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Iiiteriiii Residual Risk Assessiiieiii 
50000-RP-00 12, Rev. I 

July 2007 

Results presented in tllis hiterim Residual Risk Assessment (IRRA) Report show that tlie non- 

carcinogenic risk and carcinogenic risk to all evaluated site receptors are within tlie acceptable range 

discussed witllin tlie Comprehensive Enviroiuiiental Response, Compensation, and Liability Act 

(CERCLA). The CERCLA guidance considers acceptable risk to be less than one for the hazard index 

(HI) and less than 1 .OE-04 for tlie incremental lifetime cancer risk (ILCR). Tlis coiiclusion, along with 

tlie results in the soil certification reports, indicate that tlie remedial actions identified in the Operable 

Unit 5 Record of Decision were executed successfully and the soil on the Fernald Preserve has been 

restored to a n  acceptable risk level compatible with tlie final land use objective. 

Remedial actions associated with tlie removal of the coiitaninated structures, soil, and waste materials, at 

the foimer Feed Material Production Center (FMPC) are documented in the Records of Decision (RODS) 

for Operable Units 1: 2, 3,4, and 5. The remedial actions were implemented under the Feiiiald Closure 

Project (FCP), and docuiiientation of the completed remedial actions can be found in the Remedial Action 

Reports for Operable Units 1,2, 3 , 4 ,  and 5. 

h s k  calculations in the Conipreheiisive Response Action Risk Evaluation (CRARE) for. Operable Unit 5 

were perfornied using estimated post-reniediation contaminant concentrations in soil and surface-water 

niedia that reflected the preliminaiy remediation levels, which were based on tlie preliminary reniediation 

goals developed fioni tlie Operable Unit 5 Baseline Risk Assessment. The IRRA evaluates the receptor 

risk due to exposure to nteasured post-remediation contaninant concentrations in tlie soil and surface 

water on the Fernald Preserve. In this context, the IRRA fisk calculatioiis reflect actual site conditions. 
I 

Target receptors in tlie CRARE were selected for the on-site undeveloped park and off-site fann land-use 

scenarios. The JRRA calculations deal only with the receptors for tlie on-site undeveloped park, as 

groundwater reniediation is ongoing and the evaluation of the off-si te fanii scenario is dependent on the 

groundwater pathway for ingestion of water (humans and livestock) and inigation of crops. Off-site 

receptors will be evaluated in a final risk assessment report that will be submitted after the Great Miami 

Aquifer has been restored to the final remediation levels listed in the Operable Unit 5 Record of Decision. 

The IRRA calculations evaluated six human receptors in nine exposure zones. hi line with the final land 

use of an undeveloped park, and the need for support staff to operate a museum,. the converted waste- 

06’2?Q007(1:56 PM) ES- 1 
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water treatment (CMWT) plant and tlie On-site Disposal Facility (OSDF) valve l~ouses, the receptors 

reflect visitors and workers who recreate and labor at the site. Receptors.1nclude the undeveloped park 

user (also evaluated in the CRARE), museum visitor, museum worker, groundskeeper/sampler, 

construction worker, and a building maintenance worker. The trespasser who wanders across tlie OSDF 

is not considered in this report, as this scenario of potential exposure is less conservative than the 

potential exposure received by the groundskeeperkampler and building maintenance personnel who enter 

the OSDF zone to perform work. A receptor may spend as few as ten days a year at tlie site 

(niuscuni visitor) or as many as 250 days a ycar (museum worker). Tlie receptor exposure zones reflect 

soil footprints from historic operations at the sitc (e.g., production facilities, waste storage akas, etc) and 

a reasonably large area for the receptor to traverse when they visit and work at the site. 

Reasonable maximum exposure ( M E )  scenarios were developed for the receptors to estimate the 

chemical and radionuclide intake via inhalation of particulate and gases, incidental ingestion of soil and 

surface water, demial contact with soil and surface water, and exposure to external radiation. Ninety-five 

contaminants were evaluated and a subset of chemicals and radionuclides was compiled for each exposure 

zone to derive input concentrations for the air, soil, and surface-water pathways. Cancer slope factors 

(CSFs) and reference doses (RfDs) for the contaminants were compiled from the Environmental 

I’rotection Agency’s (EPA) Integrated Risk Infomiation System (IRIS) and Health Effects Suinniary 

Tables (HEAST) and the Oak Ridge National Laboratory’s (ORNL) Risk Assessment Infomiation 

System (RAE) web sites. The intake values, CSFs, and RfDs are used to calculate HI and ILCR. 

Most of the risk to the receptors is driven by a sniall subset of clieniicals and radionuclides. Arsenic, 

beryllium, uranium, aroclor-1254, aroclor- 1260, uranium-238 and lead-2 10 are responsible for the 

majority of risk in the soil pathways. Benzo(a)pyrene and dibenzo(a,h)aiitlxacene are key contaminants 

for the demial surface-water pathway. Manganese and radon-222 contribute most of the risk to the 

inhalation pathway. After the radionuclide background is subtracted from the total risk, uranium-238 is 

the largest contributor to exteiiial radiation. 

Tlie highest carcinogenic risk occurs in Zone 5 (former production area) for the undeveloped park user 

(5.66E-05) and groundskeeper/sampler (4.70E-05), and it is driven primarily by dermal exposure to 

surface water containing benzo(a)pyrene and dibenzo(a,h)anthracene. However, the risk is largely an 

artifact of using one-half of the analytical detection limit for these compounds, and this conservative 

OGZ?~2007(1:56 PMI ES-2 
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assumption would be less conservative (i.e., lower risk values) if lower analytical detection linlits had 

been obtained for tlie conipounds. This statement is supported by an uncertainty analysis that concludes 

the greatest uncertainty in tlie risk calculations is knowing the true concentration of benzo(a)pyrene and 

dibenzo(a,h)antl~-acene in surface water. 

One of the uncertainty scenarios used a 70-year exbosure duration for the undeveloped park user and zero 

values for benzo(a)pyrene and dibenzo(a,h)antllraceiie in surface water to compare present risk results to 

CRARE results for the undeveloped park user. Carcinogenic risk for this uncertainty calculation was 

sliglitly higher than the CRARE result, and this is due to higher residual arsenic and beryllium 

concentrations in the soil, relative to tlie estimated conceiitrations used in the CRARE. This comparison 

between present and CRARE results indicates that remedial actions at the Fernald Preserve were 

successful in reducing radionuclide concentrations in soil to values below the estimates used in the 

CRARE, while some chemical concentrations (e.g., arsenic and beryllium) in soil are !neasured to be 

greater than those used in the CRARE. However, when all clieiilicals and radionuclides are sunmed 

across all pathways, the risk analysis presented here produces results of the same magnitude as the 

CR4RE and, per CERCLA guidance, less than tlie upper bound of 1 .OE-04. 
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1.0 INTRODUCTION 

The Interim Residual Risk Assessment (IRRA) estimates the human-health risks associated with the post- 

remediation contaninants in the air, soil, and surface-water media at tlie fonner Femald Feed Material 

Production Center (FMPC). Groundwater remediation is ongoing, and a final risk assessment will be 

perfonned when tlie groundwater restoration goals have been acllieved for the Great Miani  Aquifer. 

Contaminated structures, soil, and waste materials associated with tlie FMPC site were demolished aiid 

removed for disposal under the Comprehensive Environmental Response, Compensation, and Liability 

Act (CERCLA), as documented in the Departmerit of Energy's (DOE) Records of Decision (RODS) for 

Operable Units (OU) 1 ,2 ,3 ,4 ,  and 5 (DOE 1995a: 1995b, 1996a, 1996b, 2000,2003) and the remedial 

action close-out reports (DOE 2006b, 2006c, 2006d, 2006e, 2006f). The remedial actions were 

implemented under the Femald Closure Project (FCP), and the IRRA calculations document that the soil 

remedial actions at the Feniald site were adequate to reduce contaliinant concentrations in soil aiid 

surface water to levels that are protective of human health aiid the environnient. 

. 

CERCLA ( a k a .  superfund) 'requires that the actions selected to remedy hazardous waste sites be robust 

enough to reduce potential tllreats posed by the release of hazardous substance to the eiivironmeiit to 

limits that are protective of human health and the environnient. Per tlie U.S. Environ~iiental Protection 

Agency's (EPA) Risk Assessment Guidance for Superfund (RAGS, EPA 1989a), these criteria are 

evaluated with risk calculations to demonstrate that tlie risk to a receptor, defined as the "reasonable 

niaxinium exposure" ( M E )  individual, does not exceed an increniental lifetime cancer risk (ILCR) of 

1 in 10,000 (1 .OE-04) and a hazard index (HI) of greater than one. 

A variety of on-property receptors were assessed using tlie approach aiid methodology in RAGS (Part A, 

EPA 1989a; Supplement to Part A, EPA 1 99 1 a; Part E, EPA 2004), the Exposure Factors Handbook 

(EFH, EPA 1997) and supplemental guidance (EPA 1991 a), and site-specific data on air, soil, and 

surface-water concentrations. The off-property faim receptor will be evaluated for the groundwater and 

food pathways iti the final risk assessment, wlficli will be submitted to the regulatory agencies after the 

aquifer certification process has been approved by the EPA and OEPA. 

06'?2.'?007(1:56 PMI 1-1 
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For each on-site receptor, risk was calculated at thee contaminant conceiitration levels: total risk with no 

background correction; radiological background subtracted from the total risk; and all background 

subtracted from the total risk. An uncertainty analysis was also performed to evaluate variation in risk 

due to different exposure zones, the exposure duration (exposure early in life versus late in life), modeled 

air concentrations versus measured air monitoring values, change in containinant concentrations, and 

changes in cancer slope factors and reference doses. The tabulated calculations provide a useful 

comparison to the regulatory agencies and public 011 reasonable and background risk to the site visitors 

and workers. 

1.1 

The primary ob.iectivc of the IRRA is to estimate the risk posed to on-site receptors by post-remediation 

(i.e,, residual) contaminant concentrations in air, soil, and surface-water media within eight exposure 

zones that comprise the foniier FMPC site. Exposure pathways for the receptors include inhalation of gas 

and particulate, dermal contact with soil and surface water, ingestion of soil and surface water, and 

ext einal radiation. Receptors, exposure parameters, reference doses, and cancer slope factors have been 

updated relative to values presented in the Comprehensive Response Action R~sk Evaluation (CRARE); 

which is Appendix H of the Operable Unit 5 Feasibility Study (OU5; DOE 1995d). Whereas this report 

e\duates the receptor risk due to exposure to measured post-remediation contanlinant concentrations in 

OVER\UEW AND ORGANIZATION OF THE IRRA REPORT 

air, soil, and surface water on the site, the CRARE evaluated risk using the OU5 Remedial Investigation 

(DOE 1995c) data set, background data (DOE 1994, 2001) and air models to cstirizate post-remediation 

contaminant concentrations in air, soil, and surface-water media. Target receptors in the CRARE were 

selected for the on-site undeveloped park and off-site farm land-use scenarios. The interim risk 

calculations presented in this report deal only with the receptors for the on-site undeveloped park, as 

groundwater remediation is ongoing and the evaluation of the off-site fami scenario is dependent on the 

groundwater pathway for ingestion of water by humans and livestock and irrigation of crops. 

Groundwater and food pathways for the off-site receptors will be covered when the final risk assessment 

report is submitted to the regulatory agencies. 

06’??!2007( I :SG PM) 1-2 
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The remainder of tllis report details the information and assumptions used to develop tlie risk scenarios 

and calculations. It is organized into tlie follou~ing six sections and five appendices: 

Section 2.0 

Section 3.0 

Section 4.0 

Section 5.0 

Section 6.0 

References - 

Appendix A 

.Appendix B 

Appendix C 

Appendix D 

Appendix E 

Describes the scope and regulatory criteria for tlie interim residual risk assessment 

Explains the land use scenario, receptors, pathways, and exposure parameters 

Provides technical detail on the eight exposure zones uritllin the site boundaries, the 
list of contaminants considered in each exposure zone, calculation of residual 
containinant concentrations in air, soil and surface-water media, reference doses 
and cancer slope factors for each contanlinant, the risk equation for each pathway, 
the utility of comparing total, total nlinus radiological background, and total nliiius 
all background, and the hazardous waste management unit (HMMU) closure 
evaluation 

Discusses the risk results for each exposure zone, receptor and contaminant, the 
calculations that support HWMU closure, the uncertainty analysis! and a 
comparison of present risk results to those in the CRARE 

Suinniarizes the significance of tlie interim risk assessment, presents risk 
conclusions for tlie OU5 soil remedial actions, and discusses future risk 
calculations for the off-site receptors that will be evaluated in the final risk 
assessment report 

Lists the references cited in the report 

Contains a list of all the soil certification reports that provide soil data for this 
assessinent . 

Provides a sununary of contanlinants for each of the on-site soil certification units 
that coiiiprise tlie exposure zones and the average contaminant value for each zone 

Tabulates the surface-water sampling results and presents the average surface- 
water concentration for each exposure zone 

Lists the reference doses and cancer slope factors for each contaminant and 
compares the present values to those used in the 1995 CKARE calculations 

Preseiits the detailed pathway calculation sheets for each receptor 

1-3 
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2.0 SCOPE 6r REGULATORY CRITERIA 

The hiterim Residual Risk Assessment (IRRA) exanlines human exposure to residual toxic chemicals and 

radionuclides present in the air, soil, and surface-water pathways at the time of completion of remedial 

actions for the removal of contaminated buildings and soil at the Femald site. This assessment will 

evaluate the possibility that an individual (Le., human receptor) has a greater than 1 in 10,000 (1 .OE-04) 

chance to develop cancer in their lifetime as a result of exposure to residual carcinogen concentrations in 

the air, soil, and surface-water media at the site. As part of the clean-up criteria for superhiid sites, EPA 

strives to manage the total incremental lifetime cancer risk (ILCR) to a receptor at the site to a value less 

than 1 .OE-04 (EPA 1989a). Additionally, non-carcinogenic chenlicals will be evaluated to deteniline if a 

receptor's exposure to residual chemicals will cause a toxic health effect. The potential for a clieiilical to' 

have a toxic health effect is expressed as a hazard quotient (HQ), and the HQs for a receptor are suimiied 

for all cheiiicals to produce a hazard index (HI). The HI must be less than one for the sum of all 

chemicals along all pathways. A coniprehensive discussion on ILCR and HI calculations, and their 

application to receptors exposed to contaminants in soil, water and air media, can be found in the EPA 

Risk Assessinent Guidance for Superfund (EPA 1 989a, 1 99 1 a, 1991 b, 199 1 c, 2004) and, with respect to 

the Fernald site, in Appendices C and H of tlie Operable Unit (OU) 5 Feasibility Study (DOE 1995d). 

Per the OU 5 Record of Decision (ROD; DOE 1996b), remedial actions at the site were carried out to 

restore the site to a final land use compatible with an undeveloped park. Remedial actions were 

successful in removing and disposing of all historic facilities (OU 3 ROD; DOE 1996a) and waste forms 

(OU 1 ROD, DOE 1995a; OU 2 ROD, DOE 1995b; and OU 4 RODS, DOE 2000 & 2003), as well as 

excavating and disposing of all soil with contaminant concentrations above the OU 5 ROD final 

remediation levels (FRLs). Building rubble and contaminated soil were disposed of in tlie on-site 

disposal facility (OSDF), if tlie containinant concentrations and size of the material met the OSDF waste 

acceptance criteria (WAC). Materials that did not meet the OSDF WAC were packaged and shipped off 

site for disposal. 

Groundwater restoration has not been conipleted at the site, and tlis exposure pathway will be evaluated 

in the final risk assessment after groundwater has been certified as meeting the OU 5 ROD groundwater 

FRLs. Therefore, exposure pathways associated with ingesting groundwater, batling with groundwater, 

ingesting crops irrigated Grit11 groundwater, and ingesting nieat and dairy products derived' from jivestock 

watered with groundwater are not considered in the IRRA. 
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In  line with the final land use of an undeveloped park, and operations support for a iiiuseuni, the 

converted waste-water treatment (CWWT) plant and the OSDF, tlie IRRA will evaluate visitors and 

workers who recreate and labor at the site. Public activities at the undeveloped park will be restricted, 

and swinuiling, fishing or hunting will not be allowed on the site. Infrastructure at the park that will be 

off limits to the general public includes tlie extraction wells, piping, and the CWWT plant that supports 

groundwater restoration and valve houses associated with the OSDF. Visitors are assumed to cover the 

age groups of child, youth, adult, and senior adult, while workers are limited to the adult age group. The 

visitors spend time in the museum and hike the park trails. Worlcers support the ~i iuseun~,  CUWT and 

OSDF operations, as well as grounds maintenance, sanipling events and construction prqjects. Receptors 

arid land-use scenarios are developed and discussed in detail in Section 3.0. 

. 

The footprint of the remediated Feiiiald Preserve has been divided into eight exposure zones (Plate 1) that 

represent historic operations at the site (e.g., production facilities, waste storage areas, etc) and a 

reasonably large exposure area for the public when they visit and work at the park. A large exposure area 

is considered reasonable because most visitors or workers at the site are likely to traverse and explore a 

large area, rather than a small area of a few acres. Human health risk will be assessed in seven ofthe 

eight zones for the visitor (the OSDF zone will not be evaluated, as it is fenced and posted as no 

trespassing) and in all eight zones for some workers. Although a visitor could trespass into the OSDF, 

tlie exposure of workers in the OSDF is conservative enough to represent the dose that a trespasser would 

receive if they entered the excluded zone of the OSDF. Additional detail is provided on the receptors and 

exposure parameters in Section 3.0, and Section 4.0 develops the residual contaminant concentrations in 

the exposure zones. 

Contaminants included in the risk calculations include every constituent that was evaluated in a soil 

certification report (Table 2-1). Several of the cheiilicals in Table 2-1 (lead, phenanthrene, and 

trifluorochloromethane) lack chemical toxicity and cancer niorbidity data, and these constituents cannot 

be evaluated in the risk calculations due to the lack of this data. For these constituents, alternate 

evaluations, as applicable and/or available, were perfomied to evaluate risk. Lead risk was screened 

using USEPA’s Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead in Children. The 

default values presented in the IEUBK model exceed the lead levels at the Femald site, yet they result in 

an acceptable risk to children. Therefore, it is concluded that the risk to children Gom lead at the site will 

be acceptable because the default values used in the IEUBK model are greater than lead levels at the site. 
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A search of the.interiiet for exposure models for phenanthrene or trifluorochloronietliane provided no 

information that could be used to assess tlie risk to receptors. Furthermore, trifluorocliloronietliane was 

not retained in any certification unit due to its Iugh volatility, and it  should not have been included as a 

contaminant for the risk assessment. 

The remaining chenical constituents in Table 2-1 were evaluated for either chemical toxicity 

(non-carcinogen HQ) or cancer risk (carcinogen ILCR), and a subset of these chemicals could be assessed 

for both chemical toxicity and cancer risk, due to tlie availability of data 041 both non-carcinogen and 

carcinogen effects to body tissues and organs. Per EPA guidance (EPA 1989a), radionuclides are 

assessed as carcinogins only (Le., ILCR only). Detailed sununary sheets in Appendix E identifi each 

constituent, the risk equations, exposure parameters, and corresponding HI and LCR. If data are 

unavailable to calculate HI or ILCR, it is noted as such in the sununary tables. 

Concentration data for containinants in the soil and surface-water media represent measured values from 

physical samples (Section 4.3). Contaninant levels in soil (microgram per gram; pg/g) are obtained from 

the certification reports listed in Appendix A, and the value for each certification unit is tabulated in 

Appendix B. Surface-water contanination was assessed after completion of soil remediation activities by 

collecting and analyzing a sample from every significant pond on the site (Plate 2). Analytical results for 

the surface-water saniples are presented in Appendix C. Air concentrations are calculated as indicated in 

Section 4.3. 

fisk calculations will be tabulated to show tllree sets of results: 1) total iisk to a receptor, 2) total risk 

ninus tlie background for radionuclides, and 3) total risk illinus the background for all contaninants 

(diemnicals and radionuclides). With respect to the regulatoiy criteria embodied in CERCLA, the 

appropriate calculation to assess the risk to receptors at the remediated Fei-nald site is total risk ninus the 

background for radionuclides, and tlis calculation should result in an ILCR of less than 1 in 10,000 

(1 .OE-04) to the receptor when risk is sunned ovei: all pathyays. Removing radionuclide background 

from the risk calculation is tied to the development of preliminary remediation goals for a superhiid site 

(EPA 1991 b), where the increment of radionuclide activity or concentration above background is used to 

assess the potential risk from exposure to radiocarcinogens. Reporting results as total risk ninus all 

background is not reconxnended by the EPA, but it was done in the Operable Unit 5 Feasibility Report 

and it is repeated here for comparison purposes (Section 5.9). 
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The appropriateness of the EPA guidance on removing radiological background is easily demonstrated 

through a'background risk calculation. As presented in Section 4.6, the risk to a receptor exposed to 

backg-ound radon-222 levels is 60 to 90 percent ofthe receptor's total risk (sum of all pathways), and this 

background risk exceeds an LCR of 1 .OE-04 for several receptors. EPA recognizes that the average 

background air concentration for radon-222 in the United States exceeds a risk of 1 .OE-04. Therefore, the 

risk assessment for a superfund site need only demolistrate that the sum of the risk fiom all radionuclide 

increments, across all pathways, is less than I .OE-04 (where an increment is defined as the activity or 

concentration in excess of [lie radionuclide background value). 
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TABLE 2-1 
Chemicals arid Radioactive lsotopes Evaluated in the Soil Certificatioii Reports 

And the lnterim Residual Risk Assessment 
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3.0 SCENARIOS, LAND USE EXPOSURE PATHWAYS 6: FU3CEPTORS 

FS (DOE 1995d), DOE evaluated remedial actions, human and ecological risk, and cost to 

deternine which of four land use objectives would be selected for tlie end state of the Feriiald site. 

Collaboration with the regulatory agencies and public resulted in the selection of Land Use Objective 3 - 

Maximum Consolidation of Contaminated Material to Free tlie Majority of the Feniald Site for Restricted 

Land Use. Land Use Objective 3 called for off-site sllipnient and disposal of the highest risk waste 

streams (e.g., OU I waste pits, OU 4 silo materials, etc.), and on-site disposal of soil, waste, and building 

rubble, if the materials met the OSDF waste acceptance criteria. Tlyee alternatives were evaluated for 

Land Use Objective 3: A) industrial park; B) developed recreational park; and C) undeveloped 

recreational park. Though the FS process, Alternative 3C was selected for OU 5. 

Tlie undeveloped park envisioned in the FS had no rest roonis or developed recreational facilities, with 

the exception of hiking trails. Since the OU 5 FS was published, the vision of the undeveloped park has 

changed to acconlniodate an on-site iiiuseuni with rest roonis, a parlung lot, and continued operation of 

the CMWT facility to support ongoing groundwater restoration activities. Therefore, the present land use 

scenario is the undeveloped park with some infrastructure development to support the niuseuni and 

CUWT operations. 

Slight changes to the undeveloped park scenario presented in the FS dictates that the JRRA must consider 

additional receptors to account for daily workers that support the museum and CWWT operations aiid the 

general public that visits the museum. Receptors for the IRRA will include the undeveloped park user 

presented in the OU 5 FS, as well as a Inuseuni visitor, museum worker, groundskeeper/saiiipler, building 

maintenance, and construction worker. Each of these receptors is discussed below with respect to 

exposure pathways and parameters. 

Exposure pathways for receptors evaluated in the JRRA are siiililar to those presented in the OU 5 FS, 

and they consist of inhalation of radon gas and soil particulate suspended by the wind, dernial contact 

with soil and surface water, iiicidental ingestion of soil and surface water, and exposure to external 

radiation. In contrast to the OU 5 CRARE exposure pathways, the groundwater, aiid food pathways will 

not be evaluated in the IRRA due to ongoing groundwater restoration activities. Tlie groundwater and 

food pathways will be evaluated in a final risk assessment repoi-t that will be published after tlie 

groundwater has been certified as meeting the OU 5 ROD groundwater FRLs. 
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3.1 UNDEVELOPED PARK USER 

This target receptor is the child, youth, adult, andor senior adult that visits the park to hike, picnic, and 

observe birds. These individuals inhale air that contains radon and soil particulate suspended by the wind, 

and they contact soil and surface water while hking trails and sitting on the ground for a picnic. Contact 

with soil and surface water results in dennal exposure as well as incidental ingestion. The receptor is also 

exposed to external radiation from radioactive isotopes present in the enviroimiental media. Exposure 

pathways and parameters are summarized in Table 3-1 . The rationale and reference for each exposure 

parameter are discussed below: 

Exposure Frequency (EF): The number of days per year (d/yr) that a receptor visits the site is the 

El:. EF is assumed to be 20 d/yr, about eveiy other week, for the child and adult. A higher 

frequency of 40 d/yr is assumed €01- the youth and senior adult to account for extra recreation time 

available to these age receptors. For exaniple, the youth who can drive will be able to spend 

additional time at the park after school, relative to a working adult and young child. 

0 Exposure Duration (ED): The ED is the number of years over which an individual wil! visit the 

park. EPA (1 989a) notes that national trends show individuals do not live in a region of the ‘ 
country for more than 30 years. Therefore, 30 years is used as the sum across the age groups, 

with the years partitioned into 3 years for chld, 6 for youth,.14 for adult and 7 for senior adult, 

An ED of 70 years is evaluated in the uncertainty calculations presented in Section 5.0. 

0 Body Weight (BW): EPA (1 997) has tabulated BW for individuals. The adult and senior adult 

are equated to the mean BW in EPA Table 7-1 1,  which is rounded to 70 kg. An average oimean 

values reported for ages 7 to 18 (EPA Table 7-3) is rounded to 47 kg for the youth. ‘The child 

mean values reported for ages 0 to 6 (EPA Table 7-3) are used to derive an average weight of 

15 kg. 

0 Averaging Time for non-carcinogens (AT,,): Averaging time refers to the number of days Over 

which the toxin acts on the body. EPA (1 989a) defines the averaging time for non-carcinogen 

chemicals as the exposure duration multiplied by 365 daydyr. 
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Averaging Time for carcinogens (AT,): For carcinogenic compounds aiid radioactive isotopes, 

EPA (1 989a) assunies tlie carcinogen acts over a 70-yr lifetime for the individual. Therefore, 

averaging time (days) for carcinogens is 70 yrs multiplied by 365 dayslyr. 

. Mialation Rate (IhR): Tlie volume of air which an individual breathes each hour is the LhR. 
EPA (1 997) reports tlie same value (1 .0 ni'/lr) for the child and adult receptors for short-tenn 

exposure and light activities (EPA Table 5-23). Therefore, this value is used for all age groups. 

Short-tern] exposure aiid light activities are applicable to a park visitor that spends an hour or two 

hiking trails and watclling birds. 

0 Exposure Time (ET) for Air: The aiiiount of time the receptor spends at the park each visit is the 

ET. As tlie park is undeveloped, the assumption is made that the receptor will spend a fraction of 

a noniial day (two hours) inhaling dust and radon gas on each day they visit the undeveloped 

park. 

Ingestion Rate (IR) for Soil: Tlie mass of soil that is ingested incidentally each day is the IR. 
EPA (1 989b Bt 1997) estimates that a residential cllild will ingest 0.2 g/d, wllicli is lowered to 

0.1 g/d for the adult. The IR for the youth aiid senior adult is assumed to be sinlilar to tlie adult. 

Fraction of Ingested Soil that is Contanlinated (FI): In some risk exposure scenarios, a receptor 

may pass in and out of contaminated soil zones, and only a fraction of the ingested soil will 

. contain contaminants. For the IRRA, the receptor is assumed to spend 100 percent of their park 

time in a contamination zone, and FI is set equal to 1.0. 

Surface Area (SA), Dennal Contact with Soil: Tlie skin SA exposed to soil is assumed to be the 

head, hands, foreaims, feet, and lower legs. All SA values for body parts are obtained from EPA 

(2004, Exhibit C-1), aiid the suin for these body parts appears in Table 3-1. 

Adherence Factor (AF): The AF for soil to skin is taken from EPA (2004). For a residential 

sceqario, the AF value is 0.2 for child and youth, and 0.07 for'adult and senior. 
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Shielding Factor (SH): The SH accounts for material between the receptor and radiation source 

that can attenuate the external radiation received by an individual. For outdoor conditions on the 

site, the SH. is taken as 0.25 to account for substantial surface-water coverage (water shields 

radiation emitted from the soil below the water) and the placement of clean mulch over tlie 

remedial footpiint (the niulch is worked into the remedial footprint, which dilutes tlie soil 

concentration and provides some shielding from radiation enutted by nuclides on the soil 

particles). 

Ingestion Rate (IR) for Surface Water: The 1997 EPA Exposure Factors I-Iandbook does not 

contain guidance on the surface-water pathway. An older vcrsion of the handbook (EPA 1989b) 

assigned 0.05 liter per hour (Wlir) for an adult swinmer. Although swinming in the ponds on 

site is not allowed, this ingestion rate will be used for the child, youth, adult and senior to cover 

the conservative case where splashng results in a siinilar ingestion rate. 

Exposure Time (ET) for Surface Water: As swiiimling is not allowed in the ponds on the site, 

contact with water will be a transient activity of short duration. It is assumed that the receptor 

will spend one hour wading and splashing on each sununer day spent at the undeveloped park. 

Exposure’Frequency (EF) for Surface Water: It is assumed that wading in the surface water, 

which is not penilitted, will take place only during the sunmer months. Therefore, all receptors 

spend one day each weekend of the 12 suninier weeks (12 d/yr) contacting the water. 

Surface Area (SA), Dermal Contact with Surface Water: The skin SA exposed to soil is assumed 

to be the face, hands, forearnis, feet and lower legs. All SA values for body parts are obtained 

from EPA (2004, Exhibit C-1), and tlie suin for these body parts appears in Table 3-1. 

Dose Absorbed (DA) per Event, Dermal Contact with Surface Water: This is a cheinical specific 

value that is calculated from the permeability constant and chemical concentration in the water. 

All constants and chemical concentrations used in this calculation are tabulated in Appendix E. 
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3.2 MUSEUM IXXTOR 

This target receptor is the child, youth, adult, and/or senior adult that visits the iiiuseuni and participates in 

an occasional field trip run by tlie niuseuiii. Although these individuals spend inost of their time in the 

museum, they will inhale air that contains radon and soil particulate when they walk from the parking lot 

to the niuseuni and when they participate in field trips. The receptor may contact soil and surface water 

when they participate in a inuseuni field trip or if they wander though the grounds between the parkmg 

lot aiid museum. Contact with soil and surface water results in deniial exposure as well as incidental 

ingestion. The receptor is also exposed to external radiation from radioactive isotopes present in tlie 

enviroiunental media. Exposure pathways aiid parameters are sunmarized in Table 3-2. The rationale 

and reference for each exposure parameter are discussed below: 

0 

0 Exposure Frequency (EF): The nuniber of days per year (dyr) that a receptor visits the museum 

is the EF. EF is assumed to be 10 d y r  for the clild, youth, and adult. A higher frequency of 

20 d/yr is assumed for the senior adult to account for extra recreation time available to this age 

receptor. 

e Exposure Duration (ED): The ED is the number of years over whch an individual will visit the 

park. EPA (1 989a) iiotes that national trends show individuals do not live in a region of the 

country for more than 30 years. Therefore, 30 years is used as the sum across tlie age groups, 

with the years partitioned into 3 years for child, 6 for youth, 14 for adult and 7 for senior adult. 

0 Body Weight (BMI): EPA (1997) has tabulated BW for individuals. The adult and senior adult 

are equated to the mean BUT in EPA Table 7-1 1,  wl.licli is rounded to 70 kg. An average of mean 

values reported.for ages 7 to 18 (EPA Table 7-3) is rounded to 47 kg for the youth. The clild 

mean values reported for ages 0 to 6 (EPA Table 7-3) are used to derive an average weight of 

15 kg. 

I 

0 Averaging Time for non-carcinogens (ATJ: Averaging time refers to tlie number of days over 

wlicli the toxin acts on the body. EPA (1 989a) defines the averaging time for non-carcinogen 

chemicals as the exposure duration multiplied by 365 daydyr. 
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Averaghg Time for carcinogens (AT,): For carcinogenic compounds and radioactive isotopes, 

EPA (1 989a) assumes the carcinogen acts over a 70-yr lifetime for the individual. Therefore, 

averaging time (days) for carcinogens is 70 yrs inultiplied by 365 days/yr. 

e Inhalation Rate (Illn): The volume of air which an  individual breathes each hour is the IhR. 

EPA (1 997) reports the same valuc (1 .O m3/1r) for the child and adult receptors for Short-term 

exposure and light activities (EPA Table 5-23). Therefore, tlis value is used for all age gsoups. 

Short-term exposure aiid light activities are applicable to a niuseum visitor that spends an hour or 

two in the museum. 

0 13xposure Time (ET) for Air: The amount of time the receptor spends outdoors on each visit to 

the inuseurn is assumed to be one-half hour per each day they visit the museum. This time is 

allocated to walking between the parking lot and museum aiid participating in an occasional field 

trip. 

e Ingestion Rate (IR) for Soil: Thc inas  of soil that is ingcstcd incidcntally cach day is the IR. 
EPA (1 989b & 1997) estimates that a residential child will ingest 0.2 g/d, which is lowered to 

0. I g/d for the adult. However, these is veiy little time spent outdoors for the museum visitor, and 

the rate is decreased to 0.1 g/d for child, 0.075 g/d for youth and 0.05 g/d for the adult and senior 

adult. 

Fraction of Ingested Soil that is Contaiiiinated (FI): In some risk exposure scenarios, a receptor 

may pass in and out ofcontanlinated soil zones, and only a fraction of the ingested soil will 

contain contaninants. For the IRRA, the receptor is assunied to spend 100 percent of their 

outdoor time in a contanination zone, and FI is set equal to I .O. 

Surface Area (SA), Dermal Contact with Soil: The skin SA exposed to soil is assunied to be the 

head, hands, forearms aiid lower legs. Feet are not included because museum visitors will be 

wearing foot gear. All SA values for body parts are obtained from EPA (2004, Exhibit C-I), and 

the suiii for these body parts appears in Table 3-2. 
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Adherence Factor (AF): The AI.' for soil to skin is taken from EPA (2004). For a residential 

scenario, the AF value is 0.2 for child and youth, and 0.07 for adult and senior. 

Shielding Factor (SEI): The SH accounts for material between the receptor and radiation source 

that can attenuate the external radiation received by an individual. For outdoor conditions on the 

site, tlie SH istaken as 0.25 to account for substantial surface-water coverage (water sllields 

radiation emitted from tlie soil below the water) and the placement of clean mulch over the 

remedial footprint (the mulch is worked into the remedial footprint, which dilutes the soil 

concentration and provides some shielding from radiation emitted by ~iuclides on the.soi1 

particles). For indoor conditions, SH is taken as 0.5 to account for the shielding properties of tlie 

buildihg floor and walls. 

Ingestion Rate (IR) for Surface Water: This receptor is assunied to remain out of the water. 

Exposure Time (ET) for Surface Water: This receptor is assumed to remain out of the water 

Exposure Frequency (EF) for Surface Water: Tllis receptor is assumed to relnain out of tlie 

water. 

e Surface k e a  (SA), Dernial Contact with Surface Water: This receptor is assumed to remain out 

of tlie water. 

Dose Absorbed (DA) per Event, Dennal Contact with Surface Water: Ths receptor is assumed to 

remain out of the water. 

3.3 SITE WORKERS 
The site work force consists of museum support staff, a grouiidskeeper/saiiipler, a construction worker, 

and personnel for building maintenance. All of the worker receptors are adults. Exposure pathways and 

parameters are suriuiiarized in Table 3-3. The rationale and reference for each exposure parameter are 

discussed below: . 
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Museum support represents a receptor that spends five days per week running the museum and 

leading short field trips. Work is perfoniied indoors (7 hrs/day) and outdoors (1 ldday). Outdoor 

activities include walking between the museum and parlung lot, work breaks, and leading short 

field trips. As these outdoor activities are not as strenuous as other workers, the relative 

inhalation rate is lower. The inuseuni worker is assumed to touch soil and surface water with the 

hands while conducting short field trips, which are assumed to take place once a month from 

April tluougli November. Incidental ingestion of soil and surface water occur during these field 

trl]JS. 

0 A grouiidskeeper/sampler receptor is assumed to work 2 days/wk mowing, landscaping, aiid 

collecting soil and water samples. As the site is designated as a n  undeveloped park, mowing and 

sample collection are infrequent events. The entire workday is spent outdoors (8 hrs/day) 

performing strenuous activities that result in an elevated inhalation rate. Activities involve soil 

contact with the head, hands, foreamis, and lower legs, and surface water contact with the hands, 

forearm, lower legs, and feet. Incidental ingestion of soil is elevated due to labor activities that 

in\/olve soil disturbance. Surface water contact aiid ingestion is limited to szmpling ej'ents at the 

site ponds. 

0 Tlie construction worker is a n  adult that spends 30 days per year on a construction job at the site 

(e.g., repairing roads, buildings, valve houses, pump houses, etc). This is considered to be a 

reasonable exposure frequency because major construction work on tlie site infrastructure occurs 

intermittently. Tlie entire workday is spent outdoors (8 lidday) performing strenuous activities 

that result in  a n  elevated inhalation rate. Activities involve soil contact with tlie head, hands, 

foreaims and lower legs, and possible surface water contact with the hands, foreaims, lower legs, 

and feet. Incidental ingestion of soil is elevated due to labor activities that involve soil 

disturbance. Surface water contact and ingestion is linlited to internlittent work on culverts or 

buried pipelines. 

e A building maintenance worker is assumed to perform custodian, janitorial, and minor repair jobs 

5 days/wk. Work is predominantly indoors (7 I d d a y ) ,  with a portion of tlie day spent outdoors 

(1 hr/day). A moderate inhalation rate is retained for this work, and the worker can contact soil 
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with the hands and ingest soil while perfoniiing minor outdoor maintenance. There is no 

reasonable surface water pathway for this receptor. 

i 
Exposure Frequency (EF): Museum support staff and building maintenance workers spend 

5 days/wk and 50 wVyr (250 days/yr) at the site. A receptbr consisting of a groundskeeper and 

sanipler is assumed to work 2 days/wk (1 00 dayslyr) mowing, landscaping and collecting soil and 

water samples. The constiuction worker is an adult that spends 30 days/yr repairing structures at 

,- 

the site. 

Exposure Duration (ED): Per EPA (1991a) protocol for workers, the museum support, 

grouiidskeeper/satiipler, and building maintenance ED is taken as 25 years. However, 

construction worker ED is set to 1 year, as this is considered a reasonable ED -. because major 

construction work is likely to occur only once for a given worker. (EPA 2002; OEPA 2002) 

~. 

0 Body Weight (BW): The adult mean BW in Table 7-1 1 of EPA (1997) is rounded to 70 kg. 

e Averaging Time for non-carcinogens (AT,J: Averaging tiine refers to the number of days over 

which the toxin acts ottlie body. EPA (1 989a) defines the averaging time for non-carcinogen 

chemicals as the exposure duration multiplied by 365 days/yr. 

Averaging Time for carcinogens (AT,): For carcinogenic compounds and radioactive isotopes, 

EPA (1 989a) assumes the carcinogen acts over a 70-yr lifetime for the individual. Therefore, 

averaging time (days) for carcinogens is 70 yrs iiiultiplied by 365 days/yr. 

0 Inhalation Rate Short-tenn exposures for outdoor workers are taken from Table 5-23 in 

EPA (1 997). A moderate rate of 1.5 ni3/lu- is assumed for the museum and building maintenance 

workers, whle'the ~ouiidskeeper/saiiipler and construction personnel perfonii heavy activities at 

an elevated rate of 2.5 ni'/lu-. 

Exposure Time (ET) for Air: Museuni and building maintenance personnel are assumed to be 

outdoors 1 lii/day. Outdoor activities include walking between the museuhi and parking lot, work 

breaks, leading short field trips, and nlinor repairs on outdoor building equipment. For the 
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grouiidskeeper/saiiipler and construction workers, the entire workday is spent outdoors 

(8 hrs/day). 

0 Ingestion Rate (IR) for Soil: The EPA (2002) standard industrial rate of 0.05 g/d for indoor 

workers is applied to the museum support and building maintenance staff, and the standard 

industrial rates of 0.1 g/d for ~ouiidskeeper/samp1er and 0.33 g/d for a construction worker. 

Fraction of Ingested Soil that is Contaminated (FI): For the IRRA, the workers are assunied to 

spend 100 percent of their tiiiie in a contamination zone, and FI is set equal to 1 .O. 

0 

0 Surface Area (SA), Dermal Contact with Soil: EPA (2004, Exhibit C-1) has compiled SA values 

for body parts. The museum support staff is assumed to touch soil with their hands. Building 

maintenance has hands and forearms exposed to the soil. EPA (2002) has published standard 

industrial values for the groundskeeper/sanipler and construction worker. 

e Adlierence Factor (AF) for Soil: Museum support is assumed to be similar to residential adult 

( P A  2002). Thc ~oundskeepcr/sanipler and construction worker have elevated AF due to work 

pel-foiiiied in soil (EPA 2002). A standard industrial AF is used for the building maintenance 

staff (EPA 2004). 

0 Shielding Factor (SH): The SH accounts for material between the receptor and radiation source 

that can attenuate the external radiation received b); an individual. For outdoor conditions on the 

site, the SI3 is taken as 0.25 to account for substantial surface-water coverage (water shields 

radiation enitted from the soil below the water) and the placement of clean topsoil over the 

remedial footprint (clean topsoil shields radiation emitted from soil below the topsoil). For 

indoor conditions, SH is taken as 0.5 to account for the shielding properties of the building floor 

and walls. 

0 Ingestion Rate (E) for Surface Water: The 1997 EPA Exposure Factors Handbook does not 

contain guidance on the surface water pathway. An older version of the handbook (EPA 1989b) 

assigned 0.05 Uhr for an adult swimmer, but swinlnling is not pertinent to the workers. The 

incidental ingestion to the groundskeeper/sampler is attributed to placing hands and arms in the 

water, and repetitive touching.of hands to the mouth is assumed to result in a rate of 0.01 Whr. A 
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construction worker is less likely to perfoi-in extensive work in surface water, and the rate is 

reduced to 0.005 L/hr. The museum worker that leads an occasIona1 field trip may touch the 

water, and a rate of 0.001 L/lv is assigned to this scenario. It is assumed that the building 

maintenance worker will not touch the water. 

Exposure Time (ET) for Surface Water: It is assumed that the soundskeeper/saiiipler spends one 

hour wading and collecting surface water samples each dag that samples are collected. The 

museum and construction workers are assumed to contact the water for 0.5 hours when they are 

perfonling activities near- the water. It is assumed that the building maintenance worker will not 

touch the water. 

Exposure Frequency (EF) for Surface Water: The groundskeepedsanipier is assumed to collect 

samples once per niontli, or 12 days/yr. A museum worker is assumed to touch water on short 

field tiips conducted once a month from April tllrough November (8 dajdyr). Construction work 

associated with the site ponds is liniited to 6 days/yr, as significant coiistiuction work scope is not 

anticipated for the surface water pathway. It is assumed that the building maintenance worker- 

will not touch the water. 

Surface Area (SA), Dernial Contact with Surface Water: EPA (2004, Exhibit C-I) has compiled 

SA values for body parts. The niuseuiii worker is assunied to touch surface water with the hands. 

A groundskeeper/saller and a construction worker are assumed to contact surface water with 

the hands, foreanns, feet, and lower legs. It is assumed that the building maintenance worker will 

not touch the water. 

3-1 I 
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DA (mg/cm"/event) 
EF (daylyr) 
ET (Idday) 

TABLE 3-1 
Exposure Pathways and Parameters for the Undeveloped Park User 

csv csv 
12 12 

csv csv 
12 12 
1 1 1 1 

Pa rarneter Child Youtl1 Adult 1 Senior Adult 1 

EF = exposure frequency 
B W  = body weight 
AT, = averaging time for carcinogens 
A F  = adherence factor for soil to skin 
ET = exposure time 
S A  = surface area of skin 
ABS = absorption factor 

ED = exposure duration 
AT,,, = averaging time for non-carcinogens 
IIR = inhalation rate 
IR = ingestion rate 
FI = fraction of ingested soil that is contaniinated 
DA = dose absorbed per event 
SH = shielding factor 
CSV = chemical specific value (see Appendix E) 
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IR (g/day) 

TABLE 3-2 
Exposure Pathways and Parameters for the Museum Visitor 

0.1 0.075 0.05 0.05 
I Pathway: incidental ingestion of soil 

FI (unitless) 1 1 1 1 ’  

ET (hr/day) I NA NA NA NA 

EF = exposure frequency 
BW = body weight 
AT, = averaging time for carcinogens 
ET = exposure time 
SA = surface area of skin 
A B S  = absorption factor 
DA = dose absorbed per event 
NA = not applicable to this receptor 

EF (event/yr) . NA NA 

ED = exposure duration 
AT,, = averaging time for noncarcinogens 
IR = ingestion rate 
FI = fraction of contaminated soil ingested 
AF = adherence factor for skin 
SH = shielding factor 
CSV = chemical specific value (see Appendix E) 
IhR = inlialation rate 

NA NA 

3-13 

SA (cm’) NA 
DA (mg/crn’/event) NA 
EF (event/yr) NA 
ET (Iddav) NA 

NA NA NA 
NA NA NA 
NA NA I NA 
NA NA NA 
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IhR (m'/Iu) 

TABLE 3-3 
Exposure Pathways and Parameters for the Site Workers 

1.5 2.5 2.5 1.5 
E T  (Idday) 1 8 8 1 

IR (g/day) I 0.05 0.1 0.33 

EF = exposure frequency 
BW = body weight 
AT, = averaging time for carcinogens 
ET = exposure time 
SA = surface area of skin exposed to soil or water 
ABS = absorption factor 
DA = dose absorbed per event 

ED = exposure duration 
AT,,, = averaging time for noncarcinogens 
IR = ingestion rate 
FI = fraction of ingested soil that is contaminated 
AF = adherence factor for skin 
SH = shielding factor 
IllR = inhalation 
CSV = chemical specific value (see Appendix E) 

0.05 

3-14 

IR (L/day) 0.001 0.0 1 0.005 NA 
EF (day/yr) 8 12 6 I NA 

SA (cm') 9 04 5670 
D A (mg/cni'/event) csv csv 

EF (day/yr) 8 12 
ET (Idday) 0.5 I 

5670 NA 
csv NA 

6 NA 
0.5 NA 
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4.0 TECHNICAL APPROACH TO EXPOSURE ASSESSMENT 

This section of tlie report discusses tlie risk equations, environmental data, cancer slope factors (CSFs), 

reference doses (RfDs), and assumptions that support the exposure assessment for receptors defined in 

Section 3.0. Additional narrative addresses background conditions, exposure zone boundaries, the closure 

of hazardous waste management units (HWMUs), uncertainty iii the risk estimate, and comparison of 

present results to those in the CRARE, which is Appendix H of the OU5 Feasibility Study (DOE 1995d). 

4.1 EXPOSURE ZONES 
Plate 1 shows the exposure zones for receptors that visit or work at the site. Boundaries between the 

exposure zones reflect foinier remedial operations associated with the clay borrow area (Zone 1 ), 

southern waste units (Zone 2), northern woods and wetlands (Zone 3), Paddys Run (Zone 4), production 

area (Zone 5), waste pits (Zone 6), K-65 silos and treatnient facilities (Zone 7), and the on-site disposal 

facility (Zone S). The exposure zone used to assess the closure of HWMUs (Section 4.8) is a hypothetical 

zone comprised of all the foinier HWMUs (Figure 4-1). The development of exposure zones takes into 

consideration similar containinants within fonner remediation areas, creates a reasonably large area of 

attractions for a receptor to see (e.g., the ponds and wetlands in Zone 6), and helps to manage the number 

of risk calculations that are perfoinied for each receptor. 

Table 4-1 summarizes the exposure matrix for tlie site receptors, with every yes entry corresponding to a 

set of risk calculations. An undeveloped park user is assumed to visit every zone except the on-site 

disposal facility (Zone S), as the perimeter of Zone S is fenced to prohibit trespassing. The niuseuni 

visitor and inuseutn worker will spend time in the museum (Zone 7), and they are assumed to take an 

occasional field trip to observe birds or other aquatic life in the adjacent ponds aiid wetlands of Zone 6. 

A grouiidskeeper/sanipler will enter every zone to maintain the grounds and collect media samples. The 

worker perfoming building maintenance will enter zones where buildings are present (Zones 2, 7, and 8). 

Construction work may be executed in any zone, so tlie construction worker is assumed to enter every 

zone. To assess tlie human health risk from exposure to the air, surface water, aiid soil in the closed 

M U S ,  all receptors are assumed to enter the HWMU zone and receive a dose from all identified 

Resource Consenration Recovery Act (RCRA) contanlinants (Section 4.8). 
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4.2 CONTAMINANTS OF CONCERN 

Risk calculations include all soil contaminants that have established final remediation levels (FRLs), as 

listed in Table 9-3 of the Operable Unit 5 Record of Decision (DOE 1996b). Additional contaliinants 

were added to this list if they appeared in a soil certification report (Appendix A) and were a conceiii for 

assessing human health risk. Ecological contaminants were not included in the risk assessment unless the 

contaminant was also a concern for human health. This list of contaminants used in this risk assessment 

is reproduced here as Table 2.1.  

4.3 RESIDUAL CONTAMINANT CONCENTRATIONS 

Residual containinant concentrations in soil media are sumnniarized by certification unit (CU) and 

exposure zone (Appendix B), and the individual certification units within an  exposure zone are shown on 

Plate 1. Every CU shown on Platc 1 and tabulated in Appendix B has a list of contaminants that is 

derived from the certification reports listed in Appendix A. Contaminant concentrations in the soil media 

of each exposure zone are used in the risk calculations, and they were derived by calculating the average 

contaminant value for the set of CUs that comprise each exposure zone. The summary tables and detailed 

explanation of their derivation appear in Appendix B. 

For surface-water media, post-remediation water samples were collected from all major site ponds and 

most minor ponds. Plate 2 shows the individual uranium sample points and the polygons that enclose the 

ponds that were sampled in each exposure area. The initial sampling event for Polygons 1 through 4 

evaluated all contaminants listed in Table 2-1, with the exception of the dioxin and furan compounds. 

Based on the detections in this initial event, a subset of contaminants was evaluated in subsequent 

samples collected from the remaining ponds. Analytical results for all pond samples within an exposure 

zone were used to derive an average surface-water concentration €or each exposure zone. The summary 

tables and detailed explanation of their derivation appear in Appendix C. 

Contaminant concentrations in air media are calculated using the concentration values for soil (Appendix 

B) and the air particulate and radon-222 data collected from the AMs-12 background location, as reported 

in Tables 5-1 and 5-2 of the 2005 Site Environmental Report (DOE 2006a). The 2005 average air 

particulate concentration at the background location is 0.000026 g/m3, and this value is multiplied by a 

contaminant soil concentration (pg/g) to obtain the contaminant air concentration (microgram per cubic 

meter; pg/ni3). Alternate air concentrations are evaluated in the uncertainty calculations (Section 5.8). 
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To estimate the radon-222 concentration in air, a conversion factor is needed to relate the radon-222 

concentration in air to the radium-226 concentration in soil, as radon-222 is produced by the radioactive 

decay of radium-226. The conversion factor is needed because measured radon-222 concentrations are 

not available for the exposure zones used in tlie risk calculations. A conversion factor can be calculated 

fioiii tlie 2005 average background radon concentration (400 pCi/ni3) and the 95"' percentile background 

soil concentration for radium-226 (1.56 picoCuries per gram; pCi/g), as reported in Table 4-2 of the 

' 

Addendum to the CERCLA/RCRA Background Soil Study (DOE 200 1). Dividing tlie background 

radon-222 air concentration by the radium226 soil concentration yields the conversion factor of 256 g/m' 

(400 pCi/ni3/l.56 pCi/g). The conversion factor is niultiplied by tlie radium-226 soil concentration in 

each exposure zone to estimate the radon-222 air concentration in each exposure zone. 

The 95"' percentile background soil concentration for radium-226 is used for the radon conversion factor, 

rather than the average, because the OU5 Fesibility Study used tlie 95"' percentile background soil values 

to derive final remediation levels for soil. As the risk for exposure to radium-226 in soil is calculated 

using the increment of radium above the 95"' percentile background value (Section 4.6), the 

95'" percentile value must be retained to estimate the radon-222 conversion factor. The use of the radon- 

222 conversion factor is conservativ'e, as it produces radon concentrations that are nearly 40 times greater 

than the radon concentrations estimated with tlie air-dose niodel presented in tlie Operable Uilit 5 

Feasibility Study (DOE 1995d). 

4.4 CANCER SLOPE FACTORS AND REFERENCE DOSES 

The Risk Assessment Infomation System (RAIS; O m  2006), maintained by the Department of Energy 

Oak Ridge Operations Office, was utilized to obtain the most recent CSFs and RfDs for each exposure 

pathway (i.e., inhalation, ingestion, aiid exteiiial radiation) and absorption factors aiid permeability factors 

for tlie dermal exposure pathway. This database is a comprehensive source for toxicity data coinpiled 

from the USEPA Integrated Risk Infoiiiiatioii System (IRIS; EPA 2006b), the USEPA Health Effects 

Assessment Sunltiiaiy Tables (HEAST; EPA 2006a) (radionuclide table), and the USEPA Provisional 

Peer Reviewed Toxicity Values (PPRTV; EPA 2006~).  The W S  toxicity values are reviewed monthly 

and updated as new values are added to tlie individual USEPA source databases. Toxicity values used in 

this risk assessnie~it were extracted fiom RAIS on November 6, 2006. 
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Appendix D tabulates the November 6, 2006 values extracted from M I S  and compares them to the 

toxicity values used in the Coiiiprehensive Response Action Risk Evaluation (CRARE), which is 

Appendix 14 o€ the Operable Unit 5 Feasibility Study (DOE 1995d). Tllis comparison is useful because 

carcinogenic studies dealing with radioactivity are performed intemlittently to update CSF values, and 

risk calculations for radionuclide exposure are likely to change over the time frame of years due to the 

change in CSFs. For example, the CSF for inhalation of radon-222 has increased by a factor of 25, which 

results in  a background inhalation risk of 3.59E-04 for the grouiidskeeper/sampler receptor. The 

background inhalation risk to this sairie receptor is 25 times less ( i t . ,  1.44E-05) if the C W E  CSF is 

used in the risk calculation. Therefore, tlie CRARE risk calculations use a lower CSF value and present a 

lower inhalation risk relative to the set of calculations in this report. 

4.5 RISK EOUATIONS 

All contaminant intake equations used for calculating receptor risk are taken froin the Risk Assessment 

Guidance for Superfund, Volume I, Human Health Evaluation Manual, Part A (EPA 1989a). The intake 

equations use the media concentrations discussed in Section 4.3 and the exposure parameters tabulated in 

Section 3.0 to calculate the amount of each contaminant that enters tlie body. This is referred to as the 

chemical intake for the receptor. The chemical intake is divided by the RfD to obtain the hazard quotient 

(I-IQ) for each contaminant, and the intake is multiplied by the CSF to obtain the incremental lifetime 

cancer risk (ILCR) for each contaninant. Individual HQ and ILCR values are sunuied for all 

contaminants across all pathways to an-ive at the hazard index (HI) and total ILCIi values, which are used 

to assess the overall risk to tlie receptor for a given exposure scenario. Appendix E contains the 

equations, media concentrations, exposure parameters, CSFs, RDs,  IIQs, HIS, and ILCRs for eveiy 

receptor pathway. 

4.6 TOTAL RISK AND BACKGROUND RISK 
The health risk to an exposed receptor is calculated by sunlining all individual I-IQ and L C R  values 

across all pathways to arrive at the HI and total ILCR values. Total risk is derived by using measured 

residual contaminant conceiltrations in soil and surface water, with no correction for background. 

Background risk is calculated using established background concentrations for contaminants in soil 

(Appendix B) and surface water (Appendix C). Background and total risk calculations are tabulated in 

Appendix E, which is used to summarize the health risk as follows: total risk; total risk Ininus 

radionuclide background; and total risk rninus chemical background and radionuclide background. 
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Total risk ~ninus radionuclide background represents the risk to a receptor from the amount of 

radioactivity present above background. For example, if the radium-226 soil concentration is 1.7 pCi/g, 

the background value of 1.56 pCi/g is subtracted from the 1.7 to arrive at a radium-226 level of 

0.14 pCi/g. Therefore, total risk minus radionuclide background represents risk from the increnieiit of 

radioactivity above background plus the risk from carcinogenic cheniicals, and this is the result that is 

used to evaluate agreement with the E C R  criterion of less than 1 .OE-04. The sununary values presented 

in Section 5.0 for total risk minus radionuclide backpound are generated by subtracting the background 

risk for radionuclides froin the total risk value. 

Total risk minus all background represents the risk to a receptor after all chemical and radionuclide 

background levels have been removed from the exposure media. Reporting results as total risk nlinus all 

background is not reconmiended by the EPA, and this value cannot be used to asses whether the risk is 

acceptable for a receptor. However, total ininus all background was presented in the Operable Unit 5 

Feasibility Report, aiid it is repeated here to allow the reader to compare the present calculations with 

previous risk results. 

4.7 UNCERTAINTY IN EXPOSURE SCENARIOS 

The Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual, Part A 

(EPA 1989a) discusses uncertainty associated with risk equations and the derivation of RfDs and CSFs 

used in the risk calculations, and that discussion will not be summarized here. However, other sources of 

uncertainty in the risk values generated fi-om tlie risk calculations are the exposure zone an individual 

spends time in and the set of exposure parameters for each receptor (Section 3.0). Uncertainty in the 

exposure zone that yields the highest risk to a receptor is dealt with by calculating the risk in every 

exposure zone that a receptor will visit (Table 4-1). For the exposure parameters, each exposure scenario 

(Tables 3-1 3-2, and 3-3) was selected by the risk assessors and regulatory persoiuiel to siniulate the 

reasonable inaxinium exposure ( M E )  for the receptor. However, it is understood that some individuals 

who visit or work at the site will not fall into the exposure scenario of the RME, and soiiie worse-case 

scenarios should be evaluated to understand tlie uncei-tainty associated with the RME results. 

For example, the undeveloped park user is assumed to visit the park for 30 years of a 70 year life, and the 

visits take place as a cllild (3 yea'rs), youth (6 years), adult (1 4 years), aiid seiior adult (7 years). A 

worse-case scenario for the undeveloped park user is to have this visitor spend 70 years of their life 
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visiting the park, where additional exposure as a child (6 years), youth (12 years), adult (37 years) and 

senior adult (1 5 years) results in a greater risk to the receptor. Other uncertainty scenarios look at the use 

of the iiiaxiinuiii uranium concentration in surface water, the use of one-half of the detection linlit for 

organic coinpounds in surface water, a lower shielding factor for external radiation, and the additive 

effects associated with combining the risk for two or more receptors (e.g., a groundskeeper/sampler who 

is also an undeveloped park user). These worse-case scenarios are included with the uncertainty 

discussion in Section 5.8. 

4.8 I-IWMU CLOSURE 

Closure of the HWMUs was documented in the cei-tification reports, where all RCRA compounds were 

screened using the geiieral-cleanup-number (GCN) approach described in tlie Closure, Plan Review 

Guidance for RCRA Facilities (OEPA 2006). The GCN calculations indicated that a risk assessment was 

not required to close the I-IM’MUs. However, the HWMUs will be evaluated with the receptors and 

esposure scenarios described in this report to validate that closure based on the GCN approach was sound 

and tlie closed HWMUs do not present a threat to human health. 

The maxiinum soil concentrations observed for RCRA coinpounds (Table 4-2 and Appendix B) 

associated with the site HwMUs (Figure 4-1) were assumed to be present in a hypothetical HWMU that 

sesved as the exposure zone for all receptors. For surface water, the maximum value for sainples obtained 

from all ponds in the foriner production area (Table 4-2 and Appendix C) where used to assess the 

surface-water pathways. If the maximum soil or surface-water concentration was a detection limit, the 

full detection limit was used in the risk calculations. Air concentrations were calculated as noted in 

Section 4.3. Risk results are presented in Section 5.7. 

4-6 
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TABLE 4-1 

Exposure Matrix for Site Receptors 

I cw yes 1 
UPU = undeveloped park user; MV = niuseuni visitor; MW = museum worker; - -  
GS = groundskeeper/sampler; BM = building maintenance; CW = construction worker 

TABLE 4-2 
RCRA Contaminants Used to  Evaluate W \ W U  Closure 

'Values for surface water represent maximum value observed in ponds witllin the former production area. 
pg/g = microgam per gram 
pg/L = micrograiii per liter 
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5.0 RESULTS FOR THE RESIDUAL RTSK CALCULATIONS 

Results for the risk calculations, sununarized as hazard index (HI) arid incremental lifetime cancer risk 

(ILCR), are tabulated and discussed for each receptor. HI values are displayed as background, total, and 

total minus chemical background (T-CB). Calculations for tlie ILCR are tabulated as background, total, 

total ininus radionuclide background (T-RB), and total minus chemical background and radionuclide 

background (T-CRB). . 

Background represents tlie suni of results for all pathways using background concentrations for chemicals 

and radionuclides evaluated in  each exposure zone. HI background only considers chenlicals, and L C R  

background considers chemicals and radionuclides that are classified as carcinogens. Total refers to tlie 

suni of results for all pathways using the actual chemical and radionuclide concentrations in the air, soil, 

and surface water media of each exposure zone. For HI results, total ninus chenical background is 

obtained by subtracting tlie chemical background value for each contaninant from tlie total for each 

contaminant and sunlmiiig the result for all contaninants [e.g., T-CB = (TAS-CBAS)+(T~,-CB~,)+ 

(Tu-CBu)+etc.]. Note that subtracting tlie suni of background contaninants from the sum of tlie total for 

each exposure zone will not produce the correct residual iisk value [e.g., T-CB # (TA,+TB,+TU+etC) - 

(CBA,+CBB,+CBu+etc.)]. Each contaninant niust be evaluated independently before it is summed because 

reniediation at the site reduced iiiany contaminants to levels below their background values. For cases 

where tlie measured contaninant value is less than background (Le., TAs-CBAs is negative), tlie TAs-CBAs 

value is set to zero beforedie contaminants are suinmed to prevent the negative value from subtracting risk 

from another contaminant. Therefore, tlie background and total values presented in tlie tables of this 

section (eg., Table 5-1) cannot simply be subtracted from one another to produce the T-CB result 

discussed above. The path sunmiary sheet for each risk calculation (Appendix E) provides the T-CB and 

T-RB results for the values in Tables 5-1 through 5-8. 

For ILCR results, total nlinus radionuclide background is obtained by subtracting the radionuclide 

background value for each isotope fiom the total for each isotope, suiiuning tlie result for all isotopes, and 

adding this suiii to tlie ILCR sum for chemical constituents [e.g., T-RB = {(TR,.22&BRa-22,5)+ 

(Tn,.230-RBn,.230)+(TU.23s-RBu.:!~s)+etc} + (TA,+T~,+T~c~l+etc)]. Total ininus chemical and radionuclide 

background is obtained by subtracting the radionuclide background value for each isotope from the total 

for each isotope, sunlming the result for all isotopes, subtracting tlie clienlical background value for each 
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contaminant from the total for each contaminant, suimning the result for all cheniicals and adding the two 

sums together [e&, T-CRB = ((TR~-~~,~-RBR.~-~X) +(TT,,-~,~-RBT,,-~~~)+(TU-~~~-RBU.~~S)+~~C} + 
{ (T,,-CBAs)+(Tn,-CBBe)+(TTCE-CBTCE)+etc}]. Results used to derive the T-CB, T-RB, and T-CRB values 

in the tables of this section can be found in Appendix E. 

As discussed above, the T-CB, T-RB, and T-CRB results in  the tables of this section cannot be derived by 

subtracting the background from the total, as each contaminant must be evaluated independently to arrive 

at the residual risk from tlic contaminant incrcment that exceeds background (e.g., result of 12.6 minus 

background of 12 yields an increment above background of 0.6). The HI  T-CB results represent tlie risk 

poised to a receptor fi-om chemicals present in the environment at incremcnts above background levels. 

The ILCR values €or T-RB and T-CRB represent, respectively, the risk to a receptor from radionuclides 

present at increments above background, and both chenlicals and radionuclides present at increments 

above background. 

The 1% evaluates chemical toxicity to a receptor exposed to non-carcinogenic contanlinants in the 

enviroimicnt, and the HI values must be less than one to be acceptable under CERCLA. ILCR values 

estiinafe a receptors chance for an increase in developing cancer over a 70-year lifetime. CERCLA 

guidance discusses an acceptable ILCR as being less than one in ten thousand (1 .OE-04). That is, a 

receptor will have less than one chance in ten thousand of increasing their risk of cancer when exposed to 

the carcinogenic contaminants in the environment. As discussed in Section 4.6, the ILCR values for total 

mirius radionuclide background (T-RB) are used to evaluate acceptability under CERCLA. 

When reviewing the results in this section, it is important to note the difference in exposure parameters for 

each receptor (Section 3.0). Risk values will increase for a receptor if exposure frequency, inhalation 

rates, and/or ingestion rates increase. For example, the museum worker has a hgher exposure fiequency 

than tlie construction worker, which results in a higher risk to the museum worker. However, other factors 

may be more important than the exposure frequency. The groundskeeper/sampler has a lower exposure 

frequency relative to the inuseuin worker, but the higher inhalation and ingestion rates result in a higher 

risk to the grouiidskeepe~/saniiJler. 

Additionally, the reader must be aware that the list of contaminants evaluated in each exposure zone is 

different (Appendix B), and this will change the receptor risk in each zone. For example, manganese is  a 
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contaminant of conceni only in Zones 3 and 8, aiid it produces an elevated HI value for tl?e inhalation 

pathway in  Zones 3 and 8, relative to tlie sanie pathway in other zones. Likewise, the demal surface- 

water pathway is very sensitive to tlie presence of organic compounds, and zones with a greater number of 

organic coinpounds will show a higher receptor risk for tlis pathway 

5.1 UNDEVELOPED PARK USER 

Estimates of risk to tlie undeveloped park user that visits exposure zones one through seven are 

sunmiarized in Table 5-1. HI results for each age group (clild, youth, adult and senior adult) are averaged 
over the total exposure period of 30 years and then suiilrned for this table [Le., (child HI * 3 yr/30 yr) + . 

(youth HI *- 6 yr/30 yr) + (adult HI *, I4  yd30 yr) + senior adult HI * 7 yrA4 yr)]. This is an acceptable 

form of summary when evaluating long-tenii exposure to non-carcinogenic toxins (RAGS, Part A, Section 

6.4.1, EPA 1969a). Tables in Appendix E show HI results for individual age groups, and tlie child HI 

values are the highest (about two times greater than HI results in Table 5.1). For carcinogenic toxins, t l is  

time-weighted adjustment is not needed prior to suinniing tlie age groups because calculations for each age 

group are time weighted to a 70-year lifetime, rather than the averaging time for individual age groups 

(ie,, 3, 6, 14,'and 7). Therefore, the ILCR results in Table 5-1 are the simple sum across all age groups 

without further corsection. 

I 

U 

The total column for HI and tlie T-RB coluiixi for ILCR indicate that all values are acceptable under 

CERCLA (i.e., HI is less than one; ILCR is less than 1 .OE-04). Note that the HI values for tlie chld 

receptor would be approximately twice as great as those in Table 5-1, but still well below a value of one. 

Although tlie total colunm for L C R  is not used to evaluate acceptability under CERCLA (Section 4.6), all 

ILCR values are also less than 1 .OE-04. Note that backgound ILCR values exceed total values for all 

zones except Zones 5 aiid 6. This occurs because residual contanlinant concentrations for many 

constituents are below the 95'" percentile background levels (i.e., tlie soil remediation process was very 

thorough in reiiioving the contamination). As tlie 95'" percentile values were used to develop tlie soil 

FRLs, and they estimate tlie iiiaxiniuni expected background concentration, it is expected that tlie 

remediation process would result in contaminant background levels that are near the average background 

value, uhicli is' less than the 95"' percentile value used to estimate background risk. 

The HI reaches its highest value in Zone 6 (fornier waste pits), wlile tlie total L C R  is at its maximum in 

Zone 5 (foiiiier.production area). Maximum HI and ILCR values occur in Zohes 5 and 6 due to the 
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number of contaminants evaluated in the risk calculations and the residual concentration of the 

contaninant. As eveiy contaninant is sunned to obtain the total risk to the receptor, adding more 

contaminants to the calculation will increase the final risk value. As discussed in Section 4.1, the list of 

contaminants for each exposure zone is deteiinined by the number of contanlinants that are evaluated in  

the soil certification reports for each exposure zone. Calculations for each pathway and every containinant 

of concern are provided in Appendix E. 

’ 

Table E.6-3 in Appendix E indicates that the risk drivers for the undeveloped park user are derilial contact 

with surface water and soil ingestion. Aroclor- 1260, uranium, aroclor-1254, and arsenic are the principal 

contaminants in the identified Zone 6 pathways that contribute to the maximum 141 value of S.60E-02 

(Table 5-1). Note that the maximum HI value is well below the acceptable limit of one, and that most of 

tlis maxiinum value (5.S3E-02) is derived by using one-half of the detection limit value for aroclor-1260 

and aroclor-1254 in the dernial surface-water pathway. 

For the maximum total L C R  value in Zone 5 (7.14E-05, Table 5-l), Table E.5-3 in Appendix E shows the 

dermal surface water and inhalation pathways contribute most of the risk to the receptor (6.32E-OS). 

Dibe~~o(a,h)anthracene, benzo(a)pyrene, and indeno( 1,2,3-cd)pyrene exposure, via the dennal surface- 

water pathway, account for most of this risk (4.9OE-OS): and inhalation of radon-222 (1.02E-05) is the 

major radionuclide contributor to the risk. The conservative assumption of using one-half of the analytical 

detection limit for the above listed organic compounds in surface water yields most of the estimated risk. 

For radon-222, the risk is due to background levels of radon. When radionuclide background is subtracted 

from the total ILCR result (T-RB in Table 5-1), the risk is reduced t o  5.66505. The T-RB result is the 

value used to assess acceptability with the criterion of less than 1 .OE-04, and the T-RB result is primarily 

due to the receptor’s dermal exposure to surface water coiitaiiliiig the organic compounds noted above. 

5.2 MUSEUM VISITOR 

Estimates of risk to the museum visitor (child, youth, adult and senior adult) are restricted to Zones 6 and 

7, as the museum is in Zone 7 and the visitor is assumed to participate in museum field trips to the adjacent 

wetlands in Zone 6. As the field trips will be lead by museum staff, the assuniption is made that museum 

visitors will obey the site rules and not enter the ponds in Zone 6. Therefore, surface-water pathways are 

not evaluated for this receptor. 
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Results in Table 5-2 for I-II and ILCR T-RB indicate that all values are acceptable under CERCLA (i.e., HI 

is less than one; ILCR is less than 1 .OE-04). As discussed above for the undeveloped park user, tlie child, 

youth adult, and senior adult are evaluated in the risk tables presented in Appendix E, and the HI results 

for individual age groups indicate the child HI values are the highest (about two tiiiies greater than HI 

results in Table 5.2). Although the total colunlti for ILCR is not used to evaluate acceptability under 

CERCLA (Section 4.6), all total ILCR values are also less than 1 .OE-04. Note that background ILCR 

values exceed total values for both zones. This occurs because residual contanlinaiit concentrations for 

. .  

many constituents are below the 95"' percentile background levels, as discussed in the sunuiiaiy for the 

undeveloped park user. 

Table 5-2 indicates the HI reaches its lligliest value (5.89E-03) in Zone 6 (foniier waste pits), w l ~ c l i  is well 

below the acceptable HI limit of one. Table E.6-6 in Appendix E indicates that the ~~on-ca rc~ ioge~ l i c  risk 

driver for the rnuseuni visitor is incidental ingestion of soil. Arsenic (1.54E-03) and uranium (2.89E-03) 

are the principal contaminants driving tlie risk for the soil ingestion pathway. 

The maxiniuni T-RB ILCR value (9.20E-07, Table 5-2) is in Zone 7 (foniier silos area). Table E.7-6 in 

Appendix E shows the soil ingestion and demial soil pathways contribute most of the risk to tlie receptor, 

and arsenic (4.61E-07), beryllium (1.50E-07) and lead-210 (1.57E-07) are tlie primary contaminants 

contributing to this risk. The risk value for lead-210 reflects the increment of lead-21 0 in the soil that is in 

excess of background. All ILCR values for the museum visitor are well below the acceptable limit of 

1 .OE-04. 

5.3 MUSEUM WORKER 

Estimates of risk to the adult iiiuseuiii worker are restricted to Zones 6 and 7, as the niuseuiii is in Zone 7 

and the worker is assullied to lead museuni field trips to the adjacent wetlands in Zone 6. As the museum 

worker is an employee of the site, they may be required to collect aquatic specimens for the niyseuni, and 

they are assumed to have limited contact with the ponds in Zone 6. 

Results in Table 5-3 for the HI and JLCR T-REI indicate that all values are acceptable under CERCLA 

(i,e., HI is less than one; ILCR is less than 1 .OE-04). Although the total colunm for ILCR shows every 

zone exceeds tlie 1 .OE-04 limit, these values are not used to evaluate acceptability under CERCLA . 

(Section 4.6). Note that background L C R  values exceed total values for all zones. This occurs because 
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the radiuin-226 95“’ percentile background concentration in soil exceeds the residual radium-226 level in 

soil (i.e., the soil remediation process was very thorough in removing the contanination). As radiuni-226 

decays to radon-222, and inhalation of radon-222 is the primary driver of the total risk to the receptor, 

ILCR increases when the radiuni-226 soil concentration increases. 

Table 5-3 indicates tlie total HI reaches its highest value (5.71E-02) in Zone 6 (foinier waste pits), which is 

below the acceptable 1-11 limit of one. Table E.6-5 in Appendix E indicates that the non-carcinogenic risk 

driver for the iiiuseuni worker is incidental ingestion of soil. Arsenic (1.67502) and uranium (3.l2E-02) 

are the principal risk containinants in tlie soil ingestion pathway. 

The maximum T-RB ILCR value (1.28E-05, Table 5-3) is in Zone 6 (former waste pits). Table E.6-5 in 

Appendix E shows tlie soil ingestion and external radiation pathways contribute most of the risk to the 

receptor. Uraniuni-238 (4.4 1 E-06) provides the principal risk from external radiation. The risk value for 

uraniuin-238 reflects the increment of uraniuin-238 in the soil that is in excess of background. Arsenic 

(2.68E-06) and beryllium (8.55E-07) are tlie primary contaninants contributing to soil-ingestion risk. 

5.4 GROUNDSKEEPERISAMPLER 

Estimates of risk to the groundskeeperkampler that visits exposure zones one through eight are 

suiiiinarized in Table 5-4. The total column for HI and the T-RB column for ILCR indicate that all values 

are in acceptable under CERCLA (Le., HI is less than one; ILCR is less than 1 .OE-04). Although the total . 

colulnn for LLCR shows every zone exceeds the 1 .OE-04 limit, these values are not used to evaluate 

acceptability under CERCLA (Section 4.6). Note that background ILCR values exceed total values for all 

ZOlieS. This occurs because the radiuin-226 95‘’’ percentile background concentration in soil exceeds the 

residual radium-226 level in soil (Le., the soil remediation process was veiy thorough in renioviiig the 

contamination). As radiuni-226 decays to radon-222, and inhalation of radon-222 is the primary driver of 

the total risk to the receptor, ILCR increases when the radium-226 soil concentration increases. 

Table 5-4 indicates the total HI reaches its highest value (2.61E-01) inZone 3 (northem woods and 

wetlands). Table E.3-2 in Appendix E indicates that the non-carcinogenic risk drivers for the 

grouiidskeepedsainpler are inhalation (1,87E-01), soil ingestion (4.3 1E-02) and dermal contact with soil 

(3.06E-02). Manganese inhalation is the primary driver (1.86E-01) for the total HI value. Aroclor-I260 , 

(1,23E-02), arseiic (1.43E-02) and uraniuni (1.22E-02) are the principal contaminants in the soil ingestion 
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pathway. For dermal contact with soil, aroclor-1260 (1.89E-02) and arsenic (I .04E-02) are tlie iiiain 

contaminants of concern. Note that the maxinium HI value is below the acceptable limit of one, and that 

most of this niaxiniuin value (1.86E-01) is due to inhaling background levels of manganese. Manganese is 

a naturally occuning trace element in  the carbonate minerals that are present i n  the soil 

For the niaxiniuni T-RB L C R  value in Zone 5 (4.7OE-05, Table 5-4), Table E.5-2 in Appendix E shows 

the deniial surface water, soil ingestion, and deniial soil patliways contribute most of the risk to the 

receptor. Demial contact with surface water containing benzo(a)pyrene and dibenzo(a,li)antllr.acene results 

in ILCRs of 1.39E-05 and 1.88E-05, respectively. The conseivative assuniption of using one-half of the 

analytical detection limit for the abpve listed organic compounds in surface water yields most of the 

estimated risk (Le., 3.27E-05 = 1.39E-05 + 1.88E-05). Exposure to arsenic in the soil (delmal 1.69E-06 

and ingestion 2.34E-06) provides the other significant risk to this receptor. 

5.5 CONSTRUCTION WORKER 

Estimates of risk to tlie construction worker that visits exposure zones one tlirougli eight are sunmarized in 

Table 5-5. The total coluiim for HI and the T-RB colunm for E C R  indicate that all values are acceptable 

under CERCLA (Le., HI is less than one; ILCR is less than 1 .OE-04). Although the total colunm for UICR 

is not used to evaluate acceptability under CERCLA (Section 4.6), all total ILCR values are also less than 

1 .OE-04. Note that background ILCR values exceed total values for all zones. T h s  occurs because the 

95'" percentile background concentration for radium226 in soil exceeds the residual radium-226 level in 

soil (i.e., the soil reinediation process was very tl~orougli in removing tlie contanlitiation). As radium-226 

decays to radon-222, and inhalation of radon-222 is the piiniary driver of the total risk to the receptor, 

ILCR increases when the radium-226 soil concentration increases. 

Table 5-5 indicates the total HI reaches its highest value (1 .OSE-Ol) in Zone 3 (noi-tlieni woods and 

wetlands). Table E.3-1 in Appendix E indicates that the non-carcinogenic risk drivers for the 

groundskeeper/sanipler are inhalation (5.6OE-02) and soil ingestion (4.27E-02). Manganese inhalation is 

tlie primary driver (5.59E-02) for tlie HI value. Aroclor-I260 (1.22E-02), arsenic (1.42E-02) and uranium 

(1.2lE-02) are the principal contaninants in tlie soil ingestion pathway. Note that the maximum HI value 

is below the acceptable liiiit of one, and that most of tlis niaxinium value (5.59E-02) is due to inhaling 

background levels of manganese. Manganese is a naturally occurring trace element in the carbonate 

niner-als that are present in the soil. 
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For the maximum T-RB ILCR value (5.99E-07, Table 5-5) in Zone 5 (fomier production area), 

Table E.5-1 in Appendix E shows tlie dennal surface water (3.8OE-07) and soil ingestion (1.27E-07) 

contribute most of the risk to the receptor. Dermal contact with surface water containing benzo(a)pyrene 

(1.39E-07) and dibenzo(a,h)anthracene (1 .8SE-07) contributes most of the risk for this pathway. 

Jncidental soil ingestion of arsenic (9.26E-08) and beiyllium (2.79E-OS) provides the other significant risk 

to this receptor. Note that the risk from deiinal exposure to surface water results from the assumption to 

use one-half the detection linlil for organic contaminants that are undetected in surface water. 

5.6 BUILDING MAINTENANCE WORKER 

Estimates of risk to tlie worker who perfoniis maintenance and janitorial services in the buildings i t i  Zones 

2, 7, and 8 are summarized in Table 5-6. This worker walks through soil to access the buildings, but does 

not receive exposure fiom the surface-water pathways. The total column for HI and the T-RB colunm for 

ILCR indicate that all values are acceptable under CERCLA (Le., HI is less than one; ILCR is less than 

1 .OE-04). Although the total coluiim for ILCR shows every zone exceeds the 1.OE-04 limit, these values 

are not used to evaluate acceptability under CERCLA (Section 4.6). Note that background ILCR values 

exceed total values for all zones., Ths  occurs because the 95‘” percentile bacltground concentration for 

radium-226 in soil exceeds the residual radium-226 level in soil (Le., the soil reniediation process was very 

thorough in  removing the contai&nation). As radiuin-226 decays to radon-222, and inhalation of radon- 

222 is the primary driver of the total risk to the receptor, ILCR increases when the radium-226 soil 

concentration increases. 

Table 5-6 indicates the HI reaches its highest value (1 .OOE-01) in Zone 8 (OSDF), which is below the 

acceptable limit of one. Table E.8-4 in Appendix E indicates that the non-carcinogenic risk drivers for the 

building maintenance worker are soil ingestion (4.95E-02), inhalation (3.63E-02) and deiiiial contact with 

soil (1.42E-02). Arsenic (1.48E-02), cluonium (4.06E-03), manganese (4.64E-03), and urailiuni 

(2.04E-02) are the principal contaminants in the soil ingestion pathway. Manganese is the driver 

(3.54E-02) for the inhalation pathway, and arseilic (8.98E-03) is the main contributor to the HI value for 

dei-nial contact with soil. 

For the maximum T-RB ILCR value (1.13E-05, Table 5-6) in Zone 7 (former silos area), 

Table E.7-4 in Appendix E shows the soil ingestion and dernial soil pathways contribute most of the risk to 

tlie receptor. Ai-senic (2.69E-06), berylliuni (7.73E-07), and lead-2 10 (2.27E3.06) are the primary 
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contaminants contributing to the ingestion pathway. For tlie dermal exposure, arsenic ( I  .64E-06) and 

beryllium (6.42E-07) are the prime contaminants contributing to the risk. The risk value for lead-210 

reflects the increment of this isotope in soil that is in  excess of background. 

5.7 I1 WMU EVALUATION 

Closure of the HWMUs was documented in the certification reports, where all RCRA compounds were 

screened using the general-cleanup-nuiiiber (GCN) approach described in the Closure Plan Review 

Guidance for RCRA Facilities (OEPA 2006). The GCN calculations indicated that a risk assessiiient was 

not required to close the Hv\rMUs. However, tlie receptors and exposure scenarios described in this report 

were used to validate that closure based on tlie GCN approach was sound, aiid that the closed HWMUs do 

not present a threat to human health. Section 4.7 describes the HWMU exposure zone and derivation of 

contaminant concentrations used in the risk calculations. 

Table 5-7 summarizes the risk calculations for the six receptors and indicates that all HI and LLCR values 

are acceptable under RCRA &e., HI is less than one; ILCR is less than 1 .OE-04). The 

groundskeeper/samnpler has tlie highest HI (9.7SE-03) and ILCR (6.41E-07) values, followed by the 

inuseuin worker, building maintenance, undeveloped park user, construction worker and museum visitor. 

Exposure frequency, inhalation rate, and ingestion rate (Section 3 .O) are the primary exposure parameters 

that account for the maximum dose being delivered to the groundskeeper/sampler. 
, 

For the grouiidskeeper/sani~ler, Table E.9-2 indicates that the HI result is primarily due to exposure via the 

inhalation (5.05E-03), soil ingestion (3.14E-03), aiid deniial soil (1.36E-03) pathways. The ILCR result is 

dominated by tlie inhalation pathway (6.OSE-07). For tlie HI, inhalation of barium (3.63E-03) and 

clu-onium VI (1.42E-03), ingestion of chronliuiii VI (2.60E-03), and deniial contact with chronliuni VI in 

soil (1 29E-03) account for the dose to the groundskeeper/samnpler. Inhalation of chronliuni VI (6.0SE-07) 

accounts for over 90 percent of tlie L C R  value. .Note that the HI and ILCR numbers for clu-oiilium VI are 

very conservative estimates, as total chronliuni in the soil is used as an estimate of chronliuni VI. The HI 
and ILCR results would be much lower if the actual cllroiniuiii V I  concentration was used for th is . 

assessment, because chromium VI is oidy a fraction of tlie total cluorilium in the soil. 

Appendix E.9 contains the risk calculations for the remaining receptors, and chroiiliurii VI is the primary 

contanlinant that is responsible for the HI'and ILCR results in Table 5.7. 
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5.8 UNCERTNNTY ANALYSIS 

The Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual, Part A 

(EPA 1989a) discusses uncertainty associated with the risk equations and derivation of RfDs and CSFs 

used i n  the calculations, and that discussion is not par[ of the uncertainty discussion in this section. 

Sources of uncertainty evaluated in tlis section deal with the exposure zone a receptor enters, the set of 

exposure parameters for each receptor (Section 3 .O), the use of detection liinit and maximum values for 

contaminants, different inetliods for calculating air concentrations, a change in the shielding factor for 

exteriial radiation, and the risk to a person who may play the role of two receptors (e.g., the undeveloped 

park user who also is a museum worker). 

Uncertainty in the exposure zone that yields the highest risk to a receptor is dealt with by calculating the 

risk in every exposure zone h a t  a receptor will visit (Table 4-1). Results in Tables 5.1 through 5.6 show 

the receptor risk in every zone the receptor enters, and they indicate that Zones 5 and 6 pose tlie greatest 

risk for most receptors. Exceptions include the museum visitor and building maintenaxice worker who do 

not enter Zones 5 and 6 and receive the highest risk in Zone 7. Higher risk in Zones 5, 6, and 7 is 

attributed to a greater nuniber of contaninants that are evaluated in these zones, rather than a significant 

difference in the concentration of contaninants between zones. As each contaninant is evaluated for the 

risk it poses to a receptor, increasing the number of contaminants evaluated will increase the risk to the 

receptor. Therefore, the uncertainty in the risk to a receptor in an exposure zone lies with the selection of 

contaminants for each exposure zone, and this is dictated by the contaminants that appear in the 

certification reports (Appendix A) for each exposure zone. 

4 .  

For the exposure parameters, each exposure scenario (Tables 3-1, 3-2, and 3-3) was selected by the risk 

assessors and regulatory persolme1 to simulate the reasonable niaxiinuni exposure ( M E )  for the receptor. 

However, i t  is understood that some individuals who visit or work at the site will not fall into tlie exposure 

scenario of the M E ,  and some worse-case scenarios should be evaluated to understand the uncertainty 

associated with the RME results (Tables 5-1 through 5-6). All of the uncei-tainty cases are evaluated with 

the undeveloped park user and groundskeeperhampler in Zone 5, where the most contaminants exist and 

the highest risk occurs. Results are provided in Table 5-8 and detailed calculations are provided in 

Appendix E. 10. 
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Risk to the undeveloped park user is evaluated for four uncertainty cases: UPU 1 - park visits for the first 

30 years o f  life as a child (6 years), youth (12 years), and adult (12 years); UPU 2 - park visits for the last 

30 years of life as a senior adult (1 5 years) and adult (I 5 years); UPU 3 - park visits for a 70 year life as a 

child (6 years), youth (12 years), adult (37 years) and senior adult (1 5 years), maxiilium uranium 

concentration in surface water, and one-half the detection linlit for organic compounds that are uiidetected 

in surface water; and UPU 4 - park visits for a 70 year life as a child (6 years), youth (12 years), adult 

(37 years) aiid senior adult (15 years), maximum uranium concentration in surface water, and zero for 

organic compounds that are undetected in surface water. 

For the groundskeeper/sampler, which is the receptor exposed to the most risk under the RME scenario, 

the following scenarios were evaluated: GS 1 - exposure frequency was doubled to assess the uncertainty 

in the number of days the groundskeeperkanipler will work at the site; GS 2 - exposure frequency is the 

same as GS 1 and the inaxiinum uranium concentration in surface water is entered into the surface water 

pathways; GS 3 - air dose for all contaminants is increased by using a volatilization factor to calculate 

volatile organic concentrations and a lliglier pakticulate conceiitration is used to calculate the air 

concentrations for remaining contaminants; and GS 4 - the shielding factor for external radiation is 

reduced from 0.25 to zero. 

Variation in Exposure Frequency 

Table 5-8 suiiunarizes the uncertainty in exposure duration for the undeveloped park user (UPU 1, UPU 2, 

UPU 3), with the RME case in Table 5-1 shown as UPU Zone 5. The principal chemicals and 

radionuclides that drive the risk are the saiiie as those discussed in Section 5.1. A 30 year exposure 

duration over the first 30 years of a receptors life (UPU 1 )  results in a risk that is slightly higher than the 

base case (UPU Zone 9, but still acceptable with respect to HI being less than one and T-RE3 ILCR less 

than 1 .OE-04. 

increases the risk because they are more sensitive to chemical exposure, due to the dose being delivered to 

a lower body weight. Conversely, when the 30-year exposure is placed on the adult aiid senior (UPU 2), 

the risk is slightly lower, relative to the base case. As the chailical dose is now delivered only to adults, 

who have higher body weights relative to the child and youth, there is less relative risk for this scenario: 

For the UPU 3 receptor (70-year exposure duration, inaxinium uranium concentration in surface water and 

one-half the-detection limit for organic compounds that are undetected in surface water), the T-FU3 ILCR 

value (1.34E-04) exceeds 1 .OE-04, wlicli is unacceptable under CERCLA. However, tllis high value is an 

Tllis reflects a greater exposure frequency for the child aiid youth receptors, which 

Document 6732 



Interim Residual Risk Assessiiieiit 
50000-RP-00 12, Rev. I 

July 2007 

artifact of using default surface-water concentrations of one-half the detection limit value for tlie 

undetected constituents, rather than an increase in the exposure duration. Removal of these compounds 

from tlie surface-water pathway (UPU 4) results in an acceptable risk (Le., T-RB is 1.1 8E-05). Additional 

discussion on tlie uncertainty associated with detection limits and maxiniuiii concentrations is provided in 

the next subsection. 

Doubling the exposure frequency for tlie 8’oundskeeper/satiipler (GS I in Table 5-8) doubles the HI and 

ILCR risk, relative to the base case (GS Zone 5). However, tlie increased risk values for 1-11 and T-lU3 

ILCR are still below the acceptable limits of less than one and less than I .OE-04, respectively. The T-RB 
ILCR value of 9.4OE-05 is very close to exceeding the limit of 1 .OE-04, but this high value is due to tlie 

use o€ conservative concentrations for organic constituents in surface water. Using one-half the detection 

liiiiit value for benzo(a)pyrene and dibeiuo(a,h)anthracene results in a risk of 6.52E-05 to the receptor, via 

, 

dermal contact with surface water. This is approximately 70 percent of the T-RB ILCR value (9.40E-05), 

and removal of these compounds from tlie surface-water pathway ( e g ,  they were not detected in surface 

water) would result in a much lower risk (1.e.) 9.40E-05 - 6.52E-05 = 2.88E-05). 

Variation i n  Surface ’Water Concentrations 

For tlie undeveloped park user, the UPU 3 exposure scenario (70-year exposure duration, maximum 

uranium concentration in surface water (1 .88 nig/L) and one-half the detection limit for organic 

compounds that are undetected in surface water) resulted in a T-RB ILCR of 1.34E-04, which exceeds the 

level considered to be acckptable under CERCLA guidance. Organic compounds entered into the surface- 

water pathways at one-half their detection limit value leads to the high risk. The uncertainty in tlie use of 

using high detection limit values was evaluated by assuiiiiiig zero, rather than one-half the detection limit, 

for organic compounds in surfacc water. 

Results for the UPU 4 scenario (70-year exposure duration, rnaxiniunl uranium concentration in surface 

water and zero for organic compounds that are undetected in surface water) can be compared to the results 

for UPU 3 (same exposure duration and maximum uranium concentration) to evaluate the change in HI 

and ILCR values when undetected organic contaminants are not entered into tlie calculation. Table 5-8 

indicates that the HI for UPU 3 (1.94E-01) decreases to 1.35E-01 for the UPU 4 scenario. The T-REI 

ILCR value for UPU 4 decreases to 1.18E-05, relative to the UPU 3 case (1.34E-04). These results 

indicate that the use of one-half of tlie detection limit for organic compounds, such as benzo(a)pyrene and 
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dibenzo(a,li)antliracene, is too conservative when long exposure durations are considered, and only true 

detections should be used in risk calculations. Therefore, benzo(a)pyrene aiid dibenzo(a,li)antluacene 

sliould be retained as contaminants of concern for future sanipling of tlie surface water in Zones 5 and 6, 

and the lowest achievable detection limits should be requested when tlie saniples are sent to the analytical 

laboratory. 

The maximum uranium concentration in surface water was entered into the risk calculation for GS 1 

(double the exposure duration and undetected organic concentrations are set at one-half tlie detection linlit 

value). Results for GS 2 show the HI increased by 0.6E-01 aiid the T-REI ILCR increased by a factor of.  

0.OGE-05, relative to tlie GS I case, but tlie HI and T-RE? ILCR values remain below tlie acceptable levels 

of less than one and less than 1 .OE-04, respectively. Therefore, the present maximum uranium surface- 

water concentration of 1.88 mg/L does not present a significant increase in risk to the 

~oundskeeper/sanipler. However, the source for tlis elevated uranium concentration (ponds west of 

foniier Waste Pit 3) should be sampled during future monitoring activities to ensure that the urailiuni 

concentrations does not rise to a level that would create an unacceptable risk for a site receptor. 

As noted above using one-half the detection linlit value for beilzo(a)pyrene and dibeilzo(a,li)anthracene 

results in a high uncertaintjl to the calculated risk to the receptors, whereas increasing the uranium surface- 

water concentration to the maximum observed value presents no significant increase in tlie overall risk to 

the adult receptors. However, in Appendix E. 10 the detailed calculations for UPU 1 and UPU 3 show that 

the child sub-receptor for tlie undeveloped park user does expei’ience a significant increase in tlie HQ from 

exposure to the niaxiniuni uranium concentration in surface water (uranium HQ of 3.90E-03 for UPU 1 

increases to 3.43E-01 for UPU 3). Although there is a significant increase in the exposure to chemical 

toxins for the child sub-receptor, tlie overall HI for all chemicals remains below the acceptable liinit of 

one. 

Variation in Air Concentrations 

As noted in Section 4.3, tlie baseline case for the itdialation of particulate aiid gases uses tlie average 

particulate value for the background monitoring location to estimate tlie air concentrations for all 

constituents, except radon. Radon-222 is estimated using tlie average radon-222 value at tlie background 

monitor and the 95“’ percentile background concentration for radium-226 in soil. As discussed in Section 

5.9, using the iiionitoriiig data to estimate tlie radon-222 air concentration is 40 times more conservative 
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than the RAECOM-dose model used in the OU5 CRARE. Therefore, uncertainty in the estimation of 

radon-222 air concentrations has already been established by the present use of monitoring data, relative to 

the radon-flux model used in the CRARE. 

hi the Soil Screening Guidance: Teclmical Background Document (EPA, 1996), EI'A presents a method to 

estimate the air concentration for many organic constituents using a volatilization factor (VF). Part 2 of 

the referenced guidance presents the appropriate equations and default values, while Part 5 tabulates the 

chemical specific parame[ers used in the equations. The VF has units ofn?/kg, aiid the soil concentration 

of the organic constituent is divided by the \IF to yield the air concentration [e.g., (mg/kg)/(d/kg) = 

nig/m3]. Table 5.9 sunuiiarizes the VF for all organic constituents that could be calculated using the data 

tabulated in the guidance, and the corresponding air concentrations are three to five orders of magnitude 

greater than the concentrations calculated using particulate mass (baseline case). Organic conipounds that 

are not present in Part 5 of tlie guidance, but are contaminants of concern for the risk calculation, include 

arolclor- 1254, aroclor-1260, niethyl-2-pentanone, and phenanthrene. These four conipounds are assessed 

using the method discussed below for inorganic constituents. 

The air concentration for inorganic elements was estimated in the same manner as the baseline approach 

(Section 4.3), except the particulate concentration was increased to the 2005 maxinium value (1 10 pg/m3) 

observed at the fenceline, which is approximately 4 times greater than the background particulate value 

(26 pg/ni3) used in tlie baseline cases. Therefore, using the maximum particulate concentration resulted in 

an increase in the air concentration for inorganic elements and the four organic constituents noted above. 

Air concentrations derived using the VF and tlie higher particulate coiicentration were entered into the 

inhalation pathway for the groundskee~er/sampler in Zone 5 (GS 3), wllicli represents the maximally 

exposed individual in the highest risk zone of the site. Results in Table 5-8 show the HI and T-RE3 ILCR 
increase for the GS 3 case, due to the increase in contailinant air concentrations. Relative to the base case 

(GS Zone 5), the total HI increases from 1 .OGE-OI to 1.21E-01, and T-RB ILCR increases from 4.70E-05 

to 5.17E-05. Although this scenario has significantly ligher air concentrations, there is no significant 

increase in the risk for the inhalation pathway. 

06??'2007(?:32 PMI 5-14 

Document 6732 



Iiiteriiii Residual Risk Assessinelit 

July 1007 
5UdUU-RP-0012, Re\.. I 

Variation in the Shielding Factor 

A default value of 0.25 was selected for tlie outdoor shielding factor for gamma radiation, because niulcli 

was spread and worked into the soil afiel: the certification process and this will provide Shielding as well as 

dilute the radionuclide concentrations reported in the certification soil samples. However, to evaluate tlie 

exteiiial radiological dose that would occur if the groundskeeper/sampler worked in areas that have no 

~nulch, the Zone 5 calculation was perfonlied with an outdoor sllielding factor of zero (GS 4). Results in 

Table 5-S indicate that the T-REI ILCR increases fi.0117 4.70E-05 (GS Zone 5), to 5.47 E-05. Therefore, 

using a n  outdoor shielding factor of zero increases the risk by approximately 16 percent [(5.47-4.7Oy4.701. 

There is no change in the HI because changing tlie shielding has no effect on tlie HI result. 

Multiple Receptors 

The risk to a hypothetical receptor that is a groundskeeper/saiiipler and an undeveloped park user (the two 

highest risk scenarios) caii be evaluated by sumiIing tlie HI and T-RB ILCR values for individual 

receptors. For the above hypothetical receptor in Zone 5, the HI is 1.8SE-01 (8.1 5E-02 + 1.06E-01, 

UPU Zone 5 aiid GS Zone 5 in Table 5 - 8 )  aiid the T-RB ILCR value is 1.36E-04 (5.66E-05 + 4.7OE-05). 

The HI is less than one, but tlie T-RB ILCR value exceeds 1 .OE-04. However, recall that most of the T-Rl3 

ILCR risk is due to the exposure of the receptors to organic compounds in surface water, and the 

concentration of the undetected compounds is assumed to be one-half tlie detection linlit. Table 5-8 shows 

that the T-RB ILCR for the undeveloped park user is decreased to 1.1 SE-05 when the undetected organic 

conipounds are assumed to be zero, rather than one-half of tlie detection linlit. This is a decrease of about 

SO percent [(5.66-1 .I 8)/5.66], and a similar decrease would be expected for the GS receptor. Therefore, 

there is a very hgh  uncertainty, on tlie conservative side, with the T-RJ3 ILCR result of 1.36E-04 for the 

hypothetical UPU plus GS receptor. Tllis result has a high probability of being nearly an order of 

inagnitude lower (i.e., 20 percent of 1.36E-04 = 2.72E3-05), which would result in value that would be 

acceptable under CERCLA. All additional combinations of two receptors results in acceptable HI and 

ILCR results. 

5.9 COMPARISON TO CRARE RESULTS 

The uncertainty cases for UPU 3 and UPU 4 caii be used to compare present risk calculations to those 

canied out in the CRARE (DOE 1995d) for tlie undeveloped park user, because tlie exposure pathways 

and duration are identical for these three cases. hi Table H.N-4 of tlie CRARE, the total ILCR is 2.1E-05, 

T-RB ILCR is 4.9E-06 and T-CRB ILCR is 4.1 E-06. These values are siiililar to tlie Table 5-8 results for 
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UPU 4, but not UPU 3. UPU 4 results for total ILCR and T-RB ZLCR are higher by approximately a 

factor of two, relative to the CRARE results, and tlie T-CRB L C R  values are similar. The principal 

difference between tlie CRARE and UPU 3 results is the present evaluation of receptor exposure to 

benzo(a)pyrene and dibenzo(a.h)antllracene in tlie dermal surface-water pathway (ILCR of 1.05E-04). 

These organic contanlinants were not evaluated as part of the demial pathway in the CRARE and, when 

the organic compounds are set to zero for UPU 4, tlie C W  results and UPU 4 results (Table 5-8) are in 

closer agreement. 

The difference in tlie total ILCR result between the C M R E  and UPU 4 is due to the ILCR value for the 

inhalation of radon-222. Inhalation of radon-222 in the CRARE resulted in an JLCR of 4.2E-OS 

(Table 1-I.W. I -3 in the CRAW), whereas tlie UPU 4 calculation for the inhalation of radon-222 produces 

an ILCR of 2.29E-05 (Table E.10-4 in this report). This large discrepancy in the radon-222 ILCR values is 

due to an increase in tlie CSF value for radon-222 (Section 4.4) and the failure of tlie CRARE air model to 

estimate radon air concentrations accurately. Air monitoring data collected for calendar year 2005 at 

background station AMs- 12 (DOE 2006) indicate radon-222 levels average 400 pCi/in3. This measured 

radon-222 level is used in the present report to calculate radon-222 air concentrations (Section 4.3), and it 

produces radon-222 air concentrations that are approximately 40 times greater than the radon-222 level 

estimated with the CRARE air model (1 1 pCi/ni3). When this I-adon-222 discrepancy is accounted for, 

adding the UPU 4 radon-222 ILCR to tlie CRARE total ILCR result (2.29E-05 + 2.1 E-05 = 4.39E-05) 

produces a total ILCR value nearly identical to the UPU 4 total ILCR (4.53E-05, Table 5-8). 

The T-RB ILCR results for the UPU 4 case are greater than those of the CRARE case because the residual 

conce~itrations of arsenic and beiylliuin in soil and tlie niaxiniuni uranium concentration in surface water 

are greater, relative to concentrations used in the CRARE. The present JLCR results in Table E. 10-4 for 

ingestion of arsenic (2.97E-06) and beryllium (8.94E-07) in soil and for uranium isotopes ingested as 

surface water (4.20E-06) can be compared to Table 14.11’. 1-4 of the CRARE to observe the differences in 

their L C R  values. When the above values are summed (2.97E-06 + 0.89E-06 + 4.2OE-06 = 8.06E-06) and 

subtracted from the present T-RB ILCR value in Table 5-8 (1 1 .SE-6 - 8.06E-06 = 3.74E-06) tlie result is 

in good agreement with the CRARE T-RB ZLCR of 4.90E-05 

When chemical and radionuclide background values are subtracted from the total ILCR value 

(T-CRB), the UPU 4 result (5.80E-06; Table 5-8) is slightly higher than the CRARE result (4.1E-06; 
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’ 
Table H.W-4). This difference is due to tlie use of the maxiniuni uraniuin concentration in surface water 

(1 .8S ~ng/L) in the UPU 4 calculation, which exceeds that used in the CRARE by an order of magnitude. 

As noted above, the ILCR for uranium via the ingestion of surface water is 4.20E-06 for UPU 4, and when 

this is subtracted from the T-CRE? ILCR result in Table 5-8 (5.80E-06 - 4.20E-06 = 1.60E-06), the result is 

less than the T-CRB value 111 the CRARE. Tlis is due to the increment of concentration above background 

for radionuclide contaninants. 

Overall, the residual radionuclide concentrations in soil at the Feniald Preserve are less than the 

radionuclide concentrations used in the CRARE; as tlie CRARE assuiiied clean-up to FRL levels and, in 

most cases, soil remediation produced concentrations much lower than the F U s .  Therefore, when 

background radionuclide concentrations are subtracted from the present and CRARE concentrations, a 

ligher increment above background is present for the CRARE calculations. Tlis increment above 

background produces an ILCR of 3.6E-06 for the CRARE and 1.00E-06 for tlie present calculation 

[Le., total increment above background froni Table E. 10-4 (5.20E-06) nlinus the ILCR due to the 

niaxinium uranium concentration (4.20E3-06), as t h s  uranium concentration greatly exceeds that in the 

CRAFE]. The difference in the increiiieiit value for the CRARE and the uranium adjusted value for the 

present calculation is 2.6OE-06 (Le., 3.6E-06 - 1 .OOE-06). and if this is added to the adjusted T-CRB ILCR 

value noted above (1.60E-06)) the result is 4.2OE-06, which agrees quite well with the T-CRB CRARE 

result of 4.1E-06. 

The above analysis points out an interesting observation. Remedial actions at the Feniald Preserve were 

successful in reducing radionuclide concentrations in soil to values below the F U s  used in tlie CRARE, 

while inany chemical concentrations (e.g., arsenic aiid beryllium) used in the present risk calculations are 

greater than those used in the CRARE. However, when all cheiilicals aiid radionuclides are summed 

across all pathways to produce the total ILCR values, the UPU 4 and CRARE totals are of the same 

magnitude and less than the CERCLA limit of 1 .OE-04. 
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Hazard Index 
Background Total T - CB 

Zone 6 3.94E-03 5.89E-03 2.7 1E-03 
Zone 7 3.93E-03 4.10E-03 9.13E-04 

TABLE 5-1 
Risk Results for the Undeveloped Park User 

li~crernental Lifetime Cancer Risk 
Background Total - T-RB T-CRB 

4.01E-06 3.78E-06 9.09E-07 2.74E-07 
4.02E-06 3.89E-06 9.20E-07 3.09E-07 

T = total; CB = cheinical background; RB = radionuclide background; 
CR13 = chemical and radionuclide background 

I-fazard Index 
Backgroiuid Total T - CB 

Zone 6 3.22E-02 5.71E-02 3.1 1E-02 
Zone 7 3.12E-02 3.5IE-02 9.31E-03 

TABLE 5-2 
Risk Results for the Rluseum Visitor 

Incremental Lifetirnr Cancer Risk 
Background Total T - R B  T - CRB 

1.64E-04 1 S3E-04 1.28E-05 S.90E-06 
1.64E-04 1.54E-04 8.85E-06 5.01E-06 

CRB = cheinical and radionuclide background 

TABLE 5-3 
Risk Results for the Rluseum Worker 

CRB = chemical and radionuclide background 
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Zone 6 2.85E-02 
Zone 7 2.73E-02 
Zone 8 9.3 E-02 

TABLE 5-4 
Risk Results for the Groundskeeper/SanIpler 

5.84502 3.55E-02 5.19E-06 4.99E-06 5.91E-07 4.49E-07 
3.01E-02 7.37E-03 5.19E-06 4.8lE-06 2.55E-07 1.16E-07 
1.02E-01 1.36E-02 5.20E-06 4.72E-06 1.95E-07 5.48E-08 

T = total; CB = chemical background; Rl3 = radionuclide background; 

Background I Total 1 T - CB ~ 1 Background Total 
. -~ .66E-04 1.5lE-04 

Zone 7 4.35E-02 4.57E-02 1 9.95E-03 1.66E-04 1.56E-04 
Zone 8 9.19E-02 1.00E-01 I 4.31504 1.66E-04 1.57E-04 

CRB = clieiiiical and radionuclide background 

T-RE3 T-CRB 
8.55E-06 3.1 1E-06 
1.13E-05 5.52E-06 
1.01E-05 4.40E-06 

TABLE 5-5 
Risk Results for the Construction Worker 

CRB = chemical and radionuclide background 

TABLE 5-6 
. Risk Results for the Building Maintenance 

.ground; RB = radioiiuclide background; 
- 

1 1 1 -  L--I.-..-.... ,.I 
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Hazard Index 
Total 

Undeveloped Park User 2.43E-03 
Musenni Visitor 5.03E-04 
Museum Worker 5.1 1 E-03 

Grounds keeper/Sampler 9.7 8 E-03 
Construction Worker 5.09E-03 
Building Mainteiisnce 6.3 1E-03 

TABLE 5-7 
Risk Results for the H W M U  Closure Evaluation 

Incremental Lifetime Cancer Risk 
Total 

7.95E-08 
3.89E-09 
1.22E-07 
6.4 1 E-07 
7.7 8E-09 
1.2 1E-07 

TABLE 5-8 
Risk Results for Uncertainty Analysis 

T = total; 
CB = chemical background; 
RB = radionuclide backgsound; 
CRB = chemical and sadionuclide backgsound; 
UPU = undeveloped park user; 
GS = groundskeepeslsampies 
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TABLE 5-9 
ion of Volatilization Factor and Air Concentration for Organic Constituents 

nt 
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6.0 SUMMARY AND CONCLUSIONS 

The risk calculations presented in this reporl evaluated six human receptors in nine exposure zones to 

assess health impacts from residual toxins in the air, soil, and surface-water media at the Fernald Preserve. 

‘Remedial activities that lead to tlie creation of tlie Fernald Preserve were coinpleted in October of 2006, 

with the exception of groundwater remediation. Therefore, tlie groundwater pathway was not evaluated in 

this Interim Residual Risk Assessment Report. A final residual risk assessment will be perfoniied to 

evaluate the groundwater and food pathways when the remedial objectives for tlie Great Miatii Aquifer 

have been achieved and the groundwater certification report has been approved by the EPA and OEPA. 

Receptors considered in this assessment include general members of tlie public (undeveloped park user and 

museum visitor) and site workers (museum worker: poundskeepedsanipler, construction worker, building 

maintenance) who spend as few as ten days a year at tlie site (museum visitor) or as many as 250 days a 

year (museum worker). Reasonable niaxiniuin exposure (ME) scenarios for tlie receptors (Section 3 .O) 

are used to estimate the clienucal and radionuclide intake via six exposure pathways: inhalation of 

particulate and gases (chemical and radionuclide), incidental ingestion of soil (clienical and radionuclide), 

deniial contact with soil (chemical), incidental ingestion of surface water (chemical and radionuclide), 

dernial contact with surface water (chenical), and exposure to external radiation. The intake values, 

reference dose, and cancer slope factors are used to calculate the hazard index (HI) and incremental 

lifetime cancer risk (ILCR). 

Ninety-five chenicals and radionuclides were evaiuated and a subset of contaninants was compiled for 

each exposure zone to derive air, soil, and surface-water concentrations used in the risk calculations 

(Section 4.0). Contaninant conceiltrations in soil were derived from the soil certification reports. After 

tlie conipletion of soil remediation activities, hundreds of surface-water samples were collected across the 

site to obtain data to estimate the containinant surface-water concentrations in each exposure zone. 

Contaninant concentrations in particulate matter suspended in the air were estimated using 2005 

monitoring results for total suspended particulate collected at background location AMs- 12 and the 

contaninant soil concentrations. Radon-222 activity in the air was calculated froin radium-226 activity in 

tlie soil using a conversion factor derived from the aix monitoring data for radon-222 (collected at 

background location AMs-12) and the background radium-226 activity hi soil. 
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Cancer slope factor (CSF) and reference dose (RfD) values reported in Appendix D were compiled from 

the EPA (mIS and I-IEASI' tables) (EPA 2006b, 2006a) and Oak Ridge (RAIS; ORNL 2006) web sites. 

The values used in this report were compared to values used in the OU5 CRARE (DOE 1995d) to identify 

sigiificant changes to CSF and RfD values. There were no significant changes to the RfD values, and two 

significant changes to the CSF values. The present CSF value for inhalation of radon-222 is 25 times 

greater than the CSF value used in the CRARE, and the present CSF value for exteinal exposure to 

technetium-99 has increased by a factor of 136. As inhalation of radon-222 is the highest risk pathway Lor 

a receptor exposed to radionuclides in the environment (much greater than external exposure to 

technetiuni-99), EPAs increase in  the CSF for radon-222 has increased the risk to all receptors evaluated in 

this report, relative to the CRARE. 

Most of the risk to the receptors is driven by a small subset of chenlicals and radionuclides. Arsenic, 

beryllium, uranium, aroclor-1254, aroclor-1260, urailiuin-238 and lead-210 are responsible for the 

inajority of risk in  the soil pathways. Benzo(a)pyrene and dibenzo(aJ1)anthracene are key coiitamiiiaiits 

for the deiiiial surface-water pathway. Manganese and radon-222 contribute most of the risk to the 

i n h a l ~ i o i i  patliway. Uraniuin-238 is the largest contributor to external radiation, after the radionuclide 

background is subtracted from the total risk. 

The higliest ILCR values (total ininus radionuclide background) occur in Zone 5 (fonner production area) 

for [he undeveloped. park user (5.66505) and groundskeeper/sanipler (4.70E-05), and the cited risk 

numbers are driven primarily by dermal exposure to surface water containing benzo(a)pyrene and 

dibenzo(a,li)antliraceiie (Sections 5.1 and 5.4). One-half of the analytical detection limit was used to 

estimate the benzo(a)pyrene and dibenzo(a,h)anthracene concentration in surface water, and t h s  

conservative assumption produces over 70 percent of the above cited risk. values for the undeveloped park 

user and groundskeeper/sampler. Total ILCR values for these receptors are niuch higher, due to the 

background levels of'radon-222 gas in the atmosphere. However, the risk due to background radionuclide 

levels is subtracted from the total ILCR value to arrive at the LLCR value (total nlinus radionuclide 

background) used to evaluate acceptability under CERCLA. 

An uncertainty analysis reveals that the greatest uncertainty in the risk calculations is knowing the true 

concentration of benzo(a)pyrene and dibenzo(a,h)anthracene in surface water. The conservative 

assumption used in the present calculations is to set the organic compounds to one-half the analytical 
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detection limit when they are not detected in surface-water samples. This assumption becomes too 

conservative when the exposure duration is increased to 70-years for the undeveloped park user. 

Therefore, benzo(a)pyrene and dibenzo(a,li)anthracene should be retained as contaminants of concern for 

future sampling of the surface water in Zones 5 and 6, and the lowest achievable detection limits should be 

requested to obtain meaningful results for tlie longer exposure durations. 

The maximum uranium concentration in surface water (1.88 mg/L) was also evaluated in tlie uncertainty 

analysis, and results indicate it does not pose a significant increase in risk to the highest risk receptors 

(undeveloped park user and F’ouiidskeeper/saiiipler). The increase in risk is approximately 4.OE-06, which 

is about two orders of magnitude below the generally accepted upper bound of 1 .OE-04. However, the 

source for this elevated uranium concentration (ponds west of former Waste Pit 3) should be sanipled 

during future nionitoring activities to ensure that the uranium concentration does not rise to a level that 

would create an unacceptable risk for a site receptor. If future sampling produces uranium surface-water 

concentrations that pose a significant health risk, additional remedial actions inap be warranted to reduce 

tlie risk. 

Additional uncertainty calculations for the groundskeeper/sampler were perfoimed to evaluate a more 

conservative method for estiinatiiig air concentrations and a lower shielding factor for external radiation. 

The higher air concentrations did not produce an unacceptable risk for the groundskeeper/saiiipler, and 

lowering the shielding factor from 0.25 to zero also resulted in an acceptable risk to t h s  receptor. As the 

groundskeeper/sanipler is the receptor that receives the greatest exposure and dose, an acceptable risk for 

this receptor implies that tlie other receptors will also receive an acceptable dose fiom the air and external 

radiation pathways. 

Two of the uncertainty calculations for the undeveloped park user were compared to the CRARE 
calculatioii for the undeveloped park user (Section 5.9), because these thee cases consider the same 

70-year exposure duration. One of tlie uncertainty calculations uses one-half tlie detection limit for 

organic conipounds in surface water, and the other uncertainty calculation sets organic conipounds to zero 

for the surface-watei- pathways. JLCR results for the second uncertainty calculation (ie.,  organic 

compounds set to zero) agree reasonably well with the ILCR results published in tlie CRARE, while the 

first does not. 
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The discrepancy between tlie CRARE aiid first uncertainty calculation (Le., one-half the detection limit for 

organic compounds in surface water) arises because L C R  values for benzo(a)pyrene and 

dibenzo(a,li)anthracene in the dernial surface-water pathway were not evaluated in the CRARE. When 

these values are set to zero for the second uncertainty analysis, the results are in general agreement and are 

acceptable under CEliCLA as they are below the liiiiit of 1 .OE-04. 

In conclusion, results tabulated for all risk calculations show the H1 aiid ILCR values for the RME site 

receptors are less than one for 1-11 and less than 1 .OE-04 for ILCR (total iiiiiius radionuclide background), 

which is acceptable under CEIICLA. This conclusion, along with the results in  the soil certification 

reports, indicate the remedial actions identified in the OU 5 ROD (DOE 199611) were executed successful 

and tlie site soil has been restored to the final land use objective. 
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APPENDIX A 
Chronology of Soil Certification Reports 

Approval 
June I998 
June 1998 

August 1998 
March 1999 
May I999 

September 1999 
November 1999 

March 2000 
September 2000 
September 2000 
September 2000 

March 2001 
March 2001 
March 2001 

September 200 1 
March 2002 

November 2002 
January 2003 

December 2003 
January 2004 
April 2004 
May 2004 
June 2004 

September 2004 
January 2005 
October 2005 

November 2005 
January 2006 
March 2006 
April 2006 

July 2006 
August 2006 

September 2006 
November 2006 
November 2006 
November 2006 
December 2006 
December 2006 

. December 2006 
December 2006 
December 2006 
January 2007 
January 2007 
January 2007 
January 2007 
January 2007 
February 2007 
March 2007 
March 2007 
May 2007 
Pending 

Report 
- Certification Report for A I PI 
- Certification Report for AI PI1 - Sector I ,  2A, and Conveyance Ditch 
- Certification Report for ASPI 
- Certification Report for AlPI Sediment Traps 2 and 3 
- Certification Report for A I PI1 - Sector 2B 
- Certification Report for ASP11 and Area 6 Triangle Area 
- Certification Report for A2Pln Part One 
- Certification Report for AIPII - Sector 2 CUs West of Fonner North Access Road 
- Certificafion Report for AI PI11 Part Two 
- Certification Report for A2PIII Part Two 
- Certification Report for A8PIIl South 
- Certification Report for AIPII 
- Certification Report for A2PI Active Flyash Pile and Adjacent Area East of the South Construction Road 
- Certification Report for Fonner Soil Stockpile 3 Footprint 
- Certificafion Report for AI PIII Part One 
- Addendum 1 to Certification Report for A I PI1 for the Reuse Areas, Trap Range, Sector 2C and Sector 3 
- Certificaiion Report for the Area 5 Eastern Field 
- Certification Report for A2PI Former Inactive Flyash Pile, South Field, Carolina Area, East2 West Co!istruction Road and 

- Certification Report for Area 6, Phase I - Part One 
- Certification Report for A8Pm North 
- Certification Report for Area 6, Phase I - Part Two 
- Certification Report for A 1 PIV Part One 
- Certification Report for A2Pn Subareas 1, 2, and 4 
- Certification Report for A 1 P N  Parts Two and Three 
- Certificatioii Report for Area 3N3B 
- Certification Report for Area 4A 
- Certification Report for Stream Corridors Stonn Sewer Outfall Ditch 
- Certification Report for Area 4B - Part One 
- Certification Report for Area 6 Waste Pits 4, 5, and 6 
- Certification Report for A2Pn - Subarea 3 Equipment Wash Facility, Subcontractor Laydown Area, Trailer Complex Area, and 
. Aquifer Project Laydown Area 
- Addendum to the Certification Report for A2PII Subareas 1,2, and 4 
- Certification Report for Area 6 Fonner Production Area and Main Drainage Corridor Area 
- Addendum to the Certification Report for Area 4A 
- Addendum to Certification Report for A2PIIl Part Two for Area Boundary 
- Certification Report for the Fonner Stonn Water Retention Basin Area 
- Certification Report for Stream Corridors Pilot Plant Drainage Ditch and Paddys Run 

. - Addendum 4 to Certification Report for AlPll for the Dissolved Oxygen Building Area 
- Addendum to the Certification Report for Area 4B - Part 1 One 
- Certification Report for Area 6 General Area East 
- Addendum to Certification Report for Area 6 FPA and MDC Area for Soil Pile 8 
- Certification Report for Various Areas Outside of the Historically Radiologically Controlled Area 
- Certification Report for Area I, Phase IV - Decontamination Facility Area 
- Certificatioii Report for Area 4B - Part Two Production Area and Main Drainage Corridor Area - 1 '' Street 
- Certification Report for Area 5 Adininistration Area and East and West Parking Lots 
- Certification Report for the Fonner Solid Waste Landfill and Soil Pile 7 
- Certification Report for Area 7 Silos and Support Areas 
- certification Report for Area 7 Miscellaneous Areas 
- Certification Report for Area 6 General Area West 
- Certification Report for Area 6 Sitewide Rail Line System 
- Certification Report for Area 6E 
- Certification Report for Area 6 Waste Pits 1,2, and 3, the Bunt Pit, the Clearwell, and Areas West and North of the Waste Pits 

Equipment Wheel Wash Facility 

. 
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APPENDIX B 

Residual Contaminant  Concentrations in 
. Soil Certification Units and  Exposure Zones 

This appendix summarizes data froin all the soil certification reports to provide tlie basis 

for calculating the average residual contaminant concentrations in soil for the receptor 

exposure zones. A chronological list of certification reports is presented in Appendix A .  

The nine receptor exposure zones reflect past historic operations at tlie Feniald site (e.g., 

waste pit area, production area, OSDF, HWMUs, etc) and are discussed in Section 4.0 

and shown on Plate 1 (Note that tlie HWMU exposure zone is not shown on Plate 1, as it 

is a hypothetical exposure zone comprised of all closed HWMUs). 

Each exposure zone (Tables B. 1-1 though B. 1-8) contains contaminant concentrations in 

soil for every certification unit (CU) within the zone. For Zones 1 t hough  8 

(Tables B. 1-1 though B. 1-89, contaminant concentrations for each CU represent the 

95% upper confidence level or the iiiaxiinuin value if statistical calculations were not 

required for the contaniinant. 

In the HWMU exposure zone (Table B.1-9), the inaxiinuin value for every contaminant is 

used to establish the most conservative case for closure of the HWMUs. If all analytical 

results for a contaminant are reported as non-detects in the certification report, the 

maximum non-detect is used to derive the average value for tlie exposure ione.  

Table B.2 contains tlie soil background values established in. the Addendum to 

CERCLNRCRA Background Soil Study (based on 95th percentile in Table 4-2). 

Several constituents were not evaluated in this study (e.g. the isotopes of uranium were 

not individually evaluated .- only total uranium was deteiinined), therefore some 

constituents were calculated from known values to provide background infomation.  

The list of  contamii!ants for each exposure zone is a comprehensive list that covers every 

contaminant from every CU within the zone. If a contaminant is absent fiom every CU 

within tlie zone, i t  is not evaluated in the risk calculatioiis for that exposure zone. The 
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basis for this decision is that including the entire list of site-wide metal COCs in every 

exposure zone, at their background level, produces an unacceptable risk. Since 

background cannot be subtracted for metal COCs, adding tliese COCs to the risk 

calculatioii in  zones where they are not applicable gives the mistaken impression that the 

site operations are respon'sible for the component of background risk. 

As tlie exposure zone list of contaminants is comprcliensive across all CUs, it will 

generally exceed the list of containinants for an individual CU (e.g., several CUs have 

reported results for tcchnetium-99, while most CUs do not report results for this 

contaminant). This occurs because the list of contaminants for a specific CU is tied to the 

historic operations in  the CU area (ix., past uranium processing activities resulted in 

some contaminants being restricted to specific areas on the site). The Project Specific 

Plans and Certification Design Letters for each certification area contain the detailed 

rationale and logic for the list o f  contaminants reported in the Certification Reports. 

Prior to performing the calculation to derive the average value for a contaminant in the 

exposure zone, a default contaminant value is inserted into CUs that do not contain a 

result for a contaminant reported in another CU within the exposure zone. For example, 

technetium-99 is reported for some CUs within the exposure zone but not for all. Those 

that do not have a reported result will have the default value inserted prior to calculating 

an average teclinetiuni-99 value for the exposure zone. The default value is the 95'" 

percentile background value for the contaminant, as reported in Tables 4- I and 4-2 of the 

Addendum to the CERCLA/RCRA Background Soil Study (DOE 2001 ). Inserting a 

background COC value into the subset of CUs within the exposure zone that do not have 

a result for the COC eliminates high bias in the contaminant concentration across the 

exposure zone, as demonstrated below. 

In Table B. 1 - 1, results are tabulated for the 5 1 CUs in Zone 1, and for technetium-99 a 

single result (1.52 pCi/g) exceeds zero. As noted in the summary rows at the bottom of 

the table, a single CU was evaluated for technetiuin-99 in Zone 1, and the remaining CUs 

had the background value o f  zero inserted prior to calculating an average for tlie exposure 

zone. As a receptor will not spend all their time in the CU that corresponds to the 1.52 
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pCi/g result, failure to insert the background value for technetium-99 would result in 

assigning a 1.52 pCi/g value to the entire exposure zone, which is not realistic. The 

technetium-99 average for 5 I CUs, when the background value is inserted, is 0.03 pCi/g; 

and this reflects a realistic exposure to technetium-99 in soil when a receptor hikes over 

tlie area of Zone 1.  

The number of CUs in each zone varies froiii 39 in Zone 7 (former silo area) to 154 in 

Zone 2 (southern waste units, SWRBs, and CWWT). Care was taken in delineating tlie 

zone boundaries to minimize the mixing of Group I (smaller area) and Group I1 CUs 

within each exposure zone. In Zone 8 (OSDF), the CUs covered by the footprint of the 

cell have been replaced with the CUs from the borrow area, which is the source for the 

soil on the OSDF cap. 

Each of the tables lists every contaminant evaluated across the site. When a contaminant 

was not evaluated for any CU in the exposure zone during certication, NA (not 

applicable) appears in the table for that Contaminant. A contaminant that has the exact 

concentration reported for multiple CUs indicates that the repeated value is a default 

value. The number of contaminant results reported in the certification reports and the 

number of CUs with the default value are tabulated in the last two rows of the table. 

Above these last two rows are the maximum and average values for each contaminant 

within the exposure zone. The average values were used in the risk calculations for the 

soil exposure pathways. 

I 
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TABLE B.1-I - SOIL CERTIFICATION DATA - ZONE 1 

Certification 'Area I Cesium-137 I Lead-210 I Neptunium-237 I Plutonium-238 1 Plutonium-239/240 1. Radium-226 I 
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TABLE B. l - I  - SOIL CERTIFICATION DATA - ZONE 1 
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TABLE B. l - I  - SOIL CERTIFICATION DATA - ZONE 1 
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TABLE 6.1-1 - SOIL CERTIFICATION DATA - ZONE 1 

I Certification Area I Bromodichloromethane 1 Bromoform I Bromomethanel 2-Butanone I Carbazole I Carbon disulfide I 

B.l-I PaQe 8 of 18 
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TABLE B.1-I - SOIL CERTIFICATION DATA - ZONE I 

Certification 

Number of Cert Results 

R 1-1 Pane I n  nf 18 
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TABLE B.l-1 - SOIL CERTIFICATION DATA - ZONE 1 
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TABLE 8.1-1 SOIL CERTIFICATION DATA - ZONE 1 

Certification Area Heptachlorodibenzo-p-dioxin Hexachlorodibenzofuran Hexachlorodibenzo-p-dioxin 
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TABLE B.1-I - SOIL CERTIFICATION DATA - ZONE 1 

Certification Area Indeno(l,2,3-cd)pyrene Methanol Methyl-2-pentanone Methylene chloride 4-Methylphenol 
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TABLE B.l- I  - SOIL CERTIFICATION DATA - ZONE 1 

R 1-1 Pine I A  nf I R  
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TABLE 6.1-1 - SOIL CERTIFICATION DATA - ZONE 1 
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TABLE 6.1-1 - SOIL CERTIFICATION DATA - ZONE 1 

.+ Certification Area Tetrachloroethylene Toluene Tributyl phosphate 1,1,2-Trichloroethane Trichloroethylene 
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TABLE B. l - I  - SOIL CERTIFICATION DATA - ZONE 1 

Number of Cert Results 

NOTE: 
If at least one CU in the zone has an anlytical result for a given COC, the background 

value is inserted for the COC in other CUs that have no reported analytical result to 
avoid a high bias for the COC in this zone. 

Background is zero for all organic compounds. .Background is not reported for . 

neptunium, plutonium, strontium and technetium isotopes, and zero will be used. 
NA = Chemical or radionuclide is not applicable to the assesment of risk in this zone 

because the COC was not evaluated in the certification reports for this zone. 
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TABLE 5.1-2 =, SOIL CERTIFICATION DATA - ZONE 2 

Certification Area I Cesium-137 Lead-210 Neptunium-237 Plutonium-238 Plutoniurn-239/240 Radium-226 Radium-228 
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TABLE B.1-2 - SOIL CERTIFICATION DATA - ZONE 2 

I Certification Area I Cesium-I37 1 Lead-210 I Neptunium-237 I Plutonium-238 1 Plutonium-239/240 I Radium-226 1 Radium-228 I 

8.1-2 Page 2 of 32 
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TABLE B.1-2 - SOIL CERTIFICATION DATA - ZONE 2 
~~ ~ 

Certification Area I Strontium-90 1 Technetium-99 I Thorium-226 I Thorium-230 I Thorium-232 I Uranium-234 I Uranium-235 I 
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Certification Area I Strontium-90 1 Technetium-99 1 Thorium-228 I Thorium-230 1 Thorium-232 1 Uranium-234 I Uranium-235 I 
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Certification Area Uranium-238 Antimony 

B. 1-2 Page 6 of 32 

Arsenic Barium Beryllium Boron Cadmium Chromium (VI) Cobalt 
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TABLE 5.1-2- - SOIL CERTIFICATION DATA - ZONE 2 

Certification Area Uranium Vanadium Zinc Acetone Aroclor-1254 Aroclor-I260 Benzene Benzo(a)anthracene 
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TABLE 8.1-2 - SOIL CERTIFICATION DATA - ZONE 2 

Certification Area Benzo(a)pyrene Benzo(b)fluoranthene Benzo(k)fluoranthene Bis(2-chloroisopropyI)ether 

8.1-2 Page 12 of 32 

Document 6732 



TABLE B.l-2 - SOIL CERTIFICATION DATA - ZONE 2 

Certification Area Bis(2-ethylhexy1)phthalate Brornodichloromethane Bromoform Bromomethane 2-Butanone Carbazole 
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TABLE B.1-2 - SOIL CERTIFICATION DATA - ZONE 2 
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TABLE B.1-2 - SOIL CERTIFICATION DATA - ZONE 2 

Certification Area Dibenzo(a,h)anthracene 3,3-Dichlorobenzidine 1,2-dichloroethane 1,l-Dichloroethylene Dieldrin 
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TABLE B.1-2 - SOIL CERTIFICATION DATA - ZONE 2 
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TABLE B.1-2 - SOIL CERTIFICATION DATA - ZONE 2 

8.1-2 Page 20 of 32 

Document 6732 



TABLE B.1-2 - SOIL CERTIFICATION DATA - ZONE 2 
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TABLE B.l-2 - SOIL-CERTIFICATION DATA - ZONE 2 
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TABLE B.1-2 - SOIL CERTIFICATION DATA - ZONE 2 
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TABLE 8.1-2 - SOIL CERTIFICATION DATA - ZONE 2 
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TABLE 8.1-2 - SOIL CERTIFICATION DATA - ZONE 2 
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TABLE B.1-2 - SOIL CERTIFICATION DATA - ZONE 2 

I Certification Area I Phenanthrene] Tetrachlorodibenzofuran I Tetrachlorodibenzo-p-dioxin I Tetrachloroethylene I Toluene 1 
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Certification Area Tributyl phosphate l,l,2-Trichloroethane 

IATA - zor 
Trichloroethylene 

rlE 2 
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TABLE 8.4-2 - SOIL CERTIFICATION DATA - ZONE 2 

B. 1-2 Page 30 of 32 

Document 6732 



TABLE B.l-2 - SOIL CERTIFICATION DATA - ZONE 2 

Certification Area Trifluorochlorornethane Vinyl chloride Xylenes 
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TABLE 8.1-2 - SOIL CERTIFICATION DATA - ZONE 2 

NOTE: 
If at least one CU in the zone has an anlytical result for a given COC, the background 

value is inserted for the COC in other CUs that have no reported analytical result to 
avoid a high bias for the COC in this zone. 

Background is zero for all organic compounds. Background is not reported for 
neptunium, plutonium, strontium and technetium isotopes, and zero will be used. 

NA = Chemical or radionuclide is not applicable to the assesment of risk in this zone 
because the COC was not evaluated in the certification reports for this zone. 
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Table 9.1-3 Layout 
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TABLE B.l-3 - SOIL CERTIFICATION DATA - ZONE 3 

Certification Area Uranium-234 Uranium-235 Uranium-238 Antimony Arsenic Barium Beryllium Boron 
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TABLE B.l-3 - SOIL CERTIFICATION DATA - ZONE 3 

Certification Cadmium Chromium (VI) Cobalt Copper Fluoride I Lead I Manganese I Mercury 
Units sq ft 

A I  PI-ST2 I 43456 

0 1  8 I 312189 I NA I NA I NA I NA I NA I 3.01E+01 I 8.04E+02 I NA 
01 9 I 643686 I NA I NA 1 NA I NA I NA I 7 68F+01 I 147F+n3 I NA 

- 
uglg uglg uglg uglg uglg uglg uglg uglg 
NA NA NA NA NA 3nfiF+nl 1 33F+fl3 NA 

Q20-20 I 133345 I NA I NA I NA I NA I NA I 3.19E+01 I 1.34E+03 I NA 
030-30 I 139140 I NA I NA I NA I NA I 
Q20-40 I 49764 

Maximum Value 
Average (used in Risk Calc. ) 

Number of Cert Results 
Number of Inserted Values 

NA NA NA NA NA 3.19E+01 1.34E+03 NA - 
NA NA NA NA NA 5.63E+01 1.59E+03 NA 
NA NA NA NA NA 3.21E+01 1.31E+03 NA 
NA NA NA NA NA 1.40E+01 1.70E+01 NA 
NA NA NA NA NA 3.70E+01 3.40E+01 NA ' 
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TABLE B.l-3 - SOIL CERTIFICATION DATA - ZONE 3 

Certification Area Molybdenum Nickel Selenium Silver Thallium Uranium Vanadium Zinc Acetone 
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TABLE B.1-3 - SOIL CERTIFICATION DATA - ZONE 3 
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TABLE 6.1-3 - SOIL CERTIFICATION DATA - ZONE 3 
~~ ~~~~ 

Certification Area 1 Benzo(b)fluoranthene I Benzo(k)fluoranthene 1 Bis(2-chloroisopropyI)ether I 
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TABLE B.l-3 - SOIL CERTIFICATION DATA - ZONE 3 
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TABLE B.l-3 - SOIL CERTIFICATION DATA - ZONE 3 

Certification Area I Carbazole I Carbon disulfide I Carbon tetrachloride I Chlordane I Chlorobenzene I Chloroform I 
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TABLE B.l-3 - SOIL CERTIFICATION DATA - ZONE 3 

8.113 Page 10 of 18 

Document 6732 



TABLE B.1-3 - SOIL CERTIFICATION DATA - ZONE 3 

Certification 1,2-dichIoroethane I ,I-Dichloroethylene Dieldrin Di-n-octylphthalate Ethylbenzene Ethyl ether 
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TABLE B.1-3 - SOIL CERTIFICATION DATA - ZONE 3 
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TABLE B.1-3 - SOIL CERTIFICATION DATA - ZONE 3 

Certification Area 1 4-Nitroanaline N-nitrosodiphenylarnine I N-nitrosodipropylarnine I Octachlorodibenzofuran 

B.l-3 Page 14.of 18 
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TABLE B.l-3 - SOIL CERTIFICATION DATA - ZONE 3 

Certification Area Octochlorodibenzo-p-dioxin Pentachlorodibenzofuran Pentachlorodibenzo-p-dioxin 
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TABLE 6.1-3 - SOIL CERTIFICATION DATA - ZONE 3 
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TABLE B.l-3 - SOIL CERTIFICATION DATA - ZONE 3 
Document 6732 



TABLE 8.1-3 - SOIL CERTIFICATION DATA - ZONE 3 

If at least one CU in the zone has an anlytical result for a given COC, the background 
value is inserted for the COC in other CUs that have no reported analytical result to 
avoid a high bias for the COC in this zone. 

Background is zero for all organic compounds. Background is not reported for 
neptunium, plutonium, strontium and technetium isotopes, and zero will be used. 

NA'= Chemical or radionuclide is not applicable to the assesment of risk in this zone 
because the COC was not evaluated in the certification reports for this zone. 
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TABLE B.l-4 - SOIL CERTIFICATION DATA - ZONE 4 
Certification Area I Cesium-1371 Lead-210 I Neptunium-237 1 Plutonium-238 I Plutonium-239/240 I Radium-226 I 

B.l-4 Pacre 1 of 19 
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TABLE B.l-4 - SOIL CERTIFICATION DATA - ZONE 4 
Certification Radium-228 Strontium-90 Technetium-99 Thorium-228 Thorium-230 Thorium-232 

8.1-4 Page 2 of 19 
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TABLE B.l-4 - SOIL CERTIFICATION DATA - ZONE 4 
I Certification Area I Uranium-234 I Uranium-235 I Uranium-238 I Antimony I Arsenic I Barium I Beryllium I 
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TABLE 8.1-4 - SOIL CERTIFICATION DATA - ZONE 4 
Certification Area Boron Cadmium Chromium (VI) Cobalt Copper Fluoride Lead Manganese 
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TABLE B.l-4 - SOIL CERTIFICATION DATA - ZONE 4 
Certification Mercury Molybdenum Nickel Selenium Silver Thallium Uranium Vanadium 
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TABLE B.l-4 - SOIL CERTIFICATION DATA - ZONE 4 

Number of Cert Results 
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TABLE 6.1-4 - SOIL CERTIFICATION DATA - ZONE 4 
Certification Benzo(a)pyrene Benzo(b)fluoranthene Benzo(k)fluoranthene Bis(2-chloroisopropy1)ether 
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TABLE B.1-4 - SOIL CERTIFICATION DATA - ZONE 4 

Average (used in Risk Calc. ) 

6.1-4 Page 8 of 19 

Document 6732 



TABLE 6.1-4 - SOIL CERTIFICATION DATA - ZONE 4 
Certification Area I Carbazole Carbon disulfide Carbon tetrachloride Chlordane Chlorobenzene Chloroform 
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TABLE B.1-4 SOIL CERTIFICATION DATA - ZONE 4 
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TABLE B.l-4 - SOIL CERTIFICATION DATA - ZONE 4 
Certification Area 1,2-dichloroethane 1,l-Dichloroethylene Dieldrin Di-n-octylphthalate Ethylbenzene 
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TABLE 6.1-4 - SOIL CERTIFICATION DATA - ZONE 4 

Average (used in Risk Calc.) 
Number of Cert Results 

Number of Inserted Values 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
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TABLE B.l-4 - SOIL CERTIFICATION DATA - ZONE 4 

8.1-4 Paae 13 of 19 
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RLS-C14 48973 
RLS-C15 48972 
RLS-C16 48971 

Maximum Value 
Average (used in Risk Calc. ) 

Number of Cert Results 
Number of Inserted Values 

B.l-4 Page 14 of 19 

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 
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TABLE B.1-4 - SOIL CERTIFICATION DATA - ZONE 4 
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TABLE B.1-4 - SOIL CERTIFICATION DATA - ZONE 4 
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TABLE B.1-4 - SOIL CERTIFICATION DATA - ZONE 4 

NOTE: 
If at least one CU in the zone has an anlytical result for a given COC, the background 

value is inserted for the COC in other CUs that have no reported analytical result to 
avoid a high bias for the COC in this zone. 

Background is zero for all organic compounds. Background is not reported for 
neptunium, plutonium, strontium and technetium isotopes, and zero will be used. 

NA = Chemical or radionuclide is not applicable to the assesment of risk in this zone 
because the COC was not evaluated in the certification reports for this zone. 

R I - A  Dinn l a  nf 10 
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TABLE B.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

Certification -Area I Cesium-I37 1 Lead-210 I Neptunium-237 I Plutonium-238 I 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 

Lead-210 Neptunium-237 Plutonium-236 Certification Area Cesium-I 37 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 

Area Plutonium-239/240 Radium-226 Radium-228 Strontium-90 Certification 

8.1-5 Page 4 of 63 
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TABLE B.l -5  - SOIL CERTIFICATION DATA - ZONE 5 

I Certification Area I Plutonium-239/240 I .Radium-226 I Radium-228 I Strontium-90 1 
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TABLE B.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

I Certification Area I Plutonium-239/240 I Radium-226 ~ I ~~ Radium-228 Strontium-90 

B.l-5 Page 6 of  63 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 
~~ 

I Certification Area I Technetium-99 I Thorium-226 ' I Thorium-230 I Thorium= 

Document 6732 



TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

I Certification Area I Technetium-99 1 Thorium-228 I Thorium-230 I Thorium-232 1 
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Certification Area Technetium-99 I Thorium-228 Thorium-230 Thorium-232 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 

I Certification Area I Uranium-234 I Uranium-235 I Uranium-238 I Antimonv I 
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Certification Area Uranium-234 Uranium-235 Uranium-238 Antimony 
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TABLE B.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
~____ 

Certification Area -1- Uranium-234 I Uranium-235 I Uranium-238 I Antimony I 

B.l-5 Page 12 of 63 
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TABLE B.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

Area Arsenic Barium Beryllium I Certification Boron 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

I Certification Area I Arsenic I Barium I Bervllium 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 

I Fluoride I Certification Area I Cadmium 
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Certification Area Cadmium Chromium (VI) Cobalt Copper Fluoride 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 

Certification Area Lead Manganese Mercury Molybdenum Nickel 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 

Certification Area Lead Manganese Mercury Molybdenum Nickel 
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TABLE B.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

Certification 

- 
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TABLE B.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
Thallium Uranium ' Vanadium Certification Area Selenium Silver Zinc 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 

- 

Average (used in Risk Calc. ) 1.27E+00 7.28E-01 N A  1.62E+01 N A  N A  
N A  1.57E+02 N A  N A  

Number of Inserted Values 1.37E+02 8.90E+01 N A  O.OOE+OO N A  N A  
Number of Cert Results 2.00E+01 6.80E+01 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 

Aroclor-1254 Aroclor-1260 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 
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Certification Area Acetone Aroclor-1254 Aroclor-I 260 Benzene 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 
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TABLE B.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
Document 6732 



TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

I Certification Area I Bis(2-chloroisopropyI)ether I Bis(2-ethylhexy1)phthalate I Bromodichlorornethane I Bromoform I 
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TABLE B.l-5 - SOIL CERTIFICATION DATA- ZONE 5 

I. Certification Area I Bis(2-chloroisopropy1)ether 1 Bis(2-ethylhexy1)phthalate I Bromodichloromethane 1 Bromoform I 
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TABLE B.l-5 - SOIL CER.TIFICATION DATA - ZONE 5 

Units sq ft 

6E-C01 I 54860 
6E-C02 I 61241 

Certification Area I Bromomethane I 2-Butanone I Carbazole I Carbon disulfide 1 Carbon tetrachloride I Chlordane 

uglg uglg uglg uglg uglg uglg 
NA NA NA . NA 1.80E-03 NA 
N A  N A  N A  N A  I xr=-m N A  

6E-C03 
6E-C04 
6E-C05 

44952 NA NA NA NA 1.40E-03 NA 
45383 NA NA NA NA 1.40E-03 NA 
53943 NA N A  N A  N A  7 CnFm N A  

6E-C06 
6E-C07 
6F-COR 

60762 NA NA NA NA 1.50E-03 NA 
58798 NA NA NA NA 1.50E-03 NA 
6lOiR N A  N A  N A  N A  I ?n~-n? N A  

6E-C09 
6E-C10 
6F-C1 1 

~ ~~~~ 

61 907 NA NA NA NA 1.50E-03 NAP 
47236 NA NA NA NA 1.1 OE-03 NA 
11 3659 N A  N A  N A  N A  7 7 n ~ m  N A  

6E-C12 
6E-C18 
6E-C19 

I 35974 I N A  I N A  I N A  I N A  I n nnF+nn 

~~~ ____ 

95954 NA NA NA NA 1.20E-03 NA- 
25562 NA NA NA NA 1.10E-03 NA 
45819 NA NA NA NA 1.40E-03 NA 

43B-C08 

A3A-CO1 
A3A-CO2 
ARA-COJ 
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43801 NA NA NA NA O.OOE+OO NAP 
21413 NA NA NA NA O.OOE+OO NA 
1 9Q77 N A  N A  N A  N A  n nnF+nn 1\14. 

A3A-Cl3 
A3A-Cl4 
A 3 A - C  15 

46433 NA NA NA NA O.OOE+OO NA 
42299 NA NA NA NA O.OOE+OO NA 
561 40 N A  N A  N A  N A  n nnF+nn N A  
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Certification Area Bromomethane 2-Butanone Carbazole Carbon disulfide Carbon tetrachloride Chlordane 

Document 6732 



TABLE 8.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

1 Certification Area I Bromomethane I 2-Butanone I Carbazole I Carbon disulfide I Carbon tetrachloride I Chlordane I 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 

Certification Chlorobenzene Chloroform Chrysene Cyanide Cyclohexanone Dibenzo(a,h)anthracene 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA = ZONE 5 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

Certification Area Chlorobenzene Chloroform Chrysene Cyanide Cyclohexanone Dibenzo(a,h)anthracene 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 

Certification Area 3,3-Dichlorobenzidine 1,2-dichloroethane 1,l-Dichloroethylene Dieldrin Di-n-octylphthalate 
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-1'ABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
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TABLE B.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
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IABLt 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

8.1-5 Page 46 of 63 

Document 6732 



Certification Area Hexachlorodibenzo-p-dioxin Indeno(l,2,3-cd)pyrene Methanol Methyl-2-pentanone Methylene chloride 
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IABLt B.1-5 - SWIL CERTIFICATION DATA - ZONE 5 

[ --Certification Area I Hexachlorodibenzo-p-dioxin I Indeno(l,2,3-cd)pyrene I Methanol I Methyl-2-pentanone I Methylene chloride I 
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IABLt B.1-3 - SUIL CERTIFICATION DATA-ZONE 5 
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TABLE 6.1-5 - SOIL CERTIFICATION DATA - ZONE 5 

Average (used in Risk Calc. 
Number of Cert Results 
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I A U L t  B.1-5 - SWlL CERTIFICATION DATA - ZONE 5 

Certification 
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TABLE B.l-5 - SOIL CERTIFICATION DATA- ZONE 5 

Certification . Area I Octochlorodibenzo-p-dioxin I Pentachlorodibenzofuran I Pentachlorodibenzo-p-dioxin I Pentachlorophenol I 
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IABLt B.1-3 - SUIL G t K  I-IFICATION DATA - ZONE 5 

dDC-C21 
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TABLE B.1-5 - SOIL CERTIFICATION DATA - ZONE 5 
Document 6732 



IHBLt S.1-3 - SUIL G t K  I IFIGATIUN DATA - ZONE 5 

I Certification Area IPhenanthrenel Tetrachlorodibenzofuran I Tetrachlorodibenzo-p-dioxin I Tetrachloroethylene 1 Toluene I 
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IABLt E.1-3 - YUIL G t K  I IFILAI IUN DATA - ZONE 5 
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Certification Area Tributyl phosphate 1,1,2-Trichloroethane 

1ATA - ZONE 5 

Trichloroethylene 
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IABLt  U.1-3 - 5UIL G t K  I IFIL'ATION D 

Tributyl phosphate 1,1,2-Trichloroethane 
sa Area ft I I Certification 

Units 

IATA - ZONE 5 
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Certification Area Trifluorochlorornethane Vinyl chloride 

'ION DATA - ZONE 5 

Xylenes 
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IABLt E.1-5 - SUIL L-tKIIFIL-AIIUN LJArA-ZONE 5 
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TABLE B.l-5 - SOIL CERTIFICATION DATA - ZONE 5 
I 

Certification Area I Trifluorochloromethane 1 Vinyl chloride I Xylenes I 

If at least one CU in the zone has an anlytical result for a given COC, the background value is 
inserted for the COC in other CUs that have no reported analytical result to avoid a high bias for 
the COC in this zone. 

plutonium, strontium and technetium isotopes, and zero will be used. 

the COC was not evaluated in the certification reports for this zone. 

Background is zero for all organic compounds. Background is not reported for neptunium, 

NA = Chemical or radionuclide is not applicable to the assesment of risk in this zone because 
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TABLE B.l-6 - SOIL CERTIFICATION DATA - ZONE 6 

Certification Area I Radium-228 I Strontium-90 I Technetium-99 I Thorium-228 I Thorium-230 I Thorium-232 I 

B.l-6 Page 2 of 19 
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TABLE B.l-6 - SOIL CERTIFICATION DATA - ZONE 6 
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TABLE B.116 - SOIL CERTIFICATION DATA - ZONE 6 
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TABLE 6.1-6 - SOIL CERTIFICATION DATA - ZONE 6 
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TABLE 9.1-6 - SOIL CERTIFICATION DATA - ZONE 6 
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TABLE B.l-6 - SOIL CERTIFICATION DATA - ZONE 6 

Certification Benzo(a)pyrene Benzo(b)fluoranthene Benzo(k)fluoranthene Bis(2-chloroisopropyI)ether 
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TABLE B.1-6 - SOIL CERTIFICATION DATA - ZONE 6 
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TABLE B.l-6 - SOIL CERTIFICATION DATA - ZONE 6 

Certification Area I Carbazole 1 Carbon disulfide I Carbon tetrachloride I Chlordane I Chlorobenzene I Chloroform I 
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TABLE 9.1-6 - SOIL CERTIFICATION DATA - ZONE 6 

Certification Chrysene Cyanide Cyclohexanone Dibenzo(a,h)anthracene 3,3-Dichlorobenzidine 
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TABLE B.1-6 - SOIL CERTIFICATION DATA - ZONE 6 

Certification 1,Z-dichloroethane 1,l-Dichloroethylene Dieldrin Di-n-octylphthalate Ethylbenzene 

Document 6732 



TABLE B.1-6 - SOIL CERTIFICATION DATA - ZONE 6 

B.l-6 Page 12 of 19 
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TABLE 6.d-6 - SOIL CERTIFICATION DATA - ZONE 6 

Certification Hexachlorodibenzo-p-dioxin Indeno(l,2,3-cd)pyrene Methanol Methyl-2-pentanone 
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3LS-ClI I 19159 NA 
Maximum Value NA 

NA 
Number of Cert Results NA 

Number of Inserted Values NA 

Average (used in Risk Calc. ) 

6.1-6 Page 14 of 19 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
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TABLE 6.1-6 - SOIL CERTIFICATION DATA - ZONE 6 

Certification Area I N-nitrosodipropylamine I Octachlorodibenzofuran 1 Octochlorodibenzo-p-dioxin I 
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TABLE B.l-6 - SOIL CERTIFICATION DATA - ZONE 6 

6.1-6 Page 16 of 19 
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'R-C03 
'R-C04 
'R-C05 
ILS-c1 1 

B.l-6 Page 18 of 19 

41923 NA O.OOE+OO O.OOE+OO NA 
61463 NA O.OOE+OO O.OOE+OO NA 
59320 NA O.OOE+OO O.OOE+OO NA 
19159 NA O.OOE+OO O.OOE+OO NA 

Maximum Value 
Average (used in Risk Calc. ) 

Number of Cert Results 
Number of Inserted Values 

NA 1.20E-02 2.55E-02 NA 
NA 3.26E-04 1.83E-03 NA 
NA 3.00E+00 2.00E+01 NA 
NA 4.30E+01 2.60E+01 NA 
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TABLIE B.l-6 - SOIL C 
_ _ _ _ ~  

Certification Area I Vinyl chloride 1 Xylenes I 

Average.(used in Risk Ca/c.)I NA 

E RTI F I CAT1 0 N 
- >  

DATA - ZONE 6 

Number of Cert Results NA 1 NA 
Number of Inserted Values NA I NA 

NOTE: 
If at least one CU in the zone has an anlytical result for a given COC, the background value is . 
inserted for the COC in other CUs that have no reported analytical result to avoid a high 
bias for the COC in this zone. 

Background is zero for all organic compounds. Background is not reported for neptunium, 
plutonium, strontium and technetium isotopes, and zero will be used. 

NA = Chemical or radionuclide is not applicable to the assesment of risk in this zone because 
the COC was not evaluated in the certification reports for this zone. 
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TABLE B.l-7 - SOIL CERTIFICATION DATA - ZONE 7 

Certification Area I Cesium-137 I Lead-210 I Neptunium-237 1 Plutonium-238 I Plutonium-239/240 I Radium-226 I 

Average (used in Risk Calc. ) 1.14E-01 4.29E+00 NA NA NA 1 .-41 E+OO 
Number of Cert Results 2.30E+01 2.10E+01 NA NA NA 3.30E+01 

Number of Inserted Values l.OOE+OI 1.2QE+01 NA NA NA O.OOE+OO 

6.1-7 Page 1 of 20 

Document 6732 



TABLE B.l-7 - SOIL CERTIFICATION DATA ZONE 7 

I Certification Area I Radium-228 I Strontium-90 I Technetium-99 I Thorium-228 1 Thorium-230 1 Thorium-232 I 

B. 1-7 Page 2 of ,20 

Document 6732 



TABLE B.l-7 - SOIL CERTIFICATION DATA - ZONE 7 

Certification Uranium-234 Uranium-235 Uranium-238 Antimony Arsenic Barium Beryllium 

B.l-7 Page 3 of 20 
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TABLE B.1-7 - SOIL CERTIFICATION DATA - ZONE 7’ 

Certification Boron Cadmium Chromium (VI) Cobalt Copper Fluoride Lead Manganese 
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Document 6732 



TABLE B.l-7 - SOIL CERTIFICATION DATA - ZONE 7 

Certification Mercury Molybdenum Nickel Selenium Silver Thallium Uranium Vanadium 

8.1-7 Page 5 of 20 
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TABLE 6.1-7 - SOIL CERTIFICATION DATA - ZONE 7 

Certification Area Zinc Acetone Aroclor-1254 Aroclor-1260 Benzene Benzo(a)anthracene 

B.l-7 Page 6 of 20 
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TABLE B.1-7 - SQlL CERTIFICATION DATA - ZONE 7 

Certification Area 1 Benzo(a)pyrene Benzo(b)fluoranthene Benzo(k)fluoranthene Bis(2-chloroisopropyI)ether 

8.1-7 Page 7 of 20 
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TABLE B.l-7 - SOIL CERTIFICATION DATA - ZONE 7 

Average (used in Risk Calc. ) 
Number of Cert Results 
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TABLE 8.1-7 - SOIL CERTIFICATION DATA - ZONE 7 

Certification Carbazole Carbon disulfide Carbon tetrachloride Chlordane Chlorobenzene Chloroform 

8.1-7 Page 9 of 20 
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TABLE B.1-7 - SOIL CERTIFICATION DATA - ZONE 7 

Maximum Value 
Average (used in Risk Calc. ) 

Number of Cert Results 
Number of Inserted Values 

Certification Chrysene Cyanide Cyclohexanone Dibenzo(a,h)anthracene 3,3-Dichlorobenzidine 

1.73E+01 NA NA 1.51 E-01 NA 
6.27E-01 NA NA 2.88E-02 NA 
1.60E+01 NA NA 1.60E+01 NA 
1 70E+0l NA NA 1.70€+01 N A  

I I . .. . . . . - - - . . .. . . .. . . . . - - - . I 
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TABLE B.1-7 - SOIL CERTIFICATION DATA - ZONE 7 

Average (used in Risk Calc. ) 
Number of Cert Results 

Number of inserted Values 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
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TABLE B.1-7 - SOIL CERTIFICATION DATA ZONE 7 

A7SSA-C16 
BSL-CO1 
BSL-C02 
BSL-C03 
BSL-C04 

53607 NA NA NA 
61 703 NA NA NA * 

61873 NA NA NA 
49944 NA NA NA 
49642 NA NA NA 

B.l-7 Page 12 of 20 

Maximum Value 

Number of Cert Results 
Number of Inserted Values 

Average (used in Risk Calc. ) 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
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TABLE B.1-7 - SOIL CERTIFICATION DATA - ZONE 7 
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TABLE B.l-7 - SOIL CERTIFICATION DATA - ZONE 7 
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TABLE B.1-7 - SOIL CERTIFICATION DATA - ZONE 7 

Certification N-nitrosodiphenylamine N-nitrosodipropylarnine Octachlorodibenzofuran 

8.1-7 Page 15 of 20 
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TABLE 6.1-7 - SOIL CERTIFICATION DATA - ZONE 7 

- 

Certification Area 
Units sq ft 

A4B2-COI 46937 
A4B2-CO2 47560 
AGGAW-C12 53645 
AGGAW-C13 545368 
AGGAW-C19 56663 
AGGAW-C20 60993 
AGGAW-C21 61 161 
A6GAW-C22 49461 
A6GAW-C23 53337 
AGGAW-C23P 4671 
AGGAW-C24 29531 

Octochlorodibenzo-p-dioxin 

A7SSA-COS I 58493 
A7SSA-C 1 0 I 54452 

Pentachlorodibenzofuran Pentachlorodibenzo-p-dioxin 

NA 
NA 
NA 

NA NA 
NA NA 
NA N A  . .. . 

NA 
NA 

I ., . . _. . 
NA NA 
NA NA 

NA . .  . 

NA 1 NA I NA 
NA NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA I NA I NA ~ --I 

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 N A  

1 I . .. . . .. . 

NA NA I N A  I 
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TABLE B.1-7 - SOIL CERTIFICATION DATA - ZONE 7 

Certification Area 
Units sq ft 

46GAW-C22 1 49461 
96GAW-C23 I 53337 

46GAW-C24 29531 

\7SSA-C04 1 28641 
47SSA-CO5 1 37184 
\7SSA-C06 451 84 

I Pentachlorophenol Phenanthrene Tetrachlorodibenzofuran Tetrachlorodibenzo-p-dioxin I I I 
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TABLE B.1-7 - SOIL CERTIFICATION DATA - ZONE 7 

Certification Area 
Units 

'A4B2-COI 46937 
A4B2-CO2 47560 
A6GAW-C12 53645 

Maximum Value 
Average (used in Risk Calc. ) 

Number of Cert Results 1 Number of inserted Values 

~ ~~ 

Tetrachloroethylene 1 Toluene 1 Tributyl phosphate I 1,1,2-Trichloroethanel Trichloroethylene) 
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TABLE B.l-7 - SOIL CERTIFICATION DATA - ZONE 7 

Average (used in Risk Calc. ) 
Number of Cert Results 

Number of Inserted Values 

Certification Trifluorochloromethane 

NA 
NA 
NA 
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TABLE B.l-7 = SOIL CERTIFICATION DATA - ZONE 7 

NOTE: 
If at least one CU in the zone has an anlytical result for a given COC, the background value is 
inserted for the COC in other CUs that have no reported analytical result to avoid a high bias for 
the COC in this zone. 

plutonium, strontium and technetium isotopes, and zero will be used. 

the COC was not evaluated in the certification reports for this zone. 
. 

Background is zero for all organic compounds. Background is not reported for neptunium, 

NA = Chemical or radionuclide is not applicable to the assesment of risk in this zone because 

B.l-7 Page 20 of 20 

Document 6732 



Table B.1-8 Layout 
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TABLE B.1-8 - SOIL CERTIFICATION DATA - ZONE 8 
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TABLE B.1-8 - SOIL CERTIFICATION DATA - ZONE 8 
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TABLE B.1-8 - SOIL CERTIFICATION DATA - ZONE 8 
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TABLE B.l-8 - SOIL CERTIFICATION DATA - ZONE 8 

Certification Area I Methyl-2-pentanone 1 Methylene chloride I 4-Methylphenol I 4-Nitroanaline 1 N-nitrosodiphenylamine I 
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TABLE B.l-8 - SOIL CERTIFICATION DATA - ZONE 8 

Average (used in Risk Calc. ) 
Number of Cert Results 
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TABLE B.1-8 - SOIL CERTIFICATION DATA - ZONE 8 

Certification Area Tetrachloroethylene I Toluene Tributyl phosphate I I,l,*-Trichloroethane( Trichloroethvlene I Trifluorochloromethane 
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TABLE B.1-8 - SOIL CERTIFICATION DATA - ZO 

NOTE 1: 
If at least one CU in the zone has an anlytical result for a given COC, the background value is 
inserted for the COC in other CUs that have no reported analytical result to avoid a high bias 
the COC in this zone. 

plutonium, strontium and technetium isotopes, and zero will be used. 

the COC Was not evaluated in the certification reports for this zone. 

Background is zero for all organic compounds. Background is not reported for neptunium, 

NA = Chemical or radionuclide is not applicable to the assesment of risk in this zone because 

NOTE 2: 
CUs underlying the capped cells have been replaced with CUs from the borrow 
area (A1PII-S1-07 through -18), as the borrow area CUs comprise the capping soil. 

- , -  - .r e , -  

NE 8 

for 
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Table B.1-9 Layout 
.___-___________ 
Repealed Ro ----.-__________ 

IC ... 

6.1-9 Layout Page 

Document 6732 



TABLE 6.1-9 - SOIL CERTIFICATION DATA - HWMU 

max value >>I 1.70E-01 1 O.OOE+OO I O.OOE+OO I O.OOE+OO 
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TABLE B.l-9 - SOIL CERTIFICATION DATA - HWMU 
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TABLE B.1-9 - SOIL CERTIFICATION DATA - HWMU 
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TABLE 6.1-9 = SOIL CERTIFICATION DATA - HWMU 

A6WP-CO1 -H27 27 
A6W P-C02-H27 27 
A6W P-C03-H42 42 
A6W P-C04-H42 42 
A6W P-C05-H42 42 

IA4B-C06-H49 ~ I 49 

- -- - -  . -. . . 

47540 1.83E+01 8.35E-01 1.79E+01 5.30E-01 
47482 2.53E+01 1 .I 5E+00 2.47E+01 5.30E-01 
57525 4.33E+00 1.98E-01 4.23E+00 4.90E-01 
57525 4.03E+00 1.84E-0 1 3.93E+00 4.40 E-0 1 
57525 1 .I 1 E+01 5.07E-01 1.09E+01 4.50E-01 

. _. . 
A4B-C07-H50 50 598 5.09E+00 2.32E-01 4.97E+00 NA 
A4B2-CI 4-H22 22 550 3.79E+00 1.73E-01 3.70E+00 NA 
iA4B2-CI 5-HO5 5 1299 3.03E+00 1.38E-01 2.96E+00 NA 
A6P1 -CO1 -H01 1 57088 8.60 E+OO 3.92E-0 1 8 40E+00 N A  

max value >> 2.53E+01 1 .I 5E+00 2.47E+01 2.00E+00 
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TABLE B.1-9 - SOIL CERTIFICATION DATA - HWMU 
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TABLE B.1-9 = SOIL CERTIFICATION DATA - HWMU 
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TABLE B.l-9 - SOIL CERTIFICATION DATA - HWMU 

max value >>I O.OOE+OO I 3.47E-02 I 4.60E+00 I O.OOE+OO I O.OOE+OO 

B.l-9 Page 7 of 33 

Document 6732 



TABLE 6.1-9 - SOIL CERTIFICATION DATA - HWMU 

46WP-CO1 -H27 
96W P-C02-H27 
96WP-C03-H42 
46W P-C04-H42 
46W P-C05-H42 

1 I Silver I Thallium I Uranium I Vanadium I Zinc I Acetone 1 Area LlWlrIlll I ff Certification 

27 47540 1.80E-01 NA 5.37E+01 NA NA NA 
27 47482 1.90E-01 NA 7.42E+01 NA NA NA 
42 57525 1.70E-01 NA 1.27E+01 NA NA NA 
42 57525 1.50E-01 NA 1 . I  8E+01 NA NA NA 
42 57525 1.90E-01 NA 3.26E+01 NA NA NA 

max value >> 
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TABLE B.l-9 - SOIL CERTIFICATION DATA - HWMU 

Certification Area Aroclor-1254 Aroclor-1260 Benzene 
Units HWMU ## sq ft uglg uglg uglg 

A I  P2S3-HW-OI-H41 I 41 I 24609 NA NA NA 
A3B-CO1 -H20 I 20 I 12989 NA NA NA 

~~ 

A3B-C04-H20 
A3B-C05-H20 
A3B-C06-H20 
A3B-C07-H20 
A3B-C08-H20 

A3B-C02-H20 I 20 I 21204 I NA - 1  NA I NA 
A3B-C03-H20 20 I 35467 I NA I NA NA 

20 21680 NA NA NA 
20 34292 NA NA NA 
20 44404 NA NA NA 
20 35924 NA NA NA 
20 371 57 NA NA NA 

~~ 

A3B-C04-H20 
A3B-C05-H20 
A3B-C06-H20 
A3B-C07-H20 
A3B-C08-H20 

20 I 9 1 r n n  I hl A I hl A I LI A 1 

20 - _- -  I 

20 1 44404 I NA I NA NA 1 
20 
20 ~~ 

A3B-C09-H20 
A3B-CIO-H20 

20 1 62500 NA I NA I NA 
20 I 59089 NA NA NA 

max value >>I 1.95E-02 I 1.70E-02 I 1.70E-03 1 

44B-C04-H46 
44B-C05-H47 

9.1-9 Page 9 of 33 

46 I 3301 I 4.20E-03 NA ' I NA 
47 2572 1.1 OE-02 NA NA 
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TABLE B.1-9 = SOIL CERTIFICATION DATA - HWMU 
Certification Area 

A I  P2S3-HW-01 -H41 I 41 I 24609 
A3B-CO1 -H20 I 20 I 12989 

Units HWMU I# sq ft 
Benzo(a)anthracene Benzo(a)pyrene 

uglg uglg 
NA NA 
NA NA 

A3B-C02-H20 
A3B-C03-H20 
A3B-C04-H20 
A3B-C05-H20 
A3B-C06-H20 

I 34292 I NA I N A  I 

20 21 204 NA NA 
20 35467 NA NA 
20 21 680 NA NA 
20 - . -. . 
20 I 44404 I NA NA 

. . . .  I 

I 35974 I NA I N A  I I .... I - - - - .  .... 
I NA 

A3B-C07-H20 20 
A3B-C08-H20 20 I 37157 I NA 
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TABLE B.1-9 = SOIL CERTIFICATION DATA - HWMU 

max value >>I 9.20 E-0 1 1 4.20E-01 
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TA5LE B.l-9 - SOIL CERTIFICATION DATA - HWMU 

~ . _. . 
A3B-CO1 -H20 20 12989 NA NA 
A3B-C02-H20 20 21 204 NA NA 
A3B-C03-H20 20 35467 NA NA 
A3B-C04-H20 20 21 680 NA NA 
A3B-C05-H20 20 34292 NA NA 

I I Bis(2-chloroisopropyI)ether I Bis(2-ethylhexy1)phthalate 1 Area HWMll ft 
Certification 

A6P1 -CO1 -H01 
A6WP-CO1-H27 
A6W P-C02-H27 
A6W P-C03-H42 
A6W P-C04-H42 
A6W P-C05-H42 

1 57088 NA NA 
27 47540 NA NA 
27 47482 NA NA 
42 57525 NA NA 
42 57525 NA NA 
42 57525 NA NA 

max value >> 

I A3B-C06-H20 I 20 I 44404 I NA NA 
~ ~~~ ~ ~~~ 

A3B-C07-H20 20 NA NA 

0 .OO E+OO O.OOE+OO 
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TABLE B.1-9 - SOIL CERTIFICATION DATA - HWMU 

B. 1-9 . Page 13 of 33 

Document 6732 



TABLE B.1-9 = SOIL CERTIFICATION DATA = HWMU 
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TABLE B.l-9 - SOIL CERTIFICATION DATA - HWMU 

\6WP-COI-H27 27 47540 NA 
\6W P-C02-H27 27 47482 NA 
\6W P-C03-H42 42 57525 NA 
\6W P-C04-H42 42 57525 NA 
\6W P-C05-H42 42 57525 NA 

max value >> O.OOE+OO 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

O.OOE+OO O.OOE+OO 
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TABLE B.1-9 - SOIL CERTIFICATION DATA - HWMU 

Certification Area 

A I  P2S3-HW-OI-H41 41 24609 
A3B-CO1 -H20 20 12989 
A3B-C02-H20 20 21 204 
A3B-C03-H20 20 35467 

Units HWMU ## sq ft 
C h I orofo rm C h rysene Cyanide 

uglg uglg uglg 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

A3B-C04-H20 
A3B-C05-H20 

I 
20 21 680 NA NA NA 
20 34292 NA NA NA 

A3B-CI OIH20 1 20 I 59089 I NA I NA I NA 1 

A3B-C06-H20 
A3B-C07-H20 
A3B-C08-H20 
A3R-CO9-H20 

20 44404 NA NA NA 
20 35924 NA NA NA 
20 371 57 NA NA NA - 
20 62500 NA NA NA 

A3B-Cl1 -H20 20 59891 
A3B-C12-H20 20 60100 
MDC-C28-H36 36 300 
MDC-C29-H48 48 261 2 
MDC-C30-H17 17 20081 
MDC-C32-H11 11 DH onlv 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA / NA 

B. l -9 .  Page 16 of 33 

A4B-CO2-HI8 18 4485 NA NA NA 
/A4B-C03-H28 I 28 501 3 I NA I NA I NA 
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TABLE B.l-9 - SOIL CERTIFICATION DATA - HWMU 
Certification Area 

AlP2S3-HW-Ol-H41 I 41 1 24609 
A3B-CO1 -H2O I 20 I 12989 

Units HWMU# sqft 
Cyclohexanone Di benzo(a, h)ant hracene 

uglg uglg 
NA NA 
NA NA 

~~ 

A3B-C02-H20 
A3B-C03-H20 
A3B-C04-H20 
A3B-C05-H20 
A3B-C06-H20 
A3B-C07-H20 
43B-C08-H20 
43B-C09-H20 
43B-CIO-H20 

~~ 

20 21 204 NA NA 
20 35467 NA NA 
20 21 680 NA NA 
20 34292 NA NA 
20 44404 NA NA 
20 35924 NA NA 
20 371 57 NA NA 
20 62500 NA NA 
20 59089 NA NA 

43B-CIl-H20 
43B-C12-H20 
MDC-C28-H36 

~ 

20 59891 NA NA 
20 601 00 NA NA 
36 300 NA NA 

44B-CO2-HI 8 I 18 I 4485 I NA I NA 
44B-C03-H28 28 501 3 NA NA 

vIDC-C~O-HI 7 

B.l-9 Page 17 of 33 

17 I 20081 I NA NA 

44B-CO1 -H04 4 I 3860 I NA NA 
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TABLE 6.1-9 - SOIL CERTIFICATION DATA - HWMU 
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TABLE 9.1-9 - SOIL CERTIFICATION DATA - MWMU 
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TABLE E3.1-9 = SOIL CERTIFICATION DATA - HWMU 
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TABLE B.l-9 - SOIL CERTIFICATION DATA - HWMU 

max value >>I 4.53E-05 I O.OOE+OO 1 
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TABLE B.l-9 - SOIL CERTIFICATION DATA - HWMU 

B.l-9 Page 22 of 33 

Document 6732 



TABLE 6.1-9 - SOIL CERTIFICATION DATA - HWMU 

46W P-C02-H27 
16W P-C03-H42 
46W P-C04-H42 
46WP-C05-H42 

27 47482 NA NA NA 
42 57525 NA NA NA 
42 57525 NA NA NA 
42 57525 NA NA NA 
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rnax value >> O.OOE+OO O.OOE+OO 7.70E-03 
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TABLE B.1-9 - SOIL CERTIFICATION DATA - HWMU 

,A4B-C06-H49 

A6WP-CO1 -H27 
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TABLE B.l-9 - SOIL CERTIFICATION DATA - HWMU 

Certification Area 

AlP2S3-HW-OI-H41 I 41 I 24609 
A3B-CO1 -H20 I 20 I 12989 

Units HWMU# sqft 
N-nitrosodipropylamine Octachlorodibenzofuran 

NA NA 
NA NA 

uglg u glg 

MDC-C28-H36 NA I 

44B-C05-H47 

MDC-C29-H48 I 48 I 261 2 I NA I NA 
MDC-C30-H17 17 I 20081 I NA NA 

47 2572 NA NA 

MDC-C32-H11 I 11 I pH only I I 
A4B-COI-HO4 4 I 3860 I NA NA 
A4B-CO2-HI 8 I 18 I 4485 I NA I NA 
A4B-C03-H28 28 501 3 NA NA 
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TABLE 6.1-9 - SOIL CERTIFICATION DATA - HWMU 
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TABLE 6.1-9 - SOIL CERTIFICATION DATA - HWMU 

max value O.OOE+OO I O.OOE+OO I 
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TABLE B.1-9 - SOIL CERTIFICATION DATA - HWMU 

Certification Area Phenanthrene Tetrachlorodibenzofuran 
Units HWMU ## 

sq ft uglg uglg 

A3B-CO1 -H20 I 20 I 12989 NA NA 
AI P2S3-HW-OI-H41 I 41 I 24609 NA NA 

A3B _ _ _  _ _  _ _  
A3B-C03-H20 I 20 I 35467 I NA I NA 

I I . .. . . .. . 

A3B-C04-H20 20 21 680 NA NA 
A3B-C05-H20 20 34292 NA NA 
A3B-C06-H20 20 44404 NA NA 
A3B-C07-H20 20 35924 NA NA 
A3B-C08-H20 20 371 57 NA NA 
A3B-C09-H20 20 62500 NA NA 
A3B-CIO-H20 20 59089 NA NA 

-C02-H20 I 20 I 21204 1 NA I N A  i 
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TABLE 6.1-9 - SOIL CERTIFICATION DATA - HWMU 

Units sq ft 
A1 P2S3-HW-01 -H41 41 .24609 
A3B-CO1 -H20 20 12989 
A3B-C02-H20 20 21 204 
A3B-C03-H20 20 35467 

I Area I Tetrachlorodibenzo-p-dioxin I Tetrachloroethylene HWMU # Certification 
.. . 

uglg uglg 
NA 6.87E-02 
NA 1.30E-03 
NA 1.20E-03 
NA 1.1 OE-03 

A3B-C06-H20 
A3B-C07-H20 

A3B-C04-H20 I 20 I 21680 I NA I 1.40E-03 
A3B-C05-H20 . 20 I 34292 I NA 1.40E-03 

20 I . 44404 I NA I 1.40E-03 
20 I 35924 I NA 1.00E-03 

A3B-C08-H20 
A3B-C09-H20 
A3B-ClO-HZO 
A3B-C11 -H20 
A3B-C12-H20 

20 371 57 NA 1.1 OE-03 
20 62500 NA 1.60E-03 . 

20 59089 NA 1.60E-03 
20 59891 NA 1.50E-03 
20 601 00 NA 1 .I OE-03 

MDC-C28-H36 I 36 I 300 I NA I NA 
MDC-C29-H48 48 261 2 NA NA 

- - - - - . . . . 
A4B-CO1 -H04 
A4B-CO2-Hl8 
A4B-C03-H28 
A4B-C04-H46 
A4B-C05-H47 

MDC-C30-H17 I 17 I 20081 I NA I NA 
MDC-C32-H11 11 I DH onlv f r - I  . .  

4 3860 NA 4.20E-02 
18 4485 NA NA 
28 501 3 NA NA 
46 3301 NA NA 
47 2572 NA NA 

44B-C07-H50 50 598 NA NA 
4462-C14-H22 

46P1 -CO1 -H01 I 1 I 57088 I NA I 1.90E-03 
46WP-COI-H27 27 I 47540 I NA 1.70E-03 

22 I 550 I NA I 2.00E-03 

96W P-C02-H27 
46W P-C03-H42 
46W P-C04-H42 
46W P-C05-H42 
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27 47482 NA 1.80E-03 
42 57525 NA 1.50E-03 
42 57525 NA 6.00E-03 
42 57525 NA 1.50E-03 

rnax value >> O.OOE+OO 6.8 7E-02 
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TABLE 6.1-9 m SOIL CERTIFICATION DATA - HWMU 
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TABLE B.1-9 - SOIL CERTIFICATION DATA - HWMU 

. 
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TABLE B.l-9 - SOIL CERTIFICATION DATA = HWMU 

A6WP-CO1 -H27 
A6W P-C02-H27 
A6W P-C03-H42 
46W P-C04-H42 
46W P-C05-H42 

27 47540 NA NA 
27 47482 NA NA 
42 57525 NA NA 
42 57525 NA NA 
42 57525 NA NA 
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TABLE 9.1-9 SOIL CERTIFICATION DATA - HWMU 

HWMU ## 
1 -  
4 -  
5 -  

11 - 
17 - 
18 - 
20 - 
22 - 
27 - 
28 - 
36 - 
41 - 
42 - 
46 - 
47 - 
48 - 
49 - 
50 - 

Description 
fire training facility 
drum storage area near lab building loading dock' 
drum storage area south of W-26 
tank farm sump 
plant 8 east pad 
plant 8 west pad 
plant 1 storage pad 
abandoned sump 
waste pit 4 
trane thermal liquid incinerator 
storage pad north of plant 6 
sludge drying beds 
waste pit 5 
uranyl nitrate hexahydrate (UNH) tanks 
UNH tanks - north of plant 2A 
UNH tanks - southeast of plant 2A 
UNH tanks - digestion area 
UNH tanks - raffinate building 
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. TABLE B.2 SOIL BACKGROUND VALUES 

I Soil Background' 
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TABLE B.2 SOIL BACKGROUND VALUES 

I Soil Background' 
COC I Unit I Value I 

Dibenzo(a,h)anthracene I uglg I O.OOE+OO 
3.3-Dichlorobenzidine uola t O.OOE+OO 
1,2-DichIoroethane uglg O.OOE+OO 
1 ,I -Dichloroethylene uglg O.OOE+OO 
Dieldrin uglg O.OOE+OO 

IDi-n-octvbhthalate I uala I O.OOE+OO I 
Ethylbenzene I uglg I O.OOE+OO 
Ethyl ether uglg I O.OOE+OO 

4-Nitroanaline uglg 1 O.OOE+OO 
N-nitrosodiphenylamine I uglg I O.OOE+OO 

IN-nitrosodiDroDvlamine I ua/o I O.OOE+OO I 
Octachlorodibenzofuran uglg I O.OOE+OO 
Octochlorodibenzo-p-dioxin I uglg I O.OOE+OO 

IPentachlorodibenzofuran I uala I O.OOE+OO I 
Pentachlorodibenzo-p-dioxin 1 uglg I O.OOE+OO 
PentachloroDhenol I ualo I nnnE+oo 
Phenanthrene uglg O.OOE+OO 
Tetrachlorodibenzofuran uglg O.OOE+OO 
Tetrachlorodibenzo-p-dioxin uglg O.OOE+OO 
Tetrachloroethylene uglg O.OOE+OO 
Toliiene I lfllfl n nnF+on 
Tributyl phosphate 
1 ,I ,2-Trichloroethane 
Trichloroethylene 
Trifluorochloromethane 

I soil F R L ~  

' (based on 95'h percentile in Table 4-2 of the Addendum to CERCLNRCRA Background Soil Study - or as indicated in notes) 
l a  if 95th percentile is detection limit, reported limit is used 
1 b 0 = result not available, zero assumed. 
IC Th-230 value assumed to be in secular equilibrium with U-234, as no result was reported in the background study. 
I d  F value is 95'h percentile result from A9 soil certification samples. 
1 e Uranium isotope activities calculated from total U value 
I f  List of COCs taken from Table 9-3 of the OU5 ROD, and supplemented with COCs (blue) from the certification-unit list 

* values' from Table 1-4 of SEP 
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APPENDIX C 

Analytical Results and Derivation of Exposure 
Zone Values for Surface Waters 

This appendix summarizes data for surface-water samples collected across the site after 

the completion of activities associated with soil remediation. Plate 2 shows the collection 

locations for over 190 uranium samples (red dots with corresponding location number), . 

large ponds in foiiner contaminated areas (blue polygons numbered 1 tlu-ougli 30), aiid 

small arid large ponds outside the foiiner production and waste-storage areas (blue 

polygoiis lettered A through J). A large number of uranium samples (Table C-1) were 

collected because this is tlie primary contaminant at the Feiiiald site and a coinpilation of 

uranium levels in puddles and ponds would provide a chemical snapshot that indirectly 

reflects the efficacy of the soil remediation process (i.e., uranium levels are expected to 

be below the surface-water final remediation level). As a conservative measure, the 

uranium result for each blue polygon location was derived by averaging tlie results for 

every uranium sample within the blue polygon (i.e., all the red-dot locations within the 

polygon). This is conservative because it removes some of the low bias associated with 

dilution of the uraniuiii concentration in large volume ponds. Not all surface water 

samples shown on Plate 2 and Table C-1 were used to in the surface water calculations as 

inany of the samples fell far away from large ponding areas aiid do not contribute 

significantly to the Sitewide surface water volume. However, as discussed in 

Section 5-8, uncertainty calculations considered the highest uranium value obtained froin 

all surface water samples regardless of its inclusion in a polygon or not. Specifically, the 

result of 1880 ug/L (from sample location 196, which falls outside of a defined polygon) 

was used as the surface water concentration in tlie uncertainty calculations. This 

represents tlie worst case scenario for the chemical contribution to risk from surface 

water. 

Initially, four surface-water samples (blue polygons 1 tlvougli 4) were collected and 

characterized for soil coiltaminants that were detected aiid reported in the site 

ceitifjcation reports (1 5 radionuclides, 2 1 inorganic chemicals and 48 organic 

compounds). Samples collected froin most of the remaining ponds were analyzed for a 

c- 1 
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TABLE C-1 
WATER SAMPLES FOR URANIUM BY EXPOSURE ZONE WITH ISOTOPIC CALCULATION 

Uranium results for site ponds (sampled Nov 7 through Jan 24. 2007; and analyzed at CWWT lab) 
I I I I I I 1 
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TABLE C-I  
WATER SAMPLES FOR URANIUM BY EXPOSURE ZONE WITH ISOTOPIC CALCULATION 

* These locations were continuously sampled to investigate elevated uranium concentrations. 
This value represents the highest result as 1-24-07. 

(65 had results in mg/l of 0.372,0.166.0.199,0.663, 0.438. 0.434, 0.448) 
(193 had results in mgA of 0.650,0.832,0.466,0.762. 0.606, 0.519,0.628) 
(194 had results in mgA of 0.856.0.771.0.832.0.613.0.752. 0.765) 
(195 had results in mgAof 0.155; 0.244,0.790.0.554. 0.127, 0.134, 0.255.0.427, 0.420, 0.492) 
(196 had results in mgilof0.877,0.740.0.837,0.669. 0.097, 0.395, 0.467.0.476) 
(197 had results in mg/lof0.454,0.411.0.432. 0.300, 0.397. 0.475) 
(198 had results in mg/l of 0.460.0.503,0.511,0.470. 0.480.0.509) 
(199 had results in mgll of 0.379.0.662.0.057) 
(200 had results in mgh of 0.639,0.457.0.557,0.640.9. 0.663) 

.’ 
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TABLE C-2 - SURFACE WATER - Zone 1 

I Constituent unit Polygon A risk values 

Plutonium-239/ 

Constituent unit Polygon A risk values 
Cesium-137 Ci/L 

Ci/L 
Ci/L 

NA 
IPlutonium-239/240 I oCi/L I NA I NA I 
Radium-226 I pCi/L I 3.53E-01 I 3.53E-01- 
Radium-228 I pCi/L I 2.52E+00 1 2.52E+00 

NA I NA .. 
Technetium-99 

Bromoform I mg/L J NA I NA 
Bromomethane I mo/L I NA NA 

~~~ 

2-Butanone mg/L NA NA 
Carbazole mg/L NA .NA 
Carbon disulfide mg/L NA NA 
Carbon tetrachloride ma/L NA NA 
Chlordane mg/L NA NA 
Chlorobenzene mg/L NA NA 
Chloroform mg/L NA NA 
Chrysene 1 mg/L I NA NA 
Cvanide NA I NA I 

Bold values are reported detection limits. 
Risk values are Polygon A values modified as noted below: 
Detection limit values are used in the risk calculations for rad and inorganic COCs. If an organic COC value is a detection limit, 

If COC isnot evaluated for the sdl pathway, it is also eliminated for the surface-water pathway 
If COC is evaluated for the soil pathway and a result for this COC is not available (NA) for surface water, 

. 

one-half of the detection limit is used in the risk calculations, due to sensititivy of dermal exposure to organic COCs. 

the background surface-water value is used in risk calculations. 
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TABLE C-2 - SURFACE WATER - Zone 3 

r.-7 Pano E; nf 17 
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TABLE C-2 - SURFACE WATER - Zone 3 

Bold values are reported detection limits 
Risk values are average values modified as noted below: 
Detection limit values are used in the risk calculations for rad and inorganic COCs. If an organic COC 

value is a detection limit, one-half of the detection limit is used in the risk calculations, due 
to sensititivy of dermal exposure to organic COCs. 

If COC is not evaluated for the soil pathway, it is also eliminated for the surface-water pathway 
If COC is evaluated for the soil pathway and a result for this COC is not available (NA) for surface 

water, the background surface-water value is used in risk calculations. 

C-2 Page 6 of 17 
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TABLE C-2 - SURFACE WATER - Zone 4 

TBuGnone NA I NA I NA NA I NA 
Carbazole I mg/L I NA NA NA I NA NA I 

r - 7  Dinn 7 nf 17 
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TABLE C-2 - SURFACE WATER - Zone 4 

Constituent unit Polygon rnax value avg value 
G I H 

Carbon disulfide 
Carbon tetrachloride 
Chlordane 

Bold values are reported detection limits 
Risk values are average values modified as noted below: 
Detection limit values are used in the risk calculations for rad and inorganic COCs. If an organic COC 

value is a detection limit, one-half of the detection limit is used in the risk calculations, due 
to sensititivy of dermal exposure to organic COCs. 

If COC is not evaluated for the soil pathway, it is also eliminated for the surface-water pathway 
If COC is evaluated for the soil pathway and a result for this COC is not available (NA) for surface 

water, the background surface-water value is used in risk calculations. 

mg/L NA NA NA NA NA 
mg/L NA NA NA NA NA 
mg/L NA NA NA NA NA 

C-2 Page 8 of 17 
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TABLE C-2 - SURFACE WATER - Zone 7 
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TABLE C-2 - SURFACE WATER - Zone 7 

Bold values are reported detection limits 
Risk values are average values modified as noted below: 
Detection limit values are used in the risk calculations for rad and inorganic COCs. If an organic 

value is a detection limit, one-half of the detection limit is used in the risk calculations, due 
to sensititivy of dermal exposure to organic COCs. 

If COC is not evaluated for the soil pathway, it is also eliminated for the surface-water pathway 
If COC is evaluated for the soil pathway and a result for this COC is not available (NA) for surfac 

water, the background surface-water value is used in risk calculations. 

r - 3  Pano 1 5  nf 17 
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TABLE C-2 - SURFACE WATER - Zone 8 

Bold values are reported detection limits. 
Risk values are Polygon A values modified as noted below: 

Dieldrin mg/L NA O.OOE+OO 
Di-n-octylphthalate mglL NA NA 

O.OOE+OO Ethylbenzene mglL NA 
Ethyl ether mg/L NA NA 
HeDtachlorodibenzofuran molL NA N A  

Detection limit values are used in the risk calculations for rad and inorganic COCs. If an organic COC value is a detection limit, 

If COC is not evaluated for the soil pathway, it is also eliminated for the surface-water pathway 
If COC is evaluated for the soil pathway and a result for this COC is not available (NA) for surface water, 

one-half of the detection limit is used in the risk calculations, due to sensjtitivy of dermal exposure to organic COCs. 

the background surface-water value is used in risk calculations. 
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TABLE C-2 - SURFACE WATER - HWMU 

Constituent 

Uranium 

L V  

(mglL) 
NA 

Constituent 

Dieldrin 

b V  

(mglL) 
NA 

1 , I  ,2-Trichloroethane 
1 , I  -Dichloroethylene . 

1.2-dichloroethane 

1 .OOE-03 
NA 
NA 

Di-n-octylphthalate 
Ethyl ether 
E thvl benzene 

NA 
NA 
NA 

Fluoride NA ' 

Acetone . 

Antimony 
Aroclor-I 254 

NA 
NA 
NA 

lndenof 1.2.3-cdbvrene NA 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo( k)fluoranthene 
Beryllium 
Bis(2-chloroisopropyI)ether 
Bis/2-ethvlhexvl)~hthalate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

Bromoform 
Bromomethane 
Cadmium 
Carbazole 

NA 
NA 
NA 
NA 

Copper 
Cyanide 
Cvclohexanone 

NA 
NA 
NA 

2-Butanone I 5.00E-03 
3.3-Dichlorobenzidine I NA 
4-methyl phenol I NA 
4-Nitroanaline NA 

Heptachlorodibenzo-p-dioxin I NA 
Hexachlorodibenzofuran NA 

(Lead 1 1.20E-03 I 
Manganese I NA 
Mercurv I 6.00E-05 

NA 
I NA 

Barium I 5.61E-02 
Benzene I 1.00E-03 

Methanol I NA 
4-Methvl-2-11entanone NA 
Methylene chloride 5.00E-03 
Molybdenum 
Nickel 

Octachlorodibenzofuran NA 
Octochlorodi benzo-D-dioxin I NA 

Boron I NA 
Bromodichloromethane NA 

Pentachlorodibenzofuran I NA 
Pentachlorodibenzo-D-dioxin NA 
Pentachlorophenol NA 
Phenanthrene I NA 

I NA Selenium 
Silver NA 

Tetrachlorodibenzofuran I NA 
Tetrachlorodibenzo-D-dioxin ' I NA 

Carbon disulfide 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 

Tetrachloroethylene I 1.00E-03 
Thallium I NA 

Chloroform I NA 
Chromium (VI) I 1.80E-03 

I 1.00E-03 
I NA 

Chrysene I NA 
Cobalt NA 

Trichloroethylene NA 
Trifluorochloromethane I NA 
Vana d i u m 
Vinyl chloride 

Zinc 
1.00E-03 

lDibenzo(a,h)anthracene I NA I 
Only RCRA constituents are evaluated for the HWMUs. 
NA = not applicable 
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Refel-ences ;rnd Footnotes for Risk Assessriicrit 
Toxicity Values and C m c e ~ -  Slope Factors 

S U RIIRI A R1’ 

This Appendix i~icludes four separate tables. The first table (Table D-I) is a suiiiiiiary of 

the toxicity values and caiicer slope factors with their associated references for the non- 

radiological parameters as obtained from the Risk Assessment Info~iiiation System 

(RAIS). The (RAIS), which is maintained by the Department of Energy Oak Ridge 

Operations Office, was utilized to obtain the most recent chemical and radionuclide- 

specific toxicity values needed for tlie risk assessment calculations. These parameters 

include the cancer slope factors and reference doses for each exposure pathway (i.e., 

inhalation, ingestion aiid external radiation) aiid absoiytioii factors and penneability 

factors for tlie dermal exposure pathway. The toxicity values were extracted fiom the 

M I S  database on November 6,2006. 

The RAIS database is a coiiipreliensive source of risk assessiiient aiid hazard values that 

coiiibiiies toxicity values fiom the USEPA Integrated Risk Infoniiation System (IRIS) 

database, the USEPA Health Effects Assessment Suiimiary Tables (HEAST, radionuclide 

table), aiid the USEPA Provisional Peer Reviewed Toxicity Values (PPRTVs) into a 

single database, The RAIS toxicity values are reviewed monthly and updated as new 

values are added to the individual EPA source databases. In the case ofinultiple values 

for the same chemical, the M I S  incoiyorates the toxicity value hierarchy utilized by the 

USEPA using the following order: IRIS, PPRTV, aiid other sources such as the HEAST 

tables, the Agency for Toxic Substances aiid Disease Registry (ASTDR) Miiiiiiial Risk 

Levels, aiid the California Enviroiuiiental Protection Ageiicy toxicity values. To verify 

the toxicity values taken fioiii the M I S  database, several coiistituents were queried in tlie 

IRIS and HEAST tables to confiriii the accuracy of the M I S  values prior to perfoiiiiing 

the iiiteriin risk assessment calculations. 
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I t  should be noted that the R A E  database differs froin the USEPA recommendations for 

the calculations of the cliro~iic dermal RfD and the dermal slope factor. According to the 

Assessnient Guidance for Superfixid, Volume I: Human Health Evaluation Manual (Part 

E, Supplemental Guidance for Deiinal Risk Assessment (EPA 2004), USEPA 

~~ecomniends calculating dermal RfD values and cancer slope factors only when a 

cliemical’s GIABS value is less than 50 percent. The RAIS database calculates the 

dermal RfD values and cancer slope factors for every chemical. The following is an 

excerpt f?om tlie.RAIS database that details how tlie GIABS values were applied to 

calculate the dermal RfDs and the cancer slope f~c tors  

, , e  7 I Izc dcrnial clzronic I</’ nricl del-mal s lopc./ i~lor  iire derivcd tising rho nzetliods 
provided in l11.c Ri.slr As.rcs.rincii./ Ctiidaii.cci.Ji,i. SLperfuii.d: Volunzc J ,  /-lumaii Health 
Ewi biici I ioii Ada rzuul, Pa 1-1 A (LJ)A/.54O/i -89/002). I I I  addition to the zincerluiii lies 
cazised /?y routc di[rcreiiccs, , furtlzer tiiicertaiiig) is introduced bj) tlie.fact t l za~  tlie oral 
dose-rcspoii.6re selutioii.sliips are based on potential (i. e., adi?iiiiistered) dose, diereas 
~ h c  dermal dose csliiimbes are absorbed doses. Ideal(y, these d$iiwices in route arid 
dosc~. ( \ y e  should be res~lved via pliari?zacoliiiietic modeling. A ltci-iiatively, . .  if 
cslimatcs o f  tlzc Qastr-oiii.tcstina1 absoi.ptioii.fiactioii arc civailc~ble,fi~i~ the coinpotincl 
U J  irzlcrcst iii the appropi-in f e  vehicle, the11 the oral do.rc-rcspoiisc, fuctor, unadjusted 
{or absorption, caii be corwei-ted to an absorbed dose busis ns,li,Ilow.r (see related 
disctissioii in Appendix A oj‘ RA GS, EPA) (Dermal Expostire Assessinem: Priiicqles 
cmd Applications, USEPA, Ofice o f  Research and Developinelit, Wasliiizgtoii, DC, 
EPA/6O0/8-91/01 IB, Januaiy, 1992): 

A 1 I gas tro in 1 esliiia I a 17s orp I io ii do in LIS cd in t 11 E co ii \ w s  ioiis were o hla in ed .fiorn 
lilcraluse searclies. However. .for clicniicals,/or- wliicli gustroirilcsl&al nbsorptiorl 
fuciors could rzol be:fi,und, defidl oral absorption efficiencies coizlniiied in EPA 
Region 4’s Supplenierital Guidance- lo RAGS: Region 4 Bulleliris Numarl Health Xis)< 
Assessment, November I Y Y 5 ,  M ~ C  used. Tlicsc default vulues are as.filloMJs : 

8O%.for volatile organic chemicals. 
50%.for senzi-volatile organic chemicals. 
2O%,for inoi*ganic chenzicals. ” 

While the RAIS approach differs from the USEPA recoininended approa’ch, it is a 

conservative approach. Adjusting the RfD and. slope factors for every 

D-2 
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cliemicallconsl~tuenl using (lie GIABS values results, a1 a iiliiiiiiiuni, in  ;in eq~ial Hazard 

Quotient (HQ) and Incremental Lifetime Cancer Risk (ILCR) but more often in a Iiiglier 

I-IQ and ILCR siiiiply because the majority of the GIABS values are less than 7 00%. 

Tlicrefore, the RAIS approach to calculatiiig the dermal RfD and derinal cancer slope 

factors was chosen for this risk assessment. 

The second table (Table D-2) is a suiniiiary of tlie camel' slope factors with their 

associated references for the radionuclides as obtained fiom tlie EPA's Health Effects 

Asses sin en t S uiiim ary Tab 1 es fou 11 d at 11 t tp : //w w w . e 11 a. go v/ra d i at  i o nll 1 east /. 

The third table (Table D-3) is a tluee-part table that presents tlie 11011-radiological toxicity 

values and cancer slope factors used for the CRARE for the exposure routes, the non- 

radiological toxicity values and cancer slope factors used in this present risk model (only 

accounting for the parameters in the CRARE), and a coinparisoil table, which contains a 

ratio of the present values/factors as compared to the values/factors used in the CRARE. 

The fourth table (Table D-4) is also a thee-part table that presents the same type of 

iiiformatioii as Table D-2 except the parameters are the radionuclides. 

Table D-3 and Table D-4 are being presented to demonstrate that there have been 

changes to these values/factors over the years some of which are extremely significant. 

Most notably is the cancer slope factor for radon-222, which has increased by a factor of 

24.7 (from 7.30E-I 3/pci in the CRARE to 1 .SOE-1 I/pCi as listed in the present HEAST). 

k1-222 is a constituent that contributes to the risk in every zone. The other most notable 

increase is that of teclmetium-99, which increased by a factor of 136 (fiom 6.00E-I3/pci 

in the C U R E  to 8.1 4E-1 l/pCi as listed in the present HEAST) but technetium-99 is not 

evaluated as a coiitaiiiiiiaiit of coiiceim in ever exposure zone. 
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These subclironic and chron~c non-cancer toxicity values arc found i n  Agency 
documents, bul were calculated by alternative methods thal are not cui-rently 
practiced by the RfD/RfC Work GI-OLI~. These values are considered to be 
adequate ]>ro\/isional values for risk assessiiieiit ]myoses at Superfund and RCRA 
sites, but are subject to be reviewed by the RIDIRfC M1oi-k Group and revised 
when iiecessary to reflect current work group practices. 

HEAST coricliided that toxicity data were inadequate for calculation of oral RfDs 
for copper and substituted the cun-ent drinking water standard (MCLG) of 1.3 
mg/L. The RAIS converts this MCLG to an RfD for cln-onic and subchronic oral 
exposure. 

Tlie oral toxicity values for 'Cadmium (Diet)' are to be used for soil and food uses 
while the oral toxicity values for 'Cadmium (Water)' are to be used for water uses 
only. 

IRIS no longer separates manganese values for chronic oral RfDs into water aiid 
diet RfDs. Tlie chronic oral RfD for the total oral intake of manganese is 1.40E- 
0 1. However, when assessing exposure to manganese from drinking water or soil, 
IRIS recoininends using a modifying factor of 3, thereby lowering tlie RfD to 
4.67E-02, which has been rounded to 4.6E-02. Rounding to 4.7E-02 is more 
accurate, but makes tlie value less conservative. HEAST values remain separated 
into water and diet subchronic RfDs. 

The cancer potency of PCB mixtures is deteiinined using a thee tiered approach 
that depends 011 the information available. Criteria for use of the High Risk aiid 
Persistence Tier include: food chain exposure; sediment or soil ingestion; dust or 
aerosol inhalation; dermal exposure if an absorption factor has been applied; any 
early-life exposure; aiid the presence of dioxin-like, tumor-promoting, or 
persistent congeners. This value, 2.00e+00 per (mg/kg)/day, is the upper-bound 
slope factor for tlie High Risk and Persistence Tier. The central-estimate slope 
factor for this tier is 1 .OO+OO per (mg/kg)/day. 

. 

Criteria for use of the Low Risk and Persistence Tier includes: ingestioii of water- 
soluble congeners; iidialatioii of evaporated congeners; aiid demal exposure if no 
absorption factor has been applied. The value of 4.00E-01 per (mg/kg/day) is the 
upper-bound Oral Slope Factor for the Low Risk aiid Persistence Tier. The 
central-estimate Oral Slope Factor for the Low Risk and Persistence Tier is 
3.00E-01 per (niglkglday). For ingestion of water-soluble congeners, tlie middle 
tier upper-bound slope factor can be converted to a'uiiit risk of 1.00E-05 per 
(ug/L/da.y). 

Van den Berg et al: (2006) presents the WHO 2005 TEFs for carcinogenic dioxins 
aiid furans and polychlorinated biphenyls. Ahlborg et al. (1 994) presents the 
WHO 1994 TEFs for carcinogenic- polychloiinated biphenyls 170 aiid 1 80 in 
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S The chemical name 'Mercury (inorganic)' was replaced with the name 'Mercui-y 
(elcmental)' in 9/95; both have the same CAS number as 'Mercury (elemental)' 
and a GlABS of 0.01%. Note: because 'Mercuric Chloride' was used in  the studies . 

f h i  which the toxicity values for 'Mercury (inorganic)' were derived and because 
'Mercuric Chloride' is a specific inorganic fonn/compound of 'Mei-cury 
(inorganic)', the oral RfD values have been assigned to 'Mercuric Chloride'. T/w 
F'CP will use these vaiucs,for A4esctiiy (iizoi.gari.ic). 

t .  This entry was formerly listed as Nickel (iiictnllic) with the CAS number 7440- 
02-0. 'I'hc clieinical name wiis changecl so tlial i t  iiiore accui-ately indicates the 
chemicals used in the studies from which the values were derived. Several 
different tiicltel salts were used, so the listing of one CAS number is not 
appropriak and Iias been replaced with the work VARIOUS. Tlic V L I ~ U C S  remain 
unchanged. Risk Assessment Program assigns these values to  Nickel (metallic), 
although they are no longer listed with that chemical name. 

LI The Inhalation Slope Factor was calculated from inhalation unit risk as described 
in Suppleiiierital Guidance fiom R4GS: Region 4 Bzilletiiz~, Hziinnii Health Risk 
Assessnzeizt (Interim Guidance) (November 1 995). 

\/ 'The Risk Assessment Propam has contacted Superhnd and been given 
provisioiial values which should be used for DOE-ORR projects. This value 
should be clearly documented as provisional. For other projects, Superhiid Health 
Risk Technical Support Center should be contacted directly (5 13) 569-7300. 

W This value was withdrawn by NCEA. "The cancer slope factor was withdrawn 
because of the re-evaluation of the rodent data which does not support genotoxjc 
mode of action based on our proposed cancer guideliiies. This chemical is now 
being reassessed for IR.IS wliicli automatically flags further use of any  ~irovisional 
caiiccr or mi-cancer assessinents." If this chemical is identified as a risk driver, 
the risk ~ S S ~ S S O T  should consult The EPA Superfund Technical Support Center. 
All withdrawn values should be clearly documented when used in any risk 
assessinent activity. 

ae Source: Federal Register, (very large file) Tliursday December 7, 2000. Part 11, 
Environmental Protection Agency. 40 CFR Parts 9, 141, and 142 - National 
Primary Drinking Water Regulations; Radionuclides; Final Rule. p 7671 3. [PDF] 
Also see Soil Screening Guidance for Radionuclides: User's Guide pg 1-6. 

ag The 3-Nitroanilitie RfC, RfD, and oral slope factor toxicity values are based on 
analogy to 4-Nitroaniline. This information is presented in SRC SF OI- 
025{u,b,c)/11-01-02 "Risk Assessnzeizt Issue P a p s  .for: Provisioizal {Rfo, &fC, 
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ai Tetrach1oroetlivlene cancer toxicity values are taken from California EPA and 
EPA Region 9. Please see the justifJling the use of these values. EPA 
Regions VI and I13 have adopted these toxicity values as well. 

alc The oral RfD and dermal RfD values for Aroclor-1254 were used for Aroclor- 
1260 at the request of USEPA during the December 6, 2006 meeting. 
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Chronic Dermal Rcfercnce Dose and Derm;il Slope Factor Rcfercnccs 

I-JEAST - Values listed were taken fi.0111 the EPA's Health Effects Assessment Summary 
7 'ab 1 es found at h ttp : / /~ww.c!p~i  . ~ o ~ / i * a d  iation/hcas t/ . 

IRIS - Values listed were taken fi-om the EPA's Integrated Risk Information System 
f( )u nd at 11 t ti) : //wwM/. e p  a. ~o v/IR I S/su bs tlin dex . 11 tin1 . 

PROV - Values listed are provisional. Other occurring sources are Superfund Health R.islc 
Technical Support Center or draft IRIS assessments. 

RO/CA - Values listed are provisional and are taken from California EPA and EPA 
Region 9 ,  

C A  I,C - 'I'liesc calculations are performed wlic~i there isn't a reheiicc hi. the clcsired 
to x i ci t y va I ue. 

1 )  Oral Slopc Factor (OSF) to Dcrinal Slopc Factor (DSF): 
OSF / GIABS = DSF. 

2 )  01x1 Rcfel-encc Dose (RfDo) to Dcriiial Rcferencc Dose (RfDd): 
R f J h " .  GIARS = RfDd 

3)  lnhalatioii Reference Concentration (RfCi j to Itdialation Reference Dose: 
(RfDi). RfCi / (70 kgQ0 in') = RfDi. 

4) O i a l  Unit Risk (OUR) to OSF 
OUR"'(70 I\g/?I,/d) - OSF 
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C; as troin tcstiii;il Absorption Fs ctor (GI ABS) Rcfcrciiccs 

9-1 United States Envi~~onineiital Protection Agency. 1995. Supplemeiital Guidance to 
RAGS: Region 4 Bulletins, I-Iunian Health Risk Assessinent (Interim Guidalice). 
Waste Management Division, Office of I-leal th Assessmcnf. 
11 ttp ://\WWY.cp ;l.~o\~/l~(t~i0114/W;lsfC/O t s /O tsguid.11 tlll 

9 - 2 ATSDR (Agency for Toxic Substances arid Disease Registry). 1992. 
Toxicological Plofi I e for 2-Bu tanone. ATSDR/U. S . Public Health Service. 

9 - 3 Ralmiaii, A,, J.A. Barrowman aiid A. Rahimtula. 1986. The influence of bile on 
the bioavailability of polynuclear aromatic hydrocarbons from the rat irjtestine. 
Can. J. Physiol. Phaiinacol. 64:1214-3218. 

9 - 4 ATSDR (Agency for Toxic Substances and Disease Registry). 1992. 
Toxicological Profile for Acetone. ATSDWU.S. Public Health Service. 

9 - 8 ATSDR (Agency for Toxic Substances and Disease Registry). 1992. 
Toxicological Profile for Barium. ATSDR/U.S. Public Health Service. 

9 - 9 Sabourin, P.J.: B.T. Chen, G. Lucier, et al. 1987. Effects of dose on the absorption 
and excretion of [ 14Clbenzene administered orally or by illhalation in rats aiid 
mice. Toxicol. Appl. Pharmacol. 87:325-336. 

9 - 11 HSDB (Hazardous Substances Data Bank). 1994. MEDLARS Online Infoilnation 
Retrieval System, National Library of Medicine. Retrieved March, 1994. 

9 - 12 Furclmer, J.E., C.R. Riclmond aiid J.E. London. 1973. Coinparative metabolism 
of radionuclides in mammals: 1711. Retention of beryllium in the iiiouse, rat, 
inoilkey and dog. Health Pliys. 24:292-300. 

9 - 13 Foulkes, E.C. 1986. Absorption of cadmium. In: Handbook of Experiinental 
Pharmacology. Vol. 80, E.C. Foulkes, ed., Springer-Verlag, Berlin, pp. 75- 100. 

9 - 14 ATSDR (Agency for Toxic Substaiices and Disease Registry). 1992. 
Toxicological Profile for Carbon Disulfide. ATSDR/U.S. Public Health Service. 

9 - 15 U.S. EPA. 1989. Updated Health Effects Assessinelit for Carbon Tetrachloride. 
Prepared for the Office Einergeiicy aiid Remedial Response, Washington, DC. 
Environuiiental Criteria and Assessinelit Office, Ciiiciimati, OH. 

9 - 16 ATSDR (Agency for Toxic Substances aiid Disease Registry). 1992. 
Toxicological Profile for Chlordane. ATSDR/U.S. Public Health Senrice. 

9 - 17 ATSDR (Agency for Toxic Substances aiid Disease Registry). 1990. Toxicological 
Profile for Chlorobenzene. ATSDR/U.S. Public Health Service. 
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Brown, D.M., P.F. Langely, D. Smith, et al .  1 974. Metaliolism oCCliloroforni. 1. 
The metabolism of 11 4C]-cliloroform by different species. Xenobiotica 4: 15 1 - 
163. 

U S .  EPA. 1984. T-Iealtli Effects Assessment for Chromium. Final Report. 
En~~i~~onmental  Criteria and Assessment Office. Research Triangle Park, NC. 
EPA-60O/8-8.?-014F. PB85-115905. 

Goyer, R.A. 1991. Toxic Effects of Metals. In: Casarett and Doull's Toxicology: 
The Basic Science of Poisons, fourth edition. M. 0. Ammdur, J. Doull, and C.D. 
Klaassen, eds. pp. 623-680. 

Venugopal, B. and T.D. Lucltey. 1978. Mctal Toxicity in Mammals - 2. Cheniicol 
T(;xicity of'Mctals and Mctalloids. I'lcnum I'ress. pp. 104-1 12. 

A'I'SDR (Agency for Toxic Substances and Disease Registry). 1989. 
To>; i co I ogi cal P i n  fi 1 e for 1,2- D i chloroethan e. A TS DR/LJ. S . Pub 1 i c I-I cal th Service. 

A'T'SDR (Agency for Toxic Substances aiid Disease Registry). 1989. 
Toxicological Profile for 1,l -Dichloroethene. ATSDR/U.S. Public Health Service. 

ATSDR (Agency for Toxic Substances and Disease Registry). 1991, 
'1~~~~;icoIogical Profile for Fluoride, Hydrogen Fluoride, and Fluorine. 
AT'SDR/U. S. Public Health Service. 

U.S. EPA. 1984. Health Effects Assessment for Cyanides. Prepared by the 
Environmental Criteria and Assessment Office, Cincinnati, OH for the 
Emergency aiid Reiiiedial Response Office, Washington, DC. EPA/540/1-86-0 1 1 

U.S. EPA. 1990. Intepated Risk hfonnation System (IRIS). Health Risk 
Assessment for Mangancsc. On line. (Verification date 6/21/90). Office of Health 
and En vi roiiin cii tal Assessm cn t, Environmental Cri tcri a and Assessni cn t 0 ffi ce, 
Cincinnati, ON. 

Angclo, M.I.,  A.13. Pritcliard, D.R. I-lawltins, et ai. 1986. 'rhc ~~l~a~macolcinctics of  
diclilorometliane. I. Disposition in B6C3F1 mice followiiig intravenous and oral 
adm i ni s trat i on. Food Chem . To x i co 1. 24 : 9 6 5 -9 74. 

Friberg, L. aiid J. Leiier. 1986. Molybenuin. In: Handbook on the Toxicology of 
Metals. 2nd ed. L. Friberg, G.F. Nordberg and V.B. Vouk, eds. Elsevier/North- 
-1olland Biomedical Press, New York. pp. 446-461. 

4TSDR (Agency for Toxic Substances and Disease Registry). 1993. 
roxicological Profile for Nickel. ATSDR/U.S. Public Health Service. 
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9 - 37 ATSDR (Agency for Toxic Substances and Disease liegistry). 1989. 
Tox ico 1 ogi cal I)rof? I e f‘or N -N i lrosod i -11 - J I I - O J ~ J ~  all1 i 17 e. ATS DR/U . S . I’ lib1 i c 1-1 ea1 th 
Service. 

9 - 38 ATSDR (Agency for Toxic Substaiices and  Disease Registry). 1989. 
Toxicological Profile for Pol)~chlorinated Biphenyls: Aroclor 1260, 1254: 1248, 
1242, 1232, 1221, and 1 0 1  6 .  ATSDR/U.S. Public I-leultli Service. 

9 - 39 Medinsky, M.A., R.G. Cuddihy, R.O. h4cClellan. 1981. Systemic absoiption of 
seleriious acid and elenien tal selenium aerosols hi rats. J. Toxicol. Eiiviron. Health 
8:917-928. 

9 - 41 East, B.W., I<. Boddy, E.D. Williams, et al. 1980. Silver retention, total body 
silver and tissue silver conceiitrations in argyria associated with exposure to an 
anti-smoking reiiiedy containing silver acetate. Clin. Exp. Deniiatol. 5:305-3 1 1 , 

9 - 46 ATSDR (Agency for Toxic Substances arid Disease Registry). 1989. 
Toxicological Profile for Toluene. ATSDR/U.S. Public Health Service. 

9 - 48 ATSDR (Agency for Toxic Substances and Disease Registry). 1989. 
Toxicological Profile for 1,1,2-Trichloroetliane. ATSDR/U.S. Public Health 
Senrice. 

9 - 49 Daniel, J.W. 1963. The iiietabolisiii of 36CI-labelled tricIiloroetli)/leiie and 
tetracliloretliyle~ie in tlie rat. Biocliem. Pliaimacol. 12:795-802. 

9 - 50 Curran, G.L. and R.E. Burcli. 1967. Biological aiid health effects of vanadium. hi: 
Proceedings of tlie Conference on Trace Substances in Enviroiunental Health, 
D.D. Hemphill Ed. University of Missouri, Columbia, MO, pp. 96-1 04. 

9 - 52 ATSDR (Agency for Toxic Substances and Disease Registry). 1993. 
Toxicological Profile for Total XyIenes. ATSDWUS. Public Health Service. 

9 - 53 U.S. EPA. 1984. Health Effects Assessment for Zinc aiid Compounds. U.S. 
Environmental Protection Agency, Office of Research aiid Development, 
Washington, DC. EPA/540/1-86-048. 

9 - 54 ATSDR (Agency for Toxic Substances and Disease Registry). 1993. 
Toxicological Profile for Tetrachloroethylene. ATSDFUU.S. Public Health 
Service. 

9 - 56 ATSDR (Agency for Toxic Substances aiid Disease Registry). 1993. 
Toxicological Profile for AldriidDieldiiii. ATSDR/U.S. Public Health Service. 

9 - 57 .ATSDR (Agency for Toxic Substances and Disease Registry). 1993. 
Toxicological Profile for Vinyl Chloride. ATSDR/U.S. Public Health Service. 
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9 - 58 AI'SDR (Agency for Toxic Substances and Disease Registry). 1989. 
Toxicological Profile for Broniod i chloromethane. ATSDR/U. S. I'ubli c I-I ea1 tli 
Service. 

9 - 60 ATSDR (Agency for Toxic Substances and Disease Registry). 1990. 
Toxicological Profile for Broiiiofo~iii/Clilorodibroiiioiiietliane. ATSDR/U.S. 
Public Health Service. 

9 - 62 ATSDR (Agency for Toxic Substances and Disease Registry). 1994. 
Toxicological Profile for Pentachloropheno1. ATSDR/U.S. Public Health Service. 

0 - 63 ATSDR (Agency for Toxic Substances and Disease Registry). 1992. 
Toxicological Profile for Cresols. ATSDR/U .S. Public Health Service. 

0 - 06 U.S. EI'A. 1000. I-fealth and Environmental Effects Document for Boron and 
Boron Compounds. Piqx~red for the Office of Solid Waste and Eniergency 
Response, Wasliingt.on, DC by the En\~ironnienta1 Criteria and Assessment Of'fi ce, 
Cincinnati, OH. ECAO-CIN-GI 00. [76] U.S. EPA. 1086. I-Iealth and 
Envii-oiimeiital Effects Profile for Ciirbazole. Piqwi-ed for tlie Office of Solid 
Waste and Emergcncy Response, M/ashin@on, DC by the Enviroiuiiental Criteria 
and Asscssment Off? ce, Cincinnati, OH. ECAO-CIN-P 157. 

_ _  00 b.S. EP.4. 1987. Health and Enviroiunental Effects Profile for Phthalic acid dkyl: 
wyl, and alkyl/aryl esters. Prepared f ~ r  tlie Office of Solid Waste and Emergelicy 
Rcsponse, Washington, DC by the Enviroiuiiental Criteria and Assessment Office: 
CI  nciiuiati. 

9 - 82 Benyz, T.J. and Leber, A.P., 1994. Halogenated Cyclic Hydrocarbons. In: Patty's 
Industrial Hygiene and Toxicology. 4th ed. Vol. 11. Part C. Toxicology. G.D. 
Claytoii and F.E. Clayton Ed., .Tohn Wiley & Sons. 

9 - 85 Ckxber, G.B., 1. Maes and B. Eykens. 196'2. Transfer of antimony and arsenic to 
tlic developing organism. A i d i .  Toxicol. 49: 159-1 68. 

9 _. 86 Reeves, A.L. 1965. The absoi-plion ol'berylliuin fi-om thc gastrointestinal tract. 
Arch. Environ. Health I 1 :200-214. 

9 - $7 Teirlynck, O.A. and J .  Belpaire. 1985. Disposition of orally administered di(2- 
ethyl1iexyl)phthalate and inono(2-etliylhe>cyl)phthalate in the rat. Arch. Toxicol. 
5 7( 4) : 22 6-23 0. 

9 - 88 Nordberg, G.F., T. Kjellstroin and M. Nordberg. 1985. Kinetics and metabolism. 
In: Cadmium and Health: A Toxicological and Epidemiological Appraisal. Vol. 1. 
Exposure, Dose, and Metabolism. L. Friberg, C.G. Elinder, T. Kjellstrom and 
G.F. Nordberg, ed. 
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9 - 89 h/lcLellan, .I.,$., P.R.  Flanag:ui, M.J.  Chamberlain and L.S. Valberg 1978. 
Measurement of dietary cadmium ~tbsorption in  humans. J. Toxicol, Emiron. 
I-lealtli 4:131-338. 

9 - 90 Shaikli, Z.A. a i d  J.C. Smith. 7 980. Metaho l i s~~~  of orally ingested cadmiuiii i n  
11 u m atis. I n  : A4 ech a 11 i siii s of Toxicity and 1-1 azard Eva I ua ti 011, B , 1-1 01 117 stead, et a 1 . , 
eds. Else\~ier/Not-th H o l l a d ,  Amsterdani. pp. 569-574. 

9 - 91 U.S. EPA. 1986. I-Iealth and Environmental Effects Profile for Carbazole. 
Prepared for the Office of Solid Waste and Emergency Response, Washington, 
DC by the E~ivjroiiinental Criteria and Assessment Office, Cincinnati, OH. 
ECAO-CIN-P 157. 

9 - P4 ICRP (Inteiiiational Commission on Radiological Protection). 1960. Report of 
Commit tee 11 on Peim is sib1 e Dose for In t emal Radiation. Recommend at i om of 
the International Comniission 017 Radiological Protection. ICRP Publ. No. 2. 
Pergamon Press, Oxford. 

Absorption Factor, Dermal References 

14 - 1 United States Enviroiunental Protection Agency. 1995. Suppleinental Guidance to 
RAGS: Region 4 Bulletins, Human Health Risk Assessment (Interim Guidance). 
Waste Management Division, Office of Health Assessment. 

14 - 2 United States Eiiviroimental Protectioii Agency. 1992. Deiiiial Exposure 
Assessment: Priiiciples and Application. Iiiteriiii Report. EPA/600/8-9 1/01 1 B. 
Office of Research aiid De\~elopment, Washington, D.C. 

14 - 3 ATSDR (Agency for Toxic Substances aiid Disease Registry). 1992. 
Toxicological Profile for Carbon Disulfide. ATSDR/U.S. Public Health Service. 

14 - 4 Risk Assessinelit Guidance for Superfund. Volume I: I-luinan Health Evaluation 
Manual (Pal? E, Supplemental Guidance for Deiinal Risk Assessment) Final. July 
2004. See Exhibit 3-4 at: 
Iittp://www. epa,~o\~/os\~~er/~~islcassessme~i t/ra~selpdf/chauter3 .iidf. 
Also 011 the RAGS Part E homepage: 

17 ttp://www. e~a.~o~~/oswer/rislcassess~iient/rapse/. 
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Peimicability Coiistaiit (IC,,) (cm/hr) References 

6 __ 5 Values were taken fiom l i t t~~: / /~~ww.e~~a .no~~loppt in t r /ex~~~~sure /~~uL~s/e~~sui te . l i t~ i i .  
The Dermal Permeability Coefficient Program (DERMWIN) estimates the dermal 
pernieability coefficient (Kp) and the dennally absorbed dose per event 
(DAevent) of organic compounds. Chemical Abstract Seivice (CAS) Registry 
iiunibers may be used to enter compounds. The Kp and DAevent estimation 
methodology was taken directly from the U.S. EPA docuiiient "Deiinal Exposui-e 
Assessment: Principles and Applications" (USEPA, 1992). 
DERMWIN estimates a log I<ow for every compound by usiilg the estiination 
engine fioiii the KOWWIN Program (SRC, 1999). DERMMTW also automatically 
retrieves experinientaI log ICow values f1.0111 ii database containing more than 
I 3200 organic co~iipounds with reliably measured values. When a structui-c 
matches a database structure (via an exact atom-to-atom connection match), the 
cxpcrimental log Kow value is retrieved and used to predict Kp, rather than the 
est imat ccl va I u c. 

0 _. 6 EPA 2004. Risk Assessiiieiit Guidance for Superfuiid. Voluiiie I: Human Health 
Evaluatioii Manual (Part E, Supplenieiital Guidaiice for Demial Risk Assessment) 
Final. EPA/540/W99/005. Exhibit 3-1, page 3-5. Available oiiliiie at 
- h t t 11 :,':v,ww. ep a. gov!osw) - 
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Table D-4 - Comparison of Radiological Values for CRARE 
and Present Risk Model 

I CRARE CSFs I 

(U-238 + 2d I 2.40E-081 2.00E-11 I 5.1OE-08) 

Bold are significant increases 
This comparison is not valid because Th232 + D was evaluated in the CRARE and Th-232 without daughters 

is evaluated in the Present Model. However, Ra228 + D and Th228 + D are evaluated in the present to account 
for all daughters in the Th232 decay. 
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APPENDIX E 

Risk Calculations 

This appendix presents suniiiiary tables of calculations made to identify the risk to _ _  

various receptors in the exposure zones identified on Plates I and 2. Each receptor was 

evaluated for its potential to enter an exposure zone (Section 4.0), and a calculation 

matrix was derived fiom this evaluation (Table 4-1). Every exposure zone a receptor 

enters has an associated risk calculation. Also, background aiid HWMU tables were 

created for all receptors. A11 calculations are presented on the CD ROM, and a subset is 

reproduced in  this appendix for the background calculations, the highest exposure zone 

for each receptor, the HWMU zone, and the uncertainty calculation that is compared to 

tlie CRARE results. 

Data used for these calculations were compiled from soil certification sanipling results 

(Appendix B and Plate l ) ,  surface water sampling results (Appendix C aiid Plate 2), and 

the toxicity values and cancer slope factors presented in Appendix D. The foiinulae for 

all calculations are presented in the sumnary tables. 

Each table contains tlie pathways for the receptor and a sumnary page that tabulates the 

hazard index (HI) and incremental lifetime cancer risk (ILCR) by pathway and by 

individual contaminant. All receptor tables have pathways for illhalation, incidental 

ingestion of soil, dei-mal contact with soil, and exteiiial radiation. Most receptors, have 

pathways for incidental ingestion of surface water aiid dennal contact with surface water, 

but the rnuseuin visitor and building maintenance receptors do not because these 

receptors do not enter the water. 

The tabulated results on tlie summary page of each table (SumPaths) are used to generate 

the data presented in the receptor sumnary tables included in Section 5.0. Tables 5-1 

tllrougli 5-6 present the risk results for HI as background, total, aiid total niinus chemical 

background, while the ILCR results arepresented as background, total, total niinus 
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radionuclide background, and total minus chemical and radionuclide background. The 

derivation of each is discussed below. 

Background results for both the HI and the ILCR have been extracted from the 

background SumPaths sheet for reach receptor. For example, the construction 

worker (Table E.0- 1, pages 10, 1 1, 12) shows a summary block for the pathways, 

a summary for the isotopes in each zone, and a summary for the chemicals in each 

zone. The pathway summary block and first summary columns for the 

radionuclides and chemicals represent the background risk for every contaminant, 

while the zone columns sumniarize risk only for tliose contaminants present i n  the 

zone. Background HI for each table in Section 5.0 is obtained fiorn tlie HI sum 

below tlie chemicals. For the construction worker in Zone 5, 3.29E-02 is the 

background H I  and it is found on page 12 of Table E.0-I. The ILCR for Zone 5 is 

obtained by adding the sum ILCR for radionuclide (5.02E-06, page 10) to the sum 

ILCR for the chemicals (1.83E-07, page 12), which yields 5.20E-06. These 

values for HI and ILCR are found in Table 5-4 under Zone 5 background. 

0 The total HI and total ILCR represent the sum of all paths as they are presented in 

tlie SuniPaths sheet for each receptor. For example, the pathway summary block 

for the construction worker in Zone 5 (Table E.5-1, page 10) shows the total HI 

(5.23E-02), total chemical ILCR (5.53E-07) and total radiological ILCR (4.21E- 

06). Tlic total ILCR is obtained by adding the chemical and radiological values 

(5.53E-07 + 4.21 E-06 = 4.76E-06), and the total ILCR appears with the total 1-11 

in Table 5-4 under Zonc 5. Notc that the total radiological ILCR is also obtained 

fiom the radionuclide summary on page 10 and total HI and total chemical ILCR 

values are obtained from tlie cheniical sums on page 12 of Table E.5-1. The 

agreement of these independent suniniations ensures that the correct values are 

reported for the risk calculations. 

0 The total HI minus the chemical background represents the difference between 

tlie total HI as outlined above minus the sum of all background HIS for chemical 

constituents. For example, the chemical summary block for the construction 
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worker in Zone 5 (Table E.5-I, page 12) shows the Total-BICGD column for 131, 

aiid the sum for this column (2.25E-02) represents total HI minus chemical 

background. This result appears in  Table 5-4 as T-CB for Zone 5. Note that if 

tlie chemical background value exceeds the calculated risk value in the exposure 

zone, a zero is placed in the Total-BICGD HQ colunm (Table E.5-I, page 12). . 

0 The total ILCR ininus the radionuclide background represents the difference 

between the total JLCR, as outlined above, minus the sum of all background 

ILCRs for radionuclide constituents. This represents tlie total chemical risk plus 

the radionuclide risk above background. For example, the radionuclide summary 

block for the construction worker in Zone 5 (Table E.5- 1 ,  page 10) sliows the 

Total-BKGD coluinii for ILCR lias a sum of 4.57E-08, and this is also reproduced 

as the increment above background (IB ICLR column) for the pathway summary 

on page IO. Note that if the radionuclide background .value exceeds the calculated 

value in the exposure zone, a zero is placed in the Total-BKGD ILCR column 

(Table E.5-1, page IO). The IB ILCR value (4.57E-08) is added to tlie chemical 

ILCR value (5.53E-07) to obtain the total ILCR minus radionuclide background 

(5.99E-07). This value appears as total C+IB ILCR in Table E.5-1 and as T-RB 

in Table 5-4 for Zone 5. 

The total ILCR ininus the chemical aiid radionuclide background represents tlie 

difference between the total ILCR, as outlined above, ininus the sum of all 

background ILCRs (chemicals and radionuclides). For example, the radionuclide 

summary block for tlie construction worker in Zone 5 (Table E.5-1, page 10) 

shows the Total-BKGD column for ILCR lias a sum of 4.57E-08, aiid this 

represents the radionuclide risk above background. The chemical suiniiiary block 

(Table E.5- 1 ,  page 12) shows the Total-BKGD column for ILCR has a sum of 

3.92 E-07, and this represents the chemical risk above background. These values 

are added together to yield total ILCR minus clieniical and radionuclide 

background (3.92E-07 + 4.57E-OS = 4.38E-07). This value appears in Table 5-4 

as T-CRB for Zone 5. 
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Additionally, uncertainty analyses for two receptors (Undeveloped Park User and 

Groundskeeper/Sanipler) are presented in Appendix E- 10. Because of the new exposure 

parameters used, it was necessary to recalculate the background risk for the affected 

receptors. This information is included in Appendix E-10 as well. 
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APPENDIX E.0 
Background 

Table 

E.0-1 Construction Worker 

E.0-2 

E.0-3 Undeveloped Park User 

E.0-4 Building Maintenance 

E.0-5 Museum Worker 

E.0-6 Museum Visitor 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 

Groundskeeper / Sampler 
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TABLE E.0-1 
Cons t ruc t i on  Worker - BKGD . 

Construction Worker. Inhalation of Gases & Parilculates 
Risk calculalion for background 

Intake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CS*EPEVlR'ETj'(BW'AT) 
Chronic Daily Intake 
Cancentralion of chemical in alr 
Exposure frequency 
Exposure duration 
tnhalalion rate 
Exposure time 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

. Inha leChem 

UNITS 

mgh '  see coc list below 
days/yr 30 

YS 1 
m'hr 2.5 

hrslday 8 
k9 70 

days 25550 
days 365 

mglkgday calculaled below 

Air concentralion is derived using air parliculale value of 26 ugh' (2005 SER backgmund average from manilor AMS-12) multiplied by the soil concentration. 
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TABLE E.0-1 
Construction Worker - BKGD - DermalSoilChem 

Construction Worker - Dermal Contact with SolllSediment 
Risk calculation for background 

Intake Equation: CDI = (CSWSA*EPEVAF*CFY(BW'AT) 
CDI = Chronic Daily Intake 
CS = 
AB Absorption factor 

Concentration of chemical in soil 

SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

Surface area of exposed skin 
Exposure frequency 
Exposure duration 
Adherence factor 
Conversion factor 
Body weight 
Average time for carcinogens 
Average tima for non-carcinogens 

UNITS -1 
mglkg see COC list below 
- see COC list below 

mgkgday calculated below 

cm'lday 3300 
days/yr 30 

)"s 1 
mglcm' 0.3 
kghg  1.00E-06 

ke 70 
days 25550 
days 365 

ADULT 
COC . wnc AB RiDd CSFd CDI I HO I CDI I ILCR 

CW-BKGD-2 
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TABLE E.0-1 
Construction Worker - BKGD - IngestSoilChem 

Conslruclion Worker. Ingesllon of Soil 
Risk calculalion for background 

intake Equation: CDI = 
COI = 
cs = 
EF = 
ED = 
IR = 
Fi = 
CF = 

BW = 
ATc = 
ATn I: 

(CS*EFED*iR*Fi*CF)/(BW*AT) 
Chronic Daily intake 
Concentralion of chemical in soil 
Exposure frequency 
Exposure duration 
ingestion rate 
Fraction of contaminated soil 
Conversion laclor 
Body weigh1 
Average lime for carcinogens 
Average lime lor non-carcinogens 

UNITS ladull1 
rnglkg see COC lis1 below 
days/yr 30 

mglday 330 
uniUess 1 
kglmg 1.00E-06 

mgkgday calculaled below 

yrs 1 

kg 70 . 
days 25550 
days 365 

~ ~~ 

ADULT 
COC canc RfDo CSFo CDI I HO 1 CDI 1 lLCR 

lo181 = 3.68E-02 total = 1.37E-07 
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TABLE E.0-1 
Construction Worker - BKGD - DermalSWchem 

Construction Worker. Dermal Contact wilh Surface Water 
Risk calculation for background 

Intake Equation. CDI = (DA'EF'ED'SAY(BW'AT) 
CDI = Chmnic Dally Intake 
DA = Dermal absorption dose 
EF = Exposure frequency 
ED = Exposure duration 
SA = Surface area of skin 
BW Bodyweight 
ATc = Average time for camnogens 
ATn = Average time for non-carcinqens 
DA = G C C F ' E T  
C. = wncentation of ikh contaminant in surface water 
6 = permeability mnstant for ith wntaminant 

where: 

CF = wnversion factor 
ET = exposure bme 

UNITS [] 
mgkgday calculated below 

mglCm'day see COC list below 
days/yr 6 
yrs 1 

U l l z  5670 
ke 70 

day. 25550 
days 365 

mgR see COC list below 
cmlhr see COC list below 
UCm' 0.001 
hr/d 0.5 

CW-BKGD-4 
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TABLE E.0-I 
Construction Worker - EKGD - IngestSWchern 

Construcllon Worker. Ingestion of Surface Water 
Rlsk calculation for background 

lnlake Equation: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

UNITS Assi ned Values 
mg/kgday I+ 

(CW'EF'ED'IR)I(BW'AT) 
Chronic Daily Intake 
Concentration of chemical in water mg/L see COC lable below 
Exposure frequency days/yr 6 
Exposure duration Yrs 1 
lngeslion rate Llday 0.005 
Body weight kg 70 
Average lime for carcinogens days 25550 
Average time for non-carcinogens days 365 

I 1 - 1  ,I 7 I 
n""L I 

COC CW RfDo CSFo CDI 1 HQ 1 CDI I ILCR 
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TABLE E.0-1 
Construction Worker - BKGD - InhaleRad 

Construction Worker - Inhalation of Gases & Particulates 
Risk calculation for background 

Intake Equation: CDI = (CA'EF'ED'IR'ET) UNITS I adult I 
CDI = Chronic Daily Intake pCi calculated below 

CA = Concentration of radionuclide in air pCi/m3 see COC list below 
EF = Exposure frequency dayslyr 30 

IR = Inhalation rate m3/hr 2.5 

ED = Exposure duration yrs 1 

ET = Exposure time hrs/day a 

Air concentration is derived using air particulate value of 26 ug/m3 (2005 SER background average from monitor AMS-12) multiplied by the soil concentration 

Rn-222 is derived by multiplying the soil Ra-226 value by 256 g/m3. This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (i.e., 400 pCi/m3 divided by 1.56 pCi/g) 

CW-BKGD-6 
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TABLE E.0-1 
Construction Worker - BKGD - IngestSoilRad 

Construction Worker - Ingestion of Sol1 
Risk calculation for background 

Intake Equation: CDI = (CS'EF'ED'IR'FI) UNITS -1 
CDI = Chronic Daily Intake pCi calculated below 
CS = Concentration of radionuclide in soil pCi/g see COC list below 
EF = Exposure frequency dayslyr 30 
ED = Exposure duration Yrs 1 

IR = Ingestion rate glday 0.33 
FI = Fraction of Contaminated soil unitless 1 

. . . - . . - . 
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TABLE E.0-1 
Construction Worker - BKGD - IngestSWrad 

Construction Worker - Ingestion of Surface Water 
Risk calculation for background 

Intake Equation: CDI = (CW'EF'ED'IR) 
CDI = Chronic Daily Intake 
CW = 
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

Concentration of radionuclide in water 

I AOLILT 

UNITS 
pCi 

pCilL 
dayslyr 

Yrs 
Uday 

,Assi:;;; Valjles 

see COC table below 
6 
1 

0.005 

CW-BKGD-8 
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TABLE E.0-1 
Construction Worker - BKGD - ExternalRad 

:onstrcution Worker - External Radiatlon 
Usk calculatlon for background 

itake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 

SH, = 
SH, = 

ET, = 

(CS'EF'€D'ET,'(I-SH,,))+(CS'EF'ED*ET~(l-SHj)) 
Chronic Daily Intake 
Concentration of radionuclide in soil 
Fraction of year exposed to radiation 
Exposure duration 
Fraction of day spenl outdoors 
Fraction of day spent indoors 
Shield factor outdoors 
Shield laclor indoors 

t A n 1  II T I 

UNITS 1-1 
yr pCilg calculated below 
pCi/g see COC list below 

__ 0.08 
Yrs 1 

0.33 
0.00 
0.25 
0.5 

oc conc CSFx 
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TABLE E.0-2 
Groundskeeper  I Samp le r  ~ E K G D  ~ I nha leChem 

GroundskeeperlSampler - Inhalalion of Gases 8 Partlculates 
Risk calcuiation for background 

lnlake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CS+EF*EVlWET)l(BW*AT] 
Chronic Dally lnlake 
Conceniration of chemical in air 
Exposure frequency 
Exposure duration 
Inhalation rate 
Exposure time 
Body weight 
Average time for carcinogens 
Average time for non-cardnogens 

UNITS ladull] 

mg/m’ see coc list below 
dawyr 100 

Y= 25 
m’lhr 2.5 

hrslday 8 
kg 70 

days 25550 
days 9125 

mgkgday calculated below 

COC conc. RfDi CSFi 

1 O.M)E+OO I 2.86E-02 I 3.08E-02 I 0.00E*00 I O.OOE+OO I O.OOE+OO I 0.00E+OO 
I O.WE+OO I 2.86E-02 I NA 1 0.00E*00 I O.M)E+OO I NA 1 NA 

total = 2.OZE-01 Iota1 = 1.06E-06 

Air concentration is derived using air pariiculale value of 26 ugIm’(2005 SEI? background average fmm monitor AMS-12) multiplied by the soil concentration. 
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TABLE E.0-2 
Groundskeeper  I Sampler ' .  BKGD - DerrnalSollChem 

GroundskeeperlSampler - Dermal Contact with SolllSediment 
Risk calculation for background 

Intake Equation: CDI = (CSAB*SA*EF*ED'AF'CFY(BW'AT) UNITS 
CDI = Chronic Daily Intake mgkgday calculated below 
CS = Concentration of chemical in soil mglkg see CDC list below 
AB Absorption factor - see COC list below 
SA Surface area of exposed skin crn'lday 3300 

ED = Exposure duration yrs 25 
AF = Adherence factor mglcm' 0.3 

CF = Conversion factor kglmg 1.00E-06 

ATc = Average time for carcinogens days 25550 
ATn = Average time for noncarcinogens day, 9125 

EF = Exposure frequency 100 

BW = Body weight kg 70 

conc AB RfW CSFd COC 
ADULT 

CDI I HQ I CDI I ILCR 

GS-BKGQ-2 
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TABLE E.0-2 
Groundskeeper I Sampler - BKGD ~ IngestSollChem 

GroundskeeperlSampler - Ingestion of Sol1 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
iR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

(CS'EF*ED+IR-FI*CFY(BW'AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil 
Conversion factor 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS ladull1 
rnglkg see COC list below 

mgkgday calculated below 

daWF 100 
FS 25 

mglday 100 
uniUess 1 
kglmg 1.00E06 

4 70 
day, 25550 
days 9125 

ADULT 
COC conc RfDo CSFo CDI I HO I CDI 1 ILCR 

Document 6732 



TABLE E.0-2 
Groundskeeper I Sampler - BKGD - DermalSWchem 

GroundskeeperlSampler . Dermal Contact with Surface Water 
Risk calculatlon for background 

Intake Equation: CDI = (DKEF*EWSA)/(BW'AT) 
CDi = Chronic Daily Intake 
DA = Dermal absorpson dose 
EF = Exposure frequency 
ED = Exposure duration 
SA = Surface area of skin 
BW = Body weight 
ATc = Average time for caramgens 
ATn = Average time for mn-canillogens 
DA = cK;CF'ET 
C, = mncenlation of ith wnlaminant in surface water 
rC, = permeabllity wnslant for ith mntaminant 
CF = conversion faclor 
ET = exposure time 

where: 

(1 
calculated bebw 

see COC llsl below 
12 
25 

5670 
70 

25550 
9125 

see COC list below 
see COC list below 

0.001 
1 

ADULT 
COC DA RfDd. CSFd CDI 1 HQ I CDI I iLCR 

GS-BKGM 
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T A B L E  E.0-2 
Groundskeeper  I Samp le r  - B K G D  - IngestSWchem 

GroundskeeperlSampler ~ Ingestion of Surface Wale: 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

(CW'EF'ED'!RY(BW'AT) 
Chronic Daily Intake 
Concentration of chemical in water mgn see COC table below 
Exposure frequency dayslyr 12 

Ingestion rate Uday 0.01 
Exposure duration YrS 25 

Body weight kg 70 
Average time for carcinogens days 25550 
Average time for non-carcinogens days 9125 
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TABLE E.0-2 
Groundskeeper I Sampler - BKGD - InhaleRad 

Groundskeeper/Sampler - Inhalation of Gases B Particulates 
Risk calculation for background 

Intake Equation: CDI = (CA'EF'ED'IR'ET) 
CDI = Chronic Daily Intake 

UNITS ( 7 1  
pCi calculated below 

CA = Concentration of radionuclide in air pCi/m3 see COC list below 

ED = Exposure duration Yrs 25 

IR = Inhalation rate m3/hr 2.5 

EF = Exposure frequency daplyr 100 

ET = Exposure time hrdday 0 

COC 

Air concentration is derived using air particulate value of 26 ug/m3 (2005 SER background average from monitor AMs-12) multiplied by the soil concentration. 
Rn-222 is derived by multiplying the soil Ra-226 value by 256 gh3 .  This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (i.e.. 400 pCi/m3 divided by 1.56 pCilg) 

GS-BKGD-6 
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TABLE E.0-2 
Groundskeeper I Sampler - BKGD - IngestSoilRad 

GroundskeeplSampler - Ingestion of Soil 
Risk calculation for background 

Intake Equation: CDI = (CS'EF'ED'IR'FI) UNITS 1 1  
CDI = Chronic Daily Intake pCi calculated below 
cs = Concentration of radionuclide in soil pCilg see COC list below 
EF = Exposure frequency dayslyr 100 
ED = Exposure duration Yrs 25 
IR = Ingestion rate dday  0.1 . 
FI = Fraction of contaminated soil unitless 1 
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TABLE E.0-2 
Groundskeeper I Sampler - BKGD - IngestSWrad 

GroundskeeperlSampler - Ingestion of Surface Water 
Risk calculation for background 

Intake Equation: CDI = (CW'EF'EDVR) 
CDI = Chronic Daily Intake 
C W  = 
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

Concentration of radionuclide in water 

U;? ,Ass@;; Valyes 

pCVL see COC table below 
dayslyr 12 

Llday 0.01 
Y E  25 

GS-BKGD-8 
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TABLE E.0-2 
Groundskeeper / Sampler - BKGD - ExternalRad 

Groundskeeper/Sampler - External Radiation 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
E D  = 
ET, = 
ETi = 
SH, = 
SH, = 

(CS'EF'ED'ET,'(I -SH0))+(CS'EF'ED'ETi'(1-SHi)) 
Chronic Daily Intake 
Concentralion of radionuclide in soil 
Fraction of year exposed to radiation 
Exposure duration 
Fraction of day spent outdoors 
Fraction of day spent indoors 
Shield facior outdoors 
Shield factor indoors 

I AI7111 T I 

UNITS 
yr pCi/g 

pCi/g 

Yrs 

__ 
_ _  
-- 
-_ 
_ _  

pzTi-1 
calculated below 
see COC lis1 below 

0.27 
25 

0.33 
0.00 
0.25 
0.5 
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TABLE E.0-4 
Building Maintenance - BKGD . InhaleChem 

Building Maintenance ~ Inhalation of Gases 8 Particulates 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CS’EF‘ED’IR’ET)l(BWAT) 
Chronic Daily Intake 
Concentration of chemical in air 
Exposure frequency 
Exposure duration 
Inhalation rate 
Exposure lime 
Body weight 
Average lime for carcincgens 
Average time for noncarcincgens 

UNITS )I 
mglm’ see COC list below 

mgkgday calculated below 

days/r 250 
fls 25 

m’lhr 1.5 
hrslday I 

kg 70 
days 25550 
days 9125 

Air cancentralion is derived using air pariiculate value of 26 @ma (2005 SER background average from monitw AMS-12) multiplied by the soil concentration. 
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TABLE E.0-4 
Building Maintenance - BKGD - DermaiSoilChem 

Bullding Maintenance - Dermal Contact with SoillSediment 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cs = 
AB 
SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

(Cs'AB'SA'EF'ED'AF'CF)!(BW'AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Absorption factor 
Surface area of exposed skin 
Exposure frequency 
Exposure duration 
Adherence factor 
Canversion factor 
Body weight 
Average time for wrclnogens 
Average time for non-carcinqens 

UNITS (1 
mglkg see COC list below 
- see COC list below 

mglkgday calculated below 

cm'lday 2077 
dayslr 250 

yn 25 
mg/m' 0.2 
kglmg 1.M)E-06 

kg 70 
days 25550 
days 9125 

BM-BKGD-2 

Document 6732 



TABLE E.0-4 
Building Maintenance. BKGD - IngestSoilChern 

rleptacnlorodiDenzo paloxin 
Hexachlorodibenzoluran 
HexaChlolOdlDenZO paloxin 
Indeno(1 2 3-cd)pyrene 

Bullding Maintenance - Ingestion of Sol1 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

0 OOEIOO NA 1 50Et03 NA NA OOOE-00 OOOE+OO 
000E.00 NA 150Et03 NA NA 000E.00 OOOE+OO 
0 OOEIOO NA 1 50E104 NA NA 000E*00 OOOE+OO 

NA OOOEtOO 000E+00 O O O E * O O  NA 730E-01 Nk 

(CS'EF'ED.IR'FI.CFYBW.AT) 
Chronic Daily Intake 
Concentralion of chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of conlaminated soil 
Conversion factor 
Body weigh1 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS madull( 
mgikg see COC lis1 below 

dayslyr 250 
Yrs 25 

mglday 50 
unitless 1 
kglmg 100E-06 

kg 70 
days 25550 
days 9125 

mglkgday calculated below 

COC conc 
ADULT 

RfDo CSFo CDI 1 HO 1 CDI I ILCR 
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TABLE E.0-4 
Building Maintenance. BKGD . DermalSWchem 

Bullding Maintenance. Dermal Contact with Surface Water 
Risk calculallon for background 

Intake Equation. CDI = (DA'EF'ED'SA)!(BW'AT) 
CDI = Chronic Daily Intake 
DA = Dermal absorption dose 
EF = Exposure frequency 
ED = Exposure duratwn 
SA = Surface area of skin 
BW = Body weight 
ATc = Average time for carcinogens 
ATn = Average time for non-carcinogens 

C, = concentation of ith contarninant in surface water 
K, = permeability mnstant for ivI contaminant 
CF = conversion factor 
ET = exposure time 

where: DA = C=K.'CF'ET 

UNITS 
mglkgday csiculated below 

rnglcrn'day NA 
dayslyr NA 

Yrr NA 
cm' NA 
kg NA 

days NA 
days NA 

mgR see COC list below 
m l h r  see COC lis1 below 

hrld NA 
UCm' NA 

COC 

BM-BKGD-4 
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TABLE E.0-4 
Bui ld ing Maintenance ~ BKGD - IngestSWchem 

Building Mainlenance - Ingestion of Surface Water 
Risk calculalion for background 

Inlake Equation: CDI = 
CDI = 
cw 5 

EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

(CW'EF'ED*IR)/(BW'AT) 
Chronic Daily Intake 
Concentralion of chemical in water 
Exposure frequency 
Exposure duration 
lngeslion rale 
Body weigh1 
Average time for carcinogens 
Average time for nonzarcinogens 

UNITS Ass' ned Values 

mgl l  see COC lable below 
mglkgday 1-1 
dayslyr NA 

vrs NA 
L/day NA 

kg NA 
days NA 
days NA 
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TABLE E.0-4 
Building Maintenance - BKGD - InhaleRad 

Building Maintenance - Inhalation of Gases & Particulates 
Risk calculation for background 

Intake Equation: CDI = (CA'EF'ED'IR'ET) 
CDI = . Chronic Daily Intake 

UNITS 
pCi calculated below 

CA = Concentration of radionuclide in air pCilm3 see COC list below 
EF = Exposure frequency da yslyr 250 
ED = Exposure duration Yrs 25 

IR = inhalation rate m3/hr 1.5 
ET = Exposure time hrslda y 1 

ADULT 1 
COC conc CSFi CDI I ILCR I Zone2 1 Zone7 I Zone8 

total = 6.75E-05 6.75E-05 6.75E-05 6.75E-05 

Air concentration is derived using air particulate value of 26 u g h 3  (2005 SER background average from monitor AMs-12) multiplied by the soil concentration. 

Rn-222 is derived by multiplying the soil Ra-226 value by 256 g/m3. This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (i.e.. 400 pCi/m3 divided by 1.56 pCi/g) 

BM-BKGD-6 
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TABLE E.0-4 
Building Maintenance - BKGD - IngestSoi lRad 

Building Maintenance - Ingestion of Soil 
Risk calculation for background 

Intake Equation: CDI = (CS*EF*ED*IR*FI) 
CDI = Chronic Daily Intake 

UNITS [q 
pCi calculated below 

cs = Concentration of radionuclide in soil pCi/g see COC list below 
EF = Exposure frequency da yslyr 250 
ED = Exposure duration Yrs 25 
IR = Ingestion rate 0.05 
FI = Fraction of contaminated soil . unitless 1 

r ADULT I 
COC 

total = 3.25E-06 3.25E-06 3.25E-06 3.25E-06 
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TABLE E.0-4 
Building Maintenance - BKGD - IngestSWrad 

Building Maintenance - Ingestion of Surface Water 
Risk calculation for background 

Intake Equation: CDI = (CW*EF*ED*IR) 
CDI = Chronic Daily Intake 
c w =  
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

Concentration of radionuclide in water 

I ADULT 

UNITS Assigned Values 

pCi/L see COC table be 
pc i  

dayslyr NA 
Yrs NA 

Llday NA 

!low 

BM-BKG D-8 
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TABLE E.0-4 
Building Maintenance - BKGD - ExternalRad 

Building Maintenance - External Radiation 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 

SH, = 
-.ET, = 

SHi = 

COC conc 
DCiIa 

(CS ’E F’E D’ET,’( 1 -S H,))+( CS’E F’E D‘ETi*( 1 -S Hi)) 
Chronic Daily Intake 
Concentration of radionuclide in soil 
Fraction of year exposed to radiation 
Exposure duration 
Fraction of day spent outdoors 
Fraction of day spent indoors 
Shield factor outdoors 
Shield factor indoors 

UNITS 
yr pCi/g 

pCi/g 

Yrs 

-- 

-- 

-- 

ADULT 
CSFx CDI I ILCR Zone2 1 Zone7 I Zone8 

calculated below 
see COC list below 

0.68 
25 

0.04 
0.29 
0.25 
0.5 
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Inhale 
Dermal Soil 
Ingest Soil 
Dermal Surface Water 
Ingest Surface Water 
External Radiation 

Summation of all paths for individual nuclides 

3.78E-02 1.98E-07 6.75E-05 6.77E-05 
1.98E-02 2.88E-06 NA 2.88E-06 
4.65E-02 4.33E-06 3.25E-06 7.58E-06 

NA NA NA NA 
NA NA NA NA 
NA NA 8.81E-05 8.81E-05 

NA 

NA 
NA 

3.25E-06 

Zone2 Zone7 Zone0 
Rad Rad Rad 

NA NA 

NA NA 
NA NA 

3.25E-06 3.25E-06 

ILCR ILCR ILCR 
6.75E-05 1 6.75E-05 I 6.75E-05 

)Backaround 

Background Values as 
Applicable to Each Zone 

Zone2 1 Zone7 I Zone 8 

8.81E-05 I 8.81E-05 I 8.81E-05 
1.59E-04 1.59E-04 1.59E-04 

BM-BKGD-10 
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TABLE E.0-4 
Building Maintenance - BKGD - SumPaths 

Summation of all paths lor individual chemicals I Background Values as Applicable to Each Zone 
I Background Zone 2 I Zone 7 I Zone 0 

- . . - . . - - . . 
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TABLE E.0-4 
Building Maintenance - BKGD - SumPaths 

Summation of all paths for individual chemicals ( 

SUM1 7.41E-06 1.04E-01 I 7.38E-06 5.08E-02 7.24ET06 4.35E-02 7.38E-06 9.19E-02 

BM-BKGD-12 
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TABLE E.0-5 
Museum Worker - BKGD - InhaleChem 

Museum Worker. Inhalation of Gases 8 Particulates 
Risk calculation for background 

Intake Equalion: CM = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(Cs’EF’E~lR.E1)/(8W’AT) 
Chronic Daily Intake 
Concentration of chemical in air 
Exposure frequency 
Exposure duration 
Inhalation rate 
Exposure time 
Body weghl 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS ladull) 

mgh’  see COC lis1 below 
mglkgday calculated below 

dayslyr 250 
yrs 25 

m’hr 1.5 

kg 70 

days 9125 

hrslday 1 

days 25550 

COC 

Vinyl chloride 
Xylenes I O.OOEWJI 2.ffiE-02 I NA I O.OOE+OO) O.OOE+W1 NA I NA 
Zinc I 2.32E-06 I 1 NA I NA I NA 1 NA 1 NA 

total = 178E-02 total = 1.98E-07 

Air concentration is derived using air particulate value of 26 ug/m’(2005 SER backgrwnd average from mMltor -12) multiplied by the soil concentration. 

Document 6732 



TABLE E.0-5 
Museum Worker - BKGD . DermalSoilChem 

Museum Worker - Dermal Conlact wilh SolllSedimenl 
Risk calculalion for background 

Intake Equation: CDI = 
CDI = 
cs = 
A0 
SA 
EF = 
ED = 
AF = 
CF = 
0w = 
ATc = 
ATn = 

(CSAE*SKEF*EVAF*CF)/(BW.AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Absorption factor 
Surface area of exposed skin 
Exposure frequency 
Exposure duration 
Adherence factor 
Conversion factor 
Body weigh1 
Average time for carcinogens 
Average time for noncarcinogens 

UNITS 

mgkg see COC list below - see COC lis1 below 

mglkgday calculated below 

cm’lday 904 
dayslyr 250 
ys 25 

mg/cm’ 0.07 
kglmg 1.00E-06 

kg 70 
days 25550 
days 9125 

ADULT 
.. COC conc AB RfDd CSFd CDI I HQ I CDI I ILCR 

MWBKGD-2 
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TABLE E.0-5 
Museum Worker - BKGD - IngeslSoilChem 

Museum Worker - lngeslion of Soil 
Risk calculation for background 

lnlake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

(CS'EF'Eo'lR'FI'CFY(BW'A1) 
Chronic Daily Inlake 
Concentration of chemical in soil 
Exposure frequency 
Exposure duralion 
Ingestion rate 
Fraction of contaminaled soil 
Conversion factor 
Body weight 
Average lime for carcinogens 
Average time for non-carcinogens 

UNITS [I 
mglkg see COC list below 
dayslyr 250 

yrs 25 
m g W  50 
unitless 1 
kglmg 1.00E-06 

kg 70 
days 25550 
days 9125 

mglkgday calculated below 

, .... ...,,.- - 
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TABLE E.0-5 
Museum Worker. BKGD - DermalSWchem 

Museum Worker - Dermal Contact with Surface Water 
Risk calculatlon for background 

Intake Equation: CDI = (DA'EF'ED'SA)l(BW'AT) 
CDI = Chronic Daily Intake 
DA = Dermal absorption dose 
EF = Exposure frequency 
ED = Exposure duration 
SA = Surface area of skin 
BW = Body weght 
ATc = Average 8me for carcinogens 
ATn = Average bme for mrrcanirwgem 

C, = concentation of ivI mntaminant in surface water 
K. = permeability mnstant for Ilh mntaminant 
CF = mnversion factor 
ET = exposure time 

where: DA = C;KCF'ET 

UNITS -1 
mglkgday calculated below 

rnglan'day see COC list below 
dayshr 8 

W 25 

kg 70 
days 25550 
days 9125 

mgk see COC list below 
cmlhr see COC lis1 below 
ucm' 0.001 

hrld 0.5 

an' 904 

MW-BKGD4 
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TABLE E.0-5 
Museum Worker - BKGD - IngestSWchem 

CW RID0 CSFo 

Museum Worker. lngestlon of Surface Waler 
Rlsk calculation for background 

ADULT 
CDI 1 HO I COI I ILCR 

Intake Equalion: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn I: 

(CW'EF'ED'IRV(BW'AT) 
Chronic Daily Intake 
Concentration of chemical in wale! 
Exposure frequency 
Exposure duration 
lngesbon rale 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

COC 

UNITS Assi ned Values 

m g L  see COC table below 
mgkgday l--%iil 

dayslyr 8 
yrs 25 

Llday 0.001 
kg 70 

days 25550 
days 9125 
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TABLE E.0-5 
Museum Worker - BKGD - InhaleRad 

Museum Worker - Inhalation of Gases & Particulates 
Risk calculation for background 

Intake Equation: CDI = (CA*EF*ED*IR*ET) 
CDI = Chronic Daily Intake 
CA = 
EF = Exposure frequency 
ED = Exposure duration 
IR = Inhalation rate 
ET = Exposure time 

Concentration of radionuclide in air 

ADlJLT I 

UNITS 
pCi calculated below 

pCi/m3 see COC list below 
dayslyr 250 

Yrs 25 
m3/hr 1.5 

hrslday -. 1 

Air concentration is derived from air particulate value of 26 uglm3 (2005 SER background average from monitor AMs-1 2) multiplied by soil concentration. 
Rn-222 is derived by multiplying the soil Ra-226 value by 256 glm3. This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (i.e., 400 pCi/m3 divided by 1.56 pCi/g) 

M W-BKGD-6 

Document 6732 



TABLE E.0-5 
Museum Worker - BKGD - IngestSoilRad 

Museum Worker - Ingestion of Soil 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 

(CS*EF*ED*IR*FI) 
Chronic Daily Intake 
Concentration of radionuclide in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil 

I ADULT 1 

UNITS 
pCi 

pCi/g 
dayslyr 

Yrs 
@day 

unitless 

COC conc CSFos CDI I ILCR Zone6 1 Zone7 
DCiIa 1/DCi DCi CDI’CSF ILCR I ILCR 

total = 3.25E-06 3.25E-06 3.25E-06 

/adult1 
calculated below 
see COC list below 

250 
25 

0.05 
1 
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TABLE E.0-5 
Museum Worker - BKGD - IngestSWrad 

Museum Worker - Ingestion of Surface Water 
Risk calculation for background 

Intake Equation: CDI = (CW *EF*ED*I R) 
CDI = Chronic Daily Intake 
c w =  
EF = Exposure frequency 
ED = Exposure duration 
IR = . Ingestion rate 

Concentration of radionuclide in water 

UNITS Assigned Values 

pCilL see COC table below 
pci  I T (  

dayslyr 8 
Yrs 25 

Llday 0.001 

COC 

total = 9.52E-10 9.42E-10 9.42E-10 

MW-BKG D-8 
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TABLE E.0-5 
Museum Worker - BKGD - ExternalRad 

CSFx 

Museum Worker - External Radiation 
Risk calculation for background 

ADULT 1 
CDI I ILCR I Zone6 I Zone7 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 

-- ET,= 
ETi = 
SH, = 
SHi = 

COC conc 
DCiIa 

(CS*EF*ED*ET,*( 1-SH,))+(CS*EF*ED*ETi*( 1 -SHi)) 
Chronic Daily Intake 
Concentration of radionuclide in soil 
Fraction of year exposed to radiation 
Exposure duration 
Fraction of day spent outdoors 
Fraction of day spent indoors 
Shield factor outdoors 
Shield factor indoors 

UNITS 
yr pCilg 
pCi1g 

Yrs 

-- 

-- 

p m q  
calculated below 
see COC list below 

0.68 
25 

0.04 
0.29 
0.25 
0.5 

Document 6732 



TABLE E.0-5 
Museum Worker - BKGD - SumPaths 

Inhale 
Dermal Soil 
Ingest Soil 
Dermal Surface Water 
Ingest Surface Water 
External Radiation 

3.78E-02 1.98E-07 6.75E-05 6.77E-05 
3.02E-03 4.38E-07 NA 4.38E-07 
4.65E-02 4.33E-06 3.25E-06 7.58E-06 
2.68E-05 2.45E-09 .NA 2.45E-09 
5.67E-06 3.00E-10 9.52E-10 1.25E-09 

NA NA 8.81 E-05 8.81 E-05 

Summation of all paths for individual nuclides 

IBackgroun7j 
ILCR 

Plutonium-239/240 8.56E-13 
Radium-226 + D 4.05E-05 
Radium-228 + D 1.83E-05 
Radon-222+ D 6.74E-05 ~ 

Strontium-90 + D 6.90E-12 
Technetium-99 3 41 E-I  2 
Thorium-228 + D 2.98E-05 
Thorium-230 1 13E-07 
Thorium-232 1.06E-07 
Uranium-234 8.24E-08 
Uranium-235 + D 1.20E-07 
Uranium-238 + D 6.28E-07 

SUM1 1.59E-04 1 

Background Value as 

Zone 6 Zone 7 

Zone6 Zone7 
Rad Rad 

6.75E-05 6.75E-05 

3.25E-06 3.25E-06 

9.42E-10 9.42E-10 
8.81 E-05 8.81 E-05 
1.59E-04 1.59E-04 

MW-BKGD-10 
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TABLE E.0-5 
Museum Worker - BKGD - SumPaths 

. .. 
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TABLE E.0-5 
Museum Worker - BKGD - SumPaths 

Summation of all paths for individual chemica.ls (continued) I Background Values as I 

MW-BKGD-12 
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APPENDIX E.1 
Zone 1 

Table 

E. 1-1 Construction Worker - Only available on CD ROM. 

E. 1-2 - Only available on CD ROM. 

E. 1-3 Undeveloped Park User - Only available on CD ROM. 

E.1-4 Building Maintenance - This receptor has no exposure for this zone, therefore no table exists. 

E. 1-5 Museum Worker - This receptor has no exposure for this zone, therefore no table exists. 

- E. 1-6 Museum Visitor - This receptor has no exposure for this zone, therefore no table exists. 

Groundskeeper / Sampler 
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APPENDIX E.2 
Zone 2 

Table 

E.2-1 Construction Worker - Only available on CD ROM. 

E.2-2 

E.2-3 Undeveloped Park User - Only available on CD ROM. 

E.2-4 Building Maintenance - Only available on CD ROM. 

Groundskeeper / Sampler - Only available on CD ROM. .. 

E.2-5 Museum Worker 

E.2-6 Museum Visitor 

- This receptor has no exposure for this zone, therefore no table exists. 

- This receptor has no exposure for this zone, therefore no table exists. 
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APPENDIX E.3 
Zone 3 

Table 
E.3-1 Construction Worker - Only available on CD ROM.' 

E.3-2 .. Groundskeeper / Sampler - Only available on CD ROM: 

E.3-3 Undeveloped Park User - Only available on CD ROM. 

E.3-4 Building Maintenance 

E.3-5 Museum Worker 

* E.3-6 Museum Visitor ' 

- This receptor has no exposure for this zone, therefore no table exists. 

- This receptor has no exposure for this zone, therefore no table exists. 

- This receptor has no exposure for this zone, therefore no table exists. 
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APPENDIX E.4 
Zone 4 

Table 

E.4-1 Construction Worker - Only available on CD ROM. 

E.4-2' Groundskeeper / Sampler - Only available on CD ROM. 

E.4-3 Undeveloped Park User - Only available on CD ROM. 

E.4-4 Building Maintenance 

E.4-5 Museum Worker 

E.4-6 Museum Visitor 

- This receptor has no exposure for this zone, therefore no table exists. 

- This receptor has no exposure for this zone, therefore no table exists. 

- This receptor has no exposure for this zone, therefore no table exists. 
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APPENDIX E.5 
Zone 5 

Table 

E.5-1 Construction Worker 

E.5-2 

E.5-3 Undeveloped Park User 

E.5-4 Building Maintenance 

E.5-5 Museuiii Worker 

E.5-6 Museum Visitor 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 
- This receptor has no exposure for this zone, therefore no table exists. 

- This receptor has no exposure for this zone, therefore no table exists. 

- This receptor has no exposure for this zone, therefore no table exists. 

Groundskeeper / Sampler 
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TABLE E.5-I 
C o n s t r u c t i o n  Worke r  - Zone  5 - I nha leChem 

Construction Worker. lnhalatlon of Gases h Parllculates 
Rlsk calculation for Zone 5 

lnlake Equation: 

COC 

CDI = 
cm = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CSEPED*lVET)'(BW*AT) 
Chronic Dally Intake 

Concentralion of chemical in air 
Exposure frequency 
Exposure duration 
Inhalation rate 
Exposure time 
Body weight 
Average time for carcinogens 
Average lime for non-carcinogens 

UNITS l a d u l l 1  
mglkgday calculated below 

mgtm' see COC lis1 below 
days/r 30 

m'hr 2.5 

kg 70 
days 25550 
days 365 

yrr ' 1  

hrstday 8 

ADULT 
conc RfDi CSFi CDI I HO 1 CDI I ILCR 

, NX 1 , I._ , p n c  
total = 1.42E-03 total = 1.06E-08 

Air concentration is derived uslng air particulate value of 26 ugh' (2005 SER background average fmm monitor -12) multiplied by the so11 concentration. 

cw.7nnn s-I 
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TABLE E 5 1  
Cons t ruc t i on  W o r k e r  - Z o n e  5 - DerrnalSoilChem 

Construction Worker - Dermal Contact with SolllSediment 
Risk calculation for Zone 5 

Intake Equation: CDI = (CS*AB*SA'EF*ECYAF'CF)/(BWAT) 
CDI = Chronic Daily Intake 
CS = 
AB Absorption factor 

Concentration of chemical In soil 

SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

Surface area of exposed skin 
Exposure frequency 
Exposure duration 
Adherence factor 
Conversion factor 
Body weight 
Average time for carcinogens 
Average time for noncanlnogens 

UNITS -1 
mglkg see COC list below - see COC list below 

mgkgday calculated below 

cm'/day 3300 
dayslyr 30 
yn 1 

mg/cm' 0.3 
kg/mg 1.00E-06 

ks 70 
days 25550 
days 365 

COC 

CW-Zone 5-2 
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TABLE E.5-I 
Construction Worker - Zone 5 . IngestSoilChem 

Construction Worker - Ingestion of Sol1 
Risk calculation for Zone 5 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 

. IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

(CS'EF'ED'IR'FI'CFY(6~AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil 
Conversion factor 
Body weight 
Average time for carcinogens 
Average lime for non-carcinogens 

UNITS ladull) 
mglkg see COC list below 

dayslyr 30 
Yrs 1 

mglday 330 
unitless 1 
kglmg 1.00E.06 

kg 70 
days 25550 
days 365 

mglkgday calculated below 
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TABLE E.5-1 
Construction Worker - Zone 5 - DermalSWchem 

Construction Worker. Dermal Contact with Surface Water 
Risk calculatlon for Zone 5 

Intake Equation: CDI 2 (DA'EF-ED'SAY(EW'AT) 
CDI = Chmnic Dally Intake 

DA = Dermal absorption dose 
EF = Exposure frequency 
ED = Exposure duralion 
SA = Surface area of skin 
EW = Bodyweight 
ATc = Average time for carcinogens 
ATn = Average time for non-carcinogens 

C, = .concentation of ilh contarninant in surface water 
KO 5 permeability constanl for ith contaminant 
CF = conversion factor 
ET = exposure time 

wIiere. DA = C:K;CF'ET 

UNITS 
mgllrgday calculated below 

mglcm'day see COC list below 
dayslyr 6 

Y'S 1 

cm' ' 5670 
kg 70 

days 25550 
day, 365 

mgn see coc list below 
cmlhr see COC lki below 

u r n s  0.001 
hrld 0.5 

-- ADULT 
COC . DA RfD CSF CDI 1 HO I CDI I ILCR 

CW-Zone M 
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TABLE E.5-1 
Construction Worker - Zone 5 - IngestSWchem 

Bromodichloromethane 
Bromoform 
Bromomethane 
Cadmium 
Carbazole 

Conslrucllon Works!. lngesllon of Surface Water 
Risk calculallon for Zone 5 

5.00E-04 2.OOE-02 WOE-02 5.87E-10 2.94E-08 8.39E-12 5.20E-13 
NA 2.00E-02 7.90E-03 NA NA NA NA 
NA 1.40E.03 NA NA NA NA NA 

1.00E-04 1.00E-03 NA 1.17E-10 1.17E-07 NA NA 
NA NA 2.00E-03 NA NA NA NA 

Intake Equation: CDI = 
CDI = 
CW = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

(CW'EF'ED'IR)/(BW'AT) . 
Chronic Daily Intake 
Concenvation of chemical in waler 
Exposure frequency 
Exposure duration 
Ingestion rate 
Body weigh1 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS Assi ned Valu, 

mgn  see COC table 
mgkgday 1-1 
dayslyr 6 

L/day 0.005 
kg 70 

days 25550 
days 365 

v s  1 

e s  

below 

. -  

CW-Zone 5-5 
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TABLE E.5-1 
Construction Worker - Zone 5 - InhaleRad 

Construction Worker - Inhalation of Gases B Particulates 
Risk calculation for Zone 5 

Intake Equation: CDI = (CA'EF*ED'IR*ET) UNITS (adult) 
CDI = Chronic Daily Intake pCi calculated below 
CA = Concentration of radionuclide in air pCilm3 see COC list below 
EF = Exposure frequency dayslyr 30 
ED = Exposure duration 
IR = Inhalation rate 

Yrs 1 
m3/hr 2.5 

ET = Exposure time hrslday 0 

ADULT 1 
COC conc CSFi CDI I ILCR I BKGD I IB' I 

Air concentration is derived using air particulate value of 26 uglrn3 (2005 SER background average from monitor AMs-12) multiplied by the soil concentration. 
Rn-222 is derived by multiplying the soil Ra-226 value by 256 g/m3. This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (Le., 400 pCilm3 divided by 1.56 pCi/g) 

* IB = radiological increment above background 

CW-Zone 5-6 
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TABLE E.5-I 
Construction Worker - Zone 5 - IngestSoilRad 

Construction Worker - Ingestion o f  Soil 
Risk calculation for Zone 5 

' 

Intake Equation: CDI = (CS*EF*ED*IR*FI) 
CDI = Chronic Daily intake 

UNITS ladull1 
pCi calculated be 

cs = Concentration of radionuclide in soil pCi/g see COC list 
EF = Exposure frequency da yslyr 30 
ED = Exposure duration Yrs 1 
IR = Ingestion rate g/day 0.33 
FI = Fraction of contaminated soil unilless 1 

COC 

total = 1.28E-07 1.03E-07 3.17E-08 

?low 
below 

IB = radiological increment above background 

CW-Zone 5-7 

Document 6732 



8 TABLE E.5-I 
Construction Worker - Zone 5 - IngestSWrad 

Construction Worker - Ingestion of Surface Water 
Risk calculation for Zone 5 

Intake Equation: CDI = (C W*EF'ED*IR) 
CDI = Chronic Daily Intake 
c w =  
EF = Exposure frequency 
ED = Exposure duration 

Concentration of radionuclide in water 

COC 

UNITS Assigned Values 

pCiIL see COC table below 
pci 

Yrs 1 
dayslyr 6 

IR = Ingestion rate Llday 0.005 

ADULT 
conc CSFow CDI I ILCR BKGD I IB" 
DCilL 1hCi DCi CDITSF ILCR 1 ILCR 

total = 2.09E-10 1.42E-10 . 6.74E-11 

* IB = radiological increment above background 

CW-Zone 5-8 
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TABLE E.5-1 
Construction Worker - Zone 5 - ExternalRad 

Constrcution Worker - External Radiation 
Risk calculation for Zone 5 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 
ETi = 
SH;= 
SH, = 

(CS*EF*ED*ET,'( 1 -SH,))+(CS'EF'ED'ETi'( 1 -SHi)) 
Chronic Daily Intake 
Concentration of radionuclide in soil 
Fraction of year exposed to radiation 
Exposure duration 
Fraction of day spent outdoors 
Fraction of day spent indoors 
Shield factor outdoors 
Shield factor indoors 

IB = radiological increment above background 

UNITS I a d u " (  
yr pCilg calculated below 
pCi/g see COC list below 

-- 0.08 

_- 0.33 
-- 0.00 
__  0.25 
-- 0.5 

Yrs I 

CW-Zone 5-9 
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TABLE E.5-1 
Construction Worker - Zone 5 - SumPaths 

Thorium-232 
Uranium-234 
Uranium-235 + D 
Uranium-238 + D 

_________.._._________________________._.--.--. Construction Worker - Summation of all Pathways 
Risk calculation for Zone 5 Radiological i TOTAL. 

Chemical : Total BKGD IB C+IB 

3.27E-09 3.78E-09 2.02E-12 
9.70E-09 2.72E-09 6.98E-09 
3.27E-09 9.16E-10 2.35E-09 
2.47E-08 6.94E-09 1.78E-08 

HI ILCR : ILCR ILCR ILCR : ILCR 

C = chemical 
IS = radiological increment above background 

Summation of all paths for individual nuclides 
Total BKGD Total-BKGD 
ILCR ILCR ILCR 

Radium-226 + D 

CW-Zone 5-10 
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TABLE E.5-1 
Construction Worker - Zone 5 - SumPaths 

. 
Summation of all paths for individual chemicals 

Total BKGD Total-BKGD 
ILCR HI ILCR HI ILCR HI 

CW-Zone 5-1 1 
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TABLE E.5-1 
Construction Worker - Zone 5 - SumPaths 

Summation o f  all paths for individual chemicals (continued) 
Total BKGD Total-BKGD 

ILCR HI ILCR HI ILCR HI 

SUM 5.53E-07 5.23E-02 1.81E-07 3.29E-02 3.92E-07 2.25E-02 

CW-Zone 5-12 
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TABLE E.5-2 
Groundskeeperl Sampler - Z o n e  5 - InhaleChem 

GroundskeeperlSampler . Inhalation of Gases 8. Particulates 
Risk calculalion for Zone 5 

Inlake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(Cs’EF’ED’IR’ETji(6WAT) UNITS I a d u l r j  
Chronic Daily intake 
Concentration of chemical in air mglm’ see COC lis1 below 

Exposure duration yrs 25 
Inhalalion rate m’lhr 2.5 

Body weight kg 70 
Average lime for carcinogens days 25550 
Average time for non-carcinogens days 9125 

I I 

mglkgday calculated below 

Exposure frequency dayslyr 100 

Exposure time hrslday 8 

Air mncentration is derived using air particulate value of 26 ug/m3(2005 SER background awage  from manitor AM-12)  multiplied by 

GS-Zone5-1 - 

f the soil concentration 
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TABLE E 5 2  
Groundskeeper I Sampler - Zone 5 - DennalSoilChem 

GroundskeeperlSampler ~ Dermal Contact with SoIllSedlment 
Risk calculatlon for Zone 5 

Intake Equation: CDI = 
CDI = 
cs = 
AB 
SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

(CSAB*SA*EF+EWAF*CFY(BW'AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Absorption factor 
Surface area of exposed skin 
Exposure frequency 
Exposure duration 
Adherence factor 
Conversion factor 
Body weight 
Average time for carcinogens 
Average time for non-carcincgens 

UNITS wadull] 

mglkg see COC list below 
- see COC list below 

mglkgday calculated below 

cm'lday 3300 
days/r 100 
yn 25 

mglcm' 0.3 

kglmg 1.00E-06 
kg 70 

days 25550 
days 9125 

I An1 I1 T I 

.. 

GS-Zone 5-2 
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TABLE E.5-2 
Groundskeeperl Sampler - Zone 5 - IngestSoilChem 

GS-Zone 5 3  
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TABLE E.5-2 
Groundskeeper I Sampler - Zone 5 - DermalSWchem 

where: 

GS-Zone 5 4  
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TABLE E.5-2 
G r o u n d s k e e p e r /  S a m p l e r  - Z o n e  5 - I n g e s t S W c h e r n  

GroundskeeperISarnpler - Ingestion of Surlace Water 
Risk calculallon for Zone 5 

Intake Equation: CDI = 
CDI = 
cw = 
EF = 
ED = 

. IRE 
BW = 
ATc = 
ATn = 

(CW'EF'ED'IRY(BW'AT) 
Chronic Daily Intake 
Concentralion of chemical in water 
Exposure frequency 
Exposure duralion 
Ingestion rale 
Body weigh1 
Average time lor carcinogens 
Acerage time for non-carcinogens 

UNITS ASS1 ned Values 
mglkgday 

mglL see COC lable below 
d a W  12 

VS 25 
Llday 0.01 

ks 70 
days 25550 
days 9125 
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TABLE E.5-2 
Groundskeeper I Sampler - Zone 5 - InhaleRad 

GroundskeeperlSampler - Inhalation of Gases & Particulates 
Risk calculation for Zone 5 

Intake Equation: CDI = (CA'EF'ED'IR'ET) 
CDI = Chronic Daily Intake 

UNITS [adult) 
pCi calculated below 

CA = Concentration of radionuclide in air pCi/rn3 see COC list below 

ED = Exposure duration Yrs 25 
IR = Inhalation rate m3/hr 2.5 

EF = Exposure frequency dayslyr 100 

ET = Exposure time hrslday a 

I 

total = 2.96E-04 3.60E-04 1.53E-07 

Air concentration is derived using air particulate value of 26 uglm3 (2005 SER background average from monitor AMS-12) multiplied by the soil concentration. 
Rn-222 is derived by multiplying the soil Ra-226 value by 256 glm3. This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (i.e., 400 pCi/m3 divided by 1.56 pCilg) 

* I6 = radiological increment above background 

GS-Zone 5-6 
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TABLE E.5-2 
Groundskeeper / Sampler - Zone 5 - IngestSoilRad 

GroundskeeplSampler - Ingestion of Soil 
Risk calculation for Zone 5 

Intake Equation: CDI = (CS*EF*ED*IR*FI) 
CDI = Chronic Daily Intake 
cs = 
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 
FI = 

Concentration of radionuclide in soil 

Fraction of contaminated soil 

UNITS 1-1 
pCi calculated below 

pCi/g see COC list below 
dayslyr 100 

Yrs 25 
0.1 

unitless 1 

COC 

total = 3.22E-06 2.60E-06 8.00E-07 

* IB = radiological increment above background 

GS-Zone 5-7 
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TABLE E.5-2 
Groundskeeper I Sampler - Zone 5 - IngestSWrad 

GroundskeeperlSampler - Ingestion of Surface Water 
Risk calculation for Zone 5 

Intake Equation: CDI = (CW*EF*ED*IR) UNITS 
CDI = Chronic Daily Intake pCi 
c w =  Concentration of radionuclide in water pCilL 
EF = Exposure frequency da yslyr 

IR = Ingestion rate Llday 
ED = Exposure duration Yrs 

r ADULT i 

Assigned Values 

see COC table below 
12 
25 

0.01 

COC 

total = 2.09E-08 1.42E-08 6.74E-09 

* IB = radiological increment above background 

GS-Zone 5-8 
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TABLE E.5-2 
Groundskeeper I Sampler - Zone 5 - ExternalRad 

GroundskeepedSarnpler - External Radiation 
. Risk calculation for Zone 5 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 

SH, = 
ET, = 

SHi = 

(CS*EF*ED*ET,*( 1 -SH,))+(CS*EF*ED*ETi*( 1 -SH,)) 
Chronic Daily Intake 
Concentration of radionuclide in soil 
Fraction of year exposed to radiation 
Exposure duration 
Fraction of day spent outdoors 
Fraction of day spent indoors 
Shield factor outdoors 
Shield factor indoors 

I ADULT i 

UNITS 
yr pCi/g 
pCilg 

-- 
Yrs . 
-- 

pxiq 
calculated below 
see COC list below 

0.27 
25 

0.33 
0.00 
0.25 
0.5 

COC conc 
DCi/a 

* IB = radiological increment above background 

GS-Zone 5-9 
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TABLE E.5-2 
Groundskeeper I Sampler - Zone 5 - SumPaths 

I - - - - - - - - - - - - - . - - - - . - - - - - - . . - - - - - - - - - - - - - - - - - - ,  GroundskeeperlSampler - Summation of all Pathways 
Risk calculation for Zone 5 Radiological : TOTAL 

Chemical : Total BKGD IB : C+IB 

'cesium-I 37 + D 3.58E-07 2.89E-07 6.87E-08 
Lead-210 + D 1.48E-06 1.08E-06 3.97E-07 
Neptunium-237 + D 7.79E-09 2.41E-11 7.76E-09 
Plutonium-238 2.77E-10 4.32E-12 2.73E-10 

HI ILCR i ILCR 
/Inhale I 4.72E-03 I 8.82E-07 I 2.96E-04 

External Radiation I NA I NA I 4.39E-05 
SUM 1.06E-01 4.50E-05 : 3.43E-04 

C =chemical 
IB = radiological increment above background 

ILCR ILCR i ILCR 
I 3.60E-04 I 1.53E-07 I 1.03E-06 1 

HI ILCR i ILCR ILCR ILCR i ILCR 

SUM 1.06E-01 4.50E-05 : 3.43E-04 4.12E-04 1.97E-06 i 4.70E-05 
C =chemical 
IB = radiological increment above background 

2.60E-06 

1.42E-08 
4.98E-05 
4.12E-04 

2.97E-06 

3.80E-05 

1.97E-06 i 4.70E-05 

Summation of all paths for individual nuclides 
Total BKGD Total-BKGD 
ILCR ILCR ILCR 

Radiumr226 + D 1 1.89E-05 I 2.30E-05 I 1.81E-10 
Radium-228 + D . I 9.25E-06 I 1.06E-05 I 2.08E-09 

SUM 3.43E-04 4.12E-04 1.97E-06 

GS-Zone 5-1 0 
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TABLE E.5-2 
Groundskeeper / Sampler - Zone 5 - SumPaths 

GS-Zone 5-1 1 
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TABLE E.5-2 
Groundskeeper / Sampler - Zone 5 - SumPaths 

Summation of all paths for individual chemicals (continued) 
Total BKGD Total-BKGD 

ILCR HI ILCR HI ILCR HI 

SUM 4.50E-05 1.06E-01 7.1 6E-06 4.78E-02 3.86E-05 6.26E-02 

GS-Zone 5-1 2 

Document 6732 
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n 

Table 

E.6-1 Construction Worker 

E.6-2 Groundskeeper / Sampler 

E.6-3 Undeveloped Park User 

E.6-4 Building Maintenance 

E.6-5 Museum Worker 

E.6-6 Museum Visitor 

APPENDIX E.6 
Zone 6 

- Only available on CD ROM. 

- Only available on CD ROM. 

- Only available on CD ROM. 

- This receptor has no exposure for this zone, therefore no table exists. 

- Hard copy provided in this appendix, also available on CD ROM. 

- Only available on CD ROM. 
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TABLE E.6-5 
Museum Worker - Zone 6 -  Inhakchem 

Museum Worker ~ lnhalallon of Gases 8 Parliculales 
Rlsk calculalion for Zone 6 

Intake Equalion: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CSEF*ElTiR*ET)/(BW*AT) 
Chronic Dally Intake 
Concentralion of chemical in air 
Exposure frequency 
Expasure duration 
Inhalation rate 
Exposure lime 
Body weight 
Average time for carcinogens 
Average lime for non-carcinogens 

UNITS -1 
mgkgday calculated below 

mglrn’ see CDC list below 
dayslyr 250 
yn 25 

m’lhr 1.5 

k9 70 
days 25550 
days 9125 

hrslday 1 ’  

COC 
ADULT 

conc RfDi CSFi CDI I HQ I CDI 1 ILCR 

Air concentration is derived usino air narticulate value of 26 mlm’ 12005 SER bacbmund averaoe from m i l o r  AMS-12) rnulliolied bv Ihe soil concentration 

MW-Zone 6-1 
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TABLE E.&5 
Museum Worker - Zone 6 .  DermalSollChem 

Museum Worker - Dermal Contact with SoiltSediment 
Risk calculation for Zone 6 

intake Equation: CDI = (CSAWSA*EF*ED+AFTF)/(BW'AT) UNITS ladull1 
CDI = Chronic Daily Intake mglkgday calculated below 
CS = 
AB Absorption factor 
SA Surface area of exposed skin cm'lday 904 
EF = Exposure frequency daysly 250 
ED = Exposure duration yn 25 
AF = Adherence factor mg/cm' 0.07 
CF = Conversion factor kglmg 1 .M1E-06 
BW = Body weight ks 70 
ATc = Average lime for carcinogens days 25550 
ATn = Average lime for nowcarcinogens day, 9125 

mgkg see COC lis1 below 
- see COC list M o w  

Concentration of chemical in soil 

I I 

MW-Zone 6-2 
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Museum Worker ~ Ingestion of Soil 
Risk calculatlon for Zone 6 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATC 5 

ATn = 

COC wnc 

TABLE E.6-5 
Museum Worker. Zone 6 ~ IngestSoilChem 

(Cs'EF'ED'lR*Fi*CFY(BW'AT) 
Chronic Dairy Intake 
Concentration of chemical in so11 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of conlaminaled soil 
Conversion factor 
Body weigh1 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS ladoll] 

mgkg see COC lis1 below 
dayslyr 250 

Y 6  25 
mglday 50 
unitless 1 
kglrng 1.00E-06 

k9 70 
days 25550 
days 9125 

rngkgday calculaled below 

.. 

MW-Zone 6-3 
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TABLE E.6.5 
Museum Worker. Zone 6 .  DermalSWchem 

Museum Worker - Dermal Conlact with Surface Waler 
Risk calculalion for Zone 6 

Intake Equation: CDI = 
CDI = 
DA = 
EF = 
ED I: 
SA = 
BW = 
ATc = 
ATn = 
DA = C;CCF'ET 
C. = 
K. = 
CF = mnversion factor 
ET = exposure time 

Average bme for non-carcinogens 

mncenlation of ilh antaminant in surface water 
permeability constant for Ith mntaminanl 

where: 

(OA*EPED*SA)/(BW'AT) 
Chronic Daily Intake 
Dermal absorption dose 
Exposure frequency 
Exposure duralion 
Surface area of skin 
Body weight 
Averase time for carcinooens 

UNITS 
mglkgday calculalad below 

mglcm'day see COC lis1 below 
daysly? 8 

a n 2  904 

Y E  25 

kg 70 
days 25550 
days 9125 

mgR see COC list below 
a n h r  see COC list below 

ucm3 0.m1 
hrld 0 5  

MW-Zone 6 4  
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TABLE E.6-5 
Museum Worker ~ Zone 6 - IngestSWchem 

Museum Worker - Ingestion of Surface Water 
Risk calculation for Zone 6 

Intake Equation: CDI = (CW*EF*ED'IR)/(BW*AT) 
CDi = Chronic Dally Intake 
CW = 
EF = Exposure frequency 
ED = Exposure duration 
iR = Ingestion rale 
BW = Body weight 
ATC = 
ATn = 

Concentration of chemical in water 

Average time for carcinogens 
Average time for non-carcinogens 

UNITS Assi ned Values 

mglL see COC table below 
mglkgday 1-1 
dayslyr 8 

25 

kg 70 
days 25550 
days 9125 

Llday yrs 0.001 

MW-Zone 6-5 
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TABLE E.6-5 
Museum Worker - Zone 6 - InhaleRad 

Museum Worker - Inhalation of Gases & Particulates 
Risk calculation for Zone 6 

Intake Equation: CDI = (CA*EF*ED*IR*ET)' 
CDI = Chronic Daily Intake 

UNITS I adult I 
pCi calculated below 

CA = Concentration of radionuclide in air pCi/m3 see COC list below 
EF = Exposure frequency days/yr 250 

IR = Inhalation rate m3/hr 1.5 

ED = Exposure duration YrS 25 

ET = Exposure time hrslday 1 

Air concentration is derived from air particulate value of 26 ug/m3 (2005 SER background average from monitor AMs-12) multiplied by soil concentration. 
Rn-222 is derived by multiplying the soil Ra-226 value by 256 g/m3. This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (i.e., 400 pCi/m3 divided by 1.56 pCilg) 

* IB = radiological increment above background 

MW-Zone 6-6 
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TABLE E.6-5 
Museum Worker - Zone 6 - IngestSoilRad 

Museum Worker - ingestion of Soil 
Risk calculation for Zone 6 

Intake Equation: CDI = (CS*EF*ED*IR*FI) 
CDI Chronic Daily Intake 
cs = 
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 
FI = 

Concentration of radionuclide in soil 

Fraction of contaminated soil 

UNITS 7 1  
pCi calculated below 

pCilg see COC list below 
dayslyr 250 

Yrs 25 
!$day 0.05 

unitless 1 

I - ADULT I 
COC 

total = 4.78E-06 3.25E-06 I .73E-06 

* IB = radiological increment above background 

MW-Zone 6-7 

Document 6732 



TABLE E.6-5 
Museum Worker - Zone 6 - IngestSWrad 

Museum Worker - Ingestion of Surface Water 
Risk calculation for Zone 6 

Intake Equation: CDI = (CW*EF*ED*IR) 
CDI = Chronic Daily Intake 
c w =  
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

Concentration of radionuclide in water 

ADULT -- 

UNITS Assigned Values 

pCilL see COC table below 
pc i  /adult) 

dayslyr 8 
Yrs 25 

M a y  0.001 

COC 

total = 1.43E-09 9.42E-10 4.84E-10 

* IB = radiological increment above background 

MW-Zone 6-8 
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TABLE E.6-5 
Museum Worker - Zone 6 - ExternalRad 

Museum Worker - External Radiation 
Risk calculation for Zone 6 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 

SH, = 
ET, = 

SHi = 

(CS+EF'ED+ET,+( 1 -SH,))+(CS'EF*ED'ETi+( 1 -SH,)) 
Chronic Daily Intake 
Concentration of radionuclide in soil ' 
Fraction of year exposed to radiation 
Exposure duration 
Fraction of day spent outdoors 
Fraction of day spent indoors -. . 
Shield factor outdoors 
Shield factor indoors 

I ADULT 1 
COC conc 

+ IB = radiological increment above background 

UNITS 7 1  
yr pCi/g calculated below 
pCi/g see COC list below 

-- 0.68 
Yrs 25 
-- 0.04 
-- 0.29 
-- . 0.25 
-- 0.5 

MW-Zone 6-9 
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TABLE E.6-5 
Museum Worker -Zone 6 - SumPaths 

Cesium-I37 + D 
Lead-2 10 + D 
Neptunium-237 + D 
Plutonium-238 

r_____________.________________________...----.  Museum Worker - Summation of all Pathways 
Risk calculation for Zone 6 Radiological : TOTAL 

Chemical : Total BKGD IB : C+IB 
HI ILCR i ILCR . ILCR ILCR i ILCR 

SUM 5.71E-02 5.95E-06 i 1.47E-04 1.59E-04 6.87E-06 i 1.28E-05 

7.75E-07 5.1 1 E-07 2.65E-07 
1.33E-06 1.32E-06 3.68E-09 

NA NA NA 
NA NA NA 

C = chemical 
IB = radiological increment above background 

Thorium-228 + D 2.66E-05 2.98E-05 4.10E-11 
Thorium-230 5.56E-07 1 . I  3E-07 4.43E-07 
Thorium-232 9.29E-08 1.06E-07 1.52E-11 
Uranium-234 6.92E-07 8.24E-08 6.10E-07 
Uranium-235 + D 1.01 E-06 1.20E-07 8.92E-07 
Uranium-238 + D 5.28E-06 6.28E-07 4.65E-06 

L 

MW-Zone 6-1 0 
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TABLE E.6-5 
Museum Worker - Zone 6 - SumPaths 

Summation of.all paths for individual chemicals 
Total BKGD Total - BKGD 

ILCR ' HI ILCR HI ILCR HI 

MW-Zone 6-1 1 
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TABLE E.6-5 
Museum Worker - Zone 6 - SumPaths 

Summation of all paths for individual chemicals (continued) 
Total BKGD Total - BKGD 

ILCR HI ILCR HI ILCR HI 

SUM 5.95E-06 5.71 E-02 4.80E-06 3.22E-02 2.03E-06 3.1 1 E-02 

MW-Zone 6-1 2 
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APPENDIX E.7 
Zone 7 

Table 

E.7-1 Construction Worker - Only available on CD ROM. 

E.7-2 Groundskeeper / Sampler - Only available on CD ROM. 

E.7-3 Undeveloped Park User - Only available on CD ROM. 

E.7-4 Building Maintenance 

E.7-5 Museum Worker - Only available on CD ROM. 

E.7-6 Museum Visitor 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 
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Air concentration is derived using air particulate Mlue of 26 uglm’ (2005 SER backgmnd average horn rnonllw AMsl2)  mulliplied by the soil CMCenVallDn 

EM-Zone 7-1 
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TABLE E.7-4 
Building Maintenance -Zone 7 - DermalSoilChem 

Building Maintenance. Dermal Contact with SoillSediment 
Risk calculation for Zone 7 

intake Equation: CDI = 
CDI = 
cs = 
AB 
SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

(CSAB+SA'EFED*AFTFY(BW'AI) 
Chronic Daily Intake 
Concentration of chemical in soil 
Absorption factor 
Surface area of exposed skin 
Exposure frequency 
Exposure duration 
Adherence factor 
Conversion factor 
Body weight 
Average time for carcinogens 
Average time for nowcarcinogens 

UNITS -1 
mgikg see COC list below - see COC list below 

mgkgday calculated below 

cm'lday 2077 
d a m  250 
yn 25 

kglmg 1.00E-06 
kg 70 

days 25550 
days 9125 

mglcm' 0.2 

COC 

toW= 1.25E-02 LOB = 

BM-Zone 7-2 
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TABLE E.7-4 
Building Maintenance - Zone 7 ~ IngestSoilChem 

Building Maintenance. lngesllon of Soil 
Risk calculaUon for Zone 7 

Intake Equation: CDI i [CS'EF'EO'lR'FI'CF#BW'AT) 
CDI = Chronic Daily intake 
cs = 
EF = 
EO = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn 

Concentration of chemical in Soil 
Exposure frequency 
Exposure duration 
ingestion rate 
Fraclion of contaminated Soil 
Conversion faclor 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS [I 
rnglkg see COC list below 
dayslyr 250 

yrs 25 
mglday 50 
unitless 1 
kglmg l.pOE-06 

kg 70 
days 25550 
days 9125 

mglkgday calculated below 

An1 II T 1 

BM-Zone 7-3 
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TABLE E.7-4 
Building Maintenance -Zone 7 - DermalSWchem 

where. 

BM-Zone 7 4  
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TABLE E.7-4 
Building Maintenance -Zone 7 - IngestSWchem 

5 

below 

BM-Zone 7-5 
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TABLE E.7-4 
Building Maintenance -Zone 7 - InhaleRad 

Building Maintenance - Inhalation of Gases & Particulates 
Risk calculation for Zone 7 

Intake Equation: CDI = (CA'EF'ED'IR'ET) 
CDI = Chronic Daily Intake 

UNITS 
pCi 

I adult 1 
calculated below 

CA = Concentration of radionuclide in air pCilm' see COC list below 
EF = Exposure frequency daysly 250 
ED = Exposure duration Y E  25 
IR = Inhalation rate m'lhr 1.5 

ET = Exposure time hrslday 1 

Air concentration is derived using air particulate value of 26 u g h 3  (2005 SER background average from monitor AMS-12) multiplied by the soil concentration. 

Rn-222 is derived by multiplying the soil Ra-226 value by 256 g/m3. This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (Le., 400 pCi/rn3 divided by 1.56 pCi/g) 

IB = radiological increment above background 

BM-Zone 7-6 
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TABLE E.7-4 
Building Maintenance - Zone 7 - IngestSoilRad 

Building Maintenance - Ingestion of Soil 
Risk calculation for Zone 7 

* IB = radiological .increment above background 

BM-Zone 7-7 
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TABLE E.7-4 
Building Maintenance - Z o n e  7 - IngestSWrad 

Building Maintenance - Ingestion of Surface Water 
Risk calculation for Zone 7 

Intake Equation: CDI = (CW*EF*ED'IR) 
CDI = Chronic Daily intake 
c w =  
EF = Exposure frequency 
ED = Exposure duration 
jR = Ingestion rate , 

Concentration of radionuclide in water 

UNITS Assigned Values 

pCilL see COC table below 
pc i  

da yslyr NA 

Llday NA 
Yr5 NA 

* IB = radiological increment above background 

BM-Zone 7-8 
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TABLE E.7-4 
Building Maintenance - Zone 7 - ExternalRad 

Building Maintenance - External Radiation 
Risk calculation for Zone 7 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 

SH, = 
ETi = 

SHi = 

(CS'EF'ED*ET,'( 1 -SH,))+(CS'EF*ED*ETi'( 1-SH,)) 
Chronic Daily Intake 
Concentration of radionuclide in soil 
Fraction of year exposed to radiation 
Exposure duration 
Fraction of day spent outdoors 
Fraction of day spent indoors 
Shield factor outdoors 
Shield factor indoors 

UNITS 
yr pCi1g 
pCilg 

-- 

7 1  
calculated below 
see COC list below 

0.68 
25 

0.04 
0.29 
0.25 
0.5 

* IB = radiological increment above background 

BM-Zone 7-9 
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TABLE E.7-4 
Building Maintenance - Zone 7 - SumPaths 

..______________._..__._.____________.__------- Building Maintenance - Summation of all Pathways 
Risk calculation for Zone 7 Radiological TOTAL 

Chemical ! Total BKGD IB C+IB 
HI ILCR : ILCR ILCR ILCR : ILCR 

4.74E-06 : 1.13E-05 
C = chemical 
IB = radiological increment above background 

Summation of all paths for individual nuclides 
Total BKGD Total - BKGD 
ILCR ILCR ILCR 

SUM 1.50E-04 1.59E-04 4.74E-06 

BM-Zone 7-10 
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TABLE E.7-4 
Building Maintenance -Zone 7 - SumPaths 

BM-Zone 7-1 1 
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TABLE E.7-4 
Building Maintenance - Zone 7 - SumPaths 

Summation of all paths for individual chemicals (continued) 
Total BKGD Total - BKGD 

BM-Zone 7-1 2 
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APPENDIX E.8 
Zone 8 

Table 

E.8-1 Construction Worker - Only available on CD ROM. 

E.8-2 Groundskeeper / Sampler - Only available 011 CD ROM. 

E.8-3 Undeveloped Park User 

E.8-4 Building Maintenance - Only available on CD ROM. 

E.8-5 Museum Worker 

E.8-6 Museum Visitor 

- This receptor has ,no exposure for this zone, therefore no table exists. 

- This receptor has no exposure for this zone, therefore no table exists. 

- This receptor has no exposure for this zone, therefore no table exists. 

Document 6732 



APPENDIX E.9 
HWMUs 

Table 

E.9-1 Construction Worker 

E.9-2 

E.9-3 Undeveloped Park User 

E.9-4 Building Maintenance 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 

Groundskeeper / Sampler 

E.9-5 Museum Worker 

E.9-6 Museum Visitor 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appendix, also available on CD ROM. 
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TABLE E.9-1 
Conslruclion Worker - HWMU - InhaleChem 

COC MnC RfDi CSFi 

Construction Worker. Inhalation of Gases & Particulates 
Rlsk calculatlon for HWMU 

ADULT 
CDI I HO 1 CDI 1 ILCR 

Intake Equalion: CDI = 
CM = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn- , 

(CSEF’ED’lR’ETY(BW’AT) 
Chronic Daily Intake 
Concenlration of chemical in air 
Exposure frequency 
Exposure duration 
Inhalation rate 
Exposure time 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS ladull) 
mglkgday calculated Wcru 

mglm’ see CK list below 
dayslyr 30 
Ys t 

m’hr 2.5 
hrs/day 8 

kg 70 
days 25550 
days 365 

Air mcentration is derived using air particulate d u e  of 26 ugh’ (2005 SER background average from monitor AMs-12) multiplied by the SGU concentration. 

CW-HWIIM-I 
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TABLE E.9-I 
Cons t ruc t i on  W o r k e r  - H W M U  - DermalSoilChem 

Construcllon Worker - Dermal Contact wlth SoillSedlment 
Risk calculation for HWMU 

Intake Equation: CDI = (Cs’AB.SA.EF.Eo’AF*CFY(8W’AT) UNITS ladull] 
mglkgday calculated below ’ CDI = Chronic Daily Intake 

CS = Concentration of chemical in soil mglkg see COC list below - see COC list below AB Absorption factor 
SA Surface area of exposed skin mzlday 3300 
EF = Exposure frequency dapM 30 

AF = Adherence factor mglcm’ 0.3 
CF = Conversion faclor kglmg 1.OOE-06 
BW = Body weight kg 70 
ATc = Average time for cardnogens d a p  25550 

ED = Exposure duration yn 1 

ATn = Average time for noncarclncgens d a p  365 

.-...- I 
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TABLE E.9-I 
Construction Worker - HWMU - IngestSoilChem 

Constructlon Worker - Ingestion 01 Sol1 
Risk calculation for HWMU 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

(CSEF'E~l~FI.CF)BW'AT) 
Chronic Daily Intake 
Concentration 01 chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction 01 contaminated soil 
Conversion factor 
Body weight 
Average time for carcinogens 
Average lime lor non-carcinogens 

UNITS (adul t1  
mglkg see CDC list below 

dayslyr 30 

mglday 330 
u n i U e s s 1 
kglrng 1.OOE-06 

kg 70 
days 25550 
days 365 

mgkgday calculated below 

yrs 1 

conc RfDo CSFO 

CW-HWIIM-3 
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TABLE E.9-I 
Construction Worker - HWMU - DermalSWchem 

Construcllon Worker. Dermal Contact with Surface Water 
Risk calculation for HWMU 

Intake Equalion: CDI = (DA'EF'EWSA)/(BW'AT) 
CDI = Chronic Dally Intake 
DA = Dermal absorption dose 
EF = Exposure frequency 
ED Exposure duration 
SA = Surface area of skin 
BW = Body weight 
ATc = Average time for carcinogens 
ATn = Average time for nowcaramgens 
DA = C.'K+TF'ET 
C, = wncenlalion of ith wntaminant in surface water 
K. = permeability mnstant for ith wntaminant 
CF = wnvenlon factor 
ET = exposure time 

where: 

UNITS I] 
mgkgday calculated below 

mglcm'day see COC list below 
dayslyr 6 

YS 1 

days 255% 

cm' 6 7 0  
kg 70 

dar j  365 

mgR see COC list below 
cmhr see COC list below 
Ucm' 0.001 
hdd 0.5 

CW-HWUM-4 
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TABLE E.9-1 
Construction Worker - HWMU - SumPaths 

1 ,I-Dichloroethylene NA NA 
1,2-dichloroethane NA NA 

3,3-Dichlorobenzidine NA No RfDs 
4-Methylphenol No CSFs NA 
4-Nitroanaline NA NA 
Acetone No CSFs NA 

Aroclor-I 254 NA NA 
Aroclor-I 260 NA No RfDs 

2-Butanone NO CSFS 2.23E-08 

Antimony No CSFs NA 

Construction Worker - Summation of all Pathways 
Risk calculation for HWMU 

Chemical 

Ingest Soil 

SUM 5.09E-03 7.78E-09 

Summation of all paths for individual chemicals 
ILCR HI 

1 ,I ,2-Trichloroethane I 9.19E-12 I 2.82E-06 

Carbazole I NA I No RfDs 
Carbon disulfide I NoCSFs I NA 
Carbon tetrachloride I NA I NA 
Chlordane NA NA 

C W -H W U M-6 
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TABLE E.9-1 
Construction Worker - HWMU - 

Summation of all paths for individual chemicals (continued) 

No CSFs 

Fluoride No CSFs 
No RfDs 

HeDtachlorodibenzo-D-dioxin No RfDs 

X yen e s  I No CSFs I 3.21E-07 
Zinc I NoCSFs I NA 

SI urnpaths 

I Hexachlorodibenzofuran I NA 1 NoRfDs I 
Hexachlorodibenzo-p-dioxin No RfDs 

No RfDs 
No CSFs No RfDs 
No CSFs 

Mercurv 
(Methanol 1 NoCSFs I NA I 
4-Methyl-2-pentanone I NoCSFs 1 NA 
Methylene chloride I 2.63E-12 I 4.10E-07 
Molvbdenum I NoCSFs I NA I 

INickel I NoCSFs I NA I 
I N-nitrosodiphenylamine I NA I NA I 

I NoCSFs I NA I 
IVinvl chloride I NA I NA 1 

. .  

CW-HWUM-7 
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TABLE E.9-2 
Groundskeeper I Sampler - HWMU - InhaleChem 

GroundskeeperlSampler - Inhalation of Gases 8 Parllculales 
Risk calculation for HWMU 

Intake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
0w = 
ATc = 
ATn = 

(CSEF*EVlR'ETY(EW'AT) 
Chronic Daily lnlake 
Concentration of chemical in air 
Exposure frequency 
Exposure duration 
Inhalation rale 
Exposure time 
Bodyweight 
Average lime for carcincgens 
Average time for non-carcinogens 

UNITS [adult1 

mglm' see COC list below 
mgikgday calculated below 

dayslyr 100 
YS 25 

m'hr 2.5 

kg 70 

days 9125 

hnlday 8 

days 25550 

A", I, T 1 

Air Mncenlration is derived using air paniculate value of 26 tq/m'(2005 SER background average fmn monitor -12) multiplied bylhe toil concentration. 

GS-HWMU-1 
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TABLE E.9-2 
Groundskeeper I Sampler - HWMU . DermalSoilChem 

GroundskeeperlSampler ~ Dermal Contact wlth SoIllSediment 
Risk calculation for HWMU 

Intake Equation: CDI = 
I CDI = 

cs = 
AB 
SA 

. EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

(CSABSA*EF*ED’AF’CFY(BW’AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Absorption factor 
Surface area of exposed skin 
Exposure frequency 
Ewsure  duration 
Adherence factor 

Conversion factor 
Body weight 
Average time for carcinogens 
Average llme for non-carcinogens 

UNITS [adull] 
mgkg see COC list below 
- see COC list below 

mgkgday calculated below 

un’lday 3300 
dayslyr 100 
F 25 

mglcm’ 0.3 

kgmg 1.00E-06 
ks 70 

days 25550 
days 9125 

COC mnc AB RfDd 

total= 1.36E.03 total = 5.27E-10 

GS-HWMU-2 
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TABLE E.9-2 
G r o u n d s k e e p e r l  Samp le r  - HWMU - IngestSoi lChem 

GroundskeeperlSampler - Ingestion of Soil 
Risk calculation for HWMU 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

(CS'EF'ED'IR'FI'CF)I(BW'AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil 
Conversion factor 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS 7 1  
mglkg see COC lisl below 

rnglkgday calculated below 

d W y r  100 

mglday 100 
yrs 25 

unitless 1 
kglmg 1.00E-06 

kg 70 
d a p  25550 
day, 9125 

GS-HWMU-3 
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TABLE E.9-2 
Groundskeeper I Sampler - HWMU - DermalSWchem 

GroundskeeperlSampler - Dermal Conlact with Surface Water 
Risk calculation for HWMU 

lnlake Equalion: COI = 
COI = 
OA = 
EF = 
ED = 
SA = 
BW = 
ATc = 
ATn = 
OA = C:K,'CF'ET 
C, = 
K, = 
CF = mnverslon laclor 
ET = exposure lime 

Average time for rnn-car&ogens 

mncentation of llh mnlaminant in surface water 
pcrmeabllity mmtant lor ilh mnlarninant 

where: 

(DA'EF'EO'SAY(BW'AT) 
Chronic Dally lnlake 
Dermal absorptwn dose 
Exposure frequency 
Exposure duration 
Surface area of skin 
Body weight 
Average time for wrumqens 

UNITS -1 
mglkgday calculated below 

mglan'day see COC lis1 below 
daWyr 12 

YS 25 
m' 5670 
kg 70 

days 9125 
days 25550 

mgR see COC list below 
m l h r  see COC list below 

UUnS 0 001 
hrld 1 

I 

COC 

total = 2.14E-04 lotal= 2.ME-08 

GS-HWMU4 
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TABLE E.9-2 
Groundskeeper I Sampler - HWMU - IngestSWchem 

GroundskeeperlSampler - Ingestion of Surface Wale1 
Rlsk calculation for HWMU 

intake Equalion: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
8W = 
ATc = 
ATn 

UNITS Assi ned Values 
mgkgday -1 

(CW'EF*ELYiR)l(8W*AT) 
Chronic Dairy Intake 
Concentration of chemical in water mgR see COC table below 
Exposure frequency days/r 12 
Exposure duration yrj 25 
Ingestion rate Uday 0.01 
Body weighi kg 70 
Average lime for carcinogens days . 25550 
Average time for non-carcinogens days 9125 

t 

RS-UWMII-S 
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TABLE E.9-2 
Groundskeeper I Sampler - HWMU - SumPaths 

I,l,Z-Trichloroethane 6.34E-10 
1 ,I-Dichloroethylene NA 
1 7-dichlnmethane NA 

Groundskeeper/Sarnpler - Summation of all Pathways 
Risk calculation for HWMU 

Chemical 

Ingest Soil 

SUM 9.78E-03 6.41E-07 

7.78E-06 
NA 
NA 

~ ~~~ 

2-Butanone NO CSFS 
3,3-Dichlorobenzidine NA 
4-Me thvl D he no1 No CSFs 

7.52E-08 
. No RfDs 

NA 
4-Nitroanaline I NA I NA 
Acetone I .  NoCSFs I NA I 

Chrysene 
Cobalt 
Copper 
Cyanide 
Cyclohexanone 
Dibenzo(a. h)anthracene 

NA . No RfDs 
NA NA 

No CSFs . NA 
No CSFs NA 
No CSFs NA 

NA No RfDs 
Dieldrin I NA I NA 
Di-n-octylphthalate I NoCSFs 1 NA I 

GS-HWMUB 
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Ethyl ether No CSFs 
Ethylbenzene ' NA 
Fluoride No CSFs 
HeDtachlorodibenzofuran NA 

IHentachlorodibenzo-o-dioxin I NA I NO RfDs I 

NA 
NA 
NA 

No RfDs 
_ _  - I  - -  

Hexachlorodibenzofuran 
Hexachlorodi benzo-p-dioxin 
Indeno( 1,2,3-cd)pyrene 
Lead 

I NoCSFs I NA I 

NA No RfDs 
NA No RfDs 
NA No RfDs 

No CSFs No RfDs 
.L 

I NoCSFS I 6.02E-05 I 

IMolvbdenum 
I 2.39E-11 IMethylene chloride I 

S I  NA I NoCSF 

~ 

'inyl chloride- ~ I NA NA I NoCS 
I 

(Xylenes FS I 1.11E-06 I 
17inr 

J -  SumPaths 

I -.. .- I 
SUM 6.41E-07 9.78E-03 

GS-HWMU-7 
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TABLE E.9-4 
Building Maintenance - HWMU . InhaleChem 

Building Maintenance - Inhalation of Gases 8 Particulates 
Risk calculation for HWMU 

intake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
EW = 
ATc = 
ATn = 

(CS*EF*EWiR’ET)/(BW*AT) 
Chronic Daily intake 
Concentration of chemical in air 
Exposure frequency 
Exposure duration 
Inhalation rate 
Exposure time 
Body weight 
Average time for carcinogens 
Average lime for non-carcinogens 

COC 

UNITS -1 
mglm’ see COC list below 
dayslyr 250 

mglkgday calculated below 

yrs 25 
m’lhr 1.5 

hrslday 1 
kg 70 

days 25550 
days 9125 

ADULT 
conc RfDi CSFi . CDI I HO I CDI I ILCR 

Air concentralin is derived using air particulate value of 26 vglm’ (2005 SER background average from monitor AMS-12) multiplied by the so11 concentration 

BM-HWMU-1 
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TABLE E.9-4 
Building Maintenance - HWMU - DermalSoilChem 

Building Maintenance ~ Dermal Contact wlth SolllSedimenl 
Risk calculation for HWMU 

Intake Equation: CDi = 
CDI = 
cs = 
AB 
SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

(CS'AB'SA+EF'ED'AF*CFy(BW'AT) 
Chronic Daily Intake 
Concentration 01 chemical in soil 
Absorption factor 
Surface area of exposed skin 
Exposure frequency 
Exposure duration 
Adherence factor 
Conversion factor 
Body weight 
Average time for carcinogens 
Average time for nonzarcinogens 

UNITS 1- 
mglkg see COC list below 
-. see COC list below 

mgkgday calculated below 

cm'lday 2077 

mglcm' 0.2 

darjlyr 250 
YS 25 

kglmg 1.00E-06 
ks 70 

dap 25550 
dap 9125 

COC conc AB RfDd 

BM-HWMU-2 
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TABLE E.9-4 
Building Maintenance - HWMU ~ IngestSoilCl iem 

Building Maintenance -Ingestion of Soil 
Risk calculation for HWMU 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

(CS'EF'ED'IR'F1'CF)BW'AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil 
Conversion factor 
Body weight 
Average lime for carcinogens 
Average time for non-carcinogens 

UNITS (m 
mglkgday calculated below 

mglkg see COC lis1 below 
dayslyr 250 

Yrs 25 
mglday 50 
unitless 1 
kglmg 1.00E-06 

kg 70 
days 25550 
days 9125 

BM-HWMU-3 
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TABLE E.9-4 
Building Maintenance - HWMU . DermalSWchem 

Building Maintenance - Dermal Contact with Surface Water 
Risk calculation for HWMU 

Inlake Equation: CDI = (DA’EF’ED‘SAY(BW‘AT) 
CDI = Chmnic Daily Intake 
DA = Dermal absorption dose 
EF = Exposure frequency 
ED = Exposure duration 
SA = Surface area of skin 
BW = Body weight 
ATc = Average time for carcinogens 
ATn = Average time for non-carcinogens 
DA = C:FCF’ET 
C. = mncentation of ith mntaminant in surface water 
K, = permeability mnstant for iu1 mntaminant 

where: 

CF = conversion facto! 
ET = exposure time 

UNITS )adull] 
mglkgday calculated below 

mgkm’day NA 
dap/yr NA 

yrs NA 

kg NA 
days NA 
days NA 

cm2 NA 

mg/L see COC list below 
m l h r  see COC list below 
UUn’ NA 
hr/d NA 

I i 

BM-HWMU4 
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TABLE E.9-4 
Bui ld ing Maintenance - HWMU - IngestSWchem 

Building Maintenance -Ingestion of Surface Water 
Risk calculation for HWMU 

Intake Equation: CDI = (CW'EF'ED1RJ/(BW'AT) UNlTS Assi ned Values 
mglkgday 1-1 CDI = Chronic Daily Intake 

CW = Concentration of chemical in water mglL see COC table below 
EF = Exposure frequency dayslyr NA 
ED = Exposure duration yrs NA 
IR = Ingestion rate Llday NA 
BW = Body weight kg NA 
ATc = Average time for carcinogens days NA 
ATn = Average time for non-carcinogens days NA 

RM-UWMi 1-5 
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TABLE E.9-4 
Building Maintenance - HWMU - SumPaths 

Building Maintenance - Summation of all Pathways 
Risk calculation for background 

Chemical 

Inhale 9.46E-04 1.14E-07 
Dermal Soil 1.43E-03 5.53E-10 
Ingest Soil 3.93E-03 6.63E-09 
Dermal Surface Water 
Ingest Surface Water 

SUM 6.31 E-03 I .21 E-07 

Summation of all paths for individual chemicals 

ILCR HI 

BM-HWMU-6 
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TABLE E.9-4 
Building Maintenance - HWMU - SumPaths 

Summation of all paths for individual chemicals (continued) 

ILCR HI 

(Lead 

ISiIver 

BM-HWMU-7 
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TABLE E.9-5 
M u s e u m  W o r k e r -  HWMU - InhaleChem 

Museum Worker. Inhalation of Gases 8 Particulates 
Risk calculatlon for HWMU 

Intake Equation: CDI = (CS'EF'Eo'lR'ET)l[BWAT) UNITS 
CDI = Chronic Daily Intake mglkgday calculated below 
CA = concentration of chemical in air mg/m' see coc list below 
EF = Exposure frequency dayslyr 250 
ED = Exposure duration YS 25 
IR = Inhalalion rate rn'lhr 1.5 

. ET= Exposuretime hrslday 1 
BW = Body weight kg 70 

ATn = Average lime for non-carcinogens . days 9125 
ATc = Average time for carcinogens days 25550 

Air concenvation is derived using air particulate value of 26 uglm"(2005 SER backgrwnd average from monitor AMSI2) multiplied by soil concentration 

MW-HWMU-1 
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TABLE E.9-5 
Museum Worker - HWMU - DermalSoilChem 

Museum Worker. Dermal Contact with SolllSediment 
Risk calculation for HWMU 

Intake Equation: CDI = (CS*AB’SA*EF’ED’AF*CF)/(BW’AT) 
CDI = Chronic Daily intake 
CS = 
AB Absorption factor 
SA 
EF = Exposure frequency 
ED = Exposure duration 
AF = Adherence factor 
CF = Conversion factor 
BW = Bodyweight 
ATc = 
ATn = 

Concentration of chemical in soil 

Surface area of exposed skin 

Average time for carcinogens 
Average time for non-carcinogens 

UNITS [I 
mglhgday calculated below 

mglkg see COC list below - see COC list below 

cm’lday 904 
daWyr 250 
ys 25 

mglcm’ 0.07 
kdmg 1.00E-06 

kg 70 
days 25550 
dar j  9125 

conc AB RfDd CSFd 

MW-HWMU-2 
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MW-HWMUJ 
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TABLE E.9-5 
Museum Worker - HWMU - DermalSWchem 

Museum Worker - Dermal Contact with Surface Water 
Risk calculation for HWMU 

Intake Equation: CDI = 
CDI = 
DA = 
EF = 
ED = 
SA = 
BW = 
ATc = 
ATn = 
OA = C:K.'CF'ET 
C, = 
K. = 
CF = wnverslon fsclor 
ET = expasure time 

Average time for non-carcinogens 

wncentation of lth contaminant in surface water 
permeability constant for ith mntaminanl 

where: 

(DA'EF'ED'SA)/(EW'AT) 
Chronic Dally Intake 
Dermal absorption dose 
Exposure frequency 
Exposure duration 
Surface area of skin 
Body weight 
Average time for carcinogens 

UNITS vadultj 
mgkgday calculated below 

mglcm'day see COC list below 
dayslyr 8 

Y E  25 

kg 70 

days 9125 

mg/L see COC Itst below 
cmlhr see COC list below 

u n 2  904 

days 25550 

Ucm' 0.w1 
hrld 0.5 

MW-HWMU-4 
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TABLE E.9-5 
Museum Worker - HWMU - IngestSWchem 

Museum Worker ~ Ingeslion of Surface Water 
Risk calculation for HWMU 

Intake Equation: CDI = 
CDI = 
cw = 

. E F =  
ED = 
IR = 
8W = 
ATc = 
ATn = 

(cwEF*ED’IR)/(SW*AT) 
Chronic Daily Intake 
Concentration of chemical in waler 
Exposure frequency 
Exposure duration 
Ingestion rale 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS Assi ned Values 

mgR see COC lable below 
mgkgday [+I 
dayslyr 8 

Llday 0.001 
Yrs 25 

kg 70 
days 25550 
days 9125 

MW-HWMUd 
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TABLE E.9-5 
Museum Worker - HWMU - SumPaths 

Museum Worker - Summation of all Pathways 
Risk calculation for background 

Chemical 

Ingest Soil 

SUM 5.1 1 E-03 1.22E-07 

Barium 
Benzene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo( k)fluoranthene 
Bervllium 

Summation of all paths for individual chemicals 
ILCR HI 

NO CSFS 1.32E-03 
8.20E-11 1.04E-06 

NA No RfDs 
NA No RfDs 
NA No RfDs 
NA No RfDs 
NA NA 

[Arsenic I NA I NA I 

MW-HWMU-6 
, 
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TABLE E.9-5 
Museum Worker - HWMU - SumPaths 

Heptachlorodibenzofuran 
Heptachlorodibenzo-p-dioxin 
Hexachlorodi benzofuran 

Summation of all paths for individual chemicals (continued) 
ILCR HI 

IEthvl ether 1 NoCSFs I NA I 

~~ ~ 

NA No RfDs 
NA No RfDs 
NA No RfDs 

I Ethvlbenzene I NA I NA I 

Indeno( 1,2,3-cd)pyrene -- 

IFluoride I NoCSFs I NA 1 

NA I No RfDs 
- -__ 
Manganese 
Mercury 

IHexachlorodibenzo-D-dioxin I NA I No RfDs I 

. . - - - . - . . - . . . - - 
No CSFs NA 
NO CSFS 5.81 E-05 

IMethanol I NoCSFs I NA I 
14-Methvl-2-~entanone I NoCSFs I NA I 

Selenium I NoCSFs I NA 
Silver I NoCSFs I NA I 

. . - . . . - - 
Tetrachlorodibenzo-p-dioxin I NoCSFs NoRfDs 
TetrachIorvth\/lono 1 7 QAF-nQ 4.12E-06 
lThalllum 

I".. I, I". I" , . ." .- .,., 
I NoCSFs I NA 1 

]Toluene I No CSFs I 1.51E-07 1 
Tributyl phosphate 
Trichloroethylene 

Uranium No CSFs 
No CSFs 

NA NA 
I NoCSFS I 1.31E-07 
I NoCSFs I NA 

SUM 1.22E-07 5.1 1E-03 

MW-HW M U-7 
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Table 

E. 1 0-la 

E. 10-1 b 

E. 10-2a 

E. 10-2b 

E. 10-3a 

E.lO-3b 

E. 10-4 

E. 1Q-5a 

E. 10-5b 

E. 10-6 
E. 10-7 
E. 10-8 

Undeveloped Park User 

Undeveloped--Park User 

Undeveloped Park User 

Undeveloped Park User 

Undeveloped Park User 

Undeveloped Park User 

Undeveloped Park User 

Groundskeeper / Sampler 

Groundskeeper / Sampler 

Groundskeeper / Sampler 
Groundskeeper / Sanipler 
Groundskeeper / Sampler 

APPENDIX E.10 
Uncertainty Analysis 

- Only available on CD ROM. 

- Only available on CD ROM 

- Only available on CD ROM. 

- Only available on CD ROM. 

- Only available on CD ROM. 

- Only available on CD ROM. 

Hard copy provided in this appendix, also available on CD ROM. 

Only available on CD ROM. 

Only available on CD ROM. 

Only available on CD ROM. 
Only available on CD ROM. 
Only available on CD ROM. 
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