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B. 1.1 OBJECTIVES AND SCOPE 

This appendix contains the Baseline Risk Assessment for Operable Unit 2 at the U. S. Department of 

Energy (DOE) Fernald Environmental Management Project (FEMP). The baseline risk assessment is 

part of the Operable Unit 2 Remedial Investigation (RI) report and will also support the Feasibility 

Study (FS) and Comprehensive Response Action Risk Evaluation (CRARE) for Operable Unit 2. 

Operable Unit 2 is one of five operable units at the FEMP. It includes the Active Flyash Pile, South 

Field, Inactive Flyash Pile, Solid Waste Landfill, and Lime Sludge Ponds, as well as the berms, 

liners, and soil within the operable unit boundaries. These are termed subunits throughout this 

document. 

The primary objective of this baseline risk assessment is to evaluate and document the potential 

threats to human health that may be posed by current and predicted future exposures to contaminants 

within Operable Unit 2 if no remedial action is taken. If estimated risks indicate that remedial action 

is desirable, the baseline risk assessment provides the framework for developing risk information to 

assist in developing remedial alternatives for Operable Unit 2. 0 
The specific objectives of this baseline risk assessment are to: 

Determine constituents of potential concern (CPC) for environmental media for each 
subunit within Operable Unit 2. 

Quantify the potential human health risk associated with each individual subunit within 
Operable Unit 2, due to contaminants of concern (COCs) using Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) methodology, 
assuming no remedial actions are taken. 

Provide a basis for determining whether remediation of specific subunits within Operable 
Unit 2 is necessary. 

Identify specific contaminants, areas, and environmental media within subunits for which 
cleanup is appropriate. 

Provide a basis for determining cleanup levels and criteria. 

Provide a "baseline" of potential health risks for the no-action scenario in the FS for 
Operable Unit 2 as well as for the CRARE. 
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An additional objective of this baseline risk assessment is to demonstrate responsiveness to comments 

made by the U. S. Environmental Protection Agency (EPA) and the Ohio Environmental Protection 

Agency (OEPA) on previous risk assessments submitted for the FEMP site. In particular, this risk 

assessment is intended to be responsive to comments from the EPA on the Operable Unit 2 Risk 

Assessment and RJ dated December 17, 1992 and EPA comments on the Operable Unit 4 Risk 

Assessment submitted June 17, 1993 (DOE 1993b). 

The Operable Unit.2 risk baseline assessment addresses only the potential risks associated with waste 

subunits within the boundaries or battery limits of Operable Unit 2. Subunit battery limits are defined 

in Section 1.6 of this report. The Operable Unit 2 baseline risk assessment does not consider existing 

contamination in groundwater, surface water, sediment, or soil unless it is contained within the 

battery limits of Operable Unit 2. 

existing groundwater contamination outside the battery limits of Operable Unit 2 will be evaluated as 

part of Operable Unit 5. 
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In accord with an agreement between EPA Region V and DOE, ecological risks (impacts on flora and 

fauna) are not addressed in the Operable Unit 2 RI report. Baseline ecological risks for the FEMP 

site will be addressed in the site-wide ecological risk assessment to be submitted as part of the 

Operable Unit 5 RI/FS. The site-wide ecological risk assessment will address only on-site and off-site 

areas not likely to be remediated on the basis of human health concern. Since significant areas within 

Operable Unit 2 are likely to be remediated based on human health concerns, ecological risks are not 

evaluated in this Operable Unit 2 RI. The potential impacts to ecological receptors associated with 

implementation of remedial alternatives will be considered in the Operable Unit 2 FS. 

B. 1.2 OVERVIEW 

Using the data collected during RI investigations, this baseline risk assessment is conducted for each 

of the five subunits present within Operable Unit 2. This facilitates reniedial decisions for each 

source area. The same general exposure scenarios are evaluated for each subunit. This maintains 

consistency in the underlying basis of risk estimates across subunits within Operable Unit 2. 
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June 15. 1994 0 To assist in evaluating the possible impacts of releases of constituents on human health, the general 

conceptual site model (CSM) for Operable Unit 2 contained in this risk assessment emphasizes 

i 

2 

potential migration of constituents from waste areas to environmental media contacted by potential 3 

receptors. Both current and future land use scenarios are considered in identifying potential 

receptors. The purpose of the CSM is to illustrate and describe the most current understanding of the 

sources of constituents within Operable Unit 2; the types of constituents present; constituent release 

and transport mechanisms; affected and potentially affected media; known and potential routes of 

constituent migration; and known and potential human receptors. This information clarifies which 

environmental media and specific human receptors need to be addressed to adequately characterize 

risk resulting from waste areas within Operable Unit 2. This in turn allows for the initial grouping of 

data into subsets relevant to quantitatively assessing risk. 

4 

5 

6 

7 

8 

9 

10 

I I  

12 

The Risk Assessment Work Plan Addendum established that, at a minimum, the following three land 

use designations should be addressed in operable unit risk assessments: current land use with active 

13 

14 

access controls; current land use without access controls; and future land use without access controls, 15 

reasonable maximum exposure ( M E ) .  

scenarios have been included in previously submitted operable unit risk assessments. 

In addition to these three land use scenarios, two additional 16 

These scenarios 17 

are: future land use with passive access controls; and future land use without access controls, central 18 

tendency (CT) exposure. ' 19 

a 

The future land use with passive access controls scenarios assumes the government owns the property 

but does not maintain access control with security personnel or active sensors. A fence is assumed to 

surround the site and the public is assumed to be off-property. This scenario includes the assessment 

of future risks assuming receptors are off-property with the exception of an expanded trespasser 

receptor, who has access to the property. The second additional scenario has been added in response 

to guidance from the EPA suggesting that all risk assessments provide an evaluation of the CT of the 

risk range. The recent guidance (EPA 1992c and EPA 1992d) suggests adding a set of risk 

descriptors for the CT of the risk range at all Superfund sites, using the best information available to 

describe the average situation. 

For this risk assessment, land use assumptions and receptors were selected to ensure that they are 

consistent with the Risk Assessment Work Plan Addendum (DOE 1992a) where still applicable; they 

allow adequate quantification of risk for every contaminated, or potentially contaminated, medium a 
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within each subunit; and they are consistent with draft FEMP risk assessment guidelines for exposure 

scenarios (most recent version is dated October 19, 1993). These land use assumptions and receptors, 

which provide the framework for the quantitative estimates of risk, are described in detail in 

Section 2.0 of this RI report. 

Environmental sampling data collected from Operable Unit 2 during both phases of the RI field 

investigation were used in this risk assessment. Once the data set was complete, statistical methods 

were used to evaluate the analytical results from each waste area in order to: (1) identify CPCs 

specific to the waste areas, (2) develop waste area specific source term concentrations for fate and 

transport modeling, and (3) establish waste area specific exposure point concentrations of potential 

receptor locations. The detailed CPC selection process is described in Section 2.0 of this RI report. 

B. 1.3 RISK ASSESSMENT GUIDANCE 

This baseline risk assessment follows the guidance available from EPA as of September 1993. 

In accordance with the 1991 Amended Consent Agreement between EPA and DOE , the methodology 

presented in the Risk Assessment Work Plan Addendum (DOE 1992a) was prepared to establish 

specific risk assessment methodology to be followed in all RI/FS risk assessments for the FEMP. 

The Risk Assessment Work Plan Addendum is based primarily on the following EPA guidance and 

databases : 

Risk Assessment Guidance for Superfund, (EPA 1989a) 

Exposure Factors handbook (EPA 1989b) 

Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Volume I, 
Supplemental Guidance, Standard Default Exposure Factors, Interim Final (EPA 199 la) 

Health Effects Assessment Summary Tables (HEAST) (EPA 1993b). 

B. 1.4 

Section B. 1 .O contains an overview of the purpose for this baseline risk assessment, the scope of the 

assessment, the guidance used in preparing the risk assessment, and describes Operable Unit 2 history 

and site conditions. 

ORGANIZATION OF BASELINE RISK ASSESSMENT 
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Section B.2.0 contains the general methodology used in preparing the baseline risk assessment for 

Operable Unit 2. Within this section, the methodology for the following analyses are discussed: 

Risk Assessment Workplan Addendum (Section B.2.1) 

Refinement of Conceptual Site Model' (Section B.2.2) 

Evaluation of Data and Identification of Constituents of Potential Concern (Section B.2.3) 

Exposure Assessment (Section B.2.4) 

Toxicity Assessment (Section B.2.5) 

Risk Characterization (Section B.2.6). 

Uncertainty Analysis (Section B.2.7) 

The methodology and processes discussed in Section B.2.0 are common to all subunits within 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Operable Unit 2 and repeated as the risk associated with each subunit is evaluated and quantified. 

Section B.3.0 present the results of the analyses described in Section B.2.0. The section is organized 

so that the results for each subunit are presented individually, in addition to results of cumulative risk 

19 

20 

21 

22 

23 

0 
posed by Operable Unit 2 as a whole. 

24 

Section B.4.0 summarizes the results and discusses their significance. Uncertainties are re- 25 

emphasized to explain the accuracy of the risk estimates and to assist in risk management decisions. 26 

21 

Section B.5.0 presents the references used in preparing this baseline risk assessment. 28 

29 

Finally, the following attachments are appended to this report: 

Attachment B.1 Description and Results of Indoor Radon Modeling 

Attachment B.11 Toxicity Profiles 

Attachment B.III Intake and Risk/Hazard Results 

30 

31 
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37 

B. 1.5 OVERVIEW OF OPERABLE UNIT 2 BACKGROUND 38 

0 A detailed description of the FEMP site background and history is provided in Section 1.0 of this RI 39 

report. 40 
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Operable Unit 2 was defined as a functional unit to efficiently address the remediation of waste 

subunits with relatively large volumes of waste but presumed to contain small quantities of hazardous 

materials and radionuclides. Operable Unit 2 includes the following individual areas: 

Solid Waste Landfill 

South Field 
Inactive Flyash Pile 
Active Flyash Pile 

North and South Lime Sludge Ponds 

The locations of the Operable Unit 2 areas within the Fernald site are presented in Figure B. 1-1. 

The Solid Waste Landfill is located on a small tract at the northeast comer of the Waste Storage Area 

(Figure B.1-1). The landfill occupies approximately one acre of land and is covered by a layer of 

soil. The total estimated volume of fill in the landfill is about 14,400 cubic yards. Materials reported 

to have been disposed at the landfill include bagged trash and wood; respirator cartridges, asphalt 

roofing materials, medical wastes, firehoses, and rubber hoseslbelts; and medicine vials, bagged 

asbestos, ceramic tiles, magnesium fluoride, glass acid bottles, steel cables/cans, paint cans, and 

copper tubing. 

The North Lime Sludge Pond is an active unlined pond located southeast of the Waste Storage Area 

(Figure B.1-1). The approximate dimensions of sludge in the pond are 125 feet by 225 feet by 

5.3 feet deep, with a total volume of approximately 5000 cubic yards, not including berms. This 

pond is approximately 90 percent full and is partially covered with water. This pond contains an 

estimated 150,000 gallons of water with a depth that varies to 7 feet and an average depth of 2 to 

3 feet. Spent lime sludges (primarily lime-alum and boiler blowdown) from the FEMP water 

treatment plant operations are conveyed to this pond (DOE 1993~). 

The South Lime Sludge Pond is an inactive unlined pond located southeast of the Waste Storage Area 

(Figure B.1-1). The South Lime Sludge Pond is 125 feet by 225 feet by 11.2 feet deep, with a total 

volume of approximately 10,000 cubic yards, not including berms (DOE 1993~). This pond was 

retired in the mid-1960s and is now overgrown with grass. The use of this pond was similar to that 

of the North Lime Sludge Pond. 

The Inactive Flyash Pile is located approximately 2,000 feet south/southeast of the Waste Storage 

( b 0 0 0 z & r e a  (Figure B.1-1). The pile occupies approximately two acres. It is west of and contiguous to the 
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South Field without clear definition of the two subunits. Based on information provided by 

WEMCO, 1500 to 2000 tons per year of flyash were generated during the period of disposal ( 1952 

to 1968). 

The South Field is located between the Inactive Flyash Pile and the Active Flyash Pile, where 

construction rubble was deposited on the surface of the glacial overburden (Figure B. 1-1). 

The thickness of the fill increases at the western and southern edges of the area to approximately 

25 feet because material was dumped down the natural slope of an old meander scar. The fill volume 

is estimated to be approximately 109,000 cubic yards. A review of the shallow trenches through the 

fill indicates that the material is predominantly soil with some rock and concrete and only occasional 

pieces of wood. The construction rubble deposited in the South Field contains low levels of 

radioactive materials (DOE 1993d). 

The Active Flyash Pile received flyash from the coal-fired boiler plant at the FEMP until December 

1992. This disposal area is located east of and adjacent to the South Field (Figure B.1-1). The 

Active Flyash Pile has an area of approximately 100,000 square feet with an approximate maximum 

depth of fill of 38 feet, and it contains approximately 64,600 cubic yards of flyash. Active Flyash 

Pile waste is comprised of 70 percent bottom ash collected below the boilers, and the remaining 30 

percent is a combination of precipitator ash collected from pollution control devices and flyash 

removed from the middle levels of the boiler. Some unburned coal and rock are also present in small 

quantities in the Active Flyash Pile material. The newly generated flyash is currently being 

transported off site to a licensed disposal facility. 

Investigation activities conducted in the Operable Unit 2 subunit are discussed in Section 3.0 and 

nature and extent of contamination within each subunit is presented in Section 4.0.of this report. 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

19 

M 

21 

11 

23 

24 

25 

26 

( -J80O~€l 
FER\CRU2RI\TLC\APP-B\SECBlUune 8. 1994 6:31pm B-1-8 



I 566 0. 
FEW-OUO2-5 DRAFT 

June 15, 1994 

B.2.0 METHODOLOGY I 

2 

3 

4 

This baseline risk assessment addresses only the potential risks posed by constituents in, and 
. .  

migrating from, the waste areas of Operable.Unit 2. 
The Risk Assessment Work Plan 5 

6 Addendum (DOE 1992a) provides detailed descriptions of methodology used for FEMP baseline risk 

assessments. This methodology is based on the four primary steps of risk assessment described in 

toxicity assessment; and (4) risk characterization. 

7 

EPA guidance: (1) identification of constituents of potential concern; (2) exposure assessment; (3) a 

9 

The methodology described in the Risk Assessment Work Plan Addendum (DOE 1992a) has been 

followed in this risk assessment with the modifications and enhancements noted below. These 

changes reflect responsiveness'to comments from the EPA and OEPA on previous FEMP risk 

assessments; efforts to establish a consistent approach to risk assessments across all operable units and 

I2 

13 

14 

I5 

16 across all risk assessment related deliverables (e.g., RI operable unit baseline risk assessments, FS 

risk assessments, and CRAREs); and updates in EPA risk assessment guidance. 
. 

17 

la 

................... N.$j?&Z ,:.... ................... ................... ................................. 

To make judgements and remedial decisions about each specific subunit within Operable Unit 2, a 19 

risk assessment for each subunit was performed independently and for all subunits together. Since the m 

general methodology followed for the risk assessment is the same, it is summarized once in this 

section, then applied repeatedly to each assessment to obtain the results presented in Section B.3.0. 

Figure B.2-1 presents a flow diagram of the FEMP risk assessment process. Significant features of 

that methodology are summarized below after first noting the changes from the Risk Assessment 

Work Plan Addendum (DOE 1992a) incorporated into this risk assessment. 

21 

22 

23 

24 

25 

26 

B.2.1 CHANGES FROM THE RISK ASSESSMENT WORKPLAN ADDENDUM n 

Changes to the methodology described in the Risk Assessment Work Plan Addendum (DOE 1992a) 28 

29 

30 

31 

32 

33 

34 

35 

incorporated into this risk assessment are as follows: 

1. Source-term concentrations based on measurement data from small sample populations 
(less than seven samples) are calculated using the maximum value detected tmks-tk 

FER\CRU2RI\NMG\APP-B\SECB2Uune 10. 1994 7:57am B-2-1 



1 

(FEMP Risk Assessment Policy 93-3) 

FEMP-OU202-5 DRAFT 
June 15. 1994 

REFINE CONCEPTUAL SITE MODEL + 
I ASSESS DATA FOR USEABILITY IN RISK ASSESSMENT I 

I SOURCETERMDEFTNITION I 

I I J I I 

t 
I EXPOSURE POINT CONCENTRATIONS 

TOXICITY ASSESSMENT 

I 
I EXPOSURE ASSESSMENT 1 

RISK CHARACTERIZATION 

Cunent Land Use. DOE Ownership 

Future Land Use, Federal Ownership and Private Ownership 

I I I 

I CHEMICAL TOXICANTS CARCINOGENS 

FIGURE B.2-1. FEMP RISK ASSESSMENT PROCESS 
B-2-2 

a 

a 



i 

. . . . . . . . . . . . . . 
$$@,&+J 
...................................... 

2. 

3. 

4. 

5 .  

I 

FEMP-OUOZ-5 DFWFT 
June 15, 1994 

Justification: With a small data set, the distribution of concentration data often cannot be 
adequately assessed. Without knowing the proper distributional 
assumptions, it is not valid to calculate the 95 percent UCL. 

The selection of CPC, which is the subset of constituents determined to be present above 
background, is performed using traditional statistical methods including the Students t-test 
and the Wilcoxon Rank Sum test, except when these tests cannot be validly applied. A 
comparison of each site related measurement to the 95th percentile of background data is 

for the purpose of identifying CPCs which also performed 
may have been "averaged out" by the s t a t i s t i c s . U  . .  

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

Justification: The comparison of detected concentrations to the 95th percentile of the 
background ensures that constituents potentially present above naturally 
occurring levels will not be ruled out as CPCs. 

The selection of CPCs, which is the subset of detected constituents that is carried through 
the risk assessment, followed a systematic approach recently approved by EPA for use at 
this site. This approach is described in detail in Section B.2.3. 

Justification: This approach facilitates a consistent, statistically and toxicologically 
defensible approach to selecting constituents for which risk will be 
quantified. 

Background soil data from literature sources are replaced with data from the March 1993 
CERCLARCRA Background Soil Study (DOE 19930. 

Justification: Site-specific background soil data provides a more accurate measure of 
background concentrations. 

Airborne particulate concentrations of constituents are calculated using the Industrial 
Source Complex Long Term (ISCLT2) dispersion model (EPA 198%). 

Justification: The ISCLT2 dispersion model is one of the EPA's guideline models. It is a 
sector-averaged, Gaussian plume model capable of calculating seasonal or 
annual ground level constituent concentrations in suspended particulates. 
The ISCLT2 model predicts concentrations at grid points set by the user and 
has the capability to model multiple release sources. The model contains a 
number of options, allowing the user to make the model more site-specific. 

6. The Andelman Model for modeling volatile releases to air from water used in 
. . . . . . . . . . . . . 

the home is used in the risk assessment. 

Justification: Use of the Andelman Model reflects the most recent EPA guidance for 
evaluation of the pathway involving inhalation of volatiles released to air 
from water used in the home. 
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7. 

8. 

9. 

10 

Slope factors for radionuclides are taken from HEAST Annual Fiscal Year (W) 1993 
(EPA 1993b). 

Justification: HEAST is updated regularly. The Operable Unit 2 risk assessment uses the 
most up-to-date HEAST as of October 1993. 

Risks to an off-property resident farmer receptor for future exposure scenarios are 
presented. 

Justification: An off-property resident farmer may be exposed to site-related constituents 
via air transport and migration to the Great Miami Aquifer. The risk 
assessment for this receptor was specifically requested by EPA in the 
comment resolution for the Site-Wide Characterization Report (DOE 
1992~). 

Risks due to "average" exposure conditions (in addition to "reasonable maximum" 
exposure conditions) for the future on-property resident farmer are included. 

Justification: Additional EPA guidance on risk assessment issued in February 1992 (a 
memorandum from EPA's Deputy Administrator, F. H. Habicht, to EPA's 
Assistant and Regional Administrators concerning guidance on risk 
characterization for risk managers) (EPA 1992c) urges risk assessors to 
address or provide descriptions of individual risk that include the "high end" 
portions and CT of the risk distribution. Because future on-property 
resident farmers constitute a very important subgroup for risk estimates at 
the F E W ,  this exposure scenario is selected to present both RME and CT 
estimates of risk. 

Dermal contact models and parameters have been revised to reflect the most recent 
guidance from the EPA (EPA 19920. 

Justification: The DOE has agreed to employ the most recent dermal 
exposure assessment guidance from the EPA in operable unit- 
specific risk assessments. 

11. A drinking water pathway assuming domestic use of perched groundwater is quantitatively 
evaluated where applicable. 

Justification: Hydrogeological data within two Operable Unit 2 subunits 
(Lime Sludge Ponds and Solid Waste Landfill) indicate the 
presence of perched groundwater. Assessment of potential 
risk due to domestic use of this water should provide the 
highest upper bound estimate of risk due to groundwater at 
these subunits. 

12. The soil ingestion rate for the on-property and off-property farmer is adjusted for an age 
and occupation specific soil ingestion rate. 
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Justification: A site-specific soil ingestion rate is developed to replace the 
value in the Risk Assessment Work Plan Addendum (DOE 
1992a). 

13. The inhalation rate for the on-property resident child is replaced by a value that more 
closely reflects the physiology of a young child. 

Justification: During ERA review of FEMP Operable Unit 4 RI Report, 
DOE has agreed to modify the inhalation rate for the on- 
property resident child. The adult inhalation rate used 
previously is replaced by a value that is more appropriate for 
the resident child receptor. 

14. CPCs were not evaluated separately for target organ effects when evaluating exposure to 
systemic toxicants. 

Justification: Target organ effects and mode of action were not considered 
separately for systemic toxicants because hazard indices (HIS) 
were low (typically less than 1). Therefore, the concern for 
consideration of target organ effects and mode of action are 
not of concern for evaluation of potential systemic toxicity. 

15. The removal processes considered to predict concentrations in food include the effects of 
leaching in addition to the radioactive and chemical decay presented in the Risk 
Assessment Work Plan Addendum. This is presented in more detail in the section in 
Section B.2.0. 

Justification: During irrigation and aerial deposition, constituents are added 
to the soil. Simultaneously, radioactive decay, chemical 
degradation, and soil leaching deplete these constituents. The 
methodology set forth in the Risk Assessment Work Plan 
Addendum effectively calculates radioactive decay and 
chemical degradation, but approximated the effect of leaching 
by calculating plant concentrations after 70 years of 
depositiodirrigation. This approach is appropriate for most dh . ...... 
............................. emah and radionuclides at the site. However, this 
approach overestimates the concentrations of very mobile 
constituents such as technetium-99. An updated methodology, 
based on work published in National Council on Radiation 
Protection (NCRP) Report No. 76 (NCRP 1984c) and 
Commentary No. 3 (NCRP 1989) has been adopted to more 
accurately represent the physical processes at the site. 
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B.2.2 REFINEMENT OF CONCEPTUAL SITE MODEL (CSM) 

To assist in evaluating the possible impacts of releases of constituents on human health, the general 

CSM of the Operable Unit 2 site has been refined to emphasize current understanding of constituent 

migration and potential exposures at Operable Unit 2. Both current and future land use scenarios are 
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considered. The overall purpose of the model is to illustrate and describe the sources of constituent 

within Operable Unit 2; constituent release and transport mechanisms; impacted and potentially 

impacted media; and known and potential human receptors. This information helps to clarify which 

environmental media and specific humw receptors need to be addressed to adequately characterize 

risk resulting from waste areas within Operable Unit 2. This in turn is critical for the initial grouping 

of data into subsets relevant to assessing risk so that independent risk-based decisions can be made for 

each subunit. Refmement of the CSM is therefore an important first step in completing the baseline 

risk assessment. 

The CSM for Operable Unit 2 is depicted in Figure B.2-2. It shows the five waste areas that are the 

sources of constituents, as well as the secondary sources (groundwater, soil) impacted by migration of 

constituents from these source areas and is based on the current understanding of Operable Unit 2 RI 
activities. Nature and extent of contamination in the source areas is described in Section 4.0 of this 

RI. Potential transport and release mechanisms and impact of receiving media (i.e., air, groundwater, 

and surface water) in the future is described in Section 5.0. This section of Appendix B emphasizes 

those parts of the CSM describing current and potential future land use on and around the FEMP site, 

as well as the exposure pathways via which human receptors may contact impacted media associated 

with each of the Operable Unit 2 subunits. 

Identification of exposure scenarios is dependent on the physical characteristics of the site; the 

identification of applicable land use scenarios; and identification of populations of concern under both 

current and future land use configurations. 

Populations of concern are identified for a reasonable area of impact considering site-specific 

environmental conditions such as the results of site characterization, environmental monitoring, 

constituent fate and transport modeling, and the nature of potential exposure pathways. 

Subpopulations, such as young children, that could be exposed to increased risk as a result of 

behavior or increased sensitivity are also identified. 

Potential receptors are further characterized according to the degree of potential exposures. In 

accordance with EPA guidance, risk estimates for receptor populations are developed on the basis of 

RME conditions. RME conditions can reasonably be expected to occur under current and future land 

use scenarios, and are defined by conservative exposure parameters. The RME is intended to 
O O G G 2 4  
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The represent a conservative exposure case that is above the average estimated exposure level. 

Operable Unit 2 baseline risk assessment is based on RME assumptions for each potential receptor 

exposure scenario evaluated. 3 

i 

2 

The baseline risk assessment also evaluates more typical exposure conditions by utilizing a CT 

analysis for a selected receptor. This CT analysis utilizes mostly average exposure parameters and 

therefore represents a less conservative exposure case than the RME receptor. 

Land use designations and exposure scenarios illustrated in Figure B.2-2 are described in the 

following sections. 

B.2.2.1 Land Use 

Potential exposures to the environmental media noted on Figure B.2-2 are evaluated in the context of 

four land use configurations: (1) current land use assuming DOE ownership with access control, (2) 

current land use assuming DOE ownership without access control, (3) future land use assuming 

federal ownership, and (4) future land use assuming private ownership. These land use configurations 

reflect the current framework for assessing risk at the FEMP. As indicated in the CSM, t h  

receptors assuming access controls - are trespassing youths, 
0 

off- 

8 

'9 

IO 

1 1  

12 

13 

14 

15 

16 

17 

18 

property residents, on-property groundskeeper, 19 

20 and users of meat and milk products; future receptors assuming 
. . .  ..... . 

federal ownership are expanded trespassersS off-property resident and 

wei+a&future receptors assuming private ownership are on-property farmers, 

homebuilders, perched groundwater users, and Great Miami River users 

These receptors differ slightly from what is described in the Risk Assessment Work Plan Addendum 

(DOE 1992a). The Risk Assessment Work Plan Addendum established that, at a minimum, the 

following three land use $caa.rz@ . . . . . . . . . . . . . . . . . . . . should be addressed in operable unit risk assessments: (1) current 

land use with active access controls; (2) current land use without access controls; and (3) future land 

use without access controls. 

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

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

In addition to the above land use scenarios, two additional scenarios have been requested by EPA and 

included in previously submitted operable unit risk assessments. These scenarios are: future land use 
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with passive access controls (continued federal ownership); and future land use without access 

controls (private ownership), with CT exposure. The future land use with passive access controls 

scenarios describes a scenario where the government owns the property but does not maintain access 

control with security personnel or active sensors. A fence is assumed to surround the site and the 

public is assumed to be off-property. The second additional scenario was added in response to new 

guidance from the EPA suggesting that all risk assessments provide an evaluation of the CT of the 

risk range. The recent guidance (EPA 1992c and EPA 1992d) suggests adding a set of risk 

descriptors for theCT of the risk range at all Superfund sites, using the best information available to 

describe the average situation. All other exposure scenarios in this risk assessment are based on RME 

input parameters. 

For this risk assessment, land use assumptions and receptors were selected to ensure: 1) they are 

consistent with the Risk Assessment Work Plan Addendum (DOE 1992a) where still applicable; 2) 

they allow adequate quantification of risk for every contaminated, or potentially contaminated, 

medium within each subunit; and 3) they are consistent with FEMP risk assessment guidelines for 

exposure scenarios. Table B.2-1 summarizes land use and receptor designations outlined in the Risk 

Assessment Work Plan Addendum (DOE 1992a) and compares them to equivalent receptors from the 

previously submitted Operable Unit 2 risk assessment, as well as receptors identified in this risk 

assessment. This table illustrates that even though the descriptions of land use and exposure scenarios 

have undergone changes in terminology the important potential exposures are consistently evaluated. 

B.2.2.2 ExDosure Scenarios 

Table B.2-2 summarizes land use and receptor designations utilized to quantify risk in this baseline 

risk assessment. The scenarios described in Table B.2-2 are those listed in the far right column of 

Table B.2-1. 

B.2.2.2.1 Current ExDosure Scenarios 

aswmp&~,  the FEMP is 

h. In addition, no 

remedial action is assumed to have been taken beyond that already accomplished. 

receptors most likely to be 

exposed to constituents on and migrating from Operable Unit 2 waste areas are trespassers who may 
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routinely bypass existing controls and enter the site; off-property farm families who may live in the 

vicinity of the FEMP property; on-property groundskeeper conducting general maintenance activities 

not covered under FEMP healthhafety and radiation programs, and . . . . . . . . . . . . . . 

i 

2 

3 
.. . . . . . .. . . . . . . . . . . . . . . . 

sers of meat and milk 4 

products from livestock grazing on the property if access 5 

controls are lost. As summarized in the CSM (Figure B.2-2) and on Table B.2-2, current land use 

receptors include: 

Off-Property Resident Farmer (Adult and Child) - This exposure scenario assumes that a 
farm family lives immediately adjacent to the FEMP property boundary. Exposure routes 
include: 

- Inhalation of fugitive dust, VOCs, and gases. 
- Consumption of farm-product foodstuffs including vegetables, meat, and milk. 

Trespassing Youth (7-18 years) - This exposure scenario considers the risk incurred by a 
trespassing youth who wanders freely over the site. Exposure routes include: 

- Inhalation of fugitive dust, VOCs, and gases. 
- Incidental ingestion of, direct radiation exposure from, and dermal contact with 

- Incidental ingestion of and dermal contact with surface water. 
- Incidental ingestion of and dermal contact with contaminated sediment. 

contaminated soils. 

On-Property Groundskeeper - This exposure scenario considers the risks associated with the 
on-site maintenance receptor. Exposure pathways include: 

- Inhalation of fugitive dust, VOCs, and gases 
- Incidental ingestion of dermal contact with, and direct radiation exposure from 

contaminated soil. 

Current land use without access controls include the following receptors: 

Off-Property Resident Farmer (Adult and Child) - This exposure scenario assumes that a 
farm family lives immediately adjacent to the FEMP property boundary. Exposure routes 
include: 

- Inhalation of fugitive dust, VOCs, and gases. 
- Consumption of farm-product foodstuffs including vegetables, meat, and milk. 

Trespassing Youth (7-18 years) - This exposure scenario considers the risk incurred by a 
trespassing youth who wanders freely over the site. Exposure routes include: 
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- Inhalation of fugitive dust, VOCs, and gases. 
- Incidental ingestion of, direct radiation exposure from, and dermal contact with 

- Incidental ingestion of and dermal contact with surface water. 
- Incidental ingestion of and dermal contact with contaminated sediment. 

contaminated soils. 

User of Meat and Milk Product from Livestock grazing on the site. This exposure scenario 
considers the risks associated with off-property use of animal products produced by cattle 
currently grazing on Operable Unit 2. Exposure pathways include: 

- Ingestion of beef and milk. 

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

. .. . . . .  . 

The current land use configuration used in this risk assessment reflects the physical state of Operable 

Unit 2 as it exists today. Exposures assuming current land use are based on the following 

assumptions: 

The Active Flyash Pile and Lime Sludge Ponds remain on site, untreated, uncovered, and 
vegetated as they are currently. 

Existing DOE access restrictions remai@ 

No additional removal actions are taken" 

Mobility of groundwater throughout the site is unaltered. 

Pathways of-surface water runoff are unalterectj ~~ 
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Vegetative cover remains unchanged!$ 

The effects of radiological and chemical decay of the source are assumed to be minimal. 

As indicated in Table B.2-1, receptors listed in the Risk Assessment Work Plan Addendum (DOE 

1992a) that were not evaluated under current land use for this risk assessment include: 

Visitor - This scenario is intended to evaluate exposures incurred by the activities of a 
regular visitor to the FEMP site who is not covered by a health and safety or radiation 
protection- program. An example of this receptor would be .a delivery person making regular 
deliveries to a given building on the site. This receptor was not considered applicable since 
no visitor would consistently visit the Operable Unit 2 area. 

On-Property Building User - This scenario considers risks from occupancy of an existing 
building on site by a hypothetical receptor. This receptor was not considered since no 
existing habitable structures exist in Operable Unit 2. 

Hunter - this scenario examines risks due to consumption of animal products from wild 
animals found on the FEMP property. This receptor, as stated in the Risk Assessment Work 
Plan, will be evaluated in the Operable Unit 5 RI report. 
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B.2.2.2.2 Future ExDosure Scenarios 22 

Under future land use assumptions it is assumed that the FEMP site will either be retained by the 

federal government (federal ownership) or will be released for private development (- 

Hence the most appropriate future on-property receptor to evaluate is the expanded trespasser. 

23 

24 

25 ownership). It is assumed that the FEMP site may remain restricted under federal ownership. 
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a 
2 

3 

4 

5 

Potential exposures to an off-property farm family and recreational user of the Great Miami River 

were also evaluated. It was assumed that the most likely off-site future land use would be for it to 

remain agricultural. For the Great Miami River user, it was assumed that Operable Unit 2 has 

potential to contaminate the Great Miami River and Paddys Run. This receptor is evaluated for both 

federal ownership and private ownership. Specific exposure pathways which these receptors may be 

exposed to constituents on, or migrating from Operable Unit 2 source areas are summarized in the 

CSM and listed in Table B.2-2. 

As summarized in the CSM (Figure B.2-2), future land use receptors assuming federal ownership, 

include: 

6 

7 

8 

9 

10 

12 

13 

14 

The Expanded Trespasser - This scenario assumes that access to the area remains restricted 
in the future and that either an adult or child trespasser routinely visit the area and be 
exposed to CPCs. Exposure routes include: 

- Inhalation of fugitive dust, VOCs, and gases. 
- Ingestion of, dermal contact with, and external radiation from, contaminated soil. 
- Incidental ingestion of and dermal contact with surface water. 
- Incidental ingestion and dermal contact with sediment. 
- External radiation from contact with sediment. 

The Off-Property Resident Farmer (Adult and Child) - This scenario assumes that a farm 
family lives immediately adjacent to the FEMP property boundary. Exposure routes for this 
receptor include those listed for the same receptor assuming current land use, in addition to 
ingestion, dermal contact, and inhalation from groundwater. 

User of the Great Miami River (Adult and Child) - This scenario considers risks to an off- 
property resident who uses the river for recreation purposes. Exposure routes include: 

- Incidental ingestion of and dermal contact with surface water. 
- Incidental ingestion of and dermal contact with sediment. 
- Ingestion of fish. 
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If the FEMP property does not remain under the federal ownership, it is assumed that it will be held 

in private ownership and developed for agricultural use. As illustrated in the CSM (Figure B.2-2) 

1 

2 

and summarized in Table B.2-2, future land use receptors, assuming private ownership, include: 

The RME On-Property Resident Farmer Receptor (Adult and Child) - This exposure assumes 
that a farmer resides on the property and conducts agricultural activities. Typical activities 
may include food and feed production, livestock production, and general farm work. 
Exposure routes include: 

- Inhalation of fugitive dust, VOCs, and gases. 
- Ingestion of groundwater (separate evaluations for groundwater from the Great Miami 

- Dermal contact and inhalation while using groundwater in the home. 
- Consumption of foodstuff grown on the property, including vegetables, meat, and milk. 
- Incidental ingestion of, external radiation from, and dermal contact with, soil. 
- Inhalation of indoor radon. 

Aquifer and for perched groundwater). 

The CT On-Property Resident Farmer Receptor (Adult) - This exposure assumes that a 
farmer resides on the property and conducts agricultural activities. This exposure is similar 
to the RME on-property resident farmer with modifications of exposure parameter values to 
more closely reflect values typical of the CT of exposure. Exposure routes for this receptor 
include those listed for the RME on-property resident farmer receptor, excluding ingestion of 
perched groundwater trapped within the sand lens. 

The Future Home Builder - This exposure scenario involves exposures to workers building 
residences or other structures within Operable Unit 2. Exposure routes include: 

- Dermal contact with, ingestion of and external radiation from soil. 
- Inhalation of fugitive dust, VOCs, and gases. 

A Perched Groundwater User - This exposure scenario involves exposures to users of 
perched groundwater within Operable Unit 2. This scenario includes only household use of 
perched groundwater, because the perched groundwater zone would not be sufficient to 
support agricultural we. Exposure routes include: 

- Inhalation and dermal contact while using perched groundwater. 
- Ingestion of perched groundwater. 
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User of the Great Miami River (Adult and Child) - This scenario considers risks to an off- 
property resident who uses the river for recreation purposes. Exposure routes include: 

- Incidental ingestion of and dermal contact with surface water 
- Incidental ingestion of and dermal contact with sediment. 
- Ingestion of fish. 

The future land use assumptions reflect activities that require development time. It is assumed that 

under continued federal ownership, areas within Operable Unit 2 will remain restricted and that under 

private ownership, the operable unit is developed for residential and agricultural purposes. This land 

use configuration considers both. the site's current configuration and the processes that would act on it 

if all maintenance activities were discontinued. Exposures assuming future land use are based on the 

following assumptions: 

The South Field and Solid Waste Landfill may be developed as cropland or pastureland. 

Domestic water source for on-property residences will be obtained from locations on'the site 
producing the maximum potential exposures to constituents. 

Off-property receptors will remain the same as under the current land use configuration. 

Excess surface water runoff flows to Paddys Run and eventually into the Great Miami River. 
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Vegetative cover is consistent with local agricultural practices and ecological succession. 

Under federal ownership, an expanded trespasser moves freely throughout the area. 
0 

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

B.2.3 EVALUATION OF DATA AND IDENTIFICATION OF CONSTITUENTS OF POTENTIAL 
CONCERN 

As indicated above, remedial decisions are made for each waste area, or subunit, within Operable 

Unit 2.  Consequently, CPCs are identified separately for all relevant environmental media for each 

subunit for use in quantifying risk for that subunit. To ensure a consistent approach for operable unit 

risk assessments, the FEMP has established guidelines for determining CPCs. The selection process 

follows guidance provided by EPA Region V and is generally illustrated in Figure B.2-3A. 

The selection process involves first a statistical comparison of constituent concentrations with 

background concentrations and then a conservative toxicological screening to identify CPCs. Sources 

of analytical data subjected to this process are described in Section B.2.3.1. Procedures used to 

analyze and validate the data are described in Section B.2.3.2. The statistical process used to 

compare constituent concentrations to background is described in Section B.2.3.4. Procedures used to 

calculate concentration terms for use in that comparison are described in Section B.2.3.5. This 

process is then followed by a toxicological screening process, which is described in Section B.2.3.6. 

Constituents not eliminated by the end of this process are carried completely through the risk 

assessment process. Those CPCs remaining at the end of the risk assessment process become COCs. 

Since radionuclides and chemical carcinogens were expected to contribute the most to estimated risk 

at Operable Unit 2, radionuclides and EPA Class A, B l ,  or B2 carcinogens were an exception to the 

process. These compounds were selected as CPCs for all media where they were detected regardless 

of whether they were present below background or below screening criteria. 

The statistical methods used in data evaluation are shown as a process flowchart in Figure B . 2 4 .  The 

rationale used to develop this methodology and the statistical techniques are based on the following 

sources: 
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"The Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Volume 
I, Part A, Interim Final" (EPA 1989a). 

"Statistical Methods for Evaluating the Attainment of Cleanup Standards, Volume I and 
Volume 3 (Draft)" (EPA 1989c and 1990a). 

"Statistical Methods for Environmental Pollution Monitoring" (Gilbert 1987). 

"Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities, Interim Final 
Guidance" (EPA 1989d). 

"EPA comments (December 1991 and March 1992) on the statistical methods used in the 
October 1991 Draft Risk Assessment Work Plan Addendum (Saric 1991 and 1992). 

Data Sources 

Below is a discussion of data sources used in this baseline risk assessment. These data sources 

included subunit data generated during on-site field sampling programs and background data generated 

from samples collected 3 to 5 miles away from the FEMP site. 

B.2.3.1.1 Subunit Data 

In accordance with the Risk Assessment Work Plan Addendum, data generated in RI/FS field 

sampling programs are given first consideration in risk assessments. These data are the most current 

and most reliable based on RI/FS quality assurance/quality control (QA/QC) practices. For 

Operable Unit 2, two RI/FS field sampling programs were completed. The first (Phase I) was 

completed in the Summer ,1992 and the second (Phase 11) was completed in Summer 1993. Analytical 

data from both of these efforts are utilized in this risk assessment. 33data _..... from the 
. .  Characterization Investigation Study (CIS) 

. . . . . . . . . 

were not used for this risk assessment, but were used to 

RI/FS 

B.2.3.1.2 Background Data 

The site-specific background data set for soil consisted of a series of soil samples collected 

approximately three to five miles from the FEMP site. Background concentrations in surface and 

subsurface soil were determined based on direct analysis of regional soils at three depths (Le., 0 to 6 

inches, 36 to 42 inches, and 48 to 54 inches), the assumption of secular equilibrium in the radioactive 

decay process, and the recognition that certain organic compounds and radionuclides (Le., 

technetium-99 and the isotopes of plutonium) do not occur naturally. 
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Background concentrations for the glacial overburden unit and the Great Miami Aquifer are based on 

the sample results provided in the FEMP RI/FS document "Characterization of Background Water 

Quality for Streams and Groundwater". Background concentrations in the Great Miami Aquifer are 

from upgradient Wells 2043, 2050, 2056, 2066, and 2383 located off-site from Operable Unit 2. 

Background concentration in the glacial overburden unit are from Wells 1024, 1040, 1059, 1060, and 

1065. These locations are distant from site activities and known sources of contamination. Lithologic 

correlation is highly variable because of the heterogeneity and anisotropy of glacial sediment. Much 

of the glacial overburden at the FEMP consists of a clayey till and discontinuous sand lenses. 

Unsaturated zones within the glacial overburden make a transition to perched lenses when sandy units 

are encountered, because of porosity changes and semiconfined hydrostatic pressures. Therefore, the 

geochemistry of perched zone groundwater samples may vary from site to site. Background 

concentrations in the overburden unit are listed in Section B.4.0. 

B.2.3.2. Data Validation 

The data validation process is described in Section 2.2.2.4 of this RI report. All of the measured 

constituent concentration data obtained in the RI/FS sampling program for Operable Unit 2 have been 

validated. Data which did not adequately meet the criteria addressed during data validation were 

rejected. These data were not used in the quantitative baseline risk assessment process according to 

EPA guidance (EPA 1989a). All measured constituent concentration data used in this risk assessment 

was validated to at least ASL C, and 10 percent were validated to ASL D. 

B.2.3.3 Treatment of Non-Detected Results 

Analytical results are presented as "non-detects" whenever chemical concentrations in samples do not 

exceed the detection or quantitation levels for the analytical procedures for those samples. There are 

numerous terms used to describe the detection or quantitation levels (EPA 1989a). SQLs are the most 

relevant quantitation limits for evaluating non-detected chemicals. SQLs take into account sample 

characteristics, sample preparation, and analytical adjustments. Generally, the detection limit (the 

lowest amount of a chemical that can be "detected" above the normal, random noise of an analytical 

instrument or method) is multiplied by a factor of three to five to obtain the SQL (EPA 1989a). 

For radionuclides, the minimum detectable activity (MDA) corresponds most directly to the SQL for 

chemicals. The MDA is the estimate of the activity level that can be practically achieved under a 

i 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

33 

(j(BQB(&g.. I .. _ .  . , FER\CRUZRI\NMG\APP-B\SECB2Uunc 10. 1994 8:14m B-2-28 



FEMP-OUM-5 DRAFT 
June 15, 1994 

specified set of typical measurement parameters. These parameters include the sample size, counting 

time, counting efficiency, self-absorption and decay corrections, chemical yield, and other factors 

involved in determining activity concentrations (EPA 1980). For the purposes of evaluating data in 

the RI/FS, the term "SQL" will be used for both chemicals and radionuclides. 

Nondetected results (if present in the data set) must be considered with positively detected 

background results for determining the descriptive statistics for background data sets. Although 

EPA's Risk Assessment Guidance for Superfund Part A. Human Health Evaluation Manual allows for 

best professional judgement in determining the most appropriate assignment of values for nondetected 

results (EPA 1989a), EPA Region V has requested that a value of one-half the SQL be assigned for 

each non-detected result. Therefore, statistical treatment of background data for risk assessments will 

conform with the methodology requested by EPA Region V. 

A value of the SQL was sought for each non-detected result. If SQLs were not obtainable for 

chemical analytical results, the 

the SQL. The uncertainty introduced by this assumption was evaluated, since the CRQL may have 

overestimated or underestimated the actual SQL (EPA 1989a). 

(CRQL) was used as the value of 
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B.2.3.4 Evaluation of Background 

B.2.3.4.1 Determination of Background Distribution 

Each background data set was evaluated to determine the probability distribution (normal, lognormal, 

or undefined) that best describes the data set. Two methods were used to determine the distribution 

type. 

The first method employed to determine the appropriate distribution. The Kolmogorov-Smirnov test 

with Lilliefors adjustment (Lilliefor 1967). This method is recommended in EPA's Statistical 

Analysis of Ground Water Monitoring Data at RCRA Facilities. The test was performed on the 

untransformed data to test the normality assumption and on the log-transformed data to test the 

assumption of lognormality. If the test provided sufficient evidence to reject both normality or 

lognormality assumptions then a second method was employed. 
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0 The second method consists of the construction of a probability plot of the data set. If the plotted 

points fit a straight line reasonably well with no large data gaps, a normal distribution will be 

i 

2 

assumed. If the data do not follow a straight line on the probability plot, the data was log- 

transformed and a new plot is generated. If the log-transformed data reasonably fit a straight line 

then a lognormal distribution was assumed. If a straight line does not fit the plotted points on either 

the normal probability plot or the log-transformed probability plot, then it was assumed that the data 

set is neither normally distributed nor lognormally distributed. Visual inspection of the probability 

plot is often sufficient to determine whether the plotted points follow a normal or lognormal 

distribution though some experienced professional judgement may be necessary when there are minor 

deviations. The statistical methods employed to determine the concentration terms are robust to 

minor deviations from normality or lognormality and visual inspection of probability plots is often a 

sufficient tool. 

B.2.3.4.2 Tests for Outliers in Background Concentration Data 

An outlier is defined as an abnormally high or low data value. Since an outlier can represent a true 

extreme value or can indicate data errors, it is important to evaluate each data value to determine if it 

is an outlier or a true data value that will be included in the data set (Gilbert 1987). 

Visual inspection of the normal and lognormal probability plots of the data set (see Section B.2.3.3.1) 

was performed to determine whether any data points differ significantly from the remaining data. A 

value that was four to five times greater than the next.highest data value is generally viewed with 
pSgg&$$ suspicion 
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If specific data points stood out as suspected outliers in the background datasets, a quantitative test 

was performed. Since this test, as with most quantitative tests for outliers, assumes an approximate 

normal distribution, attempts were made to transform datasets that are not normally distributed to 

approximate a normal distribution before the test is performed. 

The method used for identifying outliers consisted of the following steps: 

1. Calculate the mean, x, and the standard deviation, s, of the data including all 
measurements. 

2. Compute the statistic, T,, given by 
- 

x, -x 
T, = - 

S 

for each value suspected of being on outlier. 

(B.2-1) 

3. Compare the statistic T, to the critical value for the given sample size, n, from Table 4-2 
in the Risk Assessment Work Plan Addendum (1992a). 

4. If the statistic T, for the suspected value exceeds the critical value from Table 4-2 in the 
Risk Assessment Work Plan Addendum (1992a), this is evidence that the suspected value, 
x,,, is a statistical outlier. 

Since the presence of outliers can severely affect the determination of descriptive statistics and 

statistical comparisons, any potential or suspect outliers in the background data sets @@ investigated. 

The investigation included, if possible, a review of the raw data associated with the determination of 

the background concentration value. 

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

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

During the determination of background concentration values, nine values failed the outliers test and 

were removed from the groundwater data before determination of the concentration terms because 

they were highly suspect and assumed to be true outliers. The values were: 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

24 

25 

21 

28 

29 

30 

31 

32 

33 



i I ' FEW-OUOZ-5 
June 15, 1994 

Calcium: 1.03 J and 1.3 J, UCL = 100.7 

Chromium: 0.56 J, UCL = 0.01 

Magnesium: 0.5 J and 0.581, UCL = 28.3 

Nickel: 0.78 J, UCL = 0.012 

Potassium: 13.4 and 13.5, UCL = 2.004 

Selenium: 0.06 UJ, UCL = 0.002 
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("J" indicates an estimated value below the method detection limit, "UJ" indicates that the value was 

below an estimated .detection limit of the value shown.) 
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16 

€3&% Determination of Concentration Term 

unit concentration term is assumed to be the 95 percent UCL of the mean. If the distribution 

for an analyte was determined to be either normal or lognormal the appropriate equation was used to 

calculate the 95 percent UCL. 

presented below. 

The UCL for a normal d is t r ib~t io&@@~ @): 
....... ............... ... ............................. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 

where 

number of samples 
sample mean concentration 
percentage point from the t distribution 
sample standard deviation 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

FER\CRU2RI\NMG\APP-B\SECBZUune 10. 1994 8:44am B-2-32 



d 
53 

FEMP-OU02-5 DRAFT 
June 15, 1994 

$1 
0 

$1 
0 

c? 
0 

$1 
0 

P rn 

M 
3 
Z 

E 
1 g 

B-2-33 



0 - -  

d v )  0 9 0 9  2 0 0  

M M M  L > >  
% % %  

f 5660 .  
FEMP-OUOZ-5 DRAFT' 

June 15, 1994 

- 0 0  

000 
c ? \ 9  

B-2-34 000062 



2 
0 

9 
0 

c? 
0 

8 
0 

F 
b m 

M 
L ua 

% 
r! 

9 
E 

VI m 

a 
.d 

5 

N 
c? 
d 

00 
9 
4 

m 
c? 
4 

VI 

0 
Q9 

F 0 'm 

M 2 

00 m 
9 
E 
1 

3 
5 

FEW-OUOZ-5 DRAFT 
June 15, 1994 

4 

B-2-35 



- o m  

e " $ 3  
3 2 %  

E a E Z  a -  

E a *s 5 
e g  
B u  

FEMP-OU02-5 DRAFT' '. 
June 15, 1994 

Y " $  
m w m  

B-2-36 



? 

4 
VI 
B 

P 
? 

E a 
5 

.CI 

c( a2 
m 

FEMP-OU02-5 D W  
June 15, 1994 

4 s 

M 
L 
Ua 

Iz cv 
c;' 
E a 

.CI 

.CI 
E * 
Y 

B-2-37 

4 

2 0 

M 
L ua 

4 

m 
? 
E 
1 
E 

0 m 

.d 

.CI 
c, 

Y EI a 

d 

2 
4 

VI 

M 
L 

Ua 

W 
CJ 
';J 
E 

2 
d 

1 
.CI 

4 

+ 
4 

VI 

M 2 

0 
4' 
E a 

b 

.CI Y 

E 0 
m 

m o o  
c ? Q ?  
4 4  

d 

+ 
4 

VI 

* 

2 ua 

00 
00 
c;' 
E a 
.d 

E 

f 
9 



FEMP-OU p@J -5 

June 15, 1994 

B-2-38 



FEMP-OU02-5 DRAFT 
June 15. 1994 

m 
2 
0 

m 
$1 
0 

m 
2 
0 

8 
2 
0 

x 

=! s 

€' 
2 
'Z 
a 1 

c\1 

$1 
0 

2 
9 
0 

c\1 

2 
0 

2 
9 
0 

2 
\ m 

tl 
2 

s 
t 
0 

$1 
0 
d 

% 
t 
0 

z 
9 
0 

0 
r! s 

r! s 

s 
9 
0 

s 
9 
0 

00 
0 
0 

d 

9 

d 

0 
0 
9 

x 

r! s 

b 0 

0 
9 

8 
0 

b 0 
0 
9 

8 
9 
0 

2 
;3 

=! s 

0 s 
\d 
d 

0 0 
v, 
N 

9 

0 
v, 

t 
d 

N 

b 
r! 
d 

=! s 

v, 

8 
0 

0 

0 
8 

$! 
0 

2 

N 
N 
2l 

=! s 

$ 
8 

53 
9 
0 

s 
0 

2 
9 
0 

00 
o\ 
c'! 
d 

W 
00 

0 
r- 

c? 
d 

c'! 
0 

N 

N 
x 

=! s 

c e 
I 

9 
0 

9 
0 

5 
0 

s 
9 
0 

m 
d s 

=! 
3 

4 
3 

s 
d 

0 

N m 
0 
9 

N 

0 
c'! 

b 0 
0 
9 

E! 
2 

=! s 

$ r: 

2 
c? 
0 

c? 
0 

2 
\ 
d 
d 

B-2-39 



B-2-40 

FEMP-OUO2-5 D m  
1 

June 15, 1994 

0 0  0 8 v !  - *  

d c ' !  m 

3 8  8 
9 
m 

9 9  
d e 4  

d 

4 

m 

m 



B-2-41 

EMF’-OUO2-5 DRAFT 
June 15. 1994 



FEMP-OUOZ-5 D I 

June 15, 1994 

m 00 

0 
'I 

\o 0 
0 
9 

31, 
4 

8 d 

I4 
\ 

2 

E 
2 a 
7 .- 

B-2-42 



FEMP-OUOZ-5 DRAFT' 
June 15, 1994 

z 
0 

41 
9 
0 

3 
0 

d 

9 
0 

t, 
2 
M 

d 

r! 
M 
E 

E 
3 
El E 

1 

0 
P4 
M 

0 

41 
9 
0 

b 

0 
q 

a 
41 
41 
\ 
4 

r! 
2 

E 

3 
a .e 
v) 

Y 

2 

s 

r! 
E 
M 

C 
k 
." 

m v )  
P 4 m  

0 0  
9 9  

2 3  
9 9  
0 0  

0 0  

4 

9 
0 

d 

c! 2 

r! 
2 

E a 

9 
3 
> 

4 
4 
\ 
4 
4 

B-2-43 



June 15, 1994' 

8 8  
Y O  
d d -  

8 8  e o  

8 8  g o o  
c. 0 0  

8 8  
0 0  0 0  

0 0  
a \ ?  

0 0  2 s  . .  
d m  

. .  
V + d  

Z Y  
w -  

d d  . .  
4 m  g 4 4  o \ "  

0 0  

13 
d 
\ 
4 
VI 

cl 
\ 

Y 

VI 2 
5 

2 ua 

00 m 
c;' 
2 

c1 

Y 
m 

6 
3 

B-2-44 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

The UCL for a lognormal distribution: 

SyxH., 
UCL,.,, = e ' + 7 + 

6- 1 

where 

2 

3 

(B.2-6) 4 

number of samples 
sample mean of the log-transformed data 
quantiles obtained from tables provided by Land( 1975) 
sample standard deviation of the log-transformed data 

I n 

9 

Undetermined Distribution 10 

If the distribution of the subunit data could not be adequately determined, a conservative 

non-parametric method was used to estimate the concentration term. Because of the uncertainty of an 

undefined distribution the non-parametric 95th percentile concentration was used as the concentration 

term. 

13 

The initial step in this procedure is to order the data such that 14 

XI I 3 I ... I xi (B .2-7) 

where 

'j, ( j = l  to i ) = sample concentrations 
i = the number of background samples 

The 95th percentile concentration is then determined to be 

such that 

k 2 i X 0.95 (i = number of samples) 

IS 
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3'2:4A.t B.2.3.5.& ComDarison to Background ... 

The first step in selecting CPCs is to compare the concentration term to background concentrations. 

To conduct the comparison between the site-related measurements and the background data for a 

constituent, two tests were used in sequence: (1) a "location" test (Student's t-test or Wilcoxon Rank 
Sum test) and (2) followed by the "95th Percentile Test" (see below for details). If either of the test 

results rejects the null hypothesis that the site data is equal to background (Le., the distribution of 

measurements at the site appears to be shifted to the right (to higher measurements) of the background 

distribution), the constituent is considered to be a possible CPC and is submitted to toxicological 

screening. The constituent is not included as a possible CPC only if both test results indicate that 

there was not a "significant difference" between the two distributions. For cases where the location 

tests could not be performed due to small simple sizes or large portion of nondetects and the 95th 

Percentile Test suggests that the site-related data are not different from the background data, 

professional judgement by risk assessors was used to make the final determination. 

The "location" test can be either the t-test, a parametric statistical method, or the Wilcoxon Rank Sum 

( W R S )  test (or the Mann-Whitney U-test, a direct corollary to the WRS) which is the counterpart of 

the t-test in a nonparametric approach. The t-test was used to compare the mean of the site-related 

data with the mean of the background data. The WRS test compares two distributions of rank 

ordered data (equivalent proportions of ranks would indicate similar distributions). The criteria for 

conducting the t-test are presented in Figure B.24. For cases in which the t-test cannot be applied to 

the data, the WRS test was conducted. 

The 95th Percentile Test determines if any sample measurements for a given constituent exceed the 

upper 95th percentile for the background distribution. If so, the test indicates that the data contains at 

least one relatively high concentration and the constituent should be considered as a CPC. The 95th 

percentile for the background distribution can be computed as follows: 

For background data with a normal distribution f€&bert, I%?: 
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where: 

Z = sample arithmetic mean 

s = sample standard deviation 

~ 0 . ~  = 1.645 
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(B.2-3) 

where: 

7 

SY 

%.% 

sample arithmetic mean of the log-transformed data 

(y = lnx; 3 = C y h )  

sample standard deviation of the log-transformed data 

1.645 

XI I $ I ... I xi 

where 

'j. (j=1 to i ) = sample concentrations 
i = the number of background samples 

The 95th percentile concentration is then determined to be 

'k 
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such that 

k 2 i x 0.95 (i = number of samples) 

Because organic chemicals, some fission product radionuclides, and activation product radionuclides 

are not naturally occurring at measurable levels, background concentrations are assumed to be zero. 

Consequently, if these organic chemicals, fission products, or activation products are selected as 

CPCs, they are not based on comparison to background. 

11 compounds determined to be present above background concentrations 

were considered to be CPCs and were then subjected to toxicological screening. 

Toxicological Screening 
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CONSTITUENTS ELIMINATED BASED STATISTICAL SCREENING4b 

Surface S o i P  Subsurface Soilc9d 
ACTIVE FLYASH PILE 

Aluminum Calcium Aluminum 
Iron Magnesium Arsenic 
Manganese Manganese Cadmium 
Silicon Potassium Chromium 

Cobalt 
Iron 
Manganese 
Nickel 
Potassium 
Silicon 
Thallium 
Vanadium 
zinc 
Cesium- 137 
Radium-226 
Radium-228 
Thorium-228 
Thorium-230 

SOUTH FIELD 
Cobalt 
Silicon 

Aluminumc 
Antimony' 
Boron 
Calciumc 
Cobalt' 
IronC 
MagnesiumC 
Manganese' 
NickelC 
Potassium' 
SeleniumC 
Silicon' 
Thalliumc 
zincc 
Strontium-90c 
Technetium-99c 

See footnotes at end of table 
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TABLE B.2-2E 
(Continued) 
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surface Subsurface Soilc9d 

INACTIVE F'LYASH PILE 
Aluminum AlUIIliIlUm' Aluminum 
chromium Antimony' Arsenic 

Boron Barium Cobalt 
Iron Calcium' Cadmium 

Manganese 
Nickel 

Cobalt' 
Iron' 

Chromium 
Cobalt 

Silicon Magnesium' Copper 
zinc 
Cesium- 137 

Manganese' 
Nickel' 
Potassium' 

Cyanide 
Iron 
Lead 

Selenium' Manganese 
Silicon' Nickel 
Thallium' Potassium 
zinc' Silicon 
Strontium-90' Thallium 
Technetium-99' Vanadium 

zinc 
Radium-226 
Radium-228 
Thorium-228 
Thorium-230 
Thorium-232 
Thorium-Total 
Uranium-235/236 

SOLID WASTE LANDFILL 

Cadmiumd 
Cobalt 
Manganese 
Selenium 
Silicon 
Cesium- 137 

See footnotes at end of table 

Boron Aluminum 
Arsenic 
Barium 
chromium 
Cobalt 
Iron 
Lead 
Nickel 
Potassium 
Silicon 
Vanadium 

. B-2-63 
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TABLE B.2-2E' 
(Continued) 

surface Soil'*' Subsurface Soilcpd Sedimentc*d 

SOLID WASTE LANDFILL (Continued) 
Radium-226 
Radium-228 
Thorium-228 
Thorium-230 
Thorium-232 

LIME SLUDGE PONDS' 
Cobalt 
Manganese 
Selenium 

Magnesium 
Thorium-232 

aConstituents were eliminated because they were present below background (initial screening) or the 95th percentile ' 
(secondary screening) concentrations. 

bStatistical screening was not performed on surface water samples because background data is not available. 

%itial screening: CPC is removed if concentration term is below background. 

dSecondary screening: 95th percentile comparison is made if CPC is removed based on concentration term being 
less than background concentration and sample set is less than 30. Constituent is removed if concentration term 
is less than the 95th percentile concentration. 

eInitial screening was not performed on sediment samples because background data is not available. However, 
secondary screening was performed using the 95th percentile concentrations from surface soil for comparison. 

fConstituents in the subsurface soil column are from waste material in the Lime Sludge Ponds. 
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CONSTITUENTS ELIMINATED BASED INITIAL TOXICOLOGICAL SCREENINGa 

surface soil Subsurface Soil Surface Water Sediment 

ACTIVE J?LYASH PILE 

Calcium' Aluminum' Calcium' Calcium' 
Iron' Iron' Iron' Magnesium' 
Magnesium' Sodium' Magnesium' Sodium' 
PotassiumC 2-Chlorophenolb Manganese' Ammoniae 
Sodium' 4-Chloro-3-methy lphenolb Potassium' Chloridee 

4-Nitrophenolb SeleniumC Fluoridee 
Di-n-octy lphthalateb Silicon" Nitratee 
1, l  -Dichloroethaneb Sodium' Phosphorouse 
1, l  -Dichloroetheneb Alkalinitye Sulfatee 
1,2-Di~hlrorethane~ Ammoniae Total Organic 
2-Hexanoneb Chloridee Nitrogene 
Benzeneb Fluoridee 
Bromomethaneb Nitratee 
Chloroethaneb Phenolse 
Chloroformb Phosphorouse 
Vinyl chlorideb Sulfatee 
Xylenes, totalb Sulfidee 

Total Kjeldahl Nitrogene 
Total Organic 
Carbone 
Total Organic 
Halidese 
Total Organic 
Nitrogene 
Total Phosphorouse 

SOUTH FIELD 
Aluminum' Sodium' 4 

Calcium' Total Organic Carbone 
Iron' 
Magnesium' 
Potassium' 
Sodium' 

Aluminumc Aluminum' 
Calcium' Calcium' 
Magnesium' Iron' 
PotassiumC Magnesium' 
Silicon' PotassiumC 
SodiumC Sodium' 
Alkalinitye 
Chloridee 

0 ()oQr3 s e e  footnotes at end of table 
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TABLE B.2.2.F 
(Continued) 

Surface Soil Subsurface Soil Surface Water Sediment 

SOUTH FIELD (Continued) 
Fluoridee 
Phosphorouse 
Sulfatee 
Total Kjeldahl Nitrogene 
Total Organic Carbone 
Total Organic Nitrogene 
Total PhosDhorouse 

INACTIVE F'LYASH PILE 

Calciumc SodiumC Aluminumc 
PotassiumC Total Organic Carbone Calciumc 
SodiumC Ironc 
FluoreneC MagnesiumC 

PotassiumC 
SodiumC 
Alkalinitye 
Ammoniae 
Chloridee 
Fluoridee 
Nitratee 
Phosphorouse 
Sulfatee 
Total Kjeldahl Nitrogene 
Total Organic Carbone 

MagnesiumC Acenaphthyleneb a 

Total Organic Halidese 

Total Organic Nitrogene 

Total Phosphorouse 

Aluminumc 
CalciumC 
IronC 
MagnesiumC 
PotassiumC 
Silicond 
SodiumC 
Alkalinitye 
Ammoniae 
Chloridee 
Fluoridee 
Nitratee 
Phosphorouse 
Sulfatee 
Total Kjeldahl 
Nitrogene 
Total Organic 
Carbone 
Total Organic 
Halidese 
Total Organic 
Nitrogene 
Total Phosphorouse 

SOLID WASTE LANDFILL 
Aluminumc Aluminumc Silicond Calciumc 
Calciumc PotassiumC Di-n-butyl phthalate MagnesiumC 
IronC SodiumC Diethyl phthalate SodiumC 

Bis(2-Ethylhexy1)phthalate 

- 
See footnotes at end of table 
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Surface Soil Subsurface Soil Surface Water Sediment 

SOLID WASTE LANDFILL 
Potassiumc Carbon Disulfideb Alkglinitze 
Silicon" Dichlorodifluoromethaneb Chloridee 
SodiumC Pyridineb Fluoridee 

Styreneb NitrateC 
Trichloro fluor ome thaneb Phosphorouse 
Vinyl chlorideb Sulfatee 
Sulfidee Total Kjeldahl Nitrogene 
1,2,3,4,6,7, 8-heptachlorodibenu>furanb 
1,2,3,5,6,7,8-heptachlorodibenzo-p- 
dioxinb 
Endosulfan sulfate 
Endrin aldehydeb 
Total Organic Carbone Total Organic Carbone 
Endosulfan IIb Total Organic Halidese 

Total Organic Nitrogene 
Total Phosphorouse 

LIME SLUDGE PONDS' 
Aluminumc Aluminumc 
Calciumc IronC 
IronC PotgssiumC 
MagnesiumC Silicond 
PotassiumC 1, 1-Dichloroethaneb 
Silicond 2-Butanoneb 
SodiumC Idornethaneb 

aConstituents were eliminated based on the first four toxicological screening criteria (Le., detected once in one 
medium; macronutrient/micronutrient that is nontoxic; ubiquitous in nature; and nonspecific class of compounds). 
bConstituent was removed because it was detected only once in one medium (not detected in any other media). 
CConstituent was removed because it is an essential macronutrient and macronutrient that is nontoxic at the levels 
identified (e.g., Al, Na, K, Mg, Ca, Fe). 
dConstituent was removed because it is ubiquitous in nature and considered to become nontoxic (e.g., Al, Si, Cl). 
eConstituent was removed because it is from a nonspecific class of chemical compounds (e.g., TOC, TPH, PAH, 
CH, and general aqueous chemicals). 
fConstituents in the subsurface soil column are from waste material in the Lime Sludge Ponds. 
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CONSTITUENTS ELIMINATED BASED ON SECONDARY (EPA 
TOXICOLOGICAL SCREENING 

RAGS, PART B) 

Surface Soil Subsurface Soil 

ACTIW FLYASH PILE 

Antimony 
Barium 
CadmiUm 
chromium 
Cobalt 
Cooper 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Vanadium 
zinc 
Uranium-total 0’ 

Antimony 
BariUEl 
CadmiUm 
chromium 
Cobalt 
Copper 
Cyanide 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 
zinc 
Uranium-total 
Benzoic acid 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Naphthalene 
Pentachlorophenol 
Phenol 
Bis(2-Ethylhexy1)phthalate 
1 , 1 , 1 -trichloroethane 
2-butanone 
2-methyl-2-pentanone 
Acetone 
Carbon disulfide 
Chloromethane 
Methylene chloride 
Toluene 

SOUTH FIELD 
Barium Antimony 

Barium Cadmium 
Chromium Chromium 

Copper 
Cyanide 

Copper 
Cyanide 
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(Continued) 
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surface soil Subsurface Soil 

SOUTH FIELD (Continued) 
Manganese Mercury 

Molybdenum Molybdenum 

Nickel Silver 

Selenium Vanadium 

Silver 4-methylphenol 

Vanadium Acenaphthalene 

zinc Anthracene 

Uranium-total Benzo(g, h, i)pery lene 

Endrin ketone Benzo(k)fluoranthene 

Acenapthene Benzoic acid 

Acenaphthy lene Carbazole 

Anthracene Chrysene 

Benzoic acid Di-n-butyl phthalate 

Carbazole Di-n-octyl phthalate 

Chrysene Dibenzo(a,h)anthracene 

Dibenzofuran Diethyl phthalate 

Dimethyl phthalate Fluoranthene 

Fluoranthene Indene( 1,2,3-cd)pyrene 

Fluorene Isophorone 

Pyrene Naphthalene 

Bis(2-Ethylhexy1)phthalate Phenol 

Acetone Pyrene 
Methylene chloride Bis(2-Ethylhexy1)phthalate 

1 , 1 , 1 -trichloroethane 
2-butanone 
2-hexanone 
2-methyl-2-pentanone 
Acetone 
Carbon disulfide 
Chlorobenzene 
Chloroform 
Chloromethane 
Methylene chloride 
Styrene 
Tetrachloroethane 
Toluene 
Trichloroethane 
Vinyl acetate 

(B ~ ~ ~ ~ ~ ~ \ ~ R U Z F S \ V D R \ T A B B Z - Z I U ~ C  10. 1994 9:44am B-95 



FEW-OUOZ-5 DRAFT 
June 15, 1994 

TABLE B.2-21 
(Continued) 

surface soil Subsurface Soil 

SOUTH FIELD (Continued) 
Xylenes total 
Endrin ketone 
Alphachlordane 
Gammachlordane 

INACTIVE F%YASH PILE 
BariUIU Barium 
Cadmium Cadmium 
Copper Chromium 
Cyanide Copper 
Magnesium Cyanide 
Molybdenum Mercury 
Selenium Molybdenum 
Silver Silver 
Vanadium Vanadium 
Uranium-total 4-methylphenol 

Acenaphthalene 
Acenaphthylene 
Anthracene 
Carbazole 
Dibenzofuran 
Naphthalene 
2-butanone 
Acetone 
Toluene 

Acenaphthalene 
Anthracene 
Benzo(g , h, i)perylene 
Benzo(k) fluoranthene 
Benzoic acid 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo(a,h)anthracene 
Diethyl phthalate 
Fluoranthene 
Indeno(l,2,3-cd)pyrene 
Isophorone 
Naphthalene 
Phenol 
Pyrene 
Bis(2-Ethylhexy1)phthalate 
1 , 1 , 1 -trichloroethane 
2-butanone 
2-hexanone . 

2-methyl-2-pentanone 
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TABLE B.2-21 
(Continued) ' 

Surface Soil Subsurface Soil 

INACTIVE F'LYASH PILE (Continued) 
Acetone 
Carbon disulfide 
Chlorobenzene 
Chloroform 
Chloromethane 
Methylene chloride 
Styrene 
Tetrachloroethane 
Toluene 
Trichloroethane 
Vinyl acetate 
Xylenes total 
Endrin ketone 
Alphachlordane 
Gamma-chlordane 

SOLID WASTE LANDFILL 
Barium Barium 
chromium Cadmium 
Copper Chromium 
Molybdenum Copper 
Nickel Cyanide 
Selenium Mercury 
Silver Molybdenum 
Vanadium Nickel 

zinc 
Uranium-total 
Acenaphthene 
Anthracene 
Benzo(f) fluoranthene 
Bis(2-Ethylhexy1)phthalate 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Dibenzofuran 
Fluoranthene 
Fluorene 

Pyrene ~~ 

3 @WCRU2FS\VDR\TABB2-2IUune 10. 080Ld 1994 9:44am 

Selenium 
Thallium 
Vanadium 
Uranium-total 
2-chlorophenol 
Acenaphthalene 
Anthracene 
Benzo(f)fluoranthene 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzofuran 
Diethyl phthalate 
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TABLE B.2-21 
(Continued) 

Surface Soil Subsurface Soil 
SOLID WASTE LANDFILL (Continued) 

2-butanone Fluoranthene 

Acetone 
Bromomethane 
Chloromethane 

Fluorene 
Naphthalene 
Phenol 
Pyrene 
Bis(2-Ethylhexy1)phthalate 
1, ldichloroethane 
1,2dichloroethane 
1,2-dichloroethene 
2-butanone 
2-hexanone 
4-methyl-2-pentanone 
Acetone 
Benzene 
Chlorobenzene 
Chloromethane 
Ethylbenzene 
Methylene chloride 
Tetrachloroethane 
Toluene 
Xylenes, total 
4,4’-DDD 
Endrin ketone 

LIME SLUDGE PONDS 
Barium Antimony 

Cadmium 
Chromium 
Copper 
Cyanide 
Mercury 
Molybdenum 
Nickel 
zinc 
Anthracene 
Bem(k)  fluoranthene 
Carbazole 
Chrysene 

Barium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
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Surface Soil Subsurface Soil 

LIME SLUDGE PONDS (Continued) 
Di-n-butyl phthalate Silver 
di-n-octyl phthalate Thallium 
dibenzofuran Vanadium 
fluoranthene zinc 
pyrene Urauium-total 
acetone Anthracene 
toluene Benzo(a)authracene 

Benzo(k)fluoranthene 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Fluorauthene 
Pyrene 
Bis(2-Ethylhexy1)phalate 
2-hexanone 
Acetone 
Acetonitrile 
Hexane 
Methylene chloride 
Toluene 
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13 
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15 

16 
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19 
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22 

29 

B.2.4 EXPOSURE ASSESSMENT u) 

The exposure assessment was the determination of the magnitude of contact that a potential receptor 31 

32 may have with site-related CPC. The general procedure for conducting an exposure assessment 
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:yQgjJ.$ Bp& 
................................. ......................................... 

ACTIVE FLYASH PILE 
OPERABLE UNIT 2 CONTAMINANTS OF POTENTIAL CONCERN 

usenic 

ieryllium 

ead 

hallium 

:esium-137 

ieptunium-237 

ilutonium-238 

ilutonium-239/240 

,adium-226 

,adium-228 

8trontium-90 

horium-228 

horium-230 

horium-232 

horium-total 

iranium-234 

iranium-235/236 

iranium-238 

Subsurface Soil 

arsenic 

beryllium 

lead 

thallium 

neptunium-237 

lead-210 

plutonium-238 

plutonium-2391240 

radium-224 

radium-226 

radium-228 

strontium-90 

thorium-228 

thorium-230 

thorium-232 

thorium-total 

uranium-234 

uranium-235 

uranium-235/236 

uranium-238 

2-methylnaphthalene 

phenanthrene 

Surface Water 

usenic 
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Sediment 
~~~ 

rsenic 

ierylium 

ieptunium-237 

ilutonium-238 

1lutonium-239/240 

adium-226 

adium-228 

trontium-90 

iranium-234 

iranium-235/236 

iranium-238 

Groundwater (GMA) 

usenic 

)erylium 

ead 

nolybdenum 

ieptunium-237 

;trontium-90 

iranium-234 

iranium-235/236 

iranium-238 

iranium-total 

!-methylnaphthalene 
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I Surface Soil 

arsenic 
beryllium 
lead 
cesium- 137 
neptunium-237 
plutonium-238 
plutonium-2391240 
radium-226 
radium-228 
strontium-90 
technetium-99 
thorium-228 
thorium-230 
thorium-232 
thorium-total 
uranium-234 
uranium-2351236 
uranium-238 
Aroclor-1254 
Aroclor- 1260 
dieldrin 
benzo(a)anthracene 
benzo(a)pyrene 
benzo(b)fluoranthene 
benzo(g ,h.i)perylene 
benzoQfluoranthene 
dibenzo(a ,h)anthracene 
indeno( 1,2,3-cd)pyrene 

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

SOUTH FIELD 
OPERABLE UNIT 2 CONSTITUENTS OF PLTENTIAL CONCERN 

Subsurface Soil 

arsenic 
beryllium 
lead 
cesium- 137 
neptunium-237 
lead-210 
plutonium-238 
plutonium-2391240 
radium-224 
radium-226 
radium-228 
ruthenium- 106 
thorium-228 
thorium-230 
thorium-232 
thorium-total 
uranium-234 
uranium-235 
uranium-2351236 
uranium-238 
uranium-total 
2-methylnaphthalene 
benzo(a)anthracene 
benzo(a)pyrene 
benzo@)fluoranthene 
benzo(g ,h,i)perylene 
phenanthrene 
tributyl phosphate 
octachlo-odibenzo-p-dioxin 
tetrachlorodibenzofuran 
Aroclor-1254 
Aroclor-1260 
dieldrin 

Surface Water 

usenic 
ead 
iranium-234 
iranium-2351236 
iranium-238 
iranium-total 
ieptanium-237 
.adium-226 
echnetium-99 
!-methylnaphthalene 
)enzo(a)pyrene 
lhenanthrene 
ributyl phosphate 

Sediment 

menic 
beryllium 
lead 
nickel 
neptunium-237 
plutonium-238 
radium-226 
radium-228 
strantium-90 
technetium-99 
uranium-234 
uranium-2351236 
uranium-238 
uranium-total 
benzo(a)anthracene 
benzo(a)pyrene 
benzo(b)fluoranthene 
benzo(g , h ,i)perylene 
bis(2-ethylhexy1)phthalate 
dibenzo(a,h)anthracene 
dieldrin 
phenanthrene 

irsenic 
ead 
ieptunium-237 
radium-226 
itrontium-90 
echnetium-99 
iranium-234 
iranium-235/236 
iranium-238 
iranium-total 
2-methylnaphthalene 
>enzo(g .h ,i)perylenf 
3henanthrene 
ributyl phosphate 

 BO@^^^ 
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INACTIVE F'LYASH PILE 
OPERABLE UNIT 2 CONSTITUENTS OF POTENTIAL CONCERN 

Surface Soil 

menic 

leryllium 

ead 

ieptunium-237 

~lutonium-23 8 

1lutonium-239/240 

adium-226 

.adium-228 

;trontium-90 

horium-228 

horium-230 

horium-232 

horium-total 

iranium-234 

iranium-235/236 

iranium-238 

!-methylnaphthalene 

iibenzo(a, h)anthracene 

Subsurface Soil 

arsenic 

beryllium 

lead 

cesium-137 

neptunium-237 

lead-2 10 

plutonium-238 

plutonium-239R40 

radium-224 

radium-226 

radium-228 

ruthenium-106 

thorium-228 

thorium-230 

thorium-232 

thorium-total 

uranium-234 

uranium-235 

uranium-235/236 

uranium-238 

uranium-total 

2-methylnaphthalene 

benzo(a)anthracene 

benzo(a)pyrene 

benzo@)fluoranthene 

benzo(g,h,i)perylene 

phenanthrene 

tributyl phosphate 

octachlorodibenzo-pdioxin 

tetrachlorodibenzofuran 

Aroclor-1254 

Aroclor- 1260 

dieldrin 

1 
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Surface Water 

irsenic 

Jerylium 

:admiurn 

!ead 

iickel 

ieptunium-237 

~lutonium-238 

~lutonium-239/240 

radium-226 

*adium-228 

itrontium-90 

iranium-234 

iranium-239236 

iranium-238 

iranium-total 

l-methy lnaphthalene 

Sediment 

plutonium-239R40 

jtrontium-90 

~ranium-234 

~ranium-235R36 

rranium-238 

Jranium-total 

arsenic 

Jerylium 

iibenzo(a,h)anthracene 

neptunium-237 

~lutonium-238 

radium-226 

radium-228 

Groundwater (GMA) 

ieptunium-237 

adium-226 

itrontium-90 

echnetium-99 

iranium-234 

iranium-235R36 

iranium-238 

iranium-total 

ead 

irsenic 

!-methylnaphthalene 

)enzo(g,h,i)perylene 

jhenanthrene 

ributyl phosphate 
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LIME SLUDGE PONDS 
OPERABLE UNIT 2 CONSTITUENTS OF POTENTIAL CONCERN 

lead 

cesium-1 37 

neptunium-237 

plutonium-238 

plutonium-239/240 

radium-226 

radium-228 

strontium-90 

thorium-228 

thorium-230 

thorium-232 

thorium-total 

uranium-234 

uranium-235/236 

uranium438 

uranium-total 

Aroclor-1254 ll 11 benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)fluoranthene 

bis(2-Ethylhexy1)phthalate 

dibenzo(a, h)anathracene 

ideno( 1,2,3-~d)pyrene 

phenanthrene 

Waste Material 

XSeniC 

beryllium 

lead 

cesium-137 

neptunium-237 

plutonium-238 

plutonium-239/240 

radium-226 

radium-228 

strontium-90 

technetium-99 

thorium-228 

thorium-230 

thorium-total 

uranium-234 

uranium-235/236 

uranium-238 

Aroclor-1254 

benzo(g , h, i)perylene 

dibenzo(a, h)anthracene 

ideno( 1,2,3-cd)pyrene 

phenanthrene 

1,1,2trichlorotriflurorethane 

1 ,Zdiethylbenzene 

acrylonitrile 

Perched Water 

ieptunium-237 

itrontium-90 

echnetium-99 

usenic 

I, 1.2-trichlorotrifluoroethane 

I ,2-diethylbenzene 

3roundwater (GMA) 

echnetium-99 

a 
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involves the following three steps: 1) characterization of the physical setting, 2) identification of 

exposure pathways, and 3) quantification of exposure. 

In the first step, the general physical characteristics of the site and characteristics of potential receptor 

populations are described. This information was presented in Section B.2.1. In the second step, the 

predominant constituent migration and exposure pathways are identified. Pathways are identified on 

the basis of the source characteristics; known and potential releases; environmental fate of chemical 

and radioactive constituents; and locations and activities of potentially exposed populations. Section 

B.2.2 summarizes this information for Operable Unit 2. 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

The third step, quantification of exposures, involves calculation of estimated intake of contaminants, 

in mg/kg-day for chemicals and pCi for radionuclides, for each identified receptor. 

11 

This information 12 

is summarized in this section. 13 

14 

To estimate intake, exposure point concentrations are combined with relevant exposure parameters for IS 

each receptor, each environmental medium, and each route of exposure. 

media, and routes of exposure for which intake ace quantified in this risk assessment is summarized in 

Receptors, environmental 16 

17 

Table B.2-2. Derivation of exposure point concentrations h described in Section B.2.4.1, and intake 18 

0 
equations are described in Section B.2.4.2. 

B.2.4.1 Exposure Point Concentrations 

The exposure point concentration is the concentration of a constituent in an environmental medium 

that may be contacted by a real or hypothetical receptor. It is used in combination with other 

exposure parameters in intake equations to quantify the actual intake (in mg/kg-day for chemicals and 

pCi for radionuclides) that a receptor may receive via a specific pathway (e.g., soil, groundwater, 

etc.) and route of exposure (e.g., ingestion, inhalation, dermal contact). 

Exposure point concentrations for Operable Unit 2 are determined in different ways depending on 

whether exposures are assumed to be current or future, and the environmental medium of interest. 

To be consistent with the concept of the M E  scenario, an estimate of the highest exposure that can 

reasonably be,expected to occur requires a reasonable maximum estimate of the concentration of each 

constituent in each exposure medium. Because of the uncertainty associated with any estimate of 

exposure concentrations, the 95 percent UCL on the arithmetic mean for either a normal or lognormal 

19 

20 

21 

22 

23 

24 

25 

24 

21 

28 

29 

M 

31 

32 

33 
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distribution is the recommended statistic (concentration value) to be constructed from measured 

constituent concentration data and used in risk assessments (EPA 1992~). 

B.2.4.1.1 

Exposure point concentrations for direct contact surface soil exposure pathways, under both current 

and future land use assumptions, are the UCLs determined from surface soil data using the process 

described in the FEMP guidelines and Section B.2.3 for identifying CPCs. 

Exposure Point Concentrations for Soil 

B.2.4.1.2 

Current exposures to groundwater at the FEMP will be addressed as part of the Operable Unit 5 RI. 

Exposure to potential future concentrations of contaminants in groundwater from each operable unit 

are addressed during each operable unit RI baseline risk assessment. Future exposure point 

concentrations for groundwater are determined from the results of geochemical and groundwater 

transport modeling, as illustrated schematically in Figure B.2-5 and as described in detail in 

Section 5.0 of this RI report. For assessment of exposures to constituents migrating from the South 

Field and Inactive Flyash Pile to groundwater, a single source term was derived from soil data of 

both subunits. For assessment of exposures to contaminants migrating from the Active Flyash Pile, 

Solid Waste Landfill, and Lime Sludge Ponds, independent source terms were derived. 

Exposure Point Concentrations for Groundwater 

Potential constituent concentrations in leachate seeping from the waste area and from the underlying 

soils were modeled with the geochemical model described in Section 5.0 and Appendix A of this RI 
report. Leachate concentrations were then modeled through the vadose zone to the regional aquifer to 

yield the calculated future concentrations in the aquifer directly underlying the waste area. As 

illustrated in Figure B.2-5, CPC soil source concentrations are used in predictive modeling based 

upon potential leaching of CPCs from soil. CPCs estimated to be present in leachate which are not 

screened out (Le., which are present in leachate at levels exceeding a level associated with an 

acceptable riskhazard level) are further subjected to vadose zone transport modeling to predict which 

CPCs might reach the aquifedoverburden interface in 1000 years or less. Concentrations of 

constituents predicted to reach the aquifedoverburden interface are then compared again to acceptable 

risk levels; and those present at concentrations exceeding acceptable risk levels are carried through the 

quantitative risk assessment. Screening values against which leachate concentrations are compared 

were derived from screening criteria generated by EPA 
. . . . . . . . . . . 

%gm+€€€ using an incremental lifetime cancer risk (ILCR) of 1 x lo7 and a HI 
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D D  SOIL SOURCE CPC I CONCENTRATIONS' 

SOIL CPC SOURCE 

SCREEN SOIL CPCs USING SOIL 
MElTIODOuxiY 

LEACHINGNADOSE ZONE TRANSPORT . 
ELIMINATE CPC 
FROM FURTHER 

<Egz>NO OVERBURDEN GROUNDWATER MODELLING 
INTERFACE IN 
51OOOYEAR!3? 

1" 

ELIMINATE CPC 
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GROUNDWATER -I MODELLING 

MODEL TRANSPORT OF 

CPCs ARE AT MAXIMUM CONCENTRATIONS 

DETERMINE HUMAN HEALTH RISK TO 
ON-SITE/OFPSITE RECEPTORS 

.RISK ASSESSMENT GUIDANCE P A  198%) 

FIGURE B .2-5. RISK ASSESSMENT AND GROUNDWATER MODELLING 
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of 0.1. The screening value for each carcinogen is the concentration of the CPC that would yield a 

lifetime cancer risk of 1 x lo7 if the leachate were ingested at a rate of 2 L/day for 70 years. For 

non-carcinogens, the screening level is the concentration reaching the regional aquifer that would 

yield an intake resulting in a hazard index of 0.1. These levels ensure that any chemical that could 

contribute significantly to the calculated risk will be retained and modeled. The remaining CPCs not 

screened any further by the aquifer transport modeling, are described below. The approach of 

screening CPCs that are conservatively estimated to reach the aquifer provides the necessary and 

sufficient confidence that risks are not being overlooked while optimizing against the resource and 

computer requirements of running a three-dimensional groundwater transport code. 

Off-property concentrations of CPCs in groundwater are calculated using the regional aquifer model, 

SWIFT 111 (Geotrans 1987). CPCs retained after leachatehadose zone modeling were modeled using 

SWIFT 111. The maximum calculated concentrations in the aquifer on site and at the fenceline were 

used for exposure point concentrations for on-site and off-site future groundwater exposures, 

respectively. Details of the model and parameters used to calculate future aquifer concentrations are 

presented in Section 5.0 and Appendix A of this RI report. The locations of calculated maximum off- 

site concentrations of constituents transported from the waste areas of Operable Unit 2 via 

groundwater also are shown in Section 5.0 and Appendix A of this RI report. 

B.2.4.1.3 ExDosure Point Concentrations for Surface Water and Sediment 

Like groundwater, exposures to current concentrations in surface water and sediment outside the 

boundary of Operable Unit 2 waste areas are to be addressed in the Operable Unit 5 RI. Current 

exposures to surface water and sediment within each subunit were estimated where applicable using 

the UCL concentrations for each CPC. For future exposures to surface water in Paddys Run and the 

Great Miami River, fate and transport modeling was used to determine exposure point concentrations. 

Surface water CPCs included all CPCs selected for surface soil within each subunit. The Modified 

Universal Soil Loss Equation (MUSLE), a commonly used soil loading model (EPA 1988c), was used 

to determine if soil runoff, and hence sorbed constituent runoff, would contribute significantly to 

constituent concentrations in Paddys Run and consequently in the Great Miami River. The source 
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B.2.4.1.4 Exuosure Point Concentrations for Air 

Airborne concentrations of constituents from the individual waste areas of Operable Unit 2 have been 

modeled for both current and future conditions at on-subunit, on-site, and off-site locations. The 

model used assumed mass loading.(fugitive dust emissions) of surface soil to the air from each waste 

area and subsequent transport and dispersion of constituents. The model and parameters for air 

dispersion are described in Section 5.0 and Appendix A of this RI report. Figure B.2-6 illustrates 

that the initial source term for air modeling is the 95 percent UCL soil concentration (surface soil 

except homebuilder scenario that uses subsurface). The results of air model provide the highest 

annual average air concentrations and deposition rates at each of the specified locations (on-subunit, 

on-property, off-property). This allows for calculation of exposures to constituents being released to 

air and exposures resulting from ingestion of vegetation on which air particles are deposited. 

B.2.4.1.5 Radon Exuosure Point Concentrations 

Exposure point concentrations for estimating risk to receptors due to radon-222 inhalation were 

estimated using the RAECOM model algorithms developed for the NRC (NRC 1984) which converts 

radium-226 concentrations (in pCi/g) to radon-222 fluxes (in pCi/s-m2). The basic equations are 

presented in the Risk Assessment Work Plan Addendum. Total emissions of radon-222 were 

calculated for surface and subsurface soil in each subunit from the radium-226 concentrations in 

contaminated soil or waste within that subunit. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
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14 
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16 

17 

18 

19 

20 

28 

B.2.4.2 Intake Eauations 29 

30 

31 

presents the parameter values 32 

33 

The equations and parameter values used in estimating intake are summarized in this section. 

presents the parameter values used in these equations to estimate potential 

. . . . . . . . . . . . . . . . . . . exposures for current land use receptors. 

used in these equations to estimate potential exposures for future land use receptors. Parameter 

@@()%GO 
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I 1 
DETERMINE SOIL SOURCE 

CONCENTRATIONS USING STATISTICAL 
METHODOLOGY* 

SELECT CPCs 

SURFACE SOILS CPC 
SOURCE TERM FILES 

SUBSURFACE SOIL 
SOURCE TERM FILES 

1 1 
/ ESTIMATE CONTAMINATED 

PARTICULATE EMISSION RATES / FROM SOURCE AREAS 

MODEUINHALABLE AIRBORNE 
PARTICULATES DISPERSION AND 
DEPOSlTION RATES USING ISCLT 

L 

SUBUNIT AIRBORNE 
CONCENTRATIONS/ 

ESTIMATE CONTAMINATED 

PARTICULATE EMISSION RATES 

FROM SOURCE AREAS 

MODELANHAMBE AIRBORNE 
PARTICULATES CONCENTRATIONS FOR 
HOMEBUILDING SCENARIOS USING EPA 

MODEL I 1 
/ / 

/ MAXIMUM ON-SUBUNIT 

AIRBORNE CONCENTRATION / 
I 

t 
MAXIMUM ONSITE 

CONCENTRATION/ 
DEPOSITION RATE 

AIRBORNE m DETERMINEHUMAN 

HEALTH RISK 

v 
MAXIMUM OFF-SITE 

AIRBORNE 
CONCENTRATION/ 
DEPOSITION RATE 

*RISK ASSESSMENT GUIDANCE (EPA 1989a) 

FIGURE B.2-6. RISK ASSESSMENT AND AIR MODELLING 
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values which remain the same from pathway to pathway are provided at the beginning of the table, 

except where noted. 

B.2.4.2.1 Incidental Inpestion of Soil 

The estimation of intake of constituents in soils is determined by using the 95 percent UCL 

concentration in the soil within each subunit. Evaluation of the soil ingestion pathway is performed 

for adults and children. For variables that are common to both chemical and radionuclide intake 

equations, units for the radionuclide equations are listed first. The equations used to quantify intake 

(EPA 1989a) are: 

(radionucl ides)Is = (C&a(IR)(  ... ..... . ..... ... ..... ED)( EF)( FI) 

(chemicals)I, = (C,)(IR)(CF)(FI)(EF)(ED)/(BW)(AT) 

(B.2-8) 

(B.2-9) 

where: 

IS 

CS 

IR 

CF 

FI 

EF 

ED 

BW 

AT 

B.2.4.2.2 

= intake from soil (pCi) 

. -  - con&ntration in soil (pc 

=' . ingestion rate . . . . . . . 

= conversion factor (X&cgkg 

= fraction ingested from contaminated source (unitless) 

= exposure frequency (days/yr) 

= exposure duration (yr) 

= body weight (kg) 

= averaging time (equals ED x 365 dayslyr) (days) 

Ingestion of Vegetables and Fruit 

Ingestion of farm and homegrown products irrigated with contaminated groundwater is evaluated in 

this Operable Unit 2 baseline risk assessment for the future land use pathways. The equations used to 

estimate exposure to chemicals and radionuclides via ingestion of vegetables irrigated with 

contaminated water are from the NRC (NRC 1977) and the EPA (EPA 1989a). The two-step process 

involves the calculation of the concentration of the constituent on and in the plant as a result of foliar 

deposition and root uptake, followed by the calculation of intake from consumption of the plant by 
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humans. The model used to estimate the concentration in and on vegetation irrigated with 1 

contaminated water is (NRC 1977): 

where: 

& i  

x, 

L 

= effective depletion corn ant of i" contaminan n t h  surfa 

2 

3 

(B.2-10) 

4 

5 

6 

e plants (hr-l) 7 

8 
l~ 

. .  9 

10 

11 

12 

- . . .  - - j"-- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

13 

14 

15 

16 

17 

BN(2) = dry soil to wet plant partitioning coefficient of i" contaminant (C,/CJ 

contaminated water @Ci/kg) (mg/kg) 18 
C- = concentration of i" contaminant in plants as a result of irrigating plants with 

irrigation deposition rate @Ci/m2-hr) (mg/m2-hr) 

. +: ........ +. ................... .:. 
ulr#gj&d . . . . . . . ............... . . . . .... :.:.:.:.:.::. (unitless) fraction of year plant is clewwwd .... 

effective dry surface density of the soil (kg/mz) 

fraction of waterborne material retained on plant surface (unitless) 

direction or irrigation use (hr) 

growing season (hrs) 

duration of period between harvest and consumption (hr) 

agricultural yield (kg/m2) 

The 4, term can be calculated by: 

4, = (C,)(I) 
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ciw = concentration of i” contaminant in groundwater (pCi/L, rad)(mg/L, chem) 

I = irrigation rate (L/m2-hr) 

The soil depletion coefficient used in equation B.2-10 and B.2-11 is calculated by: 

x, = x, + XLi (B .2- 12a) 

where the leaching coefficient (XJ is calculated using the relationship (Baes and Sharp 1983): 

v 

and 

hi = leach rate (hf’) 

- - percolation rate 
. . . . . . . . . . . .... ., ......... .................. . ... V W  

z ....... 

U 

K,, = water to soil partitioning coefficient (cm3/g) 

e = moisture fraction of surface soil (measured at 0.17) 

= depth of surface soil (15 cm) 

density of soil in root zone (nominally 1.5 g/cm3) 

....... 

= 

(B.2-12b) 

Site-specific and chemical-specific factors used in this and other food pathways are summarized in 

Tables B.2-5A, B.2-5B,and B.2-5C. 

Deposition of contaminated dust contributes to the overall contaminant concentration in vegetables and 

fruit consumed by humans. Estimation of contaminant concentration due to aerial deposition on 

vegetables and fruit uses equation B.2-11: 

where: 
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TABLE B.2-5B 

PARAMETERS FOR 
VEGETABLE/FORAGE/MEAT/MILK/UPTAKE MODELS" 

HOMEGROWN PRODUCE BEEF AND MILK PRODUCTS 
csv, See Table B.2-6B CAI Refer to intake tables di (1h)  

w ( W  
x ri (l/ri) 

BN(") 
4 @Ci/m2-h; mg/m2-h) 

fd 

rd 

f h  (h) 

t, (h) 

tw 01) 
Y (g/m2; kg/m2) 
p (g/m2; kg/m2) 

h i  (1h) 
v w  (Cmn.0  

2.10E-03 C"" Refer to intake tables 
1 .OOE-14 cap' Refer to intake tables 

Refer to intake tables 
Refer to intake tables 

1 Cfi Refer to intake tables 
0.25 c w i  Refer to intake tables 
24 
1440 
8760 
1.5 
150 
csv, See Table B.2-63 ... 

1.30E-03 
15 
csv, See Table B.2.5f: 
1.5 
1.80E-03 
0.17 
1 .WE43 
0.081 
1 
0.2 
8760 
25 
24 
25 
24 

csv, See Table B.2-5A cas' 
csv, See Table B.2-63 CAi 

:.:.:.. 

.... 

.... 

....... 

'For concentration values, refer to intake tables and CPC tables in Appendix B.111. 
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TABLE B.2-5C 

CHEMICAL SPECIFIC VALUES 
HOMEGROWN PRODUCEBEEF AND MILK 

Parameter I(d LambdaLi Lambda" Lambda,, 

SOUTH FIELD 

Arsenic 

Beryllium 

Lead 

Cesium- 137 

Neptunium-237 

Plutonium-238 

Plutonium-239240 

Radium-226 

Radium-228 

Strontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-Total 

Uranium-234 

Uranium-235/236 

Uranium-238 

Aroclor- 1254 

Aroclor- 1260 

Dieldrin 

Benzo( a)anthracene 

Bern (  a)pyrene 

Benzo(b)fluoranthene 

Benzo(g , h, i)perylene 

Benzo(k)fluoranthene 

Dibenzo(a,h)anthracene 

Indeno( 1,2,3-cd)pyrene 

Phenanthrene 

200 

250 

38 

1370 

5 

100 

100 

106 

106 

2.5 

0.07 

3200 

3200 

3200 

3200 

1.48 

1.48 

1.48 

1950 

2350 

5.75 

728 

1740 

6770 

9880 

12600 

1700 

83200 

0 

9.77 x 10-7 

7.82 x 10-7 

1.43 x 10-7 

3.82 x 105 

5.13 x 10" 

1.95 x 10" 

1.95 x 10" 

1.84 x 10" 

1.84 x 10" 

7.48 x 10' 

1.07 x 10-3 

6.11 x 10' 

6.11 x lo-' 

6.11 x 10' 

6.11 x lo-' 

1.23 x lo4 

1.23 x lo4 

1.23 x 104 

1.00 x 107 

3.34 x 105 

1.12 x 10-7 

8.23 x lo-' 

2.69 x lo7 

2.89 x 10' 

J.98 x 10" 

1.55 x 10' 

1.15 x 10-7 

2.35 x 10-9 

ND 

ND 

ND 

2.62 x 10" 

3.70 x lo-'' 

9.02 x 10-7 

3.28 x 10-9 

4.95 x lo-' 

1.37 x 10' 

2.77 x 10" 

3.71 x 10" 

4.14 x 105 

1.03 x 1 0 9  

5.63 x 1045 

ND 

3.24 x 10" 

ND 

1.77 x 10-14 

ND 

ND 

ND 

1.00 x 105 

1.00 x 10-5 

1.20 x 105 

1.10 x 10-5 

3.30 x 10" 

7.50 x 10" 

1.00 x 10-5 

3.60 x 10-5 

9.77 x 10-7 

7.82 x 10-7 

5.13 x 10" 

2.76 x 10" 

3.82 x lo5 

2.86 x 10" 

1.96 x 10" 

1.89 x-10" 

1.55 x 10-5 

7.76 x 10-5 

1.07 x 10-3 

4.15 x 105 

6.21 x 10" 

6.11 x lo-' 

6.11 x 10" 

1.23 x lo4 

1.23 x lo4 

1.23 x lo4 

1.00 x 107 

3.34 x 105 

1.03 x 105 

1.01 x 105 

1.20 x 105 

1.10 x 105 

8.32 x lo-" 

3.32 x 10" 

7.62 x 10" 

1.00 x 105 

1.76 x 10-3 
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Parameter Ki LambdaLi Lambda" Lambda,, 

SOLID WASTE LANDFILL 

Arsenic 

Beryllium 

Lead 

Neptunium-237 

P l ~ t ~ n i ~ m - 2 3 8  

Plutonium-2391240 

Radium-226 

Radium-228 

Strontium-90 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-Total 

uranium-234 
- 

Uranium-235/236 

Uranium-238 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g ,h, i)perylene 

Dibenzo(a,h)anthracene 

Indene( 1,2,3-cd)pyrene 

Phenanthrene 

200 

1300 

3000 

55 

1700 

1 700 

696 

696 

10 

5800 

5800 

5800 

5800 

75 

75 

75 

2630 

6280 

24500 

21300 

6140 

30 1000 

9.54 

9.77 x 10-7 

1.50 x 10-7 

6.52 x 10" 

3.55 x 10" 

1.15 x 10-7 

2.81 x 10-7 

1.15 x 

2.81 x l o 7  

1.93 x lo5 

3.37 x lo8 

3.37 x lo8 

3.37 x 10-8 

3.37 x 10" 

2.60 x 10" 

2.60 x 10" 

2.60 x 10" 

7.44 x 10-8 

3.11 x lo-' 

7.98 x 10-9 

9.18 x 10-9 

3.18 x lo-' 

6.50 x 10" 

2.03 x 10-5 

ND 

ND 

ND 

3.70 x lo-'* 

9.02 x 10-7 

3.28 10-9 

4.95 x 

1.37 x io5 

4.14 x 10-5 

1.03 x 10-9 

5.63 x 1015 

2.77 x 10" 

ND 

3.24 x lo-'' 

ND 

1.77 x 10-14 

1.00 x 10-5 

1.00 x 105 

1.20 105 

1.10 x 10-5 

1.00 x 105 

7.50 x 10" 

3.60 x lo5 
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9.77 x 10-7 

1.50 x 10-7 

6.52 x 10" 

3.55 x 10" 

1.02 x 10" 

1.18 x 10-7 

3.30 x 10-7 

1.40 x 10-5 

2.21 x 10-5 

4.14 x 10-5 

3.47 x 

3.37 x 

3.37 x 

2.60 x 10" 

2.60 x 10" 

2 . 6 0 ~  10" 

1.01 x 105 

1.00 x 10-5 

1.20 x 10-5 

1.10 x 1 0 5  

1.00 x 10-5 

7.53 x 10" 

5.63 x 10" 
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(l3.2-11) 

= concentration of the i" contaminant in/on vegetables and fruit @Ci/g, 
rad)(mg/kg, chem) 

= effective depletion constant of im contaminant in surface soils due to 
radioactive decay, chemical degradation, and leaching @') 

= effective depletion constant of i" contaminant on the surface plants also 
known as the weathering removal rate m-') 

= radioactive or chemical decay constant of i* contaminant (hr') 

dry soil to wet plant partitioning coefficient of i" contaminant in feed and 
forage (+t food crops H C , / C , )  

= 

= constituent's deposition rate @Ci/m2-ht, rad)(mg/m2-hr, chem) 

= fraction of year plant is down wind (unitless) 

= fraction of airborne material retained on (unitless) 

= growing season ( 

= duration soil is exposed to airborne emissions (hr) 

= duration of period between harvest and consumption ( 

= agricultural yield (g/mz 

= effective dry surface soil density (g/m2 

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

- ~~ 6 0 8 19 1 
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In addition to being exposed to contaminated irrigation water and dust, vegetables, fruit, and livestock 

feed may be contaminated by root uptake from contaminated soil or waste. A contribution via this 

pathway is accounted for in the irrigation model; however, this pathway is also considered for areas 

that are not irrigated with contaminated water but that exhibit surface soil contamination from 

historical deposition on the soil by various means. The following equation can be used to calculate 

the constituent concentration in the plant from root uptake of constituents already in the soil (DOE 
1992a): 

C, = (C,,)B,,e -'A (B .2- 1 2 ~ )  

where: 

Cwi = concentration of i"' contaminant in food crops @Ci/g, rad)$# ..... iii... (mg/kg, 
chem) 

Csi = concentration of i" contaminant in soil @Ci/g, rad) gg(mg/kg, .,... _. . . chem) 

B,, = dry soil to dry plant partitioning coefficient of i"' contaminant in food 
crops (Cp/CJ 

- x, 

th = duration of period between harvest and consumption (hd) 

The total concentration of contaminants in vegetables and fruit .(C,) is calculated with the following 

equation: 

, = c4 + c, + c,, (B.2- 13) 
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Once the concentration in vegetation has been determined, intake can be calculated with the following 

equations: 

where: 

IN 

CN 

IR 

CF 

FI 

EF 

ED 

BW 

AT 

(radionuclides)I, = (C,)ECE)(IR)(ED)(EF)(FI) . . . . . . . . . . . 

(chemicals)I, = (C,)(IR)(CF)(FI)(EF)(ED)/(BW)(AT) 

(B .2- 14) 

(B .2- 15) 

= intake from vegetation @Ci) (mg/kgday) 

= total concentration of contaminants in vegetables or fruit @Ci/g) (mg/kg) 

= ingestion rate (gkg/day) 

conversion factor (1 x 103 kg/g) 

= fraction ingested from contaminated source (unitless) 

= exposure frequency (days/yr) 

exposure duration (yr) 

body weight (kg) 

averaging time (days); for noncarcinogens, AT equals (ED) (365 days/yr); for 
carcinogens, AT equals (70-year lifetime) (365 days/yr) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 
21 

25 

26 

n 
28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

0 '  

's.B(B1'73 FER\CRU2RI\NMG\APP-B\SECB2Uune 10. 19949:48am B-2- 145 



! 
FEMP-OUM-5 DRAFT 

June 15, 1994 

ations of the same form are used to determine the contaminant concentration in livestock 

feed, substituting eme&&kn factors for livestock feed in place of those for w?get&b - 
have been determined, intake can be estimated using the intake equations presented for ingestion of 

vegetables contaminated by irrigation and ingestion of animal products. 

. Once the contaminant concentrations in vegetables and livestock feed 

B.2.4.2.3 Ingestion of Animal Products 

As in the quantification of intake following exposure to vegetables and fruits, the concentration in 

animal products must be estimated prior to the determination of intake. Beef and milk can become 

contaminated in three ways at this facility: the first way is through use of contaminated water as 

stock water; the second is by aerial deposition of contaminants on feed crops or forage; and the third 

is by direct ingestion of soil while grazing. Therefore, contaminant concentrations attributable to 

each contribution must be used to determine the total contaminant concentration in beef or milk. 

Beef and Milk Products Produced with Contaminated Water 

This scenario assumes that water is used for stock water and irrigation of feed. Animals drinking the 

water ingest contaminants directly. Plants irrigated with water take up constituents via root uptake 

and direct deposition onto exposed surfaces by irrigation water. If measured values are not available, 

this concentration can be calculated using the methodology set forth in the Risk Assessment Work 

Plan Addendum (DOE, 1992a). The concentration of a contaminant in animal products, such as beef 

or milk, is estimated using the following equation: 

(B .2- 16) 

where: 

cAi = concentration of i" contaminant in the animal product @Ci/mL for milk, 
pCi/kg for beef, rad)(mg/L for milk, mg/kg for beef, chem) 

Ce = concentration of i" contaminant in feed (pCi!g, rad) (mgkg, chem) 

C, = concentration of contaminant in water (pCi/L, rad)(mg/L, chem) 

FAi = element (stable) transfer coefficient that relates the daily intake by an 
animal to the concentration of i" in an edible portion of the animal product ' 
(d/L for milk, d k g  ...... for meat) 
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= consumption rate of contaminated feed by livestock (g/d- ..... 
Qf ..... 

Qw 

x, 
th = duration of period between harvest and consumption (h~) 

= consumption rate of contaminated stock water by livestock (L/d) 

= radioactive or chemical decay constant of i" contaminant (hr-') 

The concentration term Cfi can be calculated using the following equation: 

(B.2-17a) 

where: 
..........._.... . .... 

cs = concentration of i" contaminant in plants as a mu& .......................... of irrigating plants 
with contaminated water @KJilg, rad)(mg/kg,chem) 

x, = effective depletion constant of i" contaminant in surface soils due to 
radioactive decay, chemical degradation, and leaching (hf') 

x, = radioactive depletion constant of i" contaminant (hr-l) 

BMl, = dry soil to uue( dryplant ..... ....__.... partitioning coefficient of i" contaminant (CJC,) in 
animal feed 

@P - 

4, = irrigation deposition rate @Ci/m2-h, rad) & ..... ..... (mg/m2-h, chem) 

P = effective dry surface density of the soil (g/m2) 

fw = fraction of year plant is irrigated (unitless) 

f W = fraction of waterborne material retained on plant surface (unitless) 
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tbw 

th 

Y 

= duration of irrigation use (hf) 

= duration of period between harvest and consumption (h~> ... 

= agricultural yield (g/m2) 

June 15, 1994 

(B .2-17b) 

where: 

. .  . . . . . . . . . . . . 
= concentration of i" contaminant in plants as a @@l$ . . . . . . . . . . . . . of 

(Pc@, rad)(mg/kg, &em) 
Cwi 

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

x, = effective depletion constant of i" contaminant in surface soils due to 
radioactive decay, chemical degradation, and leaching (hr") 

x, = radioactive depletion constant of i" contaminant (k') 

B,(,, = dry soil to wet dry . . . ..... . . . . . . plant partitioning coefficient of i" contaminant (C,,,,/C,) in 
animal feed 

. . . . . . . 

4, = -  deposition rate (pCi/m2-h, rad) (mg/m2-h, chem) 

f* = fraction of year plant is trt.tga(e8 (unitless) 

P = effective dry surface density of the soil (g/m2) 

= fraction of waw $8 ...... borne material retained on plant surface (unitless) rwd 

te = growing season (hf) ... 

. . . . . . . 

tbw = duration of irrigation use (hr) 

th = duration of period between harvest and consumption (hr) :c.. 

Y = agricultural yield (g/m2) 
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Beef and Dairv Products Contaminated bv Aerial Deposition 

Forage, feed, and soils downwind of a potential source of contaminated dust can have contamination 

deposited on them by settling dust. Ingestion of these plants by livestock contributes to the body 

burden of these contaminants in livestock. Consumption of meat or milk from these animals 

contributes to the total intake of these contaminants by humans. The magnitude of the contaminant 

exposure by humans depends, in part, on the concentration of the constituent in the animal products. 

If measured values are not available, this concentration of a contaminant in animal products, such as 

beef or milk, is estimated using the following equation: 

(radionuclides)C, = FAi [(C,)(QJ + (C,i)(Qg) + (C,i)(QJ] e-hhb (B .2-18) 

cAi = concentration of i" contaminant in the animal product @Ci/mL for milk, 
pCikg for beef, rad)(mg/L for milk, mg/kg for beef, chem) 

Gti = concentration of i" contaminant in feed @Ci/g, rad) (mg/kg, chem) 

C, = concentration of contaminant in forage @Ci/g, 'rad)(mg/kg, chem) 

Cai = concentration of i" contaminant in soil (pCi/g, rad)(mg/kg, chem) 

element (stable) transfer coefficient that relates the daily intake by an 
animal to the concentration of i" in an edible portion of the animal 
product (d/L for milk, d k g  for meat) 

consumption rate of contaminated feed by livestock (gld- - 
consumption rate of contaminated forage by livestock ( g / d m  - 
consumption rate of contaminated soil by livestock (g/d, rad)(kg/d, chem) 

radioactive or chemical decay constant of i" contaminant (hf I) 

duration of period between harvest and consumption (hr) 
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To calculate Cafi or C, equation B.2-18 is used. To estimate Cui the following equation is used: i 

2 

(B .2-19) 

3 

Beef and Milk Products Grown in Contaminated Soil 4 

Forage and feed grown in contaminated soils are effected by the soil concentration via uptake through 5 

6 the root system. Hence, ingestion of these plants contributes to the body burden of these 

contaminants in livestock. Meat or milk consumed from these animals adds to the total intake of 7 

. . . . . . . . . . ... 
...: .................. contaminants by humans. The concentration of contaminants in beef or milk is estimated using 8 . . . . . . . . . . . . . . . . . . . . . . . . 

the following equation: 

(radionuclides)C, = F, [(C&Qf) + (CJ(Qg) + (Csi)(Qs)] e-Lk (B .2-20) 

(chemicals)CAi = F, [(C,J(Q,)(CF) + (CJ(QJ( CF) + (Csi)(Qs)(CF)] e (B-2-20) 

where: 

CAi = concentration of i"' contaminant in the animal product, (pCi/L for milk, 
pCikg ... ... for beef, rad) ...... @ ..... (mg/L for milk, mg/kg for beef, chem) 

= concentration of i"' contaminant in soil @Ci/g, rad) .:.:.:.:.: @ (mg/kg, chem) Csi 

FAi = element (stable) transfer coefficient that relates the daily intake by an 
animal to the concentration of i"' in an edible portion of the animal product 
(d/L for milk, d/kg for meat) 

Qr = consumption rate of contaminated feed by livestock (g/d- - 
Q, = consumption rate of contaminated forage by livestock (gld- - 
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consumption rate of contaminated soil by livestock (gld- 
w 
radioactive or chemical decay constant of i" contaminant (k') 

duration of period between harvest and consumption (hr) 

C, and C, can be calculated using the following equation: 

where: 

= concentration of i" contaminant in the plant, where p = g is forage, and p=f 
is stored feed @Ci/g, rad)(mg/kg, chem) 

Csi = concentration of i" contaminant in soil @Ci/g, rad)(mg/kg, chem) 

Bk(l) = dry soil to dry plant partitioning coefficient of i" contaminant' if forage 
(CS,~CSJ 

(=P - 

x, 

th = duration of period between harvest and consumption (hr) 

= radioactive or chemical decay constant of i" contaminant (h@) 

Once the concentration in the animal product (beef or milk) is determined, human intake can be 

calculated using the following equations: 

(radionuclides)I, = (CA,)(IR)(ED)(EF)(FI) (B.2-2 1) 

(chemicals)I, = (CA,)(IR)(€W€)(EF)(ED)/(BW)(AT) (B .2-22) 

where: 

IAi = intake of chemical in animal product @Ci) (mg/kg-day) 

cAi = concentration of i" contaminant in the animal product @Ci/L for milk, pCi/kg 
for beef) (mg/L for milk, mg/kg for beef) 

IR = ingestion rate (L/day for milk; kg/day for beef) 

0081'8"9 
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EF = exposure frequency (days/yr) 

ED = exposure duration (yr) 

BW = body weight (kg) 

AT = averaging time (days); for noncarcinogens, AT equals (ED) (365 days/yr); for 
carcinogens, AT equals (70-year lifetime) (365 days/yr) 

Animal Consumution Rates 

The following parameters were used to quantify the intake of contaminants in food and water by beef 

and milk cattle at or near the FEMP: 

Qt QAW Q0 
Feed or Forage Water a Soilb 

Animal (kg wet weighthy) (May) h / h Y )  
Milk cow 50000 60 500 

Beef cattle 50000 50 500 
modified' 25000 

modified' 25000 

a(NCR 1977) 

b(Zach and Mayoh 1984) 

CModified assuming that pastureland is not irrigated due to the 
cost involved and based on data from the Bureau of Census 
(Bureau of Census 1989). Pasture forage is assumed to be 
supplemented with stored feed that was irrigated with 
contaminated water, and the animal diet consists of equal parts 
of pasture grass and stored feed totaling 50 kg/day wet weight. 

B.2.4.2.4 

Estimating the intake of a constituent via dermal contact with water can be achieved by using the 

concentration of the constituent in water. The amount of a chemical taken into the body upon 

exposure via dermal contact is referred to as an absorbed dose and is calculated using the following 

equation (EPA 19920: 

Dermal Contact with Water or Soil 
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The DA factor can be calculated as follows: 1 

If ET < t*, DA = 2% x C, x CF[6(TAO)(ET)/3.14]0.5 
If ET > t*, DA = C,[(ET/l+B) + 2TAO(1+3B/l+B)] 

where: 

DA 

K,, = permeability coefficient from water (cm/hr) 

c w  = contaminant concentration in water (mg/cm3) 

CF = conversion factor 

= dermally absorbed dose from contact with water (mg/cm2-weMby) . . . . . . . . . . . . . . . 

TAO = lag time (h@&y) . . . . . . . .... ..... . _......... 

ET 
. . . . . . . .... 
......... . . . . . . . .:.:.:.:.:.:.. 

t* 

B 

SA 

EF 

ED 

BW 

AT 

= exposure time (hr/ewif&y 

= time to steady-state conditions 

= partition coefficient (unitless) 

= skin surface area available for contact (cm’) 

= exposure frequency (day/year) 

= exposure duration 

= body weight 

= averaging time (days); fdr noncarcinogens, AT equals (ED) (365 
dayslyear); for carcinogens, AT equals (70-year lifetime) (365 daydyear) 

The term DA was calculated per EPA (1992f), Section 5.3. DA is a function of K,, (Table B.2-6A), 

the water permeability coefficient of each constituent. Values for DA are presented in Table B.2-6B. 

Dermal absorption may also occur upon contact with contaminated soil and sediment and is calculated 

using the following equation (EPA 1989a): 

AB, = (Ch(SA)(CF)(AF)(ABS)(ED)(EF)/(BW)(AT) (B .2-23) 

where: 

A B S  = absorbed dose from contact with soil (mg/kg-day) 

= concentration in soil (mg/kg) 
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DERMAL ABSORPTION DOSE CHEMICAL SPECIFIC VALUES 
FOR DA EQUATIONS 

TAO t* 
Parameter Kp ( c m m a  (hr) ou) B K,w€) 

RADIOLOGICAL 

Thorium-total 

Uranium-total 

1.0 x 10-3 NA NA NA NA 

1.0 x 10-3 NA NA NA NA 

INORGANICS 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium (food) 

Cyanide 

Lead 

Manganese 

Nickel 

Selenium 

Thallium 

1.0 x 10-3 

1.0 x 10-3 

1.0 x 10-3 

1.0 x 10-3 

1.0 x 10-3 

1.0 x 10-3 
gg$$..p* i :.: 

1.0 x 103 

1.0 x 10-3 

1.0 x 10-3 

1.0 x 10-3 

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

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

VOLATILE ORGANICS 
~~~ ~~~ 

1,1,2-Trichlorotrifluoroethane 4.76 x 1.22 x 10" 2.43 x 10" 1.48 x lo2 1.48 x 10" 

1,2-Diethylbenzene 5.76 x lo-' 0.00 x 10+O 

1,4-Dioxane 3.60 x lo-' 3.02 x lo-' 6.04 x 10' 3.80 x lo-' 3.80 x 10' 

Acrylonitrile 1.84 x lo-' 1.70 x 10" 

SEMIVOLATILE ORGANICS 

2-Methylnaphthalene 1.42 x 10.' 6.45 x 10" 4.87 x 10" 7.24 x lo-' 7.24 x lo+' 

4-Methylphenol 9.33 x 10-3 3.99 x 101 7.97 10-1 7.94 x 10-3 7.94 x io+i 

Benzo(a)pyrene ...................... ..................... 

Bern(  a)anthracene 8.10 x lo-' 2.15 x 10'O 1.02 x 10" 4.57 x 10" 4.57 x 10'' 
1.20 x 10+0 ?&$EJ(j E$@.$ 1-42 x lo+' 1-26 x 1-26 x * i. ..................... 

Benzo(b)fluoranthene 1.20 x 10" 3.01 x lo+' 1.42 x lo+' 1.32 x 10" 1.32 x 

Benzo(g , h, ilpyrene 5.37 x 10" 4.22 x lo+' 1.99 x lo+' 1.70 x 1.70 x 10'' 

Benzo(k)fluoranthene 3.97 x 10" 3.01 x lo+' 1.42 x lo+' 6.92 x 6.92 x 

SEMIVOLATILE ORGANICS (Continued) a 
See footnotes at end of table 
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TABLEB.2-6A 
(Continued) 

~~~~~ ~ ~~~~ 

TAO t* 

Bis(2-ethylhexyl)phthalate 6.23 x 2.11 x lo+' 4.22 x lo+' 5.30 x lo-' 5.30 x 10+O 

Carbazole 3.94 x lo-* . 9.16 x 10' 3.79 x lo+' 1.95 x 10'  1.95 x 

Dibenzo(a,h)anthracene 2.70 x 10+O 4.34 x 10+O 2.05 x lo+' 6.92 x lo+' 6.92 x 

Indene( 1.2.3-cd)pyrene 1.90 x 10+O 4.22 x 10+O 1.99 x 10" 3.80 x lo+' 3.80 x 

Phenanthrene 2.30 x lo-' 1.07 x 10+O 

Tributyl phosphate 3.14 x lo-' 3.67 x 10+O 3.08 x lo+' 1.00 x 10" 1.00 x 

3.72 x 10+4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

PESTICIDE/PCBS 

Aroclor-1254 6.19 x lo-' 5.14 x 10+O 2.43 x lo+' 1.07 x lo+' 1.07 x 

Aroclor-1260 3.84 x 10+O 5.14 x 10+O 2.42 x lo+' 1.40 x lo+' 1.40 x 

Dieldrin 1.60 x 10" 1.84 x lo+' 3.68 x 10" 4.56 x lo-' 4.56 x lo+' 

Heptachlorodibenzo-pdioxin 8.69 x 10'' 8.05 x 10" 3.80 x lo+' 8.32 x lo+' 8.32 x 

Heptchlorodibemfuran 1.37 x 10+O 8.05 x 10+O 3.80 x lo+' 1.58 x 1.58 x 10'" 

Octachlorodibenzo-pdioxin 2.64 x 10+O 8.05 x 10+O 3.80 x 10" 3.98 x 3.98 x 10'" 

Tetrachlorodibenzofuran 4.60 x 10+O 3.80 x lo+' 3.40 x 3.40 x 10'' 3.40 x 

aEPA 1992f. the default value for inorganics is 1 .O x lo-', the experimental value for cadmium. Organic &s were 
estimated, using the regression equation: Log I<p = 02.72 + 0.71 Log K, - 0.0061 MW. 

bEPA 1992f, "Dermal Exposure Assessment: Principles and Applications. " K,s  calculated from this guidance. 

OOOr%83 
, .  
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DERMAL ABSORPTION DOSE CHEMICAL SPECIFIC VALUES 
USED IN EXPOSURE MODEL 

Soil Absorption 
Coefficient TOA t* 

Parameter K, (c-1 (unitless) olr) olr) 
RADIOLOGICAL 

Thorium-total 1.0 x 1 0 3  1.00 x lob 
Uranium-total L O X  1 0 3  1.00 x 10% 

INORGANICS 

Antimony 1.0 x 1 0 3  1.00 x 10" 

Arsenic 1.0 x 1 0 3  1.00 x 103b 

Barium 1.0 x 1 0 3  1.00 x lo* 
Beryllium 1.0 x 103 1.00 x lo& 

Cadmium (food) 1.0 x 1 0 3  1.00 x 10% 

Manganese 1.0 x 1 0 3  1.00 x 10d' 

Nickel 

Selenium 

1.0 x 1 0 3  1.00x lo-= 

1.0 103 1.00x 10& 

Cyanide 1.0 x 1 0 3  1.00 x 10% 

Lead 1.0 x 103 1.00 x 10= 

Thallium 1.0 x 1 0 3  1.00 x lo= 
VOLATILE ORGANICS 

1,1,2-Trichlorotrifluoroethane 4.76 x lo3 3.00x 10'b 1.22 x 10+0 2.43 x lo+' 
1 ,2-Diethylbenzene 3.00 x 10'b 5.76 x 10' 

1 ,4-Dioxane 3.60 x 1W 3.00 x 10'b 3 . 0 2 ~  10' 6.04 x 10' 

Acrylonitrile 1.40 1 0 3  3.00 x 10'b 1 . 8 4 ~  10' 3.69 x 10' 

SEMIVOLATILE ORGANICS 

2-Methylnaphthalene 1 . 4 2 ~  10' 3.00 x 10'b 6.45 x 10" 4.87 x lo+' 
4-Methylphenol 9.33 x 103 3.00 x l0 ' b  3.99 x 10' 7.97 x 10' 

Benzo(a)anthracene 8.10 x 10' 3.00 x 10'b 2.15 x 10+O 1.02 x lo+' 

Benzo(a)p yrene 1.20 x 10+0 3.00 x l0 ' b  3.01 x' lo+' 1.42 x 10" 

Benzo(b) fluoranthene 1.20 x 10+0 3.00 x 10'b 3.01 x lo+' 1.42 x lo+' 

Benzo(g,h,ilperylae 5.37 x lo+' 3.00 x 10'b 4.22 x lo+' 1.99 x lo+' 

Bern@) fluoranthene 3.97 x lo+' 3.00x 10'b 3.01 x lo+' 1 . 4 2 ~  lo+' 

See footnotes at end of table 
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Soil Absorption 
Coefficient TOA t* 

Parameter I$ (c*) (unitless) olr) ou) 
SEMIVOLATILE ORGANICS (Continued) 

Bis(2ethylhexyl)phthalate 6.23 x lo3 4.00x l0* 2.11 x lo+' 4.22 x lo+' 

Carbazole 3.94x 102 3.00 x 10'b 9.16 x 10' 3.79 x 10+0 

Dibenzo(a, h)anthracene 2 . 7 0 ~  10+O 3.00 x 10'b 4.34 x 10+O 2.05 x lo+' 

Indene( 1,2,3-cd)pyrene 1.9ox 10- 3.00x 10'b 4.22 x 10+O 1.99 x lo+' 

Phenanthrene 2 . 3 0 ~  10' 3.00x 10'b 1.07 x 10+O 5.41 x 10+O 

Tributyl phosphate 3.14 x lo2 3.00x lcr'b 3.67 x 10+O 3.08 x lo+' 

~ I C J D E I P C B S  
Aroclor-1254 

Aroclor- 1260 

Dieldrin 

Heptachlorodibenzo-pdioxio 

Heptchlorodibeozofuran 

Octachlorodibemo-pdioxin 

Octachlorodibenzofuran 

Tetrachlorodibemo-pdioxin 

Tetrachlorodibenzofuran 

6.19 x 10' 6 . 0 0 ~  lo* 
3.84x 10+0 6 . 0 0 ~  lozb 
1 . 6 0 ~  lo2 6 . 0 0 ~  10" 

8.69 x 10+O 3.00x lo* 
1.37 x 10+O 3.00x lo* 
2.64 x 10+0 3.00x lo* 

3.00x lo* 
3.00x 10* 

4 . 6 0 ~  10+O 3.00x lo-* 

5.14 x lo+' 

5.14 x lo+' 

1.84 x lo+' 

8.05 x 10+O 

8.05 x 10+O 

8.05 x 10+O 

3.67 x lo+' 

3.80 x lo+' 

2.43 x lo+' 

2.42 x lo+' 

3.68 x lo+' 

3.80 x lo+' 

3.80 x lo+' 

3.80 x lo+' 

3.67 x 10+O 

3.40 x 10+3 

aWester et al. (1991). 

bEPA 1993d, Memorandum from ECAO to EPA Region V, 7/21/93, including Attachments 1-6. 



SA = skin surface area available for contact ( c m 2 / 4 $ $ )  :.>:.:.: ..__ 

AF = skin adherence factor (mg/cm2) 

ABS = absorption factor (unitless) 

CF = conversion factor, 10' (kg/mg) 

ED = exposure duration (yr) 

EF = exposure frequency (&$/year) . . . . . . . . 

BW = body weight (kg) 

AT = averaging time (days); for noncarcinogens, AT equals (ED) (365 days/yr); 
for carcinogens, AT equals (70-year lifetime) (365 days/yr) 

Soil dermal absorption coefficients are presented in Table B.2-6A. 

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

* . .  
(j(a(J%$;8 
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Bi2.4.2.5 

The equations used to quantify intake from the inhalation pathway adapted from EPA (EPA 1989a) 

are: 

Inhalation Of Gases and Particulates 

(radionuclides)I, = (CJ(IR)(ED)(ET)(EF) (B .2-24) 

(chemicals)I, = (CJ(IR)(ET)(EF)(ED)/(BW)(AT) (B.2-25) 

intake from inhalation @Ci) @ ..... .... (mg/kg-day) 

concentration in air @Ci/m3) (mg/m3) 

inhalation rate (m3/hr) 

ET = exposure time (hr/d) 

EF = exposure frequency (days/yr) 

ED = exposure duration (yr) 

BW = body weight (kg) 

AT = averaging time (days); for noncarcinogens, AT equals (ED) (365 days/yr); for 
carcinogens, AT equals (70-year lifetime) (365 daydyr) 

2 

3 

4 
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6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 

25 

26 

21 

28 

29 
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31 

32 
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34 

35 

36 

31 

38 

39 
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B.2.4.2.6 External Exposure 

The equation used to estimate intake from exposure to direct penetrating radiation is calculated in the 

following manner: 

1, = (C,)(CF)(EF)(ED)[ETo, x (1 - SHOW) + ET, x (1-SH,)] (B .2-26) 

. . . . . . . . . . . . . . . . . . . . . 
= intake from external radiatiow@@ 

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

= concentration in soil @Ci/g) 

ET,, = outdoor exposure time (hr/day) 

ET,, = indoor exposure time (hr/day) 

EF = exposure frequency (days/yr) 

ED = exposure duration (yr) 

SHIN = shielding factor for indoors (unitless = 0.5) 

SH,, = shielding factor for outdoors (unitless = 0) 

CF = conversion factor (1.14 x 103r/hr) 

B.2.4.2.7 Ingestion of Water 

The equations used to estimate intake from drinking water are adapted from EPA (1989a). The intake 

equations are: 
(radionuclides)I, = (C,)(IR)(EF)(ED) (B .2-27) 

(chemicals)I, = (C,)(IR)(ED)(EF)/(BW)(AT) . (B.2-28) 

intake from drinking water (pCi) @ ..... ..... (mg/kg-day) 

concentration in water (pCi/L) (mg/L) 

ingestion rate (L/day) 

exposure frequency (dayslyr) 

ED = exposure duration 

BW = body weight (kg) 
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19 

20 
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P 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 
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40 

41 

42 

43 

44 

45 

46 

,. . I 
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AT = averaging time (days); for noncarcinogens, AT equals (ED) (365 days/yr); for 
carcinogens, AT equals (70-year lifetime) (365 days/yr) 

B.2.4.2.8 

The model for estimating the inhaled dose of volatile CPC released from household use, called the 

Andelman model (EPA 1991d), applies several assumptions: 

Inhalation of VOCs Released from Household Water 

The Andelman 

The volume of water used in a residence by a family of four is 720 L/day 

The volume of air in the dwelling is 150,000 L 

The air exchange rate is 0.25 m3/hr 

The average water-to-air transfer efficiency is 0.5 (Le., half the concentration of a 
volatile chemical in water is transferred to air). 

model is applicable to chemicals that will readily volatilize from water (i.e., those with 

a Henry’s Law ........_ . . . ... ....... ..\...... greater than 1 x 10” atm-m3/mole and a molecular weight less than 

200 g/mole). 

where: 

1, 

c, 
IR 

K 

EF 

ED 

BW 

000%9% AT 

The equation is: 

(chemicals)I, = (C,)(IR)(K)(EF)(ED)/(BW)(AT) (B .2-29) 

average inhaled dose of volatile CPC in air from household use of water 
(mg/kg-day) 

concentration of CPC in water (mg/L) 

inhalation rate (m3/day) 

volatilization factor of 0.0005 (unitless) x 1000 L/m3 

exposure frequency (daydyr) 

= exposure duration (yr) 

= body weight (kg) 

= averaging time (d) 
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B.2.4.3 Lead 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

To aid in predicting blood-lead levels of children (ages zero to seven years) resulting from multimedia 

exposure to lead in a residential setting, the Environmental Criteria and Assessment Office of the 

EPA Office of Research and Development (ECAO/ORD) kits 25 

. 

26 devekpd the Uptake/Biokinetic (UBK) ..... . . . . . . . . . . . . . . . . . . . . . . . . . 

incorporates the following: n 
28 

29 0 media-specific uptake factors for exposure to lead via air, drinking water, soil, indoor 
dust, diet, and paint; 30 

default values of concentrations of lead in various media that reflect ambient 
background levels; and 33 

31 

32 0 

34 
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0 default values for exposure factors such as liters of water ingested per day, amount of 
soil ingested per day, and amount of air inhaled per day, which are mean values for 
children ages zero to seven years old. 
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B.2.4.4 Indoor Radon 

Potential exposures to indoor radon were calculated according to the models described in 

Attachment I. 

4 

B.2.5 TOXICITY ASSESSMENT 5 

A toxicity assessment examines information concerning the potential effects of exposure to CPCs and 6 

summarizes EPA-approved toxicity values. The goal is to provide, for each CPC, a quantitative 7 

8 

9 

estimate of the relationship between the magnitude and type of exposure and severity or probability of 

human health effects. The toxicity assessment contains a compilation of toxicity values for CPCs. 

Summaries of the toxic effects associated with major CPCs are included as Attachment I1 to this risk 10 

assessment. I 1  

12 

B.2.5.1 Toxicity Values For Constituents of Potential Concern 13 

This section presents tabulated summary toxicity information for CPCs with noncarcinogenic and 14 

carcinogenic effects. 15 

B.2.5.1.1 Noncarcinogens 

16 

17 

For noncarcinogens, it is assumed that a dose exists below which no adverse health effects will be 

seen. 

18 

Below this "threshold" dose, exposure to a chemical can be tolerated without adverse effects. 19 

20 

21 

The potential for noncarcinogenic health effects resulting from exposure to chemical contaminants is 

assessed by comparing an exposure estimate (intake) to a reference dose (RfD). 
22 

23 The RfD is expressed in units of milligrams/kilogramsday (mg/kg-day) and represents a daily intake 

of constituent per kilogram of body weight that is not sufficient to cause the threshold effect of 

concern for the constituent. 25 

24 

26 

27 

28 

29 

2 0 '  

31 

An RfD is specific to the chemical, the route of exposure, and exposure duration. To derive an RfD, 
the EPA reviews all relevant human and animal studies for each compound and selects the study (or 

studies) pertinent to the derivation of the specific RfD. Each study is evaluated to determine the no- 

observed-adverse-effect level (NOAEL) or, if data are inadequate for such a determination, the 

lowest-observed-adverse-effect level (LOAEL). 

that can be administered over a lifetime without inducing observable adverse effects. 

The NOAEL corresponds to the dose, in mg/kgday, 

The LOAEL 32 

33 0 corresponds to the lowest daily dose, in mglkgday, that can be administered over a lifetime that 
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induces an observable adverse effect. The toxic effect characterized by the LOAEL is referred to as 

the "critical effect". To derive an IUD, the NOAEL (or LOAEL) is divided by uncertainty factors to 

ensure that the RfD will be protective of human health. Uncertainty factors are applied to account for 

(1) extrapolation of data from laboratory animals to humans (interspecies extrapolation), (2) variation 

in human sensitivity to the toxic effects of a compound (intraspecies differences), (3) derivation of a 

chronic RfD based on a subchronic rather than a chronic study, and/or (4) derivation of an RfD from 

the LOAEL rather than the NOAEL. In addition to these uncertainty factors, modifying factors 

between 0 and 10 may be applied to reflect additional qualitative considerations in evaluating the data. 

For most compounds, the modifying factor is 1. 

Separate RfDs are needed for ingestion and inhalation pathways. EPA (1992b) presents reference 

concentrations (RfC) for the inhalation route. Inhalation noncancer toxicity values are usually 

expressed as inhalation concentrations (RfC) in units of mg/m3. Because noncancer risk 

characterization requires an estimate of dose in units of mg/kg-day, the inhalation RfC must be 

converted to an inhalation IUD. This is done by assuming humans weigh 70 kg and inhale 20 m3 of 

air per day (Le,, the inhalation RfC (mg/m3) multiplied by 20 m3/day and divided by 70 kg yields an 

inhalation RfD (mg/kg-day)). 

The primary source of values for RfDs are the Integrated Risk Information System (IRIS) and the 

HEAST compiled and maintained by the EPA (EPA 1993a, 1993b). Other EPA sources of RfD 
values were also consulted, when available. Surrogate chemicals were not used for derivation of an 

RfD unless the chemical similarity was close and the derivation was highly defensible. Since dermal 

RfDs are derived from oral RfDs, the oral target organ is adopted as the dermal target organ. RfDs 

for noncarcinogenic CPCs in Operable Unit 2 are presented in Table B.2-7. 

B.2.5.1.2 Chemical Carcinogens 

The toxicity information considered in the assessment of potential carcinogenic risks includes (1) a 

weight-of-evidence classification and (2) a slope factor. The weight-of-evidence classification 

qualitatively describes the likelihood that a chemical is a human carcinogen and is based on an 

evaluation of available data from human and animal studies. A chemical may be placed in one of 

three groups in EPA's classification system to indicate its potential for carcinogenic effects: 

Group A, a human carcinogen; Group B1, or B2, a probable human carcinogen; and Group C, a 

possible human carcinogen. Chemicals that cannot be classified as human carcinogens because of a 
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lack of data are placed in Group D, and those for which there is evidence of noncarcinogenicity in 

humans are placed in Group E. 

The cancer slope factor is the toxicity value used to quantitatively express the carcinogenic risk of 

cancer-causing constituents. It is defined as the upper-bound estimate of the probability of cancer 

incidence per unit dose averaged over a lifetime. Slope factors are derived from studies of 

carcinogenicity in humans and/or laboratory animals and are typically calculated for compounds in 

Groups A, B1, and B2. Slope factors are specific to a chemical and route of exposure and expressed 

in units of (mg/kg-day)-' for both oral and inhalation routes. The induction of cancer by dermal 

absorption is evaluated using oral slope factors. Inhalation cancer toxicity values are usually 

expressed as inhalation unit risks in units of reciprocal pg/m3 (l/pg/m3). Because cancer risk 

characterization requires an estimate of reciprocal dose in units of l/mg/kg-day, the inhalation unit 

risk must be converted to the mathematical equivalent of an inhalation cancer slope factor, or risk per 

unit dose (mg/kg-day). This is done by assuming humans weigh 70 kg and inhale 20 m3 of aidday 

(i.e., the inhalation unit risk (l/c(g/m3) divided by 20 m3/day, multiplied by 70 kg and multiplied by 

1000 pg/mg yields the mathematical equivalent of an inhalation slope factor (l/mg/kg-day)). Slope 

factors for CPCs are presented in Table B.2-8. The primary sources of these toxicity values are 

EPA's IRIS (EPA 1993a) and the quarterly updated HEAST (EPA 1993b). Other EPA sources of 

cancer slope factors were also consulted when available. Surrogate chemicals were not used for 

cancer slope factor derivation unless the chemical similarity was close and the derivation was highly 

defensible. 
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16 

17 

18 

19 

20 

21 

22 

23 The following exceptions, where information from one chemical was used to model a compound 

class, are noted: 

0 The carcinogenicity of all polychlorinated biphenyl (PCB) isomers is assumed to be 
equal to the carcinogenicity of Aroclor-1260 because dose-response data for other 
isomers are inconclusive. 

0 The carcinogenicity of dioxins and furans are determined using EPA's revised 1989 
"Toxicity Equivalency Factors" (TEF) (EPA 1990e). These TEFs were determined 
with the basic assumption that all dioxins and furans are carcinogenic. 

0 The carcinogenicity of PAHs is determined initially using the benzo(a)pyrene cancer 
slope factors, and refined using a relative potency approach (Clement 1988, 1990). 
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June 15, 1994 0 For risk assessment purposes, mixtures of chlorinated dibenzo-pdioxins (CDD) and chlorinated 

dibenzofurans (CDF) can be evaluated using EPA's toxicity equivalency method. This approach, 

based on available toxicological data, uses derived TEFs to convert the concentration of CDD or CDF 

congeners into an equivalent concentration of 2,3,7,8-tetrachlorodibenzo-pdioxin (2,3,7,8-TCDD). 

Table B.2-9 presents the TEFs for a variety of CDD and CDF congeners. Congeners containing 

chlorines at those positions are assigned a TEF of "0." However, to be more conservative, all 

I 

2 

3 

4 

s 

6 

7 

chlorines at the 2,3,7, and 8 positions are considered to be more toxic, and congeners without 

unspecified congeners are assumed to be the more toxic form. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

8 

9 

IO 

Carcinogenic risks associated with PAHs are evaluated using the relative potency approach described 

by Clement (1988 &d 1990). This approach, approved by EPA Region V, considers the relative 

I1 

12 

potency of the individual PAHs and allows site-specific relative concentrations to be expressed in the 13 

14. 

IS 

risk assessment. The relative potency factors for PAHs are presented in Table B.2-10. 

B.2.5.1.3 Radiocarcinogens 16 

Some elements have isotopes consisting of unstable atoms (i.e., they undergo spontaneous 17 

transformation into more stable atoms). These isotopes are said to be radioactive, and the 18 

. 19 transformation process is known as radioactive decay. Radioactive decay is usually accompanied by 

the emission of charged particles and gamma rays. These emissions are called radiation. There are m 

three types of radiation, which are potentially of concern at the FEMP: alpha, beta, and gamma. 

Alpha and beta radiation consist of charged particles capable of ionizing nearby matter. These 

radiations generally have little ability to penetrate deeply into adjacent matter, and can be interdicted 

by skin, air, and clothing. In most cases, the emission of an alpha or beta particle from an atom is 

followed by a release of x-rays or gamma radiation. Depending on their energies, these radiations 

may have considerably more penetration power than either alpha or beta radiation and are thus more 

21 

22 

23 

24 

25 

26 

difficult to shield. 27 

28 

29 

30 

' 31 

Radiation exposures can be separated into external and internal exposures. External exposure occurs 

when the radionuclide is outside of the body. Because alpha and beta radiation generally have a low 

penetrating power, skin and air become effective radiation shields in most cases. Therefore, external 

exposures to gamma radiation are the primary concern at environmental levels. Internal exposure 32 

33 occurs after the radionuclide enters the body via inhalation or ingestion. For internal exposures, 
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TABLE B.2-9 
DIOXIN AND FURAN TOXICITY EQUIVALENCY FACTORS~ 

Compound TEF 
DIOXINS 

Mono-, Di-, and Trichlorodibenzo-p-dioxins 
2,3,7,8-Tetrachlorodibenzo-pdioxin (TCDD) 

2,3,7,8-Pentachlorodibenzo-pdioxin (PeCDD) 

2,3,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 

2,3,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) 

Octaclorodibenzo-pdioxins (OCDD) 

Other TCDDs 

Other PeCDDs 

Other HxCDDs 

Other HpCDDs 

0 

1 
0 

0.5 
0 
0.1 
0 
0.01 
0 

0.001 
FURANS 

Mono-, Di-, and Trichlorodibenzo-p-furans 
2,3,7,8-Tetrachlorodibenzo-p-furan (TCDF) 

1,2,3,7,8-Pentachlorodibenzo-p-furans (PeCDF) 
2,3,7,8-Pentachlorodibenzo-p-furan (PeCDF) 

2,3,7,8-Hexachlorodibenzo-p-furan (HxCDF) 

2,3,7,8-Heptachlorodibenzo-p-furan (HpCDF) 

Octaclorodibenzo-p-furans (OCDF) 

Other TCDFs 

Other PeCDFs 

Other HxCDFs 

Other HpCDFs 

0 
0.1 
0 

0.05 

0.5 
0 

0.1 
0 
0.01 
0 

0.001 
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TABLE B.2-10 

TOXICITY EQUIVALENCY FACTORS (TEF) 
AND CORRESPONDING ORAL AND INHALATION SLOPE FACTORS 

FOR THE GROUP B2 PAHs' 
~~ 

Relative Oral Slope Factor Inhalation Slope Factor 
PAH Potency (mg/kg-day)-' (mg -kg /day )- ' 
Bern(  a)pyrene 1 .o 7.3 

B enzo( a)anthracene 0.145 1.1 

Benzo(b) fluoranthene 0.1228 0.90 
Benzo(k) fluoranthene 0.0523 0.38 

Dibenzo(a,h)anthracene 1.11 8.1 

Indeno( 1,2,3-~d)pyrene 0.278 2.0 

6.1 

0.89 

0.75 

0.32 

6.8 

1.7 

Wement International 1990. 
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alpha and beta particles become more important because their energy is directly absorbed by living 

cells. 

Inhalation and ingestion are the primary routes for internal exposure to radionuclides. Biologically 

significant exposures to alpha and beta emitters are more probable for internal exposure because the 

emitter is in direct contact with tissue. Once in the body, exposure depends on the absorption and 

retention characteristics of the radionuclide. These absorption and retention characteristics are based 

on the chemical form of the radionuclide in a compound and not on the isotopic form of the 

radionuclide. GI absorption factors and lung retention classifications for the radionuclides of concern 

are presented in Table B.2-11. 

Radioactive contamination within Operable Unit 2 is characterized as low-level ionizing radiation. 

The principal adverse biological effects associated with ionizing radiation from radioactive substances 

in the environment are mutagenicity, teratogenicity, and carcinogenicity. Mutagenicity is the ability 

to induce genetic mutations in the nuclei of either body cells or reproductive cells. Teratogenicity is 

the ability to induce or increase the incidence of congenital malformations, which are permanent 

structural or functional deviations produced during embryonic growth and development. 

Carcinogenicity is the ability to produce cancer. The carcinogenicity of a radioactive isotope of an 

element depends on several factors including: 

0 

0 

0 

The type of radiation emitted by the radioisotope 
The energy of the radiation emitted 
The radiological half-life of the isotope 

0 The retention and concentration characteristics of the radioisotope in the human body. 

Carcinogenicity is believed to be the limiting deleterious effect at the levels of radiation dose 

encountered within Operable Unit 2 and has been used as the sole basis for assessing the radiation- 

related human health risks of a site contaminated with radionuclides (EPA 1989a). 

The relationship between radiation dose and health effects is relatively well characterized for high 

doses (Le. > 10 rad). Hence, risk estimates are strictly applicable only to large populations exposed 

to high levels of radiation. Lower levels of exposure may constitute a health risk, but a direct cause 

and effect relationship is difficult to establish because a particular effect in a specific individual can be 

produced by many different processes. For low doses, health effects are presumed to occur but can 
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TABLE B.2-11 

CANCER SLOPE FACTORS FOR OPERABLE UNIT 2 RADIONUCLIDES OF CONCERN 

GI Absorption Penetratingb 

Radionuclide Lung Classa @Ci)-' (fl) @Ci)-' @Ci-yr/g)-' 
ICRP Inhdationb Facto? Ingestionb External Exposure 

Cesium-137 + dtr 

Neptunium-237 + dtr 

Lead-210 + 2 dtrs 

Plutonium-238 

Plutonium-239/240 
g&&.-lM - ........... 

. *:.. ............................ ;.i ............. :...: ..................................................... 

Radium-226 + 8 dtrs 

Radium-228 + dtr 

Ruthenium-106 

Strontium-90 + dtr 

Technetium-99 

Thorium-228 + 7 dtrs 

Thorium-230 

Thorium-232 + 10 dtrs 

Uranium-234 

Uranium-235 + dtr 
XJ#&&&$Jgjy&?j 

Uranium-238 + 2 dtrs 
.................................. ....................................... ...................... 

D 
W 
D 
Y 
Y 
W 
W 
W 
Y 
D 
W 
Y 
Y 
Y 
Y 
Y 
y 

Y 

.:.:.:.:.. 

.:.7,.: 

1.9 x lo-'' 

2.9 x 10" 

4.0 x 109 

3.9 x 10% 

3.8 x 10" 

6.9 x 10" 

4.4 x 10-'O 

6.2 x lo-" 

8.3 x 

7.8 x 10% 

2.9 x 10" 

1.1 x 107 

2.6 x 10" 

2.5 x lo-* 

5.2 x 10" 

years, "W" = weeks, "D" = days, "*" = gas. a n y .  = 

EPA 1993b 

1.0 x 100 

1.0 x 10-3 

1.0 x 10-3 

1.0 x 10-3 

2.0 x lo-' 

2.0 x 10-I 

5.0 x l o 2  

3.0 x lo-' 

8.0 x lo-' 

2.0 x 10" 

2.0 x 10" 

2.0 x 1--' 

5.0 x lo2 

5.0 x 

5.0 x lo-* 

2.8 x lo-" 

2.2 x 10-I0 

6.6 x lo-'' 

2.2 x 10-l0 

2.3 x lo-'' 
.... 

1.0 x 10'O 

9.5 x 1O-l2 

3.6 x 10" 

1.3 x lo-'* 

5.5 x 10" 

1.3 x lo-" 

1.7 x 10.'' 

1.6 x lo-'' 

1.6 x 10.'' 

2.8 x lo-'' 

2.0 x 10" 

4.3 10-7 

1.6 x lo-'' 

2.8 x lo-" 

2.7 x lo-" 

2.9 x 10" 

0.0 x loo 

0.0 x loo 

6.0 x 1013 

5.6 x 10" 

5.4 x 10" 

8.5 x 10" 

3.0 x 10" 

2.4 x 107 

3.6 x 10" 
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only be estimated statistically. Therefore, the risk of cancer incidence from exposure to low levels of 

ionizing radiation must be extrapolated from incidence data at higher doses. 

Under CERCLA methodology, the EPA assumes a unit intake of, or external exposure to, a 

radionuclide over a lifetime. The annual radiation dose equivalent from the radionuclide to each 

organ in each year of life is calculated. The average excess number of all types of radiation-induced 

fatal cancers that occur in a year is then estimated for the corresponding dose equivalents received 

during that year and relevant preceding years. The excess number of radiation-induced fatal cancers 

is derived from epidemiological data, extrapolation from high radiation doses to low doses, and 

hypothetical models for projecting risk through a lifetime. The relationship between cancer incidence 

and exposure to radioactive materials is quantified by using mathematical extrapolation models, which 

estimate the largest possible linear slope (within the 95 percent UCL) at low extrapolated doses 

consistent with the data. Because EPA is concerned with assessing cancer incidence, each 

radionuclide slope factor has been calculated by dividing the excess fatal cancer risk for that 

radionuclide by the mortality-to-incidence risk ratio (EPA 1989a) for the types of cancer induced by 

that radionuclide. This "radiocarcinogenicity slope factor" thus is characterized as the "maximum 

likelihood estimate of the age-averaged lifetime total excess cancer risk per unit intake or exposure" 

(EPA 1993b). That is, the true risk to humans, although not identifiable, is not likely to exceed this 

upperbound estimate; it may, in fact, be lower. 

B.2.5.2 

Dermal IUD values and cancer slope factors are derived from the corresponding oral values. In the 

derivation of a dermal RfD, the oral RfD is multiplied by the gastrointestinal (GI) efficiency factor, 

expressed as a fraction. The resulting dermal RfD is an RfD based on absorbed dose, which is the 

appropriate value with which to compare a dermal dose, because dermal doses are expressed as 

absorbed rather than exposure doses. In a similar manner, and for the same reasons, an oral cancer 

slope factor is divided, rather than multiplied, by the GI adsorption efficiency because cancer slope 

factors are expressed as reciprocal dose. Dermal RfD values and cancer slope factors for the 

chemicals of concern in Operable Unit 2 are presented in Table B.2-12. 

Dermal Reference Doses and Cancer SloDe Factors 

The most important consideration regarding the uncertainty associated with a dermal RfD or cancer 

slope factor is the accuracy of the GI absorption efficiency factor. For this reason, the toxicity 

profiles presented in Attachment I1 contain pharmacokinetics sections in which the oral absorption 
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TABLE B.2-12 

DERMAL REFERENCE DOSES AND CANCER SLOPE FACTORS FOR 
CHEMICAL CONSTITUENTS OF POTENTIAL CONCERN 

Gastrointestinal Absorption Dermal Reference Dose Dermal Slope Factor 
Chemical Fraction (mgkg-day) (mgk-day )-' 

INORGANICS 

Arsenic 

Barium 

Beryllium 

Cadmium 

Lead 

Manganese 

Molybdenum 

Nickel 

Selenium 

Thallium 
uraniumg-J&d 

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

VOLATILES 

0.951 

0.911 

0.011 

(food) 0.05" 
(water) 

N A ~  

(food) 0.03" 
(water) 

0.38" 
O*Osjf 

0.8" 

1" 

0.05' 

... ... 

2.85 x lo4 
6.31 x lo-* 
5.00 x 10-5 

5.00 x 105 
2.50 x l o 5  

ND 

4.20~ lo3 
1.50 x lo4 
1.90 x 10-3 

2.00 x 10-3 

3.00 .... x 105 

1.50 x 104 

4.00 x l o 3  

$$J4 ... jggJti 
. ,* ........................................ ....................... 

NDZ 

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

ND 
ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

N D ~  

Benzo(a)anthracene 

Bem(a)pyrene 

Bem(b)fluoranthene 

Bem(g  ,h, i)perylene 

Bern (  k)fluoranthene 
&%&g 
........................ ...................... ............. 

Dibenzo(a, h)anthracene 

Dibemfuran 

Indene( 1,2,3-cd)pyrene 

2-Methylnaphthalene 

0.43" 

0.43" 

0.43" 

0.43" 

0.43" 
@$J 

0.43" 

NAk 

0.43" 

1 .of 

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

See footnotes at end of table 
0 

FER\CRU~RI\TLC\APP-B\TAB~-~~NEWUU~~ 9. 1994 9:OSpm B-2- 180 

ND 

ND 

ND 

ND 

ND 
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ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
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ND 

ND 

ND 

ND 
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TABLE B.2-12 
(Continued) 

Gastrointestinal Absorption Dermal Reference Dose Dermal Slope Factor 
Chemical Fraction (mg&3-daY 1 (mg/kg-day Y' 

SEMIVOLATILES (Continued) 

Phenanthrene 0.9 ND ND 

Tributyl phosphate 0.9 4.50 x lo3 ND 

PESTICIDEL'CBS 

Dioxins/ furans O S h  ND 3.00 x 10s 

aSee the Toxicity Profile for this chemical in Attachment $1. ..:... 

bND - Not derived. 

'EPA 1989a, "Risk Assessment Guidance for Superfund, Volume, Human Health Evaluation Manual (Part A)", 
EPA/540/1-89/002, pp. A-2 to A-3. 

dThe carcinogenicity of uranium is due to its radioactivity rather than chemical toxicity; its cancer potency due to 
penetrating external radiation is presented in Table B.2-11. 

eSection B.2.5.2. 

fJones, T.D. and B.A. Owen, 1989, "Health Risks from Mixtures of Radionuclides and Chemicals in Drinking 
Water", Oak Ridge National Laboratory, Oak Ridge, Tennessee, ORNL-6533. 

gEPA 1993a, Memorandum from ECAO to EPA Region V, 7/21/93, including Attachments 1-6. 

hATSDR 1990, "Toxicological Profile for 2,3,7,8-Tetrachlorodibenzo-p-dioxin", Draft for Public Comment, U.S. 
Public Health Service, Atlanta, Georgia. 

kNA - Not appropriate 

I B-2- 18 1 ,FER!C~UZRl\nC\APP-B\TAB2-1 ZNEWUune 9. 1994 9:OSpm 



i 
FEW-OUOZ-5 DRAFT 

June 15, 1994 

data are evaluated. Where appropriate, the low (most conservative) end of the range of available GI 

absorption data for humans is used in the derivation of the dennal RfD or cancer slope factor. When 

the human data are insufficient, animal data are used. Data from highdose experiments . . . . . . . . . not used 

if more suitable data are available and it appears that saturation of the GI absorption process could 

have occurred. 

When sufficient quantitative data were not located, a default GI absorption factor was used. As noted 

by EPA (1989a), the GI absorption of many metals from the GI tract is limited, and 0.05 is a 

reasonable default for metals and inorganic substances. EPA (1989a) did not recommend a separate 

default value for organic chemicals. A compilation of data for 19 organic chemicals presented GI 

absorption efficiencies of at least 0.9, indicating that organic chemicals are generally readily 

absorbed. The arithmetic average of the GI efficiencies for the 19 organic chemicals, 0.91368, 

equivalent to 0.9 when rounded to one significant figure, appears to be a reasonable default GI 

absorption efficiency factor for organic chemicals. The default of 0.9 for GI absorption is used for 

organic chemicals for which quantitative data were not sufficient. 

. B.2.5.3 Toxicity Profiles 

Toxicity profiles are included as Attachment 11 to this risk assessment. 

B.2.6 RISK CHARACTERIZATION 

Risk characterization is the final step in the risk assessment process, combining the information 

developed in the toxicity assessment (Section B.2.4) and the exposure assessment (Section B.2.3). 

The potential of a CPC to cause carcinogenic effects is presented as the incremental lifetime cancer 

risk (ILCR). Potential noncarcinogenic effects are presented as hazard quotients (HQs) or HIS, as 

defined below. 
-...... @@$@ 

+ ... I 
i ................................................ .~ 

€3.2.6.1 

The risk attributed to exposure to chemical carcinogens is estimated as the ILCR probability percent 

an individual developing cancer over a lifetime as a result of exposure to a potential carcinogen. At 

low doses, the risk of developing cancer is estimated as follows (EPA 1989a): 

Risk Characterization for Chemical Carcinogens 

Risk = (CDI)(SF) (B .2-30) 
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where: 

Risk = 

CDI = chronic daily intake averaged over 70 years (mgkglday) 

SF = slope factor (mg/kg/day)-' 

risk of cancer incidence, expressed as a unitless probability 

B.2.6.2 

The procedures for estimating the total lifetime excess cancer risks due to continuous, lifetime 

exposure (Le., a 70-year average life span) to radionuclides are discussed below. 

Risk Characterization for Radionuclide CarcinoPens 

B.2.6.2.1 

Risk characterization for internal exposures to radionuclides (intake via inhalation or ingestion) is 

calculated as follows: 

Risk Characterization for Internal Exposures 

Risk = (I)(SF) (B. 2-3 1) 

where: 

Risk = 

I = lifetime radionuclide intake @Ci) 

SF = slope factor @Ci)-' 

risk of cancer incidence, expressed as a unitless probability 

The slope factor is either a HEAST (EPA 1993b) value for a particular radionuclide or the sum of the 

HEAST (EPA 1993b) slope factors for that radionuclide and its short-lived progeny to account for 

ingrowth during storage and/or environmental transport. 

B.2.6.2.2 

Risk characterization for external exposure to gamma-emitting radionuclides in contaminated surface 

soil is calculated as follows: 

Risk Characterization for External Gamma Exposures 

Risk = (CJ(SF)(ED)(MF) (B .2-32) 

where: 

Risk = risk of cancer incidence, expressed as a unitless probability . 

c s  = radionuclide soil concentration @Ci/g) 

SF = radionuclide slope factor (risWyr per pCi/g) 
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ED = exposure duration (yr) 

MF = modifying factor, fraction of year exposed (unitless) 

B.2.6.3 Risk Characterization for Noncarcinofzens 

The risk associated with exposure to noncarcinogenic hazardous CPCs was evaluated by comparing an 

exposure level or intake to a RfD. It is recognized that this methodology for assessing the human 

health effect for noncarcinogens does not give a measure of risk as is calculated for the carcinogens. 

Even so, for convenience the term "risk" will continue to be used when discussing these evaluations. 

The ratio of intake RfD for a single contaminant is the HQ and is defined as (EPA 1989a): 

HQ = I/RfD (B .2-33) 

where: 

HQ = hazard quotient (unitless) 

I = intake of a chemical (mg/kg-day) 

RfD = reference dose (mg/kg-day) 

When using this equation to estimate potential noncarcinogenic risk, the intake and RfD must be for 

exposures of equivalent duration (e.g., subchronic, chronic, or fewer than two weeks). For this risk 

assessment, CPC exposures have been evaluated in all cases on a chronic basis, using chronic RfD 
values. Analogous to cancer risks, dermal noncancer risks were assessed using absorbed dose rather 

than intake. 
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In the case of simultaneous exposure of a receptor to several chemicals, an HI was calculated as the 28 

sum of the HQs by: 

HI = Il/RfD, + 12/RfD2 + .. 
where: 

Ii - - intake for the i" toxicant 

RfDi = reference dose for the i" toxicant 
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0 An HI is an indicator of the potential for adverse effects associated with chronic exposures. In effect, 

HIS assume dose additivity for all CPCs (EPA 1989a). 
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In compliance with EPA guidance (EPA 1989a), the noncarcinogenic HIS summed across pathways 

were compared to "unity." An HI of unity (or 1.0) indicates that the exposure intake is equal to the 

RfD. If the HI is greater than 1.0 or "above unity," there is concern for potential health effects. 

Major categories of noncarcinogenic health effects include neurotoxicity developmental toxicity, 

reproductive toxicity, immunotoxicity, and adverse effects on target organs, such as hepatic, renal, 

respiratory, cardiovascular, and dermal/ocular problems (EPA 1989d). 

B.2.6.4 Risk Characterization for Background 

All site-related risks in the risk assessment are calculated without subtracting the contribution from 

natural background. In some areas in Operable Unit 2, the concentrations of CPCs are only slightly 

above background levels. Therefore, it is important to calculate the risks from background 

contributions to provide a point of comparison for the site-related risk estimates. 

Many of the constituents selected as CPCs for Operable Unit 2 are naturally occurring. Therefore, it 

is informative to estimate what the risk due to these CPCs might be if they were present within each 

subunit at naturally occurring or background, concentrations. 

Calculation of background risks of CPCs used one of two methods. Figure B.2-7 illustrates how the 

exposure point concentrations for each subunit were chosen. Background risks associated with direct 

contact to CPCs present in soil or groundwater were estimated using a proportion based on the 

assumption that the relationship between riskhazard and CPC concentration in groundwater or soil is 

linear, such that: 

RS 'B RB = 
cs 

on-site constituent concentration 

background constituent concentration 

on-site carcinogenic risk or non-carcinogenic hazard 

background carcinogenic risk or non-carcinogenic hazard 
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For soils, CPC concentrations in background surface soil, along with the subunit-specific CPC 

concentrations and associated risk, is used in the above proportion to calculate background risk. For 

groundwater, background soil concentrations were modeled using subunit-specific characteristics to 

determine the groundwater concentrations that would result if CPCs were present at the 

specific-subunit at background levels. 

A proportion is not appropriate to calculate background risks associated with ingestion of homegrown 

produce, meat, or milk since the relationship between source medium concentration and risk may not 

be linear. Therefore, background risks were calculated for these pathways in the same manner 

subunit risks were calculated. 

For homegrown produce, meat, and milk exposures, calculation of risks is based on the assumption 

that the concentration of CPCs in produce, and ultimately in meat or milk, is affected by soil 

deposition, uptake from soil, and uptake from contaminated groundwater. Hence, a subunit-specific 

concentration term must be generated to determine the contribution of each of these factors on the 

total contaminant concentration in produce, meat, or milk. The concentration terms are dependent on 

subunit-specific characteristic and are generated for each subunit using the same modeling approaches 

applied in the risk assessment, but using background concentrations as original modeling source 

terms. 

Risks and HIS were calculated for background concentrations of CPCs in soil using the same exposure 

pathways quantitatively evaluated for the RME on-property resident farmer for soil. The risk 

assessment models and parameter values used for these background calculations were also the same as 

those used for evaluating site-related risks to the RME on-property resident farmer. Soil 

concentrations used for background risk and HI calculations were calculated UCL values for the site- 

specific background soil sample analytical results. 

B .2.7 UNCERTAINTY ANALYSES 

Each step of the risk assessment process has an intrinsic degree of uncertainty. The types and 

magnitudes of uncertainties associated with each stage are of major importance for evaluating and 

interpreting risk assessments at the FEMP. Uncertainties associated with calculations that occur in the 

risk assessment may be magnified in the final results. It is not possible to elimimte all uncertainties 

from the analysis; they must be identified and discussed to determine their significance when making 
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risk management decisions. A presentation, analysis, and discussion of the uncertainties is an 

important final step in the risk assessment process. 

Once each subunit risk assessment is complete, the results are reviewed and evaluated to identify the 

type and magnitude of uncertainty contributing to the final estimates of risk. Reliance on results from 

a risk assessment without consideration of uncertainties, limitations, and assumptions inherent in the 

risk assessment process can often be misleading. For example, to ensure that potential threat to 

human health will not be underestimated, conservative estimates must be made in the development of 

exposure assumptions to ensure that the particular assumptions made are protective of all sensitive 

subpopulations, or maximum exposed individuals. When a number of conservative assumptions are 

combined in an exposure model, the resulting calculations propagate the uncertainties, producing a 

much larger uncertainty for the final results. Thus, both the risk assessment results and the 

uncertainties associated with those results should be considered when making risk management 

decisions. 

This interpretation is especially relevant when resulting risk numbers exceed the point-ofdeparture for 

defining acceptable risk. For example, when risks are calculated that incorporate a high degree of 

uncertainty fall below an acceptable risk level (e.g., below an ILCR of lo"), the interpretation is easy 

and very straight forward. However, when calculated, risks which incorporate a high degree of 

uncertainty fall within the acceptable risk range (e.g., 10" to 103, a conclusion can be difficult to 

make unless it considers all of the uncertainties inherent in the calculations. 

@ 

The actual risk may be one, two, or even three orders of magnitude smaller than the one calculated, 

which could lead risk managers to make a decision which is unnecessarily protective. This situation 

may occur in a Superfund risk assessment if the estimated risk were based on limited information for 

the calculationa1 parameters, conservative assumptions on lifestyles and land use scenarios, and 

maximum or near-maximum values for many of the modeling and exposure variables to ensure that 

the risks are not underestimated. The combination of conservative assumptions over a number of 

areas often results in high risk values as a result of high uncertainty. Characterization of risk based 

on overly conservative model parameters, scenarios, and assumptions does not convey realistic 

information and is often misleading if reviewed out of context. A risk estimate for an RME 

individual in a Superfund risk assessment has been frequently mistakenly viewed as an average risk to 

the receptor population being evaluated (EPA 1992d). 
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B.2.7.1 

General uncertainty associated with the selection process used to determine the CPCs in Operable 

Unit 2 can be attributed to the following sources: 

Selection of Constituents of Potential Concern 

,:.:.. ... _........ ..:';:::::..- ................... ......_ ...... , ...._ . _.. ..... . .. 

0 Sample analytical techniques produce results that may have uncertainty associated with 
them. These uncertainties are documented by using data qualifiers to reflect the 
assumed degree of certainty of measurement. These analytical uncertainties affect the 
selection of CPCs or the calculation of exposure point concentrations (either measured 
or modeled) that may be based on a particular analytical result. 

0 Concentrations of inorganics and radionuclides are compared to background 
concentrations to determine if their presence is due to naturally occurring 
concentrations from native soils or are due to site activities. 4 lewwe~ , dampling 
procedures for groundwater and air used to determine background concentrations may 
have high detection limits. A chemical that was not detected 
during background sampling c roneous 

r 
evaluation. 

B :2.7.2 

Sources of uncertainty for the exposure assessment arise from calculation of exposure point 

Uncertainty in ExDosure Assessment 

concentrations, determination of land use scenarios, selection of receptors, and selection of exposure 

factors. 

Predicted concentrations are used as exposure point concentrations in this risk assessment when 

measured data are not available (e.g., future groundwater contamination). These predictions were 

made using mathematical representations (models) of the natural systems found or suspected to exist 

in the study area. Due to the complexity of natural environments, conservative assumptions were 

often used in these models to estimate final exposure point concentrations. These assumptions are 

typically made to avoid underestimating the concentrations of contaminants in transport or exposure 

media (e.g., air or groundwater). The uncertainties associated with modeled concentrations are 

generally much larger than those associated with measured data. Some general uncertainties 

associated with modeled exposure point concentrations in Operable Unit 2 can be attributed to the 

following sources : 

0 The selection of parameters related to the attenuation and retardation of constituents is 
a major uncertainty in the groundwater fate and transport analysis. The attenuation 
and retardation factors of every constituent except uranium were determined after an (9002'f$9 
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extensive literature search. It should be noted that the actual retardation factors at the 
FEMP may not follow the assumed literature values, particularly over the long term. 
Site-specific attenuation and retardation factors are used when available. The use of 
site-specific values are assumed to result in lower uncertainty than using literature 
values. 

0 The organic decay rates at the FEMP were determined after an extensive literature 
search. The actual decay rates may or may not follow the literature values because of 
site-specific conditions. The use of site data to determine organic decay rates would 
result in lower uncertainty than that resulting from the use of literature values. 

0 Transport through the vadose zone is approximated by using a one-dimensional model 
and assuming the zone is homogeneous. The unsaturated seepage flow rate is a 
function of several parameters, such as porosity, residual saturation, and pore size 
distribution index. Due to the heterogeneous nature of the till, these parameters 
actually change from location to location and from depth to depth. 

0 Except for uranium-238, the total ribs of each constituent is estimated by multiplying 
the UCL by the volume of the entire waste area, thus assuming the UCL 
concentration is uniformly distributed through the entire source. This methodology 
introduces an obvious potential for overestimation of constituent mass. 

0 The total mass of uranium-238 was estimated from 
each 125 foot by 125 foot model grid block and the 

The fate and transport modeling used a "70-year rule" 
for these constituents where no or inadequate leachate 
all the chemical leaches from a particular waste unit in 70 years. This method is 
considered very conservative for compounds that are insoluble but may underestimate 
the maximum exposure for soluble compounds. 

average concentrations in 

0 

0 Air modeling is based on a number of conservative assumptions. In combination 
these assumptions appear to overestimate the exposure point concentrations for air- 
based on-site air monitoring data, according to a literature search for typical ambient 
air PM,, measurements for EPA Region V. The long-term average PM,, 
concentrations calculated are comparable to measured dust concentrations on 
construction sites. This uncertainty is expected to moderately overestimate risk (Le., 
overestimate risks by 1 to 2 orders-of-magnitude). 

0 The transport models individually made assumptions regarding the fate of individual 
constituents within source media. However, these models were not combined or 
linked to consider assumptions made regarding depletion of chemicals from one model 
and the effect of that assumption on another model (Le., the leaching models did not 
consider source depletion from volatilization or fugitive emissions and the air 
emissions models did not consider losses via leaching). Furthermore, the direct 
exposure pathways to a particular source (Le., incidental ingestion of surface soil) did 
not consider source depletion by leaching, surface water transport, or air emissions. 
Consequently, this assumption is considered very conservative. 
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These uncertainties for modeling collectively are assumed to moderately overestimate the 

concentrations expected in groundwater and for aerial deposition (Le., overestimate concentration and 

risk by a factor of 1 to 2 orders of magnitude). 

Models are also used to calculate chemical concentrations in plants and animals. Each time a 

concentration at one level in the food chain is extrapolated from a lower level, uncertainty is 

introduced into the result. For example, soil-to-plant transfer factors (B, values) generally represent 

the maximum amount of contaminant transfer that may occur. In reality, the contaminant transfer is 

quite dependent on the form of the constituent (e.g., metal species) and other site-related physical 

conditions (e.g., soil type). Thus actual site transfer factors are unknown. 
. . . . . . . . . . . . . . . . . . . . . . . . 

The values chosen are intended to be 

conservative and they are likely to overestimate risk. 

B.2.7.3 

A major uncertainty associated with predicting future exposures at the FEMP site is the future 

disposition of the property itself. Because it is not possible to predict with certainty what the future 

uses of the land will be, the most conservative (rather than the most likely) land use is evaluated, as 

stipulated by the National Oil and Hazardous Substances Pollution Contingency Plan (NCP). As 

noted in Section B.2.4, one of the on-property residents evaluated under future land use for Operable 

Unit 2 is the resident farmer. It is not known whether or not such a receptor will ever exist. 

Uncertainty in Determination of Land Use 

B.2.7.4 

The receptors selected for evaluation in this and all FEMP risk assessments have been generally 

selected to reflect and encompass those types of activities which may produce the reasonable 

maximum exposure individual. Some of these receptors, such as the on-property resident farmer are 

considered to may or may not ever exist. Risks from such a receptor may overstate probable risk 

from future use of the property when considered against more plausible land use alternatives (e.g., 

residential use). Uncertainty associated with the selection of receptors in the current land use scenario 

is assumed to be low (over- or underestimate risks by a one order of magnitude or less) because the 

current site environmental setting and configuration was the basis for selection of these receptors. 

Uncertainty in Selection of Receptors 
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Uncertainty associated with receptors identified in the future land use scenario is considered to be 1 

high (Le., potential to overestimate risk by two or more orders-of-magnitude) due to the low 

probability of the site being used as a residence or for agricultural purposes. 

2 

3 

B.2.7.5 

Each exposure factor selected for use in this risk assessment has some uncertainty associated with it. 

Generally these factors are based on surveys of physiological and lifestyle profiles across the United 

States. The attributes and activities studied in these surveys generally have a broad distribution. To 

avoid the underestimation of exposure, this risk assessment followed EPA's recommendation and used 

NBB-43 ..... ....... ................................ the 9 O € k ~  95th percentile for mest4 the exposure parameters used in this risk assessment. In other 

Uncertaintv in Selection of Exuosure Factors 

. . . , , . . . . . . . . . . . . . . . . . 

words, the values selected represent the observed or expected habits of a small percentage of the 

population (usually the upper 5 or 10 percent). For example, the resident farmer scenarios were 

assumed to inhale air at the location of the highest annual average concentration for 350 days per year 

for 70 years. Seventy years represents the maximum exposure duration and is not based on a 

statistical assessment of local or regional residence time for farm families. 

Generally, the uncertainty can be assessed quantitatively for a number of assumptions made in 

determining factors for calculating exposure and intakes. Many of these parameters were determined 

from statistical analyses on human population characteristics. Often the database used to summarize a 

particular exposure parameter (i.e., inhalation rate) is quite large. Consequently, the values chosen 

for such variables in the RME scenario have low uncertainty (Le., over or underestimate risks by one 

order of magnitude or less). For many parameters for which limited information exists (Le., dermal 

adsorption of organic chemicals from soils), there is greater uncertainty. However, there is often 

sufficient data to estimate these parameters with low uncertainty. Few intake parameters have high 

uncertainty associated with them. In the risk assessment for Operable Unit 2, the particular exposure 

parameters with the greatest uncertainty are judged to be those associated with time (combination of 
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Many of the quantities used to calculate exposures and risks in this report are selected from a 

distribution of possible values. For the RME scenarios, the value representing the 95th percentile is 

generally selected for each parameter to assure that the assessment bounds the actual risks from a 

postulated exposure. This risk number is used in risk management decisions, but does not indicate 

what a more average exposure might be, or what risk range might be expected for individuals in the . 

exposed population. To address these issues, a risk estimate closer to the CT is presented for the 

maximally exposed individual using the CT scenario. The range of risk for this receptor from the CT 

scenario to the RME scenario seeks to incorporate the range of uncertainty regarding intake 

assumptions for this receptor. 

B.2.7.6 Uncertainty in Toxicity Assessment 

Uncertainty associated with the toxicity assessment is associated with hazard assessment and dose- 

response evaluations for CPCs. The hazard assessment deals with characterizing the nature and 

strength of the evidence of causation, or the likelihood that a chemical that induces adverse effects in 

animals will induce adverse, effects in humans. Hazard assessment of carcinogenicity is evaluated as a 

weight-of-evidence determination, using either the IARC (1987) or EPA (1986b) methods. Positive 

animal cancer test data suggest that humans contain tissue(s) that may also manifest a carcinogenic 

response; however, the animal data cannot necessarily be used to predict the target tissue in humans. 

In the hazard assessment of noncancer effects, however, positive animal data suggest the nature of the 

effects (Le., the target tissues and type of effects) anticipated in humans (EPA 1989e). 
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Uncertainty in hazard assessment arises from the nature and quality (sensitivity and selectivity) of the 

animal and human data. Uncertainty is decreased when similar effects are observed across species, 

strain, sex, and exposure route; when the magnitude of the response is clearly dose-related; when 

pharmacokinetic data indicate a similar fate in animals and humans; when postulated mechanisms of 

toxicity are similar for humans and animals; and when the CPC is structurally similar to other 

chemicals for which the toxicity is more completely characterized. A unique source of uncertainty in 

cancer hazard assessment involves the relevance of liver tumors in strains of mice with a high 

background incidence, especially when these tumors provide the only positive response (Scala 1991). 

Many chlorinated organic chemicals in EPA cancer weight-of-evidence Group B2 fall into this 

category. 

Uncertainty in the dose-response evaluation includes the determination of a slope factor for the 

carcinogenic assessment and derivation of an RfD or RfC for the noncarcinogenic assessment. 

Uncertainty is introduced from interspecies (animal-to-human) extrapolation, which, in the absence of 

quantitative pharmacokinetic, dosimetric, or mechanistic data, is usually based on consideration of 

interspecies differences in basal metabolic rate. Uncertainty also results from intraspecies, or 

individual, variation. Most toxicity experiments are performed with animals that are very similar in 

age and genotype, so that intragroup biological variation is minimal, but the human population of 

concern may reflect a great deal of heterogeneity including unusual sensitivity or tolerance to the 

CPC. Even toxicity data from human occupational exposure reflect a bias because only those 

individuals sufficiently healthy to attend work regularly and those not unusually sensitive to the CPC, 

are likely to be occupationally exposed. Finally, uncertainty arises from the quality of the key study 

(from which the quantitative estimate is derived) and the database. For cancer effects, the uncertainty 

associated with dose-response factors is mitigated by assuming the 95:& ..... .... percent& ...... ..... upper bound for the 

slope factor. 

carcinogenic assessment is the method by which data from high doses in animal studies are 

extrapolated to the dose range expected for environmentally exposed humans. The linearized 

multistage model, which is used in nearly all quantitative estimations of human risk from animal data, 

is based on a nonthreshold assumption of carcinogenesis. An impressive body of evidence, however, 

suggests that epigenetic carcinogens, as well as many genotoxic carcinogens, have a threshold below 

. which they are noncarcinogenic (Williams and Weisburger 1991); therefore, the use of the linearized 

multistage model is conservative for chemicals that exhibit a threshold for carcinogenicity. 

0 

Another source of uncertainty regarding quantitative risk estimation for the 
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For noncancer effects, additional uncertainty factors may be applied in the derivation of the FUD or 

RfC to mitigate poor quality of the key study or gaps in the database. Additional uncertainty for 

noncancer effects arises from use of an effect level in the estimation of an RfD or RfC, because this 

estimation is predicated on the assumption of a threshold below which adverse effects are not 

expected. Therefore, an additional uncertainty factor is usually applied to estimate a no-effect level. 

Additional uncertainty arises from estimation of an RfD or RfC for chronic exposure from less than 

chronic data. Unless empirical data indicate that effects do not worsen with increasing duration of 

exposure, an additional uncertainty factor is applied to theao-effect level in the less than chronic 

study. Uncertainty in the derivation of reference doses is mitigated by the use of uncertainty and 

modifying factors that normally range between three and ten. Uncertainty factors (UF) and modifying 

factors (MF) are assigned as follows: 

a A UF of ten is used to account for sensitive subpopulations. 

a A UF of ten is used when extrapolating from animals to humans to account for 
interspecific variability. 

a A UF of ten is applied to a NOAEL derived from a subchronic study rather than a 
chronic study. 

a A UF of ten is applied to a LOAEL to estimate a NOAEL. 

a An MF from > O  to ten is applied to data to reflect the quality of the data from the 
critical study used to derive the reference dose. 

As a result, a combination of uncertainty and modifying factors may exceed 100, 1000, or more for a 

particular compound. 

Uncertainty arises in the dose-response assessment for Operable Unit 2 for values derived for 

principle CPCs from studies with limitations. As an example of this type of uncertainty, consider the 

toxicity information for uranium. Uranium as an alpha particle emitter is also considered a 

carcinogen; however, epidemiological evidence of uranium-induced excess cancer risks are very 

difficult to obtain. This is largely because the human data available for radiocarcinogenic effects of 

uranium exposure are for underground miners, who are also simultaneously exposed to radon and 

radon progeny as a confounding factor. The studies of humans sometimes lack information 

concerning uranium exposure, potential uranium exposure through previous employment, concurrent 

smoking patterns, or concurrent radon exposure levels that are needed to more definitively determine 
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June 15, 1994 0 the risk attributable to uranium exposure. The human studies of cancer from exposure to uranium 

frequently reveal a slight excess risk above the natural risk. These facts weaken the power of the 

human studies to detect any excess risk. These uncertainties are not well known or easily determined 

and, as a consequence, introduce moderate to high uncertainty into the Operable Unit 2 risk 

assessment. 

Other toxicity information used in the Operable Unit 2 risk assessment that introduces uncertainty 

include: 

e The EPA inhalation slope factor of 7.7 x 10" pCP' for radon-222 plus its daughters is 
used to calculate risks resulting from indoor inhalation of radon gases. The EPA 
bases this slope factor on a 50 percent equilibrium ratio between radon-222 and its 
short-lived daughters. Studies cited in NCRP Report No. 78 (NCRP 1984b) report a 
lower value for this equilibrium ratio in indoor air (Le., 100/50/30/20/20 for radon- 
222, polonium-218, lead-214, bismuth-214, and polonium-214, respectively). Since 
the concentration of daughters expected in indoor air is lower than the EPA 
assumption, the slope factor is probably conservative in this respect. 

0 PAHs that are classified as B2 probable human carcinogens for which no toxicity data 
were available are evaluated using benzo(a)pyrene toxicity data. This assumption 
likely leads to an overestimation of the carcinogenicity of those PAHs because 
conservative assumptions were used to relate their carcinogenicity to that of 
benzo(a)pyrene. However, when toxicity equivalency factors were used in this 
assessment to evaluate their carcinogenicity, this may either underestimate or 
overestimate the carcinogenic risks. Overall, this increased conservatism does not 
significantly impact the overall risks from Operable Unit 2 since the majority of risks 
are posed by other CPCs. 

0 

0 As with PAHs, the carcinogenicity of dioxins and furans other than the 2,3,7,8-isomer 
were determined using EPA's revised Toxicity Equivalency Factors (TEFs) (EPA 
1990e) in the absence of toxicity values for the different isomers. The TEFs are 
based on the assumption that all dioxin and furan congeners are carcinogenic. This 
may introduce a bias to the results of the assessment. 

A significant source of uncertainty for calculating risks from radionuclides in surface soil is the use of 

EPA slope factors for external radiation exposure. In deriving these slope factors, EPA has assumed 

that an individual continuously stands on an infinitely thick slab of soil with a uniform radionuclide 

concentration. To manage complicated calculations for photon attenuation and scattering in soil, EPA 

has assumed that the activity in the slab source is present on an infrnite plane with uniform surface 

concentration. The slope factors for external radiation exposure are, therefore, based on calculated 

exposures (and associated risks of cancer incidence) from the hypothetical plane source. 

. 
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In addition, EPA calculates slope factors for ingestion of many radionuclides using the maximum 

value for the GI absorption factor. The actual chemical fonn(s) that influence the magnitude of the 

GI absorption factor have not been considered. 

To summarize, the uncertainty associated with the toxicity assessment is chemical-specific since it 

depends on the existing information used to derive the dose-response factor. In general, this 

uncertainty tends to be higher (overestimate risks by two or more orders of magnitude) for the 

chemical risk assessment, but tends to be low (overestimate risks by an order of magnitude or less) 

for radionuclides. This difference is the result of animal versus human data used for chemical and 

radiological compounds, respectively. 

B.2.7.7 Uncertaintv in Risk Characterization 

Uncertainty in risk characterization results from assumptions made regarding additivity of effects from 

exposure to multiple compounds from various exposure routes. High uncertainty exists when 

summing cancer risks or hazard indices for several substances across different exposure pathways. 

This assumes that each substance has a similar effect and/or mode of action. Often compounds affect 

different organs, have different mechanisms of action, and differ in their fate in the body where 

additivity is not appropriate. However, the assumption of additivity is made to provide a conservative 

estimate of risk. 

Risk characterization does not consider antagonistic or synergistic effects. Little to no information is 

available to determine the potential for antagonism or synergism for CPCs. Therefore, this 

uncertainty cannot be discussed based on the impact on the risk assessment since it has the potential to 

either over-or under-estimate potential human health risks. 

The additivity of risks from radionuclides and chemical carcinogens is the subject of considerable 

debate. EPA guidance (EPA 1989a) indicates that the two sets of estimates should be considered 

separately because 1) chemical CSFs are developed using laboratory experiments and radionuclide 

toxicity values are based on human epidemiological data, and 2) chemical CSFs represent an upper 

bound limit value while radionuclide slope factors are "best estimates. " Therefore, cancer risks from 

exposure to radionuclides are presented separately from those from chemical CPCs. 
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B.3.0 RESULTS 

This section summarizes the risk characterization result for each Operable Unit 2 subunit and the 

cumulative risk from Operable Unit 2 as a whole. 

Tables presenting intake, risks, and 

hazards associated with each scenario, receptor, and pathway are collected in 

appendix to facilitate their review. 

B.3.1 ACTIVE FLYASH PILE 

B.3.1.1 ExDosure Point Concentrations 

Table B.3.1-1 summarizes the exposure scenarios evaluated to assess risk associated with the Active 

Flyash Pile. It also summarizes derivation of exposure concentrations specific to this unit. With the 

exception of groundwater and ................................ . exposures, all exposure point concentrations were derived from 

analytical data on samples collected within the boundaries of the Active Flyash Pile subunit. 

:.:.:.:.:.:.: .:.:.:.:.:.;:.:.: 

For groundwater exposures, data from the Active Flyash Pile were used to develop source terms for 

estimating future groundwater concentrations as described in Section 5.0 of this RI report and Section 

B.2.4 of this appendix. To assess risk due to groundwater exposures for this unit, single maximum 

groundwater concentrations of each groundwater CPC were estimated for both the future off-property 

farmer and resident child and the future on-property farmer and resident child. 

Exposure point concentrations related to air dispersion modeling are presented in Section 5.0 of this 

RI report. Results utilized in the risk assessment were CPC aerial deposition rates and suspended 

inhalable particulate CPC concentrations. 

Theoretical locations of receptors are described as: on-subunit (directly within subunit battery limits 

battery limits, but within FEMP boundary); and (outside of 

(outside of FEMP boundary). 

Use of the appropriate receptor to evaluate risk was dependent on the exposure scenario evaluated at a 
@%$%%particular ...~. ...,..._. subunit. 

. . . . . . . . . . . . . . . 
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1 

2 

and other relevant information regarding receptors, routes of exposure, and exposure point 

concentrations for the Active Flyash Pile summarized in Table B.3.1-1. 

B.3.1.2 Constituents of Potential Concern 

The CPCs identified for surface flyash material 11 

1000 series well groundwater 12 - are summarized in 13 

Tables 43.3.1 2(- , 9 9 9 9  respectively ( 14 

IS along with all relevant information regarding frequencies of detection, data distribution, 95 percent 

UCL's, etc. Table B.3.1-3 summarizes CPCs for the appendix by medium. 

B.3.1.3 Risk Characterization for Current Land Use 

16 

17 

18 

. . . . . . . . . . . . . . . . . . . 
The scenarios characterized for the Active Flyash Pile assuming continued DOE ownership 19 

are a trespassing youth; the off-property farmer and resident child using food products m 

grazing off-property and from produce grown off- 21 

22 groundskeeper exposed to on-site contaminant concentrations; 

eR$ a user of meat and milk products from livestock grazed on- 24 

25 

26 

B. 3.1.3.1 Trespassing Youth n 

Risk was characterized for the trespassing youth contacting CPCs directly in 28 

arw4-i~ surface wate 29 

30 

Additionally, risk was characterized for CPCs contacted via inhalation of particulates derived from 31 

airborne surface flyash material. Exposure point concentrations for soil surface water 32 

33 were based on analytical data, while those for airborne particulates were based on air 
O@O"' '.- P' Ad4 
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ACTIVE FLYASH PILE 
OPERABLE UNIT 2 CONTAMINANTS OF POTENTIAL CONCERN 

surface sod 

arsenic 

beryllium 

lead 

thallium 

cesium- 137 

neptunium-237 

plutonium-238 

plutonium-239/240 

radium-226 

radium-228 

strontium-90 

thorium-228 

thorium-230 

thorium-232 

thorium-total 

~ranium-234 

sranium-2351236 

iranium-238 

wg&*m 
+:;.x.:+.\ .... . ......... .., ............ ..........,..... ........... v.. 

Subsurface Soil 

arSeniC 

beryllium 

lead 

thallium 

neptunium-237 

lead-210 

plutonium-238 

plutonium-2391240 

radium-224 

radium-226 

radium-228 

strontium-90 

thorium-228 

thorium-230 

thorium-232 

thorium-total 

uranium-234 

uranium-235 

uranium-2351236 

uranium-238 

2-methylnaphthalene 

phenanthrene 

~~~~ ~ 

Surface Water 

usenic 
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Sediment 

U S e n i C  

)e r y li u m 

ieptunium-237 

)lutonium-238 

)lutonium-2391240 

.adium-226 

*adium-228 

;trontium-90 

iranium-234 

iranium-2351236 

iranium-238 

Groundwater (GMA) 

U s e n i C  

)erylium 

ead 

nolybdenum 

ieptunium-237 

itrontium-90 

iranium-234 

iranium-235/236 

iranium-238 

iranium-total 

!-methylnaphthalene 
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June 15, 1994 0 modeling results as described in the methodology section and in Appendix A and Section 5.0 of this 

RI report. 2 

The risks and hazards calculated for the trespassing youth exposed to contaminants in 

are presented in Table B.3.1-4 ( 

radium-226, radium-228, thorium-228, for which risks of Z9 7 

1 

3 

4 

. Total risk due to exposure to all CPCs in 5 

6 

8 

9 

IO 

trespassing youth exposed to CPCs from active flyash material did not exceed a HI of 1.0. I 1  

12 

Risks and hazards due to exposure to surface water for this receptor are presented in Table Bi3.1-5 

). Total risk due to exposure to all CPCs in surface water did not exceed the 4432 

13 

14 

. Total HI for surface water 15 

was well Hew 1.0. - 16 

17 

18 

B .3.1.3.2 Current Off-ProDertv Farmers 19 

Risk was characterized for the current off-property farmer and resident child contacting CPCs via m 

inhalation of airborne particulates, ingestion of contaminants in airborne particulates via theif 

deposition on homegrown produce, and thek uptake in milk or beef from livestock grazing on 

particulates deposited on off-site grasses. For all of these routes of exposure, the exposure point 

concentration was based on air modeling results as described in Section B.2.0 of this appendix and 

Appendix A and Section 5.0 of this RI report. 

21 

22 

23 

24 

25 

26 

27 Risks and hazards due to surface soil fse calculated for the current off-property farmer and resident 

child are presented in Tables B.3.1-6 and B.3.1-7, respectively . The risk and HI 28 

much less than 1.0 for the farmer, respectively. The risk and HI calculated for the &-property 

associated with inhalation of all CPCs in airborne soil particulates was 443+44l: and 29 

u) 

resident child were 9Ab43In-9 and much less than 1.0, respectively. 31 

32 
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Risks and hazards associated with ingestion of CPCs in beef and milk for the off-property resident 

farmer and child are given in Tables B.3.1-8(a) and B.3.1-8@), respectively 

Total risk for all CPCs consumed in beef and milk affected by dust deposition from the Active Flyash 

- -8 Pile was &~+KI~+IxI-~.$! x l-0 
respectively. Total HIS for all CPCs consumed in beef and milk was well below a HI of 1.0 for both 

the farmer and resident child. 

for the farmer and resident child, . . . .  . . 

Risks and hazards associated with ingestion of CPCs in homegrown produce for the off-property 

resident farmer and child are given in Tables B.3.1-9(a) and B.3.1-9@), respectively 

). The total risk for all CPCs consumed in homegrown produce was 

44i-X432&.! x l-0 - -7 

) The total HI for all CPCs 

consumed in homegrown produce was well below 1.0 for both the farmer and resident child. 

for the farmer and resident child, respectively. 
. .  

. . . . . . . . 

B .3.1.3.3 Current User of Milk/Meat Products 

Risk was characterized for a current user of milk and meat products from livestock potentially grazing 

within the Active Flyash P i l i  boundaries. Exposure point 

current concentration$ in beef were derived from the maximum estimated en-site 

deposition rates of airborne surface flyash material. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 

Risk and hazard to em 

(Attachment 111). Total risk was 

current user of milk and meat products given in Table 3.1-10 

6 4 4 0 2 5  
Total HI is well below 1.0. 

B .3.1.3.4 Current GroundskeeDer 

8 

9 

10 

11 

12 

13 

14 

15 

18 

19 

20 

21 

22 

23 

24 

25 

Risk and hazard to the current groundskeeper are given in Table B.3.1-11 . Total 26 

risk was %bel@ due mostly to ] external n 

28 
. .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . radiation M from 1 
29 

30 

Total HI was below 1.0. 31 
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0 B.3.1.4 Risk Characterization Resident for Future Land Use 

FEW-OUOZ-5 DRAFT 
June 15, 1994 

. . . . . . . . .,.,.,. . . . . . . . ... . ... . . $Jo<<::&a:s . ....... . Th 
_:.,.,.,.: ............; ................. 3::j ............................ .; iiii. .......... e future scenarios characterized for the Active Flyash Pile assuming continued federal ownership 

are the off-property farmer and resident child and an expanded trespasser. Future scenarios 

characterized for the Active Flyash Pile assuming private ownership are an on-property farmer and 

resident child livin 

The presence of a residence on the Active Flyash 

Pile was considered infeasible due to steep, unstable s 1 o p e s . m  

Therefore, risks for a future homebuilder or perched groundwater user were 

is subunit. &wea&nd ers of the Great Miami River were also evaluated 

assuming federal and private ownerships. 

B .3.1.4.1 Future Off-Property Farmers 

For the future off-property farmer and resident child, risks ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . 

were calculated for exposure to CPCs in airborne surface flyash and groundwater migrating off-site. 

Receptors were presumed to contact CPCs in air via inhalation of airborne particulates; by 

consumption of homegrown produce on which airborne surface flyash was deposited and that was 

irrigated with contaminated groundwater; by ingestion of milk and beef from cattle grazing on 

vegetation on which airborne surface flyash was deposited and that consumed contaminated 

groundwater; and by ingestion of, dermal contact with, and inhalation of contaminants groundwater. 

All of the exposure point concentrations for this scenario were derived from modeling results as 

described in the Section B.2.0, Appendix A; and Section 5.0 of this Rl report. 

Risks and hazards calculated for the future off-property farmer and resident child (private and federal 

ownership) exposed via direct inhalation of airborne contaminants are presented in Tables B.3.1- 

, for the future off-property farmer 

, respectively. 

and resident child 
. .  

. . . . . . . . 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

33 
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Risks and hazards associated with ingestion of CPCs in beef and milk for the off-property farmer and 

e given in Tables B.3.1-13(a) d 

. The total risk for 

in beef and milk was 34h432 for the farmer and resident child 

, respectively. Total HIS for all CPCs consumed in beef and milk was 

well below 1.0 for both the farmer and child 

Risks and hazards associated with ingestion of CPCs in homegrown produce for the off-property 

farmer and resident child are given in Tables B.3.1-14(a) itRB 

respectively. Total risk for all CPCs consumed in homegrown 

produce was 3 1 y l n d  for the farmer and child 

megrown produce was Vveu 

the farmer and child 

Risks and hazards associated with exposures of the off-property farmer and resident child 

o groundwater are given in Tables B.3.1-15(a) d 

). Total risk via all routes of direct exposure to 

groundwater (ingestion, inhalation, and dermal contact) for the farmer was 6.4 x lo4 

for the child was K k 4 - 0 2  . Most of this risk is attributable to ingestion o 

uranium-324, and uranium-238. Total HIS via all routes of direct exposure to groundwater for both 

the farmer and child @ . ... ... .... less than 1.0. 

B.3.1.4.2 Future ExDanded TresDasser 

The expanded trespasser was assumed to contact CPCs directly via inhalation of airborne particulates 

of ,surface ; ingestion and dermal contact with surface #Jp&m&& 

and surface water; and external radiation resulting from exposure to surface 

AU of the exposure point 

Risks and hazards calculated for the future on-property expanded trespasser due to direct exposure to 

soil and to airborne particulates are presented in Table B.3.1-16 ( . Total risk due to 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 
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:. .................... ...$ 
:. . ~ ~ : ~ $ ~ @ . . .  ..%. .................... :. This was primarily I exposure to all CPCs in soil by all exposure pathways was 2.4 :: l-0- ....................... ................. 

2 

3 

4 

5 

6 

Risks and hazards calculated for exposure to surface water are presented in Table B.3.1-17 

risk level and total'HI was less than 1.0. 

7 

8 

9 

10 

).' Total risk due to exposure to CPCs in surface water did not exceed the 1.0 x 10" 

11 

I2 

13 

14 

IS 

B .3.1.4.3 Future On-ProDertv Farmers 0 16 

17 

Risks were quantified for the future on-property farmer and resident child living 18 

a and using 19 

by the Active Flyash Pile. Risks were calculated for inhalation of airborne m 

particulates estimated from air mod results of the Active Flyash Pile; ingestion of homegrown 

produce on which airborne surface 

contaminated groundwater; and ingestion of milk and beef from livestock consuming vegetation on 

which airborne surface flyash was deposited and drinking contaminated groundwater directly 

1. Exposure point 25 

risk for these routes of exposure were derived from air and 

21 

was deposited and which was irrigated with 22 

23 

24 

26 

n 

2a 

farmer. 29 

groundwater modeling results, as described in Section B.2.0, Methodology and Appendix A and 

Section 5.0 of this report. Both RME and CT risks and hazards were estimated for the ............... 

u) 

Risks associated with ingestion, dermal contact, and inhalation of contaminants in groundwater 

migrating from waste matter in the Active Flyash Pile were assessed independently in order to 

31 

32 

33 evaluate the specific contribution to risk resulting from migration of contaminants from the Active 

(-j@0240 
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Flyash Pile into groundwater. Risks associated with direct contact to surface €@%& #@I ............ . .... ~FSUAIW 

2 

3 

4 

5 

6 Risks and hazards for an Sh&-RM on-property RME farmer and resident child 

exposed to CPCs in airborne surface are given in Tables 7 

B.3.1-18(a) and B.3.1-1 . The total risk for the 8 

9 

10 

... k-seik 

Risks and hazards associated with exposure to contaminants via direct contact with groundwater for 

the RME future on-property farmer and resident child are given in Tables B.3.1-19(a) and 

B.3.1-19(b), respectively ). Total risk for the farmer Was 

4.7 x 10” due mostly to ingestion of uranium-234 and uranium-238.’ Total risk for the resident child 

mamkk. The HI for the 

1 ingestion of uranium 

was 2.0 x 10‘ due mostly to ingestion of the same 

ess than 1.0, but for the child was 443 
groundwater. 

11 

12 

13 

14 

15 

17 

18 

19 

20 

11 

Risks and hazards associated with exposure to contaminants in homegrown produce for the RME 

farmer and resident child are given in Table B.3.1-20(a) and B.3.1-20(b), respectively 

P 

23 
. . . . . . . . . . . . 

). The total risk associated wi wn produce for the RME farmer was 24 

d for the child was 4+l-&Q: . This was mostly due to the estimated uptake of 25 
.... 

arsenic in produce. HIS were below 1.0 for both 26 

receptors. 21 

28 

29 

). The 30 

31 

Risks and hazards associated with exposure to contaminants in beef and milk for the RME farmer and 

resident child are given in Table B .3.1-2 1 (a) and B .3.1-2 1 (b), respective1 

risk associated with beef and milk for the farmer was 7 A Y l n d  and for the child was * 
.... 4.05 

Total HIS were below 1.0 for both receptors. 33 
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June 15. 1994 0 CT estimates of risk and hazard for the future on-property farmer associated with exposures to 

surface 

produce, and beef and milk are given in Tables B.3.1-22, B.3.1-23, B.3.1-24 and B.3.1-25, 

, groundwater contaminated by the Active Flyash Pile, homegrown 

ia&u&K% Risks basely exceeding 1.0 x 10" were associated with exposures to groundwater (h 

All HIS were below 1.0. 

B.3.1.4.4 Future Great Miami River User 

0 

i 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

P 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 
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B.3.1.5 

Ambient radon emissions potentially, associated with the Active Flyash Pile, estimated as described in 
Section B.2.0, are summarized in Table B.3.1-27 for each receptor. Risks that would result at the 

Active Flyash Pile assuming radon emissions were equivalent to what would naturally occur if 

radium-226 were present at background concentrations are presented for comparison. The future on- 

property RME farmer is associated with a risk of 1.3 ... ... x lod. 

Risks Due to Estimated Radium-222 Emission 

B.3.1.6 Summarv of the Active Flyash Pile 

Tables B.3.1-28 and B.3.1-29 summarize risk and hazard, respectively, associated with the Active 

Flyash Pile for all receptors assuming current land use. Exposure of the trespassing youth and 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

and to arsenic i m M w y k m  in soil via dermal contact-. 

Tables B.3.1-30 and B.3.1-31 summarize risks and hazards, respectively, associated with the Active 

Flyash Pile for receptors assuming future land use. The greatest risks associated with the Active 

Flyash Pile are from direct contact with 

Total estimated risks to the expanded trespasser 

due mostly to the estimated presence of . .  

of the total risk to this receptor: 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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Risk 

2.9E-08 

1.2E-07 

2.2E49 

2.4E-07 

4.5E-08 

1 SE-06 

l.lE-07 

2.6E-08 
Pcdg. 

Current 
Trespassing 
Youth 

CurrentlFuture 
off-Property 
Farmer 

Current/Future 
off-Property 
Child 

Current 
Groundskeeper 

Future 
Expanded 
Trespasser 
(Adult + Child) 

Future, RME 
On-Property 
Farmer 

Future, CT 
On-Property 
Farmer . 

Future 
On-Property 

TABLE B.3.1-27 
ACTIVE PILE 

RISKS DUE TO E!XIMA”ED RN-222 EMISSION 

subunit 

laximum RN-222 
.ir Concenaation 
,Ci/m3)* 

1.8E+00 

1.3E-01 

1.3E-01 

1.8E+00 

1.8E+00 

IChild 

3.7E+O 

1.6E+O 

2.8E+O 

3.2E+O 

5.9E+O 

1.9E+O 

i . 4 ~ + a  

3.4E+O 
!6 hit of 

lackground RN-222 
Concentration 

pCi/m3)** 

3.6E-01 

2.6E-02 

2.6E-02 

3.6E-01 

3.6E-01 

3.2E-01 

3.2E-01 

3.2E-01 

**Assumes RA-226 concentration is 1.228 pCi/g in surface soil and 0.78 pCi/g in subsurface soil 

- 
5 
itake 
C i) 

7.4E+02 

3.OE+03 

5.5E+01 

.2E+03 

1.2E+O? 

3.7E+04 

2.7E+O2 

6.7E+Oi 

. . .  ................. .................. ................ ................... ...................... ...... :.._.::.... .............. 

Risk 

5.7E49 

2.3E-08 

4.3E-10 

4.8E-08 

8.9E-09 

2.9E47 

2.1E-08 

5.2E4S 
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Beryllium 

5660' J 'ne 15, 1994 B 

G r o u n d w e  

TABLE B.3.1-30 
ACTIVEFLYASHFILE 

FVIURELANDUSE 
SUMMARY OF W A L  CARCINOGENIC RISK 

NP-237 
SR-90 
U-234 
U-2351236 
U-238 

O.OE+O( 
Total Radiologid Rid 

Arsenic 
Beryllium 

Total Cbmicd Rid 

Medium 
surfaa sow 
Air 

PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
U-234 
U-235/236 
U-238 
Total Radiologic Rid 

Arsenic 
Beryui 

Total Cbmicd Rirl 
TOTAL 

Expanded 
r m D a s a  

8.2E-07 
l.lE-06 
6.1E-09 
2.9E-09 
1.2EM 
4.1E-06 
5.2E-09 
9.6E-06 
5 .OE-09 
1 .OEM 
5.1E-09 
1.7E-08 
6.8E-08 
3.8EM 

5.3E-06 
9.6E-07 
3.9E-09 
4.2E-08 
6.38-09 
6.38-06 

%Total %Total 
Medium 

Risk - 
1.84% 
2.46% 
0.01 % 
0.01 % 

27.93% 
9.22% 
0.01 % 

21.37% 
0.01% 

22.79% 
0.01 % 
0.04% 
0.15% 

85.84% 

11.89% 
2.15% 
0.01 % 
0.09% 
0.01 % 

14.16% 

Reapror 

1 66% 
2.22% 
0.01% 
0.01 % 

25.25% 
8.33% 
0.01 % 

19.33% 
0.01 % 

20.60% 
0.01 % 
0.04% 
0.14% 

Risk - 

77.62% 

10.75% 
1.95% 
0.01 % 
0.08% 
0.01 % 

12.80% 
4.5EM 100.00% 90.42% 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

1.7E-07 
6.2E-10 
3.OE-10 
2.0E-06 
6.6E-07 
6.3E-10 

2.5E-09 
8.6E-09 
2.8E-06 

2.1E-10 

4.16% 
0.02% 
0.01 4% 

49.45% 
16.44% 
0.02% 
0.01% 
0.06% 
0.22% 

70.36% 

- 
0.34% 
0.00% 
0.00% 
4.00% 
1.33% 
0.00% 
0.00% 
0.00% 
0.02% 
5.69% 

1.oE-06 26.05% 2.11% 
1.4E-07 3.59% 0.29% 
1.2E-06 29.64% 2.40% 
4.0E-06 100.00% 8.09% 

~ff-~opertv %Total %Total 
Rcs. hnnn 
p i v .  own.) 

1.4E48 
2.4E-09 
l.lE-09 
2.8E-09 

1 SE-12 

1.9E-10 
2.4E-11 
2.6E-08 
8.9E-09 
2.6E48 
8.1E-09 

1.6E-08 
1.1E-07 

6.5E-08 
1.9E-09 

3.5E-10 

3.3E-12 
3.6E-11 
5.3E-12 
6.7E-08 

Medium Receptor 

0.00% 0.00% 
8.00% 0.13% 
1.37% 0.02% 
0.63% 0.01% 
1.62% 0.03% 
0.11% 0.00% 
0.01% 0.00% 

14.88% 0.24% 
5.18% 0.08% 

14.92% 0.24% 
4.70% 0.08% 
0.20% 0.00% 
9.39% 0.15% 

61.02% 0.98% 

37.85% 0.61% 
1.11% 0.02% 
0.00% 0.00% 
0.02% 0.00% 
0.0076 0.00% 

38.98% 0.62% 

Risk - Risk - 

1.7E-07 100.0046 1.60% 
2.7E-07 4.24% 2.52% 
9.2E48 1.43% 0.85% 
2.0E-06 31.56% 18.74% 
l.lE-07 1.69% 1.00% 
3.98-06 61.02% 36.24% 

O.OE+OO 0.00% 0.00% 
6.4E-06 99.94% 59.35% 
3.6E-09 0.06% 0.03% 

3.9E-09 0.06% 0.04% 
6.48-06 100.00% 59.38% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.3E-10 0.01% 0.00% 

NIA 
NIA 

Ff-f-Ropn % T d  %Total 
a . b r  Medium Receptor 
a.Olwe1 gisJ - Risk 
1.5E-12 0.00% 0.00% 
1.4E-08 8.00% 0.13% 
2.4E-09 1.37% 0.02% 
l.lE-09 0.63% 0.01% 
2.8E-09 1.62% 0.03% 
1.9E-10 0.11% 0.0046 
2.4E-11 0.01% 0.00% 
2.6E-08 14.88% 0.24% 
8.9E-09 5.18% 0.08% 
2.6E-08 14.92% 0.24% 
8.1E-09 4.70% 0.08% 

1.6E-08 9.39% 0.15% 
l.lE-07 61.02% 0.98% 

6.SE-08 37.85% 0.61% 
1.9E49 1.11% 0.0276 

3.5E-10 0.20% 0.00% 

3.3E-12 0.00% 0.00% 
3.6E-11 0.02% 0.004% 
5.3E-12 0.0046 0.00% 
6.7E-08 38.98% 0.62% 
1.7E-07 100.00% 1.60% 
2.7E-07 4.24% 2.52% 
9.2E-08 1.43% 0.85% 
2.0E-06 31.56% 18.74% 
l.lE-07 1.69% 1.00% 
3.9E-06 61.02% 36.24% 

O.OE+OO 0.00% 0.00% 
6.4E-06 99.94% 59.35% 
3.6E-09 0.06% 0.03% 

3.9E-09 0.06% 0.04% 
6.4E-06 100.00% 59.38% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.3E-10 0.01% 0.00% 

NIA 
NIA 

0ff-w %Total %Total 
Rcs.Child Medium 

p v .  osv0.1 
2.7E-14 0.00% 
2.5E-10 3.29% 
4.3E-11 0.5696 
2.OE-11 0.26% 
5.1E-11 0.67% 
3.5E-12 0.05% 
4.4E-13 0.01% 
4.7E-10 6.12% 
1.6E-10 2.13% 
4.7E-10 6.14% 
1.5E-10 1.93% 
6.3E-12 0.08% 
2.9~-10 3.87% 
1.9E-09 2!5.12% 

5.5E-09 72.70% 
1.6E-10 2.13% 
2.8E-13 0.00% 
3.OE-12 0.04% 
4.5E-13 0.01 % 
5 . m  74.88% 

Receptor - Risk 
0.00% 
0.03% 
0.01 % 
0.00% 
0.01% 
0.00% 
0.00% 
0.06% 
0.02% 
0.06% 
0.02% 
0.00% 
0.04% 
0.26% 

0.76% 
0.02% 
0.0076 
0.00% 
0.00% 
0.79% 

7.6E-09 100.00% 1.05% 
1.2E-08 4.23% 1.61% 
3.9E-09 
8.7E-08 
4.6E-09 
1 .7Em 

O.OE+OO 
2.7E-07 
7.2E-10 
6.6E-11. 
7.8E-10 
2.8E-07 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

1.43% 
31.49% 

1.68% 
60.88% 
0.00% 

99.72% 
0.26% 
0.02% 
0.28% 

100.00% 

0.54% 
12.01% 
0.64% 

23.21% 
0.00% 

38.01% 
0.10% 
0.01 % 

' 0.11% 
38.12% - 

iff-~opfi %Total %Total 
Res.= Medium Receptor 
Fed.own.1 g&c gisJ 

2.7E-14 0.00% 0.00% 
2.5E-10 
4.3E-11 
2.OE-11 
5.1E-11 
3.5E-12 
4.4E-13 
4.7E-10 
1.6E-10 
4.7E-10 
1 SE- 10 
6.3E-12 
2.9E-10 
1.9E-09 

3.29% 
0.56% 
0.26% 
0.67% 
0.05% 
0.01 % 
6.12% 
2.13% 
6.14% 
1.93% 
0.08% 

25.12% 
3.87% 

0.03% 
0.01 % 
0.00% 
0.01 % 
0.00% 
0.00% 
0.06% 
0.02% 
0.06% 
0.02% 
0.00% 
0.04% 
0.26% 

5.5E-09 72.70% 0.76% 
1.6E-10 2.13% 0.02% 
2.8E-13 0.00% 0.00% 
3.OE-12 0.04% 0.00% 
4.92-13 0.01% 0.00% 
5.7E-09 74.88% 0.79% 
7.6E-09 100.00% 1.05% 
1.2E-08 4.23% 1.61% 
3.9E-09 
8.7E-08 
4.6E-09 
1 .Ern 

O.OE+OO 
2.7E-07 
7.2E-10 
6.6E-11 
7.8E-10 
2.8E-07 
NIA 

1.43% 
3 1.49% 
1.68% 

60.88% 
0.00% 
99.72% 
0.26% 
0.02% 
0.28% 

100.00% 

0.54% 
12.01 % 
0.64% 

23.21% 
0.00% 

38.01 % 
0.10% 
0.01 % 
0.11% 

38.12% - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

On-PrODerN %Total %Total 
Resident 

~armcrmfE) 
1.5E-11 
1.4E-07 
2.4848 
1.lE48 
2.8E48 
1.9E-09 

2.6E-07 
9.OE-08 
2.6E-07 
8.1E-08 
3.5E-09 
1.6E-07 
1.1E-M 

6.6E-07 
1.9E-08 

2.4E-10 

3.3E-11 
3.6E- 10 
5.3E-11 
6.7E-07 

Medium - Risk 
0.00% 
8.01 96 
1.37% 
0.63% 
1.62% 
0.11% 
0.01 % 

5.18% 
14.94% 
4.70% 
0.20% 
9.39% 

61.04% 

37.82% 
1.11% 
0.00% 
0.02% 
0.00% 

38.96% 

14.87% 

Receptor Risk 

0.004 
0.174 
0.03 4 
0.01 4 
0.034 
0.004 
0.004 
0.314 
0.114 
0.314 
0.104 
0.004 
0.194 
1.274 

0.784 
0.024 
0.004 
0.004 
0.004 
0.814 

- 

1.- 100.00% 2.074 
3.4E-09 0.01% 0.004 
9.6E-07 
1.6E-05 
8.2E-07 
3.0E-05 

O.OE+OO 
4.7E-05 
8.8E-15 
4.3E-16 
9.3E-15 
4.7E-05 
NIA 

2.04% 
32.87% 
1.74% 

63.34% 
0.00% 

100.00% 
0.00% 
0.00% 
0.00% 

100.00% 

1.164 
18.584 
0.9991 

35.814 
0.004 

56.534 
0.004 
0.004 
0.004 

56.534 - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

FER\CRUZRIUBQW-COC.XLS; 6/6/94; I 1  5 5  PM 
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TABLE B.3.1-M 
(COatinUed) 

Groundwater 

sediment 

paramaer 
CS137 
NP-237 
PU-238 
PU-239I240 . 

RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
U-234 
U-235036 
U-238 
Total Radiological Risk 

Arsenic 
BcryUium 
-a)- 
-alPyrrm 
Benzo@)fluoranthcnc 

Total chanicol Risk 
T& 

NP-237 
SR-90 
U-234 
U-235I236 
U-238 

O.OE+O( 
Total Radiological Risk 

Arsenic ‘TEMRisA 
Tbtar 

NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
U-234 
u-235m 
U-238 
Total Radiologic Rish 

)n-Roperty %Total %Total 
Resident Medium 

h n n c r ( 0  @Jc 
l.lE-12 0.0046 
1.OE-08 8.01% 
1.8E-09 1.37% 

2.1E-09 1.62% 
8.1E-10 0.63% 

1.4E-10 0.11% 
1.8E-11 0.01% 
1.9Ed 14.87% 
6.6E-09 5.18% 
1.9E-08 14.94% 
6.0E-09 4.70% 

1.2E-08 9.39% 
7.8E-08 61.04% 

4.8E-08 37.82% 
1.4E-09 1.11% 

2.6E-10 0.20% 

2.4E-12 0.00% 
2.6E-11 0.02% 
3.98-12 0.00% 
5.OE-08 38.96% 

Rccepm 
Risk - 
0.00% 
0.21% 
0.04% 
0.02% 
0.04% 
0.00% 
0.00% 
0.39% 
0.14% 
0.40% 
0.12% 
0.01% 
0.25% 
1.62% 

1 .00% 
0.03% 
0.00% 
0.00% 
0.00% 
1.03% 

’ 1.3E47 100.00% 2.65% 
2.OE-10 0.01% 0.00% 
5.8E-08 
9.3EM 
5 .OE-08 
1 AE-06 

O.OE+W 
2.8E-06 
5.3E-16 
2.6E-17 
5.6E-16 
2.8E-06 
NIA . 
NIA 
N IA  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
N IA  

2.04% 
32.87% 
1.74% 

63.34% 
0.00% 

100.00% 
0.00% 
0.00% 
0.00% 

100.00% 

1.20% 
19.33% 
1.03% 

37.25% 
0 . 0 %  

58.81% 
0.001 
0.00% 
0.00% 

58.81 X - 

n-Ropcrty %Total %Total 
Resident- Medium 

Risk - Child - 
2.8E-13 0.0046 
2.5E-09 3.30% 
4.3E-10 0.56% 
2.OE-10 0.26% 
5.1E-10 0.67% 
3.5E-11 0.05% 
4.4E-12 0.01% 
4.7E-09 6.12% 
1.6E-09 2.13% 
4.7E-09 6.15% 
1.5E-09 1.93% 

2.9E-09 3.87% 
1.9E-08 25.14% 

S.SE-08 72.68% 
1.6E-09 2.13% 

6.3E-11 0.08% 

2.8E-12 0.00% 
3.OE-11 0.04% 
4.5E-12 0.01% 
5.7E-08 74.86% 

R=Wor 
Risk - 
0.00% 
0.04% 
0.01 % 
0.0096 
0.01 % 
0.00% 
0.00% 
0.08% 
0.03% 
0.08% 
0.03% 
0.00% 
0.05% 
0.33% 

0.97% 
0.03% 
0.00% 
0.0046 
0.00% 
1 .00% 

7.6E48 100.00% 1.33% 
1SE-10 0.01% 0.00% 
4.1E-08 
6.7EM 
3.5E48 
1.3E-06 

O.OE+00 
2.0E-06 
1.8E-15 
8.6E-17 
1.9E-15 
2.0E-06 
N I A  
N I A  
N IA  
N IA  
N I A  
N I A  
N I A  
N I A  
N IA  

N I A  
N I A  

2.04% 
32.87% 

1.74% 
63.34% 
0.00% 

100.00% 
0.00% 
0.00% 
0.00% 

100.00% 

0.72% 
11.63% 
0.62% 

22.41% 
0.00% 

35.38% 
0.0096 
0.00% 
0.00% 

35.38% 

Gnat %Total %Total 
liami Riva 
Rm. U r n  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

Medium Rcccptoi 
Risk - Risk - 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

Gnat %Total %Total 
liamiRiva Medium Reccptoi 
!esid.UScr g& 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

Great %Total %Total 
d i  Riva 
Aft!. Usa 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

Medium Rcccptor 
Risk - Risk - 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
filA 
NIA 

NIA 
NIA 
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AlScniC 

Beryllium 
Total Qlanical Risk 

Total 

TOM 
Arsenic 

CS-137 
NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
U-234 
U-2351236 
U-238 
Total Radiologid Risl 

Arsenic 

f 

3.9E-08 88.43% 5.44% 
4.4E-09 9.91% 0.61% 

1.8E-10 0.42% 0.0346 
2.8511 0.06% 0.00% 
4.4E-08 98.85% 6.09% 

1.7E-11 0.04% 0.00% 

56663 i 

1.2E46 84.85% 1.43% 
1.3EM 9.51% 0.16% 

5.6E-09 0.4% 0.01% 
8.4E-10 0.06% 0.00% 
1.3E46 94.85% 1.60% 

5.3E-10 0.04% 0.00% 

Palamam 
INP-237- 

4.4Ea 20.73% 6.05% 
1 .1~07 52.77% 15.39% 
2.3E39 1.09% 0.32% 
4.7E-08 22.55% 6.58% 

O.OE+OO 0.00% . 0.0046 
2 . 1 W  99.91% 29.14% 

1.8E-10 0.09% 0.03% 
7.OE-12 0.00% 0.00% 
1.9E-10 0.09% 0.03% 
2 . 1 W  100.00% 29.17% 

PU-238 
PU-239t240 
RA-226 
RA-228 
SR-90 
U-234 
u-2351236 
U-238 
Total Radiological Risk 

6.5Ji-06 27.16% 7.81% 
1 . 2 W  50.36% 14.49% 
2.5EM 1.03% 0.30% 
5.2EAM 21.44% 6.17% 

O.OE+00 0.00% 0.00% 
2.4E-05 100.00% 28.76% 

3.4E-15 0.00% 0.00% 
7.OE-17 0.00% 0.00% 
3.5E-15 0.00% 0.00% 
2 . 4 W  100.00% 28.76% 

%Total %Total 

Risk ‘-sa g& - 
1.2E-07 17.41% 0.24% 
8.2E-10 
3.9E-10 
1.7E-08 
1 SE-09 
7.8E-10 
1.8E-08 

3.1E48 
1.9E-07 
4.3E-07 
7.5E-08 
5 .OE-07 

8.OE-10 

0.12% 
0.06% 
2.51% 
0.22% 
0.11% 
2.59% 
0.12% 
4.53% 

27.67% 
61.45% 
10.88% 
72.33% 

0.0046 
0.00% 
0.04% 
0.00% 
0.00% 
0.04% 
0.00% 
0.06% 
0.39% 
0.86% 
0.15% 
1.01 % 

6.9E-07 100.00% 1.40% 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

D f f - w  %Taal %Total 
k.s.hrma Mcdium Receptor 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 

4.OE-11 0.03% 0.004 
1.3E-09 O.%% 0.014 
1.z-10 0.12% 0.004 
8.4E-11 0.06% 0.004 
4.1E-09 2.89% 0.044 
3.5E-10 0.25% 0.004 
2.OE-10 0.14% 0.00% 
2.3E-10 0.16% 0.009 
5.2E-11 0.04% 0.009 
5.2E-10 0.37% 0.009 
6.4E-11 0.05% 0.009 
2.88-12 0.00% 0.009 
l.lE-10 0.08% 0.004 
7.2E-09 5.15% 0.079 
1.2E-07 84.85% 1.119 
1.3E-08 9.51% 0.129 

5.6510 0.40% 0.019 

1.3E-07 94.85% 1.244 

5.3E-11 0.04% 0.009 

8.4E-11 0.06% 0.004 

1.4E-07 100.00% 1.304 
8 . 3 ~ a  2.774% 0.775 
6.2E-07 20.74% 5.745 
1.6E-06 52.81% 14.611 
3.3E-08 1.09% 0.30: 
6.7E-07 22.55% 6.24: 

O.OE+OO 0.00% 0.00! 
3.0- 99.97% 27.661 

9.1E-10 0.03% 0.01! 
3.5E-11 0.00% 0.00! 

3.0lXb 100.00% 27.67! 
9.4E-10 0.03% 0.01! 

TABLE B.3.1-30 
(COatinUed) 

$f--Ropcn %Total %Total 
ks.hrmn Medium Reaptor 
Fcd.oam.) gkJ - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 

4.OE-11 0.03% 0.004 
1.3E-09 0.96% 0.014 
1.7E-10 0.12% 0.004 
8.4E-11 0.06% 0.009 
4.1E-09 2.89% 0.044 
3.5E-10 0.25% 0.004 
2.OE-10 0.14% 0.00% 
2.3E-10 0.16% 0.009 
5.2E-11 0.04% 0.009 
5.2E-10 0.37% 0.009 
6.4E-11 0.0546 0.009 
2.8E-12 0.00% 0.009 
l.lE-10 0.08% 0.009 
7.2E-09 5.15% 0.079 
1.2E-07 84.85% 1.119 
1.3E-08 9.51% 0.129 
5.3E-11 0.04% 0.009 
5.m-10 0.40% 0.019 
8.4E-11 0.06% 0.009 
1.3E-07 94.85% 1.249 
1.4E-07 100.00% 1-30? 
8.3E-08 2.77% 0.775 
6.2E-07 20.74% 5.144 
1.6E-06 52.81% 14.614 
3.3E-08’ 1.09% 0.305 
6.7E43l 22.55% 6.244 

O.OE+OO 0.00% 0.004 
3.0E46 99.97% 27.665 

9.1E-10 0.03% 0.01: 
3.5E-11 0.00% 0.005 
9.4E-10 0.0396 0.011 
3.0E-06 100.00% 27.671 

Off-Roperty %Total XToCal 
Ra.cbild Medium Recqmr 

Ipriv. 0am.l - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 

2.8E-12 0.01% 0.00% 
9.5E-11 0.21% 0.01% 
1.2E-11 0.03% 0.00% 
5.9E-12 0.01% 0.00% 
2.9E-10 0.65% 0.042 
2.5E-11 0.06% 0.00% 
1.4E-11 0.03% 0.00% 
1.6E-11 0.04% 0.00% 
3.7Er12 0.01% 0.00% 
3.6E-11 0.08% 0.01% 
4.E-12 0.01% 0.00% 
2.OE-13 0.00% 0.00% 
7.8E-12 0.02% 0.00% 
5.1E-10 1.15% 0.07% 
3.9E-08 88.43% 5.44% 
4.4E-09 9.91% 0.61% 
1.7E-11 0.04% 0.00% 
1.8E-10 0.42% ’ 0.03% 
2.8E-11 0.06% 0.00% 
4.4E-08 98.85% 6.09% 
4.4E-08 100.00% 6.16% 
5.8~- 2.77% 0.81% 
4.4E-08 20.73% 6.05% 

2.3E-09 1.09% 0.32% 
4 . W  22.55% 6.58% 

O.OE+OO 0.00% 0.00% 
2.1E-07 99.91% 29.14% 

1.8E-10 0.09% 0.03% 
7.0512 0.00% 0.00% 
1.9510 0.09% 0.034 
2 . 1 W  100.00% 29.1741 

1 . 1 ~  52.77% 15.39% 

H-fl-Ropen %Total ZTocal 
k.s.child Mcdium Receptor 
Fed.0am.l g& 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

On-Propcny %Total %Total 
Resident Medium Recegtor 

Risk F a f m C r o  - Risk - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 

I 
NIA NIA I 
2.8E-12 0.01% ’ 0.0046 
9.5E-11 0.21% 0.01% 
1.2E-11 0.03% 0.00% 
5.9E-12 0.01% 0.00% 
2.9E-10 0.65% 0.04% 
2.5E-11 0.06% 0.00% 
1.4E-11 0.03% 0.00% 
1.6E-11 0.04% 0.00% 
3.7E-12 0.01% 0.00% 
3.6E-11 0.08% 0.01% 
4.5E-12 0.01% 0.00% 
2.OE-13 0.00% 0.00% 
7.8E-12 0.02% 0.00% 
5.1E-10 1.15% 0.07% 

4.OE-10 0.03% 0.00% 
1.4E-08 0.96% 0.02% 
1 . m  0.12% 0.00% 
8.4E-10 0.06% 0.00% 
4.1E-08 2.89% 0.05% 
3.5E-09 0.25% 0.00% 
2.0E-09 0.14% 0.00% 
2.3E-09 0.16% 0.00% 
5.2E-10 0.04% 0.00% 
5 . m  0.37% 0.01% 
6.4E-10 0.05% 0.00% 
2.8E-11 0.00% 0.00% 
l.lE-09 0.08% 0.00% 
7.3E-08 5.15% 0.09% 

I 

1.4E-06 100.00% 1.69% 4.4E-08 100.00% 6.l6%l 
5.8E-09 2.77% 0.81%1 1 . o w  0.00% 0.00% 
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Wata 

TABLE B.3.1-30 
(OXltinUed) 

PU-238 
PU-239t240 
RA-226 
RA-228 
SR-90 
U-234 
U-2351236 
U-238 

Arsenic 

Total Raakbgiical Rid 

BeI.ylliUm 
Total chemiml Rid 

Medium paramacr 
Surface INP-237- 

U-234 
U-2351236 
U-238 

Total Radiological Rk 

HO-WD 
Produce 

(Fruitsand 

Grouadwata 
Affeaed) 

Vegaabla, 

I Tota 

Water 
Homegrown 
PfOdUCe 

(Fruits and 
Vegaabla. 

Dust 
Affeaed) 

Arsenic 
Berylliim 
Benzo(a)anthracene 
Benzo(ahJyrene 
Bcnzo(b)fluoranthem 

Tbtal Qlanicol Rir8 
Tota 

NP-237 
RA-226 
SR-90 
u-234 
U-2351236 
U-238 
Total Rodiologiml Rir 

Afsulic 
Beryllium 

TotalchrmiealRiS 

Tota 
CS- 137 

h-Ropaty %Total %Total 
Resident Medium Rcccptor 

Risk 'armCr(cQ - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 

2.2E-11 0.035% 0.009 
7.4E-10 O.%% 0.024 
9.4E-11 0.12% 0.009 
4.6E-11 0.06% 0.00% 
2.2E-09 2.89% 0.059 
1.9E-10 0.25% 0.009 
l.lE-10 0.14% 0.0041 
1.3E-10 0.16% 0.004 
2.9E-11 0.04% 0.004 
2.9E-10 0.37% 0.014 
3.5E-11 0.05% 0.009 
1.6E-12 0.00% 0.009 
6.1E-11 0.08% 0.009 
4.0E-09 5.15% 0.084 

6.6E38 84.85% 1.369 
7.4E-09 9.51% 0.155 
2.9E-11 0.044% 0.004 
3.1E-10 0.40% 0.014 
4.6E-11 0.06% 0.004 
7.4E48 94.85% 1.524 
7.8E-08 100.00% 1.615 
5.7E-11 0.00% 0.00: 
3.6E-07 27.16% 7.425 
6.7E-07 50.36% 13.775 
1.4E-08 1.03% 0.285 
2.8E-07 21.44% 5.865 

O.OE+OO 0.00% 0.005 
1.3E46 100.00% 27.33: 

1.9516 0.00% 0.00: 
3.9E-18 0.00% 0.m 
1.9E-16 0.00% O.OO! 
1.3E-06 100.00% 27.33: 

h-Ropcrty %Total %Total 
Raidcnt Medium Receptor 

Risk Risk - - Child - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 

2.8E-11 0.01% 0.00% 
9.5E-10 0.21% 
1.2E-10 0.03% 
5.9E-11 0.01% 
2.9E-09 0.65% 
2.5510 0.06% 
1.4E-10 0.03% 
1 s - 1 0  0.04% 
3.E-11 0.01% 
3.7E-10 0.08% 
4.5E-11 0.01 % 
2.OE-12 0.00% 
7.9E-11 0.02% 
5.1E49 1.15% 

3.9E-07 88.43% 
4.4E-08 9.91% 

1.9E-09 0.42% 

4.4E-07 98.85% 

1.8E-10 . 0.04% 

2.8E-10 0.06% 

4.5E-07 
7.3E-11 
4.6E-07 
8.5E-07 
1 .m 
3.6E-07 

O.OE+OO 
1 .m 
1.1515 
2.3E-17 
1.2515 
1 .m 

100.00% 
0.00% 

27.17% 
50.35% 

1.03% 
21.44% 
0.00% 

100.00% 

0.00% 
0.00% 
0.00% 

100.00% 

0.02% 
0.00% 
0.00% 
0.05 4 
0.004 
0.00% 
0.004 
0.004 
0.01 4 
0.009 
0.004 
0.009 
0.099 

6.899 

0.004 
0.034 
0.00% 
7.704 
7.794 
0.004 
8.054 

14.914 
0.314 
6.354 
0.004 

29.614 

0.004 
0.004 
0.004 

29.61 4 

0.779 

- 

Great %Total %Total 
fiamiRiver Medium Rcceptor 
R e .  User - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

1.4E-09 100.00% 100.00% 
1.4E-09 100.00% 100.004 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

Grcat %Total %Total 
IiamiRiva Medium Reccplor 
aid.  Usa !tisJ 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

7.7E-09 100.00% 100.009 
7.7E-09 100.00% 100.009 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
. NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

Grcat %Total %Total 
AiamiRivcr Medium Rcceptor 

Risk AK. Usa jt& - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
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OR-- %Total %Total 
b . c h i l d  M e d i i  ReceQtor 

IpTiy.own.) && - Risk 
NIA 

T d  
ZS-137 
NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
rH-228 
rH-230 
I'H-232 
U-234 
U-239236 
U-238 
Total Radiological Risk 

Arsenic 
Beryllium 
&nzo(a)anthracene 

BenZo(a)pYrrne 
Beruo@)fluoranthcac 

Total Ckmical Risk 
Total 

NP-237 
RA-226 
SR-90 
u-234 
U-235l236 
U-238 
Total Radiological Risk 

A I S ~ C  
Beryllium 

TotalchanimlRisk 
Tomi 

Off-Ropen % T d  %Total 
Ra.cbild Medium Rcccptor 

rn.0~11.) && 
NIA 

Arscnic 

2.8E-12 0.02% 0.00% 
1.9E-10 1.64% 0.03% 

%Total %Total 
w e d  Medium Receptor 

Risk 'TCSOaSSCT && - 
NIA 

9.8E-09 83.14% 1.35% 
2.4E-10 2.05% 0.03% 

1.3E-09 11.07% 0.18% 
2.OE-10 1.71% 0.03% 
1.2E-08 98.36% 1.60% 

4.5E-11 0.38% 0.01% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

9.8E-09 83.14% 1.35% 4.2EOI 88.55% 0.504 
2.4E-10 2.05% 0.03% 1.5E-08 3.26% 0.024 

1.3E-09 11.07% 0.18% 2.3E-08 4.83% 0.034 
2.OE-10 1.71% 0.03% 3.5E49 0.74% 0.009 
1.2E-08 98.36% 1.60% 4.6E-07 97.55% 0.554 

4.5E-11 0.38% , 0.01% 7.9E-10 0.17% 0.004 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

l.lE-08 6.38% 1.50% 
1.SE-07 86.22% 20.33% 
5.8E-10 0.34% 0.08% 
1.2E-08 7.02% 1.66% 

O.OE+OO 0.00% , 0.00% 
1.7E-07 99.96% 23.57% 

NIA 
NIA 

l.lE-08 6.38% 1.50% 6.5E-07 9.06% 0.784 
1.5E-07 86.22% 20.33% 6.0E-06 83.65% 7.224 
5.8E-10 0.34% 0.08% 2.4E-08 0.33% 0.034 
1.2E-08 7.02% 1.66% 5.0EOI 6.95% 0.604 

O.OE+OO 0.00% 0.00% O.OE+OO 0.00% 0.004 
7.2E-06 100.00% 8.634 1.7E-07 99.%% 23.57% 

NIA 

2.2- 4.5E-08 2.2E-09 1 SE-06 

M-ROpcy %Total %Total 
ks.hrmn Medium Receptor 

Rsk p i v .  own.) g& - 
NIA 

1.9E-10 0.41 % 
6.1E-12 0.01 % 
9.7E-15 0.00% 
5.1E-15 0.00% 
7.2E-10 1.54% 
4.1E-11 0.09% 
1.6E-10 0.34% 
3.1E-13 0.00% 
3.3E-13 0.00% 
3.3E-12 0.01 % 
8.9E-12 0.02% 
4.OE-13 0.00% 
1.6E-11 0.03% 
l.lE-09 2.45% 

4.2E-08 88.56% 
1.5E-09 3.27% 

2.3E-09 4.82% 

4.6858 97.55% 

7.8E-11 0.17% 

3.5E-10 0.74% 

0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 

0.38% 
0.01% 
0.00% 
0.02% 
0.00% 
0.42% 

4.7E-08 100.00% 0.43% 
2.5E-10 0.0346 0.00% 
6.2E-08 6.76% 0.57% 
7.9E-07 85.69% 7.28% 
3.2E-09 0.35% 0.03% 
6.6E-08 7.15% 0.61% 

O.OE+OO 0.00% 0.00% 
9.2E-07 99.97% 8.50% 

2.5E-10 0.03% 0.00% 
2.9E-12 0.00% 0.00% 
2.6E-10 0.03% 0.00% 
9.2E-07 100.00% 8.504 
NIA 

1.2E-07 

TABLE B.3.1-30 
(CUltinUed) 

rR-Ropen %Total %Total 
a.hrmr Medium Reaptor 
Fed.own.) && - Risk 

NIA 

1.9E-10 0.41% 0.00% 
6.1E-12 0.01% 0.00% 
9.7E-15 0.00% 0.00% 
5.1E-15 0.00% 0.00% 
7.2E-10 1.54% 0.01% 
4.1E-11 0.09% 0.004 
1.6E-10 0.34% 0.004 
3.1E-13 0.00% 0.004 
3.3E-13 0.00% 0.004 
3.3E-12 0.01% 0.004 
8.9E-12 0.0296 0.004 
4.OE-13 0.00% 0.004 
1.6E-11 0.03% 0.004 
l.lE-09 2.45% 0.014 

4.2E-08 88.56% 0.384 
1.5E-09 3.27% 0.014 

2.3E-09 4.82% 0.024 

4.6E-08 97.55% 0.424 

7.8E-11 0.17% 0.004 

3.5E-10 0.74% 0.00% 

4.7E-08 100.00% 0.439 
2.5E-10 0.03% 0.009 
6.2E-08 6.76% 0.579 
7.9E-07 85.69% 7.289 
3.2E-09 0.35% 0.039 
6.6E-08 7.15% 0.619 

O.OE+OO 0.00% 0.009 
9.2E57 99.97% 8.509 

2.5E-10 0.03% 0.009 
2.9E-12 0.00% 0.009 
2.6E-10 0.03% 0.004 
9.2E-07 100.00% 8.504 
NIA 

1.2E-07 

2.4E-11 0.21% 0.00% 
4.7E-13 0.00% 0.00% 
1.OE-15 0.00% 0.00% 
5.4E-16 0.00% 0.00% 
1.3E-10 1.07% 0.02% 
7.2E-12 0.06% 0.00% 
2.9E-11 0.25% 0.00% 
4.8E-14 0.00% 0.00% 
5.2E-14 0.00% 0.00% 
5.2E-13 0.00% 0.00% 
1.6E-12 0.01% 0.00% 
7.2E-14 0.00% 0.00% 
2.8812 0.02% 0.00% 
1.9E-10 1.64% 0.03% 

On-Propcrty %Total %Total 
Resident M e d i  Receptor 

Risk Farnm(RME1 - 
NIA 

1.9E-09 0.41% 0.004 
6.1E-11 0.01% 0.004 
9.7E-14 0.00% 0.004 
5.1E-14 0.00% 0.004 
7.2E-09 1.54% 0.014 

1.6E-09 0.34% 0.004 
4.1E-10 0.09% 0.004 

3.1E-12 0.00% 0.004 
3.3E-12 0.00% 0.004 
3.3E-11 0.01% 0.004 
8.9E-11 0.02% 0.004 
4.OE-12 0.00% 0.004 
1.6E-10 0.03% 0.004 
1.2E-08 2.45% 0.014 

1.2E-08 100.00% 1.63AI 1.2E-08 100.00% 1.63%1 4.7E-07 100.00% 0.564 
1.9E-11 0.01% 0.00Xl 1.9E-11 0.01% 0.00XI 3.1E-12 0.00% 0.004 

6.OE-11 

6.3E-16 0.00% 0.004 
3.7E-18 0.00% 0.004 
6.3E-16 0.00% 0.004 
7.2E-06 100.00% 8.634 

NIA 

ALtblGDLA 4.93-05 1 . W  1.1E-05 7.2E-07 7.- 8.43-05 1 
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Child - Risk - Risk ~armer(Cl2 
NIA 

M d i  
Homegrown 
Rodua 
(GMR Surf. 

Wuer Affeaa 
Bamik 

@uot 
Affeaad) 

- 

BceflMik 
(Groundwate 

Affeaad) 

BafIMik 
(GMR Surf. 

WUer Aff- 
Ambient 

Rs.User !lisJ !LsJc 
NIA 

Total 
LS-137 9.X-11 0.37% 0.00% 
NP-237 
PU-238 
PU-239/240 
RA-226 
RA-228 
SR-90 
Mi-228 
rH-230 
m-232 
U-234 
U-235I236 
U-238 

Total Radiological Risk 

Arsenic 
Beryllium 
Bcnzo(a)anthracem 
&nzo(a)Pyrene 
&nzo@)fluoranthenc 

Total chanicol Risk 

2.4E-10 0.21% . 0.0096 NIA 

Total 
NP-237 

0.00% 
0.0046 
0.00% 
0.02% 
0.00% 
0.01% 
0.00% 
0.00% 
0.00% 
0.0096 
0.00% 
0.00% 
0.03% 

1.71% 
0.04% 
0.01% 
0.23% 
0.04% 
2.03% 

RA-226 
SR-90 
U-234 
U-2351u6 
U-238 
Total Radiological Risk 

Arsenic 
Beryllium 

Total Cknical Risk 
Total 

Arsenic 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

Total 

2.6E-08 100.00% 0.54% 

3.0E38 9.21% 0.63% 
2.8E-07 83.46% 5.71% 
l.lE-09 0.34% 0.02% 
2.3E-08 6.99% 0.48% 

O.OE+OO 0.00% 0.00% 
3.3E-07 100.00% 6.84% 

1.7E-13 0.004% 0.00% 

3.5E-17 O.OO% 0.00% 
2.1E-19 0.00% 0.0046 
3.5E-17 0.00% 0.00% 

Radon 

1.2E-07 100.00% 2.06% 

1.1E-07 8.56% 2.00% NIA 
l.lE-06 84.27% 19.69% NIA 
4.4E-09 0.33% 0.08% NIA 
9.1E48 6.84% 1.60% NIA 

O.OE+OO 0.00% 0.00% NIA 
1.3E46 100.00% 23.37% 

2.4E-13 0.00% 0.00% NIA 

1.5E-16 0.00% 0.00% NIA 
5.9E-19 0.00% 0.00% NIA 
1.5E-16 0.00% 0.00% 

Great %Total %Total 
Residm Medium Rcccptor Residem Medium MiamiRiva Medium Receptor 

h-propaty %Total %Toral On-Ropcrty %Total I 

NIA 
NIA 
NIA . 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.3E47 100.00% 6.84% 
NIA 

3.38-12 0.01% 
5.OE-15 0.00% 
2.7E15 0.00% 
3.4E-10 1.29% 
1.9E-11 0.07% 
7.2E-11 0.28% 
1.5E-13 0.00% 
1.6E-13 0.00% 
1.a-12 0.01% 
4.1E-12 0.02% 
1.8513 0.004% 
7.2E-12 0.03% 
5.4E-10 2.08% 

2.3E38 89.34% 

4.OE-11 0.15% 
l.lE-09 4.39% 
1.8E-10 0.67% 
2.6E48 97.92% 

8.8E-10 3.37% 

1.3E46 100.00% 23.37% 
NIA NIA 

0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 

0.48% 
0.02% 
0.00% 
0.02% 
0.00% 
0.53% 

4.7E-12 

5.4515 
1.3E-09 

1 .OE-14 

7.2E-11 
3.OE-10 
4.9E-13 
5.28-13 
5.2E-12 
1.6E-11 
7.2E-13 
2.8E-11 
1.9E-09 

9.8E-08 
2.4- 

1.3E-08 
2.0E-09 
1.2E-07 

4.5E-10 

0.00% 
0.00% 
0.00% 
1.07% 
0.06% 
0.25 % 
0.00% 
0.0096 
0.00% 
0.01 % 
0.00% 
0.02% 
1.64% 

83.13% 
2.05% 
0.38% 

11.09% 
1.70% 

98.36% 

I 

l.lE-07 2.6E-08 NIA 

Grcat %Total %Total! Grret %Total % T d .  
IiamiRiver Medium Receptor 
Lesid. Usa !lisJ - Risk 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

H i R i v a  Medium Rcccptor 
Aa.User @J Risk 

3.0E-09 100.00% 8 4 3 %  

3.0E-09 100.00% 84.43% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 

5.5E-10 100.00% 15.57% 

5.5E-10 100.00% 15.57% 

AIL MRDU 4.83-06 5.- 1.4W 7 . m  3.sE.09 I 
NIA signifies that exposure of the r e q t o r  to the hdkatcd mbdium is not applicable. I 

I 
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TABLE B3.1-31 
ACITVE FLYASH PJLE 

FurURELANDUsE 
SUMMARY OF TOTAL NONCARCINOGENIC HAZARD 

off-- ~ ~ o t a l  ~ ~ o t a l  On-Property s ~ o t a l  ~60tal ' 
R a . a d I  Medium Receptor Resident Medium Receptor 

Hazard Hazard w.Own.) Hazard Hazard Farmer(RKE) 
ND ND 
ND ND 

FE$fP-OUO2-5 I DRA 

June 15, 1994 

OfF-Ropaty %Total %Total Off-Ropcrtu %Total %Total 
Ra.Fanmr Medium Receptor Ra.F- Medium Receptor 
Jpriv.Own.1 Hazard Hazard @d.Own) Hazard Hazard 

ND ND 
ND ND 
ND ND 

%Total %Total 
Expanded Medium Receptor 
Trwasser Hazard Hazard 

1.6E-02 43.68 % 38.54% 
1.4E-02 37.26% 32.87% 
7.0E-03 19.06% 16.82% 

off-Ropary %Total %Total 
R a . W  Medium Receptor 

( R i v . 0 ~ 1 . )  Hazard Hazard 
ND 
ND 
ND 

Soil 

Groundwater 

Total 
Surface 

Beryllium 

Arsenic 
Beryllium 
Thallium 

Arsenic NIA 
Beryllium NIA 
U-Total NIA 

Total 3.7E-02 100.00% 88.23 % 

4.7E-03 96.72% 11 39% 
1.6E-04 3.28% 0.39% 

1 

6.8E-06 0.01% 0.00% 
9.9E49 0.00% 0.00% 
9.9E-02 99.99% 50.73% 
9.9E-02 100.OOO% 50.73% 
NIA 
NIA 

6.8E-06 0.01% 0.00% 1.6E-05 0.01% . 0.00% 1.6E-05 0.01% 0.00% 1.7E-11 0.00% 0.00% 
0.00% 0.00% 9.9E49 0.00% 0.00% 2.1E-08 0.00% 0.00% 2.1E-08 0.00% 0.00% 1.3E-14 

9.9E-02 99.99% 50.73% 2.3E-01 99.99% 28.47% 2.3E-01 99.99% 28.47% 7.5E-01 100.00% 75.70% 
9.9E-02 100.000% 50.73% 2.3E-01 100.OOO96 28.48% 2.3E-01 100.000% 28.48% 7.5E-01 100.00% 75.70% 
NIA NIA NIA NIA 
NIA NIA NIA NIA 

GMRSurface 
Water 
Sediment 

Homegrown 
PrOdUCX 

@US 
Affected) 

Homegrown 
PrOdUCe 
(Groundwater 

NIA 
NIA 
NIA 

Total 4.9E-03 100.00% 11.77% 
Arsenic NIA 

Total NIA 
Arsenic 1.2E-02 42.17% 27.90% 
Beryllium 1.6E-02 57.83% 38.27 % 

Total 2.7E-02 100.00% 66.17% 
Arsenic NIA 
Beryllium NIA 
Thallium NIA 

Total 
Arsenic NIA 
Beryllium NIA 
U-Total NIA 

Total 

NIA 

BecflMilk Arsenic 
(GMR W. I 

NIA NIA NIA NIA 

2.3E-04 89.64% 0.12% 
6.2E-07 0.25% 0.00% 
2.6E-05 10.11% 0.01% 

2.3E-04 89.64% 0.12% 8.7E-04 89.64% 0.11% 8.7E-04 89.64% 0.11% 2.3E-03 89.62% 0.23% 
6.2E-07 0.25% 0.00% 2.4E-06 0.25% 0.0096 2.4E-06 0.25% 0.0096 6.2E46 0.25% 0.00% 

2.6E-04 10.13% 0.03% 2.6E-05 10.11% 0.01% 9.9E-05 10.1 1% 0.01% 9.9E-05 10.11% 0.01% 
2.5E-04 100.00% 0.13% 
1.7E-06 0.00% 0.00% 

2.5E-04 100.00% 0.13% 9.7E-04 100.00% 0.12% 9.7E-04 100.00% 0.12% 2.5E-03 100.00% 0.26% 
1.7E-06 0.00% 0.00% 4.0E-06 0.00% 0.00% 4.0E-06 0.001 0.00% 6.5E-12 0.00% 0.0096 

NIA I NIA I NIA I NIA I NIA I 

1.6E49 0.00% 0.00% 
9.2E-02 100.00% 47.54% 
9.2E-02 100.00% 47.54% 
NIA 

7.9E-05 21.67% 0.04% 
7.1E-08 0.02% 0.00% 
2.9E-04 78.31% 0.15% 

I NIA I I NIA 

1.6E-09 0.0046 0.00% 3.8E49 0.00% 0.00% 3.8E49 0.00% 0.00% 3.3E-15 0.00% 0.00% 
2.1E-01 100.00% 21.57% 9.2E-02 100.00% 47.54% 5.4E-01 100.00% 67.84% 5.4E-01 100.00~ 67.84% 

9.2E-02 100.00% 47.54% 5.4E-01 100.00% 67.84% 5.4E-01 100.00% 67.84% 2.1E-01 100.00% 21.57% 
NIA NIA NIA NIA I 

0.03% 2.2E-04 18.86% 0.03% 7.9E-04 21.63% 0.08% 7.9E-05 21.67% 0.04% 2.2E-04 18.86% 
7.1E-08 0.02% 0.00% 1.3E-07 0.01 % 0.00% 1.3E-07 0.01% 0.0046 7.1E-07 0.02% 0.00% 

0.12% 9.3E-04 81.13% 0.12% 2.9E-03 78.35% 0.29% 2.9E-04 78.31% 0.15% 9.3E-04 81.13% 

Affected) I Total 
Homegrown ]Arsenic NIA 

2.7E-03 100.00% 1.41% 
NIA 

O.lS%l 1.2E-03 100.00% 0.14461 3.7E-03 100.00% 0.37% 
0.00% 0.00% 

3.6E-04 100.00% 0.19961 3.6E-04 100.00% 0.19461 1.2E-03 100.00% 
4.8E-07 0.02% 0.00%l 4.8E-07 0.02% 0.00%l 1.3E-06 0.00% 0.00%1 1.3E-06 0.0046 0.00Xl 1.2E-12 

2.7E-03 100.00% 1.41% 2.7E.02 100.00% 3.42% 2.7E.02 100.00% 3.42% 2.1EM 100.00% 2.10% 
NIA NIA NIA NIA 

0.0096 2.s-10 0.00% 1 .E-16 0.00% 
3.42% I 2.7E.02 100.00% o*OO'l 3.42% 2.1EM 100.00% 2.10% 

1.3E-10 0.0096 0.00%1 1.3E-10 0.00% 0.00%1 2.z-10 0.00% 
2.7E-03 99.98% 1.41% 2.7E-03 99.98% 1.41% 2.7E.02 100.00% 
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. -  Medium Parameter 
Soil Arsenic 

Beryllium 
Thallium 

Totul 
Groundwater Arsenic 

Bery II ium 
U-Total 

TABLE B3.131 
(continued) 

On-Pr~perty %Total %Total 
Resident Medium Receptor 

Hazard Hazard Farmer(m - -  
ND 
ND 
ND 

7.9E-12 0.00% 0.00% 
5.8E-15 0.00% 0.00% 
3.5E-01 100.00% 77.42% 

On-Prop~rty %Total %Total 
Resident Medium Receptor 

Child Hazard Hazard 
7 

ND 
ND 
ND 

3.9E-11 0.00% 0.00% 
2.8E-14 0.00% 0.00% 

1.7E+00 100.00% 62.14% 

Grat %Total %Total 
M i R i v a  Medium Receptor 
R a . U s a  Hazard Hazard 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

Surface 
Toto1 3.5E-01 100.00% 77.42% 1.7E+00 100.00% 62.14% 

Arsenic NIA NIA NIA 
Beryllium NIA NIA NIA 

I ToralI 7.4E-03 100.00% 1.66Xl 2.1E-01 100.00% 7.46Xl 
BceflMilk IArsenic I NIA I NIA I NIA 

GMR Surface 
Water 
Sediment 

Homegrown 
Produce 
(Dust 
Affected) 
Homegrown 
Produce 
(Groundwater 
Affected) 
Homegrown 
Produce 

(GMR Suf. 
water Affected) 

BeeflMilk 
@Ist 
Affected) 

Bcef/Milk 
(Groundwater 

AffeUed) 

Total 
Arsenic NIA 

Toral 
Arsenic NIA 
Beryllium NIA 

Total 
Arsenic 9.8EW 89.62% 0.22% 
Beryllium 2.7E-06 0.25% 0.00% 
Thallium l . lEW 10.13% 0.02% 

Total l.lE-03 100.00% 0.24% 
Arsenic 2.8E-12 0.00% 0.00% 
Beryllium 1.4E-15 0.00% 0.00% 
U-Total 9.1E42 100.00% 20.33% 

Tor01 9.1E42 100.00% 20.33% 8.2E-01 100.00% 29.63 % 
Arsenic NIA NIA NIA 

Total 
Arsenic 3.5EW 21.86% 0.08% 2.2E-03 18.83% 0.08% NIA 
Beryllium 3.2E-07 0.02% 0.00% 1.3E-06 0.01% 0.00% NIA 
Thallium 1.2E-03 78.12% 0.27% 9.4E-03 81.16% 0.34% NIA 

Torul 1.6E43 100.00% 0.35% 1.2E42 100.00% 0.42% 
Arsenic 5.2E-13 0.00% 0.00% 3.3E-12 0.00% 0.00% NIA 
Beryllium 7.7E-17 0.00% 0.00% 3.2E-16 0.00% 0.00% NIA 
U-Total 7.4E-03 100.00% 1.66% 2.1E-01 100.00% 7.46% NIA 

(GMRW. I I 

NIA 

NIA 
NIA 

8.8E-03 89.62% 0.32% 
2.4E-05 0.25% 0.00% 
9.9EW 10.13% 0.04% 
9.8E-03 100.00% 0.35 % 
2.5E-11 0.00% 0.00% 
1.3E-14 0.00% 0.00% 
8.2E-01 100.00% 29.63% 

I 

6.1E46 100.00% 100.009l 
6.1E-06 100.00% 100.0041 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

Grat %Total %Total 
M i R i v a  Medium Reccptor 
Raid.Usa Hazard Hazard 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 

1.5E-05 100.00% 100.00% 
1.5E-05 100.00% 100.00% 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 

Gitpt %Total %Total 
M i k  Medium Receptor 

Ap.Uscr Hazard Hazard 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 

NIA 

NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

5 .7E46  100.00% 84.43% 

5.7E-06 100.00% 84.43% 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

llOE-06 100.00% 15.57% 

1.OE-06 100.W% 15.57% 
6.9Eo6 

_ _ ~  ~~ 

!ALL, MEDU 4 . M 1  2.8E+00 6.1E-06 1.5Eo5 -. - 

NIA signifies that exposure of the receptor to the indicated medium is not applicable. 
NID signifies the hazard was not calculated because toxicity data are not available. 

F E R \ c R U 2 R n A B Q W - ~ . U  MIW; 923 PM 
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June 15, 1994 0 Total estimated risk to the off-property farmer exceeded the 1.0 x 10' level due mostly to direct 

exposure to the estimated future concentrations of uranium-234 and uranium-238 itR$ in groundwater 

I 

2 

3 

4 

s 

6 

7 

8 

9 

IO 

I 1  

which accounted for about 33 . 12 

13 

14 

IS 

. 16 

17 

IS 
................................................. 

19 

m 

21 

22 

23 The only receptors associated with a ..... ... HIS greater than 1 .O we .... .... the future on-property €&MHkmx 

aid child. is 2.1 2 24 

.~~ .... ........... . .  ....... fi8 . . . . . . .  .......... i: .... ::.:; ..... ;.;::;:: ......... :.; ..... : ..... ........................ ....................... 

a 

. .  Total 

HI for the future on-property child is 8 4  2.8 due mostly to the presence of 

RWeFia4 

receptor hazard. 

which accounted for approximately 100 percent of total 

25 

26 

n 

28 

29 

u) 

31 

32 

33 
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estimated risk to future Great Miami River users f i ~~~~~~ .............................. . . . . . . . . . . . . 

1.3  :: l - 0 - m  
. .  -4 

B.3.2 SOUTH FIELD 

B.3.2.1 ExDosure Point Concentrations 

Table B.3.2-1 summarizes the exposure scenarios evaluated to assess risks associated with the South 

Field. It also summarizes derivation of exposure concentration$ specific to this subunit. With the 

fi Exposure point concentrations were derived 

from the analytical data on samples collected within the boundaries of the South Field subunit. . . . . . . . 

For groundwater exposure, data from the Inactive Flyash Pile and the South Field were combined to 

develop source terms for estimating future groundwater concentrations as described in Section 5.0 of 

this RI report. This is because the groundwater underlying and migrating from these subunits is 

closely interconnected. To assess risk due to groundwater exposures for each of these units, single 

maximum groundwater concentrations of each groundwater CPC were estimated for both the future 

off-property farmer and the future on-property farmer. It was assumed that the on-property farmer 

on the South Field and simultaneously farmed that area. 

3 Because it was assumed a home could be constructed on 

the South Field, both risks to a homebuilder and risks due to indoor radon were estimated for 

. This and other relevant information regarding exposure point concentrations for the South 

Field are summarized in Table 

1 a 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 ‘a 
18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

~ ~ ~ , “ l & O  
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B.3.2.2 Constituents of Potential Concern 

June 15. 1994 rn 
The CPCs quantified for South Field surface soil, subsurface soil, 

CPCs quantified for South Field grewt8uuitcer 

2 

are summarized in Tables B.3.2.2(a), respectively (Attachment III). 3 

are summarized in Table B.3.1-2(c) 4 

0 in Attachment I. Table B.3.2-3 summarizes CPCs for the South Field by medium. 5 

6 

B.3.2.3 Risk Characterization for Current Land Use 7 

The scenarios characterized for the South Field assuming continued DOE ownership 

products from livestock grazing off-property and from produce grown off-property ; 

groundskeeper exposed to on-site contaminant concentrations; 

8 

9 

10 

11 

12 

are a trespassing youth; the off-property farmer and resident child using food 

ftRB a user of meat and milk products from livestock grazed on- 

B.3.2.3.1 TresDassing Youth 

Risk was characterized for a trespassing youth on the South Field exposed to CPCs via ingestion and 

dermal contact with surface soil, sediment, and surface water located on the subunit; external 

radiation from exposure to on-subunit surface soil; and inhalation of on-subunit airborne soil 

particulates. Exposure point concentrations for exposure to soil, 

were based on analytical data from South Field soil samples 

13 

14 

15 

aled particulate concentration 22 

23 

24 

25 

26 Risks and hazards calculated for the trespassing youth exposed to CPCs in surface soil on the South 

). The total risk due n 

28 

29 

30 

31 Total HI did not exceed 1.0. 

cp88266 
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SOUTH FIELD 
OPERABLE UNIT 2 CONSTITUENTS OF POTENTIAL CONCERN 

Surface Soil 

arsenic 
beryllium 
lead 

cesium- 137 
neptunium-237 
plutonium-238 
plutonium-2391240 
radium-226 
radium-228 
strontium-90 
technetium-99 
thorium-228 
thorium-230 
thorium-232 
thorium-total 
uranium-234 
uranium-235/236 
uranium-238 
Aroclor-1254 
Aroclor-1260 
dieldrin 
benzo(a)anthracene 
benzo(a)p yrene 
benzo(b) fluoranthene 
benzo(g ,h ,i)perylene 
benzo(k)fluoranthene 
dibenzo(a,h)anthracene 
indeno(l,2,3cd)pyrene 
phenanthrene 

Subsurface Soil 

arSeniC 
beryllium 
lead 

cesium-137 
neptunium237 
lead-210 
plutonium-238 
plutonium-2391240 
radium-224 
radium-226 
radium-228 
ruthenium-106 
thorium-228 
thorium-230 
thorium-232 
thorium-total 
uranium-234 
uranium-235 
uranium2351236 
uranium-23 8 
uranium-total 
2-methylnaphthalen 
benzo(a)anthracene 
benzo(a)p yrene 
benzo(b)fluoranthene 
benzo(g ,h ,i)perylene 
phenanthrene 
tributyl phosphate 
octachlo-odibenzo-pdioxin 
tetrachlorodibenzofuran 
Aroclor-1254 
Aroclor-1260 
dieldrin 

FER\CRUZRIWMG\TABB.3.2.3-NEWUune9, 1994 8:41pm 

Surface Water 

usenic 
ead 

iranium-234 
iranium-2351236 
iranium-23 8 
iranium-total 
ieptanium-237 
,adium-226 
echnetium-99 
!-methylnaphthalent 
)enzo(a)pyrene 
)henanthrene 
ributyl phosphate 

Sediment 

VSeniC 
)eryllium 
ead 
lickel 
ieptunium-237 
,lutonium-238 
*adium-226 
madium-228 
itrantiurn-90 
echnetium-99 
iranium-234 
iranium-2351236 
iranium-238 
iranium-total 
)enzo(a)anthracene 
)enzo(a)p yrene 
)enzo@)fluoranthene 
)enzo(g,h,i)perylene 
)is(2ethylhexyl)phthalate 
libenzo(a,h)anthracene 
lieldrin 
bhenanthrene 

Groundwater 
(GMA) 

USeniC 
.ead 
ieptunium-237 
-adium-226 
itrontium-90 
ahnetium-99 
iranium-234 
iranium-2351236 
iranium-238 
iranium-total 
!-methylnaphthalene 
)enzo(g,h ,i)perylene 
lhenanthrene 
ributyl phosphate 
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Risks and hazards calculated for the trespassing youth exposed to CPCs in surface water on the South 

Field are presented in Table B.3.2-5 ( 

Risks and hazards calculated for the trespassing youth exposed to CPCs in sediment on the South 

Field are presented in Table B.3.2-6 ( ). The total risk was 5 2  x lo-'. This was 
-5- primarily due to h . 6  x l4 -. 

HI did not exceed 1.0. 

B.3.2.3.2 Current Off-ProDertv Farmers 

Risk was characterized for the off-property farmer and resident child contacting CPCs via inhalation 

of airborne South Field soil particulates, ingestion of airborne particulates deposited on homegrown 

produce, and ingestion of milk or beef from livestock grazing on particulates deposited on off-site 

vegetation. For all of these routes of exposure, the exposure point concentration was based on air 

modeling results as described in the methods section. 

Risks and hazards calculated for the off-property farmer and resident child exposed to CPCs in 

airborne soil migrating off of the subunit are presented in Tables B.3.2-7(a) and B.3.2-7(b), 

respectively 

exceed 1.0 for either the farmer or child. 

. Total risk did not exceed the 10" risk level and HIS did not 

Risks and hazards associated with the ingestion of CPCs in beef and milk for the off-property resident 

farmer and child are given in Table B.3.2-8(a) and B.3.2-8 

total risk for all CPCs consumed in beef and milk was 4 4  

and child, respectively. The total HIS did not exceed 1.0 for either receptor. 

Risks and hazards associated with ingestion of CPCs in homegrown produce for the off-property 

farmer and resident child are given in Tables B.3.2-9(a) and B.3.2-9(b), respectively 

). The total risk for all CPCs consumed in homegrown produce was W-8 

... for the farmer and child, respectively. Total HIS were well below 1.0 for 

both receptors. 

i a 
2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

15 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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June 15, 1994 0 B.3.2.3.3 Current User of Milk/Meat Products 

Risks and hazards were characterized for a current user of milk and meat products from livestock 

potentially grazing within the - * South Field- boundaries. 

Exposure point concentrations in beef and milk were derived from the maximum estimated m-&e @- . . . . . . . . 

#$sty ... ... :.:.:.: _.... :.:.:.:.:.-.:.:.;:.: current deposition rates of airborne South Field surface soil. 

Risk and hazard to the current user of meat and milk products are given in Table B.3. 

): Total risk to this receptor was 4.2 :: I4 due mostly to ti be&^& 
1 7 9 , .  2 A Y M 4  4 . .  A - 
x7-94 - 

10 

. Total HI was well below 1.0. I 1  

12 

B.3.2.3.4 Current GroundskeeDer 13 

14 Risks and hazards associated with the current groundskeeper are given in Table B.3.2-11 

). Total carcinogenic risk 15 

16 

17 

Total HI was below 1.0. I8 

19 

B.3.2.4 Risk Characterization for Future Land Use m 

The scenarios characterized for the South Field assuming future federal ownership are the off- 

property farmer and resident child and an expanded trespasser. 

Field assuming future private ownership are a farmer and resident child living on the South Field and 

Risks for a future perched groundwater user are not evaluated because there is 

no usable perched groundwater at the South Field. 

21 

Scenarios characterized for the South 22 

23 

a future homebuilder. 24 

25 Recreational users of the Great Miami River were 

also evaluated. 26 

27 

B.3.2.4.1 Future Off-ProDertv Farmers 28 

For the off-property farmer and resident child , risks were calculated 29 

30 for exposure to CPCs in airborne South Field soil and in groundwater underlying the South Field and 

Inactive Flyash Pile. 

consumption of homegrown produce irrigated with contaminated groundwater and on which 

Receptors are assumed to contact CPCs in air via inhalation of particulates; 31 

32 

33 contaminated airborne soil was deposited; ingestion of milk and beef from cattle grazing off-site 
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consuming vegetation on which airborne soil was deposited and drinking contaminated groundwater; 

and by ingestion, dermal contact, and inhalation of contaminated groundwater. All of the exposure 

point concentrations for this scenario were derived from air and groundwater modeling results as 

described in Section B.2.0, Methodology. 

...... 
Risks and hazards calculated for the future off-property farmer 

exposed to CPCs in airborne soil are presented in Tables B.3.2-12(a) and B.3.2-12@), 

Total risk from soil for the farmer was 6.2 

was primarily due to inhalation of radioactive CPCs; in particular, thorium-228 (1.0 x lo"), thorium- 

230 (1.2 x lod), 

associated with all other CPCs did not exceed the 10" risk level. 

-2- . Total HI did not exceed 1.0 for either the farmer or child. 

and uranium-238 (1.5 x 10"). The individual risks 
. .  

Risks and hazards associated with ingestion of CPCs in beef and milk for the future off-property 

farmer and resident child 

B.3.2-13(b), respectively 

CPCs consumed in beef and milk was 

are given in Tables B.3.2-13(a) and 

,in beef and milk. 

1 -  

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

18 

19 

20 

21 

21 

23 

24 

25 

26 

n 

28 

29 

30 

31 
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hazards associated with ingestion of CPCs in homegrown produce 

for the future off-property farmer and resident child are given in Tables B.3.2-14(a), itRB 

1 

2 

. Total risk for all CPCs 3 

consumed in homegrown produce were 

the farmer and child 5 

4 

6 

7 

8 

9 

10 

I I  

12 

13 The risks and hazards associated with exposures of the off-property farmer and resident child 

to contaminated groundwater are given in Tables B.3.2-15(a), B.3.2.- 14 

respectively ). Total risk via all routes of IS 

direct exposure to groundwater (ingestion, inhalation, and dermal contact) for the farmer is %&-I42 

and for the resident child is 2.4 x 10". Most of this risk is attributable to ingestion of the 

radionuclides uranium-234 and uranium-238. Total HI via all routes of direct exposure to 

groundwater for the farmer is less than 1.0: The child, however, is associated with a HI of 2 4  due 

to the ingestion of uranium-total. 

B .3.2.4.2 Future On-Propertv Expanded Trespasser 

Risks to the future South Field expanded trespasser were calculated for exposure to CPCs detected on 

the subunit. The expanded trespasser was anticipated to contact CPCs directly via inhalation of 

airborne particulates 

sediment, and surface water, and external radiation resulting from exposure to on-su 

and sediment. Exposure point concentrations for inhalation of airborne particles 

of soil, ingestion, and dermal contact with on-subunit 

were estimated from 4 modeling results. +Llk&e~ exposure point concentrations were 

derived from analytical data from samples taken at the South Field. 

Risks and hazards for a future expanded trespasser of the South Field exposed to CPCs in on-subunit 

). Total risk was soil and airborne particulates are given in Table B.3.2-16 

. This was primarily due to the external radiation effects of 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

3a 

31 

32 

33 
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IO'$), ingestion of 
9 benzo(a)pyrene in soil (+8&&(32j :: l-Q% 

:: Risks calculated for all other CPCs did not 

exceed the 10" risk level. Total HI did not exceed 1.0. 

Risks and hazards calculated for the future expanded trespasser exposed to CPCs in sediment located 

on the South Field subunit are presented in Table B.3.2-17 ( Total risk due to 

Risks and hazards for a future expanded trespasser exposed to surface water are given in Table 

B.3.2-18 ( 

Total HIS calculated for exposure of an expanded trespasser to CPCs found in the 

sediment, or surface water on the South Field subunit did not exceed 1.0. 

. The risk due to exposure to CPCs in surface water was 

B.3.2.4.3 Future On-Prouerty 6e&kW€& * Farmers 

RME risk estimates were calculated for the future on-property farmer and resident child with 

livestock grazing on-property and using 

by these subunits. Receptors are presumed to contact CPCs via inhalation of airborne 

oil; external radiation from soil particulates, ingestion, and dermal contact with South Field 

South Field 

groundwater and on which contaminated airborne soil was deposited; ingestion of milk and beef from 

cattle drinking contaminated groundwater and grazing on South Field vegetation on which airborne 

soil was deposited; and by ingestion, dermal contact, and inhalation of contaminated groundwater. 

Exposure point concentrations for routes of exposure using airborne particulates or groundwater were 

soil; consumption of homegrown produce irrigated with contaminated 

estimated from air and groundwater modeling. 

The RME risks and hazards for a South Field on-property farmer and resident child exposed to CPCs 

. The total RME risks were 

FERkRUZRI\TLC\APP-B\SECB3Uunc 10, 1994 9:07am B-3-45 
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1 

2 

4 % ~  the resident child 3 

4 

5 

6 

-5 -5 (1.4 x I0 - 1 . 4  x l.Q)4r-h&& 
3-7+&4)242 . . . .  - 

1 5 -  

pthway- Total HIS did not exceed 1.0 for any single CPC, or the sum of CPCs, across pathways 

for exposure of either a future on-property farmer or resident child to CPCs in soil. 

Risks and hazards associated with exposure to contaminants in groundwater for the RME €&we 

farmer on-property farmer and e q w y w t y  resident child are given in Tables B.3.2-20(a) and 

B .3.2-20(b), respectively 

the RME farmer and resident child. Total risk for the farmer was 1.1 x lo3 due to ingestion of 

uranium-234 and uranium-238. Total risk for the resident child was 4.7 x 10” due to ingestion of the 

same compounds. Total His 

the presence of uranium-total 

exceeding 1.0 x 10“ f i s h  are indicated for both 

for the farmer and child, respectively, due to 

. ..... 

Risks and hazards associated with exposure to contaminants in homegrown produce for the RME 

farmer and resident child are given in Tables B.3.2-21(a) and B.3.2-21(b), respectively 

). The risk associated with homegrown produce for the farmer was 
the resident child was 4 4 - ~ 4 4 3 ?  . This was mostly due to the estimated presence of 

1 

8 

9 

10 

I I  

12 

13 

14 

IS 

16 

17 

18 

19 

m 

21 

22 

23 

24 

25 

26 

in produce. The HI exceeded 1.0 for both the n 

28 

uptake of uranium-total into irrigated plants. 29 

30 

. Risks and hazards associated with exposure to contaminants in beef and milk for the RME farmer and 

resident child are given in Tables B.3.2-22(a) and B.3.2-22(b) 

31 

32 

33 risk associated with beef and milk for the farmer was &l-+&Q 
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7.313 x ips. This is largely due to the uptake of 

44Ws by livestock 

was below 1.0, &+he child. 4 + & & ~ & 4  

CT estimates of risk for the future on-property resident farmer associated with exposures to surface 

soil, groundwater, homegrown produce, and beef and milk are given in Tables B.3.2-23, B.3.2-24, 

homegrown produce is x lo”, and beef and milk is tM+&I? 

uptake into irrigated plants and by watered livestock. Total HI for ~B+H&WW 

B.3.2.4.4 Future On-Propertv (South Field) Homebuilder 

Risks were calculated for a future homebuilder ingesting, inhaling, or coming into dermal contact 
with $$$& . . . . . . . . . . . . . . . . . . . . . . . . . . . . , subsurface soil within the South Field. The risk of external radiation resulting from 

. . . . . . . . . . . . . . . . . . . . . . . ...,.,...,. . . . . . . . . . . . . . . . , . . . . . . . . 

exposure to subsurface soil was also determined. 

The risks and hazards for an on-property homebuilder exposed to contaminated subsurface soils while 

building a home on the South Field are given in Table B.3.2-27 

. HI did not exceed 1.0 for any individual CPC. 

B.3.2.4.5 Future Great Miami River User 

- 2  

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

19 

20 

21 

22 

23 

24 

25 

26 
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30 
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. . . . . . . , . . . ,.,.,.._ . . . . . . . . . . . - 
9 

10 

I I  

12 

13 

14 

. . . . . . . . . . pg . .. 

. .”. I ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

B.3.2.5 Risks Due to Estimated Radium-222 Emission 

Concentrations of indoor air radon at the South Field were estimated from South Field subsurface soil 

radium-226 concentrations as described in Attachment I. The results shown in Table B.3.2-30, 

indicate that potential residents of a structure built on a slab-type foundation have a considerably 

higher risk than residents of a structure with a basement; this is due to surface soil concentrations of 

radium-226. Carcinogenic risk associated with a house on a slab foundation are 4.2 x for a 

child, 4.9 x 10” for the CT scenario, and 4.9 x 10’ for the RME resident. For future residents 

dwelling in a house with basement, the risk to a child would be 1.9 x with 2.3 x 10” risk to the 

CT resident, and 2.3 x 10” risk to an RME resident. For comparisons, the RME resident 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

carcinogenic risk based on the EPA action level of 4 pCi/L (ASTDR 1990) is presented. 

would be 1.1 x lo-’. The higher risk associated with the slab foundation is primarily due to the 

higher permeability of the surface soil compared to the subsurface soil (see Solid Waste Landfill 

The risk 26 

n 

28 

29 

M 

results where the surface and subsurface permeabilities are similar. 

Ambient outdoor radon emissions potentially associated with the South Field, estimated as described 

in Section B.2.0, are summarized in Table B.3.2-31 for each receptor. 

31 

Risks that would result at the 32 

33 South Field assuming radon emission were equivalent to what would naturally occur if radium-226 

F E R \ C R U ~ R J \ ~ ~ C \ A P P - B \ S E C B ~ U U ~ C  IO. 1994 9:07am B-3-48 0082’75 



5660 
FEW-OUO2-5 DRAFT 

TABLE B.3.2-30 

CARCINOGENIC RISK ASSOCIATED WITH 
INDOOR RADON: SOUTH FIELDa 

May 13, 1994 a 

RME Risk-based on EPA 
TvDe Structure RME CT Child Action Levelb 

House on Slab 4.9 x 4.9 x 103 4.2 x 10-3 1 . 1  x 

House with 
Basement 2.3 x 10' 2.3 x 10-7 1.9 x 10-7 1 . 1  x 

aResults obtained from Indoor Radon Modeling Studies (Attachment I) using radon-226 concentrations 
in South Field subsurface soil 

bEPA Action level of 4 pCi/L (ASTDR 1990) 

@g382'SG 
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Trespassing 
Youth 

CurrentlFuture 
Off-Property 
Farmer 

CurrendFuture 
Off-Property 
Child 

Current 
Groundskeeper 

Future 
Expanded 
Trespasser 
(Adult + Child) 

Future, RME 
On-Property 
Fanner 

Future. CT 
On-Property 
Farmer 

E-' . 
\' 
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TABLE B.3.2-31 
SOUTHFIELD 

RISKS DUE TO -TED RN-222 EMISSION 

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

daximum RN-222 
i r  Concentration 
3ci/m3)* 

i ..... .: .................... in.. ..... ..... . ............ 

On-Property 

*Value represents mal 

7.7E+ 01 

4.9E+00 

4.9E+00 

7.7E+01 

7.7E+01 

6.8E + 0 1 

6.8E+01 

6.8E+01 
: h u m  surface sc 

1.6E+O 

5.7E+O 

l.OE+O 

1.4E+O 

2.5E+O 

7.8E+O( 

5.8E+O. 

1.4E+O: 
lit of 30.8 

. . . . . . . . . . . . . . . . ........ . ..... -...-.-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... n.. '.~.'...........'.".: . . . . . . . . . . . . . . . . . . 

Risk 

1.2E-06 

4.4E-06 

7.9E-08 

1 .OE-05 

1.9E-06 

6.0E-05 

4.5E-06 

l.lE-06 
i/g . 

3ackground RN-222 
4ir Concentration 
pCi/m3)** 

3.4E+00 

2.2E-01 

2.2E-01 

3.4E+00 

3.4E+00 

**Assumes RA-226 concentration is 1.228 pCi/g in surface soil and 0.78 pCi/g in subsurface soil. 

- fM ::.:.:.:, ...... ...... in.. ..... . . . . . . . 

ntake 
PCi) 

7.OE+O 

2.5E+O 

4.5E+O 

5.9E+O 

I.lE+D 

3.4E+O: 

1.5E+@ 

5.2E+O: 

........... - ....................... . . . . . . . . . . . . . . . . ... 

. . __ . . .._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
P 

Risk 

5.4E-08 

1.9E-07 

3.5E-09 

4.6E-07 

8.5E-08 

2.6E-06 

2 .OE-07 

4.8E-08 
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were present at background concentrations are presented for comparison. Risks exceeding 1.0 x 10" 

were associated with future on-property farm receptors (RME farmer, CT farmer, and child). The 

risks calculated were about 20 times what could be expected if radium-226 were present at the South 

Field at background concentrations. 

B.3.2.6 Summary for South Field 

Tables B.3.2-32 and B.3.2-33 summarize risk and hazard, respectively, associated with the South 

..... 

Total HI for this receptor was less than 1.0. 

Total carcinogenic risk to the trespassing youth was . This was due mostly to 

sediment which accounted for approximately 

..... 

For the off-property farmer and &+mpeay resident child, total risks were &k-M2 

, respectively, due primarily through the ingestion of beef and mil 
/1 '1 Y 
\"a n re2k 

A x Total HIS for both farmers were less than 1.0. 

milk and meat wef, total risk was 4.5 x lod, due primarily to 

(1.7 x 10") and benzo(a)pyrene (1.5 x 10") 
f <; '$7) "8 

,& A 
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Total HI for this receptor was less 

Tables B.3.2-34 and B.3.2-35 summarize risks and hazards, respectively, associated with the South 

Field for receptors assuming future land use. The greatest risks were associated with the on-property 

for was attributable to 

the future estimated concentrations of uranium-234 and uranium-238 

. . . . . . . . . 

due to the estimated future presence of uranium-total in groundwater. 

a 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I  

12 

13 
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IS 

16 . 
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23 
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TABLE 8.3.2-34 
FUTURELANDUSE 
SOUTH FIELD 

SUMMARY OF nrrAL CARCJNOCENIC RISK 

Risk 
0.00% 
0.00% 

0.00% 
0.0046 

0.08% 
0.00% 

0.00% 
0.0046 
0.13% 
0.15% 
0.16% 
0.08% 
0.01% 
0.18% 
0.78% 

- 

0.10% 
0.00% 
0.05% 
0.00% 
0.00% 
0.01% 
0.01% 
0.00% 
0.00% 

0.19% 

~- - 
June 15. 1994 

builder 
5.7E-08 
2.9E-08 
3 . 3 W  
6.4E-09 
4.0E-09 
1.9E-08 
2.6E-06 
5.9E-U7 
1 .OE- 

1.6E-06 
5.1E-07 
2.1E-06 
3.2E-07 
2.0E-07 
8.2E07 
9.2E-06 

3 . O W  
6.3848 
l.lE-06 
l.lE-08 
1.2E-07 
1.2E-08 

5 . 9 W  

1.m 

4.4E-08 
2 . m  
2.3E-06 

- Medium 
Surf= SOU 
Air 

I TOra 

paramcta 

CS-137 
NP-237 
PB-210 
PU-238 
PU-239l240 
RA-224 
RA-226 
RA-228 
RU-106 
SR-90 
TC-99 
TH-228 
TH-230 
TH-232 
U-234 
U-235/236 
U-238 
T d  Radiological Rki 

Aroclor-1254 
Aroclor-1260 
Arsenic 
Benda)anthraccm 
Benzo(alPYm= 
Benzo(b)flUOrantheae 
Benzo(L)tluoranthcne 
Beryllium 
Dib=da.h)- 
Dieldrin 
MW1.2.3al)PYnne 
~chlolodianzo-pdioxin 
T c a a C h l O l O d i i ~  

To& C&micul Rk 

%Total %Total 
kpandcd Medium Rcaptor 
reSDaSSrn 

4.5E-07 
4.3E-08 

9.8E- 10 
6.6E-10 

8.3E-05 
5 .OE-06 

1.9E-09 
6.1E.09 
1.1E45 
1.9E-08 
1 SE-05 
1.2E-08 
9.6E-08 
1 .7Em 
1 . 2 m  

5.2E-07 
3 .OE-07 
4.3E-07 
1.9E-07 
3.3E-06 
2.2EM 
2.6E48 
1.9E-07 
6 . M  
9.2E-08 
2.1E-07 

6.1E-06 

Risk 
0.37% 
0.04% 

0.00% 
0.00% 

68.57% 
4.15% 

0.00% 
0.00% 
9.09% 
0.02% 

12.49% 
0.01% 
0.08% 
0.14% 
94.96% 

0.43% 
0.25% 
0.35% 
0.16% 
2.70% 
0.18% 
0.02% 
0.16% 
0.55% 
0.08% 
0.17% 

- 

5.04% 

Risk 
0.32% 
0.03% 

0.00% 
0.00% 

59.89% 
3.62% 

0.00% 
0.00% 
7.94% 
0.01 % 

10.91 % 
0.01 96 
0.07% 
0.12% 

82.94% 

0.37% 
0.22% 
0.31% 
0.14% 
2.36% 
0.16% 
0.02% 
0.14% 
0.48% 
0.07% 
0.15% 

- 

4.404 
1.2E44 100.00% 87.34% 

Re. hnncr 
p i v .  Ow.1 

2.9E-11 
1.9E-08 

1.4E-08 
8.7E-09 

6.5EM 
8.1E-09 

3.OE-10 
3.5E-09 
1 .OE-06 
1.2E-06 
1.3E-06 
6.8E-07 
6.7E-08 
1 SE-06 
6.58-06 

1.8E-07 
5.7E-09 
9.6E-08 
6.4E-09 

.7.5E-10 
1.3E-08 
2.0E-08 
2.7E-10 
6.2E-09 

3.3E-w 

Risk - 
0.00% 
0.27% 

0.20% 
0.13% 

9.54% 
0.12% 

0.0046 
0.0541 

15.26% 
17.72% 
19.47% 
9.%% 
0.98% 

21.41% 
95.12% 

2.70% 
0.08% 
1.42% 
0.09% 
0.01% 
0.20% 
0.29% 
0.00% 
0.09% 

4.88% 

Risk 

0.02% 

0.01 % 
0.01 5% 

0.61% 
0.01 % 

0.00% 
0.00% 
0.97% 
1.13% 
1.24% 
0.63% 
0.06% 
1.36% 
6.04% 

- 
0.00%' 

0.17% 
0.01% 
0.09% 
0.01 7% 
0.00% 
0.01 % 
0.02% 
0.00% 
0.01 % 

0.31% 
6.8E-06 100.00% 6.35% 

ff-Ropen %Total %Total 
a.hnncr Medium Receptor 
w. Own.1 
2.9E-11 
1.9E48 

1.4E-08 
8.7E-09 

6.5EM 
8.1E-09 

3.OE-10 
3 SE-09 
1 .OE-06 
1.2E-06 
1.3E-06 
6.8EM 
6.7E48 
1 SE-06 
6.5E-06 

1.8EM 
5.7E49 
9.6E-08 
6.4E- 

1.3E-08 
2 .OEa 
2.7E-10 
6.2E-09 

7.5E-10 

3.3EM 

Risk 
0.00% 
0.27% 

0.20% 
0.13% 

9.54% 
0.12% 

0.00% 
0.05 % 

15.26% 
17.72% 
19.47% 
9.96% 
0.98% 

21.41 % 
95.12% 

- 

2.70% 
0.08% 
1.42% 
0.09% 
0.01 % 
0.20% 
0.29% 
0.0096 
0.09% 

4.88% 

Risk 
0.00% 
0.02% 

0.01% 
0.01% 

0.61 % 
0.01% 

0.00% 
0.00% 
0.97% 
1.13% 
1.24% 
0.63% 
0.064 
1.36% 
6.04% 

- 

0.1741 
0.01 4 
0.094 
0.01 4 
0.0041 
0.01 4 
0.024 
0.009 
0.01 4 

0.31 9 
6.8E-06 100.00% 6.354 

Off-Roperty %Total %Total 
Rts. child 

p i v .  om.) 
5.2E-13 
3.4E-10 

2.5E-10 
1.6E-10 

1.2E-08 
1 SE-10 

5.4E-12 
6.4E-11 
1.9E-08 
2.2E-08 
2.4E-08 
1.2E-08 
1.2E-09 
2.6E48 
1.2E-07 

1.6E-08 

8.2E-09 
4.8E- 10 

5.4E- 10 
6.4E-11 
l.lE-09 
1.7E49 
2.3E-11 
5.2E- 10 

2.8E48 

M e d i i  Raccptor 
Risk - 

0.00% 
0.23% 

0.17% 
0.11% 

8.09% 
0.10% 

0.00% 
0.04% 

12.95% 
15.03% 
16.51 % 
8.44% 
0.83% 

18.17% 
80.69% 

10.68% 
0.33% 
5.61 4% 
0.37% 
0.04% 
0.78% 
1.14% 
0.02% 
0.36% 

19.31% 

Risk 
0.0046 
0.00% 

0.00% 
0.00% 

- 

6.08% 
~..oo% 

0.00% 
0.00% 
0.13% 
0.15% 
0.16% 
0.08% 
0.01% 
0.18% 
0.78% 

0.10% 
0.00% 
0.05% 
0.00% 
0.00% 
0.013 
0.01 41 
0.00% 
0.00% 

0.193 
1.5EM 100.00% 0.9741 

%Total %Total ff-~opm %Total %Total 
k . c h i l d  Medium Receptor Home- Medium Receptor 
+d.orae) gi& 

1.SE-14 0.00% 
9.68-12 0.23% 

7.OE-12 0.17% 
4.4E-12 0.11% 

3.3E-10 8.08% 
4.1E-12 0.10% 

1.5E-13 0.0046 
1.8E-12 0.04% 
5.3E-10 12.93% 
6.2E-10 15.04% 
6.7E-10 16.49% 
3.SE-10 8.45% 
3.4E-11 0.83% 
7.4E-10 18.18% 
3.3E.09 80.66% 

4.4E-10 10.69% 
1.3E-11 0.33% 
2.3E-10 5.62% 
1.5E-11 0.37% 
1.8E-12 0.04% 
3.2E-11 0.78% 
4.6E-11 1.14% 
6.4E-13 0.02% 
1.5E-11 0.36% 

7.9E-10 19.34% 

Risk 
0.50% 
0.25% 
2.92% 
0.06% 
0.04% 
0.16% 
22.44% 
5.20% 
0.01 5% 

- 

13.85% 
4.43% 

18.66% 
2.82% 
1.76% 
7.18% 

80.28% 

2.67% 
0.55% 
9.46% 
0.10% 
1.01 % 
0.11% 

5.14% 

0.11% 

0.38% 
0.19% 

19.72% 

Risk 
0.50% 
0.25% 
2.924; 
O.MR 
0.04% 
0.16% 

22.44 % 
5.20% 
0.01 % 

- 

13.85% 
4.43% 

18.66% 
2.82% 
1.76% 
7.18% 

%0.28% 

2.67% 
0.55% 
9.46% 
0.10% 
1.01 % 
0.11% 

5.14% 

0.11% 

0.38% 
0.19% 

19.72% 
4.1E-09 100.00% 0.97961 1.1E-05 100.00% 100.00% 
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parameter 
CS-137 
NP-237 

PU-238 
PU-2391240 

RA-226 
RA-228 

SR-90 
TC-99 
TH-228 
TH-230 
TH-232 
u-234 
U-2351236 
U-238 
Total Radiological Rirl 

Aroclor-1254 
Aroclor-1260 
Arsenic 
Benzo(a)- 
Benzo(a)pyrm 
Benzo(b)fluoranthem 
B ~ ) f l u o r a n t h e n e  
Beryllium 
DhemWO- 
Dieldrin 
1 ~ W 1 . 2 . 3 - C d ) P m  

Total Qlanical Riri 

TABLE B.3.2-v 
(Continued) 

On-RopaTy %Total %Total 
Resideat Medium Reccptor 

4.2EM 0.36% 0.12% 
4.3846 0.04% 0.01% 

Risk - Risk g n n c r ~  - 

3.0E-07 0.00% 0.0096 
2.0E-07 0.00% 0.00% 

7.8E-03 68.39% 23.18% 
4.7E-04 4.12% 1.40% 

2.6E-07 
8.7E-07 
1 .OE-03 
1.7E-05 
1.4E43 
9.9E46 
9.8E-06 
3.5E-05 
1.1E42 

6.0E-06 
3.5E46 
3.5E-05 
2.0E45 
3.4E-04 
2.2E45 
2.6E-06 
2.0E-05 
6.9E-05 
1.2E-06 
2.2E-05 

0.0096 
0.01 7% 
9.14% 
0.15% 

12.55% 
0.09% 
0.09% 
0.31% 
95.25% 

0.055% 
0.03 % 
0.31% 
0.17% 
2.98% 
0.20% 
0.02% 
0.18% 
0.60% 
0.01 % 
0.19% 

0.00% 
0.00% 
3.10% 
0.05% 
4.25% 
0.03% 
0.03 % 
0.10% 

32.28% 

0.02% 
0.01 % 
0.10% 
0.06% 
1.01 % 
0.07% 
0.01 % 
0.06% 
0.20% 
0.00% 
0.06% 

5.4E-04 4.75% 1.61% 
1.1E42 100.00% . 33.89% 

)n-Propaty %Total %Total 
Resident M d N m  Receptor 

3.5E-06 0.37% 0.17% 
3.5Em 0.04% 0.02% 

'armer(crJ @sJ 

1.9E-08 0.00% 0.00% 
1.3E-08 0.0046 0.00% 

6.5E44 69.79% 31.68% 
3.9EM 4.22% 1.92% 

1.2E-08 
4.3E-08 
8.7EQ5 
1.3E46 
1.2E-04 
7.2E-07 
8.1E-07 
2.7E46 
9.0E4M 

1 .5Em 
8.5E-08 
1.7E-06 
9.5EU7 
1.6EM 
1.1E-06 
1.3E-07 
9 . w  
3.3E-06 
3 . O m  
1 .OE- 

0.00% 
0.00% 
9.36% 
0.14% 

12.85% 
0.08% 
0.09% 
0.29% 

97.24% 

0.02% 
0.01 % 
0.18% 
0.10% 
1.75% 
0.12% 
0.01 % 
0.10% 
0.35% 
0.00% 
0.11% 

0.00% 
0.00% 
4.25% 
0.06% 
5.84% 
0.04% 
0.04% 
0.13% 

44.15% 

0.01 R 
0.00% 
0.08% 
0.05% 
0.80% 
0.05% 
0.01 % 
0.05% 
0.16% 
0.00% 
0.05 % 

2.6E45 2.76% 1.26% 
9.3E-04 100.00% 45.40% 

3n-prOQaty %Total %Total 
Resident Medium Receptor 

Risk - Child - 
3.1E-06 0.30% 
3.1E-07 0.03% 

1.4E-08 0.00% 
9.5E49 0.00% 

5.9E-04 55.96% 
3.5E-05 3.36% 

2.4E-OS 0.00% 
7.9E-OS 0.01% 
7.7E45 7.38% 
3.8E-07 0.04% 
l.lE-04 10.15% 
2.3E-07 0.02% 
6.9E-07 0.07% 
1.5E46 0.14% 
8.1~- 77.46% 

1.4E46 0.13% 
7.9E-07 0.08% 
1.4E-05 1.37% 
8.8E-06 0.84% 
1.5E-04 14.37% 
9.9E-06 0.95% 
1.2E-06 0.11% 
8.9E46 0.85% 
3.0E-05 2.90% 
2.8EU7 0.03% 
9.6E-06 0.92% 

2.4E-04 22.54% 

@sJ 
0.03 % 
0.00% 

0.00% 
0.00% 

6.34% 
0.38% 

0.00% 
0.00% 
0.84% 
0.00% 
1.15% 
0.00% 
0.01 % 
0.02% 
8.77% 

0.01 % 
0.01 % 
0.15% 
0.10% 
1.63 % 
0.11% 
0.01 % 
0.10% 
0.33% 
0.00% 
0.10% 

2.55% 
1.OE-03 100.00% 11.32% 

Great %Total %Total 
liamiRiv Medium Receptor 
kec. user - Risk 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Grcat %Total %Total 
;iamiRiv Medium Receptor 
sid.use @sJ - Risk 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Grcat %Total %Total 
[iamiRiv Medium Reccptor 
sg. uscr @sJ - Risk 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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paramcta 
Np-237 
PU-238 
RA-226 
RA-228 
SR-90 
TC-99 
U-234 
U-2351236 
U-238 

Total Rndiblogical Risk 

Benzo(a)PyrcoC 
'Beazo(b)ffuOranthelle 
ArscniC 
Beryllium 
Benzoo- 
Dieldrin 
Dibtnzo(a.h)anthrwm 

Total C?umid Risk 
Toral 

NP-237 

U-2351236 

%Total %Total 
Expanded M e d i i  Rcccptor 
r m D a s a  - Risk 

6.6E-09 0.04% 0.00% 

1.3E-05 89.14% 9.51% 
8.1E-07 5.41% 0.58% 

1.OE-10 0.00% 0.0096 

2.2E-11 0.00% 0.00% 
3.2E-10 0.00% 0.00% 
5.3E-10 0.00% 0.00% 
1.4E-08 0.10% 0.01% 
2.3E-08 0.16% 0.02% 
1.4E-05 94.85% 10.12% 
4.9E-07 3.30% 0.35% 
3.2E-08 0.22% 0.02% 
8.5E-08 0.57% 0.06% 
2.9E-08 0.19% 0.02% 
2.9E-08 0.19% 0.02% 

9.9E-08 0.67% 0.07% 
7.7E-07 5.15% 0.55% 
1.5E-05 100.00% 10.67% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

5.5E-10 0.00% 0.00% 

%Total %Total 
Medium Receptor 

Risk - Risk - 
Ofi-Ropeny 
Rn. Eumcr 
p i v .  oaa) 

NIA 
NIA 
NIA 
NIA 
NIA 
.N/A 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.0E-09 0.01% 0.009 
4.0E-09 0.01% 0.009 
6.2E-08 0.11% 0.06% 
1.9E-05 33.45% 17.559 
1.OE-06 1.78% 0.944 
3.6E-05 64.64% 33.914 
5 . 6 E M  100.00% 52.464 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

TABLE 8.3.2-34 
(continued) 

5660.  

lff-Ropcn %Total %Total 
a.Fumn Medium Receptor 
Fed.oam.) RiSlr - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.0E-09 0.01% 0.009 
4.0E-09 0.01% 0.009 
6.2E-08 0.11% 0.069 
1.9E-05 33.45% 17.554 
1.0E-06 1.78% 0.944 
3.6E-05 64.64% 33.91% 
5.6E-05 100.00% 52.464 

RES. child 
p v .  h . 1  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Medium Racptor 
Risk - Risk - 

1.3E-10 0.01% 0.004 
1.E-10 0.01% 0.00% 
2.7E-09 0.11% 0.024 
8.1E-07 33.45% 5.384 
4.3E-08 1.78% 0.294 
1.6E-06 64.64% 10.394 
2.4E-06 100.00% 16.084 

ff-propCn %Total %Total 
k.child Medium Rcceptor 
W . h . )  gsJ 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

1.3E-10 0.01% 0.004 
1.7E-10 0.01% 0.00% 
2.7E-09 0.11% 0.06% 
8.1E-07 33.45% 19.05% 
4.38-08 1.78% 1.02% 
1.6E-06 64.64% 36.814 
2.4E-06 100.00% 56.954 

%Total %Total 
Home Medium Racptor 
- builder &is& j& 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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TABLE B.3.2-34 
(Coatinu* 

Groundwater 

> 

1 
FEMP-OUOZ-5 DRAFT 

rota 
NP-237 
SR-90 
TC-99 
U-234 
U-235/236 
U-238 
Total Radiological Rid 

June 15, 1994 

Faramam 
NP-237 
PU-238 
RA-226 
RA-228 
SR-90 
TC-99 
u-234 
U-2351236 
U-238 

Benzo(aMyrenc 
Bcnzo(b)fluoranthem 
Arsenic 
Beryllium 
Benzo(a)- 
Dieldrin 
Diknzo(a. h)anrhracme 

Total Radiological Rid 

Total Qlanicnl Rid 

On-Property %Total %Total 
Resident Medium Receptor 

Risk - Risk ‘anmr (RME) - 
NIA 
NIA 
NIA 
N IA  
NIA 
N IA  
N IA  
N IA  
N IA  

N IA  
N IA  
NIA 
N IA  
N IA  
N IA  
N IA  

2.0EM 0.02% 0.00% 
4.8E-08 0.00% 0.009 
1.2EM 0.01% 0.009 
3.7E-04 33.52% 1.099 
2.0E-05 1.79% 0.061 
7.1E-04 64.66% 2.114 
l.lE-03 100.00% 3.264 

h-Roperty %Total XTotal 
Raidera Mcdium Receptor 

k l n c r ( ~  m - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

1.2E48 0.02% 0.004 
2.9E49 0.00% 0.004 
7.OE49 0.01% 0.004 
2.2E4E 33.52% 1.089 
1.2E-06 1.79% 0.06% 
4.3E45 64.66% 2.094 
6.6EM 100.00% 3.239 

h-Propcrty %Total %Total 
Resident Medium Receptor 

Risk - Risk - Child 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

- 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

8.8849 0.02% 0.004 
2.1E49 0.00% 0.004 
5.0E49 0.01% 0.004 
1.6E-05 33.52% 0.174 
8.4EM 1.79% 0.014 
3.0E-05 64.66% 0.334 
4.7E-05 100.00% 0.519 

Great XTotal %Total 
h l l i R i V  Medium -tor 
Rec. User && w 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Great %Total %Total 
liamiRiv Medium Receptor 
esid. Use m - Risk 

NIA  
N IA  
N IA  
N IA  
N IA  
N IA  
NIA 
NIA 
N IA  

NIA 
N IA  
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Great %Total %Total 
IiamiRiv Medium R a q t o r  
4g. usa gisJ !z& 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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TABLE 8.3.234 

Medium - 
surfax 
W m  

GMR 
Surface 
W e  

paramacr 
w-237 
'U-238 
tA-226 
tA-228 
iR-90 

J-234 
5-2351236 
$238 

rc-99 

Total Radiologcal Rirh 

9rsenic 
3enzo(a)anthraCene 

3enzo(b)fluoranthene 
Beryllium 
Dibenzo(a. h)anthracene 
Dieldrin 

3enzo(a)pYrrnC 

Totnl Qlunical Rid 
rota 

NP-237 
PU-238 
RA-226 
RA-228 
PR-90 

u-234 
U-2351236 
U-238 

rc-99 

Total Radiological Rid 

Arsenic 
Beryllium 
Benzo(a)anthracene 
Benzo(a)Pyrc= 
Bcnzoo*- 
w2-mYkw- 
Dibaw(a,h)anhracene 
Dieldrin 

T d  aemicd Rid 
Tota 

%Tots %Tota l  
3npanded Medium 

3.8E-09 0.46% 

9.3E-08 11.18% 
1.5E-09 0.18% 
9.1E-10 0.11% 
4.7E-07 56.97% 
4 . 9 m  5.88% 
4.3E-09 0.52% 
9 . 2 E 8  11.09% 
7.2E-07 86.40% 

'rcSDasSer && 

1 .OE-10 0.01 % 

2.78-08 3.30% 
4.1E-09 0.50% 
3.0E-08 3.56% 

1.2E-08 1.46% 
6.1E-09 0.73% 
3.3E-08 4.00% 
1.1E-07 13.60% 

5.OE-10 O.M% 

R q t o r  
Risk 
0.0096 
0.00% 
0.07% 
0.00% 
0.00% 
0.34% 
0.04% 
0.00% 
0.07% 
0.52% 

0.02% 
0.00% 
0.02 % 
0.00% 
0.01% 
0.00% 
0.02% 
0.08% 

- 

8.3E-07 100.00% 0.6046 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

W-ROpny %Total %Total 
Rcr.hrmtr Medium Racptor 

Risk p i v .  own.) Risk - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

(continued) 
ff--~opn %Total %Total 
a.Fvmcr M e d i i  Receptor 
+d.ovm.~ RisJ - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Off-Ropmy %Total %Total 
&.child M e d i i  Rcccptor 

Risk - Ipriv. 0am.l - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

ff--Ropen %Total % T d  
h.Qild Medium Receptor 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

%Total %Total 
Horn  dim Rcceptor - builder Risl: @J 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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Watn 

TABLE B.3.%34 

PU-238 
RA-226 
RA-228 
SR-90 
Tc-99 
u-234 
U-235I236 
U-238 

Total Radiological Risk 

Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrme 
Benm(b)fluoranthene 

Dibenzo(a. h)anthracene 
Dieldrin 

Berylhm 

Total chrmicol R i s k  
I Tota 

GMR INP-237 
Surface 
Water 

PU-238 
RA-226 
RA-228 
SR-90 
TC-99 
U-234 
U-2351236 
U-238 

Total Radiological Risl 

On-property %Total %Total 
Resident Medium Reaptor 

Risk - Risk : a r m e r o  - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

h-Ropcrty %Total %Total 
Raidem Medium Reaptor 
armer(cl2 !z& - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Resident Medium Receptor 
Risk - Risk - Child 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

- 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Great %Total %Total 
iiamiRiv M e d i i  Receptor 
:ec.user !ti& - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

1.0E-08 0.25% 0.259 

1.3E-06 30.40% 30.40% 
2.1E48 0.49% 0.49% 
7.6E-07 17.95% 17.954 
2.0E-06 46.33% 46.339 
2.6E-08 0.63% 0.639 
2.38-09 0.05% 0.059 
5.OE48 1.19% 1.199 
4.1E-06 97.31% 97.319 
1.8E-10 0.00% 0.009 

7.2E-10 0.02% 0.029 

2.OE-11 0.00% 0.009 
4.1E-10 0.01% 0.019 
6.4E-08 1.51% 1.519 
1.1- 0.03% 0.039 

4.8E48 1.14% 1.149 

l.lE-07 2.69% 2.699 
4.2E-06 100.00% 100.009 

1.5E-14 0.00% 0.009 

1.9E-12 0.00% 0.009 

Great !%Total %Total 
IiamiRiv Medium Reccptor 
aid. use !z& !z& 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

2.6E-10 
7.1E-12 
6.3E-09 

6.2E-09 
3.2E-08 
3.3E-09 

6.2E-09 
5.5E-08 

1 .OE-10 

2.9E-10 

0.41 % 
0.01% 

10.10% 
0.16% 
9.94% 

51.33% 
5.21% 
0.46% 
9.86% 

87.49% 

- 
0.41% 
0.01 % 

10.10% 
0.16% 
9.94% 

51.33% 
5.21% 
0.46% 
9.86% 

87.49% 
1 .OE-09 
5.1E-10 
4.4E-10 
3.2E-09 
5.4E-11 
2.6E-11 
6.6E-10 
2 . 0 w  
7.9E-09 
6.3E48 

1.59% 
0.81% 
0.71% 
5.05% 
0.0996 
0.04% 
1.04% 
3.18% 

12.5 1 X 
100.00% 

1.59% 
0.81% 
0.71% 
5.05% 
0.09% 
0.04% 

3.18% 
12.51% 

100.00% 

, 1.04% 

Great %Total %Total 
[ iamisv Medium Reccptor 
Q.USer - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

B-3-72 



d .'J 5 

dMP-OUO2-5 D 

- Medium 
Horngrown 
RoQa 

@ust 
Affeuat) 

R o m g r o ~  
Rodua 
(Grouadwater 

Affeued) 

June 15, 1994 

paramacr 
CS137 
NP-237 
PU-238 
PU-239r240 
RA-226 
RA-228 
SR-90 
Tc-99 
TH-228 
TH-230 
TH-232 
U-234 
U-235/236 
U-238 

Total Rndiologicul Rid 
Aroclor- 1254 
Aroclor- 1260 
Arsenic 
Benzoo- 
Benzoopyrrnc 
Benzo(b)fluoranthcne 
Benm@)fluoranthene 
Beryllium 
D ~ a , h ) ~  
Dieldrin 
I n d d 1 . 2 . W F  

Total Chemical Risi 
Toto 

NP-237 
SR-90 
TC-99 
u-234 
U-235l236 
U-238 

TABLE B.3.2-34 

PU-238 

Aff-a-0 SR-90 
TC-99 
U-234 
U-235L236 
U-238 
Total ihablogicd Rix 

v 
Ixpandai Mcdium Rcceptor 
rcSPaOSQ - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA . 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
. NIA 
NIA 
NIA 
NIA 

Ra. Fumn 
p v .  own.) 

7.6E- 10 

9.8E-10 
6.E-10 
9 . 5 m  
1 SE-08 
2.5E-09 
7.4E-09 
9.2E-09 
7 .OE-09 
2.7E-08 
5.3E-09 
5.5E-10 
1 .OE-08 
1 .OE- 
5.6E-08 
1.4E-08 
3.4E-07 
9.2E-08 
1 S E a  
1 .OEm 
1.2E-08 
9.3E-08 
3 .OE-07 
1.2E-08 
9.6E-08 
2.6E46 

1.8E-09 

Off-Ropecty %Total %Total 
Medii  Raeotor 

Risk - 
0.02% 
0.05% 
0.03% 
0.02% 

25.79% 
0.40% 
0.07% 
0.20% 
0.25% 
0.19% 
0.72% 
0.14% 
0.01% 
0.27% 

28.18% 
1.51% 
0.39% 
9.13% 
2.51% 

41.53% 
2.72% 
0.33% 
2.53 % 
8.24% 
0.32% 
2.60% 

71.82% 

- Rdk 
0.00% 
0.00% 
0.00% 
0.00% 
0.88% 
0.01 % 
0.00% 
0.01 % 
0.01 % 
0.01 % 
0.02% 
0.00% 
0.00% 
0.01 5% 
0.97% 
0.0546 
0.01 % 
0.31 % 
0.09% 
1.42% 
0.09% 
0.01 % 
0.09% 
0.28% 
0.01 % 
0.09% 
2.46% 

3.x- 100.00% 3.43% 
9.2E-10 0.01 w 0.00% 
1.4E-09 0.01% 0.00% 
2.0E-08 0.12% 0.02% 
5.E- 33.45% 5.29% 
3.0E-07 1.78% 0.28% 
1.1E-05 64.63% 10.22% 
1.7E-05 100.00% 15.81% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

s.& M d i  Reccptor 
ed.0wn.l w 
2.OE-11 0.02% 
5.1E-11 0.06% 
2.8E-11 0.03% 
1.9E-11 0.02% 
9 . 1 W  10.70% 
4.2E-10 0.49% 
6.8E-11 0.08% 
2.1E-10 0.25% 
2.6E-10 0.31% 
2.OE-10 0.23% 
7.4E-10 0.88% 
1.5E-10 0.18% 
1.5E-11 0.0296 
2.8E-10 0.33% 
1.2E-08 13.60% 
1.3E-09 1.58% 

9.1E-09 10.73% 
2.6E-09 3.02% 
4.3E-08 50.37% 
2.8E-09 3.30% 

2.6E-09 3.05% 
8.5E-09 10.01% 

2.7E-09 3.16% 
7.3E-08 86.40% 

3.7E-10 0.44% 

3.3E-10 0.39% 

2.9E-10 0.34% 

- Gk 
0.0046 
0.00% 
0.00% 
0.00% 
0.88% 
0.01 % 
0.00% 
0.01 % 
0.01 % 
0.01 % 
0.02% 
0.00% 
0.00% 
0.01 41 
0.97% 
0.05% 
0.01 41 
0.31 % 
0.09% 
1.42% 
0.09% 
0.01% 
0.09% 
0.28% 
0.01 % 
0.09% 
2.46% 

8.5E-08 100.00% 3.43% 
9.2E-10 0.01% 0.00% 
1.4E-09 0.01% 0.00% 
2.0E-08 0.12% 0.02% 
5.7E46 33.45% 5.29% 
3.0E-07 1.78% 0.283 
1.1E45 64.63% 10.223 
1.7E-05 100.00% 15.81% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

N/A 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Ra. child- 
Riv.  Owl.) 

5.3E-11 
1.3E-10 
6.9E-11 
4.7E-11 
6.7E-08 
1 .OE-09 
1.7E-10 
5.3E-10 
6.5E-10 
5.OE-10 

3.E-10 
3.8E-11 
7.1E-10 

1.9E-09 

7.3E-08 
1.8E-08 
4.7E-09 
1.1E-07 
3 .OE-08 
5.0E-07 
3.3E-08 
3.9E-09 
3.1E-08 
1 .OE-07 
3.9E-09 
3.1E-08 
8.7E-07 

Medium Reccptor - Risk 
0.01% 
0.01% 
0.01 % 
0.01 % 
7.11% 
0.11% 
0.02% 
0.06% 
0.07% 
0.05% 
0.20% 
0.04% 
0.00% 
0.07% 
7.77% 
1.94% 
0.50% 

11.74% 
3.22% 

53.32% 
3.49% 
0.42% 
3.26% 

10.58% 
0.42% 
3.34% 
92.23% 

- R&k 
0.00% 
0.00% 
0.00% 
0.00% 
0.45% 
0.01% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.00% 
0.00% 
0.49% 
0.12% 
0.03% 
0.74% 
0.20% 
3.35% 
0.22% 
0.03% 
0.20% 
0.66% 
0.03% 
0.21% 
5.79% 

9.4E-07 100.00% 6.28% 

;:E-;; 8:::: :::: 
1.4E-09 0.12% 0.01% 
4.0E-07 33.45% 2.67% 
2.1E-08 1.78% 0.14% 
7.7E-07 64.63% 5.154 
1.2E46 100.00% 7.973 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

K-Rap~n % T d  9 6 T d  
k.child Mcdium Rccemor 
M.Owl.1 ghJ 
1.3E-12 0.01% 
3.6E-12 0.01% 
1.9E-12 0.01% 
1.3E-12 ' 0.01% 

2.9E-11 0.12% 
4.7E-12 0.02% 
1.5E-11 0.06% 
1.8E-11 O.W% 
1.4E-11 0.06% 
5.2E-11 0.21% 
1.lE-11 0.04% 
l.lE-12 0.00% 
2.OE-11 0.08% 

l.lE-09 4.45% 

1.3E-09 5.14% 
3.8E-10 1.53% 
l.lE-10 0.46% 
2.9E-09 11.59% 

1.4E48 55.60% 
8.3E-10 3.32% 

9.2E-10 3.65% 
l.lE-10 0.43% 
8.4E-10 3.36% 

8.3E-11 0.33% 
8.8E-10 3.50% 

2.8849 11.09% 

2.4E-08 94.86% 

- &k 
0.00% 
0.00% 
0.00% 
0.00% 
0.0396 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.49% 
0.01 % 
0.00% 
0.07% 
0.02% 
0.33% 
0.02% 
0.00% 
0.02% 
0.07% 
0.00% 
0.02% 
0.56% 

2.5E-08 100.00% 1.05% 
6.5E-11 0.01% 0.00% 
9.7E-11 0.01% 0.00% 
1.4E-09 0.12% 0.03% 
4.0E-07 33.45% 9.45% 
2.1E-08 1.78% 0.50% 
7.7E-07 64.63% 18.26% 
1.2E46 100.00% 28.25% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

N/A 

NIA 
NIA 
NIA 
NIA I 

NIA 
NIA 
NIA 
NIA 

- 
H o ~ c -  Medium Receptor 
- builder && - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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f 

paramaer 
CS-137 - 
NP-237 
PU-238 
Pu-239na 
RA-226 
RA-228 
SR-90 
Tc-99 
TH-228 
~TH-230 
ITH-232 

~ ~ ~ ! & 2 3 6  
U-238 

Aroclor-1254 
Aroclor-1260 
Arscnic 
Benzo(a)anthraccnc 
&nzo(dPYrrm 
Benzo@)fluoranfhcne 
BenZo(Lr)flUOmLh~ 
Beryllium 
Dibcm4a.h)- 
Dieldrin 
Indeno(l .2.~Ylene 

Total Radiological Risk 

Total chanical R i s k  

FEMP-OU02-5 DRA€T 
June 15. 1994 

TABLE B.3.2-34 

56601 1 

U-235l236 
U-238 

On-ProDcrtv %Total %Total 
Rsiient'  ~ e d i  ~ e c e p t o r  

~anner(RME) && - Risk 
5.4E-07 0.04% 0.00% 
6.1E-07 0.04% 
1.6E-09 0.0096 
l . lE49 0.00% 
4.7E-05 3.16% 
7.5E-07 0.05% 
1.9E-05 1.26% 
3.6E-04 24.21% 
2.7E-08 0.00% 
2.1E-08 0.004; 
7.8E-08 0.01% 
7.2E-07 0.05% 
7.3E-08 0.00% 
1.3E-06 0.09% 
4.3E-04 28.91% 
6.3E-06 0.43% 
8.3E-07 0.06% 
5.5E-05 3.73% 
6.0E-05 4.06% 
5.7E-04 38.62% 
3.7E-05 2.48% 
1.7E-06 0.11% 
4.4E-06 0.30% 
4.3E-05 2.92% 
2.5E-04 17.09% 
1.9E-05 1.30% 
1.OE43 71.09% 

0.0096 
0.00% 
0.00% 
0.14% 
0.00% 
0.06% 
1.06% 
0.0046 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
1.27% 
0.02% 
0.00% 
0.16% 
0.18% 
1.70% 
0.11% 
0.00% 
0.01 % 
0.13 % 
0.75% 
0.06% 
3.12% 

1.5E43 100.00% 4.39% 
6.2E-08 0.02% 0.00% 
1 . 7 E a  0.01% 0.00% 
3.7E-08 0.01% 0.00% 
l.lE-04 33.52% 0.33% 
5.9E-06 1.79% 0.02% 
2.1E-04 64.66% 0.64% 
3.3E-04 100.00% 0.98% 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

armer(cq g& 
3.0E-08 0.04% 
3.3E-08 0.04% 
8.9E-11 0.00% 

2.6E46 3.16% 
4.1E-08 0.05% 
1.OE46 1.26% 
2.0EM 24.21% 
1.5E-09 0.00% 
l.lE-09 0.00% 
4.3E-09 0.01% 
3.9E-08 0.05% 
4.0E-09 0.00% 
7.4E-08 0.0995 
2.3E-05 28.91% 
3.4EM 0.43% 
4.6E-OE 0.06% 
3.0E46 3.73% 
3.3E46 4.06% 
3.1E-05 38.62% 
2.0E-06 2.48% 
9.1E48 0.11% 
2 . 4 W  0.3096 
2.4E46 2.92% 
1.4E-05 17.09% 
l.lE46 1.30% 
5.8E-05 71.09% 

6.1E-11 0.0096 

- Rdk 
0.0096 
0.00% 
0.0096 
0.00% 
0.13% 
0.00% 
0.05% 
0.96% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
1.15% 
0.02% 
0.00% 
0.15% 
0.16% 
1.53% 
0.10% 
0.00% 
0.01 % 
0.12% 
0.68% 
0.05% 
2.82% 

8.1E-05 100.00% 3.97% 
3.4E-09 0.02% 0.00% 
9.1E-10 0.01% 0.0096 
2.0E-09 0.01% 0.00% 
6.1E-06 33.52% 0.30% 
3.2EU7 1.79% 0.02% 
1.2E-QS 64.66% 0.57% 
1.8E-05 100.00% 0.89% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Risk - Child - 
3.8E-08 0.01% 
4.38-08 0.01% 
1.2E-10 0.0046 
8.2E-11 0.00% 
3.3E-06 0.88% 
5.3E-08 0.01% 
1.3E-06 0.35% 
2.5E-05 6.72% 
2.0E-09 0.00% 
1.5E-09 0.00% 
5.7E-09 0.00% 
5.OE48 0.01% 
5.2E-09 0.00% 
9.5E-08 0.03% 
3.0E45 8.02% 
2.1E-06 0.55% 
2.7E-07 0.0796 
1.8E-05 4.84% 
2.0E-05 5.25% 
1.9E-04 49.94% 
1.2E-05 3.20% 
5.5E-07 0.15% 
1.4E-06 0.39% 
1.4E-05 3.78% 
8.3E-05 22.13% 
6.3E-06 1.68% 
3.4E-04 91.98% 

- 
0.00% 
0.00% 
0.00% 
0.0096 
0.04% 
0.00% 
0.01 % 
0.27% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.33% 
0.02% 
0.0096 
0.20% 
0.21% 
2.02% 
0.13% 
0.01 % 
0.02% 
0.15% 
0.90% 
0.07% 
3.73% 

3.7E-04 100.00% 4.05% 
4.4E)9 0.0296 0.00% 
1.2E-09 0.01% 0.00% 
2.6E-09 0.01% 0.00% 
7.8E-06 33.52% 0.08% 
4.2E-07 1.79% 0.00% 
1.5E-05 64.66% 0.16% 
2.3E-05 100.00% 0.25% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

N/A 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Great %Total % T d  
iamiRiv Medium Rcccptor 
.cc. Usa g& - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

G m  %Total %Total' 
iamiRiv Medium Razptor 

Risk ski. use g& - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Great %Total % T d  
I h i R i v  Medim Receptor 
9g.uscr && gisJ 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

7.9E-11 0.42% 0.OOd 
2.2E-12 0.01% 
2.0E49 10.54% 
3.1511 0.16% 
2.2E-09 11.51% 
1.oE-08 55.04% 
9.9E-10 5.24% 
8.6E-11 0.46% 
1.9E-09 9.93% 
1.8E48 93.33% 
3.9E-10 2.06% 
8.3E-11 0.44% 
2.8E-11 0.15% 
2.OE-10 1.04% 
3.3E-12 0.02% 

4.2E-12 3.9E-11 0.02% 0.21% 
5.1E-10 2.73% 
1.3E-09 6.67% 

0.00% 
0.04% 
0.00% 
0.05% 
0.23% 
0.02% 
0.00% 
0.04% 
0.40% 
0.01% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.03% 

1.9- 100.00% 0.43% 
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- 
0.00% 
0.00% 
0.00% 
0.00% 
0.01% 
0.00% 
0.00% 
0.00% 
0.0046 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 

0.10% 
0.59% 
0.01% 
0.04% 
1.73% 
0.12% 
0.08% 
0.00% 
1.94% 
0.00% 
0.33% 
4.93% 

TABLE B.3.2-34 

R i s k w g s J -  Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

BaflMilk 
(Groundwatcl 

Affeaed) 

h a m e m  
23-137 
YP-237 
PU-238 
PU-2391240 
RA-226 
RA-228 
SR-90 
rc-99 

T H - ~  

TH-228 
rH-230 

U-234 
U-235/236 
U-238 
Total hdiological Risk 

Aroclor-1254 
Afoclor-1260 
Arsenic 
Benzo(a)anthracem 
Benzo(a)py= 
BaKo(b)fluoranthene 
B~) f luo ran thene  

Diknzo(a. h)anthracene 
Dieldrin 
tndeno(l.2.3cd)pyrew 

&ryrNm 

Total Chtmical RisA 
Tot& 

NP-237 
SR-90 
TC-99 
U-234 
U-2351236 
U-238 
Total Radi0tbgiu.d RisA 

%Total %Total 
ixpandai M e d i i  Reaptor 
'rcsPasSer gsJ - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Off-Ropmy %Total %Total 
Ra. hrmcr 
spriv. own.) 

3.6E-09 
8.3E-12 
5.6E-14 
4.1E-14 
1 .7Em 
1.7E-09 
1.9E-09 
2.7E-08 
1.2E-11 
4.E-11 
1.7E-10 
7.4E-10 
7.6E-11 
1.4E-09 
2.0E-07 

3.7E-07 
1.8E-06 
1.2E-07 
1.4E-07 
6.1E-06 
4.2E-07 
2.9E-07 
l.lE-08 
6.8E-06 
6 SE- 12 
1.2E-06 
1.7EM 

Medium Receptor 
Risk - 
0.02% 
0.00% 
0.00% 
0.00% 
O.%% 
0.01 % 
0.01 % 
0.15% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
1.17% 

2.09% 
10.52% 
0.67% 
0.78% 

35.18% 
2.38% 
1.67% 
0.0646 

38.84% 
0.00% 
6.63% 

98.83% 

Risk 
0.00% 
0.00% 
0.00% 
0.00% 
0.16% 
0.00% 
0.00% 
0.02% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.19% 

0.34% 
1.71% 
0.11% 
0.13% 
5.73% 
0.39% 
0.27% 
0.01 % 
6.32% 
0.00% 
1.08% 

16.08% 

- 

1.7EM 100.00% 16.27% 
2.8E-12 0.00% 0.00% 
6.9E-10 0.04% 0.00% 
4.88-08 2.81% 0.04% 
5 . W  32.54% 0.52% 
2.9- 1.74% 0.03% 
1.1E-06 62.88% 1.00% 
1.7E-06 100.00% 1.58% 

cs.& M d i  Receptor 
a. own.) 
4.4E-11 
1.5E-13 
1.2E-15 
9.OE-16 
2.9E-09 
3.5E-11 
1.7E-11 
4.OE-10 
2.6E-13 
l.lE-12 
4.2E-12 
1 SE-11 
1.6E-12 
2.9E-11 
3.4E-09 

7.1E49 
4.4E-08 
1.3E-09 
2.8E-09 
1.3E-07 
8.6E-09 
6.28-09 

1.4E47 

2.4E-08 
3.6E-07 

1.9E-10 

9.2E-14 

Risk 

0.01 % 
0.00% 
0.00% 
0.00% 
0.79% 
0.01 % 
0.00% 
0.11% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.94% 

1.93% 
11.89% 
0.35% 
0.75% 

34.67% 
2.35% 
1.68% 
0.05% 

38.79% 
0.00% 
6.59% 

99.06% 

- Risk 
0.00% 
0.00% 
0.00% 
0.00% 
0.16% 
0.00% 
0.00% 
0.02% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.19% 

0.34% 
1.71% 
0.11% 
0.13% 
5.73% 
0.39% 
0.27% 
0.01% 
6.32% 
0.00% 
1.08% 

16.08% 

- 

3.78-07 100.00% 16.27% 
2.8E-12 0.00% 0.00% 
6.9E-10 0.04% 0.00% 
4.8E-08 2.81% 0.04% 
5.5E-07 32.54% 0.524 
2.9E-08 1.74% 0.034 
1.1E-06 62.88% 1.004 
1.7E-06 100.00% 1.584 

m-R.p.rty 
Rcr. child 

spriv. 0am.l 

6.3E-13 
4.6E-10 

5.88-15 
4.3E-15 
2.9E-08 
3 .OE- 10 
3.6E-10 
4.4E-09 
2.OE-12 
7.0E- 12 
2.7E-11 
1.4E-10 
1.4E-11 
2.5E-10 
3.5E-08 

2.1E-07 
l.lE-06 
2.7E-08 
7.8E-08 
3.5E46 
2.4EU7 
1 .m 
1.7E-09 
3.9E-06 
3.7E- 12 
6.7E-07 
9.9E-06 

%Total %Total 
M d i  Rcccptor 

Risk - 
0.00% 
0.0096 
0.00% 
0.00% 
0.30% 
0.00% 
0.00% 
0.04% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.0046 
0.36% 

2.12% 
10.64% 
0.28% 
0.79% 

35.65% 
2.42% 
1.69% 
0.02% 

39.33% 
0.0046 
6.72% 

99.64% 

Risk 
0.00% 
0.00% 
0.00% 
0.00% 

0.00% 
0.00% 
0.03% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.24% 

1.40% 
7.03% 
0.18% 
0.52% 

23.57% 
1.60% 
1.12% 
0.01 % 

26.00% 
0.00% 
4.44% 
65.87% 

- 

0.20% 

9.9E-06 100.00% 66.11% 
2.2E-13 0.00% 0.00% 
1.3E-10 0.04% 0.00% 
7.9E-09 2.57% 0.05% 
1.0E-07 32.62% 0.67% 
5.4E-09 1.74% 0.04% 
1.9E07 63.03% 1.30% 
3.1E-07 100.00% 2.06% 

ff-Ropm % T a d  %Total %Total %Total 
kchild Medium Receptor Home- Medium Receptor 
id. own.) 
5.7E-12 
1.E-14 
1.3E-16 
9.X-17 
5.1E-10 
6.1E-12 
3.2E-12 
6.6E-11 
4.1E-14 
1.8E-13 
6.E-13 
2.8E-12 
2.9E- 13 
5.3E-12 
6.OE-10 

4.1E-09 
2.5E-08 

1.6E-09 
7.3E-08 
5.0E-09 
3.6E-09 

8.2E-08 

1.4E-08 
2.1E-07 

3.OE-10 

2.9E-11 

5.3E-14 

Risk 
0.00% 
0.00% 
0.00% 
0.00% 
0.24% 
0.00% 
0.00% 
0.03% 
0.00% 
0.00% 
0.00% 
0.00% 
0.0096 
0.0046 
0.28% 

1 .94% 
11.9% 
0.14% 
0.76% 

35.00% 
2.38% 
1.70% 
0.01% 

39.14% 
0.00% 
6.65% 

99.72% 

- 

2.1E-07 100.00% 4.9521 
2.2E-13 0.00% 0.00%] NIA 

5 . 4 W  1.74% 0.13% 
1.9E-07 63.03% 4.59% 
3.1E-07 100.03% 7.29% 

~\~uzRIuBQ\sF_CoC.xLs;  WWW; 4:14 PM 
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Medium 
Baf lMik  

(DUSI 
Affected) 

BeeflMilk 
(Groundwater 

Affected) 

June 15. 1994 

Paramettr 
CS-137 
NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
TC-99 
TH-228 
TH-230 
TH-232 
u-234 
U-235I236 
U-238 

Total Radiological R i s k  

Aroclor-1254 
Aroclor-1260 
Arsenic 
Beozo(a)- 
Bedalpyrenc 
Benzo@)fluoranthm 
Bcmo(k)fluoranthcnc 
Beryllium 
Dibenzo(a. h)anthracenc 
Dieldrin 
IndenO(l,2.3cd)PFnc 

Tornl chanical RisA 
Tota 

NP-237 
SR-90 
TC-99 
U-234 
U-235I236 
U-238 

Total Radiological Rid 

TABLE B.3.%34 

)n-Ropcrty %Total %Total 
Resident Medium Racptor 
- Child - Risk u 
7.0E-07 0.01% 0.01% 
2.7E-09 0.00% 0.00% 
2.3E-12 0.00% 0.00% 
1.6E-12 0.00% 0.00% 
2.0E-05 0.26% 0.21% 
3.2E-07 0.00% 0.00% 
1.6E-05 0.20% 0.17% 
1.3E-03 16.76% 14.04% 

(COatinUed) 

9.8E-10 0.00% 0.00% 
7.3E-10 0.00% 0.00% 
2.88-09 0.00% 0.0041 
1.1E-07 0.00% 0.00% 
l.lE-08 0.00% 0.00% 
2.1E-07 0.00% 0.00% 
1.3E-03 17.23% 14.44% 

On-Ropcrty %Total %Total 
Resident Medium Raxptor 

hlmcrmE) - Risk w 
5.5E-06 0.03% 0.02% 
3.6E-08 0.00% 0.00% 
2.2E-11 0.00% 0.00% 
1.92-11 0.00% 0.00% 
l.lE-W 0.59% 0.34% 
1.8E-06 0.01% 0.01% 
8.3E-05 0.43% 0.25% 
7.8E-03 40.69% 23.28% 
6.2E-09 0.00% 0.00% 
4.78-09 0.00% 0.00% 
1.8E-08 0.00% 0.00% 
6.1E-07 0.00% 0.00% 
6.3E-08 0.00% 0.00% 
1.2E-06 0.01% 0.00% 
8.0E43 41.76% 23.89% 

4.9E-05 
2.1E-W 
7.3E-05 
1.6E-04 
5.4E-03 
3.7E-W 
1 SE44 
4.2E-06 
4.0E-03 
1 SE-07 
7.8E44 
1.1E42 

0.25% 
1.10% 
0.38% 
0.85% 

28.07% 
1.91 % 
0.80% 
0.02% 

20.80% 
0.004% 
4.05% 

58.24% 

0.14% 
0.63% 
0.22% 
0.49% 

16.06% 
1.091 
0.46% 
0.01 41 

11.90% 
0.00% 
2.32% 

33.31% 
1.9EM 100.00% 57.20% 
1.9E-10 0.00% 0.00% 
8.3E-09 0.03% 0.00% 
8.8E-08 0.27% 0.00% 
l.lE-05 33.43% 0.03% 
5.8E-07 1.78% 0.004 
2.1E45 64.49% 0.06% 
3.2E-05 100.00% 0.10% 

>n-Roscrty %Total %Total 
Resident Mediim Rcceptor 

~anacr(cI2 - Risk 
2.8EM 0.03% 0.01% 
1.9E-09 0.00% 0.00% 
l.lE-12 0.00% 0.00% 
7.8E-13 0.00% 0.00% 
5.3E-06 0.56% 0.26% 
8.4EU8 0.01% 0.00% 
3.8E-06 0.40% 0.19% 
3.7EW 39.12% 18.09% 
3.OE-10 0.00% 0.00% 
2.2E-10 0.004% 0.00% 
8.4E-10 0.0096 0.00% 
2.8E48 0.00% 0.00% 
2.9E-09 0.00% 0.00% 
5.3EU8 0.01% 0.00% 
3.8EW 40.13% 18.55% 

2.5E-06 
1.1EM 
4.1E-06 
8.- 
2.7EW 
1.9EM 
7.8E-06 
2.4EM 
2 .OEW 
7.58-09 
3.9E45 
5.7EW 

0.26% 
1.13% 
0.43% 
0.87% 

28.83% 
1 .%A 
0.82% 
0.03% 

21.37% 
0.00% 
4.16% 

59.87% 

0.12% 
0.52% 
0.20% 
0.40% 

13.33% 
0.91% 
0.38% 
0.01 % 
9.88% 
0.00% 
1.92% 

27.67% 
9.4E-04 100.00% 46.22% 
1.OE-11 0.00% 0.00% 
3.8E-10 0.03% 0.00% 
4.2E-09 0.28% 0.00% 
s.oE-07 33.43% 0.02% 
2 . M  1.78% 0.00% 
9.- 64.48% 0.0546 
1.5E-06 100.00% 0.0741 

2.8E-05 
1.2E-04 
1.7E-05 
9.4E-05 
3.1E-03 
2.1E-W 
8.9E-05 
6.6E47 
2.38-03 
8.5E-08 
4.5E-04 
6.4E-03 

0.36% 
1.57% 
0.22% 
1.21% 

40.07% 
2.73% 
1.14% 
0.01% 

29.68% 
0.004% 
5.78% 

82.77% 

0.30% 
1.3141 
0.19% 
1 .02% 

33.57 % 
2.28% 
0.96% 
0.01 % 

24.87% 
0.00% 
4.84% 

69.35% 
7.8E-03 100.00% 83.79% 
1.5E-11 0.00% 0.00% 
1.5E-09 0.03% 0.00% 
1.5E-08 0.25% 0.00% 
2.0E46 33.44% 0.024 
1.OE-07 1.78% 0.00% 
3.8E-06 64.50% 0.04% 
5.9E-06 100.00% 0.06% 

Great %Total %Total 
l i R i v  M d i  Receptor 
Rec. Usa - Risk 

NIA  
N IA  
N IA  
N I A  
N I A  
N IA  
N IA  
N IA  
N IA  
N IA  
N IA  
N IA  
N IA  
N IA  

N IA  
N IA  
N IA  
NIA 
N I A  
N IA  
NIA 
N IA  
NIA 
NIA 
N IA  

NIA 
N IA  
NIA 
N IA  
N IA  
N IA  

Great %Total %Total 
IiamiRiv Medium Reccptor 
aid. UK && @J 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Great %Total %Total 
IiamiRiv M e d i i  Reccptor 
Ag.user &k - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N IA  
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
N IA  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

FER\CRVUUUBQW-COC.XLS; 6/6/W; 4:14 Phi 
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Ambieot 
Radon 

pdI.amacr 
NP-237 
PU-238 
RA-226 
RA-228 
ER-90 
K-99 
u-234 , 

U-239236 
U-238 
Total Rndiologiml Risk 

A r s m i C  
Beqllium 
BeFLooanthracene 
Bcnzo(a)pyreac 
~o(b ) f lwmmbcnc  
b i s ( Z - ~ y ~ X y l ~  
Diio(a.h)anUuacm 
Dieldrin 

Total chaical Rish  
TOtlIl 

%= %Total Ofl-Ropnru %Total %Total 
M e d i i  Receptor Expandcd Mcdium Receptor I ~cs.hrmcr 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

I 
1.9E-06 1.39% I 4.4846 4.094 

ff-Rapcn %Total % T d  
a.Fumcr Medium 
%d.oam.] 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

4.4E-M 5.069 

Off-Ropq %Total %Total 

p v .  own.) Risk Risk 
Rcs.Child Mcdium Receptor 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

7.9E-08 0.539 

tf-hupm %Total %Total 
Receptor 
Risk - 

Ra.child Medium 
Fed.ow.) Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

7.9E-08 1 .889  

566 (P 
FEMP-OU02-5 D W  
June 15. 1994 

%Total %Total 
Homc- Medium Receptor 

Risk builder Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

MEDL4 1.4Eo4 1 . W  8.73-05 1 . m 5  4.- l.lE-05 



Paramum 
NP-237 
PU-238 
RA-226 
RA-228 
SR-90 
TC-99 
U-234 
U-2351236 
U-238 
Total Rndiologiical Rirl 

Oa-Ropaty %Total %,Total 
Resident Medium Raxptor 

% l l l u r ~  Risk Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

6.OEM 0.184 

>n-Ropaty %Total %Total 
R C S M  Medium Receptor 

h u x  (0 Risk Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

4SE& 0.22% 

3n-Ropcrty %Total % T a d  
Residcnt Medium Receptor 
Child Risk Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

l.lE-06 0.01 % 

Great %Total % T a d  
tiarniRiv Medium Raxptor 
Rec. User Risk Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

Great %Total %Total 
hniRiv  Medium Reccptor 
mid. UK Risk Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

June 15. 1994 

Great %Total %Total 
IiamiRiv Medium Raxptor 
4g.usa @J - Risk 

1.8E-10 0.00% 0.00% 
4.OE-14 0.00% 0.00% 
2.4E-08 0.55% 0.55% 

5.2E-08 1.19% 1.18% 
4.3E-06 97.73% 97.31% 
7.3E-09 0.17% 0.17% 

1.4E-08 0.32% 0.31% 
4.4E46 99.97% 99.54% 

2.9E-10 0.01% 0.01% 

6.4E-10 0.01% 0.01% 

7.1E-11 
4.58-12 
2.E-11 
5.1E-10 
8.9E-12 
6.1E-11 
5.E-10 
1.SE-13 
1.2E-09 

0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.00% 
0.01 % 
0.00% 
0.0346 

0.00% 
0.00% 
0.00% 
0.01% 
0.00% 
0.00% 
0.01% 
0.00% 
0.03% 

4.4E-06 100.00% 99.57%' 
NIA 

3.43-02 2.OEQ3 9 . m 3  4.- 6.3E-08 4 . 4 m  

N/A s i e a  that exposure of thc receptor to tbc indicated medium is not applicable. 
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Medium 
SurfaccSoill 
Air 

scdient  

Groundwater 

Surfacc 
WWr 

GMR 
Surface 
WWr 

Homegrown 
Roducc 

(Dust 
Affcacd) 

Homegrown 
Roducc 

Homegrown 
Roducc 

(Hm Affeacd) 

(Gh4RSlrrface 
wata 

Al==o 

@ust 
Affstcd) 

Beemlk 

paramacr 
Ancnic 
Bayuium 
Dieldrin 
Tributyl phosphate 
U-Total 

Total 4.2E-03 100.00% 5.27% 
ArwniC 9.4EW 19.07% 1.17% 
BaylliUm 3.2E-03 65.08% 4.00% 
U-TOTAL 5.8EW 11.82% 0.73% 
Dieldrin 2.OE-W 4.03% 0.25% 

Total 4.9E-03 100.00% 6.34% 
Tnitylphosphatc NIA 
U - T d  

AncniC 

Dieldrin 

Total 

Bayuium 

U - T d  

ArscniC 
Bayuium 
Dieldrin 
U-TOTAL 

T a d  

TOtd 
Arscnic 
Bayllium 
Dieldrin 

Tributylphosphate NIA 
U - T d  NIA 

Ancnic NIA 
Bayuium 
Dicldrin 
u-TOTAL 

ArscniC I NIA 

Dieldrin 

Totd 

TOtd 

Total I 
Beryllium 

NIA 
8.6E-01 100.00% 76.86% 
8.6E-01 I00.00% 76.86% 

NIA  

NIA NIA NIA 
2.1E+00 I00.00% 67.65% 2.IE+00 100.00% 67.72% NIA 
2.1E+00 100.00% 67.65% 2.IE+00 100.00% 67.72% 
NIA NIA NIA 

2.5E-03 97.08% 0.08% 
I.E.05 0.66% 0.00% 
5.7E45 2.26% 0.00% 
2.5E-03 100.00% 0.08% 

6SE45 98.75% 0.00% NIA 
1.8E07 0.28% 0.00% NIA 
6.4EoI 0.97% 0.00% NIA 
6.5EM 100.00% 0.00% 

2.6E-01 100.00% 23.13% . l.OE+OO 100.00% 32.21% 
2.6E-01 100.00% 23.13% 1.OE+00 100.00% 32.21% 

NIA  NIA 

1.OE+00 l00.00% 32.25% NIA 
1.OE+00 100.00% 32.25% 
NIA NIA 

2.4E-06 99.64% 0.00% 
8.7Em 0.36% 0.00% 

2.4E-06 100.00% 0.00% 
NIA  
1.4EW 100.00% 0.01% 
1.4EW 100.00% 0.01% 

l.lE-10 0.00% 0.00% 

NIA  

6.IEW 99.84% 0.02% 6.7E-06 99.75% 0.00% NIA 
9.lE07 0.15% 0.00% 1.6E48 0.24% 0.00% NIA 

6.lEW 100.00% 0.02% 6.7E46 100.00% 0.00% 
NIA NIA NIA 
9.3EW 100.00% 0.03% 9.3EW 100.00% O.M% NIA 
9.3EW 100.00% 0.03% 9.3EW 100.00% 0.03% 

NIA NIA NIA 

5.5EE.08 0.01% 0.00% 7.E-IO 0.01% 0.00% NIA 

BaflMilk 
(w 

Total 
Tnilphosphatc  NIA 
U - T d  NIA 

FEMP-OU02-5 DRAFT 
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TABLE B33-35 
RTIURELANDUSE 

SOmFIELD 
SUMMARY OF NONCARCINOGENIC HAZARD 

Off-Ropaty % Of Total % of Taall Off-RopaKy % Of Total % of Taal I ofi-Ropr[y 4L of Total % of Totall %ofTotal % o f T d  
Expanded Mtdium ReEcptor 

Hazard Trapassa - 
l.3E-03 30.62% 1.61% 
2.8E-03 65.07% 3.43% 
1.8EW 4.31% 0.23% 
NIA 
NIA 

Off-Ropaty % of Total % OfTotal 
Ra.Farmer Medium Reccpor 
~ v . o w n )  M Hazard 

NID 
NID 
NID 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 

NIA 
8.6E-01 100.00% 76.80% 
8.6E-01 100.00% 76.80% 

NIA 
NIA 
NIA 
NIA 

% of Total % of Tota 

- - -  builder Hazard H& 
1.3E01 24.92% 24.929 
I . 2 E M  2.28% 2.269 
1.8E-03 0.34% 0.349 
6.6EW 0.12% 0.129 
3.9E-01 72.34% 72.349 

Home- Medium R- R e s . F u m a  Medium Recc~cor 
Fcd.Own.) Hazard 

NID 
NID 
NID 
N IA  
N IA  

R a . C h i l d  Medium Receptor 
Wv.Own.1 Hazard - Hatard 

NID 
NID 
NID 
NIA 
NIA 

R a . & l d  Medium Recepor 
F'ed.Own.) Hazard 

NID 
NID 
NID 
NIA 
NIA 

I I I 5.4E-01 100.00% 100.009 
NIA I NIA I NIA I NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 

3.1EW 0.43% 0.38% 
2.6EM 0.04% 0.03% 
2.4E.04 0.34% 0.30% 
7.IEM 99.19% 87.87% 
7.1EM 100.00% 88.59% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

N IA  
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 

N IA  
N IA  
N IA  
N IA  

1.7EM 98.00% 0.00% 
8.0E48 0.45% 0.00% 
2.7E07 1.55% 0.00% 
1.8E45 100.00% 0.00% 

NIA 
NIA 
N IA  
N IA  

6.4EW 97.08% 0.069 
4.3E-06 0.66% 0.0091 
l.5E45 2.26% 0.004 
6.6EW 100.00% 0.069 

2.6E-01 100.00% 23.119 
2.6E-01 100.00% 23.119 

NIA 
N IA  
NIA 
NIA 

a 

2.2EW 99.77% 0.029 
5.0E07 0.22% 0.009 
8.1Em 0.00% 0.009 
2.2EW I00.00% 0.029 

1.4E-04 100.00% 0.019 
NIA 

NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
N IA  

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

A l = = o I  Total I 
Beemilk I NIA 

1.4EW 100.00% 0.019 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

N IA  
N IA  
N IA  

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

I I 
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MCdiUll pvawta 
SUrfaftSoiY Ancnic 
Air Bayllium 

Dieldrin 

Total 
sedimau ArsmiC 

Bayllium 
U-TOTAL 
Dieldrin 

Total 
Groundwater Tnitylphosphate 

U-Total 
Total 

- -  
June 15. 1994 

OPRopaty % of Total % of Total 
Rcsidmt Medium Reccptor 

Hazard H d  Fame~ (Rh4E) 
6.2EM 78.67% 0.24% 
1.5EM 19.50% 0.07% 
1.4E43 1.83% 0.01% 

- -  

7.8EM I00.00% 0.33% 
NIA 
NIA 
NIA 
NIA 

8.6E43 0.0596 0.04% 
1.8E+01 99.95% 75.66% 
1.8E+01 100.00% 75.70% 
NIA 

TABLE B3.2-35 
(coatinued) 

2.6EM 7.71% 0.04% 
4.1E43 1.19% 0.01% 

NIA 
N IA  

NIA I NIA 
NIA 

3.4E.01 100.00% 0.55% 
NIA 
NIA 
NIA 
NIA 

OD-- % OfTotal % OfTotal Great %Total %Total Grrat % T d  %Total 
RcsiQm Medium Rcccpor MtmiRiv. Medium Recepor MhmiRiv. Medium Rcccpor 

NIA  NIA 
NIA NIA 
N IA  NIA 
N IA  NIA 

- m  2.2EU2 91.10% - 1  0.21% 

4.0EU3 0.05% 0.04% 
8.2E+oO 99.95% 77.19% 

Child - Ha7a1d Rec.Usa H a n d  aid.Usc !&& Hazard - NIA 
- 

3.IE.01 91.10% 0.5081 NIA 

2.OE02 0.05% 0.0346 NIA NIA 
4.1E+01 99.95% 65.14% NIA NIA 

1.9E43 7.71% 0.02% 
2.9EW 1.19% 0.00% 

GMR 
surke 
Wata 

2.5E42 100.00% 0.23% 
NIA 

Total NIA NIA NIA NIA NIA 
A M l i C  NIA NIA NIA 7.9E47 31.81% 31.81% 1.9E46 1.39% 1.39% 
Ekryuium NIA NIA N / A  2.8E49 0.11% 0.11% 1.5E48 0.01% 0.01% 
Dieldrin NIA NIA NIA 5.7E49 0.23% 0.23% 5.4EU7 0.40% 0.40% 
U-TOTAL NIA NIA NIA 1.7~46 6 7 . w  6 7 . 8 ~ ~  1 . 3 ~ a  98.20% 98.201 

NIA 
NIA 
NIA 

Total 
Homegrown Triburylphosphatc 
Roducc U-Total 

4.2E.01 100.00% 1.79% 1.8E4l 100.00% 1.68% 1.6E+00 100.00% 2.58% 
2.5E43 0.0546 0.01% l.lEU3 0.0596 0.01% 9.6E43 0.05% 0.02% NIA NIA 

5.IE+00 99.95% 21.53% 2.2E+00 99.95% 20.24% 1.9E+01 99.95% 31.02% NIA NIA 

NIA 
NIA 

O A f f c C t c d )  
Howgroam 
Rodua 

(GMRSumCt 
Wata 

TotalI 5.1E+00 100.00% 21.544961 2.2E+00 100.00% 20.25461 1.9E+01 l00.00% 31.03961 1 
Arsenic I NIA I NIA I NIA I NIA I NIA 

Dieldrin 
Bay- 

U-TOTAL 
Affectad) 

(Dust 
Affcacd) 

Bamlk 

8.3E+OO I00.00% 77.23%1 4.1E+OI 100.00% 65.17461 I 
NIA I NIA I NIA  I NIA 

Total 
Amclor-1214 1.4EOI 99.73% 0.59% 
Amclor-1260 1.9E44 0.14% 0.00% 
Ancnic 1.9Ea 0.13% 0.00% 

NIA 
NIA 
NIA 

3.8E01 99.58% 0.61% 
3 .6Ea  0.0995 0.00% 
1.2E43 0.32% 0.00% 
3.8E.01 100.00% 0.61% 
1.7E02 48.52% 0.0346 
l.8EM 51.48% 0.03% 

NIA I E 

NIA NIA 
N IA  NIA 
N IA  NIA 

NIA NIA 
N IA  NIA 

N IA  I NIA  
N IA  

NIA I K 

I Total1 NIA I NIA I NIA I 8.OE47 100.00% 32.15461 2.5E4M 100.00% 1.804 
I I NIA 4.sE42 24.96% 0.42% I 4.0E.01 24.97% 0.64WI NIA  Homegrown 1-c 1.OE.01 24.96% 0.45961 

Rodua NIA I NIA 

NIA I NIA 
NIA I NIA 

I Total I 1.4E.01 100.00% 0.60% 
BaUMilk (Tributyl@a~pbtc I 7.6E-m 74.08% 0.03% 

(Gramdw;M U-Total 2.7E43 25.92% 0.01% /I_ TotalI dl42 100.00% 0.04% 

Bayuium 

Wata U-TOTAL 
(GMRSurke Dicldrin 

NIA .I NIA 

6.1E42 99.74% 0.57% 
8.7E45 0.14% 0.00% 
7.3E45 0.12% 0.00% 
6.1E42 100.00% 0.57% 
3.4E43 76.28% 0.03% 
I.OE43 23.72% 0.01% 
4.4E43 100.00% 0.04% 

NIA 
NIA 
NIA 

NIA 
NIA 

N IA  I NIA 
NIA I NIA 

3 . s E a  100.00% 0.06%1 I 
I NIA I NIA 

N IA  I NIA  
NIA I NIA 

Great % T d  %Total 
MhmiRiv. Medium R s c p o r  
&.Lisa Hazard 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

7.4E47 1.86% 1.8641 
3 .9Ea  0.01% 0.0141 
6.4E47 1.62% 1.614 
3.8E45 96.5396 96.1341 
4.0E45 100.00% 99.6141 
NIA 
NIA 
NIA 

NIA 

1.4E47 86.81% 0.344 
2.1E-IO 0.13% 0.004 
1.9E-10 0.12% 0.004 
2.0E4M 12.94% 0.054 
l.6E47 100.00% 0.394 
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B.3.3 INACTIVE FLYASH PILE 

B .3.3.1 ExDosure Point Concentrations 

Table B.3.3-1 summarizes the exposure scenarios evaluated to assess risk associated with the Inactive 

Flyash Pile. It also summarizes derivation of exposure concentrations specific to this subunit. Wit41 
/- 

/ osure point concentrations 

were derived from analytical data on samples collec ithin the boundaries of the Inactive Flyash 

24 
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n 

28 

29 
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31 

32 

33 
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For groundwater exposures, data from the Inactive Flyash Pile and the South Field were combined to 

develop source terms for estimating future groundwater concentrations as described in Section 5.0 of 

this RI report. Exposure point concentrations related to air dispersion modeling are also described in 

B.3.3.2 Constituents of Potential Concern 

The CPCs identified for surface soil, subsurface soil, 

Inactive Flyash Pile are summarized in Tables 

. .  

3.3-2(a), (b), (c), ad-@k respectively 

) along with relevant information regarding frequencies of detection, data distribution, 95 percent 

B.3.3.3 Risk Characterization for Current Land Use 

exposed to on-site contaminant concentrations; 

m livestock grazing on-property 

B.3.3.3.1 Trespassing Youth 

Risk was characterized for a trespassing youth contacting CPCs via ingestion of and dermal contact 

with surface soil within the subunit; external radiation resulting from exposure to surface soil within 

the subunit; inhalation of particulates; and ingestion and dermal contact with surface water and 

sediment within the subunit. Exposure point concentrations for soil- 

sedimm were based on analytical data, while inhaled particulate concentrations . . . . . . . . . . . . 
. . . . . . . . . . . , . , . 
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INACTIVE FLYASH PILE 
OPERABLE UNIT 2 CONSTITUENTS OF POTENTIAL CONCERN 

FEMP-OUM-5 DRAFT 

Surface Soil 

rsenic 

ieryllium 

tad 

ieptunium-237 

ilutonium-238 

ilutonium-239/240 

adium-226 

adium-228 

trontium-90 

horium-228 

horium-230 

horium-232 

horium-total 

iranium-234 

iranium-235/236 

iranium-23 8 

,-methylnaphthalene 

libenzo(a, h)anthracene 

Subsurface Soil 

arsenic 

beryllium 

lead 

cesium- 137 

neptunium-237 

lead-210 

plutonium-238 

plutonium-239/240 

radium-224 

radium-226 

radium-228 

ruthenium-106 

thorium-228 

thorium-230 

thorium-232 

thorium-total 

uranium-234 

uranium-235 

uraniu,m-235/236 

uranium-238 

uranium-total 

2-methylnaphthalene 

benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)fluoranthene 

benzo(g, h,i)pery lene 

phenanthrene 

tributyl phosphate 

octachlorodibenzo-pdioxin 

tetrachlorodibenzofuran 

Aroclor-1254 

Aroclor-1260 

dieldrin 

[" o(-Jz.'is 
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Surface Water 

Lrsenic 

Jerylium 

mdmium 

ead 

iickel 

ieptunium-237 

h~tonium-238 

)lutonium-239R40 

.adium-226 

.adium-228 

itrontium-90 

iranium-234 

lranium-235/236 

aanium-238 

aanium-total 

!-methylnaphthalene 

B-3-88 

Sediment 

~lutonium-239/240 

strontium-90 

iranium-234 

iranium-235/236 

iranium-238 

iranium-total 

irsenic 

lerylium 

iibenzo(a, h)anthracene 

ieptunium-237 

)lutonium-238 

.adium-226 

*adium-228 

June 15, 1994 a 
Groundwater (GMA) 

neptunium-237 

radium-226 

strontium-90 

:echnetium-99 

rranium-234 

iranium-235/236 

rranium-238 

rranium-total 

lead 

arsenic 

I-methy lnaphthalene 

)enzo(g ,h, i)perylene 

3henanthrene 

ributyl phosphate 
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were based on air modeling results as described in the Section B.2.0, i 

Appendix A, and Section 5.0 of this RI report. 2 

3 

Risks and hazards calculated for the trespassing youth exposed to contaminants in 4 

e presented in Table B. 3.3-4 5 

to all CPCs in x lo”. This was primarily due to 6 

7 

8 

Risks and hazards calculated for the trespassing youth exposed to contaminants in sediment are 

12 

13 

presented in Table B.3.3-5(a) ( . Total risk x 10“ due to 14 

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

The risks and hazards calculated for the trespassing youth exposed to 

). All risks were . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . contaminants in surface water are presented in Table B.3.3-5(b) 

below 1.0 x 

or surface water did not exceed 1.0. 

Total HIS calculated for exposure of a trespassing youth to CPCs in soil, sediment, 

. .  
B. 3.3.3.2 Current Off-ProDertv Farmers 

Risk was characterized for the off-property farmer and resident child contacting CPCs via inhalation 

of airborne particulates and ingestion of airborne particulates deposited on homegrown produce or in 

milk or beef from livestock grazing on particulates deposited on off-site vegetation. For these routes 

of exposure, the exposure point concentrations were derived from air modeling results as described in 

Section B.2.0, Methodology, and Appendix A, and Section 5.0 of the RI report. 

The risks and hazards calculated for the current off-property farmer and resident child exposed to 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

CPCs in soil are presented in Tables B.3.3-6(a) and B.3.3-6(b), respectively 

total risk associated with inhalation of all CPCs in airborne soil particulates 

29 

30 

31 . ... x respectively. Total HIS calculated for CPCs in 

farmer and resident child. 0 32 

33 
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Risks and hazards calculated for the off-property farmer and resident child exposed to CPCs in beef 

and milk are given in Tables B.3.3-7(a) and B.3.3-7(b), respectively ("" 

risk for all CPCs consumed in beef and milk was 

the farmer and child, respectively. The total HI for all CPCs consumed in beef and milk was well 

below 1.0 for both the farmer and'child. 

... '. 
). The total 

2&&43?? and 6.3 x lo-' CAYln2 for 

Risks and hazards calculated for the off-property farmer and resident child exposed to CPCs in 

homegrown produce are given in Tables B .3.3-8(a) and B .3.3-8(b), respectively 

Total risk for all CPCs consumed in homegrown produce was 

4432 for both the farmer and child, respectively. The total HI for all CPCs consumed in homegrown 

produce was well below 1.0 for both the farmer and the child. 

B .3.3.3.3 Current User of M i l m e a t  Products 

Risk was characterized for a current user of milk and meat products from livestock potentially grazing 

within the , Inactive Flyash Pile Boundaries. Exposure point 
concentrations in meat and milk were derived from the maximum & :&@- current 

.. _........ ..._. ............. . :i.. n.... .. . .... 

deposition rates of airborne .Inactive Flyash Pile surface soil. 

Risk and hazard to the current user of meat and milk products is given in Table B.3.3-9 

,). Total risk did not exceed 1 x lo4 and the total HI was well below 1.0. 

B .3.3.3.4 Current GroundskeeDer 

Risks and hazards 

Table B.3.3-10 ( 

associated with the current groundskeeper are given in 

. Total carcinogenic risk is x l o 5  due mostly to tkwiem 

2&km external radiation 

and dermal contact with 

kwy4w.m Total hazard was less than 1.0. 

B.3.3.4 Risk Characterization for Future Land Use 

The future scenarios characterized for the Inactive Flyash Pile assuming continued federal ownership, 

include off-property farmer and resident child and an expanded trespasser. Future scenarios 

characterized for the Inactive Flyash Pile, assuming private ownership, include an on-property farmer 

GOO317 
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and resident child living 

m. Risks for a future home builder were not evaluated because 
pgg$ . .  

no building &@&@ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . on the Inactive Flyash Pile is anticipated. Risks for a future perched 

groundwater users ... were also not evaluated because there is no usable perched groundwater at the 

Inactive Flyash Pile. Recreational usee of the Great Miami River were evaluated for federal and 

private ownerships. 

....:..:...-...... ; . . . . . . . . . . . . . . . . . . . . . 

..... 

B .3.3.4.1 Future Off-Property Farmers 

The off-property farmer and resident child were presumed to contact CPCs in air via inhalation of 

airborne particulates; by consumption of homegrown produce irrigated with contaminated water and 

on which airborne soil was deposited; by ingestion of milk and beef from cattle grazing on vegetation 

on which airborne soil was deposited and that consumed contaminated groundwater; and by ingestion, 

dermal contact, and inhalation of contaminated groundwater. All of the exposure point concentrations 

for this scenario were derived from 

B.2.0, Methodology, and in Section 5.0, and Appendix A of this RI report. 

modeling results as described in Section 

0 Risks and hazards calculated for the future off-property farmer and resident child exposed to CPCs in 

airborne Inactive Flyash Pile soil are presented in Tables B.3.3-ll(a) and B.3.3-ll(b), 

. Total risk associated with inhalation of all CPCs in airborne Inactive 

LOYln-8 and . . . . . . . . . . . . . 'PYln-9 for the farmer and 

child, respectively. No HI exceeded 1.0. 

Risks and hazards associated with ingestion of CPCs in beef and milk for the off-property farmer and 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

are given in Tables B.3.3-12(a) 4 B.3.3-12(b), 24 

. Total risk for all CPCs consumed in 25 

beef and milk did not exceed 1.0 x 10" for either the farmer or child. HIS for both receptors did not 26 

exceed 1.0. n 

28 

29 Risks and hazards associated with ingestion of CPCs in homegrown produce for the off-property 
. . . . . . . . . . 

farmer and resident child are given in Tables B.3.3-13(a) a& 30 

). The total risk for all 31 

32 

33 

()(m2%8 
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The total HI for all CPCs consumed 

in homegrown produce was well below 1.0 for both the farmer and child ~~~~~~~~ 

.- 

...... 
The risks and hazards associated with exposures of the off-property farmer and resident child 

to contaminants in groundwater are given in Tables B.3.3-14(a) itRB 

. Total risk via all routes 

t) for the farmer is 5.6 x 

lo5 and for the resident child is 2.4 x 10". Most of this risk is attributable to ingestion. of the 

radionuclides uranium-234, and uranium-238. Total HI via all routes of exposure to groundwater for 

the farmer was less than 1.0, but for the child, HI was 2. due to the ingestion of uranium-total fg ..... .... 

B.3.3.4.2 Future Exuanded TresDasser 

The future expanded trespasser was assumed to contact CPCs directly via inhalation of airborne 

particulates; ingestion and dermal contact with soil, sediment, and surface water; and external 

radiation resulting from exposure to contaminated surface soil and sediment. The exposure point 

concentrations for inhalation of airborne particle 

&&wwH&€ modeling results. A-lkthe osure point concentrations were derived 

from analytical data for the Inactive Flyash Pile. 

were estimated from 

Risks and hazards calculated for the future expanded trespasser exposed to CPCs in the 

surface water, and sediment located on the Inactive Flyash Pile are presented in Tables B.3.3-15, 

B.3.3-16, and B. 3.3-17, respectively 

soil, 

soil by all exposure pathways was . This was primarily due to deiwtd 

Total risk due to exposure to all CPCs in surface water did not exceed the 1.04 x 10" risk level. 

Total risk due to exposure to sediment was 
..... 
. .  x due to 4 
Total HIS calculated for 

exposure of a future expanded trespasser to CPCs in soil, surface water, and sediment at the Inactive 

Flyash Pile did not exceed 1.0. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

c r - 3  31.9 
LJ- 
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June 15, 1994 0 B.3.3.4.3 Future On-Property 4!h&-&W . Farmers I 

2 

3 

e South Field and Inactive Flyash Pile. i 4 

5 

6 

inhalation of airborne soil particulates; ingestion of homegrown produce on which soil 

ingestion of milk and beef from livestock consuming on-property vegetation on which airborne soil 

7 

the Inactive Flyash-Pile was deposited and which was irrigated with contaminated groundwater; 8 

9 

and Inactive Flyash Pile. Exposure point concentrations 

F 12 

were derived from . Both RME and CT risks and hazards were 13 

estimated for the farmer. Risks associated with ingestion, dermal contact, and inhalation 14 

not possible to estimate the contribution of the risks associated with these two subunits separately. 16 

17 

Risks and hazards for a 4kwW4eM on-property RME farmer and resident child 18 

a 
exposed to CPCs in surface soil are given in Tables B.3.3-18(a) and B.3.3-18(b), respectively 19 

. Total risk for the m 

, and k the child was M+AQ 21 

22 

HIS for the adul 23 

24 

Risks and hazards associated with exposure to contaminants in groundwater for the RME on-property 

farmer and resident child are given in Tables B.3.3-19(a) and B.3.3-19@), respectively 

). Significant risks are indicated for both the RME on-property farmer and the child. Total risk 

for the farmer was M 

238. Total risk for the 

x 10” due to ingestion of uranium-234, uranium-235/236, and uranium- 

ident child was 4.7 x 10” due to the ingestion of 

Total HIS for the RME farmer and child were and a , respectively, due to the presence of uranium-total in groundwater. 

25 

26 

n 

28 

29 

30 

31 

32 

33 
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Risks and hazards associated with exposure to contaminants in homegrown produce for the RME 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

). The risk associated with homegrown 

produce for the RME farmer was 

Total HI associated with this pathway for the 

Risks and hazards associated with exposure to contaminants in beef and milk for the RME farmer and 

resident child are given in Table B.3.3-21(a) and B.3.3-21@), respectively ( 

d for the child was 

. Again, this is largely due to the urmum-234, twmkn- 

... 

uranium-total by cattle. 

CT estimates of risk and hazard for the future on-property farmer associated with exposures to 

surface soil, groundwater, homegrown produce, and beef and milk are given in Tables B.3.3-22, 

B.3.3-23, B.3.3-24 and B.3.3-25, respectively ( 

associated with exposures to groundwater ( 

). Risks exceeding 1 x 10" were 

and 

beef and milk (1.4 x lo").- ( l .2 x &0 2b The greatest proportion of all these 

risks was due to the presence of 

Total HI for groundwater was 

total uranium. 

B.3.3.5 Future Great Miami River User 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 
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I 

2 

3 

a 
4 

5 

6 

7 

8 

9 

IO 

12 

13 

B.3.3.6 Risks Due to Estimated Radium-222 Emission 
;h$+K.x.P ............ 
..................... .:..... .................... mt radon emissions potentially associated with the Inactive Flyash Pile, estimated as 

described in Section B.2.0, are summarized in Table B.3.3-28 for each receptor. Risks that would 

result in the Inactive Flyash Pile assuming radon emission were equivalent to what would naturally 

occur if radium-226 were present at background concentrations are presented for comparison. Only 
the future on-property RME farmer is associated with a risk exceeding 1.0 x lod. The risk associated 

with this receptor is 4.2 x $#344J&M?, ...... ...... ..... which shghtly exceeds the background risk of 1.9 x 10". 

......................................... a 
14 

IS 

16 

17 

18 

19 

m 

21 

22 

23 

B.3.3.7 Summarv for Inactive Flyash Pile 

Tables B.3.3-29 and B.3.3-30 summarize risks and hazards, respectively, associated with the Inactive 

Flyash Pile for receptors assuming current land use. f i  . .  

-2 due of radium-228, thorium-228, and 28 

to the groundskeeper was 30 

24 

25 

2b 

Exposures of the trespassing youth to contaminated soils were associated with a total risk of n 

bsy44w~ in surface soil, which account rcent of total receptor risk. Total estimated risk 29 

31 

32 

33 

*>fl-o 
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Current 
Trespassing 
Youth 

CUITent/FUNre 
Off-Roperty 
Farmer 

Current/FuNre 
Off-Property 
Child 

current 
Groundskeeper 

FuNre, Expanded 
Trespasser 
(Adult + Child) 

Future, RME 
On-Property 
Farmer 

Future, CT 
On-Property 
Farmer 

Future, 
On-Property 
Child 

TABLE B.3.3-28 
INAcIlvE FLYASH PILE 

RISKS DUE TO ESTIMATED RN-222 EMISSION 

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

daximum RN-222 Air 
:oncentration @Ci/m3) 

4.1E+O 

2.5E-0 

2.5E-0 

4.1E+O 

4.1E+OI 

4.8E+01 

4.8E+01 

4.8E+O( 

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

Intake 
($0 

8.5E+O 

2.8E+O 

5.1E+O 

7.1E+O 

1.3E+O 

5.5E+O 

4.1E+O 

l.OE+O 

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

Risk 

6.5E-C 

2.2E-C 

~.OE-O 

5.5E-C 

l.OE-C 

4.2E-C 

3.1E-C 

7.7E-C 

ackground RN-222 Air 
:oncentration 
JCi/m3)** 

1.8E+00 

1.7E-01 

1.1E-01 

1.8E+,00 

1.8E+00 

2.1E+00 

*Represents the upper 95 percent confidence interval on the mean Ra-226 soil concentration. 
**Assumes Ra-226 concenktion is 1.228 pCi/g in surface soil and 0.78 pCi/g in subsurface soil. 

3 . 7 ~ + 0  

2.OE+O 

2.2E+O 

3.1E+O 

5.8E+O 

2.4E+O 

1.8E+O 

4.4E+O 
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................... .?.:.:.:.:.:.>:.:.:.:.:.:.:.:.:.:.. ....................... .................... .............. ..................................... 

Risk 

2.9E-0 

1.5E-O 

1.7E-O 

2.4E-0 

4.5E-0 

.9E-O 

.4E-O 

3.4E-0 
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-32 summarize risk and hazard, respectively, associated with the Inactive 

Flyash Pile for receptors assuming future land use. The greatest carcinogenic risk was the risk 

associated with groundwater use by the RME on-property farmer which 
--3 

concentrations of uranium-234 and uranium-238 in groundwater. , . .  

also contributed significant risk to this 

Exposures resulting in HIS greater than 1.0 were associated with on-property residents and off- 

property child via ingestion of groundwater and homegrown produce contaminated with uranium-total. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a .  
Total estimated risk to the off-property farmers (private and federal ownership) exceeded the 1.0 x 10- 

6 threshold level due mostly to direct exposure to the estimated future concentrations of uranium-234 

an uranium-238 in groundwater which together account for approximately 95 percent for the farmer 

and 85 percent for the child total risk to the receptor. Total HIS were below 1.0. 

Total estimated risk to the on-property CT farmer was 6 4  . . . . . . . . . x 10” due mostly to the presence of 

uranium-234 and uranium-238 in groundwater which accounts for approximately 95 percent of the 

total receptor risk. Total HI for this receptor did not exceed 1.0. 

. . . . . . . . . . 

0 
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ixpanded %Total %Total 

M d i  
surfacc soiv 
Air 

s e d i  

paramcta 
NP-237 
PU-238 
PU-239040 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-235036 
U-238 
Total Raaklogical R i s k  
Arsenic 
B C f y U i  
Dibxzda.h)anthraccm 

Total Uumical Risk 
Total 

NP-237 
PU-238 
PU-2391240 
RA-226 
RA-228 
SR-90 
u-234 
U-235I236 
U-238 
Total Radiological RisA 

ArsCniC 
Beryllium 
D ~ a , h ) ~  

Total Uumical RisA 
I Tom 

- u s a  - Risk 
2.7E48 0.10% 
6.3E-10 0.00% 
1.7E-10 0.00% 
5.4E-W 19.57% 
2.9E-06 10.63% 
1.OE-09 0.00% 
6.8E-06 24.80% 
2.4E-09 0.01% 
8.9E-06 32.38% 
7.9E-09 0.03% 
6.5E-08 0.24% 
1.6E-07 0.57% 
2.4E-05 88.34% 
2.0E-06 7.14% 
4.7E-07 1.71% 
7.7E-07 2.81% 
3.2E-06 11.66% 

Receptor 
Risk 
0.09% 
0.00% 
0.00% 

17.88% 
9.71% 
0.00% 

22.65% 
0.01 % 

29.58% 
0.03% 
0.22% 
0.53% 

80.70% 
6.52% 
1.56% 
2.57% 

10.65% 

- 

2.7EM 100.00% 91.35% 
4.2E-09 0.19% 0.01% 
7.OE-11 0.00% 0.0041 
1.9E-11 0.00% 0.00% 
8.5E-07 39.46% 2.84% 
4.6E-07 21.47% 1.54% 
1.2E-10 0.01% 0.00% 
5.0E-10 0.02% 0.00% 
9.3E-09 0.43% 0.03% 
2.1E-08 0.98% 0.07% 
1.4E-06 62.57% 4.50% 
6.2E-07 28.88% 2.08% 
7.0E-08 3.23% 0.23% 
1.1E-07 5.32% 0.38% 
8.1E-07 37.43% 2.69% 
2.2E-06 100.00% 7.20% 

TABLE B.3.3-31 
FUKIRELANDUSE 

I N A m  FLYASH PILE 
SUMMARY OFTOTAL CARCINOCENlC RISK 

Risk p r i v . o w e )  E - 
1.6E-10 0.247% 0.00% 
1.3E-10 0.20% 0.00% 
3.3E-11 0.05% 0.00% 
5.8E-10 0.88% 0.00% 
6.5E-11 0.10% 0.00% 
2.28-12 0.00% 0.00% 
8.88-09 13.48% 0.01% 
3.4E-09 5.12% 0.00% 
l.lE48 16.34% 0.01% 
9.4E-09 14.31% 0.01% 

1.9E-08 29.37% 0.03% 
5.3E48 81.04% 0.07% 
1.2E-08 17.82% 0.02% 

6.1E-10 O.W% 0.00% 

4.5E-10 0.68% 0.00% 
3.1E-10 0.47% 0.00% 
1.2E-08 18.%% 0.02% 
6.5E48 100.00% 0.09% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

ff-Ropm %Total %Total 
a.hmcr M d i  Receptor 
+down.) w 

1.6E-10 0.25% 
1.3E-10 0.20% 
3.3E-11 0.05% 
5.8E-10 0.88% 
6.5E-11 0.10% 
2.2E-12 0.0046 
8.88-09 13.48% 
3.4E-09 5.12% 
1.1E48 16.34% 
9.4E-09 14.31% 

1.9E-08 29.37% 
5.3E-08 81.04% 
1.2E-08 17.82% 

6.1E-10 0.94% 

4.5E-10 0.68% 
3.1E-10 0.47% 
1.2E48 18.96% 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.01 % 
0.01 % 
0.00% 
0.03% 
0.07% 
0.02% 
0.00% 
0.00% 
0.02% 

6.5E48 100.00% 0.09% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

Rcs. caild 
p i v .  own.) 

2.9E-12 
2.4E-12 
6.OE-13 
1 .OE-11 
1.2E-12 
4.1E-14 
1.6E-10 
6.1E-11 
1.9E-10 
1.7E-10 
1.1E-11 
3.5E-10 
9.E-10 
9.9E-10 
3.8E-11 
2.6E-11 
1 .OE-09 

%Total %Total 
Medium Rcccptor 

Risk - Risk 
0.146% 0.00% 
0.12% 0.0046 
0.03% 0.00% 
0.52% 0.00% 
0.06% 0.00% 
0.00% 0.00% 
7.95% 0.00% 
3.02% 0.0096 
9.64% 0.00% 
8.44% 0.00% 
0.55% 0.00% 

17.32% 0.01% 
47.80% 0.02% 
49.04% 0.02% 

1.87% 0.00% 
1.29% 0.00% 

52.20% 0.03% 

- 

2.0E-09 100.00% 0.05% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

R-pmPm %Total %Total 
b.child Medium Receptor 
W.oan.1 < R i s k  - 
2.9E-12 0.15% 0.00% 
2.4E-12 0.12% 0.00% 
6.OE-13 0.03% 1 0.00% 
1.OE-11 0.52% 0.00% 
1.2E-12 0.06% 0.00% 
4.1E-14 0.00% 0.00% 
1.6E-10 7.95% 0.00% 
6.1E-11 3.02% 0.00% 
1.9E-10 9.64% 0.00% 
1.7E-10 8.44% 0.00% 
1.lE-11 0.55% 0.00% 
3.5E-10 17.32% 0.01% 
9.6E-10 47.80% 0.02% 
9.9E-10 49.04% 0.02% 
3.8E-11 1.87% 0.00% 
2.G-11 1.29% 0.00% 
1.OE-09 52.20% 0.03% 
2.0E-09 100.00% 0.05% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
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ObRopaty %Total %Total 
Rcsidcnt 

~arma(RME) 
2.5E49 
2.1E-09 
5.2E-10 
9.0- 
1 .OE-09 
3.5E-11 
1.4E-07 
5.2E-08 
1 .7EM 
1 5e-07 
9.8E-09 
3 .OE-07 
8 . 3 W  
1.8E-07 
6.9E-09 
4.9E-09 
1.9E-07 

M d i  Rcccptor 
Risk - Risk - 

0.24% 0.00% 
0.20% 0.00% 
0.05% 0.00% 
0.88% 0.00% 
0.10% 0.00% 
0.00% 0.00% 

13.47% 0.01% 
5.11% 0.00% 

16.37% 0.01% 
14.32% 0.01% 

O.%% 0.00% 
29.42% 0.02% 
81.12% 0.06% 
17.72% 0.01% 
0.68% 0.00% 
0.48% 0.00% 

18.88% 0.01% 
1.0E-06 100.00% 0.07% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
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- Medium 
h f . . s O i v  
Ail 

sediment 

F%ramuu 
NP-237 
PU-238 . 
pu-239n40 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
U-234 
U-239236 
U-238 

A n c n i C  
Beryllium 
Dibcnro(a.h)anthracm 

Total Radobgical Rid 

Total Chemical Rid 
Tom 

NP-237 
PU-238 
PU-2391240 
RA-226 
RA-228 
SR-90 
U-234 
U-239236 
U-238 

A r S t n i C  
Beryllium 
Dibcnzo(a,h)anthracm 

Total Radobgiual Rin 

Total Chemical R~SI 

3n-Ropcrty %Total %Total 
Residcnt Medium R Q p t o r  

Risk :anacr(fX) - Risk - 
1.8E-10 0.24% 0.00% 
1 s - 1 0  0.20% 0.00% 
3.8E-11 0.05% 0.00% 
6.7E-10 0.88% 0.00% 
7.4E-11 0.10% 0.00% 
2.6E-12 0.00% 0.00% 
1.OE-08 13.47% 0.01 % 
3.9E-09 5.11% 0.00% 
1.2E-08 16.37% 0.01 % 
l.lE-08 14.32% 0.01 % 
7.X-10 0.96% 0.00% 
2.2E-08 29.42% 0.03 % 
6.1E-08 81.12% 0.07% 
1.3E-08 17.72% 0.02% 
5.1E-10 0.68% 0.00% 
3.6E-10 0.48% 0.00% 
1.4E-08 18.88% 0.02% 
7.5E-08 100.00% 0.09% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

TABLE B.3.%31 
(COatinUed) 

>n-Ropcny %Total %Total 
Resident Medium Raeptor 

Child - Risk !t& 
4.4E-11 0.14% 0.00% 
3.7E-11 0.12% 0.00% 

- 
9.4E-12 0.03% 0.00% 
1.6E-10 0.52% 0.00% 
1.8E-11 0.06% 0.00% 
6.4E-13 0.0096 0.00% 
2.5E-09 7.96% 0.00% 

3.0E-09 9.67% 0.00% 
2.6E-09 8.47% 0.00% 

5.4E-09 17.39% 0.01% 
1.5E-08 47.94% 0.02% 
1.5E-08 48.87% 0.02% 

9.4E-10 3.02% 0.00% 

1.8E-10 0.57% 0.00% 

5.8E-10 1.87% 0.00% 
4.1E-10 1.31% 0.00% 
1.6E-08 52.06% 0.02% 
3.1E-08 100.00% 0.04% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

Grcat %Total %Total 
d h i R i v a  Medium Raeptol 
Rs.Uscr m 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

Grcat %Total %Total 
AiamiRiver Mcdium Reccptol 
k i d .  User !tisJ 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

- 
riiamiRiva Great M d i  %Total Reamtor %Total 
Asl.Usa !t& Ri;L; 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
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Medium 
G ~ ~ d ~ a t a  

Surface 
Water 

paramctcr 
NP-237 
SR-90 
TC-99 
U-234 
U-235t236 
U-238 
Total Radiologiml Risk 
NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
U-234 
U-235t236 
U-238 
Tbml Radiological Risk 

Arsenic 
Beryllium 
Dkaw(a,h)anthcmc 

TbmlQlanicolRisk 
I Total 

SUrfaCC INP-237 
Wata 
(iihdcsm 

p a h a y f a r  
G M R l ~ r n f  

PU-238 
pu-239n40 
RA-226 
RA-228 
SR-90 
U-234 
U-235l236 
U-238 
Total Rndiologiml Rid 
Arsenic 
Beryui 
Dibcato(ah)anthraccm 

T d  Qlanicol RisA 

Expanded %Total %Total 
T-paoJer~edium ~eaptor 

Risk - - user - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.2E-09 
3.9E-09 

6.1E-09 
2.9E- 10 

7.9E-10 
1.1E-10 
5.7E-08 
3.5E-09 
9.8E-08 
1 .m 

0.96% 
1.16% 
0.09% 
1.83% 
0.24% 
0.03% 

16.97% 
1.Q% 

29.16% 
51.48% 

- 
0.014 
0.014 
0.004 
0.024 
0.004 
0.004 
0.194 
0.01 4 
0.339 

0.58% 
1.3E-07 38.65% 0.43% 
2.7E-08 7.95% 0.09% 
6.4E-09 1.92% 0.02% 
1.6E-07 48.52% 0.54% 
3.4E-07 100.00% 1.12% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

0 f f - m  % T d  %Total 
Resident Mdhrm Receptor 

Risk 
3.0E-09 0.01% 0.00% 
4.0E-09 0.01% 0.01% 
6.2E-08 0.11% 0.08% 
1.9E-05 33.45% 24.98% 
1.0- 1.78% 1.33% 
3.6E-05 64.64% 48.26% 
5.6E-05 100.00% 74.66% 

Risk - - FarmCr - 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

TABU3 B.3331 
(COotinUed) 

ff-~opert %Total %Total 
n.hrma Medium Receptor 
+d.ow.) 
3.0E-09 0.01% 0.001 
4.0E-09 0.01% 0.01% 
6.2E48 0.11% 0.08% 
1.9E-05 33.45% 24.98% 
1.OE-06 1.78% 1.33% 

5.6E-05 100.00% 74.66% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

3.6~-05 64.64% 48.26~ 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NI A 
NIA 

NIA 
NIA 
NIA 

Off-Roperty %Total %Total 
RCS.W Medium Reaptor 

Risk - p i v .  ow.) 
1.3E-10 0.01% 0.00% 
1.7E-10 0.01% 0.00% 
2.7E-09 0.11% 0.07% 
8.1E-07 33.45% 20.19% 
4.3E-08 1.78% 1.08% 
1.6E-06 64.64% 39.01% 
2.4845 100.00% 60.34% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

ff-Ropn %Total %Total 
ih.child Medium Receptor 
+d.Oam.i - Risk 

1.3E-10 0.01% 0.00% 
1.n-lo 0.01% 0.00% 
2.7E-09 0.11% 0.07% 
8.1E-07 33.45% 20.19% 
4.3E48 1.78% 1.08% 
1.6E46 64.64% 39.01% 
2.4E-06 100.00% 60.34% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

Om- %Total %Total 
Residan Medium Receptor 

Risk Risk - hnnamhJq - 
2.0EM O.m% 0.01% 
4.8E48 0.00% 0.00% 
1.2EM 0.01% 0.01% 
3.7E44 33.52% 25.06% 
2.0E-05 1.79% 1.34% 
7.1E-04 64.66% 48.33% 
1.1E43 100.00% 74.75% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

. NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
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56 6 0. .,I 
FEMP-OU02-5 D M  

Receptor 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

0.00% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 

0.00% 

0.00% 

June 15. 1994 

~ e ~ i d t m -  

F a r m a 0  
2.4E-10 
1 SE-10 
4.OE-11 

’ 1.3E-08 
1.9E-09 

1.2E-09 

3.4E-09 
l.lE-09 

2.1E-09 
2.4E-08 

7.9E-10 

3.OE-10 

8.OE-11 

Homegrown 
Roducc 

(Fruits and 
Vcguablcs. 

Grouadwakl 
Affected) 

- Risk 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

0.03% 
0.00% 
0.01 % 
0.04% 

p r i v .  own) 
l.lE-12 
6.7E-13 
1.8E-13 
5.9E-11 
8.4E-12 
3.6E-12 
5.5E-12 
1.4E-12 
1 SE-11 
5.2E- 12 
3.5E-13 
9.38-12 
l.lE-10 

7.0E-09 
1 .OE-09 
1.6E-09 
9.6E-09 

3xpandd %Total %Total 
’respassaMedium Receptor 

Risk - Risk - - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

paramaa 
NP-237 
PU-238 
pu-239n40 
RA-226 
RA-228 
SR-90 
TH-22E 
TH-230 
TH-232 
U-234 
U-235/236 
U-238 
Total Rndiologioal Risk 

Arscnic 

Dibcnz.o(a,h)antbrarme 
TotalchanimlRisk 

Totai 

Berylhm 

NP-237 
SR-90 
U-234 
‘U-239236 
U-238 
Tc-99 
Tosol Radiological RisA 

NIA 
NIA 
NIA 

0.18% 
0.03% 
0.04% 
0.24% 

NIA 

3.3E-07 69.06% 0.02% 
4.8E-08 10.09% 0.00% 
7.5E48 15.76% 0.01% 
4.5EM 94.91% 0.03% 

NIA 
NIA 
NIA 
NIA 
NIA 

Farma - 
1.6E-11 
9.5E-12 
2.6E-12 
8.4E-10 
1 .=-lo 
5.1E-11 
7.8E-11 
2.OE-11 
2.1E-10 
7.3E-11 
5.OE-12 
1.3E-10 
1.6E-09 

2.1E48 
3.1E-09 
4.7E-09 
2.9E-08 

Risk - Risk 
0.05% 0.00% 
0.03% 0.00% 
0.01% 0.00% 
2.74% 0.00% 
0.39% 0.00% 
0.16% 0.00% 
0.25% 0.00% 
0.06% 0.00% 
0.70% 0.00% 
0.24% 0.00% 
0.02% 0.00% 
0.43% 0.00% 
5.08% 0.00% 

69.36% 0.03% 
10.11% 0.00% 
15.44% 0.01% 
94.92% 0.04% 

- 

3.1E-08 100.00% 0.04% 
9.2E-10 0.01% 0.00% 
4.3E-09 0.03% 0.01% 
5x46 33.44% 7.53% 
3.0E-07 1.78% 0.40% 
1.1E45 64.62% 14.54% 
2.0E-08 0.12% 0.03% 
1.7E45 100.00% 22.51% 

m-ff-~cpm %Total %Total OH-- %Total % T d  
ks.hrmcr Medium Receptor k . C h i l d  Medium Receptor 
Fed.ow.) 

1.6E-11 0.05% 
9.5E-12 0.03% 
2.6E-12 0.01% 
8.4E-10 2.74% 
1.2E-10 0.39% 
5.1E-11 0.16% 
7.8E-11 0.25% 
2.OE-11 0.06% 
2.1E-10 0.70% 
7.3E-11 0.24% 
5.OE-12 0.02% 
1.3E-10 0.43% 
1.6E-09 5.08% 

2.1E48 69.36% 
3.1E-09 10.11% 
4.7E-09 15.44% 
2.9E48 94.92% 

Risk - 
0.01 96 
0.01 % 
0.00% 
0.61 96 
0.09% 
0.04% 
0.06% 
0.01 % 
0.16% 
0.05% 
0.00% 
0.10% 
1.13% 

72.26% 
10.54% 
16.07% 
98.87% 

- Rnk 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.0096 
0.0096 
0.00% 
0.00% 

0.18% 
0.03% 
0.04% 
0.24% 

3.1E48 100.00% 0.04Xl 9.7E-09 100.00% 0.24% 
9.2E-10 0.01% 0.00%I 6.5E-11 0.01% 0.0046 

2.0E-08 0.12% 
1.7EG 100.00% 22.51% 

3.OE-10 0.03% 0.01% 
4.0E-07 33.44% 10.01% 

1.78% 0.53% 2.1E-08 
7.7E-07 64.62% 19.34% 
1.4E-09 0.12% 0.04% 
1.2E46 100.00% 29.93% 

%Total1 OwRopaty %Total %Total ff-Ropm % T d  
b.cbild Medium 
Fed. oran.) 

1.1E-12 
6.7E-13 
1.8E-13 
5.9E-11 
8.4E-12 
3.6E-12 
5.5E-12 
1.4E-12 
1 SE-11 
5.2E-12 
3.5E-13 
9.3E-12 
1.lE-10 

7 . O W  
1 .OE-09 
1.6E-09 
9.6E-09 

Risk 
0.01 % 
0.01 96 
0.00% 
0.61 % 
0.09% 
0.04% 
0.06% 
0.01% 
0.16% 
0.05% 
0.00% 
0.10% 
1.13% 

72.26% 
10.54% 
16.07% 
98.87% 

- Medium 
Risk - 
0.05% 
0.03% 
0.01 % 
2.75% 
0.39% 
0.16% 
0.25% 
0.06% 
0.70% 
0.24% 
0.02% 
0.43% 
5.09% 

Re#ptor 
Risk - 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

4.8EM 100.00% 0.03% 9.7E-09 100.00% 0.24561 
6.5E-11 0.01% 0.004bI 6.2E-08 0.02% 0.00% 
3.OE-10 0.03% 0.01% 
4.0E-07 33.44% 10.01% 
2.1E48 1.78% 0.53% 
7.7E-07 64.62% 19.34% 
1.4E-09 0.12% 0.04% 
1.2E-06 100.00% 29.93% 

3.7E-08 
3.3E-04 100.00% 22.53% 

FER\CRvuuuBQ\Dp_COC.XLS; 6JW; 11:33 Ph4 
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TABLE 8.3.3-31 
(ConhWd) 

In-RaPerty %Total %Total 
Rcsidcnt McdiumRcccptor 
- Child Risk Risk 
8.8E-09 0.02% 0.01% 
2.1E-09 0.00% 0.00% 
5.OE49 0.01% 0.01% 
1.6E45 33.52% 20.34% 
8.4E-07 1.79% 1.08% 
3.0E-05 64.66% 39.23% 
4.7E-05 100.00% 60.67% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

I 

FEMP-OUOZ-5 DRA 
June 15, 1994 

Medium 
Gnwndwata 

surface 
Water 

surface 
Water 
(inchdcs M 
@way for 
GMR usm) 

Palamem 
NP-237 
SR-90 
TC-99 
U-234 
U-235t236 
U-238 . 

PU-238 
PU-239l240 
RA-226 
RA-228 
SR-90 
U-234 
U-239236 
U-238 I TotalRaaYobgiicalRisk 
Arsenic 
Beryllium 
Dibenm(a,h)amhmme 

Total chrmical Rkk 
Total 

NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
U-234 
U-2351236 
U-238 

Arsenic 
EkryUium 
DkmNa.h)- 

Tow Radiological Risk 

Total Chcmicd Risk 
I Totol 

D*proPw 
RCSident 

m!!dm 
1.2E48 
2.9E-09 
7.0E-09 
2.2E-05 
1.2E4X 
4.3E-05 

% Total 
M d i  

Risk 
0.02% 
0.00% 
0.01 % 

33.52% 
1.79% 

64.66% 

- 
% Total 

Reccptor 
Risk - 

0.01 % 
0.00% 
0.01 x 

25.67% 
1.37% 

49.53% 
6.6E-05 100.00% 76.59% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

Great %Total %Total 
d&Rivcr Medium Reccptor 
Rec.User !t& w 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

1JE-12 0.02% 0.02% 
4.4E-12 0.0546 0.05% 
3.3E-13 0.00% 0.00% 
1.4E-11 0.16% 0.16% 
1.8E-12 0.02% 0.02% 
1.5E-13 0.00% 0.00% 
5.4E-12 0.06% 0.06% 
3.4E-13 0.00% 0.00% 
9.4E-12 0.11% 0.11% 
3.7E-11 0.44% 0.44% 
1.4E-10 1.63% 1.63% 
7.OE-12 0.08% 0.08% 
8.2E-09 97.85% 97.85% 
8.3849 99.56% 99.56% 
8.4E-09 100.00% 100.00% 

Gnat %Total %Total 
diamiRivcr Medium Rccqtor 
Icsid. user w gisl-c 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

3.6E-11 1.20% 1.20% 
4.3E-11 1.45% 1.45% 
3.2E-12 0.11% 0.11% 
6.8E-11 2.27% 2.27% 
8.7E-12 0.29% 0.29% 
1.2E-12 0.04% 0.04% 
6.3E-10 21.03% 21.03% 
3.9E-11 1.31% 1.31% 
l.lE-09 36.79% 36.79% 
.1.9E-09 64.49% 64.49% 

1.8E-10 6.05% 6.05% 
1.1E-10 3.76% 3.76% 
l.lE-09 35.51% 35.51% 
3.0E-09 100.00% 100.00% 

7.6E-10 25.70% 25.70% 

Great % T a d  %Tom 
AiamiRiva Medium Rcccpto 
AK. User Risk & 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
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i' 
FEMP-OUOZ-5 DRAFT 

H o ~  
Roducc 

(Dust 
Affencd) 

June 15. 1994 

NP-237 
PU-238 
PU-239n40 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
U-234 
U-2351236 
U-238 
Total Radia _ _  g i a  

Arsenic 
Beryllium 

Ri.! 

I 
HOXIUX~OWLI INP-237 

Affencd) 

R ~ i d e n t  Mbdium 
' a r m e r ( q  

1.3E-11 0.05% 
8.1E-12 0.03% 
2.28-12 0.01% 
7.2E-10 2.75% 
1.OE-10 0.39% 
4.3E-11 0.16% 
6.E-11 0.25% 
1.7E-11 0.06% 
1.8E-10 0.70% 
6.3E-11 0.24% 
4.4E-12 0.02% 
l.lE-10 0.43% 
1.3E-09 5.09% 

1.8E-08 69.06% 
2.7E-09 10.09% 
4.1E-09 15.76% 
2.5E-08 94.91% 

Receptor 
Risk - 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.0096 
0.00% 
0.00% 
0.00% 

0.02% 
0.00% 
0.00% 
0.03% 

Resident Medium Rcccptor - Child - Risk Risk 
1.7E-11 0.01% 0.004 
1.OE-11 0.01% 0.004 
2.8E-12 0.00% 0.009 
9.3E-10 0.61% 0.004 
1.3E-10 0.09% 0.004 
5.6E-11 0.04% 0.004 
8.5E-11 0.06% 0.004 
2.1E-11 0.01% 0.004 
2.4E-10 0.16% 0.00% 
8.1E-11 0.05% 0.009 
5.6E-12 0.00% 0.009 
1.5E-10 0.10% 0.009 
1.7E-09 1.14% 0.009 

1.1E-07 71.95% 0.149 
1.6E-08 10.51% 0.024 
2.5E-08 16.40% 0.039 
1.5E-07 98.86% 0.199 

2.6E-08 100.0096 0.03961 1.5E-07 100.00% 0.209 
3.4E-09 0.02% 0.00%1 4.4E-09 0.02% 0.019 
2.8E-09 0.02% 0.00% 
6.1E-06 33.51% 7.07% 
3.2EM 1.79% 0.38% 
1.2E-05 64.65% 13.63% 
2.0E-09 0.01% 0.00% 
1.8E-05 100.00% 21.09% 

3.6E-09 0.02% 0.004 
7.8E-06 33.51% 10.094 
4.2E-07 1.79% 0.549 
1.5E-05 64.65% 19.469 
2.6E49 0.01% 0.004 
2.3E-05 100.00% 30.09: 

Rec. User 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Great %Total %Total 
rIiamiRiva Medium Rcccptor 
:aid.usa 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

, NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Aa. Usa 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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Medium 
HO- 
Rodua 

(GMR 
sllrfxe 
Wata 

Mected) 

Bed/Milk 
@ust 

Affected) 

TABLE B.3.3-31 

paramacr 
NP-237 
PU-238 
PU-239l240 
RA-226 
RA-22.8 
SR-90 
U-234 
U-2351236 
T a d  Raa70&@ Rid 
Arsenic 

Dibenzo(a. h)anthraccne 
Total chaniml RisA 

TaOd 

Beryllium 

NP-237 
PU-238 
PU-239l240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
U-234 
U-2351236 
U-238 
Total Radiological Rid 
Arsenic 
Beryllium 
D i ~ a , h ) ~  

Total chaniml Rid 
Tota 

3pnded %Total %Total 
'respasser Medium Reccptor 

Risk - User - Risk - 
NIA  
N IA  
N IA  
N IA  
N IA  
N IA  
N I A  
N I A  

N IA  
N IA  
N I A  

NIA 
N IA  
N IA  
N IA  
N IA  
N IA  
N IA  
NIA 
N IA  
N IA  
N IA  
N IA  

N IA  
N IA  
N IA  

Off-Propaty % T d  %Total 
Resident Medium Reccptor 

Risk Risk - - - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

7.2E-14 
5.4E-16 
1.6E-16 
1 SE-10 
1.4E-11 
1.6E-10 
1.1 E-13 
1.2E-13 
1.4E-12 
1 .OE-1 1 
7 .OE- 13 
1.8511 
3.5510 

0.00% 
0.00% 
0.00% 
0.13% 
0.01 % 
0.14% 
0.00% 
0.00% 
0.00% 
0.01 4% 
0.00% 
0.02% 
0.31% 

- 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

7.4E-09 6.48% 0.01% 

1.lE-07 92.90% 0.14% 
l.lE-07 99.69% 0.15% 
l.lE-07 100.00% 0.15% 

3.6E-10 0.31% 0.00% 

a.hrmcr Medium Raeptor 
Fed.ow.) && 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

7.2E- 14 
5.4E-16 
1.6E-16 
1 SE-10 
1.4E-11 
1.6E-10 
l.lE-13 
1.2E-13 
1.4E-12 
1.OE-11 
7 .OE- 13 
1.8E-11 
3.5E-10 

0.00% 
0.00% 
0.00% 
0.13% 
0.01 % 
0.14% 
0.00% 
0.00% 
0.00% 
0.01% 
0.00% 
0.02% 
0.31% 

- 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

7.4E-09 6.48% 0.014 

1.lE-07 92.90% 0.144 
1.1E-07 99.69% 0.15% 
1.1E-07 100.00% 0.154 

3.6E-10 0.31% 0.004 

Off-Ropcn~ %Total RTaal  
Ra.Child Medium Receptor 

p i v .  oam.1 - Risk - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

5.5E-15 0.00% 0.00% 
5.68-17 0.00% 0.00% 
1.6E-17 0.00% 0.00% 
2.6E-11 0.04% 0.00% 
2.48-12 0.00% 0.00% 
3.OE-11 0.05% 0.00% 
1.7E-14 0.00% 0.00% 
2.OE-14 0.00% 0.00% 
2.2E-13 0.00% 0.00% 
1.9E-12 0.00% 0.00% 
1.3E-13 0.00% 0.00% 
3.4E-12 0.01% 0.00% 
6.4E-11 0.10% 0.00% 

1.7E-09 2.77% 0.04% 
5.6E-11 0.09% 0.00% 
6.1E-08 97.04% 1.53% 
6.3E-08 99.90% 1.57% 
6.3E-08 100.00% 1.57% 

ff-ploPm %Total %Total 
Res.- Medium Rccc#or 
Fed.oam.1 Ri;k 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

5.5E-15 0.00% 0.00% 
5.6E-17 0.00% 0.00% 
1.6E-17 0.00% 0.00% 
2.6E-11 0.04% 0.00% 
2.4E-12 0.00% 0.00% 
3.OE-11 0.05% 0.00% 
1.7E-14 0.00% 0.00% 
2.OE-14 0.00% 0.00% 
2.2E-13 0.00% 0.00% 
1.9E-12 0.00% 0.00% 
1.3E-13 0.00% 0.00% 
3.4E-12 0.01% 0.00% 
6.4E-11 0.10% 0.00% 

1.7E-09 2.77% 0.04% 
5.6E-11 0.09% 0.00% 
6.1E-08 97.04% 1.53% 
6.3E48 99.90% 1.57% 
6.3848 100.00% 1.57% 

On-Propary %Total %Total 
Raidcnt Medium ReccDtor 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

l.lE-12 0.00% 0.00% 
8.4E-15 0.00% 0.00% 
2.4E-15 0.00% 0.00% 
2.3E-09 0.13% 0.00% 
2.2E-10 0.01% 0.00% 
2.5E-09 0.14% 0.00% 
1.7E-12 0.00% 0.00% 
1.9E-12 0.00% 0.00% 
2.1E-11 0.00% 0.00% 
1.6E-10 0.01% 0.00% 
1.1E-11 0.00% 0.00% 
2.9E-10 0.02% 0.00% 
5.5E-09 0.30% 0.00% 
1.1EM 6.33% 0.01% 
5.58-09 0.30% 0.00% 
1.7E-06 93.06% 0.12% 
1.8E-06 99.70% 0.12% 
1.8E-06 100.00% 0.12% 
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U-234 
U-2351236 
U-238 

Total Radiological Risi 

June 15. 1994 

TABLE 8.3.3-31 

a 

Palamum 
NP-237 

Tota 

a 

3mRopcrty XTotal %Total 
Resident M d i  Receptor 

w ~ a r w r ( c q  - 
NIA  
N IA  
N IA  
N IA  
N I A  
N IA  
N IA  
N IA  

N IA  
N IA  
N IA  

5.9E-14 0.00% 0.00% 
4.3816 0.00% 0.00% 
1.3E-16 0.00% 0.00% 
l.lE-10 0.12% 0.00% 
1.OE-11 0.01% 0.004 
l.lE-10 0.12% 0.00% 
7.9E-14 0.00% 0.004 
9.3E-14 0.00% 0.004 
1.OE-12 0.00% 0.004 
7.4E-12 0.01% 0.004 
5.1E-13 0.00% 0.004 
1.3E-11 0.01% 0.004 
2.5E-10 0.28% 0.004 
6.4E# 6.97% 0.01 4 
3.2E-10 0.34% 0.004 
8.5E-08 92.41% 0.104 
9.2E-08 99.72% 0.114 
9.28-08 100.00% 0.114 

Residau - Medium Rcccptor 
Chid - Risk && 
NIA  
N IA  
N IA  
N IA  
N I A  
N IA  
N IA  
N IA  

- 

NIA  
N IA  
N IA  

8.3E-14 0.00% 0.00% 
8.8E-16 0.00% 
2.6E-16 0.00% 
4.1E-10 0.04% 
3.8E-11 0.00% 
4.6E-10 0.05% 
2.6E-13 0.00% 
3.OE-13 0.00% 
3.4E-12 0.00% 
2.9E-11. 0.00% 
2.OE-12 0.00% 
5.2E-11 0.01% 
9.9E-10 0.10% 
2.7E-08 2.71% 

9.7E-07 97.11% 
l.0E-06 99.90% 

8.7E-10 0.09% 

0.004 
0.004 
0.004 
0.004 
0.004 
0.004 
0.00% 
0.004 
0.004 
0.004 
0.004 
0.004 
0.034 
0.004 
1.254 
1.294 

1.OE-06 100.00% 1.294 

Great %Total XTotal 
lIiamiRiver Medium Raeptor 
Rec.Usm m 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

Great %Total %Total 
liamiRivtr Medium Receptor 
Laid. User !t& 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

FER\CRUZRAABQUFP-COC.xLs; U6/94; 1133 PM 
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diamiRiver G m  Medium %Total Receptor %Total 
Aa. User !t& E 

1.1E-11 1.20% 0.22% 
1.3E-11 1.42% 0.26% 
9.7E-13 0.11% 0.02% 
2.1E-11 2.32% 0.43% 
2.6E-12 0.29% 0.05% 
4.28-13 0.05% 0.01% 
1.9E-10 20.69% 3.80% 
1.2E-11 1.29% 0.24% 
2.SE-10 27.35% 5.02% 
3.OE-10 32.47% 5.%% 
3.OE-11 3.24% 0.60% 

3.3E-10 36.45% 6.69% 
6.7E-12 0.74% 0.14% 

5.8E-10 63.80% 11.72% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
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WlMiIk 
(Groundwata 

Affaxed) 

TABLE 83.3-31 
(Coatinucd) 

fl-ff-Ropen %Total %Total 
~ .hmwr  Medium Reccptor 
Fcd.chvn.) !z& !z& 

2.8E-12 0.00% 0.004 NP-237 
PU-238 
PU-239R40 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-2351u6 
U-238 
TC-99 

(GMR 
surface 
Wata 

A f f d  

Ambicnt 

PU-238 
PU-239R40 
RA-226 
RA-228 
SR-90 
U-234 
U-235l236 
U-238 
Total Radiologiml Rid 

Arsenic 
Beryllium 
D k n m ( a . h ) ~ e  

Total chanical Rid 
Toto 

Zxpandcd %Total %Total 
'rcrparsa Medium Reaptor 

Risk - Usa - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

- 

NIA 
NIA 
NIA 

1 .OEM 0.139 

Dff-RopCrty % T d  %Total 
Resident Medbrm Receptor 

Rbk Risk - - FiUmCf - 
2.88-12 0.00% 0.00% 

7.1E-09 0.42% 0.01% 

5.5E-07 32.42% 0.734 
2.9E-08 1.73% 0.004 
l.lE-06 62.64% 1.424 
4.8E48 2.80% 0.064 
1.7E-06 100.00% 2.264 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

2.2E-07 0.289 

7 .53-05 

7.1E-09 0.42% 0.014 

5 S E M  32,42% 0.739 
2.9E38 1.73% 0.049 
l.lE-06 62.64% 1.429 
4.8E-08 2.80% 0.069 
1.7E-06 100.00% 2.269 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

2.2EM 0.28! 

7.53-05 

Off-Ropmy %Total %Total 
k . c h i l d  M e d i i  Racptor 

Risk - p v .  chvn. Risk 
2.2E-t3 7.0E%S% 0.00% 

1.3E-09 0.43% 0.03% 

1.OEU7 32.49% 2.524 
5.4E49 1.73% 0.134 
1.9E47 62.78% 4.874 
7.9E-09 2.56% 0.204 
3.1EM 100.00% 7.754 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

4.0E-09 0.01 9 

4.0E-06 

ff-m %Total % T d  
k.child Medium Receptor 
Fed.osm.) !tkJ 
2.2E-13 0.00% 0.00% 

1.3E-09 0.43% 0.03% 

1.OEM 32.49% 2.52% 
5.4E-09 1.73% 0.13% 
1.9E-07 62.78% 4.87% 
7.9E-09 2.56% 0.20% 
3.1E-07 100.00% 7.754 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

4.0E-09 0.01 4 

4.0Eo6 

On-Ropaty %Total %Total 
Resident Mcdium Reccptor 

Risk Risk - ~armermlEj  - 
1.9E-10 0.00% 0.004 

8.6E-08 0.27% 0.014 

1.1E-M 33.35% 0.744 
5.8EM 1.78% 0.044 
2.1E45 64.33% 1.424 
8.8848 0.27% 0.014 
3.2E45 100.00% 2.209 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

4.2E46 5.489 
Radon I 

I 
1.5Eo3 1 

FER\CRWFUIABQUFP-COC.XLS; 6/6/94; 11:33 PM 
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TABLE B.3.3-31 
(Continued) 

On-Ropcny %Total %Total 
Resident Medium Receptor 

, 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

M e d i  

(Groundwater 
Affeded) 

- 
k f l M i k  

parameter 
NP-237 
PU-238 
pu-239n40 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
U-234 
U-2351236 
U-238 
rc-99 

Total Radiological Risk 
NP-237 
PU-238 
PU-2391240 
RA-226 
RA-228 
SR-90 
U-234 
U-235l236 
U-238 

Arsenic 
Beryllium 
Dibenzo(a. h)anthracene 

Total Radiological Risk 

Total Chemical Risk 
Total 

)n-Prcpxty %Total %Total 
Resident Medium Raoeptor 

Risk ~anna(Cl2 gi& - 
1.OE-11 0.00% 0.00% 

3.9E-09 0.26% 0.00% 

5.OEU7 33.35% 0.58% 
2.6E48 1.78% 0.03 % 
9.6EM 64.33% 1.11% 
4.2E-09 0.28% 0.00% 
1.5E-06 100.00% 1.73% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

3.1EU7 0.41 41 

c h i d  - Risk - 
1.5E-11 0.0046 

1.6E48 0.27% 

2.0E-06 33.35% 
1.OEM 1.78% 
3.8E-06 64.35% 
1.5E48 0.25% 

g& 
0.00% 

0.02% 

2.54% 
0.14% 
4.90% 
0.02% 

5.9E-06 100.00% 7.61% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

0.10% 

Grcat %Total %Total 
AiamiRivcr Medium Reccpt01 
R e c . U s a  gi& gi& 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA ' 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 

Great %Total %Total 
AiamiRiva Medium Reccptoi 
k i d .  user &sJ &?Jc 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 

3 . O E o 9  

Great %Total !%Total 
H i R i v c r  Medium Receptol 
AK. User &?Jc 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

2.4E-11 0.55% 0.49% 
2.48-13 0.01% 0.00% 
1.8E-14 0.00% 0.004 
2.6E-10 5.83% 5.17% 
2.5E-11 0.56% 0.50% 
1.OEll 0.23% 0.21% 
1.4E-09 31.77% 28.21% 
8.7E-11 1.97% 1.75% 
2.4E-09 55.60% 49.36% 
4.3E-09 96.52% 85.69% 
5.5E-11 1.24% 1.10% 
1.6E-12 O.M% 0.03% 
9.7E-11 2.20% 1.95% 
1.5E-10 3.48% 3.09% 
4.4E49 100.00% 88.78% 
NIA 

I 

NIA signifies that exposure of the rrccptor to the i n d i i  medium is not applicable. 

m \ c R ~ ~ ~ c o c . X L S ;  6/m; 11:33 PM 
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SUMMARY OF WAL NONCARCINOGENIC 
Expaodd % T a a l  %Of I Ofl-ROpn~ %Total %Of IO~T-RODCII %Total %Of 

TABLE BAS32 
WlURELANDUSE 

INACllVE FLYASH PILE 
HAZARD 

Off-RaKltv %Total %of Bff-Ropefi %Total %of  - -  
Rcr.Child Medium Receptor 

@v.oaO.) Hazard 
NID 
NID 

NIA 
NIA 

A f f d  I TOtd 
Homegrown ITributyl phosphate 

Rcr.Child Medium Receptor 
p u i . 0 ~ 1 ~ )  Hazard Hazard 

NID 
NID 

NIA 
NIA 

Medium 
su r faccso i  

s e d i  

Groundwater 

surface 
Water 

GMR 
Surface 
Watcr 

Homegrown 
Roducc 

@us1 

Trespasser Medium Receptor I Rcs.Fumcr Medium Receptor 1k.L Medium Receptor 
paramacr 

Arsenic 
Bayui  

TOtd 
An& 
Beryllium 

Tributyl phosphate 
TOtd 

U-TOTAL 
Total 

Arsenic 
Beryllium 
U-TOTAL 

Arsenic 

U-TOTAL 

Total 

BCryUiUm 

Cadmium 

Arsenic 
Beryllium 

Total 

6.6EM 52.86% 6 S % l  NID 

7.7E43 64.30% 7.62% 
1.2EM 100.00% 11.85% 
NIA 

I N i i  

NIA NIA 

1.3E42 100.00% 12.37%1 I 
4.3E43 35.70% 4.23%l NIA I NIA 

NIA 

1.4E-03 1.87% 1.42% 
5.7E-05 0.07% 0.06% 
7.5EM 98.05% 74.30% 
7.7EM 100.00% 75.78% 
NIA 

9.1E-01 100.00% 76.82% 9.1E-01 100.00% 76.82% 
9.1E-01 100.00% 76.82% 9.1E-01 100.00% 76.82% 

NIA NIA 
NIA NIA 
NIA NIA 

NIA NIA NIA 
NIA 
NIA 
NIA 

1.6E-04 99.65% 0.01% 
5.6E-07 0.35% 0.0046 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 

1.6E-04 99.65% 0.01% 
5.6E-07 0.35% 0.00% 

NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 

NIA 

NIA 
NIA 
NIA 

4.1E-05 99.65% 0.00% 4.1E-05 99.65% 0.00% 
1.4E-07 035% 0.00% 1.4E-07 0.35% 0.00% 

4.1E-05 100.00% 0.00% 4.1E45 100.00% 0.00% 

2.6E-01 100.00% 21.89% 2.6E-01 100.00% 21.89% 

2.6E-01 100.00% 21.89% 2.6E-01 100.00% 21.89% 
NIA NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

2.1E+00 100.00% 84.37~1 2.1E+00 100.00% 84.37% 
2.1E+00 100.00% 84.37%1 2.1E+00 100.00% 84.37% 
NIA I NIA 
NIA 
NIA 

NIA I NIA 

1.6E-04 100.00% O.Ol%l 1.6E-04 100.00% 0.01% 
I 

9.54% 2.4E-01 100.00% 9.54% I 2.4E-01 100.00% 

2.4E-01 100.00% 9.54761 2.4E-01 100.00% 9.54% 
NIA I NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

%Total %of 
Resid- Medium Receptor 

F a I m C r W  Hatardw 
NID 
NID 

NIA 

0.04% 
1.8E+01 99.95% 82.33% 
1.8E+01 100.00% 82.37% 

8.6E-03 0.05% 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

6.3E-04 99.64% 0.00% 
2.2E36 0.36% 0.00% 

0.00% 6.3E-04 100.00% 
1.7E-03 0.05% 0.01 96 

3.3E+00 99.95% 15.34% 

3.3E+00 100.00% 15.34% 
NIA 
NIA 
NIA 
NIA 
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- -  
Ordropmy %Total %of  

Fanrrr (0 Hazard Hazard 
Raidcnt Medium Rcccptor 

NID 
NID 

TABLE B.3.132 
(COatiUUed) 

NIA 
NIA 

On-pro9erry %Total %of Grrat %Total %Total Great %Total %Total 
Raidem Medium Rcccptor MiamiRivcr Mcdium Reaptor MiamiRiva Medium Reaptor M&River Medium Receptor 

Rec.Wscr Hazard Hazard Resid.Usa Hazard Hazard AK.USU Hazard Hazard 
NID NIA NIA 
NID NIA NIA 

Medium paramacr 
Arsenic I B c r y u i  

Groundwater 

s u r f a a  
Watcr 

I T d  
s e d i  IArSenic 

Bcrylliim 

Tributyl phosphate 
Total 

U-TOTAL 

Arsenic 
Beryllium 
U-TOTAL 

Total 

NIA 

4.0E53 0.05% 0.04% 
8.2E+00 99.95% 84.05% 
8.3E+00 100.00% 84.099% 

I Total 
GMR IArsenic 

NIA NIA NIA NIA 

2.0EM 0.05% 0.03% NIA NIA NIA 
4.1E+01 99.95% 62.59% NIA NIA NIA 
4.1E+01 100.00% 62.62% 

NIA NIA 

Affcacd) I Total 
Homegrown IArsenic 

NIA NIA NIA 

NIA 
NIA 
NIA 
NIA 

* I I I 

NIA 1 NIA I NIA I NIA I NIA 

NIA 6.OEM 31.73% 31.73% 1.5E-06 34.70% 34.70% NIA 
NIA 1.OE49 0.05% 0.05% 5.4E49 0.13% 0.13% N!A 
NIA 3.0EM 15.54% 15.54% 1.4E-06 32.58% 32.58% NIA 
NIA 1.OE-06 52.68% 52.68% 1.4E-06 32.58% 32.58% NIA 

surface 
Water 

Homegrown 
Produce 
mst 
Affcacd) 
Homtgrown 

(Groundwater 
Roduce 

NIA 
NIA 

Beryllium 

Cadmium 

Arsenic 
Beryllium 

U-TOTAL 

Total 

Total 
Tributyl phosphate 
U-TOTAL 

NIA 1 NIA 

2.7E00 99.64% 0.00% 
9.6EM 0.36% 0.00% 

NIA 1 NIA 

1.9E-06 100.00% 100.00% 4.2E46 100.00% 100.00% 
2.4E-03 99.64% 0.00% NIA NIA N/A 
8.6E-06 0.36% 0.00% NIA NIA NIA 

NIA 1 NIA 

2.7E44 100.00% 0.00% 
7.2E-04 0.0546 0.01% 

NIA I NIA 

2.4E-03 100.00% 0.00% 
1.OEM 0.05% 0.02% NIA NIA N/A 

1.4E+00 100.00% 14.11% 
NIA 
NIA 

1.9E+01 100.00% 29.86% 
NIA NIA NIA 5.6EM 2.34% 1.57% 
NIA NIA NIA 1.4E49 0.01% 0.00% 

N/A 
NIA 

I 
. .. 

1.4E+00 99.95% 14.10%1 1.9E+01 99.95% I NIA I N/A 

NIA NIA NIA 1.9EM 79.39% 53.04% 
NIA NIA NIA 4.4E-06 18.26% 12.19% 

2.4EM 100.00% 66.80% 
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June 15, 1994 0 B.3.4 SOLID WASTE LANDFILL 

B.3.4.1 ExDosure Point Concentrations 

Table B.3.4-1 summarizes the exposure scenarios evaluated to assess risk associated with the Solid 

Waste Landfill. It also summarizes derivation of exposure concentrations specific to this subunit. 

Exposure point concentrations 

were derived from analytical.data on samples collected within the boundaries of the Solid Waste 

Landfill subunit. For 

the future on-property farmer, it was assumed that the farmer resided on the Solid Waste Landfill and 

simultaneously farmed that area. The Solid Waste Landfill was chosen as a farm and residence site 

since it is feasible to place either a home or an agricultural field on this subunit. Because of the 

feasibility of constructing a home on the Solid Waste Landfill, risks to a potential homebuilder were 

also determined for this area. Additionally, because the Solid Waste Landfill is underlain by perched 

groundwater, risks to a future perched groundwater user were assessed. This and other relevant 

information regarding exposure point concentrations for the Solid Waste Landfill is summarized in 

Table B.3.4-1. 

, B.3.4.2 Constituents of Potential Concern 

The CPCs identified for surface soil, subsurface soil, 4 
are summarized in Tables B.3.4-2(a), (b), (c), 

. . . . . . . . . . . . . . Table'3.4-3 summarizes CPCs for the Solid Waste Landfill by 

medium. 

B.3.4.3 Risk Characterization for Current Land Use 

The scenarios characterized for the Solid Waste Landfill assuming continued DOE ownership 

are a trespassing youth; the off-property farmer and resident child using food products 

grazing' off-property and from produce grown off- 

groundskeeper exposed to on-site contaminant concentrations; 

a user of meat and milk products from livestock grazing on-property 

... 
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0 B.3.4.3.1 TresDassing Youth 
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I 

Risk was characterized for the trespassing youth contacting CPCs via ingestion and dermal contact 

with surface soil within the subunit; external radiation resulting from exposure to surface soil and 

sediment within the subunit; inhalation of airborne particulates; and ingestion and dermal contact with 

surface water and sediment within the subunit. The exposure point concentrations for exposure to 

concentrations was based on &F modeling results 7 

2 

3 

4 

5 

soil- . were based on analytical data, while the inhaled particulate 6 

as described in the Section B.2. 8 

9 

Risks and hazards calculated for the trespassing youth on the Solid Waste Landfill are presented in 10 

Tables B .3.4-4, B.3.4-5, and B.3.4-6 

surface water, and sediment, respectively. Total risk for exposure to 

) for exposure to contaminated 11 

12 

13 

thorium-228 (M+-MJ?+ 14 

soil was -2 
. This was primarily due to external radiation exposure to 

The risks calculated IS 

for all other CPCs were at or below the 1 x lo-' risk level. Total risk for exposure of a trespassing 

youth to CPCs in surface water on the Solid Waste Landfill was bekw -6 4,4 x lo", W 

. Total HIS calculated for exposure - 2 2  

of a trespassing youth to CPCs in soil, surface water, or sediment on the Solid Waste Landfill were 

all well below 1.0. 

. .  

B.3.4.3.2 Current Off-ProDertv Farmers 

Risk was characterized for the current off-property farmer and resident child contacting CPCs via 

inhalation of airborne particulates; and ingestion of airborne particulates deposited on homegrown 

produce and in milk or beef from livestock grazing on particulates deposited on off-property 

vegetation. For all of these routes of exposure, the exposure point concentration was based on air 

16 

17 

18 

19 

m 

21 

22 

23 

24 

25 

26 

modeling results as described in the Section B.2.0 n 

28 

29 

30 

B.3.4-7(b), respectively ( ). The total risk was M for 31 

Risks and hazards calculated for the off-property farmer and resident child exposed to CPCs in 

airborne soil particulates from the Solid Waste Landfill are presented in Tables B.3.4-7(a) and 

the farmer and resident child, respectively. The total hazard for both the farmer a d  child was well 32 8 below 1.0. 33 
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Risks and hazards associated with ingestion of CPCs in beef and milk for the current off-property 

farmer and resident child are given in Tables B.3.4-8(a) and B.3.4-8(b), respectively ( 

. . . . . . . . . ). Total risk for all CPCs consumed in beef and milk was 6 4  

the farmer and child, respectively. The total HIS for all CPCs consumed in beef and milk was well 

below 1.0 for both the farmer and child. 

Risks and hazards associated with ingestion of CPCs in homegrown produce for the off-property 

resident farmer and child are given in Tables B.3.4-9(a) and B.3.4-9(b), respectively 

for all CPCs consumed in homegrown produce was 54k-432 

for the farmer and child, respectively. The total HI for all CPCs -consumed in 

homegrown produce was well below 1.0 for both the farmer and child. 

B .3.4.3.3 Current User of MilWMeat Products 
.... 

. Total risk was less than 1.0 x lo4 and total HI was well below 1.0. 

B.3.4.3.4 Current Groundskeeper 

Risks and hazards to the current groundskeeper are given in Table 3.4-1 1 

carcinogenic risk due mostly to external radiation 

than 1.0. 

B.3.4.4 Risk Characterization for Future Land Use 

The future scenarios characterized for the Solid Waste Landfill assuming continued federal ownership 

are the off-property farmer and resident child and an expanded trespasser. Future scenarios 

characterized for the Solid Waste Landfill assuming private ownership are an on-property farmer and 

resident child living on and farming the Solid Waste Landfill; a future,home builder; a future perched 

groundwater user. Remakmd Users of the Great Miami River were evaluated k federal 

and private ownerships. 
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0 B.3.4.4.1 Future Off-ProDerhr Farmers 

For the off-property farmer and resident 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

child , risks were 

calculated for exposure to CPCs in airborne soil. Receptors were presumed to contact CPCs in air 

via inhalation of airborne particulates; by consumption of homegrown produce on which airborne soil 

was deposited and that was watered with contaminated groundwater; by ingestion of milk and beef 

from cattle grazing on vegetation on which airborne soil was deposited and that consumed 

contaminated groundwater; and by ingestion, dermal contact, and inhalation of contaminated 

groundwater. All of the exposure point concentrations for this scenario were derived from air and 

groundwater modeling results as described in Section B.2.0, Methodology 

. . . . . . . . . . 

Risks and hazards calculated for the future off-property farmer and resident child 

exposed to CPCs in soil and airborne contaminants from the Solid Waste Landfill are given 

in Tables B.3.4-12(a) BRB B.3.4-12@), 

individual CPC was at or below the 1 x 

were well below 1.0. 

risk level. The total HIS for both the farmer and child 
a. 

Risks and hazards associated with ingestion of CPCs in beef and milk for the off-property farmer and. 

are given in Tables B.3.4-13(a) BRB B.3.4-13(b), 

). The total risk for all CPCs consumed in beef 

and milk was for the farmer and 

, respectively. The total HIS for all CPCs consumed in beef and 

Risks and hazards associated with ingestion of CPCs in homegrown produce for the off-property 

farmer and resident child are given in Tables B.3.4-14(a) a i 4  B.3.4- 

). The total risk for all CPCs 
consued in homegrown produce 

a 
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The total HIS for all CPCs consumed in homegrown produce were well below 1.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . for both the farmer and child 

The risks and hazards associated with exposure of the off-property farmer and resident child 

to groundwater are given in Tables B.3.4-15(a) arte B.3.4-15@), 

. No risks exceeded 1.0 x lod and Beck total HIS 

were below 1.0. 

B.3.4.4.2 Future €h-Rww& ExDanded TresDasser 

The expanded trespasser was assumed to contact CPCs directly via inhalation of airborne particulates 

of soil; ingestion and dermal contact with sediment and surface water; ingestion and dermal contact 

with surface soil; and external radiation resulting from exposure to contaminated 

sediment. The exposure point concentrations for inhalation of airborne particles 

were estimated from akkme+d . modeling results while ah the^ 

point concentrations were derived from analytical data. 

Risks and hazards calculated for the future expanded trespasser due to CPCs in 
Solid Waste Landfill are presented in Table B4M-l-4 

due to exposure to all CPCs in soil by all e 

primarily due to e * , external radiation by . .  

and uranium-238 

Total risk due to exposure to all CPCs in surface water (Table M-R 

did not exceed the 1.0 x lo! risk level. Total risk due to sediment (Table 3.4-18 

) slightly exceeded the 1.0 x 10" level due to 

tJ\r\r;..m. All HIS were below 1.0. 

B .3.4.4.3 Future On-ProDertv Farmers 

Risks were quantified for the future on-site farmer and resident child living on the Solid Waste 

Landfill, assuming livestock would be grazing on the landfill and both humans and livestock would be 

using groundwater underlying the Solid Waste Landfill. Risks were calculated for inhalation of 

airborne particulates estimated from modeled results as described in Section B.2, and Appendix A, 
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and Section 5.0 of this RI report; and for direct contact with soil via ingestion, external radiation, and 

dermal contact. Risks were estimated for ingestion of homegrown produce on which contaminated 

soil was deposited and which was irrigated with groundwater underlying the Solid Waste Landfill; and 

for ingestion of milk and beef from livestock consuming on-property vegetation on which airborne 

soil was deposited and drinking groundwater underlying the Solid Waste Landfill. Risks associated 

with ingestion, dermal contact, and inhalation of contaminants in groundwater underlying the Solid 

Waste Landfill were also assessed. Exposure point concentrations for these routes of exposure were 

based on air and groundwater modeling results. 

0 

Risks and hazards for the RME Solid Waste Landfill on-property farmer and resident child exposed to 

CPCs in surface soil and in airborne particulates are given in Tables B.3.4-19(a) and B.3.4-19(b), 

. The total risks for the on-property farmer and resident child were 

0 

Risks and hazards associated with exposure to contaminants in groundwater for the RME on-property 

farmer and resident child are given in Tables B.3.4-20(a) and B.3.4-20(b), respectively 

and -9 ). The risk to the farmer and child was 34+~44X24 1.5 x 14 - 
. . . . . . . . 

respectively. HIS were well below 1.0 for both receptors. 

Risks and hazards associated with exposure to contaminants in homegrown produce for the RME 

farmer and resident child are given in Tables B.3.4-21(a) and B.3.4-21@), respectively 

). The risk associated with homegrown produce for the RME farmer was -5 

and for the child was Mh-44: . This was due to the estimated 

presence of arsenic 

' .  , 
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Risks and hazards associated with exposure to contaminants in beef and milk for the RME farmer 

and resident child are given in Table B.3.4-22(a) and B.3.4-22(b), respectively 

The risk associated with beef and milk for the adult 

. This is largely due to the estimated uptake of 

and for the child 

receptors. 

CT estimates of risk and hazard for the future on-property farmer associated with exposures to 

surface soil, groundwater, homegrown produce, and beef and milk, are given in Tables B.3.4-23, 

B.3.4-24, B.3.4-25 and B.3.4-26, respectively ( 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

). Risks exceeding 1.0 x lo4 were 

associated with exposures to surface 

. .  
@ 4 k 4 4 x ? w  

B.3.4.4.4 Future On-ProDertv Solid Waste Landfill Homebuilder 

Risks and hazards for an on-property homebuilder exposed to contaminated subsurface and surface 

soils while building a home on the Solid Waste Landfill are given in Table B.3.4-27 ( 
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June 15, 1994 0 B.3.4.4.5 Future On-ProDerty Perched Groundwater User 

Risks were calculated for a future on-property resident ingesting, dermally contacting, or inhaling 

contaminants predicted to be present in perched groundwater directly underlying the Solid Waste 

Risks and hazards to the 

in perched groundwater. 
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B.3.4.4.7 Results of Modeled Indoor Air Radon Concentrations: Solid Waste Landfill 

Ambient radon emission potentially associated with the Solid Waste Landfill, estimated as described 

in Section B.2.0, are summarized in Table :B.i,#3E@J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . for each receptor. Risks that would result at 

the Solid Waste Landfill, assuming radon emissions were equivalent to what would naturally occur if 

radium-226 were present at background concentrations, are presented for comparison. With the 

exception of the future on-property RME farmer, all subunit-specific risks are within or close to 

background. 

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

Concentrations of indoor radon were estimated from Solid Waste Landfill' subsurface soil radium-226 

concentrations as described in Attachment B.11. The results shown in Table 

little difference exists between potential carcinogenic risk to future residents 

constructed on a slab-type foundation or a house built with a basement. The future risk to the child 

resident of a house with slab foundation is 2.6 x lo", with 3.1 x 10" risk to the CT resident, and 

3.0 x lo5 risk to an RME resident. The house with basement would present risks of 1.9 x 10" to the 

child, 2.3 x 10" to the CT resident, and 2.3 x 10" risks to an RME resident. Unlike the South Field 

indoor radon scenario, essentially n e of foundation constructed on 

the Solid Waste Landfill (see Table . For comparisons, the risk to an 

RME resident exposed to the EPA action level for radon (4 pCi/L) (ASTDR 1990) is presented. The 

risk would be 1.1 x lo-'. 

B.3.4.5 Summary for Solid Waste Landfill 

Tables €44432 summarize risk and hazard, respectively, associated 
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Current/Future 

TABLE B.3.431(a) 
SoLIDWAsrELANDmLL 

RISKS DUE TO ESTIMATED RN-222 EMISSION 

' : :"::::i-:~': ' ' : :~~ t ....... ............................. .................................... , , . . , . . , . . . . . ...... 

Iaximum RN-222 Ail 
oncentration @Ci/nC 

1.6E+ 

2.6E- 

2.6E- 

1.6E+ 

1.6E+ 

1.6E+ 

1.6E+ 

1.6E+ 

5 SE+O 1 

2.8E+04 

5.2E+03 

1.9E+05 

1.4E+04 

2.6E-0 

2.3E-0 

4.3E-1 

2.2E-0 

4.0E-0 

1.4E-0 

1.lE-C 

3.4E+031 2.6E-C 

;ackground RN-222 Air 
:oncentration 
,Ci/m3)** 

9.0E-01 

1.5E-02 

1.5E-02 

9.0E-01 

9.0E-01 

9.0E-01 

9.0E-01 

9.0E-01 

*Represents subsurface soil Ra-226 estimate of 1.55 pCi/g. 
**Assumes RA-226 concentration is 1.228 pCi/g in surface soil and 0.78 pCi/g in subsurface soil. 

Risk 
Ki)  

1.9E+03 1.4E-0 

1.3E-0 

2.4E-1 

1.2E-0 

2.3E-0 

8.1E-0 

6.0E-0 

1.SE-O 
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risk to the groundskeeper - Was2&&02 

Total hazard for this receptor did not exceed 1.0. 

. . . . . . . . . . 

Tables B43444 

associated with t future land use. Total risks barely 

exceeded 1.0 x 10" for future off-property farmer 

due to the 

summarize risks and hazards, respectively, 

receptors. Risks were mostly 

Risk exceeded 1.0 x lo4 for the RME on-property farmer and 

J-6- . . .  - 

Risk exceeded the 1.0 x 10'3 level for perched groundwater users. This was due mostly to the $@&I . . . . . . . . . . 

est-kwd presence of 

1 of total risk to this receptor. 

500372 
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TABLE B.3.3-32 

0 f f - m  % T d  %of O f f - R ~ p n  % T d  %Of Off-R~pe~~y % T d  %of 
Resident h4adNm Reccptor Rcr.hmwr Medium Reaptor Ru.child M e d i i  Receptor - F- M (Fod.Oam.) Harard Hazard Hazard I p r i v . m . 1  Hazard M 

0.00% 1.4E-05 99.88% 0.00% 1.4E45 99.88% 0.00% 3.9E-05 99.92% 
0.00% 1 . m  0.12% 0.00% 1.7E48 0.12% 0.00% 3.0E48 0.08% 
0.00% 3.9845 100.00% 1.4E-05 100.00% 0.0046 1.4E-05 100.00% 0.00% 

1.5E42 100.00% 1.28% 1.5E-02 100.00% 1.28% 1.5E-01 100.00% 6.08% 

FEMP-OUO2-5 i DRAFT 

June 15. 1994 

Ofl-R~pn %Total %of  
Ra.Child Medium R a q t o r  
v.0~0.) Hazard Hazard 

3.9E-05 99.92% 0.00% 
3.0E48 0.08% 0.00% 
3.9E-05 100.00% 0.00% 

1.SM1 100.00% 6.08% 

BccffMik 
@ust 

Affeaed) 
BafMi 
( G d a t a  

Affeaed) 

BCeflMilk 
(GhlR Surface 

Water 
Affeaed) 

I Total 

Arsenic 
Beryllium 

Total 
Trbutyl phospbarc 
U-TOTAL 

T d  
Arsenic 
Beryllium 
Cadmium 
U-TOTAL 

Expanded %Total %of  
Trr~passer M e d i i  R q t o r  
user Hazard Hazard 
NIA 
NIA 

- 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

2.2E-04 99.88% 
2.6EU7 0.12% 
2.2E44 100.00% 0.00% 
1.OE46 0.0046 0.0046 
4.9E-01 100.00% 2.28% 

4.9E41 100.00% 2.28% 
NIA 
NIA 
NIA 
NIA 

ALL MEDIA 1.oEo1 1.2E+00 12E+00 25E+oo 2sE+OO 23E+01 
NIA signifies that exposure of the receptor to the i n d i  medium is not applicable. 

I 
NID-Not- ' bccause toxicity data are not available. 

FER\CRVLRIUBQW-CO.XIS; Wlw; 7:08 PM 
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Medium paramaa 

Totall 9.5E-05 100.00% 0.00sSl 6.OE-04 100.00% 0.00Xl I I 
BeefMilk lTnbutyl phosphate I 4.1E-07 0.00% 0.00%1 7.0E-06 0.00% 0.00%1 NIA I NIA I NIA 

Oa-Ropcny %Total % o f  On-Ropmy %Total %of Grcat %Total %Total Grcat %Total %Total Grcat %Total %Total 
Resident Medim Rccc~tor Resident Medium Receptor MbniRiva Medium Receptor MbmiRiva M e d m  Reaptor M i R i v a  Mcdium Receptor 

Fanner CCT) Hazard Hazard - Chid Hazard Rec.User Hazard Hazard Resid.User Hazard ?hard Aa.User Hazard Hazard - -  
9.5E-05 99.88% 0.00% 6.OE-04 99.92% 0.00% NIA NIA NIA 
l.lE-07 0.12% 0.00% 4.7EU7 0.08% 0.00% NIA NIA NIA 

1.8E41 100.00% 1.80%1 4.9E+00 100.00% I (Graundwata U-TOTAL 
Affeacd) I NIA I NIA 

NIA I NIA 
I Total I 1.8E-01 100.00% 1.80761 4.9E+00 100.00% 7.51XI I I 

BecflMilk IArsenic I NIA I NIA I NIA I NIA I 1.OE-07 0.87% 0.29% 
NIA I NIA 
NIA 

NIA 1 NIA 
NIA 

NIA I NIA 
NIA 

7.4E-11 0.00% 0.00% 
1.1E-05 93.65% 31.09% I 6.5E-07 5.48% 1.82% 

I I I I Total I I 1.2E-05 100.00% 33.20% 

IAu. MEDlA 9.8E+OO 6.5E+01 1.9M 4.2E-06 3.63-05 I 
N/A signifies that exposure of the receptor to the indicated medium is not applicable 
NID - Not detmnined because toxicity data are not available. 
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FEMP-OUOZ-5 DRAFT 
June 15, 1994 

% T d  % T a d  
Mcdirm 

' r r s p a u c r I u  

2.4E-07 1.28% 

5.- 0.03% 
6.4E-10 0.00% 

3.8E-06 20.46% 
2 . M  11.78% 
l.lE-09 0.01% 

4.1E-06 22.05% 
4.7E-09 0.03% 
5.8E-06 31.02% 
3.3E-08 0.18% 

3.1E-07 1.66% 
1.4E-06 7.30% 
1.8EM 95.79% 
3.9E-07 2.12% 
1.3E-08 0.07% 
1 . m  0.64% 
2.5E-08 0.13% 
1.4E-07 0.78% 

7.0E-08 0.38% 
1.7E-08 0.09% 
NIA 
NIA 
NIA 
NIA 
NIA 
7.8E-07 4.21% 

Rcccpor 
Risk - 

1.19% 

0.03% 
0.00% 

18.96% 
10.92% 
0.01 % 

20.43 % 
0.02% 

28.74% 
0.17% 

1.53 % 
6.76% 

88.75% 
1.96% 
0.06% 
0.59% 
0.12% 
O.Z2% 

0.35% 
0.08% 

3.90% 
1.9- 100.00% 92.65% 

M-RoPaty % T d  % T d  
Raidea Medium R s c p a  - Fanner !t& 

6.0E-W 0.59% 0.52% 

5.E- 0.52% 0.45% 
5.4E-IO 0.05% 0.05% 

1.7E-09 0.17% 0.14% 
2.OE-10 0.02% 0.02% 
1.OE-I1 0.00% 0.004 

2.2E-08 2.18% 1.909 
3.3E-08 3.23% 2.81% 
2.9E-08 2.87% 2.49% 
1.9E-07 18.86% 16.40% 

1.2E-08 1.22% l.M% 
7.0E-07 69.23% 60.19% 
1.OE-06 98.94% 86.02% 

9.7E-09 0.96% 0.849 
2.1E-11 0.00% 0.004 
2.OE-IO 0.02% O.UZ9 
4.2Ell 0.0046 0.009 
5.7E-10 0.06% 0.059 

1 . x - I O  0.01% 0.019 
2.8E-ll 0.00% 0.009 
NIA 
NIA 
NIA 
NIA 
NIA 
l.lE-08 1.06% 0.929 
I.OE-06 I00.00X 8 6 9 4 9  

M-fi-Roperty % T a d  % T d  
k.F- M W  Reccpcor 
Tcd.(hwa.) g& E 

2.OE-IO 0.59% 0.29% 

I.=-IO 0.52% 0.25% 
1.8E-11 0.05% 0.03% 

5.6E-11 0.17% 0.08% 
6.6E-12 0.02% 0.01% 
3.4E-13 0.00% 0.00% 

7.3E-IO 2.19% 1.06% 
l.lE-09 3.24% 1.57% 

6.3E-09 18.88% 9.17% 
9.5E-10 2.87% 1.39% 

4.1E-10 1.22% 0.59% 
2.3E-08 69.18% 33.60% 
3.3E-08 98.94% 48.05% 

3 . E - I O  0.96% 0.47% 
7.2E-13 0.00% 0.00% 
6.6E-12 0.02% 0.01% 
1.4E-12 0.00% 0.00% 
1.9E-ll 0.06% 0.03% 

3.9E-12 0.01% 0.01% 
9.4E-13 0.00% 0.00% 
NIA 
NIA 
NIA 
NIA 
NIA 

3.3E-08 100.00% 48.56% 
3.E-10 1.06% 0.524 

l.lE-10 0.57% 0.15% 

9.E-11 0.50% 0.13% 
9.8E-12 0.05% 0.01% 

3.OE-I1 0.16% 0.04% 
3.7E-12 0.0246 0.01% 
1.9E-13 0.00% 0.00% 

4.OE-IO 2.10% 0.57% 
5.9E-10 3.11% 0.84% 
5.22-10 2.76% 0.74% 
3.5E-09 18.15% 4.90% 

2.2E-10 1.18% 0.32% 
1.3E-08 66.64% 17.98% 
1.8E-08 95.24% 25.70% 
825-10 4.32% 1.17% 
1.8E-12 0.01% 0.00% 
1.7E-11 0.09% 0.02% 
3.6E-12 0.02% 0.01% 
4.8E-11 0.25% 0.07% 

1.OE-11 0.05% 0.01% 
2.4E-12 0.01% 0.00% 
NIA 
NIA 
NIA 
NIA 
NIA 
9.1510 4.76% 1.28% 
1.9E-08 100.00% 26.99% 

K f - m  % T d  % T d  
Rcr.ChiM Medium Recepor 
Fcd.ow.) g& g& 

3.6E-12 0.57% 0.10% 

3.1E-12 0.5096 0.09% 
3.ZE-13 0.05% 0.01% 

I.0E-12 ' 0.16% 0.03% 
1.2E-13 0.02% 0.0096 
6.1E-IS 0.00% 0.00% 

I .~E- I I  z.ii% 0.38% 
1.9E-ll 3.12% 0.56% 
I.7E-ll 2.76% 0.50% 
l.lE-IO 18.18% 3.29% 

7.4E-12 
4.2E-10 
6.OE-IO 
2.7E-11 
6.OE-14 
5.6E-13 
1.22-13 
1.6E-12 

1.18% 
66.59% 
95.23% 

4.33% 
0.01 % 
0.09% 
0.02% 
0.25% 

0.21 % 
12.04% 
17.22% 
0.78% 
0.00% 
0.02% 
0.00% 
0.05% 

3.3813 0.05% 0.01% 
7.9E-14 0.01% 0.00% 
NIA 
NIA 
NIA 
NIA 
NIA 

6.2E10 100.00% 18.08% 
3.OE-I1 4.77% 0.86% 

Oo-RoPaty % T a d  % T d  
Raidcm Medium Rcccpa 

UmrmIE) - Riskm 

2.3EM 1.28% 0.82% 

l.lE-06 0.06% 0.04% 
1.2E-07 0.01% 0.00% 

3.5E-04 19.86% 12.76% 
2.OE-04 11.40% 7.32% 
1 . M  0.01% 0.01% 

3.8E-04 21.38% 13.73% 
2.4E-06 0.13% 0.09% 
5.4E-04 30.08% 19.33% 
1.- 0.8246 0.53% 

2.9EM 
1.7E-04 
1 .EM 

3 .OEM 
1.3E-06 
1.M 
2.6E-06 
1 .EM 

1.64% 
9.39% 

96.06% 

1.70% 
0.0796 
0.69% 
0.14% 
0.83% 

1.05% 
6.03% 

1.09% 
0.05% 
0.44% 
0.09% 
0.53% 

61.70% 

7.22-06 0.40% 0.26% 
1.7E-06 0.10% 0.06% 

NIA 
NIA 
NIA 
NIA 
NIA 

7.0EM 3.94% 2.53% 
1.8E-03 100.00% 64.24% 

1.9E-06 1.28% 0.95% 

5.9E-08 0.04% 0.0391 
6.4E-09 0.00% 0.001 

2 . 9 ~ ~  2o.m 15.03% 
1.7EM 11.69% 8.66% 
7.3E-09 0.01% 0.00% 

3.2EM 21.94% 16.25% 
1.7E-07 0.11% 0.08% 
4.5EM 30.86% 22.86% 
1.oE-06 0.69% 0.51% 

2.4E-06 
1.3E4S 
1.4E-04 
1.4E-06 
6.3EU8 
5.9Em 
1 .2Em 
7.1Em 

1.68% 
9.12% 

0.99% 
0.04% 
0.40% 
0.08% 
0.49% 

97.70% 

1.24% 
6.76% 

0.73% 
0.03% 
0.301 
0.06% 
0.36% 

~2.3941 

3.4E-07 0.24% 0.18% 
8.3E-08 0.06% 0.04% 
NIA 
NIA 
NIA 
NIA 
NIA 
3.3E-06 2.30% 1.71% 
1 . m  100.00% 74.091 

.:@.e?, 37.5 .. 
. . .  . . . .  . .  



FEMP-OUOZ-5 DRAm 
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I Thl  

1.7E-06 1.10% 0.27% 

7.7E-08 0.05% 0.01% 
a . s m  0.01% 0.00% 

2 . 7 ~ 4 5  17.07% 4.185 
1.5~45 9 . m  2.39% 
1.4E48 0.01% 0.00% 

2 . 9 ~ 4  18.268 4.485 
7.2E-08 0.05% 0.01% 
4.OE-05 25.71% 6.30% 
5.0E-07 0.32% 0.08% 

2.2E-06 
I .OE45 
1.3E-04 
1.3E-05 
5.9E-07 
5.4E-06 
l.lE-06 
6.6E-06 

1.388 0.345 

80.348 19.69% 
8.31% 2.04% 
0.38% 0.09% 

0.73% 0.18% 

6.62% 1.62% 

3.49% 0.85% 

4.22% 1.03% 

3.2E-06 2.05% 0.50% 
7.7E-07 0.49% 0.12% 

3.1E-05 19.66% 4.82% 
l a 4 4  100.00% 24.50% 

x Tocal 
H m -  M a  
% R i S l r  
2.9EU8 0.32% 
1.m 0.13% 
2.- 0.31% 
3.1E-09 0.03% 
6.3E-09 0.07% 
6.1- 0.07% 
5.8E-07 6.50% 
1.4E07 4.87% 
2.3E-09 0.03% 

I.IE-06 12.25% 

1.8E-06 19.83% 
6.8E-08 0.76% 
2.7E-08 0.30% 
1.2E-07 1.30% 
5.6E-07 6.28% 

Q.0E-11 0.0096 

7.4~49 0.08% 

a.aE-06 53.14% 
5.5E-07 6.14% 
2.5EUl 2.75% 
2.- 30.05% 
4.9E48 0.55% 
2.IE-07 2.32% 
1.9- 0.02% 
8.2E48 0.92% 
1.8E-07 2.02% 

1 . m  0.16% 
8.0E-08 0.89% 

2.- 0.29% 
4.2E-06 46.86% 
9.0E-06 100.00% 

5.2~48 0.585 

1 . 6 ~ 8  0.185 

I T d  
Reccpa 
Risk - 
0.32% 
0.13% 
0.31% 
0.03 % 
0.07 % 
0.07% 
6.50% 
4.87% 
0.03% 
0.00% 

12.25% 
0.08% 

19.83% 
0.76% 
0.30% 
1.30% 
6.28% 

53.14% 
6.14% 
2.75 % 

30.05% 
0.55% 
2.32% 
0.02% 
0.92% 
2.02% 

0.16% 
0.89% 

0.29% 
45.50% 
98.64% 

0.58% 

0.183 

2.3E-05 1.28% 0.82% 

1.IEW 0.06% 0.04% 
1.2E-07 0.01% 0.00% 

3.5E4-M 19.86% 12.73% 
2.0E44 11.40% 7.30% 
1.5E-07 0.01% 0.01% 

3.8~414 21.38% 13.70% 
2.4E4X 0.13% 0.09% 
5.4E4I4 30.08% 19.28% 
1.5E-05 0.82% 0.52% 

2.9E45 
1.7E-04 
1.7E43 

3 .OEG 
1.3E-06 
1.2Ea 
2.6E-06 
I .E45 

1.64% 1.05% 
9.39% 6.02% 

%.06% 61.55% 
1.70% 1.09% 
0.07% 0.05% 
0.69% 0.44% 
0.14% 0.09% 
0.83% 0.53% 

7.2E-06 0.40% 0.269 
1.7E-06 0.10% 0.064 

7.0E-05 3.W% 2.539 
1.8E-03 100.00% 64.071 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

A i R i v c r  Great 
Mcdium I T 4  Receptor % T d  

AR.uscr gi& g 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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X T d  46T‘OPI 
Expaakd Medium Rcccpa 
rrrspaoa B gi& 

3.8E-08 2.74% 0.19% 
6.0E47 43.65% 2.99% 
3.5E-07 25.36% 1.74% 
1.3E-IO 0.01% 0.00% 
2 . 7 ~ ~  0.20% 0.01% 
4.9E-08 3.54% 0.24% 
2.lE-07 15.08% 1.03% 
1 . E G  90.58% 6.20% 
7.8E-08 5.66% 0.39% 
1.9E-09 0.14% 0.01% 
1.8E-08 1.30% 0.09% 
2.1E-08 1.57% 0.11% 
1.OE-08 0.76% O.M% 
1.3E-07 9.42% 0.65% 
1.4E46 100.00% 6.85% 
2.5E-09 4.13% 0.01% 
8.3E-10 
1.3E-10 
1.8E-09 
4.8EG 
3.E-10 
I sE-08 
2.6E-08 

3.2M8 
9.8E-11 
3.8E10 
2.2E-09 
2.3E-10 
3.5E-08 

1.36% 
0.21 % 
2.96% 
7.78% 
0.52% 

25.04% 
42.00% 
53.20% 
0.16% 
0.62% 
3.64% 
0.38% 

58.00% 

0.00% 
0.00% 
0.01 % 
0.02% 
0.00% 
0.0896 
0.13% 
0.16% 
0.00% 
0.00% 
0.01 96 
0.00% 
0.18% 

6.1E-08 100.00% 0.31% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 

NIA 

M-ff-RoPmy X f d  XTOrrl 
Rcsida~t Mcdirm R W  
Famm 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

- 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

3.4EG 100.00% 0.304 
3.4E-09 100.00% 0.304 
NIA 
NIA 

NIA 

WI-RoPcn). % T a d  % T d  

pd.own.) 
la.Faruu Mcdhrm Ruzpta 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

3.4E-a 100.00% 5.034 
3 . 4 w  100.00% 5.034 
NIA 
NIA 

NIA 

K f - m  % T d  % T a d  
l?m.Qild Mcdhrm Rcccpa 
Riv. own.) gi& gi& 

NIA 
NIA 
NIA 
NIA 
NIA 

. NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

1.5E10 100.00% 0.211 
1.E-lo 100.00% 0.211 

NIA 
NIA 

NIA 

ff-Ropcny % T a d  AT& 
ks.child M a l h  pcCcD(0r 
k?d.om.) e 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

1.E-10 100.00% 4.27% 
1.E-IO 100.00% 4.27s 
NIA 
NIA 

NIA 

ObproPmY %Total XT‘OPI 
R e d a n  Medium Rcccpa 

umr(RMq - Rd gi& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
FllA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

3.9E-08 llw).00% 0.004 
3.9E-08 11)0.00% 0.004 

NIA 
NIA 

NIA 

)bRopcrty XT‘OPI X T d  
R c s i d a ~ ~  Medium Rcccpa 

~ u m C r ( c q  gi& - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

2.3E-09 100.00% 0.004 
2.3- 100.00% 0.005 
NIA 
NIA 

NIA 

B-3- 150 
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2.0E-11 7.00% 7.00% 
9.E-12 3.25% 3.25% 
7.7Ell 27.36% 27.36% 
3.4E-13 0.12% 0.12% 
1 . 7 E I O  59.86% 59.86% 
2.&10 97.59% 9.Q-01 
2.E-IO 100.00% 100.00% 

NIA 

NIA 
NIA 

NIA 

wramacr 
NP-237 
RA-p6 
RA-228 
SR-90 
U-234 
U-235N6 
U-238 

TaalRodidogicalRipt 

3 . M  88.31% 88.31% 
9.9513 0.02% 0.02% 
3.9E-12 0.09% 0.09% 
4.lE-11 0.98% 0.98% 
2.3512 0.06% 0.06% 
3 . W  89.47% 8.9M1 
4.2E-m 100.00% 100.00% 
NIA 

NIA 
NIA 

NIA 

GMR SIlrface 
Watcr 

kRopcrty X T d  X T d  
Rcsidcnt McdirrmReccpa - a d d u g  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

1.- 100.00% 0.00% 
1.- 100.00% 0.00% 
NIA 
NIA 

NIA 

% T d  X T d  
Hanc Modinn Rcecpoa 

Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 

NIA 

- u= - m -  RbL 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

1.8E-06 25.90% 0.071 
1.8M6 25.90% 0.07% 

5.3E-06 74.10% 0.19% 
5.3E-06 74.10% 0.19% 
7.1E-06 100.00% 0.26% 

- RecUser &isJ 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

6.6E-I3 0.23% 0.235 
l.lE-12 0.38% 0.384 
1.7E-13 0.06% 0.064 
1.4E-12 0.50% 0.504 
2.E-12 0.93% 0.93% 
1.E-14 0.01% 0.01% 
8.4E-13 0.30% 0.304 
6.8J2-12 2.41% 2.414 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

1.6E-11 
5.3E-12 
8.E-I3 
1.E-11 
3.OEIO 
2.OE-12 
9.8E11 
4.4E10 

0.39% 0.39% 
0.13% 0.13% 
0.02% 0.02% 
0.28% 0.28% 
7.32% 7.32% 
0.05% 0.05% 
2.35% 2.35% 

10.53% 10.53% 

Great X T d  X T d  
A i R i v a  Mcdirm Recepa  
An.utcr &k 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 

NIA 
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FER\CRuz 

% T d  % T a d  
kpndcd Mcdbm! Recepcu 
EssESERirk !w 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

H - W  %Tc(pI % T d  
Raidmt Medim Rcccpa - Fanner E 

6.8E-IO 1.55% 0.06% 
3.8E-IO 0.86% 0.03% 
4.2Gll 0.10% 0.00% 
2.9E-09 6.62% 0.25% 
3.7E-IO 0.85% 0.03% 
1.3E-IO 0.29% 0.01% 
2.OE-10 0.44% O.m% 
1.9E-10 0.43% O.U2% 
5.8E-IO 1.33% 0.05% 
1.6E-09 3.72% 0.14% 
1.lE-IO 0.2546 0.01% 
5.3E-09 11.95% 0.45% 
1.2E-08 28.37% 1.07% 
2.OE-08 45.50% I.n% 
3.E-IO 0.80% 0.03% 
3.2E-09 7.26% 0.27% 
6.6E-10 1.51% 0.06% 
5.OE-09 11.37% 0.43% 
1.8E-09 4.18% 0.16% 

3.2E-08 71.63% 2.71% 
4.4E-IO 1.01% O.W% 

4.4E-08 I00.00% 3.79% 
1.2E-09 100.00% 0.10% 
1.2E-09 100.00% 0.10% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

8.4E-12 
2.8E-14 
8.9E-15 
1 . s o 9  
4.451 1 
2.5GlO 
2.6E-13 
1.4512 
4.3812 
3.3810 
2 . S l  I 
1.lE-w 
3 . 3 m  

0.01% 0.00% 
0.00% 0.00% 
0.00% 0.00% 
2.02% 0.13% 
0.06% 0.00% 
0.33% 0.01% 
0.00% 0.00% 
0.00% 0.00% 
0.01% 0.00% 
0.43% 0.03% 
0.03% 0.00% 
1.39% 0.09% 
4.28% 0.28% 

(-e 
H-fl-RoPary % T d  %TUd 
k.F- Medirm Reccpor 

2.E-I1 1.56% 0.03% 
I.2E-I1 0.86% 0.02% 
1.4E-12 0.10% 0.00% 
9.7E-ll 6.75% 0.14% 
4.2E-12 0.29% 0.01% 
4.E-12 0.29% 0.01% 
6.4E-12 0.45% 0.01% 
6.3E-12 0.44% 0.01% 
1.9E-ll 1.33% 0.03% 
5.4E-ll 3.74% 0.08% 
3.6E-I2 0.25% 0.01% 
1.7E-10 11.98% 0.2596 
4.OE-10 28.04% 0.59% 
6.6E-10 45.71% 0.96% 
1.2E-11 0.81% 0.02% 
l.lE-10 7.30% 0.15% 
2.2E-ll 1.51% 0.03% 
1.6E-10 11.41% 0.24% 
6.1E-11 4.21% 0.09% 
1.5E-ll 1.01% 0.02% 
1.OE-09 71.%% 1.52% 

Fcd.oam.) &i& E 

1.4E-09 100.00% 2.11% 
1.2E-09 100.00% 1.68% 
1.22-09 100.00% 1.68% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Z.sE13 
9.2E-16 
2.9E-16 
5.2Gll 
1.4E-12 
8.3E-12 
8.7E-15 
4.-14 
1.4513 
I.1E-I1 
7.3E-13 
3.5E-11 
1.E-10 

0.01% 0.009 
0.00% 0.009 
0.00% 0.009 
2.05% 0.089 
0.06% 0.009 
0.33% 0.014 
0.00% 0.009 
0.00% 0.001 
0.01% 0.009 
0.43% 0 . m  
0.03% 0.001 
1.39% 0.059 
4.31% 0.169 

d) 
R-ft-RaPerty % T d  % T d  
Rn.Qild Medium Rcfepor 
%v. own.) &sJ gsJ 

4.8E-ll 0.43% 0.07% 
2.7Gll 0.24% 0.04% 
3.OE-I2 0.03% 0.00% 
2.IE-IO 1.83% 0.29% 
1.6E-I1 0.14% 0.02% 
8.9E-12 0.08% 0.01% 
1.4E-11 0.12% 0.02% 
1.3E-ll 0.12% 0.02% 
4.IE-ll 0.37% 0.06% 
1.2E-IO 1.03% 0.16% 
7.8E-12 0.0796 0.01% 
3.E-IO 3.30% 0.53% 
8.E-IO 7.74% 1.23% 
6.6E-09 58.62% 9.35% 

1.OE-09 9.34% 1.49% 
2.2G10 1.94% 0.31% 
1.6E-09 14.65% 2.34% 
6.lE-10 5.38% 0.86% 
1 s - 1 0  1.29% 0.21% 
1.OE-08 92.26% 14.?2% 

1.2E-IO 1.03% 0.16% 

1.lE-08 100.00% 15.95% 
8.1E-I1 100.00% 0.12% 
8.1E-I1 100.00% 0.12% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

6.4E-13 
2.9E-15 
9.3E-16 
2.7E-10 
7.-I2 
4.7E-I1 
4.2E14 

6.7E-13 
6.0511 
4.1512 
1.9510 
5.8G10 

2.E-13 

0.00% 0.001 
0.00% 0.001 
0.00% 0.009 
0.69% 0.389 
0.02% 0.011 
0.12% 0.0791 
0.0046 0.004 
0.00% 0.009 
0.00% 0.009 
0.15% 0.0941 
0.01% 0.019 
0.50% 0.28s 
1.50% 0.831 

H - m  X T d  % T d  
~cr.ahild Medium Rcccptm 
Fcd.ow.) &i& g& 

1.6E-12 0.43% 0.05% 
8.7E-13 0.24% 0.03% 
9.8E-14 0.03% 0.00% 
6.9E-12 1.85% 0.20% 
8.6E-13 0.23% O.U2% 
2.9E-13 0.08% 0.01% 
4.5E-13 0.12% 0.01% 
4.4E-13 0.12% 0.01% 
1.4E-12 0.37% 0.04% 
3.8E-12 1.03% 0.11% 
2.6E-13 0.07% 0.01% 
1.2E-11 3.29% 0.35% 
2.9E-ll 7.85% 0.84% 
2.2E-IO 58.55% 6.27% 
3.8E-12 1.04% 0.11% 
3.5E-I1 9.34% 1.00% 
7.2E-12 1.93% 0.21% 
5.4E-II 14.62% 1.57% 
2.0E-11 5.38% 0.58% 
4.8E-12 1.29% 0.14% 
3.4510 92.15~ 9 . m  
3.7E-IO 100.00% 10.71% 
8.IE-I1 100.00% 2.35% 
8.IE-I1 100.00% 2.35% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

2.1E-14 
9.6E17 

9.OE-12 
2.5E13 
1 . s 1 2  
1.4E-15 
7.2E-15 

2.OE-I2 
1.3E-13 
6 . 6 1 2  
1.9E-I1 

3.1E-17 

2.E-14 

0.00% 0.001 
0.00% 0.001 
0.00% 0.004 

0.02% 0.011 
0.12% 0.041 
0.00% 0.009 
0.00% 0.009 
0.00% 0.001 
0.15% 0.069 
0.01% 0.009 
0.50% 0.189 
1.51% 0.569 

0.70% 0.269 

Risk a n n c r m q  - 
3.4E-06 2.80% 
I.OE-08 0.01% 
1.IEm 0.00% 
2.lE-06 1.76% 

1.lEM 9.20% 
9.9E-09 0.01% 
9.4E-09 0.01% 
2.9E-08 0.02% 
3.5E-06 2.89% 
2.3EM 0.19% 
1.1EM 9.26% 
3.2EM 26.42% 
5.lEM 41.95% 
4.0E-06 3.31% 
2.lEM 17.11% 
4.zE-06 3.48% 
3.3E-06 2.70% 
4.5E-06 3.76% 
1.5E-06 1.28% 
8.9E-05 73.58% 

3 . 2 ~ 4 7  0.27% 

- 
0.12% 
0.0046 
0.00% 
0.08% 
0.01% 
0.40% 
0.0096 
0.00% 
0.00% 
0. I3 % 
0.01 % 
0.40% 
1.15% 
1.82% 
0.14% 
0.74% 
0.15% 
0.12% 
0.16% 
0.06% 
3.19% 

l.zE-04 100.00% 4.34% 
1.3E-08 100.00% 0.00% 
1.3E-08 !00.00% 0.00% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

z.oE-07 
1 . s 1 0  
1.6E-ll 
5 . 1 M  
7 . m  
5.OE-05 
2.3- 
2.2E-09 
6.7E-09 
3.0E-06 
2.oE-07 
9.- 
6 . M  

0.02% 0.019 
0.00% 0.00% 

,0.00% 0.00% 
0.59% 0.19% 
0.09% 0.03% 

5 . n g  0.00% 0.00% 1.80% 
0.00% 0.00% 
0.00% 0.00% 
0.34% 0.11% 
O.U2% 0.01% 
1.10% 0.34% 
7.89% 2.48% 

E!!zm!w 
1.9E-07 2.80% 
5.6E-10 0.01% 
6.2E-ll 0.00% 
I.ZE-07 1.76% 

6.IE-07 9.20% 
1.8~- o.nx 

5.4E-10 0.01% 
5.2E-IO 0.01% 
1.6EG 0.02% 
1.9E-07 2.89% 
1.3E-08 0.19% 
6.1E-07 9.26% 
1.7E-06 26.42% 
2.8E-06 41.95% 
2 . 2 u n  3.31% 
l.lE-06 17.11% 
2.3EM 3.48% 

2.5E-07 3.76% 
8.4E-08 1.28% 
4.9E-06 73.58% 

1 . 8 ~ m  2.705 

!!e 
0.09% 
0.00% 
0.00% 
0.06% 
0.01 x 
0.31 % 
0.00% 
0.00% 
0.00% 
0.10% 
0.01 % 
0.31% 
0.89% 
1.42% 
0.11% 
0.58% 
0.12% 
0.09% 
0.13% 
0.04% 
2.49% 

6.6E-06 100.00% 3.38% 
7.IE-IO 100.00% 0.00% 
7.1E-IO 100.00% 0.00% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

l.lE-08 
7.6512 
8.5E-13 
2.4E-07 
3.- 
2.3E-06 
l.lE-10 
I.OE10 
3.ZGlO 
1 . 4 m  
9.3E-w 
4 . 4 w  
3.IE-06 

0.02% 0.01% 
0.00% 0.00% 
0.00% 0.00% 
0.54% 0.12% 
0.08% 0.02% 
5.17% 1.16% 
0.00% 0.00% 
0.0046 0.00% 
0.00% 0.00% 
0.31% 0.07% 
0.02% 0.00% 
1.00% 0.22% 
7.16% 1.61% 
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b .  

PU-238 
PU-239m 
RA-226 
IRA-ZLS 
SR-90 
lTH-228 
TH-230 
TH-232 
U-234 
u-235m 
U-238 

Total Rodidogicnl llij 

FEMP-OUO2-5 DRAFT 
June 15. 1994 

Reduce 
(GMR 

surface 
water 

Affected) 

paramtcr 
NP-237 

RA-226 
RA-228 
SR-90 
u-234 
u-235m 
U-238 

T d  Romblogicd Ric 

Affected) I 
H- INP-237 

ktllvlik 
(Drat 

Affected) 

kpropatY % T d  % T d  
Rcsidm MadhrmRecqta 

2.4E-07 0.76% 0.04% 
- a l i l d & R i s k  

7.3E-10 0.00% 0.00% 
8.1E-I1 0.00% 0.00% 
1 . m  0.48% 0.02% 
2.3E-08 0.07% 0.00% 
7.8E-07 2.49% 0.12% 
7.OE-IO 0.0096 0.0096 

2.OE-09 0.01% 0.00% 
2.5E47 0.78% 0.04% 
1.7E-08 O.M% 0.00% 
7.9E47 2.51% 0.12% 
2.ZE-06 7.15% 0.35% 
1.7E-05 52.98% 2.61% 
1.3E-06 4.17% 0.21% 
6.8E-06 21.56% 1.06% 
1.4E-06 4.38% 0.22% 
l.lE-06 3.41% 0.17% 
l.sE-06 4.74% 0.23% 
S.OE-07 1.61% 0.08% 
2.9E-05 92.U% 4.584 

6.7E-10 0.0096 0.00% 

3.1E-05 100.00% 4.931 
9.2E-10 100.00% 0.004 
9.2E-10 100.0046 0.009 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

1 SE-08 
1 s - 1 1  
I . n l 2  
9.0E47 
1.4E-m 
9.3E46 
3.6E-10 
3.4E-IO 
1 .om 
5.- 
3.7E-08 
1.- 

0.0046 0.009 
0.00% 0.004 
0.00% 0.009 
0.20% 0.144 
0.03% 0.024 
2.07% 1.469 
0.00% 0.004 
0.00% 0.004 
0.0046 0.004 
0.12% 0.094 
0.01% 0.014 
0.39% 0 . m  

1.3E-05 2.82% 1.994 

%Tad % T a d  
H e -  Medium R c ~ e p a  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

mdwater Mcdhrm 
u= - Risk - 
3.4E-06 2.80% 
1.OE-08 0.01% 
l.lE-09 0.00% 
2.lE-06 1.76% 

I.lE-05 9.20% 
9.9E-09 0.01% 
9.4E-09 0.01% 
2.98-08 0.02% 
3.5E-06 2.89% 
2.3E47 0.19% 
1.1E-05 9.26% 
3.E-05 26.42% 
5.1E-05 41.95% 
4.0E-06 3.31% 
Z.lE-05 17.11% 
4.ZE-06 3.48% 
3.3E-06 2.70% 
4.5E-06 3.76% 
1.5E-06 1.28% 
8.9E-05 73.58% 

3.2~47 o.nx 

Rcccptor MiamiRiva Medium Rcccpcor - Rirt 
0.12% 
0.00% 
0.00% 
0.08% 
0.01 % 
0.40% 
0.00% 
0.00% 
0.00% 
0.13% 
0.01 % 
0.40% 
1.14% 
1.82% 
0.14% 
0.74% 
0.15% 
0.12% 
0.16% 
0.06% 
3.19% 

1.2E-04 100.00% 4.33% 
1.3E48 100.00% 0.00% 
1.3E-08 100.00% 0.00% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

2.oE-07 
1 .=lo 
1.611 
5.1- 
7.aE-m 
5.oE-05 
2.3E-09 
2.2E-09 
6.- 
3.0- 
z.0E-m 
9 . m  
6.9E-05 

0.02% 0.019 
0.00% 0.009 
0.00% 0.009 
0.59% 0.189 
0.09% 0.039 
5.n% 1.799 
0.0096 0.009 
0.0046 0.004 
0.00% 0.004 
0.34% 0.111 
0.02% 0.019 
1.10% 0.349 
7.89% 2.479 

RecUsa Risk - -  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
N/A 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Great X T d  X T d  
liamiRinr Mcdinn Rcccpa 
RcsUsa Risk E - -  

NIA 
NIA 

NIA I 
NIA 
NIA 
NIA 
NIA I 

NIA 
NIA 
NIA 
NIA 

NIA I 

I 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Graf  % T d  % T d  
IiamiRiva Mcdium RcCepa 
&?.user && & 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA , 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

l.lE-09 3.03% 0.179 
4.m-IO 1.24% 0.074 
1 s - 1 2  0.00% 0.009 
2.9E-09 7.97% 0.449 
l.lE-08 31.15% 1.739 

3.6E-09 10.0046 0.559 
1.9E48 53.59% 2.979 
1.6E-08 44.77% 2.489 
5.n-12 0.02% 0.001 
1.2E-I1 0.03% 0.009 
5.7E-IO 1.57% 0.099 
3.&12 0.01% 0.001 
1.M 46.41% 2.n9 
3.- 100.00% 5.549 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

7.6E-I1 0.21% 0.019 
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Ambim 
Radon 

TABLE B3.432 

T d  
4.008848 0.20% 2.3E-M 2.02% 

NIA 
NIA 
NIA 

5.E-10 
I .3E48 

1.4E-09 
4.1E-M 
5.3E-09 
7.3E48 

% T d  'XTd 
Mcdium R a q x c x  
Risk' 
11.97% 0.79% 
0.67% 0.04% 

16.79% 1.11% 
3.61% 0 2 %  
1.86% 0.12% 

53.84% 335% 
6.98% 0.46% 

95.?2% 630% 

- 

I I 7.7E-M 100.00% 639% 
I NIA I 3.1E-09 100.00% 027% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

3.1~-09 100.00'~; 0 . m  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

)fl-m=v 

Rm. Fump 

p d .  om.) 
3.0510 
1 .%I1 
4.2E-10 
9.1E-11 
4.7L11 
I .m 
1.E-10 
2.4E-09 

(d 
% T d  %Total 
MaIium Rc~cpoc 

11.95% 0.44% 
0.68% 0.03% 

16.79% 0.62% 
3.60% 0.13% 
1.85% 0.01% 

53.84% 1.98% 
6.98% 0.26% 

95.69% 3.53% 

- Riskm 

2.sE-09 100.00% 3.69% 
3.1E-09 100.00% 4.59% 

3.1E-09 100.00% 4.59% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

2.3848 

p v .  owl.) E Risk - 
2.2E-09 5.52% 3.06% 
3.OE-10 0.76% 0.42% 
7.4E-09 18.95% 10.49% 
1.6E-09 4.08% 2.26% 
2.E-10 0.5'7% 0.32% 
2.4E-08 60.74% 33.65% 
3.1E-09 7.88% 4.36% 
3.8E48 98.50% 5-4.5646 
3.9E48 100.00% 55.39% 
5.E-10 100.00% 0.74% 

5.2E-IO 100.00% 0.74% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

4.3E-10 0.60% 

Fcd.om.)  
7.1E-ll 5.51% 
9.9~-12 0 . m  
2.4E-IO 18.95% 
5.Z-I1 4.06% 
7.3E-12 0.5'7% 
7.E-10 60.74% 
I.0E-10 7.81% 
1.3E-09 98.49% 
1.3E-09 100.00% 
5.E-10 100.00% 

% T d  

Risk 
2.05% 
0.29% 
7.05% 
1.51% 
0.21 % 

22.59% 
2.93% 

36.62% 
37.18% 
15.10% 

Racpor - 

5.E-10 100.00% 15.10% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

4.3E-10 

CbRapacy % T d  
Raw M e d h  

6.E- 7.72% 
I . I E a  1.25% 
2 . 0 w  22.43% 
4.E- 4.83% 
3.1E-06 0.36% 
4.- 48.36% 
6.2EM 7.16% 
8.0EW 92.11% 

Risk F t U U b l Z W  - 
% Tcql 

Roccpor 
Risk 
2.42% 
0.39% 
7.04% 
1.51% 
0.11% 

15.17% 
2.24% 

28.89% 

- 

8.7EW 100.00% 31.37% 
3.5E48 100.00% 0.00% 

33548 100.00% 0.00% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

1.4E-06 0.05 % 

WRoPaty 

k!!EsQ 
Raidcnt 

3.8E-06 
5.5EUl 
9.9E-06 
2. IE-06 
1.8Em 
2.1E45 
3.1E-06 
4.1E45 
4.4E4 
1.7E-09 

'X T d  
Mcdium 
Risk - 
8.55% 
1.25% 

22.39% 
4.82% 
0.40% 

48.28% 
7.14% 

92.84% 
100.00% 
100.00% 

% T d  
Rcccpta 
Risk - 

1.92% 
0.28% 
5.03% 
1.08% 
0.09% 
lO.Ss% 
1.61% 

2.47% 
0.00% 

m . m  

1.7E-09 Io0.00X 0.00% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

1 . lW 0.05% 

~ b . m D I . 4  2.0E-05 1 s  6.8E-08 7.oE-os 3.53-09 2.- 2.oE-04 1 
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NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 
NIA 

NIA 

NIA 

TABLE 13.432 

NIA 

2.2E-08 3.50% 3.319 
4.0E48 6.54% 6.189 
1.IElO 0.02% 0.029 
3.IE-07 51.12% 48.289 
1.7E-07 28.15% 26.599 
1.2E-09 0.19% 0.189 

6.1E-07 98.56% 93.099 

8.7E-09 1.41% 1.339 

3.1Ell 0.01% 0.009 
1.4E10 0.02% 0.029 
5.3Ell 0.01% 0.019 

6.2E-07 100.00% 94.469 
NIA 

5 . m ~  9.04% 8.549 

5.2E-12 0.00% 0.009 

8 . 9 ~ 4 9  1.44% 1.369 

hRopclty %Tool %Tool 
R& McdhrmR- 

1.6E-05 3.52% 2.48% 
6.3E-06 1.39% 0.98% 
l.lE-04 24.98% 17.63% 
2.4E-05 5.38% 3.80% 
4 . 9 m  0.11% 0.08% 
2.4E-04 53.84% 37.99% 
3 . M  7.97% 5.62% 

- a l i l d & R b t  

4 . 4 ~  97.18% 68.58% 

2 . 6 W  0.00% 

I T d  %Tool 
Ham- Mcdinn Receptor 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

~ NIA 

NIA 

5.9E-09 100.00% 0.008I 
NIA I NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

USCI 

6.7E-05 
l.lE-05 
2.0E-04 
4.2E-05 
3.1E-06 
4.2E-04 
6 . M  

- 

a.oEw 

Medium 
Rbk - 
7.72% 
1.25% 

22.43% 
4.83% 
0.36% 

48.36% 
7.16% 

92.11% 

Rcccpa 
Risk - 
2.42% 
0.39% 
7.029 
1.519 
0.119 

15.13% 
2.24% 

28.821 
a.x-04 100.00% 31.291 
3.sE-08 100.00% 0.009 

3.sE-08 100.00% 0.009 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

1.4E-06 0.059 

Great %Total X T d  
H i h m i R k r  Medirnn Racpca 
RecUoa Risk - -  

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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i 

2 

3 

4 

9 

10 

. . . . . . . . . . . 

0 . The total receptor risk to the expanded trespasser exceeded 1.0 x lo-' risk due mostly to external 

radiation from radium-226, radium-228, thorium-228, thorium-232, and uranium-238 in soil which 

accounted for approximately 86 percent of the total receptor risk. Total HI was below 1.0. 

Total risk and hazard for each user of the Great Miami River was below 1 .O x 

respectively. 

and 1 .O, 

B.3.5 LIME SLUDGE PONDS 

B .3.5.1 Exuosure Point Concentrations 

Table B.3.5-1 summarizes the exposure scenarios evaluated to assess risks associated with the Lime 

Sludge Ponds. It also summarizes derivation of exposure concentration specific to this subunit. 

,444 Exposure point concentrations were derived from the analytical data on samples 

collected within the boundaries of the Lime Sludge Ponds subunit. For .groundwater, modeled data 

indicated contaminants did not enter the aquifer underlying the Lime Sludge Ponds. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

15 

16 

17 

18 

19 

m 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

I .  . ', 3 .  e: . .A- 

000385 . _;. 
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. . . . .. . . . . 
:l&B . ............ . . . . . . . . . . . . . ..... . . . '.. . . . ..___...__ .. ................_ , . . , , , , . . , under future land use it was assumed that the on-property farmer resided i 

and simultaneously farmed that area. 2 

3 

4 

5 

relevant information regarding exposure point concentrations for the Lime Sludge Ponds is 6 

summarized in Table B.3.5-1. 

B.3.5.2 Constituents of Potential Concern 

The CPCs quantified for the Lime Sludge Pond surface soil 

are summarized in Table B.3.5-2 (a), 

waste material- 

(b- , respectively 

) along with relevant information regarding frequencies of detection data 

distribution, 95 percent UCLs, etc. Table B.3.5-3 summarizes CPCs for the Lime Sludge Ponds by 

medium. 

B.3.5.3 Risk Characterization for Current Land Use 

The scenarios characterized for the Lime Sludge Ponds assuming continued DOE ownership 

include a trespassing youth; the off-property farmer and resident child using food 

products from livestock grazing off-property and produce gro 

groundskeeper contacting on-site contaminants in air and soil. 

a current user of meat and milk product from livesto 

1 

a 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

B.3.5.3.1 Tresuassinv Youth 25 

Risk was characterized for the trespassing youth contacting CPCs via ingestion and d e k l  contact 26 

n 

28 

29 

with surface soil within the subunit; external radiation resulting from exposure to surface soil within 

the subunit; and inhalation of airborne particulates. Exposure point concentrations for the exposure to 

modeling results as described in Section B.2.0, Appendix A, and Section 5.0 of this PJ report. 

soil were based on analytical data while the inhaled particulate concentration was based- on air 

xl 

31 

Risks and hazards calculated for the trespassing youth exposed to contaminants in soil are 32 

. ,. 
*, , !;-:.. . . -  
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LIME SLUDGE PONDS 
OPERABLE UNIT 2 CONSTITUENTS OF POTENTIAL CONCERN 

Surface Soid 

.p&@&@&.&.gW 
:.:.:.:. ........................................... \.,% .................... 

arSeniC 

beryllium 

lead 

cesium-137 

neptunium-237 

plutonium-238 

plutonium-2391240 

radium-226 

radium-228 

strontium-90 

thorium-228 

thorium-230 

thorium-232 

thorium-total 

uranium-234 

uranium-235/236 

uranium-238 

uranium-total 

Aroclor-1254 

benzo(a)anthracene 

benzo(a)p yrene 

benzo(b)fluoranthene 

benzo(g,h,i)perylene 

bis(2-Ethylhexy1)phthalate 

dibenzo(a,h)anathracene 

ideno(l,2,3cd)pyrene 

phenanthrene 

Waste Material 

arsenic 

beryllium 

lead 

cesium-137 

neptunium-237 

plutonium-238 

plutonium-2391240 

radium-226 

radium-228 

strontium-90 

technetium-99 

thorium-228 

thorium-230 

thorium-total 

uranium-234 

uranium2351236 

uranium-238 

Ar0~10r-1Z4 

benzo(g,h,i)perylene 

dibenzo(a,h)anthracene 

ideno( 1,2,3cd)pyrene 

phenanthrene 

1,1,2trichlorotriflurorethane 

1,2diethylbenzene 

acrylonitrile 

Perched Water 

ieptunium-237 

itrontium-90 

echnetium-99 

usenic 

I, 1,2-trichlorotrifluoroethane 

I ,2diethylbenzene 

3oundwater (GMA) 

echnetium-99 

. . .  
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presented in Table B.3.54 . Total risk due to all CPCs in soil by all routes I 

of exposure was -2 
External ... ... radiation &e-& 3 

. This was primarily due to 2 

... 

4 

+ e q e & A y  Total chemical HIS calculated for 5 

a trespassing youth exposed to CPCs in soil did not exceed HI of 1.0. 6 

7 

B.3.5.3.2 Current Off-Prouertv Farmers 8 

Risks were characterized for the off-property farmer and resident child contacting CPCs via inhalation 

of airborne particulates and ingestion of homegrown produce on which airborne particulates were 

deposited; and ingestion of milk and beef from livestock grazing on off-site grasses on which airborne 

particulates were deposited. For all of these routes of exposure, the exposure point concentration was 

9 

10 

I 1  

12 

13 based on air modeling results as described in Section B.2.0, Methodology. 
14 

The risks and hazards calculated for the off-property farmer and resident child 15 

are presented in Tables a) and B.3.5-5(b), respective1 16 

17 -1 soil was 4.2 1.3 x 14 - associated with CPCs i 
. . . . . . . 

child, respectively. Total HIS were below 1.0. 18 

19 

Risks and hazards associated with ingestion of CPCs in beef and milk for the off-property farmer and m 

resident child are given in Tables B.3.5-6(a) and B.3.5-6(b), respectively ( 
risk for all CPCs consumed in beef and milk was 64+4-0%~~3 3.5 x 1-0 - 
the farmer and child, respectively. Total HIS for all CPCs consumed in beef and milk were well 

below 1.0 for both the farmer and child. 

21 

22 -a 

23 

24 

25 

Risks and hazards associated with ingestion of CPCs in homegrown produce for the off-site farmer 

and resident child are given in Tables B.3.5-7(a) and B.3.5-7(b), respectively 

Total risk for all CPCs consumed in homegrown produce was 11oy1n-8 

produce were well below 1.0 for both the farmer and child. 

26 

21 

28 

for the farmer and child, respectively. Total HIS for all CPCs consumed in homegrown 29 

30 

31 

. . . . . . . . . . . . . . 
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B.3.5.3.3 Current User of Meat and Milk Products 

June 15, 1994 

I, 

! Risks and hazards to the current user of meat and milk products from livestock grazing 

on-property are summarized in Table B.3.5-8 . Total risk was 5&~-4Q%lue 

Total HI was below 1.0. 

B .3.5.3.4 Current GroundskeeDer 

5 

6 

1 

8 

9 

!O 

11 

12 

13 

14 

15 

1 1m 
18 

19 B.3.5.4 Risk Characterization for Future Land Use 

The future scenarios characterized for the Lime Sludge Ponds assuming continued federal ownership 

are the off-property farmer and resident child and an expanded trespasser. 

characterized for the Lime Sludge Ponds assuming private ownership are an .on-property farmer and 

resident child living 23 

u) 

21 

22 

Future scenarios 

. .  

24 

25 

26 

j Recreational users of the Great Miami River were evaluated for federal and n 

private ownerships. 28 

29 

B.3.5.4.1 Future Off-ProDertv Farmers 30 

For the off-property farmer and resident child, risks were calculated for exposure to CPCs in airborne 31 

Lime Sludge Pond soil particulates. Receptors were assumed to'contact CPCs in air via inhalation of 

airborne particulates; by consumption of homegrown produce on which airborne Lime Sludge Pond 
G.G()394 

. .  . .  
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June 15, 1994 0 soil was deposited; and by ingestion of milk and beef from cattle grazing on grasses on which 

airborne Lime Sludge Pond soil was deposited and which was watered with contaminated 

groundwater. All of the exposure point concentrations for this scenario were derived from air 

modeling results as described in the methods Section B.2.0. 

. . . . . . . . . . . . . . . . . . . . . . . . 
The risks and hazards calculated for the off-property farmer and resident child 

exposed to surface soil in the Lime Sludge Ponds are presented in Tables B.3.5-10(a), 

B. 3.5- lo@), B. 3.5- lO(c), and B. 3.5- 10(d), respectively 

CPCs in surface soil was w-7 

. Total risk associated with 

and 2.4 x for the farmer and child 

, respectively. This was due mostly to ingestion and external radiation from 

radionuclides. HIS were below 1 .O. 

Risks and hazards associated with ingestion of CPCs in beef and milk for the future off-property 

farmer and resident child are given in Tables B.3.5-ll(a), B.3.5- 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

. Total risk for all CPCs consumed 15 

for the farmer and child 16 

Is for all CPCs consumed in beef and milk were we 17 

below of 1.0 for both the farmer and child. 18 

a 
19 

Risks and hazards associated with ingestion of CPCs in homegrown produce for the off-property 

are given in Tables B.3.5-12(a), B.3.5- 

m 

farmer and resident child 21 

). Total risk for all CPCs P 

for the farmer 23 

, respectively. Total HIS for all CPCs consumed in 24 

homegrown produce were well below 1.0 for both the farmer and child. 

Risks and hazards associated with groundwater exposure for the off-property farmer and resident child 

25 

26 

n 

28 

29 

) are summarized in Tables B.3.5-13(a), B.3.5-13@), 

). Risks were 9A+-l-@%md 2.9 x - -10 

, respectively. HIS were below 1.0. 
. . . . . . . . 30 

31 

32 
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B.3.5.4.2 Future € b F k m ~ &  Expanded Trespasser 

Risks to the future 

on-subunit. The expanded trespasser was anticipated to contact CPCs directly via inhalation of 

airborne particulates; ingestion of and dermal contact with on-subunit soil; and external radiation 

resulting from exposure to contaminated on-subunit 

for inhalation of airborne Lime Sludge Pond soil particles were estimated from airborne soil modeling 

results, 

expanded trespasser were calculated for exposure to CPCs detected 

soil. The exposure point concentrations 

t#-e&e~ exposure point concentrations were based on analytical data. 

Risks and hazards associated with expanded trespasser contact with on-subunit surface water and 

sediment were not quantified since no surface water or sediment samples within the Lime Sludge 

Ponds were available. 

Risks and hazards calculated for the expanded trespasser due to direct exposure to soil and airborne 

. Total risk due to exposure to all 

. This was primarily due 

primarily to b . 5  x l€) 2- 

Total HIS calculated for exposure of an expanded trespasser to 

CPCs in soil at the Lime Sludge Ponds did not exceed 1.0. 

B .3.5.4.3 Future On-Propem (-) Farmers 

Risks were quantified for the future on-property farmer and resident child living 

beef from livestock grazing on grasses on which airborne Lime Sludge Pond, 

, .. . * 
V '  I 

(?6()3SC 
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7 
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9 

10 

11 

12 

13 

14 

15 

1 'B 
18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 
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Exposure point concentrations for these routes of 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

exposure were based on akbm+s& air modeling as described in Section B.2.0. 
..-.- ............... . ......... ._.... .._......._ ...... 

Both RME and CT risks and hazards were estimated for the @&@pity .A. ........... ........... .. . .........-......_ _.. farmer. 

on-property RME 

are presented in Tables B.3.5-15(a) and B.3.5- farmer and resident child 

15(b), respectively ). Total risk associated with future exposure to soil was jn, 

for the farmer and child, respectively. For the RME farmer, 

this risk was primarily due to fl . .  

13 

Risks and hazards associated with ingestion of CPCs in beef and milk for the on-property RME 

farmer and resident child are given in Tables B.3.5-16(a) and B.3.5-16(b), respectively, 

). Total risk for all CPCs consumed in beef and milk was %k-l4In-6 and ' 1 2  

for the RME farmer and child, respective1 

-. Total HIS for all CPCs consumed in beef and milk was well below 1.0 for 

both the farmer and child. 

Risks and hazards associated with ingestion of CPCs in homegrown produce for the on-property RME 

farmer and resident child are given in Tables B.3.5-17(a) and B.3.5-17(b), respectively 

). Total risk for all CPCs consumed in homegrown produce was M+&@ 
for the RME farmer and child, respectively. Total HIS for all 0th 

in homegrown produce were well below 1.0 for both the RME farmer and child. 
. . . . . . . . . . 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

33 
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CT estimates of risk and hazard for the future on-property farmer associated with exposures to 

surface soil, homegrown produce, beef and milk, and groundwater are given in Tables B.3.5-18, 

B.3.5-19, B.3.5-20, and B.3.5-21 respectively ( ). All risks 

em&&4&& were below 1.0 x 10". 

All calculated HIS were below 1.0. 

Tables B.3.5-22@-ad E . 3 .d 2 2 0  for the farmer 

B. 3.5.5 Risks Due to Radium-222 Emission 

Risks due to eminent exposures to outdoor radon emissions attributable to the Lime Sludge Ponds are 

summarized on Table B.3.5-24. All estimated subunit specific risks are below 1.0 x lod. 

B.3.5.6 Summary Lime Sludge Ponds 

Tables B.3.5-25 and B.3.5-26 summarize risk and hazard, respectively, associated with Lime Sludge 

Pond receptors assuming current land use. risk to the trespassing youth exceeded 1.0 x 

aid thorium-228 

Total 

to the presence of thiwm48 

risk to the current groundskeeper exposed to soil was 4J+-&Q? 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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Future Expanded 
Trespasser 
(Adult+ Child) 

Current 
Trespassing , 

Youth 

CurrentlFuture 
Off-Property 
Farmer 

CurrentlFuture 
Off-Property 
Child 

Current 
Groundskeeper 

Future, RME 
-Property 

Future, 

Child 
on-Property 

TABLE B.3.5-24 
LIME SLUDGE PONDS 

RISKS DUE TO ESIZMATQ) RN-222 EMISSION 

i i i r i i r i i i i i i a i i ~ . ~ i ~ ~ ~ ~ ~ ~  
.:.:.:.:.:.:.:.:.:.:.:.:.:<.:.:.:< , . , , , , . . . . . . . . . 

[aximum RN-222 Air 
oncentration @Ci/m3) 

3.9E-0 

3.0E-0 

3.0E-0 

3.9E-0 

3.9E-0 

3.9E-0 

3.9E-O 

3.9E-O 

Intake @Ci) Risk 

8.lE+O 

3.5E+O 

~ E + O  

6 . 9 ~ + 0  

1.3E+O 

4.SE+C 

3.3E+C 

8.2E+C 

6.3E-OS 

2.7E-OS 

4.9E-11 

5.3E-05 

9.8EM 

3.SE-0; 

2.6E-0$ 

6.3E-05 

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

ackground RN-222 Air 
:oncentration 
JCi/m3)** 

1.4E+00 

1 .OEM 

1 .OE-02 

1.4E+00 

1.4E+00 

1.4E+00 

1.4E+00 

1.4E+00 

*Represents upper 95 percent confidence interval on the mean Ra-226 concentration. 
**Assumes RA-226 concentration is 1.228 pCi/g in surface soil and 0.78 pCVg in subsurface soil. 

- 
. . . . . . . . . . . . . . . 

itake 
C i )  

2.8E+03 

1.2E+03 

2.2E +01 

2.4E+04 

4,4E+03 

1.6E+05 

1.2E+04 

2.8E+O? 

. . . . . . . . . . ___ . . . . . . . . . . .,.,...,......... . . . . . . . . . . .,.,.,.,......... . . . . . . . . . . . .,............. ........................ . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Risk 

2.2E-0 

9.3E-0 

1.E-1 

1.8E-0 

3.4E-0 

1.2E-0 

8.9E-0 

2.2E-0 
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percent of total receptor risk, and &ma4 

f4sk All calculated HIS were below 1.0. 

Tables B.3.5-27 and B.3.5-28 summarize risks and hazards, respectively, associated with Lime 
a Sludge Pond receptors assuming future land use. 6 I.!? -. 

Total risks to the on-property RME farmer and resident child 

exceed lnYln-3 

due to 

. Total HIS 

(J(Jo<aE) 
< ,  
I. !:.\.,'',.'*. 
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17 '". 
16 
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B.3.6 OPERABLE UNIT 2 CUMULATIVE RISK 
In order to assess the cumulative impact of contaminants present in all Operable Unit 2 subunits 

future receptors were assumed to be exposed to contaminants via their presence in: 

ground water impacted simultaneously by the Active Flyash Pile, Inactive Flyash Pile and 
South Field -- the Lime Sludge Ponds and Solid Waste Landfill were not found to 
significantly impact groundwater; 

air impacted by all fine subunits; 

surface soil currently existing on the South Field; and, 

surface water and sediment impacted by all fine subunits in the Great Miami River 

For the purpose of this assessment, the future on-property receptors were assumed to be located on 

the South Field; and the off-property receptors were assumed to be located at the point of greatest 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

groundwater and air concentrations. 17 . 
18 

19 

Estimated risk and hazards to the future off-property farmer due to contaminants present in surface 

soil (South Field), beef and milk, homegrown produce, and groundwater and summarized in 

Table B.3.6-1, B.3.6-2, B.3.6-3 and B.3 .64 ,  respectively ( ). Generally, risks are 22 

20 

21 
. . . . . . . . . . 

1.0 x 10' risk range due primarily to the 23 

24 

25 

26 

n. 
28 

29 

u) 

31 

32 

33 

34 

35 

36 
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June 15, 1994 0 Estimated risks and hazards to the future on-property farmer due to contaminants present in surface 

soil (South Field), beef and milk, homegrown produce, and groundwater are summarized in Tables 

i 

2 

3 

4 
Total risk aw-k-k :.e x l-Q 4 

5 

6 

7 

a d  benzo(a)pyrene 8 

9 

10 

11 

12 

13 

14 

IS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 

.. . 

Estimated risks and hazards to the future, expanded trespasser are summarized in Table B.3.6-10 and 

B.3.6-11, respectively . Total risks were &4+4& 
. .  external radiation from 

16 

17 

18 

19 

m 

21 

22 

23 

24 

25 

thorium-228 26 

n 

28 

Tables B.3.6-12 and B.2.6-13 summarize the risk and hazard to future receptors due to the cumulative 29 

impact of contaminants present within Operable Unit 2. It is emphasized that the risks and hazards 30 

presented are those resulting primarily from the three subunits contributing most to groundwater 

contamination: the Active Flyash Pile, South Field and Inactive Flyash Pile. 

31 

32 
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Medium 
surface sou 
Air 

Pammetu 
CS-137 
NP-237 
PU-238 
PU-239/240 
RA-226 
RA-228 
SR-90 
TC-99 
TH-228 
TH-230 
TH-232 
U-234 
U-235/236 
U-238 ’ 

Total RzaYobgical Rish 

Aroclor-1254 
Aroclor-1260 
Arsenic 
Benzo(a)- 
Benro(a)pYrCne 
Benzo(b)fluoranthcne 
~ ) f l U O r a n t h ~  
Beryllium 
D i ~ a . h ) m t h m c e n c  
Dieldrin 
Indcno(l.2.3Cd)pyrew 
bis(2cthylhexyl)phthak 

Total QI4nical Rish 

TABLE B.3.642 
FUTURELANDUSE 

OU2 WIDE 
SUMMARY OF CARCINOGENIC RISK 

% Total 
kpanded Medium 

3.9EM 0.52% 
1.9EM 0.25% 
1 . m  0.00% 
5.5E-10 0.00% 
4.5E-05 59.93% 
4.OE-06 5.25% 
1.9E-09 0.00% 
3.1E-09 0.00% 
9.1E-06 11.99% 
2.5E-08 0.03% 
1.2E-05 15.19% 
1.7E-08 0.02% 
1.1EM 0.15% 
4.1EM 0.54% 
7.1E-05 93.88% 

‘CCSDasScr g& 

2.9EM 0.38% 
1.7EM 0.23% 
1.3E-06 1.69% 
1.OEM 0.13% 
1.7E-06 2.26% 
1.2EM 0.15% 
1.3E-08 0.0246 
3 . 4 W  0.45% 
4.9EM 0.65% 

1.1EM 0.14% 
l.lE-09 0.00% 
4.6E-06 6.12% 

9.2E-10 0.00% 

% Total 
Reccpmr 
Risk 
0.45% 
0.22% 
0.00% 
0.00% 

52.38% 
4.59% 
0.00% 
0.00% 

10.48% 
0.03% 

13.28% 
O.U.?% 
0.13% 
0.47% 

82.06% 

0.34% 
0.20% 
1.48% 
0.12% 
1.97% 
0.13% 
0.01 % 
0.39% 
0.57% 
0.00% 
0.13% 
0.00% 
5.35% 

- 

I Total 7.6E-05 100.00% 87.40% 

Ofi-RoPmy %Tad %Total 
RES. Fumr 
p r i v .  own.) 

1.9E-11 
2.1E-08 
l.lE-08 
6.3E49 
8.9E-06 
1.1EM 

2.3E-09 
6.9EM 
7.9E-07 
8.8EM 
4.6EM 
4.5E-08 
1 .OE-06 
1.3E-05 

2.1E-10 

1.6EM 
3.7E-09 
6.2E-08 
4.1E-09 

1 .OE-08 
1.3E-08 
1.7E-10 
4.0E-09 

2.6EM 

4.9E-10 

Mcdium Reccptor 

0.00% 0.00% 
0.16% 0.02% 
0.08% 0.01% 
0.05% 0.01% 

67.55% 7.86% 
0.84% 0.10% 
0.00% 0.00% 
0.02% 0.00% 
5.22% 0.61% 
6.00% 0.70% 
6.63% 0.77% 
3.49% 0.41% 
0.34% 0.041 
7.66% 0.89% 
98.04% 11.40% 

Risk - Risk - 

1.22% 0.14% 
0.03% 0.00% 
0.47% 0.05% 
0.03% 0.00% 
0.00% 0.00% 
0.08% 0.01% 
0.10% 0.01% 
0.0046 0.00% 
0.03% 0.001 

1.%% 0.23% 
1.3E-05 100.00% 11.63% 

On-Ropmy %Total %Total 
Resident Medim Receptor 

4 . 2 W  0.36% 0.12% 
4.3E-06 0.04% 0.01% 
3.OEM 0.00% 0.00% 
2.OEM 0.00% 0.0096 
7.8843 68.39% 23.35% 
4 . 7 E e  4.12% 1.41% 
2.6EM 0.00% 0.00% 
8.7EM 0.01% 0.00% 
1.OE43 9.14% 3.12% 
1.7E-05 0.15% 0.05% 
1.4E-03 12.55% 4.29% 
1.OE-05 0.09% 0.03% 
9.88-06 0.09% 0.03% 
3.5E-05 0.31% 0.11% 
1.1EM 95.25% 32.52% 

Risk h f m m ~ E )  - 

6.OE46 
3.58-06 
3.58-05 
2.OE-05 
3.4EW 
2.2E-05 
2.6E-06 
2.OE-05 
6.9E-05 
1 . 2 M  
2.2E-05 

0.05% 
0.03% 
0.31% 
0.17% 
2.98% 
0.20% 
0.02% 
0.18% 
0.60% 
0.01 5% 
0.19% 

0.02% 
0.01 % 
0.11% 
0.06% 
1.02% 
0.07% 
0.01 % 
0.06% 
0.21 % 
0.00% 
0.06% 

5.4E34 4.75% 1.62% 
1.1E-02 100.00% 34.14% 
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Arsenic 
BenzoO- 
BentO(a)py- 
Beazo@)fluoranthem 
Beryllium 
D i ~ a , h ) ~  
Dieldrin 

Total chaniccll Risk 
T d  

June 15, 1994 

Groundwater NP-237 
SR-90 
TC-99 
U-234 
u-235/236 
U-238 

Arsenic 

Total Radiologicnl Risk 

Beryllium 
Total Qlanidal Rid 

Toool 

%Total %Total 
2qtadai Medium 

2.7E48 0.32% 
‘rCSDasser g& 

1.4E-10 0.00% 
4.3E-11 0.00% 
7.1E-06 84.84% 
6.0E-07 7.14% 
1.2E-10 0.00% 
1.6E-10 0.00% 
6.3E-10 0.01 % 
1.4E-08 0.16% 
3.5E-08 0.42% 
7.8E-06 92.9096 
2.5E-09 0.03% 
1.4E-09 0.02% 
2.4E-07 2.90% 
7.3E-09 0.09% 
2.5E-07 2.98% 
8.1E-09 0.10% 
4.6E48 0.55% 
3.6E-08 0.43% 

5.9E-07 7.10% 
5.5E-10 0.01% 

Receptor - Risk 
0.03% 
0.00% 
0.00% 
8.19% 
0.69% 
0.00% 
0.00% 
0.00% 
0.02% 
0.04% 
8.97 % 
0.00% 
0.00% 
0.28% 
0.01 % 
0.29% 
0.01 % 
0.05 % 
0.04% 
0.00% 
0.69% 

8.4E-06 100.00% 9.65% 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

W-Ropcrty %Total %Total 
Rcr.hrmn Medium Reccptor 

Risk - Risk (Riv. Opm.1 - 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 

NIA 

2.2E-07 0.36% 0.19% 
8.8E-08 0.15% 0.08% 
6.2E-08 0.10% 0.06% 
2.OEG 33.32% 17.53% 
l. lE46 1.77% 0.93% 
3.8EM 64.28% 33.82% 
6.0EM 99.99% 52.60% 
4.8E-09 0.01% 0.00% 
1.2E-09 0.004% 0.00% 
6.0E-09 0.01% 0.01% 
6.0E-05 100.00% 52.61% 

On-Propaty %Total %Total 
Resident Mcdium Reccptor 

F a r m C r O  - Risk g& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

2.0E-07 0.02% 0.00% 
4.8E-08 0.00% 0.00% 
1.2E-07 0.01% 0.00% 
3.7E44 33.52% 1.10% 
2.OEM 1.79% 0.06% 
7.1E44 64.66% 2.13% 
1.1E43 100.00% 3.29% 

l.lE-03 100.00% 3.29% 
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Benzo(b)fluoranthene 
Beryllium 
Dihmo(a,h)amJmam 
Dieldrin 

TOtalchaimlRic 

Medium paramctcr 
Surf= INP-237 
Wata PU-238 

pu-239n40 
RA-226 
RA-228 
SR-90 
TC-99 
U-234 
U-235l236 
U-238 

Total Rai._._gia 

Aroclor-1254 
Amlor-  1260 
Arsenic 
Benzo(a)anthracenc 
Bcnto(a)pyrem 

Ric 

% Total 
h p d e d  Medium 

1.7E-08 2.75% 
‘rcsDassser jt& 

8.5E-10 0.14% 
9.9E-11 0.02% 
5.OE-08 8.13% 
l.lE-09 0.18% 

2.4E-07 38.80% 
2.7E-08 4.41% 
2.98-09 0.48% 
6.9E-08 11.21% 
4.1E-07 66.23% 

7.3E-10 0.12% 

8.1E-09 1.31% 

1.6E-07 25.41% 
2.1E-09 0.34% 
7.5E49 1.21% 

1.5E-08 2.37% 
2.1E-09 0.35% 
1.7E-08 2.73% 
2.1E-07 33.77% 
6.2E-07 100.00% 

6.4E-11 0.01 % 

2.5E-10 0.04% 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N IA  
NIA 
NIA 
N IA  
N IA  
N IA  

N IA  
N IA  
N IA  
NIA 
N IA  
N IA  
N IA  
N IA  
N IA  
N IA  
N IA  

- 
% Total 

Receptor 
Risk 
0.024 
0.004 
0.004 
0.064 
0.004 
0.004 
0.284 
0.03 4 
0.004 
0.084 
0.474 

0.01 4 
0.009 
0.184 
0.004 
0.01 4 
0.004 
0.024 
0.004 
0.024 
0.244 
0.71 4 

- 
0ff-R- %Total %Total 
Ra.Fumcr Medium Receptor 
p i v .  orwn.1 - Risk - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

5.1E-10 0.00% 0.001 
2.1E-09 
7.7E-10 
4.9E- 10 
1.3E-05 
2.0E47 
1 . 7 E a  
4.8E-09 
6.1E-09 
4.6E-09 
1 AE-08 
3.6E-09 
3.6E-10 
6.9E-09 
1.3E-05 
3.6E48 
9.3E-09 
3 . O E M  
6.0E-08 
9 . 9 m  
6SE-08 
7.8E-09 
7.0- 
2 . 0 m  
7.7E-09 
6.2E-08 
1.8E-06 

0.01% 0.00% 
0.01% 0.00% 
0.00% 0.00% 

86.39% 11.47% 
1.36% 0.18% 
0.01% 0.00% 
0.03% 0.00% 
0.04% 0.01% 
0.03% 0.00% 
0.12% 0.02% 
0.02% 0.00% 
0.00% 0.00% 
0.05% 0.01% 

88.07% 11.69% 
0.24% 0.03% 
0.06% 0.01% 
l.%% 0.26% 
0.40% 0.05% 
6.56% 0.87% 
0.43% 0.06% 
0.05% 0.01% 
0.46% 0.06% 
1.31% 0.17% 
0.05% 0.01% 
0.41% 0.05% 

11.93% 1.58% 
l.SE-05 100.00% 13.28% 

On-pro9crty %Total %Total 
Rcsidcat Medium Receptor 

kmfx OME) - Risk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

5.4EM 0.04% 

0.0096 
0.00% 
0.14% 
0.00% 
0.06% 

6.1E-07 0.04% 
1.5E-09 0.00% 
1.0E-09 0.00% 
4.6E-05 3.15% 
7.5E-07 0.05% 
1.9E-05 1.26% 
3.6E-04 24.22% 
2.6E-08 0.00% 
2.0- 0.00% 
7.4E-08 0.01% 
7.1E47 0.05% 
7.3E-08 0.00% 
1.3E-06 0.09% 
4.3E-04 28.91% 
6.3E-06 0.42% 
8.3EM 0.06% 
5.5E-05 3.73% 
6.0E-05 4.06% 
5.7E-04 38.62% 
3.7E-05 2.48% 
1.7E-06 0.11% 
4.4- 0.30% 
4.3E-05 2.92% 
2.5E-04 17.10% 
1.9E-05 1.30% 

1.07% 
0.00% 
0.0046 
0.00% 
0.00% 
0.00% 
0.00% 
1.28% 
0.02% 
0.00% 
0.16% 
0.18% 
1.71% 
0.11% 
0.00% 
0.01 % 
0.13% 
0.76% 
0.06% ?14% 1.OE-03 71.09% 

1.- 1W.W% 4:42% 
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paramem 
w-237 - 
iR-90 
rc-99 
J-234 
J-235E36 
J-238 

T d  Radblogiml Rid 

i m n i c  
3eryllium 

Total chaniml Rid 
TOlill 

3s-137 
rlP-237 
'U-238 
'U-239I240 
U-226 
U-228 
SR-90 

rIi-228 
m-230 
TH-232 
U-234 
u-235l236 
u-238 

rc-99 

Total Radiological Rirl 

kpanded Medium Reccptor 
rCSRaSSQ && 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Risk - Risk p i v .  own2 - 
6.6E-08 0.95% 0.06% 
3.1E-08 0.44% 0.0396 
1.0E-09 0.01% 0.00% 
2.3E-07 3.36% 0.20% 
6.OE-06 87.09% 5.28% 
5.6E-07 8.10% 0.49% 
6.9E-06 W.9796 6.06% 

1.9E-09 0.03% 0.00% 

2.28-09 0.03% 5.57% 
3.9E-10 0.01% 0.00% 

6.9E-06 100.00% 6.06% 
2.5E-09 0.02% 0.0096 
9.3E-12 
4.4E- 14 
3.OE-14 
2.3E-06 
2.4E-08 
1.4E-09 
1.7E-08 
8.3E-12 
2.9E-11 
1.1E-10 
5.1E-10 
5.1E-11 
9.7E-10 
2.4E46 

2.4EM 
1.2E-06 
1 .OEM 
8.8E-08 
4.0E-06 
2 . m  
1.9E-m 
8.OE-09 
4.4E-06 
4.2E- 12 
7.5E-07 
1.IEM 

0.00% 
0.00% 
0.00% 

17.00% 
0.18% 
0.01 % 
0.13% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 

17.34% 

1.75% 
8.74% 
0.76% 
0.65% 

29.28% 
1.98% 
1.39% 
0.06% 

32.53% 
0.00% 
5.52% 

82.66% 

0.00% 
0.0096 
0.00% 
2.03% 
0.02% 
0.00% 
0.02% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
2.07% 

0.21% 
1.04% 
0.09% 
0.08% 
3.50% 
0.24% 
0.17% 
0.01% 
3.89% 
0.00% 
0.66% 
9.88% 

1.4E-05 100.00% 11.%% 

On-ProDerN %Total %Total 
Rcsktkt - 

:armer(RME) 
6.2E-08 
1.7E-08 

4.3E-07 
l.lE-04 
1 .OEa 
1.2E-04 

5.5E-10 

M d i  Reccptor 
Risk 
0.05% 0.00% 
- 
0.01% 0.00% 
0.00% 0.00% 
0.35% 0.00% 

91.08% 0.33% 
8.50% 0.0346 

100.00% 0.00% 

1.2E-04 100.00% 0.36% 
5.5E-06 0.03% 0.02% 
3.6E-08 
2.2E-11 
1.5E-11 
l.lE-04 
1.8E-06 
8.3E-05 
7.8E-03 
6.2E-09 
4.6E-09 
1.8E-08 
6.1E-07 
6.3E48 
1.2E-06 
8.OE-03 

0.00% 
0.00% 
0.00% 
0.59% 
0.01 % 
0.43% 

40.71% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 

41.78% 

0.00% 
0.00% 
0.00% 
0.34% 
0.01 96 
0.25 % 

23.45% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

24.06% 

4.9E-05 0.25% 0.15% 
2.1E-04 1.10% 0.63% 
7,3E-05 0.38% 0.22% 
1.6- 0.85% 0.49% 
5.4EM 28.07% 16.17% 
3.7E-04 1.91% 1.10% 
1.5E-04 0.80% 0.46% 
4.2E-06 0.02% 0.01% 
4.0E-03 20.79% 11.98% 
1.5E-07 0.00% 0.00% 
7.8- 4.05% 2.33% 
1.lE-02 58.22% 33.54% 
1.9E-02 100.00% 57.60% 
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%Total %Total 
Medium Receptor 
- Risk - Risk 

0.03% 0.00% 
2.24% 0.01% 
0.36% 0.00% 
3.32% 0.02% 
86.00% 0.51% 
8.00% 0.05% 

99.95% 0.6046 

Medium 
BceflMi  
(Gmndwater 

Affeaed) 

,On-Ropcrty %Total %Total 
Rcsidmt Medium Receptor 

Farmer(RME1 - Risk Risl; 
1.9E-10 0.00% 0.00% 
8.2E-09 6.9E-0246 0.00% 
1.3E-09 0.01% 0.00% 
4.2E48 0.35% 0.00% 
1.1E-05 91.07% 0.03% 
1.OE-06 8.50% 0.00% 
1.2E-05 100.00% 0.04% 

Paramam 
NP-237 
SR-90 
TC-99 
U-234 
U-235/236 
U-238 
Total Rndiological Risk 

3.4E-10 0.05% 0.00% 
2.1E-11 0.00% 0.00% 
3.6E-10 0.05% 0.00% 

Arsenic 
Beryllium 

Total Chunicnl R i s k  1 Tad 
Ambient 

NIA 
NIA 

Radon 

6.8E-07 100.00% 0.60% 
4.4E-06 3.86% 

%Total %Total 
ixpanded Medium Reccptor 
'rrsDasser - Risk 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

1.5E-07 100.00% 0.04% 
6.0E-05 0.18% 

NIA 
NIA 

1.9E-06 2.249 

Off-RTpXly 
Rcs. Fuma 
p i v .  Own.) 

2.OE-10 
1 S E 4 8  
2.48- 
2 .3848 
5.8E-07 
5.4E48 
6.8E-07 

MEDL4 8.- l.lE-04 3.33-02 I 

E M i - o u o 2 - 5  mw$6 6 0.8 
June 15, 1994 
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B.4.0 SUMMARY OF HEALTH RISK CHARACTERIZATION 

Receptors and exposure pathways were identified in this baseline risk assessment on the basis of FEMP 
risk assessment policy and Operable Unit 2 specific considerations of current land use and reasonable 

projections of future land use. Confidence is high that the exposure pathways and potential receptors 

likely to experience the greatest potential exposures, and thus risk have been identified and evaluated. 

Although additional receptors and activities could be identified, exposures would be similar to, or less 

than, those estimated for the specific receptors and pathways considered in this analysis. Standard 

(conservative) intake parameters were used for the assessment of all pathways to ensure that potential 

risks would not be likely to be underestimated. a 
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uranium-total 

no COCs no COCs arsenic no COCs 
dieldrin 

TABLE B.4-0 

OPERABLE UNIT 2 CONTAMINANTS OF CONCERN 

xanium-total 

Solid Waste Landfill I Lime Sludge Ponds I Inactive Flvash Pile I South Field I Active Flvash Pik 

radium-226 radium-226 
no COCs no COCs 

arsenic 

neptunium-237 

radium-226 

radium-228 

thorium-228 

thorium-230 

thorium-232 

plutonium-238 

uranium-234 

uranium-235/236 

uranium-238 

antimony 

arsenic 

beryllium 

benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)fluoranthene 

dibenzo(a.h)anthracene 

indeno( 1,2,3-cd)pyrene 

no COCs 
1 

:esium-137 

radium-226 

radium-228 

horium-228 

horium-230 

horium-232 

iranium-238 

iranium-total 

uranium-234 uranium-234 uranium-234 

uranium-235/236 uranium-235/236 uranium-238 

uranium-238 uranium-238 uranium-total 

uranium-total uranium-total 

no COCs 

SURFACE SOIL 

adium-226 

adium-228 

horium-228 

horium-232 

asenic 

libenzo(a,h)anthracene 

cesium-137 

neptunium-237 

radium-226 

radium-228 

thorium-228 

thorium-230 

thorium-232 

uranium-234 

uranium-235/236 

uranium-238 

uranium-total 

arsenic 

beryllium 

Aroclor-1254 

Aroclor-1260 

benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)fluoranthene 

benzo(k)fluoranthene 

dibenzo(a, h)anthracene 

dieldrin 

indeno( 1,2,3-cd)pyrene 

:esium- 137 

ieptunium-237 

,adium-226 

,adium-228 

horium-228 

horium-232 

lrsenic 

beryllium 
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technetium-99 neptunium-237 

carbazole strontium-90 no COCs no COCs 

technetium-99 

TABLE B.4-0 
(continued) 

no COCs 

Solid Waste Landfill Lime Sludge Ponds Inactive Flyash Pile I South Field Active Flyash Pile 

radon-222 I no COCs radon-222 radon-222 radon-222 

neptunium-237 

radium-226 

strontium-90 

uranium-234 

uranium-238 

arsenic 

beryllium 

benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)fluoranthene 

dibenzo(a,h)anthracene 

indeno( 1,2,3-cd)pyrene 

no COCs 

no COCs 

no COCs 

iibenzo(a,h)anthracem 

uranium-234 

uranium-2351236 

uranium-238 

uranium-total 

cesium- 137 

radium-226 

radium-228 

strontium-90 

technetium-99 

uranium-238 

arsenic 

beryllium 

Aroclor-1254 

Aroclor-1260 

benzo(a)anthracene 

benzo(a)pyrene 

benzo(b)fluoranthene 

benzo(k)fluoranthene 

dibenzo(a, h)anthracene 

dieldrin 

indeno( 1,2,3-~d)pyrene 

uranium-234 

uranium-2351236 

uranium-23 8 

uranium-total 

arsenic 

no COCs 

CROSSMEDIA IMPACT FROM GROUNDWATER ON BEEFMILK AND HOMEGROWN PRODUCE 
I I I I 

radium-226 

technetium-99 
no COCs no COCs no COCs 

radium-226 

strontium-90 

uranium-2351236 

uranium-total 
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B.4.1 SUMMARY OF SUBUNIT-SPECIFIC RISKS 
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i 0 B.4.2 RISKS FROM NATURAL BACKGROUND 

All subunit-specific risks in the risk assessment are calculated without subtracting the contribution from 

natural background. In some areas in Operable Unit 2, the concentrations of CPCs are only slightly 

above naturally occurring background levels. Therefore, it is informative to calculate the risks from 

2 

3 

4 

background ee&&w&m to 5 

provide a point of comparison for the subunit-specific risks. 

Risks and HIS are calculated by replacing background concentrations for Operable Unit 2 CPCs existing 

at each subunit. The same exposure pathways quantitatively evaluated for the RME on-property resident 

farmer are evaluated. Exposure point concentrations dependent on the results of air and groundwater 

modeling were derived assuming background soil concentrations for the source terms in both groundwater 

and air modeling. Other exposure parameter values used for calculating background intakes are also the 

same as those used for evaluating subunit-specific risks to the RME on-property resident farmer. 

Tables B.4-1 l(a), B.4-1 l(b), B.4-1 l(c), and B.4-1 l(d) (Attachment 111) present the background risks and 

HIS for the Active Flyash Pile future on-property RME farmer due to background levels of CPCs in 

surface flyash material, groundwater, homegrown produce, and beef and milk, respectively. Tables B.4- 

12(a) and B.4-12(b) compare the total Active Flyash Pile specific carcinogenic risk and noncarcinogenic 

HIS for the future on-property RME farmer to the risks and hazards that can be attributed to naturally 

occurring levels of CPCs. 

Table B.4-12(a) illustrates that the total risk to this receptor assuming background concentrations of CPCs 

would be . This can be viewed as a "floor" against which to compare the Active 

Flyash Pile specific calculated risk of 2. Review of Table B.4-12(a) also indicates that 
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Medium 
sod 

Groundwater 

Homegrown 
Produce 

@ua 
Affected) 

TABLE B.4-l2(a) 

ACTIVE FLYASH PILE CARCINOGENS 
COMPARISON SUMMARY OF BACKGROUND RISKS TO ON-SITE RISES 

Parameter 
ICS-137- 
NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 

iU-235036 
IU-238 
Total Radiological Risk 

Arsenic 
Beryllium 
Benzo(a)anthracene 
Benzo(a)p yrene 
Benzo@)fluoranthene 

Total M e a l  Risk 
To& 

NP-237 
SR-90 
u-234 
U-235036 
U-238 
Total Radiological Risk 

Arsenic 
Beryllium 

Total M e a l  Risk 
Total 

CS-137 
NP-237 
PU-238 
PU-2391240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-2351236 
U-238 
Total Radiological Risk 

A r s c n i C  
Beryllium 
Benzo(a)anthracene 
Benzo(a)p yrene 
Benzo@)fluoranthene 

Total M e a l  Risk 

I Total 

On-Roperty 
Resident % ofTotal % ofTotal 

Fanner 0 Medium Risk Receptor Risk 
1 SE-11 0.001 0.00% 
1.4E-07 
2.4E-08 
l.lE-08 
2.8E-08 
1.9E-09 
2.4E-10 
2.6E-07 
9 .Om8 
2.6E-07 
8.1E-08 
3.5E-09 
1.6E-07 
lilE-06 

6.6E-07 
1.9E-08 
3.3E-11 
3.6E-10 
5.3E-11 
6.7E-07 

8.01 % 
1.37% 
0.63 % 
1.62% 
0.11% 
0.01 % 

14.87% 
5.18% 

14.94% 
4.70% 
0.20% 
9.39% 

61.04% 

37.82% 
1.11% 
0.00% 
0.02% 
0.008 

38.96% 

0.17% 
0.03 % 
0.01 % 
0.03 % 
0.00% 
0.00% 
0.31 
0.11% 
0.32% 
0.10% 
0.00% 
0.20% 
1.29 % 

0.80% 
0.02% 
0.00% 
0.00% 
0.00% 
0.82% 

1.7E-06 100.00% 2.11% 
3.4E-09 0.01 % 0.00% 
9.6E-07 
1.6E-05 
8.2E-07 
3 . O m 5  
4.7E-05 

8.8E-15 
4.3E-16 
9.3E-15 

2.04% 
32.87% 

1.74% 
63.34% 

100.00% 

0.00% 
0.00% 
0.00% 

1.18% 
18.91% 
1 .00% 

36.44% 
57.54% 

0.001 
0.001 
0.005 

4.7E-05 100.00% 57.54% 
4.OE-10 0.03% 0.00% 
1.4E-08 
1.7E-09 

4.1E-08 
3 SE-09 
2.0E-09 
2.3E-09 
5.2E-10 
5.2E-09 

2.8E-11 
l.lE-09 
7.3E-08 

8.4E-10 

6.4E-10 

0.96% 
0.12% 
0.06% 
2.89% 
0.25% 
0.14% 
0.16% 
0.04% 
0.37% 
0.05% 
0.00% 
0.08 % 
5.15% 

0.02% 
0.00% 
0.00% 
0.05 % 
0.001 
0.00% 
0.00% 
0.00% 
0.01 % 
0.001 
0.00% 
0.00% 
0.09% 

1.2E-06 84.85% 1.46% 
1.3E-07 9.51 % 0.16% 
5.3E-10 0.04% 0.00% 
5.6E-09 0.40% 0.01 % 
8.4E-10 0.06% 0.00% 
1.3E-06 94.85% 1.63 % 
1.4E-06 100.00% 1.72 % 

%ofTotal IofTotal 
hckpround Medium Risk Receptor Risk 

6.8E-12 0.00% 0.004 
O.OE+OO 0.00% 0.004 
O.OE+OO 0.00% 0.004 
O.OE+OO 0.00% 0.009 
7.5E-09 2.18% 0.074 
6.8E-10 0.20% 0.01 4 

O.OE+OO 0.00% 0.009 
7.6E-08 22.08 % 0.674 

0.33 % 10.96% 3.8E-08 
1 .OW7 30.03 % 0.91 % 
2.3E-08 6.82% 0.21 % 
1.9E-09 0.56% 0.02% 
4.9E-08 14.18% 0.43 % 
3 .OE47 87.00% 2.62% 

4.2E-08 12.28% 0.37% 
2.4- 0.71 % 0.02% 

O.OE+OO 0.001 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 

4.5E-08 13.00% 0.39% 
3.4E-07 100.00% 3.01 % 

O.OE+OO 0.00% 0.00% 
2.6E-07 3.24% 2.32% 
2.8E-06 34.01 % 24.36% 
2.5E-07 3.06% 2.19% 
4.9E-06 59.68% 42.74% 
8.2E-06 100.00% 71.62% 

O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 

8.2E-06 100.00% 71.62% 
1%-10 0.16% 0.00% 

O.OE+OO 
O.OE+OO 
O.OE+OO 

l.lE-08 
1.3E-09 

O.OE+OO 
6.7E- 10 
2.2E-10 
2.1E-09 

1.6E-11 

1.6E-08 

1.8E-10 

3.3E- 10 

0.00% 
0.00% 
0.00% 
9.91 % 
1.15% 
0.00% 
0.61% 
0.20% 
1.88% 
0.17% 
0.01 % 
0.30% 

14.40% 

0.00% 
0.00% 
0.00% 
0.10% 
0.01 % 
0.00% 
0.01 % 
0.00% 
0.02% 
0.001 
0.00% 
0.00% 
0.14% 

7.7E-08 70.07% 0.68% 
1.7E-08 15.54% 0.15% 

O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.001 
O.OE+OO 0.00% 0.00% 

0.83 % 85.60% 9.4E-08 
l.lE-07 100.00% 0.97% 
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0 .  

7.2E-06 100.00% 8.79% 
8.23-05 

TABLE B.Clt(a) 
(eontinudl 

H O C U C ~  
Roduce 
(Gnwndwater 

Affected) 

NP-237 
RA-226 
SR-90 
U-234 
U-235l236 
U-238 
Toad Radiological Risk 

Arsenic 
Beryllium 

Total M c a l  Risk 

@urrt 
Affected) 

I Total 
Bccf/Milk ICs-137 

NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-2351236 
U-238 
Toad Radiological Risk 

Arsenic 
Beryllium 
Benzo(a)anthracene 
Beno(a)pyrene 
Benzo(b)fluoranthenc 

Total Chmical Risk 

BeeflMi 
(Groundwater 

Affected) 

NP-237 
RA-226 
SR-90 

U-2351236, 
U-238 
Total Radiological Risk 

Arsenic 
Beryllium 

Total Chmical Risk 

On-Roperty 
Resident %ofTotal %ofTotal 

Fanner W Medium Risk Receutot Risk 
1 .OE-09 0.008 0.00% 
6.5E-06 27.16% 7.95 % 
1.2E-05 50.36% 14.74% 
2.9507 1.03% 0.30% 
5.2E-06 21.44% 6.28% 

O.OE+W 0.00% 0.00% 
2.4E-05 100.00% 29.27% 

3.4515 0.00% 0.00% 
7.0517 0.00% 0.00% 
3.5515 0.00% 0.00% 
2.4E-05 100.00% 29.27% 
1.9E-09 0.41 % 0.00% 
6.1E-11 
9.7E-14 
5.1E-14 
7.2E-09 
4.1E-10 
1.6E-09 
3.1E-12 
3.3E-12 
3.3E-11 
8.9E-11 
4.0512 
1.6510 
1.2E-08 
4.2E-07 
1 SE-08 
7.9E-10 
2.3E-08 
3 SE-09 
4.6E-07 

0.01 % 
0.00% 
0.00% 
1.54% 
0.09% 
0.34% 
0.00% 
0.00% 
0.01 % 
0.02% 
0.001 
0.031 
2.45% 

88.55 % 
3.26% 
0.17% 
4.83 % 
0.74% 

97.55 % 

0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.005 
0.01 96 

0.51 % 
0.02% 
0.001 
0.03 % 
0.001 
0.56% 

. 4.7E-07 100.00% 0.57% 
3.1E-12 0.00% 0.00% 
6.5E-07 
6.0E-06 
2.4E-08 
5.OE-07 

O.OE+OO 
7.2E-06 
6.3E-16 
3.7E- 1 8 
6.3E-16 

9.06% 
83.65 % 
0.33 % 
6.95% 
0.00% 

100.00% 
0.00% 
0.001 
0.00% 

0.80% 
7.35% 
0.03% 
0.61 96 
0.00% 
8.79% 
0.001 
0.001 
0.00% 

hckmound 
O.OE+W 
O.OE+OO 

9.2E-08 
8.4E-07 
7.5E-08 
1.5E-06 
2.5E-06 

O.OE+OO 
O.OE+OO 
O.OE+OO 

%ofTotai %ofTotal 
Medium Risk Receptor Risk 

0.00% 0.00% 
0.00% 0.00% 
1.12% 0.80% 

10.25% 7.34% 
0.92% 0.66% 

17.99% 12.88% 
30.28% 21.69% 

0.00% 0.00% 
0.00% 0.00% 

30.28% 0.00% 
2.5E-06 60.57% 21.69% 
8.7E-10 2.72% 0.01 % 

O.OE+OO 
O.OE+OO 
O.OE+OO 

1.9E-09 
1.5E-10 

O.OE+OO 
9.1E-13 
1.4E-12 
1.351 1 
2.6E-11 
2.2E-12 
4.7E-11 
3 . O M  
2.7E-08 
2.0- 

O.OE+OO 
O.OE+OO 
O.OE+OO 
2.9E-08 
3.2E-08 

O.OE+OO 
O.OE+OO 

4.6E-08 
8.1E-08 
7.3E-09 
1.4E-07 
2.8E-07 

O.OE+OO 
O.OE+OO 
O.OE+OO 

0.00% 
0.00% 
0.00% 
6.08% 
0.46% 
0.00% 
0.00% 
0.00% 
0.04% 
0.08 % 
0.01 96 
0.15% 
9.55% 

84.30% 
6.15% 
0.00% 
0.00% 
0.00% 

90.45 % 
100.00% 
0.00% 
0.00% 
0.56% 
1 .00% 
0.09% 
1.75 % 
3.40% 

0.00% 
0.001 
0.00% 

0.00% 
0.00% 
0.00% 
0.02% 
0.001 
0.00% 
0.00% 
0.00% 
0.001 
0.00% 
0.00% 
0.00% 
0.02% 
0.24% 
0.02 56 
0.00% 
0.00% 
0.001 
0.25 96 
0.27% 

0.71 % 

2.43 % 

0.00% 

0.00% 
2.8E-07 3.40% 0.00% 
l.lE-05 
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Parameter 
.IIA 

Arsenic 

U-Total 
Beryllium 

Total Cknical  Risk 

Medium 

-proPCfly 
Resident 96ofTotal %ofTotal % of Total % of Total 

Farmer Medium Risk Recator Risk Backmound Medium Risk Recator Risk 

1.7E-11 0.0046 0.0096 O.OE+W 0.00% 0.00% 
1.3514 0.0096 0.0046 O.OE+OO 0.0096 0.00% 
7.5E-01 100.00% 75.14% 1.OE-01 100.00% 74.96 5% 
7.5E-01 100.00% 75.14% 1.OE-01 100.00% ’ 74.96% 

sod 

Beryllium 
U-Total 

Total Cknical Risk 
Total 

Arsenic 

Thallium 
Beryllium 

Total chemical Risk 

Groundwater 

3.3515 0.0046 0.00% O.OE+OO 0.00% 0.00% 
2.1E-01 100.00% 21.41% 2.9E-02 . 100.00% 21.36% 
2.1E-01 100.00% 21.41% 2.9E-02 100.00% 21.36% 
2.1M1 100.00% 21.41% 2.9E-02 100.00% 21.36% 
7.9- 21.63 % 0.08% 5.1E-05 7.66% 0.04% 
7.1E-07 0.02% 0.00% 9.1M8 0.01 % 0.00% 
2.9E-03 78.35% 0.29% 6.2E-04 92.33 % 0.45 % 
3.7E-03 100.00% 0.37% 6.7- 100.00% 0.48% 

Homegroam 
Roduce 
w 

Affected) 

Beryllium 
U-Total 

Tom1 chnnical Risk 
Total 

Homegrown 
Raducc 
(Groundwater 

Affected) 

BeeflMilk 
ma 

Affected) 

1.7516 0.00% 0.00% O.OE+OO 0.0046 0.00% 
2.1E-02 100.00% 2.09% 2.9E-03 100.00% 2.08% 
2.1E-02 100.00% 2.09% 2.9E-03 100.00% 2.08% 
2.lE-02 100.00% 2.09% 2.9E-03 100.00% 2.08% 

BeefMilk 
(Groundwater 

Affected) 

Total I 7.5M1 100.00% 75.14461 1.OE-01 100.00% 74.96% 
Arsenic I 2.3E-03 89.62% 0.23561 1.5- 72.38% 0.11% 

0.39% 0.00% 
27.23 % 0.04% 
99.61% 0.15% 

Beryllium 6.2E-06 0.25% 
Thallium 2.6- 10.13% 

Total Qumical Risk I 2.5E-03 99.75% 
Total I 2.5-3 99.75% 0.25%( 2.0- 99.61 % 0.15% 

Arsenic 1 6.5512 0.00% 0.00%1 O.OE+OO 0.0046 0.00% 

Total I 3.7E-03 100.00% 0.37%1 6.7- 100.00% 0.48% 
Arsenic I 1.2E-12 0.00% 0.00461 O.OE+OO 0.00% 0.00% 

[ALL MEDIA l.OE+W 1.4E-01 I 
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FEMP-OUO2-5 DRAFT 

June 15, 1994 

Tables B.4-12(b) illustrates that the total HI hazard to this receptor assuming background concentrations 

of CPCs would be O.l:&?. This can be viewed as a "floor" against which to compare the Active Flyash 

Pile specific calculated HI of 1.m. Review of Table B.4-12(b) also indicates that €h+wqw& 

i 

2 

3 

... ... 

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

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Tables B.4-13(a) B.4-13(b), B.4-13(c), and B.4-13(d) (Attachment III) present the background risks and 

HIS for the South Field future on-property RME farmer due to background levels of CPCs in surface soil, 

groundwater, homegrown produce, and beef and milk, respectively. Tables B.4-14(a) and B.4-14(b) 

compare the total South Field specific carcinogenic hazards and noncarcinogenic risks to the risks and 

hazards that can be attributed to naturally occurring levels of COCs. 

Table B.4-14(a) illustrates that the total risk to this receptor assuming background concentrations of CPCs 

on the South Field would be x lo-?. This can be viewed as a "floor" against which to compare 

the South Field specific risk of x 10%. Review of Table B.4-14(a) also indicates that e 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 - 25 

26 

Table B.4-14(b) illustrates that the total hazard to this receptor assuming background concentrations of 

CPCs on the South Fi 

presence of total urani 

in background samples. 

n 

31 
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G O O 4 7 3  
* , . a  . . . 

, ,: ; . 

TABLE B.414(a) 
COMPARISON SUMMARY OF BACKGROUND RISKS TO ON-SITE RISKS 

Aroclor1254 
AFoclor-1260 
Arsenic 
Benzo(a)anthracene 
&nzo(a)pyrene 
Bem@)fluoranthene 
BenzoQfluoranthene 

Medium 
soil 

Groundwater 

Homegrown 
Produce 

@ua 
AffCCtCd) 

Parameter 
(3-137 
NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
TC-99 
TH-228 
TH-230 
TH-232 
u-234 
U-235/236 
U-238 
Total Radiological Rid 

Aroclor-1254 
Aroclor-1260 
Arsenic 
Benzo(a)anthracene 
Be-(a)PY=m 
Bern@) fluoranthene 
Beazo(k)fluoranthene 
Beryllium 
Dibeazo(a,h)anthracene 
Dieldrin 
Indew(l,2,3-cd)pyrene 

Total M e a l  Risk 
Tom 

NP-237 
SR-90 
TC-99 
u-234 
U-235/236 
U-238 
Total Radiological Risk 

Total M e a l  Risk 
Torai 

CS-137 
NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
TC-99 
TH-228 
TH-230 
TH-232 
u-234 
U-235/236 
U-238 
Total Radiological Risk 

SOUTB FIELD CARCINOGENS 

Resident %ofTotal %ofTotal 
Farmer IRh.m Medium Risk Receutor Risk 

4.2E-05 0.36% 0.1291 
4.3E-06 0.04% 0.01 91 
3 .OM7 0.00% 0.0091 
2.0E-07 0.00% 0.0091 
7.8E-03 68.39% 23.22 91 
4 . M  4.12% 1.4091 
2.6E-07 0.00% 0.009 
8.7E-07 0.01 % 0.0091 
1 . O W  9.14% 3.1091 
1 .m5 0.15% 0.05 91 
1.4E-03 12.55% 4.2691 
9.9E-06 0.09% 0.03 91 
9.8E-06 0.09% 0.03 91 
3.5E-05 0.31 % 0.1091 
l.lE-02 95.25% 32.34% 
6.0E-06 0.05 % 0.02% 
3.5E-06 0.03 % 0.01 % 
3.5E-05 0.31 % 0.10% 
2.OE-05 0.17% 0.06 % 
3.4- 2.98% 1.01% 
2.2E-05 0.20% 0.07% 
2.6E-06 0.02% 0.01 % 
2.0E-05 0.18% 0.061 
6.9E-05 0.60% 0.20% 
1.2E-06 0.01 % 0.00% 
2.2E-05 0.19% 0.06 % 
5.4E-04 4.75 % 1.61% 

*Rope* 

1.1E-02 100.0096 33.95 % 
2.0E-07 0.02% 0.00% 
4.8E-08 0.00% 0.00% 
1.2E-07 0.01 % 0.00% 
3.7E-04 33.52% 1.10% 
2.0E-05 1.79% 0.06% 
7.1E-04 64.66% 2.11% 
l.lE-03 100.00% 3.27 % 

O.OE+OO 0.00% 0.00% 
1 . l W  100.00% 3.27% 
5.4E-07 0.04% 0.00% 
6.1E-07 
1.6E-09 
l . l W  
4.7E-05 
7.5E-07 
1.9E-05 
3.68-04 
2.7M8 
2.1E-08 
7.8E-08 
7.2E-07 
7.3E-08 
1.3E-06 
4.3E-04 

0.04% 
0.00% 
0.00% 
3.16% 
0.05 % 
1.26% 

24.21 % 

0.00% 
0.01 % 
0.05% 
0.00% 
0.09 % 

28.91 % 

0.00% 

0.00% 
0.00% 
0.00% 
0.14% 
0.00% 
0.06% 
1.06% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
1.27% 

6.3E-06 0.43% 0.0296 
8.3E-07 0.06% 0.00% 
S.SE-05 3.73% 0.16% 
6.0E-05 4.06% 0.18% 
5 . 7 m  38.62% 1.70% 
3.7E-05 2.48% 0.11% 
1.7E-06 0.11% 0.00% 

%ofTotal % ofTotal 
Backmund Medium Risk Receotor Risk 

3.lE-05 3.09% 2.80% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 

3.1E-04 26.23% 23.80% 
10.55% 11.62% 1.4E-04 

O.OE+W 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
2.6- 22.29% 20.23 % 
1.9E-06 0.16% 0.14% 
3.9- 32.63 % 29.61 % 
1.2E-06 0.10% 0.09 % 
9.8E-07 0.08% 0.07% 
4.1E-06 0.34% 0.31% 
l.lE-03 96.55 % 87.23% 

O.OE+M 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 

2.8E-05 2.37% 2.15% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 

1.3E-05 1.08% 0.9896 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.0096 
4.1E-05 3.45 % 3.13% 
1.2E-03 100.00% 90.36% 

O.OE+OO 0.00% 0.00% 
6.5E-09 1.61% 0.00% 

O.OE+OO 0.00% 0.00% 
1.4E-07 34.64% 0.01 % 
1.3-8 3.13% 0.00% 
2.4-7 60.62% 0.02% 
4.OE-07 100.00% 0.03% 

O.OE+OO 0.00% 0.00% 
4.0E-07 100.00% 0.03 % 
4.8E-07 0.96% 0.04% 

O.OE+OO 
O.OE+OO 
O.OE+OO 

1.9E-06 
2.2E-07 

O.OE+OO 
O.OE+OO 

6.7E-09 
2.1E-09 
2.0E-08 
8.6E-08 
7.3E-09 
1.6E-07 
2.8E-06 

0.00% 
0.00% 
0.00% 
3.76% 
0.44% 
0.00% 
0.00% 
0;01% 
0.00% 
0.04% 
0.17% 
0.01 % 
0.32% 
5.73% 

0.00% 
0.00% 
0.00% 
0.14% 
0.02% 
0.00% 
O.W% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.01 % 
0.22% 

O.OE+OO 0.00% 0.00% 
4.4E-05 88.62% 3.35 % 

O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+W 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
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I Total 
T U  MEDIA 

Medium 
Homegroom 
Produce 
w 

Affected) 
(Conlinued) 

Horngrown 
Produce 
( G d w a t e i  

Affected) 

~ 

3.2E45 100.0046 0.10461 1.3E-08 100.00% 0.001 
3.43-02 I 1.33-03 

Beemi 
@ua 

Affected) 

On-hperty 
Resident %ofTotal %ofTotal 

Farmer 0 Medium Risk Receotor Risk 
4.4- 0.30% 0.01% 
4.3E-05 2.92% 0.13% 
2.5- 17.09% 0.75% 
1.9E-05 1.30% 0.06% 
1 .om 71.09% 3.13% 

Parameter 
Beryllium 
Dhenzo(a,h)anthracenc 
Dieldria 
weoo(i , 2 9 4 ~ ~ r e n e  

Total Ckmical Risk 

%ofTotal %ofTotal 
Backmund Medium Risk Recator Risk 

2.8- 5.65% 0.21 % 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.008 0.00% 

4.7E-05 94.27% 3.56 % 
Total 

NP-237 
1.7E-08 0.01 % 0.00% 
3.7E-08 0.01 % 0.00% 
l.lE-04 33.52% 0.33% 
5.9E-06 1.79% 0.02% 
2.1E-04 64.66% 0.64% 
3.3E-04 100.00% 0.99% 

O.OE+OO 0.00% 0.00% 

SR-90 
TC-99 
u-234 
U-235/236 
U-238 
Total Radiological Risk 

To& M e a l  Risk 

2.2- 1.84% 0.00% 
O.OE+OO 0.00% 0.00% 
4.2E-08 34.56% 0.00% 
3.8- 3.13% 0.008 
7.4E-08 60.47% 0.01 % 
1.2E-07 0.00% 0.00% 

O.OE+OO 100.00% 0.00% 
Total 

CS-137 

(Gnwmndwater 
Affected) 

NP-237 
PU-238 
PU-239t240 
RA-226 
RA-228 
SR-90 
TC-99 
TH-228 
TH-230 
TH-232 
u-234 
U-235/236 
U-238 
Total Radiological Risk 
Aroclor-1254 
Aroclor-1260 
Arsenic 
Bem(a)anthracene 
Bem(a)py=ne 
&nzo(b)fluoranthene 
Bem(k)fluomthene 
Beryllium 
Dibenm(a,h)anthracene 
Dieldrin 
lndeno( 1,2,3-cd)py=ne 

Total M e a l  Risk 

SR-90 
TC-99 
u-234 
U-235/236 
U-238 
Total Radiological Risk 

Total M c a I  Risk 

I Total 
BeeflMiIk INP-237 

TABLE B.4-14(a) 
(eontinndd) 

1.5E-03 100.00% 4.40961 4 . 9 ~ 5  100.00% 3.78% 
6.2E-08 0.02% 0.00%1 O.OE+OO 0.00% 0.00% 

3.3E-04 100.00% 0.99961 1.2E-07 100.00% 0.00% 
5.5E-06 0.03 % 0.02961 4.9E-06 6.87% 0.37% 
3.6E-08 
2.2E-11 
1.5E-11 
1.1- 
1.8E-06 
8.3E-05 
7.8E-03 
6 . 2 W  
4.7E-09 
1.8E-08 
6.1E-07 
6.3E-08 
1.2- 
8.0E-03 
4.9E-05 
2.1- 
7.3E-05 
1.6E-04 
5.4E-03 
3.7E-04 
1.5E-04 
4.2E-06 
4.0E-03 
1 SE-07 
7.88-04 
l.lE-02 

0.00% 0.00% 
0.00% 0.001 
0.00% 0.00% 
0.59% 0.34% 
0.01 % 0.01 % 
0.43 % 0.25 % 

40.69% 23.32% 
0.00% 0.00% 
0.001 0.00% 
0.00% 0.001 
0.00% 0.00% 
0.001 0.00% 
0.01 % 0.00% 

41.76% 23.91% 
0.25 % 0.15% 
1.10% 0.63 % 
0.38% 0.22% 
0.85% 0.49 % 

28.07% 16.09% 
1.91 % 1.09% 
0.80% 0.46 % 
0.02% 0.01 % 

20.80% 11.92% 
0.00% 0.00% 
4i05 % 2.32% 

58.24% 33.37% 

O.OE+OO 
O.OE+OO 
O.OE+OO 
4.5E-06 
5.3E-07 

O.OE+OO 
O.OE+OO 

1.6- 
5.1ElO 
4.8- 
7.4E-08 
6.2E-09 
1.3E-07 
1 .om5 

5.8E-05 
O.OE+OO 

O.OE+OO 
2.7E-06 

O.OE+OO 
O.OE+OO 
O.OE+OO 
6.1E-05 

0.00% 
0.001 
0.00% 
6.36% 
0.75 % 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.10% 
0.01 % 
0.19% 

14.29% 
0.00% 
0.00% 

81.97% 
0.00% 
0.00% 
0.00% 
0.00% 
3.75% 
0.00% 
0.00% 
0.00% 

85.71 % 

0.00% 
0.00% 
0.00% 
0.35% 
0.04% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.01 % 
0.40% 
0.00% 
0.00% 
4.45 % 
0.00% 
0.00% 
0.00% 
0.00% 
0.20% 
0.008 
0.00% 
0.008 
4.66% ~ 

1.9E-02 100.00% 57.28461 7.1E-05 100.00% 5.06% 
1.9E-10 0.00% 0.00%l O.OE+OO 0.00% 0.00% 
8.3E-09 0.03 % 0.001 
8.8E-08 0.27% 0.00% 
1.1E-05 33.43 % 0.03% 
5.8E-07 1.78% 0.001 
2.1E-05 64.49% 0.06% 
3.2E-05 100.00% 0.10% 

O.OE+W 0.00% 0.00% 

l.lE-09 8.77% 0.001 
O.OE+W 0.00% 0.00% 

4.1- 32.12% .0.00% 
3.7E-10 2.91 % 0.00% 

0.00% 56.21 4% 7.2- 
1.3E-08 100.00% 0.001 

O.OE+OO 0.00% 0.00% 

- , -  . . I  

. . .  
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T i  Cknical Risk 
Total 

IBeryllium 
Dieldrin 

Tributyl phosphate 
U-Total 

Total Clwmical Risk 

Medium 
sod 

3.77% 
1.4E-03 0.01% O.OE+OO 0.00% 0.00% 
7.8E-02 100.00% 0.33% 5.9E-02 100.00% 22.75 % 
7.8E-02 100.00% 0.33% 5.9E-02 100.00% 22.75 % 
8.6E-03 0.05 % 0.04% O.OE+OO 0.00% 0.00% 

1.8E+01 99.95% 75.66% 5.2E-03 0.00% 2.00% 
1.8E+01 100.00% 75.70% 5.2E-03 0.008 2.00% 

16.56% 19.50% 0.07% 9 . m  
1.5~-021 1.83% 

Groundwater 

Beryllium 
Dieldrin 

Total Cknical Risk 
Total 

Tributyl phosphate 
U-Total 

Total Chmical Risk 
Total 

Arsenic 
Beryllium 
Dieldrin 

Total Cknical Risk 

Homegrown 
Produce 2.0E-04 0.05 % 0.00% 1.3- 0.16% 0.05 % 

3.2E-01 74.99 % 1.34% O.OE+OO 0.00% 0.00% 
4.2E-01 100.00% 1.79% 8.3E-02 100.00% 32.28 % 
4.2E-01 100.00% 1.79% 8.3E-02 100.00% 32.28% 
2.5E-03 0.05 % 0.01% O.OE+OO 0.00% 0.00% 

5.1E+00 99.95% 21.53% O.OE+OO 0.00% 0.00% 
5.1E+00 100.00% 21.54% O.OE+OO 0.00% 0.00% 
5.1E+00 100.00% 21.54% O.OE+OO 0.00% 0.00% 

1.4E-01 99.73% 0.59% 1.1E-01 99.89% 42.86% 
1.9- 0.14% 0.00% 1.2- 0.11% 0.05 % 
1.9E-04 0.13% 0.001 O.OE+OO 0.00% 0.00% 
1.4E-01 100.00% 0.60% 1.1E-01 100.00% 42.91 % 

@ua 
Affected) 

Homegrown 
Produce 
(Groundwater 

U-T&l' 
Total Cknical Risk 

Total 

Affected) 
BeevMi 

2.7E-03 25.92% 0.01% 1.4- 0.00% 0.06% 
l.OE-02 100.00% 0.04% 1.4- 0.00% 0.06 % 
l.OE-02 100.00% 0.04% 1.4E-04 0.001 0.06 % 

Beem 
(Groundwater 

Affected) 

TABLE BA14(b) 

SOUTB FIELD: NON-CARCINOGENS 
COMPARISON SUMMARY OF BACKGROUND RISKS TO ON-SITE RISKS 

1 on-Ropew Resident %ofTotal %ofTotal I %ofTotal %ofTotal 
Parameter Fanner Medium Risk Receotor Risk Backmnd Medium Risk Receotor Risk 

;Arsenic I 6 Z l  78.67% 0.26%l 4.9E-02 83.44% 18.99% 

Total I 1.8E+01 100.00% 75.70961 5.2E-03 0.00% 2.00% 
h n i C  I 1 . o m 1  24.96% 0.455161 8.3E-02 99.84% 32.23% 

Total I 1.4-1 99.87% 0.60%1 1.1U)l 100.00% 42.91 % 
Tributyl phosphate I 7.6E-03 74.08 % 0.03% I O.OE+OO 0.00% 0.00% 

. . .  * + -  
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Tables B.4.15(a), B.4-15(b), B.4-15(c), and -#mtgh-B.4-15(d) (Attachment I) present the background 

risks and HIS for the Inactive Flyash Pile future on-property RME farmer due to background levels of 

CPCs in surface soil, groundwater, homegrown produce, and beef and milk, respectively. 

16(a) and B.4-16(b) compare the total Inactive Flyash Pile specific risk and HIS to the risks and hazards 

that can be attributed to naturally occurring levels of CPCs. 

1 

2 

3 Tables B.4- 

4 

5 

Table B.4-16(b) illustrates that the total background HI "floor" associated with RME farmer receptor at 

the Inactive Flyash Pile is @,W%€%. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . The Inactive Flyash Pile specific HI of 22 is attributable almost 
entirely to the presence of total uranium in groundwater (and subsequently homegrown produce and beef 

and m i l k ) . f i  . .  

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Tables B.4-17(a) through B.4-17(c) (Attachment 111) present the background risks and HI for the Solid 

Waste Landfill future on-property RME farmer due to background levels of CPCs. Tables B.4-18(a) and 

21 

28 

B.4-18(b) compare the total Solid Waste Landfill specific risk and HI to. the risks and hazards that can 29 

30 . . . . . . . 
be attributed to the naturally occurring levels of CPCs. 

31 

32 . 

. . _  33 . 
. L  
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FEMP-OUO2-5 D m  
June 15. 1994 

Medium 
soil 

Groundwater 

- TABLE B.416(a) 
COMPARISON SUMMARY OF BACKGROUND RISKS TO ON-SITE RISKS 

INACTIVE FLYASH PILE CARCINOGENS 

Parameter 
NP-237 
PU-238 
PU-2391240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-2351236 
u-238 
Total Radiological Ria 

h n i C  

Beryllium 
Dibenzo(a,h)anthracen 
Lead 
TH-TOTAL 
2-Methylnaphthalene 

Total Wumical Ris 
Torc 

NP-237 
SR-90 
TC-99 
u-234 
U-2351236 
U-238 
Total Radiological Ris 

2-Methylnaphthalene 
Lead 
Tnbutyl phosphate 
U-TOTAL 

Total Wumical Ris 

Homegrown 
Produce 

@a 
Affected) 

t+ 
Pu-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-235/236 
U-238 
Total Radiological Rid 

Arsenic 
Beryllium 
Dibenzo(a,h)anthracen 
Lead 

2-Methylnaphthalene 
Tributyl phosphate 
U-TOTAL 

TH-TOTAL 

-Ropem 
Resident 96 ofTotal 96 ofTotal 

Farmer (RMEI Medium Risk Receutor Risk 
2 . 5 m  0.24% 0.00% 
2.1E-09 0.20% 0.00% 
5.2E-10 0.05 46 0.00% 
9 . O m  0.88 s 0.0096 
1 . o m  0.10% 0.00% 
3JE-11 0.0056 0.00% 

5.2E-08 5.11% 0.00% 
1 . m 7  16.37% 0.01 96 
1 SE-07 14.32% 0.01 % 
9 . 8 ~ 4 9  0.96% 0.00% 
3 .OM7 29.42% 0.02% 
8.3E-07 81.12% 0.06 96 
1 . a m 7  17.72% 0.01 % 
6.9E49 0.68% 0.00% 
4.9- 0.48% 0.00% 

O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.008 
O.OE+OO 0.00% 0.00% 

1.9E-07 18.88% 0.01 % 

1.4€+7 13.47% 0.01 % 

1 . o w  100.00% 0.07% 
2.OE-07 0.02% 0.01 % 
4.8~08 
1.2E-07 
3.7- 
2.OE-05 
7.1- 
l.lE-03 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.00% 
0.01 46 

33.52% 
1.79% 

64.66% 
100.00% 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

0.00% 
0.01 % 

25.13% 
1.34% 

48.47% 
74.97% 

0.001 
0.008 
0.008 
0.00% 
0.00% 

l.lE-03 100.00% 74.97% 
2.4E-10 0.05% 0.00% 
1.5E-10 
4.OE-11 
1.3E-08 
1.9E-09 
7.9E-10 
1.2E-09 
3.OE-IO 
3 . 4 w  
1 . 1 m  
8.OE-11 
2.1E-09 
2.4E-08 

0.03% 
0.01 96 
2.75% 
0.39% 
0.16% 
0.25 96 
0.06 46 
0.70% 
0.24% 
0.02% 
0.43% 
5.09% 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

3.3E-07 69.06% 0.02% 
4.8E-08 10.09% 0.00% 

O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+W 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
4.5E-07 94.91 % 0.03% 
4.8M7 100.00% 0.03 % 

7.5E-08 , 15.76% 0.01 % 

&\ck~2RIv\BQuFpBKC.XLs; 6fllW; 8:21 Ah4 
B-4-52 

%ofTotal %ofTotal 
h c k m u n d  Medium Risk Receutor Risk 

O.OE+OO 0.008 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 

5.6E-09 2.11% 1.42% 
5.1E-10 0.19% 0.13% 

O.OE+OO 0.00% 0.00% 
14.40% 5.lE-08 

2.8E-08 10.65% 7.17% 
7.lE-08 29.07% 19.58% 
1.8E-08 6.62% 4.46% 
1 SE49 0.55% 0.37% 
3.6M8 13.74% 9.26% 

3.9E-08 14.83% 9.99% 

O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
4.21z-08 15.69% 10.57% 

21.38% 

2.2E-07 84.31% 56.78% 

2.3E-09 0.86% 0.58% 

2.7E-07 100.00% 67.35 % 
O.OE+OO 0.00% 0.00% 
6.5E-12 

O.OE+OO 
1.4E-10 
1.3E-11 
2.4E-10 
4.OE-10 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

1.61% 
0.00% 

34.64% 
3.13% 

60.62% 
100.00% 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

0.00% 
0.00% 
0.04% 
0.00% 
0.06% 
0.10% 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

4.OE-10 100.00% 0.10% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 
O.OE+OO 

8 . 2 W  
9.4Ec10 

O.OE+OO 
5 .OE-10 
1.6E-10 
1.6E-09 
1.4510 
1.2E-11 
2.5E-10 
1.2E-08 

7 . 2 ~ 4 ~  
1.6E-08 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

8.8E-08 
1 .OE-07 

0.00% 
0.00% 
8.19% 
0.95 % 
0.00% 
0.51% 
0.17% 
1.56% 
0.14% 
0.01 % 
0.25% 

11.76% 

72.22% 
16.02% 
0.00% 
0.00% 
0.008 
0.00% 
0.00% 
0.00% 

100.00% 
88.24% 

0.00% 
0.00% 
2.07% 
0.24% 
0.00% 
0.13% 
0.041 
0.39% 
0.03 % 
0.00% 
0.06% 
2.98% 

18.26% 
4.05 % 
0.00% 
0.00% 
0.00% 
0.001 
0.001 
0.001 

22.31 91 
25.29% 



Medium 
Homegrown 
Produce 
(Groundwater 

Affected) 

I Total 
lALL MEDIA 

Beemilk 
m a  

Affected) 

3.2E-05 100.00% 2.21 %( 2.3811 100.00% 0.01 % 
1 SEX3 I 3.9E-07 

BecuMill: 
(Groundwater 

AffCCtCd) 

8.4815 0.0056 0.00% 
2.4815 0.0046 0.0096 
2.3E-09 0.13% 0.00% 
2.2810 0.01 % 0.0046 
2.5E-09 0.14% 0.0046 
1.7E-12 0.00% 0.00% 
1.9812 0.00% 0.00% 
2.1E-11 0.0046 0.00% 
1.6E10 0.01 % 0.0096 
1.1E-11 0.00% 0.00% 
2.9E-10 0.02% 0.00% 
5 . 5 m  0.30% 0.00% 
l . l M 7  6.33% 0.01 % 
5.5E-09 0.30% 0.0096 
1 . 7 m  93.06% 0.12% 

O.OE+OO 0.00% 0.0046 
O.OE+OO 0.0046 0.00% 
O.OE+OO 0.00% 0.0096 

1.8E-06 99.70% 0.01 % 
1 . 8 M  100.00% 0.01% 
1.9E-10 0.00% 0.00% 
8.6E-08 0.27% 0.01% 
1.1MS 33.35 % 0.74% 
5.8E-07 1.78% 0.04% 
2.1M5 64.33% 1.42% 
8.8E-08 0.27% 0.01% 
3.2E-05 100.00% 2.21 % 

O.OE+OO 0.00% 0.0096 

Parameter 
NF-237 
SR-90 
u-234 
U-235L2.36 
U-238 
TC-99 
Total Rdological Risk 

Total Qvmical Risk 
Total 

NP-237 
PU-238 
PU-239I240 
RA-226 
RA-228 
SR-90 
TH-22a 
TH-230 
TH-232 
u-234 
U-235/236 
U-238 
Total Radiological Risk 

Arsenic 
Beryllium 
Dibenzo(a,h)anthracene 
Lead 
TH-TOTAL 
2-Methylnaphthalene 

Total W c a l  Risk 
Total 

NP-237 
SR-90 
u-234 
U-235/236 
U-238 
TC-99 
Total Rcldiological Risk 

Total Cknical Risk 

0.00% 
0.00% 
0.37% 
0.03% 
0.00% 
0.00% 
0.00% 
0.001 
0.00% 
0.00% 
0.01 % 
0.04% 
6.35% 
0.46% 
0.0096 
0.00% 
0.00% 
0.00% 
6.81 % 

2.8M8 100.00% 6.85 % 
O.OE+OO 0.00% 0.00% 

1.2811 49.90% 0.0096 
4.1812 17.64% 0.00% 
3.7813 1.60% 0.00% 
7.2812 30.86% 0.0016 

O.OE+OO 0.00% 0.00% 
2.3E-11 100.00% 0.01 % 

O.OE+OO 0.00% 0.0096 

TABLE B.4-16(a) 
(cnntinned) 

*PJWeflY 
Resident % ofTotal % ofTotal 

Farmer 03 Medium Risk Receutor Risk 
6.2M8 0.02% 0.0046 
5.1E-08 0.02% 0.0096 
l.lE-04 33.51% 7.57% 
5.9E-06 1.79% 0.40% 
2.1- 61.65 % 14.61% 
3.7E-08 0.01 % 0.0096 
3.3- 100.00% 22.60% 

O.OE+OO 0.0096 0.0096 
3.3- 100.00% 22.60% 
1.1812 0.0056 0.0096 

% of Toul % of Tom1 
Backmund Medium Risk Receotor Risk 

O.OE+OO 0.0096 0.00% 
6.9B12 5.49% 0.00% 
4.2811 33.27 % 0.01 % 
3.8812 3.01 % 0.00% 
7.4811 58.23% 0.021 

O.OE+OO 0.00% 0.00% 
1.3810 0.00% 0.00% 

O.OE+OO 100.00% 0.00% 
1.3E-IO 100.00% 0.00% 

O.OE+OO 0.0096 0.00% 
O.OE+OO 
O.OE+OO 

1.4E-09 
1.1810 

O.OE+W 
6.8813 
1.1812 
9.9E-12 
1.9811 

. 1.7512 
3.5E-11 
1.6E-09 
2.5E-08 
1.8E-09 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

2.7M8 

0.00% 
0.00% 
5.08 % 
0.39% 
0.0046 
0.00% 
0.00% 
0.03 % 
0.07% 
0.01 % 
0.12% 
5.70% 

87.88% 
6.42% 
0.00% 
0.0046 
0.00% 
0.00% 

94.30% 
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TABLE B.4-16(b) 
COMPARISON SUMMARY OF BACKGROUND IUsgS TC 

INACTIVE FLYASH PILE NON-CARCINOG 

Medium Parameter 
sod NIA 
Groundwater Tributyl phosphate 

U-TOTAL 
Total C h n i c d  Risk 

Total 
Homegrown ARcnic 
Roduce Beryllium 

Homegrown Tributyl phosphate 

@ust Totd Chnicd  Risk 
Affected) Total 

Reduce U-TOTAL 
(Groundwater Total chrmical Risk 

&Rope fiY 
Reaident IofTotal %ofTotal 

Farmer (RMEl Medium Risk Recator Risk 

8.6E-03 0.05 % 0.04% 
1.8E+01 99.95% 82.33% 
1.8E+01 100.00% 82.37% 
1.8E+O1 100.00% 82.37% 
6.3E-04 99.64% 0.0096 
2.2E-06 0.36% 0.0046 
6.3- 100.00% 0.00% 
6.3E-04 100.00% 0.00% 
1.7E-03 0.05 % 0.01 % 

3.3E+00 99.95% 15.34% 
3.3E+00 100.00% 15.34% 

Affected) I Total I 3.3E+00 100.00% 15.34% 
BeeflMik l h n i c  I 2.2- 99.88% 0.0096 

(Groundwater 
Affected) 

@u& Beryllium 2.6E-07 0.12% 0.004% 
AffCCted) I TotalchnnicalRisk I 2.2E-04 100.00% 0.00% 

U-TOTAL 4.9E-01 100.00% 2.28% 
Total C b n i c d  Risk 4.9E-01 100.00% 2.28% 

Total 4.9E-01 100.00% 2.28% 

I Total I 2.2- 100.00% 0.00% 
Beef/Mik ITnbutyl phosphate I 1 . O E a  0.0096 0.0046 

I 

FEMP-OU02-5 DRAFT 
June 15, 1994 

ONslTE RISKS 
ENS 

% ofTotal % ofTotal 
Backmund Medium Risk Recator Risk 

O.OE+OO 
5.2E-03 0.00% 80.01 % 
5.2E-03 0.0096 80.01 % 
5 -2E-03 0.00% 80.01 % 
1.4E-04 99.46% 2.12% 

2.13% 
7.4E-07 0.54% 
1.4- 100.00% 
1.4E-04 100.00% 2.13% 

O.OE+W 0.0096 0.0096 

14.90% 
9.6- 0.0096 
9.6E-04 0.00% 

14.90% 9.6E-04 0.0096 
4.8E-05 99.82% 0.74% 

0.74% 
8.5E-08 0.18% 
4.8E-05 100.00% 
4.8E-05 100.00% 0.74% 

O.OE+OO 0.00% 0.0096 
2.22% 
2.22% 

1.4- 2.22% 

653-03 1 

. . I  . 

B-4-54 FER\CRU2RI\ABQUFPBKN.xLs; 6/7/94; 8:29 AM 



FEMP-OUOZS DRAFT 

SOLID WASTE LANDFILL: CARCINOGENS 

on-propew 
Resident %ofTotal %ofTotal 

Farmer IRME) Medium Risk Recwtor Risk 
2.3E-05 1.28% 0.82% 
l.lE-06 0.06 4% 0.04% 
1.2E-07 0.01 % 0.00% 
3.5E-04 19.86% 12.76% 
2.0- 11.40% 7.33% 
1 SE-07 0.01 % 0.01% 
3.8E-04 21.38% 13.74% 
2.4- 0.13% 0.09% 
5.4- 30.08% 19.34% 
1.5E-05 0.82% 0.53% 
2.9E-05 1.64% 1.06% 
1 .m 9.39% 6.03% 
1.7M3 96.06% 61.74% 

3 .OM5 1.70% 1.09% 
1.3E-06 0.07% 0.05% 
1.2E-05 0.69% 0.44% 
2.6E-06 0.14% 0.09% 

O.OE+OO 0.00% 0.00% 
1 SE-05 0.83% 0.54% 

O.OE+OO 0.00% 0.00% 
7.2E-06 0.40% 0.26% 
1.7E-06 0.10% 0.06% 

O.OE+OO 0.00% 0.00% 
7.0E-05 3.94 % 2.53% 

s 

4% of Total % of Total 
Backmund Medium Risk Receptor Risk 

O.OE+W 0.00% 0.00% 
O.OE+OO 0.00% 0.001 
O.OE+OO 0.00% 0.00% 
3.1E-04 27.71 % 25.13% 

11.14% 12.28% 1.4- 
O.OE+OO 0.008 0.00% 
2.6E-04 23.24% 21.08% 
4.3E-07 0.04% 0.03 4% 
3 . W  32.95 % 29.89% 
3.7E-07 0.03 % 0.03 % 
1.2E-06 0.10% 0.09% 
1.8E-06 0.16% 0.15% 
l . l M 3  96.52 % 87.54% 

2.6E-05 2.34% 2.13% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.001 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 

1.3E-05 1.14% 1.03 % 
O.OE+OO 0.008 0.00% 
O.OE+OO 0.008 0.00% 
O.OE+OO 0.00% 0.001 
O.OE+OO 0.001 0.00% 
3.9E-05 3.48 % 3.16% 

c 

TABLE B.418(a) 
COMPARISON SUMMARY OF BACKGROUND RISKS TO ON-SITE RISKS 

Medium 
sod 

Groundwater 0 

Parameter 
Np-237 
PU-238 

RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-235/236 
U-238 

PU-2391240 

Total RaaVological Rid 

ArscniC 
Be&a)anthracene 
Be-(a)pYrene 
Benzo(b) fluoranthene 
Benzo(g,h,i)perylene 
Beryllium 
Laad 
Dibenzo(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 
TH-TOTAL 

Total chmu’cal Rid 
Tom 

TC-99 
Total Radiological Rid 

To& chmu’cal Rid 
1 Tom 

Homegrown 1NP-237 
Produce 

@ust 
Affected) 

PU-238 
PU-2391240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-235/236 
U-238 
To& Radiological Rid 

Arsenic 
Benzo(a)anthracene 
Benzo(a)p yrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Beryllium 
Lead 
Dibenzo(a,h)anthracem 
Indeno(l,2,3-~d)pyrene 
TH-TOTAL 
Phenanthrene 

Total clvmcal Rid 

Q 

5.1E-05 41.95% 1.82% 
4.0E-06 3.31% 0.14% 
2.1E-05 17.11% 0.74% 
4.2E-06 3.48% 0.15% 

O.OE+OO 0.00% 0.00% 
3.3E-06 2.70% 0.12% 

O.OE+OO 0.00% 0.001 
4.5E-06 3.76% 0.16% 
1 SE-06 1.28% 0.06% 

O.OE+OO 0.00% 0.001 
O.OE+OO 0.00% 0.00% 

8.9E-05 73.58% 3.20% 
1.2- 100.00% 4.34% 

June 15. 1994 

566@ 

4.4E-05 89.48% 3.54% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.001 
O.OE+OO 0.00% 0.00% 
2.8E-06 5.71 % 0.23 % 

O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.001 
O.OE+OO 0.00% 0.00% 
4.7E-05 95.19% 3.77% 
4.9-5 100.00% 3.96% , ~ .. - . , .  I - . . , . . . 

1.8E-03 100.00% 64.27461 l.lE-03 100.00% 90.70% 
3.9E-08 100.00% 0.00%1 O.OE+OO 0.00% 0.00% 

0.00% 

0.00% O.OE+OO 0.00% 

O.OE+OO 0.00% 0.00% I O.OE+OO 0.00% 

3.9E-08 100.00% 

3.9E-08 100.00% 0.00%l O.OE+OO 0.00% 0.00% 
3.4E-06 2.80% O.l2%l O.OE+OO 0.00% 0.00% 
1 .OE-08 
l.lE-09 
2.1E-06 
3.2E-07 
1.1E-05 
9.9E-09 
9.4E-09 
2.9E-08 
3 SE-06 
2.3E-07 
1.1E-05 
3.2E-05 

0.01 % 
0.00% 
1.76% 
0.27% 
9.20% 
0.01 % 
0.01 % 
0.02% 
2.89% 
0.19% 
9.26 % 

26.42 % 

0.00% 
0.00% 
0.08% 
0.01 % 
0.40% 
0.00% 
0.001 
0.001 
0.13% 
0.01 % 
0.40% 
1.15% 

O.OE+OO 
O.OE+OO 

1.9E-06 
2.2E-07 

O.OE+OO 
6.8E-09 
2 . 2 m  
2.OE-08 
8.3E-08 
7.3E-09 
1.6E-07 
2.4E-06 

0.00% 
0.00% 
3.80% 
0.45% 
0.00% 
0.01 % 
0.00% 
0.04% 
0.17% 
0.01 % 
0.32% 
4.81 % 

0.001 
0.00% 
0.15% 
0.02% 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.01 % 
0.19% 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

I Total 
1AL.L MEDIA 

3.SE-08 100.00% 0.00%1 O.OE+OO 0.00% 0.001 
2.8E-03 I 1.2E03 

Medium Parameter 
HOIIE~IVWKI IT-99 

Total Radiological Risk 
(Groundwater I Total Chmical Risk 

Produce 

On-Ropefiy 
Resident %ofTotal %ofTotal 

Farmer (RMl3 Medium Risk Receutor Risk 
1.3E-08 100.00% I 0.00% 
1.3E-08 100.00% 0.00% 

O.OE+OO 0.001 0.001 
Mected) I Total 

BecflMilL INP-237 

%ofTotal %ofTotal 
Backmound Medium Risk Receutor Risk 

O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 

@ura 
Affected) 

2.OE-07 0.02% 0.01 %I 

BeefA4ilk 
(Groundwater 
Affected) 

O.OE+OO 0.001 0.001 
PU-238 
PU-239/240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-2351236 
U-238 
Total Radiological Risk 

Arsenic 
Bemo(a)anthracene . 
Be-(a)pyrene 
Benzo(b) fluoranthene 
Benzo(g,h,i)perylene 
Beryllium 
Lead 
Dibenzo(a,h)anthracene 
Indeno(l,2,3-~d)pyrene 
TH-TOTAL 
Phenanthrene 

Total chmu’cal Risk 

0.00% 
0.00% 
0.19% 
0.03% 
1.80% 
0.00% 
0.00% 
0.00% 
0.11% 
0.01% 
0.34% 
2.28% 
2.42% 
0.39% 
7.04% 
1.52% 
0.00% 
0.11% 
0.00% 

15.18% 
2.25% 
0.00% 
0.00% 

28.91% 

Total Radiobgicd Risk I Totalchmu’calRisk 

O.OE+W 
O.OE+OO 

4.5E-06 
5.3-7 

O.OE+OO 
1.6E-09 
5.1E-10 
4.6E-09 
7.1E-08 
6.2- 
1.3E-07 
5.3E-06 
5.8E-05 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

2.7E-06 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
6.1E-05 

8.7- 100.00% 31.19% 
3.5E-08 100.00% 0.00% 
3.5E-08 100.00% 0.00% 

O.OE+OO 0.00% 0.00% 

1.5E-10 
1.6E-11 
5.1E-06 
7.8E-07 
5 .om5 
2.3E-09 
2.2- 
6.7E-09 
3 . O M  
2.0E-07 
9.6E-06 
6.9E-05 
6.7E-05 
l.lE-05 
2.0E-04 
4.2E-05 

O.OE+W 
3.1E-06 

O.OE+OO 
4.2- 
6.2E-05 

O.OE+OO 
O.OE+OO 

8.0- 
6.6-5 100.00% 4.98% 

O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.001 
O.OE+OO 0.00% 0.00% 

0.008 
0.00% 
0.59% 
0.09% 
5.72% 
0.001 
0.008 
0.00% 
0.34% 
0.02% 
1.10% 
7.89% 
7.72% 
1.25% 

22.43% 
4.83 % 
0.00% 
0.36% 
0.00% 

48.36% 
7.16% 
0.00% 
0.001 

92.11% 

0.008 
0.00% 
6.83% 
0.80% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.11% 
0.01 % 
0.20% 
7.96% 

88.01 % 
0.00% 
0.00% 
0.001 
0.00% 
4.02% 
0.00% 
0.00% 
0.001 
0.00% 
0.00% 

92.04% 

0.00% 
0.00% 
0.37% 
0.041 
0.00% 
0.00% 
0.00% 
0.008 
0.01 % 
0.00% 
0.01 % 
0.06% 
4.71 9% 
0.00% 
0.00% 
0.00% 
0.001 
0.22% 
0.001 
0.00% 
0.00% 
0.00% 
0.00% 
4.92% 

. .  ... .. , 
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Medium Parameter 
sod Arsenic 

Beryllium 
Total Cbnical Risk 

Total 
Groundwater NIA 
Homegrowo Arsenic 
Roduce Beryllium 

@ua Total Cbnical Risk 
Mected) Total 

Homegrown NIA 
Roduce 
(Groundwater 

Mated) 

BeeElMilk Arsenic 
(Dust Beryllium 

Affected) Total CRmUcal Risk 
Total 

BeefMilk NIA 
(Groundwater 

Mected) 

e 5660 .  

SOLID WASTE LANDFILL: NONCARCINWENS 

*property 
Resident %ofTotal %ofTotal % of Total % of Total 

Farmer 03 Medium Risk Receptor Risk Backmund Medium Risk Receotor Risk 
5 .m 83.32% 19.37% 4.9E-02 83.44% 19.38% 

3.85% l.lE-02 16.68% 3.88% 9.7E-03 
6.8E-02 100.00% 23.25% 5.9E-02 100.00% 23.23% 
6.8E-02 100.00% 23.25% 5.9E-02 100.00% 23.23% 

9.6E-02 99.84% 32.90% 8.3E-02 99.84% 32.91 % 
1.5E-04 0.16% 0.05% 1.3E-04 0.16% 0.05% 
9.6E-02 100.00% 32.95% 8.4E-02 100.00% 32.96% 
9.6E-02 100.00% 32.95% 8.4E-02 100.00% 32.96% 

16.56% 

1.3M1 99.89% 43.75% 1.1E-01 99.89% 43.76 % 
1.4E-04 0.11% 0.05% 1.2- 0.11% 0.05 % 
1.3E-01 100.00% 43.80% l.lE-O1 100.00% 43.81% 
1.3-1 100.00% 43.80% 1.1E-01 100.00% 43.81% 

B-4-57 

. . .  
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Table B.4-19(a) through B.4-19(d) (Attachment 111) present the background risks and HIS for the Lime 

Sludge Ponds future on-property RME farmer due to background levels of CPCs. Table B.4-20(a) and 

B.4-20(b) compare the total Lime Sludge Ponds specific risk and HIS to the risks and hazards that can 

be attributed to the naturally occurring levels of CPCs. 
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- w e *  
Resident %ofTotal %ofTotal 

Farmer Medium Risk Receutor Risk 
2.3E-11 0.00% 0.00% 

Medium 
sod 

% of Total % of Tots1 
Backmund Medium Risk Receutor Risk 

1.5E-11 0.00% 0.00% 

Groundwater 
l.lE-05 100.00% 81.79% 
1.9E-07 100.00% 1.45% 
1.9E-07 100.00% 1.45% 

O.OE+OO 0.001 0.00% 

' Homegrown 
Produce 

@ua 
Affected) 

6.9M7 100.00% 69.15% 
O.OE+OO 0.00% 0.001 
O.OE+W 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 

TABLE B.420(a) 
COMPARISON SUMMARY OF BACKGROUND RISgS TO ONSITE RISKS 

0.03% 
0.02% 
0.01% 
0.30% 
0.03% 
0.01% 
0.03% 
0.10% 
0.04% 
0.06% 
0.01% 
0.36% 
0.99% 

0.04% 
1.48% 
0.80% 
0.07% 
0.07% 
0.00% 
0.01% 
0.79% 
0.00% 
0.23% 
0.05% 

Parameter 
a 1 3 7  
NP-237 
PU-238 

RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-235/236 
U-238 
Total Raa5ological Risk 

AreeniC 
~ a z o o p p n e  
Benzo(a)anthracene 
Benzu(b)fluoranthene 
bis(2-Ethylhexyl)phthalr 
Beryllium 
Lead 
Dibenzo(a,h)anthracene 
Indeno(l,2,3-~d)pyrene 
Phenanthrene 
TH-TOTAL 
U-TOTAL 
Phenanthrene 

pu-239n40 

TH-Total 
Total clhrmical Risk 

TomJ 

Total Radiological Risk 

Total chrmical Risk 

TC-99 

O.OE+OO 
O.OE+OO 
O.OE+OO 
2.5E-08 
2.5E-09 

O.OE+OO 
1.3E-09 
4.4E-10 
4.1E-09 
3.9E-10 
3.3E-11 
7.1E-IO 
3.5-8 

O.OE+OO 
1.5E-07 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
4.1E-08 

O.OE+OO 
O.OE+OO 
O.OE+OO 

TomJ 
CS-137 
NP-237 
PU-238 
PU-2391240 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
u-234 
U-235/236 
U-238 
Total Radiological Risk 

0.001 
0.00% 
0.00% 
2.47% 
0.25 5% 
0.00% 
0.14% 
0.04% 
0.42% 
0.04% 
0.00% 
0.07% 
3.48% 

0.00% 
15.55% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
4.09% 
0.00% 
0.00% 
0.001, 

Aroclor-1254 
ArScniC 
Be-(a)py=ne 
Benzo(a)anthracene 
Benzo@)fluoranthene 
Benzo(g,h,i)perylene 
bis(2-Ethylhexyl)phhhalr 
Beryllium 
Lead 
Dibeazo(a ,h)anthracene 
Indeno(l,2,3-~d)pyrene 

pER\CRUZRI\ABQuSWKC.XLs; 6/7/94; 8:31 Ah4 

- ' 

3.6E-08 
3.9E-08 
8.9- 
2.3E-08 
2.0E-09 
8.5E-11 
4.OE-07 
2.3E-06 
2.5E-07 
9.5E-07 
7.6E-08 
6.4E-06 
1 .om5 
1 .OM7 
6.5E-09 
5.4E-10 

O.OE+OO 
1.2E-08 

O.OE+OO 
1.9- 
4.3E-10 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

1.3E-07 

5.9E-10 

0.34% 
0.37% 
0.08% 
0.22% 
0.02% 
0.008 
3.72% 

21.28% 
2.35% 
8.94% 
0.71 % 

60.76% 
98.80% 

0.99% 
0.06% 
0.01 % 
0.01 % 
0.008 
0.12% 
0.00% 
0.02% 
0.00% 
0.001 
0.001 
0.00% 
0.00% 
0.001 
1.20% 

0.28% 
0.30% 
0.07% 
0.18% 
0.02% 
0.00% 
3.04% 

17.41 % 
1.93% 
7.31% 
0.58% 

49.69 % 
80.81% 

0.81 % 
0.05% 
0.00% 
0.00% 
0.00% 
0.10% 
0.00% 
0.01 % 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.98% 

O.OE+OO 
O.OE+OO 
O.OE+OO 

1 S M 8  
1.4E-09 

O.OE+OO 
1 SE-07 
7.5E-08 
2.1E-07 
4.7E-08 
3.8E-09 
9.8E-08 
6.OE-07 

8.5E-08 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

4.9E-09 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

8.9E-08 

0.00% 
0.00% 
0.008 
2.17% 
0.20% 
0.00% 

22.09% 
10.95% 
30.04% 
6.79% 
0.56% 

14.20% 
86.99% 

12.30% 
0.00% 
0.00% 
0.002 

0.71 % 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.001 
0.00% 
0.001 

13.01% 

0.00'46 

0.00% 
0.00% 
0.00% 
1 .SO% 
0.14% 
0.00% 

15.27% 
7.57% 

20.77% 
4.70% 
0.38% 
9.82% 

60.15% 

8.50% 
0.00% 
0.00% 
0.00% 
0.00% 
0.49% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
9.00% 

1.9E-07 100.00% 1.45961 O.OE+OO 0.00% 0.00% 
6.1E-10 0.10% 0.00%1 3.9E-10 0.17% 0.04% 
3.9E-09 
2.8E-09 
6.9E-10 
3.8E-08 
3.6E-09 
8.9E-10 
3.5- 
1.3E-08 
5 .om 
7.9E-09 
6.5E-10 
4.7E-08 
1.3E-07 

5.6E-09 
1.9E-07 
1 .OM7 
8.9- 
9.3E-09 

O.OE+OO 
1 .m 
1 .OM7 

O.OE+OO 
2.9E-08 
6.6E-09 

0.66 % 
0.48 % 
0.12% 
6.55% 
0.62% 
0.15% 
0.60% 
2.24% 
0.85 % 
1.34% 
0.1 1 % 
7.95 % 

21.76% 

0.96% 
32.64% 
17.57% 
1.51% 
1.58% 
0.001 
0.29% 

17.54% 
0.00% 
5.01 % 
1.13% 

B-4-59 

0.00% 
0.00% 
0.00% 

10.70% 
1.10% 
0.00% 
0.59% 
0.19% 
1.801 
0.17% 
0.01 % 
0.31% 

15.03% 

0.00% 
67.26% 
0.00% 
0.00% 
0.00% 
0.00% 
0.008 

17.71 % 
0.00% 
0.001 
0.00% 
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Homegroam 
Roduce 
(Groudwatei 
mected) 

B e e m  
@ua 

MeclefJ) 

Beef/Milk 
(Groundwater 

Affecd) 

Phenanthrrne 
m-TOTAL 
U-TUTAL 

Total M c a l  Risk 
To& 

rc-w 
Total Radiological Risk 

Total M c a l  Risk 
To& 

-137 
NP-237 
PU-238 
PU-239t240 
RA-226 
RA-228 . 
SR-90 
In-228 
I-H-230 
m-232 
u-234 
U-235/236 
U-238 
Total Radiological Risk 

Arsenic 
BenzoOpyrene 
Bemo(a)anthracene 

Bemo(g,h,i)perylene 
Beryllium 
Lead 
ladeno(l,2,3-cd)pyrene 
Phenanthrene 
I1I-TOTAL 
U-TOTAL 

Be-@)auoranthe= 

Total Cknieal Risk 
Total 

rc-99 
Total Radiohgicd Risk 

Total chnnical Risk 
Total 

TABLE B.4-20(a) 
(eontirmed) 

-Rope* 
Resident %ofTotal %ofTotal 

F a m r  (RhlJ3 Medium Risk Receutor Risk 

O.OE+W 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+W 0.00% 0.00% 

4.5E-07 78.24% 3.54 % 
5.8E-07 100.00% 4.53% 
6.1E-08 100.00% 0.47% 
6.1-8 100.00% 0.47% 

O.OE+OO 0.00% 0.00% 
6.1E-08 100.00% 0.47% 
2.9E-09 0.21 56 0.02% 
3.6E-11 
2.OE-13 
1.3E-13 
1 .m 
4.3E-10 
1.4Eo9 
4.8512 
9.2E-11 
3.2E-11 
1 . 4 w  
1.2ElO 
8.3E-09 
3.1E-08 
1 AE-08 
6.7E-08 
4.2E-07 
1.3E-08 
3.9E-08 

O.OE+OO 
2.6E-08 

O.OE+OO 
8.OE-08 

O.OE+OO 
O.OE+W 
O.OE+OO 

1.4E-06 

0.00% 
0.00% 
0.00% 
1.20% 
0.03% 
0.10% 
0.00% 
0.01 % 
0.00% 
0.10% 
0.01 % 
0.60% 
2.27% 
1.32% 
4.81 % 

30.01 % 
0.94% 
2.80% 
0.00% 
1.84% 
0.00% 
5.79% 
0.00% 
0.00% 
0.00% 

97.73% 

0.00% 
0.00% 
0.00% 
0.13% 
0.00% 
0.01 % 
0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.06 % 
0.22% 
0.14% 
0.51% 
3.21 % 
0.10% 
0.30% 
0.00% 
0.20% 
0.00% 
0.62% 
0.00% 
0.00% 
0.00% 

10.45% 
1.4E-06 100.00% 10.67% 
1.4E-07 100.00% 1.11% ~ ~~ 

1.4E-07 100.00% 1.11% 
O.OE+OO 0.00% 0.00% 

1.4E-07 100.00% 1.11% 

%ofT-1 %ofTotal 
3ackmnd Medium Risk Receptor Risk 

O.OE+OO 0.00% 0.004 
O.OE+OO 0.00% 0.004 
O.OE+OO 0.00% 0.004 

2.OE-07 84.97% 19.644 
2.3-7 100.00% 23.124 
6.1Ell 0.005 0.01 1 
6.1511 

O.OE+OO 
6.1E-11 
1.9- 

O.OE+OO 
O.OE+W 
O.OE+OO 

l.lE-08 
3.OE-10 

O.OE+OO 
1.8E-12 
3.1E-12 
2.7E-11 

5.9E-12 
1.3E-10 
1.3E-08 

O.OE+OO 
5.4E-08 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

1 .OE-08 
O.OE+W 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

6.4E-08 

6.9E-11 

0.00% 
0.00% 
0.0096 
2.41 96 
0.00% 
0.00% 
0.00% 

13.87% 
0.39% 
0.00% 
0.00% 
0.00% 
0.03 % 
0.09% 
0.01 % 
0.16% 

16.97% 
0.001 

69.89% 
0.00% 
0.00% 
0.00% 
0.00% 

13.14% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

83.03 % 

0.01 4 
0.004 
0.01 4 
0.194 
0.001 
0.001 
0.001 
1.071 
0.03 1 
0.00% 
0.00% 
0.00% 
0.00% 
0.01 % 
0.00% 
0.01 % 
1.13% 
0.00% 
5.40% 
0.00% 
0.00% 
0.00% 
0.00% 
1.02% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
6.42% 

7.7E-08 100.00% 7.541 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+OO 0.00% 0.00% 
O.OE+M 0.00% 0.00% 
9.9Eo7 

G004@j 
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Parameter 
NIA 
NIA 
A r e e n i C  

Beryllium 
U-TOTAL 

'bitf2-Ethylhexyl)phthaIa 

Total avmical Risk 
Total 

NIA 

AreeniC 
bis(2-Ethylhexyl)pbthala 
Beryllium 
U-TOTAL 

Total chemical Risk 
To& 

NIA 

June 15. 1994 

566 01. 

LIME SLUDGE PONDS: NON-CARCINOGENS 

*Ropcm 
Resident %ofTotal %ofTotal %ofTotal %ofTotaf 

Fanner O Medium Risk Receutor Risk Background Medium Risk Receptor Risk 

3.- 27.91 % 21.07% 2.9E-04 94.80% 70.79% 
6.2E-M 0.47% 0.36% O.OE+OO 0.00% 0.00% 
4.8E-06 0.37% 0.28% 1.9E-06 0.61 % 0.46% 
9.3E-04 71.25% 53.78% 1.4E-05 4.59% 3.42% 
1.3E-03 100.00% 21.70% 3.1E-04 100.00% 71.25% 
1.3E-03 100.00% 21.70% 3.1E-04 100.00% 71.25% 

1.3E-04 29.85% 7.32% 1.OE-04 97.14% 24.60% 
1.3- 30.77% 7.55% O.OE+OO 0.00% 0.00% 
1.2E-06 0.28% 0.07% 4.7E-07 0.45% 0.11% 
1.7E-04 39.10% 9.59% 2.5E-06 2.41 % 0.61 % 
4.3E-04 100.00% 24.52% l.lE-04 100.00% 25.33% 
4.3E-04 100.00% 24.52% l.lE-04 100.00% 25.33 % 

Medium 
soil 
Groundwater 
Homegrown 
m c e  

(Duet 
Affected) 

Homegrown 
Produce 
(Groundwater 

Affected) 
Beem 

@ua 
Affected) 

Beefrn 
(Groundwater 

Affected) 

IALL MEDIA 1.7E-03 I 4 . 2 w  1 
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ATTACHMENT B.1 

DESCRIPTION AND RESULTS OF INDOOR RADON MODELING 

The modeling results contained in this attachment are reproduced from two reports prepared by Fluor 

Daniel, Inc.: (1) The Screening Level Indoor Radon Modeling Report for the Operable Unit 2 

Remedial Investigation, dated October 21, 1993; and (2) the Screening-Level Indoor Radon Modeling 

for the Solid Waste Landfill, dated October 22, 1993. These documents and transmittal letters have 

been reproduced here with the permission of Fluor Daniel, Inc. 

The Screening-Level Indoor Radon Modeling Report for the Operable Unit 2 Remedial Investigation 

appears as Attachment IIa. The Screening-Level Indoor Radon Modeling for the Solid Waste Landfill 

appears as Attachment IIb. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

FER\CRUZRI\TLC\APP-B\ATTACHlUune 8. 1994 6:39pm B-I- 1 



SCREENINGLEVEL INDOOR RADON MODELING 

Introduction 

This study was conducted to rapidly select or develop appropriate screening-level models for determining 

potential indoor Rn-222 concentrations from FEMP soil contaminated with Ra-226. The selection criteria 

include: 1) peer reviewed and published in literature, 2) demonstrated reproducible results, 3) produced 

reasonable results compared to measured data, 4) compatible with personal computers. In addition, 

models developed for regulatory agencies were weighted heavily in the selection process. Six models 

found in literature were initially reviewed: Nazaroff and Sextro (1989); Loureiro (1987); Garbes and 

Sextro (1989); Johnson and Ettinger (1991); Bruno (1983); and Nielson et al. (1993a and 1993b). 

The final form of the model developed by Johnson and Ettinger (1991) addresses contaminants that do 

not undergo chemical transformation or decay; therefore, this model was dropped from further 

consideration. The model developed by Garbes and Sextro (1989) addresses the transport of radon 

through permeable but intact (no cracks or gaps) basement walls. Studies by Bruno (1983), Loureiro et 

al. (1990), Nazaroff and Sextro (1989), and Nazaroff et al. (1987) indicate that most soil gas enters 

buildings through cracks in the surface or subsurface flooring or through below-grade gaps around pipes 

or drains. Therefore, the Garbesi and Sextro (1989) model was dropped from further consideration. The 

model developed by Loureiro (1987) is not easily adaptable to spreadsheet calculations and had not been 

compiled for use on personal computers. In addition, the model is more rigorous than necessary for the 

screening-level analysis anticipated for this study. Therefore, this model was dropped from further 

consideration. The Loureiro (1987) model may be useful if a more detailed analysis is warranted based 

on results of the screening-level analysis. 

0 

The model developed by Nazaroff and Sextro (1989) is similar to that originally presented by Bruno 

(1983). The model development presented in Nazaroff and Sextro (1989) is more complete; therefore, 

it is used as a screening level model for this study. The model presented in Nazaroff and Sextro was 

developed specifically for houses with below-grade basements. The model accounts for various 

parameters associated with the soil (radium concentration, radon emanation coefficient, density, porosity, 

permeability), soil gas (dynamic viscosity), and house (size, basement depth, basement crack width, 

indoor to outdoor pressure differential, and ventilation rate) to determine the indoor radon concentration. 

Since site-specific soil parameters can be used in the model, it was considered appropriate for Operable 

Unit 2 indoor radon analyses for houses with below-grade basements. : t * . .  . - . . .g . 
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Nielson et al. (1993a) have recently completed development of the computer program RAETRAD, 

Version 3.1, for calculating radon emanation and transport into dwdlings. The model is designed for 

use with the Microsoft Windows 3.1 environment on a personal computer and is available from the EPA 

Office of Air Quality Planning and Standards, Air and Energy Engineering Research Laboratory. In its 

current form, this model is only applicable to slab-on-grade house construction. Since this model does 

consider site-specific data, it is also considered appropriate for Operable Unit 2 indoor radon analyses 

for slab-on-grade houses. 

Nazaroff-Sextro Model 

Nazaroff and Sextro (1989) originally developed this model to determine indoor Rn-222 concentrations 

from the measured Rn-222 source potential of the surrounding soil (based on measured Rn-222 

concentrations in the soil gas). The source potential can also be calculated from the measured Ra-226 
activity concentrations in the soil. Such activity concentrations (in pCi/g) from the South Field are used 

in this screening-level analysis to calculate the Rn-222 source potential and resulting indoor Rn-222 

concentrations. The basic assumption for Nazaroff-Sextro model is that a negative pressure difference 

exists between the basement and the surrounding soil. This pressure difference is the driving force for 

soil gas entrainment into the basement. 

. The significant parameters that must be calculated for this analysis include the release rate of Rn-222 

from the soil into the soil gas, G [pCi/(m3.s)], the radon activity flux (or source potential) into the 

basement gap or crack, F [pCi/s], and the indoor Rn-222 concentration, CR” [pCi/m3]. The method 

for calculating G and F is based on fundamental radon production and transport equations. 

The following equation can be used to calculate G: 

where E - - radon emanation coefficient, 
PI = density of the soil particles, g/cm3, . 
C p  = Ra-226 concentration in the soil, pCi/g, 
h = Rn-222 decay constant, Us, and 
n = total soil porosity. 

-2- . 



Two cases of interest arise when for determining the radon flux into the crack or gap: 1) low soil gas 

flow rates into the gap and 2) high soil gas flow rates into the gap. For the low-flow case, the radon 

activity flux is directly proportioned to the pressure difference: 

0 
F = (2xGLA Pk) / [ p l  In ( 2 H / r )  I 

where L = perimeter length of the basement, m, 
AP = dynamic pressure difference, Pa = kg/(m*2), 
k = intrinsic permeability of the soil, mz, 
P = dynamic viscosity of the soil gas, kg/(m.s), 
H 
r 

= 
= 

depth of basement floor below the soil surface, m, and 
half-width of crack or radius of cylindrical gap in basement floor, m. 

For the high-flow case, the radon concentration at the crack surface is depleted because of the short travel 

time of soil gas parcels through the soil, relative to the radon half-life. This depletion regime occurs 

under the condition: 

A P  k > 0.5nphH2 In ( 2 H / r )  

When this condition exists, the radon activity flux is given by: 

Once the source potential, F, has been determined, the indoor Rn-222 concentration can be calculated: 

C 2 = F/Qv 

where C 2 = indoor Rn-222 concentration, pCi/m3, and 

QV = flow rate of outdoor air into the building, m3/s. 

The flow rate of outdoor air into the building can be estimated from the building volume and the 

ventilation rate (or air turnover rate). The ventilation rate is a measure of how quickly indoor air and 

outdoor air can exchange places through cracks and openings in the building or through air conditioning 

fans. The ventilation rate is usually reported as the number of building volumes (of air) that are 

exchanged per time. The flow rate of outdoor air into the building is estimated by: . _  

(j(j(jr522 * .1 
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Q v = q ( l w h ) / 3 6 0 0  

where s = ventilation rate, building volumeshr, 
1 = building length, m, 
W = building width, m, and 
h = building height, m. 

The dimensions defined in this screening analysis are presented on Figure 1. 

Several underlying assumptions were made to develop an analytical solution to the screening level model. 

These assumptions include (Nazaroff and Sextro 1989): 

1. The soil has uniform and isotropic properties. 

2. The soil containing Ra-226 lies directly beneath and adjacent to the basement. 

3. Molecular diffusion can be neglected compared to bulk soil gas flow as a radon transport 
process. 

4. The building has a basement floor with a crack or gap penetrating to the soil beneath the 
floor and extending around the building perimeter and has uniform width. 

5. The moisture content of the soil is low enough that dissolved Rn-222 may be neglected. 

6. The soil gas velocity through the soil is described by Darcy's law; the soil gas flow rate 
is low enough to be in the laminar-linear regime. 

7 .  Pressure disturbances associated with Rn-222 migration in soil are negligible compared 
to atmospheric pressure; therefore, soil gas and air are treated as incompressible fluids. 

8. 

9. 

The system being modeled is at steady-state conditions. 

The interior of the building can be treated as a single, well-mixed volume. 

10. The radon entry rate from soil is equal to the radon source potential. 

11. The radon decay rate is much slower than the building ventilation rate. 

The potential effect of these assumptions on the estimated indoor radon concentrations are briefly 

discussed below. 
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FIGURE 1 
INDOOR RADON STUDY TYPICAL HOUSE WITH SUBGRAOE BASEMENT 5 .  1 
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The weather-induced pressure difference developed in homes with basements is typically 1 to 10 Pa 

(Sextro 1993; Nazaroff et al. 1987; Johnson and Ettinger 1991). Based on this pressure difference, the 

majority of radon available for transport into the basement lies within approximately 1 meter of*the 

basement floor for soils with moderate-to-low intrinsic permeabilities (Sextro, 1993). The soils in the 

South Field area can typically be classified as silty loam or silty clay loam (Mulder 1993), which have 

relatively low intrinsic permeabilities (Kunz 1988). As a result, the first, third, sixth, seventh, and eighth 

assumptions listed above are valid and provide reasonable results. 

The second assumption will provides reasonable-to-conservative (high) results. The fourth assumption 

may provide high or low estimates, depending on the assumed gap width. The ninth assumption provides 

reasonable results for a risk assessment, provided that the occupants move about the house and do not 

spend more than 50 percent of their time in the basement, where elevated levels of radon can occur 

(Nazaroff et al. 1987). The fifth, tenth and eleventh assumptions tend to provide conservative results by 

overestimating the total quantity of radon gas available for migration into the basement. 

Sextro (1993) has indicated that the assumptions made to develop the analytical model limit its 

applicability to subgrade floors that are typically 1.5 to 3 meters below the soil surface. This model 

would not be applicable to slab-on-grade buildings. 

Site-specific soil parameters for the South Field were used develop indoor radon concentration estimates. 

These parameters are presented in Table 1 .  

Table 1 
South Field Soil Parameters 

Parameter Surface Soil (0 to 6”)  Subsurface Soil melow 6”) 

Moisture Content 
Wt% 
Vol % 

Source: Garland 1993. 

30.8 
1.7 

0.52 

18.2 
31.0 

2.919 
1.85 
0.41 

20.0 
37.0 



Since the subgrade basement screening model is applicable for basement depths of 1.5 to 3 meters and 

the effective distance in soil for radon transportation to a basement crack or gap is approximately 1 meter, 

the surface soil radium concentration is not expected to contribute substantially to radon flow into the 

basement opening (Sextro 1993). Therefore, the subsurface soil parameters were be used to estimate 

indoor radon concentrations from subsurface migration of soil gas into basements. Note that the scope 

of this analysis does not consider above-grade radon or radium transport into the house through open 

windows or doors. 

Two sets of house parameters were analyzed for the subgrade basement model. The first set was taken 

directly from the Operable Unit 1 Baseline Risk Assessment (DOE 1993) and was used to provide a 

consistent set of parameters between the operable unit risk assessments. The second set was developed 

from typical house parameters available in literature for single story houses with basements (Nazaroff et 

al. 1987; Nazaroff and Sextro 1989; Loureiro et al. 1990; Johnson and Ettinger 1991; and Bruno 1983). 

The air exchange rate for both houses was assumed to be 0.1 air changes per hour, which is typical for 

new, tightly constructed homes (Bruno 1983). The house parameters are presented in Table 2. 

Parameter 

Table 2 
House Parameters for Indoor Radon Analysis 

1, meters 
w, meters 
h, meters 
q, 1n.K 
L, meters 
V, m3 
Qv, m’ls 
2r, mm 

House with Basement 

12 
10 
2.33 (per floor) 
0.1 

44 
560 

0.0156 
1 

OU1 RI Parameters 

20 
10 
3 

0.1 
60 

600 
0.0167 

1 

Soulres: DOE 1993; Nezaroff et al. 1987; Nezaroff and Sextro 1989; Loureiro et al. 1990; Johnson and Utmger 1991; 
and Bmno 1983. 

RAETRAD Version 3.1 

The RAETRAD model computes radon production from radium decay, radon interactions in the solid, 

liquid, and gas phases of soils and concretes, and radon gas transport and indoor entry by both diffusion 

(concentrationdriven) and advection (with pressuredriven air flow). It solves LaPlace’s equation in 

steady state to define air pressure distributions under and near the house and to obtain air-flow velocities 
a , . ,  . 

001424331-ZARNl -7- 



used in the radon calculations. The radon differential equation also is solved in steady state, and 

incorporates the air velocity field in computing simultaneous diffusive and advective radon transport. The 

equations are solved numerically in elliptical-cylindrical geometry to represent houses of different size 

and with varying rectangular aspect (length/width) ratios. Radon eltry rates into a house are computed 

by integrating the total radon transport across the floor surface area. Indoor radon concentrations are also 

estimated from the computed entry rates divided by the house volume and its air ventilation rate (Nielson 

et al. 1993a). 

As currently developed, RAETRAD specifically addresses slaban-grade buildings. The underlying 

equations are such that extension of the program to subgrade floors (ie., basements) can be developed 

(Rogers 1993). The model can calculate radon diffusion and transport through various soil layers, 

building foundation materials, and building slab penetrations (cracks, drains, etc.). The model has been 

validated for slab-on-grade buildings (Nielson, et al., 1993a). 

Because RAETRAD can address multiple soil layers, the surface and subsurface soil parameters were 

used in this analysis. The house and soil configuration is shown in Figure 2. 

Studv Results 

The results of the Nazaroff-Sextro model are presented in Attachment 1, and the model input and 

RAETRAD model results are presented in Attachment 2. The estimated indoor radon concentration for 

each case is summarized in Table 3. 

Table 3 
Estimated Indoor Rn-222 Concentrations, pCi/l 

House with Basement Slab on Grade 
Model T-ypical OU1 RI House 

Nazaroff-S ex tro 0.0008 0.001 13.0" 

RAETRAD - - 17.3 

'For comparison only. RAETRAD is the preferred model for slab-on-gde houses.a For comparhn only. 

The slab-on-grade house provides the worst-case results with indoor radon concentrations significantly 0 
higher than the EPA-recommended action level of 4 pCi/l. 

cJ1O(p-27' 
a .  . . 
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FIGURE 2 
INDOOR RADON STUDY SLAB-ON-GRADE HOUSE BUILT ON SOUTH FIELD 



Results for the subgrade basement configuration are approximately four orders of magnitude below the 

slab-on-grade results. This difference is attributed to the difference in intrinsic permeability of the surface 

soil and subsurface soil. The subsurface soil is substantially less permeable than the surface soil; 

therefore, gas migration into a subgrade basement occurs more slowly than migration into the slab-on- 

grade house. The relationship between the intrinsic permeability, pressure difference, and indoor radon 
concentration is presented in Figure 3. 

The Nazaroff-Sextro model was originally developed only for houses with below-grade basements. 

However, comparing results for the this model to the RAETRAD iode1 for slab-on-grade construction 

indicates relatively good agreement between the models. Therefore, the Nazaroff-Sextro model is 

expected to provide reasonable results for subgrade basement configurations. 
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ATTACHMENT 1 

NAZAROFF-SEXTRO MODEL RESULTS 



INDOOR RADON CALCULATION -OD* 
Site-Specific Soil Parameters (Subsuhce) 
Typical Building Dimensions 
Basement Elevation @ 2 m below gxade 

constants: 

E =  Rn emanation coefficient 
Lambda= Rn-222dec~~~01~tant 
U =  Dynamic vifcosity of air in soil pores (@ 20°C) 

Rho, = 
C R a =  
n =  
DelP = 
k =  
H= 
r =  
I= 

h =  
9 =  

W= 

0 

Variables: 

Density of the soil solid phase = bulk density / ( 1 - n ) 
Ra-226 Concentration in soil, (pCi/g) 
Soil porosity 
Dynamic pressure difference b e m n  soil surfice and basement 
Intrinsic permeability of the soil ** 
Depth of basement floor below soil surface 
Half-width of crack or gap in basement floor 
Length of building 
Width of building 
Height ofbuilding (Note: h >= H) 
Building air exchange rate (building volumes/hr) 

Calculations: 

G =  
G =  
K, = 

2: 
F =  

F l o w  = 
F l o w  = 
Fbi = 
Fbi = L =  perimeter of basement floor (21t2w) 

Rn-222 release rate into soil pore spaces 
ERho (C,"') Lambda ((1-n)/n) 106 
Determines which case to analyze in the F equation 
DelPk 
Determines which case to analyze in the F equation 
0.5 n u Lambda HL In (2Wr) 
Rn-222 source term from soil gas. 2 cases: 

1. Low air flow into basement, Flow,, if K, c= K, 
(2 Pi G L DelP k)/[u Lambda (ln(2Wr))l 
2. High air flow into basement, Fhi, if K, > K, 
(4.0) G L I?%'" [(DelP k) / (u Lambda In(2Wr)$' 

Iz= 
Flow Or Fhi 

V =  Volume of building ( lwh)  
Qv= Exchange air flow rate (4 v m  
CiRp = 
CiRp = F/Qv 

Indoor radon concentration 6om soil gas source 

0 2  
2.1OE-06 l/s 
1.7OE-05 kg/m 

3.14 g/cm3 
2.919 pCi/g 
0.41 

5 kg/ms2 
5.11E-16 mz (silty loam) 

2 m  
0.0005 m 

12 m 
10 m 

4.6667 m 
0.1 l/h 

5.540 (pCi/m3s) 

2.56E- 15 

2.63E-10 

122E-02 (pCi/~)  

NA @Ci/s) 
44 (4 

560.00 (m3) 
1.56E-02 (m3/s) 

7.84E-01 (pCi/m3) c 7.84E-04 (pCi/l) J 

* Source: Nazaroff, W.W. and RG. Sextro, 'Technique for Measuring the Indoor 2 2 2 ~  Source Potential of Soil,". 
J3vironrnental Science and Tedmologv, V. 23, No. 4, pp. 451-458 (Apr 1989). 
** Sourae: Nielsen, KK, V. Rogers, and V.C. Rogers, "m Version 3.1 User Manual," RAE-9127/10-2, 
U.S. Environmental Protection Agency, Air and Energy Engineering Research Laboratory, Research Triangle Park (Oct 1W). 
RAEllWl Model used to calculate permeability from moisture, porosity, and effective particle sqi!~~o~:c= r? 

' 
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INDOOR RADON CAL.CULATION hIElI-IOD* 
Site-Specific Soil Parameters (Subsuhce) 
OU1 RI Building Dimensions 
Basement Elevation @ 2 m below grade 

constants: 

E =  Rn emanation coefficient 
Lambda = Rn-222 d q  comtant 
U =  

Rho1 = 
C+ 
n =  
DelP = 
k =  
H= 
r =  
I= 

h =  
9 =  

W= 

G =  
G =  
K, = 
K, = 

F =  

K1= Y= 

Flow = 
Flow = 
Fhi = 
Fbi = 
L= 
V =  
Qv= 
CiR0 = 
CiR0 = 

Dynamicviscosity of air in soil pons (@ 200c) 

Variables: 

Density of the soil solid phase = bulk density / ( 1 - n ) 
Ra-226 Concentration in soil, @Ci/g) 
Soil porosity 
Dynamic pressure difference betwen soil surface and basement 
Intrinsic permeability of the soil ** 
Depth of basement floor below soil suhce 
Half-width of crack or gap in basement floor 
Length of building 
Width of building 
Height of building (Note: h >= H) 
Building air exchange rate (building volumes/hr) 

Calculations: 

Rn-222 release rate into soil pore spaces 
ERho (CIR’) Lambda ((1-n)/n) 106 
Determines which case to analye in the F equation 
DelPk 
Determines which case to analye in the F equation 
0.5 n u Lambda I? In (2Wr) 
Rn-222 source term 6om soil gas, 2 cases: 

1. Low air flow into basement, Flow, if K, c= K, 
(2 Pi G L DelP k)/(u Lambda (In(2Wr))l 
2. High air flow into basement, Fhi, if K, > & 
(4.0) G L 

Flow 

[(DelP k) / (u Lambda In(2H/r)12” 
perimeter of basement floor (21t2w) 
Volume of building (1 wh) 
Exchange air flow rate 
Indoor radon concentration from soil gas source 
F/QV 

(9 YJ3600 

. * Source: Nazaroff, W.W. and RG. Sextro, ‘Tedmique for Measurin the Ind 

02 
2.1OE-06 l / ~  
1.7OE-05 k g h  

3.14 Ucm’ 
2.919 pCYg 
0.41 

5 kg/ms2 
5.11E-16 mz (silty loam) 

2 m  
O.ooO5 m 

20m 
-10 m 

3 m  
0.1 lih 

5.540 (pCi/m’s) 

2.56E-15 

2.63E-10 

1.66E-02 (pCi/~)  

NA ($Us) 
60 (m) 

600.00 (m’) 
1.67E-02 (m3/s) 

9.98E-01 (pCi/m’) 
I 9.98E-04 (pCi/l) 

or 222Rn Source Potential of Soil,”. 
Environmental Science and Technolorrv, V. 23, No. 4,’pp. 451 -458 (Apr 1989). 
** Source: Nielsen, K.K., V. Rogers, and V.C. Rogers, “RAEIMD Version 3.1 User Manual,” M-9127/10-2, 
U.S. Environmental Protection Agency, Air and Energy Engineering Research Laboratory, Research Triangle Park (at 1992). 
RAElXAD Mddel I .  used to qlculate permeability from moisture, porosity, and effective particle size. 
Q 0 0Z.C 5 SP- 2 



INDOOR RADON CAUNLATION METHOD* 
Site-Speclfic Soil Parameters (SurEdce) 
OU1 RI Building Dimensions 
Slab -on- grade 

constants: 

E= Rn e m t i o n  coefficient 
Lambda = Rn-222 decay constant 
U =  Dynamic viscosity of air in soil pores (@ 20°C) 

Rho, = 
C,R’ = 
n =  
DelP = 
k =  
H =  
r =  
I= 

h =  
q =  

W= 

Variables: 

Density of the soil solid phase = bulk density / ( 1 - n ) 
Ra-226 Concentration in soil, @Ci/g) 
Soil porosity 
Dynamic pressure difference bebeen soil surfice and basement 
Intrinsic permeability of the soil ** 
Depth of basement floor below soil surfice 
Half-width of crack or gap in basement floor 
Length of building 
Width of building 
Height of building (Note: h > = H) 
Building air exchange rate (building volumes/hr) 

Calculations: 

G =  
G =  
K, = 

2: 
F =  

Rn-222 release rate into soil pore spaces 
E Rho (C,Ra) Lambda ((1-n)/n) 106 
Determines which case to analyLe in the F equation 
D e l P k  
Determines which case to analyze in the F equation 
0.5 n u Lambda HL In (2H/r) 
Rn-222 source term from soil gas, 2 cases: 

4= 

F l o w  = 
F l o w  = 
Fhi = 
Fhi = 
L= 

- 
F,ow or ‘hi 
l.Lowairflowintobasement,Flow,, ifK, <= & 
(2 Pi G L DelP k)/[u Lambda (In(ZH/r))] 
2. High air flow into basement, Fhi, if K, > & 
(4.0) G L [(DelP k) / (u Lambda In(ZH/r)]*” 

perimeter of basement floor (21t2w) 

Indoor radon concentration from soil gas source 

V =  Volume of building (Iwh) 
Qv= Exchange air flow m e  (9 v)m 
CiRn = 
CiRn = F/Qv 

02 
2.1OE-06 I/s 
1.7OE-05 kglms 

3.54 g/rm’ 
30.8 pcvg 
0.52 

5 kg/ms2 
1.32E-12 m2 (silty loam) 

0.15 m 
0.0005 m 

20 m 
10 m 
3 m  

0.1 l/h 

42271 (pCi/m3s) 

6.60E- 12 

1.34E- 12 

NA @Us) 

2.17Et02 ( p a s )  
60 (m) 

600.00 (m’) 
1.67E-02 (m’ls) 

1.30Et04 (pCilm3) 
1.30EtO1 ($8) 

* Source: Nazaroff, W.W. and RG. Sextro, ‘T-que for Measuring the Indoor 222Rn Source Potential of Soil,”. 
Environmental Science and Tedmologv, V. 23, No. 4, pp. 451 -458 (Apr 1989). 
*+ Source: Nielsen, ILK., V. Rogers, and V.C. Rogers, ‘WEIRAD Version 3.1 User Manual,” RAf2-9127/10-2, 
U.S. Environmental Protection Agency, Air and Energy Engineering Research Laboratory, Research Triangle Park (Oct 1%). 
RAEIRAD Model used to calculate permeability from moisture, porosity, and effective particle size. 
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INDOOR RADON CAEULATION hEl"HOD* 
Site-S@c Soil Parameters (Subsuhce) 
Typical Building Dimensions 
Basemeat Elevation @ 2 m below grade 

constants: 

E =  Rn emanation coefficient 
Lambda = Rn-222 d q  comtant 

.u = 

Rho1 = 
ClR8 = 
n =  
DeP = 
k =  
H= 
r =  
I= 

h =  
q =  

W= 

' G  = 
G =  
K, = 
K, = 
Y= Y= 
F =  

Flow = 
Flow = 
Fhi = 
Fhi = 
L= 
V =  
Qv= 
Ciao = 
CiR0 = 

Dpaxnicviscosity ofair in soil pow (@ 20°C) 

Variables: 

Density of the soil solid phase = bulk density/ ( 1 - n ) 
Ra-226 Concentration in soil, @Ci/g) 
Soil porosity 
Dynamic pressure difference between soil surface and basement 
Intrinsic permeability of the soil ** 
Depth of basement floor below soil surface 
Half-width of crack or gap in basement floor 
Length of building 
Width of building 
Height of building (Note: h >= H) 
Building air exchange rate (building volumes/hr) 

Calculations: 

Rn-222 release rate into soil pore spaces 
ERho ((2,"') Lambda ((1-n)/n) 106 
Determines which case to analyre in the F equation 
DelPk 
Determines which ose to a n a l p  in the F equation 
OS n u Lambda HZ In (2Ur) 
Rn-222 source term 6om soil gas, 2 cases: 
Flow Or Fbi 

1. Low air flow into basement, F,ow., if K, <= & 
(2 Pi G L DelP k)/[u Lambda (in(2Wr))l 
2. High air flow into basement, F,,, if K, > K, 
(4.0) G L [(DelP k) / (u Lambda h1(2H/r)]~'~ 

perimeter of basement floor (21t2w) 
Volume of building (Iwh) 
Exchange air flow rate 
Indoor radon concentration from soil gas source 
FlQv 

(9 v)m 

0 2  
2.1OE-06 l/s 
1.7OE-05 kghns 

3 2  @an3 
155 pCi/g 

5 kglms2 
9.66E-13 mz (silty loam) 

2 m  
0.0005 m 

12 m 
10 m 

4.6667 m 
0.1 l/h 

0.41 

2.998 (pCi/m3s) 

483E- 12 

2.63E-10 

125Et01 (pcis) 

NA @ci /s)  
44 (m) 

560.00 (m3) 
1.56E-02 (m3/s) 

8.02Et02 (pCi/m3) 
8.02E-01 (pCi/l) 

* Source: Nazaroff, W.W. and R.G. Sextro, 'Tedmique for Measuring the Indoor 222Rn Source Potential of Soil,". 
Environmental Sciem and T ~ o l o ~ ,  V. 23, No. 4, pp. 451 -458 (Apr 1989). 
** Sourae: Nielsen, K.K., V. Rogers, and V.C. Rogers, "m Version 3.1 User Manual," RAE-9127/10-2, 
U.S. Environmental Protection Agency, Air and Energy Engineering Research Laboratory, Research Triangle Park ( a t  1992). 
RAElXAD Model . .  used to calculate permeability from moisture, porosity, and effective particle size. 
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INDOOR RADON CALCULATION hEl"HOD* 
Site-Specific Soil Parameters (SubsurEace) 

Basement Elemtion @ 2 m below grade 
OU1 RI Building Dimensions 

constants: 

E =  Rn emanation coefficient 
Lambda= Rn-222decaycomtant 
U =  Dynarmc viscosity of air in soil pores (@ 20°C) 

Rhos = 
CsR' = 
n =  
DelP = 
k =  
H =  
r =  

W= 
h =  
q =  

Variables: 

Density of the soil solid phase = bulk density / ( 1 - n ) 
Ra-226 Concentration in soil, @Ci/g) 
Soil porosity 
Dynamic pressure difference between soil surEace and basement 
Intrinsic permeability of the soil ** 
Depth of basement floor below soil surface 
Half-width of crack or gap in basement floor 
Length of building 
Width of building 
Height of building (Note: h > = H) 
Building air exchange rate (building volumes/hr) 

Calculations: 

02 
2.1OE-06 l/s 
1.7OE-05 kg/m 

32 g/an' 
1.55 pCi/g - -  
0.41 

5 kg/m2 
9.66E-13 m2 (silty loam) 

2 m  
0.0005 m 

20m 
10 m 
3 m  

0.1 l/h 

G =  
G =  
K, = 

2: 
F =  

Flow = 
Flow = 
Fbi = 
Fbi = L= perimeter of basement floor (21 t2w) 

CiRn = 
CiRP = F/Qv 

Rn-222 release rate into soil pore spaces 
E Rho (CsR') Lambda ((1-n)/n) lo6 
Determines which case to ana@ in the F equation 
DelPk 
Determines which case to a n a l p  in the F equation 
0.5 n u Lambda HZ In (2Wr) 
Rn-222 sou= term from soil gas, 2 cases: 

1. Low air flow into basement, F,ow, if K, c= I$ 
(2 Pi G L DelP k)/[u Lambda (ln(2Wr))l 
2. High air flow into basement, Fhi, if K, > I$ 
(4.0) G L 

KL= 
Flow Or Fbi 

[(DelP k) / (u Lambda ln(2H/r)]''3 

V =  Volume of building ( W  
Qv= Exchange air flow rate (9 v m  

Indoor radon concentration from soil gas source 

2.998 (pCi/m3s) 

4.83E-12 

2.63E-10 

1.70Et01 (pCi/s) 

NA (pCi/s) 
60 (m) 

600.00 (m3) 
1.6E-02 (m3/s) 

1.02Et03 (pCi/m') 
1.02Et00 (pCi/l) I r 

Source: Nazaroff, W.W. and RG. Sextro, Technique for Measuring the Indoor 222Rn Source Potential of Soil,". 
Environmental Science and Technology, V. 23, No. 4, pp. 451-458 (Apr 1989). 
** Source: Nielsen, K.K., V. Rogers, and V.C. Rogers, 'WEIRAD Version 3.1 User Manual," RAE-9127/10-2, 
U.S. Environmental Protection Agency, Air and Energy Engineering Research Laboratory, Research Triangle Park (Oct 1992). 
RAETRAD Model used to calculate permeability tiom moisture, porosity, and effective particle size. .- 
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INDOOR RADON CALCULATION ME%HOD* 
Site-Specific Soil Parameters (Surface) 
OU1 RI Building Dimensions 
Slab -on- grade 

Constants: 

E =  Rn emanation coefficient 
Lambda= Rn-222decavcmstant 
U =  

Rho, = 
CR.= 
n =  
DelP = 
k =  
H= 
r =  
1= 

h =  
9 =  

I 

W= 

G =  
G =  
K, = 
K, = 
K =  K =  

Flow = 
Flow - 

F= 

- 
Fhi = 
Fhi = 
L= 
V =  
Qv= 
CiRn = 
C y  = 

~ynamic &ity of air in soil pores (@ ~O'C) 

Variables: 

Density of the soil solid phase = bulk density/ ( 1 - n ) 
Ra-226 Concentration in soil, (pCi/g) 

Dynamic pressure difference between soil surface and basement 
Intrinsic permeability of the soil ** 
Depth of basement floor below soil surface 
Half-width of crack or gap in basement floor 
Length of building 
Width of building 
Height of building (Note: h >= H) 
Building air exchange rate (building volumeshr) 

Soil porosity 

Calculations: 

Rn-222 release rate into soil pore spaces 
E Rho (C,R') Lambda ((1 -n)/n) 106 
Determines which case.to a n a l p  in the F equation 
DelPk 
Determines which case to a n a l p  in the F equation 
0.5 n u Lambda I? In (2Wr) 
Rn-222 source term from soil gas, 2 cases: 
'\ow or 'hi 

1. Low air flow into basement, F,ow, if K, c= K, 
(2 Pi G L DelP k)/[u Lambda (In(2Wr))l 
2. High air flow into basement, Fbi, if K, > I(1 
(4.0) G L [(DelP k) / (u Lambda In(2Wr)]*'3 

perimeter of basement floor (2lt2w) 
Volume of building (Iwh) 
Exchange air flow rate 
Indoor radon concentration from soil gas source 
F/Qv 

(s v)m 

02 
2.1OE-06 l / ~  
1.7OE-05 kg/m 

381 g/m' 
1397 pCi/g 
052 

5 kg/ms2 
63OE-13 m2 (silty loam) 

0.15 m 
0.0005 m 

20 m 
10 m 
3 m  

0.1 l/h 

2.064 @Ci/m's) 

3 . 1 s  12 

1.34E-12 

NA @Ci/s) 

6.47EtoO ( p C i / s )  
60 (m) 

600.00 (m') 
1.67E-02 (m3/s) 

3.88Et02 (pCi/m') 
3.88E-01 (pCi/l) 

* Source: Nazaroff, W.W. and R.G. Sextro, 'Technique for Measuring the Indoor 222Rn Source Potential of Soil,". 
Environmental Science and Ted~nology, V. 23, No. 4, pp. 451 -458 (Apr 1989). 
** Souroe: Nielsen, K.K., V. Rogers, and V.C. Rogers, "RAERAD Version 3.1 User Manual," RAE-9127/10-2, 
U.S. Environmental Protection Agency, Air and Energy Engineering Research Laboratory, Research Triangle Park (Oct 1992). 
RAEXRAD Model used to calculate permeability from moisture, porosity, and effective particle size. 
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ATTACHMENT 2 

RAETRAD MODEL RESULTS 
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ATTACHMENT B.11 

TOXICITY PROFILES 

This section presents more detailed toxicity information for individual CPCs specific to Operable 

Unit 2. This information includes summary descriptions of toxicity, based on critical studies used as 

a basis for the toxicity value; toxicity effects resulting from chronic exposure; and the critical toxic 

effects observed or target organ affected. 

B .I1 . 1 TOXICITY PROFILES : RADIONUCLIDES 

This section presents toxicity information for radionuclide compounds. It was assumed that all 

radionuclides are present in the soils as oxides or carbonates. This represents a conservative 

assumption because radionuclides clear slowly from environmental media. Table B .II. 1-1 presents the 

U. S. Environmental Protection Agency derived slope factors. 

B.II.l.l Cesium-137 

Pharmacokinetics 

The gastrointestinal uptake of cesium is rapid, and its absorption coefficient is around 85 percent in 

mammals. The half-life of cesium is thought to average 80 days. The EPA (1993~) has derived a 

gastrointestinal absorption factor for cesium of 1 .O, equivalent to 100 percent. 

The physiological properties of cesium resemble those of potassium, although quantitative differences 

arise in transport by cell membranes; cesium can displace potassium from muscle and red cells. 

Potassium enters the cells via sodium-potassium dependent ATPase. Cesium ions are effective in 

activating this enzyme and compete with potassium for carrier sites (Davie and Coleman 1988). 

Noncarcinogenic Toxicity 

Cesium salts can be regarded as being virtually nontoxic. However, in acute animal studies, the 

hydroxide was approximately 10 times more toxic than the chloride, bromide, or iodide. Acute 

toxicity, which was observed only at very high cesium concentrations (10 to 20 mmol Cs/kg) in mice, 

is characterized by dysautonomic upset with parasympathetic predominance and a multiphasic 

excitatioddepression action on the central nervous system. The organs most affected appear to be the 

liver, intestine, heart, and kidneys. 

coos5Q , . ' 
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TABLE B.II.1-1 

CANCER SLOPE FACTORS FOR OPERABLE UNIT 2 RADIONUCLIDES OF CONCERN 

GI Absorption Penetratingb 

Radionuclide Lung Classa (pCi)-' (fl)  @Ci)' @Ci-yr/g)-' 
ICRP Inhalationb . Facto? Ingestionb External Exposure 

Cesium-137 + dtr 

Neptunium-237 + dtr 

Lead-210 + 2 dtrs 

Plutonium-238 $ 

Plutonium-2391240 
R&gs+z# 

Radium-226 + 8 dtrs 

Radium-228 + dtr 

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

D 
W 
D 
Y 
Y 
w 
W 
W 

1.9 x 10'" 

2.9 x lo8  

4.0 x 109 

3.9 x 10" 

3.8 x 10' 
! ~ ; ~ ~ $ & ~  

... ................... 
:.:- ............. .................. .................. .................. 

7.0 x 10-9 

6.9 x 10" 

Ruthenium- 106 Y 4.4 x 10-I0 

Strontium-90 + dtr D 6.2 x lo-" 

Technetium-99 W 8.3 x 

Thorium-228 + 7 dtrs Y 7.8 x 

Thorium-230 Y 2.9 x 

Thorium-232 + 10 dtrs Y 1.1 x 10-7 

Uranium-234 Y 2.6 x 

Uranium-235 + dtr Y 2.5 x 

Uranium-238. + 2 dtrs Y 5.2 x l o8  

1.0 x 10' 

1.0 x 10-3 

1.0 x 103 

1.0 x 10-3 

2.0 x 10l 

2.0 x 10-I 

5.0 x 

3.0 x lo-' 

8.0 x lo-' 

2.0 x lo4 

2.0 x lo4 

2.0 x 1--l 

5.0 x lo-' 

5.0 x 10" 

5.0 x 10" 

2.8 x lo-" 

2.2 x lo-'' 

6.6 x lo-'' 

2.2 x 1O-l0 

2.3 x lo-'' 

1.0 x 10'O 

9.5 x 10'l2 

3.6 x lo-" 

1.3 x 

5.5 x lo-" 

1.3 x lo-" 

1.7 x lo-'' 

1.6 x lo-" 

1.6 x 10" 

2.8 x lo-" 

2.0 x 10" 

4.3 x 107 

1.6 x lo-'' 

2.8 x 10" 

2.7 x 10" 

2.9 x 10" 

0.0 x 10' 

0.0 x loo 

6.0 x 1043 

5.6 x 10" 

5.4 x lo-" 

8.5 x 10" 

3.0 x lo-" 

2.4 x 10-7 

3.6 x 

= years, "W" = weeks, "D" = days, '*" = gas. amyl1 

EPA 1993b 
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In beagles injected with massive doses of Cs-137, early deaths occurred as a result of bone marrow 

destruction (Davie and Coleman 1988). 

Carcinogenic Toxicitv 

In beagles injected with massive doses of 0-137,  neurofibrosarcoma cancers occurred in the 

survivors (Davie and Coleman 1988). 

The EPA has derived cancer slope factors for cesium and its progeny, and they are presented in Table 

B.II.l-1. 

B.II.1.2 Lead-210 

Noncarcinogenic Toxicitv 

Data regarding the noncarcinogenic toxicity of Pb-2 10 were not located. 

Carcinogenicitv 

The EPA has derived cancer slope factors for Pb-210, and they are presented in Table B.II.l-1. 

B . I1 .1.3 Ne~tunium-237 

Neptunium isotopes have not presented unusual problems in occupational radiation protection, nor 

have they, until recently, caused special environmental concern. Attention has recently been directed 

to the potential environmental exposure to the long-lived Np-237, which is estimated to be the 

principal surviving component of high-level nuclear waste after ten or twenty thousand years. Np-237 

has a half-life of 2.14 x lo6 years and is primarily produced in nuclear reactors via the (n,2n) and 

(n,8) nuclear reactions with uranium. Its presence in the high-level nuclear waste, and its presumed 

environmental mobility, has made it an isotope of special environmental concern. It has been 

estimated that Np-237 may be the most hazardous remaining constituent of high-level nuclear waste 

during the interval from 10,000 to 30,000 years following disposal. 

Pharmacokinetics 

The fraction of ingested neptunium absorbed from the gastrointestinal tract into blood (F,) is currently 

assumed to be 0.01. This value was based on experimental data involving a large group of rats fed 

with doses of neptunium exceeding 1 mg/kg. When the dietary dose was lower than 1 mg/kg, the 

fraction F, was 0.001 or less. Data on distribution and retention of neptunium in rats indicate that its 
O~QC~C,~?''~ ' ' 
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neptunium may distribute more like calcium than like plutonium in the skeleton. Forty-five percent of 

the neptunium leaving the transfer compartment will be translocated to mineral bone. Another 45 

percent will be transported to the liver, and 0.035 percent to the testes or 0.011 percent to the 

ovaries. The remaining neptunium leaving the transfer compartment is assumed to go directly to 

excreta. The biological half-life of neptunium is about 100 years in mineral bone, about 40 years in 

the liver, and it is assumed that neptunium is permanently retained in the gonads. These retention 

and translocation data were based on the ICRP common model for systemic distribution and retention 

of all transuranic elements. The model itself was largely based on plutonium data. 

Noncarcinogenic Toxicity 

All animal toxicity studies with neptunium have employed Np-237. Because of its low specified 

activity (0.76 mCi/g), the chemical toxicity effects of Np-237 are often observed to the exclusion of 

radiation effects. Soviet data in this area were studied by Moskalev et a1 (NCRP 1988). The concern 

was not with the chemical effects. Although such effects might be a controlling factor in an acute 

exposure to Np-237, they would not be an important factor at the usual levels concerning radiation 

protection, and certainly not at the very low levels of potential environmental exposure. Therefore, 

health effects are assessed only with respect to carcinogenicity. 

Carcinogenicity 

The effects of neptunium exposure have not been studied in man. For radiation protection purposes, 

i 
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16 

17 

18 

19 

20 

21 

it has been assumed that radiation doses resulting from neptunium deposition in organs and tissues 

will result in biomedical effects similar to those observed following the exposure of humans to other 

sources of ionizing radiation. The very limited data on neptunium effects in animals provide no direct 

useful estimates of risk to humans. Although these data play no direct role in establishing neptunium 

standards, they can nevertheless help to validate these standards through comparisons with other 

animal studies employing other radionuclides. 

22 

23 

24 

25 

26 

21 

28 

The long-term radiation effects of Np-237 have been studied only in rats. Genetic effects have not 29 

30 been studied. Bone cancer has been the predominant long-term effect of low-level ipjcctions of Np- 

237. 
indication that neptunium at low exposure levels constitutes a unique health risk unpredictable from its 

Both lung and bone cancer incidences are elevated following inhalation exposure. There is no 31 

32 

general radiological characteristics. 1 ;;:3. . , 

- r  
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The 1987 NCRP 

Oral 

recommendations for annual limits on Np-237 intake are as follows: 

ingestion 0.6 pCi Based on nonstochastic limits 
2.0 pCi Based on stochastic limits 

Inhalation 

The nonstochastic limit 

0.005 pCi 
0.010 pCi 

Based on nonstochastic limits 
Based on stochastic limits 

or dose equivalent applies to bone surface. 

The EPA has derived cancer slope factors for neptunium, and they are presented in Table B.II.l-1. 

B.II.1.4 Plutonium 

There are no reports on the chemical toxicity of plutonium; however, the fibrosis observed in the 

lungs of exposed animals and humans could be due to chemical interactions. The radiologic toxicity 

of plutonium involves bone necrosis, bone and lung cancer, and detrimental effects on the 

reproductive system. Also, toxic effects are observed in offspring of pregnant animals exposed to 

plutonium. No ingestion data specific to plutonium are available. 

Among the plutonium isotopes, the short-lived Pu-241 is especially toxic because of the high energy 

associated with its alpha particle emission. The toxicity of plutonium compounds is based primarily 

on the very high radiotoxicity of the plutonium atom and secondarily upon whatever atoms or 

combinations of atoms they might contain (Sax 1989). When inhaled, plutonium is retained in the 

lungs with an effective half-life that varies from hundreds of days for plutonium oxides to tens of days 

for more soluble forms. A significant portion of the plutonium oxide that leaves the lungs is 

translocated to the tracheobronchial lymph nodes. Plutonium solubilized within the lungs is 

translocated to the liver and skeleton where it is very tenaciously retained (Klaassen 1986). 

In a classic long-term toxicity study performed by Bair et al. , the effects of inhaled plutonium oxide 

were studied in beagle dogs for up to 10 years following inhalation exposure. At the highest levels of 

deposited activity, the dogs died within several hundred days with radiation pneumonitis and 

pulmonary fibrosis; at later times death was related to severe pulmonary fibrosis, and beyond 1000 

days, although pulmonary fibrosis was still prominent, death was due to primary pulmonary 

neoplasia. The most common neoplasm was bronchioloalveolar carcinoma (Klaassen 1986). Hahn et 

al. (1983), using data reported by Bair and Thomas (1976), calculated the risk factor for Pu-239 alpha 

0 .  * 
~ O O ~ E . ' 9  
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irradiation of the lungs to be 600 lung tumors per million rad to lung, or, assuming an RBE of 20, 30 

lung tumors per millirem to lung. 

0 
Human data for plutonium exposure are available. Among workers contaminated, the case histories 

have been documented of 26 men who worked with plutonium during World War II. The initial body 

burden of these workers was between 540 and 229,500 pCi (reported as between 20 and 8500 

Becquerel), and 11 of them received doses exceeding the maximum allowed by the International 

Commission for Radiological Protection. After a medical follow up of 37 years, 2 members of this 

group died of myocardial infarction and accidental trauma, respectively, compared to the 6.6 deaths 

expected on the basis of the adjusted rates for white males. Their 1982 exam provided no evidence 

that 37 years of exposure to internally deposited plutonium had adverse effects on their health (Seiler 

1988). . 
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Less toxicity data are available on trans-plutonium radionuclides such as americium and curium; 14 

however, the data that are available indicate a qualitative similarity to the toxicity of plutonium. 

McClellan, et al. (1972) noted that inhaled americium and curium, even as oxides, appeared more 

soluble than inhaled plutonium and rapidly translocated to the liver and skeleton. (Klaassen 1986) 

Carcinogenicity 

The EPA classifies all radionuclides as weight-of-evidence Group A substances (human carcinogens), 

based on their characteristic of emitting ionizing radiation and on the extensive epidemiologic data 

associating exposure with radiogenic cancers in humans (EPA 1992d). The carcinogenicity of Pu-238 

(the predominate plutonium isotope at the FEMP) from internal exposure is due to alpha particles. 

The EPA (1992d) has reported cancer potency slope factors for the plutonium isotopes, and these are 

presented in Table B.II.l-1. 

B.11.1.5 Radium and Radon 

Noncarcinogenic Toxicity 

No chemical toxic effects of exposure to radium has been documented, and the EPA has not 

developed an R€D for radium; therefore, the health hazard for radium is associated with potential 
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. Carcinonenicitv 

Four isotopes of radium occur naturally, Ra-223 (actinium series), Ra-224 and Ra-228 (thorium 

series), and Ra-226 (uranium series); radium is ubiquitous in the earth’s crust and common in 

groundwater, mineral deposits, soil, food products, and common building materials. Ra-226 has the 

longest half-life (1600 years) of the radium isotopes and decays by alpha particle emission. Ra-223 

and Ra-224 are also alpha-particle emitters, and Ra-228 is a beta-particle emitter. The primary uses 

of radium are for manufacturing luminous dials and instrument faces and for internal radiation 

therapy. Thus, the bulk of human data on the effects of radium intake are available from studies of 

radium-dial painters and medical patients who have been administered therapeutic doses of radium. 

Radium introduced into the body generates decay products, including gaseous isotopes of radon. Rn- 
222 generated in the body persists long enough that it easily diffuses into the bloodstream and 

accumulates in the sinuses, significantly reducing the alpha dose to the radium accumulating tissues 

but increasing the dose in the sinuses. Ultimately the bone tissues are the principal site of radium 

accumulation because of the similar chemistry of radium and calcium (NAS 1988). In the bone 

tissues, radium is initially deposited in endosteal bone surface tissue. There is then a redistribution to 

the bone volume, where the radium resides with a long retention time. 

Dose ResDonse Data - Human and Animal 

The following discussion of the health effects of radium exposure is summarized from the report of 

the BEIR IV Committee on radon and other alpha emitters (NAS 1988). The epidemiological studies 

of humans were initially stimulated by the appearance of cancer and other adverse health effects 

associated with occupational exposures to Ra-224, Ra-226, and Ra-228 (by the radium-dial painters). 

The dial painters had the potential to ingest significant quantities of radium that were known to be 

harmful. The second most significant study group comprised ankylosing spondylitis patients, who 

were administered doses of radium solutions for therapeutic reasons. Most of the other studies 

focused on bone cancer, cancer of the paranasal sinuses, and cancer of the mastoid air cells, because 

the association of these effects with radium exposure was well known. 

Although epidemiological investigations have documented the association between radium exposure 

and carcinogenic effects, there has been considerable debate over the dose-response relationship 

involved. Bone cancer incidence has been evaluated as a function of a variety of parameters that 

0005gresent  a measure of radium exposure, such as absorbed dose to the skeleton, pure radium 
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equivalents, and cumulative rad-years (Evans 1966). The results indicated a nonlinear relationship fits 

nonlinear fit (Mays and Lloyd 1972). The conclusion from both of these analyses is that a linear 

nonthreshold relationship is likely to significantly over-predict cancer incidence at low doses. 

reassessments presented a linear-quadratic-exponential dose-response relationship (Rowland et al. 

to body weight (Marshall and Groer 1977). 

I 

the data. A separate analysis of the same bone cancer induction data confirmed the finding of a 2 

3 

Later 4 

5 

1971, 1978a, 1978b, 1983) and a dependence of incidence on the square of radium intake normalized 6 

7 

Two extensive studies of ankylosing spondylitis patients treated in Germany with solutions of Ra-224 

are most noteworthy. In the first, a 900-patient cohort treated with a Ra-224 colloid during the 

period from 1946 to 1951 with a follow-up period for more than 30 years, revealed bone cancer 

incidence associated with the high absorbed doses from the therapeutic treatments (Spiess 1969; Spiess 

and Mays 1970, 1973). In the second study, a cohort of about 1400 patients treated with small doses 

of Ra-224 for ankylosing spondylitis showed a similar association between dose and cancer induction 

(Spiess 1969; Spiess and Mays 1970, 1973). The analyses were consistent with a variety of dose- 

response relationships; however, none can be disproved because of the scatter in the data. 
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Cancers of the paranasal sinuses and the mastoid air cells have been associated with exposure to Ra- 

painters, who received high absorbed doses from the quantities of radium they ingested. 

incidence is evident when compared to the natural incidence, which is very low. After exposure to 

radium, these types of cancers were expressed later than bone cancers (Evans et al. 1969; Finkel et 

al. 1969; Rowland et al. 1971; Rundo et al. 1986). 

As discussed above, Rn-222 generated in the body persists long enough that it easily diffuses into the 

bloodstream and accumulates in the sinuses, significantly increasing the dose in the sinuses. 

emitting radionuclides revealed excess incidence of these cancers (Schlenker 1980). 

decay product was not essential to induction. Nevertheless, the risk of these cancers from Ra-226 and 

18 

226 and Ra-228 since the 1930s (Martland 1939). These effects were initially seen in the radium-dial 19 
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of cancers of the sinuses and mastoid cells conducted in beagle dogs injected with a variety of alpha- n 

Not all of the 28 
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31 

tumors were induced by alpha emitters that produce a gaseous decay product; therefore, a gaseous 

its decay products (including Rn-222) is considered significantly greater than from other alpha- 

emitting radionuclides. 0 32 
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I .  

\ 

FER\CRUZRI\TLC\APP-B\ATTACHZUunc 4, 1994 3:lZpm B-11-8 



FEMP-OU02-5 DRAFT 
June 15, 1994 

The incidence of leukemia and other blood diseases among the radiumdial painters has been linked to 

radium ingestion. Martland (1931) demonstrated development of anemias .and leukopenia (low 

leukocyte count) in the dial painters. Evans' study (1966) included leukemia and anemia as possible 

effects of radium accumulation in the body. Finkel et al. (1969) discovered cases of leukemia and 

aplastic anemia in studies of the radiumdial painters exposed from 1918 to 1933. Among a cohort of 

634 female dial painters first employed before 1930, three deaths were attributed to leukemia 

(Polednak 1978). This final study exceeded expectations because the natural incidence of leukemia is 

very low. An epidemiological study of 1285 women employed as dial painters before 1930, and 1185 

employed between 1930 and 1949 (when radium contamination and exposures were much lower) 

revealed standard mortality ratios of 73 and 221, respectively (Stebbings et al. 1984). However, the 

most comprehensive and definitive study of U.S. dial painters include all workers employed before 

1970 (Spiers et al. 1983). Ten cases of leukemia were found among the worker cohort of 2940 

persons. The expected number of natural cases for this group would be 9.2. The study concluded 

that the incidence in the cohort does not differ significantly from natural incidence (Spiers et al. 

1983). In summary, the accumulation of very high levels of radium is associated with severe anemias 

and leukemia (NAS 1988). However, at lower levels of accumulation, such as those experienced by 

the majority of U.S. radiumdial painters, especially in later years, the accumulated radium does not 

appear to significantly increase the risk of leukemia (NAS 1988). 

The BEIR IV Committee presented a cancer risk factor of 200 x 10' per rad for bone sarcomas from 

protracted exposure to radium in its report on radon and other alpha emitters (NAS 1988). 

B.II.1.6 Radon and Progeny 

Toxicity 

There are no known toxic effects of exposure to radon gas or its short-lived progeny. However, 

short-lived radon progeny decays to relatively long-lived lead. Because lead is a chemical toxicant, 

significant accumulations of radon pose a potential source of lead for exposure pathways to receptors. 

Carcinogenicity 

Exposure to air contaminated with radon gas and associated airborne progeny has been linked to 

increased risk of lung cancer. The risk is attributed to inhalation of the short-lived progeny of radon 

that are attached to particulates, which lodge in the lung passages and produce a radiation dose that 

causes lung cancer. Radon progeny that do not lodge in the lung passages are exhaled, and do not 
(jOOSZ8 , 
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0 deliver a radiation dose. Lung cancer results when the bronchial epithelium of the lung passages is 

exposed to alpha particles emitted from decaying radon progeny (Le., Po-214 and Po-218) lodged in 

the lung passages. 

Three isotopes of radon are of potential concern, one associated with each of the three natural decay 

series. Rn-222, Rn-220, and Rn-219 are members of the uranium, thorium, and actinium decay 

series, respectively. Rn-222 is the isotope of primary concern because its half-life 3.82 days and 

mobility as an inert gas facilitate its outdoor and indoor migration, thus potentially exposing receptors 

to elevated concentrations of Rn-222 and its short-lived progeny. Rn-220 (half-life, 55.6 seconds) 

and Rn-219 (3.96 seconds) are generally of less concern because their very short half-lives often 

result in decay before these can migrate and accumulate in elevated quantities where receptors may be 

exposed. For example, all three isotopes of radon may be of concern in the air in buildings that 

contain the appropriate parent radionuclides (in the form of surface contamination or drummed 

material, for example). At the FEMP, however, Rn-220 and Rn-219 are not expected to be released 

from a source such as the K-65 silos because their short half-lives cause them to decay before 

migrating out of the waste matrix or out of the containment provided by the silos. a 
Dose Resuonse Data - Human and Animal 

The following discussion regarding the health effects of exposure to radon and radon progeny is 

summarized from the report of the BEIR N Committee on radon and other alpha emitters 

(NAS 1988). The radiological effect of concern from exposure is lung cancer. 

The lung cancer hazard associated with working in underground mines was first recognized by 

Harting and Hesse in 1879 as a result of autopsies of European miners (Harting and Hesse 1879). 

The most important human populations studied with regard to radon progeny exposure were the 

underground miners exposed to widely differing concentrations of airborne Rn-222 progeny in mines 

(NCRP 1984). The lung cancer mortality risk estimates for radon progeny exposure published by the 

BEIR IV Committee (NAS 1988) were based on an epidemiological study of these underground miner 

populations. The assessment of the risk from exposure to radon progeny by the BEIR IV Committee 

represents the most recent comprehensive examination of estimated health risks associated with 

exposure. 
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The BEIR IV Committee relied heavily on data from four principal studies of miners: Ontario 

uranium miners, Saskatchewan uranium miners, Swedish metal miners, and Colorado Plateau uranium 

miners. Underground miners exposed to radon progeny (in the mines) have an increased risk of lung 

cancer, as demonstrated in these epidemiological study populations. Animal models experimentally 

exposed to airborne radon progeny also developed lung cancers. To supplement the information 

available from the human epidemiological studies, animal model studies have provided information on 

the dose-response relationship and the effects of variations in the exposure rate, physical 

characteristics of the lungs, and air quality. Thus, both human epidemiological data and animal 

experimental data indicate that exposure to radon progeny induces lung cancer. The data also 

describe the relationship between exposure and health effect as a function of influencing factors. 

In its study of the human epidemiological data, the BEIR IV Committee has reevaluated the primary 

data (Le., exposure histories and mortality) for the four principal epidemiological study groups of 

underground miners exposed to radon progeny. From this reevaluation, the committee has estimated 

the risk of developing fatal lung cancer. The risk from lifetime exposure to radon progeny is 350 x 

excess fatal lung cancers per cumulative working level month (WLM) as exposure. The WLM is 

defined as the cumulative exposure to an airborne concentration of short-lived radon progeny (equal to 

one working level) for a period of one working month. It must be noted that this estimate, quantified 

as fatal lung cancer risk, was based primarily on epidemiological studies of humans and is expressed 

per unit cumulative exposure to progeny (WLM-I). The EPA slope factors addressing cancer 

incidence were based on calculated radiation doses to organs and tissues and are expressed per unit 

radioactivity intake (pCi-'). Thus, the EPA and BEIR IV risk estimates are not directly comparable. 

The EPA cancer slope factors were used to assess risk attributable to radon and radon progeny 

exposure. It is also noted that EPA has adopted a nominal risk estimate of 360 x 10" per WLM for 

use in NESHAPS (EPA 19891). This estimate was based primarily on EPA's consideration of the 

BEIR IV assessment; however, EPA did average radon risk estimates derived from BEIR IV and 

ICRP models to calculate the estimate of 360 x per WLM. 

Although the carcinogenicity of radon progeny is established and the hazards of exposure during 

mining are well recognized, the hazards of exposure in other environments have not yet been 

adequately quantified (NAS 1988). A few exploratory epidemiological studies of lung cancer risk 

associated with radon progeny exposure in homes have been conducted; however, the results are 

. inconclusive and inadequate for the purpose of risk estimation (NAS 1988). 

GC(J5c@ ' 
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environmental conditions to which persons may be routinely exposed; however, it must be recognized 

that the committee’s model was based on epidemiological evaluations of occupational exposure 

conditions in underground mines. Therefore, assumptions must be made regarding the similarity of 

exposed populations, levels of exposure, and factors such as cigarette smoking, when using the model 

for nonoccupational conditions such as the indoor home environment. 

Using the BEIR IV risk factor (NAS 1988) of 350 x 10“ WLM-I for lung cancer mortality from 

inhalation of Rn-222 and progeny, and by assuming 51.5 working months per year (8760 hours per 

year divided by 170 hours worked per month), 100 pCi Wliter air, short-lived Rn-222 progeny 

present in 50 percent equilibrium, and an inhalation rate of 20 m3/day for 365 daydyear, one can 

derive a lung cancer mortality risk factor of 1.2 x lo-” per pCi. The EPA cancer slope factor from 

HEAST for inhalation of Rn-222 plus progeny is 7.7 x l o - ”  per pCi (EPA 1992d). It must be noted 

that the BEIR IV risk estimate pertains to lung cancer mortality, while the EPA cancer slope factors 

all pertain to cancer induction rather than cancer fatality. 

B.II.1.7 Ruthenium-106 

Pharmacokinetics 

The biochemistry and metabolism of ruthenium and its salts have not been investigated in detail. 

Ruthenium chelates are readily absorbed and rapidly excreted. A transient retention of ruthenium 

occurs in the kidneys, muscle, liver, bone, and probably also in the lungs during experiments using 

radioruthenium chloride. 

Once absorbed into the bone, ruthenium is retained for a long time (Uonard 1988). 

The EPA (1993~) has derived a gastrointestinal absorption factor for ruthenium of 0.05, equivalent to 

5 percent. 

Noncarcinogenic Toxicitv 

Most ruthenium salts are considered to be slightly toxic, but fumes of ruthenium tetroxide and of 

ruthenium heated in air are highly injurious to the eyes and the lung and can produce nasal 

ulcerations. a 
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Acute LD, values after intraperitoneal administration of RuCl, range from 108 mg/kg (mouse) to 360 

mg/kg (rat); after oral treatment, they range from 210 mgkg (guinea pig) to 460 mg/kg (mouse). 

RuC130H is less toxic: acute LDSo values are 660 mg/kg (mouse) and 1250 mg/kg (rat) after oral 

administration, and 225 mg/kg (mouse) after intraperitoneal administration. 

Ruthenium red is a known antagonist of Ca” and inhibits Ca” transport and binding in mitochondria 

membranes and muscle tissues. This salt also inhibits Ca”-ATPase activity. 

Ruthenium red is also an antagonist of the depressive action of noradrenaline and 5- 

hydroxytryptamine on cortical neurons, and by action on neurotransmitters it can produce paralysis 

and convulsions in laboratory animals (Uonard 1988). 

Carcinogenicity 

The EPA has derived cancer slope factors for Ru-106, which are presented in Table B.II.l-1 

B.II.l.8 Strontium 

Pharmacokinetics 

Wenning and Kirsch (1988) reported that the gastrointestinal absorption of soluble strontium 

compounds ranges from 5 to 25 percent of the ingested dose and the EPA (1992d) has derived a 

gastrointestinal absorption efficiency factor of 0.3. Insoluble strontium compounds are absorbed to 

about 5 percent. Data regarding inhalation or dermal absorption has not been located. 

Strontium is an alkaline earth metal similar in chemical behavior to calcium (Wenning and Kirsch 

1988). About 99 percent of the body burden is in the skeleton. Excretion is principally in the urine. . 

Noncarcinogenic Toxicity 

Stable strontium has induced rachitic changes in the bones, particularly of the young (EPA 1992d). 

Presumably, Sr-90 would also induce rachitic changes in bone. The concern at the FEMP, however, 

is with the radiological effects (carcinogenicity) of Sr-90, rather than the noncarcinogenic toxicity. 

Carcinogenicity 

The EPA (1992d) has assigned stable strontium to cancer weight-of-evidence Group D, indicating it is 

#&classifiable as to humans carcinogenicity. Quantitative cancer risk estimates were not derived for COO,k* 
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Group D substances. The EPA classifies all radionuclides as Group A substances (human 

carcinogens), based on their characteristic of emitting ionizing radiation and on the extensive 

epidemiologic data associating exposure with radiogenic cancers in humans (EPA 1992d). The EPA 

(1992d) has derived cancer potency slope factors for Sr-90, and its radioactive decay product of 3.6 x 

10" per pCi for ingestion and 6.2 x lo-" per pCi for inhalation exposure. There is no slope factor 

for external exposure to Sr-90, which does not emit penetrating radiation (gamma- or x-rays). 

B.II.l.9 Technetium 

Noncarcinogenic Toxicity 

No isotopes of technetium are stable (Clarke and Podbielski 1988). Lethality due to radiation toxicity 

usually occurs before the nonradiologic effects of technetium become manifest; hence, little is known 
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of the metabolic effects of the element. 12 
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Carcinogenicity 14 

I5 ' The EPA classifies all radionuclides as weight-of-evidence Group A substances (human carcinogens), 

based on their characteristic of emitting ionizing radiation and on the extensive epidemiologic data 

associating exposure with radiogenic cancers in humans (EPA 1992d). 

16 

The internal carcinogenicity of 17 

Tc-99 is due to its emission of beta particles (Clarke and Podbielski 1988). The EPA (1992d) has 

for inhalation, and 6.0 x 

18 

19 derived cancer potency slope factors for Tc-99 of 1.3 x 10" per pCi for ingestion, 8.3 x lo-'' per pCi 

per pCi yr/g for external exposure. 20 

21 

B.II.l.10 Thorium 22 

Noncarcinogenic Toxicity 23 

No toxic effects of exposure to thorium have been documented, and the EPA has not developed an 

RfD for thorium; therefore, the health hazard for thorium is associated with its potential 

radiocarcinogenic effects. 26 

24 

25 

21 

Carcinogenicity 28 

Natural thorium is present in the earth's crust as a primordial element. Th-232 isotope accounts for 29 

' approximately 100 percent of the mass abundance of thorium; however, the other isotopes of thorium 30 

exist as members of the three natural decay series. 

(approximately 10 billion years); thus the specific activity is relatively low and the rate of decay is 

The half-life of Th-232 is very long 31 

32 a ._.. . 

FER\CRU~RI\TLC\APP-B\ATTACH~UU~C 4. 1994 3: 12pm B-II- 14 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

slow. Th-232 decays by alpha particle emission, as do most of the progeny in the thorium natural 

decay series. 

Thorium has historically been used as a medical imaging agent, because it is a heavy atom that 

provides contrast in radiographic imaging. In this role thorium has been used commercially as 

Thorotrast, a 25-percent colloidal solution of thorium dioxide. The following discussion of the health 

effects from thorium exposure is summarized from the report of the BEIR IV Committee on radon 

and other alpha emitters (NAS 1988). 

Thorotrast has been used extensively in the United States, Europe, and Japan as an intravascular 

contrast agent for cerebral and limb angiography. Thorotrast has also been injected into the spleen 

for hepatolienography and into nasal and paranasal sinuses. These uses of Thorotrast result in 

deposition of the thorium (and subsequent decay products) in tissues and organs of the body, most 

frequently in the reticuloendothelial tissues in bone (NAS 1988). Once deposited in these tissues, 

alpha particle emissions from the decay of Th-232 and its progeny irradiate the tissues for long 

periods of time at low-dose rates. 

Dose-Response Data - Human 

The data on human health effects of thorium exposure are based primarily on epidemiological studies 

of Thorotrast patients. The five long-term studies include German, Portuguese, Japanese, Danish, 

and American patients. In the German study (van Kaick et al. 1978a and b, 1983, 1984, 1986), 5159 

Thorotrast patients and 5151 controls were followed since 1933 and 1935, respectively. The 

Thorotrast patients underwent intravascular injections of Thorotrast to enhance the imaging of cerebral 

and limb angiography. The results of the follow-up analysis indicated an excess of malignant cancers, 

most notably liver cancers and leukemias, among the patients relative to the controls. 

The Portuguese study (Abbatt 1973; da Motta et al. 1979; Horta et ai. 1978) involved about 2500 

Thorotrast patients and 2000 controls with a follow-up period of about 30 years. The patients were 

exposed to Thorotrast from 1929 to 1955, with roughly 60 percent receiving Thorotrast doses for 

cerebral angiography. The results of the study show a significant excess of malignant cancer deaths 

among the patients compared to the control group. Particularly notable were the excess patient liver 

malignancies compared to the controls. 

OQOEG-3 
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The Japanese study (Kat0 et al. 1979, 1983; Mori et al. 1979a, 1979b, 1983, 1986) included 282 

Thorotrast patients who were administered Thorotrast for angiography and hepatolienography during 

World War II. The follow-up period spanned 38 to 46 years, and results revealed that patient 

mortality from malignant liver cancers, other malignant cancers, blood diseases, and cirrhosis of the 

liver was significantly higher than in the control group. 

The Danish study (Faber 1973, 1977, 1978, 1979, 1983, 1986) involved 1319 Thorotrast patients 

injected with Thorotrast from 1935 to 1946. The epidemiological analysis revealed excess 

gastrointestinal malignancies, liver malignancies, malignancies of the lung, and leukemia deaths in 

patients compared to control individuals. The excess of liver malignancies and leukemias was most 

notable in the study. 

The American study (Falk et al. 1979) is a preliminary epidemiological assessment of Thorotrast 

patients exposed from 1964 to 1974. All patients had received Thorotrast for either 

hepatolienography or cerebral angiography. A liver cancer incidence was evident in the investigation 

and is reportedly continuing to increase. Further follow-up of these individuals is needed. 

All five of these human epidemiological studies indicated an excess of malignant cancers among the 

Thorotrast patients compared to the controls. The excess malignancies were predominantly of the 

liver and blood (leukemia) types. 

Estimation of Excess Risk from Thorotrast Administration 

The human epidemiological evidence from the studies of Thorotrast patients represents the primary 

source of data from which estimates of risk have been derived (NAS 1988). These data can be used 

to derive estimates of risk for liver cancer and leukemia; however, such estimates strictly apply only 
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to conditions of intravascular Thorotrast injection. 

are for Thorotrast, not thorium. The emphasis is because the dosimetry of other isotopes of thorium 

The BEIR IV committee derived a risk estimate of 26 

up to 300 x 10" per rad of alpha particle radiation to the liver, and emphasized that these estimates n 

28 

differs from that of Th-232 in the Thorotrast colloid form. 

up to 60 x 10" per rad of alpha radiation to bone marrow for leukemia, and a value of up to 120 x 

10" per rad of alpha radiation to the skeleton without marrow for bone cancer (NAS 1988). 

BEIR IV also derived a risk estimate of 29 

30 

31 

FER\CRUZRI\TLC\APP-B\ATTACHZUune 4. 1994 3:12pm B-11-16 . 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

Dose Resuonse Data - Animal 

Experimental studies of animals administered modified Thorotrast solutions provide insight into the 

possible influence of Thorotrast on carcinogenicity in humans from a "foreign body effect" (i.e., from 

the colloid solution), or a toxicological effect of the thorium in addition to a radiation dose effect. 

Studies of mice administered Thorotrast solutions fortified with Th-230 to increase the specific 

activity of alpha emission delivering radiation dose to tissues, conventional Thorotrast, and zirconium 

dioxide solution (Zirconotrast) have provided evidence of increased carcinogenicity of Thorotrast 

relative to Zirconotrast (Bensted 1967). Rabbits injected with Th-230 enriched Thorotrast revealed a 

shortened latency period associated with the higher specific activity solution (Faber 1973). In mice, 

rabbits, rats, and dogs, the metabolic distribution of Thorotrast and other colloid solutions (including 

zirconium and hafnium dioxide colloids) has indicated that 1) the organ distribution of the Thorotrast 

and associated progeny in these animals is comparable to that in humans (Riedel et al. 1979, 1983) 

and 2) the other colloids fail to reveal significantly different effects attributable to their distributions 

compared to the Thorotrast (Riedel et al. 1979, 1983). 

A study of dose response and possible foreign body effect in rats (Wesch et al. 1973, 1983) was 

conducted by administering different Th-230 enrichments of Thorotrast (causing variations in dose 

rate) and by administering different volumes of Thorotrast (dilutions maintaining constant dose rate). 

The results demonstrated that the frequency of cancers follows a linear dependence with dose rate. 

However, varying the volume of Thorotrast administered did not correlate with frequency of 

induction. Although cancer risk did not increase with the volume of Thorotrast at a constant dose 

rate, the latent period was shortened (Wesch et al. 1973; 1983). 

In additional studies of rats injected with Zirconotrast enriched with Th-228, the number of induced 

cancers increased, and the induced cancers were similar to thoseinduced in humans by Thorotrast 

(Wesch 1986). The frequency of cancer induction was found to be dose-rate dependent, and the 

Zirconotrast without Th-228 did not induce excess cancers (Wesch 1986). 

In summary, the animal experimental evidence indicates that Thorotrast induces cancers as a result of 

the radiation dose delivered by the solution. The physical presence of particles in the colloid solution 

and the chemical effect of the thorium are not likely to influence the induction of cancer (NAS 1988). 

The EPA derived slope factors are presented in Table B.II.l-1. 
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Pharmacokinetics 

In general, uranium compounds are not easily absorbed across the human gastrointestinal tract. 

Soluble uranium compounds demonstrate the best absorption. In a study in which patients drank a 

solution of uranyl nitrate hexahydrate, a water soluble compound, only 0.5 to 5 percent of the dose 

was absorbed (Hursh et al. 1969). Recent uranium metabolic models estimated absorption from the 

gastrointestinal tract to the blood to be 0.6 percent (Wrenn et al. 1987). Although human data 

concerning absorption by dermal exposure are sparse, water-insoluble uranium compounds were not 

absorbed in significant quantities across the skin (Yuile 1973) and are not believed to pose a 

significant risk to humans by this exposure route. 

Once absorbed into the bloodstream, uranium compounds are metabolically converted to uranyl ions. 

The uranyl ion acts as a ligand in the systemic circulation, binding to the plasma proteins and 

bicarbonate. Although this uranyl-bicarbonate complex is stable at the pH of the plasma, the pH of 

urine favors dissociation of the complex. This leaves the uranyl ion free to bind to the tissues in the 

proximal tubule wall of the nephrons of the kidneys, resulting in cellular necrosis (Leggett 1989). 
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As well as being the only soft tissue that stores uranium in any appreciable quantity, the kidneys are 

the main organs of excretion (Hursh and Spoor 1973). 

18 

Approximately 70 percent of an intake of 19 

uranium has been estimated to be excreted by the kidneys within 24 hours of intake (Berlin and 

Rudell 1979). Uranium that is not excreted is stored in the kidneys and bones. Binding to the bone 

20 

21 

is thought to be caused by the affinity of uranium for the phosphate groups in the bone structure. 

Toxicity 

Dose-Remorse Data - Human 

Exposure to uranium, a chemical toxicant, leads to nephritis in the kidneys. Data on human exposure 

to uranium compounds were collected from 1940 to 1960 in acute studies on terminal and volunteer 

patients. Single injections of 70 to 100 pg/kg of uranium nitrate to terminally ill patients resulted in 

proteinuria and increased levels of catalase in the urine (Berlin and Rudell 1979; Luessenhop et al. 

1958). In another study, patients were given uranyl nitrate injections ranging from 6.3 to 71 pg/kg. 

One of the early signs of renal damage, the appearance of the enzyme catalase in the urine, occurred 

in patients receiving 55 to 71 pglkg (Hursh and Spoor, 1973; Leggett, 1989). 0 
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Dose-Response Data - Animal Models 

Animal models have demonstrated a of variation of responses in acute intravenous toxicity studies. 

Rabbits and guinea pigs appear to be the most sensitive. The acute intravenous toxicity of soluble 

uranium compounds such as uranyl nitrate has been shown to be very high; the approximate dose at 

which 50 percent of the test organisms do not survive (LD,) for rabbits is 0.1 mg/kg, for guinea pigs 

0.3 mg/kg, for rats 1 mg/kg, and for mice 10 to 20 mg/kg (Stokinger 1982). 

In chronic animal studies sublethal threshold doses of uranium have been demonstrated (Leggett 

1989). Although the exact mechanism of tolerance is not known, it is believed that regenerated 

kidney tissue is associated with tolerance. When uranium exposure ceases, the regenerated epithelium 

transforms into normal renal tubular tissue (Yuile 1973). 

An extensive chronic feeding study was performed on rabbits, rats, and dogs for periods of 30 days, 

1 year, and 2 years (Maynard and Hodge 1949). These animals received uranium doses of 2.8, 14, 

and 71 mg/kg/day in the diet. Rabbits were maintained for 30 days, dogs for 1 year, and rats for 1 

to 2 years. For all species, water soluble compounds were more toxic than insoluble compounds. 

The lowest observed adverse effect levels (LOAELs) were established for all compounds and each 

species (Maynard and Hodge 1949). In all cases, the LOAEL could be established within the first 30 

days (EPA 19910. Of the three species, rabbits appeared to be the most sensitive, with renal damage 

exhibited at all administered dose levels. The renal damage was judged to be only moderate at the 

lower doses, but moderately severe at the highest dose. Based on this study, the EPA has established 

the lowest uranium dose of 2.8 mg/kg/day as the LOAEL (EPA 19910. 

Basis for Reference Dose 

The EPA (19910 has established an RfD for uranium of 3 pglkglday. In lieu of a no observed 

adverse effect level (NOAEL), the RfD was based on the LOAEL of 2.8 mg/kg/day (Maynard and 

Hodge 1949) and an uncertainty factor of 1000. The uncertainty factor accounts for intraspecies and 

interspecies variability in toxicological response and for the use of the LOAEL rather than an 

NOAEL. No factor was included for the short duration of the exposure (30 days), because it has 

been shown that chronic nephrotoxic effects can be adequately characterized with experiments of 

acute/subacute duration (EPA 199 If). 
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Carcinogenicitv 

Uranium can induce cancer as a result of intake into the body through inhalation or ingestion 

pathways. The induction of cancer results when organs and tissues of the body are exposed to alpha 

particles emitted from decaying uranium atoms. Alpha particles are energetic emissions that cause 

molecular ionizations in a very dense pattern along a short path through matter. The effect of an 

alpha particle is highly localized due to the short path length traveled (low penetrability) and the 

ability of the particle to produce many ionizations. The ionization events cause biological damage 

believed to be responsible for inducing cells to become cancerous. Although other energetic 

emissions from radioactive decay of atoms (such as beta particles and gamma rays) also cause 

molecular ionizations, these radiations do not produce the density of ionizations that alpha particles 

produce. The dense pattern of ionizations caused by alpha particles and the low penetrability of alpha 

particles are the factors that determine uranium is an internal exposure hazard. Alpha particles are 

not an external exposure hazard because they do not penetrate sensitive tissues from outside the body. 

The outer layers of the skin stop the alpha particles before they can penetrate and damage sensitive 

tissues of inner layers. 

The type of uranium (Le., natural, enriched, or depleted) under consideration is important because 

different types of uranium have different specific activities (the amount of radioactivity per unit 

mass). The value of the specific activity of the uranium reflects the number of alpha particles emitted 

per unit mass. This has a direct impact on the magnitude of the radiological dose delivered internally 

after the uranium enters the body. Naturally occurring uranium and uranium processed from natural 

uranium is a mixture of U-234, U-235, and U-238. The difference between natural, enriched, and 

depleted uranium is defined by the percent U-235 mass enrichment. The higher the U-235 

enrichment, the higher the specific activity of the mixture. 
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Dose-Resuonse Data - Human 26 

The following discussion of data concerning human health effects of uranium exposure is summarized 

from the report of the BEIR IV Committee on radon and other alpha emitters (NAS 1988). 
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Convincing epidemiological evidence of uranium-induced radiocarcinogenic effects in humans is 

difficult to obtain. Available epidemiological evidence has come from studies of workers involved in 

uranium mining and milling operations. 

risk of increased cancer mortality; however, inhalation of airborne radon progeny rather than uranium 

It has been noted for some time that uranium workers are at 31 

32 

particulates is considered the predominant source of radiation damage to the respiratory tract in 33 , , *. 
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uranium miners. Simultaneous exposures to radon progeny and other elements present in uranium ore 

are considered confounding factors in those studies of uranium miners intended specifically to 

examine the radiological effects of exposure to uranium. 

Risk estimation for exposure to uranium is based heavily on the carcinogenic effects of other alpha- 

emitting radionuclides and on animal experiments involving exposure to uranium. Available human 

epidemiological studies are discussed below. 

Epidemiological surveys of uranium workers began in the United States in 1950 (Miller et al. 1956), 

and reports of increased cancer risk among uranium millers in Europe began appearing in 1959 

(Rockstroh 1959). In contrast, other studies have reported little evidence of a health hazard to 

workers in the uranium processing industry (Ely 1959). The BEIR IV committee (NAS 1988) 

cautioned that the validity of epidemiological studies on uranium effects must be considered in the 

context of the power or ability of the studies to detect an effect if one existed. This is important with 

regard to all of the available epidemiological studies on uranium effects. 

An early U.S. Public Health Service study of uranium miners and millers in the Colorado Plateau 

reported no increase in mortality in the cohort of uranium millers studied (Wagoner et al. 1964). A 

more detailed study with longer follow-up of the same cohort (Archer et al. 1973) revealed that the 

number of deaths available for analysis was almost equal to the expected number of deaths determined 

among controls. Interpretation of the results is complicated because, 1) exposure data were not 

presented, 2) the excess cases included three diagnostic categories, 3) precautions were not taken (or 

not stated) to exclude individuals with underground mining exposure through previous employment, 

4) and the analysis was not performed in relation to the length of exposure. Because of its weak 

epidemiological power, the study did not provide strong evidence that uranium has a specific effect. 

Several studies of uranium workers exposed to enriched uranium have been performed. A study of 

workers at the enrichment facility in Oak Ridge between 1943 and 1947 indicated that the mortality of 

the study cohort was not increased for lung cancer, bone cancer, or nephrotoxic disorders (Polednak 

and Frome 1986). This study is weakened by data based on exposures of short duration (typically 1 

to 2 years), which does not provide conclusive evidence concerning health effects from long-term 

(chronic) exposure. A subsequent study of a cohort from the same population examined the lung 

c-pvo cancer risk from inhaling uranium dust (Cookfair et al. 1983). The results indicated an increased risk Gco& b 
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for higher exposures. 2 

I 

3 

The findings of a retrospective study of uranium mill workers from the Colorado Plateau conducted to 

examine the health risks of uranium exposure in the absence of uranium mining (Waxweiler et al. 

employed for at least five years. The results did not reveal an increase in lung cancer deaths nor 

conclusively demonstrate an increased nephrotoxic effect. 

Past epidemiological studies have failed to conclusively demonstrate health effects from chronic 

exposure to uranium dust involved in uranium mining and milling operations. However, this does not 

necessarily mean that the epidemiological data conclusively demonstrate the absence of effect. This is 

4 

5 

1983) were not statistically significant and are mitigated by the small number of deaths for workers 6 

7 

8 

9 

10 

I 1  

12 

because the power of the studies was limited, weakened by short worker exposure durations, 

inadequate estimates of uranium exposures, and insufficient worker follow-up time to adequately 14 

evaluate long-term effects. 15 

13 

16 

In conclusion, chronic exposure to uranium should be controlled on the basis of nephrotoxicity more 

from chronic exposure to uranium alpha particles cannot be determined from published 

increased rates of cancer incidence or mortality (NAS 1988). Therefore, the BEIR IV Committee's a 

risk estimate for uranium was based on the carcinogenic effects of other alpha emitting radionuclides 

and animal experiments involving exposure to uranium. The most probable radiogenic effect is an 

The likelihood of sarcomas from exposure to naturally occurring uranium 

is considered low and demonstrable only if a linear dose-response relationship is assumed (Mays et al. 

1985). If the dose-response relationship is quadratic, then virtually no effect would be expected from 

naturally occurring uranium. Assuming a linear dose-response relationship and a constant 

nonoccupational uranium intake of 1 Pcilday, then the risk of bone sarcoma induction over a lifetime 

compared to a natural incidence of 750 bone sarcomas in the absence of excess exposure. 

17 

than by radiocarcinogenicity from alpha particle emissions (NAS 1988). Quantification of the risk 18 

19 

epidemiological studies because of confounding factors and the limited power of the studies to detect m 

21 
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increase in bone sarcomas. 24 
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is estimated to be 1.5 x 10" or 1.5 bone sarcomas per million persons (Mays et al. 1985). This is 

31 

Assuming a constant nonoccupational uranium intake rate of 1 pCi/day, an exposure frequency of 365 32 

daydyear, and a lifetime of 70 years, then a lifetime uranium intake of nearly 26,000 pCi is - .- 1- ; .' 3! . 5 . .  : 

FER\CRU2RI\TLC\APP-B\ATTACH2Uune 4, 1994 3: 12pm B-11-22 , 



FEMP-OU02-5 DRAFT 
June 15, 1994 

calculated. Using the risk factor from Mays (Mays et al. 1985) and dividing by the calculated 

lifetime intake, one can derive a risk factor of 5.9 x lo-" per pCi. A comparison of this risk factor 

with the cancer slope factors from HEAST for ingestion of U-234, U-235, and U-238 indicates that 

the ratios of the HEAST values to the former value are 2.4, 2.2, and 2.2, respectively. 

Dose-Resuonse Data - Animal Models 

The following discussion of experimental data concerning adverse health effects of uranium exposure 

in animal models is summarized from the report of the BEIR IV Committee on radon and other alpha 

emitters (NAS 1988). The effect of bone cancer induction is addressed first, followed by the effect of 

lung cancer induction. 

The discussion of human epidemiological evidence presented above identifies the bone surfaces as the 

most probable target tissue for exposure to uranium, and bone sarcoma as the carcinogenic effect of 

concern. Radiocarcinogenic effects, including bone sarcoma and head carcinoma, have also been 

observed in animals and humans from exposure to isotopes of radium, and studies involving exposure 

of mice to high specific activity U-232 and U-233 have also reveald an increase in bone sarcomas. 

Soviet researchers have demonstrated that highly enriched uranium, which has a high specific activity, 

induces bone sarcomas in rats. These results indicate that the intake of high specific activity, alpha- 

particle-emitting radionuclides increases the risk of these cancers in animals. It would be reasonable 

to expect high specific activity uranium to induce bone sarcomas in humans; however, the likelihood 

that low specific activity, naturally occurring uranium induces bone sarcomas is low. 

4 

As stated in the discussion of human epidemiological evidence presented above an estimate of the 

excess risk of bone sarcoma in humans from chronic ingestion of uranium has been developed (Mays 

et al. 1985). This risk estimate was based on a linear dose-response relationship for Ra-226. 

Therefore, it was assumed that the response to alpha particles from uranium exposure is similar to the 

response to alpha particles from Ra-226. This assumption depends in part on the metabolic behavior 

of uranium relative to radium. There is evidence indicating that uranium seeks bone tissue in a 

manner similar but not identical to that of radium. U-233 administered to beagle dogs has been 

shown to initially deposit nonuniformly on bone surfaces; however, redistribution occurred (within 

approximately one year) to produce a distribution through the bone volume that was similar to the 

distribution of radium (Stevens et al. 1980). Distribution of uranium throughout the bone volume in 
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dogs has also been reported by Rowland and Farnham (1969) and Bruenger (personal communication 

with BEIR IV Committee, 1986 not available in bibliography). 

Another concern is the induction of malignant tumors in the lungs from exposure to uranium by 

inhalation. As previously discussed, uranium emits alpha particles, which can deposit a highly 

localized radiation dose to sensitive tissues in the passages of the respiratory tract if particulate 

uranium is deposited in those passageways. The effects of inhaling of insoluble forms of uranium 

have been studied in rats, dogs, and monkeys for both short and prolonged exposure scenarios (Leach 

et al. 1970, 1973). The affected sites were the tissues of the lungs and the pulmonary lymph nodes. 

Chronic inhalation of uranium in these studies produced fibrosis of lung tissue and induction of 

malignant lung tumors. Data from those studies involving dogs have been reanalyzed (Durbin and 

Wrenn 1975), leading to the conclusion that neoplastic changes (tumor induction) began in the 

epithelial cells of the lungs in 21 percent of the dogs after a cumulative lung dose of 160 rads. 

Another study exposed rats to U-232 and U-233 (as uranyl nitrate) by inhalation, revealing an 

increase in malignant lung tumors and bone sarcomas (Ballou et al. 1980). However, the significance 

of the bone sarcomas (osteosarcomas) is questionable because the rats exposed to control aerosols also 

developed these tumors. The osteosarcomas are not statistically significant because of their 

appearance in the control rats. The results of this study of high specific activity U-232 and U-233 

uranyl nitrate could lead to the reasonable expectation that such exposure could induce malignant lung 

tumors in humans. However, the findings of this work do not provide the data needed to 

convincingly extrapolate a risk coefficient for human exposure. 
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B .II .2 TOXICITY PROFILES : CHEMICALS 

B.II.2.1 2-Methvlna~hthalene 

Noncarcinogenic Toxicity 

Data located regarding the noncancer toxicity of 2-methylnaphthalene are limited to an oral lowest 

dose associated with lethality (LD,) in rats of 5000 mg/kg (Sax 1984). Neither oral nor inhalation 

RfD or RfC values were located. 

Carcinogenicity 

Data regarding the carcinogenicity of 2-methylnaphthalene were not located. 

B .II.2.2 Acrvlonitrile 

Toxicity 

Short exposures at high concentrations show cyanide-type toxicity. In humans, symptoms include 

headaches, feelings of nausea, irritability, and apprehension. Prolonged exposure can result in death. 

Children may be more suspectable to acrylonitrile toxicity than adults. In animals, acrylonitrile has 

been shown to result in teratogenic effects when administered by either the inhalation or oral routes of 

exposure. Impaired reproductive capability has also been demonstrated in mice. Epidemiologic 

studies have associated acrylonitrile exposure in the workplace with increased incidence of lung 

cancer and possibly prostate cancer. In animals, acrylonitrile has been demonstrated to cause tumors 

at multiple sites, including the nervous system, gastrointestinal tract, Zymbal gland and mammary 

gland. Humans exposed to high levels of acrylonitrile in the workplace have complained of nasal 

irritation and an oppressive feeling in the upper respiratory passages (Wilson, 1944; Wilson et al., 

1948). Acute exposure of guinea pigs to acrylonitrile has resulted in severe pulmonary irritation and 

lung edema. In humans, severe cases of acrylonitrile poisoning have resulted in low-grade anemia 

(Wilson, 1944; Wilson et al., 1948). Some liver damage has been reported in humans after acute 

exposure to high doses. In workers exposed to high levels of acrylonitrile vapors, mild jaundice was 

diagnosed (Wilson, 1944). Direct contact of acrylonitrile with the skin has resulted in erythema, 

desquamation, and slow healing (Dudley and Neal, 1942). Acute effects have been described as 

being a cyanide-type poisoning (Dudley and Neal, 1942; Vogel and Kirkendall, 1984) associated with 

acrylonitrile poisoning in humans include limb weakness, labored and irregular breathing, dizziness 

and impaired judgement, cyanosis and nausea, collapse, and convulsions (Baxter, 1979). Major 

petabolic pathways include cyanide and thiocyanate as products of acrylonitrile metabolism (Ahmed EGO, t'ia 
* .  
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et al., 1983; EPA, 1980a; Langvardt et al., 1980; Pilon et al., 1988a). The formation of cyanide 

following oral exposure is greater than inhalation or subcutaneous exposure (Gut et al., 1975). Acute 

exposure of several species of animals have been reported to lead to convulsions and coma (Dudley 

and Neal, 1942). The genotoxicity of acrylonitrile has been extensively studied. Positive results have 

been observed for all end points evaluated: gene mutations, chromosomal aberrations, DNA damage, 

and cell transformation. Tests in Drosophila melunogaster suggest that acrylonitrile may have the 

potential for genotoxicity in vivo. 

Carcinonenicitv 

Studies in rats by inhalation and oral exposure have all demonstrated that acrylonitrile is carcinogenic. 

Multiple tumor sites have been identified (Bio/dynamics, 1980a, 1980b, 1980c; Quast et al., 1980a, 

1980b). There is limited evidence that acrylonitrile is a human carcinogen. Exposure to acrylonitrile 

results in an increased incidence of lung cancer (O'Berg, 1980; O'Berg et al., 1985). Acrylonitrile 

exposure may result in an increased incidence of prostate cancer (Chen et al., 1987; O'Berg et al., 

1985). EPA has classified acrylonitrile as a probable human carcinogen (IRIS, 1988). There is 

sufficient evidence in animals to show that acrylonitrile is carcinogenic, but the human evidence is 

limited. 

B .11.2.3 Antimony 

Noncarcinogenic Toxicity 

Chronic oral exposure studies in animal models include two briefly reported lifetime drinking water 

studies with potassium antimony tartrate in rats and mice that reported reduced longevity in both 

species and reduced mean heart weight and altered blood chemistry in the rats (EPA 1992d). A 

verified chronic oral RfD of 0.0004 mg/kg/day was based on the rat study and an uncertainty factor 

of 1000. 

Chronic effects from occupational exposure include irritation of the respiratory tract, pneumoconiosis, 

pustular eruptions of the skin called "antimony spots, allergic contact dermatitis, and cardiac effects, 

including abnormalities of the ECG and myocardial changes (Elinder and Friberg 1986). Cardiac 

effects were also observed in rats and rabbits exposed by inhalation for six weeks, and in animals 

(dogs and possibly other species) treated by intravenous injection. Inhalation RfC values are not 

available from the EPA. The heart, respiratory tract, and skin are the principal target organs for a antimony. 
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Carcinogenicity 

Data were not located regarding the human carcinogenicity of antimony. Antimony fed to rats did not 

produce excess tumors (Goyer 1991), but a high frequency of lung tumors was observed in rats 

exposed by inhalation to antimony trioxide for one year (Elinder and Friberg 1986). The EPA 

( 199 1 c) has not evaluated the carcinogenicity of antimony. 

B .II.2.4 Aroclors 

Aroclors-1016, -1221, -1242, -1248, -1254, -1260 are commercially mixtures of polychlorinated 

biphenyls (PCBs). Target organs for PCBs include the skin, liver, fetus, and neonate. Epidemiologic 

studies of women in the United States have associated oral PCB exposure with low birth weight or 

retarded musculoskeletal or neurobehavioral development of their infants (ATSDR 199 1). Oral 

studies in animals have established the liver as the target organ in all species, and the thyroid as an 

additional target organ in the rat. Effects observed in monkeys included gastritis, anemia, chloracne- 

like dermatitis, and immunosuppression. Oral exposure in animal models induced developmental 

effects, including retarded neurobehavioral and learning development in monkeys. Neither verified 

nor provisional chronic oral RfD values were located for any of the Aroclors. 

Occupational exposure to PCBs have been associated with upper respiratory tract and ocular irritation, 

loss of appetite, liver enlargement, increased serum concentrations of liver enzymes, skin irritation, 

rashes and chloracne, and in heavily exposed female workers, decreased birth weight of their infants 

(ATSDR 1991). However, concurrent exposure to contaminants have confounded the interpretation 

of the occupational exposure studies. Animal models exposed by inhalation to Aroclor-1254 vapors 

exhibited moderate liver degeneration, decreased body weight gain, and slight renal tubular 

degeneration. Neither verified nor provisional chronic inhalation RfC values are available. 

Carcinogenicitv 

The EPA (1991~) has classified the PCBs as cancer weight-of-evidence Group B2 substances 

(probable human carcinogens), based on inadequate data for humans but sufficient data for animals. 

The human data consists of several epidemiologic occupational and accidental oral exposure studies 

with serious limitations, including poorly quantified concentrations of PCBs and durations of 

exposure, and probable exposures to other potential carcinogens (EPA 1992d). 
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It is known that PCB congeners vary greatly as to their potency in producing biological effects. 

There is some evidence that mixtures containing more highly chlorinated biphenyls are more potent 

1 

2 

inducers of hepatocellular carcinoma in rats than mixtures containing less chlorine by weight (EPA 

1993a). 4 

3 

The animal data consists of several oral studies in rats and mice with various Aroclors, Kanechlors or 

respectively) that reported increased incidence of liver tumors in both species (EPA 1992d). 

EPA (1991~) has presented a verified oral slope factor of 7.7 per mg/kg/day for all PCBs, based on 

liver tumors in rats treated with Aroclor-1260. 

5 

Clophens (commercial PCB mixtures manufactured in the United States, Japan, and Germany, 6 

The - 7  

8 

9 

B.II.2.5 Arsenic 

Noncarcinogenic Toxicitv 

The only noncarcinogenic effects in humans clearly attributable to chronic oral exposure to arsenic are 

dermal hyperpigmentation and keratosis, as revealed by studies of several hundred Chinese exposed to 

naturally occurring arsenic in well water (EPA 1992d). Similar effects were observed in persons 

exposed to high levels of arsenic in water in the western hemisphere. Occupational (predominantly 

inha1ation)'exposure was also associated with neurological deficits, anemia, and cardiovascular effects 

(Ishinishi et al. 1986). The EPA (1991e) has presented an RfD of 0.0003 mg/kg/day for chronic oral 

exposure, based on a NOAEL from the Chinese data and an uncertainty factor of 1. The principal 

target organs for arsenic are the skin, nervous system, blood and cardiovascular system. 

Carcinogenicity 

Inorganic arsenic is clearly a carcinogen in humans (EPA 1992d). Inhalation exposure was associated 

with increased risk of lung cancer in persons employed as smelter workers, in arsenical pesticide 

applicators, and in a population residing near a pesticide manufacturing plant. Oral exposure to high 

levels in well water was associated with increased risk of skin cancer. The EPA (1991~) has 

classified inorganic arsenic in cancer weight-of-evidence Group A (human carcinogen). An inhalation 

slope factor of 50 per mg/kg/day, based on absorbed arsenic, was derived from occupational data. 

Applying an absorption factor of 0.3 yielded an inhalation slope factor of 15 per mg/kg/day, based on 

an ambient or inhaled dose. The slope factor based on the inhaled, rather than absorbed, dose is the 

correct parameter to use in risk assessments. Assuming a human inhales 20 m3 of air per day and 

weighs 70 kilograms, the EPA (1991~) estimated an inhalation unit risk of 0.0043 d#p/tg. EPA 
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(1993) proposed an inorganic arsenic ingestion unit risk of 5.0 x 

slope factor is 1.75 per mg/kg/day assuming a 70 kg adult ingests 2 liters per day. "The uncertainties 

associated with ingested inorganic arsenic are such that estimates could be revised downward as much 

as an order of magnitude, relative to the risk estimates associated with most other carcinogens." 

per mg/l. The equivalent oral 

B .II.2.6 Bervllium 

Noncarcinogenic Toxicity 

Beryllium has a low order of toxicity when ingested because it is poorly absorbed from the 

gastrointestinal tract (Reeves 1986). Occupational exposure has induced dermatitis, acute 

pneumonitis, and chronic pulmonary granulomatosis (berylliosis). Berylliosis was also observed in 

humans living in the vicinity of a beryllium plant. Pulmonary effects also occurred in laboratory 

animals subjected to inhalation exposure. A verified chronic oral RfD value of 0.005 mg/kg/day was 

based on a NOAEL of 0.54 mg/kg/day in a lifetime drinking water study with beryllium sulfate in the 

rat, and on an uncertainty factor of 100 (EPA 1991~). The target organs for inhalation exposure 

appear to be the lungs; target organs for oral exposure are not identified. 

Carcinogenicitv 

The EPA (1 99 IC) has classified beryllium in cancer weight-of-evidence Group B2 (probable human 

carcinogen), based on inadequate human data but sufficient animal data. The human data consist of 

occupational studies that weakly associate exposure with increased risk of lung cancer, but 

confounding variables were not controlled and the studies lacked sensitivity. A significant increase in 

lung tumors occurred in three strains of rats and in rhesus monkeys subjected to inhalation exposure 

or intratracheal instillation of a variety of beryllium compounds. Osteogenic sarcomas were induced 

in rabbits and mice, but not in rats or guinea pigs injected intravenously with various beryllium 

compounds. Oral studies in animals models yielded inconclusive results. The EPA (1991~) derived 

an oral slope factor of 4.3 per mg/kg/day from a slight but statistically nonsignificant increase in total 

tumors in a lifetime drinking water study with beryllium sulfate in the rat. An inhalation unit risk of 

0.0024 per pg/m3, equivalent to 8.4 per mg/kg/day (assuming humans inhale 20 m3 of air per day and 

weigh 70 kilograms), was derived from a human occupational study. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I  

12 

13 

14 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

B - I I - 2 9 - FER\CRU~RI\TLC\APP-B\ATTACH~UUIIC 4, 1994 3: 12pm 



FEMP-OUOZ-5 DRAFT 

B.II.2.7 Carbazole 

June 15, 1994 

i 

Noncarcinogenic Toxicity 2 

Only the oral LD, in rats for carbazole has been located. The oral LD, in rats is reported to be 

greater than 5000 mgkg (EPA 1993d). 

3 

4 

The EPA has not derived chronic oral and chronic inhalation reference doses for carbazole. 5 

Carcinogenicity 6 

The EPA has classified carbazole as a cancer weight-of-evidence Group B2 substance (probable 

derived an oral cancer slope factor of 2 x 

7 

human carcinogen) based on liver tumors in mice administered carbazole in the diet. The EPA has 8 

9 mg/kg/day (EPA 1993~). 

B.II.2.8 Dieldrin 

Toxicity 

Dieldrin is toxic to both humans and animals. Clinical observations in humans indicate that the 

primary symptoms resulting from acute exposure to dieldrin are manifested as neurological and 

respiratory effects. Dieldrin exposures result in neurological effects which may include central 

nervous system excitation, convulsions, tremor, ataxia, agitation, nervousness and amnesia. 

Disturbances of sleep, memory and behavior may persist for several days or weeks after the acute 

phase of poisoning (Gosselin, 1984). In extreme overdoses central nervous system depression and 

may result in death which arises from respiratory depression. 

resulted in a syndrome indistinguishable from idiopathic epilepsy which ceased when exposure was 

terminated ( Hayes, W.J. 1957, as cited in HSDB, 1994). In addition exposure via ingestion may 

cause nausea, vomiting and diarrhea. Hematological changes include blood dyscrasia, anemia and 

leukemia. Dermal exposures result in irritation. 

exposures were not reported. 

Repeated exposures to spraymen 

Deaths associated with acute dieldrin toxic 

Carcinopenicity 

Dieldrin has been classified as a probable human carcinogen (group B2) based on inadequate human 

carcinogenicity data and sufficient animal carcinogenicity data (IRIS, .1994). 

data demonstrates that dieldrin is carcinogenic in both sexes of different strains of mice. Dose 

response data support these effects as ranging from benign liver tumors, to hepatocarcinomas with 

transplantation confirmation, to pulmonary metastases. In studies in which tumors resulted, 

Animal carcinogenicity 
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hepatocellular tumors were identified most frequently. Human carcinogenicity data is limited to one 

retrospective study which reported no statistically significant increases in cancer deaths among 1155 

organochlorine pesticide manufacturing workers (Ditraglia, 1981 as cited in IRIS, 1994). In addition, 

two studies of workers exposed to aldrin and dieldrin reported no increase in the incidence of cancer. 

Van Raalte (1977, as cited in IRIS, 1994) observed two cases of cancer (gastric and lymphosarcoma) 

among 166 pesticide manufacturing workers exposed 4-19 years and followed from 15-20 years. 

However, exposure was not quantified and workers were exposed to other pesticides (endrin and 

telodrin). In addition, the population of workers studied was small and the age of the cohort was 

young and the number of expected deaths was not calculated. Last, the duration of exposure and of 

latency was relatively short. 

B.II.2.9 1.4-Dioxane 

Noncancer Toxicity 

The acute oral toxicity of 1,Cdioxane is low; LD,,, values in laboratory animals ranged from 2000 

to 6000 mg/kg (ACGIH 1991). Repeated oral exposure was associated with severe liver and kidney 

pathology. Inhalation studies in laboratory animals failed to identify adverse effects. Liver and 

kidney pathology were observed in workers exposed to high levels in the air. Neither oral nor 

inhalation RfD or RfC values were located for 1,4dioxane. The target organs for oral exposure to 

1,Cdioxane are the liver and kidney. 

Carcinogenicity 

Cancer studies consistently associated drinking water exposure of rats to 1 ,Cdioxane with increased 

incidence of nasal cavity and liver tumors (EPA 1993a). Drinking water exposure of mice resulted in 

increased incidence of liver tumors. An inhalation study in rats was negative. Occupational studies 

are inadequate to implicate 1,Cdioxane as a human carcinogen. On the basis of sufficient evidence 

for carcinogenicity in animals and inadequate evidence in humans, 174-dioxane is classified a cancer 

weight-of-evidence Group B2 compound (probable human carcinogen). The EPA (1993a) derived an 

oral slope factor of 0.011 per mg/kg/day, based on carcinomas of the nasal turbinates in orally 

exposed rats. Risk associated with inhalation exposure was not estimated. 

B.II.2.10 DioxidFuran 

No data were located regarding the pharmacokinetics of the polychlorinated dibenzo-p-dioxins 

- ?&PCDDs) or (PCDFs) of concern; however, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) has been 
(j!O(-JLL 
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used as a surrogate for other structurally similar members of these chemical classes. Estimates of the 

gastrointestinal absorption of TCDD ranged from 50 to 86 percent of the administered dose in rats; 

comparable data were obtained for rates and hamsters (Fries and Morrow 1975; Nolan et al. 1979; 

Olson et al. 1986). In rats treated dermally with 26 ng TCDD in methanol dermal absorption after 24 

hours approximated 40 percent of that absorbed by the gastrointestinal tract after an equivalent dose in 

ethanol (Poiger and Schlatter 1980). Dermal absorption from vaseline or polyethylene glycol vehicles 

was substantially less than from methanol, but quantitative estimates cannot be made from the 

available data. 

In rodents given single oral or intrapeitonel doses, or treated for two years with TCDD in the diet, 

the highest concentrations and greatest tissue depots occurred in the liver, followed closely by adipose 

tissue (Piper et al. 1973; Poiger and Schlatter 1979; Rose et al. 1976; Kociba et al. 1976). 

Concentrations in other tissues were considerably lower than those in fat. Mouse liver continued to 

sequester TCDD more efficiently with prolonged exposure (Teitelbaum and Poland 1978). In 

nonhuman primates and guinea pigs, however, greater TCDD concentrations and tissue depots 

occurred in the adipose tissue than in the liver (Nolan et al. 1979; Van Miller et al. 1976). Data 

obtained at necropsy from one woman potentially exposed to TCDD showed concentrations in adipose 

tissue about an order of magnitude higher than levels in the liver (Facchetti et al. 1980). 

Radioactivity from intravenous dosing with [14C]2,3,7,8-TCDD has been shown to cross the placenta 

of rats and mice; concentrations of fetal tissues were lower than in maternal tissues (Moore et al. 

1976; Nau and Bass 1981). 

In rodents and guinea pigs, TCDD was metabolized by microsomal mixed-function oxidase enzymes 

to hydroxylated derivatives that were conjugated with glucuronide or sulfate for excretion via the bile 

or urine, respectively (Neal et al. 1982; Olson and Bittner 1983). The hydroxylation of several 

different PCDDs in the rat was postulated to involve formation of arene oxide intermediates (EPA 

1985a). In rats, the metabolism of TCDD was inducible but relatively slow, about four orders of 

magnitude slower than the metabolism of benzo(a)pyrene. There was considerable species variation 

in the rate of metabolism of TCDD. 
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Studies with [I4C],-2,3,7,8-TCDD showed that fecal excretion accounted for 39 to 99 percent of the 28 

29 total (fecal and urinary) excretion of radioactivity (EPA 1985a). Elhination half-!ives (assuming first 

order kinetics) ranged from 11 to 30 days, inversely correlated with species sensitivity to oo(#?-p& TCD ..- . 3 0 . ,  - ’ 
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There was considerable interspecies variation in the relative importance of fecal versus urinary 

excretion and in the elimination half-lives. 

Noncarcinogenic Toxicity 

The only effect in humans clearly attributable to TCDD was chloracne (ATSDR 1989b). The 

available data, however, also associated exposure to TCDD with hepatotoxicity and neurotoxicity in 

humans. In animals, TCDD toxicity is most commonly manifested as a wasting syndrome with 

thymic atrophy terminating in death, with a large number of organ systems showing nonspecific 

effects. Chronic treatment of animals with TCDD or a mixture of two isomers of hexachlorodibenzo- 

p-dioxin resulted in liver damage. Immunologic effects may be among the more sensitive endpoints 

of exposure to the PCDDs in animals. TCDD is a developmental and reproductive toxicant in animal 

models. Data were not located regarding the noncarcinogenic toxicity of unsubstituted dibenzofuran 

or the other PCDFs. No verified or provisional noncarcinogenic toxicity values were located for any 

of the chemicals of concern in these classes (EPA 1992b, 1992~). 

Carcinogenicity 

Data regarding the humans carcinogenicity of TCDD obtained from epidemiologic studies of workers 

exposed to pesticides or to other chlorinated chemicals known to be contaminated with TCDD, are 

conflicting (ATSDR 1989b). The interpretation of these studies is clouded, because exposure to 

TCDD was not quantified, multiple routes of exposure (dermal, inhalation, oral) were involved, and 

the workers were exposed to other potentially carcinogenic compounds. TCDD, however, is clearly 

carcinogenic in animal models, inducing thyroid, lung, and liver tumors in orally treated rats and 

mice (EPA 1985a). Similarly, oral treatment with a mixture of two hexachlorodibenzo-p-dioxin 
isomers induced liver tumors in rats and mice. On the basis of the animal data, TCDD and the 

hexachlorodibenzo-p-dioxins were assigned to EPA cancer weight-of-evidence Group B2 (probable 

human carcinogen). Although the PCDDs and PCDFs of concern were not classified, they are treated 

as probable human carcinogens, for which slope factors are derived. 

The EPA (1992b) has presented provisional oral and inhalation slope factors for TCDD of 150,000 

per mg/kg/day, based on the incidence of liver and lung tumors in an oral study in rats (Kociba et al. 

( tG(lZg3978).  In @e absence of satisfactory congener-specific cancer data, the EPA (19898) derived toxicity 
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toxicity for all members of these classes are mediated by a common mechanism (Le., binding to the 

intraculluar AH receptor of target cells). For polychlorinated dibenzo-p-dioxin and polychlorinated 

dibenzofurans; 2,3,7,8-TCDD toxicity equivalents will be calculated using the appropriate 1-TEFs/89 

Toxicity Equivalent Factors (EPA 19898). Table B.II.2-10-1 presents the TEFs developed by EPA. 

i 

2 

3 

4 

5 

Considerable uncertainty surrounds the carcinogenic potential of the PCDDs and PCDFs of concern. 6 

Although TCDD is classified as a weight-of-evidence Group B2 substance, the homologues of concern 

carcinogens) compounds not assigned to a cancer weight-of-evidence group is questionable (EPA 

1986b). 10 

7 

are not classified. The appropriateness of estimating cancer potency of (Le., regulating as 8 

9 

TABLE B.II.l-10-1 

DIOXIN AND FURAN TOXICITY EQUIVALENCY FACTORS 

Compound TEF 

Dioxins 

2,3,7,8-Heptachlorodibenzo-pdioxin (HpCDD) 

Octachlorodibenzo-p-dioxin (OCDD) 

FUaUS 

2,3,7,8-Tetrachlorodibenzo-p-furan (TCDF) 

2,3,7,8-Heptachlorodibenzo-p-furans (HpCDFs) 

Other HpCDDs 

Other TCDFs 

Other HpCDFs 

SOURCE: EPA 1989h 

0.01 
0 

0.001 

0.1 
0 

0.01 
0 .  

There is uncertainty about the slope factor for TCDD. Additional uncertainty is introduced by the use 

of the TEFs themselves, most of which were derived not from cancer data, but from in vitro data 

such as enzyme induction, which is only hypothetically related to a carcinogenic role. For example, 

the TEF of 0.001 for octachlorodibenzo-p-dioxins (OCDDs) and octachlorodibenzofurans (OCDFs) is 

based on the appearance of "dioxin-like'' effects and detectable levels of OCDD late in a 13-week 

study of male rats treated with OCDD (Couture et al. 1988) and on in vitro evidence of enzyme 
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induction (EPA 1989g). Before the Couture et al. (1988), paper was available, the TEF for these 

homologues, based on limited in vivo and in vitro data, was 0.0. 

B.II.2.11 EndosulfadEndosulfan Sulfate 

Toxicity 

No acute inhalation MRL was derived for endosulfan based on animal data because the most sensitive 

effects observed after acute inhalation exposure were trembling and ataxia in rats exposed to 2.6 

mg/m3 for four hours (Hoechst, 1983a). These effects are considered by ATSDR to be serious 

effects, and MRLs are not derived using NOAELs or LOAELs for serious end points. No acute-, 

intermediate-, or chronic-duration dermal MRLs were derived for endosulfan because of the lack of 

an appropriate methodology for the development of dermal MRLs. No acuteduration oral MRL was 

derived for endosulfan because no suitable end point was available among the reliable acuteduration 

studies. The lowest LOAEL was for a serious end point (1.8 mg/kg-day, for convulsions in pregnant 

rabbits appearing 10 days after the start of daily gavage dosing in the FMC [1981] study). The 

clinical signs common to both humans and animals after acute exposure to high doses of endosulfan 

(e.g., hyperactivity, tremors, decreased respiration, dyspnea, salivation, tonic-clonic convulsions, and 

death) point to the nervous system as the major target of toxicity. Target organs of endosulfan 

identified in experimental animals but not humans include the gastrointestinal tract, blood, liver, 

kidney, reproductive organs, and immune system. Effects observed on the respiratory and 

cardiovascular systems are most likely secondary to effects of endosulfan on the central nervous 

system control of respiratory and cardiovascular function. Very few studies have examined the 

toxicity of endosulfan following inhalation or dermal exposure in humans or animals, but the effects 

reported (e.g., central nervous system stimulation and hepatic and renal effects) are similar to those 

seen after oral exposure. A major metabolite of endosulfan, endosulfan sulfate, which is also found 

at some hazardous waste sites, is reported to have similar toxicity (WHO, 1984). Endosulfan has 

been fatal to humans following accidental and intentional ingestion of concentrated endosulfan 

solutions (Bernardelli and Gennari, 1987; Demeter and Heyndrickx, 1978; Terziev et al., 1974). 

Death has also been observed in animals following inhalation (Hoechst, 1983a), oral (Boyd and 

Dobos, 1969; Boyd et al., 1970; Chatterjee et al., 1986; FMC, 1958; 1980a, 1980b; Gupta et al., 

1978, 1981; Hoechst, 1966a, 1966b, 1970, 1975, 1988a), and dermal (Gupta and Chandra, 1975; 

Hoechst, 1989b; Nicholson and Cooper, 1977) exposure to endosulfan, but no such cases have been 

reported in humans following inhalation or dermal exposures. Death in humans and animals is 

generally attributed to respiratory arrest following convulsive seizures. Endosulfan is not readily 

(J Go 5 2 :3 
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species, sex, formulation tested, vehicle used, and nutritional status of the animal (Boyd and Dobos, 

1969; Boyd et al., 1970; Gupta, 1976; Gupta and Gupta, 1979; Hoechst, 1990, WHO, 1984). 

Outward signs of acute endosulfan toxicity are similar among species and are generally associated 

with endosulfan's effects on the central nervous system. Symptoms include hyperexcitability, 

dyspnea, decreased respiration, and fine tremors followed by tonic-clonic convulsions. Mice 

generally appear to be more sensitive to the lethal effects of endosulfan than rats (Gupta, 1976; Gupta 

et al., 1981). Female rats are more sensitive to the lethal effects of endosulfan than male rats (Gupta, 

1976; Hoechst, 1990). Cardiovascular effects, such as tachycardia and hypertension, followed by 

cardiogenic shock, increased cardiac output, and an increase in total peripheral resistance, have been 

observed in humans and animals following acute, high-level exposure to endosulfan (Anand et al., 

1980a, 1981; Shemesh et al., 1988). Systemic congestion consistent with acute heart failure has been 

observed in short-term, high-dose studies (Gupta and Chandra, 1977; Hoechst, 1970). These effects 

are only seen at doses that evoke convulsions, indicating that the cardiovascular effects are a result of 

increased central sympathetic nervous system activity. Gagging, vomiting, and/or diarrhea in humans 

and animals have been reported following acute, high-level oral exposure to endosulfan (FMC, 1958, 

1959a; Hoechst, 1989b; Terziev et al., 1974). There have been no reports of renal toxicity associated 

with acute inhalation exposure to endosulfan in laboratory animals. Acute oral and dermal exposure 

to endosulfan has been reported to cause damage to the kidneys of rats, rabbits, and dogs (FMC, 

1958, 1980a; Gupta and Chandra, 1975; Hoechst, 1970; Terziev et al., 1974). The most prominent 

signs of acute exposure to high concentration of endosulfan in humans are hyperactivity, tremors, 

decreased respiration, dyspnea, salivation, and tonic-clonic convulsions. These effects have been 

observed in cases of occupational overexposure as well as following intentional or accidental ingestion 

of large amount of endosulfan. Autopsies performed in three cases of lethal exposure to endosulfan 

in humans revealed brain edema (Terziev et al., 1974). Long-term brain damage has also been 

associated with occupational endosulfan intoxicant (Aleksandrowicz, 1979). The brain damage may 

have been a result of a direct action of endosulfan on the brain tissue or the hypoxia that accompanied 

seizures. Signs of acute endosulfan intoxication similar to those reported in humans have been 

observed in animals. Cerebral congestion and edema is often observed at necropsy in animals that die 

following acute ingestion of endosulfan (Boyd and Dobos, 1969; Boyd et al., 1970; Teziev et al., 

1974). 
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Carcinopenicitv 

No reports of cancer in humans associated with exposure to endosulfan have been found. The later 

studies by Hoechst (1988b, 1989a) show no evidence of increased neoplasms in rats or mice 

chronically exposed to endosulfan. Consumption of 3.8 mg/kgday (females) or 2.9 mg/kgday 

(males) by Sprague-Dawley rats for 2 years did not result in an increased incidence of any neoplastic 

lesion (Hoechst, 1989a). 

B.II.2.12 Ethvlbenzene 

Toxicity 

Toxicity data specific to 1,2-diethylbenzene could not be located, however, data for ethylbenzene are 

presented. Ethylbenzene is toxic to both humans and laboratory animals. Clinical observations in 

humans and observations in animals indicate that the primary symptoms resulting from acute exposure 

to ethylbenzene are manifested as neurological and respiratory depression and eye and throat 

irritation. Target organs of ethylbenzene toxicity, identified in animals but not in humans, may be the 

liver, kidney, and hematopoietic system. The exposure route of most concern to the general public 

would be low-level inhalation exposure over long periods of time. This is due to the direct release of 

ethylbenzene into the air by burning of fossil fuels or industrial processes and partitioning into the air 

from other media (e.g., soil, surface water). No deaths have been reported in humans following 

ethylbenzene exposure, but death has occurred in laboratory animals following acute exposure to high 

levels of ethylbenzene administered via the inhalation, oral, and dermal routes. The concentrations of 

ethylbenzene necessary to cause death in animals have been shown to be relatively high (1,200 - 

13,367 ppm, inhalation exposure; 4,728 mg/kg-day, oral exposure; 15,415 mg ethylbemenelkg body 

weight, dermal exposure). The principal effect in humans exposed via inhalation to high 

concentrations of ethylbenzene has been central nervous system toxicity (dizziness, vertigo) (Yant et 

al., 1930). There is considerable likelihood that human populations acutely exposed to high 

concentrations of ethylbenzene are at risk for developing neurological effects. 

Carcinogenicitv 

No association between increased cancer incidence in humans and exposure to ethylbenzene has been 

reported in current literature. The only chronic bioassay located in the literature showed a significant 

increase in tumors in rats orally exposed to ethylbenzene (Maltoni et al., 1985). These results; 

however, are inconclusive given the weakness of the study. In the 1989 Integrated Risk Information 

System (IRIS, 1989) database, EPA has classified ethylbenzene as a Group D agent (Not Classifiable 
(pJO5EG 
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been developed by EPA for ethylbenzene. 

B.II.2.13 Lead 
Noncarcinogenic Toxicity 

The noncarcinogenic toxicity of lead has been well characterized through decades of medical 

observation and scientific research (EPA 1993a). The primary effects of long-term exposure to levels 

expected to be encountered in the environment are neurological and hematological. Some of the 

effects on the blood, particularly changes in levels of certain blood enzymes, and subtle 

neurobehavioral changes in children appear to occur at levels so low as to be considered nonthreshold 

effects. In part for this reason the RfD/RfC Work Group considered inappropriate the derivation of 

an RfC or RfD for inhalation exposure, or an RfD for oral exposure (EPA 1993a). The principal 

target organs of lead are the central nervous system and the hematopoietic system. 

The EPA has developed an uptakehiokinetic model to predict blood lead levels in populations 

exposed to lead in air, diet, drinking water, indoor dust, soil and paint. This makes it possible to 

evaluate the effects of regulatory decisions concerning each medium on blood lead levels and potential 

health effects. The model is used to estimate lead uptake and subsequent blood lead levels in young 

children, who are the most sensitive subpopulation for exposure to lead. It accepts user input of 

variables pertaining to site-specific exposure to lead through air, diet, water, soil, dust, and paint 

(EPA 1990h). In the absence of data on site-specific residential exposure variables, this model is not 

applicable to Operable Unit 2. 
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OSWER Directive No. 9355.4-02 (EPA 19898) established a soil cleanup level for lead of 500 to 

1000 ppm, based on recommendations by the Centers for Disease Control designed to protect children 

from blood lead concentrations above background, which are associated with lead-induced 

neurological effects. In the absence of current measures of residential exposure and other site-specific 

variables, the OSWER directive (EPA 19898) appears to be the soundest and most defensible basis for 

evaluating the toxicity of exposure to lead in soil. 
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Carcinogenicitv 27 

Lead is assigned to cancer weight-of-evidence Group B2 (probable human carcinogen), based on 

Q 00 5 EJ7 
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29 inadequate human evidence but sufficient animal evidence (EPA 1993a). Rat and mouse bioassays 
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have shown statistically significant increases in renal tumors following dietary and subcutaneous 

exposure to several soluble lead salts. The EPA has declined to quantitatively estimate risk for oral 

exposure to lead because many factors &e., age, general health, nutritional status, existing body 

burden, and duration of exposure) influence the bioavailability of ingested lead, introducing a great 

deal of uncertainty into any estimate of risk. 

B.II.2.14 Polvcvclic Aromatic Hvdrocarbons 

Toxicity 

A single exposure to PAHs has been associated with a number of toxic effects, including initiation of 

carcinogenicity. The acute lethal toxicity of PAHs ranges from 250 mg/kg for the most potent to 700 

mg/kg for the least potent. However, most exposure situations will involve a mixture of PAHs; and, 

it is not possible to tell whether the acute lethal toxicity for a mixture will lie somewhere in between 

these values or whether toxicity will be additive. In addition, these data were obtained following 

parenteral administration, a step which by-passes metabolism in the liver; therefore, their relevance to 

human exposure is questionable. 

Carboxylesterase activity of the intestinal mucosa was decreased in rats following intragastric 

administration of 50 or 150 mg/kg/day benzo(a)anthracene or benzo(a)pyrene for 4 days; enzyme 

activity was increased following oral exposure to 100 mg/kg/day of anthracene or phenanthrene 

(Nousiainen et al., 1984 cited in ATSDR, 1990). 

Bone marrow depression (aplastic anemia and pancytopenia) leading to death was observed in mice 

whose AHH enzyme was not inducible following oral administration of 120 mg 

benzo(a)pyrene/kg/day for 180 days (Robinison et al., 1975 cited in ATSDR, 1990). 

A number of hepatic effects (enzyme and foci induction, liver regeneration and increased weights) 

have been observed in animals administered PAHs. These effects are not life-threatening but may 

precede the onset of more serious effects. A single intragastric administration of 200 mg/kg of 

benzo(a)pyrene, benzo(a)anthracene or dibenz(a,h)anthracene induced the formation of preneoplastic 

hepatocytes in a promotionhitiation bioassay in partially hepatectomized rats fed 2- 

acetylaminofluorene (Tsuda and Farber, 1980 cited in ATSDR, 1990). PAHs stimulate liver 

regeneration in partially hepatectomized rats following administration in the diet for 10 days. Non- 

carcinogenic PAHs required higher doses (Gershbein, 1975 cited in ATSDR, 1990). 
000,'23 . ,  
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0 Dermal exposure to benzo(a)pyrene in humans was associated with epidermal changes indicative of 

neoplastic proliferation, chronic dermatitis and hyperkeratosis or exacerbation of pre-existing skin 

lesions (Cottini and Mazzone, 1939; EPA, 1988 cited in ATSDR, 1990). Topical application of 

PAHs have been associated with adverse effects in animals including skin cancer, effects on sebaceous 

glands, increased number of skin melanocytes, dermal inflammation, allergic contact hypersensitivity 

1963 and Forbes et al., 1976 cited in ATSDR, 1990). 

i 

2 

3 

4 

5 

and photosensitization (Bock and Mund, 1958; Iwata et al., 1981 Klemme et al., 1987; Old et al., 6 

7 

Immunotoxic effects have been observed following dermal and parenteral administration in animals. 

PAHs that are carcinogenic are also immunosuppressive with the same rank order of potency 

(ATSDR, 1990). Effects observed have included inhibition of T-cell dependent and independent 

antibody production and inhibition of lymphocyte mediated immunity, (Blanton et al., 1986; Lyte 

and Bick, 1985; Whit and Holsapple, 1984; Wojdani et al., 1984 cited in ATSDR, 1990). 

There is no information on the developmental effects of exposure to PAHs in humans (ATSDR, 

In animals, in utero exposure to benzo(a)pyrene (10, 40, or 160 mg/kg/day orally during gestation) 

was associated with reduced mean postnatal pup weight and increased incidence of sterility associated 

with alterations in gonadal morphology and germ-cell development in male mice (Mackenzie and 

Angevine, 1981 cited in ATSDR, 1990). An observed increased incidence of stillborns, resorptions 

and malformations following dietary administration of 120 mg benzo(a)pyrene/kg/day to the dam was 

associated with the metabolic responsiveness of the offspring and the dams (Legraverend et al., 1984 

cited in ATSDR, 1990). Parental administration of a number of PAHs has been associated with a 

number of developmental effects: stillbirths, increased fetal resorptions, malformations, adverse 

gonadal histology, decreased fetal survival. 

There is no information on the effect of PAH on reproduction in humans (ATSDR, 1990). 
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Benzo(a)pyrene decreased the percentage of pregnant females at parturition in pregnant CD-1 mice 

(Mackenzie and Angevine, 1981 cited in ATSDR, 1990) and reduced the incidence of pregnancy in 

rats (Rigdon and Rennels, 1964 cited in ATSDR) but had no effect on fertility of Swiss mice (Rigdon 
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fetal survival and increased resorptions were observed following parenteral administration of 

benzo(a)pyrene (Swartz and Mattison, 1985; Bui et al., 1986 cited in ATSDR, 1990). 

implications of the results obtained following parenteral administration, which by-passes first-pass 

metabolism of the liver, to human exposure are that adverse effects on reproduction are possible. 

The 2 

3 

4 

A number of PAHs have been tested in numerous in vitro and in vivo genotoxicity studies (ATSDR, 

1990). In general, several PAHs demonstrated genotoxic potential that required metabolic activation. 

Benzo(a)pyrene produced several genotoxic effects: DNA bindingldamage, sister chromatic 

exchange, chromosomal aberration, cell transformation; effects were observed in bacterial and 

mammalian (both somatic and germ) cells. DNA damage was also observed in human cells. 

Acenaphthene, acenaphthylene or fluorene were negative for genotoxic effects and anthracene, 

phenanthrene and pyrene where negative in all but one in vitro test. 

Epidemiologic studies of humans exposed to coke-oven and roofing-tar emissions and cigarette smoke 

have demonstrated an increase in mortality due to lung cancer (Lloyd, 1971; Mazumdar et al., 1975; 

Redmond et al., 1976; Hammond et al., 1976; cited in ATSDR, 1990). Skin tumors have been 

reported among individuals exposed to mixtures containing PAHs: scrotal cancer among chimney 

sweeps and skin cancer following exposure to shade oils (Pott, 1775; Purde and Etlin, 1980 cited in 

ATSDR, 1990). While these mixtures contain PAHs they also contain a number of other potentially 

carcinogenic chemicals, tumor promoters, initiators and cocarcinogens. This concomitant exposure 

prevents making a direct causal relationship to PAHs. 

Inhalation, oral and dermal exposure to PAHs have been associated with carcinogenic effects in 

animals (ATSDR, 1990). These studies suggest that the site of tumor induction is influenced by the 

route of administration. Following inhalation exposure an increased incidence of respiratory tract 

tumors was observed. Benign and malignant tumors, adenomas, papillomas, neoplasms, and 

carcinomas of the lung, alimentary tract (particularly the forestomach), and mammary glands were 

observed following ingestion of benzo(a)pyrene, benzo(a)anthracene and dibenz(a,h)anthracene by 

rodents. A dose-responsive increase in the incidence of forestomach papillomas and carcinomas was 

observed in mice following dietary administration of 33.3 mg benzo(a)pyrene/kg/day for 30 - 197 

days (Neal and Rigdon, 1967 cited in ATSDR, 1990). The overall evidence suggests exposure to a 

PAHs are associated with an increased risk of cancer. 

O ( j Q 5 2 0  
, . .  

5 

6 

7 

8 

9 

10 

11 

12 

13 

1 4 0  15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

FER\CRUZRl\TLC\APP-B\A~ACH2Uune 4, 1994 3: 12pm B-11-41 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 0 Benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, chrysene, dibenz(a, h)anthracene, and 

indeno( 1,2,3-cd)pyrene have been demonstrated to induce skin tumors in mice following dermal 

exposure (ATSDR, 1990). Benzo(a)pyrene, in particular, is a potent experimental skin carcinogen. It 

is often used as a positive control in carcinogenesis bioassays. The dose-response relationship of 

benzo(a)pyrene and skin tumors has been investigated in a number of studies (Cavalieri et al., 1988; 

Shubik and Porta, 1957; Bingham and Falk, 1969; Wynder and Hoffman, 1959; Warshawsky and 

Barkley, 1987 cited in ATSDR, 1990). Benzo(a)pyrene has been demonstrated to induce malignant 

skin tumor at exposures as low as 0.0054 mg/kg/day; however, the solvent and strain of mouse tested 

will influence the tumorigenic dose (Bingham and Falk, 1969; Warshawsky and Barkley, 1987 cited 

in ATSDR, 1990). 

B.11.2.14.1 Pvrene 

Mice administered intraperitoneal injections of pyrene on days 1, 8, and 15 of age did not 

demonstrate a treatment-related increase in tumor incidence (Wislocki et al., 1986 cited in IRIS, 

2/93). Pyrene was not positive or inconclusive in mouse skin-painting assays (Badger et al., 1940; 

Horton and Christian, 1974; Van Duuren and Goldschmidt, 1976; Salaman and Roe, 1956; Scribner, 

1973 cited in IRIS, 2/93). Subcutaneous injection of pyrene did not produce tumors in Jackson A 

mice (Shear and Leiter, 1941 cited in IRIS, 2/93). The EPA has classified pyrene as a class D 

carcinogen; not classifiable as to human carcinogenicity due to no human data and inadequate data 

from animal bioassays. 

Reference Dose 

The US FDA has established as RfD of 3E-2 based on administration of 0, 75, 125, or 250 

mg/kg/day pyrene by oral intubation for 13 weeks (EPA, 1989 cited in IRIS). Minimal to mild 

nephropathy (renal tubular pathology and decreased kidney weights) was observed; the dose 

relationship was moderate. The uncertainty factor was 3000 due to species variability and lack of 

additional toxicity studies. The overall confidence in the RfD is low due to gaps in the database. 

B. 11.2.14.2 Benzo(k)fluoranthene 

In a lifetime study in female rats, lung implants of 0.65, 3.4, or 17 mg/kg benzo(k)fluoranthene 

exhibited a dose-related increase in the incidence of epidermoid carcinomas in the lung and thorax. 

Equivocal incidences of lung adenomas and hepatic adenomas and hepatomas were reported in mice 

administered intraperitoneal injections of 120 ug benzo(k)fluoranthene/mouse on days 1, 8, 15 of age 

0 

i 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

I I  

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 . .  . . :  
. *  

FER\CRUZRI\TLC\APP-B\ATTACHZUune 4, 1994 3: 12pm B-11-42 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

(LaVoie et al., 1987 cited in IRIS, 2/93). Benzo(k)fluoranthene was positive in mouse skin-painting 

assays (Van Duuren et al., 1966; LaVoie et al., 1982; Amin et al., 1985 cited in IRIS, 2/93). Based 

on these data, EPA has classified benzo(k)fluoranthene as B2 "probable" human carcinogen. 

B.II.2.14.3 Benzo(b)fluoranthene 

In a lifetime study in female rats, lung implants of 0.4, 1.2, or 4.1 mg/kg benzo(b)fluoranthene 

exhibited a dose-related increase in the incidence of epidermoid carcinomas and pleomorphic sarcoma 

in the lung and thorax. Equivocal incidences of lung adenomas and hepatic adenomas and hepatomas 

were reported in mice administered intraperitoneal injections of 126 pg benzo(b)fluoranthene/mouse 

on days 1, 8, 15 of age (LaVoie et al., 1987 cited in IRIS, 2/93). Injection site sarcomas were 

observed in mice administered subcutaneous injections of benzo(b)fluoranthene (2.6 mg total dose) 

over 2 months (Lacassagne et al., 1963 cited in ATSDR, 1990). Benzo(b)fluoranthene was positive 

for complete carcinogenesis and initiation in mouse skin-painting assays (Wynder and Hoffmann, 

1959; LaVoie et al., 1982; Amin et al., 1985 cited in IRIS, 2/93). Based on these data, EPA has 

classified benzo(k)fluoranthene as B2 "probable" human carcinogen. 

B.II.2.14.4 Benzo(a)Dvrene 

There are multiple animal studies demonstrating increased incidence of carcinogenic effects following 

oral, intratracheal, inhalation and dermal administration of benzo(a)pyrene. Benzo(a)pyrene has been 

shown to be an initiator and a complete carcinogen following dermal application (IARC, 1973 cited in 

IRIS, 2/93). A dose-responsive increase in squamous cell papillomas and carcinomas of the 

forestomach was observed following oral administration of 1 - 250 ppm benzo(a)pyrene to rats and 

hamsters for 197 days (Rigdon and Neal, 1966, 1969 cited in IRIS, 2/93). The incidence of 

respiratory tract and upper digestive tract tumors were increased following intratracheal instillation or 

inhalation of benzo(a)pyrene by guinea pigs, hamsters and rats (EPA, 1991 cited in IRIS, 2/93). 

Inhalation exposure of hamsters to benzo(a)pyrene at 9.5 mg/cubic m/day for 10 weeks was 

associated with development of tumors of the nasal cavity, larynx, trachea and pharynx. At the next 

highest dose, 45 mg/m3/day, neoplasms were also observed in the upper digestive tract. The lowest 

dosed, 2.2 mg/m3/day, animals did not develop tumors (Thyssen et al., 1981 cited in IRIS, 2/93). 

Intraperitoneal and subcutaneous injection of benzo(a)pyrene is associated with injection site tumors 

(EPA, 1991 cited in IRIS, 2/93). Based on no human data and sufficient animal data benzo(a)pyrene 

is classified, B2; probable human carcinogen. EPA has calculated an oral slope factor of 5.8 
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0 per(mg/kg)/day and an inhalation slope factor of 6.1 (mg/kgday)-'. These slope factors are utilized i 

in the quantification of risk of all carcinogenic PAHs (HEAST FY 1992). 2 

B.II.2.14.5 Acenauhthvlene 3 

Dermal application of acenaphthylene (0.25%) did not cause tumor development in a lifetime study in 

mice (Cook, 1932). While no control was used in this study other PAHs tested did result in skin 

4 

. 5 

6 tumor formation. EPA has classified acenaphthylene as a class D carcinogen; not classifiable as to 

human carcinogenicity (IRIS, 2/93). 7 

B.II.2.14.6 Phenanthrene 

Two skin painting assays were negative for complete carcinogenic activity; 1 out of 5 mouse skin 

painting assays was positive for initiation (IRIS, 2/93). Tumorigenic activity was not detected 

following intraperitoneal injection of phenanthrene (0.25 mg total dose) on days 1, 8, and 15 after 

birth (Buening et al., 1979 cited in IRIS, 2/93). A single subcutaneous injection of 40 ug 

phenanthrene in albino mice was not overtly tumorigenic (Grant and Roe, 1963 cited in IRIS, 2/93). 

No tumors were reported in mice receiving a single subcutaneous injection of 5 mg phenanthrene 

(Steiner 1955 cited in IRIS, 2/93). EPA has classified phenanthrene as a class D carcinogen; not 

classifiable as to human carcinogenicity. 

B.II.2.14.7 Benzo(a)anthracene 

Increased incidence of pulmonary tumors and hepatomas was observed mice following oral gavage 

with 500 mg benzo(a)anthracene/kg/day 3 times/week for 5 weeks (Klein, 1963 cited in IRIS, 2/93). 

A single gavage dose of 0.5 mg benzo(a)anthracene was not tumorigenic while multiple gavage 

treatments (8 or 16 over 16 months) resulted in forestomach papillomas (Bock and King, 1959 cited 

in IRIS, 2/93). Following intraperitoneal injection of benzo(a)anthracene on days 1, 8, and 15 of age 

(638 ug/mouse total dose) the incidence of liver adenomas or carcinomas was increased in treated 

male mice while the incidence of pulmonary adenomas or carcinomas was increased in treated females 

(Wislocki et al., 1986 IRIS, 2/93). Benzo(a)anthracene was positive as a complete carcinogen and as 

an initiator in mouse skin painting bioassays (IAFK, 1973 cited in IRIS, 2/93). Injection site 

sarcomas were observed following subcutaneous or intramuscular injection of benzo(a)anthracene 

(Steiner and Falk, 1951; Steiner and Edgecomb, 1952; Klein, 1952 cited in IRIS, 2/93). EPA has 

classified benzo(a)anthracene as a B2 "probable" human carcinogen. 0 
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B.II.2.14.8 NaDhthalene 

No treatment-related tumors developed in rats fed a 

naphthalene/kg/day (total dose administered was 10 

diet supplemented with 360 mg 

ghat) (Schmahl, 1955 cited in IRIS, 2/93). 

Pulmonary tumors developed in mice following inhalation exposure to 0, lo, or 30 ppm naphthalene 

for 6 hours/day, 5 days/week for 6 months; no dose-response was observed (Adkins et al., 1986 cited 

in IRIS, 2/93). The number of gamma-glutamyl transpeptidase positive foci, an early neoplastic 

indicator, was not increased following single gavage administration of 100 mg naphthalene/kg (Tsuda 

et al., 1980 cited in IRIS, 2/93). No carcinogenic responses were observed in rats after 

intraperitoneal injection of 20 mg naphthalene/kg once a week for 40 weeks (Schmahl, 1955 cited in 

IRIS). Naphthalene was negative as a complete carcinogen or initiator in mouse skin-painting assays 

(Kennaway, 1930; Schmelts et al., 1978 cited in IRIS). EPA has classified naphthalene as a class D 

carcinogen. 

B .II.2.14.9 Benzok. h. ihervlene 

Benzo(g,h,i)perylene was negative as a complete carcinogen or and initiator in mouse skin painting 

assays (IRIS, 2/93). Rats with benzo(g,h,i)perylene lung implants did not develop increased 

incidence of epidermoid carcinomas in the lung or thorax (Deutsch-Wenzel et al., 1983). Mice 

injected subcutaneously with 0.1, 1, or 10 mg benzo(g,h,i)perylene once every 2 weeks for 20 weeks 

did not develop tumors (Muller, 1968 cited in IRIS, 2/93). EPA has classified benzo(g,h,i)perylene 

as a class D carcinogen. 

B.II.2.14.10 Chrvsene 

Chrysene tested positive as a complete carcinogen and an initiator in mouse skin painting studies 

(IRIS, 2/93). The incidence of liver adenomas or carcinomas and lung adenomas was increased in 

male, but not female, mice administered intraperitoneal injections of chrysene on days 1, 8, and 15 of 

age (total dose was 160 or 640 ug/mouse) (Wislocki et al., 1986 cited in IRIS, 2/93). Intraperitoneal 

injection of chrysene on days 1, 8, and 15 of birth resulted in increased incidence of hepatic tumors 

in treated male mice and not treated females (Chang et al., 1983). Based on these data, EPA has 

classified chrysene as a B2 "probable" human carcinogen. 

B.II.2.14.11 Fluoranthene 

Fluoranthene was consistently negative as a complete carcinogen in mouse skin painting studies (INS, 

2/93). EPA has classified fluoranthene as a class D carcinogen. 
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Reference Dose 

The US FDA has established an IUD of 4E-2 based on gavage administration of 0, 125, 250, or 500 

mg/kg/day fluoranthene to mice for 13 weeks. The mid and high dose mice exhibited nephropathy, a 

dosedependent increase in liver enzymes and weights, and increased salivation. The uncertainty 

factor was 3000 due to species variability, the use of a subchronic study and lack of additional 

toxicity data. The overall confidence in the RfD is low due to gaps in the database. 

B.Jl2.15 Thallium. Soluble Salts 

Noncarcinogenic Toxicitv 

Thallium is highly toxic; acute ingestion in humans or laboratory animals induces gastroenteritis, 

neurological dysfunction, and renal and liver damage (Kazantzis 1986). Chronic ingestion of more 

moderate doses characteristically causes alopecia. Thallium was once used medicinally to induce 

alopecia in cases of ringworm of the scalp, sometimes with disastrous results. In industrial exposure 

(inhalation, oral, dermal), neurologic signs precede alopecia, suggesting that the nervous system is 

more sensitive than the hair follicle. The EPA (1991~) has derived a chronic oral RfD of 8 x 10” 

mg/kg/day based on increased incidence of alopecia and increased serum levels of liver enzymes 

indicative of hepatocellular damage in rats treated with thallium sulfate for 90 days. An uncertainty 

factor of 3000 was used. Chronic oral RfDs have also been developed for thallium acetate, thallium 

carbonate, thallium selenite, thallium chloride and thallium mononitrate based on the study performed 

with thallium sulfate. These oral RfDs are calculated by analogy to thallium sulfate by correcting for 

molecular weight differences. These RfDs range from 8 x to 9 x 10” mg/kg/day. Target organs 

for thallium include the gastrointestinal tract (acute exposure), central nervous system, skin, kidneys 

and liver. 
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B.II.2.16 Tributvl Phosphate 

Noncancer Toxicitv 

Tributyl phosphate exhibits rather low acute oral toxicity; the oral singledose LD, in rats was 

3000 mg/kg (ACGIH 1986). The compound is a weak cholinesterase inhibitor and induces paralysis 

and anesthesia, as well as lung edema, when given orally or parenterally (ACGIH 1986; Sandmeyer 

and Kirwin 1981). Irritation of the skin and mucous membranes and lung edema results from 

inhalation exposure. Occupational exposure to 15 mg/m3 was associated with headache and nausea. 

Carcinogenicity 

Data were not located regarding the carcinogenicity of tributyl phosphate. However, the compound 

was negative for mutagenicity in Salmonella and Drosouhila. 

B.II.2.17 1.1 .2-Trichloro-l,2.2-trifluoroethane 

Noncancer Toxicity 

The acute oral toxicity of 1,1,2-trichloro-l,2,2-trifluoroethane is low (ACGIH 1986). Occupational 

exposure to moderate levels was not associated with adverse effects, although acute exposure to 

grossly high levels was implicated in several dry-cleaning fatalities. CNS effects were observed in 

humans exposed to high levels. Inhalation exposure to very high levels in animals sensitized the heart 

to epinephrine, resulting in serious cardiac arrhythmia. The EPA (1993a) presented a verified chronic 

oral RfD of 30 mg/kg/day based on an NOAEL from an occupational study and an uncertainty factor 

of 10. The EPA (1992b) presented a provisional subchronic oral RfD of 3 mg/kg/day, based on an 

NOEL in an inhalation study in rats and an uncertainty factor of 100. It is clear that the provisional 

subchronic oral RfD is inappropriate because it implies that the toxic potency of subchronic exposure 

is greater than the toxic potency of chronic exposure. For this reason, the chronic oral RfD of 30 

mg/kg/day is adopted as sufficiently protective for subchronic exposure. The EPA (1992b) also 

presented 27 mg/m3 as a provisional subchronic and chronic inhalation RfC, based on the rat 

inhalation data and an uncertainty factor of 100. The inhalation RfC is equivalent to 8 mg/kg/day, 

assuming an inhalation rate of 20 m3/day and a body weight of 70 kg for humans. Target organs for 

inhalation exposure to 1,1,2-trichloro-1,2,2-trifluoroethane are the CNS and the heart. 

Carcinogenicity 

There were no reports of carcinogenicity associated with 1,1,2-trichloro-1 ,2,2-trifluoroethane 

(ACGIH 1986). 
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ATTACHMENT B.III 

INTAKE TABLES FOR CARCINOGENIC AND NONCARCINOGENIC RISK 2 

3 

The following attachment has been assembled to supplement the information provided in Section B.2 4 

of this Baseline Risk Assessment. This attachment contains summary tables of the CPC screening 5 

6 

7 

procedure, exposure point concentrations, intake and risk calculations. 

00852'8 . 
. ,  . .  *.,: 

FER\CRU2RnNMGWP-BU'ITACH3Uuae 14.1594 1l:OOam B-III-ii 



LIST OF TABLES 
FOR APPENDIX 3.m 

. . . . . . . . . . . . . . . . . . . . . . . . ._ ........ . :... ... ..:... 

'.* - . 
FEMFWUM-5 DFWT 

June 15. 1994 

Table . Title Page 4 

B .3.1-2(a) 
B.3.1-2(b) 
B .3.1-2(~) 

m 
B.3.1-4 

B.3.1-6 

B.3.1-7 

B.3.1-8(a) 

B.3.1-8(b) 

B.3.1-9(a) 

B.3.1-9(b) 

B.3.1-10 

B.3.1-11 

3.1-12(a) 

B.3.1-12@) 

Active Flyash Pile: Surface Flyash Material, CPCs . . . . . . . . . . . . B-III-1 
Active Flyash Pile: Subsurface Flyash Material, CPCs . . . . . . . . . . B-III-3 
AFP - IFP - SF: Groundwater - lo00 Series Wells ,CPCs . B-111-5 

kc? I C s  * * ,  . . . . B - € w  
3 s .  . . . . . . . . . . . . B-m-9 
Active Flyash Pile: Current, Soil, Trespassing Youth, Carcinogens 
and Non-Carcinogens . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . B-III- 13 
Active Flyash Pile: Current, Surface Water, Trespassing Youth, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . B-111- 17 

Active Flyash Pile: Current, Surface SoiUAir, Off-Property Farmer, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . B-In-2 1 
Active Flyash Pile: Current, Surface Soi 
Child, Carcinogens and Non-Carcinoge 

yash Pile: Current, Beef and Mil 
, Off-Property Farmer, Carcinoge 
yash Pile: 'Current, Beef and Mil 
, Off-Property Child, Carcino 

ent, Home Grown Produ 
, Off-Property Farmer, Carc 

Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-29 
ent, Home Grown Pr 

, Off-Property Child, Car Non- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-III-31 

ent User of Meat and Mil 
, Carcinogens and Non-Carc . . . . . . B-III-33 

Active Flyash Pile: Current 
Non-Carcinogens . . . . . . 
Active Flyash Pile: Future, Surface Soil/Air, Off-Property Farmer 

Groundkeeper, Carcinogens and 
. . . . . . . . . . . . . , . . . . . . . . B-111-35 

, Carcinogens and Non-Carcinogens . . . . . . . . . B-111-39 
, Surface Soil/Air, Off-Property Reside& 
, Carcinogens and Non-Carcinogens . . . . . B-III-41 

5 

6 

7 

8 

9 

10 

I I  

12 

13 

14 

IS 

16 

17 

ia 

19 

2n 

21 

22 

23 

24 

.'-I : *  , 
* b : t j , >  

~ 0 ~ " ' M J  FJZR\CRUZRIWMGMPP-BUTTACH3Uunc 14. 1994 I1:oOam B-111-iii U -  



FEMP-OUM-5 DRAFT 
June 15.1994 

LIST OF TABLES 
FOR APPENDIX B-IIl 

(Continued) 

Table Title Page 

B.3.1-13(a) 

B.3.1-13(b) 

B.3.1-14(a) 

B.3.1-14(b) 

B.3.1-15(a) 

B.3.1-15(b) 

B.3.1-16 

B.3.1-1 

' 3  

yash Pile: Future, B 
, Off-Property Farmer and 

Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-m-47 
. .... 

Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-111-5 1 

re, Home Grown Produce 
Off-Property Farme , 

Carcinogens and Non-Carcinogens , . . . . . . . . . . . . . . . . . . . . . . B-111-63 
. . . . . . . . 

: Future, Home Grown Produce 
, Off-Property Child , 

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . B-IU-67 

Active Flyash Pile: Future, Groundwater, Off-Property Farmer 
, Carcinogens and Non-Carcinogens . . . 

h Pile: Future, Groundwater, Off-Property Chi1 
, Carcinogens and Non-Carcinogens . . . . . . . 

oil, Expanded Trespasseig 

Water, Expanded Trespasse$g 
. . . . . . . . . . . . . . . . . . . . . . B-III-95 

. . . . . . . . . . . . . . . . . . . . . .  B-III-99 

FER\CRU2RIWMGWP-BUlTACH3Ulmc 14. 1994 11:- B-III-iv 

1 

2 

3 

4 

5 

6 

1- 

a 

9 

10 

11 

12 

13 

14 



LIST OF TABLES 
FOR APPENDIX B-III 

(Continued) 

Table Title Page 
B.3.1-17(&) Active Flyash Pile: Future, Sediment, Expanded Trespasserg i 

... ... . . . . . . . . . . . . . . . . . . . . . . B-III-101 
B.3.1-18(a) 2 

Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-III-103 
... 

Active Flyash Pile: Future, Surface Soil Property fsetrce 3 

B .3.1.19-(a) Active Flyash Pile: Future, Groundwater, On-Property 4 

B.3.1.'19-@) Active Flyash Pile: Future, Groundwater, On-Property @W&Rel& 5 

Child, Carcinogens and cinogens . . . . . . . . B-111- 105 

Fame , Carcinogens and Non-Carcinogens . . . . . . . B-111-107 

l?e&ki% Child, Carcinogens and Non-Carcinogens . . . . . . . . . . . . B-111- 1 1 1 

B.3.1-18@) 

. .  :' B. 3.1 -2O(a) , Home Grown Produce 6 

Property 
and Non-Carcinogens . . . . . . . . . . . . B-111-115 

B.3.1-20@) re, Home Grown Produ 

B.3.1-21(a) yash Pile: Future, Beef and Mil 
. . . . . . . . . . . . 

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . 

B-III-119 

B-III- 123 
B.3.1-21(b) 9 

B.3.1-22 . Active Flyash Pile: Futu 10 

B.3.1-23 re, Groundwater, On-Property 11 

, Carcinogens and Non-Carcinogens . . . . . . B-111-133 
B.3.1-24 12 

B.3.1-25 13 

, On-Property 

B.3.1-26(a) 14 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-145 

FER\CRU~RMMGWP-BU'ITACH~UUIX 14. 1994 11- B-III-v 



FEMP-OUM-5 DRAFT 
June 15. 1994 

LIST OF TABLES 
FOR APPENDIX B-m 

(Continued) 

B.3.1-26(b) 

B.3.2-2(a) 
B.3.2-2(b) 

w 
B.3.2-4 

B.3.2-5 

Table Title Page 

. . . . . B-III-147 

. . . . . . . . . 

B.3.2-6 

B. 3.2-7(a) 

B. 3.2-7(b) 

B.3.2-8(a) 

B.3.2-8@) 

B.3.2-9(a) 

B .3.2-9(b) 

B.3.2-10 

B.3.2-11 

0 ~ 0 ~ ~ 2  

South Field: Surface Soil, CPCs . . . . . . . . . . . . . . . . . . . . . . . . B-III-153 
South Field: Subsurface Soil, CPCs . . . . . . . . . . . . . . . . . . . . . B-III-156 

. . . . . . . 
, CPCS . . . . . . . . . . . . . . . . . . . B-III-159 

South Field: Current, Surface Soil, Trespassing Youth, Carcinogens 
and Non-Carcinogens . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . B-111-167 
South Field: Current, Surface Water, Trespassing Youth, Carcinogens 
and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-111-175 
South Field:. Current, Sediment, Trespassing Youth, Carcinogens and . 

Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-III-177 
South Field: Current, Surface Soil, Off-Property Resident Farmer, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . B-III- 179 
South Field: Current, Surface Soil, Off-Property Resident Child, 
Carcinogens and Non-Carcinogens . . . . . . . , . . , . . . . . . .. . . . . B-III- 18 1 

South Field: Current, Beef and Mi 

South Field: Current, Beef and Mil 

South Field: Current, Home Grown Produce 

Farmer, Carcinogens and Non-Car . . . . . . . . . . . . . . . . . B-III-183 

Off-Property Farmer, Carcinogens and Non- . . . . . . . . B-III-187 

ettfsiiiegees..................................... B-III-193 

0 
1 

2 

3 

4 

5 

6 

7 

E 

0 10 

11 

12 

13 

14 

IS 

16 

17 

18 

FER\CRU~RRNMGWP-BUTTACH~UUIE 14. 1W4 11:- B-III-vi 



FEMP-OUOZ-S DRAFT 
June IS. 1994 

LIST OF TABLES 
FOR APPENDIX B-III 

(Continued) 

Table Title Page 

South Field: Future, Surface Soil, Off-Property Farmer@?&& .,.... ...... .:".:..'.~.:.....~ B .3.2- 12(a) 

B .3.2- 12(b) 

B.3.2-13(a) 

B .3.2- 13(b) 

. .  8 + jgg:EX*j ,,,' *::. ...................... 'i. .................... ........................ . . . . .  

*:$arfXa . . . .  -1:. 

....... :E ... :.- ..... ::;:;: ... :...:.:. . . .  
e. 

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

B. 3.2- 14(a) 

B .3.2- 14(b) 

@;ys ..... $q..j 
......+. .... 5. ...*. ............. ....................................................... 

B.3.2-15(a) 

B. 3.2- 15(b) 

...... , Carcinogens and Non-Carcinogens . . . . . . . . . . . .  , . 

, Carcinogens and Non-Carcinogens . . . . . . . . .  
Surface Soil, Off-Property Re&ht-C hild 

. . . . .  

Off-Property Farmer 
Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
South Field: Future, Beef and 
off-Property ResieeRcc 
Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d: Future, Home Gr 
Off-Property Farme 

d: Future, Home Grown Pr 
............ Off-Property &&hKhil 

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . .  

South Field: Future, Groundwater, Off-Property Fame 
, Carcinogens and Non-Carcinogens . . . . . . . . . . . . . .  

Groundwater, Off-Property Redenf Child 
, Carcinogens and Non-Carcinogens . . . . . . . . .  .... 

. . . . . . . .  . . .  

B-III- 197 

B-III- 199 

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

B-III-205 

B-III-209 

B-111-22 1 

B-III-225 

B-III-237 

B-III-241 

FER\CRUZRnNMGW"-BUTTACH3Uuac 14. 1994 11:oOam B - m - V i  



LIST OF TABLES 
FOR APPENDIX B-III 

(Continued) 

FEMP-OUOZ-5 D M  
June 15, 1994 

Table Title Page 

. . . . . . . . . . . . . .  
B .3.2- 16 

B.3.2-17 

B.3.2-18 

B .3.2- 19(a) 

B .3.2- 19(b) 

B. 3.2-20(a) 

B .3.2-20(b) 

B. 3.2-2 1 (a) 

B. 3.2-2 1 (b) 

B. 3.2-22(a) 

B .3.2-22(b) 

B.3.2-23 

B.3.2-24 

B .3.2-25 

B .3 -2-26 

"B .3.2-27 

,. ' ., 
, -  

ooomq FERKRUZRRNMGI 

urface Soil, Expanded Trespasse B-111-253 
. . . . . . . . . . . . .  i . . . . . . . . . . . . . . . .  

B-III-257 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

, Expanded Trespasse6 B-111-259 
. . . . . . . . . . . . . . . . . . . . . .  
n-Property Reskki& Farmer;- ' 

. . . . . .  .' . . . . .  B-III-26 1 
South Field: Future, Surface Soil, On-Property Re&h€-C hild, 

South Field: Future, On-Property Farmer 

South Field: Future, On-Property Child, Groundwater, Carcinogens 

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . .  B-III-265 

Groundwater, Carcinogens and Non-Carc . . . . . . . . .  B-III-269 

and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-III-273 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-277 

, Carcinogens and Non-Carcinogens 

, Carcinogens and Non-Carcin 

. . . . . . . . . . . . .  B-III-297 

Home Grown Produ 

outh Field: Future, On-Subunit Homebuilder, 
Carcmogens and Non-Carcinogens . . . . . . . . . . . .  B-III-309 

IAPP-B\AlTACH3Ulmc 14.19W 11:oOam B-III-viii 

I 

6 

7 

8 

10 

11 

16 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

LIST OF TABLES 
FOR APPENDIX B-Ill 

(Continud) 

Table Title Page 

B .3.2-28(a) South Field: CurrentFuture, 
Great Miami River 

Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-III-3 13 
B.3.2-28@) 

B .3.3-2(a) 
B .3.3-2(b) 
B.3.3-2(~) 

B.3.34 

B.3.3-5 

B .3.3-6(a) 

B .3.3-6(b) 

B .3.3-7(b) 

B.3.3-8(b) 

B. 3.3-9 

B.3.3-10 

. . . . . . . . . . . . . . . ... B-III-315 
South Field: Currenfluture, Great Miami River Surface Water 
Affected Great Miami River User, Carcinogens and Non-Carcinogens 
South Field: CurrentFuture, Great Miami River Surface Water 
Affected Great Miami River Agricultural User , Adult Carcinogencs 
and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . B-111-3 19 
Inactive Flyash Pile: Surface Soil,. CPCs . . . . . . . . . . . . . . . . . . B-III-321 

B-III-317 

CS . . . . . . . . B-111-323 
B-III-326 Inactive Flyash Pile: . . . . . . . . . . . 

. . . . . , . . . . . 

P n  
Y" . . . . . . . . . . . . . . . . . . . . 

Inactive Flyash Pile: Current, Trespassing Youth, Surface Soil, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . .. . . . . . . . . . 
Inactive Flyash Pile: Current, Trespassing Youth, Sediment, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 
Inactive Flyash Pile: Current, Off-Property Fanner, Surface Soil, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 

operty (seuww@ 

RW+Beef and Milk 
Carcinogens . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

, Carcinogens and Non- 

, Off-Property Child, Beef and Milk 
and Non-Carcinogens . . . . . . . . . . . 

t, Off-Property Farmer, Home Grown 
arcinogens and Non-Carcinogens . . . . . . 

, Carcinogens and Non-Carcinogens . . . . . . 
rrent, User of Milk and M 

inogens and No 
ent, Groundskeeper 

Carcinogen and Nokcarchogens . . . . . . . . . . . . . . . . . . . . . . . 

ent, Off-Property Child, Home Grown 

B-III-336 

B-III-340 

B-III-342 

B-III-344 

B-111-346 

B-III-348 

B-III-350 

B-III-352 

B-III-354 

B-III-356 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

I I  

12 

13 

14 . 

15 

16 

17 

18 

19 



LIST OF TABLES 
FOR APPENDIX B-IIl 

(Continued) 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

Table Title Page 

B.3.3-ll(a) 

B.3.3-1 l(b) 

B .3.3- 12(a) 

B .3.3- 12(b) 

B.3.3-13(a) 

B. 3.3- 13(b) 

B.3.3-14(a) 

B .3.3- 14(b) 

Pile: Future, Off-Property Farme 

Pile: Future, Off-Property Resident Chil 

rface Soil, Carcinogens and Non- . . . . .  B-III-360 

Surface Soil, Carcinogens and Non-Carcino . . .  B-III-362 

. . .  

. . . . . .  B-III-368 

Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-372 

ash Pile: Future, 0 

arcinogens and Non-Carcino 
Home Grown Produ 

h Pile: Future, 
Home Grown Produce 

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . .  B-III-388 

ash Pile: Future, Off-Property Farme 
Groundwater, Carcinogens and No 

.......................... . .  Inactive Flyash Pile: Future, Off-Property Chil 
Groundwater, Carcinogens and Non-Carcinogens . . . . . . . . . . . . .  B-III-404 

FER\CRUZ~NMG\APP-B~~ACH~U~D~ 14. 1994 I1:oOam B-III-x 

I 

2 

3 

4 

5 

6 

7 

a a 

9 

IO 

II 

12 

13 

14 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

LIST OF TABLES 
FOR APPENDIX B-III 

(Continued) 

Table Title Page 
&iF.:%-zf*@ 
.. ..?:.:. x.:..?:: .... .................................... ..~.~ i... ; 

B.3.3-15 

B.3.3-16 

B.3.3-17 

B.3.3-18(a) 

B.3.3-18@) 

. B.3.3- 19(a) 

B. 3.3- 1 9(b) a ' _  

B. 3.3-20(a) 

gp3.:ymj :... .:... 
. . . 2.. ..:: ..... -i:L ... ii .. i 
ii.. ........... -:_.:..:_. :..... ....... .......... : 

B .3.3-2 1 (a) 

B. 3.3-2 l(b) 

B. 3.3-22 

B.3.3-23 

B. 3.3-24 

B.3.3-25 

Inactive Flyash Pile: Future, Expanded Trespasser, Surface Soil, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 
Inactive Flyash Pile: Future, Expanded Trespasser, Surface Water, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 
Inactive Flyash Pile: Future, Expanded Trespasser, Sediment, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 
Inactive Flyash Pile: Future, On-Property Resident Farmer; :@ME, 

Surface Soil, Carcinogens and Non-Carcinogens . . . . . . . . 
Inactive Flyash Pile: Future, On-Property Resident Child, Surface 
Soil, Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . 
Inactive Flyash Pile: Future, On-Property (&&+k&j ' Farmer 

, Groundwater+€WWUt@, Carcinogens and Non- 
arcmogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Inactive Flyash Pile: Future, On-Property (Se&+&W hild, 
Groundwater; , Carcinogens and 
Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

E Inactive Flyash Pile: Future, 0 
, Home Grown Produ 

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 

Inactive Flyash Pile: Future, On-Property @m&-F&Q . Farmer @ME 

. . . . . . . . 

Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 

$-m4:n ..... .... . . . . . . ..i ii............. 

B-111-4 16 

B-111-420 

B-111-422 

B-111-424 

B-111-426 

B-111-428 

B-111-432 

B-111-436 

&&Sa 

B-III-444 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . ......... ... . . ..... ................. . 

B-III-448 

B-111-452 

B-111-454 

B-111-458 

B-I I I42  

i 

2 

3 

4 

5 

6 

7 

a 

9 

10 

I I  

12 

13 

14 

IS 

16 



FEMP-OUM-5 DRAFT 
June IS. 1994 

LIST OF TABLES 
FOR APPENDIX B-ID 

(Continued) 
~ ~~ 

Table Title Page 

B. 3.3-26(a) 

B. 3.3-26(b) 

8 g.$3?%@ 
6 :* -.tc . . . . . . . . . . . . . . . . . . . .. , .:.: ........... ::..:...:.:.: .... :.: ..\. :. .: ..... : 

Inactive Flyash Pile: 
Water, Great Miami 

. . . . B-III-468 

a?.+y2j+.$g .. .. ... ...- 
....... :.::.>:B ..... *..:.:.: ...,. :.. :.:.:.. .. ..:..-._. . .. ..__ .._.... . . . . .. . 

B .3.4-2(a) 
B .3.4-2(b) - 
w 
B.3.4-2(%) 
&y&g@j 

w 
. . ..*-. ..? ..... :..: _.._ , ... ............................... .____: 

B.3.44 

B.3.4-5 

B.3.4-6 

B. 3.4-7(a) 

B. 3.4-7(b) 

B .3.4-8@) 

) . . . . . . . . . . .  B-€E3?4 

Solid Waste Landfill: Surface Soil, CPCs . . . . . . . . . . . . . . . . . . B-III-474 
Solid Waste Landfill: Subsurface Soil, CPCs . . . . . . . . . . . . . . . . B-111-476 
I-: €b€H385 

i u s . .  . . . . . . . . . . . . . . . . . . DmlP7 
Solid Waste Landfill:. Groundwater lo00 Series (Perched), CPCs . . . B-111-479 

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

P" 
U" . . . .  

Solid Waste Landfill: Current, Trespassing Youth, Surface Soil, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 
Solid Waste Landfill: Current, Trespassing Youth, Surface Water, 
Carcinogens and Non-Carcinogens . . . .. . . . . .. . . . . . .. . . . . . . . 
Solid Waste Landfill: Current, Trespassing Youth, Sediment, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 
Solid Waste Landfill: Current, 'Surface Soil, Off-Property Farmer, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 
Solid Waste Landfill: Current, Surface Soil, Off-Property Reskht 
Child, Carcinogens and Non-Carchogens . . . . . . . . . . . . .. . . . . . 
Solid Waste Landfill: Current, Beef and Mi 
Off-Property Farmer, Carcinogens and No 

. Solid Waste Landfill: Current, Beef and M 
Off-Property Resident Child, Carcinogens and Non-Carcinogens . . . 

lHH394 

B-111-489 

B-111-493 

B-111-495 

B-111-497 

B-111-499 

B-III-501 

B-111-503 

0 
1 

2 

3 

4 

J 

6 

a a 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

FER\CRU~RIWMGMPP-BU'ITACH~UJIIC 14. 1994 11:- B-III-xii 
P 



..- 
. ’  5.66 0 

FEMP-OUO2-5 DRAFT 
June 15. 1994 

LIST OF TABLES 
FOR APPENDIX B-III 

(Continued) 

Table Title Page 

B .3.4-9(a) 

,, B.3.4-9(b) 

B .3.4- 10 

B.3.4-11 

B .3.4- 12(a) 

g;~~y@j 
_.....,. ....-. : .... -.:..:.. . .......... ....... ........ ........... . ....... -.. :;.. 

fJ~$yZ$?&@j, I ... 
............. .:i. .. ........... -::..:, . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .  
B .3.4- 13(b) 

4gKfX@ -:. .._ 
*: *:.::. 

...Y i..... .........: ........... . . . . . . . . . . .. . . . . . . . . _... :.:.:. .. .. . 

B .3.4- 14(b) 

B.;y#&@j . .. 
. . . ..i.: .. :.*:.:...:::: ..... ::$+ .... : ., ........, i.... ........,... . .... ., .... 

te Landfill: Current, Home Grown Produ 
, Off-Property Farmer, Carcinogens and No inogens . B-In-505 

te Landfill: Current, Home Grown P 
, Off-Property R e & h K h ~  ‘Id, Carcin n- 
ns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

User of Solid Waste Landfill: 
Milk and Meat, Carc . . . . . . . . . . . .  
Solid Waste Landfill: Current 
Carcinogens and Non-Carcinog . . . . . . . . . . . . . . .  

: Future, Surface Soil, Off-Property Farmer 
Carcinogens and Non-Carcinogens . . . . . . . . . 

e, Surface Soil, Off-Property 4?e&h& 
Carcinogens and Non-Carcinogens . . . . . 

. .  

, Off-Property Farmer 

, Off-Property Redeat4  
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 

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

Off-Property Farme 

Future, Home Grown Produ 

B-Ill-507 

B-III-509 

B-IU-5 1 1 

B-IU-5 15 

B-III-5 17 

B-III-523 

B-III-527 

B-Ill-539 

B-Ill-543 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



FEMP-OU02-5 DRAFT 
June 15. 1994 

LIST OF TABLES 
FOR APPENDIX B-Ill 

(Continued) 

Table Title 

B .3.4- 15( a) 

B .3.4- 15(b) 

&@p$X&j 
...... ...x.:f.i::.x::.: ..... ~ ..;. , ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . 

~ . ~ - ~ - ~ ~ ~ ~ ~  
..... ...::. ....... . . . . ::....-... . ii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

B. 3.4- 17 

B. 3.4- 19(a) 

B. 3.4- 19(b) 

B.3.4-20(a) 

B .3.4-20(b) 

B .3.4-2 l(a) 

B .3.4-2 l(b) 

B .3.4-22(a) 

B .3.4-22(b) 

B .3.4-23 

Solid Waste Landfill: Future, Groundwater, Off-Property Farmer 
, Carcinogens and Non-Carcinogens . . . . . . . . . B-III-555 

re, Groundwater, Off-Property 4bsklmt 
, Carcinogens and Non-Carcinogens . . . . . B-111-557 

Solid Waste Landfill: Future, Expanded Trespasser, Surface 
, Carcinogens and Non-Carcinogens . . . . . . . . . . . , . . . B-111-564 

te Landfill: Future, Expanded Trespasser, 
arcinogens and Non-Carcinogens . . . . . 

Solid Waste Landfill: Future, On-Property Reskh&Farmer;-(RME 
Surface Soil, Carcinogens and Non-Carcinogens . . . . . . . . 

aste Landfill: Future, On-Property €&skhK% ild, Surface 
Soil, Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . 
Solid Waste Landfill: Future, On-Property Farmer 

Solid Waste Landfill: Future, On-Property Child, Groundwater, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 
Solid Waste Landfill: 9 

Home Grown Produ 

Groundwater+RMSkh&, Carcinogens and Non . . .  

and Non-Carcinogens . . . . . . . . . 
Child, Home Grown 
Carcinogens and Non- 
. . . . . . . . . . . . . . . . . .  

Solid Waste Landfill: Future, On-Property Farmer @ME 
Beef and Milk, Carcinogens and Non-Carcinogens .'. . . . . . . . . . . . 
Solid Waste Landfill: Future, On-Property Child, Beef and Milk, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 

9 

Landfill: Future, On-Property Farmer 9 

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . 

B-III-572 

B-III-576 

B-III-580 

B-111-582 

B-III-584 

B-111-588 

B-m-592 

B-III-5% 

EIII600 

0 
1 

2 

3 

4 

5 

6 

7 

a 
9 

10 

11 

12 

13 

14 

15 

16 

F & \ C R U 2 R I W M G U P P S C H 3 U u m  14.19% 11:- B-III-xiv 



FEMP-OUO2-5 DRAFT 
June 15. 19% 

LIST OF TABLES 
FOR APPENDIX B-III 

(Continued) 

Table Title Page 
B .3.4-24 Solid Waste Landfill: Future, On-Property Farmer $C 1 

Groundwater, Carcinogens and Non-Carcinogens . . . . . . . B-111-604 
B. 3.4-25 Solid Waste Landfill: 2 

Home Grown Produ ogens 

Solid Waste Landfill: Future, On-Property Farmer CT, Beef and 
and Non-Carcinogens . . . . . . . . . B-111-606 

B. 3.4-26 3 

Milk, Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . B-111-6 10 

Subsurfa Soil, Carcinogens and Non-Carcinogens . . . . . . B-111-614 
B.3.4-27 Solid Waste Landfill: Future, On-Subunit Homebuilder, 4 

B. 3.4-28 Solid Waste Landfill: Future, Perched Groundwater User (Adult), 5 

Carcinogens- . . . . . . . . . ., , . . . . . . . . . . . B-111-6 18 
B.3.4-29(a) rface Water, Great Miami River 6 

B.3.4-29(b) 1 

-arcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . B-111-62 1 
8 

B .3.5-2(a) 
B.3.5-2(b) 
B.3.5-2(~) 
B.3.54 

B.3.5-5(a) 

B .3.5-5 (b) 

B.3.54(a) 

. . . . . . . . . . . . . . . . .  
Lime Sludge Ponds: Surface Soil, CPCs . . . . . . . . . . . . . . . . . . . 
Lime Sludge Ponds: Waste Material, CPCs . . . . . . . . . . . . . . . . . 
Lime Sludge Ponds: . . . . . . . . . . .  
Lime Sludge Ponds: 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 
Lime Sludge Ponds: Current, Surface Soil, Off-Property Reside& 
Farmer, Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . 
Lime Sludge Ponds: Current, Surface Soil, Off-Property Reside& 

Lime Sludge Ponds: Current, Beef and M 
Off-Property Farmer, Carcinogens and Non-Carcinogens . . . . . . . . 

Child, Carcinogens and Non-Carcinogens . . . . . .  
* 

l3-€ww 

l&€€€4# 

B-111-627 
B-III-629 
B-III-63 1 

B-111-635 

B-LII-639 

B-III-641 

B-m-643 

IO 

11 

12 

13 

14 

IS 

16 

17 

18 



FEMP-OU02-5 DRAFT 
June 15, 1994 

LIST OF TABLES 
FOR APPENDIX B-III 

(Continued) 

Table Title Page 

B .3.5-6(b) 

B.3.5-7(a) 

B.3.5-7(b) 

B.3.5-8 

B.3.5-9 

B .3.5- 10( a) 

B. 3.5- 1 O(b) 

. . . . . . . . . 

B.3.5-ll(a) 

B.3.5-110>) 

iB yprq,,3 
,,c...y ,E. 'i __._......_........._ :.. 

...A%.. :.:.:.:.:.?.'.'.:.: ..... :. .:: ., :::: ... 

~ . ~ - ~ - ~ ~ ~ ~  
. . . . . . . . . . . . . . . . . , . . . . .... ............. . ..... -.... ..... ... .............._ ... 

B .3.5- 12(a) 

B. 3.5- 12@) 

@?.J@@@&j 
................................. ;.:.:.:.:.:...:.:. .. 

Lime Sludge Ponds: Current, Beef and Mil , 
Off-Property Child, Carcinogens and Non-C . .  . . . . . . .  

ent, Off-Property Farmer, Home Grown 

ent, Off-Property Child, Home Grown 
, Carcinogens and Non-Carcinogens . . . . . . 

, Carcinogens and Non-Carcinogens . . . . . . 
ds: Current, User of Milk and Meat, 

arcinogens and Non-Carci 
Lime Sludge Ponds: Current Groundskeeper, 
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 

Surface Soil, Off-Property Bsidei% 
, Carcinogens and Non-Carcinogens 

uture, Surface Soil, Off-Property Resieht 

.. . . 

, Carcinogens and Non-Carcinogens . . . . . 

ge Ponds: Future, B 
, Off-Property Farme 

ge Ponds: Future, 
. . . . . . . . . . , , Off-Property Chi1 
Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

inogens , . . . . . . . . . . . . . . , . . . . . . . . . . . . . .  

e Ponds: Fu 
, Home Gro 9 

Carcinogens and Non-Carcinogens . . . . , . . . . . . . . . . . . . . . . . 
Lime Sludge Ponds: Future. Home Grown Produce 

, Off-Property Child , '  
Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . 

FER\CRU2RnNMGUPP-BUTfACH3Uurr 14.19W 11:ooUn B-IU-xvi 

B-111-645 

B-III-647 

B-III-649 

B-111-65 1 

B-111-653 

B-III-657 

B-111-659 

B-111-665 

B-III-669 

B-III-68 1 

B-III-685 

10 

11 

12 

13 

14 

IS 



FEW-OUO2-5 DRAFT 
June 15, 1994 

LIST OF TABLES 
FOR APPENDIX B-III 

(Continued) 

Table Title Page 

I 

. . .  B .3.5- 13( a) : Future, Groundwater, Off-Property Farmer 2 

B.3.5-13(b) ture, Groundwater, Off-Property I h s i d e ~  3 

cinogens and Non-Carcinogens . . . . . . . . .  B-III-697 

Carcinogens and Non-Carcinogens . . . . .  B-111-698 
4 

5 

. . . . . . . .  
B.3.5-14 Lime Sludge Ponds: Future, Expanded Trespasser, Surface Soil, 6 

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . .  B-111-70 1 
Lime Sludge Ponds: Future, Surface Soil, On-Property Farmer @ W E  

, Carcinogens and non-Carcinogens . . . . . . . . . . . . . . . . .  

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . .  B-111-707 

B.3.5-15(a) 7 

B-111-705 
B .3.5- 15(b) udge Ponds: Future, Surface Soil, On-Property Child, a 

B .3.5- 16(a) 9 

B. 3.5- 16(b) IO 

B.3.5-17(a) re, Homegrown Pr I I  

B. 3.5- 17(b) re, Home Grown Produ 12 

On-Property Child, Carcinog . . .  B-111-713 

13 

14 

B.3.5-18 I5 

B.3 5 1 9  16 

. . . . .  . . . . . . . .  . . . . . . .  , . . (  
1 .  

. .  . ' ,  ' , Q , O M 3  ~ ; 

F E R \ C R U 2 R I \ N M G W P - B U T T A C W ~  14.1994 I1:ahm B-III-xvii 



Table 

FEMP-OUM-5 DRAFT 
June 15. 1994 

LIST OF TABLES 
FOR APPENDIX B-111 

(Continued) 

Title Page 

B. 3.5-20 

B.3.5-21 

B.3.5-22(a) 

B.3.5-22(b) 

'8 .3.:::5.:qej .. . ... . . ._ 
t.:. ..:.: , .. . ................. ..... :.:.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . _.. . ... ............. _..... ,. ..... 

&p&??q 
_.ii..i.. ........ . ... ._ ._, ...-:.....- i......... - ....... -... . . . . . i: ..-.-. 

B.3.6-1 

B.3.6-2 

B .3.6-3 

B.3.6-4 

B.3.6-5 

B.3.6-6 

B.3.6-7 

Carcinogens and Non-Carcinogens . . . . . . . . . . , . . . . . . . . . . . B-III-733 
Groundwater, On-Property Farmer 
. . . . . . . . . . . . . . . . . . . . . . . . . . B-III-737 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-III-738 . . . . . . . . . . . . 

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

OU2-Wide: Future, Surface Soil, Off-Property Farmer (Private 
Ownership), Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . B-111-760 
OU2-Wide: Future, Beef and Milk (Dust Affected), Off-Property 
Farmer (Private Ownership), Carcinogens and Non-Carcinogens . . . B-III-762 
OU2-Wide: Future, Homegrown Produce (Dust Affected), 
Off-Property Farmer (Private Ownership), Carcinogens and 
Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-III-766 
OU2-Wide: Future, Groundwater, Off-Property Farmer (Private 
Ownership) (RME Values), Carcinogens and Non-Carcinogens . . . . B-111-770 
OU2-Wide: Future, Surface Soil, On-Property Farmer (RME 
Values), Carcinogens and Non-carcinogens . . . . . . . . . . . . . . . . . B-111-774 
OU2-Wide: Future, Beef and Milk (Dust Affected), On-Property 
Farmer (RME Values), Carcinogens and Non-Carcinogens . . . . . . . B-111-778 
OU2-Wide: Future, Homegrown Produce (Dust Affected), 
On-Property Farmer (RME Values), Carcinogens and 
Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-III-782 
OU2-Wide: Future, Groundwater, On-Property Farmer (RME 
Values), Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . , B-111-786 
OU2-Wide: Future, Surface Soil, Expanded Trespasser, Carcinogens 
and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-III-790 

1 

2 

3 

4 

5 

6 

0 8 

9 

10 

11 

12 

13 

14 

IS 

16 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

a 
~~ - 

Table 

LIST OF TABLES 
FOR APPENDIX B-III 

(Continued) 

Title Page 

B.3.6-10 

B.3.6-11 

B.4-0(a) 
B .4-0(b) 
B.4-0(c) 

B.4-0(e) 
B.4-1 l(a) 

B .4-0(d) 

B.4-1 l(b) 

B.4-1 l(c) 

B .4- 13(a) 

B .4- 1 3(b) 

B .4- 13 (~)  

B.4-13(d) 

B. 4- 15(a) 

B.4- 15@) 

B .4- 15(~)  

B.4-15(d) 

OU2-Wide: Future, Surface Water, Expanded Trespasser, I 

Carcinogens and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . .  B-111-794 
OU2-Wide: Future, Sediment, Expanded Trespasser, Carcinogens 
and Non-Carcinogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-796 
Active Flyash Pile Background Exposure Point Concentrations . . . .  B-111-798 

Southfield Background Exposure Point Concentrations . . . . . . . . . .  
Inactive Flyash Pile Background Exposure Point Contrations . . . . . .  
Soild Waste Landfill Background Exposure Point Contrations . . . . .  B-111-807 

Lime Sludge Ponds Background Exposure Point Concentrations . . . .  
Risks Due to Background [Future, On-Property (South Field) Farmer] 
Active Flyash Pile: Surface Material (RME Values) . . . . . . . . . . .  
Risks Due to Background Concentrations [Future, On-Property (South 

Risks Due to Background Concentrations [Future, On-Property (South 

Produce (Dust Affected) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-820 
Risks Due to Background [Future On-Property (South Field) Farmer 

Risks Due to Background Concentrations [Future, On-Property 

Values)] South Field: Groundwater . . . . . . . . . . . . . . . . . . . . .  B-111-832 

2 

3 

4 

5 

6 

7 

8 

B-III-801 
B-111-804 

B-111-810 

B-III-814 

Field) Farmer] Active Flyash Pile: Groundwater ( M E  Values) . . .  B-111-816 

Field) Farmer (RME Values)] Active Flyash Pile: Home Grown 

9 

I O  

I 1  

(RME Values) Active Flyash Pile: Beef and Milk (Dust Affected) . . B-111-824 

Resident Farmer (RME Values) South Field: Surface Soil . . . . . . .  B-III-828 
I2 

Risks Due to Background [Future, On-Property Farmer (RME 13 

Future On-Property Farmer (RME Values) Risks Due to Background 14 

Concentrations [South Field: HomeGrown produce (Dust Affected)] . B-111-836 

(RME Values)] South Field: Beef and Milk (Dust Affected) . . . . . .  B-111-840 

Resident Farmer (RME Values)] Inactive Flyash Pile: Surface Soil . B-III-844 

Field) Farmer] (RME Values) Inactive Flyash Pile: Groundwater . . .  B-111-846 

Field) Farmer (RME Values)] Inactive Flyash Pile: Home Grown 

Risks Due to Background Concentrations [Future On-Property Farmer I 5  

Risks Due to Background Concentrations [Future, On-Property 16 

Risks Due to Background Concentration Future, On-Property (South 17 

Risks Due to Background Concentrations Future, On-Property (South I8  

Produe @Ist Affected) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-850 
Risks Due to Background Concentration [Future, On-Property (South 

@ustAff-ed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-854 

19 

Field) Farmer (RME Values) Inactive Flyash Pile: Beef and Milk 



I 

FEMP-OU02-5 DRAFT 
June IS, 1994 

LIST OF TABLES 
FOR APPENDIX B-111 

(Continued) 

Title Pane 
~~ ~ ~ 

B .4- 17(a) Risks Due to Background Concentrations [Future, On-Property 
Farmer (RME Values)] Solid Waste Landfill: Background Surface 
Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-858 
Risks Due to Background [Future, On-Property Farmer (RME 
Values)] Solid Waste Landfill: Home Grown Produce (Dust Affected) B-III-862 
Risks Due to Background Concentrations [Future, On-Property 
Farmer (RME Values)]Solid Waste Landfill: Beef and Milk (Dust 

Risks Due to Background Concentrations [Future, On-Property 
Farmer ( M E  Values)]Lime Sludge Ponds: Surface Soil . . . . . . . .  
Risks Due to Background Concentrations [Future, On-Property 
Farmer (RME Values)] Lime Sludge Ponds: Beef and Milk (Dust 

Risks Due to Background Concentrations [Future, On-Property 
Farmer (RME Values)] Lime Sludge Ponds: Home Grown Produce 

B .4- 17(b) 

B.4-17(~) 

Affected) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-864 

B .4- 19(a) 

B.4-19(b) 
B-111-874 

Affected) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-876 
B .4- 19(~) '  

(Dust Affected) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-111-878 

, , : . : e *  

; O O O € a ~ ~ ~  

FER\CRUZRIWMCUPP-BUTTACH3Uune 14. 1994 11:- B-111-XX 

6 



‘EEMK-ULJUL3 U M r L  

June 15, 1994 

3 2  

- O I  

> 

I 
I 

I 

c 

I 

I 

I 

u 

I 

I 

? 

5 

5 

1 

II 

3 

L 

c 

L 



FEW-OUOZ-5 DRAFT 
June 15, 1994 

d 

V 
2 
M 

-8 - .- - a e 
e 
t 

B-111-2 



FEW-OUO2-5 DRAFT 
June 15. 1994 

5 6 6 0  
F 
I 

> 

I 
I 

I 

P 

I 

I 

I 

: 

I 

I 

5 
i 

t 

i 

I 

1 

1 

1 

! 

, I 

! 

B-111-3 



FEMP-OUO2-5 DRAFT. 
June 15, 1994 

B-111-4 



L 

L 

B-111-5 

EMP-OU02-5 DRAFT 
, June 15, 19% 

6 0  

IfZl 



E C  ;E 
L 

c 

g z  . .P 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 



? 

B-111-7 

' J  j 



FEW-OUO2-5 DRAFT 
June 15. 1994 

B-111-8 



566 0. 
FEW-OUO2-5 DRAFT 

June 15, 1994 

B-111-9 



FEW-OUOZ-5 DRAFT - 
June 15. 1994 

L 
E 

L 
5 

L 
v 

5 
r: 

Y 
i 

i 
E 
r: 

Y 

3 

T T T ! 
d 
i 

1 
I 

1 
d 

1 

1 

E 

! 

B-111- 10 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

L 

B-III- 1 1 



FEMP-OU02-5 DRAFT. 
June 15, 1994 

B-111-12 



FEMP-OUO 25WQ 
June 15. 1994 

..... s m m s m m m  z m s = m  

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

..... ..... a ..... ..... .... g g w w d w w w w d w d d w 

- K ~ g $ 3 z v ! ~ Y ? r  .... ..... ... .... .... ... .... ... ..... .... .... .... ..... 
.... 

, Z Z 8 8 Z Z S S S Z Z 8 Z  % + + + + + + + + + + + + +  
w w w w w w w w w w w w w  

0 - w m m n m n * b m * - *  
.- - E ? y ? q y q m y v p ! m o ! m  I 

B-111- 13 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111- 14 



June 15, 1994 

.- ;I 
s 

000631 
B-111- 15 



GOOC32 

I 

2 
3 

f 

FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

. .  
d-,. , ., I 

B-111- 16 



. I *_  

5660. 
FEMP-OUO2-5 DRAFT 

..I June 15, 1994 

B-111- 17 



8 8  w w  
e -  Y ?  

4 
2 
W 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B-111- 18 



FEMP-OUOZ-5 5660. DRAFT 
< . .  June 15, 1994 

i a ,  ' 

K 

B-III- 19 



FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

B-111-20 



. 
FEMP-OUOZ- $&Lo 

d d d  
' ? \ 9 ' ?  m m m  

June 15, 1994 

B-111-2 1 



FEMP-OUO2-5 DFUFT 
June 15, 1994 

B-111-22 



June 15, 1994 
1 .  

B-111-23 



FJZMP-OUO2-5 DRAFT 
June 15, 1994 

e 

B-111-24 



FEMP-OUOZ-5 5 u . o .  D 
June 15, 1994 

i -  

B-111-25 
. .  . '  . 



- ?  

f .- c 
8 
- 
v 

FEW-OUOZ-5 DRAFT 
June 15. 1994 

B-111-26 



FEMP-OUOZ-5 D #6 0; 
June 15, 1994 

3: 
099 
m c y  

B-111-27 
000643. 



. .  . .  
,I . r - . *  I FEMP-OUM-5 DRAFT 

June 15. 1994 

E 

6 + 

B-111-28 



FEMP-OU02-5 8gg D 0. 
June '15, ,1994;. - .' .. 

8 8  + +  iT5 
w w  " 4 "  
0 9 "  I - I -  - *  I- 

9 
N. m 

B-111-29 00.064s 



5660. 
EMP-OUOZ-5 DRAFT 

June 15, 1994 

B-111-30 

-1 
X 



June 15. 1994 

-mu N m - N - N - - - - r- - 

8 8  + +  4:; 
- e  

m 
Q w z 

3 
3 

d 

1 
03 
Q w 
? 
N 

B-111-3 1 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

- 
PI 

i? 
3 

B-111-32 



8 8  + +  

FEMP- 
June 15. 1994 

B-111-33 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111-34 



8 6 6 8  
FEMP-OUO2-5 DRAFT 

June 15, 1994 

- m w m m o - m m I - m m m  i; - 9 9 9 9 " "  Q Q Q Q Q Q  
o ! o ! o ! 0 9 9 o ! c ? = ? o !  . \ 9 Y C ! S  
i w w w w i i w w y w w w  5 

a 

w n w w n m m m m n m w m  

.. c m i vi t.i ri - '  

s -4 

+ 

B-111-35 



c 

FEW-OUOZ-5 DRAFT. 
June 15. 1994 

E a 
00 
m 

B-111-36 



, Z 8 Z Z 8 % 8 8 8 8 8 Z 8  % + + + + + + + + + + + + +  
, w w w w w w w w ~ w w w Y  , o w m m o w m m  m - * m  

FEMP-OUOZ-5 DRAFT:' 
June 15, 1994 

B-111-37 



- 
F 81 

d P 
P 

d 
Y 
i? < 
P 

FEW-OUO2-5 DRAFT 
June 15. 1994 

E 
m 
OI 

B-111-38 



B-III-39 

5 6 6 8  
EMP-OUOZ-5 DRAFT. 

June 15, 1994 

+ +  
w w  
Y p :  
- m  



.. - 

* .: 
. .  FEMP-OUO2-5 DRAFT 

June 15. 1994 

+ 

B-111-40 



f .  

June 15, 1994 

a 

B-111-4 1 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

m m m * m m m m m m m  
s & w ~ w w w ~ w w & w w w  Q Q Q Q Q Q Q Q o Q ? 8  
g b w  . r ? " ! 0  ? w r ? w Y w  "I" m - VI II VI6 w VI d v) N VI 

Y 
CT 
w LL 

B - I I 1-4 2 



FEMP-OUOZ s a 0  . 

B-111-43 

June 15, 1994 
d 



3 
2 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

E 
0 
OI 
N 

W U 

B-111-44 



FEW-OUOZ-5 56pgiFp. D 

June 15, 1994 

B-111-45 



FEMF'4UO2-5 DRAFT 
June 15, 1994 

8 + 
w 
8 
B 
B + 
9 - 
S 

Y 
w U 



5660:  

2 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-I1147 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

Y ez 
w U 

B-111-48 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-49 
0006GS 

w 
6 
E 

U 
2 
+ 
9 
2 
I- 

E 

U 
2 
+ 
9 
E 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

3 s 

3 s 

+ 
3 
E 

B-111-50 



5 6 6 0 .  

00 

FEW-OUOZ-5 DRAFT 
June 15, 1994 

E 
8 
V + 

E 
8 
V 

B-111-5 1 



8 6  8 
w w  w 
N ?  
N -  2 

FEMP-OUOZ-5 D m  
June 15. 1994 

B-111-52 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

1- . \, 

B-111-53 



. 

P 

r" 
3 
5 

2 
i 

FEW-OUOZ-S D M  
June 15. 1994 

B-111-54 



@ 

P 

w 
9 
W 

5 
a" 
B 
E 

? 
w 

6 
3 
5 
a" 

June 15, 1994 
FEMP-OUOZ-5 DRAFT 

E! 

B-111-55 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

K 
E 

U + 
8 

3 
3 

4 s 

8 

m 

E 

V + 
3 
3 

B-111-56 

W U 



FEW-OUOZ-5 5 6 6 0  DRAFT 

e ?  w w  
Y \ 9  

0 q s  
w 2  

w w w  
m w  Y v! 

N 

? e  w w  
Y Y  u -  

s =  w w  
vlo! 
N N  

6 
4 
09 - 

a June 15, 1994 

B-111-57 



* 
I n 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

E 

V 
2 
+ 
9 

+ 
9 
E 

B-111-58 



FEMP-OUOZ-5 566A D 

$ 2  
w w  09s m N  

June 15, 1994 

B-111-59 



FEW-OUOZ-5 DRAFT 
June 15, 1994 

8 w K 

B-111-60 



8 0  
W W  
099 
c h r i  

I 

F E M P - S & W  
June 15. 1994 

B-111-6 1 



w 

8 "  w w  
'?v!  
- N  

$: w r: 
N 

$: w r: 
N 

P 

k 
3 z 

4 

B w r: 
m 

P 

e $ 
3 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

E 

V 
e 
+ 
9 

+ 
9 

B - I I I - 6 2 



i 
J F E M P - O U % M .  

, June 15, 1994 

B-111-63 



B - I I I - 64 

FEMP-OUMS DRAFT 
June 15, 1994 

00 

B w 
P- 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 

8 
3 
w 

+ 

H 
OD 

N m 

. . .. 
. .  * .  

B-111-65 
000682 



000682 

sr 
2 
w 

sr 
f 

9 

s 

W 

m 

9 
m 

W 
c'! 
N 

d 

4 

: 

2 
9 
m 

8 x 
sr 
W 
9 
VI 

FEMP-OUO2-5 D m  
June 15, 1994 

H 
m 
N m 

B-111-66 



FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

.Y w w y?: I 

E 
m 
N m 

5 a 
a 
Y 
PI 

W U 

000683 .., . 
L. . /  . I - ,  .! 

B-111-67 



FEMP-OUOZ-5 DFWFT 
June 15. 1994 

I 

I 
9 

B-111-68 

w L 



FEMP-OUO2-5 DRAFT. 
June 15, 1994 

B-111-69 



d 
0 + 
W 
9 - 
B 
W 
r? 
d 

(2 B i :  

: + + +  

5 
R 

c? 
U 

2 
9 
m 

B 

si 

W 
c? 
d 

W 
9 
v) 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B 
f- 

+ 
2 

si 
W 
c? 
U 

+ 
2 
B 
i- 

B-111-70 



.: ~ f p n e  15, 1994 
* :., ..' , .. . . .  

. I  

- -  

& A &  
Y r - Y  
m m m  

I 

B-111-7 1 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

t' 

PI 

B-111-72 



F i v )  I I I&' 

5 6 W  i 

FEMP-OUOZ-5 DRAFT. 
June 15. 1994 

B-111-73 

i 



FEW-OUO2-5 DRAFT 
June 15, 1994 

I. Y 
b 
V q 
a 

S + $ 9  
w w w  

p ? o 9  2 - N  

3 8  8 w w  
09t e -  

w 
v! -. 

4 

B-111-74 



$ 2  
Q ' o  
m *  

t 566 0'. 
- 0 .  

FEMP-OUO2-5 DRAFT 
June 15. 1994 

B-111-75 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

w : 

? w 
9 
m 

E 
8 
V 
+ 
3 - 
S 
g 

B-111-76 



B-111-77 

. .  
FEMP-OUOZ-5 D 

June 15, 1994 

B 
6 

9 
E 

B 
6 
+ 



3 R 

d 

3 
R 

3 
? 
m 

rs 
? 
d 

3 
9 
m 

+ 
si 

W 
'? 
d 

W 
9 
v) 

FEW-OUO2-5 DRAFT 
June 15, 1994 

H 
0 

h 
0 

B-111-78 



+ 

FEW-OUO2-5 5660: DRAFT . ! 

June 15. 1994 

B-111-79 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111-80 



m m m m m  " 0 0 0 0 0  

, w w w w w  
; + + + + +  
:~~v?~~ I 

8 

FEMP-WW June 1 1 94 * 3 

B-111-8 1 



FEMP-OUOZ-5 DRAFT ' 
June 15, 1994 

J 
X 

B-111-82 



-- i  

2 
d 
v! 
e 

3 li 

p .' 
June 15, 1994 

d 

B-111-83 



FEMP-OU02-5 DRAFT- 
June 15, 1994 

B-111-84 



. .  

a 

FEMP-OUO2-5 56m D 
*z.-; June 15, 1994 -..I 
’ ‘w‘, 

h 

B-111-85 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

E 

B-111-86 



m m m m m  
- 1 0  0 0 0 0 

B-111-87 

FEMP-OUOZ-5 D W  
. June 15, 1994 



. .  * ,, I .. . . 
' 4 , . f .  . *  1 '  

8 + 
w 
09 
.e 

z? 2 !$ 
2 2  d d w  

FEMP-OUM-5 DRAFT 
June 15, 1994 

ai m 

B-111-88 



m m m m m  
a l l 0  0 0 0 0 q + + + + +  
E I N ? W !  w w w w w  

&.. 
FEMP-OUOZ-5 D 

June 15. 1994 

E n 

1 -  

. .  . .  

B-111-89 



FEMP-OU02-5 DRAFT 
June 15, 1994 

t 
v) 

+ 

B-111-90 



. 5 6 6 0 .  
FEMP-OUOZ-5 D m  

June 15, 1994 

B-111-9 1 



FEMP-OUM-5 D M  
June 15, 1994 

c 

t 

w 
LL 

B-111-92 



- N m N m  ~ 0 0 0 0 0  
a + + + + +  
- ' ? ? Y o \ ?  
s w w w w w  

V I - m N w  

FEMP-OUOZ-5 DRAFT 
. June 15, 1994 

* .  

.. 
5 2 

x ?i 
$ 
2 
P 
w 

V 

3 

U 

< 
/ 

2 cz 
cz w 
Y 

,. .L .  , - . . :'. , -. . 

B-111-93 



. .  . .A 

5660. ! 
FEMP-OUOZ-5 DRAFT. 

June 15, 1994 

B-111-94 



5660: ' t  
I +  FEMP-OUOZ-5 DRAFT 

June 15, 1994 

B-111-95 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

B-111-96 



B 

El 

-.m - 

El 

FEMP-OUOZ-5 D W  
June 15, 1994 

B-111-97 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111-98 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 

0 

al M 

c 

t- 

.- 

B-111-99 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111- 100 



li 
t 
I- 

- 

8 6  w w  
9 3  - -  

.. . 

. .  

. .  . .  
. .  

I' 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

. .. 

BLIJI- 10 1 



. .  . .  . .  , .  - .., . .__ . - 
. .  . .  

. -  

.. . 

9 
B .(- 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111- 102 



FEW-OUOZ-5 DRAFT. 
June 15, 1994 

A 

5 
k 

B-111- 103 



. .  . 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

B-111- 104 



* 6660 .  
FEW-OUOZ-5 DRAFT. 

June 15, 1994 

e 

B-111- 105 



FEMP-OUOZ-5 DRAIT 
June 15, 1994 

E 
m 
p? 
o\ 

w 
U 

B-111-106 



f 5660'- 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 
- 1  

B-111- 107 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111- 108 



I 56&Qe i 
I 

FEMP-OUOZ-5 D 
June 15. 1994 

B-III- 109 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

d 

B-III-110 



June 15, 1994 

B-111- 1 1 1 



3 
3 

2 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B-111- 1 12 



566@# 
FEMP-OUOZ-5 DRAFT 

June 15. 1994 

B-111- 1 13 



FEMP-OU02-5 DRAFT 
June 15, 1994 

B-111-114 



June 15, 1994 

m m m  

- -. i i  

8 8' + +  

B-111-115 



GQ0?32 

4 z z  w 
m w  s 
m w  

'?p! 

VI 

FEMP-OUO2-5 DRAFT. 
June 15, 1994 

P 
W LL 

B-111-116 



8 8  + +  
g 5  
- r i  

b 566 0. 
FEMP-OJJO2-5 DRAFT 

June 15, 1994 

E 

B-111-117 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

+ 
9 

+ 
3 

B-111- 1 18 



FEW-OUOZ-5 DRAFT. 
June 15, 1994 

w w 

i $ 
L 

2 w 
U 
. .  

B-111-119 



FEMp-OUO2-5 DRAFT 
June 15, 1994 

I B-111- 120 



,56 6 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

+ 
9 
E 

+ 
9 
E 

B-111- 12 1 



8 8 6  8 6  
x g I f !  e -  !E 

x 
E 
L 
3 
2 

5 

2 
5 

3 
2 

FEW-OUMJ DRAFT 
June 15, 1994 

B-111- 122 



F 
5 2 

F 
2 

C'  
EMF'-OUOZ-5 DRAFT 

June 15. 1994 

B-111-123 



FEMP-OUM-5 DRAFT. 
June 15, 1994 

F BI 

X 31 
d 4 

6 

sf 
& 

v 
k! 

E r 
U + 

m 

3 
3 
g 

B-111- 124 



FEW-OUOZ-5 D m -  
June 15, 1994 

81 

3 3  
Y Y  
0 -  

If!? 
w w  
?". 
W c I  

B-111- 125 



FEMP-OUO2-5 DRAm 
June 15, 1994 

8 
W 
9 
d 

3 
09 
v) 

$: w 
t 
d 

4"; 2 2 s  

0 

s 

B-111- 126 



t 566  0: 
FEMP-OUOZJ DRAFT 

June 15. 1994 

+ 

3 

I 
' .  

B-111- 127 



FEMP-OU02-5 DRAFT 
June 15. 1994 

d 
9 
W 

+ 

-1 
X 

Y 
Lz 
E 

B-111-128 



June 15, 1994 

B-111-129 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

P 
B-III- 130 



56 6 . 
FEW-OUOZ-5 DRAFT 

June 15, 1994 

r w w  
& o ? Z  

B-111- 13 1 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

B-111-132 



FEMP-OUO2-5 DRAFT. 
June 15. 1994 

B-111-133 



x 

FEMP-OUOZ-5, DRAFT 
June 15. 1994 

B-HI- 134 

- 



- 8 8 8 8  S Q + + + +  
B W W W Z W  ;Ir: \ 9 -  t - v i r , i . i u ,  

B-111- 135 

, 5 6'6' 0' 
FEW-OUO2-5 D M  . 

June 15. 1994 

K 
W 

OI 
p. 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

2 2  2 
9 .  '9 
r J -  - 
8 8  B w w  w e 9  Y 
r J V ,  - 

w U 

B-111- 136 



FEW-OUOZ-5 DRAFT 
June 15, 1994 

r i r i  

8 8  + +  

B-111-137 



6 ' .  . . I 

'I . , 

4 8  8 
O I N  - 

FEW-OUOZ-5 DRAFT 
June 15. 1994 

g l f f  2 
s w -  2 

B-III-138 

Y 
LT 
E 



P- 

95 
r q t  
W P -  

FEMP-OUO2-5 .DRAFT 
June 15, 1994 

I 
c 
0 m 

B-III- 139 



s i ?  w W 

'? ': m d 

2 2  
w w  
0 9 %  
N -  

si w 
0; 

si 
E! 
i 

3 
9 
m 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

si 
2 
w 

x 
3 
5 L 
5 

si W 
09 
VI 

e 
3 
5 c 
2 - 

H 
r- 
Q m 

B-111-140 



56SO* 7 

&h4P-OUO2-5 DRAFT 
June 15, 1994 

g a  
& W  

B-111- 14 1 



FEMP-OUO2-5 DRAFT. 
June 15, 1994 

B-111- 142 



5 6 6 Q  *. 
FEMP-OU02-5 DRAFT 

June 15, 1994 

... . 
. i .  

. 5  . 

B-111- 143 



FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

5 %  9 
. ? n p !  np! 

m m  - 

8 8  0 0 + + +  
W w w  

'?'? 2 w -  

4 w 

B-111-144 



b w 
t 
d 1 

b 

g 
8 

9 

W 
t - 

+ 

E 

2 

ri 
2 

E r 
V 
+ 
3 
E 

2 
lil 
p? 
0 

B 
8 
+ 
9 
E 

SW30' 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

L 
m 
m Q 

B-111- 145 



8 
Y 
w 

3 
x -  

FEW-OUO2-5 DRAFT 
June 15. 1994 1 

8 w 

E e 

w 

V + 
3 
B 
l- 

8 
W 
p! m 

e 
3 
B 

+ 

+ 

3 0: - 
E 

V 
e 
+ 
3 
E 

B-111- 146 



FEMP-OUO2-3 DFL4kT 
June 15, 1994 

B-111-147 



. , . . .  .. 
b .  .. * 

. .  
1 . . . .  

B-111-148 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 



9 
9 
m 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-149 



'3668; - 
FEMP-OUOZ-5 DRAFT 

June 15. 1994 

B-111-150 



3 
p' 
r- 

June 15, 1994 

B-111- 15 1 



1 
2 

& 
i 

s 
6 + 
H 

+ 

FEMP-OUO2-5 DRAFT 
June 15. 1994 

E 

B-111- 152 



i 
9 

L 

I 
I 

I 

I 

I 

I 

i 

3 

! 

, 

? 
! 

, 
I 

? 

'I FEMP-OUOZ-5 DRAFT 
June 1,5, 1994 

B-111- 153 



000' 

I 

2 

I 

I 

I 

I 

I 

I 
? 

a 

I 

: 
! 

P 
! 
I 

Y 
; 

4 
1 

I 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

n 

d 
d 

B-111- 154 



EMP-OUO23 DMff i. 
June 15. 1994 

B-111- 155 



B-111-156 

FEMP-OUO2-5 D W  
June 15, 1994 



l 

f FEMP+U02-5 D m  
June 15, 1994 

B-111- 157 



FEW-OUO2-5 DRAFT 
June 15, 1994 

oQoyz4 :; 
. . . . .  , .  
' . , .,( . . , . .. ..,. ... ._.. . .  

B-111-158 



I 

I 

t 1 

? q ? g ? ?  0 

I 

FEMP-OU02-5 D R A n  
June 15,.'1994 

d 
2 
3 
E 
2 E 
G 
6 

a 

1 

6 
U 
'E: 
3 
'E: 

a 

u, 

'E 

a 
'5 c. 
M 

E 
92 

.ti 

E 
2l 

B-III- 159 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

i 

B-III- 160 



56 6 0. FEMF&XJO~-~ DRAFT. 
June 15, 1994 

v) 
L 

c 
U 
I- 
L 

0 
a 

5 E  

W e 
v) 0 
X W 

a 

n. 

B-111- 162 



EMF'-OUO2-5 DRAFT 
June 15, 1994 

B-III-161 



56 6 O FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-III- 163 



56 6 0. FEMP-OUO2-5 DRAFT. 
June 15, 1994 

~. . . 

B-111-164 



Y ce 
VI 
0 
0 

a 

E 

i 

i 
E 

i 
t 

5 

?. 
i 
? 

; 
i 
? 

1 
? 

, 
! 

I 
! 

B-III-165 

5660  
FEMP-OUOZ-5 DRAFT 

June 15, 1994 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

T 

B-111-166 



FEMP-OUOZ- 
June 15, 1994 

i 
8 
6 

B-111- 167 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

z 
s 
I- 

B-111- 168 



EMF'-OUOZ-5 DRAFT 
June IS. 1994 -1 

B-111-169 



FEW-OUOZ-5 DRAFT 
June 15. 1994 

F 
2 
2 
t- 

+ 
9 

H 
s 

B-111- 170 



t 

FEMP-OU g6601 2-5 DRAFT 1 

3 
9 
n 

June 15, 1994 

H 
I- 

P 
o 

B-111- 17 1 



FEW-OUOZ-5 DRAFT . 
June 15. 1994 

B-111- 172 



June 15, 1994 

n 0 3 l i l  9 
n 9 

n 

, .  

B-111-173 



FEMP-OUOZ-5 DRAFT . 
June 15, 1994 

s 
8 
P 

B-111- 174 



B-III- 175 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

- 
0 + 
W w 



FEMP-OUM-5 DRAFT 
June 15, 1994 

B-111- 176 

a 

a 

d 



L s 
P 

B-111- 177 



3 3  2 3 
N N  Y 9 
m m  VI N 

I 

$ 8  w w  ? w 8 w 
2: f 2 

X 

FEMP-OUO2-5 D M  
June 15. 1994 

B-111- 178 



i.. FEMP-OUO2-5 . 5 6 6 0  DRAFT 

June 15, 1994 

E 

V 
s 
+ 

B-111- 179 



FEW-OUOZ-5 DRAFT 
June 15, 1994 

B-111- 180 



f': 
FEMP-OUOZ-5 DRAFT. 

June 15, 1994 

B-III- 18 1 



FEMP-OUO2-5 D m  
June 15, 1994 

B-111- 182 



Q +- 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

. .  . .  

B-111- 183 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

F II 
s $ 4  - ? 

3 
03 

9 
N 

- b w w - N N = m N m N m N  

5 u ! - " R Y Y Y q - 9 = . 9 ? 9  
w n m c y * * c y , - N n * * m  

Q Q Q Q Q Q Q Q Q Q Q Q Q Q  ~ w w w w w w w w w w w w w w  
W = ? ? Y " ? Y 9 9 1 ' 9 1 ?  

$19 9 9 9 9 9 9 2 9 9 9 9 9 9 
* * m m * n n c y t - n w n w n  

r n c y - - c y c y - c y n - m * * *  3 

x 

* w ~ w w w n n W * w ~ n w m  
Q Q Q Q Q Q Q ? Q Q Q  Q Q Q  

r W W W W W W W W W W W w W W W  
' 9 t ? u ! Y 1 Y W Y 9 f " f 9 9  
E * c y w - t - n w m b N w N - n c y  3 

B-111- 184 



I 

586@8 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

B-111- 185 



- .  

FEMP-OUO2-5 DRAFT 
June 15. 1994 

s 
P 

". 
N 

2 
2 
a - 
t- 

P 
b 

2 
2 
t- 

B-111- 186 



i'' 
FEMP-ouo 

June 15. 1994 

m 
4 w 
9 
vr 

B-111- 187 



4 

FEMP-OUOZ-5 DRAFT . 
June 15, 1994 

B-111- 188 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B-III- 189 



FEW-OUO2-5 D W  
June 15, 1994 

B-111- 190 



June 15, 1994 

B-III- 19 1 



2 
9 
N 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-III- 192 



r 

1 56666 
FEMP-OUO2-5 DRAFT 

June 15. 1994 

~ m o o m ~ = ~ ~ m t - s m c  
? - - ?  ? ? ? Q ? C  r w w w w w w w w w w w w w c  

.4 w - 09 0 y w ? 0 q y w w y c 
~ - - t - t n m u - N - N N - m o  I 

0 U N 4 

B-III- 193 



c 5660-  j FEMP-OUO2-5 DRAFT. 
June 15, 1994 

B-III- 194 



- - - O m N N b N m N N - N  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  

~ i i i + i i i i i i i i i i  

c t 9 o ? ? f 3 v 9 Y Y w w .  
- w - - w ~ m - - m - m t - t - m  
~ w w w w w w w w w w w w w y  

El 

June 15. 1994 

B-111-195 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

B d 

- . .  . .. . : .  . , 
.& <' . .. 

B-III- 196 



- a m m ~ m o m w w w l . a w  
- 9 9 9 9 9 - 9 9 9 9 9 9 9  w w w w w w w w w w w w w w  

b N - - a w a m m - - - w w -  31 9 9 t ? Y - 9  Y 9 Y '? a?? Y 

B-III- 197 



FEMP-OUMJ DRAFT 
June 15, 1994 

5. 

L 
5 
k - m 
0 i 
- 

B 
B 
+ 
3 
3 

a 

b 
E 

B-III- 198 



8: 
FEMP-OUOZ-5 D 

June 15, 1994 

B-III-199 



FEMP-OUOZ-5 DRAFT 
June 15, 1994' 

B-111-200 

2 
I. 



~ ~ ~ s w s z s m m m m m m  
9 9 9 Q 9 9 9  w w w w w w w w w w w w w w  

June 15,&1994 

B-111-201 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

E a 
'0 
l- 

B-111-202 



4 .  ' ! 

EMP-OU02-5 DRAFT. 
June 15, 1994 

P 
2 X 

d 

9 
Y 

B-111-203 



FEMP-OU02-5 D m  
June 15, 1994 

B-111-204 



June 15, 1994 

... . .:.:: 

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

B-111-205 



2 
N 
N 

. I  

FEW-OUO2-5 DRAFT 
June 15, 1994 

2 
9 
m 

3 3  
9 
v) 

9 
v) 

,. . B-111-206 



- 8  8 8 8  + + +  
? Y o 9  

9: w w w  2 .  
$ 

N - N  W 
!!I 2 

B-111-207 

FEW-OUOZ-5 DRAFT 
June 15, 1994. . 



S 
w x 

01 8 9 - 
w 9 

v1 

N w 
o! - 
"0 
i, 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B 
6 
+ 
3 

B 
6 + 

B-In-208 



4 ' 

FEMP-OU02-5 DRAFT 
June 15, 1994 

B-111-209 

5 
6 

H 

5 
6 + 
P cr: 



-. .: - : . .. 
FEMP-OUOZ-5 D m  

June 15. 1994 

G $  
E! Y 0; n 

3 2  
9 
VI 

9 
n 

K 
3 
m 

B-111-2 10 



,_ 

FEMP-OUOZ-5 
June 15, 1994 

o\ 0 

W 
3 

B-111-2 1 1 



I 
3 

8 8  8 8 8  

d 

3 cc) 0 
w 
9 9 

VI VI 

8 w 
9 
cc) 

s f  w 
z 9 

VI 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111-2 12 



5660 ,  
FEMP-OUO2-5 DRAFT 

. .  .June.15, 1994 
"_ I -  F *, 

B-111-2 13 



FEW-OUO2-5 DRAFT 
June 15, 1994 5660: 

.8 w 
Y 
N 

6 
+ 
3 - 
2 
b 

B-111-2 14 



w 
9 3 u s  
v) 

L 1 

' June 15. 1994 

B-111-2 15 



r 

i '  \o z 
0 
N 

- 
N w 
9 - 
m 
w 
9 
M 

FEMP-OUM-5 DRAFT 
June 15, 1994 

B-111-2 16 



FEMP-OUOZ-5 56&., D 

June.15. 1994 

n 

0 x 

B-111-2 17 



F c. 
FEMP-OUO2-5 DRAFT 

June 15, 1994 

ri 

+ 
H 

+ 
H 

E n. 

R 

B-111-2 18 



8 
6 
+ 
3 

8 
6 
+ 

B-111-2 19 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

\o 0 
d 
P 
'0 

m 0 0  
d w 
'9 P 

t- 

8 
d 

8 6  
d d  
9 9  

z 

a m  

\o 

9 
v! 
N 

8 
d 
c; 

$ 2  
0 0 
a vi 

B-111-220 



566 0'. 
FEMP-OUOZ-5 DRAFT 

.' June 15. 1994 

B-111-22 1 



.. 
FEMP-OUOZ-5 DRAFT 

June 15. 1994 

d 

8 
2 
8 

w 8 w 
v! - 
w 9 8 w  9 
VI VI 

B w 
4 4  

4 '  
s s  



June 15, 1994 

B-111-223 

I .  

1 '  

+ 

E 

+ 



... . c .z 

6 6  + +  
w w  
c?” 
- v )  

3 2  
!qq 
- I n  

+ +  
w w  
Y 9  
N -  

8 6  ;: 
- I n  

B 
2 
W 

B 
: W 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

2 3  
R R 

0 s 
p! w 

W 
9 
m + 

M 
P E 

- - a ,  
\ r . .  . . B-111-224 



FEMP- #RG& 02-5 D 

June 15, 1994 

H 
CI 

P- 
N 

B-111-225 



3 
Y 
N 

FEMP-OUO2-5 D M  
June 15, 1994 

B-111-226 



FEMP- cMwI2k 0 -5 
June 15, 1994 

$ 2  
K j ;  
- v )  

8 8 8 8 8 8  8.8 8 E 6  

3 : 

3 : 

B-111-227 



8 8  + +  
w w  
- ' ?  - e  

$ 3  
' ? -  
- V I  

FEMP-OUMJ DRAFT 
June 15, 1994 

E 
;s 
P 

B-111-228 



June 15, 1994 

B-III-229 



t 

FEMP-OUMS DRAFT 
June 15, 1994 

B 
8 + 
3 
3 

B r 

B-111-230 



8 . 5  8 w w u j  $ 8  w w  
t 9 ? 9 .  

V I r l -  - p 1  

0 8  + 4 N 

June 15, 1994 

B-ID-23 1 



+ 
w 
Y - 
8 

d 

- m  0 0  
+ +  
w w  
? ?  
- v )  

$ 3  
5 ;  
- V I  

Z 8  + +  + 
w w w  
'I Y 9  

8 

N N -  

P 
3 

3 
B 

3 8 3 +  + + +  
w w w  
r ? ? ?  
N " N  

FEMP-OUM-5 DRAFT 
June 15, 1994 

2 
4 

3 
'9 
N 

2 2 

? w 
9 
m 

m 
3 %  9 

VI 
9 
VI + 

E 
3 
P 

B-111-232 



c 

FEMP-OUOZ-5 D & 6  6 (y 
June 15, 1994 

..... ..... 1 ..... ..... ..... ..... ..... ..... ..... .. .. Y d d d d d d d $ d d d d d 
.... ..... .... .Y y p! p! 0 9 9 F' r-? p! d. V! p! - " O D  m m w w  ..... 

r - r i  ..... ..... .:::... .. ...:. .... ..... ..... ..... ..... ..... .... .... ..... ..... _. ... 

0008.29 
I .  

B-111-233 



r 

2 
' Y  

W 

FEMP-OU02-5 DRAFT 
June 15, 1994 

5 ;  
09 a 

W 

s w 
d m  9 

9' v, 

0 

B-111-234 



B-111-235 

FEMP-OUO2-8 y$$o' 'D 
June 15, 1994 



3 2  
R R 

d 

FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

+ 



FEW-OUMJ DRAFT 
June 15, 1994 

E 
W 

I- 
N 

B-111-237 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

6 
W 

r- 

B-111-238 



FEMP-OUOZ-5 56 D m: 
. June 15, 1994 

W m N 

5 
W 

r- 
0 

N 

e c 

._ 

5 z 
E 

2 

a 

s 
Y 
a 
I w 
U 

B-111-239 



EMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-240 



June 15, 1994 - 

B-111-24 1 



$660:  f 

B-111-242 

EMP-OUOZ-5 DRAFT 
June 15, 1994 

b 
Y 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

E e 
V + 
3 - 
S 
8 

8 + 
W z 
E e 
V + 
3 - 
S 

B-111-243 



8 
fi 
+ 
ri 

- e 
X 8( m 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

h 
I- 

I- 
N 

s 

P 
W LL 

B-111-244 



June 15, 1994 

B-111-245 



FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

I B-111-246 

w L L  



3 

e 
5 
2 

Ei 

$ 
3 

i 
? 

4 

June 15, 1994 

z 
I- 

I- 
N 

6003.63.. . . .; . .  * . .. 

B-111-247 



FEMp-OUO2-5 DRAFT 
June 15, 1994 

h 
r- 
r- 
N 

B-111-248 



f 

FEMP-OU02-5 DRAFT 
June 15, 1994 

_ . .  . _  . ' . '  . . './ 

E 
Do 
N 
I- 

B-111-249 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B-111-250 



B-111-25 1 

FEW-0 -36 2-5 DRAFT 6 0;. 
June 15. 1994 

. .  

GOO;B&V 



FEMP-OU02-5 DRAFT 
June 15. 1994 

8 
: + 
ri 

.. 
d 
?! 
P 
!i 
X 

Y 
Lz w 
U 

B-III-252 



June 15, 1994 

a 

0 6 8 8 8 ! s 8 6 8 8 8 8 8 6 8  ; + + + + + + + + + + + + + +  
, w w w w w w w w w w w w w w  
- w q w ? q n y w s y n w q q  

- I . m m - - n u - u - N N m  

~ - m r n o m o ~ - o m w m -  9 Y - 9 w w w z f w 9 9 w n  
1 o o o o o m -  u z m m o m  m 3 

h 
8 
r- 

B-111-253 



FEMP-OUM-5 DRAFT 
June 15. 1994 

M 
0 + 
W w 

- w c y  VI w c l  

B-111-254 



5 6 6 0  ~. FEMP-OU02-5 DRAFT. 
June 15, 1994 

\4 
t- 

B 4 9  W 

m 

2 3  
9 
n 

9 
n 

L 
0 

I- 
0 

B-111-255 



$ 9  
09 - 09 

N 

FEMP-OUM-5 DRAFT 
June 15. 1994 



FEMP-OUOZ $kfM@* 
June 15, 1994 

d 
9 

8 
6 
+ 
9 

B e 
+ 
9 

B-111-257 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

W 

P 

a 3 
k 

P 
3 

2 
E 

00087'4 
' . .  
t.>! Q : *. . I  

B-111-258 



B-111-259 

* 

June 15, 1994 



FEMP-OU02-5 D M  
June 15, 1994 

B-111-260 



. 
FEMP-OU02-5 D 

June 15, 1994 

m t c t c m ~ w t . ~ w t c w t c m w  
9 9 9 9 9 9 9 9 9 9 9 9 9 9  ~~Ll2~wwwwwwwwwww 

- Z - - w m - t c m w w -  
ZlWN ‘ - ? Y - 1 9 0 1 ? 1  

P 
5 c 

E ’  

V 
2 
i 

rr: P - 
2 
b 

B-111-261 



FEMP-OU02-5 DRAFT 
June 15. 1994 

B-111-262 



FEW-OUOZ-5 DRAFT 
June 15, 1994 

2 3  
0 9 
VI v) 

E 
c) 

P 
0 

B-111-263 



2 
F! 
W 

FEMP-OUOZ-5 DFUFT. 
June 15, 1994 

B-111-264 



i :. 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

L 

B-111-265 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B-111-266 

? s X 



B-111-267 

FEMP-OUOZ-5 56& D 0' 
June 15, 1994 

+ 

880933 



F II 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

I . .  

B-111-268 b E *.. .,' i 



June 15. 1994 

i? 
W 

I- 
T! 

B-111-269 



FEMF'-OUK?-5 DRAFT 
June 15, 1994 

, . .  . . ' :: .. . ;. . 

B-111-270 



3 
t 

3 
? 

8 L. 

3 
3 

3 
2 

L 

5660 .  
FEMP-OU02-5 DRAFT 

June 15. 1994 

3 
t 

3 
? 

8 

5 
? 

3 
j 

3 
2 

B-111-27 1 



B-111-272 

FEMP-OUM-5 DRAFT. 
June 15, 1994 



B-111-273 

June 15, 1994 

r- 

I- 
r! 



FEMP-OUMJ DRAFT 
June 15, 1994 

, .  . 

B-111-274 



81 
P 

FEMP-OUM-5 DRAFT 
June 15, 1994 

600539 
. , .  . 1 ' . .  

.1 , 

B-111-275 



8 8  w w  
9 9  * -  

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B-111-276 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

6 
+ 

+ 
3 
E 

B-111-277 



FEMP-OUM-5 DRAFT 
June 15, 1994 

8 8 8 8 8 8  8 8  8 8 8 8 8 2  + + + + + + + + + + + + + +  
w w w w w w w w w w w w w 5  
" 9 3 9 9 9 t 9 Y 9 9 9 9  
- - - r ~ r n - r c ? - m a ~ ~ c ? , - -  

2 
3 

2 
k 

3 
9 - 4 w 3 

r! z rn 

'c) 

2 2  c 5 

H 
I. 

r. 
?-! 

B-In-278 



FEMP-OUOS &&o 
June 15, 1994 

B-111-279 



- 
0 + 
w 
09 m 

v z 
3 m 

$ 2  w 

s x 

s w 
9 
m 

0 

9 3 R 9 
v) 

d 0 
t- 

FEMP-OUO2-5 DRAFT 
June 15. 1994 

2 ?  
NW 
c ) .  

VI 

S 8  
& +  2: 

v) 

B-111-280 

s w 
9 
m 

8 + 
w 
09 
d 

B 
6 
+ 
d 
P 

z 

8 + 
w 
0 
m 

+ 
3 



EMP-OUO2-5 0 
June 15, 1 94 

08085 

E 

U 
e 
+ 

? w 

+ 

7" " 

B-111-28 1 



C .  . -  i 5860 FEMP-OUM-5 DRAFT . 
June 15, 1994 

31 I 3 
B *  9 

? w 

ai 

2 3 
R 9 

VI 

B-111-282 



6660 .  
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

+ 
3 
E 

B-111-283 

8 
rfi 
p! 
OI 

+ 

L 
P 



8 g 8  
+ w +  

? ?  w v w  
8 6  
e m  Z - ?  
w w  3 

". 
OI 

PI 

2 
3 

2 
B - 

8 + 
W 

S 
w 
2 F! 

$ 3  
9 
VI 

9 
VI 

3 
9 
VI 

2 

2 
9 - 

f 

FEW-OUOZ-5 DRAFT 
June 15, 1994 

B-111-284 



. .  
. .  

F E M P - O U 0 5 6 ~ .  :A 

June 15, 1994 

B-111-285 



FEMP-OUOZ-5 DFtAFT 
June 15. 1994 

B-111-286 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

8 w m -  0 0 - = 8 8 S 8 8 8 ~ S S 8  
Y w Y Y - - ? 1 - ? Y ? - ?  . t Y  

f W W W W W W W W W W W ~ d W  - 1 el n m N - - - m r- w u - - w N 
Z Z $  
I 

B-111-287 



s s  w w 
9 o! - 

8 8  6 8 s  

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

6 8  
wrir  
'qr: 
l-ri 

8 8  
wrir 
'qr: 
l - m  

B-111-288 

C Q W W  

O'Y 6 - 0  

a 



g g n n d n n w - - - n n n  

~ w w ~ e w w w w w w w w w w  
C N ? W I A Y ' ? u ! ? S Y 9 9 ?  
- N O D  N C l O m - n - w r - l -  

0 0 0 0 0 0 0 0 0 0  j p + + g z + + + + + + + + + +  

e a z e w 
5 
2 
3 a 
U 

W U 
c 

B-111-289 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 

+ 

-.  . CzOOSi?6- - .  . 
B-111-290 



June 15, 1994 

N N N N P - l ? - n - - - - W  

+ + +  

+ + +  
u n r ?  
m u m  

. .  

B-111-29 I 



8 8 1  + + +  + +  w w  W W Y  

6 8  8 
d 
'9 u 3 2  2 2 :  

- 8  8 8 8  + + +  w w w  $ $  n v!: 

8 8 s  + + +  w w w  
p ' Y 9  
r i - r n  

S 8  
d +  
QIW 
VI: 

4 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

$ 8 8  
w w w  
u o m  

8 
w 4 : :  

$ 
9 
N 

S 
t-" 

E 
f + 
H - 
S 

B-111-292 



FEMP-OU02-< DRAFT 
June 15, 1994 

1.q ... l a lm + A  d m v; 6 0 A A v; 
... .... ... ... ... ... ... .... ... .... ... - 0 0 0 0 0 - N - - 0 - d - .. lq- - - - - - - - - - - - - - 

.... .... . .: I: .... o w w d w d d d d w w d w w d  b 
2 . .  u. 0 9 r i  c'!'? 04 9 '9 '?v! r ? ?  w w  09 . . .  ... v1 N N N N r- - m - VI - - - - N ... .... ... 

.... ... ... 0 ...... .... ...... ... ... o S S ; S ;  $ 7  g s G  
+ + w  

... ... ... ? ? o s r - ' ? I -  '?we .... ;$$, ... ... ... ... ... j + + + W + W  w w w q w ' ?  I?? W W ' ?  
... ... ... - I - -  I- t r - -  ... ... ... ... ... ... ... ... ... 

' 5  
8 
i 

3 

5 
8 

3 

L 
p1 

I- 
y. 

$ 

3 
c 

X 

. . .  . .  

B-111-293 



FEMP-OUO2-5 D m  
June 15. 1994 

aJ - 
n 

n n 
.- 3 - 

x 
E 
k 
5 

z! 
i 

B-111-294 



B - I I I - 2 9 5 

\ June 15, 1994 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

m 
9 z s  9 - N 

B-HI-296 



EMP-OUOZ-5 5M a* 
June 15, 1994 

3 
5 
3 e 
a 
2 

3 
2 
d 

3 
E 
e 
a 
2 

B-111-297 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-298 



56605, 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

A ,  
b - .  . 

. .  
. I  

B - I I I - 2 9 9 



FEMP-OUO2-5 D m  
June 15, 1994 

B-111-300 

a 

L 



FEMP-0 9s9&. 0 -5 - 
June 15. 1994 

... ... . . .  .... 1 1  .... .... .... .... I_ .9 $ 8 8 8 8 6  w w w w w w $ 2  $ 8 5  w w w  
.... ..... .......: .... d l q r - - N - N .  r ? - ?  Y O - ?  

- - - - - I -  m m  m l n m  ..... . .. ... . .... ... .... ..... .... .... 

H 
n 

I- 
0 

B-111-301 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

P 
3 

3 

3 
v! 
o 

8 w 
9 

m o 
3 

2 
p! 

3 
9 
VI 

9 
v) 

? w 4 -  9 
3 
9 

2 
v) 

9 
v) 

B-111-302 



2 0 
X 

B-111, 

5660'. 
FEMP-OUOZ-5 DRAFT. 

June 15, 1994 

-303 

B 
8 
f 

B 
d 

E 

f 

d 
B 



B w 
9 
m 

FEMP-OUOZ-5 D W  
June 15. 1994 

$ 2  
9 
VI 

9 
VI 

8 
W 
9 

$ 3  
9 
VI 

9 
VI 

. .  
* .  

B-111-304 . .  



FEMP 
5660. 

-0UO2-5 D R , k Y  
June 15, 1994 

w w w w w w w  

l - l - w w n v ) n n O o P - n ~ n ~ m  
9 9 9 9 9 9 9 9 9 9 9  9 9 9  w w w w w w w w w w w w w w w  :%~z~3~?zx4z~~p 
m N N N - - O - t m - W - N b  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

- 
2 
t- 

1 
9 
09 
n 

5 
f + 
3 

5 
6 
+ 

i 
I .  

B-111-305 



c 
FEMP-OUO2-5 D m  

June 15, 1994 

* .  .. . 

+ 

L 
0 
Y! 

. B-111-306 



F E M P - O U S & M  
June 15, 1994 

B 
6 
+ 

B 
6 + 
9 

000923 
B-111-307 



FEW-OUO2-5 DRAFT 
June 15, 1994 

- 8  8 8 8  + + +  
w w w  2 2 2  $ 2  

w s  

8 
I 
w 

2 2 
9 
VI 

9 
VI 

B-111-308 



June 15, 1994 

i;8 8 Z 8 Z 8 Z  + +  + + + + + +  

B-111-309 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

000926 

.- ; a  5 
M 

. .  . .  
Y -  . 

w U 

B-111-3 10 



B-111-3 11 

EMP-OUOZ-5 D #6 0' 
June 15. 1994 

+ 

+ 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

U. 

B-111-3 12 



0 0  N I ? = %  

June 15, 1994 

H 
0 
F! m 

B-111-3 13 



FEMP-OU02-5 DRAFT 
June 15, 1994 

H 
o 
F! 

B-111-3 14 



FEMP-0 8aL!D! 2- 
June 15, 1994 

._ 

B-I1 

- *  r- 

P 
d 
2 

+ 
2 

+ 

. .  

:I-3 15 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

B-III-3 16 



e q 6 @ ,  
FEMP-OUO2-5 DRAFT. 

June 15, 1994 

. = 2 q ; q q q ; q  
r w w w w w w w w w  
.2 p! 9 ‘? 9 9 09 9 \q p! 
C 4 m - - r 4 - \ D \ D m -  I 

+ 

-1 
X 

B-HI-3 17 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

U. 

B-111-3 18 



5660.  
FEW-OUOZ-i DRAFT 

June 15, 1994 

- 
i5 
P 
3 

v! 
v) 

a 
t-" 

- 

... - ... .... 
.... .... .... .... ... 2" - o =  = o =  
..:;:;:; .... r , d d  &&,d d & &  .... ..... 
.... -:.:.:.: .... .... &? 2 2 :  3 3 s  

m r i  .... .... ... .... .... ... .... .... .... 

ca 

dl 
p' 

0 

v) 

B 
f 
+ 
3 
a 
t-" 

B-111-3 19 



,. , . .. 
1 .  . 

1 
? 566 a* 

P 

FEMP-OU02-5 DRAFT 
June 15, 1994 

B-111-320 



Junk 15, 1994 
FEMP-OUOZ-5 DRAFT 

5660 

B-111-32 1 



.Y 

ui 

V 
2 

U 

.E 

v1 I 
U .Ei 

J¶ 
E 

P. 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111-322 



' FEMP-OUOZ-5 DRAFT 
June 15. 1994 f l  do600 

04209 
B-111-323 

r 



FEMP-OU02-5 DRAFT 
June 15. 1994 

B-111-324 



FEMP-OU02 'm 0 
June 15, 1994 

B-111-325 



FEMP-OUO2-5 D m  
June 15. 1994 

I- 

b 
0 

P s 
.- 
5 a 

c 
F 

i 

2 

C 

I 

I 

c 
F 

? 

. 

. 

E 

d 

f 
d 
I 
! 

? 

B-111-326 



gS.6 0. 
FEMP-OUO -5 DRAFT 

June 15. 1994 

B-111-327 



FEW-OUO2-5 DRAFT- 
June 15, 1994 

B-III-328 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-329 



566 0, FEMP-OUO2-5 D W -  
June 15, 1994 

T i 
a 

B-In-330 



B-111-33 1 



1 r 
FEI”-OU02-5 DRAFT 

June 15, 1994 

rL’ 
Y 

B-111-332 



s6 6 0' FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111-333 



FEMP-OU02-5 D m  
June 15. 1994 

B-In-334 



i 

T 

8666. 
6 

&MP-OUO2-5 DRAFT 
June 15, 1994 

T 

B-111-3 35 



! 

5664  , 
FEMP-OUM-5 DRAFT 

June 15, 1994 

E 
p’ 
00 

. , .  . .  
B-111-336 



6 6 6  w w w  

FEMP-OUOZ-5 DFAFT. 
. June 15, 1994 

B-111-337 



FEMP-OUOZ-5 D m  
June 15, 1994 

B-111-338 



FEMP-OUOZ-5 DRAFT 56601 June 15, 1994 

B-111-339 



FEMP-OUO2-5 D m .  
June 15, 1994 

*. . 
B-111-340 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-341 



A W r d  

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B-111-342 



h 

Y 

5660 FEMP-OUOZ-5 DRAFT ' 

June 15, 1994 

3 
3 z 
d 

S 

B-111-343 



f FEMP-OUOZ-5 DRAFT 
June 15, 1994 

. .  . .  

0 - -  

B-111-344 

w U. 



5660  FEMP-OUO2-5 DRAFT 
June 15, 1994 

. . -  

B-111-345 



566Q f 
FEW-OUO2-5 DRAFT 

June 15, 1994 

a 

B-III-346 



h 

Y 

t' 5660 FEMP-OUO2-5 DRAFT. 
June 15, 1994 

, :. .' , . .: .. -. . ., % 
. . .: 

. ...' : - __. 1 e .  

3 
Y - 
fi 
8 
+ 
3 - 
S 

2 
'? 
d 

B 
8 + 
3 - 
S 

B-In-347 



FEW-OUOZ-5 DRAFT 
June 15, 1994 

B-111-348 



z $  
0'9 

' m m  

FEMP-OUOZ-5 DRAFT 
5660 

3 
3 
3 a 
3 

June 15. 1994 

B-111-349 



FEMP-OUO2-5 DRAFC 
June 15, 1994 

5 
6 + 

B-111-350 



56601 FEW-OUOZ-5 i DRAFT A .  5 

June 15. :1994 

+ 

B-111-35 1 



5668; ! ‘  FEMP-OUMS DRAFT 
June 15, 1994 

B-111-352 



566 8 
. .  . 

FEMP-OU02-5 DRAFT 
June 15, 1994 

B-111-353 



s 
d x 

8 8 8  
iii 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111-354 



Q 

h 

3 
: 
3 : 

3 
3 
5 : 
i 
2 

5660 FEW-OUO2-5 D M  
June 15,, 1994 . 

. .  

+ 
3 

B-111-355 



FEMP-OUO2-5 DRAFT. 
June 15. 1994 

3 

B-III-356 



B-111-357 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-358 



b FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

B-111-359 



, FEMP-OUOZ-5 DRAFT. 
June 15. 1994 

- - i m  

u e 

B-111-360 



FEMP-OU 9660 2-5 DRAFT 

June 15, 1994 

B-111-361 



556 0: t ' 

B-111-362 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

-1 

. g  
B 
$@ P 



FEMP-OU02-5 DRAFT 5 6 6 0  June 15, 1994 

+ 

n 

00 
N 

B-111-363 



i :  

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

-;odd 

B-111-364 
, 



h 

3 
Y 

B-111-365 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 



FEMP-OUM-5 DRAFT - 

June 15. 1994 

x m 
3 
2 

g 
a 
d 

S 

K 
V I ’  

m N 

. .., . . 
: .  . , ” .  . 

B-111-366 



5660. 

al 

FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

z 
W 
N m 

B-111-367 



i 

. ': . -.: .. , .  FEMP-OUO2-5 D m  
June 15, 1994 

000984 Y 

B-III-368 



b; . 56 6 o Em-ouo2-5 D m  
June 15. 1994 

8 

8 

. .. . . . I .  . , :  

B-111-369 



- *  .' . c' 

Y 

SI 

8 8 8  
$ 2 2  rn00TT 
-et- 

8 u r: 
2 dl VI 

m s 
v! 
n 

E E 

+ 

FEMP-OUOZ-5 DRAFT. 
June 15. 1994 

a 

B-111-370 



8 + 
w 
t m 

6 
E 
VI 

5660.  

6 
E - 

00098' 

FEMP-OU02-5 DRAFT 
June 15,J994 

, -  

B-111-37 1 



8 8  + +  
w w  2: 

FEMP-OUM-5 DRAFT 
June 15, 1994 

2 x 
E 
8 
V + 
H - 
3 
g 

m 

c? m 

E 
8 
U 
+ 

2; 

H 

B-111-372 



~GW-OU+-~ DRAFT 
Jdne 15, 1994 

a 2 3  
? 0  
m m  

0 .  

B-111-373 



B-111-374 

E 

FEMP-OUO2-5 D M  
June 15, 1994 

8 w 
t 
d 

E 

V 
e 
+ 
9 

Lf 
4 



56608 

d 
0 + 
w 
". m 

FEMP-OUO2-5 DRAFT 
June 15. 1994 

B-111-375 



8 8 8  

8 8 8  4::: 
- 0 -  

5 s W 

N 

dl 2 E 

FEMF'-OUO2-5 D W  
June 15, 1994 

B-111-376 



8 w 
m 

a w 
v) 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

E 

B-111-377 



... 

-.8 8 8 
o + + +  i b w  

8 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B-111-378 

U 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-379 



8 8 8 8  + + + +  + 
w w w w w  

? ? a ! ?  

0 8 

x N - N W  
$1 8 m $? 8 

s 

8 8 8 8  

+ 

FEMP-OUO2-5 DRAFT 
June 15. 1994 

-1 r 



56 6 Q FEW-OUOZ-5 DRAFT 
June 15, 1994 

8 + 
w 
". 
u. 

8 
5 
v1 

2 
3 

2 
E 

+ 
9 
E 

B-III-38 1 



I . . , t- ' .  : 

3 x 

2 
3 

k 
3 

f 
E 
x m 
B 
5 
k 
a 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

'I 

B-111-382 



B-111-383 



FEMP-OUO2-5 D m  
June 15. 1994 

L 
N 

00 
CT! 

P 
w u. 

B-111-384 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

56 6 0: 

+ 

B-111-385 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

1 .- 
* 
0 Y 

s 
c! 
0 

V I m m m  0 0 0 0  + + + +  
w w w w  
r ! Y ? c !  
- w - V ,  

41 
X 

a 

B-III-386 



B 
k 

3 $ 4  
i: " 5  

4 

3 i:l 

d 

0 + 
i 
w 

v I m ( o m  
0 0 0 0  + + + +  
w w w w  
r ? Y F c !  - w - . v I  

- 
0 + 
w 
09 
I. 

FEMP-OUOZ-5 DRAFT 
5660. 

June 15, 1994 

8 6  2 3  
i- 

- 
2; 
\9 
N 

!? 

9 
2 

x 
5 
5 
2 
a - 
c 

B-111-387 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

8 8 8  

B-rII-3 88 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

8 6  
2: w w  

h 

B-111-389 



56 6 0, 

E m 
- 7  
c! 
c! 
m 

3 k 

2 
w 
9 
0 

8 2 8 8  0 0 - + + + + +  w w w w  
v; - w - w  
z Y - ! ? ?  

- m - m  
9 9 9 9  

. ? ’ ?  . - w - m  

June 15, 1994 
FEMP-OUOZ-5 DRAFT 

+ 
3 - 
2 
l- 

oa 

a 

B-111-390 



EMP-OUOZ-5 DRAFT 
June 15. 1994 

- 
9 

-W 
0 
N 

H - 
zl 
0 
N 

0 0 + 
y 
v) 

B 
2 
9 n 

* N * N  0 0 0 0  + + + +  
w w w w  
y - P ’ \ 4  
- m - w  

0 0 + w 
? 
n 

C I N d N  
0 0 0 0  + + + +  
w w w w  
9 ? Y ?  
a n - *  

B 
W 
9 
0 

- 
0 
w 
0 
N 

B-111-39 1 



FEMP-OUO2-5 DRAFI'. 
June 15, 1994 . 

8 8 8  + + +  4:;; b r .  

H 

B-111-392 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

h 0 x 

5660.  

f 

B-111-393 



0 s 
'? * 

8 
W 
c! 
W 

June 15, 1994 
FEMP-OUO2-5 DRAFT 

z 
n 
T! 

2 
6 

& 
w U 

B-III-394 



June 15, 1994 

8 6  
5 q  
d -  

!4 01 
m 

V I m V I m  
0 0 0 0  + . +  + + 
w w w w  
? Y ? r ?  
- w - V I  

V I W V I O  
0 0 0 0  + + + +  
w w w w  
' ? ? u ! ?  
m - m -  

- 0 - m  s s s g  
? ' ? ' ? .  
- - - V I  

- 
2 
I- 

- I' 

B-111-395 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

w 
U 

B-111-396 



56sa FEW-OUOZ-5 DRAFT 
June 15. 1994' 

d 

8 6  z z  w w  

B-111-397 



s 
w 
9 
m 

e N e N  0 0 0 0  + + + +  
W W W W  

8 + s Y " ? ?  
n - m - w  

- m - m  

m r n r - 0 2  z z z z  z 
" Y ' ?  9 

m - w - v i  

9 
\4 

11 

9 
9 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

w 
Y 
p' 

E 

V + 
2 

2 z 
b 

z 
I- 

?? m 

B-111-398 



9 
n 

n 
9 m 

8 + 
w 
'? 
m 

566@ 
FXMP-OUOZ-5 DRAFT 

June 15, 1994 

- 
2; 
t 
N 

- 
2; 
t 
N 

3 
9 
VI 

2 
Y ;I w m 

N 3 

z 
P 

01 
T! 

B-111-399 



FEW-OUO2-5 DRAFT. 
June 15, 1994 

B-111-400 



76 6 @ Q ' FEMP-OUOZ-5 DRAFT 
June 15, 1994 

* . . ' 
a .  

, . . . , .. " 

.: ,, . . . . 

B-111-40 1 



5660 
FEMP-OU02-5 D m .  

June 15, 1994 

B-111-402 



5668: FEMP-OUOZ-5 DRAFT 
June 15, 1994 

E 

?? 

n. 
I- 

00 

B-111-403 



3660.  . FEMP-OUOZ-5 DRAFT 
June 15, 1994 

6 
W 

W 
T! 

B-111-404 



5660 FEMP-OUOZ-5 DRAFT 
June 15, 1994 

4 



' 4  FEMP-OUO2-5 DRAFT. 
June 15. 1994 

B-111-406 



FEW-0 5Je&& 02- 

8 
: + 
Fi 

June 15. 1994 
. .  

B-111-407 



5660; j 
EMP-OUOZ-5 DRAFT 

June 15, 1994 

* _ . -  , 
./ . . 

B-111-408 



5660: 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

B-111-409 



FEMP-OUO2-5 DFWFT 
June 15, 1994 



6 0- FEMP-OU02-5 DRAFT 
June 15. 1994 



FEMP-OUO2-5 D M  
June 15, 1994 

a 



T ," 
June 15. 1994 

QszGzg , .  
B-111-4 13 



5660; , 

{ '  . .. FEMP-OUO2-5 DRAFT 
June 15, 1994 

e 
X 4 
d 

8 

0-* AL* n* s 0 
B-111-4 14 



8 
: + 
& 

FEW-OUOZ-5 DRAFT 5660.  June 15, 1994 . .- 

oozc&g .,' 
. .  

' i .  * 

B-111-4 15 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

E 
8 u 
+ 

+ 
9 

.. 
h 
P 
9 

w 
U 



June 15. 1994 

E 
0 

p. m 



, -  I ,  

. .  

8 8 - 8 6 Z Z Z Z g Z 8  g + + 5 + + + + + + + + +  
~ w w w w w w w w w w w w  
, n m m - r m w m o m m o m  I 
-..a' Pi w 6 Pi od 0; 6 Pi Pi Pi 

FEW-OUO2-5 DRAFT - 

June 15. 1994 

3 a 
m 



P 
2 
g 

P 
5 e 
a 



* 56601 1 FEMP-OUOZ-5 DFUFT. 
June 15, 1994 



FEG-OUOZ-5 DRAFT 
June 15, 1994 

2 
Y 
r- 



FEMP-OUM-5 DRAFT 
June 15. 1994 



B 
CI 



FEMP-OUOZ-5 DRAFT. 
lune 15, 1994 



B;. 5 6-6 0. FEMP-OUOZ-5 DRAFT 



566 0; 
1 .  < ,' , . . .  EMF'-OUOZ-5 DRAFT 

June 15, 1994 

%IS w w 
d n m -  

w 
LL 

G Q 1 p g :  
B-111-426 



56 6 0, FEMP-OUOZ-5 DRAFT 
June 15, 1994. 



FEW-OUMJ DRAFT 
June 15, 1994 

w U 

B-111-428 



FEW-OUOZ-5 D W  5668 June 15, 1994 
t; 

B-111-429 



k 

N r n b I - \ o r -  0 0 0 0 0 0 0  % + + + + + +  
E W W W w W W  

m - w r 4 - m  
- ' ? ' ? o \ c ? ? v !  I 

FEhP-OUO2-5 DRAFT 
June 15, 1994 



f 56 6 0 FEW-OUOZJ ~ m .  
June 15, 1994 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 



FEMP-OUOZ-5 DRAET 
36($@, 

June 15, 1994 

8 (-J 20 4 9: 
. .. . I  

B-111-433 



5660-  . . FEMP-OUOZ-5 DRAFT 
June 15. 1994 



June 15. 1994 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 



FEMP-OUO2-5 DRAFT 
5660.  

June 15, 1994 

8 8  w w  
C ? p !  
W N  

i 

a 
2 
W L L  



FEMP-OUO2-5 DRAFT 
June 15. 1994 

E 

V 
2 
+ 

L 



$ 9  
c?? 
W N  

N 0 + 
W 
9 
d 

w n w m  
0 0 0 0  + + + +  
w w w w  
tc??? N - N m  

N 
u o  = +  
21 a d 

w n w d  
0 0 0 0  + + + +  
w w w w  
Y O 0 9  
ue4VI- 

5 3  6 0 FEMP-OUOZ-5 DRAFT . 

m 
Y 
r- 

w w m  
9 9 9  w w w  
Y Y ' ?  
m d n  

$ 2  
9 9  
m n  

. . .  
,, 0% G 5 5 
B-111-439 

June 15, 1994 

- 
s 
6 
+ 
3 - 
2 
t- 

0 0 + 
w 
c? 

E 

V 
+ 

0 

8 

3 - 
2 
t- 

h 



w e 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

w 
U 



* J&e15: 1994 

+ 

E 
W 

00 
p. 



FEW-OUOZ-5 DRAFT 
June 15. 1994 

+ 

5 
f 
+ 

L 
4 
m 



b 
f 

0 %  

Q 

1 3 1  

i 

0 + 
Y 
w 

- m d m N  
0 0 0 0 0  + + + + +  

019 9 

0 8  u +  
W w w z w  
2 - - t 4 o O  

II r. 8 

FEW-OUO2-5 DRAFT 
5 6 W  

3 Y 

01 
M 

I 

June 15. 1994 



t 

EMP-OU02-5 DRAFT. 
June 15, 1994 

Y 
L 
w U 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

I .  

+ 
3 

? 
z W 



- 
3 n 

6 8 8  w w w  
197 - n -  

8 8  + +  
w w  
0 0  
or-  

6 

B 

w 
? 
rD 

v! 
d 

6 w !I 09 d 

FEMP-OU02-5 DRAFT 
June 15. 1994 



x c 
2 

8 6  z z  w w  8 8  
S %  w w  

8 8  w w  
- 0  
9 9  

' FEW-OUO2-5 DdXFT 
June 15, 1994 



5060: 
\\ . 

i '  

FEMP-OU02-5 DRAFT 
June 15, 1994 



56 6 0. FEMP-OUOZJ DRAFT 
June 15, 1994 

8 6  
2 2  w w  

E 
P 



b 
c 

k 

FEMP-OUO2-5 DRAFT. 
June 15, 1994 

+ 

s s 
B 
8 

(-jQ 3 0 g $, 
B-111-450 



FEMP-OUOZ-5 DRAFT 5660,  June 15, 1994 

+ + + +  
- e r r -  

+ + + +  
w w w w  
? O ' = ! o '  
-00-m 

0 0  
v l m  



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

ri 
Y 
r- 

E 
8 u 



5660 
FEW-OUOZ-5 DRAFT 

June 15. 1994 . 

+ 

B-111-453 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 



56 6 0, FEW-OUOZ-5 DRAFT 
June 15, 1994 

h 

B-111-455 



. r-. .. 
n I- 

. .  
+ ' 7  ?":* . 

FEMP-OU02-5 DRAFT 
June 15. 1994 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

E 

0 cp p s,ys . : .  
B-III-457 



5660 FEW-OUO2-5 D M  
June 15. 1994 



'r- 5660 FEMP-OUO2-5 DRAFT. 
June 15, 1994 



5660: 
.. FEMP-OUOZ-5 DRAFT 

June 15, 1994 

a a a  + + +  
& 2 $ $  
- e -  



- 
0 
i 
W 
09 
N 

- 
0 
i 
W 
9 
v) 

5660  
I:.; 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

V l d v l r n  
0 0 0 0  
i i i i  
w w w w  
? ' ? Y O  
m - N -  

s 
? 

a 
i 
: 

0 0 
i 
W 
t 

2 
3 

2 



' .  K' 
FEW-OUO2-5 DRAFT 

June 15, 1994 



3 

E z 
2 . 

3 
t 

3 
? 

e 

* .  

FEMP-OUO2-5 DkAF;T', 
June 15, 1994 



. I _.- 
v .  5660-  

8 8 8  

FEMP-OUO2-5 D m  
June 15. 1994 

8 
W 
'9 - 

J .  8 w t - 

E 

U 
+ 
e 

3 
E! 

5 
W 
3 

E 

U 
+ 

- 
e 

3 
2 c 



5660, 
FEMP-OUO2-5 D M  

June 15, 1994 

$ 8  f i g  
0 ' -  

E 
N 
P 
P 



g w w  w 
N. - 9 

NY) 

7 

FEMP-OUO2-5 DRAFT 
June 15, 1994 



P 

k 
B 
2 

6 
z W 

6 8 8  w w w  
9 9 9  w - -  

June 15, 1994 



8 + 
w 

8 8  + +  4;; - e  2 

0 c 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

E 
Q 
+ 



P 
3 
3 a - 
S 

- I - -  

w 

" " 3  



; 3668. .; 4 
FEMP-OUO2-5 D m  

June 15, 1994 

.. 

d 
r! 
m 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 T 

.i '( :.+ 

w 
09 
W 

E 
2 
V 

5 r 
+ 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

.S 

R 

w U. 

' B-111-472 



-0UO2-5 DRAFT 
June 15. 1994 

B-111-473 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

2 

- - I  

- 
E 
Y Y 

7 

2 

2 

I 

> 

E 

? 

I 

I 

I 

I 

I 

: 

I 

: 
1 

? 
3 
L 

P 

Y 

i 

z 
a 

I 

> 

4 

a 
i 

I 

I 

I 

I 

E 

I 

I 

5 

e 
! 
i 

L 

\ 
E 

1 

> 

I 
I 

I 

I 

I 

7 
I 

c 
E 

I 

I 

z 
C 

C 

I 

? 
e 

I 

? 
L 

; 

> 

I 
I 

I 

> 

I 

I 

r 
> 

I 

r 
r 

E 

E 

r 

C 

? 

g 
1 

F 
I 
f r: 

5 
1 

> 

I 
I 

I 

5 

? 

I 

I 

I 

I 

! 

! 

1 

? 
3 

a 

i 
4 

: 
I 

I 
r 

2 

f 
I 

I 

I 

I 

I 

I 

> 

5 

I 

U 

U 

I 
! 
5 

Y 

I 

c 

3 

I .  < .  . 

B-111-474 



56 6 @ . mmouo2-s D m .  
June 15, 1994 

h 

d 
h ; 

SL 
t 
? + 
v 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

L 

5 

1 

c 

F 

I 

> 

i 

, 

I 

I 

C 

C 

I 

r 

D 

e 

2 
a 
7 

i 
r 

; 

2 

I 

I 

I 

I 

I 

I 

I 

6 

? 
E 

: 
E 

i 

F 
r 

> 

I 
I 

> 

I 

I 

I 

r 
d 

I 

I 

! 

P 

P 

: 
f 

9 
i 

! 

> 

c 
i 

> 

I 

I 

I 

? 

I 

I 

C 

c 

c 

: 
P 

b 

i 

! 

5 
I 

i 

> 

I 

I 

I 

I 

C 

I 

I 

Y 

I 

e 

i 

I 

B-111-476 



FEMP-OUO2-5 D M - '  
June 15, 1994 

a 

> 

2 

I 

I 

I 

I 

I 

I 
a 

3 

3 

3 

; 
5 

4 

I 

I 
! 

8 

I 
! 
I 

B-111-477 .. ' 



5660. 

1 

FEMP-OUOZ-5 D m  
June 15. 1994 



FEMP-OUOZ-5 DRAFT 
June IS. 1994 , .. 

I 

> 

I 
I 

L 

I 

I 

I 

3 
i 

i 
5 

II 
5 

? 

! 

I 

B - I I 1-4 7 9 



56 6 0. 

U 

.- I 

FEMP-OUO2-5 DRAFT 
June 15. 1994 



66 6 FEMP-OUOZ-5 DRAFT 
June 15, 1994 

y 
Y 

5 

x 
W 

-I 
I 



. FEMP-OUO2-5 DRAFT 
June 15, 1994 

L 



a 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

. . .  . .  

GOfEQQ 
B-111-484 



FEMP-OUOZ-5 DRAFT 3 6 6 ~  j June 15, 1994 

B-111-485 



FEW-OUO2-5 DRAFT 
June 15. 1994 



iL 
K YI 

' FEMP-OUO2-5 DRAFT 
June 15. 1994 

B-111-487 



5$Q: I' FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-488 



59 6 @FE&-OUM-S D M  
June 15, 1994 c .  

4 

B-111-489 



. -. . 
. a  FEMP-OUO2-5 DRAFT 

June 15, 1994 



5660 FEMP-OUOZ-5 DRAFT 
June.15, 1994 

*. . 

+ 

+ 

B-111-49 1 



a -  . . ; 
EMF'-OUO2-5 DRAFT 

June 15, 1994 

w 
U 

B-111-492 



FEMP-OUOZ-5 DFUFT 
June 15, 1994 - + 

B - I I 1-4 9 3 



5660 
FEMP-OUO2-5 D M  

June 15, 1994 

0 S 8 8 S S S %  $ + + + + + + +  
E w w w w w w W  

- - - m m m m  
- - - ' ? 9 9 9 v !  I 

+ 
w 
c? m 

+ 

m 
9 

r; 
II! 

+ 
H 

L 



w6Oi * FEMP-OUOZ-5 D M  
June 15, 1994 

H 
0 n 
0 

.Golf32 
-' . . 

B - I I 1-4 9 5 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 
3 
3 c 

+ 
3 

B-111-496 



EMP-OU02-5 DRAFT 
June 15, 1994 . .  

, 

0 
f 



FEMP-OUO2-5 DRAFT 
June 15. 1994 



566' i FEW-OUOZ-5 DRAFT 
June 15, 1994 

B-111-499 



$660. 
h 

.- : . , *  . - ,  . .  . .  FEMP-OUOZ-5 D M  . 
June 15, 1994 

- 
PI 1' 

E 
2 u 
+ 
B 
& 
3 a 

B-111-500 



FEMP-OUOZ-5 DRAFT ) June 15, 1994 

r &I 
s 

h 
I- 

? m 

._ ., . . . . .  

B-I1150 1 



FEMP-OUO2-5 DRAFT. 
June 15, 1994 

+ 

3 
I- 

m 
T! 



FEMP-OU02-5 DRAFT 
]June 15, 1994 

B-111-503 



B 

x 
f 

3 
k 

P 

; 
5 s 

h d 

FEMP-OUO2-5 DRAFT 
June 15. 1994 

a 

3 
0 
p. m 



. FEMP-OU02-5 DRAFT 
June 15, 1994 

B-111-505 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

E $  2 
X $1 2 z 



5 6 6 0. FEMP-OUOZJ DRAFT 
June 15, 1994 

0lZ s! s! s! s! s! s s! C! = s! 



FEW-OUO2-5 D m  
June 15. 1994 

e w  L? 
d s X 81 d 

., .' . . 
. o s ~ ' ~ ~ 4  

B-111-508 



B-111-509 



2 
c! 

3 
? 
VI N 

PkMY-UUUZ-3 UKAk-I 
June 15, 1994 



56 ea FEW-OUOZ-5 DRAFT 
June 15, 1994 

. .  

L 
Q, n 
0 



FEMP-OUO2-5 D m  
June 15, 1994 

B-III-5 12 



FEMP-OUO2;5 D I  
-June l's: 1994 

+ 
3 



56 60 FEMP-OUO2-5 DRAFT 
June 15. 1994 

w rn 

B-111-5 14 



T 
b 0 3  

r 
x 

i! 

ooa,aq . 
. I  

I .  

B-111-5 15 

FEMP-OUOZ-5 D M  
June 15, 1994 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

ooz.x32 
B-HI-5 16 



, . ' . f p  - . 
FEMP-OUO2-5 D k  

June 15, 1994 

m - - m  d -e4 

B-III-5 17 



5660 
FEMP-OUO2-5 DRAFT 

June 15, 1994 

P 
5 
E 
z 
2 



.. . 

5660 
FEMP-OUOZ-5 DRAFT 

June 15. 1994 



FEMP-OUO2-5 DRAFT. 
June 15, 1994 

. .' 

B-111-520 



FEMP-OUOZ-5 DFUFT 
June 15, 1994 

B-111-52 1 



. '. 

FEMP-OU02-5 DRAFT 
. June 15, 1994 

P 
w U. 

B-111-522 



FEW-OUOZ-5 DRAFT 
June 15, 1994 



t 
FEW-OUOZ-5 DRAFT 

June 15. 1994 

z 
u! 

2 
". 

m 



I n 

w : 

8 + 
w 
2 

FEMP-OUO2-5 D m  
June 15, 1994 

B c 
V + 

+ 



.. . . .. 566Q: FEW-OUO2-5 DRAFT 
June 15. 1994 

+ 

+ 
9 

L 
2 



FEMP-OU02-5 DRAFT 
June 15, 1994 5660: 

002243: 
B-111-527 



e FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-In-528 



FEMP-OU02-5 DF!AFT 
Ju .ne 15, 1994 

+ 
3 

E 
2 
V 
+ 
3 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

In s 
9 

+ 
3 



FEMP-OUO2-5 D M  
June 15. 1994 . 

ao"a42 
B-111-53 1 



EMP-OUO2-5 DRAFT. 
June 15, 1994 

5 3 x ? 
VI 

B 
E 
w 

2 
3 

F! 

. 
? 

i 
! 

E 
E 
3 
? 

h 

5 



g 
n 

FEMP-OU02-5 DRAFT 5660. June 15, 1994 

P 
2 + 

.I 

+ 

B-111-533 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 



5 6 6 0. FEMP-OUOZ-s DRAFT 
June 15, 1994 

i 

R a 



x 
f B ; 

k E 
E 
a 
? 

5 

FEMP-OUO2-5 D W  
June 15, 1994 



5660 FEMP-OUOZ-5 DRAFT 
June 15, 1994 

2 w x 

E 
8 
V + 



FEW-OUOZ-5 DRAFT 
June 15. 1994 



MP-OU02-5 DRAFT 59 6a June 15, 1994 

\ D I . W \ o W W W ~  m \ o m  
r Q Q Q Q Q Q Q Q ~ ? Q Q  .> w w w w w w w w w w w w U m w w d m ~ ~ I . d m m m  

9 ? 9 ? ? . .  ?1"?? 
- m w - - - - * - m t - J \ o  

2 3 



FEMF'-OUO2-5 DRAFT 
June 15. 1994 



FEMP-OUO2-5 DRAFT 
June 15, 1994 5660' 

3 
r! 

+ 

s 
d 
Y 
I- 

E 

6 + 



, ~ .  .: , . . a. . .: I . -  
FEMP-OU02-5 DRAFT 

June 15. 1994 

+ 

+ 



FEW-OUOZ-5 DRAFT 
June 15, 1994 

.- e e 2 

x 5 

(-j 0 9.. 
B-111-543 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

OOIfCQ'. 
B-111-544 



FEMP-OUOZ-5 DRAIT 
5660 

June 15, 1994 

5 
6 



s 
Y 

3 
9 
VI 

3 
9 
VI 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

5 
6 



P 

I 

b 

3 
? 

3 
3 

FEMP-OU02-5 D R A E  
June 15, 1994 

A (D 

3 le + 
H - 
S 
g 

8092G31 
B-111-547 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

3 
9 
In 



86 i FEMP-OUOZ-5 DRAFT 
June 15.. 1994 

+ 
3 



FEMP-OUO2-5 D M .  
June 15, 1994 

E r 
U 

VI + 

+ 

Y 



June 15, 1994 

2 
w 
Y 



W 

2; 
9 

FEMP-OU02-5 DFAFT 
June 15, 1994 



ir 
"! 
m 

- 
0 + 
w n 
N 

B 
3 
9 
N 

ZI 

E 

3 
2 

3 r 

3 
2 

5 
h 

E 
V 
c" 
+ 

June 15, 1994 

.. 

OO%%CS 
B-111-553 



r 
, 

n 

FEMP-OUM-5 DRAFT. 
June 15, 1994 

x 

5 
k 
2 
- 
b 

+ 
P er: 

+ 

w LL 



FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

x 
3 

2 

B-III-555 



w 

2 
3 

1 
3 

1 
E 
2 
V + 
3 - 
2 
f- 

FEW-OUOZ-5 DRAFT 
June 15, 1994 

+ 
3 

+ 
3 

B-111-556 



FEW-OUOZ-5 DRAFT 
June 15, 1994 I;‘ 

b. 5660 



.. 
3 
3 

?! 
5 g 

3 
3 
5 
a" 
5 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B-HI-558 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

N 

2 
3 

2 

081-%?g 

B-111-559 



5660 FEMP-OUO2-5 DRAFT 
June 15, 1994 

x 
E 

G 
k - 
S 

B 
8 
+ 
3 - 
S 
G 

E s 
U + 
3 - 
S 
G 

E s 
U 
+ 
3 
S 
G 

B-111-560 



FEMP-OUO2-5 DRAFT. 
June 15, 1994 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

2 
3 

B 
5 e 



5660 
FEMP-OUO2-5 DRAFT 

June 15, 1994 

Table 8.3.4-16 
THIS TABLE INTENTIONALLY LEFT BLANK 

B-In-563 



,... FEMP-OUOZ-5 DRAFT 
. June 15. 1994 

L 
o! 

o! 
N 

m 
w LL 



y-- 
June 15, 1994 

go;mn 
B-111-565 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 

B-111-566 



June 15, 1994 

0 

4 0 .- I 
n 



ri 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111-568 



?~ 4 
% ", 

FEMP-OUO2-5 D& 
June 15, 1994 

m 

1. 5660 



I i ;., . -  
FEMP-OUO2-5 DRAFT 

June 15. 1994 

+ + + + + + +  

x c 
2 
E 

1 
8 
W 
Y 

B 
B + 
9 
E 



5660 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

B-111-57 1 



FEMP-OUM-5 DRAFT 
June 15, 1994 

.- 
e w 
E 
al 

8 
+ 

B-111-572 



f ''_ 

56 6 0 FEMP-OUOZ-5 DRAFT 
June 15. 1994 

m w m w  w w  
w w w w  9 9 9 9  2 z z  
9 ? N ?  Y N': m - - m  - I.- 

0 0% %e 4 
B-111-573 



EMP-OUOZ-5 DRAFT 
June 15, 1994 

2 
Y 

E r 
U + 

n 

3 - 
S 

+ 



i 

FEMP-OUOZ-5 DRAFT 56600 June 15, 1994 

B-111-575 



FEMP-OUOZ-S DRAFT 
June 15, 1994 

,I8 8 6 8 8 8 8 8 8 8 6 8 
A + + + + + + + + + + + +  
9 w w w w ~ w w w w w w w  slor?so! . O o q ? m o q y y  

v ) m m v ) I - e u N u - - m  

'1 u . 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 5660 

ooz,le33 
B-III-577 



. .  
I ,. . 

FEMP-OUO2-5 DRAFT 
June 15. 1994 

+ 
3 

+ 
3 



FEMP-OUO2-5 DRAFT 566a : Juhe 15, i994 



5663 

P 
5 

S 
h 

g 
- 

FEMP-OU02-5 DRAFT 
June 15. 1994 



FEMP-OUOZ-5 DRAFT. 
June 15, 1994 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 



FEMP-OUO2-5 DRAFT. 

a 

P 
3 

P 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

- I -  i r - '  

3 
3 z 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

+ 

K 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

VIwnw w w w  gsgs  s s s  
9 N c! Y Y  6 0 4 0  p1 0 -  

H 
B 

B-111-586 



F E M P - O l J 6 6 r n  
June 15, 1994 

W 

m 0 + 
w 
Y 
m 

s 
3 
'? 
0 



EMF'-OUM-5 D m  
June 15, 1994 



- 
2; 
? 
m 

? 
K 
W 

FEMP-OUp2-PD%@. 
. June 15, 1994 

z -  ? 2; W 
Y !I 2 m 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

’U 

E 

6 + 

B 
6 
+ 



5660 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

n 

B-III-59 1 



FEW-OUO2-5 DRAFT 
June 15, 1994 

ooIKds 
B-111-592 

8 W 
c! 
d 

2 
3 P - 
2 
b 

f 
2 
Ll 

x m 
3 

f! 
3 
2 



FEMP-OUOZ-5 DRAFT' 

B w 
9 



(::' 

m 0 + 
W 2 '  
8 
!2 
+ 
Y 
N 

3 
k 
u' 

6 
3 
9 
E 
3 
2 

h 

$ 
d 

6 
3 
3 
E 
3 
2 

EMP-OU02-5 DRAFT 
June 15, 1994 

L 

W U. 



p 
3 E 

June 15. 1994 

6 
3 
5 
k 

F 
2 

L 



FEW-OUOZ-5 DRAFT 
June 15. 1994 



3 
t 
Ll 
? 
2 

2 
3 

5 
3 
2 

3 
t 
Ll 
? 

3 
5 e 
5 
2 

June 15, 1994 

E 
d 

N 
OI 



2 
d 
0 

FEMP-OU02-5 DRAFT 
June 15. 1994 

-1 
X 



- FEMP-o"&pf l l@ 
J e 15, 1994 

8 + 
w 
\4 
& 

8 

ri 

2 e 

3 
2 

* 

2 r 
e 
3 
2 

s 
Y 
rl 



> -  1 
t '  . 

FEW-OUO2-5 DRAFT 
June 15, 1994 

2 li 

B-111-600 



! 
FEMP-OUM-5 DRAFT. 

June 15, 1994 

6.l 
t 



L a 
.9 

s 
C 

6 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

L 
0 
N 
d d 

- 0 O P a 3  
B-111-602 



3 FEMP-OU02-5 D K660 FT 

June 15, 1994 . 



9 
'? 
N 

E 
2 u + 
3 

9 
c? 
hl 

E 
2 u 
+ 
1 

FEMP-OU02-5 DRAFT 
June 15, 1994 

w Y 



3 

E 
5 
2 

2 

P 
5 
E 
5 
2 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 



5660 
FEMP-OUOZ-5 DRAFT 

June 15. 1994 

B w 3 z : 
E 
2 
V + 

B w 3 
9 z m 

E 
2 u 



__ . . 
, '  - . 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

w 
u! 
N 

m 
2; 
N 

m 
? 

N 0 + 
W 
Y 
m 

A 
? 
m 



FEMP-OUO2-5. DRAFT.. 
* June 15; 1994 ' 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

- 8 G 8 6  8 8 Z  

0 OPG 2-6 
B-111-6 10 



June 15, 1994 . 

oOa$zv 
B-111-6 1 1 



. : c _  
, ?  : ..-. . 

. . . . . . . 

f n 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

E 
V 
2 

a 

P 
& 
Y 
m 

+ 



3 
a 
W 

8 + 
w 
? 
N 

8 
E 
+ 
Y 
N 

June 15, 1994 



FEMP-OU02-5 DRAFT 
June 15, 1994 

88s x 
+ + +  3 w w w  
? ? ?  3 

B 
8 + 



June 15, 1994 

w w w w w  
0 0 0 0 0  

ooa,-ai , ' 

B-111-6 15 



FEMP-OUO2-5 DRAFT 
June 15. 1994 



I- N 

5668 
FEW-OUO2-5 DRAFT 

June 15, 1994 

W 

9 
09 
v1 

B-111-617 



FEMP-OUM-5 DRAFT 
June 15. 1994 

+ 

.. 
h 2 
5 z 
V 
c4 a 

i” m 

4 !- ’3 OOX,&:4. 
/ .  ‘ 

B-111-6 18 



U 

.- 
E < 

FEW-OUO2-5 DRAFT 
June 15. 1994 



,. , . _-_ . ' .  FEMP-OUOZ-5 DRAFT 
June 15. 1994 

... 
B - I I I - 6 2 0 



June 15, 1994 

8 + 8 q 8  8 + w +  + 
W q W  w W c? 

I- 



, , , ~ -7: 

.i: 

$ 3  
9 9  

3 
\ o -  

u! 
d 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

w U. 

B-111-622 



I 
FEMP-OUO2-5 DRAFT 

June 15, 1994 



FEMP-OU02-5 DRAFT 
June 15, 1994 

n -  

n -  

n n  

W 0 

$ 
ri 



June 15, 1994 

- -  r- i r- 



. . .  
# 
t 

EMF'-OUM-5 DRAFT 
June 15, 1994 

E 
2 
V + 



June 15. 1994 

I 

B-In-627 



i 

I 

I 

I 

I 

I 

i 

i 

t 

E 
3 

E 
a 

$ 
5 

! 

3 

a 
3 

4 
! 
f 

C 

i 

c 

C : 

I 

I 

I 

I 

I 

!! 

e 

B 
I 

, . B-111-628 
L.- . *  

FEMP-OUOZ-5 DRAFT 
June 15, 1994 



FEW-OUOZ-5 DRAFT 
June 15. 1994 

B-111-629 

60 



;i 
c 

I 

I 
I 

II 
3 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-III-630 



c Ern-OUOZ- (%@I@ 

... . -  . .  
B-111-63 1 



B-111-632 

FEMP-OU02-5 DRAFT 
June 15. 1994 

a 



f 5PRI) 
FEMP-OUOZ-5 DRAFT 

June 15. '1994 

B-111-633 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 



FEMP-OUOZ-5 ' 0 
June 15, 1994 

+ 
3 

E u 
6 
+ 
3 



FEMP-OUM-5 DRAFT 
June 15. 1994 

L 
h r! 

B-111-636 



FEMP-OUO 5 W '  
June 15. 1994 . 

B-111-637 



3 
o! 

FEW-OUM-5 DRAFT 
June 15, 1994 

z 
0, 

h 
n 



I -5860 
FEMP-OUOZJ DRAFT 

June 15. 1994 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

8 8  + +  w w  
9 9  
0 0  

m 
w LL 



June 15, 1994 



FEMP-OU02-5 DRAFT 
June 15. 1994 

El 

B-111-642 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

- ....... m 
9 
W 
c! m 

P z 
2 
I- 

B-111-643 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

W 

W 

N 

? 
9 

W 

9 
09 

3 
9 
m 

B-111-644 



LMP-OUOZJ DM 6 ('J 
June 15,'1994 . f 

. .  
--I- 

P 
3 

3 

B-111-645 



FEMP-OU02-5 D M  
June 15, 1994 

B-111-646 



FEMP-OUOZ-5 
June 15, 1994 



. 4  
9 .  

.. 
t 
? ,;eeb. Q. 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

cz 
w LL 



i 3680 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

! 2 2 ! 2 ! 2 = 2 ! 2 2 2 2 2 ! 2 =  
2 4 w w w w w w w w w w w w w  
.2 9 Y Y m  1 Y m r? m '9 0 9 Y 
& N - m N - - m - e - m N -  I 

B-111-649 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

N 

m 



f . 5666: 
'FEMP-OUOZ-S DRAFT: ; 

*. June 15; 1994 1' 

i \ d * i m  r i r r  \ d w  



-_ :. .; . ,a* . .. . .  . . 

5660: I 

s! 

FEMP-OU02-5 DRAFT 
June 15, 1994 

m w w m w l - w m l - w w m ~ w  
c Q Q Q Q Q Q Q Q Q Q Q Q  Q w w . w  w w w w w  = w w w r i  w 
2 ? t Y o r T o ! Y q  . 9 9 9 ? 0 9  
- - m N l - N - - I n - * * - n m  I 

. .  

GO%ZE:8 
B-111-652 

Y cz 
W 
U 



I 

FEW-OUOZ-5 DRAFT 
: June 15. 1994 

- - - - N N - N m N m N m  
~ 0 0 0 0 0 0 0 0 0 0 0 0 0  
x + + + + + + + + + + + + +  
g w w w w w w w w w w w w w  
- " " 9 N ~ - ? Q ! Y F 1 = ? ? N  I 



EMF'-OUM-5 DRAFT 
June 15. 1994 

L 

B-111-654 



FEMP-OU82-5 56602 DRAFT 

June 15, 1994 

+ 

E 
8 + 

B-III-655 



FEW-OUOZ-5 DRAFT 
June 15, 1994 

3 
v! m 

$ 3  
s s  
o o r i  

L 

B-111-656 



. .  June 15, 1994 

B-111-657 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

E, 
8 + 
P 

E 
P 

B-111-658 



FEMP-OUOZ-5 6 a 6 0  
June 15, 1994 

B-III-659 



FEMP-OU02-5 DRAFT 
June 15. 1994 

5 I$ k 

B-111-660 



FEW-OUO2-5 DRAFT. 
June 15, 1994 . 

B-111-66 1 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

3 
2 + 

B-In-662 



L 
W 0 
0 

B-111-663 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 



9660* 1 . 

FEMP-OUOZ-5 RAFT 
June 15. 1994 



W 

8 W $ 3  9 
Y Y 9  9 

- n  N - 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

W s 
09 - ril 

09 
N 

E: a 

w LL 

B-111-666 



a i. FEMP-OU025 
June 1 



i 
Y 
d 

3 
9 
P 4  

. .  . .  

3 
9 
m 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

+ 
3 

+ 
3 

K 
Y) 

W 
r! 



I. 
FEMP-OUO2-5 DRAFT 

June 15, 1994 



FEMP-OU02-5 DRAFT 
June 15. 1994 

B 
8 
+ 

+ 
P 
d 



I 

FEMP-OUO2-5 D W  .- 
June 15, 1994. 

z 
W 

W 
Y? 



3 
9 
N 

FEMP-OUO2-5 DRAFT 
June 15, 1994 



5660 
FEW-OUO2-5 DdAFT 

June 15. 1994 

9 
p! m 

B 
r- 

W 
n 

U. 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

w m  
9 9  3 Y - 2: 

U 
3 
09 
N 

+ 

3 
2 

, E  2 
V 

W 

9 
2 

6 
I- 

W 
? 

> .  . . .  
I -,  . :, . .  



I 
FEMP-OUOZ-5 DRAFT 

June 15: 1994 

E 



Sf 
Y ?  

S 
Y 

- n  

.$ 
9 
N 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 

+ 

z 
I- 

W 
n 

- .  

B-111-676 



81 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

9 

E 

9 
m 

2 
3 

- 
S 



I FEW-OUOZ-5 DFUFT 
June 15. 1994 

2 
9 
m 

L 
m 
Y! 

e 
P 

x 
n 

W 

* .. 

W 

5 
2 
2 
I& 

m 

B-III-678 



June 15, 1994 

+ 

E 

6 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

$f 9 $ 
9 9  
NVI rn 

B - Il I - 6 8 0 



3 
d 
J! 
d 

.. 
P 
E ; 

3 
d 
? n 

P 
5 
i 
2 

I: + eifiG6) 
FEMP-OU02fj DRAFT 

June 15, 1994 



m z 
? 
d 

.. . 
F . .  

B-111-682 

FEMP-OUO2-5 DRAFT 
June 15. 1994 

2 c 
m 

$ 2  
9 9  
Nv, cc 



. ,  

601%39, 
B-111-683 

June 15, 1994 

E 

6 
+ 

3 
'? 
r4 

+ 

E 
N 
n. 

2 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 
H 

E 
N 
0 

B-111-684 



r c 58 60.. 
FEW-OUO2-5 D M  

June 15. 1994 

d h i d d g d d d d d d d d  
.E 9 p! p! c? . p! c? p! c? ? s 9 Y a N - m N - - N - d - N N -  I 

B-In-685 



5660- 
FEMP-OUOZ-5 DRAFT 

June 15, 1994 

2 
? 

sr8 w w  ? g n  s z  
m 

csp.~..,ze% _. . _ ?  . ' .: 6 f  , 
! . .  -. 

B-111-686 



? - p  GOALL; 

B-111-687 

$. 
-0UO2-5 

June 
DRAFT 

15, 1994 

5 
5 
P er: 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

r 

C 
r 

5 

+ 
3 

+ 
3 

odnac4 
B-111-688 



w kRgZ01 
FEW-OUO2-5 DRAFT 

June 15, 1994 

B-111-689 



1 

ssS0. FEW-OUOZ-5 DRAFT 
June 15, 1994 

5 
if 

5 
if 

o.Qa z c '7 

B-111-690 



o! z 
Y 
m 

G.qncc% 
B-In-69 1 

&:' 
FEMP-OUOZ-5 D w  

E 
2 
V 
+ 

o! z 
'? 
N 

JuneZlS, -1294 

+ 



FEMP-OUOZ-5 DFUFT 
June 15, 1994 

oopzc5J 
B-111-692 

U. 



p:- 
F 

June 15, 1994 



? .56.60. , 
FEMP-OU02-5 DRAFT 

June 15, 1994 

E 
8 
V 

B-111-694 



2 
w 
Y 
N 

# -  

FEMP. -0UO2-5 
June 15. 1994 1 - 

2 w 
Y 
d 

6 + 
H 

E 

V 
2 
+ 
H 

B-III-695 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

B-111-696 



June 15, 1994 

+ 
9 

+ 
9 

+ 



t 

8 + 
W 
9 

P 
2 

8 + 
W 
9 
P 
5 
a" 

2 
w : 
P 
2 
5 

FEW-OUOZ-5 D m  
June 15, 1994 

+ 
W 
9 
0 

+ 
3 

8 + 
W 

2 
E 
2 u + 
3 
3 

L 
g m 

.. I . ' 

B-III-698 



June 15. 1994 

B-111-699 



w -  
. : ,  r 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 
w 
9 
0 

B 
8 + 

8 + 
w 
8 
5 
8 
+ 
1 
3 
g 

B 
8 

B-111-700 



5660 
FEMP-OU02-Cj'DRAFT - 

June 15. 1994' '--.' 

+ 
H 

B-111-70 1 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

B-111-702 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-703 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

P 
w U 



iJDWJ 
b 

FEMP-OUOZ-5 DRAFT 
June 15. 1994 

4 
a 

E 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

. . -. 
P 
w U 

B-111-706 



FEMP-OUOZ-5 DRAFT 5660. June 15, 1994 

. .  . .  
r *. .. 

+ 

E 
N 
N 
0 

B-III-707 



FEMP-OUM-5 DRAFT 
June 15. 1994 

.. . 

B-111-708 



FEMP-OUOZ-5 DRAFT -, .-< 

June 15, 1994 ' <:. 

" 8  z +  : g  
d 

2 
3 

2 
a 
8 

. .  . I  . 

B-111-709 



s s. 

? 3  w w  '?e - -  

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

? w 
? 

m 

2 
Y - z e i  (a 

? 
z w 

m m m m m r . w - r . m m m m r .  
Q ? Q Q Q Q Q ~ ? ? Q ? ? ?  s w w w w w w w w w w w w w w  
?1"999?'?91??? 
I %I, d m - m N - N m ul w - - d 

.. 
2 
3 

V f 
B 

U 1 

E 
2 
V 
+ 

? w 
9 

E 
2 
V + 
H - s 
t- 

3 
N 

I- 
F? 

B-111-7 10 



,.. 
i' rEfq?jP FEMP-OUOZ-5 DRAFT 

June 15, 1994 

5 
6 

oo 

Y 
z 
N 

E 

V 
r 
+ 

B-111-7 1 1 



0 0 + 
W 
F! m 

0 
d 

+ 
F! 
d 

* 0 + 
W 01 
d 

d 

0 + 
w 
9 
d 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

o 

B-111-7 12 



\ .  ---. 

e 



FEMP4UOZ-5 D m  
June 15, 1994 

B 
2 
w 

i , ._. toO" 7 -  L,Q \< : . . . 

B-III-7 14 



00 z s 
N 

L 
?? 
c 

B-111-7 15 



&. ... 5660. 
FEMP-OUOZ-5 DRAFT 

June 15. 1994 



-_ 

16) 
. .. I. 
I .  

5 . . . . _  . , . . . '  
B-m-717 . ' 

om533 



oo 
9 

w 
5 

. .  
1 . - .  

FEMP-OUO2-5 D M  
June 15, 1994 

B-ID-7 1 8 



f 
56 6 0 FEMP-OUOZ-5 DRAFT 

'June 15. 1994 

h 

v (P 

, G Z 8 8 G Z Z 6 8 G 8 Z Z  
g w w w w w w w w w w w w ~  
a + + + + + + + + + + + + +  

- - t p ! " O p ! Y ? p ! ? 9 p ! ? .  
- - m N m N - d w - m r + -  

8 8  w w  
W d  
r ? o 9  

? w 
c? m 

8 8  
5 e  
P i -  

? w 
p! 
m 

B-111-7 19 



FEMP-OUO2-5 DRAFT. 
June 15. 1994 

3 a 

3: 
9 9  
NV) 

B-111-720 



sq 
d W  
?-! 
n o  

b 
E! 
i 

.. 
h (D 

f 
a 
F 

s 
3 
0 

h 

E e 
a 
5 

B-IlI-72 1 



5660 
FEMP-OUOZ-5 DRAFT 

June 15. 1994 

m 
3 p 

2 
4 



9 
p! 
d 

3 0 
X 

4 
tl 
cl B 

B-111-723 



EMP-OUMS DFUFT 
June 15, 1994 

06 1 .:-: . : 0 
B-111-724 



FE,MP-OUOZ-5 DRAFT 

8 + 
w 
8 

8 

+ 
w 
8 

. .  

B-111-725 

June 15. 1994 -5680 



8 + w 
8 

r 
E u 

+ 
3 - 
S 
g 

8 + 
W 

8 
B r 
+ 
3 - 
S 
8 

EMP-OU02-5 DRAFT 
June 15, 1994 

+ 

w Y 

B-111-726 



5 6 6 0: FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-In-727 

J 



5660 
FEMP-OUOZ-5 DRAFT 

June 15. 1994 

> .  
I. . , 

B-III-728 



, 

e .  

FW$P-OUoZS DRAFT 5660 June 15. 1994 

E e u 

B-III -729 



FEMP-OUOZ-5 DFMT 
June 15. 1994 

I 

4 w 

B-III-730 

i 1. B r! 

w z 
E 
6 
2 
+ 

a 



+--- sR aq FEW-OUOZ-5 DFL4FT 
June 15, 1994 

B-111-73 1 

0I 
9 

& 
w 

E 
m 
N 



_ -  
FEMP-OUOZ-5 DRAFT 

June 15. 1994 
5668. 

d 

w w  
9 9  
g q  
N N  

+ 
3 

H 
h 
N 0 

3 

B-111-732 



f 
FEMP-OUOZ-5 DRAFT 5660 June 15, 1994 

B-III-733 



f 
. .. 

2 
Y 
VI 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

B 
d 

(-jO%350 

B-111-734 



FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

5660 

E, 
6 



I n 

m 0 + 
!i! 
d 

0 
d 

+ 
p! 
fi 
d 

m 0 

d 

d 

0 + 
w 
9 
d 

3 
9 
W 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

-1 

P 

. .  
' C  B-111-736 



+ 
p1 

8 

+ 

8 + 
8 
E e 
U + 
3 
a e 

+ 
3 
a e 

\ .. . 001353 .. .. 1 , . L * , . L  , -  , , 

B-III-737 



FEMP-OUOZ-S DRAFT 
June 15, 1% 

8 z 



56 6 0. FEMp-ouoz-5 DRAFT 
June 15, 1994 



! 
. .  
i. ; 4 '. . .  . . .  

FEMP-OUOZ-5 D m  
June 15, 1W 

Y' 

B-JII-740 



a 

a 

a 

FEMP--OU02-5 DRAFT 5668 ' June 15, 1994 

002357 
B-111-74 1 



5660. FEMP-OUOZ-5 DRAFT 
June 15, 1994 

4 3 
N 

El 

LL 

P 
5 
k 
3 
G 

B-111-742 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-743 

+ 

. ? w 01 
d 

+ 



FEW-OUO2-5 DRAFT 

5660 

~ s 
Y 
N 

B + 
W 0: 

June 15. 1994 

, . <. 
4 * (. ,,; 

2 .  . 
B-111-744 



June 15, 19% 

CI 

9 
' 9  - -  

1 B-ID-745 



FEKP-OUO2-5 D W  
June 15. 1994 

" I  

I 



FEMP-OUOZ-5 DRAFT 5660 June 15, 1994 ,,. 

? 
W 
? 
m 

;; 
Yo9 
W d  

s 
W 
? 
o\ 

-IN m d d d N d 00 CCI - m P- - 0 

d m  W 

B-111-747 



6882G4 i 4 . .. 

B-111-748 



2 
Y 
d 

9 r: 
rl 

'' ' FEMP-OUO2-5 DRAFT 
June 15. 1994 

9 
? 
01 

F 
3 - 
5 
g 

3 
9 
m 

E 
6 + 

+ 

B-111-749 



i! FEW-OUOZ-5 D m  
June 15, 1994 

I 
f 
Y 

E 
E 
Y 

i 

I 

5 
c 

I 
N 

W 
L" 



56,6@, FEMP-ouo2-5 DRAFT 
June 15, 1994 

B-111-75 1 



FEMP-OUOZ-5 DRAlT . 
June 15, 1994 

i i 

1 

a n 

LD 
N 

(0 

3 
E 

5 .  3 

Y . '  

B-In-752 



5660 FEW-OUO2-5 DRAFT 
June 15, 1994 

z 
0 

h 
F! 

B-III-753 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-754 



FEMP-OU02-5 D m  
June 15, 1994 

L 
0 

h 
R 

B-111-755 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 



FEMP-OU02-5 D m  S66@ June 15, 1994 

7 
1 
I 
E 

1 
L 
2 

a 
3 
i 

J 

Y 

; 
9 

I 
0 

h 
F! 

5 
z 
n 
Y 

Y v) 

B-111-757 



T T 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

& W 

U v) 
I 

B-111-758 



FEMP-OU02-5 DRAFT 
June 15, 1994 

B-111-759 

L 
0 

h 
F! 

y 
z 
n 
W 

Y v) 



0 0 N 4 

FEW-OUO2-5 DRAFT. 
June 15, 1994 

a - ~  P OOdb& ;‘lo 

B-111-760 

w U. 



EMF’-OUOZ-5 DRAFT .. 6 0 June 15, 1994 _< 

. .  

B-111-76 1 



5660 r. 
c 

FEMP-OUO2-5 D W  
June 15, 1994 

B-111-762 



FEMP-OUOZ-5 D m  
lune 15, 1994 '56.6 nl 

2 2  
9 
n 

9 
n 

2 3  
9 
n 

9 
n - 

2 
I- 

- ,. 



0 
d 
s 
Vl 

GO"d80 
. .. 

B-111-764 

FEMP-OU02-5 D W  
June 15. 1994 



2 
Y 
W 

2 s  c? 
n 

? 
IC) 

June 15, 1994 

8 
d c 
9 
IC) 

9 
rn 

6 
d 
Y 
N 

2 
9 
W 

B-III-765 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 
9 

9 
E 

L 
m 

'0 
Q 

I .  - 
. I  

B-111-766 



4 
W 
u! 
VI 

8 . 8  
x w w 

F! 
rn 

B 

8 

4 

PI X g - 

B -  9 
w 

3 2  
9 
VI 

9 
VI 

B-111-767 



FXMP-OUOZ-5 DRAFT 
June 15, 1994 

0 
w 
4 
m 

- m  
- 9  
9 4 w  

g w  

. -  
I .  

B-111-768 



? w 
'I 
VI 

;s w 
v! 
p? 

MP-OUO2-5 DRAFT 566@ ' June.15, 1994 

3 2  w x p? 
p? 

8 + 
W 
'I 
N 

8 + 
w 
? 
N 

B-111-769 



a18 8 8 8 8 8 g + + + + + +  
w w w w w w  Elm VI 00 ri \o d 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

d 

B-In-770 



5660: 

2 2  
09N 
b -  

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

h 
OI 

W 
p. 

B-111-77 1 



FEMP-OU02-5 DRAFT 
June 15, 1994 

XI 

P 
3 

? 
E 
c i  

P 
3 

2 - 
2 I- 

. . .  

. .  ’ .  % 

B-In-772 



. .  
* .; 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-III-773 



* .  
-i :e 

0 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

m r - t - m - s w t - t - w t - w t - m w  

N. - - r: - ? y! - - 9  0 - ? - w m - r - - - m m - t - m w w -  

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

m m N m n d m n O O l l m u  
0 0 0 0 0 0 0 0 0 0 0 0 0 0  + + + + + + + + + + + + + +  
w w w w w w w w w w w w w w  
Y f ' f f ? 1 ? 9 ' " 9 9 "  

0 - m m o m  N - o m w m -  
o o o o o m -  o z m m o m  

m m n m - - t - w - w - m m *  

n Y - 9 " m ? ~ f m 9 ? " n  
0 

n r - 0 0 0 0 0 d w 0 - 0 0 0  

O ~ n m w w t - O t - 0 w m w  m m 
0 R Y S R Y ? 9 ? 4 0 0 ? ?  

B-111-774 



FEW-OUO2-5 DRAFT. 
June 15, 1994 6660. 

B-111-775 



FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

... 

B-111-776 



FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

E a 
8 
W 

B-111-777 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

x 

I 
... .... ... .... ... .... ... 

P 

. la 

o 
2 
t 
W 

+ 



FEMP-OUOZ-5 DRAFT 366Q , June 15, 1994 

B-111-779 



. .  
t 

m a  

p! .9 

0 0 8  
lililil 
u - -  

s s  6 8 8  + +  + + +  
w w  w w w  2 2  2 2 :  

FEMP-OUM-5 DRAFT. 
June 15. 1994 

B-111-780 



5660. FEW-OUOZ-5 DRAFT 
June 15. 1994 

8 8 
r i r r i r  

8 
rir 
9 z z VI 

8 

3 s  
d r i r  
9 9 

S 
rir 
9 

n n VI 

B-111-78 1 



FEMP-OU02-5 DRAFT 
June 15, 1994 

I - r - p p I n  
Q ?  Q $ 8 ? $ 8 ? $ ? $  

Y w w w w  w w w w w w w w w w  SI9 1 1  v! u! u! 0 r! 9 O S ? ? ? ?  - N In m - N w - w r D N N N *  

8 fi 8 8 S 8 8 6 fi 8 f i S 8 S  
w w w w y w w w w w w w w w  
+ + + + + + + + + + + + + +  
t- u! "! Y '9 09 v! ? Y Y Y u ! ?  w m ~ - r i ~ - m - ~ n - - - -  

? 
W 
09 
N 

8 8 8 8 S 8 8 8 8 8 f i S S P  
w w w w w w w w w w w w w ~  
+ + + + + + + + + + + + + +  
"!e 9 . 4 9 9  s 09 r! 9 9 9 9  - - d N m m - m m N N m w  

3 

. 08\398 

N P I - N N -  I n -  - w w  

B-111-782 



5 6 60 FEW-OUOZ-5 DRAFT 
June 15,' 1994 .+ 

w 
r! 4 

L 
0 
'I! 
W 

B-111-783 



, .  . . . FEMP-OUOZ-5 DRAFT 
June 15, 1994 

IS ;::;;:;I .... I .... .... ... 

::..::I i i iI 

001400 
. .  

8 
3 E 
+ 

B-111-784 



8 8 8  + + +  
w w w  
c ? S ?  
O I N -  

5660' 

8 
W 
9 
m 

FEMP-OUO2-5 D m  
June 15, 1994 

8 + 
W 
9 
VI 

- I  

W 
p! 
m 

2 

2 

9 
m 

? 
0, 

8 

E 
+ 
W 

'9'6 ; f ,  ,p,<; $ .. 
001401 

B-III-785 

8 
i 
W 0 
VI J 8 + 

W 
? 

E 

V 
+ 

- 
e 

3 

8 + 
W 
p! 

E 

V 
+ 

m 

e 

9 
1 

E a 
?! 
0 

Y) 

z n 
5 E z 
0 
V 

Ci 

5 s 
< 

s 

li 



+ 
9 

+ 
9 

FEMP-OUMJ DRAFT. 
June 15, 1994 



FEMP-OUOZ-5 DFAFT . 
June 15, 1994 

P 

. _  

B-111-787 



FEMP-OUOZ-5 DRAFT - 
June 15, 1994 

B-111-788 



5666 . FEMP-OUOZ-5 DRAFT 
June 15, 1994 



FEMP-OUM-5 D m  
June 15. 1994 

I 

- m w N V I m n N - u m u m w  
~ W O W W W W N N O N O N V I  

o o o o ~ m -  m $ ) m z - -  
o! c-4 0 P-. 0 '9 P- '9 '? 0 u.O '? 

N 

-Y 
.'1 
LI: 
u ... 
5 
F 

.E 
2 
G 

- m m m m o - ~ m m ~ m m m  

u e -  - 

-, 

B-111-790 



- 
I". FEMP-OUO2-5 DRAFT 

June 15, 1994 



FEMP-OUOZ-5 D W  
June 15, 1994 

4 0  s 
m 

2 
9 
n 

2 
9 
m 

2 
9 
N 

q ~ ~ g g g g o o - o * o o - - N o  o o o o g o o o o g o  
$ 4 w w + + + + + + + + + w + + + + w +  

o o w w w w w w w w w o w w w w o w  ~ ~ t - o m o o m w q ~ ~ o m N N 0 w  - ? ? " m w  n m - m m m N w w  1 & & i n & & A & - - m - N N  - 

B-III-792 

z 
P 



3 
f l 

5660; FEMP-OUOZ-5 DR4FT ' I  ., 
June 15, 1994 

B-111-793 



5660, FEI"-OUO2-5 DRAFT 
June 15, 1994 

, S 8 - S Z S S 8 8 8  
E w w c! w y, w w w w w 
- ? ?  s OFF-099 
I - m * w - r i - - - N  

g + + Q + + + + + + +  

z 
W 

W 
n 

B-111-794 



5680 

% $  
c ' ! ?  e -  

FEMP-OUOZ-5 DRAFT . 
June 15, 1994 . .. 

1 : 

3 
R 1 

3 
2 

3: $ J. 3 a 4)  0 0 1 4 h  

B-III-795 



,4 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

E 

U 
e 
+ 
3 

+ 

B-111-796 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

- m  * * w w  

E 

8 + 

+ 
3 

B-111-797 



FEMP-OUMJ DRAFT 
June 15, 1994 

c 

B-111-798 



6660 
FXMP-OUOZ-5 DRAFT 

June 15, 1994 

B-111-799 

y 
>5 
n 

I 

0 
Y 

0 
Y 
m 
U 



i 
? 

! 

FEW-OUOZ-5 DRAFT 
June 15, 1994 

Y 

U 
m 

B-111-800 



6660 
EMP-OUOZ-5 DRAFT 

June 15, 1994 

B-111-801 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-802 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-803 



FEW-OUO2-5 DRAFT 
June 15, 1994 

L 

0’ 
Y m 



> 
I 
? 

! 
I 
? 

! 
I 
! 

I 

i 
? 

3 
? 

I 
? 

I I 

I 
! 

I 

i 

4 
P 

s 
4 
i 

1 
? 

> 

t 
? 

I 

! 
! 

I 

I , 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111-805 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

m 
rn 

I 0 
Y m 

B-111-806 



5660; 

e .  

e 
r 

? 
4 

P 

J 

r 

E 

d 
! 

: 

2 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-807 



FEMP-OUOZ-5 DRAFT. 
June 15, 1994 

B-111-808 



5660. FEMP-OU02-5 DRAFT 
June 15, 1994 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-8 10 



001427 

June 15, 1994 

- s 
a0 

Y x 

W .. 

0 k Y 

Y 
m cn 

I 

d 

B-111-8 1 1 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-812 



J : 
, 

FEMP-OUOZ-5 DRAFT - 
June 15, 1994 

L 
c 
F? 
(D 

B-III-8 13 



FEW-OUOZ-5 DRAFT 
June 15. 1994 

i 

$ 2  
Nd:  
d c r  

Y cr 
w U 

B-111-814 



June 15, 1994.1. . , ’  

B-111-815 



P 
3 

2 - 
S 

P 
3 

d 
S 
i? 

FEW-OUOZ-5 DRAFT - 
June 15, 1994 

B-HI-8 16 



i 
FEMP-OUOZ-5 DRAFT. 

June 15, 1994 

\ 

- e 
H x 

B-111-817 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 
3 

+ 

W U 

B-111-8 18 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-8 19 



J a > 

FEMP-OUOZ-5 DFWFT 
June 15, 1994 

B 
8 + 
9 

+ 

3 



e 
X 4 
d 

8 8 8 8 - 8  + + + + S +  
q w q o e  w w w w  
* V I * * " +  

4 

3 
3 

B 
5 
2 

5 6 6Q FEMP-OUOZ-5 DRAFT 
June 15, 1994 

$ 5  2 
Y O  Y 
- m  VI 

B-111-82 1 



$ 6 8  
2 m r - -  

w w w  
S ? ?  

2 

FEW-OUOZ-5 DFbWT 
June 15. 1994 

B-111-822 



EMP-OUOZ-5 DRAFT 5660; June 15, 1994 

8 w 
o! 
N 

8 
3 
W 

B-111-823 



' 4 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

m m  0 0  
l i l w  
'19 
P I N  

+ 
3 

B e 
+ 

0.0:%.4:@J : 

B-111-824 

w U 



6 0. FEMP-OU02-5 DRAFT 
June 15, 1994 

B-111-825 



i 5Q609 ? 

$ 2  
".9 
N N  

FEMP-OUOZ-5 DFWFT 
June 15. 1994 

B-111-826 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-111-827 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

- 
a > 

5 
6 + 
P 
d 

5 
6 + 

B-111-828 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

001445 
B-111-829 



001446 

8 3  
9 9 
n n 

$ $  
w w  4 ,  
5 8  

d 

FEMP-OU02-5 D m  
June 15, 1994 

4 
'0 
N 



59601 FEMP-OUOZ-5 DRAFT 

June 15, 1994 

2 l g  X u! M Y us M 

B-111-83 1 



.., 
’ ?  , . 
. .  i: 
. .” 

8 8 8 8  + + + +  
w w w w  
09 d 2-32 

3 
3 
5 
6 
a 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

B-HI-832 



FEMP-OUOZ-5 DRAFT c?66@1 June 15, 1994 

001449, 
B-111-833 



FEW-OUOZ-5 DRAFT 
June 15, 1994 

B-111-834 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

.+- -‘? , - 
I .  

. ’ . c.; 

I 

B-III-835 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

0 
u o  + 21 

8 8  + +  
w w  2 :  

001452 
&.. G..:$b,:,j ' .  

B-111-836 

6 w c: 
OI 

iI s '9 



3 
h 
N 

801453 

EMP-OUOZ-5 DRAFT 5660, June 15, 1994 

E e 
V 
+ 

$1 
x w 

E 

V 
e 
+ 
d 
P 



- 
0 + 
d 
!5! 

4 

FEW-OUO2-5 DRAFT 
June 15, 1994 

8 
2 

3 w s 
0 

0014Zi4 
B-111-838 



G? 
3 
w 

- 
0 + 
w 
N. 
N 

4 w 
9 
0 

FEW-OUOZ-5 DRAFT 
June 15, 1994 

B-111-839 

a 
E 

4 w 
'9 
01 

E 

8 
+ 

3 
N 
N 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-840 



4 

4 

Fl$MP-OU02-5 DRAFT 
, June 15, 1994 

? *  . . -  
a R ' ,e 6 t-2 

B-111-84 1 



' .  

FEMP-OUOZ-5 DRAFT 
1 '. 

W 

9 
? 
N 

d 

E 

V 
2 
+ 

June 15, 1994 

a 

+ 

B-111-842 



a 

n 

s q  
R n 

rir w 
9 

8 
d 
9 
m 

8 rir 8 d 2 
9 R n 

9 
m 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

001459 

B-111-843 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

B-111-844 



h 

Y 

4 

- ' C  $ 

FEMP-OU02-5 DRkT.'  
June 15, 1994 

+ 

4 
N 
F! 
N 



FEMP-OUO2-5 D W  
June 15, 1994 

i 
N 0 
2 

B-111-846 



5660. 
FEMP-OU02-5 DRAFT 

June 15, 1994 

i 
N 0 
N 

B-HI-847 



3 : 

FEMP-OUOZ-5 DRAFT - 
June 15, 1994 

4 
N 
F! 
N 

w U 

B-111-848 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

i 
N 

N 
F! 



FEMP-OUOZ-5 DFAFT 
June 15, 1994 

8 8  8 8 8 8 - 8  
w w  z w w w  
+ +  + + + + Z +  
? Y  m m  & * m m  9 . 0 : :  

B-111-850 

8 8 8  



81 X 

B 
8 8 8 8 - 8  
z w w w  w 
+ + + + 2 ; +  
m d m m  sc(":z  

4 

FEMP-&O2-5 DRAFT. 
f 

June 15, 1994 

0 Q1467;j . .  

B-111-85 1 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

3 5  
Nu! 
r - -  

2 
d 
9 
W 

d d d d  s ? p ! ?  
N - - m  

W 
9 

p! 
2 
W 

4 
g s 
m 

6 
u! 
N 



? q ?  
s 

a l - a  
t 
W 

s 
'9 
01 

June 15, 1994 

0014G9' 

B-111-853 



W O I  

3 3  
Yo9 
r i -  

001476 

FEMP-OUO2-5 DRAFT 
June 15, 1994 



e 

h 0 

4 

June 15, 1994 

1 
8 
2 

B 
8 

vi 

+ 
H - 
S 
g 

B 
3 
B 
8 

W 

+ 
9 
d 

S 
g 

B-111-855 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 
9 
E 

P 
w s 

+ 
9 

B-111-856 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

8 w 
m 

8 
E 
0' 

? 
W 
c? 

8 
2 
w 8 

W m 
? W 

e 

3 I 
w 
c? 

B 
9 
+ 

B-111-857 



. -  

. ! L 
4 

c 

t 

m m  m m m m N m  0 0  0 0 0 0 0 0  + +  + + + + + +  w w  w w w w w w  
* w * * m *  

2: s * 9 9 = ! 9  

8 8 8 8 ~ 8  
+ + + + w +  
w w w w o w  q g g 8 E g  

d 

B 

u 1 %  N 

FEW-OUO2-5 DRAFT. 
June 15, 1994 

Pi w 

w v 1  
Q Q  2 w w  
Y ?  9 - *  N 



8 
2 
W 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

E 

B-III-859 



FEMP-OU02-5 DRAFT 
June 15, 1994 

x 

Y a 
W U 

B-111-860 



B x ie 

June 15, 1994 

00'&.4W.:, . e , .  .. 

B-III-861 

x nt 
3 

P 
3 
g 

- 



-. 
7' FEMP-OUOZ-5 DRAFT 

.. ~ 

I 1  2 

June 15. 1994 

+ 

+ 
3 



FEMP-OUOZ-5 DRAFT 
June 15. 1994 

- - - m m n  0 0 0 0 0 0  + + + + + +  
w w w w w w  
c ? 9 1 0 9 \ 9 Q !  
e m * - - -  

? ?  
2 2  w w  

4 

$f 

2 
W 

d 

B-III-863 



FEMP-OUOZ-5 DRAFT - 

June 15. 1994 

- 
F 81 

B-111-864 



41 
Di 

- - - m r 4 m  0 0 0 0 0 0  

5 6 6 V  
FEMP-OU02-5 DRAFT 

June 15, 1994 

B-III-865 



L 

FEMP-OU02-5 DRAFT 
June 15, 1994 

E c 
V + 

+ 
H 

B-111-866 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

3 
m 

B-111-867 



0 
? 
2 

FEMP-OUOZ-5 DRAFT 
June 15, 1994 

oornqt4; i +I :.;$ 

B-111-868 



h 

P-i66& MP-OU02-5 DRAFT . 
June 15, 1994 

L 
OD 

OD 
n 

B-111-869 



FEW-OUO2-5 DR4FT 
June 15, 1994 

2 
09 
N 



8 8 8 8 8 8  y w w w w w  
Y o 9 Y Y o 9  i m m - - -  

June 15, 1994 

G G  w w  II 2: 

4 

$ 
4 
-i 

3 
E 
e 
3 
2 

3 x 
2 
3 
-5 a 
E 

B-111-87 1 



EMF'-OUOZ-5 DRAFT. 
June 15, 1994 

~ .. . ,  
. . .  

z 

r 8 
2 
w 

\o 
u ?  * w  
II : 

G s s  w $ 2  c! 

m y ,  

W s r: 
N 



June 15, 1994 

- - - m N m  
0 0 0 0 0 0  + + + + + +  

\9p. F i r i F i + m *  
ruguuww 

8 8 8 8 Z 8  + + + + + +  
w w w w w w  
Y 9 C c F ? r :  
u , m w m m m  

4 

3 
5 
3 
E 
3 
2 

3 

E 
3 
2 

f 
3 

B-111-873 



3 
2 

8 8  + +  w w  
1 9  
N N  

FEMP-OUO2-5 DRAFT 
June 15. 1994 

a 

i 
m 0 
2 

BrIII-874 



P 

June 15, 1.994 

4 

3 
3 

3 - 
3 

B-111-875 



5660 

il a > 

. *  . .  
9 FEMP-OUOZ-5 DRAFT 

June 15. 1994 

E 
2 
U 
+ 
3 

E 
2 
U + 
P - 
S 

. , 001e92 

B-111-876 



.. i - -  i 

6 0. FEMP-OUOZ-5 DRAFT . 
June 15, 1994 

+ w 
? 
N 

8 
W 
9 
m 

N 

.. o.&.i;bs3 

B-111-877 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

+ 
H 

E 
8 
U 
+ 
H 

*0@2.$9.4 . .>.A 

B-111-878 



5660' FEMP-OUOZ-5 DRAFT 
June 15, 1994 

4 

9 
9 

B w 
9 - 

W 

2; 
2 

m 

* US. GOVERNMENT PRINTING OFFICE: 1994-550-232i80242 
B-111-879 . 




