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1.0 Introduction

Since 1989, the Department of Energy’s (DOE) Environmental Management (EM) Program
has managed the environmental legacy of US nuclear weapons production, research and testing at
137 facilities in 31 states and one US territory. The EM program has conducted several studies on
the public risks posed by contaminated sites at these facilities. In Risks and the Risk Debate [DOE,
1995a], the Department analyzed the risks at sites before, during, and after Zethediation work by the
EM program. The results indicated that aside from a few urgent risks,
inherent risk because physical and active site management controls li

greater risks to the public. Past risk reports, however provided little
cleanup risk, primarily because of uncertainty about future site ysos 2

contamination will remain hazardous.

This document is part of a larger effort by the DOE EM OR i teglc Planning and
Analysis [USDOE 1997a] to develop an EM position on long-term ardship. DOE defines

)

the terms “cleanup” and “long-term stewardship’/a

ontamdnation. Completing
eturned to levels acceptable

strate, in a non-numeric manner, the long-term stewardship
contaminated areas within the DOE complex.

work is also designed to™W
requirements for several ¢

The intent of this method is to identify potentially long-term hazards if long-term stewardship is
not implemented, and to characterize the potential for such hazards in order to establish a basis for
defining stewardship requirements. Potential hazards are categorized by broad risk management




goals that would be protective of public health and safety under current standards. Specific
controls, if necessary, are the responsibility of a long-term stewardship program.

* This work is a proof-of-principle demonstration. A proof-of-principle demonstration applies
the newly developed methodology, or technology, to real-world situations to prove, or disprove,
that it will work successfully. The proof-of-principle demonstration is commonly required prior
to adopting a new methodology, or technology, for large-scale application.

This report is structured into five (5) sections. Section 1.0 provides 4 deg€ription of the
method utilized for the analyses, and a list of assumptions and limitatj Ons.¢ ection 2.0 provides
0 presents the

long-term stewardship goals. These insights ca
regulators and the public. The decisions may, in

The approach used in this ref f
Estimates of contaminantsgemaiminfg ap

Environmental pathway3\or potential release of residual contamination---both chemical and
radiological---are the result of natural processes, such as erosion or groundwater movement. Fate
and transport computer models predict the speed and amount, of the contaminants, that could
move through these pathways. Evaluations in this report relied on values for Hanford
environmental pathways in common use at this time.




If contaminants move from a site, they would contact various environmental media, such as
soil, unconsolidated geology, groundwater, surface water and ambient air. Each environmental
medium has unique pathways through which humans become exposed to the contaminants. For
example, water can be ingested or used to water crops, and contaminants in air may be inhaled.
Current knowledge about human interactions with the various environmental media is used to
predict how future human activities could expose humans to the contaminants.

Finally, contaminants impact human health in specific ways. For eample, excessive

require additional data evaluations, and the integrated afig
locations that is not currently available.

flity lines, towers, cribs, or ponds.

French drains, ducts, tunnel$
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“Air” includes any gas or particulate that may be inhaled or ingested via airborne transport or
resuspension. This applies to sites that have vented tanks, vented structures, contaminated
particulates, contaminated surface soils, or volatile chemicals that may become airborne.

“Soil/biota” is so named because it refers to the natural soil layer that supports life and hence -
the associated ecosystems. This medium overlies the unconsolidated geology and bedrock,
shown in Figure 1.1. The soil profile begins at the surface, when present, and can
fluctuate in depth from a few decimeters to a few meters. The soil profileAsof great importance
to stewardship because it is the basis for the continuation of terrestrial life. Plants require the soil
' , the soil maintains a

imported construction fill, or loose material resulting frég atheping of the underlymg
bedrock. At many sites, the unconsolidated geology is at e{ because the soil profile was
removed during construction or as part of remediation.

contamination.

“Surface water” refers to'a
This includes rivers, ponds, spribg
have unrestricted access to surface
leads to contammated 3

o/associated ecosystem. Surface water can also
e of contamination.

1.3 Stewardshig

This analysis def 4) relgtive levels of stewardship effort. The end stewardship goal
remains constant---protec galth and the environment in an economical manner. Thus, the
level of stewardship effort must ghange to provide protection over a broad range of post-cleanup
hazards. Starting with Stewardship Level 1, each level of stewardship becomes less restrictive
until reaching Stewardship Level 4, which has no land-use restrictions, represents an end to
stewardship. No assumptions on ultimate land ownership are made for any stewardship level.
The four different stewardship levels are defined as follows. -




Stewardship Level 1: Deny Site Access. This stewardship level is applicable to hazards with
the potential for harm to human health given a brief exposure period. This stewardship level
may require extensive physical barriers and/or active site controls. These may include activities
such as security personnel stationed on-site to deter access, together with physical barriers to
access, application of institutional controls, and installation of signs to warn against access. Also,
site personnel may be required to assure compliance with stewardship agresients such as access
control, sampling and-analyses of environmental media, or containment/statys reporting. Public
access would most likely not be allowed unless special conditions exj itutional controls
could include governmental exclusions, such as prohibitions to grapfi } i

controls. Personnel could also be requlred to : apliance withry
The frequency of inspections would be determ = itgsindj#idually, depending on the
nature and extent of risk and the expected challenges tO\aCcegs barriers. In addition, institutional

ghip level is characterized by the

Mire. Stewardship Level 3 is applicable
ignificant health risks from exposure to
mainly on institutional controls to avoid

drillinYpermits, excavation permits, mining permits,

rface water rights, or groundwater rights.

associated with this stewardship Jevel. This does not necessarily mean that no hazard exists, but
the hazard for the foreseeable exposure scenarios would not warrant limitations on use. Records
of the hazard characterization and location may be maintained.




This approach utilizes a three-part procedure, for assigning of stewardship levels to the
study locations at various points in time. The procedure is similar to the U.S. Environmental
Protection Agency [USEPA, 1991] guidance for sites under the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA) [Public Law 96-510]. This
three-step procedure is summarized in the following paragraphs:

1. Categorize each study location into a “tentative stewardship level” using calculated, or

modeled, human health risks for the maximum exposed individual yfa™xalid environmental
media and exposure pathways. The actual exposure conditions thay'willexist in the future

tentative stewardship levels are defined below, and presented
and Figure 1.4. '

drdship levels are based upon the U.S.

Environmental Protection™® guidelines [USEPA, 1991] for remediation of
CERCLA sites. The EPA has\sdoptedthe risk range of 1E-4 to 1E-6 as the target range
for lifetime 1}

exposure.

The risk ranpe :
would need to pietect public safety in an economical manner. A risk of 1E-2 or greater
exceeds the risk that¥s agceptable for workers in hazardous professions [29 CFR 1910]

and is thus assigned Stewardship Level 1. The lower limit of Stewardship Level 1 is
extended to 1E-4 to provide flexibility to the location manager and environmental health
professionals to consider uncertainties in the calculated results, and site data not included
in the risk calculations. Stewardship Level 2 encompasses conditions where the site is not




Figure 1.3. Risk Categorization Criteria for Chronic Diseases

Risk (or Probability) of Contracting a
Chronic Disease as a Result of Exposure

Stewardship Level 1
Stewardship Levél 2
Stewardship Level 3

Stewardship Level 4

Figure 1.4. Risk Categorization Criteria for Acute Injury and Disease

Probability of Injury and Hazard Index

0.01 0001

Stewardship Level 1

Stewardship Level 2

Stewardship Level 3

Stewardship Level 4




safe for uncontrolled public use (risk less than 1E-6), but site conditions are less than a
risk of 1E-2. Again, the range is large and intentionally overlaps ranges for Stewardship
Levels 1 and 3 so that the location manager and environmental health professionals are
provided the flexibility to consider uncertainties and other site data in assigning
stewardship actions. Stewardship Level 3 assumes that institutional controls will suffice
to control exposures to contaminated media to risk levels below 1E-4 for foreseeable uses
of the location. Thus, Stewardship Level 3 starts when risks are less than 1E-4, and, may
be extended to risk as low as 1E-8 to address uncertainties in futupegcontaminant
movement and uses of the site. Stewardship Level 4 could be gsigied to a location
when risks are less than 1E-4, and no other site circumstancey/wargant concern.

2. A team of environmental professionals review and revise the ten: tewardship levels,
and produce “proposed stewardship levels”. The environmn Q consider
additional site characteristics not directly considered in the cqg Rhis jddgement
is required under the criteria identified in Step 1. For ,
contaminant, route of exposure, potentially exposed gopylationg] and other pertinent

ails on the study location

ardship Level 1, while assigning the
Ship Level 4, given that exposure to

parameters, such as exposure scenarios. We
iterid DOE, regulators, and stakeholders consider in

This analysis uses published rgiediation information for each study location, including DOE
project documentation, studies, £nd compliance agreements. The information is used as the
source terms for input into a computer-based modeling program, which calculates the migration
of contaminants, and the resulting concentration of contaminants in the various media over time.
These contaminant concentrations are used to calculate the human health risks for the appropriate
human exposure scenario. The computer-based program utilized by this analysis is MEPAS

10




(Multimedia Environmental Pollutant Assessment System [Buck, 1995b, Whelan, 1987]].
MEPAS is an environmental fate, transport, and exposure/impact computer model that calculates
the contaminant concentrations, and human health risks to receptors, given the contamination
source term. -

For each environmental medium, at each location studied, the residual conditions are
determined (i.e., conditions immediately after completion of all planned remedial activities as
_ defined in project documents, studies, and compliance agreements). Thesexgsidual conditions

exposures are all more uncertain in the future thy
change and extreme geologic events could dra

Two to five contaminants from s
calculating human health impacts.

Only anary ath ways Consnd ered.  This analysis is limited to an examination of primary
aming Erom selected study locations. No consideration is given
to more complex s aryNate/and fransport aspects of the contaminants. A full understanding
of the secondary fate
environmental receptors, ¢

er the area encompassed by DOE stewardship activities.

Primary pathways include the initial movement of contaminants among the seven environmental
media discussed in Section 1.2, until the facility boundaries are encountered. Secondary
pathways include contaminant movement outside the facility boundaries and multiple migrations
among the environmental media. Examples of secondary pathways include contaminated surface

11




water used to irrigate crops which are in turn consumed by beef cattle that humans consume, or
fauna becoming contaminated at a facility and spreading the contamination beyond facility
boundaries via their natural migrations.

Cumulative Risks. Each study location in this evaluation is considered independent of the other
study locations and not all anticipated contaminants are covered by study locations in this
evaluation. Determining the affects on stewardship levels from multiple contamination sources
impacting the same media (i.e. cumulative impacts) is not considered buiAswithin the capability
of the methodology.

at the end of its designed life expectancy.

Future Stewardship Goals. ' We assume that future ste .
expected today. It is also assumed that risk acceptanceicriteriy ot fuplire societies, will be

similar to risk acceptance criteria currently used. These aSsymptio®s provide a stable frame of
reference to visualize future hazards.




2.0 Description of Case Study Locations

Five (5) study locations are selected from DOE’s complex of nuclear/industrial works at
Hanford to demonstrate the stewardship risk evaluation methodology. The study locations
included a nonradioactive hazardous waste landfill, a high-level waste tank complex, a
contaminated aquifer system, a Class I nuclear facility, and an open area (i.e. a vegetated area
without structures) with radioactive contamination in the soil.

2.1 A Nonradioactive Hazardous Waste Landfill

iurh prodfction misgdon are stored in large
underground tanks. The stored waste is both high]y raligdcti chemically hazardous. In

addition, the tank wastes exist in various physical kg
and vapor). High-level waste tanks have the potenn
for a protracted period of time. Th histing of 11 tank farms that include a
total of 25 double-shell tanks ang cll ta is\s€lected for analysis herein. This study -
egtion A.2, and in Appendix B.

Mearby river. This aquifer is contaminated with
icals, and it flows under both surface-contaminated and -

This study location is a large Class I nuclear facility whose mission was to separate strontium
and cesium from the fission product waste stream. This study location is representative of other
DOE nuclear facilities (i.e., canyon buildings and the plutonium production reactors). These
facilities have unique stewardship requirements because of the sizeable amount of residual

13




radioactive contamination that will remain, and the hazards inherent to the structures. This study
location is discussed in greater detail in Appendix A, Section A.4, and in Appendix B.

2.5 An Open Area with Radioactive Contamination

This study location is included on the U.S. Environmental Protection Agency’s National
Priority List under the Comprehensive Environmental Response, Compensation, and Liability
Act of 1980 [Public Law 96-510]. The study location is near nuclear facilities, that have ceased
operations, and is near a river. Former waste-disposal practices associgted with operation of the
nuclear facilities resulted in releases of radionuclides and chemicals t& soikg




.3.0 Results

This section provides results of the stewardship analysis for each of the five (5) study

locations used in this evaluation. The results are illustrated in bar chart format in Figures 3.1
through 3.5, and described below for each of the affected environmental media.

The timescale intervals in the following five figures occur in units of galepdar years and
cover 2,000 years into the future. We assume that long term stewardship regponsibilities will
begin on, or near, the year 2000 AD. A long-time period is needed '
stewardship issues encountered, from relatively short-term concerns
radionuclides) to long-term concemns (e.g., transuranics). In all st
exposure scenarios for groundwater and surface water assume esi

-surface water medium---the nver
land-based dlsposal fac1ht1es

may be the appropriate Stewardship lepel for this medium.

Soil/biota: The soil/biqta medfum was removed during landfill construction. Therefore, the
soil/biota environmental mediupi does not need to be considered in this study location's
stewardship planning. The medium is not applicable to the stewardship issues---as indicated by
the gray bar for this medium in Figure 3.1.

15
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Unconsolidated Geology: The unconsolidated geology is estimated to require Stewardship
Level 2---limited site access---through the year 2100. After the year 2100, the stewardship level
could be reduced to Stewardship Level 4---unrestricted land use. This is because the majority of
the waste contamination will move to the groundwater system, eventually flushing the
unconsohdated geology of contaminants.

Bedrock Geology: The status of the bedrock geology is unknown, and could not be evaluated
for this analysis, as indicated by the purple color in Figure 3.1.

Groundwater: Groundwater is assigned Stewardship Level 2 unti¥thegear 2100. By the year

until the year 2100, as the groundwater discharges into t}
year 2100, contaminant discharge to the surface water dgcli

al media that could be
after their design life. Plans

affected by contaminants in the high-level wa :
er, no more than one-percent

for the tanks are to close them in the next fifty (

tanks and spread to underlyingAncg ; elogy. Computer modeling indicates that
contammants are subsequen alried i ] g7, and from groundwater into the

_ Hazardous Structures: The draied conchefe and steel tanks (hazardous structures) present a
physical, chemical, gn ard. THe radiological and chemical hazards require the
1-- deny site access---through the year 2400. The tank

structures to be at &

shell itself may , Al hazard as it degrades, thereby requiring Stewardship Level 2-—
limited site acgess im¢. The wastes remaining in the tanks after waste recovery
would decay ’ if. After the year 2400, radiation levels in the tanks are
estimated to be lo tiop assumed that the residual waste in the tank consists of

radionuclides with half™iyes of legs than forty (40) years, such as cesium-137, strontium-89, or
strontium-90. This assumption #ill underestimate the toxicity of the residual waste, if the
residual waste is composed of long-lived radionuclides such as plutonium-239, uranium-235, or
uranium-238. :

17
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Air: The air medium is directly affected by surficial contamination. Therefore, through the
year 2400, Stewardship Level 1 is indicated. After 2400, surficial contamination is estimated to
be low, and the Stewardship Level 4---unrestricted use for air---is indicated.

Soil/biota: The soil/biota medium is removed from the tank farm areas before tank
construction. Therefore, the soil/biota medium is not considered in this study location, as indi-
cated by the gray color in Figure 3.2.

Unconsolidated Geology: Through the year 2400, the unconsolidatg(
Stewardship Level 2 because contamination from the tank is assumed

groundwater system understood to the depth of the bedrogk ggblogy, ‘refore, the status of the
indjcated gurple color in Figure 3.2.

Groundwater: The groundwater is assigned multiple stew: oyels because
contaminants migrate at different speeds based on hemigal properties (e.g.,
distribution coefficient, solubility). By the ye 2100 mobile ddntaminants may leach
from the tanks to the unconsolidated geolog gter, resulting in
groundwater concentrations that are assigned Si¢war prom the year 2100 to the

groundwater and are assigned Stewardship Level 2. From the year 2200 to 3000, the

groundwater concentrations are estimate qnd axe assigned Stewardship Level 3.
In approximately year 290( yater co¥centration peak is predicted
consisting of the less mobile —However, the groundwater concentration

3000, groundwater contaxmnan sQncentraiions would decrease and Stewardship Level 4---
unrestricted site use---is assigned.

19




3.3 A Contaminated Aquifer System

Figure 3.3 shows projected stewardship levels for the contaminated aquifer system study
location. The aquifer currently holds contaminants, both chemical and radioactive, from
numerous sources. Computer modeling indicates that these contaminants are migrating toward
and discharge into the river. A key assumption for this analysis is that no new sources will
contaminate the aquifer. Therefore, the contaminant concentrations, currently measured in the
plumes, are assumed to be the only source of contamination.

Hazardous Structures: Because the study location is a conta
structure’s medium does not exist, as indicated by the gray color i

Air: Because the study location is a contaminated aquifer, the aff environigntal hedia does
not exist -- as indicated by the gray color in Figure 3.3.

Soil/biota: Because the study location is a contaming quifey/ the/soil/biota environmental
medium does not exist, as indicated by the gray color ifnfi

via steady flushing to the river would occur. ¥ . yeay 2100, the stewardship
level is reduced to Stewardship Level 4.

gedrock material, nor is the
geology. Therefore, the status of the

apdship Level 2 until the year 2100. Asin
n{Idshing to the river would occur. Asa
islevel is reduced to Stewardship Level 4---unrestricted

Figure 3.4 shows the projectéd future stewardship requirements for the Class I nuclear
facility study location. No design life is specified in the remediation documentation for the
planned structural containment of the Class I nuclear facility. Entombment of the facility is
proposed and we assume, in this analysis, that it will be successful at containing the
contaminants. Entombment includes plugging of all exits from building interior (e.g. pipes,

20
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windows, access holes, power lines), removal of all exterior nonstructural components, and
placement of access barriers. To demonstrate the impact on stewardship levels of minimizing the
effects of environmental pathway attenuation, it is assumed for this study location that the
entombment will be maintained and repaired so that it does not breach in perpetuity. Such
maintenance is an example, with periodic inspection, of activities that could be conducted at the
site to achieve Stewardship Level 1 for the contaminated media.

Hazardous Structures: The structure is assigned Stewardship Level 1 thgough the year 2400.
Radionuclides contained within the structure will decay over time until they Are not an '

impacts to any other environmental media are postulated.
geology, bedrock, groundwater, and surface water envirgh

;[nterpretations results in great uncertainties in assigning
on A.5 of Appendix A contains additional details
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4.0 Conclusions

The objectives of this evaluation are to; propose a methodology to estimate and assign
tentative stewardship requirements based on reasonable estimates of long-term public health
risks; identify and characterize potentially long-term hazards if long-term stewardship is not
implemented; and demonstrate the method at selected study locations. Conclusions of the
evaluation are described below.

4.1 Post-Remediation Hazards Are Significant

igk to users of these
ovement among
addressed in site planning

environmental media, and to future exposure locations is not
‘documents.

The proposed process for assigning stewardshy sing risk assessment tools, and
professional judgement provides a reasonable sta i

Natural attenuation {o.g. radiogctive decay, biodegradation) is not infrequently relied upon as
a cost-effective cleanup remedy/At some sites. This analysis indicates that reliance upon natural
attenuation can result in an increase the stewardship timeframe and facility life cycle costs. The
results on the Class I Nuclear Facility (Section 3.4) serve as an example of this phenomenon.
This preliminary result suggests that cleanup remedies and stewardship responsibilities must be
viewed together for effective planning and decision making.
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The presence of hazardous structures may present a significant stewardship issue for DOE in
the future because these structures require active attention over long periods of time. Large
contaminated structures, such as nuclear facilities or high-level waste tanks, pose two different
types of safety issues. First is the issue of potential harm to health from residual radiological and
chemical contamination. Second is the potential for physical harm because of degrading
structural integrity. The potential for radiological and chemical harm will persist for long
periods of time, dependent on the half-lives and refractile properties of the/®sgtaminants. The
potential for physical harm can persist for longer time periods with no clear demarcation into
lower stewardship levels.

The value of natural attenuation is highly variable for hazard rditig4ti example, the
duration of stewardship levels for groundwater and surface watggmedia is high depe dent upon

locations used in this analysis, and likely canng ated_to surfact water bodies adjacent
to DOE facilities elsewhere.

4.4 Data are Limited for Evaluation of S¥ hip Levels

trained by limited data for
wediation. In many cases, these data
g or unknown. We found that even at

Our selection of study locationg
- estimating the nature and extent g

y in the remediation process may allow an
ained. The risk-based approach to assxgmng
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Remediation and Stewardship Plans
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APPENDIX A
REMEDIATION AND STEWARDSHIP PLANS

The residual contamination, i.e., the contamination remaining after remediation has been
completed, is estimated for each of the five (5) study locations. The residaa] contaminants —
both chemical and radioactive—are identified together with their respeg oncentrations and
environmental transport characteristics.

Landfill has received Resource Conservation and Recoves
wastes from industrial operations and laboratory wastes{

intended 30-year life, after which the buried hazardd
system; 2) the groundwater system 43 :

gd. There are no surface water bodies or drainage ways,
Q ace water contamination. Volatile organic contaminants at
this landfill are escaping td osphere, potentially contaminating the air medium.
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Table A.1. Location of Existing Contamination at NRDWL

Environmental Media . Status Reference
Hazardous Structures Absent _ USDOE 1990
Air Contaminated USDOE 1990
Soil/Biota Absent USDOE 1990
Unconsolidated Geology Contaminated Refer to Section A.1.1
Bedrock Geology Unknown Status USDQE 1990
Groundwater Assumed Uncontaminated /Refér to Section A.1.1
Surface Water Absent / USD\S.F\I 990
F~

A.1.2 Remediation Plans

_ Site Security: Site access
following closure. An 8-foot-hit
maintained around the site. i
minimized [USDOE,1990].

inspections that
minimum of 3(

condition; 5) dramage—con Ql striCtures; 6) functionality of cover drainage system; 7) gas

~ ventilation system; and 8) grour{dwater-monitoring well condition. Integrity of the surveying
benchmarks will be inspected annually, checking both the physical condition and the surveying
accuracy of the benchmarks [USDOE,1990].
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Maintenance Plan: Any damage to the systems, structures, or components found during the
inspection will be repaired, rectified, or replaced within 90 days of discovery [USDOE,1990].

Monitoring Plan: Groundwater is the only environmental medium to be monitored after
closure. Quarterly samples of groundwater will be taken from nine groundwater wells for a
minimum of 30 years, and continue until concentrations of 20 indicator constituents drop below
their individual target detection limits. The groundwater data will be statigtically analyzed to
account for background concentrations of applicable contaminants, and she data packages will be

264] and WAC 173-303-610[7][d] [WAC 173-303], as cited in the
Waste Landfill Closure/Postclosure Plan [USDQE,1990].

A.2 200-Area Tank Farms

Hanford's high-level waste tank complex is cd '
56 million gallons of radioactive hazardous waste—bYyproducts of Hanford’s plutonium

production mission. The wastes in these<z are radipactive, chemically hazardous, and
generally highly alkaline. In addjfion, the tax various physical states, i.e.,
liquid, sludge, saltcake, hardpay, and vapor. ank comdplex is divided into two main sets of
farms—the 200-East and the o- A

contaminated, they are consideréd initially uncontaminated for this analysis. This assumption is
made so that the impact of the 200-Area Tank Farms could be evaluated independently from
other contamination source impacts in the area.
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Currently, no surface water or soil/biota media exist at the tank farms. The soil/biota media
were removed during construction of the tanks. Reestablishment of these media has never been
allowed. A summary of the status of contamination, by media, at the 200-Area Tank Farms is
~ given is Table A.2.

Table A.2. Location of Existing Contamination at 200-Area Tank Farms

A
Environmental Media Status / lsaerence
Hazardous Structures Contaminated WHC{993a, 1993b
Alr Contaminated Y WHC 1993, 1993b

Soil/Biota Absent { WHC1993a, 1993b

Unconsolidated Geology Assumed Uncontaminated | WHC 19932

Bedrock Geology Unknown Status /' /| WHC 1996a N
Groundwater Assumed Uncontan;irﬁatgd }(efa to Section A.2.1
Surface water Absent 4 \/'W{C 1993a, 1993b

Information about the identity and quantity of waste held in igh~eyel waste tanks has

been developed and collected from many differg

Company by WASTREN, Inc. [WHC 1993a, ynd WHEQ93b respecjively). Five (5) tanks have
no quantitative waste inventory data available. inc etjéirofthe Integrated Risk
Assessment Program scoring methods and results xudy\/Bugk, 1995a], several other quantity-

contain historical tank content
It is expected that remedj ﬁon@r e Mig

contamination and closure of the tanks [WHC, 1996a]. The assumption for this analysis is that a
minimum of 99% of the waste, by Wlume,wgjll be removed from the tanks This ana1y51s

estimates [Brevick, 1997}

A2.2 Rt_:medlatlon Plans

No special stewardship requiresients for the 200-Area Tank Farms are located in the
literature. It appears that thtNlacl(of final-disposition plans for the tanks has deterred the
establishment of stewardship plans or requirements.

Given that a maximum of one percent of the existing waste volume will remain in place
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(approximately 500,000 gallons of highly radioactive hazardous waste), it can logically be
assumed that some stewardship requirements will be necessary. These stewardship requirements
include establishing access barriers, posting warning signs, and locating onsite personnel to
ensure that access barriers are maintained and not challenged. It is also assumed that an ongoing
groundwater-monitoring program would be required to track the radionuclides and hazardous
chemicals, as they are released from the tanks into the unconsolidated material and to the
groundwater. As disposal plans for the tanks are developed the stewardship requirements can be
expected to change.

A.3 200-Area Aquifer

At Hanford, an aquifer stretches from beneath the 200-Area i
Columbia River. Groundwater moves into the 200-Area from theé

burial grounds also appear to contribute waste to the 200-Areaaquifer, The North arm of the
aquifer, and East arm of the aquifer, both eventually d1scharge inte Yelumbia River.
Contamination in the aquifer is defined by gro 3 ;

- [Hartman,1997].

The aquifer is contaminated with both radionuckides ad hazardous chemicals. The summary
of the status of contamination, by e : he 200-Area Aquifer is provided in

tion at 200-Area Aquifer

Environmental Media \ Status Reference
Hazardous Structures Absent - Refer to Section A.3
Air -/ “\| Uncontapinated Refer to Section A.3
Soil/Biota / ,»~~  \, [\Uncontaminated Refer to Section A.3
Unconsol{datgdi Geology \ | §ontaminated Hartman 1997
BedrockGeolopy / | Ynknown Status Hartman 1997
Groundwat@r \ /  |/Contaminated Hartman 1997
Surface water \ / Uncontaminated Refer to Section A.3.1
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A.3.2 Remediation Plans

No remediation plans are being considered for the East arm of the 200-Area aquifer.
Remediation plans for the North arm of the aquifer consist of two (2) pump-and-treat systems for
control of localized hot spots. A pump-and-treat system is in place on the north side of the 216-
U-17 crib. The system is constructed to contain and treat elevated concentrations of uranium and
technetium-99 in the groundwater. A pump-and-treat system is also located north of the
Plutonium Finishing Plant. The system is constructed to contain and treat garbon tetrachloride,
chloroform, and trichloroethylene.

A.3.3 Special Stewardship Requirements
Groundwater monitoring will continue according to plans givég iy the gre
protection management plan [Barnett, 1995]. The existing purs

committed to operate until contaminant concentrations are bg
Levels (MCLs).

A.4 B Plant

This facility is located in the approximate middle of Hanford.
between 1943 and 1945, and was originally desjgne

~ separate strontium and cesium from the fissiohprod aste stream Ifom the PUREX Plant. B
Plant is representative of other Hanford nuclear cile., ganyed buildings (e.g., Plutonium

itxp production reactors. These facilities have

inventory of poorly charactertzed radioactivity. This inventory is in the form of stored process
liquids (including liquid organics); kilocurie quantities of solid particulate strontium and cesium,
contained in underground high-efficiency particulate air (HEPA) filters; and a highly
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contaminated facility structure [WHC, 1996c]. The status of environmental contamination prior
to remediation is presented in Table A 4.

Table A.4. Location of Existing Contamination at B-Plant

Environmental Media Status Reference
Hazardous Structures Contaminated _ WHC 1996¢
Air Assumed Uncontaminated | Refef td\Section A.4.1
Soil/Biota Absent WHC 1996¢
Unconsolidated Geology Assumed Uncontaminated efer“te\Section A4l
Bedrock Geology Unknown Status WHC 19960
Groundwater Assumed Uncontaminated_“NRefer to'Sgctiom4 4.1
Surface water ‘ Absent / 7 WHC 1996(\ /

A.4.2 Remediation Plans

in this analysis that
ide the structure,
wer lines from the
construction of an
around the structure.

Although remediation plans for B Plant are not yet final, it
remediation efforts will include removal of de_ acha

environmental dosimetry may be h¢
contamination.

The 100 A




Liquid radioactive effluent disposal sites that have leaked contaminants into the
groundwater—and subsequently into the Columbia River—are selected in the 100 Areas Record
of Decision [USDOE, 1995b] as high-priority waste sites for remediation. One of these high-
priority waste sites is evaluated in this proof-of-principle analysis. The waste site chosen
includes the 116-C-5 retention basins, a set of two circular steel tanks set on a concrete liner.

The 100 B/C Retention Basins are a part of the Operable Unit 100-BC-1 (surface) and 100-BC-5
(groundwater). Each tank is 101 meters in diameter and 5 meters deep. The basins held cooling
water from the B and C Reactors for cooling and radionuclide decay beforg release into the
Columbia River. Failure of the basins resulted in large leaks of effluent £0 the soil. According to
a feasibility study for the 100-BC-1 Operable Unit {USDOE, 1994b], 3,80% cubic meters of soil
were contaminated at the 116-C-5 retention basins:

A.5.1 Contaminated Environmental Media Prior to Remediation

The current contamination status of the environmental
basins is shown in Table A.5. The 100 B/C Area retentio
contamination in the soil, groundwater, surface water, onsodated geology. The air
medium is also considered contaminated because of res of tHe contaminated soils.

Table A.5. Location of Existing Contamination at 100

Environmental Media / /SR\ Reference

Hazardous Structures Absent N\ N\ %OE 19955

Air Contaminald \/ / | USDOE 19%4a
Soil/Biota | Contaminated  / USDOE 1994a
Unconsolidated Geology | Centaminated \ \ USDOE 1994a
Bedrock Geology /| Unkno¥n Status \ / USDOE 1994a

Groundwater 7 fCotamitaiea__ ¥ USDOE 1993

Surface water /N égﬂ'tayma@ / USDOE 1994a
a4

A.5.2 Remediation Plan

criteria; (3) dispege of Contaminated mjaterials at the Environmental Restoration Disposal
Facility; and (4) batk{ill extayated greas followed by revegetation. The groundwater at the 100
B/C Area retention basibs is not cyfrently scheduled for remediation.
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A.5.3 Special Stewardship Requirements

Monitoring Plan: Groundwater will be monitored to ensure compliance with the Safe
Drinking Water Act--Maximum Contaminant Levels [40CFR141]. The point of compliance will
be beneath or adjacent to the waste site in the groundwater. Surface water will be monitored to
ensure compliance with the Clean Water Act, using the ambient water quality criteria to measure
protection of fish. The point of compliance will be a near-shore well downgradient from the
waste site [USDOE, 1995b].

e monitoring
bater and surface water

Access Restrictions: Institutional controls will be implemented uyp
indicates compliance with contaminant concentration limits in the gro
[USDOE, 1995b].
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APPENDIX B
Materials and Methods Used in Residual Risk Determination
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B.1 Introduction

This appendix provides detailed discussion of the methods and data used to estimate the
stewardship levels, and their respective time frames, for the five study locations presented in the
report.

B.2 Soufce Terms and Selecting Contaminants of Concern

The source term for this analysis was established, by definition, as fhe ipdividual
contaminants and their respective concentrations, that current planning doguments state will
remain after all remediation and cleanup activities are completed. Yhe dociments reviewed to

accepted as presented. Further, the feasibility of cleanup goals erted in the documents is not
considered in this work. Cleanup goals, mcludmg time frames, are accepiced as presented in the
documents.

Because of project scope requirements, th inants identified at a study
location are not used to estimate residual risk. , iminants is reviewed; and
contaminants with the highest concentrations, higk g toxicity, and greatest mobility are
selected as contaminants of concern for each study 0 catl ofi. The data for these contaminants of

concern are used to make estimates.e cthod yields results, which are study-
location-specific, reproducible, a : ts §or a proof-of-principle
demonstration. In application, 4 ‘- : 26 human risks or to ecological risks
should be used to estimate the inants of concern used to estimate the

medium that cd immediately post-remediation. This is expected to
change as conta the landfill cells. For this analysis, it is assumed that the
groundwater is not cO% Pherefore, the aquifer is considered contaminant-free, and the
analysis represents the i future landfill leaching only.

Table B.1 provides a summary of the hazardous wastes that will remain in the unconsolidated
media after landfill closure, i.e. at the start of stewardship. No cleanup goals are established for
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the unconsolidated geology. The chemicals used in this proof-of-principle analysis are |
trichloroethylene (assumed 4,400 kg), methyl ethyl ketone (assumed 4,400 kg), and sulfuric acid
(assumed 430 kg).

Table B.1. Summary of Hazardous Wastes at the NRDWL

Hazardous Waste Chemicals | Amount Units Reference
Solvents and Paints 8,800 | kilograms SDOE 1990 |

Cyanides and Sulfides 30 | kilograms / J/AUSDOE 1990
Mineral Acids 430 | kilograms / <{JSDOE 1990
Asbestos 28,000 | cubic meters / /\lJ‘S@E 1990
MY
environmental 3t4bility, and

pecause of its high
ity in the environment,

contaminants evaluated inthis andysis are Carbon-14, Iodine-129, Technetium-99, Selenium-79,
and Uranium-235. Table B.2 skows the inventory of the contaminants of concern used as the
source term for the 200-Area Tank Farms.
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Table B.2. Source Term Inventory for 200-Area Tank Farms

Parameter |{ C-14 I-29 Se-79 Tc-99 U-235
Volume 1.18E+09 1.18E+09 1.18E+09 1.18E+09 1.18E+09
(cm’)

Inventory | 80.5 0.243 4.63 183 0.103
(Ci) />

B.2.3 200-Area Aquifer

Aquifer, FY 1996
Contaminant Maximum Ggnceftration MCL

Tritium 71 \1,100,(?0%?% 20,000 pCi/L
Strontium-90 AN\ V3100 pCi/ 8 pCV/L
Technetium-99¢ / | ) 21,000p&i/L 4 mrem/y
Iodine-129 { & N/ / b6p0I/L 4 mrem/y
Uranium N (  28mglL 4 mrem/y
Chromium N N\029mg/L "~ 0.1mg/L
Nitrale™ N\ N\ A-100mg/L 10 mg/L
Capbon jetfachtegide \ " 43mg/L 0.005 mg/L
}Pﬁcl}léroethylene\ \ 0.01 mg/L 0.005 mg/L

Of the nine che M ed concentrations above the MCL in the 200-Area Aquifer

(refer to Table B.3), two
analysis. Technetium-99 is s

selected for determination of residual risk in this proof-of-principle
ted because of its availability to living organisms and its

mobility in the environment. Carbon tetrachloride is selected because of its high potency for
cancer induction, stability in the environment, and water solubility factors.
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Remediation Plans for the 200-Area Aquifer contend that existing pump-and-treat operations
will remove the existing contaminants until their concentrations are below their respective
MCLs. Therefore, this analysis uses the MCL, for both Technetium-99 and carbon tetrachloride,
as the source term for determination of the residual risk presented by the 200-Area aquifer. For
“Technetium-99, the source term selected is 2.10E-11 curies per milliliter of groundwater (Ci/ml).
For carbon tetrachloride, the source term selected is 4.3E-09 grams per milliliter of groundwater

(g/ml).
B.2.4 B Plant

repairs, or unofficial reasons. Table B.4 shows the residua] ra igal inventory expected to be
in B Plant following planned remediation [WHC, 1996b & 19

Table B.4. B Plant Radiologt

Sroo S
Location Curies \ S /

Cells ‘ 9,096 \ 13,644 0
Cells 2420 3,630\ 0
Pipes /1 128 85Q ) 0
Fiter A/ /7 19,000~ 18,080 1
Filter B / (\/;/9,0@3 23200 1
Filter C \_ 16600 |\25,000 1
Fiter D N] 56000 | 550,000 1

Sand Filter ‘,000\ - 2,000 11
yon ] 4000000 600,000 0

C oa?fmg\ \ 400 600 0

\| | 523,166 1,256,724 15
Cesium-137 and Strogtium-90 fvere used for this analysis. Plutonium-239 is not used
because of uncertainty regatding/its post-remediation location. The source term used for
Strontium-90 is 523,166 Curies, and the source term used for Cesium-137 is 1,256,724 Curies.




B.2.5 100 B/C Area Retention Basins

The current contaminant concentrations are taken from the Limited Field Investigation report
Jor the 100-BC-1 Operable Unit [USDOE, 1994a] for soils and unconsolidated geology and from
the Limited Field Investigation report for the 100-BC-5 Operable Unit [USDOE, 1993] for
groundwater. The contaminant inventories by environmental media are presented in Table B.S5.

Table B.5. Contaminant Inventory for the 116-C-5 Ret%l Basins

Groundwater Soil Seil Coficentration at
Concentration| Concentration | 5-8 nY'depth t(pCi/kg)
(pCi/L) at 0-5 m depth
@®Cikg) |
Radionuclides / ) >
Am-241 ‘NR 6.98E+05 / / 48QE-03
C-14 2.56E+{ /\/4. E-01
4.10E+02 :
Cs-134 NR 2.40E+03 \\ %91E-03
Cs-137 NR £.25E+03 ' \8.3‘0E\+01
Co-60 NR STASBE03 SRQRH1
Eu-152 NR ( 3.4ZE+03 .72E+02
Eu-154 NR N\3.05%+03 | —_ #83E+01
Eu-155 NR NZE\)}' / 3.32E+00
H-3 2.40E+04 4.2‘Z§+09 / ND
Pu-239 NB— I.OOE\OG \ 1.90E+00
Sr-90 5/0E;_0\1 \ 6.41E+0Q - 5.43E+00
Tc-99 B30E+01) |~ TF6E+08” ND
Th-228 2.60@+(y' /z-2\23E4;63 _ 4.40E+00
‘lorganics | \(mgT) /| (mdke) (mg/kg)
Cadmium ‘ \N& \\ 4.00E+01 8.40E-01
Chromiug*f-\l.ﬂE-Di\ )LOOE+02 ND
’[halh)ﬁx gy 13’&@-03 N 5.60E+00 NR
* valancg/state not Specified. ‘
\:'%ﬁ:é\cﬁectedﬁ B)
= Not\Reported

N

Contaminant concentratiqps # the unconsolidated geology, between five (5) meters and eight
(8) meters in depth, are assumed unchanged. Thus, contaminate concentrations given in USDOE
[1994b] are used in this analysis. Contaminant concentrations in the unconsolidated geology
below eight (8) meters are unknown.
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Cleanup criteria call for removal of contaminated soils or unconsolidated geology toa
maximum depth of five (5) meters. For inorganic chemicals, the State of Washington's Model
Toxics Control Act [WAC 173-340] is used to determine allowable contaminant concentrations.
For radionuclides, a contaminant concentration equivalent to fifteen (15) mrem/y dose, above
background and from all pathways [40 CFR 196], is specified.

The remediation criterion of fifteen (15) mrem/y dose gives insufficient information for
stewardship evaluation. The criterion is in the metric “dose” and stewardship evaluation is
measured in the metric “harm”. To convert dose into the metric harm, orficeversa, requires
numerous assumptions. The amount of “harm” a specified “dose” will yieldAs dependent upon
the receptor receiving the dose, the pathway by which the dose enterg/the body, the radionuclide
delivering the dose, and the organ system impacted by the dose.

Because of gaps in the existing characterization data and ing
goals, analysis of the 100 B/C Area Retention Basins cannot be cg . it tion of
the contaminants of concern cannot be made on the existing i
stewardship requirements for this study location cannot hé

B.3 Modeling Contaminant Movement and Resid bucentrations

The Multimedia Environmental Pollutant As#

the media. If the contaminant enters another med
from unconsolidated geology into groundwater, or
concentration is used as the source tcrma

[Strenge, 1994]. For this proof- of-p

studies are used to detepma inah conce trations at potential exposure points. New
studies using this mg MEPAS (or comparable environmental fate
and transport pro e the contaminant concentrations for calculating residual
risks.

Study locatiod ire/migration modeling (e.g., sealed building, entombed
reactors) base residus atedlatiphs upon the decay time, or half-life, of the contaminants.
This is accomplished by ds injAig the time required for contaminants to decay to a level of
acceptable risk of disease.
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B.3.1 Nonradioactive Dangerous Waste Landfill (NRDWL)

For this proof-of-principle analysis, MEPAS computer runs made for previous studies are
used to determine contaminant concentrations at the potential exposure points. For NRDWL, the
movements of the contaminants are modeled from their origination point in the unconsolidated
geology medium, downward to the groundwater medium. In the groundwater medium,

- movement of contaminants is calculated along the groundwater gradient to a discharge into the
surface water medium.

present landfill and that exposure to the unconsolidated material is
the exposure point for the groundwater medium is 0.4 km down gra ;
landfill and, for the surface water medium, the Clty of Rlchland intaRe structure

proof-of-principle analysis to predict the fate and transpo
the contaminants of concern are from Evaluation of Uni;

He fate and transport
Aire concentrations, or

' groundwater gradient to a discharge
sper are treated as a hazardous structure

concentrations, or human health risks presented in this work are limited to the accuracy of the
referenced reports and to the extent that conceptual models and input parameters between the
studies agree.

B-8




B.3.3 200-Area Aquifer

For this proof-of-principle analysis, MEPAS computer runs made for previous studies are
used to determine contaminant concentrations at the potential exposure points. For 200-Area
Aquifer, movements of contaminants are modeled from their origination point in the
groundwater medium. In the groundwater medium, movement of the contaminants is calculated
along the groundwater gradient to a discharge into the surface water medium.

For the groundwater medium, the human exposure point is assumed # well in and around the

Columbia River. The contaminant fate and transport modeling res
Baseline Environmental Management Report [USDOE, 1996b} ax¢

human health risks presented in this work are limited to the acguracy of the referenced
documents, and to the extent that the conceptual models and inptt paraineters agree among the
studies.

B.3.4 B Plant
The structure of B Plant proper is treated as aY

transport modeling of contaminants. All contamina
structure, with no leakage or interaction 'th other e

structures medium, that required no
dssumed to remain within the
mental media, for the time increment

PAS coniputer runs made for previous studies are
ug at the potential exposure points. For the 100 B/C

is also assumed that the®xposure point for the groundwater medium is 0.4 km down gradlent
(North, 0°) of the contaminated #fea, and for the surface water medium, the City of Richland
potable water intake structure 57.9 km downstream of the outfall. The contaminant fate and
transport modeling results from the Hanford Remedial Action Environmental Impact Statement
[USDOE, 1996a] are used in this proof-of-principle analysis to predict the fate and transport,
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whereas exposure concentration for the contaminants of concern are from Evaluation of Unit
Risk Factors in Support of the Hanford Remedial Action Environmental Impact Statement
[Strenge, 1994]. The fate and transport modeling was completed in 1995.

B.4 Calculating Risk and Criteria Comparison

The human health risks, that represent the residual risks, are calculated for each contaminant
of concern at potential exposure points. The risks of both chronic diseaseand acute disease are
calculated as part of this proof-of-principle analysis. However, only the bf chronic disease is
used to determine stewardship levels for this proof-of-principle analy. Phe relationship
between stewardship levels and risk is discussed in Section 1.3 Stews evels in addition to
the multi-step method for final stewardship level determination.

Both chronic human disease and acute human disease risky®e o yed to
determine tentative and final stewardship level classificatiop&. :

toxicological response to methyl ¢
3.5E-2. The Hazard Index for s

indicator of potential heavy metdl exposure because metals in the landﬁll would become moblle
in the acid environment and follow the acid to the receptor.

The risk of cancer and other toxicological harm is near the Stewardship Level 2 levels for
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groundwater exposures. Because other contaminants, not analyzed in this proof-of-principle, are
believed to move from the landfill to the groundwater, the designation of groundwater as a
Stewardship Level 2 is warranted until the year 2100 A.D. The contaminants must move
through the unconsolidated geology to travel to, and with, the groundwater; thus, the _
unconsolidated geology also warrants Stewardship Level 2. Because contaminants are removed
quickly from the landfill and through the groundwater system, both the groundwater medium and
the unconsolidated geology medium warrant Stewardship Level 4 after the year 2100 A.D.

For the surface water medium, the risk of cancer and other toxicologj€al Parm is within the

apts to the surface
yater, the surface

Farms are Carbon-14,
4 reaches its peak
dyear 2135 A.D., whereas

ak concentration (1.4E-14 Ci/l) in the year 2136 A.D.,
i .3E-16 Ci/l) in the year 2135 A.D., and Uranium-

radionuclides will be present at near these concentrations until residual contaminants in the tank
complex, which continually migrate to the unconsolidated geology, have decayed by ten (10)
radiological half-lives. Direct exposure to the unconsolidated geology medium results in a
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calculated risk of cancer of 6.2E-5 for Carbon-14, 4.0E-4 for Iodine-129, 4.6 for Te,éhnetimn-99,
1.4E-4 for Selenium-79, and 3.4E-4 for Uranium-233.

The risk of cancer peaks at the Stewardship Level 2 levels for groundwater exposures
between the years 2100 A.D. and 2200 A.D. Because the groundwater is currently
contaminated, the groundwater starts at Stewardship Level 3, returns to Stewardship Level 3
after the year 2200 A.D., and remains at that level until the year 3000 A.D. The contaminants
move through the unconsolidated geology at different speeds. This lag cayses the risk of cancer

year 2400 A.D., after which Stewardship Level 4 is warranted.

For the surface water medium, the risk of cancer is within the 3
between the years 2100 A.D. and 2200 A.D. Because the ground
to the surface water, once the contaminants have been removeg

until the year 2400 A.D. The tank structures propex
- Stewardship Level 2 for an indete :

B.4.3 200-Area Aquifer

The chemicals selected R apAlySis '
and carbon tetrachloride. Technetium-99/has an imifial concentration of 2.1E-5 Ci/l, at the
groundwater exposure point, whersa at thessame exposure point carbon tetrachloride has an
initial concentration of . hed that no new contammants enter the 200-Area

the calculated riék of Technetium-99 exposure is 2.0E-3 and for carbon tetrachloride
exposure is 1 ) 2 :

By the year 2002A.D. amigants in the aquifer under the 200-Area have traveled to, and
been discharged into, ( ¥ River. Within this time frame, Technetium-99 reaches a
peak concentration of 2.1E-8Cj/l, and carbon tetrachloride reaches its peak concentration of
4.3E-6 mg/l, at the surface water exposure point. Given a residential exposure scenario, with
home use of the contaminated surface water, the calculated risk of cancer from Technetium-99
exposure is 2.1E-6, and for carbon tetrachloride exposure is 3.2E-8, in addition the Hazard Index
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for carbon tetrachloride is 2.1E-8.

The unconsolidated geology medium for this study location is, by definition only, the
unconsolidated geologic material that holds the aquifer. It is assumed that unconsolidated
geologic material is in chemical equilibrium with the groundwater, which flows through this
medium. Thus, the residual risks for the unconsolidated geology medium are equal to the risks
calculated for the aquifer, with a lag of approximately five years caused by the phenomenon of
chemical movement retardation in a porous, but electronically charged, mgdium. This lag time
assumes that, after the year 2000 A.D., no contaminants enter the aquifep/

~ The risk of cancer fr_om groundwater exposures warrants Stewargéhip beyel 2, between the

NOrm of radionuclides that will decay
e to an acceptable range. Itis assumed

Because of'the Va emediation plans for the 100 B/C Area Retention Basins,
Q. Sci gterndine initial source concentrations for the contaminants of
nodeling is preformed for the 100 B/C Area Retention
sks are calculated, and no stewardship levels are assigned to

concern. Thus, no I
Basins, no potential hums
the applicable environmenta
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