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EXECUTIVE SUMMARY

This report assesses the level of risk to human health resulting from
residual chemical contamination associated with a former underground
storage tank at the NASA Plum Brook Station Reactor facility . The format
of the assessment, including the use of highly conservative assumptions
and default values, is designed to conform primarily to the Ohio EPA
hazardous waste closure guidance document dated September, 1993 . This
approach is necessary since a portion of this site was utilized to manage
chemical solvents which are designated as hazardous wastes by the Ohio
Environmental Protection Agency (Ohio EPA) and Ohio EPA is the authorized
agency responsible for regulating hazardous wastes within the state of
Ohio . In addition to providing specific requirements, the Ohio EPA
closure guidance document references a number of U.S . EPA Office of
Superfund guidance documents . Therefore, the assessment also conforms to
U.S . EPA guidelines .

The assessment evaluates only hazardous waste constituents, and does not
include fuel components . Toxic risk and carcinogen risk are evaluated
separately . Although the assessment of risk includes 14 chemicals, it is
impacted by only two (trichloroethylene and tetrachloroethylene) due to
the lack of significant contribution of the other hazardous waste
constituents .

Several sources of sampling information were used in this evaluation .
These include a closure assessment dated May 1990, a corrective action
Remedial Investigation/Feasibility Study dated November 1991, and a
preliminary site investigation dated January 1993 . The first report did
not evaluate groundwater conditions . The second report provided thorough
documentation, but inadequately assessed the groundwater for the purpose
of risk assessment . The last report appears to have adequately evaluated
the groundwater, and was used to evaluate the level of risk posed by con-
taminated groundwater .

Findings :

1 . Existing levels of soil contamination as determined in all of the
reports meet the criteria for clean closure established by Ohio EPA.

2 . Existing levels of groundwater contamination as determined in the
November 1991 report appear to meet Ohio EPA's current criteria for
clean closure . However, these levels were determined by sampling of
only one well within the vicinity of the site . The subsequent
groundwater investigation of January 1993 found contamination in one
well in an area not sampled during 1991 .

3 . Existing levels of groundwater contamination as determined in the
January 1993 report do not meet the criteria for clean closure estab-
lished by Ohio EPA. Evaluation of the reported values indicates that
groundwater contaminant concentrations will need to be reduced to the
levels noted in the table below in order to meet Ohio EPA criteria
for clean closure based upon the assessment of risk . These values
represent a 99 .4W reduction (two orders of magnitude) in existing
concentrations of trichloroethylene and tetrachloroethylene . Since
residual soil contamination does not contribute significantly to the
level of risk, soil removal is not required unless such an action is
deemed to be necessary in order to remediate the groundwater .



Maximum Clean Levels for Groundwater

Hazard Index Probability Index

WE (Dpb) Tetrachloroethylene (ppb) Child Adult

3 0 .01 0 .9 9 .9 E-7

2 0 .2 0 .9 9 .8 E-7
1 .5 0 .3 0 .8 9 .8 E-7
1 .0 0 .4 0 .8 9 .7 E-7

0 .7 0 .5 0 .8 1 .0 E-6

4 . Toxicity data (inhalation reference doses) were incomplete and had to be
estimated for both trichloroethylene and tetrachloroethylene . The
assessment of risk should still be fairly reliable since carcinogenicity
data is complete, and this risk assessment demonstrates that the level of
risk at the Reactor is primarily the result of carcinogenicity . Also, the
assessment revealed that inhalation pathways do not significantly impact
risk levels, and only inhalation toxicity data is missing . However, It
should be noted that Ohio EPA has a caveat within its closure manual which
states that Ohio EPA may not accept risk assessments for chemicals having
incomplete toxicity or carcinogenicity data . Ohio EPA maintains the option
of requiring cleanup to analytical detection limits when such data are
incomplete .

5 . The distribution pattern of trichloroethylene should be examined closely
during development of the closure plan . Trichloroethylene is the primary
driver for baseline risk levels, yet it was found at a significant
concentration (483 ppb) at only one location (well EB4) . Trichloroethylene
was also found in a sump which collects groundwater from building footer
drains, but the concentration was only 1.4 ppb. This minor concentration
in the sump may indicate a general wide dispersal of trichloroethylene
throughout the groundwater, or a secondary minor source, or that the sump
is creating locally directed groundwater flow and capturing trichloroethyl-
ene from the same source detected by well EB4, or simply reflect floor
drain contributions .



INTRODUCTION

This report assesses the level of risk presented by residual level hazardous
waste contamination at the NASA Plum Brook Station Reactor and sets target
remediation goals . It does not serve as a closure plan for the facility .

During the past five years there have been a number of environmental investiga-
tions at Plum Brook Station . These reports are lengthy and rely on an
assortment of figures, tables, and attachments . In order to accurately present
this information and also minimize the reader's need to consult multiple
documents, this assessment excerpts pertinent portions of existing reports .
The excerpted portions are indented and italicized for ease of recognition .
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DESCRIPTION OF THE REACTOR TANK SITE

GEOLOGY AND HYDROGEOLOGY

Local geologic and hydrogeologic conditions for the Reactor area are best
described in the EBASCO Environmental report (see Appendix A) .1 Pertinent

portions of this report are provided below :

Based on the six boreholes made at the Reactor Area as part of the
current investigation, the overburden material at the Reactor Area has

an average thickness greater than 22 feet . Figure [1) presents the
generalized stratigraphic section for the ReactorArea showing the types
of soils and the order of occurrence of the soil units encountered. The
surface soil in this area is brown fine sand, with a mean thickness of
6 to 7 feet . In some places, this unit is underlain by grey fine sand
which varies in thickness from 2.5 to more than 14 ft . The grey fine
sand is followed by grey sandy-clayey silt, which has a maximum
thickness of 4 feet and overlies the grey silty clay. At PBS-RA-01, the
brown fine sand is underlain by grey sandy-clayey silt with a thickness
of 8 feet . This unit was followed by grey clayey silt . The bedrock was
not encountered by any boring at this area . The overburden does not
appear, to the extent that it has been investigated, to be a water
bearing unit . The monitoring wells exhibit low yield as was seen during
well the development effort . Following the purging of about 6-gallons
of water, the wells were unable to sustain enough water to continue
purging. . . . .

. . .Figures [21 and [3] present the local ground water elevation contours
developed from the January 9, 1991 and May 9, 1991 ground water level
measurements, respectively . The ground water elevation contours for
this area reflect the presence of the underground tunnel which connects
Building Nos. 1134, 1131 and 1152 in this area . A dewatering operation
is taking place at this tunnel in which ground water draining into the
area around the tunnel is collected and pumped out . The dewatering in
this area has a pronounced local effect on ground water elevations and
flow direction . The dewatering of the tunnel dominates the local ground
water flow pattern in the surrounding area, including the former
location of the UST's . This local effect diminishes with distance from
the dewatering point, and the overall site ground water level contours
shown in Figure [4J become more representative . In the area of the
excavated tanks the ground water table during the Phase I investigation
was above the level were the removed tanks had been located .

Taking the maximum theoretical hydraulic conductivity for the various
soil units observed to be present at this Tank Area, the maximum
horizontal ground water flow velocities associated with the January and
May 1991 were calculated to be 72 and 58-feet per year, respectively.
These calculated velocities are roughly a factor of 30 to 50 higher than
the velocities calculated for the other areas . This calculation also
highlighted the relative steepness of the gradients in this area . . . .

. . .Transport and migration of contamination from the former UST
locations at the Reactor Area would appear to be dictated by the
movement of ground water and the apparent tunnel dewatering operation .
This activity, as reflected in the local ground water level contours
constructed for this Tank Area, would appear to be drawing the contam-
ination away from the former UST locations toward the northwest . As the
collected ground water is not treated before being discharged into
Pentolite Ditch, any contaminated ground water collected at the tunnel
would be transported directly to the surface water and sediments in the
Ditch .
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* Grey Fine Sand

Grey Sandy Clayey Sift

Grey Clayey Sift

Grey Silty Clay

* Unit not encountered at all borehole locations

NOTE Bedrock was not reached at this Tank Area- Drilling was
completed in the first confining layer encountered

Range of Unit Thickness
at the Tank Area

6-9

2.5'->14'

1.5-8'

>1 .S

NASA PLUM BROOK STATION
UNDERGROUND STORAGE TANK
CORRECTIVE ACTIONS REMEDIAL

INVESTIGATION/FEASIBILITY STUDY:
PHASE I

Generalized Stratigraphic Section

REACTOR AREA

EBASCO ENVIRONMENTAL I NOTTO SCALE

FIGURE [1]
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EXISTING LEVELS OF SOIL CONTAMINATION

The best available description of the tank removal process and existing soil
contamination levels immediately adjacent to the tank boundaries at the Reactor
facility was provided at the time of the tank removals in December, 1989 . All
subsequent investigations utilized directed sampling in order to characterize
soils further out from the tank site . The December 1989 sampling characterized
both excavated soils which have been removed from the site and in-situ soils
at the boundaries of the excavation . The results of these activities were
provided in the Ebasco Environmental Closure Assessment for Tanks 21, 22, and
23 .' Pertinent portions of this report are provided below . The full document
is provided in Appendix B.

1 .0 Introduction

On December 28, 1989 the permanent closure by removal of three (3)
underground storage tanks (UST's) was performed at the NASA Plum Brook
Station near Sandusky, Ohio. The tanks removed were Tank 21, Tank 22,
and Tank 23 . These tanks were located adjacent to the southern side of
Building 1131, which is in the Reactor Facility area . Figure [51 shows
the location of the Reactor Area within the boundaries of the Plum Brook
Station . The tanks were adjacent to one another, lying in a north-south
direction . Figure !61 shows the locations of the removed tanks relative
to Building 1131 . Tank 21 and Tank 22 were 7900-gallon fuel oil tanks
which were not in use prior to their removal . Tank 23 was a 500-gallon
waste oil tank which had been in use until the time of removal . These
tanks were Installed in 1961 and were constructed of steel .

Mr. Edwin Maglott of the State Fire Marshall's Office and Ms . Pamela
Doerner of the Ohio Environmental Protection Agency were on site to
oversee the removal of the UST's . Representatives of 11TASA Plum Brook
Station, Warner Osborn Pardee and Turner Construction were also on site
to monitor the removal of the UST's .

2.0 Tank Removal

The tops of the tanks were approximately six feet below grade . The soil
from the surface to a depth of approximately eight feet was removed and
placed in containment areas . These areas consisted of two roll off
boxes and an area located approximately 100 yards east of the tank pit
which was covered with plastic sheeting and bounded by hay bails . All
soil excavation and tank removals were performed by independence
Excavating of Cleveland, Ohio, who was retained as a subcontractor to
Turner Construction Company of Cleveland, Ohio .

The three (3) UST's were cleaned prior to their removal . Before Tank No .
23 was cleaned, approximately 250 gallons of waste oil was removed and
placed in 55 gallon drums . The cleaning of the UST's was performed by
Clean Harbors of Cleveland, Ohio.

The three UST's were removed after the tank cleaning was completed. The
pit appeared to contain a water-oil mixture after the tanks were
removed. Two concrete slabs ran in an east-west direction beneath the
tanks . These two concrete slabs were removed after the UST's were
removed.
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3 .0 Sampling and Analysis

A total of eleven (11) soil samples were taken for this assessment .
Eight (8) samples of the soils underlying the tanks were taken to detect
the presence of any past or ongoing leaks . Three (3) samples of the
tank cover soil were taken to determine if there had been appreciable
surface spillage, overfilling or piping failures . An alphanumeric
sample identification number encoded each sample's site location (Plum
Brook Station), the building location (Building 1131), the sample medium
(soil sample), and the sample number . Each sample was numbered
sequentially, with the six samples taken from the pit bottom being
samples PBS-1131-SS-1 through SS-6 . Samples SS-7, SS-8 and SS-9 were
taken from soil excavated prior to the removal of the UST's . Samples SS-
10 and SS-11 were taken from the pit bottom after an additional 3-4 feet
of soil was removed. Figure !6I shows the locations of the soil samples
taken from the excavated area . The locations are shown relative to the
locations of the three removed tanks .

The first set of samples (SS-1 through SS-6) was taken after the three
(3) UST's and the concrete slabs were removed. Because the pit bottom
soil was very unconsolidated after the removal of the tanks and concrete
slabs direct sampling of the pit bottom was not possible . The soil
samples were taken using the backhoe bucket to remove soil from the
appropriate area of the pit bottom. Samples SS-1 through SS-6 were
taken in this manner. Samples SS-1 through SS-6 were analyzed for Total
Petroleum Hydrocarbons (TPH) (EPA Method #418 .1), volatile organics (EPA
Method #524 .2), SP Toxicity for lead (EPA Method #200 . 7), and flashpoint
(American Society for Testing Materials Method # D-93) .

As the samples were taken from the pit bottom, they were screened with
an MVu photoionization detector to determine if there were non-methane
volatile organics emanating from the soil samples. Table (1) shows the
MVu readings for the samples taken from the pit bottom .

T 1 LIZ

HNu Readings for Samples SS-1 through SS-6

Sample I .D . Number

PBS-1131-SS-1
PBS-1131-SS-2
PBS-1131-SS-3
PBS-1131-SS-4
PBS-1131-SS-5
PBS-1131-SS-6
Background Range

HNu Reading (ppm)

Not Taken
2 .0
0 .6
0 .6
3 .0
1 .8

0.0-0 .1

Although there is not a direct correlation between HNu readings and the
laboratory analytical results with regard to the degree of contamina-
tion, the HNu is useful in that it gives an indication as to whether
volatile contamination is present in the soil sample .

Samples SS-7, SS-8 and SS-9 were taken from the soil excavated prior to
the removal of the UST's . These samples were taken from the containment
area east of Building 1131 . Samples SS-7 through SS-9 were analyzed for
TPH, volatile organics, BP Toxicity for lead, and flashpoint . RNu
readings for samples SS-7, SS-8 and SS-9 were measured at background
levels. This soil had been excavated on the previous day and therefore
some volatilization of this soil may have already occurred.
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Due to the apparent contamination, indicated by both the RNu readings
and visual inspection of the tank, it was determined that additional
soil would be removed before the excavation was backfilled. However,
no additional soil was removed on December 28th, due to a lack of
sufficient containment capacity . On December 29th additional contain-
ment areas were set up. Approximately 3-4 feet of additional soil was
removed from the pit bottom . The depth of the excavation was approxi-
mately 13 feet after the additional excavation was completed. The soil
at this depth was a consistent, well consolidated gray clay.

Two samples (SS-10 and SS-11) were taken from the pit bottom after the
additional soil was removed. Figure [61 shows the sample locations .
Sample SS-10 was taken along the northern side of the pit where it
appeared that the excavated soils had been discolored, possibly due to
contamination from the excavated UST's . Sample SS-11 was taken along
the eastern side of the pit beneath the previous location of the waste
oil tank . Both samples had background readings when screened with the
IIIVu . Both samples were analyzed for TPH and volatile organics .

4.0 Laboratory Results

All eleven of the soil samples were analyzed for TPH and volatile
organics . Samples PBS-1131-SS-1 through SS-9 were analyzed for
flashpoint and HP Toxicity for lead. [Appendix A of Appendix BI
contains the complete set of laboratory data . The extracted lead in
each of the samples was below the detection limit of 500 micrograms per
liter. The flashpoint of all of the samples exceeded 200° F. The TPH
concentrations for the eleven soil samples are listed in Table [2J .

Tab1 e [21

Total Petroleum Hydrocarbons Concentrations for Samples SS-1 through SS-11

Sample I.D. Number

PBS-1131-SS-1
PBS-1131-SS-2
PBS-1131-SS-3
PBS-1131-SS-4
PBS-1131-SS-5
PBS-1131-SS-6
PBS-1131-SS-7
PBS-1131-SS-8
PBS-1131-SS-9
PBS-1131-SS-10
PBS-1131-SS-11

TPH Concentration (mg/kg)

1980
293
190

U
3050
762
801

3570
1590
114
U

U: below detection limits

The concentrations of TPH in the excavated cover soil (SS-7, SS-8 and
SS-9) and the pit bottom soil indicate that contamination of the
surrounding soils has occurred. High concentrations of total petroleum
hydrocarbons (801, 3570, 1590 ppm) were found in the soil which covered
the tanks (SS-7, SS-8, SS-9) . This would seem to indicate that at least
a portion of the soil contamination was due to piping failures,
overfilling and/or surface spills, and not leakage from the tanks
themselves . Samples taken from the pit bottom (SS-1 through SS-6) also
showed elevated levels of total petroleum hydrocarbons, although no
petroleum hydrocarbons were detected in sample SS-4 . Samples SS-10 and
SS-11, which were taken after additional soil was removed from the tank
pit, did not show elevated levels of TPH.

11



Volatile organics also were detected in the soil samples . These
volatiles included both possible petroleum degradation products and
other compounds such as chlorinated organics which could have been found
in the waste oil tank . Table [3] lists the concentrations for the
organic compounds which were detected in the soil samples . Thirty-six
organics were detected in various samples and the concentrations ranged
as high as 13,388 ug/kg for naphthalene in SS-8 . Concentrations were
also in the thousands of parts per billion for 1,2,4-trimethylbenzene,
1,3,5-trimethylbenzene, 1,1-dichloroethane, and total xylenes. The
majority of the remaining chemicals were detected at concentrations in
the hundreds of parts per billion . Most of these contaminants were
detected in lower concentrations or not at all in the two soil samples
which were taken after the additional soil was removed (SS-10, SS-Z1),
although 1,1-dichloroethane, 1,2-dichloroethane, and chloroethane were
detected in much higher concentrations in samples SS-10 and SS-1 1 .
Therefore, vertical contaminant migration may be limited to a few
chlorinated organics .

5.0 Discussion and Recommendations

The results of the laboratory analyses indicated that contamination of
the surrounding soils has occurred . High concentrations of total
petroleum hydrocarbons (TPH) were found in the majority of the soil
samples, and elevated concentrations of volatile organic compounds were
found in all of the soil samples . The tanks were visually inspected by
the BBASCO engineer after their removal and were found to be in good
condition structurally . There were no apparent holes or cracks in the
tanks and there was very little visible corrosion . This would indicate
that the cause of the leakage was from piping failures or overfilling.
The concentrations of organics and TPH found in the soil samples were
among the highest encountered at any of the tank areas sampled at Plum
Brook Station .

At present no state or federal standards are available for TPH and
organic compounds in soils. [This reference is no longer correct] .
Guidelines from the Ohio HPA concerning soil remediation levels have not
been promulgated because of a delay in the release of similar federal
standards . Although there are no soil standards at this time, represen-
tatives of both the State Fire Marshall Is Bureau of Underground Storage
Tank Regulation (BUSTR), and the Ohio HPA have indicated that acceptable
levels of TPH in soil range from 50 - 100 mg/kg . [This reference is no
longer correct . Current BUSTR criteria for TPH vary from 105 to 600
mg/kg] . Concentrations of TPH exceeded 700 mg/kg in 6 of the 11
samples . The analyses also indicated that numerous chlorinated organic
compounds were present in the surrounding soil .

Because of the degree of contamination encountered in the soil samples
taken, and also the apparent visible contamination of the tank pit
bottom, additional investigation of the area surrounding this tank area
is warranted. This area has been included under the scope of work for
the UST Corrective Actions Remedial Investigation / Feasibility Study
of the previously assessed tank areas at Plum Brook Station, being
performed under Task Order 028 of NASA/Fsbasco Contract Number NASW-4301 .

GROUNDWATER CONTAMINATION

Several sources of sampling information were used in the evaluation of risk at
the Reactor . These include a closure assessment dated May 1990, a corrective
action Remedial Investigation/Feasibility Study dated November 1991, and a
preliminary site investigation dated January 28, 1993 . The first investigation
did not evaluate groundwater conditions . The second investigation provided
thorough documentation, but inadequately assessed the groundwater for the

12
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TABLt (3J

7'AilLl: [3L-
-

Soil Sample Concentrations for Samples Taken at the. NASA Plum Brook Station
Page 1 of 2 Auildin 1131 Reactor Facility) Underground Storage Tank Remov Is

Samples SS-1 through SS-6 were taken from the it bottom , SS-7 SS-8 and SS-9 were taken from the excavated soils and samples SS-10 and
SS-1 I were taken from the pit bottom after approximately 4 feet of additional soi was removcc

- -aIConcentrations of TPHare in m * and volatile concentradons re n micro rams

1131-SS-1 1131-SS-2 1131-SS-3 1131-SS-4 113 1-SS-5 1131-SS-b 1131-SS-7 1131-SS-R 1131-SS-9 1131-SS-10 1131-SS-11

Total Petroleum 1980 293 190 11 3050 762_ 801 3570 1590 114 11
Il drocarbons Pf m

Volatile Or anics a 1131-SS-1 1131-SS-2 1131-SS-3 1131-SS-4 1131-SS-5 1131-SS-6 1131-SS-7 1131-SS-R 1131-SS-9 1131-SS-10 1131-SS-11

Dichlormliflouromethnne u J b u u n u J 24 J 36 u u 61
Cliloromethane u u u u u u u u u n u
Vinyl Chloride u n u u u u u u u u u
Bmmomethane u n u u » u n u u u u
Chloroethane u u u u n u u n a 990 105
Trichloro(laoromethane u J 1211 u u It u J 112 -- u u u 20
1 . 1 Dichloroethene u u u o u a u u u u it
Meth lene Chloride 11 446 11 u 50_3 a 426 205 11 25 109
irans-12-Dichloroetlhene u u n u u n e n u u 17
1 . 1 Dichloroeihane 482 4483 11 11 11

-
11 11 11 11 6120 673

cis-1, 2 Dichloroeihene
_

u u It . a 1t - - it - - u u u u 1 65
2,2 Dichloropro ane u u u u it a it u u u

_
u

Chloroform u 11 u 11_ 11 11 11 11 u J 1 11
Bromochloromethane u u u u u u 1t u u u u ~
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TABLE [3]

TABLE PJ Can tlnued Soil Sample Concentrations for Sampled Taken at the NA SA Plum Brook Station
Page 2 of 2 Auildin 1131 Reactor Facilit Under round Storage Tank Remov Is

Volatile Or anics u 1131-SS-1 1131-SS-2 1131-SS-3 I 131-SS-4 11 31-SS-5 1131-SS-6 1131-SS-7 1131-SS-8 1131-SS-9 1131-SS-10 1131-SS-11

_Dibmmomcthane u u u u u a u u 1t u u
Toluene u J 26 11 J 17 J 23 11 J 27 J 41 u 1 2 6
1112-Trichloroethane u u u 1 _43 u u n u u u u
L3 Dichloropropane 11 11 11 ---At I] It It 11

_
11

Tetrachloroethene a 677 1043 a _n n u u u u ti
Dibromochloromethane u u n u u u u u ,l It
1 ,2-Dibromomethane-EDIT u u u u u 1t u n u u u
Chlorobenzene u u u u u u n u 1t u u
111h Ibenzcne 311 431 0 1093 329 11 485 543 140 11 11
1112-Tetrachloroelhane u u u 1t u

_
u

__
J 41 375 n J 2 u

m & -X lenes 430 240 11 739 566 11 647 1115 J 38 19 4
o-X lene 204 1 80 11 413 170 11 424 703 11 14 1 1
St yrene u u u u a u u u u u u
1 1 2 2-Tetrachloroethane u u u 194 a 463 231 283 u 5 12
is m (benzene J 84 u u u 128 a 176 380 a 10 u
Bromoform u 1t u u u n n u u u u
1 . 2. 3- Trichlom ro ape u n n u u u u u u 9 u
n-Pr (benzene 235 J 71 u u 289 11 369 612 11 12 11
Awmobetzene u 11 u u 11 11 11 11 11 11 11
1 , 3 . 5 Trimeth (benzene 1775 692 269 528 1685 166 2953 4365 178 106 11
4-Chlorotoluene u u to u n u u u u u u
2-Chlorotoluene u 1t u u u u u 1t a 1t u
tert-13ut (benzene 288 183 240 291 422 11 645 618 u 23 1 5
1 2 4 Trimeth (benzene 2470 1000 598

__
1122 2348 270 3909 4413 204 115

_
u

sec-But lhenzene 290 125 J 67 11 430 11 682 858 11 11 u
-In sonro (toluene 639 337 11 11 80_6 11 1503 1854 11 27 n

1 .3 Dichlorobenzene u u u u n if u u It J 2 u
1 .4 Dichlorobenzene - u u u 1t a n u n u J 2 u
n-But (benzene u u 11 11 11 11 11 11 11 11 u
1 .2 Dichlorohenzene u u u u n u 1t J 31 a 1t u
Dibromo-3-Chloro ro ne u u u u u u u u u u

_
u

1 24 Trichlorobenzene 575 185 218 11 11 tt u u 193 3 u
liexachlorobutadiene 404 J 82 u u n u u u u u u
Na hlhalene 4550 3070 3523 49_35 6_332 1743 7801 13388 1255 548 223
1 .2.3 Trichlorobenzene 1025 143 490 385 1 45 178 J 115 1 98 11 5

_
6
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purpose of risk assessment . Although the second investigation included
installation of six wells, only one well within the vicinity of the site was
sampled . The last investigation, which included sampling of seven wells,
appears to have adequately evaluated the groundwater and was used to evaluate
the level of risk posed by contaminated groundwater .

The report for the final investigation, conducted by the Morrison Knudsen
Ferguson, is provided in Appendix C .' Table 4 summarizes the findings which
were based upon sampling of 7 wells and a sump . The sump receives groundwater
from footer drains for the Building 1131 tunnel and is reported to receive
inflow from floor drains . Five wells had no detectable hazardous waste
constituents, and one well detected only 1,1,1-trichloroethane at 2 .9 parts per
billion . Well BB4 found approximately 52 parts per billion of cis-1,2-
dichloroethylene, 1 .85 parts per billion of tetrachloroethylene, and 483 parts
per billion of trichloroethylene . The sump water contained 3 .56 parts per
billion of chloroethane, 9 .36 parts per billion of 1,1-dichloroethane, 10 .8
parts per billion of 1,1,1-trichloroethane, and 1 .43 parts per billion of
trichloroethylene .

Trichloroethylene is found at a significant concentration (483 ppb) at only one
location (well SB4) . Trichloroethylene was also found in the sump, but the
concentration was only 1 .4 ppb . This minor concentration in the sump may
indicate a general wide dispersal of trichloroethylene throughout the
groundwater, or a secondary minor source, or that the sump is creating locally
directed groundwater flow and capturing trichloroethylene from the same source
detected by well EB4, or simply reflect floor drain contributions .

Sump water is pumped to the Reactor $ffluent Metering Station at Building 1192,
located approximately 900 feet south of Building 1131 . This building also
receives sump discharges from 6 or 8 other sumps within the general Reactor
area . Knowledgeable facility personnel estimate the combined flow to be
approximately 200 to 250 gallons per hour . The major contributor to the
combined flow is a 25 feet deep sump, located at Building 1111, which is
estimated to yield approximately 180 gallons per hour . Therefore, the sump
serving the Building 1131 tunnel is estimated to produce approximately 5 to 10
gallons per hour .

The combined sump water is discharged to Pentolite Ditch and subsequently flows
eastward along the south side of Pentolite Road for a distance of approximately
2500 feet to Plum Brook . Pentolite Ditch has a channel width of approximately
6 feet, a typical flow depth of 6 to 8 inches, and low flow velocities . It
flows year round. Most, if not all, of the flow is from the sump discharges .

Plum Brook has a channel width of 12 to 15 feet, a typical flow depth of 3
feet, and a drainage area of approximately 1960 acres at the property boundary .
Average annual flow volume is approximately one million gallons per day . The
maximum flow volume thus far during 1993 is 3 .7 million gallons per day . Water
and sediment samples were collected in Plum Brook approximately 500 feet down
stream from Pentolite Road on July 20, 1993, as part of a facility-wide Site
Inspection . These samples were collected during a period of extreme low flow
(approximately 100,000 gallons per day) . The samples found no detectable
hazardous waste constituents .

RISK ASSESSMENT MODELS UTILIZED
The Ohio SPA has developed a guidance manual which clarifies its requirements
for conducting risk assessments for hazardous waste management facilities .
This manual was recently revised and released as an interim final document
dated September 1, 1993 .` In addition to general and procedural guidance, the
manual provides a series of tables which present the necessary exposure
equations and default values for the most commonly encountered pathways .
These tables form the basis of the exposure assessment for the Reactor area .
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TABLE 14]

GAS CHROMATOGRAPHY/MASS SPECTROMETRY
FOR VOLATILE ORGANICS IN WATER

REACTOR AREA
TASK NO . 6105-006

MONITOR
WELL COMPOUND

RESULT
(ug/L) ("

PQL
(ug/L) rn

MWj(3) --- ---(3)

MW1A0) --- --- ---

EB1(6) DICHLORODIFLUORO-
METHANEM

1 .03 1

EB2 --- --- ---

EB3 1,1,1-
TRICHLOROETHpstE

2 .90 1

I

EB4 CIS-1,2-
DICHLOROETHENE `

51 .9 1
'

EB4 TRAMS-1,2-
DICHLOROETHENE

1 .93 1

EB4 TETRACHLOROETHENE 1 .85 I 1

EB4 I TRICHLOROETHENE I 483 I 1 I

ZBS , --- ( --- ` ---

EB6 DICHLORODIFLUORO-
METHANE()

1 .70`')
I

1 I
I

SUMP 2(9) I CHLOROETHANE 3 .56 I 2

SUMP 2 1,1-DICHLOROETHANE , 9 .36 1 ,

SUMP 2 1,1,1-
TRICHLOROETHANE

, 10 .8I 1

SUMP 2 TRICHLOROETHENE 1 .43 1

ug/L = ppb

PQL = Practical Quantification Limit

MWl = MK/NASA Installed Well

--- = Concentrations Below PQL

MW1A = Duplicate Sample of MW1

EB1 = Ebasco Installed Well
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TABLE 14] continued

The method blank contained 0 .334 ug/L of
Dichlorodifluoromethane . The approximately equivalent
concentration, taking into account dilution factors, is
amplified to 0 .384 ug/L . This is considered to be a
significant contribution to the reported value .

The method blank contained 0 .903 ug/L of
Dichlorodifluoromethane . The approximately equivalent
concentration, taking into account dilution factors, is
0 .903 ug/L . This is considered to be a significant
contribution to the reported value.

A sump in Building 1131 was sampled twice, the lab
accidentally destroying the first sample . Sump 2 is the
second sample .
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Exposure levels (intake) and toxicity values are combined to determine the
degree of risk utilizing the concept of hazard index for toxins and probability
index for carcinogens . The following calculations are used to determine these
indexes :

for toxins : hazard index = intake/reference dose

for carcinogens : probability index = intake x slope factor

Risks are assumed additive per constituent and per pathway . A hazard index of
less than or equal to one and a probability index of less than or equal to 1E-6
are considered protective of human health .

Although some of the Ohio EPA exposure assessment tables depend upon deter-
mination of chemical specific concentrations in air, the Ohio EPA guidance
manual does not provide models or default values for making such determina-
tions . Instead the Ohio EPA defers to U.S . EPA guidance in this area . One of
the methods for determining contaminant concentrations in air is provided in
section 3 .3 of the U.S . EPA Risk Assessment Guidance for Superfund (RAGS),
volume 1, Part B .' This numerical model is utilized because the underlying
model assumptions are representative of site conditions . This model assumes
that soil contaminant concentrations are at or below saturation (no free liquid
is present) . The use of calculations to confirm this assumption is unnecessary
due to the absence of free liquid and the very low residual levels of
contaminants at the site . The model also assumes that surface soil is not
covered by any material that will impede volatilization and assumes unlimited
erosion potential . These assumptions maximize calculated values by ruling out
scenarios which involve barriers or land use restrictions .

The basic equations, shown in tables [5) and [6], determine a volatilization
factor (VF) for vapors and gasses and a particulate emission factor (PEF) for
particles . The RAGS Part B fails to explicitly relate these term to chemical
concentrations in air . However, comparison of the equations presented on pages
53 and 54 of that document with Ohio EPA tables reveals that the resulting
concentrations in air are equal to 1/VF and l/PEF . Conversion of units is
unnecessary in order to insert the calculated air concentrations into the Ohio
EPA tables .

The Ohio EPA guidance also references a number of U. S . EPA Office of Superfund
guidance documents, but clarifies that Ohio EPA guidance prevails in cases of
conflicting guidance . The validity and underlying assumptions of the Ohio EPA
numerical models and default values are not evaluated in this risk assessment
since they have been subjected to substantial peer review and are State policy .

These models and associated default values are highly conservative and
protective of human health and the environment .

SELECTION OF CHEMICAL SPECIFIC VALUES

CONTAMINANT CONCS19TRATIONS IN SOIL
This risk assessment is designed to determine the impact of the contamination
resulting from the hazardous waste management unit . Since the fuel tank was
known to have leaked the assessment does not include fuels components .
Detected chemicals that are considered to be fuel related are : benzene,
butylbenzenes, ethylbenzenes, methylbenzenes, propylbenzene, toluene,
isopropyltoluene, naphthalene, and xylenes . The assessment also does not
include dichlorobenzene and trichlorobenzene which are used as ingredients in
insecticides, and found only at very low concentrations (up to 6 parts per
billion) . The selected chemicals are shown in the left column of table 7 .
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TABLE [5]

SOIL-TO-AIR VOLATII.IZATION FACTOR

VF (m=/kg) = (IS x Vx DHl
A

where.

x f3.14 x a x T1""-
j2xDaxExX� x 10-3ka!;)

a (cm=/s) _ (D: x El
E + (ps)(1-E)AC�

Standard default parameter values that can be used to reduce Equation (8) are listed below. These represent 'typical"
values as identified in a number of sources. For example, when sitespecific values are not available, the length of a
side of the contaminated area (LS) is assumed to be 45 m; this is based on a contaminated area of 0.5 acre which
approadmates the size ofan average residential 1o. 13e -typicar values LS, DH,andVare from EPA 1956. 'Typical'
values for E, OC, and p, are from EPA 1984, EPA 1988b, and EPA 1985L Site-scecific data should be substituted
for the default values fated below wherever possible. Standard values for chenmical-speafic D;, H, and K,, can be
obtained b~ calling the Superfund Health Risk Technical Support Center.

Parame:e- De5nition (units)

VF volatilization factor (m3/k.*)
IS length of side of contaminated area (m)
V wind speed in mixing zone (m/s)
DH diffusion height (m)
A area of contamination (cn=)
Da effective diffusivity (cm-/s)
E true soil porosity (unitless)
K. soiVair partition coefficient (g soillcm3 air)

P, true soil density or particulate density (,a/cm)
T exposure interval (s)
Di molecular diffusivity (cels)
H Henry's law constant (atm-m'/moh
1-, soil-water partition coefficient (cm3/g)
K. organic carbon partition coefficient (arf)
OC organic carbon content of soil (fraction)

De:ault

45 m
225 m/s
2 in
20,250,000 cn=
Di x H°='3
035
(H/ICd) x 41, where 41 is a units

conversion factor
2.65 gtzn'
79x 10°s
chemical-specific
chemical-specific
cbemical-specific, or K,. x OC.
cbemicalspecific
site-specific, or 0.02
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TABLE [6]

PARTICULATE EMISSION FACTOR

PEF (m3/k;) = IS x V x DH x3600 s/hr x 1000 sag
A 0.036 x (1-G) x (U�/U,)' x F(x)

where:

Parameter Definition (units) Default

PEF particulate emission factor (n'/k;) 4.63 x 109 m'f
LS width of contaminated area (m) 45 m
V wind speed in mndng zone (m/s) 2.25 m/s
DH diffusion height (m) 2 m
A area of contamination (m) 20'S m=
0.036 respirable ft-action (W-hr) 0.036 z~m=-hr
G fraction of vegetative cover (unidess) 0
Um mean annual wind speed (m/s) 4.5 m/s
U, equiv2lent threshold value of wind speed 12.5 m/s

at 10 m (tn/S)
F(x) function dependent on U./U, (unitless) 0.0497 (determined using Cowherd 1955)
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REACTOR AREA
BASIS OF ASSESSMENT Table 7

chemical CW CS
ora
RfD

m a e
RFD

-

carcinogen
class

oral-
lope factor

in ae
slope factor

ora
absorption

factor
Koc H Di

c oroet ane - - - + - , . + - -

chloroform 0.00E+00 1 .00E-03 1 .00E-02 1 .00E-02 B2 6.10E-03 8.05E-02 1 .00E+00 3.10E+01 2.87E-03 1 .05E-01

dichlorodifluoromethane 0.00E+00 6.10E-02 2.00E-01 5.71E-02 5.00E-01 5.80E+01 2.77E+00

.

9.91E-02

1,1-dichloroethane 9.36E-03 6.12E+00 1.00E-01 1 .43E-01 C 8.10E-01 3.00E+01 4.31E-03 1 .08E-01

1,2-dichloroethane 0.00E+00 1 .78E-01 2.86E-03 2.86E-03 B2 9.10E-02 9.10E-02 1 .00E+00 1 .40E+01 9.79E-04 1 .08E-01

cis-1,2-dichloroethylene 5.19E-02 1 .65E-01 1 .00E-02 1.00E-02 D 9.00E-01 4.90E+01 7.58E-03 9.38E-02

trans-1,2-dichloroethylene 1 .93E-03 1 .70E-02 2.00E-02 2.00E-02 9.00E-01 5.90E+01 6.56E-03 9.38E-02

methylene chloride 0.00E+00 1 .09E-01 6.00E-02 8.57E-01 B2 7.50E-03 1 .65E-03 4.00E-01 8.80E+00 2.03E-03 1 .16E-01

tetrachloroethylene 1.85E-03 0.00E+00 1 .00E-02 1 .00E-02 B2 5.20E-02 2.03E-03 1 .00E+00 3.64E+02 2.59E-02 8.78E-02

1,1,1,2-tetrachloroethane 0.00E+00 2.00E-03 3.00E-02 3.00E-02 C 5.00E-01 5.40E+01 3.81E-04 8.64E-02

1,1,2,2-tetrachloroethane 0.00E+00 1 .20E-02 3.00E-02 3.00E-02 C 5.00E-01 1 .18E+02 3.81E-04 8.64E-02

1,1,1-trichloroethane 1 .08E-02 0.00E+00 9.00E-02 2.86E-01 D 1 .00E+00 1 .52E+02 1 .44E-02 9.45E-02

trichloroethylene 4.83E-01 9.97E-01 6.00E-03 6.00E-03 B2 1 .10E-02 6.00E-03 5.00E-01 1 .26E+02 9.10E-03 9.63E-02

trichlorofluoromethane 0.00E+00 2.00E-02 3.00E-01 2.00E-01 5.00E-01 1 .59E+02 9.70E-02 9.31E-02

UNITS:
CW and CS = mg/I or mg/kg
oral absorption factor = % as decimal fraction
Koc = ml/g
H = atm-m3/mol
Di = cm2/sec



The selected values representing soil contamination levels at the Reactor are
taken from the Ebasco Environmental Closure Assessment report and provided in
the third column of table 7 .' These values represent the highest concentration
for each contaminant present in samples SS-10 and SS-11 . Samples SS-1 through
SS-9 were not utilized since the sampled soil was subsequently removed from the
facility and does not represent in-situ conditions .

The report fails to provide significant quality assurance information, but the
analytical data is believed to be of adequate quality . The samples were
collected by an experienced environmental engineering firm, analyzed for
volatile organic compounds using EPA method 524 .2, and method detection limits
were very low (no more than 3 parts per billion for samples SS-10 and SS-11) .
Utilization of the 95ic upper confidence limit (UCL) of the arithmetic mean of
the sample population in lieu of maximum values to characterize site conditions
was considered but not selected since sampling did not conform to significant
assumptions inherent to the 95W UCL method . The 95$ UCL method assumes
spatially random sampling and assumes that the number of samples is statisti-
cally significant . The reported samples were located using directed tech-
niques, and there were only two samples representing in-situ soil contamination
adjacent to the site boundaries .

CONTAMINANT CONCENTRATIONS IN GROUNDWATER

The selected values representing groundwater contamination levels at the
Reactor are taken from the Morrison Knunsen Ferguson report and provided in the
third column of table 7.3 These values represent the highest concentration for
each contaminant present in the groundwater wells and the sump . Analytical
data is believed to be of adequate quality since the samples were collected by
an experienced environmental engineering firm, analyzed for volatile organic
compounds using SW846 method 8240, and practical quantification limits were
very low (no more than 2 parts per billion . Utilization of the 95W upper
confidence limit (UCL) of the arithmetic mean of the sample population in lieu
of maximum values to characterize site conditions was considered but not
selected for the same reasons noted above for soil contaminant levels .

TOXICITY VALVES

The selected toxicity values are provided in table 7 . Toxicity values were
selected using the data source hierarchy system established by U .S . EPA and
required by Ohio EPA. The Integrated Risk Information System (IRIS) was the
primary source, and the Health Effects Assessment Summary Tables (HEAST) was
the secondary source .' . 6 Carcinogen risk was assessed for all class A and
class B carcinogens as specified by Ohio EPA closure guidance . Oral slope
factors and inhaled slope factors were available for all of the chemicals
present at the site . Therefore, the toxicity assessment for carcinogenicity
has a relatively high degree of certainty .

The toxicity assessment for toxins has a lesser degree of certainty due to a
lack of available data . However, as will be shown later, toxic effects were
determined to have much less impact on the level of risk than carcinogenic
effects . The inhaled reference dose (RfD) for chloroform, 1,1-dichloroethylene,
1,2-dichloroethylene, tetrachloroethylene, and trichloroethylene were estimated
using each chemical Is oral RfD value . The inhaled RfD for.1,1,1,2-tetrachloro-
ethane was estimated using its oral RfD value . Both the oral RfD and inhaled
RfD for 1,1,2,2-tetrachloroethane were estimated using the oral RfD value for
1,1,1,2-tetrachloroethane . A similar method of filling in partial data gaps
was recently utilized by the U.S . EPA Region III Senior Toxicologist in a memo
dated July 9, 1993 .7

Adjustment of toxicity values for dermal exposure was performed according to
the methods presented in the U .S . EPA RAGS, volume 1, Part B, Appendix A.8
This adjustment is necessary since the toxicity data is expressed as adminis-
tered doses while exposure assessment values are expressed as absorbed doses .
This adjustment was made using the following calculations :
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Dermal RfD = administered RfD x oral absorption factor

Dermal slope factor = administered slope factor / oral absorption factor

Selected oral absorption values are shown in table 7 . Ohio EPA's closure
guidance document was used as the source of oral absorption factors for
chloroform, 1,1-dichloroethane, 1,2-dichloroethylene, methylene chloride,
tetrachloroethylene, and 1,1,1-trichloroethane . Oral absorption factors for
the remaining chemicals were estimated conservatively at 0 .5 . Since all but
one of the known values varied between 0 .8 and 1 .0, and all of these chemicals
have fairly similar physical and chemical properties, these estimates are
expected to be highly conservative .

OTHER CONSTANTS AND PROPERTIES

In order to determine air pathway contributions it is necessary to calculate
the concentrations in air that can- be expected . Such calculations are
necessary since direct air monitoring using commonly employed methods is not
likely to have sufficiently low method detection limits to be able to detect
the chemicals of concern . The calculated values depend upon several chemical-
specific physical constants . These are the organic carbon partitioning
coefficient (Koc) , Henry's Law coefficient (H) , and molecular diffusivity (Di) .
The selected values for these constants are provided in table 7 .

Values for Koc and H were obtained from a table provided by Ohio EPA (appendix
F) with the exception of the Henrys Law constant for trichlorofluoromethane
and chloroethane which were obtained from the Handbook of Environmental Fate
and Exposure Data, and the Koc for chloroethane which was calculated using the
formula log Koc = (-0.55 x log S) + 3 .64, where S equals solubility (mg/1) .'
Diffusion coefficients of contaminant in air (Di) were obtained from table 2-3
of the Superfund Exposure Assessment Manual (SEAM) with the exception of
methylene chloride which was calculated based upon equation 2-5 of the SEAM ."
The reference chemical used in this equation was 1,1-dichloroethane .

RESULTS OF ASSESSMENT
Tables 8 through 19 present the calculations of hazard and probability indexes .
Each pathway consists of two tables ; one for toxins and one for carcinogens .
The various factors used in the calculations are presented in columns . The far
right column provides the calculated index . Each chemical comprises two rows .
One row for the child population and one for the Adult population . In the
lower right portion of each table the index is totaled for both the child and
adult populations . The pathways assessed include ingestion of groundwater ;
dermal contact with groundwater ; ingestion of soil and dust ; dermal contact
with soil ; and inhalation of vapors, gasses, and dusts .

Surface water pathways were not included in the assessment of risk to human
health even though sump water having trace levels of contamination is being
released to surface waters . This approach is appropriate for the following
reasons : The contaminants are limited to volatile organic compounds present
at extremely low concentrations, and the drainage ditch along Pentolite Road
provides a 2500 feet flow path which allows ample opportunity for volatiliza-tion . The flow volume from the sump is diluted substantially by Plum Brook,and sampling of Plum Brook downstream of the discharge point on July 20, 1993,failed to detect any hazardous waste constituents .

Tables 20 through 23 summarize these data in a manner that allows the chemical
and pathway contributions to be compared . Table 20 presents all of the
cumulative indexes per pathway and table 21 presents all of the cumulative
indexes per chemical . Comparison of the totals for each mode of sorting also
provides a check for addition errors . Table 22 provides a sorting of the dataaccording to both pathway and chemical for the hazard index for the childpopulation, since this population was the most restrictive for the toxins .
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REACTOR AREA TOXIC RISK ASSESSMENT Table 8
PATHWAY: INGESTION OF GROUND WATER

chemica l I
- -

Popu la tion cw ED BW - -AT INTAKE ora hazard Index
c oroet

.
.ane - + + + + + .0 -0 2.3E-02

Adult 3.56E-03 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 9.75E-05 2.00E-02 4.9E-03
chloroform Child 0.00E+00 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 0.00E+00 1 .00E-02 0.0E+00

Adult 0.00E+00 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1.10E+04 0.00E+00 1 .00E-02 0.0E+00
dichlorodifluoromethane Child 0.00E+00 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 0.00E+00 2.00E-01 0.0E+00

Adult 0.00E+00 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1.10E+04 0.00E+00 2.00E-01 0.0E+00
1,1-dichlotoethane Child 9.36E-03 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 1 .20E-03 1 .00E-01 1 .2E-02

Adult 9.36E-03 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1.10E+04 2.56E-04 1 .00E-01 2.6E-03
1,2-dichloroethane Child 0.00E+00 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 0.00E+00 2.86E-03 0.0E+00

Adult 0.00E+00 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 0.00E+00 2.86E-03 0.0E+00
cis-1,2-dichloroethylene Child 5.19E-02 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 6.64E-03 1 .00E-02 6.6E-01

Adult 5.19E-02 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 1 .42E-03 1 .00E-02 1 .4E-01
trans-1,2-dichloroethylene Child 1 .93E-03 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 2.47E-04 2.00E-02 1 .2E-02

Adult 1 .93E-03 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 5.29E-05 2.00E-02 2.6E-03
methylene chloride Child 0.00E+00 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 0.00E+00 6.00E-02 0.0E+00

Adult 0.00E+00 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 0.00E+00 6.00E-02 0.0E+00
tetrachloroethylene Child 1.85E-03 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 2.37E-04 1 .00E-02 2.4E-02

Adult 1.85E-03 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 5.07E-05 1 .00E-02 5.1E-03
1,1,1,2-tetrachloroethane Child 0.00E+00 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 0.00E+00 3.00E-02 0.0E+00

Adult 0.00E+00 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 0.00E+00 3.00E-02 0.0E+00
1,1,2,2-tetrachloroethane Child 0.00E+00 2.00E+00 3.50E+02 6.00E+00 1.50E+01 2.19E+03 0.00E+00 3.00E-02 0.0E+00

Adult 0.00E+00 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 0.00E+00 3.00E-02 0.0E+00
1,1,1-trlchloroethane Child 1.08E-02 2.00E+00 3.50E+02 6.00E+00 1.50E+01 2.19E+03 1.38E-03 9.00E-02 1 .5E-02

Adult 1.08E-02 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 2.96E-04 9.00E-02 3.3E-03
trichloroethylene Child 4.83E-01 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 6.18E-02 6.00E-03 1 .0E+01

Adult 4.83E-01 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 1 .32E-02 6.00E-03 2.2E+00
trichloroiluoromethane Child 0.00E+00 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 0.00E+00 3.00E-01 0.0E+00

Adult 0.00E+00 2.00E+00 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 0.00E+00 3.00E-01 0.0E+00

Child Hazard Index 1 .1 E+01
Adult Hazard Index 2.4E+00



r

REACTOR AREA CARCINOGEN RISK ASSESSMENT Table 9
PATHWAY: INGESTION OF GROUND WATER

c emica [population v intake oral slope rob . n x
chloroform Child O.00E+00 2.00E+00 3.50E+02 6.00E+00 7.50E+p1 Z.56E+04 0.00E+00 6.10E-03 0.0E+00

Adult 0.00E+00 2.00E+00 3.50E+02 3.00E+01 7.00E+01 2.56E+04 0.00E+00 6.10E-03 0.0E+00
1,2-dichloroethane Child 0.00E+00 2.00E+00 3.50E+02 6.00E+00 1.50E+01 2.56E+04 0.00E+00 9.10E-02 0.0E+00

Adult 0.00E+00 2.00E+00 3.50E+02 3.00E+01 7.00E+01 2.56E+04 0.00E+00 9.10E-02 0.0E+00
methylene chloride Child 0.00E+00 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 0.00E+OQ 7.50E-03 0.0E+00

Adult 0.00E+00 2.00E+00 3.50E+02 3.00E+01 7.00E+01 2.56E+04 0.00E+00 7.50E-03 0.0E+00
tetrachloroethylene Child 1 .85E-03 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 2.03E-05 5.20E-02 1 .1 E-06

Adult 1 .85E-03 2.00E+00 3.50E+02 3.00E+01 7.00E+01 2.56E+04 2.17E-05 5.20E-02 1 .1 E-06
trichloroethylene Child 4 .83E-01 2.00E+00 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 5.29E-03 1 .10E-02 5.8E-05

Adult 4.83E-01 2.00E+00 3.50E+02 3.00E+01 7.00E+01 2.56E+04 5.67E-03 1 .10E-02 6.2E-05
N

"' Child Probability Index 5.9E-05
Adult Probabilityindex 6.4E-05



REACTOR AREA TOOC RISKASSESSMENT
PATHWAY: DERMAL CONTACTWITH WATER Table 10

a Ore hazard
chemical population CW $A PC ET EF ED CF BW AT dose oral RfD absorption dermal RID Index

factor
cmoroemane + +

Adult 3.58E-03 2.00E+04 8.00E-03 2.00E-01 3.50E+02 3.00E+01 1.00E-03 7.00E+01 1 .10E+04 1 .58E-08 2.00E-02 5.OOE-01 1.00E-02 1.8E-04
chloroform Child 0 .0012+00 7.00E+03 8.90E-03 2.00E-01 3.5012+02 8.0012+00 1.00E-03 1 .50 +01 2.19E+03 0.00E+00 1.00E-02 S.OOE-01 5.00E-03 0.0E+00

Adult O.00E+00 2.0012+04 8.90E-03 2.00E-01 3.SOE+02 3.0012+01 1 .0012-03 7.00E+01 1.10E+04 0.00E+00 1.00E-02 5.00E-01 5.00E-03 O.0E+00
dichlorodlfluoromethane Child 0.00E+00 7.00E+03 1.20E-02 2.00E-01 3.5012+02 8.0012+00 1 .0012-03 1.50E+01 .19E+03 0.00E+00 2.00E-01 5.00E-01 1.00E-01 0.0E+00

Adult O.00E+00 2.0012+04 1.20E-02 2.00E-01 3.5012+02 3.0012+01 1.00E-03 7.0012+01 1.10E+04 O.00E+00 2.00E-01 5.00E-01 1.00E-01 O.0E+00
1,1-dichioroethene Child 9.36E-03 7.00E+03 8.90E-03 2.00E-01 3.SOE+02 8.0012+00 1.00E-03 1.50E+01 2.19E+03 7.48E-08 1 .00E-01 8.10E-01 8.10E-02 9.2E-05

Adull 9.38E-03 2.0012+04 8.90E-03 2.00E-01 3.5012+02 3.0012+01 1.00E-03 7.00E+01 1.1012+04 4.56E-08 1.00E-01 8.10E-01 8.10E-02 5.8E-05
1,2-dlchloroethene Child O.00E+00 7.0012+03 5.30E-03 2.00E-01 3.5012+02 6.00E+00 1.00E-03 1 .5012+01 2.1912+03 O.OOE+00 2.88E-03 1.0012+00 2.88E-03 O.0E+00

Adult O.00E+00 2.00E+04 5.30E-03 2.00E-01 3.5012+02 3.0012+01 1.00E-03 7.00E+01 1.1012+04 O.00E+00 2.88E-03 1.00E+00 2.88E-03 0.0E+00
cls-l,2-dlchloroethylene Child 5.19E-02 7.00E+03 1 .00E-02 2.00E-01 3.5012+02 6.00E+00 1 .00E-03 1 .5012+01 2.19E+03 4.84E-05 1.00E-02 9.00E-01 9.00E-03 5.2E-03

Adult 5.19E-02 2.0012+04 1 .00E-02 2.00E-01 3.50E+02 3.00E+01 1.00E-03 7.0012+01 1 .1012+04 2.8412-05 1.00E.02 9.00E-01 9.00E-03 3.2E-03
trans-1 .2-dlchloroethylene Child 1.93E-03 7.0012+03 1 .00E-02 2.00E-01 3.5012+02 8.0012+00 1.00E-03 1.50E+01 2.19E+03 1.73E-06 2.00E-02 9.00E.01 1.80E-02 9.6E-05

Adult 1.93E-03 2.0012+04 1 .00E-02 2.00E-01 3.5012+02 3.00E+01 1 .0012-03 7.0012+01 1 .1012+04 1.08E-08 2.00E-02 9.00E-01 1 .8012-02 5.9E-05
met ne chloride Child O.00E+00 7.0012+03 4.50E-03 2.00E-01 3.SOE+02 6.OOE+00 1.00E-03 1 .5012+01 2.1912+03 0.00E+00 6.00E-02 4.00E-01 2.40E-02 0.0E+00

Aduk 0.00E+00 2.0012+04 4.50E-03 2.00E-01 3.5012+02 3.0012+01 1.00E-03 7.0012+01 1 .1012+04 0.0012+00 &OOE-02 4.00E.01 2.40E-02 O.0E+00
tetrachioroethylene Child 1.85E-03 7.0012+03 4.80E-02 2.00E-01 3.5012+02 8.00E+00 1 .0012-03 1 .5012+01 2.1912+03 7.9512-08 1.00E-02 1.OOEMO 1.00E-02 7.9E-04

Adult 1.85E-03 2.0012+04 4.80E-02 2.00E-01 3.50E 3.0012+01 1.00E-03 7.00E+01 1 .1012+04 4.87E-OQ 1.00E-02 1 .0012+00 1.00E-02 4.9E.04
1,1,1,24etrachloroethane Child 60012+00 7.00E+03 1 .00E-01 2.00E-01 3.SOE+02 8.0012+00 .00E-03 1 .5012+01 2 912+03 0.00E+00 3.00E-02 5.00E-01 1.50E-02 O.0E+00

Ndull 0.00E+00 2.0012+04 1 .00E-01 2.00E-01 3.SOE+02 3.0012+01 1.00E-03 7.0012+01 1 .1012+04 O.00E+00 3.00E-02 5.00E-01 11 .50E-02 O.0E+00
1,1,2,2-tetrachloroethane Child O.OOE+00 7.0012+03 9.00E-03 2.00E-01 3.5012+02 6.00E+00 11 .00E.03 .50E+01 2 912+03 . E+00 3.00E-02 5.00E-01 1.50E-02 0.012+00

Adult 0.0015+00 2.0015+04 9.00E-03 2.00E-01 3.5015+02 3.OOEM1 1.0012-03 7.00E+01 1.10E+04 O.00E+00 3 -02 5.00E-01 1.50E-02 O.0E+00
1,1,1 "tr1chbroethane Child 1 .08E-02 7.00E+03 1 .70E-02 2.00E-01 3.50E+02 6.00 +OO 1.00E-03 .6011+O 2.19E+03 1 .8412-05 9.00E-02 1.0012+00 0 .001-02 1 .812-04

Adua 1.08E-02 2.0012+04 1 .70E-02 2.00E-01 3.5012+02 3.00E+01 1.00E-03 .00E +01 . 0E+04 1.01E-OS 9.00E-02 .0012+00 9.00 02 1.1E-04
trlch roethylene Child 4.83E-01 7.00E+03 1 .80E-02 2.00E-01 3.5012+02 6.OOE+00 1.00E-03 1 .SOE+O) 1912+03 8.92E-04 8.00E-03 8.00E.01 3.00E-03 2.3E-01

Adult 4.83E-01 2.00E+04 1 .80E-02 2.00E-01 3.5012+02 3.00E+01 1.00E-03 700E+01 1 10E+04 4.23E.04 B.OOE-03 S.OOE-01 3.00E-03 11E-01
trlc IoroOuoromethane Child 6.00E+00 7.0012+03 1 .70E-02 2.00E-01 3.5012+02 B.OOE+00 .OOE-03 1 . + 4.19E+03 0.00 +00 3.00E-01 .00E-01 1.50 -01 . 12+00

Adult 000E+00 2.00E+04 1 .70E-02 2.OOE-01 3.5012+02 3.0012+01 1.00E-03 7.0012+01 1 .1012+04 0.00E+00 3.00E-01 S.OOE-01 1.50E-01 0.012+00

'child Hazard Index 2.4E-01
Adult Hazard Index 1 .512.01



REACTOR AREACARCINOGEN RISK ASSESSMENT
PATHWAY: DERMAL CONTACT WITH WATER Table 11

chemical popula tion CW SA PC ET EF ED CF BW AT
absorbed
dote

ore
elope

era
absorption

derma l
slope

ro a
Index

rfactor factor factororo + +
Aduft 0.00E+00 1.82E+04 ' 8.90E-03 2.00E-01 3.50E+02 3.00E+01 1.00E-03 7.00E+01 2.56E+04 O.00E+00 6.10E-03 5.00E-01 122E-02 O.0E+001,2-0kNoroethene . Child 0.00E+00 7.20E+03 5.30E-03 2.00E-01 3.30E+02 6.00E+00 1.00E-03 1.50E+01 2.56E+04 0.00E+00 9.10E-02 1.00E+00 9.10E-02 0.0E+00Adult 0.00E+00 1.8212+04 5.30E-03 2.00E-01 3.60E+02 3.0012+01 1 .0012-03 7.00E+01 2.5612+04 0.0012+00 9.10E-02 1.00E+00 9.10E-02 0.0E+00methylene cHorlde Chid 0.00E+00 7.20E+03 4.50E-03 2.00E-01 3.5012+02 6.00E+00 1.00E-03 1 .50E+01 2.5612+04 0.00E+00 7.50E-03 4.00E-01 1 .88E-02 0.0E+00Adult O.00E+00 1.8212+04 4.50E-03 2.00E-01 3.50E+02 3.0012+01 1 .0012-03 7.00E+01 2.5612+04 0.00E+00 7.50E-03 4.00E-01 1 .88E-02 O.0E+00tetractioroethylene Child 1 .85E-03 7.2012+03 4.80E-02 2.00E-01 3.50E+02 6.00E+00 1 .00E-03 1 .50E+01 2.56E+04 7.00E-07 5.20E-02 1.00E+00 520E-02 3.6E-08Adult 1 .85E-03 1.82E+04 4.80E-02 2.00E-01 3.5012+02 3.00E+01 1 .00E-03 7.00E+01 2.5612+04 1.89E-08 5.20E-02 1 .00E+00 520E-02 9.8E-08

trichloroethylene Child 4.83E-01 72012+03 1.60E-02 2.00E-01 3.5012+02 6.0012+00 1 .00E-03 1.5012+01 2.5612+04 8.09E-05 1.1012-02 5.00E-01 220E-02 1.3E-06
L- I Adult 4.83E-01 1.8212+04 1.60E-02 2.00E-01 3.5012+02 3.0012+01 1 .00E-03 7.00E+01 2.5612+04 1.65E-04 1.10E-02 5.00E-01 220E-02 3.6E-06

child probability Index 1.4E-08
adult probability index 3 .712 .08



REACTOR AREA TOXICRISK ASSESSMENT
PATHWAY; INGESTION OF SOIL AND DUST

Table 12

chemical popu atan Cs I CF FI ff ED BW AT INTAKE ORAL hazard
RfD Index

c roe ne i + - 6.3E-04
Adult 9.90E-01 1.00E+02 1 .00E-08 1.0012+00 3.5012+02 3.0012+01 7.0012+01 1.1012+04 1 .38E-08 2.00E-02 8.8E-05

chloroform Child 1 .00E-03 2.00E+02 1.00E-06 1.00E+00 3.5012+02 8.0012+00 1.5012+01 2.1912+03 128E-08 1 .00E-02 1.3E-08
Adult 1 .00E-03 1 .0012+02 1.00E-06 1 .0012+00 3.50E+02 3.00E+01 7.0012+01 1.1012+04 1 .37E-09 1 .00E-02 1.4E-07

dichlorodMuoromethene Child 8.10E-02 2.0012+02 1.00E-08 1.00E+00 3.5012+02 6.0012+00 1.50E+01 2.1912+03 7.8012-07 2.00E-01 3.9E-08
Adult 8.10E-02 1.00E+02 1.00E-08 1 .0012+00 3.5012+02 3.0012+01 7.0012+01 1.1012+04 8.38E-08 2.00E-01 4.2E-07

1,1-dichloroethane Child 8.12E+00 2.00E+02 1.00E-08 1.00E+00 3.5012+02 8.0012+00 1.5012+01 2.19E+03 7.82E-05 1.00E-01 7.8E-04
Adult 6.1212+00 1.0012+02 1.00E-08 1 .0012+00 3.5012+02 3.0012+01 7.0012+01 1.1012+04 8.38E-08 1 .00E-01 8.4E-05

1,2-dichtoroethane Child 1.78E-01 2.00E+02 1.00E-08 1 .0012+00 3.5012+02 8.0012+00 1.5012+01 2.1912+03 22812-06 2.88E-03 8.0E-04
Adult 1.78E-01 1.0012+02 1.00E-08 1 .0012+00 3.5012+02 3.0012+01 7.0012+01 1.1012+04 2.44E-07 2.88E-03 8.5E-05

cis-1,2-dichloroethylene Child 1.85E-01 2.0012+02 1.00E-06 1 .0012+00 3.5012+02 8.0012+00 1 .5012+01 2.1912+03 2.1112-08 1.00E-02 2.1E-04
Adult 1.85E-01 1.00E+02 1.00E-08 1 .0012+00 3.5012+02 3.0012+01 7.0012+01 1 .1012+04 228E-07 1 .00E-02 2.3E-05

trams-1,2-dichloroethylene Child 1.70E-02 2.0012+02 1.0012-08 1 .0012+00 3.5012+02 8.0012+00 1 .5012+01 2.19E+03 2.17E-07 2.00E-02 1.1E-05
Adult 1.70E-02 1.0012+02 1.00E-08 1 .0012+00 3.5015+02 3.0012+01 7.0012+01 1 .1012+04 2.33E-08 2.00E-02 1.2E-08

methylene chloride Child 1.0912-01 2.0012+02 1.00E-08 1 .0012+00 3.5012+02 8.0012+00 1 .5012+01 2.1912+03 1.39E-08 8.00E-02 2.3E-05
Adult 1.09E-01 1.00E+02 1.00E-08 1 .0012+00 3.5012+02 3.0012+01 7.0012+01 1 .1012+04 1 .49E-07 6.00E-02 2.5E-08

tetmchloroethylene Child O.00E+00 2.00E+02 1.00E-08 1 .0012+00 3.50E+02 B.OOE+00 1 .5012+01 2.1912+03 0.00E+00 1.00E-02 O.0E+00
Adult 0.0015+00 1.00E+02 1.00E-08 1.0012+00 3.5012+02 3.0012+01 7.0012+01 1 .1012+04 0.0015+00 1.00E-02 0.0E+00

1,1,1,2-tetrachloroethane Child 2.00E-03 2.00E+02 1.00E-08 1 .0012+00 3.50E+02 8.0012+00 1 .5012+01 2.1912+03 2.58E-08 3.00E-02 8.5E-07
Adult 2.00E-03 1.00E+02 1.00E-08 1 .0012+00 3.5012+02 3.0012+01 7.0012+01 1 .1012+04 2.74E-09 3.00E-02 9.1 12-08

1,1,2,2-tetrachloroethene Child 1.20E-02 2.00E+02 1.00E-06 1 .0012+00 3.5012+02 B.OOE+00 1 .5012+01 2.1912+03 1 .53E-07 3.00E-02 5.1E-08
Adult 1 .20E-02 1.00E+02 1.00E-08 1 .0012+00 3.5012+02 3.0012+01 7.0012+01 1 .1012+04 1 .84E-08 3.00E-02 5.5E-07

1,1,1-trichloroethane Child 0.0012+00 2.0012+02 1.00E-08 1 .0012+00 3.5012+02 B.OOE+00 1.5012+01 2.1912+03 O.00E+00 9.00E-02 O.0E+00
Adult O.00E+00 1.0012+02 1.00E-08 1 .0012+00 3.50E+02 3.0012+01 7.0012+01 1.10E+04 O.00E+00 9.00E-02 0.0E+00

trlehioroethylene Child 9.97E-01 2.0012+02 1.00E-08 1 .0012+00 3.5012+02 B.OOE+00 1.5012+01 2.1912+03 1.27E-05 8.00E-03 2.1E-03
Adult 9.97E-01 1.00E+02 1.00E-08 1 .0012+00 3.8012+02 3.0012+01 7.00E+01 1.1012+04 1.37E-08 8.00E-03 2.3E-04

tdehlorof9uoromethens Child 2.00E-02 2.00E+02 1.00E-08 1 .0012+00 3.5012+02 S.OOE+00 1.50E+01 2.1912+03 2.56E-07 3.00E-01 8.5E-07
Adult 200E-02 1.00E+02 1.00E-0t3 1 .0012+00 3.5012+02 3.0015+01 7.0012+01 1 .1012+04 2.74E-08 3.00E-01 9.1 E- 8

child hazard Index 4.8E-03
adult hazard Index 4.9E-04



REACTOR AREA CARCINOGEN RISK ASSEMENT TABLE 13
PATHWAY: INGESTION OF SOIL AND DUST

chemica l popu lation
SLOPE INDEX

chloroform child + + 1.50E-*01 .
adult 1 .00E-03 1 .00E+02 1.00E-06 1.00E+00 3.50E+02 3.00E+01 7.00E+01 2.58E+04 5.87E-10 8.10E-03 3.6E-12

1,2-dichloroethane child 1 .78E-01 2.00E+02 1 .00E-08 1 .00E+00 3.50E+02 6.00E+00 1.50E+01 2.56E+04 1 .95E-07 9.10E-02 1.8E-08
adult 1 .78E-01 1 .00E+02 1 .00E-OS 1 .00E+00 3.50E+02 3.00E+01 7.00E+01 2.56E+04 1 .05E-07 9.10E-02 9.5E-09

methylene chloride child 1 .09E-01 2.00E+02 1 .00E-06 1 .00E+00 3.50E+02 8.00E+00 1.50E+01 2.56E+04 1.19E-07 7.50E-03 9.0E-10
adult 1.09E-01 1 .00E+02 1 .00E-06 1 .00E+00 3.50E+02 3.00E+01 7.00E+01 2.56E+04 6.40E-08 7.50E-03 4.8E-10

tetrachloroethylene child O.00E+00 2.00E+02 1 .00E-OS 1 .00E+00 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 O.00E+00 5.20E-02 0.0E+00
adult O.00E+00 1 .00E+02 1 .00E-06 1 .00E+00 3.50E+02 3.00E+01 7.00E+01 2.56E+04 O.00E+00 5.20E-02 0.0E+00

trichloroethylene child 9.97E-01 2.00E+02 1 .00E-08 1 .00E+00 3.50E+02I 6.00E+00~ 1 .50E+01
2 5E 04

1.09E-06I 1.10E-02 1.2E-08
adult 9.97E-01 1 .00E+02 1 .00E-06 1 .0012+00 3.5012+021 3.00E+01 7.0012+01 .56 04 5.85E-07 1 .10E-02 8.4E-09

Child Hazard Index 3.1E-08
Adult Hazard Index 1.5E-08



REACTOR AREA TOXIC RISK ASSESSMENT
PATHWAY: DERMAL CONTACTWITH SOIL

Table 14

a or e Oral hazard
chemical po pulation CS CF SA AF ABS EF ED BW AT dose oral RID Absorption dermal RfD Index

factor
c oroe ane

Adult 9.90E-01 1.00E-08
+

5.00E+03
+

1.00E+00 2.50E-01
+

&50E+02
+

3.00E+01
+

7.00E+01
+

1.10E+04
-u

70E-051
F

.
.uu -u
2.00E-02

.uu
5.00E-01 1.00E-02 1 .7E-03

chloroform Child 1 .00E-03 .00E-08 2.00E+03 1.00E+00 2.50E-01 3.SOE+02 8.00E+00 1.50E+01 2.19E+03 3.20E-08 1.00E-02 5.00E-01 5.00E-03 8.4E-08
Adult 1.00E-03 1.00E-08 5.00E+03 1.00E+00 2.50E-01 3.50E+02 3.00E+01 7.00E+01 1.10E+04 1.71E-08 1.00E-02 5.00E-01 5.00E-03 3.4E-06

dichlorodMuoromethane Child 8.10E-02 1.00E-06 2.0012+03 1 .0012+00 2.50E-01 3.5012+02 6.0012+00 1 .50E+01 2.1912+03 1.95E-08 2.00E-01 5.00E-01 1.00E-01 1.9E-05
Adult 8.10E-02 1.00E-08 5.00E+03 1.OOE+00 2.50E-01 3.5012+02 3.0012+01 7.0015+01 1 .1012+04 1.04E-08 2.00E-01 5.00E-01 1.00E-01 1.0E-05

1,1-dichbrothane Child 8.12E+00 1 .0012-08 2.0012+03 1.00E+00 2.50E-01 3.5012+02 .00E+00 1.50E+01 2.1912+03 1.96E-04 1.00E-01 8.10E-01 8.10E-02 2.4E-03
Adult 8.1212+00 1 .0012-06 5.0012+03 1 .0015+00 250E-01 3.5012+02 3.0012+01 7.0012+01 1.10E+W 1.05E-04 1.00E-01 8.10E-01 8.10E-02 1.3E-03

2-0Ichloroethane1 Child 1 .78E-01 1.00E-08 2.00E+03 1 .0012+00 2.50E-01 3.5012+02 8.0012+00 1 .5012+01 2.1912+03 5.89E-08 2.88E-03 1.00E+00 2.88E-03 2.0E-03,
Adult 1.78E-01 1.00E-08 5.0012+03 1 .0012+00 2.50E-01 3.5012+02 3.0012+01 7.0012+01 1A0E+M 3.05E-08 2.88E-03 1.00E+00 2.66E-03 1.1E-03

cle-1,2~dichloroethylene Child 1 .65E-01 1.00E-06 2.00E+03 1.0012+00 2.50E-01 3.5012+02 8.0012+00 1 .50E+01 2.19E+03 527E-08 1.00E-02 9.00E-01 9.00E-03 5.9E-04
Adult 1.65E-01 1.00E-06 5.00E+03 1.0012+00 2.50E-01 3.SOE+02 3.0012+01 7 .0012+01 1.1012+04 2.8312-08 1 .00E-02 9.00E-01 9.00E-03 3.1E-04

tramrl,2-dlchloroethylene Child 1.70E-02 1.00E-06 2.00E+03 1.0012+00 2.50E-01 3.5012+02 B.OOE+00 1.5012+01 2.1912+03 5.43E-07 2.00E-02 9.00E-01 1.80E-02 3.0E-05
Adult 1.70E-02 1.00E-06 5.00E+03 1.0012+00 2.50E-01 3.50E+02 3.0012+01 7 .0012+01 1 .1012+04 2.91E-07 2.00E-02 9.00E.01 1.80E-02 1.8E-05

methylene chloride Child 1 .09E-01 1.00E-06 2.0012+03 1 .0012+00 2.5012-0 3.5012+02 8.0012+00 1 . 12+01 2.1912+03 3.4812-08 8.00E-02 4.00E-01 2.40E-02 1.5E-04
Adult 1.09E-01 1.00E-08 5.00E+03 1.0012+00 2.60E-01 3:5012+02 3.0012+01 7.0012+01 1 .1012+04 1.87E-08 8.00E-02 4.00E-01 2.40E-02 7.8E-05

tetrachloroethylene Child 0.00E+00 1.00E-08 2.0012+03 1 .0012+00 2.50E-01 3.50E+02 6 OOE+00 .50E+01 2.1912+03 O.OOE+00 1.00E-02 1.00E+00 1.00E-02 O.0E+00
Adult O.OOE+00 1.00E-08 5.00E+03 1.0012+00 2.50E-01 3.5012+02 3.0012+01 7.00E+01 1.1012+04 O.OOE+00 1.00E-02 1.00E+00 1.00E-02 0.0E+00

1,1,1,2-tetrachloroethene Child 2.00E-03 1.00E-08 2.00E+03 1.0012+00 2.50 1 3.50 +02 0. E+00 1 ..+01 2.1912+03 .39E-08 .00E-02 5.00E-01 1 .50 -02 .312-08
Adult 2.00E-03 1.00E-08 5.00E+03 1.0012+00 2.50E-01 3.5012+02 3.00E+01 7.0012+01 1 .1012+04 3.42E-08 3.00E-02 5.0012-01 1.50E-02 2.3E-08

1,1,2,2-tetrachloroethane Child 1.2012-02 1 .00E-06 2.00E+03 1 .0012+00 2.50E-01 3.50E+02 8. 12+00 1.50E+01 2.19+03 3.84E-07 3.00E-02 5.00E-01 1.50E-02 2.6E-05
Adult 1 .2012-02 1 .00E-08 5.00E+03 1.0012+00 Z.50E-01 3.5015+02 3.0012+01 7.00+01 1 .10E+04 2.05E-07 3.00E-02 5.00E-01 1 50E-02 1 .4 -05

1-tric loroethane11 Child +00 1 .00E-08 +03 1.0012+00 50E + +0 9 +03 0.00E+00 .00E-02 .0012+00 .00E-02 .012+00,,
Adult 0.0012+00 1 .00E-08 6.00E+03 1.0012+00 2.60E-01 3.6012+02 3.0012+01 7.0012+01 1 .1012+04 O.OOE+00 9.00E-02 1.0012+00 9.00E-02 0.012+00

trIchbroethylene Child 9.97E-01 1.00E-08 2.00E+03 1.00E+00 2.50E-01 3.6012+02 8.00E+00 1 .5012+01 2.19E+03 3.19E-05 8.00E-03 5.00E-01 3.00E-03 1.1E-02
Adult 9.97E-01 1.00E-08 5.00E+03

1

1.0012+00 2.50E-01 3.5012+02 3.00+01 7.0012+01 1 .1012+04 1.71E-05 8.00E-03 5.00E .01 3.00E-03 6.7E-03
tric rolluoromelhane --Child- 2 . E-02 1 .00E-08 2.00E+03 1.00E+00 2.50E-01 3. 50E+02 1 8.00E+00 1 . 012+01 . 9 +03 6. 39E-07 .00E-01 5.00E-Ot 1 .50E-01 4.3E-08

Aduff 2.00E-02 1.00E-06 6.0012+03 1.00E+00 2.50E-Ot 3.5012+02 3.00E+01 7.0012+01 1.1012+04 3.42E-07 3.00E-01 5.00E-01 1.50E-01 2.3E-Od

child Hazard Index 1.9E-02
adult hazard Index 1.0E-02



REACTOR AREA CARCINOGEN RISKASSESSMENT Table 15
PATHWAY: DERMAL CONTACT WITH SOIL

absorbed a era Derma l proba bility
Chemical Population CS CF SA AF ABS EF ED BW AT dose Slope Absorbdon Slope Index

Factor factor Factor
+ +

Adult 1 .00E-03 1 .00E-08 5.00E+03 1.00E+00 2.50E-01 3.50E+02 3.00E+01 7.00E+01 2.56E+04 7.34E-09 8.10E-03 1.00E+00 8.10E-03 4.5E-1 1
1,2-dichloroethane Chid 1 .78E-01 1 .00E-08 2.00E+03 1.00E+00 2.50E-01 3.50E+02 B.OOE+00 1 .50E+01 2.56E+04 4.88E-07 9.10E-02 1.00E+00 9.10E-02 4.4E-08

Adult 1 .78E-01 1 .0015-06 5.0OE+03 1.0015+00 2.5015-01 3.50E+02 3.0015+01 7.0015+01 2.56E+04 1.31E-08 9.1015-02 1 .00E+00 9.10E-02 1 .2E-07
methylene chloride Chid 1.09E-01 1 .00E-08 2.00E+03 1.00E+00 2.50E-01 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 2.99E-07 7.50E-03 4.00E-01 1.88E-02 5.6E-09

Adult 1.09E-01 1.00E-08 5.00E+03 1.00E+00 2.50E-01 3.5015+02 3.00E+01 7.0015+01 2.56E+04 8.00E-07 7.50E-03 4.00E-01 1 .88E-02 1 .5E-08
tetrachloroethylene Chid 0.00E+00 1 .00E-06 2.00E+03 1.00E+00 2.50E-01 .50E+02 8.00E+00 1 .5015+01 2.56E+04 0.00E+00 .20E-02 .00E+00 5.20E-02 0.0E+00

Adult 0.00E+00 1.00E-08 5.00E+03 1.00E+00 2.50E-01 3.5015+02 3.00E+01 7.0015+01 2.56E+04 O.00E+00 520E-02 1 .00E+00 5.20E-02 O.0E+00
trichloroethylene Chid 9.97E-01 1.00E-06 2.00E+03 1.00E+00 1 2.50E-01 3.50E+02 8.00E+00 1.5015+01 2.5815+04 2.73E-08 1 .1015-02 5 .00E-01 2.20E-02 6.0E-08

Adult 9.97E-01 1 .0015-08 5.0015+03 1.00E+00 2.50E-01 3.5015+02 3.00E+01 7.0015+01 2.5615+04 7.32E-06 1 .10E-02 5.00E-01 2.20E-02 1 .6E-07

Child Probability Index: 1.1E-07
Adult Probability Index: 2.9E-07



REACTOR AREA TOXIC RISK ASSESSMENT
PATHWAY, INHALATION OF VAPORS AND GASSES

Table 18

em pop ula tio n outdoor shower outdoor a hazard Index
IR IR ET ET [ shower R(D oor shower

chloroeftne +01 OM T.5=9
Adult 1 .86E-04 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 5.07E-05 3.05E-07 2.86E+00 1 .*E-05 1 .1E-07

chloroform Chad 1 .01E-07 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 128E-07 7.72E-10 1.00E-02 1 .3E-05 7.7E-08
Adult 1.01E-07 8.30E-01 6.00E-01 2AOE+01 2.00E-01 3.SOE+02 '3.00E+01 7.00E+01 1 .10E+04 2.75E-08 1 .65E-10 1 .00E-02 2.7E-08 1 .7E-08

dichloroddluoromethene Child 6.07E-04 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.50E+02 6.00E+00 1.50E+01 2.19E+03 7.73E-04 4.68E-06 5.71E-02 1 .4E-02 11 .2E-05
Adult 6.07E-04 8.30E-Oi 6.00E-01 2.40E+01 2.00E-01 3.50E+02 3.00E+01 7.00E+01 1.10E+04 1.88E-04 9.98E-07 5.71E-02 2.9E-03 1.7E-05

1,1-0ichloroethene Child 7.85E-04 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.50E+02 S.OOE+00 1.50+01 2.19E+03 1 .00E-03 6.02E-06 1 .43E-01 7.0E-03 4.2E-05
Adult 7.85E-04 8.30E-01 8.00E-01 2.40E+01 2.00E-01 3.SOE+02 3.00E+01 7.00E+01 1.10E+04 214E-04 1 .29E-08 1.43E-01 1.5E-03 9.0E-08

1,2-dichkmmthane ChIld 1.57E-05 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.50E+02 6.00E+00 1.50E+01 2.19E+03 2.00E-05 1 .20E-07 2.86E-03 7.0E-03 4.2E-05
Adult 1 .57E-05 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.50E+02 3.00E+01 7.00E+01 1.10E+04 4.28E-08 2.58E-08 2.86E-03 1.5E-03 9.0E-06

cis-l,2-dlchloroethylene Chdd 2.05E-05 8 .30E-01 6.00E-01 2.40E+01 2.00E-01 3.50E+02 8.00E+00 1.50E+01 2.19E+03 2.61E-05 1 .57E-07 1.00E-02 2.6E-03 1.6E-05
Adult 2.05E-05 8.30E-01 8.00E-01 2.40E+01 2.00E-01 3.5012+02 3.00E+01 7.0012+01 1.1012+04 5.60E-08 3.37E-08 1 .00E-02 5.6E-04 3.4E-OS

traps-1,2-dichloroettrylene Child 1 .78E-06 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.5012+02 6.00E+00 1.5012+01 2.19E+03 2.26E-06 1.36E-08 2.00E-02 1 .1E-04 . 6.8E-07
Adult 1 .78E-06 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.5012+02 3.00E+01 7.0012+01 1.10E+04 4.85E-07 2.92E-09 2.00E-02 2.4E-05 1.5E-07

me"ene chiodde Child 1 .87E-05 8.30E-01 8.00E-01 2.40E+01 2.00E-Oi 3.SOE+02 6.00E+00 1 .50E+01 2.19E+03 2.38E-05 1.44E-07 8.57E-01 2.8E-05 1 .7E-07
Adult 1 .87E-05 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.SOE+02 3.00E+01 7.0012+01 1.10E+04 5.11E-08 3.0812-08 8.57E-01 6.0E-08 3.6E-08

tetrachloroeBqAene Chid O.00E+00 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.SOE+02 6.00E+00 1 .5012+01 2.1912+03 0.0012+00 O.00E+00 1 .00E-02 0.0E+00 0.0E+00
Adult O.00E+00 8.3012-01 6.00E-01 2.40E+01 2.00E-01 3.5012+02 3.00E+01 7.0012+01 1 .1012+04 0.00E+00 O.00E+00 1.00E-02 O.0E+00 0.0E+00

1,1,1,24etrachloroethane Chdd 4.9512-08 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.5012+02 6.00E+00 1.50E+01 2.19E+03 6.31E-08 3.80E-10 3.00E-02 2.1E-06 1 .3E-08
Adult 4.9512-08 8.30E-01 6.00E-01 2.4012+01 2.00E-01 3.5OE+02 3.0012+01 7.0012+01 1 .1012+04 1 .35E-OB 8.1412-1 t 3.00E-02 4.5E-07 2.7E-09

1,1,2,2-tetrachloroethane Child 2.01E-07 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.50E+02 6.00E+00 1 .5012+01 2.1912+03 2.56E-07 1.54E-09 3.00E-02 8.512-08 5.1E-08
Adult 2.01E-07 6.3012-01 6.00E-01 2.4012+01 2.00E-01 3.5012+02 3.0012+01 7.0012+01 1.t0E+04 5.48E-OB 3.30E.110 3.00E-02 1 .812-08 1 .1E-08

1,1,14rkhloroethane Child O.00E+00 8.30E-01 8.00E-01 2.40E+01 2.00E-01 3.50E+02 6.0012+00 1.50E+01 2.1912+03 0.00E+00 0.00E+00 2.86E-01 0.0E+00 0.0E+00
Adult O.00E+00 8.3013-01 6.00E-01 2.40E+01 2.00E-01 3.SOE+02 3.0012+01 7.0012+01 1.1012+04 O.00E+00 O.00E+00 2.86E-01 O.0E+00 0.0E+00

6lchlorosttrylene ChAd 8.45E-05 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.5012+02 6,00E+00 1.50E+01 2.19E+03 1 .08E-04 8.48E-07 8.00E-03 1 .8E-02 1 .1E-04
Adul! 8.45E-OS 8.3012-01 6.00E-01 2.4012+01 2.00E-01 3.5012+02 3.0012+01 7.0012+01 1.1012+04 2.30E-05 1.39E-07 6.00E-03 3.815-03 2.3E-05

bichlorolluoromethene Child 5.34E-08 8.30E-01 8.00E-01 2.40E+01 2.00E-01 3.SOE+02 8.0012+00 1.50E+01 2.1912+03 6.8112-06 4.10E-08 2.00E-01 3.4E-05 2.1E-07
Adult 5.3412-06 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.5012+02 3.00E+011 1 _7.00E+011 1.1+04 1.46E-08 8.79E-09 . 2.00E-01 7.3E-O- 4.4E-08

OhUd hazard Index 4.8E-02 7.9E-04
adult hazard index 1AE-02 6.2E-08



REACTOR AREA CARCINOGEN RISKASSESSMENT Table 17
PATHWAY : INHALATION OF VAPORSANDGASSES

chernical population outdoor shower Outdoor shower Inhaled a ex
IR IR ET ET outd oor shower a factor outdoor- shower

chloroform t sut. +M Tm=r E+02 . + . + + . - 5.05F--Oz . - u

.
Adult 1.01E-01 8.30E-01 8.00E-01 2.40E+01 2.00E-01 3.50E+02 3.00E+01 7.00E+01 2.58E+04 1.18E-08 7.09E-11 8.05E-02 9.5E-10 5.7E-12

1,2-0lehlomethene Child 1 .57E-05 8.30E-01 B.OOE-01 2.40E+01 2.00E-01 3.50E+02 8.00E+00 1.50E+01 2.58E+04 1.71E-06 1.03E-08 9.10E-02 1.8E-07 9.4E-10
Adult 1 .57E-05 8.30E-01 B.OOE-0i 2.40E+01 2.00E-01 3.50E+02 3.00E+01 7.00E+01 2.58E+04 1.84E-08 1.11E-08 9.10E-02 1.7E-07 1.0E-09

methylene chloride Child 1 .87E-05 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.50E+02 8.00E+00 1.50E+01 256E+04 2.04E-06 1 23E-08 1.85E-03 3.4E-09 2.0E-11
Adult 1 .87E-05 8.30E-01 8.00E-01 2.40E+01 2.00E-01 3.50E+02 3.00E+01 7.00E+01 2.56E+04 2.19E-06 1 .32E-08 1.85E-03 3.8E-09 22E-11

tetreehloroethylene Child 0.00E+00 8.30E-01 8.00E-01 2.40E+01 2.00E-01 3.50E+02 B.OOE+00 1.50E+01 2.56E+04 0.00E+00 O.00E+00 2.03E-03 0.0E+00 0.0E+00
Adult O.00E+00 8.30E-01 6.00E-01 2.40E+01 2.00E-01 3.50E+02 3.00E+01 7.00E+01 2.56E+04 0.00E+00 0 . E+00 2.03E-03 0.0E+00 0.0E+00

tdcNoroedrylene Child 8.45E-05 8.30E-01 8.00E-01 2.40E+01 2.00E-01 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 9.22E-06 5.55E-08 8.00E-03 5.5E-08 3.3E-10
Adult 8.45E-05 8.30E-01 8.00E-Ot 2.40E+01 2.00E-01 3.50E+02 3.00E+01 7.00E+01 2.58E+04 9.88E-08 5.95E-08 8.00E-03 5.9E-08 3.6E-10

child probability Index 2.2E.07 1.3E-09
adult probability Index 2.3E-07 1.4E-09



A

REACTOR AREA TOXIC ASSESSMENT
PATHWAY: INHALATION OF DUSTS

TABLE 18

chemical population CA I T AT AK INHALED hazard
RfD index

chloroethane child 6.6E-11 8.30E-01 2.40E+01 3.0E+02 6.00E+00 1 .50E+01 2.19E+03 8.48E-11 2.86E+00 3.0E-11
adult 6.66E-11 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 1 .82E-11 2.86E+00 6.4E-12

chloroform child 6.73E-14 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 8.57E-14 1 .00E-02 8.6E-12
adult 6.73E-14 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 1 .84E-14 1 .00E-02 1 .8E-12

dichlorodifIuoromethane child 4.11E-12 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 5.23E-12 5.71E-02 9.2E-11
adult 4.11 E-12 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 1 .12E-12 5.71 E-02 2.0E-11

1,1-dichloroethane child 4.12E-10 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 5.25E-10 1 .43E-01 3.7E-09
adult 4.12E-10 8.30E-01 2 .40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 1 .12E-10 1 .43E-01 7 .9E-10

1,2-dichloroethane child 1 .20E-11 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 1 .53E-11 2.86E-03 5.3E-09
adult 1 .20E-11 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 3.27E-12 2.86E-03 1 .1 E-09

cis-1,2-dichloroethylene child 1 .11E-11 8.30E-01 2 .40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 1 .41E-11 1 .00E-02 1 .4E-09
adult 1 .11 E-11 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 3.03E-12 1 .00E-02 3.0E-10

trans-1, 2-dichloroethylene child 1 .14E-12 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 1 .46E-12 2.00E-02 7.3E-11
adult 1 .14E-12 8.30E-01 2 .40E+01 3.50E+02 3 .00E+01 7.00E+01 1 .10E+04 3.12E-13 2.00E-02 1 .6E-11

methylenechloride child 7.34E-12 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 9.34E-12 8.57E-01 1 .1E-11
adult 7.34E-12 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 2.00E-12 8.57E-01 2.3E-12

tetrachloroethylene child 0.00E+00 8.30E-01 2 .40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 0.00E+00 1 .00E-02 0.0E+00
adult 0.00E+00 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 0.00E+00 1 .00E-02 0.0E+00

1,1,1,2-tetrachloroethane child 1 .35E-13 8.30E-01 2 .40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 1 .71E-13 3.00E-02 5.7E-12
adult 1 .35E-13 8.30E-01 2 .40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 3.67E-14 3.00E-02 1 .2E-12

1,1,2,2-tetrachloroethane child 8.08E-13 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 1 .03E-12 3.00E-02 3.4E-11
adult 8.08E-13 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 2.20E-13 3.00E-02 7.3E-12

1,1,1-trichloroethane child 0.00E+00 8.30E-01 2 .40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 0.00E+00 2.86E-01 0.0E+00
adult 0.00E+00 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 0.00E+00 2.86E-01 0.0E+00

trichloroethylene child 6.71E-11 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.19E+03 8.54E-11 6.00E-03 1 .4E-08
adult 6.71E-11 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 1 .83E-11 6.00E-03 3.1E-09

trichlorofluoromethane child 1 .35E-12 8.30E-01 I 2.40E+01 I 3.50E+02 I6.OOE+00I 1 .50E+01 I 2.19E+03 I 1 .71E-12 I 2.00E-01 I 8.6E-12I I
adult

I
1 .35E-12 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 1 .10E+04 3.67E-13 2.00E-01 1 .8E-12

child hazard Index 2.5E-08
adult hazard index 5.3E-09



REACTOR AREA CARCINOGEN RISK ASSESSMENT
PATHWAY: INHALATION OF DUSTS

TABLE 19

chemical population CA IR ET EF ED BW AT INTAKE INHALED PROBABILITY
SLOPE INDEX
FACTOR

chloroform child 6.73E-14 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 7.35E-1 0.000E+00 0.0 +00
adult 6.73E-14 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 2.56E+04 7 .87E-15 0.000E+00 0.0E+00

1,2-dichloroethane child 1 .20E-11 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 1 .31E-12 9.100E-02 1 .2E-13
adult 1 .20E-11 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 2.56E+04 1 .40E-12 9.100E-02 1 .3E-13

methylene chloride child 7.34E-12 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 8.01E-13 1 .650E-03 1 .3E-15
adult 7.34E-12 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 2.56E+04 8.58E-13 1 .650E-03 1 .4E-15

tetrachloroethylene child 0.00E+00 8.30E-01 2 .40E+01 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 0.00E+00 2.030E-03 0.0E+00
adult 0.00E+00 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 2.56E+04 0.00E+00 2.030E-03 0.0E+00

trichloroethylene child 6.71E-11 8.30E-01 2.40E+01 3.50E+02 6.00E+00 1 .50E+01 2.56E+04 7.32E-12 6.000E-03 4.4&14
adult 6.71E-11 8.30E-01 2.40E+01 3.50E+02 3.00E+01 7.00E+01 2.56E+04 7.85E-12 6.000E-03 4.7E-14

child probability Index 1 .6E-13
adult probability Index 1 .8E-13
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REACTOR AREA RISK ASSESSMENT
PATHWAY SUMMARY

Table 20

Pathway Hazard Index Hazard Index Prob. Index Prob . Index
Child Adult Child Adult

Ingestion of Ground Water 1 .1 E+01 2.4E+00 5 .9E-05 6.4E-05

Dermal Contact With Ground Water 2.4E-01 1 .5E-01 1 .4E-06 3.7E-06

Ingestion of Soil & Dust 4 .6E-03 4.9E-04 3.1 E-08 1 .6E-08

Dermal Contact With Soil 1 .9E-02 1 .0E-02 1 .1 E-07 2 .9E-07

Inhalation of Vapor & Gas 4 .9E-02 1 .0E-02 2 .2E-07 2 .3E-07

Inhalation of Dust 2 .5E-08 5.3E-09 1 .6E-13 1 .8E-13

Total 1 E+01 3E+00 6E-05 7E-05



J

REACTOR AREA RISK ASSESSMENT Table 21
CHEMICAL CONTRIBUTIONS SUMMARY

CHEMICAL Haz.Index Haz.Index Prob .Index Prob.Index
Child Adult Child Adult

chloroethane 2.7E-02 6.8E-03

chloroform 2 .1 E-05 6.3E-06 9.1E-10 1 .0E-09

dichlorodifluoromethane 1 .4E-02 2.9E-03

1,1-dichloroethane 2.2E-02 5.5E-03

1,2-dichloroethane 9 .8E-03 2.7E-03 2.2E-07 3.0E-07

cis-1,2-dichloroethylene 6 .7E-01 1 .5E-01

trans-1,2-dichloroethylene 1 .3E-02 2.7E-03

Methylene chloride 2 .0E-04 8.6E-05 9.9E-09 1 .9E-08

Tetrachloroethylene 2 .4E-02 5 .6E-03 1 .1 E-06 1 .2E-06

1,1,1,2-tetrachloroethane 7 .2E-06 2 .8E-06

1,1,2,2-tetrachloroethane 3 .9E-05 1 .6E-05

1,1,1-trichloroethane 1 .6E-02 3.4E-03

Trichloroethylene 1 .1E+01 2.4E+00 6.0E-05 6.6E-05

trichlorofluoromethane 3.9E-05 9.7E-06

Total 1 E+01 3E+00 6E-05 7E-05



REACTOR AREA RISK ASSESSMENT Table 22
CHEMICAL AND PATHWAY SUMMARY OF HAZARD INDEX - CHILD

CHEMICAL INGESTION OF DERMAL CONTACT INGESTION DERMAL CONTACT INHALATION OF
GROUNDWATER WITH GROUNDWATER OF SOIL WITH SOIL GAS AND DUST

Chloroethane 2 .3E-02 2.5E-04 6.3E-04 3.2E-03 8.3E-05

chloroform 0.0E+00 0.0E+00 1 .3E-06 6.4E-06 1 .3E-05

dichlorodifluoromethane 0 .0E+00 0 .0E+00 3.9E-06 1 .9E-05 1 .4E-02

1,1-Dichloroethane 1 .2E-02 9.2E-05 7.8E-04 2.4E-03 7.0E-03

1,2-Dichloroethane 0 .0E+00 0 .0E+00 8.0E-04 2.0E-03 7.0E-03

cis-1,2-Dichloroethylene 6.6E-01 5.2E-03 2.1E-04 5.9E-04 2.6E-03

trans-1,2-dichloroethylene 1 .2E-02 9.6E-05 1 .1 E-05 3.0E-05 1 .1 E-04

Methylene chloride 0 .0E+00 0.0E+00 2.3E-05 1 .5E-04 2 .8E-05

Tetrachloroethylene 2.4E-02 7.9E-04 0.0E+00 0.0E+00 0.0E+00

1,1,1,2-tetrachloroethane 0 .0E+00 0.0E+00 8.5E-07 4.3E-06 2 .1 E-06

1,1,2,2-tetrachloroethane 0.0E+00 0.0E+00 5.1 E-06 2.6E-05 8 .6E-06

1,1,1-trichloroethane 1 .5E-02 1 .8E-04 0.0E+00 0.0E+00 0.0E+00

Trichloroethylene 1 .0E+01 2.3E-01 2.1 E-03 1 .1 E-02 1 .8E-02

trichlorofluoromethane 0.0E+00 0.0E+00 8.5E-07 4.3E-06 3.4E-05

total 1E+01 2E-01 5E-03 2E-02 5E-02



REACTOR AREA RISK ASSESSMENT

CHEMICAL AND PATHWAY SUMMARY OF PROBABILITY INDEX-ADULT

CHEMICAL INGESTION OF DERMAL CONTACT INGESTION
GROUNDWATER WITH GROUNDWATER OF SOIL

Table 23

DERMAL CONTACT INHALATION OF
WITH SOIL GAS AND DUST

chloroform 0.0E+00 0.0E+00 3.6E-12 4 .5E-11 9.5E-10

1,2-dichloroethane 0.0E+00 0.0E+00 9.5E-09 1 .2E-07 1 .7E-07

methylene chloride 0.0E+00 0.0E+00 4.8E-10 1 .5E-08 3.6E-09

tetrachloroethylene 1 .1 E-06 9.8E-08 0.0E+00 0.0E+00 0.0E+00

trichloroethylene 6 .2E-05 3.6E-06 6.4E-09 1 .6E-07 6.0E-08

total 6E-05 4E-06 2E-08 3E-07 2E-07



Table 23 provides a sorting of the data according to both pathway and chemical
for the probability index for the adult population, since this population was
the most restrictive for the carcinogens . Tables 24 and 25 present the
calculations which were necessary to determine the air concentrations (CA)
which were utilized in tables 16 through 19 .

In order to more effectively analyze the resulting data, tables 20 through 23
were graphed . These graphs, presented in figures 7 through 12, provide an
excellent way to rapidly evaluate and compare a large amount of information .
However, care should be utilized in using these graphs . Due to minor limita-
tions in the graphical software the bar heights can be slightly higher or lower
than the scale indicates . These differences are minor and do not interfere
with analysis of the data . Also, it is important to note that probability
values are graphed using log scales .

Table 20 reveals that toxic risk is approximately eleven times the level
established in Ohio EPA's closure plan review guidance . Figure 7 reveals that
toxic risk is not distributed among the pathways . Nearly all of the risk
presented by this site is due to the potential for ingestion of groundwater .
Figure 8 clarifies that trichloroethylene is the only significant contributor
to toxic risk .

Table 20 indicates that carcinogen risk is significantly above the level
established by Ohio EPA. Figure 9 reveals that carcinogen risk is slightly
distributed among the pathways, but primarily impacted by the groundwater
pathways . Figure 10 clarifies that trichloroethylene and tetrachloroethylene
are the most significant contributors to carcinogen risk . 1,2-dichloroethane
adds slightly to carcinogen risk . Figures 11 and 12 provide other visual
comparisons of the same data .

Although the assessment of risk included 14 chemicals, this assessment is
essentially impacted by only two chemicals due to the lack of significant
contribution of the other chemicals . Only trichloroethylene and tetrachloro-
ethylene require reduction in order to lower risk to a level which meets Ohio
EPA criteria for risk assessment closure .

TARGET CLEM UP LEVELS
Target clean up levels were determined using a scenario approach . Chemical
concentration values were entered into the assessment model to determine the
concentrations of contaminants which could remain in the groundwater at the
site and still be protective of human health . The first scenario involved
setting all soil contaminant concentrations to zero . The resulting assessment
revealed that a complete removal of all soil contamination would still yield
a hazard index (child) of 11 .3 and a probability index (adult) of 6 .7 E-5, if
groundwater contamination is not reduced . Therefore, target clean up levels
were not determined for the soils .

The second scenario involved focusing only on trichloroethylene contamination
in the groundwater, assuming that the concentration of the remainder of
chemicals does not decrease . Although a hazard index of 1 .0 was achieved with
a trichloroethylene concentration of 7 E-3 ppm the probability index was exces-
sive (2 .8 E-6) at this level . Unfortunately, in this scenario the impact of
decreasing trichloroethylene concentration on the probability index ceased at
a concentration of approximately 1 E-3 ppm due to the contribution of the
remaining chemicals (primarily tetrachloroethylene) . For example, a trichlo-
roethylene concentration of 1 E-3 ppm yields a probability index of 1 .9 E-6 ;
a concentration of 1 E-6 ppm yields a probability index of 1 .8 E-6 ; and a
concentration of 1 E-8 ppm also yields a probability index of 1 .8 E-6 .
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CONCENTRATIONS IN AIR FROM PARTICULATE EMISSIONS TABLE 25

chemical L V Um t x CA
chloroethane 1 .00 +01 . E+00 2.00E+00 0 + 0. + 4.74E+00 1 .28E+01 4.97E-02 1 .486E+1 9.90E -01 6.66E-11

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 9.90E-01 6.66E-11
chloroform 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 1 .00E-03 6.73E-14

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 1 .00E-03 6.73E-14
dichlorodifluoromethane 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 6.10E-02 4.11E-12

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 6.10E-02 4.11E-12
1,1-dichloroethane 1 .00E+01 2.25E+00 2.00E+00 1,20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 6.12E+00 4.12E-10

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 6.12E+00 4.12E-10
1,2-dichloroethane 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 1 .78E-01 1 .20E-11

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 1 .78E-01 1 .20E-11
cis-1,2-dichloroethylene 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 1 .65E-01 1 .11E-11

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 1 .65E-01 1 .11 E-11
trans- 1,2-dichloroethylene 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 1 .70E-02 1 .14E-12

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 1 .70E-02 1 .14E-12
methylene chloride 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4 .97E-02 1 .486E+10 1 .09E-01 7.34E-12

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4 .97E-02 1 .486E+10 1 .09E-01 7.34E-12
tetrachloroethylene 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4 .97E-02 1 .486E+10 0.00E+00 0.00E+00

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 0.00E+00 0.00E+00
1,1,1,2-tetrachloroethane 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 2.00E-03 1 .35E-13

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1.486E+10 2.00E-03 1 .35E-13
1,1,2,2-tetrachloroethane 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 1 .20E-02 8.08E-13

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 1 .20E-02 8.08E-13
11,1,1-trichloroethane 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 0.00E+00 0.00E+00

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 0.00E+00 0.00E+00
trichloroethylene 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 9.97E-01 6 .71E-11

1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 9.97E-01 6.71 E-11
trichlorofluoromethane 1 .00E+01 2.25E+00 2.00E+00 1 .20E+02 0.00E+00 4.74E+00 1 .28E+01 4.97E-02 1 .486E+10 2.00E-02 1 .35E-12I I

1 .00E+01
I

2.25E+00 2.00E+00
I

1 .20E+02
I
0.00E+00

I
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I
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I
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1
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1 I
2.00E-02 1 .35E-12
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CHEMICAL SUMMARY
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The third scenario used a percent removal approach in which the percent
reduction was identical for trichloroethylene and tetrachloroethylene . This
scenario indicated that a 99 .4 reduction of these two contaminants is
necessary to meet the criteria established by Ohio EPA . Under this scenario
a trichloroethylene concentration of 3 ppb and a tetrachloroethylene concentra-
tion of 0 .01 ppb resulted in a hazard index of 0 .9 and a probability index of
9 .9 E-7 .

A fourth scenario was completed assuming all groundwater contaminants will be
reduced equally during the treatment process . The results indicated that a 99$
reduction in all contaminant concentrations yields a hazard index of 0 .2 and
a probability index of 2 .5 E-6, which does not meet established standards .
This is consistent with the findings of the third scenario and suggests that
target clean up levels can be limited to trichloroethylene and tetrachloroeth-
ylene .

The combined scenario analysis revealed that an acceptable level of risk can
be achieved by reducing the concentrations of trichloroethylene and
tetrachloroethylene in the groundwater . Because the required concentrations
are very near routine analytical method detection limits, multiple combinations
representing clean conditions are provided below in Table 26 .

TABLE 26

Maximum Clean Levels for Groundwater

Hazard Index Probability Index
TCE (pgb) Tetrachloroethylene (gpb) Child Adult

3 0 .01 0 .9 9 .9 E-7
2 0 .2 0 .9 9 .8 E-7

1 .5 0 .3 0 .8 9 .8 E-7
1 .0 0 .4 0 .8 9 .7 E-7
0 .7 0 .5 0 .8 1 .0 E-6

CONCLUSIONS

Existing levels of soil contamination as determined in all of the reports
meet the criteria for clean closure established by Ohio EPA .

Existing levels of groundwater contamination as determined in the November
1991 report appear to meet Ohio EPA's current criteria for clean closure .
,However, these levels were determined by sampling of only one well within
the vicinity of the site . The subsequent groundwater investigation of
January 1993 found contamination in areas not sampled during 1991 .

Existing levels of groundwater contamination as determined in the January
1993 report do not meet the criteria for clean closure established by Ohio
EPA. Although the assessment of risk includes 14 chemicals, this assess-
ment is essentially impacted by only two chemicals (trichloroethylene and
tetrachloroethylene) due to the lack of significant contribution of the
other chemicals .

Evaluation of the reported values indicates that groundwater contaminant
concentrations will need to be reduced to the levels noted above in Table
26 in order to meet Ohio EPA criteria for risk assessment closure . These
values represent a 99 .4* reduction (two orders of magnitude) in existing
concentrations of trichloroethylene and tetrachloroethylene . Since
residual soil contamination does not contribute significantly to the level
of risk, soil removal is not required unless such an action is deemed to
be necessary in order to remediate the groundwater .
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Toxicity data (inhalation reference doses) were incomplete and had to be
estimated for both trichloroethylene and tetrachloroethylene . The
assessment of risk should still be fairly reliable since carcinogenicity
data is complete, and this risk assessment demonstrates that the level of
risk at the Reactor is primarily the result of carcinogenicity . Also, the
assessment revealed that inhalation pathways do not significantly impact
risk levels, and only inhalation toxicity data is missing . However, it
should be noted that Ohio EPA has a caveat within its closure manual which
states that Ohio EPA may not accept risk assessments for chemicals having
incomplete toxicity or carcinogenicity data . Ohio EPA maintains the
option of requiring cleanup to analytical detection limits when such data
are incomplete .

The distribution pattern of trichloroethylene should be examined closely
during development of the closure plan . Trichloroethylene is the primary
driver for baseline risk levels, yet it is found at a significant
concentration (483 ppb) at only one location (well EB4) . Trichloroethyl-
ene was also found in a sump which collects groundwater from building
footer drains, but the concentration was only 1 .4 ppb. This minor
concentration in the sump may indicate a general wide dispersal of
trichloroethylene throughout the groundwater, or a secondary minor source,
or that the sump is creating locally directed groundwater flow and
capturing trichloroethylene from the same source detected by well FB4, or
simply reflect floor drain contributions .
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