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Activity and Waste Type

Air emissions

Air emissions

Air emissions

Air emissions

Soil column waste water
disposal

Effluent, spills

Effluent

Effluent

Dangerous (including
mixed) waste generation,
storage, treatment, and
disposal

All media

All media

Onsite management and

Regulatory Action
Required

Radiation Air Emissions
Program (Approval)

Controls for New Sources

of Toxic Air Pollutants
(Approval)

Notice of Construction and
possible modification to the
Sitewide permit (Approval)

Ambient Air Quality
Standards and Emissions
Limits for Radionuclides
(Approvals)

State Waste Discharge
Permit (Permit)

Groundwater Quality
Standards (Approval and
possible permit)

Water Quality Standards

for Surface Waters (Permit)

National Pollutant
Discharge Elimination
System Permit Program
(Permit)

Dangerous Waste Permit,
RCRA Permit (Permit)

Cultural Resource Review

Clearance

Endangered Species
Review

Waste Disposal Review
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Regulation

Washington Administrative Code
246-247

Washington Administrative Code
173-460 and 40 Code of Federal
Regulations (CFR) 61

Washington Administrative Code
173-400 and 173-460

Washington Administrative Code
173-480

Washington Administrative Code
173-216

Washington Administrative Code
173-200
Washington Administrative Code

173-201A

Washington Administrative Code
173-226-100

Washington Administrative Code
173-303 and 40 CFR 260-270

36 CFR 800

50 CFR 402.6

40 CFR 191

Regulatory Agency

Washington State
Department of
Health

Ecology and EPA

Ecology and Benton
County Clean Air
Authority

Ecology

Ecology

Ecology

Ecology

Ecology

Ecology and EPA

DOE and
Washington State
Historic
Preservation Officer

U.S. Fish and
Wildlife Service

EPA

disposal of high-level and
transuranic waste

and Standards (Approval)

DATES FOR FINAL ACTIONS: The TWRS Record of Decision is anticipated in October 1996. The Record of
Decision will be published in the Federal Register.

RELATED DOCUMENTS: Environmental Impact Statement technical reports, background data, materials
incorporated by reference, and other related documents are available either through the contacts listed in the Contact
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Section, or at:

DOE Freedom of Information DOE Public Reading Room

Reading Room Washington State University
Forrestal Building Tri-Cities Branch

1000 Independence Ave. S.W. 100 Sprout Road
Washington, D.C. Richland, WA

and at the following U.S. Department of Energy information repositories:

University of Washington Gonzaga University
Suzzallo Library Foley Center
Government Publication Room E. 502 Boone
Seattle, WA Spokane, WA

Portland State University
Bradford Price Millar Library
SW Harrison and Park
Portland, OR

Copies of the Environmental Impact Statement are available free of charge to the interested public through the contacts
listed in the Contact Section.
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1.0INTRODUCTION

The U.S. Department of Energy (DOE), in cooperation with the Washington State Department of Ecology (Ecology),
must make decisions on how to manage and dispose of Hanford Site tank waste and encapsulated cesium and
strontium to reduce existing and potential future risk to the public, Site workers, and the environment. The waste
includes radioactive, hazardous, and mixed waste currently stored in 177 underground storage tanks, approximately 60
other smaller active and inactive miscellaneous underground storage tanks (MUSTSs), and additional Site waste likely
to be added to the tank waste, which is part of the tank farm system. In addition, DOE proposes to manage and dispose
of approximately 1,930 cesium and strontium capsules that are by-products of tank waste. The tank waste and capsules
are located in the 200 Aresas of the Hanford Site near Richland, Washington (Figure 1.0.1).

The alternatives selected for the final management and disposal of this waste must comply with Federal and
Washington State environmental laws and regulations, and be within the context of the Hanford Federal Facility
Agreement and Consent Order (Tri-Party Agreement) (Ecology et a. 1994). Permanent solutions to tank waste risk are
amajor goa of the agreement. The Tri-Party Agreement was signed by DOE, Ecology, and the U.S. Environmental
Protection Agency (EPA) to address waste management and cleanup of the Hanford Site.

Figure 1.0.1 Hanford Site Map
2]

On January 28, 1994, in a Notice of Intent published in the Federal Register (FR), DOE announced its intent to prepare
two Environmental Impact Statements (EISs): 1) an interim action EIS to resolve urgent tank safety issues; and 2) this
Tank Waste Remediation System (TWRS) EIS (59 FR 4052).

The TWRS proposed action is subject to the Council on Environmental Quality's National Environmental Policy Act
(NEPA) (10 Code of Federal Regulations [CFR] Parts 1500 to 1508) and the Washington State Environmental Policy
Act (SEPA) (Revised Code of Washington [RCW] 43.21C). Both acts require analysis of potential environmental
impacts in the decision-making process. DOE and Ecology signed a Memorandum of Understanding on February 15,
1994 to jointly prepare the EIS for the proposed TWRS action (MOU 1994). The co-preparation of the EIS streamlines
the environmental review process while ensuring compliance with applicable Federal and State laws, regulations, and
policies.

A 45-day scoping and public participation process began on January 28, 1994 and ended on March 15, 1994. During
the scoping process, DOE and Ecology conducted five public meetings and accepted both verbal and written
comments. The scoping process provided opportunities for the public to review information and comment on the
proposed action. DOE and Ecology considered both verbal and written comments on the scope of the proposed action,
aternatives, and environmental issues in preparing the TWRS EIS Implementation Plan (DOE 1995b) and the TWRS
ElS.

On April 12, 1996, in a Notice of Availability published in the Federal Register (FR 16248), DOE announced the
availability of the Draft EIS for review and comment. A 45-day public comment period began on April 12, 1996 and
ended on May 28, 1996. During the public comment period, DOE and Ecology conducted five public meetings and
accepted both verbal and written comments. Consultation meetings were aso held with local, State, and Federal
agencies, Tribal Nations, and DOE advisory boards. DOE and Ecology considered both verbal and written comments
on the Draft EISin preparing the Final EIS. Information on the public comment period is provided in Volume One,
Section 7.0. Verbal and written comments and DOE and Ecology responses to comments are presented in Volume Six,
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Appendix L.

NEPA and SEPA provide decision makers with an analysis of environmental impacts (both positive and negative) of
proposed actions for consideration during decision making. This EIS presents the impacts of the proposed action and
its reasonable alternatives for review and comment by the public and interested parties.

The decisions made by DOE will be discussed in a Record of Decision to be issued no earlier than 30 days after
issuing the Final EIS. Also to be issued following the completion of the Final EISis a Mitigation Action Plan, which
will detail the commitments to mitigate impacts to the environment made in the Record of Decision.

In the following sections, an overview of the history of the tank waste and capsules is provided, along with an
explanation of the policy and regulatory developments that require DOE to manage and dispose of the tank waste. This
isfollowed by a review of technical and programmatic devel opments that have influenced DOE's tank waste
remediation plans. The section concludes with a brief summary of the alternatives development process, an explanation
of the contents of the EIS, and definitions of technical terms, data, and concepts used in the EIS.

1.1 POLICY BACKGROUND

The Federal government established the Hanford Site near Richland, Washington in 1943 to produce plutonium for
national defense purposes. The Hanford Site occupies approximately 1,450 square kilometers (km?) (560 square miles

[mi2]) of land north of the city of Richland. The production mission ended at the Hanford Sitein 1988. The current
Hanford Site mission is waste management and environmental restoration, which includes programs to manage and
dispose of radioactive, hazardous, and mixed waste that exists at the Site. This TWRS EIS addresses tank waste,
MUST waste, and cesium and strontium capsules located in the 200 Areas of the Site.

1.1.1 Hanford Site Tank Waste and Cesium and Strontium Capsules

At the Hanford Site, there are 149 single-shell tanks (SSTs) constructed between 1944 and 1964, which received waste
until 1980. Waste in the SSTs consists of liquid, sludges, and saltcake (i.e., crusty solids made of crystallized salts).
Over the years, much of the liquid stored in SSTs has been evaporated or pumped to double-shell tanks (DSTs). There
are 28 DSTs at the Hanford Site that were constructed between 1968 and 1986. The DSTs are used to store liquid
radioactive waste from the SSTs and various Hanford Site processes. The waste is partially segregated and stored in
tanks based on composition, level of radioactivity, or origin.

In addition to the 177 underground storage tanks, there are approximately 40 inactive and 20 active MUSTs located in
the 200 Areas. The MUST s contain small quantities of radioactive, hazardous, and mixed waste similar in content and
composition to the waste in the SSTs and DSTs. The MUSTs, which are part of the tank waste system, consist of
buried steel tanks used for collecting spills and leaks during waste transfer and buried concrete vaults with carbon or
stainless-steel tanks used for waste recovery (WHC 1994a).

Cesium and strontium are stored in approximately 1,930 double-walled capsules. In the 1960's and 1970's, radioactive
cesium and strontium were extracted from waste in some SSTs to reduce the sources of heat in the tanks (WHC
1995h). The cesium and strontium were converted to salt forms and placed in capsules. Some capsules were shipped
offsite to be used as heat or radiation sources. All the capsules will be returned to the Hanford Site for final disposal
(DOE 1994c). All strontium capsules have been returned to the Site, and all cesium capsules are scheduled to be
returned to the Sitein 199 7 . The capsules at the Hanford Site are stored in the 200 Areas in the Waste Encapsulation
and Storage Facility, which began operating as a capsule production facility in 1974. For the purpose of analysisin
this EIS, it is assumed that all capsules will be returned to the Hanford Site and stored in the Waste Encapsulation and
Storage Facility. The capsules currently are classified as waste by-product material, which means they could be put to
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productive uses if a need isidentified and a user acceptable to DOE desires the material. For example, the strontium
could be used as a source of heat and the cesium could be used to sterilize medical equipment or to irradiate food to
extend its shelf life. DOE is attempting to find uses for these materials. If no future use can be found, the cesium and
strontium capsules may be classified as high-level waste (HLW) for disposal purposes. The final determination as to
whether the capsules are HLW will be made in consultation with the Nuclear Regulatory Commission. The number of
capsules requiring treatment and disposal could increase dlightly if capsule contents, previously removed during
research and development programs, are reencapsulated. The volume of tank waste and number of capsules are
summarized in Figure 1.1.1.

1.1.2 Regulatory Developments

From the 1943 to 1989, the Hanford Site's principal mission was the production of weapons-grade plutonium. To
produce plutonium, uranium metal was irradiated in a plutonium production reactor. The irradiated uranium metal, also
known as spent fuel, was cooled and then treated in a chemical separations or reprocessing plant. At the reprocessing
plant, the spent fuel was dissolved in acid and the plutonium was separated from uranium and many radioactive by-
products. The plutonium then was used for nuclear weapons production. Several tons of spent fuel were produced to
generate enough plutonium to make a nuclear weapon. The process resulted in a large volume of radioactive waste.

The Hanford Site processed more than 100,000 metric tons (mt) (110,000 tons) of irradiated uranium and generated
several hundred thousand metric tons of chemical and radioactive waste. The waste included HLW, transuranic waste,
low-activity waste (LAW), hazardous waste, and mixed waste (radioactive and hazardous waste).

For many years, the waste produced at the Hanford Site was managed in a manner that complied with standards at that
time. For the HLW generated by the chemical reprocessing plants, waste management initially involved making the
waste caustic with sodium hydroxide and calcium carbonate and storing the waste in large underground tanks until a
long-term solution could be found for disposal of HLW. In the 1940's through the early 1960's, 149 SSTs were built to
store HLW in the 200 Areas of the Hanford Site.

Figure 1.1.1 Hanford Site Tank and Capsule Overview
]

During the 1950's, uranium was extracted from some of the SST's, an action that introduced new chemicalsto the
tanks. Also, to free up tank space for the large volume of new waste being generated by fuel reprocessing, chemicals
were added to the tanks to cause many of the radionuclides to settle to the bottom of the tanks (Gephart-Lundgren
1995) . Theremaining liquid contained a low concentration of radioactivity that did not require tank storage. Large
volumes of the liquid waste could be siphoned off and disposed of as LAW. Aswaste flowed from one tank to
another, much of the solids were separated off from the waste along the way, and the LAW liquid that resulted was
sent to unlined cribs where it percolated into the soil. This process resulted in increasing the concentration of the
cesium-137 and strontium-90, which concentrated the heat being generated enough that waste in some tanks began to
boil and the heat threatened the integrity of the tanks. To address this problem, chemicals were added to the tanksin
the 1960's to separate cesium and strontium from the waste and waste was recovered from the tanks . Cesium and
strontium then were extracted from the waste in B Plant , placed in capsules, and stored in a separate facility.

In the mid-1950's, leaks were detected in SSTs. By the late 1980's, 67 of the SSTs were known or suspected |eakers,
and an estimated 3.8 million liters (L) (1 million gallons [gal]) of HLW had been released into the soil beneath the
tanks. To address concerns with the design of SST's, the Hanford Site adopted a new DST design. The DST design
would allow leaks to be detected and remedial action taken before waste could reach soil surrounding the tanks.
Between 1968 and 1986, 28 DSTs were constructed. Through the end of July 199 6, 115 SSTs have been stabilized by
removing pumpable liquids to minimize future leaks. The stabilization program will be completed in 2000. Newly
generated waste and pumped interim SST stabilization waste is stored in the DSTSs.

Throughout much of the history of plutonium production at the Hanford Site, there were few laws regulating waste
management and environmental protection. In the 1970's and 1980's, new environmental laws were enacted regulating
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waste management, storage, disposal, and pollution emissions to the air and water. Because of national security
concerns, nuclear production facilities like the Hanford Site were self-regulated. Under the provisions of the Atomic
Energy Act, DOE was authorized to establish standards to protect health or minimize dangersto life or property for
activities under DOE'sjurisdiction. In the 1980's, much of DOE's authority to self-regulate facilities was eliminated,
and other agencies became responsible for regulating many aspects of DOE's activities.

The Clean Air Act originally was passed in 1970 and has been amended severa times, including extensive
amendmentsin 1977 and 1990. This law requires DOE to meet national air quality standards, ensure hazardous air
emissions from existing and new sources are controlled to the extent practical, and obtain an operating permit for al
major emission sources. The Clean Water Act, which underwent major amendments in 1972, 1977, and 1987, and the
Safe Drinking Water Act, originally passed in 1974 and amended in 1986, regulate discharges to surface water, set
national drinking water standards, and regulate emissions of hazardous constituents to surface and groundwater.

In 1976, with the passage of the Resource Conservation and Recovery Act of 1976 (RCRA), the Federal government
for the first time assumed a major role in the management of hazardous waste. Through RCRA, the 1984 amendment
to RCRA (known as the Hazardous and Solid Waste Amendments of 1984), and as amended by the Federal Facility
Compliance Act of 1992, the EPA and EPA -authorized states were authorized to regul ate hazardous waste generation,
treatment, storage, and disposal. RCRA's provisions excluded radioactive waste from regulation by EPA, and it was
not until 1984 that EPA's jurisdiction over DOE's nonradioactive waste was firmly established. In 1987, mixed waste at
DOE facilities was recognized under RCRA regulations. In November 1987, Ecology, the administrating agency for
the state Hazardous Waste Management Act, was delegated RCRA enforcement authority. RCRA established
regulations for newly generated hazardous waste but did not address past waste disposal practices. To clean up past
hazardous and radioactive waste disposal sites, Congress passed the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) in 1980. CERCLA was significantly amended in 1986 by the Superfund
Amendments and Reauthorization Act. The 1986 amendments required Federal agencies to investigate and remediate
releases of hazardous substances, including radioactive contaminants, from their facilities.

Beginning in 1986, regulators from EPA, Ecology, and DOE's Richland Operations Office began to examine how best
to bring the Hanford Site into compliance with RCRA and CERCLA. The regulators and DOE agreed to develop one
compliance agreement that set agreed-upon milestones for cleaning up past disposal sites under CERCLA and bring
operating facilities into compliance with RCRA. Negotiations concluded in late 1988, and the Tri-Party Agreement
was signed by the three agencies on January 15, 1989. The Tri-Party Agreement is the primary framework for
CERCLA and RCRA regulation of the Hanford Site, including the tank farms. The existing hazardous and mixed
waste and new waste added to the tank farms is regulated through the Tri-Party Agreement's RCRA enforcement
provisions. Hazardous, mixed, and radioactive waste from the tanks that was disposed of through the cribs to the sail is
regulated through the Tri-Party Agreement's CERCLA enforcement provisions. Neither RCRA nor CERCLA provide
the regulatory framework for the disposal of radioactive waste.

In response to the continued accumulation of spent nuclear fuel, high-level radioactive waste, other hazardous waste,
and growing public awareness and concern for public health and safety, Congress has passed numerous laws including
the Nuclear Waste Policy Act of 1982. The purpose of these laws was to establish a national policy and programs that
would provide reasonable assurance that the public and the environment would be adequately protected from the
hazards posed by these wastes. The action by Congress was influenced by a national consensus that the potential
hazards of spent nuclear fuel and HLW needed to be permanently isolated from the human environment with minimal
reliance on institutional controls. Permanent isolation consists of containment of the waste within engineered and
natural barriers, which are likely to contain the material for a very long time. Minimal reliance on institutional controls
means the isolation is not dependent on ongoing maintenance of facilities, human attention, or commitment by
governments or other institutions. The national consensus has been reflected in the Northwest by strong support among
DOE, Federal and State agencies, Tribal Nations, and citizens and stakeholders to clean up the Hanford Site.

In 1974, Congress passed the Energy Reorganization Act, which authorized the Nuclear Regulatory Commission to
regulate and license DOE facilities constructed for the express purpose of long-term storage and disposal of high-level
radioactive waste, which is not part of DOE's research and development program. The Nuclear Regulatory
Commission has established regulations for radioactive waste that can be disposed of in land disposal sites (10 CFR
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Part 61), as well as radioactive waste requiring geologic disposal (10 CFR Part 60). The EPA was authorized to
establish standards for managing and disposing of spent nuclear fuel, HLW, and transuranic waste. These regulations
are contained in 40 CFR Part 191 and would apply to HLW disposed of at the Hanford Site.

A number of evaluations and decisions regarding the disposal of commercial and defense HLW were completed in the
late 1970's and early 1980's. These evaluations included NEPA analysis for management of commercial radioactive
waste, the Waste Isolation Pilot Plant, and the Immobilization Research and Development program at Savannah River.
For these evaluations, it was decided that HLW and transuranic waste should be disposed of in potential geologic
repositories.

Congress then enacted the Nuclear Waste Policy Act, authorizing Federal agencies to develop geologic repositories for
disposing of high-level radioactive waste and spent nuclear fuel from commercial reactors. In 1983, DOE submitted
the Defense Waste Management Plan, which provided deep potential geologic repository disposal of HLW as the
planning basis for all DOE HLW, and in 1985, the President approved a DOE recommendation to dispose of defense
waste in a commercial repository. In 1987, Congress amended the Nuclear Waste Policy Act to focus potential
geologic repository development activity at one site, the Y ucca Mountain site in Nevada.

In addition to applicable laws and regulations, DOE has established a set of policiesto guide DOE activities. In 1988,
DOE issued DOE Order 5820.2A, which stated DOE's policy to process and dispose of HLW in a potential geologic
repository. For planning purposes, DOE assumes that some or all of the defense HLW that satisfies the repository
acceptance criteria could be placed in the first potential geologic repository developed under the Nuclear Waste Policy
Act. By law, thefirst repository is limited to a total capacity of 70,000 mt (77,000 tons) of spent nuclear fuel or HLW,
or a quantity of solidified HLW resulting from the reprocessing of such a quantity of spent fuel prior to operating a
second repository. The allocated capacity for defense HLW in the first repository is 7,000 mt (7,700 tons). At this time,
sufficient quality and quantity of information is not available to determine whether the Yucca Mountain site isa
suitable candidate for geologic disposal of spent nuclear fuel and HLW. DOE will prepare a repository EIS to evaluate
potential environmental impacts associated with the repository's construction and operation.

1.1.3 Hanford Defense Waste Environmental | mpact Statement Record of Decision

In April 1988, after completing the Hanford Defense Waste EIS, DOE decided to proceed with preparing the DST
waste for final disposal. Based on the Hanford Defense Waste EIS Record of Decision, the waste was to be processed
in a pretreatment facility to separate DST waste into two waste streams (53 FR 12449). The larger waste stream would
be LAW, and a smaller waste stream would be HLW. The LAW was to be mixed with a cement-like material to form
grout. The grout was to be encased in large underground concrete vaults at the Hanford Site. The HLW portion was to
be vitrified into a glass-like material and encased in stainless-steel canisters at the proposed Hanford Waste
Vitrification Plant. The canisters were to be stored at the Hanford Site until a potential geologic repository was
available to receive this waste. The Hanford Defense Waste EIS Record of Decision also called for the continued
storage of cesium and strontium capsules until a potential geologic repository was ready to receive the capsules for
disposal. Before shipment to the repository, the capsules would be packaged to meet the repository acceptance criteria.

In the Hanford Defense Waste EI'S Record of Decision, DOE decided to perform additional development and
characterization before making decisions on final disposal of SST waste. The SST waste would continue to be stored
and monitored. The development and characterization effort was to focus on methods to retrieve and process SST
waste for disposal and stabilize and isolate the waste near the surface. Before a decision would be made on the final
disposal of the waste, alternative disposal methods were to be examined in a supplemental analysis to the Hanford
Defense Waste EIS.

The Hanford Defense Waste EIS Record of Decision formed the planning basis for DOE programs to manage tank
waste and cesium and strontium capsules at the Hanford Site. The TWRS program is responsible for tank farm routine
operations, including tank farm management, regulatory compliance, reporting, surveillance, and operations and
maintenance of facilities and equipment. Additional ongoing TWRS activitiesinclude: 1) characterizing waste to
support safety, retrieval and transfer, processing, treatment, and disposal; 2) addressing tank safety issues; 3) isolating
and removing pumpable liquid from SSTs to reduce the potential of future leakage; and 4) operating the 242-A
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Evaporator to concentrate waste by reducing the amount of liquid. Other projectsinitiated under the 1988 Record of
Decision included technology development, design, and construction of the facilities needed to implement the planned
retrieval, pretreatment, immobilization, and storage and disposal of DST waste.

1.1.4 Developments Since the Hanford Defense Waste Record of Decision

The TWRS EIS satisfies the DOE commitment made in the Hanford Defense Waste EIS Record of Decision to prepare
a supplemental NEPA analysis. The TWRS EIS also is being prepared in response to several important changes since
the 1988 Hanford Defense Waste Record of Decision requiring DOE to prepare the TWRS EIS. The following changes
affected the planned approach for managing the disposal of Hanford Site tank waste.

« B Plant, which was selected in the Hanford Defense Waste Record of Decision as the facility for pretreatment
processes to comply with current environmental and safety requirements, was found not to be viable or cost-
effective.

« The Tri-Party Agreement was signed by DOE, Ecology, and EPA in 1989, establishing an approach for
achieving environmental compliance at the Hanford Site, including specific milestones for the retrieval,
treatment, and disposal of tank waste.

« Safety issues were identified for about 50 DSTs and SST's, which became classified as Watchlist tanksin
response to the 1990 enactment of Public Law 101-510.

« The planned grout project was terminated, and a vitrified waste form was adopted as the proposed approach as a
result of stakeholders' concerns with the long-term adequacy of near-surface disposal of grouted LAW in vaults.

« The construction of the Hanford Waste Vitrification Plant was delayed because of insufficient capacity to vitrify
the HLW fraction of al DST and SST waste in the planned time frame.

« The planning basisfor retrieval of the waste from underground storage tanks was changed to include the SSTs
and treating the retrieved SST waste in combination with DST waste.

These changes resulted in an extensive reevaluation of the waste treatment and disposal plan that culminated in
adopting a revised strategy to manage and dispose of tank waste and encapsulated cesium and strontium. The
reevaluation of the waste treatment and disposal plan began following a December 1991 decision by the Secretary of
Energy to reconsider the entire tank safety and treatment and disposal program and to accelerate the retrieval and
disposal of SST waste (DOE 1995i) (Figure 1.1.2).

In March 1993, DOE submitted proposed changes to the Tri-Party Agreement to Ecology and EPA to reflect the new
technical strategy. DOE, Ecology, and EPA agreed to negotiate changes to the agreement. As part of the reevaluation
process and the renegotiation of the Tri-Party Agreement, DOE involved the public by conducting a series of 10 public
meetings and forming the Tank Waste Task Force to receive stakeholder input on the revised technical strategy
(HTWTF 1993) . In September 1993, formal negotiations ended, and the negotiated changes underwent a public
comment period from October through December 1993. The changes to the Tri-Party Agreement were incorporated
into an amended agreement signed by DOE, Ecology, and EPA in January 1994.

The agencies negotiated changes to the Tri-Party Agreement in 1996 . The proposed changes underwent a 45-day
public comment period that ended on February 15, 1996 and were approved in July 1996 . Major changes to the tank
waste system program contained in the amendment reflect the incorporation of DOE's proposed privatization
(contracting with private companies) using one of two approaches.

The primary approach would involve two or more facilities that would be designed, owned, built, and operated by
private contractors. The alternative approach, which would be implemented only if the primary approach was
abandoned, would provide a fall back technical and regulatory approach to privatization. Under the primary approach,
all LAW would be processed by 2024, which is 4 years earlier than under the alternative approach or the current Tri-
Party Agreement schedule. The proposed changes also would result in the LAW pretreatment milestones being
included with milestones for LAW vitrification. Under the alternative approach, DOE and Ecology have agreed to
milestones that serve as a fall back technical and regulatory approach for privatization.
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Figure 1.1.2 Hanford Site Tank Waste Remediation Timeline
2]

The revised technical strategy embodied in the Tri-Party Agreement addressed the need to manage and dispose of tank
waste because the waste has an unacceptable potential to release radioactive and hazardous waste to the environment
and thereby poses risk to human health and the environment. The risk posed by tank waste includes urgent tank safety
issues and long-term risk. Urgent tank safety issues include flammable gas generation, potential uncontrolled reaction
of ferrocyanide-containing waste, potential uncontrolled reaction of organic-containing waste, high heat, tank vapor,
and the potential for nuclear criticality. DOE is implementing corrective actions or mitigation measures to resolve
urgent tank safety issues. As part of the technical strategy to address tank farm safety issues, DOE proposed
implementing tank farm improvements to address near-term safety issues that required resolution before the
completion of the TWRS EIS. These improvements included constructing new storage tanks (DSTSs), a replacement
cross-site transfer system between the 200 East Area and the 200 West Area, and associated tank waste retrieval
systems.

In January 1994, the interim action Safe Interim Storage of Hanford Tank Waste EIS was initiated by DOE and
Ecology to analyze the potential environmental impacts associated with the proposed interim actions and their
reasonabl e alternatives (DOE 1995i). The Safe Interim Storage EIS dealt with only urgent tank waste safety concerns
that require action before implementing decisions based on the TWRS EIS. The Final Safe Interim Storage of Hanford
Tank Waste EIS was issued in October 1995, and a Record of Decision wasissued in November 1995 (60 FR 61687).

In the Safe Interim Storage EIS and the Record of Decision, DOE and Ecology decided that existing mitigation
measures and tank farm waste inventory management strategies had diminished the risk associated with Watchlist
tanks. Therefore, DOE decided not to construct additional DSTs to store waste retrieved from Watchlist tanks. In the
Record of Decision, DOE also stated that safe interim storage of tank waste required constructing a replacement cross-
site transfer system between the 200 West Area and the 200 East Area. The transfer system will permit DOE to
continue to stabilize SST waste in the 200 West Area. The waste transfer system also will provide operational
flexibility should one or more tanks in the 200 West Area require retrieval before implementing the management and
disposal decisions based on the TWRS EIS.

1.2 DEVELOPMENT OF EISALTERNATIVES

In this EIS, DOE and Ecology examine a range of reasonable alternative approaches, including no action, for
implementing the technical strategy for retrieving, pretreating, and immobilizing tank waste. These approaches include
either full implementation by DOE or phased implementation. The phased approach to implementing the TWRS
technical strategy would have, as a first phase, constructing and operating demonstration-scale tank waste pretreatment
and immobilization facilities at the Hanford Site. Following completion of the demonstration phase, a second phase
would be implemented. The second phase would consist of full-scale waste separations and immobilization.

Managing and disposing of the tank waste and the encapsulated cesium and strontium involves a number of
components including waste retrieval, pretreatment, immobilization, storage, and disposal. Numerous technologies are
available to accomplish each component. For analysisin the EIS, DOE and Ecology developed alternatives that cover
the full range of reasonable alternatives and reflect the results of the public scoping process for this EIS.
Representative alternatives that incorporate the range of cost, human and ecological health risk, and technologies have
been developed for analysisin the EIS. To provide a meaningful comparison of the alternative, a representative tank
farm closure scenario was assumed for all tank waste alternatives. However, closure is beyond the scope of this EIS,
and the EIS does not provide sufficient analysis to support a closure decision.
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Thefirst step in developing the alternatives for analysis in the EIS was to identify the available components and
associated technologies. The candidate technol ogies then were screened to identify technologies that would be
incorporated into the representative alternatives analyzed in the EIS. The screening process resulted in three groups of
aternatives: 1) representative alternatives analyzed in the EIS (Section 3.0 and Volume Two, Appendix B); 2)
technologies that, though not directly included in the representative alternatives, are considered in the EIS and are
therefore available for potential implementation by decision makers (Volume Two, Appendix B); and 3) alternatives
that were considered but excluded from analysis and therefore would not be available for selection by the decision
makers (Volume Two, Appendix C).This process resulted in the development of 10 tank waste alternatives and four
cesium and strontium capsule aternatives.

1.3 DOE AND ECOLOGY PREFERRED ALTERNATIVE

DOE and Ecology have identified the Phased Implementation alternative as the preferred aternative for managing and
disposing of tank waste. The Phased Implementation alternative analyzed in the EISis based on the integrated
technical strategy for tank waste outlined in the Tri-Party Agreement. The DOE and Ecology preferred alternative for
managing and disposing of encapsulated cesium and strontium is the No Action aternative.

1.4 CONTENTSOF THE EIS

A separate summary provides an overview of the EIS. Volume One includes the text of the EIS and is organized into
eight sections, including this introduction. The sections in Volume One are described as follows.

1.0 Introduction

This section provides background on the development of the TWRS EIS, the content of the EIS, and information to
help the reader understand technical information and data presented in the EIS.

2.0 Purpose and Need for Action

The need for agency action is described in this section. The environmental conditions and the legal and regulatory
requirements that the proposed action and alternatives address are summarized in this section.

3.0 Description and Comparison of Alternatives

This section explains the approach used for developing the aternatives and describes each of the alternativesin detail.
Each alternative then is summarized, and the major features of the alternatives are compared. Other technologies
available for inclusion in the alternatives are identified. Alternatives considered but dismissed from further analysis are
identified, and the decisions to dismiss these alternatives are explained.

]
4.0 Affected Environment

This section describes the current environment (e.g., land, water, air, wildlife, and socioeconomics) that potentially
would be affected by the proposed TWRS action and the alternatives addressed in the EIS. The description of the
affected environment provides the basis for 1) analyzing the impacts of the proposed action and the aternatives, and 2)
making comparisons among the potential impacts of the alternatives (Section 5.0).

5.0 Environmental Consequences
This section describes the potential environmental impacts of each alternative. The impacts analysisis presented in
terms of the specific components of the natural and human environment (e.g., air, water, wildlife, and

socioeconomics). For each component of the environment, the potential positive and negative impacts of each
alternative are presented to provide a basis for comparing the environmental consequences of the proposed action and
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aternatives.

Methods to mitigate adverse impacts are described in this section. The section also summarizes: 1) cumulative impacts
of TWRS activities plus the impacts of other Federal and non-Federa activities; 2) short-term impacts and long-term
environmental productivity and irretrievable resource commitments; and 3) potential conflicts among land-use plans of
various agencies. |dentified are energy and natural resource consumption and conservation and pollution prevention
measures related to each alternative. Also identified are any adverse impacts and disproportionate impacts on minority
communities and low-income communities.

6.0 Statutory and Regulatory Requirements

This section describes Federal and Washington State statutes, regulations, and policies applicable to each aternative
and the ability of each aternative to meet these requirements.

7.0 Scoping, Public Participation, and Consultations

This section describes how the scope of the TWRS EIS was established and the public participation processes through
the public comment period of the Draft EIS. A summary of interagency and intergovernmental consultations also is
provided.

8.0List of Preparers

The agencies responsible for preparing the EIS are identified, and the names and roles of the individuals primarily
responsible for preparing the EIS are listed.

Volumes Two through Six consist of appendices to the EIS. The 12 appendices provide detailed technical materials
and data to support the analyses summarized in the text of the EIS. Figure 1.4.1 illustrates the relationship between the
major volumes and sections of the EIS.

1.5 READERS GUIDE AND HELPFUL INFORMATION

The following information is provided to help the reader understand the technical data and format of this EIS.
Definitions of technical terms can be found in the Glossary at the end of this volume. Listings of acronyms, and
abbreviations, radionuclides, and chemical compounds can be found following the Table of Contents.

Reference Citations

Throughout the text of this document, in-text reference citations are presented where information from the referenced
document was used. These in-text reference citations are contained within parentheses and provide a brief
identification of the referenced document. This brief identification corresponds to the complete reference citation
located on the reference list at the end of Volume One and following each appendix in Volumes Two to Five. An
example of an in-text reference citation is (DOE 1995b), which corresponds to the complete reference citation
provided at the end of the volume or appendix. On the reference list, DOE 1995b is listed in the following manner.

DOE 1995b. Implementation Plan for the Tank Waste Remediation System Environmental |mpact Statement.
DOE/RL-94-88. U.S. Department of Energy and Washington State Department of Ecology. Richland, Washington.
December 1995.

Figure 1.4.1 Relationship of the Contents of the TWRS EIS
Rounding
Throughout the text of this document, numbers were rounded to two significant figures (e.g., 212 would be rounded to

210 and 0.126 would be rounded to 0.13). In many cases, rounding is done to reflect the degree of uncertainty inherent
in the analysis or to simplify the relative differences among aternatives. In certain cases, numbers were not rounded to
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two significant digits to preserve the differences in impacts between alternatives.
7]
Scientific Notation

Scientific notation is used in this document to express very large or very small numbers. For example, the number one
million could be written in scientific notation as 1.0E+06 or in traditional form as 1,000,000. Trandating from
scientific notation to the traditional number requires moving the decimal point either right or left from the number
being multiplied by 10 to some power depending on the sign of the power (negative power move left or positive power
move right).

Chemical Elements and Radioactive | sotopes

Many chemica elements and radioactive isotopes are referenced in this document. Examples of the chemical elements
are cesium-137, strontium-90, plutonium-239, and uranium-235. For the most part, these elements are spelled out;
however, these elements may be presented in tables and figures in this format: Cs-137 or cesium-137, Sr-90 or
strontium-90. The most common chemical elements and radioactive isotopes used in this EIS are listed following the
Table of Contents.

Units of Measure

The primary units of measure used in this EIS are metric. However, the approximate equivalent in the U.S. Customary
System of units is shown in parentheses directly following the use of a metric unit. For example, a distance presented
as 10 meters (m) is followed by 33 feet [ft]. This example would be presented in the text of the document as follows:
10 m (33 ft).

Radioactivity Units
(2

Radioactivity is presented in radioactivity units. The curie (Ci) is the basic unit used to describe an amount of
radioactivity. Concentrations of radioactivity generally are expressed in terms of curies or fractions of curies per unit
mass, volume, and area. One curieis equivalent to 37 billion disintegrations per second, and is the quantity of any
radionuclide that decays at a rate of 37 billion disintegrations per second. Disintegrations generally produce emissions
of alphaor beta particles, gamma radiation, or combinations of these. An explanation of radiation is contained in
Section 4.11.

Radiation Dose Units
2]

The amount of energy deposited by radiation in a living organism is the radiation dose. For humans, the radiation dose
usually is reported as effective dose equivalent, expressed in terms of rem. For example, the average dose rate from
natural sources (cosmic radiation, natural radioactivity in the earth, and other natural sources) is approximately 0.3
rem/year. This document reports radiation dose in millirems (mrem). One millirem is equal to one-thousandth of a
rem. Therefore, 0.3 rem per year could be restated as 300 mrem/year or 3.0E-01 rem/year.
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2.0 PURPOSE AND NEED FOR ACTION

The U.S. Department of Energy (DOE), in cooperation with the Washington State Department of Ecology (Ecology),
must make decisions on how to manage and dispose of Hanford Site tank waste and encapsulated cesium and
strontium to reduce existing and potential future risk to the public, Site workers, and the environment. The waste,
which is classified as radioactive high-level and low-activity, hazardous, and mixed waste (radioactive and hazardous
waste), is stored in 177 underground storage tanks and approximately 60 other smaller active and inactive
miscellaneous underground storage tanks in the tank farm system. DOE aso must manage and dispose of waste that
may be added to the tanks from current and planned cleanup operations at the Hanford Site. DOE also must address
the management and disposal of the approximately 1,930 cesium and strontium capsules, which are either stored in the
Waste Encapsulation and Storage Facility in water basins at the Hanford Site or are being returned to the Hanford Site.

The Hanford Site defense activities created a wide variety of waste. Because the tank waste and associated inactive
miscellaneous underground storage tank waste contain by-products of reactor fuel processing, they are classified by the
Nuclear Regulatory Commission as high-level radioactive waste (10 Code of Federal Regulations [CFR] Part 60). The
high-level waste presently stored in 28 double-shell tanks (DSTs), 149 single-shell tanks (SSTs), and approximately
60 miscellaneous underground storage tanks came from a variety of operations and includes a variety of waste types.
This waste has been processed and transferred between tanks, which has caused the chemical and physical
characteristics of the waste to vary greatly among and within individual tanks. In addition, the tank waste contains
chemicals or characteristics classified as hazardous waste under the Resource Conservation and Recovery Act
regulations (40 CFR Parts 260 to 268 and 270 to 272) and as dangerous waste under the Washington Administrative
Code (WAC) Dangerous Waste Regulations (WAC 173-303). Planned future waste to be stored in the tanks includes
radioactive high-level and low-activity, hazardous, and mixed waste that will be transferred to the DSTs during
deactivation and cleanout of Hanford Site facilities.

In April 1988, the Hanford Defense Waste Record of Decision was published in the Federal Register (53 FR 12449).
In this Record of Decision, DOE decided to proceed with preparing DST waste for final disposal and develop
additional information before making a final decision on disposal of SST waste. However, several important changes
have occurred since the 1988 Hanford Defense Waste Record of Decision. Because of these changes, DOE and
Ecology must examine alternative ways to manage and dispose of tank waste and encapsulated cesium and strontium.
The changes include the following:

« Upgrading B Plant, which the Hanford Defense Waste Record of Decision proposed as the facility for
pretreatment processes to comply with current environmental and safety requirements, was found not to be
viable or cost-effective; consequently, B Plant was eliminated from consideration as a waste pretreatment
facility.

« Signing the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) by DOE, Ecology,
and EPA in 1989, which established an agreed-upon approach for achieving environmental compliance at the
Hanford Site, and included specific milestones for the retrieval, treatment, and disposal of tank waste.

« ldentifying tank safety issues for about 50 DSTs and SSTs, which became classified as Watchlist tanksin
response to the 1990 enactment of Public Law 101-510.
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« Terminating the planned grout project and adopting a vitrified waste form as the proposed approach as a result
of stakeholders concerns with the long-term adequacy of near-surface disposal of grouted low-activity waste in
vaults.

« Delaying the construction of the Hanford Waste Vitrification Plant because of insufficient capacity to vitrify the
high-level waste fraction of all DST and SST waste in the planned time frame.

« Changing the planning basis for addressing retrieval of the waste from underground storage tanks by DOE to
include the SSTs and treating the retrieved SST waste in combination with DST waste.

DOE is addressing the immediate and near-term safety and environmental issues posed by this waste to minimize
short-term potential risks to human health and the environment through ongoing safety programs. DOE also must
implement long-term actions to safely manage and dispose of the tank waste, associated inactive miscellaneous
underground storage tanks, and the cesium and strontium capsules to permanently reduce potential risk to human
health and the environment. These long-term actions aso are needed to ensure compliance with Federal and
Washington State laws regulating the management and disposal of radioactive, hazardous, and mixed waste. Federal
and State laws and regulations require DOE to safely manage the tank waste and encapsulated cesium and strontium
and to dispose of high-level and low-activity waste.
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3.0 DESCRIPTION AND COMPARISON OF ALTERNATIVES
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(2]

3.1 INTRODUCTION

This section provides background information on the Tank Waste Remediation System (TWRS) and describes each of
the alternatives addressed in this Environmental Impact Statement (EIS). This section summarizes the waste to be
remediated and the remediation alternatives. Estimates of cost, schedules, and the technical feasibility of each
aternative are also discussed. Additional information concerning the waste inventory, alternatives addressed, and
alternatives considered but rejected from detailed evaluation is provided in Volume Two, Appendices A, B, and C,
respectively.

The TWRS program involves a wide variety of both ongoing and planned activities that may extend over the next
several decades. Some of these activities are interrelated with, but not directly a part of, the remediation of the tank
waste or cesium and strontium capsules. The activities analyzed in the TWRS EIS and their relationship with other
TWRS program activities are addressed in the following sections.
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(2> I
3.2SITE AND WASTE DESCRIPTION
3.21Tank Waste

3.2.1.1 History

Tank waste is the by-product of producing plutonium and other defense-related materials. From 1944 through 1990,
chemical processing facilities at the Hanford Site processed irradiated or spent nuclear fuel from defense reactors to
separate and recover plutonium for weapons production. As new, improved processing operations have been devel oped
over the last 50 years, processing efficiency has improved and the waste compositions sent to the tanks for storage
have changed both chemically and radiologically. T and B Plants were the first separations facilities built at the Site.
The separations processes carried out at these plants recovered only plutonium; consequently, all remaining
components of the dissolved fuel elements, including uranium, were sent to the waste tanks.

Later, processes were developed to recover uranium, which was recycled back into the reactor fuel cycle. Many of the
chemical processes associated with plutonium recovery from spent nuclear fuel involved dissolving the materia in
nitric acid. The resulting acidic waste streams were made akaline by adding sodium hydroxide or calcium carbonate
before being transferred to the tanks. These processing steps produced large volumes of sodium nitrate salts in the
tanks. Table 3.2.1 shows the major processing facilities that served as sources of tank waste (see Figure 3.2.3 for
location s).

Table 3.2.1 Waste Generating Facilities

Chemical processing generated approximately 1.5E+09 liters (L) (4.0E+08 gallons [gal]) of waste. More than 1.1E+09
L (3.0E+08 gal) of waste was sent to underground storage tanks throughout the production period. Volume reduction
practices were followed to maintain waste volumes within available tank space. The tanks were single-shell tanks
(SSTs) or double-shell tanks (DSTSs).

Through evaporation, concentration, and the past practice of discharging dilute waste to the ground, the waste volume
has been reduced to approximately 2.1E+08 L (5.6E+07 gal) (Hanlon 199 6 ). Discharging SST liquid to the ground
was stopped in 1966, and since then, no waste from SSTs or DST's has been discharged to the ground intentionally.

3.2.1.2 Tank Farm Description

The first 149 waste storage tanks constructed were SSTs. An SST is an underground storage tank with carbon-steel
sides and bottom surrounded by a reinforced concrete shell (Figure 3.2.1). The tops of the tanks are buried
approximately 2.5 meters (m) (8 feet [ft]) belowground for radiation shielding. The larger tanks have multiple risers
(shielded openings) that provide tank access from the surface. These risers provide access points for monitoring
instrumentation, camera observation, tank ventilation systems, and sampling. Sixty-seven of the SSTs are known or
assumed to have leaked 2.3 million to 3.4 million liters (600,000 to 900,000 gallons) of liquids (Hanlon 1996 ).

An ongoing vadose zone characterization program that was initiated in April 1995 (DOE 1995t) is providing new
baseline characterization data on the potential contaminant distribution in the vadose zone beneath and in the vicinity
of the SSTs. This has resulted in additional information for the SX Tank Farm. The characterization effort relies on
geophysical logging of existing drywells using a spectral gamma logging system with a high-purity intrinsic
germanium detection device to provide assays of gamma-emitting radionuclides near the drywells (Brodeur 1996).

Figure 3.2.1 Single-Shell Tank Configuration

Ten of the 15 tanksin the SX Tank Farm are assumed or verified as leaking, as discussed in VVolume Five, Appendix
K. Ninety-five drywells ranging in depth from 23 m (75 ft) to 38 m (125 ft) from ground surface were logged with the
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Spectral gamalogging system in the SX Tank Farm. The most abundant and highest concentration radionuclide
detected was cesium-137, which was detected in virtually every borehole (Brodeur 1996). Cesium-137 was detected at
the following depthsin several drywells: 23 m (75 ft) in drywells 41-09-03 and 41-08-07, 32 m (105 ft) in 41-09-04,
27 m (90 ft) in 41-11-10, and 38 m (125 ft) in 41-12-02.

Other gamma-emitting radionuclides detected include cobalt-60, europium-152, and europium-154, which were
generally found near the surface and are believed to be the result of spills (Brodeur 1996). Cobalt-60 was found in
drywell 41-14-06 only and was detected at a depth of 17 to 23 m (55 to 76 ft) below ground surface. The data are
unclear as to whether relatively immobile contaminants such as cesium-137 would be found dispersed laterally within
the vadose zone (i.e., at observed concentrations laterally several meters from the drywells) at the depths of over 30 m
(100 ft) based on ambient conditions and vadose zone contaminant transport via advective flow in interstitial pore
spaces. There may be other transport mechanism(s) occurring. The viability of any other potential transport mechanism
has not yet been demonstrated but is one of the objectives of the ongoing investigations.

The last 28 tanks constructed were DSTs, which have two carbon-steel tanks inside a reinforced concrete shell (Figure
3.2.2). This design provides improved leak detection and containment of the waste. To the present time, no leaks have
been detected in the annulus, the space between the inner and outer tanks. The space between the tanks houses
equipment to detect and recover waste in the event that the inner tank develops a leak. Like the SSTs, the DSTs are
buried belowground and have risers for tank monitoring and access.

The tanks are arranged in groups, referred to as tank farms, with each tank farm containing 2 to 18 tanks. The SST
farms typically were interconnected in a series or cascade that allowed the waste to be pumped into the first tank,
overflow into the next tank, and so on throughout the cascade series. This process allowed solid particles to settle into
the first few tanks of a cascade and allowed the liquid in the last tank to be discharged into a crib (subsurface drain
system). The practice of discharging tank waste to cribs no longer occurs. A summary of the number and size of SSTs
and DSTs and their locationsis shown in Table 3.2.2 and Figure 3.2.3.

Also included in the tank farm system are approximately 40 inactive and 20 active miscellaneous underground storage
tanks (MUSTSs). Theinactive MUSTs, which are smaller than the SSTs and DSTs, were used for settling solids out of
liquid waste before decanting the liquid to cribs, reducing the acidity of process waste, uranium recovery operations,
collecting waste transfer leakage, and waste handling and experimentation. The active MUSTs still are used as receiver
tanks during waste transfer activities or as catch tanks to collect potential spills and leaks. The volume of waste in all
the MUSTs combined is less than one-half of 1 percent of the total tank inventory (WHC 1995n).

Figure 3.2.2 Double-Shell General Configuration
Figure 3.2.3 Tank Farm L ocationsin 200 East and 200 West Areas
Table 3.2.2 Size and Number of Tanks by Type

3.2.1.3 Waste Char acterization

Tank waste characterization is the process of determining the physical, radiological, and chemical properties of the
waste. Considerable historical data are available and have been used to estimate the contents of the storage tanks.
Historical data provide a basisfor an overall tank waste inventory and are compiled from invoices of chemical
purchases and records of waste transfers and processing.

Historical -based data for SSTs and laboratory data and characterization reports for DSTs provide the basis for
radioactive and mixed waste inventory estimates used in this EIS. These inventory estimates, as provided in Volume
Two, Appendix A, are adequate for a detailed evaluation of impacts (WHC 1995d).

A considerable amount of inventory information is available from process records and past sampling activities.

However, this information is not considered adequate to characterize the waste in individual tanks in support of safety
issues and final design activities for remediation. There is an ongoing waste characterization program to better

file:///1)/Data%20Migration%20T ask/El S-0189-FEI S-1996/sec3_2.htm[6/27/2011 11:34:30 AM]


file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/scans/section3/3-2-02.gif
file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/scans/section3/3-2-03.gif
file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/tables/table302.htm

Final Environmental Impact Statement for the Tank Waste Remediation System, Hanford Site, Richland, Washington

determine the contents of each tank through analyzing samples to help resolve safety issues and support design
decisions for implementing the remediation alternative.

The tank waste is categorized as liquid, Sludge, or saltcake. Liquid is made up of water and organic compounds that
contain dissolved salts. The organics in liquid form, depending on the type, either are dissolved in the water or exist in
separate phases. Liquid is present in the tanks as either free standing, where the liquid volume is relatively free of solid
particles, or as interstitial liquid, where the liquid volume is contained within the void spaces surrounding the sludge
and saltcake particles. Sludge is a mixture of insoluble (i.e., will not dissolve in tank liquid) metal salt compounds that
have precipitated and settled out of solution after the waste was made akaline. Saltcake is primarily sodium and
aluminum salt that crystallizes out of solution following evaporation.

These three types of waste exist in the tanks in numerous combinations and proportions, which results in complex
combinations of waste with varied physical and chemical properties. Sludge has been found with consistencies from
mud to hardened clay. Layers of organic compounds have been found in some tanks floating on top of solid waste.
Crusts have formed in some tanks where a layer of solid has formed on top of the liquid. Table 3.2.3 is a summary of
the waste forms in both the SSTs and DSTs (Hanlon 1995). The percentages shown may change as additiona data
become available.

Table 3.2.3 Waste Form Summary

3.2.1.4 Ongoing Activities

All U.S. Department of Energy (DOE) facilities that store hazardous or radioactive materials require documented
authorization bases that establish a range of operating parameters (e.g., temperature, pressure, concentration) within
which routine operations are conducted. These authorization bases also eval uate the effects of potential accidents,
abnormal events, and natural disasters.

Watchlist Tanks

The identification of tank safety issues and the concern for the potential of an uncontrolled release of high-level
radioactive waste to the environment resulted in the passing of Public Law 101-510, Section 313, Safety Measures for
Waste Tanks at the Hanford Nuclear Reservation (also known as the Wyden Amendment) in 1990. In response to this
law, a program was created to identify tanks with potential safety problems. Many of the tank safety issues that
became Watchlist tank categories were aready known to DOE, and the maintenance and operations for these tanks
were being reviewed and managed. The enactment of the public law and the establishment of the Watchlist provided a
more formalized and rigorous basis for addressing specific tank safety issues. Safety issues associated with the tanks
were grouped into four categories. flammable gas, ferrocyanide, high organic content, and high heat generation. Tanks
having any of these characteristics, referred to as Watchlist tanks, are categorized as shown in Table 3.2.4 (Hanlon
1996 , Cowan 1996 ). There currently are 50 Watchlist tanks with several tanks listed in more than one category.

Table 3.2.4 Watchlist Tanks
Unreviewed Safety Questions

DOE has a formal administrative program to identify, communicate, and establish corrective actions for known or
suspected operating conditions that have not been analyzed or that fall outside of the established authorization bases as
an Unreviewed Safety Question. Following the identification of an Unreviewed Safety Question, areview is
conducted, and corrective action is taken if applicable. Following the review process, the Unreviewed Safety Questions
may be closed from an administrative standpoint, which means that conditions surrounding the safety issue have been
analyzed. However, the conditions on which the safety issueis based still may exist and may require mitigation,
controls, or corrective action. In this way, safety issues and Unreviewed Safety Questions are related. The safety issues
that were identified under the Watchlist program also were analyzed as Unreviewed Safety Questions. Those issues
that had not been addressed in the documented authorization bases were established as Unreviewed Safety Questions.
Following the review processes, the Unreviewed Safety Question can be closed while the tank remains on the
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Watchlist. The Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) requires the resolution
of al existing Unreviewed Safety Questions by September 1998 (Ecology et a. 1994).

Technical evaluation has resulted in closing the following Unreviewed Safety Questions identified for the tanks:
ferrocyanide (closed in March 1994); floating organic layer in tank 241-C-103 (closed in May 1994); and criticality
(closed in March 1994). Criticality was addressed on a tank farm basis and did not result in identifying any individual
tanks to be added as Watchlist tanks. Criticality, which would be an issue during tank waste retrieval and transfer,
would be evaluated on a tank-by-tank basis during final design. Closure of the Unreviewed Safety Questions was
accomplished by defining the parameters (e.g., concentrations and temperature) of potential reactions that could lead to
an uncontrolled release, collecting physical and chemical data on the waste, and establishing safe operating
specifications.

The remaining Unreviewed Safety Questions are undergoing resolution. Mitigative action has been implemented for
tank 241-SY-101 (commonly known as 101-SY), the most widely known flammable-gas-generating tank. This
mitigative action involved installing a mixer pump to control the periodic release of flammable hydrogen gas and
provide a more frequent and gradual release of hydrogen. This mitigative action reduced the maximum concentration
of flammable gas that can exist in the tank and greatly reduced the potential for an uncontrolled gas burn.

There is a safety screening and characterization program ongoing to determine if any additional tanks should be placed
under special controls. Recently, all 177 tanks (Watchlist and non-Watchlist) were placed under flammable gas
controls, which means that flammable gas may exist in all 177 tanks and specia safety measures will be taken during
maintenance, monitoring, and waste transfer activities. Until the necessary characterization data are obtained, the tank
farm system will continue to operate under these special waste management requirements to maintain a safe operating
envelope. Additional data may allow for relaxed operating procedures, where appropriate. Volume Four, Appendix E
contains a more detailed description of the tank safety issues.

Continued Operations of Tank Farm System

Numerous tank waste activities are ongoing to provide continued safe storage of the tank waste until remediation
measures are implemented. These activities consist of a number of routine activities as well as a number of additional
activities required for safe storage.

Routine operations include management oversight, regulatory compliance and reporting activities, and operations and
maintenance of facilities and equipment. Tank monitoring activities support waste management by gathering
information on waste temperature, liquid levels, solid levels, and tank status. Leak detection activities involve in-tank
liquid level monitoring, leak detection monitoring of the annulus for the DST's, drywell monitoring around tanks for
increases in radioactivity levels, and groundwater monitoring. Other routine operations include:

« Calculating operational waste volume projections by comparing projected waste volumes against tank capacity.
The projections also provide for identification and management of risk that could negatively impact available
tank storage space;

« Combining compatible waste types. Transferring tank waste between tanks and tank farms through the existing
cross-site transfer system to provide the required tank space and to address safety issues,

« Implementing a waste minimization program to reduce the generation of new waste requiring storage in the
tanks. This program includes job preplanning and identification of new technologies such as low-volume
hazardous waste decontamination practices to limit the generation of new waste. The waste minimization
program also includes a support program for other onsite organizations (non-TWRS) that generate waste to
encourage waste minimization practices;

« Screening and characterizing the waste on a tank-by-tank basis to gather data in support of safety and remedial
action design activities;

« Isolating and removing pumpable liquid from SSTs to reduce the potentia for future leakage (interim
stabilization by saltwell pumping);

« Operating the 242-A Evaporator to concentrate waste; and

« Treat ing the evaporator effluents at the Effluent Treatment Facility to remove the contaminants prior to
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discharge.

These activities are not within the scope of this EIS because they were addressed in previous National Environmental
Policy Act (NEPA) documents: the Safe Interim Storage of Hanford Tank Waste EIS (Safe Interim Storage EIS) (DOE
1995i), the Waste Tank Safety Program Environmental Assessment (DOE 1993h), and the Disposal of Hanford
Defense High-Level, Transuranic, and Tank Wastes at the Hanford Site (DOE 1987).

3.2.1.5 Planned Activities

Several tank waste activities are planned for implementation in the near future. These activities would address urgent
safety or regulatory compliance issues.

Safe Interim Storage

One issue that requires action is the safe storage of tank waste in the interim period before implementing actions for
the permanent remediation of tank waste. To address this issue, the Safe Interim Storage EIS was prepared to consider
alternatives for maintaining safe storage of Hanford Site tank waste (DOE 1995i). The actions considered in the Safe
Interim Storage EIS include interim actions to 1) mitigate the generation of high concentrations of flammable gasesin
tank 241-SY-101 ; and 2) contribute to the interim stabilization of older SSTs, many of which have leaked.

The most pressing interim need identified by DOE and the Washington State Department of Ecology (Ecology) was
for a safe, reliable, and regulatorily compliant replacement cross-site transfer capability to move waste between the
200 West and 200 East Area tank farms. This transfer capability is needed because the 200 West Area has far less
useable DST capacity than there is waste in SSTs. The replacement waste transfer capability would provide a safe,
reliable, and regulatory compliant means to move waste from the 200 West Area to the available DST capacity |ocated
in the 200 East Area.

Based on tank waste management and operation activities when the Safe Interim Storage EIS was prepared, the
following needs were addressed:

« Removing saltwell liquid from older SSTsto reduce the likelihood of liquid waste escaping from corroded tanks
into the environment. Many of these tanks have leaked, and historically, new leaks, either known or assumed,
have developed at a rate of more than one per year;

« Providing the ability to transfer the tank waste via a regulatorily compliant system to mitigate any future safety
concerns and use current or future tank space allocations,

« Providing adequate tank waste storage capacity for future waste volumes associated with tank farm operations
and other Hanford Site facility operations; and

« Mitigating the flammable gas safety issuein tank 241-SY -101.

« The alternatives evaluated in the Safe Interim Storage EIS provided DOE with the ability to continue safe
storage of high-level tank waste and upgrade the regulatory compliance status with regard to the Resource
Conservation and Recovery Act (RCRA) (40 Code of Federal Regulations [CFR] 260) and the Washington
Administrative Code (WAC) Dangerous Waste Regulations (WAC 173-303).

« On December 1, 1995, DOE published the Record of Decision in the Federal Register (FR) (60 FR 61687). The
decision was to implement most of the actions of the preferred alternative, including the following.

« Construct and operate a replacement cross-site transfer pipeline system.

« Continue operating the existing cross-site transfer pipeline system until the replacement system is operational.

« Continue operating the mixer pump in tank 241-SY -101 to mitigate the unacceptable accumulation of hydrogen
and other flammable gases.

« Perform activities to mitigate the loss of shrub-steppe habitat.

The existing cross-site transfer system has been used to transfer waste from the 200 West Area to the 200 East Area
for 40 years. This underground pipeline system is at the end of its original design life. Currently, four of six lines are
out of service and unavailable to perform transfers because of plugging. The two useable lines do not meet current
engineering standards such as double containment and leak detection, which are required for waste management
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facilities. The design and operation of the replacement cross-site transfer system will meet the requirements of RCRA
and WAC for secondary containment and Tri-Party Agreement Milestone M-43-07, which required construction of the
replacement cross-site transfer system to commence by November 1995. Construction of the replacement cross-site
transfer system has begun and the system is scheduled to be operational in 1998.

DOE will continue to use the existing cross-site transfer system until the replacement cross-site transfer system is
operational to provide access to 200 East Area DSTs for storage of 200 West Area facility waste and retrieved liquid
waste from SSTs. Saltwell liquid retrieval will continue to reduce the risk to the environment from leaking SSTSs.
Operational procedures will ensure the integrity of the existing cross-site transfer system before any waste transfers.
The current planning base estimates that the existing cross-site transfer system will operate for approximately 625
hours during 5 transfers before the replacement cross-site transfer system is operational in 1998.

The mixer pump in tank 241-SY -101 was proven to be effective in mitigating flammable gas as a safety issue in that
tank during more than 1 year of operation. DOE and Ecology revised their preferred aternative between release of the
Draft and Final Safe Interim Storage EIS, based on the demonstrated success of the mixer pump, and determined that
the construction of new DSTs to resolve safety concerns was not necessary.

Based on new information available to DOE regarding nuclear criticality safety concerns during retrieval, transfer, and
storage actions since the issuance of the Final Safe Interim Storage EIS, DOE has decided to defer a decision on the
construction and operation of a retrieval system in tank 241-SY -102. Through an ongoing safety evaluation process,
DOE recently revisited its operational assumptions regarding the potential for the occurrence of a nuclear criticality
event during waste storage and transfers. Changes to the Tank Farm Authorization Basis for Criticality approved in
September 1995 were rescinded by DOE in October 1995, pending the outcome of a criticality safety evaluation
process outlined for the Defense Nuclear Facility Safety Board on November 8, 1995. Until these criticality safety
evaluations are completed, the Site will operate under historic limits, which maintain reasonable assurance of
subcritical conditions during tank farm storage and transfer operations.

Of the actions evaluated in the Final Safe Interim Storage EIS, only the retrieval of solids from tank 241-SY -102 was
affected by the technical uncertainties regarding criticality. Based on the quantities of plutonium in tank 241-SY -102
sludge, retrieval of the solids falls within the scope of the criticality safety issues that will be evaluated over the next
few months. As a result, a decision on retrieval of solids from tank 241-SY -102 was deferred in the Safe Interim
Storage EIS Record of Decision (60 FR 61687). Pending the outcome of the technical initiative to resolve the tank
waste criticality safety issue, waste transfers (primarily saltwell liquid) through tank 241-SY -102 will be limited to
noncomplexed waste. Tank 241-SY -101 mixer pump operations, existing cross-site transfer system interim operations,
replacement cross-site transfer system operations, saltwell liquid retrievals, and 200 West Area facility waste
generation would occur within applicable criticality limits and be subcritical.

Privatization of Tank Farm Activities

Currently, DOE is considering contracting with private companies for waste remediation services for the tank waste.
DOE isinterested in encouraging industry to use innovative approaches and in using competition within the private
marketplace to bring new ideas and concepts to tank waste remediation. The goal of the privatization effort isto
streamline the TWRS mission, transfer a share of the responsibility, accountability, and liability for successful
performance to industry, improve performance, and reduce cost without sacrificing worker and public safety or
environmental protection. DOE issued a TWRS Privatization Request for Proposal in mid-February 1996 and has
received two bids to treat tank waste (Briggs 1996). DOE plans to issue contracts to perform the first phase of the work
in late summer 1996. As currently envisioned, DOE would select contractors to construct and operate commercial
demonstration facilities for two tank waste separations and low-activity waste (LAW) immobilization facilities, one of
which may include a high-level waste (HLW) vitrification facility. If these commercial demonstrations are successful,
DOE may use the lessons learned from those demonstration facilities and proceed with contracting for full-scale
facilities to remediate additional tank waste. The planning process for these privatization activities is not complete and
is subject to the final decision concerning remediation of the tank waste, which is the subject of this EIS.

The potential environmental impacts associated with the activities included in the contracting strategy are analyzed in
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the EIS. The DOE plan is to require potential contractors to propose technologies that meet specified performance
criteria for the waste product, as established by DOE. DOE will require potential offerers to submit environmental
information and analyses reasonably available to them as a discrete part of their proposals. DOE will independently
evaluate and verify the accuracy of the environmental data and analyses and, as appropriate, use the information to
help ensure the consideration of environmental factors in the selection process in accordance with 10 CFR 1021.216.

DOE has received two proposals under the privatization initiative for constructing and operating demonstration-scale
facilities for separating selected portions of the tanks waste into LAW and HLW fractions and immobilizing the
separated waste. The two proposals would follow the same general approach described in the EIS for Phase 1 of the
Phased Implementation alternative including; separating the waste into LAW and HLW streams, immobilizing the
HLW by forming a borosilicate glass, and using high-temperature processes to generate immobilized LAW. Evaluation
of the two proposals has shown that they would have similar overall environmental impacts and that the impacts would
be less than or approximately the same as the impacts described in Phase 1 of the Phased |mplementation alternative
assessed in this EIS.

One proposal has the potential to substantially reduce the volume of LAW requiring disposal and would result in less
disposal-related land disturbance. However, the total amount of radioactivity in the LAW would be approximately the
same for both proposals, and the associated impacts on groundwater would be the same (i.e., small). This proposal aso
offers the potential for recycling a portion of the LAW, and some of the raw material used in LAW processing might
be suitable for other beneficial uses within DOE or the nuclear industry. There is uncertainty about whether markets
for these materials will be available. If such markets were not available then the potential benefits of LAW volume
reduction would not occur and these materials would need to be disposed of. Differences between the proposalsin
environmental impacts associated with the use of resources such as fuel and from air emissions such as nitrogen oxides
would be small.

DOE will also require selected offerers to submit further environmental information and analyses, and will use the
additional information, as appropriate, to assist in the NEPA compliance process, including a determination under 10
CFR 1021.314 of the potential need for a supplemental EIS.

Tank Farm Upgrades

Upgrades to the tank farms are planned to improve the reliability of safety-related systems, minimize onsite health and
safety hazards, upgrade the regulatory compliance status of the tank farms, and place the tank farms in a controlled,
stable condition until disposal is complete. Upgrades planned include: 1) instrumentation including the automatic tank
data gathering and management control system and the closed-circuit television monitoring to minimize personnel
exposure; 2) tank ventilation to replace outdated ventilation systems; and 3) an electrical system to provide electrical
power service with sufficient capacity and in compliance with current electrical codes. These three components of the
tank farm upgrades are not addressed in the TWRS EIS but will be the subject of other analyses. Upgrades to the
existing waste transfer system that would be used in conjunction with the replacement cross-site transfer system also
are planned. Waste transfer system upgrades are included in the TWRS EIS and are discussed in Section 3.4.1.1.

Initial Tank Retrieval System

This project would provide systems for retrieving waste from up to 10 DSTSs. Initial tank retrieval capabilities also
would allow consolidation of compatible tank waste to create additional DST storage capacity and support passive
mitigation such as diluting hydrogen-gas-generating Watchlist tanks, should that become necessary. Retrieval and
transfer of waste from all tanks is addressed in this EIS, so the Initial Tank Retrieval System project is a subset of the
actions included in this EIS and not addressed separately.

Hanford Tanks Initiative

Under this program, several waste retrieval activities discussed in the TWRS EIS would be demonstrated in support of
the ex situ alternatives. This program would reduce the uncertainties associated with waste retrieval by developing and
demonstrating the technologies required to meet retrieval requirements. The Hanford Tanks Initiative includes
activities associated with waste retrieval and tank closure. Those activities associated with waste retrieval are covered
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under this EIS while activities associated with the closure would be the subject of future NEPA analysis.

This program would demonstrate equipment and systems for removal of tank residuals from tank 241-C-106 that are
expected to remain following initial retrieval by sluicing. The objective would be to retrieve sufficient waste to meet

waste retrieval requirements. This program also would attempt to develop technologies and criteria to retrieve waste

from known or assumed leaking SSTs.

3.2.2 Cesium and Strontium Capsules

3.2.2.1 History

The cesium and strontium capsule program was initiated in the early 1970's to remove heat-generating cesium and
strontium isotopes from the waste for safer storage. The waste used for this purpose either was existing waste retrieved
from tanks or waste from the processing facilities enroute to the tanks. Removing cesium and strontium from the waste
reduced the heat generation in the tanks and provided for safer storage of the waste remaining in the tanks.

The capsule fabrication program took place between 1974 and 1985 at the Waste Encapsulation and Storage Facility
(WESF), which adjoins B Plant in the 200 East Area (Figure 3.2.4). Capsules were fabricated to hold the stabilized
cesium chloride and strontium fluoride salts in an effort to provide a physical form for the cesium and strontium
suitable for long-term storage.

3.2.2.2 Capsule Description

The capsules are double-walled, high-temperature metal alloy tubes that contain cesium and strontium (Figure 3.2.5).
The capsules are stored in water-filled basins at WESF and are approximately 6. 7 centimeters (cm) (2.6 inches[in.])
in diameter and 51 cm (20 in.) in length. The decay reactions taking place within the capsules generate approximately
200 to 300 watts ( W ) of heat continuously from each capsule. Storing the capsules underwater provides radiation
protection for workers as well as cooling for the capsules. Basins or pool cells are filled with water to a depth of 4 m
(13 ft) and house metal storage racksto control capsule storage within the cells. WESF has a total of eight pools: five
are active and used for capsule storage, one is used for temporary storage, and two are not used. The size and number
of capsules are presented in Table 3.2.5. The capsules currently are classified as waste by-product, which means that
they are available for productive uses if uses can be found.

Figure 3.2.4 Waste Encapsulation and Storage Facility
Figure 3.2.5 Typical Cesium and Strontium Capsule Configuration

Thefinal classification of the cesium and the strontium would be made in correlation with the Nuclear Regulatory
Commission (NRC) if and when the capsules are classified as waste.

3.2.2.3 Capsule Characterization

The chemical form of the cesium in the capsules is cesium chloride and the chemical form of the strontium in the
capsules is strontium fluoride. The combined total capsule volume is approximately 2 cubic meters (m3) (70 cubic feet
[ft3]) (WHC 1995h).

The cesium content of the capsules is primarily cesium-137, which has a half-life of 30.17 years. Cesium-137 decays
to the stable isotope barium-137, either directly or through a two-step process, first into metastable barium-137m, and
then to stable barium-137. Strontium capsules contain mainly strontium-90, which has a half-life of 28.6 years.
Strontium-90 decays to yttrium-90 and then to the stable isotope zirconium-90. The quantities, heat |oading, and
radioactivity levels for the cesium and strontium capsules are presented in Table 3.2.6. Reduction in the number of
curies, heat load, and concentration over time is due to radioactive decay of cesium and strontium into stable decay
products.
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Table 3.2.5 Cesium and Strontium Capsules

Table 3.2.6 Characteristics of Existing Capsules

3.2.2.4 Current and Planned Activities

The only ongoing and planned activities for the capsules are the continued storage of the capsules in WESF, return of
the remaining cesium capsules to WESF, and attempts to find productive uses for the cesium and strontium capsules.
Continued operations include monitoring capsule integrity and maintaining support facilities (ventilation, monitoring,
radiation alarms, and waste handling systems).

DOE isin the early planning stages of considering whether the capsules should remain in WESF or be placed in
alternative locations for storage. Among the possible alternatives are placing the capsules in the proposed Canister
Storage Building originally planned to store HLW. DOE is currently upgrading WESF to operate independently of B
Plant. No decisions have been made to proceed with any alternative storage options. For purposes of analyzing impacts
in the TWRS EIS, it is assumed that the capsules will remain in WESF until ready for final disposition . If DOE
proposes to change the method or location for the interim storage of the capsules, an appropriate NEPA review will be
performed.

A cesium and strontium capsule management program will provide for management of the capsules until final
disposition has been implemented.

Strontium capsules previously were used as heat sources, and the cesium capsules were used at commercial facilities
for strengthening wood products, sterilizing medical products, and sterilizing saline solutions. Cesium and strontium
capsules also have been used by DOE programs for research activities at Pacific Northwest National Laboratory,
Sandia National Laboratory, and Oak Ridge National Laboratory. DOE has requested that al capsules be returned to
the Hanford Site for storage at WESF (DOE). Some cesium capsules have not yet been returned, but plans call for all
capsules to be returned to the Hanford Site by the end of 199 7. There are four strontium capsules located offsite that
will not be returned to the Hanford Site.

DOE is pursuing alternative uses for the cesium and strontium capsules. If no future uses for these capsules are found,
the capsules eventually would be managed and disposed of consistent with the Tri-Party Agreement (Ecology et al.
1994) and the TWRS EIS alternative selected for implementation.
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3.3DEVELOPMENT OF ALTERNATIVES

This section explains the process followed to develop and select alternatives for remediating the tank waste,
alternatives for implementing the remediation of the tank waste, and remediating the cesium and strontium capsules.
This section also discusses TWRS activities that are beyond the scope of this EIS.

3.3.1 Tank Waste

3.3.1.1 TWRS Elements

Final remediation of TWRS involves three distinct activities: remediation of the tank waste, disposition of the tanks
and all associated equipment (a process called closure), and decontamination and decommissioning of any new
facilities constructed to remediate the tank waste. These activities are described in this section.

Remediating Tank Waste

Remediating tank waste in the 177 underground tanks and approximately 60 MUSTs is the subject of thisEISand is
discussed in detail in Section 3.3.1.2.

Disposition of the Tank Farms (Closure)

The final disposition of the tanks and associated equipment and the remediation of contaminated soil and groundwater
associated with leaks from the tanks is a process called closure. Closure is not within the scope of this EIS because
there is insufficient information concerning the amount of contamination to be remediated. The amount and type of
waste that ultimately remains in the tanks after remediation may also affect closure decisions. The Notice of Intent to
prepare the TWRS EIS stated that: " The impacts of closure cannot be meaningfully evaluated at this time. DOE will
conduct an appropriate NEPA review, such as an EIS to support tank closure, in the future" (59 FR 4052).

In response to emerging technical information and the need to support DOE's integrated approach to remediating the
Central Plateau and the Hanford Site as a whole, DOE will prepare a future NEPA analysis to address tank farm
closure and other issues associated with TWRS remediation. The analysis will address alternatives for closing the tank
farms including disposition of the tanks and associated equipment, residual waste remaining after retrieval, and
contaminated soils; resolution of emerging information concerning contamination of the vadose zone; and the
integration of tank farm closure with the remediation of other Central Plateau areas. To support this analysis, DOE is
implementing the Hanford Tanks Initiative to obtain operational experience on a number of important factors, which
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will provide data to support decisions on closure of the tank farms. Data that will be obtained include information on
waste retrieval methods and waste volume sampling and characterization of residual waste, as discussed in Section
3.2.1.4.

Some of the decisions to be made concerning how to treat and dispose of tank waste may impact future decisions on
closure, so the tank waste alternatives provide information on how tank waste remediation and closure are interrel ated.
Under the Tri-Party Agreement, the tanks are classified as hazardous waste management units that eventually would be
closed under the State Dangerous Waste Regulations (WAC 173-303) and the requirements of the Tri-Party
Agreement.

Three options exist for closure of the tanks. The first option is clean closure, which would involve the removal of all
contaminants from the tanks and associated equipment, soil, and groundwater until natural background levels or
health-based standards are achieved.

The second option is modified closure, which would involve a variety of closure methods but require periodic (at least
once after 5 years) assessments to determine if the modified closure requirements are met. If modified closure
requirements were not being met, additional remediation would be performed. Modified closure is a method specific to
the Hanford Site Permit under the State Dangerous Waste Regulations (WAC 173-303).

The third option is closure as a landfill, which would involve leaving some waste in place with corrective action taken
for contaminated soil and groundwater performed under post-closure requirements. This type of closure usually
involves the construction of a low permeability cover over the contaminated media to reduce water infiltration and
prevent inadvertent human intrusion.

Although sufficient information is not available to make final decisions on closure, some of the alternatives affect
future closure decisions, so information is provided to allow the public and decision makers to understand how the
alternatives would be interrelated with future closure of the tank farm system. For example, some of the alternatives
addressed in the EIS involve removing most of the waste from the tanks (the ex situ aternatives) and would not
substantially affect options for future closure decisions. Conversely, some of the alternatives do not involve removing
the waste from the tanks (the in situ alternatives) but rather, would treat and dispose of the waste in the tanks. These
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aternatives include placing a low permeability cover over the tank farms to reduce water infiltration and prevent
inadvertent human intrusion (e.g., Hanford Barrier). This would be considered closure as a landfill.

DOE plans to implement a program, the Hanford Tanks Initiative, to gather information and reduce uncertainties
associated with tank closure. This would include developing and demonstrating systems to determine the residual
waste volumes remaining in a tank following retrieval. The residual waste would be analyzed by developing systems
for sampling and characterization. Site specific information on tank leaks would be obtained by developing systems to
sample and characterize contamination in the soils surrounding the tanks. The information that would be gathered
through the Hanford Tanks Initiative would be used to establish processes and criteria for future closure options.

Clean closure would be precluded by implementing the In Situ Fill and Cap and In Situ Vitrification aternatives
because these aternatives would involve leaving most of the waste in place and placing a low permeability cover over
the tank farms. This would constitute closure as a landfill. Similarly, the Ex Situ/In Situ Combination 1 and 2
aternatives would preclude clean closure of the tanks that contain waste that is not retrieved; 107 tanks for the Ex
Situ/In Situ Combination 1 alternative and 152 tanks for the Ex Situ/In Situ Combination 2 aternative. The tanks that
contain waste that is retrieved could be clean closed. The ex situ alternatives would not preclude clean closure.

For purposes of comparing the alternatives, a single and consistent method of closure was assumed for all of the
aternatives. Closure as a landfill was chosen as the representative closure method for purposes of analysis and is
included in al of the alternatives (except the No Action and Long-Term Management alternatives). This does not
mean that closure as a landfill is proposed or necessarily would be selected in the future. It isincluded to alow a
meaningful comparison of the in situ and ex situ aternatives and to provide information to the public and the decision
makers of the total cost and impacts of final restoration of the Site.

Because decisions on closure cannot be made at this time, but are interrelated with decisions to be made on
remediation of the tank waste, the EIS presents an analysis of impacts with and without closure in Section 5.0. In each
applicable subsection of Section 5.0, the impacts of the activities associated with remediating the waste are presented
first. Thisisfollowed by the presentation of the combined impacts of remediating the tank waste and closing the tank
farms by closure as a landfill. This provides the public and the decision makers with information on the impacts of the
issues that are ripe for decision making (remediation of the tank waste) and information on the total project impacts
(remediation and closure) as well as how they may be interrelated with the decisions on remediation of the tank waste.

Decontamination and Decommissioning

Decontamination and decommissioning of new facilities constructed to implement any of the alternatives are not
evaluated in detail in this EIS because decisions on the appropriate method would not be required until the treatment
and disposal of waste is complete (which isup to 30 yearsin the future) and because insufficient information is
available presently to provide a meaningful evaluation. However, decontamination and decommissioning of these
facilities is foreseeable. Therefore, the cost, personnel requirements, and volume of contaminated and noncontaminated
materials resulting from decontamination and decommissioning were developed and analyzed using general practice
assumptions to show how tank waste remediation and decontamination and decommissioning are interrelated. This
provides an assessment of the relative environmental impacts of future decontamination and decommissioning
activities so that the aternatives can be meaningfully compared. DOE will conduct an appropriate NEPA review to
support future decontamination and decommissioning decisions.

3.3.1.2 Alternatives for Remediating Tank Waste

A wide range of potentially applicable technologies exists for treating tank waste. One of the challenges for DOE and
Ecology isto eliminate from consideration technologies that are not viable and develop a range of reasonable
alternatives for detailed analysis and presentation in the TWRS EIS. This section describes how the alternatives were
developed.

There is a distinction between technologies and alternatives. Technologies are specific processes (e.g., cesium ion
exchange) that relate to a component (e.g., retrieval or treatment) of an alternative. Alternatives include a set of
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technologies, or building blocks, that have been engineered to work together, forming complete systems for
accomplishing the purpose and need for action. Alternatives are made up of a number of technologies linked together.

The first step in developing aternatives was to screen out technologies that were not viable. The full range of available
technologies for each component of the proposed action was evaluated, and technologies that were not viable were
eliminated from further consideration. The technologies eliminated by this screening process are described in Section
3.8 and Volume Two, Appendix C.

After rejecting technologies that were not viable, a large number of potential technologies remained for inclusion in the
EIS. It would not be practicable to develop alternatives that include all of the potential combinations of technologies.
In accordance with NEPA, representative alternatives were developed for detailed analysis to bound the full range of
reasonable alternatives. Upper, lower, and intermediate bounding alternatives were developed in terms of cost, risk,
and technologies for the two primary decisions that affect environmental impacts: the amount of waste to be retrieved
from the tanks and the degree of separations of retrieved waste into HLW and LAW. The full range of applicable
technologies and alternatives therefore isincluded in the EIS.

Because representative alternatives were developed for detailed analysis in the EIS, there are many other viable
technologies for individual components of the aternatives that could not be included. These technologies are included
in Volume Two, Appendix B and could be substituted for one of the technologies that isincluded in an alternative
without a substantial change in the impacts of that alternative. An evaluation was performed for each of the
technologies identified in Appendix B. Where there would be changes in impacts, the changes are discussed in Volume
Two, Appendix B. The level of analysis was dependent on the magnitude of the change on impacts.

The alternatives developed for presentation in the EIS were chosen to be representative of many of the possible
variations of the alternative. The design information for all alternativesis at an early planning stage, and the details of
the alternative that ultimately is selected and implemented may change as the design process matures. Therefore, the
alternatives are intended to represent an overall plan for remediation at a level of detail sufficient for impact analysis
and alternative comparisons.

NEPA requires that an EIS includes a No Action aternative, which addresses not taking the proposed action (i.e., not
initiating the project). For the TWRS project, there is a management program in place to continue the safe management
of the tank waste and the capsules; therefore, the No Action alternatives addressed in this EIS (continue the current
waste management program), consist of the activities currently being conducted to safely manage the waste. Further,
under the No Action alternatives , no new facilities would be constructed other than those for which decisions already
have been made based on other NEPA reviews (e.g., the Safe Interim Storage EIS).

Since the late 1950's, there have been numerous studies analyzing aternatives for tank waste treatment and disposal.
The technologies contributing to the alternatives presented in the EIS come from different sources. The initial set of
technologies used in the report was obtained by reviewing literature for processing radioactive, hazardous, and mixed
waste. The literature review was supplemented by several DOE-sponsored workshops on treatment technologies for
Hanford Site tank waste. Objectives and technologies were also proposed for consideration in the EIS during the public
Scoping process.

Four genera categories of response actions have emerged through the alternative identification process. These
categories are: 1) continue waste storage in the tanks; 2) waste treatment and disposal in the tanks, referred to asin
situ treatment, 3) waste treatment outside of the tanks in a processing facility, referred to as ex situ treatment, and 4) a
combination of in situ and ex Situ treatments. In situ waste treatment would not involve removing the waste from the
tanks. Ex situ treatment would require that the waste be removed from the tanks for treatment and disposal.

Continued waste storage would not result in remediation of the waste but would postpone the impacts of the
uncontrolled release of the waste. In situ alternatives eliminate the need for waste retrieval and would result in leaving
al of the waste onsite following treatment. Ex situ aternatives require removing waste from the tanks for treatment
and provide the opportunity to separate the waste into HLW and LAW components. The purpose of separating the
waste is to meet onsite disposal requirements for LAW and minimize the volume of HLW requiring offsite disposal.
Combination alternatives provide the opportunity to selectively retrieve waste for ex situ treatment based on waste type
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to achieve acceptable post remediation risk levels.

Ex situ aternatives provide for disposal of HLW at a potential geologic repository. Solely for the purpose of analysis,
the potential geologic repository at Y ucca Mountain, Nevada was assumed to be the final destination because it
currently is being characterized to determine its suitability as a repository. It was assumed that the potential geologic
repository would be operational and accept HLW generated by the ex situ alternatives (see Section 3.7 and Volume
Two, Section B.10) .

New Technical Strategy

In January 1994, DOE, Ecology, and U.S. Environmental Protection Agency (EPA) renegotiated the Tri-Party
Agreement, which led to a new proposed technical strategy for remediating the tank waste. This technical strategy
provides the basis for the TWRS EIS Ex Situ Intermediate Separations alternative and includes the following activities:

« Retrieve present and future waste from al DSTs and SSTs;

» Separate the waste into HLW and LAW streams to the extent required to meet onsite disposal requirements for
LAW and to maintain an acceptable volume of HLW for offsite disposal;

« Vitrify the LAW and dispose of it onsite in a near-surface disposal facility in a retrievable form;

« Vitrify the HLW and store it onsite at a designated storage facility for future disposal at the potentia geologic
repository; and

Implementation of Alternatives

There are many technical uncertainties associated with the aternatives for remediating the tank waste. These
uncertainties involve the types of waste contained in the tanks and the effectiveness of the retrieval techniques, waste
separations, waste immobilization, and cost of implementing the alternatives. These uncertainties exist because some of
the technologies that may be implemented are first-of-a-kind technologies, have not previously been applied to the
TWRS tank waste, or have not been applied on a scale as large as would be required for the TWRS tank waste.

Because of these uncertainties, DOE considered different approaches to implementing the alternatives to reduce the
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financial risk involved if one or more of the technical uncertainties could not be readily resolved. DOE identified two
approaches to implementing the alternatives: full-scale implementation and phased implementation. Under full
implementation, DOE would design, construct, and operate full-scale facilities to remediate the tank waste. Under
phased implementation, either DOE or a private contractor would design, build, and operate demonstration-scale
facilities to prove that the remediation concept would function adequately before constructing and operating full-scale
facilities. All calculations performed for this EIS are based on DOE implementing the alternatives through the existing
Management and Operations contractor system. This phased implementation approach has the potential to prove that
the technologies work before committing large capital expenditures that could not be recovered.

A phased approach could be developed for any of the aternatives, but not al phased approaches would involve
changes to environmental impacts from the full-scale approach. Therefore, not al phased approaches need to be
addressed in the EIS. To decide which of the full-scale alternatives would need to have an associated phased
implementation alternative addressed in this EIS, the following two criteria were used.

« Would the full-scale alternative involve large front-end expenditures of funds that could be lost if an unproven
technology did not function adequately?

« Would the environmental impacts of the phased implementation approach be different than those of the full -
scale alternative?

If either criterion were met, a phased approach would be included in the EIS.

Applying these criteria showed that most alternatives did not warrant a separate analysis of a phased implementation
approach. A phased implementation approach to the No Action and Long-Term Management alternatives would not
involve changes in environmental impacts, large front-end expenditures, or unproven technologies, so no phased
approach was included in the EIS for these alternatives. A phased implementation approach to the In Situ Fill and Cap
alternative would involve the simple process of filling severa tanks as a demonstration, and therefore would not
involve different environmental impacts or large front-end expenditures of funds that could be lost, so no phased
approach was included in the EIS. Similarly, a phased approach to the In Situ Vitrification alternative would involve
testing the in situ vitrification process first on MUSTS, then small tanks, and then large tanks. Although this technology
previously has not been performed on the tank waste, it could be tested gradually without any differences in
environmental impacts or large expenditures of funds that could be lost if the process did not function adequately.
Therefore, the In Situ Vitrification aternative did not warrant a separate phased implementation alternative, and no
phased approach was included in the EIS.

All of the ex situ alternatives involve the application of technologies that have not been applied to the tank waste and
all would involve large front-end expenditures of funds to construct large, complex separations and immobilization
facilities. The phased implementation approach for these aternatives would involve constructing and operating
demonstration-scale facilities before constructing the full-scale facilities, and would result in environmental impacts
substantially different than the full-scale implementation alternative. Therefore, a phased implementation alternative
has been included in the EIS to bound the impacts for the ex situ alternatives.

The Phased Implementation alternative consists of two phases: a proof of concept or demonstration phase (Phase 1)
and a full-scale treatment phase (Phase 2). Phase 1 would include the construction and operation of one combined
separations and LAW vitrification facility and one combined separations, LAW vitrification, and HLW vitrification
facility. A sufficient quantity of a variety of tank waste types would be processed to demonstrate the effectiveness of
the process and provide the necessary data to design a full-scale treatment facility . Phase 2 would include completing
tank waste remediation by constructing and operating new full-scale separations, LAW immobilization, and HLW
vitrification facilities. The degree of separationsinto LAW and HLW was assumed to be similar to the Ex Situ
Intermediate Separations alternative, and includes additional processes to separate out the strontium, technetium, and
transuranic elements from the LAW.

The tank waste alternatives addressed in this EIS include:

« No Action;

file:///1)/Data%20Migration%20T ask/El S-0189-FEI S-1996/sec3_3.htm[6/27/2011 11:34:35 AM]



Final Environmental Impact Statement for the Tank Waste Remediation System, Hanford Site, Richland, Washington

Long-Term Management;
 In Situ Fill and Cap;
« In Situ Vitrification;
« Ex Situ Intermediate Separations,
« Ex Situ No Separations;
« Ex Situ Extensive Separations;
« Ex Situ/In Situ Combination 1;
« Ex Situ/In Situ Combination 2 ; and
« Phased Implementation (preferred alternative).

The alternatives developed for detailed analysis cover the full range of actions as well as the No Action aternative.
The tank waste aternatives range from waste containment with the Long-Term Management aternative to extensive
processing (separating HLW from LAW fractions) and immobilization using new technologies with the Ex Situ
Extensive Separations alternative. the relationship among the alternatives is shown in Figure 3.3.1.

Figure 3.3.1 Relationship Among TWRS EI S Alternatives

3.3.2 Cesium and Strontium Capsules

The cesium and strontium capsules currently are classified as waste by-product, and this EISis only addressing
measures to remediate the capsules when and if they are determined to have no productive uses. The development of
alternatives to remediate the cesium and strontium capsules is much less technically complicated than for the tank
waste.

There are two distinct activities related to remediation of the capsules: the disposition of the capsules, which is
analyzed in this EIS; and decontamination and decommissioning of WESF, the current capsule storage facility. WESF
is part of B Plant and would be decontaminated and decommissioned in the future with B Plant. This is not within the
scope of the EIS.

3.3.2.1 Alternatives for Remediating Capsules

The alternatives for remediation of the capsules include No Action, disposal on the Hanford Site, or disposal off the
Hanford Site either with or separate from the tank waste. None of these alternatives involve unproven technologies or
the construction of major process facilities. The following capsule alternatives are addressed in this EIS:

« No Action (preferred alternative);
« Onsite Disposal;

« Overpack and Ship; and
« Vitrify with Tank Waste.
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34 TANK WASTE ALTERNATIVES

This section describes the alternatives for remediating the tank waste. Additional details may be found in Volume
Two, Appendix B.

3.4.1 Elements Common to Tank Waste Alter natives

3.4.1.1 Current Operations

Included in each alternative are the operations necessary to maintain the tanks and associated facilities until they are no
longer required for waste management. Routine operations include the following activities:

« Managing operations,

« Operating and maintaining facilities and equipment;

« Monitoring tanks to gather information including data on waste temperatures, liquid levels, and tank status;
« Monitoring leak detection equipment, including drywells around the tanks for increases in radioactivity,
groundwater monitoring, and in-tank liquid level monitoring;

Adhering to regulatory compliance and reporting;

Conducting security and surveillance of facilities and grounds;

Performing interim stabilization of SSTs by saltwell pumping;

Operating the 242-A Evaporator to concentrate waste;

Maintaining tank safety including diluting tank waste as necessary and maintaining adequate storage capacity;
and

« Characterizing MUST waste associated with TWRS.

The 242-A Evaporator is an existing facility in the 200 East Area. This facility, which recently has been upgraded, is
used for routine operations and would continue to be used (until approximately 2005) for waste management under all
of the tank waste alternatives.

The functions and activities for routine operations are the same for each alternative but the cost, schedule, and staffing
levels vary according to the schedule for completion of waste treatment and subsequent closure of the tank farms. The
impacts of these routine operations are included in the calculations of the impacts for each alternative (Section 5.0).

Included in all of the alternatives (except No Action) are upgrades to the existing waste transfer system. Waste transfer
system upgrades would involve constructing buried waste transfer pipelinesin the 200 East Area. These upgrades
would provide for safe, reliable, and compliant waste transfer between waste-generating facilities and the tank farms.
Selected valve pits and diversion boxes would be upgraded by installing liners to provide secondary containment in the
event of aleak or spill. Also included are new jumper and cover installations for selected valve pits and diversion
boxes. The various flow path combinations would be indicated on the new cover blocks. The replaced buried lines
would be abandoned in place, whereas the replacement items such as valve and diversion box jumpers and box covers
would be removed and disposed of onsite (WHC 1996¢). These waste transfer system upgrades do not include the
replacement cross-site transfer system.

Future additions of waste to the tank farms would occur during routine operations. Some of these waste additions
would involve loading the waste as liquid or slurry into a tank truck or rail car at the generating facility, transporting to
the tank farms, and unloading and transferring the waste into existing DSTs for storage. This waste could be
transferred using existing rail or specialized truck (LR-56[H]) systems. Volume Two, Appendix B contains a
description of the LR-56(H) truck, which was specially designed for the transport of nuclear waste. Waste will be
generated and require transport to the tank farms from the following:

« 300 Area laboratory facility cleanout;
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« Plutonium-Uranium Extraction (PUREX) Plant, Plutonium Finishing Plant (PFP), and B Plant cleanout;
« T Plant decontamination waste;

 Routine laboratory waste; and

« K Basins cleanout.

Some f uture waste volume projections are provided in Volume Two, Appendix A.

In December 1995, all 177 tanks (Watchlist and non-Watchlist) were placed under flammable gas controls. Until the
necessary characterization data are obtained, the tank farm systems will continue to operate under a conservative
management program to maintain a safe operating envelope. These controls may dslightly increase the cost of
performing maintenance and monitoring activities on the tanks until the issueis resolved.

3.4.1.2 Multi-Purpose Canister

For comparison, it has been assumed that each of the ex situ aternatives would use a large multi-purpose canister for
interim onsite storage and transportation to the potential geologic repository. This canister is designated the Hanford
Multi-Purpose Canister. The Hanford Multi-Purpose Canister would be approximately 4.6 m (15 ft) long and 1.4 m
(4.5 ft) in diameter and would be used as an overpack canister to house up to four individual HLW canisters depending
on canister size. The sizing of the HLW canisters and the decision to use a multi-purpose overpack canister are in the
conceptual stage and have not been finalized. There may be potential economic and handling benefits to using a multi-
purpose canister for the TWRS program. There may be potential additional costs associated with using Hanford Multi-
Purpose Canisters if future evaluations determine that the Hanford Multi-Purpose Canisters were not acceptable for
disposal or if the Hanford Multi-Purpose Canisters would require costly changes in repository design and operations.
Such a multi-purpose type canister has also been proposed as a waste package for commercia spent nuclear fuel.
Additional information on canister sizing is presented in Volume Two, Appendix B.

3.4.1.3 Liquid Effluent Processing

Liquid effluent processing for all of the alternatives would be provided by the secondary radioactive liquid-waste
processing system. This system, which has been constructed and currently is undergoing acceptance testing, is
assumed to be permitted and operational in time to support each of the alternatives. The environmental impacts of this
facility were analyzed in an environmental assessment (DOE 1992a). The secondary radioactive liquid-waste
processing system consists of the Liquid Effluent Retention Facility, the Effluent Treatment Facility, and the State-
approved land disposal site.

To be accepted into the effluent treatment facilities, waste must meet specific waste acceptance criteria. It is assumed
that the liquid effluent streams generated at the waste processing facilities identified for the various alternatives would
meet the waste acceptance criteria for the Liquid Effluent Retention Facility and the Effluent Treatment Facility.

The Liquid Effluent Retention Facility provides up to 49 million L (13 million gal) of temporary storage capacity for
liquid waste. This storage capacity is provided by two 25 million-L (6.5 million-gal) lined and covered basins. An
additional storage basin is provided for emergency backup. Waste accumulated in the Liquid Effluent Retention
Facility basins would be sent to the nearby Effluent Treatment Facility for treatment.

The Effluent Treatment Facility provides the final processing step before disposal. This facility includes a treatment
system to reduce the concentrations of radioactive and hazardous waste constituents in the effluent streamsto
acceptable levels. The treated effluent is held in storage tanks to allow for verification before being transferred to the
State-approved land disposal site for discharge.

3.4.1.4 Major Assumptions and Uncertainties

To develop engineering data required to perform impact analyses for each of the alternatives discussed in the EIS,
assumptions were made regarding the technologies that have been configured to create a remediation alternative.
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These assumptions were based either on the best information available, applications of a similar technology, or
engineering judgement. By definition when an assumption is made, there is some level of uncertainty associated with it
that can be expressed as a range for the assumed value that reasonably could be expected. This section identifies the
major assumptions used for the alternatives. Additional information on assumptions is provided in Volume Two,
Appendix B, Section B.8.0 and uncertaintiesin Volume Five, Appendix K.

In Situ Alter natives

It was assumed that there would be no leaks to the soil from the SSTs or DST's during the administrative control period
for the No Action, Long-Term Management, or In Situ Fill and Cap alternatives. This assumption is based on ongoing
SST interim stabilization to remove pumpable liquids, the ability to detect and recover leaks from the space between
the inner and outer liners of the DSTs, and ongoing monitoring activities within the tank farms. The SSTsand DSTs
were assumed to maintain their structural integrity throughout the administrative control period under the No Action
and Long-Term Management alternatives.

The In Situ Vitrification, In Situ Fill and Cap, and the in situ portion of the Ex Situ/In Situ Combination 1 and 2
alternatives were assumed to require additional characterization data to evaluate the acceptability of in place disposal
and address RCRA land disposal requirement considerations. This requirement would be in addition to the current
characterization requirements for the ex situ alternatives. These additional characterization efforts could involve
extensive laboratory analysis of additional tank samples and may require modifications to the tanks to install additional
risers for sampling access.

In Situ Vitrification

Thein situ vitrification system was assumed to be capable of vitrifying each of the tanks to the required depth
resulting in a consistent waste form. It was also assumed that the variation in waste composition and inventory from
tank to tank would not impact the ability to produce an acceptable waste form.

In Situ Fill and Cap

The concentrated liquid waste contained in the DSTs was assumed to be acceptable for gravel filling. Under this
aternative, the DST liquids would be concentrated using the 242-A Evaporator to remove as much water from the
waste as possible, but the waste would still contain substantial volumes of liquid. It has been estimated that
concentration by the 242-A Evaporator would reduce the current liquid volumes contained in the tanks by
approximately one-third (WHC 1995f).

Ex Situ Alternatives

The major assumptions used for the ex situ aternatives are outlined in the following paragraphs and summarized in
Table 3.4.1.

Table 3.4.1 Ex Situ Alternatives Major Assumptions

Retrieval Efficiency

Retrieval efficiency is the assumed percentage of the tank waste that would be retrieved. The amount and type of waste
that would remain in the tanks after retrieval is uncertain. The Tri-Party Agreement (Ecology et al. 1994) set a goal for
the SSTs that no more than 1 percent of the tank inventory would remain as a residual following waste retrieval
activities. The engineering data for the waste retrieval and transfer function common to all ex situ aternatives was
developed using 99 percent retrieval as a goal.

Theresidua contaminants left in the tanks either would be insoluble and hardened on the tank walls or bottom or of a
size that could not be broken up or removed from the tanks. In either case, the residual would have low solubility
because the retrieval technologies proposed would use substantial quantities of liquid in an attempt to dissolve or
suspend the waste during retrieval. Because of the uncertainties regarding the amount and type of residual waste that
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would remain in the tanks, a conservative assumption was made to bound the impacts of the residual waste. For
purposes of the analysis, it was assumed that 99 percent recovery would be achieved for ex situ alternatives, and the
residual waste left in the tanks would contain 1 percent of all the original tank inventory, including the water-soluble
contaminants. The water-soluble contaminants provide the long-term potential human health risk because they would
be transported into the groundwater and then could be consumed by humans.

The assumption that 1 percent of the water-soluble waste would remain in the tanks yields an upper bound on the
impacts that would occur under the ex situ alternatives. The In Situ Fill and Cap and Ex Situ/In Situ Combination 1
and 2 alternatives leave more waste in the tanks for disposal and provide an upper bound on the impacts associated
with the amount and type of waste that is disposed of onsite.

Releases During Retrieval

To provide a conservative estimate of the impacts that could occur following retrieval, the analysis performed for the
ElS assumed that each of the 149 SSTswould leak an average of 15,000 L (4,000 gal) to the soils surrounding the tank
during retrieval operations. No leakage was assumed to occur from the DSTs during retrieval operations because DSTs
have provisions for leak containment and collection. The leakage volume estimate was based on current information
from the retrieval program and the assumption that the average leakage volume from an SST would be one order of
magnitude lower than the maximum release volume estimated for tank 241-C-106 during sluicing operations (DOE
1995d). The leakage estimated for tank 241-C-106 was based on a series of conservative assumptions that would not
be applicable for developing an average lead estimate for all SSTs. It was also assumed that the contaminant
concentrations in the liquids released would be at maximum predicted concentrations; therefore, dilution of the waste
during retrieval was not taken into account.

DOE is currently working with Ecology to define the operating envelope for allowable leakage during retrieval systems
would include measures to detect and control leakage.

Nominal Case

A nominal case retrieval release and residua tank inventory was developed to assess the impacts that would result
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from nominal, as compared to bounding, assumptions for tank releases during retrieval and the residual waste left in
the tanks following retrieval. Additional information on the nominal caseisin Volume Two, Section B.3.

The nominal retrieval release inventory was developed by assuming that the waste would be diluted by one-third
through the addition of water during waste retrieval. The nominal case retrieval release volume was assumed to be
15,000 L (4,000 gal) from each SST, and the contaminant concentrations were assumed to be two-thirds of the
bounding case.

The nominal tank residual inventory was developed by modifying the bounding tank residual inventory to reduce the
mobile constituents of concern based on solubility. The mobile constituents of concern were evaluated because of their
contribution to post-remediation risk. The isotopes of carbon, technetium, and iodine were reduced in the nomina case
tank residual inventory to 10 percent of the bounding tank residual inventory.

The nominal case for operation accidents was analyzed by using average tank inventory for the potential releases
during accidents. This nominal inventory was developed by estimating the inventory of radioactive materials contained
in the fuel from the single-pass reactors and N Reactor and sent to the tank farms. Reduction factors were applied to
account for extracted plutonium, uranium, cesium, and strontium. This nominal radiological inventory is shown in
Appendix E, Section E.1.0.

Operating Efficiency

The operating efficiency is a combination of the online efficiency and the production efficiency of the treatment
facilities. The assumed operating efficiency is used in combination with the operating schedule to determine the size of
the treatment facilities required to treat the waste. The 60 percent operating efficiency assumption was selected as a
reasonable value for facility sizing. This value is considerably lower than operating efficiencies obtained in the
commercia chemical processing industry to account for regulatory and safety requirements associated with nuclear
waste processing. The operating efficiency for Phase 2 of the Phased Implementation alternative was assumed to be
higher than the other alternatives to account for the phased implementation approach. Once a treatment facility is
designed and constructed, the inability to achieve the assumed operating efficiency would result in a longer operating
schedule.

Waste L oading

Waste loading or waste oxide loading is the percentage of waste that isin the final vitrified waste form. The waste
oxide loading is controlled by the amount of glass formers that are added during the vitrification process. The higher
the waste loading, the more waste contained in the vitrified glass, and the lower the overall waste volume.
Conservative waste loading factors have been assumed for the ex situ alternatives. Current development work may
result in the selection of higher waste loading factors. The sensitivity of the HLW and LAW volume and the
engineering data to the waste loading assumptions is provided in Volume Two , Section B.8.0.

Blending Factor

Blending is the mixing of the wastes from different tanks during retrieval to obtain an average waste feed stream for
treatment. Because there are 177 tanks that contain waste and the waste composition varies from tank to tank, it would
be difficult to achieve a completely uniform blending of the waste during retrieval. To account for the uncertainties
associated with achieving a uniformly blended waste feed stream, blending factors have been assumed for the HLW
vitrification processes.

One of the magjor uncertainties associated with the ex situ alternatives is the volume of HLW that would be produced.
The largest uncertainty range would be for alternatives that rely on an intermediate level of separations. The estimated
volume of HLW produced is a function of the inventory and assumptions made for separations efficiencies , waste
loading, and blending.

The waste loading and blending factors assumed for the ex situ aternatives represent a reasonable and conservative
technical basisfor the EIS. This basis was developed through an independent technical review (Taylor-Lang 1996).
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The assumptions made for waste loading and blending result in approximately 12,200 HLW canisters (1.17 m3 [41
ft3]) for the Ex Situ Intermediate Separations and Phased |mplementation alternatives.

Assumption on Disposal of Hanford Site HLW in a Geologic Repository

For purposes of analysis, a geologic repository candidate site at Y ucca Mountain, Nevada was assumed to be the final
disposal site for all TWRS HLW sent offsite for disposal. Current legislation prohibits the placement, in the first
repository, of spent fuel in excess of 70,000 mt (77,000 tons) of heavy metal or a quantity of solidified high-level
radioactive waste from the reprocessing of such a quantity of spent fuel until a second repository is operating. DOE
will evaluate the need for a second repository no sooner than year 2007.

Currently, Yucca Mountain is the only site being characterized as a geologic repository for HLW. If selected as the
site for development, it would be ready to accept HLW no sooner than 2015. The potential environmental impacts that
would occur at the geologic repository from the disposal of HLW from TWRS are not addressed in this EIS. Potential
impacts at the repository will be addressed in an EIS that DOE will prepare in accordance with the Nuclear Waste
Policy Act to analyze the site-specific environmental impacts from construction, operation, and eventual closure of a
potential geologic repository for spent nuclear fuel and HLW at Y ucca Mountain. Detailed evaluations to support
decisions on the disposal of HLW from the Hanford Site would be made following completion of the repository EIS.
The repository EIS will also asses the impacts of transporting spent nuclear fuel and HLW from various storage
locations to the potential geologic repository.

Each of the ex situ alternatives addressed in this EIS include sufficient interim onsite storage facilities to store al of
the immobilized HLW produced while awaiting offsite transport and disposal at the potential geologic repository. This
would allow each of the aternatives to operate independent of the acceptance schedule for the potential geologic
repository.

Safety Issues

Because of the uncertainty involved with the tank waste inventory and the application of some first of a kind
technologies, there are uncertainties involved with the estimates of accidents. Therefore, a bounding approach was
taken for the calculation of consequences from accidents. A full safety review of al aspects of the aternative selected
would be performed during the final design phase, and changes could be made to the selected alternative to provide
engineering or administrative controls to mitigate accidents unforeseen at the current time. Thisis a standard design
procedure.

The possibility of driving heavy equipment over an unstabilized tank during construction or operations that could
potentially result in a tank dome collapse was considered. To reduce the potential for this accident, engineered features
would be installed and administrative controls would be used to prevent large vehicles from driving on top of the
domes. These engineered barriers would be mechanical barriers such as closely spaced posts installed around the tanks
or tank farms.

3.4.1.5 Waste Compositions

Vitrification, or glassmaking, is a waste stabilization and solidification technology that incorporates radioactive and
hazardous waste into a glass matrix. This process involves blending the waste material with glass formers or additives
and heating the mixture to glass-forming temperatures. The types of glass formers added to the waste define the
resulting glass type.

Borosilicate glassis based on a composition of silicon dioxide, boron trioxide, sodium oxide, and lithium oxide.
Borosilicate glassis the standard final waste form for treating high-level radioactive waste because of its durability
and ability to accommodate a varied range of waste feeds (DOE 1990). Additionally, borosilicate glassis currently
identified as the only standard HLW form that will be accepted at the potential geologic repository (DOE 1994g).

Other types of glass could be selected for the vitrification of HLW or LAW; however, they would have to meet the
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repository or performance assessment criteria. One example is the soda-lime glass that would be produced by the Ex
Situ No Separations (Vitrification) aternative. Soda-lime glass consists of mainly silicon dioxide, sodium oxide, and
calcium oxide.

Two types of vitrified waste forms described in the alternatives are monoliths and cullet. Monoliths would be produced
by casting the molten glass into a canister, resulting in a single piece of glass. The cullet would be produced by
quenching the molten glassin water following vitrification, resulting in gravel-sized pieces of glass.

Cullet would provide processing and material handling advantages for the high-capacity processing facilities. The
disadvantage of cullet as a waste form isits high surface area-to-volume ratio, which resultsin lower long-term
performance. Matrices or coating material can be used in conjunction with the cullet to improve the waste-form
performance.

All of the ex situ alternatives that produce vitrified LAW for onsite disposal have assumed cullet in a matrix material
as the waste form for onsite LAW disposal. This provides a conservative analysis of the long-term impacts resulting
from onsite disposal of LAW.

Grouting the retrieved tank waste is a technology that could be applied to any of the ex situ alternativesin place of
vitrifying the waste. Grout is a common solidification and stabilization technology employed in the management of
hazardous and radioactive waste. Grout is a general term that refers to a waste form obtained by mixing waste with
chemical additives to stabilize and immobilize the hazardous constituents.

The grouting process applied to the ex situ treatment of the tank waste would involve waste retrieval and transfer to a
grout facility where the waste would be mixed with appropriate mixtures of grout formers. After the grout is mixed, it
could be placed into containers or pumped into large vaults for solidification and disposal.

Grouting tank waste has been studied extensively at the Hanford Site as a technology for LAW disposal. Grouting of
the LAW was selected as the treatment method in the Hanford Defense Waste EIS (DOE 1987). The LAW described
in the Hanford Defense Waste EIS included liquid waste from the tanks (after separation of HLW components) and
secondary waste from the HLW vitrification facility, which would consist of waste from canister decontamination,
drying feed material, and recovered liquid from off-gas treatment.

Each of the aternatives that involve treating the waste would involve collecting small sample quantities (up to about
2.5L [0.65 gal] per sample) of tank waste and shipping the samples to offsite locations for bench-scale waste
treatment and immobilization performance demonstration and testing purposes. The genera approach would include
collecting grab and/or core samples from the tanks, verifying that the samples and sample contents meet appropriate
specifications (using existing onsite laboratory facilities, including necessary laboratory preparatory work [e.g.,
preparing composite samples]), and appropriately packaging and transporting the samples to other DOE facilities or to
private contractor facilities. Initialy, collecting and transferring small quantities of such samples would be to support
contractor selection for DOEs TWRS privatization initiative.

3.4.1.6 Waste Minimization

Each aternative would involve waste minimization practices for primary, secondary, and tertiary waste. Primary waste
is the treated tank waste and capsule contents requiring disposal. Primary waste minimization practices would be used
to control the volume of HLW and LAW requiring disposal.

Secondary waste is generated during handling and processing of the waste and includes off-gases, contaminated filters,
spent ion-exchange resins, and liquid effluents. Secondary waste minimization would involve practices such as using
metal high-efficiency particulate air filters that could be washed in place and reused. In some process configurations,
spent ion-exchange resin would be fed into the waste treatment process to reduce the volume of secondary waste.

Tertiary waste generation primarily would be a function of the number of operating personnel and includes such things
as personal protective equipment and other incidental waste. Secondary and tertiary waste would be divided into low-
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level waste and transuranic waste based on characterization. Secondary low-level waste would be disposed of at the
onsite low-level waste burial grounds. Secondary transuranic waste would be retrievably stored for future packaging at
the Waste Receiving and Processing Facility. Current plans are for disposal of transuranic waste at the Waste I solation
Pilot Plant. Liquid effluent from all alternatives would be treated at the Effluent Treatment Facility in the 200 East
Area before release.

Each of the tank waste alternatives that use high-temperature processing (vitrification or calcination) would make
extensive use of recycle streams to recycle volatile radionuclide and chemical constituents, which are captured in the
off-gas systems, back into the treatment process. These recycle streams would be used to minimize the generation of
secondary waste. It has been determined that a bleed stream would be required for each alternative to avoid a
continuous buildup of certain volatile radionuclide and chemical constituents (e.g., technetium-99 and mercury) in
these recycle streams. For comparison purposes, it has been assumed for each alternative that the bleed stream
percentage would be 1 percent of the recycle stream and that this secondary waste stream would be stabilized by some
low-temperature process.

Hanford Site waste minimization would involve the use of chemicals and materials from other Hanford Site facilities
where appropriate. One example would be the conversion of the sodium from the Fast-Flux Test Facility cooling
system to sodium hydroxide for use during enhanced sludge washing for the Ex Situ Intermediate Separations and Ex
Situ Extensive Separations alternatives, or other alternatives using waste stream separation processing. The conversion
facility, with its process-inherent safety issues, would require a cost and safety analysis.

3.4.1.7 Cost Estimates

Cost estimates are presented for each alternative. These estimates are based on conceptual designs and have an
associated level of uncertainty. This uncertainty is accounted for in the cost uncertainty analysis and results in a cost
range that is estimated for each alternative. Additional information on the cost uncertainty is provided in Volume Two,
Section B.8.0.

Capital cost isincluded in the cost for the alternatives and includes the direct cost (i.e., materials, labor, and equipment
for facility construction), construction management, project management, engineering, and contingency. The
contingency is obtained by multiplying the sum of the capital cost components by a contingency factor. Each of the
estimates includes a value for current operations, which is the estimated cost associated with routine operations
identified in Section 3.4.1.1.

Research and development cost is included in the cost estimates for each alternative. This cost is assumed to provide
for development of the technologies required to implement an aternative. The resolution of implementability issues
identified for each alternative would be part of the development work; thus the research and development cost partially
reflects the implementation uncertainties.

Repository fees for alternatives that include shipment of HLW to the potential geologic repository are discussed in
Section 3.7.

The cost estimates for each of the alternatives were prepared using the same methodology and estimating practices to
ensure comparability among the alternatives. Additional detail on the cost estimates is provided in VVolume Two,
Appendix B.

3.4.1.8 Facility Sizing

The design capacities for the full-scale ex situ processing facilities were developed using a consistent approach. Each
facility was sized to treat the projected volume of waste within the schedule outlined in the Tri-Party Agreement using
a consistent set of assumptions for total operating efficiency. The total operating efficiency for the ex situ vitrification
facilities was assumed to be 60 percent. The operating efficiency for the Phased |mplementation alternative during
Phase 2 was assumed to be higher to account for the advantages of the phased implementation approach.
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3.4.1.9 Facility Siting

A site evaluation process was conducted and four potential sites were identified as suitable locations for the onsite
treatment and disposal activities for the ex situ treatment and disposal alternatives. A suitable site, which would
accommodate all of the full-scale ex situ aternatives, is a combination of Sites B and C shown in Figure 3.4.1. This
representative site is for ex situ tank waste remediation activities for the purpose of alternative evaluation in the EIS
and does not preclude the other sites from ultimately being selected. Prior to selecting the representative site, one of
the other sites, or a combination of sites, appropriate NEPA analysis would be completed. All of the full-scale ex situ
alternatives are assessed as if they were located on this representative site.

The representative site is located close to a potential support facility for the 200 East Area infrastructure on vacant
land, which has been disturbed partially by past actions. The location of the Phase 1 facilities for the Phased
Implementation alternative is assumed to be Site B, maintaining Site C for Phase 2 facilities (WHC 1996).

3.4.1.10 Hanford Barrier

The Hanford Barrier would be a horizontal, abovegrade, engineered soil structure used to isolate the waste site from
the environment by preventing or reducing the likelihood of wind erosion, water infiltration, and plant, animal, and
human intrusion. It would be composed of 10 layers with a combined thickness of 4.5 m (15 ft), and placed over the
top of the stabilized tanks and the LAW disposal sites. Each Hanford Barrier would extend 9 m (30 ft) beyond the
perimeter of the areato be protected. For additional information on the Hanford Barrier, see Volume Two, Section
B.6.0.

Figure 3.4.1 Potential Site L ocation

For purposes of analysis only, the earthen borrow material was assumed to be obtained from three potential borrow
sites on the Hanford Site. The use of these sites to alow the potentia impacts to be calculated does not mean that these
sites would be used. The evaluation and selection of borrow sites for closure activities will be addressed in a future
NEPA analysis.

3.4.1.11 Interim HLW Storage

Each of the ex situ alternatives would include sufficient interim onsite storage capacity to store all of the immobilized
HLW produced while awaiting shipment to the potential geologic repository. Interim HLW storage would consist of
placing Hanford Multi-Purpose Canisters on a concrete storage pad and placing a concrete shielding cover over each
Hanford Multi-Purpose Canister. This method of interim

storage would be used for all ex situ alternatives except for Phase 1 of Phased Implementation. During Phase 1 HLW
canisters would be placed in the Canister Storage Building for interim storage. The Canister Storage Building isa
facility that is being constructed in the 200 East Area for storage of DOE spent fuel.

3.4.2 No Action Alternative (Tank Waste)

3.4.2.1 Overview
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The No Action alternative would provide for continued storage and monitoring of tank waste. For purposes of
assessing impacts, it is assumed that administrative controls (e.g., site security and management) would be maintained
for 100 years. However, DOE and Ecology currently have no policies or plans that would permit the loss of
administrative control for radioactive and hazardous material.

The SST waste would have minimal free liquid remaining and would be left in place and monitored. Existing DSTs
and MUSTs would be left in place and monitored, similar to the SSTs. No construction activities would be involved
with the No Action alternative.

The information used in describing this alternative was obtained from the No Disposal Action Engineering Data
Package for the TWRS EIS (WHC 19959 and Jacobs 1996).

3.4.2.2 Process Description

For the SSTs, it is assumed that current operations to remove pumpable liquid (interim stabilization) from the tanks
would be completed. This would result in SST waste that primarily is solid but contains some interstitial liquid (the
interstitial liquid is held within the void spaces of the sludge and saltcake). The SSTs would be monitored for releases
and indications of tank dome settling or collapse. The SSTs showing signs of deterioration would be filled with grout
or gravel as a corrective action or emergency response.

The DST waste mainly is liquid; consequently, a tank leak from a DST would represent a greater threat to the
environment than a tank leak from a SST because of the potential volume and migration of contaminants to the
groundwater. The DSTs were put into service between 1971 and 1987, and all DSTs would exceed their 50-year design
life during the No Action alternative. Monitoring and maintenance activities would continue to ensure safe storage of
waste in the DSTs. This would include maintaining spare DST capacity and leak recovery from the annulus of a tank if
aleak were detected. Spare DST capacity would be maintained within the existing DSTs through periodic operation of
the 242-A Evaporator and waste minimization practices. If a DST were to fail, its waste would be transferred to other

DSTs as an emergency response. Administrative controls would be maintained for items such as monitoring, routine
maintenance, fire protection, and security throughout the 100-year administrative control period.

3.4.2.3 Construction

No construction activities would take place for this alternative.

3.4.2.4 Operations

Operations would involve continued monitoring and maintenance of the tank farms.
3.4.2.5 Post Remediation

There would be no post-remediation activities associated with the No Action alternative. It is assumed for purpose of
analyses that administrative control of the area would be discontinued after 100 years, and human intrusion could
occur.

3.4.2.6 Schedule, Sequence, Cost

The No Action alternative schedule is shown in Table 3.4.2. The cost for the No Action alternative is shown in Table
34.3.

Table 3.4.2 Schedule - No Action Alternative (Tank Waste)
Table 3.4.3 Cost - No Action Alternative (Tank Waste) 1
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3.4.2.7 Implementability

The objective of the No Action alternative would be to provide continued management of the tank waste. This
alternative would not provide remedial action for the tank waste. This alternative would provide for the continuation of
current operations and, as such, does not present specific process uncertainties. There is some uncertainty in estimating
the functional life of the DSTs. Current design life of the DSTs is approximately 50 years.

Extensive additional characterization would be required to address RCRA land disposal requirements if waste was left
in place.

One implementability issue that would require additional analysis is the potential for interim stabilized SSTsto develop
leaks. Following interim stabilization, an SST could contain as much as 190,000 L (50,000 gal) of interstitial liquid.

This aternative would not comply with Federal and State requirements for storing hazardous waste. When
administrative control is assumed to be discontinued after 100 years, the waste left in place would not comply with
State and Federal (including DOE Order 5820.2A) requirements for disposal of hazardous, radioactive, or mixed waste
(Section 6.2).

3.4.3 Long-Term Management Alternative
3.4.3.1 Overview

The Long-Term Management alternative would provide continued storage and monitoring of tank waste and is similar
to the No Action alternative except that the DSTs would be replaced twice during the 100-year administrative control
period to prevent the release of DST liquid. For purposes of assessing impacts, it is assumed that administrative
controls (e.g., site security and management) would be maintained for 100 years. However, DOE and Ecology
currently have no policies or plans that would permit the loss of administrative control for radioactive and hazardous
material.

The SST waste would have minimal free liquid remaining and would be left in place and monitored. The DST waste,
which is currently 77 percent liquid, would be monitored, retrieved, and placed into new DSTs at 50-year intervals
corresponding to the design life of the DSTs (Figure 3.4.2) . Existing MUSTs would be left in place and monitored
similarly to the SSTs. Construction activities for the Long-Term Management alternative involve building new DSTs
along with the retrieval, transfer, and evaporator facilities to accommodate two retanking campaigns for the DST waste
during the 100-year administrative control period.

The information used in describing this alternative was obtained from the No Disposal Action Engineering Data
Package for the TWRS EIS (WHC 19959 and Jacobs 1996).

3.4.3.2 Process Description
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For the SSTs, it is assumed that current operations to remove pumpable liquid (interim stabilization) from the tanks
would be completed. This would result in SST waste that is primarily solid but that contains some interstitial liquid
(theinterstitial liquid is held within the void spaces of the sludge and saltcake). The SSTs would be monitored for
releases and indications of tank dome settling or collapse. The SSTs showing signs of deterioration would be filled
with grout or gravel as a corrective action or emergency response.

The DST waste is mainly liquid, and consequently, a tank leak to the ground from a DST (both shells failing) would
represent a greater threat to the environment than a tank leak from a SST because of the potential volume and
migration of contaminants to the groundwater. The DST waste would be removed and transferred into new DSTs at
two intervals corresponding to the 50-year design life of the tanks. The design life corresponds to a minimum length of
service time that a tank would be expected to remain functional, though the DSTs may remain functional for more than
50 years. The DSTs were

put into service between 1971 and 1987, and the first retanking campaign would correspond to using the full 50-year
service life of the newest DSTs, which were placed into service in 1987. The first retanking campaign for the 28 DSTs
would begin in the year 2037. It is recognized that some DSTs would exceed their design life prior to the first
retanking campaign; however, it is assumed that these tanks would be safely managed. Monitoring and maintenance
activities would continue to ensure safe storage of waste in those DST's that would exceed the 50-year design life. This
would include maintaining additional DST capacity and leak recovery from the annulus of the DSTSs.

Based on waste volume projections, each retanking campaign would require 26 new 3.8-million-L (1-million-gal)
tanks to replace the existing DSTs. This estimate includes maintaining a spare tank for contingency. A total of two
retanking campaigns would be required during the 100-year administrative control period.

Figure 3.4.2 L ong-Term Management Alternative

Following retrieval, the empty DSTs would contain waste residuals and would be managed in the same manner as the
SSTs. Administrative controls would be maintained for monitoring, routine maintenance, fire protection, and security
throughout the 100-year administrative control period.

3.4.3.3 Construction

Construction activities for this alternative would consist of building 26 new DSTs along with the required retrieval and
transfer systems for each DST retanking campaign. The 242-A Evaporator was assumed to be obsolete by the time the
first retanking operation would take place, and a new evaporator would be constructed in the vicinity of the new DSTs
for each retanking. A total of 52 new DSTs and 2 new evaporators would be built under this alternative.

3.4.3.4 Operations

Operations would involve continued monitoring and maintenance of the tank farms as well as retrieving and
transferring the DST waste during the retanking campaigns.

Waste retrieval would be accomplished during a DST retanking campaign as follows.

Pump tank liquid (supernate) from existing to new DSTs.

Add water to existing tanks and use mixer pumps to suspend solid and sludge into a slurry.

Pump the slurry to the evaporator for water removal and volume reduction.

Pump concentrated slurry to new DSTs.

Send evaporator condensate and excess retrieval water to the Effluent Treatment Facility for treatment and
discharge.

3.4.3.5 Post Remediation

There would be no post-remediation activities associated with the Long-Term Management alternative. The evaporator
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facility constructed with each set of new tanks would be decontaminated and decommissioned after each retanking
campaign. It was assumed that administrative control of the area would be discontinued after 100 years, and human
intrusion could occur.

3.4.3.6 Schedule, Sequence, Cost

The Long-Term Management alternative schedule is shown in Table 3.4.4. The two separate time periods shown
correspond to building and transferring the DST waste to new tanks during the 100-year administrative control period.
The overal cost for the Long-Term Management alternative is shown in Table 3.4.5.

Table 3.4.4 Schedule - Long-Term Management Alternative

3.4.3.7 Implementability

The objective of the Long-Term Management alternative would be to provide continued storage of the tank waste.

This aternative would not provide remedial action for the tank waste. This alternative would provide for the
continuation of current operations and, as such, does not present any process uncertainties. There is some uncertainty

in estimating the functional life of the DSTs. Design life of the current DSTs is approximately 50 years. Many tanks
are expected to exceed their design life; however, a structural integrity assessment has not been completed to date. One
implementability issue that would require additional analysis would be the potential for interim stabilized SSTsto
develop leaks. Following interim stabilization, an SST could contain as much as 190,000 L (50,000 gal) of interstitial
liquid.

Table 3.4.5 Cost - L ong-Term Management Alternative 1

Extensive additional characterization would be required to address RCRA land disposal requirements if waste was left
in place.

This aternative would not comply with Federal and State requirements for storing hazardous waste. When
administrative control is assumed to be discontinued after 100 years, the waste left in place would not comply with
State and Federal (including DOE Order 5820.2A) requirements for disposal of hazardous, radioactive, or mixed waste
(Section 6.2).

3.4.41n Situ Fill and Cap Alternative

3.4.4.1 Overview

The In Situ Fill and Cap alternative would leave the tank waste in place for disposal. This aternative would involve
containing the waste by evaporating excess water from the DST waste using the 242-A Evaporator; filling the tanks
with gravel to prevent subsidence; and installing a Hanford Barrier over each tank farm. These actions would slow the
migration of contaminants from the waste by removing water from the waste and using the Hanford Barrier to limit
the amount of rainwater that would infiltrate through the waste to the water table. The current barrier designis
composed of 10 layers of material with a combined thickness of approximately 4.5 m (15 ft) (WHC 1995i). Additional
information on the Hanford Barrier is contained in Volume Two, Appendix B. Information used in describing this
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aternative is from the In Situ and Closure engineering data packages (WHC 1995f, i, and Jacobs 1996).

3.4.4.2 Process Description

The 242-A Evaporator would be used to remove most of the liquid in the DSTs. The tanks would be filled with basalt
gravel using commercially available equipment. Gravel filling the tanks would prevent future tank dome collapse and
loss of integrity of the Hanford Barrier.

3.4.4.3 Construction

Construction for this alternative would include activities to fill the tanks with gravel: installing gravel handling
equipment required to convey the gravel from a stock pile to individual tanks and distribute the gravel evenly into the
tank; modifying tank openings to accommodate gravel handling equipment, and constructing four gravel stockpile
storage Sites.

3.4.4.4 Operations

Operations would take place during a 9-year period between 2000 and 2009. Major activities during operations would
include evaporating DST liquid in the 242-A Evaporator to remove as much water from the liquid waste as practical,
and filling SSTsand DSTs with gravel.

3.4.4.5 Post Remediation

After all tanks were filled, the equipment used for gravel filling would be decontaminated and decommissioned. The
MUSTSs (both active and inactive) and ancillary equipment in the tank farms would be filled with grout, and a Hanford
Barrier would be constructed over each tank farm. The regulatory aspects of closure are discussed in Section 6.2.

3.4.4.6 Schedule, Sequence, and Cost

The schedule of major activities associated with this alternative is presented in Table 3.4.6. These estimates include the
cost necessary to fill each of the tanks with gravel and cover each tank farm with a Hanford Barrier. The estimated
cost for this alternative is shown in Table 3.4.7.

Table 3.4.6 Schedule - In Situ Fill and Cap Alternative

3.4.4.7 Implementability

The primary issue associated with implementing this alternative would be the possibility of spontaneous or radiolytic
decomposition reactions occurring in the tanks following the gravel fill operations. Following gravel filling operations,
oxidizing chemicals would be in contact with organics and safely disposing of these waste combinations would require
further investigation. The regulatory issues associated with this alternative are discussed in Section 6.2.

Table 3.4.7 Cost - In Situ Fill and Cap Alternative

This aternative would not meet the land disposal requirements of RCRA for hazardous waste. Near-surface disposal
of HLW would not meet DOE policy to dispose of readily retrievable HLW in a potential geologic repository (Section
6.2).
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3.451n Situ Vitrification Alternative
3.4.5.1 Overview

The In Situ Vitrification alternative would immobilize all of the tank waste by vitrifying the tanks and their contents in
place (Figure 3.4.3) .

This process would require the use of electrical resistance heating, referred to as joule heating, to create a high-
temperature region of molten soil and waste that would solidify when cooled into a stable, glass-like form. During this
process, various components of the waste either would be incorporated into the glass, destroyed, or vaporized into the
off-gas treatment stream. A confinement facility would be constructed over each tank farm or smaller group of tanks
to provide containment and collect the off-gases generated during vitrification for subsequent treatment. Each facility
would span an entire tank farm or a smaller group of tanks and would be supported around the perimeter. Information
and data used throughout this section to describe this alternative are from the Site Management and Operations
contractor (WHC 1995f, i) and the TWRS EI'S contractor (Jacobs 1996).

Operations for this aternative would involve preparing the tanks for vitrification, operating the vitrification equipment,
and treating the off-gases. At least two vitrification systems would be in operation at all times during the operational
phase.

Figure 3.4.3 1n Situ Vitrification Alternative

Following remediation, the vitrified waste would be left in place for disposal. A Hanford Barrier would be constructed
over each of the tank farms to reduce infiltration of precipitation, penetration by plant roots and burrowing animals,
and to prevent inadvertent human intrusion.

3.4.5.2 Process Description

In situ vitrification is a thermal treatment process in which electricity would be used to generate a high-temperature
region in the range of 1,450 to 1,600 degrees centigrade (C) (2,600 to 2,900 degrees Fahrenheit [F]). This would be
accomplished by placing electrodes in a pattern at the surface of the soil. After the electrodes were energized and a
current path established, the soil surrounding the

electrodes would begin to melt. As the process continued, the electrodes would be fed down into the melt and the
molten region would spread down and out, melting waste, tank, and soil. The process would be controlled by varying
the amount of electricity flowing to the electrodes to maintain the temperature and rate at which the melt progressed.
The melt would be continued until an entire tank and its waste contents were vitrified (converted to glass).

As the waste heated to the vitrification temperatures, some of the waste would decompose into gases and be released.
The remainder of the waste would be incorporated into the glass that formed during cooling and solidification of the
molten material. The gases generated during the operation would be vented from the top of or from around the molten
region and collected for treatment before atmospheric release. A Hanford Barrier then would be constructed over each
of the tank farms.

This aternative would involve the following major steps:
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« Remove the maximum amount of water practicable from the DST waste by processing through the 242-A
Evaporator;

« Construct the Tank Farm Confinement Facilities;

« Isolate the tanks electrically by disconnecting all support systems connections such as piping, instrumentation,

and ventilation systems;

Fill the tanks with sand, which would function as a glass former and eliminate al empty space within the tanks;

Place electrodes and supply electrical current to melt waste;

Collect and treat the off-gases;

Decontaminate and decommission the Tank Farm Confinement Facilities,

Grout fill MUSTs and ancillary equipment that is not vitrified; and

Construct Hanford Barriers.

Removing liquid from the DSTs by pumping prior to vitrification would provide a more efficient operation and reduce
the amount of vapor in the off-gas system. The liquid would be pumped to the 242-A Evaporator for evaporation. The
concentrated waste would be returned to the tanks and the evaporator condensate would be treated at the Effluent
Treatment Facility and discharged.

The Tank Farm Confinement Facility would be a free-span structure providing confinement to an entire tank farm. The
Tank Farm Confinement Facility would consist of two main components: 1) the truss structure that would sit on a
concrete foundation running around the perimeter of the tank farm; and 2) the confinement facility that would be
suspended from the trusses. This would allow the entire tank farm to be enclosed without putting additional weight
loads on the tank domes. The confinement facility would consist of an operating floor with removable panels to
provide access to the tanks.

The confinement facility would also provide multi-zone ventilation to collect and treat the off-gases and maintain the
operating zones ( Figure 3.4.4).

Before beginning the vitrification operation, each tank would be electrically isolated from all support systems. This
would include disconnecting and removing piping, instrumentation wiring, and ventilation systems shared with other
tanks. This would prevent potential accidents and damage resulting from stray electrical current. Piping and equipment
removed to electrically isolate the tanks would be decontaminated as necessary for onsite burial or placed in the tank
and vitrified with the waste.

Because the vitrification process would rely on electrical resistance heating to create the melt zone, two important
parameters in the process would be the resistance (which would affect melt temperature) and maintaining a continuous
electrical path through the material being heated. All of the tanks have a void

Figure 3.4.4 1n Situ Vitrification Arrangement and Features

space between the surface of the waste and the dome of the tank. Those tanks with the least volume of waste have the
largest void spaces. These void spaces would be filled with Hanford Site sand to act as a filler and a glass former. This

would require a total of 540,000 m3 (714,000 cubic yards [yd3]) of sand compared to 230,000 m3 (304,000 yd3) of
waste currently stored in the tanks.

After filling the tanks with sand, the electrodes would be placed at the surface of the existing soil. An estimated 19
electrodes, each approximately 30 cm (12 in.) in diameter, would be used for a standard 23-m (75-ft)-diameter tank.
An off-gas hood would be placed over the area to be melted to collect the

off-gases for cooling and treatment. A conductive material such as graphite then would be placed between the
electrodes to help start the melt. An electrical potential would be applied to the electrodes starting the melt. As the melt
progressed down, the individual electrodes would be fed through the off-gas collection system and down into the melt
zone.

Each vitrification system would be configured to melt approximately 225 metric tons (mt) (248 tons) per hour
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consuming 160 MW, which would be required to vitrify the tank waste and the material between the tanks during a 5-
year period. This rate of power consumption is about 14 percent of the output from a 1,100-MW power plant (e.g.,
Washington Public Power Supply System No. 2 Nuclear Power Plant). The electrical power required to vitrify a tank
would be approximately 25,000 MW -hours (about 1 day's output from the Washington Public Power Supply System
No. 2 Nuclear Power Plant). Four vitrification units would be built with at least two units in continuous operation.

The off-gas system would collect and treat gases from the melt before releasing them to the atmosphere. The off-gases
would contain the reaction products resulting from the thermal destruction of the nitrates, nitrites, organic compounds,
and some of the more volatile radionuclides contained in the waste. The off-gases would undergo substantial treatment
before being released to the atmosphere. Specific control equipment used in the treatment of the off-gases would
guench and cool the off-gases, remove radionuclide particulates, and remove nitrogen oxides and sulfur oxides.

Following vitrification operations, each of the Tank Farm Confinement Facilities would be taken down and
decontaminated and decommissioned. The MUST's and ancillary equipment located outside of the vitrified area
(limited by the Tank Farm Confinement Facilities) would be filled with grout. Decontamination and decommissioning
of a Tank Farm Confinement Facility would require a substantial level of effort because of the amount of surface area
that would be contaminated during the vitrification process.

A Hanford Barrier would be constructed over each of the tank farms as well as those MUST s that fall outside of the
tank farm boundaries.

3.4.5.3 Construction

The main construction activity for this alternative would be building 18 Tank Farm Confinement Facilities to cover all
of the tanks. The confinement facilities would be constructed in one of five configurations. The smallest configuration
would cover a 2 by 2 tank farm (i.e., a tank farm that is two tanks wide by two tanks deep) and the largest would cover
a4 by 5 tank farm. The smaller Tank Farm Confinement Facility would be used for tank farms with two to four tanks.

Systems that would be constructed for the In Situ Vitrification aternative include the following:

« Tank Farm Confinement Facilities to provide confinement and ventilation control, (18 facilities total);

» Off-gas treatment systems to collect, treat, and filter process off-gases before discharge;

« Handling system to fill tank domes with sand by transporting sand from stock pile and uniformly filling the tank
dome spaces,

Electrical power distribution system to supply high-voltage power to the vitrification system;

New electrical substation to connect the power distribution system to the existing electrical grid;

Approximately 8 kilometers (km) (5 miles [mi]) of 115-kilovolt (kV) transmission line; and

Temporary 115-kV lines from transmission lines to individual tank farmsin the 200 Areas.

3.4.5.4 Operation

Operations for this alternative would take place during an 11-year period between 2005 and 2016. This would include
3 yearsto start up the project, 3 years to shut down the project, and an additional 5 years until the vitrification process
would take place. Activities that would take place during the operations phase include the following:

Remove and treat DST liquid in the 242-A Evaporator (treated slurry would be returned to tank);

Disconnect and remove piping, instrumentation, and ventilation system connections,

Fill tank void spaces with sand to provide an uninterrupted electrical path;

Install electrodesin the electrode feed system that would lower the electrodes into the molten region as it
progressed down consuming the tank and waste;

« Vitrify waste by starting the melt and controlling the applied power;

« Operate an off-gas treatment system to collect, treat, and filter process off-gases before discharge; and

 Treat liquid condensed in the off-gas system by evaporating to reduce the volume followed by low-temperature
treatment or transporting to the Effluent Treatment Facility;
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3.4.5.5 Post Remediation

When in situ vitrification was complete, the vitrified waste and the tank farms would be closed, and all facilities
constructed for vitrifying the waste would be decontaminated and decommissioned. Activities that would take place
include grout filling tank farm ancillary equipment (e.g., pump pits, diversion boxes, valve boxes) that would not be
vitrified; constructing a Hanford Barrier over each tank farm; and decontaminating and decommissioning Tank Farm
Confinement Facilities and equipment.

3.4.5.6 Schedule, Sequence, Cost
The schedule of major activities associated with this alternative is presented in Table 3.4.8.
The estimated cost for this alternative is shown in Table 3.4.9.

Table 3.4.8 Schedule - In Situ Vitrification Alternative

Table 3.4.9 Cost - In Situ Vitrification Alternatived

3.4.5.7 Implementability

Implementability of a remedial aternative will be a function of two factors: the history of the demonstrated
performance of a technology; and the ability to construct and operate the technology given the existing conditions at
the Site. The primary issues applicable to the implementability of the In Situ Vitrification alternative include the
following.

« This aternative is more conceptual in design and development than the ex situ alternatives and thus has a higher
degree of uncertainty associated with the supporting data.

« Insitu vitrification previously has not been performed and may not work on the scale described for this
alternative. Substantial research, development, and demonstration activities would be required. Current
commercia experience islimited to melting areas 15 m (49 ft) in diameter by 6 m (20 ft) deep, while this
alternative assumes an entire tank that is 23 m (75 ft) in diameter by 18 m (60 ft) deep can be vitrified. Concerns
with implementing this alternative are not as great for small tanks such as MUSTSs or larger tanks with small
volumes of waste. Multiple melts using smaller in situ vitrification systems could be used to vitrify larger
diameter tanks .

» The established safety envelope for much of the waste as it is stored in the tanks is dependent on the waste being
wet. The vitrification process would dry out the waste before it was heated to melting temperatures and thereby
raise the temperature of the waste and create the potential for initiating an uncontrolled reaction. This issue
would require further analysis.

« The Tank Farm Confinement Facility design is conceptual, and further development would be required for it to
comply with current DOE facility design requirements.

« The Tank Farm Confinement Facility could be difficult to construct because of the atypical nature of the design
and restrictions associated with working in and around the tank farms. Smaller tank farm confinement facilities
in a portable or moveable design could be used to replace the larger tank farm confinement facilities.

« Inspection of the final waste form to confirm that all of the waste is stabilized and the waste form is acceptable
for disposal would be difficult to perform. Reprocessing waste that fails to meet disposal criteria would involve
remelting sections of the vitrified waste form, which could affect the operating schedule.

» Decontamination and decommissioning of the Tank Farm Confinement facilities would be difficult because of
the size of the facilities and the amount of surface area that would be contaminated.

Additional details on the implementability of this aternative are contained in Volume Two, Appendix B. This

alternative could meet the RCRA land disposal requirements if hazardous waste is adequately treated during
vitrification. Near-surface disposal of HLW would not meet DOE policy to dispose of readily retrievable HLW in a
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potential geologic repository (Section 6.2).

3.4.6 Ex Situ Intermediate Separ ations Alter native

3.4.6.1 Overview

Under the Ex Situ Intermediate Separations alternative, as much of the tank waste as practicable would be retrieved
from each tank. This is assumed to be a minimum of 99 percent of the waste volume in each tank. The recovered
waste stream then would be separated into HLW and LAW streams for vitrification in separate facilities (Figure 3.4.5
). Separating the waste streamsinto HLW and LAW fractions would allow for processing and disposal methods best
suited to the waste types and requirements.

The HLW stream would be vitrified and placed in canisters for disposal at the potential geologic repository. The LAW
stream would be vitrified and quenched into glass cullet and placed into onsite near-surface vaults for retrievable
disposal. Retrievable disposal means that the design of the disposal facility would be for permanent disposal, but the
waste could be retrieved from the disposal facility within a certain amount of time (assumed to be approximately 50
years) if a different disposal method was determined to be necessary.

Information used throughout this section is from the Site Management and Operations contractor (WHC 19951, j, n)
and the TWRS EIS contractor (Jacobs 1996).

Two vitrification facilities, one for HLW and one for LAW, as well as the shared support facilities, would be
constructed. The HLW facility would be designed to produce 20 mt (22 tons) of HLW glass per day. The LAW facility
would produce 200 mt (220 tons) of LAW glass cullet per day. The facilities are assumed to be located on the
representative site in the 200 East Area, as shown in Figure 3.4.6. The vitrification facilities would be designed to treat
all of the tank waste during a 21 -year operating period.

The following major operations would be implemented to treat waste under this alternative.
« Retrieve the waste.

« Pretreat the waste by sludge washing and enhanced sludge washing followed by separation of the liquid and
solids.

Remove cesium from the liquid waste stream and transfer cesium to the HLW vitrification stream.

Transfer liquid and dissolved solids to the LAW vitrification facility.

Transfer solids (as a dlurry) to the HLW vitrification facility.

Vitrify both HLW and LAW.

Pour the molten HLW into canisters.

Package the canisters into Hanford Multi-Purpose Canisters for interim storage and shipment.

Place the vitrified LAW in disposal containers.
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« Placethe LAW disposal containersin onsite near-surface disposal vaults.
« Ship the HLW canistersto the potential geologic repository.

Following the treatment phase, the processing facilities and storage tanks would be decontaminated and
decommissioned. Contaminated materials and equipment from the processing facilities would be disposed of onsite in
the low-level waste burial grounds. Noncontaminated materials and equipment from the processing facility would be
entombed in place. Closure activities would be performed on the LAW disposal vaults and tank farms.

Figure 3.4.5 Ex Situ I ntermediate Separations Alternative
Figure 3.4.6 Ex Situ Intermediate Separations Site Plan

3.4.6.2 Process Description

The first step in waste processing would be to recover and transfer waste from the storage tanks to the separations
facility. The waste recovery function would retrieve and blend waste to provide, as close as possible, an average or
blended feed stream that would be batch transferred to the separations facility. The Tri-Party Agreement requires that
the retrieval function remove waste to the extent that SST waste residues meet specific volume requirements based on
tank type, or that as much waste is removed as technically possible, whichever action resultsin the least residual
volume (Ecology et al. 1994).

Two methods for removing waste from the SSTs would be hydraulic sluicing and robotic arm-based retrieval systems.
Hydraulic sluicing would use pressurized water and recycled tank liquid sprayed from a nozzle to dissolve, dislodge,
and suspend the waste into a slurry, which has a thick, soup-like consistency (Figure 3.4.7). The sluicing nozzles
would be rotated and angled to direct the slurry to a pump for removal from the tank. Remote cameras installed with
the retrieval system would aid in the waste recovery operation. Hydraulic sluicing has been performed in the past to
recover tank waste and is assumed to be capable of recovering the majority of SST waste.

For those cases where hydraulic sluicing could not achieve 99 percent recovery, where sluicing would not be deployed
because of a known leak, or where sluicing was to be discontinued because of tank |eakage, robotic arm-based
recovery systems would be used for waste recovery ( Figure 3.4.8 ). Robotic arm-based systems would allow using
various engineered components on the end of a long-reach arm to minimize the addition of sluicing water to the tank
or to provide remote cut up and removal of in-tank equipment. Recovered equipment, including hardware discarded in
the tanks, would be containerized for onsite burial. A confinement structure would be needed over the enlarged tank
access required by the arm-based systems.

Slurry pumping would be used for retrieving the waste from the DSTs (Figure 3.4.9 ) using mixer pumps to break up
and suspend solids into a slurry. The current mixer pump design takes liquid from the upper liquid level and
discharges it through nozzles approximately 0.6 m (2 ft) above the bottom of the tank. This directs the tank liquid at
the solids that have settled in the bottom of the tank. Future DST mixer pumps would function in a similar manner.
Future mixer pumps would be designed to accommodate the decreasing waste levels encountered during retrieval. The
slurry would then be pumped out of the tank for transfer to the separations facility. Between two and four mixer pumps
would be used in each DST. The retrieval for DSTs is assumed to be at least 99 percent.

The waste recovery system would consist of four waste transfer annexes and a waste staging and sampling facility.
Each system would circulate sluicing liquid to the tanks as well as receive and accumulate slurry for batch transfer to
the central separations facility located in the 200 East Area. The waste in the 200 West Area would be accumulated in
the waste staging and sampling facility for cross-site transfer from the 200 West Area to the 200 East Area. A typical
piping layout and location of a transfer annex are shown in Figure 3.4.10. The transfer annexes would be centrally
located near groups of tank farms to expedite retrieval operations.

Figure 3.4.7 Sluicing Arrangement for Single-Shell Tank Waste Retrieval
Figure 3.4.8 Robotic Arm-Based Arrangement for Single-Shell Tank Waste Retrieval
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Figure 3.4.9 Double-Shell Tank Mixer Pump Retrieval Arrangement

As a part of retrieval, piping would be installed to supply sluicing liquid to each tank and to transfer slurried waste
from the tanks to the transfer annex or waste staging and sampling facility. The piping run from the transfer annexes or
waste staging and sampling facility to the individual tanks would consist of three lines (i.e., supply, return, and spare).
In the 200 West Area, waste transfer lines (one line and a spare) also would be installed to connect the waste transfer
annexes to the waste staging and sampling facility. In the 200 East Area, transfer lines would be installed to connect
the waste transfer annexes directly to the treatment facility. Waste retrieval and transfer lines all would be double-wall
(encased) piping located on the ground inside concrete shielding enclosures. Locating these shielded transfer lines on
the ground would facilitate removal following waste retrieval operations.

The waste retrieved in the 200 West Area would be collected in the waste staging and sampling facility, where it
would be sent to the replacement cross-site transfer system for transfer to the treatment facilities located in the 200
East Area.

The waste transfer lines planned for the waste retrieval and transfer system would be used in conjunction with other
waste transfer systems, such as the replacement cross-site transfer system and the waste transfer system upgrades, to
meet the requirements for waste retrieval and transfer.

Waste contained in MUSTs would be retrieved using methods similar to those described for SST and DST waste
retrieval. Waste recovered from MUSTs would be transported to the waste transfer system or directly to the treatment
facilities in containers or a specialized truck (LR-56[H]) designed for the transport of nuclear waste (see discussion on
LR-56[H] truck in Volume Two, Appendix B).

Figure 3.4.10 Slurry Transfer Piping and Facilities L ayout

The next step in the process would be to separate the waste into LAW and HLW streams. The purpose of separations
would be to split the waste volume into a small-volume HLW fraction and a larger-volume fraction that would be
classified as LAW (Figure 3.4.11). This would reduce the volume of HLW requiring costly disposal at the potential
geologic repository. The other goal of separations would be to limit the generation of additional waste during the
Separations processes.

The separations process would begin with a sludge wash followed by an enhanced sludge wash to remove the soluble
components of the waste stream. The washing of solids and liquid-solid separation could be performed out-of-tank in
a processing facility or in tank. For this aternative, sludge washing in the DSTs has been included as a representative
process for analysis in the EIS. Future evaluation could result in the selection of other methods or combinations of
methods, such as cross-flow filters or centrifuges. Most HLW constituents, which are made up of long-life and high-
activity isotopes, are found as solid waste in the tanks and are intermixed with other nonradioactive solid waste.
Washing the waste would involve adding water or sodium hydroxide solutions to dissolve a portion of the LAW solids
and then separating the liquid and solids.

For SSTs, the dissolution of the waste would begin during retrieval when the waste is sluiced out of the SSTs and
transferred. The second phase would take place in DSTs and the enhanced wash would dissolve some of the
nonradioactive elements present in the solid waste and further reduce the volume of HLW. The third phase of
separations would take place in the separations facility, which would be attached to the LAW vitrification facility. The
third phase in the separations process would be to remove the cesium present in the liquid stream by ion exchange and
feed it into the HLW stream. Cesium-137 is a high-activity isotope that is highly soluble and removing it from the
liquid stream would alow the final LAW waste form to meet the assumed onsite LAW disposal criteria. Other
radioisotopes, such as technetium, could also be removed during separations.

On recelving the waste from the separations operations, the waste would be sent to lag storage tanks within the
vitrification facilities where it would be characterized before entering the melter feed section in either the HLW or
LAW facility. In this area, the waste would be sampled, evaporated to remove excess water, and provided as a
concentrated liquid or slurry feed stream to the melter.
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The LAW vitrification facility and its support facilities would be designed to produce 200 mt (220 tons) of vitrified
glass per day. This capacity would be provided by two melters operating in parallel, each making 100 mt (110 tons) of
glass per day.

The glass product produced by each melter would be a combination of two separate material feed streams, the waste
stream, and the glass formers. The energy source providing the heat to the melter would be separate kerosene and
oxygen streams supplied directly to the melter. Fuel-fired melters have been included as a representative configuration
for analysis in the EIS. Future evaluation may result in selection of another melter configuration. To make suitable
glass with acceptable properties for waste immobilization, it has been determined that the LAW glass produced by this
alternative would be limited to 15 weight percent sodium oxide in the glass. This means that glass formers would be
added to the melter feed to maintain the required sodium oxide loading. Glass formers, primarily silica or sand and
boron oxide, are similar to the components used to make commercial glass.

Figure 3.4.11 Ex Situ | ntermediate Separations L W/L AW Separations Process Flow Diagram

The molten glass produced in the melter would flow into a water bath tank and be quenched into gravel-sized pieces of
glass (referred to as cullet) and placed into containers approximately 1.8 m long by 1.2 m wide by 1.2 m high (6 ft long
by 4 ft wide by 4 ft high) for onsite disposal. The engineering data supporting this alternative molten were based on a
process that would blend the LAW glass cullet with a matrix material that would surround the glass cullet when placed
into the disposal container. Disposing of LAW as glass cullet encapsulated by a matrix material has been included as a
bounding condition for transportation and resource analysis in the EIS. Future evaluation of matrix materials and
disposal forms may result in selecting other glass forms or eliminating the requirements for matrix materials. The
potential benefits of a matrix material and glass cullet combination as a disposal waste form are reduced contaminant
release rates and migration rates out of the disposal system. Additional details on matrix materials for LAW glass
cullet are presented in Volume Two, Appendix B.

The HLW vitrification facility would be designed to produce 20 mt (22 tons) of HLW glass per day. This would be
accomplished by using one electrically heated (joule-heated) melter making vitrified glass at 20 weight percent waste
oxide. Following vitrification, the molten glass would be poured directly into a stainless-steel canister. The canisters
then would be welded closed, the outside surfaces decontaminated, and the canisters placed into Hanford Multi-
Purpose Canisters and transported to onsite storage pads for interim storage. Concrete shielding casks would be placed
over the Hanford Multi-Purpose Canisters during interim storage.

Vitrifying waste would generate a large off-gas stream (gaseous air stream containing combustion gases) the would
require mitigation measures to minimize air emissions. The off-gas treatment equipment would capture and partially
recycle contaminants in the off-gas stream back into the melter feed stream.

3.4.6.3 Construction

New facilities that would be constructed for this alternative would include a HLW vitrification facility, a combined
separations and LAW vitrification facility, a LAW disposal facility, an interim HLW storage facility, and multiple
support facilities. When completed, the facilities would be in place to remove the waste from the tanks and provide the
processing required to produce vitrified HLW for disposal at the potential geologic repository and vitrified LAW for
disposal in onsite retrievable disposal vaults. Vitrification support facilities would support functions such as waste
retrieval and transfer, utilities, raw material, storage and supply, and operations control. Several facilities and systems
would be constructed for the Ex Situ Intermediate Separations aternative.

A retrieval and transfer system would be constructed to provide the facilities and systems to retrieve, blend, and
transfer waste to the separations facility, which would include the following:

« Waste transfer annexes that would support sluicing and slurry transfer (two in the 200 East Area and two in the
200 West Area);

« Waste staging and sampling facility in the 200 West Area that would collect and blend batches of waste for
cross-site transfer to the separations facility in the 200 East Areg;
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24 SST dluicing systems;

24 SST dluicing systems;

24 SST dluicing systems;

Mixer pumpsin DSTs (two to four mixer pumps per tank); and

MUSTsretrieval and transfer system (retrieval similar to SSTs except that transfer would be by truck or
container).

Support facilities would be constructed to provide utilities, resources, and personnel support to the vitrification facility,
which would include the following:

Mechanical utilities building (shared utilities);

Cooling tower that would provide process water cooling;

Cold chemical facilities that would provide bulk process chemical storage and chemica makeup;

Warehouses and other support facilities; Operations control and operations support buildings that would provide
administrative offices and centralized control rooms; and

« Electrical substation and 2.5 km (1.6 mi) of high-voltage electrical line.

A separation and LAW vitrification facility would be constructed that would separate the waste into HLW and LAW
fractions and vitrify the LAW, which would include the following:

« Sludge-washing systems (the first step in the HLW and LAW separation process);

» Waste storage and sampling facility used for waste receipt and lag storage;

« Cesium ion-exchange system that would remove cesium from the liquid stream sent to the LAW vitrification
facility;

» Melter feed system that would support the vitrification melter and include an evaporator, waste feed system,
glass former handling systems, and fuel and oxygen supply systems;

« Two 100-mt/day (110-ton/day) combustion LAW melters;

 Cullet quench and handling system that would cool and fracture the molten glass into uniform-sized pieces and
place them into containers;

« Cullet transport system that would transfer the containers of LAW cullet to the disposal vaults;

« Off-gas system that would collect, treat, and filter process off-gases before discharge; and

» Recycle systems that would recycle contaminants captured in the off-gas system and undersized cullet from the
cullet handling system back into the melter feed system.

A LAW disposal facility would be constructed that would provide retrievable disposal of the LAW. This facility would

consist of LAW vaullts (66 vaults) constructed belowgrade, each with a capacity to hold 5,300 m3 (7,000 yd®) of
LAW. These vaults would be constructed throughout operational period.

A HLW vitrification facility would be constructed that would include the systems to support the HLW vitrification
melter including centrifuges, an evaporator, glass former handling systems, a waste feed system, and an electrical
power supply. This HLW vitrification system would include one 20-mt/day (22-ton/day) joule-heated HLW melter; an
off-gas system that would collect, treat, and filter process off-gases before being discharged; a canister handling
system that would remotely fill canisters with molten glass, weld on a lid, and decontaminate the outer surface of the
canister; and recycle streams that would recycle contaminants captured in the off-gas system back into the melter feed
system. A HLW interim storage facility also would be constructed that would consist of concrete storage pads for
interim storage of the Hanford Multi-Purpose Canisters.

Hanford Barriers would be constructed for LAW retrievable disposal facility and tank farms. Hanford Barrier
construction would occur after completion of LAW vitrification, and barrier construction at the tank farms would take
place after waste removal and tank stabilization.

3.4.6.4 Operation

Operations for this alternative would take place in a 21-year period between 2001 and 2022 . These dates would
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comply with the schedule for tank waste treatment in the Tri-Party Agreement. Several activities would take place
during the operations period. Waste retrieval would involve the following:

« Sluice 110 SSTs. Sluicing is the preferred waste retrieval method and would be employed in as many tanks as
possible where there would not be a high potential for leakage or an expected difficulty in waste recovery
(engineering estimates were used to identify the number of SSTsthat could be sluiced);

« Robotic arm-based retrieval from 50 SSTs. This recovery method would be employed only for tanks with high
leakage potential or difficult waste (11 SSTs would assumed to be subject to both types of retrieval); and

« Slurry pump DST waste supplemented by sluicing or robotic arm-based retrieval if required.

Retrieval and confinement systems would be moved from tank to tank after completing waste retrieval from a tank.
The SST duicing systems would be moved 4 to 5 times during the 21-year operations time period and SST arm-based
systems and confinement structures would be moved 4 times.

Waste would be separated to create separate HLW and LAW streams. This would involve sludge washing and
enhanced washing with sodium hydroxide; solid/liquid separations evaporating the liquid stream to concentrate waste;
and removing cesium from the LAW feed using ion exchange. The separated cesium-containing liquid stream that
would come out of the ion-exchange process would be further evaporated and fed into the HLW stream. Waste would
be transferred to the separation facility from the waste staging and sampling facility in the 200 West Area or from the
transfer annexes in the 200 East Area.

The LAW vitrification facility would be operated to accomplish the following:

« Recelve and sample waste,

« Evaporate water from waste and collect evaporator condensate for treatment or reuse for waste retrieval,

« Operate two combustion melters. Fuel-fired melters have been included as a representative process detail for
analysis in the EIS. Future evaluation may result in the selection of another melter configuration;

« Quench molten glassto make cullet;

« Size and dry cullet to uniform size for handling; recycle undersize cullet back to melter; and

 Place cullet into disposal containers.

The LAW containers with vitrified cullet would be transported to nearby LAW retrievable disposal vaults.
The HLW vitrification facility would be operated to accomplish the following:

Receive and sample waste;

Separate solids and liquid with a centrifuge;

Evaporate excess water from liquid waste and collect condensate for treatment;
Operate one joule-heated melter with a capacity of 20 mt/day (22 ton/day);
Form glass at approximately 20 weight percent waste oxides,

« Pour glass monoliths in 1.17-m3 (41-ft3) canisters; and
» Package glassinto Hanford Multi-Purpose Canisters, four glass monoliths per canister.

The off-gas treatment system at both HLW and LAW vitrification facilities would be operated to quench and cool off-
gas; remove radionuclides and recycle to vitrification process; and destroy nitrogen oxides and recover sulfur from
sulfur dioxides.

Liquid effluent from both HLW and LAW vitrification facilities would be treated by transferring liquid effluent to the
Effluent Treatment Facility. The liquid effluent would be similar to the 242-A Evaporator condensate liquid that meets
current waste acceptance criteria for the Effluent Treatment Facility.

The Hanford Multi-Purpose Canisters containing HLW would be transported to onsite interim storage pads and
covered with a shielding casks for long-term storage. The stored canisters would be monitored and maintained through
routine surveillance of the 12,200 HLW canisters (3,050 Hanford Multi-Purpose Canisters) pending offsite disposal,
and the Hanford Multi-Purpose Canisters would be transported by rail to the potential geologic repository.
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3.4.6.5 Post Remediation

To provide a basis for comparison in this EIS, it was assumed that each ex situ aternative would involve the same
post-remediation activities. Following remediation, processing facilities would be decontaminated and
decommissioned, SSTs and DSTs and ancillary facilities would be filled, and tank farms and LAW disposal vaults
would be capped with a Hanford Barrier. Post-remediation activities are discussed in detail in Volume Two, Appendix
B. Regulatory compliance aspects of closure are discussed in Section 6.2.

Post-remediation activities would include closing tank farms and decontaminating and decommissioning facilities.
Closing tank farms would involve ensuring that the tanks would contain a residual equal to no more than 1 percent of
theinitial tank inventory and would be stabilized by gravel filling; tank farm structures, such as MUSTS, pump pits,
valve boxes, and diversion boxes would be stabilized with grout; and Hanford Barriers would be placed over SSTs,
DSTs, and LAW disposal vaults. Facility decontaminating and decommissioning would involve disposing of
noncontaminated facilities onsite (entombed in place) and contaminated material and equipment at an onsite low-level
waste burial ground.

3.4.6.6 Schedule, Sequence, Cost

A schedule of the major components of the Ex Situ Intermediate Separations aternative is shown in Table 3.4.10.
Construction for waste retrieval and transfer would involve installing pipelines between the tanks and the transfer
facilities throughout the retrieval period, which explains the difference in the construction periods shown. The cost
estimate summary for the Ex Situ Intermediate Separations alternative is shown in Table 3.4.11.

Table 3.4.10 Schedule - Ex Situ I ntermediate Separations Alternative
Table 3.4.11 Cost - Ex Situ I ntermediate Separations Alternatived

3.4.6.7 Implementability

Some of the technologiesinvolved in this alternative would be first-of-a-kind and thus do not have a performance
history. Performance histories would provide increased confidence in the feasibility of the technology and cost
estimates. Other issues associated with implementing this alternative include the following.

« Thewaste loading and canister size criteria have not been finalized, and future negotiations could result in
different canister sizes and waste loadings. Waste loading in the glass would directly affect the volume of HLW
and number of waste packages for disposal.

The proposed LAW form is unique and has not been used before.

Performance of key processes (e.g., solid/liquid separation) has been assumed in the absence of substantive data.

Cost estimates may have a high degree of uncertainty because some of the processes are first-of-a-kind.

Retrieval criteria based on recovering 99 percent of the waste volume in each tank are uncertain in that hardened

sludge present in some tanks may be difficult to retrieve to the extent required to meet the retrieval criteria.

« Thedisposal criteriafor LAW have not been determined. When these criteria are decided on, additional
separations steps could be required to meet LAW disposal criteria.

« A performance assessment has not been completed defining the LAW form requirements for storage and

disposal at the Hanford Site, and DOE and the Nuclear Regulatory Comission have not yet completed

negotiations on what constitutes "incidental waste" for disposal of LAW at the Hanford Site. Additional

separations steps therefore may be required to meet LAW disposal criteria.

The design of the HLW vitrification facility would be similar to the vitrification facility built at the DOE Savannah
River Site. Following startup of the Savannah River facility, performance data would be available for application to
this implementability analysis and enhancement of the alternative design. Other key technology development or
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demonstration activities identified for the TWRS program include the following:

Tank retrieval systems design and testing;
Sludge washing evaluation;

Solid/liquid separation;

Cesium ion-exchange evaluation;

HLW melter testing and evaluation; and
LAW melter testing and evaluation.

This aternative would meet all applicable regulations for disposal of hazardous, radioactive, or mixed waste assuming
that the hazardous waste components are adequately treated during waste processing or vitrification.

3.4.7 Ex Situ No Separ ations Alter native

3.4.7.1 Overview

Under the Ex Situ No Separations alternative, as much of the tank waste as practicable would be recovered from each
tank. Thisis assumed to be 99 percent of the waste volume in each tank. The recovered waste stream then would be
vitrified or calcined and placed into containers for disposal at the potential geologic repository. All of the waste would
be HLW and there would be no onsite LAW disposal of tank waste associated with this aternative.

Information and data used in describing the Ex Situ No Separations (Vitrification) alternative are from the Site
Management and Operations contractor (WHC 1995c, i, n) and the TWRS EIS contractor (Jacobs 1996). Information
and data used in describing the Ex Situ No Separations (Calcination) alternative are from the Site Management and
Operations contractor (WHC 1995c¢) and the TWRS EIS contractor (Jacobs 1996).

One processing facility, as well as the support facilities, would be constructed. The HLW vitrification facility would be
designed to produce 200 mt (220 tons) of HLW glass per day. The HLW calcination facility would produce 92 mt (100
tons) of HLW calcined briquettes per day. The calcination process would produce about 70 percent less HLW for
disposal to the potential geologic repository than the vitrification process. The facilities are assumed to be located on
the representative site in the 200 East Area similar to those shown for Ex Situ Intermediate Separations alternative
(Figure 3.4. 6). The following major operations are associated with waste treatment under this alternative:

« Retrieve waste;

Vitrify or calcine the HLW;

Place vitrified or calcined HLW in canisters;

Place the canisters into Hanford Multi-Purpose Canisters for interim storage and shipment; and
Ship the Hanford Multi-Purpose Canisters by rail to the potential geologic repository.

Following the treatment phase, the processing facilities and storage tanks would be decontaminated and
decommissioned. Contaminated materials and equipment from the processing facilities would be disposed of onsite in
the low-level waste burial grounds. Noncontaminated materials and equipment from the processing facility would be
entombed in place. Closure activities, including filling the tanks and constructing Hanford Barriers, would be
performed at the tank farms.
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3.4.7.2 Process Description

Thefirst step in waste processing would be to recover and transfer the waste from the storage tanks to the treatment
facility. The waste recovery function would retrieve and blend waste to provide, as close as possible, an average or
blended feed stream that would be transferred to the vitrification or calcination facility. A recovery rate of a minimum
of 99 percent of the tank contents is a requirement for the retrieval function. The waste retrieval and transfer process
for the Ex Situ No Separations alternative would be identical (without radioisotopic separation) to the process for the
Ex Situ Intermediate Separations alternative (Section 3.4.6.2).

The waste received from the retrieval operations would be sampled, evaporated to remove excess water, and provided
as a durry feed stream to the melter or calciner in the HLW facility.

Vitrification Process

The HLW vitrification facility and its support facilities would be designed to produce 200 mt (220 tons) of vitrified
glass per day. This capacity would be provided by two melters operating in parallel, each making 100 mt (110 tons) of
glass per day.

The glass product produced by each melter would be a combination of two separate material feed streams, the waste
stream and the glass formers. The energy source providing the heat to the melter would be separate kerosene and
oxygen streams supplied directly to the melter. Fuel-fired melters have been included as a representative configuration
for analysis in the EIS. Future evaluation could result in selection of another melter configuration. To make suitable
glass with acceptable properties for waste immobilization, the HLW glass produced by this alternative would be
limited to 20 weight percent sodium oxide in the glass. The glass formers, primarily silica or sand and calcium oxide,
would be added to make a soda-lime glass and maintain the required sodium oxide loading.

The molten glass produced in the melter would flow into a water bath quench tank producing gravel-like glass cullet.

The cullet would be screened for proper size, loaded into 10-m3 (360-ft3) stainless-steel canisters, and then placed into
Hanford Multi-Purpose Canisters for interim storage and transport to the potential geologic repository.

Vitrifying waste would generate a large off-gas stream requiring mitigation measures to minimize air emissions.
Treatment equipment would capture and recycle contaminants from the off-gas systems back into the melter feed
stream.

Calcination Process

Calcination would heat precipitates or residues to a temperature high enough to break down chemical compounds such
as hydroxides or nitrates. It differs from vitrification in that calcination temperatures would not necessarily cause the
reacting materials to melt and form a glass. The final form of the calcined waste would be a dry powder materia that
would be hot processed in a roll-type compactor machine to produce small pellets or briquettes of high bulk density

that would be loaded into 10-m? (360-ft3) canisters, seal welded, and then placed into Hanford Multi-Purpose
Canisters for interim storage and transport to the potential geologic repository.

The HLW calcination facility and its support facilities would be designed to produce 92 mt (100 tons) of calcined
waste per day. This capacity would be provided by two spray calciners operating in parallel, each making 46 mt (50
tons) of calcined waste product per day. The same quantity of tank waste would be fed to the calciners as fed to the
glass melters each day.

The prepared waste feed stream would be blended with sugar and pumped to the feed nozzles of a spray calciner,
which would be externally heated by fuel-fired burners. The sugar supplied to the feed would act as a reducing agent to
decompose the nitrate and nitrite in the waste to nitrogen oxides, carbon oxides, and water vapor. The atomized waste
droplets would be dried through evaporation, and the remaining solids would react to release the gaseous
decomposition products. The solid particles then would be collected in a tank and held at a temperature to allow
further reaction. The product would be discharged to a roll-type compactor machine to produce small briquettes. The
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waste briquettes would be screened to remove the fines, if any, and then would be transported to the HLW cyclone bin
by an air-cooled conveyor. The calcined product next would be transferred to a canister filling operation, where it

would be placed in 10-m? (360-ft3) canisters, identical to the canisters described for the Vitrification Process. The
canisters would be welded shut, decontaminated, and placed in Hanford Multi-Purpose Canisters for interim storage
and subsequent transport to the potential geologic repository.

Calcining waste would generate a large off-gas stream that would require mitigation measures to minimize air
emissions. Treatment equipment would capture and recycle contaminants from the off-gas stream back into the
calciner feed stream, if required. The calcined fines from the dust collection screen and hot gas filtering would be
returned to the waste product tank as feed to the roll-type compactor machine.

3.4.7.3 Construction

New facilities that would be constructed for this alternative would include a HLW processing facility and multiple
support facilities. A retrieval and transfer system identical to the system described for the Ex Situ Intermediate
Separations alternatives (Section 3.4.6) would be constructed. When completed, the facilities would be in place to
remove the waste from the tanks and provide the processing required to produce vitrified or calcined HLW. Support
facilities similar to those described for the Ex Situ Intermediate Separations alternative (Section 3.4.6) would be
constructed. Support facilities would supply waste retrieval and transfer, utilities, raw material, and operations control
to the HLW processing facility.

A HLW processing facility would be constructed to include the systems to support the HLW vitrification melter
including an evaporator, glass former handling system, and fuel and oxygen supply system. This HLW processing
facility would include two combustion melters operating in parallel; a treated waste handling system that would
remotely place the vitrified waste into canisters; and an off-gas system that would collect, treat, and filter process off-
gases before being discharged.

A HLW processing facility would be constructed to include the systems to support the HLW calciner, including an
evaporator, sugar addition system (dry bulk), fuel, oxygen, and hot gas filter system. This HLW processing facility
would include two radiant heat spray calciners operating in parallel; a treated waste handling system that would
remotely place the calcined waste into canisters; a roll-type compactor to densify the calcined product into briquettes,
and an off-gas system that would collect, treat, and filter process off-gases before being discharged.

A HLW interim storage facility would be constructed consisting of concrete storage pads for interim HLW canister
storage. In addition, Hanford Barriers for the tank farms would be installed after waste removal and tank stabilization.

3.4.7.4 Operation

Operations for this alternative would take place during a 17-year period between 2003 and 2020. Operations are the
actions required to treat, store, and transport the waste. Several major activities would take place during the operations
period. Waste would be retrieved and transferred in the same manner described for the Ex Situ Intermediate
Separations alternatives (Section 3.4.6).

« A HLW vitrification facility (vitrification option) would be operated to accomplish the following.
Receive and sample waste;

Evaporate excess water from waste;

Collect evaporator condensate for treatment;

Operate two combustion melters;

Form glass at approximately 20 weight percent sodium oxide;

Quench molten glass to make cullet;

Size and dry cullet to uniform size for handling, recycle undersize cullet back to melter; and

« Place cullet into 10-m3 (360-ft3 ) canisters and overpack canisters into Hanford Multi-Purpose Canisters for
storage and handling.
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A HLW calcination facility (calcination option) would be operated to accomplish the following.

Receive and sample waste;

Evaporate water from waste;

Collect evaporator condensate for treatment;

Operate spray calciners; and

« Place calcined product into 10-m? (360-ft3) canisters and overpack canistersinto Hanford Multi-Purpose
Canisters for storage and handling.

An off-gas treatment system at the HLW facilities would be operated to quench and cool off-gas; remove
radionuclides and recycle to process; and destroy nitrogen oxides and recover sulfur from sulfur dioxides.

Liquid effluent from HLW facilities would be treated by transferring liquid effluent to a retention basin for later
transfer to the Effluent Treatment Facility. The HLW multi-purpose canisters would be transported to onsite interim
storage pads. Stored canisters would be monitored and maintained through routine surveillance of the 29,100 HLW
canisters of vitrified glass or 10,300 HLW canisters of calcined waste in interim storage pending offsite disposal.
Hanford Multi-Purpose Canisters would be transported to the potential geologic repository.

3.4.7.5 Post Remediation

Following waste treatment operations, the tank farms would be closed and processing facilities decontaminated and
decommissioned. Closing tank farms would involve ensuring that tanks contained a residual less than or equal to
approximately 1 percent of theinitial tank inventory; stabilizing tanks by gravel filling; stabilizing tank farm structures
such as MUSTSs, pump pits, valve boxes, and diversion boxes would be with grout or gravel; and placing Hanford
Barriers over SSTsand DSTs.

Facility decontaminating and decommissioning activities would involve disposal of noncontaminated facilities onsite
(entombed in place), and disposal of contaminated material and equipment at the onsite low-level waste burial ground.

3.4.7.6 Schedule, Sequence, Cost

A schedule of the major components of the Ex Situ No Separations alternative is shown in Table 3.4.12. Construction
for waste retrieval and transfer would involve installing pipelines between the tanks and the transfer facilities
throughout the retrieval period, which explains the difference in the construction periods shown. The cost estimate
summary for the Ex Situ No Separations (Vitrification) aternative is shown in Table 3.4.13. The cost estimate
summary for the Ex Situ No Separations (Calcination) aternative is shown in Table 3.4.14.

Table 3.4.12 Schedule Ex Situ No Separations (Vitrification or Calcination) Alternative
Table 3.4.13 Cost - Ex Situ No Separations (Vitrification) Alternative 1

3.4.7.7 Implementability

Some technologies involved in this alternative would be first-of -a-kind and thus do not have a performance history.
Performance histories would provide increased confidence in the feasibility of technology and cost estimates.

Table 3.4.14 Cost - Ex Situ No Separations (Calcination) Alternative

Other issues would be associated with implementing this alternative. First, the vitrification option would have the same
uncertainties as those listed for the Ex Situ Intermediate Separations alternative (Section 3.4.6). In addition, this
alternative would result in a large volume of HLW. Second, calcination using sugar as a reducing agent on Hanford
Site tank waste has had limited laboratory testing, and the proposed facilities, such as off-gas treatment, are
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conceptual. Calcination as a unit operation has been in use for many years on an industrial scale. The processing steps
described for this aternative have been based on experience and engineering judgement. Third, the largest cost item
for the Ex Situ No Separations (Vitrification) alternative would be the repository fee associated with disposal of the
large volume of HLW.

This aternative would meet all applicable regulations for disposal of hazardous, radioactive, or mixed waste, assuming
that the hazardous waste components were adequately treated during waste processing and vitrification or calcining.
However, neither of the HLW forms (soda-lime glass and calcine) meet the current standard waste form (borosilicate
glass) specified in the waste acceptance requirements for the potential geologic repository. The glass cullet waste form
assumed for vitrification, with its high surface area to volume ratio, may not be acceptable for disposal at the potential
geologic repository. The compacted powder calcine also would not meet the waste acceptance requirement for
immobilization of particulates. In addition, the number of canisters of HLW produced under this alternative would
greatly exceed the defense HLW limit of the first potential geologic repository (Volume One, Section 6.2).

3.4.8 Ex Situ Extensive Separations Alternative

3.4.8.1 Overview

The Ex Situ Extensive Separations alternative would be similar to the Ex Situ Intermediate Separations aternative
except that multiple complex chemical separations processes would be performed to separate the HLW components
from the recovered tank waste. These separations processes would concentrate and provide a smaller volume of HLW
for disposal at the potential geologic repository, while at the same time provide a LAW that contained lower
concentrations of radioactive contaminants than the Ex Situ Intermediate Separations alternative. Information and data
used in describing the Ex Situ Extensive Separations alternative are from the Site Management and O perations
contractor (WHC 1995, i, n) and the TWRS EI'S contractor (Jacobs 1996).

The Ex Situ Extensive Separations alternative would be similar to the Ex Situ Intermediate Separations alternative in
that the waste recovered from the SSTs, DSTs, and MUSTs would be separated into HLW and LAW streams. The
HLW would be vitrified and placed into canisters. The LAW would be vitrified and placed into onsite near-surface
vaults for retrievable disposal.

3.4.8.2 Process Description

The first step in waste processing would be to recover and transfer the waste from the storage tanks to the separations
facility. The waste recovery function would retrieve and blend waste to provide, as close as possible, an average or
blended feed stream that would be transferred to the combined separations and HLW vitrification facility. A minimum
recovery rate of 99 percent of the tank contents is a requirement for retrieval. The waste retrieval and transfer process
for the Extensive Separations aternative would be identical to the process for the Ex Situ Intermediate Separations
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alternative (Section 3.4.6).

The term separations describes the process of separating the waste stream into HLW and LAW streams. Separations
would split the waste volume into a smaller HLW fraction and a larger LAW fraction. This would reduce the volume
of HLW requiring costly disposal at the potential geologic repository. The Ex Situ Extensive Separations alternative
would include multiple processing steps for separating the tank waste, including the following.

 Cross-flow filters and centrifuges would be used to perform liquid-solid separations.

« Caustic leaching would be used to decrease the high-level solids fraction followed by additional sludge washing
and liquid/solids separation.

Acid dissolution would be used to dissolve the HLW solids.

Solvent extracting and ion exchanging of acidic solutions would be used to concentrate HLW radionuclides.

lon exchange would be used to remove cesium, strontium, and technetium from the alkaline LAW stream.
Recycling water, nitric acid, and sodium hydroxide would be used to reduce LAW volumes.

Following receipt of waste from the separations operations, the waste would enter the melter feed section in either the
HLW or LAW facility. In this area of each facility, the waste would be sampled, evaporated to remove the excess
water, and provided as a slurry feed stream to the melter.

The LAW vitrification facility and its support facilities would be designed to produce 200 mt (220 tons) of vitrified
glass per day. This capacity would be provided by two combustion melters operating in parallel, each making 100 mt
(110 tons) of glass per day. Fuel-fired melters have been included as a bounding condition for analysisin the EIS.
Future evaluation may result in the selection of another melter configuration.

The glass product produced by each melter would be a combination of two separate material feed streams, the waste
stream, and the glass formers. The energy source providing the heat to the melter would be separate kerosene and
oxygen streams supplied directly to the melter. To make suitable glass with acceptable properties for waste
immobilization, it has been determined that the LAW glass produced by this aternative would contain approximately
15 weight percent sodium oxide. Glass formers (primarily silica or sand and boron oxide), would be added to the
melter feed to maintain the required oxide loading.

The molten glass produced in the melter would flow into a water bath tank and be quenched into gravel-like cullet,
placed into large disposal containers, and transported to onsite near-surface vaults for disposal. The engineering data
supporting this alternative were based on a process that would blend the LAW glass cullet with a matrix material
before it was placed into the disposal containers. Disposing of LAW as glass cullet in a matrix material has been
included as a bounding condition for analysisin the EIS. Future evaluation of matrix materials and disposal forms
could result in selecting other glass forms, alternate matrix materials, or disposal without a matrix material.

The HLW vitrification facility would be designed to produce 1 mt (1.1 tons) of HLW glass per day. This would be
accomplished using one electrically heated (joule-heated) melter making a vitrified glass containing approximately 20
weight percent waste oxides. Following vitrification, the molten glass would be poured directly into stainless-steel
canisters. The canisters then would be welded shut, the outside surfaces decontaminated, and they would be placed into
Hanford Multi-Purpose Canisters.

The sealed units would be transported to onsite interim storage pads where they would be covered with concrete
shielding casks pending future transport to the potential geologic repository.

Vitrifying waste would generate a large off-gas stream requiring mitigation measures to minimize air emissions.
Treatment equipment would capture and recycle contaminants from the off-gas stream back into the melter feed
stream.

3.4.8.3 Construction

New facilities that would be constructed for this alternative would include a combined HLW vitrification and
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separations facility, a LAW vitrification facility, and multiple support facilities.

A retrieval and transfer system identical to the system described for the Ex Situ Intermediate Separations alternative
(Section 3.4.6) would be constructed. When completed, the facilities would be in place to remove the waste from the
tanks and provide the processing required to produce vitrified HLW for disposal at the potential geologic repository
and vitrified LAW for disposal in onsite near-surface retrievable disposal vaults. Support facilities similar to those
described for the Ex Situ Intermediate Separations alternative (Section 3.4.6) would be constructed. Support facilities
would provide support functions to the vitrification facility, such as waste retrieval and transfer, utilities, raw material,
and operations control. The facilities are assumed to be located on the representative site in the 200 East Area similar
to those shown for the Ex Situ Intermediate Separations alternative (Figure 3.4.6).

A combined separations and HLW vitrification facility would be constructed and include the following:

« Separations facility that would perform the 15-unit separations processes;

« Meélter feed system, which would provide the melter with an evaporated waste feed stream, and a stream of glass
formers;

Single 1-mt/day (1.1-ton/day) joule-heated HLW melter;

Off-gas system that would collect, treat, and filter process off-gases before release;

Canister handling system that would remotely fill canisters with molten glass; and

Recycle systems that would recycle contaminants captured in the off-gas system back into the melter feed
system.

A LAW vitrification facility would be constructed and include the following:

« Meélter feed system that would include an evaporator, a glass former handling system, and a fuel and oxygen
supply system to fire the melter;

« Two 100-mt/day (110-ton/day) combustion melters;

« Cullet quench and handling system that would cool and fracture the molten glass into uniform-sized pieces
(cullet) and place them in disposal containers,

 Cullet transport system that would transfer the LAW cullet in disposal containers to the disposal vaults;

« Off-gas system that would collect, treat, and filter process off-gases before discharge; and

« Recycle systems that would recycle contaminants captured in the off-gas system and undersized cullet from the
cullet handling system back into the melter feed.

A LAW disposal facility would be constructed that would provide for retrievable disposa of the LAW. Vaults would
be constructed throughout the operational period (66 vaults ), and vaults would be belowgrade with a capacity of 5,300

m?3 (7,000 yd? ) each.

A HLW interim storage facility would be constructed that would consist of concrete storage pads for interim storage of
the Hanford Multi-Purpose Canisters.

Hanford Barriers for the LAW disposal facility and tank farms would be installed. Barrier construction for disposal
vaults would commence after completion of LAW vitrification, and barrier construction for tank farms would take
place after completion of waste removal and tank stabilization.

3.4.8.4 Operation

Operations for this alternative would take place in a 20-year period between the years 2003 and 2023. Several major
activities would take place during the operations period. Waste would be retrieved in the same manner described for the
Ex Situ Intermediate Separations alternative (Section 3.4.6). Waste would be separated as followsinto HLW and LAW
streams:

« Sludge wash to remove water-soluble fractions,
« Caustic leach to decrease the high-level solids fraction;
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« Acid dissolution to dissolve HLW solids;

« Solvent extraction and ion exchange of acidic solutions;
« lon exchange of alkaline solutions; and

« Recycling to reduce LAW volumes.

The LAW vitrification facility would be operated to accomplish the following.

» Receive and sample waste;

Evaporate excess water from waste;

Collect evaporator condensate for treatment;

Operate two combustion melters (feed streams of oxygen, kerosene, waste, and glass formers);
Form glass at approximately 15 weight percent sodium oxide;

Quench molten glass to make cullet; and

Size and dry cullet to uniform size for handling, and recycle undersize cullet back to melter.

Vitrified cullet would be placed into disposal containers and transported to nearby LAW disposal vaults.
The HLW vitrification facility would be operated to accomplish the following.

« Recelve and sample waste;

Evaporate water from waste;

Collect evaporator condensate for treatment;

Operate one joule-heated melter

Form glass at approximately 20 weight percent waste oxides,

Pour glass monoliths 0.6 m (2 ft) in diameter by 4.5 m (15 ft) long; and

Overpack glassinto Hanford Multi-Purpose Canisters, four glass monoliths per canister.

The off-gas treatment system at both HLW and LAW vitrification facilities would be operated to quench and cool off-
gas, remove radionuclides and recycle to vitrification process, and destroy nitrogen oxides. The LAW vitrification
facility also would recover sulfur from the sulfur oxides.

Liquid effluent would be transferred from the HLW and LAW vitrification facilities to the Effluent Treatment Facility.
The HLW muilti- purpose canisters would be transported to interim storage pads. Stored canisters would be monitored
and maintained through routine surveillance of the Hanford Multi-Purpose Canisters in interim storage pending offsite
disposal, and Hanford Multi-Purpose Canisters would be transported to the potential geologic repository.

3.4.8.5 Post Remediation

Following waste treatment operations, the tank farms would be closed and processing facilities would be
decontaminated and decommissioned. Closing tank farms would involve ensuring that the tanks contained a residua
less than or equal to approximately 1 percent of the initia tank inventory; stabilizing tanks by gravel filling; stabilizing
tank farm structures such as pump pits, valve boxes, and diversion boxes with grout or gravel; and placing Hanford
Barriers over SSTs, DSTs, and LAW burial vaults.

Facility decontaminating and decommissioning activities would involve disposal of noncontaminated facilities onsite
(entombed in place), and disposal of contaminated material and equipment at the onsite low-level waste burial
grounds.

3.4.8.6 Schedule, Sequence, Cost

A schedule of the major components of the Ex Situ Extensive Separations aternative is shown in Table 3.4.15.
Construction for waste retrieval and transfer would involve installing pipelines between the tanks and the transfer
facilities throughout the retrieval period, which explains the difference in the construction periods shown. The cost
estimate summary for the Ex Situ Extensive Separations aternative is shown in Table 3.4.16.
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Table 3.4.15 Schedule - Ex Situ Extensive Separations Alternative
Table 3.4.16 Schedule - Ex Situ Extensive Separations Alternative

3.4.8.7 Implementability

The Ex Situ Extensive Separations aternative would have the same uncertainties as the Ex Situ Intermediate
Separations alternative, plus additional uncertainties associated with the chemical separations processes (Section
3.4.6.7). The key implementability issue associated with this alternative is that the performance of key separations
processes has been assumed in the absence of substantive data. Further testing and development would be required to
determine if the processes would function as intended to make the required separations.

The HLW canisters produced under this alternative would have a higher thermal loading than other alternatives and the
assumed method of interim onsite storage, which would rely on dry storage with passive cooling, would require further
evaluation. This aternative could require using a storage facility with active cooling to remove decay heat generated
by the vitrified HLW.

This aternative would meet all applicable regulations for disposal of hazardous, radioactive, or mixed waste assuming
that the hazardous waste components were adequately treated during waste processing and vitrification.

3.4.9 Ex Situ/In Situ Combination 1 and 2 Alter natives
3.4.9.1 Overview

The e x situ/i n situ c ombination alternatives were developed to assess the impacts that would result if a combination
of two or more of the tank waste alternatives were selected for implementation. Because the tank waste differs greatly
in the physical, chemical, and radiological characteristics, it might be appropriate to implement different alternatives
for different tanks. There are a wide variety of potential combinations of alternatives that could be developed and
criteria that could be used to select a combination of alternatives for implementation. Two ex situ/ i nsitu ¢
ombination alternatives were developed to bound the impacts that could result from a combination of alternatives, and
are intended to represent a variety of potential alternative combinations that could be developed to remediate the tank
waste.

The Ex Situ/In Situ Combination 1 and 2 alternatives represent a combination of the In Situ Fill and Cap and Ex Situ
Intermediate Separations alternatives (Figure 3.4.12 ). Tanks would be evaluated on a tank-by-tank basis to determine
the appropriate remediation method based on the contents of the tanks. The objective would be to effectively treat the
tank waste in a manner that has acceptable risk and less overall cost than using the Ex Situ Intermediate Separations
aternative for al tanks. This objective could be achieved by selecting tanks for ex situ treatment based on their
contribution to post-remediation risk. The tanks that were not selected for ex situ treatment would be treated in situ by
filling and capping. Two Ex Situ/In Situ Combination alternatives exist, one based on the recovery of approximately
90 percent of the long-term risk contaminants and the other based on recovery of approximately 85 percent of the
long-term risk contaminants. See Volume Two, Section B.3.8 for discussion on tank selections methodology

Ex Situ/ln Situ Combination 1
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Waste from tanks selected for ex situ treatment would be retrieved and transferred to processing facilities for
treatment. Closure activities would consist of filling those tanks selected for ex situ treatment with gravel and
constructing a Hanford Barrier over al tank farms and the LAW retrievable disposal vaults from ex situ treatment.
Approximately one-half of the volume of the tank waste would be treated using the ex situ method and one-half would
be treated using the in situ method.

By selecting the appropriate tanks for ex situ treatment, approximately 90 percent of the contaminants that contribute
to long-term risk would be disposed of ex situ while retrieving only 50 percent of the waste (Jacobs 1996). The
process used to determine which tank waste would be retrieved for the purpose of anayzing this alternative is
described in Volume Two, Appendix B. The human health risk associated with selectively retrieving tanks is discussed
in Section 5.0.

Ex Situ/ln Situ Combination 2

Waste from tanks selected for ex situ treatment would be retrieved and transferred to processing facilities for
treatment. Closure activities would consist of filling those tanks selected for ex situ treatment with gravel and
constructing a Hanford Barrier over all tank farms and the LAW retrievable disposal vaults from ex situ treatment.
Approximately one-quarter of the volume of the tank waste would be treated using the ex situ method and three-
quarters would be treated using the in situ method.

Figure 3.4.12 Ex Situ/In Situ Combination (1 and 2) Alternatives
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By selecting the appropriate tanks for ex situ treatment, approximately 85 percent of the contaminants that contribute
to long-term risk would be disposed of ex situ while retrieving only 25 percent of the waste (Jacobs 1996). The
purpose of developing the Ex Situ/In Situ Combination 2 alternative was to analyze lower cost methods for
remediation of the tank waste while maintaining long-term risk reduction. The process used to determine which tank
waste would be retrieved for the purpose of analyzing this alternative is described in Volume Two, Appendix B. The
human health risk associated with selectively retrieving tanks is discussed in Section 5.0.

3.4.9.2 Process Description

Ex Situ/ln Situ Combination 1

The waste that would be retrieved for ex situ treatment would be treated using the process identified for the Ex Situ
Intermediate Separations alternative (Section 3.4.6). The retrieved waste stream would be separated into HLW and
LAW streams. Separations processes would include liquid solid separations followed by cesium recovery from the
liquid stream, which would be fed back into the high-level stream. Both HLW and LAW streams would be vitrified in
separate vitrification facilities. The HLW facility would be designed to produce 8 mt/day (8.8 tons/day) and the LAW
facility would be sized to produce 120 mt/day ( 130 tons/day).

Following vitrification, the HLW would be poured into canisters. The canisters would be overpacked into Hanford
Multi-Purpose Canisters (Figure 3.4.13) for onsite interim storage. The LAW would be quenched into gravel-like
cullet, placed into disposal containers, and transported to onsite vaults for near-surface disposal. The engineering data
supporting this alternative were based on a process that would blend the LAW glass cullet with a matrix material
before placing it into the disposal containers. Disposing of LAW as glass cullet in matrix material has been included as
a representative condition for analysis in the EIS. Future evaluation of matrix materials and disposal forms could result
in selecting other glass forms, alternate matrix materials, or elimination of the matrix material.

Tanks not selected for retrieval would be treated in situ using the In Situ Fill and Cap process (Section 3.4.4). This
process would involve reducing the DST liquid using the 242-A Evaporator, filling the tanks with gravel, and installing
a Hanford Barrier over the tank farms.

Existing MUST s (both inactive and active) would be filled with grout to stabilize the waste. All MUSTs would be
covered with a Hanford Barrier during post remediation.

Figure 3.4.13 Hanford Multi-Purpose Canister (HMPC) System for High-Level Waste
Ex Situ/In Situ Combination 2

The waste that would be retrieved for ex situ treatment would be treated using the process identified for the Ex Situ
Intermediate Separations alternative (Section 3.4.6). The retrieved waste stream would be separated into HLW and
LAW streams. Separations processes would include liquid solid separations followed by cesium recovery from the
liquid stream, which would be fed back into the HLW stream. Both HLW and LAW streams would be vitrified in
separate vitrification facilities. The HLW facility would be designed to produce 5 mt/day (5.5 tons/day) and the LAW
facility would be sized to produce 70 mt/day (77 tons/day).

Following vitrification, the HLW would be poured into canisters. The canisters would be overpacked into Hanford
Multi-Purpose Canisters (Figure 3.4.13) for interim onsite storage and eventual transport to the potential geological
repository. The LAW would be quenched into gravel-like cullet, placed into disposal containers, and transported to
onsite vaults for near-surface disposal. The engineering data supporting this alternative were based on a process that
would blend the LAW glass cullet with a matrix material before placing it into the disposal containers.

Tanks not selected for retrieval would be treated in situ using the In Situ Fill and Cap process
(Section 3.4.4). This process would involve reducing the DST liquid using the 242-A Evaporator, filling the tanks with
gravel, and installing a Hanford Barrier over the tank farms. Existing MUSTs (both inactive and active) would be
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filled with grout to stabilize the waste. All MUSTs would be covered with a Hanford Barrier during post remediation.
3.4.9.3 Construction

Ex Situ/In Situ Combination 1

Construction activities required for this aternative would involve constructing all of the facilities identified for the Ex
Situ Intermediate Separations alternative and the In Situ Fill and Cap alternative, but on a reduced scale. For the ex
situ portion, the volume of waste requiring treatment and immobilization would come from approximately 70 tanks
instead of 177 tanks. In situ treatment would be required for the remaining tanks.

The following major activities would take place during the construction phase for the ex situ component of the Ex
Situ/In Situ Combination 1 alternative.

« Instal retrieval and transfer facilities.

Construct separations (pretreatment) facilities.

Construct an 8-mt/day (8.8-ton/day) HLW vitrification facility.
Construct a HLW interim storage facility.

« Construct a 120-mt/day (130-ton/day) LAW vitrification facility.
« Construct a LAW disposal facility (vaults).

For the in situ component of this alternative, construction activities would involve installing gravel handling systems,
constructing gravel storage sites for stockpiles, and modifying tank openings to accommodate gravel handling
equipment.

Ex Situ/In Situ Combination 2

Construction activities required for this aternative would involve constructing all of the facilities identified for the Ex
Situ Intermediate Separations alternative and the In Situ Fill and Cap alternative, but on a reduced scale. For the ex
situ portion, the volume of waste requiring treatment and immobilization would come from approximately 25 tanks
instead of 177 tanks. In situ treatment would be required for the remaining tanks.

The following major activities would take place during the construction phase for the ex situ component of the Ex
Situ/In Situ Combination 2 alternative.

« Instal retrieval and transfer facilities.

Construct separations (pretreatment) facilities.

Construct a 5-mt/day (5.5-ton/day) HLW vitrification facility.
« Construct a HLW interim storage facility.

Construct a 70-mt/day (77-ton/day) LAW vitrification facility.
« Construct a LAW disposal facility (vaults).

For the in situ component of this alternative, construction activities would involve installing gravel handling systems,
constructing gravel storage sites for stockpiles, and modifying tank openings to accommodate gravel handling
equipment.

3.4.9.4 Operations

Operations for the Ex Situ/In Situ Combination 1 and 2 alternatives would be a combination of the operations
described for the Ex Situ Intermediate Separations alternative in Section 3.4.6 and the In Situ Fill and Cap alternative
in Section 3.4.4, but on a reduced scale.

Waste retrieved from the tanks for treatment would be retrieved and processed in the same manner as described for
extensive retrieval. The operation would be scaled down to accommodate the smaller waste volume to be treated.
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Those tanks not selected for ex situ treatment would be remediated using the process described for the In Situ Fill and
Cap aternative. The DST liquid in those tanks not selected for retrieval would be retrieved and reduced in the 242-A
Evaporator. Following waste reduction operations for the DSTS, the tanks would be stabilized by filling with gravel.

3.4.9.5 Post Remediation

After remediation, tank farm closure and decontamination and decommissioning would take place. Tank farm closure
would involve the following activities. First, retrieved tanks would be stabilized with gravel (in situ tanks would have
been stabilized during in situ operations). Second, tank farm structures such as MUSTs, pump pits, valve boxes, and
diversion boxes would be stabilized with grout. Finally, Hanford Barriers would be constructed over SSTs, DSTs, and
LAW retrievable disposal vaults.

Decontamination and decommissioning of equipment and facilities would include disposing of noncontaminated
material by in place entombing onsite and disposing of contaminated equipment and materials at the onsite low-level
waste burial grounds.

3.4.9.6 Schedule, Sequence, Cost
Ex Situ/In Situ Combination 1

A schedule for the mgjor components of the Ex Situ/In Situ Combination 1 selective retrieval alternative is shown in
Table 3.4.17. This schedule covers both in situ and ex situ portions of the alternative. The estimated cost for this
aternative is provided in Table 3.4.18.

Ex Situ/In Situ Combination 2

A schedule for the mgjor components of the Ex Situ/In Situ Combination 2 alternative is shown in Table 3.4.19. This
schedule covers both in situ and ex situ portions of the alternative. The estimated cost for this alternative is provided in
Table 3.4.20.

Table 3.4.17 Schedule - Ex Situ/ln Situ Combination 1 Alternative

Table 3.4.18 Cost - Ex Situ/ln Situ Combination 1 Alternative

Table 3.4.19 Schedule - Ex Situ/In Situ Combination 2 Alternative

3.4.9.7 Implementability

Because this aternative represents a combination of alternatives, the implementability issues would be a combination
of those issues identified for the implementability of both the In Situ Fill and Cap alternative and the Ex Situ
Intermediate Separations alternative (Sections 3.4.4 and 3.4.6). Developing acceptable tank selection criteria would be
an issue unigue to the ex situ/in situ combination concept and would require more complete and accurate waste
characterization than currently exists.

Implementability issues relating to both the in situ and ex situ portions of this aternative would include the following.

« LAW form (glass culletsin a matrix material) is unique and has not been used before.

« Successful performance of key processes (e.g., Sludge washing) has been assumed in the absence of substantive
data.

« Final design of a combination alternative would consider retrieval and treatment of all DST liquids.

« Cost estimates could have a high degree of uncertainty because these would be first-of -a-kind systems.

« The ability to achieve retrieval criteria based on recovering 99 percent of the waste volume in each tank would
be uncertain.
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« Incidental blending of waste during retrieval would be more uncertain for the ex situ/in situ combination
alternatives because fewer tanks would be subject to retrieval. The affect of blending on HLW volumes for the
combination alternatives would require further evaluation.

« Additional separations steps could be required to meet LAW disposal criteria.

Thein situ portion of this aternative would not meet the RCRA land disposal requirements for hazardous waste or
DOE policy to dispose of readily retrievable HLW in a geologic repository. The ex situ portion of the aternative
would meet all regulations for disposal of hazardous, radioactive, or mixed waste assuming that the hazardous waste
components are adequately treated during processing or vitrification.

3.4.10 Phased I mplementation Alternative

3.4.10.1 Overview

The Phased Implementation alternative includes remediating the tank waste in two phases. The first phase would be a
demonstration of the separations and immobilization processes for selected tank waste. The second phase would
involve scaling-up the demonstration processes and constructing larger treatment facilities to remediate the remaining
tank waste.

This two-phased implementation approach could be applied to any of the tank waste alternatives involving ex situ
waste treatment. However, for the purposes of analysis, the processes and activities described for the Ex Situ
Intermediate Separations alternative, with some additional separations, was selected as the basis for developing the
Phased Implementation alternative. This basisincluded vitrified glass cullet as a LAW form and vitrified borosilicate
glass as a HLW form. Other types of glass or wastes forms could be selected for HLW or LAW treatment; however,
they would have to meet the repository acceptance criteria or performance assessment criteria. The Phased
Implementation alternative is presented in two parts; Phase 1 first, then Phase 2.

This aternative also could be implemented by decommissioning the two demonstration-scale facilities after the
demonstration phase and constructing and operating two larger size facilities. The environmental impacts of each
approach would be approximately the same.

Phase 1

During Phase 1, readily retrievable and well-characterized DST waste would be retrieved and processed in two
separate demonstration facilities. The waste processed during Phase 1 could also include selected SST waste. One of
the facilities would process liquid waste to produce immobilized LAW, while the other facility would produce
immobilized LAW and vitrified HLW. The facility for both LAW and HLW immobilization could be constructed as
separate facilities. Information used in describing this alternative was devel oped by the TWRS EIS contractor (Jacobs
1996).

The immobilized LAW would be sealed in containers at the treatment facilities and then transported to an interim
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onsite storage facility where it would be stored for disposal during Phase 2. The vitrified HLW would be placed in
canisters and transported to an interim onsite storage facility, where it would be stored awaiting shipment and disposal
at the potential geologic repository.

During Phase 1, canisters of vitrified HLW and canisters of separated radionuclides would be placed into shipping
casks and transported to the onsite Canister Storage Building for interim storage. Each canister would be placed into a
storage tube in one of the Canister Storage Building vaults. The Canister Storage Building is located in the 200 East
Area and was constructed as an interim storage facility. The NEPA analysis for construction of the Canister Storage
Building was performed under the K Basins Spent Nuclear Fuel EIS (DOE 1995)).

The Phase 1 immobilized LAW would be placed into disposal containers and transported to the existing grout vaults
for interim storage until the permanent onsite disposal vaults were constructed during Phase 2. The NEPA analysis for
the construction of the grout vaults was previously performed in the Hanford Defense Waste EIS (DOE 1987). The
LAW placed in interim storage during Phase 1 would be retrieved and transported to the LAW disposal vaults during
Phase 2.

Each of the LAW treatment facilities would operate for a 10-year period. The HLW treatment facility would operate
for a 6-year period, which could be extended to a 10-year period.

The following operations would be implemented under Phase 1.

+ Retrieve selected liquid waste for LAW processing.

Retrieve selected DST and SST waste for HLW processing.

Transfer liquid waste to receiver tanks.

Transfer selected waste for HLW processing directly to the HLW facility.

Perform separations to remove cesium, technetium, strontium, transuranic elements, and sludge from the LAW
stream.

« Store separated cesium and technetium at the treatment facilities or package and transport to the Canister
Storage Building for onsite interim storage pending future HLW waste treatment.

Return the sludge, strontium, and transuranic waste separated prior to LAW processing to DSTs for storage.
Immobilize the LAW and vitrify the HLW.

Place the vitrified HLW into canisters.

Place the immobilized LAW into containers.

Transport the immobilized waste to onsite interim storage facilities.

Phase 2

Phase 2 would be implemented to complete the remediation of the tank waste following successful implementation of
Phase 1. Implementation of Phase 2 would involve the continued operation of Phase 1 facilities plus construction of
two full -scale separations and LAW vitrification facilit ies and a full-scale HLW vitrification facility. Phase 2 would
include the retrieval and treatment of the remaining DST and SST waste as well as the waste contained in the MUSTSs.
As much of the tank waste as practicable (assumed to be 99 percent) would be recovered from each tank. The
recovered waste stream then would be transferred to one of the treatment facilities where it would be separated into
HLW and LAW waste streams for immobilization.

The HLW stream would be vitrified, placed into canisters and then placed into Hanford Multi-Purpose Canisters for
interim storage and disposal at the potential geologic repository . The LAW would be immobilized and placed into
sealed containers similar to those used in Phase 1. The immobilized LAW would be placed into near-surface
retrievable disposal vaults.

For purposes of analysis and in order to present a complete and representative alternative, the complete Phased
Implementation alternative would include the following components:

« Completion of the waste retrieval and transfer system as described for the Ex Situ Intermediate Separations
alternative;
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« Construction and operation of the ex situ treatment facilities, similar to those described for the Ex Situ
Intermediate Separations alternative, to provide the treatment capacity required to complete tank waste
remediation; and

« Construction and operation of interim HLW storage and LAW disposal vaults of the same size and type as
described for the Ex Situ Intermediate Separations alternative to provide for interim HLW storage and LAW
disposal.

3.4.10.2 Process Description

Phase 1

Thefirst step in waste processing would be to recover and transfer selected waste for treatment. Liquid waste retrieval
and transfer would use equipment and systems currently in place in the DST farms. Waste retrieved from selected
SSTsalso could be used as waste feed for the treatment facilities. The waste feed to the LAW facilities would be
retrieved and transferred in batches from selected DSTs into two existing DSTs used as feed tanks. Each LAW facility
would have one designated DST as a feed tank. The waste feed to the HLW facility would be retrieved, sludge
washed, and transferred directly to the HLW processing facility. The waste treated at the HLW facility would be the
HLW recovered from selected tanks and sludge washed and might or might not include the HLW separated out of the
LAW stream.

The separations and immoabilization technologies employed for waste immobilization would be based on waste product
specifications, which would set the requirements for the physical properties, chemistry, radionuclide content, and
volume of the immobilized LAW and HLW. During the demonstration phase, different types of waste would be
processed to demonstrate process capability for easy, moderate, and difficult-to-process waste. For purposes of this
analysis, the technologies employed would be assumed to be similar to those described for the other ex situ
aternatives.

Separations prior to LAW immobilization would be performed to remove the cesium, strontium, technetium,
transuranic elements, and entrained sludge particles from the waste stream to the extent required to meet LAW product
specifications. The separated cesium and technetium would be stored at the treatment facilities or packaged in canisters
for onsite dry storage; the sludge and other radionuclides would be returned to the DST farms for storage; and the
remaining liquid waste stream then would be immobilized. The immobilization process would include evaporation of
the waste stream followed by vitrification. The LAW processing facilities each would be designed to treat up to 3.8
million L (1 million gal) of liquid waste per year. Thisis equivalent to a treatment facility with a capacity of 20 mt (22
tons) of vitrified glass per day at a 15 weight percent sodium oxide waste loading, operating at an overall efficiency of
60 percent. The immobilized LAW would be placed into containers approximately 1.8 m long by 1.2 m wide by 1.2 m
high (6 ft long by 4 ft wide by 4 ft high).

The HLW treatment process, which would involve only sludge washing and solid/liquid separations processes, would
convert the entire waste feed stream into vitrified borosilicate HLW glass. The HLW facility would be designed to
produce the equivalent of 1 mt/day (1.1 ton/day) of HLW glass at a 20 weight percent waste oxide loading. The HLW

would be placed directly into 1.17-m3 (41-ft3) canisters for packaging in a Hanford Multi-Purpose Canister for interim
storage.

Phase 2

Under Phase 2, the waste retrieval and transfer operations would use the same processes and would be subject to the
same requirements for tank residuals as the retrieval and transfer function described for the Ex Situ Intermediate
Separations alternative. Waste would be retrieved and blended for batch transfer to the treatment facilities.
Radionuclides that previously had been separated from the LAW stream and placed in containers for storage would be
transported to a HLW vitrification facility and blended with a HLW feed stream.

The HLW and LAW separations processes would be similar to those described for the Ex Situ Intermediate
Separations alternative, but would include additional separations processes to remove strontium, technetium, and
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transuranic elements from the LAW stream to the extent required to meet the LAW product specifications.

During Phase 2, a HLW vitrification facility and two LAW treatment facilities would be constructed. The HLW
vitrification facility would be designed to produce 10 mt (11 tons) of HLW glass per day. The LAW treatment
facilities would each be designed to produce 100 mt (110 tons) of glass per day.

The LAW produced during Phase 1 and the LAW produced during Phase 2 would be disposed of onsite in near-
surface retrievable disposal vaults.

3.4.10.3 Construction

Phase 1

The two facilities would be located on the east side of the 200 East Area within the area previously identified as the
grout disposal area. Separate treatment and support facilities would be constructed (Figure 3.4.14). The following
systems and facilities would be constructed:

» Waste transfer systems - This would include pipelines from the receiver tanks to each of the treatment facilities
and a separate pipeline to transfer HLW from the existing waste transfer system to one of the treatment
facilities.

« Electrical service to each of the sites - This would involve installing overhead power lines from the existing 200
East Area power grid to the designated sites.

 Process water and potable water - These services would be installed to connect the sites with existing
distribution lines in the 200 East Area.

« Treatment facilities - This would include one separations/LAW processing facility and one
separations/LAW/HLW processing facility.

Figure 3.4.14 Phased | mplementation Facility Layout

Modify the Canister Storage building for interim storage of vitrified HLW. This would include modifying the
underground vaults and ventilation system to accommodate the physical and thermal loading associated with interim
storage of all HLW produced during Phase 1.

Modify the existing grout vaults to accommodate interim LAW storage during Phase 1 operations. This would include
modifications to the existing vaults to allow placement and interim storage of the LAW disposal containers pending
future retrieval and disposal during Phase 2.

Phase 2

Constructing new facilities for Phase 2 would include new treatment facilities with higher capacities than the Phase 1
demonstration facilities. The new facilities constructed during Phase 2 would include a HLW vitrification facility, two
combined separations and LAW treatment facilities , a LAW disposal facility, an interim HLW storage facility, waste
retrieval and transfer facilities, and support facilities ( Figure 3.4.15). The facilities that would be constructed for
Phase 2 operations would include the following:

« Wasteretrieval and transfer facilities as described for Ex Situ Intermediate Separations;

« Support facilities that would provide utilities, resources, and personnel support to the Phase 2 treatment facilities
(these support facilities would be similar to those described for the Ex Situ Intermediate Separations alternative);

« Two separations and LAW treatment facilities that would be similar to the LAW vitrification facility described
for the Ex Situ Intermediate Separations aternative;

« A LAW disposal facility for retrievable disposal of LAW produced throughout Phase 1 and Phase 2 (this facility
would be similar to the LAW disposal facility described for the Ex Situ Intermediate Separations alternative);

« A HLW vitrification facility that would be similar to the HLW vitrification facility described for the Ex Situ
Intermediate Separations alternative;
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A HLW interim storage facility for interim storage of the Hanford Multi-Purpose Canisters (this facility would
be similar to the interim storage facility described for the Ex Situ Intermediate Separations aternative); and
« Hanford Barriers over the LAW retrievable disposal facility and tank farms at the completion of remediation.

3.4.10.4 Operations

Phase 1

Operations under Phase 1 would take place simultaneously at the two treatment facilities. Both LAW facilities would
operate for 10 years. The HLW treatment operations would take place for 6 years but could be extended to 10 years.

Figure 3.4.15 Phased | mplementation (Total Alternative) Facility L ayout

The waste (mainly DST liquid waste) would be retrieved and transferred to receiver tanks for LAW treatment. The
waste then would be transferred from the receiver tanks to the treatment facilities on an as-needed basis. The HLW
would be retrieved from selected tanks and transferred to DSTs for in-tank sludge washing. The washed HLW would
then undergo solid/liquid separation followed by vitrification of the HLW.

Each facility would perform the necessary separations processes on the waste stream. Separated cesium and technetium
radionuclides would be stored at the treatment facilities or packaged for interim onsite storage at the Canister Storage
Building . The LAW stream would be vitrified to meet established performance characteristics. The HLW stream
would be vitrified to produce borosilicate glass and then would be placed into canisters. The HLW produced would
meet established acceptance criteria.

Each of the waste treatment facilities would operate off-gas treatment systems using control technologies for priority
pollutants and radionuclides. The treatment of the off-gas would use processes and equipment similar to those
described for the Ex Situ Intermediate Separations alternative.

Phase 2
Phase 2 operations would follow Phase 1 and would consist of the following:

» Retrieve waste from the tanks and MUSTs. This operation would be the same as described for waste retrieval
under Ex Situ Intermediate Separations alternative;

» Perform sludge washing and solid/liquid separation; and

« Operate the two LAW vitrification facilities and the HLW vitrification facility . Waste treatment operations
would be similar to those described for the Ex Situ Intermediate Separations aternative but at a reduced scale.

3.4.10.5 Post Remediation

Following waste treatment and tank farm closure, decontamination and decommissioning would take place. Post-
remediation activities for the Phased Implementation alternative would be the same as those described for the Ex Situ
Intermediate Separations alternative. The tank farms would be closed and the processing facilities would be
decontaminated and entombed in place.

3.4.10.6 Schedule, Sequence, and Cost

A schedule for the major components of the Phased Implementation alternative is shown in Table 3.4. 21 . The cost
estimate for the Phased I mplementation alternative was devel oped by combining applicable components from other ex
situ aternatives and applying ratios as required to account for differences in facility sizes and capacities and the
degree of separationsin LAW and HLW. This approach inherently assumes that the Phased I mplementation alternative
would use similar types of processes and facilities to those described for the other ex situ alternatives. The estimated
cost for the Phased Implementation alternative is shown in Table 3.4.22 .
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Table 3.4.21 Schedule - Phased | mplementation Alternative
Table 3.4.22 Cost - Phased | mplementation Alternative 1

3.4.10.7 Implementability

Many of implementability issues identified for the ex situ alternatives would not be as well defined for the Phased
Implementation alternative. Issues related to the implementability of phased implementation would include
successfully producing immobilized waste that would meet waste form specifications. Successful implementation of
Phase 1 would be required to start Phase 2.

Phase 1 would share some of the same implementability issues as the Ex Situ Intermediate Separations alternative
because several of the processes were assumed to be similar. Performance of key processes was assumed in the
absence of substantive data. Cost estimates could have a high degree of uncertainty because some of the processes are
unproven.

The phased implementation approach would reduce uncertainties as compared to the other ex situ alternatives because
the process would be demonstrated on a smaller scale and optimized before being used on a larger scale.

Retrieval criteria based on recovering 99 percent of the waste volumein each tank would be uncertain because
hardened sludge present in some tanks could be difficult to retrieve, making it difficult to meet the retrieval criteria.
This would be an implementability issue associated with Phase 2. The ability of the alternative to comply with
regulatory requirementsis discussed in Section 6.2.

This aternative would meet all applicable regulations for disposal of hazardous, radioactive, or mixed waste assuming
that the hazardous waste components are adequately treated during waste processing or vitrification.
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3.5CESIUM AND STRONTIUM CAPSULE ALTERNATIVES

3.5.1 No Action Alternative (Capsules)

3.5.1.1 Overview

The capsules No Action alternative would involve the continued storage of the cesium capsules and strontium capsules
in WESF. Current planning indicates that WESF will be maintained until approximately 2007. Selecting this alternative
would require that DOE select an alternate storage method for the capsules within the next 10 years. If the No Action
alternative were selected for implementation, one of the other capsule alternatives would have to be selected and
implemented by 2007. This will be considered in the Cesium and Strontium Capsule Management Plan.

3.5.1.2 Process Description

Cesium and strontium capsules would continue to be stored in water-filled basins. The capsules would continue to be
monitored for signs of leakage and physical change, and the facility would be maintained to provide for continued safe
management.

3.5.1.3 Construction

No major construction activities would take place under this alternative. Limited construction activities would be
required to complete life extension programs required for continued safe operations.

3.5.1.4 Operations

The operational activities associated with this alternative would involve the continued storage and management of
these capsules at WESF.

3.5.1.5 Post Remediation

There would be no post-remediation activities associated with the No Action alternative. Administrative controls would
be assumed to be effective until another capsule aternative were implemented.

3.5.1.6 Schedule, Sequence, Cost

A schedule for major activities for this alternative is shown in Table 3.5.1. The estimated cost for this alternative is
summarized in Table 3.5.2.

Table 3.5.1 Schedule - No Action Alternative (Capsules)
Table 3.5.2 Cost - No Action Alternative (Capsuleﬁ)l
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3.5.1.7 Implementability

Implementing this alternative would include continued storage of the capsules in WESF and present no new processes
or technology challenges. This alternative would meet al applicable regulations (Section 6.2).

3.5.2 Onsite Disposal Alternative

3.5.2.1 Overview

The Onsite Disposal aternative would involve removing the capsules from their current storage in water-filled basins
at WESF and packaging them in 3-m [10-ft]-long canisters for onsite disposal. Disposal would consist of placing the
sealed canistersinto onsite engineered subsurface wells at specified intervals to provide safe, long-term, passively-
cooled disposal (Figure 3.5.1). Information used in describing cesium and strontium capsule alternativesis from
Disposition of Cesium and Strontium Capsules Engineering Data Package for the TWRS EIS (WHC 1995h and Jacobs
1996).

Figure 3.5.1 Capsules - Onsite Disposal Alternative

Construction activities associated with this alternative would involve minor modifications to WESF for capsule
packaging and building the Drywell Disposal Facility. Operations would involve placing the capsules into sealed
canisters and placing the canistersin the drywells for disposal.

3.5.2.2 Process Description

Cesium and strontium capsules would continue to be stored in water-filled basins until the packaging and canister
handling facilities were ready to begin operations. Disposal of the capsules would involve the following process steps:
1) retrieve the capsules from storage basins; 2) inspect the capsules for integrity; 3) place the capsules in arack to
support the capsule within the canister; 4) insert the capsules into canisters (three or four capsules placed in each
canister); 5) seal the canisters by welding closed; 6) decontaminate and inspect the canisters; 7) place the canistersinto
drywells for disposal; and 8) monitor the capsules and maintain the facility.

3.5.2.3 Construction

The subsurface disposal facility would be the main construction activity for this aternative. This facility would cover
approximately 3.8 hectares (ha) (9.4 acres[ac]) including a 30-m (100-ft)-wide surrounding buffer zone. The proposed
location is shown in Figure 3.5.2. The site would be leveled, and security fencing and an estimated 672 drywells would
be installed (Figure 3.5.3). The drywells would be 4.6 m (15 ft) deep by 0.76 m (2.5 ft) in diameter. A steel
encasement would be placed into each hole to house the canister (Figure 3.5.4). A shielded transporter vehicle would
be designed and constructed to place the capsules into the drywells.

Capsule packaging operations would require modifications and upgrades to WESF. These modifications would involve

installing equipment and utilities to perform remote capsule handling and packaging, as well as canister welding,
decontamination, and inspection.
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3.5.2.4 Operation

The major operational activities for this alternative would include the following:

« Operating the capsule/canister packaging facility;
Transporting the canistersto the disposal facility;

Placing the canistersinto the drywells;

Placing intrusion prevention barriers over the drywells; and
Monitoring and maintaining the disposal facility.

3.5.2.5 Post Remediation

Post-remediation activities would consist of decontamination and decommissioning of capsule packaging facilities and
closure of the disposal facility. Decontamination and decommissioning activities associated with this alternative would
include facility decontamination. Contaminated equipment would be decontaminated to the extent possible and
disposed of according to State and Federal regulations. Closure of the disposal facilities would involve placing
intrusion prevention barriers over the drywells.

3.5.2.6 Schedule, Sequence, Cost

The schedule of major activities for this aternative is shown in Table 3.5.3. The cost associated with this alternative is
shown in Table 3.5.4.

Table 3.5.3 Schedule - Onsite Disposal Alternative

3.5.2.7 Implementability

Implementing this aternative would involve storage practices used periodically in the past and thus would present no
new technology challenges.

This alternative would not meet the land disposal requirements of RCRA for hazardous waste. Near-surface disposal
of HLW would not meet DOE policy for disposal of readily retrievable HLW in a potential geologic repository
(Section 6.2).

Figure 3.5.2 Capsules - Onsite Disposal Location

Figure 3.5.3 Capsules Onsite Disposal Arrangement (Conceptual

Table 3.5.4 Cost - Onsite Disposal Alternative
Figure 3.5.4 Capsule Dry-Well Disposal Assembly

3.5.3 Overpack and Ship Alternative

3.5.3.1 Overview
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The Overpack and Ship alternative would consist of placing the capsules into canisters ( 4.6 m [ 15 ft] long), which
then would be overpacked into Hanford Multi-Purpose Canisters. Four canisters containing capsules would be placed
into each Hanford Multi-Purpose Canister. The Hanford Multi-Purpose Canisters would be stored temporarily onsite
pending shipment and disposal at the potential geologic repository (Figure 3.5.5).

Construction activities for this alternative would involve modifying WESF to support capsule packaging operations.
Operations would involve packaging the capsules into sealed canisters, overpacking the canistersinto Hanford Multi-
Purpose Canisters for interim storage, and transporting the Hanford Multi-Purpose Canisters by rail to the potential
geologic repository. Final design of the canister packaging would include design criteria for waste acceptance at the
potential geologic repository.

3.5.3.2 Process Description

Cesium and strontium capsules would continue to be stored in water-filled basins until the packaging facilities were
ready to begin operations. Overpacking the capsules would involve the following process steps.

Retrieve capsules from storage basins.

Inspect capsules for integrity.

Place capsules in a rack to support the capsule within the canister.

Insert capsule into canisters (three to four capsules placed in each canister).
Seal canister by welding closed.

Decontaminate and inspect canisters.

Overpack sealed canistersinto Hanford Multi-Purpose Canisters.

Place canisters into storage.

Monitor and maintain canisters.

CoNoO~WNE

3.5.3.3 Construction

Capsule packaging would require minor modifications and upgrades to WESF. These modifications would involve
installing equipment and utilities and modifying existing facilities to perform remote capsule handling and packaging,
as well as canister welding, decontamination, and inspection activities.

Interim storage of the Hanford Multi- Purpose Canisters containing the sealed capsule canisters would require the
construction of a concrete storage pad similar to the interim HLW storage pads. The interim storage location would be
adjacent to the HLW interim storage associated with the tank waste Ex Situ Extensive Separations alternative or other
ex Situ alternatives .

3.5.3.4 Operation

The major operational activities for this alternative would include the following.
« Remove capsules from wet storage.
« Operate packaging facility.

« Transport Hanford Multi-Purpose Canisters to onsite interim storage pad and cover with a shielding cask.
« Monitor Hanford Multi-Purpose Canistersin interim storage.
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« Transport Hanford Multi-Purpose Canisters to the potential geologic repository for disposal.
3.5.3.5 Post Remediation

After all of the capsules were packaged and transported to the interim storage pad, the equipment installed for capsule
handling and packaging would be decontaminated and decommissioned. After transporting the Hanford Multi-Purpose
Canisters to the repository, the storage pad associated with the interim storage of capsules would be decontaminated
and decommissioned.

Figure 3.5.5 Capsules - Overpack and Ship Alternative

3.5.3.6 Schedule, Sequence, Cost

The schedule of activities for this alternative is shown in Table 3.5.5. The cost associated with this alternative is shown
in Table 3.5.6.

Table 3.5.5 Schedule - Overpack and Ship Alternative
Table 3.5.6 Cost - Overpack and Ship Alternative

3.5.3.7 Implementability

This aternative would use common practices, which present no new technology issues. This alternative might not meet
the land disposal restrictions of RCRA because of the characteristic corrosivity of the cesium chloride and strontium
fluoride. Also, assuming the waste was mixed waste, it would not meet the DOE restriction against disposal of mixed
waste in the first potential geologic repository. Also, the powder waste form of the strontium fluoride would not meet
the waste acceptance requirements to immobilize particul ate waste (Section 6.2). Further evaluation would be required
to resolve technical and programmatic concerns associated with disposal of the cesium and strontium capsules in the
potential geologic repository.

3.5.4 Vitrify with Tank Waste Alternative
3.5.4.1 Overview

Vitrifying the capsule contents with the tank waste would involve removing the capsule contents, dissolving or
suspending it in a slurry, possibly chemically processing it, and blending it into the vitrification feed stream at the
HLW vitrification facility. This would combine the high-activity cesium chloride and strontium fluoride from the
capsules with the HLW waste for vitrification. Following the vitrification step, the cesium and strontium would be
handled in the same manner as described previously for HLW glass. This eventually would lead to offsite disposal in
the potential geologic repository (Figure 3.5.6).

This alternative could be implemented only if one of the ex situ alternatives involving vitrification were selected for

file:///1)/Data%20Migration%20T ask/El S-0189-FEI S-1996/sec3_5.htm[6/27/2011 11:34:31 AM]


file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/scans/section3/3-5-05.gif
file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/tables/table331.htm
file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/tables/table332.htm
file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/tables/table332.htm

Final Environmental Impact Statement for the Tank Waste Remediation System, Hanford Site, Richland, Washington

the tank waste.

Construction activities associated with this alternative would involve installing the equipment required to remove the
capsule contents, processing the cesium chloride and strontium fluoride, and feeding the capsule waste into the HLW
vitrification feed stream. This equipment would be installed in a dedicated area of the HLW vitrification facility.

The capsules would be taken from their current storage location to the HLW vitrification facility where they would be
cut up, possibly chemically processed, and metered into the waste stream, which would be fed to the HLW vitrification
melter. Following remediation, the capsule contents would be a part of the vitrified high-level tank waste and stored
onsite temporarily awaiting transport and disposal at the potential geologic repository.

3.5.4.2 Process Description

Cesium and strontium capsules would continue to be stored in water-filled basins at WESF until the HLW vitrification
facility was operating and ready to accept the capsules. Vitrifying the capsule contents with the tank waste would
involve retrieving the capsules from storage basins; transporting the capsules to the HLW facility in shielded transport
casks; dismantling the capsules and remove the cesium and strontium salts; and blending the capsule contents into the
HLW stream.

3.5.4.3 Construction

This aternative would require additional construction within the HLW vitrification facility to accommodate capsule-
related activities. Construction in the HLW vitrification facility would include shielding and remote equipment to cut
up the capsules, removing the contents, chemically treating the cesium chloride and strontium fluoride if required, and
blending the capsule material into the HLW feed stream.

3.5.4.4 Operation

Operations for this capsule aternative would be conducted in the HLW vitrification facility and WESF and include the
following.

« Continue storing the capsules in WESF until all capsules are removed.

Remove and truck transport the capsules to the HLW vitrification facility in shielded transport casks.

Cut up the capsules and remove the contents.

Perform chemical processing of the capsule contents as required.

Blend the capsule contents into the vitrification feed stream by slowly metering the dissolved cesium chloride
and dlurry containing strontium fluoride just before the waste enters the HLW melter.

« Decontaminate and shred the empty capsule containers.

« Dispose of the shredded capsule container materials onsite at the low-level waste burial grounds.

Figure 3.5.6 Capsules - Vitrify with Tank Waste Alternative

3.5.4.5 Post Remediation

Following vitrification, the contents of the capsules would be incorporated into the vitrified HLW. The HLW produced
would be stored onsite temporarily and then transported to the potential geologic repository for permanent disposal.

After all HLW was been vitrified, the equipment and facilities dedicated to capsule processing in the HLW vitrification
facility would be decontaminated and decommissioned. Contaminated equipment would be disposed of according to
State and Federal regulations. The capsule facility portion of the HLW vitrification facility would be decommissioned
along with the HLW vitrification facility.

3.5.4.6 Schedule, Sequence, Cost
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The schedule of activities for this alternative is provided in Table 3.5.7. Cost associated with this alternative is shown
in Table 3.5.8.

3.5.4.7 Implementability

This aternative could be implemented only if one of the ex situ alternatives were selected. This cesium and strontium
could require chemical processing to remove the chloride and fluoride from the cesium and strontium salts. The
cesium and strontium would need to meet the required feed specifications that would be developed for the HLW
stream as part of the vitrification process. This alternative would meet all applicable regulations for disposal of
hazardous, radioactive, or mixed waste assuming that the hazardous waste components were adequately treated during
waste processing or vitrification.

Table 3.5.7 Schedule - Vitrify with Tank Waste Alternative

Table 3.5.8 Cost - Vitrify with Tank Waste Alternative X
(> > 2 1
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3.6 BORROW SITE SUMMARY

A summary of the earthen borrow materials that would be required by each of the alternativesis shown in Tables 3.6.1,
3.6.2, and 3.6.3. These tables identify the type, amount, and possible sources of the borrow. The final selection of
borrow sites for earthen material has not been made; however, the locations indicated represent potential borrow sites
that would support each of the alternatives in both volume and location. Future borrow site decisions will be madein
future NEPA analysis. Figure 3.6.1 identifies the potential borrow site locations for the TWRS alternatives.
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3.7 DISPOSAL OF HANFORD SITE HLW AT THE POTENTIAL GEOLOGIC
REPOSITORY

3.7.1 Number of HLW Canistersfor Disposal

The range in number of canisters that would be produced under the different alternatives would vary widely based on
the amount of separations and would not agree with the current planning basis for the geologic repository. The current

geologic repository technical planning baseline includes acceptance of up to 13,200 standard sized (0.62-m3 [22-ft3])
canisters of defense HLW (DOE 1994g). This baseline number of HLW canisters would come from multiple DOE
Sites with the number allocated to each Site based on waste inventory and volume projections. The number of canisters
used for the technical planning baseline was devel oped using assumptions for canister size, vitrified waste volume, and
the amount of the repository capacity set aside for DOE (10 percent). These assumptions resulted in identifying
approximately 7,100 canisters (1,800 Hanford Multi-Purpose Canisters) for the Hanford Site. The number of canisters
and Hanford Multi-Purpose Canisters that would be produced under the different aternatives would be subject to
change during final design (see Table 3.7.1).

Figure 3.6.1 Potential Borrow Sites for TWRS
Table 3.6.1 Borrow Site Summary - Materials Used During Construction and Operations

Table 3.6.2 Borrow Site Summary - Materials Used for Backfill of Empty Tanksfor all Ex Situ Alternatives

Two factors that would affect disposal of TWRS HLW in the potential geologic repository are the statutory limit on the
number of metric tons of uranium or equivalent in the waste and the physical limit on the number of waste packages
that would require placement in the potential geologic repository. Allex situ alternatives would process the same waste
and would contain approximately the same amount of uranium or equivalent. The alternatives that generate fewer
Hanford Multi-Purpose Canisters than the geologic repository planning baseline would have little or no physical
limitation on repository placement. The alternatives that greatly exceed the number of Hanford Multi-Purpose
Canisters used in the geologic repository planning baseline could exceed the physical limitations of the potential
geologic repository.

Table 3.6.3 Borrow Site Summary Materials Used for Construction of Hanford Barriers

3.7.2HLW Disposal Cost

Repository fees for aternatives that included shipment of HLW to the potential geologic repository were based on
analysis performed by the Office of Civilian and Radioactive Waste Management in support of the TWRS EIS (Milner
19964). This analysis was performed using a consistent methodology, as used by the Civilian Radioactive Waste
Management Program in development of the

Analysis of the Total System Life Cycle Cost of the Civilian Radioactive Waste Management Program of September
1995 (DOE 1995u). Life cycle cost estimates for four alternative scenarios were provided for disposal of vitrified
HLW from the Hanford Site. The four alternatives varied the volume and HLW canister sizes from the 1995 Total
System Life Cycle Cost estimate basis. The analysis included estimates for two new HLW waste packages, two new
transportation casks, and estimates of changes to repository surface facilities, subsurface impacts, transportation, and
other program cost elements. The analysis provided scoping level detail, scaled from the detailed point estimate
reported in the 1995 Total System Life Cycle Cost analysis.

Estimates of the total defense share, based on application of the 1987 Federal Register methodology were provided in
the cost estimate report. Allocating the defense share between the Hanford Site and other defense sites was estimated
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by the ratio of the number of Hanford Site waste packages to the total number of defense waste packages. A waste
package consists of up to four canisters of HLW and is equivalent to a Hanford Multi-Purpose Canister from a
quantity standpoint. Repository fees for alternatives that were not addressed in the Office of Civilian and Radioactive
Waste Management report were estimated by extrapolating data from the estimate. The estimated disposal fees for
placement of HLW in the potential geologic repository are shown in Table 3.7.1. For additional detail see Volume

Two, Section B.10.

Table 3.7.1 HLW Disposal Fees
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3.8 COMPARISON OF ACTIVITIESASSOCIATED WITH THE ALTERNATIVES

The alternatives described in this section provided a range of alternatives from continued storage under the No Action
alternative to retrieval and treatment of as much of the waste as practical under the ex situ alternatives. These
alternatives also provided for varying levels of waste treatment from containment under the In Situ Fill and Cap
alternative to extensive immobilization of al retrieved waste using vitrification under the Ex Situ Intermediate
Separations alternative. It should be recognized that there are differences in the level of development between the
alternatives, which means there are additional uncertainties associated with the data for some of the alternatives.

Closure for each of the alternatives (except No Action and Long-Term Management ) is described to assess the
cumulative impacts only. Each of the alternatives included continued routine operations, which included monitoring,
maintenance, and waste management activities. Closure will be the subject of future NEPA decision making.

Major activities for each of the tank waste alternatives are summarized as follows:

« No Action aternative:
o The waste would be left in the current state. Current operations would be continued for 100 years, at
which time administrative control would assumed to be lost.
« Long-Term Management aternative:
o DST waste would be retrieved and transferred to replacement DSTs at 50-year intervals (two times)
during the 100-year period.
o The SST waste would remain in the current state.
o Current operations would be continued for 100 years, at which time administrative control would assumed
to be lost.
 In Situ Fill and Cap aternative:
o All of the tank waste would remain onsite where it would be disposed of in place following DST waste
evaporation and tank stabilization operations.
o No measures would be taken to immobilize the waste.
o Minimal construction would be required (no Tank Farm Confinement Facilities are assumed to be
required).
« In Situ Vitrification aternative:
o All of the tank waste would remain onsite where it would be vitrified (turned into glass) and disposed of
in place.
o Considerable construction would be involved in building the Tank Farm Confinement Facilities over each
tank farm.
o In Situ Vitrification has not been attempted on this scale before and would require development.
« Ex Situ Intermediate Separations alternative:
o Magjor construction would be involved building the retrieval systems and processing, disposal, and support
facilities. -
o All tank waste practicable (assumed to be 99 percent) would be retrieved and processed into vitrified
HLW or LAW.
o LAW would be vitrified and disposed of onsite in a retrievable manner in near-surface vaults, and HLW
would be vitrified and shipped to the potential geologic repository for final disposal.
« Ex Situ No Separations (Vitrification or Calcination) alternative:
o Magjor construction would be involved with building the retrieval systems, HLW processing facility, and
support facilities.
o All tank waste practicable (assumed to be 99 percent) would be retrieved and processed into vitrified or
calcined HLW.
o All recovered waste would be disposed of in the potentia geologic repository.
« Ex Situ Extensive Separations alternative:
o Major construction would be involved with building the retrieval, processing, and disposal facilities.
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o All tank waste practicable (assumed to be 99 percent) would be retrieved and processed into vitrified
HLW or vitrified LAW.

o The volume of HLW requiring transportation and disposal would be minimized by extensive separations of
waste into HLW and LAW streams.

o HLW would be disposed of at the potential geologic repository and LAW would be disposed of onsite in
vaults.

« Ex Situ/In Situ Combination 1 alternative :

o Tanks would be selected for retrieval and processing based on their potential contribution to long-term
risk.

o This aternative would use a combination of in situ and ex situ waste treatment aimed at achieving
acceptable risk levels at a lower cost than ex situ treatment of all tank waste.

o Using the aforementioned assumption, the waste from approximately 70 of the tanks would be retrieved
and the remaining tanks would be filled and disposed of in place.

o Considerable construction would be involved in building retrieval systems, processing, and disposal
facilities. These facilities would be similar in type, but smaller than those described for the Ex Situ
Intermediate Separations alternative.

o Retrieved HLW would be vitrified and shipped to the potentia geologic repository; retrieved LAW would
be vitrified and disposed of onsite in vaults; and waste that is not recovered would be disposed of in place.

« Ex Situ/In Situ Combination 2 alternative:

o Tanks would be selected for retrieval and processing based on their potential contribution to long-term
risk.

o This aternative would use a combination of in situ and ex situ waste treatment aimed at achieving
acceptable risk levels at a lower cost than the Ex Situ/In Situ Combination 1 alternative.

o Using the aforementioned assumption, the waste from approximately 25 of the tanks would be retrieved
and the remaining tanks would be filled and disposed of in place.

o Considerable construction would be involved in building retrieval systems, processing, and disposal
facilities. These facilities would be similar in type, but smaller than those described for the Ex Situ
Intermediate Separations alternative.

o Retrieved HLW would be vitrified and shipped to the potentia geologic repository; retrieved LAW would
be vitrified and disposed of onsite in vaults; and waste that was not recovered would be disposed of in
place.

« Phased Implementation alternative:
Phase 1

o Two demonstration-scale processing facilities would be constructed. One facility would process LAW, and
one facility would process both LAW and HLW.

o Selected HLW would be retrieved and processed.

o Immobilized HLW and LAW would be stored onsite for disposition during Phase 2.

Phase 2
o Major construction would be involved with building the retrieval, processing, disposal, and support
facilities.
o All tank waste practicable (assumed to be 99 percent) would be retrieved and processed into vitrified
HLW or LAW.

o LAW would be vitrified and disposed of in a retrievable manner onsite in near-surface vaults. HLW
would be vitrified and shipped to the potential geologic repository for fina disposal.

Major activities for each of the capsule aternatives are summarized as follows:

« No Action aternative:
o Storage of capsules would continue in WESF for a period of 10 years, at which time one of the other
aternatives would have to be implemented.
« Onsite Disposal alternative:
o Capsules would be retrieved, packaged into canisters (3 m [10 ft] long), and placed in drywells for
indefinite storage.
o Monitoring and maintenance would continue for 100 years, at which time administrative control is
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assumed to be lost.
« Overpack and Ship aternative:
o Capsules would be retrieved and packaged into sealed canisters (4.5 m [15 ft ] long).
o Canisters would be overpacked into Hanford Multi-Purpose Canisters for interim storage and disposal at
the potential geologic repository.
« Vitrify with Tank Waste alternative:
o Capsules would be retrieved, cut up, and the contents would be vitrified with the HLW from the tanks.
o This alternative assumes that a tank waste alternative using ex situ vitrification would be selected.
o Following vitrification, the capsule waste would become part of the vitrified HLW for disposal at the
potential geologic repository.

A comparison of the waste volumes produced, schedule, and cost for the alternatives is presented in Table 3. 8 .1 for
tank waste and in Table 3. 8.2 for capsules.

Table 3.8 .1 Comparison of Tank Waste Alternatives
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3.9ALTERNATIVES CONSIDERED BUT DISMISSED

The evaluation of aternatives to dispose of tank waste has been an ongoing effort since recognizing that waste storage
in underground tanks is a temporary solution to a long-term problem. One of the most recent and comprehensive
analyses of the options available for tank waste disposal is the Tank Waste Technical Options Report (Boomer et al.
1993).

Table 3.8 .2 Comparison of Capsule Alternatives

The public scoping process resulted in identifying several technologies and aternatives for consideration. Several
technologies and alternatives were included in the alternatives presented in this section. Others were addressed in the
EIS as technologies available for consideration by decision makers (Volume Two, Appendix B).

Other technologies and alternatives were dismissed from detailed consideration. These are presented in Volume Two,
Appendix C along with the reasoning behind dismissal of the technology.

The criteria used to evaluate alternatives for consideration in the EIS involved asking the following questions.

« Isthe alternative within the scope of the EIS?

« Isthe alternative technically viable and practicable?

« Can the alternative be designed to be protective of human health and the environment with reasonable mitigative
measures?

« Isthetechnology sufficiently mature to allow detailed evaluation?

The dismissed specialized alternatives, or alternatives that proposed exceptional treatment or disposal components,
included the following:

» Seabed disposal, space disposal, deep hole disposal, ice sheet disposal, and island disposal;
» Geologic disposal of tank contents, tanks, equipment and contaminated soil;

« Rock melting or injecting the waste into a deep mined cavity; and

« Transmutation.

Alternatives identified during the public scoping process for this EIS but dismissed from further consideration included
the following:

« Grouting the retired canyon facilities with hot grout;
« Launching to the sun, seabed subduction, deep hole disposal; and
« Disposing of glasslogsin grout vaults and alowing solids in tanks to decay.

Specific technologies identified in the public scoping process for this EIS but dismissed from further consideration
include the following:

« Using contaminated lead or steel from onsite for HLW containers,

Building an unenclosed furnace in the ground,;

Using clinkers or marbles, not ingots, for vitrified waste;

Placing marbles or clinkers into casks of currently contaminated steel and concrete;

Filling the interstitial space around clinkers or marbles with lead or graphite from material onsite; and
Burning the waste in a breeder reactor or at a Washington Public Power Supply System reactor.

Numerous technologies were examined for the retrieval, transfer, separations, and immobilization of the tank waste.
Those technologies examined and dismissed are discussed in Volume Two, Appendix C.
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40 AFFECTED ENVIRONMENT

This section provides a summary description of the existing environment that could be impacted by the Tank Waste
Remediation System (TWRYS) activities at the Hanford Site. More detailed descriptions of environmental baseline
conditions are provided in Volume Five, Appendix | of this Environmental Impact Statement (EIS), in the Hanford
Site National Environmental Policy Act Characterization Report (Cushing 1994 and 1995 and Neitzel 1996 ), in the
Hanford Site Environmental Report for Calendar Years 1994 and 1995, (PNL 1995 and 1996 ), and in the Site
Evaluation Report for Candidate Basalt Quarry Sites (Duranceau 1995). All information contained in this section is
from these sources unless otherwise noted.

The Hanford Site isin the semi-arid region of the Columbia Plateau in southeastern Washington State (Figure 4.0.1).

The Hanford Site occupies about 1,450 square kilometers (km?2) (560 square miles [mi2]) of shrub-steppe and
grasslands just north of Richland, Washington. The majority of this large land area, with restricted public access,
provides a buffer to the smaller areas within the Hanford Site historically used for producing nuclear materias, waste
storage, and waste disposal. About 6 percent of the land has been disturbed and is actively used. The Hanford Site
extends approximately 77 kilometers (km) (48 miles [mi]) north to south and 61 km (38 mi) east to west.

The Columbia River flows through the northern part of the Hanford Site, turning south to form part of its eastern
boundary. The Y akima River runs along part of the southern boundary and joins the Columbia River within the city of
Richland. Adjoining lands to the west, north, and east are principally range and agricultural land. The cities of
Richland, Kennewick, and Pasco (also known as the Tri-Cities) comprise the nearest population centers and are
located southeast of the Site.

Figure 4.0.1 Hanford Site Map and Vicinity
4.1 GEOLOGY

The geology section, which provides an overview of the Hanford Site's subsurface environment, focuses primarily on
the 200 Areas, which are located in the center of the Site. With the exception of two potentia borrow sites found
approximately 6.5 km (4 mi) to the north and west of the 200 Areas and a third potential borrow site located between
the 200 East and 200 West Areas, the 200 Areas would be the location of virtualy all TWRS activities under al tank
waste and cesium and strontium capsule alternatives. The section describes Hanford Site topography, geologic
structure, stratigraphy, soil, and seismicity (including earthquake history). Reports by Delaney (Delaney et al. 1991),
Reidel (Reidd et al. 1992), and Cushing (Cushing 1994), summarize information collected in various earlier Hanford
Site projects and are the primary basis for the material presented.

4.1.1 Topography

The TWRS sites are located on and near a broad flat area of the Hanford Site commonly referred to as the Central
Plateau. The Central Plateau is within the Pasco Basin, a topographic and structural depression in the southwest corner
of the Columbia Basin, characterized by generally low-relief hills with deeply incised river drainage (Figure 4.1.1).
The Hanford Siteis an area of generally low relief, ranging from 120 meters (m) (390 feet [ft]) above mean sea level at
the Columbia River to 230 m (750 ft) above mean sea level in the vicinity of the TWRS sites.

Geologic processes that alter topography include landslides, floods, and volcanic activity. Landslides are not a common
occurrence in the 200 Areas because of flat topography, the deep water table, and the absence of any actively eroding
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streams. The nearest potential flooding source to the TWRS sites is Cold Creek, located in the southwest portion of the
Hanford Site. Studies of the probable maximum flood show its effect would be limited to the southwestern corner of
the 200 West Area (Cushing 1994). The potential McGee Ranch and Vernita Quarry borrow sites, possible sources of
rip rap (Vernita) and silt (McGee) for post-remediation surface barrier construction, are located in the northwest corner
of the Hanford Site and are not within the probable maximum flood area (Figure 3.6.1) (Cushing 1994). The third
potential borrow site (Pit 30) is located on the Central Plateau between the 200 East and 200 West Areas and is well
removed from potential flooding sources. The only likely source of volcanic activity that could impact the TWRS sites
would be volcanism in the Cascade Mountain Range more than 100 km (60 mi) west of the Hanford Site. The 1980
eruption of Mount St. Helens is an example of such a volcanic event. This eruption caused ashfalls at the Site but had
no other effect.

Figure 4.1.1 Geographic Setting and General Structural Geology of the Pasco Basin and Hanford Site
2]

4.1.2 Geologic Structure

The Hanford Site lies in the Pasco Basin near the eastern boundary of the Y akima Fold Belt. The Pasco Basin is
bounded by anticlinal ridges on the north, west, and south. A monocline bounds the east. The Pasco Basin is divided
by the Gable Mountain anticline, and the Wahluke syncline to the north and the Cold Creek syncline to the south.

The 200 Areas are situated between the Gable Mountain anticline and the Cold Creek syncline. The Gable Mountain
anticline is of particular importance to the groundwater flow. Portions of this anticline have been uplifted to a point
where basalt is above the current water table (Figure 4.1.1). These basalts have a low hydraulic conductivity and act as
a barrier to horizontal groundwater flow in the unconfined aquifer.

4.1.3 Stratigraphy

Hanford Site stratigraphy is summarized in Figure 4.1.2. A generalized west to east cross-section depicting the Site's
structure and topography is shown as Figure 4.1.3. Basalt flows more than 3,000 m (10,000 ft) thick, called the
Columbia River Basalt Group, lie beneath the Hanford Site. Interbedded between many of these basalt flows is the
Ellensburg Formation, a series of sand, gravel, or silt layers deposited by the ancestral Clearwater and Columbia
rivers. The stratigraphy beneath the Hanford Site is described in the following paragraphs in ascending order, from the
deepest formation directly overlying the Columbia River Basalt Group upward to the ground surface.

The suprabasalt sediments are a sedimentary sequence up to 230 m (750 ft) thick overlying the Columbia River Basalt
Group, and include the Ringold and Hanford Formations.

Thin, laterally discontinuous alluvial deposits, referred to as the Plio-Pleistocene unit, pre-Missoula gravels, and early
Palouse soil, separate the Ringold Formation from the overlying Hanford Formation in various parts of the Hanford
Site. Alluvia deposits are sediments deposited by flowing water. Of particular note is the Plio-Pleistocene Unit, which
in the TWRS project vicinity is generally restricted to the 200 West Area. Depending on location, two types of material
may be present in the Plio-Pleistocene unit. It may consist either of carbonate-cemented silt (locally referred to as a
caliche layer) interfingered with sand and gravel, or of carbonate-poor silt and sand interfingered with basaltic
material, sand and gravel, or both (Trent 1992a).

Figure 4.1.2 Generalized Stratigraphy of the Hanford Site
Figure 4.1.3 Geologic Cross Section of the Hanford Site

The Ringold Formation consists of clay, silt, fine-to coarse grained sand, and gravel. The Ringold Formation is up to
180 m (600 ft) thick south of the 200 West Area, but is largely absent in the northern and northeastern portions of the
200 East Area and adjacent areas to the north. The Ringold Formation is delineated by five different kinds of
sediments, associated with fluvial (river-related) sands and gravels, floodplain and lake deposits, and alluvial fan
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deposits. The lower portion of the formation contains five separate stratigraphic intervals dominated by gravels known
as Units A, B, C, D, and E. These gravels are separated by finer materials, including what is referred to as the lower
mud sequence (Figure 4.1.4).

Figure 4.1.4 General Stratigraphy of the Suprabasalt Sediments of the Hanford Site

The lower mud sequence isimportant hydrologically because it is a potential confining layer that may offer some
hydraulic separation between the saturated Ringold Formation above and the underlying Unit A gravels below. The
lower mud sequence is generally absent in the northern part of the 200 East Area and at the main lobe of B Pond
(Trent 1992b). The lower mud sequence is generally present throughout the 200 West Area, except in the northeast
corner (Trent 1992a).

The Hanford Formation consists of pebble to boulder gravel, fine to coarse grained sand, and silt. The Hanford
Formation, which is thickest in the vicinity of the Central Plateau (up to 65 m [210 ft] thick), was deposited by
cataclysmic flood waters in glacial times. Gravel dominates the Hanford Formation in the northern part of the Centra
Plateau. Sand-dominated material is found most commonly in the central to southern parts of the Central Plateau. The
silty materials are found within and south of the Central Plateau. Holocene surficial deposits consisting of silt, sand,
and gravel form athin (less than 10 m [33 ft]) surface layer across much of the Hanford Site. These surficial materials
were deposited by a mix of eolian (wind) and alluvial processes.

4.1.4 Soil

The surface and near-surface soils in the 200 Areas are generally not well developed and consist of a number of soil
types such as Rupert sand, Burbank loamy sand, and Ephrata sandy loam. An additional soil unit, Hezel sand, isalso
present on the western boundary of the 200 West Area (Cushing 1994).

The vicinity of the potential McGee Ranch borrow site contains two soil types: Warden silt-loam and Ritzville silt-
loam. Soil at the potential Vernita Quarry borrow site includes the Burbank loamy sand, Ephrata silt-loam, and Kiona
silt-loam. The Burbank loamy sand is the predominant soil type in the vicinity of the potential Pit 30 borrow site.

Soil monitoring is conducted at the Hanford Site for radionuclides. Concentrations of cobalt-60, strontium-90, cesium-
137, plutonium-239, plutonium-240, and uranium were consistently detected at higher levels in Hanford Site soil than
at offsite locations in 1994 and 1995 . In general, radionuclide concentrations near waste disposal sites are higher than
concentrations further away. Data for 1995 are quite smilar to data for 1994. In general, over the 11-year period from
1983 to 1994, concentrations of cobalt-60, cesium-137, uranium isotopes, and plutonium isotopes in soil did not
change. Concentrations of strontium-90 in soil declined because of radiological decay and a downward migration of
strontium-90 from the 2.5-centimeters (cm) (1-inch [in.]) soil sampling horizon (PNL 1996).

There are over 2,500 hectares (ha) (6,200 acres [ac]) of surface on the Site that are posted as radiologically controlled
areas because contamination exceeds specified levels. Ninety percent of this total is within and near the 200 Areas
(PNL 1996) .

4.1.5Mineral Resources

The only mineral resources produced from the Pasco Basin are crushed rock, sand, and gravel. Deep natural gas
production has been tested in the Pasco Basin without commercial success. Local borrow areas would supply rock, silt,
sand, and gravel for those alternatives requiring the materials. Although specific borrow sites have not been selected
for potential TWRS use, the EIS analyzes the possible use of three potential onsite borrow sites: 1) Pit 30, a potential
source of sand and gravel for concrete during construction activities; 2) Vernita Quarry, a potential source of basalt to
use as riprap for post-remediation surface barriers; and 3) McGee Ranch, a possible source of silt for post-remediation
surface barriers (BHI 1995) .
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4.1.6 Seismicity

Earthquakes are the result of stresses that build up in the tectonic plates comprising the earth's surface. These stresses
build up due to friction between tectonic plates as they move past each other. Movement can occur within tectonic
plates or between plates, such as in subduction zones, where one plate slides underneath another. Seismicity at the
Hanford Site is associated with the Cascadia Subduction Zone off the coast of the Pacific Northwest, more than 300 km
(180 mi) to the west. The Cascadia Subduction Zone is where the Juan de Fuca tectonic plate slides beneath the North
American tectonic plate. Other relevant sources of seismic activity are shallow geologic structures of the Y akima Fold
Belt or the Columbia River basalts, and deep structures of the Columbia Basin that underlie the Columbia Plateau.

Seismic activity in the Hanford Site area is low compared to other regions of the Pacific Northwest. In 1936, the
largest known earthquake (a Richter magnitude of 5.75) in the Columbia Plateau occurred near Milton-Freewater,
Oregon (Cushing 1994). Other earthquakes with a Richter magnitude of 5.0 or larger have occurred near Lake Chelan,
Washington to the northwest, along the boundary of the Columbia Plateau and the Cascade Mountain Range, west and
north of the Hanford Site, and east of the Hanford Site in Washington State and northern Idaho. In addition,
earthquake swarms of small magnitudes that are not associated with mapped faults occur on and around the Hanford
Site. An earthquake swarm is a series of earthquakes closely related in terms of time and location.

Four earthquake sources are considered relevant for the purpose of seismic design of TWRS sites: the Rattlesnake-
Wallula alignment, Gable Mountain, an earthquake anywhere in the tectonic province, and the swarm area. For the
Rattlesnake-Wallula alignment, which passes along the southwest boundary of the Hanford Site, a maximum Richter
magnitude of 6.5 has been estimated. For Gable Mountain, an east-west structure that passes through the northern
portion of the Hanford Site a maximum Richter magnitude of 5.0 has been estimated. The earthquake for the tectonic
province was developed from the Milton-Freewater earthquake, with a Richter magnitude of 5.75. A Richter
magnitude 4.0 event is considered the maximum swarm earthquake, based on the maximum swarm earthquake in 1973
(Cushing 1994). The Hanford Site current design basis for new facilities is for facilities to withstand a 0.2 gravity
earthquake (Richter magnitude of approximately 6.4) with a reoccurrence frequency of 2.0E-04.

4.2 WATER RESOURCES

Baseline conditions for water and hydrology encompass surface water, the vadose zone (the area between the ground
surface and underlying groundwater), and groundwater. The contaminants that presently exist in the Hanford Site
water resources are not within the scope of the EIS. The behavior and remediation of existing surface water, the vadose
zone, or groundwater contamination will be the subject of other environmental documentation. However, potential
cumulative impacts of the TWRS EIS aternatives are discussed in Section 5.13.

4.2.1 Surface Water

West Lake and two small spring-fed streams in the Fitzner Eberhardt Arid Lands Ecology Reserve are the only
naturally-occurring water bodies on the Hanford Site other than the Columbia River. West Lake is several hectaresin
size and is located approximately 8 km (5 mi) northeast of the 200 West Area and about 3 km (2 mi) north of the 200
East Area. The lake, which is situated in a topographically low-lying area, is sustained by groundwater inflow. West
L ake was considered to be an ephemera water body before Hanford Site operations began, with water level
fluctuations dependent on groundwater level fluctuations. Water levels in West Lake became more stable because of
recharge primarily from B Pond, which contains secondary wastewater and cooling water from the B Plant. The two
small streamsin the Fitzner Eberhardt Arid Lands Ecology Reserve are fed by Rattlesnake Springs and Snively
Springs (Cushing 1994).

Two ephemeral creeks, Cold Creek and Dry Creek, traverse the uplands of the Hanford Site southwest and south of the
200 Areas. These creeks drain southeasterly toward the Y akima River, located south of the Hanford Site. Surface
runoff from the uplands is minor, and creeks flow only during and shortly after rainfall and snow melt. The Columbia
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River is11 km (7 mi) or more downgradient from the 200 Areas. The river forms the eastern boundary of the Hanford
Site and it comprises the base level and receiving water for groundwater and surface water in the region.

There are no floodplainsin the 200 Areas or between the 200 East and 200 West Areas where the potential Pit 30
borrow site islocated. Floods in Cold Creek and Dry Creek have occurred historically; however, there have not been
any observed flood events or evidence of flooding that has reached the 200 Areas. Natural runoff generated onsite or
from offsite upgradient sources is not known to occur in the 200 Areas (Newcomb et al. 1972).

The potential Vernita Quarry borrow site is about 3 km (2 mi) south of the Columbia River. The potential McGee
Ranch borrow site is approximately 5 km (3 mi) south of the River. No perennia streams, wetlands, or bodies of
surface water have been observed on either site, although the McGee Ranch is dissected by numerous eastward
ephemeral drainage systems.

4.2.2 Groundwater

4.2.2.1 Hydrogeologic Setting

A thick vadose zone (70 to over 90 m [230 to over 300 ft] thick) as well as both confined and unconfined aquifers are
present beneath the 200 Areas (DOE 19933, 1993b). The vadose zone is over 90 m (300 ft) thick in the vicinity of the
TWRS sites in the 200 East Areas (DOE 19934). The confined aquifers are found primarily within the Columbia River
Basalts. These aquifers are not a mgjor focus of this EIS because they are separated from the TWRS sites by the
vadose zone, unconfined aquifer, and confining layer(s) and thus are not likely to be impacted. The unconfined aguifer
has not been formally named. This aquifer consists variably of the Ringold Formation (where the Ringold is present)
and the lower portion of the Hanford Formation. The occurrence and flow of groundwater in the unconfined aquifer is
inferred from discrete water level measurements in monitoring wells. The following five important concepts describe
flow in this aguifer.

« The numerous strata within the Ringold Formation that were described previously in the stratigraphy discussion
result in a much lower vertical hydraulic conductivity compared to the horizontal hydraulic conductivity. This
resultsin a strong preference for groundwater to move horizontally rather than verticaly.

« Most groundwater movement occurs in the sands and gravel that predominate in the upper portions of the
Ringold Formation (Unit E gravels).

« Thelower mud sequence and overbank deposits near the base of the Ringold Formation act as confining layers,
hydraulically separating the overlying unconfined aquifer from the confined aquifer.

« Recharge to the unconfined aquifer is primarily from artificial sources such as B Pond, groundwater inflow from
the Dry Creek and Cold Creek synclines, and recharge from the Columbia River in the general areaof N
Reactor in the northern portion of the Site.

« Discharge from the unconfined aquifer is primarily to the Columbia River, approximately from the point where
the river turns southward in the northern portion of the Site south to the 300 Areas, and in the vicinity of B and
C Reactors. Groundwater discharge also occurs to West Lake.

Natural recharge to the unconfined aquifer of the Hanford Site is extremely low and occurs primarily in the upland
areas west of the Hanford Site. Artificial recharge from retention ponds and trenches contribute approximately 10
times more recharge than natural recharge. Seasonal water table fluctuations are small because of the low natural
recharge.
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4.2.2.2 Vadose Zone

At the Hanford Site the vadose zone often includes the Hanford Formation and the Ringold Unit E gravel. The thick
vadose zone (70 to over 90 m [230 to over 300 ft]) thick beneath the 200 Areas), combined with the arid climate, result
in natural infiltration rates ranging from near 0 to approximately 11 cm/year (4.3 in./year).

Thetotal natural recharge in the 200 West Area is estimated to be approximately 1.3E+08 liters per year (L/year)
(3.4E+07 gallons per year [gal/year]) (DOE 1993b). Thisis based on a recharge rate of 0.1 cm/year (0.04 in./year)
through fine-textured soil with deep-rooted vegetation. This value is approximately 10 times lower than recharge
volumes from artificial sources.

The current principal sources of artificial recharge in the 200 West Area are four cribs and one ditch associated with
the U Plant area, located near the western edge of the 200 West Areas (DOE 1993b). There are also four septic tanks
and drain fields that actively discharge water to the vadose zone. The combined volume discharged from these drain
fields is estimated to be 12,000 L/day (3,200 gal/day). The total wastewater discharged from these facilities from 1944
to 1992, including the U Plant cribs and ditches, is estimated to have been 1.7E+11 L (4.4E+10 gd). T Plantand S
Plant operations also resulted in large volumes of wastewater discharged to the soil. Liquid is no longer discharged
from T, U, or S Plants.

DOE injects treated wastewater from the Effluent Treatment Facility, at the State- approved land disposal site located
slightly north of the 200 West Area and at the Treated Effluent Disposal Facility, located in the 200 East Area. This
water meets all State and Federal discharge requirements except for tritium. The treated water isinjected at a location
where it is projected that the tritium levels will be within drinking water standards in the groundwater before it reaches
the Columbia River.

Natural recharge in the 200 East Area is estimated to be approximately 2E+07 L/year (5E+06 gal/year) (DOE 1993a).
Thisis based on a similar natural recharge rate through fine-textured soil with deep-rooted vegetation, as noted
previously for the 200 West Area. Artificial recharge in the 200 East Area is associated with approximately 140 ponds,
trenches, cribs, and drains that were used to dispose of approximately 1E+12 L (3E+11 gal) of wastewater. Currently,
there are 11 active waste management units and 20 active drain fields. The primary recipients of the wastewater were
the ponds and trenches associated with B Plant and the Plutonium-Uranium Extraction (PUREX) Plant; the 216-A-25
trench and 216-B-3 Pond received approximately 8.0E+11 L (2.1E+11 gal). Liquids are no longer discharged from B
Plant or the PUREX Plant.

Perched water (small pockets of water trapped in the vadose zone) may occur in the 200 West Area within the vadose
zone upon a layer of silt and sand cemented by calcium carbonate (caliche layer). The caliche layer is located
approximately 55 m (180 ft) beneath the ground surface (DOE 1993b). Measured hydraulic conductivities of this unit
range from 0.0009 to 0.09 m/day (0.003 to 0.3 ft/day). Caliche layers have not been identified in the 200 East Area and
generally , perched groundwater is not expected except in localized areas (Hoffman et al. 1992). Perched water has
been reported in the vicinity of B Pond within the lower part of the Hanford Formation.

In areas where artificial recharge is occurring from ponds and trenches, soil is expected to be close to saturation and
would not likely be capable of holding large amounts of additional liquid. In addition, two groundwater mounds have
devel oped beneath recharge areas, one each in the 200 East and West Areas. Drier soil in portions of the 200 Areas
where there is no artificial recharge has a large moisture holding capacity.

4.2.2.3 Aquifer Characterization
Groundwater of the unconfined aquifer occurs throughout the Hanford Site in the sediment layers above the basalt

known as the suprabasalt sediments. The relationship between the various stratigraphic units and the hydrogeologic
units is shown in Figure 4.2.1. The depth to groundwater on the Hanford Siteisillustrated in Figure 4.2.2.
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Groundwater occurs in the 200 West Area within the Ringold Formation primarily under unconfined conditions,
approximately 70 m (230 ft) beneath the surface. The saturated section is approximately 110 m (350 ft) thick.
Hydraulic conductivities measured in the 200 West Area in the Ringold Unit E aquifer range from approximately 0.02
to 60 m/day (0.06 to 200 ft/day). Hydraulic conductivities range from 0.5 to 1.2 m/day (1.6 to 4 ft/day) in the
semiconfined to confined Ringold Unit A gravels (DOE 1993Db).

A discontinuous layer of silt and sand cemented by calcium carbonate with thickness of up to 9 m (30 ft) occurs
locally at a depth of about 55 m (180 ft) below the 200 West Area. This unit is believed to be responsible for perched
water conditions in the vicinity of the TWRS sites in the 200 West Area.

Depth to groundwater in the 200 East Area ranges from 97 m (320 ft) in the southeast to 37 m (120 ft) in the vicinity
of the 216-B-3C pond (B Pond mound), which is located approximately 5 km (3 mi) east of the TWRS sites (DOE
19934). Groundwater near the TWRS sites occurs under unconfined conditions within Ringold Unit A, approximately
96 m (320 ft) deep. The saturated (groundwater) section is approximately 34 m (110 ft) thick. Interconnection between
the unconfined and lower confined aquifer is possible across the Central Plateau; however, except for the area near the
erosional windows that occur in the basalt several kilometers north of the 200 East Area and B Pond vicinity in the 200
East Area, thereis no indication of aquifer interconnection. In the vicinity of B Pond, groundwater mounding from
discharges from B Pond have resulted in a downward hydraulic gradient. Several kilometers north of the 200 East
Aresa, there is an absence of confining layer(s) associated with an erosional window which has results in enhanced
interconnection of the aquifersin this area. Hydraulic conductivities of the unconfined aquifer near the TWRS sitesin
the 200 East Area range from 150 to 300 m/day (500 to 1,000 ft/day) (DOE 1993a).

Figure 4.2.1 Conceptual Hydrologic Column for the Hanford Site
Figure 4.2.2 Groundwater Elevation Map of the Hanford Site

4.2.2.4 Groundwater Flow

Groundwater in the 200 West Area generally flows from west to east with some localized exceptions (PNL 1993a). In
the northwest corner of the 200 West Area, groundwater flows northward. Also, it appears that flow from the 200 West
Area branches out east of Gable Butte, with a flow component northerly toward the gap between Gable Butte and
Gable Mountain and the remaining flow branching eastward and southeastward toward the Columbia River.

Groundwater flow in much of the 200 East Area is characterized by relatively low hydraulic gradients, ranging from
0.01 percent to 0.02 percent. Water table elevations in the uppermost aquifer generally decrease from the margins of
the Y akima Ridge in the west to the Columbia River in the east. Data indicate that groundwater flow in the vicinity of
the TWRS sites in the 200 East Area is toward the southeast (Figure 4.2.2) (PNL 1993a).

The mound resulting from discharge from the 216-B-3 pond (approximately 5 km [3 mi] east of the TWRS site in the
200 Areas) is a notable difference from the generally easterly flow direction. Near the western portion of the mound,
the groundwater gradient is reversed to a westerly direction. The magnitude of this gradient direction reversal is
currently diminishing as the mound diminishes. The groundwater gradient in the southeastern portion of the 200 East
Area is expected to resume a more easterly trend as the mound continues to decline.

Downward hydraulic gradients have been observed in both the 200 East and 200 West Areas. In general, these
downward gradients are associated with the groundwater mounds that have been created from infiltration of water
discharged to the U Pond and B Pond. Interconnection between the unconfined and lower confined aquifer is possible
across the Central Plateau; however, except for the area near the erosional windows that occur in the basalt severd
kilometers north of the 200 East Area and B Pond vicinity in the 200 East Area, there is no indication of aquifer
interconnection. In the vicinity of B Pond, groundwater mounding from discharges from B Pond have resulted in a
downward hydraulic gradient. Several kilometers north of the 200 East Area, thereis an absence of confining layer(s)
associated with an erosional window, which has results in enhanced interconnection of the aquifersin this area.

The groundwater impact analysis provides calculated concentrations of tank waste contaminants for a 10,000-year
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period of interest. These calculations rely on a conceptual model of the hydrogeologic conditions on the Site and
monitoring and characterization data.

The conceptual model for the TWRS EIS is based on characterization data that include geologic structure, the pattern
of geologic materials deposited in the vadose zone and underlying aquifer, existing contaminant migration, and the
bounding affects of features such as the Columbia River, Yakima River, and Horse Heaven Hills. Thisresultsin an
expectation that most of the contaminants from the tank sources would move in a west to east/southeast direction with
a very small amount flowing northerly through the gap between Gable Butte and Gable Mountain.

The approach used in the TWRS EIS for groundwater impact assessment includes transient contaminant transport
through the vadose coupled with steady state contaminant transport through the unconfined aquifer. Data that have
been used include measurement of vadose zone and aquifer characteristics and geometry that will remain constant
(e.g., hydraulic conductivities, grain size and distribution, and strata thicknesses) and data that are transient (e.g.,
moisture contents in the vadose zone and groundwater levels in the unconfined aquifer). Of importance here are the
transient groundwater data sets that were used for the TWRS EIS and the Hanford Remedia Action EIS (DOE 1996c¢)
analyses. The TWRS groundwater impact analysis focuses on impacts in the groundwater that would occur from about
100 years to 10,000 years from the present based on contaminants reaching the groundwater within about 130 years for
the No Action alternative, up to about 3,400 years for the In Situ Vitrification alternative, and a 10,000-year period of
interest for all of the alternatives. The TWRS groundwater impact assessment is based on the December 1979
groundwater level data, considering the period in which impacts are expected to occur. The December 1979
groundwater levels used in the TWRS EIS represent a point in time where 1) conditions were relatively steady; and 2)
groundwater contaminant transport in the unconfined aquifer is primarily in a southeast/east direction with a small
component going in a northerly direction through the gap between Gable Butte and Gable Mountain. For these two
reasons, the December 1979 Site groundwater levels were selected as the basis for the TWRS EIS long-term, steady-
state groundwater contaminant transport calculation. A slight drawback to use of the December 1979 groundwater
level datais that the groundwater mounds associated with B Pond, U Pond, and Gable Mountain Pond are present but
they would be expected to be absent in the future (i.e., within 100 years). The presence of the mounds result in a faster
vadose zone contaminant transport because the vadose zone was thinner in 1979 than it would be in the future.

The Hanford Remedial Action EIS used 1992 groundwater levels for the impact assessment. These groundwater levels
represent a point in time where many transients are ongoing in the groundwater system. Waste water discharges to the
vadose zone are decreasing or have been terminated. The groundwater mound associated with Gable Mountain Pond is
not present, the mounds associated with B Pond and U Pond have declined, and groundwater is being released from
storage in the interstitial pore space of the unconfined aquifer. All of the contaminants originating in the 200 Areas
would flow through the gap between Gable Mountain and Gable Butte into the 100 Areas, based on the 1992
groundwater levels used in the Hanford Remedial Action assessment. Thisis an accurate assumption for the near-term
flow directions.

The proportion of contaminants flowing in an easterly direction would be expected to increase from zero percent in
1992 to near 100 percent as the groundwater mound associated with B Pond declines. Therefore by the time
contaminants from tank waste remediations reaches the groundwater, the groundwater flow would be to the east as
shown in the TWRS EIS. Additional discussion of the sensitivity and potential affect of groundwater mounding is
provided in Volume Five, Appendix K.

4.2.3 Water Quality and Supply
4.2.3.1 Surface Water
Water at the Hanford Site is supplied by the Columbia River, which is a source of raw water. River water is supplied

to Hanford Site facilities through several distribution systems. In addition, wells supply water to the 400 Area and
severa remote facilities.

The Tri-Cities draw most (Richland and Kennewick) or all (Pasco) of their water supplies from the Columbia River. In
1994, water usage ranged from 8.7E+09 L (2.3E+09 gal) in Pasco to 2.6E+10 L (6.9E+09 gal) in Richland (Cushing
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1995). Each community operates its own water supply and treatment system.

The Columbia River provides water for both irrigation and municipal uses. Washington State has classified the stretch
of the Columbia River that includes the Hanford Reach as Class A, Excellent (Neitzel 1996). Class A waters must be
suitable for essentially all uses, including raw drinking water, recreation, and wildlife habitat. Both Federal and State
drinking water quality standards apply to the Columbia River and are currently being met (Neitzel 1996).

Samples from the Columbia River and three onsite ponds are routinely collected (Figure 4.2.3). Radionuclides
consistently detected during 1994 were tritium, strontium-90, uranium-234, uranium-238, iodine-129, plutonium-239,
and plutonium-240. The iodine-129, plutonium-239, plutonium-240, strontium-90, and tritium may come from
worldwide fallout as well as from releases of Hanford Site effluent. Tritium and uranium also occur naturally in the
environment. Total alpha and beta measurements are useful indicators of the general radiological quality of theriver;
they provide a useful early indication of changes in radiological contamination because results are obtained quickly.
Total aphaand beta measurements in 1994 were similar to 1993 and were approximately 5 percent less than the
applicable State and Federal drinking water standards at 15 and 50 picocuries per liter (pCi/L), respectively. In general,
radiological concentrations at Priest Rapids Dam (upstream of the Site) were generally lower than those at the
Richland Pumphouse (downstream of the Site). Concentrationsin 1995 were generally similar to those observed in
recent years and in most cases were dlightly lower than in 1994. Radiological contaminant concentrations measured in
1995 were less than the DOE Derived Concentration Guides and Washington State water quality criteria

Nonradiological contaminants measured in the Columbia River in 1995 were similar to levels observed in recent years.
All nonradiological water quality standards for Class A-designated water were met (PNL 1995). During 1995, there
was no indication of any deterioration of water quality resulting from Site operations along the Hanford Reach (PNL
1996).

The three ponds routinely sampled onsite are West Lake (north of the 200 East Area), B Pond (east of the 200 East
Ared), and the Fast Flux Test Facility Pond (southeast of the 200 Areas). Monitoring data show that all three ponds are
impacted by Site activities, although pond water is not used for human consumption. With the exception of uranium-
234 and -238 in the October 1995 sample of West Lake, all radionuclide concentrations were less than the DOE
Derived Concentration Guides. Average annual total beta concentrations exceeded the ambient surface water quality
criterialevel in West Lake. The EPA's proposed Hanford Site-specific drinking water standard for uranium also was
exceeded in West Lake. The concentrations of all other radionuclides were less than the applicable surface water
quality criteria (PNL 1996). West Lake surface water quality reflects the quality of the groundwater that feeds it and
thus is potentially impacted by groundwater transport (PNL 1993a).

Figure 4.2.3 Water and Sediment Sampling L ocations, 1992

Several springs in the 100 Areas, the old Hanford Townsite Springs and the 200 Area Springs, are routinely sampled.
Water flows from these springs are a mechanism by which groundwater contaminated by past Site activities enters the
Columbia River. All radiological contaminants measured in 1995 were less than the DOE Derived Concentration
Guides. However, strontium-90 in the 100-H Area, and tritium in the 100-B Area and along the Old Hanford Townsite
exceeded Federal and Washington State drinking water standards. Total uranium exceeded the EPA's proposed
Hanford Site-specific standards in the 300 Area. All other radionuclide concentrations were below applicable surface
water quality standards (PNL 1996). The 1995 nonradiological contaminant concentrations were below Washington
State ambient surface water acute toxicity standards with the exception of copper and zinc in the 100-K Area spring.
The chronic toxicity level of cadmium and the EPA standard for trichlorethylene also were exceeded at the 100-K
Area Spring (PNL 1996).

4.2.3.2 Groundwater

Groundwater is not used in the 200 Areas except for emergency cooling water, nor do any water supply wells exist
downgradient of the 200 Areas. Three wells for emergency cooling water are located near B Plant in the 200 East
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Area. However, there are dry and groundwater monitoring wellsin and around the 200 Areas. Hanford Site water
supply wells are located at the Y akima Barricade, the Fast Flux Test Facility, and at the Hanford Safety Patrol
Training Academy, all 13 km (8 mi) or more from the TWRS sites in the 200 East Area.

Groundwater Quality

Contamination by both radionuclide and nonradionuclide contaminants has been identified in the groundwater on the
Hanford Site. Liquid effluents have been discharged to various ponds, cribs, and other waste management structures
located onsite. Adsorption onto soil particles, chemical precipitation, and ion exchange delay the movement of some
radionuclides and nonradionuclide contaminants in the effluent as they percolate downward through the vadose zone.
Constituents such as strontium-90, cesium-137, and plutonium-239 and -240 are attenuated to varying degrees but
eventually may enter the groundwater. lons such as nitrate and radionuclides such as tritium, technetium-99, and
iodine-129, which are not readily attenuated in the soil, reach the groundwater sooner than those that are readily
attenuated, and then travel downgradient at essentially the same rate as the natural groundwater. The potential sources
of groundwater contamination in the tank farms area are the focus of ongoing investigations (Caggiano 1996 and DOE
1995t). DOE is conducting a RCRA assessment to determine the nature and extent of groundwater contamination
beneath certain tank farms (Ecology 1996).

Figure 4.2.4 Distribution of Tritium in the Unconfined Aquifer, 1994
Figure 4.2.5 Distribution of 1odine-129 in the Unconfined Aquifer, 1994
Figure 4.2.6 Distribution of Nitratein the Unconfined Aquifer, 1994
43 METEOROLOGY AND AIR QUALITY

4.3.1 M eteor ology

The Hanford Site islocated in a semi-arid region. The Cascade Mountains to the west greatly influence the Hanford
Site's climate by providing rainshadow. This range also serves as a source of cold air drainage, which has a
considerable effect on the Site's wind regime. The following meteorological discussion is based on the Hanford
Climatological Summaries (Stone et al. 1972 and PNL 1994g) and information compiled by Cushing (Cushing 1994
and 1995).

Prevailing winds at the Hanford Meteorological Station, located between the 200 Areas, are from the west-northwest
and northwest in all months of the year. Monthly average wind speeds are lowest during December, averaging
approximately 10 km/hr (6 mi/hr), and highest during June, averaging approximately 15 kmv/hr (9 mi/hr).

From 1961 through 1990, average monthly temperatures varied from -1 degrees centigrade (C) (30 degrees Fahrenheit
[F]) in January to 24 C (76 F) in July with a yearly average of 12 C (53 F). On the average, 51 days during the year
have maximum temperatures greater than or equal to 32 C (90 F) and 12 days have a maximum greater than or equal
to 38 C (100 F). Also, an average of 25 days during the year have maximum temperatures less than 0 C (32 F) and 106
days per year have minimum temperatures less than 0 C (32 F).

The average annual precipitation measured is 16 cm (6.5 in.) with over half of this occurring from November through
February. December, the wettest month, receives an average of 2.5 cm (1 in.), while July, the driest month, averages
0.5cm (0.2 in.) of precipitation. The annual average snowfall is 38 cm (15 in.).

Although fog has been recorded throughout the year, nearly 90 percent of the occurrences are during the late fall and
winter months. Other phenomena that restrict visibility to 10 km (6 mi) or lessinclude dust and smoke (typically from
wildfires, orchard smudging, and agricultural field burning). Reduced visibility from blowing dust occurs an average of
five days per year, and reduced visibility resulting from smoke occurs an average of two days per year.
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Severe high winds are often associated with thunderstorms. On average, the Hanford Site experiences 10 thunderstorms
per year, most frequently (80 percent) during May through August.

Good atmospheric dispersion conditions exist at the Hanford Site about 57 percent of the time during the summer

(PNL 1994q). Less favorable dispersion conditions occur when the wind speed is light and the mixing layer is shallow.
These conditions are most common during the winter when moderately to extremely stable stratification exists about 66
percent of the time. The probability of an inversion period (e.g., poor dispersion conditions) extending more than

12 hours varies from a low of about 10 percent in May and June to a high of about 64 percent in September and
October (Holzworth 1972).

4.3.2 Air Quality

Air quality in the Hanford Site area is good. However, levels of particulate matter occasionally exceed regulatory
standards. These elevated levels are believed to result from natural sources such as the dust storms and brush fires that
occur in arid eastern Washington State (PNL 1993a and Cushing 1994).

National Ambient Air Quality Standards have been established, as mandated in the Clean Air Act. Ambient air refers
to air outside of buildings to which the general public has access. The National Ambient Air Quality Standards define
levels of air quality that are considered protective of public health (primary standards) and welfare (secondary
standards). The standards exist for the following pollutants: sulfur oxides (measured as sulfur dioxide), nitrogen
dioxide, carbon monoxide, particulate matter (a particle that is less than 10 micrometersin diameter), lead, and ozone.
The air quality standards specify maximum allowable pollutant concentrations and frequencies of occurrence for
averaging periods ranging from one hour to one year, depending on the pollutant. Washington State has largely
adopted the current Federal standards. However, Washington State has established more stringent standards for sulfur
dioxide and ozone and also maintains an air quality standard for total suspended particulates and gaseous fluorides. Air
quality standards are provided in Volume Five, Appendix G.

For selected pollutants for which no Federal or State air quality standards exist, the Hanford Site uses aternate
methods of evaluation. For toxic organic compounds (e.g., benzene, toluene), comparisons are made to Occupational
Health and Safety Administration's maximum allowable concentrations (29 Code of Federal Regulations [CFR] 1910).
Polychlorinated biphenyls are evaluated against National Institute of Occupational Safety and Health occupational
limits.

Sources of airborne emissions at the Hanford Site include combustion equipment (e.g., steam boilers, electric
generation plants), coal handling operations, storage tanks, and waste handling and disposal. Operations such as these
result in routine emissions of air pollutants, including radionuclides.

Under the Clean Air Act Amendments of 1990, the Hanford Siteis classified as a mgjor source for one or more criteria
pollutants, as well as hazardous air pollutants. The Hanford Site is currently subject to the radionuclide National
Emission Standard for Hazardous Air Pollutants (10 millirems per year [mrem/year]). The Clean Air Act requires an
operating permit covering all emission sources of pollutants for which the Site is considered a major source. DOE has
applied for a Sitewide Air Operating Permit for the Hanford Site.

For areas in attainment of the National Ambient Air Quality Standards, the EPA's Prevention of Significant
Deterioration program is designed to protect existing ambient air quality in an area while also allowing a margin for
future growth. Under the Prevention of Significant Deterioration program, new stationary sources of air pollution may
only impact air quality by set increments, and best available control technology emission controls must be installed.
The Hanford Site obtained a Prevention of Significant Deterioration permit in 1980 requiring specific limits for oxides
of nitrogen emitted from the PUREX Plant and U Plant. These facilities were not operated in 1995 and no Prevention
of Significant Deterioration permit violations occurred (Neitzel 1996).

Onsite air quality monitoring data are available for nitrogen oxides, polychlorinated biphenyls, and volatile organic

compounds (PNL 1995). Monitoring of nitrogen oxides was discontinued after 1990 because the primary source (the
PUREX Plant) ceased operation. The highest annual average nitrogen oxides concentration was approximately an order
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of magnitude below the Federal and Washington State standard of 0.05 parts per million. Nine out of 17
polychlorinated biphenyls samples collected during 1993 were below the detection limit of 0.29 nanograms per cubic
meter, and thus well below the level of concern. Eight samples were above the detection limit, with results from
0.25 to 3.9 nanograms per cubic meter (Cushing 1995).

Based on a review of chemicals of concern for surveillance at the Site, three types of semi-volatile organic compounds
were identified for monitoring, polychlorinated biphenyls, polycyclic aromatic hydrocarbons, and a phthalate ester
plasticizer. Organochlorine pesticides also were analyzed. No phthal ate esters were found above detection limits.
Polycyclic aromatic hydrocarbons, polychlorinated biphenyls, and organochlorine pesticides were found above
detection limits. The measured pesticide concentrations were orders of magnitude below occupationa exposure limits
(PNL 1996).

Ten volatile organic compound samples were collected and analyzed in 1994. The samples were analyzed for
halogenated alkanes and alkenes, benzene, and ethylbenzenes. Overall, the concentrations measured in 1994 were
within the range of values reported in previous studies and also were within allowable regulatory limits (PNL 1995).

During 1993, the only offsite monitoring near the Hanford Site showed the 24-hour particulate matter standard of 50
micrograms per cubic meter (g/mS) being exceeded twice at the Columbia Center monitoring location in Kennewick.
The maximum 24-hour concentration of 150 pg/m3 was exceeded twice, with the highest level reaching 1,166 ug/m2.
The suspected cause was windblown dust. The annual primary standard of 50 pg/m? was not exceeded.

Radiological data were collected during 1995 through a network of 47 continuously operating samplers at onsite
radiological monitoring stations, at the Site perimeter, and at nearby and distant communities. Cesium-137, plutonium-
239, plutonium-240, strontium-90, and uranium were consistently detected in air samples collected in the 200 Areas.
Concentrations were higher than those measured at offsite locations and were in the same range as measured in
previous years . Levels measured at both onsite and offsite |ocations were much lower than the applicable standards
(PNL 1996 ).

4.4 BIOLOGICAL AND ECOLOGICAL RESOURCES

The Hanford Site and adjacent region are a shrub-steppe vegetation zone that is dominated by a shrub overstory (top
layer) with an understory (bottom layer) of grasses (Daubenmire 1970). Ecological resources on the Site are extensive,
diverse, and important. Because the Hanford Site has not been farmed or grazed for over 50 years, it has become a
refuge for a variety of plant and animal species (Gray-Rickard 1989). The Site contains one of the largest remaining

undisturbed shrub-steppe areas in Washington State. Approximately 665 km?2 (257 mi2) of undeveloped lands located
onsite (nearly half the Site'stotal area) have been designated as ecological study areas or refuges.

4.4.1 Biodiversity

Biodiversity is the diversity of ecosystems, species and genes, and the variety and variability of life (CEQ 1993).
Major components of biodiversity are plant and animal species, microorganisms, ecosystems, ecological processes, and
the interrelationships between and among these components. Biodiversity is a qualitative measure of the richness and
abundance of ecosystems and species in a given area (NPS 1994). Biodiversity also provides a moderating effect on
wide fluctuations in environmental conditions .

Two major factors contributing to biodiversity on the Hanford Site are that 1) the Site is one of the largest relatively
undisturbed tracts of native shrub-steppe left in the State of Washington; and 2) the Hanford Reach is the last free-
flowing nontidal stretch of the Columbia River in the United States (Sackschewsky et al. 1992 and Cushing 1992).
Other factors contributing to the Site's biodiversity include topographic features such as Rattlesnake Mountain, Gable
Butte, and Gable Mountain; a variety of soil textures ranging from sand to silty and sandy loam; and the lack of
human use and development over much of the Hanford Site. Specialized terrestrial habitats contributing to the
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biodiversity of the Hanford Site include areas of sagebrush-steppe, basalt outcrops, cliffs, and sand dunes. Aquatic
components of biodiversity are mainly associated with the Columbia River and include aquatic habitats, wetland and
riparian areas, and riverine habitats along the Hanford Reach shoreline and islands in the Columbia River.

Ecologically important plant and animal species on the Hanford Site include Federal and Washington State protected
wildlife and plant species (Section 4.4.5); commercial and recreational wildlife species such as salmon, steelhead, mule
deer, and upland game birds; and plant species used as a source of food, medicine, fiber, and dye by native people of
the Columbia Basin (Section 4.4.6) (Sackschewsky et al. 1992).

Asan indication of the Site's biodiversity, the Nature Conservancy of Washington has recently discovered 21 new
plant and insect species on the Site. This includes new species of buckwheat and bladderwart plants and 19 species of
insects (Nature Conservancy 1996) .

4.4.2 Vegetation

The Hanford Site is a relatively undisturbed area of shrub-steppe (Sackschewsky et al. 1992). Approximately 600
different plant species exist on the Site (Cushing 1994). Historically, the predominant plant in the area was big
sagebrush with an understory of perennial bunch grasses. Following Euro-American settlement that began in the early
1800's, grazing and agriculture disrupted the native vegetation and opened the way for invader species such as
tumbleweed, Russian-thistle, and cheatgrass.

The Central Plateau and the nearby area that contains the potential Vernita Quarry and McGee Ranch borrow sites
predominantly consist of shrub-steppe. Figure 4.4.1 is a simplified vegetation map of the areas of the Hanford Site
where TWRS activities are proposed. This includes plant communities dominated by big sagebrush and bitterbrush
with an understory of cheatgrass or Sandbergs bluegrass. Shrub-steppe is considered a priority habitat by Washington
State because of its importance to wildlife species of concern. Also, the National Biological Service has listed native
shrub- and grassland-steppe in Washington State and Oregon as an endangered ecosystem. Over 100 plant species
occur on the Central Plateau. Common species include big sagebrush, rabbitbrush, cheatgrass, and Sandbergs
bluegrass. Much of the land surface of the 200 Areas has been disturbed by human activities. Introduced species such
as Russian-thistle and cheatgrass are common in these disturbed areas (Cushing 1994). Approximately 58 percent of
the 200 Area's 2,600 ha (6,400 ac) is disturbed by facilities, about 40 percent is shrub-steppe or recovering shrub-
steppe, and 2 percent is cheatgrass (ASI 1995).

Figure 4.4.1 TWRS Areas Vegetation Types (Simplified)

Other vegetation in the 200 Areas includes wetland species associated with human-made ditches and ponds and
introduced perennia grass planted to revegetate disturbed areas. Wetland species (e.g., cattail, reeds, and trees such as
willow, cottonwood, and Russian-olive) are established around some of these ponds, none of which are in the
immediate vicinity of any of the TWRS sites. Introduced perennial grass, such as Siberian crested wheatgrass, also has
been used in the 200 Areas to revegetate and stabilize waste burial grounds against wind and water erosion.

Biological surveys of the TWRS sites in the 200 East Area and the immediately surrounding vicinity show that
approximately 40 percent of the areais big sagebrush and grey rabbitbrush, both native species characteristic of shrub-
steppe communities. Another 20 percent is Russian-thistle, with the remainder being either disturbed vegetation or bare
gravel (PNL 1994e). The area of the proposed Phased Implementation alternative site in the easternmost portion of the
200 East Area contains both mature sagebrush habitat and areas disturbed by the development of grout vaults in the
1980's. None of the new plant species recorded by the Nature Conservancy were identified at any of the potential
TWRS locations in the 200 Areas (Brandt 1996).

The tank farms and immediate surrounding areas in both the 200 East and West Areas are heavily disturbed. The
potential Vernita Quarry, McGee Ranch, and Pit 30 borrow sites are al largely undisturbed shrub-steppe areas, with
species such as big sagebrush, rigid sage, and spiny hopsage, and an understory of grasses such as Sandbergs
bluegrass. Portions of the potential McGee Ranch borrow site were farmed in the early part of the twentieth century,
and these farmed areas are dominated by cheatgrass and Russian-thistle. The McGee Ranch areais also an important
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wildlife and vegetation corridor connecting the Site with the Y akima Training Center further to the west. The Yakima
Training Center and the Hanford Site are the two largest tracts of shrub-steppe remaining in Washington State (Fitzner
1992). The Washington State Department of Fish and Wildlife has asked DOE to preserve the McGee Ranch area as a
wildlife corridor (Baker 1996).

4.43 Wildlife

Approximately 290 species of terrestrial vertebrates have been observed at the Hanford Site, including 41 species of
mammalss, 238 species of birds, 3 species of amphibians, and 9 species of reptiles (Weiss-Mitchell 1992). Major
terrestrial habitat types on the Hanford Site include basalt outcrops, scarps (cliffs) and screes, riparian areas, shrub-
steppe, sand dunes, and abandoned fields (Downs et al. 1993).

Predominant mammal species include the mule deer and Rocky Mountain elk; predators such as coyotes, bobcats, and
badger; and a variety of small mammals (marmots, squirrels, rabbits) (Cushing 1992). The elk population, which has
grown during the Hanford Site's existence, occurs primarily on the Fitzner Eberhardt Arid Lands Ecology Reserve,
although elk reportedly also have been sighted on the islands in the Columbia River and along the Columbia River
(CTUIR 1996) . Mule deer may occur almost anywhere on the Hanford Site, although they are found more commonly
along the Columbia River. White-tailed deer have been sighted occasionally along the Columbia River and at the

Y akima River Deltain Richland.

The approximately 240 bird species on the Hanford Site include a variety of raptors (birds of prey), songbirds, and
species associated with riparian and upland habitats (Landeen et al. 1992). No riparian or upland habitats exist within 3
km (2 mi) of any of the TWRS sites under any alternative. Twenty-six species of raptors have been sighted, 11 of
which are known to nest on the Site. These include five species of owls, the northern harrier, three hawk species, the
prairie falcon, and the American kestrel. Songbird species known to occur in the Hanford Site's shrub-steppe
vegetation include the loggerhead shrike, sage sparrow, western meadowlark, grasshopper sparrow, common raven,
horned lark, and sage thrush. The western meadowlark, sage sparrow, and horned lark are the most abundant shrub-
steppe songhird species that breed on the Site. Common upland game bird species include the chukar partridge,
Cdliforniaquail, and Chinese ring-necked pheasant. Sage grouse and gray partridge are less common, with the once
common sage grouse now essentially displaced from the Site since a major wildfire occurred in 1984. None of the
upland birds are native to the area except the sage grouse.

Nine species of reptiles and three species of amphibians occur on the Hanford Site. The most abundant reptile is the
side-blotched lizard. The short-horned lizard and northern sagebrush lizard also are common in habitats such as mature
sagebrush. Common snakes include the gopher snake, yellow-bellied racer, and Pacific rattlesnake. Less common are
the striped whipsnake and desert night snake. Amphibians on the Hanford Site, which are associated with riparian
habitats located along permanent water bodies of the Columbia River, include the Great Basin spadefoot, Woodhouses
toad, and the Pacific treefrog. More than 300 species of terrestrial and aquatic insects occur on the Hanford Site
(Cushing 1992). Grasshoppers and darkling beetles represent some of the more conspicuous groups.

Aquatic habitats on the Hanford Site, none of which are near any TWRS sites, are associated primarily with the
Columbia River, two small spring-fed streams on the Fitzner Eberhardt Arid Lands Ecology Reserve, West Lake, and
artificial ponds and ditches occurring in or near the 200 Areas (Cushing-Watson 1974, Emery-McShane 1978, and
Cushing 1994). The Columbia River supports a large and diverse community of plankton, benthic invertebrates, and
fish. The springs are also diverse and productive (e.g., dense watercress blooms and a fairly high insect production).
The artificial ponds and ditches, many of which are abandoned and dried out, often provide lush riparian habitat and
support populations of migrating and breeding birds, particularly waterfowl.

4.4.4 Sensitive Habitats

Sensitive habitats on the Hanford Site include wetlands and riparian habitats. However, there are no sensitive habitats
at or near any TWRS sites (Cowardin et a. 1979). The Hanford Site's primary wetlands occur along the Columbia
River. Other Hanford Site wetland habitats are associated with human-made ponds and ditches (e.g., B Pond and its
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associated ditches located near the 200 East Area). Wetland plants occurring along the shoreline of B Pond include
herbaceous and woody species such as showy milkweed, western goldenrod, three square bulrush, horsetail rush,
common cattail, and mulberry, among others (Sackschewsky et al. 1992). Wildlife species observed at B Pond include
a variety of mammals and waterfowl species (Meinhardt-Frostenson 1979).

4.4.5 Species of Concern

Species of concern on the Hanford Site include Federally-listed threatened and endangered species, Federal candidate
species (50 CFR 17), Washington State threatened or endangered species, Washington State candidate species, monitor
species, and sensitive plant species.

No Federally-listed threatened or endangered plant or animal species occur on or around the Central Plateau
(Sackschewsky et al. 1992). Pipers daisy, a Washington State sensitive species, has been found at B Pond near the 200
East Area and at the potential Pit 30 borrow site between the 200 East and 200 West Areas. The crouching milkvetch,
stalked-pod milkvetch, and squill onion, all Washington State Class 3 monitor species, aso are found in the vicinity
(Duranceau 1995). Class 3 monitor species are either more abundant or less threatened than previously assumed, or
both.

Wildlife species of concern on the Central Plateau and vicinity include the loggerhead shrike, which is a Federal and
Washington State candidate species, and the sage sparrow, which is a Washington State candidate species. Both
species nest in undisturbed sagebrush habitat in the Central Plateau and nearby areas. Other bird species of concern
that may occur in shrub-steppe habitat of the Hanford Site are the burrowing owl, a Washington State candidate
species; the ferruginous hawk, a Washington State threatened and Federal Category 2 candidate species; the golden
eagle, a Washington State candidate species; the long-billed curlew, a Washington State monitor species; the sage
thrasher, a Washington State candidate species; the prairie falcon, a Washington State monitor species; and Swainsons
hawk, a Washington State candidate species (Downs et al. 1993, Sacksewsky et al. 1992, and Landeen et al. 1992).

The western sage grouse, a Federal and State-listed threatened species, was present in areas near the Central Plateau
until the local population was displaced by a major wildfire in 1984. The sage grouse has not been observed on the Site
since that time. The bald eagle, also a Federal and State-listed species, has been a regular winter resident in recent
years of the Hanford Reach of the Columbia River. The bald eagle forages on salmon carcasses and waterfowl along
the river and is not known to use the Central Plateau of the Site, which is 10 km (6 mi) or more from the river.

Nonavian wildlife species of concern include the striped whipsnake, a Washington State candidate species; the desert
night snake, a Washington State monitor species; the pygmy rabbit, a Federal Category 2 candidate species; and the
northern sagebrush lizard, also a Federal Category 2 candidate species.

Prehistorically and historically, the Native Americans of the Hanford Site vicinity fished for sailmon in the Columbia
River, gathered rootsin the areas now called Moses Lake and Ephrata, and hunted and gathered berriesin the
mountains. They wintered in the lowlands by the Columbia River. However, the Native Americans hunted, fished, and
gathered foods whenever the opportunities presented themselves.

Big game, including elk and antelope, were abundant on the Columbia Plateau , according to affected Tribal Nations
(CTUIR 1996) . Smaller mammals (marmots, squirrels, rabbits) were important food sourcesin the area. Bird species
were a food source, and birds and bird parts also were used for medicinal and religious purposes (Hunn 1990). Fish
were and remain an important part of the Native American diet in the Columbia River area. Although the 200 Areas
themselves have no fishery resources, the fishery resource of the Hanford Reach of the Columbia River isimportant to
Native Americans.

Plants have been and remain important to Native Americans for food, medicine, cordage, building materials, and as
materials of religious and spiritual significance. For example, a substantial portion of the aboriginal diet was composed
of food plants, with tubers being the most important food plant type (Hunn 1990). Several dozen plant species with
specific uses (e.g., medicine, food) in traditional Native American culture and lifestyles have been identified on the
Hanford Site by non-Native American researchers. A number of these species were identified in the 200 East Area

file:///1)/Data%20Migration%20T ask/ElS-0189-FEI S-1996/sec4.htm[6/27/2011 11:34:27 AM]



Final Environmental Impact Statement for the Tank Waste Remediation System, Hanford Site, Richland, Washington

during 1994 biological surveys (Fortner 1994). In the Native American view, however, identifying specific plant
species as being of particular value isinappropriate because "any such attempts at separating interdependent
components of a holistic system are contrary to tribal and cultural resources values' (CTUIR 1994).

4.5 CULTURAL RESOURCES

Three categories of cultura sites at the Hanford Site include 1) prehistoric sites, which represent Native American
cultures and societies; 2) historic era sites, which generally must be at least 50 years old, although items and structures
built in support of the Hanford Site's defense mission during World War 11 and the Cold War Era must aso be
considered (PNL 1989); and 3) ethnographic sites (traditional cultural sites) that are important to the heritage of
contemporary Native American communities. The Hanford Site contains a rich diversity of known cultural sitesin all
three categories.

The Hanford Site contains seven districts listed in the National Register of Historic Places, as well as numerous other
well-preserved archaeological sites. The overall condition and thus potential importance of the Hanford Site's cultural
sites is high because the area has had limited public access for over 50 years. Limited access has preserved most
archaeological sites from looting and other adverse impacts. Areas similar to the Hanford Site along the Columbia
River have been inundated by water from hydroelectric development. Because the Hanford Site has not experienced
this type of development and the resulting depletion of cultural sites, it represents a uniquely preserved area.

In addition to its archaeological and historic sites, the Hanford Site land is of importance to Native American peoples
because all natural resources are also cultural resources to indigenous peoples (CTUIR 1996) . The Hanford Siteadso is
part of the original homeland of several Hanford Site Nations (CTUIR 1996) .

Archaeological sitesin the 200 Areas are scarce (Chatters-Cadoret 1990). Cultural resource surveys have been
conducted within the 200 East Area covering all undeveloped areas (Chatters-Cadoret 1990). The number of prehistoric
and historic archaeological sites recorded as the result of these surveysis very limited. Findings recorded in the areas
around and including the TWRS sites consist of isolated artifacts and four archaeologica sites (ASl 1994). Cultural
resources surveys of the TWRS sites and immediate vicinity in the 200 East Area, which were conducted in 1994,
found no sites eigible for the National Register of Historic Places (PNL 19943, b, c). Past surveys of the Phased
Implementation alternative site in the easternmost portion of the 200 East Area revealed no archaeological sites
(Cadoret 1995). However, both the 200 East and 200 West Areas contain potentially historic buildings and structures
associated with the Hanford Site's defense mission (Crist 1994).

Surveys of the 200 West Areas recorded a few historic sites, isolated archaeological artifacts, and a segment of the
historic White Bluffs Road that runs across the Site between Rattlesnake Springs and the Columbia River (Chatters-
Cadoret 1990). The White Bluffs Road, which has been nominated for the National Register of Historic Places,
traverses the northwest corner of the 200 West Area. This road was used in prehistoric and historic times by Native
Americans and was an important transportation route for Euro-Americans in the 19th and early 20th century for
mining, agriculture, and other development uses. The segment in the 200 West Area is not considered an important
element in its historic value because it has been fragmented by past activities (Cadoret 1995). However, the
Confederated Tribes of the UmatillaIndian Reservation have indicated that the White Bluffs Road is important
culturally to Native Americans even though it has been affected by past activities (CTUIR 1996).

The potential Vernita Quarry and McGee Ranch borrow sites have potential for both historic and prehistoric materials.
Surveys have identified prehistoric isolated artifacts and prehistoric or historic sites at both Vernita and McGee Ranch
(Duranceau 1995). The McGee Ranch area has been determined to be eligible for nomination to the National Register
of Historic Places as the McGee Ranch/Cold Creek District (Cadoret 1995). No prehistoric sites are known at the
potential Pit 30 borrow site, which is located between the 200 East and 200 West Areas, athough one structure from
the homestead erais located at Pit 30.

4.5.1 Prehistoric Resour ces
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Asindicated previously, survey datafor the 200 East Area revealed no substantial prehistoric resources (Chatters-
Cadoret 1990). Much of the land surface in the 200 Areas has been extensively disturbed by previous construction and
other development activity, although disturbed areas still have the potential to contain cultural resources . The 1994
survey of the TWRS sites and surrounding vicinity in the 200 East Area revealed only isolated artifacts and sites
(scattered stone tool fragments) (PNL 1994a, b, ¢). There also are very few known prehistoric sites in the relevant
portions of the 200 West Area. Prehistoric materials have been found at the potential Vernita Quarry and McGee
Ranch borrow sites.

45.2 Historical Resources

The first Euro-Americans to enter this region were Lewis and Clark in the beginning of the nineteenth century. By the
early twentieth century, cattle ranching, farming and several small, thriving towns were present, including Hanford,
White Bluffs, and Ringold. The towns, settlements, and nearly al other structures were razed after the Federal
government acquired the land for the Hanford Site in the early 1940's (PNL 1989 and Cushing 1994). Today, the
remnants of homesteads, farm fields, ranches, and abandoned military installations can be found throughout the
Hanford Site. There are nearly 5,200 ha (13,000 ac) of abandoned agricultural lands on the Site.

More recent are the nuclear reactors and associated processing facilities developed during the Manhattan Project and
the Cold War erathat are found on the Site. The various reactor sites around the Hanford Site cover over 900 ha (2,300
ac) of land area. All of the reactor buildings and major processing facilities still stand, although many ancillary support
structures have been removed. The 100-B Reactor has been listed individually on the National Register of Historic
Places and is a National Mechanical Engineering Monument and approximately 110 other buildings have been
evaluated. The Washington State Historic Preservation officer and DOE have determined that the Hanford Siteisa
Manhattan Project/Cold War era historic district (Neitzel 1996). There are plans to complete the process of
inventorying and evaluating the remaining buildings and structures associated with the Manhattan Project and Cold
War Erain the 200 Areas by the end of 2000 (DOE 1996e) . Currently, historic structure evaluations at the Hanford
Site are conducted on an as-needed basis before altering or demolishing a structure.

Historic buildings associated with the development of nuclear technology exist in both of the 200 Areas, particularly
plutonium production and processing facilities. Few of these have been evaluated for National Register of Historic
Places dligibility, athough none are expected to be impacted by TWRS activities under any aternative (PNL 1989 and
Cushing 1995). The underground storage tanks that currently contain the tank waste may be considered historically
important. A Programmatic Agreement concerning cultural resources management of the built environment at the
Hanford Site has been signed by the U.S. Department of Energy (DOE) , the Advisory Council on Historic
Preservation, and the Washington State Historic Preservation Office (DOE 1996€). Under the agreement, DOE will
document one SST and one DST on historic property inventory form.

4.5.3 Native American Sites

The Hanford Site vicinity contains lands ceded to the United States by both the Confederated Tribes and Bands of the
Y akama Indian Nation and the Confederated Tribes of the Umatilla Indian Reservation in the treaties of 1855. Until
1942, the Wanapum resided on land that is now part of the Hanford Site. In 1942, the Wanapum People moved to
Priest Rapids when the Hanford Site was established. The Nez Perce Tribe also retained rights to the Columbia River
under a separate treaty with the U.S. Government.

The area of the Hanford Site near the Columbia River has been occupied by humans for over 10,000 years, as reflected
by the extensive archaeological deposits along the river shores. Inland areas with water resources also point to evidence
of concentrated human activity. Recent surveys indicate extensive although dispersed use of semi-arid lowlands for
hunting. However, surveys have recorded very few Native American sites or artifacts in and around the 200 Areas
(Chatters-Cadoret 1990). Native American sites and artifacts have been identified at both McGee Ranch and the
Vernita Quarry (potential borrow sites) .
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Native Americans have retained traditional secular and religiousties to the Hanford Site. No specific sites of religious
significance have been identified at the TWRS sites. However, affected Tribal Nations indicate that there are culturally
important biota, sacred sites such as Gable Mountain, and other culturally important properties within areas that might
be impacted by TWRS alternatives (i.e., groundwater downgradient from TWRS sites, the Columbia River, and
locations downwind of possible TWRS air releases) (CTUIR 1996).

4.6 SOCIOECONOMICS

The socioeconomic analysis focuses on Benton and Franklin counties. The counties make up the Richland-Kennewick-
Pasco Metropolitan Statistical Area, al'so known as the Tri-Cities, aterm that is frequently used to designate the
Metropolitan Statistical Area. Other jurisdictions in Benton County include Benton City, Prosser, and West Richland.
Connell isthe largest city in Franklin County after Pasco. Neighboring counties (Y akima, Walla Walla, Adams, and
Grant counties in Washington and Umatillaand Morrow counties in Oregon) are impacted by activities at the Hanford
Site; however, in terms of socioeconomics, the Site's impacts on these counties is very small (Serot 1995).

On February 11, 1994, Executive Order 12898, Federal Actions to Address Environmental Justice in Minority
Populations and L ow-1ncome Populations, was published in the Federal Register. The Order requires Federal agencies
to identify and address disproportionately high and adverse human health or environmental effects of its programs,
policies, and activities on minority populations and low-income populations. Currently, no formal guidelines have been
adopted to implement the Executive Order; however, EPA has published relevant studies and information on
environmental justice. DOE is a participating member of this task force.

In accordance with Executive Order 12898, information is provided in Section 4.6.1 concerning the minority
populations and low-income populations within an 80-km (50-mi) radius of the Hanford Site. This discussion provides
the basis for analyzing potential disproportionate and adverse environmental impacts of TWRS EIS alternatives on
minority populations and low-income populations. The 80-km (50-mi) radius includes counties not otherwise
addressed in this section because overall Hanford Site socioeconomic impacts on these counties are very minor.
However, the section does describe minority population and employment within the Hanford Site's primary zone of
socioeconomic influence, the Tri-Cities area (Benton and Franklin counties).

Before World War 11, the economy in the Tri-Cities area was based primarily on agriculture. Since World War [, the
Hanford Site has been the largest factor in the local economy. Plutonium production and processing was the primary
mission of the Site until 1988, when the mission changed to environmental restoration and waste management. Basic
and applied research are an important secondary mission.

Historically, changes in the Hanford Site's mission and the cancellation in the early 1980's of a Washington Public
Power Supply System project at the Hanford Site have had measurable impacts on the economy of the Tri-Cities area.
Boom-bust cycles have occurred that have had ramifications for employment, population, housing, and infrastructure.
Table 4.6.1 shows Hanford Site employment, Washington Public Power Supply System employment, and total
nonfarm employment for the Tri-Cities area, together with the area's population for 1980 to 1994. These data do not
reflect the ongoing reductions in Site employment in 1995 (i.e., an expected reduction from 1994 levels of
approximately 4,500 jobs by the end of 1995). The Washington Public Power Supply System workforce was reduced
to approximately 1,500 by mid-1995.

4.6.1 Demogr aphics

4.6.1.1 Population Trends

Population tended to follow changes in nonfarm employment in the Tri-Cities area during the 1980's and early 1990's
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(Table 4.6.1). The population trends apparently reflected not only existing employment at the Hanford Site and
elsewhere in the area, but also expectations about future employment opportunities.

Table 4.6.1 Population and Employment in the Tri-Cities Area, 1980 to 1994

Table 4.6.2 shows the 1990 population for Benton and Franklin counties and, for comparison, Washington State by
race and minority status. The data show that minorities are a smaller percentage of Benton County population (8.7
percent) than in Franklin County (28.2 percent) or in Washington State (11.5 percent). The largest minority group in
the area is the Hispanic Origin group, which makes up 30.2 percent of the population of Franklin County and 7.7
percent of Benton County. African Americans make up 1 percent of Benton County's population and 3.5 percent of
Franklin County's population. Native Americans account for less than 1 percent of the population in each county, while
Asians and Pacific Islanders account for approximately 2 percent of each county's population.

Benton County's farm population is more than twice as large (as a percentage of total population), than for Washington
State as a whole (12.6 percent to 5.5 percent). Franklin County's farm population is almost five times as large on a
percentage basis (24.9 percent) as Washington State's farm population. Franklin County's nonfarm rura population
makes up 30 percent of the county's total population, which is virtually the same as the State's (29.3 percent), while
more than twice the percentage in Benton County (13.0 percent). These data suggest the relative importance of farming
in Franklin County and to a lesser extent in Benton County as compared to Washington State as a whole.

Table 4.6.2 Population by Race and Minority Status, 1990

4.6.1.2 Minority and Native American Populations and L ow-l1ncome Populations Within an 80-km (50-mi

Radius of the Hanford Site

Federal environmental justice policy requires identifying all minority and Native American and low-income
populations that potentially could be subject to disproportionately high and adverse impacts resulting from the
proposed action (EO 12898). Identifying potentially impacted minority and Native American populations and |ow-
income populations in the 80-km (50-mi) area surrounding the Hanford Site's Central Plateau (where TWRS activities
would be focused) involved analyzing the 1990 census data (DOC 1991). In 1990 the 80-km (50-mi) radius
surrounding the Hanford Site contained a total population of approximately 448,000 and includes all of Benton County
and portions of another nine surrounding counties (seven in Washington State and two in Oregon). Much of the

Y akama Indian Reservation is located within the 80-km (50-mi) radius. The Wanapum People maintain a small
residential community north of the Site near Priest Rapids Dam. In addition, the Confederated Tribes of the Umatilla
Indian Reservation (located in northeastern Oregon) and the Nez Perce Tribe (located in northern 1daho) have
historical and treaty interests in the Hanford Site area.

The process of identifying minority and Native American and low-income communities for the EIS environmental
justice analysis is described in Volume Five, Appendix | (Section 1.6.1).

(2
Minority and Native American Populations

As of the 1990 census, the 80-km (50-mi) area surrounding the Hanford Site's Central Plateau had a total minority and
Native American population of 86,400. The area's minority and Native American population of 19.3 percent exceeded
the Washington State average of 13.1 percent. The Hispanic population (14.3 percent or 64,300 individuals) is the
ared's principa minority group. The Hispanic population is relatively evenly dispersed throughout the area. African
American (1.2 percent or 5,200 individuals) and Asian (1.4 percent or 6,100 individuals) populations are very small
and are located predominantly in Y akima, Benton, and Franklin counties. The Native American population consists of
2.4 percent or 10,800 of the area's population. The Native American population is predominantly located on the

Y akama Indian Reservation. Other Native American populations include members of the Confederated Tribes of the
Umatilla Indian Reservation, the Wanapum People, and the Nez Perce Tribe.
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Of the 97 census tracts that are contained completely or partially within the 80-km (50-mi) radius of the Site in 1990,
17 had minority and Native American populations greater than 33 percent of the census tracts, total population

(Figure 4.6.1). These 17 census tracts contained less than one-fifth of the area's total population, but more than half of
its total minority and Native American population. Moreover, these 17 census tracts were home to over 63 percent of
the area's Native American residents and at least 56 percent of the area's Hispanic population. The 17 tracts had an
average minority and Native American population of nearly 52 percent per tract. The fact that these 17 tracts contained
more than half of the 80-km (50-mi) area of interest's total minority and Native American population is the reason that
they are the focus of the EIS environmental justice anaysis.

Figure 4.6.1 Census Tracts Within an 80-km (50-mi) Radius of the Hanford Site With Minority Populations

Greater Than 33 Percent of the Tract Populations

Geographically, the tracts with the highest fraction of minority and Native American populations are located in
Adams, Grant, Franklin, and Y akima counties, and the Y akama Indian Reservation. Of the remaining 80 census tracts
in the area of interest, 49 had 1990 minority and Native American populations of less than 10 percent, 23 had minority
and Native American populations under 20 percent, and eight had minority and Native American popul ations between
21 percent and 33 percent. Five census tracts, all located within the Y akama Indian Reservation, contained substantial
Native American populations. In 1990, these tracts had nearly 57 percent of the 80-km (50-mi) radius area's Native
American population and were the only census tracts in the area where the percentage of Native American population
exceeded 8 percent of the census tract's total population.

All of the 17 census tracts with a minority and Native American population greater than 33 percent in 1990 had large
numbers of individuals listed in the census "Other" category (census categories include White, Black, American
Indian, Asian, and Other; the Other category generally is thought to include many Hispanics). In al but 3 of the 17
tracts, the Other category alone accounted for more than 33 percent of the tract's total population. Two of these three
tracts are located on the Y akama Indian Reservation and have substantial Native American populations; the third tract
islocated in Franklin County.

L ow-Income Populations

Inall, 25 of the 97 census tracts within the 80-km (50-mi) radius of the Hanford Site had 1990 low-income
populations greater than 22 percent of their total population (Figure 4.6.2). These 25 census tracts contained
approximately 28 percent of the area's total residents and 51 percent of the region'stotal |low-income population. The
fact that the 25 tracts contained more than half of the region's total low-income population is the reason that they are
the focus of the environmental justice analysis of low-income populations. The 25 tracts had a total average low-
income population of more than 31 percent. The tracts with high low-income populations (22 percent or greater) are
located in Adams, Grant, Franklin, and Y akima counties (including the Y akama Indian Reservation). Of the remaining
72 census tracts, 30 tracts had low-income populations in 1990 less than the Washington State average of 10.9 percent;
27 tracts had low-income popul ations between 11 percent and 17.3 percent (the average low-income population level
for the 80-km [50-mi] radius); and 15 tracts had low-income populations between 17.4 percent and 21.4 percent.
Fourteen of the 26 census tracts with low-income populations under the Washington State average of 10.9 percent
were located in Benton County (12 tracts) or in the two Franklin County tracts closest to the Hanford Site
transportation access.

4.6.1.3 Household | ncome and Educational Attainment

The largest fraction of Franklin County's householdsis in the $15,000 to $24,999 yearly income range (DOC 1991).
Benton County has the largest fraction of its households in the $35,000 to $49,999 yearly income range. Median
household yearly income in Benton County was $ 41,800 in 1993, while per capita income was $21,030 . Median
household yearly income in Franklin County was $ 30,525 in 1990, while per capitaincome was $ 17,230 . For
Washington State, 1993 median household yearly income was $37,316 , per capita income was $ 21,770 and the largest
fraction of its households have yearly incomes in the $35,000 to $49,000 range (Neitzel 1996) .

Figure 4.6.2 Census Tracts Within 80-km (50-mi) of the Hanford Site With L ow-1ncome Populations Gr eater
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Than 22 Percent of the Tract Populations

Data on persons and families below the poverty level indicate that for most categories, Benton County has very similar
poverty rates to Washington State as a whole (11.1 percent compared to 10.9 percent), while Franklin County has
substantially higher poverty rates, at 23 percent of the population. Benton County residents have approximately the
same level of educational attainment as residents statewide, while Franklin County residents tend to have a lower level
of educational attainment.

4.6.2 Public Facilities and Services

Police protection is provided by the county sheriff departments of Benton and Franklin counties, local municipal police
departments (Pasco, Richland, Kennewick, and West Richland), and the Washington State Patrol division in
Kennewick. Fire protection in the Tri-Cities areais provided by fire departments in the cities of Kennewick, Pasco,

and Richland, a volunteer fire department in West Richland, and three rural fire departments in Benton County. While
recent population growth has created additional stress on local public safety agencies service capabilities, discussions
with local government representatives indicated that to date it has not impacted the agencies ability to adequately serve
their jurisdictions. Pasco, Richland, and West Richland indicate that any additional growth will require augmenting
public safety agencies capabilities (McDonald 1995, Milspa 1995, Corcoran 1995). Kennewick's existing agencies
could handle modest growth (up to 1,000 additional residents) before additional capabilities are needed (White 1995).

Public safety services are also provided at the Hanford Site. Historically, the Hanford Patrol has provided security and
law enforcement services at the Site, although the Benton County Sheriffs Department began providing law
enforcement support at the Site in 1994. The Hanford Fire Department has five fire stations onsite and a complement
of 155 firefighters (Neitzel 1996) .

There are three major hospitalsin the Tri-City area; the Kadlec Medical Center in Richland, Kennewick General
Hospital in Kennewick, and Our Lady of Lourdes Hospital in Pasco, all of which operat e at 35 to 50 percent of their
capacity ( Neitzel 1996 ). There are also four minor emergency centers in the area. The Hanford Environmental Health
Foundation operates five health service centers on the Hanford Site.

Educational services at the primary and secondary levels are provided by four school districts. Kennewick is the largest
district, serving approximately 13,000 students in 1994, with 8,700 students in the Richland district, 7,800 students in
the Pasco district, and 1,500 students in the Kiona-Benton district. Enrollments have been on the rise over the last few
years and all four districts were operating at or near their capacity during the 1994 school year (Cushing 1995).
Preliminary data for the 1995 school year show enrollment growth continuing at 2.6 percent in Kennewick, 0.9 percent
in Richland, 1.1 percent in Pasco, and 5.1 percent in Kiona-Benton over 1994 levels (Foley 1995, Marsh 1995, Brown
1995, Meilour 1995, and Haun 1995). In 1995, the Richland, Kennewick, and Kiona-Benton districts were operating at
capacity, while the Pasco district was at capacity in the primary grades but had more room for secondary students
(Neitzel 1996). Post-secondary education in the area is provided by Columbia Basin College (1995 enrollment of 6,700
) and the Washington State University Tri-Cities branch campus (1995 enrollment of 1,200 ).

Electricity in the Tri-Cities is provided by the Benton County Public Utility District, Benton Rural Electrical
Association, Franklin County Utility District, and the city of Richland Energy Services Department. The Bonneville
Power Administration, a Federal power marketing agency, supplies al the power that these utilities provide in the local
area as well as the Hanford Site's electrical power. Hydroelectric is the region's largest electrical power source.
Throughout the 1980's, the Pacific Northwest had more electrical power than it needed and operated with a surplus.
This surplus has been exhausted, however, and the regional system generates only enough power to meet regional
needs (Neitzel 1996). Natural gas serves only a small portion of the regions residents ( Neitzel 1996 ).

The major incorporated areas of Benton and Franklin counties are served by municipal wastewater treatment systems
and the unincorporated areas are served by onsite septic systems. The wastewater treatment systems of the cities of
Richland, Kennewick, and Pasco all currently operate well under their capacity (Cushing 1995).

Sanitary waste in the Hanford Site's 200 Areas is currently disposed of through septic tanks and drain fields. There are
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concerns about the ability of the current system to handle projected sanitary waste disposal nheeds. Planned construction
of a central collection and treatment facility in the 200 Areas was cancelled in 1995 because of funding problems
(Harvey 1995).

The city-operated Richland Sanitary Landfill (with a current life expectancy of 50 years), serves Richland and Benton
County (Penour 1994). The city of Kennewick contracts for solid waste disposal; city waste is disposed of at a landfill
in Arlington, Oregon, which has a life expectancy of approximately 50 years (Denley 1994). The cities of Pasco and
West Richland also contract for solid waste disposal; wastes from both communities are taken to a facility in
Roosevelt, Washington, which has a life expectancy of 40 years (Thiele 1995).

The existing Hanford Site nonradioactive solid waste landfill is expected to reach its capacity in 1996. In October 1995
it was announced that DOE and the city of Richland reached an agreement to send the Site's nonregulated,
nonradioactive solid waste to the Richland Sanitary Landfill (DOE 1995k).

4.6.3 Economy

The Hanford Siteis the largest employer in the Tri-Cities area and is a key factor in the local economy. In 1994, total
nonfarm employment in the area averaged about 72,300, while Hanford Site employment averaged about 18,400. The
Hanford Site thus represents approximately 25 percent of total nonfarm employment in the Tri-Cities. Most Hanford
Site employees are considered as part of the services sector of the local economy. In addition, other workers not
included in DOE's count of Hanford Site employees provided goods and services to the Site or its contractors.

Nonfarm employment grew to approximately 72,300 in 1994. However, as Hanford Site employment declined in 1995
from 18,100 to 14,500 from August 1994 to August 1995, and as construction employment also declined with a
slowdown in housing construction, total nonfarm employment as of August 1995 declined to approximately 70,900
(Schafer 1995a). Agriculture, food processing, retail trade, and other industries provide a considerable and increasing
amount of economic diversity to the Tri-Cities area. Farm employment, which fluctuates seasonally, averages a total of
nearly 8,000 in the Tri-Cities area. Because farm employment is not impacted by Hanford Site activities it is not
discussed further in this section.

4.6.3.1 Industries and Employment

Table 4.6.3 details average annual employment by different sectors of the economy in 1993. The economic sector with
the highest employment is services, which includes most of the Hanford Site workforce. The next largest sector is
wholesale and retail trade. The Tri-Cities areais the main retailing center for southeastern Washington State and
northeastern Oregon. Government is the third largest sector, including Federal, State, and local governments and the
public schools. Construction has been a key employment sector in the past few years. Food processing is the largest
manufacturing industry, followed by chemicals. The 1995 decline in nonfarm employment previously mentioned most
strongly impacted the services sector (which includes most Site employees) and the construction sector.

The services sector dominates the Tri-Cities economy, accounting for $769 million in wages, or about 43 percent of
total wages paid in the two counties (WSDES 1994). Statewide, services accounted for

only 21 percent of annual wages paid. The average annual wage in the services sector in Benton County was more than

$34,000, compared to $17,000 in Franklin County and $23,000 statewide. The higher annua wage in the services
sector in Benton County reflects the Hanford Site-related technical and professional work force.

4.6.3.2 Labor Force

Data for 1990 show that the Benton County labor force is concentrated in the managerial and professional, and the
technical, sales, and administrative occupations, each of which accounts for about 30 percent of the work force
(WSDES 1994). Franklin County has far lower percentages in these categories.
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Table 4.6.3 Average Annual Employment by Sector Tri-Cities Area, 1993 and 1995

Technical, sales, and administrative occupations and farming, forestry, and fishing occupations each account for about
21 percent of the Franklin County labor force. Franklin County also has a higher percentage of workers in the
operators, fabricators, and laborers occupational category (17.3 percent) than Benton County (12.0 percent).

Hispanics make up 6.9 percent of the total Benton County labor force, 2.2 percent of the managerial and professional
category, 46 percent of the agricultural workers, and 11.9 percent of the operators, fabricators, and laborers category.
In Franklin County, Hispanics make up 28.3 percent of the total labor force, 7.2 percent of the managerial and
professional occupational category, 63 percent of the agricultural workers, and 28 percent of the precision production,
craft, and repair occupational category.

African Americans, who make up 0.9 percent of the labor force in Benton County, account for 1.4 percent of the
managerial and professional category, while in Franklin County they account for 2.1 percent of the labor force and 2
percent of the managerial and professional category. Native Americans account for a slightly larger percentage of the
service (1.3 percent); precision production, craft, and repair (1.1 percent); and operators, fabricators, and laborers (1.2
percent) categoriesin Benton County than their percentage of the total Iabor force (0.7 percent). In Franklin County,
Native Americans account for a larger percentage of the managerial and professional (1.1 percent) and precision
production, craft, and repair categories (1.5 percent) than in the total labor force (0.8 percent).

Asians and Pacific Islanders account for 2 percent of the labor force in Benton County and 2.7 percent of the
managerial and professional category. The same group accounts for 2 percent of the labor force in Franklin County,
but only 1.2 percent of the managerial and professional category. Service occupations show the highest rate of Asian
and Pacific Islander representation in both counties.

Women account for 40.4 percent of the labor force in Benton County and 42.7 percent in Franklin County. Women
account for 51.5 percent of the managerial and professional category in Benton County and 39.4 percent in Franklin
County. In the other occupational categories the representation of women is similar in the two counties.

4.6.3.3 Tax Base

Local government revenues in Benton and Franklin counties come primarily from property taxes and the local share of
sales taxes (Serot 1993). In 1993, assessed property values were about $3.8 billion in Benton County and $1.3 billion
in Franklin County. These assessed values were $500 million more than 1992 assessments in Benton County

(15 percent increase) and $86 million more in Franklin County (7 percent increase).

In 1992, the last year for which complete data are available, taxable retail sales in Benton County were $1,054 million
and $400 million in Franklin County (WSDR 1993). This was a 14 percent increase in Benton County over 1991
levels and a 16 percent increase in Franklin County. Between 1988 and 1992, combined taxable retail sales for the two
counties increased about 10.5 percent per year.

4.6.3.4 Housing and Real Estate

The growth in employment and population in the Tri-Cities area between 1989 and 1994 created a very tight housing
market and rising home prices, which began to soften in early 1995 due to reductions in Hanford Site employment
(TAR 1980-95). Thetight housing market also was reflected in very low vacancy rates and increasing prices in rental
housing, although new construction and Hanford Site employment reductions caused a softening of the rental market in
1995 as well (Sivula 1995). The Hanford Site's environmental restoration and waste management mission also
stimulated some new commercia construction.

4.7 LAND USE
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This section describes current and future land uses on and adjacent to the Hanford Site. The description focuses on the
200 Areas but includes the remainder of the Hanford Site and the surrounding offsite land-use patterns. Also addressed
are the future planning efforts of tribes and Federal, State, and local agencies. Prime and unique farmlands and
recreational opportunities also are discussed.

4.7.1 Existing Land-Use Types

4.7.1.1 Hanford Site Development Plan and Comprehensive L and-Use Plan

The Hanford Site Development Plan (DOE 1993¢) provides an overview of existing Site land use, infrastructure, and
facilities, and presents DOE's vision as of 1993 for future Site land uses and infrastructure as needed by Hanford Site
missions. A Draft Comprehensive Land-Use Plan for the Hanford Site was release d for public review and comment in
August 1996 (DOE 1996c). DOE invited the affected Tribal Nations, county and city government, and stakeholders to
participate in the land-use planning process. Final land-use planning decisions are scheduled for 1997.

The purpose of the Site Development Plan, which is not a comprehensive formal land-use plan and does not mandate
specific Federal actions, was to present Site development issues that require a commitment of resources. Until the
Comprehensive Land-Use Plan is completed, the Hanford Site Development Plan and its Future Land-Use Map
(Figure 4.7.1) represent the most currently available document on DOE's concepts for future Site land uses.

Figure 4.7.1 Future L and-Use Map

Figure 4.7.2 identifies the existing land uses on the Hanford Site. The seven major Hanford Site land-use categories are
1) Reactor Operations; 2) Waste Operations; 3) Operations Support; 4) Administrative Support; 5) Research and
Development and Engineering Development; 6) Sensitive Areas (including environmentally or culturally important
areas); and 7) Undeveloped Areas (both previously undeveloped or restored).

The largest category of existing Hanford Site land use is the Sensitive Areas. Approximately 665 km? (257 mi2), or
nearly half of the Site has been designated as ecological study areas or refuges. This includes the Fitzner Eberhardt
Arid Lands Ecology Reserve and the entire Site area north of the Columbia River (the North Slope). Both of these

areas are being considered by DOE for release.

Proposals are being considered by DOE to release the Fitzner Eberhardt Arid Lands Ecology Reserve to the Yakama
Indian Nation or to another Federal agency such as the Bureau of Land Management.

The North Slope could be designated by Federa legidation as a National Wildlife Refuge, as proposed by the National
Park Service (NPS 1994), although other proposals have been made that include some agricultural uses in addition to
wildlife areas. A public hearing was held in the summer of 1995 on the Fitzner Eberhardt Arid Lands Ecology Reserve
ownership issue, but no final decisions have been made for either area.

The Waste Operations land use is primarily confined to the 200 Areas. The 200 Areas, the focus of proposed TWRS
activities, have been used to reprocess irradiated nuclear fuel and to store the resulting waste (including the tank
waste). Existing facilities in this area include the PUREX Plant, the Plutonium Finishing Plant, U Plant, the tank farms,
the Central Waste Complex, the Waste Sampling and Characterization Facility, and the Waste Encapsulation and
Storage Facility. Currently, the PUREX Plant, the Plutonium Finishing Plant, and U Plant are being deactivated.

The Future Land-Use Map from the Hanford Site Development Plan (DOE 1993e) was based on consideration of
existing and potential Site missions (Figure 4.7.1). Recommendations of the Hanford Future Site Uses Working Group
also were considered (HFSUWG 1992). The Reactor Operations, Sensitive Areas, and Administrative Support areas
remain unchanged from the existing land-use map. Of primary importance for the TWRS EIS is the Waste Operations
area. The location of the Waste Operations area remains the same, although it has been expanded. This expansion
reflects land dedicated to a potential cleanup scenario where Sitewide waste is collected and placed in a central
location dedicated to exclusive use as a waste disposal area. This includes relocating waste sites contaminants and
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associated structures, such as the 100 Area facilities, as well as implementing the proposed TWRS action.

The Hanford Site Development Plan future land-use concept is designed to provide a compatible land-use transition
from offsite agricultural usesin Adams, Grant, Franklin, and Benton counties to passive uses onsite in the Fitzner
Eberhardt Arid Lands Ecology Reserve and the proposed National Wildlife Refuge and Wild and Scenic River north
of and along the Columbia River. The areas of the Hanford

Figure 4.7.2 Hanford Site Existing L and-Use Map

Site nearest to the river are proposed in the Hanford Site Development Plan to remain undevel oped, providing an
additional buffer area between sensitive natural areas and more intensely developed Site uses such as on the Central
Plateau. The Hanford Site Development Plan accommodates future intensive uses, such as industrial development and
research, in the southeast area of the Hanford Site near the urban development of Richland. Although in the Hanford
Site Development Plan the Undevel oped Areas were reduced in size to reflect the future release and reuse of portions
of the Hanford Site, DOE is working with various government agencies and other organizations to ensure proper
preservation, protection, and management of sensitive ecological and cultural resources.

In 1994, the U.S. Department of Interior recommended that Congress designate the Hanford Reach of the Columbia
River as a Recreational River under the Wild and Scenic Rivers Act and also designate the area north and east of the
river as a National Wildlife Refuge (NPS 1994). This proposal would transfer management of the river and a 0.40-km
(0.25-mi) strip of land along both shores of the river, aong with approximately 40,000 ha (100,000 ac) of adjacent
lands, to the U.S. Fish and Wildlife Service. Development restrictions would be included for the protection of cultural
resources, threatened and endangered species, water quality, unique scenic geologic features, and Native American
access and use. Benton, Franklin, and Grant county commissioners oppose designation of the Hanford Reach under the
Wild and Scenic Rivers Act and have offered an alternative proposal that would leave the Hanford Reach under local
government control. Other local groups (e.g., the Lower Columbia Basin Audubon Society) and local residents support
the designation. No final decisions have been made on this issue.

The Bureau of Land Management owns land on the Hanford Site that was withdrawn from the public domain for
national security use. Currently, the Bureau of Land Management does not own any lands on the Central Plateau
because of land exchanges with the Atomic Energy Commission in the 1960's. The Bureau of Land Management owns
the land on which the potential Vernita Quarry borrow site is located.

4.7.1.2 Washington State L and Uses

Washington State has several land interests on the Hanford Site. The Washington State Department of Fish and
Wildlife currently administers the area of the Hanford Site north and east of the Columbia River known as the
Wahluke State Wildlife Recreation Area. This areais considered sensitive ecological upland habitat. Washington State
also leases a square parcel in the south central portion of the Hanford Site between State Route 240 and the Route 2
and Route 4 junction. This property islocated within the Undeveloped Area of the Site.

4.7.1.3 Tribal Nation L and Uses

The Hanford Site is located on land ceded to the United States by the Confederated Tribes and Bands of the Y akama
Indian Nation and the Confederated Tribes of the Umatilla Reservation in the treaties of 1855 (DOI 1992). The Nez
Perce Tribe also has retained certain treaty rights to the Columbia River under a separate treaty with the U.S.
Government.

4.7.1.4 | ocal Government L and Uses and L and-Use Plans

The Hanford Site is located within portions of Benton, Franklin, Grant, and Adams counties. Other surrounding local
jurisdictions include the cities of Richland, West Richland, Pasco, and Kennewick. Many of the local jurisdictions
existing comprehensive plans are incomplete or outdated and updates are either in progress or recently completed.
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Both Benton County and the city of Richland are currently involved in land-use planning efforts for the Hanford Site,
with the Richland effort focusing only on the southern portions of the Site that are within the city's urban growth
boundaries (e.g., the 300 and 1100 Areas).

The majority of the Hanford Site is located within Benton County; the Site makes up 25 percent of the county land.
The cities of Richland, West Richland, Kennewick, Prosser, and Benton City are located within Benton County. The
unincorporated areas of the county adjacent to the Hanford Site currently have generalized land-use designations for
rangeland (largely cattle grazing), undeveloped (primarily open space), and dry agriculture (almost entirely dry land
wheat) (BCBCC 1985). Benton County isin the process of updating its comprehensive plan and is expected to release
a recommended plan in mid-1996 and make final decisionsin late 1996 or early 1997 (Stang 1995a). The plan update
will include a separate Hanford Comprehensive Plan that will be consistent with the overall County plan (Walker
1995).

Franklin County, located east of the Hanford Site, includes the city of Pasco. The unincorporated area of the county
adjacent to the Hanford Siteis rural and sparsely developed. The land-use designation surrounding the Site, as with
most of the county, is agriculture. Franklin County adopted an updated comprehensive plan in April 1995. The update
does not directly impact land uses at the Hanford Site (German 1995).

Grant County contains the area of the Site north of the Columbia River. The land uses adjacent to the Site are
designated as agriculture. Grant County isin the process of updating its comprehensive plan but the expected date for
its completion isin 1998 . No changes in the comprehensive plan would affect any areas of the Hanford Site that are
south and west of the Columbia River, including any potential TWRS areas (Lambro 1995).

The city of Richland, located immediately adjacent to the Hanford Site, is currently in the process of annexing the
Hanford Site's 1100 Area (Milspa 1995). The existing land uses within Richland near the Hanford Site include
industrial, agricultural, and public lands. The planned land-use designation within the Richland area adjacent to the Site
isidentified as industrial, which is compatible with the adjacent Hanford Site use (City of Richland 1988). The city
develop ed a set of alternatives for its updated comprehensive plan, which was released for public review in March
1996 . The comprehensive plan itself is expected to be adopted by the city in early 1997 . The updated plan would be
expected to call for maintaining and expanding industrial and research and development activities in the area of the
city adjacent to the Site (Milspa 199 6).

West Richland is a developing residential community south of the Hanford Site. The West Richland land use near the
Site is designated low density residential, which is consistent with the nearby existing Hanford Site land uses (Fitzner
Eberhardt Arid Lands Ecology Reserve and Undeveloped Ared). The West Richland comprehensive plan was released
in June 1996 and is expected to be adopted by the city in September 1996 . There is very little in the plan that would
impact Site land-use issues (Corcoran 1996 ).

The cities of Pasco and Kennewick are also located near the Hanford Site. Pasco is planning major commercial,
industrial, office, and residential improvements along the U.S. Interstate 182 corridor to attract businesses. Pasco
adopted its updated comprehensive plan in August 1995. There is very little in the update related to Hanford Site land
uses (McDonald 1995). Like Pasco, Kennewick is planning additional industrial and office areas to attract businesses.
Kennewick adopted its updated comprehensive plan in April 1995. Very little in the plan is related to Site land uses
(White 1995).

4.7.1.5 Natural Resources Trustee Council

The Natural Resources Trustee Council is composed of representatives from Washington State and Oregon, Federal
agencies (DOE and the Department of Interior), and three affected Tribal Nations (Y akama Indian Nation,
Confederated Tribes of the UmatillaIndian Reservation, and Nez Perce Tribe). The primary purpose of the Council is
to facilitate the coordination and cooperation of the trusteesin their efforts to restore and minimize impacts to natura
resources injured as a result of or during cleanup of releases associated with DOEs activities at the Hanford Site. The
Councils primary role with respect to TWRS will be to coordinate with DOE during development of the Mitigation
Action Plan for impacts identified in the TWRS EIS.
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4.7.2 Prime and Unique Farmland

The Farmland Protection Policy Act requires Federal agencies to consider prime or unique farmlands when planning
major projects and programs on Federal lands (7 CFR 657.4). Federal agencies are required to use prime and unique
farmland criteria developed by the U.S. Department of Agriculture Soil Conservation Service. The Soil Conservation
Service has determined that due to low annual precipitation in southeast Washington State, none of the soil occurring
on the Hanford Site would meet prime and unique farmland criteria without irrigation (Brincken 1994).

4.7.3 Recreational Resour ces and the National Environmental Research Park

For the purposes of wildlife management and outdoor recreation, some portions of the Hanford Site are administered
by agencies other than DOE. In 1976, the entire Hanford Site was designated by DOE as a National Environmental
Research Park aimed at original research into the ecology and natural resources of the area (NPS 1994). Nearly one-
half of the Hanford Site is designated for wildlife management use. These wildlife management areas buffer developed
areas of the Hanford Site. The area where the Columbia River flows through the Hanford Site is identified as the
Hanford Reach and has been proposed as a Recreational River. None of the recreational and wildlife areas are near the
TWRS sites in the 200 Areas. They are briefly discussed in the following text and shown on Figure 4.7.3.

Figure 4.7.3 Recreation and Wildlife Areas and the Hanford Reach

« Fitzner Eberhardt Arid Lands Ecology Reserve - Located in the southwest corner of the Hanford Site, the 310-

km? (120-mi?) reserve is managed as an ecological research resource for DOE by Pacific Northwest National
Laboratory. DOE consider ed a proposal from the Bureau of Land Management to exchange sections of DOE
lands on the Reserve for Bureau of Land Management-owned lands el sewhere on the Hanford Site. The Y akama
Indian Nation also proposed taking over the Reserve, as did Benton County (Stang 1996a). In July 1996, DOE
notified the Y akama Indian Nation, other Federal Agencies, and Benton County of its decision to keep control of
the Reserve (O'Leary 1996). The Reserve will continue to function as a buffer zone for on going waste
management in the 200 Areas. DOE also announced its intention to negotiate an agreement with the U.S. Fish
and Wildlife Service to manage the Reserve while protecting the environmentally sensitive areas and allowing
greater public access (Stang 1996¢.)

« McNary National Wildlife Refuge - The Refuge's 140-ha (350-ac) Hanford Islands Division contains six islands
in the Columbia River (upstream of the city of Richland) which are within the boundaries of the Hanford Site.

« Saddle Mountain National Wildlife Refuge - The U.S. Fish and Wildlife Service manages the Saddle Mountain
Refuge, located on the Hanford Site north and west of the Columbia River and a narrow strip of land south and
west of the river. Currently, the areais closed to all public use and is dedicated to wildlife management.

« Wahluke Wildlife Recreation Area - Located on the Hanford Site north and east of the Columbia River, the area
is managed by the Washington State Department of Fish and Wildlife and is open for public recreation.

- Rattlesnake Slope Wildlife Refuge - The Refuge is located adjoining the Fitzner Eberhardt Arid Lands Ecology
Reserve's southern boundary. The Refuge, which is managed by the State of Washington, is outside the
boundary of the Hanford Site.

« The Hanford Reach of the Columbia River - The Hanford Reach, which is the last free-flowing segment of the
Columbia River in the United States, extends 80 km (50 mi) and includes those portions of the Columbia River
within the boundaries of the Hanford Site. Under the National Park Service proposal to designate the Hanford
Reach as a Recreational River, the least restrictive designation under the Wild and Scenic Rivers Act, the
Hanford Reach boundaries would include a 0.4-km (0.25-mi) strip of land on each side of the river, the Saddle
Mountain National Wildlife Refuge, and the Wahluke Wildlife Recreation Area. Under the National Park
Service proposal, al public lands within the proposed boundary would be transferred to the U.S. Fish and

file:///1)/Data%20Migration%20T ask/ElS-0189-FEI S-1996/sec4.htm[6/27/2011 11:34:27 AM]


file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/scans/section4/4-7-03.gif

Final Environmental Impact Statement for the Tank Waste Remediation System, Hanford Site, Richland, Washington

Wildlife Service, which would be the administrating agency. Benton, Franklin, and Grant county commissioners
oppose this designation and have proposed an approach that |eave the Reach under local government control,
although there also are local residents and groups (e.g., the Lower Columbia Basin Audubon Society) that
support the designation of the Hanford Reach as a Wild and Scenic River (Stang 1996b).

The Hanford Reach and adjacent wildlife refuge and recreation areas provide a variety of recreational activities year-
round for local residents and visitors. The most popular activities are sport fishing, boating, and waterfow! hunting.
Other popular activities include waterskiing, upland hunting, and nature observation. The heaviest use occurs during
September and October, coincident with autumn chinook salmon runs (NPS 1994).

Because of restricted use of the Hanford Site and Saddle Mountain National Wildlife Refuge lands, virtually all land-
based recreation occurs on the Wahluke Wildlife Recreation Area. Total recreational use of the Hanford Reach
comprises approximately 10,000 land-based visits by hunters, trappers, and nonconsumptive users and approximately
40,000 visits by water-based users (predominantly anglers) per year (NPS 1994).

4.8 VISUAL RESOURCES

The following paragraphs describe the existing visual environment that would be modified by TWRS project
implementation.

4.8.1 Landscape Char acter

The landscape setting within the Hanford Site region is characterized by broad basins and plateaus interspersed with
ridges. However, the wide open vistas throughout much of the area are interrupted by over a dozen large industrial
facilities (e.g., reactors, processing facilities). Only about 6 percent of the Hanford Site has been disturbed; the
remainder of the Hanford Site is undevel oped, including natural areas and abandoned agricultural lands that remain
undisturbed because of restricted public access.

The major landscape feature of the Hanford Site is the Columbia River, which flows through the northern part of the
Hanford Site and then turning south, forms the eastern Site boundary. Y akima Ridge and Umtanum Ridge form the
western boundary of the Site. Two small east-west ridges (Gable Butte and Gable Mountain) rise above the Central
Plateau, the large open plateau where TWRS activities would be focused under al EIS alternatives.

The potential Vernita Quarry borrow site is located adjacent to the east of State Route 24 in the northwest of the
Hanford Site. The potential McGee Ranch borrow site is located in dlightly rolling terrain in the northwest of the
Hanford Site just west of State Route 24.

4.8.2 Potential Viewing Areas

For purposes of study, viewing areas are generally divided into four distance zones: the foreground, within 0.8 km (0.5
mi); the middleground, from 0.8 to 8 km (0.5 to 5 mi); the background, from 8 to 24 km (5 to 15 mi); and seldom seen
areas that are either beyond 24 km (15 mi) or are unseen because of topography (Figure 4.8.1).

Hanford Site facilities can be seen from elevated locations such as Gable Mountain, Gable Butte, Rattlesnake
Mountain, and other portions of the Rattlesnake Hills along the Hanford Site's western perimeter. Gable Mountain,
Gable Butte, and Rattlesnake Mountain are used by Native Americans for religious purposes. Site facilities also are
visible from offsite locations including State Routes 240 and 24 and the Columbia River. Because of terrain features,
distances involved, the size of the Hanford Site, and the size of individual facilities, not all facilities are visible from
the highways or the Columbia River.
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Facilities in the 200 East Area are in the interior of the Hanford Site and cannot be seen from the Columbia River or
State Route 24. Large facilities in the 200 East Area are visible from State Route 240 only as distant background (more
than 8 km [5 mi] away). Facilities in the 200 West Area can be seen by travelers on an 11-km (7-mi) segment of State
Route 240 south of the Y akima Barricade. For these viewers the facilities are in the visual middleground (0.8 to 8 km
[0.5 to 5 mi] away). Facilitiesin the 200 West Area cannot be seen from the Columbia River. Facilities throughout the
200 Areas are visible from elevated locations such as Gable Mountain and Gable Buitte.

The potential Vernita Quarry borrow site is located adjacent to State Route 24 west and north of the Central Plateau.
Much of the basalt resources contained in exposed basalt cliffs and past quarry operations are highly visible from the
highway. The potential McGee Ranch borrow site activities would be located a short distance from the nearest public
highway (State Route 24) in slightly rolling terrain. Borrow activities would be visible from the highway. The potential
Pit 30 borrow site is located between the 200 East and 200 West Areas and is only visible from elevated locations.

4.9 NOISE

Noise conditions produced by current, routine operations at the Hanford Site do not violate any Federal or Washington
State standards (Washington Administrative Code 173-60). Even near the operating facilities along the Columbia
River, measured noise levels are lower than noise experienced in parts of the city of Richland (less than 52 decibels on
the A scale (dBA) versus 61 dBA) (dBA is a noise scale used to describe sounds in the frequencies most readily
detected by human hearing) (Nuclear Regulatory Commission 1982). Noise levels measured near intake structures at
the Columbia River are well within the 60-dBA tolerance levels for daytime residential use. Five kilometers (3 mi)
upstream of the intake structures, measured noise levels fall well within levels suited for daytime and nighttime
residential use. Moreover, the relative remoteness of population centers from the Hanford Site as a whole (and the
TWRS sites in particular) gives the Site a Class C (industrial) classification with a maximum allowable equivalent
sound level of 70 dBA in compliance with Washington State and Federal standards (DOE 1991 and Cushing 1992).
The equivalent sound level integrates noise levels over time and expresses them as continuous sound levels. Native
Americans have expressed the concern that Hanford Site religious locations such as Gable Mountain are near enough
to TWRS areas to potentially be impacted by TWRS activities (CTUIR 1996).

Figure 4.8.1 Potential Viewing Areas of 200 East and 200 West Areas

4.10 TRANSPORTATION

The majority of air passenger and freight services in the local area goes through the Tri-Cities Airport, located in
Pasco (Cushing 1992). Both Richland and Kennewick have small airports serving genera aviation. The ports of
Benton, Kennewick, and Pasco use the commercial waterways of the Snake and Columbia rivers to provide accessto
the deep-water ports of Portland, Oregon and Vancouver, Washington.

Direct rail service is provided to the Tri-Cities area by the Burlington Northern and Union Pecific Railroads. The ralil
system on the Hanford Site itself consists of approximately 210 km (130 mi) of tracks. It extends from the Richland
Junction (at Columbia Center in Kennewick) where it joins the Union Pacific commercial railroad track, to an
abandoned commercial right-of-way near the Vernita Bridge in the northwest portion of the Site. There are currently
about 1,400 railcar movements annually Sitewide, transporting a wide variety of materials including coal, fuels,
hazardous process chemicals, and radioactive materials and equipment. Radioactive waste has been transported on the
Site without incident for many years (DOE 1995i).

Regional road transportation is provided by a number of major highways including State Routes 24 and 240 and U.S.
Interstate Highways 82 and 182 (Cushing 1992). State Routes 24 and 240 are both two-lane roads that traverse the
Hanford Site. State Route 24 is an east-west highway that turns north at the Y akima Barricade in the northern portion
of the Site. State Route 240 is a north-south highway that skirts the eastern edge of the Fitzner Eberhardt Arid Lands
Ecology Reserve (Figure 4.10.1).
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A DOE-maintained road network within the Hanford Site, mostly paved and two-lanes wide, provides access to the
various work centers. The primary access roads on the Site are Routes 2, 4, 10, and 11A. Primary access to the 200
Areas is by Route 4 South from Richland. The 200 East Area is also accessed from Route 4 North off Route 11A from
the north. July 1994 traffic counts on Route 4 indicated severe congestion west of the Wye Barrier (at the intersection
of Routes 10 and 4 South) during Hanford Site shift changes (WHC 1994c). However, completing the State Route 240
Access Highway (Beloit Avenue) linking the 200 Areas with State Route 240 in late 1994 and declining Hanford Site
employment have reduced the congestion on Route 4 (Rogers 1995).

Figure 4.10.1 Hanford Site Roadway and Railroad System

Stevens Road at the 1100 Area leading into the Site from Richland (Stevens Road becomes Route 4 South further north
onsite) also has experienced severe congestion (BFRC 1993). The 240 Access Highway completion and reduction of
Hanford Site employment have reduced this congestion somewhat, although no specific traffic count data are available
to quantify this assessment (Rogers 1995).

Access to the 200 West Area is also provided from Route 11A for vehicles entering the Site through the Y akima
Barricade and from Route 6 off Route 11A from the north. No congestion problems are reported on these roadways.

Public access to the 200 Areas and interior locations of the Hanford Site has been restricted by manned gates at the
Wye Barricade and the Y akima Barricade (at the intersection of State Route 240 and Route 11A).

4.11 RADIOLOGICAL ENVIRONMENT: OVERVIEW AND POTENTIAL RADIATION
DOSES FROM 1995 HANFORD SITE OPERATIONS

This section provides a brief introduction to the subject of radioactivity and to some of the common terms used in
radiological health evaluation. It also summarizes 1995 data on radiation doses from operations at the Hanford Site and
the potential future fatal cancers attributable to exposures.

4.11.1 Introduction to Radioactivity

Radioactivity is a broad term that refers to changes in the nuclel of atoms that release radiation. The radiation is an
energetic ray or energetic particle. For ionizing radiation, the ray or particle has enough energy to cause changes in the
chemical structure of the materials it strikes. These chemical structure changes are the mechanisms by which radiation
can cause biological damage to humans. This means that a human body cell may be damaged if it comesinto contact
with the energy from a particle or ray released by radioactive decay.

Radiation comes from many sources, some natural and some human-made. People have always been exposed to
natural or background radiation. Natural sources of radiation include the sun, and radioactive materials present in the
earth's crust, in building materials and in the air, food, and water. Natural radioactivity can even be found within the
human body. Some sources of ionizing radiation have been created by people for various uses or as by-products of
these activities. These sources include nuclear power generation, medical diagnosis and treatment, and nuclear
materials related to nuclear weapons.

Radioactive waste is a result of the use and production of radioactive materials. At the Hanford Site, DOE manages
radioactive waste that was generated primarily by the production of plutonium for nuclear weapons. This waste is
classified as low-activity, high-level, or transuranic. When radioactive waste is combined with hazardous chemical
waste, it is referred to as mixed waste. High-level waste is the most dangerous type of radioactive waste and requires
extensive shielding by materials such as lead, water, or concrete and special remote, noncontact handling. Transuranic
waste is material contaminated with radioactive elements heavier than uranium. While long lasting, transuranic waste
does not require the same degree of isolation as high-level waste. Low-activity waste is generally the least dangerous
type of radioactive waste and requires fewer measures to isolate it from people and the environment.
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Radioactive waste can be harmful and thus requires isolation for up to hundreds or even thousands of years.
Plutonium-contaminated waste will be radioactive for thousands of years. Radioactive cesium, on the other hand, will
be virtually gone in 300 years.

4.11.2 Common Termsin Radiological Health Evaluations

Radiation dose to individuals is usually expressed in rem or millirem (mrem), which is one-thousandth of arem. The
rem is a measure of the biological effects of ionizing radiation on people. It is estimated that the average individual in
the United States receives an annual dose of about 300 mrem (0.3 rem) from all natural sources. The collective
radiation dose to a population, which is calculated by adding up the radioactive dose to each member of the
population, is expressed in person-rems.

Any dose of radiation potentially can cause damaging changes to body cells. However, at low levels, such as those
received from a medical x-ray, the damage to cells is so dight that the cells can repair themselves or can be replaced
by the regeneration of healthy cells. Radiation exposures are often classified as acute (a dose received over a short
time), or chronic (a dose received over along time). Chronic doses are usually less harmful than acute doses because
the body has time to repair or replace damaged cells. Nevertheless, even chronic or low doses can have potentialy
harmful effects.

Impacts from radiation exposure often are expressed using the concept of risk. The most important radiation-related
risk is the potential for developing cancers that may cause death in later years. This delayed effect is measured in latent
(future) cancer fatalities. Therisk of a latent cancer fatality is estimated by converting radiation doses into possible
numbers of cancer fatalities. For an entire exposed population group, the latent cancer fatality numerical valueisthe
chance that someone in that group would develop an additional cancer fatality in the future because of the radiation
exposure, (i.e., a cancer fatality that otherwise would not occur).

Radiological risk evaluations often refer to the maximally-exposed individual. This is the hypothetical member of the
public or a worker who would receive the highest possible dose in a given situation. As a practical matter, the
maximally-exposed individual likely would be a person working with radiological or hazardous materials. The Federal
government has set a maximum annual exposure limit for workers of 5,000 mrem (5 rem) while DOE has an
Administrative Control Limit of 2,000 mrem (2 rem) for occupational exposure. DOE's limit for annual radiological
exposures to the public from DOE activities is 100 mrem (0.1 rem).

4.11.3 Potential Radiation Doses and Latent Cancer Fatalities from 1995 Hanford Site Operations

Each year the potential radiation doses to the public from Hanford Site radiation sources are calculated as part of the
Hanford Site Environmental Monitoring Program. In particular, the dose to the hypothetical maximally-exposed
individual is calculated as described in the Hanford Site Environmental Report for Calendar Y ear 1995 (PNL 1996 ).
This hypothetical maximally-exposed individual is assumed to live at a location where the radiation dose from
airborne releases would be larger than for a resident of any other offsite location. The maximally-exposed individual
also is assumed to get drinking water from the Columbia River; eat food grown with Columbia River irrigation water;
and use the river extensively for boating, swimming, and fishing (including eating fish from the river). The exposure
calculation for this hypothetical individual is based on Hanford Site data from actual reported releases, environmental
measurements, and information about operations at Hanford Site facilities.

The calculated dose in 1995 to the maximally-exposed individual near the Hanford Site was a total of 0.02 mrem
compared to 0.05 mrem reported for 1994 (PNL 1996) . Asindicated previously, the DOE radiation dose limit for a
member of the public is 100 mrem. Thus, the 1995 total dose to the maximally-exposed individual was far below the
limit. The U.S. Environmental Protection Agency regulations impose a dose limit of 10 mrem to a member of the
public from radioactivity released in airborne effluents. The 1995 Hanford Site airborne dose to the maximally-
exposed individual of 0.006 mrem was far below the U.S. Environmenta Protection Agency limit.
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To estimate health effects for radiation protection purposes, it usually is assumed that a collective dose of 2,000
person-rem in the general population will cause one extra latent cancer fatality (ICRP 1991). In these calculations, it
does not matter whether 20,000 people each receive an average of 0.1 rem or 2 million people each receive an average
of 0.001 rem. In either case the collective dose would equal 2,000 person-mrems and thus one additional latent cancer
facility would be expected. The 1995 collective dose to people surrounding the Hanford Site from Hanford Site
releases was cal culated to be 0.3 person-rems , which is lower than the 0.6 mrem calculated for 1994 . Compared to
2,000 person-rems causing one extralatent cancer fatality, the 0.3 person-rems from the Hanford Sitein 1995 is not
likely to cause any latent cancer fatalities.
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5.0 ENVIRONMENTAL CONSEQUENCES

This section describes the potential impacts to the existing environment (described in Section 4.0 and discussed in
further detail in Volume Five, Appendix I) of implementing each of the aternatives described in Section 3.0 and
discussed in detail in Volume Two, Appendix B.

This section is divided into 20 subsections. The environmental components studied that would result in potential
impacts are presented in Sections 5.1 through 5.12. The environmental components addressed include impacts of each
alternative on:

» Geology and soil (Section 5.1);

Water resources (Section 5.2);

Air quality (Section 5.3);

Biological and ecological resources (Section 5.4);
Cultural resources (Section 5.5);

Socioeconomics (Section 5.6);

Land use and land use plans (Section 5.7);

Visual resources (Section 5.8);

Noise (Section 5.9);

Transportation (Section 5.10);

Human and ecological health effects (Section 5.11); and
Potential accidents (Section 5.12).

This section also discusses potential cumulative impacts of each alternative when added to impacts from past, present,
and reasonably foreseeable actions (Section 5.13), unavoidable adverse impacts (Section 5.14), the relationship
between short-term and long-term impacts (Section 5.15), and irreversible and irretrievable commitment of resources
(Section 5.16). Conflicts between land use under the alternatives and other land-use plans are discussed in Section
5.17, and pollution prevention measures are discussed in Section 5.18. An analysis of environmental impacts on
minority and low-income communities is provided in Section 5.19. Section 5.20 discusses measures that, if
implemented, could potentially mitigate the adverse environmental impacts of the alternatives.

Appendices to the Tank Waste Remediation System (TWRS) Environmental Impact Statement (EIS) have been
prepared to support the more complex impact assessments for:

« Human and ecologica health (Volume Three, Appendix D, which supports the discussion of health effectsin
Section 5.11);

Potential accidents (Volume Four, Appendix E, which supports the discussion of accidentsin Section 5.12);
Groundwater quality (Volume Four, Appendix F, which supports the discussion of groundwater in Section 5.2);
Air quality (Volume Five, Appendix G, which supports the discussion of air impacts in Section 5.3); and
Socioeconomics (Volume Five, Appendix H, which supports the discussion of socioeconomics in Section 5.6).

These appendices are provided under separate cover in Volumes Three to Five of the EIS. Each appendix details the
data sources, major assumptions, uncertainties, methodology, and results that are summarized in this section.

Also, Section 6.0 of the EIS contains an analysis of the regulatory compliance issues associated with each alternative.
Section 6.0 of the EIS provides a summary of all applicable laws and regulations, identifies the environmental permits
and approvals required to implement each of the alternatives, and for each alternative discusses impacts that would
result in exceedances of standards (e.g., air, water) or would prevent implementation of the alternative due to a
potential violation of a Federal or State law.
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5.0.1 Compar ability of Environmental Consequences

All of the alternatives have been evaluated using the same methods and data, allowing a comparison of all the
alternatives on the same basis. For example, all of the alternatives used the common description of the alternatives
provided in Section 3.0 and Volume Two, Appendix B and al used the common inventory of tank waste provided in
Volume Two, Appendix A. When computer modeling was used to predict the environmental consequences, the same
computer model was used for all alternatives.

5.0.2 Approach to Uncertainty and Bounding Analysis of Environmental | mpacts

There were several uncertainties involved with calculating the impacts associated with the tank waste alternatives,
including characteristics of the waste in the tanks and the specific performance capabilities of waste retrieval and
processing technologies. Information needed to more thoroughly determine the characteristics of the tank waste is
currently being obtained through waste characterization studies. Studies of the performance of technologies and
processes are conducted throughout the process of developing a design for any complex project. The results of these
studies were not necessary to develop the environmental consequence analysis in this EIS, but would be necessary to
refine the process design for the aternative ultimately selected by the U.S. Department of Energy (DOE). Therefore,
the analyses in the following sections are based on identification of bounding waste characterization, retrieval, and
processing assumptions and data to bound the impacts of actions that may be undertaken during implementation of the
selected alternative. Bounding impacts represent reasonable maximum impacts that are likely to occur.

For each environmental component, where appropriate, uncertainties regarding data, technologies, or processes are
identified. Each section includes a discussion of 1) the assumptions used in the impact analysis to ensure that a
bounding analysis was performed; 2) implications of the assumptions used; and 3) uncertainties. Because of the
uncertainties involved in calculating impacts from operational accidents and long-term human health risks, nominal
impacts are also presented. Nominal impacts are based on less conservative assumptions and represent the average
impacts that are likely to occur.

5.0.3 Presentation of Remediation and Post-Remediation Analysis

The impacts provided in this section include short-term environmental impacts and the combined impacts of
remediation and post-remediation activities, which provide the long-term impacts. To provide an even comparison of
the long-term impacts of the alternatives, a representative closure scenario (closure as a landfill) was assumed for all
tank waste alternatives. These combined impacts are presented to provide a meaningful comparison of impacts of the
total project. The impacts of remediating the cesium and strontium capsules are also provided.

The environmental impacts presented in Sections 5.1 through 5.12 can be understood, in part, by whether the impacts
described would be most related to the remedial or post-remedial phase of the alternative. The environmental
components analyzed in the EIS that would have their peak impacts during the remedial phase (1996 to 2096, with
most impacts from 1996 to 2040) include:

» Geology and soil (except post-remediation changes to topography associated with post remediation actions);

« Air quality (most impacts directly result from routine waste management or treatment emissions);

« Biologica and ecological resources (impacts largely related to remediation except post-remediation impacts
related to permanent commitment of land to waste disposal);

« Socioeconomics (al impacts associated with the level of remedial activities);

« Visua resources (impacts largely related to remediation except changes to topography associated with post-
remediation actions);
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Noise (all impacts associated with the level of remedial activities);
 Transportation (all impacts associated with the level of remedial activities);
« Human and ecological health effects (worker health most impacted during remedial activities); and
« Potential accidents (all impacts associated with remedial activities).

Environmental components with peak impacts during the post-remediation phase (2096 to up to 10,000 years in the
future) would include:

« Water resources (impacts to groundwater would influence groundwater quality for thousands of years following
completion of remediation);

« Human and ecological health effects (health of the general public most impacted by post-remediation
groundwater impacts and impacts associated with contact with waste remaining onsite following remediation);

« Land use and land-use plans (permanent commitment of land in the 200 Areas to waste disposal); and

« Cultural resources (impacts would be permanent).

5.0.4 Relationships Among Key Variables and the Results of the Impact Analysis

Three variables are the most important to understanding the relationship between the impacts presented in this section
and the comparison of impacts among the alternatives: 1) the amount and type of waste that remained onsite under
each aternative; 2) the number of labor hours for construction, operations, and other activities under each alternative;
and 3) the amount of previously undisturbed habitat that would be disturbed by each alternative. An understanding of
how these variables would influence the impacts presented for each alternative would help to clarify which impacts
discriminate among the alternatives and which impacts are either small or do not discriminate among the alternatives.

Amount and Type of Waste That Remains Onsite

A magjor variable that would influence the post-remediation risks for each alternative would be the amount of waste
form remaining in the tanks or on the Hanford Site following remediation. Generally, for post remediation impacts to
groundwater (Section 5.2), which would be the major contributor to post-remediation routine health risks (Section
5.11), the larger the volume of waste that remained onsite the more severe the levels of groundwater contamination
would be and thus, more adverse health impacts would be expected. The No Action and Long-Term Management
alternatives, which would involve no waste retrieval, would result in the highest levels of groundwater contamination
and the highest levels of post- remediation health risks. On the other hand, the ex situ aternatives, which would
remove an assumed 99 percent of the waste from the tanks, would have much lower levels of impacts to the
groundwater and thus, much lower levels of post-remediation risk.

A related important variable would be the type of waste form that remained in the tanks or on the Hanford Site
following remediation. Waste that remained onsite and was not immobilized would result in more severe levels of
post-remediation groundwater contamination than would waste that was immobilized prior to disposal onsite. Thus,
aternatives that would result in larger amounts of untreated waste, such as the No Action, Long-Term Management,
and In Situ Fill and Cap alternatives, would result in more severe groundwater impacts and higher levels of post-
remediation health risks. The In Situ Vitrification and the ex situ alternatives, which would immobilize most of the
waste, would have much lower levels of post-remediation groundwater impacts and lower post-remediation health
impacts. The Ex Situ/In Situ Combination 1 and 2 alternatives would have impacts that would fall between the two
extremes because a larger amount of the waste by volume would be left in place without treatment, while the
remainder of the waste would be retrieved and immobilized.

Number of Labor Hours

Another variable that would influence many of the short-term impacts identified in the EIS would be the number of
labor hours associated with each aternative. The number of labor hours for each alternative would directly affect the
magnitude of many of the impacts discussed in this section. In other words, the more labor hours worked the higher the
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level of impact. This relationship would most directly affect the impacts addressed for nonradiological accidents during
remediation (Section 5.12), routine worker health risks (Section 5.11), socioeconomics (Section 5.6), and
transportation (Section 5.10).

Nonradiological accidents during remediation would include workplace injuries or fatalities associated with
constructing or operating the facilities and injuries and fatalities to workers driving to and from work. In each of these
cases, the higher the number of labor hours the higher the number of injuries or fatalities. For each of these short-term
impacts of the alternatives it isimportant to note that the accidents and fatalities identified would not be based upon
the unique problems associated with working with tank waste. Rather, they would be products of working in a
construction or industrial environment or driving to and from work. These same impacts would be associated with any
similarly sized construction project or industrial facility operations. The number of fatalities associated with
construction provides a good example of this relationship. The number of construction fatalities for each alternative
was calculated by multiplying the historic construction fatality rate (0.0032 fatalities per 100 worker years) by the
number of worker years estimated for each alternative. If an aternative required 100,000 worker years for
construction, the number of expected fatalities would be approximately 3 (100,000 worker years 0.0032 fatalities per
100 worker years = 3.2 fatalities). However, if the alternative required 700,000 worker years, the expected number of
worker fatalities would be 22, or about seven times the number of fatalities for 100,000 worker years (700,000 worker
years 0.0032 fatalities per 100 worker years = 22.4 fatalities). This same relationship (the more hours worked the
higher the impact) would exist for injuries associated with construction and injuries and fatalities associated with
operating facilities.

For worker transportation injuries and fatalities, the number of fatalities and injuriesis based on the number of
kilometers (miles) driven to and from work by the employees. Based on Washington State highway accident reports,
for every kilometer driven, there would be 8.98E-09 fatalities. The number of employee transportation fatalities was
therefore calculated by multiplying the number of kilometers that the workers would drive to and from work by the
historic fatality rate. In this case, a doubling of the number of kilometers driven would result in a doubling of the
number of employee transportation fatalities and injuries.

Impacts that would not be directly related to the number of labor hours would tend to be associated with differences in
technologies and processes unique to each alternative or the post-remediation amount of waste or waste form
remaining onsite. Impacts that would be largely independent of the influence of labor hours worked would include 1)
post-remediation health risks (Section 5.11); 2) remediation-phase radiological and chemical accidents (Section 5.12);
and 3) the ability of an alternative to comply with environmental regulations such as air quality (Section 5.2), water
quality (Section 5.3), and hazardous and radiological waste storage, treatment, and disposal (Section 6.0).

Amount of Habitat Disturbance

Another variable that would influence several of the environmental impacts addressed in this section would be the
amount of habitat disturbance associated with the alternatives. The amount of impacts to vegetation and wildlife habitat
and archeological and cultural sites would be directly related to the amount of undisturbed land required to implement
each alternative. Much of the Hanford Site has been undisturbed by Site activities and the native habitat remains intact.
However, in the 200 Areas, where the remediation activities addressed in this EIS would occur, a sizable portion of the
land has been previously disturbed by the construction of roads, processing facilities, pipelines, and other facilities and
infrastructure associated with the production of plutonium and waste management.

Alternatives such as No Action, Long-Term Management, In Situ Fill and Cap, and In Situ Vitrification, which would
focus much of their activities directly at the tank farms, would disturb relatively small amounts of previously
undisturbed land and consequently would have low levels of biological and ecological or archeological and cultural
site impacts. The ex situ aternatives, which would require the construction of waste treatment facilities and new onsite
disposal facilities, would require varying levels of disturbance to previously undisturbed habitat and consequently
would have relatively larger biological and ecological and archeological and cultural site impacts. The vast majority of
the habitat disturbances would occur in areas close to previously disturbed areas and within the 200 Areas, which have
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been identified as the area in which DOE should consolidate as much waste management and environmental
restoration activities as possible to minimize potential impacts to the remainder of the Hanford Site.

For all in situ and ex situ alternatives, except No Action and Long-Term Management, the post-remediation scenario
evaluated (closure of the tank farms by filling the tanks and capping the tanks and onsite disposal facilities) would
result in impacts to habitat outside the 200 Areas. These impacts would be associated with securing borrow material
(gravel, sand, and stones) to fill the tanks and construct the caps. While the decisions regarding closure would not be
supported by this EIS, data regarding impacts associated with closure were presented to permit a balanced comparison
of al known and potential impacts associated with each alternative. For all alternatives with substantial habitat
impacts, the dominant impacts presented in the EIS were related to potential borrow sites. It isimportant to note that
the final decision regarding closure of the tank farms is many yearsin the future and that the final closure decision
could require substantially less borrow material and have less impacts to borrow sites. Also, borrow materials could be
secured from alternative sites that would not involve the same level of adverse impacts to undisturbed habitat.
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2]
52 WATER RESOURCES

5.2.1 Groundwater

The following is a summary of the potential impacts to groundwater as described in Volume Four, Appendix F.
Groundwater would be impacted by all of the EIS alternatives. Groundwater impacts were analyzed by comparing the
impacts for each alternative with drinking water standards for key contaminants that have high carcinogenicity,
toxicity, and mobility in the groundwater. The environmental impacts of these and other potential groundwater
contaminants also were used to analyze human and biological health risk (Section 5.11).

The No Action and Long-Term Management alternatives would result in exceedances of drinking water standards for
carbon-14, iodine-129, technetium-99, uranium-238, and nitrate in groundwater. Of all the alternatives, these
alternatives would exceed the drinking water standards by the greatest magnitude. The exceedance of the standardsin
groundwater would occur within a period of 500 years. The In Situ Fill and Cap alternative would exceed the limits of
current drinking water standards for the same contaminants with the exception of carbon-14, but most of the
exceedances would be delayed for 2,500 years.

The ex situ aternatives and the In Situ Vitrification alternative would include measures to reduce the rate of release of
radionuclides, which would result in lower peak concentrations at the water table. These measures would result in
groundwater impacts that would occur mostly after 500 years. The ex situ aternatives and the In Situ Vitrification
alternative would comply with current drinking water standards for uranium-238. Without considering contamination
from the LAW vaults, alternatives that removed waste from the tanks would not meet the limits of current drinking
water standards in groundwater. The calculated exceedances mostly would be attributable to the assumption that 1
percent of all tank waste would remain in the tanks after retrieval. There would be no groundwater releases during
Phase 1 of the Phased Implementation alternative and hence no groundwater impacts; however, there would be
groundwater releases and impacts from the Phased Implementation Total aternative.

The amount and type of waste that would remain in the tanks after retrieval is uncertain. The Hanford Federal Facility
Agreement and Consent Order (Tri-Party Agreement) (Ecology et al. 1994) set a goal of no more than 1 percent
residuals, and the ex situ aternatives have been developed to attempt to achieve that goal. However, achieving this
level of tank waste retrieval could require extensive effort and cost, and it may not be practicable to achieve 99 percent
retrieval. Conversely, the contaminants that were not recovered would be likely to be insoluble in water, because
substantial quantities of water would be used in an attempt to dissolve or suspend the waste during retrieval. Because
neither of these issues can be resolved, a conservative assumption was made to bound the impacts of the residual
waste. For purposes of this analysis, it was assumed that 99 percent retrieval would be achieved, but that the residual
waste in the tanks would contain 1 percent of all the contaminants including the water soluble contaminants. There are
atotal of 177 million (1.77E+08) curies (Ci) in the tanks (Volume Two, Appendix A). Retrieval of 99 percent of the
tank contents as part of the ex situ alternatives would leave 1.77E+06 Ci remaining for potential dissolution by
groundwater. Existing groundwater contamination would be in addition to these 1.77E+06 Ci, but is not in the scope of
the EIS.

The groundwater assessments provided in this section required several assumptions to address uncertainties. The magjor
assumptions and uncertainties were related to either the natural system (i.e., an understanding and ability to assign
vadose zone and aquifer parameter values) or uncertainties inherent to the assessment approach.
The major assumptions and uncertainties were as follows:

« Therates of infiltration into natural ground and through a cap;

- Distribution coefficient (Ky4) of contaminants,

file:///1)/Data%20Migration%20T ask/El S-0189-FEIS-1996/sec5_2.htm[6/27/2011 11:35:52 AM]


file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/sec5_1.htm
file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/toc.htm
file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/lof.htm
file:///I|/Data%20Migration%20Task/EIS-0189-FEIS-1996/lot.htm

Final Environmental Impact Statement for the Tank Waste Remediation System, Hanford Site, Richland, Washington

« Uncertainty in future groundwater flow direction due to decay of groundwater mounds onsite;

« Uncertainty in future groundwater flow direction due to future land use (e.g., irrigation and groundwater
withdrawal);

Uncertainty in future groundwater flow direction and vadose zone thickness due to climate change;
Uncertainty in future groundwater flow direction due to changes in land usg;

Uncertainty in vadose zone transport due to use of one-dimensional flow and transport simulation; and
Uncertainty due to calculation of releases during retrieval.

DOE has a system of monitoring wells called drywells installed in the vicinity of each waste tank. The depth of these
drywells varies but they do not extend to the water table of the unconfined aquifer. These drywells were installed as a
way of detecting gamma emissions and serve as an indirect means of detecting or confirming waste tank leaks and
mobilization of existing contamination in the vadose zone by other water sources such as potable water line leaks.
Until recently, the gamma emissions that were detected were indicative of undifferentiated radioisotopes. Such
emissions have been detected in many of the drywells at depths ranging from ground surface to up to 38 m (125 ft)
belowground surface. Recent improvements in the borehole logging detection equipment have resulted in the
identification of specific gamma-emitting radioisotopes. Thus, previously characterized gross gamma contamination is
now specifically linked to several radioisotopes. The most prevalent radioisotope detected was cesium-137 while other
gamma-emitting radionuclides such as carbon-60, europium-152, and europium-154 were generally found near the
surface and are believed to be the result of spills (Brodeur 1996).

The transport of cesium-137 in the vadose zone sediments at the Hanford Site is believed to be greatly retarded due to
adsorption. Cesium would not be expected to be found at depths of up to 38 m (125 ft) if it were being transported via
interstitial flow through the sediment pore spaces and under ambient conditions that include neutral pH and infiltration
rates ranging from 2 mm/yr (5.48E-06 m/day) to 10 cm/yr (2.74E-04 m/day). The detection of cesium-137 at this
depth raises several questions concerning the active transport mechanisms. These questions and others are being
addressed by DOE in a RCRA Groundwater Assessment of the S and SX Tank Farms (Caggiano 1996). The improved
borehol e logging detection equipment provides information on the specific contaminant in the vicinity of the drywells,
but there is still uncertainty on the lateral distribution of these contaminants within the vadose zone.

The most recent vadose zone characterization information is for the SX Tank Farm. Ten of the 15 tanks in the SX
Tank Farm are assumed or verified as leaking as discussed in Volume Five, Appendix K. Ninety-five drywells ranging
in depth from 23 to 38 m (75 to 125 ft) from ground surface were logged with the improved logging system in the SX
Tank Farm. The most abundant and highest-concentration radionuclide detected was cesium-137, which was detected
in virtually every borehole (Brodeur 1996). Cesium-137 was detected in several drywells at the following depths: 23 m
(75 ft) in drywells 41-09-03 and 41-08-07; 32 m (105 ft) in 41-09-04; 27 m (90 ft) in 41-11-10, and 38 m (125 ft) in
41-12-02.

Other gamma-emitting radionuclides detected include cobalt-60, europium-152, and europium-154, which were
generally found near the surface and are believed to be the result of spills (Brodeur 1996). Cobalt-60 was found in
drywell 41-14-06 only. It was detected at a depth of 17 to 23 m (55 to 76 ft) belowground surface. The data were
insufficient to conclude whether relatively immobile contaminants such as cesium-137 would be found dispersed
laterally within the vadose zone (i.e., at observed concentrations laterally several meters from the drywells) at the
depths of over 30 m (100 ft) based on ambient conditions and vadose zone contaminant transport via advective flow in
interstitial pore spaces. Vadose zone contaminant transport mechanisms, such as discussed in Volume Five, Section
K.4.1.3, in addition to interstitial transport through the pore spaces could be active. The viability of any other potential
transport mechanism has not yet been demonstrated but is one of the objectives of the ongoing investigations.

A discussion of these major assumptions and uncertaintiesis provided in Volume Five, Sections K.4.1 and K.4.2 and
results of a limited parameter sensitivity analysis are summarized in Section 5.2.1.3 and provided in Volume Five,
Section K.4.2.

Vadose zone, groundwater flow, and contaminant transport were ssmulated for each alternative with a combined flow

and transport model called VAM2D (Huyakorn et al. 1991). The groundwater impact of interest areais shownin
Figure 5.2.1. The analysis approach is summarized briefly in the following text and additional details are provided in
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Volume Four, Appendix F.

The approach for assessing the impact to the groundwater system isillustrated in Figure 5.2.2. In the source
characterization step shown in the top of Figure 5.2.2, the 177 tanks were aggregated to eight source areas, and the
contaminants were placed in groups based on their mobility in the vadose zone and unconfined aquifer. The next step,
vadose zone modeling shown in the center of the figure, required the development of a conceptual model for each of
the source areas. Then, as described in Volume Four, Section F.2.3.1.3, the vadose zone flow field was established
based on steady-state flow simulations for an ambient infiltration of 5.0 centimeters (cm)/year (2.0 inches [in.]/year).

Figure5.2.1 Area of Interest for Groundwater I mpact Assessment
Figure 5.2.2 Groundwater | mpacts Assessment Approach

Contaminant transport through the vadose zone then was simulated for each source from which results were processed
for use by the groundwater model.

The groundwater modeling step, shown in the bottom of Figure 5.2.2, required the development of a conceptual model
of the unconfined aquifer. Then a steady-state flow field, which is one of the principal bases for the groundwater
impacts assessment, was devel oped using December 1979 sitewide water level measurements because it was
determined (Wurstner-Devary 1993) that this data set was most representative of steady-state conditions. Using this
data set also meant that the mounding from U Pond and B Pond would be evident. The mounding was recognized as a
present-day condition that could dissipate over the next several decades with changes in the Site waste management
practices. With the mounds in place, the vadose zone would be thinner in the 200 West and 200 East Areas and
contaminant travel times would be faster to the groundwater. The travel time in the unconfined aquifer to the Columbia
River would not be materially affected by the groundwater mounds compared to the vadose zone travel time. The
approach based on the December 1979 water level data provides reasonable results for each alternative, especially in
light of the uncertainties of land use and waste disposal practices and how these practices would affect the present
groundwater mounds. Future land use such as irrigation to the west of the Site and on the Site, uncertainty in the depth
of contamination in the unconfined aquifer, and climate change.

The groundwater model then was used to predict contaminant transport given the results from the vadose zone
modeling as inputs. The groundwater results then were processed as appropriate for radioactive decay, initial
concentration, and aquifer thickness. The final processed data then were plotted in various ways to show contaminant
concentration versus time at selected points and contaminant concentration distribution on the Site for selected timesin
the future (e.g., 300, 500, 2,500, 5,000, and 10,000 years from present).

5.2.1.1 Source Characterization

Source characterization involved: determining the level of analysis for each alternative (screening of aternatives),
aggregating the many potential sources into common source areas, grouping contaminants into categories based on their
mobility, and developing the source term (i.e., mass flux and fluid flux release as a function of time) for each source
area

Screening of Alternatives and Waste Facilities

Screening was performed to exclude alternatives or waste treatment or storage facilities that had little or no potential
for impacting groundwater from rigorous numerical modeling. The following sections provide the rationale for
screening each alternative and for inclusion or exclusion of each from detailed groundwater modeling. Vadose zone

and groundwater flow and transport simulations were used to analyze the groundwater impacts of those alternatives
identified through screening as having the potential to impact groundwater.

No Action Alternative (Tank Waste)

This aternative potentially would impact the groundwater because no remediation would be performed, and all waste
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would remain in the tanks. During the 100-year institutional control period, tank waste management operations would
continue. Waste releases to the vadose zone for both the DSTs and SSTs would occur primarily after the end of the
ingtitutional control period.

Long-Term Management Alternative

This aternative potentially would impact groundwater because no remediation would be performed and all waste
would remain in the tanks. During the 100-year institutional control period, tank waste management operations would
continue and the DSTs would be replaced twice during the 100-year institutional control period. Waste releases to the
vadose zone would occur primarily after the end of the institutional control period for the SSTs and 100 years after the
end of the institutional control period for the DSTSs.

In Situ Fill and Cap Alternative

Under this alternative, the tanks would be filled with gravel, and a Hanford Barrier would be placed over the tanks.
Potential releases to the groundwater system that would occur with the In Situ Fill and Cap alternative are associated
with the contaminants in the waste tanks. The form of the waste and inventory are identical to the No Action
alternative, and the total mass of waste entering the vadose zone and ultimately reaching the groundwater would be the
same as for the No Action aternative. However, the release would occur at a slower rate because the Hanford Barrier
would reduce the rate of infiltration into the tanks and the rate of migration of the waste downward into the vadose
zone. While the gravel fill would structurally stabilize the tanks by supporting the tank domes, it otherwise would not
help to reduce infiltration or retard contaminant transport.

In Situ Vitrification Alternative

Under this alternative, al tank waste would be vitrified in situ. A Hanford Barrier then would be placed over the tanks.
Potential releases to the groundwater system from dissolution of the vitrified mass would be associated with the
contaminants in the waste tanks, but the form of the waste and inventory would differ from the No Action aternative.
Materials for making glass would be added to the waste, and the organic and other volatile materials present in the No
Action alternative inventory would be destroyed or vaporized.

Ex Situ Intermediate Separ ations Alter native

Under this alternative, waste would be retrieved from the tanks, high-level waste (HLW) would be separated from the
LAW, and both HLW and LAW would be vitrified. The HLW then would be shipped to a potential geologic
repository and the LAW would be disposed of onsite in near-surface vaults. A Hanford Barrier would be placed over
the tanks and LAW vaults. Potentia releases to the groundwater would be associated with releases 1) during retrieval
from the waste tanks; 2) from residuals remaining in the tanks; and 3) from the onsite LAW vaullts.

Ex Situ No Separations Alter native

Under this alternative, waste would be retrieved from the tanks, vitrified or calcined, and shipped to the potential
geologic repository for disposal. A Hanford Barrier would be placed over the tanks. Potential releases to the
groundwater system would be associated with releases 1) during retrieval from the waste tanks; and 2) from residuals
remaining in the tanks. The vitrified or calcined waste would not have a potential groundwater impact because all
waste would be shipped offsite for disposal. The groundwater impacts for this alternative would be the same as those
estimated for the retrieval and residual releases for the Ex Situ Intermediate Separations alternative.

Ex Situ Extensive Separations Alter native

This aternative would be similar to the Ex Situ Intermediate Separations alternative, with the difference being that a
more extensive separations process would be implemented to remove a greater percentage of the HLW from the LAW
waste. Under this alternative, waste would be retrieved from the tanks, HLW would be separated from the LAW, and
both HLW and LAW would be vitrified. The extensive separations process would result in a smaller amount of
contaminant source in the LAW vaults. A Hanford Barrier would be placed over the tanks and the LAW vaullts.
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Potential releases to the groundwater system would be associated with releases 1) during retrieval from the waste
tanks; 2) from residualsin the tanks; and 3) from the LAW vaults. Groundwater impacts associated with retrieval and
residual releases would be similar to the Ex Situ Intermediate Separations alternative. However, the groundwater
impacts of releases from the LAW vaults would be lower than those from the Ex Situ Intermediate Separations
alternative LAW vaults because the source term is smaller.

Ex Situ/In Situ Combination 1 Alter native

Under this alternative, 107 tanks would be remediated in the manner described for the In Situ Fill and Cap aternative,
and 70 tanks (60 SSTs and 10 DSTs) would be remediated in the manner described for the Ex Situ Intermediate
Separations alternative. Releases to groundwater associated with the waste remediated under the In Situ Fill and Cap
part of the alternative would occur as described previously. These tanks would contain disproportionately large
amounts of low-mobility low-solubility contaminants. Tanks selected for waste retrieval and ex situ vitrification would
contain approximately 90 percent of the high-mobility, high-solubility, high human health risk contaminants (i.e.,
technetium-99, carbon-14, iodine-129, and uranium-238).

Ex Situ/In Situ Combination 2 Alter native

Under this alternative, 25 tanks would be selected for retrieval and the remaining 152 tanks would be remediated in
situ. The retrieved waste would be separated into LAW and HLW. The LAW would be placed into shallow subsurface
LAW burial vaults in the 200 East Area and the HLW would be shipped offsite for disposal at the potential geologic
repository. A Hanford Barrier would be placed over the tanks and vaults. This alternative was designed for the ex situ
treatment of the largest contributors to long-term risk (i.e., technetium-99, carbon-14, iodine-129, and uranium-238)
while limiting the total amount of waste to be retrieved and processed. Approximately 30 percent of the total waste
volume in the tanks would be retrieved. The tank waste retrieved would contain approximately 85 percent of the
technetium-99, 80 percent of the carbon-14, 50 percent of the uranium-238, and 80 percent of the iodine-129.

Phased | mplementation Alternative
Phase 1

Under the first phase of this alternative, waste from the DSTs would be retrieved, vitrified, and stored temporarily
onsite. There would be no groundwater impacts under this phase because 1) releases of waste would not occur during
retrieval from DSTs; and 2) the storage of the vitrified waste would be temporary and under controlled conditions so
there would be no liquid releases.

Phase 2

In the second phase of this aternative, the remainder of the tank waste would be retrieved and treated in the same way
as in the Ex Situ Intermediate Separations alternative. Potential releases to the groundwater for Phase 2 of the Phased
Implementation alternative would be similar to those calculated for the retrieval from SSTsfor the Ex Situ
Intermediate Separations alternative.

Effluent Treatment Facility

This facility would be common to all of the alternatives. It potentially would impact groundwater because treated
effluent from the Effluent Treatment Facility would be discharged to a State-approved land disposal site |ocated
immediately north of the 200 West Area. The Effluent Treatment Facility wastewater originates as process evaporator
condensate. All tank alternatives would contribute wastewater to the State-approved land disposal site either through
periodic operations of the 242-A Evaporator, DST retanking campaigns, or as liquid effluent collected from the
process facility. The State-approved land disposal site consists of a piping manifold used to infiltrate treated effluent
into vadose zone soil and deeper groundwater beneath the disposal site. The primary contaminant present in the treated
effluent would be tritium, with other organic, inorganic, and radiologic contaminants having been removed during the
treatment process (Volume Two, Appendix B). Waste releases to the vadose zone beneath the State-approved land
disposal site would occur only during the operations phase of each alternative.
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The effects of treated effluent disposal on groundwater were simulated as entering the uppermost aquifer beneath the
State-approved land disposal site at a projected rate of 570 liters per minute (L/min) (150 gallons per minute [gal/min])

over an area of 8,350 m? (90,000 ft2). Tritium concentrations in the treated effluent entering the groundwater system
were assumed to be 2.1E-05 Ci/L (2.1E+07 pCi/L) with a half-life of 12.3 years. The simulation results indicated that
disposal of treated effluent would have little effect on the local direction of groundwater movement beneath the State-
approved land disposal site. Groundwater flow directions resume their northeasterly regional flow direction at a point
approximately 300 m (980 ft) downgradient of the disposal site. It is estimated that it would take 100 years for tritium
in the uppermost aquifer to travel between the disposal site and the Columbia River. Maximum tritium concentrations
at the riverbank before dilution in the Columbia River were calculated to be 1.4E-08 Ci/L (1.4E+04 pCi/L), which is
below the Federal drinking water standard of 2.0E-08 Ci/L (20,000 pCi/L) (Jacobs 1996). No further groundwater
analysis was conducted for the effects of treated effluent disposal.

No Action Alternative (Capsules)

This aternative would not impact groundwater. Cesium and strontium capsules would be maintained and stored
temporarily in the Waste Encapsulation and Storage Facility (WESF) basins for a period of approximately 10 years,
until further remediation measures have been selected. Therefore, no groundwater analysis was necessary.

Onsite Disposal Alternative

Under this alternative, the capsules would be placed in 0.3-m (1.0-ft) canisters surrounded by a 0.76-m (2.5-ft)-
diameter sand backfill. There would be 672 drywells on a 5-m (16-ft) center-to-center spacing with a 30-m (100-ft)
buffer around the facility. The drywell depth would be 4.6 m (15 ft) belowground.

Both cesium and strontium are relatively immobile in groundwater systems at the Hanford Site. The result of this
immobility would mean that no measurable amount of either cesium or strontium would reach the groundwater within
the 10,000-year period of interest. In addition, cesium-137 decays to barium-137, a stable isotope that likewise is
immobile in groundwater systems. Strontium-90 decays to zirconium-90, which also is stable and immobile in
groundwater systems. No groundwater analysis was conducted for this alternative because no impacts would be
expected from the capsule contents or their decay products.

Overpack and Ship Alternative

Under this alternative, capsules would be removed from temporary storage, overpacked, and shipped offsite. No
release of liquid would occur. No groundwater assessment was necessary because there would be no release of
contaminants to the vadose zone or the groundwater.

Vitrify with Tank Waste Alternative

Under this alternative, capsules would be removed from temporary storage and vitrified with the HLW. Releases of
liquid would be accounted for in the ex situ alternatives. No groundwater assessment was necessary because there
would be no release of contaminants to the vadose zone or groundwater in excess of those for the ex situ alternatives.

Aggregate Source Areas

The 179 potential sources (i.e., each of the 177 tanks and the proposed LAW disposal vaults) were aggregated into nine
discrete source areas based on waste inventory and proximity. The criteria used for these groupings are as follows.

« The proposed LAW disposal facility was considered one source area, though there could be as many as 41
vaults. Vault spacing was assumed to be approximately 30 m (100 ft) over a continuous area of up to 9.4 ha (23
ac). The vaults would be covered with one continuous Hanford Barrier.

« Thetank sources were grouped into eight source areas, three in the 200 West Area and five in the 200 East Area.
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Contaminant Groups

The tanks contain more than 100 radioactive and nonradioactive contaminants that potentially could impact
groundwater. The approach used for this analysis was to group the contaminants based on their mobility in the vadose
zone and underlying unconfined aquifer. Contaminant groupings were used rather than the individual mobility of each
contaminant primarily because of the uncertainty involved in determining the mobility of individual contaminants. The
groups were selected based on relatively narrow ranges of mobility, and contaminants were placed in the more mobile
group if there was uncertainty about which group they should be placed in.

Some of the contaminants, such as iodine and technetium, would move at the rate of water whether in the vadose zone
or underlying groundwater. The movement of other contaminants in water, such as americium and cesium, would be
slowed or retarded by interaction with soil and rock. The VAM2D flow and transport model accounted for the
retardation of contaminant movement with the parameter K4, which is the distribution coefficient (mL/g). This

parameter is a measure of sorption and is the ratio of the quantity of the adsorbate adsorbed per gram of solid to the
amount of adsorbate remaining in solution (Kaplan et al. 1994). Values of K for the contaminants range from 0 mL/g

(in which the contaminant's movement in water is not retarded) to more than 100 mL/g (in which the contaminant
moves much slower than water).

The waste inventory was grouped and modeled according to each contaminant's reported or assumed K 4. The

contaminant groups, based on mobility and examples of common or potential constituents of concern, are described in
the following text. A complete listing of tank waste constituents by K4 is provided in Volume Four, Appendix F. The

waste inventory groups used for modeling included the following:

« Group 1 - Contaminants were modeled as nonsorbing (i.e., K4 = 0). Contaminant movement would be
unretarded in water. Contaminant K 4 valuesin this group ranged from 0 to 0.99 mL/g and included all the

isotopes of carbon, iodine, technetium, uranium, and nitrate;
« Group 2 - Contaminants were modeled as slightly sorbing (i.e., Kq = 1). Contaminant K4 valuesin this group

ranged from 1 to 9.9 mL/g and included al the isotopes of americium, nickel, and chromium;
« Group 3 - Contaminants were modeled as moderately sorbing (i.e., K4 = 10). Contaminant K4 valuesin this

group ranged from 10 to 49.9 mL/g and included all the isotopes of lead, plutonium, strontium, and thorium; and
« Group 4 - Contaminants were modeled as strongly sorbing (i.e., K4 = 50). Contaminant K 4 valuesin this group

were 50 mL/g or greater and included all the isotopes cesium, rubidium, and thallium.
Source Terms

The numerical modeling used to analyze groundwater impacts required understanding and quantifying when, what, and
how many (mass or activity) contaminants would be released. The quantification of this information is the source term
and includes the water flux into the vadose zone, which results from precipitation infiltrating the waste and mass or
activity solubilized from dissolution of waste in the tanks. A detailed description of the source term and the rates of
release of contaminants into the groundwater are contained in Volume Four, Appendix F.

5.2.1.2 Results

Groundwater beneath the 200 Areas and in plumes leading from the 200 Areas toward the Columbia River currently is
contaminated with hazardous chemicals and radionuclides at levels greatly exceeding Federal drinking water standards.
Drinking water standards typically are applied to treated water and are used here for comparison. For radionuclides,
the drinking water standard (40 Code of Federal Regulations [CFR] 141.16) is based on a calculated dose equivalent to
4 millirem (mrem)/year to an internal organ, except for uranium that has a standard of 0.02 mg/L based on total
uranium (i.e., al isotopes). Hazardous chemical contaminants present at levels exceeding drinking water standards
include nitrates, cyanide, fluoride, chromium, chloroform, carbon tetrachloride, trichloroethylene, and
techrachloroethylene. Radiological contaminants include iodine-129, tritium, cesium-137, plutonium-239 and 240, and
strontium-90.
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The groundwater beneath the 200 Aresas is severely contaminated at |evels that substantially exceed drinking water
standards for several constituents. For example, iodine-129 is present at levels that exceed standards by up to 20 times.
Groundwater use restrictions have been implemented to prevent use of the contaminated groundwater. |mplementing
any of the TWRS aternatives would add contaminants to groundwater but in concentrations expected to be less than
the current levels of contamination observed in groundwater beneath the 200 Areas. Groundwater impacts cal culated
for each alternative are described briefly in the following subsections,

No Action Alternative (Tank Waste)

Groundwater impacts would be essentially the same as at present for the remainder of the 100-year period of
institutional control, with the exception of slightly increased contaminant levels due to additional SST's that could
develop leaks. The long-term effects of this aternative are discussed below.

Because the waste would remain in the tanks, the No Action alternative eventually would result in the long-term
dissolution and release of the total waste inventory from the 177 tanks into the vadose zone. The contaminants
ultimately would pass through the vadose zone and reach the groundwater in the underlying unconfined aquifer within
the 10,000-year period of analysis. Once in the aguifer, the contaminants would move relatively quickly through the
aquifer and discharge to the Columbia River. The calculated contaminant concentrations in the groundwater are
described in the following sections.

For the K4 Group 1 (K4 = 0) contaminants (fast-moving contaminants), the vadose simulation results calculated first

arrival of contaminants at the vadose zone/groundwater interface from approximately 130 to 150 years from the
present for the SSTsand DSTs. Peak concentration at the vadose zone/groundwater interface would be reached
approximately 210 to 260 years from the present.

For the K4 Group 2 (K4 = 1), the vadose simulation results calculated contaminant first arrival at the groundwater

approximately 1,000 to 1,400 years from the present. The average time of first arrival for the three source areasin the
200 West Area would be approximately 1,300 years from the present, while the average time of first arrival for the five
source areas in the 200 East Area would be approximately 1,200 years from the present. The longer average time to
first arrival for source areasin the 200 West Area is consistent with the thicker vadose zone in the 200 West Area.

For the K4 Group 3 and 4 (K4 = 10 and 50), first arrival would occur late (i.e., beyond the 10,000-year period of
analysis). For this reason, simulation results were not reported for these K 4 groups.

Two time frames were selected to illustrate the contaminant distribution in the unconfined aquifer. The calculated
nitrate distribution in the groundwater at 300 years from the present is shown in Figure 5.2.3. Nitrate has an assumed
K4 egual to zero and thus would move at the same velocity as the groundwater. Figure 5.2.4 provides the calculated

distribution of bismuth in the groundwater at 5,000 years from the present. Bismuth isin K4 Group 2 (K4 = 1).

Bismuth would move through the groundwater system at a slower velocity than water. Maximum contaminant
concentrations for the five indicator contaminants at selected time periods are provided in Table 5.2.1 with the drinking
water standards for comparison.

Drinking water standards for carbon-14, iodine-129, technetium-99, nitrate, and uranium-238 all would be exceeded at
the 300- and 500-year times. Contaminant concentrations would decrease by 500 years but still would exceed the
drinking water standards. By 2,500 years from the present, contaminant levels would be well below applicable
drinking water standards as the contaminants are flushed through the system.

Long-Term Management Alternative
Under the Long-Term Management alternative, the first retanking of the DSTs would begin 50 years from the present.
As aresult, there would be no short-term contaminant releases to the vadose zone and groundwater in addition to those

already existing. Groundwater impacts essentially would be the same as at present for the remainder of the 100-year
period of institutional control, with the possible exception of dightly increased contaminant levels due to additional
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SSTsthat begin to develop leaks. Leaks would be very small because saltwell pumping of the SSTs would reduce the
amount of liquids available for release and because leaks would not be expected from the outer tanks of the DSTSs.

Long-term impacts from the Long-Term Management alternative would be similar to the No Action aternative except
impacts from the DSTs would be delayed by up to 100 years. The Long-Term Management alternative would result in
the release of the total waste inventory from the 177 tanks into the vadose zone. The contaminants ultimately would
pass through the vadose zone and reach the groundwater in the underlying unconfined aguifer within the 10,000-year
period of analysis.

Figure 5.2.3 Calculated Nitrate Concentrationsin Groundwater at 300 Yearsfor the No Action Alternative
Figure 5.2.4 Predicted Bismuth Concentrationsin Groundwater at 5,000 Yearsfor the No Action Alternative

Table 5.2.1 Calculated Maximum Concentrations and Applicable Drinking Water Standards for the No Action
Alternativel

Once in the aquifer, the contaminants would move quickly through the aguifer and discharge to the Columbia River.
The difference between this aternative and the No Action aternative is that the DSTs were assumed to last 100 years
longer under the Long-Term Management alternative.

For the K4 Group 1 (K4 = 0) contaminants, the vadose zone simulation results calculated first arrival of contaminants

at the vadose zone/groundwater interface approximately 140 to 250 years from present. Peak concentration at the
vadose zone/groundwater interface would be reached approximately 210 to 350 years from present.

For the K4 Group 2 (K4 = 1), the vadose simulation results in calculated contaminant first arrival at the groundwater

approximately 1,000 to 1,500 years from the present. The average time of first arrival for the three source areasin the
200 West Area would be approximately 1,300 years from the present, while the average time of first arrival for the five
source areas in the 200 East Area would be approximately 1,200 years. The longer average time to first arrival for
source areas in the 200 West Area is consistent with the thicker vadose zone in the 200 West Area.

For the K4 Group 3 and 4 (K4 = 10 and 50), first arrival would occur late (i.e., beyond the 10,000-year period of
analysis). For this reason, simulation results were not reported for these K 4 groups.

Two time frames were selected to illustrate the contaminant distribution in the unconfined agquifer. The estimated
nitrate distribution in the groundwater at 300 years from the present is shown in Figure 5.2.5. Nitrate has an assumed
K g4 equal to zero, and thus would move at the velocity of groundwater.

Figure 5.2.6 provides the calculated distribution of bismuth in the groundwater at 5,000 years from the present.
Bismuth isin K4 Group 2 (K4 = 1). Bismuth would move through the groundwater system at a much slower velocity

than water. Maximum contaminant concentrations for the five indicator contaminants at selected time periods are
provided in Table 5.2.2 with drinking water standards for comparison.

Drinking water standards for carbon-14, iodine-129, technetium-99, nitrate, and uranium-238 all would be exceeded at
the 300- and 500-year times. Contaminant concentrations would decrease by 500 years but still exceed the drinking
water standards. By 2,500 years, contaminant levels would be below current drinking water standards.

In Situ Fill and Cap Alternative

There would be no contaminant losses to the vadose zone and groundwater under the In Situ Fill and Cap alternative
during remediation in addition to those already existing, because retrieval of the waste would not be performed,;

therefore, retrieval activities would not cause increased leaks from the tanks. Groundwater impacts essentially would
be the same as for the No Action alternative for the 100-year period of institutional control. The long-term effects of
this alternative would commence after the 100-year period of institutional control and are discussed in the following

paragraphs.
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The waste that remained in the tanks under the In Situ Fill and Cap alternative eventually would result in the long-term
dissolution and release of the complete inventory from the 177 tanks into the vadose zone. This complete release was
considered to be a bounding condition for the EIS. However, only the most mobile contaminants, those modeled as K 4

= 0, were calculated to reach the groundwater within the period of analysis. The source would be the same as for the
No Action aternative. The mgjor difference between these alternatives is that a Hanford Barrier would be constructed
over the tanks, which would result in a lower infiltration rate and lower contaminant release rate to the vadose zone
compared to the No Action alternative. For the In Situ Fill and Cap and all other tank waste alternatives, except No
Action, Long-Term Management, and Ex Situ/In Situ Combination 1 and 2 aternatives, only the contaminants
modeled as K4 = 0 would reach the groundwater within the period of analysis. For this reason, simulations were not

reported for K4 Groups 2, 3, and 4 for the remaining alternatives except the Ex Situ/In Situ Combination 1 and 2
alternatives.

Figure 5.2.5 Predicted Nitrate Concentrationsin Groundwater at 300 Yearsfor the Long-Term Management
Alternative

Figure 5.2.6 Predicted Bismuth Concentrationsin Groundwater at 5,000 Yearsfor the L ong-Term Management
Alternative

Table 5.2.2 Calculated Maximum Concentrations and Applicable Drinking Water Standards for the L ong-Term
M anagement Alter native 2

Once in the aquifer, the contaminants would move relatively quickly through the aquifer and discharge to the
Columbia River. Contaminant first arrival at the vadose zone/groundwater interface was calculated to occur
approximately 2,300 to 3,400 years from the present. Peak groundwater concentrations in the aquifer would be similar
to those calculated for the No Action alternative but would occur approximately 4,100 to 6,300 years from present.

The average time to first arrival and peak concentration for the five source areas in the 200 East Area would be
approximately 2,500 and 5,200 years, respectively. The average time to first arrival and peak concentration for the
three source areas in the 200 West Area would be approximately 3,300 and 5,200 years, respectively.

The calculated peak concentrations for each of the eight areas at the vadose zone/groundwater interface were similar in
magnitude to those calculated for the No Action alternative. As with the No Action aternative, contaminant levels
would reach or nearly reach steady-state conditions with maximum concentrations near 400,000 g/m? for all source
areas except one.

The calculated nitrate distribution in the groundwater at 5,000 years from the present is shown in Figure 5.2.7. Nitrate
has an assumed K 4 equal to zero and thus would move at the velocity of groundwater. Nitrate concentration in the

groundwater would reach steady-state conditions at approximately 5,800 years and would continue at those
concentration levels for approximately 1,500 years. The nitrate concentrations shown in Figure 5.2.7 were based on an

initial source concentration of 360,000 g/m?3 calculated in the upper 6 m (20 ft) of the aquifer.

Maximum contaminant concentrations for the five indicator contaminants at selected time periods are provided in
Table 5.2.3 with the drinking water standards for comparison, where available.

Contaminants would not reach groundwater from the sources at earlier time periods during 300 or 500 years from
present. Very low levels were calculated for the 2,500-year period. Current drinking water standards exceedances were
calculated for iodine-129, uranium, and technetium-99 from 5,000 years through 10,000 years from the present. Nitrate
concentrations would exceed drinking water standards at approximately 5,000 years but would decrease to below the
standard before 10,000 years.

In Situ Vitrification Alternative
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There would be no contaminant losses to the vadose zone and groundwater under the In Situ Vitrification alternative
during remediation because the waste would be immobilized by vitrification, and the resulting glass would leach
extremely slowly. The long-term effects of this alternative would commence after remediation and are discussed in the
following paragraphs.

The In Situ Vitrification alternative would result in the long-term partial release of the tank inventory from the 177
tanks into the vadose zone over the period of interest (10,000 years). Only the most mobile contaminants, those
modeled as K4 equal to zero, were calculated to reach the groundwater within the period of analysis. The source would

be similar to the aternatives previously described but the release rates would be very low. This would result in a
release of contaminants at a constant concentration for several thousand years from each vitrified tank farm.

Contaminant first arrival at the vadose zone/groundwater interface was calculated to occur approximately 2,400 to
3,400 years from the present. Peak concentration at the vadose zone/groundwater interface would reach steady-state
conditions with a concentration of 400 mg/L between approximately 6,200 and 7,500 years and remain at that
concentration for the remainder of the period of analysis. Compared to the No Action alternative, this aternative would
have a much longer calculated time to first arrival and a lower peak concentration at the vadose zone/groundwater
interface, primarily because of the lower infiltration rate through the Hanford Barrier and the low solubility of the
vitrified waste. The calculated peak concentration for each of the eight source areas at the vadose zone/groundwater
interface al'so would be much lower. The time of first arrival would be affected by the materia properties of the strata
as well as the distance of travel (vadose zone thickness).

Figure 5.2.7 Predicted Nitrate Concentrationsin Groundwater at 5,000 Yearsfor theIn Situ Fill and Cap
Alternative

Table 5.2.3 Calculated Maximum Concentrations and Applicable Drinking Water Standards for the In Situ Fill
and Cap Alternative 2

Figure 5.2.8 presents the calculated uranium-238 distribution in the groundwater at 5,000 years from the present.
Uranium-238 was assumed to have a K4 equal to zero and thus would move at the velocity of groundwater. The

uranium-238 concentrations would reach steady-state conditions at approximately 5,000 years and continue at those
concentration levels throughout the 10,000-year period of analysis. The uranium-238 concentrations shown in Figure
5.2.8 represent calculated concentrations in the upper 6 m (20 ft) of the aquifer. Maximum contaminant concentrations
for the five indicator contaminants at selected time periods are provided in Table 5.2.4 with the drinking water
standards for comparison, where available. Calculated contaminant concentrations all would be below drinking water
standards for all of the times shown in Table 5.2.4. lodine-129, nitrate, and carbon-14 were not in the source term
because iodine-129 and carbon-14 would be volatilized during the vitrification process, and nitrate would be converted
to volatile nitrogen oxides.

Figure 5.2.8 Predicted Uranium-238 Concentrationsin Groundwater at 5,000 Yearsfor the In Situ Vitrification
Alternative

Table 5.2.4 Calculated Maximum Concentrations and Applicable Drinking Water Standards for the In Situ
Vitrification Alter native?

Ex Situ Intermediate Separ ations Alter native

There would be contamination releases to the vadose zone under the Ex Situ Intermediate Separations alternative
during remediation that would be caused by releases from the SSTs during retrieval. There would be no contaminant
releases from the DSTs. However, the contaminants released by losses during retrieval would travel very slowly in the
vadose zone, requiring approximately 1,100 years to reach the groundwater. Groundwater modeling did not distinguish
between contaminants from retrieval releases and contaminants from residual waste |eft in the tank. The net result was
that contaminants from retrieval releases would become intermingled with contaminants from residual waste l€eft in the
tanks. The modeling results shown in Volume Four, Appendix F show only the arrival of one group of contaminants at
the boundary between the vadose zone and the groundwater aquifers. The long-term effects of the Ex Situ Intermediate
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Separations alternative are discussed in the following paragraphs.

This aternative would result in the long-term release of contaminants to the vadose zone from 1) waste from the 149
SSTs associated with retrieval operations (retrieval from DSTs do not result in releases); 2) residual waste left in the
tanks (for all tanks); and 3) the LAW disposal facility.

Only the most mobile contaminants, those modeled as Ky Group 1 (K4 = 0), were calculated to reach the groundwater
within the period of analysis. The contaminants modeled as K 4 Group 1 (K4 = 0) would reach the vadose

zone/groundwater interface approximately 1,100 to 3,400 years from present. Compared to the No Action alternative,
the mass of contaminants that would be released from the tanks would be relatively small (i.e., less than 2 percent of
the mass released under the No Action alternative).

Peak contaminant concentrations at the vadose zone/groundwater interface for the tank source areas would be
approximately 3,600 to 5,100 years from present. Peak contaminant concentrations at the vadose zone/groundwater
interface for the LAW disposal facility would be reached at approximately 6,600 years and would remain at about that
concentration for the remainder of the period of analysis. Compared to the No Action alternative, this aternative would
have a much longer time to first arrival and peak contaminant concentrations at the vadose zone/groundwater interface,
primarily because of the lower infiltration rate through the Hanford Barrier and the lower corrosion rate of the vitrified
waste in the LAW disposal facility.

The calculated nitrate concentration in the groundwater from the tank sources at 5,000 years from the present is shown
in Figure 5.2.9. The nitrate concentrations shown in Figure 5.2.9 were adjusted for an assumed initial source

concentration of 360,000 g/m?3 of nitrate and represent calculated concentrations in the upper 6 m (20 ft) of the aquifer.
Figure 5.2.10 presents the cal culated uranium-238 concentrations in the groundwater from the tank and LAW disposal
facility at 5,000 years from the present. Both nitrate and uranium-238 have an assumed K 4 equal to zero and thus

would move at the velocity of groundwater. Post processing of the modeling resultsis explained in VVolume Four,
Appendix F. There would be an exceedance at the current drinking water standard for uranium-238 at 5,000 years
from present. No additional contaminants would exceed current groundwater standards.

Contaminants would not have reached the groundwater from the tank sources at the two earlier time periods of analysis
(e.g., 300 and 500 years from the present). At 2,500 years from the present, contaminants would not have yet reached
groundwater from the LAW disposal facility. Maximum concentrations for the five indicator contaminants at selected
time periods are provided in Table 5.2.5 for comparison with the drinking water standards. The current drinking water
standards for any of the indicator contaminants would not be exceeded by releases from the tank sources associated
with waste retrieval and residuals nor the LAW disposal source, except for a slight exceedance of uranium at 5,000
years for the tank sources. Because the maximums for tank sources and LAW vaults occur at different locations, they
are not additive.

Ex Situ No Separations Alternative

There would be contaminant releases to the vadose zone under the Ex Situ No Separations alternative during
remediation that would be caused by releases from the SSTs during retrieval. There would be no contaminant releases
from the DSTs. Because the retrieval processis the same as that for the Ex Situ Intermediate Separations alternative,
the effects of these retrieval releases also would be the same. The following paragraphs discuss the long-term effects
of groundwater contaminants.

Figure 5.2.9 Predicted Nitrate Concentrationsin Groundwater at 5,000 Yearsfor the Ex Situ | ntermediate
Separations Alternative (Tank Sources Only)

Figure 5.2.10 Predicted Uranium-238 Concentrationsin Groundwater at 5,000 Yearsfor the Ex Situ
Intermediate arations Alternative (Tank and L AW _Sour ces Combined

Table 5.2.5 Calculated Maximum Concentrations and Applicable Drinking Water Standards for the Ex Situ
Intermediate Separ ations Alternative
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The long-term impact to groundwater associated with the Ex Situ No Separations aternative would be a result of waste
retrieval from the SSTs and residual waste remaining in both the SSTs and DSTs. These impacts would be the same as
calculated for the Ex Situ Intermediate Separations alternative for the tank sources only, as illustrated in Figures 5.2.9
and 5.2.10. All retrieved waste would be processed and transported to the potential geologic repository. Maximum
calculated concentrations for the five indicator contaminants at selected time frames are provided in Table 5.2.6.

Table 5.2.6 Calculated Maximum Concentrations and Applicable Drinking Water Standards for the Ex Situ No
Separations Alternative

Contaminants would not reach the groundwater until approximately 1,100 years from the present. Levels of
contaminants would remain low. There would be an exceedance of the current drinking water standard for uranium-
238 at 5,000 years from the present.

Ex Situ Extensive Separ ations Alter native

There would be contaminant losses to the vadose zone under the Ex Situ Extensive Separations aternative during
remediation that would be caused by losses from the SSTs during retrieval. There would be no contaminant |osses
from the DSTs. Because the retrieval process would be the same as that for the Ex Situ Intermediate Separations
alternative, the effects of these retrieval losses aso would be the same. The following paragraphs discuss the long-term
effects of the groundwater contaminants.

Long-term groundwater impacts for the Ex Situ Extensive Separations alternative would result from tank sources
(waste retrieval releases from SSTs and residual waste releases from SSTs and DSTs) and the LAW disposal vaults.
The groundwater impacts associated with the tank sources would be similar to those calculated for the Ex Situ
Intermediate Separations alternative (Figures 5.2.9 and 5.2.10). The groundwater impacts associated with releases from
the LAW disposal facility would be reduced from those cal culated for releases from the LAW disposal vaults under
the Ex Situ Intermediate Separations alternative because a greater amount of the HLW would be removed during the
separations process. Maximum concentrations in groundwater of the five indicator contaminants from tank sources and
of technetium-99 and uranium-238 from the LAW disposal vaults are shown at selected timesin Table 5.2.7.

Contaminants would not reach the groundwater until approximately 1,100 years from the present. Levels of
contaminants would remain low. There would be a slight exceedance of current drinking water standards for uranium-
238 at 5,000 years from the present.

Ex Situ/ln Situ Combination 1 Alter native

There would be contaminant losses to the vadose zone under the Ex Situ/In Situ Combination 1 alternative during
remediation that would be caused by losses from the SSTs during retrieval. Because the retrieval process would
recover waste from 60 SSTsinstead of 149, the retrieval 1osses would be proportionately less. However, the
contaminants released by losses during retrieval would travel very slowly in the vadose zone, eventually becoming
indistinguishable from the contaminants caused by the residue remaining in the tanks after retrieval. There would be no
contaminant losses from the DSTs during remediation. The long-term effects of groundwater contaminants are
discussed in the following paragraphs.

The two major components that would result in long-term releases to the vadose zone under this aternative are 1) tank
sources from retrieval losses and releases from tanks remediated in situ; and 2) releases from the LAW vault. The
scenarios for these components would include all of the assumptions stated for the In Situ Fill and Cap and Ex Situ
Intermediate Separations alternatives. The residual waste assumed to be 1 percent of the initial inventory, which could
be left in the tanks after retrieval, was added to the inventory of tanks that would be remediated in situ. As with both
the In Situ Fill and Cap and Ex Situ Intermediate Separations alternatives, only the most mobile contaminants, those
modeled as K 4 equal to zero, were calculated to reach groundwater within the period of analysis.

The objective of this alternative is to reduce the number of tanks in which the waste is processed ex situ and
simultaneously achieve low groundwater concentrations of the high-risk contaminants technetium-99, carbon-14,
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iodine-129, and uranium-238. These contaminants all are mobile and are in K4 Group 1. They, along with the other
contaminants in K4 Group 1, were calculated to reach the groundwater of the unconfined aquifer within the period of

analysis. The distribution of uranium-238 in groundwater, the most abundant of the uranium isotopes in the tank waste,
is presented in this section for 5,000 years from the present. Also, a tabulation of maximum concentrations of indicator
contaminants in the unconfined aquifer in K4 Group 1 is provided.

Table 5.2.7 Calculated Maximum Concentrations and Applicable Drinking Water Standards for the Ex Situ
Extensive Separations Alternative

Peak contaminant concentrations at the vadose zone/ groundwater interface for the tank source areas would be reached
approximately 3,600 to 5,100 years from the present. Peak contaminant concentrations at the vadose zone/groundwater
interface for the LAW disposal facility would be reached approximately 6,600 years from the present and would
remain at that concentration for the remainder of the period of analysis.

Once in the aquifer, the contaminants would discharge to the Columbia River. Contaminant concentrations in the
aquifer would be approximately 10 times lower than those calculated for the No Action alternative, primarily as a
result of lower contaminant inventory and a lower infiltration rate due to the Hanford Barrier, which would be
constructed over the tanks remediated in situ and the LAW vaullt.

The calculated uranium-238 concentrations in the groundwater from the tank sources and from the LAW disposal
facility at 5,000 years from the present are provided in Figures 5.2.11 and 5.2.12, respectively. These concentrations
represent calculated concentrations in the upper 6 m (20 ft) of the aquifer. Maximum concentrations for the five
indicator contaminants at selected time periods are provided in Table 5.2.8, with the drinking water standard for
comparison for both the tank sources and LAW disposal source. Nitrate, iodine-129, technetium-99, and uranium-238
were calculated to exceed the current drinking water standard at 5,000 years.

Ex Situ/In Situ Combination 2 Alter native

There would be contaminant losses to the vadose zone under the Ex Situ/In Situ Combination 2 alternative from 1)
retrieval losses from the 13 SSTs; 2) losses from the residual waste that would remain in the 25 tanks from which
waste would be retrieved (13 SSTs and 12 DSTs); 3) releases from the 152 waste tanks that would be remediated in
situ with the fill and cap technology; and 4) releases from the LAW vaults. Only the most mobile contaminants, those
modeled as K 4 equal to zero, were calculated to reach the groundwater within the period of interest. The long-term

impacts of these releases on the groundwater are discussed in the following paragraphs.

The calculated groundwater impact from retrieval losses from the 13 SSTs would be proportionaly less than the
calculated impacts associated with retrieval losses for Ex Situ/In Situ Combination 1 alternative in which the waste
from 60 SSTswould be retrieved. To calculate the impact from waste retrieval, the predicted contaminant
concentration of each contaminant from the Ex Situ/In Situ Combination 1 alternative was multiplied by the ratio of
the mass of this aternative (on a contaminant by contaminant basis) over the mass of that constituent that would be
released during retrieval for the Ex Situ/In Situ Combination 1 alternative.

Figure 5.2.11 Predicted Uranium-238 Concentrationsin Groundwater at 5,000 Yearsfor the Ex Situ/In Situ
Combination 1 Alternative (Tank Sources Only)

Figure 5.2.12 Predicted Uranium-238 Concentrationsin Groundwater at 5,000 Yearsfor the Ex Situ/ln Situ
Combination 1 Alternative (LAW Vault Sources Only)

Table 5.2.8 Calculated Maximum Concentrations and Applicable Drinking Water Standards for the Ex Situ/In
Situ Combination 1 Alternative

Simulations of contaminant fate and transport as described for the In Situ Fill and Cap alternative were performed to

calculate groundwater impacts from the 152 tanks remediated in situ and as with the retrieval impacts, only the most
mobile contaminants would reach groundwater within the period of interest. The calculated groundwater impacts from
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the LAW vault would also be proportionate to the calculated impacts from the LAW vault in the Ex Situ/In Situ
Combination 1 alternative. The impacts were therefore calculated by scaling the results from the Ex Situ/In Situ
Combination 1 alternative as described in the previous text.

This alternative would be a variation of the Ex Situ/In Situ Combination 1 alternative. The objective of this alternative
would be to reduce the quantity of the long-term risk contributors (i.e., carbon-14, iodine-129, technetium-99 and
uranium-238) in tanks remediated in situ while also reducing the amount of overall tank waste that would be retrieved.
The contaminants that would be long-term contributors to risk, along with the other in K4 Group 1 (K), were

calculated to reach the groundwater of the unconfined aquifer within the period of interest. The calculated distribution
of uranium-238 in groundwater, the most abundant of the uranium isotopes in the tank waste, is presented in this
section for 5,000 years from present for both tank sources and LAW vault sources.

Peak contaminant concentrations at the vadose zone/groundwater interface for the tank releases (both from retrieval
releases and releases from tanks remediated in situ) would be reached approximately 3,600 to 5,100 years from the
present. Peak contaminant concentrations at the vadose zone/groundwater interface for the LAW disposal facility
would be reached at approximately 6,600 years and would remain at that concentration for the remainder of the period
of interest.

Once in the aquifer, the contaminants would discharge to the Columbia River. Contaminant concentrations in the
aquifer would be approximately 10 times lower than those for the No Action alternative, primarily as a result of lower
contaminant inventory and lower infiltration rate due to the Hanford Barrier, which would be constructed over the
tanks from which waste would be retrieved, those tanks that would be remediated in situ, and the LAW vault.

The calculated uranium-238 concentrations in the groundwater from tank sources and from the LAW disposal facility
at 5,000 years from the present are provided in Figures 5.2.13 and 5.2.14, respectively. These concentrations represent
calculated concentrations in the upper 6 m (20 ft) of the unconfined aquifer. Maximum concentrations for the five
indicator contaminants at selected time periods are provided in Table 5.2.9, with the drinking water standard for
comparison. Aswith the Ex Situ/In Situ Combination 1 alternative, nitrate, iodine-129, technetium-99, and uranium-
238 were calculated to exceed the current drinking water standard at 5,000 years.

Phased | mplementation Alternative
Phase 1

There would be no groundwater impacts from the first phase of this alternative. Nearly all of the waste would be
retrieved from the DSTSs, and there would be no retrieval losses.

Figure 5.2.13 Predicted Uranium-238 Concentrationsin Groundwater at 5,000 Yearsfor the Ex Situ/ln Situ
Combination 2 Alternative (Tank Sources Only)

Figure 5.2.14 Predicted Uranium-238 Concentrationsin Groundwater at 5,000 Yearsfor the Ex Situ/In Situ
Combination 2 Alternative (LAW Vault Sources Only)

Table 5.2.9 Calculated Maximum Concentrations and Applicable Drinking Water Standards for the Ex Situ/ln
Situ Combination 2 Alter native

Phase 2

The short-term and long-term groundwater impacts from the second phase of this alternative would be identical to
those for the Ex Situ Intermediate Separations alternative. There would be contaminant releases to the vadose zone
under the second phase of this alternative during remediation, which would be caused by losses from the SST's during
retrieval. As explained in Volume Four, Appendix F, the impacts of the losses during retrieval would be approximately
half of the impacts caused by the residual waste left in the tanks after retrieval. However, the contaminants released by
losses during retrieval would travel very slowly in the vadose zone, requiring approximately 1,100 years to reach the
groundwater. The net result would be that contaminants from retrieval |osses would become intermingled with
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contaminants from residual waste left in the tanks. Groundwater modeling did not distinguish between the two sources
of contaminants. The long-term effects of the second phase of the Phased Implementation alternative would be the
same as those discussed for the Ex Situ Intermediate Separations alternative.

Cesium and Strontium Capsules

None of the cesium and strontium capsule alternatives would result in substantive groundwater impacts, as described in
Section 5.2.1.1.

5.2.1.3 Parameter Sensitivity

Parameter sensitivity was investigated for the effect of 1) higher glass surface areas for the In Situ Vitrification
aternative; 2) changing the performance period of the Hanford Barrier from 1,000 years to 500 years; 3) the eventual
decay of the potentiometric head resulting from groundwater mounding related to the discharge to the Hanford Site
ponds; 4) the effect of variations in infiltration rate; and 5) the effect of variations in distribution coefficient (K).

Further information concerning parameter sensitivity is presented in Volume Five, Sections K.4.5.1 and K.4.5.2 .
In Situ Vitrification Surface Area

To investigate the sensitivity of the calculated results to the surface area of the glass produced by in situ vitrification,
additional groundwater modeling was performed, based on the assumption that the glass surface area had increased by
a factor of two. This would represent the case in which extensive cracking of the waste form had occurred. The
additional modeling showed that the calculated contaminant concentrations were indistinguishable from those
calculated by the base case analysis.

500-Year Versus 1,000-Year Hanford Barrier

The base case for modeling infiltration through the Hanford Barrier assumed the Barrier would not degrade for 1,000
years. Additional modeling was performed to investigate the situation in which the Hanford Barrier placed over the
tanks would degrade 500 years after placement rather than 1,000 years. In the additional modeling, the water flux
through the cap was assumed to increase from 0.05 cm/year to 0.1 cm/year (0.02 to 0.04 in./year) after 500 years. A
comparison of the calculated nitrate concentrations for the two durations (500 versus 1,000 years) showed that the
times of arrival of nitrate in the groundwater and the peak nitrate concentrations were ailmost identical. A comparison
of calculated uranium-238 concentrations in groundwater at 10,000 years from the present indicates that for the 500-
year cap, calculated uranium-238 concentrations would be lower by a factor ranging from 5 to 10. This would be due
to the higher water flux through the 500-year cap, which would allow uranium-238 to move faster and be flushed from
the groundwater system. With the 500-year cap, the contaminants would have already moved through the system. The
conclusion is that t