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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 CMCI the Risk Debate POE, 
1995a], the Department analyzed the risks at sites before, during, and aft 
EM program. The results indicated that aside fiom a few urgent ri 
inherent risk because physical and active site management controls 
contaminants, and public access to these hazards. Without these 

technologies, and remedies, will last a shorter period of 
contamination will remain hazardous. 

This document is part of a larger effort by the DOE 

"Cleanup refers to active remediation 
andor dispose of radioactive and 
cleanup does not necessarily indi 
for unrestricted use"; and 

d to maintain an adequate 
fkom the hazards posed by level of protection to 

nuclear andor chemi contamination remaining 

In addition, c'post-cl s document as follows: 

health harm, to a hypothetical 
sure to expected site residual contamhation." 

d areas within the DOE complex. 

The intent of this method is to identify potentially long-term hazards if long-term stewardship is 
not implemented, and to charact& the potential for such hazards in order to establish a basis for 
defining stewardship requirements. Potential hazards are categorized by broad risk management 
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goals that would be protective of public health and safety under current standards. Specific 
controls, ifnecessary, 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 
method utilized for the 
a general description of the 
results of the analyses, and 
cited in this analysis, inclusive of appendices. Appendix A 
and documentation used in the analyses, for each of the fi 
Appendix A presents any special stewardship conditio 
discussion of methods used in the study together with 

1.1 Stewardship Assessment Overview 

A logical and systematic method for dete 

five study locations. 

identifl and manage long-term hazards and 
and available scientific expertise can p 
long-term stewardship goals. These ins1 
regulators and the public. The decisions 
controls. This document proposes 
sites within the DOE comp 

program managers, 
and specific stewardship 

The approach used in this types of idormation: 

Estimates of contaminan & e m u a t h e  end of site cleanup, 
Evaluations of enviro ontaminated sites to hypothetical receptors, 
Proposed site cle 
Humanhealth 

, available information on individual contaminan B Y  . Because remediation and clean up 
on (or source term) and final site 

ent DOE documents that address site objectives. 

entid 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. 

2 



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 con taminants. 

exposure to chemicals or radiation will cause illness or cancer. C 
predicting health damage are used in this study to convert expos 

Five locations are selected at Hanford to demonstrate the 
range of potential post-cleanup conditions. Howev 

elsewhere, is likely to 

locations that is not currently available. 

This proofaf-principle analysis uses hyp 
model; other environmental receptors are not 
evaluate the stewardship requirements of an 

1.2 Environmental Media 

This approach evaluates seve media. Figure 1.1 visually depicts, 

onmental media. Six of those media- 
groundwater, and surface water--are 
‘hazardous structures”--- is a human 
onmental ecosystem post- 

the relationship of hypoth 
-air, soiybiota, unconsoli 
parts of the natural enviro 
artifact (built by hum 
remediation. The 

uld apply to DOE sites after remediation. We 

because they are a ph 
French drains, ducts, 

These structures may include buildings, tanks, buried pipes, 
lines, towers, cribs, or ponds. 
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ccair” 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. 

“SoiVbiota” 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 fiom a few decimeters to a few meters. The soil pro 

profile to grow, and animals are dependent on the plants for life. 
prolific population of insect and microbial life. For this reason, 

contaminated, then the other components may be contaminate 

locations, this zone may be comprised of erosion dep 
imported construction fill, or loose material resulting 
bedrock. At many sites, the unconsolidated geology is 
removed dwjng construction or as part of remediation. 

e the soil profile was 

The “bedrock geology” medium refers to 
formations that underlie all DOE facilities. 

The “groundwater” medium refers to any un m that underlies a site, and 

flows as a distinct system---referr 
Thus, a contaminated aquifer m 
contamination. 

ves it may cany contamination. 
as that are otherwise fiee of 

“Surface water” refers t 
This includes rivers, ponds, 

surface for use by living systems. 
Because the flora and fauna usually 

assumed that the contaminated surface water 
sociated ecosystem. Surface water can also 

of contamination. 

e levels of stewardship effort. The end stewardship goal 
e environment in an economical manner. Thus, the 
‘de 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. 
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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 andor 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, 

nts such as access 

access would most likely not be allowed unless special conditions 

groundwater rights. 

Stewardship Level 2: Limited Site Access. This ste 
with potential for harm to human health given periodic 
require stewardship activities necessary to assure that 
exposed to residual hazards for any extended period o 
physical barrjers to access, signs warning against 
security personnel. Inspections could be necess 
status of warning signs and barriers; plus, 
controls. Personnel could also be re 
The fkquency of inspections would 

controls would be required for this stewar 

IC would not be 

ce with institutional 

. In addition, institutional 

Stewardship Level 3: R 

to sites hazards where chro 
contaminated environme 
access to media that woul 

p level is characterized by the 

ignificant health risks fiom exposure to 
ainly on institutional controls to avoid 

risks. This level may require extensive 

ts, excavation permits, mining permits, 

Use. This level is applicable to sites with negligible site 
s no controls and allows uncontrolled use of the media. 
institutional controls, or anticipated liabilities are 

associated with this ste 

of the hazard characterization and location may be maintained. 

vel. This does not necessarily mean that no hazard exists, but 



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, 19911 guidance for sites under the Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA) [public Law 96-5101. 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 
media and exposure pathways. The actual exposure conditions 
can not be known, therefore stewardship levels are 
magnitude of the calculated potential health risks. The rang 
tentative stewardship levels are defined below, and 
and Figure 1.4. 

lid environmental 

Stewardship Level 1 is a risk greater than one 
population of ten thousand (1 O,OOO), or greater 
Hazard Index of greater than 0.1. 

of acute injury, or a 

Stewardship Level 2 is a risk range is fiom one c 
population of one hundred (loo), to one chronic dis 

Stewardship Level 3 is from one c sed population of one 

0.001, or a Hazard Ind 
is less than one chronic disease 
), or the probability of acute injury 

less than 0.1, or a H 

The risk criteria th hip levels are based upon the U.S. 

k range of 1E-4 to 1E-6 as the target range 
contracting a chronic disease fiom an 

and is thus assigned Stewardship Level 1. The lower limit of Stewardship Level 1 is 
extended to 1 E-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 
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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 Level 2 

Stewardship Level 3 

Stewardship Level 4 

Figure 1.4. Risk Categorization Criteria for Acute Injury and Disease 

Probability of Injury and Hazard Index 

Stewardship Level 1 

Stewardship Level 2 

Stewardship Level 3 

Stewardship Level 4 
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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 sdfice 
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 

when risks are less than 1E-4, and no other site circumstanc 

con taminant, route of exposure, potentially expos 
information are used to assign “proposed stewards 
judgements are provided in Appendix B. 

eriods of time and 
reviewed for consistency. The length o 

groundwater feeding the s 
both medium is equal. 

3. Review and revision o 
resulting in “final ste 
analysis. It is envisio d have access to all parts of the process 

rs, such as exposure scenarios. We 
, regulators, and stakeholders consider in 

s are intended to provide a risk-based starting 

ediation infomation for each study location, including DOE 
project documentatio 

of contaminants, and the resulting concentration of contaminants in the various media over time. 
These con taminant 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 
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(Multimedia Environmental Pollutant Assessment System [Buck, 1995b, Whelm, 198711. 
MEPAS is an environmental fate, transport, and exposurehnpact 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 

con taminants through each medium, and the con taminant, flux (mas fiom one medium 

converted to stewardship levels and plotted over time to give 
requirements. 

All risk estimates contain uncertainty. U 

Time. Computer models for environm 
exposures are all more uncertain in the 
change and extreme geologic events could 

ocations and human 

Location and Characterization of Contamin 

In some cases, this movement co 
forms. Often the movement o 

increase of the total area 
concentration together 

calculating human h 

ertain what quantities, when, and 

cessible to humans and other life 
to another results in a reduction 

e movement often results in an 
contaminant location, and 

used as indicator con taminants in 
ants are considered in this analysis. 

contaminants are selected using three criteria: 
3) long radiological half-life or 

This analysis is limited to an examination of primary 
m selected study locations. No consideration is given 

environmental receptors, 

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 

r the area encompassed by DOE stewardship activities. 
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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 b 
of the methodology. 

Engineered Containment Performance. It is assumed that c 
structures, such as water infiltration barriers or 
for their designed life expectancy. It is further 
at the end of its designed life expectancy. 

Future Stewardship Goais. We assume that future 
expected today. It is also assumed that risk acceptanc 
similar to risk acceptance criteria currently used. These 
reference to yisualize future hazards. 

e similar to those 
e societies, will be 
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2.0 Description of Case Study Locations 

Five (5) study locations are selected fi-om DOE'S complex of nuclearhdustrial 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 are 
without structures) with radioactive contamination in the soil. 

2.1 A Nonradioactive Hazardous Waste Landfill 

This study location is a landfill repository for nonradioactive 
received Resource Conservation and Recovery Act of 1976 
fi-om industrial operatio 
a RCRA cap covering 
between hazardous waste sites, and radioactive waste s 
differences in time requirements of stewardship pro 
greater detail in Appendix A, Section A.1, and in 

2.2 A High-Level Waste Tank Corn 

rves as a comparison 

The liquid waste n are stored in large 
underground tanks. 
addition, the tank wastes exist 
and vapor). High-level 
for a protracted period of 
total of 25 double-shell tanks 
location is discussed in great 

stantial stewardship budgets 
tank f m s  that include a 

for analysis herein. This study 

2.3 A Contaminated Aqu' r Sys m Y P  
rn beneath an area containing several nuclear 

y river. This aquifer is contaminated with 
flows under both surface-contaminated and 

icate that liquid discharges and seepage fkom 
r. This study location is discussed in greater detail 

2.4 A Class I Nuclea 

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 (Le., 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 96-5 IO]. The study location i 
operations, and is near a river. Former waste-disposal practices ass 
nuclear facilities resulted in releases of radionuclides and chemi 
The primary source of contaminants was reactor core-cooling 
numerous tanks, cribs, and retention basins for cooling and radio 
to the river, however these human-built structures have s 
is discussed in greater detail in Appendix A, Section AS, 

that have ceased 
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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 
cover 2,000 years into the future. We assume that long term steward 
begin on, or near, the year 2000 A.D. A long-time period is nee 
stewardship issues encountered, &om relatively short-term conc 
radionuclides) to long-term concern (e.g., transuranics). In all s 
exposure scenarios for groundwater and surface water assum 

3.1 A Nonradioactive Hazardous Waste Land 

Figure 3.1 shows the potential stewardship levels 
affected by contaminants in the RCRA landfill study loc 
containment system. The landfill was clos 
be constructed, and there are no published 
have migrated beyond the landfill’s cells in 
the cap’s thirty (30) year design life, waste 
to migrate from the earthen cells, contaminat 
infiltrating water moves among the contaminants 
that contaminants would be 
surface water medium---the rive 
land-based disposal facilitie 
contaminants, resulting in sp 

media that could be 

, computer modeling indicates 

8 J indicate that engineered 
y be ineffective in containing 

Hazardous Structures: & X & t  at the landfill. Therefore, hazardous 
structures are not considered in 
condition is indicated 

levels for this study location. This 

e vapor phase, and hence into the ambient air, is 
predicted concentrations of 

cate that Stewardship Level 4---unrestricted land use-- 

Soivbiota: The was removed during landfill construction. Therefore, the 
soivbiota environme 
stewardship planning. The medium is not applicable to the stewardship issues---as indicated by 
the gray bar for this medium in Figure 3.1. 

oes not need to be considered in this study location’s 
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Figure 3.1. Stewardship Levels for a Nonradioactive Hazardous Waste Landfill 

Time -- Calendar Years A.D. 

KEY Stewardship Level 1 : Deny Site Access 
Potential for harm to human health given a brief exposure. 

Potential for harm to human health given a periodic exposure. 

Potential for harm to human health given long term exposure. 

Stewardship Level 2: 

Stewardship Level 3: 

Stewardship Level 4: Unrestricted Use 

Limited Site Access 

Restricted Site Use 

Unknown Stewardship Status 

Not Applicable to Site I?":;""] . 
. .,,,,. cp:<?.i ... *;; ;I'<>,> 



Unconsolidated Geology: The unconsolidated geology is estimated to require Stewardship 
Level 2---limited site access---through the year 2 100. After the year 2 100, 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 
unconsolidated 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 
21 00, the majority of the contaminants within the landfill are p 
water via groundwater transport. After the year 2 100, the gro 
Stewardship Level 4---unrestricted site use. 

until the year 2 100, as the groundwater discharges 

Stewardship Level 4, where unrestricted use would be 

s dilute. After the 

Figure 3.2 shows the potential steward 
affected by con taminants in the high-level 
for the tanks are to close them in the next fi 
(1%) of the tank waste by vol 

tanks could be expected to 

contaminants are subseq 
Columbia River. 

ore than one-percent 
waste retrieval. One 
sidual waste left in the 

s among contaminants, from the 

Hazardous Stru and steel tanks (hazardous structures) present a 

structures to be 
d as it degrades, thereby requiring Stewardship Level 2--- 

estimated to be 1 

strontium-90. This ass 

the residual waste in the tank consists of 
years, such as cesium-137, strontium-89, or 
the toxicity of the residual waste, if the 

Parani~m-238. 
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Figure 3.2. Stewardship Levels for a High-level Waste Tank Complex 

KEY 

Time -- Calendar Years A.D. 

Stewardship Level 1: 

Stewardship Level 2: 

Stewardship Level 3: 

Stewardship Level 4: Unrestricted Use 

Deny Site Access 

Limited Site Access 

Restricted Site Use 

Potential for harm to human health given a brief exposure. 

Potential for harm to human health given a periodic exposure. 

Potential for harm to human health given long term exposure. 

Unknown Stewardship Status 

Not Applicable to Site 



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. 

Soilhiota: The soilhiota medium is removed from the tank farm areas before tank 
construction. Therefore, the soilhiota 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 unconsoli 
Stewardship Level 2 because contamination from the tank is ass 

groundwater system. 

Bedrock Geology: There is no direct sampling of the 
groundwater system understood to the depth of the 
bedrock geology is unknown and is not evaluated, as 

re, the status of the 
e color in Figure 3.2. 

groundwater concentrations that are assi 
year 2200, the concentrations of the 

groundwater concentrations are e 

m the year 2100 to the 

assigned Stewardship Level 3. 

entration peak is predicted, 
consisting of the less mobi 

3000, groundwater co 
unrestricted site use--- 

owever, the groundwater concentration 
the stewardship levels. After the year 
crease and Stewardship Level 4--- 

ions are directly related to the groundwater 
ugh the year 2100, the surface water is assigned 

s have not yet reached the surface water through the 
ntually discharge into the river and dilute. At the 
wardship Level 3. This increase in stewardship 

scharging higher concentrations of contaminants into the 
Level 4 is indicated. 

level is caused by th 
river. By the year 2200, 
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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 con taminants 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 contaminan t concentrations, currently measured in the 
plumes, are assumed to be the only source of contamination. 

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

Air: Because the study location is a contaminated aquife 
not exist -- as indicated by the gray color in Figure 3.3. 

SoiZL3iotu: Because the study location is a co 
medium does not exist, as indicated by the gray color 

oilhiota environmental 

Unconsolidafed Geology: The unconsolidated geology s el is consistent with 
the groundwater stewardship level because 
unconsolidated geology is assigned Ste 
via steady flushing to the river would occur. 
level is reduced to Stewardship Level 4. 

2100, the stewardship 

Bedrock Geology: There is ck material, nor is the 

by the purple color in Figure 3.3. 

ship Level 2 until the year 2 100. As in 

bedrock geology is unknown, 

Groundwater: The g o  
the unconsolidated geo 
result, after the year 21 

micals and highly mobile radionuclides will have been 
e---Stewardship Level 4. 

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, 
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Figure 3.3. Stewardship Levels for a Contaminated Aquifer 

Surface Water 
0 

I I I I 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0  

a ~ ~ N h l N N N N N m ~ ~ ~ ~ m m r n , ~ r n ~  C r ) * m ( D r - m Q ) o  m a r -  m o  

Time -- Calendar Years AD.  

KEY Stewardship Level I: Deny Site Access 
Potential for harm to human health given a brief exposure, 

Potential for harm to human health given a periodic exposure. 

Potential for harm to human health given long term exposure. 

11 Stewardship Level 2: Limited Site Access 

Stewardship Level 3: Restricted Site Use 

Stewardship Level 4: Unrestricted Use 

Unknown Stewardship Status 

;;!;&$.: Not Applicable to Site 



Figure 3.4. Stewardship levels for a Class I Nuclear Facility 

Time -- Calendar Years A.D. 

Stewardship Level 1: Deny Site Access 

Stewardship Level 2: Limited Site Access 

Stewardship Level 3: Restricted Site Use 

Stewardship Level 4: Unrestricted Use 

Potential for harm to human health given a brief exposure. 

Potential for harm to human health given a periodic exposure. 

Potential for harm to human health given long term exposure. 

Unknown Stewardship Status 

Not Applicable to Site 



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 Lev 

immediate threat to health from short-term exposures. After that 
assigned. However, the structure will present a physical hazard 
object hazards, confined space hazards) for an undetermined le 

The hazardous structure is the only medium of conce 

geology, bedrock, groundwater, and surface water env 
study location are assumed to be uncontaminated as 

3.5 An Open Area with Radioactive Contamina 

associated with this 

documentation of the study location. Figure 

throughout the DOE complex. Obtaining co 
assignment of appropriate stewardship levels. D 

rmation. Thisstudy 

data is crucial to the 

in the unconsolidated geology, to 
se data are inconsistent with the 

characterization data for the 

unconsolidated geolo 

erns the published remediation goals for the 
goals are inexplicit and open to multiple 

rpretations results in great uncertainties in assigning 
A S  of Appendix A contains additional details 
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Figure 3.5. Stewardship Levels for an Open Area with Radioactive Contamination 

I I I I 

Time -- Calendar Years A.D. 

Stewardship Level I : Deny Site Access 

Stewardship Level 2: Limited Site Access 

Stewardship Level 3: Restricted Site Use 

Stewardship Level 4: Unrestricted Use 

Potential for harm to human health given a brief exposure. 

Potential for harm to human health given a periodic exposure. 

Potential for harm to human health given long term exposure. 

Unknown Stewardship Status 

Not Applicable to Site 



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 / <  
stated remediation end states, could be expected to move 

locations. Managing these hazards over long time p 

documents. 

4.2 A Risk-Based Approach to Assi 

The proposed process for assigning ste assessment tools, and 
r considering stewardship 

sted using stakeholder review and 

. The methodology 
input. This proof-of-princi 

published information 
assigned at multiple loc 
Results for the stud 

rs and presented in a uniform manner. 

fied to application of this stewardship 

erm Stewardship and Cleanup Remedies 

Natural attenuatio ve decay, biodegradation) is not infrequently relied upon as 
a cost-effective cleanup re some sites. This analysis indicates that reliance upon natural 
attenuation can result in an increase the stewardship timefkame 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 &om 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 refiactile properties of 
potential for physical harm can persist for longer time periods with n 
lower stewardship levels. 

The value of natural attenuation is highly variable for h 

the mobility of the contaminant in the groundwater, and 

attributable to different physical and chemical prope 
contaminants. The river's stewardship levels are dep 
but are less restrictive because of the river's immense diluti 
water bodies with large flows and strong 
locations used in this analysis, and likely 
to DOE facilities elsewhere. 

4.4 Data are Limited for Evaluation o 

estimating the nature and exte 
are not available because rem 
locations, that have characte 

. In many cases, these data 

is insufficient data to determine the 
en Area with Radioactive 

d. The risk-based approach to assigning 
at are comparable to the data requirements 
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APPENDIX A 

REMEDIATION AND STEWARDSHIP PLANS 

The residual contamination, Le., the contamination remaining after remediation has been 
completed, is estimated for each of the five (5)  study locations. The re 
both chemical and radioactive-are identified together with their res 
environmental transport characteristics. 

A.1 Nonradioactive Dangerous Waste Landfill 

ncentrations and 

The Nonradioactive D 
nonradioactive hazardous 
Landfill has received Resource Conservation 
wastes from industrial operations and laborat 
will be a Resource Conservation and Recovery Act 
hazardous wastes. The landfill 
radioactive waste sites, to demonstrate the 
stewardship programs. It should be noted 
hazardous wastes as “dangerous” waste. 
wastes, is referred to as a dangerous waste 

landfill’s surface 
the buried cells of 

RCRA hazardous 

In this analysis, the assumptio 
intended 30-year life, after which 

e to the Columbia River; and 3) 

A.l.l Contaminated Env’ k y U F R e m e d i s  tion 

ation in only two media: the unconsolidated 
of the bedrock geology under this 

is given in Table A.l. 
done below the upper portion of the aquifer. 

this landfill, and all native soils and vegetation (ie., 
sutface water bodies or drainage ways, 

water contamination. Volatile organic con taminants at 
this landfill are escapmg ere, potentially contaminating the air medium. 
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Table A.l. Location of Existing Contamination at NRDWL 

A.1.2 Remediation Plans 

According to closure plans, no remediation of any All waste will be 

yet to begin, and no firm completion date h 

A.1.3 Special Stewardship Requirements 

personnel only, for 30 years 
d warning signs will be built and 

we that unauthorized access is 

d posts to prevent damage to the 

following closure. An 8-fo 
maintained around the site. 
mlnrmlzed [USDOE, 19901. 
prevent tampering, and will 
well [USDOEJ 9901. 

wells will have locking caps to . .  . 

benchmarks will be inspected annually, checking both the physical condition and the surveying 
accuracy of the benchmarks [USDOE, 19901. 
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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 fiom 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 
account for background concentrations of applicable contaminants, 

Postclosure Contact: The U.S. Department of Energy (DO 
of 30 years, at least two individuals in Richland, Washington as 
this landfill. One individual will be a DOE employee (Le., 

otice with the auditor 
as a Nonradioactive 
R 264.1 17 [40 CFR 

oactive Dangerous 2641 and WAC 173-303-610[7][d] [WAC 173-3031, as cite 
Waste Lad311 Closure/Postclosure Plan [US 

A.2 200-Area Tank Farms 

generally highly alkaline. 
liquid, sludge, saltcake, h 
f-the 200-East and 

various physical states, i.e., 
is divided into two main sets of 

This analysis was mode arms (1 1 tank farms that include 25 

storage tanks [USDOE, 1997bl. 

Media Prior to Remediation 

of the 200-Area Tank Farms contab the waste, and that 

groundwater and unc 
contaminated, they are co 
made so that the impact of the 200-Area Tank Farms could be evaluated independently from 
other contamination source impacts in the area. 

under the 200-Area Tank Farms are currently 



Currently, no surface water or soilhiota media exist at the tank farms. The soivbiota 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 

el waste tanks has 
been developed and collected fiom many data for single-shell 

estimates previck, 19973. 

A.2.2 Remediation Plans 

It is expected that reme 1 waste tanks will include retrieval of 

minimum of 99% of ved fkom the tanks. This analysis 

e tanks are expected to remain in their existing 
ones used for this analysis are one percent 

ents for the 200-Area Tank Farms are located in the 
final-disposition plans for the tanks has deterred the literature. It appears 

establishment of ste 

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-Are 

and Cold Creek Valley situated to the west of Hanford. Thi 
Area, becomes contaminated with radionucli 
200-Area in two directions, North and East. 
historical liquid discharges to the U Pond, B Pond, 

Contamination in the aquifer is defhed by 
[Hartmq1997]. 

A.3.1 Contaminated Environmental Me 

The aquifer is contaminated with both azardous chemicals. The summary 

Table A.3. 

on at 200-Area Aquifer 
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A 3 3  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 

A.3.3 Special Stewardship Requirements 

committed to operate until con taminant concentrations are 
Levels (MCLs). 

A.4 BPlant 

This facility is located in the approximate middle of H was constructed 
between 1943 and 1945, and was originally d 

separate strontium and cesium fkom the fissi 

fuels in support of 

m the PUREX Plant. B 
dings (e.g., Plutonium 

IS. These facilities have 
idual radioactive 

contamination that will remain, 

ture. The processing portion of 
ells, a hot pipe trench, a ventilation 

ed that B Plant is sealed in place, with all 
It is further assumed that no structure 

ntaminants to the ambient environment. In 

Media Prior to Remediation 

of radiochemical separation processes is a substantial 
oactivity. 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, 1996~1. 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 
Hazardous Structures 
Air 
SoiVBiota 
Unconsolidated Geology 
Bedrock Geology 
Groundwater 
Surface water 

A.43 Remediation Plans 

Although remediation plans for B Plant ar 
remediation efforts will include; removal of d 
removal or plugging of all pipe works fiom 

exterior envelope, and construction of acces 
No access to the interior of the structure is e 

A.43 Special Stewardship Reqn 

r lines fiom the 

No post-remediation Plant. However, it is inferred that 
warning signs will be required. In 

c inspection, to ensure that it can 
1996~1. Air monitoring and 
of the structure to contain environmental dosimetry m 

contamination. 

Hanford that have been included on the U.S. Envi- 

located in the north- 
Between 1943 and 1 
were built in the 100 Area. The nine reactors have ceased operations. 

cooled, graphite-moderated, plutonium production reactors 
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Liquid radioactive effluent disposal sites that have leaked con taminants 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 1 16-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 radi 
Columbia River. Failure of the basins resulted in large leaks of efflu 
a feasibility study for the 100-BC-1 Operable Unit pSDOE,1994b], 
were contaminated at the 1 16-C-5 retention basins. 

A.5.1 Contaminated Environmental Media Prior to Reme 

ic meters of soil 

The current contamination status of the e 
basins is shown in Table A.5. The 100 B/C Area retenti 
contamination in the soil, groundwater, surface water, 
medium is also considered contaminated because of re 

Table A.5. Location of Existing Contamination at 1 

followed by revegetation. The groundwater at the 100 
y scheduled for remediation. 
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A.53 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, 1995bl. 

Access Restrictions: Institutional controls will be imp1 
indicates compliance with co 
WSDOE, 1995bI. 
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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 flames, for the five study locations presented in the 
report. 

B.2 Source Terms and Selecting Contaminants of Concern 

The source term for this analysis was established, by definition 
con taminants and their respective concentrations, that current p 
remain after all remediation and cleanup activities are complet 
determine the source terms, as well as the derived source terms, 
requirements are discussed in detail in Appendix A. 

The documents, flom which the source terms we 

interpretation is made of information presented in the 
question the accuracy or validity of the idormation 
accepted as presented. Further, the feasibility of cl 

documents. 

The authors do not 

the documents is not 
uments-all data are 

Because of project scope requirements, 
location are not used to estimate residual ri 

selected as con taminants of con 

location-specific, reproducible 
demonstration. In applic 
should be used to estimate 
residual risks at the five (5 
used are discussed for eac 

B.2.1 Nonradioac 

identified at a study 

e data for these contaminants of 
d yields results, which are study- 

nly environmental medium that is currently 
ed; therefore, the unconsolidated geology is the only 

groundwater IS not 
analysis represents 

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

The selection of these chemicals is based upon 
other factors affecting their availability. Trichloroe 
potency for cancer induction, large amount placed in 
and water solubility factors. Methyl ethyl ketone 
toxicity, large amount placed in the landfill, stability in 

acids are of interest because they can great 
placed in the landfill in the form of paints 
carry the heavy metals through the enviro 

B.2.2 200-Area Tank Farms 

contamination, will leave c 
be released over time into o 

. This residual contamination will 

on. However, their venting 
, the earthen cover above the 

portion of the tank remediation stewardship are selected 

source term for the 200-Area Tank Farms. 

B-3 



Table B.2. Source Term Inventory for 200-Area Tank Farms 

B.2.3 200-Area Aquifer 

The maximum concentration of selected contamin 

Environmental Protection Agency's Drinking Water 
Level (MCL) [40 CFR 1411. Remediation Plans for 
pump-and-treat operations will remove the existing co 
below their respective MCLs. Therefore, this 
in Table B.3 to determine the human health ri 

ontend that existing 
concentrations are 
contaminants listed 

JXd$roethyIene\ I \  0.01 mg/L I 0.005mgL I 

ed concentrations above the MCL in the 200-Area Aquifer 
determination of residual risk in this proof-of-principle 

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 2.1OE-11 curies per milliliter of groundwater (CVml). 
For carbon tetrachloride, the source term selected is 4.3E-09 grams per milliliter of groundwater 
(s/ml>. 

B.2.4 B Plant 

It is assumed that residual radioactive contaminants containe 
will remain in the structure and will not mi 
are the only media considered for analysis. The interior of 
contaminated with residual strontium and cesium 
expected that the structure itself will present physi 
confined space hazards) to anyone gaining access 
repairs, or unofficial reasons. Table B.4 shows th 
in B Plant following planned remediation [WHC, 1996 

Table B.4. B Plant 

Cesium- 137 and used for this analysis. Plutonium-239 is not used 
ation location. The source term used for because of unc 

used for Cesium-137 is 1,256,724 Curies. 
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B.2.5 100 B/C Area Retention Basins 

The current contaminant concentrations are taken fiom the Limited Field Investigation report 
for the 100-BC- I UperabZe Unit WSDOE, 1994al for soils and unconsolidated geology and fiom 
the Limited Field Investigation report for the IOU-BC-5 OperabZe Unit WSDOE, 19931 for 
groundwater. The con taminant inventories by environmental media are presented in Table B.5. 

Table B.5. Contaminant Inventory for the 1 16-C-5 Reten ‘on Basins A 

Contaminant concentra the unconsolidated geology, between five ( 5 )  meters and eight 
(8) meters in depth, are assume Y unchanged. Thus, contaminate concentrations given in USDOE 
[1994b] are used in this analysis. Contaminant concentrations in the unconsolidated geology 
Mow eight (8) meters are unknown. 
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Cleanup criteria call for removal of contaminated soils or unconsolidated geology to a 
maximum depth of five (5) meters. For inorganic chemicals, the State of Washington's Model 
Toxics Control Act [WAC 173-3401 is used to determine allowable contaminant concentrations. 
For radionuclides, a contaminant concentration equivalent to fifteen (1 5) mredy dose, above 
background and from all pathways [40 CFR 1961, is specified. 

The remediation criterion of fifteen (1 5) mredy dose gives insufficient information for 
stewardship evaluation. The criterion is in the metric "dose" and ste 
measured in the metric "harm". To convert dose into the metric h 

the receptor receiving the dose, the pathway by which the dose e 
delivering the dose, and the organ system impacted by the dose. 

Because of gaps in the existing characterization data 
goals, analysis of the 100 B/C Area Retention Basins c 
the contaminants of concern cannot be made on the exis 
stewardship requirements for this study location cannot 

B.3 Modeling Contaminant Movement and 

The Multimedia Environmental Pollutant 
Whelm, 19871 was used to model the move 
media that are applicable to each study locati 
of concern, for each study location, conc 
the media. If the con taminant enters another 
from unconsolidated 
concentration is used 

culated at its exit from 
these media (such as 

risks and are calculated at a 
predetermined location, 

computer runs made for previous 
studies are used to ons at potential exposure points. New 

(or comparable environmental fate 
ntrations for calculating residual 

gration modeling (e.g., sealed building, entombed 

the time required for con taminants to decay to a level of a h i s  is accomplished b 
acceptable risk of disease. 
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B3.1 Nonradioactive Dangerous Waste Landfill (NRDWL) 

For this proof-of-principle analysis, MEPAS computer runs made for previous studies are 
used to determine con taminant 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 
suface water medium. 

present landfill and that exposure to the unconsolidated material 
the exposure point for the groundwater medium is 0.4 km down 
landfill and, for the surface water medium, the City of Richland 
6.44 km downstream of the outfall. The contaminant fate 

proof-of-principle analysis to predict the fate and 
the con taminants of concern are from Evaluation 
Remedial Action Environmental Impact Statement 
modeling was completed in 1995. Any media conce 
human health risks presented in this work are limited to th 
and to the extent that conceptual models and 

B3.2 200-Area Tank Farms 

concentration for 

concentrations, or 

Tank Farms, movements of co origination point in the 

medium that required no 

It is assumed that the hum for the unconsolidated geology medium is at or 
unconsolidated material is direct. The near the tank fann 

on Environmental Impact Statement BSDOE, 1996aJ are 
to predict the fate and transport, whereas exposure 
oncern are from Evaluation of Unit Risk Factors in 

ted in 1995. Any media concentrations, exposure 
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. 
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B.3.3 200-Area Aquifer 

For this proof-of-principle analysis, MEPAS computer runs made for previous studies are 
used to determine con taminant 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. 

in and around the 

concentrations. For the surface water medium, the human e 
Richland potable water intake structure 32. 
Columbia River. The contaminant fate and 

contaminants of concern are from Evaluation of Unit Ris 
Remedial Action Environmental Impact Statement [Str 
modeling was completed in 1995. Any media concentr 
human health risks presented in this work are limited 
documents, and to the extent that the conceptual models an 
studies. 

B3.4 BPlant 

rs agree among the 

The structure of B Plant proper is treated s medium, that required no 

ntal media, for the time increment structure, with no leakage or inte 
of ten (1 0) half-lives of the lon 

B3.5 100 B/C Area Reten 

for previous studies are 
used to determine c 
Area Retention B 
the unconsolidate 

ated along the groundwater gradient to a 

e point for the unconsolidated geology medium is the 
d that exposure to the unconsolidated material is direct. It 

and for the surface water medium, the City of Richland 
potable water intake structure 57.9 km downstream of the outfdl. 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 fiom Evaluation of Unit 
Risk Factors in Support of the Hanford Remedial Action Environmental Impact Statement 
[Strenge, 19941. 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 

f chronic disease is 
used to determine stewardship levels for this proof-of-principle 
between stewardship levels and risk is discussed in Section 1.3 
the multi-step method for h a l  stewardship level determination. 

Both chronic human disease and acute human di 
determine tentative and h a l  stewardship level class 
as a ratio of the calculated potential exposure over the 

B.4.1 Nonradioactive Dangerous Waste Landfill 

The chemicals selected for use in this 

the groundwater exposure point in the y 

concentration (0.1 9 ma) at the groundw 

ketone reaches its 

e contaminated groundwater, the 
.OE-6. The risk of an adverse calculated risk of cancer fkom tri 

3.5E-2. The Hazard Index for 
indicator of potential he 
mobile in the acid enviro 

1 .OEOO, but is also used as an 
s m the landfill would become 

At the surface water expo trichloroethylene reaches its peak 

with home use of the contaminated surface water, the 

exposure was calculated to have a Hazard Index of 

indicator of potential sure because metals in the landfill would become mobile 

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 fiom 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 fiom 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 toxic 

water, once the contaminants have been removed (flushed) fiom 
water will move the contaminants beyond the surface water e 
Therefore, the sufface water medium is at Stewardship Level 

B.4.2 200-Area Tank Farms 

arms are Carbon-14, 
Iodine-129, Technetium-99, Selenium-79, and Urani 
concentration (3.2E-12 Ci/l) at the groundwater expos 
Iodine-129 reaches its peak Concentration (1.lE-14 Ci/l) 
also reaches its peak concentration (8.1E-1 
peak concentration (2.1E-13 Ci/l) in the ye 
concentration (4.15E- 16 Ci/l) at the gm 

D. Technetium-99 

d groundwater, the 

for Technetium-99 exposure is 7. 
exposure is 5.1E-10. 

ure is 3.2E-8, and for Uranium-235 

in the year 2137 A.D. 
2138 A.D. Technetium- 
Selenium-79 reaches its 

3 13 8 A.D. Given 

centration (3.OE-18 Ci/l) in the year 
4E-14 Ci/l) in the year 2136 A.D., 
the year 2135 A.D., and Uranium- 

-14 exposure is 1.4E-9, for Iodine-129 exposure 
-9, for Selenium-79 exposure is 6.OE-11, and for 

Ci/ gram for Uranium-235. It is assumed that the 
radionuclides will be present at near these concentrations until residual con taminants in the tank 
complex, which continually migrate to the unconsolidated geology, have decayed by ten (1 0) 
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-l4,4.OE-4 for Iodine-129,4.6 for Technetium-99, 
1.4E-4 for Selenium-79, and 3.4E-4 for Uranium-235. 

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 

afterward. Therefore, the surface water medium is at S 

The tank structures proper are considered to b 
associated with the structure. Contamination is in 
time and thus reduce to an acceptable range the 
a decay time of ten (1 0) half-lives must pass 
calculated to occur by the year 2400 A.D. fo 

have contamination 
es that will decay over 

. It is assumed that 

of the tanks will 
ient air. Thus, the air 

warrant Stewardship Level 1 
physical hazard that warrants 

Stewardship Level 2 for an indete 

B.43 200-Area Aquifer 

The chemicals selected 200-Area Aquifer are Technetium-99 
ncentration of 2.1E-5 CUI, at the and carbon tetrachloride. 

groundwater exposure point, osure point carbon tetrachloride has an 

d Index for carbon tetrachloride is 2.1E-5. 

in the aquifer under the 200-Area have traveled to, and 
er. Within this time frame, Technetium-99 reaches a 

carbon tetrachloride reaches its peak concentration of 
4.3E-6 mgA, at the surface water exposure point. Given a residential exposure scenario, with 
home use of the contaminated surface water, the calculated risk of cancer fiom 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, 
assumes that, after the year 2000 A.D., no contaminants enter the aqui 

The risk of cancer from groundwater exposures warrants Ste 
years 2000 A.D. and 21 00 A.D. Because the groundwater is c 
groundwater starts at Stewardship Level 2, returns to Stewardshi 
A.D., and remains at that stewardship level. The unconsoli 
Stewardship Level 2 through the year 2100 A.D., based on 
exposure to the unconsolidated geology. After the year 
exposure to the unconsolidated geology medium w 

For the surface water medium, the risk of cancer is Level 3 criteria 
between the years 2000 A.D. and 2100 A.D. 
to the surface water, once c 
surface water will move th 
afterward. Therefore, the surface water me 
A.D. 

B.4.4 B Plant 

rs the contaminants 

The B Plant structure proper i m  a h m &  &cture that has contamination 
associated with the struc 
over time, and thus reduce 
that a decay time of ten (1 0) 
This is calculated to occur 
Stewardship Level 1 until 
physical hazard that 

B.4.5 lOOB/C 

th&6rm of radionuclides that will decay 
e to an acceptable range. It is assumed 
r a safe level of radiation to exist. 
. Thus, B Plant warrants 

lant structures proper will remain a 
eterminate length of time. 

mediation plans for the 100 B/C Area Retention Basins, 
initial source concentrations for the contaminants of 

eling is preformed for the 100 B/C Area Retention 
are calculated, and no stewardship levels are assigned to 
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