
Department of Energy 

Environmental Management 
Consolidated Business Center 
250 East 5’h Street, Suite 500 

Cincinnati, Ohio 45202 
(5 13) 246-0500 

AUG 2 4 2037 

Mr. James A. Saric, Remedial Project Manager 
United States Environmental Protection Agency 
Region V-SRF-5J 
77 West Jackson Boulevard 
Chicago, Illinois 60604-3590 

EMCBC-00699-07 

Mr. Thomas Schneider, Project Manager 
Ohio Environmental Protection Agency 
Southwest District Office 
401 East Fifth Street 
Dayton, Ohio 45402-291 1 

Dear Mr. Saric and Mr. Schneider: 

AUGUST 2007 CHANGE PAGES TO THE INTERIM RESIDUAL RISK ASSESSMENT 
REPORT, REVISION 1 

Enclosed are the change pages to Revision 1 of the Interim Residual Risk Assessment (IRRA) 
Report for the Fernald Preserve. The pages contain updated text that reflects several minor 
comments received from U.S. Environmental Protection Agency on August 20,2007. There are 
nine change pages, and they are designated in the last line of the header as “Change Page: 
August 2 1,2007.” Note that the pages are double sided so that they can be exchanged easily 
with the old pages. However, because the pages are double sided, several pages have one side 
that contains no changes. Attachment A to this letter summarizes the pages and text that were 
changed. 

If you have any questions or require additional information, please contact me at (5 13) 648-3 139. 

Sincerely, 

Director 

Enclosures 
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Mr. James Saric 
Mr. Thomas Schneider 

- 2 -  

cc wlen clo sures : 
T. Schneider, OEPA-Dayton (three copies of enclosures) 
M. Cullerton, Tetra Tech 
M. Shupe, HIS GeoTrans 
S. Helmer, ODH 
AR Coordinator, Wanda Sumner 

cc wlo enclosures: 
F. Johnston, Stoller 
R. Norton, Fluor 
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Remedial actions associated wit11 tlie removal of the contaminated s2ructui~es; soil, and waste materials at 

tlie former Feed Material Production Center (FMPC) are documerited in the Records o f  Decision (RODS) 

for Operable Units I : 3, 3: 4: and 5 .  The i.eiiiedia1 actjoiis were inipleiiieiited under the Femald Closure 

Project (FCP), and documentation of the comp1etecl remedial actions can be found in the Remedial Action 

Reports for Operable Uiu'ts I :  2: 3, 4: and 5. 

ks l ;  calculations in tlie Conipi-ehensive Response Action Risk Evaluatio~i ( m a )  foi. Operable Unit 5 

weye perfonned using estiinnled post-remediation contaiiliiiaiit concentrations in soil and suiface-urater 

media that reflected the preliminary remediation levels, wliich were based oii the j~reliiiinary ~-eiilediation 

goals developed fi.om the Operable Unit 5 Baseline Risk Assessment. The IRTiA evaluates the receptor 

risl; due to e>tposure to niensur-ed post-remediation contaiiinant concent~~ations i11 (lie soil arid surface 

water 011 the Feniald Preserve. hi this context, tlie lRRA risk calculations reflect actual site conditions. 

Target i~xeptors in the C W  were selected for the owsi te undevelopeci parl; and off-site farin land-use 

scenarios. The PUY, calculatio~is deal only with the i~eceptors for tlie owsite unde\doped park, as 

groundwater remediation is ongoiiig and the evaluation of the off-site fami scenario is depend en^ 017 the 

gi~uiid\vater patIway for in~estioii of watei. (humans and livestock) and in-igation of crops. Off-site 

receptors \vi11 be evaluated in a final risk assessment report that will be submitted after the Great Aliaiil; 

Aquifei. has beeii restored to the final remediation levels listed in  the O]ierable U ~ u t  5 Record of Decisioli. 

The P ?  calculatioiis evaluated six huinan receptors i n  nine exposui.e Zoiies. III h e  wit11 the final lalid 

use of an uiide\eloped park; aiid the need for supporl staff to operate a museum, tlie converted waste- 
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water treatment (CMWT) 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 CRARE), museum visitor, niuseum worker, groundskeeper/sampler, 

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

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

potential exposure received by the ~.~-oundskeeper/sa~iipler and building maintenance personnel who enter 

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

(museum visit.or) or as niany as 250 days a year (niuseuni worker). The receptor exposure zones rcflect 

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

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

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

chemical and radionuclide intake via inhalation of particulate, vapors from volatile organic compounds 

(VOCs) and radon gas, incidental ingestion of soil and surface water, dermal contact with soil and surface 

wafer; and exposure to external radiation. Ninety-five contaminants were evaluated and a subset of 

chemicals and radionuclides was compiled for each exposure zone to derive input concentrations for the 

air, soil, and surface-water pathways. Cancer slope factors (CSFs) and reference doses (RDs) for the 

cont.aminants were compiled from the Environmental Protection Agency's (EPA) Integrated k s k  

Information System (IRIS) and Health Effects Summary Tables (HEAST) and the Oak Ridge National 

1,aboratory's (ORNL) Risk Assessment Inforniation System (RAIS) web sites. The intake values, CSFs, 

and RfDs are used to calculate 1-11 and ITXR. 

Most of the risk to the receptors is driven b y  a small subset of chemicals and radionuclides. Arsenic, 

bel-yllium, uranium, aroclor-1254, aroclor-1260, uranium-238 and lead-21 0 are responsible for the 

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

for the dernial surface-watel- pathway. Manganese and radon-222 contribute most of the risk to [lie 

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

the largest contributor to external radiation. 

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

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

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

OS'Z1/2007(1:23 PM) ES-2 
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ai-tifaci of using one-half of ihe analytical detection limit for these compounds, and this conservative 

assulqjtion would be less conservative (Le., lower risk values) if lower analytical detection limits had 

bee13 obtained for the compounds. This statement is supported by an uncerlainty analysis that concludes 

tile greatest uncertainty in the risk calculations is knowing the true concentration o f  benzo(a)pyrene and 

dibenzo(a,h)antliracene in surface water 

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

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

C m  results for tlie undeveloped park user. Carcinogenic risk for thus uncertainty calculation was 

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

concentrations in the soil, relative to the estimated concentrations used in the CRARE. This coinparison 

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 aiid beryllium) in soil are measured to be 

greater than those used in tlie CRARE. However, when all chenlicals aiid radionuclides are suintiied 

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

CRARE and, per CERCLA guidance, less than the upper bound of 1 .OE-04. 

OS1?11?001~1:?3 PMJ ES-3 
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The ].ll[el.i11i Resiclual Risk Rssessmenl (IR1Z.A) esljmales Ilie ~it~~i~ii~i-Iie;illIi risks associated wi th  the posl- 

l.eil1ecI ia[ion coiitaiiiinan~s iii the air: soil ancl siirface-wa 1 el. ineclia at the foi~iner Feriial cl Feed h4 1-11 eria I 
]+x-jduction Center (FMPC). G~m~nd\mter I-emediation is ongoing, ancl a final risk assessinelit will be 

pe~fo~mecl when [lie ground\~ater restoration p a l s  liave been acliievecl for tlie Great Miami Aq~iifer. 

C:ontaiiii~iatect s~r~uctt~res, soil, ancl \vasle iiia~erials associaiecl wit11 t he  FI\/IPC site \ v x  clemolisliecl and 

ixliiovecl for- disposal uiidei. h e  Coinj~~~eheiisive Eii\~i1.~~iiiiienta1 Respcmse, Co~npe~isation, aiicl Liabilit y 

Act (CERCLA), as documented in tlie Dejiart~nent of Energy's (DOE) Records of Decision (RODS) for 

Operable Uiuts (OU) I ~ 2, 3 ,4 ,  and 5 (DOE 1995a: 1995b, 1996a, 1996b: 2000: 2003) and the reinedial 

action close-out reports (DOE 2006b: 2006~ :  2006d: 2006e. 2006fj. The remedial actions were 

inipleiiiented uiidei. the Feiiiald Closure Piniect (FCP): and tlie IRRA calculations document that the soil 

remedial actions at the Feiiiald site were adequate to reduce contanlinant co~icentrations in soil and 

surface water to levels that are protective of human health and the eiivirolunent. 

CERCLA (a.k.a, supei*hnd) requires that the actions selected to i.eiiiedy 1iazai.dous waste sites be robust 

eiiougli to reduce potential tlreats posed by the release of Iiazardous substance to the en\Jiroiunent to 

Iinits that are protective of liuiiiaii health and the.eii\~iroiuiient. Per the U.S. E~i~~i~.oi-~liientaI Protection 

Agency's (EPA) Risk Assessment Guidance for Superhnd (RAGS, EPA I 989a), these criteria are 

evaluated with risk calculations to demonstrate that tlie risl; to a receptor, definecl a s  the "reasonable 

iiiaxiiiiuiii er;posure" (RI\IE) individual, does not exceed an incremental lifetiiiie cancer risk (ILCR) of 

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

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

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

(EFI-1: EPA 1997) and suppleinental g~iidance (EPA 1991 a); and site-specific data 011 air, soil, and 

surface-water concentralions. The off-property fanii receptor \ d l  be evaluated for the groundwater and 

food pathways in tlie final risk assessment, wliich will be subiilitted to the regulatory agencies after the 

aquifer- certification 1ii.ocess has been apliroved by tlie EPA and OEPA. 

1 1  
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For each on-site receptor, risk was calculated at three contaminant concentration levels: total risk WJitli 110 

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

subtracted from the total risk. An uncertainty analysis was also performed to evaluate variation i n  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 t.o the regulatory agencies and public on reasonable and backpound risk to the sile visilors 

and workers. 

1 . 1  

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

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

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

(VOCs and radon) and particulate, dermal contact with soil and surface water, ingestion of soil and 

suribce water, and external radiation. Receptors, exposure parameters, reference doses, and cancer slope 

factors have been updated relative to values presented in the Comprehensive Response Action Iiisk 

Evaluation (CRARE), which is Appendix H of the Operable Unit 5 Feasibility Study (OU5; DOE 1995d). 

Whereas this report evaluates the receptor risk due to exposure to nzeasur.ed post-remediation contaminant 

concentrations in air, soil, and surface water on the site, the CRAFS evaluated risk using the OU5 

Remedial Investigation (DOE 1 9 9 5 ~ )  data set, background data (DOE 1994, 2001) and air niodels to 

e.stimulc post -remediation contaminant concentrations in air, soil, and surface-water media. Target 

receptors in the C U R E  were selected for tlie 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 ulldeveloped 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 by humans and livestock and 

iirigation 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. 

OVERVIEW AND ORGANIZATION OF THE lRR.4 REPORT 

1-2 
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3.0 SCENARIOS, LAN11 USE EXPOSURE PATIIM’AYS 6. RECEPTORS 

In the OU 5 FS (DOE 1 W d ) ,  DOE evaluated remedial actions, human and ecological risk, and cost to 

detemiine which of four land use ob-iectives would be selected for the end state of tlie Feriiald site. 

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

A/laxiiiiudi Consolidation of Contaminated Material to Free tlie Majority of the Feniald Site for Restricted 

Land Use. Land Use Objective 3 called for off-site sl~pnient 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 were evaluated for 

Lalid 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 

cliaiiged to accommodate an on-site museum with rest roonis, a parking lot, and continued operation of 

the CUWT 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 tlie IRRA must consider 

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

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

presented in the OU 5 FS, as well as a museum visitor, museum worker, groundskeepedsainpler, 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 sinlilar to tliose presented in the OU 5 FS, 

and they consist of inhalation of radon gas, VOC vapors aiid sod particulate suspended by the wind, 

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

extenial radiation. hi contrast to the OU 5 CRARE exposure pathways, the groundwater, and food 

pathways will not be evaluated in tlie IRRA due to ongoing groundwater restoration activities. The 

groundwater aiid food pathways will be evaluated in a final risk assessiiient. repoi-t that will be published 

after the groundwater has been certified as meeting the OU 5 ROD groundwater FRLs. 

OS:?1/?007(1:30 Phll 3-1 
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3. I 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, VOC vapors and soil particulate 

suspended by the wind, and hey contact soil and surface water while hiking trails and sitting on the 

grouncl for a picnic. Contacl with soil and surface water results i n  dennal exposure as well as incidental 

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

enviroiimental media. Exposure pathways and paranieters are suininarized in Table 3-1 . The rationale 

and reference fool. each exposure parameter are discussed bclow: 

I3q)osurc Frequency (EF): The number of days per year (dlyr) that a receptor visits the site is the 

EF. 1% is assumed to be 20 d/yr, about every other week, for the child and adult, A higher 

frequency of 40 d/yr 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 worlung adult and young child. 

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

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

country for 1110re 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. 

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

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

are equated to the mean B W  in EPA Table 7-1 1 ,  which is rounded to 70 kg. An avcrage of mean 

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

Inean values rcporlcd for ages 0 to 6 (EPA Table 7-3) arc used to derive an average weight of 

15 kg. 

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

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

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

OW? IRfJ07( 1:30 PM) 3 -2 
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0 Averaging Time for carcinogens (AT,): For. carcinogenic compounds and radioactive isotopes, 

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

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

~llialation Rate (IhR): Tlie volunie of air which an individual breathes each Iioui. is the Ita. 

EPA (1 997) reports tlie same value (1 .O 11i3/Iu.) for tlie child and adult receptors for short-temi 

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

S]iort-tenii exposure aiicl light activities are applicable to a park visitor that spends an hour or- two 

liildng trails and watcling birds. 

0 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 fraction of 

a nomial day (two hours) inhaling dust, VOC vapors 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 (1 989b gL 1997) estimates that a residential clild will ingest 0.2 g/d, which is lowered to 

0.1 g/d for the adult. The IR for tlie youth and senior- adult is assumed to be siiiilar to the adult, 

0 Fraction of Ingested Soil that is Contaminated (FI): hi some risk exposure scenarios, a receptor 

may pass in aiid out of contanlinated soil zones, and only a fraction of tlie ingested soil will 

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

time in a contamination zone, and FI is set equal to 1 .O. 

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

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

(2004, Exhibit C-l), aiid the sum for these body parts appears iri Table 3-1. 

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

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

3-3 
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Shielding I-;:ict(ir (SI.1): 'I'he SI-1 accounts ibi. material between the recept.or aiicl racliation soLII'cc 

i h a i  can ~ I I C I ~ L ~ ~ I . ~ :  Ilic ex~ei.na1 radiation received by an indi\/idual. For outdoor conditions on ill(; 

sit.e. t h c ;  SI-1 is ialicii iis 0.25 to account for substantial surface-water coverage (water shields 

r;i(Ii;iiion crnirictl I'imi the soil below the water) and the place~nent of clean mulcli o\w 1 1 1 ~  

ixii.ictIiaI hotpiiiii (the inulch is wo1-1tecI into the reinedial footprint, \vliich dilutcs ~ l i c  soil 

conceii~i.a~ioii a i d  pir~\~icles sonic sliieicliiig f10m i~ id ia t ion ciiiii1.et1 by nuclicles 011 [he soil 

part iclcs). 

e 1)ose Al,sol.becl (DA) per Event; Dermal Contact with Surface Water: This is ii cheinical specific 

\t;1]ue thai  is calculated from the permeability constaiit and chemical coiicentratioii i n  tJ ie ulater. 

~ l l  constants and clienical concentrations used in this calculation are tabulat.ed in Appendix E. 

(16:??:20U7( I 5 6  I'M) 3 -4 
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3.2 MUSEUM \'ISITOR 

This target receptor is the child, youth, adult, and/or senior adult that visits the I I I U S ~ U I I ~  ancl participates in 

an occasio~ial field trip run by the museum. Although these individuals spend most of their time in  the 

museuiii, they will inhale air that contains radon, VOC vapors and soil particulate when they walk froin 

the parhiig lot to the niuseuin and when they participate in field trips. The receptor may contact soil aiid 

surface water when they participate in a niuseuni field trip or if they wander tluough the grounds between 

the parking lot and niuseuni. Contact ~ 4 1 1  soil and surface water results in dernial exposure as well as 

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

in the enviromnental media. Exposure pathways and parameters are sunmarized 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 (d/yr) that a receptar visits the niuseuiii 

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

20 d/yr is assumed for the senior adult to account for extra recreation titile 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 989a) notes that national trends show individuals do not live in a region of the 

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

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 (1 997) has tabulated BW for individuals. The adult aiid senior adult 

are equated to the inean BW in EPA Table 7-1 1, wlich 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 c ldd  

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

15 kg. 

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

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

chenlicals as the exposure duration rnultiplied by 365 dayslyr. 

OS/? 112007( I :30 PM) 3 -5 
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A \/ era g i 11 'I'i iiie fo I. ca IC i no gens (AT,) : For ca rei ii  ogen i c compou lid s a ntl 1-21 d i o a c ti ve i so Lopes, 

]-;PA ( 1 OKOa)  iissiiiiies h e  calcinogeii acts over a 70-yr lifetime for the individual. Tliercfolq 

avelxginp ~ i m e  (days)  for caiciiiogens is 70 yrs iiiultiplied by 365 dayslyr. 

. ,  
o I :~po: ; t~i-c:  '1.iii.i~: ();'Is) ior ,A I:.: l'he a i i i o u n ~  of tiine the recepior spencls ou~clooi-s on each visit to 

111~: Inusculn is mumed to be one-half hour per each day they visit the museum. This time is 

;I/ locni ecl to wallcing between the par1;ing lot arid museum and participating in an  occasional field 

I I + .  

e Surl~ce Area (SA),  Dermal Contaci with Soil: The slcln SA exposecl l.o soil is assun.,etl 1.0 be LJ1e 

l i d ,  l i ads ,  rol.carnis aiicl lower legs. Feet are not included because museum vjsjL0l.s ufijj be 

\veaijiig foot gear. All SA values for body parts are obtained from EPA (2004, Ediibit C-I), 

[lie sum for these body parts appears in Table 3-2. 

3-6 
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Tile ~iia);iiii~iiii ~ i i ~ r i i i t i i i ~  coiiceiiii~alion in.sui-face water was enteral i n t c i  the risl; calculation for GS I 

(clouble tlie e>;posui.e cluration and ~~iitle~ectecl oiy~nic coiicenttations are sel ai one-half tlie t l e ~ e c ~ j o ~ ~  l j i i i i i  

\/slue). Results for GS 2 SJIOM. [lie 1-11 iticreasecl by U.6E-OI aiid the 7'-PJ3 ILCR increased b y  a fac[ol. of 

0.OGE-05: i'ejative to tlie GS 1 case, but tlie HI and T-PJ3 ILCR values reniain belo\v the acceptable levels 

of less than one and less t h a n  1 .OE-04, i.espectively. Tlierefo~e, the present ~ i iax i~ i iun i  u~-ai~ium sui-face- 

\vater concentration of 1 .SS ing/L does 1101 present a significant increase in risk to t he  

~'oundskee~ier/saii i~~Ier.  Howe\w, tlie soui'ce for this elevated uranium concentratioIi (ponds west of 

forjiier \\/aste Pit 3) should be sanipled during future monitoi*hg activities to eiisurc that tlie uranium 

concentrations does not iise ID 2, level that \vould create an unacceptable risk for a site receptor. 

As noted above using one-half the detection liiilit value f o ~  balzo(a)pyreiie and dibeilzo(alli)aiitllI.acene 

results in a Iigb uncertainty io the calculated risk to the receptors! wliereas increasin~ the uraiium surface- 

water concentration to the iiiaxiiiiu~ii observed value p ~ c x n t s  110 significant increase in the n ~ ~ e r a l l  risk to 

the adult receptors. However, in Appendix E. 10 the detailed calculatioiis for UPU 1 and UPU 3 show that 

the cliild sub-receptor for the undeveloped park user does expel-ience a sipiificant incizase in the I-IQ ij.01ii 

exposure to the iiia);iiiiuiii uranium coiiceiit~~atioi~ in surface watei. (ui~aniuiii J-IQ of 3.90E-03 for UPU 1 

iiicreases to 3.43E-01 for UPU 3). Although there is a significant increase iii the exposure to cheii<cal 

toxins fol. the child sub-receptor, the overall 1-11 for all cheiilicals remains below the accej~table lin~jt of 

one. 

\'ariatioil in Air Concentrations 

As noted in Section 4.3; the baseliiie case for the iidialatioii of particulate and gases uses the average 

particulate value for tlie backgrou~id monitoring location to estimate the air concentrations for all 

coiistitue1its, except radon. Radon-222 is estiinated using the average rado?-222 value a t  the background 

11i011jtoj. and the 95"'peiceotile background coiice~~t~~atjoii for radium-236 in soil. As discussed in Section 

5.9, usiiig tlie iiioniioring data to estimate the radon-322 air concentration is 40 limes more coiisei-vative 
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than the RAECOM-dose model used in the OU5 CRARE. Therefore, uncertainty in the estimation of 

radon-222 air concentrations has already been established by the present use of monitoring data, relative to 

the radon-flux niodcl used in thc CRARE. 

I n  tlie Soil Screening Guidance: Technical Backsound Document (EPA, I 99G), EPA presents a metliocl to 

estimate the air concentration for inany organic constituents using a volatilization factor (VF). I’art 2 of 

the referenced guidance presents the appropriat.e equations and defaull values, while Pari 5 tabulates the 

cliemical specific Iiarameters (at W C )  used in tile equations.  he VF Iias units of m3/lcg, a n c ~  thc soil 

concentration of the organic constituent is divided by the \IF to yield [lie air concentration [e.g., 

(mg/kg)/(n?/kg) = n1g/m3]. Table 5.9 summarizes the V F  for all organic constituents that could be 

calculated using the data tabulated in the guidance, and the corresponding air concentrations are three to 

five orders of magnitude greater than the concentrations calculated using particulate mass (baseline case). 

Organic compounds that are not present in Part 5 of the guidance, but are contaminants of concern for the 

risk calculation, include arolclor-1254, aroclor- 1260, metliyl-2-pentanone, and phenanthrene, These four 

compounds are assessed using the method discussed below for inorganic constituents. 

The air concentration for inorganic elements was estimated in the same manner as the baseline approach 

(Section 4.3), except the particulate concentration was increased to the 2005 maximum value (1 10 pg/m3) 

observed at the fenceline, which is approximately 4 times greater than the background particulate value 

(26 pg/m3) used in  the baseline cases. Therefore, the use of tlie maximum detected particulate 

concentration accounts for the generation of particulates during soil remediation activities. Use of the 

maximum particulate concentration resulted in an increase in  the air concentration for inorganic elements 

and the four organic constituents noted above. 

Air concentrations derived using the VF and thc higher particulate conccntration were entcred into the 

inhalation pathway for the groundskeeper/sanipIer in Zone 5 (GS 3), wllicli represents tlic maxiiiially 

exposed individual in the hghest risk zone of the site. Results in Table 5-8 show the 1-11 and T-RB ILCR 
increase for the GS 3 case, due to the increase in contaminant air concentrations. Relativc to the base case 

(GS Zone 5), the total HI increases from 1.06E-01 to 1.21E-01, and T-REI ILCR increases froin 4.7OE-05 

to 5.17E-05. Altliough this scenario has sigmficantly higher air concentrations, there is no significant 

increase in the risk for the inhalation pathway. 
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TABLE 5-9 
Calctilation of  VolntiIization Factor a i d  Air Concentration for Organic Constituents 

Y 1  

Section 5 ,  Soil Screening Guidance: Teclmical Background Document (EPA, 1996) 
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Reliiedial actioiis associated with the reiiioval of the contaminated structures: soil, and waste ~naterials at 

the fomier Feed h4aterial Production Center (FMPC) are documented in the Records of Decision (RODS) 

for Operable Uilits 1 :  3; 3, 4: and 5 .  The remedial actions were implemented under tlie FeinaId Closure 

Project (FCP); and documentation of the completecl reniedial actioris caii be found in the Remedial Actioli 

Reports for Operable Uiljts 1:  3: 3: 4: and 5. 

fisk caIc~iIatjons in t he  Coiiiprehensive Response Action Risk Eifaluation (CPIARE) for Operable Unit 5 

~~e1.e  perfomied using esrr'ntared post-remediatioa contanlinant conceiitrat~oi~s in soil and surface-u*ater 

liiedia that reflected tlie preliniinary remediation levels, urliicli were based on the ~~relinlinai-y remediation 

goals de~~eloped from the Operable UiU t 5 Baseliiie Risk Assessme~it. The lRliA evaluates the receptor 

risl; due to eqiosure to n7ennrr~d post-reiiiediatioii contaiilinant concentrations bi tlie soil and surface 

\vater 011 the Feinald Preserve. hi this context: tlie IRRA risk calculatioiis reflect actual site conditioiis. 

Tar@ pxqitors in the CRARE were selected for the on-site undeveloped park and off-site farm land-use 

scenarios. The lRRA calculations deal only wit11 the receplors for tlie on-site undeveloped par-k, as 

gl.ouiidwa[el. I-eiiiediation is oiigoiiig aiid tlie evaluation of tlie off-si te fami sceiiai.io is dependent on the 

g.ouiidwater pathway for ingestion of water (humans and livestock) and inlgation of crops. Off-site 

receptors \ A J ~ ] ]  be evaluated in a final risk assessment report that will be subnutted after the Great h.liaili 

Aquifer has been restored LO the final remediation levels listed iii the 01ierable Unit 5 Recoi-d of Decisioil. 

The I T !  calculations evaluated six liuniaii receptors in nine exposure zones. hi liiie with the final lalid 

use of a11 undeseloped park, and the need for support staff to operate a inuseuiii, the converted waste- 

-,. . 
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water treatment (CWWT) plant and the On-site Disposal Facility (OSDF) valve houses, the receptors 

reflect visitors and workers wlio recreate and labor at tlie site. Receptors include the undeveloped park 

user (also evaluated in the CURE) ,  museum visitor, museum worker, groundskeepedsampler, 

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

is not considered i n  this report, as this scenario of potential exposure is less conservative than tlie 

pot.entia1 exposure received by the groundskeeper/sampler and building maintenance personnel who enter 

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

(museum visitor) or as many as 250 days a year (niuscuni worker). The receptor exposure zones reflecl 

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

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

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

clieniical and radionuclide intake via iidialation of particulate, vapors from volatile organic compounds 

(VOCs) and radon gas, incidental ingestion of soil and surface water, demial contact with soil and surface 

water, and exposure to external radiation. Ninety-five contaminants were evaluated and a subset of 

chemicals and radionuclides was compiled for each exposure zone to derive input concentrations for the 

air, soil, and surface-water pathways. Cancer slope factors (CSFs) and reference doses (RfDs) for the 

contaminants were compiled from the Environmental Protection Agency’s (EPA) Integrated Risk 

Inforniation System (IRIS) and Health Effects Summary Tables (HEAST) and the Oak Ridge National 

Lat3oratory’s (ORNL) Risk Assessment Information System (RATS) web sites. The intake values, CSFs, 

and RtDs are used to calculate 1-11 and ILCR. 

Most of tlie risk to the receptors is driven by a small subset of chemicals and radionuclides, Arsenic, 

beryllium, uranium, aroclor-1254, aroclor-1260, uranium-238 and lead-21 0 are responsible for the 

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

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

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

the largest contributor to external radiation. 

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

(5.66E-05) and groundskeeper/sampler (4.70E3-05), and it is driven primarily by dermal exposure to 

surface water containing benzo(a)pyrene and dibe117,0(a,li)anthracene. However, the risk is largely an 
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artifact of using one-half of the aiialytical detection limit for these compounds, and this conservative 

assuqition would be less conservative (i.e., lower risk values) if lower analytical detection limits had 

been obtaiiled for the compounds. This statement is supported by an uncertainty analysis that concludes 

the gi.eatest uncertainty in t he  risk calculations i s  hiowing the true concentraljon of benzo(a)pyr-ene and 

dibeilzo(a,h)antliracene in surface water. 

One of t]ie uncertainty scenarios used a 70-year exposure duration for tlie undeveloped park user and zero 

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

C m  results for tlie undeveloped park user. Carcinogenic risk for tllis uncertainty calculation was 

slightly higher than tlie CRARE result, and this is due to higher residual arsenic and beryllium 

concentrations in the soil, relative to the estimated concentrations used in the CFL4R.E. 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 

CRAKE, while some chemical concentrations (e.g., arsenic and beryllium) in soil are measured to be 

geater than those used in tlie CRARE. However, when all chenlicals and radionuclides are suinnied 

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

CRARE and, per CERCLA guidance, less than the upper bound of 1 .OE-04. 

OS1?11?007(1:?3 PMJ ES-3 
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l'jie 11l(erili-l J{esitIuaI Ttisl; Assessment ( I R R A )  estimates the Ji~~man-lieal~li risks associa[ecl \vith [lie post- 

~.eliiecIialjon co~i~aiiiin;ints iii the airt soil, and suifaace-\vat.ei~ inedia at the foimer l~einalcl Feed h4ateriaI 

I-'i.oductio.ii Ceiiter (Fh4PC). Groundwater ~~ernediatioii is oiigoing, and  a h a 1  ~.isJi assessiiieiil will be 

pe~fo~.med when the grouiid\\~~~er i.est.oration goals have been iicllie\/ecl for the G~.eat h4iami Aquifer. 

CIoiilaliii~iatecl structures, soil, and wasle ma~e~~ials  associa[ed wit11 the Fh4PC site w1-e clemolisliecl and 

ir,iiiovecl for disposal uiid er tlie Com])i~eheiis ive Eiivi i~oninenta 1 Response, Com])eiisa t i on ~ and  Li a bi I i I y 

Aci (CERCLA), as documentecl iii the Depai.~iiient of Energy's (DOE) Records oi'Decision (RODS) for 

Operable Units (OU) I ! 2, 3,4: and 5 (DOE 1995a: 19931, 1996a, 1996b: 2000, 3003) and the remedial 

action close-out reports (DOE 2006b: 2006~ :  2006d, 2006e, 20060. The remedial actions were 

iniple~iiented u~ider tlie Fei i~ld Closure Project (FCP), and the IRRA calculatioiis document that the soil 

reliiedial actions at the Feiiiald site were adequate to reduce coiitaiilinant concentrations in soil and 

surface water to levels that are protective of human health and the enviroiunent. 

CERCLA (aka.  superhiid) requires that the actions selected to 

enough to reduce potential tlueats posed by  the release of hazardous substance to the eiiviroimeiit to 

liiilits that are protective of I~uiiiaii  health and tlie~eii~~iroi~iieiit. Per the US. En\4roimieiital Protection 

Agency's (EPA) Risk Assessiiieiif Guidance for. Superfund (RAGS, EPA 1 989a), these criteria are 

evaluated with risk calculatioiis to demonstrate that the risk to a receptor, defiiiecl as the "reasonable 

iiiaxiiiiutii exposui.e" (RA4E) iiidividual, does not exceecl an incremental l i f e the  cancer risk (ILCR) of 

1 in I 0,000 (1 .OE-04) and a hazard index (HI) of greater than one. 

Jiaza~~dous waste sites be  robust 

A variety of on-proper(y receptors were assessed using l he  agproacli and methodology in RAGS (Par1 A, 

EPA 19S9a; Su])pleiiieiit to Part A, EPA 1991 a; Part E, EPA 2004): the Exposure Factors Handbook 

@FIT EPA 1997) and suppleiiie~ltal guidance (EPA 1991 a),  and sile-specific data 011 air, soil, and 

surface-water coiicentralions. The off-property fann receptor will be evaluated for Ilie groundwater and 

food pathways in the final risk assessiiieiit, ~4llcIi will be submitted to the regulatory ageiicies after the 

aquifer- certification process has bee11 approsed by the EPA and OEPA. 
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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 bacl<ground 

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

due t.o different exposure zones, the exposure duration (exposure early in life versus late in life), modeled 

air concentrations versus nieasured 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 replatory agencies and public on reasonable and background risk to the site visitors 

and workers. 

1 . 1  

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

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

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

(VOCs and radon) and particulate, dermal contact with soil and surface water, ingestion of soil and 

surface water, and external radiation. Receptors, exposure parameters, reference doses, and cancel- slope 

fact.ors have been updated relative to values presented in the Comprehensive Response Action fisk 

Evaluation (CIIARE), which is Appendix H of the Operable Unit 5 Feasibility Study (OU5; DOE 199jd). 

Whereas this report evaluates the receptor risk due to exposure to nzeasured post-remediation contaminant 

concentrations in air, soil, and surface water on the site, the CFL4FE evaluated risk using the O U j  

Iieniedial Investigation (DOE 1 9 9 5 ~ )  data set, background data (DOE 1994, 2001) and air models to 

c.rlimule post-remediation contaminant concentrations in air, soil, and surface-water media. Target 

receptors in the C R A E  were selected for the on-site undeveloped park and off-site farin land-use 

scenarios. The interim risk calculations jiresented i n  this repoil deal only with the receptors for the 011- 

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

scenario is dependent on the LToundwater pathway for ingestion of water by humans and livestock atid 

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. 

OVERVIEW AND ORGANIZATION OF THE IRRA REPORT 
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3.0 SCENARIOS, LAND USE EXPOSUIZE PATHWAYS 6. RECEPTORS 

111 the OU 5 FS (DOE 1005d), DOE evaluated remeclial actions, human and ecological risk, and cost to 

detennine which offour land use ob-iectives would be selected for the end stale of tlie Fernald site. 

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

Maxiniuili Consolidation of Contaninated Material to Free tlie Ma-joritg of tlie Feniald Site for Restricted 

Land Use, Land Use Objective 3 called for off-site shipment and disposal of the llighest risk waste 

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

rubble, if tlie materials met the OSDF waste acceptance criteria. Three alteniatives were evaluated for 

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

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

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

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

changed to accommodate an on-site inuseuni with rest roonis, a parking lot, and continued operation of 

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

scenario is tlie undeveloped park with some iiifrastructure development to support the niuseurn and 

C W K T  operations. 

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

additional receptors to account for daily workers that support tlie museum and CMJM’T operations and tlie 

general public that visits tlie niuseuni. Receptors for tlie JRRA will include the undeveloped park user 

presented in the OU 5 FS, as well as a museum visitor, niuseum worker, groundskeeper/sainpler, 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 sinlilar to those presented in tlie OU 5 FS, 

and they consist of inhalation of radon gas, VOC vapors and soil particulate suspended by the wind, 

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

extenial radiation. In contrast to the OU 5 CRARE exposure pathways, tlie 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 assessnieiit report that will be published 

after the groundwater has been certified as meeting tlie OU 5 ROD groundwater FRLs. 
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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, VOC vapors 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  demial 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 sumniarized in Table 3-1 , Tlie rationale 

and reference for each exposure parameter are discussed below: 

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

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

frequency of 40 d/yr 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 tlie park after school, relative to a worlung adult and young child. 

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

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

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

wit11 the years partitioned into 3 years for child, 6 for youth, 14 for adult and 7 for senior adult. 

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

Body Weight (BW): EPA ( I  997) Iias tabulated BW for ~nclividuals. Tlic adult and scnlor adult 

are equated to tlie mean BW in EPA Table 7- 1 1 , wliicli IS rounded to 70 kg. An average of iiieaii 

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

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

15 kg. 

0 Averaging Time for lion-carcinogens (ATnc): Averaging time refers to tlie number of days over 

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

chenlicals as the exposure duration multiplied by 365 days/yr. 
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Averaging Time for carcinogens (AT,): For carcinogenic compounds and radioactive isotopes, 

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

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

hihalation Rale (IhR): The volume of air which an individual breathes each hour is the I I S .  

EPA (1 997) reports the same value (1 .O m3/111.) for tlie child and adult receptors for short-term 

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

S]iort-tenn exposure a n d  light activities are applicable to a park visitor that spends an hour or two 

hildng trails and watching birds. 

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

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

a nomial day (two hours) inhaling dust, VOC vapors and radon gas on each day they visit the 

undeveloped park. 

Ingestion Rate (E) for Soil: The mass of soil that is ingested incidentally each day is the IR. 
EPA (1 989b gL 1997) estimates that a residential c ldd 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 Co~itaninated (FI): hi 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 contaninants. For the RRA, the receptor is assumed to spend 100 percent of their park 

time in a contamination zone, and FI is set equal to 1 .O. 

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

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

(2004, Exhibit C-l), and tlie sum for these body parts appears ili Table 3-1. 

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

scenario, tlie AF value is 0.2 for child and youth, and 0.07 for adult and senior. 
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3.2 MUSEUM VISITOR 

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

an occasional field trip run by the niuseuni. Although these individuals spend most of their tinie i n  tlie 

museum, they will inhale air that contains radon, VOC vapors and soil particulate when they walk from 

tlie parking lot to the niuseu~n and when they participate in field trips. The receptor may contact soil aiid 

surface water when they participate in a niuseuni field trip or if they wander through the grounds between 

the parking lot and niuseuni. Contact with soil and surface water results in  dermal exposure as well as 

incidental ingestion. Tlie receptor is also exposed to external radiation from radioactive isotopes present 

in the environniental media, Exposure patliways and parameters are sunmarized in Table 3-2. Tlie 

rationale and reference for each exposure parameter are discussed below: 

0 Exposure Frequency (EF): The number of days per year (d/yr) that a receptar visits the museum 

is tlie EF. EF is assumed to be 10 d/yr for the clild, youth, and adult. A higher frequency of 

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

receptor. 

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

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

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 aiid 7 for senior adult. 

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

are equated to the mean BW in EPA Table 7-1 1 ,  wlzich 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. Tlie cllild 

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

15 kg. 

0 Averaging Time for non-carcinogens (AT,,,): Averaging tinie refers to the tiumber of days over 

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

chenicals as the exposure duration 1nu1 tiplied by 365 days/yr. 
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A vei-ii g i iig '17 iiie ror CB 1-ci nogcns ( ATc) : For carcinogenic com~~o~unds and i x t  i oact i ve isotopes, 

EIJA [ 1 0XS)ii) iissumcs 111e carcinogen acts over a 70-yr lifetime for the individual, ThercIbre, 

;I \~eixgiiig ~iiiie (clays) for carcinogens is 70 yrs ~nultiplied by 365 days/yr. 

o l~<spo:;ili-t: 'J.iiiic: (El-) ibr nir :  l'lie aiiiounl of'tiine the receptoi' simicls ouIc10oi~s on each visit to 

[ h c  li~uscum is assumed to be one-half hour per each day they irisit the museum. This time is 

211 Iocniccl to wallciiig between the parlciiig lot and museum and participating in a n  occasional field 

I r i p  

e Surface Aim (,?.A), Dei-iiial Contact with Soil: The skin SA exposed lo soil is assumecl IO be the 

jieac], hancls, loi.carins and lower legs. Feet are not iiicluded because Ii1useuiii \/is.iioi.s U i i j J  be 

\~,~eai.iiig fool gear. All SA values for body parts are obtained from EPA (2004, Exhibit C-I), an({ 

[] le  sum for these body parts appears in  Table 3-2. 
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AS noted above using one-half the detection limit value for beilzo(a)pyrene and dibeilzo(a.li)aiit~~acene 

I.esLllts i1i a IJ$I unceitaint~ to the calculated lisk to tlie receptors: diereas increasing the uranium surface- 

ivater co~~centi‘atjo~~ to the i~iaxiiiiuiii observed value presents 110 significant increase in the overall risk to 

the adult receptors. I-Inwevei, in Appendix E 1 0  tlie detailed calculatioiis for UPU 1 and UPU 3 show that 

the child sub-receptor for the uiideveloped park usei‘ does experieiice a sigiificant increase in the HQ 6.0111 

exposul.e to the maximum uranium concentration in surface water’ (uraiium I3Q of 3.90503 for UPU 1 

increases to 3.43E-01 for UPU 3). Although there is a significant jiicrease in the exposure to clieiiical 

toxins fol. tlie child sub-i.ece]~tor, the overall 1-11 for all cheiilicals remains below tlie acceptable liiiit of 

one. 

Valiation in Air Concentl-afioiis 

As iioted in Section 4.3. tlie baseline case for the iidiahtjon of paiticulate and gases uses the average 

particulate value for the background moiiitoriiig location to estimate tlie air coiicentrations for all 

constituents, except radon. Radon-222 is estimated using the average radoii-232 \lalue at the background 

1iio11itor aiid the 95“’ pei.centile background conce~iti’ation fool. radium-26 in soil. As discussed in Sectioll 

5.9, using the nionitoriiig data to estimate the radon-222 air coiicentratioii is 40 times inore conservative 
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than the RAEOM-dose model used in the OU5 CRARE. Therefore, uiicertainty in the estimation of 

radon-222 air concentrations has already been established by the present use of monitoring data, relative to 

tlie radon-flux model used in the CRARE. 

I n  the Soil Screening Guidance: Technical Background Document (EPA, 1996), EPA presents a method to 

estimate the air concentration for many organic constituents using a volatilization factor (VF). Part 3 of 

the referenced guidance presents the appropriate equations and default values, while Part 5 tabulates the 

chemical specific paraniet.ers (at 25°C) used in tlie equations. The 111: lias units of m3/kg, and the soil 

concentration of the organic constituent is divided by the \IF to yield the air concentration [e.g., 

(ing/kg)/(m'/kg) = nig/m']: Table 5.9 summarizes the VF for all organic constituents that could be 

calculated using the data tabulated i n  the pidance, and the corresponding air concentrations are three to 

five orders of magnitude greater than the concentrations calculated using particulate mass (baseline case). 

Organic compounds that are not present in Part 5 of the guidance, but are contaminants of concern for the 

risk calculation, include arolclor-l254, aroclor- 1260, methyl-2-pentanone, and phenanthrene. These four 

compounds are assessed using the method discussed below for inorganic constituents. 

The air concentration for inorganic elements was estimated in the same manner as the baseline approach 

(Section 4.3), except the particulate concentration was increased to the 2005 maximum value (1 10 pg/m') 

observed at the fenceline, which is approxiinately 4 times greater than tlie background particulate value 

(36 pg/m') used in the baseline cases. Therefore, the use of the iiiaxinium detected particulate 

concentration accounts for tlie genel-atioii of particulates during soil remediation activities. Use of the 

iiiaxiiiiulii particulate concentration resulted in an increase in the air concentration for inorganic elements 

and the four organic constituents noted above. 

' 

Air concentrations derived using the VI.' and the liiglier particulate concentration were entered into the 

inhalation pathway for the groundskeeper/sampler in Zone 5 (GS 3), wllich represents tlie niaximally 

exposed individual in the highest risk zone of the site. Results in Table 5-8 sliow the 1-11 and T-Rl3 ILCR 

increase for the GS 3 case, due to the increase in contaminant air concentrations. Relative to the base case 

(GS Zone 5), tlie total HI increases from 1.06E-01 to 1.21E-01, and T-RE? ILCR increases from 4.70E-05 

to 5.1 7E-05. Although this scenario has significantly higher air concentrations, there is no significant 

increase in the risk for the inhalation pathway. 
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TABLE 5-9 
Calculation of Volntilization Factor and Air Concentration for Organic Constituents 

Section 5 ,  Soil Screening Guidance: Technical Background Document (EPA, 1996) 
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