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1.0 INTRODUCTION

This Introduction contains the following information:

« Background of the Plutonium Finishing Plant Facility
« Scope of this Environmental Impact Statement
« Contents of this Environmental Impact Statement

The presence of significant quantities of plutonium-bearing materials in the Plutonium Finishing Plant (PFP) Facility,
Hanford Site, Washington, poses unacceptable risks to workers, the public, and the environment.

On October 24, 1994, the United States Department of Energy (DOE) announced, in an initial mailing to 1,500
interested parties, its intent to prepare an Environmental Impact Statement (EIS) pursuant to the National
Environmental Policy Act (NEPA) of 1969 (42 United States Code [U.S.C.] 4321 et seq.), DOE's NEPA
Implementation Procedures (10 Code of Federal Regulations [CFR] 1021), and the Council on Environmental Quality
(40 CFR 1500) regulations. This EIS evaluates the impacts on the human environment of:

« Stabilization of residual, plutonium-bearing materials at the PFP Facility to a form suitable for interim storage at
the PFP Facility

« Immobilization of residual plutonium-bearing materials at the PFP Facility

« Removal of readily retrievable, plutonium-bearing materials left behind in process equipment, process areas, and
air and liquid waste management systems as a result of historic uses

« No action.

All stabilized materials would be stored in the PFP Facility pending a DOE decision on future disposition. Any
immobilized plutonium-bearing materials would be managed at Hanford Site solid waste management facilities.
Disposition decisions would be contained in the Record of Decision for the Storage and Disposition of Weapons-
Usable Fissile Material Programmatic Environmental Impact Statement (DOE, 1996). The draft of the Programmatic
EIS was published in February 1996 (DOE, 1995). The alternatives being considered under the Programmatic EIS are
beyond the scope of the PFP Stabilization EIS. The Programmatic EIS will evaluate alternatives for:

« Disposition of United States weapons-usable plutonium declared surplus to national defense needs by the
President

« Disposition of surplus uranium-233 (U-233) and minor actinides (if needed)

« Long-term storage of national security and programmatic inventories of highly enriched uranium, plutonium,
and minor actinides

« Long-term storage of surplus weapons-usable fissile materials that are not able to go directly from interim
storage to disposition (DOE, 1996).

A Notice of Intent, published in the Federal Register (FR) on October 27, 1994 (59 FR 53969), identified the purpose,
scope, and preliminary alternatives for the PFP Stabilization EIS. A subsequent Notice of Intent was published in the
FR on November 23, 1994 (59 FR 60358), announcing two additional public scoping meetings.

The Notice of Intent provided a descriptive title for the proposed action to be covered by the EIS, "To Clean Out and
Deactivate the Hanford, Washington Plutonium Finishing Plant (PFP) Complex (Except for Storage Areas), to Stabilize
PFP Plutonium-Bearing Materials and to Store the Stabilized Material.” This title was shortened in the body of the
Notice of Intent and during scoping to the "Plutonium Finishing Plant Cleanout EIS." Subsequently, it was determined
that "stabilization,” as commonly used at Hanford, rather than “cleanout” more accurately described the range of
actions to be evaluated in this EIS. Stabilization in the context of this EIS means the combination of steps or activities
to secure, convert, and/or confine radioactive and/or hazardous material along with other activities needed to bring the
Facility to a minimal surveillance level. Therefore, the title of this EIS will be Plutonium Finishing Plant Stabilization
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Environmental Impact Statement (PFP Stabilization EIS).

The scoping and public participation process was held over a 45-day period to identify issues to be considered in the
PFP Stabilization EIS. During this period, public scoping meetings were conducted in six cities in Washington and
Oregon. Written and oral comments were received. The public scoping process, initiated on October 24, 1994, ended
on December 12, 1994. The Implementation Plan for the PFP Stabilization EIS was issued in October 1995 (DOE,
1995a).

The Plutonium Finishing Plant Stabilization Draft Environmental Impact Statement, DOE/EIS-0244-D, was issued in
November 1995 (DOE, 1995b). The Draft EIS presented alternatives that would achieve the purpose and need and
included analyses of the potential environmental impacts that would result.

On December 5, 1995, a Notice of Availability was published in the Federal Register (60 FR 62244) which formally

announced the release and availability of the PFP Stabilization EIS. The public hearing date, time, and location were

also published and public comment was requested. On December 15, 1995, a subsequent notice was published in the

Federal Register (60 FR 64423) which extended the date for the end of the comment period provided in the Notice of
Availability.

A public meeting on the PFP Stabilization EIS was held in Pasco, Washington, on January 11, 1996. The public
comment period, initiated on December 5, 1995, officially ended on January 23, 1996. However, DOE made a decision
to accommodate comments received through February 15, 1996. Both oral and written comments were received during
the comment period.

Based on a draft DOE policy and a comment received during the public hearing, DOE decided to evaluate another
alternative not contained in the PFP Stabilization Draft EIS. This alternative would involve immobilization of up to
272 kilograms (kg) (599 pounds [Ib]) of material that have an associated plutonium content that would not warrant
rigorous stabilization measures and continued vault storage at the PFP Facility. These materials would be immobilized
through a cementation process, packaged and transported to a Hanford Site solid waste management facility for
continued storage as waste. The plan to include this alternative in the Final PFP Stabilization EIS was announced in
the FR on May 3, 1996 for a 21-day comment period. Comments received will be considered in the Record of
Decision.

1.1 BACKGROUND OF THE PLUTONIUM FINISHING PLANT FACILITY

The federal government began operating the Hanford Site, near Richland, Washington, in 1943 as part of the
Manhattan Project to produce plutonium for national defense needs. Metallic uranium fuel was irradiated in nuclear
reactors at the Hanford Site to produce plutonium. Chemical processing separated the plutonium from the other
elements in the irradiated fuel. The product of this processing was plutonium nitrate, which needed further processing
to produce the metallic form used in nuclear weapons. Initially, the plutonium nitrate was shipped offsite for this
additional processing. Construction of the PFP Facility eliminated this necessity.

The PFP Facility is located in Hanford's 200 West Area, approximately 51 kilometers (km) (32 miles [mi]) northwest
of Richland. Construction of the PFP Facility was started in 1947, and production of plutonium metal began on July 5,
1949. Facilities at the PFP Facility include production areas, such as the Remote Mechanical A and C (RMA, RMC)
Lines for conversion of plutonium nitrate solutions to plutonium metal, the Plutonium Reclamation Facility (PRF) for
removal of plutonium from process residues, laboratories for routine analysis and for actinide research, and secure
vaults for storage of plutonium in various forms. About 240 employees are currently assigned to the PFP Facility.
Additional staff are located outside the fence line, bringing the total to 592.

Most of the residues left in the PFP Facility when production operations stopped in 1989 still remain at the Facility,
either in storage containers or on surfaces in enclosed process areas as hold-up.
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These plutonium-bearing materials need to be either stabilized or immobilized for interim storage pending a DOE
decision on the ultimate disposition of plutonium-bearing material. Stabilization is intended to minimize safety
concerns, reduce radiation exposure to PFP Facility and Hanford Site workers, and reduce public risk. When stabilized,
the material has minimal chemical reactivity and remains in solid form with a low water and organic content to
minimize radiolysis.

During the the EIS process, actions continued to be taken to resolve immediate safety concerns. These actions are
listed below. Additional actions could be proposed prior to the Record of Decision to address other specific safety
concerns. All actions are or would be covered by appropriate NEPA documentation.

« Complete other small projects, such as maintaining or upgrading ventilation or electrical systems, which have
limited impacts and do not limit alternatives in the PFP Stabilization EIS.

« Clean up radioactive surface contamination to reduce worker exposure at the PFP Facility.

« Remove portions of exhaust ventilation ductwork, vacuum piping, and process equipment containing residual
plutonium from two buildings at the PFP Facility to reduce potential personnel radiation exposure during current
activities.

« In the 232-Z Building, remove sections of service piping, exhaust ventilation ductwork, equipment within
gloveboxes, and a firebrick lining containing residual plutonium. Clean process enclosures and gloveboxes in
this building to minimize the onsite radiation dose in the event of an earthquake that exceeds building strength
standards and to reduce PFP Facility worker exposure during surveillances and routine maintenance.

« Perform routine operations and maintenance.

« In October 1994, a Finding of No Significant Impact was issued for sludge stabilization. Under this
Environmental Assessment, chemically reactive plutonium-bearing sludge from unshielded gloveboxes was
stabilized and the resulting stable powder was stored in the PFP vaults (DOE, 1994a). These actions were
completed during the summer of 1995. An additional Environmental Assessment to support continuation of this
activity has been issued with its associated Findings of No Significant Impact (DOE, 1995c).

1.2 SCOPE OF THIS ENVIRONMENTAL IMPACT STATEMENT

The decisions that could result from the PFP Stabilization EIS may include implementing alternatives for stabilizing
residual plutonium-bearing materials at the PFP Facility, storing stabilized materials in existing vaults at the PFP
Facility, immobilizing plutonium-bearing materials for subsequent management at Hanford Site solid waste
management facilities, or no action. The Record of Decision would include reasonable requirements to mitigate
potential health, safety, and environmental impacts associated with the decision. The mitigation measures and plans for
implementing them would be included in a Mitigation Action Plan, which would be published after the Record of
Decision.

Plutonium-bearing materials are located in several buildings at the PFP Facility. The buildings contain equipment and
surfaces that are contaminated with plutonium-bearing materials considered to be in an unstable condition. The
plutonium-bearing materials must be removed and stabilized or immobilized before storage. These materials are
grouped in the following four categories:

1) Plutonium-bearing solutions

2) Oxides, fluorides, and process residues
3) Metals and alloys

4) Polycubes and combustibles.

DOE's preferred alternative would involve the removal and stabilization of plutonium-bearing materials at the PFP
Facility to a form suitable for management and storage. Readily retrievable plutonium-bearing materials would be
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removed from exhaust and ventilation ducts, service piping, glovebox surfaces, process equipment, enclosures, walls,
floors, or other areas of the PFP Facility where it may be found.

The removed and stored plutonium-bearing materials would undergo glovebox-size treatment processes. When
stabilized, the material would have minimal chemical reactivity and would remain in solid form with a low water or
organic content to minimize radiolysis. To achieve material stabilization, the following preferred alternative is
proposed:

1) Plutonium-bearing solutions - lon exchange, vertical calcination, and thermal stabilization
2) Oxides, fluorides, and process residues - Thermal stabilization using a continuous furnace
3) Metals and alloys - Repackaging

4) Polycubes and combustibles - Pyrolysis.

All stabilized material would be stored at the PFP Facility in accordance with DOE's Criteria for Safe Storage of
Plutonium Metals and Oxides, DOE-STD-3013-94 (DOE storage standard) (DOE, 1994b) or the Addendum to the
Department of Energy Implementation Plan for DNFSB Recommendation 94-1, Criteria for Interim Safe Storage of
Plutonium-bearing Solid Materials (DOE, 1995d).

1.3 CONTENTS OF THIS ENVIRONMENTAL IMPACT STATEMENT

The EIS consists of a summary and eight sections as follows:

« Section 1 Introduction

« Section 2 Purpose and Need for Agency Action

« Section 3Description of Proposed Alternatives

« Section 4Affected Environment

« Section 5Environmental Impacts

« Section 6Cumulative Impacts

« Section 7Statutory and Regulatory Requirements
« Section 8 List of Preparers

The introduction section provides background information, explains important features of the PFP Facility, and
discusses the limits of the issues to be addressed within the scope of the EIS. It also describes the overall structure of
the document and specifies the type of information provided in each section.

The purpose and need requiring DOE response in considering the proposed alternatives is stated and discussed in
Section 2. Section 2 includes those factors, such as safety concerns, for which the alternatives are solutions.

Section 3 includes a brief history of the PFP Facility at Hanford, information on the nature of the problem requiring
solutions, a discussion of the alternative selection process, identification of alternatives to solve the problems facing the
PFP Facility, and finally, a comparative summary of anticipated impacts of alternatives.

Section 4 provides the description of the affected environment, which is the basis for analysis of the proposed action
and alternatives.

Section 5 identifies and analyzes the environmental impacts of the proposed alternatives. Those impacts that are or
might be significant are presented in greater detail than those judged to be insignificant. The concepts used to identify
environmental impacts, such as worst case analysis, along with primary and secondary impacts, are explained. Data
that support the analysis are presented in the appendices, as appropriate.
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Section 6 assesses the consequences to the environment from the combined effects of each of the proposed alternatives
and other current or reasonably foreseeable actions at the Hanford Site.

Statutory and regulatory requirements are discussed in Section 7. This section provides the status of all licenses,
permits, and other approvals for each of the proposed alternatives to be obtained from federal, state, and local
authorities for the protection of the environment. The listing cites relevant statutory or other authority-requiring
approvals with respect to each of the proposed alternatives. This section also examines the ability of the proposed
alternatives to meet regulatory standards and requirements. Finally, agencies consulted during the preparation of the
EIS are identified.

The individuals who prepared the technical sections of the EIS including their names, titles, organizations, and
qualifications in their field are included in Section 8.

References:
10 CFR 1021, "National Environmental Policy Act Implementing Procedures,” Code of Federal Regulations.

40 CFR 1500, "Regulations for Implementing the Procedural Provisions of the National Environmental Policy Act,"”
Code of Federal Regulations, as amended.

59 FR 53969, "Notice of Intent for the Preparation of an Environmental Impact Statement (EIS) To Clean Out and
Deactivate the Hanford, Washington Plutonium Finishing Plant (PFP) Complex (Except for Storage Areas), to Stabilize
PFP Plutonium-bearing Materials and to Store the Stabilized Material,”" Federal Register, October 27, 1994.

59 FR 60358, "Notice of Additional Public Scoping Meetings; Preparation of an Environmental Impact Statement
(EIS) to Clean Out and Deactivate the Hanford, Washington Plutonium Finishing Plant (PFP) Complex (Except for
Storage Areas), to Stabilize PFP Plutonium-Bearing Materials and to Store the Stabilized Material," Federal Register,
November 23, 1994.

60 FR 62244, "Notice of Availability, Draft Environmental Impact Statement for the Plutonium Finishing Plant
Stabilization, Hanford Site, Richland, Benton County, Washington," Federal Register, December 5, 1995.

60 FR 64423, "Extension of comment period, Draft Environmental Impact Statement for the Plutonium Finishing Plant
Stabilization Hanford Site, Richland, Benton County, Washington", Federal Register, December 15, 1995.

42 U.S.C. 88 4321 et seq., "National Environmental Policy Act of 1969," United States Code, as amended.

DOE, 1994a, Environmental Assessment, Sludge Stabilization at the Plutonium Finishing Plant, Hanford Site,
Richland, Washington, DOE/EA-0978, Predecisional Draft, U.S. Department of Energy, Richland Operations Office,
Richland, Washington.

DOE, 1994b, "Criteria for Safe Storage of Plutonium Metals and Oxides,"” DOE-STD-3013-94, U.S. Department of
Energy, Washington, D.C.

DOE, 1995a, Implementation Plan for the Plutonium Finishing Plant Stabilization Environmental Impact Statement,
DOE/EIS-0244-1P, U.S. Department of Energy, Richland Operations Office, Richland, Washington.

DOE, 1995b, Plutonium Finishing Plant Stabilization Draft Environmental Impact Statement, DOE/EIS-0244-D, U.S.
Department of Energy, Richland, Operations Office, Richland, Washington.

DOE, 1995c, Environmental Assessment, Sludge and Solid Residue Stabilization at the Plutonium Finishing Plant
Hanford Site, Richland, Washington U.S. Department of Energy, DOE/EA-1112, U.S. Department of Energy, Richland
Operations Office, Richland, Washington.

DOE, 1995d, Addendum to the Department of Energy Implementation Plan for DNFSB Recommendation 94-1,
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Criteria for Interim Safe Storage of Plutonium-bearing Solid Materials and cover letter dated January 25, 1996, U.S.
Department of Energy, Washington, D.C.

DOE, 1996, Storage and Disposition of Weapons-Usable Fissile Materials Draft Programmatic Environmental Impact

Statement, DOE/EIS-0229-D, Summary and Volumes I - 1ll, U.S. Department of Energy, Office of Fissile Materials
Disposition, Washington, D.C.
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2.0 PURPOSE AND NEED FOR AGENCY ACTION

According to Council on Environmental Quality regulations (40 CFR 1502.13), an EIS must briefly specify the
underlying purpose and need to which the agency is responding. In general, the purpose and need should reflect the
goal to be achieved, and it should provide the basis for identifying reasonable alternatives to be considered in this EIS.

The purpose and need section is arranged as follows:

« 2.1 Statement
« 2.2 Background
« 2.3 Specific Vulnerabilities Facing the PFP Facility.

21 STATEMENT

The following is the purpose and need for the proposed action:

Unstable forms of plutoniumin the PFP Facility pose risks to workers, the public, and the environment. DOE needs to
expeditiously and safely reduce radiation exposure to workers and the risk to the public; reduce future resources
needed to safely manage the Facility; and remove, stabilize, store, and manage plutonium, pending DOE's future use
and disposition decisions.

2.2 BACKGROUND

The continued presence of relatively large quantities of chemically reactive plutonium-bearing materials in their
present form and location in the PFP Facility poses an unacceptable long-term risk to the workers and the
environment. Consequently, in 1993, DOE announced its proposal to operate certain processes in the PFP Facility to
stabilize these materials and to prepare an Environmental Assessment pursuant to NEPA (DOE, 1993).

As part of the NEPA process for the proposed Environmental Assessment, DOE conducted public meetings in the
summer and fall of 1993 in Richland, Sesattle, and Spokane, Washington; and Portland and Hood River, Oregon to
discuss the proposal to stabilize the chemically reactive materials. As a result of the public comments received, DOE
decided that an EIS would be the appropriate level of NEPA review. DOE also decided to expand the scope of the
NEPA review to include the removal of readily retrievable process residues held up in pipes, process equipment,
gloveboxes, and ductwork as the result of more than 40 years of Facility operations.

On January 24, 1994, the Secretary of Energy commissioned a comprehensive assessment to identify and prioritize the
environmental, safety, and health vulnerabilities that arise from the storage of plutonium in DOE facilities and
determine which are the most dangerous and urgent. Vulnerabilities were defined as "conditions or weaknesses that
may lead to unnecessary or increased radiation exposure of the workers, release of radioactive materials to the
environment, or radiation exposure to the public." The DOE-wide assessment, commonly referred to as The Plutonium
Vulnerability Study, identified 299 environmental, safety, and health vulnerabilities of which 15 were identified at the
PFP Facility. The PFP Facility-specific vulnerabilities included storage of unstable forms of plutonium, a potentia for
criticality accidents, and seismic weaknesses (DOE, 1994). Additional information can be found in Subsection 2.3 of
this EIS.

On May 26, 1994, shortly after the Secretary commissioned The Plutonium Vulnerability Study, the Defense Nuclear
Facilities Safety Board (DNFSB) issued Defense Nuclear Facilities Safety Board Recommendation 94-1 to the
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Secretary of Energy (Recommendation 94-1) (DNFSB, 1994). The DNFSB is chartered by Congress to review and
evaluate the content and implementation of the standards relating to the design, construction, operation, and
decommissioning of DOE's defense nuclear facilities (including applicable DOE Orders, regulations, and
requirements). The DNFSB recommended to the Secretary of Energy those specific measures that should be adopted to
ensure that public health and safety are adequately protected. In Recommendation 94-1, the DNFSB noted that it was
concerned that the halt in production of materials to be used in nuclear weapons froze the manufacturing pipelinein a
state that, for safety reasons, should not be allowed to persist unremediated. Specifically, the DNFSB expressed
concern about liquids and solids containing fissile materials, like plutonium, located in spent fuel storage pools, reactor
basins, reprocessing canyons, and various other facilities, such as the PFP Facility, once used for processing and
weapons manufacture. Many of the DOE-wide and Hanford vulnerabilities associated with materials and packaging
identified in The Plutonium Vulnerability Study are specifically covered or encompassed by the DNFSB's
Recommendation 94-1.

In Recommendation 94-1, the DNFSB specifically advised: "that an integrated program plan be formulated on a high
priority basis, to convert within two to three years the materials* (plutonium metal that isin contact with or in
proximity to plastic) "to forms or conditions suitable for safe interim storage;” that the plan "will require attention to
l[imiting worker exposure and minimizing generation of additional waste and emission of effluents to the environment;"
and finally, that the plan "should include a provision that, within a reasonable period of time (such as eight years), al
storage of plutonium metal and oxide should be in conformance with the DOE standard on storage of plutonium™
(DNFSB, 1994).

DOE acknowledged the DNFSB's concerns and on February 28, 1995, published a report entitled, The Defense Nuclear
Facilities Safety Board Recommendation 94-1 Implementation Plan as the integrated program plan recommended by
the DNFSB. This implementation plan provides the schedules and major milestones (including those associated with
the proposed action which is the subject of this EIS) for achieving the DNFSB's recommended environment, safety,
and health objectives (DOE, 1995).

If all the plutonium-bearing materials were suitably stabilized and placed in interim storage in the PFP Facility vaults,
the number of required workers, the worker dose, and the associated cost to safely manage the PFP Facility could be
reduced. Also, completion of the stabilizing activities would alow DOE to bring the Facility to a minimum
surveillance level consistent with the continued operation and security of the plutonium storage vaults.

2.3 SPECIFIC VULNERABILITIES FACING THE PFP FACILITY

The sudden halt in the production of weapons-grade plutonium in the late 1980s froze the existing PFP Facility
manufacturing pipeline in a state that was unsuited for long-term storage. This has caused problems with plutonium-
bearing materials remaining at the PFP Facility. The resulting specific concerns focus on certain liquids and solids
containing fissile materials. The major areas of concern are:

Nitrate Solutions

Plutonium-bearing nitrate solutions are stored at the PFP Facility. Some of these containers are suspected of having
potentially explosive buildups of hydrogen gas. Plastic bottles inside others may be embrittled because of exposure to
acid, radiation, and gas pressure. The embrittlement would make them susceptible to breakage during handling and
draining (DOE, 1994).

Reactive Scrap
The PFP Facility has unstable and reactive plutonium scrap/residues stored in vaults. The design life of the packaging

is unknown. Radiolysis, gas generation, and corrosion could have caused breaches. Increased worker exposures are
probable and must be considered (DOE, 1994).
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Aging Polycubes

Plutonium-bearing polycubes are also stored at the PFP Facility. Polycubes are polystyrene blocks impregnated with
plutonium dioxide powder and coated with aluminum and/or organic paint. Radiolysis of the organic material has the
potential to cause hydrogen gas generation, which could result in a potential fire and/or explosion hazard (DOE, 1994).

Incomplete Material Content and Packaging I nfor mation

There isincomplete information about the contents and packaging of some plutonium packages at the PFP Facility,
casting doubts about storage stability. Some of the packages may have plutonium in direct contact with plastic, which
will cause hydrogen buildup, reaction with stored material, and/or container corrosion. Continued chemical and
radiolytic reactions in these 15- to 27-year-old packages will eventually lead to container failure. Packaging failure
could result in worker exposures (DOE, 1994).

Aging Gloveboxes

Gloveboxes used to store plutonium in the PFP Facility have deteriorating windows, seals, gaskets, and gloves.
Organic materials used in construction have been damaged by radiation and chemical degradation, shortening the life
of the materials and necessitating frequent surveys and replacements. Failure of this equipment could cause worker
contamination and exposure (DOE, 1994).

Earthquake Vulnerability

The PFP Facility includes several separate or adjoining buildings with distinct functions. Seismic evaluations of key
buildings at the PFP Facility show that they can withstand a design basis earthquake.

However, a small quantity of plutonium-bearing material is tightly adhered to the exhaust ducts downstream of the
PFP Facility high efficiency particulate air (HEPA) filters. Some of this plutonium-bearing material could be dislodged
during an earthquake and be directly released to the environment (DOE, 1994).

Hold-up

Routine operations have resulted in the accumulation of plutonium in many locations (hold-up) at the PFP Facility,
including the floor of the PRF canyon and the PFP Facility ventilation ducts. This poses a source of increased radiation
exposure to workers from plutonium and from the increasing concentrations of Am-241 resulting from plutonium
decay. Process drain lines at the PFP Facility contain unknown amounts of plutonium that have leaked contamination
and are likely to do so again (DOE, 1994).

PFP Facility gloveboxes, exhaust ducts, and HEPA filters have been corroded by hydrogen fluoride. This historical use
of hydrogen fluoride increases the likelihood for equipment failure. Hydrogen fluoride is no longer used at the PFP
Facility. However, the potential for equipment failure could cause additional worker exposure (DOE, 1994).

References:

40 CFR 1500, "Regulations for Implementing the Procedural Provisions of the National Environmental Policy Act,"
Code of Federal Regulations, as amended.

DNFSB, 1994, Recommendation 94-1 to the Secretary of Energy, pursuant to 42 U.S.C. 82286 a(5) Atomic Energy
Act of 1954, as amended,” Defense Nuclear Facilities Safety Board, Washington, D.C.

DOE, 1993, "Stahilizing Reactive Plutonium at Hanford's Plutonium Finishing Plant,” Citizen Bulletin, U.S.
Department of Energy, Richland Operations Office, Richland, Washington, July.

DOE, 1994, Plutonium Working Group Report on Environmental, Safety and Health Vulnerabilities Associated with
the Department's Plutonium Sorage, DOE/EH-0415 Volume |: Summary, U.S. Department of Energy, Washington,
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D.C.

DOE, 1995, Defense Nuclear Facilities Safety Board Recommendation 94-1 Implementation Plan, U.S. Department of
Energy, Washington, D.C.
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3.0 DESCRIPTION OF PROPOSED ALTERNATIVES

This section provides a brief description of the PFP Facility; information on the nature of the safety issues facing the
Facility (including a description of the materials for stabilization, removal, and/or immobilization); a description of
each alternative that would reasonably resolve the safety issues; a comparison of the anticipated environmental impacts
for each aternative; and finally, a discussion of the alternatives selection methodol ogy.

This description of the proposed alternativesis arranged as follows:

« 3.1 Description of Plutonium-bearing Materials Potentially Suitable for Stabilization, Removal, and/or
Immobilization

3.2 Description of the Preferred Alternative

3.3 Description of Alternatives

3.4 Description of the No Action Alternative

3.5 Comparison of the Anticipated Environmental Impacts of the Alternatives

« 3.6 Alternative Selection Methodology and Alternatives Dismissed.

Facility Description

The PFP Facility is comprised of several buildings located in the 200 West Area and occupies approximately 23
hectares (58 acres). The PFP Facility is separated from the rest of the 200 West Area by a double-fenced security
enclosure. Only personnel having duties and responsibilities associated with the operation of the PFP Facility have
security clearances for access to the protected area. A simplified layout and the location of the PFP Facility is shown in
Figures 3-1, 4-1, and 4-2. A more detailed description is provided in Appendix A.

Historically, the PFP Facility was used to conduct diversified plutonium processing, storage, and support operations for
national defense. Those operations included:

Specia nuclear material handling and storage
Plutonium recovery

Plutonium conversion

Laboratory support

Waste handling

« Shutdown and operational facility surveillances.

HREF="/nepa/dbgraphi cs/eishtml/eis-0244/0244t45.gif">Figure 3-1. The PFP Facility

All PFP Facility operations related to production of plutonium were stopped in 1989.

Preferred Alternative

The PFP Facility contains a variety of reactive plutonium-bearing materials that are chemically and physically
dissmilar. These materials have been grouped into four inventory categories. The preferred alternative for stabilization
would involve processing the plutonium-bearing materials at the PFP Facility into a form suitable for interim storage in
existing PFP Facility vaults. This preferred alternative includes the following processes for the four inventory groups:
1) Plutonium-bearing solutions - lon exchange, vertical calcination, and thermal stabilization

2) Oxides, fluorides, and process residues - Thermal stabilization using a continuous furnace

3) Metals and alloys - Repackaging
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4) Polycubes and combustibles - Pyrolysis.

The preferred alternative also would involve removing and stabilizing plutonium-bearing material currently in hold-up
at the PFP Facility. This is material that has accumulated or been retained in PFP Facility gloveboxes, hoods, process
equipment, piping, exhaust and ventilation systems, and the PRF canyon as a result of 40 years of plutonium-
processing operations at the Facility. The removal activities would be limited to materials that are readily retrievable.
Due to the nature and location of the material in hold-up, various technologies would be employed to remove the
material for subsequent stabilization.

Alternatives
In addition to the preferred alternative identified above, the following alternatives have been identified:

« Plutonium-bearing solutions - Hydroxide precipitation followed by thermal stabilization

« Okxides, fluorides, and process residues - Batch thermal stabilization using muffle furnaces, and immobilization
of candidate materials

« Metals and alloys - Batch thermal stabilization using muffle furnaces

« Polycubes and combustibles - Batch thermal stabilization; molten salt oxidation; and immobilization of
candidate materials.

Any process identified above could be substituted for a comparable process described under the preferred alternative.
No Action

The no action aternative provides an environmental baseline against which the impacts of the preferred and other
alternatives can be compared. Under this alternative, actions would be limited to ongoing maintenance and security

activities necessary for safe and secure management of the PFP Facility. Plutonium-bearing materials stored at the PFP
Facility would not be stabilized or immobilized, and plutonium-bearing hold-up material would not be removed.

3.1 DESCRIPTION OF PLUTONIUM-BEARING MATERIALS POTENTIALLY
SUITABLE FOR STABILIZATION, REMOVAL, AND/OR IMMOBILIZATION

The PFP Facility contains a variety of reactive plutonium-bearing materials. For analysis purposes, the reactive
materials have been grouped into four inventory categories. Each group contains materials that are chemically and
physically dissimilar to materials in the other groups. The four groups are:

1) Plutonium-bearing solutions

2) Oxides, fluorides, and process residues
3) Metals and alloys

4) Polycubes and combustibles.

In addition to the plutonium-bearing materials listed above, the PFP Facility contains plutonium-bearing materials that
are contained in PFP systems (e.g., ventilation, process equipment, piping, walls, floors, etc.). This material has
accumulated gradually over 40 years of processing plutonium for defense and other needs. For the purposes of this
EIS, the accumulated material will be referred to as hold-up material.

Subsection 3.1.1 provides a description and estimate of the materials that would undergo stabilization. Subsection 3.1.2

provides a description and estimate of the hold-up material in the PFP Facility. Subsection 3.1.3 provides a description
of the plutonium-bearing materials potentially suitable for immobilization.
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3.1.1 Materials Potentially Suitable for Stabilization

Detailed information on each of the four categories of plutonium-bearing materialsis provided in the next four
subsections. The descriptions include the quantity of plutonium associated with the respective inventory category.

Table 3-1 provides a summary of each inventory category.

3.1.1.1 Plutonium-bearing Solutions

Approximately 4,800 liters () (1,268 gallons [gal]) of plutonium-bearing solutions containing 335 kg (738 1b) of
plutonium are stored at the PFP Facility (WHC, 1995a). These solutions are currently stored in configurations that
were not designed for extended storage. Some of the solutions are in plastic bottles inside stainless steel containers.

Some arein 8.5-1 (2.2-gal) stainless steel vessels inside product receiver containers.

Table 3-1 Summary of Plutonium Inventory Categories at the PFP Facility

Description of Inventory Category

Number of Items

Volume (liters)

Plutonium Mass (kg)

Plutonium-bearing Solutions 459 4,800 335
Oxides 5,496 N/A 2,263
« Oxides >50 wt% Pua
o Oxides <50 wt% Pua
« Mixed oxides?
Process Residues 1,138 N/A 154
« Asha
« Slag and crucibles?
« Other/misc. sources?
Fluorides? 14 N/A 3
Metals and Alloys 477 N/A 770
Polycubes and Combustibles 273 N/A 35
Total 7,857 4,800 3,560

Notes:a. Correspondsto a material type from Table 3-1 of WHC, 19952,

b. Fluorides are a subset of "Compounds" in Table 3-1 of WHC, 1995a.

Pu =Plutonium

3.1.1.2 Oxides, Fluorides, and Process Residues
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The oxides inventory consists of solids containing 2,263 kg (4,986 |b) of plutonium (WHC, 1995a). These oxides have
previously undergone thermal treatment and contain very low moisture and no organic materials. However, additional
stabilization would be required to meet the long-term storage criteria recommended by the DNFSB.

Approximately 154 kg (339 Ib) of plutonium are contained in the process residue inventory (WHC, 1995a). This
inventory consists of ash, slag, and crucibles, and other miscellaneous residues and sources used for calibrating
equipment at the PFP Facility. An additional 3 kg (6.6 Ib) of plutonium are contained in fluoride-bearing compounds at
the PFP Facility (WHC, 19954). Fluorides and process residues are considered unstable for continued storage due to
their corrosive or chemically reactive nature. These materials are particularly unstable when they are exposed to air
and moisture through potential air leaks inherent in the current package design or from packaging failure stemming
from radiolysis and pressure buildup.

3.1.1.3 Metalsand Alloys

Approximately 770 kg (1,697 Ib) of plutonium metals and alloys are stored at the PFP Facility (WHC, 19954d). The
current storage configuration of plutonium metals and alloys is not considered stable for extended storage. Thisis due
to the potential for oxidation of the metal resulting in volume increases in the storage containers or for radiolysis of
organics, resulting in hydrogen gas generation and pressurization or failure of the storage containers.

3.1.1.4 Polycubes and Combustibles

Approximately 35 kg (75 Ib) of plutonium are contained in polycubes and combustibles stored at the PFP Facility
(WHC, 1995a). Polycubes are polystyrene blocks containing plutonium oxides powder and coated with aluminum
and/or organic paint or tape. Combustibles include paper, rags, chemical wipes, graphite, wood, and plastics.

The proximity of the plutonium to the organic constituents of the polycubes and combustibles could cause radiolysis
and hydrogen gas generation. The potential for fire or explosions leaves the polycubes and combustibles in a condition
unacceptable for extended storage.

3.1.2 Plutonium-bearing Hold-up Materials Potentially Suitable for Removal

Plutonium-bearing hold-up consists of materials that have gradually accumulated as a result of Facility operations and
operational upsets. A summary of the plutonium-bearing hold-up is shown in Table 3-2.

The hold-up inventory at the PFP Facility is predominantly associated with the E-4 Exhaust System ductwork and
Process Vacuum System piping, the plutonium-handling gloveboxes and hoods, and the PRF canyon floor. Smaller
quantities of plutonium are associated with exhaust manifolds, HEPA filters and filterboxes, sump tanks, waste transfer
lines, tunnels, and pits in the PFP Facility.

Plutonium in ductwork, process vacuum system piping, gloveboxes’hoods, and on the PRF canyon floor is targeted for

removal under this EIS. These represent |ocations where the greatest quantity of plutonium can be removed with the
least personnel radiation exposure and cost.

3.1.2.1 E-4 Exhaust System/Manifolds

The 234-5Z (process ventilation) Exhaust System, known as E-4, carries potentially contaminated air from gloveboxes,
open hoods, and vaults through two independent stages of HEPA filters and out the 291-Z-1 stack to the environment.
Approximately 6 kg (13.2 1b) of plutonium have migrated beyond the individual glovebox/hood filters (WHC, 1995b).
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Table 3-2 Plutonium-bearing Hold-up Material

System Description Estimated Form
Plutonium (kg)
E-4 Exhaust System Approximately 1,200 m linear of 5-cm to 173-cm 6.0 Solid
diameter ducts
Exhaust Manifolds 3,558 m linear of 335-cm x 335-cm ductwork 0.02 || Adhered
Solid
(Downstream from Final
Filters)
Process Vacuum System Approximately 210 m of 5.1-, 7.6-, 10.2-cm 4.3 Solid
diameter stainless steel piping
HEPA Filter and Filter 40 primary filterboxes 0.7 || Powder
Boxes
Plutonium Handling 150 plutonium handling gloveboxes and hoods 31| Sludge
Gloveboxes/Hoods
PRF Canyon Floor and 9.8mx 15.8m x 7.9 m canyon; 10.7m x 4.0m 125 Sludge
Airlock airlock
241-7Z Sumps 4 active and 1 inactive 16,000-1 sump tanks 0.14 | Liquid
291-Z Sumps Suspected recoverable residual plutonium-bearing 0.04 || Sludge
material

The E-4 (process ventilation) exhaust system consists of approximately 1,200 meters (m) (3,960 feet [ft]) of ductwork
ranging in diameter from 5 to 173 centimeters (cm) (2 to 68 inches[in]) (WHC, 1995b). The bulk of the plutonium
associated with the E-4 system is held up in about 100 m (330 ft) of ductwork. Approximately 20 m (70 ft) of this
ductwork containing approximately 2.5 kg (5.5 Ib) of plutonium is expected to be removed prior to the issuance of this
EIS. NEPA review of this activity was completed independently of this EIS (DOE, 1994a). Approximately 2 kg (4.4
Ib) of plutonium in the remaining 80 m (260 ft) of ductwork will be considered for removal under this EIS.

The plutonium-bearing materials in the ductwork are expected to be in the form of solid residues of plutonium oxides
or plutonium fluoride. Over the years, americium-241 (Am-241) and other radionuclides have been produced from
radioactive decay of plutonium.

3.1.2.2 Plutonium-bearing Process Vacuum System Piping

The 234-5Z Process Vacuum System piping was used for transferring liquids from tank to tank in support of various
processes at the PFP Facility. A transfer routing error in the mid-1980s resulted in 4.3 kg (9.5 Ib) of plutonium
becoming entrained in the pipe.

Plutonium is held up in approximately 30 m (100 ft) of the 10-cm (4-in) diameter header line on the PFP Facility duct
level (WHC, 1995b). The plutonium is expected to be in the form of solid residues of plutonium oxides. Other
radionuclides (e.g., Am-241) are expected to be present as a result of normal radioactive decay. All 4.3 kg (9.5 |b) of
plutonium would be targeted for removal.

3.1.2.3 Plutonium-bearing Gloveboxes and Hoods
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The gloveboxes and hoods were designed to provide protected hands-on workspace and equipment for the plutonium
purification operations at the PFP Facility. There are over 150 plutonium-handling gloveboxes and hoods at 59
locations in the PFP Facility. Approximately 31 kg (68 Ib) of plutonium have accumulated in these gloveboxes and
hoods as the result of leaks and spills during operations. Most of the plutonium is on the floor of the gloveboxes, with
the remainder on the walls and equipment. The plutonium is expected to be in an oxide state in the form of a sludge.

The inventory of plutonium in gloveboxes and hoods indicates that over 90 percent of the total plutonium hold-upis
associated with 25 of the gloveboxes. Removal actions would be focused upon these 25 gloveboxesin order to
maximize plutonium recovery while attempting to minimize personnel radiation exposure and cost.

3.1.2.4 Plutonium in the PRF Canyon

The PRF Canyon was used for plutonium reclamation operations. The canyon is 15.8 m (52 ft) long, 9.8 m (32 ft)
wide, and 7.9 m (26 ft) high. Access to the canyon is through an air lock 10.7 m (35 ft) long and 4.0 m (13 ft) wide.
To prevent criticality in the event of aleak or spill, the stainless steel floor is divided into rectangular grids referred to
as trays. The equipment (e.g., tanks, piping, and solvent exchange columns) was designed and installed so that the
lowest points are several feet above the floor. There are currently two aluminum ladders and a disassembled tank on
the floor.

Approximately 12.5 kg (27.5 |b) of plutonium has been deposited on the floor of the canyon as the result of leaks and
spills. The plutonium is expected to be in an oxide state in the form of a sludge. All 12.5 kg (27.5 Ib) of plutonium
would be targeted for removal.

3.1.2.5 Other Areaswith Hold-up

The following facilities and equipment have less than 1 kg (2.2 Ib) of hold-up material distributed among them:

« Building 241-Z consists of four active and one inactive underground stainless steel sump tanks. These tanks
have a working capacity of 16,000 | (4,200 gal). These sump tanks are estimated to contain 0.14 kg (0.3 Ib) of
plutonium and are currently used for temporary storage of the PFP Facility's liquid waste.

« Building 241-Z Waste Transfer Lines - Plutonium-bearing radioactive liquid wastes generated at the PFP
Facility are routed through stainless steel pipesto be temporarily stored and treated at Building 241-Z prior to
being transferred to the double-shell tank storage at the 200 Area Tank Farms. Where these waste lines exit the
respective buildings, they are buried in concrete trenches with cover blocks that extend to Building 241-Z.

« Tunnels, Pits, and Pipe Chases - A series of tunnels underneath Building 234-5Z house the drain lines that take
waste solutions from the first floor processing areas and direct them to the waste tanks in Building 241-Z.
Miscellaneous pits exist under the floors of Building 234-5Z. These pits have been sealed for many years with
no specific history that plutonium-bearing material contamination exists in them. However, the existence of a
small amount of plutonium-bearing material is suspected in these pits.

« E-4 Exhaust Manifolds - Over the years, 0.02 kg (0.046 Ib) of plutonium has migrated downstream of the final
filters. The plutonium solids are expected to adhere to the exhaust manifolds.

« HEPA Filters and Filterboxes - The E-4 exhaust system has three stages of HEPA filters beginning with those
installed in exhaust ducts from hoods and gloveboxes. The first filter is located at the glovebox or hood. The
second filter is called the primary filter and islocated in a filter box located some distance downstream of the
glovebox. One primary filter typically serves multiple gloveboxes. The third filter is called the final filter. These
are consolidated in the final filter rooms. Plutonium gradually accumulated in these filterboxes over the years.
There is estimated to be lessthan 1 kg (2.2 Ib) of plutonium spread across 40 primary filterboxes in Building
234-57.

3.1.3 Description of Plutonium-bearing Materials Potentially Suitable for Immobilization
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Portions of the plutonium-bearing inventory categories considered in Subsection 3.1 could be suitable for
immobilization without stabilization. Two sources of potentially suitable plutonium-bearing materials exist. The first
consists of some materials currently stored in PFP Facility vaults. The second consists of readily retrievable hold-up
materials that would be removed from PFP Facility ductwork, process piping, gloveboxes, and the PRF canyon. The
materials potentially suitable for immobilization are summarized in Table 3-3.

Vault Materials

Approximately 222 kg (490 Ibs) of plutonium contained in 1,500 items that are currently stored in PFP Facility vaults
are candidates for immobilization (WHC, 1996a). The plutonium content and chemical nature of these materials vary
from item to item due to differing sources of the materials. The major categories of materials are oxides, process
residues, and miscellaneous/other combustibles.

Table 3-3 Plutonium-bearing Materials Potentially Suitable for Immobilization

Description of Inventory Category Plutonium Content
(kg)
Vault Materias
Oxides 91
- Oxides < 50 wt% Plutonium
Process Residues 81
- Ash 43
- Slag and Crucibles
Miscellaneous/Other Combustibles 7
Readily Retrievable Hold-up Materials
« Removed from Ductwork 4.5
« Removed from Piping
« Removed from Gloveboxes 4.3
« Removed from PRF Canyon o8
125
Total 272

Sour ce: WHC, 1996a

Plutonium-bearing oxides in this inventory contain very little moisture and no organic materials. Process residues
consist primarily of sand, slag, crucibles, and furnace ash. Sand and crucibles are composed primarily of magnesium
oxide. Slag is composed of calcium iodide, calcium fluoride, residual plutonium metal left after removing the
plutonium metal from the crucibles, and small amounts of elemental calcium and iodine, along with fluoride salts.
Miscellaneous/other combustibles consist of items such as contaminated rags and paper. The size of these materials
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varies from fine particulates to large articles.
Readily Retrievable Hold-up Materials

Up to 50 kg (110 Ib) of plutonium would be recovered from PFP Facility hold-up. Up to 4.5 kg (9.9 Ib) of plutonium
would come from the E-4 ventilation system ductwork; up to 4.3 kg (9.5 Ib) of plutonium would come from the
process piping; up to 28 kg (62 Ib) of plutonium would come from the gloveboxes and hoods; and up to 12.5 kg (28 Ib)
of plutonium would come from the PRF canyon. The plutonium concentration in these materials is not known. An
assay would be performed to determine whether some or all of these materials would meet the criteria for
immobilization.

3.2 DESCRIPTION OF THE PREFERRED ALTERNATIVE

Previous subsections of this EI'S describe conditions associated with unstable plutonium-bearing materials at the PFP
Facility. These conditions suggest a need to take actions at the Facility that will mitigate risks of radiation exposure to
PFP Facility workers and to the public and reduce the cost of operating the Facility. The plutonium-bearing materials
at the PFP Facility can be separated into two categories. 1) materials that are containerized and stored in vaults or
gloveboxes; and 2) materials that are not containerized and referred to as hold-up. This subsection describes the
preferred methodology for handling each of these groups. In the case of the containerized items, the preferred
alternative describes a methodology for chemically and physically stabilizing the inventory such that it can be
packaged and stored in vaults at the PFP Facility in accordance with the DOE storage standard (DOE, 1994b). In the
case of the hold-up, the preferred alternative describes a methodology for characterizing and removing readily
retrievable hold-up material such that it can be stabilized and stored.

Other additional actions not specified under the preferred alternative would be ongoing during the time frame of the
proposed aternative. These activities include:

« Maintenance of the Safety Boundary of the PFP Facility

« Corrective and Preventive Maintenance

« Surveillances (e.g., operational safety requirements, nuclear process, radiological control, power operator, and
environmental)

Genera Laboratory Support

Engineering Support

Management of Special Nuclear Material

Safeguards and Security.

3.2.1 Description of the Preferred Alternative for Stabilization

The preferred alternative for stabilization would involve the installation and operation of processes to stabilize reactive
plutonium-bearing materials at the PFP Facility. Four separate processes would be assembled to accommodate
differing plutonium inventory groups. In most cases, the processes would involve two or more treatment technol ogies.
The preferred alternative would include the following four processes:

« lon exchange, vertical calcination, and thermal stabilization of plutonium-bearing solutions
« Thermal stabilization of oxides, fluorides, and process residues using a continuous furnace
» Repackaging of metals and alloys

« Pyrolysis of polycubes and combustibles.

A description of the preferred aternative for stabilization is provided in Subsections 3.2.1.1 through 3.2.1.4.
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3.2.1.11on Exchange, Vertical Calcination, and Thermal Stabilization of the Plutonium-bearing Solutions

Overview

In this alternative, plutonium-bearing solutions would be stabilized primarily by thermal treatment using a vertical
calciner. A similar process was tested at the PFP Facility during the 1960s to convert plutonium nitrate solutions to
plutonium dioxide powder (Stiffler and Hopkins, 1962). For this application, the feed material would include
plutonium nitrate solutions, solutions containing chlorides, caustic solutions, and dissolved plutonium fluoride.

In order to utilize the vertical calcination process, some of the plutonium-bearing solutions would require pretreatment
by ion exchange to remove chemical constituents that are not compatible with the vertical calcination process or the
process equipment. In addition, the calciner product may require further thermal stabilization in order to meet the
requirements of the DOE storage standard (DOE, 1994b).

The combined ion exchange/vertical calciner/thermal treatment process would be capable of processing the entire
inventory of plutonium nitrate and chloride solutions. It also would be able to process the plutonium fluoride solids if
they are first dissolved and converted to the nitrate form using an acid dissolution pretreatment operation. This would
increase the quantity of material to be stabilized under this alternative from 335 kg (738 Ib) plutonium to 338 kg (745
Ib) of plutonium associated with 4,800 | (1,268 gal) of solution.

Process Description

A block diagram for this alternative is shown in Figure 3-2. The central component of this processis a liquid-fed
vertical calciner similar to the one used at the PFP Facility during the early 1960s. A more detailed block diagram and
material balance for this alternative is included in Appendix B.

Inventory Retrieval and Feed Preparation

The plutonium-bearing solutions to be stabilized under this alternative would be retrieved from their current storage
location and loaded into a glovebox at the PFP Facility for feed preparation. Approximately one-third of the solutions
would require ion exchange pretreatment. Approximately two-thirds of the inventory of plutonium-bearing solutions
would not require pretreatment and would be transferred directly to the vertical calciner. The caustic solutions would
be filtered and the solids sent to thermal stabilization. Filtrates would be blended with the feed to ion exchange.

lon Exchange Pretreatment

Chloride- and fluoride-bearing solutions would be processed by ion exchange prior to vertical calcination. This process
would remove chemical constituents that could cause corrosion or interfere with the operation of the calciner. Removal

of these constituents also would improve the chemical stability of the product oxide and reduce the corresponding dose
rate by removing americium.

Figure 3-2. lon Exchange, Vertical Calcination, and Thermal Stabilization of Plutonium-bearing Solutions

lon exchange columns would be operated in a cyclic mode consisting of the following process steps: 1) column
loading; 2) washing to remove impurities; 3) product elution; and 4) reconditioning. Plutonium nitrate would be
adsorbed onto the resin during column loading. The column would then be washed with nitric acid or other reagents to
remove americium and other impurities. After washing, the plutonium would be removed from the column with dilute
nitric acid or other reagents. The resin would then be reconditioned with nitric acid to prepareit for the next loading
cycle. The purified plutonium nitrate solution would be fed to the vertical calciner.

Vertical Calciner Operation

The vertical calciner can be simply described as two concentric heated stainless steel pipes mounted vertically.
Calcination takes place in the annular space between these two pipes.
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The calciner would be electrically heated to operate at a temperature between 800 and 1,050 degrees Celsius (-C)
(1,472 and 1,922 degrees Fahrenheit [-F]). This high temperature has the advantage of producing a more stable
product.

Plutonium solutions would be slowly introduced into the bottom of the calciner. The feed rate would depend upon the
concentration of plutonium in the solution being processed, varying from 1 to 4 liters per hour (I/hr) (0.26 to 1.1
gal/hr). Astheliquid feed enters the calciner, the water evaporates rapidly. Denitration occurs as the nitric acid is
converted to nitrogen oxide gases. Finaly, the plutonium undergoes oxidation, forming an oxide powder. The stirred
bed of hot plutonium oxide powder provides a reaction surface for fresh feed and aso enhances heat transfer from the
chemical reactor wall. The oxide powder travels upward through the bed as new feed is introduced below it and flows
out of the reactor at the top of the bed through a tube. The impure plutonium oxide product is collected in a heated
receiver vessel to prevent vapor condensation. Offgas from the vertical calciner is routed through a ceramic filter to an
adjacent scrubber unit.

Thermal Stabilization

Additional thermal stabilization might be required to meet the DOE storage standard (DOE, 1994b). Batch thermal
stabilization, if required, could be performed in a muffle furnace located near the vertical calcination process.
Alternatively, a continuously operated thermal stabilization furnace could be coupled with the vertical calciner and
potentially decrease PFP Facility worker exposure. Following thermal stabilization, a sample of the product would be
taken and sent to the analytical laboratory to verify that the material meets the DOE storage standard.

Packaging and Transfer to Storage

Acceptable plutonium dioxide product would be transferred to a storage container, weighed, sealed out of the
glovebox, and packaged in storage containers in accordance with existing procedures. Product that did not meet the
DOE storage standard would be thermally stabilized a second time. A nondestructive analysis would be performed on
the packaged product to determine the isotopic composition prior to transfer to the PFP Facility for storage. The
product could be retrieved and repackaged to meet the DOE storage standard when a bagless transfer system has been
developed. A more detailed description of the repackaging processis located in Subsection 3.2.1.3.

Offgases and Effluents Offgases

The vertical calciner offgas stream would contain primarily air, water, and nitrogen oxides. The offgas would be treated
prior to discharge to the Facility ventilation system and ultimately the 291-Z-1 stack. Offgas treatment consists of
filters and the combination condenser/scrubber. The condenser would remove most of the water, and the scrubber
would remove much of the nitrogen oxides using a sodium hydroxide scrubber solution. The expected maximum
emission rate for nitrogen oxides after scrubbing would be 9.8 x 10-3 grams per second (g/sec) (2.2 x 10-5 Ib/sec). A
total of 84 kg (186 Ib) of nitrogen oxides would be discharged to the environment.

Additional offgas would be generated during thermal stabilization of the vertical calciner product. This gas would
include air, water vapor, and entrained oxides. For the purposes of this EIS, a theoretical maximum release to the
environment of 0.042 grams (g) (9.3 x 10-5Ib) of plutonium oxides is assumed for this alternative.

Liquid Effluent

Anticipated liquid effluents from the ion exchange process would be the combined liquid waste from the load, wash,
and regeneration steps. The wastes would primarily be concentrated nitric acid containing lessthan 0.013 g/l (1 x 10-4
Ib/gal) plutonium. Other waste constituents would include americium, chlorides, fluorides, and other metallic
impurities. These liquid wastes could be transferred to the 200 Area Tank Farms or transferred to a glovebox for
cementation and disposal as transuranic waste. The total liquid waste volume is estimated to be 8,300 | (2,200 gal). If
cemented and disposed of as solid waste, the total volume would be about 12 cubic meters (m3) (16 cubic yards
[yd3]). A maximum of 108 g (0.24 Ib) of plutonium could be disposed of as waste.

The vertical calciner aso would produce a liquid waste stream from the offgas condenser/caustic scrubber. This liquid
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waste stream could be transferred to the 241-Z tanks where the pH would be adjusted, if necessary, then transferred to
the 200 Area Tank Farms. Alternatively, the scrubber bottoms could be transferred to another glovebox for
solidification in cement and disposed of as transuranic waste. A total of 32,000 | (12,100 gal) of solution would be
generated during vertical calcination. A maximum of 28 g (0.062 I1b) of plutonium could be disposed of as waste.

Solid Waste

Solid transuranic waste would be generated during glovebox operations. Solid transuranic waste might include feed
packaging material and plastic storage containers. This waste would be sent to Hanford Site solid waste management
facilities for storage.

Spent ion exchange resin would be generated periodically and would be stabilized and treated for storage as solid
transuranic waste. A total of 60| (16 gal) of spent resin could be generated during ion exchange. A maximum of 55 g
(0.1 Ib) of plutonium could be disposed of as waste.

Facilities and Equipment

Solution receipt, unpackaging, and load-in could be performed with existing equipment in Glovebox HC-227. This
glovebox has tanks for holding and transferring solutions and was previously used as the nitrate feed load-in station for
the RMC production line. Some liquid transfer lines to other gloveboxes exist, but additional lines to new gloveboxes
and equipment in Building 234-5Z would be required.

The ion exchange process would be installed in a new glovebox connected to the existing RMC glovebox system at the
PFP Facility. New equipment would be required, including tanks, columns, associated piping, valves, and
instrumentation. Liquid transfer lines to the vertical calciner glovebox and to liquid waste treatment would be required.
Assuming operations 24 hr/day, five days per week, and a total operational efficiency of 70 percent, the ion exchange
processing could be completed in 6.5 weeks.

A vertical calciner would be fabricated and installed in a new or existing glovebox connected to the PFP Facility
glovebox system. It would receive feed from both the nitrate solution load-in glovebox and the ion exchange system
glovebox. Assuming operations 24 hr/day, five days per week, and a total operational efficiency of 70 percent, the
vertical calcination could be completed in 26 weeks. If additional stabilization is required, up to 10 muffle furnaces,
each processing 1,200-g (2.6-1b) batches, 24 hr/day would require an additional 10.5 weeks. The total operational
duration for employing ion exchange, vertical calcination, and supplemental thermal stabilization in series would thus
require 43 weeks.

Equipment may be installed to allow close-coupling of the final thermal treatment step for stabilization. For example,
a muffle furnace or continuous feed furnace may be installed in the same glovebox as the vertical calciner or in an
adjacent box.

3.2.1.2 Thermal Stabilization of Oxides, Fluorides, and Process Residues Using a Continuous Furnace

Overview

This aternative uses a continuous furnace to thermally stabilize plutonium-bearing oxides, fluorides, and process
residues. The objective of this alternative is to produce a resultant oxide product capable of meeting DOE stability
requirements for packaging and vault storage.

The oxides and process residues would be loaded continuously into a furnace similar to the continuous fluorinator used
in the RMC Line at the PFP Facility. The furnace would operate at 1,000-C (1,832:-F) with a continuous air feed. The
high-temperature air environment would facilitate conversion of incompletely oxidized plutonium to plutonium dioxide
and would also reduce the residual moisture level of the feed solids.

Plutonium fluorides may not be processed through the continuous furnace due to the corrosive nature of the hot
hydrogen fluoride gases that would be generated. Plutonium fluorides could be pretreated using an acid dissolution
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process (discussed in Subsection 3.3.2.2) and blended with the nitrate and chloride solutions. Some of the process
residues may also not be amenable to continuous processing due to their size, moisture content, or high organic
content (greater than 2 weight percent organic). Hydrolysis is considered to be an appropriate pretreatment measure for
high organic-content residues and is discussed further in Subsection 3.3.2.2.

A total of 2,417 kg (5,326 Ib) of plutonium would be stabilized using this aternative. The resultant plutonium dioxide
would be tested in accordance with the DOE storage standard. Product determined to be acceptable would be packaged
using existing packaging capabilities and placed in the vault(s) at the PFP Facility for storage. Product not meeting the
DOE storage standard would be rerun through the continuous furnace. The product could be retrieved and repackaged
at alater date to meet the DOE storage standard specifying organic-free containers, when a bagless transfer system
becomes available at the Hanford Site.

Process Description

A block diagram of the continuous thermal stabilization processis shown in Figure 3-3. A more detailed block diagram
and material balance for this alternative is included in Appendix B.

Inventory Retrieval and Feed Preparation

Oxides and process residues would be retrieved from the vaults and other storage locations and transferred to a
glovebox for processing. The containers would be subsequently unpackaged and the contents transferred manually into
the continuous furnace feed mechanism.

Oxide feed streams (i.e., those originally processed at temperatures between 800 and 1,000-C) would be tested prior to
continuous thermal stabilization. Oxides meeting the DOE storage standard would forgo additional thermal
stabilization measures and would be repackaged. Oxides that fail to meet the DOE storage standard would be
processed through the continuous furnace.

Continuous Thermal Stabilization

A continuous feed mechanism would be used to supply the oxides and residues into the top of the continuous furnace.
Inside the furnace, the temperature of the feed material would be raised to 1,000-C (1,832-F). The furnace would be a
tube configuration, inclined slightly from the horizontal. Gravity, combined with a vibrational furnace motion, would
convey the feed material to an outlet at the lower end of the furnace. As the feed material moves through the furnace,
dry air would flow countercurrent toward the inlet. The dry air serves as a source for oxygen so complete oxidation of
the plutonium would occur.

Figure 3-3.Thermal Stabilization of Oxides and Process Residues Using a Continuous Furnace.

The thermally stabilized product would flow from the furnace and be collected in a powder pan placed below the
furnace. A sample of the product would be taken and sent to the analytical laboratory to verify that the material meets
the DOE storage standard. Product failing to meet the storage standard would be recycled through the furnace.

It is estimated that the continuous furnace would be capable of handling a feed rate of about 1,200 g (2.6 1b) of
plutonium-bearing material per hour. Push-through furnaces also could be used with similar processing rates.

Product Packaging and Transfer to Storage

Product meeting the DOE storage standard would be packaged using the existing packaging system. A nondestructive
analysis would then be performed on the packaged product to determine the isotopic composition prior to transfer to
the vault(s) at the PFP Facility for storage. The product could be retrieved and repackaged (see Subsection 3.2.1.3) to

meet the DOE storage standard specifying organic-free containers when a bagless transfer system has been devel oped
and installed at Hanford.

Offgases and Effluents Offgases
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The offgas from the continuous furnace would consist of air, water vapor, and small amounts of entrained plutonium
oxides and other miscellaneous metal oxides. Solids entrained in the offgas would be significantly reduced by a
ceramic filter and HEPA filters in the PFP Facility ventilation control system. The maximum rate of plutonium oxide
release to the environment through the 291-Z-1 stack is estimated to be 1.9 x 10-8 g/sec (4.3 x 10-11 Ib/sec). For the
purposes of this EIS, a theoretical maximum release to the environment of 0.31 g (6.8 x 10-4 Ib) of plutonium oxidesis
assumed for this alternative.

Solid Waste

Solid transuranic waste will be generated during glovebox operations. Solid transuranic waste might include feed
packaging material and would be sent to Hanford Site solid waste management facilities for storage.

Facilities and Equipment

A continuous thermal stabilization system would be installed in a new glovebox or in one of the existing gloveboxes.
The equipment used would be similar to the fluorinator configuration used in the RMC Line at the PFP Facility. The
fluorinator is a platinum-iridium lined Hastelloy-C tube that is at its maximum 10 cm (4 in) acrossand is 1.58 m (5.25
ft) long.

Assuming a continuous processing rate of 1,200 g/hr (2.6 Ib/hr) and 24 hr/day, the estimated operational duration for
this alternative is 58 weeks. This estimate assumes a total operational efficiency of 70 percent and a 10 percent recycle
for failure to meet the DOE storage standard.

3.2.1.3 Repackaging of the Metals and Alloys

Overview

In this aternative, plutonium metals and alloys would be repackaged using methods that do not rely upon organic seals
or plastic bags. The repackaged materials would be stored in the vault(s) at the PFP Facility and routinely monitored
until final disposition. A description of the metals and alloys is contained in Subsection 3.1.1.3. A total of 770 kg
(1,697 1b) would be stabilized by this aternative.

Process Description

The repackaging process removes metals and alloys from their existing containers and packages them without using
plastic bags or organic seals. A packaging procedure meeting the current DOE storage standard has not been devel oped
for use at the PFP Facility. This type of packaging is complicated by the need to control surface contamination without
use of plastic bags.

DOE's Savannah River Siteis developing a prototype bagless transfer system (Bigler, et a., 1994) that uses a hollow
plug insert. The Savannah River packaging processis shown in Figure 3-4. Also under consideration isa dlip lid
container, a metal storage container with an oversized lid that slides over the top. This modified bagless transfer
concept isillustrated in Figure 3-5. Other processing and transfer concepts are being developed to accommodate DOE
complex-wide packaging concerns.

Once a packaging procedure has been developed, repackaging of metals and alloys would be similar to the existing
repackaging process for containers suspected of pressurization. Figure 3-6 provides a simplified block diagram of the
repackaging process. A more detailed block diagram and material balance for this aternative is included in Appendix
B.

Inventory Retrieval and Feed Preparation

Plutonium metals and alloys would be retrieved from the vaults and transferred to a glovebox at the PFP Facility
dedicated to repackaging. The seal-in procedure involves placing the container inside a plastic sleeve, sealing the end
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of the sleeve, and inverting the sleeve's contents in the glovebox. The containers would be vented and the contents
removed.

Oxide Removal and Thermal Stabilization

The plutonium metal would be inspected for loose oxide which may have accumulated on the surface. Any loose oxide
would be brushed from the metal and collected in a slip lid container. When a suitable quantity of oxide has been
collected in the container, the contents would be thermally stabilized.

Repackaging

The plutonium metal and alloy product would be packaged using a bagless transfer system developed in accordance
with the requirements of the DOE storage standard. Nondestructive analysis would be performed on the packaged
product to determine the isotopic composition prior to transfer to the vault at the PFP Facility for storage.

Sour ce: Bigler, et a., 1994

Figure 3-4. Savannah River Bagless Transfer System

Figure 3-5. Modified Bagless Transfer Concept Modified Bagless Transfer Concept
Figure 3-6. Repackaging of Metals and Alloys

Offgases and Effluents Offgases

The repackaging process does not generate any offgases. However, small quantities of argon purge gas used during
packaging would be removed by the glovebox ventilation system.

Additional offgas would be generated during thermal stabilization of the removed oxides. This gas would include air,
water, and entrained oxides. For the purposes of this EIS, a theoretical maximum release to the environment of 5.6 x
10-3g (1.2 x 10-51b) of plutonium oxides is assumed for this alternative.

Solid Waste

Solid transuranic waste will be generated during glovebox operations. Solid transuranic wastes might include feed
packaging material and would be sent to the Hanford Site solid waste management facilities for storage.

Facilities and Equipment

Repackaging would be accomplished at the PFP Facility. New equipment is required to accomplish repackaging.
Although plutonium-bearing materials have been packaged at the PFP Facility in the past, these methods do not satisfy
the current DOE storage standard for plutonium metals and alloys. The DOE standard requires packaging of plutonium
metals and alloys in containers that are free of organic materials, such as plastics, elastomeric gaskets, and organic
coatings. Because previous packaging methods used plastic bags to control contamination, a new packaging method
would be required.

Assuming a processing rate of 2 kg (4.4 1b) per shift, 24 hr/day, the estimated operational duration for repackaging is
49 weeks. This duration assumes a total operational efficiency of 70 percent. An additional week would be required to
thermally stabilize the oxides removed from metal brushing, resulting in a total operational duration of 50 weeks for
this alternative.

3.2.1.4 Pyrolysis of Polycubes and Combustibles

Overview
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Pyrolysisisintended to stabilize the inventory of polycubes currently stored in the vaults and gloveboxes at the PFP
Facility. This aternative is a thermal process, distillation and decarbonization, that separates the plutonium oxides from
the polystyrene. The product, stable plutonium oxides, is packaged and returned to the vaults at the PFP Facility.

The pyrolysis process has the capability for processing other combustibles such as rags and polyethylene (Kathios,
1995). If part of the inventory of combustibles is not suitable for pyrolysis, those combustibles may be sent to the
Hanford Site solid waste management facilities for storage. This pyrolysis alternative would primarily focus upon
polycubes, since the mgjority of the plutonium in this inventory group is contained in these cubes.

A total of 35 kg (77 Ib) of plutonium would be stabilized by this alternative. The resultant plutonium oxide would be
thermally tested in accordance with the DOE storage standard. Product determined to be acceptable would be packaged
using existing packaging capabilities and placed in the 2736-ZB vault(s) at the PFP Facility for storage. Product not
meeting the DOE storage standard would be run through the pyrolysis process a second time.

Process Description

Pyrolysisis a two-step process in which plutonium oxide is separated from polycubes by distillation and subsequent
decarbonization. Figure 3-7 is a simplified block diagram of the pyrolysis process. The process described hereis
essentially the same process previously used in the PFP Facility Glovebox MT-4 (Felt, 1971).

The capacity of Glovebox MT-4 was two 125 cubic centimeters (cm3) (8 cubic inches[in3]) cubes per feed charge. In
the Glovebox MT-4 process, each charge took approximately two hours to process. Additional processing may be
required to remove aluminum coatings from polycubes prior to distillation, when such coatings are present. Testing is
being performed to determine an efficient method of thermally stabilizing polycubes and treating the offgas. The actual
process may, therefore, vary dightly from the following description. The material balances, however, will be
essentialy the same. A more detailed block diagram of the process and material balance isincluded in Appendix B.

Inventory Retrieval and Feed Preparation

The containers holding polycubes would be retrieved from storage and transferred to a glovebox at the PFP Facility
dedicated to pyrolysis. Feed preparation activities including coating removal and/or crushing of the polycubes may be
required.

Polycubes have a variety of coatings. Some coatings include aluminum paint, which must be removed. Cubes are
typically covered with a coating of aluminum about 2.5 x 10-3 cm (0.001 in) thick. The aluminum is covered with an
outer layer of latex and krylon or plastic tape.

Aluminum coating removal is a two-step process. The outer coating (latex and krylon or plastic tape) is |oosened by
placing the cube in a hot water bath for 5 to 10 minutes. This "lifts" the coating, which is peeled off in a glovebox,
exposing the aluminum. The aluminum is then removed by placing the cube in a hot solution of sodium hydroxide and
sodium nitrate. Dejacketed cubes are rinsed with water.

Polycubes from later production runs have no aluminum coating. These cubes are typically coated with an organic
paint that would not require removal prior to distillation. It is assumed that coating removal, if required, would occur in

a glovebox adjacent to the pyrolysis system. This avoids the need for an additional operation to move the cubes out of
one glovebox and into another.

The polycubes may need to be ground into smaller pieces (Miller, 1990).
Figure 3-7. Pyrolysis of Polycubes and Combustibles
Distillation

Degacketed or aluminum-free cubes would be loaded into a crucible and placed in the distillation furnace (still). The
maximum charge is two 125-cm3 (8-in3) cubes, or an equivalent volume of smaller crushed cubes. The still isan
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aluminum-coated stainless steel vessel located in a nitrogen-filled glovebox. During charging, the still is kept at a
temperature of less than 400-C (752-F).

After the charge is loaded, the temperature of the still would be raised to 600-C (1,112-F) and maintained at that
temperature for about 30 minutes. Nitrogen flow through the crucible would sweep out the distillation products. The
distillation process step is completed when vapors no longer appear in the condenser catch pot. Following distillation,
the still lid would be removed and the still would be allowed to cool to 400-C (752-F) or less. The crucible is then
removed and transferred to the decarbonizing furnace.

Condensation and Granular Activated Carbon Treatment

Distillation offgas would include styrene and styrene thermal degradation products. This offgas would be condensed
and collected in a catch pot. In the past, the offgas was scrubbed with carbon tetrachloride. The process described here
would use granular activated carbon treatment in place of carbon tetrachloride.

Decar bonization

Crucibles removed from the still would be fed to the decarbonizing furnace, where their contents would be burned in a
stream of air between 950 and 1,000-C (1,742 and 1,832-F) for at least 60 minutes. Additional thermal stabilization
would be required if the product does not meet the DOE storage standard.

After burning, the crucible would be removed from the furnace and allowed to cool. A sample of the product would be
taken and sent to the analytical laboratory to verify that the material meets the DOE storage standard.

Product Packaging and Transfer to Storage

The plutonium oxides product would be transferred to a container, weighed, sealed out of the glovebox, and packaged
in storage containers in accordance with existing procedures. Product not meeting the DOE storage standard would be
cycled through the pyrolysis process a second time. A nondestructive analysis would then be performed on the
packaged product to determine the isotopic composition prior to transfer to the vault(s) at the PFP Facility for storage.
The product could be retrieved and repackaged to meet the DOE storage standard when a bagless transfer system has
been developed (see Subsection 3.2.1.3).

Offgases and Effluents Offgases

Offgas from the distillation furnace would be condensed and treated with granular activated carbon as discussed above.
The granular activated carbon offgas would include nitrogen and trace amounts of entrained plutonium oxides.

Offgas would also be generated during the decarbonization step. This gas would be filtered, cooled, refiltered, and
diluted with nitrogen to ensure noncombustibility prior to being vented to the PFP Facility ventilation control system.
This gas would consist primarily of air with some carbon dioxide, carbon monoxide, water vapor, styrene and trace
amounts of plutonium oxides. The rate of release to the environment through the 291-Z-1 Stack is estimated to be:
styrene, 7.4 x 10-4 g/sec (1.6 x 10-6 Ib/sec); carbon monoxide, 1.7 x 10-3 g/sec (3.7 x 10-6 Ib/sec); and plutonium
oxides, 2.8 x 10-9 g/sec (6.1 x 10-12 Ib/sec). For the purposes of this EIS, a theoretical maximum release to the
environment of 1,700 g (3.8 Ib) of styrene, 3,850 g (8.5 Ib) of carbon monoxide and 6 x 10-3 g (1.3 x 10-5 Ib) of
plutonium oxides is assumed for this aternative.

Solid Waste

Solid transuranic waste would be generated during glovebox operations. Solid transuranic wastes might include feed
packaging material and would be sent to a Hanford Site solid waste management facilities for storage. Solid wastes
from aluminum-coated polycubes also would include small quantities of latex and krylon or plastic tape which would
be disposed of with other packaging waste.

Exhausted carbon canisters from the granular activated carbon treatment of condenser offgas will generate an
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additional solid waste stream. If operating 24 hr/day, five days per week, it is estimated that one 55-gallon drum of
carbon would be generated. Approximately 55 kg (120 Ib) carbon, 200 g (0.4 1b) of plutonium and 14 kg (31 Ib) of
styrene would be bound to the waste carbon canisters.

Liquid Effluent

Coating removal, if required for aluminum-coated polycubes, would produce a caustic solution that would be pH-
adjusted (if necessary) sampled for plutonium content, and sent to the 200 Area Tank Farms. Approximately 201 (5.3
gal) of solution containing approximately 100 g (0.22 |b) of plutonium dioxide is expected to be generated during
coating removal.

A liquid waste stream also would be generated by the condensation process. This stream would primarily be condensed
styrene. A total of about 1431 (38 gal) of styrene containing 400 g (0.88 Ib) plutonium dioxide is expected to be
generated. This styrene would be immobilized on an absorbing material and converted into a solid waste stream.

Facilities and Equipment

Previous evaluations of the Glovebox MT-4 pyrolysis system (located in Building 236-Z at the PFP Facility) identified
modifications that would be required prior to reactivating the system. Required upgrades to improve its performance
and to resolve safety issues include:

Furnace containment of combustible vapors
Furnace offgas improvements

Furnace boat-loading

Nitrogen-filled atmosphere.

Assuming an average processing rate of two 500-g (1.1-1b) batches per shift, 24 hr/day, the estimated operational
duration for this alternative is 21 weeks. This estimate assumes a total operational efficiency of 70 percent and a 10
percent recycle for failure to meet the DOE storage standard.

3.2.2 Description of the Preferred Alternative for Removal

The preferred aternative for addressing hold-up inventory at the PFP Facility would involve the removal of that
portion which is readily retrievable. Four areas of the Facility have been identified for removal of readily retrievable
hold-up material. These areas and the estimated quantity of plutonium associated with them (described in Subsection
3.1.2) include the following:

» Ductwork

« Process vacuum system piping
 Gloveboxes and hoods

« PRF canyon floor.

These areas of the Facility have been selected because they represent locations where relatively large amounts of
plutonium-bearing materials exist as hold-up and where removal actions would be beneficial in reducing the exposure
risk. The readily retrievable plutonium associated with these categoriesis defined as that material which is on the
surface of the host structure (e.g., glovebox interior, canyon floor, process piping), does not require extraordinary
means to extract, and is potentially suitable for subsequent stabilization. The quantity of readily retrievable material
actually removed at each location would be based on as low as reasonably achievable (ALARA) principles. The
preferred aternative encompasses those actions necessary to remove this readily retrievable plutonium. A detailed
description of the removal actions associated with each of these categoriesis provided in Subsections 3.2.2.1 through
3.2.2.4.
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3.2.2.1 Removal of Readily Retrievable Plutonium from Ductwork

Removal of readily retrievable plutonium held up in the ductwork would include:

« Characterization of ductwork contamination

« Ductwork segmentation

« Removal of plutonium from the segmented ducts

« Decontamination and disposal of equipment and duct segments.

Characterization of Ductwor k

Characterization of ductwork contamination would be necessary to validate current estimates for the distribution of
plutonium. It would also be useful in identifying other chemicals or hazardous materials that pose health or safety
hazards to PFP Facility workers. Characterization could be performed using direct-contact or remote methods.

Direct-contact methods include taking samples for laboratory analysis and conducting nondestructive assay
measurements.

Laboratory analysisinvolves cutting or drilling into the ducts, collecting samples, and sending samples to a laboratory
for analysis. Laboratory analysisis slow and likely to generate a secondary waste. However, it is usually more accurate
and can provide information on hazardous materials.

Nondestructive assay techniques include field measurements of alpha particles, beta and gamma rays, neutrons, and X
rays. They are generally known as nondestructive assays because the measured materials and the structures holding the
materials are not destroyed. Although nondestructive assay methods are considered direct-contact, the characterization
equipment would be used on the outside of the duct. The duct itself would act as a shield and containment for the
radionuclides. Distance from the source can be increased by deploying the detectors at the end of a long extension.

The Internal Duct Characterization System is a remote control vehicle that is designed for maneuvering through
ductwork systems 15 to 91 cm (6 to 36 in) in diameter. This system can visually inspect the interior condition of ducts
using a video camera. The vehicle has a radiation sensor and is capable of collecting samples for laboratory analysis.
The system isin the final stage of testing. It is expected to be available in 1996 or 1997 and may be used to assist in
characterization.

Ductwork Segmentation
Segmenting ductwork would be accomplished using direct contact or remote methods.

Personnel performing direct-contact segmenting would wear appropriate protective equipment. ALARA principles
(minimize time, maximize distance from the source, and shielding) would be used. By introducing a liquid foam into
the duct and allowing the foam to cure into a solid, contaminants could be contained in a section of duct during and
after segmentation. The cut is made through the middle of the foam such that both ends are capped during and after
segmenting. An alternative method would be to carefully bag the duct during and after segmenting. Using a bag is not
as effective as foam in isolating the contaminants, but it generates less waste.

Direct-contact segmenting would involve the use of cutting equipment, a crane or other means to support the ductwork
while working, and a forklift or other means to move the resultant containment drum to a maintenance glovebox where
the plutonium would be removed. Cutting would be performed using power nibblers or shears, conventional saws, or
circular cutters.

Segmenting of ductwork could be performed remotely using robotics technology. Some robotics systems have been
developed specifically for dismantling of equipment from nuclear facilities and are expected to be available within two
years. Segmenting ducts with the remote equipment could be done with the same cutting tools as those used in the
direct-contact mode.
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Removal of Plutonium from the Segmented Ducts

Removal of plutonium from duct segments would be conducted inside a maintenance glovebox. Foam caps or covering
bags would be removed from the duct. Piutonium removal from duct segments could be accomplished using chemical
or mechanical removal techniques. Chemical removal techniques involve the use of acidic solutions or chelating agents
for removing plutonium from duct segments (DOE, 1994c; Allen, 1987; Jones and Wakefield, 1987).

Mechanical removal techniques include abrasive jetting, wiping, scrubbing, or vacuuming techniques with or without
solvents, chemical degreasers, acids, detergents, surfactants, and acids. Several heavy-duty vacuum systems are
available on the market with HEPA filters. Abrasive jetting uses a wide variety of abrasives, such as grit, sand, or
carbon dioxide pellets to blast the target surface at high velocity. A good abrasive jetting technique is carbon dioxide
(dry ice) blasting since no secondary solid or liquid waste products or waste streams are generated (DOE, 1994c;
Allen, 1987; Jones and Wakefield, 1987; PNL, 1990).

Decontamination and Disposal of Equipment and Duct Segments

Contaminated equipment and duct segments must be properly disposed of. One option is packaging the contaminated
equipment and duct segments and disposing of them as transuranic or low-level radioactive wastes. Another option is
decontaminating these materials to reduce the radiation levels prior to disposal or reuse.

Table 3-4 summarizes the direct-contact and remote technologies for removal of plutonium from contaminated
ductwork.

3.2.2.2 Removal of Readily Retrievable Plutonium from Process Vacuum System Piping

Removal of the plutonium from the 10-cm (4-in) process vacuum pipeis similar to removal of the plutonium in the
ductwork. The removal steps are expected to include:

« Characterization of process vacuum system piping contamination
« Segmentation of piping

« Removal of plutonium from the pipe segments

» Decontamination and disposal of equipment and pipe segments.

Table 3-4 Technologies Available for Removal of Plutonium from Ductwork

Operationa Steps Direct-contact Methods Remote Technologies
Initial Characterization Laboratory analyses Internal Duct Characterization
System

Nondestructive assays (gamma, neutron, and
X ray measurements)

Disassembling/Segmenting Power Nibblers and Shears Cutting tools deployed with a
robotics system
Mechanical Saws Circular Saws

Removal of Plutonium from Chemical Removal Techniques Activity will take placein a
Segmented Duct glovebox
Mechanical Removal Techniques including:
« washing
« scrubbing

file:///1)/Data%20Migration%20T ask/El S-0244-FEI S-1996/eis0244f _3.html[6/27/2011 2:33:35 PM]



Final Environmental Impact Statement - Plutonium Finishing Plant Stabilization, May 1996

« Vacuum cleaning
- abrasive jetting

Decontamination Washing Activity will take placein a
glovebox
Scrubbing

Abrasive jetting

Decontamination and Disposal of Process Vacuum System Piping

Contaminated process vacuum system piping must be properly disposed of. One option is packaging the contaminated
piping segments and disposing of them as transuranic or low-level radioactive wastes. Another option is to
decontaminate these materials to reduce the radiation levels prior to disposal or reuse.

Characterization of Piping

Characterization of plutonium and contaminants in the process vacuum system piping could be performed using direct-
contact or remote methods.

The nondestructive assay methods described for the ductwork could also be used for the piping. These methods
include gamma ray, neutron, and X ray measurements.

The Small Pipe Characterization System is a robotics system designed to characterize the internal surface of piping.
The system can visually inspect the interior condition of a pipe using a video camera. Radiation sensors are mounted
on the crawler to characterize plutonium distribution and radiological contaminants. The system isin the final stage of
prototype testing. It could be available within a year and could be used to assist in characterization.

Piping Segmentation

Available segmentation technologies for the 10-cm (4-in) process vacuum system piping are equivalent to those for the
ductwork. Direct-contact methods include power nibblers and shears and mechanical and circular saws. Remote
operations could be achieved by deploying one or more of these cutting techniques using robotics systems.

Removal of Plutonium from Segmented Pipes

The approaches available for removing plutonium from the segmented piping are the same as those for the ductwork.
Removal of plutonium from duct segments would be conducted inside a glovebox. Plutonium removal would involve
chemical and/or mechanical removal techniques.

Table 3-5 summarizes technologies for removal of plutonium from contaminated process vacuum system piping.

Table 3-5 Technologies Available for Removal of Plutonium from Process Vacuum System
Piping

Operational Steps Direct-Contact Methods Remote Technologies
Initial Characterization Nondestructive assays (gamma, neutron, and || Small pipe characterization
X ray measurements) system
Disassembling/ Power nibblers and shears Cutting tools deployed with the
robotics system
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Segmenting Mechanical saws
Circular saws
Removal of Plutonium from Chemical removal techniques Activity would take place within
Segmented Piping a glovebox
Mechanical removal techniques
« Washing
« Scrubbing

« Vacuum Cleaning
« Abrasive Jetting

Decontamination Washing Activity would take place within
a glovebox
Scrubbing
Abrasive Jetting

3.2.2.3 Removal of Readily Retrievable Plutonium from Gloveboxes

Removal of readily retrievable plutonium held up in gloveboxes would include:

« Characterization of glovebox contamination
« Removal of equipment in gloveboxes, if necessary
« Removal of plutonium from the gloveboxes
« Decontamination and disposal of equipment used.

Gloveboxes are designed to provide shielding for the operators and at the same time provide the operators the
capability to use a wide range of hand-tools. Remote technologies are not considered to be necessary in light of
glovebox versatility.

Characterization of Gloveboxes

The characterization of plutonium and contaminants in the gloveboxes could be performed with the nondestructive
assay methods (alpha, beta, gamma, neutron, and X ray measurements) or by taking samples for laboratory analysis.

Removal of Equipment from Gloveboxes

If equipment in a glovebox must be moved prior to plutonium removal, a number of cutting techniques could be used.
These techniques include power nibblers and shears and mechanical and circular saws.

Removal of Plutonium from Gloveboxes

The plutonium hold-up in gloveboxesis in the form of a sludge or solid residue. Most of the plutonium is on the floors
of the gloveboxes, with minor amounts on the equipment (small pipes, tubing, small tanks, etc.) and on the walls. The
techniques which could be used to remove most of the plutonium include washing, scrubbing, vacuuming, or a
combination of these (see Table 3-6).

Decontamination and Disposal of Equipment

Contaminated equipment used in the plutonium removal could be decontaminated directly in the glovebox.
Decontamination techniques include washing and scrubbing.
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3.2.2.4 Removal of Readily Retrievable Plutonium in PRF Canyon

The process for removal of plutonium hold-up in the PRF canyon involves a number of stepsincluding:

« Characterization of PRF canyon contamination

« Movement or removal of equipment in the PRF canyon

« Removal of plutonium from the PRF canyon

« Decontamination and disposal of contaminated equipment used to remove the plutonium.

Table 3-6 Summary of Methodologies for Removal of Plutonium Hold-up from Gloveboxes

Operational Direct-Contact Remote Technologies
Steps Methods

Initial Laboratory Analysis Gloveboxes are designed to provide shielding for the operators and at

Characterization _ the same time provide the operators the capability to use a wide range
Nondestructive assays || of hand tools. This design eliminates any foreseeable need for remote
(apha, beta, gamma, technologies.
neutron, and X ray
measurements)

Equipment Power Nibblers and

Removal Shears
Mechanical Saws
Circular Saws

Removal of Washing

Plutonium Hold-

up from Scrubbing

Gloveboxes _
Vacuuming

Decontamination || Washing
Scrubbing

Characterization of PRF Canyon Contamination

Characterization of plutonium and contaminants in the PRF canyon could be performed using direct-contact or remote
methods. Direct-contact methods include nondestructive assays, organic-vapor analyzers, and taking samples for
laboratory analysis. Nondestructive assay techniques and laboratory analysis have been discussed previously. Organic-
vapor anayzers are portable instruments used to measure organic vaporsin air. The Battery Operated Mobile

Automated Characterization System is a mobile robotics system designed to perform floor characterization using
radiation sensors. The system isin the final stage of testing. It is expected to be available in one to two years and could
be used to assist in characterization.

Movement and Removal of Equipment in the PRF Canyon

Equipment (tanks, piping, etc.) in the PRF canyon was installed so that it rises several feet off the floor. Currently,
there are two aluminum step ladders and a disassembled tank on the floor. These pieces of equipment may need to be
moved during the plutonium removal step. In direct-contact mode, the ladders could be moved by operators without

file:///1)/Data%20Migration%20T ask/El S-0244-FEI S-1996/eis0244f _3.html[6/27/2011 2:33:35 PM]




Final Environmental Impact Statement - Plutonium Finishing Plant Stabilization, May 1996

any special tools. In remote mode, the ladders and tank could be moved using a robotics system or the existing crane.
Removal of the Plutonium from the PRF Canyon

Direct-contact methods for the removal of plutonium from the PRF canyon floor include chemical and mechanical
removal (washing, scrubbing, vacuuming, and abrasive jetting). Remote operations can be achieved by deploying one
or more of these removal techniques using a robotics system. Another remote technology is to deploy alaser on a
robotics platform. A laser uses high-energy light to raise surface temperatures and melt or vaporize the plutonium. A
vacuum device is used simultaneously with the laser to collect the plutonium and filter the offgases.

Decontamination and Disposal of Equipment

Direct-contact methods for decontamination of equipment include washing, scrubbing, and abrasive jetting. Remote
technologies include deploying one or more of these decontamination techniques using a robotics system. A dual laser
system mounted on a robotic platform has the capability of decontaminating other equipment as well as itself.

Table 3-7 summarizes the direct-contact and remote technologies for removal of readily retrievable plutonium from
the PRF canyon floor.

Table 3-7 Summary of Methodologies for Removal of Plutonium from the PRF Canyon Floor

Operationa Steps Direct-Contact Methods Remote Technologies

Initial Characterization || Nondestructive assays (alpha, beta, gamma, Mobile Automated Characterization
neutron, and X ray measurements) System

Organic vapor analyzers

Moving Equipment Small crane for tank Robotic System

Removal of Plutonium Mechanica removal techniques including: Wet scrubbing and vacuuming

from Canyon Floor deployed on a robotic platform
« Washing
« Scrubbing Laser and vacuuming deployed on a
« Vacuuming robotic platform

Abrasive jetting

Decontamination Washing Mechanical tools deployed using a
robotic system
Scrubbing
Laser (light-aided decontamination
Abrasive Jetting deployed on a robotic platform)

3.2.2.5 Selection of a Reasonable Removal Approach for Impact Analysis

Reasonable methodologies that are currently available were selected for the removal of plutonium from ductwork,
process vacuum system piping, gloveboxes, and PRF canyon floor. These technologies have been identified to support
the potential impact analysis presented in this EIS. The selection of these methodologies is not intended to preclude
future considerations of other technologies or combination of technologies. These technologies include:

« Initia characterization
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« Disassembly/segmentation or equipment movement
« Plutonium removal
« Decontamination.

The reasonable technol ogies selected for analysis purposes are shown on Table 3-8.

Table 3-8 Reasonable Technologies for the Removal of Hold-up Plutonium

Operationa Step Ductwork Process Vacuum Glovebox PRF Canyon
System Piping Floor

Initial Nondestructive assay || Nondestructive assay || Nondestructive assay || Mobile

Characterization Automated
Characterization
System

Disassembly and/or || Mechanical and Mechanical and Power nibblers and Robotic

Segmentation or circular saws circular saws shears equipment

Equipment

Movement

Plutonium Removal || Scrubbing (scraping Scrubbing (scraping Scrubbing (scraping Laser and vacuum

and wire brush with and wire brush with and brushing, with or || deployed on a
or without wet or without wet without wet robotic platform
chemicals) chemicals) chemicals)

Decontamination Washing Washing Washing Dual lasers and
vacuum deployed
on arobotic
platform

Initial Characterization

Nondestructive assays are reasonable methodologies for initial characterization. These techniques have been used
extensively and effectively at the Facility. Exposure to PFP Facility workers using these detectors is expected to be
minimal. For the PRF canyon, due to the high radiation levels, a robotic system was selected.

The degree to which the readily retrievable plutonium-bearing material would be removed would be determined
following characterization of the material.

Disassembly/Segmentation or Equipment Movement

Mechanical and/or circular saws are reasonable methodologies for segmenting the ductwork and vacuum system
piping. These types of equipment are simple, effective, and easy to use. Power nibblers and shears are selected as
reasonabl e techniques for segmenting equipment inside a glovebox. These techniques are effective because they are
ideal for cutting intricate shapes, small bore piping and tubing, and for segmentation of small tanks.

A remote system is a reasonable method for moving equipment currently in the PRF canyon. The system is chosen
because it also has the capability to perform both plutonium characterization, removal and decontamination.

Plutonium Removal

Scrubbing is a reasonable methodology for plutonium removal in the ductwork and piping. Once a section of duct or
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piping has been placed in a glovebox, a scraper could be used to remove the plutonium on the inside surface. A
potassium permanganate solution could be used in conjunction with the scraper or wire brush to enhance the efficiency
of the removal. This method is simple and expected to be highly effective.

Scrubbing is a reasonable methodology for removal of plutonium hold-up in the gloveboxes. A scraper could be used

to remove the plutonium on the floor of a glovebox. A wire brush or a scraper could be used to remove plutonium on

the outside surfaces of equipment in the gloveboxes. A potassium permanganate solution could be used in conjunction
(or as a presoak) with the scrubbing equipment to enhance efficiency. A vacuuming unit (wet or dry) could be used to
collect the plutonium.

A laser deployed by a robotic platform is a reasonable method for removing the plutonium hold-up on the PRF canyon
floor. Plutonium dispersed by the laser isimmediately captured by a vacuum unit also mounted on a robotic platform.

Decontamination

Washing is a reasonable methodology for decontamination of equipment, duct and pipe segments, and gloveboxes
from which the plutonium has been removed. Water, a dilute acid, or other industrial cleaning agent would be used to
rinse loose contaminants. This technique is ssmple and has proven to be effective.

In the PRF canyon, the use of dual-lasers and a vacuum unit mounted on the robotic platform is a reasonable method,
because the platform-mounted equipment can decontaminate both itself and other equipment.

3.3 DESCRIPTION OF ALTERNATIVES

Subsection 3.2.1 describes a reasonable method for stabilizing each of the inventory categories. These preferred
methodol ogies were devel oped based on the technology screening and selection process described in Subsection 3.6.
Several other viable alternatives to the preferred methodol ogies were identified during the technology screening
process. These aternatives have been sorted by inventory type and are described in Subsections 3.3.1 through 3.3.4.
Subsection 3.3.5 describes the aternative associated with immobilization.

3.3.1 Alternative Stabilization Process for Plutonium-bearing Solutions

One viable alternative to ion exchange, vertical calcination, and thermal stabilization of the plutonium-bearing
solutions was identified during the screening process. Hydroxide precipitation followed by thermal stabilization is
discussed in Subsection 3.3.1.1. Subsection 3.3.1.2 describes a supplemental pretreatment process that may be
beneficial in preparing the solutions for stabilization.

3.3.1.1 Hydroxide Precipitation Followed by Thermal Stabilization of the Plutonium-bearing Solutions

Overview

Under this alternative, plutonium-bearing solutions would be treated by a relatively simple precipitation process. The
resultant plutonium precipitate would then be thermally stabilized to an oxide form capable of meeting the DOE
storage standard.

Caustic or other hydroxide-forming reagents would be added to the solution, gradually increasing the pH until
insoluble plutonium hydroxide is formed. The plutonium hydroxide and other metal impurities, such as nickel,
chromium, and iron, would precipitate out and be filtered from solution. The filtered solids would then be thermally
processed into a stable oxide form.
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Approximately 4,800 | (1,268 gal) containing 338 kg (745 Ib) (including the 3 kg [6.6 Ibs] plutonium fluorides) of
plutonium would be stabilized by this alternative. The resultant product, including americium and other impurities,
would be packaged in accordance with the DOE storage standard and placed in the vault at the PFP Facility for
storage.

Process Description

Hydroxide precipitation has been used routinely in the metal-finishing and plating industry to remove metals from
acidic solutions. It has been demonstrated at Rocky Flats and the Los Alamos National Laboratory for precipitating
plutonium from solution (Sevigny, et a., 1995). Other similar precipitation methodologies (e.g., hydrogen peroxide
precipitation) could be used to remove plutonium from nitric solutions. This alternative limits discussion to hydroxide
precipitation since it has been demonstrated in the past for handling plutonium solutions and reducing plutonium to
very low levelsin the filtrates.

A block diagram describing the hydroxide precipitation processis shown in Figure 3-8. A more detailed block diagram
and material balance of the hydroxide precipitation processisincluded in Appendix B.

Figure 3-8.Hydroxide Precipitation and Thermal Stabilization of the Plutonium-bearing Solutions
Inventory Retrieval and Feed Preparation

The plutonium-bearing solutions to be stabilized under this alternative would be retrieved from their current storage
location and transferred to an appropriate glovebox. Differing feeds could be blended prior to precipitation. It is also
possible that the plutonium fluoride inventory could be dissolved and blended with other feed solutions. The
plutonium-bearing solutions would then be transferred to another glovebox where the precipitation would be
performed.

Precipitation and Filtration

The process of precipitating metal hydroxides from acidic solutions would involve the use of solid magnesium oxide
reagent to raise the pH and precipitate the metals. Magnesium hydroxide would be formed upon contact with the
solution, and no additional liquid additives would be necessary. Magnesium oxide was selected as the reagent because
magnesium hydroxide would form a granular solid that is easier to filter than precipitates formed from sodium or
potassium hydroxide. Precipitates from sodium and potassium hydroxide tend to be gelatinous and sticky (Teringo,
1987).

Filtration of the solids would be accomplished by centrifuging or allowing the precipitate to settle and then decanting
the liquid. The remaining solids would be captured on filter paper, washed with water, and dried before undergoing
thermal treatment in a muffle furnace.

Thermal Stabilization

Thermal treatment in an air atmosphere would be used to convert the precipitated plutonium hydroxide to stabilized
plutonium oxides. This could be performed in batches in muffle furnaces located nearby. Alternatively, the entire
process could be operated in continuous mode as described in Subsection 3.2.1.2. Continuous operation would likely
require new equipment in new gloveboxes.

Product Packaging and Transfer to Storage

After cooling, a sample of the oxide product would be sent to the analytical laboratory to verify that the material meets
storage specifications. Product failing to meet the storage specifications would be recycled through the thermal
stabilization process. Nondestructive analyses would be performed on the packaged product to determine isotopic
composition prior to transfer to the vault(s) at the PFP Facility. The product could be retrieved and repackaged to meet
the DOE storage standard specifying organic-free containers once a bagless transfer system has been developed. A
more detailed description of the repackaging processis given in Subsection 3.2.1.3.
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Offgases and Effluents Offgases

Gaseous effluents from thermal treatment would include air, water vapor, and small quantities of plutonium oxides.
The product oxide would also likely contain small amounts of uranium oxides and manganese oxides. Solids entrained
in the offgas would be significantly reduced by ceramic and HEPA filters in the PFP Facility ventilation control
system.

The expected maximum release rate to the environment through the 291-Z-1 stack is estimated to be 1.4 x 10-8 g/sec
(3.1 x 10-11 Ib/sec). For the purposes of this EIS, a theoretical maximum release to the environment of 0.042 g (9.3 x
10-5Ib) of plutonium oxides is assumed for this alternative.

Liquid Effluents

The pH of the filtrate would be adjusted before transfer to the 200 Area Tank Farms. An estimated total of 5,060 |
(1,338 gal) would be generated.

The plutonium concentration of the liquid filtrate solution is anticipated to be below 0.02 g/l (2 x 10-4 Ib/gal). The
liquid effluent could be immobilized in cement and managed as transuranic or mixed transuranic waste. The total
volume of solid waste would be approximately 7.6 m3 (9.9 yd3). This would result in approximately 40 55-gallon
drums of waste.

Solid Wastes

Solid transuranic waste would be generated during glovebox operations. Solid transuranic wastes might include feed
packaging material and plastic storage containers. This waste would be sent to Hanford Site solid waste management
facilities.

Facilities and Equipment

Hydroxide precipitation could be performed in new or existing gloveboxesin the PFP Facility. It is expected that a new
batch precipitator would be used to do the precipitation. The filtration operation would be done with standard
equipment in the same glovebox. Thermal treatment would be performed either in the same glovebox or an adjacent
box. Alternatively, the dried filter cake could be transferred to another box in the PFP Facility glovebox system for
thermal treatment in muffle furnaces. This may include furnaces currently installed.

A waste transfer line would be required in order to transfer filtrate liquid to waste tanks for subsequent neutralization
and transfer to the 200 Area Tank Farms. If the waste were solidified, a transfer line or other means to transfer liquid
waste to the solidification glovebox would be needed.

Assuming an average processing rate of one precipitation batch per shift, 24 hr/day, the estimated operational duration
for precipitation would be 46 weeks. This estimate assumes a total operational efficiency of 70 percent. An additional

11 weeks would be required to thermally stabilize the precipitate, resulting in a total operational duration of
approximately 57 weeks for this alternative.

3.3.1.2 Supplemental Pretreatment Processfor Solutions

The following describes a pretreatment process that could beneficially be used in conjunction with one or more of the
stabilization alternatives for plutonium-bearing solutions described in this EIS.

Evaporation
The process concentrates selected feed solutions into smaller volumes of residual agueous solution through the use of

steam pressure and moderate temperatures (up to 135-C or 275-F). Because the solute is generally non-volatile, the
vapor/condensate is normally free of contamination. The final product would be an effluent with plutonium
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concentrations up to 350 g/l (2.9 Ib/gal) requiring further stabilization. The PRF currently has evaporation processes in
a standby mode. Some additional equipment and controls may be necessary. This process could be operated semi-
remotely to reduce exposure to PFP Facility workers. The primary effluent generated would be condensate from the
evaporator containing low concentrations of plutonium. The effluent stream would likely be suitable for transfer to the
high-level waste storage tanks.

3.3.2 Alternative Stabilization Process for Oxides, Fluorides and Process Residues

A viable alternative to thermal stabilization of the oxides, fluorides, and process residues in a continuous furnace was
identified during the technology screening process. Batch thermal stabilization using muffle furnaces is discussed in
Subsection 3.3.2.1. Subsection 3.3.2.2 describes two supplemental pretreatment processes that may be beneficia in
preparing the fluorides and process residues for subsequent stabilization steps.

3.3.2.1 Batch Thermal Stabilization of Oxides, Fluorides, and Process Residues

Overview

This aternative involves batch thermal stabilization of the plutonium-bearing oxides, fluorides, and process residues.
The plutonium-bearing solids are fed into a muffle furnace which is elevated to a temperature of approximately
1,000-C (1,832-F). The high temperature air environment lowers the residual moisture level and facilitates conversion
of incompletely oxidized plutonium to plutonium oxides.

Material that meets the DOE storage standard would not require any additional thermal stabilization and would be
directly repackaged. The estimated 14-hour throughput would be approximately one 1,200-g (2.6-1b) batch per furnace.

The process would result in an offgas containing air, water vapor, and small quantities of entrained plutonium oxides.
The offgas would be discharged to the environment after appropriate control measures such as HEPA filtration
significantly reduced the quantity of entrained solids in the offgas.

Plutonium fluorides would pose problems in the muffle furnace due to the corrosive nature of fluoride-bearing gases
that could be liberated. The plutonium fluorides could be pretreated using an acid dissolution process and blended with
the plutonium-bearing solutions. The acid dissolution pretreatment process is discussed in Subsection 3.3.2.2.
Alternately, a corrosion control program could be established and the fluorides sent through the muffle furnace.

This aternative could stabilize 2,417 kg (5,329 Ib) of plutonium. The resultant plutonium oxides would be tested in
accordance with the DOE storage standard. Product deemed acceptable would be packaged using existing capabilities
at the Hanford Site and placed in the vault at the PFP Facility for storage. Product not meeting the DOE storage
standard would be recycled through the muffle furnace. The product could be retrieved and repackaged at a later date
to meet the DOE storage standard specifying organic-free containers when a bagless transfer system becomes available
at the Hanford Site.

Process Description

A block diagram of the batch thermal stabilization process using a muffle furnace is shown in Figure 3-9. A more
detailed block diagram and material balance of the batch thermal stabilization processisincluded in Appendix B.

Inventory Retrieval and Feed Preparation

Containers bearing oxides, fluorides, and process residues would be retrieved from the vault and transferred to a
glovebox. Oxides, fluorides, and process residues not meeting the thermal stability requirements would be placed into a
metal container. To facilitate an even spread over the bottom of the metal container, the feed materials may need to be
ground up using a mortar and pestle. The metal container would then be reweighed and placed into the muffle furnace.

file:///1)/Data%20Migration%20T ask/El S-0244-FEI S-1996/eis0244f _3.html[6/27/2011 2:33:35 PM]



Final Environmental Impact Statement - Plutonium Finishing Plant Stabilization, May 1996

Batch Thermal Stabilization

The muffle furnace process controls and operating procedures vary according to the type of feed being processed. The
controls are designed to maintain pre-established, optimum oxidizing conditions and temperatures that ensure
controlled reactions in the furnace. The plutonium-bearing materials considered under this alternative would follow one
of several muffle furnace programs, each with unique ramp-up, thermal-soak, and cool-down rates. The thermal
soaking would occur at approximately 1,000-C (1,832:F) for a minimum period of one hour. It is estimated that the
furnaces would be capable of handling 1-1 (0.26-gal) or 1,200-g (2.6-1b) batches of plutonium-bearing material
depending on the density of material.

It is not likely that plutonium fluorides would be processed through the muffle furnaces due to the corrosive nature of
fluoride-bearing gases. Oxides and the bulk of process residues at the PFP Facility are assumed to have very small
organic content. Additional pretreatment measures may be necessary if process residues collected during removal
actions and considered for stabilization are suspected to have high organic levels (greater than 2 weight percent
organic). Hydrolysis is considered an appropriate pretreatment measure for process residues with high organic levels
and is discussed further in Subsection 3.3.2.2.

Figure 3-9. Batch Thermal Stabilization of Oxides and Process Residues

Product Packaging and Transfer to Storage

After cooling, a sample of the product would be sent to the analytical laboratory to verify that the material meets
storage specifications. Product failing to meet the storage specifications would be recycled through the muffle furnace.
Nondestructive analyses would be performed on the packaged product to determine the isotopic composition prior to
transfer to the vault(s) at the PFP Facility. The product would be retrieved and repackaged to meet the DOE storage
standard specifying organic-free containers, once a bagless transfer system has been developed. A more detailed
description of the repackaging processis described in Subsection 3.2.1.3.

Offgases and Effluents Offgases

The offgas from the muffle furnace would consist of air, water vapor, and small amounts of entrained plutonium oxides
and metal oxide. Solids entrained in the offgas would be significantly reduced by ceramic and HEPA filters in the PFP
Facility ventilation control system. A maximum combined rate of plutonium oxides and metal oxide release to the
environment through the 291-Z-1 stack is estimated to be 2.4 x 10-8 g/sec (5.3 x 10-11 Ib/sec). For the purposes of this
ElS, a theoretical maximum release to the environment of 0.3 g (6.8 x 10-4 |b) of plutonium oxides is assumed for this
alternative.

Solid Waste

Solid transuranic waste will be generated during glovebox operations. Solid transuranic wastes might include feed
packaging and material. Solid transuranic wastes would be sent to the Hanford Site solid waste management facilities
for storage.

Facilities and Equipment

Ongoing sludge stabilization activities involving batch thermal stabilization in muffle furnaces are currently being
performed in Gloveboxes HC-21A and HC-21C. It is anticipated these and other gloveboxes would be used for this
alternative.

Assuming an average processing rate of one 1,200-g (2.6-1b) batch per 14 hours per muffle furnace, 24 hr/day, and
operating 10 muffle furnaces simultaneously, the estimated operational duration for this alternative is 1.6 years. This
estimate assumes a 70 percent total operational efficiency and 10 percent recycle for failure to meet the DOE storage
standard.
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3.3.2.2 Supplementary Pretreatment Processes for Oxides, Fluorides, and Process Residues

The following describes two pretreatment processes that may be necessary in conjunction with one or more of the
stabilization alternatives for the oxides, fluorides, and process residues described in this EIS.

Acid Dissolution

This pretreatment process would apply to the fluorides and, potentially other low-grade material. The process consists
of dissolving the plutonium-bearing material in a mixed solution of nitric and hydrofluoric acid. Aluminum nitrate is
also added to complex the fluorides and minimize corrosion problems. The final product, an acid solution containing
concentrated plutonium, would be blended with the plutonium-bearing solutions and would be further stabilized. This
process could be run with existing equipment in any suitable location at the PFP Facility. This process would result in
added PFP Facility worker dose, as this is a hands-on, glovebox process. The effluents from this pretreatment
operation would be nitrogen oxides that could be vented to the atmosphere and low plutonium-content solids that
would be processed with other waste residues.

Hydrolysis

Hydrolysisis a chemical decomposition process involving water. This pretreatment process would apply to high
organic-bearing process residues (solvents, sludges, etc., containing greater than 2.0 weight percent organic content)
that may be generated during future plutonium retrieval operations. Hydrolysis avoids the formation of nitrated organic
compounds that could become explosive during subsequent processing. Soluble and insoluble solids, along with
plutonium hydroxide and other metal hydroxides, are the final products and would require further stabilization.
Existing facilities and equipment could be used to accomplish the hydrolysis process.

3.3.3 Alternative Stabilization Process for Metals and Alloys

A viable aternative to repackaging the metals and alloys was identified during the technology screening process.
Batch thermal stabilization using muffle furnaces is discussed in Subsection 3.3.3.1.

3.3.3.1 Batch Thermal Stabilization of the Metals and Alloys

Overview

This aternative involves batch thermal stabilization of the plutonium metals and alloys. The plutonium-bearing solids
are fed into a muffle furnace and elevated to a temperature of approximately 1,000-C (1,832:F). The high temperature
air environment facilitates conversion of the metal and aloys to metal oxides (i.e., plutonium oxides). The estimated
throughput would be approximately one 1,200-g (2.6-1b) batch every 12 hours.

The process would result in an offgas containing air and small quantities of entrained plutonium dioxide. The offgas
would be discharged to the environment after appropriate control measures such as HEPA filtration significantly
reduced the quantity of entrained solids in the offgas.

A total of 770 kg (1,698 Ib) of plutonium would be stabilized by this alternative. The resultant product would be tested
in accordance with the DOE storage standard. Product deemed acceptable would be packaged using existing
capabilities at the Hanford Site and placed in the vault(s) at the PFP Facility for storage. It is assumed that the metals
and alloys would require two thermal processing cycles to achieve the desired oxide product. Product not meeting the
DOE storage standard would be cycled through the muffle furnace a third time. The product could be retrieved and
repackaged at a later date to meet the DOE storage standard specifying organic-free containers once a bagless transfer
system becomes available at the Hanford Site.

Process Description
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A block diagram of the batch thermal stabilization using a muffle furnace is shown in Figure 3-10. A more detailed
block diagram and material balance of the batch thermal stabilization processisincluded in Appendix B.

Inventory Retrieved and Feed Preparation

Containers bearing metals and alloys would be retrieved from the vault and transferred to a glovebox. The metals and
alloys would be placed into a feed container, preweighed and placed into the muffle furnace.

Batch Thermal Stabilization

The muffle furnace process controls and operating procedures vary according to the type of feed being processed. The
controls are designed to maintain pre-established, optimum oxidizing conditions and temperatures that ensure
controlled reactions in the furnace. The plutonium-bearing materials considered under this alternative would follow one
of several muffle furnace programs, each with unique ramp-up, thermal-soak, and cool-down rates. The thermal
soaking would occur at approximately 1,000-C (1,832-F) for a minimum period of one hour.

It is estimated that the furnaces would be capable of handling 1,200-g (2.6-1b) batches of plutonium-bearing material.
The product would undergo loose oxide separation to ensure exposure of the core material during the second run.
Metal and alloys at the PFP Facility are assumed to have negligible moisture and organic content. During firing of the
plutonium-bearing material, air would be fed continuously to the muffle furnace in order to facilitate oxidation of this
material.

Product Packaging and Transfer to Storage

After cooling, a sample of the product would be sent to the analytical laboratory to verify that the material meets the
DOE storage standard. Product not meeting the DOE storage standard would be cycled through the muffle furnace a
third time. Nondestructive analyses would be performed on the packaged product to determine isotopic composition
prior to transfer to the vault(s) at the PFP Facility. The product could be retrieved and repackaged to meet the DOE
storage standard specifying organic-free containers, once a bagless transfer system has been developed. A more
detailed description of the repackaging processis described in Subsection 3.2.1.3.

Figure 3-10. Batch Thermal Stabilization of Metals and Alloys
Offgases and Effluents Offgases

The offgas from the muffle furnace would consist of air and very small amounts of entrained plutonium oxides. Solids
entrained in the offgas would be significantly reduced by ceramic and HEPA filters in the PFP Facility ventilation
control system. A maximum combined rate of plutonium oxides and metal oxide release to the environment through
the 291-Z-1 stack is estimated to be 3.7 x 10-8 g/sec (8.2 x 10-11 Ib/sec). For the purposes of this EIS, a theoretical
maximum release to the environment of 0.19 g (4.2 x 10-4 1b) of plutonium oxides is assumed for this alternative.

Solid Waste

Solid transuranic waste will be generated during glovebox operations. Solid transuranic wastes might include feed
packaging material. Solid transuranic wastes would be sent to Hanford Site solid waste management facilities for
storage.

Facilities and Equipment

Ongoing sludge stabilization activities involving batch thermal stabilization in muffle furnaces are currently being
performed in Gloveboxes HC-21A and HC-21C. It is anticipated these and other gloveboxes would be used for this
aternative.

Assuming an average processing rate of one 1,200-g (2.6-1b) batch per 12 hours per muffle furnace, 24 hr/day, and
operating 10 muffle furnaces simultaneously, the estimated operational duration for this alternative is 27 weeks. This
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estimate assumes a 70 percent total operational efficiency and 10 percent recycle for failure to meet the DOE storage
standard.

3.3.4 Alternative Stabilization Processes for Polycubes and Combustibles

Two viable aternatives to pyrolysis were identified during the technology screening process for stabilizing the
polycubes and combustibles. A batch thermal stabilization method is discussed in Subsection 3.3.4.1 and a molten salt
oxidation method is discussed in Subsection 3.3.4.2.

3.3.4.1 Batch Thermal Stabilization with Secondary Combustion of Polycubes and Combustibles

Overview

This aternative involves batch thermal stabilization of the plutonium-bearing polycubes and combustibles. Although
the thermal stabilization method used for the two types of materials is the same, each type of material would be
processed separately. The polycubes or combustibles are fed into a muffle furnace, which is elevated to a temperature
of approximately 300-C (572-F). Initially, the furnace is purged with nitrogen gas to maintain an inert environment and
prevent combustion of the organic component. At 300-C (572-F), the organic component of the feed is driven off into a
secondary combustion chamber. The plutonium-bearing material remaining in the muffle furnace is exposed to air and
elevated to approximately 1,000-C (1,832-F). The high temperature environment facilitates conversion of incompletely
oxidized plutonium to plutonium oxides. The estimated 14-hour throughput would be approximately one 500-g (1.1-
Ib) batch per furnace.

The process would result in an offgas containing water vapor, organic combustion products (carbon dioxide and carbon
monoxide), residual organic material (styrene monomer), and small quantities of entrained plutonium dioxide. The
offgas would be discharged to the environment after appropriate control measures such as HEPA filtration significantly
reduced the quantity of entrained solids in the offgas.

A total of 35 kg (77 1b) of plutonium would be stabilized by this alternative. The resultant product would be tested in
accordance with the DOE storage standard. Product deemed acceptable would be packaged using existing capabilities
at Hanford and placed in the vault(s) at the PFP Facility until future DOE disposition decisions are made. Product not
meeting the DOE storage standard would be recycled through muffle furnaces. The product could be retrieved and
repackaged at a later date to meet the DOE storage standard specifying organic-free containers when a bagless transfer
system has been developed.

Process Description

A block diagram of the batch thermal stabilization with secondary combustion processis shown in Figure 3-11. A
more detailed block diagram and material balance of this processisincluded in Appendix B.

Inventory Retrieval and Feed Preparation

Containers bearing polycubes would be retrieved from the vault and transferred to a glovebox. The polycubes would be
first stripped of their aluminum coating, if required. Aluminum coating removal is a two-step processin which the
outer coating of the polycubes is loosened by placing the polycube into a hot water bath for 5 to 10 minutes. The outer
coating is then removed by hand (in a glovebox), exposing the aluminum underneath. The aluminum is removed by
placing the cube into a hot solution of sodium hydroxide and sodium nitrate. The degjacketed cubes are then rinsed with
water and placed into a previously weighed feed container. To facilitate an even spread over the bottom of the weighed
feed container, the polycubes may need to be broken into smaller pieces. The feed container would then be reweighed
and placed into the muffle furnace.

Figure 3-11. Batch Thermal Stabilization with Secondary Combustion of Paolycubes and Combustibles

file:///1)/Data%20Migration%20T ask/El S-0244-FEI S-1996/eis0244f _3.html[6/27/2011 2:33:35 PM]


file:///nepa/dbgraphics/eishtml/eis-0244/0244f311.gif

Final Environmental Impact Statement - Plutonium Finishing Plant Stabilization, May 1996

Batch Thermal Stabilization

The muffle furnace process controls and operating procedures vary according to the type of feed being processed. The
controls are designed to maintain pre-established, optimum oxidizing conditions and temperatures that ensure
controlled reactions in the furnace. The plutonium-bearing materials considered under this alternative would follow one
of several muffle furnace programs, each with unique ramp-up, thermal-soak, and cool-down rates. The initial soaking
temperature would be limited to 300-C (572-F) and would drive the organic material (i.e., styrene monomer) into the
combustion chamber under nitrogen inert conditions. Afterwards, the nitrogen gas would be discontinued and air
would be fed into the muffle furnace to facilitate the oxidation of the plutonium-bearing material. The thermal soak
would occur at approximately 1,000-C (1,832-F) for a minimum of one hour. The combustion chamber, containing a
thermal oxidation catalyst to ensure complete combustion, would be used to burn the organic material without an open
flame. It is estimated that the furnaces would be capable of handling 500-g (1.1-I1b) batches of plutonium-bearing
material.

Product Packaging and Transfer to Storage

After cooling, a sample of the product would be sent to the analytical laboratory to verify the material meets the DOE
storage standard. Product not meeting the storage specifications would be recycled through the muffle furnace.
Following this verification, the plutonium product would be packaged in accordance with existing procedures and
transferred to the vault(s) at the PFP Facility for storage. The product could be retrieved and repackaged to meet the
DOE storage standard specifying organic-free containers once a bagless transfer system has been developed. A more
detailed description of this repackaging processis described in Subsection 3.2.1.3.

Offgases and Effluents Offgases

Offgas from the muffle furnace would consist of air, water vapor, combustion products of polystyrene including carbon
dioxide, carbon monoxide, residua styrene monomer, and small amounts of entrained plutonium dioxide. Solids
entrained in the offgas would be significantly reduced by ceramic and HEPA filters in the PFP Facility ventilation
control system. Maximum release rates to the environment through the 291-Z-1 stack are estimated to be: plutonium
oxides, 2 x 10-10 g/sec (4.4 x 10-13 |b/sec); carbon monoxide, 1.7 x 10-3 g/sec (3.8 x 10-6 Ib/sec); and styrene, 7.9 x
10-4 g/sec (1.8 x 10-6 Ib/sec). For the purposes of this EIS, a theoretical maximum release to the environment of 4.3 x
10-3 g (1.0 x 10-51b) of plutonium dioxide, 37 kg (81 Ib) of carbon monoxide, and 17 kg (37.7 |b) of styreneis
assumed for thermal stabilization.

Solid Waste

Solid transuranic waste would be generated during glovebox operations. Solid transuranic wastes might include feed
packaging material, and small quantities of latex and krylon tape. Solid transuranic wastes would be sent to Hanford
Site solid waste management facilities for storage.

Liquid Effluent

Coating removal, if required for aluminum-coated polycubes, would produce a caustic solution that would be pH
adjusted, if necessary, sampled for plutonium content, and sent to the 200 Area Tank Farms. The total volume of
caustic liquid that would be stabilized or disposed of is estimated to be 20| (5.3 gal) containing 100 g (0.2 Ib) of
plutonium.

Facilities and Equipment

Ongoing sludge stabilization activities involving batch thermal stabilization in muffle furnaces are currently being
performed in Gloveboxes HC-21A and HC-21C. It is anticipated these and other gloveboxes would be used for this
alternative.

Assuming an average processing rate of one 500-g (1.1-1b) batch 14 hours per muffle furnace, 24 hr/day, and operating
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one muffle furnace, the estimated operational duration for this aternative is 72 weeks. This estimate assumes a 70
percent total operational efficiency and 10 percent recycle for failure to meet the DOE storage criteria.

3.3.4.2 Molten Salt Oxidation of Polycubes and Combustibles

Overview

This aternative is intended to stabilize the inventory of polycubes and combustibles currently stored in the vaults and
gloveboxes at the PFP Facility.

A description of the polycube inventory is contained in Subsection 3.1.1.4. Molten salt oxidation is a thermal process
in which polycubes and combustibles are oxidized in a bed of molten salt. The product would be an ash containing the
plutonium oxides.

Molten salt oxidation technology could potentially be used to process a broad range of materials, including organic
liquids, oils, combustible solids (paper products, rubber, plastics), aqueous solutions, slurries (process residues),
noncombustibles, metals, aloys, and polycubes. As discussed in previous sections, other technologies are preferable
for processing liquids, metals, alloys, and oxides. Molten salt oxidation is being considered only for processing
polycubes and combustibles at the PFP Facility.

A total of 35 kg (77 Ib) of plutonium would be stabilized using this alternative. The resultant ash would be thermally
stabilized and subsequently tested in accordance with the DOE storage standard. Product determined to be acceptable
would be packaged using existing packaging capabilities and placed in the vaults at the PFP Facility for storage.

Process Description

Molten salt oxidation is a thermal process where feed and oxygen are introduced under the surface of a bed of molten
salt maintained at a temperature of between 500 and 1,000-C (932 and 1,832-F). Figure 3-12 provides a simplified
block diagram of the molten salt oxidation process. A more detailed block diagram and material balance of this process
are included in Appendix B.

Inventory Retrieval and Feed Preparation

The containers holding polycubes and combustibles would be retrieved from storage and transferred to a glovebox at
the PFP Facility dedicated to molten salt oxidation. Differing feed systems may be required to accommodate the
differing inventory forms. An in-line shredder could be used for reducing the size of plastics and rags, while a heated
hopper could be used to soften the polycubes for pneumatic injection. Polycubes with aluminum coatings may require
crushing in lieu of the heated hopper injection process.

Molten Salt Oxidation

The molten salt oxidation process involves two molten salt units. Each unit contains a bed of molten salt comprised of
a suitable mixture of carbonates, chlorides, or sulfates of sodium, potassium, lithium, or calcium.

The prepared feed would be fed into the first unit along with nitrogen gas. The salts would provide a heat transfer zone
to melt and volatilize the polystyrene to styrene monomer. The styrene would then be conveyed to a second reactor
where the remaining organic components would be oxidized in the presence of air and a catalyst. The offgas from this
reactor would be pre-filtered, then HEPA filtered and vented. Inorganic components (such as radioactive actinides and
metallic impuritiesin the form of ash) would be retained in the molten salt bed.

The molten salt oxidation process would be operated at atmospheric pressure with a predetermined unit residence time.
Thetotal heat of reaction for organics is often sufficient to maintain the operating temperature of the molten salt bed
without supplemental heat.

Dissolve and Filter
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Ash would build up in the molten salt bed as either a dissolved substance or slurry. This ash would be withdrawn and
dissolved in water. The insoluble oxides and salts of actinides would precipitate and be filtered out.

Thermal Stabilization

The solid ash product from filtering would require additional thermal treatment to reduce the moisture content and
meet the safe storage stability requirements. Thermal treatment could be accomplished in a batch or continuous
furnace. Following thermal stabilization, a sample of the product would be taken and sent to the analytical |aboratory
to verify the material meets the DOE storage standard.

Figure 3-12. Molten Salt Oxidation of Palycubes and Combustibles

Product Packaging and Transfer to Storage

Acceptable plutonium oxide product would be transferred to a container, weighed, sealed out of the glovebox, and
packaged in containers in accordance with existing procedures. Product not meeting the DOE storage standard would
be thermally stabilized a second time. A nondestructive analysis would be performed on the packaged product to
determine the isotopic composition prior to transfer to the vault(s) at the PFP Facility for storage. The product could be
retrieved and repackaged to meet the DOE storage standard when a bagless transfer system has been developed. A
more detailed description of the repackaging processis found in Subsection 3.2.1.3.

Offgases and Effluents Offgases

Gaseous effluent from the molten salt oxidation process would include air, water vapor, carbon monoxide, styrene, and
entrained plutonium oxides. The offgas from this reactor would be pre-filtered, then HEPA-filtered in the PFP Facility
ventilation control system. Maximum release rates to the environment through the 291-Z-1 stack are estimated to be:
styrene, 7.8 x 10-3 g/sec (1.7 x 10-5 Ib/sec); carbon monoxide, 0.017 g/sec (3.7 x 10-5 Ib/sec); plutonium oxides, 2.3 x
10-8 g/sec (5.1 x 10-11 Ib/sec). For the purposes of this EIS, a theoretical maximum release to the environment of 6 x
10-3g (1.3 x 10-51b) of plutonium dioxide, 33.3 kg (73 Ib) of carbon monoxide, and 16 kg (34 Ib) of styreneis
assumed for this alternative.

Solid Waste

Solid transuranic waste will be generated during glovebox operations. Solid transuranic waste might include feed
packaging material and would be sent to Hanford Site solid waste management facilities for storage.

Liquid Effluent

Theliquid effluent stream from aluminum coating removal has an estimated volume of 201 (5.3 gal) containing 100 g
(0.2 1b) of plutonium. This material would be stabilized or disposed of.

Thefiltered alkaline solution from the ash dissolver generates a liquid waste stream containing dissolved salts. A total
of about 2,040 | (538 gal) of sodium carbonate solution would be generated containing a total of about 39 g (0.09 |b)
of plutonium oxides. The solution would be discharged to the 200 Area Tank Farms or cemented and immobilized for
storage at the Hanford Site solid waste management facilities.

Facilities and Equipment

The molten salt oxidation process would require that some new equipment be installed at the PFP Facility. A typical
molten salt oxidation system consists of molten salt units, a feed system, and dissolution/filtration equipment.
Modifications to the PFP Facility would be required to accommodate the system. Roughly 90 square meters (m2) (107
square yards [yd2]) of floor space and 15 m3 (19.6 yd3) of glovebox space would be needed. A new glovebox may be
required to house the molten salt oxidation system. The molten salt oxidation process could use existing utilities,
materials, supplies, and personnel at the PFP Facility.
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Assuming a processing rate of 350 g/hr (0.77 Ib/hr), and 24 hr/day, the estimated operational duration for this
aternative is 24 weeks. This estimate assumes a 70 percent total operational efficiency and considers the contribution
of handling and thermally stabilizing the polycubes and combustibles,

3.3.5Immobilization Alternative

Overview

This aternative involves cementing candidate plutonium-bearing materials, packaging the cemented materialsin
appropriate shipping containers, and transporting the containers to a Hanford Site solid waste management facility.
Currently, decisions to immobilize plutonium-bearing materials at the PFP Facility are made in accordance with
criteria and provisions contained in the April 1994 version of the Plutonium Disposition Plans (Halsted, 1994). This
plan and its criteria are discussed in more detail in Appendix E.

DOE has recently proposed a new policy for the disposition of plutonium-bearing materials. Under this draft policy
entitled, Department of Energy Policy for the Treatment and Disposition of Excess Plutonium-bearing Residues (Lytle,
1996), excess plutonium-bearing residues would be processed to one of two end-states: 1) plutonium separated from
its residue matrix (not necessarily refined) and packaged for storage in accordance with the DOE's storage standard; or
2) waste suitable for disposal at the Waste Isolation Pilot Plant. The draft policy further states:

For each quantity, batch, or category of residues, a determination of which end-state is more cost-effective must be
made by the responsible field office and approved by the appropriate Secretarial Officer. The performance factors for
cost-effectiveness must include worker exposure, waste generation, and cost.

This draft policy has been considered in the development of the immobilization aternative. Prior to any DOE decision
to immobilize plutonium-bearing materials at the PFP Facility, the candidate materials would be further screened using
cost-effectiveness performance factors. The draft policy and a complete list of the performance factors are described in
more detail in Appendix E.

Process Description

A Portland cement system has been selected as a reasonable immobilization method to analyze further because: 1) the
ingredients are inexpensive, safe, and readily available; 2) the equipment needs are simple; 3) the final waste form has
proven stability; and 4) it meets the Hanford Site solid waste acceptance criteria and has been used extensively at the
Hanford Site for immobilizing wastes.

Prior to cementation, the compatibility of the plutonium-bearing materials and cementitious materials would be
evaluated. The cementation would take place inside a glovebox in the PFP Facility. Plutonium-bearing materials would
be cemented in batches. The final volume of each batch would be approximately 3.401 (0.9 gallon).

A schematic for the proposed cementation process is shown in Figure 3-13. Plutonium-bearing material would be fed
into a mixing container using an auger feeder for accurate control. An appropriate amount of water would be added,
followed by a measured amount of cement and other additives as needed. After all the cement had been added and
mixed, the mixer would be shut off and the container removed from the mixer.

The container would then be moved to an out-of -the way location within the glovebox and allowed to set up. Once the
materials inside three containers were sufficiently set up, the containers would be transferred out of the glovebox and
packaged into a pipe-container-in-drum. A diagram of the pipe-container-in-drum is shown in Figure 3-14. This
package consists of a stainless steel pipe-container placed vertically in the middle of a 55-gallon drum. The void space
between the pipe-container and the wall of the drum would be filled with packing material. Both the pipe-container
and the drum would be vented through afilter to prevent gas build-up.

The maximum allowable limit for plutonium in each pipe-container-in-drum is 200 g (0.44 |b) (DOE, 19964). To
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ensure that the drums would be accepted at a Hanford Site solid waste management facility, the plutonium content for
each drum would likely be targeted at 170 g (0.37 Ib). Since up to 272 kg (599 Ib) of plutonium may be processed
under this alternative, approximately 1,600 drums would be generated. The drums would be transported by truck to a
Hanford Site solid waste management facility for storage. Additional details regarding the above process description
are presented in Appendix E.

The offgas from the immobilization process would consist of small amounts of entrained particulates, including
plutonium oxide. Solids entrained in the offgas would be significantly reduced by a ceramic filter and HEPA filtersin
the PFP Facility ventilation control system. The maximum rate of gross particulate and plutonium oxide release to the
environment through the 291-Z-1 stack is estimated to be 2.6 x 10-9 g/sec (5.7 x 10-12 |b/sec) and 1.9 x 10-11 g/sec
(4.2 x 10-14 Ib/sec), respectively. For the purposes of this EIS, a theoretical maximum release to the environment of
0.74 g (1.6 x 10-3 Ib) of gross particulates and 5.4 x 10-4 g (1.2 x 10-6 Ib) of plutonium oxide is assumed for this
alternative.

Assuming a processing rate of 15.3 kg/hr (34 Ib/hr), 24 hr/day, the estimated operational duration of this alternative is
29 weeks. This estimate assumes a total operational efficiency of 70 percent

Figure 3-13. Proposed Cementation Process
Figure 3-14. Pipe-container-in-drum

3.4 DESCRIPTION OF THE NO ACTION ALTERNATIVE

Under the no action alternative, actions would be limited to ongoing maintenance and security activities necessary for
safe and secure management of the PFP Facility. Following completion of ongoing actions, identified in Subsection
1.1, the no action alternative would not include additional actions for stabilization, or immobilization of sludges or
ductwork cleanout.

3.4.1 Overview of the No Action Alternative

Under this alternative, reactive plutonium-bearing material currently in vault storage at the PFP Facility would not be
stabilized or immobilized. Hold-up material in PFP Facility process piping, gloveboxes, process canyon areas, and
ductwork would not be removed. Vault storage would continue as an ongoing action. The materia in the vaults would
continue to be inventoried, repackaged, and when an immediate safety hazard exists, stabilized as necessary.
Surveillance and maintenance would continue at present required levels.

In order to minimize risk to PFP Facility and Hanford Site workers, the public, and the environment, measures
currently in progress at the PFP Facility would continue. These measures would include existing monitoring and
surveillance programs, materials accountability, and performing routine housekeeping and preventive maintenance.
Overpressurization of storage containers would continue to require repackaging.

The activities that would continue to occur under the no action alternative for each of the plutonium inventory types
are described in the following subsections.

3.4.1.1 Plutonium-bearing Solutions

Plutonium-bearing solutions would be stored in storage rooms restricting unnecessary PFP Facility worker access.
Some of the solutions are currently in plastic bottles inside stainless steel containers. Other solutions have been placed
directly in stainless steel containers. None of these containers were designed for extended storage. No regular
inspections are performed on the inner bottles, and the outer containers are only inspected for inventory considerations.
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The plastic inner bottles are susceptible to failure from gas pressure and radiation embrittlement. Some of the solutions
contain chlorides or fluorides that would damage the stainless steel outer container if the inner bottle leaked. Some of
the bottles also are suspected of not being vented. Lack of venting could cause hydrogen gas, from radiolysis, to build
up pressure, resulting in bottle failure. Cleanup actions would then be required.

3.4.1.2 Oxides, Fluorides, and Process Residues

The primary purpose of the current program is to ensure material accountability. The program monitors temperature
and pressure by indirect methods. While temperature is based on the system ventilation, pressure is determined by
inspecting the containers for bulging. There are no meansto directly measure the temperature and pressure for
individual containers.

These ingpections have been successful in identifying packages that are suspected of hydrogen gas pressurization.
Under the no action alternative, containers suspected of pressurization (typically threeto seven per year at the PFP
Facility for al inventory types) would be repackaged to pre-1995 requirements.

3.4.1.3 Metalsand Alloys

The primary purpose of the current program is to ensure material accountability. The program monitors temperature
and pressure by indirect methods. While temperature of the metals and aloys is based on the system ventilation,
pressure is determined by inspecting the containers for bulging. Temperature and pressure of individual containersis
not directly measured.

These ingpections have been successful in identifying packages that are suspected of hydrogen gas pressurization.
Under the no action alternative, containers suspected of pressurization (typically three to seven per year at the PFP
Facility for all inventory types) would be repackaged to pre-1995 requirements.

3.4.1.4 Polycubes and Combustibles

The polycubes in the vaults are in containers and are not considered to pose significant pressurization risks. The
combustibles include paper, rags, chemical wipes, graphite, wood, and plastics.

The proximity of the plutonium to the organic constituents of the polycubes and combustibles could cause radiolysis

and hydrogen gas generation. The resultant potential for fire or explosion leaves the polycubes and combustiblesin a
condition unacceptable for extended storage.

3.4.1.5 No Removal of Hold-up

In this no action alternative, the plutonium that is readily accessible would not be removed and stabilized. This
plutonium is held up in process piping, ducts, gloveboxes and on the PRF canyon floor.

3.4.2 Description of Routine Tasks by Functional Areas

Approximately 592 people support the PFP Facility. Approximately 100 of these people are currently involved in
ongoing material removal and stabilization activities. Therefore, it is anticipated that a labor force of approximately
492 would be required to support the Facility under the no action alternative. Some of the ongoing routine tasks being
currently performed include:

« Maintenance of the Safety Boundary for the PFP Facility - includes all safety boundary maintenance, operation
surveillances, and environmental compliance tasks. It maintains the Facility structure, qualified staff, safe and
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compliant equipment, and documentation, and provides all necessary resources for safe and compliant operation
and assessment in accordance with governing safety codes and regulations.

« Corrective Maintenance - provides all corrective maintenance that restores systems and equipment to their
operational states after failure. These tasks include the replacement or repair of failed building equipment or
systems such as pumps, fans, or electrical equipment.

« Preventive Maintenance - provides all preventive maintenance activities necessary to minimize unplanned events
and premature equipment failures. These tasks include scheduled replacement or cleaning of filters and pump oil
changes.

» Operational Safety Requirements Surveillance - provides preventive maintenance to all Facility operational
safety requirements equipment, systems, or instrumentation.

» Nuclear Process/Radiation Surveillances - provides all nuclear process and radiation surveillances of Facility
operations and operating systems (i.e., approximately 15,000 surveillances/week).

« Nuclear Process Surveillances - provides for surveillance of all nuclear processes in the PFP Facility such as the
dangerous waste tanks in Building 241-Z, the PRF and RMC line process areas, and surveillances of chemical
satellite areas and dangerous waste temporary storage areas.

« Health Physics Surveillances - provides for all Health Physics surveillances in the PFP Facility.

 Power Operator Surveillances - provides for surveillance of al ventilation and power-related systems in the PFP
Facility as required by operating procedures.

« Environmental Compliance - provides all environmental surveillances of Facility operations and systems.

« Environmental Surveillances - provides for the surveillance of Facility environmental equipment, systems, or
instrumentation.

» General Laboratory Support - provides all laboratory support necessary to maintain laboratory process control
and research measurement capabilities.

« Engineering Support - provides support to several ongoing PFP Facility projects related to modifications and
upgrades not associated with preventive or corrective maintenance.

« Management of Special Nuclear Materials, Nuclear Materials, and Nuclear Fuels - ensures that this material is
received, handled, stored, and transferred for ultimate disposition in a safe and efficient way.

« Safeguards and Security Resources - provides direction and oversight to ensure safe, and secure storage of
special nuclear materials, nuclear materials, and nuclear fuel until final disposition of the materia is
accomplished. It includes physical security, safeguards accounting and material control, record keeping, studies,
evaluations, and assessments.

In addition to the baseline security for stabilized and safely stored plutonium, additional security is required for the
nonstabilized material in gloveboxes, and liquids (WHC, 1995c).

3.4.3 PFP Effluents

For the no action alternative, there are three main PFP Facility effluent streams. one gaseous, one liquid, and one solid.
The treated liquid effluent is discharged to the Treated Effluent Disposal Facility located in the 200 East Area. The
gaseous stream is discharged to the 291-Z-1 stack. Solid wastes are handled according to type.

3.4.3.1 Gaseous Effluents

Of the four monitored gaseous effluent streams at the PFP Facility, the major portion of the volume and radioactivity is
associated with the 291-Z-1 main stack. Recent releases through the 291-Z-1 stack, with the plant shut down, are
considered representative of the no action alternative. Averages of the 1991 through 1994 rel eases rates would be
projected to continue for the no action aternative. These are shown in Table 3-9.

Table 3-9 Average Annual Release Rates through the 291-Z-1 Stack (Based on 1991-1994
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Emissions)
| sotopes Atmospheric Emissions Projected Future Emissions (Ci/yr)
239 Pu and 240 Pu 3.7x10-4
238 Pu 1.5x 10-5
241 Pu 25x10-3
241 Am 6.9x 10-5

Source: DOE, 1991; DOE, 1992; DOE, 1993; DOE, 1994d; DOE, 1995a; WHC, 1992a; WHC, 1992b; WHC, 1993;
WHC, 1994; WHC, 1995d

Notes: Pu = Plutonium
Am = Americium
3.4.3.2 Liquid Effluents

The PFP Facility currently generates two radioactive liquid waste streams. The first is composed of wastes produced in
the development laboratories as a result of testing for various stabilization alternatives (e.g., the vertical calciner,
magnesium hydroxide precipitation). The liquid wastes contain plutonium, uranium, and potassium hydroxide. They
are held in the 241-Z Building before being sent to the 200 Area Tank Farms. For the no action alternative, these tests
will cease and this radioactive liquid waste stream will cease.

The second radioactive PFP liquid waste stream contains very low levels of radioactivity. This stream consists of
cooling water, floor drains, condensates, air conditioning streams and various other building service wastes.
Historically, this stream was discharged to the 216-Z-20 crib. This stream is now treated in the 243-Z low-level waste
treatment facility prior to being discharged to the 200 Area Treated Effluent Disposal Facility (Ecology, 1995). Actual
concentrations of radioactivity in the PFP liquid waste stream to the 200 Area Treated Effluent Disposal Facility in
1995 averaged one-third of the 200 Area Treated Effluent Disposal Facility allowables and the stream is no longer
considered to be radioactive. This level is expected to continue for the future in the no action aternative. This
projection is shown in Table 3-10.

The PFP Facility discharged 2.7 x 108 1 (7.1 x 107 gal) of liquid effluentsin 1991, 9.0 x 107 | (2.4 x 107 gal) in 1992,
1.0x 1081 (2.6 x 107 gal) in 1993 and 2.8 x 107 | (7.4 x 106 gd) in 1994 (WHC, 1992b; WHC, 1993; WHC, 1994;
WHC, 1995d). Based on these values, an assumption of 3.0 x 107 liters per year (7.9 x 106 gallons per year) tota
water discharge from the PFP Facility was made for the no action alternative.

Table 3-10 Annual Liquid Radionuclides Discharged to 200 Area Treated Effluent Disposal
Facility

Radionuclides || Annual Releasea (Curies)

238 Pu 1.6x10-5

239 Pu 1.2x 10-5
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240 Pu 1.2x 10-5
241 Pu 0.8 x 10-3
241 Am 1.2x10-5

Sour ce: WHC, 1995e

Notes:a. Assumes flow of 3.0 x 107 I/yr.
Pu =Plutonium

Am =Americium

3.4.3.3 Solid Waste

The average amount of solid wastes being generated at the PFP Facility is provided in Table 3-11. Thisis
representative of the solid wastes that would be generated for the no action alternative.

Table 3-11 Annual Solid Waste Generation

Waste Type Weight (kg) || Volume (m3)
Hazardous 1,360 3.52
Mixed Low-level Radioactive 16,600 106
Mixed Transuranic 1,088 6.6
Mixed PCB Low-level 1,860 9.2
Nonregul ated 2,720 5.6
PCB 78 0.74
Low-level Radioactive 26,640 205
Transuranic 9,600 75

Sour ce: SWIR106, 1995

Note: PCB = polychlorinated biphenyl

3.4.4 Radiation Doses to PFP Facility Workers

The major portion of personnel dose exposure results from the routine inspections performed in order to ensure the
safety and security of the stored material. In 1992, the PFP Facility total worker dose exposure was 68 person-rem. In
1993, exposure was 45 person-rem, and 1994 exposure was 46 person-rem. Failure of the storage containers would
escalate these exposures. It is expected that for the no action alternative the PFP Facility worker dose exposure will
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continue at the 1992 to 1994 average level of 53 person-rem per year. Even though the plutonium in the PFP Facility is
aging (which results in higher americium levels), this is not expected to affect PFP Facility worker dose for the no
action alternative. This is because thereis limited handling of plutonium in this alternative. When handling is required,
shielding for radiation from americium is readily accomplished (WHC, 1995f).

3.5 COMPARISON OF THE ANTICIPATED ENVIRONMENTAL IMPACTS OF THE
ALTERNATIVES

This section provides a comparison of potential impacts of the alternatives, including the no action aternative, for two
periods of time: Operational and interim storage.

The operational comparison, Subsection 3.5.1, covers the period from October 1996 through September 2002. Thisis
the estimated length of time needed to implement and compl ete stabilization, removal, and immobilization activities.
This corresponds with the DNFSB Recommendation 94-1 that "within a reasonable period of time (such as eight
years), all storage of plutonium metal and oxide should be in conformance with the draft Standard on storage of
plutonium™ (DNFSB, 1994).

The interim storage comparison, Subsection 3.5.2, covers the time period from October 1996 through 2046. This 50-
year timeframe provides a comparison basis for a period corresponding to that defined for interim storage (i.e.,
approximately 50 years) (DOE, 1994b).

In some areas there is no measurable difference in the impacts among the aternatives. A comparison could not be
made of :

Geology, seismology, and soils
Water resources and hydrology
Noise and sound levels
Ecosystems

Environmental Justice and Equity
Transportation

Land use

« Cultural resources.

Therefore, this section focuses on health effects, financia considerations, and on population and socioeconomic
impacts. Analysis has shown these to be the parameters for which meaningful comparisons can be made.

3.5.1 Operational Comparison

For operational comparisons of aternatives, it is assumed that stabilization and removal activities described in this EIS
would begin in October 1996 and be completed approximately six years later in September 2002 (WHC, 1995a).

The no action alternative is based on operations continuing as they are and the accompanying radiation exposures
associated with that routine work. The preferred alternative (stabilization and removal) also includes the routine work
that will be conducted at the PFP Facility during the six-year stabilization process. Therefore, estimated exposuresin
the preferred aternative include those from ongoing operations. The exposure to PFP Facility workers from routine
activities decreases from 53 person-rem per year to 24 person-rem per year once the plutonium is stabilized and stored
(WHC, 1996b). These exposures to PFP Facility workers should be considered in comparing the alternatives.

Table 3-12 provides a summary comparison of the impacts associated with the preferred alternative and the no action
alternative.
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Table 3-13 summarizes the health effects associated with the preferred alternative for stabilization only.

Table 3-14 summarizes the impacts of effluent generation associated with the preferred aternative for stabilization
only.

Table 3-15 provides a summary of the impacts associated with the preferred alternative for removal.
Table 3-16 describes the health effects associated with the stabilization alternatives for the four inventory groups.

Table 3-17 describes the impacts associated with the immobilization of materials containing up to 272 kg (599 |b) of
plutonium.

3.5.2 Interim Storage Comparison

Health Effects

Table 3-12 compares the radiation dose incurred by PFP Facility workers for the preferred alternative with the no
action alternative. Figures 3-15 and 3-16 provide this information in a graphic form over a number of years to more
clearly compare the relative annual and cumulative PFP Facility worker dose for these alternatives.

Figure 3-15 compares the estimated annual radiation exposure from the preferred aternative and the no-action
alternative over a period of approximately 20 years. During the six years required to implement the preferred
alternative, the radiation dose to the PFP Facility workers would exceed the radiation exposure when compared to the
no action alternative. After the year 2002, following completion of all actions under the preferred alternative, the
radiation dose to PFP Facility workers would drop to less than half of the no action dose.

The preferred alternative includes PFP Facility worker radiation dose resulting from stabilization and removal
activities, as well as routine PFP operations. The actual timing and sequencing of stabilization and removal activities
will depend on engineering judgement at the time workplans are made. However, total PFP Facility worker radiation
dose will be the same regardless of timing and sequencing.

Figure 3-16 provides a summation of the radiation dose to PFP Facility workers for the preferred alternative and the
no-action alternative over a 50 year period. The point in time where these lines cross, in the year 2028, is where the
exposure of the no action alternative would begin to exceed the exposure of the PFP Facility worker dose for the
preferred alternative. This comparison emphasizes that the no action aternative, although presenting a lower health risk
in the short-term, would result in greater health risk after 32 years. Continuing ALARA improvements in Facility
operations may increase the payback period beyond the currently estimated 32 years.

Financial considerations

A comparison of the monies expended in the preferred alternative compared to those expended in the no action
aternative is shown in Figure 3-17. Costs are depicted in cumulative dollars using constant (unescalated) 1995 dollars.

Table 3-12 A Comparison of the Impacts of the Preferred Alternative with the No Action
Alternative (Based on a six year operation)

I mpact Preferred Alternative No Action Alternative
(including stabilization
and removal)
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Health effects- || 930 person-rem, 0.37 LCF 320 person-rem, 0.13 LCF
Routinea 3.9 x 10-3 person-rem, 1.6 x 10-6 LCF 7.4 x 10-5 person-rem, 2.9 x 10-8 LCF
PFP Facility 14 person-rem, 7.0 x 10-3 LCF 0.26 person-rem, 1.3 x 10-4 LCF
workers
Hanford Site
workers
Public
Health effects - || 250 rem; 0.1 LCF b
Accident 1.9x 10-4rem; 7.8x 10-8 LCF 15rem, 6.1 x 10-3LCF
PFP Facility 6.9x 10-5rem; 3.4 x 10-8 LCF 0.31rem; 1.6 x 10-4 LCF
worker (MEI)
Hanford Site
worker (MEI)
Public (MEI)
Effluent 0.36 g Pu-oxide, 84 kg NOx, 1.7 kg styrene, 3.9kg || 0.02 g Pu-oxide, zero NOx, zero styrene,
Generationa CO zero CO
Airborne 40,000 | caustic containing 640 g Pu Zero caustic solutions. 1.8 x 108 | water
Liquids Feed packing materials, 60 | ion exchange resin with lower than allowable levels for
Solids containing 55 g Pu, granulated activated carbon drinking standards. 360,000 kg of various
canister containing 54 kg carbon, 14 kg styrene and || solids.
200g Pu
Population and || Increase from 592 to an average of 640 until 2002 Decrease from 592 to 492.
Socioeconomics || when it decreases to 254. Less than 1 percent
Less than 1 percent Less than 1 percent
Workforce Less than 1 percent
requirements
Popul ation
change
Economic
change

Notes: a. Potential routine health effects and effluents generated in the preferred alternative would aso include those
from on-going facility operations (no action alternative).

b. Not calculated since this accident involves an earthquake and PFP Facility worker doses are incidental to other
conseguences.

LCF = Latent cancer fatalities
CO = Carbon monoxide
Pu = Plutonium

NOx = Nitrogen Oxides

Table 3-13 Summary of the Health Effects Associated with the Preferred Alternative for
Stabilization Only
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Impact Inventory Stabilization
Group/Stabilization Impacts
Process
Plutonium-bearing Oxides, Fluorides, | Metals and Polycubes
Solutions and Process Alloys and
Residues Combustibles
lon Exchange, Vertical Continuous Repackaging Pyrolysis
Calciner, Thermal Thermal
Stabilization Stabilization
Health Summed Routine
Effects Health Effects
- Routine
PFP Facility || 86 person-rem; 450 person-rem; 180 person- || 15 person- 730 person-rem;
Workers 0.034 LCF 0.18LCF rem, rem; 0.29 LCF
0.072 LCF 6.0 x 10-3
LCF
Hanford Site || 2.0 x 10-4 person-rem; 3.6 x 10-3 person- || 4.6 x 10-5 4.6 x 10-5 3.9x10-3
Workers 7.9x10-8 LCF rem, person-rem; || person-rem; person-rem,
1.4x 10-6 LCF 19x 10-8 1.8x 10-8 1.6x 10-6 LCF
LCF LCF
Public 0.70 person-rem; 13 person-rem; 0.16 person- || 0.16 person- || 14 person-rem;
35x10-4LCF 6.4x 10-3LCF rem; rem; 7.0x 10-3LCF
8.2x10-5 8.1x10-5
LCF LCF
MEI 7.4x 10-6 rem 1.3x 10-4rem 1.7x 10-6 1.7 x 10-6 15x
3.7x10-9LCF 6.5x 10-8 LCF rem rem 10-4rem 7.5x
8.5x10-10 10-8LCF
LCF 8.5x10-10
LCF
Health Accident with
Effects Most Severe
Consequences
-Accident
PFP Facility || 100 rem; 250 rem; 52 rem, 0.74 rem; 250 rem;
Worker
(MEI) 0.04LCF 0.1LCF 2.1x10-2 3.0x10-4 0.1LCF
LCF LCF
Hanford Site || 7.8 x 10-5 rem 1.9x 10-4 rem 4.0x 10-5 5.7x10-7 1.9x 10-4 rem;
Worker rem, rem,
(MEI) 3.1x10-8LCF 7.8x10-8LCF 7.8x 10-8 LCF
1.6x 10-8 2.3x 10-10
LCF LCF
Public 2.8 x 10-5rem; 6.9 x 10-5 rem; 14x 10-5 20x 10-7 6.9 x 10-5rem
(MEI) rem; rem;
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1.4x10-8 LCF

34x10-8LCF

7.1x10-9
LCF

LCF

34x10-8LCF

1.0x 10-10

Notes: CO = Carbon monoxide

NOx = Nitrogen oxides

MEI = Maximally exposed individual

LCF = Latent cancer fatalities

GAC = Granular activated carbon

Pu = Plutonium

Table 3-14 Summary of Effluent Generation Associated with the Preferred Alternative for
Stabilization Only
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Impact Inventory Group/Stabilization Process Stabilization Impacts
Plutonium-bearing Oxides, Metals and Polycubes and
Solutions Fluorides, Alloys Combustibles
and Process
Residues
lon Exchange, Vertical Continuous || Repackaging Pyrolysis
Calciner, Thermal Thermal
Stabilization Stabilization
Effluent Generation
Airborne || Pu-oxide 0.31gof 5.6x 10-3g || Totals: styrene 1.7 || 0.36 g Pu-oxide, 84 kg
Pu-oxide of Pu-oxide || kg, CO 3.9 kg, NOx, 1.7 kg styrene, 3.9
0.042 g; NOx 84 kg and Pu-oxide 6x || kg CO
10-3g
Liquids | Two streams: One of NA NA A total of 20| 40,000 | caustic
8,300 | caustic containing aluminum coating || containing 640 g Pu.
atotal of 108 g of Pu; removal caustic
and a second of 32,000 | solution
caustic scrubber bottoms containing 100 g
containing 28 g Pu. Pu-oxide, 1431 of
condensate
styrene containing
400 g Pu-oxide
Salid Feed packaging material || Feed Feed Feed packaging Feed packaging materia
including plastic storage || packaging packaging material GAC including plastic storage
containers. 60 | spention || material material canister (55-gallon || containers. GAC
exchange resin drum), 54 kg canister containing 54
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containing 55 g Pu. carbon; 14 kg kg carbon, 14 kg styrene
styrene, and 200 g || and 200 g Pu. 60 | spent
Pu. ion exchange resin

containing 55 g Pu.

Notes: CO = Carbon monoxide

NOx = Nitrogen oxides

MEI = Maximally exposed individua

LCF = Latent cancer fatalities

GAC = Granular activated carbon

Pu = Plutonium

Table 3-15 Summary of Health Effects Associated with the Preferred Alternative for Removal

I mpact

Hold-up Area

Ductwork

Drains and
Piping

Gloveboxes

Canyon Floor

Totals

Hedth Effects

file:///1)/Data%20Migration%20T ask/El S-0244-FEI S-1996/eis0244f _3.html[6/27/2011 2:33:35 PM]

- Routine

PFP Facility 130 person-rem, || 56 person-rem; 5.1 person-rem; 1.0 person-rem; 200 person-rem;

Workers
0.052 LCF 0.022 LCF 2x10-3LCF 4x 10-4LCF 0.079 LCFa

Hanford Site No measurable No measurable No measurable No measurable No measurable

Workers incremental incremental incremental incremental incremental
effect effect effect effect effect

Public No measurable No measurable No measurable No measurable No measurable
incremental incremental incremental incremental incremental
effect effect effect effect effect

Health Effects

- Accident

PFP Facility 150 rem; 150 rem;

Workers

(MEI) 0.060 LCF 0.060 LCF

Bounded by ductwork accident

Hanford Site 1.1 x 10-5rem; 1.1 x 10-5rem;

Workers

(MEI) 44x 10-9LCF 44x 10-9LCF
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Public (MEI) 4.0x 10-6 rem; 4.0x 10-6 rem;

20x10-9LCF 20x10-9LCF

Notes:a. Total includes an additional 7.9 person-rem and 3.2 x 10-3 LCF from thermal stabilization of the removed
plutonium

LCF = Latent cancer fatalities
MEI =Maximally exposed individual

Pu =Plutonium

Table 3-16 Summary of Impacts Associated with the Alternatives for Stabilization of each of
the Inventory Groups

I mpact Solutions Oxides Metals Polycubes
Hydroxide Batch Batch Batch Thermal Molten Salt Oxidation
Precipitation Thermal Thermal Stabilization with
and Thermal Stabilization Secondary
Stabilization Using Ten || Stabilization Combustion
Muffle Using Ten Chamber
Furnaces Muffle
Furnaces
Health 85 person-rem; || 640 person- || 320 person- || 29 person-rem, 19 person-rem;
Effects - rem; 0.26 rem;
Routine || 0.034 LCF LCF 1.2x 10-2LCF 7.6x10-3LCF
0.13LCF
PFP 20x10-4 3.6x 10-3 3.3x 10-5 person- || 5.5 x 10-5 person-rem;
Facility || person-rem, person-rem; || 1.6 x 10-3 rem;
Workers person-rem; 2.2x10-8LCF
79x 10-8LCF || 1.4x10-6 1.3x 10-8LCF
Hanford LCF 6.4 x 10-7
Site LCF
Workers
Public 7.0x 10-1 13 person- 5.6 person- || 1.2 x 10-1 person- || 1.9 x 10-1 person-rem;
person-rem; rem; rem; rem;
9.7x 10-5LCF
35x10-4LCF || 6.4x10-3 2.8x10-3 5.8x 10-5LCF
LCF LCF
Health Effects - Accident
PFP 100 rem, 250 rem; 31 rem, 0.74 rem; 0.52 rem;
Facility
Workers || 40x10-2LCF || 0.1LCF 1.3x10-2 3.0x10-4LCF 2.1x10-4LCF
(MEI) LCF
Hanford || 7.8 x 10-5rem; || 1.9 x 10-4 2.4 x 10-5 5.7 x 10-7 rem; 4.0x 10-7 rem;
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Site rem; rem;
Workers || 3.1x 10-8 LCF 2.3x10-10LCF 1.6x 10-10LCF
(MEI) 7.8 x 10-8 9.6 x 10-9
LCF LCF
Public 2.8x10-5rem; || 6.9x10-5 8.5x10-6 2.0x 10-7 rem; 1.4 x 10-7 rem;
(MEI) rem; rem; 4.3 X
1.4x 10-8 LCF 10-9LCF 1.0x 10-10LCF 7.1x10-11LCF
3.4x10-8
LCF
Effluent Generation
Airborne || 0.042 g Pu- 0.3gof Pu- || 0.2gof Pu- || Styrene 17.1 kg, Styrene 16 kg, CO 33 kg Pu-
oxide oxide oxide CO 37kg, and Pu- || oxide6x 10-3g
oxide4.3x 10-3 g
Liquids || A total of 5,060 || None None A total of 201 A total of 20 | aluminum coating
| of caustic aluminum coating || removal caustic solution
solutions removal caustic containing 100 g Pu-oxide. A
containing a solution total of 2,0401 liquid salt waste
total of 101 g of containing 100 g stream containing 39 g Pu.
Pu. Pu-oxide.
Solid Feed packaging || Feed Feed Feed packaging Feed packaging material
material packaging packaging material and small
including plastic || material material guantities of latex
storage and krylon tape
containers.

Notes: LCF = Latent cancer fatalities

MEI = Maximally exposed individual

CO = Carbon monoxide

Table 3-17 Summary of the Impacts Associated with the Immobilization Alternative

I mpact Immobilization
Alternative
Hedlth 74 person-rem, 0.03 LCF
Effects -
Routinea 6.2 x 10-4 person-rem, 2.5 x 10-7 LCF
PFP 2.2 person-rem, 1.1 x 10-3 LCF
Facility
workers
Hanford
Site
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workers

Public

Health 210 rem; 0.084 LCF

Effects -
Accident 1.6 x 10-4 rem; 6.4 x 10-8 LCF

PFP 5.7x10-5rem; 2.8 x 10-8 LCF
Facility
worker
(MEI)

Hanford
Site worker
(MEI)

Public
(MEI)

Effluent 5.4 x 10-3 g Pu-oxide

Generationa
No liquid wastes

Airborne
Approximately 1,600 drums of transuranic waste. The approximately 1,500 containers currently

Liquids holding the plutonium for immobilization would be crushed and placed in 55-gallon drums and

disposed of as low-level waste.
Solids

Notes: a. Potential routine health effects and effluents generated in the immobilization alternative would also include
those from ongoing facility operations.

MEI = Maximally exposed individual
LCF = Latent cancer fatalities

Pu = Plutonium

Figure 3-15.A Comparison of Annual PFP Facility Worker Radiation Dose from the Preferred Alternative versus No
Action (Preferred Alternative Includes Dose from Routine Facility Operations)

Figure 3-16. A Comparison of Cumulative PFP Facility Worker Radiation Dose Incurred from the Preferred
Alternative versus No Action

Figure 3-17.A Comparison of Costs for the Preferred Alternative versus No Action

3.6 ALTERNATIVE SELECTION METHODOLOGY AND ALTERNATIVESDISMISSED

Council on Environmental Quality regulations direct all agencies to use the NEPA process to identify and assess the
reasonable alternatives to proposed actions that will avoid or minimize adverse effects of these actions upon the quality
of the human environment (40 CFR 1500.2(e)). Council on Environmental Quality regulations also require that EISs
identify those aternatives that have been eliminated from detailed study because they are unreasonable and briefly
discuss why they have been eliminated (40 CFR 1502.14(a)). The following subsections describe the process used to
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identify reasonable aternatives for removing and stabilizing plutonium-bearing materials in the PFP Facility.

In applying this selection process, aternatives that would require declaring the PFP Facility plutonium-bearing
materials waste potentially foreclose on alternatives considered for the Storage and Disposition of Weapons-Usable
Fissile Material Draft Programmatic Environmental Impact Statement (DOE, 1996b). Waste disposal alternatives are
therefore not considered in this EIS.

Subsection 3.6.1 discusses the selection process for the stabilization alternatives. Subsection 3.6.2 discusses the
selection process for the removal alternatives.

3.6.1 Stabilization Alternatives Selection Process

The approach used in the selection of alternatives consisted of the following:

1. Identify candidate technologies that may be suitable for stabilization

2. Determine the applicability of technologies to inventory groups

3. Apply criteria based on the purpose and need to evaluate and compare these candidate technologies
4. Develop alternatives based on selected technologies.

The term alternative is used here to mean a magjor choice or strategy as opposed to a technology or engineering option
available to achieve the purpose and need. An alternative may consist of several component technologies or
engineering steps.

3.6.1.1 Candidate Technologies for Stabilizing Plutonium

The following sources were used to identify a broad range of candidate technologies for the stabilization of plutonium.

« Plutonium Finishing Plant Interim Plutonium Stabilization Engineering Study, (Sevigny, et al., 1995)

« Theresults of the Environmental Assessment and EIS Scoping Processes (DOE, 1995b)

« Meetings with knowledgeable personnel at Westinghouse Hanford Company and the Pacific Northwest National
Laboratory

« DNFSB Recommendation 94-1 (DNFSB, 1994)

« DNFSB Recommendation 94-1 Hanford Ste Integrated Stabilization Management Plan (WHC, 1995a)

« Consultation with staff at other DOE facilities who are managing and/or conducting research on the management
of plutonium.

These sources resulted in the identification of a lengthy list of candidate stabilization technologies and options (see
Table 3-18).

Table 3-18 Candidate Stabilization Technologies

Absorption Hydroxide Precipitation
Acid dissolution lon Exchange
ACT*DE*CON Soil and Sludge Washing Membrane Separation
Alumina-hydroxy-ligand Gel Microwave Drying
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Ammonium Hydroxide Precipitation Molten Salt Oxidation

Catalyzed Electrochemical Plutonium Oxalic Acid Precipitation

Oxide Dissolution (CEPOD) Ozone Treatment

Cementation Phase Separation (by Adduct Formation)
Cold Glass Processing (Sol-gel) Pyrolysis

Direct Denitration via Fluid Bed Screening

Direct Denitration via Horizontal Screw Calcination || Seeded Magnetic Filtration (MAG'SEP)

Direct Denitration via Vertical Calcination Silver Chloride Precipitation

Evaporation Silver Persulfate

Freeze Crystallization Solvent Extraction

Grind and Leach Sugar Denitration

High Gradient Magnetic Separation Thermal Treatment (Batch and Continuous)
High Temperature Plasma Vitrification

Hydrogen Peroxide Precipitation Wet Oxidation

Hydrolysis Zone Mélting

Options evaluated in addition to the above list of candidate stabilization technologies included:
Repackaging

DOE Criteria for Safe Storage of Plutonium Metals and Oxides (DOE, 1994b), requires the use of a packaging system
that does not rely on organic seals or plastic bags. Repackaging of plutonium-metals and oxides using a so-called
bagless system reduces the generation of hydrogen gas and the possibility of bulging containers.

Shipment Offsite for Stabilization

This would involve shipping material such as polycubes or plutonium-bearing solutions to other DOE sites for
processing and stabilization. For example, DOE's Savannah River Site, where local plutonium-bearing solutions will
be processed, could be considered a likely destination for plutonium-bearing solutions.

Restart of the PRF and/or RMC Line

This would involve restarting major portions of the former PFP Facility process facilities.

3.6.1.2 Evaluation of Candidate Technologies

Two types of screening criteria were defined to evaluate and compare candidate technologies. 1) disqualification
criteria; and 2) selection criteria. The disqualification criteria eliminated those candidate technol ogies that could not be
used to stabilize the plutonium-bearing materias at the PFP Facility. The selection criteria were used to compare the
remaining candidate technologies and select the more favorable technologies for detailed evaluation in the EIS.
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Disqualification Criteria and Their Application

There were two disgqualification criteria. Each candidate technology was evaluated against these criteria and failure of
a candidate to pass either of the criteria resulted in its disqualification from any further consideration. Table 3-19
identifies potentially applicable stabilization technologies that passed both of the disqualification criteria.

Disqualification Criterion 1 - The technology must be compatible with one of the plutonium inventory groups and
contribute to the stabilization of these materials. That is, the technology must be a step in the direction of stabilization.

Disqualification Criterion 2 - It must be possible to implement the technology in a timely manner in order to support
the schedule for completion of stabilization and storage within the timeframe recommended in DNFSB
Recommendation 94-1 (DNFSB, 1994). Therefore, compatibility with the existing DOE plutonium processing facility
was required. Demonstration of the technology in at least pilot-scale operation for material similar to plutonium would
provide confidence that full-scale design and operation could be achieved in a timely manner.

Table 3-19 Potentially Applicable Stabilization Technologies

Plutonium Inventory Groups Potentially Applicable Technology
Plutonium-bearing Solutions Ammonium Hydroxide Precipitation lon Exchange
Direct Denitration via Fluid Bed Microwave Drying
Direct Denitration via Vertical Oxalic Acid Precipitation
Calciner
Hydrogen Peroxide Precipitation
Evaporation

Solvent Extraction
Freeze Crystallization
Sugar Denitration

Hydroxide Precipitation

Oxides, Fluorides, and Process Acid Dissolution Continuous Thermal
Residues Stabilization

Horizontal Screw Calciner
Batch Thermal Stabilization

Hydrolysis
Metals and Alloys Molten Salt Oxidation Batch Thermal Stabilization
Polycubes and Acid Dissolution Batch Thermal Stabilization
Combustibles Hydrolysis Pyrolysis

Molten Salt Oxidation

Selection Criteria and Their Application

Selection criteria were identified and used to qualitatively compare technologies that were not eliminated by the
disqualification criteria. Program objectives identified in the statement of purpose and need for agency action are:
reduction of risks to PFP Facility and Hanford Site workers, the public, and the environment. As a result, the following
were identified as relevant selection criteria
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« Potentia for routine and accident risks that could adversely affect the public, PFP Facility and Hanford Site
workers, and/or the environment

« Consideration of applicable regulatory requirements

« Volume and hazards of the effluents produced

« Public and PFP Facility and Hanford Site worker radiation dose considerations.

In order to facilitate this comparison, the candidate technologies (those not disqualified) were grouped according to
their applicability to one or more of the plutonium inventory groups described in Subsection 3.1. The resulting groups
are shown in Table 3-19.

Table 3-19 contains technologies that could stabilize plutonium-bearing materials in chemically or physically
comparable manners. For example, the precipitation technologies all involved the adjustment of the pH (acidity or
alkalinity) of the solution in order to separate the plutonium. Therefore, in order to evaluate and compare these
candidate technologies against one another, they were further grouped according to the similarity of the process (for
example, all denitration technologies were grouped together). Each similar candidate technology was compared against
the others in its group to determine if any was qualitatively superior. For example, if one technology in the group
presented a relatively smaller potential for risk to PFP Facility and Hanford Site workers, it would be judged more
favorable for this criterion than the others in the group for that selection criterion. These groupings are:

Plutonium-bearing Solutions

« Precipitation Processes - Through pH adjustment of the solution, the dissolved plutonium is chemically
separated from the solution so it can be collected and removed (i.e., ammonium hydroxide, oxalate, hydrogen
peroxide, and hydroxide precipitation).

« Liquid Reduction Technologies - Techniques used to decrease the solution volume (i.e., evaporation, freeze
crystallization, microwave drying).

« Denitration Technologies - The conversion of the nitrate or nitrite portions of plutonium nitrate solutions into
nitrogen or oxides of nitrogen (i.e., fluid bed, vertical calciner, sugar denitration). This leaves a residue of

plutonium-bearing material.
« Conditioning Technologies - These techniques prepare and/or enhance the suitability of the plutonium-bearing
material for the next stage of the stabilization process (i.e., ion exchange, solvent extraction).

Oxides, Fluorides, and Process Residues

« Thermal Stabilization Technologies - Plutonium-bearing materials are exposed to a high-temperature atmosphere
to convert reactive constituents to oxides (i.e., molten salt oxidation, horizontal screw calciner, continuous
thermal stabilization, batch thermal stabilization).

Metals and Alloys
« Thermal Stabilization Technologies - This includes molten salt oxidation and batch thermal stabilization.
Polycubes and Combustibles

« Molten salt oxidation
« Batch thermal treatment

« Pyrolysis.

3.6.1.3 Alter natives Development

Table 3-20 shows the candidate technol ogies that were disqualified or eliminated, as well as those that passed both
disqualification criteria and were considered preferable in the selection criteria.
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Table 3-20 Alternatives | dentificationAlter natives | dentification

Initial Candidate Technologies Disqualified || Selected
Absorption Disgualified

Acid Dissolution Qualified--> || Selected
ACT*DE*CON Soil and Sludge Washing Disgualified
Alumina-hydroxy-ligand Gel Disgualified

Ammonium Hydroxide Precipitation Qualified--> || Selected
Catalyzed Electrochemical Plutonium Oxide Dissolution (CEPOD) || Disgualified

Cementation Disgualified

Cold Glass Processing (Sol-gel) Disqualified

Direct Denitration via Fluid Bed Qualified--> || Selected
Direct Denitration via Horizontal Screw Calcination Qualified--> || Selected
Direct Denitration via Vertical Calcination Quadlified--> || Selected
Evaporation Qualified--> || Selected
Freeze Crystallization Qualified--> || Not Selected
Grind and Leach Disqualified

High Gradient Magnetic Separation Disgualified

High Temperature Plasma Disgualified

Hydrogen Peroxide Precipitation Qualified--> || Selected
Hydrolysis Qualified--> || Selected
Hydroxide Precipitation Qualified--> || Selected

lon Exchange Qualified--> || Selected
Membrane Separation Disqualified

Microwave Drying Qualified--> || Not Selected
Molten Salt Oxidation Qualified--> || Selected
Oxalic Acid Precipitation Qualified--> || Not Selected
Ozone Treatment Disqualified

Phase Separation (by adduct formation) Disqualified
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Pyrolysis Qualified--> || Selected
Screening Disqualified

Seeded Magnetic Filtration (MAG'SEP) Disqualified

Silver Chloride Precipitation Disqualified

Silver Persulfate Disgualified

Solvent Extraction Qualified--> || Not Selected
Sugar Denitration Qualified--> || Not Selected
Thermal Treatment (batch and continuous) Qualified--> || Selected
Vitrification Disqualified

Wet Oxidation Disqualified

Zone Melting Disqualified

Shipping polycubes or plutonium-bearing nitrate solutions to another DOE site was not considered reasonable. There
was no technology or facility at any other DOE location for stabilizing polycubes available within a reasonable time
frame.

Shipping plutonium-bearing solutions by rail or truck to other DOE sites is restricted by U.S. Department of
Transportation regulations. Given highway route-controlled shipping quantities (49 CFR 173.403(1)), the number of
containers required to ship the plutonium-bearing solutions would exceed 23,000. The extraordinary number of
containers required to ship the plutonium-bearing materials, coupled with the risks to the inhabitants along the
transportation route, resulted in this option being disqualified.

Although restart of the PFP Facility would achieve the purpose and need for the proposed action, it is no longer
considered reasonable because of environmental and PFP Facility and Hanford Site worker health risks, facility
upgrades required, and limited availability of materia (carbon tetrachloride) needed to operate the PRF.

Vitrification of the plutonium into glass logs was not considered a reasonable aternative for several reasons:

« At most only 9 percent of the weight of the logs could be plutonium. This would result in a volume of material
for storage that would exceed the existing capacity of the vaults.

« Some of the plutonium-bearing materials are incompatible with the glass matrix of the logs. This would result in
the need for pretreatment in order to stabilize materials.

« Operation of a vitrification facility is not compatible with the current configuration of the PFP Facility.

The two-step evaluation process resulted in identifying reasonable candidate technologies for analysisin this EIS (see
Table 3-21). Evaluation of these candidate technologies indicated that they often needed to be combined into two- or
three-step processes to stabilize the variable forms of the plutonium-bearing materials at PFP Facility and to meet the
DOE storage standard (DOE, 1994b). The combinations are shown in Table 3-22.

Table 3-21 Selected Stabilization Technologies

H Inventory Group H Pretreatment H Solution H Final Stabilization Technology H
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Technologies || Separation
Technologies
Plutonium-bearing Solutions lon Vertica Thermal (Batch or Continuous)
Exchange Calciner
Evaporation || Precipitation
Direct
Denitration
Oxides, Fluorides, and Process || Acid Thermal (Batch or Continuous)
residues Dissolution
Repackaging
Hydrolysis
Metals and Alloys Repackaging
Thermal (Batch)
Polycubes and Combustibles Pyrolysis
Thermal (Batch) (with Secondary Combustion
Chamber)
Molten Salt Oxidation

Table 3-22 Description of Alternatives for Plutonium Stabilization
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operations Combustion Chamber

Molten Salt Oxidation

Two candidate technologies were judged to be preliminary steps that would be used only in conjunction with other
technologies. Acid dissolution is a preliminary step that may be used in the treatment of fluorides or polycubes.
Hydrolysisis a preliminary step that may be used in the treatment of organics.

Acid dissolution and hydrolysis are both preliminary steps that may be used in the stabilization of polycubes. Because
of the uncertainties associated with the handling of polycubes, the three candidate technologies, molten salt oxidation,
batch thermal treatment with secondary combustion chamber, and pyrolysis, were retained for further evaluation in the
EIS.

Packaging or repackaging of the stabilized material using the existing capabilities of the PFP Facility or repackaging to
the DOE storage standard using a nonorganic or bagless system in accordance with DOE Criteria for Safe Storage of
Plutonium Metals and Oxides (DOE, 1994b) would be considered as candidate technologies.

3.6.2 Removal Alternatives Selection Process

Readily retrievable hold-up material is contained in various PFP systems, structures, and components. These include
gloveboxes, hoods, exhaust and ventilation systems, process equipment, piping, building structures, and canyon
facilities. This material is the result of many years of processing plutonium-containing material at Hanford and is
commonly referred to as hold-up material. This hold-up material poses radiation exposure risks to PFP Facility and
Hanford Site workers and to the public, and it could include unstable forms of plutonium.

3.6.2.1 Candidate Technologies for Hold-up Material Removal

The following sources were used to identify a broad range of candidate technologies for the removal of hold-up
material:

 Results of the public scoping process (DOE, 1995b)

Ongoing discussions with DOE contractors' personnel

Literature search of available technologies for decontamination and decommissioning of a nuclear facility
DOE Decommissioning Handbook (DOE, 1994c)

Contact with DOE and National Laboratory personnel currently involved in this area of research.

These sources resulted in the identification of a lengthy list of candidate hold-up material removal technologies.

3.6.2.2 Evaluation of Candidate Technologies

Alternative selection criteria were developed to evaluate and compare candidate technologies in order to identify a set
of reasonable chemical, mechanical, disassembly, and protective technologies. The criteria used were:

Criterion 1 - Suitability or Applicability of the Technology

The technology must be appropriate and applicable for removal of hold-up material from ventilation and exhaust
ducts, canyon floor, piping, filter boxes, gloveboxes and hoods, and sumps.

Criterion 2 - Technical Feasibility of Potential Technology
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The technology must be implementable in a reasonable time frame. Therefore, only proven off-the-shelf technologies
were accepted. In addition, the technology must be compatible with the PFP Facility.

Criterion 3 - Environmental, Health, and Safety Risk Factors to PFP Facility and Hanford Site Workers and the
Public.

Environmental, health, and safety risk factors for PFP Facility and Hanford Site workers and the public are important
to the selection of the technologies to be used for removal of plutonium-bearing material. The technologies that posed
a higher potential for accident risks to the PFP Facility workers were eliminated from further consideration.
Technologies that produced large secondary waste streams were considered less favorable if other technologies with
lesser waste volumes were available.

3.6.2.3 Results of Removal Alternative Selection Process

The candidates that were evaluated and the results of the evaluation are shown in Tables 3-23, 3-24, 3-25, and 3-26.

As shown in the tables, certain technologies, such as thermal cutting techniques and use of flammable materials, were
determined to be unsuitable because of facility safety considerations. Technologies involving use of chemicals
identified as strongly carcinogenic or particularly dangerous to the environment (e.g., freon) were considered less
suitable because of the potential risk to the PFP Facility and Hanford Site workers, the public, and the environment.
Technologies that would result in a product that was hard to treat or to dispose of were considered less favorable.
Technologies containing complexing agents were rejected since they would require additional treatments to remove
plutonium from hold-up.

The processes and technologies that will be used for hold-up material removal will be selected at the time workplans
are developed, using engineering judgment and will depend upon the size, shape, location, and accessibility of the
plutonium-bearing material being removed. The candidate technologies identified in these tables include processes that
must be used in combination in order to stabilize the variable forms of plutonium-bearing materials at the PFP Facility
and to meet the DOE storage standard (DOE, 1994b).

Table 3-23 Candidate Technologies that Use Chemicals for Removal

Candidate Technology Disposition

Freons - technology relies on the characteristic of the gas for the || Not acceptable - Freon implicated in the
removal of particulates depletion of the ozone layer

Recyclable Phase Gel Technology - a recyclable treatment Not acceptable - Technology not demonstrated
option that relies on phase transformation to remove material in a comparable environment

Acid/Base Flushing/Rinsing - attack and dissolve metal oxide Acceptable
films

Ethylenediaminetriacetic Acid (EDTA) - solubilizes metal ions || Not acceptable - Results in a product requiring
and prevents redeposition extensive pretrestment prior to stabilization

Detergents, Surfactants, and Bleaches - act as wetting agent to Acceptable
remove dirts and certain organic materials

Organic Solvents - used to remove organic materials from Not Acceptable - Solvents flammable and toxic
surfaces and cloth
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Carbon Tetrachloride (CCl4)

Not Acceptable - Carcinogen and damaging to
ozone layer

Table 3-24 Candidate Technologies that Use M echanical Means for Removal

Candidate Technology

Disposition

Steam - acts to dissolve and remove chemicals by eroding and flushing loose

surface material

Not acceptable - Limited
application to facility

Sandblasting - technique abrades surfaces with various grades of sand or grits Acceptable
Pressure Jetting Techniques (Carbon dioxide) Blasting - grit blasting technique Acceptable
similar to sandblasting that uses dry ice pellets

Wiping Systems (brooms, brushes, scrapers) Acceptable
Xenon Arc Laser - uses light energy to photopyrolize surface contaminants Acceptable

Table 3-25 Candidate Disassembly Techniquesto Support Removal

Candidate Technology

Disposition

Plasma Torch Arc, Oxyacetylene, etc. - metal cutting technique
that uses a flame or arc to melt through material

Not acceptable - Technique requires an open
flame and therefore not compatible with the PFP
safety requirements

Explosives - a segmentation method that uses explosives as a
cutting agent

Not acceptable - Not compatible with the PFP
safety requirements

Saws (hex, circular, abrasive, guillotine) - common industrial Acceptable
tool for cutting materials
Saw, Glass - specialized saw for cutting glass Acceptable

Laser - uses light generated heat to cut metals

Not acceptable - Slow cutting speed could
contribute to PFP Facility worker exposure

Drill, Core Stitch - uses a diamond- or carbide- tipped drill to
define an area for removal

Not acceptable - Slow cutting speed could
contribute to PFP Facility worker exposure, not
suitable for reinforced concrete

Segmentation/Sectioning of Equipment/Components -
sectioning is dismantling of equipment, segmentation refers to
size reduction using cutting techniques

Acceptable

Table 3-26 Candidate Coating Technologies to Support Removal

I
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Candidate Technology Disposition

Sedlants, Foams, etc. - compounds which become barriersto isolate or confine radioactive Acceptable
particulates or hazardous materials

Tie-down Coatings - coatings on contaminated surfaces to fix the contaminant in place and decrease || Acceptable
or eliminate exposure hazards

Strippable Coating Systems - coatings that entrain contaminants and can be removed for disposal or || Acceptable
incineration

Segmentation/Sectioning of Equipment/Components - sectioning is dismantling of equipment, Acceptable
segmentation refers to size reduction using cutting techniques

Plastic Tape Applique on Glovebox Windows - use of tape on glass surfaces to reduce fracturing, Acceptable
splintering, and breakage of glass
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4.0 AFFECTED ENVIRONMENT

This section describes the environment that may be affected by the proposed alternatives. The affected environment is "interpreted
comprehensively to include the natural and physical environment and the relationship of people with that environment” (40 CFR
1508.14). Defining and describing the environment lays the foundation for evauating the potential environmental impacts of the
preferred and other alternatives. The description of the existing environment is limited to information that directly relates to the scope
of the preferred alternative and the impacts of the alternatives that are to be analyzed.

For this EIS, the affected environment is the area of and adjacent to the Hanford Site, which is located in southeastern Washington
State north of the city of Richland. The location of the Hanford Siteis shown in Figure 4-1. The PFP Facility is located in the 200
West Area, approximately 51 km (32 mi) northwest of Richland (See Figure 4-2). Based on the anticipated impacts to the
environment of the alternatives described in Section 3, an extensive description from the existing environment has been included for
only those areas where impacts may occur. For areas not affected by the aternatives, the description is cursory in nature. For a
complete description of the existing environment, the reader is referred to Hanford Site National Environmental Policy Act
(FederalNEPA) Characterization, Revision 7 (PNL, 1995a) and the Hanford Site Environmental Report for Calendar Year 1994
(PNL, 1995b).

The affected environment is arranged as follows:

» 4.1 Geology, Seismology, and Soils

4.2 Water Resources and Hydrology

4.3 Physical Environment

4.4 EcosystemsEcosystems

4.5 Population and Socioeconomics

4.6 Transportation

4.7 Land use

4.8 Cultura resources

4.9 Waste Treatment, Storage, and Disposal Capacity.

4.1 GEOLOGY, SEISMOLOGY, AND SOILS

This section presents existing information regarding the Hanford Site's geological setting, seismological characteristics, including
Earthquake history, and Soil conditions. Subsection 4.1.1 describes the regional geological resources. Subsection 4.1.2 describes the
seismologic setting for the Site, presents the Earthquake history, and presents information regarding the ground acceleration that may
be experienced during a seismic event.

Figure 4-1. L ocation of Hanford Site
Figure 4-2. 200 West Developed Areas and Existing Structures

Subsection 4.1.3 presents existing information regarding the agricultural and engineering properties of the Soils at the Site.

4.1.1 Geology

The PFP Facility islocated in the 200 West Area which isin the Pasco Basin, a topographic and structural depression in the
southwest corner of the Columbia Basin physiographic subprovince. Generally, this subprovince is characterized as relatively flat,
low-relief hills with moderately incised river drainages (DOE, 1993a).

The Columbia Basin subprovince is underlain by the Columbia River Basalt Group, which consists of a thick sequence of Miocene
basalt flows that are approximately 17 to 6 million yearsin age. The thickest accumulations occur in the Pasco Basin where the basalt
thickness is greater than 3 km (1.8 mi) (DOE, 1988).

Two primary sedimentary rock units overlie the Columbia River Basalt in the 200 West Area: 1) Pliocene fluvial and luscustrine
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deposits of the Ringold Formation, and 2) Pleistocene Floodsflood deposits of the Hanford formation. In addition, two discontinuous
units of calcium carbonate cemented silts, sands, and gravels (caliche) occur locally between the Ringold Formation and the Hanford
formation in the 200 West Area. These units are referred to as the Plio-Pleistocene Unit and the Early "Palouse” Soil. The total
thickness of the sedimentary section above basalt in the vicinity of the PFP Facility is approximately 162 m (530 ft). These units
become thicker several miles to the south of the PFP Facility toward the axis of the Cold Creek Syncline and thinner toward the north
against the flanks of Gable Mountain and Gable Butte (DOE, 1993a). Currently, no mineral resources other than crushed rock, sand,
and gravel are produced from the Pasco Basin (DOE, 1988).

Geologic processes which alter topography are Earthquakes, landslides, volcanic activity, liquefaction, and Floods.

« Earthquakes - Earthquakes are discussed in Subsection 4.1.2.

« Landdlides — The likelihood of landslides affecting the PFP Facility is low due to the absence of any actively eroding streams.

« Volcanic Activity — The only effect of increased Cascade volcanism to the Hanford Site would be from Ashashfall, such as the
Ashashfall from the 1980 eruption of Mount St. Helens.

« Liquefaction — Liquefaction is not an issue at the PFP Facility due to the deep water table.

« Floods - Floods are discussed in Subsection 4.2.1.

4.1.2 Seismology

The Hanford Sitelies in an area of relatively low seismic activity. Between 1870 and 1980, only five Earthquakes that had Modified
Mercalli Intensities of VI or greater occurred in the Columbia Plateau region and all these events occurred prior to 1937. The largest
event was the July 16, 1936 Milton-Freewater, Oregon Earthquake (Modified Mercali Intensities = VII; surface wave magnitude =

5.8). Woodward-Clyde Consultants located the epicenter approximately 100 km (62 mi) southeast of the Hanford Site (WHC, 1989).

Seismicity within the Columbia Plateau can be segregated into three depth zones. 0to 4 km (0 to 2.5 mi); 4 to 8 km (2.5 to 5 mi); and
deeper than 8 km (5 mi). Approximately 70 to 80 percent of this activity occursin the 0to 4 km (0 to 2.5 mi) zone, and 90 percent of
it occurs in the first two zones (WHC, 1993). Most of the Earthquakes in the central Columbia Plateau are north or northeast of the
Columbia River and occur as swarms that are not associated with mapped faults.

Applicable DOE guidelines, stipulated in 6430.1ADOE Order 6430.1A, Genera Design Criteria (DOE, 1989), require that
Earthquake ground motions be computed using probabilistic methods. Three Hanford Site-specific studies of this type have been
performed. The horizontal peak ground accelerations and their associated annual probabilities of being exceeded were estimated by
Coats and Murray (1984) for the Hanford Site in general, and by Geomatrix (WHC, 1993) and Woodward-Clyde Consultants (WHC,
1989) for a specific location within the Hanford Site. The results for the 200 West Area (available only from Woodward-Clyde and
Geomatrix) are summarized in Table 4-1.

Table 4-1 Horizontal Peak Ground Acceleration Estimates for 200 West Area

200 Area Reference Annua Probability

Location 1in 500 || 1in 1,000 || 1in 5,000 || 1 in 10,000

West Woodward-Clydea - 0.073¢g 0.199g 0.269g
Geomatrixb 0.10g |[0.14g 0.30g 0.39¢g

Sources. a. WHC, 1989

b. WHC, 1993

Note: g = gravity = acceleration rate of 9.8 m/sec2 (32 ft/sec2)

Geomatrix and Woodward-Clyde Consultants report similar horizontal peak ground acceleration values for the 200 West Area, but
the differences in peak ground acceleration values reported by both references for a particular annual probability vary between factors

of approximately 1.5 to 1.9. The Geomatrix peak ground acceleration values are larger than the Woodward-Clyde Consultants values
because Geomatrix computed mean values and Woodward-Clyde Consultants computed median values. Also, the seismic activity
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inherent in the Geomatrix seismic source model was greater than that in the Woodward-Clyde Consultants model. Similar peak
horizontal accelerations were reported by Coats and Murray. However, slight differences in acceleration for a particular annual
probability (beyond 5,000 years) are reported by Coats and Murray. For example, Coats and Murray's best estimate curve indicates a
0.18 gravity event every 5,000 years, a 0.2 gravity event (design basis Earthquake) every 10,000 years and a 0.25 gravity event every
25,000 years compared to higher return frequencies for a particular event as shown in Table 4-1. However, the range of accelerations
associated with the curves on either side of the best estimate overlap values reported in Table 4-1. Coats and Murray show a range of
acceleration (0.15 gravity to 0.28 gravity) for a return period of 10,000 years. These values overlap values shown in Table 4-1
associated with return periods of 5,000 years and 10,000 years (Coats and Murray, 1984).

Three mgjor structures of the Y akima Fold Belt are found within the Hanford Site: 1) the Umtanum Ridge-Gable Mountain Structure,
2) the Y akima Ridge Structure, and 3) the Rattlesnake Hills Structure (Figure 4-3). Each is composed of an asymmetrical anticline
oversteepened to the north, with associated faults along their flanks.

Known faults within the Hanford Site include strike-dlip faults as long as 3 km (1.9 mi) on Gable Mountain and the Rattlesnake-
Wallulaaignment. The faultsin Central Gable Mountain are considered Nuclear Regulatory Commission capable by Nuclear
Regulatory Commission criteria (10 CFR 100, Appendix A) in that they have dightly displaced the Hanford formation gravels within
the last 35,000 years, but their relatively short lengths give them low seismic potential. No seismicity has been observed on or near
Gable Mountain. The Rattlesnake-Wallula alignment is interpreted as possibly being "Nuclear Regulatory Commission capable,” in
part because of the lack of any distinct evidence to the contrary and because this structure continues along the northwest trend of
faults that appear active at Wallula Gap, 56 km (35 mi) southeast of the central part of the Hanford Site (WHC, 1993). ("Nuclear
Regulatory Commission capable” is defined as fault movement at or near the ground within the last 35,000 years or movement of a
recurring nature within the last 500,000 years.)

The location of the 1936 Milton-Freewater Earthquake and its association with the Rattlesnake-Wallula alignment or a known
geologic structure is uncertain. This seismic event occurred approximately 50 km (30 mi) southeast of the Wallula Gap and may be
associated with the Hite Fault system, the Rattlesnake-Wallula alignment, or an unmapped fault (WHC, 1993).

4.1.3 Soil

The surface and near-surface Sail in the 200 West Area consist of Rupert Sand and Burbank Loamy Sand. An additional Soil unit,
Hezel Sand, is also present on the western boundary of the 200 West Area (PNL, 1995a).

Prime or unique farmland Soils on the Hanford Site have not been mapped to date.

Figure 4-3. Major Structural Features, Hanford Site and Vicinity.

4.2 WATER RESOURCES AND HYDROLOGY

The Water Resources and Hydrology section presents existing information on the baseline conditions for Surface Water, the Vadose
Zone, and Groundwater at the Hanford Site. Each of these hydrological regimes may be affected by the alternatives and each regime
would be affected differently. Subsection 4.2.1 describes the Surface watersurface water at the Site. Subsection 4.2.2 characterizes the
Site Vadose Zonevadose zone. Subsection 4.2.3 describes the Groundwater at the Site.

4.2.1 Surface Water

There is one naturally occurring lake on the Hanford Site, Westlake, which is located approximately 8 km (5 mi) northeast of the 200
West Area, as shown in Figure 4-4. The lake is situated in a topographically low-lying area and is sustained by Groundwater inflow
resulting from intersection with the Groundwater table. Seasonal water table fluctuations are not large.

Two ephemeral creeks, Cold Creek and its tributary Dry Creek, traverse the uplands of the Hanford Site southwest and south of the
200 West Area. The confluence of the two creeksis 5 km (3 mi) southwest of the 200 West Area. Surface runoff from the uplandsin
and west of the Hanford Siteis small. In most years, measurable flow occurs only during brief periods and in only two places, upper
Cold Creek Valley and upper Dry Creek Valley.
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The Columbia River is downgradient from the PFP Facility, lying nearly 11 km (7 mi) north of the 200 West Area (Figure 4-4). The
river forms part of the eastern boundary of the Hanford Site and comprises the base level and receiving water for Groundwater and
Surface Water in the region.

Natural Floodsflooding on the Columbia River would be restricted to the immediate Floodsfloodplain of the river. Failure of the
upstream dams due either to natural causes or sabotage would not likely affect the PFP Facility (PNL, 1995a).

There are no Floodsfloodplains in the 200 West Area. Floods in Cold and Dry Creeks have occurred historically. However, there have
not been any Floodsflood events or evidence of Floods in these creeks reaching the highlands of the 200 West Area before infiltrating
into pervious sediments of Cold Creek Valley (GSP, 1972).

Water quality in the ephemeral creeksis not known to be affected by Hanford Site activities. The state of Washington has classified
the stretch of the Columbia River from Grand Coulee to the Washington-Oregon border, which includes the Hanford Reach, as Class
A, Excellent. Class A waters are suitable for essentially all uses, including raw drinking water, recreation, and wildlife habitat. State
and federal drinking water standards apply to the Columbia River and are currently being met (PNL, 1995a).

4.2.2 Vadose Zone

The Vadose Zone extends from the ground surface to the top of the Groundwater. V adose Zone characteristics determine the rate,
extent, and direction of liquid flow downward from the surface.

Figure 4-4. Hydrological Features on the Hanford Site

Recharge to the unconfined aguifer is primarily from artificial sources. The principal source of artificial recharge was from Waste
managementwaste management units located in the 200 West and 200 East Areas (see Figure 4-4). However, al liquid discharges to
these waste units have ceased.

Natural recharge occurs chiefly from precipitation since there are no natural Surface Water bodies in the 200 West Area. Average
annual precipitation in the 200 West Area is approximately 16 cm (6.3 in). Estimates of evapotranspiration from precipitation range
from 38 to 99 percent (PNL, 1987).

Thetotal natural recharge in the 200 West Area is estimated to be approximately 129 million | (34 million gal) per year (DOE,
1993b). These natural recharge values are significantly lower by an order of magnitude than volumes disposed of by artificial sources.

In areas where artificial recharge is occurring from ponds and trenches, Soils are likely to be close to saturation and could not hold
significant amounts of additional liquid. In addition, Groundwater mounds have devel oped beneath these recharge areas. Drier Soils
in other areas of the 200 West Area where artificial recharge is not occurring have a large moisture holding capacity. Perched water
was reported between 30 and 35 m (97 and 115 ft) below ground surface (DOE, 1993b).

4.2.3 Groundwater

Groundwater generally occurs under confined conditions within sedimentary interbeds associated with the basalt sequence and under
unconfined conditions within the overlying sedimentary section (uppermost aquifer).

Across the 200 West Area, the regional Groundwater flow is toward the north, east, and southeast. Groundwater discharge occurs
locally in Westlake. Regional Groundwater discharge occurs along the course of the Columbia River, which is nearly 11 km (7 mi)
north of the 200 West Area

Generally, Groundwater within the Ringold Formation in the 200 West Area occurs under unconfined conditions and is located
approximately 70 m (230 ft) beneath the PFP Facility (DOE, 1993b).

Groundwater has been contaminated by both radionuclide and nonradionuclide contaminants in the 200 West Area. Remedial
strategies for the Site have been developed or are being developed to contain and remediate the contaminants and prevent their
migration offsite. Vertical migration of contaminants to the deeper confined aquifer systems beneath the Site has not been determined
since vertical gradients are poorly defined. In general, downward vertical gradients exist between the unconfined and deeper confined
aquifers across the 200 West Area (DOE, 1993b).
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Fourteen overlapping contaminant plumes are located within the unconfined gravels in the 200 West Area: Tc-99, uranium, nitrate,
carbon tetrachloride, chloroform, trichloroethylene, 1-129, gross alpha, gross beta, arsenic, chromium, Fluoridesfluoride, tritium, and
plutonium (DOE, 1994a). Five of these plumes (carbon tetrachloride, chloroform, nitrate, trichloroethylene, and plutonium) impinge
upon or encompass the ground below the PFP Facility.

Groundwater is not used in the 200 West Area. Water for drinking and emergency use and PFP Facility process water comes from
the Columbia River. Regionaly, Groundwater is used for irrigation and domestic water supply. On the Hanford Site, the nearest
water supply wells are located at the Y akima Barricade approximately 5 km (3.1 mi) west of the 200 West Area (DOE, 1993b).

Hydraulic conductivities measured in the 200 West Area range from approximately 0.02 to 61 m/day (0.06 to 200 ft/day) (DOE,
199%4a).

Transmissivities of Ringold Unit E in the vicinity of the PFP Facility range from 0.015 m2/sec (14,000 square feet per day [ft2/day])
in Well 299-W15-18 situated approximately 76 m (250 ft) west of the PFP Facility to 0.005 m2/sec (5,000 ft2/day) in Well 299-
W15-16 located approximately 79 m (260 ft) northwest of the PFP Facility. Hydraulic conductivities in the same wells ranged from
0.49 to 0.42 cm/sec (1,400 to 1,200 ft/day), respectively (DOE, 1993b).

4.3 PHYSICAL ENVIRONMENT

The physical environment section presents existing information on the M eteorologymeteorology, climatology, Air qualityair quality,
Radiation, and Noise/Sound levelsnoise and sound levels at the Hanford Site. Subsection 4.3.1 describes the

M eteorologymeteorology of the Site and Subsection 4.3.2 describes Site Air qualityair quality. Subsection 4.3.3 characterizes
Radiation levels at the Hanford Site. Subsection 4.3.4 presents the existing data on Noise/Sound levelsnoise and sound levels.

4.3.1 Meteorology

The Hanford Siteislocated in a semiarid region of southeastern Washington State. The Cascade Mountains, beyond Y akima to the
west, greatly influence the Hanford area climate by means of their "rain shadow" effect. This mountain range also serves as a source
of cold air drainage, which has a considerable effect on the wind regime on the Hanford Site (PNL, 19953).

Climatological data are available for the Hanford Meteorological Station, which is located between the 200 East and West Areas.
Data have been collected at this location since 1945, and a summary of these data through 1993 has been published by Hoitink and
Burk (1994). Temperature and precipitation data are also available from nearby locations for 1912 through 1943. Data from the
Hanford Meteorological Station are representative of the general climatic conditions for the region and describe the specific climate
of the 200 Area Plateau (PNL, 19953).

In addition to the Hanford Meteorological Station, there are 24 instrumented 9.1-m (29.9-ft) towers distributed on and near the
Hanford Site and three 60-m (200-ft) towers located at the 300, 400, and 100-N Areas. These provide supplementary data for
defining wind patterns (PNL, 1995a).

Figure 4-5 shows that prevailing wind directions on the 200 Area Plateau are from the northwest. Secondary maxima occur for
southwesterly winds. The point of each rose represents the directions from which the winds come. The larger the bar, the higher the
frequency of wind. Summaries of wind direction indicate that winds from the northwest quadrant occur most often during the winter
and summer. During the spring and fall, the frequency of southwesterly winds increases with a corresponding decrease in northwest
flow (PNL, 1995a).

Monthly average wind speeds are lowest during the winter months, averaging 10 to 11 km/hr (6 to 7 mi/hr), and highest during the
summer, averaging 14 to 16 km/hr (8 to 10 mi/hr). Wind speeds that are well above average are usually associated with southwesterly
winds. However, the summertime drainage winds are generally northwesterly and occasionally reach 50 km/hr (30 mi/hr). These
winds are most prevalent over the northern portion of the Hanford Site (PNL, 1995a).

Ranges of daily maximum temperatures at the Hanford Meteorological Station vary from a normal maxima of 2-C (36:F) in late
December and early January to 35-C (95-F) in late July (PNL, 19953).

The annual average relative humidity at the Hanford Meteorological Station is 54 percent. It is highest during the winter months,
averaging about 75 percent, and lowest during the summer, averaging about 35 percent (PNL, 19953).
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Average annual precipitation at the Hanford Meteorological Station is 16 cm (6.3 in). Most precipitation occurs during the winter,
with more than half of the annual amount occurring in the months of November through February. Days with greater than 1.3 cm (0.5
in) precipitation occur lessthan 1 percent of the year. Monthly average snowfall ranges from 0.8 cm (0.3 in) in October to 14.5 cm (6
in) in December. Snowfall accounts for about 38 percent of al precipitation in December through February (PNL, 19953).

Fog has been recorded during every month of the year at the Hanford Meteorological Station. However, 95 percent of the occurrences
are in November through February, with lessthan 1 percent in April through September. There are 46 days of fog (visibility less than
or equal to 9.6 km [6 mi]) of which 24 are dense fog days (visibility lessthan or equal to 0.4 km [0.25 mi]) (PNL, 1995a).

Phenomena other than fog that restrict visibility to lessthan or equal to 9.6 km (6 mi) include dust, blowing dust, and smoke from
field burning. There are few such days. An average of five days per year have dust or blowing dust and less than one day per year
has agricultural smoke (PNL, 1995a).

High winds are associated with thunderstorms. The average occurrence of thunderstormsis 10 per year. They are most frequent
during the summer. However, they have occurred in every month (PNL, 1995a). Thunderstorms are not responsible for the highest
velocity wind gusts.

From the period 1945 through 1993, the peak monthly wind gusts at the Hanford Site have ranged from 100 to 130 km/hr (63 to 80
mi/hr) and have generaly originated from the southwest/south-southwest (Hoitink and Burk, 1994).

Tornadoes are infrequent and generally small in strength in the northwest portion of the United States. No violent tornadoes have
been recorded for the region surrounding the Hanford Site through 1984. The estimated annual probability of a tornado striking a
point at the Hanford Siteis 9.6 x 10-6 (PNL, 1995a).

Source: PNL, 1995a

-5. Wind Direction for the Hanford Site, 1979 - 1

4.3.2 Air Quality

Atmospheric dispersion is a function of wind speed, duration, and direction, atmospheric stability, and mixing depth. Dispersion
conditions are generally good if winds are moderate to strong, the atmosphere is of neutral or unstable stratification, and thereisa
deep mixing layer. Good dispersion conditions associated with neutral and unstable stratification exist about 57 percent of the time
during the summer. Less favorable dispersion conditions may 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. Less favorable conditions also occur periodically for surface and low-level releases in all seasons from about sunset to about an
hour after sunrise as a result of ground-based temperature inversions and shallow mixing layers. Mixing-layer thicknesses have been
estimated at the Hanford Meteorological Station using remote sensors. These variations in mixing layers are summarized in Table 4-2
(PNL, 1995a).

Table 4-2 Percent Frequency of Mixing-layer Thickness by Season and Time of Day

Winter Summer
(%) (%)
Atmospheric Mixing Layer (m) || Night || Day || Night || Day
Less than 250 65.7 1350 485| 12
250-500 24.739.8| 37.1| 9.0
Greater than 500 9.6(252| 144| 89.9

Source: PNL, 1995a
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Occasionally, there are extended periods of poor dispersion conditions associated with stagnant air in stationary high-pressure
systems that occur primarily during the winter months. The probability of poor dispersion conditions (inversion periods) 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
(PNL, 19953).

National Ambient Air quality standardAir Quality Standards have been set by Environmental Protection Agency (EPA), as mandated
in the 1970 Clean Air Act. Ambient air is that portion of the atmosphere, external to buildings, to which the general public has
access. The standards define levels of Air qualityair quality that are necessary, with an adequate margin of safety, to protect the
Publicpublic health (primary standards) and the public welfare (secondary standards). Standards exist for sulfur oxides (measured as
sulfur dioxide), nitrogen dioxide, carbon monoxide, fine Particul ate matterparticul ate matter (PM10), lead, and ozone. The standards
specify the maximum pollutant concentrations and frequencies of occurrence that are allowed for specific averaging periods from one
hour to one year, depending on the pollutant (PNL, 1995a).

The EPA has established the Prevention of Significant Deterioration process to ensure that new or expanded major sources do not
cause Air qualityair quality to significantly deteriorate in areas that currently meet standards. Annual emission rate increase levels
have been set for criteria pollutants that trigger other impact considerations (PNL, 19954). The "Significant Emission Rates' are listed
in Table 4-3. The Hanford Plutonium Uranium Extraction Facility (PUREX) and Uranium Oxide Plants operated in the past under a
Prevention of Significant Deterioration permit issued by the EPA in 1980. The Washington State Department of Ecology (Ecology)
now administers the Prevention of Significant Deterioration program in the state.

Table 4-3 Emissions Rates for Prevention of Significant Deterioration

Regulated Criteria Pollutant Prevention of Significant Deterioration Rate
(tonslyr)
Carbon Monoxide 100
Nitrogen Oxides 40
Sulfur Dioxide 40
Particulate matterParticulate Matter 25
Fine Particulate matterParticulate Matter 15
Volatile Organic Compounds 40
Lead 0.6

Sour ce: Chapter 173-400 Washington Administrative Code (WAC)

Ambient air measurements are compared with the National Ambient Air quality standardAir Quality Standards in air control regions
across the nation to determine compliance. Those areas in which the criteria pollutant concentrations are equal to or less than the
National Ambient Air quality standardAir Quality Standards are classified as "attainment" areas. Currently, the counties in which the
Hanford Siteislocated (Adams, Benton, Franklin, and Grant) are classified as being in attainment for all criteria pollutants.

State and local governments can impose standards for ambient Air quality standardair quality that are stricter than the national

standards. Washington State has established more stringent standards for sulfur dioxide and total suspended particulates (PM). Table
4-4 summarizes the relevant federal and state Air quality standardair quality standards (PNL, 1995a).

Table 4-4 Federal and Washington State Ambient Air quality standardAir Quality Standards

Federal

Pollutant Primary H Secondary || Washington State
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PM

Annual geometric mean a a 60 mg/m3
24-hr average a a 150 mg/m3
PM10

Annua arithmetic mean || 50 mg/m3 || 50 mg/m3 50 mg/m3
24-hr average 150 mg/m3 || 150 mg/m3 150 mg/m3
Sulfur Dioxide

Annua average 0.03 ppm a 0.02 ppm
24-hr average 0.14 ppm a 0.10 ppm
3-hr average a 0.50 ppm a

1-hr average a a 0.40 ppmb
Carbon Monoxide

8-hr average 9 ppm 9 ppm 9 ppm
1-hr average 35 ppm 35 ppm 35 ppm
Ozonec

1-hr average 0.12 ppm 0.12 ppm 0.12 ppm
Nitrogen Dioxide

Annual average 0.05 ppm 0.05 ppm 0.05 ppm
Lead

Quarterly average 1.5mg/m3 || 1.5 mg/m3 1.5mg/m3

Source: PNL, 1995a

Notes: a. No standard

b. 0.25 parts per million (ppm) not to be exceeded more than two times in any seven consecutive days
c. Not to be exceeded more than one day per calendar year

The EPA and Ecology have adopted FederalWashington Stateregulations to limit Air emissionsair emissions in order to meet the
ambient Air quality standardair quality standards. Additionally, the Benton County Clean Air Authority has adopted emission
Washington Stateregulations to supplement federal and state rules. Emission inventories for permitted pollution sourcesin Benton
County are routinely compiled by the Benton County Clean Air Authority.

Ecology has established emission standards for the criteria air pollutants and Acceptable Source Impact Levels for new toxic air
pollutants.

Table 4-5 lists the annual emission rates for stationary sources within the Hanford Site that have been reported to Ecology by DOE
for 1993 (PNL, 19953).

Table 4-5 Total Nonradioactive Constituentsin Air emissionsAir Emissions Released During 1993
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Constituent Quantities
(kg)

PM 131,500
Particul ate matterPM 10 70,800
Sulfur Dioxide 701,300
Nitrogen Oxides 362,900
Carbon Monoxide 116,100
Volatile Organic Compounds 1,800

Source: PNL, 1995a

During 1994, ten air samples were collected on the Hanford Site and analyzed for halogenated alkanes and akenes, benzene, and
alkylbenzenes. These compounds are widely used by modern society and are widespread environmental contaminants. All measured
organic compound concentrations except carbon tetrachloride were below the maximum allowable concentration and the Acceptable
Source Impact Levels (PNL, 1995a).

Onsite monitoring of Particulate matterPM was discontinued in early 1988 when the Basalt Waste I solation Project, for which those
measurements were required, was concluded (PNL, 19953).

The only offsite monitoring near the Hanford Sitein 1993 was Particulate matterPM 10 at Kennewick, Washington (approximately 40
km [25 mi] to the southeast), conducted by Ecology (PNL, 1995a). No exceedance of annual arithmetic mean was observed at this
station (32 pg/m3 [1.9 x 10-9 Ib/ft3]). However, the 24-hr maximum (>150 pg/m3 [9.3 x 10-9 |b/ft3]) was exceeded twice
(maximum concentration 1,166 pg/m3 [7.3 x 10-8 Ib/ft3]). Particulate matterPM monitoring at the Tri-Cities locations was
discontinued in early 1989. Offsite monitoring by Ecology at two locations, Sunnyside (approximately 32 km [20 mi] to the
southwest) and Wallula (approximately 60 km [40 mi] to the southeast), occurred during 1990. The annual geometric means of
Particulate matterPM measurements at Sunnyside and Wallula for 1990 were 71 mg/m3 and 80 mg/m3 (4.4 x 10-9 Ib/ft3 and 5.0 x
10-9 Ib/ft3), respectively. Both values exceeded the Washington State annual standard of 60 mg/m3 (3.7 x 10-9 1b/ft3). The
Washington State 24-hour standard of 150 mg/m3 (9.3 x 10-9 |b/ft3) was exceeded six times during the year at Sunnyside and seven
times at Wadlula (PNL, 19953).

During the past 10 years, Particulate matterPM, carbon monoxide, sulfur dioxide, and nitrogen dioxide have been monitored
periodically in communities and commercial areas southeast of the Hanford Site. These ambient urban measurements are typically
used to estimate the maximum background pollutant concentrations for the Hanford Site because of the lack of specific onsite
monitoring (PNL, 1995a). Maximum measured background concentrations for those pollutants, as measured in the late 1980s, are
givenin Table 4-6 (PNL, 1991).

Table 4-6 Maximum Measured Background Concentrationsof Air Pollutants at or Near the Hanford Site

Pollutant Maximum Background Concentration (ug/m3)

Nitrogen Dioxide

Annua Arithmetic Mean 36
Sulfur Dioxide

Annual Arithmetic Mean 0.5
24-hr Maximum 6
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3-hr Maximum 20
1-hr Maximum 49
1-hr Maximum 49

Carbon Monoxide

8-hr Maximum 6,500
1-hr Maximum 11,800
PM

Annual Geometric Mean 56
24-hr Maximum 356

Source: PNL, 1991

Note: The 1987 measurements for Particulate matterPM 10 yielded an annual geometric mean of 27 pg/m3 and a maximum daily
concentration of 81 pg/m3.

Particulate matterPM concentrations can reach relatively high levels in eastern Washington because of exceptiona natural events
(such as dust storms and large brushfires) that occur in the region. Washington State ambient Air quality standardair quality standards
do not differentiate "rural fugitive dust" from exceptional natural events when estimating the maximum background concentrations of
particulates in the area east of the Cascade Mountain crest. The rura fugitive dust component of background concentrations hasin
the past been exempted by the EPA when considering permit applications and enforcement of Air quality standardair quality
standards.

EPA has evaluated the prospect of designating the Tri-Cities area as non-attainment for Particulate matterPM due to wind-blown dust
(PNL, 19954d). EPA has agreed to defer designating the Tri-Cities area, south of the Hanford Site, as a non-attainment area for
Particulate matterPM. A Memorandum of Agreement has been signed by the EPA, Ecology, and the Benton County Clean Air
Authority to characterize sources, develop a dust control FederalWashington Stateregulation, and do outreach to encourage dust
controls on agricultural land (Ecology, 1994).

4.3.3 Radiation

Many of the activities at the Hanford Site that formerly resulted in releases of Radiation to the environment no longer occur, since the
Hanford Site mission has changed from production of plutonium for national defense to environmental restoration. Current levels of
radioactivity in environmental media within and in the vicinity of the Hanford Site reflect contributions from naturally occurring
radioactivity, fallout from manmade sources (such as past weapons tests and the Chernobyl Accidentaccident), and emissions from
Hanford Site facilities.

The 200 Areas contain inactive facilities for nuclear fuel chemical separations, processing, waste handling and Disposal, and steam
generation using fossil fuels. All of these facilities are potential sources of emissions. Major potential sources of emissions in the 200
West Area are the PFP Facility, T Plant, and the 222-S Analytical Laboratory. Other sources include the 200 Area Tank Farms200
Area Tank Farms, underground Storage tanks, and inactive waste evaporators.

The following types of monitoring are performed to detect and distinguish the source of radioactivity in the environment (PNL,
1994):

« Facility Effluents/Waste generationeffluent monitoring determines the flow rate of Effluents/Waste generationeffluents being
released and when radioactivity levels might exceed specified threshold levels. This monitoring also determines gross apha
and beta activity released and, when appropriate, the activity of specific radionuclides. This information can be used in
environmental transport models to predict concentrations of radioactive materials in environmental media.

» Monitoring is conducted near major emissions sources such as the PUREX Plant. Air, Surface Water and springs, external
Radiation, Soil, and vegetation are monitored.

« Environmental monitoring is conducted at and beyond the Hanford Site boundary. Air, Surface Water, Groundwater, external
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Radiation, Sail, vegetation, wildlife, and food and farm products are included in offsite environmental monitoring. The
monitoring program includes sampling locations remote to the Hanford Site that can be used to distinguish between
radioactivity from the Site and from other sources.

Sr-90, Cs-137, Pu-239, Pu-240, and uranium were consistently detected in samples collected in the 200 Areas. Concentrationsin air
samples over the past five years show a general downward trend for most radionuclides due to facility shutdowns, better
Effluents’Waste generationeffluent controls, and improved Waste managementwaste management practices (PNL, 1995b).

Concentrations in Surface Water, aguatic vegetation, and sediment samples from ditches and ponds were below applicable derived

concentration guideline values and in many cases below the limits of detection. Maximum measured values are summarized in Table
4-7 (PNL, 1995b).

Table 4-7 Maximum Radionuclide Concentrations for 200 Area Surface water in 1994

Parameter Concentration
Derived Concentration
Surface Water Values
(pCiha (pCifl Aquatic Vegetation (pCi/g) || Sediment (pCi/qg)

Gross Alpha 33 30b d d
Gross Beta 228 1,000c d d
Tritium 1.1x105 2.0x 106 d d
90Sr 121 1,000 15 4.5
137Cs 192 3,000 24 7.0
239,240Pu d d 35 20
Uranium (g/g)e || d d 45x 10-8 7.9x10-7

Source: PNL, 1995b

Notes.a. Picocuries (pCi) per liter

b. Using Pu-239 Derived Concentration Guide for comparison
¢. Using Sr-90 Derived Concentration Guide for comparison
d. No data available

e. Grams of uranium per gram of material

Radionuclide concentrations in Soil and vegetation samples from the 200 Areas showed trends similar to those observed for air.
Concentrations of Sr-90, Cs-137, Pu-239, and Pu-240 showed a consistent downward trend. Radiological surveys are conducted in
areas known or suspected to contain surface or subsurface contamination. Areas exceeding specified levels are posted as
radiologically controlled areas. Because the 200 Areas contain many small areas where radiological work is performed and
radioactive material is present, the entire 200 East and West Areas have been designated as radiologically controlled areas (DOE,
1996).

Locations at and beyond the Hanford Site boundary were monitored during 1994 (PNL, 1995b). Sample types included air, spring
water, Columbia River water and sediments, irrigation water, drinking water, ponds, foodstuffs, wildlife, Soils, vegetation, and direct
Radiation. Results for springs discharging into the Columbia River and river water and sediments indicated contributions of
radioactivity originating from the Hanford Site. Results for air and vegetation were generally consistent with natural sources for
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radioactivity and fallout. For Soil and foodstuffs except milk, there was no difference between locations upwind and downwind of the
Hanford Site, suggesting no contribution from Hanford facilities. Slightly elevated levels of 1-129 in milk appear to be due to
emissions from the Site. Columbia River water and sediment, and springs along the river continue to show detectable levels of
radioactivity that originated from the Hanford Site.

Doses to members of the Publicpublic for emissions from the Hanford Site are evaluated annually in two documents. The Hanford
Ste Environmental Report for Calendar Year 1994 evaluated the dose to the hypothetical Maximally Exposed Individual
(MElNmaximally exposed offsite individual and to the general population within 80 km (50 mi) of the Site for air and water exposure
pathways. This report is prepared to meet DOE reporting requirements and eval uates the contribution of the 100, 200, 300, and 400
Areas to offsite dose using the GENII computer modeling program (PNL, 1995b). The Radionuclide Air Emissions Report for the
Hanford Ste, Calendar Year 1992 (DOE, 1993c) evaluated the dose to the hypothetical Maximally Exposed Individual
(MENmaximally exposed offsite individual using the CAP-88 computer modeling program (DOE, 1992) and to the general
population within 80 km (50 mi) using the GENII program. This report is prepared to meet EPA reporting requirements under
Appendix H, 40 CFR 61.

The doses reported in these two reports for the Maximally Exposed Individual (MEI)maximally exposed offsite individual are
summarized in Table 4-8. The Air emissionsair emissions and water Effluents/Waste generationeffluents from the 200 Areas
accounted for most of the dose to the Publicpublic as the result of Hanford Site operations. These doses are well below the DOE limit
of 100 millirem (mrem) per year for members of the general Publicpublic, the state of Washington dose limit of 100 mrem per year
for the general Publicpublic in WAC 246-221-060, and the EPA criterion of 10 mrem per year for Air emissionsair emissions in 40
CFR 61.92. (The DOE limit of 100 mrem per year includes all pathways, including direct exposures from DOE activities.) There is
also agreement between the two reports for the dose via the air pathways. The population dose for the 200 Areas was 0.26 person-rem
through air pathways and 0.30 person-rem through water pathways. The population dose for the entire Site was 0.33 person-rem
through air pathways and 0.30 person-rem through water pathways (PNL, 1995b).

4.3.4 Noise and Sound Levels

The frequency of sound wavesis measured in hertz, and the pressure that sound waves produce is measured in decibels (dB). For
regulatory purposes, Noise/Sound levelsnoise levels for perceptible frequencies are weighted to provide an A-weighted Noise/Sound
levelssound level (dBA) that correlates highly with the frequency response curve of the human ear.

Noise/Sound levelsNoise levels are often reported as the equivalent Noise/Sound levelssound level (Leq). The Leqgis expressed in
dBA over a specified period of time, usually one or 24 hours. The Leq expresses time-varying Noise/Sound levelsnoise levels by
averaging Noise/Sound levelsnoise levels over time.

Information studies at the Hanford Site of the propagation of Noise/Sound level snoise have been concerned primarily with
occupational Noise/Sound levelsnoise at work sites. Environmental Noise/Sound level snoise levels have not been extensively
evaluated because of the remoteness of most Hanford Site activities and isolation from receptors that are covered by federal or state
statutes. This discussion focuses on the few environmental Noise/Sound level snoise data that are available.

Table 4-8 Dose to Hypothetical Maximally Exposed Individual (MEI)Offsite Individual From Hanford
Site Operations During 1994

Effluents’Waste Pathway Environmental Report Air Emissions
200 Areas (mrem) || All Sources (mrem) || All Sources (mrem)
Air External 2.8x10-6 1.3x10-4 a
Inhalation 6.4 x 10-4 1.0x 10-2 a
Foods 1.5x 10-3 15x10-3 a
Subtotal 2.1x10-3 1.2x10-2 5.0x 10-5
Water Recreation 2.0x 10-4 2.0x10-4 a
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Foods 1.4x10-2 14x10-2 a
Fish 1.7x10-2 1.7x10-2 a
Drinking Water 6.7 x 10-3 6.7 x 10-3 a
Subtotal 3.8x10-2 39x10-2 a

Total 4.0x10-2 5.1x10-2 a

Sources: PNL, 1995b; DOE, 1995a
Note: a. No data available

Site characterization studies performed in 1987 included measurement of background environmental Noise/Sound levelsnoise levels
at five locations on the Hanford Site. Noise/Sound levelsNoise levels are expressed as Leq for 24 hours (Leg-24). Wind was
identified as the primary contributor to background Noise/Sound levelsnoise levels, and winds exceeding 19 km/hr (12 mi/hr)
significantly affected Noise/Sound levelsnoise levels. Background Noise/Sound levelsnoise levels in undeveloped areas at the
Hanford Site can best be described as a mean Leg-24 of 24 to 36 dBA. Periods of high wind, which normally occur in the spring,
would elevate background Noise/Sound levelsnoise levels (PNL, 1995a).

To collect Skagit/Hanford data, preconstruction measurements of environmental Noise/Sound |evel snoise were taken in June 1981 on
the Hanford Site. Fifteen sites were monitored, and Noise/Sound levelsnoise levels ranged from 30 to 60.5 dBA (Leq). The values for
isolated areas ranged from 30 to 38.8 dBA. Measurements taken around the sites where the Washington Public Power Supply System
was constructing nuclear power plants ranged from 50.6 to 64 dBA. Measurements taken along the Columbia River near the intake
structures for Washington Public Power Supply System Nuclear Plant 2 were 47.7 and 52.1 dBA compared to more remote river
Noise/Sound levelsnoise levels of 45.9 dBA measured about 5 km (3 mi) upstream from the intake structures. Noise/Sound
levelsNoise levels in North Richland (300 Area at Horn Rapids Road and the by-pass highway) were 60.5 dBA (PNL, 1995a).

4.4 Ecosystems

The existing Ecosystemsecosystems in the vicinity of the 200 West Area are characterized according to vegetation, wildlife, and
Threatened or Endangered speciesthreatened or endangered species. These elements are discussed below.

Only about 6 percent of the Hanford Site surface area has been disturbed and used for the production of nuclear materials, waste
Storage, and waste Disposal. The remainder of the area is undevel oped, including natural areas and abandoned agricultural lands that
remain undisturbed due to restricted public access (PNL, 1995a).

The 200 Area Plateau is dominated by mature sagebrush-steppe habitat with patches of disturbed or man-made habitat. The
sagebrush-steppe habitat of the 200 Area plateau supports a wide variety of plants and animals typical of the Hanford Site.

4.4.1 Vegetation

The Hanford Siteislocated in a semiarid region that normally supports sagebrush scrub. The Site consists of large areas of
undeveloped land, including abandoned agricultura areas, and widely-separated clusters of industrial buildings. The plant and animal
species on the Hanford Site are representative of those inhabiting the shrub-steppe (sagebrush-grass) region of the northwestern
United States. The Hanford Site encompasses 1,450 square kilometers (km2) (560 square miles[mi2]) of shrub-steppe habitat that is
adapted to the region's mid-latitude semiarid climate (PNL, 1995a).

The vegetation of the 200 West Area is representative of the Hanford Site as a whole, with sagebrush/cheatgrass and Sandberg's
bluegrass being the dominant communities (PNL, 1995a). The area within the perimeter fence of the PFP Facility is disturbed and a
recent survey observed no plants in the vicinity (Brandt, 1995).

4.4.2 Wildlife
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Pocket mice and jackrabbits are the primary small mammal species observed on the Site. Large mammals include deer and elk,
although the elk occur almost exclusively on the Fitzner Eberhardt Arid Lands Ecology Reserve located on Rattlesnake Mountain.
Coyotes and raptors are the primary predators.

The most common snakes are gopher snakes, yellow-bellied racers, and rattlesnakes. Toads and frogs are found aong the Columbia
River. Grasshoppers and various species of beetles are the most conspicuous insects in the community.

The horned lark and western meadowlark are the most abundant nesting birds in the local shrub-steppe community.

Within the perimeter fence of the PFP Facility, nests of several migratory birds, including the barn swallow, cliff swallow, and
American robin, have been observed (Brandt, 1995).

4.4.3 Threatened or Endangered Species

The 200 West Area and the PFP Facility were examined for threatened or endangered plant and animal species. Discussion of these
examinations follows.

An ecological survey for the 200 West Area indicated that there are no federally-listed threatened or endangered plant species present,
as specified by the Threatened or Endangered Species Federal Act of 1973 as amended (Brandt, 1994). The ecological review
identified the presence of stalked-pod milkvetch (Astragalus sclerocarpus), a Class 3 state of Washington monitor plant species. This
designation indicates it is either more common or less Threatened or Endangered species than previously believed and therefore is not
a species of concern. This species is common throughout the Hanford Site.

The loggerhead shrike (Lanius ludovicianus) is classified as a federal and state candidate species. This designation indicates the
species is under review for possible listing as a threatened or endangered species. Loggerhead shrikes nest in undisturbed sagebrush
and bitterbrush habitats. The northern sagebrush lizard (Aceloporus graciosus), also a federal candidate species, isfound in the
mature sagebrush habitat. The Washington Department of Fish and Wildlife has designated shrub-steppe as a Priority Habitat, which
is defined as a habitat providing unique or significant value to a wide variety of wildlife and often especially for species of concern.
Designating habitat as priority represents a measure to help prevent species from becoming threatened or endangered.

The sage sparrow (Amphispiza belli) is a state candidate species. Habitat requirements for the sage sparrow are sagebrush and
chaparral with scattered shrubs. Its breeding range includes central Washington and this species has been found to be nesting in
moderate numbers within the 200 West Area.

The bald eagle (Haliaeetus leucocephalus), a federal and state threatened species, is a regular winter resident occurring principaly
along the Columbia River. The peregrine falcon (Falco peregrinus), a federal and state Threatened or Endangered Species species, is
a casual migrant visitor to the area, but does not nest there. The state of Washington lists the sandhill crane (Grus canadensis) as
Threatened or Endangered Species, and the ferruginous hawk (Buteo regalis), noted for nesting on area power poles, as Threatened or
Endangered speciesthreatened. There are several species of animals that are under consideration for listing as Threatened or
Endangered speciesthreatened species.

An ecological survey of the PFP Facility indicated that there are no plant or animal species protected under the Threatened or

Endangered Species Species Act, candidates for such protection, or species listed by the state of Washington for protection within the
perimeter fence of the PFP Facility (Brandt, 1995).

4.5 POPULATION AND SOCIOECONOMICS

Hanford Site activity both directly and indirectly influences the socioeconomics of the Tri-Cities, as well as other areas in Benton and
Franklin Counties. Since the Tri-Cities (Pasco, Kennewick, and Richland) are a market center for eastern Washington, the Hanford
Site also influences, to a lesser degree, the socioeconomics of Grant and Y akima Counties.

For this analysis, three units of study have been defined:

1) Tri-Cities - Pasco, Kennewick, and Richland

2) Study Area - Benton and Franklin Counties
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3) Region of Interest (Region) - Benton, Franklin, Grant, and Y akima Counties
Figure 4-6 presents the locations of the Hanford Site, Tri-Cities, Study Area, and Region.
Where possible, data are provided for both the Study Area and Region. In some cases, data are only available for the Tri-Cities.

According to December 1993 employee residence records, 98 percent of all Hanford Site employees reside in the Region, with 93
percent in the Study Area and 81 percent in the Tri-Cities (DOE, 1995b). In addition, more than 62 percent of Hanford's
procurements (purchases of goods and services) are made in the Tri-Cities (Scott, 1995).

This section provides a description of the following socioeconomic characteristics:

Economics

DemographicsDemographics

Housing

Local Infrastructure and Public Services

Environmental Justice and EquityEnvironmental Justice and Equity.

4.5.1 Economics

The following subsections summarize economic activity within the Study Area and the larger Region, including Employment, income
sources, and fiscal characteristics.

Table 4-9 provides an economic summary, including information on the primary industries and unEmployment rates for each of the
counties within the Study Area and Region. Food processing is the primary industry in the Study Area, while food processing and

agriculture are the primary industries within the larger Region. In 1990, the average unemployment rate was 6.5 percent for the Study
Area and 7.75 percent for the Region.

Figure 4-6. Socioeconomic Region of Influence for Hanford Site

Table 4-9 Economic Summary, 1990

County || Primary Industries Unemployment Rate
(%)

Benton || Food Processing, Chemicals, Metal Products, Nuclear Products 6

Franklin || Food Processing, Publishing, Agriculture, Metal Fabrication 7

Study Area Average 6.5

Grant Food Processing, Agriculture 8

Yakima || Agriculture, Food Processing, Wood Products, Manufacturing 10

Regiona Average 7.75

Source: CENDATA, 1995

4.5.1.1 L ocal Employment

There have been three major components driving the economy of the Tri-Cities since the early 1970s. 1) DOE and its major
contractors, which operate the Hanford Site; 2) Washington Public Power Supply System, which constructed and operates a nuclear

power plant; and 3) an export-oriented agricultural and food-processing community. In addition to the contribution these components
make to the Tri-Cities economy in terms of Employment and payroll, they also support a significant number of jobs indirectly
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through their procurement of equipment, supplies, and business services.

In addition to these major employers, tourism and income generated from retired former employees contribute substantially to the
economic base of the Tri-Cities. Table 4-10 provides Employment and income figures for each of the major components of the Tri-

Cities economy.

Overall Employment and the size of the available workforce in the Tri-Cities have been steadily increasing since 1988, as can be seen
in Table 4-11. Between 1993 and 1994, Tri-Cities unEmployment fell from 8 percent to just over 6 percent. Between 1994 and 1995
unemployment rose again to 8.0 percent, and in 1996, increased to an estimated 10 percent. During fiscal year 1994, there were
nearly 3,700 Hanford-related job reductions and approximately 1,100 more were expected by October 1995 (Briggs, 1995). Other
employers have been reducing their workforces as well, but these data have not been included in the analysis.

Table 4-10 Tri-Cities Economic Base I nfor mation

Component Direct Employment || Income
($ Million)
Hanford Site (DOE and Mgjor Contractors) 18,400 740
Washington Public Power Supply System 1,700 84
Agriculture 9,500 97
Wage Employees? 6,300 N/A
Seasonal Wage Employees? 2,300 83
Proprietors?
Other Major Employers 3,500 N/A
Tourism 2,300 25
Retirees 0 235
Source: DOE, 1995c
Notes: 2 1993 figures
b 1992 figures
Table 4-11 Tri-Cities Employment
1988 || 1989 || 1990 || 1991 || 1992 | 1993 | 1994 || 1995
Civilian Labor Force || 68,400 || 72,400 || 79,600 || 81,000 || 86,000 || 90,800 || 97,700 || 93,978
Percent Unemployed 85 8.7 6.8 7.9 8.3 8.0 6.1 8.0

Sour ce: Washington, 1995; Haws, 1996

Table 4-12 presents average Employment coefficients by industry for the Study Area and the larger Region. These coefficients give
the number of additional jobs created for every $1 million in additional output produced by each sector. Trade creates the largest

number of jobs, followed by services and government.
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As mentioned previously, more than 98 percent of all Hanford employees reside in the Region, 93 percent in the Study Area, and 81
percent in the Tri-Cities. Of those who livein the Tri-Cities, 52 percent of the employees livein Richland, 37 percent livein
Kennewick, and 11 percent livein Pasco. Other citiesin Benton and Franklin Counties, such as West Richland, Benton City, and
Prosser, account for 12 percent of the employees (DOE, 1995b).

Table 4-12 Average Employment Coefficients by Industry, 1991

Industry Study Area Region
Jobs per $ Million || Jobs per $ Million

Output Output
Agriculture, Forestry, Fisheries 17 18
Mining 4 5
Construction 12 12
Manufacturing 5 6
Transportation, Commerce, Utilities 9 6
Trade 29 30
Finance, Insurance, Real Estate 9 8
Services 21 25
Government 20 18

Source: IMPLAN, 1991

Hanford and its contractors spent nearly $167 million in procurements (32 percent of all Hanford procurements) in the Tri-Cities
during fiscal year 1994. Of these Tri-Cities procurements, 63 percent came from Richland, 28 percent were from Pasco, and 9
percent came from Kennewick (Scott, 1995).

Hanford Employment accounted for 25 percent of non-agricultural Employment in the Study Areain 1994. Tota payroll for the
Hanford Site was approximately $740 million in 1993, accounting for close to 45 percent of the total Study Area payroll dollars
(DOE, 1995c).

The Hanford Site also supports the Study Area economy indirectly, specifically the service sector. Previous studies indicate that each
Hanford Site-related job supports approximately 1.2 additional jobs in the Study Area service sector (about 2.2 total jobs) and
approximately 1.5 additional jobs in the state's service sector (about 3.7 total jobs) (Scott, et a., 1987). In addition, each dollar of
Hanford income supports about $2.10 in total Study Area incomes and $2.40 in total statewide incomes. As a result, the Hanford Site
directly or indirectly accounts for more than 40 percent of al jobsin the Study Area.

4.5.1.2 Income Sour ces

Median household income is defined as the level at which half of the households have income greater than the median and the other
half have less. Per capita personal income is defined as all forms of income divided by population.

As shown in Table 4-13, median household incomes in the Tri-Cities have been steadily growing for all three cities. In 1994,
Richland had the highest median household income of $42,032, compared to $36,141 for Kennewick and $32,102 for Pasco.
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Table 4-13 Tri-Cities Median Household I ncome

Year || Kennewick ($) || Pasco ($) || Richland (%)
1987 24,309 25,812 31,372
1991 32,056 28,230 40,047
1994 36,141 32,102 42,032

Source: TRIDEC, 1995

Table 4-14 presents measures of income at the county level, including per capita personal and median income and percent of persons
below poverty level. Of the four counties, Benton County has the highest, while Grant has the lowest per capita personal and median
household incomes. Regarding percent below poverty level, Benton County has the lowest, with 11 percent below poverty level,
while Franklin County has more than double that of Benton County, with 23 percent below poverty.

45.1.3 Fiscal Characteristics

The following subsection summarizes the fiscal characteristics (government finance), including county level revenues and
expenditures and city and county level assessed property values.

Revenues and Expenditures

Table 4-15 provides the percent contribution of revenue sources at the county level, based on 1993 and 1994 data. Total taxes and
intergovernmental transfers are the largest revenue sourcesin all of the counties in the Region. Total taxes vary from 36 percent of
total revenuesin Franklin County to 43 percent in Benton and Y akima Counties. Intergovernmental transfers vary from 38 percent of
total revenuesin Y akima County to 44 percent in Franklin County. Table 4-16 shows the percent expenditures by category at the
county level. The largest expenditures for the four counties are for general government, public safety, and Transportation.

Table 4-14 M easures of | ncome

Counties || Per Capita ($) M edian Household ($) Per sons Below Povertya (%)
Benton® 20,122 40,288 11
Franklin® 15,620 28,317 23
Grant® 15,511 23,625 20
Y akima® 15,374 25,400 20
Sources: DOE, 1995¢; DOE, 1994b; DOE, 1994c
Notes.a. 1989 Figures
b. 1990 Figures
c. 1992 Figures
Table 4-15 Revenue Sour ces
H Counties H Total Taxes/ Special Assessments H License/ Permits H Inter- Government H Miscellaneous H Interest H
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| | (%) ON. %) | oo | oo
Benton? 43 1 43 12 2
Franklin® 36 1 44 19 N/A
Grant® 40 1 42 12 5
Y akima® 43 1 38 18 N/A

Sources. a. Benton County Auditors Office

b. Franklin County Auditors Office

c¢. Grant County Auditors Office

d. Yakima County Auditors Office

Table 4-16 County Expenditures by Category
County General Public || Health/ || Culture/ Economic || Transportation Physical Capital | Debt

Government || Safety || Welfare || Recreation || Environment (%) Environment || (%) || Service
(%) (%) (%) (%) (%) (%) (%)
Benton?d 29 24 14 1 3 11 3 13 <1
Franklin® 28 20 <1 8 1 26 1 15 <1
Grant® 24 23 3 4 2 24 <1 19 <1
v akimad 22 26 3 1 7 23 1 15 3

Sour ce; a.Benton County Auditors Office

b. Franklin County Auditors Office

¢. Grant County Auditors Office

d. Yakima County Auditors Office

Property Vaues

Assessed property values, as shown in Table 4-17, have been growing rapidly for al of the cities and counties. At the county level,
assessed property values grew the most rapidly between the years 1992 and 1993 in Benton County, with a growth rate of 15.3
percent. For the same years at the city level, property valuesin the city of Richland grew the most rapidly at a rate of 23.85 percent.
Between the years 1993 and 1994, Y akima County had the largest growth (18 percent) in property values of all of the counties, while
Kennewick, with a growth rate of 18 percent, experienced the highest city growth rate.

Table 4-17 Assessed Property Values

County/City || 1992 ($ Million)

1993 ($ Million) || 1994 ($ Million)

County

file:///1|/Data%20Migration%20T ask/El S-0244-FEI S-1996/eis0244f_4.html[6/27/2011 2:33:43 PM]




Final Environmental Impact Statement - Plutonium Finishing Plant Stabilization, May 1996

Benton 3,319 3,827 4,323
Franklin 1,164 1,242 1,377
Grant 1,969 2,115 2,328
Y akima 4,650 4,918 5,811
City

Kennewick 1,158 1,274 1,506
Pasco 382 423 453
Richland 1,015 1,256 1,335

Sour ce: Washington, 1992

Average selling prices in the Tri-Cities area increased steadily between 1991 and 1994, but dropped substantially from $119,000 to
$112,000 between 1994 and 1995. During the first three months of 1996, the average selling price was $104,900. This reduction is
viewed as being a sign of the local economy leveling off from the peak in activity in 1994. A major downturn in the housing market
as a result of the recent workforce reductions has not been realized (Powers, 1995; Powers, 1996).

4.5.2 Demogr aphics

The following subsection summarizes population growth trends and projections, urban and rural population, and age and gender
distribution of the population. Racial and ethnic characteristics are addressed in Subsection 4.5.5, Environmental Justice and
EquityEnvironmental Justice and Equity.

Table 4-18 summarizes population trends from 1940 to 1994 for the Region as well as population projections for 1995 to 2010.
Population growth in the Region reflects the impacts of activities at the Hanford Site. The large growth between 1940 and 1950
reflects the creation of the Hanford Site. Growth between 1960 and 1990 represents growth at the Hanford Site and related supporting
activities. As mentioned previoudly, the Regional economy is still highly dependent on Employment at the Hanford Site, as reflected
in population growth trends. Although present projections show continued growth at the county level, these numbers may not reflect
recent labor force reductions at the Hanford Site and in the Tri-Cities. These reductions could result in a slowing or reversal in
population growth since the Employment base at the Hanford Site is unstable.

With respect to urban and rural distribution of the population, all of the counties in the Region, except for Grant County, are
primarily urban, with more than 50 percent of their populations residing in urban areas. Benton is the most urban, with 87 percent of
its population residing in urban areas, while Grant is the most rural, with 56 percent of its population residing in rural areas (DOE,
1994b).

All of the counties in the Region tend to have relatively young populations, below the state median age of 33. Franklin County's
median age of 29 is the lowest among the counties, while Benton County has the highest with a median age of 32 (DOE, 1994b).
With respect to gender, the populations of the state and each of the four counties are balanced (50 percent male and 50 percent
female) (Office of Financial Management, 1993).

4.5.3Housing

This subsection provides information on relevant housing characteristics of the Region, including housing units by type, vacancy
rates, housing sale information, and apartment vacancy rates. Table 4-19 presents data on total housing units, vacancy rates, and
percent housing by type for the Region.

Of the four counties, Grant and Franklin Counties have the highest vacancy rates while Benton County has the lowest. For the Tri-

Cities, Pasco has the highest vacancy rate, while Richland has the lowest. With respect to housing types, single family dwellings are
the most common housing type, while mobile homes are the least common among all four counties and the Tri-Cities.
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Table 4-20 presents information on trends in residential listings, sales, and average selling prices in the Tri-Cities. The average
number of active residential listings has been growing every year since 1992. The average number of homes sold per month steadily
increased between 1991 and 1994. This number dropped from 176 to 101 homes sold per month between 1994 and 1995. Since May
1995, residential listings have dropped to approximately 800, which isbelow what is typical for an areathe size of the Tri-Cities
(Powers, 1996).

Apartment vacancy rates have typically been low in the Tri-Cities, varying from a Tri-City average of lessthan 2 percent to just over
5 percent vacancy between late-1993 and early-1995. Between late-1993 and mid-1994, there was a steady decline in apartment
vacancy rates in all of the Tri-Cities. During this time, the Tri-Cities average apartment vacancy rate fell from just under 2 percent to
just over 1 percent. Thistrend reversed in late-1994, when the Tri-Cities average jumped to 4 percent. Vacancy rates in all of the Tri-
Cities have been increasing since 1994 (TRIDEC, 1995). Within the last few years, 15 new apartment complexes were contracted to
be built in the Tri-Cities to accommodate Employment growth at Hanford and within the Tri-Cities. However, this substantial
expansion in available apartments,

Table 4-18 Population Trends and Projections, 1940-2010

Y ear County Tri-Cities Total Tri-Cities
Benton || Franklin || Grant || Yakima || Kennewick || Pasco || Richland
1940 || 12,053 6,207 N/A N/A 1,918 3,913 247 6,078
1950 || 51,370 | 13,563 N/A N/A 10,106 9,228 21,809 41,143
1960 || 62,070 || 23,342 N/A N/A 14,244 14,522 || 23,548 53,661
1970 || 67,540 | 25,816 N/A N/A 15,212 13,920 | 26,290 56,529
1980 || 109,444 || 35,025 N/A N/A 34,397 17,944 || 33,578 88,857
1990 || 112,560 || 37,473 || 54,798 || 18,823 42,152 20,337 | 32,315 98,769
1991 || 114,800 | 38,600 || 56,440 || 190,500 42,773 20,660 || 32,740 96,173
1992 || 118,500 || 39,200 || 58,240 || 193,900 44,490 20,840 || 35,550 98,880
1993 || 122,800 || 41,100 || 60,300 || 197,000 45,110 21,370 || 34,080 100,560
1994 || 127,000 || 42,900 || 62,220 || 202,100 46,960 22,170 || 35,430 104,560
1995a || 121,328 || 41,336 || 58,026 || 199,578 N/A N/A N/A N/A
2000a || 128,752 | 44,630 || 60,518 || 207,870 N/A N/A N/A N/A
2005a || 136,892 || 48,213 || 62,983 || 216,245 N/A N/A N/A N/A
2010a || 145,452 || 52,388 || 65,508 || 226,067 N/A N/A N/A N/A

Sour ces. DOE, 1994c; Office of Financial Management, 1994

Note:a.1993 Projections, Office of Financial Management, 1993

Table 4-19 Housing Units, Vacancy Rates, and Housing Units by Type

County/City || Total Units || Vacancy Rate (%) || Single Family (%) || Multiple Family (%) || Mobile Homes (%)
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Countya

Benton 44,877 59 63 24 13
Franklin 13,664 10.7 57 24 19
Grant 22,809 134 60 12 28
Y akima 70,852 6.9 70 16 14
Cityb

Richland 14,388 4.0 69 27 4
Pasco 7,846 8.0 47 38 13
Kennewick 18,110 5.0 54 33 11
Tri-Cities 40,344 6.0 58 32 9

Sour ce: DOE, 1994b
Notes:a. 1990 Figures

b. 1993 Estimates

Table 4-20 Tri-Cities Residential Listings, Sales, Average Selling Prices,

1991 || 1992 || 1993 || 1994 || 1995a

Active Residential 458 || 472 || 520 || 794 || 1,089

Listings (average for year)

Average Sold Per Month 133 || 144 || 163 || 176 || 101

Average Selling Price Per Unit || 79 9 111 || 120 || 112

($ Thousands)

Sour ce: Powers, 1995

Note:a. Annual Average as of May 1995

coupled with the unexpected reductions in the labor force at the Hanford Site and in the Tri-Cities, has resulted in a surplus in
available apartment units and an associated increase in vacancy rates. Between June 1995 and April 1996, apartment vacancy rates
increased dramatically in the Tri-Cities.

In Richland, rates increased from 10.3 to 19.8 percent. In Pasco, rates increased from 6.5 to 16.3 percent. In Kennewick, rates
increased from 9.9 to 14.6 percent. By comparison, apartment vacancy rates in a healthy market average between 3 and 5 percent. In

the future, it is expected that rents will decline but there will not be substantial increases in vacancies (Dukelow 1995; Dukelow,
1996).

454 Loca Infrastructure and Public Services

The following subsections summarize local infrastructure and public services, including information on education, health care, human
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services, police, and fire protection. Information on local infrastructure and public servicesis only provided for the Tri-Cities and
Study Area because Grant and Y akima Counties are beyond the local public service area.

4.5.4.1 Education

In the Study Area, primary and secondary education is served by the Richland, Kennewick, Pasco, and Kiona-Benton school districts.
In 1994, the combined total spring enrollment was 31,970 students, an increase of 7.4 percent from 1993. For the same year, Richland
was operating near capacity, Pasco and Kennewick were at capacity for primary education, Kennewick was over capacity for
secondary, and Kiona-Benton was over capacity at both levels. Kennewick recently passed a $43 million bond issue and isin the
process of constructing a high school and middle school, as well as two elementary schools. While there has been some concern over
whether these schools will be fully utilized, given the local Employment situation, student enrollment has not decreased and is
considered stable (Ferguson, 1995).

The two post-secondary institutions in the Tri-Cities area are Columbia Basin College, with a 1994 fall enrollment of 6,800, and
Washington State University Tri-City Branch, with an enrollment of 1,300 students.

4.5.4.2 Health Care

There are three major hospitals (Kadlec, Kennewick General, and Our Lady of Lourdes) and five minor emergency centersin the Tri-
Cities. Combined, these hospitals had 346 avail able beds and about 15,000 annual admissions in 1994, 58 percent of which were
Medicare or Medicaid patients.

All three hospitals offer general medical services as well as a 24-hr emergency room, basic surgical services, intensive care, and
neonatal care. Our Lady of Lourdes Hospital in Pasco offers skilled nursing and rehabilitation and alcohol and chemical dependency
services. In addition, Our Lady of Lourdes operates the Carondelet Psychiatric Care Center in Richland, a 32-bed psychiatric hospital
which provides a significant amount of outpatient and home health services as well.

4.5.4.3 Human Services

A broad range of social services are available in the Tri-Cities. State human service offices include: a Job Services Office of the
Employment Security Department, Food Stamp Offices, the Division of Developmental Disahilities, financial and medical assistance,
the Child Protective Services, emergency medical service, a senior companion program, and vocational rehabilitation. Additionally,
the local United Way incorporates 24 participating agencies and 48 programs, with a cumulative 1994 budget of $21.1 million.

4.5.4.4 Police and Fire Protection

Police protection in the Study Area is provided by county sheriffs departments, municipal police departments, and the Washington
State Patrol Division headquartered in Kennewick.

At the city level, there was a combined Tri-Cities total of 266 commissioned officers, 114 reserve officers, and 129 patrol carsin
February 1995 (DOE, 1995b).

Fire protection in the Tri-Cities is provided by three city fire departments and three additional rural fire districts. Together, there are
145 paid personnel and 181 volunteers.

A separate Hanford Fire Department, composed of 155 firefighters, is trained to dispose of hazardous waste and to fight chemical
fires. The Hanford Fire Patrol owns five ambulances and maintains contact with local hospitals. The Hanford Fire Department is
currently discussing with DOE, the city of Richland, and the maintenance and operations contractor the possibility of contracting with
the city of Richland for Hanford's fire protection services.

4.5.5 Environmental Justice and EquityEnvironmental Justice and Equity

12898 Executive Order 12898 dated February 11, 1994 (59 FR 7629), requires federal agencies to identify disproportionately high
and adverse human Health effects/Radiation exposurehealth or environmental effects on minority or low-income populations,
including Native Americans. To support the analysis of Environmental Justice and Equityenvironmental justice and equity impacts,
this subsection presents a comparison of the socioeconomic baseline conditions for minority and low-income populations and the
larger population of the Region. In general, the data indicate differences in both Demographicsdemographic and economic
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characteristics for these populations, and that those differences are consistent across the counties in the Region.
4.5.5.1 Racial Composition of the Population

Several racial and ethnic groups are represented in the Region. The primary groups within the Region include Caucasian and
Hispanic populations, but persons of Asian, Native American, Afro-American, and other descents are represented as well.

Franklin, Yakima, and Grant Counties typically have the largest Hispanic populations in the region. Of these, Franklin has had the
largest concentration of Hispanics. Benton and Franklin Counties have tended to have the largest proportion of Asians (although
these proportions have been relatively low). Yakima County has had the largest Native American population while Franklin County
has had the largest Afro-American concentration (Office of Financial Management, 1994).

Percent population by race and Hispanic origin for the four counties is presented in Table 4-21. In summary, Benton County has the
largest percentage of Caucasian (89 percent) and Asian (3 percent) residents, Franklin County has the largest concentration of Afro-

Americans (3 percent), persons of other race (31 percent) and Hispanic origin (39 percent), while Yakima County has the largest
proportion of Native Americans (5 percent).

Table 4-21 Population by Race and Hispanic Origin

County | Caucasiana Afro- Americana Native Americana Asiana Other Racea Hispanic Originb
(%) (%) (%) (%) (%) (%)

Benton 89 6 10

Franklin 62 31 39

Grant 81 15 22

Y akima 67 25 31

Sour ce: Office of Financial Management, 1994
Notes: a.Percent totals by race may not add to 100 percent due to rounding.
b.Populations of Hispanic origin are classified separately from racial categories.

In the four-county Region, educational attainment for all races and people of Hispanic origin is highest in Benton County. In Benton
County, the percentage of people who have attended at |east some college is 68 percent for Afro-Americans, 64 percent for Asians,
57 percent for Caucasians, 53 percent for Native Americans, 22 percent for other races, and 35 percent for Hispanics. In the other
three counties, the percentage of people with at least some college ranges from 43 to 44 percent for Caucasians, 34 to 42 percent for
Afro-Americans, 33 to 40 percent for Native Americans, 19 to 44 percent for Asians, 10 to 14 percent for other races, 6 to 12 percent
for Hispanics (CENDATA, 1995).

4.5.5.2 Economics

Table 4-22 presents 1990 Unemployment data for the four counties. In general, unemployment rates are substantially higher for non-
Caucasian populations. In Franklin County, average unemployment rates for Afro-Americans, Native Americans, and Asians were
three or more times higher than the rates for

Table 4-22 Unemployment/employment by Race and Hispanic Origin, 1990

|County||Caucasian (%)||Afro- American (%)|Native American (%)|/Asian (%)|Other Race (% )|[Hispanic Origin (%))
[Benton || 6 12| 12| 7| 12| 10
|[Franklin|| 6| 22| 21 18| 13| 13
[ 1T 1T 1 1T 1 1
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|Grant ||
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Source: CENDATA, 1995

Caucasians. UnEmployment rates exceeded 20 percent for Native Americans in Grant and Y akima Counties, and for other races and
persons of Hispanic origin in Y akima County. In Grant County, unEmployment rates for al non-Caucasian groups, with the
exception of Asians, were more than twice the rate for Caucasians.

A comparison of per capita income by race indicates comparable differences, as shown in Table 4-23. The lowest per capita income
figures are for Hispanic populations in Franklin and Y akima Counties and other racesin Y akima County. In al four counties,
Caucasians had the highest per capita income, followed by Afro-Americans in Benton County and Asiansin Franklin, Grant, and

Y akima Counties.

Table 4-23 Per Capita lncome by Race and Hispanic Origin, 1989

County || Caucasian ($) || Afro- American ($) || Native American ($) || Asian ($) || Other Race ($) || Hispanic Origin ($)
Benton || 14,470 13,397 11,061 13,052 6,686 6,954
Franklin || 12,434 5,918 7,153 8,075 5,692 4,732
Grant 11,030 6,092 9,942 9,992 5,469 5,438
Yakima || 12,686 8,408 5,676 8,740 4,729 4,832

Source: CENDATA, 1995

Table 4-24 illustrates how household income is distributed within the Region. Benton County had the highest percentage of annual
household incomes greater than $35,000, while Grant had the lowest. Benton County also had the lowest percentage of households
with less than $15,000 annual incomes.

Table 4-24 Percent Households by Income L evel

Annual Income Group || Benton (%) || Franklin (%) || Grant (%) || Yakima (%)
Less than $10,000 13 20 20 20
$10,000-$14,999 8 11 12 11
$15,000-$19,999 8 10 13 11
$20,000-$24,999 9 11 11 10
$25,000-$29,999 7 9 8 9
$30,000-$34,999 8 8 9 8
$35,000-$49,999 21 15 15 16
$50,000 or more 26 17 13 15

Source: CENDATA, 1995
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4.6 Transportation

Transportation to the Hanford Site is provided by highways, air, water, and railroad. The most frequently used mode of
Transportation is the local highway system. Subsection 4.6.1 focuses on vehicular traffic. Barge transport and rail transport are
described in Subsection 4.6.2.

4.6.1 Vehicular Traffic

To evaluate existing conditions, documents and traffic data for national and state roadway systems and the Hanford Site roadways
were reviewed. Descriptions of these reviews are presented in the following subsections.

4.6.1.1 National and State Roadway Systems

Regional access to the Hanford Siteis provided by a number of national and state highway systems shown in Figure 4-7. The major
route adjacent to the

Hanford Siteis Interstate 82, a four-lane divided highway that links the city of Richland with the Yakima Valley. State Routes 240
and 24 traverse the Hanford Site and are maintained by Washington State. These two-lane highways link the Hanford Site with
Interstate 90 to the north. State Route 395, located west of the Hanford Site, connects the region with Spokane to the northeast.

Figure 4-7. Hanford Site Roadw
4.6.1.2 Hanford Site Roadways

Roadways within the Hanford Site that provide local service to the PFP Facility include Route 4, Route 10, Route 2, Route 11A,
Route 5, and the State Route 240 access road. Peak traffic hours for these roadways typically occur between 6:00 am. and 9:30 a.m.
(Trost, 1995). A second peak occurs between 3:00 p.m. and 5:30 p.m. The Wye Barricade, referred to below, is a security checkpoint
that separates former Hanford Site special nuclear material production areas from other Hanford Site areas.

Asidentified in Figure 4-7, Route 4 is classified as the principal arterial roadway within the Hanford Site. Route 4 has two travel
lanes in either direction south of the Wye Barricade and one lane in either direction north of the Wye Barricade. Route 4 carries most
of the traffic from the city of Richland to the 200 East Area. Traffic volumes during shift changes at the Hanford Site create traffic
congestion and a safety problem onsite. Traffic flow has improved since the 3.5 km (2.2 mi) State Route 240 access road was opened
(Trost, 1995). This access road is open only at peak traffic hours.

South of the Wye Barricade, Route 4 has an estimated 17,000 vehicles per day. The traffic volume for Route 4 north of the Wye
Barricade to the primary exit to the 200 East Area is estimated at 8,000 vehicles per day (DOE, 1993d). The number of vehicles per
day is expected to decrease as a result of continued workforce reductions. According to a traffic study conducted in October 1995,
the peak traffic volume consists of approximately 1,870 vehicles (Trost, 1995). Based on the average daily traffic on Route 4 between
the Wye Barricade and the primary exit to the 200 East Area, Route 4 is currently operating at Level of Service"D". Level of Service
isa qualitative measure of a roadway's ability to accommodate vehicular traffic. Level of Service ranges are from "A" to "F", with
"A" presenting excellent (free-flow) conditions and "F" representing extreme congestion. Level of Service "D" or better is considered
satisfactory (Trost, 1994).

Route 10 provides access to State Route 240 at its southern terminus and Route 4 at its northern terminus. Route 10 has one travel
lane in either direction. Traffic counts for Route 10 taken at its connection with State Route 240 reveals a daily traffic volume of
approximately 2,200 vehicles (DOE, 1993d). Route 10 is currently operating at Level of Service"B."

The State Route 240 access road connects State Route 240 to the 200 West Area. The access road consists of a two-lane blacktop
road capable of handling light traffic. The peak traffic volume consist of approximately 970 vehicles (Trost, 1995). Traffic volumes
on the access route have steadily increased since it was opened in December 1994 (Trost, 1994).

For aternative access to the Hanford Site, Ben Franklin Transit, a private Transportation company under DOE contract, provides bus

service south of the Wye Barricade. This service route connects the Hanford Site with the city of Richland. Park-and-ride lots are
provided in the 1100 Area for employees commuting from the cities of Kennewick and Pasco.
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4.6.2 Other Transportation Facilities

The Port of Benton is the port-of-call for all vessdl traffic to the Hanford Site. Port terminals are also provided in the cities of
Kennewick and Pasco. The Port of Benton does not place restrictions on the type of vessels entering the port, although the access to
the port is limited by water depths. Vessel traffic at the Port of Benton is about 15 to 20 vessels per year (Keller, 1994).

The railroad system on the Hanford Site consists of approximately 204 km (127 mi) of track. The system begins at the Richland
Junction (Columbia Center) where it joins the Union Pacific commercial track. Figure 4-8 illustrates the layout of the Hanford Site
trackage. The railspur closest to the PFP Facility is located approximately 150 feet west of the Facility boundary.

Approximately 139 km (86 mi) of the system are considered in service to active facilities across the Site. There are approximately 64
km (40 mi) of track that are in standby or out-of-service condition. This track serves areas or facilities having no current rail shipping
activity. The standby trackage receives no maintenance at present, but could be restored, if needed, for Decontamination and
decommissioningdecontamination and decommissioning, environmental restoration, or future programs that may require rail service.

The in-service track accommodates approximately 4,000 movements of 1,500 commercial rail cars annually to provide essential
materials to Site-wide facilities. In addition, the onsite rail transport of materials between areas and facilities accounts for roughly
1,000 car movements annually. The wide variety of materials transported by rail on the Hanford Site ranges from fuels (such as oil
and coal) to hazardous and toxic process chemicals, and includes transport of radioactive materials and equipment.

4.7 Land Use

The Hanford Siteis a federally-controlled area and is not subject to state and local Land use Federal Washington Stateregulations,
such as zoning and planning. Consequently, there are no relevant state and local Land use plans and policies that apply to the
activities outlined in this EIS. However, the Hanford Site Development Plan and the Hanford Future Site Uses Working Group
Report guide Land useland use policies and plans at the Hanford Site.

The Hanford Site Development Plan (DOE, 1993¢) provides an overview of Land use, infrastructure, and facility requirements to
support analyses for DOE programs and an existing and future Land use plan for the Hanford Site. It is updated annually. The plan
contains a master plan which outlines the relationship of the land and infrastructure needed by Hanford Site missions.

Figure 4-8. Hanford Site Rail Transportation

The master plan includes the following guidelines for land devel opment:

» Minimize the disturbance of clean land
» Consolidate support activities to improve productivity and maximize flexibility
» Develop the Site in accordance with applicable environmental, cultural, safety, and health requirements.

The plan states that for planning purposes, the 200 Areas are to be used exclusively for the collection of Site waste materials and as
the location for associated waste facilities. For approximately 50 years, the 200 West Area has been exclusively used for fuel
reprocessing, and waste processing, management, and Disposal (see Figure 4-2).

The Hanford Future Site Uses Working Group was organized by DOE to recommend on required cleanup levels under the Hanford
Remedial Action EISHanford Remedia Action EIS (DOE, 1995d). The group consisted of federal, tribal, state, and local
governments with interests in the Hanford Site. The Working Group was charged with the task of articulating a range of visions for
the future use of the Hanford Site, discussing the implications of those visions, and finding common ground on cleanup issues among
the members of the group. As part of its final report, the Working Group made recommendations for future uses of the 200 Areas
(FSUWG, 1992).

The Working Group's findings and recommendations included a recommendation to concentrate waste from the Hanford Site into the
200 Areas, including transporting wastes across the Hanford Site to the 200 Areas. This would help minimize the amount of land
devoted to or contaminated by Waste managementwaste management activities. Further, the report recommended that waste and
contaminants within the 200 Areas be treated and managed to prevent offsite migration.

The Working Group also developed six future use options for the Central Plateau, which includes the 200 Areas. The options include
agoa "...that the overall cleanup criteria for the Central Plateau should enable general usage of the land and Groundwater for other
than Waste managementwaste management activities in the horizon of 100 years from the decommissioning of Waste
managementwaste management facilities and closure of waste Disposal facilities." The options differentiate between types of waste
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and different types of Waste managementwaste management or commercial activities. They are further distinguished by three major
criteriac 1) type of waste; 2) methods of treatment or Disposal; and 3) length of time for Storage. The options range from the
fulfillment of existing obligations for Disposal or Storage of Hanford onsite waste to allowing for additional Storage, treatment, or
Disposal of offsite DOE and commercia waste.

The Hanford Remedial Action EISwill provide an assessment of the impacts (primarily from remediation activities) associated with
achieving broad classes of future land uses for the Hanford Site. The Hanford Remedia Action EIS will build on the three broad
classes of potentia future land uses developed by the Hanford Future Site Uses Working Group (restricted, unrestricted, and
exclusive future uses).

The Hanford Remedial Action EIS will evaluate the potential environmental consequences associated with sitewide remediation
efforts. Once established, future land use designations will guide the process of remediating Hanford Site radioactive and hazardous
wastes and facilitate the development of a coordinated and cost-effective remediation strategy. However, decisions regarding site-
specific remediation technologies and specific activities will not be made in the Hanford Remedia Action EIS. Instead these
decisions will be made through the Resource Conservation and Recovery Act of 1976 (RCRA) and Comprehensive Environmental
Response, Compensation and Liability Act of 1980 (CERCLA) process, in accordance with the Hanford Federal Facilities Agreement
and Consent Order, aso known as the Tri-Party Agreement (Jason, 1996).

The Hanford Comprehensive Land use Plan will build on and implement the broad Land use objectives established in the Hanford
Remedial Action EISHanford Remedial Action EIS. It will narrow the range of potential Land useland uses by evaluating, in a
holistic manner, the constraints and opportunities posed by factors such as:

1. DOE responsibilities and authority as dictated by its charter under the federal government and applicable law

2. Environmental characteristics, such as the presence of sensitive Cultural Resourcescultural or biological resources
3. Physical characteristics, such as the presence of steep slopes, unstable Soil types, or potential physical hazards

4. The socioeconomic characteristics and values of the surrounding region.

Land use values of other agencies, governments, and organizations are being solicited by DOE to ensure that the Hanford
Comprehensive Land usel.and Use Plan reflects a broad spectrum of input. The development of this information, integrated with the
requirements to support the components of DOE's mission (identified in the Hanford Site Development Plan), is expected to guide
future Hanford Site Land use decisions by DOE over the next 30 to 50 years (Jason, 1995).

4.8 Cultural Resources

A Cultura resourcescultural resource is any phenomenon with a demonstrable association with prehistory, historical events or
individuals, or extinct cultural systems. Cultural resources include such things as archaeological sites, districts, and objects; standing
historical structures, objects, or groups of either; locations of important historic events; or places, objects, and living or non-living
things that are important to the practices and continuity of traditional cultures. For the purpose of this document, three terms with
more restrictive meanings will be used. These are "historic property," "traditional use area,” and "sacred" or "religious site."

"Historic property" isalegal term that refers to any Cultural resourcescultural resource listed on or considered eligible for the
National Register of Historic Places. A historic property may be an archaeological site, a historical site, or a "traditional use area,”
but not al such phenomena meet the criteria for being historic properties.

A "traditional use area" is any place or landscape that is important to the continuation of a traditional culture. It includes such things
as a community, a sacred site, or an area from which food and non-food resources are obtained.

"Sacred sites" are places important to the practice of traditional religions. Their relationship to traditional religions makesit possible
for sacred sites to become historic properties, but they are also considered under statutes designed to protect First Amendment
guarantees regarding the free practice of religion.

The Hanford Site contains a rich diversity of known Cultural resourcescultural resources. Because the Site has been closed to the

public for over 50 years, Cultural resourcescultural resource sites have been provided more relative protection than other sites in the
Mid-Columbia Basin.

4.8.1 Historical Resources
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DOE has determined that the 236-Z Building (PRF), the Remote Mechanical A Line (RMA)RMA Line portion of the 234-5Z
Building (PFP), the 2704-Z Administration Building, and the 231-Z (Plutonium Metallurgy Facility), are eligible for inclusion in the
National Register of Historic Places. The 234-5ZA South Annex, the 242-Z Waste Treatment Facility, the 291-Z Stack, the 2701-ZA
Central Alarm Station, the 2736-Z Primary Plutonium Storage Facility, the 2736-ZA Annex and the 2736-ZB Support Facility are
associated properties, located within the PFP Facility and are also eligible for inclusion in the National Register of Historic Places
(MOA, 1996). These structures are eligible due to their relation to the Manhattan Project, the Cold War, and historical industrial
processes.

4.8.2 Archaeological Resources

The locations related to the PFP Stabilization EIS have been previously subjected to archaeological surveys. These surveys were
conducted either for this or other projects on the Hanford Site. No archaeological resources were identified from these investigations
(Chatters and Cadoret, 1990).

4.8.3 Native American Concerns

No natural featuresin the vicinity of the PFP Facility are considered sacred by Native Americans. However, there are natural features
within the Hanford Site outside the 200 West Area that are considered sacred by members of the Wanapum people, Yakama Indian
Nation, the Confederated Tribes of the Umatilla Reservation, and the Nez Perce Tribe. These landmarks include, but are not limited
to Rattlesnake Mountain, Gable Mountain, Gable Butte, Goose Egg Hill, and many sites along the Columbia River. The tribes have
expressed a desire that cleanup be completed so that genera use of the land and Groundwater within the 200 West Area will be
available within 100 years of Site closure.

4.9 WASTE TREATMENT, STORAGE, AND DISPOSAL CAPACITY

This subsection describes the waste treatment, Storage, and Disposal units that would manage waste generated by the alternatives
described in Section 3. Units that would potentially manage waste generated at the PFP Facility include Hanford Site solid waste
management facilities, the 200 Area Tank Farms200 Area Tank Farms (Double-Shell Tank System), the City of Richland Landfillcity
of Richland landfill, and the 200 Area Treated Effluent Disposal Facility200 Area Treated Effluent Disposal Facility.

4.9.1 Hanford Site Solid Waste M anagement Facilities

Hanford Site solid waste management facilitiesHanford Site solid waste management facilities in