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ES1.0 IMN.:R0ODUCTION

DOE has initiated the process of retrieving, treating, and disposing of waste from the

149 deteriorating SSTs at the Hanford Site. In the years ahead, DOE will remove the bulk of the
SST waste and transfer it to facilities for treatment and disposal. High-level waste will be
disposed of offsite in a geologic repository, and low-activity mixed waste will be disposed of in
state-permitted, onsite facilities as low-level mixed waste. This SST PA incorporates the
assumption, without a decision, that after the wastes are removed from the tanks, the SST farm
system (also referred to as the SST WMASs) will be closed as a landfill." As part of closure
actions, a number of protective measures are planned to ensure safety from future contaminant
migration from residual wastes left in each WMA.

Closure wi be implemented only with regulatory approval as defined by relevant regulatory
criteria. The regulatory environment for tank farm closure is complex. At least six major
environmental statutes” and DOE O 435.1 must be addressed as part of the closure process,
which creates redundant, and possibly conflicting, administrative requirements. To address this
issue, the Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1989)
signatories established a single, unified closure process that incorporated the substantive
elements of each regulation and DOE O 435.1, with Ecology as the lead regulatory agency. The
agreement also established the need for a sit “e performance assessment that will be approved
by Ecology and by DOE pursuant to their authorities under RCRA and the Atomic Energy Act of
1954, respectively, and to ensure the actions taken for WMA closure will be protective of human
health for all contaminants of concern, both radiological and nonradiological. The SST PA will
also undergo extensive internal DOE review and be reviewed by the U.S. Nuclear Regulatory
Commission under a consultation agreement. Under Appendix I of Hanford Federal Facility
Agreement and Consent Order (Ecology et al. 1989), Ecology will also seek the involvement of
the EPA for the purpose of ensuring the work is consistent with future Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) remedial
decisions, and to provide the EPA and DOE a basis to evaluate the need for additional work that
might be required if the closure activities were conducted under CERCLA remedial action
authority.

Among the purposes of this SST PA for the closure of WMAs are to:

. timate the impacts to human health of any residual wastes remaining in the tanks,
ancillary equipment, or soil following waste and contaminant removal actions

e Guide the development of WMA closure system designs that are protective of the public,
the groundwater, and the Columbia River

e Support waste determinations for any tank waste residuals remaining once waste retrieval
has been completed in accordance with Hanford Federal Facility Agreement and Consent
Order (Ecology et al. 1989).

' This assumption of landfill closure is to provide a point of reference for development of the data presented herein
and does not constitute an agency decision selecting landfill closure. That decision can only be made after DOE
fulfills its obligations under the National Environmental Policy Act of 1969.

* Resource Conservation and Recovery Act of 1976; Comprehensive Environmental Response, Compensation, and
Liability Act of 1980; Atomic Energy Act of 1954; Clean Water Act of 1977, Safe Drinking Water Act of 1974; and
the Washington State “Hazardous Waste Management Act.”
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The scope of this SST PA includes estimating possible impacts of wastes remaining in the
environment and residuals left in the tank system after closure, estimating possible releases to the
air of radioactive gases from tank waste residuals after closure, and estimating possible impacts
to an inadvertent intruder who unknowiny ' contacts contaminated materials left within the
waste site after closure. Current WMA closure plans call for an approximately 15-foot thick
surface barrier to infiltration to be constructed over the WMAs and surrounding environs.

This barrier effectively eliminates the need to further consider impacts to human health through a
direct contact pathway.

ES2.0 SINGLE-SHELL TANK WASTE MANAGEMENT AREA OVERVIEW

... 149 Hanford te S_ ., are distributed among 12 groups called tank farms that are located on
the Central Plateau in the Hanford Site 200 East and 200 West Areas. The SST farm system is
large and varie and comprises underground waste storage tanks, pipelines, waste transfer lines,
water lines, diversion boxes, and other facilities and equipment. To support compliance with
hazardous waste regulations, the 12 SST farms, shown in red on Figure ES-1, have been further
grouped into seven WMAs: A-AX, B-BX-BY, C, S-SX, T, TX-TY, and U.

The SSTs currently contain approximately 30 million gallons of radioactive and hazardous
waste. The waste currently in the SSTs includes approximately 81 million ¢t es of radioactive
material. Two to four million curies of tank waste residual will remain after retrieval is

com] :te. e waste currently in the tanks largely consists of sludge and saltcake. Most of the
free liquids have evaporated or have been successfully transferred to newer and structurally
stable double-shell tanks through the interim stabilization program. The total volume liquid lost
through leaks occurring during past tank operations is estimated to range between 0.5 to

1 million gallons.
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Certain features and assumptions are common to the development of each SST WMA model.
These refer primarily to the referen  case and include:

Mod:

Retrieval of tank waste to meet Hanford Federal Facility Agreement and Consent Order
(Ecolc et al. 1989) minimum goals

Industrial land use following site closure
Simulation of over 47 radiological and 60 chemical contaminants

Following waste retrieval, any remaining contamination within the SSTs and the ta1
themselves are stabilized with grout to reduce waste/water contact and surface
subsidence.

ng « the groundwater pathway assumes:

S _ccifics  latior wveli :d for WMA C “~ the 200 L oails
extrapolated toother W_ ____ . __) East Area and, similarly, WMA S-SX simulation
information is extrapolated to the remaining WMAs in the 200 West Area using
WMA-specific inventory.

A 10,000-year period was selected for evaluation due to the long time it may take for any
discernable impacts to be observed in the environment. " is is consistent wi
U.S. Nuclear Regulatory Commission guidance (NRC 2000).

A surface barrier to infiltration is placed over the WMA at closure and is assumed to
perform at its design specifications for 500 years following closure, and then to perform
in a degraded manner until the end of the simulation.

Three sources of contamination remain in the ancillary equipment: past releases, grouted
tank residuals, and residual contamination.

Modeling of the air migration pathway uses a bounding analysis due to the low impacts
associated with the volatilization of radioactive gases.

The inadvertent intruder pathway assumes intentional drilling through the tank and the residual

waste form and the subsequent spreading of the exhumed waste form over the immediate area,

ignoring both institutional and engineered controls left in place after closure. Assumptions
scribing this pathway include:

Institutional controls are assumed to deter intrusion into the waste form for 500 years
after closure (until year 2532). This time of evaluation is consistent with U.S. Nuclear
Regulatory Commission guidance (NRC 2000) and past performance assessments at the
Hanford Site (Wood et al. 1995a, 1996; Mann et al. 2001).

Intrusion occurs by drilling through the surface barrier, remaining tank structure, and the
grouted tank waste. The tank waste residuals are approximately 50 feetb »w ground
surface. A portion of the waste is brought to the surface in drill cuttings.

Impacts from past releases are also considered in addition to impacts from exhumed tank
residual waste, where appropriate.
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evaluate the capability of the system to perform under alternatives or “what if” analyses not
included in the reference case. A complete presentation of the results of the sensitivity and
“what if” analyses is found in Section 4.11.

In accordance with the defense in depth safety philosophy, a multiple barrier system was used to
control the groundwater impacts of residual contamination left in place after closure of each
WMA. To isolate the effect of individual barriers on total system performance, parameters
controlling the performance of each barrier were simultaneously degraded causing each barrier to
significantly underperform. Peak groundwater impacts from the underperformance cases were
then compared against the reference case and a ratio of peak impacts from each case was
calculated. The value of the ratio is indicative of the level of overall system loss of performance
due to the underperformance of the respective barrier. For mobile contaminants in tank
residuals, the results of this analysis indicated that system groundwater performance degraded by
factors of 1., ., ..85,and 1.24 d  to underperformance of the surface barrier, the grouted tank
structure, and the vadose zone, respectively, for WMA _. Underperformance of the entire
engineered system in WMA C (i.e., surface barrier and grouted tank structure) yielded an

un rperformance ratio as high as 13.77. The effect of each barrier on WMA S-SX was similar
to results shown for WMA C. Moderately mobile contaminants were shown to be generally
more sensitive to barrier degradation than were mobile contaminants.

The effect of each barrier on peak groundwater impacts from past releases was quite different.
Underperformance of the surface barrier at WMA C reduced the WMA C system performance
by a ictor of 1.39. Similarly, underperformance of the vadose zone reduced the system
performance by a factor of 2.98. Again, similar barrier underperformance ratios were estimated
for WMA S-SX.

The results of the SST PA support the following:
e Retrieval of tank waste and grouting of the remaining residuals

e Institution of interim measures to reduce the impacts to the groundwater from past tank
farm releases

e Examination of the potential for more aggressive corrective measures to mitigate
projected early groundwater impacts.

The long-term groundwater impacts from residual tank wastes are shown to be low and are
below all performance objectives. Future work on grouted tank waste form residuals and release
mechanisms are expected to support even lower estimates of potential impacts. Expected
parameter variability and alternative system conceptualizations also support this conclusion.

In many cases, past releases from tank operations simply have too large an impact on
groundwater concentrations to make performance objectives achievable under the reference case
assumption of no remediation of past releases, as used in this study. Sensitivity analysis of the
extent of past release remediation of mobile contaminants required to achieve groundwater
performance objectives at an SST WMA fence ne was generally quite high (greater than 90%).
Immobilization or removal of contaminated soil of over 90% of mobile technetium-99 from past
releases was indicated as necessary to achieve groundwater performance objectives for this
contaminant at every WMA, except WMA C.
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A number of analysts (Myers 2005; Knepp 2002a, 2002b) have recommended interim measures
as an immediate need due to operational period recharge rates on the projected groundwater
impacts from large tank r¢ :ases. These analyses, including the SST PA, primarily examine risk
to human health and are not sufficiently comprehensive to support a final decision but instead
contribute to the decision making process. Based on principles of risk management alone, the
consideration of interim measures is supported at most of the WMAs while the formal RCRA
Corrective Action process unfolds. Interim measures can cover a wide range of remedial
activities. The SST PA examined barriers to infiltration in detail. Results from the sensitivity
analysis generally support the concept that reducing surface infiltration sooner is better than
later.

ES7.0 FUTURE LANS

DOE will continue to use an iterative approach to updates of the SST PA; updates will be based
on significant changes in the approach to closure, conceptual model, or sourt characteristics
used in this SST PA. The SST PA documents the current baseline but, by the nature of any
baseline, changes will occur and must be addressed. These changes are driven by insights from
laboratory studies, field efforts, numerical analyses, and design modifications.

The approach taken naturally results in the development of a path for future work that
addresses uncertainty where possible and confirms basic assumptions that support the SST PA.
The fc owing provides such a path.

e Improved estimates of past release inventories lost to the vadose zone: Past releases
are clearly indicated as the controlling factor for the estimates of early (less than
300 years after closure) groundwater impacts. Validating estimates of both leak volume
and inventory estimates will be continued for past releases that potentially affect the
compliance status of a WMA.

e Site-specific data will be used to simulate WMAs T, TX-TY, U, A-AX, and
B-BX-BY: Future revisions to this SST PA will use site-specific analyses for each
WMA, including characterization data from post-retrieval tank waste residuals.
Specific sensitivity analyses associated with issues within each WMA will also be
identified and analyzed.

e Development of improved tank residual release models: The analysis of tank waste
residuals demonstrated that their impact was below every groundwater performance
objective considered. However, the closeness of the predicted impacts to the very
stringent groundwater performance objectives for technetium-99 demonstrated the need
for additional work to better ensure future compliance including characterization data
from post-retrieval tank waste residuals.

Given the early nature of predictions regarding the quantity of waste likely to remain in
the tank after waste retrieval is complete, analysis of the durability of the grout form will
be pursued.
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o Estimation of the levi of impacts om surrounding facilities on waste management
area impacts: The current SST PA focuses on impacts from facilities and conditions
found within the SST WMAs. Future work will incorporate the ~ pacts from other
surr¢ ding cribs, ditches, and other disposal sites, including the double-shell tanks, into
the impacts estimated in this analysis.

e Expansion of the sensitivity analysis: The sensitivity analysis will be expanded to
include addition: alternative conceptualizations to further test the robustness of the
WMA closure design and assumptions regarding waste remaining in the closed system.
Future sensitivity analyses will incorporate data from other SST WMAs.
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1 PNNL Pacific Northwest National Laboratory

2 ppb parts per billion

3 P X Plutonium Uranium Extraction |
4 RCRA Resource Conservation and Recovery Act of 1976 |
s F DOX reduction-oxidation

6 RFI RCRA field investigation

7 & _.DS State Approved Land Disposal Site

8 SCDR subsurface conditions description report

9 SIM Soil Inventory Model |
10 SL. single-shell tank
11 SSTPA Initial Single Shell Tank System Performance Assessment for the Hanford Site
12 STOMP Subsurface ort Over Multip P° s
13 TEDF Treated fluent Disposal Facility
14 . NINS Tank Waste Information Network System
15 WRS Tank Waste Remediation System
16  UPR unplanned release
17 WAC Washington Administrative Code
18 WIDS Waste Informatic  Data System
19y WMA waste management area
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that is the DOE formal permitting authorization. Ecology, however, requires that terms
containing “compliance” be restricted to the WMA point of compliance (Hedges 2002).

1 fore, in this SST PA, instead of using “time of compliance” or “point of compliance,”
the terms “times of comparison” for “times of compliance” and “points of comparison” for
“point of compliance” will be used. Exceptions to this practice are only made when directly

. oting from another document.

The initial step in identifying performance objectives is to note the requirements that could be
applied to the proposed action. If that action is the disposal of radioactive mixed waste on the
Hanford Site, a variety of re 1irements should be considered:

DOE requirements
NRC requirements
EPA requirements
State of Washington requirements
Public participation requirements.

The SST PA evaluates the following contaminant migration pathways and exposure scenarios
(Section 1.9):

e Potential future site users including the general public and post-closure site workers

e Inadvertent intruders

e Groundwater

e Air resources.

In addition, there are restrictions on the waste itself if the waste is land disposed. However, land
disposal restrictions are not evaluated in this document. Land disposal restrictions were

add sed in Single-Shell Tank System Closure Plan (Lee 2004) and will be evaluated in updates
to the closure plan at a future date.

The performance objectives identified here are for the long-term assessment of the public health
from the closure of SSTs. Thus, for example, worker and public safety during the actual closure
operation are not considered. Although reviewed by others performing Hanford Site
assessments, it must be emphasized that these performance objectives deal only with the tank
closure activities and not with the performance objectives of other Hanford Site actions.

The performance objectives for a set of contaminants (e.g., beta-photon emitters) are
summarized in Table 1-1. The use of appropriate performance objectives for their appropriate
regulatory purpose is provided in Mann et al. (2005). The objectives for specific contaminants
for groundwater are displayed in Table 1-2. The values for these objectives were chosen to be
the most stringent maximum contaminant levels (MCL) of the applicable or relevant and
appropriate requirements for its regulatory purpose (i.e., all-pathways dose under CERCLA and
allp. ways dose under DOE and NRC requirements). For organic chemicals, performance
objectives are provided only for those organics most often found in tank waste. The performance
objectives for specific contaminants are provided in Mann et al. (2005). Many of the objectives
specify concentrations [e.g., (mg-cont™ "~ ~nt)/(kg of soil) or (pCi-contaminant)/(liter of
groundwater)] that are derived from defined exposure scenarios. Other objectives

(e.g., all-pathways dose, incidental cancer risk) require that the exposure scenario

(e.g., industrial, residential) be specified in order to calculate values for comparison.
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1.6.2 Defense in Depth Strategy for the Inadvertent Intruder Pathway

Implementation of the fense in depth philosophy to protect the inadvertent intruder who
unknowingly exhumes waste and 1s exposed to contaminants has not been addressed directly by
either NRC or DOE in previous gui ince documents. Considering the relevance of defense in
depth concepts to the inadvertent intrusion pathway for this analysis, it can be concluded that
closure actions for the SST system do provide defense in depth for the inadvertent intruder, but
the applicability of the defense in depth philosophy is mostly limited to affecting human actions.

The inadvertent intrusion event consists of two major parts; the first being a deterrence interval
(the time period between site closure and the intrusion event) and the second being the intrusion
and exposure event. For the deterrence interval, defense in depth philosophy is implemented by
the application of both institutional controls and engineered barriers. The natural system has no
impact on the inadvertent intrusion scenario. The primary purpose of the defense in depth
approach is to delay = ‘rusic longenor " tor ‘ice " ° ‘entory of ' rate half-life
radionuclides, primarily cesium-137 and strontium-90, to less harmful levels. This time period is
usually 10 half-lives or approximately 300 years. This reduces the initial inventories to 0.1% of
the original quantities for these radionuclides.

Because deterrence is primarily a matter of human actions taken to prevent other human actions,
institutional controls are the first and most important defense. Active institutional controls
(direct human oversight) are instituted first. Controls may include public records developed to
identify waste locations, human guards to inspect the facilities routinely and turn away
unauthorized individuals, and fences erected and maintained to deny access to waste sites.
Later, when resources are assumed unavailable to support active institutional control, passive
institutional controls deter the intruder (e.g., markers). If institutional controls fail and the waste
site is disturbed, engineered barriers provide additional deterrence. The engineered barriers are
the surface cover and the grout-filled tank structure. Surface covers containing markers and
icons to warn intruders of buried waste, and the high strength grout tank fill deter drillers from
penetrating waste. These various activities comprise the defense in depth philosophy whereby
several distinct methods are employed to prevent intrusion.

If intruder deterrence fails, intrusion and exposure occurs. Because the tank residual waste is
buried a minimum of 55 ft below ground surface (bgs) (this includes the distance from the
surface cover to the base of the tank), the only reasonable access mode is drilling. The act of
drilling is the single failure mechanism that eliminates all institutional controls and the
functionality of all engineered barriers (i.e., common mode failure).

The SST PA methodology is not well equipped to evaluate the effectiveness of defense in depth
actions that promote deterrence. Unlike the groundwater pathway, where physical and chemical
processes imposed by barriers do occur that affect contaminant behavior and future exposure
levels, deterrence is largely dependent on human actions that may or may not occur in response
to preventative measures taken. The effectiveness of a particular institutional control or the
performance of the composite set of various institutional controls is a subjective decision.
Similarly, the operating engineered barrier functions are essentially warnings to dissuade an
intruder from drilling into the waste. The success of these functions is also a subjective and
arbitrary decision and no probability of occurrence is assigned.
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1.7.1 Waste Retrieval

HFFACO Milestone M-45-00 states: “Closure will follow retrieval of as much tank waste as
technically possible, with waste residuals not to exceed 360 ft’ in each of the 100-Series tanks,
30 ft’ in each of the 200-Series tanks, or the limit of waste retrieval technology capability,
whichever is less” (Ecology et al. 1989). DOE will retrieve as much waste as technically
possible, with a remaining waste residual of no more than 360 ft* for the 100-Series tanks and
30 ft’ for the 200-Series tanks (i.e., 99% retrieval by volume). Following waste retrieval
activities, DOE will use in-tank survey methods to determine whether retrieval volume criteria
have been met. Also as part of this milestone, a data report will be submitted to Ecology for
approval to demonstrate completion of waste retrieval in accordance with HFFACO

Milestone M-45-00. For tanks that are not subject to milestones (e.g., small miscellaneous
underground storage tanks [MUST]), an Ecology-approved data report will also be submitted to
demonstrate completion of retrieval.

The residual waste will be characterized to support disposal decisions and risk assessments.
DOE will follow a DQO process for conducting the tank waste residual characterization
activities. As part of the DQO process, characterization requirements will be documented in
tank-specific component closure action DQOs. A sampling and analysis plan has been
developed for tank C-106 (Banning 2004), and general sampling and analysis plans will be
developed for the 100-Series tanks and the 200-Series tanks.

If the waste residual in individual tanks meets the waste retrieval criteria and the risk metrics
related to the waste residual are accepted, DOE will modify the closure activity plan and the
Hanford Site-wide permit, if necessary, and then proceed with implementing the approved
component closure activity plan. If waste residual exceeds the waste retrieval criteria, DOE will
either attempt additional retrieval or request an exception to the retrieval criteria. This request
will be prepared pursuant to the procedure in Appendix H, Attachment 2, of the HFFACO
(Ecology et al. 1989).

As such, tank-specific considerations such as riser availability, waste condition, or in-tank
interferences might offer advantages to one retrieval technology over other tec™ - »logies, and
lead to the selection of that technology to retrieve a particular tank. Based on tank-specific
considerations, the following representative waste retrieval technologies were selected for the
SSTs:

e Modified sluicing is selected for 100-Series SSTs that are not classified as assumed
leakers. This technology is representative of other fluid based retrieval technologies
(e.g., past-practice sluicing). Deployments are limited to those tanks that are not
classified as assumed leakers because of concerns over the potential for leakage to occur
during waste retrieval. There are 67 tanks currently classified as assumed leakers.

It 1s recognized that a number of tanks classified as assumed leakers may be candidates
for deployment of mo fied sluicing after further evaluation of historical leak data.
Based on current design information, modifie sluicing is expected to be capable of
retrieving 99% by volume of the tank waste.
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e The mobile retrieval system is selected for 100-Series SSTs that are classified as assumed
leakers. This technology provides for waste retrieval using lower liquid volumes, thereby
reducing the potential volume of a retrieval leak should one occur.

e Vacuum-based retrieval is selected for retrieving waste from the 200-Series tanks and
may be selected for MUSTs. This technology is flexible in that it can be operated as a
dry-vacuum retrieval method, or liquid can be introduced near the vacuum head
depending on the type of waste to be retrieved. This technology is well suited for
deployment in small tanks and would minimize the potential for leakage in a number of
the 200-Series tanks that are classified as assumed leakers.

1.7.2 Tank Stabilization and Isolation Options

Upon completion of SST waste retrieval, physical and administrative isolation of the SST will
occur. Each SST will be stabilized in accordance with component closure activity plans
approved by Ecology. SST stabilization may consist of adding fill into the waste-retrieved tanks
and may differ from SST to SST, depending primarily on the volume and characteristics of the
residual waste remaining after waste retrieval and also depending on the integrity of the SST.

Physical isolation refers to filling and/or capping of pipelines, drains, ducting, or other
openings into the SST structure as needed, and will occur progressively as individual SSTs near
final stabilization. Administrative isolation controls tank access through procedural actions.
Both physical and administrative isolation measures are intended to prevent infiltration of water
or inadvertent reintroduction of waste and/or grout into a partially stabilized or stabilized tank.

Numerous tank fill materials have been evaluated in the past in other documents, including EISs.
These have included in situ vitrification, gravel fill, and grout or cementitious material.

Based on anticipated cost, as well as implementability and technical uncertainties, grout was
chosen for the fill material. This 1s consistent with the closure contingency in Lee (2004) if
clean closure cannot be achieved.

Tank stabilization will be accomplished by adding grout or other structural material in layers into
each tank. The addition of grout or cementitious material will occur over three separate phases
(Figure 1-5). The Phase I fill will consist of a free-flowing grout and will cover the waste
residuals and debris on the tank bottom, and will additionally provide structural support for
subsequent fills. The Phase II fill will provide structural stability and fill the majority of the tank
volume. The Phase I1I fill will be a high-compressive-strength grout placed in the remaining
void space between the Phase II grout and the tank dome and will fill tank risers to the maximum
dome height. The function of the Phase III grout is to discourage intruder access. The entire fill
system, consisting of hases I, I, and III, provides structural support to the tank dome to prevent
subsidence and degradation of the surface cover placed at the time of WMA closure (Lee 2004).
Under the RCRA Corrective Action process, WMA soils will be remediated on an as-needed
basis.
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1.7.3 Surface Cover Placement

As SST farms are retrieved, stabilized, and isolated for closure, 15-ft-thick surface covers will
be constructed to restrict precipitation from contacting stabilized waste and transporting
contaminants to the groundwater. The surface covers will be designed to deter inadvertent
access or intrusion to the underlying wastes by flora and fauna. The design will also include
features that both emulate geologic phenomena known to last for extended periods of time and
provide hydrat c isolation from infiltrating precipitation.

The closure surface cover for SST WMAs is assumed to be a Modified RCRA Subtitle C Barrier
as conceptually described in Focused Feasibility Study of Engineered Barriers for Waste
Management Units in the 200 Areas (DOE-RL 1996) and currently designed for the Integrated
Disposal Facility in the 200 East Area (Fayer and Szecsody 2004). This surface cover is the
bast ne design for sites containing dangerous waste, Category 3 low-level waste, and/or
Category 3 mixed low-level waste, and Catr ~7ry 1 mixed low- ‘el was (DOE-RL 1996).
This surface cover is designed to provide long-term containment and hydrologic protection for a
500-year period of performance and is composed of up to eight layers of durable material
(Figure 1-7). A summary description of each of the layers in this surface cover is given in
DOE-RL (1996) including thickness, layer description, specifications, and functions.

This design incorporates RCRA minimum technology guidance with modifications for
extended performance of up to 500 years. Major changes to account for Hanford Site-specific
conditions include elimination of the clay layer, which is projected to desiccate and crack over
time in the Hanford semiarid environment, and elimination of the geomembrane component due
to uncertainty regarding its long-term durability.

At the current stage in the SST WMA closure process, site-specific surface cover designs are not
available. Specifically, an infiltration rate could not be assigned to a specific SST WMA cover
design. To address this issue, an infiltration rate for the assumed surface cover was selected that
has been shown to be easily attainable (Fayer and Szecsody 2004) based on current design
concepts, as described above, and availability of materials. Assumptions on the performance of
the SST WMA closure surface cover also incorporated performance expectations from the
detailed designs associated with the Integrated Disposal Facility that is currently under
construction. Section 3.4.2 presents a detailed discussion of this component of the SST WMA
closure system.
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1.8 CONTAMINANT MIGRATION PATHWAY MODELING APPROACH

A conceptual model of each contaminant migration pathway will be developed for each

SST WMA that incorporates all the site-specific data available. For the groundwater pathway,
much of these data have been collected under the HWMA corrective action activities conducted
by the DOE Office of River Protection under the oversight of Ecology. Figure 1-6 presents a
schematic of a typical conceptualization for a generalized SST WMA. The conceptualization is
then simplified (retaining the important features that include the dominant processes controlling
transport of contamination) to allow construction of a numerical model and begin the process of
qualitatively investigating the performance of the specified SST closure system.

In keeping with the defense in depth philosophy, a reference case for each contaminant migration
pathway was defined. The reference case represents the set of parameters and engineering
assumptions that provides a “central tendency” estimate of the input parameter values for the
SST closure system. This reference case is complemented by a concurrent examination of the
expected range in parameter values for barrier or feature of the SST closure system. To estimate
the robustness of the SST closure system features, alternative conceptualizations are also
analyzed using the reference case design to establish the level of performance degradation that
might occur. This degradation might represent an underestimate in the performance of a feature
(e.g., surface cover) or an error in the geologic conceptualization of the system. Poor system
performance noted through either the sensitivity analysis or the alternative conceptualization
“what if” analysis indicates a need for an improved understanding of the system or a design
change.

Three migration pathways (i.e., groundwater, air, and inadvertent intrusion) are modeled
differently in this analysis, and focus on different aspects of the closure system depending on the
contaminant migration pathway characteristics. However, certain features and assumptions are
common to the modeling of each pathway and SST WMA. These are described as follows and
rc r primarily to the reference case:

e Retrieval of tank waste is assumed sufficient to meet the waste retrieval goals of the
HFFACO (Ecology et al. 1989) (i.e., at most, 360 ft* of waste remaining in 100-Series
tanks and 30 ft’ of waste remaining in 200-Series tanks).

e Institutional controls of the site are assumed for the reference case for 300 years
(industrial land use) for protection of groundwater (Section 6.2.1).

analy s is analyzed.

e A surface cover is assumed to perform up to its design specifications for 500 years
(NRC 2000).

e Simulation of contaminants including 25 chemicals, 46 radionuclides, and supplemental
i
e SSTs will be filled with grout after the completion of waste retrieval (Section 1.7.2). |
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Modeling of the groundwater pathway assumes that:

e Site-specific contaminant flow and transport analyses conducted for WMA C in the
200 East Area and WMA S-SX in the 200 West Area are sufficient to estimate the
groundwater concentration for other SST WMA s at their points of comparison. Due to
similarities in the geology, WMA C performance was extrapolated to other SST WMAs
in the 200 East Area; similarly, WMA S-SX performance was extrapolated to the
SST WMAs in the 200 West Area (Section 3.2.2.4.8).

e The period of simulation was selected at 10,000 years due to the long periods for impacts
to be observed in the environment for mobile contaminants and from NRC guidance
(NRC 7100).

e Deterministic analyses coupled with sensitivity analyses address uncertainty issues
(Section 3.2 and Section 3.5).

Modeling of the air migration pathway uses a bounding analysis due to the very low impacts
from radioactive gases expected.

The inadvertent intruder pathway is described as a set of assumptions that form the initial
conditions for modeling of subsequent exposure scenarios. These include:

e Active and passive institutional controls (consistent with other Hanford Site PAs) that
deter intrusion into the waste form for 500 years

e Intrusion occurs through drilling through the past releases and/or waste residuals;
a portion of the waste is brought to the surface in drill cuttings.
Modeling of the reference case inadvertent intruder scenario assumes:
e A one-time acute dose to the driller occurs from exposure to exhumed waste over 5 days
e A “"nic dose to the inadvertent intruder occurs from the use of the exhumed waste

spread over an area for a rural lifestyle over a period of 50 years.

A complete discussion of the methodology used in this SST PA is presented in Chapter 3.0.

1.9 SCENARIOS

This section discusses the assumed exposure scenarios’ that are used to investigate the potential
future impacts to public health of the closed SST WMAs. For the reference case, scenarios were
developed on the basis of land use assumptions that define an assumed future use of the
remediated site. Scenarios are typically det :d for industrial and residential uses of land

_ 'OE-RL 1995a; Ecology 2001; EPA 1989); however, many other exposure scenarios exist.
Within each scenario, the receptor interacts with contaminants through pathways such as dermal

* A scenario is a collection of human activities that defines a lifestyle or an action that can be used to assess the level
of interaction of the individual with their environment.
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1.9.2.6 riller Intruder Scenario. This receptor is exposed to radiological contaminants in
exhumed waste while drilling a well through a closed tank and/or contaminated soil assumed to
remain in the WMA after closure. The primary exposure pathways include direct external
radiation, incidental ingestion, dermal contact, and inhalation of vapors and fugitive dust. This is
considered an acute exposure because the driller is in contact with the waste for a relatively short
peric of time (i.e., 5 days). The driller intruder scenario is a reference case land use scenario.

1.9.2.6.2 Post-Intrusion Resident Scenarios. This receptor is primarily exposed to
radiological contaminants from exhumed waste. For these exposure scenarios, the drill cuttings
are distributed onto land that will be used for food consumption or gardening. These are known
as chronic exposure scenarios because the post-intruder resident is exposed over a number of
years. The perform e objective for these scenarios is 100 mrem/yr (Table 1-1). Given the
present land use around the Hanford Site, there are three post-intrusion resident scenarios:

e P -Intrusion 1burl Gar ‘:n: This scenario assumes that a receptor lives near the
drill cuttings and spreads the cuttings in his garden. The receptor obtains one-fourth of
his fruit and vegetable (but not grain) supply each year from his garden. In addition, he
inhales resuspended garden soil and ingests small amounts of it each day. His external
dose comes from spending time in or near the garden. The radiation dose to this receptor
1s the 50-year committed EDE from the first year of exposure after the well is drilled.
This post-intrusion scenario is a sensitivity analysis land use scenario.

e Post-Intrusion Rural Pasture: This scenario assumes that a receptor lives near the drill
cuttings and spreads cuttings in his pasture and hay field. The receptor obtains half of his
annu: intake of milk from the cow. He inhales resuspended soil and ingests small
amounts of it each day. His external dose comes from spending time in or near the
pasture and hay field. The radiation dose to this receptor is the 50-year committed EDE
from the first year of exposure after the well is drilled. This scenario is included as part
of the reference case land use scenarios.

e Post-Intrusion Commercial Farm: This scenario assumes that a receptor lives near the
drill cuttings and spreads the cuttings in his field used for growing a food crop for
irket. The individual inhales resuspended soil and ingests small amounts of it each
day. His external dose comes from spending time in or near the field. The radiation dose
to this receptor is the 50-year committed EDE from the first year of exposure after the
well is drilled. This scenario is one of the sensitivity analysis land use scenarios.

1.9.2.7 Offsite Exposure Scenarios

Only scenarios directly associated with the SST WMASs are analyzed as part of this report.
Offsite exposures will be estimated as part of the Composite Analysis for Low-Level Waste
Disposal in the 200 Area Plateau of the Hanford Site (Kincaid et al. 1998). Updates to
Kincaid et: (1998) will address waste sites adjacent to the SST WMAs where liquid disposal
from SSTs were intentionally released to the vadose zone.
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1.10 RELATED DOCUMENTS

Sections 1.10.1, 1.10.2, and 1.10.3 contain a discussion of the most relevant Hanford Site tank
closure documents, environmental assessments, and regulatory agreements, respectively.
Documents used to provide guidance for preparation of this SST PA are described in

Section 1.10.4. Section 1.10.5 contains a description of documents used to define the scope
of the SST PA.

1.10.1 Other Relevant Tank Closure Documents

A number of documents dealing with PAs for closing tank farms have been issued. In addition
to the documents written by the CH2M HILL Hanford Group, Inc. Tank Closure Project
(Section 1.10.5), documents have been written to satisfy the requirements of DOE and Ecology.

Prior to this document, PAs covering separate tank farms include:

e Single-Shell Tank System Closure Plan (Lee 2004)
e Preliminary Performance Assessment for Waste Management Area C at the Hanford Site,
Washington (Mann and Connelly 2003).

Lee (2004) contains the risk assessment for WMA C.

1.10.2 Other Relevant Hanford Site Long-Term Environmental Assessments

This SST PA builds on the many environmental assessments that have been performed at the
Hanford Site. They pertain to the Hanford Site tank farms while fulfilling the requirements of
DOE O 435.1 or requirements of Washington State.

1.10.2.1 Previous Work Related to Hanford Site Tank Farms

A number of reports have been published on risk assessments for the Hanford Site tank farms.
They can be grouped into two classes: 1) tank closure EISs and 2) documents supporting the
RCRA Corrective Action process.

1.10.2.1.1 Environmental Impact Assessments. Two major EISs on tank farms and their
waste have been prepared. A third EIS is in preparation.

The Hanford defense waste EIS, Final Environmental Impact Statement: Disposal of Hanford
Defense High-Level Transuranic and Tank Wastes (DOE 1987) addressed all defense waste.

For the tank waste alternatives, the EIS separated the high-level waste for shipment to a geologic
repository and  : low-activity waste for grouting in grout vaults. Tank Waste Remediation
System, Hanford Site, Richland, Washington, Final Environmental Impact Statement (TWRS
EIS) (DOE and :ology 1996) analyzed various options to manage the Hanford Site tank waste.
The record of decision, issued shortly thereafter (62 FR 8693), defined the current strategy of
tank waste retrieval, separation, and immobilization described in Section 1.2.2.2 of the TWRS
EIS (DOE and Ecology 1996). The TWRS EIS did not evaluate closure of the SSTs at the
Hanford Site.

Currently, DOE is preparing a new, expanded, comprehensive EIS that will combine the scope of
the 2004 solid waste EIS (DOE 2004) and the ongoing tank closure EIS for retrieval, treatment,
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and disposal of tank waste and closure of SSTs at the Hanford Site along with all of the waste
types addressed in the Hanford solid waste EIS. Issuance of this expanded tank closure and
waste management EIS is planned for fiscal year 2008.

1.10.2.1.2 RCRA Corrective Action Process. Because wastes from the SSTs and associated
facilities had leaked and impacted groundwater during SST farm operations, Ecology placed
DOE under RCRA Corrective Action. To comply with this action, DOE is to gather all data that
would be useful in estimating past releases and their contaminant nature and extent to allow
Ecology and EPA to evaluate the potential human health and environmental impacts, and to
identify appropriate interim corrective measures. Among the many documents created for this
activity, two sets are important for this SST PA:

e  1bsurfac conditions description reports (SCDR)
¢ Field investigation reports (FIR).

+u€ Lo s compile the historical data is useful in estimating past releases and their potential
impacts and the areas where a litional data are needed. The following SCDRs have been issued
for the SST WMAs:

e Subsurface Conditions Description for the S-SX Waste Management Area
(Johnson et al. 1999)

e Subsurface Conditions Description of the B-BX-BY Waste Management Area
(Wood et al. 2000)

e Subsurface Conditions Description of the T and TX-TY Waste Management Areas
(Wood et al. 2001)

e Subsurface Conditions Description of the C and A-AX Waste Management Area
(Wood et al. 2003)

e Subsurface Conditions Description of the U Waste Management Area
(Wood and Jones 2003).

The FIRs document the results of field and laboratory characterization activities within the
WMASs and the associated experiments that aided in the understanding of the transport of
contaminants from the SST WMA to the groundwater. FIRs have been published for

four WMAs:

e Field Investigation Report for Waste Management Area S-SX (Knepp 2002a)
o Field Investigation Report for Waste Management Area B-BX-BY (Knepp 2002b)
e Field Investigation Report for Waste Management Areas T and TX-TY (Myers 2005).

FIRs for the remaining SST WMAs (i.e., A-AX, C, and U) are scheduled over the next few years
to fulfill HFFACO Milestone M-45-55 (Ecology et al. 1989).
1.10.2.2 Other Hanford Site Project-Specific Performance Assessments

This SST PA also builds on previous PAs prepared for the Hanford Site, in particular, Hanford
Immobilized Low-Activity Waste Performance Assessment: 2001 Version (Mann et al. 2001),
known as the immobilized low-activity waste (ILAW) PA.
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The ILAW PA addresses the disposal of packaged vitrified waste produced by the Hanford
Waste Treatment and Immobilization Plant at a location 1.6 km (1 mi) southwest of WMA C.
The ILAW PA formed a preliminary basis for the disposal authorization of Waste Treatment
Plant ILAW in an undesignated disposal site. Changes in treatment plans and identification of
detailed dispos: plans have prompted revision of the ILAW PA; that revision is planned in
accordance with DOE M 435.1-1 to support ILAW and bulk vitrified waste disposal, as well as
secondary treatment waste disposal for high-level waste treatment processes. The Hanford Site
presently has a disposal authorization statement that also covers disposal of wastes at the Solid
Waste Burial Grounds and the Environmental Remediation Disposal Facility (ERDF).

1¢ following PAs were developed under Radioactive Waste Management, (DOE O 5820.2A),
a predecessor to DOE O 435.1:

o Performance Assessment of Grouted Double-Shell Tank Waste Disposal at Hanford
(Kincaid et al. 1995): " Ir the disposal of low-level liquid waste from the
The waste was to be combined with cement, fly ash, and clay to form a grout that would
cure and solidify in large subsurface vaults located to the east of the 200 East Area.

e Environmental Restoration Disposal Facility Performance Assessment
(Woo et al. 1995b) was written to support disposal of waste generated by the cleanup of
the Hanford Site, but was not immediately issued. Instead, Remedial Investigation and
Feasibility Study Report for the Environmental Restoration Facility (DOE-RL 1994) was
prepared. A crosswalk between DOE-RL 1994 and the requirements of DOE O 435.1
has been approved (DOE 2001). The ERDF is regulated under CERCLA. Most of the
waste to be disposed of at ERDF is expected to be contaminated soil.

o Performance Assessment for the Disposal of Low-Level Waste in the 200 West Area
Burial Grounds (Wood et al. 1995a) addresses the disposal of solid waste from
operations at the Hanford Site and other DOE sites. These wastes are placed into
trenches in the western part of the 200 West Area, then covered with a surface cover.

e Performance Assessment for the Disposal of Low-Level Waste in the 200 East Area
Waste Burial Grounds (Wood et al. 1996) addresses waste that is similar to that
addressed in the 200 West Area PA (Wood et al. 1995a). However, the disposal trenches
for this waste are in the northern part of the 200 East Area. Annual summaries also
have been submitted to the Low-Level Waste Federal Review Group (LFRG); the latest
in 2003 (Wood 2003).

1.10.2.3 General Hanford Site Environmental Assessments

A series of general environmental assessments also has been prepared for Hanford Site activities.
These assessments look at the Hanford Site as a whole or address environmental impacts in a
more general manner.

Composite Analysis for Low-Level Waste Disposal in the 200 Area Plateau of the Hanford Site
(Kincaid et al. 1998) was prepared in response to Recommendation 94-2 of the Defense

Nuclear cilities Safety Board (DNFSB) to the Secretary of Energy (DNFSB 1994).

The recommendation noted the need for a risk assessment that investigates the environmental
impacts of all radioactive waste disposal actions or leaks at DOE sites. The LFRG conditionally
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Hanford Site Ground Water Protection Management Plan (DOE L 1995b)1  been
superseded by Hanford’s Groundwater Management Plan: Accelerated Cleanup and Protection
(DOE-RL 2003b). DOE-RL (2003b) presents plans for remediation of high-risk waste sites,
reducir the amount of the contaminated area at the Hanford Site, reducing recharge near waste
sites, remediating existing groundwater plumes, and monitoring groundwater conditions.
However. the current version of the managen : plan does not address long-term protection of
the groun vater resource.

B e Y R

8 1.10.4 Guidance Documents

9 The main document guiding the development of this SST PA is Appendix I of the HFFACO
10 (Ecology et al. 1989). The following additional documents were also used as guidance in
11 preparing this SST I

12 e A Performance Assessment Methodologv for Low-Level Radioactive Waste Disposal
| 13 cilities: Recommendations of Ni _ s _ _rformance Assessment Working  oup,
14 NUREG-1573 (NRC 2000)
15 e Low-Level Waste Disposal Facility Federal Review Group Manual (DOE 1999c).
|
16 :rformance assessments from other DOE sites and the comments on those studies also have

17 been reviewed to understand different approaches and metho . used elsewhere.

18 1.10.5 Definition Documents

19 A series of doct ents has een created to define the scope and major parts of this SST A:

20 e Performance Objectives for Tank Farm Closure Performance Assessments

21 (Mann et al. 2005)

22 e Maintenance Plan for Hanford Tank Farm Closure Performance Assessments
23 (Mann and Newell 2006).

24 Mann et al. (2005) define the performance obje:  /es to be used in the PAs, as well as the media
25 to be protected (groundwater, air) after closure. The performance objectives are provided for the
26 protection of inadvertent intruders, assessment of engineered barrier performance, and validation
27 of potential waste acceptance limits.

‘ 28 Mann and Newell (2006) describe the plans to create and maintain the SST PA. This SST PA
29 effort is a many-year effort yielding better analyses and documents as additional information
30 becomes available.
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1.11 EVOLU ON OF IS PERFORMANCE ASf 7 3SMENT

Performance assessments are done iteratively to take into account new information from
research, characterization, and monitoring. As DOE moves toward final closure of the entire
SST system, the following activities are planned to ensure that DOE remains on a technically
valid path toward closing tank farms in a manner that protects human health. The near-term
plans include the following: '

Update of this performance assessment to reflect new findings: This is the first of a
series of PAs of the SST system. The SST PA will be updated to incorporate significant
changes in the approach to closure, conceptual model, or source characteristics

(Mann and Newell 2006).

xpansion to include the DST system: The t~—" farm system comprises the SST
syst  the DST syst  and rfacilitic (¢, pipelines and vaults) outside the SST
and DST farm fen . .* =xpanded PA is planned for issue in 2008. ...e expanded I
w  ddress the entire SST and DST systems including ancillary equipment that is part of
th ST system.

Incorporate future closure plans: Finally, there will be simulations based on new plans
of the retrieval/closure projects of the Tank Farm Contractor. As the closure of the tank
systems are more fully planned, additional details can and will be inserted into the
computer models to describe how proposed changes affect the long-term human health of
cle reactivities. These long-term human health impacts will be documented in SST
WMA -specific PAs as required by Appendix I of the HFFACO (Ecology et al. 1989).

12 STR ZTURE OF THIS PERFORMANCE ASSESSMENT

This SST PA is divided into seven chapters and seven appendices. The appendices provide
additional detailed information about topics presented in the individual chapters. The contents of
each chapter and appendix are as follows:

Chapter 1.0 provides a summary of the purpose, background, scope, approach, and
structure of the SST PA.

Chapter 2.0 describes Hanford Site characteristics and environment, including details of
the geography, geology, and the groundwater hydrology and geochemistry. In addition,
past and present activities at the Hanford Site and land uses are described. Waste
characteristics and the SST WMAss are also described in detail.

Chapter 3.0 covers the methods used to assess system performance, including the
radionuclide transport pathways and exposure scenarios. It also discusses the
assumptions used in modeling system performance.

Chapter 4.0 presents and integrates results from the transport and exposure models used
to estimate the potential consequences of long-term contaminant release from the closed
tank farms.

Chapter 5.0 presents the results from the inadvertent intruder analyses.

Chanter 6.0 interprets disposal facility performance with respect to the scenarios and the
pe rmance objectives defined in Chapter 1.0.

1-43 April 2006




18
19

20
21

22
23

24
25

26
27

28
29

30
31
32

DOE/ORP-2005-01, Rev. 0

¢ Chapter 7.0 discusses the major themes of the results presented in Chapters 4.0, 5.0, and
6.0; identifies data and analyses gaps in the SST PA; and discusses further work
associated with the SST PA activity.

e Appendix A contains a crosswalk to the LLW disposal facility federal review group
criteria and where those criteria are associated in this SST PA.

e Appendix B contains information on process chemistry history and facility history.

e Appendix C contains detailed information on inventory inputs to the SST PA modeling.
e Appendix D contains detailed information on groundwater pathway modeling results.

e Appendix E contains detailed intruder and air pathway analyses information.

e Appendix F contains a description of the quality assurance program applied to production
of the SST PA.

e Appendix G provides brief resumes of contributors to this document.
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warmer winters. This reconstruction also suggests that the past three centuries were wetter on
the average by 0.8 cm, primarily in the autumn. Furthermore, droughts were apparently more
frequent starting in the second half of the seventeenth century and lasted longer than twentieth
century droughts. _ -amulich (1987) also used multiple regression models to reconstruct
precipitation in the Pacific Northwest. The results indicate that the average precipitation in the
eighteenth an nineteenth centuries was the same as the average precipitation in the twentieth
century.

Chatters (1991) and Chatters and Hoover (1992) summarized proxy evidence for climatic change
in the Columbia Basin for the past 10,000 to 13,000 years. They identify an environment for
about 13,000 years ago that was kept cool and dry by masses of ice and glacial meltwater,

s porting a mosaic of isolated plant and animal communities. This was followed between
10,000 and 8,500 years ago by a period of warmer than modern summers, colder t n modern
winters, an low, but spring-dominant, precipitation. This clir ite suppc  =d extensive
grasslands and their associated fauna. By 8,000 years ago, summers and winters were both
relatively warm, and precipitation was at least 33% below current levels. This climate pattern
resulted in reduced stream flows, with late spring flow maxima, and extensive development of
shrub-steppe vegetation throughout most of the region. Between 4,500 and 3,900 years ago, the
climate evolved to wetter and cooler conditions. Rivers flooded frequently and forests expanded
into steppe zones. From 3,900 to 2,400 years ago, the climate was cool in the summer and co!

in the winter, with winter-dominant precipitation at least 30% above current levels. Warmer,
drier conditions returned etween 2,400 and 2,000 years ago, rec :ing vegetation density and
renewing flooding.

2.3.24 ong-Range Forecasts

Climatologists universally accept that global climates have undergone significant variation in the
past and that such natural variations are expected to continue into the future. Berger et al. (1991)
reviewed seven models of different complexity developed to predict the global climate for the
next 1,000 to 100,000 years. All the models are in relatively good agreement. Without uman
disturbances, the long-term cooling trer that began some 6,000 years ago is expected to
continue for the next 5,000 years. This trend should be followed / a stabilization at about
15,000 years, a cold interval centered at approximately 25,000 years, and finally a major
glaciation at about 55,000 years. Although human disturbances (such as the green-house effect)
could occur, their main effect will be to delay the onset of these trends.

2.3 5 Severe Weather

Severe weather events are not significant to the Hanford Site. According to the records of the
H! 3 and the National Severe Storms Forecast Center database, only 24 separate tornados have
occurred between 1916 to 1994 within 160 km (100 mi) of the Hanford Site. Only one of these
tornadoes was observed within the boundaries of the Hanford Site itself (at the extreme western
edge), and no damage resulted. The estimated probability of a tornado striking a point at the
Hanford Site is 9.6 x 10°®/yr. Hurricanes do not reach the interior of the Pacific Northwest.

Severe winds are associated wi  thunderstorms or the passage of strong cold fronts.
..ie greatest peak wind gust was 130 km/hr, recorded at 15 m above ground level at the HMS.
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2.3.4 2 Crustal Folding. During and after the eruption of the 1va flows, the Earth’s tectonic
forces buckled and folded the basalt in the western Columbia Basin into generally east-west
trending, long, narrow ridges (anticl :s), and intervening valleys (synclines). Collectively, 1is
is identified as the Yakima Fold Belt.

2.3.4 3 Ancestral Columbia River Deposits. The ancestral Columbia River repeatedly
changed its course over the past 15 million years, depositing gravel, sand, silt, and clay

man et al. 1981; Fecht et al. 1987; DOE 1988; Reidel et al. 1994; Lindsey 1996).

fting basalt ridges diverted the course of the Columbia iver from a southerly direction
(toward Goldendale) to an easterly direction (toward Wallula Gap) and left behind the Ringold
Formation (Fecht et al. 1987). Later regional uplift associated with the Cascade Mount 1s
caused the river to cut through its own earlier d  osits (the Ringold Formation) exposing the
White Bluffs.

Within the Hanford Reach, the Columbia River continues to erode the White Bluffs.
Groundwater seepage from irrigation along the bluffs makes them unstable. Consequently, the
White Bluffs are landsliding and sloughing into the Columbia River along much of the shoreline
(Fecht et al. 1987).

2.3.4.1.4 Ice Age Floo . The last major geological event was the Ice Age floods. The Ice
Age floods began as early as 2.5 million years ago (Bjornstad et al. 2001) with the most recent
occurring 18,000 to 13,000 years ago. During the freezes and thaws that occurred in the [ce Age,
an ice dam across the Clark Fork River in Montana formed and failed many times, each time
releasing a wall of water that surged southwest through the Columbia Basin, inundating the area
that 1s now the Hanford Site. As the water moved across eastern Washington, it eroded the
basalt, forming channels of barren rocky land referred to as the Channeled Scabland. At other
loci  es,su as away from the main flood channels, the water :posited bars of gravel and
sand. The waste management facilities in the 200 Areas of the Hanford Site are located on one
prominent flood bar of sand and gravel, the Cold Creek bar (Bretz et al. 1956; DOE 1988).
Where the waters pooled behind obstacles such as Wallula Gap, they left behind deposits of sand
and silt known as the Touchet Beds. Examples of Touchet Bed silt deposits are found in the
Central Plateau of the Hanford Site at the U.S. Ecology, Inc. site near the 200 Areas.

Figure 2-7 shows the southern Pasco Basin under water during the largest Ice Age flood.

Ice Age floods became hydraulically dammed behind Wallula Gap, forming Lake Lewis.

The largest and most frequent floods came from glacial Lake Missoula in northwestern Montana.
Other floods may have escaped down-valley from the glacial lakes Clark and Columbia along the
northern margin of the Columbia Basin (Waitt 1980; Baker and Bunker 1985) or down the

Snake River from glacial Lake Bonneville (Malde 1968; O’Connor 1993) or from subglacial
outbursts (Shaw et al. 1999).
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2.3.4.1.6 Stratigraphy. This section summarizes the strata and structure of the sediment and
rocks that affect the Hanford Site/Pasco Basin. Figure 2-9 shows the various strata, their age,
and epoch names for those geological periods of time. Additional information on the geology of
the Pasco Basin, as w¢  as more detailed descriptions of the stratigraphic units is given in
Chapter 3.0 of Reidel et :  (2006).

F +2-9. Generalized Stratigraphy of the Pasco Basin and Vicinity

Age
l\t-_rs) [ =N TN | = o L
v surficial Deposits
13,000 iterbedded Sand and Siit-Dominated
louchet Beds)
ind-Dominated and Gravel Dominated
2asco Gravels)
2,500,000
100,000
Member of
Savage Island
Member of
Taylor Flat
UnitE
5,300,000
. Member of
UnitC = wooded Island
Unit B
UnitD
Unit A -
nipes Moun Conglomerate
8,600,000 :e Harbor Memwer |
lephant Mountain
.4,600,000 lember
Ellensburg
Formation
15,600,000 — (Interbedded
Sediment)
16,500,000
7,000,000 ]
ipd-04-4-2-4 tif

Columbia River Basalt Group: The bedrock of the Hanford Site is volcanic rock (basalt).
Beneath the Hanford Site lay a minimum of 100 basalt flows with a maximum combined
thickness of more than 4 km (almost 13,000 ft) (DOE 1988), all part of the Columbia River
Basalt Group.

To organize the many basalt deposits into a consistent nomenclature, geologists have named and

grouped them based on their physical and chemical properties. The basalt deposit closest to the

surface at the Hanford Site, and therefore most often referred to, is Saddle Mountains Basalt
igure 2-9). Saddle Mountains Basalt consists of 10 distinct basaltic lava deposits (members).

2-25 April 2006



& ) (9] —_

30
31
32
33
34
35
36

37
38
39
40
41

IOE/ORP-2005-01, Rev. 0

The most recent basalt flow underlying most of the Hanford Site is the Elephant Mountain
Member of the Saddle Mountains Basalt. A younger basalt flow, the Ice Harbor Member, is
found in the southern portion of the site near the 300 Area (DOE 1988). This unit forms the base
of the unconfined aquifer.

In addition to bas: , the Hanford Site has sedimentary formations. These are sediment (material
it settles to the bottom of a liquid) that often has hardened into rock. Some of the sediment at
» Hanford Site is found between the basaltic lavas and is called the Ellensburg Formation.

The majority of the sediment is above the basalt with the Ringold Formation on the bottom,

overlain by the Cold Creek unit, and topped with the Hanford formation (Figure 2-9).

Understanding the formations, along with clastic dikes and the soil of the Hanford Site,

contributes to understanding of how, for example, contaminants might travel through the vadose

zone and unconfined aquifer in the 200 Areas.

lensbu r ation. Thisistl sedin it foundin edded with the Columbia River ;

Basalt Group. The Ellensburg Formation formed as early as 15.6 million years ago, although the

youngest portion on the Hanford Site may have formed as recently as 8 million years ago l
)OE 1988). The Ellensburg Formation was created when volcanic rock and sediment from |

uplands surrounding the Columbia Plateau interfingered with the basalt of the Columbia River

Basalt Group (Swanson et al. 1979a, 1979b). The thickest accumulations of the Ellensburg

Formation lie along the western margin « the Columbia Basin. While deposition along the

western margin was primarily from volcanic debris flows and related stream and sheet floods,

no volcanic debris flows have been identified at the Hanford Site (Reidel et al. 1994).

Volcanic rock (formed from falling ash known as tuff) is the dominant material in the Hanford

Site portion of the Ellensburg Formation. The Ellensburg Formation is commonly exposed along

the ridges of the Yakima Fold Belt. The confined aquifer system underlying the Hanford Site is

found in the basalt breccia or flow tops of this formation.

234 7  ingold Formation, Col Creek Unit, and | nford formation. Sediments
overlying basalt in the Pasco Basin and Hanford Site, known as the suprabasalt, include the
Ringold Formation, Cold Creek unit, and the Hanford formation. These formations are primarily
expose in e lower elevation areas around the Hanford Site, including White Bluffs.

I 1gold Formation. The lower half of the Ringold Formation is the main unconfined aquifer
under the anford Site and contains five separate stratigraphic intervals dominated by the fluvial
gravels facies. These gravels, designated units A, B, C, D, and E (Figure 2-9), are separated by
intervals containing deposits typical of the overbank and lacustrine facies (Lindsey 1991).

The lowermost of the fine-grained sequences overlying, unit A, is designated the lower mud
sequence. The uppermost gravel unit, unit E, grades upwards into interbedded fluvial sand and
overbank deposits that are in turn overlain by lacustrine-dominated strata.

The upper part of the Ringold Formation, informally called the member of Taylor Flat
(Lindsey 1995) consists of the sequence of fluvial sands, overbank deposits, and lacustrine
sediments overlying unit E. This corresponds to the upper unit as originally defined by
Newcomb (1958) along the White Bluffs in the eastern Pasco Basin. The fluvial sand facies is
the principal facies of the upper part under the tank farms at the Hanford Site.
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Cold _reek 1it. The Cold Creek unit (DOE-RL 2002) includes all material underlying e
Hanford formation, overlying the Ringold Formation in the vicinity of the 200 West Area, and
may extend over most of the central Pasco Basin. The Cold Creek unit distinguishes itself from
the | inford and Ringold formations because it was formed when the Ringold Formation was
eroding and relatively ttle was being deposited at the Hanford Site. This subunit is found
locally in the Cc 1 Creek syncline in the subsurface. Distribution of the Cold Creek unit depends
in part on erosion and weathering of the underlying Ringold Formation and post-depositional
erosion by the Ice Age floods (Slate 1996). The thickness of the Cold Creek deposit ranges from
0 to 20 m. Locally the Cold Creek unit contains very hard rock that formed as precipitation
evaporated and left behind minerals forming what geologists call caliche or hardpan. This layer
can influence contaminant migration by slowing its rate of downward movement and potentially
dive g contaminants laterally (Slate 1996). However, this layer has no more influence than
other layers. Thin, fine-grained layers in the Hanford formation also cause lateral m _ ition
(Serne et al. 2002).

Hanford formation. The Hanford formation is the informal name for the strata that lie on top «
Cc 1 Creek unit above the Ringold Formation. The Ice Age floods inundated the Hanford S :a
number of times beginning as early as | to 2 million years ago (Bjornstad et al. 2001). The last
major flood sequence occurred about 13,000 years ago. When the Ice Age floodwaters entered
the Pasco Basin, they quickly became impounded behind Wallula Gap, which was too restrictive
for the volume of wat. involved. Floodwaters formed temporary lakes with shorelines up

to 381 m (1,250 ft) in elevation. The lakes lasted not more than a few days (O’Connor and

B: er 1992). The deposits, known as the Hanford formation, that were left after the floodwater
receded (Figure 2-10), blanket low-lying areas over most of the Hanford Site.

The inford formation is thickest in the vicinity of the 200 Areas where it is up to 100 m

(300 ft) thick (DOE-RL 2002). Gravel, sand, and silt (Touchet Beds) dominate the Hanford
formation « eidel et al. 1992). The different sediment types of the Hanford formation commonly
interfinger laterally. The relative proportion of each sediment type at any given location is
related to its distance from main high-energy flows at the time of deposition (DOE 1988).
Generally, gravel was deposited in the center of the Pasco Basin, while finer-grained sand and
silt were deposited along the margins of the basin.
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2.3 1.8 Clastic Dikes. Clastic dikes are fissures filled with sand, silt, clay, and minor coarser
debris. They are commonly associated with, but not restricted to, Ice Age flood deposits in the
Columbia Basin. Many dikes occur as sharp-walled, near-vertical tabular bodies filled with

m iple layers of unconsolidated sediment. Thin clay/silt linings separate the margins of dikes
and internal layers (Fecht et al. 1999). Dikes vary in width from less than 1 mm (0.039 in.) to
greater than 2 m (6.5 ft). Vertical extents range from less than 1 m (3 ft) to greater than 50 m
(164 ft) with a large number greater than 20 m (65 ft) (Fecht et al. 1999).

Clastic dikes are characteristic of unstable environments and tend to form when three conditions
exist: 1)a te of horizontal tension, leading to cracking, 2) the presence of suitable source
materials, and 3) excess pore-water pressure (Allen 1982). In glacial and subglacial
environments, movement of a glacier or ice sheet over saturated, unconsolidated, fine-grained
sediment could lead to such conditions. In warn  :limates, such conditions could have resulted
from the rapid dewatering of saturated, unconsolidated, fine-grained sediment in response to a
triggering event. Both seismic events and hydraulic fracturing during flooding have been
propose as possible mechanisms for the injections (Lupher 1944; Alwin 1970; Obermeier 1996;
Pogue 1998; Fecht et al. 1999). Newcomb (1962) suggested that clastic dikes in the Touchet
Beds resulted from upward injections of groundwater, caused by bank-storage effluent when a
large lowering of Lake Lewis created a pressure differential. Newcomb (1962) suggested the
lowering could produce a hydraulic lift causing the injection of water into an equi-dimensional
(polygonal) system of fractures. Later injections followed the established dike planes producing
the many narrow beds of rock.

2.3.4.1.9 200 Areas Strata and Structure. At the end of Ringold time, western North
America underwent regional uplift resulting in a change in the base level of the Columbia River
system. Uplift caused a change from sediment deposition to regional incision and sediment
removal. Regional incision is especially apparent in the Pasco Basin where nearly 100 m

(328 ft) of Ringold sediment has been removed from the Hanford area. The regional incision
marks the beginning of Cold Creek time and the end of major deposition by the Columbia River.

Regional incision and erosion during the Cold Creek time is most apparent in the surface
elevation change of the Ringold Formation across the Hanford Site, shown in Figure 2-11,
which is an east-west cross-section through the Hanford Site. The elevation of the surface of
the Ringold Formation decreases toward the present day Columbia River channel. In the
southwest part of the Pasco Basin near the 200 West Area, less incision of the Ringold
Formation occurred than at the 200 East Area. The greatest amount of incision is near the
present channel. This increasing incision into the Ringold Formation toward the present
Columbia River channel occurred with time as the channel of the Columbia River moved
eastward across the Hanford Site.

These events have caused the geology in the 200 West Area to be notably different from that in
the 200 East Area even though they are separated by a distance of only 6 km (4 mi) (DOE 1988)
as shown in Figures 2-11 and 2-12. Figure 2-12 is a geologic map of the units present at the
water table surface. The 200 West Area has sections containing all three formations including

most of the Ringold Formation as well as the Cold Creek unit and the Hanford formation
(DOE 1988).
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In the 200 East Area, some of the Ringold Formation is present in the southern part but has been
complet¢ 7 eroded in the northern part. On the north side of the 200 East Area, the Hanford
formation rests directly on the basalt, and no Ringold sediment is present. Erosion by the
ancestral Columbia River and Ice Age flooding are believed to have removed the Ringold
Formation from this area. Material of questionable origin overlies basalt within

WMA B-BX-BY (Wood et al. 2000). This material may be equivalent or partially equivalent to
the Cold Creek unit or it may represent the earliest ice-age flood deposits overlain by a locally
thick sequence of fine-grained non-flood deposits. This unit is referred to informally as
Hanford-Cold Creek deposits.

Figure 2-11. Cross-Section Running from the Rattlesnake Mountains
through the 200 Areas and out ) the Columbia River
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Figure 2-13. Topography of the 20 Areas Central Plateau
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2.34.2 Seismc gy

This section summarizes the seismology of the Hanford Site. Chapter 6.0 of Reidel et al. 2006
provides additional details on the tectonic setting, seismology, and volcanology of the Hanford
Site. The historic record of earthquakes in the Pacific Northwest dates from about 1840.

The ea 7 part of this record is based on newspaper reports of human perception of the shaking
and structural damage as classified by the Modified Merca Intensity (MMI) scale; the early
record is probably incomplete because the region was sparsely populated. The historical record
appears to be complete since 1905 for MMI V, and since 1890 for MMI VI (Rohay 789).
Seismograph networks did not start providing earthquake locations and magnitudes of
earthquakes in the Pacific Northwest until about 1960. A comprehensive network of seismic
stations that provides accurate locating information for most earthquakes of magnitude >2.5 was
installed in eastern Washington in 1969. DOE (1988) provides a summary of the seismicity of
the Pacific Northwest, a detailed review of the seismicity in the Columbia Plateau region and the
Hanford Site, and a description of the seismic networks used to collect the data.

Seismicity of the Columbia Plateau, as determined by the rate of earthquakes per area and the
historical magnitude of these events, is relatively low when compared with other regions of the
Pacific Northwest, the Puget Sound area, and western Montana/eastern Idaho. Figure 2-14

(left side) shows the locations of all earthquakes that occurred in the Columbia Plateau before
1969 with an MMI of >V and at Richter magnitude >4. Figure 2-14 (right side) shows the
locations of a earthquakes that occurred from 1969 to 2000 at Richter magnitudes >3.

The largest known earth 1ake in the Columbia Plateau occurred in 1936 near Milton-Freewater,
Oregon. This earthquake had a Richter magnitude of 5.75 and a maximum MMI of VII, and was
followed by a number of aftershocks indica 1g a northeast-trending fault plane.

Other earthquakes with Richter magnitudes >5 and/or MMIs of VI occurred along the boundaries
of the Columbia Plateau in a cluster near Lake Chelan in 1872, extending into the northern
Cascade Range in northern Idaho and Washington, and along the boundary between the western
Columbia Plateau and the Cascade Range. Three MMI VI earthquakes have occurred within the
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Figure 2-17. Hindcast Water Table Map of the Hanford Site, January 1944
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Water levels in the uppermost unconfined aquifer have risen as much as 9 m beneath the

200 East Area (well 699-45-42, )cated near B pond) because of artificial recharge from liquid
waste disposal operations since the mid 1940s. The largest volumes of discharge were to the
216-B Pond system east of 200 East Area, the 216-A-25 (Gable Mountain) pond system north of
the 200 East Area, and several of the PUREX cribs east and south of WMAs A-AX and C.
Figure 2-19 shows the liquid discharge history for the two ponds. The 216-B Pond system is
estimated to have received approximately 293 billion L of ef 1ent and the 216-B Pond to have
received about 256 billion L of effluent. The increase in water-t: ¢ elevation was most rapid
from 1954 to 1963. The water table declined somewhat in the late 1960s and early 1970s then
increased again in the early 1980s before a final decline throughout the 1990s when wastewater
discharges in the 200 East Area were reduced.

Figure 2-19. Discharge I ory for the 216 Pond and the Gable Mountain Pond *

3.00FE+10

Liqui Discharges t0 200 ot nicw = varo

2.50E+10
2.00E+10

1.50E+10

Volume (liters)
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5.00E+09

0.00E+00
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Year

* Data are from the Virtual Library (Vaughan 2002), figure from Reidel et al. (2006).

The pre-Manhattan Project water table in the 200 West Area was at approximately 123 m above
sea level (Kipp and Mudd 1974). However, Bergeron and Wurstner (2000) more recently
modeled the elevation of the water table beneath the Hanford Site for the immobilized
low-activity waste PA (Mann et al. 2001). Their model resulted in a water table elevation of
about 128 m above sea level in the 200 West Area after all influences from the Hanford Site have
dissipated. Since all non-permitted discharges of liquid effluent to the ground were stopped,
rapid changes have occurred in the water table elevation. Table 2-2 gives the average rate of
decline in wells at each WMA during the past 5 years. The average rate of decline was obtained
by averaging the rate of decline in each monitoring well in the RCRA monitoring network at
each WMA between March 1999 and March 2004. All data used are in the electronic database
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known as the Virtual Library (Vaughan 2002). For wells newer than 1999, the water table
decline during the entire life of the well was used.

Table 2-2. Water Level Changes beneath the 200 West Si1 _ e-Shell Tank Farms *

Approximate ksumarted Approximate Approximate Approximate
Pre-Hanford Post-Hanford Maximum Water Cu[: E_) ent Water Rate of Decline
WMA Water Table Water Table Table Elevation . in the Past
. . Table Elevation
Elevation Elevation (m amsl) and Date of d 5 Years
b ¢ m amsl
m amsl m amsl Measurement m/yr
148.6 — Aug 1955
T 123 -125 130 - 132 (299-W10-1) 136.7-137.2 0.37
145.9 — June 1985
TX-TY | 123125 130 - 132 (299-W14-1) 136.5-137.2 0.25
147.9 — June 1984
U I 123 - 125 130 - 132 (299-W19-11 136.7-137.3 0.45
148.2 - July 1984
5-5X l 123- 125 130- 132 AT J 1367 137.2 030

 Reidel et al. (2006).

® Kipp and Mudd (1974).

¢ Bergeron and Wurstner (2000).
4 Hartman et al. (2003).

amsl = above mean sea level

Table 2-3 summarizes the changes in water level elevations that have occurred beneath the

200 East Area tank farms since the beginning of the Hanford Site operations. The pre-Manhattan
Project water table was at approximately 120 m above sea level (Kipp and Mudd 1974).
However, the recent modeling by Bergeron and Wurstner (2000) resulted in a water table
elevation of about 116 to 118 m above sea level in the 200 East Area after all influences from the
Hanford Site have dissipated. All non-permitted discharges of liquid effluent to the ground were
stopped in 1996. Since that time, rapid changes have occurred in the water table elevation.

Table 2-3 also gives the average rate of water table decline in wells at each WMA during the past
5 years. The average rate of decline was obtained by averaging the rate of decline in each
monitoring well in the RCRA monitoring network at each WMA between March 1999 and
March 2004. All data used are in the Virtual Library (Vaughan 2002). For wells newer than
1999, the water table decline during the entire life of the well was used.

Comparing the approximate rate of water table decline in 200 East Area (Table 2-3) with that
in 200 West Area (Table 2-2) shows that the rate of decline is three to four times faster in the
200 West Area. This is probably due, in part, to the greater increase in water level due to

U Pond than to B Pond and that the 200 West Area tank farms are closer to the U Pond mound
than are the 200 East Area tank farms to the B Pond mound. Also, the water table gradient is
extremely flat in the 200 East Area, whereas the gradient is steeper beneath the 200 West Area.
This means that a small increment of water table decline must be spread out over a much larger
area in the 200 East Area than in the 200 West Area.
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changes in water table elevation may have significantly chai :d the unconfined aquifer
transmissivity at a well since the time of the hydraulic test. Few hydraulic tests within the
Hanford Site unconfined aquifer system have yielded accurate estimates of aquifer-specific yield.

2.3.5.2.7 Groundwater Travel Times. Tritium and carbon-14 measurements indicate t 1t
grour vater residence 1e (1 e that groundwater has been in the s1  urface) is up to

ousands of years for the unconfined aquifer and more than 10,000 years for groundwater in
the shallow confined aquifer (Johnson et al. 1992). Chlorine-36 and noble gas isotope data
suggest groundwater ages greater than 100,000 years in the deeper confined systems
(Johnson et al. 1992). These relatively long residence times are consistent with semiarid-site
recharge conditions. However, groundwater travel time from the =70 East Area to the
Columbia River has been shown to be much faster, in the range of 10 to 30 years (USGS 1987;
Freshley and Gra 1 1988). This is because of large volumes of recharge from wastewater that
were disposed in the 200 Areas betwer 1944 and the mid 1990s, and the relatively high
permeability of Hanford form on sediments, which are below the water table :tween the
200 East Area and the Columbia River. Travel time from the 200 West Area is greater because
of the lower permeability of Ringold Formation sediments. Plume monitoring indicates that
groundwater from the 200 West Area has moved about 6 km (3.7 mi) during the past 50 years.
Since ther  1990s, large volumes of wastewater are no longer discharged to the 200 Areas
(Figures 2 and 2-19). This has resulted in lower groundwater gradients. Groundwater travel
times from the 200 Areas to the Columbia River are expected to increase because of diminishing
wastewater recharge in the 200 Areas and the resulting reduction of the hydraulic gradient.

2.3 2.8 Groundwater Quality. The quality of groundwater at 1e Hanford Site,
uncontaminated by Hanford Site activities, varies depending on the aquifer system and
depth, which generally is related to residence time in the aquifer (DOE-RL 1992, 1997b;
Hartman et al. 2004). The DOE-RL (1997b) study involved examination of historical data
and new data from wells in areas not affected by Hanford Site contaminants.

Groundwater chemistry in the basalt-confined aquifers displays a range depending on depth and
residence time (DOE 1988). The chemical type varies from calcium- and magnesium-carbonate
water to sodium- and chloride-carbonate water. Some of the shallower basalt-confined aquifers
in the region (e.g., the Wanapum basalt aquifer) have exceptionally good water quality
characteristics: less than 300 mg/L dissolved solids; less than 0.1 mg/L iron and magnesium;
less than 20 mg/L sodium, sulfate, and chloride; and less than 10 ppb heavy metals
(Johnson et al. 1992). However, deeper basalt-confined aquifers typically have high dissolved
solids content and some have fluoride concentrations greater than the drinking water standard of
mg/L (DOE 1988).

Groundwater beneath large areas of the Hanford Site has been contaminated by radiological and
chemical constituents resulting from past Hanford Site operations. These contaminants were
primarily introduced through wastewater discharged to cribs, ditches, injection wells, trenches,
and ponds (Kincaid et al. 1998). Addition: contaminants from sp s, leaking waste tanks, and
burial grounds (landfills) have also entered groundwater in some areas. Contaminant
concentrations in the existing groundwater plumes are expected to decline through radioactive
:cay, mineral adsorption, chemical degradation, and dispersion. However, contaminants also
exist within the vadose zone beneath waste sites (Section 2.3.5.2.2) as well as in waste storage
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24 FACILITY DESCRIPTIONS COMMON TO ALL TANK FARMS

This section describes the facilities that all tank farms have in common. Descriptions of the
100- and 200-Series tanks are provided, as well as the ancillary equipment. This section also
includes a level of detail that illustrates equipment that could be included in a specific tank farm,
but does not provide exact descriptions of equipment or engineering data that would be found in
design media.

The SSTs were the first large-volume tanks constructed to store radioactive waste and are located
in the upper Central Plateau of the 200 Area. The construction of the initial SSTs and associated
support infrastructure began in 1943 and all 149 SSTs were completed by 1964. The SSTs were
located in the 200 West and 200 East Areas as shown in Figure 2-22 and were grouped into

12 SST farms located near the facilities that generated the waste. The tank farms include
100-Series tanks (530,000 gal, 758,000 gal, and 1,000,000 gal), 200-Series tanks (55,000 gal),
and the infrastructure to transfer waste from waste management and irradiated fuel-reprocessing
facilities. The 12 SST farms are further divided into 7 WMAs that are discussed in detail in
Sections 2.6 through 2.12.

To assist in the transfer of waste to the tank farms, the SSTs were located at a lower elevation
from the fuel processing facilities and grouped into farms of 4 to 18 tanks as shown in

Figure 2-23. The decision to locate tanks in groups provided adequate tank waste storage close
to each fuel and waste reprocessing facility, and reduced the number of pipelines and associated
ancillary equipment required to transfer waste between the processing plants and the tar  farms.
Additionally, the tank farm concent of grouping tanks together allowed for the use of cascades,
in which the first tank overflowe into the second tank, the second into the third, and so on,
within the tank farms; this allowed the waste solids to settle to the bottom of each tank as waste
was transferred. The radioactive waste that was generated and transferred to the SSTs was stored
in the form of an alkaline that eventu: y separated into a mixture of liquid, sludge, and hard
saltcake.

1e 200 West Area contains six SST farms (S, SX, U, TX, TY, and T) that provided storage for
waste generated at the T Plant, U Plant, and REDOX Plant. The 200 East Area contains six
SST farms (C, B, BX, BY, A, and AX) that provided storage for waste generated at the PUREX
Plantand BT nt. The 200 West and 200 East Areas also include six DST farms (SY, AN, AZ,
AY, AW, and AP) that have received waste from the SSTs in past operations and also receive
waste from ongoing SST waste retrieval operations.

In addition to the SSTs in the 200 West and 200 East Areas, the waste transfer infrastructure for
each tank farm includes a complex system of pipelines (transfer lines), MUSTSs, diversion boxes,
vaults, valve pits, and other miscellaneous structures that are referred to as ancillary equipment.

Figure 2-24 is a three-dimensional graphic illustration of the tank infrastructure at WMA C as an
example of the tanks and associated infrastructure described in this section. This graphic
presents the complexity and variety of subsurface structures and equipment that support waste
transfers.
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2.6.2 Infrastructure

This section describes the WMA S-SX infrastructure components that were included in the
SST PA. Those components are listed in Table 2-6. Reference case inventory development for
those components is described in Section 2.6.7. Refer to Section 2.4 for generic infrastructure
component descriptions and Section 2.5 for a summary of infrastructure inventory development
methods.

2.6.2.1 Single-Shell Tanks

The 12 S farm tanks are second generation 100-Series SSTs that are each 75 ft in diameter and
approximately 37.3 ft tall from base to dome. Each tank has a 12-in. dish bottom, a 23-ft
operating depth, and an operating capacity of 758,000 gal (Williams 2001a). The 15 SX farm
tar sare third; ieration 100-Series SSTs that are each 75 ft in diameter and approx iately
44 ft tall from base to dome. Each tank has a dished bottom, a 30-ft operating depth, and an
or ting capacity of 1 million gal.

The WMA S-SX tanks were all constructed in place with a carbon steel liner covering the bottom
and sides of a reinforced concrete shell. All tanks sit belowgrade with at least 8.1 ft of soil cover
at the S tank farm and 6 ft of soil cover at the SX tank i1m. Typical tank configurations and
dimensions are shown in Figure 2-34. Both S and SX SSTs were constructed with cascade
overflow es in three-tank series to allow gravity flow of liquid waste between the tanks.

The S farm tanks were designed to withstand pH values of 8 to 10 and fluid temperatures up to
220°F. ..ie SX farm tanks were designed to withstand pH values of § to 10 and to hold
self-boiling waste, with temperatures up to 250°F for a period of 1 to 5 years. The SX farm
tanks were the first SSTs designed for self-boiling (self-concentrating) waste; however, the

S farm tanks also received REDOX waste that self-boiled.

2.6.2.2 Ancillary Equipment

A complete listing of the WMA S-SX ancillary equipment currently identified for inclusion in
the SST system closure is provided in (Lee 2004). As discussed in Section 2.5.4, the anci iry
components included in the SST PA consisted of the underground waste transfer lines and
MUSTs located inside each WMA boundary. For WMA S-SX, the ancillary components
analyzed consisted of the S and SX tank farms waste transfer piping and one MUST
(241-SX-302 catch tank). Multiple sets of waste transfer piping were installed in WMA S-SX
over time. A time line of piping installations is described in Williams ~701a). 1t is estimated
that there are approximately 8.7 mi (+/- 2.7 mi) of waste transfer piping in the S tank farm and
3.8 mi (/- 1.1 mi) in the SX tank farm (Field 2003a).
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~ 7en though it is believed that tanks TY-101, TY-103, and TY-104 did not leak or leaked a very
small amount (Wood et al. 2001), there has been observed gamma activity surrounding the tanks.
For the potential leak from tank TY-101, elevated gross gamma readings were observed in 1973
at 53 ft in drywell 52-01-09 and at 44 ft in drywell 52-01-05, as well as an observed elevated
reading in 1978 at approximately the same depth in drywell 52-01-05. For the potential leak
from TY-103, elevated readings in drywell 52-03-06 in 1974 were used as an indicator.

Current readings indicate a small amount of cesium-137 and cobalt-60 approximately 50 ft from
the bottom of the well. A small zone of elevated cesium-137 is currently observed between

45 and 50 ft. Tanks TY-102 and TY-106 have indications of leaks with no drywell data to
support these conjectures (Wood et al. 2001).

Drywells associated with TY-105 (52-03-06, 52-05-07, 52-06-06) support the conclusion that
the tank did leak. Drywell 52-03-06 is described above. Drywell 52-05-07 shows a zone of

1to 30 pCi’- of cesi  -137 between 50 and 90 ft, and 1 to 10 pCi/g of cobalt-60 between

50 and 98 ft. LT well 52-06-06 also shows elevated levels of cesium-137 and cobalt-60 between
50 and 150 ft (Wood et al. 2001).

Spectral gamma logging data also indicate the presence of generalized near-surface
contamination across WMA TX-TY. The contamination readings are commonly 10 to 100 pCi/g
(Wood et al. 2001) across the TX tank farm, with lower levels typically between 1 and 10 pCi/g
found in TY tank farm.

- 8.6 Unconfined Aquifer Conditions

This section summarizes WMA TX-TY groundwater monitoring and characterization activities
and the current understanding of contamination in the unconfined aquifer.

2.8.6.1 Monitoring and Characterization

Nine RCRA groundwater monitoring wells associated with WMA TX-TY are located outside the
WMA TX-TY boundary (Figure 2-50). The wells are intended to monitor groundwater
contamination attributable to the entire WMA rather than individual components. The initial
background-monitoring program for WMA TX-TY is complete and monitoring is currently
conducted under an interim status assessment program.

The contaminant assessment and the statistical evaluation methodology for the WMA TX-TY
groundwater assessment program are described in Hodges and Chou (2001b) and updated in
Horton (2002). The assessment plan was last modified in 2001. Results of the groundwater
assessment program are published annually. Monitoring under the assessment will continue until
the entire WMA is closed. Two new wells were installed in fiscal year 2003 to improve the
capability of the detection network to monitor the site.

A detection level RCRA groundwater monitoring program for WMA TX-TY was initiated in
1989, and the WMA was placed into assessment status in 1993 because specific conductance
limits were exceeded in downgradient monitoring wells 299-W10-17 and 299-W14-12
(Hodges and Chou 2001b). Hodges (1998) concluded that the contaminants observed in the
groundwater were consistent with a source within the WMA, but that an upgradient source
(the 216-T-25 trench) is possible. However, without direct evidence for an upgradient source,
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Figure 2-62. Tank U-104 Uranium Plume in Waste Management Area U*
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2.9.6.1 Monitoring and Characterization

Eight groundwater monitoring wells have prov led the most useful groundwater contaminant
data near WMA U. Before the installation of RCRA groundwater monitoring wells, the nearest
sampled well was 299-W19-12, which was installed in 1983, and is located just east of tanks
U-104 and U-107. To satisfy RCRA monitoring requirements for WMA U, two upgradient wells
719-W18-25, 299-W18-31) on the west side of the U tank farm and three downgradient wells
(299-W19-30, 299-W19-31, 299-W19-32) )cated on the northeast and east side of U tank farm
were installed in 1991 and 1992 (Wood and Jones 2003). Since then, water table subsidence
eliminated sampling capability at some wells, necessitating the installation of replacement wells,
including 299-W-42, to replace 299-W19-31, 299-W19-41 to replace 299-W19-32 in 1999, and
299-W18-40 to replace 299-W18 ~ 35 in 2001 (Wood and Jones 2003). When functional, these
wells have been sampled and analyzed regularly since installation.

Grc  |water flows easterly to nor  asterly. However, the upgradient/downgr: * nt
relationship was temporarily reversed between mid 1993 and early 1996 because of large liquid
discharge events in the 216-U-14 ditch just east of the U tank farm in 1991 and 1993
(Singleton and Lindsey 1994). The discharge volume over a short period (about 1.9 x 10° L)

in )91 was sufficient to affect local groundwater flow (Smith et al. 2001).

2.9.6.2 Contamination

WMA U was placed into assessment status in 2000 when specific conductance in
groundwater monitoring wells downgradient of the WMA exceeded upgradient levels
(Hodges and Chou 2000b). An assessment of that finding determined that the WMA had
affected groundwater quality with elevated concentrations of nitrate and possibly chromium in
wells downgradient of the WMA (Hodges and Chou 2000a). The contaminant concentrations
did not exceed their respective DWS levels, and the area affected appeared to be limited to the
southeast corner of the WMA. A groundwater quality assessment plan (Smith et al. 2001)
was prepared in 2001. The plan was modified in 2003 (Smith et al. 2003). The most

recently published groundwater monitoring results for WMA U are for fiscal year 2003
(Hartman et al. 2004). Following is a summary of the fiscal year 2003 results adapted from
Hartman et al. (2004). Additional detail on groundwater contamination and geochemistry at
WMA U can be found in Hartman et al. (2004) and Reidel et al. (2006).

The WMA has been identified as the source for a small contaminant plume that is limited to the
south half of the downgradient (east) side of the site. Nitrate and carbon tetrachloride are the
only contaminants in groundwater beneath WMA U that exceed their respective MCLs.

WMA U is believed to be the source of the local nitrate plume that includes only one well
(299-W19-41) above the MCL. The carbon tetrachloride arrived from disposal sites associated
with the Plutonium Finishing Plant and not associated with WMA U. Other contaminants
associated with releases from the WMA, such as chromium and technetium-99, are below the
MCL in groundwater. The regional carbon tetrachloride, technetium-99, and nitrate plumes with
upgradient sources are entering the area around WMA U, as evidenced by their appearance or
concentration increase in the upgradient monitoring wells.
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