... . _  02 ROLLING AT 7x 02 ROLLING 
ICE (w) DRY AVERAGE (ppn) DRY AVERAGE 

1.8 
1.8 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.6 
1 .e 
1 .; 
1.i 
1.7 
? .? 
1.7 
1.7 
1.7 
1.7 
1.7 
1 .i 
1.6 
0.9 

-4.0 

9.7 13.; 
1 .s 

C a n t s :  
LINEARITY CHECK PROPANE 49.05' PPM [lo-29-1969 -- 09:49:591 
L I N E A R I l Y  CHECK 49.09 PPU PRC'AYE [lo-29-1989 - -  10:08:361 
LINEARITY CHECK PROPANE 20.35 PPM [lo-29-1989 -. 10:11:021 
ALL BUT HOT THC MAIN PASSE0 L!HE*RITY CHECK-YILL REZERO AN0 RESPAN 
LINEARITY CHECK 20.35 PPU PRC?ANE 110-29-1989 - -  12:06:511 
LLNEARITY CHECK PROPANE 49.09 PPU (10-29-1989 -. 12:16:111 
ALL THC'S N W  PASS L I N F A R I T Y  CHECK [lo-299-1989 -- 12:20:081 
BYPASS THC'S N W  Ow STACK CAS 110-29-1989 -- 12:21:271 
CLOCK IS 5 MINUTES S L W .  ALL CLOCKS THIS RUN ARE S T I L L  ON DAYLIGHT 
BEGIN RUN 2 [lo-29-1989 - -  12:54:591 
THC ZERO [lo-29-1989 - -  14:21:481 
SPAN THC [lo-29-1989 - -  14:27:051 

B-59 

0.c3 

2.91 

0.b' 

13.9 

HOl M 4 l N  [lo-29-1989 

TIME. (10-299-1989 - -  

0.6 
0.5 
0.5 
0.1 
0.3 
0.2 
0.1 
0.1 
0.1 
0.0 
0.1 
0.1 
0.1 

0.2 
0.2 
0.2 
0.3 
0.3 
-0.2 
-0.1 
0.3 
-1.3 

n ,  1. I 

0.6 2.5 
0.2 

1.48 

2.63 

1.48 

0.10 

5.12 

0.13 

-- 10:13:391 

12:50:431 



RUN 3 - 02, C02, CO 
TIHEOECIHAL 

TIME 

1139 11.65 
1140 11.67 
1141 11.68 
1142 11.70 
1143 11.72 
iiu 11.72 
1145 11.75 
1146 11.77 
1147 11.78 
1148 11.80 
1149 11.82 
1150 11.83 
1151 11.85 

1153 11.88 
1154 11.90 
1155 11.92 
1156 11.93 
1157 11.95 
1158 11.97 
1159 11.98 
I200 12.00 
1201 12.02 
1202 12.03 
1203 12.05 
1204 12.07 

1206 12.10 
1207 12.12 
1208 12.13 
1209 12.15 
1210 12.17 

1212 12.20 
1213 12.22 
1214 12.23 
1215 12.25 
1216 12.27 
1217 12.28 
1218 12.30 
1219 12.32 
1220 12.33 
1221 12.35 
1222 12.37 
1223 12.38 
1224 12.40 
1225 12.42 
1226 12.43 
1227 12.45 
1228 12.47 

1230 12.50 
1231 12.52 
1232 12.53 
1233 12.55 
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 
1244 12.73 
1245 12.75 
1246 12.77 
1267 12.78 
1248 12.80 
1249 12.82 
1250 12.83 
1251 12.85 
1252 12.87 

1152 11.87 

1205 12.08 

1211 12.18 

1229 12.48 

WIN DUCT BYPASS DUCT 

02 c02 A i  72 02 ROLLING 02 C02 AT ZZ 02 ROLLING 
(3 (3 (W) ( ipR) AVERAGE (z) (%) (Ppn) (Fpn) AVE2AGE 

u a a u  HONOYIOE CARSON MONOYIOE 

4.1 
4.2 
4.1 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.1 
4.2 
4.2 
4.2 
4.3 
4.3 
4.3 
4.4 
4.3 
4.2 
4.2 
4.2 
4.2 
4.3 
4.3 
4.2 
4.2 
4.2 
4.1 
4.1 
4.2 
4.2 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.4 
4.6 
4.5 
4.4 
4.4 
4.3 
4.2 
4.3 
4.3 
4.2 
4.2 
4.1 
4.2 
4.2 
4.3 
4.2 
4.3 
4.3 
4.3 
4.3 
4 .3  
4.3 
4.2 
4.0 
4.1 
4.2 
4.3 
4.5 
4.3 
4.3 
4.4 
4.4 
4.4 
4.4 
4.4 

31.2 
31.1 
31.1 
31.2 
31.3 
31.3 
31.2 
31.3 
31.3 
31.2 
31.1 
31.2 
31.2 
31.2 
30.9 
30.8 
30.8 
30.8 
30.7 
31.2 
31.2 
31.1 
31.2 
31.2 
30.9 
30.9 
30.9 
31.0 
31.0 
31.1 
31.1 
31.1 
31.0 
30.8 
30.7 
30.9 
30.8 
30.7 
30.6 
30.8 
30.6 
30.3 
30.4 
30.6 
3 0 . i  
31.0 
31.0 
30.9 

31.2 
31.1 
31.1 
31.0 
30.8 
30.6 
30.8 
30.6 
30.7 
30.8 
30.8 
30.7 
30.7 
31.0 
31.3 
31.2 
30.9 
30.6 
30.6 
30.7 
30.7 
30.7 
30.7 
30.7 
30.8 

31 .a 

332 
259 
310 
318 
306 
330 
3 u  
311 
298 
296 
351 
410 
317 
296 
27s 
266 
248 
25 1 
256 
246 
256 
248 
257 
272 
262 

256 
273 
271 
282 
289 
310 
319 
277 
269 
253 
266 
247 
248 
247 
m 
225 
229 
234 
238 
236 
236 
226 
234 
25 1 
257 
335 
333 
258 
239 
234 
241 
228 
225 

229 
261 
273 
291 
283 
25 1 
234 
209 
225 

235 
224 
220 
224 

258 

218 

238 

16.3 
16.2 
16.4 
16.5 
16.4 
16.4 
16.3 
16.3 
16.3 
16.2 
16.2 
16.3 
16.5 
16.5 
16.5 
16.4 
16.4 
16.4 
16.3 
16.4 
16.4 
16.5 
16.5 
16.4 
16.4 
16.4 
16.4 
16.6 
16.5 
16.6 
16.7 
16.6 
16.5 
16.4 
16.3 
16.4 
16.5 
16.4 
16.5 
16.5 
16.4 
16.5 
16.1 
16.3 
16.3 
16.5 
16.4 
16.5 
16.5 
16.4 
16.3 
16.3 
16.4 
16.5 
16.5 
16.5 
16.6 
16.4 
16.4 
16.4 
16.5 
16.4 
16.4 
16.5 
16.5 
16.5 
16.4 
16.4 
16.5 
16.5 
16.6 
16.6 
16.6 
16.6 

4.2 
4.1 
3.9 
3.8 
3.9 
3.9 
4.0 
3.9 
4.0 
4.1 
4.1 
4.0 
3.9 
3.8 
3.9 
4.0 
4.0 
4.1 
4.2 
4.2 
4.1 
4.1 
4.0 
4.1 
4.1 
4.1 
4.0 
4.0 
4.0 
3.8 

3.9 
4.0 
4.0 
4.2 
4.0 
4.0 
4.1 
4.0 
4.1 
4.2 
4.1 
4.3 
4.3 
4.3 
4.2 
4.3 
4.3 
4.3 
4.3 
4.3 
4.2 
4.1 
3.9 
4.0 
3.9 
4.0 
4.1 
4.2 
4.1 
4.1 
4.2 
4.1 
4.0 
4.0 
4.0 
4.1 
4.1 
4.0 
4.0 
4.0 
4.0  
3.9 
4.1 

3.8 

B-60 

9 
14 
16 
12 
8 
5 
4 
4 
4 
9 
17 
9 
6 
4 
2 
5 

1 1  
9 
4 
7 
15 
13 
8 
6 
3 
4 
21 
26 
13 
8 
3 
5 
10 
20 
16 
13 
8 
9 
8 
5 
3 
5 
7 
4 
5 
5 

1 1  
29 
20 
7 
6 
6 
4 
1 
1 
0 
1 
1 
3 
4 
14 
21 
18 
13 
9 
1 
2 
1 
2 
5 
3 
2 
4 
8 

25 
41 
48 
37 
26 
14 
12 
12 
13 
25 
50 
27 
19 
12 
7 
15 
34 
28 
1 1  
20 
45 

25 
18 
8 
12 
65 
82 
39 
27 
9 
16 
29 
62 
47 
40 
24 
27 
25 
14 
9 
15 
22 
13 
1s 
14 
32 
88 
60 
22 
l i  
17 
12 
4 
4 
1 
3 
2 
8 
13 
42 
64 
56 
42 
28 
4 
6 
2 
5 
16 
8 
6 
12 
24 

38 

25 
25 
26 
26 
26 
26 
26 
26 
25 
25 
25 
25 
24 
24 
24 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 



I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 

TIME OECIIUL 
TIME 

1253 12.B 
1254 12.90 
1255 12.92 
1256 12.93 
1257 12.95 
1258 12.97 
1259 12.98 
1300 13.00 
1301 13.02 
1302 13.03 
1303 13.05 
1304 13.07 
1305 13.08 
1306 13.10 
1307 13.12 

1309 13.15 
1310 13.17 
1311 13.18 
1312 13.20 
1313 13.22 
1314 13.3 
1315 13.25 
1316 13.27 
1317 13.28 
1318 13.30 
1319 13.32 
1320 13.33 
1321 11.35 
1322 13.37 
1323 13.38 
1324 13.40 
1325 13.42 
1326 13.43 
1327 13.45 
1328 13.47 
1329 13.48 
1330 13.50 
1331 13.52 
1332 13.53 
1333 13.55 
1334 13.57 
1335 13.58 
1336 13.60 
1337 13.62 
1338 13.63 
1339 13.65 
1340 13.67 
1341 13.68 
1342 13.70 
1343 13.72 
1344 13.75 
1345 13.75 
1346 13.77 
1347 13.78 
1348 13.80 
1349 13.82 
1350 13.83 
1351 13.85 

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 

1308 13.13 

1352 13.87 

BYPASS DUCT W I N  DUCT 
URBON MONOXIDE U R B O N  WYOXlOE 

02 c02 AT 7% 02 ROLLING 02 c02 AT 7% 02 ROLLING (2) ( Z )  (ppn) (ppp) AVERAGE ( X I  ( X )  tppn) (ppn) AVERAGE 

4.5 
4.5 
L.5 
L.4 
4.6 
4.7 
4.7 
4.8 

4.8 
4.6 
4.2 
4.0 
4.0 
4.0 
4.2 
4.3 
4.3 
4.3 
4.4 
4.4 
4.4 
4.5 
4.5 
4.7 
4.8 
4.9 
4.9 
4.z 
4.9 
4.7 
4.6 
4.7 
4.7 
4.7 
4.6 
4.7 
4.7 
4.7 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.5 
4.5 
4.5 
4.6 
4.6 
4.5 
4.7 
4.7 
4.8 
4.8 
4.8 
4.8 
4.8 
4.7 
4.7 
4.6 
4.6 
4.5 
4.5 
4.6 
4.6 
4.5 

4.8 

30.8 
30.6 
30.5 
30.5 
30.5 
30.2 
30.1 
30.3 
30.2 
30.0 
30.0 
30.4 
31.0 
31.3 
31.5 
31.5 
31.3 
31.0 
30.8 
30.7 
30.6 
30.6 
30.5 
30.5 
30.4 
30.3 
30.0 
3.9 
50.0 
30.2 
30.2 
30.3 
30.4 
30.4 
30.5 
30.5 
30.5 
30.2 
30.3 
30.3 
30.2 
30.5 
30.6 
30.5 
30.4 
30.5 
30.6 
30.6 
30.6 
30.5 
30.5 
30.5 
30.3 
30.4 
30.3 
30.3 
30.3 
30.1 
30.2 

30.5 
30.5 
30.5 
30.8 
30.5 
30.5 
30.4 

30.3 

226 
216 
216 
21 1 
215 
218 
219 
204 
197 
195 
199 
203 
219 
236 
239 
242 
232 
227 
225 
217 
213 
221 
221 
218 
217 
208 
207 
203 
202 
206 
203 
207 
223 
220 
210 
209 
205 
207 
203 
215 
214 
207 
215 
215 
206 
207 
220 
222 
216 
215 
212 
215 
207 
205 
202 
206 
206 
196 
193 
198 
204 
205 
206 
210 
219 
218 
220 

4.5 30.7 221 
4.5 30.6 216 
4.5 30.7 217 
4.6 30.5 222 
4.5 30.3 211 
4.6 30.6 224 
4.5 30.6 224 

191 
183 
182 
178 
183 
187 
189 
176 
170 
168 
170 
170 
181 
194 
197 
201 
1% 
190 
189 
183 
180 
187 
187 
185 
186 
180 
180 
176 

178 
1 74 
177 
191 
188 
180 
179 
176 
1?7 
1 74 
184 
182 
1 76 
184 
183 
1 76 
176 
186 
188 
184 
184 
181 
184 
178 
177 
174 
179 
178 
169 
166 
1 70 
174 
175 
175 
179 
187 
186 
186 
187 
184 
1% 
189 
180 
191 
190 

..,, I,.. 

211 
21 1 
210 
210 
209 
209 
209 
208 
207 
206 
206 
205 
204 
2oL 
203 
'203 
202 
201 1w 
199 
198 
197 
197 
196 
196 
196 
195 
1% 

194 
194 
1 94 
194 
194 
1 93 
193 
192 
190 
189 
188 
188 
188 
187 
187 
187 
187 
187 
186 
186 
185 
184 
183 
183 
183 
,183 
182 
182 
182 
181 
181 
181 
181 
181 
181 
181 
181 
181 

.^* 
113 

181 
181 
181 
182 
182 
182 
lsZ 

16.5 
16.5 
16.4 
16.4 
16.5 
16.5 
16.6 
16.7 
16.6 
16.6 
16.5 
16.L 
16.3 
16.3 
16.4 
16.5 
16.5 
16.5 
16.5 
16.5 
16.4 
16.4 
16.4 
16.5 
16.6 
16.6 
16.6 
16.5 ., 
16.4 
16.4 
16.4 
16.5 
16.3 
16.2 
16.2 
16.2 
16.3 
16.3 
16.4 
16.3 
16.2 
16.1 
16.2 
16.1 
16.1 
16.2 
16.2 
16.3 
16.4 
16.3 
16.2 
16.2 
16.1 
16.2 
16.3 
16.3 
16.4 
16.3 
16.2 
16.2 
16.2 
16.1 
16.2 
16.3 
16.3 
16.3 

IO.* 

4.2 
4.1 
4.1 
4.1 
4.2 
4.2 
4.1 
4.0 
4.1 
4.1 
4.2 
4.3 
4.3 
4.3 
4.2 
4.3 
4.2 
4.2 
4.2 
4.2 
4.3 
4.3 
4.3 
4.2 
4.2 
4.2 
4.2 
4.3 
1.5 
4.2 
4.3 
4.3 
4.2 
4.5 
4.6 
4.5 
4.3 
4.3 
4.3 
4.2 
4.3 
4.5 
4.5 
4.4 
4.4 
4.4 
4.3 
6.3 
4.2 
4.2 
4.3 
4 . 4  
4.5 
4.4 
4.4 
4.3 
4.3 
4.1 
4.3 
4.4 
4.4 
4.4 
4.5 
4 . 4  
4.2 
4.1 
4.2 

16.2 4 . 4  
16.1 4.5 
16.2 4.3 
16.2 4.3 
16.1 4 . 4  
16.3 4.2 
16.4 4.2 

5-61 

9 
2 
6 

11 
19 
43 
22 
8 
3 
3 
2 
3 
1 
9 
14 
9 
7 
6 
2 
0 
4 
8 
7 
7. 
5 
1 
2 
2 
i 
1 
2 
14 
9 
4 
3 
3 
0 
1 
4 
5 
6 
7 
6 
4 
10 
16 
13 
15 
19 
11 
7 
14 
13 
7 
16 
21 
8 
6 
5 
8 
9 
4 
3 
4 
4 
7 
7 
4 
4 
4 
5 
16 
13 
8 

26 
4 
18 
33 
58 
135 
70 
21 
9 
9 
6 
10 
2 
27 
41 
29 
23 
20 
6 
0 
13 
24 
21 
20 
16 
2 
7 
7 
7 
4 
6 
43 
29 
11  
7 
8 
1 
4 

11 
14 
18 
22 
16 
10 
29 
46 
39 
4* 
56 
32 
22 
41 
38 
19 
46 
61 
23 
19 
16 
24 
26 
12 
8 
12 
11 
20 
21 
12 
10 
11  
15 
46 
40 
23 

25 
24 
14 
24 
25 
27 
27 
27 
27 
27 
27 
27 
26 
is 
25 
25 
25 
25 
25 
24 
23 
23 
23 
23 
23 
22 
22 
22 
22 
22 
22 
22 
22 
21 
20 
20 
19 
19 
19 
19 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
20 
21 
22 
22 
23 
23 
24 
24 
24 
24 
24 
24 
24 
23 
23 
21 
20 
20 
20 
20 
20 
20 
21 
21 



TlME3EClMAL 
T IME 

1407 14.12 
1408 14.13 
!CO? !<.!5 
1410 14.17 
1411 14.18 
1412 14.20 
1413 14.22 
1414 14.23 
1415 14.25 
,1416 14.27 
1417 14.28 
1418 14.30 
1419 14.32 
1420 14.33 
1421 14.35 
1422 14.37 
1423 14.38 
1424 14.40 
1425 14.42 
1426 14.43 
1427 14.45 
1428 14.47 
1429 14.48 
1430 14.50 

Mini- 
Maxi- 
Average. 

Z e r o  dr i f t -  
(% of span) 
Scan drift. , ~. 
(% of span) 
E r r o r  E s t . =  

02 
( X )  

4 . 5  
4.4 

4.4 
4.3 
4.4 
4.5 
4.3 
4.3 
4.4 
4.3 
4.4 
4.4 
4.3 
4.3 
4.3 
4.2 
4.1 
4.3 
4.3 
4.2 
4.2 
4.2 
4.2 

4.0 
4.9 
4.4 

0.82 

1 .a2 

0.18 

, =  -.+ 

c02 
( X )  

30.6 
30.8 
50.1 
30.7 
30.8 
31.0 
30.8 
30.7 
30.9 
30.9 
30.8 
30.8 
30.9 
30.8 
30.9 
30.9 
30.9 
31.1 
31.3 
30.9 
30.8 
31 .O 
31 .O 
30.9 

29.9 
31.5 
30.7 

2.26 

4.29 

MAIN X C T  
CARBON MONOXIDE 

AT 7% 02 ROLLING 
(p) AVERAGE (Fm) 

2 u  
276 

226 
227 
231 
232 
240 
263 
311 
296 
26 1 
267 
263 
271 
269 
255 
275 
316 
285 
252 
248 
248 
2S8 

193 
410 
243 

1.19 

3.98 

-3-c - 

1.59 19.02 

206 
233 
200 
190 
191 
194 
198 
201 
221 
262 
249 
220 
225 
222 
227 
225 
213 
228 
265 
239 
210 
207 
207 
215 

166 
341 
204 

02 
( X )  

16.3 
16.3 
16.5 
16.2 
16.2 
16.2 
16.3 
16.2 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.3 
16.5 
16.6 
16.4 
16.3 
16.3 
16.3 
16.4 
16.5 

16.1 
16.7 
16.4 

0.50 

2.42 

0.46 

BYPASS OUCl 

c02 
( X )  

4.3 
4.4 
4.3 
4.3 
4.3 
4.3 
4.3 
4.2 
4.1 
4.3 
4.2 
4.3 
4.2 
4.2 
4.3 
4.2 
3.9 
4.0 
4.2 
4.2 
4.2 
4.2 
4.0 
4.1 

3.8 
4.6 
4.2 

0.49 

1 .45 

0.12 

CARBOY MONOXIDE 

(W) (Ipn) AVERAGE 
a i  7 x 0 2  ROLLIWG 

3 
3 
3 
3 
3 
1 

16 
36 
18 
13 
15 
6 
5 
4 
5 
6 
3 
2 
3 
2 
1 
3 
2 
6 

D 
43 
8 

0.20 

3.17 

1.82 

C m n t s :  
L INEARITY CHECK CO 392.8 PPM [lo-30-1989 -. 09:34:011 
LINEARITY CHECK PROPANE 148.2 PPY [lo-30-1989 -- 09:47:241 
i . 6 l  ENTRY MADE I N  ERROR-LINEARITY CHECK IS 118.2 PPM CO [lo-30-1989 .- 
LINEARITY CHECK 02 6.044% (10-30-1989 - _  10:04:011 
LINEARITY CHECK 02 6 .WZ 110-30-1989 -- 10:46:531 
LINEARITY CHECK C02 5.957x [lo-30-1989 -- 10:57:361 
ALL ANALYZERS PASSED LINEARITY CHECK [lo-30-1989 -- ll:06:491 
BYPASS 20 INNCHES -LESS THAN 5 ON PYREX [lo-30-1989 .. 11:11:261 
MAIN 22 INCHES IS AND 25 ON PYREX [lo-30-1989 -- 11:11:521 
ALL LEAK CHECKS O K ! ! ! ! ! ! ! ! ! ! !  [lo-30-1989 - -  11:12:091 
NOU CH STACK GAS [lo-30-1989 .- 11:12:251 
BEGIN RUN 3 [lo-30-1989 -. 11:18:151 
LAST ENTRY WAS I N  ERROR-PUN 3 HAS NOT BEGUN [lo-30-1989 -. 11:32:271 

RUN 3 BEGAN AT 11:40 [lo-30-1989 - -  11:47:311 
END RUN 3 [lo-30.1989 -. 14:33:491 
BYPASS 20 INCHES LESS THAN 5 ON PYREX 110-30-1989 - _  14:38:001 

[lo-30-1989 - -  11:41:361 

[lo-30-1989 - -  1LrLAr3Al  . 
MAIN 22 INCHES AND 20 ON PYREX BALLS-LINES PASS LEAK CHECK [lo-30-1989 
I 

B-62 

7 20 
14 20 
15 20 
16 20 
8 20 
4 20 
48 21 

106 22 
52 23 
3a 23 
43 23 
17 24 
15 24 
13 24 
14 24 
19 24 

- 9  24 
7 24 
9 23 
7 23 
4 23 
9 23 
6 23 

19 24 

0 
135 
23 

09:37:581 

- -  14:47:461 

I 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



1 
I 
'I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
s 
I 

RUN 3 - THC 

1139 11.65 
1140 11.67 
1141 11.68 
1142 11.70 
1143 11.72 
1144 11.73 
1145 11.75 
1146 11.77 
1147 11.78 
1148 ll.m 
1149 11.82 
1150 11.83 
1151 11.85 
1152 11.81 
1153 11.88 
1154 1l.W 
1155 11.92 
1156 11.93 
1157 11.95 
1158 11.97 
1159 11.98 
1200 12.00 
1201 12.02 
1202 12.03 
1203 12.05 
1204 12.07 
i i O 5  1i.w 
1206 12.10 
1207 12.12 
1208 12.13 
1209 12.15 
1210 12.17 
1211 12.18 
1212 12.20 
1213 12.22 
1214 12.23 
1215 12.25 
1216 12.27 
1217 12.28 
1218 12.30 
1219 12.32 
1220 12.33 
1221 12.35 
1222 12.37 
1223 12.38 
1224 12.40 
1225 12.42 
1226 12.43 
1227 12.45 
1228 12.47 
1229 12.48 
1230 12.50 
1231 12.52 
1232 12.53 
1233 12.55 
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 

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 
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 
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. I 

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 
1.2 
1.1 
1.1 
1.1 
1.1 
1.: 
1.1 
1.2 

1.1 

3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.5 
3.5 
3.3 
3.3 
3.3 
3.3 
3.7 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.7 

7.6 
7.6 
7.1 
7.7 
8.5 
7.4 
7.1 
7.2 
7.2 
8.4 
7.1 

7 
6.9 

7 
7 

6.7 
6.8 
6.8 
0.8 
6.3 
c.8 
6.9 
7.1 
7.2 
7.1 
7.1 
7.1 

7 
6.9 
7.2 
7.3 

7 
7 
7 
7 
7 
7 
7 

6.F 
6.7 
6 . :  
6. i  
S.6 
b.?  
6 .? 
6.C 
6.Q 
6.5 

9.3 
S.5 

? 

7.: 
. I  

6.. 
7. : 
7.i 
7.L 
7.1 
7.3 
7.2 
7.2 
7.2 

6.4 
6.4 
6.0 
6.5 
7.2 
6.2 
6.0 
6.1 
6.1 
7.1 
6.0 
5.9 
5.8 
5.9 
5.9 
5.7 
5.7 
5.7 
5.7 
5.7 
5.7 
5.8 
6.0 
6.1 
6.0 
6.0 
6.0 
5.9 
5.8 
6.1 
6.2 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.8 
5.8 
5.7 
5.7 
5.7 
5.8 
5.8 
5.8 
5.8 
5.7 
5.9 
7.7 
8.3 
6.1 
5.? 
5.1) 
5.J 
5.7 
5.3  
6.0 
6.1 
6.2 
6.2 
6.2 
6.1 
6.1 
6.1 

9.2 
8.5 
8.4 
9.4 
9.1 
8.5 
8.2 
8.2 
8.7 
8.6 
7.9 

8 
7.9 

7.9 
7.7 

7.8 

7.8 
7.8 
7.9 
8.1 
8.1 
8.1 

8 
7.8 
7.8 
7.7 

8 
7.9 

7.7 

7.9 
7.9 
7.9 
7.9 
7.9 
7.7 
7.7 
7.7 
7.7 

7.8 
7.8 
7.7 
7.7 
7.8 

11.2 
8.3 
7.7 
7.7 
7.7 
7.7 
7.6 
7.7 
7.8 
7.9 
7.9 
7.9 
7.8 
7.7 
7.8 
7.8 

a 

7.8 

7.8 

7.8 

7.8 

7.8 

9.4 
8.7 
8.6 
9.6 
9.3 
8.7 
8.4 
8.4 
8.9 
8.8 
8.1 
8.2 
8.1 
8.2 
8.1 
7.9 
8.0 
8.0 
8.0 
8.0 
8.0 
8.1 
8.3 
8.3 
8.3 
8.2 
8.0 
8.0 
7.9 
8.2 
8.1 
8.0 
7.9 
8.0 
8.1 
8.1 
8.1 
8.1 
8.1 
7.9 
7.9 
7.9 
7.9 
8.0 
8.0 
8.0 
7.9 
7.9 
8.0 

l l . L  
8.5 
7.9 
7.9 
7.9 
7.9 
7.8 
7.9 
8.0 
8.1 
8.1 
8.1 
8.0 
7.9 
8.0 
8.0 

8-63 

1.6 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.4 
1 .4 
i .4 
1.3 
1.3 
1.4 
1.4 
1.4 
1.5 
1.4 
1 .I 
1.4 
1.4 
1.4 
1.4 
1 .I 
1.3 
I .5 
1.3 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.4 
1.4 
1.3 
1.2 
1.2 
1.2 
1.1 
1.1 
1 .z 
1.: 
l . ,  
1.: 
1.; 
1. 
1. 
1. 
1. 
l.? 
1.; 
1.; 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 

4.J 
4.6 
4.3 
4.3 
4.6 
4.6 
4.6 
4.9 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.3 
4.3 
4.3 
4.3 
4.0 
4.0 
4.0 
4.0 
4.0 
1.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.6 
4.6 
4.3 
4.0 
4.0 
4.0 
3.6 
3.6 
4.3 
3.0 
3.5 
3.6 
3 . 5 
4.b 
4.0 
4.5 
4.0 
4.U 
4.0 
4.0 
4.0 
3.6 
3.6 
3.6 
3.6 
3.6 



TIMEOECIMAL 
TIME 

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 
1254 12.90 
1255 12.92 
1256 12.93 
1257 12.95 
1258 12.97 
1259 12.98 
1300 13.00 
1301 13.02 
1302 13.03 
1303 13.05 
1304 13.07 
1305 
1306 
1307 
1308 
1309 
1310 
1311 
1312 
1313 
1314 
1315 
1316 
1317 
1318 
1319 13.32 
1320 13.33 
1321 13.35 
1322 13.37 
1323 13.38 
1324 13.40 
1325 13.42 
1326 13.63 
1327 13.45 
1328 13.47 
1329 13.U 
1330 13.50 
1331 13.52 
1332 13.53 
1333 13.55 
1334 13.57 
1335 13.58 
1336 13.60 
1337 13.62 
1338 13.63 
1339 13.65 
1340 13.67 
1341 13.68 
1342 13.70 
1343 13.72 
1344 13.73 
1345 13.75 
1346 13.77 
1347 13.78 
1348 13.80 

COLD rlrr 
BYPASS 

(rn) 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
1.2 
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 
1.1 
1.1 
1.1 
1.2 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

7: 02 
( ipn) 

3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.7 
3.7 
3.7 
3.7 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.1 
3.1 
3.1 
3.1 
3.1 
3.0 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.7 
3.7 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

(ppn) 

7.1 
7.1 
7.2 
7.1 

7 
7 
7 
7 

7.1 
7 
7 
7 

7.4 
7 

6.6 
6.6 
6.5 
6.5 
6.5 
6.6 

7.3 
6.4 
6.4 
6.4 
6.4 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.2 
6.2 
6.2 
6.2 
6.1 
6.3 
6.2 
6.3 
6.3 
6.2 
6.2 
6.2 
6.1 
6.1 
6.3 
6.1 
6.1 
6.1 

6.0 
6.0 
6.1 
6.0 
5.9 
5:o 
5.9 
5.9 
6.0 
5.9 
5.9 
5.9 
6.2 
5.9 
5.6 
5.6 
5.5 
5.5 
5.5 
5.6 
5.6 
5.6 
5.7 
5.7 
5.7 
5.8 
5.8 
5.8 
5.9 
5.9 
5.9 
6.0 
6.0 
6.1 
6.1 
6.1 
6.2 
5.4 
5.4 
5.4 
5.4 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.2 
5.2 
5.2 
5.2 
5.1 
5.3 
5.2 
5.3 
5.3 
5.2 
5.2 
5.2 
5.1 
5.1 
5.3 
5.1 
5.1 
5.1 

(ppn) 

7.8 
7.7 
7.8 
7.7 
7.7 
T.6  
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 

8 
7.5 
7.4 
7.6 
7.4 
7.5 
7.4 
7.5 

8.5 
8.6 
8.6 
8.6 
8.6 
8.6 
8.3 
8.2 

8 
8 

8.1 
8.1 
8.2 
8.2 

8 
8 

8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.2 
8.1 
8.2 
8.3 

8-64 

MAIN 
7: 02 

DRY 

HEATED THC 
BYPASS 

7: 32 CUlMENTS 
O R Y  

8.0 
7.9 
8.0 
7.9 
7.9 
7.' 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
8.2 
7.6 
7.5 
7.8 
7.5 
7.6 
7.5 
7.6 
7.7 
7.8 
7.8 
7.9 
7.9 
8.0 
8.1 
8.1 
8.2 
8.2 
8.3 
8.4 
8.4 
8.5 
8.5 
8.6 
8.7 
8.8 
8.8 
8.8 
8.8 
8.8 
8.5 
8.4 
8.2 
8.2 
8.3 
8.3 
8.4 
8.4 
8.2 
8.2 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.4 
8.3 
8.4 
8.5 

(Fpn)  

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 
1.2 
1.1 
1.1 
1.1 
1.1 

* .  I. I 

1.6 
0.9 
0.8 
0.8 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.7 
0.6 
0.5 
0.5 
0.6 
0.5 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 

3.6 
3.6 
3.6 
3.6 
3.6 

3.6 
3.6 
3.6 
3.6 

., 
2.- 

3.6 
3.6 
3.6 
3.6 
3.6 
4 . 0  
3.6 
3.6 
3.6 
3.6 
3.7 ZERO AN0 
3.8 SPAN CHECK 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5.3 
3.0 
2.6 
2.6 
2.3 
2.3 
2.3 
2.3 
2.0 
2.0 
2.0 ' 
1.6 
1.6 
1.6 
1.6 
1.6 
2.0 
2.3 
2.0 
1.6 
1.6 
2.0 
1.6 
2.0 
2.0 
2.0 
2.3 
2.3 
2.3 

1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
P 
I 



e 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 

COLD 
BYPASS 

TIMEOECIMAL z 02 
(PPI I )  (rn) TIME 

1349 13.82 
1350 13.83 
1351 13.85 
1352 13.87 
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 
1410 14.17 
1411 14.18 
1412 14.20 
1413 14.22 
1414 14.23 
!Ll5 ::.:: 
1416 14.27 
1417 14.28 
1418 14.30 
1419 14.32 
1420 14.33 
1421 14.35 
1422 14.37 
1423 14.38 
1424 14.40 
1425 14.42 
1426 14.43 
1427 14.45 
1428 14.47 
1429 14.48 
1430 14.50 
lC3t 1432 
1432 14.53 
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 
1617 16li.i 
1618 16.30 

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 
1.1 
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 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

. .  
I., 

0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 

3.3 
3.3 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.3 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
5.5 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 

(ppn) 

6.2 
6.2 
6.2 
6.1 
6.1 
6.2 
6.2 
6.2 
6.2 
6.2 
6.1 
6.1 
6.1 
6.1 
6.2 
6.1 
6.1 
8.7 
6.6 
6.2 
6.2 
6.3 
6.3 
6.2 
6.1 
7.1 
1.3  
6.4 
6.3 
6.3 
6.3 
6.3 
6.2 
6.1 
6.6 
6.9 
6.4 
6.3 
6.4 
6.4 
6.3 
6.3 
6.3 

_ _  

1.0 
1.0 
1.0 
1.0 
1 .o 
1 .o 
1.0 
1.1 
1.1 
1.1 
1.1 
1.1 
1 .o 
1 .o 
1.0 
1.1 
1 .o 
0.9 
1 .o 
1.0 

5.2 
5.2 
5.2 
5.1 
5.1 
5.2 
5.2 
5.2 
5.2 
5.2 
5.1 
5.1 
5.1 
5.1 
5.2 
5.1 
5.1 
7.3 
5.6 
5.2 
5.2 
5.3 
5.3 
5.2 
5.1 
6.0 
b.5 
5.4 
5.3 
5.3 
5.3 
5.3 
5.2 
5.1 
5.6 
5.8 
5.4 
5.3 
5 .L 
5.4 
5.3 
5.3 
5.3 
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HEATED THC 
MAIN 

7% 02 
DRY (PW) 

8.3 
8.6 
8.8 
9 

8.9 
8.7 
8.6 
8 

7.3 
6.9 
6.8 
6.6 
6.5 
6.3 
6.5 
6.8 
7.1 
9.3 
7.6 
7.5 
7.6 
7.7 
7.7 
7.8 
7.8 
9.2 
8.8 
7.9 
8.2 
8.1 
8.1 
0.1 
8 

7.8 
8.3 
8.6 
8 
8 
8 
8 
8 

8.3 
8.9 

1.2 
1.2 
1.2 
1.2 
1.2 
1.3 
1.3 
1.4 
1.4 
1.5 
1.4 
1.4 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

8.5 
8.8 
9.0 
9.2 
9.1 
8.9 
8.8 
8.2 
7.4 
7.0 
6.9 
6.7 
6.6 
6.4 
6.6 
6.9 
7.2 
9.5 
7.8 
7.6 
7.8 
7.J 
7.9 
8.0 
8.0 
9.4 
9.0 
8.1 
8.4 
8.3 

8.3 
8.2 
8.0 
8.5 
8.8 
8.2 
8.2 
8.2 
8.2 
8.2 
8.5 
9.1 

8.3 

(PW) 

0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 
0.8 
0.7 
0.8 
0.7 
0.7 
0.7 
0.8 
0.7 
0.7 
0.7 
0.7 
0.8 
0.8 
0.7 
0.8 
0.8 
0.8 
0.8 
0.8 
0.9 
0.9 
0.8 
0.8 
0.8 
0.8 
0.8 

0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

. 
BYPASS 

7% a2 COMMENTS 
O R ?  

2.3 
2.3 
2.3 
2.0 
2.3 
2.0 
2.0 
2.0 
2.0 
2.0 
2.3 
2.0 
2.0 
2.3 
2.3 
2.3 
2.3 
2.6 
2.3 
2.6 
2.3 
2.3 
2.3 
2.6 
2.3 
2.3 
2.3 
2.3 

, 2.5 
2.5 
2.3 
2.6 
2.5 
2.6 
2.6 
2.6 
3.0 
3.0 
2.6 
2.6 
2.6 
2.6 
2.6 SAMPLING ENDED 

AMBIENT AIR CHECK 



COLD THC HEATED THC 
M A I N  BYPASS BYPASS MAIN 

7x 02 r; 02 COHMENTS TIMEOECIWAL n 02 n 02 
TIME tm) (FW) ( P P )  DRY t p )  D R Y  

I 
I 

1619 16.32 
1620 16.33 
1621 16.35 
1622 16.37 
1623 16.38 
1624 16;LO 
1625 16.42 
1626 16.43 
1627 16.45 
1628 16.47 
1629 16.48 
1630 16.50 
1631 16.52 
1632 16.53 
1633 16.55 
1634 16.57 
1635 16.58 
1636 16.60 
1637 16.62 
1638 16.63 
1639 16.65 
1640 16.67 

Run Average. 
nmbient. A i r  

0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.7 

1.1 
0.9 

1.0 
1.0 
1 .o 
1.0 
1.1 
1.1 
1.1 
1.0 
1 .o 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.9 
1.0 
1.0 
1 .o 
1 .o 
0.9 

3.3 6.8 
1.0 

For Tim P e r o i d  1139-1303 
Z e r o  D r i f t =  0.08 0.41 
( X  O f  Span)  

Span D r i f t =  0.89 3.63 
( X  of span) 
E r r o r  Est.= 0.09 0.65 
For Tim Peroid 1320-1431 

( X  of span) 
Zero O r i f t .  0.m 0.00 

Span D r i f t =  1.04 
( X  of span) 
E r r o r  Est.= 0.03 

2.38 

0.16 

0.21 0.49 

9.23 0.46 

0.91 0.49 

0.07 0.11 

2.88 5.27 

0.30 0.16 

C o l d  THC c o r r e c t e d  t o  7x12 = Raw value x ((14/(21-02 conc.)) 
H o t  THC Corr. t o  7x12, dry = Rau v a l u e  x ((14/(21-02 conc.)>/(l-mist. conc.) 

Comnentr: 
THC'S PASSE0 L INEARITY CHECK 110-30-1989 - -  11:51:051 
N W  ON STACK U S  110-30-1989 .. 12:07:551 
BEGIN RUN 3 110-30-1989 -- 12:13:381 
LAST ENTRY UAS MADE I N  ERROR-RUN 3 HAS NOT B E W N  110-30- 
RUN 3 BGAN AT 11:LO [lo-30-1989 - _  12:42:401 ...- - 110-30-1989 - -  14:01:141 
ZERO THC'S 110-30-1989 - -  14:07:531 
BACK ON STACK WS 110-30-1989 _ -  14:14:011 
EN0 RUN 3 110-30-1989 -- 15:29:181 
NITROGEN B I A S  CHECK 110-30-1989 .- 16:01:221 
ON U l B l E N l  A I R  AT 1646. 110-3P-lORO -- 16:53:501 
SI 
ALL TI! 55 MINUTES AHEAD. 

AT ZERO. 110-30-1989 -- 17:35:511 
... _-  

XONOARY ZERO CHECK WITH THC PRESWRES 
IES MENTIONE0 I N  THE CCWMENTS ARE 

1989 12 : 28: 561 

8-66 



I 
I 
t 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
1 
1 
1 
I 

RUN 4 - 02, C02, CO 
M A I N  DUCT BYPASS DUCT 

CARBON MONOXIOE CARBON MONOXIOE 
AT 7% 0 ROLLING 

TIME ( X )  ( X )  (w) (PPn) AVERAGE ( X )  ( X )  (w) (ppn) AVERAGE 
TlHEoECrHAL 02 t o 2  AT 7% 02 ROLLING 02 CO2 

1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
l l W  
1110 
1111 
1112 
1113 
1114 
1115 
1116 
1117 
1118 
1119 
1120 
1121 

1123 
1124 
1125 
1126 
1127 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
7138 
1139 
1140 
1141 
1142 
1143 
1144 
1145 
1146 
1147 
1148 
1547 
1548 
1549 
1550 
1551 
1552 
1553 
1554 
1555 
1556 
1557 
1558 
1559 
1600 

I 1601 
1602 

__--  
I ILL 

11.00 
11.02 
11.03 
11.05 
11.07 
11.08 
11.10 
11.12 
11.13 
11.15 
11.17 
11.18 
11.20 
11.22 
11.23 
11.25 
11.27 
11.28 
11.30 
11.32 
11.33 
11.35 

11.38 
11.40 
11.42 
11.43 
11.45 
11.47 
11.48 
11.50 
11.52 
11.53 
11.55 
11.57 
11.58 
11.60 
11.62 
l i b 3  
11.65 
11.67 
11.68 
11.70 
ll.R 
11.73 
11.75 
11.77 
11.78 
11.80 
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 

.. _- 
I I .>I 

4.3 
4.3 
4.5 
4.6 
4.5 
4.5 
4.4 
4.3 
4.2 
4.3 
4.3 
4.2 
4.3 
4.3 
4.2 
4.5 
4.0 
3.0 
3.8 
3.8 
3.9 
4.1 
6.2 
4.3 
4.3 
4.3 
4.2 
4.2 
4.1 
4.2 
4.3 
4.2 
4.2 
4.2 
4.1 
4.1 
4.1 
4.1 
4.1 
4.2 
4.1 
4.1 
4.3 
4.3 
4.2 
4.2 
4.4 
4.2 

4.1 
4.1 
4.1 
4.1 
4.1 
4.2 
4.2 
4.0 
4.3 
4.3 
4.2 
4.2 
4.4 
4.1 
4.2 

30.3 
30.7 
31.0 
30.1 
30.3 
30.3 
30.5 
30.5 
31.0 
31.3 
30.5 
31 .O 
30.7 
30.6 
31.1 
30.7 
30.8 
31.2 
31.5 
31.4 
31.2 
31.4 
su.9 
30.5 
30.6 
30.3 
30.7 
30.5 
30.8 
31.2 
30.6 
30.8 
31.0 
30.6 
31 .O 
31.0 
30.8 
31.1 
31.3 
30.5 
30.7 
Zl.2 
30.7 
30.4 
30.6 
i l . 0  
30.7 
30.4 

30.9 
30.8 
71 .o 
'1.0 
;1.2 
30.7 
'0.6 
30.9 
70.8 
30.5 
A.9 
31.0 
30.4 
30.5 
31.5 

834 
630 

1035 
1093 
676 
774 
sw 
720 
556 
8 9  
819 
683 

1046 
624 
804 
983 
665 

1304 
2285 
3571 
2210 
1 714 
1903 
1131 
1098 
831 
918 

1304 
860 

1201 
1111 
701 

1231 
1013 
850 

1333 
1052 
1020 
1722 
1491 
85 1 

1276 
1713 
890 
TJ0 

1538 
2004 
968 

787 
930 
744 
708 
962 
736 
474 
535 
115 
730 
783 
993 

:240 
783 
r79 

700 
527 
876 
930 
574 
656 
505 
bo& 
463 
69s 
686 
570 
876 
522 
671 
822 
548 

1063 
1855 
2908 
1810 
1441 
1587 
947 
92 1 
697 
766 

1083 
71 2 

1000 
932 
585 

1027 
843 
704 

1104 
870 
844 

1130 
1244 
706 

1059 
1432 
745 
616 

1283 
1687 
807 

653 
772 
615 
585 
795 
612 
395 
441 
97 

610 
65 1 
829 

1044 
649 
650 
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17.5 3.0 
17.5 3.1 
17.7 2.9 
17.0 2.9 
17.7 3.1 
17.6 3.3 
17.6 3.: 
17.6 3.: 
17.5 3. j  
17.6 3.1 
17.6 3.2 
17.5 3.1 
17.f 2.9 
17.. 3.1 
17.i 3.2 
17.6 3.1 
17.. 3.4 
17 ..e 3.2 
17.5 3.2 
17.t 3.0 
17.7 2.9 
17.7 3.2 
17.7 3.0 
17.E 3.1 
17 ii 2.9 
17.5 2.9 
17.9 2.9 
10.: 2.8 
17.q 3.0 
17. 3.0 
17.5 2.9 
17.i: 3.2 
17.8 3.0 
17. 3.1 
1 7 .  3.2 
17.1' 2.9 
17.' 2.9 
17 3.2 
17 7 3.2 
17.9 3.0 
17.P 3.2 
17.i 3.2 
la.,: 2.9 
18.. 2.9 
18. 3.1 
18.' 3.1 
18.. 2.9 
18.:I 3.0 

19.' 3.3 
19. 3.2 
19.1 3.1 
19. 3.3 
19.. 3.4 
19. 3.2 
19.6 3.2 
19.:- 3.4 
19.5 3.1 
19.5 3.1 
19.5 3.2 
19.L 3.3 
19.'- 3.2 
19.2 3.7 
19.3 3.5 

-3 -12 
-4 -14 
-2 - 9  
-4 -18 
-3 -14 
-4 -15 
-4 -15 
-2 -9 ~ 

-3 -14 
-5 -19 
-3 -13 
-2 -10 
-3 ' -11  
-6 -25 
-2 - 6  
-1 -2 
2 9 

27 104 
82 326 
99 401 
48 205 
27 114 
23 99 
8 34 
1 5 

-2 -6 
-3 -12 
-2 -8 
-2 -11 
0 1 

-5 -21 
- 1  - L  
i 3 

-1 -4 
- 1  -4 
-3 -12 
-5 -22 
-2 -11 
10 45 
5 22 

-1 -3 
0 1 
0 1 

-4 -17 
- 4  -18 
0 1 
0 0 

-2 -10 

13 114 
21 200 
17 171 
8 7 7  

8 69 
10 89 
34 285 
58 529 
35 330 
Y 314 
42 363 
32 276 

120 965 
271 2244 

e r n  



i 
i 
i 
i 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

111 LlN DUCT 
CARBON MONOXIDE 

AT 7% 02 ROLLING 
tm) (Ppn) AVERAGE 

811 

c02 
( X )  

’ASS DUCT 
CARBON WO 

AT 7% 0 
(W) (pp”) 

166 1555 
6 6 6 0 6  
LO 3.50 
23 241 
18 181 
15 152 
9 87 

22 192 
49 417 
80 714 
71 685 
55 509 
65 634 
91 794 

236 2075 
241 2173 
164 1363 
449 3611 
751 6912 
467 4505 
585 5889 
549 5913 
280 2804 
286 2782 
337 3419 
224 2379 
151 1594 
175 1961 
126 1664 
69 959 
52 771 
32 456 
21 259 
13 173 
14 192 
12 174 
25 369 
27 428 
73 TOM) 
66 as5 
40 508 
24 315 
20 265 
33 443 
34 453 
41 563 
53 730 
54 638 
57 613 
65 643 
60 577 
57 563 
51 484 
55 508 
34 325 
41 334 
34 261 
40 2% 
35 244 
50 337 
98 655 
90 579 

112 717 

45 249 
71 438 

NOXIOE 
ROLLING 
AVERAGE 

T l M E  OECllVIL 
TIME 

02 
( X )  

c02 
( X )  

02 
( X )  

1603 
1604 
1605 

16.05 
16.07 
16.08 

4.3 
4.2 
4.3  
4.5 

30.6 
30.4 
30.8 
30.7 
30.4 
30.3 
29.9 
30.6 
31.4 
30.9 
30.5 
30.8 
31.4 
31.4 
31.2 
30.7 
30.8 
31.8 
32.1 
31.5 
31.7 
31.7 
30.9 
31.2 
31.3 
31.0 
30.9 
31.2 
31.1 
30.9 
30.9 
31.0 
31.0 
31.0 
31.1 
31.1 
31.1 
31.3 
31.6 
31;l 
31.4 
31.1 
31.1 
31.1 
31.2 
31.6 
31.4 
31.0 
31.2 
31.3 
31.3 
31.2 
31.1 
31.5 
31.2 
31.2 
31.1 
31.3 
31.1 
30.9 
31.4 
31.3 
31.3 
30.8 
30.9 

908 759 
670 559 

19.5 
19.5 
19.5 
19.7 

3.1 
3.2 
3.1 5% 449 

591 500 
794 672 

1141 965 
923 ?78 
5% 497 

1606 
1607 
1608 
1609 

16.10 
16.12 
16.13 
16.15 
16.17 
16.18 

3.0 
3.2 
3.0 
3.2 
3.6 
3.5 
3.5 
3.4 
3.6 
3.5 
3.7 
3.7 
3.5 
3.8 
4.0 
3.6 
3.6 
3.7 
3.4 
3.4 
3.6 
3.5 
3.4 
3.5 
3.5 
3.3 
3.4 
3.5 
3.6 
3.6 
3.8 
3.7 
3.7 
3.7 
3.7 
3.7 
3.8 
3.8 
3.6 
3.6 
3.5 
3.6 
3.5 
3.5 
3.5 
3.7 
3.8 
3.8 
3.6 
3.6 
3.5 
3.6 
3.7 
3.6 
3.7 
3.6 
3.7 
3.6 
3.6 
3.5 
3.4 
3.8 

4.4 
4.5 

19.6 
19.6 
19.6 
19.4 
19.4 
19.4 

4.4 
4.2 
4.3 
1.4 

1610 
1611 674 566 

t T27 917 
1420 1202 
874 729 
620 517 
66& 555 

1032 860 

1612 
1613 
1614 
1615 
1616 
1617 

16.20 
16i22 
16.23 
16.25 
16.27 
16.28 
16.30 
16.32 

4.4 
4.2 
4.2 
4.3 
4.2 
4.3 

19.6 
19.5 
19.6 
19.6 
19.L 

1618 
~~~ ~._ 

1484 1242 
858 711 
848 698 

1613 1331 
1402 1163 
1030 849 
1604 1330 
1025 850 
846 703 

1012 844 
1051 879 
863 n 2  
9M) 803 

1103 928 
958 807 
960 81 1 
937 792 
882 745 
762 644 
m 657 
805 681 
744 628 
856 718 
841 706 
917 768 
853 714 
953 801 
728 612 

.. . 
19.5 
19.3 1619 

1620 
1621 
1622 
1623 
1624 
1625 
1626 
1627 
1628 
1629 
1630 

4 i i  
4 . 0  
4 .0  
4.1 
4.0  
4.1 
4.1 
4.2 

16.33 
16.35 
16.37 
16.38 
16.40 
16.42 
16.43 

19.3 
19.5 
19.6 
19.6 
19.7 .... 
19.6 
19.6 

16.45 
16.47 
16.48 
16.50 
16.52 
16.53 
16.55 
16.57 
16.58 
16.60 
16.62 
16.63 

4.2 
4 .3  
4.3 
4.3 
4.4 

19.6 
19.7 
19.7 
19.8 
19 .v 

~~~ 

1631 
1632 
1633 
1634 
1635 
1636 
1637 
1638 
1639 
1640 
1641 
1642 
1643 
1644 
1645 
1646 
1647 
1648 
1649 
1650 
1651 
1652 
1653 
1654 
1655 
1656 
1657 
1658 
1659 

4.4 
4.4 
4.5 
4.4 
4.4 
4.4 
4.5 

.. .. 
20.0 
20.1 
20.0 
20.0 
20.0 
20.0 
20.0 
20.1 16.65 

16.67 
1- 
16.70 
16.R 
16.73 
16.75 

4 . i  
4.3 
4.3 
4.3 
4.3 
4.4 

-~ ~ 

20.1 
20.0 
20.0 
19.9 
19.9 
20.0 
20.0 
19.9 
20.0 

414 
4.2 
4.1 

16.TI 
16.78 
16.80 
16.82 
16.83 
16.85 
16.87 

1167 
1175 
1183 
1191 
1200 
1210 
1218 
1226 
1229 
1229 
1229 
1229 
1228 
1228 
1216 
1181 
1169 
1168 
1174 
1178 
1179 

4.2 
4.2 
4.2 
4.1 
4.1 

20.0 
19.8 
19.7 
19.6 
19.5 
19.6 
19.5 
19.5 
19.5 
19.3 
19.2 
19.1 
19.0 
18.9 

~~~~ 

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 

412 
4.2 
4.2 
4.1 
4.2 

1 OM 888 771 

4.1 
4.2 
4.2 
4.3  
4.2 

1700 
1701 
1702 
1703 
1704 
1705 
1706 
1707 

4.2 960 798 801 
1009 838 806 
lo69 886 813 
1181 981 821 
794 658 82 1 

. ~ .  
18.9 

4.1 
4.1 
4.2 
4.1 

18.8 
18.8 
18.7 
18.5 

6-68 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TlMEOECIMAL 
TIME 

1708 17.13 
1709 17.15 
1710 17.17 
1711 17.18 
1712 17.20 
1713 17.22 
1714 17.23 
1715 17.25 
1716 17.27 
l7l7 17.28 
1718 17.30 
1719 17.32 
1720 17.33 
1721 17.35 
1722 17.37 
1723 17.38 
1724 17.40 
1725 17.42 
1726 17.43 
1727 17.45 
1728 17.47 
1729 17.48 
i i>u i i . 50  
1731 17.52 
1732 17.53 
1733 17.55 
1TU 17.57 
1735 17.58 
1736 17.a 
1737 17.62 
1738 17.63 
1739 17.65 
1740 17.67 
1741 17.68 

1743 17.72 
1744 17.73 
1745 17.75 
1746. 17.n 
1747 17.78 
1748 17.80 
1749 17.82 
1750 17.83 
1751 17.85 
1752 17.87 

1754 17.90 
1755 17.92 
1756 17.93 
1757 17.95 
1758 17.97 
1759 17.98 
1800 18.00 
1801 18.02 
1802 18.03 
1803 18.05 
1804 18.07 
1805 18.08 
1806 18.10 
1807 18.12 
1808 18.13 
1809 18.15 
1810 18.17 
1811 18.18 
1812 18.20 

1742 17.70 

1753 17.88 

02 
(XI 

4.1 
4.2 
4.1 
4.2 
4.2 
4.1 
4.2 
4.2 
4.3 
'4.3 
4.3 
4.4 
4.3 
4.4 
4.5 
6.5 
4.4 
4.5 
4.4 
4.4 
4.3 
4.4 
4.6 
4.3 
4.3 
4.5 
4.5 
4.5 
4.6 
4.5 
4.5 
4.4 
4.4 
4.4 
4.5 
4.6 
4.5 
4.3 
4.4 
4.2 
4.1 
4.1 
4.1 
4.2 
4.3 
4.3 
4.2 
4.1 
4.2 
4.1 
4.1 
4.2 
4.3 
4.3 
4.4 
4.6 
4.5 
4.5 
4.5 
4.4 
4.4 
4.4 
4.4 
4.4 
4.5 

to2 
(72 

31.6 
30.9 
31 .l 
31.2 
30.8 
31.3 
31.0 
31.2 
31.1 
30.5 
31.3 
30.6 
30.6 
31 .O 
30.7 
30.6 
30.8 
30.8 
30.7 
30.9 
30.8 
31.0 

30.9 
30.7 
30.8 
30.2 
30.6 
30.3 
30.3 
30.5 
30.3 
30.6 
30.5 
30.8 
30.1 
30.0 
30.6 
30.5 
30.5 
31.3 
31.3 
31.3 
31.0 
31.0 
30.6 
30.1 
30.9 
31.1 
30.8 
31.2 
31.2 
30.7 
30.7 
30.7 
30.0 
30.0 
30.5 
30.3 
30.6 
30.7 
30.5 
30.6 
30.7 
30.5 

su.5 

MAIN DUCT BYPASS DUCT 
CARBON IK)NOXIOE CARBON MONOXIDE 

AT 7X 02 ROLLING 02 C02 AT 7% 0 ROLLING 
(ppn)  (Ppn) AVERAGE ( X )  ( X )  (m) (Ppn) AVERAGE 

947 
1102 
746 
1191 
1161 
1 OM 
1289 
972 
1307 
863 
823 
970 
m 
970 
893 
788 
761 
840 
M4 
774 
646 
806 
721 
771 
795 
797 
614 
635 
879 
650 
783 
671 
807 
654 
734 
786 
500 
589 
910 
676 
WL 
BMI 
1114 
797 
631 
940 
882 

1257 
1000 
1051 

9% 
654 
ea3 
933 
624 
879 
783 
624 
918 
700 
654 
1058 
948 

m 

rim 

785 
916 
617 
992 
949 
886 
1071 
808 
1097 
722 
691 
820 
617 
819 
Pj6 
6.9 
643 
710 
559 
65 1 
541 
679 
607 
648 
667 
675 
519 
538 
749 
551 
665 
567 
682 
553 
624 
671 
423 
495 
7b7 
562 
749 
71 1 
922 
663 
528 
790 
736 
641 
1045 
830 
870 
974 
784 
549 
746 
795 
528 
746 
665 
526 
774 
589 
551 
891 
804 

818 
820 
822 
829 
830 
824 
830 
835 
au 

.LpFz 
832 
834 
833 
824 
817 
814 
803 
801 
798 
795 
789 
789 
785 
781 
778 
776 m 
768 
770 
768 
768 
767 
766 
764 
76 1 
761 

752 
'.E2 
718 
746 
742 
743 
742 
737 
735 
733 
729 
732 
729 
729 
731 
734 
728 
728 
728 
722 
720 
715 
713 
712 
707 
706 
704 
702 

n4 

B-69 

18.4 
18.4 
18.3 
18.3 
18.3 
18.1 
18.2 
17.9 
17.9 
17.9 
17.9 
17.9 
17.9 
17.9 
17.9 
17.8 
17.6 
17.5 
17.4 
17.4 
17.3 
17.4 
17.4 
17.3 
17.2 
17.1 
17.0 
17.0 
17.1 
17.0 
17.1 
17.1 
17.0 
16.9 
16.9 
16.9 
16.8 
16.8 
16.8 
16.8 
16.8 
16.7 
16.8 
16.8 
16.8 
17.0 
17.0 
16.9 
17.1 
17.0 
16.9 
16.9 
17.1 
17.1 
17.3 
17.4 
17.4 
17.4 
17.3 
17.3 
17.3 
17.3 
17.3 
17.4 
17.6 

3.7 
3.7 
3.9 
3.5 
3.7 
3.6 
3.4 
3.8 
3.4 
'3.7 
3.6 
3.3 
3.5 
3.4 
3.2 
3.4 
3.6 
'3.5 
3.7 
3.5 
3.6 
3.3 
3.4 
3.3 
3.5 
3.4 
3.4 
3.4 
3.2 
3.3 
3.1 
3.3 
3.2 
3.4 
3.4 
3.1 
3.5 
3.7 
3.5 
3.8 
3.8 
4.0 
3.7 
3.5 
3.5 
3.3 
3.2 
3.6 
3.3 
3.6 
3.7 
3.5 
3.2 
3.3 
3.1 
2.9 
3.1 
3.2 
3.1 
3.4 
3.4 
3.2 
3.4 
3.2 
2.8 

46 
35 
79 
119 
72 
81 
57 
39 
36 
19 
18 
10 
9 
8 
7 
5 
6 
5 
10 
15 
7 
6 
8 
8 
5 
5 
2 
2 
0 
3 
5 
2 
4 
3 
16 
13 
5 
26 
30 
39 
58 
48 
44 
25 
21 
38 
34 
51 
52 
31 
52 
48 
25 
14 
16 
11 
7 
5 
2 
5 
9 
7 
6 
8 
7 

250 
186 
402 
622 
367 
391 
285 
l i 7  
164 
83 
78 
46 
38 
38 
33 
20 
23 
20 
40 
59 
27 
23 
31 
29 
19 
17 
6 
8 
1 
10 
19 
7 
14 
10 
55 
44 
18 
88 
100 
131 
197 
156 
1 46 
83 
70 
130 
120 
177 
183 
109 
175 
165 
Po 
52 
61 
44 
26 
20 
8 
20 
3L 
25 
22 
33 
27 

1180 
1182 
1185 
1189 
1183 
1178 
1174 
1167 
1156 
1123 
1088 
1 O M  
1007 
892 
818 
720 
622 
575 
530 
474 
434 
408 
376 
349 
333 
320 
313 
308 
305 
302 
300 
294 
287 
269 
255 
248 
243 
240 
234 
229 
223 
213 
205 
196 
186 
179 
172 
166 
161 
157 
155 
153 
150 
147 
142 
132 
123 
111 
104 
100 
97 
94 
87 
78 
72 



T l M E O E C l W L  
TIME 

1 
1 

1813 18.22 
1814 18.23 
1815 18.25 
1816 18.27 
1817 18.28 
1818 18.30 
1819 18.32 
1820 18.33 
1821 18.35 
1822 18.37 
1823 18.38 
1824 18.40 
1825 18.42 

M i n i m  
Maximm; 
A v e r a g e =  

Zero dri f t .  
( X  of span) 
Span dr i f ts  
( X  of span) 
E r r o r  Es t .=  

02 
(X I  

4.4 
4.2 
4.3 
4.4 
4.2 
4.3 
4.3 
4.3 
4.3 
6.4 
4.5 
4.3 
4.3 

3.8 
4.6 
4.3 

0.88 

0.04 

0.11 

BYPASS DUCT MAIN DUCT 
CARBON MONOXIDE CARBON MONOXIDE 

c02 AT 7% 02 ROLLING 02 ul2 AT 7% 0 ROLLlNG 
( X )  (Ppn) (Ppn) AVERAGE ( X )  ( X )  (ppn) (ppn) AVERAGE 

30.1 
30.8 
30.9 
30.2 
30.6 
31.2 
30.8 
30.9 
31 .O 
31.2 
30.5 
30.7 
31.1 

519 
6TI 

1163 
M4 
592 

1wO 
982 
826 
98 1 
905 
807 
604 
891 

437 
565 
976 
560 
494 
912 
8 U  
693 
821 
764 
682 
507 
748 

29.9 115 97 
32.1 3571 2908 
30.9 946 791 

2.74 4.91 

1.41 4.18 

0.76 78.19 

694 
686 
689 
680 
676 
680 
680 
681 
681 
681 
681 
679 
680 

17.6 
17.3 
17.3 
17.4 
17.3 
17.4 
17.5 
17.5 
17.6 
17.6 
17.6 
17.5 
17.5 

3.2 
3.7 
3.2 
3.2 
3.6 
3.5 
3.3 
3.5 
3.5 
3.5 
3.3 
3.8 
3.7 

6 
11 
15 
8 

16 
51 
22 
11 
11 
11 
8 
8 

20 

23 
41 
56 
33 
60 

133 
87 
44 
43 
46 
32 
33 
78 

16.7 2.8 -6 -25 
20.1 4.0 751 6912 
18.3 3.4 49 425 

0.08 0.73 2.81 

5.67 0.57 4.24 

1.05 0.11 24.19 

Comnents:  
L INEARITY CHECK CO 392.8 PPW t10-31-lP89 - -  09:31:391 
LINEARITY CHECK CO 148.2 PPW (10-31-1969 - -  09:40:101 
LINEARITY CHECK 02 6 . W X  [lo-31-1989 -- 09:52:051 
L lUEARlTY CHECK CO2 5.5'57% [10-31-1989 -- 10:21:161 
A L L  ANALYZERS PASSED L INEARITY CHECK 110-31-1989 - -  10:22:361 
BYPASS AT 20 INCHES LESS THAN 5 ON PYREX [10-31-1989 - -  10:29:351 
W I N  AT 22 INCHES 20 AND 25 ON PYREX-- SAUPLE L INES PASSED LEAK CHECK I I I I I  
ON STACK CAS 110-31-1989 .- 10:35:541 
BEGIN RUN4 [10-31-1989 *-  10:59:231 
TEST STOPPED t10-31-1989 - -  11:52:27l 
RESTARTED SAMPLING. [10-31-1989 -- 15:53:191 
CHANCED L l O H  ON H A I N  MANIFOLD. [lo-31-1989 - -  15:55:121 
END RUN4 [lo-31-1989 - -  18:31:141 
W I N  AT 22 INCHES 5 Awo 15 ON PYREX (10-31-1989 - -  18:41:231 
BYPASS AT 20 INCHES LESS THAN 5 ON PYREX--LEAK CHECK OK! I I ! ! t10-31-1989 _ -  
I 

8-70 

[lo-31-1989 

18:42:091 

66 
62 
60 

57 
58 
59 
59 
59 
59 
59 
60 
61 

5a 

_ -  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

RUN 4 - THC 

COLD THC 
8YPASS 

T I M E D E C I W L  AT 7% 02 
TIME (wn) (m) 

1100 11.00 
1101 11.02 
1102 11.03 
1103 11.05 
1104 11.07 
1105 11.08 
1106 11.10 
1107 11.12 
1108 11.n 
1109 11.15 
1110 11.17 
1 1 1 1  11.1E 
1112 11.20 
1113 11.22 
1114 11.23 
1115 11.25 
1116 11.27 
1117 11.28 
1118 11.30 
1119 11.32 
1120 11.33 
1121 11.35 
1122 11.37 
1123 11.B 
1124 11.40 
1125 11.42 
1126 11.43 
1127 11.45 
1128 11.47 
1129 11.48 
1130 11.50 
1131 11.52 
1132 11.53 
1133 11.55 
1134 11.57 
1135 11.58 
1136 11.60 
1137 11.62 
1 m  11.63 
1139 11.65 
1140 11.67 
1141 11.68 

1143 ll.R 
1144 11.73 
1145 11.75 

1142 1i.m 

1146 11.77 
1147 11.78 
1148 11.80 
1547 15.78 
1548 15.80 
1549 15.82 
1550 15.83 
1551 15.85 
1552 15.87 
1553 15.M 
1554 15.90 
1555 15.92 
1556 15.93 
1557 15.95 
1558 15.97 
1559 15.98 
1600 16.00 
1601 16.02 
1602 16.03 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.8 
0.7 
0.7 
0.7 
0.7 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
0.8 
0.7 
0.7 
0.7 
0.7 
0.8 
0.8 
0.8 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
d.8 
0.8 
0.8 
0.8 
0.8 

4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
4.1 
3 .‘6 
3.6 
3.6 
3.6 
4.1 
4.1 
4.1 
4.1 
4.1 
3.6 
3.6 
4.1 
3.6 
3.6 
3.6 
3.6 
4.1 
4.1 
4.1 

4.1 
4.1 
4.1 
:.1 
4.1 
4.1 
!,.l 
:.l 
4.1 
6.1 
4.1 
4.1 
4.1 
4.1 
4.1 

7.1 
6.9 
6.9 
6.8 
6.9 
6.9 
7.2 
7.2 
7 

7.1 
7.2 
7.1 
7.2 
6.9 
7.1 
7.1 
8.8 
9.3 
10.4 

9 
7.7 
7.3 
7.2 
7 

7.3 
7.6 
7.4 
7.3 
7 

7.2 
7.2 
7 

7.3 
7.1 
7.3 
7.6 
7.3 
7.1 
8 

7.4 
7 

7.1 
7.3 
7.4 
7.1 
7.6 
7.4 
7.3 

7 
7.2 
7.4 
7 

7.2 
7.6 
7.3 
7 

7.2 
7.3 
7.1 
i .  1 
7.2 
7.3 
7.1 

6.0 
5.8 
5.8 
5.7 
5.8 
5.8 
6.0 
6.0 
5.9 
6.0 
6.0 
6.0 
6.0 
5.8 
6.0 
6.0 
7.4 
7.8 
8.7 
7.5 
6.5 
6.1 
6.0 
5.9 
6.1 
6.4 
6.2 
6.1 
5 .9 
6.0 
6.0 
5.9 
6.1 
6.0 
6.1 
6.4 
6.1 
6.0 
6.7 
6.2 
5.9 
6.0 
6.1 
6.2 
6.0 
6.4 
6.2 
6.1 

5.9 
6.0 
6.2 
5.9 
6.0 
6.4 
6.1 
5.9 
6.0 
6.1 
6.0 
6.0 
6.0 
6.1 
6.0 

HEATED THC 
BYPASS 

AT 7% 02 
tppn) DRY 

0 
0 
0 
0 

-0.1 
0 

-0.1 
0 
0 

-0.1 
0 

-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 

0 
n 
0 
0 

0.2 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.8 
0.7 
0.7 
0.7 

0.6 
0.6 
0.7 
0.6 
0.6 
0.7 
0.6 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 

B-71 

0.0 
0.0 
0.0 
0.0 
-0.6 
0.0 
-0.6 
0.0 
0.0 
-0.6 
0.0 
-0.6 
-0.6 
-0.6 
-0.6 
-0.6 

, -0.6 
-0.6 
-0.6 
-0.6 
0.0 
(I.c 
0.0 
0.0 
1.1 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
4.5 
3.9 
3.9 
3.9 

3.4 
3.4 
3.9 
3.4 
3.4 
3.9 
3.4 
3 .9 
3.9 
3.9 
3.9 
3.4 
3.4 
3.4 
3.4 

W I N  

(Em) DRY 
AT 7% 02 COMMENTS 

9.5 
9.1 
9.2 
8.8 
8.9 
8.8 
9.2 
9.1 
8.7 
9 

8.9 
8.9 
8.9 
8.4 
8.8 
8.7 

10.8 
10 

11.9 
9.4 
9 

8.5 
8.4 
8.8 
8.7 
8.8 
8.6 
8.3 
8.7 
8.5 
8.3 
8.7 
8.4 
8.8 
9 

8.7 
8.5 
8.7 
8.4 
8.1 
8.3 
8.6 
8.5 
8.3 
9 

8.7 
8.5 

m ‘  
“.U 

8.9 
9.3 
9.4 
8.8 
9.2 
9.6 
9.2 
9 

9.3 
9.4 
9.2 
9.2 
9.3 
9.4 
9.2 

9.9 SAMPLING BEGUN 
9.5 
9.6 
9.2 
9.3 
9.2 
9.6 
9.5 
9.1 
9.1 ~. 
9.3 
9.3 
9.3 
8.7 
9.2 
9.1 
11.2 
10.4 
12.4 
9.8 
9.4 

8.9 
8.7 
9.2 
9.1 
9.2 
9.0 
8.6 
9.1 

r ) ”  I.” 

8.9 
8.6 
9.1 
8.7 
9.2 
9.4 
9.1 
8.9 
9.1 
8.7 
8.4 
8.6 
9.0 
8.9 
8.6 
9.4 
0 4  

i:9 SAMPLING STOPPED 
DUE TO W5 
MECHANICAL FAILURE 

9.3 SAMPLING RESUMED 
9.7 
9.8 
9.2 
9.6 
10.0 
9.6 
9.4 
9.7 
9.8 
9.6 
9.6 
9.7 
9.8 
9.6 



COLD THC 
BYPASS W I N  

l l M E D E C l W \ L  AT 7X 02 AT 7% 02 
TlME 

1603 16.05 
16U 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.a 
1613 16.22 
i6ii 1 6 3  
1615 16.25 
1616 16.27 
1617 16.28 
1618 16.30 
1619 16.32 
1620 16.33 
1621 16.35 
1622 16.37 
1623 16.38 
1624 16.40 
1625 
1626 
1627 
1628 
1629 
1630 
1631 
1632 
1633 
1634 
1635 
1636 
1637 
1638 
1639 16.65 
1640 16.67 
1641 16.68 
1642 16.70 
1643 16.72 
1641 16.n 
1645 16.75 
1646 16.77 
1647 16.78 
1648 16.80 
1649 16.82 
1650 16.83 
1651 16.85 
1652 16.87 
1653 16.88 
1654 16.90 
1655 16.92 
1656 16.93 
1657 16.95 
1658 16.97 
1659 16.90 
1700 17.00 
1701 17.02 
1702 17.03 
1703 17.05 
1704 17.07 
1705 17.08 
1706 17.10 
1707 17.12 

(W) 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 

0.9 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 

4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.2 
4.2 
4.2 
4.3 
4.3 
4.3 
4.4 
4.4 
4.4 
4.5 
4.5 
4.5 
4.5 
4.6 
1.6 
4.6.~' 
4.7 
4.1 
4.1 
4 .1  
4.1 
4.1 
4.1 
4. 1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 

7.3 
7.3 
7.1 
6.6 
6.5 
6.8 
7.2 
7 

6.6 
6.4 
6.8 
7.1 
7.1 
6.7 
6.9 
7 
7 

6.8 
7 

6.8 
7.2 

6.9 
6.9 
6.9 
7.1 
7.1 
6.9 
7 

6.9 
6.9 
7 

6.9 
6.9 
6.8 
6.8 
7 

6.9 
6.7 
6.7 
7.1 
6.9 
6.6 
6.5 
6.6 
6.7 
6.6 
6.6 
6.8 
6.5 

6.1 
6.1 
6.0 
5.5 
5.4 
5.7 
6.0 
5.9 
5.5 
5 .4  
5.7 
6.0 
6.0 
5.6 
5.8 
5.9 
5.9 
5.7 
5.9 
5.7 
6.0 
6.0 * 
6.0 
6.0 * 
6.0 
6.0 
5.9 
5.9 * 
5.9 
5.9 
5.9 
5.9 
5.9 
5.8 
5.8 
5.8 
5.8 
5.8 
5.8 
5.8 
6.0 
6.0 
5.8 
5.9 
5.8 
5.8 
5.9 
5.8 
5.8 
5.7 
5.7 
5.9 
5.8 
5.6 
5.6 
6.0 
5.8 
5.5 
5.4 
5.5 
5.6 
5.5 
5.5 
5.7 
5 . 4  

HEATED THC 
BYPASS 

( F P )  

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 
0.8 
0.8 
0.8 
0.8 

1.6 
1.3 
1.1 

1 
0.9 
0.8 
0.8 
0.6 
0.6 
0.5 
0.5 
0.4 
0.3 
0.3 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0 
0 

-0.1 
-0.1 
-0.1 
-0.1 
-0.1 

6-72 

AT 7% 02 
DRY 

3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4  
3.4 
3.4 
3.9 
3.9 
3.9 
3.9 
4:5 
4.5 
4.5 
4.5 
4.7 
5.0 * 
5.2 
5.5 
5.7 
6.0 
6.2 
6.5 
6.7 
7.0 * 
7.2 
7.5 
7.7 
8.0 
8.2 
8.5 
8.7 
9.0 
7.3 
6.2 
5.6 
5.0 
4.5 
4.5 
3.4 
3.4 
2.8 
2.8 
2.2 
1.7 
1 .7 
1.1 
1.1 
0.6 
0.6 
0.6 
0.6 
0.0 
0.0 
-0.6 
-0.6 
-0.6 
-0.6 
-0.6 

(W) 

9.5 
9.4 
9.2 
8.6 
8.6 
9 

9.4 
9.1 
8.6 
8.6 
9.1 
9.1 

9 
8.6 
8.9 
9.1 
9 

8.8 
9 

8.8 
9.2 

10.8 
8.7 
8.5 
8.6 
8.5 
8.2 
8.5 
8.3 
8.4 
8.5 
8.4 
8.4 
8.4 
8.3 
8.6 
8.5 
8.3 
8.4 
8.9 
8.7 
8.4 
8.5 
8.3 
8.5 
8.3 
8.4 
8.7 
8.3 

MAIN 
AT ?% 02 COMMENTS 

DRY 

9.9 
9.8 
9.6 
9.0 
9.0 
9.4 
9.8 
9.5 
9.0 
9.0 
9.5 
9.5 
9.4 
9.0 
9.3 
9.5 
9.4 
9.2 
9.4 
9.2 
9.6 
9.7 'ZERO AN0 
9.8 
9.9 9 ... 
10.0 
10.1 
10.2 
10.3 
10.4 
10.5 
10.6 
10.7 
10.8 
10.9 
11.0 = 
11.1 
11.2 *SPAN CHECK 
11.2 
9.1 
8.9 
9.0 
8.9 
8.5 
8.9 
8.6 
8.7 
8.9 

8.7 
8.7 
8.6 
9.0 
8.9 
8.6 
8.7 
9.3 
9.1 
8.7 
8.9 
8.6 
8.9 
8.6 
8.7 
9.1 
8.6 

8.7 

I 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

COLD THC HEATED THC 
BYPASS M A I N  BYPASS M A I N  

TIWEDECIMAL AT 7x02 AT 7% 02 AT 7% 02 AT 7% 02 COMMENTS 
T IME (m) tm) (ppn) tm) tppn) DRY (m) DRY 

1708 .~ .~ 
1709 
1710 
1711 
1712 
1773 .. ._ 
1714 
1715 
1716 
1717 
1718 
1719 
1 720 
1721 
1722 
17-23 
1 724 
1725 
1726 
1 727 
1728 
1 6 9  
!?3 
1731 
1732 
1733 
1734 
1735 
1736 
1737 
1738 
1739 
1740 
1741 
1742 
1743 
1 7 U  
1745 
1 7L6 
1747 
1748 
1749 
1750 
1751 
1752 
1753 
1754 
1755 
1756 
1757 
1758 
1759 
1800 
1801 
la62 
1803 
1804 
1805 
1806 
1807 
1808 
1809 
1810 
1811 
1812 

17.13 
17.15 
17.17 
17.18 
17.20 
17.22 
17.23 
17.25 
17.27 
17.28 
17.30 
17.32 
17.33 
17.35 
17.37 
17.38 
17.40 
17.42 
17.43 
17.45 
17.47 
17.48 
I?.% 
1T.52 
17.53 
17.55 
17.57 
17.58 
17.60 
17.62 
17.63 
17.65 
17.67 
17.68 
17.M 
17.72 

17.75 
17.77 
17.78 
17.80 
17.82 
17.85 
17.85 
17.87 
17.88 
17.90 
17.92 
17.93 
17.95 
17.97 
17.98 
18.00 
18.02 
18.03 
18.05 
18.07 
18.08 
18.10 
18.12 
18.13 
18.15 
18.17 
18.18 
18.20 

17.75 

0.8 
0.7 
0.8 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
9.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
(1.6 
0.6 
0.6 
0.6 
0.5 
0.5 
0.6 
0.6 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

4.1 
3.6 
4.1 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
'3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.1 
3.1 
3.1 
5.: 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
2.6 
2.6 
3.1 
3.1 
3.1 
3.1 
2.6 
2.6 
2.6 
2.6 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 

6.5 
6.6 
6.5 
6.5 
6.6 
6.6 
6.5 
6.3 
6.4 
6.2 
6.2 
6.3 
6.2 
6.1 
6.1 
5.9 

6 
6.1 

6 
6.1 
5.9 
6.2 

6 
5.9 

6 
5.8 
5.7 
5.8 
5.7 
5.9 
5.7 

6 
5.8 
5.8 
6.3 
6.2 
6.1 
6.2 
6.5 
6.4 
6.3 
6.5 
6.5 
6.2 
6.3 
6.3 
6.2 
6.2 

6 
6.1 
6.1 
6.1 
5.8 
5.9 

6 
5.8 

6 
6 

5.9 
6.2 
6.1 
5.9 
6 

6.2 

r -  
2.7 

5.4 
5.5 
5.4 
5.4 
5.4 
5.5 
5.6 
5.3 
5.4 
5.2 
5.2 
5.3 
5.2 
5.1 
5.1 
4.9 
5.0 
5.1 
5.0 
5.1 
4.9 
5.2 
i .9  
5.0 
4.9 
5.0 
4.9 
4.8 
4.9 
4.8 
4.9 
4.8 
5.0 
4.9 
4.9 
5.3 
5.2 
5.1 
5.2 
5.4 
5.4 
5.3 
5.4 
5.4 
5.2 
5.3 
5.3 
5.2 
5.2 
5.0 
5.1 
5.1 
5.1 
4.9 
4.9 
5.0 
4.9 
5.0 
5.0 
4.9 
5.2 
5.1 
4.9 
5.0 
5.2 

-0.1 
-0.1 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.3 
-0.5 
-0.3 
-0.3 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-6.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.4 
-0.4 
-0.4 
-0.6 
-0.4 
-0.4 
-0.4 
-0.4 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 

8-73 

-0.6 
-0.6 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.7 
-1.7 
-1.7 
-1.7 
-2.2 
-2.2 
-2.2 
-2.2 
-2.2 
-2.2 

, -2.2 
-2.2 
-2.2 
-2.2 
-2.2 
-2.8 
-2.8 
-2.8 
-2.8 
-2.8 
-2.2 
-2.2 
-2.2 
-2.2 
-2.2 
-2.2 
-2.2 
-2.2 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.7 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 

8.4 
8.6 
8.4 
8.5 
8.3 
8.6 
8.5 
8.2 
8.6 
8.3 
8.3 
8.4 
8.2 
8.1 
8.2 

8 
8.1 
8.3 
8.1 
8.3 

8 
8.4 

8 
8.2 
8.1 
8.3 
8.1 

8 
8.2 
7.6 

8 
7.7 

8 
7.8 
7.8 
8.3 
8.1 
7.9 
8.1 
8.4 
8.2 

8 
8.3 
8.2 
7.8 

8 
8 

7.7 
7.9 
7.6 
7.8 
7.8 
7.9 
7.5 
7.7 
7.7 
7.4 
7.7 
7.8 
7.6 

8 
7.8 
7.5 
7.7 

8 

8.7 
9.0 
8.7 
8.9 
8.6 
9.0 
8.9 
8.5 
9.0 
8.h 
8.6 
8.7 
8.5 
8.4 
8.5 
8.3 
8.4 
8.6 
8.4 
8.6 
8.3 
8.7 
8.3 
8.5 
8.4 
8.6 
8.4 
8.3 
8.5 
7.9 
8.3 
8.0 
8.3 
8.1 
8.1 
8.6 
8.4 
8.2 
8.4 
8.7 
8.5 
8.3 
8.6 
8.5 
8.1 
8.3 
8.3 
8.0 
8.2 
7.9 
8.1 
8.1 
8.2 
7.8 
8.0 
8.0 
7.7 
8.0 
8.1 
7.9 
8.3 
8.1 
7.8 
8.0 
8.3 



T l l l E O E C l M L  
TIUE 

1813 18.22 
1814 18.23 
1815 18.25 
1816 18.27 

1818 18.30 
1819 18.32 
1820 18.33 
3821 18.35 
1822 18.37 
1823 18.38 
1824 18.40 
1825 18.42 
1826 18.43 
1939 19.65 
1940 19.67 
1941 19.68 
1942 19.70 
1943 19.72 
1944 19.73 
1945 19.75 
1946 19.77 
1947 19.78 
1948 19.80 
1949 19.82 
1950 19.83 

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 

2005 20.08 
2006 20.10 
2007 20.12 
2008 20.13 
2009 20.15 
2010 20.17 
2011 20.18 
2012 20.20 

1817 18.28 

1951 19.85 

2004 20.07 

COLD THC 
BYPASS MA I N  

AT 7% 02 AT 7% 02 
(Ffm (ppn) (PPn) (W) 

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 

6 
6 

6.2 
6.2 
5.9 

6 
6 

5.8 
5.9 
5.9 

6 
5.8 

6 

0.9 0.7 
0.9 0.7 
0.9 0.7 
0.9 0.7 
0.9 0.7 
0.9 0.7 
0.8 0.7 

0.8 
0.8 

0.8 
0.8 

... 
0.8 0.7 

0.8 
0.8 

0.8 
0.8 
0.8 0.8 
0.8 0.8 
0.8 0.8 
0.8 0.8 
0.8 0.8 
0.8 0.8 
0.8 0.7 
0.8 0.7 
0.8 0.8 
0.8 0.7 
0.8 0.8 
0.8 0.7 
0.8 0.7 
0.8 0.7 
0.9 0.7 
0.9 0.7 
0.9 0.7 ... 
0.9 0.8 
0.9 0.8 
0.9 0.8 
0.9 0.8 
0.9 0.8 
0.9 0.8 
0.9 0.8 

5.0 ~.~ 
5.0 
5.2 
5.2 
4.9 
5.0 
5.0 
4.9 
4.9 
4.9 
5.0 
4.9 
5.0 

HEATED THC 
BYPASS WAIN 

AT 7% 02 AT 7% 02 
(W) DRY (ppa) OR1 

-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 

-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 

7.7 
7.6 
7.9 

7.5 
7.7 
7.6 
7.4 
7.4 
7.5 
7.6 
7.4 
7.6 

7.8 

8.0 
7.9 
8.2 
8.1 
7.8 
8.0 
7.9 
7.7 
7.7 
7.8 
7.9 
7.7 
7.9 

0.6 1.3 
0 0.8 

-0.4 0.1 

Run A v e r a g e =  0.7 3.8 6.7 5.6 0.1 1.2 8.5 9.0 
A n b i e n t  A i r  0.8 0.8 0.4  1.3 

For Tim? P e r o i d  1100-1147 
Z e r o  D r i f t =  0.08 0.65 
1 %  Of  Sea"> .- -.  ---.., 
Span D r i f t .  0.43 
( X  of scan) 

0.17 

E r r o r  Est .= 0.08 0.65 

For T i m  P e r o i d  1548-1623 
Z e r o  D r i f t =  0.18 0.31 
( %  of -.clan\ . - - .  -r-..- 
Span D r i f t =  0.22 
(% af smn> 

1.93 
.~~ .. 

E r r o r  E s t . =  0.18 0.44 

0.07 0.06 

1.35 10.43 

0.07 0.95 

0.65 0.49 

1.48 1 . a  

0.64 0.6 

0-74 

COHHENTS 

SMPLING ENDED 

AMBIENT A I R  CHECK 

I 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
11 
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I 
I 
I 
I 

COLD THC HEATED THC 
BYPASS MAIN BYPASS MAIN 

AT 7% 02 AT 7% 02 AT 7% 02 AT 7% 02 COMMENTS TIMEDECIMAL 
(PpR) DRY TIME (Ppn) (P) (pan) (P) (ppn) DRY 

For T i m  P e r o i d  1640-1825 
Z e r o  D r i f t =  0.26 0.64 1.42 0.09 
(X of Spa") 
S p a n  Drift. 3.07 
( X  of span) 
E r r o r  Est.= 0.28 

DATA CALCULATED BY EXTRAPOLATIMI. 
C o l d  TW corrected t o  7% 02 = Rau value x (114/121-02 conc.)) 
Hot THC corr. t o  ?X 02, dry = Raw value x ((14/121-02 copc.))/(i-noist. CMC.) 

Cunnents :  

3.27 3.71 1.46 

0.85 1.41 0.21 

LINEARITY CHECK 20.35 PPM PROPANE [lo-31-1989 -- 11:29:07! 
LINEARITY CHECK PROPANE 49.09 PPM [lo-31-1989 - -  11:35:17! 
ALL THC'S PASSED L INEARITY CHECK [lo-31-1989 -- 11:41:431 
ON STACK GAS [lo-31-1989 - -  11:43:061 
BEGIN RUN&-THC [lo-31-1989 -- 11:54:381 
TEST STOPPED [lo-31-1989 -- 12:47:501 
ZERO THC'S [lo-31-1989 - -  12:59:321 
SPAN THC'S [lo-31-1989 - -  13:11:581 
BACK ON STACK GAS 110-31-1989 ._ 13:15:221 
RESTARTED SAJ4PLING. [10-31-1989 -- 16:48:491 
ZERO THC'S (10-31-1989 - -  17:19:171 
SPAN THC'S [lo-31-1989 - -  1?:27:331 
END RUN4 [lo-31-1989 -- 19:26:431 
NITROGEN L I N E  UAS NOT CONNECTED DURING PREVIOUS SECTION OF L I N E  B I G  CHECK. [10-31-1989 - -  20:28:341 
NITROGEN L I N E  WAS PROBABLY NOT CONNECTED DURING RUNS 2 TH!!.UCH 4. il0-31-1989 - -  20:30:551 
HAVE BEEN PULLING IN AJ4BIENT A I R  F R C *  TRAILER DURING 2 T H Q U l t H  6 .  ill-31-1989 - -  20:33:281 
ENTER KEY IS S T l K l N C  BADLY. 
ALL TIMES MENTIONEFI I N  THE CEHMENTS ARE 55 MINUTES A H E M .  

NOY IN AMBIENT AIR CHECK. :10-3i-i~8q - -  20:31:421 
T H I S  SEGMENT M S T  BE SPLICED IYIO RUNLTHC DUE TO MACHINE LOCKUP AT END OF TES 

5-75 



~~ 

RUN 5 - 02, C02, CO 

TIHEDECIMAL 
T I M E  

1130 11.50 
1131 11.52 
1132 11.53 
1133 11.55 
1134 11.57 
1135 11.58 
1136 11.60 
1137 11.62 
1138 11.63 
1139 11.65 
1140 11.67 
1141 11.68 
1142 1l.m 
1143 1T.R 
1144 11.73 
1145 11.75 
1146 1l.n 
1147 11.78 
1148 11.80 
1149 11.82 
1150 11.83 
1151 11.85 
1152 11.87 
1153 11.88 
1154 11.90 
1155 11.92 
1156 11.93 
1157 11.95 
1158 11.97 
1159 11.98 
1200 12.00 
1201 12.02 
1202 12.03 
1203 12.05 
1204 12.07 
1205 12.08 
1206 12.10 
1207 12.12 
1208 12.13 
1209 12.15 
1210 12.17 
1211 12.18 
T m -  12.20 
12t3 12.22 
1214 12.23 
1215 12.25 
1216 12.27 
1217 12.28 
1218 12.30 
1219 12.32 
1220 12.33 
1221 12.35 
1222 12.37 
1223 12.38 
1224 12.40 
1225 12.42 
1226 12.43 
1227 12.45 
1228 12.47 
1229 12.48 
1230 12.50 
1231 12.52 
1232 12.53 
1233 12.55 
1234 12.57 

02 
(%) 

4.2 
4.2 
4.2 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.0 
4.0 
4.1 
4.1 
4.0  
3.9 
4.0 
4.1 
4.0 
4 . 0  
4.0 
4.0 
3.9 
4.0 
4.0  
4.0 
4.0 
4.0 
3.9 
3.9 
3.8 
3.8 
3.9 
3.9 
3.9 
3.8 
3.9 
4.0 
4.0  
3.9 
1.0 
4.0 
4.0 
4.0 
4.1 
4.1 
4.1 
4.3 
4.5 
4.3 
4.2 
4.2 
4.2 
4.2 
4.3 
4.1 
4.1 
4.1 
4.0 
4.1 
4.0  
4.0 
4.0  
4.0 
3.9 

I U I N  DUCT 
CARBON MONOXIDE 

AT 7% 02 ROLLING 
(ppn) (ppn) AVERAGE 

c02 
( X )  

30.1 
30.1 
29.8 
29.6 
30.0 
30.0 
29.4 
29.6 
30.0 
29.9 
29.4 
30.0 
30.2 
29.7 
29.5 
30.1 
30.4 
29.9 
29.8 
30.3 
30.1 
30.0 
30.4 
29.9 
30.0 
30.2 
30.2 
30.3 
30.0 
30.5 
30.0 
30.4 
30.6 
30.3 
30.1 
30.1 
30.7 
30.1 
29.8 
30.2 
30.1 
29.8 
29.8 
30.3 
30.2 
29.6 
29.6 
29.9 
29.7 
28.9 
29.5 
30.1 
29.7 
30.1 
29.9 
29.3 
30.1 
29.9 
30.1 
30.0 
29.8 
30.3 
30.0 
30.1 
29.9 

507 
477 
526 
404 
444 
629 
583 
386 
399 
718 
624 
421 
68L 
BR 
462 
394 
680 
842 
520 
543 
716 
521 
527 
685 
498 
61 1 
540 
620 
560 
580 
679 
563 

712 
623 
513 
604 
768 
471 
465 
742 
565 
c47 
542 
818 
610 
360 
425 rn 
589 
417 
530 
579 
451 
586 
496 
477 
MO 
537 
5% 
425 
465 
562 
520 
500 

759 

423 
397 
437 
335 
368 
521 
LR3 
320 
331 
595 
514 
316 
565 
721 
379 
322 
560 
695 
427 
448 
591 
428 
432 
565 
409 
502 
443 
512 
457 
475 
554 
458 
621 
584 
510 
417 
496 
633 
386 
3 s  
612 
465 
367 
445 
676 
505 
298 
355 
658 
495 
347 
442 
481 
376 
491 
411 
3% 
548 
443 
493 
350 
383 
463 
4zp 
409 

472 
471 
471 
471 
473 
474 
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~~ 

02 
(7.) 

15.9 
15.8 
16.0 
16.0 
16.0 
16.2 
!6.2 
16.0 
16.0 
16.1 
16.1 
16.2 
16.2 
16.3 
16.3 
16.2 
16.1 
16.1 
16.1 
16.0 
16.2 
16.3 
16.3 
16.3 
16.1 
16.1 
16.0 
16.1 
16.2 
16.3 
16.4 
16.4 
16.2 
16.2 
16.2 
16.1 
16.1 
16.2 
16.3 
16.4 
16.3 
16.3 
16.3 
16.2 
16.3 
16.4 
16.3 
16.4 
16.6 
16.5 
16.3 
16.2 
16.3 
16.4 
16.5 
16.5 
16.5 
16.3 
16.3 
16.3 
16.2 
16.2 
16.4 
16.5 
16.5 

BYPASS DUCT 
CARBON MONOXIDE 

CLZ AT 7x 02 ROLLING 
( X I  (Fpn) (m) AVERAGE 

3.6 
3.5 
3.3 
3.3 
3.3 
3.1 

3.3 
3.4 
3.2 
3.1 
3.3 
3.3 
3.1 
3.1 
3.5 
3.5 
3.4 
3.5 
3.5 
3.2 
3.4 
3.3 
3.4 
3.5 
3.5 
3.5 
3.4 
3.3 
3.2 
3.1 
3.3 
3.3 
3.3 
3.3 
3.4 
3.4 
3.2 
3.1 
3.2 
3.2 
3.1 
3.3 
3.5 
3.1 
3.0 
3.1 
3.1 
3.0 
3.1 
3.4 
3.5 
3.4 
3.3 
3.1 
3.2 
3.3 
3.4 
3.4 
3.3 
3.4 
3.3 
3.2 
3.1 
3.2 

7 ,  -. . 

15 
19 
30 
16 
11 
16 
3 
15 
10 
36 
38 
21 
32 
33 
17 
20 
59 

138 
99 
78 
81 
49 
49 
59 
30 
22 
26 
59 
57 
69 
98 

128 
144 
120 
53 
40 
98 

115 
61 
51 

1w 
67 
29 
22 
37 
32 
17 
42 

104 
53 
20 
32 
56 
33 
24 
11 
16 
19 
19 
24 
19 
3-5 
58 
54 
28 

41 
51 
84 
46 
30 
45 

41 
29 

104 
110 
60 
94 
97 
51 
57 

167 
395 
281 
221 
237 
IU 
146 
173 
86 
62 
74 

167 
168 
207 
298 
386 
423 
351 
155 
115 
280 
334 
183 
155 
326 
199 
86 
65 

109 
96 
51 

127 
330 
165 
60 
93 

165 
100 
76 
34 
48 
55 
55 m 
56 

105 
174 
167 
86 

I 7  Y, 

142 
142 
143 
145 
147 
148 

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TIMEDECIMAL 
T I M E  

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 
1244 12.73 
1245 12.75 
1246 12.77 
1247 12.78 
1246 12.80 
1249 12.82 
1250 12.S 
1251 12.35 
1252 12.87 
1253 12.88 
1254 12.90 
1255 12.92 
1256 12.93 
1257 12.95 
1258 12.97 
1259 12.98 
1300 13.00 
i S u i  13.02 
1302 13.03 
1303 13.05 
1304 13.07 
1305 13.08 
1306 13.10 
1307 13.12 
1308 13.13 
1309 13.15 
1310 13.17 
1311 13.18 
1312 13.20 
1313 13.22 
1314 13.23 
1315 13.25 
1316 13.27 
1317. 1338 
1318 13.30 
1319 13.32 
1320 13.33 
1321 13.35 
1322 13.37 
1323 13.38 
1324 13.40 
1325 13.42 
1326 13.43 
1327 13.45 
1328 13.47 
1329 13.48 
1330 13.50 
1331 13.52 
1332 13.53 
1333 13.55 
1334 13.57 
1335 13.58 
1336 13.60 
1337 13.62 
1338 13.63 
1339 13.65 

02 
(X) 

3.9 
3.9 
3.9 
4.0  
4.0 
3.9 
4.0 
4 .0  
4.1 
4.1 
4.1 
4.2 
4.2 
4.1 
4.0  
4.0 
4.0 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4 .0  
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.8 
3.9 
4.1 
4.0 
3.9 
3.9 
4.0 
4.0 
4.0 
4.0 
4.1 
4.0 
4-0 
3.9 
3.9 
3.9 
3.8 
3.9 
3.9 
3.9 
4.0  
4.0 
4.0 
3.9 
3.9 
4.0 
3.9 
4.0 
4.1 
4 . 0  
4 . 0  
4.1 
4 . 0  

M A I N  DUCT 
CARBON M N O X I O E  

w 2  AT 7% 02 ROLLING 
(X)  (FW) (p) AVERAGE 

30.4 
30.3 
30.2 
30.3 
29.9 
30.2 
30.3 
30.1 
29.9 
29.6 
30.1 
30.1 
29.7 
29.7 
30.1 
29.7 
29.8 
30.2 
29.6 
29.3 
29.5 
29.9 
29.8 
29.7 
29.8 
30.2 
30.1 
30.1 
30.3 
30.0 
30.2 
30.3 
30.2 
30.1 
29.9 
30.1 
30.4 
30.1 
30.3 
29.8 
30.3 
30.0 
30.2 
30.0 
30.3 
30.3 
30.3 
30.3 
30.0 
30.5 
30.2 
29.9 
29.9 
29.9 
30.4 
30.1 
29.8 
30.2 
29.7 
29.4 
29.8 
30.1 
29.5 

3.9 30.2 
3:9 29.7 

496 
583 
511 
541 
624 
4 R  
658 
600 
5% 
398 
376 
582 
547. 
403 
504 
M18 
407 
494 
576 
350 
296 
367 
544 
522 
453 
589 
678 
534 
569 
627 
551 
635 
618 

576 
490 
621 
562 
523 
516 
662 
587 
482 
534 
687 
571 
462 
626 
500 
493 
670 
500 
577 
440 
5 76 
723 
451 
508 
681 
426 
X L  
640 
591 
376 
519 

470 

405 
478 
419 
445 
512 
387 
542 
494 
484 
329 
311 
Le4 
655 
333 
416 
501 
336 
409 
477 
290 
245 
304 
450 
430 
371 
482 
555 
437 
4M 
512 
449 
519 
511 
388 
472 
400 
510 
462 
431 
424 
3 w  
483 
3 w  
437 
3 w  
464 
376 
512 
409 
404 
552 
412 
475 
359 
471 
594 
368 
417 
563 
351 
283 
530 
486 
309 
425 

472 
4 R  
473 
475 
474 
472 
475 
474 
470 
469 
469 
468 
464 
462 
461 
460 
458 
458 
457 
455 
450 
448 
447 
446 
445 
444 
445 
442 
440 
440 
441 
441 
439 
439 
441 
437 
438 
439 
439 
435 
433 
a6 
437 
433 
432 
434 
433 
433 
434 
432 
435 
435 
434 
432 
432 
436 
436 
435 
437 
436 
434 
435 
436 
434 
432 

02 
( X )  

16.3 
16.2 
16.2 
16.2 
16.3 
16.3 
16.4 
16.5 
16.6 
16.4 
16.3 
16.3 
16.4 
16.5 
16.4 
16.5 
16.6 
16.5 
16.5 
16.5 
16.5 
16.6 
16.4 
16.5 
16.5 
16.5 
16.6 
16.6 
16.5 
16.5 
16.5 
16.5 
16.5 
16.7 
16.6 
16.5 
16.5 
16.4 
16.5 
16.5 
16.5 
16.6 
163 
16.4 
16.3 
16.4 
16.3 
16.3 
16.4 
16.5 
16.5 
16.4 
16.4 
16.4 
16.4 
16.5 
16.6 
16.6 
16.7 
16.5 
16.4 
16.4 
16.5 
16.5 
16.5 

c02 
(XI 

3.4 
3.3 
3.5 
3.4 
3.3 
3.3 
3.1 
3.0 
3.0 
3.2 
3.4 
3.2 
3.0 
3.2 
3.2 
3.0 
3.0 
3.1 
3.0 
2.9 
3.1 
3:3 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.3 
3.1 
3.1 
3.2 
3.2 
3.2 
3.3 
3.2 
3.2 
3.2 
3.1 
3.3 
3.6 
3.5 
3.4 
3.5 
3.3 
3.3 
3.3 
3.2 
3.3 
3.2 
3.4 
3.3 
3.0 
3.0 
3.1 
2.9 
3.1 
3.4 
3.3 
J.l 
3.2 
3.3 

( F m  

36 
51 
41 
57 
83 
60 
66 
43 
58 
34 
33 
51 
45 
33 
37 
48 
29 
18 
47 
UI 
18 
15 
25 
29 
28 
46 
54 

24 
15 
28 
37 
30 
16 
11 
10 
15 
10 
10 
11 
26 
18 
11 
9 
14 
1L 
20 
72 
45 
30 
74 
56 
58 
29 
53 
31 
14 
19 
28 
10 
12 
72 
36 
14 
e4 

3a 

BYPASS DUCT 
CARBON MONOXIOE 

AT 7% 02 ROLLING 
(ppn) AVERAGE 

108 
146 
117 
167 
246 
176 
201 
135 
183 
102 
w 
153 
137 
101 
113 
148 
91 
55 
146 
118 
55 
45 
75 
89 
87 
150 
172 
120 
75 
47 
86 
115 
95 
53 
33 
31 
45 
29 
32 
36 
80 

34 
28 
42 
42 
58 
215 
139 
94 
233 
172 
177 
86 
161 
97 
45 
61 
91 
32 
36 
221 
112 
43 
2M) 

58 

149 
150 
151 
154 
156 
157 
159 
160 
162 
162 
163 
163 
159 
156 
154 
152 
151 
150 
149 
150 
150 
149 
148 
147 
144 
142 
138 
133 
129 
127 
127 
124 
120 
118 
116 
111 
108 
107 
107 
105 
105 
105 
104 
W 
97 
96 
96 
97 
97 
98 
101 
103 
105 
105 
107 
108 
107 
105 
104 
103 
101 
103 
103 
101 
101 
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WIN DUCl 

TIMEDECIMAL 
TIWE 

1340 13.67 
1 x 1  13.68 
1342 13.70 
1343 13.72 
1344 13.73 
1345 13.75 
1346 13.77 
1 x 7  13.78 
1348 13.80 
1 x 9  13.82 

1351 13.85 
1352 13.87 
1353 13.88 
1354 13.W 
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 
1608 14.13 
1409 14.15 
1410 14.17 
1411 14.18 
1412 14.20 
1413 14.22 
1414 14.23 
1415 14.25 
1416 14.27 
1417 14.28 

M i n i m  
M a x i m  
Average-  

Z e r o  dr i f t=  
(% of span) 
Span dr i f t= 
( X  of span) 
Error E s t . =  

,--"*e. 

02 
( X )  

3.9 
3.8 
3.9 
4.0 
3.9 
3.7 
3.7 
3.6 
3.7 
3.8 
5.7 
3.7 
3.6 
3.7 
3.6 
3.7 
3.8 
3.6 
3.6 
3.7 
3.7 
3.7 
3.7 
3.6 
3.8 
3.9 
3.8 
3.8 
3.9 
3.8 
3.9 
3.9 
3.7 
3.9 
4.0 
3.8 
3.9 
3.9 

3.6 
4.5 
4.0 

0.47 

1.24 

0.10 

to2 
( X )  

30.0 
29.8 
30.3 
29.8 
30.0 
30.5 
30.3 
30.5 
30.7 
30.1 
3U.5 
30.4 
30.4 
30.2 
30.1 
30.5 
30.1 
30.0 
30.5 
30.2 
30.5 
30.1 
29.8 
30.1 
30.5 
29.6 
29.6 
30.3 
30.0 
30.1 
30.6 
29.9 
30.0 
30.6 
29.9 
30.1 
30.4 
29.7 

28.9 
30.7 
30.0 

2.30 

2.92 

1.15 

(P) 

747 
467 
389 
702 
504 
553 
862 
5s 
751 

M7 
748 
601 
716 
526 
602 
795 
480 
662 
820 
654 
660 
442 
35 1 
702 
Bll 
440 
491 
697 
4% 
503 
664 
392 
w 
658 
418 
578 
571 

296 
872 
559 

0.98 

0.09 

8.21 

mi 

CARBON WONOKIOE 
AT 7x. 02 ROLLING 

(Ppn) AVERAGE 

612 
381 
319 
577 
41 1 
443 
6W 
4m 
609 
651 
458 
605 
485 
579 
424 
486 
645 
387 
534 
M3 
528 
533 
358 
283 
572 
689 
359 
401 
570 
355 
411 
543 
318 
365 
540 
365 
474 
467 

245 
721 
459 

436 
433 
431 
432 
433 
436 
439 
440 
u4 
448 
447 
452 
453 
455 
457 
461 
467 
466 
467 
472 
473 

471 
468 
469 
473 
471 
469 
472 t m  
4m 
471 
468 
467 
469 
468 
468 
470 

473 

. . -. 
LlNEARlTY CHECK COZ 5 . % n  (11-02-1989 - 
LINEARITY CHECK 02 6.044% (11-02-1989 -- 
LINEARITY CHECK CO 392.8 PPW (11-02-1989 
LINEARITY CHECK CO 148.2 PPY 111-02-1ORO . . _. . . - . . . . . . . ._ . . -. 
ALL-ANALYZERS PASSED LINEARITY CHECK 111, 
BYPASS 20 INCHES 10 ON PYREX 111-02-1989 

02 
(7.) 

16.6 
16.7 
16.6 
16.6 
16.4 
16.3 
16.4 
16.4 
16.5 
16.6 
16.7 
16.7 
16.7 
16.8 
16.8 
16.8 
17.0 
17.0 
17.1 
17.0 
16.8 
17.0 
17.0 
16.9 
16.9 
17.0 
16.9 
16.9 
16.8 
16.7 
16.6 
16.7 
16.7 
16.6 
16.8 
16.8 
16.8 
16.7 

15.8 
17.1 
16.4 

0.21 

3.24 

0.56 

- 09:39:341 
09:50:301 -- 10:09:101 .- 1O:18:221 

.02-1989 - _  101 .- -- 10:43:231 

BYPASS DUCT 
CARBON MONOXIDE 

w2 AT 7% 02 ROLLING 
AVERAGE 

3.1 
3.0 
3.3 
3.2 
3.5 
3.4 
3.4 
3.4 
3.2 
3.1 
3.1 
3.0 
3.0 
2.9 
3.0 
2.9 
2.7 
2.8 
2.7 
2.9 
2.8 
2.6 
2.7 
3.0 
2.9 
2.7 
2.9 
3.2 
3.1 
3.3 
3.4 
3.2 
3.3 
3.2 
3.0 
3.1 
3.1 
3.1 

2.6 
3.6 
3.2 

92 
29 
22 e 
18 
65 
64 
M 
83 
67 
63 
54 
19 
15 
12 
15 
19 
8 
6 
4 
3 
5 
3 

-0 
5 
3 
3 

17 
22 
13 
28 
2s 
12 
20 
29 
14 
9 
5 

-0 
144 
37 

0.94 0.47 

2.13 2.01 

0.18 4.45 

:34:351 

MAIN AT 22 INCHES 18 AND 32 ON PYREX t11-02-1989 -. 10:43:581 
SAMPLE L I N E S  PASSED LEAK C H E C K I I I I I I I I I I  t11-02-1989 _ -  10:44:32] 
ON STACK GAS 111-02-1989 -- 10:49:441 
CHANGED CAUSTIC ON M I N  CO WONITOR. (11-02.1989 -- ll:04:421 
BEGIN RUN SA (11-02-1989 _ -  11:30:011 
PRINTER JUIWED. (11-02-1989 -- 13:55:591 
END OF RUN 5 111-02-1989 - -  14:17:211 
FINAL LEAK CHECKS OK, BYPASS BOTH 411w AT 2O"HG. W A l w  4 M U I  AT 22"HG. 
I 

MAIN AT 22 INCHES 18 AND 32 ON PYREX t11-02-1989 -. 10:43:581 
SAMPLE L I N E S  PASSED LEAK C H E C K I I I I I I I I I I  t11-02-1989 _ -  10:44:32] 
ON STACK GAS 111-02-1989 -- 10:49:441 
CHANGED CAUSTIC ON M I N  CO WONITOR. (11-02.1989 -- ll:04:421 
BEGIN RUN SA (11-02-1989 _ -  11:30:011 
PRINTER JUIWED. (11-02-1989 -- 13:55:591 
END OF RUN 5 111-02-1989 - -  14:17:211 
FINAL LEAK CHECKS OK, BYPASS BOTH 411w AT 2O"HG. W A l w  4 M U I  AT 22"HG. 
I 

8-78 

m 
95 
71 

133 
54 

195 
196 
109 
259 
215 
206 
176 
61 
48 
40 
51 
66 
26 
20 
15 
9 

17 
11 
-0 
17 
12 
11 
58 
72 
40 
88 
81 
38 
64 
97 
46 
31 
16 

-0 
423 
113 

-02-1989 

103 
101 
100 
00 
98 

100 
101 
100 
1 03 
1M 
105 
107 
107 
105 
104 
104 
104 
103 
102 
101 
W 
96 
94 
93 
93 
91 
w 
89 
89 
89 
90 
91 
91 
92 
93 
92 
92 
91 

11 ,:25 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
E 
I 
I 
I 
I 
a 
I 
I 
I 
I 
1 

I 
i 

RUN 5 - THC 

TlHEOEClWAl 
TIME 

1130 11.50 
1131 11.52 
1132 11.53 
1133 11.55 
1134 11.57 
1135 11.58 
1136 11.60 
1137 11.62 
1138 11.63 
1139 11.65 
1140 11.67 
1141 11.68 
1142 11.70 
1163 11.72 
1144 11.73 
1145 11.75 
1146 11.77 
1147 11.78 
1148 11.80 
1149 11.82 
1150 11.83 
1151 11.85 
1152 11.87 
1153 11.88 
1154 11.90 
1155 11.92 
l!% 1 1 . Z  
1157 11.95 
1158 11.97 
1159 11.98 
1200 12.00 
1201 12.02 
1202 12.03 
1203 12.05 
1204 12.07 
1205 12.08 
1206 12.10 
1207 12.12 
1208 12.13 
1209 12.15 
1210 12.17 
1211 12.18 
1212 12.20 
1213 12.22 
1214 12.23 
1215 12.25 
1216 12.27 
1217 12.28 
1218 12.30 
1219 12.32 
1220 12.33 
1221 12.35 
1222 12.37 
1223 12.38 
1224 12.40 
1225 12.42 
1226 12.43 
1227 12.45 
1228 12.47 
1229 12.48 
1230 12.50 
1231 12.52 
1232 12.53 
1233 12.55 
1234 12.57 
1235 12.58 
1236 12.60 
1237 12.62 
1238 12.63 
1239 12.65 
1240 12.67 
1241 12.68 

1243 12.R 
1242 12.70 

COLD THC 
BYPASS DUCT 

7% 02 
(ppn) 

0.7 
0.8 
0.8 
0.7 
0.8 
0.8 
0.7 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
x 7  
0.7 
0.7 
0.7 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 

0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.8 
0.8 
0.8 
0.7 
0.8 
L a  
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.8 
0.8 
0.7 
0.7 
0.8 
0.8 

*., V., 

t r n )  

2.1 
2.4 
2.4 
2.1 
2.4 
2.4 
2.1 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
.2.1 
2.1 
2.1 
2.1 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.4 
2.4 
2.4 
2.1 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.4 
2.4 
2.1 
2.1 
2.4 
2.4 

- .  
L. I 

- 
WAIN DUCT 

7% 02 
t r n )  (ppn) 

6.2 
6.1 
6.4 
6.2 
6.2 
6.3 
6.5 
6.4 

6 
6.2 
6.3 
6.1 
6.2 
6.7 
6.8 
6.4 
6.4 
6.6 
6.3 
6.2 
6.5 
6.4 
6.5 
6.6 
6.4 
6.6 

6.6 
6.6 
6.6 
6.7 
6.6 
6.5 
6.5 
6.6 
6.5 
6.4 
6.6 
6.4 
6.2 
6.4 
6.5 
6.3 
6.3 
6.0 
6.7  
6. 
6. 
6.; 
6.3 
6.2 
6.. 
6 :  
6.2 
6.- 
6.' 
6. 
6.. 
6.' 
6.- 
6.:. 
6.a 
6.b 
6." 
6.7 
6.6 
6.0 
6.5 
6.5 
6.5 
6.3 
6.3 
6.2 
6.5 

0 . 3  

5.1 
5.0 
5.3 
5.1 
5.1 
5.2 
5.4 
5.3 
4.9 
5.1 
5.2 
5.0 
5.1 
5.5 
5.6 
5.3 
5.3 
5.4 
5.2 
5.1 
5.4 
5.3 
5 . 4  
5 .4  
5.3 
5 .4  
5 .4  
5 .4  
5.4 
5.4 
5.5 
5.4 
5.4 
5.4 
5.4 
5.4 
5.3 
5.4 
5.3 
5.1 
5.3 
5.4 
5.2 
5.2 
5 . 4  
5.5 
5.3 
5.0 
5.: 
5 . 7  

'5 . .  
5.: 
5.3 
5 . :  
5 .6 
5.4  
5.: 
5.1 
5.. 
5 . .; 
5.: 
5.4 
5.. 

5. 
5.6 
5.: 
5.1 
5.: 
5.4 
5.2 
5.2 
5.1 
5.4 

5.5 

..-. ... " 
BYPASS DUCT HAIN DUCT 

7% 02.dry 7% 0 2 . d ~  C W E N T S  
(ppn) (FPn) (rn) t r n )  

7.6 
7.7 

8 
7.6 
7.6 
7.9 

8 
7.8 
7.5 
8.1 
8.1 
7.6 
7.4 
7.7 
7.7 
7.4 
7.6 
7.9 
7.6 
7.7 

8 
7.8 
7.9 
8.1 
7.9 
8.1 

8.1 
7.9 
8.1 
7.9 
7.5 
7.6 
7.7 

8 
7.7 
7.8 

8 
7.6 
7.6 
?.7 
7.8 
7.5 
7.6 
8.1 
8.1 
7.6 
7.5 
7.5 
7.5 
7.3 
7.5 
7.t 
7.1 
7., 
7.r  
7.7 
7.7 
7.7 

a 
7.7 
7.9 
7.7 
7.5 
7.; 
7. j. 
7.7 
7.5 
7.i 
7.5 
7.5 
7.4 
7.4 
7.8 

- _  
1.0 

7.7 
7.8 
8.1 
7.7 
7.7 
8.0 
8.1 
7.9 
7.6 
8.2 
8.2 
7.7 
7.5 
7.8 
7.8 
7.5 
7.7 
8.0 
7.7 
7.8 
8.1 
7.9 
8.0 
8.2 
8.0 
8.2 
7.9 
8.2 
8.0 
8.2 
8.0 
7.6 
7.7 
7.8 
8.1 
7.8 
7.9 
8.1 
7.7 
7.5 
7.8 
7.9 
7.6 
7.7 
8.2 
8.2 
7.9 
7.6 
7.7 
7.6 
7.4 

7. I 
7.5 
8.3 
7.7 
7.8 
7.8 
7.5 
8.1 
7.3 
8.0 
7.8 
8.3 
7.8 
7.n 
7.8 
7.6 
7.8 
7.6 
7.4 
7.5 
7.5 
7.9 

7.6, 

6-79 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.7 
0.5 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.6 
046 
0.6 
0.6 
0.6 
0.6 
u.0 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.5 
0.6 
0.6 
0.6 
0.6 
0.5 
0.5 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 
0.6 
0.5 
0.6 
0.5 
0.5 
0.6 
0.5 
0.6 
0.6 
0.6 
0 .6  
0.6 
0.5 
0.6 
0.5 
0.5 
0.5 
0.5 
0.7 
0.5 
0.5 

1.6 TEST BEGUN 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
2.0 
2.3 
1.6 
1.6 
1.6 
1.6 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

1.h 
2.0 
2.0 
2.0 
2.0 
1.6 
1.5 
2.0 
2.0 
1.6 
1.6 
1.6 
1 .i. 
2.0 
1.6 
2.0 
1.6 
1.6 
2.0 
1.6 
2.0 
2.0 

2.0 
2.0 

2.0 

2.0 

1.6 
2.0 
1.6 
1.6 
1.6 
1.6 
2.5 
1.6 
1.6 

. , 
.. . 



TIME OECIWAL 
TIME 

1244 12.73 
1245 12.75 
1246 12.77 
1247 12.78 
1248 12.80 
1249 12.82 
1250 12.83 
!E! ! 2 . S  
1252 12.87 
1253 12.88 
1254 12.90 
1255 
1256 
1257 
1258 
1259 
1300 
1301 
1302 
1303 
1304 
1305 
1306 . 
1307 
1308 13.13 
1309 13.15 
1310 13.17 
1311 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 
1324 13.40 
1325 13.42 
1326 13.43 
1327 13.45 
1328 13.47 
1329 13.48 
1330 13.50 
1331 13.52 
1332 13.53 
1333 13.55 
1334 13.57 
1335 13.58 
1336 13.60 
1337 13.62 
1338 13.63 
1339 13.65 
1340 13.67 
1341 13.68 
1342 13.70 
1343 13.R 
1344 13.73 
1345 13.75 
1346 13.77 
1347 13.78 
1348 13.80 
1349 13.82 
1350 13.83 
1351 13.85 
1352 13.87 
1353 13.88 
1354 13.90 
1355 13.92 
1356 13.93 
1357 13.95 

COLD THC HOT THC 
BYPASS DUCT WAIN DUCT BYPASS DUCT U4IW DUCT 

no2 7% 02 7% O2,dry 7% O2,dry COEIMENTS 
(ppn) (ppn) (pp”) (W) (W) (ppn) (ppn) 

0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
”? 
0.7 
0.3 

0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 

2.4 
2.4 
2.4 
2.4 
2.4 
2.1 
2.1 

2.1 
0.9 
1.0 
1.1 
1.1 
1.2 
1.3 
1.4 
1.1 
1.5 
1.6 
1.7 
1.8 
1.8 
1.9 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 

> ,  -. . 

(W) 

6.4 
6.2 
6.2 
6.4 
6.2 
6.3 
6.7 
6.3 
6.2 

6.2 
6.4 
6.4 
6.4 
6.4 
6.5 
6.4 
6.3 
6.4 
6.4 
6.5 
6.4 
6.5 
6.3 
6.5 
6.3 
6.1 
6.3 
6.1 
6.4 
6.1 
6 

6.3 
6.3 
6.1 
6.3 
6.5 
6.1 
6.2 
6.5 
6.4 
6.1 
6.4 
6.6 
6.1 
6.3 
6.5 
6.9 
6.6 
6.4 
6.4 
6.4 
6.2 
6.4 
6.3 
6.6 
6.5 
6.3 
6.6 
6.5 

5.3 
5.1 
5.1 
5.3 
5.1 
5.2 
5.5 
5.2 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.3 
5.3 
5.3 
5.3 
5.4 
5.3 
5.2 
5.3 
5.3 
5.4 
5.3 
5.4 
5.2 
5.4 
5.2 
5.0 
5.2 
5.0 
5.3 
5.0 
4.9 
5.2 
5.2 
5.0 
5.2 
5.4 
5.0 
5.1 
5.4 
5.3 
5.0 
5.3 
5.4 
5.0 
5.2 
5.4 
5.7 
5.4 
5.3 
5.3 
5.3 
5.1 
5.3 
5.2 
5.4 
5.4 
5.2 
5.4 
5.4 

7.6 
7.3 
7.6 
7.6 
7.3 
7.4 
7.8 
7.5 
7.4 

7.7 
8.1 
8 

8.2 
8 

8.2 
8 

7.8 
7.9 
8 
8 

7.8 
8 

7.7 
8.1 
7.8 
7.6 
7.9 
7.7 
8.1 
7.7 
7.7 
8.1 
7.9 
7.7 
8.1 
8.2 
7.6 
7.9 
8.1 
7.8 
7.5 
8 

8.1 
7.5 
7.9 
8 

8.2 
8.1 
7.8 
7.9 
8 

7.8 
8.1 
7.9 
8.3 
8 

7.8 
6.1 
7.9 

7.7 
7.4 
7.5 
7.7 
7.4 
7.5 
7.9 

7.5 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.8 
7.8 
7.8 
7.8 
8.2 
8.1 
8.3 
8.1 
8.3 
8.1 
7.9 
8.0 
8.1 
8.1 
7.9 
8.1 
7.8 
8.2 
7.9 
7.7 
8.0 
7.8 
8.2 
7.8 
7.8 
8.2 
8.0 
7.8 
8.2 
8.3 
7.7 
8.0 
8.2 
7.9 
7.6 
8.1 
8.2 
7.6 
8.0 
8.1 
8.3 
8.2 
7.9 
8.0 
8.1 
7.9 
8.2 
8.0 
8.4 
8.1 
7.9 
8.2 
8.0 

- c  I ., 

B-80 

0.5 
0.6 
0.6 
0.6 
0.5 
0.6 
0.6 

0.6 
0.6 

n ,  
V.” 

0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.6 
0.6 
0.6 
0.7 
0.6 
0.6 
0.6 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 

1.6 
2.0 
2.0 
2.0 
1.6 
2.0 

‘.D 
2.0 
2.0 
2.0 ZERO 
2.0 SPAN 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.0 
2.0 
2.0 

t .0  

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.3 
2.0 
2.0 
2.0 
2.3 
2.0 
2.0 
2.0 
2.3 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.3 
2.3 
2.3 
2.3 

AN0 
CHECK 

I 
1 
i 
1 
1 
1 
E 
1 
1 
1 
1 
d 
1 
1 
1 
1 
1 
1 
1 

I 



1 
1 
I 
I 
I 
I 
I 
1 
I 
u 
I 
I 
I 
I 
I 
1 
I t  

I 
I 

TIHEOECIMAL 
TlUE 

1358 13.97 
1359 13.98 
1400 14.00 
1401 14.02 
1402 14.03 
1403 14.05 
1404 14.07 
1405 14.W 
1406 14.10 
1407 14.12 
1408 14.13 
1409 14.15 
1410 14.17 

7412 14.20 
1413 14.22 
1414 14.U 
1415 14.25 
1416 14.27 
1417 14.28 

1411 16.18 

1418 14.30 
1445 14.75 
1446 14.77 
1447 14.78 
1448 14.80 
1u.Q 14.82 . ._ 
lLg?  14.Q 
1451 14.85 
1452 14.67 
1453 14.88 
1454 14.90 
1455 14.92 
1456 14.93 
1457 14.95 
1458 14.97 
1459 14.98 
1500 15.00 
1501 15.02 
1502 15.03 
1503 15.05 
1504 15.07 
1505 15.08 
1506 15.10 
t507 15.12 
1508 15.13 
1509 15.15 
1510 15.17 
1511 15.18 
1512 15.20 
1513 15.22 
1514 15.23 
1515 15.25 
1516 15.27 
1517 15.28 
1518 15.30 
1519 15.32 
1520 15.33 
1521 15.35 
1522 15.37 
1523 15.38 
1524 15.40 
1525 15.42 
1526 15.43 
1527 15.45 
1528 15.47 
1529 15.48 
1530 15.50 
1531 15.52 
1532 15.53 
1533 15.55 
1534 15.57 
1535 15.58 
1536 15.60 
1537 15.62 

BYPASS 

(Fpn) 

0.7 
0.8 
0.8 
0.7 
0.7 
0.7 
0.8 
0.7 
0.8 
0.7 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 

0.0 
0.0 
0.0 
0.0 
I . C  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.u 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
-0.2 
-0.3 
-0.3 
-0.3 
-0.3 
-0.4 
-0 .4  
-0.4 
0.0 
0.6 
0.8 
0.9 
0.8 
0.8 

COLD 
DUCT 
?% 02 
(ppn) 

2.1 
2.4 
2.4 
2.1 
2.1 
2.1 
2.4 
2.1 
2.4 
2.1 
2.4 
2.4 
2.4 
2.4 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 

THC 
MAIN 

( ppn) 

6.4 
6.4 
6.3 
6.6 
6.8 
6.4 
6.2 
6.6 
6.4 
6.3 
6.5 
6.4 
6.2 
6.5 
6.6 
6.2 
6.5 
6.4 
6.5 
6.8 

0.9 
0.8 
0.7 
0.6 
0.5 
0.5 
0.5 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.1 
0.2 
0.2 
0.1 
0.2 
0.0 
-0.3 
-0.4 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
0.2 
1.2 
1.2 
1.3 
1.1 
1.1 

DUCT 
?% 02 
(VI 

5.3 
5.3 
5.2 
5.6 
5.6 
5.3 
5.1 
5.4 
5.3 
5.2 
5.4 
5.3 
5.1 
5.4 
5.4 
5.1 
5.4 
5.3 
5.4 
5.6 

HOT THC 
BYPASS DUCT MAIN DUCT 

7% O2,dry ?% 02,dry CCUMENTS 
tppn) (ppn) tppn) (ppn) 

7.8 
7.8 
7.8 
8.3 
8.4 
7.9 
7.7 
8.2 
7.9 
7.7 
8.1 
7.9 
7.7 
3.2 
8.1 
7.6 
8 

7.4 
7.6 
8 

7.9 
7.9 
7.9 
8.4 
8.6 
8.0 
7.8 
8.3 
8.0 
7.8 
8.2 
8.0 
7.8 
6.3 
8.2 
7.7 
8.1 
7.5 
7.7 
8.1 

0.7 
0.7 
0.6 
0.6 
0.7 
0.6 
0.7 
0.7 
0.6 
0.6 
0.6 
0.7 
0.6 
0.6 
0.7 
0.6 
0.7 
0.7 
0.7 
0.7 

2.3 
2.3 
2.0 
2.0 
2.3 
2.0 
2.3 
2.3 
2.0 
2.0 
2.0 
2.3 
2.0 
2.0 
2.3 
2.0 
2.3 
2.3 
2.3 
2.3 S U P L I N G  ENL'ED 

1.6 0.6 
1.7 0.6 
1.5 0.6 
1.5 0.5 
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BYPASS  DUCT-^ 
TIWEDECIMAL 7 x 0 2  

TIME 

COLD THC 1101 THC 

1538 15.63 
1539 15.65 
1540 15.67 
1541 15.68 
1542 15.70 
1543 15.72 
1544 15.73 
1545 15.75 
1546 15.77 
1547 15.78 
1548 15.80 
1549 15.82 
1550 15.83 
1551 15.85 
1552 15;87 
1553 15.88 
1554 15.90 
1555 15.92 
1556 15.93 
1557 15.95 
1558 15.97 
1559 15.98 
1600 16.00 
1601 16.02 
1602 16.03 
1603 16.05 
1604 16.07 
1605 16.08 

R u n  A v e r a g e =  
N2 B i a s  A v e r  

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.9 
0.8 
0.9 
0.9 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.9 
0.8 
0.8 

0.7 2.2 
0.3 

for  T i m e  P e r o i d  1130-1253 
Z e r o  O r i f t ;  0.04 
(% of span) 
S p a n  D r i f t .  0.75 
( X  of span) 
E r r o r  Es t .=  0.05 

for  T i m e  P e r o i d  1308-1417 
Z e r o  D r i f t =  0.15 
(% o f  span) 
Span D r i f t =  0.26 
( X  of span) 
E r r o r  Es t .=  0.15 

( F m  

1.1 
1.1 
1.0 
1.1 
1 .o 
1.0 
1 .o 
1 .n 
1.0 
1 .o 
1.0 
0.9 
1 .o 
1 .o 
1.0 
0.9 
1.0 
1.0 
0.9 
1 .o 
1.0 
1 .o 
1.0 
1.0 
1 .o 
1.0 
1 .o 
1.0 

6.4 
0.5 

0.32 

2.40 

0.47 

0.05 

1.38 

0.14 

0.31 0.03 

2.02 20.M 

0.46 0.15 

0.02 0.43 

7.65 0.92 

0.62 0.43 
D a t a  calculated by extrapolation. 

C o l d  THC corrected to 7% 02 - Raw value x ((14/(21-02 cone.)) 
H o t  THC corr. to 7% 02, dry - R a n  value x ((14/(21-02 conc.))/(l-Moirt. conc.) 

c m e n t s :  
L INEARITY CHECK PROPANE 20.35 PPM tO1-19-1980 - -  04:30:131 
LINEARITY CHECK PROPANE 49.09 PPM tO1-19-1980 -- 04:35:091 
THC'S PASSED LINEARITY CHECK tO1-19-1980 -- 04:38:081 
ON STACK WS 101-19-1980 -- 04:45:331 
\BEGIN RUN 5A 101-19-1980 -- 05:25:481 
LOGGER T l H E  IS 6 HR, 5 MlN S L W ,  TIME N W  IS 1237. 101-19-1980 -- 06:33: 
ZERO THC'S tO1-19-1980 - -  06:48:141 
SPAN THC' F R W  6:54 TO 6:55 tO1-19-1980 - -  07:01:371 
BACK ON STACK GAS tO1-19-1980 -. 07:01:531 
END OF RUN 5 101-19-1980 - -  08:13:091 
FLAHEWT ON COLD WAIN. tO1-19-1980 -- 08:18:231 
ALL TIMES MENTIONED IN THE CCUMEWTS ARE 6 HWRS AND 5 NINUTES BEHIND. 

:201 
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I 
I 
I 
1 
1 
I 
I 
f 
I 
B 
I 
I 
I 
I 
I 
I 
(I 
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1 
I 
I 
I 
I 
I 
I 
1 
I 
1 
1 
I 
I 
h 
I 
I 
b 
I 
I 

APPENDIX E-6 

ORGANIC MASS DATA 
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I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
1 
1 
I 
I 
I 
1 
I 
I 

NOTE: QC sampling times were reported by the operator prior to actually 
injecting the sample. Also, 
a 10-ft length of sampling line was used to transfer sample gas from the hot 
THC sample line to the field GC. A low flow rate was maintained through this 
line; therefore, GC sampling times do not correlate directly (i.e., minute for 
minute) with THC sampling times. 

Method 0010--No significant problems were encountered with the Method 0010 
trains. All test runs at each duct fell within the acceptable range for 
isokinetic performance, and all leak checks were passed. 

Reported times may be premature by up to 10 min. 
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I 

RUN TIME 

1548-201 2 

RUN # 
lain Duct 

1 

2 

3 

~ 

4 

159-1440 

1139-1431 

11 00-1 147 
1548-1 825 

SAMP. # 

R1 SS8 
RlSS9 

IlSS10 
RlSSll 
R1 SS12 
I1 SS13 
RlSS14 
RlSSl5 
R1 SS16 
RlSS17 
RlSS18 

- 

TIME 

1557 
1616 
1645 

1720 
1739 
1757 

1815 
1834 
1852 
1910 
1930 
2002 

- 

- RlSS19 
Run Average 

R2SS4 
R2SS5 

Run Average 

R3SS6 
R3SS7 

Run Av 

R4SS2 
R4SS3 
R4SS4 
R4SS5 
R4SS7 
R4SS8 
R4SS9 
R4SS10 
R4SSll 
R4SS12 

Run Av 

E 
1117 
1135 
1556 
1614 
1647 
1705 
1723 
1742 
1801 
1818 

~ 

ige 

iRGANlC MASS DATA 

CAF 
>1 -C7 
.__ 

- (wet) 

55.7 
8.2 

5.00 
5.80 

6 
53.10 
6.40 
6.30 
6.00 
7.40 
6.10 

14.48 

12.30 
8 

9.20 
4.10 

12.30 
8.40 
8.90 
9.03 

7.10 
7.90 
6.50 
6.20 
7.30 
7.00 
7.20 
5.00 
6.78 

9.10 
7.60 
5.50 
6.60 
6.90 
7.60 
5.90 
6.20 
5.00 
6.30 
6.67 

7.8 

- 
- 

- 
- 

- 
- 

- 
- 

3N FRAC 
C1 -C7 
(dry) 

69.54 
10.24 
9.74 
6.24 
7.24 
7.49 

66.29 
7.99 
7.87 
7.49 
9.24 
7.62 

18.08 

15.39 
10.01 
11.51 
5.13 

15.39 
10.51 
11.14 
11.30 

8.59 
9.55 
7.86 
7.50 
8.83 
8.46 
8.71 
6.05 
8.19 

11.30 
9.44 
6.83 
8.20 
8.57 
9.44 
7.33 
7.70 
6.21 
7.83 
8.29 
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C7-Cl7 
(wet) 

1.6 
0.3 
0.4 

0.00 
0.30 
0.4 

3.00 
0.20 
0.50 
0.50 
0.60 
0.60 
0.70 

1.20 
0.3 

0.90 
0.30 
1.10 
0.50 
0.20 
0.64 

0.80 
0.50 
0.40 
0.40 
0.30 
0.60 
0.40 
0.50 
0.49 

1.80 
0.70 
0.50 
0.40 
0.20 
0.30 
0.30 
0.50 
0.40 
0.40 
0.55 

- 
- 

- 

- 

- 
- 

Propane 
C7-Cl7 

(dry) 

2.00 
0.37 
0.50 
0.00 
0.37 
0.50 
3.75 
0.25 
0.62 
0.62 
0.75 
0.75 
0.87 

1 S O  
0.38 
1.13 
0.38 
1.38 
0.63 
0.25 
0.80 

0.97 
0.60 
0.48 
0.48 
0.36 
0.73 
0.48 
0.60 
0.59 

2.24 
0.87 
0.62 
0.50 
0.25 
0.37 
0.37 
0.62 
0.50 
0.50 
0.68 

- 
>C17 
- (dry) 

0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 

0.54 
0.54 
0.54 
0.54 
0.54 
0.54 
0.54 
0.54 

0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 

0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 

- 
- 

__ 
- 

- 
- 

- 
- 

TOTAL 
MASS 
(PPW 
(dry) 

71.93 
11.00 
10.63 
6.63 
8.01 
8.38 

70.43 
8.63 
8.88 
8.50 

10.38 
8.75 

19.35 

17.44 
10.93 
13.18 
6.05 

17.31 
11.68 
11.93 
12.64 

10.45 
11.06 
9.24 
8.88 

10.09 
10.09 
10.09 
7.55 
9.68 

13.93 
10.70 
7.84 
9.09 
9.21 

10.20 
8.09 
8.71 
7.10 
8.71 
9.36 

1 
I 
I 
I 

I 
I 
I 
I 
A 
I 
I 
I 
I 
I 
I 

i 



I 
I 

CARBON FRACTIONS (ppm Propane) 
Cl-C7 I Cl-C7 I C7-Cl7 I C7-Cl7 1 >c17 

I :L I I 

I 
I 
il 
1 
I 
I 
I 
1 
1 
I 
I 
I 

MASS 
(pprn) RUN TIME 

R5BSS3 
R5BSS4 
R5BSS5 
R5BSS6 
R5BSS7 
R5BSS8 

7.54 
8.28 
0.28 
7.29 

7.42 
8.16 

. 9:15 

2 Run Av 

0.70 
0.50 
0.50 
0.20 
0.20 
0.60 
0.40 

- 

TIME 

1148 
1207 
1225 
1243 
1307 
1330 
1352 
1409 

- 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

3RGANIC MASS DATA 
I TOTAL 

8.91 
9.40 
9.40 
8.04 
9.89 
8.66 
9.15 

6.10 
6.70 
6.70 
5.90 
7.40 
6.00 
6.60 

0.87 
0.62 
0.62 
0.25 
0.25 
0.74 
0.49 

6.80 I 8.41 I 0.50 I 0.62 1 0.50 I 9.52 
6.53 1 8.07 1 0.45 I 0.56 1 0.50 I 9.12 
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RUN # 
ypass Dud 

1 

0.1 
0.20 
0.10 
0.10 
0.30 
0.20 
0.10 
0.10 
0.10 

2 

0.12 
0.25 
0.1 1 
0.11 
0.37 
0.25 
0.12 
0.11 
0.1 1 

3 

4 

RUN TIME 
(24-hour) 

548-2012 

159-1440 

1139-1431 

1100-1 147 
1548-1 825 

SAMP. # 

RlSS8 
R1 SS9 

IlSS10 
R1 SS11 
RlSS12 
R1 ss13 
RlSS14 
RlSS15 
RlSS16 
RlSSl7 
R1 SS18 
RlSS19 

Run Av 

R2SS2 
R2SS3 
R2SS4 
R2SS5 
R2SS6 
R2SS7 
R2SS8 
Run A! 

R3SS3 
R3SS4 
R3SS5 
R3SS6 
R3SS7 
R3SS8 
R3SS9 
33SS10 

Run Ab - 
R4SS2 
R4SS3 
R4SS4 
R4SS5 
R4SS7 
R4SS8 
R4SS9 
34SS10 
34SS11 
44SS12 
Run Av 

TIME 

1557 
1616 
164: 

1720 
1739 
1757 
1815 
1834 
1852 
1910 
1930 
2002 
nge 

- 

- 

1222 
1241 

1259 
1318 
1347 
1406 
1424 - 
age 

1154 
1213 
1247 
1251 
1321 
1342 
1401 
1419 - 
age 

1117 
1135 
1556 
1614 
1 E47 
1705 
1723 
1742 
1801 
1818 - 
E 

)RGANIC MASS DATA 

CAI 
c1-c7 
- 
(wet) 

1.30 
1.30 
1.3 

2.10 
1.20 
1.30 
1 .80 
1.40 
1.20 
1 S O  
1.20 
2.40 
1 S O  

1.70 
1.4 

1 S O  
1.10 
1.60 
1.50 
1.40 
1.46 

1.70 
1 .80 
2.00 
2.30 
1.90 
1.90 
1.90 
1.90 
1.93 

1.50 
1.70 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.40 

- 
- 

- 
- 

- 
- 

- 
- 

3N FRAl 
Cl-C7 

(dry) 

1.41 
1.41 
1.6; 
2.62 
1 .x 
1.41 
2.25 
1.75 
1.5C 
1.62 
1.3C 
2.8C 
1.73 

1.86 
1.75 
1.64 
1.20 
1.75 
1.64 
1.53 
1.63 

1 .E4 
1.95 
2.17 
2.49 
2.06 
2.06 
2.06 
2.06 
2.09 

1.62 
1 .E4 
1.40 
1.40 
1.51 
1.51 
1.51 
1.51 
1.51 
1.40 
1.51 

- 
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ONS (ppm Propane 
Z7-Cl7 1 C7-Cl7 

0.10 1 
0.17 

0.00 
0 

0.00 
0.60 
0.00 
0.00 

0.00 
0.00 
0.00 
0.66 
0.00 
0.00 

0.00 
0.00 
0.20 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.22 
0.00 
0.00 
0.00 
0.00 

1 
0.00 

0.00 
0.00 0.00 

- 
X 1 7  

m 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 
0.44 

0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

- - 

- 
- 

- 
- 

~ 

- 

TOTAL 
MASS 
(ppm) 
(dry) 

1.85 
1.63 
1.76 
2.88 
1.42 
1.53 
2.63 
2.01 
1.63 
1.74 
1.42 
2.72 
1.93 

2.30 
2.19 
2.08 
2.30 
2.19 
2.08 
1.97 
2.16 

2.26 
2.37 
2.80 
2.91 
2.48 
2.48 
2.40 

1.51 
1.40 

I 
I 
I 
I 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
II 

i 

j 



I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

0.11 
0.22 
0.00 
0.00 
0.00 
0.00 
0.00 

RUN TIME 

5 1130-1417 0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 

SAMP. # 

R5BSS2 
R5BSS3 
R5BSS4 
MESS5 
R5BSS6 
R5BSS7 
R5BSS8 
R5BSS9 

Run Av 

- 

TIME 

1148 
1207 
1225 
1243 
1307 
1330 
1352 
1409 

- 

- 
age 

IRGANIC MASS DATA 
TOTAL 

2.00 
1.60 
1.70 
1.60 
1.70 
1.70 
1.80 
1 .80 
1.72 
- 
- 

2.16 
I .73 
1.84 
1.73 
1.84 
1.84 
1.95 
1.95 
1.86 

B-89 

0.10 
0.20 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.05 

2.53 
2.21 
2.10 
1.99 
2.10 
2.10 
2.21 
2.21 
2.17 



I 

APPENDIX 8-7 

TOTAL HYDROCARBON AND 

TOTAL ORGANIC MS  DATA^ 

a HC and organic  mass data presented as dry,  ppm propane 
equiva lent .  

I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

RUN 1 
THC CONCENTRATION (dry) 

BYPASS DUCT MAIN DUCT 
T lMEOEClMAL ORGANIC MASS C o l d  H o t  C o l d  H o t  CCUMENTS 

BYPASS MAIN (Ppn) (Ppn) (Ppn) (Ppn) T I M E  

1548 15.72 
1549 15.73 
1550 15.75 
1551 15.77 
1552 15.78 
1553 15.88 
1554 15.90 
1555 15.92 
7556 15.93 
1557 15.95 
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 
1617 16.28 
1618 16.30 
1619 16.32 
1620 16.33 
1621 16.35 
1622 16.37 
1623 16.38 
1624 16.40 
1625 16.42 
1 &26 
1627 
1628 
1629 ~~~~ 

1630 
1631 
1632 
1633 
1634 
1635 
1636 16.64 
1637 16.62 
1638 16.63 
1639 16.65 
1640 16.67 
1641 16.68 
1642 16.70 
1643 16.72 
1644 16.73 
1645 16.75 
1646 16.n 
1647 16.78 
1648 16.80 
1649 16.82 
1650 16~83 
1651 16.85 
1652 16.87 

1.9 

1.6 

1.8 

71.9 

11.0 

0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
n.r 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
1 .4 
1.8 
1.5 
1.3 
1.2 

0.6 
0.0 

-0.2 
-0.2 
-0.3 
-0.3 
-0.2 
-0.2 

10.6 -0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 

0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.5 
0.5 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.4  
0.4 
0 .4  
0.3 
0.3 
0.3  
0.1 
1.6 
2.0 
1.4 
1.2 
1.1 

0.0 
-0.6 
-0.7 
-0.7 
-0.8 
-0.8 
-0.7 
-0.7 
-0.7 
-0.6 
1.9 
1.6 
0.9 
0.8 
0.8 
0.8 

36.7 
59.2 
67.3 
85.3 

101.9 
29.0 
27.5 
14.1 
14.8 
11.4 
9.0 
8.4 
9.4 
8.7 
8.1 
8.3 
7.9 
7.8 
7.8 
7.6 
7.3 
7.1 
7.1 
7.4 

26.3 
19.5 
8.8 
7.4 
7.2 
7.3 
7.4 
7.4 
7.4 
7.5 
7.5 
7.2 
6.9 

6.9 
7.0 
7.0 
7.2 
7.5 
8.5 
7.1 
7.1 
7.7 
7.4 
7.2 
7.2 
7.4 
7.8 
7.9 
8.1 

38.5 SPnPLlNG 
80.9 
57.6 

127.5 
60.3 
22.3 
29.5 
13.5 
18.1 
12.6 
11.4 
10.8 
12.7 
10.5 
10.8 
10.6 
10.4 
10.3 
10.1 
9.9 
9.7 
0.5 
9.7 

10.2 
36.0 
13.7 
10.1 
9.7 
9.7 
9.8 

10.0 
9.9 
9.9 

10.2 
9.P 
9.6 
9.3 

ZERO AN0 

SPAN CHECK 
9.1 
9.1 
9.c 
9.2 
9.5 
9.9 
8.9 
9.1 
9.6 
9.2 
9.1 
9.1 
9.4 
9.7 
9.6 

10.3 

B E W N  
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THC CONCENTRATION (drv) 
BYPASS DUCT MAIN DUCT 

TlMEDECltlAL ORGANIC MASS Cold Hot  Cold Hot C W E W T S  
T IME BYPASS MAIN ( p p )  (ppn) (ppn) (ppn) 

1653 16.88 
1654 16.W 
1655 16.92 
1656 16.93 
1657 16.95 
1650 16.97 
1659 16.90 
1700 17.00 
1701 17.02 

. l M 2  17.03 
lM3 17.05 
1704 17.07 
1705 17.00 
1706 17.10 
1707 17.12 
1708 17.13 
1709 17.15 
1710 17.17 
1711 17.10 
1712 17.20 
1713 17.22 

' 1714 17.23 
1715 17.25 
1716 17.27 
1717 17.20 
1710 17.30 
1719 17.32 
1720 17.33 
1721 17.35 
1722 17.37 
1723 17.38 
1724 17.40 
1725 17.42 
1726 17.43 
1727 17.45 
1720 17.47 
1729 17.48 
i n 0  17.50 
1731 13.52 
1732 17.53 
1733 17.55 
1734 17.57 
1735 17.50 
1736 17.60 
1737 17.62 
i n 0  17.65 
i n 9  17.65 
1740 17.67 
1741 17.68 
1742 17.70 
1743 17.72 
1744 17.73 

1746 1 7 . n  
1747 17.70 
1740 17.00 
1749 17.82 

1745 17.75 

i n 0  i7.m 
i n 1  17.05 
i n 2  17.07 
in3 17.88 
i n 4  17.90 
ins 17.92 

i n 7  17.95 
1756 17.93 

2.9 

1.4 

1.5 

6.6 

7.9 

8.4 

-0.2 
-0.2 
-n:2 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.5 
-0.3 
-0.3 
-0.2 
-0.2 
-0.3 
-0.3 
-0.3 
-0 .3  
-0.3 
-0.5 
-0.3 
-0.2 
-0.3 
-0.3 
-0.2 
-0.2 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 

0.0 
0.9 
1.8 
0.0 
0.0 
0.7 
0.7 
0.7 
0.6 
0.6 
0.5 
0.5 
0.4 
0.4 
0.4 
0.4 
0.4 
0.1 
0.4 
0.5 
0.5 
0.7 
3.3 
2.7 
2.1 
1.6 
1.3 
1.1 
1.0 
0.9 

0.7 
0 . 1  
0.7 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.4 
0.5 
0.5 

0.7 
1.0 

0.7 
0.7 
0.7 
0.7 
0.0 
0.7 
0.7 
0.0 
0.0 
0.9 
0.0 
0.0 

0.7 
0.7 
0.6 

0.8 

0.8 

0.8 

0.8 

8.9 10.2 
7.5 9.3 
7.3 0.1 
7.1 0.9 
7.0 9.9 

(0.5 11.5 
0.5 9.9 
7.9 9.1 

7.1 0.7 
6.9 8.6 

7.0 O . t  

7.0 0.7 
6.9 8.6 
6.0 0.5 
6.8 0.6 
6.8 0.7 

7.2 8.7 

6.9 8.5 

7.1 8.0 

6.9 8.8 
6.9 8.8 

6.0 8.0 
6.7 0.6 

7.0 0.9 
7.0 0.0 
7.0 0.9 
7.1 0.9 
7.4 9.2 
7.5 9.2 
7.3 9.1 
7.2 0.0 
7.1 0.7 
6.9 8.6 

7.3 0.9 
7.2 0.0 
6.9 0.6 
7.4 9.1 
0.0 9.6 
7.6 9.2 
7.1 0.7 

7.2 9.0 
7.6 9.3 

7.0 0.8 
10.3 12.1 

9.1 10.1 
7.2 9.0 
6.9 0.0 

11.0 13.0 
9.4 10.0 
7.4 9.1 
7.0 9.6 
7.6 9.1 
7.2 0.9 

7.3 9.1 

7.5 0.9 
7.3 0.9 
7.0 0.5 

7.0 8.7 

7.0 8.0 

7.1 8.9 

9.8 11.5 

6.9 8.8 
8.7 10.7 

7.1 8.9 

8.4 10.1 
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I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
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I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

THC CONCEYTRATlON (dry) 
BYPASS DUCT M l Y  DUCT 

TIME DECIMAL ORGANIC MASS C o l d  H o t  C o l d  H o t  C M E W T S  
T IME BYPASS MAIY tppa) (ppm tppn) (m) 

i n 8  17.97 
i n 9  17.98 
1800 18.00 
1801 18.02 
1802 1i:oi 
1803 18.05 
18oL 18.07 
1805 18.08 
1806 18.10 
1807 18.12 
1808 18.13 
1809 18.15 
1810 18.17 
1811 18.18 
1812 18.20 
1813 18.22 
1814 18.23 
1815 18.25 
1816 18.27 
1817 18.28 
1818 18.30 
1819 18.32 
IOLU i8.33 
1821 18.35 
1822 18.37 
1823 18.58 
1824 18.40 
1825 18.42 
1826 18.43 
1827 18.45 
1828 18.47 
1829 18.48 
1830 18.50 
1831 18.52 
1832 18.53 
1833 18.55 
1834 1 8 . 5 7  

.--_ 

1835 la:% 
1836 18.60 
1837 18.62 
1838 18.63 
1839 18.65 
1840 18.67 
1841 18.68 
1842 18.70 
1843 18.72 
1844 18.73 

1846 18.n 
1847 18.78 
1848 18.m 
1849 18.82 
1850 18.83 
1851 18.85 
1852 18.87 
1853 18.88 
1854 18.W 
1855 18.92 
1856 18.93 
1857 18.95 

1845 18.75 

1858 18.97 
1859 18.98 
1900 19.00 
1901 19.02 
1902 19.03 

2.6 

2.0 

1.6 

M.4 

8.6 

8.9 

-0.3 
23.0 
0.7 
0.7 
0.7 
0.7 
0.6 
0.7 
0.8 
3:9 
8.6 
5.0 
2.7 
1.8 
1.4 
1.0 
0.9 
0.8 
0.8 
0.8 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
1.9 
2.8 
2.4 

0.6 
0.5 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
3.3 
7.9 
4.3 
2.2 
1.5 
1.3 
0.9 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.6 
0.6 
0.5 
0.5 
0.4 
0.5 
0.4 
0.k 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.5 
0.6 
0.5 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
1.6 
3.0 
2.1 

7.1 
7.3 
7.0 
6.8 
6.8 

11.7 
10.6 
8.4 

10.4 
22.2 

131.7 
280.5 
37.4 
15.4 
18.2 
11.7 
9.3 
8.7 
8.2 
8.1 
8.0 
7.7 
7.8 
7.5 
7.5 
7.6 
7.6 
8.0 
9.3 
7.7 
7.3 
8.7 

17.6 
27.7 
11.6 
9.1 
8.0 
7.4 
7.1 
7.0 
7.0 
7.3 
7.7 
7.4 
7.3 
7.1 
7.2 
7.0 
7.0 
7.5 
7.5 
7.6 
7.5 
7.0 
7.0 
7.0 
7.2 
7.6 
7.9 
9.9 
7.8 
7.7 
7.2 
7.0 
7.1 

8.8 
8.9 
8.6 
8.5 
8.6 

14.2 
10.7 
V.8 

12.2 
28.9 

149.2 
173.7 
26.6 
15.1 
20.1 
11.7 
10.7 
10.3 
9.7 
9.7 
9.6 
9.3 
9.3 
9.1 
9.2 
9.1 
9.2 
9.8 

10.4 
9.2 
8.9 

10.5 
21.6 
23.3 
11.e 
10.:- 
9.: 
9.7 
8.8 
8.3 
8.8 
9.1 
9.5 
9.1 
9.1 
9.c 
9.0 
8.8 
8.9 
9.3 
9.2 
9.5 
9.1 
8.7 
8.R 
8.8 
9.1 
9.4 

10.0 
11.1 
9.5 
9.3 
9.1 
8.9 
9.1 
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THC CONCENTRATIDU (dry) 
BYPASS DUCT HAIN DUCT 

TlWE OECIWL ORGANIC MASS Cold Hot Cold Hot C W E N T S  
1IME BYPASS WIN (ppn) (ppn) (ppn) (ppn) 

1903 19.05 
1904 19.07 
r v n s  10,M 
1906 19.10 
1907 19.12 
1908 19.13 
1909 19.15 
1910 19.17 

1912 19.20 
1913 19.22 
1914 19.23 
1915 19.25 
1916 19.27 
1917 19.28 
1918 19.30 
1919 19.32 
1920 19.33 
1921 19.35 
1922 19.37 
1923 19.54 
1924 19-40 
1925 19.42 
1926 19.43 
1927 19.45 
1928 19.47 
i ~ z 9  i u s  
19io 19:io 
1931 19152 
1932 19.53 
1933 19.55 
1934 19.57 
1935 19.58 
1936 i9:G 
1937 19.62 
1938 19.63 
1939 19.65 
1940 19.67 
1911- w.60 

1944 19.75 
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 19.84 
1954 19.90 
1955 19.92 
1956 1 Q ~ O Z  
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 20.12 

1.7 

1 . 4  

2.7 

8.5 

10.4 

8.8 

2.0 
1.6 
! .4 
1 .I 
1.2 
1 .1  
1 .o 
0.9 
1.0 
0.9 
0.9 
0.8 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
Q.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
3.3 
3.0 
1.8 
1.3 
0.9 
0.8 
0.7 
0.7 
0.7 
0.6 

1.7 
1.5 
I .3 
1.4 
1.3 
1.2 
1.1 
1 . 1  
1.2 
1.1 
1 .o 
1.0 

0.7 
0.6 
0.6 
0.5 
0.5 
0.4 
0.4 
0.5 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 
0.4 
0.4 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.6 
0.7 
0.7 
0.8 
0.7 
0.6 
0.6 
0.6 
0.5 
0.5 
0.4 
0.4 
0.3 
0.3 
0.3 
0.2 
0.2 
3.5 
3.1 
1 . 5  
1 .o 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 

0.8 

7.0 
6.7 
6.7 
7.2 
7.1 
7.1 
7.1 
6.9 

10.5 
71.6 
34.8 
14.6 
18.5 
10.1 
7.5 
7.5 
7.3 
7.3 
7.8 
7.3 
7.4 
7.6 

9.4 
7.3 
7.2 
7.3 
7.3 
7.0 
7.1 
7.2 
7.2 
7.2 
7.1 
7.0 
7.1 
7.1 
7.1 
7.1 
6.8 
6.9 
7.2 
7.2 
7.0 
7.3 
9.1 
7.5 
7.1 
7.4 
7.3 
7.3 
6.9 
6.8 
7.0 
7.1 
7.2 
7.3 
7.0 
7.0 
7.1 
7.0 
7.0 
7.1 
7.1 
6.8 

8.3 

9.0 
8.7 

9.2 
9.0 
9.0 
9.1 
8.9 

15.0 
74.5 
27.6 
14.5 
19.9 
10.5 
9.3 
9.4 
9.3 
9.2 
9.6 
9.2 
9.2 
9.5 

10.6 
10.6 
9.1 
9.1 
9.2 
9.2 
8.9 
9.1 
9.2 
9.2 
9.2 
9.1 
9.0 
9.1 
9.1 
9.1 
9.1 
8.8 
9.0 
9.2 
9.1 
8.8 
9.2 

10.8 
9.1 
8.9 
9.2 
9.1 
9.0 
8.7 
8.7 
8.9 
9.1 
9.2 
9.4 
9.1 
9.1 
9.1 
9.0 
8.9 
9.2 
9.0 
8.7 

* n  
_.I 

6-96 

I~ 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I;  
1 
1 
1 
1 



I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

THC CONCENTRATION (dry) 
BYPASS DUCT WAIN DUCT 

TIMEDECIMAL ORGANIC PUSS Cold H o t  Cold H o t  CWMENTS 
T IME BYPASS W I N  tml tml (ml (-1 

2008 20.13 
2009 20.15 
2010 20.17 
2011 20.18 
2012 20.20 

0.6 0.6 6.9 8.9 
0.6 0.6 7.0 9.0 

0.6 0.7 7.3 9.1 
0.6 0.7 7.2 9.1 SAMPLING ENDED 

0.6 0.7 7.4 9.4 
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RUN 1. BYPASS DUCT ~- ~ 

HOTTHC CONCENTRATION AND TOTAL ORGANIC MASS 
3 9  
m 8  a 

i 7  

C 

E . 6  R 

- 5  z 
0 4  
2 3  

2 
a 1  
0 
2 0  
0 
0 -1 

2 

1s 16 17 18 19 20 21 
24-HOUR TIME 

- HOT THC + ORGANIClMASS 

RUN 1, BYPASS DUCT 
COLD THC CONCENTRATION AND TOTAL ORGANIC MASS 
3 2.1 
C m 

~ 

16 17 18 19 20 21 1s 
24-HOURTIME 

- COLD THC + ORGANICMASS 

- 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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RUN 1, MAIN DUCT 
HOT THC CONCENTRATION AND TOTAL ORGANIC MASS 

G 200 
5 
41 
c 

; 150 
c 

z 
0 100 

c v 

3 
5 50 w u z 
0 
0 0  

15 16 17 18 19 20 21 
24-HOUR TIME 

- HOT THC + ORGANICMASS 

COLD THC CONCENTRATION AND TOTAL ORGANIC MASS 
Z3300, n 

m 
a ?BO} 

IS 16 17 18 19 20 21 
24-HOUR TIME 

- COLD THC + ORGANICMASS 
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RUN 2 
THC CONCENTRATION (dry) 

ORGANIC HASS BYPASS MAIN 
TIHEDECIMAL BYPASS MAIN COLD HOT mLo HOT C W E N T S  

TIHE (dry) (dry) (w) twn) (w) (ppn) 

iisv ii.va 
1200 12.00 
1201 12.02 
1202 12.03 
1203 12.05 
1204 12.07 
1205 12.08 
-VU6 12.10 
1207 12.12 
1208 12.13 
1209 12.15 
1210 12.17 
1211 12.18 
1212 12.20 
1213 12.22 
1214 12.23 
1215 12.25 
1216 12.27 
1217 12.28 
1218 12.30 
1219 12.32 
1220 12.33 
1221 12.35 
1222 12.37 
1223 12.38 
1224 12.40 
1225 12.42 
1226 12.43 
1227 12.45 
1228 12.47 
1229 12.48 
1230 12.50 
1231 12.52 
1232 12.53 
1233 12.55 
1234 12.57 
!235 32.58 
1236 12.64 
1237 12.62 
1238 12.63 
1239 12.65 
1240 12.67 
1241 12.68 
1242 12.70 
1243 12.72 
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.B 
1254 12.90 
1255 12.92 
1256 12.93 
1257 12.95 
1258 12.97 
1259 12.98 
1300 13.00 
1301 13.02 

2.3 

2.19 

2.08 

17.44 

10.93 

13.18 

l:o 
1.8 
1.7 
1.7 
1.8 
1 .9 
2.6 
4Ll 
4.1 
3.0 
2.6 
2.3 
2.1 
2.0 
1.9 
1 .9 
1.9 
1.8 
1.7 
1.7 
1.7 
1.6 
1.6 
1.5 
1.5 
1.6 
1.6 
1.7 
1.6 
1.5 
1.5 
3.3 
2.1 
1.9 
1.5 
1.5 
1.6 
1.6 
1.6 
1.5 
1.5 
1.4 
1.4 
1.5 
1.7 
1.5 
1.4 
1.4 
1.4 
1 .4 
1.4 
1.4 
1.4 
1.4 
1.5 
1.5 
1.5 
1.4 
1 .4 
1.4 
1.9 
3.2 
2.7 

0.0 
0.0 

-0.1 
-0.1 
-0.2 
-0.2 
0.1 
1.7 
2.5 
1.3 
0.6 
0.5 
0.3 
0.1 
0.1 
0.2 
0.3 
0.3 
0.2 
0.3 
0.2 
0.3 
0.3 
0.3 
0.3 
0.4 
0.5 
0.6 
0.3 
0.2 
0.1 
1.8 
0.9 
0.4 
0.0 

-0.1 
-U.l 
0.0 

-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.3 
0.3 
0.2 
0.1 
0.2 
2.3 
1.3 

! ! ~ R  
18.9 
11.6 
10.3 
9.9 
9.5 

39.8 
36.7 
31.6 
16.4 
15.8 
20.6 
11.5 
9.0 
9.2 
9.2 
9.2 

11.7 
9.2 
8.7 
8.7 
8.7 
9.1 
9.7 
9.5 
9.5 
9.7 

12.2 
10.8 
9.5 
9.0 

19.8 
32.5 
13.3 
10.8 
9.1 

12.7 
23.3 
12.6 
9.8 
9.4 

10.6 
9.3 
9.7 

10.3 
9.7 
9.1 

11.4 
9.5 
8.9 
9.3 

28.6 
15.4 
9.7 
9.2 
9.2 
9.0 
9.1 
9.4 
9.7 
9.2 
9.1 

10.5 

I 
I 
I 
I 

1 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
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I 
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I 
I 
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I 
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THC CONCENTRATION (dry) 
ORGANIC MASS BYPASS MAIN 

T l M E O E C I l U L  BYPASS MAIN COLD HOT COLD HOT CCWENTS 
TIME (dry) (dry) tm) (ppn) (m) (m) 

1302 13.03 
1303 13.05 
1304 13.07 
1305 13.08 
1306 13.10 
1307 13.12 
1308 13.13 
13W 13.B 
1310 13.17 
1311 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 
1 3 2  13.37 
1323 13.38 
1324 13.40 
1325 13.42 
1326 13.43 
1327 13.45 
1328 
1329 
1330 
1331 
1332 
1333 
1334 
1335 
1336 
1337 13.62 
1338 13.63 
1339 13.65 
1340 13.67 
1341 13.68 

1343 13.72 
1344 13.n 
1345 13.75 
1346 13.77 
1347 13.78 
1348 13.80 
1349 13.82 
1350 13.83 
1351 13.85 
1352 13.87 
1353 13.88 
1354 13.W 
1355 13.92 
1356 13.93 
1357 13.95 
1358 13.97 
1359 13.98 
1400 11.00 
1401 14.02 
1402 14.03 
1403 11.05 
1404 14.07 

1342 13.70 

2.3 

2.19 

6.05 

2.3 
2.1 
2.1 
2.0 
2.0 
1.9 
1.9 
1.9 
1 .8 
1.7 
1.9 
1.7 
1.6 
1.5 
1.5 
1.5 
1.6 
1.6 
1.8 
1.6 
1.5 
1.5 
1.5 
1.5 
1.7 

0.8 
0.5 
0.4  
0.2 
0.3 
0.2 
0.2 
0.2 
0.2 
0.1 
0.3 
0.3 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.5 
0.3 
0.2 
0.2 
0.2 
0.2 
0.4 

17.31 

1.4 
1.7 
1.7 
1.6 
1.6 
1.6 
1.7 
1.7 
1.6 
1.6 
1.6 
1.7 
4.6 
7.4 
4.6 
3.0 
2.1 
1 .8 
1.7 
1.7 
1.7 
1.7 
1.6 
1.5 
1.5 
1.5 
1 .4 

1.0 
0.9 
0.8 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
3.4 
7.5 
4.0 
2.2 
1.3 
1.1 
1.1 
1.0 
1.0 
1.0 
1 .o 
1.0 
0.9 
0.9 
0.8 

9.8 11.3 
9.2 10.8 
8.9 10.6 
9.1 10.7 

10.1 11.9 
10.3 11.7 
9.1 10.9 
9.1 10.9 
9.1 10.9 
9.2 11.0 
9.2 11.0 
9.9 11.5 
8.9 . 10.6 
9.0 10.7 
8.9 10.6 

9.1 10.6 
12.0 13.5 
15.4 16.6 

ZERO AND 
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THC CONCEWTRATIOW (dry) 
ORGANIC MASS BYPASS MAIN 

TIME (dry) (dry) (m) ( p p ~ )  (m) (m) 
TIMEDECIMAL BYPASS MIN COLD HOT mLo HOT CaDlENTS 

1405 14.08 
1406 14.10 
1407 14.12 
1408 14.13 
1 4 w  14.15 
1410 14.17 
1411 14.18 
1412 14.20 
1413 14.22 
1414 14.23 
1415 14.25 
1416 14.27 
1417 14.28 
1418 14.30 
1419 14.32 
1420 14.33 
1421 14.35 
1422 14.37 
1423 14.38 
1424 14.40 
1425 14.42 
1426 14.43 
1427 14.45 
1428 14.47 
1429 14.48 
1430 14.50 
1431 14.52 
1432 14.53 
1433 14.55 
14U 14.57 
1435 14.58 
1436 14.60 
1437 14.62 
1438 14.63 
1439 14.65 
1440 14.67 

2.08 

1.97 

11.68 

11.93 

1 .I 
1.4 
1.4 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
1 .I 
1.4 
1.5 
1.5 
1.5 
1.5 
1.7 
1.6 
1.5 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.7 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1 .I 
1 .4 
2.4 

0.7 
0.6 
0.5 
0.5 
0.4 
0.k 
0.3 
0.4 
0.6 
0.4 
0.4 
0.1 
0.6 
0.6 
0.6 
0.8 
0.8 
0.7 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
1 .o 
0.6 
0.6 
0.5 
0.4 
0.4 
0.4 
0.3 
0.4 
0 . I  
0.5 
1.4 

9.7 
9.2 
9.4 

11.4 
9.8 

12.2 
10.8 
11.3 
11.0 
9.3 
9.3 

14.0 
10.9 
11.3 
14.1 
16.0 
14.4 
10.1 
10.0 
10.3 
10.9 
10.4 
10.4 
9.9 

26.6 
18.3 
13.6 
11.3 
16.5 
10.6 
9.7 

10.2 
10.9 
9.5 
9.7 
9.5 
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RUN 2, MAIN DUCT 
COLD THC CONCENTRATION AND TOTAL ORGANIC MASS 

45 
C 

e ti klL a 35 

a: 
w 
E 15 

" 10 5 8 5 1  + ,  
12 12.5 13 13.5 14 14.5 15 

24-HOUR TIME 
- COLD THC + TOTAL ORGANIC MASS 

RUN 2. MAIN DUCT 
HOT THC CONCENTRATION AND TOTAL ORGANIC MASS 
2 60 
e 1 

I 
12 12.5 13 13.5 14 14.5 15 

24-HOUR TIME 
- HOT THC + TOTAL ORGANIC MASS 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

RUN 3 
THC CONCENTRATION (dry) 

ORGANIC MASS BYPASS MAIN 
TlUEDEClUAL BYPASS MAIN COLD mor COLD HOT CDDlENTS 

2.26 

2.37 

10.45 

11.06 

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 
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 
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 
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 
1.1 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

1.6 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
1.3 
1.3 
1.4 
1.4 
1.4 
1.5 
1 .I 
1 .4 
1.4 
1 .L 
1 .I 
1 .4 
1.4 
1.3 
1.3 
1.3 
1.3 
1.2 
1.2 
1 .2 
1 .2 
1.2 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1 .4 
1.4 
1.3 
1.2 
1.2 
1.2 
1.1 
1.1 
1.2 
1.1 
1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.1 

7.6 
7.6 
7.1 
7.7 

7.4 
7.1 
7.2 
7.2 

7.1 
7 

6.9 
7 
7 

6.7 
6.8 
6.8 
6.8 
6.8 
6.8 
6.9 
7.1 
7.2 
7.1 
7.1 
7.1 

7 
6.9 
7.2 
7.3 

7 
7 
7 
7 
7 
7 
7 

6.9 
6.9 
6.8 
6.8 
6.8 
6.9 
6.9 
6.9 
6.9 
6.8 

7 
9.1 
9.8 
7.2 

7 
7 
7 
7 

..9 
.l . .2 
.4 
7.3 
7.3 
i.2 
7.2 

8.5 

8.4 

8-105 

9.2 SAllPLlNG BEGUN 
8.5 
8.4 

8.5 
8.2 
8.2 
8.7 

a 
a 

7.8 
7.8 
7.8 
7.8 

8.1 

8.1 
a 

7.8 

a 
7.8 

7.8 

9.4 
9.1 

8.6 
7.9 

7.9 

7.9 
7.7 

?;e 
7.9 

8.1 

7.8 

7.7 

7.9 

7.7 

7.9 
7.9 
7.9 
7.9 
7.9 
7.7 
7.7 
7.7 
7.7 
7.8 
7.8 
7.8 

7.8 

8.3 

7.7 
7.7 

11.2 

7.7 
7.7 
7.7 
7.7 
7.6 
7.7 

7.9 
7.9 
7.9 

7.7 

7.8 

7.8 

7.8 



THC COWCEUTRATIW (dry) 
ORGANIC MASS BYPASS WIN 

TIHE (dry) (dry) tm) (m) (PPP) (m) 
T I W E O E C I W L  BYPASS MAIN COLD HOT COLD HOT COUlENTS 

1243 12.72 
12G 12.73 
1215 12.75 
1246 12 .n  
1217 12.78 
1248 12.N 
1249 12.82 
1250 12.83 
1251 12.85 
1252 12.87 
1253 12.88 
1254 12.90 
1255 12.92 
1256 12.93 
1257 12.95 
1258 12.97 
1259 12.98 
1300 13.00 
1301 13.02 
1302 13.03 
1303 13.05 
1304 13.07 
1305 
1306 
1307 
1308 
1309 
1310 
1311 
1312 
1313 
1314 
1315 
1316 
1317 
1318 
1319 13.32 

1321 13.35 
1322 13.37 
1323 13.38 
1324 13.40 
1325 13.12 
1326 13.43 
1327 13.45 
1328 13.47 
1329 13.48 
1330 13.50 
1331 13.52 
1332 13.53 
1333 13.55 
1334 13.57 
1335 13.58 
1336 13.60 
1337 13.62 
1338 13.63 
1339 13.65 
1340 13.67 
1341 13.68 
1342 13.70 
1343 13.72 
13U 13.73 

1346 13 .n  

isze 13.33 

1345 13.75 

2.8 

2.91 

2.48 

2.48 

9.24 

8.88 

10.09 

10.09 

1.2 

1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
1.2 
1.1 

. -  4.L 

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 
1.1 
1.1 
1.2 
1.2 
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 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.1 
1.1 
1.1 
1.1 

.. I., 

1.6 
0.9 
0.8 
0.8 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.7 
0.6 
0.5 
0.5 
0.6 
0.5 
0.6 
0.6 
0.6 
0.7 

7.2 

7.1 
7.2 
7.1 

7 
7 
7 
7 

7.1 
7 
7 
7 

7.4 
7 

6.6 
6.6 
6.5 
6.5 
6.5 
6.6 

T .  
I . ,  

7.3 
6.1 
6.4 
6.4 
6.4 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.2 
6.2 
6.2 
6.2 
6.1 
6.3 
6.2 
6.3 
6.3 
6.2 
6.2 
6.2 
6.1 
6.1 
6.3 
6.1 

7.8 

7.7 
7.8 
7.7 
7.7 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 

7.5 
7.4 
7.6 

7.5 
7.4 
7.5 

.." 
I .O 

a 

7.1 

ZERO AND 
SPAN CHECK 

8.5 
8.6 
8.6 
8.6 
8.6 
8.6 
8.3 
8.2 

8 
8 

8.1 
8.1 
8.2 
8.2 

8 
8 

8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.2 
8.1 
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I 
I 
I 
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I 
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I 
I 

THC UXlCEWTWITlOW (dry) 
ORGANIC MASS BYPASS WIN 

TIMEOECIWAL BYPASS WIN COLD HOT COLD HOT CaWENTS 
T IME (dry) (dry) (p) (m) (m) (m) 

1347 13.78 
1348 13.80 
1349 13.82 
1350 13.83 
1351 13.85 
1352 13.87 
1353 13.88 
1354 13.90 

1356 13.93 
1357 13.95 
1358 13.97 
1359 13.98 
1400 14.00 
1401 14.02 
1402 14.03 
1403 '14.05 
14C4 14.07 
1405 14.08 
1406 14.10 
1407 14.12 
1408 14.13 
1409 14.15 
1410 14.17 
1411 14.18 
1412 14.20 
1413 14.22 
1411 14.23 
1415 14.25 
1416 14.27 
1417 14.28 
1418 14.30 
1419 14.32 
1420 14.33 
1421 14.35 
1422 14.37 
1423 14.38 
1424 16.40 
1425 14.42 
1426 14.43 
1427 14.45 
1428 14.47 
1429 14.48 
1430 14.50 
1431 14.52 

155 n.92 

2.48 

2.48 

10.09 

7.55 

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 
1.1 
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 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 
0.8 
0.7 
0.8 
0.7 
0.7 
0.7 
0.8 
0.7 
0.7 
0.7 
0.7 
0.8 
0.8 
0.7 
0.8 
0.8 
0.8 
0.8 
0.8 
0.9 
0.9 
0.8 
0.8 
0.8 
0.8 
0.8 

6.1 
6.1 
6.2 
6.2 
6.2 
6.1 
6.1 
6.2 
6.2 
6.2 
6.2 
6.2 
6.1 
6.1 
6.1 
6.1 
6.2 
6.1 
6.1 
8.7 
6.6 
6.2 
6.2 
6.3 
6.3 
6.2 
6.1 
7.1 
7.5 
6.4 
6.3 
6.3 
6.3 
6.3 
6.2 
6.1 
6.6 
6.9 
6.4 
6.3 
6.4 
6.4 
6.3 
6.3 
6.3 

8.2 
8.3 
8.3 
8.6 
8.8 

0 

8.9 
8.7 
8.6 
8 

7.3 
6.9 
6.8 
6.6 
6.5 
6.3 , 
6.5 
6.8 
7.1 
9.3 
7.6 
7.5 
7.6 
7.7 
7.7 
7.8 
7.8 
9.2 
8.8 
7.9 
8.2 
8.1 
8.1 
8.1 
8 

7.8 
8.3 
8.6 

8 
8 
8 - 
8 
8 

8.3 
8.9 S M P L I N C  ENDED 
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RUN 3, BYPASS DUCT 
COLD THC CONCENTRATION AND TOTAL ORGANIC MASS 

m 

u" 0.5 1 I 
11 12 24-HOUR 13 TIME 14 

~ 

15 

- COLD THC + TOTAL ORGANIC MASS 

RUN 3, BYPASS DUCT 
HOT THC CONCENTRATION AND TOTAL ORGANIC MASS 

2 3.5 , - 

++ 

-HOT THC + TOTAL ORGANIC MASS 
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RUN 3, MAIN DUCT 
COLD THC CONCENTRATION AND TOTAL ORGANIC MASS 

I 
I z 12 

a' 

C 
m 

11 

E 10 
E 
E 

2 9  
0 Z 8  b 7  
z 
8 6  z 

+ 
+ + + +  

+ + 
I 

I 
I 
I 
I 

8 5 1  
11 12 13 14 15 

24-HQrm TI!! 
- COLD THC + TOTAL ORGANIC MASS 

RUN 3, MAIN DUCT 
HOT THC CONCENTRATION AND TOTAL ORGANIC MASS 

I 
I 
I 

12 

11 
C 

2 a 
E 10 
E 
E 

z ' 9  
0 

4 
F s  
d 
b 7  z 
8 6  

u 5  0" 
11 

+ 
+ + + +  

+ + 

J--4 

12 13 14 
24-HOUR TIME 

- HOT THC + TOTAL ORGANIC MASS 

15 
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THC CONCEUTRATIOW (dry) 
ORGANIC HASS BYPASS MAIN 

TIMEDECIWL BYPASS WIN mu HOT mLo CO(UIEY1.S 

1 . 5  

1 .5 

1.5 

8.1 

8.7 

7.1 

0.8 
0.8 
0.8 
0.7 
0.8 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

.0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.5 
0.5 
0.6 
0.6 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

-0.1 
-0.1 
-0.1 
-0.1 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.3 
-0.3 
-0.3 
-0.3 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.1 
-0.4 
-0.1 
-0.4 
-0.4 
-0.4 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.4 
-0.4 
-0.4 
-0.4 
-0.1 
-0.4 
-0.4 
-0.4 
-0.3 
-0.3 
-0.3 
-0.3 
-0.5 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 

6.8 
6.5 
6.5 
6.6 
6.5 
6.5 
6.4 
6.6 
6.5 
6.3 
6.4 
6.2 
6.2 
6.3 
6.2 
6.1 
6.1 
5.9 
6.0 
6.1 
6.0 
6.1 
5.9 
6.2 
5.9 
6.0 
5.9 
6.0 
5.8 
5.7 
5.8 
5.7 
5.9 
5.7 
6.0 
5.8 
5.8 
6.3 
6.2 
6.1 
6.2 
6.5 
6.4 
6.3 
6.5 
6.5 
6.2 
6.3 
6.3 
6.2 
6.2 
6.0 
6.1 
6.1 
6.1 
5.8 
5.9 
6.0 
5.8 
6.0 
6.0 
5.9 
6.2 
6.1 

8.7 
8.3 
8.4 
8.6 
8.4 
8.5 
8.3 
8.6 
8.5 
8.2 
8.6 
8.3 
8.3 

8.2 
8.1 
8.2 
8.0 
8.1 
8.3 
8.1 
8.3 
8.0 
8.4 
8.0 
8.2 
8.1 
8.3 
8.1 
8.0 
8.2 
7.6 
8.0 
7.7 
8.0 
7.8 
7.8 
8.3 
8.1 
7.9 
8.1 
8.4 
8.2 
8.0 
8.3 
8.2 
7.8 
8.0 
8.0 
7.7 
7.9 
7.6 
7.8 
7.8 
7.9 
7.5 
7.7 
7.7 
7.4 
7.7 
7.8 
7.6 
8.0 
7.8 

8.4 
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THC CONCENTRATION (dry) 
ORGANIC MASS BYPASS MAIN 

TIME (dry) (dry) tppn) (ppn) (m) tppa) 
TIMEDECIMAL BYPASS MAIN COLD HOT COLD MWllENTS 

1810 18.17 
1811 18.18 
1812 18.20 
1813 18.22 
1814 18.23 
1815 18.25 

0.6 -0.2 5.9 7.5 
0.6 -0.2 6.0 7.7 
0.6 -0.2 6.2 8.0 
0.6 -0.2 6.0 7.7 
0.6 -0.2 6.0 7.6 
0.6 -0.2 6.2 7.P 

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 8.7 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 0.6 -0.2 5.9 7.4 
1822 18.37 
1823 18.38 
1824 18.40 
1825 18.12 

0.6 -0.2 5.9 7.5 
0.6 -0.2 6.0 7.6 
0.6 -0.2 5.8 7.4 
0.6 -0.2 6.0 7.6 S U P L I N G  ENDED 
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RUN 4, BYPASS DUCT 
COLD THC CONCENTR~TION AND TOTAL ORGANIC MASS 

2 m 3, 

E 2.5 1 

z 
0 1.5 

< 
z 8 0.5 
z 
0 u o  

F: 
z 1  

+ + + + + + + +  

-L 
11 12 13 14 15 16 17 18 19 

24-HOUR TIME 
-COLD THC + TOTAL ORGANIC MASS 

RUN 4, BYPASS DUCT 
HOT THC CONCENTRATION AND TOTAL ORGANIC MASS 

2.5 
5 

2 1  + e a 
c c 
E 1.5 
v 

z 1  
0 

5 OS 
0 

w u -0.5 z 
0 u -1 

z" 

11 12 13 14 15 16 17 18 19 
24-HOUR TIME 

-HOT THC + TOTAL ORGANIC MASS 
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RUN 4, MAIN DUCT 
COLD THC CONCENTRATION AND TOTAL ORGANIC MASS 
2 1 5  I 

+ 
+ +  + +  + + 

11 12 13 14 15 16 17 18 19 
24-HOUR TIME 

- COLD THC + TOTAL ORGANIC MASS 

RLJY 4, Mi: !N DUCT 
HOT THC CONCENRA~ION AND TOT& ORGANIC MASS 

2 1 5 ,  I 

13 t+  

I 
11 12 13 14 15 16 17 18 19 

24-HOUR TIME 
- HOT THC + TOTAL ORGANIC MASS 
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THC M N C E N T R A T I W  (dry) 
ORGANIC MASS BYPASS MAIN 

RUN 5 

TIREDECIMAL BYPASS MAIN COLD HOT COLD HOT C W E N T S  
TIME (dry) (dry) (wn) (wn) (wn) (PI) 

2.5 

2.2 

2.1 

8.9 

9.4 

9.4 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.8 
0.8 
0.8 
0.7 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 

0.5 
9.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 

a 5  

6.2 
6.1 
6.4 .. ~ 

6.2 
6.2 
6.3 
6.5 
6.4 
6.0 
6.2 
6.3 
6.1 
6.2 
6.7 
6.8 
6.4 
6.4 
6.6 
6.3 

0.6 
0.6 

6.2 
6.5 

... 
0.6 
0.6 

0.6 
0.6 

0.6 

0.6 
0.6 

6.6 
6.5 
6.6 
6.6 
6.6 
6.7 
6.6 
6.5 
6.5 
6.6 
6.5 
6.4 
6.6 
6.4 
6.2 
6.4 
6.5 
6.3 
6.3 
6.6 
6.7 ~. 
6.4 
6.1 
6.2 
6.3 
6.2 
6.3 
6.4 
6.2 
6.5 
6.5 
6.5 
6.5 
6.5 
6.7 
6.6 
6.6 
6.6 
6.7 

7.6 TEST BEGUN 
?:? 
8.0 
7.6 
7.6 
7.9 
8.0 
7.8 
7.5 
8.1 
8.1 
7.6 
7.4 
7.7 
7.7 
7.4 
7.6 
7.9 
7.6 
7.7 
8.0 
7.8 
7.9 
8.1 
7.9 
8.1 
7.8 
8.1 
7.9 
8.1 
7.9 
7.5 
7.6 
7.7 
8.0 
7.7 
7.8 
8.0 
7.6 
7.4 
7.7 
7.8 
7.5 
7.6 
8.1 
8.1 
7.8 
7.5 
7.6 
7.5 
7.3 
7.5 
7.6 
7.5 
7.9 
7.8 
7.7 
7.7 
7.7 
8.0 

7.9 
7.7 
7.9 

7.7 
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THC CDWCENTRATIDW 
ORGANIC HASS BYPASS 

TIMEDECIMAL BYPASS HAIN COLD 
T IME (dry) (dry) tm) , 

1234 12.57 
1235 12.58 
1236 12.60 
1237 12.62 
1238 12.65 
1239 12.65 
1240 12.67 
1241 12.68 

1243 12.72 
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 
1254 12.W 
1255 
1256 
1257 
1258 
1259 
1300 
1301 
1302 
1303 
1304 
1305 
1306 
1307 
1308 13.13 
1309 13.15 
1310 13.17 
1311- 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 13.36 
1324 13.40 
1325 13.42 
1326 13.43 
1327 13.45 
1328 13.47 
1329 13.48 
1330 13.50 
1331 13.52 
1332 13.53 
1333 13.55 
1334 13.57 
1335 13.58 
1336 13.60 
1337 13.62 

1 x 2  12.70 

0.7 
0.7 
0.7 
0.7 
0.8 
0.8 
0.7 
0.7 
0.8 

2.0 8.0 0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
0.7 
0.7 
0.3 

HOT 
(m) 

0.6 
0.5 
0.6 
0.5 
0.5 
0.5 
0.5 
0.7 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.5 
0.6 
0.6 
0.6 
0.6 
0.6 

0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.6 

C 

40 
UI 
D 

6.7 
6.6 
6.6 
6.5 
6.5 
6.5 
6.3 
6.3 
6.2 
6.5 
6.4 
6.2 

,6.2 
6.4 
6.2 
6.3 
6.7 
6.3 
6.2 

6.2 
6.4 
6.4 
6.4 
6.4 
6.5 
6.4 
6.3 
6.4 
6.4 
6.5 
6.4 
6.5 
6.3 
6.5 
6.3 
6.1 
6.3 
6.1 
6.4 
6.1 
6.0 
6.3 
6.3 
6.1 
6.3 
6.5 
6.1 
6.2 
6.5 

7.7 
7.7 
7.7 
7.5 
7.7 
7.5 
7.3 
7.4 
7.4 
7.8 
7.6 
7.3 
7.4 
7.6 
7.3 
7.6 
7.8 , 
7.4 
7.4 

2EDO hYD 
SPAN CHECK 

7.7 
8.1 
8.0 
8.2 
8.0 
8.2 
8.0 
7.8 
7.9 
8.0 
8.0 
7.8 
8.0 
7.7 
8.1 
7.8 
7;6 
7.9 
7.7 
8.1 
7.7 
7.7 
8.1 
7.9 
7.7 
8.1 
8.2 
7.6 
7.9 
8.1 
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THC CONCEWTIUTIOW (dry) 
ORGANIC MASS BYPASS MIW 

TIME (dry) (dry) (ppn) (ppn) (m) (ppn) 
HOT COLD HOT CMMEWTS TIMEDECIMAL BYPASS MAIN COLD 

1338 13.63 
1339 13.65 
1340 13.67 
1341 13.68 

1343 13.72 
1344 13.73 
1345 13.E 
TJc6 E.?? 
1347 13.78 
1348 13.80 
1349 13.82 
1350 13.83 
1351 13.85 
1352 13.87 
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 
1404 14.10 
1407 14.12 
1408 14.13 
1409 14.15 
1410 14.17 
1411 14.18 
1412 14.20 
1413 14.22 
1414 14.23 
I415 W.25 
1416 14.27 
1417 14.28 

1342 i3.m 

2.2 

2.2 

9.2 

9.5 

0.7 
0.T 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.8 
0.8 
0.7 
0.7 
0.7 
0.8 
0.7 
0.8 
0.7 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 

0.6 
0.5 
0.7 
0.6 
0.6 
0.6 
0.7 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
0.7 
0.6 
0.7 
0.7 
0.6 
0.6 
0.6 
0.7 
0.6 
0.6 
0.7 
0.6 
0.7 
0.7 
0.7 
0.7 

6.1 

6.4 
6.6 
6.1 
6.3 
6.5 
6.9 
6.6 
6.4 
6.4 
6.4 
6.2 
6.4 
6.3 
6.6 
6.5 
6.3 
6.6 
6.5 
6.4 
6.4 
6.3 
6.8 
6.8 
6.4 
6.2 
6.6 
6.4 
6.3 
6.5 
6.4 
6.2 
6.5 
6.6 
6.2 
6.5 
6.4 
6.5 
6.8 

', ". * 7.8 
7.5 
8.0 
8.1 
7.5 
7.9 
8.0 
8.2 
8.1 
7.8 
7.9 
8.0 
7.8 
8.1 
7.9 
8.3 
8.0 
7.8 
8.1 
7.9 
7.8 
7.8 
7.8 
8.3 
8.4 
7.9 
7.7 
8.2 
7.9 
7.7 
8.1 
7.9 
7.7 
8.2 
8.1 
7.6 
8.0 
7.4 
7.6 
8.0 SMPl 
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.ING ENDED 

1 
1 
E 
i 
c 
1 
1 
b 
3' 
1 
R 
1 

S I  

8 
d 
1 
a 
I 

e 



RUN 5, BYPASS DUCT 
C 
2 
2.5 

a 
+ - 

. .  

a 2. 2 1  
v 

- 3  0 
C m a 
a 
2 2.5 
E 

z 
0 1.5 

-€ fx 1 -  c- 
2 w 0.5 
z 

2 2 -  

F: 

v 

8 0  

+ +  + + + +  

+ - 

+ +  + + + +  

- -- - 

i 

z 
u w 0.5 } 7 

11 12 13 14 15 
24-HOUR TIME 

- COLD THC + TOTAL ORGANIC MASS 

RUN 5, BYPASS DUCT 
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RUN 5, MAIN DUCT 
COLD THC CONCENTRATION AND TOTAL ORGANIC MASS 

11 
C 
E E 10 
a 
E 
2 9  

- 
+ +  f + + + 

+ 

+ +  f + + + 
+ 

11 12 13 14 15 
24 -HOUR TIME 

- COLD THC + TOTAL ORGANIC MASS 

RUN 5, MAIN DUCT 
HOT THC CONCENTRATION AND TOTAL ORGANIC MASS 
10.5 

C 

E 8.5 1 
+ 

+ 
+ 

cr: 
b w z 7.5 8l 

6.5 I 
11 12 13 14 15 

24-HOUR TIME 
- HOT THC + TOTAL ORGANIC MASS 
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APPENDIX E-8 

HCl DATA 

8-12] 



NOTE: All leak checks of the HC1 sample trains were passed with the exception 
o f  the final leak check for test Run 2 at the main duct. It i s  believed that 
the train’s impinger connections were loosened as the train was removed from 
the duct at the conclusion of the test. 

RUN #2 RUN #3 
I 

HCI TRAIN SAMPLING TIMES 

1200 - 1730 
1246- 1316 
1329 - 1359 
1408 - 1438 

1159 - 1229 
1249 - 1319 
1323-1353 
1410 - 1440 

SAMPLE PERIOD t RUN 81 
MAIN DUCT 

1142 - 1212 
1230 - 1300 
1315 - 1345 
1401 - 1431 

1139 - 1209 
1218 - 1248 
1257 - 1327 
1340 - 1410 

BYPASS DUCT 
1 
2 
3 
4 

1715- 1745 
1810- 1840 
1900-1930 
1940 - 2010 

1549 - 1619 
1730- 1800 
1900 - 1930 
1941 - 2011 

8-123 

RUN #4 

1100- 1130 
1632 - 1702 
1714- 1744 
1755 - 1825 

1100- 1130 
1626 - 1656 
1704- 1734 
1740- 1810 

RUN #5 

1133- 1203 
1218 - 1248 
1305 - 1335 
1347- 1417 

1130-1200 
1205 - 1235 
1241 - 1311 
1320 - 1350 



FILE NAME - R1MHC:L 
FUN # - F'UN1HC:L 
L0C:ATION - MAIN ESP DlJTLET DUlIT 
DRTE - lI:lj'2S,'8'3 
PF:OJEC:T # - '3 10:2 

I n i t i a l  Meter Volume ( C u b i c  F e e t : ) =  
F i n a l  Meter Vccl~ime r:I::ubic F e e t : > =  
MetW F a c t o r =  
;-inai Le-'.. et. 7:- - e t e  < c u  f t / m i n : r =  
Net i4eter Voiume i:iXibic F e e t : ) =  
(Gas 'Volume ( D r y  S t a n d a r d  (Cubic Feet:>= 

H a r o m e t r i c  ?rs . i=.ure  < i n  H g : ) =  
I- auLtt  I. - i i  Pi-esxir e C I n c h e s  H2I:l:) = 

P e r c e n t  Oxygen= 
Per *: e n  t :::>r bc.n 2 i ,I,:,: :de= 
Moisture C o l l e c t e d  ( m l  : I =  

Fer I: e n t  Wa t r r  = 

Aver age Meter T e m p e r a t u r e  (F! = 
A v e r a g e  D e l t a  H ( : i n  H2(:):)= 
Average Delta F ( . i n  H20:)= 
Average 5tack T e m p e r a t u r e  ( F ) =  

Dry Molecular Weigh t=  
W e t  M o l e c u l a r  Weight  = 

A v e r a g e  S q u a r e  F:oc3t  12f  D e l t a  P ( i n  H20:r= 
7. 1 - - ,.. 

3 0 - 8  i r =  

P i t  cot 
S a m p l i n g  T i m e  i M i n u t e s : ) =  
No:: z 1 e D i amet er 
Stack A!.;is  #1 ( I n c h e s ) =  
Stacl:: &:is #2 ( I n c h e s : ) =  
R e c t a n g u l a r  Stack 
Stack Area ( S q u a r e  F e e t  :I = 

5.t an: L: < FIc t u a l  , 
Flow Eate i : A c t L i a l ,  C u b i c  f t / m i n : r =  
F l o w  rate ( S t a n d a r d ,  W e t ,  C:ubic f t / m i n : ~ =  
F l o w  F:ate ( S t a n d a r d ,  Dry, C u b i c  f t / m i n ) =  

F a r t i c u l a t e  L o a d i n g  - F r o n t  H a l f  

P a r t i c u l a t e  Weight  (g)= 
F ' a r t i c u l a t e  L o a d i n g ,  Dry  S t d .  ( g r / s c f ) =  
F a r t i c u l a t e  L o a d i n g ,  h r t u a l  (gr /cLi  ft:r= 
E m i s s i o n  Rate i : Ib /hr : i=  

Nn Eiacl:: H a l f  A n a l y s i s  

I1:oe i f i ,: i e n  t = 

i I n c  he5 :I = 

' V e l  CIC i t y F e e t  / m  i n  :I = 

1' 

c' 
I 

e 
I 
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I 
+ + r1ETF::II:: UNITS + + 1 FILE NAME - RlMHl IL  

RUN # - 21 rid t K i l l  

I I_) 1 t i a 1 Met er Vo 1 ume 
F i n a l  Meter Vol cime <Cub i t :  Meter 5:) = 
N e t  er Fa,: 'i ,:,r = 
T i n a ?  Leal: F:ate ( c u  m / m i n j =  
N e t  Meter Volume i:CubiC lieters:i= 

1: 11: u b i c Met er 3 :I = Q 
I ,". ljas ' V o l i i a i i e  < :Dry  S . t . i n d a ~ d  IT:i.ihic Meters:>= 

,I 

.il 
1 
I 

B a r o m e t r i c  P r e s s u r e  <mni  H g : l =  
atati t :  P r e s s u r e  ( m m  HZO:i= 

F e r c e n t  Oxygen= 

M o i s t u r e  ICcol 1 e c  t Ed I: m l  :I = 
Fer r e n t  Water = 

A v e r a g e  Meter T e m p e r a t u r e  (C : I=  
A v e r a g e  Delta H i m m  H X l : l =  

A v e r a g e  De l t a  F [ :mm H2[3:1= 
A v e r a g e  S t a c k  T e m p e r a t u r e  (I::]= 

D r y  M n l e r u l a r  W e i g h t =  
W e t  M o l e c u l a r  W e i g h t =  

A v E r a a e  S a u a r c  F:mxnt oof Delta F i:mm H20:1= 

g F e r  I: e n  t C:ar bcm D i o x  i d e =  

- 
X I s ~ : ~ k i n e t  i c =  

P i t o t  C o e f f i c i e n t =  
S a m p l i n g  T i m e  l :Minutes : l=  
Nozz 1 e Diameter <mm:l  = 
S t a c I :  A:,;is # l  !Nete . rs : )= 
Stack A x i s  #2 (Meters:l= 
R e c t a n g u l a r  Stack 

I 
1 
21 
I 

I StacL:: Area ( : S q u a r e  Meters:]= 

Stack V e l o c i t y  < A c t u a l ,  m/min:r= 
F : c w  r a t e  ( A c t u a l ,  C u b i c  m/min:r= 
F l o w  r a t e  ( S t a n d a r d ,  Wet, C u b i c  m/min:l= 
F l o w  r a t e  ( S t a n d a r d ,  D r y ,  C:ubic m/min:l= 

r F a r t i c u l a t e  L o a d i n g  - F r o n t  H a l f  

F a r t i c u l a t e  WEight ( g ) =  
F a r t i c u l a t e  L o a d i n g ,  Dry  S t d .  (mg/cu  m : l =  

FartiCLllate L o a d i n g ,  A c t u a l  (mg/cu  m:)= 
Em i 5s i o n  F :a t  e < Irg /hr :I = 

I 
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r. - .- %-I i n t 

L 

3 
4 
5 
6 

8 
3 
1 0 
i 1  
1 '2 
13 
1.) 
15 
16 
17 
:3 
1 '3 
L 1.1 
"1 
"2 

"'4 

- , 

.-, - 

.-. 3 L-, 

F r a c t i o n  

D R Y  ICATCH 
F I LTEE 

D e l t a  H 
. .  <. 1 :-j . H2<:1 1; 

<:I. 3 3  
<:I. 33 

0 .  33 
0.38 
1:;. 33 
13.33 
0 .  38 
0 .  38 
0 .  33 
0. 38 

0.38 

0 .  38 

0 .  38 
1:). 38 
0. 38 
0. 33 
0 .  88 
C I  . 33 
C! . 63 
0 .  38 

.-> na . .,v 

o . a8 

0 .  aa 

1:). aa 

S t a r k :  T M ~ C E Y  T 

F i n a l  W t .  T a r e  W t .  B l a n k  W t .  N e t  W t .  

F.r a c t  i a n  F i n a l  W t .  T a r e  W t .  V o l .  N e t  W t .  

PF:OBE RINSE 

i 
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F i L E  NAME - F:iBH;::; 
t?Vbl # - RUN1"l:L _ _  
,',.,:!-::;: < Vr~, 3~-c :: 2 'r:,:' _._ ,- -IJTL:T 31JiI.T 

i (1) > I  ;a ?:' 

F'F:G;.JE;::T - ,3li:i;; 

l n i t . i a 1  I ~ E ~ E V  L'oiume ( C u b i c  F e e t : ; =  
F i t i  ri 1 Met e r- :iol i.t,ae I: c:& i ,: Feet :, = 

Fina l  Lea{:- I;:a.te iI:ci f t / m i n : i =  
1:- .t - - i c  E:,#- c1 f - 

Net Meter Volume < C u b i c  F e e t : ] =  
\-. - - 
JC.*= ' V o l ~ i m e  ( D r y  5 t a n d a r d  C:ubic F e e t  'i= 

khrome.ci-ii Frc-ssi i ie ( : i n  Hg:i= s.t*cl. c ..,_ ~- 
F e r c e n t  Oxygen= 
Fer 8: e n  t C:ar borm D i OH i d e =  
M o i s t u r e  iI:ol 1 ect  e d  ( m l  :I = 
Plr .- - . - a n t  Water= 

I _  I I ~ , - ~ ' r e  ( I n c h e s  H2'O:r= 

Ave" 1 *,BE .. ileter T e m p e r a t u r e  (FIB= 
A v e r a g e  De l t a  H ( : i n  H20:)= 
A v e r a g e  D e l t a  F' iin H20.r= 
Aver  a g e  S t a c k  T e m p e r a t u r e  (F:I  = 

Dry M o l e c u l a r  W e i g h t =  
Wet M o  1 e c  u 1 2.f W e  i g h t = 

Ave.raye Squzt .e  R o o t  uf D e l t a  F ( : i n  H20:)= 
Z 1 s o l ; i n e t  i c =  

P i t o t  l I : n e f f i c i e n t =  
S a m p l i n g  T ime  l:tli~-,citi=s:!= 
Nozz 1 e D i a m e t e r  ( I n c  h e 5  :) = 
S t a c k  A x i s  #1 ( I n c h e s : i =  
S t a c k  A ~ i s  # 2  ( I n c h e s : i =  
R e c t a n g u l a r  S t a c k ,  
S t a c k  Area ( S q u a r e  F e e t : ) =  

= t a c k  V e l o c i t y  < A c t u a l ,  F e e t / m i n : ) =  
F low Rate  ( A c t u a l ,  C u b i c  f t / m i n : ) =  
Flow r a t e  ( S t a n d a r d ,  W e t ,  ICubic f t / m i n : ) =  
Flow F:a te  ( S t a n d a r d ,  D r y ,  i::cibic f t / m i n : i =  

P a r t i c u l a t e  L u a d i n g  - F r o n t  H a l f  

P a r t i c u l a t e  W e i g h t  (g:l= 
F a r t i c u l a t e  L o a d i n g ,  D r y  S t d .  i : g r / s c f : i =  
F a r t i c L I l a t e  L o a d i n g ,  A c t u a l  ( g r / c n  f t : l =  

Ern issi con R a t  e < 1 b / h r  :1= 

P&:, Back H a l  f A n a l y s i s  

c 
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<- + rlETF:Ii:: UN;TS 
,- 1 1 . '  , _ _ _  :jfirqE -n ?iE:l41:L 
i;:iJN i: - i?UrdIEIHi::L 
LOi;:ATiON - Etx,'FfiS: ;SF CUTLET DUCT 
m - r E  - 1~:1/~3:3'3 
iF'F:OJEi::'T # - '3 1 i:i2 

I n  i t  I. a1  Met e,r Vol L i m e  iC:ub i 1: Meter 5:) = 
F i (3 a 1 
Meti-r  Fa,:rtor= 
F i n a l  Leal:. ;;:ate i c u  m/min:i= 
N e t  Meter Volume I:C:ubic Meters:]= 
IGas Va:* l~ i ine  (:Dry Standard ICubir Meters:!= 

B a r o m e t r i c  F r e s s u r e  (mm H g : i =  

Met C-T 'dct 1 i i  one j: ICub i IT M e  -t e.r 'j :I = 

Stat i . ;  p ;* ; . z su r~  i m m  H21:i j= 

- vs.. $ L -  Oxygen= 
P e r  *: e n  t C:ar bon D i OI. i d e =  
M o i s t u r e  C o l l e ~ t e d  i . m l : r =  
F e r c e n t  Water= 

A v e r a g e  Meter T e m p e r a t u r e  (:E:)= 
)?.,/%rage D e i t a  H ( m m  H2!:i:i= 
A v e r . q =  Del ta  F 1:mm H 2 0 : r =  
A v e r a g e  S t a r k  T e m p e r a t u r e  (C:r= 

Dry MolECuldr Weight=  
Wet Plo:ales:Liidr Weight=  

A v e r a g e  S q u a r e  Eoot uf D e l t a  F (mm H 2 0 : 1 =  
;! I s d t i n e t i c =  

P i  I, ,:.?, 
Sampl i n g  T i m e  l:MinLites:i= 
N o z z i ?  Diameter irntm:i= 
S t a c k  R x i s  # 1  (Meters:i= 
S t x l i  A x i s  #2 ( : M e t e r s > =  
6 : e c t a n g u l a r  Stack 
a t a c l i  Area ( S q u a r e  ileters:i= 

S t  ac li V e  1 omc i t y ( f i t :  t u a  1 , m i m  i n :i = 
Flow r a t e  ( A c t u a l ,  Cub ic  m / m i n : l =  
F low r a t e  ( S t a n d a r d ,  W e t ,  Cub ic  m/min: i= 
F low r a t e  < : S t a n d a r d ,  Dry ,  i1:Llbic m/min:i= 

P a r t  i c u l a t e  Load ing  - Frcant H a i f  

F ' a r t i c L t 1 a t e  Weight (g:i= 
i: 'arti.c~uldtz L o a d i n s ,  Dry S t d .  i:mg.'cu m : i =  

P a r t i c u l a t e  L o a d i n g ,  A c t u a l  I:mg/cLi m:i= 
Em i s 5  i >cm F b t  e I: kg / h r  :I = 

No Back H a l f  A n a l y s i s  

!::,:,E f I i ~ i e n t =  ' - ' 

r. 

0 .  ~:lcJO~:l 
0 . 0 
0. 0 

0 . I:Io 

I 
I 
1 
i 
1 
I 
I 
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11 . .-. p I ;  
14 . 
15 

17 

T Meter T 

71 /.: 

74 72 

73 73 
52 75 
33 76 

76 
75 74 
77 74 
7 '3 74 
81 76 
33 76 
83 76 

77 77 
30 77 
S3 78 
65 7'3 
86 8 0 
80 81 
8" 81 

81 
66 82 

I n 1: F :I O u t  1: F :I -. .- 
-7 -- 
, I  1 3  

-c 
1' d 

, 75 -Fc I J  

82 ai 
-7 
0.2 

Fr act ion  F i n a l  W t .  Tare W t .  Tilank W t .  Net W t .  
< q :I < g :I (g:r 1: g :I 

DRY CATC:H [:I. i:Il:!l:ll:I 0 .  l:ll>l>o 0 .  oljo~:l 0 .  1:r1:100 
0.  l:rl:r~:ll:l 0 .  1:rl:Il:)lj 0 .  001:1lj 0. ol: lo~:l  

i 
F i n a l  W t .  ?are  Wt. Vol .  Net W t .  

Impinger Ellanl:: <mg/ml:)= i:r.i:ri:ri:)r:r s 
J 
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,I 
I 
I 
1 
1 
I 
a 
I 
i 
i 
I 
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i % METRIC UNiTS + 
FILE NAME - 6:ZMHCL 
F:UN !# - F:ZklKI:L 
L O C A T I O N  - M A I N  ESF 0UTLC"T DUICT 
D H E  - ii :1/23iB'3 

1 

I 

I 

I PR0JEC:T !# - '31t.12 

I n i t i a l  Meter Voiume (1::ubioc M e t e r s ) =  
F i n a l  Meter Veal L i m e  !:Cub i c  Meter =.:I = 
yet  er Fc:,,: 1 ,:,i. = 
F i n a i  Leak Rate ( c u  m/min:r= 
N e t  Meter Volume (:IIubir Meters:>= 0 l3as 'Volume (Dry  S t a n d a r d  C:ubic Meters:i= 

Ha'rometr i r  P r e s s u r e  I:mm Hg:>= 
S t a t i c  P r e s s u r e  ( m m  H2(:I)= 

T ' e r cea t  Z;ygen= 
P e r  c e n  t C:ar bon D i ox i de= 
M o  i st u r  e I C o l  1 e c  t e d  c: m l  :I = 
P e r c e n t  Water= 

' L v a r a g e  ileter T e m p e r a t u r e  < C : I =  
Average  Delta H i m m  H20:1= 
Average  Delta P !:mm H 2 0 : > =  
Average  Stark Ternper a t u r  e (C: : I=  

1 
i 

Dry M o l e c u l a r  Weight=  
Wet M o l e c u l a r  Weight=  

k v e r a g e  S q u a r e  R o o t  o f  Delta F (mm H 2 0 : 1 =  
1 

X 1 s o i ; i n e t  i c =  

P i t  u t  C:oe f f i c i e n t  = 
I' 

-. Sarnpl i n g  T i m e  < M i n u t e s : > =  
Nnz z l e D i amet er r:mm:r = 
Stam:!: A:;; := #1 !:Mete.rs:)= 
S t a c k  Axis  #2 (Meters>= 
R e c t a n g u l a r  S t a c k  
S t a c k  Area ( S q u a r e  Meters:]= 

li 
1 
1 
d 
s 

, S t a c k  V e l o c i t y  l :Ac tua l ,  m/min:i= 
F low r a t e  I A c t u a l ,  C u b i c  m / m i n : l =  
F low r a t e  < S t a n d a r d ,  W e t ,  ICubic m/min:r= 
Flow r a t e  ( S t a n d a r d ,  Dry ,  i:ubir: m/min:l= 

P a r t i c u l a t e  Lrmding  - F.racmt H a l f  

P a r t i c u l a t e  Weight  (g:I= 
P a r t i c u l a t e  L o a d i n g ,  Dry S t d .  t:mg/cu m ) =  
P a r t i c u l a t e  L o a d i n g ,  A c t u a l  (mg/cu m:l= 
Em i 5 5 ;  tern E:at e !: kg /hr :I = ~~. 1 No:, E a r l <  H a l  i f i n a l y s i s  
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F r  ac t i o n  

DF:Y C:ATC:H 
F I LTEE 

L e l t a  P D e l t a  H St : T  M e t  e 
In<F:l  

63 

64 
64 
66 
67 
63 
71 

74 

77 
74 
76 
76 

77 
77 
74 
75 

76 
76 
76 

.>is 

-c* 
/ A  

-e 
/ J  

7 -  
,b 

-= ;4 

T 
Out <F:l 

r .-, 
BL 

GJ 
68 
72 
75 
77 
71 
75 
ar: 
a6 
a8 

7a 

a5 
a4 
a4 

ao 
a3 

a4 

91 

7'3 
31 

77 
77 

83 

- 

t 
I 
I 
I 
i 
I 
A 
1 
I 
I 
I 
I 
1 

- 

I 
16 
I 
I 
i 
I 
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Nnz z 1 e Diameter i: I n c h e s : )  = 
S t a c k  A x i s  #1 l : I n c h e s : J =  
Stack A x i s  #2 ( I n c h e d =  
F:ec- tangul  ar Stack 
Stack Area ( S q u a r e  F e e t : ] =  

St ac ii Vel 0:ac i t  y 
Flow Ra te  iAtc tua1 ,  ICubic f t / m i n : l =  

' Flcaw r a t e  ( S t a n d a r d ,  Wet, C:ubic f t / m i n : l =  
F l o w  h t e  ( S t a n d a r 3 ,  C r y ,  Cubic: f t / n i i n : J =  

( A r t  ual  , Feet / m  i n :I = 1 

N o  Hac): H a l f  A n a l y s i s  s 
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~ ~~ 

* METF:IC: UNITS * * 
FILE iumE - 
R(JN # - E2BHI:L 
_._._.nj L G N  - HYFASS ESF OUTLET DUCT 

!pE:(JJEC:T # - '31i:Q 

. ".r?,.? 

DATE - 1[:],?2.3,'39 

I n  i t  i a1 Meter Volume (C:ubi c Meter 5:)  = 
I .  i n a l  rleter 'Vol~irne I : I h b i c  Meters:]= 
]let er ;as :: ear = 
I -  A l l d l  LC",, 1 1 0 i r r  xu m,'min:= 
Net Meter 'Joiume i . L u b i c  Meters]= 
lids Volume ( D r y  S . t a n d a r d  ;Cubic Meters:l= 

Barnometr ic  P r e s s u r e  t m m  Hg:]= 

- .  

r.:..-, 3 - - , .  _ _ L _  . 

s t a t i c  ? T ~ S S L ~ T ~  ; ,mm H=l:lj= 

P e r c e n t  Oxygen= 
7e.r ,: e n  t i;ar b o n  Dit:, :i. i d e =  
M -  1-1 I. ' - . '  c iir e !S:t i i e c  t ~d 
F'er.:;nt Water= 

A v e r a g e  Meter T e m p e r a t u r e  l:C;l= 
A v e - r a g e  De l t a  H :;m !+2!:::j= 

A v e r a g E  D e l t a  P ( m m  H203= 
A v e r  a g e  S t a c k  T r i n p e r a t u r  e (l:::l= 

D r y  Molec~ilar W e i g h t =  
W e t  Molerular W e i g h t =  

A v e r a g e  S q u a r e  R o o t  o f  Delta P I:mm HZO:I= 
% 1 s o l : : i n e t  i c =  

F i t u t  C o e f f i c i e n t =  
=amp1 i n g  T i m e  < M i n u t e s : ) =  
N o z z l e  Diameter i:,nm:)= 
3 t a c k  A x i s  #1 (Meters:]= 
StacL:: &!xis #2  (Meters:]= 
Rect a n y u l  ar  S t a c  k 
S t a c k  area ( S q u a r s  Meters:r= 

S t a r k  V e l o r i t y  r : A c t u a l ,  m / m i n : ) =  
F l o w  r a t e  I : f i c t u a l ,  C : L i t ) i t :  m/min:i= 
F l a w  r a t e  ( S t a n d a r d ,  Wet, C:ubic m/min:r= 
F i o w  r a t e  ( S t a n d a r d ,  D r y ,  C:ubic m/min:r= 

P a . r t i c u l a t a  L,:.ad~ng - 7r .mt  H a l f  

P a r t i c u l a t e  W e i g h t  i:g:i= 

Pa r t  i c : u l a t e  L o a d i n g ,  D r y  S t d .  ( m g / c u  m : l =  

Par t  i r u l  a t  e L o a d i n g  , Act L i a l  ( m g / c u  m:r = 
Em i ss i on E a t  e < 1::g / h r  :I = 

NO Hack H a l f  A n a l y s i s  

8: m l  :I = 

c _  

;:I . ;l~:ll~ll:~ 

I) . I:] 
0 . 0 

I:, . OCI 
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I 
I 

I 
1 
1 
1 
1 
I 
I 
I 
I 
I 
8 
Y 
1 
1 
I 
1 

i 
Po i n t # 

1 

3 
4 

6 

a 
,? 
10 
11 
12 
13 
14 
15 
16 
17 

19 
2 1.1 
21 
.>.-, 
23 
24 

.7 - 
T d 

7 

i a  
-.  

-- 

Fr a c t  ion 

DRY !CATCH 
F I LTEF: 

F r a c t  icon 

€3 €5 
€7 65 
71 65 

€6 
67 

73 63 
ii nn 
6 '3 67 
71 67 

63 /L 

73 6 '3 
71 1 63 
73 70 
74 7 0 
74 7111 

75 7 0 
75 70 

.. .-, 
/i - 
/ -  

- -  

-- 
73 i a  

67 68 
6 '3 €a 
72 3 
7 3  6'3 
74 6 '3 
74 6'3 

F i n a l  W t .  T a r e  W t .  V a l .  Net  W t .  
1: g :) 1: g :I i m l  :I ig:r 

PECBE EINSE 0 .  I:II:II:I~ 1 j .  CICII:II> 0. 0 0. 1301313 
IMPINGERS 1:). i:x:ii>ij . ... L, ._, 0 I:, . 0 1:). I : I ~ > I : I I ~  
P r o b e  R i n s e  B1 ank ( m g / m l  : I =  0. ~:II:II:I~:I 

Imp i nger  H 1 an 1: i mg / m l  :I = 0. 0 0 S r 0  

>->,-~,-~ 
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;,>;E - iO/Z<l /8 '3  
pF:OJE!::T I+ - '3ll:l2 

I n i t i a l  Me.Cer Vt:al~ime ( C u b i r  F e e t : ] =  
Final Mecsr 'Joli-me iC:&ic r's.e-t:;= 
Meter F a c t o r =  
F ip+. l  Le-.!: Rate  < s : u  f t / m i n : l =  

Meter Vcrlume ( C u b i c  F e e t  : I =  

)Gas Volume I : k ,  S t a n d a r d  !C:unic F e e t : ) =  

H a r a m e t r i c  Pressirre $ : in  Hg:)= 
S t a t i c  F.ressi..irE ( i n . r h e s  H20:)= 

P e r c e n t  Oxygen= 
Per I: e n  t !::a r b con D i ox i J e= 
No i st u r  P C:al 1 en: t e d  
Per c e n t  Water = 

A v e r a g e  Meter T e m p e r a t u r e  (F:r= 
A v e r a g e  Del ta  H ( i n  H20:1= 
A v e r a g e  Delta P ( i n  H2C:I= 
A v e r a g e  S t a c k  T e m p e r a t u r e  (F:r= 

Dry M o l e c u l a r  Weigh t=  
W e t  N o l e s r u l a r  W e i g h t =  

A v e r a g e  S q u a r e  F o o t  o f  Delta P ( i n  H20:1= 

(: m l  :I = 

i: 1sjol : : inet  i c =  

Fita:*: C:oeff i,: i e n t =  
S a m p l i n g  T i m e  c:Minutes:r= 
Nos z 1 e D i a m e  t er 1: I n c h es :I = 
S t a c k  A x i s  #1 l : In~rhes : r=  
Stack: :  #T' ! : Inches : r=  
F;ec t a n g u l  ar  S t  ac 1; 
Stack Area ( :Squa re  F e e t : , =  

Stack ' V e l o c i t y  ( A c t u a l ,  F e e t / m i n : i =  
F l o w  Fate I :Ac tua l ,  C u b i c  f t / m i n : i =  
F I o u  ' r a t e  ! : S t a n d a r d ,  Wet, C:ubic f t / m i n : i =  
F1n:w Rate : S t a n d a r d ,  D r y ,  C u b i c  f t / m i n : ) =  

P a r t i c u l a t e  L u a d i n g  - Frt:,nt Ha: f 

Far t i c u1 a t  e W E  i g h t  1: g :) = 
P a r t i c u l a t e  L a a d i n g ,  Dry S t d .  ( g r / s , : f ) =  
P a r t  i c u l  a t  e L o a d i n g  , A c t u a l  (gr /cu f t  :) = 
Emissican F a t e  l : l b / h r : ) =  

Nu Hack H a l f  A n a l y s i s  
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M o i s - t u r e  C o l  l e s t e d  ( m l  :)= 
F e r c e n t  Slater= 

i:verage Metci' T e m p e r a t u r e  ( C ; I =  
I 

G v r f a y e  ijeita I- i :mm n X > =  
A v e r a g e  Del ta  P ( m m  H251;1= I C v e u a g r  S t a c k  T e m p e r a t u r e  <I::I= 

Dry Mol EC 1-11 ar S l f  i gh  t = 
W e t  Mcalefrular  W e i g h t =  

A v e r a g e  S q u a r e  R ~ x d  o i  Delta  P 
7. Is01::inet i c =  

P i t o t  i::,:,eiiim: i e n t =  
S a m p l i n g  Ti ,me NAnute.=;r= 
N o z z l e  Diameter (mm:r = 
S t a c k  A : c i s  #1 !Meters:)= 
S tack  A x i s  # 2  i M e t e r s : ) =  
F : sc  t a n y u l  a r  Stack 
S t x k  Area ? S q u a r e  Meters:l= 

I 
1 
I I V I  

751 
- 1 0 

4.8 
'"3. '2 

(:I . 0 
0 . (2 

13 
. '3 

14.7 
161 

32.7<1 
32. 70 

.-,.-. ii 

Stack V e l o c i t y  ::&:tu&;, m/min:r= aaa 
F l o w  ra te  ( A c t u a l ,  C u b i c  m / m i n l =  2,641 

F l o w  r a t e  ( S t a n d a r d ,  D r y ,  Cubis: m/min:)= 1 ,  / b 2  

F l o w  r x t e  ( S t a n d a r d ,  Wet, ICubic m/min:r= 1,763 
-,-- 

I 

1 
I P a r t i c u l a t e  L o a d i n g  - Trrcmt H a l f  

F a r t i c u l a t e  W e i g h t  ig;)= I:, . r:LI:)r:lI:I C a r r .  t o  7% 02 % 12% 1202 
F a r t i s u l a t e  L o a d i n g ,  D r y  S t d .  r:mg/cu m : I =  v . r.1 o . o 0. 0 
Far t is: u l  a t  e Load i n g  , A,: t u a l  r:mg/cu m:] = 0 . r:1 
E m i s s i o n  F a t e  O:y, 'hr :~= 0 . t:10 

. .  

N o  H a i k  H a l f  A n a l y s i s  
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F r  ac t i o n  F i n a l  W t .  T a r e  U t .  B l a n k  W t .  N e t  W t .  

FILTEF: 0 .  I:r0l:l0 0 .  l:,~:lr:Jo 0 .  0OCr0  1 5 .  l:~l:~~:ll:l 

F r a c t i o n  F i n a l  U t .  T a r e  U t .  V o l  . N e t  W t .  
i g ;I i g :I i m l  :I <g.l 

FE:OBE RINSE 0. C1i:KIi:i 1:). 1:10( jO 0 . 0 0. i~l0CIO 
I MP I NriERS [:I. i:)r:Jl:lI:I 0. l:rl:ll:N:I 1:; . i:1 I:]. rj(:11:10 
P r o b e  F : inse  B l a n k  I : m g / m l  : I =  O.cjOCrrS 
Imp i n g e r  Rl a n  Ir i mg/rnl :I = 0 . (>(:II:II: 
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FILE  PIGME - RZEHCL 
RUN tt - E3BHCL 

DATE - 10/30/8? 
PROJECT # - 9102 

LdCATION - a y w s s  ESP OUTLET DUCT 

Initial Meter Volume (Cubic Feet )= 
Final Meter Voiume (Cubic Feet)= 
Meter FaCLGr= 
Final Leak Rate !cu ft/min)= 
Net Meter Volume (Cubic Feet )= 
Gas Volume (Dry Standard Cubic Feet)= 

Baromerric Pressure (in Hg)= 
Static Pressure ( Inches H20 )= 

Percent Oxygen= 
Percent Carbon Dioxide= 
Moisture collectad ( m l  )= 
Percent Water= 

Average Meter Temperature ( F  )= 
Average Delta H (in H20)= 
Average Delta P (in H20)= 
Average Stack Temperature (F )= 

Dry Molecular Weight= 
Wet Molecular Weight= 

Average Square Root of Delta P (in H20)= 
% Isokinetic= 

Pitot Coefficient= 
Sampling Time (Minutes)= 
Nozzle Diameter ( Inches )= 
Stack Axis it1 (Inches)= 
Stack Axis tt2 (Inches)= 
Rectangular Stack 
Stack Area (Square Feet)= 

stack Velocity (Actual, Feet/min )= 3,303 
Flow Rate (Actual, Cubic ft/min)= 52,848 
Flow rate (Standard, Wet, Cubic ft/min)= 26,341 
Flow Rate (Standard, Dry, Cubic ft/min)= 26,341 

particulate Loading - Front Half 
particulate Weight (g )= 0 .oooo Corr. to 7% 02 & 12% C02 
particulate Loading, D r y  Std. (gr/scf)= 0 .oooo 0 .oooo 0 .oooo 
particulate Loading, Actual (gr/cu ft)= 0.0000 
Emission Rate (lb/hr )= 0 .oo 

NO Back Half Analysis 
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PROG.=VEP 06/09/89 
07-02-1990 07:51:06 

612.704 
669 .882 

1.030 
0 .ooo 
58 .893 
60.166 

29.58 
-2 .80 

16.3 
4.7 
0.0 
0 .o 

52 
0 .88 
0.500 

580 

29.40 
29.40 

0.7071 
89.3 

0 .83 
120 .o 
0.250 
24 .O 
96 .O 

16 .OO 



:k :L METRIC UNITS * * 
FILF NAME - R3BHCL 
RlJN 3 - RSBHCL 
LOCATION - BYPASS ESP OUTLET DUCT 
OATE - L0/30/89 
PROJECT # - '? lo2 

Initial meter Volume (Cubic Meters)= 
Final Meter Volume (Cubic Meters)= 
Met e 1- Factor = 
Final Leak Rate (cu m/min)= 
Net Meter Volume (Cubic Meters)= 
Gas Volume (Ory Standard Cubic Meters)= 

Earometric Pressure ( m m  Hg)= 
Static Pressure ( m m  H20j= 

Percent Oxygen= 
Percent Carbon Dioxide= 
Moisture Collected ( m l ) =  
Percent Water= 

Average Meter Temperature (C)= 
Average Delta H ( m m  H20)= 
Average Delta P ( m m  H2O)= 
Average Stack Temperature (C )= 

Dry Molecular Weight= 
Wet molecular Weight= 

Average Square Root of Delta P ( m m  H20)= 
% Isokinetic= 

Pitot Coefficient= 
Sampling Time (Minutes)= 
Nozzle Diameter ( m m  )= 
Stack Axis #1 (Meters)= 
Stack Axis #2 (Meters)= 
Rectangular,Stack 
Stack Area (Square 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, Dry Std. (mg/cu m ) =  
Particulate Loading, Actual (mg/cu m ) =  
Emission Rate ( kg/hr )= 

No Back Half Analysis 

PROG .=VER Oh/09/81 
07-02-1990 07 :51 :07  

17.349 
18.968 

1.030 
0 .oooo 

1.668 
1.704 

751 
-71 

16 .3  
4.7 
0 .o 
0 .o 

11 
22.4 
12.7 

304 

29.40 
29.40 

3.5637 
89.3 

0.83 
120 .o 

6.35 
0.610 
2.438 

1.486 

1,007 
1,496 

746 
746 

0 .oooo 
0 .o 
0.0 

0 .oo 

Corr. to 7% 02 & 12% C02 
0 .o 
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I 
I 
I 
1 
I 
P 
1 
I 
I 
I 
I 
I 
i 
1 
1 
1 
D 
I 
B 

FILE NAME - EZGHCL 
RUN U - R 3 G H C i  
LOCATION - E':PASS ESP ijUTLET OlJCT 
DATE - 10/30/89 
PROJECT # - 9102 

PROG.=VER 06/09/59 
07-02-1990 07:51:0'3 

P o i n t  # 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

F r a c t i o n  

DRY CATCH 
FILTER 

F r a c t i o n  

. .  
0 .so0 0.98 
0.500 0 . 8 8  
0.500 0 .88 
0.500 0 .88 
0.500 0 .88 
0.500 0 .88 
0 .SO0 0 . E 8  
0.500 0 .88 
0.500 0 .88 
0 .so0 0.88 
0 . 5 0 0  0 .88 
0 .SO0 0 .88 
0 .so0 n .AA 
0 .SO0 0 .88 
0 . 5 0 0  0 .88 
0.500 0.88 
0.500 0 .88 
0.500 0.88 
0 .SO0 0.88 
0.500 0.88 
0.500 0 .88 
0.500 0 .88 
0.500 0 .88 
0 .500  0 .88 

Delta P D e l t a  H S tack  T Meter T 
( i n .  H20) ( i n .  H20) ( F )  I n ( F )  O u t ( F )  

530 44 45 
580 
580 
580 
580 
580 
580 
580 
580 
580 
580 
580 

580 
580 
580 
580 
580 
580 
580 
580 
580 
580 
580 

Gan -"- 

47 
50 
52 
52  
52 
50 
53 
55 
57 
58 
59 
5s 
56 
57 
57 
57 
49 
52  
54 
56 
57 
57 
58 

45 
46 
46 
46 
46 
48 
49 
50 
5 1  
52 
52 
51: 
53 
54 
54 
54 
4 9  
50 
50 
50 
5 1  
51 
52 

F i n a l  W t .  Tare W t .  B l a n k  W t .  Ne t  W t .  
(9) ( 9 )  (9) ( 9 )  

0.0000 0 .oooo 0.0000 0 .oooo 
0.0000 ' 0.0000 0 .oooo 0 .oooo 

F i n a l  W t .  Tare W t .  V o l .  Net  W t .  
( 9 )  ( 9 )  ( m l )  ( 9 )  

0 .o 0.0000 
0 .oooo 0 .oooo 0 .o 0 .oooo 

PROBE RINSE 0.0000 0 .oooo 
IMPINGERS 
probe Rinse  B lank  ( m g / m l ) =  0.0000 
Imp inger  B lank  ( m g / m l  )= 0 .OOOO 
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I F ) =  

( F ) =  

D r y  blca 1 ecu 1 a r  W e i g h t  = 
b l e t  i'lnlect.ilar W e i g h t =  

Fiverage S q u a r e  R o o t  caf D e l t a  P i i n  HZO)= 
% I = c * k i n e t i c =  

P i t o t  C o e f  f i cierk = 
P- Jdrnpl i ' ng  T i m e  i P l i . f , u t e s ) =  
Pd:gz z 1 e D i aniet er i I r c h e s  ) = 
S t a c k .  F i x i s  #1 i I n c h e s ) =  
S t a c k  F i x i s  #,Z ' : I n c h e s ) =  
R r c t a r 8 g u l a r  S t a c k  
9 t a c k  Rrea i S q u a r e  F e e t )  = 

St ac k. 'Ve i c c  i t y .: Fic t ~ i a  1 , 
F l c a w  Rate  i F i c t u a l ,  C u b i c  f t / m i n ) =  
F l o w  r a t e  I S t a n d a r d ,  W e t ,  C u b i c  ft/ 'nrirO= 
Flow R a - t e  i S t a r t d a r - d ,  Dry, C u b i c  f t / ' m i u c ) =  

Part i c u l a t e  L o a d i n g  - Frortt H a l f  

F ' a r t  iclulate W e i g h t  i g )  = 
P a r t i c u l a t e  Lssnding,  D r y  S t d .  ( g r / S c f ) =  

E r d i 5 s i o m  H a t e  ( l b / h r j =  

Feet ,'mi n > = 

F'-.- clr  t i c u l a . t e  L o a d i n g ,  F i c t u a l  I g r i c u  f t ) =  I C o r r .  t u  7% 02 & 12% COS 
0. cl?:loo 0. r1000 

No H a c k  H a l f  i t n a l y s i s  

8-142 



P e r c e n t  U ii y g ET$= 

Percent C a r b o n  D i o x i d e =  
F'rr-.ceT;t 

D r y  Plcslecular W e i g h t =  
Wet Plolecul  a r   WE-^ g h t =  

R v e r a g e  Sqiuare H o o t  of D e l t a  P i r m  H2O)= 
ii 1 s o k . i r e t  ic= 

P i t  au t  C o e f  f i c i ent = 
S a r o p l i n g  T i m e  ( M i n u t e s ) =  
r.JC,=z le D i  a r n e t  er ( r n r n j  = 
S t a c k  9 x i s  # I  [ M e t e r s ) =  
S t a c k  R n i s  #Z i P l e t e r s j =  
R e c t  angtul a',' S t a c k  
S t a c k .  R r e a  ( S q u a r e  Dieters) = 

St  ac k ',/e 1 *c,c i t :J m/'m i rt 1 = 
F l a w  Pate i i c c t u a l ,  C u b i c  m / r n i n ) =  
Flow r a t e  i S t a n d a r d ,  W r t ,  C u b i c  r a / r f l i n ) =  
F l o w  ' r a te  i S t a n d a r d ,  D r y ,  C u b i c  m / m i n ) =  

i f i c t  #.is 1 , 

P a r t  i c u l a t e  L o a d i n g  - F r c m t  H a l f  

P a r t i c u l a t e  W e i g h t  i g ) =  
P a r t i c u l a t e  L u a d i . f q ,  D r y  S t d .  !r , ig/cu m ) =  
P a r t i c u l a t e  L o a d i . n y ,  R c t u a l  i m g i c u  m ) =  
E m i s S i ~ r ~  Hate i k g , . ' h r ) =  

. 



Frac t ion  

53 
54 

57 
53 
61 
65 
65 
66 
67 
69 
63 
t Ll 

72 
73 

74 

75 
76 

C? ad 

-.- 

-- 
1 3  

-= t d  

-- 
i t  

/ I  
-- 
78 
78 
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c 
I 
I 
I 
I 
t 
I 
1 
I 
I 
t 
I 
1 
I 
c 
I 
I 
1 

' I  



I 
I 
1 
I 
1 
I 
I 
li 
P 
I 
I 
I 
1 
1 
1 
I 
I 
I 
I 

23.53 
-+. 83 

16. '3 
5.7 
rr. ;.:I 

67 
0. 47 
0. 55Cl 

57'1 

23 . L I  1.7 

z3.27 

- 

P i t o t  Cc'e f f i c i ei?t = 
Safflp 1 i n g T i r o e  
M o  I 2 1 E D i arflet Ei 

S t a c k  R x i 5  # 1  ! i r c n r s i =  
S t a c k .  F l x i s  #2 ! I n c h e s ) =  
R r c t  s n g u  1 a'r- S t a c k  
=,-cC: i r r ra  <Square  F r e t  1 = 

i M i  r# u t e5 ) = 
i I n c h  e 5 1 = 

?.& . 
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~ 

I 
1 
I 
I 
i 
I 
a 
1 
1 
I 
II 
I 
4 
I 
B 
I 
I 
I 
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I 
I 
1 
I 
1 
I 
1 
I 
1 
I 
I 
t 
a 
I 
1 
1 
I 
I 
I 

F'r, i n-t # 

1 
2 

4 

6 
7 
9 
13 
10 
11 
1 2  
13 
14 
15 
1 6  
17 
19 
1 9  
20 
21 
2s 
d5 
24 

-. a 

= d 

- -  

F r a c t i o n  

DRY CRTCH 
F I L T E R  

F r a c t  i o n  

Fi. r#al  W t .  

T MEtSr T 
I 1.1 i F 1 5 3.1 t ( F i 
57 57 
64 55 

,: .e, 66 I. 

67 6i 
6'3 63 
613 6.1 
69 67 
63 ' 6.2 
65 64 
67 64 
7: C! VL 

70 66 
65 66 

66 i c r  
71 67 

67 
68 

74 66 
70 69 
71 68 
71 69 
71 69 
71 68 
71 68 

c c  

- ?  

-- < a  
I 3  
-- 

T a r e  W t .  H l a r t k  b l t .  Net W t .  
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FILE NAME - R5'lHCL 
R U N  # - K5MHCL 
LOCATIdN - M A I N  ESP OUTLET DUCT 
D A T E  - 11/2/89 
PROJECT d - 9102 

i n i t i a l  Meter  Vc,?ume ( C u b i c  F e e t  )= 
F i n a l  Meter V o l u m e  ( C u b i c  F e e t ) =  
Meter  F a c t o r =  
F i n a l  L e a h  R a t e  ( c u  f t / m i n ) =  
Net Meter Volume ( C u b i c  F e e t  )= 
Gas volume ( D r y  S t a n d a r d  C u b i c  F e e t  )= 

Barometric P r e s s u r e  ( i n  Hg)= 
S t a t i c  P r e s s u r e  ( I n c h e s  H20)= 

P e r c e n t  O x y g e n =  
P e r c e n t  Carbon D i o x i d e =  
M o i s t u r e  C o l l e c t e d  ( m l  )= 
P,e r c e n t Water = 

A v e r a g e  Meter T e m p e r a t u r e  ( F  )= 
A v e r a g e  D e l t a  H ( i n  H2O)=  
A v e r a g e  D e l t a  P ( i n  H20)= 
Average  S t a c k  T e m p e r a t u r e  (F )=  

D r y  M o l e c u l a r  W e i g h t =  
Wet M o l e c u l a r  w e i g h t =  

Average  Square Root of D e l t a  P ( i n  H20)= 
% I s o k i n e t i c =  

P i t o t  C o e f f i c i e n t =  
S a m p l i n g  T i m e  ( M i n u t e s  )= 
N o z z l e  Diameter ( I n c h e s  )= 
Stack A x i s  #1 ( I n c h e s ) =  
Stack A x i s  #2 ( I n c h e s ) =  
R e c t a n g u l a r  S t ack  
S t a c k  Area ( S q u a r e  F e e t ) =  

S t a c k  V e l o c i t y  ( A c t u a l ,  F e e t / r n i n ) =  
Flow Rate ( A c t u a l ,  C u b i c  f t / r n i n ) =  
Flow r a t e  ( S t a n d a r d ,  W e t ,  c u b i c  f t / r n i n ) =  
F l o w  Rate  ( S t a n d a r d ,  Dry, C u b i c  f t / m i n ) =  

P a r t i c u l a t e  Load ing  - F r o n t  H a l f  

P a r t i c u l a t e  Weight ( g ) =  
P a r t i c u l a t e  L o a d i n g ,  D r y  S t d .  ( g r / s c f ) =  
P a r t i c u l a t e  L o a d i n g ,  A c t u a l  ( g r / c u  f t ) =  
E m i s s i o n  Ka te  ( l b / h r  )= 

No Back Half A n a l y s i s  
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38.150 
97.618 

0.991 
0.000 

58.933 
59.911 

29.72 
-0.41 

5.2 
27.4 
0 .o 
0 .o 

57 
0.89 

0.590 
317 

32.59 
32.59 

0.7681 
74.1 

0.83 
120 .o 
0.250 

48 .O 
96 .O 

32.00 

2,930 
93,761 
63,224 
63,224 

0 .oooo 
0 .oooo 
0.0000 

0 .oo 

I 
i 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

PROG.=VER 06/09/09 
07-02-1990 08: 19:30 

1 

C o r r .  t o  7% 02 & 12% C02 
0.0000 0 .oooo 



I 
I 
1 
I 
I 
I 
I 
I 
I 
t 
I 
I 
1 
I 
1 
I 
I 
I 
I 

* :I METRIC U N I T S  * 
FILE N A M E  - RSMHCL 
4UN # - R5MHCL 
LOCATION - MAIN ESP OUTLET D U C T  
D A T E  - 11/2/69 
PROJECT ti - 9102 

P H O G . = V E R  06/09/85 
07-02-1990 08:19:32 

I n i t i a l  Meter Volume (Cubic Meters)= 1.080 
Fina l  Meter Volume (Cubic Meters)= 2.764 
Meter Factor= 0.991 

Net Meter Volume (Cubic Meters )= 1.6b9 
Gas Volume (Dry Standard Cubic Meters)= 1.696 

F i n a l  Leak Rate ( c u  m / m i n ) =  0 .oooo 

Earometr i c  Pressure ( m m  H g  )= 755 
S t a t i c  Pressure  ( m m  H20)= -10 

Percent Oxygen= 
Percent Carbon Dioxide= 
Moisture Col lected ( m l ) =  
i jercenr water= 

Average Meter Temperature ( C  )= 
Average Delta H ( m m  H20)= 
Average Delta P ( m m  H20)= 
Average Stack Temperature ( C  )= 

Dry Molecular Weight= 
Wet Molecular Weigh t=  

5 .2  
27.4 - 0.0 

0 .o 

14 
22.6 
15.0 

158 

32.59 
32.59 

Average Square Root o f  Delta P ( m m  H 2 0 ) =  3.8712 
% I sok ine t i c=  74.1 

P i t o t  C o e f f i c i e n t =  
Sampling T i m e  (Minutes)= 
Nozzle Diameter ( mm )= 
Stack A x i s  #1 (Meters)= 
s t a c k  A x i s  #2 (Mete r s )=  
Rectangular Stack 
Stack Area (Square Meters)= 

0.83 
120 .o 
6.35 

2.438 

2.973 

1.219 

s tack  Velocity ( A c t u a i ,  m / m i n ) =  893 
Flow r a t e  (Ac tua l ,  Cubic m / r n i n ) =  2 ,655  
FLOW r a t e  (S tanda rd ,  Wet, Cubic m / m i n ) =  1,790 
 low r a t e  (S tandard ,  Dry, Cubic m / m i n ) =  1,790. 

P a r t i c u l a t e  Loading - Front  Half 

p a r t i c u l a t e  Weight ( g  )= 0 .oooo Corr. t o  7% 02 & 12% co2 
p a r t i c u l a t e  Loading, Dry  S t d .  (mg/cu m ) =  0 .o 0 .o 0 .o 
p a r t i c u l a t e  Loading, a c t u a l  (mg/cu m ) =  0 .o 
Emission Rate ( k g / h r  )= 0 .oo 

NO Back Half Analysis 
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F I L E  NAME - HSMHCL 
RUN # - R5MHCL 
LOCATION - MAIN ESP OUTLET DUCT 
DATE - 11/2/89 
PROJECT # 

P o i n t  f l  

1 
2 
3 

.4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

F r a c t i o n  

DRY CATCH 
FILTER 

- 9102 

D e i t a  P IDeica n Sracic T M e t e r  i 
( i n .  H20) ( i n .  H20) ( F )  I n C F )  D u t ( F )  
0.590 0.89 

0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 
0.590 0.89 

0.590 o .a9 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 

37 
40 
46 
47 
48 
50 
52 
53 
54 
56 
58 
59 
57 
57 
57 
58 
58 
59 
58 
60 
60 
60 
61 
62 

44 
42 
52 
54 
56 
57 
53 
57 
61 
63 
64 
65 
57 
60 
62 
62 
63 
65 
59 
63 
65 
65 
66 
66 

PROG.=VER 06/09/89 I 
1 
1 
1 
1 
1 
1 
1 
a 
1 
1 
1 
1 
t 
1 
1 

07-02-1990 08:19:34 

F i n a l  W t .  T a r e  W t .  B l a n k  W t .  N e t  W t .  
(9) (9) ( 9 )  ( 9 )  

0 .oooo 0.0000 0 .oooo 0 .oooo 
0 .oooo 0 .oooo 0.0000 0 .oooo 

F r a c t i o n  F i n a l  W t .  T a r e  U t .  V o l .  N e t  W t .  
( 9 )  ( 9 )  ( m l )  ( 9 )  

PROBE RINSE 0.0000 0 .oooo 0 .0  0.0000 
IMPINGERS 0 .oooo 0 .oooo 0 .o 0.0000 
P r o b e  R i n s e  B l a n k  ( m g / r n l ) =  0.0000 
I m p i n g e r  B l a n k  ( r n g / m l ) =  0 .oooo 
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FILE NAME - RSBHCL 
RUN # - RSBHCL 
LOCATION - BYPASS ESP OUTLET DUCT 
DATE - 11/02/89 
PROJECT 8 - 3102 

Initial Meter Volume (Cubic Feet )= 733.596 
Final Meter Volume (cubic Feet )= 784.313 
Meter Factor= 1.030 

Net meter Volume (Cubic Feet )= 52.238 
Gas Volume ( D r y  Standard Cubic Feet)= 52.925 

Final Leak Rate (cu ft/min)= 0 .ooo 

PROG .=VER 06/09/89 
07-02-1990 08:41:05 

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 HZO)= 
Average Stack Temperature ( F  )= 

Dry Molecular Weight= 
Wet Molecular Weight= 

29.72 
-2 .80 

16.8 
3 .8 
0.0 
0 :n 

59 
0 .89 

0.460 
570 

29.28 
29.28 

Average Square Root o f  Delta P (in H20)= 0.6782 
% Isokinetic= 97.4 

Pitot Coefficient= 
Sampling Time (Minutes )= 
Nozzle Diameter ( Inches )= 
Stack Axis #1 (Inches)= 
Stack Axis #2 (Inches)= 
Rectangular Stack 
Stack Area (Square Feet)= 

0 .83 
100 .o 
0.250 

24 .O 
96 .O 

16 .OO 

Stack Velocity (Actual, Feet/rnin)= 3,152 
Flow Rate (Actual, Cubic ft/min)= 50,433 
Flow rate (Standard, Wet, Cubic ft/min)= 25,502 
F l o w  Rate (Standard, Dry, Cubic ft/min)= 25,502 

Particulate Loading - Front Half 

Particulate Weight (g)= 0 .oooo Corr. to 7% 02 & 12% C 0 2  
Particulate Loading, Dry Std. (gr/scf)= 0 .oooo 0.0000 0.0000 
Particulate Loading, Actual (gr/cu ft)= 0 .oooo 
Emission Rate ( lb/hr )= 0 .oo 

NO Back Half Analysis 
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I 
I 

RUN # - RSEHCL 
I OCATION - BYPASS ESP OUTLET DUCT -~ ~ 

DATE - l l / O 2 / ' 8 9  
PROjECT # - 9102 

~nitial Meter Volume (Cubic Meters)= 20.773 

Final Leak Rate (cu m/min)= 0 .oooo 
Net Meter Volume (Cubic Meters )= 1.479 
Gas volume (Dry Standard Cubic Meters)= 1.499 

~ L n a i  Meter Volume (Cubic Meters)= 22.209 
Meter Factor= 1.030 

Barometric Pressure ( m m  Hg)= 
Static Pressure ( m m  H20)=  

Percent Oxygen= 
Percent Carbon Dioxide= 
~oisture Collected (ml)= 
Percent Water= 

Average Meter Temperature (c )= 
Average Delta H ( m m  H20b 
Average Delta P ( m m  H20)= 
Average Stack Temperature ( C  )= 

Dry Molecular Weight= 
Wet Molecular weight= 

755 
-71 

16.8 
3.8 
0.0 
0 .o 

15 
22.6 
11.7 
299 

29.28 
29.28 

Average Square Root of Delta P ( m m  H20)= 3.4182 
% Isokinetic= 97.4 

Pitot Coefficient= 
Sampling Time (Minutes )= 
Nozzle Diameter ( m m  )= 
Stack Axis #1 (Meters)= 
Stack Axis #2 (Meters)= 
Rectangular Stack 
Stack Area (Square Meters)= 

0.83 
100 .o 
6.35 
0.610 
2.438 

1.486 

Stack Velocity (Actual, m/min )= 96 1 
Flow rate (Actual, Cubic m/min)= 1,428 
F l o w  rate (Standard, Wet, Cubic m/min)= 722 
Flow rate (Standard, Dry, Cubic m/min)= 722 

Particulate Loading - Front Half 
Particulate Weight (9 )= 0 .oooo 
Particulate Loading, Dry Std. (mg/cu m ) =  0 .o 
Particulate Loading, Actual (mg/cu m ) =  0 .o 
Emission Rate ( kg/hr )= 0 .oo 
No Back Half Analysis 
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PROG.=VER 06/09/89 
07-02-1990 08:41:07 

i 
I 
I 
I 
I 
I 
b 
I 
I 
I 
I 
I 
I 
I 
I 

Corr. to 7% 02 & 12% CC 
0.0 0.0 

~- 



I 
I 
1 
I 
I 
I 
I 
I 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

i 

F I L E  NAME - R5BHCL 
RUN # - R5BHCL 
LOCATION - EYPASS ESP OIJTLET DUCT 
DATE - 11/02/89 
PROJECT # - 9102 

P o i n t  # 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

F r a c t i o n  

DRY CATCH 
FILTER 

F r a c t i o n  

D e l t a  P D e l t a  H 
( i n .  HZO) ( i n .  HZO) 

0.460 0 . 8 9  
0.460 0.89 
0.460 0.89 
0.460 0.89 
0.460 0.89 
0.460 0.89 
0.460 0.89 
0.460 0 . 8 9  
0.460 0 . 8 9  
0.460 0.89 
0 .460  0.89 

0 .89 
0.460 0 . 8 9  
0.460 0.89 
0.460 0.89 
0.460 0 . 8 9  
0.460 0 . 8 9  
0 . 4 6 0  0.89 

0.460 0 . 8 9  

n n < n  
Y .T"" 

0.460 o .a9 

S t a c k  
( F )  

570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 

PROG.=VER 06 /09 /89  
07-02-1990 0 8 : 4 i : o a  

T Me te r  T 
I n ( F )  O u t ( F )  

49 4 8  
54 50 
57 5 1  
58 5 2  
60  54 
60 55 
58 57 
59  57 
6 1  ' 58 
61 58  
6 1  59 
6 3  5 9  
6 1  61 
6 2  6 2  
63 6 1  
63  6 1  
64  . 6 1  
65  6 1  
58 6 1  
59  6 2  

F i n a l  W t .  T a r e  W t .  B l a n k  W t .  N e t  W t .  
( 9 )  ( 9 )  ( 9 )  ( 9 )  

0 .oooo 0 .oooo 0.0000 0 .oooo 
0 .oooo 0.0000 0 .oooo 0 .oooo 

F i n a l  W t .  T a r e  W t .  V o l .  N e t  W t .  
( 9 )  ( 9 )  ( m l )  ( 9 )  

PROBE RINSE 0.0000 0 .oooo 0 .o 0 .oooo 
IMPINGERS 0 .oooo 0.0000 0 .o 0 .oooo 
Probe  R i n s e  B l a n k  ( m g / r n l ) =  0.0000 
I rnp inge r  B l a n k  ( m g / m l ) =  0 .OOOO 
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RUN #l 

NOTE: A l l  l eak  checks o f  the  VOST were passed w i t h  t h e  except ion o f  t h e  f i n a l  
leak check f o r  t e s t  Run 1 a t  the  bypass duct. The Te f lon  seat ing loca ted  
between the  sample probe and t h e  VOST va l ve  assembly was replaced f o l l o w i n g  
Run 1. and no o the r  problems were encountered through Runs 2 through 5. 

RUN #2 

' VOST SAMPLING TIMES 

1548- 1623 
1730 - 1735 

1855- 1915 
1924 - 1933 
1941 - 2007 

1750- 1810 

MAIN DUCT 
1201 - 1241 

1252 - 1319 
1329 - 1342 
1350 - 1401 
1409 - 1438 

2 

3 

BYPASS DUCT 
1 

2 

IBYPASS DUCT 
1 

2 

3 

1552 - 1627 
1732 - 1737 
1744 - 1809 
1856- 1911 
1918- 1933 
1942 - 2007 

I 

I 
, 1202 - 1242 

1250 - 1330 

1341 - 1421 
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!4-HOUR TIME ~~ ~ 

RUN #3 

1144- 1224 

1233 - 1308 
1316- 1321 
1330 - 1347 
1358 - 1421 

1141 - 1221 

1228 - 1308 

1316- 1356 

RUN #4 

1100- 1140 

1632 - 1712 

1720 - 1746 
1755 - 1809 

1100 - 1140 

1633- 1713 

1722 - 1802 

RUN #5 

1133- 1213 

1220- 1300 

1308- 1336 
1345 - 1357 

1130- 1210 

1218- 1258 

1306 - 1346 



1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 

MAIN 
MAIN 
MAIN 

BY P A S S  
BYPASS 
BYPASS 

MAIN 
MAIN 
MAIN 

BYPASS 
BYPASS 
BY P A S S  

MAIN 
MAIN 
MAIN 

BY P A S S  
BYPASS 
BYPASS 

MAIN 
MAIN 
MAIN 

BY P A S S  
BYPASS 
BYPASS 

MAIN 
MAIN 
MAIN 

BYPASS 
BYPASS 
BYPASS 

STANDARD = 
VOLUME 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

23 
24 
24 
24 
25 
27 
19 
19 
19 
22 
23 
24 
8 
9 
9 
11 
14 
14 
14 
18 
18 
20 
23 
26 
8 
9 
10 
15 
20 
21 

29.11 
29.11 
29. ii 
29.11 
29.11 
29.11 
29.13 
29.13 
29.13 
29.13 
29.13 
29.13 
29.42 
29.42 
29.42 
29.42 
29.42 
29.42 
29.48 
29.48 
29.48 
29.48 
29.48 
29.48 
29.72 
29.72 
29.72 
29.72 
29.72 
29.72 

20.000 
19.970 
20.uu0 
20.011 
20.040 
20.013 
20.000 
19.770 
20.000 
20.011 
.20.029 
20.017 
19.970 
19.950 
19.970 
20.028 
20.011 
20.032 
19.930 
20.000 
19.800 
20.023 
20.012 
20.008 
20.000 
20.000 
19.880 
20.014 
20.029 
20.021 

0.999 
0.999 
0.999 
1.016 
1.016 
1.016 
0.999 
0.999 
0.999 
1.016 
1.016 
1.016 
0.999 
0.999 
0.999 
1.016 
1.016 
1.016 
0.999 
0.999 
0.999 
1.016 
1.016 
1.016 
0.999 
0.999 
0.999 
1.016 
1.016 
1.016 

VOLUME * PRESSURE * 293 K * METER 
MEASURED MEASURED FACTOR 

~~ 

29.92 in Hg * (METER TEMPERATURE + 273 K )  
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19.24 
19.15 
19.18 
19.51 
19.48 
19.32 
19.52 
19.29 
19.52 
19.66 
19.61 
19.53 
20.45 
20.36 
20.38 
20.64 
20.41 
20.43 
20.03 
19.82 
19.62 
20.04 
19.83 
19.63 
20.69 
20.62 
20.42 
20.55 
20.21 
20.14 

1 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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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 8, 1989 and proceeded 
until November 15, 1989. All 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 o f  incomplete combustion (PIC'S). The POHC analysis 
consisrea of  a fuiiy quantitative target compound analysis. including analysis 
o f  authentic POHC standards and quantitation using response factors based on a 
multipoint standard curve. The organic screen consisted of  a semiquantitative 
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 
(October- 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, monochlorobentene. was selected fro this study. In 
addition, one internal standard (d,-benzene) and two surrogate compounds 
(db-1,2-dich1oroethane and d,-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 analysis 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 
datafiles that were generated for the POHC analysis. The major difference 
between this analysis and the POHC analysis was that only a single calibration 
standard was analyzed to determine response factors for the PIC target com- 
pounds and no daily PIC verification standards were runi $!antitation 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 list of the 
best ten matches to the unknown mass spectrum. The results of each library 
search were then manually reviewed and the most appropriate match chosen from 
the list of candidate compounds. The reduced list 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: 

1. Calibration Standard Preparation Summary 
2. Calibration Curve Analysis Summary 
3. 
4. SPCC Control Chart 
5. VOST Analysis Summary 
6. VOST Condensate Analysis Summary 
7. VOST Organic Screen Analysis Summary 
8. VOST Tentatively Identified Compound Summary 

B. Raw Data 
1. Daily PRK spectrum and mass listing 
2. Daily BFB spectrum, mass listing and mass calibration summary 
3. Daily POHC spectrum and mass listing from the first daily 

verification standard 
4. PARA printouts for each GC/MS datafiles 
5. QUAN quantitation report printouts for each GC/MS datafile 
6. RIC and ion plots for each GC/MS datafile 
7. Copies of all relevant 1aboratorylMS instrument logbook pages 
8. Calibration curve products, including RESP Cali curve plots, 

EDRL listings and average relative response factors. 

A. Sumaary Rew-ts 

Daily Standard and Blank Analysis Summary 

8-160 

I 
I 
I 
I 
i 
I I 

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I .  
I 
I 
I 

Appendix 6-9 
Vol ati 1 e Organics Analysis 
Data Summary 

5.0 ADDITIONAL NOTES REGARDING THIS ANALYSIS 

5.1 All samples were analyzed within the 14 day holding time specified 
in the Test/QA Plan. 

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. All 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. All 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 o f  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. 

x Factor LOQ = ‘(std) (thresh) 
H(std) 

where: 
concentration of standard compound 
peak height of standard compound ‘(std) = 

H(std) = 
H(threshold) = instrument hardware threshold (units of peak ht) 
Factor = mu1 tip1 ication 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 quantifiable value to a 
level that is hopefully within the linear range for that compound. As an 
example, the following equation shows the LOP that was determined for the POHC 
in VOST samples: 

5 nq x 100 counts = ng 
= 825 counts 

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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ca l cu la te  t h i s  LOQ came from t h e  lowest l e v e l  standard i n  t h e  VOST c a l i b r a t i o n  
curve, and the  mass spectrometer s e n s i t i v i t y  was i n t e n t i o n a l l y  adjusted so 
t h a t  t h i s  standard would f a l l  near t h e  l i m i t  o f  quant i ta t ion ,  thereby 
maximizing the  l i n e a r  range o f  the  c a l i b r a t i o n  curve. 

I n  a d d i t i o n  t o  observing a l l  o f  t h e  normal QA requirements spec i f i ed  
i n  Metnoas 9240 ana 5050, an aaa i t i ona i  gA standard conta in ing  th ree  System 
Performance C a l i b r a t i o n  Check (SPCC) compounds was analyzed on a d a i l y  basis. 
A m u l t i p o i n t  SPCC c a l i b r a t i o n  curve was n o t  generated. The d a i l y  SPCC com- 
pound response f a c t o r s  were p l o t t e d  versus t ime as a check o f  t he  instruments' 
cantiming- system Derfonuance. 

5.7 Two VOST samples (3040 and 3044) were received cracked. However, 
there  was no l oss  o f  absorbent mater ia l  so the  contents o f  these t raps  were 
t rans fer red  t o  clean unbroken tubes p r i o r  t o  analysis. Immediately before the 
t r a n s f e r  o f  absorbent ma te r ia l  was performed, the  sample was spiked w i t h  the 
i n t e r n a l  standard surrogates so t h a t  any losses incur red  dur ing  the  t r a n s f e r  
might be estimated. There was no loss  o f  Tenax from sample 3040 bu t  a small 
amount o f  Tenax was l o s t  from sample 3044 dur ing  the  t rans fe r .  The d i f f e rence  
i n  I.S. and surrogate s igna l  between these two samples and the  other  samples 
and standards analyzed on the  same day was estimated t o  be ca. 20% t o  25%. 
However, t h i s  f i g u r e  may n o t  necessar i ly  be re levan t  t o  the  amount o f  POHC o r  
o ther  compounds t h a t  were l o s t  since the  t ime the  sample was co l lected.  It 
should a lso  be noted t h a t  t he  I.S. and surrogates were spiked on the  cracked 
tube us ing a f l o w  o f  i n e r t  gas t o  t ranspor t  them onto the  absorbent mater ia l .  
Thus. some loss  o f  I.S. and surrogates may have occurred i f  any p o r t i o n  o f  the  
c a r r i e r  gas flowed through the  crack r a t h e r  than through the  tube. Since so 
many f a c t o r s  r e l a t e d  t o  the  q u a n t i t a t i o n  o f  these samples could no t  be f u l l y  
quant i f ied,  no co r rec t i on  wawmade t o  t h e  amounts o f  any compounds found i n  
these samples. 

5.8 One sample. 5043. was received broken. However, a s i g n i f i c a n t  
amount of absorbent ma te r ia l  had s p i l l e d  from the  tube dur ing  shipment so i t  
was n o t  poss ib le  t o  salvage it using the  procedure described above. 

5.9 One sample. 3051, broke wh i le  i t s  contents were being purged onto 
the  GC/MS. The i n t e r n a l  standard responses f o r  t h i s  sample was on ly  ca. 15% 
t o  20%. compared t o  o ther  samples and standards t h a t  were analyzed on the  same 
day. No c o r r e c t i o n  was made t o  any compound amounts found i n  t h i s  sample 
since the I.S. was spiked onto the  tube while it was s t i l l  i n tac t .  Thus, it 
mw be assumed t h a t  t he  l oss  o f  I.S. was representa t ive  o f  the  loss  o f  any 
other  compounds which m a y  have been on the  t rap.  

5.10 The f i e l d  blank p a i r s  fo r  Runs 4 and 5 (4046, 4047, 5056, and 5057) 
were no t  analyzed. I t  should be noted t h a t  no POHC was observed i n  the  f i e l d  
blank pa i r s  f o r  Runs 1, 2, o r  3. 

5.11 Very high l e v e l s  o f  na t ive  benzene and toluene were observed i n  
many o f  the  VOST samples. Unfortunately, the Test/QA Plan c a l l e d  f o r  
d,-benzene t o  serve as the  i n t e r n a l  standard f o r  t h i s  analysis. Based 
s t r i c t l y  on a comparison o f  mass spec t ra l  overlap, the  presence o f  n a t i v e  

5.6 
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benzene should n o t  have caused any i n te r fe rence  t o  t h e  d,-benzene s ignal .  
However. t h e  presence o f  l a r g e  amounts o f  benzene d i d  i n  f a c t  severe ly  a l t e r  
t h e  MS response o f  t h e  d,-benZene i n  t h i s  study. Since the  two compounds are 
chemical ly  and p h y s i c a l l y  i d e n t i c a l  ( o r  nea r l y  so). they  e x h i b i t  nea r l y  t h e  
same GC e l u t i o n  c h a r a c t e r i s t i c s  and thus  en ter  the  mass spectrometer a t  the  
same time. It i s  unc lear  whether t h e  observed change i n  t h e  d6-benzene 
response was due t o  chromatographic o r  mass spect rometr ic  e f f e c t s ,  a l though 
t h e  l a t t e r  i s  t h e  most l i k e l y  p o s s i b i l i t y .  A s i m i l a r  change i n  d,-toluene 
response was a l so  observed when n a t i v e  to luene was present  i n  l a r g e  quant i -  
t i e s ,  a l though t h e  change was much l e s s  severe than t h a t  f o r  benzene. As a 
r e s u l t ,  t h e  i n t e r n a l  standard used t o  quan t i t a te  POHC concentrat ions i n  VOST 
samples was changed frmd,benzene t o  d8- to luene (it should be noted t h a t  t h e  
i n t e r n a l  standard and surrogates were added t o  the  samples a t  t h e  same time, 
thus a l low ing  t h e i r  r o l e s  t o  be switched). The swi tch  from d,-benzene t o  
d,-toluene r e s u l t e d  i n  a more cons is ten t  i n t e r n a l  standard response throughout 
t h e  sample set. a l though the  d6-benzene. i n  i t s  new r o l e  as surrogate, 
exh ib i t ed  very poor and e r r a t i c  recovery values as a r e s u l t .  No s i g n i f i c a n t  
amounts o f  benzene o r  to luene were observed i n  the  VOST condensates and so 
d,-benzene cont inued t o  be used as t h e  i n t e r n a l  standard f o r  these samples. 

by a s p e c i f i c  compound name b u t  r a t h e r  i n  terms o f  a compound c lass.  This  i s  
due t o  the f a c t  t h a t  many compounds have s i m i l a r  mass spectra. I n  such cases, 
the  l i b r a r y  search program was unable t o  l oca te  a unique match b u t  was suc- 
cess fu l  i n  p rov id ing  a t  l e a s t  some s t r u c t u r a l  o r  c lass  i n fo rma t ion  r e l a t e d  t o  
t h e  unknown compound. I n  these cases. t h e  most general compound d e s c r i p t l o n  
encompassing the  range o f  l i b r a r y  candidate compounds was given. For example, 
a search o f  a peak i n  sample 1042 r e s u l t e d  i n  a number o f  l i b r a r y  candidate 
compounds o f  t h e  general formula CIoHZ2. y e t  no s i n g l e  candidate compound was 
s i g n i f i c a n t l y  b e t t e r  than the  o thers  i n  i t s  match t o  t h e  unknown spectrum. As 
a r e s u l t ,  the  peak was i d e n t i f i e d  s imply as "decene." w i t h  the  understanding 
t h a t  no f u r t h e r  in fo rmat ion  regard ing  t h e  l o c a t i o n  o f  t h e  double bond could be 
discerned from the  ava i l ab le  in format ion.  

5.13 For t h e  q u a n t i t a t i o n  of TICS i n  the samples, a d i f f e r e n t  approach 
t o  the  i n t e r n a l  standard problem had t o  be used. Q u a n t i t a t i o n  o f  T I C S  u s u a l l y  
cons is ts  o f  comparing t h e  absolute response between t h e  T I C  and t h e  i n t e r n a l  
standard peak. Response i s  determined us ing the  t o t a l  i o n  count over t h e  
e n t i r e  mass scanning range. A response f a c t o r  o f  u n i t y  i s  assumed, s ince 
h i s t o r i c a l  Rfs are no t  usua l l y  a v a i l a b l e  f o r  TICS. Unfor tunate ly ,  the  t o t a l  
i o n  peaks of t h e  labe led  compounds i n  many o f  these samples were completely 
obscured by t h e  very  much l a r g e r  TIC and P I C  peaks, most no tab ly  benzene and 
toluene. Thus, i t  was necessary t o  use an "external "  I.S. t o t a l  i o n  count. 
taken from each sample's corresponding d a i l y  system blank. Since the  system 
blanks d i d  not  con ta in  any n a t i v e  compounds, a "c lean" I.S. s igna l  could be 
measured, against  which the  TICS i n  the  samples were then quant i ta ted.  

S.12 M m y  nf the  cnmpnunds reperrted as TIC: were iiot aetria;;y i d i n i , l r ~ e a  L.r. 
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Calibratlon Standard Preparation Summary I Ash Grove Cement Kiln 91 02R-6415 

Concentration (ng/ul) 

d6-Benzene 

d4-1.2-Dichloroethane (d4-DCE) 

d8-Toluene (d8-Tol) 

Monochlorobenzene (MCB) 

51.2 51.2 51.2 51.2 51.2 51.2 

52.4 10.5 2 1  52.4 105 210  

50.4 10.1 20.2 50.4 100.8 2 0 2  

0 2.4 9.9 24.8 99.3 250  
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Calibration Curve Summary I Ash Grove Cement Kiln 9102L-6415 

A m o u n t u  Response Factor (R 
(total ng) d6-Benzene d4-DCE d8-Toluene 'MCB ( 1 l Z ) b  MCB ( 1 1 4 ) s  

VOST 5 1 .ooo ,179 .695 .543 .118 
11/8/69 2 0  1.000 ,198 ,824 .661 .194 
Rf's vs d6-Benzene 5 0  1.000 ,215 3 7 3  ,704 .215 

200 1.000 .220 3 9 3  ,746 ,240 
500 1.000 ,212 ,884 ,728 ,240 
Average Rf: ,205 .834 ,676 ,201 

RS% (%): 8.1 9.8 12.0 25.0 

Response Factor (Rf) Amount 9 
(total ng) d6-Benzene d4-DCE d8-Toluene MCB (112)W MCB ( 1 1 4 w  

VOST 5 1.437 ,258 1.000 .781 ,170 
11 18/89 2 0  1.212 ,240 1.000 .802 ,235 
Rf's vs d8-Toluene 5 0  1.145 ,246 1.000 ,806 ,246 

200 1.119 ,246 1.000 .E35 ,269 
500 1.130 .240 1 .ooo ,822 ,271 

.&.." .8JS ,238 ?If . Avnrsmn .. _.___ 

R&(%): 11.0 3.0 2.5 17.2 

A m o u n p  Response Factor (Rf) 
(total ng) d6-Benzene d4-DCE d8-Toluene MCB (112)b MCB ( 1 1 4 ) 9  

VOST 2000 1.137 .239 1.000 ,481 ,237 
11110189 
High-Level Std. 

Amount +/ Response Factor (FH) 
(total ng) d6-Benzene d4-DCE d8-Toluene MCB (112)u MCB (114)w 

VOST Condensate 5 1 .ooo .188 ,891 ,687 
(Purge-and-Trap) 2 0  1.000 ,181 .945 ,832 ,229 
1111 3189 50 1.000 .174 1.010 ,926 ,276 
Rf's vs d6-Benzene 200 1.000 .153 ,955 ,853 .265 

500 1.000 ,190 ,904 ,817 ,266 
Average Rf: 1.000 .177 ,941 ,823 ,259 

RSD (%): 8.4 5.0 10.5 8.0 

Notes: 
a 

b. 
C. 

Standard amounts are shown as nominal values. Exact concentrations of target 
anaiytes are shown in the Calibration Standard Preparation Summary. 
Quantitated using primary quantitation ion (m/z 112). 
Quantitated using secondary quantitation ion (mlz 114). 
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I Standard and Blank Analysis Summary \ Ash Grove Cement Kiln 9102L-6415 

VOST 

Y Variance I POHC AmL Amount (total ng)b-/ 
Dale (ng) Description d6-Benz d4-DCE MCB b MtXw d6-Ben2 d4-DCE M C B b  MCB 

11/9/89 

11/10/89 

1 1 /13/89 

11/14/89 

1 1 /I 5/89 

0 
5 0  

0 
5 5  

0 
2000 

0 
5: 

0 
5 0  
5 0  

0 
5 0  
5 0  
5 0  

0 
5 0  
5 0  

0 
0 
0 

5 0  

0 
5 0  
5 0  

0 
5 0  

Daily Blank 100 102 2 0 0 2 
Dally Veriflcalion Sld. 101 102 50 5 2  1 2 1 5 
Ciaanup Blank S 8  87 3 3 - 2  - 3  
Sh!?! ve!!!!Ki!!LY! S!d, 06 06 56 62 - 4  - 4  I? 24 
Cleanup Blank 98 88 0 0 - 2  - 2  

Daily Blank 101 100 0 0 1 0 
"E* \Ie.i(b=!!n!! C!d. 95  sa f.! 5 2  - 5  - 4  ! 5 
Cleanup Blank 9 7  85 3 2 - 3  - 5  
Shift Verification Std. 9 8  84 49 51  - 2  - 6  - 2  2 
Daily Final Sld. ss 9s 52 55 - 1  - 1  5 9 

Daily Blank 9 8  93 0 0 - 2  - 7  
Dally Verification Sld. 100 95 47 50 0 - 5  - 6  - 1  
Shift Verification Sld. 193 186 46 48 - 3  - 7  - 8  - 4  

Daily Final S l d . 4  9 4  97 llS0 1982 - 6  - 3  - 4 1 9  0 

Daily Final Sld. 9 7  94  55 58 - 3  - 6  9 1 6  

Daiiy Blank 101 96 0 0 1 - 4  
Daily Verification Std. 97 82  46 49 - 3  - 8  - 7  - 2  

Cleanup Blank 96 89 1 0 - 4  -1 1 
Cleanup Blank 97 90 0 0 - 3  - 1  0 
Cleanup Blank 97 93 0 0 - 3  - 7  
Daily Final Sld. 97 S8 4s 51  - 3  - 2  - 2  1 

Daily Blank 103 100 0 0 3 0 
Daily Verification Sld. 9 2  so 47 4 s  - 8  - 1  0 - 6  - 2  
Shin Veriflcallon Sld. 91 so 44 46 - 9  - 1 0  -11  - 8  
Cleanup Blank 101 ss 4 3 1 - 1  
Daily Find Sld. 97 93 48 50  - 3  - 7  - 3  0 

Shift Verification Sld. 96 92 4s 5 3  . 4  - 8  - 2  6 

I 
ii 
I I 

I 
I 
I 
I 
I 
I 

VOST Condensate (Purgsend-Trap) I 
I POHC AmL Amount (total ng) $6 Variance 

Dale (ng) Description d4-DCE d8-Tol M C B b  - 4  d4-DCE d8-Tol MCBb W B  Y 
~ 

11/14/89 0 Daily blank 117 9s 0 0 11 - 2  

I 
I 

50 Daily Verification sld. 114 100 4s 45 S 0 - 1  - 1 0  
50 Daily final sld. 1 08 105 47 4 3  3 4 - 5  - 1 4  

50  Daily verification sld. 103 103 48 45 - 1  2 - 3  - 8  
5 0  Daily final sld. 110 87 47 48 5 - 1  4 - 6  - 3  

I 1 /15/89 0 Daily blank 86  107 0 0 - 1  8 6 

Notes: 
a 
b. 
c. 
d. 
e. 

Compounds quanlitaled vs d8-toluene Internal standard. 
Amounts calculated using primary quanlilalion Ion (m/z 112). 
Amounts calculated using semndary quanlilallon ion (Wz 114). 
This standard also served as an extended p in t  for the 11/8/89 calibration curve. 
Primary quanlilalion Ion was saturaled at this level. 
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VOST Analysis Summary I Ash Grove Cement Kiln 9201L-6415 

MC8 % Recovery '21 
No. Sample No Descr ipt ion Amount (ng)b d6-Benzene d4-DCE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12 
13 
1 4  
15 
16 
i i  

18 
19 
21 
20 
22 
23 
24 
25 
26 
27  
28 
29 
3 0  
31 
32 
3 3  

3 4  
35 
3 6  
3 7  
38 
39 
40 
41 
42 
43 

1040 
1041 
1042 
1043 
1044 
1045 
1047 
1048 
1049 
1050 
1051 
1054 
1055 
1056 
1057 
1058 
1059 

2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
205 1 
2054 
2055 
2058 
2059 

3040 
3041 
3042 
3043 
3044 
3045 
3048 
3049 
3050 
3051 

PRl TNX 
PR1 TC 
PR2 TNX 
PR2 TC 
PR3 TNX 
PR3 TC 
PR1 TC 
TB TNX 
TB TC 
PR1 TNX 
PR1 TC 
PR3 TNX 
PR3 TC 
FB TNX 
FB TC 
TB TNX 
TI3 TC 

PRI TNX 
PR1 TC 
PR2 TNX 
PR2 TC 
PR3 TNX 
PR3 TC 
FB TNX 
FB TC 
TB RJX 
TB TC 
PR1 TNX 
PR1 TC 
PR3 TNX 
PR3 TC 
TB TNX 
TB TC 

PR1 TNX dJ 
PRI TC 
PR2 TNX 
PR2 TC 
PR3TNX dJ 
PR3 TC 
TB TNX 
TB TC 
PRl TNX 
PRlTC 

_ _  _. 

1011 &/ 
- u  

1060 - 
681 9 

- 

140 
1 8  

220 - 
- 
- 
- 
- 

127B9 

1 3 3 1 9  

1540 

- 

3 3  
6 

556 &/ 

- 

108 

1 1 4  

1 0 4  

9 

6-167 

4 7  
t o o  

2 3  
9 5  
6 2  
9 9  

100 
9 9  

100 
9 3  

100 
9 7  

100 
100 
101 
101 
101  

4 2  
9 8  
5 2  

101 
5 3  
98  
9 6  
9 5  
9 8  

100 
9 4  
98  
98  
99  

105 
100 

7 0  
9 6  
7 4  
98  
7 0  
9 7  
9 9  

102 
9 6  

196 

1 4 4  
100 
1 0 4  

9 6  
1 4 9  

9 8  
9 8  
9 6  
9 7  
9 8  
9 9  
9 9  
9 8  
9 7  
9 9  
9 9  
9 8  

1 4 8  
9 9  

1 6 0  
101  
158 

9 9  
9 6  
9 4  
9 6  
9 8  

106 
9 6  

111 
9 8  

102 
9 9  

139 
9 1  

145 
9 6  

1 2 5  
9 3  
9 4  
9 7  
9 2  

190 



VOST Analysis Summary I Ash Grove Cement Kiln 9201L-6415 

?xa % Recovery 
No. Sample NO Descript ion Amount (ng) d6-Benzene d4-DCE 

44 3052 
45 3053 
46 3054 
4 7  3055 
4 8  3056 
49 3057 
5 0  3058 
5 1  3059 

5 2  4040 
5 3  4041 
54 4044 
55 4045 
56 4048 
5 7  4049 
5 8  4050 
59  4051 
6 0  4054 
6 1  4055 
6 2  4058 
6 3  4059 

64 5040 
65 5041 
6 6  5044 
67  5045 
68 504 8 
69 5049 
70 5050 
7 1  5051 
7 2  5054 
73 5055 
74 5058 
75 5059 

PR2 TNX 
PR2 TC 
PR3 TNX 
PR3 TC . 
rc) iiw. 

FB TC 
TB TNX 
TB TC 

PRl TNX 
PR1 TC 
PR3 M X  
PR3 TC 
TB TNX 
TRB TC 
PR1 TNX 
PR1 TC 
PR3 TNX 

CI - .., 

;rg 
TB TC 

PR1 TNX 
PR1 TC 
PR.1 M X  
PR3TNX 
TB TNX 
TC TC 
PR1 TNX 
PR1 TC 
PR3 TNX 
PR3 TC 
TB TNX 
TB TC 

9 

6 

- 

1394 

1226& 

- 

11 

- 
- 

1329& 

11!27w 

2 3  

6 

- 

9 0  
1 0 1  

9 7  
9 9  

i 38 
1 3 5  

9 7  
169 

61 
9 6  
6 4  
9 6  
9 5  
9 7  
9 3  
98  
9 6  
98  
9 6  

1 0 7  

64  
9 7  
6 4  
9 6  
9 6  

1 0 4  
103 
1 6 4  

9 4  
129 

9 3  
1 6 0  

94 
9 7  
92 

103 
i 30 
129 

9 3  
170 

126 
94 

127 
9 4  
93 
93 
9 0  
98 
94 
98 
94 

103 

132 
95 
! 33 

95  
94 

102 
110 
176 

9 2  
131 

90 
159 

Notes: 
a. MCB amounts in excess of 500 ng were determined using a secondary ion (mh 114). 
b. All MCB amounts and surrogate recovery values were determined using d8-toluene 

c. Not detected above the measured limit of quantitation. LOQ = 6 total ng of POHC. 
d. VOST cartridge was received broken. The cartridge contents were transferred to a new t u b 0  

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. 

as the internal standard. 

8-168 
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I 
I 
I 
1 
I I 

I 
I 
I 
I 
1 
I 
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I 
I 
I 
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1 
I 
I 
1 
1 
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3 
I 

VOST Condensate Analysis Summary I Ash Grove Cement Kiln 9102L-6415 

MCB Surrogate Recovery &.)” 
No. Descrlptlon Amount (mgll) dCDCE d8-Toluene 

1 1026 
2 2026 
3 2027 
4 3026 
5 3027 
6 4026 
7 4027 
8 5026 
9 5027 

9 7  
100 
88 
8 0  
90  
92  
95 
94 
89  

95 
95 
78  
98 
76  
93  
8 0  
95 
a2 

ii’oies: 
a Surrogate recovery determined relative to d6-Benzene internal standard. 
b. Not detected above the measured limit of quantitation. LOQ 2.2 mg/l condecsate. 

8-169 
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acetone 
acrolein 
acrylonitrile 
benzene 
bromodichloromethane 
bromoform 
carbon tetrachloride 
2-chloroethyl-vinyl ether 
chloroform 
dibromochloromethane 
1,l-dichloroethane 
1,2-dichloroethane 
1,l-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-tetrachlomethane 
tetrachloroethene 
toluene 
l,l,l-trichloroethane 
1,1,2-trichloroethane 
trichloroethene 
trichlorofluoromethane 

Method 1624 Tareet Analvtes Not Selected for Kiln Screen 

chloromethane 
bromomethane 
chloroethane 
vinyl chloride 
p-dioxane 
chlorobenzene (POHC) 

0-177 
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RUN H 
MAIN DUCT 
Pair 1 Sample Vol 19.2 L 
Pair 3 Sample Vol 19.1 L 
Total Sample VoI 38.4 L 
Stack flow rate 1460 dscmlmin 

Am 

Compound T TIC 
Trip Elk 

.r*:..k,-..,..h-" , . - " " * " ~ " . c z , , ~  

1,l -Dichloroethene 
Methylene Chloride 
Trichlorofluoromethane 
Trans-l,2-Dichloroethene 
1,l-Dichloroethane 
Chloroform 
1,l  ,I-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-DichIoroethane 
1 2-Dichloropropane 
Bromodichloromethane 
2-Chloroethylvinyl Ether 
CIS-l,3-Dichloropropene 
Toluene 
Trans-1 :3-Dichlnrnprcpena 
1,1,2-Trichloroethane 
Tetrachtoroethene 
1 -1 ,2.2-Tetrachloroethane 
Ethylbenzene 
Bromoform 
Dibromochloromethane 

11 

26 

Acetone 529 
Acrolein 
Acrylonitrile 
Diethyl Ether 
Methyl Ethyl Ketone 

19 

7 

ii Oeieciea 
Pair 1 

T TIC 

37 

796 

2415 

2072 
9 

201 

!159 

35! 

4c 

11 

* SUM OF TWO PAIRS 

6-160 

t i  
Pair 3 

T TIC 

821 

0426 

1097 

46 

I769 

5 4 7  

100 

6 

- 
- 
I orai 
Amoun 
- (ng)' 

s; 

252~ 

2298E 

22186 

247 

3928 

- 
4veragc 
conc 
ig/L or 
g/dscm - 

0.9i 

65.72 

598.64 

577.75 

6.43 

102.28 

Analyte 
imission 
rate 
:mg/min) 

i .42 

95.95 

874.01 

843.52 

9.39 

149.33 



RUN #2 
MAIN DUCT 
Pair 1 Sample Voi 19.5 L 
Pair 3 Sample vol 19.5 L 
Total Sample Vol c Stack flow rate 

Compound 
I 
b, Trichloroethene 

1, l  -Dichloroethene 
Methylene Chloride 
Trichlorofluoromethane 
Trans-l,2-Dichloroethene 
1, l  -Dichloroethane 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetracnioride 
Benzene 
1,2-Dichloroethane 
1,2-Dichloropropane 
Bromodichloromethane I 2-Chloroethylvinyl Ether 
ClS-l,3-Dichloropropene 
Toluene 
Trans-l,3-Dichloropropene , 1,1,2-Trichloroethane 
Tetrachloroetbne 
1,1,2,2-TetrachIoroethane 
Ethylbenzene 
Bromoform 

' Dibrornochloromethane 

Acrylonitrile 
Diethyl Ether 1 Methyl Ethyl Ketone 

I 
I 

1 
i 

39 L 
463 dscmlmin 

Field Blk 
T TIC 

32 

12 

707 

5 

Amou 
Trip Blk 
T TIC 

44 
63 

11 

63 

835 

22 

0 

letected (ni 
Pair 1 

T TIC 

1101 

3935 

2527 

51 

,377 

434 

121 

28 

58 

22 

SUM OF TWO PAIRS 

8-181 

Pair 3 
T TIC 

1294 

~ 301 5 

2732 

23 

2605 

ma 

110 

9 

- 
Total 
&mount 
0' 

3478 
0 

271 81 

25296 

74 
58 

4982 
22 

Average 
conc 
nglL or 
igldscm' 

89.17 
0.00 

0.00 

696.94 

648.62 

1.90 
1.48 

127.74 
0.55 

Analyte 
:mission 
rate 
(mglm i n) 

130.45 
0.00 

0.00 

1019.63 

948.94 

2.78 
2.17 

186.89 
0.81 



RUN #3 
MAIN DUCT 
Pair 1 Sample Vol 20.4 L 
Pair 3 Sample Vol 20.3 L 
Total Samole Vol 40.8 L 
Stack flow rate 

Compound 

I rich'mroeiinene 
1, l  -Dichloroethene 
Methylene Chloride 
Trichlorofluorornethane 
Trans-1 2-Dichloroethene 
1,l-Dichloroethane 
Chloroform 
1, l . l  -Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-DichIoroethane 
1.2-Dichloropropane 
Bromodichloromethane 
2-Chloroethylvinyl Ether 
ClS-l,3-Dichloropropene 
Toluene 
Trans-1.3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachlwoethene 
1,1,2,2-Tetrachloroethane 
Ethylbenzene 
Bromoform 
Dibrornochlorornethane 
Acetone 
Acrolein 
Acrylonitrile 
Diethyl Ether 
Methyl Ethyl Ketone 

- .  

493 dscrnlrnin 

Am 
Trip Elk 
T TIC 

51 

25 

7 

111 

5c 

16 

Int Detected 
Pair 1 

T TIC 

4 

8949 22: 
1303 51 

10153 198 

9753 16 

57 

1411 

3) 
Pair 3 

T TIC 

Y2 

1397 
81 

9038 

9322 

37 

1610 

SUM OF TWO PAIRS 

8-182 

141 

487 

11 

- 
rotai 
4moun 
0' 

13, 

10711 
1431 

1987; 

191 01 

94 

3021 

- 
Averag 
conc 
ng/L or 
igldscn 

3.3 

262.61 
35.2 

- 

487.16 

468.1 6 

2.31 

74.04 

4nalyte 
:mission 
rate 
rnglmin) 

4.98 

392.13 
52.63 

727.37 

698.97 

3.45 

110.54 

I 
I t  

t 
I 
P 

1 

3 
t 
l 
I 
I 
i 
1 
I 
I 
I 
1 

I I 

c 



' Stack flow rate 

1, TricNoroetbene 
1 ,l-Dichloroethene 
Methylene Chloride 

' Trichlorofluoromethane 
Trans-1.2-Dichloroethene 
1, l  -Dichloroethane 
Chloroform 1 l,l,l-Trichloroethane 
0--&.--7. _.___ LI...2. 
V ~ I V V I I  I uiiawiiuiiuw 

1 ,Z-Dtchloroethane 
1.2-Dichloropropane 
Bromodichloromethane 
2-Chloroethylvinyl Ether 
ClS-l,3-Dichloropropene 
Toluene 
Trans-1.3-Dichloropropene 
1,1,2-Trichloroethane 
TeUachloraethene 
1 , l  ,Z,Z-Tetrachloroethane 
Ethylbenzene 
Bromoform 
Dibromochloromethane 
Acetone , Acrolein 1 Acrylonitrile 

1 Benzene 

1 

Diethyl Ether 1 Methyl Ethyl Ketone 

1 
a 
I 
I 

512 dscrnlrnin 

Am 
Trip Blk 
T TIC 

179 

33 

15 

57 

1c 

11 

i t  Detected 
Pair 1 

T TIC 

822 

0270 

9696 

1766 

" SUM OF fW0 PAIRS 

24: 

87 

1) 
Pair 3 

T TIC 

676 

9379 

9032 

1607 

384 

107 

11 

rota1 
4mouni 
0. 

21 2t 
( 

1984: 

18739 

3373 

- 
Average 
conc 
nglL or 
igldscm - 

53.7c 
0.00 

501.08 

473.21 

85.18 

Analyte 
imission 
rate 
:mg/min) 

81.19 
0.00 

757.64 

715.49 

128.79 

B- 183 



RUN U5 
MAIN DUCT 
Pair 1 Sample VoI 20.7 L 
Pair 3 Sample Vol 20.4 L 
Total Sample VoI 41.1 L 
Stack flow rate 

Compound 

?rn.b2”*ZC 
1.1 -Dichloroethene 
Methylene Chloride 
Trichlorofluoromethane 
Trans-l,2-Dichloroethene 
1 .l-Dichloroethane 
Chloroform 
1.1,l -Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-DichIoroethane 
1 2-Dichloropropane 
Bromodichloromethane 
2-Chloroethylvinyl Ether 
ClS-l,3-Dichloropropene 
Toluene 
Trans-l,3-Dichloropropene 
1.1 2-Trichloroethane 
Tetrachloroethene 
1,1.2,2-Tetrachloroethane 
Ethylbenzene 
Bromoform 
Dibromochloromethane 
Acetone 
Acrolein 
Acrylonitrile 
Diethyl Ether 
Methyl Ethyl Ketone 

512 dscdmin 

Am 
Trip Elk 

T TIC 

51 9 
71 

35 

28 

16 

2 

ii Deiecied 
Pair 1 

T TIC 

846 

91 76 

3142 

I630 

591 

11: 

41 

* SUM OF TWO PAIRS 

0-184 

0 
Pair 3 

T TIC 

853 

901 6 

3791 

I527 

332 

i i a  

7 

- 
I ocai 
Amount 
ô  

2626 

1841 7 

17981 

3156 

iveragl 
conc 
ig/L or 
g/dscrr - 

63.82 

448.00 

437.39 

76.78 

Analyte 
imission 
rate 
(mg/min) 

96.60 

677.37 

661.34 

11 6.09 

~ 

1 
1 
I 
I 
i 

P 
c 
l 
8 
I 
I 
I 
t 
1 
I 
I 
I’ 
1 

I I 



1 
I 
II 
a 
1 
I 
I' 
I 
I 
I 
I 
I 
! 

I 
I 
rn 
1 

a 

RUN #1 
BYPASS DUCT 
Pair 1 Sample VOI 19.5 L 
Pair 3 Sample VOI 19.3 L 
Total Sample Voi 38.8 L 
Stack flow rate 

Compound 

Trichloroethene 
1,l-Dichloroethene 
Methylene Chloride 
Trichlorofluoromethane 
Trans-1 2-Dichloroethene 
1 ,l-Dichloroethane 
Chloroform 
1,l ,I-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
1,2-DichIoropropane 
Bromodichloromethane 
2-Chloroethylvinyl Ether 
ClS-l,3-Dichloropropene 
Toluene 
Trans-l,3-Dichloropropen~ 
1.1.2-Trichloroethane 
Tetrachloroethene 
1,1,2,2-TetrachIoroethane 
Ethylbenzene 
Bromoform 
Dibromochloromethane 
Acetone 
Acrolein 
Acrylonitrile 
Diethyl Ether 
Methyl Ethyl Ketone 

'Sum of Pair 1 & 2. 

712 dscdmin 

26 

6 

14 

6 

Field Elk 
T TIC 

Amoi 
Trip Elk 

T TIC 

153 

27 

31 

21 

Detected (n 
Pair 1 

T TIC 

23 

25 

508 

509 

44 

43 

623 

31 

61 

3: 

29 

8-185 

Pair 3 
T TIC 

536 2C 

312 

21 

46 

2005 

- 
Total 
Amounl 
0' 

61 

25 
6E 

1104 

849 

65 

89 

2628 

- 
Averag 
conc 
nglL or 
igldscn - 

1.5: 

0.6! 
1.7! 

28.4: 

21 .87 

1.67 

2.28 

67.68 

Analyte 
:mission 
rate 

(mglmin) 

1.12 

0.46 
1.24 

20.24 

15.57 

1.19 

1.63 

48.19 



RUN #2 
BYPASS DUCT 
Pair 1 Sample VoI 19.7 L 
Pair 3 Sample Vol 19.5 L 
Total Sample Vol 39.2 L 
Stack flow rate 

Compound 

-. . .. . .... . . 
I IlcIIIuIuulIIullu 
1,l -Dichloroethene 
Methylene Chloride 
Trichlorofluoromethane 
Trans-l,2-Dichloroethene 
1,l-Dichloroethane 
Chloroform 
1,l ,I-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-DichIoroethane 
1,2-DichIoropropane 
Bromodichloromethane 
2-Chloroethylvinyl Ether 
ClS-l,3-Dichloropropene 
Toluene 
Trans-l,3-Dichloropropent 
1,1,2-TrichIoroethane 
TetracWnroethene 
1,1,2,2-Tetrachloroethane 
Ethylbenzene 
Bromoform 
Dibromochloromethane 
Acetone 
Acrolein 
Acrylonitrile 
Diethyl Ether 
Methyl Ethyl Ketone 

668 dscmlmin 

Am 
Trip Elk 

T TIC 

26 13 

7 

i t  Detected (I 
Pair 1 

T TIC 

20 i 6  

37 

1081 53 

390 47 

32 

48 

628 

* SUM OF TWO PAIRS 

8-186 

Pair 3 
T TIC 

i 6  

26 

1284 

373 

24 

71 

61 

46 

6 

Total 
Amount 
0’ 

S i  

63 
61 

2464 

81 6 

56 

119 

1628 

- 
4veragi 
conc 
iglL or 
g/dscm 

i .2Z 

1.6C 
1.55 

- 

62.87 

20.82 

0.00 
1.44 

3.04 

Analyte 
Imission 
rate 
(mglmin) 

0.86 

1.07 
1.04 

42.00 

13.91 

0.00 
0.96 

2.03 

I 
1 
1 
I 
i 

i 
I m 

I 
I 
1: 
I 
I 
f 
1 
I 
I 
I 
8’ 
I 



RUN #3 
BYPASSDUCT 
Pair 1 Sample VoI 20.6 L 
Pair 3 Sample Vol 20.4 L 
Total Sample Vol 41.1 L 

P 
1 Stack flow rate 

5.85 

694 dscmlmin 

4.06 

Compound 
1 

0.50 

1.21 

60.75 

1 Tr ihroethene 
1,l -Dichloroethene 

-0.35 

0.84 

42.16 

Methylene Chloride 
' Trichlorofluorornethane 

Trans-1.2-Dichloroethene 
1,l-Dichloroethane 
Chloroform 
1.1,l-Trichloroethane I Carbon Tetracnioride 
Benzene 
1,2-DichIoroethane 
1,2-DichIoropropane 
Brornodichloromethane 
2-Chloroethylvinyl Ether 
ClS-l,3-Dichloropropene 
Toluene 
Trans-l,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrach!orce€hene 
1,1,2,2-TetrachIoroethane 
Ethylbenzene 
Bromoform 

I 
1 

' Dibromochloromethane 

Diethvl Ether 1 Methil Ethyl Ketone 

%Id Elk 
T TIC 

38 

7 

688 

Amoui 

r TIC 
Trip Blk 

95 

19 

17 

143 

24 

Ietected (ng 
Pair 1 

T TIC 

29 
399 
68 

121 

135 

21 

30 

1292 

396 

Pair 3 
T TIC 

39 
1 87 
55 

41 

75 

96 

20 

97 
64 

18 

9 

1203 

rota1 
4rnount 
(ng)* 

68 
684 
186 

41 

609 

240 

21 

50 

2495 

14.83 10.29 

I 
1' 
I 
I 

SUM OF TWO PAIRS 

B-187 



RUN #4 
BYPASS DUCT 

Pair 3 Sample Vol 19.6 L 
Pair 1 Sample VoI 20.0 L 

Total Sample VoI 39.7 L 
Stack flow rate 

Compound 

Tli&l,..,.,..*̂ ..̂  . .. "..."I V.3.I 1-1 I -  

t ,1-Dichloroethene 
Methylene Chloride 

687 dscmlmin 

Trans-1.2-Dichloroethene 
1 .l-Dichloroethane 
Chloroform 
1 ,1 ,1-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1 2-Dichloroethane 
1,2-Dichloropropane 
Bromodichloromethane 
2-Chloroethyivinyl Ether 
ClS-l,3-Dichloropropene 
Toluene 
Trans-l,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetracbbmethene 
1,1.2.2-Tetrachloroethane 
Ethylbenzene 
Bromoform 
Dibromochlorornethane 
Acetone 
Acrolein 
Acrylonitrile 
Diethyl Ether 
Methyl Ethyl Ketone 

* SUM OF TWO PAIRS 

8-188 

Am, 
Trip Elk 
T TIC 

74 

25 

7 

86 

35 

10 

ii Deiecrea 
Pair 1 

T TIC 

76 

98 

? 35 

26 

89 

80 

13 

i, 
Pair 3 

T TIC 

47 

63 

39 

Totai 
\mount 
ô  

165 

264 

21 2 

26 

4veragc 
conc 
ig/L or 
gldscrr - 

4.15 

6.66 

5.33 

0.66 

Analyte 
imission 
rate 
[mg/rnin) 

2.85 

4.57 

3.66 

0.45 

I 
I 
1 
I 
i 
I 
I 

1 
OI 
I 
I 
I 
1. 
I 
I 
I 
I 
I 
I 
I 
- 



i 
I 
E 
I 
1 
I 
I 
8 
I 
I 
I 
I 

I 
I 
I 
1 
I 
I 

a 

RUN #5 
BYPASS DUCT 
Pair 1 Sample Vol 20.0 L 
Pair 3 Sample Vol 19.6 L 
Total SamDle Vol 39.7 L 
Stack flow rate 687 dscmlmin 

Compound 

Trichloroethene 
1.1 -Dichloroethene 
Methylene Chloride 
Trichlorofluoromethane 
Trans-l,2-Dichloroethene 
1,l-Dichloroethane 
Chloroform 
1 ,1 ,1-Trichloroethane 

Benzene 
1,2-DichIoroethane 
1 2-Dichloropropane 
Bromodichloromethane 
2-Chloroethylvinyl Ether 
ClS-l,3-Dichloropropene 
Toluene 
Trans-l,3-Dichloropropene 
1 ,1 2-Trichloroethane 
Tetrach!oroethene 
1,1,2,2-Tetrachloroethane 
Ethylbenzene 
Bromoform 
Dibromochloromethane 
Acetone 
Acrolein 
Acrylonitrile 
Diethyl Ether 
Methyl Ethyl Ketone 

,.--L-- ... _.--- L.. . . 
U a I U u I I  I UlIa~lIIuIIUu 

Am 
Trip Blk 
T TIC 

58 

37 

it Detected 
Pair 1 

T TIC 

121 114 

204 

207 

26 

38 

~~ 

1) 
Pair 3 

T TIC 

43 

114 

110 

12 

21 
5: 

2€ 

29 

- 
Total 
Amount 
ô  

299 
52 

344 

316 

26 

51 

29 

- 
herage 
conc 
i g l L  or 
gldscm - 

7.54 
1.32 

8.67 

7.97 

0.65 

1.27 

0.73 

SUM OF TWO PAIRS 

6-189 

9nalyte 
imission 
rate 
rng/min) 

5.18 
0.91 

5.96 

5.47 

0.44 

0.87 

0.50 



d0t.J- Ll5iZD V-mc5 
BLANK TRAP DATA RANGES 

Compound RANGE (np) . _. 
(LOW) (HIGH) 

* ACENAPHTHYLENE 140 
ALKENE 
ALKYLATED HYDROCARBON 
utiYLnwcn T U ~  

BENZONITRILE 
* 2-BUTANONE 
BUTENU2-METHYL-1 -PROPENE 
CA!?B"n r n C E  
CARBON DISULFIDE 
DECANSE 

DIEENZOFURAN 

DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
ETHYLENIMINE 

* HEPTANE 

--. .-. * --. ..,-- 

1,l -DIMETHYLCYCLOPROPANE 

* 2-FURANCARBOXALDEHYDE 

1 -HEPTANOL 
1 -HEPTENE 
HEXANE 
1-HEXENE 
ISOCYANOMETHANE 
KETONE 
3-METHYLENE-PENTANE 
3-METHYLHEXANE 
2-hAETHYL-l-PROPENE 
NAPHTHALENE 
* OXYBISMEHANE 
2-PENTENE 
1 -PHENYLETHANONE 

2-PROPYL-1 -HEPTANOL 
2-PROPENENITRIL 

TETRAHYDROFURAN 
TRIDECANE 
2,3.4-TRIMETHYLHEXANE 

1,3.6-TRIOXOCANE 
4-UNDECENE 
XYLENE 
0-XYLENE 

i 6  
16 
10 

n. LV 

74 

86 

16 
29 

10 

90 
209 

13 

33 
18 

48 

100 

47 

62i 
1540 

24 

O n  
"i) 

85 

280 

71 

41 1 

* 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. 
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1 
I 
1 
I 
c 

1 
II 
I 
I 
c 
I 
1 
1 
I 
I 
I 
I 
I 

I - 



I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
1 
I 
I 

N 0 N -L ISTED V-P I CS 
MAIN DUCT RUN #1 

Compound 

* ACENAPHTHYLENE 
ALKENE 
ALKYLATED HYDROCARBON 
BENZALDEHYDE 
BENZONITRILE 
* 2-BUTANONE 
BUTENH2-METHYL-1 -PROPENE 
CARBON DIOXIDE 
CARBON DISULFIDE 
DECANSE 
* DIBENZOFURAN 
1 , l  -DIMETHYLCYCLOPROPANE 
DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
ETH'~'LENIMINE 
* 2-FURANCARBOXALDEHYDE 
* HEPTANE 
1-HEPTANOL 

HEXANE 

ISOCYANOMETHANE 
KETONE 

1-HEPTENE 

1 -HEXENE 

3-METHYLENE-PENTANE 
3-METHMHEXANE 
2-METHYL-1 -PROPENE 
NAPHTHALENE 
* OXYBISMEHANE 
2-PENTENE 

2-PROPENENITRIL 

TETRAHYDROFURAN 
TRIDECANE 
2,3,4-TRIMETHYLHEXANE 
* 1,3,6-TRIOXOCANE 
4-UNDECENE 
XYLENE 
0-XYLENE 

1 -PHENYLETHANONE 

2-PROPYL-1 -HEPTANOL 

'AIR #1 
. TIC 
040 1041 

390 
690 

:300 

500 
800 

1000 
422 

400 359 
100 
796 46 

#3 
TIC 
1045 - 

274 
207 

460 
900 

1200 

1400 

2200 

'rpBlk 
TIC 

048 104s 

140 

47 87 
190 340 

86 

36 54 

33 

35 56 

TOTAL 

........................... .:..>i274ioo 
:::..:. ............ .: 
i;;. 207.00 
............... 

850.00 
1590.00 
3300.00 

1200.00 

1900.00 
800.00 

4200.00 

3000.00 

3200.00 
1422.00 

2758.90 
1700.00 
4842.30 

4VERAC 
>ONC. 
(ng/L) 

:....: ................ 
.;&;T: 14 
..: ::,5:& 
.... . . . . .  .. .:. .. 
. . .  . . . . . .  

22.14 
41.41 
85.94 

31.25 

49.48 
20.83 

109.38 

78.13 

83.33 
37.03 

71 .85 
304.69 
126.10 

* Detected only in blank traps . . . . . . .  S&&d:'$,.: :. . . . .  ' .  . d ata may be impacted by blank data values. 
....... ........... 
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!MISSION 
IATE 
(rnghin) 

32.32 
60.45 

125.47 

45.63 

72.24 
30.42 

159.69 

114.06 

121.67 
54.07 

104.90 
444.84 
184.11 



NON -LISTED V-PICS 
MAIN DUCT RUN #2 

Compound 

* ACENAPHTHYLENE 
ALKENE 
ALKYLATED HYDROCARBON 
BENZALDEHYDE 
BENZONITRILE 
* 2-BUTANONE 
BuxNe-2-METi--y-L-l -PROPENE 
CARBON DIOXIDE 
CARBON DISULFIDE 
DECANSE 
* DIBENZOFURAN 

DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
ETHYLENIMINE 

* HEPTANE 

1, l  -DIMETHYLCYCLOPROPANE 

* 2-FURANCARBOXALDEHYDE 

1-HEPTANOL 
1-HEPTENE 
HEXANE 

ISOCYANOMETHANE 
KETONE 

I-HEXENE 

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 

'AIR #1 
. TIC 
!040 2041 

28C 
780 

458 
880 

300 

IO0 

1600 

460 

io0 

'AIR #3 

!044 204: 
TIC 

1580 

52C 
58C 

1500 

500 

500 

2800 

950 

'00 

:IdBlk - TIC 
!046 204; 

23 4C 

* Detected only in blank traps 

8-192 

rrpBlk 
r TIC 
!048 204! 

23 

26 

4c 

TOTAI 
(ns) 

2580.1 

800.1 
1360.1 

4458.( 
2380S 

5500.C 

7300.C 

31 0O.C 

4400.C 

1410.0 

0300.0 

AVE. 
CONC 
(nglL: 

66.: 

20.: 
34.1 

114.: 
61 .C 

141.C 

187.2 

79.5 

112.8 

36.2 

264.1 

EMISS. 
RATE 

rnglmin) 

96.8 

30.0 
51.0 

167.2 
89.3 

206.3 

273.8 

116.3 

165.1 

52.9 

386.4 

I 
I 
m 
I 
C 
I I 

I 
I 
I 
11 
a 
I 
I 
I 
I 
I 
I 
i 
1 



rn 
1 
1 
I 
I 
I 
I 
4 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NON-LISTED V-PICS 

Compound 

* ACENAPHTHYLENE 
ALKENE 
ALKYLATED HYDROCARBON 
BENZALDEHYDE 
BENZONITRILE 
* 2-BUTANONE 
BUTENU2-METHYL-1 -PROPENE 
CARBON DIOXIDE 
CARBON DISULFIDE 
DECANSE 
* DIBENZOFURAN 
1.1 -DIMETHYLCYCLOPROPANE 
DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
ETHYLENiMiNE 

* 2-FURANCARBOXALDEHYDE 
* HEPTANE 
1 -HEPTANOL 

HEXANE 

ISOCYANOMETHANE 
KETONE 

3-METHYLHEXANE 

NAPHTHALENE 
* OXYBISMEHANE 

1 -PHENYLETHANONE 

I-HEPTENE 

1-HEXENE 

3-METHYLENE-PENTANE 

2-METHYL-1 -PROPENE 

2-PENTENE 

2-PROPENENITRIL 
2-PROPYL-1 -HEPTANOL 
TETRAHYDROFURAN 
TRIDECANE 
2,3,4-TRIMETHYLHEXANE 
* 1,3,6-TRIOXOCANE 
4-UNDECENE 
XYLENE 
o-XYLENE 

AAlN DUC 
'AIR #1 
. TIC 
1040 304' 

46C 
24C 

3300 

100 

500 

1800 

160 

io0 

IUN #3 
'AIR #3 

TIC 
1044 304! 

4 3  
35( 

53c 

300 

300 

2000 

240 

io0 

r r p m  
r T ic  
1048 304! 

120 
44 

24 

78 

21 ( 
8L 

25 

96 

TOTAL 
(ng) 

.:45o:oc .... 

350.0C 

99o.oc 
240.0C 

3300.00 

31 00.00 

'500.00 

!800.00 

1800.00 

160.00 
24o:oo: . . . . . . .  

200.00 

AVE. 
CONC 
(ng/L 

................. 
31.0: . . . . . .  

8.51 

24.2t 
5.8t 

80.8E 

75.98 

83.82 

68.63 

93.14 

3.92 :.5;88 .... 

. . . . . .  

76.47 

Detected only in blank traps 
;,;:Shaded . . . . . . .  :::!,;.'::: data may be impacted by blank data values. 
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EMISS. 
RATE 

mglmin) 

. . . . . . . . . . . . .  
:.,I1 . . . .  6:47.:! . . . . . . . .  .: .~: 

12.81 

36.23 
8.78 

120.76 

I1 3.44 

z74.45 

02.46 

39.05 

5.85 
::'8;,8"1 ............... 

........ 

63.47 



NON-LISTED V-PICS 
MAIN DUCT RUN #4 
'AIR #1 
. TIC 
:040 4041 

520 
670 

430 

I00 

1500 

100 270 

700 

Compound 

* ACENAPHTHYLENE 
ALKENE 
AiK,,fiTED 

BENZALDEHYDE 
BENZONITRILE 
* 2-BUTANONE 
PL'm:L'?-:.:E?THY:-: -PRGPE::E 
CARBON DIOXIDE 
CARBON DISULFIDE 
DECANSE 
* DIBENZOFURAN 

DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
ETHYLENIMINE 

* HEPTANE 

1-HEPTENE 

1 -HEXENE 
ISOCYANOMETHANE 
KETONE 
3-METHYLENE-PENTANE 
3-MdEMMHEXANE 
2-METHYL-1 -PROPENE 
NAPHTHALENE 
* OXYBISMEHANE 
2-PENTENE 
1 -PHENYLETHANONE 
2-PROPENENITRIL 
2-PROPYL-1 -HEPTANoL 

1 , l  -DIMETHYLCYCLOPROPANE 

* 2-FURANCARBOXALDEHYDE 

1-HEPTANOL 

HEXANE I 

TETRAHYDROFURAN 
TRIDECANE 
2,3,4-TRIMETHYLHEXANE 
* 1,3,6-TRlOXOCANE 
4-UNDECENE 
XYLENE 
o-XYLENE 

r r p m  
r TIC 
1048 4049 

250 51 
440 110 

AVE. 
ZONC 
- (ng/L: 

21.7; 
35.3: 

43.69 

90.91 

48.99 

98.48 

28.03 

184.34 

#3 
TIC 
404: - 

34c 
730 

1300 

2400 

1500 

* Detected only in blank traps 

8-194 

59 

57 

28C 
15C 

TOTAI 
0 

860.01 
1400.01 

1730.0( 

3600.0C 

5900.0C 

3900.00 

i070.00 

'300.00 

EMISS. 
RATE 

mglmin) 

32.84 
53.45 

66.05 

37.45 

125.27 

48.91 

93.58 

78.73 

I 
P 
I 
I 
I 

I 
I 
I 
1 
I 
li 
I 
I 
I 
I 
! 
I 
I 

1 
I 



~ 

I 
I 
IE 
I 
t 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 

NON-LISTED V-PICS 

Compound 

* ACENAPHTHYLENE 
ALKENE 
ALKYLATED HYDROCARBON 
BENZALDEHYDE 
BENZONITRILE 
* 2-BUTANONE 
BUTENUZ-METHYL-1 -PROPENE 
CARBON DIOXIDE 
CARBON DISULFIDE 
DECANSE 
* DIBENZOFURAN 
1,l -DIMETHYLCYCLOPROPANE 
DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
EI  n r LCIYI IV I I IY~ 

* 2-FURANCARBOXALDEHYDE 
* HEPTANE 
1-HEPTANOL 
1-HEPTENE 
HEXANE 

ISOCYANOMETHANE 
KETONE 
3-METHYLENE-PENTANE 
3-WHYLHEXANE 
2-METHYL-1 -PROPENE 
NAPHTHALENE 
* OXYBISMEHANE 
2-PENTENE 
1 -PHENYLETHANONE 
2-PROPENENITRIL 
2-PROPYL-1 -HEPTANOL 

F.F,,.,, r.,*..,.,- 

1-HEXENE 

TETRAHYDROFURAN 
TRIDECANE 
2.3,4-TRIMETHYLHEXANE 
* 1,3,6-TRIOXOCANE 
4-UNDECENE 
XYLENE 
0-XYLENE 

IAIN DUC 
'AIR #I 

040 5041 
TIC 

690 
870 

1000 

100 

2500 

500 470 

zoo 

RUN #5 
PAIR #3 

5044 5045 
T ric 

470 

540 
480 

480 

200 

1600 

200 

300 

Detected only in blank traps 

8-195 

'rpBlk 
. TIC 
io48 504s 

31 79C 
32C 

85 

71 

51 360 

47 

TOTAL 
(n9) 

470.00 

1230.00 
1350.00 

1480.00 

3300.00 

I1 00.00 

1070.00 

1200.00 

:ooo.oo 

AVE. 
;ONC 
(ng/L: 

11.4f 

29.9: 
32.81 

36.01 

!01.9E 

99.76 

99.03 

77.86 

94.65 

EMISS. 
RATE 

mglmin) 

17.29 

45.25 
49.66 

54.45 

305.34 

150.83 

149.73 

I1 7.72 

!94.31 



NON-LISTED V-PICS 

Compound 

* ACENAPHTHYLENE 
ALKENE 
AiiCYuTED 

BENZALDEHYDE 
BENZONITRILE 
* 2-BUTANONE 
BL~c"=L"~YL-l -rRcP~::E 
CARBON DIOXIDE 
CARBON DISULFIDE 
DECANSE 
* DIBENZOFURAN 
1 , l  -DIMETHYLCYCLOPROPANE 
DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
ETHYLENIMINE 

* HEPTANE 
* 2-FURANCARBOXALDEHYDE 

1-HEPTANOL 
I-HEPTENE 
HEXANE 
1 -HEXENE 
ISOCYANOMETHANE 
KETONE 
3-METHYLENE-PENTANE 
3-FdETtMJYEXANE 
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 

3YPASS C 
)AIR #1 

1050 105' 
r TIC 

170 

1 '  

26: 
11( 

220 17 

420 
33 

:T RUN #1 
)AIR #3 

1054 105! 
r TIC 

210 3! 

22i 
16( 

230 
37 

25 

=IdBlk 

1056 105 
r r i c  

47 

22 

rrpBlk 
r TIC 
1058 105 

18 3 

22 4 

11 

TOTP 
- (ng) 

170.0 

256.0 ........ 

....... 

4MU.Ul 
270.01 

237.01 

i50.0C ........... 
170ioc .... 

25..00 

* Detected only in blank traps 
Shaded : data may be impacted by blank data values. 
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AVE 
CON1 
- ( W l  

4.3 

"': 6;E .............. 

12.3 
6.9 

6.1 

16.7! 
: ..:1 . . .  :el 
.,,: ......... 

. . . .  

........ Ij 
0.64 

3.12 

.... ::.4.70 .. 

............... 

8.81 
4.95 

4.35 

11.93 ,iilj ;2Bi 
.......... 

_.. 
0.46 

i 

1 
I 
I 
I 
II 
E 
I 
1 
I 
I 
I 
1 
I 

I' 
I 

- 



1 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
1 
1 
I 
I 

N ON - LI STED V- P ICs 
BYPASS DUCT RUN #2 

Compound 

* ACENAPHTHYLENE 
ALKENE 
ALKYLATED HYDROCARBON 
BENZALDEHYDE 
BENZONITRILE 
* 2-BUTANONE 
BUTENE12-METHYL-1 -PROPENE 
CARBON DIOXIDE 
CARBON DISULFIDE 
DECANSE 
* DIBENZOFURAN 
1,l -DIMETHYLCYCLOPROPANE 
DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
ETHYLENIMINE 
* 2-FURANCARBOXALDEHYDE 
* HEPTANE 
1 -HEPTANOL 
1-HEPTENE 
HEXANE 

ISOCYANOMETHANE 
KETONE 
3-METHYLENE-PENTANE 
3-METHYLHEXANE 
2-METHYL-1 -PROPENE 

1-HEXENE 

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 

'AIR #1 
' TIC 
1050 205: 

37c 
16C 

560 
740 

230 

370 

130 

rrpBlk 
TIC 

!058 2059 

30 

24 

45 

18 

100 

TOTAL 
(ng) 

. . . . . . .  

560 

230 

370 

14.29 
. . . . . . . .  

5.87 

9.44 

. . . . . . . . . . . .  

9.54 ............................ ........ .:) ...... ...... 12:61>.:$ . . .  ................... ... 

- 
3.92 

6.31 

. . . . . . . . . .  ...... .~,:: 

. . . . . . . . . . . . .  i:,. 

Detected only in blank traps 
:sShaded:9'.:: data may be impacted by blank data valu .... -. 
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NON-LISTED V-PICS 
BYPASS DUCT RUN #3 

Compound 

ACENAPHTHYLENE 
ALKENE 
ALKYLATED HYDAVCARBON 
BENZALDEHYDE 
BENZONITRILE 
* 2-BUTANONE 
g;7E;<z;2-;$riii'i-i -PEOPEi<'E 
CARBON DIOXIDE 
CARBON DISULFIDE 
DECANSE 
* DIBENZOFURAN 

DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
ETHYLENIMINE 

* HEPTANE 
1-HEPTANOL 
1-HEPTENE 
HEXANE 

!SOCYANOMETHANE 
KETONE 

1,l-DIMETHYLCYCLOPROPANE 

* 2-FURANCARBOXALDEHYDE 

1 -HEXENE 

3-METHYLENE-PENTANE 
3-METHYLHEXANE 
2-METHYL-1 -PROPENE 
NAPHTHALENE 
* OXYBISMEHANE 
2-PENTENE 
1 -PHENYLETHANONE 
2-PROPENENITRIL 
2-PROPYL-1 -HEPTANOL 
TETRAHYDROFURAN 
TRIDECANE 
2.3A-TRIMETHYLHEXANE 
* 1,3,6-TRlOXOCANE 
4-UNDECENE 
XYLENE 
0-XYLENE 

'AIR #1 
. TIC 
,050 3051 

32 

63 

50 

24 

'AIR #3 
' TIC 
:054 305: 

18 
71 1OC 

3E 

61 C 

140 

11 

:IdBlk 
. TIC 
1056 305; 

4: 
1t 

i a  3: 

48 

rrpBlk 
r TIC 
IO58 305! 

4: 

13 

12 

TOTA 
(ns) 

50.08 
l;l,o, 

;.:38.01 . . . . . . . .  

610.01 

.63.0( 

i4'o:o't 

50.0C 

35.00 

Detected only in blank traps 
Shaded : data may be impacted by blank data values. 
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AVE. 
CONC 
(nglL 

1.2: 
.... .di 1, 
,:.;q).g: 

. . . . . .  ...... 

..... 

14.81 

. .+.53 

. .  3.41 

1.22 

0.85 

EMISS. 
RATE 

mglmin) 

0.84 
2.89 
0.64 

10.30 

1.06 

2.36 

0.84 

0.59 

I 
c 
I 
I 
i 

4 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

m 
I 



- 

I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
1 
I 
1 

NON-LISTED V-PICS 

Compound 

* ACENAPHTHYLENE 
ALKENE 
ALKYLATED HYDROCARBON 
BENZALDEHYDE 
BENZONITRILE 

2-BUTANONE 

CARBON DIOXIDE 
CARBON DISULFIDE 
DECANSE 
* DIBENZOFURAN 
1, l  -DIMETHYLCYCLOPROPANE 
DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
ETH.~~iENiMiNE 

* 2-FURANCARBOXALDEHYDE 
* HEPTANE 

BUlENE12-METHYL-1 -PROPENE 

1-HEPTANOL 
1-HEPTENE 
HEXANE 

ISOCYANOMETHANE 
KETONE 

1 -HEXEN€ 

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 

3YPASS D 
'AIR #1 
. TIC 
,050 4051 

250 14C 
340 8E 

15C 

100 410 
78 

Detected ( 

T RUN #4 
'AIR #3 

TIC 
1054 405! 

190 23( 
180 12( 

69( 

57 530 

38 

I in blank 1 
::;.:%haded, ~... :: : data may ~ 

B-199 

r r p m  
r T i c  
1058 4059 

30 

14 

13 

IS 

74 

29 

33 

TOTAL 
(ng) 

. . . .  

840.0C 

0 .. . . .  

AVE. 
CONC 
(ng/L 

21.1( 

. .  . .  

impacted by blank data values. 

:MISS. 
RATE 
nglmin) - 

14.54 



N ON - L ISTED V- P I CS 
BYPASS DUCT RUN #5 

Compound 

ACENAPHTHYLENE 
ALKENE 
ALKYLATED HYDROCARBON 
BENZALDEHYDE 
BENZONITRILE 

2-BUTANONE 
BUTEW2-METHYL-1 -PROPENE 
CARBON DIOXIDE 
CARBON DISULFIDE 
DECANSE 
* DIBENZOFURAN 

DIMETHYL HEPTENE 
ETHYLCYCLOPROPANE 
ETHYLENIMINE 

* HEPTANE 

1-HEPTENE 
HEXANE 

ISOCYANGMETMANE 
KETONE 

1 , l  -DIMETHYLCYCLOPROPANE 

* 2-FURANCARBOXALDEHYDE 

1-HEPTANOL 

1 -HEXENE 

3-METHYLENE-PENTANE 
3-METHYWEXANE 
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 

'AIR #1 

io50 505' 
r T ic  

430 If 
200 

52( 

12 

250 

37 
550 

'AIR #3 

5054 505! 
r T i c  

350 
990 

530 
190 

41( 

22 

rrpBlk 

5058 505 
r T ic  

31 

10 

11 

51 

TOTA 
(ng) 

21 90-0 

930.01 

......... 
12,0( .... 

. . . . . . . . .  

250.0C 

. . . . .  
. . . . . . . .  59.0c 
550.00 

AVE. 
CONC 
- @g/L 

23.4: 

0.3c 

6.30 

13.85 

EMISS. 
RATE 

(mglmin) 

...... 
13176,. 

:..i37.90 ' . . . . . . . . . . . .  

16.09 

. . . . .  0.21 

............... 
9 3 7  

........ 3.29;: 

4.33 

.;:::1.02 
.... 
9.52 

* Detected only in blank traps 
: data may be impacted by blank data values. :,!.:,Shad& .:$ 

. .  
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1 
I 
m 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
B 
I 
I 

Appendix B-9 
Volatile Organics Analysis 
Data Summary 

APPENDIX B-10 

SEMIVOLATILE ORGANICS DATA 
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Appendix B-9 
Volatile Organics Analysis I Data Summary 

I 
1 
1 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 

NOTE: No significant problems were encountered with the Method 0010 trains. 
All t e s t  runs at each duct f e l l  within the acceptable range for  isokinetic 
performance, and a l l  leak checks were passed. 
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F I L E  NRME - RlMSV 
LCICRTION - M R I M  E S P  UUTLET DUCT 
DATE - 10/25/'99 
PROJECT # - 3339 

I l ? i t i a l  RlEtCi-. 'Volurflr ( C u b i c  F e e t ) =  
Firsal  Ibleter Volu r~ l r  i C u b i c  F e e t ) =  
Meter F a c t  or= 
iNult i p l e  l e a k  c h e c k s ,  see erid of p r i n t o u t  
Net Meter V o l u r n e  ( C u b i c  F e e t ) =  
u-3 .,LSLL$,,,C ',Y'y S * " r l Y " r ~ Y  L C L U I L  I = = * I -  

B a r n m e t r i c  P r e s s u r e  i i n  H g )  = 
'it a t  i c  F ' P e s s u r e  i I nches  HZO) = 

w r , t  .H - RUrJ i w  -11% GRUVE cEmErdT K I L N  

- _ -  I ,  ..n .... _L_..2.~.> C . . L I _  r - _ L I -  

F'ErcE.f#t OxygEr<=  
C < l ' e r c e n t  C a r b o n  D i o x i d e =  
P l o i  5t u're C u l  lect Ed i m l  ) = 
='ercent W a t  er= 

I v e r a g e  P l e t e r  T e r f l p e r a t u r - ' r  I F )  = 
I . r , e r a g e  D e l t a  H ( i n  HZ'O)= 
3,r.eraqe Del ta  F' ( i n  HZCl)= 
q v e r a g e  S t a c k .  T e m p e r a t u r e  ( F ) =  

' J ry  M n l r c u l a r  W e i g h t =  
k t  Mc. 1 ecu 1 a r  W e i g h t  = 

+;rf.age Square R o i J t  of D e l t a  F' t i n  H20) = 
:C I s o k i n e t  ic= 

Z ' i  t cst C o e f f i c i e n t  = 
h m p l i n g  Tirfle i F l i n u t e s ) =  
~ l o z z  I E  Di a r n e t  er i I r c h e s )  = 
: t a c k  R x 1 5  #1 ( I n c h e s ) =  
S t a c k .  R x i s  #2 ( I n c h e s ) =  
iect a r l g u l a r  S t a c k  
: t a c k  R r e a  (Square F e e t ) =  

; t a c k  ' . / e I c c i t y  ( R c t  iual, Fee t  / m i r t )  = 
' l a w  Rate  ( A c t u a l ,  C u b i c  f t / m i n ) =  
' 1c -w r a t e  ( S t a r l d a r d ,  W e t ,  c u b i c  f t / ' m i n ) =  
' l o w  Rate  ( S t a n d a r d ,  D r y ,  C u b i c  f t / m i n ) =  

"art  1 C u l a t e  Laadi i .og - F r o n t  H a l f  

: ' Z r t i c u l a t e  W e i g h t  ( g ) =  
' a r t i c u l a t e  L o a d i n g ,  D r y  Std .  ( g r / s c f ) =  
' a r t i c u l a t e  L o a d i n g ,  R c t u a l  ( g r l ' c u  f t ) =  
hission H a t e  ( l b / h r ) =  

IC, Hack H a l f  A n a l y s i s  

F'ROG. =VER 06/27/93 
0 1 -  1 6 - 1  360 1 0  : ZZ : 06 

32.  ClCl 

3 ,  006 
36, 162 
6 5 ,  344 
51,567 

I 
I 
I 
I 
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F'ErcETat C a r b c w  Di6z.x i d = =  
M o i s t u r e  C o l  l e c t e d  i r n l  1 = I Per.cent Water= 

* 
PROG. =VER 06/27/'8'3 
Q 1 - 1 &- 1380 1 0  : ' 5  : 36 

iY. 433  
2 1 626 

I. O C K i  

3.1L)s 
2* r = r  JJU 

I' 33 
- 1 0 

J. 3 
26.3 
548.0 

13. 3 

L e a k  C o r r e c t  icm= 0. ClClOCl 

-- 

q'r 'Ei-agE P l E t E P  T e r n p e r a t  Lire ic) = 32 
F l v e r a g e  D e l t a  H !mm H ? < J j =  51.3 

A ' v e r a g e  S t a c k  T e r n p e r a t  ure i C )  = 153 

Dry Mo 1 ec-u 1 ar W e  i g h  t = 32. 44 
Wet F l ~ l e c u l a r  W e i g h t =  Z3.58 

A v e r a g e  D e l t a  F' irnrn H 2 O ) =  i4.2 
I 
I 
I t W e r a g e  Square R o o t  ct f  D e l t a  F' ( m m  H2Cl)= 3.7553 

:C I s o k i + e t  ic= 103. E3 

N o z z l e  D i a r n e t e r  irnrnj= 
S t a c k  F l i t i s  # 1  ' i M e t e r ~ ) =  
S t a c k  F ( x i 5  +I2 i M r t e r s j =  
R e c t a n g u l a r  S t a c k  
S t a c k  Fli-ea (Square Meters)= 

I 
I 

St ack 'Ve 1 oc i t y < Flct ua 1 , m/m i n j = 
F l o w  r a t e  t:FlctD.lal, C u b i c  m / m i n ) =  
F l o w  r a t e  ( S t a n d a r d ,  W e t ,  C u b i c  m i m i n ) =  1 Flow r a t e  (S tandard ,  D r y ,  C u b i c  m / r f l i ' n ) =  

2.  373 

F ' a r t  iculate  L a a d i . r l g  - Frcwt H a l f  

F'aT- t i c u 1 a t  e We i g h t I g 1 = < I .  ClClClCl C o r r .  t o  7% 02 & 12% CD2 
F q a r t  iculate L o a d i n g ,  D r y  S t d .  (mg/cu m) = 0. 0 0. 0 0. 0 
P a r t i c u l a t e  L o a d i . r n g ,  Flctual i m g / c u  m j =  0. 0 

I 
1 E m i s s i o n  R a t e  i k . g / ' h r j =  CI . 00 

No H a c k  H a l f  R n a l y s i s  I 
1 B-205 

I 



F I L E  NRME - RlMSV 
RUN # - RUN 1SV -FISH GROVE CEMENT KILN 
LUCFITION - PlQIN ESP OUTLET DUCT 
DFITE - 10/'28/83 
PROJECT # - 3333 

- r r a c t  ion  

3 R Y  CRTCH 
-1LTER 

- 
-?act ion  

F i . r m l  W t .  T a r e  W t .  Blank W t .  Net W t .  
i g )  i g )  i g )  i g )  

0 .  0000 0. 0 0 c 1 0  CI. 0 0 c 1 0  0. 0000 
< I .  c1<100 0 .  clclclcl 0. oc1oo < I .  CIOClCl 

Fi rm1  W t .  T a r e  W t .  vo1. N e t  W t .  

PROG. =VER 06/27/83 
*:I! - 16-!38O I O  : 2s : 04  

f u l t i p l e  l e a k  c h e c k s  u s e d .  F i n a l  r e a d i n g s  f o r  e a c h  s r g r c i e n t  are l i s t e d  b e l o w  

.k. Rate i c f m )  T i m e  i m i n )  
0. 00z0 30. OElClCl 

0. 0010 30. oclclcl 

0. oclzcl 30. CIC1ClCI 
0. 0 0 1 0  30. <lCI<l(l 

8-206 

I~ 
I 
I 
I 
i 
I I 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 



P i t o t  C o e f f i c i e n t =  
Samcl i n a  T i m e    minutes:^= 
I - 

Nozz  1 e D i  amet er i In,: h e s : I  = 
S t a c k  Axis #1 r : I n c h e s : l =  
Stas): A : r ; i s  #2 i : I n c h e s : l =  
F : e c t a n g u l a r  Stack 
Stack Area < S q u a r e  F e e t > =  

Staci: V e l o c i t y  < A c t u a l ,  F e e t / m i n : l =  
Ficaw Rate i h c t u a l ,  C:ubic  f t / m i n : l =  
F l o w  r x t e  ( S t a n d a . r d ,  W e t ,  1C:ubic f t / m i n : l =  I F l o w  F a t e  ( S t a n d a r d ,  Dry, ICubic f t / r n i n : l =  

1 
I 

F a r t i c u l a t e  L a a d i n g  - F r o n t  H a l f  

P a r t i c u l a t e  W e i g h t  l:g:I= 0 .  I :r~l l : ,CI  1Lm-r. t u  7% 02 % 12% C02 
P a r t  i 1: u l  a t  e L o a d  i n g  , D r y  S t  d . 1: g r  /C,c f :I = 0 .  o!:lcIo r:, . l:l~)(:l(:l 0. ~ ~ o o o  . 
Far t: i ,::-I l i*t e Lmad i i t  g , 0 . a:, (:I 0 (:I 
E m i s ~ i o n  Rate I : l b / h r : l =  0 .  1x1 

-. I 
I Ac t L i d  1 C g r / c CI f t :I = 

No Back H a l f  A n a l y s i s  I 
I 8-207 



3.5755 
102 . 4 

0. 84 
12c1. 11 

7 . 6 2  
::I . 6 1 0  
2.438 

1. -1ac 

1 , 045 
1,553 

77 1 
712 

I 
B - 208 



I 

I Fr  ac t i o n  

DF;Y C:ATC:H I F I L T E R  

T Meter T 

7-1 74 
74 

a3 !I: 

7'3 
75 /a 
7'3 / t  

3 1 I '3 
r c a2 3, 

79 / j  

In<F: l  Out <F:I 

-r 

/t 
-c I J  ...- a i  

,-..-, 
..i 
. .  -- -_ 
a6 ii -- 
-r 

a.r at:] 
'31) el 

87 a5 

'3 6 a7 
1 do aa 

Y J  3, 
'3 7 '8 6 

'3 1 66 

.- c 

1 <:iz ' j I:) 

I 

I 
I 6-209 
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F I L E  NRME - RSMSV 

LOCATION - M R I N  ESF' OUTLET DUCT 
RUN # - RUN ZSV - ASH GROVE CEMENT KILN 

DATE - 10/2'3/'83 
PROJECT # - 3102-64-13 
I . c l i t i a l  P l e t e r  V o l u r n e  i C u b i c  F e e t ) =  
FiTcal F t e t e r  'Volurne ( C u b i c  F e e t ) =  
M e t e r  F a c t  or= 
F h l t  iple l e a k .  c h e c k s ,  5ee end of p r i n t C * L \ t  
N e t  Meter V c ~ l u m e  i C u b i c  Feet)= 
G a s  V o l u r n e  ( D r y  S tandard  C u b i c  F e e t ) =  

B a r o m e t r i c  F ' r e s s u r e  i i n  H g ) =  
S t a t i c  F ' r e s s u r e  i I r c h e s  H Z O ) =  

T'Er--".+ n. ...- ̂  -._ 
Pel-cent C a r b o n  D i u n i d e =  
Moi 5t L i r e  C n l  lect ed i m l  1 = 
Percent Water= 

A v e r a g e  Meter T e m p e r a t u r e  i F )  = 
R v e r a g e  D e l t a  H iiro HZ'CI)= 
F i v e r a g e  D e l t a  F' i i n  H 2 0 ) =  
A v e r - a g e  S t a c k  T e m p e r a t u r e  ( F )  = 

D r y  M o l e c u l a r  W e i g h t =  
W e t  Molecular W e i g h t =  

A v e r a g e  S q u a r e  R o o t  ccf D e l t a  F' i i n  HZCI)= 
:< I sok i net I c= 

P i t o t  C o e f f i c i e n t =  
Sampi i n g  T i m e  i M i n u t e s ;  = 
N o z z l e  D i a m e t e r  ( I n c h e s ) =  
S t a c k .  A n i s  #1 ( I n c h e s ) =  
S t a c k  axis #2 ( I r c h e s ) =  
R e c t a n g u l a r  Stack 
s t a c k  Flrea (Square F e e t ) =  

it a c k  V e l o c i t y  (Flctual  , Feet  /min) = 
' l o w  Ra te  (Flctual, C u b i c  f t / m i n ) =  
= l o w  ' r a te  (S tanda rd ,  W e t ,  C u b i c  f t / m i n ) =  
' l o w  R a t e  iStandard,  D r y ,  C u b i c  f t / r f l i r t ) =  

: ' a r t i c u l a t e  L o a d i n g  - Frcrrgt H a l f  

- ' a r t i c u l a t e  W e i g h t  i g ) =  
" a r t i c u l a t e  L o a d i n g ,  D r y  Std.  ( g r / s c f ) =  
" a r t i c u l a t e  L a a d i n g ,  A c t u a l  i g r / c u  f t ) =  
i r n i s s i o r #  Ra te  ( I b / h r ) =  

k c  H a c k  H a l f  F l n a l y s i s  

- - . . "  -,.,3-,. 

--e 
f C)J.  1ClCl 
863.35CI 

1. i lC lCl  

338. ?so 
34.371 

23.11 
-0. 41 

,. 1 
9. - 

28.5 
506.7 
20. 1 

75, 
2. 63 

0. 577 
32 1 

32.74 
23.78 

0.7585 
33.3 

0. 83 
i20. 0 
0. 300 
48.0 
36.0 

32. 00 

3,074 
338,359 

51,655 
64,636 

0. ClOClO 
0. 0000 
0. 0000 

0. 00 

F'ROG. =VER 0 6 / Z 7 / 8 3  

I 01-15-1380 11:31:41 

I Leak C o r r e c t  inr,= 0. 51000 

I 
I 

I 
I 
I 
I 
1 
I 
I 
1 

C o r r .  t o  7% 02 R 12% CO2 I 
0. O C l 0 C l  0. 0000 

B-210 1 
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* * METRIC UNITS * 
F I L E  NFlME - R 2 M S V  
RUN # - RUN 2 S V  - ASH GROVE CEMENT KILN 

I 
I LUCFlTION - M Q I N  ESP OUTLET DUCT 

DATE - lC1,>23/~'3 
F'HOJECT # - 3102-64-13 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I r s i t i a l  Meter V o l u m e  ( C u b i c  Meters)= 
Firqal Meter V u l ~ i r n e  ( C u b i c  Meters)= 
Meter Fact  or= 
M u l t i p l e  l e a k  c h e c k s ,  see ertd o f  p r i n t o u t  
Net Meter Volurne ( C u b i c  Meters)= 
G a s  'Volume ( D r y  S t a n d a r d  C u b i c  M e t e r s ) =  

H a r o i n e t r i c  F ' r e s s u r e  (mm Hg) = 
Sta t i c  P r e s s u r e  irnrn H20)=  

Percent Oxygen= 
Percent C a r b o n  D i o x i d e =  
M o i  st L i r e  C a l l  ect e d  ( m l  1 = 
Percent Water= 

A v e r a g e  Meter T e r n p e r a t  L i r e  1C)= 
F l v e r a g e  D e l t a  H lrnrn H2O)= 
R v e r a g e  D e l t a  F' (mfn  H Z O ) =  
g v e r a g e  Stack T e m p e r a t  lure ( C )  = 

D r y  Mcflecular W e i g h t =  
W e t  M a l e c u l a r  W e i g h t =  

A v e r a g e  S q u a r e  R o o t  of D e l t a  P (mm H2CI)= 
% . I s o k i n e t i c =  

F ' i t o t  C o e f f i c i e n t =  
Sarnpl i n g  Tiroe ( M i n u t e s )  = 
N o r  r le D i  arnet er (rnrn) = 
S t a c k  A x i s  #1 (Meters)= 
S t a c k  F l x i 5  #2 (Meters)= 
R e c t a n g u l a r  Stack 
S t a c k  area ( S q u a r e  Meters)= 

S t  ack Ve 1 oc i t y ( R c t  cia 1 , m/m i n )  = 
F l o w  r a t e  ( F l c t u a l ,  C u b i c  m / r n i n ) =  
F l o w  r a t e  ( S t a n d a r d ,  W e t ,  C u b i c .  m / m i r t ) =  I F l o w  r a t e  i s t a n d a r d ,  D r y ,  C u b i c  r n / m i n ) =  

* 

21.665 
24.447 
1. 000 

2.782 
2.683 

L e a k  C o r r e c t  ion= 0. 0000 

-- 
/ 33 
-10 

4.4 
28.5 
506. 7 
20. 1 

24 
66.6 
14.7 
161 

32.74 
2'3.7.9 

3.522'3 
'33.3 

0 .  a3 
120. 0 
7. 62 

1.213 
2. 438 

2. 373 

337 
2,785 
I ,  asci 
1,463 

Part iculate  Loadi.rlg - Front Half 

F ' a r t i c u l a t e  W e i g h t  ( g ) =  CI . 0000 Cctr r .  t o  7% 02 R 12% C o z  
P a r t i c u l a t e  L o a d i n g ,  D r y  Std. ( m g / c u  m)= 0. 0 0. 0 0 .  0 
P a r t i c u l a t e  L o a d i n g ,  F l c t u a l  ( m g / c u  i n ) =  0. 0 

I 
I E m i s s i o n  R a t e  ( k g / h r ) =  0. 00 

N o  Hack H a l f  F l n a l y s i s  I 
I 
I 
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F ' o i n t  # 

1 
2 
3 
4 
5 
6 

8 
1 
1 0  
1 1  
12 
13 
14 
15 
16 
17 
18 
13 
2CI 

- 
(I 

FILE NFlME - R2MSV PROG. = V E R  06/27/63 
RUN # - RUN 2 S V  - FlSH G R O V E  CEMENT K I L N  01-15-1380 11:32:36 
L O C i l T I O N  - M i l I N  E 5 P  O U T L E T  DUCT 
DFlTE - 10/23/83 
F ' R O J E C T  # - 3102-64-13 

I 
I D e l t a  F' D e l t a  H S t a c k .  T M e t e r  5 

Fract  i cars 

DRY C R T C H  
F I L T E R  

Fract icm 

i i n .  H 2 O )  
<I. 60CI 
0. 580 
0. 530 
0. 530 
0. 46Cl 
0. 650 
0. 630 
0. 530 
,:,. C'..C! 

0. 550 
0. 670 
0. 650 

0. 6 1 0  

0 .  500 
0. 520 
0. 530 
0. 530 
0. 470 

< I .  640 

<I. 540 

i i n .  H 2 0 : l  
2.65 
2.60 
2.60 
2. 70 
2. CIO 
2.30 
2.80 
2.70 
2.3C! 
2 .55 
3.05 
3. 00 
2. 35 
2-80 
2.5u 
2 . 3 C l  
2. 40 
2.45 
2.45 
2.15 

O u t  < F )  
53 
61 
63 
65 

67 
63 
/ '..I 

74 
68 

74 
75 
76 
71 
74 
74 

76 

68 

-- 
T -, I L  

-- i s  

-c 
/-I 

F i n a l  W t .  T a r e  W t .  B l a n k  W t .  N e t  W t .  
(9) i g i  i g )  ( 9 )  

0 .  0000 (1. 0000 0 .  ClClOCl 0. 0000 
0. OcrOcI 0. 0000 0 .  0000 <I. clclc~cl 

F i n a l  W t .  T a r e  W t .  Vcnl .  N e t  W t .  
(9) (9) i m l )  i g )  

P R O B E  R I N S E  0. clcl~lo 0. c100c1 0. 0 0. 00u0 
I MF'I N G E R S  0. l:rcIocl < I .  clclocr 0 .  0 0. 0000 
Probe R i n s e  B l a n k  img/ml 1 = 0. CllllClCl 
I rap i r i g e r  H 1 a n k  ( m g  i m l  ) = 0. CIOCICI 

M u l t i p l e  l e a k  c h e c k s  used. F i n a l  r e a d i n g s  for e a c h  s e g m e n t  a r e  l i s t e d  b e l o w  

Lk R a t e  (cfm) T i r o e  I t f l i r t )  
CI. 01 30 30. 0000 
0. 01OCI 30. 0000 
0. 0 150 SO. 0000 
0. CI100 30. oclclcl 
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I 
I 

I 
I 
1 
I 
e 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 



F I L E  NFlME - RZBSV 
RUN # - RUN ZSV - R S H  GROVE CEMENT KILN 
LOCRTION - BYF'RSS ESP OUTLET DUCT 
DATE - 10,~'23/83 
PROJECT # - 31C12-64-1> L 

I r f i t i a l  Meter V s l u r n e  ( C u b i c  F e e t ) =  
F i n a l  Meter V ~ ~ l u r n e  ( C u b i c  Feet)= 
Met er F a c t o r =  
FiTtal Leak. R a t e  i c u  f t / m i n ) =  
Net Meter V o l u r n e  ( C u b i c  F e e t ) =  
Gas Volurne ( D r y  Standard C u b i c  Feet ) =  

B a r o m e t r i c  F ' r e s s u r e  i i r s  H g ) =  
S t a t i c  P r e s s u r e  i I n c h e s  H 2 O )  = 

F ' e r c e r t t  Oxygen= 
F ' e r c e n t  C a r b a r n  D i o n  i d e =  
Moist L i r e  C o l  1 ect ed ( m l  1 = 

I 
I 
I 
I 
I 

Percent Water= I - 
a v e r a g e  Meter T e r n p e r a t  L i r e  ( F )  = 
A v e r a g e  D e l t a  H i i n  H 2 0 ) =  
R v e r a g e  D e l t a  P ( i n  HZO)= 
F l v e r a g e  S t a c k  T e r n p e r a t  ure (F )  = 

D r y  M o l e c u l a r  W e i g h t =  I W e t  M o l e c u l a r  W e i g h t =  

I 

PROG. =VER 06/27/83 
01-15-1380 11:26:55 

63.333 
151.421 

1. 027 
511. 004 
30. 4 6 0  
86.485 

2 3 . 1 1  
-2.83 

17.4 
2.3 

172.4 
8. 6 

80 
1.37 

0. 463 
577 

23. 16 
28. 20 

A v e r a g e  S q u a r e  R o o t  of  D e l t a  P ( i n  HZO)= 0 .  6780 
% I s o k i n e t  ic= 33. 6 I 
F' i  t cat C o e f  f i c i e r & =  
S a m p l i n g  T i m e  ( M i n u t e s ) =  
N o = =  le D i a m e t e r  ( I n c h e s )  = 
S t a c k  F I x i 5  #1 ( I n c h e s ) =  
S t a c k  ani5 #2 i I r c h e s ) =  
R e c t a n g u l a r  S t a c k  
S t a c k  Flrea ( S q u a r e  F e e t ) =  

I 
I 

0 .  84 
1 2 C I .  0 
0. 300 

24.0 
36.0 

16.00 

S t a c k  V e l o c i t y  (Flct ua 1, Fee t  / m i  n )  = 3,273 
F l o w  R a t e  ( a c t u a l ,  C u b i c  f t / m i n ) =  52,464 
F l o w  ra te  (Standard, W e t ,  C u b i c  ft/mirs)= 25, 806 
F l o w  R a t e  ( S t a n d a r d ,  D r y ,  C u b i c  ft/mirs)= La, 531 

P a r t i c u l a t e  L o a d i n g  - Frcortt H a l f  

P a r t i c u l a t e  W e i g h t  ( g ) =  0 .  c~clc~cl C o r r .  t o  7% 02 g I?A co2 

-- 
I 
I 
I 
I 

P a r t i c u l a t e  L o a d i n g ,  D r y  S t d .  ( g r / s c f ) =  0. 0000 0. oocIcl 0. 0000 
Par t icu la te  L o a d i n g ,  F l c t u a l  ( g r / c u  f t ) =  0. ClOCl0 
E r n i s s i a n  R a t e  ( l b / h r ) =  0. 00 

N u  Back H a l f  R n a l y s i . r j  

8-213 



* METRIC UNITS * * 
F I L E  NRME - RZHSV 
RUN # - RUN 2sv  - ASH GROVE CEMENT KILN 
LOCATION - H Y P R S S  ESP OUTLET DUCT 
DATE - 10/'23/83 
F'ROJECT # - 3102-64-13 

I n i t i a l  Meter V 0 1 ~ i r n e  i C u b i c  Meters)= 
F i n a l  Meter 'Voluroe i C u b i c  Meters)= 
Meter F a c t  cr= 
F i n a l  L e a k  Rate  i c u  r f l / m i n ) =  

Net M e t e r -  V a l u r o e  i C u b i c  Meters)= 
G a s  V o l c i r n e  i D r y  S t a n d a r d  C u b i c  Irleters)= 

H a r o m e t r i c  P r e s s u r e  i m m  H g ) =  
S t a t i c  P r e s s u r e  trnrn H 2 O ) =  

Percent  O x y g e n =  
P e r c e n t  Carbcrn  D i o x i d e =  
P l o i  sic L i r e  Co 1 1 ect ed  
P e r c e n t  Water= 

R v e r a g e  M e t e r  T e r n p e r a t  L i r e  ( C )  = 
R v e r a g e  D e l t a  H imm HZCJ)= 
W d e r a g e  D e l t a  F' ( m m  HZO)= 
R v e r a g e  S t a c k  T e r n p e r a t  L i r e  iC)  = 

D r y  M o l e c u l a r  W e i g h t =  
W e t  Molecular W e i g h t =  

G v e r a g e  S q u a r e  R c c t t  of D e l t a  P ( m m  H 2 O )  = 
X I 5 0 k  i net i c= 

F'i t czt C o e f f i c i e n t =  
Sarnpl i r l g  T i m e  i M i n u t e r )  = 
Nozz 1 e D i  arflet er ( m m )  = 
S t a c k  F l x i s  #I (Meters)= 
S t a c k  R x i 5  #2 (Meters)= 
R e c t a n g u l a r  S t a c k  
S t a c k  A r e a  (Square Meters)= 

S t a c k  V e l o c i t y  ( A c t u a l ,  m / m i n ) =  
F l o w  r a t e  iflctual, C u b i c  m/mirt)= 
F l o w  r a t e  ( S t a n d a r d ,  W e t ,  C u b i c  m / m i n ) =  
F l o w  r a te  iS tandard ,  D r y ,  C u b i c  m / m i r t ) =  

Par t icu la te  L o a d i n g  - Fron t  Half 

P a r t i c u l a t e  W e i g h t  i g ) =  
= ' a r t i c u l a t e  L o a d i n g ,  D r y  S t d .  ( m g / c u  m ) =  
='ar t iculate  L o a d i n g ,  actual ( m g / c u  m ) =  
:mi5sicwr R a t e  ( k g / h r ) =  

'lo H a c k  H a l f  A n a l y s i s  

i m l  1 = 

- 

8-214 

1.734 
4.288 
1. 027 

0. Clcl1:l 1 
2.561 
2.443 

I S 9  
-- - -. 
-fla 

17.4 
2.3 

172.4 
8. 6 

27 
50. CI 
11.8 
303 

23.16 
28. 20 

3.4172 
33.6 

0 .  84 
120. 0 
7.62 

CJ . 6 I 0 
2.438 

1.486 

333 
1 , 4 8 6  

( 3 1  
668 

-- 

0. OOUO 
0. 0 
0. 0 
0. 00 

I 
I 
I 
1 
I 

I 
I 
1 
I 
3 
I 
I 
I 
I 

PROG. =VER 06/27/83 
01-15-1380 1 1  :Z7:Z? 

I 
I 

C o r r .  t o  7% 02 R lZ% COE 

I 
I 
I 
I 

0. 0 0.0 



I F I L E  NFIME - REBSV 
RUN # - RUN 2 S V  - FISH GROVE CEMENT K I L N  
LOCFITION - R'IPQSS E S P  OUTLET DUCT 
DQTE - 10 /~3 /83  
P R O J E C T  # - 31C12-64-13 
I 

P o i n t  # I 
1 

3 
'1 2 

4 

I 

:e 

2 0 
1 13 

I 
Frac t ion  

1 DRY CQTCH 
F I L T E R  

Frac t ion  I 

D e l t a  P 
< i n .  H 2 O )  
0. 360 
0.430 
0. 510 
0. 520 
0 .  51Cl 
CI. 350 
0. 440  
0.480 
0. 500 
0 .  500 
0 .  250 
CI. 460 
0. 510 
0.510 
0. 470 
0. 400 
0 .  470 

0 .  540 
0.500 

P. --*. 
C'. d J C I  

D e l t a  H 
i i n .  H 2 9 )  

1.50 
2.  CIO 
2.40 
2.30 
2.30 
1.60 
1. 80 
1-30 
1.30 
1.30 
1.10 
2.00 
2.20 
2.20 
2.  IC1 
I .  60 
2. 00 

2.  20 
2. 20 

- _ _  
C.  cu 

F i n a l  W t .  T a r e  W t .  B l a n k  W t .  N e t  W t .  

PROG. =VER 06/27/83 
01-15-1380 11:27:49 

S t a c k  
( F )  

580 
532 
do8 
510 
538 
570 
584 

584 
585 
d A 4  

578 
5'3 I 
588 
587 
585 
536 
5iu 
567 
584 

c- 

584 

c- 

T Meter T 

70 6'3 
73 63 
80 7 0 
a4 / A  
86 74 
74 73 
80 74 
85 i d  

87 76 
30 78 
86 73 
86 80 
88 80 
88 80 
83 81 
78 76 
82 78 
87 78 
88 73 
88 80 

IrslF) O u t  I F )  

-- 

-e 

( g )  ( g )  (B) ( 9 )  
0. oocIo 0 .  0000 0. 0000 0. o0clo 
0. 0000 0. 0000 0. 000cl  0. c1000 

F i n a l  W t .  T a r e  W t .  N e t  W t .  

I r n p i n g e r  B l a n k  (mg/ml)  = 0. U C 1 0 0  

I 
I 
I 
I 
I 8-215 

I 



F I L E  NRME - RSMSL' 
Rt-pj +j - RUFI ~ S V  - aSH GROVE C E M E ~ I T  v,ILr,i 
LOCRTIOFl - MRIN ESP  UUTLET 
F I L E  NFlME - RZMSV 
3t-ip.I # - RUr.1 35!,i - aSH GROVE CEMENT g I L N  
LOCRTI0P.J - MaIr.1 E S P  OUTLET DUCT 
DRTE - 10,~'30/Y9 
--'ROJECT # - 3102-611-13 

I n i t i a l  Meter '~ , 'c~l~i~ne ( C u b i c  F E e t ) =  
. - inal  Meter 'Vcslnme * : C u b i c  F e e t ) =  
?kt er F a c t  or= 
4 u l t  i p l E  l e a k  c h e c k . 5 ,  598 end of p r i n t c ~ u t  
Vet Meter V o l u m e  ( C u b i c  F e e t ) =  
3as V o l  u r n e  [ D r y  S t a n d a r d  C u b i c  F e e t  ) = 

3aromet'ric F ' r e s s u r e  [ i n  H g ) =  
S t a t i c  P r e s s u r e  i l r c h e s  H 2 ' O ) =  

I'ercent O x y g e n =  
I'ercent C a r b o n  D i o x i d e =  
k i s tu re  C u l l e c t e d  I m l ) =  
-'ercent Water= 

average M e t e r  T e m p e r a t u r e  i F ) =  
i v e r a g e  D e l t a  H < i n  HZCI)= 
A v e r a g e  D e l t a  F' i i n  HZ:CI)= 
l v e i - a g e  S t a c k  T e r f l p e r a t  u r e  (F)= 

3ry Molecular  W e i g h t =  
let Mnlecular W e i g h t =  

i v e r a g e  Square R o o t  o f  D e l t a  F' ( i n  H 2 0 ) =  
: I s o k i n e t  ic= 

"it at  C c e f  i i c i ertt = 
.amp 1 i n g T i rfle 
l o 2 z l e  D i a m e t e r  I I , r # c h e 5 ) =  
t a c k  a x i s  #I ( I n c h e s ) =  
: t a c k  R x i s  #2 ( I n c h e s )  = 
: e c t  a n g n l  a r  S t a c k  
: t a c k  area (Square F e e t ) =  

Tt a c k  V e l o c i t y  (Ret u a  1, Feet / m i  rr) = 
. l a w  R a t e  ( a c t u a l ,  C u b i c  f t / m i n ) =  

- .  

[ M i  n u t  es > = 

l o w  r a t e  ( S t a n d a r d ,  W e t ,  C u b i c  f t /mirO= 
l o w  R a t e  (S tandard ,  D r y ,  C u b i c  f t /mirO= 

a r t i c u l a t e  L o a d i n g  - F r o n t  H a l f  

a r t i c u l a t e  W e i g h t  ( g ) =  
a r t i c u l a t e  L o a d i n g ,  D r y  S t d .  ( g r / s c f ) =  
a r t i c u l a t e  Loadi . r rg ,  F l c t u a l  ( g r / c u  f t ) =  
nrission R a t e  i l b / h r ) =  

o Back Half Q 7 n a l y s i s  

I 

a is .  ICICI 
3d7. 530 

1. ClClCl 

32. 430 
34.436 

23.55 
4 1 .  41 

cc 

4.5 
28 .3 
415.6 
17.3 

54 
%. 41 

CI. 545 
3Cl5 

32.70 
3 C I .  16 

0 .  7332 
j / . 3  

0. 83 
120. 0 
0. 300 

48.0 
'36.0 

32. ClCl 

. L  

7 -  

z ,  32'2 
33, 506 
63,747 
52,737 

8-216 

F'ROG. =VER 06 /27 /33  
01-1 6-1380 1 0  : 15 : 23 

L e a k  C o r r e c t  i o m =  

I 
I 
I 
I' 
I 

I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

I '0. 3000 
I 



* M E T R I C  U N I T S  c c ~ 

F i  L E  FIRME - R3M5?: 
RUP4 # - R U N  3SL' - ASH GRO'VE CEMENT K I L N  

DMTE - ic,,:30/'83 
'1 LOCQT1GP.I - PIRIM ESF' OUTLET DUCT 

P R O J E C T  # - 9102-64-13 

I r i  i t i a 1 Mete r ' .  V o  1 Iume I C U  b i c M e t  ers  ) = 
Fina l  Cletrr V o l c l r f l r  ( C i u b i c  Meters)= 
Meter Fac t  or= 
M u l t i p l e  leak c h e c k s ,  see end of p r i n t o u t  
Met Meter V o l u r n e  ( C u b i c  Meters)= 
Gas L'ol~ime ( D r y  S t a n d a r d  C u b i c  Meters)= 

parametric F ' r - e s s u r e  imm Hg)= 
S t a t i c  P r e s s u r e  irnrn H 2 O )  = 

Percent O x y g e n =  
F'rrceni C a r b a n  U i o x i d e =  
M o i s t u r e  C o l  lected i r n l  ) = 

I 
I 
I 
I 

I 
'I 

I F ' e r c e n t  Water= 

R v e r a g e  Meter T e r n p e r a t  L i r e  ( C )  = 
R v e r a g e  D e l t a  H irnrn H 2 C ! ) =  
R v e r a g e  D e l t a  F# (rnm H 2 0 ) =  
A v e r a g e  S t a c k  T e m p e r a t u r e  I C )  = 

D r y  M o l e c u l a r  W e i g h t =  
W e t  Mulecular  W e i g h t =  

Z4.436 
27.115 
1. 000 

2.613 
2.674 

( 4 1  
- 1 0  

4 .  a 
26.2 

17.3 

12 
61. 2 
13.3 
152 

32. 70 
30. 1 6  

L e a k  C o r r e c t  ion= 0. OCKIO 

-= 

418.6 

3.-.*c= 

:t I s ~ s k i n e t i c =  37.3 
R v e r a g e  Square R o o t  of D e l t a  P i m m  H 2 C l ) =  I LJJ I 
F ' i  t a t  C o e f f i c i e n t  = 
Sarnp l  i n g  T i r n e  ! M i n u t e s )  = 
N c < z r l e  D i a m e t e r  i m m ) =  
S t a c k  ax i s  # 1  <Meters)= 
S t a c k  R x i s  #2 i M e t e r s ) =  
R e c t  a n g u  1 ar S t a c k  
S t a c k  area ( S q u a r e  M e t e r s ) =  

S t a c k  V e l o c i t y  ( R c t u a l ,  r h / r n i n ) =  
F l o w  'rate i R c t u a l ,  C u b i c  m / m i n ) =  
F l o w  r a t e  (Standard,  W e t ,  C u b i c  m / m i n ) =  1 F l o w  r a t e  (S tandard ,  D r y ,  C u b i c  m / m i n ) =  

I 
I 
I 

0. a5 
120. 0 
7 .62  

1.219 
2.438 

2. 973 

a9 i 
2,648 
1, a05 
1,493 

P a r t i c u l a t e  L o a d i n g  - F r o n t  H a l f  

F ' a r t i c u l a t e  W e i g h t  ( g ) =  0 .  i1000 C o r r .  t o  7% 02 f, 12% CO2 
F ' a r t . i c u l a t e  L o a d i n g ,  D r y  S t d .  ( m g / c u  m ) =  0. 0 0. 0 0. 0 
P a r t  i C U I  a t  e L o a d i n g ,  R c t  ua 1 I m g / c u  r f l )  = 0. 0 

I 
I E r n i s s i c w ~  R a t e  I k g i h r ) =  a. 00 

No pack Half R n a l y s i s  I B-217 



F ' o i n t  # 

1 - 
L 

5 

4 

6 
7 
& 
3 '  
1 0  
1 1  
12 
13 
14 
15 
1 6  
17 
15 
13 
?<I 

- 

s? 
.J 

' ract  ion 

)RY CaTCH 
'ILTER 

S t a c k .  T Meter T 

307 4 3  43 
dUU 48 4 ;3 

44 307 .Jd 

307 58 45 
299 61 47 
309 43 48 
305 56 43 
305 64 51 

63 d5 

304 71 .J4 

307 51 51  
52 3\35 J I  

SO5 60 51  
303 61 51 
302 62 51 
30 1 50 49 
302 57 51 
304 62 51 
304 66 J5 

3<12 67 d4 

CF) I n i F )  O u t  <F) 

E= 

,?- -_ L 

dClb 
s?. 

e- 

m -  

= t  

' r o b e  R i n s e  B l a n k  ( m g / m l  ) =  0. CiCiCiCi 

r n p i n g e r  B l a n k  (rf lg/ml)  = <I. OClclls 

i l - l l t i p l e  l e a k  c h e c k s  used. F i n a l  r e a d i n g s  for each segment are l i s t e d  b e l o w  

.k. Rate  (cfm) T i m e  ( m i n j  
0. 01 30 30. 0000 
0 .  0040 30. OClClCl 

0. c1050 30. ooclcl 

0. 0050 30. 00t:rcl 
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I 
F I L E  NRPlE - R3BS'V 

I 
RUN # - RUFI 351,' - GSH GRO'VE CEMENT KILN 

DilTE - 1~:1/><:),,'83 
F'RUJECT # - 3132-SA-13 

1 LUCRT1UP.I - Ec'lF'RSS ESF' OUTLET DUCT 

1.fsi t ial  Meter ~/011rfle i C u t i c  F e e t > =  154.126 
F i n a l  M e t e r -  Volt.ime i C u b i c  F e e t ) =  242. ,1177 
M e t  Er F a c t  cw= 1. 027 
Mult  i p l e  leak  c h e c k . 5 ,  see end s c f  p r i n t o u t  Leak. C u r r e c t  ion= 0. <l*:I<:M:l 

f.1e.t Meter V a l u r n e  i C u b i c  F e e t ) =  '30. 326 
G a s  V ~ l u m e  iD.r-<,, S tandard C u b i c  Fee t  ) =  813. ilZ 

'I 
I 

B a r - o m e t r i c  F'ressure  i i n  Hg) = 
S t a t i c  Pressure i I n c h e s  H 2 0 ) =  

'I 
F ' e r c e n t  O x y g e n =  I Percent Carborr  D i o x i d e =  
P l o i  st ure C o  1 1 ect ed 
Percent Water= 

i m l  1 = 

I ~ 

i l v e r a g e  P l e t e r  T e m p e r a t u r e  I F )  = 
R v e r a g e  D e l t a  H i i n  H Z O ) =  
R v e r a g e  D e l t a  P ( i n  HZ'O)= 
W v e r a g e  Stack T e m p e r a t u r e  (F )  = 

D r y  MCI 1 ecul ar W e i g h t  = I W e t  M u l e c u l a r  W e i g h t =  

I 

i l v e r - a g e  Square R o o t  of D e l t a  F* ( i n  H 2 0 )  = 0. 6884 
% I sok. i net i c= 39.5 'I 
Pitot  C o e f f i c i e n t =  
S a m p l i n g  T ime  ( M i n u t e s ) =  
N o z z l e  D i a m e t e r  i h c h e s )  = 
S t a c k  R x i s  #I  i I n c h e s ) =  
Stack R x i 5  #2 ( I n c h e s ) =  
R e c t  a . f l g u l  ar Stack  
Stack  R r e a  i S q u a r e  F e e t ) =  

I 
'I 

Stack  V e l o c i t y  (Ret ual , Feet /min)  = 3,250 
F l o w  R a t e  i R c t u a l ,  C u b i c  f t / m i n ) =  52, 004 
Flcw r a t e  i S t a n d a r d ,  W e t ,  C u b i c  f t / r n i r # ) =  26,530 
I 
I 
I 
I 

F l o w  Rate iStarcdard, D r y ,  C u b i c  f t /mi r%)=  24,497 

Par t icu la te  L o a d i n g  - F r o n t  H a l f  

Pa r t i cu la t e  W e i g h t  ( g ) =  0. ClClClCl C u r r .  t o  7% 02 R 12* C D 2  
P a r t i c u l a t e  L o a d i n g ,  D r y  S t d .  (gr/ecf)= 0. clclclcl 0. ClcIcK~ 0. OClOCl 
P a r t i c u l a t e  L a a d i n g ,  R c t u a l  i g r / c u  f t ) =  0 .  ClClClCl 
E m i s s i o n  Rate  ( l b / h r ) =  0. ClCl 

NC, Hack H a l f  R n a l y s i s  

I 
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* 3 M E T R I C  U N I T S  li x 
F I L E  r.iaME - RSBS~' 
RUN # - RUN 3 S V  - RSH GROVE CEMENT K I L N  
LOCATION - B'iF'FISS E S P  OUTLET DUCT 
DRTE - 1 C I / 3 i l i ' Y 3  

P R O J E C T  # - 3102-64-13 

I n i t i a l  Meter Volume ( C u b i c  Meters)= 
F i n a l  M e t e r  V a l  t.imp <Ci.!hiC Meterr)= 
p k t  E r  Fact  Or= 

M u l t i p l e  leak c h e c k s ,  see end of p r i n t o u t  
Net Meter V o l ~ t r f l e  ( C u b i c  Meters)= 
Gas V01nme ( D r y  Standard C u b i c  Meters)= 

H a r - o t n e t r i c  F ' r e s s u r e  irflrfl H g )  = 
S t a t i c  F ' r e s s u r e  (r f lr f l  H Z O ) =  

C e r c e . f s t  O x y g e n =  
F ' e r c e n t  C a r b o n  D i a n i d e =  
M o i 5 t u r e  C o l l e c t e d  ( r f l l ) =  
Percent Water= 

average  Meter T e m p e v a t u r e  < C ) =  
average D e l t a  H ( m m  H 2 C i ) =  
l v e r a g e  D e l t a  F' irflrfl H ~ < I ) =  
4 v e r a g e  Stack T e m p e r a t u r e  I C ) =  

3 r y  F l o l e c u l a r  Weigh t=  
,Jet Molecular Weigh t=  

i v e r a g c  S q u a r e  R o o t  of D e l t a  F' (mm H20)= 
x 1 5 o k i F e t i c =  

:4itot C o e f f i c i e n t =  
;amp1 irsg T i m e  i M i n u t e s )  = 
.Joz z 1 e D i  a r n e t  er (mm) = 
; t a c k  a n i s  #1 (Meters)= 
; t a c k  R x i s  #2 (Meters)= 
!ect ar igular  S t a c k  
S t a c k  R r e a  ( S q u a r e  Meters)= 

X a c k  V e l o c i t y  (FIctual, r f l / m i n ) =  
' Icw r a t e  i a c t u a l ,  C u b i c  m / m i n ) =  
' l o w  r a t e  (Starrdard,  W e t ,  C u b i c  r n / m i n ) =  
- l o w  r a t e  ( S t a n d a r d ,  D r y ,  C u b i c  m / m i r O =  

' a r t i c u l a t e  L o a d i n g  - Front  H a l f  

' a r t i cu l a t e  W e i g h t  i g ) =  
a r t i c u l a t e  L o a d i n g ,  D r y  S t d .  (mg/cu  mn)= 
a r t i c u l a t e  L o a d i n g ,  R c t u a l  i m g / c n  m ) =  
r f l i 5 5 i c , r r  Ra te  i k g , / h r ) =  

0 Hack H a l f  G n a l y s i s  

4.364 
E . .  
1. 027 

2.555 
2.540 

/ 4 1  
-74 

16.3 
4.7. 

158.1 
7.7 

2 CI 
43.3 
12.1 
Z 3  1 

23.40 
28.53 

3.46136 
33.3 

u. 84 
1 20. 0 
7.62 
0. 610 
2. 438 

1.486 

33 1 
1,473 

/dl 
6'34 

-_ 

-= 

cr. ClClClO 
0. 0 
0. 0 
0. 00 

PROG. =VER 06/27/53 
01-16-1380 l C I : l C I : 3 4  

i 
L e a k  C o r r e c t  ion= 0. 0000 

I 
I 

I 
I 
I 

a 
I 
I 
I 
I 

C o r r .  t o  7% 02 R 12% C 0 2  

I 
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I F I L E  NAME - R3HSV 
RUN - RUM 351,' - QSH GROVE CEMEFIT K I L N  

FrROJECT # - 3102-64-13 
F'o i r,t I 

1 

4 

1 1  

1 5  

17 
1 16 

1 8  

# D e l t a  F' D e l - t a  H 
<in .  H2.O) i i r c .  H 2 C l )  
0. 370 1.70 
0. 5z>:1 2.10 
<I. 580 2 .  30 
0. 570 z .  30 
0. 540 2.20 
C I .  350 1.40 
0 .  470 2. 00 
0. 520 ,2.2<1 
rr . 5 1 0 2.20  
0. 4&0 2 . 1 0  
0 .  300 1. X I  
0. 440 1.80 
0. 480 1.30 
0. 510 2-10 
CI. 510 2 . 1 0  
CI. 330 1 . 4 C I  
0 .  460 1.70 
0. 540 2.20 
i r .  540 2. 2cr 
0. 530 2.20 

Stack. T Meter T 

422 51 51 
594 67 Jd 

7Y 53 do 1 
5 5 A  66 62 
58 1 38 64 

7 0 63 
65 566 / +  

572 7'3 66 
570 85 68 
570 86 63 
543 72 , 67 

76 67 
568 73 66 
568 75 64 
568 75 63 
537 56 JJ 

582 63 J f  

63 J /  

74 53 d30 

584 8 1  61 

-: F 1 I r t < F )  U u t  ( F )  

55 

=- 

55 r dclD - .  

=-= dbJ 

CC 

c- 

c- =-- d5P 
=- 

F r a c t i o n  

DRY CRTCH 
F I L T E R  

Fa ROG. =VE R 06 I: 27 ,: 99 
*:I 1 - 16- 136CI 1 0  : 1 1 : 0 1 

F r a c t i o n  F i n a l  W t .  T a r e  W t .  V O l .  Net W t  . 
( g )  ( g )  ( m l )  (9) 

0. ClClClCl 0 .  0000 0- 0 0. 00c10  1 !;%G:i%SE 0. 0000 0. oouo 0. 0 0 .  0000 
s F'robe R i n s e  Hlartk (mg/rnl ) = 0. 0000 

Irnpinger Hlarik. (mg/ml 1 = 0. ClClClO 

M u l t i p l e  l e a k  c h e c k s  u s e d .  F i n a l  r e a d i n g s  fur e a c h  s e g m e n t  are l i s t e d  b e l o w  

Lk. Rate (cfm) T i m e  (rflin) 
CI. 0030 30. ClElOCl 

I 
I 0. CIClClCl 30. 0000 

il 
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I 
I 
1 
m 
i 
i 
I 

4 
5 
I 
I 
1 
1 
i 
1 
I 
I 
1 
c1 
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I 
I 
I 
il 
t 
I 
r 
n 
c 
I; 

t 

t 

5 .  m 
24.1 

as?. 5 
13.5 

Z6 
I'C. 7 
14.? 

c 

- 
ism 

32.03 
23.35 

R v e r - a g e  Square Rc8r.t o f  D e l t a  F' imm H 2 C I ) =  3. 8542 
:C I s , c ~ k i n e t i c =  101.6 

P i t  cct C o e f  f i c i e r & =  
S a m p l i n g  T i m e  i b l i r u t e s ) =  
No:: I 1 e D i  arnet er n: m m )  = 
S t a c k  R x i s  # S  !Pleters)= 
S t a c k  F l x i s  # Z  iirleters)= 
R e c t a n g u l a r  S t a c k .  I - ' S t a c k  Flrea ( S q u a r e  Meters)= 

0 . 8 3 
i >:I. 0 
7.62 

1.213 
2. 438 

2. '373 

I 8-223 



P,C<  i rit +I 

1 
2 
3 -. 
J 

6 
7 
9 
3 
1 0  
1 1  
12 

13 
14 
i5 
1 6  
1 7  
19 
13 
20 

- -,-act ion 

IHY CFlTCH 
- 1 L T E R  

' ract  ion  

"RUBE RI FISE 
: F l F ' I N G E R S  
.r*-*be R i n s e  B l  .I.. - 

E i t e c k  T Meter- T 

316 63 64 
65 si7 / a  

313 77 66 
68 

3i2 87 7 Cl 
71 319 1' 4 

32'0 5s /4 

313 59 / J  

313 30 I C I  

316 31 Ib  

316 i d  

318 83 75 
317 55 I J  

315 31 76 
3-16 33 / /  

315 I 3 
316 56 73 
317 34 51 
315 '37 61 
317 1 0 0  83 

!F) I n i F l  O u t  I F )  

-- 
r.* ea - 4  7 

4 A  I 

- .  
- .  
-c -- -- -- 
1'5 -c 

-c 

-- 
- r  
I' b -.r 

l u l t i p l e  leak checks used. F i n a l  r e a d i n g 5  for each s e g m e n t  a r e  l i s t e d  b e l o w  

.k H a t e  icfml T i r n e  ( m i r 0  
0. C r i l 3 i l  3 C i .  ClClClii  

0. O C I 2 C I  30. oclclt:l 

0. C I i I Z i I  3 i i .  C i O C i i i  

0 .  0020 30. Cli lClCl  
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:C I s o k i r t e t  ic: 

Pit at C o e f  f i c i ent = 
S a m p l i n g  T i m e  i M i ~ s i . i t e s >  = 
PIC*= z le Di a r n e t  er I I r t c h e s )  = 

S t a c k  F l x i 5  #2 i I r c h e s ) =  

Stack area ISquare F e e t  j =  

S t a c k  R H 1 5  < I T C h E 5 ) =  

RECt.3ftyLil a r  S t a c k .  I 
I 
, . . S t a c k  V e l n c i t y  i R c t u a 1 ,  F e e t i m i n ) =  

F l o w  R a t e  i i l c t u a l ,  C u b i c  f t / m i n ) =  
F 1 . o ~  r a t e  ( S t a n d a r d ,  W e t ,  C u b i c  f t / ' n i i n ) =  
F l o w  R a t e  i S t a n d a r d .  Dry, C u b i c  f t . " m i n ) =  . .  

F'er t icLi~a te  L o a d i n g  - Frwrit H a l f  1 
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I 

J 

12 

DRY CilTCH I F I L T E R  
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I 

F ' e r c e n t  Water= I 
i C ) =  

<C)= 

0. 93 
1 ?*:I. *.:I 

7.62 
1.213 
2.439 

2.373 

St a c k  '\'e 1 oc i t y I act na 1 , m/ m i rg 1 = 9305 
F l o w  ? a t e  i f l c t u a l ,  C u b i c  m , ' m i n ) =  2,632 

Flow r a t e  i S t a r s d a r d ,  D r y ,  Cubic m / m i n ) =  1,462 
Flow r a t e  iS tandard ,  Wet, C u b i c  m / ' m i n )  = 1, Y O 7  

I 
11 
I' 

P a r t i c u l a t e  L c e d i n g  - F r o n t  Half 

P a r t i c u l a t e  W e i g h t  i g j =  0. 0 < l 0 ~ 1  Ccrr-.  , t ea  7% 02 R 12% COZ 
F'ar- t  i c u l a t e  L c a a d i n g ,  Dry S t d .  t r n g / c u  m ) =  CI. 0 0. 0 0. 0 
p- . .  .=,,.ticulate L a a d i n g ,  a c t u a l  i m g / c u  m ) =  <I. CI 
E m i s s i o r i  Ra te  i k g / h r ) =  ,:I. ClCl  

NO H a c k  Half f l n a l y s i s  
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Fr-.act ion 

DRY' CFlTCH 
FILTER 
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S t a c k .  Velnci t y  ( 1 7 c t u a 1 ,  Feet  / m i  n )  = 3,119 

F l o w  r a t e  2 : S t e r j d a r d ,  W e t ,  C u b i c  f t / 'm in )=  S5, 0113 
F l o w  R a t e  (Qc tua l ,  C u b i c  f t / m i + O =  43, 301 

F l a w  Rate  iS t anda rd ,  D r y ,  C u b i c  f t / ' m i n ) =  L A ,  124 

P a r t i c u l a t e  L o a d i n g  - Frcwtt H a l f  

F ' a r t  i cul a t  e b l r i  g h t  i g 1 = CI. 0 ~ : 1 ~ 1 0  C o r r .  to  7% 0;' 12% COZ 

F ' a r t i c u l a t e  L o a d i , r t g ,  a c t u a l  i g r / ' c u  f t ) =  CI. 0 0 c 1 0  

- -  I 
1, 
1 F a . , - t i c u l a t r  L o a d i n g ,  D r y  S t d .  igr/scf)= CI. r:1C100 0. CIClClCl 0. Cli:lO(l 

Ern i 55 i c8rs R a t  e i 1 b /  hr j = !:I. O i l  
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2 

13 
LCI I -. 

1 Fr-act i o n  

DRY CRTCH I I F I L T E R  

Fr-act ion 

E PROBE RINSE 
I P I P  I t4GE RS 

M u l t i p l e  leak c h e c k s  u s e d .  F i n a l  r e a d i i - 8 y 5  f o r -  e a c h  s e g r n r n t  are 1 i 5 t e d  be low 

Lk. Rate i c f r n )  T i m e  imi . r t )  
0 .  0 0 0 i 1  3 i l .  0000 
*.:I. 001il so. CICl(I<l 
0. 0 0 1 0  30. < 1 0 0 C I  

(1. C 1 0 4 0  30. ~lcl<l,:l 

I 
1 

8-233 



I 
I 
I 
I 
1 
I 
D 
I 
I 
I 
I 
I 
I 
i 
3 
1 
I 
I 
1 

Appendix 8-9 
Volatile Organics Analysis 
Data Summary 

METHOOS 

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. All samples were 
treated similarly. The surrogates for the PCDO/PCOFs and semivolatiles were 
added alternating between the five components. The surrogates employed for 
this study were Ds-2-chlorophenol and D,,-pyrene to monitor accuracy for the 
semivolatile organic screen and the 13C-labeled PCDD/PCOFs specified in SW-846 
Method 8290 to monitor accuracy for PCDD/PCOF 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 
Soxhlet 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. All three solvent extractions were combined and saved to be 
combined with the aqueous extracts. These samples were extracted using a 

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 
initially adjusted to neutral, pH 7-8. using 1 N NaOH or 1:l H2S0,,:H20. 
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. All the solvent extracts were combined and saved 
to be concentrated with the filter and XAD fractions. 511-846 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/PCOF analysis, 2.5 mL for 
semivolatile organic screen, and 5 mL for gravimetric analysis. The semi- 
volatile portion was nitrogen-evaporated to 1 mL 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 final volume of 25 pL. 

The sample aliquots designated for the semivolatile organic screens were 
spiked with 100 vg of 2,2'-difluorobiphenyl and analyzed according to €PA 
Method 1625. This analytical method is roughly equivalent to SW-846 Method 
8270 in terms of chromatographic conditions and analytical parameters. The 
target compound list from Method 1625 (Table 8-10-1) 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 

Soxhlct cxtract!o:: device acccrding to SW-E46 !-%t!iod 3540. 
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Appendix 8-9 
Volatile Organics Analysis 
Data Summary 

and nontarget compound concentrations. A1 1 sample concentration calculations 
accounted for the splits described above. 

The cleaned-up sample aliquots designated for PCDD/PCOF analysis were 
spiked with the Method 8290-required internal standards (98 pg of 13C-1,2,3,4- 
TCOD and 196 pg of 13C-1,2,3,7,8,9-HxCOO). They were analyzed by SW-846 
Method 8290. All sample concentration calculations accounted for the splits 
described aoove. 

Several quality control samples were prepared to monitor the quality 
(precision and accuracy) of the analytical results. These samples were a 
fllter blank, blank filter matrix spi!4Pi !?!an!! filter m?tr!x sp!k:: dup!!cate, 
XAO blank, blank XAD matrix spike, blank XAO 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 
PCOO/PCOF. 

RESULTS 

Table 8-10-2 summarizes the analytical results for PCOOs 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%). All calibration criteria specified 
on SW-846 Method 8290 for the initial and continuing calibration checks of 
PCOOs and PCDFs were met during the analysis of these samples. 

Surrogate recoveries for PCDOs and PCOFS are summarized in Table 8-10-3. 
Only two o f  the 63 surrogate recovery determinations did not meet the accuracy 
quality control limit (QCL) of 40% to 120%. Precision QCLs (35% RSO) were met 
f o r  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 6-10-4 and 8-10-6 present the recoveries of PCDO/PCOFs spiked into 
XAO, filter. and water blanks, respectively. For the XAO spiked blanks 
(Table 8-4). 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 8-10-5) and water (Table 8-10-6) spikes met 
accuracy QCLs for 32 out of 34 determinations, and the duplicate spiked blanks 
met precision QCLs. 

Tables 8-10-7 to 8-10-16 summarize the results of the semivolatile 
organic screen using GC/MS. For each table, the compounds specified in 
Table 8-10-1 that were found in these samples are reported together with 
approximate concentrations for compounds found above or near the estimated 
detection limit, also specified in the tables. In addition, for each sample, 
the five most abundant nontarget compounds identified are reported, with 
approximated sample concentrations. 

Table 6-10-17 summarizes surrogate recoveries for samples screened for 
semivolati le organic compounds by GC/MS. Only D,,-pyrene recoveries are 

The blanks were also analyzed for semivolatiles. 
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Appendix 6-9 
Volatile Organics Analysis 
Data Summary 

reported. D,,-Z-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 
PCDFs. 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 
limits. 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 6-10-18 to 8-10-20 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 6-10-1. COMPOUNDS MONITORED DURING GC/MS SCREEN 

1. 
2. 
3. 

5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 

1 
.I. 

N-Nitrosodimethylani 1 ine 
a-Picol ine 
Styrene 

Phenol 
2-Chlorophenol 
n-Decane 
N-Ni troso-di -n-propylamine 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
p-Cymene 
1.2-Dichlorobenzene 
Bi s( 2-chloroi sopropyl ) ether 
Hexach 1 oroethane 
Nitrobenzene 
Isophrone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bi s (2-ch1oroethoxy)methane 
2.4-0ich1oropheno1 
1,2,4-Tri chl orobenzene 
Naphthalene 
a-Terpineol 
n-Dodecane 
1.2,3-Trichlorobenzene 
Hexachl oro-1.3-butadi ene 
4-Chloro-3-methylphenol 
Hexachlorocyclopentadiene 
2.,4.6-Trtctd orophenol 
2.4,5-Trichlorophenol 
2-Chloronaphthal ene 
Diphenyl 
Diphenyl ether 
2,6-Dinitrotoluene 
Dimethyl phthalate 
Acenaphthylene 
Acenaphthene 
2.4-Dinitrophenol 
Dibenzofuran 
4-Ni trophenol 
2,4-D i ni trotoluene 

B i  5 (2-ch:oropheiio: ; ether  

42. 
43. 
44. 

46. 
47. 
48. 
49. 
50. 

" C  
-1. 

51. 
52. 
53. 
54. 
55. 
56. 
57. 
50. 
59. 
60. 
61 - .-. 

62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
70. 
79. 
80. 
81. 
02. 

2-Naphthyl amine 
N-Hexadecane 
F1 uorene 
4-Ch;oiopiienyi-pher?vi ether 
Diethyl phthalate 
4.6-Dinitro-2-methylphenol 
Diphenylamine 
1,2-Diphenylhydrazine 
N-Nitrosodiphenylamine 
4-Bromophenyl-phenyl ether 
Hexachlorobenzene 
Di benzothiophene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butyl phthalate 
n-Ei cosane 
F1 uoranthene 
Benzidine 
Pyrene 
Benzyl butyl phthalate 
Tetracosane 
Chrysene 
3,3'-Dichlorobenzidine 
BenzIal anthracene 
Bis(2-ethylhexyl) phthalate 
Di -n-octyl phthalate 
Benzo[b] f luoranthene 
Benzo[k]fluoranthene 
Benzo[a]pyrene 
Tri acontane 
Dibenz[a,h]anthracene 
Benzo [g,h,i 1 peryl ene 
Tetradecane 
Octadecane 
Docosane 
Hexacosane 
Octacosane 
IndenoI 1,2,3-c,d] pyrene 
2,3,6-Trichlorophenol 

B-238 

I 
I 
I 
I 
i 
m 
I 

P 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 

I 
a 

E 
b 
I 
I 
I 
I 
I 
I 
I 
I 
1 

TABLE 8-10-2. AMOUNT OF PCDD/PCDF FOUND (pg) 

Analyte 

Run Run Run Run Run Run 

1005 1010 3005 3010 4005 4010 
1001- 1006- 3001- 3006- 4001- 4006- 

2,3,7,8-TCDF 
213,7,8-TC0D 
1 .2,3,7,8-PeCDF 
2.3,4.7,8-PeCOF 
1,2.3,7.8-PeCDD 
I ,2 ,3,4,7,8-HXC:J+ 
1.2,3,6,7.8-H~CL'- 
2,3.4,6,7,8-H~CO; 
1,2,3,7.8,9-H~CD " 
1,2,3,4,7 98-HxCIIJ 
1.2.3.6,7.8-H~COR 
1,2.3,7,8,9-H~COD 

1,2,3,4,7,8,9-HpCDF 
1,2,3.4,6,7,8-H~CDD 
OCOF 
OCDD 
TCDF 
TCOD 
PeCDF 
PeCOO 
HxCOF 
HxCDD 
HpCOF 
HpCDO 

1,2,3,4.6,7 ,S-UpCDF 

NO 
NO 
57.7 
37.3 
21.8 
69.6 
NO 
36.3 
NO 
NO 
NO 
44.1 

HE 
NO 

177 
211 
761 
136 

240 
NO 

21.8 
97.8 

NO 
122 

302 

240 
NO 
NO 

NO 

61.5 
80.8 
ND 
NO 
NO 
37.3 

I D  
NO 

101 

126 

122 
312 
468 
1290 

552 

413 
118 
110 
219 

NO 

44.5 

59.6 63.1 
NO NO 
50.1 NO 
33 NO 
NO NO 
96.8 62.9 
36.1 NO 
NO 25.9 
NO NO 
NO ' NO 
NO NO 

157 I," 

134 119 
616 405 
550 629 
177 108 

NO NO 
225 59.7 

NO ND 
184 116 

38.2 

NO 55.2 
Ll" 

31.4 

_-. ~~ 

98.2 108 
273 101 
349 193 

700 170 

279 128 
NO NO 

330 NO 
92 NO 
736 147 
267 40.8 
380 33.1 

NO 34.1 
141 NO 
140 NO 
212 39.3 

N D 
241 92 
799 123 
1210 328 
1350 677 
3220 625 
463 NO 
3130 259 
59 5 NO 
2540 29 7 
1310 49.2 
2020 172 
1470 212 

,3"n 
*J"Y 
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TABLE 8-10-7. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 1001-1005 

Total extract volume (mL): 10 
Solit volume ImLI: 2.5 

Amount surroqate spike 
D ,  ,,-Pyrene: 394 . ,  

F!nai split volume (mL): 1 D/IZ-Chlorophenol: 400 
1s ai;eat 329.ji6 

Detection limit: 40 total pga 

No. Compound 
Sample amount' Surrogate 

Total area !ua! recovery 

b 2 D1,-Pyrene 
3 D,,-Z-Chlorophenol 
35 Diphenyl 
42 Dibenzofuran 
59 Anthracene 
71 Bis(2-ethylhexyl) phthalate 

Nontarget majors 

Scan Compound 

420337 295.8 75.1% 
0 0.0 0.0% 

25849 31.4 NA 
60925 74.0 NA 
23360 28.4 
37718 45.8 

NA 
NA 

Conc. Sample amount' Surrogate 
(W/W (w3) recovery 

764 Methylphenol 
775 Methylphenol 

795 Methylphenol 
882 Methylbutylbenzene 

1036 Alkane 

320 1280 NA 
31 124 NA 

1600 6400 NA 
52 208 NA 
11 44 NA 

a All compounds with areas less than 10% of the internal standard are 
considered to be below the stated detection limit. All of the target 
analytes monitored are 1 isted 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 
amount (us) 

- ( Total area 100 Final split vol. Total extract vol.1 - (IS area RRF - Split 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 ext ract  volume (mL): 10 
S o l i t  volume h L ) :  2.5 

Amount surroqate spike (& 
D ,  "-Pyrene: 394 ~. , 

Final s p l i t  volume (mL): 1 D&'-thlorophenol: 400 

IS area: 256.563 
Detection l i m i t :  40 t o t a l  pga 

No. Compound 
Sample amount' Surrogate 

Total area ( w )  recovery 

350293 316.6 80.4% 
0 0.0 0.0% b 2 Dlo-Pyrene 

3 Dc-2-Chlorophenol 
7 1  B i  s(2-ethyl hexyl) phthalate 13223 20.6 NA 

Nontarget majors 

Scan Compound 

I 
1 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
1 
I 
I 
1 
~- 

718 Trimethyl benzene 
758 Methylphenol 
884 Substi tuted benzene 

1035 Alkane 
1250 Substi tuted benzene 

21 84 NA 
NA 
NA 

2100 8400 NA 
28 112 NA 

120 480 
340 1360 

a A l l  compounds w i th  areas less than 10% o f  the in ternal  standard are 
considered t o  be below the stated detection l i m i t .  A l l  o f  the target  
analytes monitored are l i s t e d  separately. 

The f i lament on the mass spectrometer was turned on too l a t e  t o  detect t h i s  
compound. This was due t o  the use o f  toluene i n  the sample extracts, which 
burned out the f i lament several times. 

Sample 
amount (4 

- ( Total area 100 Fina l  s p l i t  vol.  Total ext ract  vol.) - 
(IS area RRF S p l i t  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 Amount surroqate spike ( p d  
Split volume (mL): 5 DI0-Pyrene: 394 
Final split volume (mL): 1 Dv-2-Chlorophenol: 400 

is area: 454.457 
Detection limit: 20 total pga 

No. Compound 
Sample amount' Surrogate 

Total area !.s! recnvery 

2 D,,-Pyrene 1037216 264.6 67.2% 
3 D,,-E-Chlorophenolb 0 0.0 0.0% 

61 Oi-n-butyl phthalate 20426 9.0 NA 
71 Bis(2-ethyl hexyl) phthalate 73761 32.5 NA 

Nontarget majors 

Scan Compound 
Conc. Sample amount' Surrogate 
(vg/mL) (w) recovery 

748 Methylphenol 
1229 Substituted benzene 
778 Phenyl ethanone 
979 Ethyl phenyl ethanone 
1240 Bls-ethanediyl benzene 

110 220 NA 
46 92 NA 
6 12 NA 
7.4 14.8 NA 
35 70 NA 

a All compounds with areas less than 10% of the internal standard are 
considered to be below the stated detection limit. All 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 
amount (pg) 

- ( 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 8-10-10. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 2001-2005 

Total extract  volume (mL): 10 
S p l i t  volume (mL): 5 D O-Pyrene: 394 
Final  s p l i t  volume (mL): 1 Dt,-2-Chlorophenol: 400 

IS area: 336.527 
Detection l i m i t :  20 t o t a l  uga 

Sample amount' Surrogate 
No. Compound Total area (us) recovery' 

871752 300.3 76.2% 
0 0.0 0.0% b 2 Dlo-Pyrene 

3 Dr-2-Chlorophenol 
35 Diphenyl 47586 28.3 NA 
42 Oibenzofuran 126490 75.2 NA 
61 Di-n-butyl phthalate 27166 16.1 NA 
71  Bis(2-ethylhexyl) phthalate 68199 40.5 NA 

Nontarget majors 

Scan Compound (ug/mL) (P9) recovery 
Conc. Sample amount' Surrogate 

757 Methylphenol 
767 Methylphenol 
789 Methylphenol 

1247 Methyl phenylmethyl benzene 
1258 Methyl phenylmethyl benzene 

320 640 ._. - .. 
58 116 

150 300 
160 
57 

NA 
NA 
NA 

320 NA 
114 NA 'I 

a A l l  compounds wi th  areas less than 10% o f  the in ternal  standard are 
considered t o  be below the stated detect ion l i m i t .  A l l  o f  the target  
analytes monitored are l i s t e d  separately. 

The f i lament on the mass spectrometer was turned on too l a t e  t o  detect t h i s  
compound. This was due t o  the use of toluene i n  the sample extracts, which 
burned out the f i lament several times. 

Sample 
amount (ug) 

- j Total area - 100 F ina l  s p l i t  vol. Total extract  vol .1 - (IS area RRF S p l i t  volume) 
where RRF = 1 except f o r  surrogates. 
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TABLE 8-10-11. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 2006-2010 

Total  extract  volume (mL): 10 
S a l i t  volume (mLI: 5 

Amount surroqate spike (& 
D ,  --Pyrene: 394 

-r \ -, 
Final  s p l i t  volume (mL): 1 D;I2-Chlorophenol: 400 

is area: 3Oi.3ii 
Detection l i m i t :  20 t o t a l  pga 

- No. Compound 
Sample amount' Surrogate 

Total area !.a! rpcnvpry 

b 2 D,,,-Pyrene 
3 Db-2-Chlorophenol 

Nontarget majors 

Scan Compound 

745166 286.7 72.8% 
0 0.0 0.0% 

Conc. Sample amount' Surrogate 
(Ilg/mL) (vg) recovery 

762 Methylphenol 
890 Substituted benzene 
717 Trimethylbenzene 

1022 Alkane 
1249 Bis-ethanediyl benzene 

2 40 480 NA 
560 1120 NA 
30 60 NA 
27 54 NA 
39 78 NA 

a A l l  compounds w i th  areas less than 10% of  the In ternal  standard are 
considered t o  be below the stated detection l i m i t .  A l l  o f  the target 
analytes monitored are 1 is ted separately. 

The fi lament on the mass spectrometer was turned on too l a t e  t o  detect t h i s  
compound. This was due t o  the use o f  toluene i n  the sample extracts, which 
burned out the f i lament several times. 

Sample 
amount (ug) 

- - 1 Total area 100 Final  s p l i t  vol. Total extract  vol .1 
(IS area RRF S p l i t  volume) 

where RRF = 1 except f o r  surrogates. 
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TABLE 6-10-12. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 3001-3005 

Total extract volume (mL): 10 Amount surroqate spike [uq) 
Split volume (mL): 2.5 D,,-Pyrene: 394 
Final split volume (mL): 1 D,-Z-Chlorophenol: 400 

IS area: 254.282 
Detection limit: 40 total .uga 

No. Compound 
Sample amount' Surrogate 

Total area (w3) recovery 

43747 39.9 10.1% 
0 0.0 0.0% b 2 D,,-Pyrene 

3 DQ-2-Chlorophenol 
71 Bis(2-ethylhexyl) phthalate 105234 165.5 NA 

Nontarget majors 

Scan Compound 
~ 

756 Methylphenol 230 920 NA 
1025 Alkane 970 3880 NA 
1029 Alkane 210 a40 NA 
1859 Alkanoic acid ester 67 268 NA 
1255 Methyl phenylmethyl benzene 51 204 NA 

All compounds with areas less than 10% of the internal standard are 
considered to be below the stated detection limit. All 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 
amount (pg) 

- ( 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 6-10-13. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 3006-3010 

I '  
I 
I 
I 
I 
I 

Total extract volume (mL): 10 
Solit volume ImLI :  2.5 

Amount surroqate spike (& 
D1 ,-Pvrene: 394 . ,  

Final split volume (mL): 1 D;IZ-Chlorophenol: 400 
--.e -.I. Lfa.IaL 

Detection limit: 40 total pga 

No. Compound 
Sample amount' Surrogate 

Total area !Ud recovery 

351046 292.0 74.1% 
0 0.0 0.0% b 2 D,,-Pyrene 

3 D,-2-Chlorophenol 
71 Bis(2-ethylhexyl) phthalate 222088 318.7 NA 

Nontarget majors 

Scan Compound 
Conc. Sample amount' Surrogate 
(rg/mL) (U9) recovery 

894 Benzaldehyde 57 228 NA 
905 Dimethyl ethoxy toluene 120 480 MA 
1032 Alkane 1600 6400 NA 
1863 Substituted benzene 220 880 MA 
1256 Methyl phenylmethyl benzene 100 400 NA 

a All compounds with areas less than 10% o f  the internal standard are 
considered to be below the stated detection limit. All of the target 
analytes monitored are 1 isted separately. 

The filament on the mass spectrometer was turned on too late to detect this 
compound. This was due to the use o f  toluene in the sample extracts, which 
burned out the filament several times. 

Sample 
amount (us) 

- I_ 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 8-10-14. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 4001-4005 

Total extract volume (mL): 10 
Solit volume ImL): 2.5 

Amount surroqate spike (us) 
D. ,-Pvrene: 394 . ,  ." - 

Final split volume (mL): 1 D,-2-Chlorophenol: 400 

IS area: 370.980 
Detection limit: 40 total uga 

No. Compound 
Sample amount' Surrogate 

Total area (w), recovery 

344368 215.3 54.6% 
0 0.0 0.0% b 2 D,,-Pyrene 

3 Dr-2-Ch 1 orophenol 
71 Bi s(2-ethyl hexyl) phthalate 117158 126.3 NA 

Nontarget majors 

Scan Compound 

756 Methylphenol 
726 Substituted benzene 
785 Methylphenol 

765 Methylphenol 
1024 Alkane 

380 1520 NA 
30 120 NA 
55 220 NA 

1300 5200 NA 
27 108 NA 

i 

All compounds with areas less than 10% of the internal standard are 
considered to be below the stated detection limit. All of the target 
analytes monitored are 1 isted 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 
amount (us) 

- ( Total area - 100 Final split vol. Total extract vol.1 - (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 
%lit volume ImL1: 5 

Amount surrogate spike (pq) 
DIn-Pyrene: 394 . .  

Final split volume (mL): 1 D;IZ-Chlorophenol: 400 
... ^.^ .^- ia  area: S + U . I ~  

Detection limit: 20 total uga 

No. Compound 
Sample amount' Surrogate 

recovery Total area !.a! 

720208 245.5 62.3% 
0 0.0 0.0% b 2 D1,-Pyrene 

3 D,-2-Chlorophenol 
71 Bis(2-ethylhexyl) phthalate 146269 86.0 NA 

Nontarget majors 

Scan Compound 
Conc. Sample amount' Surrogate 
(ug/mL) (w) recovery 

757 Methylphenol 
888 Substituted benzene 
715 Trimethylbenzene 
923 Benzothiophene + unknown 
919 Methyl benzaldehyde 

98 196 NA 
23 46 NA 
35 70 NA 
43 86 NA 
20 56 NA 

a, All compounds with areas less than 10% o f  the internal standard are 
considered to be below the stated detection limit. All o f  the target 
analytes monitored are 1 isted 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 
amount (us) 

- ( Total area 100 Final split vol. Total extract vol.1 - (IS area - RRF Split volume) 
where RRF = 1 except for surrogates. 
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TABLE 8-10-16. GC/MS SCREEN DATA SUMMARY FOR SAMPLE 5006-5010 

Tota l  e x t r a c t  volume (mL): 10 
S o l i t  volume ImL): 5 

Amount surroqate sp ike  ( p d  
D, .-Pvrene: 394 ~~ 

F \na l  s p l i t  volume (mL): 1 Di r2- ih lo ropheno l  : 400 

IS area: 322.369 
Detec t ion  l i m i t :  20 t o t a l  pga 

No. Compound 
Sample amount' Surrogate 

To ta l  area (IN) recovery 

b 2 D,,-Pyrene 
3 D,,-Z-Chlorophenol 

Nontarget majors 

scan Compound 

870250 313.0 79.4% 
0 0.0 0.0% 

Conc. Sample amount' Surrogate 
(&!!!L) !GS! recover;' 

760 Methylphenol 
881 Subst i tu ted  benzene 
714 Unknown compound 
897 Benzaldehyde 

2114 Unknown 

94 188 NA 
68 136 NA 
35 70 NA 
43 86 NA 
23 46 NA 

a A l l  compounds w i t h  areas l e s s  than 10% o f  the  i n t e r n a l  standard are 
considered t o  be below t h e  s ta ted  de tec t i on  l i m i t .  A l l  o f  the  t a r g e t  
analy tes monitored are l i s t e d  separately. 

The f i l amen t  on the  mass spectrometer was turned on too  l a t e  t o  de tec t  t h i s  
compound. This was due t o  t h e  use of to luene i n  the  sample ext racts ,  which 
burned ou t  the f i l amen t  severa l  times. 

Sample 
amount (ug) 

- To ta l  area 100 F i n a l  s p l i t  vol. T o t a l  e x t r a c t  vol .1 
(IS area RRF S p l i t  volume) 

- 

where RRF = 1 except f o r  surrogates. 
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TABLE 6-10-17. PERCENT SURROGATE RECOVERIES (SVO) 

Sample D ,.,-Pyrene DV-2-Chl orophenol Spiked on 

F i l t e r  blank 

XAO blank 
, , _ L _ _ _  L . _ _ I .  wa~crr U I a I I K  

1001-1005 
1006-1010 
1011-1015 
2001-2005 
2006-2010 
3001-3005 
3006-1010 
4001-4005 
4006-4010 

5006-5010 
5001-5005 

Average recovery 

Total 
% RSO 

F i  1 t e r  
Range % 

XAD 
Range % 

FH/BH 
Range % 

Condensate 
Range % 

91.8 
86.6 
85.8 

75.1 
80.4 
67.2 
76.2 
72. Ea 
10.1 
74.1 
54.6 
50.6 
62.3 
79.4 

69.1 
28.8 

62.9, 
39.0 

69.Ja 
37.0 

74.5 
4.56 

69.6 
24.6 

NO 
NO 
NO 

NO 
ND 
NO 
NO 
NO 
NO 
NO 

,NO 
NO 
NO 
NO 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

F i l t e r  
Yp.! 
Condensate 
FH/BH 
FH/BH 
F i  1 t e r  
XAD 
XAO 
F i l t e r  
Condensate 
Condensate 

a Did not meet OQOs. 
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TABLE 8-10-18. GC/MS SCREEN DATA SUMMARY FOR XAD BLANK 

Total ext ract  volume (mL): 10 Amount surrogate spike ( p q l  
S p l i t  volume (mL): 2.5 D ,,,-Pyrene: 394 
Final s p l i t  volume (mL): 1 D,-2-Chlorophenol: 400 

IS area: 248.178 
Detection l i m i t :  40 t o t a l  pga 

No. Compound Total area ( a )  recovery 
Sample amount' Surrog t e  

361752 338.0 85.8% 
0 0.0 0.0% b 2 D,,-Pyrene 

3 D4-2-Chlorophenol 
7 1  B i  s(2-ethyl hexyl) phthalate 24137 38.9 NA 

Nontarget majors 

Scan Compound 
Conc. Sample amount' Surrogate 

(pg/mL) (rg) recovery 

752 Methylphenol 

715 Trimethylbenzene 
815 Butylbenzene 
908 Benzoic acid 

1036 Alkane 
37 148 NA 

2700 10800 NA 
13 52 NA 
5.1 20.4 NA 

27 108 NA 

a A l l  compounds w i th  areas l e s s  than 10% of  the in ternal  standard are 
considered t o  be below the stated detect ion l i m i t .  A l l  o f  the target  
analytes monitored are 1 is ted separately. 

The f i lament on the mass spectrometer was turned on too l a te  t o  detect t h i s  
compound. This was due t o  the use o f  toluene i n  the sample extracts, which 
burned out the f i lament several times. 

Sample 
amount (vg) 

- - I Total  area 100 F ina l  s p l i t  vol .  Total ext ract  vol.) 
(IS area RRF S p l i t  volume) 

where RRF = 1 except f o r  surrogates. 
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TABLE 8-10-19. GC/MS SCREEN DATA SUMMARY FOR FILTER BLANK 

Total extract volume (mL): 10 Amount surroqate spike 
Split volume (mL): 2.5 D lo-Pyrene: 394 
Final split volume (mL): 1 D1,-2-Chlorophenol: 400 

is dreat 234.672 
Detection limit: 40 total pga 

No. Compound 
Sample amount' Surrogate 

Total area !UU! recovery 

b 2 Dlo-Pyrene 
3 Db-2-Chlorophenol 

Nontarget majors 

Scan Compound 

366190 361.8 91.8% 
0 0.0 0.0% 

Conc. Sample amount' Surrogate 
(vg/mL) (a) recovery 

7 11 
749 Methylphenol 
873 Substituted benzene 
919 Alkane 
1037 Alkane 

Tr i methy 1 benzene 27 108 NA 
12 84 NA 
15 60 NA 

3100 12400 NA 
13 52 NA 

All compounds with areas less than 10% of the internal standard are 
considered to be below the stated detection limit. All 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 o f  toluene in the sample extracts, which 
burned out the filament several times. 

Sample 
amount (vg) 

- ( Total area - 100 Final split vol. Total extract vol.1 - (IS area RRF Split volume) 
where RRF = 1 except for surrogates. 
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TABLE 8-10-20. GC/MS SCREEN DATA SUMMARY FOR WATER BLANK 

Tota l  e x t r a c t  volume (mL): 10 Amount surrogate sp ike ( p a  
S p l i t  volume (mL): 2.5 D,,-Pyrene: 394 1 F i n a l  s p l i t  volume (mL): 1 D4-2-Chlorophenol : 400 

IS area: 275.288 
Detec t ion  l i m i t :  40 t o t a l  vga 

No. Compound To ta l  area (us) recovery 
Sample amount' Surrogate 

I 
2 
3 b D,,-Pyrene 

D4-Z-Chlorophenol 
405163 341.3 86.6% 

0 0.0 0.0% 

Nontarget majors 
Conc. Sample amount' Surrogate 

....L....̂ ...l Scan Cnmpnunr! ,I.>, ...-I (VS) I SLY.=, J 
I.." Iml  1 

I 
I 

753 Methvlohenol 35 140 NA 

m 878 Subst i tu ted  benzene 
1040 Alkane 

714 Subst i tu ted  benzene 
1249 Subst i tu ted  benzene 

~. . .. . ~~ 

44 176 NA 
27 108 NA 
24 96 NA 
16 64 NS 

a A l l  compounds w i t h  areas l ess  than 10% o f  the  i n t e r n a l  standard are  
considered t o  be below the  s ta ted  de tec t i on  l i m i t .  A l l  o f  t h e  t a r g e t  
analy tes monitored are l i s t e d  separately.  

The f i l a m e n t  on the  mass spectrometer was turned on t o o  l a t e  t o  de tec t  t h i s  
compound. This was due t o  t h e  use of to luene i n  t h e  sample ext racts ,  which 
burned ou t  the  f i lament  several  times. 

I 
I 
I 

Sample 
amount (pg) 

- 1 Tota l  area 100 - F i n a l  s p l i t  vo l .  To ta l  e x t r a c t  vol.) - (IS area RRF S p l i t  volume) 

where RRF = 1 except f o r  surrogates. 

I 
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I 
I 
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QUALITY ASSURANCE/QUALITY CONTROL 
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SUMMARY OF QUALITY ASSURANCE AUDITS 

This appendix describes the audits conducted during this work assignment. 
All audits were conducted by T. Dux, the Quality Assurance Coordinator (QAC) 
for this work assignment. All 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-- 

was 
audi 

Scope of the audit--The audit was conducted on 10/29/89, Run 2; the QAC 
present from initial setup to final disposition o f  samples. During the 
t, 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 sampling 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 liquid 
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 

Audit results--In general. all 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. 
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Audit of Data Quality of Field Sampling and Associated Calibrations and 
Cal cu 1 at i ons-- 

Scope of the audit--The raw data and calculations associated with field 
sampl-by the QAC and compared to the test plan for compliance 
to planned methodology and achievement of project objectives. All information 
and data for Run 3 sampling of the main duct emissions (semivolatile, hydrogen 
chloride. volatile, and Orsat!, r w  meill, liqnid waste, :o!!d uasts, and ESP 
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 analytical 
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 require- 
ments. The hydrogen chloride, semivolatile samples (MM5 train). and volatile 
samples (VOST) were generated in accordance with project and method require- 
ments. Some difficulties were noted during the audit concerning HC1 
calculations and field equipment calibration records. These topics were 
reported to project and line management and corrected before the test report 
was finalized. 

Audit o f  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 analysis. Quantitation was done using a reference 
standard of propane, and a standara containing C7 and C17 hydrocarbons was 
used to separate data into a C1-7 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 o f  project objec- 
tives. All 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 sample 
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, Dioxin/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 (SVO) 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 fractions, 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 €PA Method 1625 and the 
five major components of the SVO fraction. The analytical methodology was 
based on €PA 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. All 
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 detail. 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 PCDD/F meet project requirements and objectives. 
k : d i n g  tiiiiics iiere met; calibration criteria were met; ail sample results for 
PCDD/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. 

Some sample preparation and analysis holding times were exceeded by 
a short time; however, the results were not compromised. 

SVO calibration procedures were different from those specified in 
the test plan, but the calibration procedure was satisfactory. 

There were two surrogates for SVO 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. 

All difficulties noted during the audit were reported to project and line 
management for consideration and resolution. All 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 

Following are the main QA topics of the audit: 
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semiquantitation of all compounds on the EPA Method 1624 target analyte list), 
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, f i e l d  blanks, system 
blanks, performance samples, and GC/MS logbook entries were reviewed in 
detail. One sample, 4040. was traced through the project records to verify 
sample results. 
n , . s +  ~ ~ - . ~ l + ~  
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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 field 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 pg/mL level) and 
analyzed following instrument calibration. A potassium chloride reference 
solution was diluted to two levels (7 and 0.7 g/L). Results for chloro- 
benzene, potassium, and chloride are reported in the technical portions o f  
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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