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EXECuTlvE SUMMARY 

This Exposure Assessment Techcal  Memorandum (EATM) is presented as part of the 
Basehe Rsk Assessment (BRA) for the 903 Pad Mound and East Trenches areas 
otherurlse known as Operable Umt Number 2 (OU 2) located at the Rocky Flats Plant 
(RFP) The BRA consists of the Human Health R s k  Assessment (HHRA) and the 
Enwronmental Evaluation (EE) The objective of tbs techcal  memorandum is to 
identlfy current and future receptor populabons that wdl be quantitatively evaluated m 
the "RA portion of the BRA for OU 2 The "RA wdl evaluate human health nsks 
for on site and off site receptors under current land use conditions and under future 
land use conditions, assurmng no remedial action takes place at OU 2 ThIs 
memorandum descnbes present, future potential and reasonable use exposure scenanos 
to be evaluated for OU 2 and identifies reasonable m m u m  make parameters for 
estimating chemcal mtake wa these pathways ThIs memorandum is bemg submtted 
pnor to imtiating the "RA for OU 2 as part of the Phase IT Resource Conservation 
and Recovery Act (RCRA) Fadity Investigation/Remedial Investigation (RFI/RI) The 
RFI/RI is pursuant to the U S  Department of Energy (DOE) Enwonmental 
Restoration (ER) Program (formerly known as the Comprehensive Enwonmental 
Assessment and Response Program [CEARP]) a Comphance Agreement between DOE 
the US Enwonmental Protection Agency (EPA) and the State of Colorado 
Department of Health (CDH) dated July 31 1986 and the Federal Fadty Agreement 
and Consent Order (F'FACO) known as the Interagency Agreement IAG 

The Rocky Flats Plant (RFP) is located on approxlmately 2,653 hectares (6,550 acres) 
of federally owned land 111 northern Jefferson County, Colorado, approxunately 26 
lulometers (16 mles) northwest of Denver Surroundmg atles mclude Boulder 
Supenor Broomfield Westrmnster and Arvada, whch are located less than 16 
lulometers (10 d e s )  to the northwest north, northeast and southeast, respectwely 
Within RFP is an approxlmately 162 hectare (400 acres) Protected Area (PA) or seam@ 
area surrounded by a buffer zone of approxunately 2 489 hectares (6 150 acres) 

The Objectives of tlus EATM are to identrfy (1) human receptor populabons that may 
be exposed to chemcals released from OU 2 (2) complete exposure pathways by whch 
chemcals are transported from sources to human exposure pomts (3) the route@) of 



chemcal make and (4) mtake parameters for each potentrally contammated medium 
(e g sod water ax) Ths EATM does not quant* chermcal mt&e The magmtude 
of exposure is dependent on the chemcal concentration at the exposure pomts whch 
urlll be estunated based on the analytical results of the Phase II Site Investigation and 
fate and transport modelmg, as appropnate 

The receptor populations selected for evaluation are those most lrkely to be exposed and 
potentially have the greatest degree of exposure to site related chemcals (reasonable 
maxlmum exposures [RME]) Receptor populations selected for evaluation m the 
human health nsk assessment at FWP include current and future off site residents, future 
on site workers and future on site ecologml researchers Exposure pomts were selected 
to reflect the most reasonable locations where chemcal exposures are expected to occur 
for each of these receptors These areas are consistent wth current and future land use 
at the site and depict locations where each of the respective human receptors is expected 
to spend the majonty of the time Usmg collected data and fate and transport modelmg 
at these locations as appropnate the exposure pomt concentrations wdl be used to 
quantitatively evaluate chermcal intakes for receptors at the selected locations The 
followng exposure points were selected for evaluation m the HHRA 

e Residential rece ptor, Nearest residence to RFP (located at the southeast 
comer of the RFP property boundaq) and nearest residence to RFP 
which is m the predomant wnd duection 

Future ScenanQ 

e 

e 

OccuDational receDtor, On site, wthm the OU 2 mdustd complex 
Ecolopcal researcher, On site w t b  RFP buffer zone east of OU 2, 
bounded by Woman and South Walnut Creeks 

e vreceDtors. Hypothetical off site resldences at the followmg 
locatlons 
(1) Pomt at whch South Walnut Creek mtersects the eastern Rocky 

Flats Plant property boundary 
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(2) Pomt at whch Woman Creek mtersects the eastern Rocky Flats 
Plant property boundary 

Information concemmg waste sources waste constituent release and transport 
mechamms and locaQons of potentially exposed receptors was used to develop a 
conceptual site model (CSM) of potential human exposure pathways for OU 2 The 
CSM is a schematic representation of the chemcal source areas chemcal release 
mechamsms enwonmental transport media, potential human mtake routes and 
potential human receptors The purpose of the CSM is to prowde a framework far 
problem defimtion, to identify exposure pathways that wll be quantitatively evaluated 
in the HHRA, to a d  m i d e n m g  data gaps and to a d  m identlfylng effective cleanup 
measures if necessary that are targeted at sigmficant contammant sources and exposure 
pathways Complete human exposure pathways to be evaluated as part of the "RA 
for OU 2 are 

Current Off Site Res ident 

0 

0 

0 External madiation 

a Inhalation of auborne particulates 

Soil ingestion (deposition of particulates on residential soil) 
Dermal contact wth soil, followng deposition of auborne particulates 

Ingestion of vegetables (surface deposition of particulates) 

Future On S ite Worker 

a Sod mgestion 
0 Dermal contact wth sod 
a External madiation 
a 

a Inhalation of auborne particulates 
Inhalation of Volatde Orgamc Chemcals (VOCs) m mdoor au 

ES 3 
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Future On S ite Eco lomcal Researc her 

e Sod mgestion 
e Dermal contact wth sod 
e Surface water mgestion 
e Dermal contact wth surface water 
e Inhalation of auborne particulates 
e External mdat ion  

Future Off Site Resident 

e 

e Dermal contact wth sod 
e Surface water mgestion 
e 

e 

e Inhalation of particulates 
e External xradiation 

Sod mgestion (deposition of particulates on residential sod) 

Dermal contact wth surface water 
Ingestion of homegrown vegetables (surface deposition of particulates) 

Using the exposure point concentrations of chemcals m sods surface water and au, it 
is possible to estimate the potential human mtake of those chemcals ma each exposure 
pathway Intakes are expressed m terms of mg chemcal per lalogram body waght per 
day (mg\kg day) Intakes wdl be calculated followmg gudance m fisk Assessment 
Gwdance for Superfund (EPA 1989a), Exposure Factors Handbook (EPA 1989b) 
other EPA guidance documents, and professional judgment regardmg llkely site speclfic 
exposure conditions, as appropnate 

Intakes are estmated usmg reasonable estmates of body weight, mhalabon volume 
mgestion rates sod or food matnx effects and frequency and durabon of exposure 
Intakes wdl be estimated for reasonable maxlmum exposure (RME) condibons The 
RME is estmated by selectmg values for exposure vmables so that the combmation of 
all vmables results m the maxunum exposure that can reasonably be expected to occur 
at the site The intake parameters to be used m the HHRA for each of the exposure 
scenanos indicated above are presented 111 Section 5 0 of thu Techmcal Memorandum 
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This Exposure Assessment Techca l  Memorandum (EATM) is presented as part of the 
Basehe fisk Assessment (BRA) for the 903 Pad Mound, and East Trenches areas 
otherurlse known as Operable Umt Number 2 (OU 2) located at the Rocky Flats Plant 
(RFP) The BRA consists of the Human Health fisk Assessment ("RA) and the 
Enwonmental Evaluation (EE) Tlus techmcal memorandum has been developed to 
address the HHRA porhon of the BRA for OU 2 The HHRA wdl evaluate human 
health nsks for on site and off site receptors under current land use condihons and 
under future land use conditions a s s m g  no remedial action takes place at OU 2 This 
memorandum descnbes present, future potential and reasonable use exposure scenarios 

to be evaluated for OU 2 and identifies reasonable rnaxllllum make parameters for 
estimating chemcal mtake wa these pathways T h ~ s  memorandum 1s bemg submtted 
pnor to mtiating the HHRA for OU 2 as part of the Phase 11 Resource Conservation 
and Recovery Act (RCRA) Facility Investigation/Remedial Inveshgation (RFI/RI) The 
RFI/RI is pursuant to the U S  Department of Energy (DOE) Enwonmental 
Restoration (ER) Program (formerly known as the Comprehensive Enwonmental 
Assessment and Response Program [CEARP]) a Comphance Agreement between DOE 
the U S  Enwonmental Protection Agency (EPA) and the State of Colorado 
Department of Health (CDH) dated July 31 1986 and the Federal Fadty Agreement 
and Consent Order (FFACO) known as the Interagency Agreement (IAG 1191) 

1 1  OBJECTIVES 

The objectives of ths EATM are to identlfy (1) human receptor populabons that may 
be exposed to chemcals released from the site (2) complete exposure pathways by 
which chemcals are transported from sources to human exposure pomts (3) the route(s) 
of chemcal mtake and (4) mtake parameters for each potentially contammated medium 
(e g soil water ar)  This EATM does not quantlfy chemcal mtake The magmtude 
of exposure is dependent on the chemcal concentration at the exposure pomts which 
wll be estmated based on the analytical results of the Phase 11 Site Investigabon and 
fate and transport modehg as appropnate The exposure assessment focuses on media 
(sod water and w) that potentially contam chemcals related to identdied sources 
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identlfied exposure pathways potential receptors exposure pomts and factors for 
potential human mtake of lmpacted media 

13 SCOPE 

The scope of ths techcal  memorandum is h t e d  to the identlfication of current and 
future human exposure scenanos for OU 2 mcludmg identlfylng exposure pathways and 
intake routes Potential scenanos are identlfied accordmg to the Enwonmental 
Protection Agency (EPA) concept of reasonable mmmum exposure (RME) defined as 
the highest exposure that is reasonably expected to occur at a site (EPA 1989a) The 
term potential is used to mean a reasonable chance of occurrence wthm the context 
of the reasonable maxlmum exposure scenmo (EPA 1990) Usmg ths approach 
potential exposures are evaluated m Section 4 0 usmg a conceptual site model (CSM) 
In the CSM the hkehhood of an exposure scenario occurrmg is classified as sigdicant 
insipficant or neghgble (1 e mcomplete) In tlus document neghgble or mcomplete 
scenarios are those that are unlikely to occur si@cant scenanos are those that could 
conceivably occur and insigruficant scenanos are those that could also occur but are 
expected to result m relatively lower levels of exposure (1 e by one or more orders of 
magmtude) wth respect to sipficant exposure pathways Thus in order of mcreasmg 
credence the terms range from negligble or mcomplete (unhkely to occur) through 
insigmficant (conceivable though not as important) to sigruficant (conceivable and 
important when considenng exposure) Both sigdicant msigmficant exposure 
scenarios w11 be evaluated quantitatively in the HHRA for OU 2 

This EATM is orgamed as follows Section 2 0  Site Descnption, descnbes site 
charactenstics that potentially lmpact human exposures These charactenstics mclude 
site hstory meteorology geology and surface and groundwater hydrology Section 3 0 
Potentially Exposed Receptor Populations identifies the populations that may be 
exposed to chemcals ongmating from i d e n ~ e d  site related sources Land uses and 
exposure scenarios that are most Uely to occur gwen the site speclfic conditions, are 
identlfied for quantitative assessment m the "RA. Section 4 0, Exposure Pathways 
discusses the potential release and transport of chemcals from the site and idenbfies 
exposure pathways to be evaluated m the HHRA usmg a conceptual site model Section 
5 0 Estmating Chemcal Intakes descnbes the methodology used to appromate the 
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wastes and disposal of solid radioactive matenals at another DOE fachty However 
hstoncally the operatmg procedures mcluded both on site storage and disposal of 
hazardous and radioactive wastes P r e h a r y  assessments under the ER Program 
identlfied some of the past on site storage and disposal locations as potential sources of 
enwronmental contammation 

The RFP is currently p e r f o m g  enwonmental restoration actiwties and pl-g for 
decontammation and decomssiontng In a recent speech gven at RFP, the Secretary 
of the Energy James Watluns outhed DOE s plans for the future use of RFP Watluns 
charactenzed RFP as an attractive site for manufacturers and other busmesses (Denver 
Post June 13 1992) He mdicated that approximately half of the complex could be 
occupied by pnvate mdustry wthm two years (Boulder Camera, June 13 1992) 

A group of local busmesses and government representatwes referred to as the Rocky 
Flats Local Impacts htiative (RFLII) has been formed to identlfy and mQgate negative 
economc impacts associated wth the transition currently occumg at the RFP One of 
the RFLII s goals is to work wth the DOE and local economc development agencies 
to identlfy and attract businesses to occupy exlstmg bddmgs at the RFP (RFLII 1992) 
To this end the RFLII recently drafted mtena to be apphed m targetmg busmesses for 
future occupation of the RFP 

2 1 HISTORY OF OU 2 

This Phase 11 RFI/FU Exposure Assessment Techmcal Memorandum addresses OU 2 
which contains the 903 Pad Mound and East Trenches areas located on the east side 
of the RFP secunty area Several mdiwdual hazardous substances sites (IHSSs) are 
included m each area Figure 2 2 shows the locations of these areas, the M S S  s wthin 
each area, and the OU 2 boundary The followmg sections prowde a bnef hlstory of 
OU 2 and desmbe prehmmary site charactenzation dormation 

The followmg section is based on the RFT CEARP Phase I Installation Assessment and 
the RCRA Part B Operatmg P e m t  Apphcation as reported m EG&G (1991a) These 
descnptions are based on hstoncal records aenal photography rewew and mtemews 
wth RFP personnel 

23047/R2 2 08-22 92(4 17p)lRPT 2 2  



I 

2 1 1  903PadArea 

The five IHSS s located mthm the 903 Pad Area mclude the followmg 

e 

e 

e 

e 

e 

903 Drum Storage Site (MSS Ref No 112) 
903 LIP Site (IHSS Ref No 155) 
Trench T 2 Site (IHSS Ref No 109) 
Reactive Metal Destruction Site (IHSS Ref No 140) 
Gas Detoxrfication Site (MSS Ref No 183) 

The 903 Drum Storage Site (MSS Ref No 112) was used from October 1958 to January 
1967 for storage of radioactively contammated od drums Contents of the drums 
included plutomum, urmum, carbon tetrachlonde hydrauhc ods vacuum pump oil 
trichloroethylene perchloroethylene shcone ods acetone stdl bottoms and 
ethanolarmne 

Drum leakage mto the sod was noted at the site m 1964, and corrective action consisted 
of transfemg the contents of lealung drums to new drums and fencmg the area to 
restrict access The shpment of drums to the 903 Drum Storage Site ended m January 
1967 when drum removal efforts began Removal of all drums and wastes was 
completed in June 1968 

In November 1968 site gradmg began m preparation for applylng an asphalt cap over 
the area This work mcluded movmg contammated sod from around the fenced area to 
mide the fenced area Two courses of clean fill matenal(l5 cm of loose gravel and 8 
cm of fill dirt) were placed over the site d w g  the late summer of 1969 An asphalt cap 
(approxlmately 8 cm thck) was apphed m October 1969 In February 1970 additional 
road base course matenal was apphed to sods duectly east and south of the asphalt pad 
due to soil contammation 

The Trench T 2 Site (IHSS Ref No 109) located approxlmately 61 meters (200 feet) 
south of the 903 Pad area, was used pnor to 1968 for the d~sposal of sarutary sewage 
sludge and flattened drums contammated wth urarvum and plutomum 

23M7lR2 2 08-22 92(4 17pm)/RPT 2 3  



Durmg drum removal and cleanup actiwties assoaated with the 903 Drum Storage Site 
wnds redistnbuted plutomum beyond the pad to the south and east The hghest 
chemcal concentrations were noted at the 903 L p  Site (IHSS Ref No 155) 
immediately adjacent to the pad to the south and southeast Sod cleanup efforts were 
undertaken m 1976 1978 and 1984 to remove plutomum contamng sods from three 
dlfferent areas wthm the 903 L p  Site After the first two cleanup efforts the excavated 
area was covered wth clean top soil and revegetated wth native grasses After the 1984 
cleanup was performed the excavated area was backfilled mth clean topsod 

The Reactive Metal Destruction Site (IHSS Ref No 140) was used dunng the 1950s and 
1960s primmly for the destruction of lithiurn metal (DOE 1986) The residues 
pnmanly lithium carbonate were buned Smaller quantities of sodium, calcium, 
magnesium, solvents and unknown liquids were also destroyed at ths  location 

The Gas Detoxlfication Site (IHSS Ref No 183) was used to detoxlfy vmous gases from 
lecture bottles between June 1982 and August 1983 The lecture bottles used m 
research and development work, held approxmately one hter of compressed gases such 
as mtrogen oxldes chlonne, hydrogen sulfide sulfur tetrafluonde methane hydrogen 
fluoride and ammoma Gas detoxlcification was accomplished by using vmous 
commercial neutralization processes 

21.2 MoundArea 

The Mound Area includes the followng IHSS s 

e 

e 

e 

e 

Mound Site (IHSS Ref No 113) 
Trench T 1 Site (IHSS Ref No 108) 
011 Burn Pit No 2 Site (IHSS Ref No 153) 
Pallet Burn Site (IHSS Ref No 154) 

The Mound Site (IHSS Ref No 113) was used between Apnll954 and September 1958 
for disposal of drums contamng pnmady depleted urmum and berylhum 
contammated lathe coolant It is llkely that some of the coolant also contamed emched 
urmum and plutomum Some drums contamed perchloroethylene Cleanup of the 
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Mound Site was accomphshed 111 May 1970 and the matenals removed were packaged 
and shipped to an off site DOE fachty for disposal 

The Trench T 1 Site (IHSS Ref No 108) was used from 1954 untd 1962 It contams 
approxlmately 125 drums filled wth approxunately 25 000 kg (55 125 pounds) of 
depleted uramum chps and plutomum chips coated wth small amount of lathe coolant 
This trench is now covered wth about 0 6 meters (2 feet) of soil and the comers are 
marked 

The Oil Bum Pit No 2 Site (IHSS Ref No 153) is two parallel trenches that were used 
in 1957 and from 1961 to 1965 to bum drums of od contaslvng uraxuum The drums 
used for the od bumng operation were generally reused however, some empty drums 
were discarded by flattemg and burrung them 111 the trenches The residues from the 
burmng operations and the flattened drums were covered wth backfill In 1978 the area 
was excavated to a depth of approxunately 15  meters (five feet) and the contammated 
soil was removed and shlpped off site to an authonzed DOE duposal site 

The Pallet Bum Site (IHSS Ref No 154) southwest of 011 Burn Pit No 2 was 
reportedly used to destroy wooden pallets in 1965 The types of hazardous substances 
or radionuclides that may have been spilled on these pallets is unknown The site was 
reportedly remediated and reclamed in the 1970s 

2 1 3  East Trenches Area 

The East Trenches Area consists of m e  bund trenches (IHSS Ref Nos 110 and 
1 1  1 1 11 1 8) and two spray migabon sites (IHSS Ref Nos 2162 and 216 3) The bwlal 
trenches were used from 1954 to 1968 for disposal of uraxuum and plutomum 
contarmnated samtary sewage sludge and flattened empty dnuns contarmnated wth 
uramum The wastes m these trenches have not been disturbed since their bunal 

The East Spray Imgat-lon Sites were used for spray imgation of sewage treatment plant 
effluent Effluent contamng low concentrations of chromum was madvertently sprayed 
in the area in February and March 1989 
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2 2 PHYSICAL SE'ITING 

The natural envlronment of RFP and its vlcmty is influenced pnmanly by its proxlmty 
to the Front Range of the Rocky Mountam RFP is dlrectly east of the north south 
trendmg Front Range and is located approxunately 26 kdometers (16 d e s )  east of the 
Continental Dimde on a broad eastwardslopug plam of coalesmg allumal fans 
developed along the Front Range at an elevation of approxunately 1 850 meters (6 OOO 
feet) above mean sea level The fans extend approxlmately 8 kdometers (5 miles) m an 
eastward direction from their ongm at Coal Creek Canyon and termmate on the east 
at a break m the slope to low rollrng hlls The operational area at RFP is located near 
the eastern edge of the fans on a terrace between stream cut valleys (North Walnut 
Creek and Woman Creek) 

Three internuttent streams dram RFP unth flow generally from west to east These 
drainages are Rock Creek, Walnut Creek, and Woman Creek Rock Creek dram the 
northwestern corner of RFP and flows northeast through the buffer zone to its off site 
confluence wth Coal Creek An east west trendmg mterfluve separates the Walnut and 
Woman Creek dramages North and South Walnut Creeks and an unnamed tnbutary 
dram the northern portion of the RFP secunty area These three forks of Walnut Creek 
join in the buffer zone and flow toward Great Western Reservolr whch is approxlmately 
one mle east of the confluence This flow is routed around Great Western Reservoir 
by the Broomfield Diversion Canal operated by the Clty of Broomfield Woman Creek 
drains the southern RFP buffer zone and flows eastward to Mower Reservoir and 
Standley Lake 

4 

2 3  METEOROLOGY 

RFP has a sem and c h a t e  and receives an average of approxlmately 38 centmeters 
(15 inches) of preapitabon annually Approxunately 50 percent of the precipitation is 
received from snowfall dunng the wmter and spmg Summer thunderstorms account 
for approxlmately 30 percent of ths moisture and the remamder is received as hght ram 
and snowfall in the fall Annually snowfall averages 216 centmeters (85 mches) 
Annual free water evaporation is approxlmately 114 centimeters (45 mches) (DOE 
1992) which is greater than the amount of annual preapitation 

23047/R2 2 08-22 92(4 17pm)lRPT 2 6  

. .' .., . 1 



I 

8 
I 

The general annual wmd dlrection, as shown m Figure 2 3 indicates that wnds flow 
from the northwest approxunately 46 percent of the year Wmd flows from the west 
southwest approxlmately 7 2 percent of the year The hghest wmd veloaty is from the 
northwest and is greater than approxlmately 56 kdometers per hour (345 mph) 
Atrnosphenc dispersion from RFP could affect areas to the east and southeast of the 
plant 

2 4  GEOLOGY 

The surficial deposits at OU 2 consist of pediment alluwum, colluwum, valley fill 
alluvlum and artlficial fill that unconformably overlay bedrock Surfiaal deposits at 
RFP are Quaternary and PJeistocene m age The near surface bedrock formations of 
the Arapahoe and L a r m e  as well as the Rocky Flats Alluwum, are shown on 
Figure 2 4 and wll be discussed below The regonal dip of the bedrock is 
approxlmately two degrees to the east m the wcl~llty of OU 2 

The Rocky Flats Alluvlum 1s a pediment gravel deposited m a laterally coalesang 
alluvlal fan enwonment It was deposited across a gently slopmg erosional surface cut 
into the underlymg soft bedrock The deposit consists of poorly to moderately sorted 
poorly stratified clays silts sands gravels and cobbles The colors of the Rocky Flats 
Alluvlum include hght to dusky brown, dark yellowsh orange graysh orange and dark 
gray The Rocky Flats Alluwum ranges in thickness from 0 to 15 meters (0 to 50 feet) 
beneath OU 2 Subsequent dissection and headward erosion by creeks to the south and 
north of OU 2 have cut through the allurnurn mto the underlymg bedrock Tlvs 
dissection has left the base of the alluwum exposed along the valley walls approxunately 
12 to 37 meters (40 to 120 feet) above the present valley floor Remnants of younger 
terrace deposits of the Verdus and Slocum Alluwums occur at lower elevations m some 
locations along the valley slopes of OU 2 

Colluvlal matenals m OU 2 were denved from slope wash and creep of the Rocky Flats 
Alluvlum, and the Arapahoe and Larame Formations The colluvium consists of clays, 
sands and gravels and ranges m thckness from 1 to 6 meters (3 to 20 feet) Colluvlum 
denved from the Rocky Flats Alluvlum charactenstically covers the alluwal/bedrock 
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contact along the hdlsides Artificial €ill and disturbed ground occur m locahzed areas 
of the 903 Pad Mounds and Northeast Trenches Recent valley fill alluwum occurs m 
the active stream channels of Walnut and Woman Creeks Tins matenal is denved from 
reworked older alluwal and bedrock deposits 

The Cretaceous age Arapahoe Formation unconformably underhes the surfrcial matenal 
at OU 2 The Arapahoe Formation, whch is apprownately 46 meters (150 feet) thck 
(EG&G 1991a) in the vlcmty of RFP is the product of a fluwal depositional 
enwronment and is composed of channel pomt bar and overbank fluwal deposits of 
claystones siltstones sandstones and occasional hgmtic coal seams and ironstones The 
Arapahoe occasionally outcrops along Walnut and Woman Creeks stream valleys 

The sandstones of the Arapahoe are pnmanly very fine to coarse gramed quartz sands, 
moderate to well sorted and subangular to well rounded Some clay np up clasts and 
iron nodules are present m the sandstones of the Arapahoe Formation The colors of 
the sandstone are hght gray to ohve gray The weathered sandstones are mamly dusty 
yellow to dark yellowsh orange as a result of lron oxlde s t m g  The colors of the 
claystones are hght to medium gray and dark yellowsh orange when weathered 
Indiwdual sandstone lenses which compnse the fluwal facies of the Arapahoe are local 
in extent and may or may not be in hydrauhc commumcation wth one another 
Multiple overlapping sandstone sequences exlst w t h  the Arapahoe Formation (EG&G 
1992a) 

The No 1 Sandstone channel unconformably underhes the Rocky Flats Alluwum and 
colluwum and is generally located m the northwest side of the 903 Pad Mounds and 
Northeast Trenches areas of OU 2 The No 1 Sandstone IS a heterogeneous sandstone 
body consistmg of sandstone wth interbedded sdtstone and claystone layers Medium 
to coarse gramed sand and an occasional conglomeratic sandstone have been identified 
at the base of the No 1 Sandstone m OU 2 The umt ranges from 0 to 12 meters (0 to 
40 feet) m thickness 

The Lararme Formation is Cretaceous m age and gradationally underlies the Arapahoe 
Formation at OU 2 The Larame Formation, which is approxlmately 244 meters (800 
feet) thick (EG&G 1991a) in the wcmty of RFP is diwded into two mts The lower 
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, I  umt which is approxunately 76 meters (250 feet) thick, is composed of several sandstone 

layers and many coal seams The upper u t  which is apprownately 168 meters (550 
feet) thick is composed of deltac claystones sdtstones some fluvial sandstones, and an 
occasional coal layer The sandstones in the lower umt are hght to medium gray fine 
to coarse gramed poorly sorted and subangular The upper umt claystones and 
sdtstones are light olive gray to ohve black m color mth some carbonaceous matenal 

2 5  HYDROLOGY 

2 5 1 Upper Hydrostratigraphic Unit (UHSU) 

The upper hydrostratigraphic umt (UHSU) at O U 2  consists of the Rocky Flats 
Alluvlum colluvium, valley fill and the Arapahoe No 1 Sandstone In addition limted 
areas of subcroppmg claystone may be saturated particularly where the claystone is 
fractured and weathered (EG&G 1991b) Groundwater m the UHSU exlsts under 
unconfined conditions Groundwater flow across the area is generally west to east but 
local variations occur Groundwater in the Rocky Flats Alluvium wdl locally follow the 
scoured lows on the top of the underlymg claystone bedrock, while flow in the No 1 
Sandstone is controlled by the geometry of the sandstone body (EG&G 1991b) 
Groundwater in the colluvium mantlmg the valley slopes bordenng OU 2 has a locaked 
flow toward Walnut and Woman Creeks 

Recharge to the UHSU beneath OU 2 is pnmmly due to preapitation, snowmelt and 
water loss from ditches streams and ponds Groundwater levels 111 the aqufier respond 
dynarmcally to seasonal changes and stream and ditch flow Groundwater levels reach 
their highest in the spnng and early summer and dechne the remamder of the year, wth 
penodic changes due to preapitation or mgation events 

Groundwater discharge m the UHSU occurs at seeps and spmgs at the contact between 
the Rocky Flats Alluvium or the No 1 Sandstone and the claystone bedrock This water 
is consumed by evapotranspuation or flows downslope through the colluvial deposits 
where it pnmardy discharges to Walnut Creek (northeast of OU 2) Mmor discharge 
to the south interceptor ditch (SID) (southeast of OU 2) and Woman Creek (south of 
OU 2) also occurs or groundwater is consumed by evapotranspuation (EG&G 1991b) 
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Phase I data indicate that chemcals m groundwater are locahzed m the UHSU below 
OU 2 Additional charactemation of the vertical and homontal extent of the 
contammation plume below OU 2 is currently bemg mvestigated under Phase 11 
activlties Phase IT activlties wdl also promde additional mformation that wdl enable a 
better defimtion of groundwater movement and better define groundwater/surface water 
interactions m the OU 2 area (EG&G 1991a) 

2 5.2 Confined Groundwater Flow Systems 

Groundwater under confined conditions beneath OU2 occurs m the Lararme 
Formation Flow within mdivldual sandstones is generally from west to east (Robson et 
al 1981) but the geometry of the groundwater flow path is not fully understood due to 
a present lack of mformation on the contmwty of the sandstones and then hydraulic 
connection (EG&G 1991b) Recharge to this system occurs at outcrop areas exposed 
to surface water flow and infiltration at outcrops along the Front Range located 
apprommately 2 4 lulometers (1 5 d e s )  west of the western edge of OU 2 The 
confined groundwater system is hydrauhcally disconnected from the UHSU at OU 2 by 
an impermeable claystone that vanes from 15 to 30 meters (50 to 100 feet) in thickness 
(Robson et al 1981) 

2 5 3 Surface Water 

Surface water at RFP is currently managed and momtored m accordance with the RFP s 
surface water management plan (EG&G 1991e) The surface water management 
program at the RFP, whch mcludes a National Pollutant Discharge E h a o o n  System 
(NPDES) p e m t  is designed to protect pubhc health and the enwonment from 
chemcals that may occur in surface water T b  program has been approved by the EPA 
to provlde for treatment of surface water If necessary pnor to release from the RFP 

Two intemttent streams, Walnut Creek and Woman Creek, are located m the vlcimty 
of OU 2 and generally flow from west to east Walnut Creek, north of OU 2 flows 
through a senes of detention ponds (A and B senes) and is currently diverted around 
Great Western Reservoir wa the Broomfield Diversion Ditch Woman Creek, south of 
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OU 2 discharges mto Mower Reservoir and Standley Lake These streams are 
ephemeral because of the seasonal response to freezmg spmg runoff and storm events 

Interrmttent groundwater seeps or spmgs occur near MSS 140 m the 903 Pad Area, 
MSS 154 m the Mound Area, and northeast of the East Trenches Area, along the south 
side of the Walnut Creek dramage These areas are currently bemg remediated as 
Intenm Measures at the RF'P (EG&G 1991c) Collected surface water wdl be treated 
usmg cross flow membrane filtration (for particulate radionuchde removal) followed by 
liquid phase granulated activated carbon (GAC) filtration (for orgmcs removal) These 
Interim Measures wdl e h a t e  the potential contnbution of site related chemcals from 
these seeps to surface water m the Walnut and Woman Creek dramages 

Figure 2 2 dustrates the current surface water bodies m the Woman and Walnut Creek 
drainages Detention Ponds C 1 and C 2 are located on Woman Creek Pond C 2 
receives flow only from the South Interceptor Ditch (SID) whch lies on the northern 
flank of the Woman Creek dramage between OU2 and Woman Creek The SID 
collects runoff from the southern RFP secunty area mcluding portions of OU 2 The 
Pond C 2 flow is not discharged to Woman Creek but is pumped to the Broomfield 
Diversion Ditch apprownately sem annually m accordance wth the current surface 
water management program per EPA approval 

Detention Ponds B 1 through B 5 are located on South Walnut Creek and receive 
surface and groundwater flows from the northern portion of OU 2 Surface water m the 
Walnut Creek dramage is momtored m accordance wth RFPs surface water 
management plan (EG&G 1991e) and National Pollutant Discharge Elmnation System 
(NPDES) p e m t  pnor to treatment (if reqwred) and discharge from B 3 and B 5 

2 5 4 Domestic Wells Along the South Walnut and Woman Creek Drainages 

The groundwater m the UHSU beneath OU 2 1s dscharged by seeps and spmgs along 
the contact between the Rocky Flats Alluwum/Arapahoe No 1 Sandstone and the 
underlylng bedrock claystones This water eventually enters the valley fill along the 
adjoimg creeks and mgrates downgradient Off site wells located m the dramages of 
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Walnut and Woman Creeks are therefore of particular mterest smce groundwater m 
OU 2 discharges into these dramages 

Walnut Creek whch is the pnmary dramage for OU 2 flows eastward and is currently 
diverted around Great Western Reservorr Land surroundmg the creek dramage outside 
the RFP boundary and reservoir is used as open space and does not contam residential 
or commercial developments No water wells are regstered at the Colorado State 
Engneer s (CSE) office for this area 

Woman Creek drams the southern portion of OU 2 and discharges mto Mower reservoir 
and Standley Lake Fourteen wells west of Standley Lake are regstered m thls dramage 
(Figure 2 5) Table 2 1 hsts mfomation from completion reports for these wells that are 
on file at the CSE Office Screened depths gven for these wells place the completion 
intervals wthin the basal Arapahoe to Upper Laramte Formations The Upper Laramte 
Formation m the wcimty of RFP is descnbed as predomnantly claystones wth some 
thin discontinuous sandstone lenses and an occasional coal seam (DOE 1992) The thin, 
discontinuous character of these sandstones suggest that a hydrauhc connection to the 
alluwum along Woman Creek is unllkely Also there are indications that the off site 
wells may be hydrauhcally connected to Standley Lake a large source of potential 
recharge (DOE 1992) 

2 6  ECOLOGY 

The followng section presents a bnef summary of biologcal resources at the RFP and 
is not mtended to characteme ecologcal processes A more detaded evaluation of 
ecologcal processes and potential enwonmental mpacts at the REP wll be presented 
in the Enwonmental Evaluation portion of the BRA, The scope of ths  Tecchcal 
Memorandum is h t e d  to the evaluation of exposure pathways for the HHRA. 

OU 2 contans diverse and umque vegetation Speaes of flora representative of tall 
grass praine short grass plmns lower mountam, and foothdl ravme repons can be found 
wthin the boundanes of RFP Grasses predormnantly cover the steep sides of the 
hillsides along Walnut Creek and Woman Creek dramages The Walnut Creek and 
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Woman Creek dramages also host grasses cattads rushes and cottonwood trees Since 
the acquisition of RFP vegetative recovery has occurred as evldenced by the presence 
of disturbance sensitive grass speaes such as big bluestem and side oats grama No 
vegetative stresses attnbutable to hazardous waste contammation have been identlfied 
(EG&G 1991b) 

The =mal Me inhabitmg RFP and the buffer zone consists of species associated wth 
western prame regons The most common large mammal 1s the mule deer of whch 
there are approxlmately 125 permanent residents A number of small carmvores such 
as coyote red fox stnped skunk, and long taded weasel are present at RFP The bud 
population at RFP mcludes the western meadowlark, m o u m g  doves, vesper sparrows, 
great horned owl, and ferrugmous and Amencan rough legged hawks Many vaneties 
of ducks lulldeer and redwmg blackbuds have been observed near the ponds on 
Woman and Walnut Creeks h o w s  have been observed m both creeks and it is 
possible that other fish may use the creeks but most hkely thls would occur only d m g  
high flow periods Bull snakes and rattlesnakes can be seen on the hdlsides of OU 2, 
while the western pamted turtle and western plam garter snake h a b i t  the greens near 
the ponds 

Ecologcal surveys at the RFP performed m comphance wth the Threatened and 
Endangered Species Act mdicate the presence of habitat that is potentially suitable to 
four plant species and several wldlife species of concern The plant speaes mclude the 
forktip threeawn, Colorado butterfly plant toothcup and Dduwum lady s tresses (EG&G 
1991d) The wddllfe speaes mclude the bald eagle, peregnne falcon, whooping crane, 
and the black footed ferret (DOE 1991 USFWS 1990) Because of the umque and 
undisturbed nature of the buffer zone it is possible that it wll receive future designation 
as an ecologcal reserve or as a National Enwonmental Research Park This is 
consistent wth DOE pohcy and plans (DOE 1992) and wth Jefferson County (Jefferson 
County 1990) p l m g  as detded m Sectlon 3 0 
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I TABLE 2 1 

WELLS NEAR WOMAN CREEK* 

Saeencd Intend (peet Below Ground Surface) 
Penntt Yield Total Well 

Depth (ft) Top Bottom Top Bottom Top Bottom No O m )  

26 15 125 45 85 105 125 

1246 15 67 37 67 

8117 12 70 m 70 

14820 8 m 100 200 

18383 12 75 50 75 

19069 6 100 27 36 63 90 

29620 15 112 85 112 

32849 14 80 23 80 

45855 15 110 30 110 

52028 8 122 80 96 

89558 15 150 30 50 70 90 130 150 

96282 14 125 65 90 

103583 15 125 90 125 

138834 15 71 20 71 

* 
**  

Source Colorado State Engmeer s Office 
Based on drrllers observations Does not mdicate sustamable well yelds 

Source DOE 1992 
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3 0  
POTENTIALLY EXPOSED RECEPTOR POPULATIONS 

The potentially exposed populations were charactenzed prunady usmg the 1989 
Population, Economc, and Land Use Data for Rocky Flats Plant (DOE 1990), 
developed by the Denver Regonal Councd of Governments (DRCOG) T ~ I S  DRCOG 
study encompassed an 81 lulometer (50 d e )  radius area from the center of Rocky Flats 
Plant and mcluded all or part of 14 counties and 72 mcorporated aties wth a 1989 
combmed population of 2 206 550 

3 1 DEMOGRAPHICS 

The Rocky Flats Plant is located m a rural area of mcorporated Jefferson County 
approxlmately 16 d e s  northwest of Denver and approxmately 10 d e s  south of 
Boulder RFP is situated on a 6 550 acre parcel of federally owned land The plant 
fadity is located m the apprownate center of the parcel and is surrounded by a buffer 
zone of approxmately 6,150 acres The area to the west of RF'P is mountamous, 
sparsely populated and p m a d y  government owned The area east of RFP is generally 
a high and plan, densely populated and pnvately owned The majonty of the 
population mcluded m the DRCOG study is located wthm 30 d e s  of RFP to the east 
and southeast m the Denver metropohtan area The majonty of the development of the 
plains to the east of RFP has occurred smce the plant was b d t  and accordmg to 
projections by DRCOG future development is expected to contmue (DOE 1992) 

W i t h  a 6 4 &e radius of the center of RFP there is httle residential or commeraal 
development Between 4 and 10 d e s  development mcreases wth approxmately 
316 000 residents wthm a 1 0 - d e  radius The most sigmficant development exlsts to the 
southeast m the cities of Westmter ,  Arvada, and Wheat Rdge The abes of Boulder 
to the northwest Broomfield, Lafayette and Lowsvdle, to the northeast, and Golden, 
to the south also contam s i m c a n t  developments wthm th~s 1 0 - d e  radius (DOE 
1992) The DRCOG study projected populations through the year 2010 
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The nearest school is Witt Elementary School which is approxunately 2 7 d e s  east of 
the RFP buffer zone (EG&G 1991a) All other sensitive subpopulation faahties (e g 
hospitals and nurslng homes) are located beyond the five d e  radius from the center of 
RFP There are 93 schools eight nursmg homes and four hospitals wthm a 10 d e  
radius of RFP (DOE 1992) 
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Figure 3 1 (DOE 1990) dustrates the 1989 residential population found mthm an 8 
lulometer (five d e )  radius of RFP The 2010 projected residential population is 
flustrated rn Figure 3 2 (DOE 1990) Sectors 1 and 2 represent land wthm the RFP 
boundary and therefore, are relevant to on site scenanos Sectors 3,4, and 5 represent 
property outside of the RFP boundary and are relevant to off site scenanos Radial 
Segments D through I represent the predormnant dowwmd and downstream duemons 
from the OU 2 area and, thus, the areas relevant to exposure scenanos The 1989 and 
projected 2010 populabon data shown m Figures 3 1 and 3 2 are summaflzed m Table 
3 1 The mformation presented m Table 3 1 mdcates that zero population growth IS 
projected m the next 20 years for areas unmediately adjacent to the RFP boundary 
(Sector 3) 

The nearest drvllung water supply is Great Western Reservoir located approxunately 
2 3 rmles to the east of the center of RJT The clty of Broomfield operates a water 
treatment faahty mediately downstream from Great Western Reservon "ius facbty 
supplies dnnlung water to approxunately 28000 persons Standley Lake Park, a 
recreational area and a drvllang water supply for the aties of Thornton, Northglenn, 
Westrmnster, and Federal Heights, is located 3 5 d e s  to the southeast of RFP From 
the reservoir water is piped to each aty's water treatment faahbes Boatmg, pimclctng 
and h t e d  ovemght campmg is perrmtted at Standley Lake Park 

3.2 OFFSITELANDUSE 

3.21 Current 

Current land use m the area surroundmg RFP 1s shown m the Jefferson County Land 
Use Inventory Map (Figure 3 3) and the Boulder County Road Map (Figure 3-4) Table 
3 2 is a summary of land use correspondmg to the Jefferson County Land Use Map In 
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general current land use surroundmg RFP mcludes open space (recreational) 
agncultural residential and commercral/mdustnal The northeastern Jefferson County 
and RFP area is currently one of the most concentrated areas of mdustd development 
m the Denver metropohtan area (Jefferson County 1989) 

Current land use m the area relevant to the OU 2 exposure scenanos (Immediately 
southeast of RFP and OU2) mcludes all of the uses menaoned above, wth the 
predormnant uses appemg to be open space smgle f d y  detached dwelhgs and 
horse boardmg operations Two small cattle herds (approxunately 10 to 20 cattle m each 
herd) were observed one to the southeast where 96th Avenue turns mto Allure and 
crosses Woman Creek and one to the east of RFP between Alkve and Smms Streets 
and north of 100th Avenue Industnal fadties wthm the relevant area, to the south, 
include the TOSCO laboratory Great Western Inorgacs Plant, and Frontier Forest 
Products (EG&G 1991a) 

3.2 2 Future 

Future land use generally follows exlstmg land use patterns Jefferson County m its 
Northeast Commumty Profile (Jefferson County 1989) a soao econormc study of its 

northeastern area, developed a basehe profile of growth and land use m the area 
Using the basehe profile and hstonc trends future scenanos were developed As a 
result of ths study Jefferson County expects that mdustnal land uses wdl contmue to 
domnate the northeastern portion of the county Along wth the mcrease m mdustnal 
development, the county expects mcome and employment growth to mcrease 
dramatically whde household and populaQon growth is expected to mcrease only 
moderately In other words wth mdustnal growth, employment opportumQes are 
expected to increase yet, as the land is developed for mdustry the avadabhty of land 
for residential development decreases and as a result, household and population growth 
wll be h t e d  

Industnal and commeraal development of the area 1s attractwe to busmesses and 
developers for several reasons (1) the avalabhty of undeveloped and, therefore, lower 
cost lands (2) the lower taxes assoclated wth locatmg m an mcorporated portion of 
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the county, and (3) the future ahgnment of W 470 a segment of proposed hghway 
provldmg access to the area 

The completion of W-470 enwchg the entne Denver metropohtan area, is expected 
to have si@cant mpacts on growth 111 the area The hghway, m its proposed 
ahgnment wdl slurt the southern and eastern boundanes of €UT Commeraal growth 
particularly light mdustnal and office development, is expected to occur along the 
highway (Jefferson County 1989) 

Residential development is not as attractive as mdustnal development of the area for 
several reasons mcludmg the proposed ahgnment of W-470 the proxlrmty to Jefferson 
County Auport and the current mdustnal nature of the area The decreased desnabhty 
of l i m g  near a major hghway or an q o r t  for traffic and noise reasons, is a deterrent 
to residential development The prommty of RFP and the general mdustnal nature of 
the area also decreases the desnabhty of housmg m the area 

Future land use m the area is the topic of The North Plsuns CommuIllty Plan (Jefferson 
County 1990) The plan is mtended to serve as a guide to the county and aties to 
achieve compatible land use and development deasions regardless of the jWsdictiOn 
in which they are proposed Representatives of Jefferson County and five aties (Arvada, 
Broomfield Golden, Supenor and Westrmnster) and part.lapants from a vanety of 
interest groupsmcludmg homeowners busmesses bdders/developers, enwonmentahsts 
and special distncts cooperatively developed ths plan The plan identifies the Rocky 
Flats Plant and the Jefferson County mort as constramts to future residential 
development m the area, and recommends office and hght mdustnal development The 
plan further identifies the acqusition of lands for open space uses as a hgh pnonty for 
the area, recommendmg that large amounts of undeveloped land be promded for ths 
purpose (Jefferson County 1990) 

The North P l m  Commmty Development Plan Study Area Summary Map (Figure 3 5) 
and the Jefferson Center Comprehensive Development Plan (Figure 3 6) show that the 
predomtnant future land uses to the south and southeast of RFP wdl consst of 
commeraal mdustnal and office space Dlrectly to the east, the zomg and usage are 
expected to remam open space and apcultural/vacant As Illustrated III these maps, the 
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areas closest to RFP are planned for mdustnal commeraal or office space mth the 
areas further from RFP designated for residential development Thls p l m g  is 
consistent mth the projected residential growth rate of zero m the next 20 years for 
areas mediately adjacent to the RFP (DOE 1990) 

To the north of RFP, m Boulder County the predommant land uses mclude open space, 
park land and mdustnal development as shown m Figure 3-4 'Itrvo areas adjacent to 
RFP have been annexed by the cities of Broomfield and Supenor These two aties have 
participated m the Jefferson County cooperative planmng process and are planmng 
business, mdustnal, and w e d  land uses for the area (Jefferson County 1990, clty of 
Broomfield 1990 Boulder County 1991) 

The above dormation indicates that current land use m the m e d i a t e  wcmty of the 
RFP is pnrndy commeraal/mdustnal and that such land use wdl contmue mto the 
future It is therefore hkely that the potential for residential development m ths area 
wll be mpeded by the growth of busmess and rndustry that IS expected to occur 

33 ON SITE LAND USE 

3 3 1  Current 

Rocky Flats Plant production and mamtenance actinties do not occur m the OU 2 area 
The 903 Pad portion of OU 2 is capped A large portion of OU 2 IS located wthm the 
buffer zone, outside of the secunty fence and protected area (PA) Current actmties m 
OU 2 consist of enwonmental mvesbgations and routme secmty survedlance RFP IS 

currently plannlng for decontammation and decomrmssiomg (D&D) whch is expected 
to begm m the near future 

3 3 2 Future 

Future plans for RFP actinties are dlscussed m the Nuclear Weapons Complex 
Reconfiguration Study The two preferred reconfiguration opbons m the study mclude 
relocation of RFP functions (DOE 1992) Future land use alternatives are discussed m 
the RFP Site Wide Enwonmental Impact Statement (EIS) There are four 
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alternatives that are addressed m that document mcludmg the no action alternative 
These alternatives whch may be subject to change are summanzed below (DOE 1992) 

The no action alternabve mvolves completmg nuclear produmon upgrades, 
mamtenance of production standby and comphance mth the IAG enwonmental 
restoration (ER) comtments 

Alternative 1 involves nuclear production at reduced levels comphance wth IAG 
ER comtments and placement of surplus fadties mto safe storage Due to 
the recent deasion to unplement decontammabon and decomrmssionrng @&D) 
at RFP, this alternative is no longer considered vlable 

Alternative 2 allows nuclear production at up to 1989 levels mcreased non 
nuclear production, placement of surplus fadties mto safe storage and 
completion of ER by 2020 Due to the recent deasion to unplement D&D at 
RFP this alternative IS no longer considered vlable 

Alternative 3 mvolves transition to no production of nuclear or nonnuclear 
components completion of ER by 2020 D&D of selected fachties, and 
placement of other faalities mto safe storage 

Occupation by pnvate mdustry is planned for the future use of the on site production 
areas at RFP accordmg to a June 12 1992, speech by Secretary of Energy James 
Watluns Watluns characterrzed RFP as an attractive site for manufacturers and other 
busmesses (Denver Post, June 13 1992) Pnvate mdustry could relocate to exlstmg 
buildmgs and use exlstmg equpment at RFP after necessary decontarmnation IS 

complete (Boulder Camera June 13 1992) One organnation worlang to acheve ths 
objective is the Rocky Flats Local Impacts hbative (RFLII) l b s  group IS compnsed 
of representatives from local busmesses and government agenaes and has been formed 
to develop a strategy to transform future changes at the RFP mto economc, 
socioeconomc educabonal land use, environmental and lnfrastructural advantages 
One of this groups goals is to work mth the DOE and local economc development 
agenaes to identlfy and attract businesses to occupy emtmg bddmgs at the RFP 
(RFLII 1992) 
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When the AEC acquued the undeveloped land surroundmg the producbon area it 
estabhshed plans to preserve the land as open space (AEC 1972) With the present 
open space located nearby, it is plausible that the buffer zone and OU 2 area urlll be 
preserved as open space The buffer zone is bemg considered as a potential ecologcal 
preserve or National Enwonmental Research Park 

There are at least three reasons why Rocky Flats would make an 
exceptional enwonmental research area Fmt, the site presents an 
excellent sample of a shortgrass prame/montane emtone Second it also 
provides an almost umque opporhmty to conduct enwonmental research 
111 an area whch abuts a major metropohtan area the site has 
an abundance of wetlands and would be an excellent outdoor laboratory 
for a vanety of wetland related ecologcal research ( h g h t  1992) 

Thrd 

Ecolopcal surveys of the buffer zone performed m comphance wth the Threatened and 
Endangered Species Act, may mdicate the presence of several hsted speaes at the RF'P 
Additional threatened and endangered speaes surveys are ongomg and may be 
performed in the future to identify and provide for the protecoon of any threatened and 
endangered species at the site If necessary (EG&G 1992b) Because the buffer zone 
has not been impacted by commeraal development for many years thus allourlng 
progressive re estabhshment of quahty native habitats, the future use of ths area as an 
ecological reserve is reasonable Tlvs usage is consistent wth DOE pohcy and plans 
(DOE 1992) In addition, ths type of site use is consistent wth the Jefferson County 
Plamng Department s recommendations for the provision of large amounts of 
undeveloped land 111 the area (Jefferson County 1990) 

Extensive development of the area is unllkely due to the hstoncal use of RFP the 
potential for conversion of the buffer zone mto an ecologcal preserve the h t e d  
avadabdity of water and the steep topography m parts of the dramages The steep 
slopes associated wth some of the dramages m the area, partmdarly the Walnut Creek 
dramage are not conduave to extensive residential or commeraal development Due 
to the potential hazards assoaated wth unstable slopes, landshdes and slope fadures 
Jefferson County emphaslzes that development should only occur on slopes wth grades 
of 30 percent or less (Jefferson County 1990) Much of the area, approxmately 25 
percent in the eastern RFP property are at or approachmg ths grade 
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The hmted avadabfity of water is also a factor affectlng development of the RFP area, 
as wth al l  of the Denver metropohtan area The Denver Water Board controls most 
of the metropohtan water supply and currently prowdes much of the suburban areas 
water The Denver Water Board, however is under no obhgation to supply water to the 
suburbs maJung the future supply questionable (Jefferson County 1989) Due to the 
quanbty of mdustnal development expected m the area surroundmg FWP it is expected 
that competition for water WIU exlst In addition, exstmg faahties w t b  the RF’P are 
already served by mumcipal water supphes from the clty of Golden, mcreasmg the 
Ilkelhood that exlstlng structures wll be targeted for use by mdustry and busmesses 

In summary residential development of the area is hghly d e l y  due to the mdustnal 
nature of the RFP slte the general mdustnal nature of the area, and the proxumty of 
the proposed W-470 corndor and Jefferson County Auport Future residential land use 
is mconsistent wth current Jefferson County and DOE land use plans for the area 
Future land use generally follows exlsting land use patterns and would llkely mvolve 
mdustnal/office or open space uses 

3 4 RECEPTORS SELECTED FOR QUANTITATIVE RISK ASSESSMENT 

Human populations on and near the site were evaluated to assess ther hkelhood of 
exposure to site related chemcals of concern EPA gudance does not requre an 
exhaustive assessment of every potential receptor and exposure scenmo (EPA 1992) 
Rather, the hghest potential exposures that are reasonably expected to occur 
(reasonable m m u m  exposures) should be evaluated along wth an assessment of any 
associated uncertamty @PA 1989a) The receptor populabons selected for evaluation 
are those most llkely to be exposed and potentially to have the greatest degree of 
exposure to site related chermcals 

Receptor populations selected for evaluation m the human health mk assessment at 
RFP are summanzed m Table 3 3 and mclude current and future off site residents 
future on site workers and future on site ecolopcal researchers Each of these receptors 
is descnbed in further detad below The receptor locations are shown 111 Figure 3 7 
The area and/or exposure pomts presented m Figure 3 7 were selected to reflect the 
most reasonable locations where chermcal exposures are expected to OCCLU for each of 



the receptors These areas are reasonably consistent wth current and future land use 
at the site and depict locatrons where each of the respective human receptors are 
expected to spend the mqonty of theu tune The exposure area for the mdustnal 
worker mcludes all MSS s for OU 2 The exposure area for the ecologd researcher 
is bounded by Woman and South Walnut Creeks and the entlre buffer zone mcluded m 
OU 2 The areas presented m Figure 3 7 were selected to provlde an accurate 
evaluation of potential chemcal mtakes 111 each of the receptors idenfled Uslng 
collected data and fate and transport modehg at these locations, as appropnate, the 
exposure pomt concentrations wdl be used to quanhtatively evaluate chemcal mtakes 
for receptors at the selected locations 

3 4 1 Current and Future Off Site Residents 

The human health nsk assessment wdl evaluate current off site residents at exlstmg 
locations smce the pubhc is restncted from access to RFP, and access to OU 2 is 
generally hrmted to on site workers Present levels of s e m t y  at the RFP mclude secure 
fencmg frequent armed seamty patrols, and modem electromc secunty and sumelllance 
systems Fencmg is posted to warn potential lntruders that they are trespassing on 
federal property and,d caught wdl be arrested Plant security personnel report that 
there have been no madents of trespassmg m the buffer zone m the past seven years 
Thus even If trespassmg were to occur at the RFP it is hghly unllkely that such events 
would occur repeatedly for the same mdmdual 

' l hs  scenano vvlll evaluate the reasonable m m u m  nsk to the present population both 
now and m the future Based on the future mdustnal/commeraal land use plans for the 
area, hypothetical future residents wdl be evaluated off site III the Y I C I I U ~ ~  of exlstmg 
residential areas due to the exlstence of current residences These future residents wdl 
be quantitatively evaluated at the site boundary where Woman and Walnut Creeks leave 
the RFP site These locat~ons wdl correspond to the most reasonable locatrons for 
rnaxl~num exposures due to thelr promty  to the site the drrection of prevadmg wmds 
and the promty  of surface water bodies ongmatmg on site Smce residents are hkely 
to spend the greatest amount of tune at or near thelr home the residentlal scenano wrll 
represent the mammum frequency and duratron of exposure that is reasonably expected 
to occur 
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3 4.2 Future On Site Worker 

The human health nsk assessment Hill evaluate future on site workers Based on the 
future mdustnal development plans m the area, the worker wdl be assumed to be an 
mdustnal or office worker The location of ths receptor IS shown m Figure 3 7 Thzs 
location m the direct vlcmty of emtmg faahties at the RFP and thelr correspondmg 
uthties and semces Future use of the RF'P as a busmess or mdustnal center ulu 
undoubtedly focus on use of the exlstmg mfrastructure It is expected that deslrable 
locations for future development of commeraal faahbes wdl be m close proxlrmty to 
exlstmg structures and uthbes The location designated for on ate worker represents 
a reasonable exposure area for that receptor Smce the health and safety of on site 
workers is presently momtored under a comprehensive health and safety program at 
RFP potential exposures to current on site workers wdl not be evaluated m the nsk 
assessment The health and safety programs and policies are ducussed m more detail 
below 

Health and safety (H&S) actimties at RFP are dlrected by the Assoaate General 
Manager for Support Operations and supported by several dimsions mcludmg 
Radiological Operations Occupational Safety Health and Safety Area Engmeermg 
Industrial Hygene Radiologxal Engmeermg and Occupational Health (EG&G 1990) 
An orgamzational chart is provlded m Figure 3 8 For enwonmental restorabon work 
at RFP EG&G (Rocky Flats Plant) and DOE have adopted the Federal Occupational 
Safety and Health Admmstration s (OSHA) standards for hazardous waste site workers 
(EG&G 1990) EG&G has superseded some of the OSHA standards wth more 
stnngent policies estabhhed by EG&G DOE or other governmental agencies (EG&G 
1990) 

At RFF H&S programs are wntten for everyday actwties as well as s p e d c  projects 
All subcontractors to EG&G must prepare thelr own site/project speclfic H&S plans 
and they must requlre and enforce standards that are at least as strmgent as EG&G s 
requlrements (EG&G 1990) Several programs emst at RFP to support the H&S plans 
and programs mcludmg radiabon proteaon, emergency response occupational safety 
vehicular and pedestnan safety fire protection, and contractor safety (EG&G 1992c) 
The wntten programs contam the requvements and procedures to be followed to ensure 
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a work enwonment that is free from exposure to chemcal, physical and biologml 
hazards (EG&G 1992c) Additionally responsibhty for all  aspects of comphance wth 
the programs and plans is estabhhed and an au&t program is m place to evaluate 
whether comphance is m effect RFP personnel are tramed m personal hygene and 
safety use of protective clothmg and emergency response procedures The health and 
safety of current workers at RFP is thoroughly momtored wth reqwed baselme annual 
and exlt physical exarmnations The exposure of these workers to chemcals of concern 
is controlled and hmted by momtonng to acceptable levels and is ensured by reportmg 
requirements In hght of these thorough health and safety programs the currefit on site 
worker wll not be quantitatively evaluated m the human health nsk assessment 

A future on site worker not protected by a s d a r  health and safety program (1 e no 
action) wll be quantitatively evaluated This worker is assumed to be unprotected and 
untramed in health and safety matters Based on the future mdustnal development plans 
for the area the future on site worker is assumed to be an mdustnal or office worker 
at an appropnate facihty Tlvs settmg is hkely to have extensive paved areas and well 
mantamed landscaping m s  evaluation wll be performed smce all future land uses 
point to this settmg as the most probable future land use of the mdusttral area of RFP 

3 4 3 Future On Site Ecologcal Researcher 

Since the future use of the on site non production areas at RFP wdl most hkely mvolve 
an open space/ecolopcal reserve scenano ths  scenano wdl be evaluated for the area 
outside of the OU 2 IHSSs The receptors in an open space scenano would mclude day 
hkers and a research biologst/ecologst conductmg area studies Of these two potential 
receptors the research biologut is hkely to spend more tune at the site and come m 
close contact wth the sods plants and surface water as specunens are studied Field 
work may mvolve kneehng or lymg on bare ground or vegetation, and contactmg site 
sods sediments and surface water The day M e r  would most hkely spend less tune at 
the site and come m less contact wth the site s sods and surface water Therefore the 
most reasonable receptor m tlus settmg is the hypothetical future ecolopcal researcher 
The area applicable to thu receptor is shown m Figure 3 7 and mcludes the areas 
between Woman and Walnut Creeks Thu receptor wdl be quantitatively evaluated m 
the nsk assessment 
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TABLE 3 1 

CURRENT AND PROJECTED POPULATIONS 
IN THE OU 2 EXPOSURE ASSESSMENT AREA 

Year 198912010 

Sector D E F G H I 

1 o/o 010 010 010 010 010 
2 010 010 010 010 010 010 
3 o/o o/o 010 17/17 o/o 717 
4 01 14 2831644 461142 50150 215/1007 313 
5 25/25 367115009 4771601 57811879 2355110186 46912124 

Source DOE 1990 
Flats Plant 

1989 Population, Economc and Land Use Data for Rocky 
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TABLE 3 2 

ROCKY FLATS PLANT 
ou 2 

CURRENT SURROUNDING LAND USE IN JEFFERSON COUNTY 

Current Use/ 
Parcel # Project Name z o m g '  Land Use Type 

22009 
44001 
44002 
44003 
44004 
44005 
44006 
44607 
45001 
45002 

45002 

45003 
45004 

45005 

45006 
45007 

45007 
46005 

Vacant 

Vacant 
Vacant 

Vacant 
Vacant 

Walnut Creek 
UIllt 1 

Walnut Creek 
Umt 1 
Vacant 

Sin e F m l y  
get ached 

Sm le Famdy 
bet ached 

Water 
Sm le Farmly 

%etached 
SF D 

Vacant 

46006 Tnple C Quarter 
Horses 

A 2  

I 1  
A 2  

I 3  
A 2  

P D  

P D  

A 2  
A 2  

A 2  

A 2  
A 2  

A 2  
A 2  

A 2  

Vacant 

Industnal 
Vacant 

Industnal 
Vacant 

Sm e F d y  
get ached 

Retad 

Vacant 
Sm le F d y  

betached 
Vacant 

Water 
Sm e F d y  

getached 
Farm/Ranchmg 
Sm eFarml 

getache2 
Retd 

Sheet 1 of 4 



TABLE 3 2 
(Continued) 

Current Use/ 
Parcel # Project Name Zomng' Land Use Type 

46007 

46008 

46009 

Horse Barn 
Boardmg lk 

Breedmg 
Sm e F d y  

get ached 
Sin e F d y  

get ached 
46011 Mountan View 

46012 Jefcope 
46017 Water 

Tech Center 

46019 Sm le Farmly 
bet ached 

47036 Vacant 

47040 
71001 Rocky Flats 
72001 Vacant 
72002 Vacant 
72003 Sm le F a d y  

72004 Vacant 
72004 Vacant 
72005 Tosco Flg 1 
72006 Rocky Flats Ind 

Park Flg 2 

bet ached 

72007 

72008 

Rocky Flats Ind 
Distnct Flg 1 
Water Tank 

Ralston Val Stn 2 

A 2  

A 1  

SR 2 

P D  

P D  
A 2  
A 2  

SR 2 

A 2  
I 2  
A 2  
A 2  

1 2  
I 2  
I 2  
1 2  

I 2  

I 2  

Retad 

Sm e F d y  
get ached 

Sm e F d y  
#e tached 
Industnal 

Industnal 
Water 

Sm e F d y  
get ached 

Sm le F d y  
%etached 

Industnal 
Industnal 
Vacant 

Sm e F d y  
get ached 
Vacant 

Industnal 
hdustnal 
Indushral 

Industnal 

Uthties 

Sheet 2 of 4 
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TABLE 3 2 
(Contmued) 

Current Use/ 
Parcel # Project Name Zomg' Land Use Type 

72009 

72010 
7201 1 

Vacant Rocky 
Flats 

Vacant 
Northwest 
Industnal 

72012 Vacant 
72013 
73001 
73005 

73019 
73020 

73021 
73022 

99001 

99005 
99006 

99007 
99008 

99009 
100001 

Vacant 
Wheat mdge 

Gardens 
Vacant 

Sm le Farmly 
bet ached 
Vacant 

Westmnster 
Gardens 

Great Western 

Sam11 Operation 
Great West em 

Aggregates 
Vacant 

Colorado Bnck 
Comp Clay m e  

Vacant 
Rock Creek Ind 

Park Vacant 

Aggregate Quarry 

100002 Vacant 
100003 Rocky Flats 

Vacant 

A 2  

I 2  
I 2  

A 2  

A 2  
A 2  

A 1  
SR 2 

RC 
A 2  

I 1  

I 2  
I 2  

I 2  
M C  

I 2  
P D  

I 1  
I 1  

Industrral 

Industrrd 
Industnal 

Vacant 

Vacant 
vacant 

Vacant 
Sm le Farmly 

%etached 
Office/Retarl 
Sm le Farmly 

betached 
Industnal 

Industrral 
Industnal 

Industnal 

-g 

Industnal 
Industrral 

Industrral 
Industnal 
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TABLE 3 2 
(Contmued) 

I 
I 
I 

I U  Current Use/ 

Z t r  actr on 

Parcel # Project Name ZOIlulg' Land Use Type 

100004 Roc Flats Clay M C  Industrral 

100005 Rocky Flats I 2  
Vacant 

Industnal 

100006 Electtrc Substation M C  Uthties 
100006 Gravel Mme M C  Industnal 
101001 Vacant A 2  Vacant 
101002 
101003 

Vacant 
Vacant 

M C  Industnal 
I 2  Industnal 

101004 Mme and Water I 2  Industnal 
101005 Northwest I 2  

Industnal 
Industnal 

101006 Vacant M C  Industnal 
101007 Samtary Landfill P DA Industrral 

and Gravel 
101008 Rockv Flats Lake M C  Water 

Zomng Abbrevlations are as follows 
A 1  Agricultural 1 
A 2  Agrldtural2 
I 1  Industnal 1 
I 2  Industnal2 
I 3  Industnal3 
P D  Planned Development 
SR 2 Suburban Residenbal2 
RC Restncted Commeraal 
P DA Planned Development Amended 
Source Jefferson County 

I 
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TABLE 3 3 
ROCKY FLATS PLANT 

ou 2 
POTENTIALLY EXPOSED RECEPTORS TO BE QUANTITATIVELY EVALUATED 

Current Scenano Future Scenano 

Off site resident On site worker 
On site ecolog~cal researcher 
Hypothetical off site resident 

(1) A future off site hypothetical resident vvlll be quantitatively evaluated at the 
followmg locations 

(a) 

(b) 

Point at which Walnut Creek lntersects the eastern Rocky Flats Plant 
property boundary 
Point at which Woman Creek intersects the eastern Rocky Flats Plant 
property boundary 

I 



M 

SOURCE DOE 1990 

A 

M l h  Sector Name 
0 1  Sector 1 

Sector 2 1 2  
2 3  Sector 3 

E 

I 

U S  DEPARTMENT OF ENERGY 
Rocky Flats Plant Golden Colorado 

OPERABLE UNIT 2 
PHASE II RFI/RI EXPOSURE 

TECHNICAL MEMORANDUM 

1989 POPULATION AND 
(HOUSEHOLDS) SECTORS 1-5 

FIG NO 3-1 JUNE 1992 
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I 
I 
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M 

SOURCE DOE 1990 

U S  DEPARTMENT OF ENERGY 
Rocky Flats Plant Golden Colorado 

OPERABLE UNIT 2 
PHASE I1 RFI/RI EXPOSURE 

TECHNICAL MEMORANDUM 

2010 POPULATION AND 
(HOUSEHOLDS) SECTORS 1-5 

FIG NO 3-2 JUNE 1992 
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4 0  
EXPOSURE PATHWAYS 

This section discusses the potential release and transport of chemcals from OU 2 and 
identifies exposure pathways by whch the receptor populations identified m Section 3 0 
may be potentially exposed to site chemcals 

An exposure pathway descnbes a specific enwonmental pathway by whch an mdiwdual 
can be exposed to chemcal constituents present at or ongmatmg from a site An 
exposure pathway mcludes five necessary elements 

e A source of chemcals 
e 

e An enwonmental transport medium 
e An exposure pomt 
e A human intake route 

A mechamsm of chemcal release 

Each one of these five elements must be present for an exposure pathway to be 
complete An mcomplete pathway means that no human exposure can occur Only 
potentially complete and relevant pathways wdl be addressed in the human health risk 
assessment for OU 2 An exposure pathway is considered to be potentially complete and 
relevant If there are potential chemcal release and transport mechantsms and identlfied 
receptors for that exposure pathway 

4 1 CHEMICAL RELEASE SOURCES AND TRANSPORT MEDIA 

The identified site sources at OU 2 are the 903 Pad Mound and East Trenches areas 
The BRA wdl evaluate contammated sod at these OU 2 sites as the pnmary source of 
chemcal release A desmption of actiwties conducted at OU 2 was prowded m Section 
2 1 Enwronmental media that may transport chemcals of concern from OU 2 to 
exposure points are descnbed below m the conceptual site model 
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4.2 POTENTIALLY EXPOSED RECEPTOR POPULATIONS 

Potentially exposed receptor populations selected for quantitative assessment m the 
baseline human health nsk assessment were charactenzed m Section 3 0 The followmg 
receptors were selected 

e Current off site resident 
e Future on site worker 
e 

e Future off site resident 
Future on site ecologcal researcher 

The current off site resident is evaluated under current land use conditions whch 
assume that the RFP surface water management plan is 111 effect This program mcludes 
surface water treatment as necessary pnor to discharge off site The future land use 
scenario assumes no action takes place at OU 2 (1 e ,  no surface water management plan 
is in place and no surface water treatment occurs) and estmates exposures for future 
receptor populations under this condition Because the Intern Measures currently 
planned for seeps along the Walnut and Woman Creek dramages wdl be permanent and 
mll therefore e h n a t e  the potential contnbuhon of chemcals to surface water from 
these locations these seeps mll be excluded from future modehng of exposure point 
concentrations for surface water 

4 3 EXPOSURE POINTS 

An exposure point is a specific location where human receptors can come m contact mth 
site related chemcals Exposure pomts are selected so that reasonable maxlmum 
exposures m11 be quantitatively evaluated Evaluation of receptor nsks at these exposure 
points wll bound the nsks for receptors at other exposure poults not selected for 
quantitative evaluation The followmg exposure pomts were selected for reasonable 
maxlmum estimates of nsk These locations are shown m Figure 3 7 
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Current ScenanQ 

e Residential receDto r Nearest residence to RFP (located at the southeast 
comer of the RFP property boundary) and nearest residence to RFP 
which is m the predormnant wmd dlrection 

Future Scenano 

e 

e 

Occunat ional recen - tor, On site wthm the OU 2 mdustnal complex 
F,colomcal researche r, On site wthm RFP buffer zone east of OU 2 
bounded by Woman and South Walnut Creeks 

e Residential receptors Hypothetical off site residences at the followmg 
locations 
(1) Pomt at whch South Walnut Creek mtersects the eastern Rocky 

Flats Plant property boundary 
(2) Pomt at which Woman Creek mtersects the eastern Rocky Flats 

Plant property boundary 

4 4 HUMAN UPTAKE MECHANISMS 

A human uptake mechmsm is the mechmsm by which a chemcal is mternally 
absorbed by the receptor There are four basic human uptake mechmsms dermal 
absorption inhalation mgestion, and If radionuchdes are present external exposures 
Exposure pathways by which these mechmsms may occur mclude lnhalation of VOCs 
and anborne particulates, sod mgestion, surface and groundwater mgestion, and dermal 
contact wth sod or surface water These uptake mechmsms are desmbed further m 
Section 5 0 

Dermal absorption of metals from contact wth soil is not considered a sigdicant uptake 
route by EPA. In the P r e h a r y  R s k  Assessment for Leadvdle, Colorado EPA Regon 
VI11 states 

Metals bmd strongly to soil greatly redumg then bioavdabihty Through 
complex processes most metals form strong stable bonds wth other soil 

23047lR2 4 08-22 52(4 24pm)lRPT 4 3  



I 
I 
I 
I 
1 
I 
I 
I 

‘ I  

constituents that reduce the avadable concentration of a dissolved metal In 
addition, due to polmty and solubfity metals are not absorbed well across the 
slun Therefore relative to other exposure routes dermal absorption is expected 
to be mconsequential (EPA 1989a) 

Lkewse, because metals are not hghly soluble m water and tend to be bound to soil 
particles or sediments dermal uptake of particulate bound metals m surface water is 
judged to be a neghgble exposure pathway However the soluble fracbon of chemcals 
of concern mcludmg metals m surface water wdl be quantitatrvely evaluated For 
radionuclides EPA pdance  states that dermal uptake is generally not an mportant 
route of uptake for radionuclides whch have small dermal permeabhty constants (EPA 
1989a) Dermal contact wth sod wdl only be assessed quantitatively If samphg results 
from the OU 2 Phase II mvestigation demonstrate the presence of orgmc chemcals of 
concern in surface soil samples at concentrations exceeding background levels 

4 5 CONCEPTUAL SITE MODEL 

Information concemng waste sources waste constment release and transport 
mechasms and locations of potentially exposed receptors is used m tlus section to 
develop a conceptual understandmg of the site in terms of potenbal human exposure 
pathways Figure 4 1 shows a conceptual site model (CSM) of potential human exposure 
pathways for OU 2 

The CSM is a schematic representation of the chemcal source areas, chemcal release 
mechamsms enwonmental transport media, potential human mtake routes and 
potential human receptors The purpose of the CSM is to provlde a framework for 
problem defimtion, to identlfy exposure pathways that may result m human health nsks 
to a d  in identifylng data gaps and to a d  m identlfylng effective cleanup measures If 
necessary that are targeted at sigrdicant contarmnant sources and exposure pathways 

Chemcal release mechamsms enwonmental transport media, and potential human 
mtake routes to the contammated site soil were identified for each potentrally exposed 
receptor and are discussed below m Section 4 5 2 
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In the CSM potentially complete and si@cant exposure pathways are designated by 
an S Potenbally complete and relatively mi@cant exposure pathways are 
designated by an I Both potentially complete and relatively si@cant exposure 
pathways and relatively migmfmnt exposure pathways wdl be quantitatively addressed 
in the risk assessment Quanbtatively addressmg potentially complete and relatively 
insi@cant exposure pathways will provlde for nsk estimates that do not underestmate 
actual risks Neghgble or mcomplete exposure pathways are designated by an N and 
are not addressed m the m k  assessment In the followmg discussion and m the CSM 
potentially complete dermal exposure pathways are designated as mi@cant and wdl 
only be assessed quantitatively If results from the Phase 11 site mvestigation demonstrate 
the presence of orgmc chemcals or soluble metals of concern, as premously discussed 
in Section 4 4 

4 5 1 Site Wide Incomplete Exposure Pathways 

The CSM indicates that the followmg OU 2 exposure pathways are neghgble or 
incomplete for all receptors These mcomplete pathways wdl not be quantitatively 
addressed in the risk assessment 

Ingestion of fish caught from Woman or Walnut Creeks and mgestion of 
livestock watered by these creeks are mcomplete exposure pathways for 
all receptors Walnut and Woman Creeks are both mtemttent creeks 
High flow penods for these creeks generally occur from March to June 
The amount of flow vanes sigdicantly from no flow XI dry years to 
approxlmately four tmes the predxted annual flow (Advanced Saences 
Inc 1990) 

Due to thev mterrmttent nature, the creeks do not support si@cant 
numbers of fish The only fish observed have been mmnows However 
it is possible for fish that reside m on site ponds to mgrate from these 
ponds along Woman Creek to Standley Reservov or along South Walnut 
Creek d u n g  hgh flow penods (WWE 1991 WCC 1992) However 
because of the creeks mterrmttent nature subsistence fishng is unllkely 
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Therefore mgestion of fish is a negligble exposure pathway for both 
current and future residential receptors 

Because plant growth over the creeks does not allow ready access to the 
creek and because the mtemttent creek flow does not support consistent 
livestock watemg mgestion of livestock is a negligble pathway for both 
current and future residential receptors 

The future on site worker is unhkely to rme cattle or catch fish on site 
smce he/she is expected to work the entre tune whde on site Therefore 
this pathway is considered negligble for this receptor Ingestion of 
m a l s  or fish in the future scenano by the ecologcal researcher is an 
incomplete pathway because it is unlikely that the researcher wdl ingest 
ammal or fish speamens collected for research 

e Inhalation of chemcals that have volatdlzed from site sods or groundwater 
to outdoor an is a negligble pathway for all receptors because volatde 
chemcals m surface sods have already volathzed and volatde chermcals 
released from groundwater are expected to be sigzllficantly retarded 
through the vadose zone and dduted in the ambient au 

4 5 2 Potentially Complete Exposure Pathways 

Exposure pathways that result m potential exposure to identlfied receptors are discussed 
below 

45.21 Curre nt Off Site Reside nt 

The CSM for the current off site resident mdicates that storm water runoff 
volatilization, wmd suspension, and mfiltrabon and percolation are the pmary chemcal 
release mechamsms from contammated site sods to the enwonment Of these release 
mechamsms only the exposure routes assoaated wth wnd suspension are potentially 
complete for the current off site resident as detded m the discussion below Drect 
contact wth site sods and on site external irradiation f'rom radioactwe decay of site sods 
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are also pnmary release mechasms but are e k n a t e d  as exposure pathways to this 
receptor because site access IS restncted Therefore current off site residents could not 
dlrectly come mto contact wth or come close to contammated sods on site 

Groundwater m the UHSU at OU 2 may either discharge to surface water m the Walnut 
Creek basm or is lost via evaporation from seeps and spmgs (Annual free water 
evaporation m ths  regron is greater than the amount of annual precipitation) 
Chemcals potentially discharged from groundwater to surface water or potentially 
released from site sods to surface water ma storm water runoff may be transported to 
surface water and/or sedments m Walnut or Woman Creek Groundwater and surface 
water runoff from OU 2 that reaches the Walnut Creek dramage IS captured on site by 
the B senes ponds and treated m accordance wth RFP s surface water management plan 
(see Section 2 5 3) A smaller proportion of UHSU groundwater and surface water 
runoff from OU 2 flows south to the Woman Creek basm or is captured by the south 
interceptor ditch (SID) The SID surface water flows to the C 2 Pond Surface water 
in the C 2 Pond and m Woman Creek is sampled in accordance wth the RFP s surface 
water management plan, which has received EPA approval Under ths momtomg 
program surface water is momtored and discharged at concentrations that meet 
applicable federal and state surface water requirements Therefore madental mgestion 
of and dermal contact wth surface water and/or sedments m the creeks are considered 
neghgible exposure pathways for the current off site resident 

Groundwater in the UHSU is hydrauhcally disconnected from the lower confined aquifer 
by an mpermeable claystone rangmg from 15 to 30 meters (50 to 100 feet) m thickness 
(see Section 2 0) Thus, potential exposure pathways (mcludmg lnhalation of mdoor 
VOCs that may volatillze from groundwater) assoaated wth domesfic wells located west 
of Standley Lake and along the Woman Creek dramage are considered mcomplete 
There are no domestic wells located west of Great Western Reservolr m the Walnut 
Creek dramage 

Chemcals bound to sod that are released via wmd as particulate matter represent 
potential inhalation, oral dermal, and external vradiation exposure pathways Current 
off site residents may be duectly exposed to anborne particulate matter Ma lnhalation 
For the purpose of the HHRA, it wll be assumed that mdoor an particulate 

I 
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concentrations are equal to outdoor au particulate concentrations Therefore for all 
potentially exposed receptor populations potential mks from rnhalation of mdoor 
particulates will be accounted for by the quantitative evaluahon of potentml nsks from 
inhalation of outdoor particulates Homegrown garden vegetables contammated by 
deposition of auborne partmlates from the site represent a potenbally complete 
mgestion pathway m e w s e  sod that IS contammated represents potentially eomplete 
oral (sigmficant), dermal (relatwely msigmficant), and external madiation (relatively 
msipficant) exposure pathways for ths receptor 

External madiation exposures to off site residents resultmg from deposition of 
radionuchdes ma auborne particulate are expected to be relatwely msi@cant smce 
relatively low concentrabons of radionuchdes 111 off site residential sods due to fugtive 
dust deposition are expected and the pnmary radionuchdes of concern at the RFP, 
plutomum and amenaum, do not have hghly penetratmg radiabon assoaated wth them 
Nonetheless ths pathway will be quantitatively evaluated 

As shown in the CSM, plant uptake of contamlnants deposited as wmdblown particulates 
on soil may potentially occur However this uptake is considered neglqgble for the 
followmg reasons 

e As mentioned m Section 4 4  metals bmd tightly to sod thus greatly 
reducmg thelr bioavadabAty to plants (EPA 1991a) 

e Chemcal concentrations from particulates deposited on residential sod 
wdl be si@cantly dduted by t h g  

For these reasons, chemcal concentrations m garden vegetables, due to surface 
deposition of chemcals onto plants are expected to be greater than chemcals taken up 
by vegetables from the sod It is expected that dxect contact exposures to surface sod 
(dermal absorption and mgesoon) wdl greatly exceed chemcal mtakes assoaated wth 
plant uptake and subsequent mgestion These pathways are therefore considered 
neghgble Therefore current residential mtake of vegetables wdl only be evaluated for 
surface deposition of particulates on plants 
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In summary potentially complete human exposure pathways for the current off site 
resident are 

0 

e 

0 

e Inhalation of anborne particulates 
e External madation, followmg anborne pmculate deposibon of 

Sod mgestion (deposibon of particulates on residenbal soil) 
Dermal contact wth sod followmg anborne deposition of particulates 
Ingesbon of vegetables (surface deposition of particulates) 

radionuchdes on residential soil 

4 53 2 Future On Site Worker 

The CSM for the future on site worker mdicates that storm water runoff volatihzation, 
wnd suspension, lnfiltration and percolation, dlrect contact and radioactive decay are 
the primary chemcal release mechmsms from contammated site sods to the 
enwonment Of these pmary release mechmsms, all except storm water runoff result 
m an associated potential exposure route to the future on site worker 

, 

If released wa storm water runoff site chemcals may be transported to surface water 
and/or sediments Surface water is present on site in Woman and Walnut Creeks and 
in surface water treatment ponds whch are all located m the RFP buffer zone (see 
Section 25) Incidental mgestion of and dermal contact wth sufface water and 
sediments are negligble exposure pathways for future on site workers because these 
receptors work in the mdustnal complex and would have no reason to come mto contact 
wth surface water 

Chemcals that volathze from site sods and are released to mdoor an represent a 
potentially complete mhalabon pathway for the future on site worker Although VOCs 
have not been detected m outdoor field measurements it is possible for VOCs to 
accumulate mdoors even though they may be dispersed and sigmficantly dduted 
outdoors Semvolatile orgaruc and morgamc chemcals bound to sod, that are released 
wa wnd as particulate matter represent potenbal mhalation, oral, or dermal exposure 
pathways Future on site workers may be dlrectly exposed to anborne particulate matter 
wa inhalation Dlrect contact wth sod that has been contarmnated through the. 
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deposition of anborne particulates represents potentially complete oral (sipficant) and 
dermal (relatively msi@cant) exposure pathways Slrmlarly, mgestion of contammated 
vegetables is an mcomplete pathway because gardemg is not expected m an 
occupational setting 

Volathzation of VOCs from allumal groundwater to mdoor iuf represents a potentially 
complete and sipficant lnhalation exposure pathway for future on site workers because 
although VOCs may have already volatllzzed and dispersed outdoors, they have the 
potential to accumulate mdoors 

Exposure to surface water that is discharged from allumal groundwater is neglqyble 
because the on site worker is expected to remam m the mdustnal complex and is not 
expected to come into contact wth surface water at the Woman or Walnut Creek 
dramages 

Direct contact wth soils represents potentially complete mgestion (sigmfmnt) and 
dermal contact (msigrufxant) exposure pathways for future workers at the site External 
irradiation from decay of radioactive matenals m contammated site surface soils is also 
a potentially complete (sigmikant) exposure pathway Exposure to radioactive matenals 
ma ingestion oral or demal uptake routes other than external madiation is accounted 
for in the other potentially complete exposure pathways desmbed for ths  receptor 

In summary potentially complete human exposure pathways for the future on site worker 
are 

e Sod ingestion 
e Dermal contact wth soil 
e External madiation 
e 

e Inhalation of axborne particulates 
Inhalation of VOCs m mdoor ax 
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4 5 2  3 Future 0 n Site Eco lomca 1 Researc her 

The CSM for the future on site ecologcal researcher mdicates that storm water runoff 
volatilization, wnd suspension, d t r a t i o n  and percolation, dlrect contact and 
radioactive decay are the pnmary chemcal release mechamsms from contammated site 
soils to the enwronment Except for volathtion, all of these pnmary release 
mechmsms have assoaated exposure routes that are potentially complete for the future 
ecological researcher 

If released wa storm water runoff or transported wa groundwater, site chemcals may be 
released to surface water and/or sediments Incidental mgestion of surface water and 
sediments is a potentially complete and sig.lllficant exposure pathway for the ecologcal 
researcher who may be wading 111 Walnut or Woman Creek Particulates m surface 
water resulting from the disturbance of sediment may be mgested and WIU be accounted 
for in the surface water ingestion exposure pathway Dermal contact wth the surface 
water and sediments is a relatively msigmficant but potentially complete exposure 
pathway for this receptor Soluble chemcals m sedments may be released to surface 
water and dermally absorbed, and vvlll be accounted for m the dermal contact wth 
surface water exposure pathway 

Chemcals that volatdue from site soils or groundwater may be released to mdoor an 
and outdoor asr Inhalation of VOCs m outdoor an is considered a neghgble exposure 
pathway because volatile chemcals m surface soils have already volathzed and volatde 
chemcals in groundwater are expected to be sigryficantly retarded through the vadose 
zone and diluted m the ambient au Inhalation of mdoor arr is a neghgble exposure 
pathway because the researcher WIU spend his time outdoors m the buffer zone whde on 
site 

Chemcals bound to sod that are released ma wmd as prnculate matter represent 
potential mhalation, oral and dermal exposure pathways Future on site ecologcal 
researchers may be dlrectly exposed to arborne particulate matter wa mhalation, the 
ingestion of chemcal contamng soil, or dermal absorption of chemcals m sod 
Ingestion of contammated plants is an mcomplete pathway because it is unhkely that the 
ecological researcher wU mgest plant speclmens collected for research 
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External madiation from decay of radioactive matenals in contanmated site surface 
soils is also a potentially complete exposure pathway Exposure to radioactive chemcals 
ma ingestion, oral or dermal uptake routes other than external madiation is accounted 
for in the other potentially complete exposure pathways descnbed for ths  receptor 

In summary potentially complete human exposure pathways for chemcals released from 
contammated site sods for the future ecologcal researcher are 

e Soil ingesbon 
e Dermal contact wth sod 
e Surface water mgestion 
e Dermal contact wth surface water 
e Inhalation of arborne particulates 
e External madiation 

4 5.2 4 Future Off Site Res ident 

The CSM for the future off site resident mdicates that storm water runoff volathation 
wnd suspension, and lnfiltration and percolation are the pmary  chemcal release 
mechmsms from contammated site sods to the enwronment Of these pmary  release 
mechamsms all except volathzation prowde potential exposure routes to the future off 
site resident 

Chermcals that are discharged from groundwater to surface water or that are released 
from site soils to surface water ma storm water runoff may be transported to surface 
water and/or sedments m Walnut or Woman Creek Inadental mgestion of surface 
water and/or sedments is a potentially complete (sipficant) exposure pathway for the 
future off site resident because it assumed that m the future scenano, storm water runoff 
from the site is not momtored mtercepted or treated Parkdates m surface water 
resulting from disturbance to th s  medium may be mgested and will be accounted for m 
the surface water ingestion exposure pathway Dermal contact wth surface water and 
sediments in the future scenano is a relatively msignhcant but potentially complete 
exposure pathway for ths  receptor Soluble chemcals m sedments may be released to 
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surface water and dermally absorbed and wll be accounted for m the dermal contact 
wth surface water exposure pathway 

Groundwater m the UHSU either discharges to surface water m Walnut and Woman 
Creeks or is last to evapotranspuation The UHSU is hydrauhcally dwonnected from 
the lower confined aqufer by an unpermeable claystone rangmg from 15 to 30 meters 
(50 to 100 feet) m thckness (see Section 2 0) Thus potenbal exposure pathways 
(includmg mhalabon of mdoor VOCs that may volatihze from groundwater) assoclated 
wth domestic wells located west of Standley Lake and along the Woman Creek dramage 
are considered incomplete There are no domestic wells located west of the Great 
Western Reservoir m the Walnut Creek dramage 

Semvolatile orgamc and morgamc chermcals bound to sod that are released ma wmd 
as particulate matter represent potential inhalation, oral dermal and external madiation 
exposure pathways Future off site residents may be duectly exposed to axborne 
particulate matter via inhalation Homegrown vegetables contammated by deposition 
of mrborne particulates from the site represent a potentially complete mgestion 
pathway Contact wth soil that is simlarly contammated represents potentially complete 
oral (insigmficant) dermal (msi@cant) and external irradiation exposure pathways for 
this receptor 

As shown in the CSM plant uptake of contammants deposited as wmdblown particulates 
on soil may potentially occur However ths  uptake is considered negligrble for the 
followng reasons 

0 As mentioned in Section 4 4  metals bmd bghtly to soll thus greatly 
reducrng theu bioavadabhty to plants (EPA 1991a) 

Chemcal concentrabons from particulates deposited on residential soll 
wdl be signhcantly dduted by tilling 

For these reasons chemcal concentrations m garden vegetables due to surface 
deposition of chermcals onto plants are expected to be greater than chermcals taken up 
by vegetables from the sod It is expected that dlrect contact exposures to surface soil 
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(dermal absorption and ingestion) wll greatly exceed chemcal mtakes associated wth 
plant uptake and subsequent ingestion and wdl, therefore be neghpble Therefore 
future residential mtake of vegetables wdl only be evaluated based on surface deposition 
of particulates on plants 

External irradiation exposures to future off site residents resultrng from deposition of 
radionuclides ma auborne particulate are expected to be relatively msignhcant since 
relatively low concentrations of radionuchdes m off site residentml solis due to fugtive 
dust deposition are expected and the p m a q  radionuchdes of concern at the RF'P 
plutomum and americium do not have hghly penetratmg radiation associated wth them 

In summary potentially complete human exposure pathways for chemcals released from 
contamnated site soils for the future off site resident are 

e 

e Dermal contact wth soil 
e Surface water mgestion 
e 

e 

e Inhalation of particulates 
e External irradiation (followmg auborne particulate deposition of 

Soil ingestion (deposition of particulates on residential soil) 

Dermal contact wth surface water 
Ingestion of homegrown vegetables (surface deposition of particulates) 

radionuchdes on residential sod) 

A summary of potentially complete exposure pathways that wll be quantitatively 
evaluated in the basehne human health nsk assessment is prowded m Table 4 1 
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5 0  
ESTIMATING CHEMICAL INTAKES 

This section presents reasonable maxmum mtake parameters for each of the receptors 
and exposure pathways identlfied in prewous sections Chemcal mtakes are not present 
m this memorandum smce they are dependent on pendmg site characternabon chemcal 
data and fate and transport modelmg as appropnate The fate and transport models to 
be used in the OU 2 BRA wdl be presented as a separate Techmcal Memorandum 

Using the exposure pomt concentrations of chemcals m soils, surface water, and an, it 
is possible to estmate the potential human mtake of those chemcals ma each exposure 
pathway Intakes are expressed m terms of chemcal (mg)/body weight (kg)/day 
Intakes are calculated followng guidance m Risk Assessment Guldance for Superfund 
(EPA 1989a) and Exposure Factors Handbook (EPA 1989b) other EPA guidance 
documents as appropnate, and professional judgment regarding lkely site speafic 
exposure conditions Intakes are estimated using reasonable estmates of body weight 
inhalation volume mgestion rates sod or food matrur effects, and frequency and 
duration of exposure 

Intakes are estlmated for reasonable mmmum exposure (RME) conditions The RME 
is estimated by selectmg values for exposure vanables so that the combination of all 
vanables results in the mmmum exposure that can reasonably be expected to occur at 
the site 

The general equation for calculatmg mtake m terms of mg/kg/day 1s 

chemcal mnc * contact rate * exposure frequency * errposure duratml Intake= 
body weaght * avexagmg bme 

Olghrol * vol/day * day/year * year 

ks * dar 
mg/kg/day = 

t 
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The vanable averagmg tme is expressed m days to calculate dady mtake For 
noncarcinogemc chemcals mtakes are calculated by averagmg over the penod of 
exposure to veld an average dady mtake For carcmogens mtakes are calculated by 
averagmg the total cumulative dose over a hfetime ylelding hfetme average dady 
intake Different averagmg tunes are used for carcmogens and noncarcmogens because 
it is thought that thelr effects occur by different mechmsms The approach for 
carcinogens 1s based on the current scientdic opmon that a hgh dose received over a 
short penod of tune is equivalent to a correspondmg low dose spread over a hfetme 
Therefore for whatever duration the mtake of a carcmogen is averaged over a 70-year 
lifetime (EPA 1989a) Intake of noncarcmogens is averaged over the penod of exposure 
smce the average concentration of a noncarcmogen is compared wth the threshold dose 
for an effect 

Omtting chemcal concentrations from the intake equation yelds an mtake factor that 
is constant for each exposure pathway and receptor The mtake factor can then be 
multiplied by the concentration of each chemcal to obtam the pathway specific intake 
of that chermcal Intake factors are calculated separately for each potentially exposed 
receptor and exposure pathway that was identlfied m Section 4 5 Because contact rates 
(except soil ingestion) are approxmately proportional to body weight chld residential 
intakes are not estimated for any exposure pathway except soil ingestion The 
assumptions used in derivmg mtake factors are discussed below 

5 1 INTAKE FACTOR ASSUMPTIONS 

Several exposure parameters such as exposure durabon, body weight, and averagmg 
times have general apphcation m all mtake estmations regardless of pathway These 
general assumptions as well as pathway speclfic assumpbons are dekuled m the section 
below The term occupational exposures mcludes exposures to both the future on site 
worker and the future ecologcal researcher 

5 1 1  General Exposure Assumptions 

0 For all exposure scenanos except dermal contact wth surface water the 
RME exposure frequency has been estrmated to be 7 days/week for 50 
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weeks (350 days) for the current and future off site resident (EPA 1991b) 
5 days/week for 50 weeks (250 days) for the on site worker (EPA 1991b) 
and 2 days/week for 50 weeks (100 days) for the ecologcal researcher 
These exposure frequenaes assume that exposures occur routlnely at these 
sites when m fact exposures are not routme and may not occur at all due 
to precipitation, snow cover and frozen surface water 

Residential RME exposure duration is assumed to be 30 years (EPA 
1991b) 

e Occupational RME exposure durations are assumed to be 25 years T h ~ s  
reasonable mumum duration is the 95th percentlle duration of work at 
the same location (EPA 1991b) 

e Averaging tune is the product of the exposure duration and the number 
of days ln a year (365) Occupational and residential RME averagmg time 
is 9 125 days (25 years) and 10 950 days (30 years) respectively 

e Averagmg tune for carcmogemc effects is 70 years (25 550 days) in the 
reasonable m m u m  case 

e The average adult body weight is assumed to be 70 kg (EPA 1989b) 

5 1.2 Inhalation Assumptions 

Uptake of chemcals through lnhalation is a function of the volume of SLU waled per 
day the exposure frequency and duration, and pulmonary deposibon (for particulate 
inhalation) Intake factors for exposure ma mdoor partmlate rnhalation were estmated 
for all receptors An rntake factor for exposure ma VOC rnhalation was estmated for 
the future on site worker The followmg assumptions wdl be used to estmate exposure 
to chemcals of concern through this route 
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0 The RME resplratory volume of au for all receptors is assumed to be 20 
m3/day (0 83 m3/hr) This rate assumes that all tune is spent at actiwties 
equivalent to walkmg (EPA 1991b) 

0 On site occupational receptors are assumed to breathe on site an 8 
hours/day m the RME case 

0 Current and future residential receptors are assumed to d a l e  particulates 
24 hours/day m the RME case This exposure frequency assumes that 
residential receptors are at home all day Indoor au particulate 
concentrations are assumed to be equal to outdoor an particulate 
concentrations 

e Twenty five percent of d a l e d  particles are deposited m the lung it is 
assumed that all chemcals in that fraction are absorbed (MFU 1985) 

5 1 3  Soil Ingestion Assumptions 

Uptake of chemcals ma madental mgestion of soil and dust is a function of the 
ingestion rate the fraction of rngested soil or dust that is contammated the frequency 
and duration of exposure and the bioavadability of the chemcal adhered to the 
particulates mgested 

The calculation of an RME 30 year residential exposure to sod wdl be diwded mto two 

parts Flrst a slxyear exposure duration is evaluated for young cluldren, and this 
accounts for the penod of hghest sod mgesbon Second a 24-year exposure duration 
is assessed for older chddren and adults usmg a lower sod mgestion rate By tune 
averagmg the chdd residential sod ingestion nsk mth the nsk calculated for the adult, 
a chdd residential nsk from sod mgestion is taken mto account 

Intake factors for exposure wa soil mgestion were calculated for an adult resident a 
child resident a future on site ecologcal researcher and a future on site worker The 
followng assumptions mll be used m estmating mtake through ths route 
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e Occupational receptors are assumed to mgest 50 mg/day of sod m the 
RME case (EPA 1991b) 

e The calculabon of a 30 year residential exposure to sod is tune averaged 
by assessmg a SIX year exposure duration followed by a 24 year exposure 
duration The SIX year exposure duration is evaluated for young cluldren, 
and ths  accounts for the penod of hghest sod mgestion (200 mg/day) and 
lowest body weight (15 kg) (EPA 1991b) The 24 year exposure duration 
is assessed for older cluldren and adults and accounts for the penod of 
lower sod mgestion (100 mg/day) and an adult body weight (70 kg) (EPA 
1991b) 

e The fraction mgested (FI) from the contammated source is assumed to be 
0 125 for the future on site worker and 0 5 for the future on site ecologcal 
researcher and the current and future residential receptor The FI for the 
future on site worker is based on 1 hour of exposure to contammated sod 
per 8 hour workday This assumes that the on site worker spends lus/her 
entlre lunch hour outside whch is a conservative assumption smce it does 
not account for mclement weather or penods when the ground is expected 
to be frozen or covered wth snow The future onsite ecologml 
researcher is assumed to spend half of his tune at OU 2 while at RFP 
Residential receptors are assumed to be exposed to contammated sods for 
50 percent of the tune that they are present at then homes 

e The matm effect of sod on bioavdabihty of mgested contammants is 
assumed to be 0 15 m the RME case for all receptors The matm effect 
descnbes the reduced avdablllty due to adsorpbon of chemcals to sod 
compared to the same chemcal dose admstered  111 solution Therefore 
the sod matm has the effect of reducmg chemcal mtake (Poiger and 
Schlatter 1980) 
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5 1 4  Homegrown Produce Ingestion Assumptions 

Uptake of chemcals wa mgestion of homegrown vegetables is a function of the mgestion 
rate the fraction of contammated homegrown produce mgested, the frequency and 
duration of exposure and bioavdabhty of the chemcal adhered to the produce 
mgested It is assumed that contammation of homegrown produce may occur by surface 
deposition of particulates An mtake factor for exposure wa vegetable rngestion was 
calculated for current and future residential receptors The future on site worker and 
ecological researcher are not expected to lngest contammated produce (see Section 4 5) 
The follourlng assumptions wdl be used 111 estmatmg intake through ths route 

e Current and future residential receptors are assumed to ingest 80000 
mg/day of vegetables m the RME case l k s  figure is based on the 
typical consumption value of vegetables (200 OOO mg/day), assumng the 
reasonable worst case proportion that is homegrown as 40 percent (EPA 
1991b) 

Homegrown vegetables are assumed to be potentially contammated by 
surface deposition of surborne particulates from OU 2 sods as descnbed 
m Section 4 5 2 Potentially Complete Exposure Pathways Modeled wet 
and dry deposition rates wdl be apphed to reasonable maxunum estmates 
of vegetable surface areas weights and human consumption rates to 
estmate chemcal mtake from ths potential exposure pathway 

e The matm effect of produce on bioavadabhty of mgested contammants 
is assumed to be 10  m the RME case 

Reductions 111 chemcal concentrations due to washmg coolung or peehg of produce 
are not accounted for 

5 1 5  Surface Water Ingestion Assumptions 

Uptake of chemcals wa surface water mgestion is a function of the dady mtake rate, 
fraction ingested from the contammated source and exposure frequency and duration 
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Intake factors for surface water mgestion were calculated for the future ecological 
researcher and the future hypothetical residential receptor The followmg assumptions 
wll be used 111 estmatmg mtake through ths route 

e Both the future ecologcal researcher and hypothetical off site resident are 
assumed to mgest 0 05 hters/day (50 ml/day) (EPA 1989b) 

e The FI from the contarmnated source is assumed to be 1 0  for both the 
future ecologcal researcher and the future hypothetml off site resident 
For the future ecologcal researcher it mll be assumed that 50 percent of 
the surface water exposure wdl be from Walnut Creek and 30 percent wll 
be from Woman Creek 

The RME exposure frequency is assumed to be 7 events/year for the 
future ecologcal researcher and the future hypothetical off site resident 
(EPA 1989a) 

5 1 6  Dermal Contact wrth Soil 

Uptake of chemcals of concern through dermal contact wth surface soil is a function 
of body surface area, absorbed fraction, an adherence factor that descnbes how much 
soil adheres to slun the fraction of sod contacted that is from a contarmnated source 
and exposure frequency and duration Dermal uptake of metals 1s neglqgble and is not 
addressed m human health nsk assessments (EPA 1991a) Dermal contact wth surface 
soil wll only be evaluated sampllng demonstrates the presence of orgmc The 
followng assumptions wdl be used to estmate exposure to chemtcals of concern through 
dermal contact wth sod route for all receptors 

e The RME exposed body surface area for all receptors is assumed to be 
2 190 cm2/day The reasonable maxlmum surface area is assumed to be 
15 percent of total body surface (eqwvalent to face forearms and hands) 
(EPA 1989b) 
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0 The absorbed fraction is the estlmated fraction of orgamc compounds (if 
avadable) adhered to sod particles that partiboas to and is absorbed 
through skm Tius fraction is chemcal speclficb Percent absorbed 
depends upon soil loadmg orgamc carbon content of sod contammant 
concentration, duration of exposure, m a l  speaes used m the 
experrment, and whether the expervnent is conducted m mtro or m mvo 
The absorbed fraction wdl be determtned on a chemcal speclfic basis 
usmg data avadable m the saentific hterature 

0 The soil adherence factor used is 0 5 mg/cm2 m the RME case (Sedman 
1989) 

0 The fraction contacted (FC) from the contammated medium is assumed 
to be 0 125 0 5 and 0 5 in the RME case for the future on site worker, 
the future on site ecologcal researcher, and the current and future 
residential receptor, respectively The FC for the future on site worker is 
based on 1 hour of exposure to contammated sod per 8 hour workday 
The future on site ecologd researcher is assumed to spend half of the 
time at OU 2 whde conducting field research at RFP Residential 
receptors are assumed to be exposed to contammated sod for 50 percent 
of the tune that they are at their residence This fraction assumes that 16 
hours per day are spent at home and 8 hours per day are spent at away 
from home at work or school Of the 16 hours spent at home it is 
assumed that 8 hours are spent mdoors and the r e m m g  8 hours are 
spent outdoors m actimties that may potentially mvolve dermal contact 
wth contammated sod 

5 1 7 Dermal Contact mth Surface Water 

Uptake of chemcals through dermal contact wth surface water is a funmon of body 
surface area, a chemcal spechc permeabdity constant and exposure tune frequency 
and duration Dermal uptake of metals (mcludmg radionuchdes) is neglqyble and wll 
only be addressed for ths media for the soluble fraction of metals Therefore, dermal 
contact wth surface water dl only be evaluated rf samphg demonstrates the presence 
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of orgamcs or soluble metals Dermal absorption of chemcals m sediment that is 
disturbed dumg surface water contact events wdl be accounted for as part of t b  
exposure pathway by mcorpotatmg a suspended sedment factor mto the surface water 
model used to calculate exposure pomt concentrations m water The followmg 
assumptions were used to estmate exposure to chemcals of concern through dermal 
contact wth the surface water route from a wading scenano for the future residential 
receptor and ecolopcal researcher 

e The RME exposed body surface area for future residential receptors and 
the ecologcal researcher is assumed to be 4 850 cm2/day The reasonable 
m m u m  surface area is assumed to be 25 percent of total body surface 
(eqwvalent to hands, feet and lower legs) (EPA 1989b) 

e The water permeabihty constant of 8 OE 04 cm/hour is used However 
the chemcal speclfic permeability constants for aqueous solutions wll be 
used if avadable when the contarmnants of concern are i d e n ~ e d  

e The RME exposure tme is assumed to be 2 6 hours per day for both the 
future residential receptor and ecolopcal researcher (EPA 1989a) 

e The exposure frequency is assumed to be 7 events per year for both the 
future ecological researcher and the future residential receptor 

5 1 8  Internal Exposure to Radionuclides 

Calculation of mtake rates for radionuclides from the enwonment mto the body can be 
made in the same manner as other nonradioactive chemcals Intake of radionuchdes 
by either mgestion or mhalaoon 1s a function of radionuchde concentration, contact rate 
(or the amount of contammated medium contacted per unit tune or event) and exposure 
frequency and duration The exception between calculatmg mtake for radionuclides and 
other nonradioactive substances is that averagmg tme and body weight are excluded as 
divlsors from the mtake equation The resultmg calculation is an estmate of the 
radionuchde mtake expressed m units of activlty (eg Bq) (EPA 1989a) For 
radionuchdes a reference body weight is already lncorporated wth a dose conversion 
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factor (DCF) which is used to represent the dose equivalent per umt rntake and the 
dose is an expression of energy deposited per gram of body tissue 

Slope factors for radionuchdes of concern wdl be multiphed by the estmated exposure 
actiwty (that is either lnhaled or mgested) to estmate nsk (EPA 1989a) 

5 1 9  External Irradiation 

To estimate exposure from external Irradiation, radionuchde concentrations on the 
ground surface (Bq/m2) whether duectly measured or preQcted by modelmg vvlll be 
multiplied by the external dose conversion factor (DCF) for speclfic radionuchdes (Sv/hr 
per Bq/m2) and the duration of exposure (hours) (EPA 1989a) Thls wdl result m an 
estimate of the effective dose equivalent which can be compared to radiation protection 
standards and cntena The external slope factors do not mclude contnbutions from 
decay (daughter) products or products of mgrowth Rsks for the ground surface 
pathway wll be computed as the product of the slope factor the sod concentration 
(Bq/m2) and the duration of the exposure for each radionuclide (EPA 1989a) 

5.2 INTAKE FACTOR CALCULATIONS 

The above assumptions and values wll be used to calculate mtake factors for each 
exposure pathway and receptor Parameters to be used for calculations of mtake factors 
are shown m Tables 5 1 through 5 19 Exposure point concentrations wdl be used wth 
these parameters to obtam pathway specAc mtakes 
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TABLE 5 1 

SOIL INGESTION 
CURRENT OFF SITE RESIDENT (ADULT AND CHILD)'" 

Intake Factor = IR x FI x ME x E FxED x CF 
BW x AT 

Parameter RME 

IR= 
FI = 

ME= 
EF = 

ED = 

CF = 

BW = 

AT = 

Ingeshon rate (mg/day)m 

Fraction mgested from contammated source@) 

Matnx effect" 

Exposure frequency (days/year)@ 

Exposure duration (years)@ 

Conversion factor (kg/mg) 

Body weight (kg) 

Averagmg time (days) 
Noncarcmogemc 
Carcinogemc 

Adult 
100 

0 5  

0 15 

350 
24 

lo4 
70 

8 760 
25,550 

Gblk? 
200 
05 
0 15 
350 
6 

lo4 
15 

2 190 
25 550 

(1) The calculation of a 30 year residenbal exposure to sod is dmded mto two 
parts First a SIX year exposure duration is evaluated for young chldren, and 
this accounts for the penod of highest sod mgesbon (200 mg/day) and lowest 
body weight (15 kg) Second a 24 year exposure durabon is assessed for older 
chddren and adults by usmg a lower sod mgestion rate (100 mg/day) and an 
adult body weight (70 kg) These two penods are then tune averaged (EPA 
1991b) 

The RME (FI) assumes that residents are 111 contact wth contammated sods 50 
percent of ther tune at home 
The matnx effect descnbes the reduced avadabllrty due to adsorption of 
chemcals to sod compared to the same dose adrrrrmstered m solution 
Therefore the sod matflx has the effect of reduclng the mtake of the compound 
(Poiger and Schlatter 1980) 

(2) EPA 1991b 
6) 

(4) 
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TABLE 5 2 

INGESTION OF HOMEGROWN VEGETABLES 
(SURFACE DEPOSITION OF PARTICULATES) 

CURRENT OFF SITE RESIDENT 

Intake Factor = JR x FI x ME x EF x ED X C F  
BW x AT 

IR 
FI 

ME 

EF 

ED 

CF 
BW 

AT 

Parameter RME 

Ingestion rate vegetables (mg/day)(') 

Fraction mgested from contammated 
source 

Matnx effect 

Exposure frequency (days/year)@ 

Exposure duration (years) 

Conversion factor (kg/mg) 

Body weight (kg) 

Averagmg tune (days) 
Noncarcmogemc 
Carcmogemc 

8E + 04 

1 0  

10 
350 

30 
lod 
70 

10,950 
25 550 

(') This ingestion rate is based on the typical consumption value of vegetables 
(200 000 mg/day) wth the reasonable worst case proportion that is homegrown 
assumed to be 40 percent (EPA 1991b) 

@) EPA 1991b 
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TABLE 5 3 

INHALATION OF PARTICULATES 
CURRENT OFF SITE RESIDENT 

Intake Factor = IR x ET x EF x ED x D F 
BW x AT 

Parameter RME 

IR = Inhalation rate (m3/hr)(') 

ET = Exposure tune (hours/day)G) 
EF = Exposure frequency (days/year)@) 

ED = Exposure duration (years)@) 

DF = Deposition factor(4) 

BW = Body weight (kg) 

AT = Averagmg tune (days) 
Noncarclnogemc 
Car cinogemc 

0 83 

24 

350 
30 

0 25 
70 

10,950 
25 550 

(1) 

(2) 

Q) EPA 1991b 
(4) 

Th~s is equivalent to 20 m3/day (EPA 1991b) 
This RME exposure tune assumes that 24 hours per day is spent at home 

Twenty five percent of lnhaled particles are deposited and remam m the lung 
it is assumed that all chemcals m that fraction are absorbed (MRI 1985) 
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TABLE 5-4 

DERMAL CONTACT WITH SURFACE SOIL 
CURRENT OFF SITE RESIDENT 

IntakeFactor = SA x AB x AF x FC x EF x ED x CF 
BW x AT 

Parameter RME 

SA = 

A B =  

A F =  
FC = 

EF = 

ED = 

CF = 

BW = 

AT = 

Surface area (an2)(*) 

Absorption factorQ 

Ad her ence factor ( mg/cm2)o 

Fraction contacted from contammated source(') 

Exposure frequency (days/year)(% 

Exposure duration (years)@ 

Conversion factor (kg/mg) 

Body weight (kg) 

Averagmg tune (days) 
Noncarcinogemc 
Carcmogemc 

2,910 

chemcal speclfic 

0 5  

0 5  
350 

30 

lo4 

70 

10 950 
25 550 

(1) The RME surface area is equvalent to face forearms and hands or 15 
percent of total body surface (EPA 1989b) 

(2) Absorption of metals from a soil matm is neghgble (EPA 1991a) The 
absorption factor for semvolatiles volatdes and other orgamcs IS Uely to be 
lower and wll be deterrmned on a chemcal speclfic basis 

The FC assumes that residents are 111 contact wth chemcal contamng media 
50 percent of thev tune at home 

(3) Sedman 1989 
(4) 

(5) EPA 1991b 
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TABLE 5 5 

SOIL INGESTION 
FUTURE ON SITE WORKER 

Intake Factor = IFt X F I X M E X ~ X E D X C F  
BW x AT 

Parameter RME 

I R =  

FI = 

ME = 

EF = 

ED = 

CF = 

BW = 

AT = 

Ingestion rate (mg/day)(') 

Fraction mgested from contammated source@) 

Matm effect" 

Exposure frequency (days/year)(') 

Exposure duration (years)") 

Conversion factor (kg/mg) 

Body weight (kg) 

Averagmg tune (days) 
Noncarclnogemc 
Carmogemc 

50 

0 125 

0 15 
250 

25 

lod 
70 

9,125 
25,550 

(1) EPA 1991b 
(2) 

0) 
Based on 1 hour of exposure to sod per 8 hour workday 
The matm effect desmbes the reduced avadabhty due to adsorpbon of 
chemcals to soil compared to the same dose admmstered m solution 
Therefore the sod matm has the effect of reduclng the mtake of a compound 
(Poiger and Schlatter 1980) 
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TABLE 5 6 

INHALATION OF PARTICULATES 
FUTURE ON SITE WORKER 

Intake Factor = IR x E T x E  F x ED x DF 
BW x AT 

Parameter RMFi 

0 83 

ET = Exposure time (hours/day)@ 8 
EF = Exposure frequency (days/year)@) 250 
ED = Exposure duration (years)@) 25 

DF = Deposition factor" 025 
BW = Body weight (kg) 70 

AT = Averagmg tune (days) 
Noncar clnogelvc 
Caranogemc 

9 125 
25 550 

(1) 

(2) 

(3) EPA 1991b 
(4) 

This is equivalent to 20 m3/day (EPA 1991b) 
The ET is based on an 8 hour workday 

Twenty five percent of lnhaled particles are deposited and remam 111 the lung 
it is assumed that all of the chemcals m that fraction are absorbed (MRI 
1985) 
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TABLE 5 7 

INHALATION OF VOCs 
FUTURE ON SITE WORKER 

Intake Factor = JR x ET x EF x FC x ED 
BW x AT 

Parameter RME 

IR = Inhalation rate (rn3/hr)(') 

ET = Exposure tune (hours/day)("' 
EF = Exposure frequency (days/year)@) 
ED = Exposure durahon (years)@) 
BW = Body weight (kg) 

AT = Averagmg tune (days) 
Noncarclnogemc 
Carcmogemc 

0 83 
8 
250 

25 
70 

9,125 
25 550 

(') 

(2) 

0) EPA 1991b 

This is equvalent to 20 m3/day (EPA 1991b) 
The ET is based on an 8 hour workday 
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TABLE 5 8 

DERMAL CONTACT WITH SURFACE SOIL 
FUTURE ON SITE WORKER 

Intake Factor = SA x AB x AF x FI x EF x ED x CF 
BW x AT 

Parameter RME 

SA = 

A B =  

A F =  
FC = 

EF = 

ED = 

CF = 

BW = 

AT = 

Surface area (em2)(') 

Absorption factorQ 

Adherence factor (mg/cm2)@) 

Fraction contacted from contarmnated source(4) 

Exposure frequency (days/year)@ 

Exposure duration (years)@ 

Conversion factor (kg/mg) 

Body weight (kg) 

Averagmg time (days) 
Noncaranogemc 
Carcmogemc 

2,910 

chemcal specific 

0 5  

0 125 

250 

25 

lod 

70 

9,125 
25 550 

(1) 

(2) 

The RME surface area is eqwvalent to face forearms, and hands or 15 
percent of total body surface (EPA 1989b) 
Absorption of metals from a sod matm is neghgble (EPA 1991a) The 
absorption factor for semvolatdes, volatdes and other orgmcs 1s hkely to be 
lower and wll be detemned on a chemcal speclfic basis 

Based on 1 hour of exposure to sod per 8 hour workday 
9) Sedman 1989 
(4) 

(5) EPA 1991b 
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TABLE 5 9 

SOIL INGESTION 
FUTURE ON SITE ECOLOGICAL RESEARCHER 

' B  Intake Factor = 5R x FI x ME x EF x E D x C F  
BW x AT 

I 
I 
I 
I 

(I 

Parameter RME 

IR = Ingestion rate (mg/day)(') 50 

FI = Fraction mgested from contammated sourceo 05 
ME = Matm effect0) 0 15 

EF = Exposure frequency (day~/year)(~) 100 

CF = Conversion factor (kg/mg) lod 

ED = Exposure duration (years)" 25 

BW = Body weight (kg) 70 
AT = Averagmg time (days) 

Noncarcmogemc 
Carcmoaemc 

9 125 
25 550 

(1) EPA 1991b 
(2) 

6) 

The FI assumes that whde at RFP the ecologcal researcher spends half of hs 
tlme at OU 2 
The matm effect descnbes the reduced avadabihty due to adsorption of 
chemcals to sod compared to the same dose admlmstered m solution 
Therefore, the sod matm has the effect of reducmg the mtake of a compound 
(Poiger and Schlatter 1980) 
Equivalent to 2 days/week for 50 weeks (4) 

(5) EPA 1991b 
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TABLE 5 10 

INHALATION OF PARTICULATES 
FUTURE ON SITE ECOLOGICAL RESEARCHER 

Intake Factor = JR x ET x EF x ED x DF 
BW x AT 

Parameter RME 

IR = Inhalation rate (m3/hr)(') 

ET = Exposure tune (hours/day)O) 

EF = Exposure frequency (days/year)" 

ED = Exposure duration (years)(4) 

DF = Deposition factor 

BW = Body weight (kg) 

AT = Averagmg tune (days) 
Noncaranogemc 
Car cinogemc 

0 83 
8 

100 

25 

0 25 

70 

9,125 
25 550 

(1) 

(2) 

(3) 

(4) EPA 1991b 
(5) 

This is equivalent to 20 m3/day (EPA 1991b) 
The ET assumes an 8 hour workday 
Equivalent to 2 days/week for 50 weeks 

Twenty five percent of lnhaled particles are deposited and remam 111 the lung 
it is assumed that all chemcals in that fraction are absorbed (MRI 1985) 
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TABLE 5 11 

SURFACE WATER INGESTION 
FUTURE ON SITE ECOLOGICAL RESEARCHER 

Intake Factor = IR x EF x ED x FI 
BW x AT 

Parameter RME 

IR Intake rate (I/event)(') 0 05 

EF Exposure frequency (events/year)@ 7 
ED Exposure duration (years)@) 25 

FI 
BW Body weight (kg) 

AT Averagmg tune (days) 

Fraction mgested from contammated source 

Noncarclnogemc 
Carcmoaemc 

1 0  

70 

9 125 
25 550 

(1) 

(2) EPA 1989a 
0) 

Equivalent to 50 ml of madental surface water mgestion per day for on site 
surface water research (EPA 1989b) 

I 

This figure is lllghly conservative for tllls receptor 
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TABLE 5 12 

DERMAL CONTACT WITH SURF'ACE SOIL 
FUTURE ON SITE ECOLOGICAL RESEARCHER 

Intake Factor = SAX AB x AF x FC x EF x ED x CF 
BW x AT 

Parameter RME 

SA = 

A B =  
AF= 
FC = 

EF = 

ED = 

CF = 

BW = 

AT = 

Surface area (an2)(') 

Absorption factorm 
Adherence factor (mg/cm')@) 
Fraction contacted from contammated source(') 

Exposure frequency (days/year)@ 

Exposure duration (years)(@ 

Conversion factor (kg/mg) 

Body weight (kg) 
Averagmg tlme (days) 

Noncarcmogemc 
Carcmogemc 

2 910 

chemcal speclfic 
05 

0 5  
100 

25 

104 
70 

9 125 
25 550 

(1) 

(2) 

The RME surface area is equivalent to face forearms, and hands or 15 
percent of total body surface (EPA 1989b) 
Absorption of metals from a sod matm is neglqyble (EPA 1991a) The 
absorption factor for sermvolatdes volatdes and other orgmcs is hkely to be 
lower and wdl be d e t e m e d  on a chermcal speclfic basis when data become 
avadable 

9) Sedman 1989 
(4) The FC assumes that whde at RFP, the ecologcal researcher spends half of lus 

tme at OU 2 
(5) Equivalent to 2 days/week for 50 weeks 
(6) EPA 1991b 

s 
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TABLE 5 13 

DERMAL CONTACT WITH SURFACE WATER 
FUTURE ON SITE ECOLOGICAL RESEARCHER 

I 
I 
I Intake Factor = SA x PC x E T x EF x ED x CF 

BW x AT 

SA = 

PC = 

ET = 

EF = 

ED = 

CF = 

BW = 

AT = 

Surface area (an2)(’) 

Permeab&ty constant (cm/hr)Q 
Exposure tune (hours/event)@ 

Exposure frequency (events/year)@) 
Exposure duration (year)(4) 

Conversion factor (l/cm3) 
Body weight (kg) 
Averagmg tune (days) 

Noncarcmogemc 
Carmogemc 

4 850 
80E04 
26 
7 
25 

10 
70 

9,125 
25 550 

(1) 

(2) 

0) EPA 1989a 
(4) EPA 1991b 

The RME surface area is equvalent to hands feet, and lower legs or 25 
percent of total body surface (EPA 1989b) 
The permeabhty constant of water is used but chemcal speclfic permeabihty 
constants wdl be used, If avadable for aqueous solutions 
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TABLE 5 14 

SOIL INGESTION 
HYPOTHETICAL FUTURE OFF SITE RESIDENT (ADULT AND CHILD)") 

Intake Factor = JR X F I X M E  x E F x E D  X C F  
BW x AT 

I 
1 

I R =  

FI = 

ME= 
EF = 

ED = 

CF = 

BW = 

AT = 

Parameter RME 

Ingestion rate (mg/day)@) 

Fraction mgested from contammated source@) 

Matnx effect(4) 

Exposure frequency (days/year) 

Exposure duration (years)@) 

Conversion factor (kg/mg) 

Body weight (kg) 

Averagmg tune (days) 
Noncar cinogemc 
Carcmogemc 

Adult 
100 

0 5  
0 15 
350 
24 

lod 

70 

8 760 
25 550 

Chlld 
200 
0 5  
0 15 
350 

6 
lo4 

15 

2 190 
25 550 

(1) The calculation of a 30year residential exposure to soil 1s divlded lnto two 
parts Fmt a SIX year exposure duration is evaluated for young chddren, and 
tlus accounts for the penod of hghest sod mgestion (200 mg/day) and lowest 
body weight (15 kg) Second a 24 year exposure duration is assessed for older 
chddren and adults by usmg a lower sod mgesbon rate (100 mg/day) and an 
adult body weight (70 kg) These two penods are then tune averaged @PA 
1991b) 

The RME FI assumes that residents are m contact wth chermcal contammg 
media 50 percent of then tune at home 
The matm effect descnbes the reduced avadabdity due to absorption of 
chemcals to sod compared to the same dose adrrrrmstered m solution 
Therefore the sod matnx has the effect of reduclng the mtake of a compound 
(Poiger and Schlatter 1980) 

(2) EPA 1991b 
6) 

(4) 
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TABLE 5 15 

INGESTION OF HOMEGROWN VEGETABLES 
(SURFACE DEPOSITION OF PARTICULATES) 

HYPOTHETICAL FUTURE OFF SITE RESIDENT 

Intake Factor = x FI x ME x E F x E D x C F  
BW x AT 

~- 

Parameter 
-~ 

RME 
IR 
FI 

ME 
EF 

ED 

CF 

BW 

AT 

Ingestion rate, vegetables (rnglday)") 

Fraction mgested from contarmnated 
source 

Matm effect 

Exposure frequency (meaIs/year)@ 

Exposure duration (years) 

Conversion factor (kg/mg) 

Body weight (kg) 

Averagmg tune (days) 
Noncar cmog emc 
Carcmogemc 

8E + 04 

10 

10  

350 

30 

104 
70 

10 950 
25,550 

(') This mgestion rate 1s based on the typical consumption value of vegetables 
(200 000 mg/day) wth the reasonable worst case proportion that IS homegrown 
assumed to be 40 percent (EPA 1991b) 
EPA 1991b 
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TABLE 5 16 

INHALATION OF PARTICULATES 
HYPOTHETICAL FUTURE OFF SITE RESIDENT 

Intake Factor = JR x E T x EF x ED x DF 
BW x AT 

Parameter RME 
IR = Inhalation rate (rn3/hr)(’) 

ET = Exposure tune (hours/day)@ 

EF = Exposure frequency (days/year)@) 

ED = Exposure duration (years)” 

DF = Deposition factor (4) 

BW = Body weight (kg) 

AT = Averagmg tune (days) 
Noncarmogemc 
Carcmogemc 

0 83 

24 

350 

30 

0 25 

70 

10 950 
25,550 

(1) 

(2) 
This is equivalent to 20 m3/day (EPA 1991b) 
This RME exposure tune assumes that 24 hours per day is spent at home 
(EPA 1991b) 
EPA 1991b 
Twenty five percent of lnhaled particles are deposited and remam m the lung 
it is assumed that all chemcals m that fraction are absorbed (MRI 1985) 

Q) 

(4) 
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TABLE 5 17 

SURFACE WATER INGESTION 
HYPOTHETICAL FUTURE OFF SITE RESIDENT 

Intake Factor = 
BW x AT 

Parameter RME 

EF Exposure frequency (events/year)O) 

ED Exposure duration (years)@) 

FI 

BW Body weight (kg) 

AT Averagmg tune (days) 

Fraction mgested from contammated source 

Noncarmogemc 
Carcmogemc 

0 05 

7 
30 

1 0  
70 

10 950 
25,550 

(1) 

(2) EPA 1989a 
(3) EPA 1991b 

Equivalent to 50 ml of mcidental surface water mgesQon per day @PA 1989b) 
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TABLE 5 18 

DERMAL CONTACT WITH SURFACE SOIL 
HYPOTHETICAL FUTURE OFF SITE RESIDENT 

Intake Factor = SA x AB X A F X  FC x ~ _ J F  x ED x CF 
BW x AT 

Parameter RME 

SA = 

A B =  

AF= 
FC = 

EF = 

ED = 

CF = 

BW = 

AT = 

Surface area (cm2)fl) 

Absorption factorc2’ 

Adherence factor (rng/cm*)@) 

Fraction contacted from contammated source(4) 

Exposure frequency (days/year)(’) 

Exposure duration (years)”) 

Conversion factor (kg/mg) 

Body weight (kg) 

Averagmg time (days) 
Noncarcmogemc 
Carcinogemc 

2 910 

chemcal sped% 

0 5  
0 5  

350 

30 

lod 

70 

10,950 
25 550 I 

(1) 

(2) 

The RME surface area is equivalent to face forearms, and hands, or 15 
percent of total body surface (EPA 1989b) 
Absorption of metals from a sod matm 1s assumed to be zero The absorption 
factor for semvolatlle volatlle and other orgazllcs is assumed to be 0 1 The 
actual value is Uely to be lower (EPA 1991b) 

The FC assumes that residents are m contact wth chemcal-contamng media 
50 percent of their tune at home 

(3) Sedman 1989 
(4) 

(3 EPA 1991b 
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TABLE 5 19 

DERMAL CONTACT WITH SURFACE WATER 
HYPOTHETICAL FUTURE OFF SITE RESIDENT 

Intake Factor = SA x PC x ET x E F x E D x C F  
BW x AT 

Parameter RME 
SA = Surface area (a2)(') 4,850 

PC = Permeabhty constant (cm/hr)@ 80E04 
ET = Exposure tune (hours/event)@) 2 6  

EF = Exposure frequency (events/year)@ 7 

CF = Conversion factor (l/cm3) 10 3 

ED = Exposure duration (year)" 30 

BW = Body weight (kg) 70 
AT = Averagmg time (days) 

Noncarclnogemc 10 950 
Carcmogemc 25 550 

(1) 

(2) 

0) EPA 1989a 
(4) EPA 1991b 

The RME surface area is equvalent to hands, feet and lower legs or 25 
percent of total body surface (EPA 1989b) 
The permeabhty constant of water is used but chemcal speclfic permeabhty 
constants vvlll be used when avdable for aqueous solut~ons 
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