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EXECUTIVE SUMMARY 

Results presentcd in this Interim Residual Risk Assessment (ERA) Report show that the non- 

carcinogenic risk and carcinogenic risk to all evaluatcd site reccptors complies with the 

comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) guidancc 

limit of less than one for the hazard quotient (HQ) and less than 1 .OE-04 for the incremeiital 

lifetime cancer risk (ILCR). This conclusion, along with the results in the soil certification 

reports, indicate that the remcdial actions identified in the Operable Unit 5 Record of Decision 

were executed successfully and the soil on the Fernald Preserve has been restored to an 

acceptable risk level compatible with the final land use objective. 

Remedial actions associated with the removal of the contaminated structures, soil, and waste 

materials at the former Feed Material Production Center (FMPC) are documented in the Records 

of Decision (RODS) for Operable Units 1, 2, 3 ,4 ,  and 5 .  Thc remedial actions were implemented 

under the Femald Closure Project (FCP), and documentation of the completed remedial actions 

can be found in the Remedial Action Reports for Operable Units 1, 2, 3,4, and 5. 

Risk calculations in the Comprehensive Response Action Risk Evaluation ( C W )  for Operable 

Unit 5 were performed using esliinated post-remediation contaminant concentrations in soil and 

surface-water media that reflected the preliminary remediation levels, which were based on the 

preliminary remediation goals developed from the Operable Unit 5 Baseline Risk Assessment. 

The IRRA evaluates the receptor risk due to exposure to measured post-remediation contaminant 

concentrations in the soil and surface water on the Fernald Preserve. In this context, the IRRA 

risk calculations reflect actual site conditions. 

Target receptors in the CRARE were selected for the on-site undeveloped park and off-site farm 

land-use scenarios. The IRRA calculations deal only with the receptors for the on-site 

undeveloped park, as groundwater remediation is ongoing and the evaluation of the off-site farm 

scenario is dependent on the groundwater pathway for ingestion of water (humans and livestock) 

and irrigation 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. 

V:\~Risk~Assessmenl\lRRA\ExcFut~vcS~~~y.doc\O~Ol/2OO7(3: IO PM) ES- 1 
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The IRRA calculations evaluated six human receptors in nine exposure zones. In line with the 

final land use of an undeveloped park, and the need for support staff to operate a museum, the 

converted waste-water treatment (CWWT) plant and the On-site Disposal Facility (OSDF) valve 

houses, the receptors reflect visitors and workers who recreate and labor at the site. Receptors 

include the undeveloped park user (also evaluated in the CRAEGi), museum visitor, museum 

worker, groundskeeperhampler, construction worker, and a building maintenance worker. A 

receptor may spend as few as ten days a year at the site (muscum visitor) or as many as 250 days 

a year (museum worker). The receptor exposure zones reflect soil footprints from historic 

operations at the site (e.g., production facilitics, waste storagc areas, 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 surrace water, dermal contact with soil and surface water, and exposure to external 

radiation. Nincty-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- 

watcr pathways. Cancer slope factors (CSFs) and reference doses (RfDs) for the contaminants 

were compiled fiom the EPA (IRIS and HEAST tables) and Oak Ridge (RAIS) web sites. The 

intake values, CSFs, and RfDs are used to calculate HQ and ILCR. 

Most of the risk to the receptors is driven by a small subset of chemicals and radionuclides. 

hrscnic, berylliuiii, uranium, aroclor-1254, aroclor-1260, uranium-238 and lead-2 10 are 

rcsponsiblc for thc majority of risk in thc soil pathways. Bcnzo(a)pyrenc and 

dibcnzo(a,h)anthracene are key contaminants for the dernial surfacc-water pathway. Mangancsc 

and radon-222 contributc most of the risk to the inhalation pathway. Aftcr thc radionuclide 

background is subtracted from thc total risk, uranium-238 is thc largest contributor to external 

radiation. 

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

user (5.63E-05) and groundskeeperhampler (4.70E-05), and it is driven primarily by dermal 

exposurc 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 assumption would be less conservative (i.e., lower risk values) if lower 

analytical detection limits had been obtained for the compounds. This statement is supported by 

V:\_Risk_Assessmcnt\IRRA\ExcculivcSumman doc\02/01/2007(3: IO Pbt) ES-2 
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an uncertainty analysis that concludes the greatest uncertainty in the risk calculations is knowing 

the true concentration of benzo(a)pyrcne and dibenzo(a,h)anthracene in surface water. 

One of the uncertainty scenarios used a 70-year exposure duration for the undeveloped park user 

and zero values for benzo(a)pyrene and dibenzo(a,h)anthracene in surface water to compare 

present risk results to CRARE results for the undeveloped park user. Carcinogenic risk for this 

uncertainty calculation (7.93E-06) was slightly higher than the CRARE result (4.9E-06), and this 

is due to higher residual arsenic and beryllium concentrations in the soil, relative to the estimated 

concentrations 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 measured to be Beater than those used in 

the C N .  However, when all chemicals and radionuclides are summed across all pathways, 

the risk analysis presented here produces results of the same magnitude as the CRARE and less 

than the CERCLA limit of 1 .OE-04. 

V:\~Risk~Asscssment\~~\~x~c~ti~eS~m~y.d0~\02/01/2007(3: 10 PM) ES-3 
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1.0 INTRODUCTION 

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

remediation contaminants in the air, soil, and surface-water media at the former Fernald Feed Material 

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

performed when the groundwater restoration goals have been achieved for the Great Miami Aquifer. 

Contaminatcd structures, soil, and waste materials associated with the FMPC site were demolished and 

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

Act (CERCLA), as documented in the Records of Decision (RODS) for Operable Units 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, 20060. The remedial actions were implemented under the Femald Closure Project 

(FCP), and the IRRA calculations document that the soil remedial actions at the Fernald site were 

adequate to reduce contaminant concentrations in soil and surface water to levels that are protective of 

human health and the environment. 

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

enough to reduce potential threats posed by the release of hazardous substance to the environment to 

limits that are protective of human health and the environment. Per the U.S. Environmental Protection 

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

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

maximum exposure" ( M E )  individual, does not exceed an incremental lifetime cancer risk (ILCR) of 1 

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

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

EPA 1989a; Supplement to Part A, EPA 1991a; Part E, EPA 2004), the Exposure Factors Handbook 

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

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

food pathways in the final risk assessment, which will be submitted to the regulatory agencies after the 

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

For each on-site receptor, risk was calculated at three contaminant concentration levels: total risk with no 

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

V:\-Risk_AsscssmenlUR~\Chaptcr I .doc\02/0 1/2007(1:29 PM) 1-1 
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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 contaminant concentrations, and 

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

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

and workers. 

1.1 OVERVIEW AND ORGANIZATION OF THE IRRA REPORT 

The primary objective of the IlU is to estimate the risk posed to on-site receptors by post-remediation 

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

zones that comprise the former 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 

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

updated relative to values presented in the Comprehensive Response Action Risk Evaluation (CFNRE) 

for Opcrable Unit 5 (OU5; DOE 1995d). Whereas this report evaluates the receptor risk due to exposure 

to measured post-remediation contaminant concentrations in air, soil, and surface water on the site, the 

C U R E  evaluated risk using the OU5 Remedial Investigation (DOE 199%) data set, background data 

(DOE 1994, 2001) and air models to estimate post-remediation contaminant concentrations in air, soil, 

and surface-water media. Target receptors in the C W  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 thc off-site farm 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. 

The remainder of this report details the information and assumptions used to develop the risk scenarios 

and calculations. It is organized into the following six sections and five appendices: 

Section 2.0 Describes the scope and regulatory criteria for the interim residual risk assessment. 

Section 3 .O Explains the land use scenario, receptors, pathways, and exposure parameters. 

Section 4.0 Provides technical detail on the eight exposure zones within the site boundaries, the 
list of contaminants considered in each exposure zone, calculation of residual 

V:\-Risk-AssessmenlURRA\Chapler 1 .doc\02/0 1/2007(3:29 PM) 1-2 
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contaminant concentrations in air, soil and surface-water media, reference doses 
and cancer slope factors for each contaminant, the risk equation for each pathway, 
the utility of comparing total, total minus radiological backBound, and total minus 
all background, and the hazardous waste management unit (HWMU) closure 
evaluation. 

Section 5.0 Discusses the risk results for each exposure zone, receptor and contaminant, the 
calculations that support I-IWMU closure, the uncertainty analysis, and a 
comparison of present risk results to those in the CRARE 

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

Section 6.0 

References - Lists the references cited in the report. 

Appendix A Contains a list of all the soil certification reports that provide soil data for this 
assessment. 

Appendix B Provides a summary of contaminants for each of the on-site soil certification units 
that coniprise the exposure zones and the average contaminant value for each zone. 

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

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

Appendix E Presents the detailed pathway calculation sheets for each receptor. 

V\_Risk_AsscssmentURRA\Chapter I .doc\02/0 I R007(3: 29 PM) 1-3 
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2.0 SCOPE & REGULATORY CRITERIA 

The Interim Residual Risk Assessment (1RRA)- examines 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 (i.e., 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 superfund sites, EI’A 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 chemicals will be evaluated to determine if 2 receptor’s exposure 

to residual chemicals will cause a toxic health effect. The potential for a chemical to have a toxic 

health effect is expressed as a hazard quotient (HQ), and the HQ for a receptor must be less than 

one for the sum of all chemicals along all pathways. A comprehensive discussion on ILCR and 

HQ calculations, and their application to receptors exposed to contaminants in soil, water and air 

media, can be found in the EPA Risk Assessment Guidance for Superfund (EPA 1989a, 1991a, 

1991b, 1991c, 2004) and, with respect to the Fernald site, in Appendices C and H of the 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 19964 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 the on-site disposal facility (OSDF), if the contaminant 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 completed at the site, and this 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, 

bathing with groundwater, ingesting crops imgated with groundwater, and ingesting meat and 

dairy products derived from livestock watered with groundwater are not considered in the IRRA. 

V\_Risk_Asscsrmcnt\IRRA\Chapter 2.doc\02/01/2007(3: I5 PM) 2- 1 
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In line with the final land use of an undeveloped park, and operations support for a museum, the 

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

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

restricted, and swimming, fishing or hunting will not be allowed on the site. Infrastructure at the 

park that will be off limits to the general public includes the 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 kails. Workers support the museum, CWWT and OSDF operations, as well as sounds 

maintenance, sampling events and construction projects. Receptors and land-use scenarios are 

developed and discussed in detail in Section 3.0. 

The footprint of the remediated Fernald site 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 of the 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. 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 constitucnt that was evaluated in a 

soil certification rcport (Table 2-1). Several of the chcmicals in  Tablc 2-1 (lead, thallium, 

pentachlorodibenzofuran, phenanthrene, tctrachlorodibenzo furan, tetrachlorodibenzo-p-dioxin, 

and trifluorocliloromethane) lack chemical toxicity and cancer morbidity data, and these 

constituents cannot be evaluatcd in thc risk calculations due to the lack of this data. The 

remaining chemical 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 the availability of data on both non- 

carcinogen and carcinogen effects to body tissues and organs. Per EPA guidance (EPA 1989a\, 

radionclides are assessed as carcinogins only (i.e., ILCR only). Detailed summary ,sheets in 

Appendix E identify each constituent, the risk equations, exposure parameters, and corresponding 
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HQ and E C R .  If data are unavailable to calculate HQ or ILCR, it is noted as such in the 

summary tables. 

Concentration data for contaminants in the soil and surface-water media represent measured 

values from physical samples (Section 4.3). Contaminant levels in soil (ug/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 contamination 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 samples are prcsented in Appendix C. Air concentrations 

are calculated as indicated in Section 4.3. 

Risk calculations will be tabulated to show three sets of rcsults: 1) total risk to a receptor, 2) total 

risk minus the background for radionuclides, and 3) total risk minus the background for all 

contaminants (chemicals and radionuclides). With respect to the regulatory criteria embodied in 

CERCLA, the appropriate calculation to assess the risk to receptors at the remediated Femald site 

is total risk minus the background for radionuclides, and this calculation should result in an ILCR 

of less than 1 in 10,000 (1 .OE-04) to the receptor when risk is summed over all pathways. 

Removing radionuclide background from the risk calculation is tied to the development of 

preliminary remediation goals for a superfund site (EPA 1991b), where the increment of 

radionuclide activity or concentration above background is used to assess the potential risk fi-om 

exposure to radiocarcinogens. 

The appropriateness of this EPA guidance is easily demonstrated through a background risk 

calculation. As presented in Section 4.6, the risk to a receptor exposed to background radon-222 

levels is GO to 90 percent of the receptor’s total risk (sum of all pathways), and - this background 

risk exceeds an ILCR 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 demonstrate that the sum of the risk 

from all radionuclides increments, across all pathways, is less than 1 .OE-04 (where an increment 

is defined as the activity or concentration in excess of the radionuclide background value). 
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Table 2-1 
Chemicals and Radioactive Isotopes Evaluated in the Soil Certification Reports 

And the Interim Residual Risk Assessment 
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3.0 SCENARIOS, LAND USE EXPOSUIm PATHWAYS Sr RECEPTORS 

In the OU 5 FS (DOE 1995d), DOE evaluated remedial actions, human and ecological risk, and 

cost to determine which of four land use objectives would be selected for the end state of the 

Fernald site. Collaboration with the regulatory agencies and public resulted in the selection of 

Land Use Objective 3 - Maximum Consolidation of Contaminated Material to Free the Majority 

of the Fernald Site for Restricted Land Use. Land Use Objective 3 called for off-site shipment 

and disposal of the highest risk waste streams (e.g., OU 1 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. Three alternatives werc evaluated for Land Use Objective 3 :  A) industrial 

park; B) developed recreational park; and C) undeveloped recreational park. Through the FS 

process, Alternative 3C was selected for OU 5 .  

The undeveloped park envisioned in the FS had no rest rooms 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 accommodate an on-site museum with rest rooms, a parking lot, 

and continued operation of the CWWT facility to support ongoing groundwater restoration 

activities. Therefore, the present land use scenario is the undeveloped park with some 

infrastructure development to support the museum and CWWT operations. 

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

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

operations and 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 museum visitor, museum worker, 

groundskeeper/sampler, 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 IRRA are similar to those presented in the OU 5 

FS, and they consist of inhalation of radon gas and soil particulate suspended by the wind, dermal 

contact with soil and surface water, incidental ingestion of soil and surface water, and exposure to 

external radiation. In contrast to the OU 5 CRARE exposure pathways, the groundwater, and 

food pathways will not be evaluated in the IRRA due to ongoing groundwater restoration 

activities. The groundwater and food pathways will be evaluated in a final risk assessment report 

n 
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that will be published after the groundwater has been certified as meeting the OU 5 ROD 

groundwater FRLs. 

3.1 UNDEVELOPED PARK USER 

This target receptor is the child, youth, adult, and/or 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 hiking trails and sitting on 

the ground for a picnic. Contact with soil and surface water results in dermal exposure as well as 

incidcntal ingestion. The receptor is also exposcd to external radiation from radioactive isotopcs 

present in thc cnvironmental media. Exposure pathways and parameters are summarized in Table 

3-1. The rationale and reference for cach exposure parameter are discussed below: 

Exposure Frcquency (EF): The number of days per year (dyr) that a receptor visits the 

site is the EF. EF is assumed to be 20 dyr, about every other week, for the child and 

adult. A higher frequency of 40 dyr is assumed for the youth and senior adult to account 

for extra recreation time available to these age receptors. For example, 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. 

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

visit thc park. EPA (1989a) notes that national trends show individuals do not live in a 

region of the country for morc than 30 years. Therefore, 30 years is used as the sum 

across the age groups, with the years partitioned into 3 years for child, 6 for youth, 14 for 

adult and 7 for senior adult. 

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

adult are equated to the mean BW in EPA Table 7-1 1, which 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 child mean values reported for ages 0 to 6 (EPA Table 7-3) are used to 

derive an average weight of 15 kg. 
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0 Averaging Time for non-carcinogens (AT,,c): Avcraging timc refers to the number of 

days over which the toxin acts on the body. EPA (1 9894 defincs the averaging time for 

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

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

isotopes, EPA (1989a) assumes the carcinogen acts over a 70-yr lifetime for the 

individual. Therefore, averaging time (days) for carcinogens is 70 yrs niultiplied by 365 

day s lyr .  

0 Inhalation Rate (IR): The volume of air which an individual breathes each hour is the 111. 

EPA (1 997) reports the same value (1 .O m3/hr) for the child and adult receptors for short- 

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

age groups. Short-term exposure and light activities are applicable to a park visitor that 

spends an hour or two hiking trails and watching birds. 

Exposure Time (ET) for Air: The amount of time the receptor spends at the park each 

visit is the ET. As the park is undeveloped, the assumption is made that the receptor will 

spend a fiaction of a normal day (two hours) inhaling dust and radon gas on each day 

they visit the undeveloped park. 

0 Ingestion Rate (IR) for Soil: The mass of soil that is ingested incidentally each day is the 

IR. EPA (1989b & 1997) estimates that a residential child will ingest 0.2 g/d, which is 

lowered to 0.1 g/d for the adult. The IR for the youth and senior adult is assumed to be 

similar to the adult. 

0 Fraction of Ingested Soil that is Contaminated (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. 

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

be the head, hands, forearms and lower legs. All SA values for body parts are obtained 

from EPA (2004, Exhibit C-1), and the sum for these body parts appears in Table 3-1. 
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Adherence Factor (AF): The AF 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 (SH): The SEI 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 watcr) and the 

placement of clean topsoil over the rcmedial footprint (clean topsoil shields radiation 

emitted from soil below the topsoil). 

Ingestion Rate (IR) for Surface Water: The 1997 EPA Exposure Factors Handbook does 

not contain guidance on the surface-water pathway. A n  older version of the handbook 

(EPA 1989b) assigned 0.05 liter per hour (L/hr) for an adult swimmer. As swimming in 

the ponds on site is not allowed, the incidental ingestion is attributed to illegal wading 

and splashing in the water. This transient activity is assumed to generate an ingestion 

rate of 0.035 L h r  for the child and youth. The adult and senior adult receptors are 

assumed to receive approximately half this dose, or 0.015 L/hr. 

0 Exposure Time (ET) for Surface Water: As swimming is not allowed in the ponds on the 

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

thc receptor will spend one hour wading and splashing on each summer day spent at the 

undeveloped park. 

0 Exposure Frequency (EF) for Surrace Water: It is assumed that illegal wading in thc 

surface water will take place only during the summer months. Therefore, all receptors 

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

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

assumed to be the face, hands, forearms, feet and lower legs. All SA values for body parts 

are obtained from EPA (2004, Exhibit C-l), and the sum for these body parts appears in 

Table 3-1. 
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Dose Absorbcd (DA) per Evcnt, Dermal Contact with Surface Water: This is a chemical 

specific value that is calculated from the permeability constant and chemical 

concentration in the water. All constants and chcmical concentrations used in this 

calculation are tabulated in Appendix E. 

3.2 MUSEUM VISITOR 

This target receptor is the child, youth, adult, and/or senior adult that visits the museum and 

participates in an occasional field trip run by the museum. Although these individuals spend most 

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 museum and when they participate in Geld trips. The receptor 

may contact soil and surface water when they participate in a museum field trip or if they wander 

through the grounds between the parking lot and museum. Contact with soil and surface water 

results in dermal exposure as well as incidental ingestion. The receptor is also exposed to 

external radiation from radioactive isotopes present in the environmental media. Exposure 

pathways and parameters are summarized in Table 3-2. The rationale and reference for each 

exposure parameter are discussed below: 

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

museum is the EF. EF is assumed to be 10 d/yr for the child, 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. 

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

visit the park. EPA (1 9894 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 child, 6 for youth, 14 for 

adult and 7 for senior adult. 

0 Body Weight (BW): EPA (1997) 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 of mean 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. 
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Averaging Time for non-carcinogens (ATJ: Averaging time refers to the number of 

days over which the toxin acts on the body. EPA (1989a) 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 radioactivc 

isotopes, EPA (1989a) assumes the carcinogen acts over a 70-yr lifetime for the 

individual. Therefore, averaging time (days) for carcinogens is 70 yrs multiplied by 365 

dayslyr. 

Inhalation Rate (R): The volume of air which an individual breathes each hour is the 1R. 

EPA (1997) reports the same valuc (1 .O m3/hr) for the child and adult receptors for short- 

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

age groups. Short-term exposure and light activities are applicable to a museum visitor 

that spends an hour or two in the museum. 

0 Exposure Time (ET) for Air: The amount of time the receptor spends outdoors on each 

visit to the museum 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 and participating 

in an occasional field trip. 

0 rngestion Rate (E) for Soil: The mass of soil that is ingested incidentally each day is the 

IR. EPA (1989b & 1997) estimatcs that a resiilcntial child will ingest 0.2 g/d, which is 

lowcred to 0.1 g/d for thc adult. However, there is vcry little time spent outdoors for the 

museum visitor, and the rate is decreased to 0.1 gld for child, 0.075 gld for youth and 

1 0.05 g/d for thc adult and senior adult. 

0 Fraction of Ingested Soil that is Contaminated (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 TRlZA, the receptor is assumed to spend 

100 percent of their outdoor time in a contamination zone, and FI is set equal to 1 .O. 
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0 Surface Area (SA), Dermal Contact with Soil: The skin SA exposed to soil is assumed to 

be the head, hands, forearms and lower Icgs. All SA values for body parts arc obtaincd 

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

0 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. 

0 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 SI-I 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 topsoil over the remedial footprint (clean topsoil shields radiation 

emitted from soil below the topsoil). For indoor conditions, SEI is taken as 0.5 to account 

for the shielding properties of the building floor and walls. 

0 Ingestion Rate (IR) for Surface Water: This receptor is assumed to remain out of the 

water. 

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

water. 

0 Exposure Frequency (EF) for Surface Water: This receptor is assumed to remain out of 

the water. 

0 Surface Area (SA), Dermal Contact with Surface Water: This receptor.is assumed to 

remain out of the water. .J 

0 Dose Absorbed (DA) per Event, Dermal Contact with Surface Water: This receptor is 

assumed to remain out of the water. 

3.3 SITE WORKERS 

The site work force consists of museum support staff, a groundskeeper/sampler, a construction 

worker, and personnel for building maintenance. All of the worker receptors are adults. 
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Exposure pathways and parameters are summarized in Table 3-3. The rationale and reference for 

each exposure parameter are discussed below: 

Museum support represents a receptor that spends five days per week running the 

museum and leading short field t ips.  Work is performed indoors (7 hrs/day) and 

outdoors (1 hr/day). Outdoor activities include walking between the museum and 

parking lot, work breaks, and leading short field t ips .  As these outdoor activities are not 

as strenuous as other workers, the relative inhalation rate is lower. The museum worker 

is assumed to touch soil and surfacc water with the hands while conducting short ficld 

trips, which are assumcd to take place once a month from April through November. 

Incidental ingcstion of soil and surface water occur during these field trips. 

A groundskeeper/sampler receptor is assumed to work 2 days/wk mowing, landscaping, 

and collecting soil and water samples. As the site is designated as an undeveloped park, 

mowing and sample collection are infrequent events. The entire workday is spent 

outdoors (8 hrslday) performing strenuous activities that result in an elevated inhalation 

rate. Activities involvc soil contact with the head, hands, forearms, and lower legs, and 

surface water contact with the hands, forearms, lower legs, and feet. Incidental ingestion 

of soil is elevated due to labor activities that involve soil disturbance. Surface water 

contact and ingestion is limited to sampling events at the site ponds. 

0 The construction worker is an 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 cxposure frequency becausc major construction work on 

the site infrastructure occurs interniittcntly. 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 hcad, hands, forearnis and lower legs, and 

possible surface water contact with the hands, forearms, lower legs, and feet. Incidental 

ingestion of soil is elevated due to labor activities that involve soil disturbance. Surface 

water contact and ingestion is limited to intermittent work on culverts or buried pipelines. 

0 A building maintenance worker is assumed to perform custodian, janitorial, and minor 

repair jobs 5 daydwk. Work is predominantly indoors (7 hrs/day), with a portion of the 
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day spent outdoors (1 hrlday). A moderate inhalation r ak  is retained for this work, and 

the worker can contact soil with the hands and ingest soil while performing minor 

outdoor maintenance. There is no reasonable surface water pathway for this receptor. 

Exposurc Frequcncy (EF): Museum support staff and building maintenance workers 

spend 5 dayslwk and 50 wWyr (250 dayslyr) at the site. A receptor consisting of a 

groundskeeper and sampler is assumed to work 2 days/wk (1 00 dayslyr) mowing, 

landscaping and collecting soil and water samples. The construction workcr is an adult 

that spends 30 dayslyr repairing structures at the site. 

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

groundskeeper/sanipler, 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) 

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

kg. 

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

days over which the toxin acts on the body. EPA (1989a) defines the averaging time for 

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

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

isotopes, EPA (1 9894  assumes the carcinogen acts over a 70-yr lifetime for the 

individual. Therefore, averaging time (days) for carcinogens is 70 yrs multiplied by 365 

day sly. 

Inhalation Rate (IR): Short-term exposures for outdoor workers are taken from Table 5-  

23 in EPA (1 997). A moderate rate of 1.5 m3/hr is assumed for the museum and building 

maintenance workers, while the groundskeeperlsampler and construction personnel 

perform heavy activities at an elevated rate of 2.5 m3/hr. 
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Exposure Time (ET) for Air: Museum and building maintenance personnel are assumed 

to be outdoors 1 hr/day. Outdoor activities include walking between the museum and 

parking lot, work breaks, leading short field trips, and minor repairs on outdoor building 

equipment. For the groundskeeper/sampler and construction workers, the entire workday 

is spent outdoors (8 hrs/day). 

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 groundskecpedsamplcr and 0.33 g/d for a 

construction worker. 

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

assumed to spend 100 percent of their time in a contamination zone, and FI is set equal to 

1 .o. 

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/sampler and construction 

worker . 

Adhercncc Factor (AF) for Soil: Museum support is assumed to be similar to residential 

adult (EPA 2002). The groundskeeper/sampler and construction worker have elevated 

AF due to work pcrformcd in soil (GPA 2002). A standard industrial AF is used for the 

building maintenance staff (EPA 2004). 

0 Shielding Factor (SI-I): The SEI accounts for matcrial between the receptor and radiation 

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

conditions on the site, thc 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 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. 
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Ingestion Rate (IR) for Surface Water: Thc 1997 EPA Exposure Factors Handbook docs 

not contain guidance on thc surface watcr pathway. An older vcrsion of the handbook 

(EPA 1989b) assigned 0.05 L/hr for an adult swimmer, but swimming 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 L h .  A construction worker is less likely to perform 

extensive work in surface water, and the rate is reduced to 0.005 Lhr .  The museum 

worker that leads an occasional field trip may touch the water, and a rate of 0.00 1 L/hr 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 groundskeeper/sampler 

spends one hour wading and collecting surface water samples each day that samples are 

collected. The museum and construction workers are assumed to contact the water for 

0.5 hours when they are performing activities near the water. It is assumed that the 

building maintenance worker will not touch the water. 

Exposure Frequency (EF) for Surface Water: The groundskeeper/sampler is assumed to 

collect samples once per month, or 12 daydyr. A museum worker is assumed to touch 

water on short field trips conducted once a month from April through November (8 

days/yr). Construction work associated with the site ponds is limited to 6 days/yr, as 

significant construction 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), Dermal Contact with Surface Water: EPA (2004, Exhibit C-1) has 

compiled SA values for body parts. The museum worker is assumed to touch surface 

water with the hands. A groundskeeper/sampler and construction worker are assumed to 

contact surface water with the hands, forearms, feet, and lower legs. It is assumed that 

the building maintenance worker will not touch the water. 

V:\_Rirk_AsnessmenlURRA\Chapler 3.doc\OUD1/2DD7(3:24 PM) 3-1 1 



Interim Residual Risk Assessment 
50000-RP-00 12, Rev. 0 

February 2007 

Parameter 
(units) 

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

Child Youth Adult Senior Adult 
(56 to 70 yr) (1 to 6 yr) (7 to 18 yr) (19 to 55 yr) 

EF (day/yr) 

BW(kg) 
AT,,, (day) 
AT, (day) 

ED (yr) 

EF = exposure frequency 
I3W = body weight 
AT, = averaging time for carcinogens 
ET = exposure time 
SA = surface area of skin 
ABS = absorption factor 
DA = dose absorbed per event 

ED = exposure duration 
AT,,, = averaging time for non-carcinogens 
IR = inhalation or ingestion rate 
FI = fraction of ingested soil that is contaminated 
AF = adherence factor for soil to skin 
SI-I = shielding factor 
CSV = chemical specific value (see Appendix E) 

20 40 20 40 
3 6 14 7 
15 47 70 70 

1095 2190 5110 2555 
25550 25550 25550 25550 
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IR (m3/hr) 

3-12 

1 .o 1 .o 1 .o 1 .o 
ET (hr/day) 2 2 2 2 

IR (g/day) 0.2 0.1 0.1 0.1 
FI (unitless) 1 1 1 1 

SA (cm’) 
AF (mg/cm2) 

ABS (unitless) 

2800 4370 5700 5700 
0.2 0.2 0.07 0.07 
csv csv csv csv 

EToutdoors W d a y )  
Eri i idoors  @/day) 

SIjoutdoors (unitless) 
SHilldoors (unitless) 

2 2 2 2 
NA NA NA NA 
0.25 0.25 0.25 0.25 
NA NA NA NA 

Pathway: incidental ingestion of surface water 
IR (L/day) 0.035 0.035 
EF (daylyr) 12 12 

0.015 0.015 
12 12 

SA (cm’) 
DA (mg/cm2/event) 

EF (day/yr) 
E T  (Idday) 

2180 4470 . 6070 6070 
csv csv csv csv 

12 12 12 12 
1 1 1 1 
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TABLE 3-2 
Exposure Pathways and Parameters for the Museum Visitor 

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

ED = exposure duration 
AT,,, = averaging time for noncarcinogens 
IR = inhalation rate 
FI = fraction of contaminated soil ingested 
AF = adherence factor for skin 
SH = shielding factor 
CSV = chemical specific value (see Appendix E) 
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TABLE 3-3 
Exposure Pathways and Parameters for the Site Workers 

El? = exposure frequency 
BW = body weight 
AT, = averaging time for carcinogens 
E'T = exposure time 
SA = surface area of skin cxposed to soil or water 
ABS = absorption factor 
DA = dose absorbed per evcnt 

ED = exposure duration 
AT,,, = averaging time for noncarcinogcns 
1R =. i~lhalation/iiigestion ratc 
FI = fraction of ingested soil that is contaminated 
AI; = adherence factor for skin 
SH = shielding factor 
CSV = chemical specific value (see Appendix E) 
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4.0 TECHNICAL APPROACH TO EXPOSURE ASSESSMENT 

This section of the report discusses the risk equations, cnviroiimental data, cancer slope factors 

(CSFs), reference doses (IUDs), and assumptions that support thc exposure assessment for 

receptors defined in Section 3 .O. Additional narrative addresses background conditions, exposure 

zone boundaries, the closure of hazardous waste management units (HWMUs), uncertainty in the 

risk estimate, and comparison of present results to those in the CRARE (DOE 1995d). 

4.1 EXPOSURE ZONES 

Platc 1 shows the exposure zones for receptors that visit or work at the site. Boundaries between 

!he exposure zones reflect fcrrner remedial operations associated with the clay borrow area (Zone 

I ) ,  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 treatment facilities (Zone 7), and 

the on-site disposal facility (Zone 8). The exposure zone used to assess the closure of HWMUs 

(Section 4.8) is a hypothetical zone comprised of all the former HWMUs (Figure 4-1). The 

development of exposure zones takes into consideration similar contaminants within former 

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 

performed for each receptor. 

Table 4-1 summarizes the exposure matrix for the 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 8), as the perimeter of Zone 8 is fenced to prohibit 

trespassing. The museum visitor and museum 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 and wetlands of Zone 6. A groundskeeper/sampler will enter every zone to 

maintain the grounds and collect media samples. The worker performing building maintenance 

will enter zones where buildings are present (Zones 7 and 8). Construction work may be 

executed in any zone, so the construction worker is assumed to enter every zone. For assessment 

of HWMU closure, all receptors are assumed to enter the HWMU zone (Section 4.8). 

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). 
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Additional contaminants were added to this list if they appeared in a soil certification report 

(Appendix A) and were a concern 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 contaminant concentrations in soil media are summarized 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 Plate 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 for each exposure zone. The summary tables and detailed 

explanation of their derivation appear in Appendix C. 

Contaminant conccntrations 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 (ug/g) to obtain the contaminant air 

concentration (ug/m3). 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 can be 

calculated from the 2005 average background radon concentration (400 pCi/m3) and the 95* 
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percentile background soil concentration for radium-226 (1.56 pCi/g), as reported in Table 4-2 of 

the Addendum to the CERCLA/RCM Background Soil Study (DOE 2001). Dividing the 

background radon-222 air conccntration by the radium-226 soil concentration yields the 

conversion factor of 256 g/m3 (400 pCi/m3/1.56 pCi/g). The conversion factor is multiplied by 

the radium-226 soil concentration in each exposure zone to estimate the radon-222 air 

concentration in each exposure zone. 

4.4 CANCER SLOPE FACTORS AND REFERENCE DOSES 

The Risk Assessment Information System (RAIS), maintained by the Department of Energy Oak 

Ridge Operations Office (www.rais.ornl.irov), was utilized to obtain the most recent CSFs and 

RfDs for each exposure pathway (i.e., inhalation, ingestion, and external radiation) and 

absorption factors and permeability factors for the dermal exposure pathway. This database is a 

comprehensive source for toxicity data compiled fiom the USEPA Integrated Risk Information 

System (IRIS), the USEPA E-Iealth Effects Assessment Summary Tables (radionuclide table), and 

the USEPA Provisional Peer Reviewed Toxicity Values (PPRTV). The M I S  toxicity values are 

reviewed monthly and updated as new values are added to the individual USEPA source 

databases. Toxicity values used in this risk assessment were extracted from RAIS on November 

6, 2006. 

Appendix D tabulates the November 6, 2006 values extracted from M I S  and compares them to 

the toxicity values used in the Comprehensive Response Action Risk Evaluation (CRARE) for 

Operable Unit 5 (DOE 1995d). This comparison is useful because carcinogenic studies dealing 

with radioactivity are performed intermittently to update CSF values, and risk calculations for 

radionuclide exposure are likely to change over the time frame of years simply 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 S9E-04 for the groundskeeper/sampler receptor. The 

background inhalation risk to this same receptor is 25 times less (Le., 1.44E-05) if  the CRARE 

CSF is used in the risk calculation. Therefore, the CRAR.E risk calculation indicates background 

conditions comply with the CERCLA guidance (Le., risk being less than 1E-04), but the present 

background calculation exceeds the guidance limit due to an increase in the CSF for radon-222. 

However, this elevated background risk is not a problem for compliance with the CERCLA 

guidance, as Section H.3.2.4 of the CRARE (DOE 1995d) notes that only the increment of 

radioactivity above background need be considered when evaluating compliance with the 

V:\_Rirk-Asscrsmenl\l~\Chapfer 4.doc\OYO 1/2007(3: I8 PM) 4-3 



Interim Residual Risk Assessment 
50000-RP-0012, Rev. 0 

February 2007 

CERCLA risk limit of 1 .OE-04. Therefore, the backnround risk calculated for exposure to 

radionuclides can be subtracted from the total radionuclide risk to assess the effect of 

radionuclide-contaminated site media on the receptors. This is discussed further in Section 4.6. 

4.5 EOUATIONS 

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

Asscssment 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 the body. This is referred to as the chemical intake for the receptor. The chemical intakc 

is divided by the RfD to obtain the hazard quotient (I-IQ) for each contaminant, and the intakc is 

multiplied by the CSF to obtain the incremental lifetime cancer risk (LCR)  for each contaminant. 

Individual I-IQ and ILCR values are summed for all contaminants across all pathways to arrive at 

the total HQ and total ILCR values, which are used to assess the overall risk to the receptor for a 

given exposure scenario. Appendix E contains the equations, media concentrations, exposure 

parameters, CSFs, R€Ds, HQs and ILCRs for every receptor pathway. 

4.6 TOTAL RISK AND BACKGROUND RISK 

The health risk to an exposed receptor is calculated by summing all individual HQ and ILCR 

values across all pathways to amve at the total HQ and total LLCR values. Total risk is derived 

by using measured residual contaminant concentrations 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 tabulatcd in Appendix E, and these are used to 

summarize the health risk as follows: total risk; total risk minus radionuclide background; and 

total risk minus all background. 

Total risk minus 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 

increment of radioactivity above background plus the risk from carcinogenic chemicals, and this 

is the result that is used to evaluate compliance with the ILCR criterion of less than 1 .OE-04. The 
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summary values presentcd in  Section 5.0 for total risk minus radionuclide background are 

gcnerated by subtracting the background risk for radionuclides from 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. The summary 

values presented in Section 5.0 for total risk minus all background are generated by subtracting 

the background risk from the total risk. 

4.7 UNCERTAINTY IN EXPOSURE SCENARIOS 

The Risk Assessment Guidance for Superfund, Volume I, Human I-Iealth Evaluation Manual, Part 

A (EPA 198%) discusses unccrtainty associated with risk equations and the derivation of IUDs 

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 from the 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 personnel to simulate the reasonable maximum 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 some worse-case scenarios should be 

evaluated to understand the uncertainty associated with the Rh4E 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 child (3 years), youth (6 years), adult (14 years), and senior adult (7 

years). A worse-case scenario for the undeveloped park user is to have this visitor spend 70 years 

of their life visiting the park, where additional exposure as a child (6 years), youth (1 2 years), 

adult (37 years) and senior adult (15 years) results in a greater risk to the receptor. Other 

scenarios will look at the additive effects associated with combining the risk for two or more 

receptors (e.g., a groundskeeperhampler who is also an undeveloped park user). These worse- 

case scenarios are included with the uncertainty discussion in Section 5.8. 

4.8 HWMU CLOSURE 

Closure of the HWMUs was documented in the certification reports, where all RCRA compounds 

were screened using the general-cleanup-number (GCN) approach described in the Closure Plan 

V\_Risk_AsscsrmenlURRA\Chaplcr 4.dac\02/0 1/2007(3: I8 PM) 4-5 



Interim Residual Risk Assessment 
50000-W-00 12, Rev. 0 

February 2007 

Review Guidance for R C M  Facilities (OEPA 2006). The GCN calculations indicatcd that a risk 

assessment was not required to close the HWMUs. However, the HWMUs will be evaluated with 

the rcceptors and exposure scenarios described in this report to validate that closure based on the 

GCN approach was sound and the closed HWMUs do not present a threat to human health. 

The maximum soil concentrations observed for RCRA compounds (Table 4-2 and Appendix B) 

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

HWMU that served as the cxposure zone for all receptors. For surface water, the maximum value 

for samples obtained from all ponds in the former 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. 

Although the groundwater pathway is not evaluated in this report, the soil FRLs were developed 

to bc protcctivc of the aquifcr. The certification reports demonstrate that the RCRA contaminant 

concentrations i n  the soil footprints of the former HWMUs are all below their respective FRLs. 

Therefore, by default, risk from the groundwater pathway is acceptable. 
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TABLE 4-1 

Exposure Matrix for Site Receptors 

yes yes Yes I Y es yes yes I Yes I Y es 
UPU = undeveloped park user; MV = museum visitor; MW = museum worker; 
GS = groundskeeper/sampler; BM = building maintenance; CW = construction worker 

TABLE 4-2 
RCRA Contaminants Used to Evaluate HWMU Closure 
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5.0 RESULTS FOR TlIE RESIDUAL RISK CALCULATIONS 

Results for the risk calculations, summarized as hazard quotient (HQ) and incremental lifetime 

cancer risk (ILCR), are tabulated and discussed for each receptor. HQ values are displayed as 

background, total, and total minus chemical background (T-CB). Calculations for the 

incremental lifetime cancer risk (ILCR) are tabulated as background, total, total minus 

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

(T-CRB). 

Background represents the sum of results for all pathways using background concentrations for 

chemicals and radionuclides evaluated ir, each exposure zone. HQ background ijnly considers 

chemicals, and ILCR background considers chemicals and radionuclides that are classified as 

carcinogens. Total refers to the sum 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 

HQ results, total minus chemical background is obtained by subtracting the chemical background 

value for each contaminant from the total for each contaminant and summing the result for all 

contaminants [e.g., T-CB = (TAs-CBA,)+(TBe-CBU,)+(TU-CBU)+etc.]. Note that subtracting the 

sum of background contaminants from the sum of the total for each exposure zone will not 

produce the correct residual risk value [e.g., T-CB # (TA,+TB,+TU+etc) - 

(CBA,+CBB,+CBU+etc.)]. Each contaminant must be evaluated independently before it is 

summed because remediation at the site reduced many contaminants to levels below their 

background values. For cases where the measured contaminant value is less than background 

(i.e., TA,-CBA, is negative), the TAs-CBAs value is set to zero before the contaminants are summed 

to prevent the negative value from subtracting risk from another contaminant. Therefore, the 

background and total values presented in the tables of this section (e.g., Table 5-1) cannot simply 

be subtracted fi-om one another to produce the T-CB result discussed above. The path summary 

sheet for each detailed risk calculation (Appendix E) provides the T-CB and T-XU3 results for the 

values in Tables 5-1 through 5-8. 

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

background value for each isotope from the total for each isotope, summing the result for all 

isotopes, and adding this sum to the ILCR sum for chemical constituents [e.g., T-RB = {(TRa-226- 

R B ~ ~ - 2 2 6 ) + ( T ~ h - 2 3 0 - R B ~ h . 2 ) 0 ) + ( T ~ - 2 3 8 - ~ ~ - 2 3 g ) + e t c }  + (TA~+TB~+TTcE)+~~c)]. Total minus chemical 

and radionuclide background is obtained by subtracting the radionuclide background value for 

V\_Risk_Assessmcnl\IRRA\Chapler 5.doc\02/0 1/2007(3: I8 PM) 5- 1 



Interim Residual Risk Assessment 
50000-RP-00 12, Rev. 0 

February 2007 

each isotope from the total for each isotope, summing the result for all isotopes, subtracting the 

chemical background value for each contaminant from the total for each contaminant, summing 

the result for all chemicals and adding the two sums together [e.g., T-CRB = ((T~a-226-RB~a-226) 

+(T~h-230-RB~h-230)+(T~-238-RB~-238)+etc} 4- { (TAs-CBA,)+(TBe-CBBe)+(TTCE-CBTCE)fetc} 1. 
Calculations 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 cach contaminant must be cvaluatcd 

independently to arrive at the residual risk from the contaminant increment that exceeds 

background (e.g., result of 12.6 minus background of 12 yields an increment above background 

of 0.6). The HQ T-CB results represent the risk poised to a receptor from chemicals present in 

the environment at.increments above background levels. The ILCR values for T-RB and T-CRB 

represent, respcctively, the risk to a receptor from radionuclides present at increments above 

background, and both chemicals and radionuclides present at increments above background. 

The I-IQ results evaluate chemical toxicity to a receptor exposed to non-carcinogenic 

contaminants in the environment, and the HQ total values must be less than one to comply with 

CERCLA guidance. ILCR values estimate 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 minus radionuclide 

background (T-RB) arc used to evaluate compliance with CERCLA guidance. 

Whcn 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 higher exposure frequency than the construction worker, which results in a higher risk to thc 

museum worker. The groundskeeper/sampler has a lower exposure frequency relative to the 

museum worker, but thc higher inhalation and ingestion rates result in a higher risk to the 

groundskeeper/sampler . 
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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 i n  each zone. For example, 

manganese is a contaminant of concern only in Zones 3 and 8, and it produces an elcvated HQ 

value for the inhalation pathway in Zones 3 and 8, relative to the same pathway in other zones. 

5.1 UNDEVELOPED PARK USER 

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

summarized in Table 5-1. HQ results for each age group (child, youth, adult and senior adult) are 

averaged over the total exposure period of 30 years and then summed for this table [;.e., (child 

I-IQ * 3 yr/30 yr) + (youth HQ * 6 yr/30 yr) + (adult HQ 8 14 yr/30 yr) + senior adult HQ * 
7 yr/14 yr)]. This is an acceptable form of summary when evaluating long-term exposure to non- 

carcinogenic toxins (RAGS, Part A, Section 6.4.1, EPA 1989). Tables in Appendix E show HQ 

results for individual age groups, and the child HQ values are the highest (about two times greater 

than I-IQ results in Table 5.1). For carcinogenic toxins, this time-weighted adjustment is not 

needed prior to summing the 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 (i.e., 3, 6, 

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

without further correction. 

The total column for HQ and the T-RB column for ILCR indicate that all values are in 

compliance with CERCLA guidance (Le., HQ is less than one; ILCR is less than 1.OE-04). Note 

that the HQ values for the child receptor would be approximately twice as great as those in 

Table 5-1, but still well below a value of one. Although the total column for ILCR is not used to 

evaluate compliance with CERCLA guidance (Section 4.6), all L C R  values are also less than 

1 .OE-04. Note that background ILCR values exceed total values for all zones except Zones 5 and 

6. This occurs because residual contaminant concentrations for many constituents are below 

background levels (ix., the soil remediation process was very thorough in removing the 

contamination). 

Total HQ reaches its highest value in Zone 6 (former waste pits), while the total ILCR is at its 

maximum in Zone 5 (former production area). Maximum HQ and ILCR values occur in these 

zones due to the number of contaminants evaluated in the risk calculations for Zones 5 and 6 and 

the residual concentration of the contaminant. As every contaminant is summed to obtain the 

total risk to the receptor, adding more contaminants to the calculation will increase the final risk 
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valuc. As discussed in Section 4.1, thc list of contaminants for each exposure zone is determined 

by the number of contaminants that are evaluated in the soil certification reports for each 

exposure zone. Calculations for each pathway and every contaminant of concern are provided in 

Appendix E. 

Table E.6-3 in Appendix E indicates that the most sensitive exposure pathways for the 

undcveloped park user are dermal 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 total HQ value of 8.42E-02 (Table 5-1). Note that thc 

maximum I-IQ value is well below the compliance limit of one, and that most of this maximum 

value (5.83E-02) is dcrived by using one-half of the detection liinit value for aroclor-1260 and 

aroclor-1254 in the dermal surface-water pathway. 

For the maximum total ILCR value in Zone 5 (7.1 1E-05, Table 5-1), Table E.5-3 in Appendix E 

shows the dermal surface water and inhalation pathways contribute most of the risk to the 

receptor (G.32E-05). Dibenzo(a,h)anthracene, benzo(a)pyrene, and indeno( 1,2,3-cd)pyrene 

exposure, via the dermal surface-water pathway, account for most of this risk (4.93E-05), 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-RI3 in Table 5-1), the risk is reduced to 5.63E-05. The T-IU3 result is the value 

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

due to thc receptor’s dermal exposure to surface water containing the organic compounds notcd 

above. 

5.2 MUSEUM VISITOR 

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

Zoncs 6 and 7, as the museum is in Zone 7 and the visitor is assumed to participate in muscum 

field trips to the adjacent wetlands in Zone 6. As the field trips will be lead by museum staff, the 

assumption is made that museum visitors will obey the site rules and not enter surface-water 

bodies. Therefore, surface-water pathways are not evaluated for this receptor. 
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Results i n  Table 5-2 for HQ total and ILCR T-RB indicatc that all values are in compliance with 

CERCLA guidance (Le., HQ is less than one; ILCR is less than 1 .OE-04). As discussed above for 

the undevcloped park user, the child, youth adult, and senior adult arc evaluated in the risk tables 

prescnted in Appendix E, and the I-IQ results €or individual age groups indicate the child I-IQ 

values are the highest (about two times greater than HQ results in Table 5.2). Although the total 

column for ILCR is not used to evaluate compliance with CERCLA guidance (Section 4.6), all 

total ILCR values are also less than 1 .OE-04. Note that background LLCR values exceed total 

values for both zones. This occurs because residual contaminant concentrations for many 

constituents are below background levels (Le., the soil remediation process was very thorough in 

removing the contamination) 

Table 5-2 indicates the total HQ reaches its highest value (5.89E-03) in Zone 6 (former waste 

pits). Table E.6-6 in Appendix E indicates that the most sensitive non-carcinogenic exposure 

pathway for the museum visitor is incidental ingestion of soil. Arsenic (1 S4E-03) and uranium 

(2.89E-03) are the principal risk contaminants in the soil ingestion pathway. Note that the risk 

values are well below the HQ compliance limit of one. 

The maximum T-RB ILCR value (9.32E-07, Table 5-2) is in Zone 7 (former silos area). Table 

E.7-6 in Appendix E shows the soil ingestion and dermal soil pathways contribute most of the 

risk to the receptor, and arsenic (4.68E-07), beryllium (1.52E-07) and lead-2 10 (1 S7E-07) are the 

primary contaminants contributing to this risk. The risk value for lead-210 reflects the increment 

of lead-210 in the soil that is in excess of background. All ILCR values for the museum visitor 

are well below the compliance limit of 1 .OE-04. 

5.3 MUSEUM WORKER 

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

Zone 7 and the worker is assumed to lead museum 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 museum, and they are assumed to have limited contact with the ponds in 

Zone 6. 

Results in Table 5-3 for HQ total and ILCR T-RB indicate that all values are in compliance with 

CERCLA guidance (i.e., HQ is less than one; ILCR is less than 1 .OE-04). Although the total 

column for ILCR shows every zone exceeds the 1 .OE-04 limit, these values are not used to 
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evaluatc compliance with CERCLA guidancc (Section 4.6). Notc that background ILCR values 

exceed total values for all zones. This occurs bccause the radium-226 background concentration 

in soil exceeds the residual radium-226 level in soil (i.e., the soil remediation process was very 

thorough in removing the contamination). As radium-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 radiuin- 

226 soil concentration increases. 

Table 5-3 indicates the total HQ reaches its highest value (5.71E-02) in Zone 6 (former waste 

pits). Table E.6-5 in Appendix E indicates that the most sensitive non-carcinogenic exposure 

pathway for the museum worker is incidental ingestion of soil. Arsenic (1.67E-02) and uranium 

(3.12E-02) are the principal risk contaminants in the soil ingestion pathway. Note that the risk 

values are well below the I-IQ compliance limit of one. 

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 the soil ingestion and external radiation pathways contribute 

most of the risk to the receptor. Uranium-238 (4.41E-06) provides the principal risk from 

external radiation. The risk value for uranium-238 reflects the increment of uranium-238 in the 

soil that is in excess of background. Arsenic (2.68E-06), dibenzo(a,h)anthracene (1.04E-06), 

benzo(a)pyrene (8.45E-07) and beryllium (9.68E-07) are the primary contaminants contributing 

to soil-ingestion risk. 

5.4 GIIOUNDSKEEI’ER/SAMPLER 

Estimates of risk to the groundskeepcr/sanipler that visits exposure zones one through eight are 

summarized in Table 5-4. The total column for HQ and the T-RB column for IIXR indicate that 

all values are in compliance with CERCLA guidancc (i.e., 1-IQ is less than one; ILCR is less than 

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

valucs are not used to evaluate compliance with CERCLA guidance (Section 4.6). Note that 

background ILCR values exceed total values for all zones. This occurs because the radium-226 

background concentration in soil exceeds the residual radium-226 level in soil ( is . ,  the soil 

remediation process was very thorough in removing the contamination). As radium-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. 
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Table 5-4 indicates the total UQ reaches its highest value (2.61501) in Zone 3 (northern woods 

and wetlands). Table E.3-2 in Appendix E indicates that the most sensitive non-carcinogenic 

exposure pathways for the groundskeeper/sampler are inhalation (1.87E-01), soil ingestion 

(4.3 1E-02) and dermal contact with soil (3.06B-02). Manganese inhalation is thc primary driver 

(1.86E-01) for the total HQ value. Aroclor-1260 (1.23E-02), arsenic (1.43E-02) and uranium 

(1.22E-02) are the principal contaminants in the soil ingestion pathway. For dermal contact with 

soil, aroclor-1260 (1.89B-02) and arsenic (1.04E-02) are the main contaminants of concern. Note 

that the maximum HQ value is below the compliance limit of one, and that most of this maximum 

value (1.86E-01) is due to inhaling background levels of mangancse. Manganese is a naturally 

occurring trace element in the carbonate minerals that are present in the soil. 

For the maximum T-RB ILCR value in Zone 5 (4.70E-05, Table 5-4), Table E.5-2 in Appendix E 

shows the dermal surface water, soil ingestion, and dermal soil pathways contribute most of the 

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

dibenzo(a,h)antlu-acene results in ILCRs of 1 S9E-05 and 1.88E-05, respectively. 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 (i.e., 3.27E-05 = 1.59E-05 

+ 1.88E-05). Exposure to arsenic in the soil (dermal 1.69E-06 and ingestion 2.34E-06) provides 

the other significant risk to this receptor. 

5.5 CONSTRUCTION WORKER 

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

summarized in Table 5-5. The total column for HQ and the T-RB column for ILCR indicate that 

all values are in compliance with CERCLA guidance (i.e., HQ is less than one; ILCR is less than 

1 .OE-04). Although the total column for ILCR is not used to evaluate compliance with CERCLA 

guidance (Section 4 4 ,  all total LLCR values are also less than 1.OE-04. Note that background 

ILCR values exceed total values for all zones. This occurs because the radium-226 background 

concentration in soil exceeds the residual radium-226 level in soil (ix., the soil remediation 

process was very thorough in removing the contamination). As radium-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 5-5 indicates the total HQ reaches its highest value (1.08E-01) in Zone 3 (northern woods 

and wetlands). Table E.3-1 in Appendix E indicates that the most sensitive non-carcinogenic 
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exposure pathways for the groundskecper/sampler are inhalation (5.60E-02) and soil ingestion 

(4.27E-02). Manganese inhalation is the primary driver (5.59E-02) for the total HQ value. 

Aroclor-I260 (1.22E-02), arsenic (1.42E-02) and uranium (1.2 1E-02) are the principal 

contaminants in the soil ingestion pathway. Note that the maximum HQ value is below the 

compliance limit of one, and that most of this maximum value (5.59E-02) is due to inhaling 

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

carbonatc minerals that are present in the soil. 

For the maximum T-RB ILCR value (5.983-07, Table 5-5) in Zone 5 (former production area), 

l'ablc E.5-1 in Appendix E shows the dermal surface water (3.80E-0i) and soil ingestion 

(1.26E-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)anthracenc (1.88E-07) contributes most of 

the risk for this pathway. Incidental ingestion of arsenic (9.26E-08) and beryllium (2.79E-08) in 

the soil provides the other significant risk to this receptor. Note that the risk from dermal 

exposure to surface water results from the assumption to use one-half the detection limit for 

organic contaminants that are not detected in surface water. 

5.6 BUILDING MAINTENANCE 

Estimates of risk to the worker who performs maintenance and janitorial services in the buildings 

in 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 from the surface-water pathways. The total column for 

I-1Q and the T-RB column for ILCR indicate that all values are i n  compliance with CERCLA 

guidance (i.e., I-IQ is less than one; ILCR is lcss than 1 .OE-04). Although the total column for 

lLCli shows every zone exceeds the 1.013-04 limit, these values are not uscd to evaluate 

compliance with CERCLA guidance (Scction 4.6). Note that background ILCR values exceed 

total values for all zones. This occurs because the radium-226 background concentration in soil 

exceeds the residual radium-226 level in soil (i.e., the soil rcinediation process was very thorough 

in removing the contamination). As radium-226 decays to radon-222, a n i  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 total HQ reaches its highest value (1.00E-01) in Zone 8 (OSDF). Table 

E.8-4 in Appendix E indicates that the most sensitive non-carcinogenic exposure pathways for the 

building maintenance worker are soil ingestion (4.95E-02), inhalation (3.63E-02) and dermal 
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contact with soil (1.42E-02). Arsenic (1.48E-02), chromium (4.06E-03), manganese (4.64E-03), 

and uranium (2.04E-02) arc the principal contaminants in  the soil ingestion pathway. Manganesc 

is the driver (3.54E-02) for the inhalation pathway, and arsenic (8.9SE-03) is the main contributor 

to the I-IQ value for dermal contact with soil. Note that the maximum HQ value is below the 

compliance limit of one. 

For the maximum T-Rl3 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 dermal soil'pathways contribute most of 

the risk to the receptor. Arsenic (2.69E-06), beryllium (7.73E-07), lead-210 (2.3 1E-06), and 

uranium-23 8 (1.46E-06) are the primary contaminants contributing to the ingestion pathway. For 

the dermal exposure, arsenic (1.64E-06) and beryllium (6.42E-07) are the primc contaminants 

contributing to the risk. The risk values for lead-210 and uranium-238 reflect the increment of 

these isotopes in soil that is in excess of background. 

5.7 HWMU EVALUATION 

Closure of the HWMUs was documented in the certification reports, where all RCRA compounds 

were screened using the general-cleanup-number (GCN) approach described in the Closure Plan 

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

assessment was not required to close the HWMUs. However, the receptors and exposure 

scenarios described in this report were used to validate that closure based on the GCN approach 

was sound, and that the closed HWMUs do not present a thrcat to human health. Section 4.7 

describes the I-IWMU 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 HQ and 

ILCR values are in compliance with RCRA guidance (Le., HQ is less than one; ILCR is less than 

1 .OE-04). The groundskeeper/sampler has the highest HQ (9.78E-03) and ILCR (6.41E-07) 

values, followed by the museum worker, building maintenance, undeveloped park user, 

construction worker and museum visi tor. Exposure frequency, inhalation rate, and ingestion rate 

(Section 3.0) are the primary exposure parameters that account for the maximum dose being 

delivered to the groundskeeper/sampler. 

For the groundskeeper/sampler, Table E.9-2 indicates that the HQ result is primarily due to 

exposure via the inhalation (5.05E-03), soil ingestion (3.14E-03), and dermal soil (1.36E-03) 
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pathways. The ILCR result is dominated by the inhalation pathway (6.088-07). For the HQ total, 

inhalation of barium (3.63E-03) and chromium VI (1.42E-03), ingestion of chromium VI 

(2.608-03), and dermal contact with chromium VI in soil (1.29E-03) account for the dose to the 

groundskeeper/sampler. Inhalation of chromium VI (6.08E-07) accounts for over 90 percent of 

the LLCR value. Note that the HQ and ILCR numbers are very conservative estimates, as total 

chromium in the soil is used as an estimate of chromium VI. The HQ and ILCR rcsults would be 

much lower i f  the actual chromium VI concentration was used for this assessmcnt, because 

chromium V1 is only a fraction of the total chromium in the soil. 

Appendix 5.9 contains a summary of the risk calculations for the remaining receptors. In all 

receptor exposure scenarios, chromium VI is the primary contaminant that is rcsponsible for the 

calculated HQ and lLCR results in Table 5.7. 

5.8 UNCERTAINTY ANALYSIS 

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

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

and CSFs used in the calculations, and that discussion is not part of the uncertainty discussion in 

this section. Sources of uncertainty evaluated in this section deal with the exposure zone a 

receptor enters, the set of exposure parameters for each receptor (Section 3.0), the use of 

detection limit and maximum values for contaminants, 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 that a receptor will visit (Tablc 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 the greatest risk for most receptors. Exceptions include the museum 

visitor and building maintenance 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 number of contaminants 

that are evaluated in these zones, rather than a significant difference in the concentration of 

contaminants between zones. As each contaminant 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. 
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For the cxposure parameters, each exposurc scenario (Tables 3-1, 3-2, and 3-3) was selected by 

the risk assessors and regulatory personnel to simulate the reasonable maximum exposure (RME) 

for the receptor. However, it is understood that some individuals who visit or work at the sitc will 

not fall into the exposure scenario of the RME, and some worse-case scenarios should be 

evaluated to understand the uncertainty associated with the RME results (Tables 5-1 through 5-6). 

Therefore, risk to the undeveloped park user is evaluated for three uncertainty cases: UPU 1 - 
park visits for the first 30 years oilife 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); 

and UPU 3 - park visits for a 70 year life as a child (6 years), youth ( i 2  years), adult (37 years) 

and scnior adult (15 years). For the groundskeeper/sampler, which is the receptor exposed to the 

most risk under the RME scenario, exposure frequency was doubled to assess the uncertainty in 

the number of days the groundskeeper/sanipler will work at the site (case GS 1). All of the 

uncertainty cases are evaluated with the receptor in Zone 5 ,  where the maximum number of 

contaminants is found and the highest risk exists. Detailed calculations are provided as 

Appendix E. 10. 

Table 5-8 summarizes 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 same as those discussed in Section 5 .  I .  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 5 ) ,  but still acceptable with respect to HQ total 

less than one and T-RJ3 ILCR less than 1 .OE-04. This reflects a greater sensitivity to toxins for 

the child and youth receptors. Conversely, there is less sensitivity for the adult and senior adult 

receptors (UPU 2), relative to the base case. For the 70-year exposure duration (UPU 3), the 

T-RB ILCR value (1.29E-04) exceeds 1 .OE-04, which is unacceptable from a CERCLA 

compliance position. However, this high value is an artifact of using surface-water 

concentrations for organic constituents that equate to one-half the detection limit value for the 

constituent. For the UPU 3 case, using one-half the detection limit value for benzo(a)pyrene and 

dibenzo(a,h)anthracene results in a risk to the receptor, via dermal contact with surface water, of 

1.05E-04. This is greater than 80 percent of the T-REI ILCR value (1.29E-04), and removal of 

these compounds from the surface-water pathway (e.g., they were not detected in surface water) 

would result in an acceptable risk (i.e., 1.29E-04 - 1.05E-04 = 0.24E-04, which is less than 1E- 

04). This will be discussed below when uncertainty in contaminant concentrations is addressed. 
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Doubling the exposure frequency for the groundskeeper/sampler (GS 1 in Table 5-8) doubles the 

HQ and ILCR risk, relative to the base case (GS Zone 5). However, the increased risk values for 

HQ and T-RB ILCR still comply with the limits of less than one and less than 1 .OE-04, 

respectively. The T-RE3 ILCR value of 9.40E-05 is very close to exceeding the limit of 1 .OE-04, 

but this high value is due to the use of conservative concentmtions for organic constituents in 

surface water. Using one-half the detection limit value for benzo(a)pyrene and 

dibenzo(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-Rl3 ILCR value (9.40E-05), and 

removal of these conpounds f r m  the surface-water pathway (cg., they were not detected in 

surface water) would result in a much lower risk (Le., 9.40E-05 - 6.52E-05 = 2.88E-OS). 

Uncertainty associated with the use of the maximum uranium surface-water concentration, rather 

than the average in the exposure zone, and one-half the detection limit values for organic 

contaminants, rather than assuming the organic contaminant is not present in surface water, is 

evaluated for the two receptors with the greatest RME risk. The maximum uranium 

concentration in surface water (0.879 mg/L) was entered into the risk calculation GS 1 for the 

groundskeeper/sampler, and the organic concentrations were maintained at one-half the detection 

limit value. Results for GS 2 show the HQ total increased by 2E-03 and the T-RB ILCR 

increased by a factor of 3E-07, relative to the GS 1 case, but the total HQ and T-RB L C R  vdues 

remain below the compliance levels of less than one and less than 1 .OB-04, respectively. 

Therefore, the present maximum uranium surface-water concentration of 0.879 mg/L does not 

pose a significant risk to the groundskeeper/samplcr. However, the source for this elevatcd 

uranium concentration (pond west of former Waste Pit 3 )  should be sampled during future 

monitoring activities to ensure that the uranium concentrations does not rise to a level that would' 

create an unacceptable risk for a site receptor. 

For the undcveloped park user, the UPU 3 exposure sccnario (70-year exposure duration) resulted 

in a T-Rl3 ILCR of 1.29E-04, which exceeds the CERCLA guidance limit because organic 

compounds are entered into the surface-water pathways at one-half their detection limit value. 

This uncertainty was evaluated by assuming zero, rather than one-half the detection limit, for 

organic compounds in surface water. Additionally, the uranium concentration in surface water 

was increased to the maximum value of 0.879 mg/L to evaluate the sensitivity of the child and 
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youth sub-receptors (undcveloped park user is comprised of the child, youth, adult, and senior 

adult) to watcr ingestion and dermal contact with surfacc water. 

Results for the UPU 4 scenario, assuming 70-year exposure duration, can be compared to the 

results for UPU 3 (same exposure duration) to evaluate the change in HQ and ILCR values when 

contaminant concentrations change. Table 5-8 indicates that the NQ total for UPU 3 (7.90E-02) 

decreases to 4.86B-02 for the UPU 4 scenario. The T-lU3 LLCR value for UPU 4 decreases to 

7.93B-06, relative to the UPU 3 case (1.29B-04). These results indicate that the use of one-half of 

the detection limit for organic compounds, such as benzo(a)pyrene and dibenzo(a,h)anthracene, is 

~ O G  conservative when long exposure durations are considered, and only true detections should be 

used in risk calculations. Therefore, benzo(a)pyrene and dibenzo(a,h)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 when the samples are sent to the 

analytical laboratory. 

As noted above using one-half the detection limit value for benzo(a)pyrene and 

dibenzo(a,h)anthracene results in a high uncertainty to the calculated risk to the receptors, 

whereas increasing the uranium surface-water concentration to the maximum observed value has 

no significant impact on the receptors. However, it is documented in the detailed calculation for 

UPU 3 and UPU 4 (Appendix E. IO) that the child sub-receptor for the undeveloped park user 

does experience an increase in the HQ total from exposure to the maximum uranium 

concentration in surface water (2.93E-03 for UPU 3 increases to 1.20E-0 1 for UPU 4). Although 

there is an increase in the exposure to chemical toxins for the child sub-receptor, the overall HQ 

total for all chemicals remains below the compliance limit of one. 

The risk to a hypothetical receptor that is a groundskeeper/sampler and an undeveloped park user 

(the two highest risk scenarios) can be evaluated by summing the total HQ and T-FU3 ILCR 

values for individual receptors. For the above hypothetical receptor in Zone 5, the total HQ is 

I.88E-01 (8.15E-02 + 1.06E-01, Tables 5-1 and 5-4) and the T-RE3 ILCR value is 1.33E-04 

(5.63E-05 + 4.70E-05, Tables 5-1 and 5-4). Total HQ is less than one, but the T-RE3 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 these compounds is 

assumed to be one-half the detection limit. Table 5-8 (UPU 3 and UPU 4) shows that the risk to 

the undeveloped park user is decreased by over 90 percent when the organic compounds are 
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assumed to be zero, rather than one-half of the detection limit. Therefore, there is a very high 

uncertainty, on the conservative side, with the T-RB ILCR result of I .33E-04 for the hypothetical 

receptor. This result has a high probability of being an order of magnitude lower, which would 

result in compliance with CERCLA guidance. All additional combinations of two receptors 

results in acceptable HQ and ILCR results. 

5.9 COMPARISON TO C W  RESULTS 

The unccrtainty cases for UPU 3 and UPU 4 can be used to compare present risk calculations to 

those carried out in the C U R E  (DOE 1995) for the undeveloped park user, because the exposure 

pathways and duration are identical for these three cases. In Table I-1.N-4 of the CRAKE, total 

ILCR is 2.1E-05, T-REI ILCR is 4.9E-06 and T-CRB ILCR is 4.1E-06. These values compare 

favorably with the Table 5-8 results for W U  4, but not W U  3. The principal difference between 

the CRARE and UPU 3 results is the present evaluation of receptor exposure to benzo(a)pyrene 

aiid dibciizo(a.h)anthracene in the dermal surface-water pathway (ILCR of 1.05E-04). These 

organic contaminants were not evaluated as part of the dermal pathway in the C U R E  and, when 

the organic compounds are set to zero for the UPU 4 case, the CRARE results and UPU 4 results 

(Table 5-8) are similar. Results for the UPU 4 case are slightly higher for total LLCR and T-RB. 

JLCR, and a bit lower-for T-CRB ILCR, relative to the C W  results. 

The difference in the total ILCR result between the CFWRE and UPU 4 is due to the JLCR va!ue 

for thc inhalation of radon-222. Inhalation of radon-222 in the CRARE resulted in an ILCR of 

4.2E-08 (Table H.lV.1-3 in the CRARE), whereas the UPU 4 calculation for the inhalation of 

radon-222 produces an ILCR of 2.29E-05 (Table E.lO-4 in this report). This large discrepancy in 

tlie radon-222 ILCR values is due to an increase in the CSF valuc for radon-222 (Section 4.4) and 

the failurc of the CIWRE air modcl 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/m3. This measured radon-222 level is used in the 

I prescnt report to calculate radon-222 air conccntrations (Section 4.3), and it produces radon-222 

air concentrations that are approximately 40 times greater than the radon-222 level estimated with 

the CRhRE air model (1 1 pCi/m3). When this radon-222 discrepancy is accounted for, adding 

the UPU 4 radon-222 ILCR to the 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 (4.13E-05, Table 5-8). 

I 
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The T-RB ILCR results for the UI’U 4 case are greater than those of the CRARE case because 

many more chemicals are evaluated in this report and the residual concentrations of arsenic and 

beryllium in soil are greater than the concentrations used in the CRARE. The present ILCR 

results €or arsenic (4.10E-06) and beryllium (1 S3E-06) are in Table E.lO-4, and this table can be 

compared to Table IXIV. 1-4 of the CRARE to observe the differences in the list of contaminants 

and their ILCR values. 

When chemical and radionuclide background values are subtracted from the total ILCR value 

(T-CRB), the UPU 4 result (2.22E-06; Table 5-8) is less than the CRARE result (4.1E-06; 

Table 1-1.N-4). This difference is due to the increment of concentration above background for 

radionuclide contarninants. Overall, the residual radionuclide concentrations in soil at the Feniald 

preserve are less than the radionuclide Concentrations used in the C?XARE. Therefore, when 

background radionuclide concentrations are subtracted from the present and CRARE 

concentrations, a higher increment above background is present for the CRARE calculations. 

This increment above background produces an ILCR of 3.6E-06 for the CRARE and 1.68E-06 for 

the present calculation. The difference in these values is nearly two, and if two is added to the 

UPU 4 result noted above it agrees quite well with the CRARE result. 

The above analysis points out an interesting observation. Remedial actions at the Femald 

preserve were successful in reducing radionuclide concentrations in soil to values below those 

used in the CRARE, while many chemical concentrations (e.g., arsenic and beryllium) used in the 

present risk calculations are greater than those used in the CRARE. However, when all chemicals 

and 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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Zone 6 
Zonc 7 

TABLE 5-1 
Risk Results for the Undeveloped Park User 

Hazard Quotient Incremental Lifetime Cancer Risk 
Background Total T - CB Background Total T-FU3 T - C R B  

3.99E-03 5.89E-03 2.71E-03 4.02E-06 3.78E-06 9.09E-07 2.74E-07 
3.93E-03 4.14E-03 9.16E-04 4.02E-06 3.90E-06 9.32E-07 3.12E-07 

CRB = cliernical and radionuclide background 

Zone G 
Zone 7 

TABLE 5-2 
Risk Results for the Museum Visitor 

Hazard Quoticnt Incremental Lifetimc Cancer Risk 
Background Total T - CB Background Total T - RU T - CRI3 

3.22E-02 5.7 1 E-02 3.1 1 E-02 1.64B-04 1.538-04 1.28B-05 8.90E-06 
3.12E-02 3.51502 9.31E-03 1.64504 1.548-04 8.85E-OG 5.01E-06 

TABLE 5-3 
Risk Results for the Museum Worker 
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Zone 2 
Zone 7 
Zone 8 

TABLE 5-4 
Risk Results for the Groundskeeper/Sampler 

Hazard Quotient Incremental Lifetime Cancer Risk 
Background Total T - CB Background Total T - R B  T - C R B  

5.08E-02 5.65E-02 1.37E-02 1.66E-04 1.51E-04 8.55E-06 3.1 1E-06 
4.35E-02 4.57E-02 9.95E-03 1 .6GE-04 1 .ME-04 1 . 1 3 ~ - 0 5  5.52E-06 
9.19E-02 1.00E-01 4.3 1E-04 1 .66E-04 1.57E-04 1.00E-05 4.39E-06 

T = total; CB = chemical background; RB = radionuclide background; 
CRB = chemical and radionaclide backgioulld 

TPLBLE 5-5 
Risk Results for the Construction Worker 

T = total; CB = chemical background; RB = radionuclide background; 
CRB = chemical and radionuclide background 

ThBLE 5-6 
Risk Results for the Building Maintenance 
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Undeveloped Park User 
Museum Visitor 
Museum Worker 

Grounds keeper/Sampler 
Construction Worker 

Building Maintenance 

TABLE 5-7 
Risk Results for the E-IWMU Closure Evaluation 

Hazard Quotient Incremental Lifetime Cancer Risk 
Total Total 

5.08E-04 3.89E-09 
2.3 5E-03 7.44E-08 

5.11E-03 1.22E-07 
9.78E-03 6.4 1 E-07 
5.09E-03 7.78E-09 
6.3 1E-03 1.2 1 E-07 

TABLE 5-8 
Risk Results for Uncertainty Analysis 

T = total; 
CB = chemical background; 
RJ3 = radionuclide background; 
CRB = chemical and radionuclide background; 
UPU = undeveloped park user; 
CIS = groundskeepcr/saiiipler 
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6.0 SUMMARY AND CONCLUSIONS 

The risk calculations prescnted in this report evaluated six human receptors in nine exposure 

zones to assess health impacts from residual toxins i n  the air, soil, and surface-water media at the 

Fernald Preserve. Remedial activities that lead to the creation of the Fernald Preserve were 

completed in October of 2006, with the exception of groundwater remediation. Therefore, the 

groundwater pathway was not evaluated in this Interim Residual Risk Assessment Report. A 

final residual risk assessment will be performed to evaluate the growidwater and food pathways 

when the remedial objectives for the Great Miami 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 the public (undeveloped 

park user and museum visitor) and site workers (museum worker, groundskeeper/sampler, 

construction worker, building maintenance) who spend as few as ten days a year at the site 

(museum visitor) or as many as 250 days a year (museum worker). Reasonable maximum 

exposure ( W E )  scenarios for the receptors (Section 3.0) are used to estimate the chemical and 

radionuclide intake via six exposure pathways: inhalation of particulate and gases (chemical and 

radionuclide), incidental ingestion of soil (chemical and radionuclide), dermal contact with soil 

(chemical), incidental ingestion of surface water (chemical and radionuclide), dermal contact with 

surface water (chemical), and exposure to external radiation. The intake values, reference dose, 

and cancer slope factors are used to calculate the hazard quotient (HQ) and incremental lifetime 

cancer risk (ILCR). 

Ninety-five chemicals and radionuclides were evaluated and a subset of contaminants was 

compiled for each exposure zone to derive air, soil, and surface-water concentrations used in the 

risk calculations (Section 4.0). Contaminant concentrations in soil were derived from the soil 

certification reports. After the completion of soil remediation activities, hundreds of surface- 

water samples were collected across the site to obtain data to estimate the contaminant surface- 

water concentrations in each exposure zone. Contaminant concentrations in particulate matter 

suspended in the air were estimated using 2005 monitoring results for total suspended particulate 

collected at background location AMs-1 2 and the contaminant soil concentrations. Radon-222 

activity in the air was calculated from radium-226 activity in the soil using a conversion factor 

derived from the air monitoring data for radon-222 (collected at background location AMs-12) 

and the background radium-226 activity in soil. 
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Cancer slope factor (CSF) and refercncc dose (RfD) values reported in Appendix D were 

compiled from the EPA (IRIS and I-IEAST tables) and Oak Ridge (RAIS) web sites. The values 

used in this report were compared to values used in the OU5 CRARE (DOE 1995d) to identify 

significant 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 C W ,  and the present CSF value 

for external exposure to technetium-99 has increased by a factor of 136. As inhalation of radon- 

222 is the highest risk pathway for a receptor exposed to radionuclides in the environment (much 

geatcr than external exposure to technctium-99), EPAs incrcase in thc CSF for radon-222 has 

increased the risk to all receptors evaluated in this report, relativc ts the CIURE. 

Most of the risk to thc receptors is driven by a small subsct of chemicals 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)anthracene arc key contaminants for the dermal surface-water pathway. Manganese 

anti radon-222 contribute most of the risk to the inhalation pathway. Uranium-238 is the largest 

contributor to external radiation, after the radionuclide background is subtracted from the total 

risk. 

The highest ILCR values (total minus radionuclide background) occur in Zone 5 (former 

production area) for the undeveloped park user (5.63E-05) and groundskeeper/sampler 

(4.70E-05), and the cited risk numbers are driven primarily by dermal exposure to surface water 

containing benzo(a)pyrene and dibenzo(a,h)anthracene (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)anthracenc 

concentration in surface water, and this conservative assumption produces over 70 percent of the 

above cited risk values for the undcveloped park user and groundskeeper/sampler. Total ILCR 

values for these receptors are much 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 ILCR value (total minus radionuclide background) used to evaluate 

compliance with 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- 
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half the analytical dctcclion limit when they are not detected i n  surface-water samplcs. 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,h)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 

the longer exposure durations. 

The maximum uranium concentration in surface water (0.879 mg/L) was also evaluated in the 

uncertainty analysis, and results indicate it does not pose a significant risk to the highest risk 

receptors (undeveloped park user and groundskeeper/sain~lerj. Elowever, the source for this 

elevated uranium concentration (pond west of former Waste Pit 3) should be sampled during 

future monitoring activities to ensure that the uranium concentrations does not rise to a level that 

would create an unacceptable risk for a site receptor. 

Two of the uncertainty calculations for the undeveloped park user were compared to the CRARE 

calculation for the undeveloped park user (Section 5.9), because these three cases consider the 

same 70-year exposure duration. One of the uncertainty calculations uses one-half the detection 

limit for organic compounds in surface water, and the other uncertainty calculation sets organic 

compounds to zero for the surface-water pathways. E C R  results for the second uncertainty 

calculation (i.e., organic compounds set to zero) agree well with the ILCR results published in the 

CRARE, while the first does not. 

The discrepancy between the CRARE and first uncertainty calculation (ix., one-half the detection 

limit for organic compounds in surface water) arises because ILCR values for benzo(a)pyrene and 

dibenzo(a,h)anthracene in the dernial surface-water pathway were not evaluated in the CRAlU3. 

When these values are set to zero for the second uncertainty analysis, the results are in good 

agreement and comply with the CERCLA limit of 1.OE-04. 

In conclusion, results tabulated for all risk calculations show the HQ and ILCR values for the 

RME site receptors comply with the CERCLA guidance limit of less than one for HQ (total) and 

less than 1.OE-04 for ILCR (total minus radionuclide background). This conclusion, along with 

the results in the soil certification reports, indicate the remedial actions identified in the OU 5 

ROD (DOE 1996b) were executed successful and the site soil has been restored to the final land 

use objective. 
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Cliroiiology 0 1  Soil Ccrtilicatiuii Rcpurts 

Al)prnvrl 
Junc I998 

Jtiric 1998 
August I998 

March 1999 
May I999 

Septcmher I999 

November 1999 

March 2000 

September 2000 

Scptcinbcr 2000 

Scptembcr 2000 

March 2001 

March 2001 

March 2001 

Scptcnibcr 2001 

March 2002 

Novcmbcr 2002 
!3nuary 2003 

Deceinber 2003 

January 2004 

April 2004 

May 2004 

Junc 2004 

Scptcinbcr 2004 

January 2005 

October 2005 

Novcnibcr 2005 

January 2006 

Marc11 2006 
April 2006 

July 2006 

August 2006 

Scptember 2006 

November 2006 

November 2006 

November 2006 

December 2006 

l>ccciiibcr 2006 

December 2006 

December 2006 

December 2006 

January 2007 

January 2007 

January 2007 

January 2007 

January 2007 

Pending 

I’end i rig 
Pending 

I’ending 
Pending 

Report 
- Ccrtilicalion Report Ibr A I 1’1 

- Ccrtilicalion llcport li)r A 11’11 - Scclor 1, 2A, and Conveyance Ditch 

- Ccrtilicalion Iceport fc)r AXI’I 

- Ccrtilicalion Ilcport liir A 11’1 Sctlimcril Traps 2 aiit l  3 

- Ccrtilication Ilcport for AI 1’11 - Sector 213 

- Ccrtilicalion Ilcport lor A81111 a i d  Area 6 ‘l‘riaiiglc Area 

- Ccrtilication Ileport for A21’111 Par1 Oiic 

- Certification I<cport for A I  1’11 - Sector 2 Clls  Wcst ofl:ormcr North Access I h ~ t l  

- Ccrtilicalioii Rcport lor A I  1’111 Part Two 

- Certilicatioii Iceport for A2l’ll l Part Two 

- Certification llcport for A81’111 South 

- Ccrtilication Ilcport for A I1’11 

- Ccriificalion Ilcport Ibr A2Pl Active Flyasli Pile and Adjacent Arca East o f  the South Constructioii Road 
- Certification Report for Former Soil Stockpile 3 Footprint 

- Ccrtificalion Ilcport for A I1’111 Part Oiic 

- Atltlcndiim I to Certilicatioii I<cport for A 11’11 for tlic Ilcuse Arcas, Trap Ilangc, Scctor 2C and Scctor 3 
- Certification lleport lor tlic Area 5 Eastcni Field 

- Cc.rtilicalion I<cpuri li?r A7.1’1 k m e r  Iiiaclivc Flyasli Pile, South Field, Carolina Area, East- West Construction Iload and 

- Ccrtilicalion Report for Area 6, I’I~asc I - Part One 
- Ccrtilicalion Ileport f‘or A81’111 North 

- Ccrtificalion Report for Area 6, I’I~asc I - I’an lwo 
- Certification I lcport for A I  I’IV Part One 
- Ccrtilication Report for A21’11 Subareas I, 2, and 4 

- Certilication I<cport Ibr A I  I’IV Parts Two and Three 

- Certification Itcport for Area 3N3B 

- Certification Report for Area 4A 

- Ceriilication Report for Strcam Corridors Storm Sewer Outlall Ditch 

- Certification Report Tor Area 413 - Part One 
- Ccrtilicalion Report Ibr Arca 6 Wastc Pits 4, 5, and 6 

- Certilication Kcport for A21’11 - Subarea 3 Equipment Wash Facility, Subcontractor Laydown Area, Tr j i lcr  Complex Area, and 

- Atlcleiidum to tlic Certilication Kcport Ibr A21’Il Subarcas I ,  2, and 4 

- Ccrlificalton llcport for Area 6 I’ornicr J’rotluclioii Area and Main Drainage Corridor Area 

- Atldentlum to Ilic Ccrtilicatioii Ikport  for Area 4A 

- Atltlentlum to Certilication Iceport Ibr A21’111 Part Two Ibr Arca Bouiidary 
- Ccrtilication Report lor the I’oriiicr Sloriii Water Ileteiition Basin Area 

- CcrtiLication Itcport for Strcam Corridors Pilot I’lant Drainage Ditch and Patldys Run 

- Adtlcndum 4 to Certilicatioii Ibqiort for A I  1’11 for tlic Dissolved Oxygen Builtling Area 

- Adtlentlum to the Ccrtilication Ilcporl for Area 4B - Part IOne 

- Ccrtilication Report liar Area 6 General Area East 
- Addcnduiii to Cerlilication Ikport Tor Area 6 I T A  and M D C  Area for Soil Pile 8 
- Certification Report for Various Arcas Outsitlc o f  the I-listorically Radiologically Controlled Area 

- Certification Ilcport for Area I, l’liasc I V  - Dccontainination Facility Area 

- Ccrtificatiori Ileport for Area 4B - I’arl Two I’rotluction Area and Main Drainage Corridor Area - f‘ Street 
- Certification Report for Area 5 Atlministration Area and East and West Parking Lots 
- Certification Report for 11ic Former Solid Waste Landfill and Soil Pile 7 

- Certification Report for Area 7 Silos and Support Areas 

- Certification Report for Area GE 
- Certification Report for Arca 6 General Area West 

- Certification Report for Area G Sitcwitlc Rail Line System 
- Certification Report for Area 6 Wastc Pits 1, 2, and 3, the Burn Pit, the Clcanvcll, and Arcas West and North ofthe Waste Pits 
- Certification Ilcport for Area 7 Miscellancous Areas 

Equipnicnt Wliecl Wash 1:acilily 

Aquilkr l’rojccl Laytlowii Area 
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APPENDIX B 

Residual Contaminant Concentrations in 
Soil Certification Units and Exposure Zones 

This appendix summarizes data from all the soil certification reports to provide the 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 the Fernald 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 the HWMU exposure zone is not shown on Plate 1, as it 

is a hypothetical exposure zone comprised of all closed HWMUs). 

Each exposure zone (Table B-1) contains contaminant concentrations in soil for every 

certification unit (CU) within the zone. For Zones I through 8, contaminant 

concentrations for each CU represent the 95 % upper confidence level or the maximum 

value if statistical calculations were not required for the contaminant. In the HWMU 

exposure zone, the maximum 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 the exposure zone. 

Table B-2 contains the 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 determined), therefore some 

constituents were calculated from known values to provide background information. 

The list of contaminants for each exposure zone is a comprehensive list that covers every 

contaminant from every CU within the zone. If a contaminant is absent from every CU 

within the zone, it is not evaluated in the risk calculations for that exposure zone. As the 

exposure zone list of contaminants is comprehensive across all CUs, it will generally 

exceed the list of contaminants for an individual CU (e.g., several CUs have reported 

B-1 



results for technetium-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 (i.e., 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 of contaminants reported in the Certification Reports. 

Prior to performing the calculation to derive thc average value for a contaminant in the 

exposure zone, a default contaminant value is inscrted 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 somc CUs within thc exposurc zone but not for all. Those 

that do not have a reported result will have the default valuc inserted prior to calculating 

an average technetium-99 value for the exposure zone. The default value is the 95'h 

percentile background value for the contaminant, as reported in Tables 4-1 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, results are tabulated for the 51 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 technetium-99 in Zone 1, and the remaining CUs 

had the background value of zero inserted prior to calculating an average for the exposurc 

zone. As a receptor will not spend all their time in the CU that corresponds to the 1.52 

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 1 CUs, when thc 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 

the area of Zone 1. 

The number of CUs in each zone varies from 39 in Zone 7 (former silo area) to 154 in 

Zone 2 (southern waste units, SWRBs, and CWWT). Care was taken in delineating the 

B-2 



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 replaccd 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 ccrtication, 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. 
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TABLE B-I SOIL CERTIFICATION DATA - HWMU 

B-1.1 of 198 



TABLE 6-1 - SOIL CERTIFICATION DATA - HWMU 

B-1.2 Of 198 
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TABLE B-1 - SOIL CERTIFICATION DATA - HVb'MU 

8-1.4 Of 198 
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TABLE B-I  - SOIL CERTIFICATION DATA - HWMU 

B-1.6 Of 198 
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TABLE B-1 - SOIL CERTIFICATION DATA - HWMU 

HWMUs I Bis(2-ethylhexy1)phthalate Brornodichloromethane Bromoform Brornomethane 2-Butanone 

B-1.8 Of 198 



TABLE B-1 - SOIL CERTIFICATION DATA - HWMU 

B-I .9 of 198 



TABLE B-I  - SOIL CERTIFICATION DATA - HWMU 

B-1.10 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - HWMU 

8-1.11 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - HWMU 

Area 
HWMUs sq ft Ethyl ether Heptachlorodibenzofuran Heptachlorodibenzo-p-dioxin Hexachlorodibenzofuran 

1 

I O.OOE+OO O.OOE+OO 4.53E-05 O.OOE+OO 

8-1.12 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - HWMU 

8-1.13 Of 198 



TABLE B-I  - SOIL CERTIFICATION DATA - HWMU 

HWMUs I-- 
I A I  P2S3-HW-01 -H4 

Area 
sq  f t  Methylene chloride 4-Methylphenol 4-Nitroanaline N-nitrosodiphenylamine 

7.70E-03 O.OOE+OO O.OOE+OO O.OOE+OO 

B-1.14 Of 198 



TABLE B-I - SOIL CERTIFICATION QATA - HWMU 

Area 
HWMUs sq ft N-nitrosodipropylamine Octachlorodibenzofuran Octochlorodibenzo-p-dioxin 

I I 

1 O.OOE+OO O.OOE+OO 2.1 3E-03 

B-I .I  5 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - HWMU 

B-1.16 Of 198 
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TABLE B-1 - SOIL CERTIFICATION DATA - HWMU 

. 

lmax value >> O.OOE+OO 1.20E-02 6.00E-03 O.OOE+OO I 

8-1.18 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - HWMU 

I HWMUs Vinyl chloride Xylenes 

A6 WP-C02-H27 47482 
A6WP-C03-H42 57525 
A6WP-C04-H42 57525 
A6WP-C05-H42 57525 NA 
rnax value >> 

8-1.19 of 198 



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 7n nf IQR 



TABLE B-1 - SOIL CERTIFICATION DATA - Zone 1 



TABLE B-I - SOIL CERTIFICATION DATA - Zone I 

IA7SAR-CO8 I 61127 I 4.73E-01 I 1.01E+01 I 2.87E+00 I 1.24E+01 I NA I 1.31E+00 I NA I 
Maximum Value 

Average (used in Risk Calc.) 
Number of Cert Results 

Number of Inserted Values 

4.73E-01 1.01 E+01 4.47E+00 1.24E+01 NA 1.46E+00 NA NA 
2.13E-01 4.56E+00 2.90E+00 9.59E+00 NA 1.44E+00 NA NA 
5.00E+01 5.00E+01 1.00E+00 3.00E+01 NA 2.00E+00 NA NA 
O.OOE+OO O.OOE+OO 4.90E+01 2.00Et01 NA 4.80E+01 NA NA 

€3-1.22 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone I 



TABLE B-I - SOIL CERTIFICATION DATA - Zone I 

Number of Cert Result 
Number of Inserted Value 

B-1.24 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 1 



R - I  76 nf 1Q)R 





R - I  78 nf I Q R  
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TABLE B-I - SOIL CERTIFICATION DATA - Zone I 

Number of Inserted Valu 

8-1.30 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 1 

AIPII-SI-05 161491 NA NA NA 
A I  PII-SI -06 165940 NA NA NA 
A1 PII-SI -07 201 789 NA NA NA 
AIPII-S1-08 182288 NA NA NA 

A2P3-1SF I 10894 I NA I NA NA 
A2P3-2SF NA NA NA 

Average (used in Risk Calc. 
Number of Cert Result 

Number of Inserted Value 

R-1 21 nf l!W 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 1 

R-1 33 nf I Q R  



TABLE B-1 - SOIL CERTIFICATION DATA - Zone I 
Certification Area 

Units sq ft 4-Nitroanaline N-nitrosodiphenylamine N-nitrosodipropylamine Octachlorodibenzofuraii 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone I 

Number of Cert Results 
Number of Inserted Values 

8-1.34 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone I 

R-I  ?r; nf 1QR 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 1 
Certification Area 

Units sq ft Tetrachloroethylene Toluene Tributyl phosphate 1,1,2-Trichloroethane Trichloroethylene 

B-1.36 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone I 

R-I  37 nf 198 



TABLE B-I  - SOIL CERTIFICATION DATA -Zone 2 

B-1.38 of 198 



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, plulonium, 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. 

- . . . . - . 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 2 

Certification Area 
Units sq fl Thorium-228 Thorium-230 Thorium-232 Uranium-234 Uranium-235 Uranium-238 Antimonv Arsenic Barium Bervlliiirn 

R-1 All n f  1QR 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 2 



TABLE B-I - SOIL CERTIFICATION DATA -Zone 2 

6-1.42 of 198 



TABLE B- I  - SOIL CERTIFICATION DATA -Zone 2 

Certification Area 
Units sq ft Boron Cadmium Chromium (VI) Cobalt Copper Fluoride Lead Manganese Mercury Molybdenum Nickel 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 2 
Certification Area 

Units sq ft Selenium Silver Thallium Uranium Vanadium Zinc Acetone Aroclor-1254 Aroclor-I260 Benzene Benzo(a)anthracene 

8-1.44 of 198 



R- I  45 nf 198 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 2 

8-1.46 nf 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 2 
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TABLE B-I - SOIL CERTIFICATION DATA -Zone 2 

- . .^ * < ^ ”  



TABLE B-I - SOIL CERTIFICATION DATA - Zone 2 
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TABLE B-I  - SOIL CERTIFICATION DATA - Zone 2 

8-1.52 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 2 

6-1.53 of 198 



TABLE B-1 - SOIL CERTIFICATION DATA -Zone 2 

6-1.54 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 2 

I 

R-1 55 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 2 

8-1.56 of 198 



TABLE B-I - SOIL CERTIFICATION DATA -Zone 2 

TCA-C1 52136 NA I NA NA NA NA NA 
TCA-C2 58161 NA I I NA NA NA NA NA 

M A  I N A  N A  N A  N A  N A  
TCA-C3 58162 v- A NA NA 

8-1.57 Of 198 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 2 

6-1.58 of I 9 8  





TABLE B- I  - SOIL CERTIFICATION DATA - Zone 2 

Certification Area 
Units sq 11 Tetrachlorodibenzo-p-dioxin Tetrachloroethylene Toluene Tributyl phosphate 1,1.2-Trichloroethane Trichloroelhylene 

ugkl ugkl u g h  ugh3 uglg ug/g 
I 143889 NA 0.00tc00 0.00t+00 NA O.OOE+OO O.OOE+OO - -  

A3Pl-AFP-Cl I 30643 NA n nnF+nn N A  n nncsnn 

B-1.60 of 198 



TABLE B-I  - SOIL CERTIFICATION DATA -Zone 2 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 2 

R-1 fi7 nf ,on I 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 2 



TABLE 6-1 - SOIL CERTIFICATION DATA -Zone 3 

n Zone 3 - Northern Perimeter Area 
Certif ication Area 

Units sq ft Cesium-137 Lead-210 Neptunium-237 Plutonium-238 Plutonium-2391240 Radium-226 Radium-228 Strontium-90 Technetium-99 

I f  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 repofled for 
neptunium. plutonium. strontium and technetium isotopes, and zero will be used. 

NA = Chemical or radionuclide is not applicable to the assesrnent of risk in this zone 
because the COC was not evaluated in the certification reports for this zone. 

R-I M nf 1QR 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 3 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 3 

B-1.66 of 198 
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TABLE B-I - SOIL CERTIFICATION DATA -Zone 3 

I 

6-1.68 Of 198 



n , ,.n . , a n n  



TABLE B-I - SOIL CERTIFICATION DATA - Zone 3 



TABLE B-I - SOIL CERTIFICATION DATA -Zone 3 

6-1.71 Of 198 



TABLE B- I  - SOIL CERTIFICATION DATA - Zone 3 

NA 
NA 
NA 
NA 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

B-1.72Of 198 



TABLE B-I - 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. 

B-I .74 Of 198 L 
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TABLE B-1 - SOIL CERTIFICATION DATA - Zone 4 
Certification 

B-1.76 Of 198 
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TABLE B-I  - SOIL CERTIFICATION DATA - Zone 4 

B-I .7a of I 98 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 4 

B-1.79 Of 198 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 4 

8-1.80 Of 198 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 4 

B-1.82 Of 198 



TABLE B-1 - SOIL CERTIFICATION DATA I Zone 4 
Certification Area 

Units sq f t  Chrysene Cyanide Cyclohexanone Dibenzo(a,h)anthracene 3,3-Dichlorobenzidine 

Average (used in Risk Calc. ) NA NA NA NA NA 
Number of Cert Results NA NA NA NA NA 

Number of inserted Values NA NA NA NA NA 

B-I .83 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 4 
Certification Area 

Units sq f l  1,2-dichloroethane 1,l -Dichloroethyiene Dieidrin Di-n-octylphthalate Ethylbenzene 

RLS-C14 48973 NA NA NA NA NA 
RLS-C15 48972 NA NA NA NA NA 
RLS-C16 48971 NA NA NA NA NA 

Maximum Value NA NA NA NA NA 
Average (used in Risk Calc.) NA NA NA NA NA 

Number of Cert Results NA NA NA NA NA 
Number of inserted Values NA NA NA NA NA 

B-I .84 Of 198 



TABLE B-I  - SOIL CERTIFICATION QATA - Zone 4 

B-1.85 Of 198 



TABLE B-1 - SOIL CERTIFICATION DATA - Zone 4 

B-1.86 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 4 

B-I .87 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 4 

RLS-C14 
RLS-C15 
RLS-C16 

48973 NA NA NA 
48972 NA NA NA 
48971 NA NA NA 

B-1.88 Of 198 

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 



TABLE B-1 - SOIL CERTIFICATION DATA - Zone 4 

B-I .89 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 4 

B-1.90 Of 198 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 4 

6-1.91 Of 198 



TABLEB-I - SOILCE 
Certification 

Units Vinyl chloride Xylenes 

,RTIFICATION DAT 
i! 

‘A - Zone 4 

I A8P3N-C4 I 244167 1 NA 

B-I .92 Of 198 





TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

I -  B-1.94 Of 198 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 5 

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 

R-1 Q5 nf 19R 
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R-1 .!XI nf 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 
Certification Area 

Units sq ft Uranium234 Uranium-235 Uranium-238 Antimony Arsenic Barium Beryllium 

/ 
i 
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TABLE 5-1 - SOIL CERTIFICATION DATA - Zone 5 

8-1.102 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 



8-1.104 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

R- l . ln5  of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

B-1.106 Of 198 



~ - 1 . i n 7  nf 198 



B-1 .I 08 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

B-I . I O 9  of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

R-I 111 nf l Q R  



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

8-1.112 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 5 
Certification 

Units Bis(2-ethylhexy1)phthalate Bromodichloromethane Bromoform Bromomethane 2-Butanone 

B-1.114 Of 198 



TABLE B-I  - SOIL CERTIFICATION DATA I Zone 5 

8-1.115Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

Number of Inserted Val 

8-1.116 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

R-1 117 of I Q R  



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 5 
Certification Area 

Units sq ~ Carbazole Carbon disulfide Carbon tetrachloride Chlordane Chlorobenzene Chloroform 

A4B2lC04 59541 
A4 B2-CO5 621 59 
A4B2-CO6 60995 
A4BZ-CO7 62054 

8-1.118Of 198 

ugkl uglg uglg uglg ugki uglg , 
NA NA O.OOE+OO NA NA NA 
NA NA O.OOE+OO NA NA NA 
NA NA 0 .OO E+OO NA NA NA 
NA NA O.OOE+OO NA NA NA 



R- I  I I Q  nf I Q R  



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

B-1.120 Of 198 





TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

Number of Cert Results 

8-1.122 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

R-I 1 7 1  nf 1 0 R  



TABLE 6-1 - SOIL CERTIFICATION DATA - Zone 5 

Area sq ft I 1,Z-dichloroethane 1 ,I -Dichloroethylene Di-n-octylphthalate Ethylbenzene 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 
Certification Area 

Units sq ft 1,2-dichloroethane 1 ,I-Dichloroethylene Dieldrin Di-n-octylphthalate Ethylbenzene 

R-1.125 of 198 



TABLE B-1 - SOIL CERTIFICATION DATA - Zone 5 

8-1.126 Of 198 



R- I  177 nf I Q R  



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 5 

8-1.128 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

R-1.179 nf 198 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 
Certification Area 

Units sq f t  Hexachlorodibenzo-p-dioxin Indeno(l,2,3-cd)pyrene Methanol Methyl-2-pentanone 

B-1.131 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

8-1.1320f 198 



R - I  l22n f  198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 
Certification Area 

Units sq ft Methylene chloride 4-Methylphenol 4-Nitroanaline N-nitrosodiphenylamine 

8-1.134 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 



TABLE B-1 - SOIL CERTIFICATION DATA - Zone 5 

' 8-1.136 of 198 



TABLE B-I  - SOIL CERTIFICATION DATA Zone 5 

Average (used in Risk Calc. 
Number of Cert 

Number of Inserted 
t 

8-1.137 of 198 
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TABLE B-l - SOIL CERTIFICATION DATA - Zone 5 
Certification Area 

Units sq ft Tetrachlorodibenzofuran Tetrachlorodibenzo-p-dioxin Tetrachloroethylene Toluene 

8-1.141 Of 198 
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TABLE B-I  - SOIL CERTIFICATION DATA Zone 5 

8-1.143 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

8-1.144 Of 198 
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TABLE B-1 - SOIL CERTIFICATION DATA - Zone 5 

I 

B-1.146 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 

R-1 147nf 198 



TABLEB-1 - SOlLC ERTIFIC TlON DAT 'A - Zone 5 
Certification 

Units Vinyl chloride Xylenes 

A4621C04 59541 0.00E+00 
A4B2-CO5 621 59 O.OOE+OO 
A4B2-CO6 60995 O.OOE+OO 
A4 B2-CO 7 62054 O.OOE+OO 
A4B2-CO8 51901 O.OOE+OO 

~~ 

i AGGAE-COS I 60191 I NA I O.OOE+OO I 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 5 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 6 
Certification Area 

Units sq ft Cesium-I37 Lead-210 Neptunium-237 Plutonium-238 Plutonium-239/240 Radium-226 

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. 

B-1.150 of 198 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 6 

8-1.151 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 6 

Number of Cert Results 

B-1.152 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 6 

8-1.153 Of 198 



B-1.154 of 198 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 6 

B-I .I 55 Of 198 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 6 
Certification 

Units Bis(2-ethylhexy1)phthalate Bromodichloromethane Bromoform Bromomethane 2-Butanone 

B-1.157 Of 198 



TABLE B- I  - SOIL CERTIFICATION DATA - Zone 6 

8-1.158 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 6 
Certification Area I Units sc( f t  I Chrysene I Cyanide I Cyclohexanone1 Dibenzo(a,h)anthracene I 3,3-Dichlorobenzidine I 

8-1.159 Of 198 



~ 

TABLE B-I - SOIL CERTIFICATION DATA - Zone 6 

8-1.160 of 198 
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TABLE B-I  - SOIL CERTIFICATION DATA - Zone 6 
Certification 

Units Area sq ft I Hexachlorodibenzo-p-dioxin indeno(l,2,3-cd)pyrene Methyl-2-pentanone 

8-1.162 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 6 

B-1.163 Of 198 
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TABLE B-I  - SOIL CERTIFICATION DATA - Zone 6 
Certification r Units Pentachlorodibenzofuran Pentachlorodibenzo-p-dioxin Pentachlorophenol Phenanthrene 

8-1.165 Of 198 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 6 

8-1.166 Of 198 



TABLE 6-1 - SOIL CERTIFICATION DATA - Zone 6 
Certification Area 

Units sq ft Tributyl phosphate 1 ,I ,2-Trichloroethane Trichloroethylene Trifluorochloromethane 

6-1 .I67 of 198 



TABLE 
Certification 

Units Vinyl chloride 

B- I  - SOIL CERTIFICATION DATA 

Xylenes 

AGGAW-C04 56554 
AGGAW-C05 60572 
AGGAW-COG 43699 

u glg uglg 
NA NA 
NA NA 
N A  NA 

I .. . 

I AGGAW-C07 I 60875 I NA 1 NA I 

-Zone 6 

8-1.168 of 198 



TABLE B-I - 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 

8-1.169 Of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 7 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 7 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 7 

Certification 
Units Fluoride Lead Manganese Mercury Molybdenum Nickel Selenium Silver Thallium Uranium 

8-1.172 Of 198 



TABLE 5-1 - SOIL CERTIFICATION DATA - Zone 7 

c 

B-I .I 73 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 7 

Certification 
Units Benzo(b)fluoranthene Benzo(k)fluoranthene Bis(2-chloroisopropyI)ether Bis(2-ethylhexyl)phthalate 

B-1.174 of 198 



TABLE B- I  - SOIL CERTIFICATION DATA - Zone 7 

Certification 
Units 

Average (used in Risk Calc.) 
Number of Cert Result: 

Bromodichloromethane Bromoform Bromomethane 2-Butanone Carbazole Carbon disulfide 

8-1.175 of198 



TABLE B-I  - SOIL CERTIFICATION DATA - Zone 7 

I Maximum Valu 
Average (used in Risk Calc. 

Number of Cert Result 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 7 

Certification Area 
Units sq ft Dibenzo(a,h)anthracene 3,3-Dichlorobenzidine 1,Z-dichloroethane 1 , I  -Dichloroethvlen Dieldrin 

8-1.177 of 198 



TABLE B-I - SOIL CERTIFICATION DATA - Zone 7 
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TABLE B-1 - SOIL CERTIFICATION DATA - Zone 7 

Certification 
Units Hexachlorodibenzofuran Hexachlorodibenzo-p-dioxin Indeno(l,2,3-cd)pyrene Methanol Methyl-2-pentanone 

8-1.179 of 198 



I TABLE B-I  - SOIL CERTIFICATION DATA - Zone 7 
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TABLE B-I  - SOIL CERTIFICATION DATA - Zone 7 
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TABLE B-I  - SOIL CERTIFICATION DATA - Zone 7 

Certification 
Units Pentachlorophenol Phenanthrene Tetrachlorodibenzofuran Tetrachlorodibenzo-p-dioxi Tetrachloroethylene 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 7 
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TABLE B-I  - SOIL CERTIFICATION DATA - Pone 8 
Certification Area 

Units sq ft Cesium-137 Lead-210 Neptunium-237 Plutonium-238 Plutonium-2391240 Radium-226 Radium-228 Strontium-90 

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 assesrnent of risk in this zone because 

NOTE 2: CUs underlying the capped cells have been replaced with CUs from the borrow 
area (AIPII-SI-07 through -le), as the borrow area CUs comprise the capping soil. 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 8 

6-1.185 bf 198 
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TABLE B-1 - SOIL CERTIFICATION DATA - Zone 8 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 8 
Certification Area 

Units sq ft Benzo(k)fluoranthene Bis(2-chloroisopropy1)ether Bis(2ethylhexyl)phthalate Bromodichlorornethane Bromoform 

8-1.189 of 198 



Certification Area 
Units s q  ft Brornornethane 2-Butanone Carbazole Carbon disulfide Carbon tetrachloride Chlordane Chlorobenzene 

8-1.190 Of 198 

Chloroform 
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Certification Area 
Units sq ft 1,l -Dichloroethylene Dieldrin Di-n-octylphthalate Ethylbenzene 

6-1.192 Of 198 

Ethyl ether Heptachlorodibenrofuran 



8-1.193of 198 
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TABLE B-I - SOIL CERTIFICATION DATA - Zone 8 
Certification Area 

Units sq ft Pentachlorodibenzo-p-dioxin- Pentachlorophenol ' Phenanthrene Tetrachlorodibenzofuran Tetrachlorodibenzo-p-dioxin 

8-1.196 of 198 
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TABLE B-I  - SOIL CERTIFICATION DATA - Zone 8 
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TABLE B-2 SOIL BACKGROUND VALUES 

1 (based on 95th percentile in Table 4-2 of the Addendum to CERCWRCFW Background Soil Study - or as indicat 
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 sti 
I d  F value is 95 percentile result from A9 soil certification samples. 
l 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 certificatior 

. 

2 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 remcdiation. Plate 2 shows the collcction 

locations for over 190 uranium samples (red dots with corresponding location number), 

large ponds in former contaminated areas (blue polygons numbered 1 through 30), and 

small and large ponds outside the former production and waste-storage areas (blue 

polygons lettered A through J). A large number of uranium samples (Table C-1) were 

collected because this is the primary contaminant at the Fernald site and a compilation 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 the results for 

every uranium sample within the blue polygon (Le., all the red-dot locations within the 

polygon). This is conservative because it removes some of the low bias associated with 

dilution of the uranium 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 

many of the samples fell far away from large ponding areas and 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 from 

all surface water samples regardless of its inclusion in a polygon or not. Specifically, the 

result of 877 ug/L (from sample location 196, which falls outside of a defined polygon) 

was used as the surface water concentration in the uncertainty calculations. This 

represents the worst case scenario for the chemical contribution to risk from surface 

water. 

Initially, four surface-water samples (blue polygons 1 through 4) were collected and 

characterized for soil contaminants that were detected and reported in the site 

certification reports (1 5 radionuclides, 2 1 inorganic chemicals and 48 organic 

compounds). Samples collected from most of the remaining ponds were analyzed for a 

C- I 



subset of this large COC list that was derived by including contaminants that were 

detected in the initial four samples. However, many ponds in the former production and 

waste-pit areas were sampled and analyzed for most of the contaminants that had 

reported detection limits. The results presented in Table C-2 provide the contaminant 

details for each sample location. 

As there is not a surface water background available for this site, all surface-water results 

were evaluated and the minimum value for each contaminant was assumed to represent 

background surface-water conditions on the site. If the minimum value was a detection 

limit, the detection limit was used as the background for inorganic clemcnts and 

radionuclides, but not for organic compounds. When the minimum corrcsponded to a 

detection limit value for an organic compound, the background was set to zero for the 

compound. Background surface-water results for Paddys Run, as reported in the 

Integrated Environmental Monitoring Plan (DOE 2005), were not used to represent 

background conditions for the ponds because of differences in dynamic hydraulic 

conditions (flowing versus stagnant) and the detection limits used to establish the Paddys 

Run background values were higher than the detection limits reported for the ponds. In 

general, the background results reported for Paddys Run are higher than those calculated 

using the minimum values (Table C-3). 

Surface-water results for each polygon were grouped into the exposure zones shown on 

Plate 1 and contaminant values wcre averaged to derive a set of exposure values for each 

zone (Table C-2). Detection limits wcre used to derivc the averagc result for all 

contaminants, but if the average equaled the detection limit for an organic compound 

(i.e., all reported results for the compound were at the detection limit), one-half of the 

average was used for the organic compound in the risk asscssnient calculations. This 

approach was required bccause the dermal exposure pathway Tor surface water is very 

sensitive to the presence of organic compounds, and an overly conservative approach 

(i.e., using the detection limit, rather than one-half of the limit) may bias results too high 

and produce an unacceptable risk to the receptor. The dermal exposure pathway for 

inorganic compounds is not as sensitive, and the dermal pathway for radionuclides is not 
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evaluated in risk assessments. Therefore, the full detection limits were used in the risk 

calculations carried out with inorganic dements and radionuclides. 

In each exposure zone, if the list of surface-water contaminants did not match the list of 

soil contaminants in the zone, the surface-water list was modified to make it match the 

soil list. When a contaminant is present in the surface water but not the soil, it is dropped 

from the surface-water pathway. Whereas, when a contaminant is present in the soil but 

not the surface water, default values were inserted into the surface-water contaminant list 

to ensure that all the contaminants evaluated for the soil pathway were carried over to the 

surface-water pathway. The default values are the background values reported for the 

ponds (Table C-3). 

For the HWMU exposure zone, the maximum surface-water result for each RCRA COC 

was obtained fiom ponds sampled in the former production and waste pit areas. If the 

maximum result was a detection limit, the detection limit was used as reported for all 

contaminants (Le., it was not halved for organic compounds as noted for other exposure 

areas). This ensured that the most conservative concentrations were used for the 

assessment of HWMU closures. 
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WATER SAMPLES FOR URANIUM BY EXPOSURE ZONE WITH ISOTOPIC CALCULATION 
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WATER SAMPLES FOR URANIUM BY EXPOSURE ZONE WITH ISOTOPIC CALCULATION 

Uranium234 Uranium-238 
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TABLE C-2 - SURFACE WATER - Zone 1 

Bromoform I mg/L 
Bromomethane I mg/L 
2-Butanone I ma/L 

~ - 
NA NA 
NA NA 
NA NA 

(Manaanese 1 ma/L I 1.50E-01 1 NA I 

Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 

Mercury mglL NA NA 
Molybdenum mg/L 1.25E-02 NA 
Nickel mg/L 2.1 2E-02 NA 
Selenium ma/L NA NA 

mg/L NA NA 
mglL NA NA 
mg/L NA NA 
ma/L NA NA 

Silver NA NA 
Thalliiim I ma/L I 4.00E-04 I NA I 

Technetium49 
Thorium-228 
Thorium-230 
Thorium-232 

Uranium mglL 9.09E-03 9.09E-03 

Zinc mg/L 5.55E-02 NA 
Acetone ma/L NA NA 

Vanadium mg/L 1 . I  OE-02 NA 

pCilL 7.44E+00 7.44E+00 
pCi/L 2.58E+00 2.58E+00 
pCi/L 1.25E-01 NA 
DCilL 2.52E+00 2.52E+00 

IAroclor-I 254 1 ma/L 1 NA I NA I 

Chrysene 
Cyanide 
Cyclohexanone 
Dibenzo(a. h)anthracene 

mglL NA NA 
mg/L NA NA 
mglL NA NA 
ma/L NA NA 

Benzo( b)fluoranthene 
Benzo( k)fluoranthene 

mg/L NA NA 
Bromodichloromethane mq/L NA NA 

> ,  

Ethylbenzene 
Ethyl ether 
Heptachlorodi benzofuran 
Heotachlorodibenzo-0-dioxin 

I Constituent unit Polygon A risk 1 values 

mg/L NA NA 
mg/L NA NA 
mglL NA NA 
ma/L NA NA 

4-Methylphenol 
4-Nitroanaline 
N-nitrosodiphen ylamine 
N-nitrosoditxowlamine 

ICarbazole I m d L  I NA I NA I 

mglL NA NA 
rnglL NA NA 
mg/L NA NA 
ma/L NA NA 

ICarbon disulfide I mo/L I NA I NA I 

Octachlorodi benzofuran I mg/L I NA NA 

Pentachlorodibenzofuran 
Pentachlorodibenzo-p-dioxin 
Pentachlorophenol ' 

Phenanthrene 

3,3-Dichlorobenzidine 
1,2-dichloroethane 
1 ,I-Dichloroethylene 
Dieldrin mglL 
Di-n-octvbhthalate NA NA 

mglL NA NA 
mg/L NA NA 
mg/L NA NA 
mol l  NA NA 

Aroclor-I 260 
Benzene 
Benzo(a)anthracene 
Benzo(a\ovrene 

IHexachlorodibenzofuran I ma/L 1 NA 1 NA I 

mg/L NA NA 
mg/L NA NA 
mg/L NA NA 
ma/L NA NA 

Hexachlorodibenzo-p-dioxin 
Indeno(l,2,3-cd)pyrene 
Methanol mg/L 
Methyl-2-pentanone 
Methvlene chloride ma/L NA NA 

ITetrachlorodibenzofuran I ma/L I NA 1 NA I 
ITetrachlorodibenzo-o-dioxin I ma/L I 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 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 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 2 

Boron 
Cadmium 

Chromium (VI) 
Cobalt 
Copper 
Fluoride 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Uranium 
Vanadium 

risk value 

mg/L 1.32E-01 7.14E-02 5.20E-02 1.90E-01 1.49E-01 4.91E-02 1.58E-02 1.90E-01 NA NA 
mg/L NA NA NA NA NA NA NA NA NA 1.00E-04 
mg/L 5.70E-03 7.93E-02 8.70E-03 3.30E-03 5.10E-03 1.30E-03 1.00E-03 7.93E-02 1.49E-02 1.49E-02 
mg/L 1.60E-03 3.55E-02 3.1 OE-03 1.80E-03 4.1 OE-03 6.70E-04 2.90E-04 3.55E-02 6.72E-03 NA 
mg/L 5.50E-03 6.91E-02 8.30E-03 7.80E-03 6.90E-03 3.10E-03 2.10E-03 6.91E-02 1.47E-02 NA 
mg/L 3.82E-01 1.92E-01 5.01 E-01 3.33E-01 3.82E-01 2.94E-01 3.62E-01 5.01 E-01 3.49E-01 NA 
mg/L 1.90E-03 6.99E-02 3.80E-03 1.40E-03 3.00E-03 5.90E-04 5.00E-04 6.99E-02 1.1 6E-02 1 .I 6E-02 

mg/L 5.74E-02 1.82E+00 1.34E-01 1.29E-01 1.22E-01 7.82E-02 2.60E-02 1.82E+00 3.38E-01 NA 
mglL NA NA NA NA NA NA NA NA NA 
mg/L 8.60E-03 4.10E-03 5.20E-03 3.20E-03 8.20E-03 3.30E-03 1.50E-03 8.60E-03 4.87E-03 4.87E-03 
mg/L 7.70E-03 8.15E-02 9.30E-03 7.70E-03 1.06E-02 4.10E-03 1.90E-03 8.15E-02 1.75E-02 NA 

6.00E-05 

mglL NA NA NA NA NA NA NA NA NA 2.50E-03 
mg/L NA NA NA NA NA NA NA NA NA 2.00E-04 
mg/L 4.00E-04 1.10E-03 4.00E-04 4.00E-04 4.00E-04 4.00E-04 4.00E-04 1.10~-03 5.00E-04 NA 
mg/L 1.63E-02 3.80E-03 1 .I 1 E-02 1.28E-02 1.93E-02 1.51 E-02 9.61 E-03 1.93E-02 1.26E-02 1.26E-02 
mg/L 5.90E-03 1.46E-01 1.29E-02 4.00E-03 6.50E-03 2.00E-03 2.00E-03 1.46E-01 2.56E-02 NA - 

1.70E+00 
6.99E-0 1 

NA 
NA 

NA 
3.25E-01 
3.34E+00 

NA 
9.03E+00 
3.34 E+OO 
1.20E-01 

3.34E+00 
4.30E+OO 
1.96E-01 

4.19E+00 
5.00E-04 

4.93E-03 

9.92E-02 
6.56E-04 



TABLE C-2 - SURFACE WATER -Zone 2 

Chlordane 
Chlorobenzene 
Chloroform 
Chrysene 
Cyanide 
Cyclohexanone 
Dibenzo(a,h)anthracene 
3,3-DichIorobenzidine 
1,2-dichloroethane 
1,l-Dichloroethylene 
Dieldrin 
Di-n-octylphthalate 
Ethylbenzene 
Ethyl ether 
Heptachlorodi benzofuran 
Heptachlorodibenzo-p-dioxin 
Hexachlorodibenzofuran 

rnglL NA NA NA NA NA NA NA NA NA NA 
mglL NA NA NA NA NA NA NA NA NA NA 
rng1L NA NA NA NA NA NA NA NA NA NA 
mg1L NA NA NA NA NA NA NA NA NA 0 00E+00 

mglL NA NA NA NA NA NA NA NA NA NA 

mglL NA NA NA NA NA NA NA NA NA NA 

mg1L NA NA NA NA NA NA NA NA NA 0 00E+00 

mglL NA NA NA NA NA NA NA NA NA NA 

mg/L NA NA NA NA NA NA NA NA NA 0 00Et00 
rng/L NA NA NA NA NA NA NA NA NA O.OOE+OO 

rng/L NA NA NA NA NA NA NA NA NA 0 00E+00 
mglL NA NA NA NA NA NA NA NA NA NA 

rnglL NA NA NA NA NA NA NA NA NA 0 00E+00 
rnglL NA NA NA NA NA NA NA NA NA NA 
rnglL NA NA NA NA NA NA NA NA NA NA 

mg/L NA NA NA NA NA NA NA NA NA NA 

rnglL NA NA NA NA NA NA NA NA NA NA 



TABLE C-2 - SURFACE WATER -Zone 2 

Constituent 

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 

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. 

used in the risk calculations, due to sensititivy of dermal exposure to organic COCs. 
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TABLE C-2 - SURFACE WAT 

Constituent 

‘I 

unit Polygon 
R I c 

ER - Zone 3 

Cesium-I 37 
Lead-21 0 

pCi/L I NA NA 
pci/L I NA NA 

Plutonium-239/240 

Radium-228 
Radium-226 

I 

pCi/L NA NA 

DCi/L 3.31 E+OO 3.1 3E+00 
pCi/L I .98E-01 3.02E-01 

Strontium-90 1 pCi/L I NA NA 

Uranium-234 
Uranium-235 
Uranium-238 

pCi/L 2.1 3E+00 4.76E+00 
pCilL 9.72E-02 2.17E-01 
oCi/L 2.08E+00 4.65E+00 

Antimony I mg/L I NA NA 

Cadmium I mg/L I NA NA 

Manganese 
Mercury 
Molybdenum 

mg/L 2.01 E-01 1.78E-01 
mg/L NA NA 
mq/L 1.60E-03 9.70E-04 

Selenium I ma/L I NA NA 
Silver 1 mg/L I NA NA 

Acetone 1 rng/L I NA NA 

Aroclor-I 260 I mg/L I NA NA 
Benzene I ma/L I NA NA 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 

mg/L NA NA 
mg/L NA NA 
ma/L NA NA 

Benzo( k)fluoranthene I mg/L I NA NA 

Bromodichloromethane I rna/L I NA NA 

2-Butanone 
Carbazole 
Carbon disulfide 
Carbon tetrachloride 

mg/L NA NA 
mg/L NA NA 
mg/L NA NA 
mg/L NA NA 

rnax value avg value 

NA NA I 1.70E+00 

NA NA I NA 
Neptunium-237 I pCi/L I NA I NA 
Plutonium-238 I oCi/L I 5.63E-021 7.80E-02 

NA I NA I NA 
7.80E-021 6.72E-021 NA I 

I I 

NA NA I NA I 
3.02E-01 2.50E-01 I 2.50E-01 

3.31 E+OO 3.22E+001 3.22E+00 

NA 1 NA I NA 
7.38E+00 I 7.34E+00I NA 

I S  I I 

Thorium-228 I PCilL I 3.31E+OOI 3.13E+00 
I I 

3.31 E+OO I 3.22E+00l 3.22E+00l 
Thorium-230 1 pci/L I 2.66E-011 5.97E-01 
Thorium-232 I pCi/L I 3.31E+OOI 3.13E+00 

5.97E-011 4.32E-01 I 4.32E-01 
3.31 E+OO I 3.22E+00l 3.22E+00 

2.17E-01 I 1.57E-01 I 1.57E-01 
4.65E+001 3.37E+001 3.37E+00 

NA I NA I NA 
1.50E-03 I 1.50E-031 1.50E-03 

Barium I mg/L 1 3.78E-021 4.69E-02 
Bervllium I ma/L I 1.00E-041 1.00E-04 

4.69E-021 4.24E-021 NA 
1.00E-041 1.00E-041 1 . 0 0 ~ - 0 4  

~ ~~ 

1 B O K  I ma/L I 2.35E-021 9.32E-02 9.32E-021 5.84E-021 NA I 

Cobalt 1 mg/L I 5.60E-041 7.10E-04 
Copper I mg/L I 1.40E-031 3.10E-03 

7.1 OE-04 6.35E-04 
3.10E-03 2.25E-03 

Fluoride I mg/L I 2.62E-01 I 2.42E-01 
Lead I ma/L I 5.00 E-04 I 6.1 OE-04 

2.62E-01 I 2.52E-01 I NA 
6.10E-041 5.55E-041 5.55E-04 
2.01 E-01 1 1.90E-01 I 1.90E-01 I 

NA NA I NA 
I .60E-03 I 1.29E-03) 1.29E-03 
3.60E-03) 2.90E-03) NA 

NA NA I NA 

NA NA I NA 
4.00E-041 4.00E-041 NA 

Uranium I mg/L I 6.25E-03) 1.39E-02 
Vanadium I mg/L I 2.10E-031 2.50E-03 

1.39E-02) l.0lE-021 1.01E-02 
2.50E-031 2.30E-031 NA 

~~~ 

[Zinc I mg/L I 4.30E-031 2.41 E-02 2.41 E-02 1.42E-02 

O.OOE+OO 
NA NA O.OOE+OO 
NA NA 
NA NA O.OOE+OO 
NA NA 0.00€+00 
NA I NA I O.OOE+OO 1 
NA NA I O.OOE+OO 
NA 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 

Bromoform I rng/L I NA I NA 
Bromomethane I ma/L I NA NA 
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TABLE C-2 - SURFACE WATER - Zone 3 

Constituent 

Chlordane 
Chlorobenzene 
Chloroform 
Chrysene 

, unit Polygon rnax value avg value risk value 

mglL NA NA NA NA NA 
mg/L NA NA NA NA NA 
mglL NA NA NA NA NA 
ma/L NA NA NA NA O.OOE+OO 

B C 

N-nitrosodipropylamine I mg/L I NA NA I NA NA I NA 
Octachlorodibenzofuran 1 mo/L I NA I NA NA NA NA 
Octochlorodibenzo-p-dioxin 
Pentachlorodi benzofuran 
Pentachlorodibenzo-p- 
Pentachlorophenol 
Phenanthrene 

mg/L NA NA NA NA NA 
mg/L NA NA NA NA NA 
mg/L NA NA NA NA NA 
mglL NA NA NA NA NA 
ma/L NA NA NA NA NA 

Vinyl chloride I mg/L I NA NA I NA NA I NA 
Xvlenes I mcl/L I NA I NA NA I NA NA 

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. 
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TABLE C-2 - SURFACE WATER - Zone 4 

Constituent unit Polygon 
G H 

Cesium-I 37 pCi/L NA NA 
Lead-21 0 DCiIL NA NA 
Neptunium-237 pCilL 
Plutonium-238 
Plutonium-239/240 
Radium-226 
Radium-228 
Strontium-90 pCi/L NA NA 
Technetium-99 pCi/L 7.40E+00 7.58t+00 
Thorium-228 pCi/L 3.35E+00 3.89t+00 
Thorium-230 pCi1L 1.78E-01 I .36E-01 
Thorium-232 DCiIL 3.35E+00 3.89E+OC 
Uranium-234 pCi1L 2.66E+00 5.81 E-01 
Uranium-235 pCilL 1.21 E-01 2.64E-02 
Uranium-238 DCilL 2.60E+00 5.67E-01 

Brornomethane 

rnax value avg value 

1 
NA ' NA NA 
NA NA NA 

NA NA NA 

1.40E-01 1.26E-01 NA 
4.90E-03 4.35E-03 NA 

4.00E-04 3.50E-04 NA 
3.61 E-02 3.06E-02 NA 

NA NA NA 
8.70E-03 8.15E-03 NA 
5.10E-031 5.0OE-031 !d I 
9.50E-03 9.00E-03 
2.18E-01 1.82E-01 
8.70E-03 7.90E-03 NA 
1.92E+00 1.91 E+OO NA 

NA NA NA 
I .I OE-03 I .04E-03 NA 
1.02E-02 8.80E-03 NA 

NA NA NA 

NA NA I NA 
4.00E-041 4.00E-041 NA I 

NA 

NA I NA I NA I 
NA 1 NA I NA 
NA NA NA I 
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TABLE C-2 - SURFACE WATER - Zone 4 

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. 
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TABLE C-2 - SURFACE WATER -Zone 5 
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TABLE C-2 - SURFACE WATER -Zone 5 

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 deleclion limit. one-half of the detection limit is used in the nsk Calculations. due lo sensititivy of dermal exposure to organic COCs 
If COC is not evaluated for t h  soil palhway. i t  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 waler. the background surface-water value is used in risk Calculations. 
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TABLE C-2 - SURFACE WATER - Zone 6 
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TABLE C-2 - SURFACE WATER - Zone 6 

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. I f  an organic COC value is a detection limit, one-half of the detection limit is 

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. 

used in the risk calculations, due to sensititivy of dermal exposure to organic COCs. 
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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. 
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I ABLE G-2 - SURFACE WATER - Zone 8 

Bold values are reported detection limits. 
Risk values are Polygon A values modified as noted below: 

(Xylenes NA 

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 sensititivy of dermal exposure to organic COCs. 

the background surface-water value is used in risk calculations. 

NA 
NA 

NA 
O.OOE+OO 

NA 
O.OOE+OO 

NA 
NA 
NA 

NA 
O.OOE+OC 

NA 

NA 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

NA 
O.OOE+OC 

NA 

NA 

3 
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TABLE C-3 SUMMARY OF SURFACE WATER VALUES 

I Surface Water Background I for Paddvs Run' 
COC I Unit I Value 

Cesium-1 37 1 pCilL I 3.10€+00 

I I I  Updated Background Values Minimum Values for Ponds Sampled 
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TABLE C-3 SUMMARY OF SURFACE WATER VALUES 

Surface Water Background 
for Paddys Run’ 

%hloxethylene NA 
Trifluorochloromethane I mg/L I NA 
Vinyl chloride I mg/L I NA 
Xylenes I mg/L I NA 

1 (based on 95th percentile in Tables 8-2 and 8-5 of the Characterization of Background Water Quality for Streams and Groundwater - or as indicated in notes) 

2 (based on 95th percentile in Table 4-2 of IEMP. Rev 4) 
2a BOLD is detection limit value (for updated values, detection limit was taken from database, as it was not reported in IEMP) 
2b if 95th percentile is detection limit, reported limit is used 
2c unfiltered results are reported 
2d Uranium isotope activities calculated from total U value 

3 Site background is taken as the minimum for each COC. If minimum is a detection limit value, it is used as background for rad and inorganic. 
For organic COCs, if the minimum is a detection limit value, zero is used for the background. 

Established Background for 
Surface Waters on the Fernald Site’ 1 
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APPENDIX D 

References and Footnotes for Risk Assessment 
Toxicity Valnes and Cancer Slope Factors 

SUMMARY 

This Appendix includes four separate tables. The first tablc (Table D-1) is a sumnary of 

the toxicity values and cancer slope factors with their associated references for the non- 

radiological parameters as obtained from the Risk Assessment Information 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 the risk assessment calculations. These parameters 

include the cancer slope factors and reference doses for each exposure pathway (Le., 

inhalation, ingestion and external radiation) and absorption factors and permeability 

factors for the dermal exposure pathway. The toxicity values were extracted from the 

RAIS database on November 6,2006. 

The RAIS database is a comprehensive source of risk assessment and hazard values that 

combines toxicity values from the USEPA Integrated Risk Information System (IRIS) 

database, the USEPA Health Effects Assessment Summary Tables (HEAST, radionuclide 

table), and 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 of multiple values 

for the same chemical, the RAIS incorporates the toxicity value hierarchy utilized by the 

USEPA using the following order: IRIS, PPRTV, and other sources such as the HEAST 

tables, the Agency for Toxic Substances and Disease Registry (ASTDR) Minimal Risk 

Levels, and the California Environmental Protection Agency toxicity values. To verify 

the toxicity values taken from the RAIS database, several constituents were queried in the 

IRIS and HEAST tables to confirm the accuracy of the RAIS values prior to performing 

the interim risk assessment calculations. 

The RAIS database is available at www.rais.ornl.gov. 
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The second table (Table D-2) is a summary of the cancer slope factors with their 

associated references for the radionuclides as obtained from the EPA's Health Effects 

Assessment Summary Tables found at http://www.epa.gov/radiation/heast/. 

L 

The third table (Table D-3) is a three-part table that presents the non-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 prcsent risk model (only 

accounting for the parameters in thc CRARE), and a comparison table, which contains a 

ratio of the prcsent values/factors as compared to the valucs/factors used in thc CRARE. 

The fourth table (Table D-4) is also a three-part table that presents the same type of 

information 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 (Trom 7.30E-l3/pci in the CRARE to 1.80E-1 l/pCi as listed in the present HEAST). 

Rn-222 is a constituent that contributes to the risk in every zone. The other most notable 

increase is that of technetium-99, which increased by a factor of 136 (from 6.00E-l3/pci 

in the CRARE to 8.14E-1 l/pCi as listed in the present HEAST) but technetium-99 is not 

evaluated as a contaminant of concern in ever exposure zone. 
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TABLE D-1 'Toxicity Values and Cancer Slope Factors with Associated References 
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TABLE D-I Toxicity Values and Cancer Slope Factors with Associated References 



TABLE D-I Toxicity Values and Cancer Slope Factors with Associated References 
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Refereticcs for Nonradioniiclides 

C These subchronic and chronic non-cancer toxicity values are found in Agency 
documents, but were calculated by alternative methods that are not currently 
practiced by the RfD/RfC Work Group. These values are considered to be 
adequate provisional values for risk assessment purposes at Superfund and RCRA 
sites, but are subject to be reviewed by the RIDIRfC Work Group and revised 
when necessary to reflect current work group practices. 

f HEAST concluded that toxicity data were inadequatc for calculation of oral RfDs 
for copper and substituted the currcnt drinking water standard (MCLG) of 1.3 
mg/L. The RAE converts this MCLG to an RfD for chronic and subchronic oral 
exposure. 

j The 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. 

m IRIS no longer separates manganese values for chronic oral RfDs into water and 
diet RfDs. The chronic oral RfD for the total oral intake of manganese is 1.40E- 
01. However, when assessing exposure to manganese from drinking water or soil, 
lRIS recommends using a modifying factor of 3, thereby lowering the RfD to 
4.67E-02, which has been rounded to 4.6E-02. Rounding to 4.7E-02 is more 
accurate, but makes the value less conservative. HEAST values remain separated 
into water and diet subchronic RfDs. 

n The'cancer potency of PCB mixtures is determined using a three tiered approach 
that depends on the information available. Criteria for use of the High Risk and 
Persistence Tier include: food chain exposure; sediment or soil ingestion; dust or 
aerosol inhalation; dennal exposure if an absorption factor has been applied; any 
early-life exposure; and 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 the High Risk and Persistence Tier. The central-estimate slope 
factor for this tier is 1 .OO+OO per (mg/kg)/day. 

0 Criteria for use of the Low Risk and Persistence Tier includes: ingestion of water- 
soluble congeners; inhalation of evaporated congeners; and dennal 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 and Persistence Tier. The 
central-estimate Oral Slope Factor for the Low Risk and Persistence Tier is 
3.00E-01 per (mg/kg/day). For ingestion of water-soluble congeners, the middle 
tier upper-bound slope factor can be converted to a unit risk of 1.OOE-05 per 
(ug/L/day). 

r Van den Berg et al. (2006) presents the WHO 2005 TEFs for carcinogenic dioxins 
and furans and polychlorinated biphenyls. Ahlborg et al. (1994) presents the 
WHO 1994 TEFs for carcinogenic polychlorinated biphenyls 170 and 180 in 
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Toxic equivalency factors for dioxin-like PCBs: Report on a WiYO-ECEH and 
IPCS consultation, December 1993. Chemosphere, Vol. 28, No. 6, 1049-1067. 
Polycyclic aromatic hydrocarbon TEFs are presented in Provisiona l Guidance-for 
Quantitative Risk Assessment o f  Po lycvclic Aromatic Hydrocarbons. 

The chemical name 'Mercury (inorganic)' was replaced with the name 'Mercury 
(elemental)' 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 studics 
from which the toxicity values for 'Mercury (inorganic)' were derived and because 
'Mercuric Chloride' is a specific inorganic form/compound of 'Mercury 
(inorganic)', the oral RfD values have been assiped to 'Mercuric Chloride'. The 
FCP will use these values for Mercury (inorganic). 

This entry was formerly listed as Nickel (metallic) with the CAS number 7440- 
02-0. The chcmical name was changed so that it more accurately indicates the 
chemicals used in the studies from which the valucs were derived. Several 
different nickel salts were used, so the listing of one CAS number is not 
appropriate and has been replaced with the work VARtOUS. The values remain 
unchanged. Risk Assessment Program assigns these values to Nickel (metallic), 
although they are no longer listed with that chemical name. 

The Inhalation Slope Factor was calculated from inhalation unit risk as described 
in Supplemental Guidance from RAGS: Region 4 Bulletins, Human Health Risk 
Assessment (Interim Guidance) (November 1995). 

The Risk Assessment Program has contacted Superfund and been given 
provisional values which should be used for DOE-ORR projects. This value 
should be clearly documented as provisional. For other projects, Superfund Health 
Risk Technical Support Center should be contacted directly ( 5  13) 569-7300. 

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 genotoxic 
mode of action based on our proposed cancer guidelines. This chcmical is now 
being rcassessed for IRIS which automatically flags further use of any provisional 
cancer or non-cancer assessments." If this chemical is identified as a risk driver, 
the risk assessor should consult The EPA Superfund Tcchnical Support Center. 
All withdrawn values should be clearly documented when used in any risk 
assessment activity. 

Source: Federal Register, (very large file) Thursday December 7, 2000. Part 11, 
Environmental Protection Agency. 40 CFR Parts 9, 141, and 142 - National 
Primary Drinking Water Regulations; Radionuclides; Final Rule. p 767 13. IPDFI 
Also see Soil Screening Guidance for Radionuclides: User's Guide pg 1-6. 

The 3-Nitroaniline R E ,  RfD, and oral slope factor toxicity values are based on 
analogy to 4-Nitroaniline. This information is presented in SRC SF 01- 
025(a, b,c)/ll-OI -02 "Risk Assessment Issue Paper for: Provisional ( R P ,  RfC, 
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and Carcinogeizicity Assessment) for 3-Nitroaniline (CASRN 99-09-2) by Analogy 
to 4-Nitroaniline (CASRN 100-01-6) ' I .  

ah These toxicity values prcsenl EPA's most current evaluation of the potcntial 
health risks from exposure to trichloroethylcnc (TCE). The citation presented is as 
follows: 2001, Trichloroethylene Health Risk Assessment: Synhtesis and 
characterization (External Review Ora$). USEPA EPA/600/P-O1/002A. 01 
AUGUST 2001. U S .  Environmental Protection Agency, OSJice of Research and 
Development, National Center for Environmental Assessment, Washington Office, 
Washington, DC. This NCEA report can be viewed at 
http://oaspub.epa.~ov/eims/eimsapi.dispdetail?deid=23249 . EPA Region IX and 
Region III have adopted thcse toxicity values as well. 

ai Tetrachloroethylene cancer toxicity values are taken from California EPA and 
EPA Region 9. Please see the letter justifying the use of these values. EPA 
Regions VI and HI have adopted these toxicity values as well. 

ak The oral RfD and dermal R D  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 Reference Dose and Dermal Slope Factor References 

HEAST - Values listed were taken from the EPA's Health Effects Assessment Summary 
Tables found at http://www.epa.gov/radiation/heast/ . 

IRIS - Values listed were taken from the EPA's Integrated Risk Information System 
found at http://www.epa.gov/IRIS/subst/index.html. 

PROV - Values listed are provisional. Other occurring sources are Superfund Health Risk 
Technical Support Center or draft R I S  assessments. 

R9/CA - Values listed are provisional and are taken from California EPA and EPA 
Region 9. 

CALC - Thesc calculations are pcrforrned when thcrc isn't a reCerencc for the desired 
toxicity valuc. 

1) Oral Slope Factor (OSF) to Dermal Slope Factor (DSF): 
OSF / GlABS = DSF. 

2) Oral Reference Dose (RfDo) to Dermal Reference Dose (RfDd): 
RfDo* GIABS = RfDd. 

3) Inhalation Reference Concentration (RfCi) to Inhalation Reference Dose: 
(RfDi). RfCi / (70 kg/20 m3) = RfDi. 

4) Oral Unit Risk (OUR) to OSF: 
OUR"(70 kg/2L/d) = OSF 

5 )  Inhalation Unit  Risk (IUR) to Inhalation Slope Factor (TSF): 
IUR*(70 kg20 m3) = ISF. 

Notc: These work for chronic and subchronic. GTABS is the gastrointcstinal 
absorption factor (un i tless). 
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Absorption Factor, Dermal References 

14 - 1 United States Environmental Protection Agency. 1995. Supplemental Guidance to 
RAGS: Region 4 Bulletins, Human Health Risk Assessment (Intciim Guidance). 
Waste Management Division, Office of Health Assessment. 

14 - 2 United States Environmental Protection Agency. 1992. Dermal Exposure 
Assessment: Principles and Application. Interim Report. EPA/600/8-91/011B. 
Office oC Research and Development, Washington, D.C. 

14 - 3 ATSDR (Agency for Toxic Substances and Disease Registry). 1992. 
Toxicological Profile for Carbon Disulfide. ATSDR/U.S. Public Health Service. 

14 - 4 Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation 
Manual (Part E, Supplemcntal Guidance for Dermal Risk Assessment) Final. July 
2004. See Exhibit 3-4 at: 
http://www.epa.gov/oswer/riskassessment/ra~~e/pdf/chapter3 .pdf. 
Also on the RAGS Part E homepage: 

11 ttp : //www . ep a. .gov/osw edri skassessment/ragse/. 

Permeability Constant (K,) ( cdhr)  References 

6-5 Values were taken from http://www.epa.pov/opptintr/exposure/pubs/episuite.htm. 
The Dermal Permeability Coefficient Program (DERMWIN) estimates the dermal 
permeability coefficient (Kp) and the dermally absorbed dose per event 
(DAevent) of organic compounds. Chemical Abstract Service (CAS) Registry 
numbers may be used to enter compounds. The Kp and DAevent estimation 
methodology was taken directly fiom the U.S. EPA document "Dermal Exposure 
Assessment: Principles and Applications" (USEPA, 1992). 
DERMWIN estimates a log Kow for every compound by using the estimation 
engine from the KOWWIN Program (SRC, 1999). DERMWIN also automatically 
retrieves experimental log Kow values from a database containing more than 
13200 organic compounds with reliably measured values. When a structure 
matches a database structure (via an exact atom-to-atom connection match), the 
experimental log Kow value is retrieved and used to predict Kp, rather than the 
estimated value. 

6 - 6 EPA 2004. Risk Assessment Guidance for Superfund. Volume I: Human Health 
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) 
Final. EPA/540/R/99/005. Exhibit 3-1, page 3-5. Available online at 
http://~~~.epa.~ov/oswer/~skassessment/ragse/pdf;/2004 1 101 part e.pdf 
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TABLE D-2 CANCER SLOPE FACTORS FOR RADIOLOGICAL CONSTITUENTS 

INote: D = associated daughter radionuclides 
HEAST - Values listed were taken from the EPAs Health Effects Assessment Summary Tables found at http://www.epa.gov/radiation/heastl . 
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Table D-3 - Comparison of Non-radiological Values for C M R E  and Present Risk Model 

Present Values 

RfD' I CSF I RfD I CSF I CSF I CSF" 1 CSF"' 
Inhale Ingest Soil ingest SW Dermal Soil Dermal SW 

"RfD calculated from RfC values (mg/m3) using 70 kg and 20 m3/day (see page C-4-2 in Appendix C of OU5 FS, June 1995) 
"RfD and CSF are calculated by multiplying oral RfD and dividing CSF by the GI absorption factor used in CRARE. (see page C-4-6 in Appendix C of the OU5 FS, June 1995) 
"'RfD and CSF are calculated by multiplying oral RfD and dividing CSF by the GI absorption factor used in CRARE. 
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Table D-3 - Comparison of Non-radiologicai Values for CRARE and Present Risk Model 

(continued) 

PresentlCRARE 
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Table D-4 - Comparison of Radiological Values for CRARE 
and Present Risk Model 

CS-I 37 + 1 d 
Ra-226 + 8d 
Rn-222 

I CRARE CSFs I 

1.90E-11 2.80E-11 2.00E-06 
7.00E-09 7.80E-10 6.00E-06 
7.30E-13 1.40E-12 1.20E-09 

external a/DCi vr I oral 
l/oCi 

Sr-90 + I d  
TC-99 
Th-228 + 7d 

6.20E-11 3.60E-11 NA 
8.30E-12 1.30E-12 6.00E-13 
7.80E-08 5.50E-11 5.60E-06 

Th-232 + 10d 
U-234 
U-23 51236 

1.10E-07 1.70E-10 8.50E-06 
2.60E-08 1.60E-11 3.00E-11 
2.50E-08 1.60E-11 2.40E-07 

(U-238 +2d  I 2.40E-081 2.00E-11 I 5.10E-08j 

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 summary tables of calculations made to identify the risk to 

various receptors in the exposure zones identified on Plates 1 and 2. Each receptor was 

evaluated for its potential to enter an exposure zone (Section 4.0), and a calculation 

matrix was derived from this evaluation (Table 4-1). Every exposure zone a receptor 

enters has an associated risk calculation. Also, background and HWMU tables were 

created for all receptors. All calculations are presented on the CD ROM, and a subset 

consisting of all background, highest exposure zone for each receptor, HWMU, and 

uncertainty calculations are reproduced in this appendix. 

Data used for these calculations were compiled from soil certification sampling results 

(Appendix B and Plate l), surface water sampling results (Appendix C and Plate 2), and 

the toxicity values and cancer slope factors presented in Appendix D. The formulae for 

all calculations are presented in the summary tables. 

Each table contains the pathways for the receptor and a summary page that tabulates the 

hazard quotient (HQ) and incremental lifetime cancer risk (ILCR) by pathway and by 

individual contaminant. All receptor tables have pathways for inhalation, incidental 

ingestion of soil, dermal contact with soil, and external radiation. Most receptors have 

pathways for incidental ingestion of surface water and dermal contact with surface water, 

but the museum visitor and building maintenance receptors do not because these 

receptors do not enter the water. 

The tabulated results on the summary page of each table (SumPaths) are used to generate 

the data presented in the receptor summary tables included in Section 5.0. Tables 5-1 

through 5-6 present the risk results for HQ as background, total, and total minus chemical 

background, while the ILCR results are presented as background, total, total minus 

radionuclide background, and total minus chemical and radionuclide background. The 

derivation of each is discussed below. 
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Background results for both the HQ 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, 11 , 12) shows a summary block for the pathways, 

a summary for the isotopes in each zone, and a summary for the chemicals for 

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 summarize risk only for those contaminants present in the 

zone. Background HQ for each table in Section 5.0 is obtained from the HQ sum 

below the chemicals. For the construction worker in Zone 5, 3.29E-02 is the 

background HQ and it is found on page 12 of Table E.0-1. The ILCR for Zone 5 

is obtained by adding the sum ILCR for radionuclide (5.20E-06, page 10) to the 

sum ILCR for the chemicals (1.81E-07, page 12), which yields 5.20E-06. These 

values for HQ and ILCR are found in Table 5-4 under Zone 5 background. 

0 The total HQ and total ILCR represent the sum of all paths as they are presented 

in the SumPaths 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 

HQ (5.23E-02) and total ILCR (4.76E-06), which are found in Table 5-4 under 

Zone 5 total. Note that the total HQ value is also obtained from the chemical sum 

for HQ (5.23E-02, page 12) and the total ILCR is obtained by adding the 

radionuclide total ILCR (4.21E-06, page 10) to the chemical total ILCR (5.53E- 

07, page 12). 

The total HQ minus the chemical background represents the difference between 

the total HQ as outlined above minus the sum of all background HQs for chemical 

constituents. For example, the chemical summary block for the construction 

worker in Zone 5 (Table E.5-1, page 12) shows the Total-BKGD column for HQ, 

and the sum for this column (2.25E-02) represents total HQ minus chemical 

background. This result appears in Table 5-4 as T-CB for Zone 5 .  Note that if 

the background exceeds the chemical value in the exposure zone, a zero is placed 

in the Total-BKGD HQ column (Table E.5-1, page 12). 
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The total ILCR minus the radionuclide background represents the difference 

between the total ILCR, as outlined above, minus the sum of all background 

ILCRs for radionuclide constituents. For example, the radionuclide summary 

block for the construction worker in Zone 5 (Table E.5-1, page IO) shows the 

Total-BKGD column for ILCR has a sum of 4.57E-08, and this represents the 

radionuclide risk above background. Note that if the background exceeds the 

radionuclide value in the exposure zone, a zero is placed in the Total-BKGD 

ILCR column (Table E.5-1, page 10). This value is added to the total ILCR value 

for chemicals (5.53E-07, page 12) to obtain the total ILCR minus radionuclide 

background (4.57E-08 + 5.53E-07 = 5.98E-07). This value appears in Table 5-4 

as T-RE3 for Zone 5. 

0 The total ILCR minus the chemical and radionuclide background represents the 

difference between the total ILCR, as outlined above, minus the sum of all 

background ILCRs (chemicals and radionuclides). For example, the radionuclide 

summary block for the construction worker in Zone 5 (Table E.5-1, page 10) 

shows the Total-BKGD column for ILCR has a sum of 4.57E-08, and this 

represents the radionuclide risk above background. The chemical summary 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 chemical and radionuclide 

background (3.92E-07 + 4.57E-08 = 4.38E-07). This value appears in Table 5-4 

as T-CRB for Zone 5. 

Additionally, uncertainty analyses for two receptors (Undeveloped Park User and 

Groundskeeper/Sampler) are presented in Appendix E-1 0. Because of the new exposure 

parameters used, it was necessary to recalculate the background for the affected 

receptors. This information is included in Appendix E-1 0 as well. 

E-3 



APPENDLX E.0 
Ba c kg ro 11 n d 

Table 

E.0-1 Construction Workcr 

E.0-2 

E.0-3 Undeveloped Park User 

E.0-4 Building Maintcnance 

E.0-5 Museum Workcr 

E.0-6 Museum Visitor 

- Hard copy provided in this appendix, also availablc on CD ROM. 

- Hard copy provided in this appendix, also available on CD ]<OM. 

- Hard copy provided in this appendix, also available on CD ROM. 

- Hard copy provided in this appcndix, also available on CD ROM. 

- Hard copy providcd in this appendix, also availablc on CD ROM. 

-\I-Iard copy provided in this appendix, also available on CD ROM. 

Groundskecper / Sampler 



TABLE E.0-1 
Construction Worker - BKGD . 

Construclion Worker . Inhalalion of Gases B ParliCUlaieS 
Risk calculalioil for backQround 

Inlake Equalion: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATC = 
ATn = 

(CSEF'ED'IR'ET)/(BW'AT) 
Chronic Daily lnlake 

Concenlraiion of chemical io air 
Exposure Irequency 
Exposurc duralioil 

Inhalalion rale 
Exposurc lime 
Body weight 
Average lime lor carcinogens 
Averago lime for non-carclncgcns 

. InhaleChem 

UNITS [adull) 
mglkgday calculaied below 

rnglm' see coc IIst below 
dayslyr 30 

m'lhr 2.5 
Iirslday 0 

kg 70 
daw 25550 
days 365 

vrs 1 '  

ADULT 
COC conc RR)i CSFi CDI I HQ I CDI I ILCR 

Air concenlralion is derived using airparliculale value of 26 uglm' (2005 SER background average from monilor AMS-12) mulliplied by Ihe soil concenlralion 

CW-BKGD-1 



TABLE E.0-1 
Construction Worker - BKGD - DermalSoilChem 

Construction Worker - Dermal Conlact wlth SoillSediment 
Risk calcvlatlon for background 

intake Equation: CDI = (CS'AB'SA'EF'ED'APCF)/(BW'AT) UNITS v j  
CDI Clironlc Daily Inlake mglkgday calculated below 
cs = konceniratlon of chemical In soil mglkg see COC list below 
AB Absorption factor -- see COC lis1 below 

cm'lday 3300 SA 

EF = Exposure frequency dayslyr 30 
ED = Exposure duratlon 1 

AF = Adherence factor mg/cm' 0.3 
CF = Conversion factor kglmg 1.00E-06 
BW = Bodyweight kg 70 
ATc = Average time for carcinogens days 25550 
ATn = Average lime for non-carcinogens days 365 

Surface area of exposed skin 

yrj 

CW-BKGD-2 



TABLE E.0-I 
Construction Worker - BKGD - IngestSoilChein 

Conslrucllon Worker. Ingeslion of Sol1 
Rlsk calculalion for background 

Intake Equalion: CDI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 

0w = 
ATc = 
ATn = 

(CS'EPED'lWFI'CF)/(BW'AT) 
Chronic Daily Inlake 
Concenlralion of chemical in soil 
Exposure frequency 
Exposure duralion 
lngeslion rale 
Fraction 01 contaminaled soil 
Conversion factor 
Body weight 
Average lime for carcinogens 
Average time for non.carcinagens 

UNITS 

niglku see COC lis1 below 
dayslyr 30 

Yrs 1 
rnglclay 330 
unilless 1 
kglmg 1.00E-06 

kg 70 
days 25550 
days 365 

mglkgday wlcula(ed below 

An1 I t  T 

CW-BKGD-3 



TABLE E.0-1 
C o n s t r u c t i o n  Worker - BKGD - D e r m a l S W c h e m  

Conslrucllon Worker. Dermal Contact with Surface Water 
Rlsk calculallon for background 

Intake Equation: CDI = (DA'E~EO~SA)l(Cw'AT) 
CDI = Chronic Daily Intake 

DA = Dernial absorption dose 
EF = Exposure frequency 
ED = Exposure duralion 

SA = Surface area 01 skin 
BW = Bodywcighl 
ATc = Average lime lor carcimgens 
ATn = Average lime for non-carcinogens 
DA C.'K+TF'ET 
C, = wncenlalion of ilh contaminant in surface water 
K. = permeability constant for ilh contaminant 
CF = conversion factor 
ET = exwsure time 

where: 

UNITS I] 
mglkgday calculated below 

mglcm'day see COC ilsi below 
dayslyr 6 

yrs 1 
cm' 5670 
kg 70 

days 25550 
days 365 

mglL see COC lis1 below 
cmlhr see COC list below 

Ucm' 0001 
hrld 0 5  

I 

CW-BKGD-4 



TABLE E.0-I 
Construction Worker - BKGD - IngestSWchem 

Construcllon Worker - Ingestion of Surface Water 
Risk calculation for background 

lnlake Equalion: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
0 w  = 
ATc = 
ATn = 

UNITS ASsi ned Values (CWEF'Eo'lR)/(BW'AT) 
Chronic Daily Inlake rnglkgday 
Coricenlralion uf clieinical in waler mglL see COC lable below 
Exposure frequericy dayslyr I1 

Ingeslion rale Llday 0.005 

Average lime for carcinogens days 25550 
Average lime for non-carcinogens days 365 

Exposure duralton yrs 1 

Body wciglit kg 70 

COC 
ADULT 

HQ I CDI 1 ILCR C W  RID0 CSFO CDI [ 

CW-BKGD-5 



TABLE E.0-1 
Construction Worker - BKGD - InhaleRad 

COC conc CSFi 
pci/m3 1 lDCi 

ADULT 
CDI I lLCR 
uCi CDI'CSF 

Thorium-232 
Uranium-234 
Uranium-235 + D 
Uranium-238 + D 

UNITS 
pCi calculated below 

pCilm3 see COC list below 
days/yr 30 

m3/hr 2.5 

Yrs 1 

hrslday 8 

3.30E-05 4.33E-08 1.98E-02 8.58E-10 
4.05E-05 1.14E-08 2.43E-02 2.77E-10 
1.84E-06 1.01E-08 1.11E-03 1.12E-11 
3.95E-05 9.35E-09 2.37E-02 2.22E-10 

Air concentration is derived using air particulate value of 26 uglm3 (2005 SER background average from monitor AMs-12) multiplied by the soil concenti 

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) 

CW-BKGD-6 
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TABLE E.0-1 
Construction Worker - BKGD - IngestSoilRad 

Construction 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 

UNITS -1 
pCi calculated below 

pCi1g see COC list below 
da ystyr 30 

Yrs 1 
glday 0.33 

unitless 1 

COC conc 
pCilg 

(cesium-137 + D 1 6.60E-02 I 4.33E-11 

CSFos 
I lpCi 

ILead-210 + D I 1.56€+00 I 2.66E-09 

total = 1.03E-07 

CW-BKGD-7 



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 
c w =  
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

Concentration of radionuclide in water 

UNITS Assigned Values 

pCilL see COC table below 
pc i  1- 

dayslyr 6 
Yrs 1 

Llday 0.005 

CW-BKGD-8 



TABLE E.0-I 
Construction Worker - BKGD - ExternalRad 

Constrcution Worker - External Radiation 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 
ET, = 
SH, = 
SH, = 

COC conc 
DCih 

(CS*EF*ED*ET,*(l -SH,))+(CS*EF*ED*ETi*(I-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 
CSFx 1-1 

a/DCi Yr vr DCila CDI*CSF . -  .,. ~ 

/~esium-137 + D I 6.60E-02 I 2.55E-06 

Radium-226 + D 1.56E+00 8.49E-06 
Radium-228 + D 1.27E+00 4.53E-06 
Radon-222+ D NA NA 
Strontium-90 + D O.OOE+OO 1.96E-08 
Technetium-99 O.OOE+OO 8.14E-11 
Thori ~ ' - 
Thori 
Uranium-234 
Uranium-235 + D 

- 
1 7.09E-02 I 5.43E-07 

Uranium-238 + D I 1.52E+00 I 1.14E-07 

O.OOE+OO O.OOE+OO 

3.20E-02 2.62E-11 
2.61E-02 8.92E-12 
3.20E-02 8.05E-12 
1.46E-03 7.91 E-IO 
3.12E-02 3.56E-09 

UNITS I adult I 
yr pCi/g calculated below 

pCilg see COC list below 
-- 0.08 

Yrs I 
-- 0.33 
-- 0.00 
_ _  0.25 
-- 0.5 

total = 5.97E-07 

CW-BKGD-9 



TABLE E.0-1 
Construction Worker - BKGD - SumPaths 

'Inhale 6.06E-02 4.33E-06 4 32:-OB 
Dermal Sol1 5 66E-03 3.29E-08 N h  
Ingest Soil 3.68E-02 2.40E-07 1.03E-07 

1.26E-04 4.61E-10 NA Dermal Surface Water 

Ingest Surface Water 2.12E-05 1.88E-10 143E-10 
External Radiation N h  5.97E-07 5 97E-07 

Construction Worker ~ Summation of all Pathways 
Risk calculation for background 

T;Id ""I" 

CW-EKGD-10 



TABLE E.0-1 
Construction Worker - BKGD - SurnPaths 

CW-BKGD-11 



TABLE E.0-I 
Construction Worker - BKGD - SumPaths 

Summation of all paths for individual chemcals (continued) I Background Values as Applicable to Each Zone 

I Background Zone 1 I Zone 2 I Zone 3 I Zone 4 I Zone 5 I Zone 6 I Zone 7 I Zone 8 

CW-BKGD-12 



TABLE E.0-2 
Groundskecper I Sampler - BKGD - InhaleChem 

GrounrlsheeperlSampler . Inhalation of Gases 8 Particulales 
Risk calculation for background 

lnlake Equation: CDI = 
CDI = 

CA = 
EF = 
ED = 
IR = 
ET = 
8 W .  
ATc = 
ATn = 

(CS'EF'ED'IR'ET)/(BW'AT) 
Chronic Daily lnlake 

Concentralion of chemical in air 
Exposure frequency 
Exposure duralion 

Inhalalion rale 
Exposure lime 
Body weiglil 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS -1 
mglhgday calculaled below 

mglm' see coc lis1 below 
dayslyr 100 

rn31hr 2.5 

Y E  25 

hrslday 8 
kg 70 

days 25550 
days 9125 

ADULT 
conc RlDi CSFI CDI I HCI I CDI I ILCR COC 

Air concenlration is derived using air particulate value of 26 ugIm'(2005 SER background average from monilor AMs-12) mulliplied by Ihe soil concentration. 

GS-BKGD-1 



TABLE E.0-2 
G r o u n d s k e e p e r  I Sampler - BKGD - D e r m a l S o i l C h e m  

GroundskeeperlSampler . Dermal Contact with SolllSedlment 
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'AS) 
Chronic Daily lnlake 
Concentralion 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-carcinogens 

UNITS -1 
mglkg see COC list below 

-- see COC lisl below 

mglkgday calculaled below 

cm'/day 3300 
days/yr 100 

yrs 25 
mg/cm2 0.3 

kglmg 1.00E-06 
ke 70 

days 25550 
days 9125 

GS-BKGD-2 



TABLE E.0-2 
Groundskeeper I Sampler - BKGD - IngeslSoilChem 

GroundskeeperlSampler - lngesllon 01 sol1 
Risk calculatlon for background 

intake Eauation: 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 duralion 
lngeslion rate 
Fraction of contariiinaled soil 
Conversion faclor 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS 1-1 
mglkg see COC lis1 below 

mglkgday calculaled below 

dayslyr too 
yrj 25 

mglday 100 
unilless 1 
kglmg 1.00E-06 

kg 70 

days 9125 
days 25550 

ADULT 
COC conc RfDo CSFo CDI I 110 I CDI I ILCR 

GS-BKGD-3 



I A t l L t  t .U-2 
Groundskeeper I Sampler - BKGD - DermalSWchem 

GroundskeeperlSampler - Dermal Contact wilh Surface Waler 
Risk calculatlon for background 

Inlake Equation: CDI = (DA'EF'ED'SA)l(BW'AT) 
CDi = Cliroriic Daiiy intake 
DA = Dermal absorption dose 
EF = Exposure frequency 
ED = Exposure duralmn 

SA = Surface area 01 skin 
BW = Body weight 
ATc = Average lime lor carcinogens 
ATn = Average time for ron-carcinogens 

C. = concentation of ith contamlnant In surface water 
& = permeability mnstant for ilh contaninant 
CF = wnverslon factor 
ET = exposure lime 

where: DA = C.'K.'CF'ET 

UNITS I] 
mglkgday caicuialed below 

mgkm'day see COC lis1 below 
dayslyr 12 

yrs 25 
cm2 5670 
kg 70 

days 25550 
days 9125 

mglL see COC list below 
cmlhr see COC lis1 below 

~ c m '  0.m1 
hrld 1 

GS-EKGD-4 



TABLE E.0-2 
Groundskeeper / Sampler - BKGD - IngestSWchem 

GroundskeeperlSarnpler - Ingestlon of Surface Waler 
Risk calculalion for background 

Intake Equation: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

(CW'EPEO'IR)/(BW'AT) UNITS Assi ned Values 
Chronic Daily Inlahi! rnglkgday 
Coticcnlrallon of clieinical in waler niglL see COC lable below 
Exposure irequency dayslyr 12 
Exposure duraliori Y S  25 
Ingeslion ralc Llday 0 01 
Body weigh1 kg 70 
Average titile for carcinogens days 25550 
Average lime for non-carcinogens days 9125 

I I 

. . . .  

GS-BKGD-5 



TABLE E.0-2 
Groundskeeper I Sampler - BKGD - InhaleRad 

GroundskeeperlSampler - Inhalation of Gases & Particulates 
Risk calculation for background 

Intake Equation: CDI = (CA'EF'ED'IR'ET) UNITS -1 
CDI = Chronic Daily Intake pCi calculated below 
CA = ' Concentration of radionuclide in air pCi/m3 see COC list below 
EF = Exposure frequency 
ED = Exposure duration 

IR = Inhalation rate 
ET = Exposure time 

days/yr 100 
Y IS 25 

m3/hr 2.5 
hrs/day 8 

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 (Le., 400 pCi/m3 divided by 1.56 pCi/g) 

GS-BKGD-6 



TABLE E.0-2 
Groundskeeper / Sampler - BKGD - IngestSoilRad 

Cesium-137 + D 6.60E-02 4.33E-11 
Lead-210 + D 1.56E+00 2.66E-09 

GroundskeeplSampler - Ingestion of Soil 
Risk calculation for background 

Neptunium-237 + D 
f Plutonium-238 

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 

O.OOE+OO 1.62E-10 , 
O.OOE+OO 2.72E-10 1 O.OOE+OO I O.OOE+OOi 

UNITS -1 
pCi calculated below 

pCi1g see COC list below 
dayslyr 100 

Yrs 25 
0.1 

unitless 1 

Plutonium-2391240 
Radium-226 + D 
Radium-228 + D 
Radon-222+ D 
Strontium-90 + D 
Technetium-99 
Thorium-228 + D 
Thorium-230 

ADLJLT 1 

O.OOE+OO 2.76E-10 
1.56E+00 7.30E-I 0 
1.27E+00 2.29E-09 

NA NA 
O.OOE+OO 1.44E-10 
O.OOE+OO 7.66E-12 
I .25E+00 8.09E-10 
1.56E+00 2.02E-10 

-1 
1.65E+01 7.14E-10 

O.OOE+OO O.OOE+OO 
3.90E+02 2.85E-07 
3.18E+02 7.27E-07 

3.13E+02 2.53E-07 '1 3.90E+02 7.88E-08 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

IThorium-232 I 1.27E+00 I 2.31 E-I 0 i 3.1 8E+02 I 7.33E-08 i 
(uranium-234 I 1.56E+00 I 1.58E-10 
Uranium-235 + D I 7.09E-02 I 1.63E-10 
Uranium-238 + D I 1.52E+00 I 2.10E-10 

I I I I 
total = 2.60E-06 

GS-BKGD-7 



UNITS Assigned Values 

pCi/L see COC table below 
p c i  [adult1 

dayslyr 12 
Yrs 25 

Uday 0.01 

TABLE E.0-2 
Groundskeeper I Sampler - BKGD - IngestSWrad 

GroundskeeperlSampler - Ingestion of Surface Water 
Risk calculation for background 

intake Equation: CDI = (CW *EF*ED*I R) 
CDI = Chronic Daily Intake 
c w =  Concentration of radionuclide in water 
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

COC 

total = 1.43E-08 

GS-BKGD-8 



TABLE E.0-2 
Groundskeeper / Sampler - BKGD - ExternalRad 

GroundskeeperlSampler - External Radiation 
Risk calculation for background 

lnlake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 
ET, = 
SH, = 
SH, = 

COC conc 
oCi/a 

(CS'EF'ED'ET,*( 1-SH,))+(CS*EF*ED'ET,*(l -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 

CSFx 

UNITS 
yr pCi/g 

pCi/g 

Yrs 

-- 

-_ 

I adult 1 
calculated below 
see COC list below 

0.27 
25 

0.33 
0.00 
0.25 
0.5 

total = 4.98E-05 

GS-BKGD-9 



TABLE E.0-2 
Groundskeepar I Sampler - BKGD - SumPaths 

GroundskeeperlSampler -Summation of all Pathways 
Risk calculatlon for background 

rad only , ~ 

~ HQ I ILCR I ILC:R , 
Inhale 2.02E-01 3.61E-04 3.60E-04 
Dermal Soil 1.89E-02 2.74E-06 
In estSoil 3.72E-02 6.06E-06 2 60E-06 
Dermal Surface Water 5.04E-04 4.61E-08 
In est Surface Water 8.50E-05 1.88E-08 1.43E-08 
External Radiation NA 4.98E-05 4.98E-05 

SUM 2.59E-01 4.20E-04 4.12E-04 

Summation of all paths for individual nuclides 

GS-BKGD- 10 



TABLE E.0-2 
Groundskeeper I Sampler - BKGD - SumPaths 

Summation of all paths for individual chemicals 

,.- , . . I .  ~ , .. . NoCSFs O.OOE+OO NA NA NA NA NU I Y H  

O.OOE+OO NO RfDS 
0.00€+00 0.00E+00 NA NA , NA 
NoCSFs O.OOE+OO NA NA NA NA NA NA NA NA 

NA NA 0,00E+00 NORfDs O.OOE+OO NORfDS NA NA O.OOE+OO No RfDs 0.00Et00 No RfDs O.OOE+OO I No RfDS 0.00E+00 I NO RIDS 

NA O.OOE+OO O.OOE+OO NA NA NA NA O.OOE+OO O.OOE+OO 0.00€+00 0.00€+00 NA I NA O.OOE+OO 1 0.00E+00 

cyclohexanone 
Dibenzo(a.h)anthracene 
Dieldrin 
Di-n-octyiphthalate 

NA NA 1 NA NA I NA NA 

GS-WGD-11 



TABLE EO-2 
Groundskeeper I Sampler - BKGD - SumPaths 

GS-BKGD-12 



Undeveloped Park User. Inhalation of Gases & Particulates 
Risk calculalion for background 

UNITS 
mgkgday 

Intake Equation: Assigned Values 
child 1 yo uIh I adull I senlor 

CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BIN = 
ATc = 
ATn = 

(CA'EF'ED'IR'ETY(BW'AT) 
Chronic Daily Intake 
Concenlration of chemical in air 
Exposure frequency 
Exposure duration 
Inhalation rate 
Exposure time 
Bodyweight 
Average time for carcinogens 
Average time for nonsarcinogens 

TABLE E.04 
Undeveloped Park User ~ BKGD - InhaleChem 

mglm' 
dayslyr 20 40 20 40 

Yfi 3 6 14 7 
m'lhr 1 1 1 1 

hrslday 2 2 2 2 
kg 15 47 70 70 

days 25550 25550 25550 25550 
days 1095 2190 5110 2555 

see table of COCs below 



TABLE E.O-3 
Undeveloped Park User. BKGD . InhaleChem 

UPU - BKGD -2 



TABLE E.03 
Undeveloped Park User. BKGD . DermalSoilChem 

UNITS 
mgikgday 

Undeveloped Park User -Dermal Conlan with SolllSediment 
Risk calculation for background 

Assioned Values 
child I vouth I adult senlor 

Intake Equation: CDI = 
CDI = 
cs = 
AB 

SA 
EF = 
ED = 
AF = 
CF = 
B W =  
ATc = 
ATn = 

(CSAB'SA'EF'ED'AF'CF)I(BW'AT) 
Chronic Dally Intake 
Concentrabon of chemical in soil 
Absorption factor 

Surface area of exposed skin 
Exposure frequency 
Exposure duration 
Adherence factor 
conv6Bion factor 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

- SEE table of COCs below 
cm'lday 2800 4370 5700 5700 
dayslyr 20 40 20 40 

Y E  3 6 14 7 
mglcm' 0 2  0.2 0.07 0.07 
kglmg 100E46 1.00E-06 1.00E-06 1.00E-06 

kg 15 47 70 70 
days 25550 25550 25550 25550 
days 1095 2190 5110 2555 

UPU . BKGD -3 



Undeveloped Park User - Dermal Contact 
Risk calculallon for background 

Intake Equation: CDI = 
CDI = 
cs = 
AB 
SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

UNITS 
mQ/kgdav 

TABLE E.0-3 
Undeveloped Park User - BKGD - DermalSoilChem 

Assisned Values 
child I vouth I adult I se1mr 

with SoiUSedimenl 

(CS'AB'SA'EF'EG'A~CFY(BM'.AT) 
Chronic Gaily Intake 
Concentrauon of chemical in so11 
Absorption factor 

Surface area of exposed skm 
Exposure frequency 
Exposure duration 
Adherence factor 
Conversion facmr 
Body weight 
Average tune for carcinogens 
Average time for noniarcinogens 

- see lable of COCs below 
crn'lday 2800 1 3 i O  5700 5700 
daplyr 20 40 20 40 

Y E  3 6 14 7 
mgkm' 0.2 0.2 0.07 0.07 
kglrng 1.00E-06 l.OOE-06 1.00E-06 1.00E-06 

kg 15 47 70 70 
days 25550 25550 25550 25550 
days 1095 2190 5110 2555 

UPU - BKGD -4 



Undeveloped Park User. lngenlon of Sol1 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cs 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

COC conc 

( C S E r E ~ l ~ F I - C F Y ( B ' N ' A T )  
Chronic Daily lnfake 
Concentration of chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil 
Conversion factor 
Body weight 
Average bme for carcinogens 
Average time for non-carcinogens 

TABLE E.O-3 
Undeveloped Park User - BKGD - IngestSoilChem 

UNITS Assigned Values 

mglkg 
mglkgday child I youth I adult 1 senior 

see table of COCs below 
dayslyr 20 40 20 40 

Y E  3. 6 14 7 

unitless 1 1 1 1 
kglmg 1.00E-06 1.00E-06 1.00E-06 1.00E-OS 

kg 15 47 70 70 
days 25550 25550 25550 25550 
days 1095 2190 5110 2555 

mglday 200 100 100 100 

UPU - BKGD -5 



TABLE E.0-3 
Undeveloped Park User - BKGD - IngestSoIlChern 

Undeveloped Park User * Ingestion of Soil 
Risk Calculation for background 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF 

BW = 
ATc = 
ATn = 

(CS'EPED'lXW'CF,Y(BWAT) 
Chronic Daily Intake 
ConcenvaOon 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 noncarcinogens 

COC conc 

UNITS Assigned Values 
mglkqday cnlld 1 vouvl 1 aduli 1 senior 

see lable of COCs below 
20 40 
3 6 

200 100 
1 1 

1.00E-06 1.OOi-05 
15 47 

25550 25550 
1095 2190 

20 
14 

100 
1 

1.00E-06 
70 

25550 
5110 

40 
7 

100 
1 

1.00E-05 
70 

25550 
2555 

UPU - BKGD -5 



Undsvcloped Park User * Dermal Contad wiih Surface Water 
Risk calculation for background 

Intake Equation: CDI = (DA-EF*ED-sAy(sW*AT) 
CDI = Chmnlc Daily Intake 

where: 

TABLE E.0-3 
Undeveloped Park User ~ BKGD - DermalSWchem 

Assigned VaIws 

mgikgaay calculated below 
UNITS Child 1 yo uth I aavn I senor 

UFU - DKGD -7 



TABLE E.0-3 
Undeveloped Park User. BKGD - DermalSWchem 

where: 

UPU . BKGD -8 



Undeveloped Park User. lngestlon of Surface Wabr 
Risk calculation for background 

lmake Equatwn: CDI = (CW'EPED'IR!J(EW'AT) 
CDI = Chronic Daily Inlake 
CW = 
EF = Expasure frequency 
ED = EX$WSUD duration 
IR = Ingestion rate 
E W =  Eodywelgm 
ATc = 
ATn = 

Cuncenlratiwn of chemical in wale, 

Average lime for carcirwgem 
Awrage lime for MWarurogens 

- TABLE E.0-3 
Undeveloped Park User - BKGD . IngestSWchem 

ASS&ned Values UNITS 

molL see COClabk below 
mglkgday Child I w ulh I aduk 1 senior 

d a k W  12 12 12 12 
YE 3 6 14 7 

kg 15 47 70 70 
Uday 0035 0035 0015 0015 

days 25550 25550 25550 25550 
days 1095 2190 5110 2555 

UPU. RXGD-9 



TABLE E.0.3 
Undeveloped Park User - BKGD - IngeslSWchem 

Undeveloped Park User - Inpestion of Surfaca Water 
Risk cdlcubtion for background 

UPU .0KGD -10 



TABLE E.0-3 
Undeveloped Park U s e r  - BKGD - InhaleRad 

UNITS 
pCi 

Undeveloped Park U s e r  - Inhalation of Gases 8 Particulates 
Risk calculation for background 

Assigned Values 
child I youth I adult 1 senior 

Intake Equation: CDI = (CW EF*ED'I WET) 
CDI = Chronic Daily Intake 

IR = Inhalation rate 
ET = Exposure time 

m3/hr 1 .o 1 .o I .o 1 .o 
hrslday 2 2 2 2 

COC 
CHILD I YOUTH I ADULT 1 SENIOR I SUM 

conc CSFi CDI I ILCR I CDI I ILCR I CDI I ILCR I CDI 1 ILCR I CDI I ILCR 

Air concentration is derived from air particulate value of 26 u g h 3  (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 (Le., 400 pCi/m3 divided by 1.56 pCi/g) 

UPU - GKGD -1 1 



TABLE E.0-3 
Undeveloped Park User - BKGD - IngestSoilRad 

Undeveloped Park User - Ingestion of Soil 
Risk calculation for background 

Intake Equation: CDI = (CS*EF*ED*IR*FI) UNITS 
CDI = Chronic Daily Intake pCi 
cs = Concentration of radionuclide in soil pCi1g 
EF = Exposure frequency dayslyr 
ED = 
IR = Ingestion rate 
FI = Fraction of contaminated soil unitless 

Exposure duration Yrs 

Assigned Values 
child I youth I adult I senior 

see table of COCs below 
20 40 20 40 

3 6 14 7 
0.2 0.1 0.1 0.1 

1 1 1 1 

total = 9.56E-07 

UPU - BKGD -12 



TABLE E.0-3 
Undeveloped Park User  - BKGD - IngestSWrad 

UNITS 
pCi 

Undeveloped Park User - Ingestion of Surface Water 
Risk calculation for background 

Assigned Values 
child I youth I adult 1 senior 

Intake Equation: CDI = 
CDI = Chronic Daily Intake 
c w =  
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

(CW *EF*ED* I R)/( B W *AT) 

Concentration of radionuclide in water 

COC conc CSF 
DCi/L 1 /oCi 

Uranium-234 5.81 E-01 7.07E-11 
Uranium-235 + D 2.64E-02 7.18E-11 
Uranium-238 + D 5.67E-01 8.71 E-I 1 

da yslyr 12 12 12 12 
Yrs 3 6 14 7 

Uday 0.035 0.035 0.01 5 0.01 5 

UPU - BI<GD -13 



TABLE E.0-3 
Undeveloped Park User - BKGD - ExternalRad 

Undeveloped Park User - External Radiation 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 
ET, = 
SH, = 
SHi = 

(CS*EF*ED*ET,*( 1 -SF,)) 
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 

pCilg 
-- 

Assigned Values 
child 1 vouth I adult I senior 

see table of COCs below 
0.055 0.1 1 0.055 0.1 1 

3 6 14 7 
0.083 0.083 0.083 0.083 

NA NA NA NA 
0.25 0.25 0.25 0.25 

NA NA NA NA 

U'PU - BKGD -14 



Undeveloped Park User - Summation of all Pathways 
Risk calculation for background 

Inhale 8.06E-03 1.24E-05 
Dermal Soil 4.40E-03 ' 7.67E-07 
Ingest Soil 1.83E-02 3.00E-06 
Dermal Surface Water 5.86E-04 6.44E-08 
Ingest Surface Water 3.17E-04 2.01E-08 
External Radiation NA 4.32E-06 

TABLE E.0-3 
Undeveloped Park User - BKGD - SumPaths 

1.24E-05 
NA 

9.56E-07 
NA 

3.60E-08 
4.28E-06 

rad onlv 

UPU - BKGD -15 



TABLE E.0-3 
Undeveloped Park User - BKGD - SumPaths 

UPU - BKGD -16 



TABLE E.0-3 
Undeveloped Park User - BKGD - SumPaths 
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TABLE E.0-4 
Bulldlng Maintenance - BKGD - InhaleChem 

Bulldlng Malnlenance - lnhalallon 01 Gases L Parllculales 
Risk calculalion lor background 

intake Equalion: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CSEF‘ED’IR’ET)l(BW’AT) 
Chraiic Daily lnlake 

Conccnlralion 01 chemical in air 
Exposure lrequency 
Exposure duration 

Inhalalion rale 
Expawre lime 
Body weight 
Average lime lor carcinogens 
Averago lime lor non-carcincgens 

UNITS 7 1  
mglm’ see COC list below 
dayslyr 250 

Y= 25 

m’lhr 1.5 
Iirslday 1 

kg 70 
days 25550 
days 9125 

mglkgday calculaled below 

Air concentration is derived using air particulate value of 26 uglm’ (2005 SER background average from monllor AMs-12) multiplied by Ihe soil concenlration. 

BM-BKGD-1 



T A B L E  E.0-4 
Bui ld ing Maintenance - BKGD - DermalSol lChem 

Bulldlng Maintenance - Dermal Conlacl wlth SolilSedlment 
Risk caicuiallon for background 

Inlake Equation: CDI = 
CDI = 
cs = 
AB 

SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

(CS'AE'SA'EF'ED'AFCF)/(BW'AT) 
Chronic Daily lnlake 
Concenlralion of chemical in soil 
Absorplion laclor 

Surface area of exposed skin 
Exposure frequency 
Exposure duration 

Adherence faclor 
Conversion faclor 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS I] 
mglkg see COC list below 
- see COC list below 

mglkgday calculated below 

cm'/day 2077 

mg/cmz 0.2 

dayslyr 250 
Yi"s 25 

k@mg 1.00E-06 
kg 70 

days 25550 
days 9125 

I 
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TABLE E.0-4 
Bulldlng Maintenance - BKGD - lngeslSoilChem 

Etilldlng Maintenance - lngesllon of Sol1 
Rlsk calculation lor background 

Inlake Equalion CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

(Cs’E~E~lR’FI‘CFy(BW’AT) 
Chronic Daily Inlake 
Concenlralion of chemical in soil 
Exposure frequency 
Exposure dtiralion 
Ingeslion rale 
Fraclion of conlaniinaled soil 
Conversion factor 
Body welyhl 
Average lime for carcinogens 
Average lime lor non.carcinogens 

UNITS [I 
mglkg . see COC lis1 below 

mglkgday calculated below 

dayslyr 250 
Yrs 25 

mglday 50 
unitless 1 
kglmo 1 .OOE-OG 

kg 70 
days 25550 
days 9125 

BM-BKGD-3 



TABLE E.0-4 
Bui ld ing Maintenance - BKGD - DermalSWchem 

Building Maintenance -Dermal Contact with Suriace Water 
Rlsk calculation for background 

intake Equation: 

where: 

(DA’EF’ED’SA)l(BW’AT) 
Chronic Daily lniake 

Dermal absorption dose 
Exposure frequency 
Exposure duration 

Surface area 01 skin 
Body weight 
Averaoe time lor carciwens 

CDI = 
CDI = 
DA = 
EF = 
ED = 
SA = 
EW = 
ATc = 
ATn Average time for nowcarcinogens 
OA = C,‘VCF‘ET 
C. = 
I$ = 
CF = conversion faclor 
ET = exposure time 

wncentation 01 im wntaminant in surface watei 
permeability wnstant for ib contaminant 

UNITS 1- 
mglkgday calcuialed below 

rngkrn’day NA 
daysly NA 

yrs NA 
cm2 NA 
kg NA 

days NA 
days NA 

mglL see COC list below 
crmhr see COC list below 

~ c m ’  NA 
hrld NA 

BM-EKGD-4 



TABLE E .04  
Bui ld ing Maintenance - BKGD - IngeSlSWchem 

Building Maintenance - lngestlon of Surface Water 
Risk calculatlon for background 

Intake Equation: CDI = (CWEF'ED.IR)/(BW'AT) 
CDI = Chronic Daily Inlake 
CW = 
EF = Exposure frequency 
ED = Exposure duralion 
IR = lngeslion rale 
BW = Body weight 
ATc = 
ATn = 

Concenlralion of chemical in water 

Average lime for carcinogens 
Average lime for non-carcino(lens 

UNITS Assi ned Values 

mg/L see COC table below 
rnglkgday 

dayslyr NA 
vrs NA 

Uday NA 
kg NA 

days NA 
days NA 

BM-BKGD-5 



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) UNITS 1-1 
CDI = Chronic Daily Intake pCi calculated below 
CA = Concentration of radionuclide in air pCilrn3 see COC list below 
EF = Exposure frequency dayslyr 250 
ED = Exposure duration YFS 25 
IR = Inhalation rate m3/hr 1.5 
ET = Exposure time hrslday 1 

COC conc CSFi 

total = 6.75E-05 

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 pCi/g) 

BM-BKGDB 



TABLE E.0-4 
Building Maintenance - BKGD - IngestSoilRad 

Building Maintenance - Ingestion of Soil 
Risk calculation for background 

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 
pCi calculated below 

pCilg see COC list below 
dayslyr 250 

Yrs 25 
glday 0.05 

unitless 1 
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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 

UNITS Assigned Values 

pCilL see COC table below 
pc i  1-1 

dayslyr NA 
Yrs NA 

Uday NA 

COC 

total = O.OOE+OO 

BM-BKGD-8 



TABLE E.0-4 
Building Maintenance - BKGD - ExternalRad 

Building Maintenance - External Radiation 
Risk calculation for background 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 
ET, = 
SH, = 
SH, = 

COC conc 

(CS*EF*ED*ET,*(l-SHo))+(CS'EF*ED*ET,*( 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 

CSFx 
pCi/g glpCi yr 

IRadium-228 + D 1 1.27E+00 I 4 5SF-136 
IRadon-222+ D I N A  - 1  - N A  

Thorium-228 + D Thorium-228 + D 

IThorium-232 I 1.27E+00 I 3.42E-10 
Uranium-234 1.56E+00 2.52E-10 
Uranium-235 + D 7.09E-02 5.43E-07 
Uranium-238 + D 1.52Et-00 1.- 

ADULT F{ 
yrpCilg , CDI*CSF I 
2.00E-01 5.10E-07 

UNITS 
yr pCilg 

pCi/g 
-- 

7 1  
calculated below 
see COC list below 

0.68 
25 

0.04 
0.29 
0.25 
0.5 

B M -B KG D-9 



TABLE E.0-4 
Building Maintenance - BKGD - SurnPaths 

Inhale 3.78E-02 6.77E-05 6.75E-05 
Dermal Soil 1.98E-02 2.88E-06 
Ingest Soil 4.65E-02 7.58E-06 3.25E-06 

NA 

NA NA NA Dermal Surface Water 

Ingest Surface Water NA NA O.OOE+Oo 
External Radiation NA 8.81E-05 8.81 E-05 

> 

Building Maintenance - Summation of all Pathways 
Risk calculation for background 

rad only 

BM-BKGD-10 



TABLE E.0-4 
Building Maintenance - BKGD - SumPaths 
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TABLE E.0-4 
Building Maintenance - BKGD - SumPaths 

O.OOE+OO O.OOE+OO 
NA NA 

NA NA 
NO CSFS 3.75E-03 

Summation of all paths for individual chemicals (continued) 
Background 

ILCR HQ 

. .. . . .. . 
NA NA O.OOE+OO O.OOE+OO 
NA NA NA NA 

NA NA NA N A  
NO CSFS 3.75E-03 NO CSFS 3.75E-03 

I .. . . .. . 
NA I NA I NA 1 NA I NA I NA 
NA NA N A  

NA NA 
No CSFs O.OOE+OO 

NA NA 

. .. . . .. . 
NA NA NA NA 
NA NA No CSFs O.OOE+OO 
NA NA NA NA 

BM-BKGD-12 



TABLE E.06 
Museum Worker ~ BKGD - InhaleChem 

Museum Worker - Inhalation of Gases 8 Panicdales 
Rlsk calculallon for background 

Inlake Equation: 

CDC 

CDI = 
CDi = 
CA = 
EF = 
EO = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CS’EF‘ED’IR’ET)/(BW’AT) 
Chronic Daily inlake 

Concenlralion of chemical in air 
Exposure frequency 
Exposirre dirralioii 

inhaialiw rale 
Exposure lime 
Body weight 
Average linie for carcincgens 
Average time for non-carcincgens 

UNITS 
iiiglkgday calculaled below 

mg/m’ see COC i~st  below 
dayslyr 250 

Ym 25 

ml/lir 15 ‘  
hrslday 1 

kg 70 
days 25550 
days 9125 

ADULT 
conc RfOi CSFl CDI I HO I CDI I ILCR 

Air concentration is derived using air particulate value of 26 u g h ’  (2005 SER background average from monitor AMS-12) multiplied by the soil concentration. 
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TABLE EO-5 
Museum Worker - BKGD - DermalSollChem 

MW-EKGD-2 



Museum Worker . lngesllon of Soil 
Risk calculallon for background 

Intake Equation: COI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF = 
0w = 
ATc = 
ATn = 

RfDo CSFo 

TABLE E.0-5 
Museum Worker ~ BKGD . IngeslSollChem 

ADULT 
CDI I HQ I CDI ILCR COC conc 

(CS'EF'ED*IR*FI'CF)/(BW*AT) 
Chronic Daily intake 
Coricenlralion of chemical In soil 
Exposure frequency 
Exposure duralion 
lngeslion rate 
Fraclion 01 conlaminaled soil 
Conversion laclor 
Body weight 
Average time for carcinogens 
Average lime for non-carcinogens 

UNITS 1-1 
rnglkg see COC list below 
dayslyr 250 

v s  25 
mglday 50 
unilless 1 
kglmg 1.00E-06 

ku 70 
days 25550 
days 9125 

molkgday caiculalcd below 
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TABLE E.0-5 
Museum Worker - EKGD - DermalSWchem 

Museum Worker. Dermal Contact wtlh Surface Water 
Risk calculation for background 

Intake Equation: CDI = (DA'EF'ED'SAY(BW'AT) 
CDi = Chronic Daily Intake 
DA = Dermal absorption dose 
EF = Exposure hequency 
ED = Exposure duration 

SA = Surface area of skin 
BW = Bodyweight 
ATc = Average time lor carcinogens 
ATn = Average time for nowcarcinogens 
DA = C.'K.'CF'ET 
C. = mncentation of ilh mntaminant in surface water 
K. = permeability constant for ith mntaminant 
CF = mnversion factor 
ET = exposure time 

where: 

UNITS 
mglkgday Calculated below 

mglcm'day see coc list below 
dayslyr 8 

yrs 25 
cm2 904 
k! 70 

days 25550 
days 9125 

mglL see COC list below 
Cmlhr see COC list below 

~ c r n '  0.001 

hdd 0.5 

MW-BKGD-4 



TABLE E.0-5 
Museum Worker - BKGD - IngeslSWchem 

Museum Worker - Ingestion of Surface Water 
Rlsk calculallon for background 

Inlake Equalion: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATii = 

UNITS Assi ned Values (CW'EF'EWlR)/(EWAT) 
Chronic Daily Inlake mgikgday +I 
Concenlralion 01 chemical in waler mglL see COC lable below 
Exposure frequency dayslyr 8 
Exposure duration vrs 25 
lngesliori rate Uday 0.001 
Body weiglil kg 70 
Average time for carcinogens days 25550 
Average lime for noli-carcinogens days 9125 

I 
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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 

COC conc CSFi 

UNITS 
pCi calculated below 

pCi/rn3 see COC list below 
da yslyr 250 

YrS 25 

rn3/hr 1.5 
h rs/da y 1 

Air concentration is derived from air particulate value of 26 uglm3 (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 glrn3. This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (Le., 400 pCi/m3 divided by 1.56 pCi/g) 

MW-BKGDS 



TABLE E.0-5 
Museum Worker - BKGD - IngestSoilRad 

Museum Worker - Ingestion of Soil 
Risk calculation for background 

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 

COC 
ADULT 

conc CSFos 

pCilg pCi CDI*CSF 
I 6.60E-02 1 4.33E-11 i 2.06E+01 I 8.93E-10 )cesium-137 + D 

~~ 

total = 3.25E-06 

UNITS 7 1  
pCi calculated below 

pCi1g see COC list below 
dayslyr 250 

Yrs 25 
0.05 

unitless 1 

MW-BKGD-7 



TABLE E.0-5 
Museum Worker - BKGD - IngestSWrad 

Museum Worker - 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 

COC 
ADULT 

conc CSFow 

I 

total = 9.52E-10 

MW-BKGD-8 

UNITS Assigned Values 

pCilL see COC table below 
pc i  1-1 

dayslyr 
Yrs 

Uday 

8 
25 

0.001 



TABLE E.0-5 
Museum Worker - BKGD - ExternalRad 

I "  " I  . 
Cesium-I37 + D 6.60E-02 2.55E-06 
Lead-210 + D 1.56E+00 4.21 E-09 
Ne~tunium-237 + D O.OOE+OO 7.97E-07 

Museum Worker - External Radiation 
Risk calculation for background 

I .  - 
2.00E-01 5.10E-07 
4.73E+00 1.99E-08 
O.OOE+OO O.OOE+OO 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 

SH, = 
ET, = 

SHi = 

COC conc 
K i l a  

(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 

CSFx -1 
a/DCivr I vr DCi/a CDI*CSF I 

total = 8.81 E-05 

UNITS 
yr pCilg 

pCilg 
-- 

p m q  
calculated below 
see COC list below 

0.68 
25 

0.04 
0.29 
0.25 

0.5 
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TABLE E.0-5 
Museum Worker - BKGD - SumPaths 

Museum Worker - Summation of all Pathways 
Risk calculation for background 

rad only 

Inhale 
Dermal Soil 
Ingest Soil 
Dermal Surface Water 
Ingest Surface Water 
External Radiation 

3.78E-02 6.77E-05 6.75E-05 
3 . ~ z - 0 3  4 . 3 8 ~ 4 7  NA 
4.65E-02 7.58E-06 3.25E-06 
2.68E-05 2.45E-09 NA 
5.67E-06 1.25E-09 9.52E-IO 

NA 8.81E-05 8.81E-05 

Summation of all paths for individual nuclides 
Background Value as 

Applicable to Each Zone 

MW-BKGD-10 
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TABLE E.0-5 
Museum Worker - BKGD - SumPaths 

Summation of all paths for individual chemicals (continued) I Background Values as 

MW-BKGD-12 



Museum Visitor - lnhalatlon of Gases 8 Particulates 
Risk calculation for background 

Intake Equation: CDI (CSEPED’IWET)/(BW’AT) 
CDI Chronic Daily Intake 
CA = 
EF = Exposure frequency 
ED = Exposure duration 
IR = Inhalation rate 
ET = Exposure time 
BW = Body weigh1 
ATc = 
ATn = 

Concentration of chemical in air 

Average time for carcinogens 
Average Lime for non-carcinogens 

UNiTS 
rnglkgday 

TABLE €.Ob 
Museum Visltor - BKGD InhaleChem 

Assigned Values 
child I youth 1 adult I senior 

see table of COCs below 
10 t o  10 20 

3 6 14 7 

1 1 I 1 
0.5 0 5 0.5 0 5 
15 47 70 70 

25550 25550 25550 25550 
1095 2190 5110 2555 



Museum Visitor. Inhalation of Gases 8 Partlculates 
Rlsk calculation for background 

Intake Equation: CDI = (CSEFED'IR'ET)/(BW'AT) 
CDI = Chronic Dally intake 
CA = 
EF = Exposure frequency 
ED = Exposure duration 
IR = Inhalation rate 
ET = Exposure time 
BW = Body weight 
ATc = 
ATn = 

Concentration of chemical in air 

Average time for carcinogens 
Average lime for non-carcinogens 

UNITS 
mgkgday 

TABLE E.0-6 
Museum Visitor. BKGD . InhaleChem 

Assigned Values 
child 1 youth I adul: I senlor 

MV-BKGO-2 



TABLE E.0-6 
Museum Visitor - BKGD ~ DermalSoiiChem 

UNITS 
mglkgday 

Museum Vialtor. Dermal Contact with SoillSediment 
Risk calculation for background 

Assigned Values 
child I youth I adult I senior 

Intake Equation: CDI = 
CDI = 
cs = 
AB = 
SA = 
EF = 
ED = 
AF 
CF = 
BW = 
ATc = 
ATn = 

(CS-AB-SA*EFED*AFCF)f(BWAT) 
Chronic Daily Intake 
Cnncentration of chemical in soil 
Absorption factor 
Surface area of exposed skin 
Exposure frequency 
Exposure duration 

Adherence factor 
Convenion factor 
Body weight 
Average ome for carcinogens 
Average time for non-carcinogens 

see table of COCs below 
2800 4370 5700 5700 

10 10 10 20 
3 6 14 7 

0 2  0 2  007 0 0 7  
100E-06 1 00E-06 1 00E-06 100E-06 

15 47 70 70 
25550 25550 25550 25550 

1095 2190 5110 2555 

MV-CKGD-3 



TABLE E . 0 4  
Museum Visitor - BKGD - DermlSoilChem 

UNiTS 
mglkgday 

Museum Visitor -Dermal Contacl wifh SoilISediment 
Rlsk calculation for background 

Assigned Values 
child I youth I addl I senior 

Intake Equation: CDI = 
CDI = 
cs = 
AB = 
SA = 
EF = 
ED = 
AF = 
CF = 
BW 
ATc = 
ATn = 

(CS~AB-SA.EFED*AFCFY(BW'AT) 
Chronic Daily Intake 
Concentrabon of chemical in sol1 
Absorption factor 
Sulface area of exposed skin 
Exposure frequency 
Exposure duration 
Adherence laclor 
Conversion factor 
Bodyweighl 
Average time for carcinogens 
Average time for nonsarcmogens 

- see fable of COCs below 
cm'lday 2800 4370 5700 5700 
dayslyr 10 10 10 20 

Y E  3 6 14 7 
mgicm' 0.2 0 2 0.07 0.07 
kglmg 1.00E-06 1.00E-06 1.00E-06 1.00E-06 

kg 15 47 70 70 
days 25550 25550 25550 25550 
days 1095 2190 5110 2555 

MV-BKGD-4 



Museum Vlsltor -Ingestion of Soil 
Risk calculation for background 

Intake Eovation: UNITS 
rnglkgday 

COI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 
BW = 
ATc = 
ATn = 

Assigned Values 
child I youth I adult senior 

(CS'EF'ED'IR'FI'CF)/(BW'AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil 
Conversion fanor 
Body weight 
Average lime for carcinogens 
Average time for non-carcinogens 

TABLE E.04 
Museum Vlsitor - BKGD - IngestSoilChem 

MI/ W G D - 5  



Museum Visitor - Ingestion of Soil 
Risk calculation for background 

Intake Equation: UNITS 
mgikgday 

CDI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

Assigned Vaiues 
chlld I youth I adult I senior 

COC conc 

(CS*EFED.IF?FI*CF)/(BWAT) 
Chronic Daily Intake 
Concenhation of chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil 
Conveslon factor 
Body weight 
Average time f6r carcinogens 
Average lime for non-carcinogens 

TABLE E.04 
Museum Visitor. BKGD . IngestSoilChem 

10 10 10 20 
3 6 14 7 

100 75 50 50 
1 1 1 1 

1 00E-06 1.00E-06 1.00E-06 1.00E-06 
15 47 70 70 

25550 25550 25550 25550 
1095 2190 5110 2555 

MV-BKGD-6 



TABLE E.04 
Museum Visitor - BKGD - DBmalSWchcm 

UNITS 

Museum Visltor . Dermal Contact with Surface Watsr 
Risk Calculation for background 

Intake Equation: CDI = (DA'EF'ED'SAy(6W'AT) 
CDI = Chronic Daily Intake 

Assigned Values 
child I WUth I adult I senor 

where: 

DA = Dermal absorption dose 
EF = Exposure frequency 
ED = Exposure durallon 

SA = Surface area of skin 
6 W  = Bodyweight 
ATc = Average lime for carcinogens 
ATn = Average time for non-caromgens 
DA = C C C F * E T  
C, = concentalioo of ith contaminant in suzface water 
K, = permeability connant for ilh cmlammant 
CF = Conversion fanor 
ET = expsure lime 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 

see COC 119 below 
see COC list below 

NA NA 
NA NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

COC 



Museum VisItoI - Dermal Conbct With Surface Water 
Risk Salcuiation for background 

Intake Equalion: CDI = (DA'EF'ED'SA#BW'AT) 
CDI = Chmnlc Daily Intake 
DA = Dermal abrp1800 dose 
EF = Exposure frequency 
ED = Exposure dumlon 
SA = Surface area of skin 
0W = Body weight 
ATc = Average time for carcinogens 
ATn = Average time for non-caiclnogens 

C, = Contentation of lth contaminant in surface waier 
K. = permeability Constant for ith contaminant 
CF = conversion lador 
ET = es+vsuce time 

w h e w  CIA = C C C F ' E T  

TABLE E.04 
Hursum Visitor - BKGD . DemalSWchem 

mglcm'day NA NA NA NA 
aays'y NA N4 N i  NA 

yrs NA NA NA NA 
cm2 NA NA NA NA 
kg NA NA NA NA 

day5 NA NA NA NA 
day5 NA h!A NA NA 

m* see COC lis! below 
CirJhr see CCC lis1 below 

ucm' NA NA NA NA 
ma NA NA NA NA 

CCC 

total = O.OOE*OO t o U l =  0.00E100 

MV-0KGD-8 



Museum Wsitor - IngestIan of Surface Water 
Rlsk 6alculalion for background 

lnlilke Equatbn: CDI = (CW'EF*EWIR)I(BW*ATJ 
CDI = Chronic Dailylntake 
C W  = Concenlratwn of chemical in water 

TABLE E.O.6 
Museum Visitor. BKGD. IneeslSWchem 

UNITS Assgned Values 

rnglL see COC table below 
mgRgday Child I yo ufh I adult I senor 



TABLE E.0-6 
Museum Visitor. BKGD. IngestSWchem 

UNITS 
rngis~aas 

Museum Vbaor - Ingestion of Surface Water 
Risk Calculation for backpround 

Assgned Values 
cntia I lo utn I adult I senor 

Intake Equatan: CDI = 
CDI = 
c w =  
EF = 
ED = 
IR = 
BW= 
ATc = 
ATn = 

(CW'EFED'IR)/(BW'AT) 
Chronic Daily Inlake 
COncenUaOOn of chemical in waxer 
Exposure frequency 
Eqmsureauratbn 
Ingestion rare 
Body wegnr 
Average time for carcinogens 
Average time for non-carcinogens 

COC 

tola1 = 0.00Et00 total = O.OOE+OO 

MV-BKGD-10 



TABLE E.0-6 
Museum Visitor - BKGD - lnhaleRad 

child I youth 

Museum Visitor - Inhalation of Gases 8, Particulates 
Risk calculation for background 

adult I senior 
Intake Equation: CDI = (CA*EF*ED*IR*ET) UNITS 

CDI = Chronic Daily Intake pCi 
CA = Concentration of radionuclide in air pci/m3 

EF = Exposure frequency da yslyr 
ED = 

IR = inhalation rate m3/hr. 

ET = Exposure time hrslday 

Exposure duration Yrs 

COC 

see table of COCs below 

10 10 10 20 

3 6 14 7 
1 .o 1 .o 1 .o 1 .o 
0.5 0.5 0.5 0.5 

CHILD YOUTH ADULT I SUM SENIOR 

CDI I I LCR CDI I I LCR CDI I ILCR I CDI 1 ILCR CDI I I LCR conc CSFi 
i 

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/rn3. This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (Le., 400 pCi/m3 divided by 1.56 pCi1g) 

MV-BKGD-11 



TABLE E.0-6 
Museum Visitor - BKGD - IngestSoilRad 

Museum Visitor - ingestion of  Soil 
Risk calculation for background 

Intake Equation: CDI = (CS*EF*ED*IR*FI) UNITS 
CDI = Chronic Daily Intake pCi 
cs = Concentration of radionuclide in soil pCilg 
EF = Exposure frequency . d a ysly r 

IR = Ingestion rate 
FI = . Fraction of contaminated soil unitless 

ED = Exposure duration Yrs 

Assigned Values 
child I youth I adult I senior 

see table of COCs below 
10 10 10 20 
3 6 14 7 

0.1 0.075 0.05 0.05 
1 1 1 1 

COC cone CSFos 

MV-BKGD-12 



TABLE E.0-6 
Museum Visitor - BKGD - IngestSWrad 

Museum Visitor - Ingestion of Surface Water 
Risk calculation for background 

Intake Equation: CDI = (CW*EF*ED*IR)/(BW*AT) 
CDI = Chronic Daily Intake 
c w =  
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

Concentration of radionuclide in water 

UNITS I Assianed Values I 
~ 

pCi I child I youth I adult 1 senior 1 
pCi/L see COC table below 

dayslyr NA NA NA NA ‘ 

Yrs NA NA NA NA 
Uday NA NA NA NA 

COC 

Strontium-90 + D 4.66E-01 7.40E-11 NA NA NA NA NA NA NA NA NA NA 
Technetium-99 6.20E+00 2.75E-12 NA NA NA NA NA NA NA NA NA NA 
Thorium-228 + D 2.50E+00 3.00E-IO NA NA NA NA NA NA NA NA NA NA 
Thorium-230 3.94E-02 9.1 OE-1 1 NA NA NA NA NA NA NA NA NA NA 
Thorium-232 2.50E+00 1.01 E-I  0 NA NA NA NA NA NA NA NA NA NA 
Uranium-234 5.81 E-01 7.07E-11 NA NA NA NA NA NA NA NA NA NA 
Uranium-235 + D 2.64E-02 7.18E-11 NA NA NA NA NA NA NA NA NA NA 
Uranium-238 + D 5.67E-01 8.71 E-1 1 NA NA NA NA NA NA NA NA NA NA 

total = O.OOE+OO 

MV-BKGD-13 



TABLE E.0-6 
Museum Visitor - BKGD - ExternalRad 

conc CSFx 

Museum Visitor - External Radiation 
Risk calculation for background 

CHILD I YOUTH I ADULT I SENIOR I SUM 
CDI I ILCR I CDI I ILCR I CDI I ILCR I CDI I ILCR I CDI I ILCR 

Intake Equation: CDI = (CS*EF*ED*ET,*(l -SH,))+(CS'EF*ED*ETi*(I -SHi)) 
CDI = Chronic Daily Intake 
cs = Concentration of radionuclide in soil 

UNITS Assigned Values 
yr pCi/g child I youth I adult I senior 

PCik see table of COCs below . -  
EF = Fraction of year exposed to radiation -- 0.027 0.027 0.027 0.05 
ED = Exposure duration Yrs 3 6 14 7 
ET, = Fraction of day spent outdoors -- 0.021 0.021 0.021 0.021 
ET, = Fraction of day spent indoors -- 0.083 0.083 0.083 0.083 
SH, = Shield factor outdoors -- 0.25 0.25 0.25 0.25 
S H ,  = Shield factor indoors -_ 0.5 0.5 0.5 0.5 

COC 

total = 1.69E-06 

MV-BKGD-14 



TABLE E.0-6 
Museum Visitor - BKGD - SumPaths 

Museum Visitor -Summation of all Pathways 
Risk calculation for background 

rad only 
HQ ILCR ILCR 

Summation of all paths for individual nuclides Background Value as 



TABLE E.0-6 
Museum Visitor - BKGD - SumPaths 

MV-BKGD-16 



TABLE E.0-6 
Museum Visitor - BKGD - SumPaths 

Summation of all paths for individual chemicals (continued) 



APPENDIX E.1 
Zone 1 

Table 

E. 1-1 Construction Worker - Only availablc on CD ROM. 

E. 1-2 - Only availablc on CD ROM. 

E. 1-3 Undcvcloped Park User - Only availablc on CD ROM. 

E. 1-4 Building Maintenance - This receptor has no exposure for this zone, thcrefore no tablc cxists. 

E. 1-5 Museum Worker - This rcceptor has no cxposure for this zone, therefore no tablc cxists. 

E. 1-6 Museum Visitor - This receptor has no exposure for this zone, therefore no table exists. 

Groundskccper / Samplcr 



APPENDIX E.2 
Zone 2 

Table 

E.2-1 Construction Worker - Only available on CD ROM. 

E.2-2 Groundskeeper / Sampler - Only available on CD ROM. 

E.2-3 Undeveloped Park User - Only available on CD ROM. 

E.2-4 Building Maintenance - 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. 



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. 



APPENDIX E.4 
Zone 4 

Tablc 

E.4-1 Construction Workcr - Only available on CD ROM. 

11.4-2 Groundskceper / Samplcr - Only available on CD ROM. 

E.4-3 Undeveloped Park Uscr - 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 cxists. 

- This rcceptor has no exposure for this zone, therefore no table cxists. 

- This receptor has no exposure for this zone, therefore no table exists. 



AlPPENDlX E.5 
Zone 5 

Table 

E.5- 1 Construction Worker 

E.5-2 

E.5-3 Undevclopcd Park User 

E.5-4 Building Maintenance 

E.5-5 Museum Worker 

E.5-6 Museum Visitor 

- Hard copy providrd in this appendix, also availablc 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 cxists. 

- 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 



TABLE E.5-1 
Construction Worker - Z o n e  5 - InhaleChem 

Construction Worker ~ Inhalalion of Gases 8 Partlculates 
Risk calculation for Zone 5 

Intake Equalion: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CS'EF'ED'IR'ET)I(BW'AT) 
Chronic Daily Intake 

Concenlralion of chemical in air 
Exposure frequency 
Exposure duration 

Inhalalion rale 
Exposure time 
Body weigh1 
Average lime for carcinogens 
Average lime lor non-carcinogens 

UNITS -1 

rngim' see coc list below 
days/yr 30 

yrs 1 
ni'lhr 2.5 

tirslday 8 
kg 70 

day, 25550 
days 365 

mglkgday calculated below 

..,. . .. . , I.- , ,.- , ..I. , NH I 
total = 1.42E-03 total = 1.OBE-08 

Air concenlrallon is derived using air particulate value of 26 uglm' (2005 SER background average from monitor AMs-12) mulliplied by Ihe soil concenlration. 

CW-Zone 5-1 



InYLL: C.i)-, 

Construction Worker -Zone 5 - DermalSoilChem 

Constructlon Worker - Dermal Contact wlth SollISedlrnent 
Risk calculation for Zone 5 

Intake Equalion. CDI = 
CDI = 
cs= 
AB 

SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

(CS'AB'SA'EF'ED'AF'CF)I(BW'AT) 
Chronlc Dally Intake 
Concentration of chemical in soil 
Absorption factor 

Surface area of exposed skin 
Exposure frequency 
Exposure duralion 

Adherence factor 
Convwsicm factor 
Body weight 
Average t h e  for carclncgens 
Average llme for non-carcinogens 

UNITS -1 
mglkg see COC list below 

-- see COC list below 

mglkgday calculated below 

cm'lday 3300 

daWyr 30 
ys 1 

rngicm' 0.3 
kglmg 1.00E-06 

kg 70 
days 25550 
days 365 

CW-Zone 5-2 



TABLE E.5-1 
Construction Worker - Zone 5 - IngestSoilChem 

Conslrucllon Worker ~ lngeslion of Sol1 
Rlsk calculallon for Zone 5 

lnlake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF = 
BW = 
ATc = 
ATn = 

(CS'EF'EWlR*FITF)I(BW'AT) 
Chronlc Daily lnlake 
Coricenlralion 01 chemical in soil 
Exposure frequency 
Exposure dunlion 
Ingestion ralc 
Fraction of conlamirialed soil 
Conversion laclor 
Body weight 
Avenge lime lor carcinogens 
Average limo for non-carcinogens 

UNITS 7 1  
niglkoday calculated below 

mglkg see COC lis1 below 
dayslyr 30 

VE 1 
molday 330 
unit less 1 
kglmg 1.00E-06 

kct 70 
days 25550 
days 365 

CW-Zone 5-3 



I MDLC C.J-I 

Construction Worker - Zone 5 - DerrnalSWchem 

Conslructlon Worker - Dermal Conlact with Surface Water 
Rlsk calculatlon for Zone 5 

Intake Equation- CDI (DPEF*EWSA)l(BW*AT) 
CDI = Chronic Daily Inlake 

DA = Dermal absorplion dose 
EF = Exposure frequency 
ED = Exposure duration 
SA = Surface area of skin 
BW= Bodywelght 
ATc = Averaqe time for carcinwens 

where: 
ATn = 
DA = GK,'CF'ET 
C, = 
K, = 
CF = conversion factor 
ET = exposure lime 

Average llme lor non-carcinogens 

concentation of ith contaminant in surface water 
permeabllity constant for lfh con(am1nant 

UNITS 
rnolkoday calculaled below 

mglcm'day see coc 1151 below 
dayslyr 6 

Yn 1 
cm' 5670 
kg 70 

days 25550 
days 365 

mglL see COC llst below 
cmlhr see COC lis1 below 
ucm' 0.001 
hrld 0 5  



TABLE E.5-1 
Construction Worker - Z o n e  5 - IngestSWchern 

Construction Worker - Ingestion of Surface Water 
Risk calculation for Zone 5 

liilake Equalion: CDI = (CW'EF'ED'IR)/(BW'AT) 
CDI = Chronic Daily lnlake 
C w  = 
EF = Exposure frequency 
ED = Exposure durallon 
IR = Ingestion rale 
BW = Body wcighl 
ATc = 
ATn = 

Concenlration of chemical in waler 

Average lime for carcinooens 
Average lime for non-carcinogens 

UNITS Assi ncd Values 
ng/kgday 

rnglL see COC lable below 
dayslyr 6 

YlS 1 
Uday 0.005 

kg 70 
days 25550 
days 365 

CW-Zone 5-5 



I HULt t.3-1 

Construction Worker - Zone 5 - InhaleRad 
Construction Worker -Inhalation of Gases 8 Particulates 
Risk calculation for Zone 5 

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 

UNITS 
pCi calculated below 

pCilm3 see COC list below 
dayslyr 30 

yrs 1 
m3/hr 2.5 

hrslday 8 

COC conc CSFi -1 

total = 3.55E-06 

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 pCilg) 

CW-Zone 5-6 



TABLE E.5-1 
Construction Worker - Zone 5 - IngestSoilRad 

Construction Worker - 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 

COC conc CSFos 1-1 nCi/a 1hCi CDI*CSF 

UNITS 7 1  
pCi calculated below 

pCilg see COC list below 
dayslyr 30 

Yrs 1 
glday 0.33 

unitless 1 

CW-Zone 5-7 



IABLt t . 3 - I  
Construction Worker - Zone 5 - IngestSWrad 

Construction Worker - Ingestion of Surface Water 
Risk calculation for Zone 5 

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 

UNITS Assigned Values 

pCi/L see COC table below 
pc i  1-1 

da yslyr 6 
Yrs 1 

Llday 0.005 

COC conc CSFow CDI I ILCR 
pCilL 1 IpCi pCi CDI'CSF 

Lead-210 + D I 7.80E-01 1 1.27E-09 2.34E-02 I 2.97E-11 
Cesium-I37 + D I 1.99E+00 I 3.04E-11 5.97E-02 I 1.81E-12 

Thorium-228 + D 

[Uranium-238 + D I 7.12E+00 1 8.71E-11 I 2.14E-01 I 1.86E-11 
total = 2.09E-10 

CW-Zone 5-8 



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, = 

SH, = 
ET, = 

SHi = 

(CS*EF*ED‘ET,*( I-SH,))+(CS*EF’ED*ETi*(l-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 7 1  
yr pCilg calculated below 

pCilg see COC list below 
-_ 0.08 

_ _  0.33 
-- 0.00 
_ _  0.25 
-- 0.5 

Yrs 1 

CW-Zone 5-9 



TABLE E.5-1 
Construction Worker - Zone 5 - SumPaths 

Inhale 1.42E-03 3.56E-06 3.55E-06 
Dermal Soil 4.83E-03 3.57E-08 NA 

Dermal Surface Water 1.29E-02 3.80E-07 NA 
Ingest Soil 3.31 E-02 2.54E-07 1.28E-07 

ingest Surface Water 7.84E-05 4.67E-10 2.09E-10 
External Radiation NA 5.26E-07 5.26E-07 

v . 

Construction Worker - Summation of all Pathways 
Risk calculation for Zone 5 

HQ ILCR 
rad only 

ILCR 

Summation of all paths for individual nuclides 
Total BKGD Total-BKGD 
ILCR ILCR ILCR 

Uranium-235 + D I 3.27E-09 I 9.16E-10 I 2.35E-09 
Uranium-238 + D I 2.47E-08 I 6.94E-09 I 1.78E-08 

SUM 4.21E-06 4.57E-08 

CW-Zone 5-10 



TABLE E.5-1 
Construction Worker - Zone 5 - SumPaths 

Summation of all paths for individual chemicals 
Total BKGD Total-BKGD 

ILCR HQ ILCR HQ ILCR HQ 

CW-Zone 5-1 1 



IAl5Lt t . 3 - I  
Construction Worker - Zone 5 - SumPaths 

Summation of all paths for individual chemicals (continued) 
Total BKGD Total-BKGD 

ILCR HQ ILCR HQ ILCR HQ 

SUM 5.53E-07 5.23E-02 3.92 E-0 7 2.2 5E-02 

CW-Zone 5-1 2 



TABLE E 5 2  
Groundskeeper I Sampler -Zone 5 - InhaleChem 

GroundskeeperlSampler . Inhalation 01 Gases B Parllculales 
R k k  calculalion lor Zone 5 

Inlake Equalion: CDI = 
CDI = 
CA = 
EF = 
ED = 

IR = 
ET = 
BW = 
ATc = 
ATn = 

(Cs'E~ED'l~ET)l(BW'AT) 
Wlronlc Daily Intake 

Concenlraliori of chemical in air 
Exposure lrequcncy 
Exposure duration 

lnlialaliofi ralc 
Exposure linie 
Body weighl 
Average limc lor carcinollelis 
Average linio for non-carcinogens 

UNITS (adulll 
iriglkgday calculaled bclow 

niglm' see COC lis1 bclow 
dayslyr 100 

yrs 25 

m'lhr 2.5 
timiday 0 

kg 70 
days 25550 
days 9125 

ADULT 
COC conc RfDi CSFi CDI I HQ [ CDI I ILCR 

Air concenlralion Is derived using air partlculale value of 26 uglrn3(2005 SER background average from monilor AMs-12) mulliplied by the soil concenlralion. 

GS-Zone 5-1 



I C..n-L 

Groundskeeper I Sampler -Zone 5 - DermalSoilChem 

GroundskeeperlSarnpler - Dermal Contact with SoIllSedlment 
Risk calculatlon for Zone 5 

Intake Equation: CDI = 
CDI = 
cs = 
AB 

SA 
EF = 
ED = 
AF = 

(CS'AB'SA'EF'ED'APCF)I(BW'AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Absorption laclor 

Surface area of exposed skin 
Exposure lrequency 
Exposure duration 

Adherence factor 

CF = Converslon factor 
EW = Body weight 
ATc = 
ATn = 

Average lime for carcinogens 
Average lime for non-carcinogens 

UNITS 

mglkg see COC list below 
- see COC list below 

mgikgday calculated below 

cm'lday 3300 
daWyr 100 
Y G  25 

mgicm' 0.3 

kglmg 1.00E-06 
kg 70 

days 25550 
days 9125 

GS-Zone 5-2 



TABLE E.5-2 
Groundskeeper I Sampler -Zone 5 - IngestSoilChem 

GroundskecperISampler - lngeslion of Soil 
Risk calculallon for Zone 5 

Intake Equalion: CDI = (CS'EF'ED'IR'FI'CF)I(O~AT) 
CDI = Clironic Daily liilakc 
CS = Concenlration of cliemical in soil 
EF = Exposure frequency 
ED = Exposure duralion 
IR = lngcslion rale 
Fi = 
CF = Conversion laclor 

OW = Body weiglit 
ATc = 
ATn = 

Fraction 01 conlaminaled soil 

Average lime lor carcinogens 
Avcrage time lor nail-carcinogens 

UNITS -1 
niglkg see COC list below 

rnglkgday calculaled below 

dayslyr 100 

mglday 100 
Y E  25 

unillcss 1 
kglmy 1.00E-06 

kg 70 
days 25550 
days 9125 

COC conc RfDo CSFo 

total = 3.34E.02 total = 3.20E.06 

GS-Zone 5-3 



I HULt e.>-z 
Groundskeeper  / Sampler - Zone 5 - DermalSWchem 

GroundskeepedSamplor . Dormal Contact wllh Surface Watei 
Risk calculation for Zone 5 

lnlake Equalion: CUI = (DA'EF'ED'SAY(BW'AT) 
CDI = Chronic Daily lnlake 
DA = Dermal absorpbon dose 
EF = Exposure lrequency 
ED = Exposure duration 

SA = Surlacc area 01 skin 
BW = Bodyweight 
ATc = Average lime lor carcinogens 
ATn = Average lime for non-carcinq(ons 
DA = CK;CF'ET 
C, = concentalion of ilh contaminant In surface waler 
K, = permeabilily constant for Ilh conlaminant 
CF = convenion factor 
ET = exposure time 

tJNlTS Ladun] 
mglkgday calculat~~I below 

mglcm'day see COC lis1 below 
dayslyr 12 

Y" 25 

cm' 5670 
kg 70 

days 25550 
days 9125 

where: 
mglL see COC list below 
cmlhr see COC list below 

ucm' 0.001 

I an, I, T I 

hrld 1 

GS-Zone 5-4 



TABLE E.5-2 
Groundskeeper I Sampler -Zone 5 - IngestSWchem 

GroundsheeperlSampler - Ingestion of Surface Water 
Risk calculallon for Zone 5 

lnlake Equalion: CUI = 
CUI = 
cw = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

(CW'EF'ED'IR)I(BW'AT) 
Cliroiiic Uaily inlakc 
Conccnlration of chciiiical in walcr 
Exposure frequency 
Exposure duralion 
lngeslioii rate 
Body wcighl 
Averayc lime lor carcinogens 
Averagc lime lor non-carcinogens 

UNITS 
mglkgday 

mglL 
daplyr 

Y E  
Uday 

kg 
days 
days 

Vilues 

12 
25 

0.01 
70 

25550 
9125 

see COC table below 

GS-Zone 5-5 



TABLE E.5-2 
Groundskeeper I Sampler -Zone 5 - InhaleRad 

GroundskeeperlSampler - Inhalation of Gases 8 Particulates 
Risk calculation for Zone 5 

Intake Equation: 

COC 

CDI = 
CDI = 

CA = 
EF = 
ED = 
IR = 
ET = 

conc 
pci/m3 

(CA'EF'ED'IRTT) 
Chronic Daily Intake 

Concentration of radionuclide in air 
Exposure frequency 
Exposure duration 

Inhalation rate 
Exposure time 

ADULT 
CSFi 
IloCi oCi CDI'CSF 

UNITS -1 
pCi calculated below 

pCi/rn3 see COC list below 
dayslyr ,100 

Yrs 25 

m3/hr 2.5 
hrslday a 

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 pCilg) 

GS-Zone 5-6 



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 

COC 

UNITS -1 
pCi calculated below 

pCi/g see COC list below 
dayslyr 100 

Yrs 25 
0.1 

unitless 1 

GS-Zone 5-7 



TABLE E.5-2 
Groundskeeper / Sampler - Zone 5 - IngestSWrad 

GroundskeeperlSampler - Ingestion of Surface Water 
Risk calculation for Zone 5 

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 

COC 

total = 2.09E-08 

UNITS Assigned Values 

pCilL see COC table below 
pc i  

dayslyr 12 
Yrs 25 

Llday 0.01 

GS-Zone 5-8 



TABLE E.5-2 
Grou~ndskeeper I Sampler - Zone 5 - ExternalRad 

GroundskeeperlSampler - External Radiation 
Risk calculation for Zone 5 

intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET,, = 
ET, = 
SH, = 
SHi = 

(CS*EF*ED*ET,*(I-SH,))+(CS*EF*ED*ET,*(l 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 

ADLJLT 1 

UNITS 1-1 
yr pCilg calculated below 

pCi/g see COC list below 
__ 0.27 

Yrs 25 
-_ 0.33 
-- 0.00 
-- 0.25 
_ _  0.5 

COC conc 
oCi/a 

GS-Zone 5-9 



Inhale 4.72E-03 
Dermal Soil 1.61 E-02 

Dermal Surface Water 5.15E-02 
Ingest Soil 3.34E-02 

Ingest Surface Water 3.13E-04 
External Radiation NA 

Summation of all paths for individual nuclides 
Total BKGD Total-BKGD 
ILCR ILCR ILCR 

SUM 3.43E-04 1.97E-06 

2.97E-04 2.96E-04 
2.97E-06 NA 

3.80E-05 NA 
6.42E-06 3.22E-06 

4.67E-08 2.09E-08 
4.39E-05 4.39E-05 

GS-Zone 5-1 0 



TABLE E.5-2 
Groundskeeper / Sampler - Zone 5 - SumPaths 

Summation of all paths for individual chemicals 
Total BKGD Total-BKGD 

ILCR HQ ILCR HQ ILCR HQ 

GS-Zone 5-1 1 



TABLE E.5-2 
Groundskeeper I Sampler - Zone 5 - SumPaths 

Summation of all paths for individual chemicals (continued) 
Total BKGD Total-BKGD 

ILCR HQ ILCR HQ ILCR HQ 

SUM 4.50E-05 1.06E-01 3.86E-05 6.26E-02 

GS-Zone 5-1 2 



Undeveloped Park User -lnhalallon of Gases 8 Particulates 
Rlsk Calculation for Zone 5 

mglkgday 
Intake Eauation: 

child I youth I adult 1 senlor 
CDI = (CA*EFED7WET) l (BWA~ 
CDi = Chronic Dally Intake 

CA = 
EF = Exposure frequency 
ED = Exposure duration 

IR = Inhalation rate 
ET = Exposure t m e  
BW = Body weight 
ATc = 
ATn = 

Concenlration of chemical in air 

Average time for carcinogens 
Average time for non-carcinogens 

TABLE E.5-3 
U n d e v e l o p e d  Park User - Z o n e  5 - I n h a l e C h e m  

see table of COCs below 
20 40 20 40 
3 6 14 7 

1 1 1 1 
2 2 2 2 

15 47 70 70 
25550 25550 25550 25550 

1095 2190 5110 2555 

UPU - Zone 5 -1 



TABLE E.5-3 
U n d e v e l o p e d  Park U s e r  - Z o n e  5 - I n h a l e C h e m  

Undeveloped Park User -Inhalation of Gases B Particulates 
Risk caiculatlon for Zone 5 

Intake Equation: CDI = 
CDI = 

CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CVEFED'IR'ET)/(BW'AT) 
Chronic Dally Intake 

Concentration of chemical in air 
Exposure frequency 
Exposure duration 

inhalation rate 
Exposure time 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

UNITS Assigned Values 

mgim' 
mglkgday child I youth 1 adult 1 senior 

see table of COCs below 
daWY 20 40 20 40 
ys 3 6 14 7 

m'hr 1 1 1 1 
hMday 2 2 2 2 

kg 15 47 70 70 
day5 25550 25550 25550 25550 
days 1095 ,2190 5110 2555 

CHILD I YOUTH I ADULT I SENIOR I SUM 
COnC RfDi CSFl CDI I HQ I CDI I ILCR I CDI I HQ I CDI 1 ILCR I CDI I HQ I CDI I ILCR I CDI I HQ 1 CDI I iLCR I CDI I HQ I CDI I iLCR COC 

total = 1.88E.04 total = 4 .22E48  
Air concentration is derived using an air particulate value of 26 uglm' (2005 SER background average from monitor AMs-12) multiplied by Ihe soil concenlratlon. 

UPU -Zone 5 -2 



TABLE E 5 3  
Undeveloped Park User -Zone 5 - DerrnalSoilChern 

UNiTS 
mgkgaay 

Undeveloped Park User. Dermal Contact with SoillSedimenf 
Risk Calculation lor Zone 5 

A s s m w  Va ves 
cnt.0 I y0.m I aout 1 sen.or 

Intake Equation: CDI = 
CDI = 
cs = 
AB 

SA 
EF = 
ED = 
AF = 
CF = 
BW- 
ATc = 
ATn = 

(CSAWSKEPED’AFTFY(BW’AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Absorption factor 
Surface area of exposed skin 
Exposure frequency 
Exposure duration 

Adherence faclor 
Conversion factor 
Body weigh: 
Average time for carcinogens 
Average time for nowcarcinogens 

- see (able of COCs below 

2800 
20 

3 
0 2  

1 OOE-OS 
15 

25550 
1095 

4370 5700 
40 20 

6 14 

0.2 0.07 
1.00E-06 1.00E-06 

47 70 
25550 25550 
2190 5110 

5700 
40 

7 
0.07 

1 .OOEdS 
70 

25550 
2555 



Undeveloped Park User - Dermal Contact with SolllSedimenl 
Risk salculation for Zone 5 

r) UNITS 
mglkgday 

intake Equation: Assigned Values 
chila I youth 1 adult I senlor 

CDI = 
CDI = 
cs = 
AB 

SA 
EF = 
ED = 
AF = 
CF = 
EW = 
ATc = 
ATn = 

(CS'AB'S~E~ED-AF'CFY(BW'A1 
Chronic Daily Intake 
Concenlration of chemical in soil , 

Absorption factor 

Surface area of exposed skin 
Exposure frequency 
Exposure duration 

Adherence faclor 
Convenion factor 
Bodyweight 
Average Dme for carcinogens 
Average bme for nonsaicinogens 

TABLE E.5-3 
Undeveloped Park User -Zone 5 - DerrnalSoilChem 

_ _  - see table of COCs below 
cmbay 2600 4370 5700 5700 
dwdyr 20 40 20 40 

3 6 14 7 
rng/cm' 0.2 0.2 0.07 0.07 
kglrng 1.00E-06 1.00E-06 1.00E-06 1.00E-06 

kg 15 47 70 70 
days 25550 25550 25550 25550 
days 1095 2190 5110 2555 

UPU . Zone 5 4 



TABLE E.5-3 
Undeveloped Park User -Zone 5 - IngestSoilChem 

(CSEFED'IR'FI'CF)/(BW'AT) UNITS 
Chronic Daily Intake mgkgday 

Undeveloped Park User - Ingestion of Soli 
Risk Calculation for Zone 5 

Assigned Values 
child I youth I adult I senior 

Intake Equation: COI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 
BW = 
ATc = 
ATn = 

COC conc 

UPU - Zone 5 -5 



Undeveloped Park User - Ingestlon of Soil 
Risk calculation for Zone 5 

Intake Equation: CDI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

Mc conc 

(Cs*EFEWlR.FKFY(EWAT) 
Chronic Daily Intake 
Concentralion of chemlcal in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil 
Conversion factor 
Body weight 
Average lime for carcinogens 
Average lime for non-carcinogens 

TABLE E.5-3 
Undeveloped Park User -Zone 5 - IngestSoiIChem 

UNITS Asslgned Values 

mglkg 
d a W r  20 
yn 3 

mglday 200 

mglkgday Child I yo ulh I adult I Senlor 

see table of COCs below 

unitless 1 
kglmg 100E-06 1 

kg 15 
days 25550 
dar j  1095 

00 20 40 
6 14 7 

100 100 100 
1 1 1 

.00E-06 1.OOE-06 1.00E-06 
47 70 70 

25550 25550 25550 
2190 5110 2555 

total= 1.64E-92 lotal= 1.89E06 

UPU -Zone 5 -6 



Undeveloped Park Usor - Dermal Contact wkh Surface Water 
Risk ulsulatlon for Lono 5 

UNITS lmake Equabn: 
AssigWd Va les  

child I p mn 1 .  adun 1 senor 

where: 

CDI = (DA'EF'ED'SAP(BW'AT) 
CDI = Chronic Daily lmake 

DA = Dermal abSorpliOn dose 
EF = Expowre frequency 
ED = Expowre duration 

SA = Surface area of skin 
BW= Bodyweight 
ATc = Average time for carcimgens 
ATn = Average lime for mn-carcimgens 
DA = CK:CF'ET 
C, = mncemaliin of L mmamiwm in surface water 
K. = peneabilny m n M m  for Lh mmamiwm 

CF = mnvenon fador 
ET = exposure lime 

cot K. DA RfW CSFd 

TABLE E 5 3  
Undeveloped Park User - Zone 5 - DermalSWchem 

mglcm'day see COC 11s bebw 
d&yr 12 12 12 12 

Y R  3 6 14 7 

cm' 2180 4470 6070 6070 
kg 15 47 70 70 

day, 25550 25550 25550 25550 
day, 1095 2190 5110 2555 

mgA see COC tm below 
cmihr see COC lis benw 

~cm' 0001 0001 0001 0001 
hrld 1 1 1 1 

CHILD I YOUTH I ADULT I SENIOR I SUM 
CDI I HC) I CDI I ILCR I CDI 1 HC) I CDI I ILCR I CDI I HQ I CDI 1 ILCR I CDI I HC) I CDI I tLCR I CDI 1 HQ I CDI I ILCR 

UPU . Zone 5 -7 



TABLE E.5-3 
Undeveloped Park User. Zone 5 . DermalSWchem 

whre:  

Undevslopd Park User. Dermal Comast with Surface Water 
R h k  ulsulatlon f o r Z o ~  5 

Assigned Values 
Ulh I addl 1 sen01 Intake Equalbn: CDI = (OA'EF'ED'SAY(BW'AT) UNITS cniu I p 

CDI = Chronic Daily lmake mglkgaay calculated M b w  

DA = Dermal abYlrplwn dose mgicm'day see COG lin Mbw 
EF = -sure frequency d a p ' y  12 12 12 12 
ED = Exposure dura6on Y E  3 6 14 7 
SA = Sufiaoe area of skin cm' 2180 4470 6070 6070 
BW= Bodyweighl kg 15 47 70 70 
ATc = Awrage time for carcinogens a a p  25550 25550 25550 25550 
ATn = Average time for rwrrcarcimgens days 1095 2190 5110 2555 
DA = C C C F ' E T  
C, = mmrdaton of Rh mmaminam in %#ace waler mglL see COC lm M b w  
K. = permeabil i m&nl for Lh mmaminam m l h r  see COC lis Mbw 

CF- rnnversbnfacmr ucm' ' 0.001 0 . ~ 1  0.001 0 . ~ 1  
ET=  exposurehe nria 1 1 1 '  1 

UPU .zone 5 -8 



TABLE E.5-3 
Undeveloped Park User - Zone 5 - IngestSWchem 

UNITS 
mglkgday 

Undeveloped Park User - Ingestion of Surface Water 
Risk wlculation for Zone 5 

Asigned Values 
ah I aaun 1 Senwr chtld I yo 

Intake Equafon: CDI = 
CDI = 
cw = 
EF =, 
ED = 
IR = 
BW-  
ATc = 
ATn = 

(CW'EF'ED'IRY(BW'AT) 
Chronic Daily Intake 
COn~entratmof chemical in wafer 
orpasure frequency 
Exposure duratan 
lr@RiO" rate 
Body weism 
AYerage h e  for carcirogens 
Average time for mn-carciwgens 

UPU -Zone 5 -9 



TABLE E.5-3 
Undeveloped Park User. Zone 5 .  IngestSWchem 

Undeveloped Park User. Ingestion of Surface Wafer 
Risk calculation for ZDM 5 

lmke  Equalon: COI = 
COI = 
c w =  
EF = 
ED = 
IR = 
BW= 
ATc = 
ATn = 

wc cw 

(CW'EF'ED'IR)'(BIV'AT) 
C h m k  OaiW Imake 
Conoermamn 01 chemial in water 
Expawre frequency 
Exposure duratwn 
ingestan rale 
BOdyweWn 
Average time lor carcimgens 
Average time for mmarcimgem 

dayVyr 12 12 12 12 
Y E  3 6 14 7 

Uday 0035 0035 0.015 0.015 
kg 15 47 70 70 

d a e  25550 25550 25550 25550 
aayS 1095 2190 5110 2555 

total I 1.17E-03 total = 1.15E-07 

UPU .Zone 5 -10 



TABLE E.5-3 
Undeveloped Park User - Zone 5 - InhaleRad 

Undeveloped Park User - Inhalation of Gases & Particulates 
Risk calculation for Zone 5 

Intake Equation: CDI = (CA*EF*ED* I R*ET) UNITS 
CDI = Chronic Daily Intake pCi 

CA = Concentration of radionuclide in air pci/m3 
EF = Exposure frequency dayslyr 
ED = Exposure duration Yrs 
IR = Inhalation rate m3/hr 
ET = Exposure time hrs/day 

Assigned Values 
child 1 youth 1 adult I senior 

see table of COCs below 
20 40 20 40 

3 6 14 7 

1 .o 1 .o 1 .o 1 .o 
2 2 2 2 

Air concentration is derived using an 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/rn3. This conversion factor is based on Rn-222 air background and Ra-226 

soil background (Le., 400 pCi/m3 divided by 1.56 pCi/g) 



TABLE E.5-3 
Undeveloped Park User - Zone 5 - IngestSoilRad 

Undeveloped Park User - Ingestion of Soil 
Risk calculation for Zone 5 

Intake Equation: CDI = (CS*EF*ED*IR*FI) UNITS 
CDI = Chronic Daily Intake pCi 
cs = Concentration of radionuclide in soil pCi/g 
EF = Exposure frequency dayslyr 
ED = Exposure duration Yrs 
IR = Ingestion rate dday 
FI = Fraction of contaminated soil unitless 

Assigned Values 
child 1 youth I adult I senior 

see table of COCs below 
20 

3 
0.2 

1 

40 20 40 
6 14 7 

0.1 0.1 0.1 
1 1 1 

total = 1.19E-06 

UPU - Zone 5 -12 



TABLE E.5-3 
Undeveloped Park User - Zone 5 - IngestSWrad 

Undeveloped Park User - Ingestion of Surface Water 
Risk calculation for Zone 5 

Intake Equation: CDI = (CW*EF*ED*IR)/(BW*AT) 
CDI = Chronic Daily Intake 
c w =  
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

Concentration of radionuclide in water 

UNITS 1 Assianed Values I 
pCi I child I youth I adult I senior 1 

pCilL see COC table below 
dayslyr 12 12 12 12 

Yrs 3 6 14 7 
Uday 0.035 0.035 0.015 0.015 

UPU - Z m e  5 -13 



TABLE E.5-3 
Undeveloped Park User - Zone 5 - ExternalRad 

Undeveloped Park User - External Radiation 
Risk calculation for Zone 5 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
ET, = 

SH, = 
SH, = 

ET, = 

(CS*EF*ED*ET,'(l -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 

Assigned Values 
child I youth I adult [ senior 

see table of COCs below 
0.055 0.1 1 0.055 0.1 1 

3 6 14 7 
0.083 0.083 0.083 0.083 

NA NA NA NA 
0.25 0.25 0.25 0.25 

NA NA NA NA 

UPU -Zone 5 -14 



TABLE E.5-3 

L 

Inhale 1.88E-04 1.02E-05 1.02E-05 
Dermal Soil 3.76E-03 8.32E-07 NA 

Dermal Surface Water 5.99E-02 5.30E-05 NA 
Ingest Soil 1.64E-02 3.07E-06 1.1 9E-06 

Ingest Surface Water 1.17E-03 1.15E-07 5.27E-08 
External Radiation NA 3.83E-06 3.77E-06 

Undeveloped Park U s e r  - Z o n e  5 - SumPaths 

Cesium-I 37 + D 
Lead-21 0 + D 
Neptunium-237 + D 
Plutonium-238 

3.15E-08 2.54E-08 6.02E-09 
5.32E-07 3.90E-07 1.42E-07 
8.57E-10 6.06E-11 7.96E-10 
9.91E-11 1.09E-11 8.82E-11 

Summation of all paths for individual nuclides 
Total BKGD Total-BKGD 
ILCR ILCR ILCR 

SUM 1.52E-05 3.96E-07 

UPU - Zone 5 -15 



TABLE E.5-3 
Undeveloped Park User -Zone 5 - SumPaths 

Summation of all paths for individual chemicals 
Total BKGD Total - BKGD 

ILCR HQ ILCR HQ ILCR HQ 



TABLE E.5-3 
Undeveloped Park User -Zone 5 - SumPaths 

Summation of all paths for individual chemicals (continued) 
Total BKGD Total - BKGD 

UPU - Zone 5 -1 7 



APYENDlX E.6 
Zone 6 

Table 

E.6-I Construction Worker - Only available on CD ROM. 

E.6-2 Groundskccpcr / Sampler - Only available on CD IIOM. 

E.6-3 Undevcloped Park User - Only availablc on CD ROM. 

E.6-4 Building Maintenance 

E.6-5 Museum Workcr 

E.6-6 Muscum Visitor - Only available on CD ROM. 

- This receptor has no exposure for this zone, thcreI'ore no table exists. 

- Hard copy providcd in this appendix, also available on CD ROM. 



TABLE E.6-5 
Museum Worker -Zone 6. InhaleChem 

Museum Worker - lnhalallon of Gases 8 Partlculales 
Rlsk calculalion lor  Zone 6 

Intake Equalion: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CS'EF'ED'IR'ET)/(BW'AT) 
Chronic Daily Intake 

Concentration 01 clicmical 111 air 
Exposuro IleQUenCY 
Exposure duralion 

Inhalalion ralc 
Exposure lime 
Bady weigh1 
Average lime lor carcinogens 
Average lime for non-carcinogens 

UNITS (-1 

n1glm' see COC lis1 below 
dayslyr 250 

m'lhr 1 5  
lirslday 1 

kg 70 
day; 25550 
days 9125 

mglkgday calculated below 

Yrs 25 

ADULT 
m c  c M C  RlDI CSFi CDI I HQ 1 CDI 1 ILCR 

. .. . . .. . , .. . , .. . ,.- , ..I. , NH 1 
total = 5.688-04 total = 2.28E-08 

Air concentration is derived mino air Oarliculale value of 26 uolm' 12005 SER backoround averaoe from mmilor AMS-121 mulliolied bv the soil Concentration 

MW-Zone 6-1 



Museum Worker -Zone 6 - DermalSollChem 

Museum Worker - Dermal Contact wlth SoillSediment 
Risk calculalion for Zone E 

Intake Equalion: CDI = 
CDI = 
cs = 
AB 

SA 
EF = 
ED = 
AF 
CF = 
BW = 
ATc = 
ATn = 

(CS'AB'SA'EF'ED'AF'CF)l(BW'AT) 
Chronic Daily Intake 
Concentralion of chemical in soil 
Absorption factor 

Surface area of exposed skin 
Exposure frequency 
Exposure duration 

Adherence faclor 
Conversion factor 
Bodyweight ' 

Average time for carcinogens 
Average time for non-carcinogens 

UNITS 

mgkg see COC list below 
- see COC list below 

rngkgday calculated below 

cm'lday 904 
dayslyr 250 
yn 25 

rnglcm' 0.07 
kglmg 1.OOE-06 

kg 70 
days 25550 
days 9125 

I 1 
COC conc AB R o d  CSFd 

tolal= 1.91E-03 total= 4.17E-07 

MW-Zone 6-2 



TABLE E.6-5 
Museum Worker. Zone 6 - IngestSollChem 

Museum Worker - lngcstlon Of Sol1 
Rlsk calculation for Zone 6 

lnlake Equation: COI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 
BW = 
ATc = 
ATn = 

(CS'EF'E~l~FI'CF)I(BW'AT) 
Chronic Dally Intake 
Conccntralion of chemical in soil 
Exposure frequency 
Exposure duration 
Ingeslion rate 
Fmclion of conlaiiiinaled soil 
Conversion factor 
Body welghl 
Average lime for carcinwens 
Average lime for non-carcinogens 

UNITS 

niglkg see COC lisl below 
dayslyr 250 

Yrs 25 
mglday 50 
unilless 1 
kglmg 1.00E-06 

kg 70 
days 25550 
days 9125 

niglkgday calculated below 

MW-Zone 6-3 



_ _  
Museum Worker - Zone 6 .  DermalSWchem 

Museum Worker - Dermal Contact with Surface Water 
Rlsk calculatlon forzone 6 

Inlake Equation: CDI = (DWEPEo'SA)l(EWAT) 
CDI = Chronic Daily Intake 

DA = Dermal absorplton dose 
EF = Exposure freqtiency 
ED = Exposure duration 

SA = Surface area 01 skin 
BW = Badyweighl 
ATc = Average time for carcinogens 
ATn = Average llme for norrcarcinogens 
DA = V y ' C F ' E T  
C. = mncenlation of ikh conlaminatit in surface wale1 
b = permeability mnslant for Ikh contaminant 
CF = conversion factor 

ET = exposure time 

where: 

UNITS [T 
rnglkgday calculated below 

mglcrn'day see COC list below 
dayslyr 8 

yrs 25 
cm2 904 
ko 70 

days 25550 
days 91 25 

mglL see COC list below 
crnlhr see COC lis1 below 

~ c m '  0.Wt 

hrld 0.5 

COC C. DA R D  CSF 

total = 2.728-03 total = 1.848-06 

MW-Zone 6-4 



TABLE E.6-5 
Museum Worker -Zone 6. IngeslSWchem 

Museum Worker. Ingestion of Surface Water 
Risk calculatlon for Zone 0 

Intake Equation: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

UNITS Ass1 ned Values 
mglkgday +I (CW*EF*EIYIR)l(BW'AT) 

Chronic Daily Inlake 
Concentralion of clicmical in waler rrglL sec COC table below 
Exposure frequency dayslyr a 
Exposure duralion yrs 25 

Body welgtll ko 70 
Average lime for carcinogens days 25550 
Averagc time for non-carcinogens days 9125 

lngeslion rate Uday 0.001 

i 

MW-Zone 6-5 



IHtJLC c.0-3 
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 

CA = 
EF = Exposure frequency 
ED = Exposure duration 

IR = Inhalation rate 
ET = Exposure time 

Concentration of radionuclide in air 

UNITS adult] 
pCi calculated below 

pCi/m3 see COC list below 
dayslyr 250 

Yrs 25 
m3/hr 1.5 

hrslday 1 

COC 
ADULT 

conc CSFi 

Air concentration is derived from air particulate value of 26 ug/m3 (2005 SER background average ..om monitor 

MW-Zone 6-6 

AS- 2) multipliei by soil concentration. 

Rn-222 is derived by multiplying the soil Ra-226 value by 256 glrn3. 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) 



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 

COC 

,.I__. 

conc CSFos 
DCila 1 lpCi pCi CDITSF 

MW-Zone 6-7 

UNITS 7 1  
pCi calculated below 

pCi/g see COC list below 
dayslyr 250 

Yrs 25 
dday 0.05 

unitless 1 



I ABLt t.6-3 
Museum Worker -Zone 6 - IngestSWrad 

Cesium-137 + D 2.00E+00 3.04E-11 
Lead-210 + D 6.99E-01 1.27E-09 
Neotunium-237 + D NA 6.74E-11 

Museum Worker -Ingestion of Surface Water 
Risk calculation for Zone 6 

4.00E-01 1.21 E-I 1 
1.40E-01 1.78E-10 

NA NA 

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 1 
COC conc CSFow CDI I ILCR 

DCilL 1 lDCi DCi CDI*CSF 

total = 1.43E-09 

UNITS Assigned Values 

pCilL see COC table below 
p c i  

dayslyr 8 
Yrs 25 

Uday 0.001 

MW-Zone 6-8 



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 = 

COC conc 
oCi/a 

(CS*EF'ED*ET,'( 1 -SH,))+(CS'EF*ED*ETi*( ISH,)) 
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 

CSFx II CR 

UNITS [ T I  
yr pCilg calculated below 

pCi/g see COC list below 
_- 0.68 

Yrs 25 
-- 0.04 
-_ 0.29 
-- 0.25 
-- 0.5 

MW-Zone 6-9 



I MDLC: C.O-3 

Museum Worker -Zone 6 - SumPaths 

Inhale 
Dermal Soil 
Ingest Soil 
Dermal Surface Water 
ingest Surface Water 
External Radiation 

5.68E-04 5.91 E-05 5.91 E-05 
1.91 E-03 4.17E-07 NA 
5.19E-02 8.45E-06 4.78E-06 
2.72E-03 I .84E-06 NA 
2.44E-05 3.48E-09 1.43E-09 

NA 8.30E-05 8.30E-05 

Summation of all paths for individual nuclides 
Total BKGD Total - BKGD 

Thorium-230 5.56E-07 
Thorium-232 9.29E-08 
Uranium-234 6.92E-07 
Uranium-235 + D 1.01 E-06 
Uranium-238 + D 5.28E-06 

ILCR ILCR ILCR 
)cesium-I 37 + D I 7.75E-07 I 5.11E-07 I 2.65E-07 1 

I .13E-07 4.43E-07 
1.06E-07 O.OOE+OO 
8.24E-08 6.10E-07 
1.20E-07 8.92E-07 
6.28E-07 4.65E-06 

I 
- 

Lead-210 + D I 1.33E-06 I 1.32E-06 I 3.68E-09 

MW-Zone 6-10 



TABLE E.6-5 
Museum Worker -Zone 6 - SumPaths 

Summation of all paths for individual chemicals 
Total Total - BKGD BKGD 

MW-Zone 6-1 1 



Museum Worker -Zone 6 - SumPaths 

Summation of all paths for individual chemicals (continued) 
Total BKGD Total - BKGD 

MW-Zone 6-12 



APPENDIX E.7 
Zone 7 

Table 

E.7-I Construction Worker - Only available on CD [<OM. 

E.7-2 Groundskeepcr / Sampler - Only available on CD IiOM. 

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. 



TABLE E.7-4 
Building Maintenance -Zone 7 . InhaleChem 

Building Malntenance .Inhalation of Gases 8 Particulates 
Risk calculallon lor Zone 7 

lnlake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CS'EF'ED'IR'ET)I(BW'AT) 
Chronic Daily Inlake 

Concenlralion 01 chemical in air 
Exposure frequency 
Exposuro duralion 

lnhalallon rale 
Exposure lime 
Body weight 
Average lime for carcinogens 
Average lime for non-carcinogens 

UNITS 

m g d  see coc list below 
dayslyr 250 

w 25 
ni'lhr 1.5 

hrslday 1 
kg 70 

days 25550 
days 9125 

mgikgday calculaled below 

Air concentration is derived using air padlculate value of 26 uglm' (2005 SER background average from monitor AMs-12) multiplied by the soil concentration. 

BM-Zone 7-1 



~~ 

Bulldlng Malntenance -Zone 7 - DermalSollChem 

Bulldlng Malntenance - Dermal Conlacl with SolllSedlrnent 
Rlsk calculatlon for Zone 7 

Intake Equation: CDI = 
CDI = 
cs = 
AB 

SA 
EF = 
ED = 

AF = 
CF = 
BW = 
ATc = 
ATn = 

(CS'AB'SA'EF'ED'AF'CF)I(BW'AT) 
Chronlc Daily Intake 
Concenlration of chemical in soil 
Absorption factor 

Surface area of exposed skin 
Exposure frequency 
Exposure durallon 

Adherence factor 
Conversion laclor 
Body weigh1 
Average lime for carcinogens 
Average lime lor non-carcinogens 

UNITS [adllll] 
rnglkg see COC lis1 below 
- see coc list below 

cm'lday 2077 
dayslyr 250 

mglcrn' 0.2 

iiigikgday calcuialed below 

yrr 25 

kglmg 1.00E-06 
ke 70 

days 25550 
days 9125 

I 

total = 1.25E-02 total = 2.88E-06 

EM-Zone 7-2 



TABLE E.7-4 
Building Maintenance - Z o n e  7 - IngestSoiIChern 

Building Maintenance -1ngeslion of Sail 
Rlsk calculallon lor Zone 7 

intake Equation: CDI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

(Cs’EF’ED’IR’FI’CF)I(BW‘AT) 
Chronic Daily lrilakc 
Conccnlralion o l  clicmical In soil 
Exposure frcqucncy 
Exposure duralion 
ingcslion rate 
Fracliorl of conlaniinaled soli 
Conversion laclor 
Body weigh1 
Average lime for carcinogens 
Averago lime for non-carcinogens 

UNITS [adulll 

nlQlkg see COC lis1 below 
dayslyr 250 

Y E  25 
mglday 50 
UnltieSS 1 
kglmg 1 OOE-OG 

kfl 70 
days 25550 
days 9125 

niglkgday CaICUiated below 

I 

BM-Zone 7-3 



IfiDLC E.,_ 

Bui ld ing Malntenance -Zone 7 - DermalSWchem 

Eulldlng Maintenance - Dermal Contact with Suriace Water 
Risk calculation for Zone 7 

Intake Equailon: CDI = (DA'EF'EO'SA)l(EW'AT) 
CDI = Ciironic Daily Intake 

DA = Dermal absorplioii close 
EF = Expasure frequency 
ED = Exposure duration 

SA = Surface area of skin 
EW = Body weight 
ATc = Average time lor carcinogens 
ATn = Average lime for non-carcinogens 
DA = C.'K,'CF'ET 
C. = concentatlon of ilh contaminant in surface water 
% = permeability constant for ith contaminant 
CF = conversion factor 
ET = exposure time 

where' 

UNITS [adult! 
mglkgday calculated below 

mglcm'day NA 
dayslyr NA 

Yrs NA 
cm2 NA 
ke NA 

day, NA 
day, NA 

mglL see COC list below 
cmlhr see COC list below 

Ucm' NA 
hrld NA 

BM-Zone 7 4  



TABLE E.7-4 
Building Maintenance -Zone 7 - IngestSWchem 

Bullding Maintenance. Ingestion of Surface Water 
Rlsk calculation lor Zone 7 

Intake Equalion: CDI I: , (CW*EF*EVlR)/(BW*AT) UNITS Assi ned Values 
Inu/kgday +I CDI = Chronic Daily Intake 

CW = Concenlralion of cherniwl in waler mg/L sot? COC table below 
dayslyr NA EF = Exposure lrequency 

ED = Exposure duration v s  NA 

IR = Ingestion rate Uday NA 

BW = Body weight kg NA 
ATC = Average time for carcinogens days NA 
ATn = Average time for non-wrcincgens days NA 

BM-Zone 7-5 



I ABLE k.7-4 
Building Maintenance - Z o n e  7 - InhaleRad 

Building Maintenance - Inhalation of Gases 8 Particulates 
Risk calculation for Zone 7 

Intake Equation: CDI = (CA'EF'EDYR'ET) 
CDI = Chronic Daily Intake 

CA = 
EF = Exposure frequency 
ED = Exposure duration 
IR = Inhalation rate 

ET = Exposure time 

Concentration of radionuclide in air 

conc CSFi COC 

UNITS -1 
pCi calculated below 

pCilm3 see COC list below 
dayslyr 250 

Yrs 25 
mJlhr 1.5 

hrslday 1 

total = 6.12E-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 glm3. This conversion factor is based on Rn-222 air background and 

Ra-226 soil background (i.e., 400 pCilm3 divided by 1.56 pCilg) 

BM-Zone 7-6 



TABLE E.7-4 
Building Maintenance -Zone 7 - IngestSoilRad 

Building Maintenance - Ingestion of Soil 
Risk calculation for Zone 7 

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 

COC conc CSFos 1-1 
1hCi  CDI'CSF 

UNITS [adult[ 
pCi calculated below 

pCilg see COC list below 
dayslyr 250 

Yrs 25 
0.05 

unitless 1 

EM-Zone 7-7 



I-ABLE E.7-4 
Building Maintenance -Zone 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 
IR = Ingestion rate 

Concentration of radionuclide in water 

COC 

total = O.OOE+OO 

BM-Zone 7-8 

UNITS Assigned Values 

pCi/L see COC table below 
pc i  [adult1 

da yslyr NA 
Yrs NA 

Uday NA 



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, = 
ETi = 
SH, = 
SH, = 

(CS*EF*ED'ET,*(l-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 

COC conc 

UNITS 
yr pCilg 

pCilg 

Yrs 

-_ 

_- 

[adult] 
calculated below 
see COC list below 

0.68 
25 

0.04 
0.29 
0.25 

0.5 

BM-Zone 7-9 



I ABLt t./-4 
Building Maintenance - Zone 7 - SumPaths 

Building Maintenance - Summation of all Pathways 
Risk calculation for Zone 7 

rad only 
HQ ILCR ILCR 

Ingest Soil 3.31 E-02 9.53E-06 
Dermal Surface Water NA NA 
Ingest Surface Water NA NA 
External Radiation NA 8.27E-05 

~~ 

Inhale I 6.87E-05 I 6.12E-05 I 6.12E-05 
Dermal Soil 1 1.25E-02 I 2.88E-06 I NA 

5.89E-06 
NA 

O.OOE+OO 
8.27E-05 

Cesium-I37 + D 8.83E-07 
Lead-210 + D 3.64E-06 
Ne~tunium-237 + D NA 

5.1 1E-07 3.72E-07 
1.32.-06 2.31 E-06 

NA NA 

Plutonium-238 NA I NA I NA 
Plutonium-239/240 I NA NA NA I 

Uranium-234 
Uranium-235 + D 
Uranium-238 + D 

Radium-226 + D 

Strontium-90 + D 

2.74E-07 8.24E-08 1.91 E-07 
4.01 E-07 1.20E-07 2.80E-07 
2.09E-06 6.28E-07 1.46E-06 

BM-Zone 7-1 0 



TABLE E.7-4 
Building Maintenance - Zone 7 - SumPaths 

Summation of all paths for individual chemicals 
Total - BKGD Total BKGD 

ILCR HQ ILCR HQ ILCR HU 

BM-Zone 7-1 1 



I HDLL C. 1 - 9  

Building Maintenance - Zone 7 - SumPaths 

Vanadium NA NA NA NA I NA NA 

- Xylenes NA NA NA NA A NA NA 
Vinyl chloride NA NA NA NA NA NA 

Zinc NA NA NA NA NA NA 

BM-Zone 7-1 2 



Museum Vlsltor - lnhalatlon of Gases 8 Particulates 
Risk calculation for Zone 7 

UNITS 
mglkgday 

Intake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET= 
BW = 
ATc = 
ATn = 

Asslgned Values 
child I youth I adult 1 Senior 

(CSEPED'IR' 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 time for non-carcinogens 

TABLE E.7-6 
M u s e u m  Visitor - Z o n e  7 - InhaleChem 

MV-Zone 7-1 



TABLE E.7-6 
M u s e u m  V is i t o r  - Z o n e  7 - I nha leChem 

Museum Visitor - Inhalation of Gases 8 Particulates 
Risk calculation for Zone 7 

Intake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CS’EFED’IR’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 time for non-carcinogens 

UNITS Assigned ValueS 

mglm’ 
d a W y  10 10 10 20 
ys 3 6 14 7 

m’hr 1 1 1 1 
hnlday 0.5 0.5 0.5 0.5 

kg 15 47 70 70 
days 25550 25550 25550 25550 
days 1095 2190 5110 2555 

uth I adult I senkor rnglkgday Child I yo 
see table of COCs below 

tofal = 1.56E.06 total = 6 . 2 4 ~ 4 0  
Air concentration is derived from air particulate value of 26 uglm’ (2005 SER background average from rnonltor AMS-12) multiplied by soil concentration. 

MV-Zone 7-2 



TABLE E.7-6 
Museum Visitor -Zone 7 - DermalSoilChem 

Museum Visltor ~ Dermal Contact with Soi l lSedimnt 
Risk ~ lculat ion for Zone 7 

Intake Equation: CDI = 
CDI = 
cs = 
AB = 
SA = 
EF = 
ED = 
AF = 
CF = 
BW= 
ATc = 
AT" = 

(CSAWSA'EPED-AF-CFY(sW'AT) 
Chronic Daily Intake 
Concentration O f  chemical in soil 
Absorption laclor 

Surface area of exposed skin 
Exposure frequency 
Exposure duration 
Adherence factor 
Conversion factor 
Body weight 
Average time for carcinogens 
Average time lor nonsarcinogens 

~~~ ~ 

Asslgned values 

see table of COCs below 

UNiTS 
mglkgday child I youth I adull I Senior 

mglkg - 
cm'lday 
dayslyr 

Y B  
mgkm' 
kdmg 

kg 
days 
days 

see table of COCs below 
2800 4370 5700 5700 
10 10 10 20 

3 6 14 7 
0.2 0.2 0.07 0.07 

1.00E-06 1.00E-06 100E-06 100E-06 
15 47 70 70 

25550 25550 25550 25550 
1095 2190 5110 2555 

MV-Zone 7-3 



TABLE E.7-6 
Museum Visitor -Zone 7 .  DermalSoilChern 

Museum Visitor. Dermal Conlast with SoiUSediment 
Risk calculation for Zone 7 

MV-Zone 7-4 



Museum Visitor - Ingestion of Soil 
Risk calculation forzone 7 

Intake Eouation: CDI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 
BW I: 
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 lime for carcinogens 
Average time for non-camnogens 

COC conc 

TABLE E.7-6 
Museum Visitor - Zone 7 - IngestSoilChem 

UNITS Asslgned values 

mg/kg 
mglkgaay chlld I youth 1 adult I . senlor 

see table of COCs beiow 
~~ 

daysly: t o  10 10 20 
!f= 3 6 14 7 

mglday 100 75 50 50 
unitless 1 1 1 1 
k g h g  1.00E-06 1.00E-06 1.00E-06 1.00E-06 

kg 15 47 70 70 
days 25550 25550 25550 25550 
days 1095 2190 5110 2555 



TABLE E .76  
Museum Visitor -Zone 7 - IngestSoilChern 

UNITS 
mgkgday 

Museum Visitor. Ingestion of Soil 
Risk calculation for Zone 7 

Intake Equation: Assigned Values 
child 1 youth I adult I Senlor 

COC RfDO CSFO 

CDI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
Fi = 
CF = 

BW = 
ATc = 
ATn = 

CHILD YOUTH ADULT SENIOR SUM I 1 I I 
CDI I HQ 1 CDi I ILCR 1 CDI I HQ I CDI I ILCR I CDI I HQ I CDi I ILCR I CDI I Ha I CDI I iLCR 1 CDI I HQ I CDI 1 ILCR 

(CS'EFED'IR'Fi'CF)/(BWAT) 
Chronic Daily Intake 
Concentralion of chemical in soil 
Exposure frequency 
Exposure duration 
lngeslion rate 
Fraction of contaminated soil 
Conversion factor 
Body weight 
Average lime for carcinogens 
Average time for noncarcincgens 

conc 
rnnnin 

MV-Zone 7-6 



TABLE E.7-6 
M u s e u m  Visitor. Zone 7 - DermalSWchem 

lmke Equalion: 

where: 

(DA'EF'ED'SAY(BW'AT) 
Chronic Daily I m k e  

Dermal absorptlan dose 
Exposure frequency 
Expasure duration 

Surface area of skin 
Bodywe@! 
Average time for cacimgens 
Average time for wmrc inogens  

.'K.'CF'ET 

COI = 
COI = 
DA = 
EF = 
ED = 
SA = 
B W =  
ATc = 
ATn = 
DA=C. 
C, = 
K. = 
CF = wnwrswnfanor  
E T =  erporuretime 

WncemaLbn of nh wmaminam in surface water 
permeabilny wnsiam for nh wmaminam 

COC C, K. DA- R M  CSFd 

ASSQM~ values 
UNITS cnia I yo mn 1 adun I senor 

mQlkgday calculated bebw 
mo/crn'aay NA NA NA NA 

da r j y r  NA NA NA NA 
yrs NA NA NA NA 

kg NA NA NA NA 
day5 NA NA NA NA 
days NA NA NA NA 

mg/L 5ee COC llst bebw 
CWhr 5ee COC la bebw 

Ucm' NA NA NA NA 
hrld NA NA NA NA 

cm2 NA NA NA NA 

4-Methylphew1 I NA I 995E-03 I NA I 325E-03 I NA I NA 1 NA I NA 1 NA I NA I NA I NA 1 NA I NA I NA I NA I NA 1 NA I NA I NA I NA NA 1 NA I NA I NA 
4 - N m a n a L ~  1 NA I 266E63  I NA I 240863  I 2 6 3 8 6 2  I NA 1 NA I NA I NA 1 NA I NA I NA 1 NA 1 NA I NA I NA [ NA I NA I NA 1 NA 1 NA I NA I NA I NA I NA 
AOerOW 1 NA I 5 6 9 E a  [ NA I 747E-01 I NA I NA 1 NA 1 NA I NA 1 NA I NA I NA 1 NA I NA I NA I NA I NA I NA I NA I NA 1 NA I NA I NA I NA 1 NA 
Antimony 5.0OE-04 l.OOE-03 NA 8.WE-06 NA NA NA NA NA I NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Amcbr-1254 O.OOE+OO 1.29E+00 NA 1.80E-05 2.22E+00 NA NA NA NA I NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Arocbr-1260 0.00E100 5.48Et00 NA 1.60E-05 2,22E+00 NA NA NA NA I NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

NA NA NA NA Arsenic 3.00E-03 1.00E-03 NA 1.231.04 366E+W NA NA NA NA I NA NA NA NA NA NA NA NA NA NA NA NA 
Barium NA 1.00E43 NA t.40E-02 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Carbazok 1 NA 1 7.97E-02 1 NA 1 NA 1 2.865-02 1 NA I NA I NA I NA 
Carbon dwlfde I NA I 1.56E-02 I NA 1 HOE-02 1 NA NA I NA I NA NA 
Cartan tetrachbrde [ NA I 2.24E-02 I NA 1 4.55E-04 I 2.WE61 I NA 1 NA I NA I NA 

MV-Zone 7-7 



Museum Visitor. Dermal Contact with Surface W a b I  
Risk ulcubtlon for Zona 7 

lmke  Equatan: CDI = (DA'EF'ED'SAY(BW'AT1 
CDI = Chronic Daily lmke  
DA i Dermal abSOrptbn dose 
EF = Expsure lreqency 
ED = Expasure auratwn 
SA = Surtace area of skin 
8w- Boayweiam 

UNITS 

where: 

Asgw4 Vaiurs 
child I yo ud 1 adun I senor 

ATc- Average time for carcimgem 
AT" = 
DA = CK,'CF'ET 

Average time for rorcarcimgem 

watei 

TABLE E.7-6 
M u s e u m  Visitor. Z o n e  7 . D e r m a l S W c h e m  

MV-Zone 7-0 



TABLE E.7.6 
Museum Visitor - Zone 7 - IngestSWchem 

dNlTS 
mglkgaay 

Museum Visitor. Ingedon of Surface Water 
Risk ulsdation for ZOM 7 

lmake Equatwn: CDI = 
CDI = 
c w =  
EF = 
EO = 
IR = 
B W S  
ATc = 
ATn = 

ASSBWd V a l m  
cn8m I M mn I a m  I m 0 1  

(CW’EF‘ED’IR)/(BW’AT) 
Chronic Daily lmake 
Concernation of chemicalin water 
Exposure f requew 
Exposure auration 
ingesian rate 
Boayweigm 
Awrage time lor carcirogers 
Awrage time lor m~carc i rogens  

d a k ?  NA NA NA NA 
Yn NA NA NA NA 

Uday NA NA NA NA 
k9 NA NA NA NA 

days NA NA NA NA 
dayr NA NA NA NA 

~ 

2-Bmmne I NA 1 600E-01 I NA I NA 1 NA 1 NA 
3 3-Dichbrobenzdie I NA I NA I 450E-01 I NA 1 NA 1 NA I NA I N A I  NA I NA I NA I NA-- I NA 1 NA I NA I NA I NA I NA I NA I NA I NA I NA 1 NA 
4-Melhylpheml 1 NA I 5WE-03 I NA I NA I NA I NA I NA I NA I NA I NA I NA I NA I NA I NA 1 NA I NA 1 NA 1 NA I NA I NA I NA I NA I NA 

MV-Zone 7-9 



TABLE E.7-6 
Museum Visitor -Zone 7 - IngestSWchern 

Musem Visitor. Ingestion of Surface Wafel 
Risk CalCulatlon tar LON 7 

lmake Equatbn: COIL (CW'EF'ED'IRY(BW'A1) 
CDI i Chronic Daily hake 
Cw = 
EF = Erwsure frequency 
ED = Exposure duratbn 
IR = lmestwn rate 
8 W =  BodyweiaM 
ATc i 
ATn i 

Canoemrawo 01ckmical In water 

Average time for carcimgem 
Average time for m+carcinogem 

days/)7 NA NA NA Nb 
yrr NA NA NA NA 

Uday NA NA NA NA 
kQ NA NA NA NA 

da)5 NA NA NA NA 
days NA NA NA NA 

COC CW RID0 CSFo 

MV-Zone 7-10 



TABLE E.7-6 
Museum Visitor - Zone 7 - InhaleRad 

COC conc CSFi 

Museum Visitor - Inhalation of Gases & Particulates 
Risk calculation for Zone 7 

CHILD I YOUTH I ADULT I SENIOR I SUM 
CDI I ILCR I CDI I ILCR I CDI I ILCR I CDI I ILCR [ CDI I I LCR 

Intake Equation: CDI = (CA*EF*ED*I R*ET) 

CDI = Chronic Daily Intake 

CA = Concentration of radionuclide in air 

Assigned Values 

see table of COCs below 

pCi 
pci/m3 

EF = Exposure frequency dayslyr 10 10 10 20 

ED = Exposure duration 
IR = Inhalation rate 

Yrs 3 6 
m31hr 1 .o 1 .O 

14 7 
1 .o 1 .o 

Air concentration is derived from air particulate value of 26 u g h 3  (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 (Le., 400 pCi/m3 divided by 1.56 pCi/g) 

MV-Zone 7-1 1 



TABLE E.7-6 
Museum Visitor - Zone 7 - IngestSoilRad 

Museum Visitor - Ingestion of Soil 
Risk calculation for Zone 7 

Intake Equation: CDI = (CS*EF*ED*IR*FI) UNITS 
CDI = Chronic Daily Intake pCi 
cs = Concentration of radionuclide in soil pCi1g 
EF = Exposure frequency 
ED = Exposure duration Yrs 
IR = Ingestion rate 
FI = Fraction of contaminated soil unitless 

dayslyr 

Assigned Values 
child I youth I adult I senior 

see table of COCs below 
10 10 10 20 
3 6 14 7 

0.1 0.075 0.05 ' 0.05 
1 1 1 1 

MV-Zone 7-1 2 



TABLE E.7-6 
Museum Visitor - Zone 7 - IngestSWrad 

UNITS )signed Values 
~ 

pCi child youth I adult I senior 

Museum Visitor - Ingestion of Surface Water 
Risk calculation for Zone 7 

Intake Equation: CDI = 
CDI = Chronic Daily Intake 
c w =  
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

(CW * E F* E D* I R)/( BW*AT) 

Concentration of radionuclide in water 

MV-Zcne 7-1 3 



TABLE E.7-6 
Museum Visitor - Zone 7 - ExternalRad 

Museum Visitor - External Radiation 
Risk calculation for Zone 7 

Intake Equation: CDI = (CS*EF*ED*ET,*( 1 -SH,))+(CS*EF*ED*ETi'( 1 -SHi)) 
CDI = Chronic Daily Intake 
cs = 
EF = 
ED = Exposure duration 
ET, = 
ET; = 
SH, = Shield factor outdoors 
SHi = Shield factor indoors 

Concentration of radionuclide in soil 
Fraction of year exposed to radiation 

Fraction of day spent outdoors 
Fraction of day spent indoors 

Assigned Values 
child I vouth I adult I senior 

see table of COCs below 
0.027 0.027 0.027 0.05 

3 6 14 7 
0.021 0.021 0.021 0.021 
0.083 0.083 0.083 0.083 
0.25 0.25 0.25 0.25 
0.5 0.5 0.5 0.5 

COC 
CHILD YOUTH ADULT SENIOR SUM 

conc CSFx CDI I ILCR CDI I ILCR CDI I ILCR CDI I ILCR CDI I ILCR 

MV-Zone 7-14 



TABLE E.7-6 
Museum Visitor -Zone 7 - SumPaths 

Inhale 1.56E-06 1.21 E-06 
Dermal Soil 1.07E-03 2.98E-07 

Dermal Surface Water NA NA 
Ingest Surface Water NA NA 

ingest Soil 3.06E-03 8.10E-07 

External Radiation NA 1.59E-06 

1.21 E-06 
NA 

NA 
NA 

4.05E-07 

1.59E-06 

Summation of all paths for individual nuclides 
Total BKGD Total - BKGD 
ILCR ILCR ILCR 

MV-Zone 7-1 5 



TABLE E.7-6 
Museum Visitor - Zone 7 - SurnPaths 

MV-Zone 7-1 6 



TABLE E.7-6 
Museum Visitor -Zone 7 - SumPaths 

Total - BKGD 
Summation of all paths for individual chemicals (continued) 

Total BKGD 

MV-Zone 7-1 7 



APPENDIX E.8 
Zone 8 

Table 

E.8-1 Construction Workcr - Only available on CD ROM. 

E.8-2 Groundskeeper / Sampler - Only availablc on CD ROM. 

E.8-3 Undeveloped Park User 

E.8-4 Building Maintcnance - Only available on CD ROM. 

E.8-5 Museum Worker 

E.8-6 Museum Visitor 

- This receptor has no cxposurc Tor this zonc, thcrcfore no tablc cxists. 

- This receptor has no exposurc for this zonc, thercfore no table exists. 

- This receptor has no exposure for this zonc, therefore no table exists. 



APPENDIX E.9 
HWMUs 

Table 

E.9-1 Construction Worker 

E.9-2 

E.9-3 Undeveloped Park User 

E.9-4 Building Maintenance 

E.9-5 Museum Worker 

E.9-6 Museum Visitor 

- Hard copy provided in this appcndix, also availablc on CD ROM. 

- I-Iard copy provided in this appendix, also available on CD ROM. 

- 1-lard copy provided in this appcndix, 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 C D  ROM. 

- Hard copy provided in this appcndix, also available on C D  ROM. 

Groundskeeper / Samplcr 



TABLE E.9-1 
Conslruclion Worker - HWMU - InhaleChem 

Construcllon Worker. lnhalatlon of Gases B Partlculales 
R k k  calculatlon for HWMU 

lnlake Equation: CDI = (CSEF’ED’IR’ET)I(BW’AT) 
COI = Chronic Daily Intake 

CA = 
EF = Exposure frequency 
ED = Exposure duralion 

IR = Inhalalion rale 
ET = Exposirre lime 
0 W  = Body welglit 
ATc = 
AT” = 

Concenlralion of chemical in air 

Average time for carcinogens 
Average lime for non-carcinogens 

UNITS 
mglkgday calculated below 

rngtm’ see coc list below 
d a W v  30 

Y E  1 
m’lhr 2.5 

hrslday 8 
kg 70 

days 25550 
days 365 

Air concentration Is derived using air particulate value of 26 uglm’ (2005 SER background average from rnonilor AMs-12) mulliplled by the soil concentration. 

CW-HWUM-1 



. . .- -- -. - . 
Construction Worker - HWMU - DermalSoilChem 

Van ad I u m 
Vinyl chloride 
Xylenes 
Zinc 

Construction Worker ~ Dermal Contact with SolllSedlment 
Risk calculation for HWMU 

NA 1.00E-03 7.00E-05 NA NA NA NA NA 
NA 1.OOE-02 3.00E-03 1.50EWO NA NA NA NA 

3.00E-02 1.OOE-02 1.84E-01 NA 3.49E-10 1.9OE-09 NA NA 
NA 100E-03 6.00E-02 NA NA ' NA NA NA 

Intake Equation: CDI = 
COI = 
cs= 
AB 

SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

(CS'AB'SA'EF'ED'AF'CF)/(BW'AT) 
Chronic Daily Intake 
Concentrallon of chemical in soil 
Absorpllon factor 

Surface area of exposed skin 
Exposure frequency 
Exposure duration 

Adherence factor 
Conversion factor 
Body weight 
Average lime lor carcinogens 
Average time for non-carcinogens 

UNiTS [adulll 
rng/kg see COC list below 

-- see COC list below 

mglkgday calculaled below 

cm'/day 3300 

dayslyr 30 
ys 1 

rngkm' 0.3 
kglmg 1 .OOE-OB 

kg 70 
days 25550 
days 365 

CW-HWUM-2 



TABLE E.9-1 
Construction Worker - HWMU - IngestSoilChem 

Conslrucllon Worker. IngeSllOn Of sol1 
Risk calculallonfor HWMU 

lnlake Equalion: CDI = (Cs'EF'E~lR'FI'CFY(DW'AT) UNITS -1 
CDI = Chronic Oaily Intake mglkgday calculated below 
Cs = Concentralion of chemical in soil mglkg see COC 11sI below 
EF = Exposure frequency daydyr 30 

IR = Ingeslion rale iiiglday 330 
FI = Fraclion of conlaminaled soil unilless 1 

kglmg 1.00E-06 CF = Conversion faclor 
BW = Body weigh1 kg 70 
ATc = Average time for carcinogens days 25550 

ED = Exposuro duration Y E  1 

ATn = Average lime for non-carcinogens days 365 

1 A", I1 T 



IrnYLL. L . l - 8  

Construction Worker - HWMU - DermalSWchern 

Constructlon Worker ~ Dermal Conlact with Surface Water 
Rlsk calculation for HWMU 

intake Equation: CDI = (DA'EF'ED'SA)I(BW'AT) 
CDI = Chronic Daily inlake 

DA = Dermal absorption dose 
EF = Exposure frequency 
ED = Exposure duralion 

SA = Surface area of skin 
BW = Body weight 
ATc = Average lime for carcinogens 
ATn = Average lime for non-carcinogens 
DA = C C C F ' E T  
C. = mncenlation of iu1 contaminant in surface water 
& = perrneabilily constant for W mnlaminant 
CF = mnversion factor 
ET = exposure lime 

where: 

UNITS 
mglkgday calculated below 

mglcm'day see COC lis1 below 
dayslyr 6 

cm2 5670 
kg 70 

days 25550 
days 365 

mglL see COC list below 
cmlhr see COC list below 

yrs 1 

ucm' 0 .m 
hrld 0.5 

CW-HWUM4 



TABLE E.9-1 
Construction Worker - HWMU - IngestSWchem 

Construcllon Worker - lngesllon of Surface Water 
Rlsk calculation for HWMU 

Intake Equalion: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

(CW*EF*EWlR)/(BW*AT) 
Chronic Daily inlake 
Concenlraliori of cliernical in waler 
Exposure frequency 
Exposure duralion 
Ingestion rale 
Body weighl 
Average lime for carcinogens 
Average lime for non-carcinogens 

UNITS Assinned Values 

me/L see COC lable below 
mg/kgday 1-1 
dayslyr 6 

Uday 0.005 
kg 70 

days 25550 
days 365 

yrs 1 

CW-HWUM-5 



I W D L C  C.Y- I  

Construction Worker - HWMU - SumPaths 

1 , I  -Dichloroethylene 
1,2-dichloroethane 
2-Butanone 

Construction Worker - Summation of all Pathways 
Risk calculation for HWMU 

NA NA 
NA NA 

NO CSFS 2.23E-08 

HQ ILCR 
Inhale I 1.51E-03 I 7.29E-09 
Dermal Soil 1 4.09E-04 I 6.33E-12 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Bis(2-chloroisopropyI)ether 
Bis(2-ethylhexy1)phthalate 
Boron 

Ingest Soil I 3.11E-03 I 2.10E-10 
Dermal Surface Water I 5.36E-05 1 2.64E-10 

NA No RfDs 
NA No RfDs 
NA No RfDs 
NA No RfDs 
NA NA 

No CSFs NA 
NA NA 

No CSFs NA 

_ _ _ _ _ ~  

Ingest Surface Water I 2.10E-06 I 1.16E-11 
SUM 5.09E-03 7.78E-09 

Bromodichloromethane 
Bromoform 
Bromomethane 
Cadmium 
Carbazole 
Carbon disulfide 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 
Chromium IVI) 

Summation of all paths for individual chemicals 
ILCR HQ 

NA NA 
NA NA 

No CSFs NA 
NA NA 
NA No RfDs 

No CSFs NA 
NA NA 
NA NA 

No CSFs NA 
NA NA 

7.29E-09 3.42E-03 

- --  
11 . I  -2-Trichloroethane I 9.19E-12 I 2.82E-06 

3,3-Dichlorobenzidine I NA I No RfDs 
4-Methylphenol I NoCSFs I NA 
4-Nitroanaline 
Acetone No CSFs 
Antimony No CSFs 
Aroclor-1254 
Aroclor-I 260 NA No RfDs 

[Arsenic I NA I NA 
I Barium I No CSFs I 1.61E-03 
I ~ e n 7 e n e  I 1.26E-11 I 4.02E-06 

khrvsene I NA I NoRfDs 

CW-HWUM-6 



TABLE E.9-1 
Construction Worker - HWMU - 

I NA I NA I 

I SumPaths 

Vinyl chloride 

Zinc 
Xylenes 

lVanadiurn 1 NoCSFs I NA I 
NA NA 

No CSFs NA 
NO CSFS 3.21 E-07 

IVinvl chloride 
1 No CSFs I 3.21E-07 I .-, 

Zinc 
I ~ _ _  . _ _  ~- 
I NoCSFs I NA 

IXvIenes 

CW-HW UM-7 



TABLE E.9-2 
Groundskeeper / Sampler - HWMU - InhaleChem 

GroundskeeperlSarnpler . Inhalation of Gases 8 Particulates 
Rlsk calcuiallon for HWMU 

Intake Equation: CDI = (CS'EF'ED'IR'ET)/(BW'AT) 
CDI = Chronic Daily Inlake 

CA = 
EF = Exposure frequency 
ED = Exposure duraiion 

IR = Inhalation rate 
ET = Exposure lime 
BW = Bodyweight 
ATc = 
ATn = 

Concentralion of chemical in air 

Average lime lor carcinogens 
Average time lor non-carcinogens 

UNITS [adulll 

mglm' see COC list below 
days i r  too 

Y E  25 
m'ihr 2.5 

hrslday 8 
kg 70 

days 25550 
days 9125 

mglkgday calculated below 

conc RlDi CSFi COC 

Air concenlration is derived using air particulate value of 26 ugIm'(2005 SER background average from rnonllor AMs-12) multiplied by the soil concenlration. 

GS-HWMU-1 

I 



. ..I__ _." .. 
G r o u n d s k e e p e r  I Sampler - HWMU - D e r m a l S o i l C h e m  

GroundskeeperlSamplar - Dermal Contact with SoillSediment 
Rlsk calculatlon for HWMU 

Intake Equalion: CDI = (CS'AB'SA'EF'ED'AF'CF)/(EW'AT) 
CDI = Chronic Daily Intake 
CS = 
AB Absorption factor 

SA 
EF = Exposure frequency 
ED = Exposure duration 

AF = Adherence factor 

CF = Conversion factor 
BW = Body weight 
ATc = 
ATn = 

Concentration of chemical in soil 

Surface area of exposed skin 

Average time for carclnogens 
Average time for non-carcinogens 

UNITS 

mglkg see COC list below 
-- see COC list below 

mglkgday calculated below 

cm'lday 33W 
dayslyr 100 
yrj 25 

mgkrn' 0.3 

kglmg 1.00E-06 
kg 70 

days 25550 
d a w  9125 

ADULT 
COC m c  AB R o d  CSFd CDI I HQ I CDI I ILCR 

GS-HWMU-2 



TABLE E.9-2 
Groundskeeper / Sampler - HWMU - IngestSoiIChem 

GroundskeeperlSampler - lngesllon of Sol1 
Risk calculation far HWMU 

lnlake Equalion: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
F1 = 
CF = 
ow = 
ATc = 
ATn = 

(CS'EF'ED'IFVFI'CF)/(l3W'AT) 
Ctironic Daily lrilahe 
Concentralion of clieniical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraclion of conlamilialed sol1 
Conversion lactor 
Body weiyhl 
Average lime for carcinogens 
Averaye lime for non-carcinogens 

UNITS -1 
mglkg see COC lis1 below 

mglkgday calculated below 

d a W v  100 
Yrr 25 

mglday 100 
unilless 1 
kgling 1.OOE-06 

ks 70 
days 25550 
days 9125 

GS-HW MU-3 



. ... . - 
Groundskeeper I Sampler - HWMU - DermalSWchem 

GroundzkeeperlSampler . Dermal Conlacl with Surface Water 
Rlsk calculatlon for HWMU 

Intake Equalion: CDI = (DKEF'EWSA)/(BW*AT) 
CDI = Chronic Daily Intake 

DA = Dermal absorptiurl dose 
EF = Exposure frequency 
ED = Exposure duration 

SA = Surface area 01 skin 
BW = Body weigh1 
ATc = Average lime lor carciwens 
ATn = Average Ume lor non-carcinogens 
DA = C,%.'CF'ET 
C, = concenlation of ith conlaminant in surface water 
K. = permeability constant lor ilh contaminant 

CF = conversion laclor 
ET = exposure time 

where: 

UNITS [I 
mglkgday calculaied below 

mglcm'day see COC list below 
dayslyr 12 

yrs 25 

cm2 5670 
kg 70 

days 25550 
days 9125 

mgll see COC 1151 below 
cmhr see COC llsl below 

Ucm' 0.001 
hrld 1 

GS-HWMU-4 



TABLE E.9-2 
Groundskeeper / Sampler - HWMU - IngestSWchem 

GroundskecperlSampler - Ingestion 01 Surface Water 
Risk calculallon lor HWMU 

lnlakc Equnlion: CDI = (CW*EFED'IR)/(BW*AT) UNITS Assi ned Values 
CDI = Cliroiilc Dally lnlake 
cw = Concentralim 01 chemical in water nig/L see COC lable bclow 

ED = Exposure duralion Y S  25 

BW = Body weight ky 70 
ATc = Average lime for cnrclilo(lens days 25550 
ATn = Average lime lor non-carcinogens days 9125 

my/kyday -1 
EF = Exposure frequency daydyr 12 

IR = lngeslion rale Uday 0.01 

GS-HWMU-5 



I ABLt t .9 -Z  
Groundskeeper I Sampler - HWMU - SumPaths 

L 

Barium NO CSFS 4.21 E-03 
Benzene 1.22E-09 1.56E-05 
Benz0fa)anthracene NA No RfDs 

GroundskeeperlSampler - Summation of all Pathways 
Risk calculation for HWMU 

Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo( k)fluoranthene 
Beryllium 
Bis(2-chloroisopropy1)ether 
Bis(2-ethyl hexy1)phthalate 
Boron 
Bromodichloromethane 
Bromoform 
Bromomethane 
Cadmium 

Dermal Surface Water 

NA No RfDs 
NA No RfDs 
NA No RfDs 
NA NA 

No CSFs NA 
NA NA 

No CSFs NA 
NA NA 
NA NA 

No CSFs NA 
NA NA 

I 
SUM 9.78E-03 6.41E-07 

Carbazole 
Carbon disulfide 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 
Chromium (VI) 

Summation of all paths for individual chemicals 

II1,2-Trichloroethane I 6.34E-10 I 7.78E-06 
ILCR HQ 

NA No RfDs 
No CSFs NA 

NA NA 
NA NA 

No CSFs NA 
NA NA 

6.08E-07 5.46E-03 

I1  .I -Dichloroethvlene 

Cobalt 
Copper 
Cvanide 

I NA I NA 

NA NA 
No CSFs NA 
No CSFs NA 

1,2-dichloroethane I NA 1 NA 
2-Butanone I No CSFs I 7.52E-08 

Cyclohexanone 
Dibenzo(a, h)anthracene 
Dieldrin 
Di-n-octylphthalate 

3,3-Dichlorobenzidine 1 NA I No RfDs 
4-methyl phenol I NoCSFs I NA 

No CSFs NA 
NA No RfDs 
NA NA 

No CSFs NA 

14-Nitroanaline I NA I NA 

Aroclc. . .. . . .I . I I 

Aroclor-I 260 I NA I NA 
IArsenic I NA I NA 

IChrvsene I NA I NoRfDs 

GS-HWMU-6 



TABLE E.9-2 
Groundskeeper I Sampler - HWMU - SumPaths 

Summation of all paths for individual chemicals (continued) 
ILCR HQ 

IToluene 1 NoCSFs I 1.99E-06 1 
[Tributvl ohomhate I NA I NA I 
lTrichloroethvlene I NA I NA I 

No CSFs No RfDs 
Uranium No CSFs 

No CSFs 

No CSFs 
SUM 6.41 E-07 9.78E-03 

GS-HWMU-7 



Undeveloped Park User -Inhalation of Gases 8 Particulates 
Risk calculation for HWMUs 

UNITS 
mglkgday 

Intake Equation: Asstgned Values 
chlld I youth I adult I Senior 

CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET= 
BW = 
ATc = 
ATn = 

(CA'EFED'IR'EQ/(BW'AT) 
Chronic Daily Intake 

Concentration of chemical in air 
Exposure frequency 
Exposure duration 

Inhalation rate 
Exposure time 
Body weigh! 
Average time for carcinogens 
Average time for non-carcinogens 

TABLE E.9-3 
Undeveloped Park User - HWMU - InhaleChem 

UPU - HWhlU -1 



TABLE E.9-3 
Undeveloped Park User - HWMU - InhaleChem 

Undeveloped Park User ~ Inhalation of Gases 8 Particulates 
Risk calculation for HWMUs 

Intake Equalion: CDI = 
CDi = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

(CA’EFED’IR’ET)/(BW‘AT) 
Chronic Daily Intake 

Concentration of chemical in air 
Exposure frequency 
Exposure duration 
Inhalabon rate 
Exposure time 
Body weight 
Average lime for carcinogens 
Average time for non-carcinogens 

UNITS Asswed Values 

rngim’ 
daw/yr 

mgikgday chlid 1 youth I adult I Senior 

yrs 
rn’lhr 

hrslday 
kg 

da)r 
days 

see tabie of COCs below 
20 40 20 40  
3 6 14 7 
1 1 1 1 
2 2 2 2 

15 47 70 70 
25550 25550 25550 25550 

1095 2190 5110 2555 

Air concenlration is denved using air particulate value of 26 ugim’ (2005 SER backgrouno average from monitor AMs-12) multiplied by soli concentration 

UPU - HWMU -2 



TABLE E.9-3 
Undeveloped Park User - HWMU - DermalSoilChem 

U P I  - HWMU -3 



TABLE E.9-3 
Undeveloped Park User. HWMU - DerrnalSoilChern 

.I\ TS 
ng k;cay 

Undeveloped Park User. Dermal Contact with SoiUSedlmnt 
Rlsk calculation for HWMU 

Ass q n e c  Ua is 
c: a I ,o.in i a2.1 I se-cr 

Intake Equation: CDI = 
CDI = 
cs= 
AB 
SA 
EF = 
ED = 
AF = 
CF = 
BW = 
ATc = 
ATn = 

(CSAB*SA'EPED'AFCFY(BWAT) 
Chronic Daily Intake 
ConCenVatlon of chemical in soil 
Absorpflon factor 
Surface area of exposed skin 
Exposure frequency 
Exposure duraoon 
Adherence factor 
Convenion faclor 
Bodyweight 
Average time for carcinogens 
Average time for non-carcinogens 

- see table of COCs below 
cm'lday 2800 4370 5700 5700 
dapiyr 20 40 20 40 

mgicm' 0 2 0.2 0.07 0.07 
kgrng 1.00E-06 100E-06 1.00E-06 1.00E-06 

kg 15 47 70 70 
days 25550 25550 25550 25550 
day, 1095 2190 5110 2555 

YG 3 6 14 7 

COC conc 

UPU - HWMU -4 



TABLE E.9-3 
Undeveloped Park User - HWMU - IngestSoilChem 

UPU - HWMU -5 



Undeveloped Park User. Ingestion of Soil 
Risk calculation for HWMU 

lnlake Equation: CDI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

UNITS 
mglkgday 

(CS'EF'ED'IR'FI'COI(6W'AT) 
Chronic Daily Inlake 
Concenlralion of chemical in soil 
Exposure frequency 
Exposure duration 
lngeslion rate 
Fraction of contaminated soil 
Conversion taclor 
Body weight 
Average lime for carcinogens 
Average time for non-carcinogens 

Assigned Values 
child I p u l h  I adull I senior 

TABLE E.9-3 
Undeveloped Park User - HWMU - IngestSoilChem 

d a W v  20 40 20 40 
Yrj 3 6 14 7 

mglday 200 100 100 100 
unitless 1 1 1 1 
kglmg l.0OE-06 1.00E-06 1.00E-06 1.00E-06 

kg 15 47 70 70 
days 25550 25550 25550 25550 
days 1095 2190 5110 2555 

COC conc RfDo CSFo 

total = 1.55E.03 total = 3.13E-39 

UPU - HWMU -6 



Undeveloped Park User. Dermal Contact with Surface Watei 
Risk calculation ( 0 7  HUTdU 

UNITS Intake Equallon' 
Assigned Values 

chlid I youth I adult I senior 

whew 

CDI = (DA'EF'ED'SAY(BW'AT) 
CDI = ChmniC Dally Intake 

DA = Dermal absorplion dose 
EF = Exposure frequency 
ED = Exposure duration 
SA = Surface area of skin 
BW = Body weight 
ATc = Average lime lor carcinogens 
ATn = Average l m e  lor non-carcinogens 
DA = CK,'CF'ET 
C, = mncenlatmn of Ilh mntaminanl in surface wa:er 
K. = permeab~l~lyconnani lor Ilh wnlaminanl 
CF = con~ersion laclor 
ET = exposure lime 

TABLE E.9-3 
Undeveloped Park User. HWMU - DermalSWchem 

UPU - HWMU -7 



TABLE E.04 
U n d e v e l o p e d  Park User - HWMU - DermalSWchem 

Undeveloped Park User - OB-l Contact wilh Surface Wale, 
Risk Calcuialion for HWMU 

Intake Equation' 

where: 

CDI = (DKEF'EVSAY(8VTAT) 
CDI = Chronic Daily intake 

DA = Dermal abarpmn aose 
EF = Expirsuie frequency 
ED = -SUE duration 
SA = Surface aiea E: skin 
0W = Ekayweighi 
ATc = Averace lime lor carcinomns 
ATn = 
DA = C ' G C F ' E T  
C, = 
K. = 
CF = conversion fanor 
ET = exposure lime 

Average lime lor non-caE#nogens 

mncenlalion 01 ith Conlaminant m Surface water 
permeabilily Canslanl for ilh mnlaminanl 

m i l C d C a y  see coc llfl 5elQW 
da)?.'~ 12 12 i 2  12 
y;s 3 6 14 7 

kG 
C d  2185 -70 6070 6070 

15 47 75 70 
days 25653 25550 25550 25550 
days 1093 2190 5110 2555 

mgiL see COC ihn below 
see COC 11s below cnvhr 

ucm' 0001 o.001 0001 0001 
hiid 1 1 1 1 

COC C, KO DA RfW CSFa 

UPU. HWMU -8 



TABLE E.9-3 
U n d e v e l o p e d  Park U s e r  - H W M U  - I n g e s t S W c h e m  

Undeveloped Park User. In~e i l ion  of Surlace Water 
Risk calculation for HWMU 

Intake Equatbn: CDI = 
CDI = 
c w -  
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

(CW'EF'ED'IR)/(8W'AT) 
Chronic Daily lnlake 
Concenvatbn of chemical in water 
Exposure frequency 
Exposure durabn 
lngesbn rate 
Body weghl 
Average time for carcinogens 
Average time for non-carcinogens 

ASSQned Values 
chila 1 w uth I adull I senor 

see COC table below 
12 12 12 12 
3 6 14 7 

0.035 0.035 0.015 0.015 
15 47 70 70 

25550 25550 25550 25550 
1095 2190 5110 2555 

UPU. HWlrlU -9 



TABLE E.9-3 
Undeveloped Park User. HWMU . IngestSWchem 

U N E  
mgrkgaay 

Undeveloped Park User - Ingestion of Surface Water 
Risk calculation for HWMU 

Intake Equalon: CDI = (CW'EF'ED'IR)I(BW'AT) 
CDI = Chronic Daily Intake 
CW = 
EF = Exposure frequency 
ED = Wosure auratwn 
IR = lngemn rate 
BW = Bodywelght 
ATc = 
ATn = 

Concentrabn of chemical In water 

Average time for carcinogens 
Average time for non-carcinogens 

Assened Values 
m a  I w t n  I aauli I senor 

UPU. HWMU -10 



IABLt  t . Y - 5  

Undeveloped Park User - HWMU - SumPaths 

Undeveloped Park User - Summation of all Pathways 
Risk calculation for HWMU 

HQ ILCR 

SUM 2.35~-03 ~.UE-OE( 

Summation of all paths for. individual chemicals 

UPU - HVVMU -1 1 



IABLt t . Y - J  

Undeveloped Park User - HWMU - SumPaths 

Summation of all paths for individual chemicals (continued) 
ILCR HQ 

IEthvl ether 1 noCSFs 1 NA I 

Trifluorochloromethane 
Uranium no CSFs 
Vanadium no CSFs 

Zinc no CSFs 
SUM 7.44E-08 2.35E-03 

UPU - HWMU -12 



TABLE E.9-4 
Bul ld in9 Maintenance - HWMU . InhaleChem 

BulldinQ Matnlenance - Inhalalion of Gases 8 Particutales 
Rlsk calculalion for HWMU 

Intake Equation: CDI = 
CDI = 

CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATC = 
ATn = 

(CS’EF‘ED’IR’ET)I(BW’AT) 
Chronic Daily lnlake 

Concenlraliaii 01 clicinical in air 
Exposure frequency 
Exposure duralion 

Inhalalion rate 
Exposure lime 
Body weigh1 
Average lime for carclncgens 
Average lime for non-carcinogens 

UNITS 7 1  
mgkgday calcvlafed below 

r n g d  see coc IISI below 
dayslyr 250 

yrs 25 

hrslday 1 
kg 70 

days 25550 
days 9125 

m’lhr 1.5 

Air concentralion is denved using air pariiculale value of 26 uglrn’ (2005 SER background average horn monitor AMs-12) multiplied by the soil concenlralion. 

BM-HWMU-1 



. . .- - - -. - . 
Building Malntenance - HWMU - DermalSoilChem 

Building Maintenance -Dermal Contact wlth SoillSedlrnenl 
Rlsk calculallon for HWMU 

Intake Equation. CDi = 
CDI = 
cs = 
AB 

SA 
EF = 
ED = 
AF = 
CF = 
EW = 
ATc = 
ATn = 

(WAB'SWEFED*AF*CF)I(EW+AT) 
Chronic Daily inlake 
Concentralion of ciietnical in soil 
Absorption faclor 
Surface area of exposed skin 
Exposure frequency 
Exposure duration 

Adherence faclor 
Conversion factor 
Body weight 
Average lime for carcinogens 
Average time for non-carcinogens 

UNITS -1 
mglkg see COC list below 

-- see COC list below 

n\gikgI)ay caiculaled beiow 

cm'lday 2077 

mglcrn' 0 2  

daysly 250 
yn 25 

kglrng 1 ODE-06 
kg 70 

days 25550 
days 9125 

ADULT 
COC conc AB RfDd CSFd CDI I HQ I CDI I ILCR 

BM-HWMU-2 



TABLE E.9-4 
Building Maintenance - HWMU . IngestSoiIChem 

Buildlng Mainlenance ~ lngeslion of Soil 
Rlsk calculallon lor HWMU 

Inlake Equalion: CDI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 

BW = 
ATc = 
ATn = 

COC conc 

(CS'EF'E~IR'FI'CF~(BW'AT) 
C!lronic Daily Inlake 
Concenlralion 01 cheniical iii soil 
Exposure lrequency 
Exposiire duralion 
Ingeslion ralc 
Fraction of conlaniirialed soil 
Conversion laclor 
Body weight 
Average lime lor carcinwens 
Average lime lor non-carcinogens 

UNITS ( 7 1  
mglkg see COC list below 
dayslyr 250 

Yrs 25 
niglday 50 
unilless 1 
kglmg 1 .OOE-OG 

kg 70 
days 25550 
days 9125 

mglkgday wlculaled below 

ADULT 
RID0 CSFo CDI I HCI I CDI I ILCR 

EM-HWMU-3 



I r)"LL &.a_ 

Bul ld lng Maintenance - HWMU - DermalSWchem 

Bulldlng Malntenance . Dermal Contact with Surface Water 
Rlsk calculatlon for HWMU 

lnlake Equation: CUI = 
CUI = 
DA = 
EF = 
ED = 
SA = 
EW = 
ATc = 
ATn = 
DA = C. 
c. = 
KO= 
CF = 
ET = 

w I, e r e. 

(DKEF*ED5A)/(BW*AT) 
Chronic Dally Inlake 

Dermal absorption dose 
Exposure lrequency 
Exposure duration 

Surface area of skin 
Body weigh1 
Average lime for carcinogens 
Average lime for nowcarcinogens 

concentation of ilh contaminant In surface water 
permeability constant for iu1 contaminant 

conversion factor 
exposure time 

'K.'CF'ET 

UNITS 1- 
mglkgday calculated below 
mglcm2day NA 

dayslyr NA 
yrs NA 
cm' NA 
kg NA 

days NA 
days NA 

rnglL see COG list below 
cmlhr see COC list below 

Ucm' NA 
hrld NA 

BM-HWMU.4 



TABLE E.9-4 
Building Maintenance - H W M U  - IngestSWchern 

Bulldlng Mainlenance -Ingestion of Surface Water 
Risk calculallon for HWMU 

Inlake Equalion: CDI = 
CDI = 
CW = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

UNITS Assi ned Valurs 
W/kgday f%iii-j 

(CW'EF'EWIR)/(BW+AT) 
Chronic Daily Intake 
Concentralion of chemical in water mglL see COC table below 
Exposure lrequency days/yr NA 

NA 
yrs NA 

Exposure duralion 
Ingestion rate Uday 
Body weight kg NA 
Average lime for carcinogens days NA 
Average lime for non-carcinogens days NA 

BM-HWMU-5 



I W B L t  t . Y - 4  

Building Maintenance - HWMU - SurnPaths 

Building Maintenance - Summation of all Pathways 
R i s k  calculation for background 

Inhale 
Dermal Soil 
Ingest Soil 
Dermal Surface Water 
Ingest Surface Water 

9.46E-04 1.14E-07 
1.43E-03 5.53E-10 
3.93E-03 6.63E-09 

NA NA 
NA NA 

Summation of all paths for individual chemicals 

1 ,I ,2-Trichloroethane 
1 ,I -Dichloroethylene 
1,2-dichloroethane 
2-Butanone 

1.32E-10 1.62E-06 
NA NA 
NA NA 

NO CSFS 6.48E-09 
3,3-Dichlorobenzidine 

14-Nitroanaline I NA i NA i 

NA NA 

IAcetone 1 NA I NA I 
Antimony I NA NA 

Aroclor-I 260 
Arsenic 
Barium 
Benzene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Bervllium 
Bis(2-chloroisopropyI)ether I NA I NA 
Bis(2-ethylhexy1)phthalate NA NA I 

NA NA 

NO CSFS I .3a~-o3 
NA NA 

1.77E-11 2.26E-07 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

IChloroform I NA 
Chromium (VI) I 1.14E-07 
Chrvsene I NA 

I Di-n-octvbhthalate I NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.86E-03 

NA 

BM-HW MU-6 



TABLE E.9-4 
Building Maintenance - HWMU - SumPaths 

Summation of all paths for individual chemicals (continued) 

ILCR HQ 

SUM 1.21 E-07 6.31 E-03 

BM-HW MU-7 



TABLE E.9-5 
Museum Worker - HWMU - InhaleChem 

Museum Worker. Inhalalion 01 Gases 8 Parllculales 
Rlsk calculallon for HWMU 

lnlake Equalion: CDI = 
CDI = 

CA = 
EF = 
ED = 
IR = 
ET = 
EW = 
ATc = 
ATii = 

(CS'EF'ED1R'ET)I(BW'AT) 
Chronic Daily lnlake 

Concenlralion 01 chemical in air 
Exposwe I r e w i i c y  
Exposure duration 
Inhalalion [ale 

Exposurc lime 
Emly wcigtil 
Average lime lor carcinogens 
Avwdye time lor non-carcinogens 

UNITS [adult/ 
niglkgday calculaled below 

mglni' see COC lis1 bclow 
dayslyr 250 
yr, 25 

m'lhr 1.5 

hrslday 1 
ko 70 

days 25550 
days 9126 

COC 

Air concenlralion is derived using air parliculale value of 26 ugh? (2005 SER background average from monitor AMs-12) multiplied by soil concenlralion. 

MW-HWMU-1 



MW-HWMU-2 



TABLE E.9-5 
Museum Worker - HWMU - IngestSoiIChern 

Museum Worker. lngestlon of Soil 
R l s k  calculation lor HWMU 

Intake Equation: CDI = 
CDI = 
cs = 
EF = 
ED = 
IR = 
FI = 
CF = 
BW = 
ATc = 
ATn = 

(CS'E~E~l~Fi .CFY(BW'AT) 
Chronic Daily Intake 
Concentralion 01 chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction 01 contaminated soil 
Conversion lactor 
Body weight 
Average time lor carcinogens 
Averagc time for non-carcinogens 

UNITS [adull] 
nlglkg seo COC list below 
dayslyr 250 

Y E  25 
rnglday 50 
unitless 1 
kglmg 1.00E-06 

kg 70 
days 25550 
days 9125 

mglkgday calculated below 

1 



TABLE E.9-5 
Museum Worker - HWMU - DermalSWchem 

Museum Worker. Dermal Contact with Surface Water 
Risk calculatlon for HWMU 

inlake Equation: CDI = (DWEF'ED'SA)l(SW*AT) 
CDI = Chronic Daiiylnlake 

DA = Dermal absorption dose 
EF = Exposure frequency 
ED = Exposure duration 

SA = Surface area of skin 
BW = Badyweight 
ATc = Average lime lor carcinogens 
ATn = Averqe time for wn-carciwgens 
DA = C:VCF'ET 
C, = concentation of ilh conlaminant in surface water 
K, = pwmeability consiant for IVI conlaminant 
CF = conversion factor 
ET = exposure Itme 

where. 

UNITS 
iiiyikyday calculated bciow 

mglcm2day see COC lis1 below 
dayslyr 8 

Yrs 25 

cm' 904 
kg 70 

days 25550 
day, 9125 

mg/L see COC list below 
cmlhr see COC list below 

Ucm' 0.001 
hrld 0.5 

ADULT 
CDI I ILCR COC c. DA RR) CSF COI I HQ 



TABLE E.9-5 
Museum Worker - HWMU - IngestSWchem 

Museum Worker. lngesllon of Surface Water 
Risk calculalion for HWMU 

lnlake Equation: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
BW = 
ATc = 
ATn = 

(CW*EPEPlR)/(BW*AT) 
Chronic Daily Intake 
Concenlration of cI1cmir;iI in water 
Exposiirc frequency 
Exposure duration 
Ingestion rate 
Body weigh1 
Average lime lor carcinogens 
Average lime lor non-carcinogens 

UNITS Assigned Values 

rg1L see COC lable below 
mglkgday 

dayslyr 8 

Uday 0.001 
yrs 25 

kg 70 
days 25550 
days 9125 

MW-HWMU-5 



TABLE E.9-5 
Museum Worker - HWMU - Su 

Museum Worker - Summation of all Pathways 
Risk calcuiation for background 

SUM 5.1 1 E-03 1.22E-07 

Summation of all paths for individual chemicals 
ILCR HQ 

MW-HWMU-6 



TABLE E.9-5 
Museum Worker - HW,MU - SumPaths 

Summation of all paths for individual chemicals (continued) 
ILCR HQ 

MW-HW MU-7 



TABLE E.96 
Museum Visitor - HWMU - InhaleChem 

Museum Vlsltor - Inhalation of Gases 8 Particulates 
Risk calculation for HWMU 

Intake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
iR = 
ET = 
BW = 
ATc = 
ATn = 

(CSEFEWIFCET)/(BW+ATj 
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 

UNITS Assiqned Values 

mgim’ 
d a W r  10 10 10 20 
ys 3 6 14 7 

m’hr 1 1 1 1 
hmlday 0.5 0 5  0 5  0 5  

kg 15 47 70 70 
day; 25550 25550 25550 25550 
da)s 1095 2190 5110 2555 

mglkgday child I youlh I adult I senior 

see table of COCs below 



Museum Visltor ~lnhalat ion of Gases & Particulates 
Rlsk calculation for HWMU 

UNITS 
mglkgday 

Intake Equation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
BW = 
ATc = 
ATn = 

Assigned Value5 
child I yo urn I adui: I senior 

(CS'EFED'iR'ET)/(BW'AT) 
Chronic Daily Intake 

Concentralion of chemical in air 
Exposure frequency 
Exposure duration 
lnhalafion rafe 
Exposure time 
Body weight 
Average time for carcinogens 
Average lime for nowcarcinogens 

TABLE E.96 
Museum Visitor - HWMU - InhaleChem 

MV-HWMU-2 



MuseurnVisfior . Dermal Contan wfih SoiUSediment 
R1skcalculatlon forHWMU 

CDI = ( C S A ~ S ~ E F E D . A F C F ) l ( B ~ A ~  UNITS 
CDI = Chronic Daly Intake rnglkgday 

Intake Equation: ASslgned Values 
cnild I p u t h  I aoull 1 senbr 

TABLE E.9-6 
Museum Visitor - HWMU - DermalSoilChem 

_ "  
AB AbSorptOn factor see table of COCs below 
SA 
EF = 
ED = 
AF = 
CF = 
BWS 
ATc = 
ATn = 

Surface area of exposed Skin cm'loay 2800 4370 5700 5700 
%osure frequency d a N y  10 10 10 20 
E*posure duratan yrr 6 14 7 

Adherence factor mglcm' 0.2 0 2 0.07 0.07 
Conversion f a m r  kglmg 1.00E-06 1.00E-06 1.00E-06 1.00E-06 
BodyweQht k9 15 47 70 70 
Average time for carcinogens days 25550 25550 25550 25550 
Average time for non-carcinogens days 1095 2190 5110 2555 

MV-HWblU-3 



TABLE E.9-6 
Museuin Visltor . HWMU - DermalSoilChern 

MV-HWMU-4 



Museum Vlsltor - Ingestion of Soil 
Rlsk calculation lor HWMU 

Intake Equation: UNITS 
mglkgday 

CDI = 
CDI = 
cs= 
EF = 
ED = 
iR = 
FI = 
CF = 
BW = 
ATc = 
ATn = 

Assigned Values 
child 1 youth I adull 1 senior 

(CS'EFED'IR'FI'CF)/(BW'AT) 
Chronic Daily Intake 
Concentration of chemical in soil 
Exposure frequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil 
Convenion factor 
Bodyweight 
Average time for carcinogens 
Average time for non-carcinogens 

COC conc 

TABLE E.96 
Museum Visitor - HWMU - IngestSoilChem 

MV-HLJMU-5 



Museum Visitor. Ingestion of Soil 
Risk calculation for HWMU 

intake Equation: UNiTS 
rnglkgday 

CDi = 
COI = 
cs= 
EF = 
ED = 
iR = 
Fi = 
CF = 
BW 
ATc = 
ATn = 

Assigned Values 
child I youth I adulr I senior 

COC conc 

(WEFEWlWFI*CF)/(BW*AT) 
Chronic Daily intake 
Concentration of chemical in soil 
Exposure frequency 
Exposure durailon 
ingestion rate 
Fraction of contaminated soil 
Conversion factor 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

TABLE E.96 
Museum Visitor - HWMU - IngestSoilChem 

MV-HWMU-6 



TABLE E.9-6 
Museum Visitor - HWMU - DermalSWchem 

UNITS l m k e  Equalon: 
Asrylned Values 

Child I p uth I adun 1 senior CDI = (DA'EF'ED'SA)I(BW'AT) 
CDI = Chmnic Daily Intake 

where: 

MV-%'.VMU-7 



TABLE E.9-6 
Museum Visitor - HWMU . DermalSWchem 

UNITS 

Museum Visitor - Dermal Contact with Surface Water 
Risk calculation for HWMU 

ASslgWd V a l e 5  
chiid 1 w Uth I aau,: I senor lmake Eouatbn: 

where: 

CDI = 
CDI = 
DA = 
EF = 
ED = 
SA = 
BW= 
ATc = 
ATn = 
DA=C. 
C, = 
KO = 
CF= mnvefsbnfamr 
ET= expowretime 

wncematbn of @h mmamiMm in SuIfaoe 
permeability cnnsiam for nn mmaminam 

(DA'EF'ED'SAY(BW'AT) 
Cnionic Daw lmake 
Dermal abSorplbn dose 
Exposure frequency 
Eworure duratbn 
Sudac? area of skin 
Body webht 
Amrape time for caromgem 
Arerage time for m+carcimgem 

.'K.'CF'ET 
,water 

CHILD I YOUTH I ADULT I SENIOR I S U M  
C, K. DA Rfi)d CSFd CDI I HCI I CDI I ILCR I CDI I HQ I CDI I ILCR I CDI I HCI I CDI 1 ILCR [ CDI I HQ I CDI I ILCR I CDI I HCI I CDI I ILCF COC 

MV-HWMU-8 



Museum Visitor - Inpestion of Surface Water 
Rlsk calculalion for HWMU 

Intake Equatan: CDI = (CWEF‘ED’IR)I(BW’AT) 
CDI = Chronic Daily Intake 
CW = 
EF = Emasure frequency 
ED = Exposure duraton 
IR = lngenion rate 
8 W =  Bodyweight 
ATc = 
ATn = 

Concentratbn af chemical in water 

Average time for carcinogens 
Average time far non-carcinogens 

UNITS 
mglkgday 

TABLE E.9-6 
Museum Visitor. HWMU - IngestSWchem . 

Assigned Values 
child 1 ’p utn I adult 1 senor 

d a w p  NA NA NA NA 
YS NA NA NA NA 

Uday NA NA NA NA 
kQ NA NA NA NA 

day; NA NA NA NA 
day% NA NA NA NA 

M\l-HW Id U-9 



TABLE E.9-6 
Museum Visitor - HWMU - IngestSWchem 

MuseumVIsnor- Ingestion of Surface Water 
Risk calculation for HWMU 

Intake Eauatwn: CDI = 
CDI = 
c w =  
EF = 
ED = 
IR = 
0 w =  
ATc = 
ATn = 

(CWEFED'iR) / (BWATl 
cnrnmc Daily Inrake 
Concentration of cnemical In waler 
Eqosure frequency 
oposuie auraion 
lngenbn rate 
Sodyweighl 
Average lime for carcinogens 
Averwe m e  lor non-carcmo(lens 

UNITS AsslgneC Val"- 
mgihgaay cnoa I p u i n  1 m u l l  I senm I 1 

rnQlL see COC table below 
d a y 9 v  NA NA N A  NA 

kg NA NA NA NA 

)is NA NA NA NA 
M a y  NA NA NA NA 

d a p  NA NA NA NA 
days NA NA NA NA 

MV-HWMU-10 



TABLE E.9-6 
Museum Visitor - HWMU - SurnPaths 

Carbazole 

Museum Visitor - Summation of all Pathways 
Risk calculation for HWMU 

Inhale 2.14E-05 3.09E-09 
1.23E-04 5.71 E-1 1 Dermal Soil 

Ingest Soil 3.64E-04 7.36E-10 
Dermal Surface Water 
Ingest Surface Water 

SUM 5.08E-04 3.89E-09 

Summation of all paths for individual chemicals 
ILCR HQ 

NA I no RfDs 

Beryllium 
Bis(2-chloroisopropyl)ether no CSFs 

Boron no CSFs 
Bromodichloromethane NA NA 
Bromoform NA 
Bromornnthane no CSFs NA 

Carbon disulfide 1 noCSFs I NA 
Carbon tetrachloride NA 1 NA 
Chlordane I NA 1 NA 

Chlorobenzene no CSFs 
Chloroform 
Chromium (VI) 
Chrysene no RfDs 
Cnhalt NA 

Copper no CSFs 
Cyanide no CSFs 

no CSFs 
Dibenzo(a,h)anthracene NA no RfDs 
nielrfrin NA 

1Di-n-octylphthalate I noCSFs 1 NA I 

MV-HWMU-11 



TABLE E.9-6 
Museum Visitor - HWMU - SumPaths 

Summation of all paths for individual chemicals (continued) 
ILCR HQ 

Ethyl ether I noCSFs I 
Ethylbenzene NA I 
FImmrirle I ~ ~ C S F S  I NA 

Vinyl chloride NA NA 
Xylenes no CSFs 7.37E-09 

NA Zinc no CSFs 
SUM 3.89E-09 5.08E-04 

MV-HWMU-I 2 



Table 

E.10-la Undcveloped Park Uscr 

E. 10-1 b Undcvcloped Park User 

E. 10-221 Undeveloped Park User 

APPENDIX E.10 
Uncertainty Analysis 

E. 

E. 

E. 

E. 

0-2b Undeveloped Park User 

0-3a Undeveloped Park Uscr 

0-3b Undeveloped Park User 

0-4 Undeveloped Park User 

E.10-h Groundskeeper / Samplcr 

E.10-5b Groundskecpcr / Samplcr 

E. 10-6 Groundskeeper / Sampler 

- Only available on CD ROM. 

- Only availablc 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 providcd in this appendix, also available on CD ROM. 

Only available on CD ROM. 

Only availablc on CD ROM. 

Only availablc on CD ROM. 



T A B L E  E.10-4 
Undeveloped Park User - 70 Year Exposure  Factor f o r  Child, Youth, Adult, a n d  Senior w i th  Max imum Uran ium Concentrat ion a n d  No Organic Const i tuents in Surface Water 

InhaleChe.,i 

Undeveloped Park User -Inhalation of Gases & Particulates 
Risk calculation in Zone 5 for exposure duration of 70 years loaded on child. youth. adult. and senior; maximum uranium concentration in surface water; remove one-half detection limit values for organic COCS in Surface water 

Intake Eouation: CDI = 
CDI = 
CA = 
EF = 
ED = 
IR = 
ET = 
8W = 
ATc = 
ATn = 

(CA'EF'ED'iR'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 time for non-carcinogens 

UNiTS Assigned Values 

rng/m' 
d W y r  20 40 20 40 
yrs 6 12 37 15 

m'lhr 1 1 1 1 

kg 15 47 70 70 

days 2190 4380 13505 5475 

rngkgday chlld I yo ulh 1 adult 1 senior 

see table of COCs below 

hrslday 2 2 2 2 

days 25550 25550 25550 25550 

UPU - UNCI -1 



TABLE E.104 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

InhaleChem 

Undeveloped Park User. lnhalatlon of Gases 8 Particulates 
Risk calculatlon In Zone 5 for exposure duration of 70 years loaded on chlld, youth. adult. and senlor; maximum uranium concentration in surface water; remove one.half detection limit values for organic COCS in surface water 

Intake Equation: CDI = (CA’EFEVIWET)/(B!WAT) UNITS Assigned Values 
CDI = Chronic Daily Intake rnglkgday child I yo ulh 1 adull I senior 

CA Concentration of chemical in air mg/m’ see table of COCs below 
EF = Exposure frequency da@fl 20 40 20 40 
ED = Exposure duration ys 6 12 37 15 

IR = Inhalation rate m3/hr 1 1 1 1 
ET = Exposure time hrSlday 2 2 2 2 
BW = Bcdywelght kg 15 47 70 , 70 
ATc = Average time for carcinogens d a p  25550 25550 25550 25550 
ATn = Average time for non-carclnogens d a s  . 2190 4380 13505 5475 

Air concentration is derived using an air particulate value of 26 u g h 3  (2005 SER background aversge from rnonilor AblS-12) multiplied by the soil concentration. 

UPU - UNC4 -2 



TABLE E.10-4 
Undevelcped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium C o n c e n t r a t i o n  and No Organic ConStitue3ts in ??irface Water 

DermalSoiiC!8em 

UNITS 
mglkgday 

Indeveloped Park User - Dermal Contacl with SoillSediment 
:isk calculation In Zone 5 for exposure duration of 70 years loaded on chlld, youth, adult. and senior; maximum uranlum concentration in surface wafer; remove one-half delecfion limit values for organic COCs in surfaco water 

Assigned Values 
child 1 youth I aduif I senior 

itake Equahon: CDI = 
CDI = 
cs = 
AB 

SA 
EF = 
ED = 
AF = 
CF = 
BW-  
ATc = 
ATn = 

(CS’As .Sn.EF.E~A~CFy(ewnT)  
Chmnlc Daily Intake 
Concentration of chemical in soil 
Absorption factor 
Surface area of exposed skin 
Exposure frequency 
Exposure duration 

Adherence factor 
Convenion factor 
Bodyweight 
Average time for carcinogens 
Average ome for nonzarcinogens 

UPU - UNC4 -3 



TABLE E.10-4 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

DermalSoilChem 

UNITS 
rngmgaay 

Jndeveloped Park User - Dermal Contact with SoiilSediment 
2isk calculation in Zone 5 for ex~osure duration of 70 years loaded on child. youth. adult, and senior; maximum uranium Concentration In surface water; remove onehalf detection limit values ior organic COCs in surfacn watel 

Assigned Values 
child I yo urn I aault I senior 

ntake Equation: CDi = 
COI = 
cs = 
AB 

SA 
EF = 
ED = 
AF = 
CF = 
BW= 
A l c  = 
A l n  = 

(CS'AB'SA'EF'ED'AFCFY(BWAT) 
Chronic Daily Intake 
Concentration of chemical In soil 
Absorption factor 

Surface area o i  exposed Skin 
Exposure frequency 
Exposure duration 

Adherence factor 
Convenion factor 
Body weight 
Average time for carcinogens 
Averaqe time for non-carcinogens 

COC wnc 
mnkn 

UPU - UNC4 4 



TABLE E.10-4 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

IngestSoiiihxn 

UNITS 
mgkgday 

Undeveloped Park User. Ingestion of Soil 
Rlsk calculation In Zone 5 for exposure duration of 70 years loaded on child. youth. adult. and senior; maximum uranium concentration in surface water: remove one-half detection limit Values for Organic COCS in Surface Water 

Assigned Values 
child 1 yo uth I adult I senior 

Intake Equation: CDI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
Fi = 
CF = 

BW = 
ATc = 
ATn = 

( C s ' E F ' E ~ l ~ F I ' C F ) / ( B ~ A T )  
Chronic Daily Intake 
Concentration of chemical in soil 
Exposure hequency 
Exposure duration 
Ingestion rate 
Fraction of contaminated soil. 
Conversion factor 
Body weight 
Average time for carcinogens 
Average time for non-carcinogens 

40 20 40 
12 37 15 

100 100 100 
1 1 1 

1.ODE-06 1.00E-06 1.00E-06 
47 70 70 

25550 25550 25550 
4380 13505 5475 

UPU - UNCI -5 



TABLE E.10-4 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

IngestSoilChem 

UNITS 
mglkgday 

Undeveloped Park User - Ingestion of Soil 
Rlsk calculation In Zone 5 for exposure duration of 70 years loaded on child, youth. adult. and senior; maximum uranium concentration in  surface water; remove one-haif detection h i t  values for organic COCs in surface Water 

Assigned Values 
chiid I youlh 1 adult 1 sentor 

Intake Equation: 

COC 

CDI = 
CDI = 
cs= 
EF = 
ED = 
IR = 
FI = 
CF = 

BW 
ATc = 
ATn = 

conc 

( ~ E F E ~ I R ' F I ' C F Y E ~ A T )  
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 carcincgens 
Average time for non-carcinogens 

total = 1.51E42 total = 4 06506 
~~ ~~ 

UPU - UNCZ -6 



TABLE E.li)-4 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

DermalSWchem 

.mke Equalan: CDI = (OA'EF'ED'SAY(BW'AT) UNITS 
Assiarrd Values 

Ch?5 1 Yoah I adun I senior 

ATn = Awage lime for mncarcimgens d a h  2190 4380 13501 5475 
DA = C;CCF'ET 
C. = mntemalbn of tt contaminam in suflam waer m g k  See COC IIR t e b w  
KO = ~ermeabilny consfam for kn mmarninam Mlhr See COC lis below 

CF = mm(sion factoi 
ET = exposure hme 

UCd 0.001 0.001 0001 0.w1 
hrld i 1 1 1 

UPU - U N U  -7 



TABLE E.10-4 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

DermalSWchem 

UPU - UNCi -8 



TABLE E.lu-4 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

IngestSWchem 

Indeveloped Park User ~ Ingestion of Surface Water 
lisk CalCulation in Zona 5 for exposure duration 01 70 years loaded on child, youth. aduk. and senior: maximum uranium concentration in surface water; remove one-hall detection lima values lor  organic COCs in surface water 

nake Eauaton: CDI = 
CDI = 
cw = 
EF = 
ED = 
IR = 
0 w =  
ATc = 
ATn = 

(CW'EF'ED'IR)I(BW'AT) 
Chmnk Daily lnlake 
Concenhafion of chemical in wafer 
Exposure frequency 
Erposuredur-n 
Ingesbn rate 
Body weight 
Average time for carcinogens 
Average h e  for non-carchwens 

UNiTS Assigned Values 

mglL see COC lable below 
mgikgday child p uth I adull I senor 

da&r 12 12 12 12 
P S  6 12 37 15 

Llday 0.035 0.035 0.015 0.015 
ko 15 47 70 70 

da)s 25550 25550 25550 25550 
day3 2190 4380 13505 5475 

UPU - UNC4 -9  



TABLE E.10-4 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and NO Organic Constituents in Surface Water 

IngestSWchem 

UNriS 
mglkgday 

Undeveloped Park User. Ingestion of Surface Water 
Rbk calsubtlon in Zone 5 for exposure duration of 70 years loaded on child. youth, adul t  and senior; maximum uranium concentration in surface water; remove one-half detectlon limit values for organic COCs in surface water 

ASSlgneU Values 
Child I )o ufh I adult 1 senor 

Intake EquaLhn: CDI = 
CDI = 
c w -  
EF = 
ED = 
IR = 
BW= 
ATc = 
ATn = 

(CW*WEVlR)/(EWAT) 
C h m n c  Dady Intake 
Cancentratan of chemical in wale, 
-sure frequency 
Eqosure duratan 
Ingeston rate 
Bodyweght 
Average time for carcinogens 
Average time for nowcarcinogens 

UPU . UNC4 -10 



TABLE E . i O 4  
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior w i th  Max imum Uranium Concentration and No Organic Constituents in Surface Water 

InhaleRad 

CDI = (CA'EF'ED'IR"ET) UNITS 
CDI = Chronic Daily Intake pCi 

Intake Equation: 

Undeveloped Park User - Inhalation of Gases & Particulates 
Risk calculation in Zone 5 for exposure duration of 70 years loaded on child, youth, adult, and senior; maximum uranium concentration in surface water; 
remove one-half detection limit values for organic COCs in surface water 

Assigned Values 
child I y outh I adult I senior 

m3/hr 1 .o 1 .o 1 .o 1 .o 
hrslday 2 2 2 2 

Air concentration is derived using an 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/m3 divided by 1.56 pCilg) 

UPU - UNC4 -1 1 



TABLE E .104  
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

IngestSoilRad 

Undeveloped Park User - Ingestion of Soil 
Risk calculation in Zone 5 for exposure duration of 70 years loaded on child, youth, adult, and senior; maximum uranium concentration in surface water; 
remove one-half detection limit values for organic COCs in surface water 

~~ 

Intake Equation: CDI = (CS'EF'ED'IR'FI) UNITS Assigned Values 
CDI = Chronic Daily Intake pCi child I y outh I adult I senior 
cs = Concentration of radionuclide in soil oCila see table of COCs below 
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 
FI = Fraction of contaminated soil 

. -  
dayslyr 20 40 20 40 

Y rs 6 12 37 15 
0.2 0.1 0.1 0.1 

unitless 1 1 1 1 

UPU - UNC4 -12 

1 



TABLE E 1 0 4  
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constitiients in Surface Water 

IngestSYCrsd 

Undeveloped Park User - Ingestion of Surface Water 
Risk calculation in Zone 5 for exposure duration of 70 years loaded on child, youth, adult, and senior; maximum uranium concentration in surface water; 
remove one-half detection limit values for organic COCs in surface water 

Intake Equation: CDI = (CW*EF*ED*IR)/(BW*AT) 
CDI = Chronic Daily Intake 
cw = 
EF = Exposure frequency 
ED = Exposure duration 
IR = Ingestion rate 

Concentration of radionuclide in water 

UNITS Assigned Values 

pCi/L see COC table below 
pCi child y outh 1 adult I senior 

dayslyr 12 12 12 12 

Uday 0.035 0.035 0.015 0.01 5 
Y rs 6 12 37 15 

UPU - UNC4 -13 



TABLE E.10-4 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

ExternalRad 

UNiTS 
yr pCilg 

Undeveloped Park User - External Radiation 
Risk calculation in Zone 5 for exposure duration of 70 years loaded on child, youth, adult, and senior; maximum uranium concentration in surface water; 
remove one-half detection limit values for organic COCs in surface water 

Assigned Values 
child I youth I adult I senior 

Intake Equation: CDI = (CS*EF"EO*ET,*(l-SH,)) 
CDI = Chronic Daily Intake 
cs = 
EF = 
ED = Exposure duration 
ET, = 
ETi = 
SH, = Shield factor outdoors 
SH, = Shield factor indoors 

Concentration of radionuclide in soil 
Fraction of year exposed to radiation 

Fraction of day speni outdoors 
Fraction of day spent indoors 

cot 

total = 8.51E-06 

UPU - UNC4 -14 



TABLE E.104 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior w i th  Max imum Uranium Concentration and  No 0:sanic Constituents in Surface Water 

SumPaihs 

Undeveloped Park User - Summation of all Pathways 
Risk calculation in Zone 5 for exposure duration of 70 years loaded on child, youth, adult, and senior; maximum uranium concentration in surface water; 
remove one-half detection limit values for organic C3Cs in surface water 

Cesium-I 37 + D 
Lead-210 + D 
Neptunium-237 + D 
Plutonium-238 

See Table E.lO-3b for the background calculations provided in this table. 

rad onlv 

7.09E-08 5.74E-08 1.36E-08 
1.19E-06 8.74E-07 3.18E-07 
1.93E-09 1.36E-10 1.79E-09 
2.22E-10 2.44E-11 1.98E-10 

__. 

ILCR’ 

SUM 4.86E-02 4.13E-05 3.51E-05 

Summation of all paths for individual nuclides 
Total BKGD* Total-BKGD 

SUM 3.51E-05 3.98E-05 1.68E-06 

UPU - UNC4 -15 



TABLE E.10-4 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

SumPaths 

Summation of all paths for individual chemicals 
Total Total - BKGD BKGD" 

UPU - UNC4 -16 



TABLE E.10-4 
Undeveloped Park User - 70 Year Exposure Factor for Child, Youth, Adult, and Senior with Maximum Uranium Concentration and No Organic Constituents in Surface Water 

SumPaths 

Summation of ail paths for individual chemicals (continued) 
Total BKGD' Total - BKGD 

ILCR HQ ILCR HQ ILCR HQ 

SUM 6.26E-06 4.86E-02 6.32E-06 1.63E-02 5.45E-07 3.36E-02 

UPU - UNC4 -17 








