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ABSTRACT

The record of decision' (ROD) (DOE 1988) on the Final Environmental

Impact Statement. Hanford Defense High-Level, Transuranic and Tank Wastes,

Hanford Site, Richland, Naghz‘ggton2 identifies the methed for disposal of

double-shell tank waste and cesium and strontium capsules at the Hanford Site.

The ROD also identifies the need for additional evaluations before a final
decision is made on the dispbsal of single-shell tank waste. At the time of
the ROD, the plan was to pretreat double-shell tank waste at B Plant, an
existing Hanford Site facility. Recent developments in the regulatory area

and increased public interest in the activities conducted on U.S. Department

'DOE, 1988, "Final Environmental Impact Statement for the Disposal of
Hanford Defense High-Level, Transuranic, and Tank Wastes, Hanford Site,
Richland, Washington; Record of Decision,” Federal Register, Vol. 23, No. 72,
pp. 12449-12453, U.S. Department of Energy, Washington, D.C.

2DOE, 1987, Final Environmental Impact Statement, Disposal of Hanford
Defense High-level, Transuranic and Tank Wastes, Hanford Site, Richland,
Washington, DOE/EIS-0113, Vol. 1 through 5, U.S. Department of Energy,
Washington, D.C.
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of Energy sites have made it prudent to reevaluate the facilities, processes,

and timing for pretreatment and disposal of all Hanford Site tank wastes.

This document presents the results of a systematic evaluation of the
present technical circumstances, alternatives, and regulatory requirements in
Tight of the values of the leaders and constituents of the program. It
recommends a three-phased approach for disposing of tank wastes. This
approach allows mature technologies to be applied to the treatment of well-
understood waste forms in the near term, while providing time for the
development and deployment of successively more advanced pretreatment
technologies. The advanced technologies will accelerate disposal by reducing
the volume of waste to be vitrified. This document also recommends
integration of the double- and single-shell tank waste disposal programs,
provides a target schedule for implementation of the selected approach, and

describes the essential elements of a program to be baselined in 1992.

The methodology used to identify the selected approach incorporated the
interests of several stakeholder groups beyond the immediate U.S. Department
of Energy community. The values of the States of Washington and Oregon as
well as the Yakima Indian Nation were considered. This process of stakeholder
involvement, combined with a systematic multiattribute utility analysis,
showed that the selected strategy satisfies a broad range of stakeholder
values and interests. This process also identified further actions that would

increase public support for the overall mission of Hanford Site cleanup.
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EXECUTIVE SUMMARY

BACKGROUND

In accordance with the National Environmental Policy Act of 1969, an
environmental impact statement, the Final Environmental Impact Statement,
Disposal of Hanford Defense High-Level, Transuranic and Tank Wastes, Hanford
Site, Richland, Washington (HDW-EIS) (DOE 1987), was prepared for the
treatment and disposal of the tank wastes stored at the Hanford Site. 'ihe
HDW-EIS was published in 1987, and the associated record of decision (ROD)
(DOE 1988} was issued in 1988.

The ROD places the Hanford Site wastes addressed in this document into
three categories: double-shell tank (DST) waste, single-shell tank (SST)
waste, and cesium and strontium capsules. The following discussion is
illustrated in Figure ES-1.

Under the provisions of the ROD, the first category, DST waste, will be
pretreated to separate it into a high-level and transuranic (TRU) fraction and
Jow-level waste (LLW) fraction. The high-level waste (HLW) fraction will be
processed into a borosilicate glass waste form in the Hanford Waste
Vitrification Plant (HWVP) and stored onsite until a geologic repository is
built and ready to receive it. The LLW fraction will be solidified as a
cement-based grout and disposed of in near-surface vaults. In the ROD,

B PTant is mentioned as the current planning base for the pretreatment
facility.

The ROD deferred a decision on the final disposal of the second category,
SST waste, pending additional development and evaluation (DOE 1988). The
results are to be analyzed and recorded in subsequent environmental
documentation including a supplement to the HDW-EIS. While not specifically
addressing final disposal of SST wastes, the ROD required that the HWVP be
capable of processing Hanford Site SST wastes should a decision be made to
vitrify these materials.

The third category is cesium and strontium capsules, which presently are
stored at the Hanford Site in the Waste Encapsulation Storage Facility. The
ROD recommended this waste be packaged in accordance with waste acceptance
specifications before being shipped to a geologic repository. Regulatory
requirements and recent information on repository waste acceptance
specifications, however, have created the possibility that the capsules might
have to be disassembled, and the cesium and strontium salts introduced into
the high-level feed to the HWVP.

The Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) (Ecology et al. 1990) established a timetable for implementing the
ROD. Major milestones defined in the Tri-Party Agreement included completion
of 14 grout campaigns (September 1994), initiation of B Plant pretreatment
operations (October 1993), and initiation of HWVP operations (December 1479).
A milestone was also established to complete closure of all 149 SSTs
(June 2018).

ix
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Hanford Site Waste Management Program.

Figure ES-1.
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In preparation for disposing of waste in accordance with the ROD,
modifications have been initiated in B Plant to bring it into compliance with
current U.S, Department of Energy (DOE) orders, environmental regulations, and
operational standards. In addition, the HWVP design has progressed to the
point that construction activities can begin in April 1992.

NEED FOR PROGRAM REEVALUATION

The overall objective of the tank waste disposal program is the timely
cleanup of tank waste. Since the original decision to proceed with the waste
disposal mission, several new factors have altered the situation at the
Hanford Site and within the DOE. These factors have made it prudent to
reevaluate present plans for waste pretreatment and disposal. This report
documents the reevaluation and the resulting recommendations.

When the original decision was made to use B Plant and other existing
hanford Site facilities to support the waste pretreatment mission, government
facilities were not subject to hazardous waste Taws, such as the Resource
Conservation and Recovery Act of 1976 (RCRA). As a result, possible
shortcomings with existing facilities were thought to be manageable because
compiiance or equivalency could be demonstrated easily if modifications were
made to address the then known problems. In addition, the decision on
facility requirements, operating procedures, and timing was believed to rest
primarily within the DOE and its congressional interfaces.

Recent developments have placed the DOE waste disposal program at the
Hanford Site under closer public scrutiny and changed the regulatcry
environment in which the DOE and its contractors must function. In addition,
budgetary limitations have increased competition for capital and operating
funding at all of the DOE sites. Thus, the pretreatment (i.e., facility and
process) of the tank waste disposal process has been questioned. Therefore,
not only the facility configuration but also the timing of the entire disposal
program at the Hanford Site is being reevaluated.

Other major factors affecting the reevaluation of the disposal activity
are as follows.

e New construction and operating standards have been implemented for
DOE facilities [e.g., DOE Order 6430.1A (DOE 1989)]. These
standards significantly increase the cost of building, upgrading,
staffing, and operating both new and existing facilities.

* Parties external to the DOE have legally entitled or historically
vested interests in Hanford Site activities. The involvement of
these stakeholders requires that a dialogue be established ar
maintained during both the decision-making and execution phase.. of
the program.

* The Tow probability of bringing B Plant and other existing
facilities into compliance with the new regulatory environment was
highlighted during the Hanfcrd Waste Vitrification Systems Risk
Assessment-Final Report (Miller et al. 1991). This document showed
that one of the most significant risks associated with the waste
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vitrification program was that existing facilities may not be
permitable under the current Washington (State) Administrative Code.
AND DELIVERABLE ITEMS

The objective of this program redefinition is to develop a Hanford
waste disposal strategy that accompiishes the following:

Implements the HDW-EIS (DOE 1987) by producing terminal waste forms
of borosilicate glass and grout

Supports the December 1999 startup date fur HWVP, if achievable

Provides a cost-effective program, while minimizing technical and
schedule risks

Uses mature technology while maintaining flexibility to incorporate
new technology when advantageous tn do so

Focuses the development of new technology to meet program
requirements if existing technology cannot

Provides a robust strategy that can accommodate all Hanford Site
tank wastes and has sufficient technical and programmatic merit to
survive future challenges

Maximizes the satisfaction of stakeholders' values and provides
continuing stakeholder involvement in future program evolution

Provides high confidence in near-term activities while allowing
sufficient time for development of future program needs.

e Items. The deliverable items from this activity include the
which are contained in this document, together with sufficient

backup material to support the conclusions:

A recommended plan as well as a process and feed configuration to
ensure the successful disposal of all Hanford Site tank wastes

A summary prcgram or target schedule that will be confikmed and
baselined within one calendar year of a formal decision

Cost estimates sufficient to distinguish between alternatives and to
provide budgetary support to the fiscal year (FY) 1992 and 1993
budget submittals
Development needs in the following areas:

- Characterization |

- Retrieval

- Pretreatment facilities

Xii
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- Pretreatment process technology
- Low-level and high-level waste disposal technology.

e Identification of key constraints and decision points affecting the
program.

METHCDOLCGY

Alternatives Considered. The program redefinition focused on waste
pretreatment concepts that embodied the previously stated objectives. Sixteen
facility and process alternatives were developed that represent a broad range
of options to accomplish disposal of Hanford Site tank wastes. The
alternatives included the use of existing facilities [DSTs, B Plant,

244-AR Vault, Plutonium-Uranium Extraction (PUREX) Plant], expansion of the
HWVP design to incorporate pretreatment elements, and construction of a new
pretreatment facility (NPF). In conjunction with facility alternatives,
pretreatment processes considered were sludge washing, filtration, ion
exchange, intermediate processes (e.g., leaching of waste constituents
critical to the waste loading in glass), transuranic extraction (TRUEX)
process, and other advanced separation concepts (e.g., strontium extraction,
technetium ion exchange). Candidate wastes for pretreatment included DST and
SST wastes as well as encapsulated cesium and strontium salts. The potential
application of pretreatment processes in the aforementioned facilities is
shown in Figure ES-2. Disposal alternatives for SST and DST wastes were
integrated to establish the scope of facilities and pretreatment processes.
This is necessary to address the entire tank waste inventory at the

Hanford Site. A more comprehensive description of the alternatives is
provided in Section 6.6.

Evaluation of Alternatives. An integrated systems apprcach was used to
evaluate facility and process alternatives for disposal of Hanford Site tank
wastes. The basic steps in this evaluation process are identified in

Figure ES-3. A unique aspect of this evaluation process was the involvement
of stakeholders who are not in the immediate DOE community. This was deemed
nrudent because of the Tri-Party Agreement (Ecology et al. 1990), the
increased awareness and concerns of the DOE activities around the country, and
increased public involvement in Hanford Site activities, The stakeholder
groups involved were the following:

e The States of Washington and Oregon

¢ U.S. Environmental Protection Agency

Yakima Indian Nation

Westinghouse Hanford Company and Pacific Northwest Laboratory

U.S. Department of Energy-Headquarters

U.S. Department of Energy Field Office, Richland.
While not an exhaustive representation of all regional entities who have an
interest in Hanford Site activities, this group was felt to represent a
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Waste Pretreatment Alternatives.

Figure ES-2.
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Figure ES-3.
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Stakeholder involvement
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diverse set of interests such that their values would represent a significant
fraction of the region's interests. It is anticipated that future activities
will involve a significantly expanded stakeholders group.

These six stakeholder groups established and confirmed a set of values
that were used to compare the technical performance of the facility and
process alternatives. These values fell into three general categories:

(1) environmental, health, and safety; (2) techni:al integraticn; and
(3) schedule and cost.

The facility and process alternatives were evaluated by a multiattribute
utility analysis technique. This technique rates the alternative by strength
as defined by the alternatives' performance score against the stakeholders'
attributes and the relative importance of the value as determined by the
stakeholder. A sensitivity analysis was also performed to determine which
stakeholder values had the greatest effect on the resultant alternative
ranking.

In conjunction with the multiattribute utility analysis, a venture
evaluation and review technique was conducted for each alternative. The risk,
including time and confidence level, to the successful application of the
required program element f{e.g., retrieval, pretreatment) was evaluated. The
resultant ranking of alternatives showed a high correlation between those
shown to satisfy stakeholders' values and those with a relatively low degree
of risk to achieve succe. ful tank waste disposal. :

H
From these evaluations, a recommendation was formulated and reviewed by
an independent peer review panel consisting of national and international
experts in the field of radioactive waste management. The comments and
concerns of the review panel have been embodied in the following conclusions
and recommendations.

CONCLUSION

The results of the multiattribute utility analyses showed the
stakeholders place high values on proceeding in a timely manner and being
environmentally sound, safe, cost-effective, technically correct, and
compliant with all applicable laws and regulations.

Technical and regulatory (i.e., programmatic) risks exist for such items
as the development of intermediate and advanced pretreatment technologies,
acceleration of an ROD on a supplemental environmental impact statement
(SEIS), and avaiiability of funding for major capital projects. These risks
can be managed through the adoption of a time-phased approach, based upon
development, demonstration, and deployment of more advanced technologies to
accelerate disposal by reducing the volume of wastes to be vitrified. In the
near term, well understood technologies applied for pretreatment and disposal
of characterized wastes will be used.

RECOMMENDATIONS
The evaluation of facility and process alternatives using the attributes

and values obtained from the stakeholders and subsequent validation by the
independent review panel has produced the following recommended strategy for
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disposal of tank wastes. Continued involvement of stakeholder groups will
build institutional support for the Hanford Site tank waste remediation
program and this strategy.

The principal element of the recommended strategy is the time-sequenced
disposal of tank wastes based on the implementation of pretreatment technology
in three overlapping phases. Flexibility in the program is achieved by the
ability to vary the overlap in adjacent phases consistent with the degree of
success in technology development.

In the near term, mature technologies (i.e., sludge washing and cesium
ion exchange) will be applied to alkaline PUREX Plant wastes to provide early
feed to the HWVP. Early pretreatment will be accomplished in existing DSTs
and/or in new facilities procured with a minimum impact to near-term capital
and total program life-cycle costs. This phase uses proven technologies in
which there is a high level of technical and programmatic confidence. With
the use of these technolocies, current research indicates sufficient feed
exists to operate the HWVP without interruption until approximately the
year 2010.

The overlapping intermediate pnase can be initiated upon successful
development and demonstration of more aggressive in-tank pretreatmert
processes. Intermediite-term pretreatment will be ac:omplished either by the
implementation of process technologies for leaching of chemical constituents
critical to the waste loading in glass, and/or by waste blending to reduce the
impact of critical constituents on the number of caristers c¢f vitrified waste
produced. Other approaches to reduce glass canister requirements are under
development. These intermediate processing technologies will be applied to
waste in selected DSTs and will be accomplished primarily in-tank. The
application of intermediate technologies provides the ability to maintain feed
to the HWVP during the development of advanced pretreatment technologies and
potentially the construction of a major NPF, if necessary.

In the long term, pretreatment of tank wastes will be accomplished in a
new facility using advanced separation technologies, such as the TRUEX and
strontium extraction processes, as well as technologies for the destruction of
organic complexants.

The long-term phase overlaps the intermediate phase and has the goal of
completing SST closure by 2018. If all SST waste is assumed to be retrieved,
pretreated, and vitrified or grouted, as appropriate (the conservative case),
the Tri-Party Agreement (Ecology et al. 1990) milestone for closure of SSTs by
2018 will be achieved if the following occur.

e The SEIS and ROD are accelerated and completed in 1996.
e The SST waste is disposed of selectively before the DST wastes.
e An NPF is online by the year 2007.

As a result of these uncertainties, the FY 2018 milestone is considered to be
at risk under the current planning case. Additional work to mitigate this
risk will be conducted during the detailed implementation planning.

Xvii
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Other major elements of the strategy are described as follows.

The B Plant, 244-AR Vault, and other existing Hanford Site processing
plants are exciuded from further consideration as waste pretreatment
processing facilities because of the high risk in achieving environmental
compliance. The B Piant continues to function in support of the Waste
Encapsulation and Storage Facility for capsule storage and pilot-plant
missions until these functions can be transferred to a replacement facility.

The tank waste disposal program will integrate the disposal of DST and
SST wastes. Waste in SST 241-C-106 and possibly waste in other SSTs v:i11 be
retrieved and pretreated as part of the near-term strategy with the goal of
enhancing tank safety. Increased continuity of HWVP operations will be
provided by treatment and vitrification of these wastes. In the long term,
the NPF will have the capability o process both SST and DST wastes.
Integration of the SST and DST waste dispocsal programs allows for optimization
of the pretreatment process and more efficient disposal of both SST and DST
wastes.

The capability to remove cesium from supernatant and sludge-washing
solutions will be inccrporated into the design of the HWVP and will be
available concurrent with the start of HWVP operations. The neutralized
current acid waste (NCAW) contains approximately 80 percent of the radioactive
inventory (i.e., curies of radioactive elements) present in DSTs. The NCAW
supernatant and cludge-washing solutions will contain approximately 40 percent
of the radioactive inventory present in DSTs. FEarly cesium ion exchange is
needed to complete the disposal of NCAW as opposed to the continued interim
storage and handling of the waste.

The start of HWVP construction (site preparation activities) will proceed
in accordance with the current Tri-Party Agreement (Ecology et ai. 1990)
milestone, April 1992. The HWVP radioactive operations will be delayed a
minimum of 15 months to allow incorporation of cesium ion exchange capability
and to fully implement lessons Tearned during the startup and operation of the
Defense Waste Processing Facility.

Major capital expenditures for an NPF will be deferred until HWVP
construction is complete, tank farm operational safety issues have been
resolved, and a decision as tc the number of SSTs to be retrieved has been
made.

The tank waste disposal program will continue with grout as the LLW form
as directed in the HDW-EIS. Technology programs to develop alternative LLW
forms, which could reduce costs or improve waste form performance, will
continue to be evaluated.

The schedule and cost implications of this recommendation are described
in Section 8.0. The major features are described in the following text.
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e The start of the HWVP radioactive operations is delayed a minimum of
15 months because of additional design work needed to incorporate
cesium jon exchange capability. Construction start remains in
April 1992. The construction schedule for the HWVP will be reviewed
as part of the 1992 baseline program planning effort.

e Total cost of the HWVP increases by approximately $200 million
(1991 dollars) because of the added scope.

e The delayed start of HWVP radioactive operations alleviates the
near-term concerns centered around lack of pretreated wastes for
continuous operation.

e Long-term Tri-Party Agreement (Ecology et al. 1990) objectives are
retained, but the milestone date for start of the radioactive HWVP
operations will have to be renegotiated.

e Flexibility is retained in the use of future facilities and
implementation of processes. In addition, considerable fallback
flexibility is retained if process development or facility
consiruction objectives are not achieved.

* Incorporation of SST 241-C-106 as an early source of feed to HWVP
represents an enhancement to the DST waste disposal, SST closure,
~and tank safety programs.

* The early ability to pretreat wastes by in-tank sludge washing and
by cesium ion exchange, and the capability to solidify the high-
Tevel and/or TRU waste fraction as glass and the LLW in grout,
provide the basic processes needed to dispose of tank wastes. The
addition of other technologies, facilities, and processes provides
significant economic benefits and shortens the overall time required
to dispose of tank wastes. In providing these early capabilities,
the selected strategy affords considerable tolerance in allowing
tank waste disposal to proceed despite funding or technology
developmont delays. Waste disposal will be able to proceed while
recovery approaches are developed.

The selected strategy will be implemented and managed through issuance of
a program plan to be baselined in 1992.

FUTURE ACTIONS AND DECISIONS

The recommended strategy implements a time-phased approach that ailows
for work to proceed based upon existing mature technologies while developing
intermediate and advanced technologies for reducing the volume of wastes for
vitrification. The recommended strategy embodies actions needed to begin
processing wastes through HWVP upon its startup. It also allows time for
additional development and characterization work to support future activities.
This strategy represents a balanced schedule approach for remediation of
Hanford Site tank waste. Aggressive budget profiles can be alleviated by
providing a balance between technology development and construction of
vitrification systems (i.e., retrieval, pretreatment, and HWVP). Higher

XiXx
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emphasis on waste characterization and technology development in support of
vitrification systems must be placed during the near term. Section 8.0
describes such an approach.

The technology needs for implementation of the selected strategy are
described in Section 9.0. A technology plan will be prepared and form the
foundation for a comprehensive demonstration of existing treatment concepts
and development of intermediate and Tong-term pretreatment processes. The
technology plan will embody the following:

Additional characterization of all wastes (this will both confirm
present planning of near-term waste remediation and provide data to
develop future facility and process designs)

Retrieval technology development and testing for DST and SST wastes
In-tank sludge-washing demonstration

Intermediate processing development and demonstration

Pilot-scale testing and confirmation of the TRUEX process

Organic destruction process evaluation and testing

Evaluation of alternate LLW forms and treatment concepts to enhance
long-term performance

Evaluation of productivity enhancements to the vitrification system.

Decisions on layout and process configuration of future plants can be
delayed until additional information is available concerning the previously
mentioned issues without adverse impact on schedule. Specific decisions to be
made include the following.

The extent and timing of the recovery of SST wastes is critical to
the future configuration of the program. While sufficient
information exists to proceed now with the disposal of DST wastes,
it will be important to acceierate the SEIS preparation and decision
process for SSTs and tu clarify the documentation necessary to allow
the early recovery and processing of SST wastes being considered for
early HWVP feed.

The extent to which TRUEX or an alternative actinide partitioning
process will be used and when it will be used depends in part on the
performance exhibited by the intermediate processing capability
being developed.

The configuration and need date for an NPF must be finalized.
The number of additional DSTs to be constructed will be determined
in part by the pretrzatment processes used and the quantity of SST

waste to be retrieved, pretreated, and vitrified as well as SST
closure milestone commitments.
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Pretreatment decisions will also be affected by data from the tank safety
program. While these decisions cannot be defined until additional information
is available, they will be critical to continued success. This area will be
monitored and closely integrated with the tank waste remediation program.
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1.0 INTRODUCTION

1.1 OBJECTIVES AND REPORT ORGANIZATION

This document describes the methodology and results of a recently
completed comprehensive engineering study to develop a revised strategy for
pretreatment of Hanford Site tank wastes for final disposal. Pretreatment
involves those processes that convert the waste into two fractions:

o A relatively small volume high-level waste fraction requiring
vitrification and disposal in a geologic repository

o A larger volume low-level waste fraction suitable for incorporation
into a solid grout form, which can be disposed of in onsite near-
surface facilities.

Previously, the strategy for disposal of double-shell tank (DST) waste
assumed that all pretreatment processes would be conducted in the 244-AR Vault
and B Plant. Increased regulatory and operational requirements led to
concerns about conducting an extended campaign in an aging facility such as
B Plant. These concerns coupled with several other factors identified during
the Hanford Waste Vitrification Systems Risk Assessment-Final Report (Miller
et al. 1991) [e.g., budgetary constraints, the immaturity of the proposed
pretreatment technology, the potential for discontinuous operation of the
Hanford Waste Vitrification Plant (HWVP), and the need and desire to
accomplish the strategic objectives (Section 1.4) of the overall Hanford Site
tank waste disposal program, including single-shell tanks (SST)] provided
incentive to reexamine and revise, if necessary, the current strategy for
pretreating DST wastes.

Section 1.0 includes a synopsis of relevant historical information
relating to types and compositions of DST and SST wastes and the evolution of
strategies for pretreating DST wastes. The need for a revised program
strategy is further discussed in Section 1.3, and important objectives of a
revised strategy are listed in Section 1.4.

Section 2.0 provides summary-level description of the work performed and
the conclusions reached.

Section 3.0 provides the recommended strategy.

The remaining sections provide a detailed discussion of study methodology
in selecting and evaluating alternatives as well as plans for implementing the
revised tank waste disposal program.

Section 4.0 outlines the methodology followed in developing and
evaluating a revised strategy for pretreatment of DST waste.

In Section 5.0, those entities and organizations, i.e., U.S. Department
of Energy (DOE), U.S. Environmental Protection Agency (EPA), Washington State
Department of Ecology (Ecology), and members of the public who have a stake in
a revised DST waste pretreatment strategy are identified. Section 5.0 also
1ists and discusses various stakeholder values.

1-1
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Section 6.0 lists and describes alternate reference pretreatiment
processes including solid-1iquid separation, sludge washing, removal of *'Cs
from some liquid wastes, destruction of organic compounds in some 1iquid
wastes, acid dissolution of solid wastes, and removal of transuranic (TRU)
elements from dissolved solid waste. Relevant features and characteristics of
six candidate facilities -- DSTs, 244-AR Vault, B Plant, Plutonium-Uranium
Extraction (PUREX) Plant, an expansion of the HWVP, and a new pretreatment
facility -- for performing some or all of the reference pretreatment processes
are also described in Section 6.0.

In Section 7.0, systematic multiattribute utility analysis methodology is
rigorously followed to evaluate and compare 16 pretreatment facility and
process alternatives. These comparisons include costs, schedules,
pretreatment technology availability and maturity, and accommodation of any
retrieved SST wastes. The procedures lead to the recommendation of the
preferred pretreatment facility and process alternatives. The preferred
alternative identifies constraints and decision points that must be achieved
for successful completion of the disposal strategy.

In Section 8.0, schedules for implementing the selected pretreatment
facility and process strategy are shown. Cost data presented in Section 8.0
also include projected budgetary needs for fiscal year (FY) 1992 and FY 1993.
A Tevel 0 schedule is presented in this document; a baseline schedule will be
provided within one calendar year of a formal decision.

Section 9.0 describes the technology needed to implement the program
objectives and the approach to be used in technology development.

Section 10.0 describes the architecture for the program plan to be used
in managing the redefined program.

Appendix A describes related correspondence. Appendix B describes
history and background. Appendix C describes the defense waste remediation
strategy revision attributes. Appendix D describes the calculation of
environment, safety, and health attributes for DST remediation alternatives.
Appendix E contains the Hanford Site Tank Waste Disposal Program Redefinition
Peer Review Final Draft. Appendix F contains the 1ife-cycle costs for
pretreatment alternatives. Appendix G contains the facility descriptions.

1.2 HISTORICAL BACKGROUND

1.2.1 Waste Tank Systems and Contents

Radioactive waste from previous (1944 to 1988) reprocessing of irradiated
uranium fuel from plutonium production reactors at the Hanford Site is
currently stored in 28 DSTs and 149 SSTs. These tanks, all buried at least
2 m belowgrade, are located in the tank farms in the 200 East and 200 West
Areas of the Hanford Site.

The DSTs (tank-within-a-tank) (Figure 1-1) were gonstructed from 1970 to
1985; all of the DSTs are designed to contaip 3,800 m° of waste. _The older
SSTs include tanks designed to contain 200 m’ (16 tanks), 2,000 m’ (60 tanks),

1-2
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2,900 m® (48 tanks), and 3,800 m® (25 tanks) of waste. A1l the DSTs and SSTs
are constructed of mild steel (high carbon content). The sides and bottoms of
all tanks are supported by concrete structures. Openings in the unsupported
tank domes allow limited access for sampling wastes and for measuring waste
temperatures and liquid levels. An extensive network of buried piping is
provided for transfer of liquid wastes and waste slurries within and between
tank farms.

The total present and future inventory of waste in the DSTs is classified
into five types:

o Neutralized current acid waste (NCAW)--5,300 m®

* Neutralized cladding removal waste (NCRW)--3,300 m® of sludge
« Plutonium Finishing Plant (PFP) waste--970 m* of sludge

» Complexant concentrate (CC) waste--18,200 m’

o Double-shell slurry (DSS), double-shell slurry feeg (DSSF) and
dilute noncomplexed (DN) sa;twe11 wastes--75,700 m° (including the
future 9ddit1on of 35,300 m° DN waste to be evaporated down to
5,300 m” DSSF).

A1l the DST wastes consist of a liquid portion and a solid portion. The
NCAW is the waste that was produced when concentrated acidic PUREX process
high-Tevel waste generated between 1983 and 1988 was made alkaline and stored
in DSTs. An NH,NO; - NH,F solution was used in the PUREX Plant during 1983 to
1988 to dissolve iﬂrca1oy cladding from N Reactor fuel. The NCRW resulted
when the spent cladding waste was made alkaline and stored in DSTs. The PFP
waste resulted when composite acidic waste from the PFP was made alkaline and
stored in a DST. The CC waste has a very high concentration of organic
chelating agents and their degradation products. The CC waste is the
concentrated aqueous raffinate from *°Sr 1iquid-1iquid extraction operations
performed in the 1960's and 1970's. The DSS and DSSF waste is a viscous,
highly alkaline 1iquid waste containing high concentrations of sodium salts
generated from evaporation of dilute Tow-level waste solutions. The DSS
differs from DSSF in that DSS has been evaporated past the aluminate phase
boundary and does not normally separate into sludge and supernatant layers.

The solid portion of NCAW, NCRW, CC waste, and PFP waste all contain
;}oo nCi/g of TRU elements. The NCAW solids also contain >99 percent of the
Sr present in the PUREX process high-level waste; other DST solid wastes do
not contain large concentrations of "°Sr. The NCAW agd CC alkaline waste
solutions contain relatively high concentrations of 'Cs. Because of the
large amounts of organic chelators, alkaline CC 1iquid waste also contains
>100 nCi/g of TRU elements.

Approximately 141,000 m® of wastes are presently distributed among the
149 SSTs. These wastes consisi mainly of two types of solids, sludge and salt
cake. A small amount (2,300 m’) of interstitial liquid is also present.
Sludges consist principally of heavy metal (e.g., iron, chromium, nickel)
oxides and hydroxides. These precipitated when the acidic 1iquid wastes from
the bismuth phosphate (BiPO,), reduction-oxidation (REDOX), and PUREX

1-4
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processes were made alkaline before routing to the SSTs. Many of the SST
sludges also contain significant amouris of aluminum. Salt cake is mainly
composed of water-soluble sodjum salts {e.g., NaNOs, Na,COy, NaNO,, NaOH) that
crystallized when the original highly alkaline 1iquid wastes were evaporated.
Of the SST radionuclide inventory, over %g percent of the uranium, plutonium,
other TRU elements, *°Sr and some of the *Tc are in the sludge, while the salt
cake contains over 99 percent of the 37cs and the rest of the "Tc.

Appendix B provides further detailed information on the origins of DST
and SST waste.

1.2.2 Evolution of Strategy for Disposal
of Tank Wastes

Plans and strategies for final disposal of DST and SST wastes have
evolved over the last 15 yr. Table 1-1 Tists some important chronological
studies, reports, and highlights. Detailed information concerning each of the
items 1isted in Table 1-1 is provided in Appendix B. The following discussion
is 1imited to a summary of the significant strategic considerations that
derive from previous engineering studies and reports.

e Incentive for Waste Pretreatment--Early on, it was recognized that
there was a strong economic incentive to separate tank wastes into a
relatively small volume requiring expensive geologic repository
disposal and a larger volume qualified for disposal in relatively
inexpensive near-surface facilities. A1l following studies have
confirmed and continued to emphasize the need and desirability for
such waste partitioning.

+ Scope of Waste Pretreatment Processes--Over time, waste separations
became known as waste pretreatment. Initially, pretreatment
involved only separation (and washing) Qf solid wastes (sludges)
from alkaline supernatants. removal of *7Cs from NCAW supernatant,
and destruction of organi: complexants in CC waste. Washed s]udges
containing TRU elements and, in some cases, 905y along with 37
from the NCAW were to be immobilized and disposed of in a geologic
repository. Later engineering studies showed that large reductions
in disposal costs could be realized by dissolution of the sludges
and separation of TRU elements from large amounts of associated
nonradioactive constituents. Even later engineering studies have
addressed the need for techpology to remove Tong-1ived *Tc from
some wastes and to remove "“'Cs from other 1iquid wastes.

e Final Waste Forms--From the outset, borosilicate glass, because of
its favorable history in nuclear waste disposal operations, was
chosen as the final form for geologic disposal of undissolved
sludges and concentrated radionuclide fractions. A report
documenting results of an exhaustive evaluation and comparison of
various waste forms for immobilizing Hanford Site tank wastes was
published in Schulz (1980). This work was Ffurther supported by:
(1) an environmental assessment for waste form selection for
Savannah River Plant HLW; (2) the final Defense Waste Production

1-5
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Table 1-1. Significant Events in Evolving Strategy for

Disposal of Double-Shell Tank Wastes.

Date

Event

Reference

1977

First technical report on alternatives for
long-term management of Hanford Site high-
level radioactive waste

ERDA 1977

1980

Follow-on reports on alternatives for
disposal of Hanford Site high-level wastes

RHO 1980a
RHO 1980b
RHO 1980c

1983

Definitive engineering study on disposal of
DST wastes

Schulz et al. 1983

1985

Hanford Defense Waste Disposal Alternatives:
Engineering Support Data for the Hanford
Defense Waste Environmental Impact Statement

RHO 1985

1987

Final Environmental Impact Statement,
Disposal of Hanford Defense High-Level,
Transuranic and Tank Wastes, Hanford Site,
Richland, Washington

DOE 1987

1988

Record of decision on final environmental
impact statement

DOE 1988

1988

Updated assessment of processes and
facilities for pretreating DST waste

Kupfer et al. 1989

1989

Hanford Federal Facility Agreement and
Consent Order signed by DOE, EPA, and Ecology

Ecology et al. 1990

1989

Further updated assessment of DST waste
pretreatment alternatives

WHC 1990

1991

Hanford Waste Vitrification Systems Risk
Assessment-Final Report evaluated risks to
the DST waste disposal baseline and to the
integration of DST and SST programs

Miller et al. 1991

Ecology

DOE
DST

U.S. Department of Energy

Double-shell tank

Washington State Department of Ecology
U.S. Environmental Protection Agency
Single-shell tank.

EPA
SST
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Facility environmental impact statement for the Savannah River
Plant; and (3) an analysis of the terminal waste form selection for
the West Valley Demonstration Projec*. For very much the same
reasons, cementitious grout was quickly accepted as the form for
onsite, near-surface disposal of low-level waste fractions of DST
waste.

Selection of Pretreatment Facilities--The B Plant was equipped and
used in the 1960's and 1970's for separation of some liquid and

$ 1id tank wastes, for ion exchange separation and purificatigp of
37Cs from 1iquid wastes, and for liquid-liquid extraction of "Sr
from dissolved sludge. B Plant's availability and history of
pretreatment operations made it the first choice for future
pretreatment of retrieved DST wastes. Eventually, it was recognized
that some simple pretreatment operations, e.g., solid-liquid
separation and sludge washing could be done in the 244-AR Vault or
directly in the DSTs. Performance of initial waste pretreatment
operations in the 244-AR Vauii or DSTs is advantageous because it
31lows B Plant cell space to be used for other pretreatment process
unit operations (e.g., TRUEX extraction process, sludge
dissolution). The use of larger vessels available in 244-AR Vault
or DSTs reduces the time required to accomplish solid-1iquid
separation and sludge washing.

Environmental Impact Statement and Record of Decision--The record of
decision (ROD) (DOE 1988) on the Final Environmental Impact
Statement, Disposal of Hanford Defense High-Level, Transtranic and
Tank Wastes, Hanford Site, Richland, Washington (HDW-EIS) (DOE 1987)
was published in April 1988. With regard to DST wastes, the ROD,
substantiating results of many previous engineering studies, calls
for the following:

- Retrieval and pretreatment of all existing and future DST
wastes

- Processing of the radioactive high-level waste fraction into a
borosilicate glass in the HWVP

- Solidification of the low activity waste as a cement-based
grout and disposal in near-surface vaults at the Hanford Site.

The ROD (DOE 1988) remains the controlling policy for disposal of
DST waste.

With regard to the SSTs, the ROD did not define a baseline disposal
strategy, but rather required that additional studies and
evaluations be conducted and that a supplemental environmental
impact statement be prepared at a later date.

Evolution of EPA and DOE Jurisdiction--The EPA is responsiblie for
administering the provisions of the Resource Conservation and
Recovery Act of 1976 (RCRA) and the Comprehensive Environmental
Response, Compensation and Liability Act of 1980 (CERCLA). Wastes

1-7
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falling under the jurisdiction of the EPA include both hazardous
chemical and mixed wastes (i.e., those containing both radioactive
and hazardous chemicals).

In 1986, the DOE agreed that all mixed wastes on DOE sites are
subject to RCRA regulations. In June 1986, in a letter to all

its Hanford Site contractors, the DOE Field Office, Richland
reemphasized the need to comply with RCRA regulations and the need
to characterize all wastes for EPA-listed hazardous chemicals.

In 1987, Region 10 EPA officials delegated authority to Washington
State for management of all mixed wastes on the Hanford Site. In
February 1988, serious negotiations began among the DOE, EPA, and
Ecology on a mutual agreement on cleanup of the Hanford Site waste.

* Hanford Federal Facility Agreement and Consent Order--In May 1989,
the DOE, EPA, and Ecology signed the Hanford Federal Facility
Agreement and Consent Order (Tri-Party Agreement) (Ecology et al.
1990) which establishes enforceable milestones for specific cleanup
actions identified in the ROD (DOE 1988). One of these milestones,
"Initiate HWVP Operation by December, 1999," is of great importance
and impact in formulating a revised strategy for pretreatment of DST
wastes.

1.3 NEED FOR REVISED DOUBLE-SHELL TANK
WASTE PRETREATMENT STRATEGY

The current strategy (Section 1.2) for pretreatment of DST wastes
involves performance of the reference set of pretreatment operations in
B Plant and, in some cases, in the 244-AR Vault on a schedule consistent with
a December 1999 start of radioactive operations in the HWVP. Several separate
forces have now converged in a manner to require development of a revised
strategy for pretreatment of DST wastes.

1.3.1 B Plant Viability Issues

The questionable viability of B Plant for a long-term waste pretreatment
mission is a principal force behind a revised DST waste pretreatment strategy.
Even with planned upgrades, the 40-yr-old B Plant may not meet current
Washington State standards for facilities for treating mixed wastes and,
therefore, may not receive the necessary operating permits and approvals.
Thus, alternative facilities to conduct DST waste pretreatment operations must
be identified and evaluated.

1.3.2 December 1999 Hanford Waste Vitrification
Plant Startup Date and Feed Continuity

If technically and economically justifiable, the Tri-Party Agreement
(Ecology et al. 1990) .milestone for a December 1999 startup of the HWVP still
must be met. Any revised strategy for DST waste pretreatment must provide for
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an adequate supply of feed to allow the HWVP to start in December 1999 and to
continue operating without excessive interruptions caused by a lack of
pretreated wastes.

1.3.3 New Stakeholder Interests and Concerns

The current strategy for pretreatment of DST waste was formulated and
adopted before the signing of the Tri-Party Agreement. There is a need for a
revised strategy that addresses all interests and concerns of the original
stakeholders and of those groups whe through either recent legal action or
unchanneled public interest now have a legitimate involvement in the
development and execution of plans at the Hanford Site.

1.3.4 Integrated Double-Shell Tank and Single-Shell Tank
Waste Pretreatment Operations

In the future, it may be necessary to retrieve wastes from at least some
of the SSTs and pretreat them for final disposal. A revised strategy for
pretreating DST wastes needs to take into account the economic and technical
advantages of facility and process alternatives that allow for pretreatment of
DST wastes and all or part of the SST wastes.

1.3.5 Pretreatment of Double-Shell Slurry and
Double-Shell Slurry Feed Waste

In the current strategy for pretreatment of DST wastes, DSS and DSSF will
be disposed of in cementitious grout form without undergoing any pretreatment.
A revised DST waste pretreatment strategy must address the needs and benefits
of additional radionuclide removal from DSS and DSSF before disposal.

1.3.6 Budgetary Realities and Constraints

For many years, requests for financial resources, particularly funds for
capital projects, have far exceeded the amounts available in the DOE fiscal
budgets. This situation is expected to continue into the foreseeable future.
These budget constraints and realities are key input to the evaluation of
facility and process alternatives for pretreating DST waste.

1.4 PROGRAM REDEFINITION OBJECTIVES

A revised strategy for DST waste pretreatment must address, as a first
priority, concerns about the viability of B Plant for long-term continued use.
The redefined program should also retain and/or incorporate other strategic
elements and objectives, the basis and importance of which are well recognized
from previous studies and experience. These other strategic elements and
objectives are addressed in the following sections.

1-9
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1.4.1 Provisions of the Final Environmental
Impact Statement .

The HDW-EIS (DOE 1987) and the accompanying ROD (DOE 1988) still
represent official DOE policy and plans for disposal of DST wastes. The
redefined program for pretreatment of DST waste still must specify production
of borosilicate glass and cementitious grout as finil waste forms.

Composition, amounts, and other features of SST waste were noted in
the HDW-EIS. But, an ROD concerning final disposal of waste in each of the
149 SSTs was not made. Instead, the HDW-EIS stated that decisions relating to
disposal of the SST waste would be made in a supplemental environmental impact
statement. The Tri-Party Agreement (Ecology et al. 1990) requires that a
draft of the supplemental environmental impact statement be available for
review in June 2002 and a closure plan be approved in December 2003. Issues
related to facility and process alternatives for pretreatment of both DST and
SST waste were noted in Section 1.1.

1.4.2 December 1999 Hanford Waste Vitrification
Plant Startup

Startup of the HWVP in December 1999 is a highly visible and important
milestone identified in the Tri-Party Agreement (Ecology et al. 1990).
A revised DST waste disposal program must determine if the December 1999
startup date can still be justified and, if so, how to meet it. The key issue
is to ensure an adequate and reliable supply of feed to the HWVP both for
startup and continuous operation, thereby effectively using the facility and
reducing overall program expenditures.

1.4.3 Cost Effectiveness

A revised strategy for pretreatment of DST wastes should be cost-
effective. To be cost-effective, a revised strategy should, wherever
possible, employ mature and proven pretreatment technologies and yet also be
flexible enough to adopt and incorporate new technology where required or
appropriate. Where existing pretreatment technology is inadequate,
development of new technology should be directed to processes that contribute
significantly to reduced costs and improved efficiency and safety.

As expected, economic analyses clearly show that it is highly cost-
effective to use the same facility to pretreat DST wastes and any retrieved
SST wastes. This economic factor must be included in the program redefinition
for pretreatment of DST wastes. In addition, pretreatment and disposal
strategies must ensure that the resultant inventory of glass canisters is kept
to the minimum allowed by applicable and planned technology.

1.4.4 Survivability

Because of the long time to implement and complete them, all plans and
strategies for pretreatment and disposal of DST wastes are vulnerable to .
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changes in regulatory, social, and financial conditions and assumptions.
Regulatory and financial changes in planning bases are inevitable and must be
recognized at the outset.

A desirable and worthwhile goal is to devise a program for pretreatment
of DST waste that will be sufficiently robust con its own merits to survive
over long periods of time, even though minor adjustments to accommodate
various changes will likely be necessary from time to time.

1.4.5 Stakeholder Confidence

Technicil and financial considerations not withstanding, the most
important aspect of a redefined tank waste disposal program is that, to the
maximum extent possible, the stakeholders contribute to it, believe in it, and
support it.
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2.0 SUMMARY OF ALTERNATIVES ANALYSIS

2.1 PROGRAM NEEDS AND ALTERNATIVES

Since 1988, U.S. Department of Energy (DOE) sites and facilities have
come under the jurisdiction of the Resource Conservation and Recovery Act of
1976 (RCRA). The use of existing facilities, such as B Plant, is being
questioned because of the potential inability to comply with the design and
operational requirements of this law and DOE orders.

To address these concerns and other concerns raised in the recent Hanford
Waste Vitrification Systems Program Risk Assessment-Final Report (Miller
et al. 1991), 16 facility and process alternatives for the pretreatment of
tank wastes at the Hanford Site were developed and assessed. These
alternatives were evaluated based on their perceived 1ikelihood for meeting
all or most of the objectives for a revised program strategy as discussed in
Section 1.0. The specific areas of concern together with associated
mitigating actions are discussed in Section 7.9.

The record of decision (ROD) (DOE 1988), resulting from the Final
Environmental Impact Statement, Hanford Defense High-Level, Transuranic and
Tank Wastes, Hanford Site, Richland, Washington (HDW-EIS) (DOE 1987), required
that additional development and evaluation be conducted to determine whether
single-shell tank (SST) wastes would be disposed of in-place or whether some
(or all) SST wastes would be retrieved and processed. Decisions relating to
the disposal of SST waste would be documented in a draft supplemental
environmental impact statement (SEIS) to be issued before June 2002. Assuming
that the ROD will be to retrieve and process some or all of SST wastes,
pretreatment alternatives for both SST and double-shell tank (DST) wastes were
integrated into the_ 16 facility and process alternatives.. The SST wastes
consist of 89,000 m> (24 Mgal) of salt cake, and 48,000 m* (13 Mgal) of
sludge.

Two reference processing alternatives were considered for DST wastes:

o Separation of solids or sludges from supernatants and washing the
solids with water to remove soluble salts

e Solid-liquid separations followed by sludge dissolution and removal
of transuranic components from acidic waste solutions using the
transuranic extraction (TRUEX) process or a comparable actinide
partitioning process.

NOTE: Throughout this report, the term TRUEX process should be
understood to mean either the TRUEX process or equivalent actinide
partitioning capability.

In addition, organic complexants in complexant concentrate (CC) waste
supernatant must be decomposed (e.g., complexant destruction) and B37Cs must
be removed from neutralized current acid waste supernatant and CC supernatant
for the solid washing and TRUEX process alternatives.

2-1
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Intermediate processing methods for DST and select SST wastes were also
considered. These processes represent an intermediate position between simple
water washing of sludges, and sludge dissolution followed by TRUEX Erocess
operation. Candidate intermediate processes include selective leaching of
chemical constituents critical to the waste loading in glass and blending of
wastes. Other intermediate processes were also addressed.

Because of the large volume of glass and the resulting adverse economic
impact that would result from pretreating all SST waste using the sludge-
washing process, the TRUEX process was evaluated as the reference alternative
for SST waste pretreatment.

The pretreatment facility alternatives considered include those already
eiisting at the Hanford Site, specifically B Plant, the 244-AR Vault, the
Plutonium-Uranium Extraction (PUREX) Plant, and existing DSTs. Potential new
facilities are also considered including an expansion of the Hanford Waste
Vitrification Plant (HWVP) and a new pretreatment facility (NPF).

The 16 facility and process alternatives are shown in Table 2-1. Each
alternative is described in detail in Section 6.0, and the comparative
analysis of alternatives is discussed in Section 7.0.

2.2 METHODOLOGY

To evaluate the complex data involved with the analysis of alternatives
and to ensure that parties having legally entitled interests in waste disposal
and restoration of the Hanford Site (i.e., stakeholders) were involved,
processes that have not been used extensively in the DOE community before were
used. The methodology employed is shown in Figure 2-1 and involves six basic
steps.

Step 1 Alternative solutions were developed and described in uniform
terms for comparison.

Step 2 Decisjon attributes (i.e., essential criteria on which the
decision will he based) were developed. The attributes were
developed jointly with the parties that have legally entitled
interests (i.e., stakeholders).

Step 3 Each alternative was scored against the decision attributes by
a panel of experts knowledgeable on the various program issues.

Step 4 Independent of the scoring process, the stakeholders ranked the

attributes from most to least important and a weight was
assigned to each attribute.

2-2
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Table 2-1. Process and Facility Alternatives. (sheet 1 of 2)
h ; %lass
Short-form canisters
Number description Description from DST
wWastes
1 244-AR Vault/ Neutralized current acid waste sludge washing in 1,340
B Plant with TRUEX 244-AR Vault, cesium ion exchange and filtration in
(risk assessment 8 Plant, TRUEX process and organic destruction in
basel ine) 8 Plant
2 DST/B Plant with Neutralized current acid waste sludge washing in DST, 1,340
TRUEX cesium fon exchange and filtration in B Plant; TRUEX
process, and organic destruction in B Plant
3 DST/B Plant Neutralized current acid waste and Plutonium 10,380
without TRUEX Finishing Plant sludge washing in DST, cesium ion
exchange and filtration in B Plant, neutralized
cladding removal waste sliudge washing, and CC waste
cesium ion exchange and organic destruction in
B Plant
4 DST/NPF with TRUEX | Neutralized current acid waste sludge washing in DST 1,340
(supernatant stored) cesium jon exchange and
filtration in an NPF, TRUEX process and organic
destruction in an NPF
S DST/Intermediate Neutralized current acid waste and Limited CC sludge 2,090
processing/NPF washing in DST (supernatant stored), Plutonium
with TRUEX Finishing Plant chrome leaching in DST, cesium ifon
exchange and filtration in NPF, TRUEX process, and
organic destruction in NPF
6 DST/NPF without Neutralized current acid waste and Plutonium 10,380
TRUEX Finishing Plant sludge washing in DST (neutralized
current acid waste supernatant stored), cesium ion
exchange and filtration in NPF, neutra(ized cladding
removal waste sludge washing and CC waste cesium ion
exchange and organic destruction in NPF
7 DST/Intermediate Neutralized current acid waste sludge washing in DST 4,080
processing/NPF (supernatant stored), Plutonium Finishing Plant
without TRUEX chrome leaching in DST, cesium ion exchange and
filtration in NPF, neutralized cladding removal waste
and CC sludge washing in NPF, CC chrome leaching and
organic destruction in NPF
8 DST/PUREX Plant Neutralized cu'rent acid waste sludge washing in DST, 1,340
with TRUEX cesium ion exchange and filtration in PUREX Piant,
TRUEX process and organic destruction in PUREX Plant
9 DST/PUREX Plant Neutralized current acid waste and Plutonium . 10,380
without TRUEX Finishing Plant sludge washing in DST, cesium jon
exchange and filtration in PUREX Plant, neutralized
cladding removal waste sludge washing and CC cesium
jon exchange and organic destruction in PUREX Plant
10 DST/HWVP without Neutralized current acid waste and Plutonium 10,380
TRUEX Finishing Plant sludge washing in DST, cesium ion
exchange and filtration in HWVP, neutralized cladding
removal waste sludge washing and CC waste cesium ion
exchange and organic destruction in HWVP
1 DST/8 Plant/NPF Neutralized current acid waste sludge washing in DST, 1,340
with TRUEX cesium ion exchange and filtration in B Plant, TRUEX
process and organic destruction in NPF, CC waste
cesium ion exchange in NPF
12 DST/B Plant/NPF Neutralized current acid waste and Plutonium 10,380

without TRUEX

Finishing Plant sludge washing in DST, cesium ion
exchange and filtration in B Plant, neutralized

cladding removal waste sludge washing and CC waste
cesium ion exchange and organic destruction in NPF

2-3
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Table 2-1. Process and Facility Alternatives. (sheet 2 of 2)
Short- f %lass
ort-form canisters
Number description Description from DST
wastes
13 DST/HWVP/NPF with Neutralized current acid waste sludge washing in DST, 1,340
TRUEX cesium fon exchange and filtration in HWVP, TRUEX
process and organic destruction in NPF
14 DST/Intermediate Neutralized current acid waste sludge washing in DST, 1,770
processing/HwWVP/ cesium fon exchange and filtration in HWVP, Plutonium
NPF with TRUEX Finishing Plant chrome leaching and limited CC sludge
washing in DST, TRUEX process and organic destruction
in NPF
15 DST/HWVP/NPF Neutralized current acid waste and Plutonium 10,380
without TRUEX Finishing Plant sludge washing in DST, cesium ion
exchange and filtration in HWVP, neutralized cladding
removal waste sludge washing and CC cesium ion
exchange and organic destruction in NPF
16 NPF with TRUEX All pretreatments in NPF 905
CC = Complexant concentrate
DST = Double-shell tank
HWVP = Hanford Waste Vitrification Plant
NCAW = Neutralized current acid waste
NCRW = Neutralized cladding remival waste
NPF = New pretreatment facility
PFP = Plutonium Finishing Plant
PUREX = Plutonium-Uranium Extraction
TRUEX = Transuranic extraction.
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Step 5 The alternatives were then evaluated using a multiattribute
utility (MAU) analysis technique that produced an overall .
ranking of the alternatives. This ranking was according to
alternative attribute scores and the relative importance weight
assigned to each attribute. A sensitivity analysis was also
performed in this step by varying the weights of the attributes
to determine over which ranges various alternatives were
dominant.

Step 6 From the information in Step 5, the parties responsible for the
decicsion formulated a recommendation, which was evaluated by a
peer review team for validation or modification.

2.3 ASSESSMENT OF STAKEHOLDER VALUES

Because several parties were involved in the Hanford Federal Facility
Agreement and Consent Order (Tri-Party Agreement) (Ecology et al. 1990) and
also because of heightened public awareness, a decision was made t> involve
the major parties in the decisions concerning the program redefinition for
Hanford Site tank wastes. Several stakeholders outside of the DOE were
involved in the decision-making process. While this is not an extensive set
of the possible stakeholder groups, it is believed that the divergent values
held by this group are reflective of the range of values held by the majority
of possible stakeholder organizations. The stakeholder groups involved were
as follows:

» The States of Washington and Oregon .

e U.S. Environmental Protection Agency

Yakima Indian Nation

Westinghouse Hanford Company and Pacific Northwest Laboratory

U.S. Department of Energy-Headquarters
e U.S. Department of Energy Field Office, Richland.

Stakeholder values and decision attributes were solicited through a
series of informal meetings. The detailed aevelopment of the stakeholder
values is discussed in Section 5.0. The resultant set of decision attributes
is shown in Table 2-2 along with the relative weights that each stakeholder
group assigned to each attribute. This table shows how important each group
feels an attribute is relative to the group's values. This information,
together with the analysis of the performance of each facility and process
alternative relative to each attribute, was evaluated in the MAU analysis
model. Thus, the strength of the alternatives was assessed to provide the
decision-making team the information needed to understand the impacts of
differing stakeholder group preferences on the overall ¢~ “rability of the
alternatives. Note that the Washington State Department ot Ecology (Ecology)
data have not been reviewed and confirmed by Ecology. The Ecology's data are
preliminary and are used for comparison only. .

2-6
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Table 2-2. Decision Attributes.
Stakehokder Weights
WEIGHTS Swing Weight Range
Attribute Description WHC/PNL WDOE Yakima  DOE-RL Best Worst
CONTRIBUTION TO MISSIONS
Stored Irradiated Fuel 0.09% 0.00% 0.00% 0.46% 100 0
Contribution to SST Mission 861% 1220%  6.08% 4.56% 100 0
Cs & Sr Capsules 0.00% 000%  0.00% 0.00% NA NA
TECHNOLOGY ASSURANCE
Maturity 2.87% 439%  9.12% 3.19% 100 0
Adaptability 2.87% 488%  4.56% 3.19% 100 0
Reliability 2.87% 244%  091% 3.19% 100 0
HWVP Downtime (mornths) 4.10% 0.49% 0.91% 1.28% 0 144
PUBLIC HEALTH AND SAFETY
Rad Accident-Public 1.15% 1.06% 0.01% 0.36% 0 1
Nonrad Accident-Public 0.23% 1.06%  0.01% 0.36% 0 1
Transport Rad Routine-Public 1.15% 1.06% 0.00% 0.37% 0 1
Transport Rad Accident-Public 3.44% 3.18%  0.04% 1.08% 0 3
Transport Nonrad Accidert-Public 0.23% 1.06%  0.01% 0.36% 0 1
WORKER HEALTH AND SAFETY
Rad Routine-Worker 057% 1.06%  0.05% 0.72% 0 1
Nonrad Chem Accident-Worker 0.06% 1.06% 0.03% 0.36% 0 1
Rad Accident-Worker (Rem) 0.29% 2.12% 0.03% 0.36% 0 2
Nonrad ind Accident-Worker 0.69% 1273%  0.30% 4.33% 0 12
ENVIRONMENT
Routine & Nonroutine Effluents 5.74% 8.71% 1.52% 4.10% 100 0
Solid Waste 1.15% 6.10% 30.39% 4.10% 20 200
Number of Grout Vaults 1.15% 436% 30.38% 0.04% 35 50
Number of Glass Canisters 11.48% 4.36% 3.04% 4.10% 500 11000
Land Use 0.11% 0.87% 3.04% 0.04% 0 35
SCHEDULE AND COMPLIANCE
Compliance 5.74% 428% 547% 1590% 100 0
HWVP Start Date 1148%  428%  0.03% 3.19% Dec-99  Oct-2008
SST Closure Date 5.74% 428% 2.74% 0.32% 2018 2021
DST Completion Date 5.74% 2.14% 0.27% 0.32% 2010 20T4
SST Compietion Date 5.74% 214%  0.27% 0.32% 2041 2065
COST
DST $93 (billions) 5.74% 531% 030% 20.52% 10 20
COST PROFILE
Average Annual % Increase 7.18% 1.06% 030% 0.00% 25.00% 45.00%
Max. Ann. Site Budget Increase ? 87% 213% 0.02% 20.52% 5.00% 15.00%
COMMUNITY AND ECONOMY
Community Economic Impact 0.92% 1.20% 0.15% 2.28% 0 4000
TOTAL SCORE 100.00% 100.01% 99.99% 99.98%
HEALTH AND SAFETY 781% 2439%%  048% 8.30%
ENVIRONMPNT 1963% 2440% 68.38% 12.38%
COMMUNITY AND ECONOMY 0.92% 1.20% 0.15% 2.28%
SCHEDULE & COMPLIANCE 3444% 1712% B8.78% 20.11%
CONTRIBUTION TO MISSIONS 8.70% 1220%  6.08% 5.02%
TECHNOLOGY ASSURANCE 1271% 1220% 1550% 10.85%
COSsT 5.74% 5.31% 030% 20.52%
COST PROFILE 1005% 3.19%%  032% 2052%
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The final step of the stakeholder involvement process derived weights for
the decision attributes. Not all of the original stakeholder groups
participated in thi< final step. Representatives from Ecology; the Hanford
Site contractors; DOE Field Office, Richland; and the Yakima Indian Nation
participated in this effort.

2.4 ANALYSIS OF FACILITY AND PROCESS ALTERNATIVES

The decision attributes for evaluating the alternatives were divided into
three categories. The categories were environmental, safety, and health
(ES&H); technical integration; and cost and schedule. The performance of the
alternatives in these areas is summarized in the following text.

2.4.1 Environmental, Safety, and Health

The ES&H impacts portion of the evaluation consisted of measuring four
individual attributes: public health, environmental impacts, worker safety,
and compliance with regulations. The first attribute, public health, was used
to measure the impact of the facility and process alternatives on the general
population. The second attribute, environmental impacts, was used to measure
the impacts to the environment on the following:

* Routine and nonroutine effluents

e Amount of solid waste generated

* Number of grout vaults required for disposal of Tow-level waste
* Number of glass canisters required

e Incremental land use

* Potential incremental SST leakage.

The third attribute, worker safety, measured the occupational health and
safety impacts to the work force. The fourth attribute, compliance with
regulations, measured the probability of obtaining compliance for each of the
alternatives. The following are the results of the ES&H impacts assessment.

Public Health (First Attribute)--Traffic accidents resulting from
transporting high-level waste glass canisters had the most impact on the
number of fatalities. Because alternatives using the TRUEX process resulted
in the Teast number of canisters, these alternatives were more favorable.

Environmental Impacts (Second Attribute)--Regardless of the process
selected, the minimum number of grout vaults (38) occurs when using new
facilities for processing DST waste. The number of grout vaults and new
facilities were the most significant factors in measuring incremental land
use.
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The alternatives using the TRUEX process result in only 13 percent as
many glass canisters as alternatives that do not use the TRUEX process.
Alternatives using new facilities would delay the start of SST pretreatment by
5 yr, increasing the potential for additional leakage from SSTs.

There was significant change in actinide levels across the various
processing alternatives. During the dissolution cycle in TRUEX processing,
some radionuclides in the sludge (e.g., strontium) will dissolve and become
part of the TRUEX feedstream. These radionuclides are not removed by the
TRUEX process and become part of the low-level wastestream to be disposed of
in grout. As a result, alternatives using the TRUEX process result in 3.5
times more strontium in the low-level wastestream. However, the grout waste
form will meet criteria for Class C low-level waste as defined in 10 CFR 61
(NRC 1990). Strontium extraction has been demonstrated in laboratory tests
and could possibly be included in a new pretreatment facility to compensate
for this fact.

Worker Safety (Third Attribute)--The most significant impact to worker
safety results from industrial accidents during construction, operation, and
transportation. These dominate all other types of worker fatalities. The
total number of potential fatalities ranged from 6.5 to 11.7, with the
%reatest number of potential fatalities resulting from the construction of new

acilities.

Compliance with Regulations (Fourth Attribute)--This attribute measures
the difficulty and uncertainty in obtaining compliance with Federal, State,
Tocal, and contractor requirements. A scale was constructed to measure the
difficulty and uncertainty in obtaining compliance. Although the DSTs are
thought to be compliant, there is some risk that the support systems will need
upgrades to comply with the RCRA. The use of newer facilities increases the
Tikelihood of obtaining compliance.

2.4.2 Technical Integration

The technical integration portion of the expert evaluation process
evaluated seven individual attributes that were collected into two major
groups. The first group, contribution to other programs, consisted of four
attributes:

e Ability of the alternative to process fuel currently stored at the
Hanford Site

e Ability of the alternative to process and blend the cesium and the
strontium capsules with other high-level waste for vitrification in
the HWVP

¢ Contribution of the alternative to the SST disposal program

e Ability of the alternative to contribute to the near-term resolution
of the tank safety problems.
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The second group, technical assurance, consisted of three attributes:
* Maturity
e Adaptability
o Reliability.

The following significant points were found as part of the technical
integration expert evaluation.

Process Stored Fuels--All the alternatives can process the stored
irradiated fuel except those that use the PUREX Plant for pretreatment
processing. The instaliation of pretreatment precessing into the PUREX Plant
will remove all or part of the fuel processing capability. The other
alternatives will not preclude the use of the PUREX Plant for N Reactor fuel
processing.

Process Cesium and Strontium Capsule Wastes--The alternatives that
upgrade B Plant and use it for pretreatment processing were judged as being
fully capable of incorporating the cesium and strontium capsules into the HWVP
feedstream. The alternatives that did not retain B Plant as an operating
facility were judged to require a new Waste Encapsulation and Storage Facility
(WESF) support facility for incorporating the cesium and strontium capsules
into the HWVP feedstream.

Contribution to SST Waste Disposal--Because an advanced pretreatment,
such as the TRUEX process, was deemed essential for the SST waste disposal
mission to keep cost and schedule within practical limits, all non-TRUEX
process alternatives were judged as not contributing to the SST mission. The
B Plant and PUREX Plant alternatives with the TRUEX process were judged as
contributing in a limited manner to the SST mission because these facilities
are capable of processing a limited quantity of SST wastes. A1l alternatives
with the TRUEX process in a new facility fully contributed to the SST mission.

Contribution to Resolution of Tank Safety Issues--Although none of the
alternatives make an immediate and direct impact on tank safety, all of the
alternatives will potentially make secondary longer term impacts, such as
processing sludge from high heat tanks and making tank space available for
remediation of tanks having safety concerns and storage of SST waste.

Technical Maturity--A11 of the alternatives possess a mixture of mature
and relatively immature technologies with immature technologies having
sufficient time available for development. Thus, from the technical maturity
attribute point of view, no significant differences are experienced among ail
of the alternatives.

Adaptability--The alternatives employing new facilities trended higher
than those alternatives employing existing facilities in the adaptability
attribute. This is caused by the ability to design new facilities to
accommodate changing technology and requirements.

Reliability--Alternatives employing new facilities are more reliable than
those making use of existing facilities.

2-10
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. 2.4.3 Cost and Schedule Summary

A comparison of the alternatives with respect to schedule and cost
attributes was performed. The schedule attributes were as follows:

o Ability to meet scheduled vitrification start date
e Ability to meet the SST closure date
e DST mission completion
e SST vitrification completion
e HWVP continuity of operations.
The cost attributes were as follows:
e Life-cycle costs for DST mission
e Life-cycle costs for combined DST and SST mission
e Peak annual cost

o Annual percent operating funds increase and annual increase in Site
budget

‘ o Community economic impacts.

Note, to properly evaluate the alternatives, a consistent set of assumptions
was developed to define both cost and schedule constraints. These assumptions
are discussed in detail in Section 7.3. Results of the schedule and cost
comparisons are as follows.

Ability to Meet Scheduled Vitrification Start Date (December 1999),
Tri-Party Agreement Milestone M-03-00--Only alternatives that implement in-
tank (DST) sludge washing in fiscal year (FY) 1997 can provide feed to support
December 1999 vitrificaticn. Thus with the following exceptions, the majority
of the alternatives will support December 1999 vitrification:

o Alternative 1 (baseline) delays vitrification startup approximately
3 yr because of extensive requirements for upgrading 244-AR Vault to
perform sludge washing of neutralized current acid waste

e Alternatives 10, 13, 14, and 15, which use HWVP for pretreaiment,
delay vitrification startup because of impacts of design changes
required to implement pretreatment in HWVP

e Alternative 16 delays vitrification 9 yr because in-tank sludge
washing and intermediate processing are not used. Therefore,
vitrification feed is not available for this alternative until after
startup of the NPF.
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Ability to Meet SST Closure Date (2018) -~ Tri-Party Agreement
Milestone M-09-00--If a draft SEIS results in an ROD in 2003 which recommends
retrieval and processing of SST wastes, the earliest SST closure date is 2025.
This assumes that the TRUEX process in an NPF is used to pretreat SST waste.
Accelerating the ROD to FY 1996 could allow closure by 2018 because an NPF
startup could occur in 2007. However, SST closure by the 2018 Tri-Party
Agreement milestone date requires that disposal of SST wastes be accomplished
before disposal of some DST wastes. These assumptions also minimize the
number of new DSTs required to support tank waste disposal.

DST Mission Completion--Alternatives that use the TRUEX process result in
the earliest DST vitrification completion dates (2010 - 2015) since use of the
TRUEX process results in a relatively small volume of glass to be vitrified.
Alternatives that use all sludge washing will result in the Tatest completion
of vitrification (2032 - 2034) due to the large number of canisters of glass
produced. Approximately 80 percent of the projected design life for HWVP is
used for alternatives that use only sludge washing. Alternatives that combine
intermediate processes with sludge washing complete vitrification
significantly earlier than those that use sludge washing alone. Alternatives
that combine intermediate processes with TRUEX processing complete
vitrification only slightly earlier than those using only TRUEX processes.

SST Vitrification Completion--Assuming that an ROD is completed in 2003
and recommends retrieval and processing of SST waste, the date for complietion
of SST waste vitrification depends on the chosen pretreatment process for DST
waste. If the TRUEX process is selected for DST waste, the SST waste
pretreatment and vitrification mission will be complete in approximately
2045 - 2050. If sludge washing is selected for DST waste, SST vitrification
would not be completed until approximately 2065, which is far beyond the
design life of the HWVP.

A 1996 ROD to retrieve and process SST waste would Tikely result in using
an NPF with TRUEX process capabilities for all DST and SST waste. For this
scenario, vitrification of SST waste would be complete by approximately 2045.

HWVP Continuity of Operation--The DST pretreatment alternatives that use
only sludge washing provide continuous HWVP feed (i.e., no down time) because
of the substantial volume of waste to be vitrified. Significant vitrification
down time occurs for alternatives that use the TRUEX process (approximately
70 - 120 months) since TRUEX operations do not commence until FY 2007 in an
NPF, and FY 2004 in B Plant or PUREX Plant. However, strategies can be
employed for increasing vitrification continuity for the TRUEX process
alternatives by vitrification of washed sludge wastes that are not good
candidates for the TRUEX process (e.g., DST 241-AY-101) and selected SST
wastes (e.g., sludge in SST 241-C-106). Some penalty would result however,
from increased vitrification and disposal costs. Alternatives that combine
intermediate processing with an NPF that uses the TRUEX process will result in
1$ss vitrification down time than alternatives that use the TRUEX process
alone.

Life-Cycle Costs for DST Mission--Cost estimates are preliminary and are
presented for comparison only. The DST mission costs for alternatives that
use the TRUEX process range from $9 to $12 billion dollars and are $2 to
$6 billion less than alternatives that use sludge washing due to increased
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costs associated with extended vitrification operations and glass canister
disposal for the sludge washing alternatives. Costs for alternatives that use
existing facilities are $2 to $3 billion less than those using a new TRUEX
facility. Use of intermediate processing in combination with sludge washing
can potentially reduce disposal mission costs up to $4 billion dollars
compared to sludge washing alone. The costs for alternatives using
intermediate processing in combination with a TRUEX NPF are slightly higher
than for those using the TRUEX process alone.

Life-Cycle Costs for Combined DST and SST Mission--Cost estimates are
preliminary and are presented for comparison only. Life-cycie costs for a
combined DST and SST mission range from approximately $38 to $48 billion
dollars. Use of the TRUEX process in an NPF is assumed for pretreating the
SST waste. The lowest costs are achieved ($38 to $40 billion) if both DST and
SST wastes are treated in an NPF with the TRUEX process. The highest costs
for a combined DST and SST mission (up to $48 billion) would result if the DST
wastes were preocessed using sludge washing rather than the TRUEX process.

If the SST ROD is accelerated to 1996 and retrieval (as opposed to in
situ disposal) is recommended, the total DST and SST mission costs would be
approximately $40 billion because both DST and SST wastes would be pretreated
in a TRUEX NPF.

Peak Annual Cost--Comparison of peak annual cost for 16 facility and
process alternatives provides a measure of the relative achievability of the
alternatives. The concern is that concurrent construction of the HWVP and
pretreatment facilities would demand annual budgets exceeding reasonable
Timits for the Hanford Site. The alternatives that include an NPF show two
annual funding peaks, one in the near term during construction of the HWVP and
a second during construction of an NPF. The near-term funding peak for
alternatives that include an NPF is nominally the same as for the present
baseline (B Plant and the 244-AR Vault), showing that the NPF construction can
be accomplished subsequent to completion of the HWVP construction without
penalty to other optimal attributes.

Annual Percent Operating Funds Increase and Maximum Annual Increase in
Site Budget--These cost attributes are another measure of achievability for
the 16 alternatives. Operating or expense funds are a reflection of staff
levels. Large increases in operating funds may indicate that the required
staffing increases may be unachievable. Increases in operating funds in the
range of 20 percent to 40 percent are considered to be achievable if not
sustained over several years. Increases in both operating and total budget
requirﬁTents in the range of 5 percent to 15 percent are more reasonable and
favorable.

In all alternatives the most significant growth occurs between FY 1992
and FY 1993. This is due, in nart, to the presidential budget (RL 1991) for
FY 1992 being lower than the required case and the need for recovery in
FY 1993, resulting in a "bow wave" effect. Other areas of growth in the
FY 1992 to FY 1993 timeframe are the HWVP project, the grout program, which is
entirely expense funded, and expense funded pretreatment pilot-plant projects.
Alternative 1, using B Plant and the 244-AR Vault, showed peak annual
increases in excess of 60 percent, while alternatives using the PUREX Plant or
putting non-TRUEX pretreatment processes in the HWVP showed peak annual
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increases of about 30 percent. Alternatives employing an NPF had peak annual
increases of about 40 percent. The most significant aspect in evaluating this
attribute is the need to acquire funding and to manage program scope in the
near term.

Community Economic Impact--This attribute measures the impact of plant
construction and operation on the local and regional economy. Positive
benefits can result from increased revenues and employment for the region.
Adverse impacts such as boom-bust cycles can result from large and sudden
swings in employment levels. Large steady flows of business to the community
would be most beneficial.

The specific measure chosen for this attribute is the difference between
the peak construction employment and the average employment during operations.
The latter is measured by the average employment from 2005 to the completion
of the DST pretreatment mission.

The alternatives tend to fall into several groups. Alternatives 6 and 12
(Table 2-1) show the smallest drop in employment, about 2,100 workers.
Alternatives 1, 2, 3, 7, 9, and 10 are slightly worse with a difference of
between 2,400 and 2,800 workers. Alternatives 4, 5, 8, 11, 13, and 14 all
have slightly higher employment drops ranging from about 3,100 to
3,400 workers. Option 16 shows the largest drop in employment, 4,030 workers.

Recent employment fluctuations at the Hanford Site have shown comparable
changes and in some cases greater changes. Between 1981 and 1986 there was a

decline of nearly 10,000 workers at the Washington Public Power Supply System .

reactor construction sites. Nearly half of this decline occurred from 1981 to
1983. Batween 1987 and 1989, Hanford Site employment fell by 2,300 workers.
To fully assess the impact of these changes, one would ideally need to know
the changes that are occurring in other sectors of the regional economy at the
same time. If the drop in empioyment coincides with declines in other
sectors, the overall impact would be much more severe than if other sectors
were growing at that time.

2.4.4 Multiattribute Utility Analysis

An MAU analysis approach was used to combine the technical analysis of
the alternatives with the stakeholder weights. The MAU analysis provides an
overall measure of the relative value of each option given each stakeholder's
expressed preferences. This analysis approach highlights differences in the
preferences for alternatives due to variation in stakeholder values. It also
provides insight into those factors that are most important in the selection
of a preferred alternative.

In general, the stakeholder weights drove the preference for alternatives

to a set with the following features in common:
e Early in-tank sludge washing

* An NPF containing the TRUEX process.



WHC-EP-0475 Rev. 0

These features are common to alternatives 4, 5, 11, 13, and 14. Early
in-tank washing contributes significant value by supporting the earliest
possible startup of HWVP. This supports the Tri-Party Agreement (Ecology
et al. 1990) milestone and the need to establish real progress. This
combination of characteristics also performs the bulk of the waste processing
in newly constructed facilities, thus alleviating potential environmental
compliance problems that can arise with the use of existing facilities. Also,
the potential for unplanned environmental releases or other adverse
environmental impacts is perceived to be lower with the use of new facilities.
Finally, use of the TRUEX process in an NPF supports timely and efficient
completion of the SST mission. Clearly, all of the stakeholder groups placed
a high value on the accomplishment of the entire tank waste disposal mission.
Consequently, the ranking of the alternatives tends to be driven by this
factor: TRUEX-based alternatives are clearly preferred over non-TRUEX-based
alternatives because of the long-term potential to complete the entire tank
waste disposal effort. Also, implementation of the TRUEX process in B Plant
or PUREX Plant is less desirable, in part, because of the inability to size
the process systems to pretreat the additional waste from the SST mission.

Two additional features showed potential for improving this base
strategy:

e Early cesium jon exchange
e Intermediate processing.

Early cesium ion exchange is included in alternatives 11, 13, and 14.
Alternative 14 contains both early cesium ion exchange (in HWVP) and
intermediate processing. This capability enhances DST waste pretreatment
progress, reduces the quantity of radionuclides for disposal in grout, and can
alleviate potential tank space constraints by allowing supernatant and wash
solution to be processed at the grout facility following ion exchange
processing. The additional processing capability protects against failure or
delay in other system components, e.g., deployment of the NPF.

Intermediate processing, in combination with an NPF that uses the TRUEX
process, is included in alternatives 5 and 14. It provides the capability to
pretreat some additional wastes before deployment of an NPF. This feature
helps to accelerate progress and strengthens the bridge to the NPF.
Incorporating this capability also would allow advances in in-tank processing
capability to be adopted. Finally, intermediate processing can mitigate the
effects of potential delays in an NPF or failures in other treatment
processes. In summary, intermediate processing appears to offer many
potential benefits and very few risks. If it does not work, the strategy
reverts back to the base plan using in-tank sludge washing.

The final result from the MAU analysis is the impact of the stakeholder
groups' widely differing concern over the suitability of onsite disposal of
Tow-level waste. This concern and the associated high weight placed on the
number of grout vaults highlights the need to develop processing steps that
will further reduce the mobile constituents in grout. For example, use of
early cesium ion exchange would provide some additional processing capability.
Including this capability in the final strategy would reduce the differences
seen in stakeholder preferences.
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2.5 CONCLUSIONS

The conclusions gained from comparing the alternatives to a set of
established attributes using the MAU analysis, along with input from an
external peer review panel, led to a recommendation of a preferred
alternative. A detailed discussion of the evaluations, conclusions,
recommendations, and a plan for implementation of a preferred alternative are
provided in Sections 7.0 through 10.0 and are summarized in Section 3.0,
"Conclusions and Recommendations."
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ACRONYMS
DST double-shell tank
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LLW low-level waste
NCAW neutralized current acid waste
NEPA National Environmental Policy Act of 1969
NPF new pretreatment facility
ROD record of decision
SST single-shell tank
TRUEX transuranic extraction
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3.0 CONCLUSIONS AND RECOMMENDATIONS

3.1 CONCLUSIONS

The comparative analysis of the key decision attributes for the
16 facility and process alternatives presented in other sections and
summarized in Section 2.0 resulted in several important conclusions.

The preferred alternatives use sludge washing in an existing or new
double-shell tank (DST) to provide early feed for vitrification in
the Hanford Waste Vitrification Plant (HWVP).

Alternatives that use the transuranic extraction (TRUEX) process
result in fewer canisters of glass, reduce disposal costs, and
complete the disposal mission earlier than alternatives that use
sludge washing alone.

A new pretreatment facility (NPF) that includes the TRUEX process is
preferred to the use of existing facilities. An NPF eliminates
environmental compliance issues resulting from the use of existing
facilities and supports the capability to process single-shell tank
(SST) wastes.

Intermediate processes provide flexibility to the pretreatment
strategy by adding the potential to accelerate processing of some
wastes before construction of an NPF. Also, intermediate processes
can potentially reduce the requirements for processes to be
installed in the NPF.

The capability to process neutralized current acid waste (NQAW)
supernatant and wash solutions at an early date to remove "“'Cs by
ion exchange accelerates complete disposal of a DST waste type and
alleviates tank space constraints.

The remediation of SST 241-C-106 through waste retrieval and
transfer not only resolves a priority tank safety issue but also
complements this strategy. Pretreatment and vitrification of this
high-heat waste will eliminate concern over continued Storage and
provide enhanced continuity to vitrification operations in the HWVP.

3.2 RECOMMENDED STRATEGY

The recommended alternative that best supports the conclusions listed in
Section 3.1 is alternative 14 (Table 2-1, Section 2.0). Alternative 14
provides flexibility in the disposal of Hanford Site tank wastes by using a
time-phased approach for implementation of pretreatment technologies.

Figure 3-1 shows a three-phase strategy for implementing alternative 14.
Figure 3-2 shows a target schedule for implementing alternative 14. The three
phases of the recommended strategy are as follows.
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Phased Implementation of Waste Pretreatment.

Figure 3-1.
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Figure 3-2.
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In the near term, mature technologies (i.e., sludge washing and cesium
ion exchange) will be applied to NCAW, waste from tank 241-C-106, and possibly
other chemically and physically similar wastes to provide initial feed to the
HWVP. Initial pretreatment will be accomplished in existing DSTs and/or in
new facilities procured at a minimum impact to near-term capital and total
program life-cycle costs. This phase uses proven technologies in which there
is a high level of technical and programmatic confidence; with the use of
these technologies, sufficient feed exists to operate HWVP for approximately
9 yr, assuming full throughput capacity and melter replacement every 3 yr.

An overlapping intermediate phase can be started after successful
development and demonstration of more aggressive in-tank pretreatment
processes. Intermediate-term pretreatment will be accomplished either by
implementing process technologies for leaching chemical constituents critical
to the waste loading in glass and/or by blending the waste to reduce the
impact of critical components on the number of glass canisters produced, along
with other approaches that may emerge during the development process. These
intermediate processing technologies will be applied to waste in selected DSTs
and primarily accomplished in-tank. The application of intermediate
technologies would maintain feed to the HWVP if the development of advanced
pretreatment technologies or construction of an NPF is delayed.

In the long term, pretreatment of tank wastes will be accomplished in a
new facility using advanced separation technologies, such as the TRUEX process
and organic complexant destruction. Advanced processing will be conducted in
an NPF that could be operational as early as fiscal year (FY) 2007. The final
configuration of this facility does not have to be determined for several
years. The size and cenfiguration of the NPF will depend on several factors
that have to be determined, including the following:

o The extent and timing of SST waste retrieval, to be defined in a
record of decision (ROD) following submittal of a supplemental
environmental impact statement

e Further characterization of both SST and DST wastes
o The success of intermediate process development.

Other major elements of the strategy are described in the following
paragraphs.

Because of the high risk of achieving compliance with environmental
requlations and U.S. Department of Energy orders, the existing B Plant and
244-AR Vault are excluded from further consideration as waste pretreatment
processing facilities. The B Plant continues to function in support of the
Waste Encapsulation and Storage Facility for capsule storage and pilot-plant
missions until these functions can be transferred to a replacement support
facility.

The tank waste disposal program will integrate the remediation of SST and

DST wastes. Waste in tank 241-C-106 and possibly other SST wastes will be
retrieved and pretreated as part of the near-term strategy with the goal of
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enhancing tank safety. In the long term, an NPF will have the capability to
process both SST and DST wastes. Integration of the SST and DST waste
disposal program allows for optimization of the pretreatment process.

The capability to remove cesium from supernatant and sludge washing
solutions will be incorporated into the design of the HWVP and will be
available concurrently with the start of HWVP radioactive operations. This
capability reduces tank space concerns, reduces the quantity of radionuclides
for disposal in grout, provides operational flexibility in the near- and
intermediate-terms, and allows earlier final disposal of NCAW. Early disposal
of NCAW remediates approximately 80 percent of the total radioactivity in DST
waste. If NCAW supernatant is stored until the NPF is available for removing
cesium, approximately 40 percent of the total radioactivity in DST waste would
be disposed of in the early timeframe.

The start of HWVP construction (site preparations) will proceed in
accordance with the current Hanford Federal Facility Agreement and Consent
Order (Ecology et al. 1990) milestone, April 1992. The start of HWVP hot
operations will be delayed a minimum of 15 months to incorporate cesium jon
exchange capability and incorporate lessons learned during startup and
operation of the Defense Waste Processing Facility. The HWVP construction and
startup schedule will be revised as part of the baseline program planning
effort scheduled for 1992.

Major capital expenditures for an NPF will be deferred until HWVP
construction is complete, tank farm operational safety issues have been
resolved, and a decision as to the number of SSTs to be retrieved has been
made.

The tank waste disposal program will continue with grout, as directed in
the Final Environmental Impact Statement, Disposal of Hanford High-Level,
Transuranic and Tank Wastes, Hanford Site, Richland, Washington (DOE 1987), as
the low-level waste (LLW) form. Technology programs to develop alternative
LLW forms that could reduce costs or improve waste form performance will
continue to be evaluated.

The participation of stakeholders outside the immediate U.S. Department
of Energy community, who contributed to the development of this strategy, will
be continued. Future decisions will be made with the assistance of
stakeholders.

In summary, a recommended strategy based on alternative 14 implements
stakeholders' values for accomplishing the objectives of tank waste disposal.
First, the integration of SST and DST waste disposal missions demonstrates
responsible environmental stewardship and full commitment to environmental
restoration by ensuring that the entire inventory of tank wastes are addressed
and considered in a systematic manner. Second, the use of in-tank siudge
washing supports the need to get started, supports startup of the HWVP, and is
cost-effective. Third, the use of advanced processes, such as the TRUEX
process, in an NPF supports timely completion of the entire mission, disposal
of both SST and DST wastes, and also ensures an efficient and cost-effective
approach. These features and use of the HWVP for cesium ion exchange
processing support the environmental and regulatory compliance objectives by
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performing the bulk of the processing operations in new facilities that fully
meet regulatory requirements. Fourth, the inclusion of intermediate
processing and early cesium ion exchange provides the flexibility to
accelerate the processing of some wastes (e.g., alkaline wastes with high
cesium concentration) to further minimize risk to the environment. Finally,
the primary difference among the stakeholder groups is driven by the concern
over the hazardous chemical and radionuclide inventory in the grout vaults.
The selected strategy implements the ROD by proceeding with the disposal of
LLW in grout. This strategy also continues work on the evaluation of methods
to further remove mobile constituents from the grout feedstream and develop
alternative LLW forms with better long-term performance characteristics than
the current grout. The ion exchange process installed in the HWVP reduces the
quantity of radionuclides for disposal in grout and could be used to remove
cesium from double-shell slurry and double-shell slurry feed (LLWs), should
that be required. A major impact on the disposal program would occur if the
HWVP ion exchange process was required to be used to treat all of these LLWs.

3.3 FUTURE DECISIONS AND ACTIONS
Inherent in the strategic plan are future decisions and actions. These

future decisions represent a retention of flexibility in the program because
the ability to incorporate new technology, the addition of operating
experience from the Defense Waste Processing Facility, and the accommodation
of budgetary uncertainty is maximized. The key future decisions are as
follows:

* Acceptance of this strategy

* Location and extent of future pilot-scale work

* Scope and timing of the supplemental environmental impact statement
for SST wastes

* Timing and extent of SST waste retrieval (as noted in Section 2.4.3,
acceleration of the supplemental environmental impact statement and
ROD for SSTs will allow better integration of the DST and SST
disposal missions)

* Extent of intermediate processing to be deployed and the preferred
facility location

* Process requirements and physicai configuration of an NPF

* Determination of additional viable candidate tanks for sludge
washing.

The key future actions are as follows:
* Establish program baseline
* Perform additional characterization of waste in DSTs and SSTs

¢ Complete retrieval development for DST and SST wastes

(73]
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o Confirm the viability of in-tank sludge washing
o Continue development of intermediate processing

o Complete the TRUEX development plan and evaluate alternative (to
TRUEX) processes

e Continue development of the TRUEX process and the required pilot-
scale plants and preparation of regulatory permits (i.e., Clean Air
Act of 1977 and research and development permits)

» Develop process details, facility modifications, process control
hardware, and National Environmental Policy Act of 1969 (NEPA)
documentation to support in-tank sludge washing

» Develop the conceptual design of the NPF and conduct NEPA assessment

o Integrate this strategy with other programs

o Perform a detailed risk assessment of the selected strategy

o Perform an assessment of NEPA actions and timing for the selected
strategy

e Continue development of the LLW disposal strategy

o Ensure waste management and tank farm systems will be capable of
supporting pretreatment and disposal activities

o Continue glass feed specification enhancement work as well as other
vitrification systems enhancement process developments.

3.4 REFERENCES
Clean Air Act of 1977, 42 USC 7401, et seq.

DOE, 1987, Final Environmental Impact Statement, Disposal of Hanford Defense
High-Level, Transuranic and Tank Wastes, Hanford Site, Richland,
Washington, DOE/EIS-0113, Vol. 1 through 5, U.S. Department of Energy,
Washington, D.C.

Ecology, EPA, and DOE, 1990, Hanford Federal Facility Agreement and Consent
Order, Vol. 1 and 2, Washington State Department of Ecology,
U.S. Environmental Protection Agency, and U.S. Department of Energy,
Olympia, Washington.

National Environmental Policy Act of 1969, 42 USC 4321, et seq.
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4.0 METHODOLOGY
4.1 INTRODUCTION

4.1.1 Characterization of the Problem

The disposal of Hanford Site tank waste represents a complex problem that
involves many technical, institutional, and public issues. For the most part,
the wastes are not characterized in detail. There are, however, sufficient
characterization data and knowledge of the waste generation processes to
safely describe a broad range of treatment and disposal methods with a high
confidence of success. The regulatory environment for the tanks, their
contents, and the organizations that deal with them is complex and continuing
to evolve. In addition, a newly heightened public and regional awareness of
all Hanford Site activities, including remediation of the tank wastes, exists.

There are also competing technical considerations that will influence the
remediation of the tank wastes. The need to move quickly and knowledgeably
results from the following:

-« Concern over existing and potential tank leaks

o Operational safety considerations such as the generation of hydrogen
in some tanks and the possibility of reactant chemicals in others

s Decreasing tank space to store wastes that are currently being
generated by ongoing nonproduction activities.

On the other hand, proper development and demonstration of treatment
methodologies and supporting equipment will take time. Facilities to house
future processing operations will take time to construct. Also, continuous
and efficient feéd to the Hanford Waste Vitrification Plant (HWVP) should be
provided in a timeframe that supports the scheduled startup.

4.1.2 Factors Affecting the Decision

Because of the considerations discussed previously, there are a number of
factors that will affect the decisions being made on disposal of the Hanford
Site tank wastes. These are as follows.

o The decision must provide a technically viable method for disposing
of both double-shell tank (DST) and single-shell tank wastes. It
must strike an optimum balance between the short-term needs and the
long-term requirements in such a way as to minimize risks to the
program.

o The decision must provide a plan that remediatas the waste in a safe
manner and that protects the public, environment, and Hanford Site
workers.
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* The disposal process must be conducted in compliance with all
applicable environmental and hazardous waste requirements. Where it
is not possible to comply with the letter of the requirements, a
fully acceptable mitigating strategy must be in place that is
satisfactory to the regulatory agencies.

* The remediation plan must account for the realities of the Federal
budget situation. It cannot place unreasonable demands on the
U.S. Department of Energy (DOE) budget in terms of total funding or
unrealistic rates of growth in resource requirements.

* The tank waste disposal program must be integrated with the overall
Hanford Site waste disposal program to ensure the most efficient use
of the available resources. It must also ensure that the safety and
operational requirements of other programs are fully considered,
preferably complemented and enhanced.

* Program development and execution must involve the stakeholders who
have interests in the activities at the Hanford Site, either through
their legal involvement as regulators or because they live and work
in the immediate area.

4.1.3 Need for a Robust Strategy

The activities at the Hanford Site and other Federal facilities are
conducted in an environment of rapidly changing national priorities. Because
of the frequent changes in Federal management, program management also is
subject to change. Thus, programs are in a constant state of reevaluation and
redirection. For the tank waste disposal program to succeed, two conditions
are necessary. First, the program must possess the technical robustness to
Justify itself on its own merits in the face of changing priorities.
Therefore, it must be well thought out, accomplish the mission efficiently,
and be sufficiently flexible tc incorporate new technology and endure the
impacts of new information or future problems. Second, the program must also
have an organization charged with guiding it through the challenges of the
future. This organization must be sufficiently knowledgeable and experienced
to ensure that the program needs are presented with enough weight behind them
to compete with future priorities. The organization also should communicate
with the non-DOE stakeholders who have an interest in the disposal of wastes
at the Hanford Site.

4.2 ORGANIZATION

To manage the program redefinition project and to ensure that supporting
activities received sufficient resources to achieve success, a functional
organization responsible to the Westinghouse Hanford Company management team
was formed. This functional organization oversaw the supporting activities,
ensured proper review of the program redefinition process and resultant
recommendation, and ensured that the effort was properly documented and
submitted to the DOE in a timely manner.

4-2
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. 4.2.1 Supporting Studies and Evaluations

At the beginning of the program redefinition project, there were a number
of questions from the Hanford Vitrification Systems Risk Assessment-Final
Report (risk assessment) (Miller et al. 1991) as well as from previous studies
of the pretreatment process. These questions were addressed in a series of
study tasks that were performed in support of the program redefinition effort.
The topics addressed included the following:

e B Plant seismic evaluation

B Plant secondary containment

e (Compatibility of B Plant piping with the transuranic extraction
process solutions

* Feasibility of replacing piping in B Plant
* Glass canister costs
* Double-shell tank retrieval
e Grout performance.
As the project developed, it became obvious that additional areas of
study would be beneficial and in some cases necessary. These additional areas
. of concern are as follows:
. Incorporation of single-shell tank mission considerations
e (onsideration of tank operational safety concerns

o Alternate Tow-Tevel waste forms

* Risk and uncertainty analysis of pretreatment facility and process
alternatives

* Characterization and retrieval technology development
* Increased emphasis on alternate noncanyon facility configuration

* Intermediate processing.

4.2.2 Organization

To support the actions listed previously, the functional organization
shown in Figure 4-1 was formed. In this configuration, each task or logical
grouping of tasks was assigned to an activity manager or lead engineer. These
activity managers or lead engineers reported to the project manager. In
addition, separate teams were formed to conduct the decision-making process

. and support the writing and publishing of the document associated with the
program. The overall organization functioned under the oversight of a board
of directors, which contained the personnel shown in Table 4-1. This board of

4-3
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Functional Organization.

Figure 4-1,
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Table 4-1. Board of Directors Personnel.
Name Organization Title
. A. Cahill Defense Waste Remediation Manager, Waste
Pretreatment Engineering
and Project
. J. Fisher Environmental, Safety, Manager, Quality
Health and Quality Assurance | Assurance
. S. Garfield Resource Planning and Manager, Strategic
Program Integration Systems Engineering
A. Gasper Waste Tank Safety Programs Manager, Program Planning
W. Gerber Engineered Applications Manager, Nuclear Process
Engineering
M. L. Grygiel Defense Waste Remediation Manager, B Plant
W. F. Heine Restoration and Remediation Staff Manager,
Environmental Division
. J. Holmes Nuclear Process Engineering Manager, Alternatives
Analysis
. 0. Honeyman Resource Planning and Manager, Strategic
Program Integration Planning and System
Integration
. L. McElvoy Pacific Northwest Laboratory | Manager, Waste Technology
Center
. C. Miller Defense Waste Remediation Manager, Hanford Waste
Vitrification System Risk
Assessment
. A. Meyer Defense Waste Remediation Manager, Waste
Vitrification Program
. J. Newland Restoration and Remediation Manager, Defense Waste
Remediation Division
. C. Roal PUREX/UO; Plant Manager, PUREX
Engineering
. H. Roecker Restoration and Remediation Assistant Manager,

Defense Waste Remediation

. L. Straalsund

Pacific Northwest Laboratory

Director, Office of Waste
Minimization

. C. Wiborg Environmental, Safety, Manager, Health, and
Health and Quality Assurance | Safety Assurance
. D. Wodrich Waste Tank Safety, Manager, Technical

Operations and Remediation

PUREX = Plutonium-Uranium Extraction
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directors consisted of senior management of concerned organizations within
Westinghouse Hanford Company and Pacific Northwest Laboratory. Its purpose
was to provide guidance based on the aggregate experience of its members and
to build consensus among the Hanford Site contractor team. The project
manager reported formally to the board of directors weekly on topics of
special interest and kept the members apprised of progress.

4.2.3 External Participation

Representatives of the Washington State Department of Ecology, the Yakima
Indian Nation, and the DOE observed and participated in weekly meetings and in
key decision-making meetings. In addition, as described in Section 5.0, the
values and opinions of the external parties (i.e., stakeholders) were actively
solicited and incorporated into the decision-making process.

4.3 DECISION-MAKING METHODOLOGY

The basic elements of the decision-making methodology used to support the
redefinition of the tank waste disposal program included the following:

o A stakeholder involvement process, which ensured that stakeholders'
viewpoints and values are considered

o Technical analyses of the pretreatment alternatives, which provided
a complete and consistent basis for comparing the alternatives

o A multiattribute utility (MAU) analysis, which systematically linked
stakeholder values with the technical performance measures to assess
the overall merits of the alternatives

o A final recommendation and peer review, which ensured that any
additional relevant factors are considered in formulating a final
reccmmendation,

An assessment of the relative merits of the alternatives that supported the
formulation of a revised strategy was provided by the MAU analysis. This
analysis did not, however, make the final decision. The purpose of this
analysis was to gain insight into (1) how the various stakeholder positions
affect the preferences for the alternative and (2) how uncertainties in
alternative performance can affect the overall preferences. The MAU analysis
supports the development of a recommendation, but it is not a substitute for
judgment.

Key decision factors were identified through interviews with various
stakeholders. These decision factors were organized into objective
hierarchies that provided the basis for defining attributes. The attributes
define how the alternatives are evaluated. As part of the technical analysis,
a consistent set of facility and process alternative descriptions were
prepared. These are summarized in Section 6.0 and include deployment and
operating schedules, cell layouts, and process descriptions. To supplement
the analysis, each alternative was modeled using the venture evaluation and
review technique (VERT). The VERT model examined the probable behavior of the

4-6
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alternatives, e.g., schedule variability, cost variability, and the 1ikelihood
of technical completion of a mission. The final step in analyzing the
alternatives was the scoring of each alternative for each of the attributes.
Each attribute included a rating scale, and each alternative was given a score
on that scale.

In parallel with the scoring of the alternatives, the stakeholders were
asked to provide weights for the attributes. These weights reflected the
relative importance of each attribute and were useful in generating a measure
of the overall value or utility of the alternatives. The weight elicitation
process and results are described in Section 5.0. Attribute scores and
weights were combined using the MAU analysis. This analysis provided an
zvorall measure of th: relative merit of each alternative. In addition, the
! analysis was used to assess the sensitivity of the final ranking of
..v8rnatives to variations in stakeholder weights and technical performance
measures, e.g., total cost or expected schedule perfcrmance. These results
are described in Section 7.4.

The MAU analysis, VERT model, and peer review combined all aspects of the
problem to formulate a final recommendation. An essential aspect of this step
was a final review of the MAU analysis by pesrs not working on the Hanford
Site and a technicai analysis of the alternatives. The final recommendation
balanced the results of the MAU analysis and related sensitivity studies,
along with the input from the peer review activity.

4.4 REFERENCES
Miller, W. C., D. W. Hamilton, L. K. Holton, and J. W. Bailey, Hanford Waste

Vitrification Systems Risk Assessment-Final Report, WHC-EP-0421, Rev. 0,
Westinghouse Hanford Company, Richland, Washington.
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5.0 DEVELOPMENT OF STAKEHOLDER VALUES

Redefining the tank waste disposal strategy involves a far-reaching set
of decisions and actions. These decisions and actions affect numerous
interest groups, within the U.S. Department of Energy and outside of it.

A critical part of the redefinition was to identify the values and concerns of
the various stakeholders that were pertinent to the evaluation of the tank
waste disposal alternatives. The stakeholders' values and concerns were first
translated into objectives hierarchies and then into measurable attributes.
The attributes defined the dimensions along which the alternatives were
evaluated. The intent of the stakeholder involvement process was to ensure
that when the alternatives for tank waste disposal were assessed the factors
or aspects of performance that were of concern to the stakeholders were
included. ‘

This section describes how the stakeholders were identified, the process
used to elicit their objectives, and the aggregate results. The aggregate
results are shown in a combined objectives hierarchy (see Figure 5-1) that
includes the relevant factors from each of the individual hierarchies. The
combined hierarchy was used to derive the performance attributes. Also, this
section summarizes the results of the meetings in which weights were derived
for the attributes. These weights represented the relative importance of the
individual attributes to each stakeholder.

5.1 IDENTIFICATION OF STAKEHOLDERS

Stakeholders, previousiy identified in Section 2.3, are defined as those
interest groups that are affected by the outcome of the decision and have a
strong desire to ensure that their concerns are addressed in the development
of a revised strategy.

Meetings were held with each stakeholder group. The number of meetings
with different stakeholders does not refiect the relative weight or importance
that is placed on a particular group's input. Rather, additional meetings
were held with some stakeholders to ensure complete coverage of the possible
issues of concern.

5.2 ELICITATION OF STAKEHOLDER OBJECTIVES

The initial series of stakeholder meetings1 generated a set of
objectives and possible criteria for assessing the relative merits of the
16 facility and process alternatives. These objectives were elicited from
each of the meeting participants and were clarified through discussions and

"These meetings were conducted by Dr. Detlof von Winterfeldt from the
University of Southern California (USC). He was assisted in these meetings by
Dr. Ralph Keeney from USC and Dr. Robin Gregory from Decision Research.

5-1
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Figure 5-1. Combined Objectives Hierarchy.
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combined with similar objectives, as appropriate. Finally, an initial
hierarchy was developed that represented the structure of the group's
objectives. Meeting participants were given an opportunity to review and
revise the initial hierarchy.

5.3 DERIVATION OF THE COMBINED OBJECTIVES HIERARCHY

The individual hierarchies were combined into a single hierarchy, as
shown in Figure 5-1. This hierarchy has three basic elements: (1) long-term
cleanup objectives, (2) pretreatment objectives, and (3) process and
management objectives. Long-term cleanup objectives were separated from the
shorter term (30 yr) pretreatment objectives because it was believed that the
pretreatment alternatives would not differ significantly along these
dimensions. The process and management objectives were also placed in a
separate group. This was done because these objectives were believed to apply
to all pretreatment alternatives and could be viewed as "critical success
factors" affecting the implementation of the alternatives.

5.3.1 Long-Term Cleanup Objectives

The long-term cleanup objectives are shown in more detail in Figure 5-2.
These objectives included factors that are more relevant to the analysis of
alternatives for the ultimate disposition of the Hanford Site, such as those
being addressed in the development of Hanford Site's future use strategy.
These objectives took into account the long-term public health, environmental,
and cultural impacts, especially as they related to Native American rights.

In addition, the general issue of impact on Tand and land use was included.

These objectives were placed in a separate category because the
pretreatment strategies were expected to show little variation along these
dimensions. Within the context of the Final Environmental Impact Statement,
Disposal of Hanford Defense, High-Level Transuranic and Tank Wastes, Hanford
Site, Richland, Washington {DOE 1987) record of decision (DOE 1988) that this
strategy is implementing, these long-term impacts were relatively stable.
Other Hanford Site cleanup actions or strategies could differ along these
dimensions.

In particular, future Hanford Site use strategies will examine
alternative end uses for various regions within the Site. These factors will
be especially important to evaluate as future Hanford Site uses are examined
through the Hanford Site's integrated planning process.

5.3.2 Pretreatment Objectives (30 yr)

These objectives represented the primary values that were relevant to the
evaluation of the pretreatment alternatives. Figure 5-3 illustrates the
complete hierarchy of these objectives.

wn
!
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Long-Term Cleanup Objectives.

Figure 5-2.
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Figure 5-3. Complete Hieérarchy.
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The health and safety objectives (see Figure 5-3) showed concern for the
public and Hanford Site workers. Construction and operational safety issues
included radiological and nonradiological risks. In addition, near-term tank
safety risks to both the public and Hanford Site workers are included.
Environmental impacts included measures for potential contamination of the
soil, surface water, and groundwater. Economic impacts addressed the regional
and Tocal economic impacts from the development and operation of the
pretreatment system. These impacts can result from revenues entering the
region and also from variations in employment levels.

Contributions to other missions reflected the desire to provide benefits
to other missions in addition to the double-shell tank (DST) mission,
especially single-shell tank (SST) remediation and tank safety. Technology
assurance reflected the desire to implement appropriate technology in the
pretreatment strategy. Appropriate technology would be mature (i.e., well-
developed and demonstrated), reliable, and adaptable (i.e., able to
accommodate changes in requirements or improvements in technological
capabilities). The overall pretreatment strategy would also need to provide
relatively continuous feed to the Hanford Waste Vitrification Plant (HWVP) to
ensure full use of multimillion-dollar facilities.

Schedule objectives reflected the desire to start the job and complete it
in a reasonable timeframe. Among the subobjectives were initiation of
low-level waste (LLW) disposal operations (grout), start of feed to HWVP, and
total DST campaign Tength. A related set of objectiver, compliance with
Hanford Federal Facility Agreement and Consent Order ((ri-Party Agreement)
(Ecology et al. 1990) and other regulations, reflected the importance of the
Tri-Party Agreement as a controlling mechanism for cleanup at the
Hanford Site. Finally, cost objectives were included. There were two
separate objectives represented. The first objective was total direct or
life-cycle cost. The second objective was the cost profile, which represented
the difficulty of simultaneously funding several large capital projects,
technology development, and continued operation of facilities.

5.3.3 Process and Management Objectives

The process and management objectives were separated from the other
objectives because these objectives could be ahieved regardless of which
alternative was chosen. Figure 5-4 illustrates these objectives in greater
detail. These objectives showed critical "success factors" to the
implementation of any of the alternatives. Included in these success factors
was the need for tank waste disposal strategy to be understandable and
defensible to a broad audience. Overall, public involvement must be continued
to develop and maintain public acceptance for the strategy. Quality
management reflects the need to implement the strategy in an appropriate
manner consistent with U.S. Department of Energy orders and regulatory
requirements. These objectives highlight important considerations in the
formulation of a success-oriented strategy, but were not discriminators for
the selection of which pretreatment alternative to pursue.

5-6
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Figure 5-4, Process and Management Objectives.
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5.4 ELICITATION OF STAKEHOLDER WEIGHTS

A set of measurable attributes were defined to correspond with the
objectives in the pretreatment hierarchy. The attributes are listed and
defined in Appendix C. The attributes provided the dimensions along which the
alternatives were compared. Not all attributes were of equal importance or
weight. To determine the relative importance or weight that should be E]aced
on each attribute, a systematic process to elicit separate sets of weights
from each stakeholder group was conducted. Separate sets of weights were
carried through the analysis for each stakeholder group. No attempt was made
to derive a consolidated consensus or "average" set of weights. The sets of
weights were used to determine the impact on the relative ranking of the
alternatives caused by variations in the values, or weights, expressed by each
stakeholider group.

Attribute weights were obtained from four separate stakeholder groups:

Hanford Site contractor management staff (Westinghouse Hanford
Company and Pacific Northwest Laboratory)

U.S. Department of Energy Field Office, Richland

Washington State Department of Ecology
The Yakima Indian Nation.

These weights were elicited in separate sessions with one or more
representatives from each organization. These four stakeholder groups
represent a broad and diverse spectrum of organizations with a legal interest
in waste disposal activities. The technique used to estimate weights for the
attributes is known as "swing" weighting. This process calibrates the
relative importance to the stakeholder of the expected "swings" or ranges in
the attributes. For example,

* The four stakeholder groups' values were judged to provide a range
of viewpoints comparable to that of the six stakeholder groups.

e Should a swing of $1 billion between two alternatives be considered

more important than a swing of 5 yr in the expected start date of
HWVP?

* Would you be willing to absorb a $1 billion increase for an
alternative that starts 5 yr earlier?

A series of comparisons were made of this sort with each stakeholder group.
Comparisons were first done within a group of similar attributes (e.g.,
technical assurance attributes). Then, once these initial importance
comparisons were done, comparisons were made across groups of attributes.
Comparisons were expressed in terms of ratios of importance. Weights were
computed for each attribute so that the seights totalled 1.0 and the ratio of
any two weights was consistent with the ratios expressed by the stakeholders.

5-8
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5.5 RESULTS OF STAKEHOLDER WEIGHT ELICITATION

Table 5-1 summarizes the weights derived from the initial stakeholder
meetings. The weights are Tisted for each attribute and for each stakeholder
group. At the bottom of the table, the sum of weights for each of the major
attribute categories are provided. These provide a quick way to view
differences in weights.

The last two columns in Table 5-1 indicate the attribute ranges that were
used to derive the weights. The weights should be interpreted as the relative
importance, compared to the other attributes, of changing the attribute value
from "worst" to "best." The weights show the relative importance of the
"swings" of ranges in attribute values. ,

A wide range of variation in some attribute weights was apparent. For
example, the weight on the number of grout vaults varied from 0.04 percent to
30.39 percent. The high weight on grout reflected the Yakima Indian Nation's
concern over the inventory of mobile constituents in grout. If this inventory
can be reduced, it was indicated that the concern over grout, and its weight,
would diminish greatly.

There were some important commonalities in the stakeholder weights. The
importance of schedule is clear. The stakeholders showed a strong consensus
that the decision needs to be made and a final and complete solution needs to
be developed. Also, there appeared to be a consensus on the importance of
technology assurance. A1l of the stakeholders recognized the key role that
technology played in accomplishing this mission. Contributing to the SST
mission was also highly weighted for all of the stakeholder groups. There was
clearly a strong signal from the stakeholders to adopt a strategy that was
capable of accomplishing the entire mission.
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Table 5-1. Weights from Stakeholders.
WEIGHTS Swing Welight Range

Attribute Descriplion WHCPNL WDOE Yakims  DOE RL Best Worst
CONTRIBUTION TO MISSION
Stored Irradiated Fuel 0.09% 0.00% 0.00% 0.46% 100 0
Contribution to SST Misslon B8.61% 1220% 6.08% 4.56% 100 0
Cs & Sr Capsules 0.00%  000%  0.00% 0.00% NA NA
TECHNOLOGY ASSURANCE
Maturity 287% 439% 912% 3.19% 100 0
Adaptabllity 287%  488%  456% 3.19% 100 0
Reliablity 2.87% 244%  091% 3.19% 100 0
HWVP Downtime {months) 410% 049% 091% 1.28% 0 144
PUBLIC HEALTH AND SAFETY
Rad Accident-Public 1.15% 1.06% 0.01% 0.36% 0 1
Nonrad Accident-Public 0.23% 1.06% 0.01% 0.36% 0 1
Transport Rad Routine-Public 1.15% 1.06% 0.00% 0.37% 0 1
Transport Rad Accldent-Public 3.44%  3.18%  0.04% 1.08% 0 3
Transport Norrad Accident-Public 023% 106%  001%  036% 0 1
WORKER HEALTH AND SAFETY
Rad Routine-Worker 057% 1.06%  0.05% 0.72% 0 1
Nonrad Chem Accident-Worker 0.06% 1.06% 0.03% 0.36% 0 1
Rad Accident-Worker (Rem) 0.29% 212%  0.03% 0.36% 0 2
Nonrad Ind Accldent-Worker 069% 1273% 0.30% 4.33% 0 12
ENVIRONMENT
Routine & Nonroutine Effluents 5.74% 8.71% 1.52% 4.10% 100 0
Solid Waste 115%  6.10% 30.39% 4.10% 20 200
Number of Grout Vaults 1.15% 436% 30.39% 0.04% 35 50
Number of Glass Canisters 11.48%  436% 3.04% 4.10% 500 11000
Land Use 011%  087% 3.04% 0.04% 0 35
SCHEDULE AND COMPLIANCE
Compliance 574%  428% 547% 1596% 100 0
HWVP Start Date 1148%  4.28% 0.03% 3.19% Dec-99  Oct-2008
SST Closure Date 574%  428% 274% 0.32% 2018 2021
DST Completion Date 574% 214% 0.27% 0.32% 2010 2034
SST Completion Date 574%  214% 0.27% 0.32% 2041 2065
CcosT
DST $93 (billions) 574%  531% 0.30% 20.52% 10 20
COST PROFILE
Average Annual % Increase 7.18% 1.06% 0.30% 0.00% 25.00% 45.00%
Max. Ann. Site Budge! Increase 287%  213% 0.02% 20.52% 5.00% 15.00%
COMMUNITY AND ECONOMY
Community Economic Impact 0.92% 1.20% 0.15% 2.28% 0 400¢
TOTAL SCORE 100.00% 100.01% 99.99%  99.98%
HEALTH AND SAFETY 781% 2439%  0.48% 8.30%
ENVIRONMENT 19.63% 2440% 68.38% 12.38%
COMMUNITY AND ECONOMY 0.92% 1.20°0 0.15% 2.28%
SCHEDULE & COMPLIANCE 3444% 1712% B8.78% 20.11%
CONTRIBUTION TO MISSIONS 8.70% 1220%  6.08% 5.02%
TECHNOLOGY ASSURANCE 1271% 1220% 1550% 10.85%
COST 574% 531% 030% 2052%
COST PROFILE 1005%  3.19% 0.32%  20.52%
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6.0 DESCRIPTION OF ALTERNATIVES

6.1 INTRODUCTION

This section provides summary-level descriptions of the facilities and
processes considered for pretreatment of tank wastes. An overview of the tank
waste disposal program and the functions of the double-shell tank (DST) waste
disposal program also are presented.

The pretreatment processes addressed include washing of retrieved tank
waste solids as well as existing, advanced, and intermediate techno]o%$gs for
removal of selected radionuclides [e.g., transuranic (TRU) elements, Cs,
and *°Sr] and destruction of organic compounds. Pretreatment process
requirements and alternatives are discussed in Section 6.4.

The pretreatment facilities considered include those already existing at
the Hanford Site, specifically B Plant, the Plutonium-Uranium
Extraction (PUREX) Plant, 244-AR Vault, and existing DSTs. Potential new
facilities also are considered including a pretreatment addition to the
Hanford Waste Vitrification Plant (HWVP) and a new pretreatment facility
(NPF). Facility requirements are discussed in Section 6.5.

A total of 16 facility and process combinations were chosen for detailed
examination, evaluation, and comparison. The selection of alternatives was
based on their perceived Tikelihood of meeting all or most of the objectives
for a revised program strategy as discussed in Section 1.4. The selection and
descriptions of the 16 facility and process alternatives are presented in
Section 6.6.

Section 6.7 addresses the possible pretreatment feeds for the facility
and process alternatives.

6.2 TANK WASTE DISPOSAL PROGRAM SUMMARY

Previous sections have described the basis and objectives for the
strategy redefinition, the methodology to be used, and the development of
stakeholder values to be used in evaluating the process and facility
alternatives. This section provides a summary description of the existing
tank waste disposal program to establish a perspective for viewing the
discussion of facility and process alternatives.

The record of decision (ROD) (DOE 1988) resulting from the Final
Environmental Impact Statement, Disposal of Hanford Defense High-Level,
Transuranic and Tank Wastes, Hanford Site, Richland, Washington (HDW-EIS)
(DOE 1987) identified three categories of tank wastes for disposal.

The first category is DST waste. These wastes will be pretreated to
separate them into two fractions. The high-level waste (HLW) fraction will be
processed into a borosilicate glass waste form in the HWVP and stored onsite
until a geologic repository is built and ready to receive the wastes. The
Tow-level waste (LLW) fraction will be solidified as a cement-based grout and
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disposed of near-surface at the Hanford Site in preconstructed, 1ined,
concrete vaults. The ROD (DOE 1988) identifies B Plant as the current
facility for pretreatment of DST wastes.

The second category is single-shell tank (SST) waste. The ROD deferred a
decision on final disposal of SST waste pending additional development and
evaluation. The development and evaluation effort will focus on methods to
retrieve and process the waste as well as to stabilize and isolate the waste
in a near-surface repository. The results of this work will be publicly
available and analyzed in subsequent environmental documentation, including a
supplement to the HDW-EIS (DOE 1987). While not specifically addressing final
disposal of SST wastes, the ROD required that the HWVP be capable of
processing these wastes should a decision be made to retrieve them.

The third category is radioactive cesium and strontium capsules. Cesium
and strontium salts were encapsulated during waste recovery cperations, which
took place from 1968 to 1985. The encapsulated cesium and strentium wastes
presently are stored at the Hanford Site at the Waste Encapsulation and
Storage Facility (WESF). These wastes will be packaged in accordance with
repository waste acceptance specifications before being sent to a geologic
repository.

The program for disposal of each category of tank wastes is summarized in
the following sections.

6.2.1 Double-Shell Tank Waste Disposal
Implementing DST waste disposal requires the following activities:
 Waste characterization
- Evaluate each stage of retrieval, pretreatment, and waste form
production operations to establish process characterization
needs
- Acquire and analyze samples
- Develop analytical methods.
e Waste retrieval
- Determine retrieval techniques
- Develop equipment
- Perform pilot-scale testing

- Perform full-scale process tests on multiple waste types

- Install and operate systems for retrieval and transfer of all
DST wastes.

6-2
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‘ e Pretreatment

Develop technology and processes

Perform laboratory and pilot-scale testing

Modify facility and/or construct new facility

Perform pretreatment operations.
e Grout LLW
- Develop process and grout formulation
- Write performance assessment
- Construct a grout treatment facility and near-surface vaults
- Operate facilities and fill vaults.
e Vitrify HLW
- Develop technology, process, and equipment
- Qualify waste form
‘ - Design, construct, and operate the HWVP.
Section 6.3 provides more information on the DST waste disposal program's
function with respect to these activities. The Waste Tank Safety, Operations,
and Remediation Organization is responsible for the continued safe storage of

DST wastes before and after pretreatment and the transfer of wastes between
processing facilities.

The scope of the tank waste disposal program includes pretreatment and
vitrification of the high-level and/or TRU fraction from the present waste
inventory as well as the waste that will be produced during the disposal
period:

¢ Neutralized current acid waste (NCAW), 5,300 m (1.4 Mgal) assuming
no future PUREX Plant operations

e Neutralized cladding removal waste (NCRW), 3,300 m® (0.875 Mgal) of
sludge, assuming no future PUREX Plant operation

e Plutonium Finishing Plant (PFP) waste, 970 m (256,000 gal) of
sludge

e Complexant concentrate (CC) waste, 18,200 m® (4.8 Mgal).

The LLW fraction from the pretreatment of these wastes together with
double-shell slurry feed (DSSF) and gther dilute DST wastes will be solidified
. as grout. The processim}; of 3,800 m° (1 Mgal) of LLW is required to fill one

vault containing 5,300 m” (1.4 Mgal) of grouted waste.

6-3
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6.2.2 Single-Shell Tank Closure

Before a decision can be made regarding the disposition of SST wastes,
additional development and evaluation will be performed as follows.

e Radioactive and hazardous waste constituents will be characterized.

* Engineered barrier performance will be demonstrated by both
instrumented field tests and modeling.

e The need and methods to improve the stability of the waste form will
be determined, and destruction or stabili: tion alternatives for
hazardous constituents will be evaluated.

* Methods for retrieving, processing, and disposing of this waste will
be evaluated.

Foliowing this additional developmert and evaluation and before the final
disposal decision(s) are made, alternatives for final disposal will be
analyzed in a supplement to the HDW-EIS (DOE 1987). This supplement will be
issued in draft form for public review and comment before June 2002.

The Hanford Waste Vitrification Systems Risk Assessment-Final Report
(risk assessment) (Miller et al. 1991) examined the uncertainties associated
with the potential vitrification of SST wastes in the HWVP. The ability to
integrate the DST and SST processing schedule within the HWVP baseline
schedule and design 1ife also was evaluated. The significant findings that
related to development of a tank waste disposal strategy follow.

* The HWVP production capacity is sized properly to support the
vitrification of all 149 SSTs within the HWVP design 1ife, if the
wastes are pretreated to significantly concentrate the HLW fraction
using a transuranic extraction (TRUEX) or similar process.

* Preliminary examination showed that B Plant does not have the
capacity nor can it be modified to pretreat the much larger volume
of SST wastes in a reasonable time period. Thus, a different
facility-will be required.

e A major risk exists because the necessary environmental and
regulatory documentation on retrieval, pretreatment, and
vitrification of the SST wastes will not be available when needed to
support the efficient integration of the DST and SST vitrification
missions. A potential schedule gap of up to 10 yr could occur
between the DST and SST vitrification campaigns. This could occur
unless the supplemental environmental impact statement and the
permitting documentation needed to retrieve and pretreat the SST
wastes and complete closure of the SSTs are prepared and approved
before the Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) [Washington Stata Department of Ecology
(Ecology) et al. 1990] milestone. The time to complete
environmental documentation also poses a significant risk to the
closure of the SSTs by the year 2018, as required by the Tri-Party
Agreement.
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Further, the risk assessment cited the high probability that the waste
from a minimum of 22 SSTs will have to be retrieved because of their TRU and
total radionuclide content (they contain approximately 75 percent of all
radionuclides in SST wastes). A recommendation was made to prepare a
supplemental environmental impact statement with an ROD targeted for the mid-
1990's. The ROD would include an option for the retrieval, pretreatment, and
immobilization of the waste using the KWVP and grout facilities.

6.2.3 Cesium and Strontium Capsules

The cesium and strontium capsules continue to be stored safely in the
WESF adjacent to B Plant.

The overpacking concept for geologic disposal of the capsules is not
believed to comply with the statutory requirements for chemical and phase
stability defined by Title 10, Code of Federal Regulations (CFR),

Section 60.135(a)(2) [10 CFR 60.135(a)(2)] (NRC 1990a) or chemical compatibil-
ity defined by 10 CFR 65.135(a)(1) (NRC 1990a). Thus, the overpacked cesium
and strontium capsules may not be disposed of without obtaining a waiver for
at least these two repository disposal requirementc. Uncertainty about the
acceptability of overpackad capsules and the high cost of repository disposal
per canister (496 canisters would be required at a repository cost of

$174 million) suggest that other disposal alternatives be considered,

Recently, the vitrification of cesium and strontium salts in the HWVP was
identified as a possible alternative to overpacking. A preliminary evaluation
concluded that it was technically feasible to blend the cesium chloride and
strontium fluoride salts with NCAW or CC wastestreams and process the waste
through the HWVP. Similarly, the evaluation determined that it may be techni-
cally feasible to remove the halides (chlorine and fluorine) and blend the
resulting cesium and strontium solutions with NCAW or CC waste feedstreams.
Blending the capsule waste with NCAW would result in vitrification of five
additional canisters. Rough order-of-magnitude cost estimates showed that
blending the cesium and strontium salts with the waste, or removing the
halides before blending with NCAW, or CC waste are the lowest-cost
alternatives.

The feasibility of vitrifying capsule contents in a standalone HWVP
mission was also considered. While technically feasible, the production and
repcsitory costs for approximately 133 additional canisters make this
alternative less attractive than the blending alternatives. Nonetheless, all
vitrification scenarios resulted in lTower estimated cests than overpacking the
capsules for disposal in a geologic repository.

The risk assessment (Miller et al. 1991) recommended development of
appropriate supplemental environmental documentation to reassess the disposal
methods for these wastes.

The impact of cesium and strontium capsule disposal on the tank waste
disposal strategy is minimal. The estimated five added canisters that could
resutt from blending these wastes with NCAW are insignificant. The 133
canisters resulting from a standalone mission could be processed in less than
5 months. This represents approximately 1 percent of plant design life and
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could be accomplished as "fill-in" between major vitrification campaigns.
Accordingly, the disposal of cesium and strontium capsules is not considered
further in this document.

6.3 FUNCTIONS OF THE DOUBLE-SHELL TANK WASTE
DISPOSAL PROGRAM

The DST system consists of the processing functions listed in Figure 6-1.
The immediate emphasis of systems engineering centers on the separation
functions, i.e., facility and process alternatives for conducting waste
pretreatment. Other DST system functions wiil be addressed in the near term.

The followirg sections briefly describe the key functions (see
Figure 6-1) that are part of the DST waste disposal program. Important
uncertainties relating to the mission functions, which were identified by the
risk assessment (Miller et al. 1991), also a*e described. The issues and
programmatic risks identified by the risk assessment provided input into tank
waste program redefinition recommendations (Section 3.0). This section
(Section 6.0) discusses the identification and comparison of DST waste
pretreatment alternative facility and process combinations to allow a low-risk
approach to be recommended.

6.3.1 Characterization

Knowledge of the chemical composition and selected physical properties of
DST wastes is essential to design and develop retrieval systems and to select
and develop appropridate pretreatment processes and technology. Character-
ization of DST wastes involves three main tasks: (1) acquisition of a
statistically significant number of representative samples of liquid and solid
waste, (2) chemical analysis of individual waste samples and composite
samples, and (3) measurement of selected physical properties (e.g., density,
specific gravity, particle size) of solid and/or liquid wastes. Currently,
specially designed and remotely operated equipment is inserted through
selected risers in the DSTs to obtain core samples in separate 48-cm-long
segments. The number of sample segments required. is dependent on the total
depth of waste in the tank being sampled. The waste segments then are
transported to a hot cell where composite waste core samples are prepared for
chemical analysis and physical measurements.

Sufficient and accurate characterization of DST wastes is an important
part of a revised tank waste disposal program strategy. Methodology and
equipment currently "in hand" provide a satisfactory base to build and
implement upgraded waste characterization technology and equipment. Such
upgrades include a second core drilling and sampie truck (recently received
onsite), advanced analytical procedures and instrumentation to identify and
quantify key organic constituents, and analytical techniques to determine the
amount, if any, of ferrocyanide compounds in DST liquid and solid wastes.

6-6



Figure 6-1.

fWaste Characterization

Y

VVaste Retrieval |rm——————{ ¢+ Removal

T;/;::;:;\\\ Ye
Qualiiled as i | SEO1AQE 11 | i
LLw?

No

Lag

WHC-EP-N475 Rev. 0

Double-Shell Tank Waste Disposal System Elements.

Tank Closure

+ Dome fill

S

LLW Treatment
+ Grout
+ Other

Storage in
DSTs

HLW Treatment

« HWVP

+ Modified HWVP
+ Other

Lay
Storage in
DSTs

Canister Disposition
+ Storage

+ Repository

+ WIPP

e © o ° e

Separations Alternatives

Processes

Solids wash

TRUEX

Cesium ion exchange
Strontium extraction
Technetium

Complexant destruction

+ New facility DST =
+ B Plant HLW =
+ PUREX Plant HWVP =
« HWVP LLW =
+ 244-AR Vault PUREX =
. DST TRUEX =

WIPP =

6-7

Double-shell tank

High-level waste

Hanford Waste Vitrification Plant
Low-level waste
Plutonium-Uranium Exiraction
Transuranic extraction

Waste Isolation Pilot Plant

79109188.1




WHC-EP-0475 Rev. 0

Significant uncertainties and risks to the present DST program relating
to waste characterization are identified in the risk assessment
(Miller et al. 1991). Delays in characterizing the DST wastes have resulted
from tank safety issues, limited availability of sampling and Yaboratory
resources, competing characterization priorities, and funding redistributions.
These delays are affecting the finalization of the processes and plans for
retrieval, pretreatment, vitrification, and grouting of the DST wastes. Lack
of needed data could delay startup of HWVP and affect continuity of feed to
the HWVP. There is an associated risk that changes to process systems or
equipment may be required once the waste compositions are better understood.

6.3.2 Retrieval

Retrieval of DST wastes involves two primary operaticns:
(1) mobilization of solid sludges and (2) transfer of the mobile sludge-
supernatant mixture to a pretreatment facility. For all types of DST waste,
the goal is to obtain a waste slurry that can be transferred from the DST to a
pretreatment facility.

Development, demonsiration, and implementation of retrieval technology
will focus initially on retrieval of NCAW. Pretreated NCAW feed is a prime
candidate feed for startup of HWVP operations in 1999. Process tests to
develop and demonstrate a retrieval system for NCAW will be performed on waste
in tank 241-AZ-101. The objective of the process tests with tank 241-AZ-101
waste is to demonstrate mobilization of at least 90 percent of the settled
solids (50-cm depth) and to demonstrate that a slurry suitable for transfer to
a pretreatment facility can be maintained in the tank. The impact of in-tank
sludge washing on the retrieval system must also be assessed.

Mixer-type pumps will be used to mobilize sTudge in the retrieval process
test with tank 241-AZ-101 waste. Such pumps have performed successfully in
similar applications at other U.S. Department of Energy (DOE) sites (e.g.,
Savannah River and West Valley). Initial sludge mobilization process tests
will use only two mixer pumps, but provisions will be made to use four pumps
if the required degree of sludge mobilization cannot be achieved with two
pumps. Adequate instrumentation (e.g., radiation probes, thermocouples) will
be available in the retrieval process to determine the progress and results of
sludge mobilization.

Rheological and physical properties of NCRW, PFP waste, and CC waste are
not as weil known as those of NCAW. Because of the anticipated high shear
strength of NCRW solids, mixer-type pumps may not be suitable for mobilizing
this waste. In any case, experience and knowledge gained in the process tests
with tank 241-AZ-101 waste together with results of tests with simulated NCRW,
PFP waste, and CC waste will be used to select suitable retrieval equipment
for these latter wastes.

Major DST waste retrieval uncertainties and risks (Miller et al. 1991)
include the following:

* Technical challenges from the substantial variation in physical

properties of wastes to be retrieved and lack of detailed
characterization data on those physical properties
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e The uncertain condition of the tanks and the potential impacts on
the retrieval system designs

+ Competition for physical space and workforce resources at the tank
farms during construction and operations

o Anticipated budget shortfalls in FY 1992.

One of the primary sources of potential delay to the startup of HWVP is the
possible need to remove the sludge heel from the initial HWVP feed tank before
it can be filled with pretreated waste. Characterization of the sludge heel
with the tank is proceeding to determine appropriate actions. Alternative
feed tanks will be available with construction of four new DSTs, planned to be
completed in early FY 1999.

A DST waste retrieval approach that will minimize schedule risks for
supporting the recommended DST program strategy has been identified as part of
the ongoing DST waste system engineering evaluation.

6.3.3 Pretreatment

Pretreatment refers to chemical and physical procedures by which the
waste can be separated into a LLW fraction and a HLW fraction. The relatively
large (by volume) LLW fraction will be suitable for qrouting and disposal in
near-surface facilities. A smaller (by volume) HLW fraction will be suitable
for vitrification in the HWVP and subsequent, more expensive disposal in a
deep geologic repository. Pretreatment processes range from simple to complex
physical and chemical operations.

The simplest pretreatment for tank wastes involves solid-Tiquid
separation and solids washing cperations; this produces wastes suitable either
for further pretreatment or for disposal by grouting or vitrification.
Intermediate-to-complex pretreatment operations cap _involve one or more of the
following steps: (1) ion exchange for removal of 37Cs from alkaline liquid
waste; (2) destruction of soluble organic components of alkaline or acidified
liquid waste; (3) dissolution of washed solids in aqueous HNO; media; and
(4) liquid-liquid solvent extraction and/or ion exchange technology to remove
selected radionuclides including TRU elements, >'Cs, °Sr, and possibly *Tc.
These and additional alternatives for DST waste pretreatment are addressed in
Section 6.4. Uncertainties and risks associated with the present DST waste
pretreatment baseline are identified in the risk assessment (Miller et
al. 1991) and include the information in Sections 6.3.3.1 and 6.3.3.2.

6.3.3.1 Pretreatment Technology. The risk assessment model showed TRUEX
process development is on the critical path for the program and, as a result,
introduces a risk of program delay. Technology development for the
pretreatment of the NCRW, PFP waste, and CC waste may not be resolved on a
schedule that permits the design and construction of the full-scale TRUEX
process equipment. The final step in the verification of TRUEX process
technology is operation of a pilot plant in the WESF and B Plant. The pilot
plant will verify the waste processing flowsheets for NCRW, PFP waste, and

CC waste, and materials selection for the process equipment. According to
current planning, the first waste type (i.e., NCRW) testing would be completed
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in parallel with the completion of the TRUEX process plant systems design,
approximately 3 yr before 2ctual plant operations with NCRW are scheduled to ‘
begin. If significant technical issues were uncovered during testing, the

feed availability to HWVP could be jeopardized. The recommended strateay

(Section 3.0) will alleviate much of this uncertainty by approaching the

development of TRUEX and other actinide partitioning technologies

(Section 9.4.4.3) in a series of technology development scales and by develop-

ing alternate technclogies. The majority of design information needed from

the TRUEX process will be obtained from (1) the near-term operations of a

radioactive tracer pilot piant which will be tested and evaluated in the mid-

1990's and (2) laboratory-scale continuous countercurrent tests with actual

wastes. In addition, alternative to extraction, such as solid sorbants and

preparation and leaching processes (intermediate processing), will be tested

and evaluated.

The risk assessment (Miller et al. 1991) showed that pretreatment
processing of CC wastes may take substantially longer than previously
estimated. A 1- to 2-yr delay in program completion could occur if process
equipment sizing is not optimized for this waste type.

6.3.3.2 Pretreatment Facilities. The principal issues with B Plant are

compliance with current regulatory requirements and the ability to accommodate

the TRUEX and organic destruction processes. B Plant piping may not be

compatible with corrcsive solutions generated during pretreatment operations

invoiving the TRUEX process. If B Plant is not viable, substantial delays in

the startup of HWVP and the completion of the DST waste program are

anticipated unless alternate processing strategies are developed. .

Identification of pretreatment process and facility alternatives and a
comparison of their associated attributes with respect to the uncertainties
and risks 1dentified previocusly is the key function of Sections 6.0 and 7.0 of
this document. It is also a key element in identification of the revised
DST waste program strategy recommended in Section 1.0.

6.3.4 Grout Treatment Facility

In accordance with the ROD (DOE 1988) for the HDW-EIS (DOE 1987), the DOE
constructed a Grout Treatment Facility (GTF) at the Hanford Site. The GTF is
Incated partly in the 200 East Area and partly in the adjacent 218-E-16 Area.
The HDW-EIS refers to the GTF as the Grout Facility, which includes the
transportable grout equipment, the Dry Materials Facility, the Grout Disposal
Facility (GDF), and the feed transfer system. The grout disposal system is
composed of the concrete vaults and associated barrier systems.

The DST waste is classified as an extremely hazardous waste because of
the toxicity [40 CFR 261 (EPA 1990a}] (book method) as defined in Washington
(State) Administrative Code (WAC) 173-303-101, "Toxic Dangerous Wastes"
(Ecology 1991). The waste is characteristically corrosive because of the
hydroxide concentration and is characterized as toxic because of the high
concentritions of nitrite and hydroxide icn.
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Grout treatment is the process of mixing selected DST wastes with grout-
forming solids, and possibly with liquid chemical additives, to form a grout
slurry that is pumped into near-surface, lined concrete vaults for solidifi-
cation and permanent disposal. The radioisotope content of the solidified
waste is Class C or below as defined by 10 CFR 61 (NRC 1990b).

The Grout Processing Facility is a treatment facility; the GDF (whici,
consists of the grout disposal vaults) is considered a disposal facility. The
disposal vaults are managed as surface impoundments while the grout slurry is
fluid and also for a period of time after the grout slurry has solidified but
before the vaults are closed as landfills.

Potential grout feedstreams include the low-level fraction of DST wastes
from past, current, and future Hanford Site operations. Waste from DSTs may
require processing before it is considered acceptable as feed to the grout
process.

Selected DST wastes are disposed in batch sizes (campaigns) of
approximately 3, 800 m> (1.0 Mgal). The total grout volume when dry-solids are
mixed with 3, 800 m° (g .0 Mgal) of liquid waste for one campaign is
approx1mate1y 5,300 m° (1.4 Mgal).

The dispoasal of current and projected inventories of DST waste may
take up to 25 yr to complete. During this time, vaults will be constructed,
filled as surface impoundments, and clesed as landfills in accordance with
WAC 173-303-650(6)(a)(ii), "Surface Impoundments" (Ecology 1991). At most,
four campaigns will be conducted per year.

Sufficient quantities of double-shell slurry (DSS) and DSSF have been
identified to allow completion of a minimum of 15 grout campaigns (one
campaign of phosphate-sulfate waste has been completed) before the LLW
fraction from pretreatment is required for grout feed. During these
campaigns, GTF operations are independent of the vitrification program
activities. The vitrification program, however, depends on GTF operations to
generate the DST space needed for retrieval and pretreatment operations. If
grout campaigns are delayed, the vitrification program could be impacted.

A current ruling from the U.S. Nuclear Regulatory Commission (NRC)
designates DSS and DSSF as LLW. However, the NRC's ruling on a petition,
submitted by the regulatory agencies to require pretreatment of these wastes
to remove the largest technically achievable amount of radionuclides could
result in the need to pretreat some or all of the DSS and DSSF. This would
increase the burden on the pretreatment facility or require the construction
of additional pretreatment facilities and could increase significantly the
volume of wastes to be processed in the HWVP. Space in DSTs would be limited
until the pretreatment of DSS and DSSF wastes is accomplished.

An evaluation of the impacts of a revision to the current NRC rules on
the tank waste disposal program is presented in Section 7.11. The use of
alternate waste forms for the disposal of LLW from 0STs is not considered in
this study, but will be the subject of a future study. Alternate waste forms
for LLW are discussed in Section 9.5.
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6.3.5 Hanford Waste Vitrification Plant

The HWVP is being constructed as a major system acquisition project.
This $1.06 billion (capital funds) plant will be the largest construction
project initiated on the Hanford Site in n.ny years. Project scope includes
technology development, process design, detailed design, construction,
testing, and startup.

The principal function of the HWVP is to immobilize the high-level and/or
TRU fraction of pretreated waste in a borosilicate glass matrix that conforms
to repository waste acceptance specifications.

Technology being developed in support of the HWVP includes a wide range
of activities that provide data for design of primary and secondary processes,
operations, and waste form qualification. The primary focus of work for the
HWVP is to provide specific data to the Hanford Site DST waste types. A glass
composition envelope is being developed for the HWVP pretreated feeds (NCAW,
NCRW, CC waste, and PFP waste) that takes into account the major components of
each waste type as well as the frit that must be used to make an acceptable
glass. Preliminary acceptable glass composition boundaries have been
established that meet process and waste acceptance criteria for the
borosilicate glass waste form. Further refinement of the preliminary envelope
is in progress and will continue for several years. Information from the
glass envelope definition is essential to determine the impacts of feed
pretreatment alternatives.

A major part of the overall technology development eifort will be te
ensure that the final waste form complies with the repository waste acceptance
specifications. Although efforts to date have relied on the waste accertance
preliminary specifications, considerable progress has been made toward issuing
a waste acceptance specification that will be generic for all waste producers.
Development activities include demonstrating process control within bounds
that will ensure an acceptable glass product through process modeling,
preparing radioactive glass from core samples of tank wastes and then
measuring glass properties, and bench-scale testing in the WESF to provide
data for correlation with simulated feed results.

Because Hanford Site-specific waste acceptance specifications have not
been formulated for the HWVP, the HWVP process, material balance flowsheet,
and product specificatirns have been established to provide a vitrified glass
procduct that meets the requirements for waste form qualification. This was
identifiad for the Devense Waste Processing Facility in Waste Acceptance
Preliminary Specifications for the Defense Waste Processing Facility High-
Level Waste Form, OGR/B-8 (DOE-OCRWM 198¢). Recently, a draft waste
acceptance specification document, based on OGR/B-8, was prepared. The draft
criteria includes the HWVP-specific glass product characteristics.

To minimize the processing periods and operating costs for processing
DST wastes and to provide tlie capability for processing SST wastes, the
HWVP melter capacity was established at 100 kg/h (220 1b/h) of vitrified
product, the same as for the Defense Waste Processing Facility at the Savannah
River Site. This processing capacity permits maximum use of the technology
and equipment developed for the Savannah River Site.
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The HWVP process will consist of five major activities: (1) feed
preparation, (2) vitrification, (3) canister handling, decontamination, and
welding, (4) melter offgas and vessel vent treatment, and (5) process waste
treatment. Process equipment associated with these activities is operated and
maintained remotely and will be located within cells in the vitrification
building. Cold chemical and utility systems and personnel support services
required to support the vitrification process will be jocated in adjacent
buildings.

The HWVP will have storage capacity for 2,000 canisters of vitrified
waste. This capacity will allow the onsite storage of all vitrified waste
from the NCAW, NCRW, and CC waste and PFP waste tanks, providing these wastes
are pretreated as currently planned (see Sections 6.6 and 6.7). The design
will permit expansion for additional canister storage.

The 40-yr design life of the HWVP will accommodate the defense HLW
vitrification needs of both the DST and - SST missions.

The risk assessment (Miller et al. 1991) did not identify any major
uncertainties with regard to the basic technology or plant design for the
HWVP. This was attriSuted to the HWVP being a second-generation facility
modeled after the Defense Waste Processing Facility and having benefitted from
more than 20 yr of vitrification technology and pilot- and plant-scale
operating experience in the U.S. and foreign countries.

The risk assessment also acknowledged a number of technical uncertainties
that could result in process or facility changes. These uncertainties include
(1) lack of an approved waste acceptance criteria from the repository,

(2) open fechnical issues under investigation at the Savannah River Site and
the Hanford Site, such as hydrogen generation in the waste feed formatting
process and noble metal deposition in the glass melter, (3) lack of firm
definition of feed composition to the plant for three of the four waste forms,
and (4) Tack of acceptance of the supplemental environmental analysis for the
facility. In addition, the plant capacity may be inadequate to process the
increased volume of wastes within a reasonable time if the TRUEX process is
not succsssfu] in substantially reducing the total amount of wastes to be
vitrified.

The most significart findings of the risk assessment (Miller et al. 1991)
with regard to the HWVP were the potential lack of pretreated feed for startup
in December 1999, and thle inability to ensure a continuous or ne-rly
continuous feedstream.

6.3.6 Closure of Double-Shell Tank Farms

The DST systam currently operates as a interim status storage and
treatment waste management unit under a Resource Conservation and Recovery Act
of 1976 (RCRA) Part A permit application. The pending DST System Dangerous
Waste Permit Application indicates that thc closure will occur subsequent to
closure of the SSTs due to their presumed use in SST closure. Current
development plans also consider this strategy.
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Closure describes the final disposition of the DSTs following waste
removal. Closure addresses disposition of the waste residues left in the
tanks, the tanks themselves, ancillary equipment, and contaminated soils.
Closure strategies must address the disposition of both the dangerous and
radioactive constituents that make up the waste residues. The DST closure
could potentially deal with three categories of mixed waste, but it is
presumed that waste retrieval activities will render the DSTs sufficiently
free of HLW and TRU waste. The residual waste is a mixed waste and Ecology
will regulate the tank closure after the waste is removed.

The DSTs must be closed as specified in the state-approved dangerous
waste permit application. The WAC 173-303 regulations require clean closure
of tank systems. The WAC does not allow for landfill closure of a tank
system.

Closure options derived from these regulatory assumptions focus in two
primary areas: in situ remediation and tank system removal. The objective of
in situ remediation is the removal or in situ treatment of all residual waste
to maximum levels achievable using best demonstrated available technology.
Then presumably, with contaminant levels below acceptable concentrations or a
satisfactory waste form derived from treatment, the DSTs may be closed as
landfills with appropriate barriers and monitoring. The objective of removal
is "clean closure." The enormity of the removal and subsequent treatment and
disposal option favors the use of in situ remediation where at all possible.

Numerous technologies for contaminant removal from steel, concrete
surfaces, and piping are established and routirely used in decontamination and
decommissioning efforts. Technologies also are available for removing
contaminants in soil and the immobilization, macroencapsulation, and fixation
of contaminants both in soil and on surfaces. Using and adapting these
technolecgies for DST units will require validation, demonstration, and
development, but it appears that in situ remediation is technically viable.

Part of in situ remediation, following residual waste removal or
treatment, is the stabilization of subsurface structures. This is described
as the filling of structural voids with grout or other load-bearing materials
to ensure surface soil stability throughout the future. This is particularly
important in the performance of infiltration barriers should they be deemed
necessary.

In those areas where in situ technologies are not practical or allowable
under the regulations, removal of contaminated DST structures, soil, etc.,
will be considered. Removal of shallow land structures such as pits, piping,
ducting, and spills may be found to be the preferred method of closure;
whereas tank structures, etc., would undergo in situ remediation and
stabilization.

6.4 DOUBLE-SHELL TANK WASTE PRETREATMENT
PROCESS ALTERNATIVES

Alternative processes for pretreatment of DST wastes are described in
this section. The choice of pretreatment alternatives will ensure that the
most cost-effective method to meet environmental and regulatory standards for
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final disposal of Hanford Site wastes is used. A major goal of processing
Hanford Site tank waste is to reduce disposal costs by reducing the volume of
waste that must be vitrified and disposed of in a deep geologic repository.
To accomplish this goal, consideration is given to processes that efficiently
partition the waste into (1) a large, LLW fraction suitable for less
expensive, near-surface disposal in grout and (2) a much smaller fraction of
TRU (>100 nCi/g TRU) and/or HLW that must be vitrified for disposal in a
geologic repository.

Two reference processing alternatives are considered for all waste types:

» Separation of solids or sludges from supernatant liquids and washing
the solids with water to remove soluble salts

» Solid-liquid separations coupled with sludge dissolution and removal
of TRU components from acidic waste solutions using the TRUEX
process.

Other pretreatment methods are specific to a particular waste type. For
example, pretreatment methods specific to NCAW and CC wastes are as follows:

o Removal of 7Cs from alkaline NCAW and CC waste supernatant

e Destruction of complexants in CC waste to remove complexed
TRU elements and/or provide a feed for grouting that is free of
organic constituents.

6.4.1 Description of Requirements for Waste Processes

Pretreatment of DST wastes is done to separate these wastes into a low-
level, Tow-hazard fraction for dis; osal as grout in near-surface concrete
vaults and a TRU (>100 nCi/g TRU) and/or high-level, high-hazard fraction for
vitrification in borosilicate glass.

The pretreatment process for DST wastes must produce a LLW fraction that
meets the following requirements. For near-surface disposal of LLW, the DOE
has specified the TRU element concentration must be less than 100 nCi/g
 (DOE 1990a). The U.S. Environmental Protection Agency (EPA) and Ecology
regulate the land disposal of hazardous materials that can be incorporated
into grout (EPA 1991; Ecology 1991). A management plan has been developed to
ensure compliance with the regulations for land disposal of mixed radioactive
and hazardous wastes (Hendrickson 1990). The NRC has specified radionuclide
concentration Timits for land disposal of LLWs (NRC 1982). Additionally,
structural and thermal lTimitations of the grouted LLW and the concrete vault
will 1imit the concentration of radionuclides that can be incorporated into
grout.

The NCAW consists of an alkaline supernatant liquid contaminated with
cesium in contact with solids that contain TRU elements and strontium. The
pretreatment process for NCAW must separate the solids from the alkaline
supernatant. The resulting clarified supernatant must contain less than
100 nCi/g of TRU elements. Also, the "™'Cs concentration of the supernatant
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must be reduced to a level consistent with NRC concentration limits for land
disposal of the resulting LLW and grout formulation requirements.

For NCRW and PFP waste pretreatment, the TRU element fraction must be
separated so that the resulting LLW fraction contains less than 100 nCi/g
TRU elements.

Pretreatment of CC wiﬁte is more complicated than for other DST wastes.
The TRU elements and the ~'Cs must be removed from the waste to produce a LLW
fraction suitable for disposal as grout. The TRU element_concentration of the
resulting LLW fraction must be less than 100 nCi/g. The "’Cs concentration
of CC wastes must be reduced by 95 percent (Bernero 1989; Rizzo 1989).
Decomposition of organic compounds present in CC waste may be necessary to
comply with regulations for land disposal of hazardous materials or specific
grout structural requirements.

The resulting HLW fraction from pretreatment of DST wastes must meet the
vitrification feed specifications to produce a suitable borosilicatz glass.

6.4.2 Description of Waste Process Alternatives

_ Table 6-1 shows the application of sludge washing and TRUEX process for
pretreatment of the various DST wastes. Figures 6-2 through 6-10 show
conceptual flow diagrams for these two pretreatment concepts for each waste
type. Preliminary chemical process material balances (flowsheets) for the
sludge wash and TRUEX process alternatives for each waste type were reported
by Lowe (1991).

Table 6-1. Summary of Reference Pretreatment Processes.

Sludge washing Transuranic extraction
Double-shell tank " -
waste sludge Ceﬁirm Compl exant Sludge ciﬁ;rm Complexant | Transuranic
washing exchange destruction washing exchange destruction extraction

Neutralized current X X X X X*
acid waste
Neutralized cladding X X X
removal waste
Plutonium Finishing X X X
Plant waste
Complexant X X X X X X
concentrate waste

*Transuranic extraction process may incorporate an extractant for strontium recovery.

6.4.2.1 Sludge Separation and Washing. Solids in DST wastes can be
conveniently separated from associated liquid phases by a combination of
settle-decant and filtration methods. Settle-decant technology typically
provides for bulk separation cf solid and liquid phases. Filtration, e.g.,
pneumatic hydropuise filtration, can remove finely divided solids from the
partially clarified liquid phase.
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Neutralized Cladding Removal Waste -- Sludge Washing.

Figure 6-4.

01°8518016L

jesodsiq
aoeung
-1eaN

Aousoday
oibojoan)

1

uonedUUA

1

spijos
sueinsued}

paysem

H

walsAg
|eAdu1ay

SOL-MV-L¥e
€OL-MV-L1C
syue|

Ayjioed
juaueal}
noin

juejeusadng

31SeM
[9AST]-MOT]

uoienji4

Buiysem
4¢— 3bpniS

*

1918M
ysem

uonnjos
|jeaainay

6-19



WHC-EP-0475 Rev. 0

Neutralized Cladding Removal Waste -- Transuranic
Extraction Process.

Figure 6-5.

L1°85180162

fesodsiq
aoseung
-1eaN

IONZIJ

Aupoe4
jusueasj
noir)

Srealie o

v

juejewsadng
alsem
[9A87-MO

1 Aioysoday
spiios bojoag
PaAjossipun _
$$920id
uonenj4 , |J uoneaiu
alenyi4| X3NHL | sueinsuesy HINA
# 14 H Nz ﬁ
uonnjossig € O%°H Sleaiwsy)
SPU9S FONH wasAg
* 4 [eAdl}ay
spijos SOL-MV-L12
olueinsuel) €0L-MV-LYe
paysem syuep
uoneni4 Buiysem
D E— ¢— abpnis
* uonnjosg
31em jeAaulay
ysem

6-20



Figure 6-6.

Retrieval
Solution

WHC-EP-0475 Rev. 0

Sludge Washing,

Solid-Liquid
Separation
(in-tank)

B

Tank
241-SY-102

Retrieval
System

y

Washed
Transuranic
Solids

'

Vitrification

|

Geologic
Repository

6-21

Low-Level

Waste

Plutonium Finishing Plant Waste -- Sludge Washing.

Supernatant

Grout
Treatment
Facility

Near-
|/ Surface
Disposal

79108158.12



Figure 6-7.

Retrieval
Solution

Tank
241-SY-102

Retrieval
System

HNO;
NoHg |

WHC-EP-0475 Rev. 0

Extraction Process.
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Complexant Concentrate Waste -- Sludge Washing.

Figure 6-8.
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Complexant Concentrate Waste -- Alternate Sludge Washing.

Figure 6-9.
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Transuranic Extraction Process.

Figure 6-10.
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Washing separated DST sludges with water removes soluble components,
e.g., socium salts, and thereby reduces the amount of waste that must be
vitrified. Water washing also remuves soluble sulfate ions that interfere
with the vitrification process.

Sludge-washing operations can be performed either in existing DSTs or in
stainless steel tanks with associated equipment installed in shielded canyon-
type facilities (e.g., B Plant, PUREX Plant). Washing operations performed in
existing DSTs (which are constructed from carbon steel) must be restricted to
using water and other aqueous solutions that are not excessively corrosive.
Bulk separation of solids and liquids in DSTs can be accomplished by simple
gravity settling or by centrifugation. Filtration methods used in a shielded
facility outside the DSTs will suffice for final ~larification of supernatant
and spent washes. New DSTs, constructed from stainless steel, can be used for
sludge washing using aggressive chemical soluticns.

6.4.2.2 Removal of “'Cs. The a]ka11ne 11qu1d portypn of NCAW and CC waste
contains significant concentrations of 'Cs. The "'Cs must be removed from
these solutions to permit their disposal as grout in near-surface facilities.

Ion exchange technology for effective and selective removal of 'Cs from
highly alkaline colutions is well known and demonstrated (Schuiz and
Bray 1987). Such technology was used at the Hanford Site in t@ 1970's and
1980's to concentrate and purify million curie quantities of °‘Cs. Both
inorganic (e.g., zeolite-based materials) and organic ion ex,nange materials
have been used successfuliy on a plant-scale for removal of '“'Cs from aqueous
alkaline solutions. C+»ganic ion exchange materials are preferred with highly
alkaiine solutions because zeolites may dissolve in such media.

After recent bench-scale tests, Duolite' CS 100 (a phenolic-type cation
exchanger) appears_to be particularly welli-suited for removal of 95 to
99 percent of the B7cs from clarified NCAW supernatant. Also, Duolite CS 100
resin may work with <larified CC supernatant.

A second cycle of icn exchange is required to further increase the
cesium/sodium ratio and eliminate impacts to the canister production require-
ments from high sodium concentrations in the HWVP feed. Feed for the second
cycle ion exchange is prepared by concentrating (to reduce its volume) the
acidic eluate from the first ion exchange cyc]e and then adding NaOH to adjust
to the desired feed pH. The second-cycle ion exchange process Follows the
same seguence of steps used in the first-cycle ion exchange process. The
final "“'Cs product is concentrated and stored as feed to the HWVP. Cesium-
free streams from the first and second ion exchange cycles are concentrated
and stored for eventual incorporation into grout.

Fixed-bed ion exchange separation and purification of *’Cs can be most
conveniently performed in shielded pretreatment facilities, 2.g., B Plant,
PUREX Plant, or NPF. Alternatively, the cesium ion exchange process is simple
enough to be operated satisfactorily in equipment installed in the HWVP or an
annex to the HWVP if space is limited.

"Trademark of Rohm and Haas, Inc.
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6.4.2.3 Solids Dissolution. In some cases (e.g., NCAW), separated and washed
DST sludges can be vitrified without further pretreatment. In other cases
(e.g., PFP, CC, or NCRW sludges), further pretreatment to remove TRU elements
may be necessary or desirable before vitrification. The washed DST sludges
must be treated to prepare an aqueous HNO; feed to remove TRU elements by the
TRUEX 1iquid-1iquid extraction process.

Recent bench-scale tests with actual waste indicate that unwashed NCRW
sludge readily dissolves in HNO; solutions (Swanson 1991a, 1991b, 1391c).
Fxtensive water washing of NCRW solids removes fluoride ion that is necessary
for dissolution of the large amounts of zirconium present in NCRW solids. The
dissolution properties of washed CC and PFP waste sludges have not been
studied extensively, but judging from a few laboratory-scale tests with actual
waste samples of each type of sludge, both the washed CC and PFP sludges may
be quite soluble in HNO, or HNO;-HF media. Candidate reagents and procedures
for solubilizing all the various types of SST sludges have been addressed by
Schulz and Kupfer (1991).

Siudge dissolution operations cannot be performed in carbon steel DSTs.
Rather, such pretreatment operations require installation of suitable
dissolution vessels and associated equipment in shielded, remotely operated
facilities.

6.4.2.4 TRUEX Process. The TRUEX process is a recently developed liquid-
liquid extraction process capable of extracting all actinide elements in their
+3, +4, and +6 oxidation states from waste solutions containing HNO, (Horwitz
and Schulz 1985, 1986, 1987). Octyl(pheny])-N,N-d11sobuty1carbamoyi—
methylphosphine oxide (CMPO), a commercially available bifunctional
organophosphorus reagent, is the extractant in the TRUEX process; in practice,
the CMPO is diluted with tributyl phosphate (TBP) and a suitable mixture cf
normal paraffin hydrocarbons. The TRUEX process solvent selectively and
effectively extracts actinides over a wide range of aqueous feed acidities,
e.g., 0.5M to 8M HNO;. Bench-scale batch and countercurrent tests have
demonstrated that the TRUEX process can convert many TRU-type wastes (i.e.,
wastes containing >100 nCi TRU elements/g of waste) to LLW suitable for
disposal in near-surface facilities. Successful Taboratory-scale tests have
been performed with actual NCRW sludges (Swanson 1991a, 1991b, 1991c).

The TRUEX process is equally applicable to alkaline supernatant liquors
that have been acidified (e.g., CC waste) and to HNO, or HNO.-oxalic acid
solutions from aqueous dissolution of TRU-bearing soiids in BSTS and/or SSTs.
A 1imited number of laboratory-scale batch contact tests have been performed
with actual CC waste and PFP waste. A particularly important feature of the
TRUEX process is that it can selectively partition (strip) groups of
transuranic elements.

Conventionally, the TRUEX process is used in centrifugal contactors to
take advantage of very low phase residence times and high throughputs. But,
if desirable or necessary, the TRUEX process can be successfully operated in
pulse columns such as those used for many years at the Hanford Site.
Shielded, canyon-type facilities (e.g., B Plant, PUREX Plant, or an NPF) are
required for installation of TRUEX process equipment.
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6.4.2.5 Destruction of Organic Compounds. The CC waste, as noted previously,
contains high concentrations of organic compounds such as ethylenediamine-
tetraacetic acid (EDTA), hydroxyethylenediaminetriacetic acid (HEDTA),
nitrilotriacetic acid, citrate, and glycolate and their chemical and
radiolytic d%gradation products. Initial pretreatment of CC waste involves
removal of 'Cs and TRU elements. Further pretreatment may be required
before its final disposal in grout in near-surface facilities. Unless
destroyed before grouting, organic complexants may greatly facilitate
unacceptable transport of radionuclides or toxic metals leached from the
grouted waste to the environment. Certain organic components also may be
listed as hazardous constituents.

Technology for destroying aqueous-soluble organic complexants in
radioactive waste solutions is far less developed than are other alternate
pretreatment processes. Various methods of destroying organic components in
CC waste have been proposed and, in some cases, partially demonstrated. Among
others, these methods include (1) ozonolysis of alkaline CC waste,

(2) treatment of acidified CC waste with hydrogen peroxide, (3) super critical
water oxidation of dissolved organic materials, (4) high temperature
calcination of CC waste, and (5) electrochemical oxidation. Bench-scale
ozonation of diluted alkaline CC waste successfully oxidized many of the
organic constituents but appeared to convert them only to oxalate and,
perhaps, acetate jons and not to the desired carbon dioxide and water (Lutton
et al. 1980). Preliminary bench-scale tests with acidified CC waste also
indicate that hydrogen peroxide will oxidize at least some of the organic
substances present in solution. However, data are not available to determine
if hydrogen peroxide will oxidize all the various organic substances in

CC waste and/or if the end products are carbon dioxide and water or some
intermediate organic materials (e.g., acetate ion).

In preliminary tests conducted at Los Alamos National Laboratcry with
diluted simulated CC waste, super critical water readily oxidized greater than
99 percent of all the organic compounds present to carbon dioxide and water.
Extensive (i.e., 5 to 10 fold) dilution of the CC waste was necessary to
prevent crystallization of sodium salts under super critical water oxidation
conditions. Although super critical water oxidation of organic compounds in
CC waste is likely to be very effective in completely destroying such
compounds, it involves operating pressurized equipment containing high levels
of radioactivity at elevated temperatures with all the attendant safety
hazards. Rheological problems, if any, involved in direct calcination of
CC waste, which contains large amounts of sodium salts, have not yet been
investigated experimentally.

Electrochemical oxidation has been shown to be applicable to a wide
variety of hazardous organic compounds and in experiments at the Pacific
Northwest Laboratory it has been shown to be effective in the destruction of
organic compounds in synthatic and radioactive CC waste.

6.4.2.6 Removal of “°Sr. The pretreatment facility and process alternative

that involves NCAW sludge dissolution for separation of TRU elements requires

addition of a *°Sr removal process, either concurrent with or following

&Fmova1 of TRU elements. For this alternative, removal of the large amount of
Sr in NCAW sludge is a necessary precursor to waste grouting and near-

surface disposal of the treated sludge (see Figure 6-3).
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The strontium extraction (SREX) process, a liquid-liquid extraction
process recently developed by Horwitz et al. (1991) at the Argonne National
Laboratory, appears to be far superior to previously used technology for
removal of “°Sr from strongly acidic (i.e., >0.5M HNO;) solutions. The SREX
process extractant is bis-t-butyl-cis-cyclohexano- lg—crown-s, a commercially
available macrocyclic crown ether. Horwitz et al. (1991) have shown that the
SREX process can be used for %Sy removal from acidic wastes either after
TRUEX process operation or as part of a combined TRUEX-SREX process. For the
former case, the crown ether extractant is diluted with n-octanol. In the
latter case, it is diluted with TBP and CMPO.

The SREX process solvent is very selective for 9°Sr; after the actinides
have been extracted by the TRUEX process there are a number of contaminants
left; however, only barium and technetium co-extract with strontium to any
extent. Thus, the SREX process yields a highly purified strontium concentrate
suitable as feed to a vitrification process. Resistance of the SREX process
solvent to both radiolytic and hydrolytic attack appears to be excellent.

Both batch and countercurrent tests with simulated waste solutions attest
to the high potential efficiency of the SREX process reagent for extracting
%Sy from strong HNO, media. In one batch countercurrent test, 95.7 percent
of the strontium was removed from a simulated Hanford Site waste in six
extraction stages. Dilute HNO; readily strips strontium from the SREX process
solvent. The SREX process and the TRUEX-SREX process have not yet been tested
with actual waste solutions.

6.4.3 Estimated Glass and Grout Volumes for
Reference Processes

Material balances were developed for pretreating the NCAW, NCRW, PFP
sludge waste, and CC waste stored in DSTs. The material balances were used to
Jsstimate the number of canisters of glass produced by the HWVP for these waste
types (Lowe 1991). Grout volumes also were estimated using the material
balances from Lowe (1991). Table 6-2 summarizes the glass and grout volumes
for the two levels of waste treatment described in Section 6.4.2, i.e., simple
sludge washing versus TRU removal using the TRUEX process.

The material balances and glass and/or grout volumes are based on the
best information currently available. However, technical uncertainties exist
for each of the waste types, and the material balances and canister estimates
should be considered preliminary and subject to change. Process development
testing is ongoing to resolve the uncertainties. Best estimates were used in
the material balances for missing information.

The number of canisters of glass previously were provided for updating
the Integrated Data Base for 1990: U.S. Spent Fuel and Radioactive Waste
Inventories, Projections, and Characteristics, DOE/RW-0006 (Newland 1991).
The canister projections in Table 6-2 differ from those provided by Newland
(1991) based on updated information from recent TRUEX process development
tests and sludge washing experiments at the Pacific Northwest Laboratory.
Additionally, the assumed volumes of waste requiring pretreatment recently
have been revised based on estimated operational waste volume projections.
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Table 6-2. Glass and Grout Volumes.
Process alternatives
Double-shell tank waste Sludge washing Transuranic extraction
P Total 3 Total

Grou* (m") canisters® Grout (m”) canisters
Neutralized current
acid waste d 580 ¢ 145
Neutralized cladding b
removal waste d 2,200 ¢ 110
Plutonium Finishing c
Plant waste d 2,500 ° 250
Complexant concentrate
waste ‘ d 5,100 e 400

®Waste loading in glass is 25 wt% unless otherwise noted.
aste loading in glass is 16 wt% because of zirconium 1imit.
‘Waste loading in glass is 2.5% because of chromium 1imit.
d203,000 to 219,000 m’ (approximately 38 to 41 vaults) for all DST
waste.
®203,000 to 267,000 m® (approximately 38 to 50 vaults) for all DST
waste. ‘

The canister estimates given in Table 6-2 illustrate the potential
economic incentive of acidification and TRUEX processing for reducing the
volume of vitrified waste as compared to the sludge-washing approach.
Compared to earlier canister estimates, the revised estimates for use of the
TRUEX process have been reduced primarily as a result of laboratory evidence
that higher than previously assumed percentages of sludge are dissolved when
acidified. Use of the TRUEX process results in a large volume of LLW that
must oe disposed of compa;ed to the sludge washing process. Thus, a maximum
of approximately 64,000 m” (17 Mgal) of additional jvout, or about 12 grout
vaults, results from using the TRUEX process rather vhan sludge washing.

6.4.4 Alternative (Intermediate) Pretreatment Processes

6.4.4.1 Introduction. Several potential alternatives to some of the
reference pretreatment processes have been identified and are discussed
briefly in this section. These alternatives represent an intermediate
position between simple water washing of sludges (minimum treatment, maximum
canisters) and sludge dissolution and TRUEX process operation (maximum
treatment, minimum canisters). The candidate intermediate pretreatment
processes briefly described in the following text are of interest because they
could reduce the number of canisters of glass tc be produced. Some of the
intermediate processes appear suitable for operation in DSTs while others
could be operated only in pretreatment facilities external to the DSTs.
Although intermediate processes would not reduce the number of canisters to
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Tevels expected when using the TRUEX process, use of intermediate processes
gither in DSTs or in facilities with minimal process requirements could
potentially challenge processes (e.g., TRUEX) that must use costly facilities
for reducing the volume of waste to be vitrified. In addition, intermediate
processing could be used to process some DST wastes before startup of a TRUEX
process facility, thus reducing HWVP downtime, although with an increased
number of canisters compared to using the TRUEX process. It is important to
note that some pretreatment (e.g., cesium ion exchange and complexant
destruction) could not be performed in minimal facilities (i.e., these
processes will require the use of new or existing shielded processing
facilities such as B Plant or an NPF). A1l of these alternative pretreatment
technologies require extensive development and testing.

6.4.4.2 Dissolution of Nonradioactive Sludge Components. Many of the solid
fractions of DST wastes contain Targe amounts of certain nonradioactive
components that 1imit glass waste loading. For example, PFP waste and

CC waste solids contain significant amounts of chromium and aluminum while the
solid portion of NCRW essentially is hydrated zirconium oxide. Selective
leaching or dissolution of the load Timiting inert constituents would allow
increased glass waste loading. This would result in a decrease in the number
of canisters of glass requiring geologic disposal.

Some preliminary bench-scale tests with actual PFP waste solids indicate
that washing with dilute potassium permanganate (KMnO,) solution oxidizes
insoluble chromium (III) to soluble chromium (VI). Aﬁso, water washing of PFP
waste solids removes part of the phosphorus content. One bench-scale test
with actual NCRW solids indicates that oxalic acid may remove some of the
zirconium. Known chemistry suggests that leaching of PFP waste and CC waste
solids with a warm NaOH solution would dissolve substantial amounts of
aluminum compounds.

Washing of DST waste solids with special aqueous solutions that
selectively remove load-limiting nonradioactive components currently appears
to be the most viable intermediate pretreatment process. Technological issues
associated with this approach include the need for additional laboratory-scale
of actual wastes, testing, tank farm logistics, tank materials considerations,
and mixing of solids and dissolution solutions.

6.4.4.3 Selective Leaching of Transuranic Elements. Another intermediate
pretreatment process involves using special aqueous solutions to selectively
leach TRU elements from NCRW solids and, possibly, the solid fraction of

CC waste. This would eliminate the need to dissolve such solids and,
poisib1y, to operate a large-scale TRUEX process with the resulting dissolver
solution.

Laboratory-scale tests with actual NCRW solids indicate that it may be
possible to leach the TRU elements without dissolving much of the inert
components. Promising TRU removal procedures and reagents include dilute
HNO;-silver persulfate solutions, sodium carbonate-sodium bicarbonate
solutions containing an oxidant such as potassium ferrate, and catalyzed
electrolytic plutonium oxide dissolution (CEPOD) technology. Technological
issues associated with this approach include the need for additional
laboratory scale testing, tank farm logistics, tank materials considerations,
and mixing.
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6.4.4.4 Blending. The HWVP feeds that are limited in waste loading by one or
more components will be considered for a blending strategy. In this strategy,
a feed tﬁat is limited in one component will be mixed with a different feed
that has a low quantity of the 1imiting component. This, in effect, dilutes
the Timiting component and allows a higher waste loading in the glass to be
obtained. In theory, blending can be applied to any of the feeds to the HWVP
including those that may result from the intermediate processing approaches.
Because of limited compositional data, blending is examined briefly using
feeds from sludge washing and/or inert dissolution.

While a blending strategy is conceptually simple, there are some
practical difficulties thai need to bz addressed. These include suspension,
transfer and measurement of the appropriate quantities of each type of solids,
mixing and solid-liquid separation.

6.4.4.5 Alternative Methods for Complexant Concentrate Waste Supernatant.
Application of titanium-loaded zeolite or resin (titanate adsorption) has been
suggested for removal of TRU components, strontium, and cesium from alkaline
supernatant. Limited testing in the Pacific Northwest Laboratory indicates
that removal of cesium, plutonium, and some americium is feasible. Additional
laboratory testing of this approach with CC waste supernatant is warranted to
improve removal of americium and strontium.

6.4.4.6 Canister Production Estimates for Interiediate Processing. The
potential impact of several of the intermediate processing approaches on glass
canister production is shown in Table 6-3. The top two entries in Table 6-3
indicate the number of canisters that result from the current bounding
approaches of sludge wash and TRUEX for pretreatment of the DST waste. In all
cases, it is assumed that the NCAW solids are treated by washing to remove the
soluble components. Removal of cesium from the supernatant by ion exchange
does not affect the canister estimate significantly. The next three entries
in Table 6-3 show the number of canisters that could be produced, assuming
various components are leached from the sludges. Note, zirconium dissolution
and TRU Teaching of NCRW have not been demonstrated on a bench scale but have
been included to demonstrate the potential reduction in canisters. The last
set of canister estimates includes a variety of chromium leaching and blending
alternatives. These alternatives are attractive because the number of
canisters produced is reduced using relatively simple technologies that have
the greatest chance of success. For the blending-leaching alternatives,
wastes listed on the table and separated by a slash (/) are assumed to be
blended together. Wastes that are to be treated for chromium removal are
followed by (chromium leach). Additional reductions in the number of
canisters might be achieved using NaOH to dissolve some of the aluminum
compounds.

Additional reductions in the number of canisters produced also might be
obtained through increased waste loading in the glass. The two methods that
are being examined are tailored frit and high-temperature melters.
Preliminary results indicate that it may be possible to further reduce the
number of canisters up te 30 percent.
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The canister estimates are based on the following assumptions.

* The compositions used for the canister estimates are based on
existing flowsheet calculations for sludge wash and TRUEX process
(Lowe 1991) alternatives.

» The specific waste volumes are those assumed in Section 6.2.1.

* The number of canisters are estimated by comparing the flowsheet
values for the HWVP feed composition to the HWVP feed specifications
and identifying the limiting components, if any.

e In general, there is considerable uncertainty associated with the
canister numbers, primarily because of incomplete characterization
of the wastes (especially CC wastes) and incomplete bench-scale
testing with actual wastes.

e The blending scenarios shown are based on the total tank contents of
the wastes, but tank size and solids suspension capabilities will
limit the amount of blended solids that can be prepared at any one
time. This will make it necessary to mix portions of each waste
type to achieve the desired blend. It may be difficult to suspend,
transfer, and measure the required solid quantities of each waste
type. Ultimately, it will be necessary to consider blending wastes
on a tank-by-tank basis because of the Timits on the amount of
solids that can be handled at one time and because of the
significant differences in waste compositions.

6.4.5 Additional Radionuclide Removal

Based on comments from regulatory agencies (NRC, EPA, and Washington
State) and future comprehensive performance assessments, it may be desirable
to reduce the concentrations of radionuclides in LLW grouts to significantly
Tower levels than those defined by the current grout criteria. The primary
radionuclides of concern gnd c09;1dered %w cand1dates for additional
radionuclide removal are *°Sr, Cs, and

6.4.5.1 Technetium-99 Removal. As noted earlier, the reference suite of
processes for pretrgatment of DST wastes does not involve removal of long-
lived (t,, 1,2 = 2 x 107 yr) Te. Technetium, which exists as the pertechnetate
(TcO ) anion in both alkaline and acidic waste solutions, is extremely mobile
in the environment. Thus, further evaluation and analysis of Jiear- surface
waste disposal systems may demonstrate the need for removing %Tc from some
DST wastes inciuding NSSF waste.

Various liquid- 11q91d extraction, ion exchange, and even precipitation
processes can separate ’Tc from either acidic or alkaline waste solutions.
However, much of this separation technology is only partially developed.

Both the TRUEX and SREX process solvents extract *Tc (as HTcO,) from HWO,
media. Because the distribution of technetium into TRUEX and SREX process
solvents is relatively low compared to TRU elements, appropriate adjustments
in prucess flowsheets (e.g., increased organic f]ows, more extraction stages)
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must be made to remove 99+ percent of the technetium_from acidic solutions.

Dilute sodium carbonate solutions effectively strip “Tc (and uranium) from

the TRUEX process CMPO solvent. Liquid- 1iquid and extraction chromatographic

processes using primary or secondary amines have been proposed for separating
Tc and uranium in carbonate solutions.

Sorption of TcO,” on a strong base anion exchange resin is a highly-
gffective method for removing *°Tc from alkaline waste solutions. Because the
TcO is held so tightly by the anion exchange resin, strong HNO3 solutions

are requlred to elute it. The need to recover apnd reuse HNO; is a
disadvantage to anion exchange resin removal of Tc from a1ka11ne solutions.

Other proposed methods for removing *Tc from alkaline waste solutions
include a 1iquid-liquid extraction process using cyclohexanone as the
extractant (Schulz 1980). Water can strip *’Tc from the organic phase, thus
this extraction scheme avoids the HNO; recovery problem associated with the
anion exchange method. However, th1s process has not been tested beyond the
bench scala. Scientists at the DOE Savannah River Site have conducted
preliminary studies of organic precipitation reagents, such as
tetraphenylarsonium acid, to scavenge *’Tc from alkaline waste solutions.

6.4.5.2 Enhanced Removal of “Sr. The SREX process and the TRUEX-SREX
processes for removal of Sy from HNO; solutions are discussed in
Section 6.4.2.6. The reference suite of pretreatment processes does not
include removing Sy from DST wastes. However, for certain DST wastes,
particularly CC wastes but also the solid portion of NCAW, the TRUEX-SREX
process, rather than the simple TRUEX process, .9uld enable simultaneous
removal of “°Sr as well as TRU elements. Removal of *°Sr from CC waste may be
desirable to facilitate near-surface disposal of pretreated waste. Removal of
Sr from NCRW and PFP wastes is not required because those DST wastes contain
only minor amounts of “Osr.

6.4.5.3 Enhanced Removal of ”7Cs? The reference pretreatment processes
include ion exchange removal of ~'Cs from alkaline CC waste and NCAW wastes.
If desirable Qr necessary, the same equipment and technology could be applied
to removing 37Cs rom DSSF waste. The DSSF wgste probably would have to be
diluted substant1a]1y to effectively remove °‘Cs. Bench-scale tests with
simulated and actual DSSF w%stes are required to develop ion exchange
technoiogy for removal of

6.5 FACILITY ALTERNATIVES

Facility alternatives for performing the waste treatment processes
described in Section 6.4 are evaluated in this section. Section 6.4.3
stresses the potential economic incentives for applying the TRUEX process to
reduce the volume of waste feed that must be vitrified and sent to a geologic
repository. To achieve this goal, methodology must be developed to verify
that the TRUEX process can be successfully applied to the candidate wastes.
The alternative of washing all of the sludge wastes rather than using the
TRUEX process must be kept open until the appropriate TRUEX process technology
has been developed. A decision analysis is presented in Section 8.0 that
depicts, on a timeline, the technical and programmatic decisions required to
arrive at a preferred pretreatment plan.
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’ Five facility alternatives are evaluated as possible locations where
TRUEX process pretreatment operations could be performed:
e DSTs
e B Plant

PUREX Plant
A standalone NPF

An expanded HWVP.

For cases where sludge washing of DST wastes is performed instead of
using the TRUEX process, it is assumed that PFP waste and waste solids can be
washed directly in DSTs using mixer pumps. Because of problems (discovered
during laboratory experiments) separating washed NCRW solids from 1iquid
supernatants, a facility must be used to filter the waste and provide
effective solid-1iquid separations. Although the present baseline for washing
NCAW solids assumes use of the 244-AR Vault, NCAW we hing could be performed
in a DST.

6.5.1 Facility Requirements

pretreat DST wastes must comply with the design criteria in DOE Order 6430.1A
(DOE 1989b) and the WAC 173-303 (Ecology 1991). In addition, facilities must
comply with the national consensus codes and standards as developed by such
organizations as the American Concrete Institute, American National Standards
Institute, American Society of Mechanical Engineers, National Fire Protection
Association, and the Institute of Electrical and Electronic Engineers.

. 6.5.1.1 General Facility Requirements. New or modified facilities used to

6.5.1.2 Requirements for Modification of Existing Facilities. The Hanford
Site has several facilities that could be modified to pretreat DST wastes.
However, because of the useful life, size, and location to interface with
other facilities, as well as availability of the facility required, only

B Plant in conjunction with 244-AR Vault and the PUREX Plant are suitable.
The following specific areas of B Plant, 244-AR Vault, and the PUREX Plant
require further evaluation to demonstrate compliance with DOE Order 6430.1A
and other codes and standards as required to use either facility as a
radioactive liquid waste treatment facility (WHC 1991; Ludowise 1989).

e Structure

- A natural forces (0.2g design basis earthquake site specific)
evaluation shall be performed, and deficiencies shall be
corrected. Deficient systems may include emergency power,
ventilation, and instrumentation of Safety Class 1 and 2
systems. :
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Safety Class 1 and 2 systems shall have redundant systems
installed to ensure systems can continu= to perform during
normal operations, rctitine abnormal events, and design basis
accidents (DBA).

The Tife-limiting features of the facility must be examined and
reviewed to determine aspects demanding attention (e.q.,
embedded piping, hot cell wiring). Recommendations shall be
made, and deficiencies shall be corrncted.

e Confinement

Available double-walled piping transfer routes shall be
examined to ensure integrity of the systems.

A confinement system shall be designed to ensure adequate
redundancy and to maintain airflow during normal operations,
routine abnormal events, and DBAs.

Systems shall have multiple confinement.

A high-efficiency particulate air (HEPA) filtration system
shall be installed to prevent blow-back from process areas to
occupied areas or the environment. Inlet air to control rooms
shall be filtered. Different ventilation zone areas shall be
evaluated, and where determined necessary, air locks shall be
installed.

Exhaust filter systems, which are no longer used, shall be
evaluated via a safety analysis (to be performed) to ensure
DBAs and design basis earthquake conditions could not cause
releases of radioactive or hazardous materials exceeding DOE
standards. Based on the recommendations from the safety
analysis, these systems shall be removed or isolated. Standard
decontaminating and decommissioning procedures will be used.

* Electrical, Instrumentation, and Control

Instrumentation and control equipment shall be reviewed by the
facilities to ensure adequate redundancy for Safety Class 1
and 2 systems.

Safety class instrumentation and control systems shall be
supplied with an uninterruptible power source.

Wiring runs into process cells shall be evaluated and replaced
as necessary.

A1l safety class systems that will operate in anticipated

operational occurrences, DBAs, and for safe shutdown will have
emergency backup power.
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e Industrial Safety

An annual fire safety analysis shall be reviewed to ensure that
all recommended measures are put in place. This evaluation
will incorporate an improved level of risk of fire protection
to the facility. This will include providing a fire protection
water system that is not hindered when process water is used.

The facility design shall provide separation against fire,
explosion, and failure of fire suppression systems to ensure
that redundant safety class components can perform.

The facilities shall have improved methods for obtaining
process solution samples. The improved methods shall be within
as low as reasonably achievable guidelines, to lower hazardous
material exposure to personnel.

The asbestos material used throughout the facility should be
evaluated. The asbestos should be removed.

» Waste Management

The facility shall be capable of treating mixed wastz, HLW, and
LLW. Also, the facility shall be capable of separating and
segregating wastes.

The facility shall be able to adequately sample effluent
streams.

The facility will need to anticipate the effluent streams and
how to treat them. The facility may be required to install
closed-ioon cooling to eliminate effiuent streams currently
discharging to a soil column or retention basin system.

A safety analysis and best available technology methods will be
used %g determine if a closed-loop cooling system shall be
installed.

The facility shall have improved methcds for inspecting tanks,
sumps, hot-pipe trench, and instrumentation in high-radiation
areas by remote systems.

» Secondary Containment for Tank Systems

B Plant. Secondary containment for the B Plant canyon tank
system consists of concrete cells, cell drain header,
collection vessel TK-10-1, and liquid leak detection and
monitoring instrumentation. An analysis of the B Plant
secondary containment system by Westinghouse Hanford Company
has concluded this system complies with Washington State
requlations (Corcoran and Weingardt 1991). The DOE and
Washington State have not yet responded to this analysis.

PUREX Plant. The secondary containment system for PUREX Plant
canyon vessels consists of concrete cells, sumps, and liquid
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leak detection and monitoring instrumentatation. Ecology
concluded that the PUREX Plant secondary containment system
must be modified (Nord 1991) to comply with WAC 173-303
(Ecology 1991). '

6.5.1.3 Interface Requirements. The pretreatment facility separates

DST wastes into a low-level, low-hazard fraction for disposal in grout and a
high-level and/or TRU, high-hazard fraction for vitrification. Pretreatment
of DST wastes is performed to minimize total program costs for waste disposal
and to remove waste constituents that are detrimental to the Tong-term
stability of glass and grout or detrimental to the environment.

The pretreatment process must ensure the resulting low-level, low-hazard
waste fraction complies with DOE 1imits for TRU concentration (DOE 1990a), EPA
and Washington State regulations for disposal of hazardous materials
(EPA 1990b; Ecology 1991), and NRC Ticensing requirements (NRC 1990b).
Additional pretreatment process requirements are derived from physical
property requirements for grout and glass waste forms. Except for the
blending of pretreated wastes, the pretreatment process is the primary factor
in controlling the composition of low-level and high-level and/or TRU waste
fractions. Thus, pretreatment must ensure compliance with State and Federal
regulations as we,1 as waste form physical property requirements. As such,
the pretreatment process and facility combination is the pivotal component in
an integrated DST and SST waste disposal program.

A network of underground transfer lines, USTs, and the 242-A Evaporator-
Crystallizer interconnect the pretreatment facility with HWVP and the GTF.
The 242-A Evaporator-Crystallizer reduces the volume of waste solutions by
evaporation, with the distillate treated and handled in the Liquid Effluent
Retention Facility and the Treated Effiuent Disposal Facility. The network of
un?$rground transfer lines are secondary-contained piping and transfer the
following:

¢ Waste from the DSTs to the pretreatment facility

e Pretreated waste from the pretreatment facility to DSTs for
characterization and lag storage

o Pretreated wastes from DSTs to the GTF or HWVP

e The LLW and HLW byproduct solutions generated by the HWVP to DSTs
for pretreatment processing.

Solutions transferred through underground transfer lines and stored in
DSTs must comply with specific criteria. The criteria were established from
safety analyses and operating specifications to ensure structural integrity
and system functions are not degraded. These criteria are in tank farm
operating specification documents.

Operation of the pretreatment facility and the HWVP will generate
secondary waste solutions, typically steam condensate from heating systems,
condensed process distillates from evaporation of wastes solutions, and water
used to cool process equipment. These secondary waste solutions may contain
trace quantities of radioactive or otherwise hazardous constituents. Local
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treatment of secondary wastestreams is provided at the pretreatment facility
and HWVP, with the treated secondary wastes transferred to the Treated
Effluent Disposal Facility through secondary-contained underground piping.
Secondary waste treatment criteria are specified in Environmental Compliance,
WHC-CM-7-5 (WHC 1990b).

6.5.1.4 Regulatory Compliance. Pretreatment of DST waste will require
adherence to a number of regulatory requirements and regulations. The
primary environmental statute that will impact pretreatment of DST waste

is the RCRA and the corresponding Dangerous Waste Regulations established in
the WAC 173-303 (Ecology 1991). In addition, requirements established under
the Atomic Energy Act of 1954 and implemented through DOE orders must be
addressed. Finally, construction of NPFs will require an evaluation for
significant environmental impacts as required in accordance with the National
Environmental Policy Act of 1969 (NEPA).

6.5.1.4.1 Permitting. Facilities used to pretreat DST waste will be
required to secure a Part B permit. For existing interim status facilities,
amendments to an existing Part A permit may be required to address additiconal
design capacity or waste codes and process changes.

Construction of an NPF will require that a Part B permit be obtained
before start of construction, unless interim status expansion is granted
by Ecology. Interim status expansion would allow construction to begin
after a Notice of Intent was submitted to Ecology in accordance with
WAC 173-303-281 (Ecology 1991). Ecology must receive the Notice of Intent
150 days before an application for a permit or permit revision for the new
facility can be filed. If interim status expansion is approved, construction
could be initiated while the Part B permit application is being developed.
A milestone then could be added to the Tri-Party Agreement (Ecology et al.
1990) for submittal of the associated Part B permit application.

If, on closure, all waste cannot be removed and a landfill closure is
reaquired, then the DOE will be required to submit a revised Part A to include
dispocal of hazardous waste and submit a postclosure permit application. In
this case, a RCRA Tandfill cover will be required as well as postclosure
monitoring for at least 30 yr.

6§.5.1.4.2 Treatment and Storage in Tanks. All pretreatment operations
that are conducted in tanks and units meeting the definition _f tanks will be
required to address the technical requirements of WAC 173-303-640. New tank
systems must meet the following requirements.

* The owner or operator must determine that the tank system is not
leaking or unfit for use. A written assessment attesting to the
tank system's integrity must be obtained. The written assessment
must be reviewed and certified by an independent, qualified
registered professional engineer, in accordance with WAC 173-303-810
(Ecology 1991).

¢ Secondary containment and reilease detection that meets the standards
of WAC 173-303-640(4)(e) must be provided for the tanks and
associated piping.
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¢ The general operating requirements of WAC 173-303-640(5) must also
be met, including provisions for waste compatibility, prevention of
spills and overfills, release response, and tank labeling.

* The owner or operator must respond to leaks by removing sufficient
waste to prevent further leakage within 24 h or the earliest
practicable time. Failed tanks either must be repaired and
certified as being fit for use, replaced, or closed in accordance
with WAC 173-303-640(7).

e Respond to leaks and spills in accordance with WAC 173-303-640(7).

Upon closure of a tank system, the owner or operator must remove or
decontaminate all waste residues, contaminated system components, contaminated
soils, and structures and equipment contaminated with waste. A1l of these
items then are managed as dangerous waste. If the owner or operator can
demonstrate that it is not practicable to remove all contaminated soils, the
tank system must be closed as a lTandfill. It is important to note that this
landfill closure alternative was intended to apply only to contaminated soils.
A recent interpretation by the EPA (December 10, 1987) clarified that under
limited conditions tanks may be closed with waste remaining in place under the
provisions for landfills. However, this interpretation has not been
incorporated into regulation.

6.5.1.4.3 Storage in Containers. Any DST waste that is retrieved and
waste generated as a result of waste retrieval will require management in
accordance with the requirements of WAC 173-303-630 (Ecology 1991). 1In the
event that containerized waste will he stored at a given pretreatment facility
for greater than 90 days, a dangerous waste storage permit will be required.
In this case, the permitting requirements discussed previously will be
applicable.

Newly constructed container storage areas and 90-day accumulation areas
must be constructed with secondary containment. If concrete is used to meet
the secondary containment requirement, the concrete must be lined with an
impervious coating that is compatible with the waste being stored. In
addition, if the waste being stored meets the criteria of extremely hazardous
waste, the containers must be protected from the elements by a building or
other protective covering.

6.5.1.4.4 DOE Orders. The management and pretreatment operations for
DST waste will be subject to a number of DOE orders that may include the
following:

e DOE Order 5400.3, Hazardous and Radioactive Mixed Waste Programs
(DOE 1989a)

o DOE Order 5400.5, Radiation Protection of the Public and the
Environment (DOE 1990b)

 DOE Order 5820.2A, Radivoactive Waste Management (DCE 1990a)
e DOE Order 6430.1A, General Design Criteria (DOE 1989b).
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6.5.1.4.5 National Environmental Policy Act Requirements. Closure of
the DSTs and/or construction of pretreatment facilities may require additional
evaluation for compliance with the NEPA., The final disposition of DST waste
was addressed in the HDW-EIS (DOE 1987). While a discussion of potential
pretreatment alternatives, including the use of B Plant, was discussed in the
HDW-EIS, it is possible that DOE-Headquarters may require additional NEPA
evaluation for pretreatment facilities. This decision may be based in part on
whether the scope of the HDW-EIS included the pretreatment activities and
whether information was included in significant detail to fulfill NEPA
requirements.

6.5.2 Descriptions of Candidate Pretreatment Facilities

Table 6-4 and Figure 6-11 identify candidate existing and new facilities
for performing the reference pretreatment processes (see Section 6.4). The
new sludge wash facilities (SW B-E) and TRUEX process facilities (TRUEX A-F)
called out in Table 6-4 and Figure 6-11 are new treatment facility
alternatives sized (Boomer et al. 1990) to pretreat waste from varying numbers
of DSTs and SSTs.

As indicated in Figure 6-11, some of the candidate pretreatment
facilities can be used to pretreat all or part of the waste from DSTs and
SSTs. Further discussion of SST waste pretreatment is provided in WHC-EP-0338
DRAFT (Boomer et al. 1990). Some of ghe candgdate facilities also can
accommodate removal, if desired, of 'Cs and *Tc from DSSF waste.

The following sections (Sections 6.5.2.1-6.5.2.7) provide summary
descriptions of the pretreatment facility equipment and the candidate
pretreatment facilities. Section 6.5.2.8 describes alternate pretreatment
facility design concepts.

Descriptions of the proposed standalone facilities are provided in
Appendix G. Conceptual facility layouts also are shown.

6.5.2.1 Equipment Description. The equipment used for waste pretreatment
includes tanks, filters, columns, centrifugal contactors, dissolvers, and
evaporators. Pumps are used to transfer waste from the tank farms to the
pretreatment facility and to transfer material inside the plant. Equipment is
made of stainless steel unless a special material is required.

The equipment for new facilities is sized to support continuous operation
of a 100 kg/h melter at the HWVP. For existing facilities, equipment is sized
to obtain the maximum throughput rate possible within the limitations of the
size of the facility (Section 6.5.2.2).

Tanks are used to receive waste from the tank farms. Tanks are used to
stage feed to the various unit operations and to receive waste and products
from each operation. Tanks also are used for settle-decant operations to
separate solids from liquids. Tanks are sized to match the particular process
need within the constraints of space availability of the specific facility.
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Dissolvers are constructed of Hastelloy' C to provide corrosion resis-
tance to HNO;/HF solutions. Dissolvers are used to prepare feed for solvent
extraction and for digestion of CC wastes for destruction of complexants. For
sludge wash processes, the dissolvers are used for settle/decant operations.

Filters are used for solid-1iquid separation. Feed to process steps,
such as ion exchange or solvent extraction, must be free of solids. Filters
are used to make these polishing separations. Pneumatic hydropulse filters
are used in the NCAW pretreatment process. Testing of other filtration
equipment is expected before filter designs are finalized for each specific
waste and process.

Continuous centrifuges are used for some solid-liquid separations in the
new processing facility. Continuous centrifuges also could be used to improve
throughput rates in existing facilities. Additional testing is required to
confirm the potential uses of centrifuges.

Ion exchange co1uhns are used to separate cesium from alkaline wastes.
The columns are cylindrical tanks specifically designed to hold the ion
exchange resin that removes cesium.

Centrifugal contactors are used for solvent extraction operations. The
contactors provide a high-efficiency and high-throughput operation within a
minimum amount of plant space. Pulse columns are used for solvent extraction
operations in the PUREX Plant. The PUREX Plant is designed specifically for
u;ing pulse columns and the columns require a minimum amount of area within
the plant.

Thermosyphon evaporators are used to reduce the volume of wastestreams.
The evaporators are sized to match process needs within the facilities.

6.5.2.2 Equipment Sizing and Time Cycles.

6.5.2.2.1 B Plant. The DST waste pretreatment equipment must be placed
within a shielded facility to 1imit the radiation exposure to operating
personnel and to protect the environment from process solutions and offgases.
The shielded process area within B Plant consists of 40 cells, numbered
sequentially 1 through 40. The size and configuration of the shielded process
area at B Plant limits the size of pretreatment equipment that can be placed
within this facility.

The rate-limiting step in pretreatment of NCAW is separating the cesium
from the alkaline 1iquid waste using an ion exchange process. The cesium
separation rate is limited by the size and number of jon exchange columns as
well as the rate at which dilute solutions can be evaporated. Existing
process equipment within cells 11 through 14 and 17 through 25 was installed
during the 1960's to recover cesium from some SST wastes. Process equipment
consists primarily of storage tanks, an ion exchange column, two thermosyphon
evaporators, and offgas treatment equipment. With replacement of selected
equipment, this existing process equipment can provide the optimum processing
rate: for NCAW at B Plant. Pretreatment of NCAW can be accomplished in

"Trademark of Cabot Corporation.
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approximately 10 months. Continued use of selected existing process equipment
is a significant cost and time savings compared to replacement. The existing
ion exchange column, one thermosyphon evaporator, and offgas treatment
equipment would be replaced with three cesium ion exchange columns and one
larger capacity thermosyphon evaporator specifically designed for pretreatment
of NCAW.

For pretreatment of NCRW, PFP wastes, and CC wastes, the rate-limiting
pretreatment step is dependent upon the method of pretreatment. The
rate-1imiting step for sludge washing these DST wastes is the solid-Tiquid
separation steps. The rate-limiting step for dissolving the sludges to
separate TRU elements using the TRUEX process is the sludge dissolution step.

Required pretreatment equipment can be installed in process cells 5
through 8 and 26 through 33. During the sludge dissolution and TRUEX process
steps, the chemical solutions used are corrosive to the existing stainless
steel piping at B Plant. Because of a limited ability to install new
corrosion-resistant piping, only process cells 26 through 33 can have sludge
dissolution and TRUEX process equipment installed. The limited number of
process cells and the relatively small size of these cells will not allow
installation of sufficient sludge dissolution and TRUEX gretreatment process
equipment to support continuous operation of the 100 kg/h melter at HWVP.
Thus, significant standby time at the HWVP would result. Pretreatment of
NCRW, PFP, and CC wastes is ectimated to require 30, 3, and 88 months of
operation, respectively, at the B Plant.

Sufficient space is available within B Plant for installation of sludge-
washing equipment capable of pretreating DST wastes at a rate higher than that
required to support continuous operitions at HWP. Thus, no standby time at
HWVP is incurred from sludge-washing pretreatment operations at B Plant.
Pretreatment of NCRW and CC wastes using the sludge-washing process is
estimated to require 16 and 46 months respectively at the B Plant. PFP
pretreatment using the sludge-washing process can be conducted in a DST,
requiring approximately 6 months to complete.

The equipment for supporting pretreatment is designed to obtain the
maximum throughput rate and therefore minimize total operating time.

6.5.2.2.2 PUREX Plant. For each of the waste types, schedule
requirements for processing waste through the PUREX Plant were estimated. The
NCAW processing is the same for both alternatives. The PFP waste is processed
in-tank if only sludge washing is used for pretreatment. The time cycles for
NCRW and CC waste for either TRUEX process or sludge washing are effectively
the same since the TRUEX process is not the Timiting step in the pretreatment
processing.

Neutralized Current Acid Waste. Cesium ion exchange is the limiting
operation for NCAW pretreatment. Two ion exchange systems were congidered for
the PUREX Plant. Assuming each column has a resin volume of 11.4 m>
(3,000 gal) and each two-column system contains 22.8 m> (6,000 gal) of resin,
the following was determined. Using two ion exchange columns (one two-column
system), approximately 6 months is required to pretreat NCAW. Using four
columns (two independent two-column systems), the processing time is reduced
to 4.4 months.
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Neutralized Cladding Removal Waste. The limiting operation for
processing NCRW is the washing and solid-liquid separation steps. The TRUEX
process operation does not become the 1imiting operation because pulse columns
of an adequate size are installed and operataed to match the throughput
capacity of other process steps.

To obtain the desired throughput rate for NCRW processing, two parallel
sets of equipment are used to wash and filter the solids before dissolution.
Three dissolvers are used to dissolve the washed solids. The solution from
the dissolvers is fed to the TRUEX process solvent extraction system to
separate the TRU elements from the solution.

The TRUEX process raffinate is concentrated *o recover some HNO. and to
reduce the volume of waste for neutralization. The evaporator and the
associated equipment are sized adequately to easily support the requirements
for raffinate and waste handling.

Plutonium Finishing Plant Waste. For pretreatment of NCRW, facility
operations are conducted for approximately 9 months.

Equipment installed for NCRW pretreatment can be used for PFP waste
pretreatment. The PFP solids are dissolved to prepare feed for TRUEX process
operation. Three dissolvers are used for dissolution operations. Filtration
after solids dissolution is the limiting operation. The time required to
orocess PFP sludge is 1 month. However, for conservatism a processing time of
3 months is assumed.

Complexant Concentrate Waste. The limiting operation for CC waste
pretreatment is the operation of the dissolution vessels. To dissolve and
digest all of the CC waste will require about 3 yr. The cesium ion exchange
operation will match the instantaneous feed rate requirements for the
dissolution cycle.

Two solvent extraction columns will be used for the TRUEX process. The
TRUEX process can operate at more than twice the rate needed to match the
instantaneous rate of the dissolution cycles. The TRUEX process will not be
Timiting, even if the dissolution process is improved to reduce its time cycle
requirements.

For sludge wash treatment of CC waste, the process steps are the same as
the TRUEX process through dissolution or digestion. Since the acid
dissolution or peroxide digestion process is the limiting process, sludge
washing of CC waste requires the same amount of time for processing as TRUEX
processing of CC waste.

Table 6-5 summarizes the time cycles for pretreatment of DST waste in
B Plant and the PUREX Plant.

6.5.2.2.3 New Pretreatment Facilities. The new TRUEX process facility -
for DST waste pretreatment (TRUEX E facility) is sized to provide pretreated
waste at a rate that supports nearly continuous operations of the HWVP
100 kg/h melter (see Section 7.3). This facility also will accommodate
Timited amounts of SST waste (see Figure 6-11). The TRUEX E facility will
pretreat DST waste in approximately 5 yr and i< used in this study as the
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reference facility for DST waste pretreatment. The TRUEX F facility

(Figure 6-11) was sized for comparison purposes to be similar to_the new TRUEX
facility for DST wastes described in WHC (1990a). Time cycle calculations
indicate that the TRUEX F facility is not sized properly to provide pretreated
DST feed to HWVP at an adequate rate. This conclusion was made based on
updated conceptual flowsheets (Lowe 1991) and revised DST waste pretreatment
requiremeﬂﬁs described in Section 6.4.1 (e.g., the added requirement for

removing “'Cs from CC waste).
Table 6-5. Time Cycles for Double-Shell Tank Waste Pretreatment
in Existing Facilities.
Time cycle (months)

DST waste B Plant B Plant PUREX Plant PUREX Plant
(sludge (TRUEX (sTudge (TRUEX
washing) process) washing) process)

NCAW (cesium 6 10 6 6
ion exchange)
NCRW 16 30 12 9
Feed change 6 6 6 6
PFP waste In DST 3 In DST 3
Feed change -- 6 -- 6
CC waste 46 88 36 3
CC = Complexant concentrate
DST = Double-shell tank
NCAW = Neutralized current acid waste
NCRW = Neutralized cladding removal waste
PFP = Plutonium Finishing Plant
PUREX = Plutonium-Uranium Extraction
TRUEX = Transuranic extraction.

Section 7.0 evaluates the impacts on waste remediation mission costs,
schedules, and other attributes of an ROD to retrieve and process SST wastes.
For reference purposes, it is assumed in this report that this decision will
likely require pretreatment of the vast majority of the wastes in the
149 SSTs. If the majority of waste in SSTs is retrieved, larger sized TRUEX
process facilities would be required to process the waste. The TRUEX A and
TRUEX E facilities (see Figure 6-11) are sized to pretreat all SST wastes in
10 yr (Boomer et al. 1991) and will process SST plus DST waste in 14 yr. Only
TRUEX process facilities are considered for pretreatment of all SST waste in
this study since treatment of the waste using only sludge washing would result
in operation of the vitrification facility far beyond its projected design
life. In this report, the TRUEX A facility is assumed as the reference
facility for SST wastes. Boomer et al. (1990) describes several pretreatment
alternatives for SST wastes that use both TRUEX process and sludge washing
approaches. Such facilities are also noted in Figure 6-11.
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A new sludge washing facility for processing DST waste (SW E) will
complete waste pretreatment in approximately 5 to 7 yr. Detailed descriptions
of the candidate NPFs for DST and SST waste are provided in Appendix G.
Descriptions of candidate SST pretreatment facilities also are described in
Boomer et al. (1990).

6.5.2.3 B Plant Facility Description.

6.5.2.3.1 Introduction. The B Plant ccmplex includes the 221-B canyon
and the adjoining 271-B office building (Figure 6-12). Built from 1943 to
1944 as part of the wartime Manhattan Project, B Plant is one of the oldest
chemical processing facilities. After extensive modification, B Plant and the
WESF were used from 1965 to 1985 to separate, purify, solidify, encapsulate,
and store megacurie amounts of B7cs and °Sr. Based on this latter use,
B Plant is the reference facility for pretreatment of DST waste. Concerns
over the viability of B Plant for this purpose were noted in Section 1.0 of
this document.

6.5.2.3.2 Description. The 221-B canyon is a reinforced concrete
structure 246 m long and 23.4 m high. The cross-sectional width is 20.0 m up
to a height of 18.1 m and then increases to 20.7 m at roof top. The canyon is
supported on a 1.82-m-thick concrete slab.

The 221-B canyon is divided into 20 sections, each consisting of a
shielded process area and an accompanying service area. The shielded process
area is composed of 40 cells (2 per section), an interconnecting process pipe
trench (cells 5 through 40), and an exhaust ventilation air tunnel. Except
for cells 1 through 4 and ce'l 10, each cell is 5.35 m long, 3.94 m wide, and
6.67 m deep and is separated from adjoining cells by 2.12-m-thick concrete
walls. The cells and process pipe trench are covered with removable blocks
for remote access to process equipment and piping. An underground, concrete-
encased, vitrified, clay-pipe services processes cells and the pipe trench.
Process fluid Teaks within the cells or pipe trench are channelled through
this vitrified clay pipe and collected within a stainless steel tank located
in cell 10. The process cell (i.e., concrete), drainage collection pipe, and
stainless steel tank serve as the secondary containment system for process
vessels and piping. A 34-tonne-capacity overhead bridge crane provides remote
access to process cells and the pipe trench. This crane is equipped with a
4.54-tonne-capacity hoist, two 0.45-tonne-capacity hoists, and an electric
wrench.

6.5.2.3.3 B Plant Facility Modifications for Pretreatment of DST Wastes.
The B Plant complex currentl; is being modified to comply with environmental
and safety regulations, codes, and standards to support continued safe storage
of encapsulated *°Sr and '*’Cs. These upgrades are required whether or not
B Plant is used to pretreat DST wastes.

For pretreatment of DST wastes at B Plant, some additional environmental
and safety modifications are required. These latter items include
installation of a system for treating process effluents, replacement of the
221-B canyon exhaust ventilation fans and stack, and replacement of the
process vessel ventilation system. Lining of process cells with stainless
steel or Hastelloy-C is recommended to provide a secondary containment
compatible with wastes and chemicals used during pretreatment operations.
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Figure 6-12.
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To remove 'Cs from DST waste using the Duolite CS 100 resin
(Section 6.4.2.2), the present ion exchange column in cell 18 must be replaced .
with a new unit suitable for operation with acidic effluents. A system for

control and dilution of the acidic eluent must be irstalled in the

276 Building. Process control valves and instrumentation systems for transfer

of process solutions and monitoring of equipment must be upgraded. Also,

process equipment in cells 11 through 14 must be rgP1aced with additional ion

exchange equipment to achieve enhanced removal of “’Cs from some DST wastes

(e.g., CC waste).

The B Plant canyon must be upgraded and modified to perform solid-liquid
separations, wash separated solids, and destroy organic compounds in CC
wastes. Specifically, existing equipment in cells 6 through 8, 22, and 26
through 32 must be removed and replaced with new, appropriately sized tanks
and filters. Existing process control valves, instrumentation, and electrical
systems in these cells also need to be replaced.

Existing process equipment in cell 35 and in cells 26 through 32 must be
removed and new TRUEX process equipment installed. Centrifiu~al contactors,
solid dissolution equipment, equipment for treatment of offgases, and support
tanks will be installed. Existing instrumentation, process control valves,
and electrical systems will need to be replaced. Once the TRUEX process
modifications are in place, installation of a new transfer line from tank
farms to cell 31 in B Plant will permit concurrent cesium ion exchange and
TRUEX process operations.

Figure 6-13 shows how the B Plant canyon would be configured to
accomplish only solid-liquid separation, sludge washing, cesium separation,
and destruction of organic complexants in CC waste. Figure 6-14 details the
proposed canyon configuration for additional pretreatment operations involving
solids dissolution and TRUEX process operation. Figure 6-15 provides
estimates of the time required to complete various B Plant upgrades.

6.5.2.3.4 Costs of Upgrades to B Plant. Table 6-6 summarizes estimated
costs of various upgrades and modifications to B Plant to ready the facility
for pretreatment of DST wastes.

Table 6-6. Estimated Costs of B Plant Upgrades.

Estimated cost

Upgrade description (million FY 1991 §)

Environmental and safety modifications?® 98
Additional enhanced cesium removal capability 95
Capability for destruction of organic 278

compounds in complexant concentrate waste

Solids dissolution and transuranic extraction 275
process capability

®Ongoing to support continued safe storage of encapsulated
cesium and strontium. .
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6.5.2.4 Double~Shell Tanks.

6.5.2.4.1 Introduction. Existing and/or new DSTs are viable candidate
facilities for separation of DST waste 1liquids and solids and/or washing the
separated solids. In some cases (e.g., NCAW), the washed solids would be a
desirable feed to the HWVP. Further pretreatment of the separated liquid and
solid waste fraction would necessitate using a second pretreatment facility,
e.g., B Plant or the PUREX Plant, or a new facility.

Solid-1iquid separations in a DST would be achieved by settle-decant
technology. A floating suction pump could be used to remove partially
clarified supernatant to another waste pretr%atment facility for final
clarification by filtration and removal of “’Cs. The settled solids would be
suspended for washing by mixer-type pumps proposed for retrieval of NCAW. Tae
suspended solids would be washed one or more times with a dilute NaOH-NaNO,
solution (to minimize corrosion of the carbon steel tanks). Spent washes
would be combined with the original supernatant 1iquid.

6.5.2.4.2 Description. Four new DSTs, similar in design to existing
tanks in the 241-AY and 241-AZ Tank Farms, are planned to support normal tank
farm operations, pretreatment of DST wastes, and to provide storage for feeg
to the HWVP. Each of the new tanks will have a nominal capacity of 3,800 m
and will be designed to exceed all applicable WAC requirements for treatment,
storage, and disposal facilities. To improve safe operations and compliance
with environmental regulations, the following features are being considered
for incorporation in the new DSTs and tank farm.

* The tank bottoms will be sloped to facilitate retrieval operations.

e Mixing pumps will be used to suspend solids more effectively than
the air 1ift circulators currently used in 241-AY and 241-AZ Tank
Farms.

* Instrumentation and controls will be integrated with a modern,
microprocessor-based, distributive process control system.

* Upgraded corrosion monitoring will include a corrosion coupon
retrieval system, ultrasonic tank wall measurements, and closed-
circuit television for visual inspections.

* Sampling equipment will be operated remotely to reduce radiation
exposure to personnel and to improve containment of radionuclides
and hazardous chemicals.

e Washable metal filters will be used in offgas systems to remove
particulates.

e A building will cover the entire tank farm to eliminate the
operational impact of inclement weather (e.g., wind, snow).

* Redundant primary tank and annulus ventilation systems will be
provided for each tank.

o A1l primary tanks will be constructed of stainless steel.

6-58



WHC-EP-0475 Rev. O

e Tank pits will have active ventilation systems to improve
containment of radionuclides and nazardous chemicals.

e A change facility and control room will be provided with the
project.

One of the new DSTs will be designated for use in pretreatment of
DST wastes, i.e., for solid-liquid separations and for washing of settled
solids. Because the primary tank (i.e., inner tank of the DST) will be
constructed of stainless steel, it also may be possible to conduct some
additional large-scale pretreatment operations (i.e., acid dissolution of
washed sludges or intermediate pretreatment processing).

6.5.2.4.3 Facility Modifications for Pretreatment of DST Wastes.
Upgrades and modifications to existing DSTs to piepare them for solid-liquid
separation and sludge-washing operations with NCAW, PFP waste, and CC waste
include the following:

* Provide additional cooling capacity to dissipate heat energy from
incoming waste solutions that have been heated during retrieval or
transfer operations

e Provide improved equipment to sample supernatant liquids to reduce
personnel exposure to radiation and to improve containment of
samples

e Install a retractable floating suction pump to withdraw clarified
solution from the top of the DST while waste solids continue to
settle in the lower portion of the DST

* Provide instrumentation to monitor sludge levels

* Install equipment to add flocculating agents to improve solid-liquid
separation kinetics and efficiency

* Install equipment to make up and deliver dilute NaOH-NaNO, wash
liquid to the DST.

6.5.2.5 PUREX Plant.

6.5.2.5.1 Introduction. The PUREX Plant was built in che 1950's and
operated from 1956 to 1972 and from 1973 to 1988 to recover various actinide
elements from irradiated fuel generated at Hanford Site reactors. The PUREX
Plant is presently not operating, awaiting completion of a supplemental EIS to
determine disposal of the remaining N Reactor fuel. If processing of
N Reactor fuel is not conducted the PUREX Plant is a candidate for performing
the pretreatment of DST wastes.

6.5.2.5.2 Description. The principal structures in the PUREX Plant
complex are (1) a concrete canyon (202-A Building) that contains equipment for
processing radioactive solids and liquids, (2) the pipe and operating, sample,
and storage galleries, and (3) an annex that houses offices, process control
facilities, laboratories, and building services. Some support facilities are
located external to these three structures.
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The PUREX Plant canyon is about 305 m Tong, up to 36 m wide, and about
30 m high; about 12 m of the canyon height is belowgrade. The 11 canyon
cells, (A through L; no I) also belowgrade, are about 4.27 m wide, 12 m deep,
and vary in length. Each of the cells can contain several pieces of
processing equipment. The equipment now installed in the PUREX Plant canyon
is designed for remote operation and maintenance. A shielded crane is used to
install and remove process equipment.

A pipe trench provides piping routes between process equipment. Enough
piping options are provided to provide process flexibility. A sample gallery
provides remote, shielded capability to sample process solutions. In-Tine
instrumentation also can be installed conveniently in the sample gallery.

A process control laboratory for analysis of both radioactive and
nonradioactive samples also is included in the PUREX Plant complex. The
general support and utility systems needed to support a major fuel
reprocessing plant are also present.

6.5.2.5.3 PUREX Facility Modifications for Pretreatment of Double-Shell
Tank Wastes. To accomplish the presently envisioned DST waste pretreatment
operations, irradiated fuel dissolvers in cells A, B, and C would be replaced
with large vessels for dissolution of solids and for chemical destruction of
organic compounds in CC waste. The existing dissolver offgas treatment
systems would be used to the extent possible. New solid-liquid separations
equipment would be installed in cells E, J, and K; various new tanks would be
installed in cells F, G, J, K, and L.

Four new jon exchange columns and associated equipment would be installed
in one or more cells for removal of "'Cs from NCAW supernatant. If, as
expected, removal of "'Cs from 1iquid CC waste requires only two ion exchange
columns, two of the four columns would be removed and replaced with other
waste pretreatment equipment.

The PUREX Plant presently is equipped with pulse columns for performance
of Tiquid-liquid extiraction processes, such as the TRUEX process. For
operation of the TRUEX process for pretreatment of NCRW, PFP waste, and CC
waste, some new pulse columns must be installed. Three columns may be
required for TRUEX process operations with NCRW and PFP waste while likely
only two columns would be required for TRUEX process feeds prepared from CC
waste. Existing solvent washing equipment can be used for routine cleanup of
the TRUEX process solvent. Because of the special dimensions of PUREX Plant
cells, operation of the TRUEX process in pulse columns rather than centrifugal
contactors will provide more process flexibility and require less cell floor
space.

The PUREX Plant_already contains much of the equipment needed for ion
exchange removal of *Tc from either DSSF waste or NCAW if such removal is
necessary. For example, the c%rrent1y installed acid fractionator could be
used to recover HNO; from the *"Tc eluate for reuse. An ion exchange column
and supporting *°Tc recovery equipment would have to be installed.

Some general upgrades to the PUREX Plant are required to support

continued use of the facility. New closed loop heating and cooling systems
would eliminate the need to dispose of large volumes of potentially
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‘ contaminated water. Other major upgrades would include installing stainless
steel Tiners in cell B and, perhaps, in other cells and constructing new
transfer lines connecting the PUREX Plant to the tank farms.

Alsc, the PUREX Plant currently does not meet all stated DOE requirements
[DOE Order 6430.1A (DOE 1989b)] for new nuclear facilities and does not meet
some hazardous waste handling requirements. The PUREX Plant must be upgraded
to meet all these requirements or, if equivalency to the requirements or no
increased risks can be shown, have the appropriate federal and state agencies
waive the requirements.

Figures 6-16 and 6-17, respectively, illustrate the configurations of the
PUREX Plant for the sludge-washing alternative and for the TRUEX process
alternative.

Figure 6-18 presents a schedule for completing PUREX Plant upgrades that
would allow pretreatment of DST wastes.

6.5.2.5.4 Costs of Upgrades to PUREX Plant. Table 6-7 summarizes the
estimated costs of various upgrades and modifications to the PUREX Plant to
ready the facility for pretreatment of DST wastes.

6.5.2.6 HanfTord Waste Vitrification Plant Pretreatment Mcdifications

Description.
6.5.2.6.1 Introduction. An important objective of a revised strategy
. for the Hanford Site Tank Waste Remediation Program is to vigorously support,

if justified, startup of the HWVP in December 1999. The key element of
support is to ensure an adequate and reliable supply of pretreated DST waste
for the December 1999 startup and for sustained HWVP operations.

Performance of some or all the following sludge-washing alternative
pretreatment processes in the HWVP itself or in an adjoining annex to the HWVP
could provide the necessary supply of pretreated wastes (i.e., feed) to the
vitrification process:

e Bulk (gravity settling) solid-liquid separation
¢ Sludge washing
e Ffiltration of supernatants and sludge wash solutions

» Jon exchange removal of 137

Cs from alkaline wastes (e.g. NCAW or CC
wastes)

* Destruction of organic complexants.

The TRUEX process pretreatment alternatives would not be performed either
in the HWVP or in an annex to the HWVP.
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. Figure 6-16. Configuration of Plutonium-Uranium Extraction Plant
for Sludge Washing.
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Figure 6-18. Schedule for Completion of Waste Pretreatment
Upgrades to the Plutonium-Uranium Extraction Plant.
Fiscal Year
1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003
Continue B}
genergl L L L L
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Define 10/01
S;)e":g'mem YL LLLL L L L L
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Remove - y
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Install i 5/03
New VL ] (S
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79108158.2
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Table 6-7. Estimated Costs of Plutonium-Uranium
Extraction Plant Upgrades.

Upgrade description (mﬂ1Eisotnismaotfed;=vcolsgtg1 3
General support and regulatory compliance 200 to 400
Pretreatment equipment 250
Sludge wash equipment--no transuranic extraction 230

6.5.2.6.2 Description. Table 6-8 Tists important features of three
candidate HWVP pretreatment facility alternatives. Two of these alternatives
(alternatives 1 and 3) involve installing pretreatment equipment and processes
in an expansion of the currently planned HWVP canyon building. Alternative 2
involves installing such pretreatment equipment in a new separate building
constructed adjacent to the planned HWVP canyon (HWVP annex). The full set of
sludge-washing pretreatment processes would be performed in HWVP alternatives

1 and 2; only filtration and cesium jon exchange operations would be performed
in HWVP alternative 3.

Table 6-8. Hanford Waste Vitrification Plant Waste Pretreatment

Alternatives,
Pretreatment processes performed®
HWVP Pretreatment id- . ; .
alternative® facility ??laid Solid C?ﬁ;fm Organic
' separation washing exchange destruction
1 HWVP . X X X X
integrated
canyon
2 HWVP annex X X X X
3 HWVP (cesium X X
ion exchange)

®Blanks indicate pretreatment process not performed.
For identification only.
HWVP = Hanford Waste Vitrification Plant.

In all three HWVP alternatives, all pretreatment operations would be
performed in a canyon facility except for lag storage of spent sludge washes
and collection of LLW, which would utilize underground DSTs. Also, all HWVP
pretreatment alternatives assume that two new DSTs in a new tank farm located

near the HWVP will be available for lag storage of DST wastes for feed to the
pretreatment process.
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Figures 6-19, 6-20, and 6-21 illustrate proposed pretreatment equipment
configurations for HWVP alternatives 1, 2, and 3, respectively.

6.5.2.6.3 HWVP Pretreatment Facility Costs. Table 6-9 lists the
estimated costs of designing, constructing, and equipping each of the three
HWVP pretreatment facility alternatives. The estimated impact to the present
hot radioactive startup schedule for vitrification (December 1999) also is
shown.

Table 6-9. Estimated Costs and Schedules for
Hanford Waste Vitrification Plant Pretreatment
Facilities. ‘
Hanford Waste ‘ Hanford Waste
Vitrification (Ems.it,‘,,'"iaotnesd 0°f°s$t) Vitrification
Plant fgf fFacility® Plant schedule
alternative® ' y impacts (months)®
1 415 +24
2 660 +249
3 210 +15

8See Table 6-8 for description.

Fiscal year 1991 dollars, includes contingency

®Impact (months) to December 1999 startup
schedule.

dHanford Waste Vitrification Plant
vitrification startup remains December 1999;
pretreatment annex startup is estimated to occur
December 2001 (data are preconceptual).

6.5.2.7 New Pretreatment Facilities.

6.5.2.7.1 Introduction. Construction of a new facility (process
facility and supporting buildings) in either the 200 East or 200 West Areas of
the Hanford Site would provide maximum flexibility in selection and operation
of waste pretreatment operations. Suitably sized, such a facility would
permit pretreatment of wastes retrieved from all or a selected number of DSTs
and SSTs. Again, by design choice, a new pretreatment facility (NPF) would
permit both reference and, if desired or necessary, advanced pretreatment
operations (Section 6.4.5) to be performed.

6.5.2.7.2 Description. Table 6-10 lists the characteristics of 10
different candidate NPFs that might be designed and constructed. These 10
choices are sized to accomplish pretreatment of waste, ranging in volume from
only 10 DSTs to the total inventory (177 tanks) of DST and SST waste.

However, as discussed in Section 6.5.2.2.3, the TRUEX E and SW E facilities
are used for comparison purposes in this study as the reference facilities for
pretreatment of the 10 DST wastes, and the TRUEX A facility is used as the
reference facility for pretreatment of all SST and DST wastes.
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The 10 new facilities are further classified on the basis of the specific
waste pretreatment processes that could be performed using either a simple
sludge-washing alternative or the more complex TRUEX process alternative. In
some cases, the suite of pretreatment processes includes ion exchange removal
of PTc from alkaline liquid wastes.

In addition to the information in Table 6-10 and in Boomer et al. (1990),
the following points concerning the 10 candidate NPFs are worth noting.

e A1l 10 facilities are capable of separating solids and liquids and
washing solids; this capability exceeds any capability in the DSTs.

o With the exception of the SW E facility, all facilities are assumed
to have a common layout and width for easy cost comparison. More
efficient facility layouts, especially for the smaller plants, are
possible, but time limitation in preparing this study didn't allow
for optimization of facilities.

e All facilities, with the exception of SW E, consist of a shielded
canyon containing a double row of 6.1-m-(20-ft-) wide cells
separated by a connecting pipe trench. The SW E facility contains a
single row of cells, each 6.1-m (20-ft) wide. Three gallery levels
surround the canyons. The bottom gallery contains storage areas and
hot shops while the middle gallery contains shielded analytical
facilities and some service piping to the canyon. The upper gallery
contains the majority of the nonradioactive piping to the canyon and
closed Toop heating and cooling systems.

e Process control rooms, office areas, changerooms, switchgear rooms,
and shops are all located on one side of each facility. The exhaust
filters, blowers, and stack are located on the other side of the
facility.

e Each facility is provided with six 3.79 x 106 L storage tanks for
receipt of waste for pretreatment or for storage of processed
wastes.,

e Figures 6-22 and 6-23 present preliminary canyon pretreatment
layouts for the TRUEX E and SW E facilities. Additional facility
layouts for the pretreatment facility alternatives also are shown in
Appendix G.

Anion exchange technology (see Section 6.4. 5 1) would be used in four of
the NPF alternatives (see Table 6-10) to remuve "Tc from alkaline liquid
wastes, if deemed necessary or required by new environmental regulations.
Sorbed **Tc would be eluted with a HNO; solution. Each of the four NPF

alternatives would be outfitted with ac1d fractionation equipment to recover
and recycle HNO,.

As noted in Table 6-10, in all five TRUEX process alternatives, a
combined TRUEX-SREX process would be operated to remove TRU elements, as well
Sr, from dissolved sludge fractions.
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Figure 6-22. Canyon Layout for Ngw
Pretreatment Facility Alternative
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Figure 6-23. Canyon Layout for Ne
Pretreatment Alternative Sludge
Wash E.
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6.5.2.7.3 Costs and Schedules for New Pretreatment Facilities.
Table 6-11 summarizes estimated costs of designing, constructing, and
equipping the 10 NPF alternatives. These costs are preliminary and do not
include those for many auxiliary buildings and systems. Figures 6-24 and 6-25
show preliminary project schedules for TRUEX E and SW E facilities,
respectively.

Table 6-11. Estimated Costs of New
Pretreatment Facilities.

Faciity’ (bi1110ns of §)°
SW E 1.3
SW D 1.4
SW D' cost not estimated
SW B 1.3
SW C 7
TRUEX F 1.5
TRUEX E' 2.0
TRUEX E 1.7
TRUEX A 1.8
TRUEX C 2.5

%ee Table 6-10 for characteristics
of these facilities.

®Costs are fiscal year 1991
dollars; includes contingency.

TRUEX = Transuranic extraction.

6.5.2.8 Alternative Pretreatment Facility Design Concepts. Many facility
design concepts and features have been used at existing United States and
foreign nuclear and/or chemical processing facilities. This section discusses
facility design concepts and features that could be used for an NPF.

The design features and roncepts used in processing facility designs are
based primarily on the maintenance philosophy. The identified maintenance
philosophies are (1) crane-remote, (2) manipulator-remote, (3) contact or
hands-on maint:nance, and (4) minimum maintenance (i.e., inherently reliable
design). Both remote maintenance concepts (1 and 2) are principally for
installation and removal of equipment in the cells.
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Figure 6-24. Project Schedule for New
) Pretreatment Facility Alternative
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Crane-remote maintenance is characterized by a crane bay located above
chemical process cells. Special pipe and electrical connectors and tools are
used with a crane to install and remove equipment. In a crane-remote
facility, radioactive and nonradioactive piping are located in separate
pipeways or gaileries parallel to the process cells. Crane-remote facilities
have become known as "canyon" facilities.

The original crane-remote facilities (e.g., B Plant) that were developed
at the Hanford Site during World War II have a single row of cells located
below a crane bay (Figure 6-12). Second generation facilities [e.g.,
Reduction-Oxidation (REDOX) Plant] have two parallel rows of cells
(Figure 6-26) (Yoder et al. 1979), thus reducing the facility length. Both of
these facility concepts are very flexible because both equipment and chemistry
can be changed to accommodate new and evolving operating requirements. For
instance, B Plant has been reconfigured to satisfy three different missions.
Contamination control can be a problem because of leakage from the many
mechanical pipe connectors. Crane maintenance is a major source of radiation
uptake in these facilities. The NPF alternatives discussed in the previous
section are crane-remote type facilities.

The processing facilities built at the Savannah River Site (Yoder et al.
1979) in the 1950's are a variation of the original crane-remote facilities
built at the Hanford Site (Figure 6-27). The major variation is that these
facilities have two parallel crane bays. All other characteristics of the
Hanford Site crane-remote facilities were retained. One crane bay (i.e., the
hot canyon) contains all the highly radioactive processes. The other bay
(i.e., the warm canyon) contains the low activity processes. Because of the
Tow-level radioactivity, the warm canyon doesn't require as much shielding as
the hot canyon.

Some processing facilities use manipulators to perform maintenance. The
fuel processing plant built by Eurochemic, a European consortium, in Mol,
Belgium, is a classic example. A1l the process equipment is in two large hot
cells (one directly above the other). This arrangement will be called a
"great room" facility. In this type of facility, the valves, pumps, and othcr
high-maintenance items are located near the walls where manipulators can
easily remove and replace them. Highly reliable equipment is in the center of
the room; this equipment may require other equipment to be removed or actual
entrance into the cell to perform maintenance. A "great room" facility has a
Tow construction cost and results in lTow radiation exposure of personnel.

This concept, however, would have difficulty in satisfying seismic require-
ments. Implementation would require additional walls or other reinforcement.
These changes effectively convert the facility into a more standard hot-cell
facility. The Fuel and Materials Examination Facility at the Hanford Site is
a small-scale "great room" facility that has been seismically qualified
(Figure 6-28). An alternative to the "great room" concept wouid be to place
the equipment in several small hot cells equipped with manipulators. The Hot
Fuel Examination Facility--South (Yoder et al. 1979), which is part of the
EBR-II complex at Idaho Nuclear Engineering Laboratory, was based on a
circular hot cell concept (Figure 6-29).
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Figure 6-26. Reduction-Oxidation Plant Cross Section.
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Hot Fuel Examination Facility--South.

Figure 6-29.
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The original Idaho Chemical Processing Plant at Idaho National
Engineering Laboratory used contact maintenance. Process equipment is located
in cells that do not have any remote maintenance capability. Cell design
provides for easy personnel access. Process equipment must be flushed and the
cell decontaminated before personnel can enter the cell for maintenance.
Strategically located spray nozzles and stainless steel liners facilitate
decontamination. Contact maintenance facilities are less expensive to build
than remote maintenance facilities. Flushing and decontamination results in a
Tower operating efficiency than a comparable remote maintenance facility.
Occupational radiation exposure is greater in a contact maintenance facility
than in a remote maintenance facility (Yoder et al. 1979).

British Nuclear Fuels Limited uses a minimum maintenance (i.e.,
inherently reliable) philosophy in British facilities. The objective of this
philosophy is to design equipment to last the life of the facility. Key
features include minimization of mechanical connectors (i.e., welded
construction), extensive use of fluidic devices (i.e., no moving parts), and
use of corrosion-resistant materials.

Facilities built in the last 20 yr have not relied on a single main-
tenance philosophy. Some facilities (e.g., the WESF and the Defense Waste
Processing Facility at the Savannah River Site) combine the crane-remote and
manipulator maintenance philosophies. The New Waste Calcining Facility at the
Idaho Chemical Processing Plant and Thermal Oxide Reprocessing Plant at
Sellafield in Great Britain use all four maintenance philosophies depending on
the reliability of the equipment. These two facilities differ in that the New
Waste Calcining Facility relies more on remote maintenance while the Thermal
Oxide Reprocessing Plant relies more on "zero" maintenance.

Available technologies also affect facility design. Examples of some of
these technologies follow.

e Power manipulators: Power manipulators provide the horizontal
movement and complex movements of the master-slave manipulators and
the high 1ift and the traversing capabilities of a crane. Operators
use viewing windows and remote cameras to observe the work.

¢ Crane and/or manipulator maintenance cells: Some facilities at the
Hanford Site and the Idaho Chemical Processing Plant have shielded
crane and/or power manipulator maintenance cells. These cells
eliminate the need for personnel to enter a potentially high
contamination area to perform crane or manipulator maintenance.
There is a shield door through which a crane or manipulator can be
moved from the process cell to the maintenance area. Temporary rail
sections move into place to permit movement through the doorway.
The maintenance cell pressure normally is maintained higher than the
pr?%ess cell atmosphere to minimize contamination cf the maintenance
cell.

o Remotely replaceable HEPA filters: Remotely replaceable HEPA filter

designs have been developed in Europe and at the Idaho Chemical
Processing Plant tu eliminate personnel exposure during periodic
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filter replacement. The Idaho Chemical Processing Plant design
permits filter replacement using either the overhead crane or a
power manipulator.

o Modular equipment: British Nuclear Fuels Limited has developed
several modular equipment designs (e.g., valves, pumps, and cranes)
for use when moving parts could not be eliminated. Modular
equipment is designed for ease of removal for repair. The valve and
pump designs permit removal of internal parts into a maintenance
cask for repair or transportation to a maintenance area. The
modular crane provides for easy removal and installation of each
module to minimize radiation exposure to personnel. Once removed,
the crane modules are taken to a maintenance area for decontami-
nation and repair. The crane can be disassembled for removal
easily.

6.6 FACILITY AND PROCESS ALTERNATIVES

From previous discussions, there are five candidate facilities in which
one or more of six pretreatment processes could be performed with each of the
four DST waste types. The initial task is to identify those facility and
process combinations that are most suitable for performing the required
pretreatment operations with all DST waste types The final task is to
select, using evaluation and comparison criteria from all the identified
facility and process combinations, the combination most capable of and
reliable for meeting all the objectives of a revised Hanford Site defense
waste remediation program strategy.

6.6.1 Selection of Alternatives

The possible combinations of process and facility alternatives were
initially assessed with respeci to accomplishing the objectives of the revised
program strategy stated in Section 3.4, most specifically:

o Implementing the HDW-EIS (DOE 1987) and the ROD (DOE 1988)
e Providing pretreated feed for HWVP startup in December 1999

o Being cost-effective by minimizing HWVP standby time and the number
of glass canisters to be produced.

The alternatives selected involved the use of siudge washing and/or B7cs
removal by ion exchange; these are mature, proven technologies, and they
provide early feed to the HWVP. More advanced technologies, such as the TRUEX
process, which only has been demonstrated in laboratory-scale tests, will
provide more effective separation but require time for development. These
advanced techrologies are appropriate for the cost-effective disposal of later
feeds to the HWVP. When only mature and advanced technologies are applied to
the four DST waste types (i.e., NCRW, NCAW, CC waste, and PFP waste) to be
pretreated, the result is either significant gaps in feed to the HWVP or an
increase in the number of canisters to be produced (this results in a
substantial increase in cost). Hence, intermediate technologies need to be
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developed; intermediate technologies would be based on known chemical
processes, reduce the penalty in canisters, and provide continuous feed to the
HWVP. These intermediate technologies are directed at the removal of
constituents that 1imit the glass composition (i.e., aluminum, chromium, and
zirconium).

Existing facilities would appear to be useful in providing feed for early
HWVP operations. The B Plant was favored for the pretreatment mission because
several of the planned processes are similar to those previously performed
there and B Plant conceivably could support the December 1999 milestone for
hot startup of the HWVP. The 244-AR Vault, when used in conjunction with
B Plant, was seen as minimizing gaps in HWVP feed cortinuity. The PUREX Plant
became a candidate pretreatment facility because of a1 decision to prepare an
environmental impact statement before remaining N Reactor fuels were
processed, hence its potential availability for a pretreatment mission. The
use of these existing canyon-type facilities has been questioned because of
concerns about each facility's ability to comply with today's regulations.

In-tank sludge washing of selected tank wastes is possible if the
potential for uncontrolled steam venting (tank bump) can be eliminated or a
new DST, specifically designed for this purpose, could be made available. The
use of a DST for sludge washing (to avoid using B Plant) defers the removal of
cesium from NCAW supernatant. If there is insufficient tank space available
to separately store the supernatant until an NPF is operational, the limited
use of B Plant for cesium removal might be necessary.

An NPF could be sized to pretreat wastes at rates consistent with HWVP
glass production and designed to meet all the requirements of DOE orders and
environmental regulations. However, an NPF would not be available in time to
supply feed for the start of HWVP operations. As the schedule in Figure 6-24
shows, a TRUEX process NPF would not be available until fiscal year 2007, at
the earliest. As a result, consideration was given to design and construction
of pretreatment processes within the HWVP. While such design additions would
delay the start of plant operations, the HWVP annex could be available several
years before an NPF.

6.6.2 Description of Selected Facility and Process Alternatives

The constraints and limitations noted in Section 6.6.1 provide a
satisfactory basis for designation of 16 pretreatment facility and process

~combinations (Table 6-12) for detailed evaluation and comparison. As noted in

Table 6-12, most of the 16 facility and process alternatives involve

performing pretreatment processes in more than one facility. Some of these

combinations are further classified on the basis of whether or not the

TRUEX process is part of the pretreatment operations.

Table 6-13 provides information -oncerning pretreatment of each of the
four types of DST waste in the 16 candidate facility and process combinations.
The matrix given in Table 6-13 is a convenient and concise way of specifying
in which of the 16 facility and process combinations each of the required
pretreatment processes unit operations for each DST waste type can be
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Table 6-12. Selected Facility and
Process Alternatives.

Alternative Designation

] 244-AR Vault/B Plant with
TRUEX

2 DST/B Plant with TRUEX

3 DST/B Plant without TRUEX

4 DST/NPF with TRUEX

5 DST/Intermediate
processing/NPF with TRUEX

6 DST/NPF without TRUEX
DST/Intermediate

7 processing/NPF without
TRUEX

8 DST/PUREX Plant with TRUEX

9 DST/PUREX Plant without
TRUEX

10 DST/HWVP without TRUEX

11 DST/B Plant (1imited)/NPF
with TRUEX

13 DST/B Plant (limited)/NPF
without TRUEX

13 DST/HWVP (1imited)/NPF
with TRUEX
‘DST/Intermediate

14 processing/HWVP
(1imited) /NPF with TRUEX

15 DST/HWVP (1imited)/NPF
without TRUEX

16 NPF with TRUEX

NOTE: Limited means limited
pretreatment capabilities, which includes
cesium icn exchange and sludge washing

only.
DST = Double-shell tank
HWVP = Hanford Waste Vitrification Plant
NPF = New pretreatment facility
PUREX = Plutonium-Uranium Extraction
TRUEX = Transuranic extraction.

6-97




0

WHC-EP-0475 Rev.

4dN MS Buipus)g
3dN MS yosea] wniwosyds 33
uotisnaisap
dAMH X3ind X3idnd 4dN NS 4dN MS 3dN X3nN31 4dN X3nN¥1 jueld 8§ jueld 8 jueld § astuebio J)
dAMH X3iand X38nd 4dN NS 4dN AS 4dN X3Nd1 4dN X3NuL jueid § luejd 8 juejld 8 JeAOuRJ ENisS3ad J)
X3ind 44N X3ndi 44N X3Ndl jueld 8 jueid g XNyl JJ
(1L0i-AV-1%2 Yuel)
1sa yses 13
180 1S4 yoea} uniwouayd d4id
1S4 1sa i1sa 1sd ysem did
X3iand 44N X3N¥l 4dN X3N¥L ueyd g jueld 8 ) X3andl did
dARH X33nd 4dN NS 4dN NS lueld 8 yser MUON
X3und 3dN X3NdL 4dN X3mil jueld 8 jueid 8 X3N¥1L MAIN
X3Nd1 RYON
1eAcudd
wnNijuoJls MyIN
dAMH X3ind X3ind 4dN MS 4dN KS 3dN X3Ndl 4dN X3Ndi jueld 8 jueid § jueld g 18ACUWRS UNIS3d MYIN
dAMH X3¥nd X3¥nd 4dN NS 4dN NS 4dN X3ndl 4dN X3ndl jueld 8 jueid 8 jueld 8§ uoilaJtliy MVON
(1sQ@)
(1s@) (1sa (1sa) (1s® (1s0) (1sQ) (1s@) (isa) (1sa) 31NBA
yy-9%2 ysem MYON
Xanyl
X3ndl1 X3nN¥1L ol X3N3L yam X3nyl ou X oy
Yanui ou jdN | X3n¥L ou M ] X3ndL y3Im 4 jueld 9
ou 4AMH/1Sa ou jue\d yat= jueld /°204d 4dN/1SQ 4dN/ 2044 4dN/1Sa jue)d 9 ueld 8 731.:BA days-ases Bulssasoud
oL X3¥nd/isa X3¥nd/1Sa | -jui/isa 9 ~3ul/1sq v /1sa /1sa W-992
6 8 2 S 3 2 i

(2

40 1 333Yys)

*SBALIRUADI|Y $392044 pue A3L[LIB4 Q[ 40j suoijeuadg 3iup

"€[-9 aiqe]

6-98



WHC-EP-0475 Rev. 0

-ssaooad X3nYl SIsn eyl Ait}ioej juawleasiald maN

uo13IBJIIX3 JlueINSUR |

(X3mil ou) yoeosdde Burysem 36pn)s Buisn A31jloey udwiea.riald may
UO01398J1X3 UNlURIN-UNLUOIN|d

juejd bulysiuigd wntuoinld

Ajlyioey juauneasiasd moN

3dN X3ndi
X3InyiL

3dN NS
X3¥nd

ddd

4dN

23sem jeAcwsd Buippejd pazijedinaN = MYIN

331SeM piJe JUIIND PIZI<JINAN = MYIN
Jueld UO1IED131JILA IISBN pJojueH = JdAMH
Jjuel 1)3ys-ajqnog = 1S4

231BJjUa2UO0Y Juexa|dwo] = J)

-Ajuo Buiysem aBpnis pue aBUBYS '3 UOL WNIS3I SIPNIIUL YdLys ‘satityiqeded JusWIEaJ1a4d pallwi] sueaw paliwiy :3JION

Bulpualg
yoe3] uNwoJYd 33
U0 139NI1S3p
4dN X3n¥L 4dN Ms 4dN X3n¥1 4dN X3naL 4dN nS 4dN X3nuL 21Ue610 3
40N X3nd1 44N MS 44N X3n¥L 148 X3ndL 34N MS 1dN X3n¥L 1eAowRl UN1S33 33
14N X3naL 44N X3n¥i 4aN X3n¥L 4dW NS 44N X3ndL X3n¥L 22
1sa (LOL-AV-1%2) ysew 33
1S4 yoes) wniwodyd did
1sQ 1sa ysem did
44N X3n¥lL 4dN X3nuL 4dN X3na1 14N X3n¥1 X3NUL ddd
44N AS 1dN MS ysem mAIN
44N X3nAL 4dN X3niL 1dN X3n3L 44N X3nyL X3NAL MEIN
4dN X3n¥L X3nuL AVIN
1ercwRl
1dN X3naL wN13uo1ls AVIN
4dN X3n¥L dARH dAMH dAMH ueyd 8 eld 8 JeAOUR. WN1S33 MYIN
dARH dARH dAMH ueyd 8 ueyd 8 Uo131BJ1114 MVIN
(1s® (1s® (1SQ) (1@ (1s® ysem MVIN
XanyL ou xanuL mh.mmﬁ ug_ﬂ___..__: X3anyL XandL y3im
X3N¥L YIim 34dN 4dN/(pa3tuny) yim 3dN/(pajtuit}) %J_o\.—.ma. ou idH/(pa1iuly) JdN/(ps1iwt)) days-ases Bu1Ssalod
9 dAMH/1Sa dAMH/ 3044 "3U1/1SQ Hi1sa. ueid 8/1sd ue)d 8/1sa ;
sl 9 2L i

(z 30 2 193ys)

-SOALIRUAI]|Y SSII04J pue A3L|LJE4 9] Joj suoijedadp 3iun

"€1-9 31qe}

6-99



WHC-EP-0475 Rev. 0

performed. Table 6-14, an expanded version of Table 6-13, further indicates
(in narrative fashion) exactly which pretreatment operations will be performed
in each facility.

Figure 6-11 provides a condensed summary of the iaformation in
Tables 6-13 and 6-14. Figure 6-11 also indicates which facility-process
combinations are suitable and/or required for pretreating wastes from varying
numbers of DSTs and, in some cases, SSTs. For example, to provide feed to the
HWVP in an early timeframe, wastes retrieved from one or two DSTs could simply
be washed in an existing DST; alternatively, after separation of solid and
Tiquid phases, the solids could be washed and *’Cs removed from the
supernatant Tiquid in B Plant or in an extension tc the HWVP. Larger and more
elaborate facilities (e.g., PUREX Plant or an NPF) are required to conduct
more extensive pretreatment (i.e., TRUEX process operations, destruction of
organic materials, removal of “OSr and/or 99Tc) of wastes retrieved from 10 or
more DSTs and, especially, from any SSTs.

6.7 PRETREATMENT FEED ALTERNATIVES

One of the important objectives of a revised strategy for disposal of
Hanford Site tank wastes is to support, if fully justified, the currently-
planned December 1999 startup of the HWVP. There are, of course, strong
economic incentives to avoid operating the HWVP in a routine "startup-
shutdown" mode with long down times between operating periods. Thus, to
support the December 1999 startup and continuous operation thereafter, an
adequate, continuous feed supply must be available. Ensurance of an adequate
supply of HWVP feed must account for the campaign nature of DST waste
pretreatment and the univoidable turnaround times between pretreatment
campaigns.

Washed NCAW sludge is considered to be the most suitable DST feed for a
December 1999 HWVP startup. At currently assumed HWVP glass production rates,
approximately 2 yr will be required to vitrify the current inventory of
NCAW sludge; additional time would be required to vitrify NCAW sludge produced
in future PUREX Plant operations. Approximately 580 canisters of glass will
result from vitrification of the current inventory of NCAW sludge. But direct
vitrification of this waste, after washing, avoids the need to install and
operate equipment to solubilize NCAW sludge and remove TRU elements and,
possibly, “°Sr from resulting aqueous dissolver solution. A1l of the
candidate pretreatment facilities are suitable for washing NCAW and other
types of DST waste solids. However, to ensure sufficiently washed NCAW siudge
is available by December 1999 only DSTs are considered viable sludge washing
facilities.

Once the inventory of washed NCAW solids has been vitrified, the HWVP can
vitrify either other washed DST sludges or undissolved solids and radionuclide
fractions from additional pretreatment of other DST wastes (i.e., sludge
dissolution, TRUEX process). Washed sludges from tank 241-C-106 (SST) as well
as 241-AY-101 (DST) also appear to be viable supplementary sources of HWVP
feed, which would support continuity of HWVF operation before advanced
pretreatment processes become available.
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' Table 6-14, Summary of Facility and Process Alternatives. (sheet 1 of 8)

1. 244-AR Vault-B Plant with TRUEX (Baseline)
e 244-AR Vault

NCAW So:ids: Siudge wash, settle-decant, solids feed to HWVP

e B Plant

NCAW Supernatant: Filtration, cesium ion exchange, solids and
cesium tu HWVP

NCRW: Solids wash, acid dissolutior, TKRUEX, undissolved
solids, and TRU feed to HWVP

PFP Solids: Acid dissolution, TRUEX, undissolved solids and
TRU feed to HWVP

CC: Cesium icn exchange, acidification, TRUEX, complexant
destruction, TRU solids and cesium to HWVP

2. DST-B Pilant with TRUEX

e DST In-Tank Processing

NCAW Solids: Sludge wash, settle-decant, solids to HWVP

e« B Plant

'NCAW Supernatant: Filtration, cesium ion exchange, solids and

cesium to HWVP

MCRW: Sludge wash, acid dissolution, TRUEX, TRU, and
vndissolved s21ids to HWVP

PFP: Acid dissojution, TRUEX, TRU and undissolved solids to
HWVP

CC: Cesium ion exchange, acidification, TRUEX, complexant
destruction; cesium, TRU, and undissolved solids to HWVP
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Table 6-14. Summary of Facility and Process Alternatives. (sheet 2 of 8)

3. DST-B Plant without TRUEX
e DST In-Tank Processing
- NCAW Solids: Sludge wash, settle-decant, solids feed to HWVP
PFP Solids: Sludge wash, settle-decant, feed to HWVP
o B Plant

- NCAW Supernatant: Filtration, cesium ion exchange, solids and

cesium feed to HWVP

- NCRW: Sludge wash, solid-liquid separation, solids feed to
HWVP

- CC Supernatant: Cesium ion exchange, complexant destruction,
TRU solids and cesium feed to HWVP

4. DST-New Pretreatment Facility with TRUEX

o DST In-Tank Processing

NCAW Solids: Sludge wash, settle-decart, solids feed to HWVP
e NPF with TRUEX

- NCAW Supernatant: Filtration, cesium ijon exchange, solids and

cesium feed to HWVP

- NCRW: Solids wash, acid dissolution, TRUEX, undissolved solids

and TRU feed to HWVP

- PFP Solids: Acid dissolution, TRUEX, undissolved solids, and
TRU feed to HWVP_

- CC: Cesium ion exchange, TRUEX, complexant destruction, TRU
solids, and cesium feed to HWVP

5. DST-Intermediate Processing-NPF with TRUEX
o DST In-Tank Processing
- NCAW Solids: Sludge wash, settle-decant, solids to HWVP
- CC (241-AY-101): Sludge wash, settle-decant, solids to HWVP
e DST Intermediate Processing

- PFP (55%): Chromium Teach, settle-decant, solids to HWVP
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Table 6-14. Summary of Facility and Process Alternatives. (sheet 3 of 8)

o NPF with TRUEX

- NCAW Supernatant: Filtration, cesium ion exchange, solids and
cesium to HWVP

- NCRW: Solids wash, acid dissolution, TRUEX, TRU and
undissolved solids to HWVP

- PFP (45%): Acid dissolution, TRUEX, TRU and undissolved solids
to HWVP

- CC: Cesium ion exchange; acidification; TRUEX; compiexant
destruction; cesium, TRU, and undissolved solids to HWVP

6. DST-NPF without TRUEX
o DST In-Tank Processing
- NCAW 3o0lids: Sludge wash, settle-decant, solids feed to HWVP
- PFP Solids: Sludge wash, settle-decant, solids feed to HWVP
o NPF (without TRUEX)

- NCAW Supernatant: Filtration, cesium ion exchange, solids and
cesium feed to HWVP

- NCRW: Sludge wash, solid-liquid separation, solids feed to
HWVP

- CC: Cesium ion exchange, complexant destruction, TRU solids
and cesium feed to HWVP

7. DST-Intermediate Processing-NPF without TRUEX

o DST In-Tank Processing

NCAW Solids: Sludge wash, settle-decant, solids to HWVP

CC (241-AY-101): Sludge wash, settle-decant, solids to HWVP

o DST Intermediate Processing

PFP (60%): Chromium Teach, settle-decant, solids to HWVP
o NPF Intermediate Processing without TRUEX

- NCAW Supernatant: Filtration, cesium ion exchange, blending,
solids and cesium feed to HWVP

- NCRW: Sludge wash, solid-liquid separation, blending, solids
to HWVP
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Table 6-14. Summary of Facility and Process Alternatives. (sheet 4 of 8)

- PFP (40%): Chromium leach, solid-liquid separation, blending,
solids to HWVP

- CC: Cesium jon exchange, complexant destruction, blending,
cesium and solids to HWVP

8. DST-PUREX Plant with TRUEX
e DST In-Tank Processing
- NCAW Solids: Sludge wash, settle-decant, solids feed to HWVP

- Optional: Possible tank 241-C-106 solids or tank 241-AY-101
solids washing, feed to nWVP

o PUREX Plant with TRUEX

- NCAW Supernatant: Filtration, cesium ion exchange, solids and
cesium feed to HWVP

- NCRW: Solids wash, acid dissolution, TRUEX, undissolved solids
and TRU feed to HWVP

- PFP Solids: Acid dissolution, TRUEX, undissolved solids and

TRU feed to HWVP .

- CC: Cesium ion exchange, acidification, TRUEX, complexant
destruction, TRU solids and cesium feed to HWVP

9. DST-PUREX Plant without TRUEX

e DST In-Tank Prccessing
- NCAW Solids: Sludge wash, settle-decant, solids feed to HWVP
- PFP Solids: Sludge wash, settle-decant, solids feed to HWVP
» PUREX Plant without TRUEX

- NCAW Supernatant: Filtration, cesium ion exchange, solids and
cesium feed to HWVP

- NCRW: Sludge wash, solids liquid separation, solids feed to
HWVP

- CC Supernatant: Cesium ion exchange, complexant destruction,
TRU solids and cesium feed to HWVP
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Table 6-14. Summary of Facility and Process Alternatives. (sheet 5 of 8)
. 10. DST-HWVP without TRUEX |
e DST In-Tank Processing
- NCAW Solids: Sludge wash, settle-decant, solids to HWVP
- PFP Solids: Sludge wash, settle-decant, solids to HWVP
« HWVP without TRUEX |

- NCAW Supernatant: Filtration, cesium ion exchange, solids and
cesium feed to HWVP

- NCRW: Sludge wash, solids-liquid separation, TRU solids feed
to HWVP

- CC: Cesium ion exchange, complexant destruction, TRU solids
and cesium feed to HWVP

11. DST-B Plant (Limited)-NPF with TRUEX
e DST In-Tank Processing
- NCAW Solids: Sludge wash, settle-decant, solids feed to HWVP

. « B Plant

- NCAW Supernatant: Filtration, cesium ion exchange, solids and
cesium feed to HWVP

o NPF with TRUEX

- NCRW: Solids wash, acid dissolution, TRUEX, undissolved solids
and TRU feed to HWVP

- PFP Solids: Acid dissolution, TRUEX, undissolved solids and
TRU feed to HWVP

- CC: Cesium jon exchange, acidification, TRUEX, complexant
destruction, TRU solids and cesium feed to HWVP

12. DST-B Plant (Limited)-NPF without TRUEX
e DST In-Tank Washing
- NCAW Solids: Sludge wash, settle-decant, solids feed to HWVP
- PFP Solids: Sludge wash, settle-decant, solids feed to HWVP
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Table 6-14., Summary of Facility and Process Alternatives. (sheet 6 of 8)

e B Plant

- NCAW Supernatant: Filtration, cesium ion exchange, solids and
cesium feed to HWVP

o NPF without TRUEX

- NCRW: Sludge wash, solids-liquid separation, solids feed to
HWVP

- CC Supernatant: Cesium ion exchange, complexant destruction,
TRU solids and cesium feed to HWVP

13. DST-HWVP (Limited)-NPF with TRUEX
e DST In-Tank Washing
- NCAW Solids: Sludge wash, settle-decant, solids to HWVP

- Required for Continuity: Tank 241-AY-101 solids and
tank 241-C-106 (SST) solids washing, feed to HWVP

e HWVP (cesium ion exchange only)

- NCAW Supernataat: Filtration, cesium ion exchaige, solids and
cesium to HWVP

o NPF with TRUEX

- NCRW: Solids wash, acid dissolution, TRUEX, undissolved solias
and TRU feed to HWVP

- PFP Solids: Acid dissolution, TRUEX, undissolved solids and
TRU feed to HWVP

- CC: Cesium ion exchange, acidification, TRUEX, complexant
destruction, TRU solids and cesium feed to HWVP

14, DST-Intermediate Processing-HWVP (Limited)-NPF with TRUEX
e DST In-Tank Processing
- NCAW Solids: Sludge wash, settle-decant, solids to HWVP
- CC (241-AY-101): S’udge wash, settle-decant, solids to HWVP
- 241-C-106: Sludge wash, settle-decant, solids to HWVP
o OST Interrediate Processing

- PFP (23%): Chromium leach, settle-decant, solids to HWVP
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Table 6-14. Summary of Facility and Process Alternatives. (sheet 7 of 8)
o HWVP (Limited)

- NCAW Supernatant: Filtration, cesium ion exchange, solids and
cesium to HWVP

o NPF with TRUEX

- NCRW: Solids wash, acid dissolution, TRUEX, TRU and
undissolved solids to HWVP

- PFP (77%): Acid dissolution, TRUEX, TRU and undissolved solids
to HWVP

- CC: Cesium ion exchange; TRUEX; complexant destruction;
cesium, TRU, and undissolved solids to HWVP

15. DST-HWVP (Limited)-NPF without TRUEX
e DST In-Tank Processing
- NCAW Solids: Sludge wash, settle-decant, solids feed to HWVP
- PFP Solids: Sludge wash, settle-decant, solids to HWVP
o HWVP (cesium ion exchange only)

- NCAW Supernatart: Filtration, cesium ion exchange, solids and
cesium feed to HWVP

e NPF without TRUEX

- NCRW Solids: Sludge wash, solid-liquid separation, solids to
HWVP

- CC Supernatant: Cesium ion exchange, complexant destruction,
TRU solids and cesium fee!! to HWVP

16. NPF with TRUEX

- NCAW Solids: Solids wash, acid dissolution, TRUEX, SREX,
undissolved solids, TRU, and strcatium feed to HWVP

- NCAW Supernatant: Filtration, cesium ion exchange, solids and
cesium feed to HWVP

- NCRW: Solids wash, acid dissolution, TRUEX, undissn’ved solids
and TRU feed to HWVP

6-107



WHC-EP-0475 Rev. 0

Table 6-14. Summary of Facility and Process Alternatives. (sheet 8 of 8)
- PFP Solids: Acid dissolution, TRUEX, undissolved solids and
TRU feed to HWVP
- CC: Cesium ion exchange, acidification, TRUEX, complexant
destruction, TRU solids and cesium feed to HWVP
- CC: Cesium ion exchange, acidification, TRUEX, complexant
destruction, TRU solids and cesium feed to HWVP
NOTE: Limited means limited pretreatment capabilities, which includes
cesium ion exchange and sludge washing only.
CC = Complexant concentrate
DST = Double-shell tank
HWVP = Hanford Waste Vitrification Plant
NCAW = Neutralized current acid waste
NCRW = Neutralized cladding removal waste
NPF = New pretreatment facility
PFP = Plutonium Finishing Plant
PUREX = Plutonium-Uranium Extraction
SREX = Strontium extraction
TRU = Transuranic
TRUEX = Transuranic extraction.
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S1udge in tank 241-C-106 contains the solids remaining from previous
(1970's) %Sr removal operations performed on NCAW-type wastes from selected
SSTs. This sludge still contains relatively high concentrations of *°Sr and
thus generates large amounts of radiolytic decay heat energy. Also, because
the solids in tank 241-C-106 are already known not to be readily soluble in
HNO;, they are not particularly attractive feedstock to the TRUEX process.

The solids in tank 241-AY-101 are known, from analyses, to contain large
amounts of siliceous material. Thus, the solids are an excellent candidate
for direct vitrification after washing and are not desirable feedstock to
aqueous pretr.atment processing such as the TRUEX process. Because they
apparently originated from CC waste, the solids in tank 241-AY-101 Tikely
contain some organic complexing agents and their degradation products.

Potential availability and suitability of sludges in tanks 241-C-106
and 241-AY-101 can provide sufficient feed to the HWVP to permit nearly
continuous operation while various other DST wastes are pretreated before
vitrification. An economic penalty, in terms of an increased number of
canisters of glass that must be made and disposed of, will be incurred by
direct vitrification of washed sludges from tanks 241-C-106 and 241-AY-101 as
opposed to TRUEX treatment of these wastes. These costs must be balanced
against the costs of operating the HWVP in a "stop-and-go" fashion. However,
as stated previously, these wastes are not good candidates for the TRUEX
pretreatment process.

As mentioned in Seétion 6.4.3, wastes generated from intermediate
processing also can provide feed to support continuous HWVP operations.
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7.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

A multiattribute utility (MAU) analysis approach was used to quantify the
merits of the 16 alternatives for each of the attributes of major concern to
the stakeholders (Section 5.0). The attributes were divided into three sets:

e Environment, safety, health, and compliance
* Technology and integration
 Cost and schedule.

These categories were chosen because similar technical expertise would be
required to understand and estimate the performance of the alternatives within
each group of attributes. One team of technical experts was assembled to
provide quantitative measures of the alternatives for each group of
attributes.

A1l attributes are defined in Appendix C. Attributes scored by the
technical expert assessment teams are measurable assessments (on a direct or
constructed scale) of the stakeholder objectives. It is important that each
attribute is absolute and unambiguous, and that each one measures an objective
only once to ensure that bias is not introduced by inadvertently capturiag the
affects of any objective more than once.

Attribute scales were defined to correspond to the values reflected in
the objectives identified by the stakeholder groups. Specific, measurable
scales were constructed. For some attributes, these scales were directly
measured values such as total cost, number of high-level waste (HLW)
canisters, or milestone completion dates [i.e., Hanford Waste Vitrification
Plant (HWVP) startup]. Other attributes were measured by proxies. For
example, the number of grout vaults required was used as a proxy for some
aspects of the potential long-term environmental impact of the pretreatment
strategies. Other attributes were scored using constructed scales. These
scales were generally 0--to-100-point scales with qualitatively defined points.
For example, a constructed scale was used to describe the technical maturity
of the processes for each alternative. Sections 7.1, 7.2, and 7.3 describe
the results of the three scoring teams.

In Section 7.4, the attribute scores are combined with the stakeholder
weights to yield a composiie measure of the relative utility, or value, of
each alternative. To derive the overall scores for the alternatives, the
attribute scores were normalized to correspond with the units and scales used
to derive attribute weights. The MAU analysis results provided a measure of
the relative value of the alternatives and also indicatad which attributes are
most critical to the results.

A series of sensitivity analyses are performed in Section 7.5 using the
MAU model to examine how the relative merits of, and preferences for, the
alternatives change as either the attribute weights or attribute scores are
allowed to change. These results indicated the stability of the final results
and their sensitivity to variations in stakeholder values or uncertain
performance measures.
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7.1 ENVIRONMENTAL, SAFETY, AND HEALTH

The environmental, safety, ard health (ES&H) impacts portion of the
evaluation measured four individual attributes:

* Pubiic health

° Environmental impacts

e Worker safety

e Compliance with regulations.

These attributes were broken down ‘urther to 16 specific measurements of
the ES&H impacts.

The first major attribute, public health, was used to estimate the impact
of the facility and process alternatives on the general population. Impacts
_resulting from the construction, routine operations, transportation, and
accident situations were measured relative to the other alternatives. The
second attribute, environmental impacts, was used to measure the impacts to
the environment. Impacts were considered over the operating life of the
double-shell tank (DST) mission. The measurements for assessing environmental
impacts were as follows:

* Routine and nonroucine effluents
* Amount of solid waste generated

* Number of grout vaults required for disposal of low-level waste
(LLW)

* Number of glass canisters required
* Land requiring restricted use at the completion of the mission

* Potential incremental singla-shell tank (SST) leakage resulting from
the timing of the alternatives.

The third major attribute, worker safety, was used to measure the
occupational health and safety impacts to the work force resulting from
routine work and accidents. The fourth attribute, compliance with

regulations, was used to measure the probability of obtaining compliance for
each of the alternatives.

The team assembled for the expert evaluation process was able to develop
direct measurements for the majority of the attributes. Only two attributes
required the construction of scales to measure the scores for the
alternatives. A summary of the attribute scores for each of the
16 alternatives is presented in Tables 7-1 through 7-4. The team consisted of
highly experienced personnel representing the disposal, environmental, safety,
and regulatory aspects. Health and safety impacts were assessed using

7-2
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Table 7-4. Environmental, Safety, and Health Expert
Evaluation Matrix--Compliance Attributes
Compliance
Alternative Description attribute

1 244-AR Vault/B Plant with TRUEX 0

2 DST/B Plant with TRUEX 25

3 DST/B Plant without TRUEX 25

4 DST/NPF with TRUEX 75

5 DST/Intermediate processing/NPF 75
with TRUEX

6 DST/NPF without TRUEX 75

7 DST/Intermediate processing/NPF 75
without TRUEX

8 DST/PUREX Plant with TRUEX 25

9 DST/PUREX Plant without TRUEX 25

10 DST/HWVP without TRUEX 75

11 DST/B Plant (1imited)/NPF with 50
TRUEX

12 DST/B Plant (limited)/NPF without 50
TRUEX

13 DST/HWVP (1imited)/NPF with TRUEX 75

14 DST/Intermediate processing/HWVP 75
(Timited) /NPF with TRUEX

15 DST/HWVP (1imited)/NPF without 75
TRUEX

16 NPF with TRUEX 100

NOTE: Limited means Timited pretreatment capabilities,

which includes cesjum ion exchange and sludge washing only.

DST
HWVP
NPF
PUREX
TRUEX

woa o n

techniques from the Final Environmental Impact Statement, Disposal of Hanford
Defense High-Level, Transuranic and Tank Wastes, Hanford Site, Richland,
At this time, there is 1ittle applicable
risk information on potential DST remediation facilities and operations.
Comprehensive risk analyses have not been performed for these operations.

Washington (HDW-ELS) (DOE 1987).

Double-shell tank

Hanford Waste Vitrification Plant
New pretreatment facility
Plutonium-Uranium Extraction
Transuranic extraction.

this reason, the risk values shown in Appendix D are considered very
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preliminary and should not be taken as the absolute risks of any of the DST
remediation facilities (see Appendix D).

The definition and scoring rules for each technical attribute as well as.
a discussion of the evaluation by the team is contained in the sections that
follow.

7.1.1 Public Health

This attribute measured the impact of the strategy alternatives on the
health of the general population. Impacts resulting from radiological and
chemical accidents and the transportation of canisters of vitrified waste were
judged to be the most significant subattributes to measure. The impacts were
measured for each alternative relative to the other alternatives. Traffic
accidents resulting from the transportation of HLW canisters of vitrified
waste had the most impact on number of fatalities. Because alternatives using
the transuranic extraction (TRUEX) process result in the least number of
canisters, these alternatives were measured as more favorable.

The maximum and other credible radiological accidents were identified for
each of the alternatives. The risk was measured as a function of (1) the time
that waste remained in the SST before retrieval and pretreatment and
(2) pretreatment and vitrification operations length for DST waste for each
alternative. The maximum credible accident was Jjudged to be a ferrocyanide
explosion in an SST. The radiological risk was measured in expected
fatalities resulting from the postulated accident(s). This was calculated as
the product of the estimated probability of each accident times the estimated
fatality resulting rrom the accident. There were no significant differences
among the alternatives. They all ranged from 3.4 x 107 to 5.0 X 10> expected
fatalities over the 1ife of the program.

The expected fatalities resulting from the effects of a chemical accident
to the maximum exposed offsite individual were measured to identify any
significant differences among the alternatives. For those alternatives using
the TRUEX process for DST waste, the fatalities were measured at 10°% because
of the use of more hazardous chemicals in the TRUEX process. The alternatives
that did not use the TRUEX process resulted in 10° expected fatalities to the
maximum exposed individual.

The risk to the public resulting from potential transportation impacts
was measured in expected fatalities from: (1) the radiological dose from
routine shipments, (2) the radiological dose from accidents, and (3) the
nonradiological accidents resulting during offsite rail shipments. The
scoring measured the probability of the event times the consequences to
produce a population risk integrated over the total number of shipments. The
greatest risk in this category is from a nonradiological accident resulting
from offsite rail shipments. Alternatives using the TRUEX process result in
fewer canisters of vitrified waste. These alternatives result in 10
expected fatalities, which were an order of magnitude less than alternatives
that use sludge washing or intermediate processes. For all alternatives,
expected nonradiological accident fatalities were at least an order of
magnitude greater than radiological derived accident fatalities.
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7.1.2 Environmental Impacts

This attribute measured the potential inipact of the alternatives on the
environment., Impacts resulting from routine and nonroutine effluents, the
amount of solid waste generated, the number of grout vaults and canisters of
vitrified waste required, the incremental land use, and the potential leakage
from SSTs resulting from the timing of the alternatives were judged to be the
most significant measures. The alternatives using the TRUEX process resulted
in only 13 percent as many canisters of vitrified waste. Regardless of the
process selected, the minimum number of grout vaults (38) occurs when using
new facilities. The use of existing facilities results in 3 additional vaults
for sludge washing and 12 more for TRUEX processing. The number of grout
vaults and new facilities are the most significant factors in measuring the
incremental land requiring restricted use at the completion of the mission.
The alternatives not using the TRUEX process would delay the start of SST
pretreatment for 5 yr, increasing the potential for additional leakage from
SSTs.

The first measurement of environmental impact was the potential for
effluents to affect the environment. Routine effluents are a part of normal
operations and pose negligible environmental hazard. However, the
alternatives that minimize effluents are more desirable. A nonroutine
effluent occurs when a routine effluent is above the instantaneous release
Timit, but when monitored over an annual time period. The release limits
would not be exceeded. Nonroutine effluents are defined as occurring as the
result of cooling coil failures, retention basin overflow, tube bundle
failure, stack release, or operator error. A scale was constructed to measure
the ability of the alternatives to (1) provide additionai barriers above
standards for higher safety factors in areas of high risk (e.g., if the prime
mechanism for release is through a gaseous pathway, mitigation can be provided
through the use of localized high-efficiency particulate air filtration),

(2) minimize the potential for operator error by including human factors
engineering, (3) reduce the potential for nonroutine releases by minimizing
the quantity of routine releases, and (4) minimize the complexity of operation
as_a function of the number of facilities used. This portion of the scoring
rule also measures the ability of the facility alternatives to recycle process
and steam condensates and provide equipment decontamination. Existing
facilities continue to operate whether or not processing occurs; cooling
water, steam, and process condensate systems at a new facility would use
closed-Toop systems, thereby reducing effluents from these sources to an
estimated less than 10 percent of an existing facility (total Hanford Site
discharge is not a discriminator other than identified previously). This
attribute was scored as follows.

Points Measurement

100 Able to provide additional engineered barriers, human
factors can be designed in, routine effluents are low, and
minimum number of facilities are used.

80 Same as above except higher number of facilities are used.

60 Able to accommodate the preferred capabilities, but the
routine effluents are higher than preferred.
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40 Unable to accommodate one of the preferred capabilities,
and routine effluents are higher than preferred.

20 Unable to accommodate one oy two of the preferred
capabilities and routine effiuents are significantly
higher than other alternatives. ‘

0 Alternative has a fatal flaw and cannot meet minimum
standards.

A distinguishing factor for all things being equal is the duration of
operation from retrieval to vitrification (longer is worse). This is
reflected in the alternatives without TRUEX capabilities, because these
alternatives result in significantly more processing time; thus, facility
aging becomes a factor.

The second measure of environmental impact was the quantity of LLW
generated over the duration of the alternative from retrieval to
vitrification. The LLW totals included the solid waste generated during
facility retrofit, which was required for conversion to a pretreatment
mission, and during operation. Solid waste generated during facility
conversion primarily would be failed or no-longer-required equipment
consisting of vessels, pumps, agitators, and jumpers. During operation, solid
waste is typically personal protective clothing, tape, wood, and failed
equipment. Solid waste is buried onsite. The additional land required for
solid waste disposal is included in a later ?easurement. The total solid
waste for the alternatives ranged from 590 m” over 6.5 yr to 5,100 m over
34 yr.

A third measure of the environmental impact was the number of grout
vaults required to dispose of the DST LLW. The measurements were based on the
flowsheets and material balances. No significant change would occur in
actinide levels across the various processing alternatives. During the
dissolution cycle in TRUEX processing, non-TRU radionuciides (e.g., strontium)
will dissolve and become part of the TRUEX feedstream. These non-TRU
radionuclides are not removed and become part of the LLW used in grout. Using
the TRUEX process results in 3.5 times more strontium in the LLW. Strontium
extraction (SREX) can be included in a new pretreatment facility (NPF).
Existing facilities would not have sufficient space to accommodate the SREX
process. Table 7-5 provides a radionuclide balance, showing the distribution
of curies for key radionuclides between LLW, HLW, and TRU wastes for sludge
washing versus TRUEX process alternatives. This table also shows the volume
of LLW, HLW, and TRU that results from each process alternative. Twelve
additional grout vaults (a total of 50) are required for those alternatives
using the TRUEX process in an existing facility over those alternatives that
use a new facility. The difference between the use of existing and new
facilities is a result of separations inefficiencies in existing facilities.
New facilities can be designed to optimally accommodate the flowsheets.

The number of canisters containing vitrified waste required for storing
HLW was also included in this scoring, although there is not a direct
correlation to environmental impacts. The number of canisters of vitrified
waste was important in determining the HWVP operating life and transportation
impacts. Becaust the glass heat load would not significantly change with the
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Table 7-5. Radionuclide Distribution for Pretreated
Double-Shell Tank Waste (ci)®.

Volume (L)

Double-shell | 137, s ¥Tc | Transuranic _ B Plant/

tank waste NPE PUREX

Plant
STudge Washing
tg“s’;le"‘” 2.2 E+06| 4 E+05 |3.2 E+03| 1.5 E+03 | 6.9 E+07 | 7.8 E+07
High-Tevel
waste and 3.4 E+07 (2.6 E+07]2.9 E+03 7.1 E+05 2.4 E+07 [ 2.8 E+07
transuranic
Grout vaults 38 41
TRUEX Process
bgg;;eve] 2.2 E+06 | 1.4 E+06|3.2 E+03| 2.4 E403 | 6.6 E+07 |1.13 F+08
High-Tlevel
waste and 3.4 E+407 2.5 E+07 2.9 E+03 7.1 E+05 1.5 E+07 | 1.9 E+07
transuranic
38

Grout vaults vaults 50 vaults

®Radionuclide distributions are based on Lowe (1991). The actual
radionuclide distribution between Tow-level waste and high-level waste

fractions depends on specific design and operation of the waste pretreatment
facility.

NPF = New pretreatment facility
PUREX = Plutonium-Uranium Extraction
TRUEX = Transuranic extraction.

number of canisters, no additional repository space is required for additional
canisters. Alternatives that do not use the TRUEX process result in as much
as a 10-fold increase in canisters, to 10,380. Alternatives that use
intermediate processing resulted in 2 to 4 times as many canisters as the best
TRUEX alternative, which results in 905 canisters.

A fifth measure of the environmental impact was the amount of land
requiring restricted use at the completion of the DST mission. Restricted
land use was defined as an underground disposal requiring a permanent barrier
or a processing facility, which at the completion of decontamination and
decommissioning is left abovegrade. The minimum land use resulted from
expanding HWVP to accommodate sludge washing (68 acres). Alternatives that
use the TRUEX process in existing facilities (added grout vaults) resulted in
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the greatest use of land (90 acres). Additional land would be required for
those alternatives using intermediate processing hecause of the need for four
additional DSTs.

The last measure of the environmental impact was the reduced potential
for leakage of SSTs resulting from the timing of the various facility
alternatives. The risk from continued SST storage was reduced for those
alternatives that use existing facilities for pretreatment; these alternatives
provide an opportunity to accelerate SST waste pretreatment from 2011 to 2006.
A1l tanks will be ipterim stabilized in the mid-1990's. An interim-stabilized
tank contains 114 m® (30,000 gal) of drainable, but not pumpable, liquid. The
1ikelihood is that these leaks would not migrate to the water table, according
to data from monitoring past leaks. Based upon past leaks of interim
stabilized tanks, one new leaking SST would be predicted for each 2 yr of
delay.

7.1.3 Worker Safety

This attribute measured the impact of the facility and process
alternatives on worker safety. The occupational health and safety impacts of
the alternatives were measured over the period of construction,
transportation, and operation. The preferred alternatives are those that
minimize the occupational risks. Scoring is influenced by the amount of
construction required, age of the infrastructure, types of processes used,
danger of materials being handled, and as low as reasonably achievable
considerations. The measurements for assessing worker safety were the number
of fatalities resulting from the foliowing:

1. The routine radiological dose to workers during construction,
operations, and transportation

2. Accidents expcsing workers to hazardous chemicals
3. Nonradiological industrial accidents.

The radiological risk (in rems) was cal_ulated as the dose received by the
maximum exposed individual times the probability of the accident. This
measurement was determined to be a nondiscriminator. The most significant
impact to worker safety resulted from industrial accidents.

There were no significant differences in expected fatalities resulting
from the routine radiological dose durinag construction, operation, and
transportation between any of the alternatives. Alternatives that do not use
the TRUEX process resulted in slightly higher fatalities. Expected worker
fatalities resulting from exposure to routine radiological dose ranged from
1.1 to 2.2. A preliminary evaluation of fatalities resulting from routine
exposure to chemicals was also performed. The team concluded that these
impacts were significantly less than the other measures; therefore, no direct
measurement of expected fatalities resulting from routine exposure to
chemicals was provided.

The impact to the work force as a result of chemical hazards during
accidents was measured in the expected fatalities to the maximum exposed
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individual as a result of accidental exposure to the chemicals used in the
pretreatment process. The period of interest was the duration of the
pretreatment operations. Although the TRUEX process uses more hazardous
chemicals, the relatively small inventory results in approximately

107" expected fatalities. For alternatives_using sludge washing, the expected
fatalities are reduced to approximately 10°°.

A calculation of the worker health effects was not possible for the
radiological consequences to workers (worker population onsite is not well
characterized in terms of their locations and emergency evacuation
effectiveness). Consequently, the radiological accident consequences to
workers was left in units of rem to the maximum exposed individual. This
sti11 resulted in a quantitative attribute for comparison purposes, but it was
not directly comparable to the public accident risk values. There were
minimal differences in exposure between alternatives.

Expected fatalities resulting from industrial accidents during
construction, operation, and transportation dominated all other types of
worker accidents. The postulated occurrences were based upon an estimate of
manpower requirements and occupational fatality rates. The construction
fatality incident rate was 0.034 fatalities/100 worker years (NSC 1985). The
operations fatality incident rate was 0.0024 fatalities/ 100 worker years
(0'Donnell and Hoy 1981). A1l of the calculations followed the same basic
formula:

number of fatalities = (occupational fatality rate) x (manpower required)

The amount of construction and the operating life of the alternative were
the major factors in determining the number of fatalities from industrial
accidents. The number of fatalities ranged from 6.5 for B Plant (with TRUEX)
as the processing facility to 11.7 for limited processing im HWVP and an NPF
without TRUEX.

7.1.4 Compliance with Regulations

This attribute measured the difficulty and uncertainty in obtaining
compliance with Federal, State, local, and contractor requirements. The
requirements have changed significantly in the past few years. More changes
are expected before a pretreatment facility becomes operational. It is
difficult to retrofit existing facilities and obtain agreement that the
facility is compliant. The alternatives that rely on the use of existing
facilities present a much higher risk to the program. The ability of an
alternative to adapt to the changing environment was scored high. A scale was
constructed to measure the difficulty and uncertainty in obtaining compliance.
The attribute was scored according to the following.

Points Measurement
100 A1l new facility.
75 Use of DSTs with an all new facility,
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50 Combination of old and new facilities.
25 Use of existing facilities.
0 Existing facility has a flaw that would preclude obtaining

compliance.

New facilities will be subjected to regulatory review before and during
construction. Although the DSTs are thought to be compliant, there is some
risk that the support systems will need upgrades to be Resource Conservation
and Recovery Act of 1976 (RCRA) compliant. The use of newer facilities
increases the likelihood of obtaining compiiance.

7.2 TECHNICAL INTEGRATION

The technical integration portion of the expert evaluation process
measured seven individual attributes that were collected into two major
groups. The first group, contribution to other programs, -onsisted of four
attributes: (1) ability of the alternative to process fue: currently stored
at the Hanford Site, (2) ability of the alternative to process and blend the
cesium and strontium capsules with other HLW for vitrification,

(3) contribution of the alternative to the SST disposal program, and

(4) ability of the alternative to contribute to the near-term resolution of
the tank safety problems. The second group, technical assurance, consisted of
three attributes: (1) maturity, (2) adaptability, and (3) reliability.

Although the seven technical integration attributes did not have unique
quantitative data upon which they could be evaluated, qualitative scoring
rules with a numerical value for each measure were established and used in the
evaluation process. A summary of the scores for each attribute for each of
the 16 alternatives is presented in Table 7-6.

Because the technical integration attributes were quite qualitative in
nature, the expert evaluation team selected was highly experienced in all
aspects of the disposal of tank waste. The team consisted of technical
experts from both Westinghouse Hanford Company (Westinghouse Hanford) and
Pacific Northwest Laboratory. The range of technical expertise of the team
varied ftrom scientist to process designer and included vitrification, chemical
separations, waste disposal, and waste management programs,

The definition and scoring rules for each technical attribute as well as

a discussion of the evaluation by the team is contained in the following
sections.

7.2.1 Process Stored Irradiated Fuel

This attribute measured the potential for an alternative to process the
currently stored fuel for eventual disposal. The attribute measured the
extent to which an alternative contributed processing and disposal
capabilities, such as technology, facilities, and processing capacity. The
attribute was scored according to the following.
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Points Measurement

100 Alternative enables stored fuel to be processed with
1ittle or no impact.

50 Alternative enables stored fuel to be processed, but with
some impact (e.g., time delay).

0 Alternative does not permit stored fuel processing in any
facilities used.

Because the Plutonium-Uranium Extraction (PUREX) Plant is the only
facility at the Hanford Site that currently possesses fuel processing
capability, all aiternatives that did not use the PUREX Plant for pretreatment
were considered to have the ability to process the stored fuel. These
alternatives were considered to maintain that capability fully and thus permit
the processing of the stored fuel without any impact. The alterratives that
used the PUREX Plant (alternatives 8 and 9) were considered to remove that
capability completely and thus could not process stored fuel.

7.2.2 Processing of Cesium and Strontium Capsules
This attr1bute qeasured the potential of the alternative to process and
vitrify the °Sr and 'Cs capsules. The attribute measured the extent of the

contributions (i.e., facilities, technology, and processing capacity) and is
scored according to the following.

Points Measurement

100 Alternative fully accommodates processing of capsules with
1ittle or no impact.

50 Alternative accommodates processing of capsules but with
some impact (i.e., availability of feed that will allow
blending of high-heat capsules causing a schedule delay).

0 Alternative does not accommodate processing of capsules.

The alternatives that used B Plant as an operating facility were judged
to possess the full capability for processing capsules. The alternatives that
did not use B Plant as an operating facility were judged to possess the
capability but with some impact. For these alternatives, the Waste
Encapsulation and Storage Facility (WESF) would be available to process the
capsules into a solution for feed, but time would be required to construct a
support facility for WESF (to provide services currently rendered by B Plant)
and also construct waste transfer lines between the support facility and
the HWVP.
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7.2.3 Contribution to the Single-Shell Tank Mission

This attribute measured the potential of the alternative to contribute to
the final remediation of SSTs. The attribute measured the extent to which the
alternative contributed capapility or capacity. Again, facilities,
technology, and processing capacity were considered. The attribute was scored
according to the following.

Points Measurement

100 Alternative accommodates or can be expanded easily to
process all 149 SSTs.

75 Alternative accommodates or can be expanded easily to
process up to half (approximately 75) SSTs.

50 Alternative accommodates or can be expanded easily to
process up to 25 SSTs.

0 Alternative makes no contribution to the remediation of

the SSTs.

Because the TRUEX process is an essential part of the SST remediation
program and keeps the overall cost and schedule within reason, the non-TRUEX
alternatives were not considered as contributing. For these alternatives, a
pretreatment facility containing a TRUEX process would have to be built for
the SST remediation program. All alternatives that contained an NPF with a
TRUEX process sized to process ail SST wastes were considered as fully
contributing to the SST remediation program. The alternatives that used
B Plant or PUREX Plant with a TRUEX process were expected to be capable of
processing up to half of the SST wastes.

7.2.4 Resolution of Near-Term Tank Safety Issues
This attribute measured the relative ability of the alternatives to

contribute to the near-term (5-yr) resolution of the tank safety issues. This
attribute was scored according to the following.

Points Measurement

+100 Alternative contributes to the near-term resolution of the
tank safety issues.

0 Alternative is neutral to the resolution of tank safety
issues.

-100 Alternative impacts the near-term resolution of tank
safety issues negatively.

Although many of the alternatives can use solids from S$STs as feed to the
HWVP through a sludge-wash-only scenario, none of the alternatives were
considered to make a direct, early, significant contribution to the near-term
resolution of the tank safety issues. The significant point is that none of ‘
the alternatives could process any SST waste before 1997 or 1998. This timing
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was outside the 5-yr window. Thus, all of the alternatives were scored as
being neutral with regard to the near-term resolution of tank safety issues.

7.2.5 Maturity of the Technology

This attribute measured the maturity of the process technologies used in
the alternatives and the integration of these processes into the specific
facilities. An important aspect for this attribute was to measure the ability
of the alternative to ensure hot startup of the HWVP, continuity of feed to
the HWVP, and minimization of down time as a result of operating disriiptions
and process upsets. Technologies that have been used previously either at the
Hanford Site or another site received a high score. Technologies that require
significant development or scaleup received a Tower score. The date t.e
technology for a specific alternative was needed was aiso given consideration.
[f time was available within the alternative for development and the chances
were high that the technology would mature within that timeframe, credit was
given for that capability. In this manner, this attribute gave a measure of
technical risk for the alternative.

The remaining three technical integration attributes were scored somewhat
differently than the first four. In each attribute, the scoring rule was
divided into two portions: a score for each of the basic unit processes and
then that score was increased or decreased for a specific facility
application. The final score for each alternative was developed from a
compesite of individual scores for the specific facility and process
combinatio.. :

The following scoring was used for the maturity attribute.
Basic Process Technology--This portion of the scoring measured Lhe
maturity of the basic process technology without regard to implementation

within a specific facility. This score evaluated the current process
technology without considering future development.

Points Measurement

100 The process technology is a fully demonstrated process for
the waste types of interest. Actual demonstrated
experience with full-scale operation at the Hanford Site
exists.

80 The process technology is a fully demonstrated process for
waste types similar to the waste types of interest.
Actual demonstrated experience with full-scale operation
at a site other than the Hanford Site exists.

60 The process‘has been demonstrated on a hot pilot-plant
scale. The next step in development is plant design.

40 The process has been demonstrated in a hot bench-scale
test. The next step is either a hot pilot plant or.to
proceed with plant design; if pilot-plant operation is
deemed unnecessary.
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20 The process has been demonstrated in the laboratory with .
either hot or simulated waste. Scaleup and hot pilot-
plant operation is required.

10 The process has limited demonstration in the laboratory
with simulated waste.

0 The process is an idea at the conceptual stage without any
laboratory work.

Facility Application and Implementation--This portion of the scoring
measured the maturity of the process as it is adapted to a specific facility.
This portion also accounted for the ability of the base process technology to
mature if used later in the program, as well as, the ability to apply
improvements in equipment design. The base process technology score is
increased or decreased according to the following.

Points Measurement

+20 Significant increase in process maturity will be achieved
and significant improvement in equipment design can be
obtained.

+10 Some minor increase in the maturity of the process

technology will be achieved by the time the process is
implemented in the specific facility.

0 No improvement in the maturity of the process technology ‘
and no issues or concérns arise from the application or
implementation in the specific facility.

-10 Some minor technical concerns or issues arise, but are not
considered to require significant testing or development
to resolve.

-20 A significant technical concern or issue arises out of the

implementation of the process in the specific facility.
Additional testing and/or development will be required to
resolve the issue.

Table 7-7 presents a summary of the final scores for the maturity
attribute together with a ranking of the alternatives in descending order of
maturity. A review of the scoring for the maturity attribute reveals that
there is only a 13-point (out of a possible 100) spread between all the
alternatives. The svaluation team agreed that there was not a significant
difference between any of the alternatives with regard to maturity. The
process technologies used in all alternatives are currently at essentially the
same level of maturity. It is important to note that some of the process
technologies that would be used in all of the alternatives are quite immature
and that development of these required technologies should proceed without
delay. Organic destruction and neutralized cladding removal waste (NCRW)
sludge washing are in this category.



WHC-EP-0475 Rev. O

Table 7-7. Facility and Process Score for
Maturity Attribute.

Alternative Score Description

4 64 DST/NPF with TRUEX

11 64 DST/B Plant (1imited)/NPF with TRUEX

16 64 NPF with TRUEX

13 64 DST/HWVP (1imited)/NPF with TRUEX

1 63 244-AR Vault/B Plant with TRUEX

14 61 DST/Intermediate processing/HWVP
(1imited)/NPF with TRUEX

5 61 DST/Intermediate processing/NPF with
TRUEX

8 61 DST/PUREX Plant with TRUEX

2 61 DST/B Plant with TRUEX

9 59 DST/PUREX Plant without TRUEX

6 59 DST/NPF without TRUEX

10 59 DST/HWVP without TRUEX

3 59 DST/B Plant without TRUEX

12 59 DST/B Plant (limited)/NPF without
TRUEX

15 59 DST/HWVP (1imited)/NPF without TRUEX

7 51 DST/Intermediate processing/NPF
without TRUEX

NOTE: Limited means limited pretreatment capabilities,
which includes cesium ion exchange and sludge washing only.

DST = Double-shell tank
HWVP = Hanford Waste Vitrification Plant
NPF = New pretreatment facility
PUREX = Piutonium-Uranium Extraction
TRUEX = Transuranic extraction.

Note, that all of the non-TRUEX alternatives ranked lower than the TRUEX
alternatives on the maturity attribute. This was surprising and counter to
the intuitive feeling of the evaluation team. However, on examination of the
alternatives, it was noted that the non-TRUEX alternatives substitute two
quite immature alternatives [i.e., NCRW sludge washing and PTutonium Finishing
Plant (PFP) sludge washing] for the medium maturity TRUEX. Again, the degree
of difference was small and may not be significant, but merely reinforced the
need to proceed with the development of the immature processes.
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7.2.6 Adaptability .

This attribute measured the ability of the alternatives to accommodate
changes such as feed composition, feed variability, additional radionuclides
or chemical constituent removal, changes in regulatory requirements,
additional processing modules, process modifications, and incorporation of new
technologies. Facility and process alternatives with a high degree of
flexibility and room for expansion would be favored as would facilities that
meet regulatory requirements.

Again, as in the case of maturity, the adaptability was scored in two
portions.

tasic Process Technology--This portion of the scoring measured basic
process technology adaptability to accommodate the following subattributes:

* Ability to accommodate changes in feed composition and type

* Ability to accommodate variable feed and/or process control
conditions (i.e., flexibility of the process control)

 Ability to expand or enhance the processes to provide additional
radionuclides and/or chemical constituent removal

e Ability to implement or incorporate process modifications and
emerging technologies.

Points Measurement .

100 Basic process has all of the desired characteristics.
75 Basic process has three of the desired characteristics.
50 Basic process has two of the desired characteristics.
25 Basic process has one of the desired characteristics.

0 Basic process does not have any of the desired
characteristics.

Facility Application and Implementation--This portion of the scoring
measured the change in adaptability of the basic process technology as it will
be applied or implemented in a specific facility. In particular, the
following attributcs were evaluated:

* Additional space available within the facility to implement more
unit processes

» Ability to make process routing changes
e Ability to implement change outs of unit processes

* Ability to incorporate new process technologies

* Ability to accommodate new regulatory and design requirements. .

7-20
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’ The basic process technology was scored according to the following.
Points Measurement
+25 Possesses all subattributes
+10 Possesses ability to accommodate equipment and/or process

changes, but is limited or constrained with regard to new
regulations and requirements

0 Application or implementation with the facility is
essentially neutral

-10 Facility degrades or constrains the flexibility and
adaptability of the basic process.

Table 7-8 presents a summary of the final scores for adaptability and a
descending ranking of the alternatives. The point spread (31 points out of a
total of 100) for the adaptability attribute is considerably larger than for
maturity. Also, the ranking and scoring shows a distinct advantage to new
facilities that could more readily accommodate expansion and provide future
flexibility.

7.2.7 Reliability

This attribute measured the reliability and forgiveness of the process
‘ technologies used in the alternatives. This measures the ability of the
alternative to provide a continuous feedstream to HWVP and minimize overall
system down time caused by equipment failures and/or process upsets. Those
process technologies that have demonstrated a high degree of performance score
high while those that have a low degree of performance score low. Again, the
scoring rule for this attribute is divided into two portions.

Basic Process Technology--This portion of the scoring measured the
reliability of the basic process technology irrespective of facility
application or implementation. The following subattributes were evaluated:

» Ability of the process to function continuously with a variety of
feed conditions

« Ability of the process to be insensitive to human error
e Simplicity of equipment, ease, and reliability of control.

Points Measurement

100 Basic process has all desired attributes.
50 Basic process has the desired attributes to a lesser
degree.
0 Basic process does not have any of the desired attributes.

7-21
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Table 7-8. Facility and Process Score and Rank
for Adaptability Attribute.

Alternative Score Description

4 98 DST/NPF with TRUEX

13 98 DST/HWVP (1imited)/NPF with TRUEX

16 96 NPF with TRUEX

6 94 DST/NPF without TRUEX

14 94 DST/Intermediate processing/HWVP
(1imited) /NPF with TRUEX

15 94 | DST/HWVP (Timited)/NPF without TRUEX

11 94 DST/B Plant (Timited)/NPF with TRUEX

5 94 DST/Intermediate processing/NPF with TRUEX

10 94 DST/HWVP without TRUEX

12 89 DST/B Plant {Timited)/NPF without TRUEX

7 86 DST/Intermediate processing/NPF without
TRUEX

9 81 DST/PUREX Plant without TRUEX

8 80 DST/PUREX Plant with TRUEX

3 75 DST/B Plant without TRUEX

1 67 244-AR Vault/B Plant with TRUEX

2 €7 DST/B Plant with TRUEX

NOTE: Limited means limited pretreatment capabilities, which
incTudes cesium ion exchange and sludge washing only.

DST = Double-shell tank
HWVP = Hanford Waste Vitrification Plant
NPF = New pretreatment facility
PUREX = Plutonium-Uranium Extraction
TRUEX = Transuranic extraction.

Facility Application and Implementation--This portion of the scoring
measured the change in reliability of the basic process technology as it is
applied or implemented in a specific facility. This portion measured the
ability of a newer facility to implement state-of-the-art equipment and
process control as well as any degradation of reliability that an older
facility might contribute. The following subattributes were evaluated:

* Equipment maintainability

* Basic facility reliability

7-22
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e Inherent facility flexibility that would allow process
configuration changes leading to continued operation while
equipment repairs were being carried out.

The basic process technology score was measured as follows.

Points Measurement

+25 Facility significantly improves overall reliability by
possessing the desired attributes.

0 Facility does not impact the reliability of the basic
process.

-25 Facility significantly degrades reliability of the basic
process.

Table 7-9 presents a summary of the final scores for reliability and also
provides a descending ranking of the alternatives. Again, as with
adaptability, the point spread (25 points out of a total of 100) was
significant. New facilities again showed an advantage because new equipment
could be used.

7.3 SCHEDULE AND COST

This section provides a comparison of operational schedules and costs for
the 16 facility and process alternatives for tank wastes defined in
Section 6.2. Cost estimates are preliminary and should be used for comparison
only. Evaluation of the alternatives is based on 10 key attributes associated
with cost and schedule.

Schedule Cost
HWVP start date Life-cycle cost for DST mission
SST closure date Life-cycle cost for DST and SST mission
DST mission Peak annual cost
completion
HWVP operation Annual percent cost increase
continuity
SST vitrification Community economic impact

completion

Because the attributes for schedule and cost are quantitative in nature,
no attempt has been made to rank or to apply scores to the alternatives. The
MAU analysis applied weighting factors, based on stakeholder values, to the
cost and schedule attributes. These weighting factors for cost and schedule,
when added to the qualitative and scored results for the remainder of the
attributes, provided rankings for the alternatives.

Table 7-10 summarizes the key cost and schedule attributes for the
16 alternatives. Operational schedules for the alternatives are shown in
Figures 7-1 through 7-16.
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Facility and Process Score and Rank for
Reliability Attribute.

Alternative Score Description

4 81 DST/NPF with TRUEX

13 81 DST/HWVP (Timited)/NPF with TRUEX

16 80 NPF with TRUEX

10 79 DST/HWVP without TRUEX

15 79 DST/HWVP (Timited)/NPF without TRUEX

6 79 DST/NPF without TRUEX

5 78 DST/Intermediate processing/NPF with TRUEX

14 78 DST/Intermediate processing/HWVP
(limited) /NPF with TRUEX

7 75 DST/Intermediate processing/NPF without
TRUEX

11 75 DST/B Plant (1imited)/NPR with TRUEX

12 71 DST/B Plant (limited)/NPF without TRUEX

9 64 DST/PUREX Plant without TRUEX

8 61 DST/PUREX Plant with TRUEX

3 57 DST/B Plant without TRUEX

1 56 244-AR Vault/B Plant with TRUEX

2 56 DST/B Plant with TRUEX

NOTE: Limited means limited pretreatment capabilities, which
includes cesium ion exchange and sludge washing only.
Double-shell tank-
Hanford Waste Vitrification Plant
New pretreatment facility
Plutonium-Uranium Extraction
Transuranic extraction.

DST
HWVP
NPF
PUREX
TRUEX

oo
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i

Table 7-10. Cost and Schedule. (sheet 1 of 2)

Tri-Party Vitrification
Agreement in HWVP
mi lestone
Alternative Description

HWVP SST DST HWVP down SST

start closuge complete time b complete

date date (year) (months) (year)
1 244-AR Vault/B Plant with TRUEX 3/03 2025 2015 82 2046
2 DST/B Plant with TRUEX 12/99 2025 2015 122 2046
3 DST/B Plant without TRUEX 12/99 2025 2032 -0- 2063
4 DST/NPF with TRUEX 12/99 2025 2012 84 2043
5 DST/Intermediate processing/NPF with TRUEX | 12/99 2025 201 46 2042
6 DST/NPF without TRUEX 12/99 2025 2032 -0- 2063
7 DST/Intermediate processing/NPF with TRUEX | 12/99 2025 2016 39 2049
8 DST/PUREX Plant with TRUEX 12/99 2055 2010 70 2041
9 DST/PUREX Plant without TRUEX 12/99 2025 2032 -0- 2063
10 DST/HWVP without TRUEX 12/01 2025 2034 -0- 2065
" DST/B Plant (limited)/NPF with TRUEX 12/99 2025 2012 84 2043
12 DST/B Plant (limited)/NPF without TRUEX 12/99 2025 2032 -0- 2063
13 DST/HWVP (limited)/NPF with TRUEX 3/01 2025 2012 74 2043
14 DST/Intermediate processing/HWVP 3/01 2025 2011 53 2042

(limited)/NPF with TRUEX

15 DST/HWVP (limited)/NPF without TRUEX 3/01 2025 2033 -0- 2064
16 NPF with TRUEX 10/08 2025 2013 16 2049
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Table 7-10. Cost and Schedule.

0

(sheet 2 of 2)

Community
economic
FY 1992 to FY 1996 | impact;
Cost expense reduction
from peak
Alternative Description Labor
force
DST and Average Max i mum
DST Peak ;
SST annual | annual site it
$93(8) $93(B) 393(M) increase budget People
(%) increase (%)
1 244~AR Vault/B Plant with TRUEX| 9.1 39.1 603 34 8.7 2,640
2 DST/8 Plant with TRUEX 9.2 39.2 565 37 10.8 2,570
3 DST/B Plant without TRUEX 13.9 44.9 568 36 11.2 2,420
4 DST/NPF with TRUEX 12.1 38.1 708 37 9.8 3,130
5 DST/Intermediate processing/NPF| 12.4 38.4 707 37 9.8 3,070
with TRUEX
6 DST/NPF without TRUEX 16.5 47.5 596 37 9.8 2,170
7 DST/Intermediate processing/NPF| 12.4 43.4 599 37 9.8 2,550
with TRUEX
8 DST/PUREX Plant with TRUEX 10.8 40.8 673 N 9.7 3,420
9 DST/PUREX Plant without TRUEX 16.3 47.3 666 29 9.8 2,830
10 DST/HWVP without TRUEX 14.0 45.0 627 29 8.9 2,710
11 DST/B8 Plant (limited)/NPF 12.4 38.4 707 26 10.8 3,130
Wwith TRUEX
12 DST/B Plant (limited)/NPF 16.9 47.9 601 42 10.8 2,080
without TRUEX
13 DST/HWVP (Llimited)/NPF 12.4 38.4 7461 33 11.5 3,300
with TRUEX
14 DST/Intermediate 12.5 38.5 707 33 11.5 3,120
processing/HWVP (limited)/NPF
with TRUEX
15 DST/HWVP (Limited)/NPF without 16.8 47.8 640 32 12.4 2,430
TRUEX
16 NPF with TRUEX 1.9 37.9 895 28 12.9 4,030

8ALL alternatives can meet 2018 SST closure by accelerating SST ROD to 1996, scheduling
residuaé DST wastes at the end of the partitioning campaign, or by constructing new DSTs (30-50).
The excessive HWVP down time can be reduced 39 months by adding sludge washed tank 241-C-106
waste to the scope.

Limited means limited pretreatment capabilities, which includes cesium ion exchange

NOTE:
and sludge washing only (alternatives 11-15).

DST = Double-shell tank

FY = Fiscal year
HWVP = Hanford Waste Vitrification Plant
NPF = New pretreatment facility
PUREX = Plutonium-Uranium Extraction
SST = Single-shell tank

Tri-Party Agreement = Hanford Federal Facility Agreement and Consent Order

TRUEX = Transuranic extraction.
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Operational Schedule for B Plant/244-AR Vault with

Transuranic Extraction (Alternative 1).
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Operational Schedule for Double-Shell Tank/

B Plant with Transuranic Extraction (Alternat

Figure 7-2.

z % oc ° (SHIW ST
VI AINMOC SNOT L vEsTs
) SEZLISINYD 00% . ‘OFET ) SHFLSINYS
(02) SEZLSINYD 00 WHON) HILSNYD On MYIN SHILSINYD 085 (Or&e e 7
{e=& SE=ZLSINVD 05C

m<m1 UU—MVQ d-dhk EU?& ® A _n "mm\N— >\P\\Jf\|h\ v\r\\q;\uk\‘w\l\m h.w.\'

i

iny

88
1
Ni

(

LTHA/NOT LY TET L D¢

]

|
|
|
:
|

! IXST

SuF 2z asc MEDN 0,2 MYON < :
& HSYN
; HSYM,
MR N ——
Gl L -
169 -
e

zelecfedizlog ey sl 2y arlst = i cif u| ot} 60] 80| £0] 90150{v0IED0] 200 |00] 66| 86}.6] 96| 55| ef A STLINILOY

XINHL HIIM INVId 8/145d - &




G £28-E-DST2VHIINASSTIVILD

ic Extraction (Alternative 3).

WHC-EP-0475 Rev. O
jonal Schedule for Double-Shell Tank/B Plant

Operat
without Transuran

NMOHS LON S SEY 3 33H5HL AE3AZ 3ONVHD ESII3W HINOW S S310N
(SN O FWLENMOG SNOILYESS
i3 SINY LS PAEDIS SEZLSINY uu )} HEIISINY <z (PATON SHILISINGD 08¢
(DD} SEZLISINYD 00iS OIS Se21SINYD 00, {d3d SEIISINYD 00% JT\QI PJCQ» 5( UUAUFU\?T -
) MED uu.a,.
P . MYON ,
0 1 1 T e NOLEIF1E ] 14
. A A \ " A
~ ne | b
_ ; ! |
_— | i
,., i i A
i Eoo
| 1 P
" i .
| N
H | Co
———y — L et —— Y/ [ [ A
i A _> K\ I\\)\r\fm b\mll,.nu.r(\\gﬂ‘f |2 A
| |
i ; (1
: il
; i i ﬁ
i m i
. M _ ~ AT 7
— h\f< Vi 5 —
ouiT- 35 MeDr SO/ x. ﬂdm\e
MPON
‘ NaYal
ddd MYON L6190 -
SNFIT IS FES
Acd- Azl d el el el = <] 2:{ 1 or| 0] s0] 20} 90| s0f-oleof cofro |oo| e} 86|26 98] s} 6|4 A SILINLIY
)

Figure 7-3.

X3INHL LINOHLIM INVId /150 - &

7-29



D 0Zn-THISTEY=DINARTTTYS, D
SR 18]

0

WHC-EP-0475 Rev.

7-30

Operational Schedule for Double-Shell Tank/New

Pretreatment Facility with Transuranic

Figure 7-4.

Extraction (Alternative 4).
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Operational Schedule for Double-Shell Tank/Intermediate
Extraction (Alternative 5).

Processing/New Pretreatment Facility with Transuranic
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Figure 7-6. Operational Schedule for Double-Shell Tank/New Pretreatment
Facility without Transuranic Extraction (Alternative 6). .
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Operational Schedule for Double-Shell Tank/Plutonium-Uranium
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Operational Schedule for Double-Shell Tank/Plutonium-Uranium

Extraction Plant without Transuranic Extraction (Alternative 9).

Figure 7-9.
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Operational Schedule for Double-Shell

Tank/Hanford Waste Vitrification Plant without
Transuranic Extraction (Alternative 10).

Figure 7-10.
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Operational Schedule for Double-Shell Tank/

B Plant (Limited)/New Pretreatment Facility without

Figure 7-12.

Transuranic Extraction (Alternative 12).
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Vitrification Plant (Limited)/New Pretreatment Facility
with Transuranic Extraction (Alternative 13).
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Figure 7-14. Operational Schedule for Double-Shell Tank/
Intermediate Processing/Hanford Waste Vitrification

-

Plant (Limited)/New Pretreatment Facility with
Transuranic Extraction (Alternative 14).
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Figure 7-15. Operational Schedule for Double-Shell Tank/Hanford Waste
Vitrification Plant/New Pretreatment Facility without
Transuranic Extraction (Alternative 15).
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7.3.1 Schedule

The assumptions used in development of the operational schedules and
performance of the alternatives with respect to achieving Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology et al.
1990) milestones and completion of the vitrification mission are discussed in
the following paragraphs.

7.3.1.1 Schedule Assumptions. General and specific schedule assumptions
including those for technology, retrieval, pretreatment facility,
characterization, and vitrification are discussed below.

Applied Engineering and Technology Assumptions

* A TRUEX process pilot plant and bench-scale melter for waste form
qualification testing are installed in B Plant and/or WESF for all
of the alternatives.

* For TRUEX process pretreatment alternatives, pilot-plant results are
available in January 1998 to initiate design for a fiscal year
(FY) 1998 line item in existing facility alternatives, or for design
of a FY 1997 Tine item in NPF alternatives.

Retrieval Assumptions

* The neutralized current acid waste (NCAW) retrieval system for
tank 241-AZ-101 is available in June 1997 for in-tank washing
operations.

e QOther retrieval systems are available as required to support the
facility and process alternatives.

Pretreatment Facility Assumptions

« The startup date for an NPF that uses the TRUEX process1 for DST
waste is estimated to be FY 2007. The startup date for a sludge
washing NPF is FY 2006 (Section 6.5.2.7).

e Alternatives that include SST processing assume that a record of
decision (ROD) on the supplemental environmental impact statement
(SEIS) for SSTs will be complete in FY 2003. These alternatives
also assume that the decision is made to retrieve and process the"
waste. An ROD recommending retrieval and pretreatment of SST wastes
will require a TRUEX NPF to pretreat the SST waste (Boomer et al.
1991). If a TRUEX NPF was constructed for the DST mission, this
same NPF would be used for the SST mission. However, if an existing
facility or a sludge washing NPF was used for DST waste
pretreatment, then the TRUEX NPF for SST waste also must be
constructed. If the ROD is complete in 2003, the TRUEX NPF for
SST waste would not be operational until FY 2013. For the basis of

"For convenience, such a facility is referred to as a TRUEX NPF in
further discussions.
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be deferred for processing in a TRUEX NPF that will start up
in 2013. The implications of an ROD being completed in 1996 are
addressed in Section 7.3.1.2.

this document, it was assumed that DST waste pretreatment will not .

e With Timited modifications, DSTs are assumed to be suitable for
conducting in-tank washing for some intermediate pretreatment
processes or, as an alternate, one of four planned new DSTs is
available for this purpose.

* Facility pretreatment time cycles are derived from equipment sizing
and flowsheet information described in Section 6.5.2.2.

* For alternatives that use existing facilities, a 6-month transition
period between pretreatment of waste types has been assumed. New
facility alternatives require a 3-month transition period. This
transition period allows for conversion to the new waste type. Less
time is assumed to be required for a new facility.

Characterization and Frit Procurement Assumptions

* For all of the alternatives, an 18-month period is required to allow
characterization of pretreated wastes and procurement of glass frit.

Vitrification Assumptions

* Onerational schedules (see Figures 7-1 through 7-16) were prepared
to show the earliest HWVP start dates for each alternative, ignoring
standby time at HWVP. Standby time is a consequence of lack of
pretreated waste available for vitrification. Some schedules
(e.g., Figure 7-4) show dashed Tines where HWVP continuity gaps
could be filled using alternate wastes, for example, SST 241-C-106.

« Total vitrification time cycles for each pretreated DST waste are
based on canister estimates from Section 6.4.3.

* Vitrification rates are 290 canisters/yr for pretreated NCAW and
370 canisters/yr for other pretreated DST wastes.

* A 6-month outage has been allowed after every 3 yr of melter
operation for replacement of the melter.

7.3.1.2 Compliance with Tri-Party Agreement Milestones. Two major Tri-Party
Agreement (Ecology et al. 1990) milestones are associated with the tank waste
disposal mission:

M-03-00 Initiate hot operations (vitrification) with pretreated NCAW,
December 31, 1999

M-09-00 Complete closure of all 149 SSTs, June 2018.

7.3.1.2.1 HWVP Start Date (M-03-00). A1l of the alternatives except
alternatives 1 (baseline), 10, and 13 through 16 meet the December 1999 .
milestone date for HWVP startup. A1l of the alternatives that meet the
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December 1999 startup date (alternatives 2 through 9, 11, 12) provide washed
NCAW as feed using in-tank DST washing. Mixer pumps are scheduled to be
installed to retrieve the NCAW in tank 241-AZ-101 in FY 1996. Washing of the
NCAW sludge would be performed in FY 1997 to provide adequate time for
characterization and qualification of the pretreated waste before
vitrification (see Figure 7-2).

Only alternatives with DST sludge washing in FY 1997 can provide feed to
HWVP to support the M-03-00 milestone of December 1999. A changeover to
in-tank sludge washing rather than using 244-AR Vault as the baseline NCAW
washing approach is required to meet the milestone. The baseline (see
Figure 7-1, alternative 1) will delay startup of vitrification by 3.5 yr, from
December 1999 to March 2003, because of extensive requirements for upgrading
the 244-AR Vault for sludge washing and settle-decant operations with NCAW.

Alternatives that use the HWVP for DST waste pretreatment
(alternatives 10, 13, 14, and 15) will not support HWVP startup in
December 1999 because of the required design changes that result from adding a
pretreatment annex. Alternative 10, which treats DST waste in an HWVP annex
using the sludge-washing approach, would delay HWVP startup 2 yr (see
Figure 7-10). Alternatives 13, 14, and 15 use an NPF with an HWVP annex that
performs only cesium ion exchange treatment of the NCAW supernatant. Again,
because of the design change requirements to the HWVP for performing cesium
ion exchange, an estimated 15-month delay in the start of vitrification
results.

For alternative 16, vitrification does not begin until feed is pretreated
in a TRUEX NPF. Vitrification startup is delayed approximately 9 yr because
the TRUEX NPF does not start up until FY 2007.

7.3.1.2.2 Ability to Meet SST Closure Date (M-09-00). The Tri-Party
Agreement milestone (Ecology et al. 1990) for SST closure is defined as
closure of the tank farm site and ancillaries under the provisions of RCRA.
The SST closure can be attained by (1) treatment and disposal of the wastes in
place, or (2) retrieval of wastes from the tank and closure of empty tanks.
The 2018 closure date does not require treatment of retrieved wastes by 2018.
The Tri-Party Agreement schedule calls for a draft SEIS by June 2002 and ROD
by 2003. If the ROD recommends in situ treatment and disposal, the
2018 closure date can be accomplished. If the ROD recommends retrieval and
treatment of SST wastes, the earliest SST closure would be 2025 as shown in
Table 7-10.

Acceleration of the SEIS ROD for SST waste has been proposed to meet the
2018 Tri-Party Agreement milestone date for closure of SSTs in the event that
retrieval and treatment of SST waste is recommended. Using the schedule
assumptions defined in Section 7.3.1.1, accelerating the SEIS to obtain an ROD
in 1996 results in acceleration of the SST closure date to 2021. With the
accelerated ROD, the TRUEX NPF is a FY 1997 line item and has a FY 2007
startup. The 2018 SST closure date can be met with a FY 2007 startup of a
TRUEX NPF for all 16 alternatives by doing one of the following:
(1) construction of approximately 40 additional DSTs to provide lag storage
for retrieved SST wastes while fthe DST waste are processed in the NPF
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(schedule assumptions), or (2) by processing the SST waste first in the NPF
followed by DST wastes. A significant assumption is that retrieval systems
will be in place as scheduled.

7.3.1.3 HWVP Campaign Completion and Continuity. The completion date for DST
and SST wastes vitrification in the HWVP as well as HWVP operations continuity
are discussed in the following sections.

7.3.1.3.1 DST Mission Completion. Completion of the DST waste disposal
mission is defined as completion of vitrification of pretreated DST waste. It
is recognized that the canisters containing vitrified waste may be shipped to
a geologic repository and the LLW fraction generated from pretreatment of DST
wastes may be solidified after vitrification. However, the pretreated waste
vitrification completion date represents achievement of a major goal in the
DST waste disposal mission; solidification of the HLW and TRU waste fraction.
Additionally, completion of DST waste vitrification represents the earliest
date for initiating vitrification of pretreated SST wastes and influences
closure of SSTs, a major Tri-Party Agreement milestone. Comparison of the DST
mission completion dates for the facility and process alternatives measures
performance toward achieving both DST and SST mission goals.

The dates for completion of DST waste vitrification for the
16 alternatives identified in Table 7-10 are summarized in Table 7-11 and
discussed below.

Table 7-11. Double-Shell Tank Waste Vitrification
Completion in the Hanford Waste
Vitrification Plant.

- Percent of HWVP
Alternatives Year complete design 1ife
TRUEX process 2010 to 2015 30
Intermediate sludge
washing (NPF) 2016 45
Sludge washing 2032 to 2034 80
HWVP = Hanford Waste Vitrification Plant

NPF
TRUEX

New pretreatment facility
Transuranic extraction.

TRUEX Process Alternatives--A1l of the alternatives that use the TRUEX process
(alternatives 1, 2, 4, 5, 7, 8, 11, 13, 14, 16) result in earlier DST mission
completion dates than similar facility alternatives that use only sludge
washing and intermediate processing. For the TRUEX process alternatives,
completion of the DST mission occurs between FY 2010 and FY 2015, with PUREX
Plant alternatives completing earliest, followed by alternatives that use an
NPF alone or in combination with B Plant or an HWVP annex, and B Plant
alternatives completing the latest (i.e., FY 2015). Vitrification of
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pretreated SST wastes can begin between FY 2010 to FY 2015. The differences
in dates among facility alternatives that use the TRUEX process can be
attributed to one of the following:

1. Equipment sizing restrictions in B Plant, which contribute to Tonger
DST pretreatment process durations than in the PUREX Plant or in an
NPF

2. Delay in pretreatment processing resulting from construction of an
NPF or HWVP annex.

Intermediate Processing Alternatives--Intermediate processing in combination
with sludge washing (alternative 7) shows a significant reduction in the
number of canisters of vitrified waste produced compared to sludge washing
alone. This alternative also completes the DST mission significantly earlier,
approximately FY 2016. Approximately 4,080 canisters of vitrified waste are
produced by conducting intermediate processing with selective DST wastes in
conjunction with sludge washing of the remaining DST wastes.

Intermediate processing of selected wastes in conjunction with TRUEX
processing of the remaining DST wastes (alternatives 5 and 14) complete the
DST mission slightly earlier than alternatives that use only the TRUEX process
because HWVP down time is reduced for these alternatives.

Sludge Washing Alternatives--Facility alternatives that use only sludge
washing complete the DST mission between FYs 2032 to 2034. The sludge washing
alternatives represent using approximately 80 percent (i.e., 32 yr) of the
40-yr design life of HWVP for vitrification of DST wastes. This is because of
the large number (approximately 10,380) of canisters of vitrified waste
produced.

7.3.1.3.2 SST Vitrification Completion. Relevant information concerning
completion of SST waste vitrification in the HWVP is summarized in Table 7-12.

Table 7-12. Single-Shell Tank Waste Vitrification
Completion in the Hanford Waste
Vitrification Plant.

Double-shell tank SST ROD to retrieve (yr)
alternative FY 2003 FY 1996
;:ggzgganlc extraction 2049 2043
Intermediate processing 2049 2043
Sludge washing 2063 to 2065 2043
FY = Fiscal year

SST
ROD

Single-shell tank
Record of decision.
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SEIS ROD Completed in 2003--The completion of SST vitrification in HWVP for
this document assumes that pretreated SST wastes from a TRUEX NPF are
vitrified in the HWVP after the DST wastes. The SST vitrification completion
date is approximately 31 yr after the DST vitrification completion date due to
the time required to vitrify 10,000 canisters of SST wastes.

An ROD completed in 2003 directing retrieval of SST wastes results in
a 2013 startup of a TRUEX NPF and can provide pretreated HWVP feed in 2015.
Optimization of NPF and HWVP processing schedules by treatment of remaining
DST wastes in a TRUEX NPF can result in completion of SST vitrification
in 2049.

SEIS ROD Completed in 1996--As discussed in Section 7.3.1.2.2, an SST
retrieval ROD completed in 1996 could resuit in all DST alternatives using a
TRUEX NPF with a FY 2007 start up. The SST vitrification completion date for
all DST alternatives is estimated to be 2043.

7.3.1.3.3 HWVP Continuity of Operations. This attribute measured the
continuity of HWVP operations for the DST mission. Operating down times are
defined as those caused by lack of pretreated feed. Operating down times for
the 16 alternatives are discussed in the following paragraph,

TRUEX Process Alternatives--If a TRUEX NPF is used to pretreat DST waste,
significant down time will occur if the HWVP processes NCAW beginning in
December 1999. For alternative 4 (see Figure 7-4), 7 yr of HWVP down time
occurs because a TRUEX NPF does not begin pretreatment operations until

FY 2007. However, after startup of a TRUEX NPF, pretreated feed to the HWVP
is nearly continuous because the facility is sized to provide feed to support
the 100 kg/h melter throughput. As addressed later in this document,
strategies can be used that reduce HWVP down times for all cases that use the
TRUEX process. '

[f HWVP operation is delayed until feed becomes available from a TRUEX
NPF (see Figure 7-16, alternative 16) vitrification down time is minimal since
the TRUEX NPF is sized to support the 100 kg/h melter. However, HWVP
operations will not begin until FY 2009.

Significant down times occur for cases that implement the TRUEX process
in the existing B Plant and PUREX facilities (see Figures 7-1, 7-2, and 7-8).
The TRUEX process would not be implemented in either B Plant or PUREX Plant
until FY 2004. If NCAW is vitrified during the period from December 1999 to
December 2001, no pretreated feed becomes available again until nearly
FY 2006. After the startup of B Plant, additional HWVP down time would occur
because of equipment size restrictions that result in longer pretreatment
process durations than for either the PUREX Plant or an NPF.

Intermediate Process Alternatives--The alternatives that combine intermediate
processing with a TRUEX NPF result in less HWVP down time than for those cases
that use the TRUEX process alone (e.g., compare Figure 7-4 with 7-5 and

Figure 7-13 with 7-14). Thus, as described in Section 6.4.3, some processing
of waste could be performed in a DST before startup of a TRUEX NPF. For
example, PFP sludge could be leached to remove chromium and the washed sludge
vitrified in the HWVP. Although down time in the HWVP wouid be reduced by
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intermediate processing of waste, additional canisters of glass, compared to
pretreating PFP waste by the TRUEX process, Tikely would result.

Alternatives that combine intermediate processing with sludge washing
result in more HWVP down time than for alternatives that use sludge washing
alone (e.g., compare Figure 7-6 with 7-7). This increases down time by
39 months.

Sludge Washing Alternatives--As shown in Table 7-10, all of the alternatives
that use sludge washing, that is no TRUEX process (3, 6, 9, 10, 12 and 15),
provide continuous feed to HWVP and, thus, no HWVP down time (e.g., see
Figure 7-3). The sludge washing alternatives result in approximately 10,380
canisters of glass from DST waste, and consequently a backlog of pretreated
feed will generally be available for HWVP operation.

7.3.2 Cost

The assumptions used in estimating life-cycle cost and performance of the
alternatives with respect to the cost-related attributes are discussed in the
following paragraphs.

7.3.2.1 Cost Assumptions. Major assumptions and bases for estimating the
operational and capital expenditures for the different alternatives are
presented in Appendix F. Appendix F also provides detailed backup to the
costs. More pertinent cost assumptions include the following.

Expense-funded costs are given in respective year dollars for FY 1991 and
FY 1992, and in FY 1993 dollars thereafter. Capital costs are shown in
FY 1991 dollars. Capital costs are shown in FY 1991 dollars for comparison of
alternatives. Actual budgetary cost numbers will be different because of
escalation and further refinement of cost estimates. Total program costs are
used: costs for capital construction and/or upgrade of the facility; costs
for waste treatment, vitrification, and grout operations; and costs for
disposal in a geolgic repository. Costs judged to be minor are excluded from
the analysis. Wherever applicable, existing construction project cost
estimates are used; but for comparison purposes, these costs are de-escalated
to FY 1991, Costs not related to the defense waste remediation missjon are
not shown (e.g., normal tank farm operations). Where portions of these costs
were judged to be related to the disposal mission (e.g., waste retrieval
operations and in-tank washing operations), only the additional costs over
nonrelated costs are shown. Costs for closure of tanks are not included.

The cost assumptions for SST pretreatment used in this document are based
on Boomer et al. (1991). The SST mission cost is assumed to be $26 to
31 billion (1991 capital and 1993 expense) for this document. The range of
$26 to 31 billion is a function of the DST alternative as discussed in
Section 7.3.2.3.1.

7.3.2.2 Life-Cycle Costs for DST Mission. Capital and expense costs for
retrieval, treatment, vitrification, and disposal of DST wastes for the

16 facility and process alternatives are shown in Table 7-13. Total mission
costs are also summarized in Table 7-13 and discussed below. Appendix F
provides detailed backup data.
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Table 7-13. Capital and Expense Costs for Double-Shell Tank
Waste Disposal Alternatives.

ATt t1y Descripti Total cost? (billion dollars)
e e on
erna P Capital Expense Total

244-AR Vault/B Plant with

1 TRUEX 2.8 6.3 9.1

2 DST/B Plant with TRUEX 2.7 6.5 9.2

3 DST/B Plant without TRUEX 3. 10.8 13.9

4 DST/NPF with TRUEX 4.3 7.8 12.1
DST/Intermediate

5 processing/NPF with TRUEX 4.3 8.1 le.4

6 DST/NPF without TRUEX 4.4 12.1 16.5
DST/Intermediate

7 processing/NPF without 3.9 8.5 12.4
TRUEX
DST/PUREX Plant with
DST/PUREX Plant without

9 TRUEX 3.5 12.8 16.3

10 DST/HWVP without TRUEX 3.4 10.6 14.0
DST/B Plant (Timited)/NPF

1 with TRUEX 4.4 8.0 12.4
DST/B Plant (1imited)/NPF

12 without TRUEX 4.5 12.4 16.9
DST/HWVP (1imited)/NPF

13 with TRUEX 4.5 7.9 12.4
DST/Intermediate

14 processing/HWVP 4.4 8.1 12.5
(Timited)/NPF with TRUEX
DST/HWVP (1imited)/NPF

15 without TRUEX 4.6 12.2 16.8

16 NPF with TRUEX 4.4 7.5 11.9

°Cost estimates are 1991 dollars for capital and 1993 dollars for
expense-funded activites. These estimates are for comparison only and
are not total estimated project or program custs at completion.

NOTE: Limited means Timited pretreatment capabilities, which

includes cesjum ion exchange and sludge washing only.

DST = Doubhle-shell tank
HWVP = Hanford Waste Vitrification Plant
NPF = New pretreatment facility
PUREX = Plutonium-Uranium Extraction
TRUEX = Transuranic extraction.
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The DST mission costs for alternatives that use the TRUEX process are
typically $2 to 6 billion less than alternatives that use all sludge washing,
primarily because of increased costs associated with extended HWVP operations
and canister disposal (Table 7-14). Costs for alternatives that use existing
facilities are $2 to 3 billion less than for those using a TRUEX NPF. Capital
costs for modifying existing facilities are significantly less than those
constructing an NPF.

Table 7-14. Double-Shell Tank Mission Cost Summary
(Capital 1991 dollars, Operating 1993 dollars).

Alternative | (bi{qﬁgiléﬂﬂigrs) Canisters of glass
TRUEX process —
Existing facilities 9-10 1,340
NPF 12 1,340
Intermediate 12 4,080
processing, NPF
Sludge washing
Existing facilities 14 10,400
NPF 16 10,400
NPF = New pretreatment facility
TRUEX = Transuranic extraction.

Use of intermediate processing in combination with sludge washing (see
Figure 7-7, alternative 7) could reduce the DST mission costs by approximately
$4 billion compared to sludge washing alone (see Figure 7-6, alternative 6).
The cost for alternative 7, which uses intermediate processing, is comparable
to that for alternative 4, which uses only the TRUEX process. Alternative 7
uses chromium removal and waste blending. However, as noted in Section 6.4.3,
intermediate processing technology is relatively undeveloped compared to the
TRUEX process.

The cost for using inteimediate processing in combination with a TRUEX
NPF (alternatives 5 and 14) is slightly higher than for using the TRUEX
process with no intermediate processing (alternatives 4 and 13). As noted in
Section 7.3.1.3, intermediate processing for these alternatives improves HWVP
feed continuity but at the expense of producing additional canisters of glass
compared to the all TRUEX alternatives.

Table 7-15 compares the costs for the 16 alternatives with and without
repository disposal. This comparison is made to assess the costs for
treatment and long-term onsite storage in the event disposal in a geologic
repository is indefinitely or permanently delayed. The costs without
repository disposal include capital costs for storage modules but do not
include expense costs for extended storage and moritoring.

7-51



WHC-EP-0475 - Rev. 0

Table 7-15. Total Costs for Double-Shell Tank Waste Disposal .
Alternatives With and Without Repository Disposal Costs.
Total cost®
ATt " Descriotion (bi11ion dollars)
ernative exeriptio With Without
disposal disposal
244-AR Vault/B Plant with
1 TRUEX 9.1 8.6
2 DST/B Plant with TRUEX 9.2 8.7
3 DST/B Plant without TRUEX 13.9 10.3
4 DST/NPF with TRUEX 12.1 11.7
DST/Intermediate '
5 processing/NPF With TRUEX 12.4 e
6 DST/NPF without TRUEX 16.5 12.9
DST/Intermediate
7 processing/NPF without TRUEX | 12+ 11.0
8 DST/PUREX Plant with TRUEX 10.8 10.3
DST/PUREX Plant without
9 TRUEX o 16.3 12.7
10 DST/HWVP without TRUEX 14.0 10.4
‘ DST/B Plant (1imited)/NPF
1 with TRUEX 1z.4 1.9
DST/B Plant (1imited)/NPF
12 without TRUEX 16.9 13.3
| DST/HWVP (Timited)/NPF with
13 TRUEX 12.4 12.0
DST/Intermediate
14 processing/HWVP 12.5 11.9
(Timited) /NPF with TRUEX
DST/HWVP (Timited) /NPF
15 without TRUEX 16.8 13.2
16 NPF with TRUEX 11.9 11.6

%Cost estimates are 199] dollars for capital and 1993 dollars
for expense-funded activites. The