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I. modeling Protocol: Prepared for the Non-Criteria Pollutant 
Analysis of the Koppers Industries Salem Facility 

The following is the proposed air dispersion modeling 
protocol for creosote emissions from the Koppers Industries wood 
treating operations located in Salem, Virginia. The plant is 
located in Roanoke County at UTM coordinates 4125130 North and 
577190 East at an elevation of approximately 1070 feet above mean 
sea level. Attached are the Glenvar and Salem Quadrangle USGS 
topographic maps showing the site location and nearby terrain 
features. 

Section I of this plan describes the pollution emission 
characteristics and locations. Section I1 provides an overview 
of the good engineering practice (GEP) stack height evaluation, 
the screening modeling planned, and the purpose of the modeling. 
Section I11 lists the modeling output products available for the 
Virginia Department of Air Pollution Control (DAPC) review. The 
modeling analysis will conform to DAPC's modeling guidelines. 

If DAPC mandates changes to the modeling protocol, or if 
unexpected regulatory actions or project alterations warrant, 
this protocol will be revised and resubmitted for review and 
approval. 

1.1. s- DESCRIPTION 

Wood preservation is the impregnation of chemicals into wood 
to a depth that will provide effective long-term resistance to 
attack by fungi and insects. 
in the U . S .  for wood preservation are pentachlorophenol, creosote 
and aqueous formulations of arsenic, copper, chromium and 
ammonia. The Koppers Industries Salem Plant applies creosote to 
railroad ties. 

Three preservatives commonly used 



Coal tar creosote is a heavy oil made by distilling coal 
~ 

tar. The properties of creosote oil are shown in Table 1. It 
consists of many components, most of which belong to the family 
known as polyaromatic hydrocarbons (PAH). Only approximately 20 
components are present in concentrations greater than 1 percent. 
Table 2 shows a representative list of major components in 
creosote. Either coal tar or petroleum oil can be mixed with 
coal tar creosote. Koppers uses a mixture consiscing of 40% coal 
tar oil and 60% creosote. 
for this mixture is presented in Appendix C. 
obtained premixed from an offsite supplier. 

The material safety data sheet (MSOS) 
This mixture is 

Koppers operates three steel treatment retorzs on a 
staggered schedule. 
common process resources and minimize instantaneous emission 
rates. Figure 1 depicts a schematic of the plant operations. 
Figure 2 shows the process steps for a typical cycle. The 
creosote is applied to three different types of ties: cross- 
ties, switch-ties, and bridge-ties. Creosote is applied by 
filling a large (8 foot diameter, 140 foot long) retort with a 
"charge" consisting of approximately 500 to 1000 ties (depending 
on the type of tie being treated). The ties are stacked on rail 
trollies, each holding up to 70 typical ties. Small wooden 
spacers are used to gap the ties. 

This serves to optimize the utilization of 

After the charge is loaded, the retort is closed and sealed. 
Approximately 20,000 gallons of creosote is introduced into the 
retort from a 50,000 gallon working tank. The ties first go 
through a Boultonizing process in which water moisture is removed 
from the wood. The retort contents are heated and maintained at 
a temperature of 190 to 200- under a vacuum of approximately 24 
inches of mercury for approximately 16 hours. 
removes water from the pores of the wood and replaces it with 
creosote oil. Water moisture and process vapors are removed to a 
condenser with the condensate going to a wastewater treatment 
plant. 

This process 

At the end of the Boultanizing cycle, creosote is pumped 
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It 
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(I out of the retort and back to the working tanks. 
maintained for an additional period until the optimum moisture 
content is attained. The retort is then refilled with creosote, 
under 160 to 170 psi pressure at 190 to 200°F. This cycle is 
called the Reuping Process and takes 2 to 4 hours. The Reuping 
Process forces creosote deep into the wood pores. 
then emptied and the pressure released. 
scrubbed to remove creosote emissions. The creosote is released 
from the inner pores leaving treated cell walls. A vacuum (20 to 
30 inHg) is maintained for 2.5 to 3 hours prior to opening the 
retort and removing the charge. This step is performed to reduce 
the emissions of volatile components during the retort opening 
and from the treated ties as they cool. This measure also 
reduces the amount of drippage from the charge after it is 
removed from the retort. The treated ties are removed from the 
retort, rolled along approximately 400 feet of railroad track, 
and left for loading onto railroad cars (for removal from the 
plant), or longer-term storage on the plant grounds. 

Vacuum is 

The tank is 
Displaced air is 

The facility consists of three retorts, each of which may 
operate simultaneously. A typical cycle time is approximately 
24-hours and the retorts generally operate on a time staggered 
cycle. 

1.2. POLLUTANT CHARACTERISTICS 

Creosote is a complex mixture of chemicals resulting from 
selective distillation of coal tar oil. The typical boiling 
point ranges continuously from approximately 200 to 3 0 0 9 .  Due 
to the complexity of the mixture of compounds and due to the 
sparse toxicological data available for certain creosote 
constituents, modeling will be performed in such a manner that 
each constituent may be evaluated separately or the total, as 
creosote emissions, may be evaluated. The nature of the modeled 
impacts may warrant either a more detailed look at individual 
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constituents or possibly a situation whereby an engineering 
solution may cover all constituents at once. 
emissions occur from two primary sources: 

1) 
are awaiting transport off-site. 

2) 
treated ties are unloaded from the retort after 
boultanizing (treatment). 

Creosote air 

Creosote vapor emitted from the treated ties which 

Creosote vapor released to atmosphere when the 

The basis for the emissions calculations is contained in 
Appendix A which contains a report entitled "Non-Criteria 
Pollutant Emissions Calculations for Koppers Industries, Salem, 
Virginia" dated June 17, 1991 and Appendix B which contains "AWPI 
GUIDANCE FOR EMISSIONS REPORTING UNDER TITLE III/SECTION 313 OF 
THE EMERGENCY PLANNING AND COMMUNITY RIGHT-TO-KNOW ACT". Table 1 
lists the maximum 1-hr emission rates for the individual creosote 
components. 

Emissions calculations in this document are made on a 
maximum one-hour basis for calculation of maximum 1-hr and 
maximum 24-hr ambient concentrations. Maximum annual ambient 
concentrations are based on total annual emission rates. 

Conversion of pollutants to other species, depletion and 
deposition will not be considered in the dispersion modeling. 

11. P I J  0 RVIEW OF 

To demonstrate compliance with Virginia non-criteria 
pollutant S A W  1-hr, 24-hr and annual averages, the following 
modeling protocol is proposed. 
modeling using the EPA ISCST Model. The emissions from the 
Koppers plant are expected to produce their maximum impact in 
ambient air at the plant fenceline due to the fact that the 

This consists of screening 
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predominant emissions occur from groundlevel area and volume 
sources. The retort doors will be considered to be individual 
area sources. The fresh ties removed from the retort and still 
on their trollie cars are treated as volume sources. The highest 
1-hr emission rates are used to generate short-term 1-hr and 24- 
hr averages. All modeling is performed using nominal 1 gram per 
second emission rates such that ambient impacts can be calculated 
either on an individual constituent basis or as total creosote. 
The emission rates to convert normalized (X/Q) impacts to actual 
impacts are contained in Appendix A. 

11.1 Good Enaineerinu Practice Stack Heiaht fGEPI Analvsis 

GEP analysis will not be applicable to the initial modeling 
study since the retort doors and fresh ties will be treated as 
area and volume sources respectively. In the event that it 
becomes necessary to build a structure and vent emissions through 
a stack in order to resolve ambient impacts in excess of Virginia 
SAAC, a GEP analysis will be conducted as a part of the followup 
modeling. GEP is calculated using the following equation: 

Hg = Hb + 1.5L 

where €+ = calculated GEP stack height 
H,, = height of the nearby building 
L = lesser of height or projected 

width of the nearby building 

a distance of 5L of the stack 
"nearby" means any building within 

A GEP analysis will be conducted for all structures "nearby" 
the stack. Guideline for Determination of Good Enaineerinq 
Practice Stack Heiaht Reaulation fRef 1 2  will be followed for 
determining the GEP for each stack modeled. The building or 
structure resulting in the largest GEP for each stack will be 
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5 
identified as the dominant building for that stack. The actual 
GEP calculations will be included with the final, analysis. 

I 

1 1 . 2  Simde Terrain Analvsis - ISCS T Model 

The ISCST Model will first be run in the screening mode. 
The model will be used with meteorological data corresponding to 
the SCREEN default meteoroiogical data. 
out 1.0 kilometer in each direction. The site will be divided 
into 100x100 meter grids. The highest terrain feature within 
each grid will be assigned to that grid. 
calculate 1-hr, 3-hr and 24-hr averages. Annual averages will be 
calculated from 1-hr averages using the factor of 0.07. 

The site will be modeled 

The model will 

Koppers proposes to construct a fence surrounding the 
property. Individual discrete receptors will be placed at 25 
meter intervals along the fenceline. 
receptors (25x25 meter grid) will be placed out to 100 meters 
beyond the fenceline (4 deep) around the plant. 

Additional square grid 

Koppers is located in the same valley as the Roanoke Airport 
NWS meteorological weather station. 
approximately northeast/southwest and is oriented very similarly 
for both Koppers and the NWS. 
years of Roanoke NWS (1983-1987) met data, if additional refined 
modeling is required to resolve impacts. 

The valley runs 

Koppers proposes to use 5 recent 
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11.3 I ~ q  

Special treatment for elevated terrain will be performed if 
elevated stacked emission points are designed to remediate 
modeled problems. 
Valley mode. 
be input into the model without regard to direction. 
represents a worst case treatment for intermediate and complex 
terrain. 

The EPA SCREEN Model will be used in the 
The minimum distance to each terrain contour will 

This 

11.4 Resultg 

Maximum modeled concentrations for each averaging period 
will be compared to SAAC values for creosote and its individual 
constituent components. 
levels will be scrutinized to determine whether additional 
refined modeling will provide acceptable results or if it is 
clear that additional controls will be necessary to accomplish 
acceptable levels. 
accordingly. 

Modeled impacts in excess of acceptable 

Additional modeling will be performed 

111. OUTP UT PRODUCTS AVAILABLE TO DAPC 

In addition to the documentation of all aspects of the 
dispersion modeling, we will provide DAPC with copies of the 
computer model output to the extent desired. This would include 
the entire set of modeling inputs and outputs for the modeling. 
This information can be provided in hard-copy form, and on disk. 

If the initial modeling fails, Koppers will review the 
modeling results in order to determine the options available to 
control emissions. Where possible, additional modeling will be 
performed to test the viability of these control strategies. 
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TAOLE 1. PHYSICAL AN0 CHE31CAL PROPERTIES OF CREOSOTE' 
- ~~~ ~~~ 

Identiffcatton 
C o m n :  Creosote oil 
Synonym: Coal tar creosote 

US Registry No. : aoo t -53-9 

Physical state: 
Solubility: 

Specific gravity: 

Vapor gressure: 
3oiling point: 
Odor: 
Vapor densivj: 
Appearince: 

Melting point: 
Flash goint: 
Explosive limits: 

Hazard data 
Fire 

Extinguishing data: 

Fire 3ehavior: 
tgnition tmuerature: 
Burning rate: 

41th  water: 
with c a m n  aaterials: 

Reactivity 

PhySical and chemical 0rooert.ies ' 

S tan i 1 i :'I : 

Liquid 
Insoluole in water. Soluole in alcohol, 

1.05-1.09 at !5't (sinks in iresn and 

Var: do 1 e 

oenzene , m d  to 1 uene 

marine ,waters) 

200. 10 5ao.c 
Acrid, tarry anmatic 
Vanaoie 
Yeilow t o  Jlack oily liquid ,wit> sham. 

SWKY or tavj odor 
Varies (-60' :o - 2 O ' C )  
>74*C-combust:ble liquid 
Varianle. 1 to 7 percent 

Use drj c.fenrica1, foam. or c3non 
dioxide. Use rater :a mol :!re-cxoosed 
coneai nerS 

F o m  irritating heavy black s m k e  
Varrianle. typically 1oO'C 
4 lm/min 

No m c f o n ,  insolubie 
Yay r ? a C  uith oxidizing agents ar szrong 

Stanle 
acids 

Ref e rence : EPA-450/3-89-028 
Evaluation of Emission Sources fmm Creosote !,bod Treatment 
Operations 
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TAPLE 2. ,woa COMPONENTS IN CREOSOTE' 

4 1 .  

ewsorg, aalI4"g W l t f n g  " 0 1  ecu I a r  
WeQgnr 

J.0 218 80.51 128.2 

Camonen? J R r + m t  ooinr, * "  J w a n t e  'c' 
uaonrnaiene 

c"160 

I .2 
0.9 
0.8 
2.0 . 
9.0 
5.0 

10.0 
1.0 

21 .o 
2.0 
2.0 
3.0 
1.0 

10.0 
3.S 
2.0 
3.0 

W.1 
- 

2 4 1  .OS 
2U.64 
255.9 
2a 
279 
287 

293-291 
318 
340 
344 
311 

3 4 - 3 5 1  
360 
382 
393 
$ 1 3  
$4 

26.50 
-22 

71 
-18-104 

W.2 
86-67 

116-117 

46-47 
101 

216.24). 1 
2 4 7 - 2 u I  
61-123 

91 J-2W.S  
i l l 

156 
189-190 
255-256 

_ _  ._ 
142.2 
142.2 
I s 1  .2 
116.2 
116.2 
168.2 
166.2 
180.2 
178.2 
178.2 
167.i 
192.2 
192.2 
202.3 
202. s 
i l h . 3  
228.3 

Reference: EPA-450/3-89-028 
E v a l u a t i o n  o f  Emission Sources from Creosote !dood Treatment 
Ooerati ons 
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1.0 INTRODUCTION 

The Koppers Industries Salem Plant applies creosote to 

railroad ties. The creosote is applied to three different types of 

ties: cross-ties, switch-ties,-and bridge-ties. Creosote is 

applied by filling a large (8 foot diameter, 140 foot long) 

cylinder (retort) with a "charge" consisting of approximately 500 

to 1000 ties (depending on the type of tie being treated), loaded 

on trollies. The ties go through a process (boultanizing) in which 

water is removed from the wood, and heated creosote is allowed to 

soak into the wood. The treated ties are then removed from the 

cylinder, rolled along approximately 400 feet of railroad track, 

and left for loading onto railroad cars (for removal from the 

plant), or longer-term storage on the plant grounds. 

This document will calculate plant emissions related to the 

creosoting process. These emissions come from two sources: 

1) Creosote vapor emitted from the treated ties which are 

awaiting transport off-site. 

2) Creosote vapor released to atmosphere when the treated 

ties are unloaded from the retort after boultanizing. 

Emissions calculations in this document are made on a 

maximum one-hour basis. 
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2.0 EMISSIONS FROM TIES AWAITING TRANSPORT 

2.1 GENERAL APPROACH 

The approach used in this analysis was as follows: 

1) Conduct a review of Koppers research emissions testing 

data from Koppers' Feather River, California plant. This testing 

determined pollutant emission rates from creosote-treated wood. A 

copy of the summary of the test plan and test results is included 

in Appendix A. 

The Feather River, California tests involved placing six 

creosoted poles underneath a small temporary "tunnel". Air was 

drawn through the "tunnel" by a fan, with a flowrate corresponding 

to a 2 mph wind. 

The concentrations of 22 separate non-criteria pollutants were 

determined (by gas chromatotography), and the individual mass 

emission rates were then determined (emission rate = concentration 

x volumetric flowrate). Koppers California test emission rates 

were given in units of mg/hr (milligrams per hour). 

2) The Koppers Salem Plant operational data was reviewed, 

and the results of this review were used to calculate Salem Plant 

emissions, based on the California emissions research test results. 

2 



2.2 REVIEW OF KOPPERS FEATHER RIVER, CALIFORNIA EMISSIONS RESEARCH 

TEST ReSULTS 

A comparison was made between the 22 separate compounds which 

were examined in the California test, and compounds identified by 

a chemical analysis of the coal tar creosote used at the Salem 

Plant. The pollutants which were measured in the California 

testing [Appendix A) closely correspond to a capillary gas 

chromatograph/mass spectrometer analysis of coal tar creosote, 

presented in Appendix B. Therefore, -the California test results 

can be utilized to predict Salem plant emissions. 

The California testing determined emission rates from the logs 

as a function of time. It was found that emissions decreased with 

time [as the poles cooled, creosote soaked farther into the poles, 

and volatile compounds were emitted into the air). Three tests 

were conducted within 24 hours of removal of the poles from the 

creosoting process (1 test at 0-3 hours, 1 test at 4-6 hours, and 

1 test at 7-18 hours). These tests were labelled in the test 

report as "Fresh l", "Fresh 2" and "Fresh 3". Three more tests 

were conducted after 24 hours had elapsed. These tests were 

reported as "1 day (l)", "1 day ( 2 ) " ,  and "1 day (3)". Additional 

tests were conducted at 4 days, I days, 12 days, and 30 days after 

removal. Figure 1 presents of the California tests, with elapsed 
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time after removal from the cylinder on the X axis, and 

concentration as a function of the "Fresh 2" (5 hours after 

removaij coneentiation pletted on the Y axis. Figure 1 presents 

the data plotted out to 360 hours (12 days) after removal from the 

cylinder. Figures 2 and 3 present this same data, with time 

durations shortened to 160 hours and 50 hours after removal from 

the cylinder (respectively). If Figures 2 and 3 are examined, it 

can be seen that the measurements for "Fresh 1" (approximately 2 

hours after removal) do not agree with the measurements for "Fresh 

2" (5 hours after removal) or "Fresh 3" (12.5 hours after removal). 

These measurements do not agree, because measurements taken 2 hours 

after removal from the cylinder should be higher than measurements 

taken 5 or 12.5 hours after removal. (It should be noted that this 

either means that the "Fresh 1" data is too low, or the "Fresh 2" 

and "Fresh 3" data are too m.) In order to provide a 

conservative (equal to or higher than actual emissions) calculation 

of emmisions, a line was extended from the 12.5 hour (Fresh 3) and 

5 hour (Fresh 2) data. This line predicts concentrations in the 

first hour to be, on average, 1.22 times the 5-hour concentrations 

(see Figure 4). 

Table 1 shows calculated emission rates in the first hour, as 

well as reprinted (from Appendix A) California test emission rates 

for "Fresh 2" (hour #5), "1 Day (3)" (hour #30), and "Day 12" (hour 

rt288). 

4 



The Koppers California tests were conducted utilizing six 

creosoted poles. The poles were approximately 45 feet long, with 

a total volume of 163.8 ft’. In order to utilize these results to 

calculate emissions from the Salem Plant, it was necessary to 

determine the volume for a typical “charge“ the Salem Plant. The 

volume for a charge was calculated to be 3532 ft’. The ratio of 

the volume of wood in a charge at the Salem Plant to the volume of 

wood in the California tests was therefore 21.6 to 1. 

2.3 CALCULATION OF SALEM PLANT EMISSIONS, BASED ON SALEM P- 

OPERATIONAL DATA 

The volume of wood and approximate age of railroad ties at the 

Salem plant was estimated. Table 2 presents the results of the 

wood volume/age analysis for the Salem plant. 

mission rates for non-criteria pollutants at the Salem Plant 

were calculated, based on the converted California teat data; and 

the Salem Plant wood volume/age analysis. Calculated total 

emission rates are presented in Table 3 in terms of 

milligrams/hour. Table 4 presents the results in the typical air 

pollution modelling terms of grams/second. 
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3.0 EMISSIONS FROM DISCHARGE OF CYLINDERS (RETORTS) 

missions a r e  calculated for vapor released wher? the treated 

ties are unloaded from the cylinder (retort) after boultanizing 

(treatment). 

The emission calculation for cylinder unloading was based on 

"American Wood Preservers Institute Guidance for Emissions 

Reporting Under SARA Title I11 / Section 313 of the Emergency 

Planning and Community Right-to-Know Act". 

The document describes a method to calculate emissions due to 

opening of the cylinder (retort) door, to remove a charge after 

treatment. The emissions calculations are based on (1) the total 

number of charges per year, (2) the average charge volume, (3) the 

total retort (cylinder) volume, and (4) the retort temperature when 

the door is opened. The concentration of the various components in 

the released volume is calculated, based on the temperature of the 

vapor which is released. 

Calculated emissions f o r  napthalene and anthracene are 

presented in Table 5. Table 5 presents the calculated emissions on 

a per-charge basis, and the average emission rate in grams per 

second over a one hour period, assuming that two charges have been 

unloaded during the hour. 

6 
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4 . 0  RESULTS 

Table 6 presents calculated conservative one-hour emissions 

from ties awaiting transport off-site and from cylinder discharge. 

The total of the two represents total plant emissions for a one- 

hour period. 
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TABLE 1 

SFECIES HCUR #I HCUR # 5  HCC'R $30 HOUR # 

< 
< 
< 
< 
< 
< 
< 
< 



T a b l e  2 

VOLUME/AGB ANALYSIS 
FOR TIES AWAITING TRANSPORT OFF-SITE 

Condition Number 
of 

Charges 
On S i t e  

"Fresh" (hour #1) 

"Fresh" (hour #5) 

"1 Day" (hour 830) 

"12 Day" (hour #288) 

Note: 

One "charge" equals the amount of wood put into one cylinder during 
the creosote soak process. Each charge represents 3532 cubic feet 
of wood. 
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Table  3 
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Table  4 

S - 4 L E M  P L A N T  E M I S S I O N  R 4 T E  (g's) 

SPECIES 

BENZETSE 
CRESOLS 
PHENOL 
TOLUENE 
FoKM-uDEHmE 

HOUR #1 HOUR #5  HOUR #30 HOUR #255 TOTAL 
C " A R G w S - m G E < S  U-3ARGF.Q CHLSRGEiSj 

2.63E-03 
8.32E-(?? 

2r,E--M 
4.7OE-03 
1.3SE-01 
6SlE-92 
6.1OE-(n 
1.31 E-03 
3.1SE-ij3 
?.%!E44 

c 29"?.-05 



Table 5 

SPECIES 
AWAITING CYLINDER TOTAL 
T W S P O R T  DISCHARGE 

2-METHYLXi.UTF??4.LENE c- 4.32€-.>1 -z 

*Based on napthalene emissions calculation. 
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, 
Table 6 

Air Emissions Due To 
Opening Cylinder (Retort) Doors 
After Boultanizing (Treatment) 

Species Emission 
(mg/charge) 

napthalene 

anthracene 

170,000 

109 

,340,000 

218 

9.473-02 

6.00E-05 

Average emission rate over 1 hour, based on two charges unloaded 
during the hour. 
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KOPPERS CALIFORNIA (FEATHER RIVER) TEST 
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KOPPERS CALIFORNIA (FEATHER RIVER) TEST 
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KOPPERS CALIFORNIA (FEATHER RIVER) TEST 
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Figure  3 
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APPENDIX A 

KOPPERS’ FEATHER RIVER, CALIFORNIA 
RESEARCH TEST RESULTS 
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