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Preface 

* The protection of the Columbii River is of special i n t e ~  to the public, government, and m i  governments as a 
source of drinldng water, for crop irrigation, as ecoiogical habitat, for recreation, and as a cultural resource. Because 
of past nuclear production operations along the Columbii River, there is interne public and t r i i  interest in assessing 
any residual Hanford Site related c o a t i o n  along the river fiom the Hanfrxd Reach to the Pacilic Ocean 'Ihe 
Columbii River Comprehensive Impact Assesrment wty proposed to address these concern. 

Background 

From 1944-1987, the U.S. Department of Energy (DOE) conducted nuclear production operations along the 
Hanford Reach of the Columbii River (see Figure P.l). The Hanfhd Reach extends 85 kilometers (51 miles) 
downstream from Priest Rapids Dam to the head of the McNary Pool ~lear the city of Ridand, Washington. 'Ihese 
past mclear operations resulted in the release of hazardous chemicals and radionuclides to the Columbii River. 
Whereas during the period of opeition contdminant r e l k  were direct to the river, most of today's problems are 
caused by past disposal of contaminated waste on land. b n t  coditions of the Columbia River reflect that con- 
taminated waste is reaching the river via surfice water, sediment, grodwater, ex tew radiation, seeps and springs, 
and biota. 

The area where the nuclear materials were produced is k n p m  as the Hanford Site. Four areas of the Hanfhd 
Site (the 100,200,300, and 1100 Areas) have been placed by the U.S. EHvironmental Protection Agency @PA) on 
the national priorities list for cleanup. The national priorities list is a compox~nt of the Cbnpr- 
Environmental R q n s e ,  Cbmpens&n, andLiabtlity Act of1980 (CERCLA) (42 USC 9601) enacted by the U.S. 
congress. 

The cleanup ofthe Hanfhd Site is a joint activity ofthee govermentagencies: DOE, EPA, and the 
Washington State Department of Ecology. These Tri-Party agencies have signed an agreement known afficially as the 
Hancfbrd Fedeml Facility Agreement and Consent Onier and unofficially as'the Tri-Party Agreement (Ecology et al. 
1994). Milesto& have been adopted for the Tri-FWy Agreement that identi@ actions Ileeded to ensure acceptable 
progress toward Hanford Site compliance with CERCLA, the Resource Gme&n and R e m y  Act of1976 
(42 USC 6901), and the WashingtonSstateZi%imduus WaciteMmagemAct(RCW 1985). 

During 1993, the Tri-Party agencies began work toward a coxqn-ehensive assessment ofthe impact ofpast 
nuclear operations on the m n t  conditions ofthe Columbii River (DOE 1994). In January 1994, a revision to the 
Tri-Party Agreement (Change Order number M-13-93-06) adjusted the milestones designed to address cleanup 
strategies and achieve timely remedial decisions and actions concerning the Columbii River. 'Ihis change order 
included a IEW Milestone, M-15-80 (formerly M-13-8Ob), that established the Columbii River Comprehensive 
Impact AssessneIlt (CRCIA). In December 1995, a fbllow-on change order (M-15-95-09) modified the milestone, 
enhancing the review process and specifying target dam. 
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CRCIA Long-Term and Short-Term Objectives 

Because the scope and priorities of CRCIA have been controversial, the Columbii River Comprehensive Impact 
Assessnent Management Team (CRCIA Team) was formed in August 1995 to advise the T n - W  agencies. The 
CRCIA Team meets weekly to share information and provide input to decisions made by the Tn-F‘a~ty agencies 
conmrning CRCIA. Represxtatives from the CoIlfederated T r i h  of the Umatilla Indian Reservation, Hanford 
Advisory Board, Nez Perm Tribe, Oregon State Department of Energy, and Yakama Indian Nation have been active 
participants on the team. The specific goals of the CRCIA Team are: 

provide recommendations on the CRCIA work b e i i  condud by the Padic Northwest National Laboratory 

provide recommendations on futute work necesaq for the assessment to be comprehensive 

represent public, mM, and affected government interests 

act as an information resou~ce for future decisions on remedial measures 

The long-term objective of CRCIA (amding to the CRCIA “Project Management Team Charter,” dated 
October 1995) is to focus on the current impact of Hanford Site activities on the Columbia River and the resulting 
impact on human health and the environment ?he comprehensive assessment will evaluate the extent of any 
resulting contamination and determine the current human and ecological risk h m  the Columbii River amiutable to 
past and present activities at the Hanford Site. Human risk from exposure to radioactive and hazardous materials will 
be addressed for a range of river use options. Ecological resou~ces in the study area will be evaluated to determk if 
current contaminant coditions pose sign5cant hazards to biological communities. Idormation collected will be used in 
remedial action decisions for the Hadord Site. 

The assessment of the Columbii River is b e i i  conducted in phases. The initial phase is a screening assessment 
of risk, which addresses current environmental conditions for a range ofpotential uses. Specifically, the short-term 
objectives of the work in this initial phase (amding to an agreement si@ by the CRCIA Team, dated 
October 19!5) ark: 

1. Perform an assessment of con tamkin6 derived h m  the Hanford Site (existing conditiom includmg residual 
contamhm~ h m  past opemtions) in a screening assessment of risk to support the Interim Remedial Measures 
decisions 

2. Compile and make available to the public the approximately 2MlO documents identified in Appedix A ofthe data 
compendilIIll (Eshger et al. 1994); pertinent supporting Hanford Site data will be made available 

3. Work with the declassification eikts of the Hanfiord Advisory Board to ide- the Columbia River documents 
as a high priority for-release 
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4. Define the essential work remaining to provide an acceptable coqmhensive river impact assessnent; this work 
will be documented in the Same report as the Screening assessnent of risk 

5. Provide data from numbers 2 and 3 above for reconciliaton against the risk assessment 

The Tri-Party agencies are co&cljng the CRCIA. The primary contractor for the initial phase ofthe CRCIA 
, work is the Pacific Northwest National Laboratory. W t e l  Himford, hc. provides W c a l  and public involvement 

coordination with environmental restoration activities. Technical peer reviewers are evaluating the work Their 
review comments are mmpild by the Directors of the Oregon Water Resources Research Institute and State of 
Washington Water Research Center and forwarded to DOE for resolution. 

Scope of the Initial Phase of CRCLA 

The scope of the initial phase of CRCIA is to provide a screening assessment of the cumnt risk to humans and 
the environment resulting from Hanfordderived co- . For the initial phase of CRCIA, the segment ofthe 
Columbii River from priest Rapids Dam (first impoundment upsteam of the Hanford Site) to McNary Dam (first 
impoundment downstream of the W o r d  Site) was selected as the study area. The parameters of the scope are: 

Area: 

Time: 

Receptor Species: 

Columbii River (Priest Rapids Dam to McNary Dam), groundwater 
(0.8 kiIometer/OS mile in fkom the river), and adjacent riparian zone 

January 1990 - February 19% (date data were received for use in the screening 
assessment) with data gaps fled by &lier data where available 

Published in Napier et al. (199!j) 

Published in I3ecker et al. (1996) 

Media: 

Work Integration and Documentation 

surface h e r ,  sediment, groundwater, epternal radiation, seeps and springs, @ob 

The results of the initial phase of CRCIA are b e i i  reported in a series of docutnents (see Table P.1). These 
reports reflect the proms involved in the scree- assessment of risk First the documents colltairdDg p e b n t  data 
were identifled. ?hat information was published in two reports @linger et al. 1994 and Miley and HuaSties 1995), 
which were issued as final documents. 

T h e  data documents helped to idern Hanford Site conbmhnts that affect the Columbii River. The 
winnowing proms used to d e t e h  which of thw contimhm~ should be evaluated in the screening assesrment of 
risk was published in Napier et al. (199!j) as a draft. The comments on the draft are b e i i  i n ~ t e d ,  and the 
co mmimnts infixmation will appear as a sectionin the draft of the report on the screening assessment and 
requirements for a comprehensive assessment. 
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Next, potential groups of people with &rent expclrsures to the Columbjki River were ident%ed. With 
infirmation from the Hanford Site Risk Assessnent Methodology @OE 19%) and with input h m  the CRCIA 
Team, scenarios were written defirnng the pathways and expsures for the Various group. Input fiom the mmuios 

* will be used in the screening assessment of human risk. The scenarios are descn'bed in this qat. 

SiDineously, a focusing process was used to identify the species and select thw to be evaluated in the 
screening assessment of ecoIogical risk. The focusing process and the results are provided in Becker et al. (1996). 

The monitoring data available, the lists of contamham and species to be evaluated, and the selection rules 
developed by the CRCIA Team determined which data were selected for use in the screening assessment of human 
and ecological risk. 

As with the contaminants report, the scenarios, species, and data selection reports are b e i i  published first as 
dd t s  for review. The reports published first as drafis will be compiled into one document on the screening 
assessment and requirements for a comprehensive assessment. This document will provide the results of the 
Screening assessment and a definition of the essential work remaining to provide an acceptable comprehensive river 
impact assessment. 
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summary 

J3ecause of past mclear production operations along the Columbii River, there is intense public and t r i i  interest 
in assessing any residual W o r d  Site related contamination along the river from the Hanford Reach to the Pacific 
O m .  The Columbii River Impact Assessment (CRCIA) was proposed to address these concern. ?he assessment 
of the Columbii River is be i i  conducted inphases. The initial phase is a skening assessment ofrisk, which 
addresses current environmental conditions fir a range'of potential uses. 

One component of the screening assessment estimates the risk Wrn mnfmhan~ in the Columbia River to 
humans. Because humans afkcted by the Columbii River are involved in a wide range of activities, various 
scenarios have bekn developed on which to base the risk assessments. The scenarios illustrate the range of activities 

the river on human health can be assessed. Each scenario illustrates particular activity pattern by a specific p u p .  
Risk will be d at the screening level for each scenario. ?his report de- the scenarios and the exposure 
factors that will be $e basis for estimating the potential range of risk to human health h r n  Hanfordderived 
radioactive aswell as non-radioactive contarmnan ' ts associatEd with the Columbii River. The potential range of risk 
will b e d  and published ina separate report on the screening assessment ofrisk 

possible by members of the public coming in contact with the Columbii River so that the impact of contaminants in 

In line with the scope of the screening assessment, the scenarios are Hanford Site specific. The U.S. 
Department of Energy (DOE) has developed generic scenarios for the Hanford Site (DOE 1995). At present, only 
two expcsure scenarios in DOE'S W o r d  Site Risk Assessment Methodology (€BRAM) are available for current 
conditions at the Hanford Site: an industrial scenario and a recreational scenario. Because the goal of CRCIA, 
according to the CRCIA h g m e n t  Team,% an asssrnent of current impact, scenarios (based on current 
conditions in the Columbii River) have been developed to reflect the p i l e  uses ofthe Hanford Site in the ~lear 

future. The human scenarios that will be used in the screening assessment ofhuman risk are: 

Mmial/Commercial Scenarios 
. Industrial Worker (unmodified HsRAM deiinition) 

E& Hatchery Worker 

Wildlife RefugeNild and Scehic River Scenarios 
Ranger 
Hunter/Fj&er 
Recmtional Visitor (unmodified HSRAM with River-Focused Activities) 

Native American Scenarios 
subsistence Resident (an umestricted use scenario) 
Hmr/Gatherer 
CulturalActivitiesVisitor 

, colwlbia River Island User (for application to Cobalt4 particles) 
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General Population Scenarios 
Resident (modified HSRAM using Columbia River water instead of groundwater) 
Agricultural Resident (modified HSRAM using Columbia River water instead of growiwater) 

III addition to the HSRAM industrial (unmodified), HSRAM recreatiod (kodified), HSRAM residential 
and agricultural resident (modified) scenarios, dis report develops scenarios for the following activities: Fh Hatchery 
Worker; Ranger; HunterFier; and Native American subsistence, hunting/gathering, culluraUno-nce, and 
island user. The hctors that d e h  each scenario are listed and explained, and aninitial range ofvariability is given to 
allow stochastic analyses. 
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Glossary 

100 Areas: 

3ooArea 

1100 Area 

betaparticle 

bioacarmulation 

bioconcentrationfactbr 

b d a  

CRCIATeam 

auie 

site of the Hanford production reactors, which include B, C, D, DR, F, H, KE, KW, 
andNReactors 

site of the Hanford chemical separations plants, which include the b& phosphate 
process plants (€3 and T Plants), plutonium uratlium extraction plant (A Plant/ 
PUREX), and reduction and oxidation plants (S Plant/REDox) 

site of the research, development and fuel-fabrication operations 

site of the warehouse, vehicle maintemce, and transporoltion operations center 

high energy electron emitted fiom a radioactive nucleus 

tendency to OCCUT in higher concentrations at higher food chain levels through dietary 
accumulation 

ratio between the radionuclide concentration in biota and the radionuclide 
concentration in the water in which the biota live and feed 

animate 

having the property of enhancing the poss'bility of oontmcting cancer 

abbreviation for curie 

amount of a spedied substance (e.g., a radioactive element) in a unit amount of 
another substance (e.g., river water, d) 

Columbii River Comprehensive Impact Assessment 

Columbii River Comprehensive Impact Assessment Mimgement Team 

unit of radioactivity corresponding to 3.7 x lO'O(37 biion) disintegrations per second 
(abbreviated Ci), 1 curie = 3.7 x 10'oEkquerel 

xi 



&&mmr&c&e . .  . 

DOE 

Ecdogy 

EPA - 
haIF-Iife 

hazardous(&&) 

natural random variation of a measured quantity around a c e d  value; for example, 
in a room full of people, the height of the tallest individual might be selected as a 
conservative estimate of the determinktic value for the average height of all  people in 
the room; see stochastic variability 

U.S. Department of h r g y  

Washington State Department of Ecology 

U.S. Environmental Protection Agency 

process of coming into contact with environmental materials 

contact with materials taken into the body through inhalation or ingestion 

cantact with materials on the outside of the body, as fiom submersion in water or 
immersion in air 

time required for an iniljal number of radioactive atoms to be redud to half that 
number by radiological transformations 

stretch of the Columbia River that extends 85 kilometen (51 miles) downstream k m  
Priest Rapids Dam to the head of the McNary Pool ~lear the City of Richlarul, 
Washington 

having the property of b e i i  toxic at some level of exposure; ge~raUy used to 
dEerentiate k m  carcinogenic 

HadCxd Site Risk Assessnent Methodology O E  1995) 

exposure of an object to ionizing radiation 

middlevalue ina series of values arrangedin order ofsize 

conceptual representation of a physicavbioiological process; the repmentation may be 
graphical or a set of mathematical equations that simulate the process being modeled 

Pa&c Nord.lwest National Laboratory 
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production- 

rad 

radionuclide 

RCRA 

reacfoT 

riskassessnent ’ 

actidties c o d  with the production react~fs v, C, D, DR, F, H, E, W, or 
N mctors) in which uranium or other fuel was irradiated with mmons to produce 
radioactive materials; used primarily at Hanford to produw plutonium for weapons; 
used also for research 

radiation absorbed dose, unit of measurement used to descn’be absorbed dose 

sp0ntarm.s emission of radiation (alpha, beta, gamma rays, and/or m n s )  by 
some isotopes as they trarrsfwm into o&er isotopes 

radioactive isotope of an element 

Resource consercrrtin and Remeiy Act of1976 

see production operations 

roentgen equivalent man, unit of measurement used to descn’be &tion dose 

&tion of the severity and likelEhood of harm to human health or the environment 
occurring from expsure to aparticular substance or activity 

sawningassessnent of risk riskassessment with limited scope; for example, the initial phase 0fCRCI.A is a 
screening assessment of risk becaw it is restricted to 1) current coditions, 2) the 
area between Priest Rapids Dam and McNary Dam, 3) a limited IlLrmber of 
co nhmhnts, 4) a few selected receptor species, and 5) a limited amount of 
momtoring data; the objective of the screening assessnent of risk is to i&nt@ a m s  
where siguilicantptential exists for adverse ef’Fects 

seeps 

determination of the parametem and pathways that comi most to the mxhinly in 
exposure calculations 

locations where groundwater oozes to the surhce 

determination ofthe parameters and pathways that conlriiute mast to uncertainty in 
d o s e d t s  ’ 

EPA’s value which qresents the lifetime excess cancer risk per unit ofintake 

sou~ce of water issuing from the gomi 
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natural random variation of a measured quantity a r d  a central value; for example, 
in a room full of people, there is an average height with some b e i i  taller and some 
shorter; the stochastic variability of that group is descn’bed by the &rences between 
the individuals’ heights and the average heighc see determinktic value 

. 

surrogafe (-0 estimated substitute measurement used when actual measurements not available 

TPA 

uncertainty 

Tri-Party Agreement (officially, Hm@d Fedend Facility Agreement and Consent 
O&r) 

measure of variability in model parameters or dose estimates 
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1.0 Introduction 

* One component of the initial phase of the Columbia River Comprehensive Impact Assessment 
(CRCIA) is a screening assessment of risk to humans. Because humans affected by the Columbia River 
are involved in a wide range of activities, various scenarios have been developed on which to base the risk 
assessments. The scenarios illustrate the range of activities possible by members of the public coming in 
contact with the Columbia River so that the impact of contaminants in the river on human health can be 
assessed. Each scenario illustrates particular activity patterns by a specific group. Risk will be assessed at 
the screening level for each sce&o. This report defines the Scenarios and the exposure factors that will 
be the basis for estimating the potential range of risk to human health from Hanfordderived radioactive as 
well as non-radioactive contaminants associated with the Columbia River. The potential range of risk will 
be assessed and published in a separate report on the screening assessment of risk. 

1.1 Scope 

In line with the scope of the work in the initial phase, the scenarios are Hanford Site specific. The 
U.S. Department of Energy (DOE) has developed generic scenarios for the Hanford Site .(DOE 1995). At 
present, only two exposure scenarios in DOE'S Hanford Site Risk Assessment Methodology (HSRAM) are 
available for current conditions at the Hanford Site: an industrial scenario and a recreational scenario. 
Numerous proposals are being considered for the future use of the Hanford Site and, in particular, the 
Hanford Reach, which is a stretch of river whose shoreline borders the Hanford Site. These proposals 
span a variety of land uses and human activity patteins, ranging from industrial use to conservation and 
Native American uses. Because the god' of CRCIA according to the Columbia River Comprehensive 
Impact Assessment Management Team (CRCIA Team) is an assessment of potential impact, scenarios 
(based on current conditions in the Columbia River) have been developed to reflect the possible uses of the 
Hanford Site in the near future. The human scenarios that will be used in the screening assessment of 
human risk are: 

Industrial/Commercial Scenarios 
Industrial Worker (unmodified HSRAM definition) 
Fish Hatchery Worker 

Wildlife Refuge/Wild and Scenic River Scenarios 
Ranger 
HunterFisher 
Recreational Visitor (unmodified HSRAM with River-Focused Activities) 

Native American S C ~ M ~ ~ O S  
Subsistence Resident (an unrestricted use scenario included as a baseline for comparison) 
HuntedGatherer 
Cultural Activities Visitor 
Columbia River Island User (for application to Cobalt40 particles) 
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General Population Scenarios 
Resident (modified HSRAM using Columbia River water instead of groundwater) 
Agricultural Resident (modified HSRAh4 using Columbia River water instead of groundwater) 

These scenarios were selected with present and potential use of the Hanford Site in mind. For 
example, if portions of the Hanford Reach of the Columbia River were established as a wildlife refuge, the 
activities associated with that use might include ranger, hunterhisher, or recreational visitor. Also, not all 
activities currently occurring on the site were evaluated. Tours of the B Reactor are being conducted, for 
instance. Exposure information for visitors on such tours might be desired in the future, but for the initial 
phase of the CRCIA work, no B Reactor Visitor Scenario was defined. The exposure scenarios selected 
are based on general agreement by the CRCIA Team and do not represent recommendations as to actual 
land use or cleanup levels. 

1.2 Approach 

The general intent of the screening assessment of human risk is to overestimate exposures to have 
some degree of certainty that the true exposure will be lower than the estimated exposure. Similarly, the 
intent is not to precisely estimate exposure but to ensure that all relevant and important aspects of a 
person's lifestyle have been incorporated into high-end exposure scenarios such that the same degree of 
conservativeness is applied to both suburban and subsistence/traditional scenarios. 

. 

The scenario definitions are based on activities rather than location. The potential of the Hanford 
Reach becoming a wildlife refuse illustrates why. The ranger, hunterhisher, and recreational visitor 
would have different degrees of contact with the environmental media (surface water, spring water, soils, 
and sediments), and only the hunter/fisher would consume biota. Therefore, the exposures and risks to 
these three types of people could be quite different at the same location. Location will be taken into 

later report on the screening assessment of risk. 
. account when the scenarios are applied to particular areas of the Hanford Site, which will be published in a 

To define the scenarios as realistically as possible, the HSRAM industrial and recreational scenarios 
were used unmodified. The HSRAM residential and agricultural resident scenarios were modified to 
account for the use of Columbia River water instead of groundwater. Groundwater is the basis for the 
scenarios in HSRAM. For the Fish Hatchery Worker Scenario,' information about actual time spent on 
the Hanford Site by fish hatchery workers was used. Information about actual hunting and fishing 
practices in the counties surrounding the.Hanford Site was used to develop the HunterEisher Scenario. 
The Ranger Scenario is a variant of the HSRAM industrial scenario. Limited tribal information was used 
to develop the Native American Scenarios. For applications other than the screening risk assessment, the 
Native American Scenarios will require review and modification by tribal technical staff. 

. 

The two main factors to be defined for each scenario are the contaminant pathways (media and expo- 
sure route of that media) and the exposure factors (intakelcontact rate, exposure frequency, exposure 
duration, and special factors that apply to only certain media and exposure routes). 
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1.2.1 Pathways 

Pathways consist of media which act as vehicles to carry con taminants along exposure routes. The 
media providing potential contamination to humans vary according to the particular scenario. The media 
considered are soil, air, seep/spring water, surface water, sediment, biota, and cultural. These media 
come in contact with humamvia the exposure routes of ingestion, external radiation contact, dermal 
contact, and inhalation. 

The general philosophy in defining the scenarios for the human risk assessment is to avoid screening 
out pathways, even if they only contribute limited exposure. Both direct and indirect exposure routes that 
contribute to the total multi-pathway exposure are assessed. Direct exposure routes are those listed above 
where ingestion pertains to water, crops, and soil on which pollutants have been directly deposited. 
Indirect exposure routes are those that result from assimilation of the pollutants into food sources. The 
indirect exposure routes may include ingestion of fish, meat (domestic and game), poultry.(domestic and 
wild), eggs, dairy products, and cow's and mother's milk. Additional exposure routes may also be 
present, especially those which are specific to tribal cultures and migrant workers. 

Each scenario is made up of components that are potentially exclusive; for eximple, inhalation of 
resuspended soil and inhalation of resuspended sediments. For the purpose of the screening risk assess- 
ment, the exclusive nature of these related pathways has been ignored, and both components have been 
included. Thus, for the'example of inhalation of resuspended material, the total quantity of dirt inhaled is 
actually twice what might really be expected. Because human behavior is unpredictable and to capture the 
potential for risk from both the soil and sediments, no attempt has been made to apportion either pathway. 
The exposure from separate pathways will rarely be of the Same magnitude, so the resulting effect is the 
highest exposure is automatically assigned to the most contaminated source. This philosophy is similar to 
that used for scenario development in HSRAM (DOE 1995). 

1.2.2 Exposure Factors 

Exposure factors are based on the scenario that is to be modeled. The exposure factors defined in the 
scenarios for use in the screening assessment of risk are the intake/&ntact rate, exposure frequency, expo- 
sure duration, and other factors that apply to only certain media and exposure routes. For instance, skin 
surface area is another factor that is accounted for when estimating the dermal contact. 

HSRAM exposure scenarios include default values for the exposure factors. These default values can 
often be applied to the CRCIA screening assessment scenarios. Culture-specific activities, however, might 
require an increase in the default values. To determine such an increase for Native American activities, 
for instance, tribal staff need to indicate how much the default HSRAM residential scenario default values 
should be increased to account for a selecfed set of practices. Information about culture-specific practices 
is not required. Where possible, activities that are age and gender specific (those performed predomi- 
nantly by women of childbearing age, elders, etc.) should also be identified. ' 
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The lifestyle of any given individual typically involves several scenarios. A fish hatchery worker 
might go on vacation and become a recreational visitor. However, the CRCIA screening assessment of 
risk to human health will follow the HSRAh4 practice of basing risk assessments on separate S C ~ M ~ ~ O S  

rather than onan individual’s lifestyle which might incorporate a variety of the scenarios. 

The particular location where culture-specific activities occur is problematic because exposure is 
, closely tied to geographic points of maximum inhalation and deposition. If the location is not identified, 

then the most useful information to account for the location is the extent to which the default exposure 
factors should be increased or decreased, 

1.3 Stochastic Variability 

An objective of CRCIA is to provide information regarding the uncertainty of the risk information that 
is developed. This information will be developed using stochastic estimation of the risks, based primarily 
on the uncertainties inherent in the contaminant concentration in the sources and environmentaI media. 
However, there will also be variability in the exposure factors selected for the screening assessments, both 
inherent uncertainty about the selected factors and the inability to capture exactly the lifestyle of people 
simulated in the scenarios. For each scenario, the range for each intakekontact rate is given in terms of a 
minimum and maximum value and a corresponding deterministic value. The deterministic values are 
intended to be conservatively selected, such that exposures to contaminants should be overestimated. The 
majority of these minima and maxima have been selected using the professional judgement of the authors. 
Thus, they serve as opening suggestio& in what is anticipated to be a continuing discussion. The resulting 
uncertainty and sensitivity analyses will be used to point out the areas where additional research is needed. 

1.4 Key Points 

The key points of the exposure scenarios are: 

These scenarios are intended to include the activities of most importance to particular socio-cultural 
user groups and to translate them into activity-based exposures. 

Each of the scenarios contains assumptions about frequency and duration of the activities, ranging 
from a few days per year to much more intense use over long time frames. The particular 
assumptions are specific to individual scenarios. 

These scenarios are amenable to sensitivity and uncertain6 analyses, which together could demonstrate 
the relation between contaminant levels and activity-specific exposures. 

The Native American Scenarios will require review and modification by tribal technical staff before 
use in applications other than the screening assessment of risk. 
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2 .O Indus trialKomrnercia1 Scenarios 

Industrial, commercial, and waste management activities are applicable both on and off the Hanford 
Site along the Columbia River. The worker scenario developed in HSRAM is a standard industrial/ 
commercial scenario focused on worker exposures to residual environmental contamination. For the 
scenarios in this section, only the potential exposure from contact with environmental media (as opposed to 
substances encountered as part of the job) were considered. 

' 

A Fish Hatchery Worker Scenario was developed in this section because of the current hatchery activi- 
ties in the K-Area and at Ringold. The new scenario is benchmarked against the HSRAM industrial 
scenario. Documentation was provided when possible by employees working under these conditions. 
However, written data supplied by the interviewed employees have not been validated. 

2.1 Industrial Worker (Unmodified HSRAM Defintion) 

The HSRAM industrial scenario (DOE 1995) is included without modification. However, for use in 
the Columbia River screening assessment of risk, no groundwater pathways are activated. The specified 
factors are provided in Table 2.1. 

2.2 Fish Hatchery Worker 

Currently the Yakama Indian Nation is conducting a pilot experiment in commercial aquaculture by 
rearing domesticated coho salmon and steelhead-X-rainbow trout in partnership with Scientific Ecology 
Group, a Westinghouse subsidiary. This scenario is included because these projects are expected to 
continue. Present and proposed future operations include development of a fish hatchery at the 183-K East 
and West Filter Plant, Sedimentation and Flocculation Basins, Coagulation Basins, and the Purification 
Pools. This will be a hatchery similar in function and size of that currently administered by the State 
Hatchery Program. 

' 

The Fish Hatchery Worker description is based on duties described in the job classifications provided 
by the State Hatchery Program office for the Hanford pilot as well as information gathered from the 
Eastbank State Hatchery in Ringold. The Eastbank Hatchery is a mid-sized operation which should be 
comparable to the size of the Tribal Hatchery in the near future. A state hatchery employee may work on 
a full-time permanent, full-time temporary and/or seasonal basis. According to the job descriptions 
provided by the State Hatchery Program, the hatchery employee works an average of 250 days/year 
(estimate based on current employee records) and spends approximately 5040% of working hours out-of- 
doors. 

The greatest distinction from the standard worker scenario developed by HSRAM is the exposure 
frequency. In addition, the exposure duration is raised to 30 years for the screening assessment of risk. 
The rationale for exposure factor values ed in Table 2.2 is as follows: 
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Table 2.1. Exposure Factors for the HSRAM Industrial Worker Scenario 



Table 2.2. Exposure Factors for the Fish Hatchery Worker Scenario 

Air IInhatation 20 m’ 15-30 250 30 I I 

1L 0-3 250 30 .. .. 
8hr 2-10 250 30 0.25 Geometry correction 
lhr 0-1 250 30 5,000 anz Skin surface area 



Soil Ingestioflxternal Radiation/Demal/Inhalation - The fish hatchery worker is assumed to 
ingest and/or inhale resuspended dust inadvertently during time spent on the Hanford Site. The daily 
ingestion intake (100 milligrams/day) is twice the HSRAM value to account for potentially wet and 

, muddy conditions. The inhalation intake (20 m3/day) is the same as the default value in HSRAM. 
External radiation exposure is based on an 8-hour working day with minimal shielding. Dermal 
contact with soil is increased to 1 mg/cm2 per day over the HSRAM value of 0.2 mg/cm2 per day. 

- 

Air Inhalation - While on the Hanford Site the fish hatchery worker may inhale fugitive dust or gases 
from varying sources. The individual is assumed to inhale 20 m3 per day, identical to HSRAM. 

Surface Water Ingestioflxternal Radiation/Demal - Ingestion of surface water occurs advertently 
from using processed Columbia River water as drinking water on site and inadvertently from surface 
water spray while working around the open water. For the present purposes, however, the HSRAM 
default value of 1 liter/day for on-the-job ingestion was used. The individual is assumed to be exposed 
to external radiation from river water in the basins. Geometry factors account for some equivalent 
shielding. Frequent contact with the fish provides a route for dermal absorbtion. The value of 1 
hour/day was selected, greater than the 0.17-hour default in HSRAM but with a reduced body surface 
area. 

Groundwater -.No contact with groundwater occurs at present for the tribal fish hatchery worker, 
although much of the water used in the Eastbank Hatchery comes from the uncontaminated Ringold 
Springs. 
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3.0 Wildlife Refuge/Wild and Scenic River Scenarios 

The Hanford Site contains several areas of undisturbed ecologies. Various options have been proposed 
to preserve some or all of these areas, including'use as a wildlife refuge or designation as a wild and scenic 
river. 

If portions of the Hanford Site are designated as a wildlife refuge, no on-site continuous residence by 
humans is expected. Even the rangers would not live on site. The lands would be open to the public for a 
variety of uses, although no residential or agricultural uses would be permitted. The following recreational 
and scientific scenarios are possible under the wildlife refuge designation although not all of them were the 
basis of specific exposure scenario development: 

archeologist 
bird watcher 
deer hunter 
fisher 
intruder/vandal/trespasser 
other and general recreational users 
reactor tour @de 
refuge ranger 
scientific study, monitoring and surveillance workers 

Recreational uses include many possible activities such as backpacking, bird watching, camping, pic- 
nicking, river boat touring, swimming, water skiing, and wildlife viewing. While there are no current 
plans for developing recreational facilities on the south shore of the Columbia River, possible development 
could include a boat-ody overnight camping Edcility, self-guided auto tour routes, and hiking trails. 

Public Law 100-605 directs the U.S. Department of Interior, in consultation with DOE, to make 
recommendations for preservation of the Hanford Reach of the Columbia River. One alternative con- 
sidered is assignment of the Hanford Reach to the National Wildand Scenic Rivers System. If the 
Hanford Reach is designated a wild and scenic river, human exposure scenarios in addition to those . 
provided in the HSRAM recreational scenario will be needed to ksess risk. The first step in developing 
the new scenarios is to define wild and scenic river. The second is to understand what significant features 
would be protected under this classification. The last step is to determine what future land uses are pos- 
sible given the definition and significant features. 

The Wild and Scenic River Act (Public Law 90-542, as amended) uses the following definitions to 
designate wild or scenic areas. Wild river areas are those rivers or sections of rivers that are free of 
impoundments and generally inaccessible except by trail, with watersheds or shorelines essentially primi- 
tive, and waters unpolluted. These represent the vestiges of primitive America. Scenic river areas are 
those rivers or sections of rivers that are free of impoundments, with shorelines and watersheds still 
largely primitive, and shorelines largely undeveloped, but accessible in places by roads. 
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The location of significant features is important when assessing an actual exposure pathway. Signi- 
ficant features of the area were determined in the Hanford Reach Environmental Impact Statement 
(NPS 1994). Nationally significant features include: 

archaeologic artifacts of many indigenous cultures preserved along the river 
fall chinook salmon and their spawning and rearing habitat 
federally recognized threatened or endangered plant and animal species 
hydrology and geology suitable for siting of nuclear reactors and radioactive wastes 
intact ecosystem of the river and its adjacent land north to the ridgetop (Wahluke Slope) 

Regionally significant features include: 

endangered plants and animals listed by the state 
flatwater recreation 
historicsites 
hunting 
Ringold agricultural area 
sport fishing 
White Bluffs along the north bank of the Hanford Reach 

Uses allowed by the Wild and Scenic River Act would include: 

backpacking 
bird and wildlife viewing 
camping 
fishing 
horsepacking 
hunting 
motorized and non-motorized river craft 
mountain bike riding (non-motorized) 
picnicking 
swimminglskiing 
ranching, grazing, farming, and occupation of homes that exist on the date of the enactment 

Several of these exposure pathways are covered under the HSRAM (DOE 1995) recreational scenario 
(see Section 3.3). Three scenarios have been selected for evaluation that should cover the range of poten- 
tial exposures under the wildlife refuge and wild and scenic rivers possibilities. These are ranger, hunter/ 
fisher, and river-focused recreational visitor. The ranger represents an individual who visits most habitat 
types on the site on a regular basis. The huntedfisher is an individual who visits the site frequently to fish 
and to hunt for deer, waterfowl, and upland game birds, and ingests game taken. The river-focused rec- 
reational visitor is similar to the huntedfisher but spends more time directly on the river. The following 
sections describe the exposure pathways and factors for each of the three selected scenarios. 
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3.1 Ranger 

In this scenario the ranger works out of an off-site facility and spends about 3 days/week 
(150 days/ye&) on the site. The ranger is assumed to be stationed off site because administration of 
Hanford as a wildlife refuge would be handled out of the Othello office of the U.S. Fish and Wildlife 
Service. A field facility on Hanford is unlikely to be established. While on site, the ranger spends a third 
of the time in each type of habitat: 1) upland range land, 2) along the shoreline, and 3) in a boat on the 
Columbia River. 

The ranger does not drink water from the site. The Ranger Scenario is very similar to the HSRAM 
industrial scenario except that less time is spent on site. The ranger is assumed to work in the area for 
30 years. The rationale for the exposure factor values summarized in Table 3.1 is as follows: 

Soil Ingestion - The ranger is assumed to ingest soil inadvertently during time spent on site and in the 
field. The entire daily intake is assumed to be related to the site. 

Soil External Radiation Exposure - The ranger is assumed to be on site 9 hours/day with a third of 
the time spent in each ofthree location types: shoreline, boating, and upland. The daily exposure 
period is set to 3 hours representing the time distribution for the ranger. A shielding reduction factor . 
of 0.8 is applied per HSRAM for soils. 

Soil Dermal ConGct - Dermal contact is assumed to occur associated with the inadvertent soil 
ingestion pathway. Soil adheres to the skin at a rate of 0.2 mg/cm2 per day (one contact event per 
day). Contact occurs over a total skin surface area of 5,000 cm2. 

Resuspended Soil Inhalation - Resuspension of soil with subsequent inhalation is assumed to occur at 
. all times while the ranger is on site. The amount of resuspension is determined by use of the mass 
loading approach based on an ambient -air mass loading value of 50 pg/m3. The pollutant 
concentration in the particulate matter in air is assumed to be the same as the pollutant concentration in 
soil. The ranger is assumed to inhale a total of 10 m3 of air during the 9 hours while on site. This 
provides an average daily intake rate of 10 m3/day for the exposure analysis. 

Air Inhalation - While on site, the ranger is potentially exposed to airborne contamination via 
inhalation. The ranger is assumed to inhale a total of 10 m3 of air during the 9 hours while on site. 
This provides an average daily intake rate of 10 m3 per day for the exposure analysis. The inhalation 
exposure occurs for all on-site activities and is included for the entire 9 hours/day. 

Surface Water Boating External Radiation Exposure - While the ranger is involved in boating 
activities, s/he is exposed to radiation emitted from contamination in the water. The exposure 
frequency is 150 days/year and one-third of the 9-hour work day (3 hours/day). A shielding geometry 
factor of 0.5 (Napier et al. 1988) is applied because the dose rate is evaluated using factors for total 
immersion in water (swimming), but while boating the sourceis effectively one-half that of total 
immersion. 
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Table 3.1, Exposure Factors for the Ranger Scenario 
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Sediment Ingestion - Contact is assumed to occur with shoreline sediment while the ranger is involved 
in activities along the Columbia River. The conhct rate is assumed to be the same as for general soil 
contact. An intake of 100 milligramdday is assumed for the time spent along the shore, which is the 
total daily intake. 

Sediment De& Contact - Dermal contact occurs, along with sediment ingestion and is evaluated in 
the same manner as soil ingestion. Soil adheres to the skin at a rate of 0.2 mg/cm* per day (one 
contact event per day). Contact occurs over a total skin surface area of 5,000 cm'. 

Sediment External Radiation Exposure - The ranger is exposed to radiation emitted from the sedi- 
ment while standing on the sediment. The rate of exposure is evaluated in a manner similar to that for 
standing on contaminated ground, except that a geometry/shielding factor of 0.2 is applied to account 
for the finite width of the shoreline. The exposure frequency is 150 days/year and one-third of the 
9-hour work day. The daily exposure period is set to 3 hours representing the time distribution for the 
ranger. 

' 

.3.2 HunterFisher 

The Hunter/Fisher Scenario involves an individual who fishes and hunts for game birds and animals on 
the site. The individual is exposed to soil and air while hunting in upland regions, to shoreline sediment 
while fishing or hunting, and to river water while fishing and from ingestion of fish, birds, and deer. 
Upland hunting is considered in this analysis for the Columbia River because game could be potentially 
contaminated from forays into the riparian zone to browse or drink water. 

Exposure to contaminated soil occurs during hunting trips to the site. The hunter success rate is 
assumed to be typical, but the total catch is 10 times the regional average; in other words, for waterfowl 
100 ducks per season (2 ducks per day) and for upland game birds 25 pheasants per season (0.5 pheasants 
per day) (Washington Department of Fish and Wildlife 1992, 1993, 1994, 1995a). That implies the hunter 
makes 50 trips hunting for each type of bird: 50 to shoreline environments and 50 to upland areas. Each 
hunting trip involves 4 hours of on-site. exposure with soil or sediment contact at the daily average value. 

The maximum number of days that could be spent hunting deer in a season is the length of the various 
deer hunting seasons (bow, muzzleloader, and firearm). In state game management regions around 
Hanford (272,278,281,284, 371, and 372) ;his is 48 days (Washington Department of Fish and 
Wildlife 1995b). However, it is unlikely that an individual hunter would spend the entire 48 days hunting. 
A maximum number of 20 days is used in the analysis. The total time spent in upland areas (deer hunting 
plus upland game bird hunting) is 70 daydyear. The remaining 50 days is spent on the river shoreline or 
boating in the river. The rationale for the exposure factor values summarrzed * in Table 3.2 is as follows: 

Soil Ingestion - The hunter is assumed to ingest soil inadvertently during time spent on-site and in the 
field. The entire daily intake of 100 milligramdday is assumed to be related to the site. 
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Table 3.2. Exposure Factors for the Hunter/Fisher Scenario 

Pathways 
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Soil External Radiation Exposure - The hunter is assumed to be on site 4 hours/day in upland areas 
with exposure to soil occurring during that period. A shielding reduction factor of 0.8 is applied per 
HSRAM. 

Soil D e d  Contact - Dermal contact is assumed to occur associated with the inadvertent soil 
ingestion pathway. Soil adheres to the skin at a rate of 0.2 mg/cm2 per day (one contact event per 
day). Contact occurs over a total skin surface area of 5,000 cm2. 

Resuspended Soil Inhalation - Resuspension'of soil with subsequent inhalation is assumed to occur at 
all times while the hunter is on site. The amount of resuspension is determined by use of themass 
loading approach as described for the Ranger Scenario. The hunter is a s k e d  to inhale a total of 
10 m3 of air during the 4 hours while on site. 

Air Inhalation - While on site, the. hunter is potentially exposed to airborne contamination via 
inhalation. The individual is assumed tohhale a total of 10 m3 of air during the 4 hours while on site. 
The inhalation exposure occurs for all on-site activities and is included for the entire 4 hourdday. 

Surface Water Boating External Radiation Exposure - While the'individual is involved in boating 
activities, s h e  is exposed to radiation emitted from contamination in the.water. The exposure fre- 
quency is 50 days/ye.a and 4 hourdday. A shielding geometry factor of 0.5 (Napier et al. 1988) is 
applied because the dose rate is evaluated using factors for total immersion in water (swimming), but 
while boating the source is effectively one-half that of total immersion. 

Deer Ingestion - One deer per season is assumed to be shot and eaten by the hunter and his family. 
@Ik are not included in this analysis because Hanford e k  rem& on the Fitzner-Eberhardt Arid Land 
Ecology reserve almost exclusively and rarely travel across Highway 240 to the Columbia River.) 
The aeer is assumed to have a total weight of 45 kilograms of which a 50-percent yield of deer meat is 
assumed for a total edible meat weight of 22.5 kilogramddeer (Paustenbach 1989). For an individual 
in the hunter family of four, the intake rate per individual for one 45-kilogram deer is 15 gramdday. 
Because the. hunting is assumed to continue over a period of 30 years, the hunter success rate of 
19 percent is retained from HSRAM. 

Upland Game Bird Ingestion - The upland game birds-are assumed to be consumed by the hunter and 
family of four. The weight of meat from each bird is taken to be 0.5 kilogram (50 percent of a 
1-kilogram bird). The total weight of upland game birds (25-birds per season) is 12.5 kilograms with 
consumption by a member of the hunter family of 9 grams/day. 

Waterfowl Ingestion - The waterfowl are assumed to be consumed by the hunter and family of four. 
The weight of meat from each bird is taken to be 0.5 kilogram (50 percent of a 1-kilogram bird). The 
total weight of water fowl meat (100 waterfowl per season) is 50 kilograms with consumption by each 
member of the hunter family of 35 gramdday. 
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Fish Ingestion - The fish are assumed to be consumed by the individual and family. The HSRAM 
' recreational rate of 54 grams/day is retained. 

Sediment Ingestion - Contact is assumed to occur with shoreline sediment while the hunter is involved 
in waterfowl and deer hunting along the Columbia River. The contact rate is assumed to be the same 
as for general soil contact. An intake of 100 milligramdday is assumed, which is the total daily 
intake. 

Sediment Dermal Contact - Dermal contact o~ccurs along with sediment ingestion and is evaluated in 
the &e manner as soil ingestion. Soil adheres to the skin at a rate of 0.2 mg/cm2 per day (one 
contact event per day). Contact occurs over a total skin surface area of 5,000 cm2. 

Sediment External Radiation Exposure - The hunter is exposed to radiation emitted from the 
sediment while standing on the sediment. The rate of exposure is evaluated in a manner similar to that 
for standing on contaminated ground, except that a geometry/shielding factor of 0.2 is applied to 
account for the finite width.of the shoreline. The exposure frequency is 50 days/year and 4 hourdday. 

3.3 Recreational Visitor (Unmodified HSRAM with River-Focused Activities) 

This individual is included because many people currently use the Hanford Reach and adjacent wildlife 
refuge areas. Although there are a variety of year-round recreational activities, one of the most popular is 
sport fishing. The average angler catches salmon, steelhead, sturgeon and smallmouth bass. This indivj- 
dual may fish along the shoreline or from a motorized or non-motorized boat (DOA 1993). Fishing 
seasons in Washington are regulated by the Washington Department of Fish and Wildlife, and special rules 
and seasons are provided for trout, salmon, and sturgeon (Washington Department of Fish and 
Wildlife 1995~). 

Jet and propeller-driven boats are used along the entire Hanford Reach, while non-motorized boats 
generally stay in the vicinity of the three primitive river access areas.: Vernita Bridge, White Bluffs Ferry 
Landing (east side only), and Ringold Hatchery. Public access to shorelines and islands is restricted, and 
no overnight camping is allowed within the Hanford Site. .Recreational boating is only a day use activity. 
Data as to daily fishing and boating stay times per individual have not been determined. However, current 
factors as reported in HSRAM indicate that this individual may bk potentially exposed 7 daydyear 
averaged over a 70-year lifetime. 

For the purposes of this study, the standard HSRAM recreational scenario is used as a baseline. If the 
Hanford Reach is designated wild and scenic, the access to and use of the Reach would likely increase 
somewhat, and the 7 dayslyear exposure frequency for visitors might need to be increased. For this 
report, the HSRAM recreational scenario is included without modification. HSRAM-specified factors for 
this scenario are provided in Table 3.3. 

3.8 



Table 3.3. Exposure Factors for the HSRAM Recreational Visitor Scenario 
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" I 

I c. Intake adjusted for upperbound mean deer hunter B U C C ~ S B  rate of 19 percent for game management unit 370 
d. WAC (1991) (173-340-730). 





4.0 Native American Scenarios 

The range of potential Native American activities on the Hanford Site is very broad. They include 
activities specifically delineated in the Treaties and also include a range of unlisted but reserved rights 
related to traditional lifestyles and to preservation activities related to heritage (natural and cultural) 
resources. Specific activities (or activity categories) include hunting, gathering, collecting, fishing and 
processing of the catch along the shoreline, pasturing of livestock, working in the fish hatchery, as well as 
ceremonial, educational, seasonal, social, and trade activities, including a variety of unique activities, 
some of which have no standard suburban surrogate activity in. HSRAM. Fish hatchery work (except for 
actual time spent odin the river) is considered in the Industrial/Commercial Scenarios. The other 
activities are intended to be included here. 

Four semi-quantitative but‘not necessarily all-inclusive scenarios were constructed to span the range of 
potential treaty-reserved activities: 

’ Subsistence Resident (an unrestricted use scenario included as a baseline for comparison) 

HuntedGatherer (h~ting/gathering/fishing/collecting/pasturing activities without groundwater 
. .  

ingestion) 

Cultural Activities Visitor (without groundwater ingestion) 

Columbia River Island User (for application to Cobalt40 particles) 

The Subsistence Resident Scenario is intended to represent a reasonable set of activities that reflect a 

scenario is based on limited tribal information. Therefore, this scenario may not adequately represent any 
.complete set of tribal activities. However, this set of activities is to be used in the screening analysis. The 
activities assume access to both the shoreline and to seeps/springs. Seep/spring water could be used for 
ingestion and biotic uptake directly from in situ groundwater, but it is assumed that irrigation would not 
occur (an unresolved issue)’. 

. traditional lifestyle with activities occurring for life on what is now the Hanford Site. This particular 

The Hunter/Gatherer and Cultural Activities Visitor Scenarios basically split the Subsistence Resident 
Scenario into two sets of lesser activity: 150 daydyear spent hunting, gathering, fishing and 30 daydyear 
spent on non-food and medicine activities. These two scenarios assume that there is no groundwater 
access except via biotic uptake. Seep/spring water ingestion is included in the river water ingestion. The 
huntedgatherer who visits the site to gather food and medicine is assumed to spend 100 days/year fishing, 
25 days hunting, and 25 days gathering. While some of these activities are, in fact, gender-specific and 
age-specific, they are combined into a single activity set at present. A listing of specific activities con- 
ducted under food-related and non-food-related headings is not required for screening-level precision. 
Only an indication of the frequency of site visits and similar information related to the degree of contact 
with environmental media is needed. Further, specific information about particular plant species and other 
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sensitive information is not useful because the fate and transport models of contaminant movement through 
the biosphere may not at present provide a way to discriminate among species. Fate and transport models 
must be examined for their ability to handle information about species-specific uptake and distribution 
among plant parts or animal tissues before justification exists for requesting sensitive information from 
tribal members. 

Issues especially relevant to Native American scenarios are: 

1. The extent of on-site groundwater/seep/spring use is unresolved at present. For the Subsistence 
Resident Scenario, full seepkpring access is assumed for ingestion but not irrigation. Water ingestion 
rates are divided between surface water and seephpring water, as deemed appropriate by tribal tech- 
nical staff. For the other three scenarios, no seepkpring use is assumed except via biotic uptake. 

2. Different tribes have historically used the Hanford Reach to different degrees. The issue is how to 
protect those tribes and individual members who are most exposed and how to determine to what 
degree full exercise of treaty-reserved rights imposes uneven exposure burdens on particular 
individuals or groups. In addition, the sensitive segments of the subsistence population (children, 
elders, women of child-bearing age) are not addressed in these scenarios. 

3. Ethics and equity issues will likely fall disproportionately on tribal communities as they are asked to 
accept decisions that have ramifications on their ability to exercise treaty-reserved rights. There are 
many issues that will need to be identified and discussed in open forums. 

4. The subsistence scenaiio is based on limited input from tribal staff. Additional development of this 
and the subsidiary scenarios should occur before these scenarios are used for routine regulatory 
analyses. 

4.1 Subsistence Resident 

In this scenario, a person fully exercises treaty-reserved rights and spends full time (365 days, 
24 hourshy) on the site for a lifetime of 70 years. Activities include hunting, gathering, collecting, 
fishing, and limited pasturing of livestock. Pasturing of livestock for consumption is included here because 
human exposure could result, but pasturing of horses would be considered part of an ecological assessment 
because the horse is the ultimate receptor. Exposures related to these activities can occur both from 
ingestion as well as during gathering, preparation, and non-ingestion uses (Harris 1993, 1995). 
Additionally, exposures not related to nutrition could occur during other types of Hanford Site visits, such 
as religious and educational. Access to seepkpring water for all uses except irrigation and surface water 
are assumed, as is access to the shoreline. Preliminary &sumptions and selection of exposure factors are 
described below and for the most part do not consider stratification of activities among age groups or by 
gender, although this clearly occurs. As with all of these scenarios, this section will require review and 
modification by tribal technical staff before this scenario is used in applications other than the screening 
assessment of risk. The rational for the exposure factor values is as follows: 
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Soil Ingestion - A person is assumed to continue a child's soil ingestion rate (200 rnilligramdday) 
throughout life. A child's ingestion could be considered separately, beguse a child ingests more per 
body weight than an adult. However, in this example the 6 (conventional) childhood years are not 
separated from the adult years. 

Soil External Radiation Exposure - The person is assumed to be on site 24 hourdday, and, for this 
example, the time is not divided among location types (shoreline, boating and upland). A shielding 
reduction factor of 0.8 is applied per HSRAM, which assumes that .the person is standing on con- 
taminated soil during the entire exposure period. This factor may need to be modified as appropriate 
for activities such as gathering .of root crops. 

Soil Dermal Contact - Dermal contact is assumed to occur associated with the inadvertent soil 
ingestion pathway. Soil is assumed to adhere to .the skin at a rate of 1. mg/cm' per day (compared to 
the 0.2 mg/cm' default value). Contact would occur over a skin surface area of 5,000 cm' (this is the 
default value and represents 25 percent of the total skin surface area). The skin absorption fraction 
(ABS) is pollutant-specific. The increased soil adherence rate needs to be reviewed for suitability for 
not only initial contact, for instance, during gathering of root crops but also during cleaning and 
preparation. 

Resuspended Soil Inhalation - Resuspension of soil with subsequent inhalation is assumed to occur at 
all times while the person is on site. The amount of resuspensionis determined by use of the mass 
loading approach based on an ambient air mass loading value of 100 pg/m3 (twice the EPA recom- 
mended value for suburban areas). The pollutant concentration in the particulate matter is assumed to 
be the same as the pollutant concentration in the soil. The person is assumed to inhale 30 m3 of air 
during the 24 hours s/he is on-site. This is 150 percent of the default value to account for a more 
active outdoor lifestyle. 

. 

Air Inhalation - The person is assumed to inhale 150 percent of the default volume of air per day 
(30 m3/day) to account for a lifestyle more active than that assumed for suburban dwellers. 

Seep/Spring Water Ingestion - For this scenario, the person is assumed to ,get two-thirds 
(2 liters/day) of his daily water intake from seep/spring water. The total of seep/spring water plus 
surface water ingestion equals 150 percent of the default value of 2 liters/day to account for an active, 
outdoor lifestyle. This ratio could be altered if appropriate. No decay of radionuclides between 
withdrawal of seep/spring water and ingestion is assumed and no liltration of particulate matter (in 
other words, the concentration of contaminant in unfiltered seep/spring water is the appropriate 
comparison value unless determined to be otherwise appropriate). 

Seep/Spring Water Inhalation - The inhalation rate of 15 m3/day represents volatilization of 
pollutants from seep/spring water into a relatively small space or short distance. It typically includes 
indoor activities such as showering and cooking. Because these activities or analogues of these 
activities could be expected to occur during subsistence living, the default factor is included here. The 
quantity of water in indoor air is based on the absolute humidity (Andelman 1990). 
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Seep/Spring Water Dermal Contact - On the average, 1 hour/day is assumed to be spent in activities 
associated with seeps or springs, such as digging for roots, collecting medicines, or drawing water. 
This is assumed to contaminate a portion of the skin (5000 cm2), rather than the entire body. 

Surface Water Ingestion - For this scenario, the person is assumed to get one-third (1 liter/day) of his 
daily water intake from surface water and the rest from seep/spring water. While a person is expected 
to inadverktly ingest water during swimming (at a rate of 0.01 liter/hour x 2.6 hours/swim), this is 
not expected to add significantly to his total daily water intake. Swimming-specific exposures can be 
pulled out of the surface water exposures and evaluated separately if desired. 

Surface Water External Radiation Exposure - Swimming and boating are assumed to occur for 
2.6 hours/day for 70 daydyear, and shoreline use is assumed to occur for 12 hourdday for 270 
days/year. During boating, the boat is assumed to shield the person from half of the radiation coming 
from the surface water. 

' 

Surface Water Inhalation - The person is assumed to inhale near-surface volatiles while swimming 
2.6 hours each of 70 days during the year. The volume of air (15 m3/day) has been split among 
seeplspring water and surface water inhalation routes. 

Surface Water (Swimming) Dermal Contact - The dermal contact during swimming assumed 
2.6 hours of swimming for 70 days, with a total skin surface contact area of 20,000 cm'. The 
absorption coefficient is pollutant specific. 

Food Ingestion Rates - A fish consumption rate of 270 g rm/day  (10-fold higher than HSRAM) is a 
rough estimate of a high-end consumption rate (CRITFC 1994) but is Iikely to be well below 
traditional subsistence levels 001 1942, Hunn 1990, CRCIA Team meeting minutes February 6, 
1996). Tribal input indicates that this may be a composite of 50 percent fresh weight and 50 percent 
dried weight, so conversion with a wet-to-dry ratio of 3 yields the value used of 540 gramdday 
equivalent fresh weight. 

Food ingestion factors were adjusted upward from HSRAM by assuming that 100 percent of plant 
material ingested is of local origin and 100 percent of fish ingested is of local origin. HSRAh4 
includes all types of plants within general fruit and vegetable categories rather than subdividing plant 
types into root, vine, leafy, fruit and grasdpasture. Strenge and Chamberlain (1994) further indicate 
that current Hanford models use a single set of contaminant-specific uptake factors that do not 
distinguish among plant species or classes, plant types, or plant parts, so that there is, in effect, a 
single overall vegetable-matter ingestion rate in HSRAM. On the basis of trjbal input, this is increased 
here to 660 grams/day based on 330 grandday intake, of which 50 percent is fresh and 50 percent is 
dried. Conversion to fresh weight, assuming a wet-to-dry ratio of 3, gives the equivalent fresh weight 
used. It will not be useful to investigate specific ingestion rates of roots, fruits, etc. unless uptake 
factors to specific plant parts (roots versus leaves) or specific plant species are available. Medicinal 
and other uses of plant material, however, may provide reason for a slight increase in this ingestion 

4.4 



rate. Methods of preparation and use might need to be specified for particular situations. Each risk 
assessment application should be reviewed for the ability of the fate and transport models to provide 
the .level of detail needed for the assessment context. 

The HSRAM value for meat and game intake is superceded with a single animal protein consumption 
rate based on tribal input of 75 grams/day of animal protein (which may include flesh, fat, marrow, 
etc.), of which 50 percent is fresh and 50 percent is dried. Conversion to fresh weight, assuming a 
wet-to-dry ratio of 3, gives the equivalent fresh weight of 150 grams/day. The waterfowl and upland 
game bird consumption rates are assumed to be the same for subsistence as they are for the 
HunterEisher Scenario. This needs to be reviewed for seasonal take, length of season, and special 
hunting privileges. Again, since contaminant concentration among animal/fowl species is currently 
modeled solely on the basis of proportional animal body weight, it will not be useful to determine 
consumption rates of specific species or animal organs/tissues unless information about contaminant 
uptake and tissue distribution is available. 

For the screening-level risk assessment, ingestion pathways for milk from locally grazing cattle and for 
eggs collected from local nests, have not been included. However, these pathways are indicated in 
Table 4.1 as placeholders to indicate to future readers the possible necessity of including these 
pathways. An additional pathway that should also be considered is mothers' breast milk. 

Shoreline Sediment Ingestion - Contact is assumed to occur daily since most of the on-site activity is 
directed toward river-based resources and activities. The sediment ingestion rate is the same as that 
for soil and is in addition to it. 

Shoreline Sediment Dermal Contact - This pathway is similar to the surface soil dermal pathway, 
and it may be appropriate to split exposure time between them. 

Shoreline Sediment External Radiation Exposure - The person is exposed to radiation emitted from 
the sediment while standing on the shoreline. A shore width geometry correction factor of 0.2 is 
applied to account for the non-infinite nature of the shoreline contamination. 

Cultural Pathways - Particular activities, such as sweat bathing and smudging, need to be included. 
These can be factored into the equations provided in Section 6.  Activities can be disaggregated into 
their component pathways. Details regarding culturally sensitive practices may be then reaggregated 
into lumped exposure factors.' This approach may be expanded to include direct exposure to cultural 
materials and/or dermal absorption from contact from cultural materials. For the screening level risk 
assessment, sweat bathing is explicitly added. Based on tribal descriptionsj a nominal time of 1 hour/ 
day is assumed to be spent inside a sweat lodge kept at 80 degrees Centigrade (180 degrees 
Fahrenheit). Air inside the sweat lodge is assumed to be kturated with water (equivalent to 
0.3 kilograms of water per m3 of air), which adds to the potential for inhalation and dermal exposures. 
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Table 4. I. Exposure Factors for the Native American Subsistence Resident Scenario 



Table 4.1. (contd) . 

. 

.b 
4 . 

~ 

a. Soil ingestion is typically separated into child (200 mgld) and adult (100 mgld) factors, but considering the activities included in these kenarios, it seems reasonable to assume'that 

b. Ingestion of seeplspring water + surface water equals 3 literslday. 
c. The dermal factor for seeplspring water in HSRAM reflects bathing. For this scenario, it is assumed that seeplspring water is encountered regularly while gathering roots. 
d. In HSRAM, seeplspring water use is a household scenario where inhalation comes from volatilization during showering and other household use. To the extent that analogous 

activities occur, this factor is retained. ' 

e. O.OOO1 x lo00 literslm' (Andleman 1990). 
f. For surface water, only swirnming (2.6 hourslday) is included. 
g. As for seeplspring water, exposures may still occur.that are the equivalent of suburban household exposures. 
h. Foodchain pathwaya include deposition, soil uptake and seeplspring water uptake, as well as aquatic pathways. There are also additional factors relevant to human ingestion, such 

as additional plant parts used or eaten (and multiple parts per plant that rotate through the seasons), medicinal uses (infusions, teas, poultices, etc.), other potential contact with 
people or their foods (food storage basketry, sleeping mats, extensive contact during basketmaking, use of bones, feathers and sinews), etc. 

i. Fish consumption includes multiple species and parts eaten, prepared both fresh and dried. Equivalent fresh weight is given here. 
j. %e animal protein consumption rate includes meat, fat, and marrow, prepared fresh or dried. The equivalent fresh weight is given here. 
k. These pathways are not considered in the screening risk assessment but are included here for future reference. 
1. The unique pathway related to volatilization of contaminants from water during sweat bathing is included here. The absolute humidity is based on saturated conditions at a 

temperature of 80 dearees Centigrade (180 dearees Farenheit). 

the higher rate would persist throughout a lifetime. 
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4.2 Hunter /Gatherer 

This scenario is a subset of the Subsistence Resident Scenario, a subset that contains only the pathways 
related to foods and medicines. The huntedgatherer is assumed to be on site for 150 days/year of which 
100 are spent fishing, 25 hunting and 25 gathering/collecting. Shoreline access is assumed, and these 
activities remain at the 24 hours/day duration for 30 years. These frequencies are intended to represent a 
reasonable but less-than-subsistence usage level. The most significant difference is that no direct seep/ 
spring water access is assumed, and, therefore, seep/spring contamination can only reach the person 
through the food chain. Table 4.2 summarizes the exposure values used for the HuntedGatherer Scenario. 

4.3 Cultural Activities Visitor 

This scenario is the other subset of the Subsistence Resident Scenario. It includes on-site access for 
30 daydyear for cultural activities and not for gathering and ingesting foods and medicines. The types of 
activities intended to be addressed in the Cultural Activities Visitor Scenario include ceremonial, educa- 
tional, religious, and similar activities. Presently, no surface water or biota are included. To the extent that 
some of the cultural activities may require the special collection and/or ingestion of water, plant or animal 
material, these media may need to be included in this scenario. No confidential information has been 
used. These semi-quantitative applications estimate what fraction of a person’s time might be spent in a 
general area. Table 4.3 summarizes the exposure values used for the Cultural Activities Visitor Scenario. 

4.4 Columbia River Island User 

Discrete radioactive particles, primarily cobalt-60, have been found on islands and along the shores of 
the Columbia River (Sula 1980). These were identified as of concern to dose (Napier et al. 1995). The 
scenario is based on Native American traditional uses of the island involving extended occupation and as a 

. base for fishing or other traditional uses. . 

Within the basic scenario, several pathways are evaluated. These include inhaling a particle, ingesting 
a particle (during incidental ingestion of small amounts of sediments), direct external radiation exposure 
without contact, and lodging of a particle on the skin. 

The time spent on the island is important in calculating the likelihood that a person will interact with a 
particle. For the initial phase of the CRCIA analyses, a distribution of times is used. The distribution 
used assumes an individual spends a minimum of 4 hours and a maximum of 40 days on the island every 
year. The most likely value is 2 days. 

Standard values are provided by HSRAM for uptake of soil onto skin (DOE 1995). A skin loading of 
0.2 mg/cm2 is used. However, a distribution of the retention time of the soil on the skin is used. Soil is 
assumed to remain on the skin from 0 to 48 hours in a triangular distribution with a most likely value of 
2 hours. Exposed skin area is assumed to be at least 5000 cm’ and ranges Uniformly up to the total skin 
area of 15,000 cm’. 
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Table 4.2. Exposure Factors for the Native American HunterlGatherer Scenario 

P 
to 

, Soil ingestion is typically separated into child (200 mgld) and adult (100 mgld) factors, but considering the activities included in these scenarios, it seems reasonable to assume 

. For surface water, only swimming (2.6 hourslday) is included. 
, Foodchain pathways include deposition, soil uptake and seeplspring water uptake, as well as aquatic pathways. There are also additional factors relevant to human ingestion, 

that the higher rate would persist throughout a lifetime. 

such as additional plant parts used or eaten (and multiple parts per plant that rotate through the seasons), medicinal uses (infusions, teas, poultices, etc.), other potential contact 
with people or their foods (food storage basketry, sleeping mats, extensive contact'during basketmaking, use of bones, feathers and sinews), etc. 

. Fish consumption includes multiple species and parts eaten, prepsred both fresh and dried. Equivslent fresh weight is given here. 
, This pathway is not considered in the scoping level risk assessment but is included here for future reference. 





Other exposure factors used are per HSRAM (see Table 4.4). The particle activity is described as a 
log normal distribution with a median of 2.3 pCi and a geometric standard deviation of 2.8. In some 
instances, the value of the average particle activity is needed. It is taken to be 2.3 with a normal 
distribution and standard deviation of 10 percent. The particle density in the roclcy areas is assumed to lie 
uniformly between 5x10-' particles per m3 and lxlOd particles per m3. In the sandy areas, it is assumed to 
range from the same low, 5 ~ 1 0 ' ~  to as high as 4 ~ 1 8 ~ .  No credit is assumed for shielding from direct 
irradiation other than that afforded by the distributed nature of the particles in soil. 

* '  

Table 4.4 Exposure Factors for the Columbia River Island User Scenario 

Constant Value 

Sediment ingestion rate I 200mg/day 
I I 

Ingestion dose factor 

Ingestion slope factor 

Cobalt-60 half-life 

Lifetime 

3.77 rem/pCi 

0.00000673 pCi-' 

5.27 years 

70 vears 

Dust loading 

Breathing rate 

Soil density 

A series of equations were established to describe the individual exposure pathways for the Columbia 
River island user. These equations differ from the more general ones presented in Section 6 .  

0.1 mg/m3 

20 m3/day 

500 mg/cm3 

For the likelihogd of being subjected to a skin lesiodbeta particle b&, the equation is 

(Probability of picking up a particle on the skin/day) * (Number of days on the island/year) 
* (Particle activity) * (Time on the skin) 

For external irradiation without direct contact, the equation is 

(Time spent on island) * (Particle density) * (Slope factor) * (Decay integral) 

The decay integral is required in this calculation because the slope factor is defined for constant 
exposure over a lifetime. Thus, the scenario assumes that the individual is exposed every year of herhis 
life. Because cobalt40 has a 5.27-year half-life, the exposures decrease rapidly. This must be accounted 
for in the exposure estimate. 
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For the possibility of ingestion of a particle, the equation is 

(Ingestion rate) * (Concentration) * (Time on island) * (Ingestion slope factor) * (Decay integral) . 

The scenario is established for a lifetime of exposure, so the annual exposures are multiplied by the 
integral of the activity over a 70 year lifetime. 

For inhalation, the equation is based on lodging of a discrete particle in the nose, as 

(Inhalation rate) * (Time on island) * (Particle density) * (Particle activity) * (Retention time in nose) 

The possibility of inhaling a discrete radioactive particle was addressed by Durham and Soldat in the 
appendix of Cooper and Woodruff (1993). They found the physical size of the particles was such that it 
was not possible to inhale one into the lungs.. At worst, the particles would lodge in the anterior portion of 
the nose. Durham used the specific activity of hot particles commonly found in the commercial nuclear 
industry in his calculation (60,000 Ci/cm3). This specific activity relates to relatively young particles. 
Those found in the Columbia River from plutonium production activities are at least 25 years old and so 
older than those studied by Durham. Thus, for the same particle activity, the particles would physically be 
much larger than assumed by Durham. He based his calculations on a 10-micron particle. The typical 
size found by Sula is 0.1 mm (100 microns). Therefore, the nasal retention used by Durham (1 to 2 days) 
is considerably longer than what would occur with this size particle. Nevertheless, a retention of up to 
2 days has been used in this analysis. 
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5.0 General Population Scenarios 

In the CRCIA screening assessment, two general population scenarios will be assessed for risk a 
Resident Scenario and an Agricultural Resident Scenario. Except for the differences denoted below, the 
factors used for both of these scenarios are from HSRAM (DOE 1995). 

To accommodate potential irrigation with river water for the Resident Scenario, irrigation of fruits and 
vegetables is included at a rate of 45 inches/year. No groundwater pathways are included in applications 
off the Hanford Site. HSRAM-specified factors for this scenario are provided in Table 5.1. 

To accommodate po@tial irrigation with river water for the Agricultural Resident Scenario, irrigation 
of fruits and vegetables is included at a rate of 45 inches/year. No groundwater pathways are included in 
applications off the Hanford Site. HSRAM-specified factors for this scenario are provided in Table 5.2. 
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Table 5.1. Exposure Factors for the HSRAM Resident Scenario 

? 
h, 

I I I I I I -- IVegetable 80 gg 0 - 2 0 0  365 30 -- 
a. Factors recommended in EPA (1991) except as noted. 
b. Factors recommended in WAC (1991) (173-340-720, 740, 750, Method B) except as noted. 
c. Site-specific factor; see text for additional information. 
d. Indoor inhalation rate (EPA 1991). 
e. O.OOO1 x 1,OOO literslm’ (Andelman 1990). 

g. Based on wet weight (EPA 1991). 

C = Child 

f. WAC (1991) (173-340-730). 



I ’  

. 

Table 5.2. Exposure Factors for the HSRAM Agricultural Resident Scenario 

Beef 75 g 0 - 150 365 30 I - 
Dairy 300 g 100 - lo00 365 30 - I 

I 

. /  





6.0 Exposure Equations 

* The exposure equations described in this section will be used to assess human risk at a screening level. 
The results of that work will be published in a future report on the screening assessment of risk. The 
values defined in the various scenarios will be the values used in these equations. The equations are based 
on the exposure routes: external radiation, dermal, inhalation, and ingestion. These exposure equations 
are adapted and expanded from those in Appendix D of the Hanford Site Risk Assessment Methodology 
(DOE 1995). The same notation and terminology is used for consistency with HSRAM. Additions 
(described in the previous sections) have been made to the equations to make them more directly applicable 
to the CRCIA screening assessment scenarios. 

6.1 External Radiation Exposure 

Dose,, = [(C, x ET+ x RF,, x EF,, + C,, x ET,, x EFA x DF1 + 
C+- x ET,, x EF,,.x DF2 + Chm x ET,, x EF,, x DF3 + 
?(C,xET,xEF,xDF4)]xED 

Radionuclide concentration in soil (pCi/g) 
Radionuclide concentration in sediment (pCi/g) 
Radionuclide concentration i n  river water (pCi/L) 
Radionuclide concentrations in cultural items (pCi/g) - an example might be woven 
mats made of contaminated reeds 
Dose conversion factor for soils and sediments (rem/hr per pCi/g) 
Dose conversion factor for swimming ( r e m h  per pCi/L) 
Dose conversion factor for boating ( r e m h  per pCi/L) 
Dose conversion factor for contact with small items (rem/hr per pCi/g) 
External dose from radionuclide (rem) 
Exposure duration (yr) 
Exposure frequency for soils (day/yr) 
Exposure frequency for sediments (day/yr) 
Exposure frequency for swimming (day/yr) 
Exposure frequency for boating (day/yr) 
Exposure frequency for each cultural item (day/yr) 
Exposure time for soils (hr/day) 
Exposure time for sediments &/day) 
Exposure time for swiming &/day) 
Exposure time for boating (hr/day) 
Exposure frequency for each cultural item &/day) 
Soil shielding factor. (dimensionless) 

. 
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If the exposures of children are significantly different from adults, it may be desirable to apply this 
equation twice, once for the 0-6 year age group and once for the adult age group. Separate estimates of 
the exposure times and exposure frequencies would be required. 

6.2 Dermal Exposure (Carcinogenic, Non-Carcinogenic, Non-Radioactive) 

DAD = [C,, x AF,, x ABS x SA,, x EF,, x CFl + 

Cs, x AFs, x ABS x Sh, x EF,, x CF1 + 
(C, x AF, x ABS x SA, x ETb, x EF, x CF2) + 

C,, x I$ x Sq,, x ET,,, x EFsccp x CF3 + 
CAVm x I$, x SA,,,, x ET,, x EF,, x CF3] x ED/(BW x AT) 

where 

Material-specific absorption factor (unitless) 
Adherence factor for soil (mg/cm2 per day) 
Adherence factor for sediment (mg/cm2 per day) 
Adherence factor for cultural materials (mg/cm2 per day) 
Averaging time (yr x 365 day/yr) 
Body weight (kg) 
Contaminant concentration in soil (mg/kg) 
Contaminant concentration in sediment (mg/kg) 
Contaminant concentration in cultural materials (mg/kg) - examples might include 
ashes or pigments 
Contaminant concentration in seep/spring water (mg/L) 
Contaminant concentration in river water (mg/L) 
Unit conversion factor (1E-6 kg/mg) 
Unit conversion factor (1E-6 kg/mg / 24 hr/day) 
Unit conversion factor (1E-3 L/cm3) 
Dermally absorbed dose (mg/kg per day) 
Exposure duration (yr) 
Exposure frequency to soils (day/yr) 
Exposure frequency to sediments (day/yr) 
Exposure frequency to cultural materials (day/yr) 
Exposure frequency to seep/spring water (day/yr) 
Exposure frequency to river water (day/yr) 
Exposure time to seep/spring water @/day) 
Exposure time to river water (hr/day) 
Exposure time to cultural materials @/day) 
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Kp 
S b d  = Body surface area exposed to soils (cm' . 
S A ,  = Body surface area exposed to sediments (cm' 
Sa& = Body surface area exposed to cultural materials (cma 
Sk, = Body surface area exposed to seep/spring water (cm') 
Sk, , ,  = Body surface area exposed to river water (cm2) 

= permeability coefficient for a chemical in water through skin (cmhr) 

This equation will be applied twice, once for children age 0-6 and once for adults, and the results summed. 

6.3 Inhalation Exposure won-Radioactive) 

INH = (Cadxh4LxET,,xEFd + C,xVFxET,xEF,, + 

C,+, x VF x ET*,,, x EFh, + C& x C F h  x ET- x EF& ) x 

ED x IR /(BW x AT x CF4) 
where 

CF4 
CFdhcr 

Averaging time (yr x 365 day/yr) 
Body weight (kg) 
Contaminant concentration in soil (mg/kg) 
Contaminant concentration in seep/spring water (mg/L) 
Contaminant concentration in river water (mg/L) 
Contaminant concentration in other airborne material (mg/kg) - examples might 
include wood smoke from fires or smoke from ceremonial burning 
Unit conversion factor (24 hr/day) 
Factor relating c@ural materials to air concentration, probably dependent on 
material type (for example, soil product, vegetation product) (kg/m3) 
Exposure duration (yr) 
Exposure frequency to resuspended dusts (daylyr) 
Exposure frequency to volatilized seep/spring water dk ts  (day/yr) 
Exposure frequency to volatilized river water (day/yr) 
Exposure frequency to materials resuspended from cultural activities (daylyr) 
Exposure time for breathing resuspended dusts @/day) 
Exposure time for breathing volatilized seep/spring water @/day) 
Exposure time for breathing volatilized river water @/day) 
Exposure time for breathing materials suspended from cultural activities @/day) 
Chronic daily inhalation intake (mg/kg per day) 
Inhalation rate (m3/day) 
Mass loading of soil in air (kg/m3) 
Volatilization factor @/rn3) 
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If there are significant age-related differences, this equation may need to be applied to children and 
adults separately and the results summed. 

.. 
6.4 Inhalation Exposure (Radioactive) 

Dose*= ( Cs, x ML x ET,, x EF,, x CF5 + C, x VF x ET,, x EF,, + 

C,, x VF x ET,, x EF,,, + C,, x CF,, x ET,, x EF& x CF5) x 

ED x IR x DF5 / CF4 

where 

Radionuclide concentration in soil @Ci/g) 
Radionuclide Concentration in seep/spring water @Ci/L) 
Radionuclide concentration in river water @Ci/L) 
Radionuclide concentration in other airborne material @Ci/g) - examples might 
include wood smoke from fires or smoke from ceremonial burning 
Unit conversion factor (24 hr/day) 
Unit conversion factor (lOOOg/kg) 
Factor relating cultural materials to air concentration, probably dependent on 
material type (soil product, vegetation product)(kg/m3) 
Inhalation dose factor (rem/pCi) 
Inhalation dose from radionuclide (rem) 
Exposure duration @r) 
Exposure frequency to resuspended dusts (day/yr) 
Exposure frequency to volatilized seep/spring water dusts (day/yr) 
Exposure frequency to volatilized river water (day/yr) 
Exposure frequency to materials resuspended from cultural activities (day/yr) 
Exposure time for breathing resuspended dusts @/day) 
Exposure time for breathing volatilized seep/spring water @/day) 
Exposure time for breathing volatilized river water @/day) 
Exposure time for breathing materials suspended from cultural activities @/day) 
Inhalation rate (m3/d) 
Mass loading of soil in air (kg/m3) 
Volatilization factor (Urn3) 

If there are significant age-related differences, this e b t i o n  may need to be applied to children and 
adults separately and the results summed. 
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where 
Averaging time (yr x 365 day/yr) 
Body weight (kg) 
Contaminant concentration in soil (mg/kg) 
Contaminant concentration in sediment (mg/kg) 
Contaminant concentration in river water (mg/kg) 
Contaminant concentration in seep/spring water (mg/kg) 
Contaminant concentration in fish (mg/kg) 
Contaminant Concentration in above-ground vegetation (mglkg) 
Contaminant concentration in root vegetables (mg/kg) 
Contaminant concentration in meat (mg/kg) 
Contaminant concentration in milk (mg/kg) 
Contaminant concentration in domestic and wild birds (mg/kg) 
Exposure duration (yr) ' 
Exposure frequency (day/yr) 
Chronic daily ingestion rate (mg/kg per day) 
Ingestion rate of soil (kg/day) 
Ingestion rate of sediment (kg/day) 
Ingestion rate of river water (kg/day) 
Ingestion rate of seep/spring water (kg/day) 
Ingestion rate of fish (kg/day) 
Ingestion rate of above-ground vegetation (kg/day) 
Ingestion rate of root vegetables (kg/day) 
Ingestion rate of meat (kg/day) 
Ingestion rate of milk (kg/&y) 
Ingestion rate of domestic and wild birds (kg/day) . 

This equation will be applied twice, once for children age 0-6 and once for adults, and the results 
summed. Each of the concentration values may need to be estimated from a basic environmental 
measurement using concentration ratios, bioaccumulation factors, or other related techniques. 
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6.6 Ingestion Exposure (Radioactive) 

C,,x I L  + CM x IRM) x EF x ED x CF5 xDF6 

Radionuclide concentration in soil @Ci/g) 
Radionuclide concentration in sediment @Ci/g) 
Radionuclide concentration in river water @Ci/g) 
Radionuclide concentration in seep/spring water @Ci/g) 
Radionuclide concentration in fish @Ci/g) 
Radionuclide concentration in above-ground vegetation @Ci/g) 
Radionuclide concentration in root vegetables @Ci/g) 
Radionuclide concentration in meat @Ci/g) 
Radionuclide concentration in milk @Ci/g) 
Radionuclide concentration in domestic and wild birds @Ci/g) 
Unit conversion factor (loo0 g/kg) 
Ingestion dose factor (rem/pCi) 
Ingestion dose (rem) 
Exposure duration (yr) 
Exposure frequency (day/yr) 
Ingestion rate of soil (kg/day) 
Ingestion rate of sediment (kg/day) 
Ingestion rate of river water (kg/day) 
Ingestion rate of seep/spring water (kg/day) 
Ingestion rate of fish (kg/day) 
Ingestion rate of above-ground vegetation (kg/day) 
Ingestion rate of root vegetables (kg/day) 
Ingestion rate of meat (kg/day) 
Ingestion rate of milk (kg/day) 
Ingestion rate of domestic and wild birds (kglday) 

This equation should be applied twice, once for children age 0-6 and once for adults, and the 
results summed. Each of the concentration values may need. to be estimated from a basic environmental 
measurement using concentration ratios, bioaccumulation factors, or other related techniques. 
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