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DOUBLE-SHELL TANK WASTE DISPOSAL INTEGRATION PLAN

C.A. Augustine

ABSTRACT

In December 1987, the Final Environmental Impact Statement: Disposal of Hanford Defense Hieh- 

Level. Transuranic. and Tank Wastes was issued by the U.S. Department of Energy. The preferred 

alternative called for existing and future double-shell tank (DST) wastes to be pretreated, if necessary,

taste, high-level waste (HLW), and low-

ill be processed in the Hanford

a geologic repository. The remaining LLW fraction will be processed into a cementitious grout and 

disposed of in near-surface concrete vaults.

Implementation of disposal actions for DST wastes will require waste characterization and 

technology development for retrieval, pretreatment, and disposal processes, plus operation of the tanks, 

supporting systems and facilities, and B Plant, HWVP, and the Grout Treatment Facility.

The Double-Shell Tank Waste Disposal Integration Plan defines the baseline processes, scope, 

schedule, and budget for implementation of DST waste disposal and defines the procedure for 

changing the baseline.
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DOUBLE-SHELL TANK WASTE DISPOSAL 

INTEGRATION PLAN

1.0 INTRODUCTION

1.1 PURPOSE

The Double-Shell Tank Waste Disposal Integration Plan, hereafter referred to as the IP, defines 
the baseline processes, scope, schedule, and budget for implementation of double-shell tank waste 
disposal (DSTWD) as identified in the Final Environmental Impact Statement: Disposal of Hanford 
Defense High-Level, Transuranic and Tank Wastes (DOE 1987) and the associated Record of Decision 
(DOE 1988a). The IP also defines the procedure for changing the baseline. Westinghouse Hanford 
Company (Westinghouse Hanford), as the Hanford Site operations and engineering contractor, is 
responsible for cost, schedule, and technical program management of DSTWD on behalf of the 
U.S. Department of Energy-Richland Operations Office (DOE-RL). The IP functions as a summary- 
level baseline document for DSTWD.

The objective of the DSTWD Program is retrieval, pretreatment, and eventual solidification of all 
double-shell tank (DST) wastes. The tasks needed to meet this objective reside in the respective 
programmatic end functions for planning, budget, cost, and schedule reporting:

• Defense High-Level Waste Technology Program (W1H)

• Double-Shell Tank Farm Program (W1B)

• Double-Shell Tank Waste Pretreatment Program (W1D)

• Hanford Waste Vitrification Plant Project (V)

• Grout Disposal Program (W1P).

1.2 OVERVIEW

The IP is divided into the following sections:

• Section 1.0, Introduction-provides a summary of the plan and of the program in terms of 
mission needs, facilities and processes, and technical requirements.

• Section 2.0, Program Objectives and Assumptions—defines in more detail the objectives 
established to support the mission needs and process technical requirements. Supporting 
assumptions and performance criteria are included. •

• Section 3.0, Program Description-identifies the elements of the DSTWD Program, including 
technology development for waste characterization, waste retrieval and waste pretreatment, 
retrieval and storage operations, pretreatment operations, vitrification, and grout disposal.

1-1
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• Section 4.0, Program Organization and Responsibilities-depicts the organizational and 
functional relationships that have been established to achieve the objectives and manage the 
DSTWD activities.

• Section 5.0, Program Management, Control and Integration-documents the overall approach 
to be used in establishing and controlling program baseline and integrating the work plan 
and program performance measurement techniques. This section includes the change-control 
procedures.

• Section 6.0, Program Baseline-provides the technical, scope, schedule, and budget baseline 
for DSTWD.

• Section 7.0, Quality Assurance (QA)-describes basic QA requirements and responsibilities 
applicable to DSTWD.

• Section 8.0, References-provides supporting documentation for the DSTWD Program.

1.3 BACKGROUND

The principal purpose of the DSTWD Program is to recover those radioactive waste solutions and 
solids presently stored in double-shell tanks (DST) and to immobilize them as solid material for 
disposal. Solidification will be accomplished by vitrifying the high-level and transuranic (TRU) 
fraction for disposal in a geologic repository and converting the low-level fraction to grout for disposal 
in vaults. Grout vaults are Resource Conservation and Recovery Act (RCRA) compliant disposal 
units for mixed waste as well as low-level waste (LLW). A diagram of DSTWD is shown in Figure 1-1.

Four waste types have been identified for feed to vitrification, with preceding pretreatment: 
neutralized current acid waste (NCAW), complexant concentrate (CC), Plutonium Finishing Plant 
(PFP) waste, and neutralized cladding removal waste (NCRW). Each waste has certain chemical 
properties and constituents that require specialized pretreatment to reduce the disposal cost. This 
pretreatment is accomplished by separating these wastes into a low-volume, high-level, and 
TRU waste fraction and a relatively high-volume, low-level waste fraction. Certain other DST waste 
types, such as double-shell slurry (DSS) and phosphate-sulfate waste*, are anticipated to be directly 
disposed as grout without pretreatment.

The primary elements of the DSTWD Program are (1) technology development, (2) waste 
retrieval and interim feed storage, (3) waste pretreatment, (4) Hanford Waste Vitrification Plant 
(HWVP) Project design, technology development, waste form qualification, construction, and 
operations, and (5) grout operations. These elements reside in their respective end functions. This 
plan consolidates these elements as a program for identifying key interfaces and reporting progress.

Technology refers to activities under the Defense High-Level Waste Technology end function 
(W1H). These activities are waste characterization, waste retrieval development, and pretreatment 
process development. *

*Phosphate-sulfate waste is not considered a DST waste; however, for completeness of cost and 
schedule reporting, it will be included within the scope of this IP.

1-2
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Waste storage and retrieval are the activities in the Double-Shell Tank Farm end function (W1B). 
These activities include the installation of mixer-pumps and related electrical distribution system 
upgrades. New, direct transfer routes from the DST farms to B Plant will be constructed in the mid- 
1990’s. This activity also includes post-pretreatment storage, retrieval, evaporator operations, 
transfer operations, and projects that contribute to DSTWD.

The DST Waste Pretreatment end function (W1D) will process the various recovered waste forms 
at B Plant into streams suitable for feed to the HWVP and Grout Treatment Facility (GTF). These 
activities include the following:

• Refurbishment and upgrading the 244-AR Vault to perform an NCAW sludge washing 
demonstration in FY 1994 and subsequent pretreatment operations

• Preparation of B Plant for pretreatment operations, including cesium removal

• Installation of the Transuranic Extraction (TRUEX) process

• Pretreatment of NCRW, PFP waste, and CC

• Installation of complexant destruction processing equipment.

The Grout Disposal Program end function (W1P) is the operation (including vault construction) of 
the GTF to solidify and dispose of the LLW fraction in near-surface vaults. As the GTF is a new 
facility, no major upgrades are presently identified; however, support to future capital projects will be 
provided.

The HWVP Project (V) will vitrify the pretreated high-level and TRU wastes to a form suitable 
for geologic repository disposal. Vitrification includes the design, construction, startup, and 
operation of the HWVP. The technology, waste form qualification, design, procurement, 
construction, startup, and supporting safety, environmental, and quality assurance activities will be 
managed by the Projects Department for the DSTWD Program. This activity also includes 
vitrification technology development and waste form qualification activities necessary to support 
design, operations, and acceptance by the geological repository program of the vitrified waste for 
geologic disposal.

1-4
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2.0 PROGRAM OBJECTIVES AND ASSUMPTIONS

The objective of the DSTWD Program is the on-schedule and within-budget retrieval of existing 
and planned DST wastes, pretreatment, of the retrieved wastes, and solidification of DST wastes for 
disposal at either the HWVP or the GTF. This objective is the implementation of the Record of 
Decision (DOE 1988a) for DST wastes from the Final Environmental Impact Statement: Disposal of 
Hanford Defense High-Level, Transuranic, and Tank Wastes (DOE 1987).

2.1 TECHNICAL OBJECTIVES AND ASSUMPTIONS

The overall technical objective of the DSTWD Program is the retrieval, pretreatment (as 
required), and solidification for disposal of DST wastes. To meet this overall objective, waste 
characterization and technology development will be required. Sampling, using the existing methods 
(e.g., core sample truck), and analysis in both the Westinghouse Hanford and Pacific Northwest 
Laboratory (PNL) facilities will be performed to support technology development and operational 
activities. Technology development for retrieval, pretreatment, and vitrification processes will be 
performed to support DSTWD.

Waste retrieval from DSTs is required prior to pretreatment for disposal. The basic technology 
for retrieval will use Savannah River Plant-type mixer-pump technology for mobilization of waste 
sludges and Hanford Site transfer pumps for removal of the waste from DSTs. The waste will be 
transferred from the DSTs to AR Vault, B Plant, the HWVP, and the GTF using existing and planned 
transfer lines. The 244-AR Vault will be used until completion of NCAW processing. Full-scale 
NCAW and post-NCAW processing will make use of the Project W-028 transfer lines when available. 
The 242-A Evaporator-Crystallizer upgrades are completed, and DST space is available to support all 
DSTWD activities.

Pretreatment of certain DST waste types is necessary to meet HWVP feed requirements. The 
planned total volume of wastes requiring pretreatment is shown in Table 2-1. The NCAW will be 
pretreated using solids washing, followed by solid-liquid separation, and ion exchange for removal of 
cesium from supernatant. The solids washing and solid-liquid separation will be performed in the 
244-AR Vault with final filtration and ion exchange at B Plant.

After completion of NCAW pretreatment, NCRW and PFP waste will be pretreated using the 
TRUEX process, followed by CC waste using the TRUEX process coupled with destruction of organic 
complexants. Cesium removal from CC will be accomplished by ion exchange if required to meet 
grout feed requirements. All these waste types will be pretreated in the B Plant Facility at rates that 
support HWVP operations. The B Plant will undergo facility upgrades to perform the DST waste 
pretreatment mission. B Plant is in compliance with current codes and standards in most areas. 
Approximately 1,000 requirements were reviewed resulting in less than 40 areas requiring attention. 
Facility upgrades will be performed to new facility standards; however, B Plant will not attain new 
facility compliance standards.

Other DST waste types, such as DSS and phosphate-sulfate waste, will be fed directly to the GTF 
without pretreatment. Sampling and characterization activities are ongoing to confirm that these 
waste types will not require any additional treatment to meet criteria for disposal in grout.

2-1
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Table 2-1. Planned Volume of Double-Shell Tank Waste for Pre treatment.

Waste type Total volume 
(Mgal) Composition

Neutralized current acid 
waste (NCAW)

1.9 Iron hydroxide sludge, contaminated with actinides 
and strontium; alkaline supernate, contaminated 
with cesium

Complexant concentrate 
(CC)

4.3 Waste from previous strontium and cesium recovery 
operations; contains actinides, organics, and 137Cs

Plutonium Finishing 
Plant (PFP) waste

0.4 Iron containing sludge contaminated with actinides

Neutralized cladding 
removal wastes (NCRW)

0.8 Zirconium containing sludge contaminated with 
actinides

PST89-3003-2-1

The high-level and TRU fractions of DST waste will be vitrified in the HWVP to meet geologic 
repository acceptance criteria. A100 kilogram per hour (kg/h) melter will be used to produce an 
average of 320 canisters of glass per year. Vitrification operations will produce a liquid waste that 
will be returned to the DSTs. This liquid waste will be directly disposed at the GTF.

The GTF will dispose of the LLW fraction of DST waste in vaults as a cementitious grout. Feed to 
the GTF will be pretreated supernate from NCAW, CC, PFP waste, NCRW, and other DST waste 
types not currently planned to be pretreated. The currently planned GTF mission calls for 
44 campaigns, including phosphate-sulfate waste.

A list of technical assumptions used in the development of this IP, including an assessment of 
potential impacts, is provided in Appendix A.

2.2 SCHEDULE OBJECTIVES AND ASSUMPTIONS

The schedule for DSTWD is developed to support several key milestones. Waste characterization, 
retrieval and pretreatment development, as well as tank farm, 244-AR Vault and B Plant readiness 
are scheduled to support the start of the NCAW pretreatment demonstration in October 1993. Other 
major milestones are the completion of NCAW pretreatment operations in September 1997 and the 
completion of the TRUEX process installation in B Plant in October 1997.

The pretreatment demonstration and operation schedule is developed to support the startup of the 
HWVP in December 1999 and HWVP continuous operations, as much as possible, through the 
completion of the DST waste processing mission in FY 2005.

Operation of the GTF will dispose of the low-level fraction of DST waste and increase the 
available DST space. The GTF will process 14 campaigns of waste through the end of FY 1994 and 
will process, as waste is available, up to 4 campaigns per year through the completion of the DST 
waste processing mission. Processing of 14 grout campaigns through FY 1994 is assumed to require 
no additional upgrades or equipment to retrieve the waste.

Table 6-2 identifies the milestones established for DSTWD. A detailed list of assumptions used in 
schedule development is shown in Appendix B.

2-2
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2.3 COST OBJECTIVES AND ASSUMPTIONS

The basis for funding DSTWD is the FY 1992 Environmental and Defense Waste Five-Year Plan. 
Additional activities required to achieve the objectives of Option B (NCAW sludge washing 
demonstration in 244-AR Vault in October 1993 and accelerated TRUEX process installation in 
B Plant as a 1993 line item) are included. The dollars shown in Table 6-1 reflect budget authority 
(BA); consequently, reprogramming dollars in FY 1989 carried over into FY 1990 are shown in the 
FY 1989 column. The funding of $24 million in FY 1990 for the Liquid Effluent Retention Facility 
(LERF) is also included.

2-3,i/>-V
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3.0 PROGRAM DESCRIPTION

3.1 PROGRAM OVERVIEW

In December 1987, the Final Environmental Impact Statement: Disposal of Hanford Defense 
High-Level, Transuranic, and Tank Wastes (DOE 1987) was issued. The preferred alternative called 
for existing and future DST wastes to be pretreated, if necessary, in B Plant for separation of the 
waste into TRU, high-level waste (HLW), and LLW fractions. The TRU and HLW fractions will be 
processed in the HWVP, which will solidify them into borosilicate waste glass for disposal in a 
geologic repository. The remaining LLW fraction will be mixed with grout in the GTF and disposed of 
in near-surface concrete vaults. The Record of Decision (DOE 1988a) selected this preferred 
alternative for disposal of DST wastes.

Implementation of disposal actions for DST wastes will involve technology development to 
determine the waste characteristics and develop retrieval and pretreatment processes, as well as 
operation of the DST tank farms, 242-A evaporator-crystallizer and supporting systems,
244-AR Vault, B Plant, HWVP, and the GTF. The baseline disposal steps for the DST waste types 
are shown in Figure 3-1.

3.2 TECHNOLOGY DEVELOPMENT

Disposal implementation for DST wastes requires specific technology to be developed and 
demonstrated. Characterization of existing and future DST wastes, development of waste retrieval 
and transfer technology, and development of waste pretreatment process technology are included. 
These technology activities are discussed in this section (3.2). Technology activities associated with 
continued operation of the waste facilities are included in Sections 3.3 through 3.6.

3.2.1 Waste Characterization

Waste characterization is necessary to determine retrieval requirements, pretreatment 
requirements to prepare waste for immobilization, and the final disposal waste-form option for the 
waste (i.e., grout or glass). Characterization is also required to efficiently manage existing space for 
the storage of future wastes consistent with the safe and cost-effective permanent disposal of all 
waste.

Samples for characterization of the waste will be obtained from process waste streams before 
storage in tanks and from waste stored in tanks. Rheological properties of the wastes will be 
determined from sampling and in situ characterization. Sampling techniques will be developed to 
provide samples for characterization.

The radionuclide, chemical, and physical composition of the waste will be determined to support 
technology development, disposal decisions, and operating programs. Analytical methods will be 
developed as necessary. All sample results are entered into a characterization data base.

3-1
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3.2.2 Waste Retrieval and Transfer

Development and demonstration of the technology for retrieval of certain DST wastes are 
required. Existing pumping techniques and facilities are considered to be adequate for retrieval and 
transport of dilute phosphate-sulfate waste and dilute supernatant liquids. These techniques and 
facilities will not be adequate for retrieval of NCRW, CC, NCAW, PFP waste, DSSF, and pretreated 
sludges being stored as feed to the HWVP. Retrieval techniques, including pump mixing, airlift 
circulation, high-shear pumping, and hydraulic sluicing, must be tested in pilot-scale equipment, and 
full-scale retrieval systems will be developed and implemented.

3.2.3 Waste Pretreatment

Existing and future waste stored in DSTs will become feeds to the grout and vitrification 
facilities. Certain pretreatment steps will be necessary to ensure that the waste feeds exhibit 
appropriate physical and chemical properties to avoid upsetting the immobilization process and to 
produce acceptable products. Feed preparation technology will be demonstrated in the Waste 
Encapsulation and Storage Facility (WESF). The feed pretreatment process for NCAW differs 
considerably from the pretreatment process for the other DST waste types. The pretreatment 
processes for NCRW, PFP waste, and CC waste will require the development of dissolution methods 
and suitable offgas treatment systems. Pretreatment of CC waste may require destruction of organic 
constituents.

The NCAW consists of sludges and supernatant resulting from neutralization of current acid 
wastes generated by the Plutonium-Uranium Extraction (PUREX) process. The NCAW sludge is a 
feed to the vitrification facility. A process for separating sludge and supernatant liquid in NCAW has 
been tested in B Plant. The sludge must be washed to remove sulfate, aluminum, and sodium salts.

The supernatant liquid from NCAW, following removal of ^Cs, together with salts removed 
from the sludge constitutes feed to the grout immobilization facility. An ion exchange system, based 
on a nitric acid eluant, for the removal and concentration of cesium is undergoing laboratory testing 
to determine resin life expectancy and eluant concentrations. The crude concentrate of cesium from 
the ion exchange process will be combined with the NCAW sludge for transfer to a HWVP feed tank 
for vitrification.

A process for removing TRU elements from complexed waste liquors has been laboratory tested 
and will be further developed in pilot plant testing. Candidate methods for destroying organic 
complexants in CC waste have been identified and also will be developed in pilot plant tests. The 
TRU sludges resulting from the TRUEX process and the destruction of organic complexants in CC are 
candidate feeds to the vitrification facility. Negotiations between the U.S. Department of Energy 
(DOE) and the U.S. Nuclear Regulatory Commission (NRC) may result in additional cesium removal 
being required to allow CC supernatant to be disposed of as LLW. The LLW portion of CC will be 
immobilized in grout.

The NCRW consists of sludges and supernatant resulting from neutralization of PUREX process 
cladding removal waste. The NCRW sludge produced to date contains concentrations of TRU 
elements that preclude disposal as grout. The baseline plan involves retrieval of the sludge and 
dissolution in nitric acid to prepare it as a TRUEX process feed. The TRUEX process will be used to 
produce a concentrated TRU fraction suitable for vitrification and the remaining LLW volume will be 
suitable for disposal in grout.

3-3



WHC-EP-0229 Revision 1

Currently, acidic PFP wastes are neutralized and stored in a DST. The sludge portion of the 
neutralized waste contains concentrations of TRU elements that preclude grout disposal; the 
supernatant liquid is a LLW that can be immobilized in grout. As with NCRW, the baseline plan 
involves sludge retrieval and dissolution in nitric acid followed by the TRUEX process to produce a 
concentrated TRU fraction suitable for vitrification and a LLW fraction suitable for disposal in grout.

As a result of past B Plant operations, waste liquors in DSTs (CC and potentially some DSS 
waste) contain significant concentrations of organic materials that form chemical complexes with 
TRU elements. The mobility of complexed radionuclides in Hanford Site soils and sediments is 
largely unknown. Control of organic levels in the vitrification plant feed is required for process 
control and waste form qualification. Regardless of radionuclide concentrations, destruction of 
organic materials may be mandated by regulatory criteria to achieve permissible concentrations of 
organic materials in radionuclide wastes disposed of in grout form. Destruction of organic 
complexants is therefore included as part of the baseline pretreatment process.

3.3 WASTE STORAGE AND RETRIEVAL OPERATIONS

The 28 DSTs presently store approximately 17 million gallons of radioactive liquid, solids, and 
slurry. A total of about 32 million gallons of waste is expected to accumulate from processing by the 
year 2000. Retrieval, pretreatment, and disposal is required to manage the anticipated waste within 
the volume of the DSTs.

Preparation of the waste tanks and supporting systems to support DST waste disposal will 
include the following:

• Preparation of DSTs for receipt of waste

• Installation and operation of mixer jet pumps and retrieval systems

• Installation or refurbishment and operation of transfer pumps, lines, and related electrical 
and ventilation systems

• Operation of the 242-A Evaporator for reduction of DST waste volume, as part of disposal 
plans

• Safety and environmental compliance upgrades to the 244-AR Vault

• Facility modifications to of the 244-AR V ault for sludge washing of N CAW.

The NCAW is the initial DST waste identified for pretreatment and disposal. The NCAW from 
the PUREX Plant is stored in double-shell, aging waste tanks in the 241-AY or 241-AZ Tank Farms. 
The first NCAW to be processed will be taken from Tank 241-AZ-101 and consists of a blend of NCAW 
from processing of various N Reactor fuels. The NCAW will be recovered from the aging waste tanks 
for sludge washing in the 244-AR Vault, also providing a retrieval demonstration. A process 
demonstration, with a duration of six months, will pretreat up to 100,000 gal of NCAW.

The remaining waste retrieval system components will then be procured and installed to support 
processing of NCAW.
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The NCAW will be transferred from the 241-AZ and 241-AY tanks to the 244-AR Vault. The 
solids will be washed and allowed to settle. The NCAW supernatant will then be decanted and 
transferred from the 244-AR Vault to B Plant for final filtration and cesium removal.

After pretreatment processing, a HLW fraction and a LLW fraction will be received in separate 
DSTs for interim storage before disposal. The selected DSTs will be prepared for receipt of these 
wastes. Retrieval systems will be installed to mobilize these waste fractions for transfer to the 
HWVP and GTF.

Continued DST waste pretreatment and disposal operations will require transfer line upgrades 
and continued maintenance.

3.4 WASTE PRETREATMENT OPERATIONS

Some types of DST waste will require pre treatment before processing at the HWVP and GTF for 
disposal. The use of B Plant for pretreatment of DST wastes is planned (DOE-RL1988). Sludge 
washing at the 244-AR Vault will supplement the use of B Plant for pretreatment.

Operation of B Plant for DST waste pretreatment will include the following:

• Installation, operation, and maintenance of process equipment to separate DST waste into the 
HWVP and GTF feed streams

• Transfer of pretreated waste to interim storage in DSTs.

The NCAW is the initial DST waste identified for pretreatment and disposal. At the 
244-AR Vault, the NCAW solids will be allowed to settle, and the supernate will be decanted as the 
first step of the solid-liquid separation. The objective is to separate the TRU- and strontium-bearing 
solids from the supernate. After the initial decant, the remaining supernate will be displaced by 
water washes. The slurried solids will be washed and recycled for solid-liquid separation until the 
sulfate and other critical soluble component levels meet the requirements for HWVP glass feed. The 
supernatant stream from the settle-decant process will be transferred to B Plant for further 
clarification by a pneumatic hydropulse filtration system.

The cesium contained in the filtered supernate will be removed by ion exchange at B Plant. 
Cesium-depleted supernate will be transferred to the DSTs for storage and/or concentration and 
eventual feed to the GTF. The recovered cesium will be transferred to the TRU- and strontium­
bearing solids DST for HWVP feed.

B Plant will be further upgraded for pretreatment of NCRW, PFP waste, and CC. The TRUEX 
solvent extraction process will be used for pretreatment of NCRW and PFP waste. The TRUEX 
process coupled with organic complexant destruction will be used to pretreat CC. Cesium removal 
may also be required for CC.

3.5 WASTE VITRIFICATION OPERATIONS

The HWVP will process pretreated DST wastes into a borosilicate glass waste form suitable for 
disposal in a geologic repository.
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The vitrification process includes five major process systems:

• Feed receipt and storage

• Melter

• Canister closure, decontamination, and storage

• Melter offgas and vessel vent system

• Radioactive waste treatment.

These remotely operated systems are located within cells in the vitrification building. Supporting 
cold chemical storage, makeup, control, and utility systems are in buildings adjacent to the 
vitrification building. Byproduct radioactive wastes, generated from the vitrification process, are 
either recycled or sent to the DSTs for eventual disposal as grout. Non-radioactive wastes will be 
treated for disposal according to site standards and systems.

Feed preparation includes addition of glass frit and chemicals, and concentration by evaporation. 
Concentrated slurry from feed preparation is fed into the melter where the remaining water is driven 
off and the solids are melted. The molten glass is poured into stainless steel canisters where it cools 
and solidifies. Filled canisters are sealed, decontaminated, and placed in storage to await shipment to 
a repository.

The HWVP project technology activities include vitrification process development and waste form 
qualification for the pretreated wasted identified for immobilization in glass. Other HWVP project 
tasks include preparation of required safety analyses and documentation, and obtaining of 
environmental permits for construction and operation of the facility.

3.6 GROUT IMMOBILIZATION OPERATIONS

The GTF consists of:

• A Dry Materials Facility (for receiving, storing and blending cementitious materials such as 
blast furnace slag, fly ash, cement and diluent materials) •

• The Transportable Grout Equipment (for mixing liquid wastes with blended cementitious 
materials)

• Disposal vaults (for disposal of the solidified grout).

Initial grouting began in August 1988 using low-level phosphate-sulfate waste, which results 
from N Reactor operations. Grout feed streams include the low-level fraction of DST wastes from 
past, current, and future Hanford Site operations and the low-level fraction of liquid wastes from 
future pretreatment of waste feed streams destined for the HWVP. Several wastes will require 
pretreatment at B Plant before they are acceptable as feed to the grout process.
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The GTF consists of a materials facility for preparing blended material, transportable grout 
equipment for mixing waste feed and dry-blended material, and grout disposal vaults.
Tank 241-AP-102 (and, during certain processing scenarios, Tank 241-AP-104) in the AP Tank Farm 
will be used as the liquid-waste feed tanks. Radioactive waste materials will be transferred from the 
waste feed tank to the GTF by pumping solutions through underground and shielded aboveground 
pipes. The waste will be mixed with the dry-solid components, and the resultant grout slurry will be 
pumped to grout disposal vaults for curing.

Major activities requiring completion before initiation of the grouting of DST waste in FY 1991 
include:

• Issuance of an approved Final Safety Analysis Report (FSAR)

• Issuance of required environmental compliance documentation including the performance 
assessment

• Completion of remaining technology items such as formal qualification of the grout 
formulation, development of decoltliAAXitaAftidlSA AftTCAifes, and satisfactory 
demonstration of methods to measuWgplDft<|'fEm$|r (rlifJtRn vault/on-line from grout pump)

Completion of vault construction in ent

Completion of a formal readiness review process including the Dry Materials Facility, 
Transportable Grout Equipment, modified feed tanks (AP-103/104) and the disposal vaults.
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4.0 PROGRAM ORGANIZATION AND RESPONSIBILITIES

4.1 U.S. DEPARTMENT OF ENERGY-RICHLAND
OPERATIONS OFFICE

As shown in Figure 4-1 field responsibility lies with the Waste Management Division (WMD) 
within the Assistant Manager for Operations, DOE-RL. The Director, WMD, is responsible for 
managing the resources of the end function programs that have DSTWD elements, including the 
approval of overall project control baselines, monitoring, and reviewing project activities, assuring 
compliance with DOE and DOE-RL Orders, and providing management guidance and direction to 
Westinghouse Hanford. Other matrix support is provided to the WMD as required from the DOE-RL 
organization, including the Defense Production Operations Division, Budget, Finance, Quality 
Assurance, Counsel, Environment and Safety, Safeguards and Security, Procurement, and Personnel.

In performing management activities, the WMD Director will oversee technology development 
operations activities and will exercise baseline control through the change-control process.

A major portion of the DSTWD is the design, construction, and startup of the HWVP. Managing 
the resources of the HWVP Project is the responsibility of the HWVP Project Division within the 
Assistant Manager for Research and Projects. The WMD will review and approve changes to the 
functional design criteria for HWVP. A detailed description of the organizational interrelationships 
for the HWVP Project is contained in the HWVP Project Plan, HWVP-89-001 U.S. Department of 
Energy-Headquarters (DOE-HQ).

4.2 WESTINGHOUSE HANFORD COMPANY

Westinghouse Hanford, as the Hanford Site operations and engineering contractor, has the 
responsibility for implementing DSTWD. Within Westinghouse Hanford, the Defense Waste 
Management Division (DWMD) has overall responsibility for DSTWD, and the Projects Department 
has the responsibility for the completion of supporting construction projects.

The DWMD and Projects Department are responsible for obtaining the necessary support from 
other Westinghouse Hanford organizations to complete the DSTWD mission. The DWMD 
organization and HWVP Project interfaces are shown in Figure 4-2.

4.2.1 Defense Waste Management Division

The Westinghouse Hanford DWMD has overall responsibility for development, implementation, 
and operation of DSTWD. The DWMD will support the DOE-RL WMD with management, 
coordination, control, and reporting of program activities.

Within the DWMD, a matrix organization has been established to execute the DSTWD Mission. 
The organization includes the mission manager working in concert with fully committed 
organizational elements matrixed from the various DWMD end functions and support departments. 
The DSTWD Mission organization is shown on Figure 4-3. Matrix relationships within DWMD and 
with other Westinghouse Hanford operating units are also shown.
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4.2.1.1 Double-Shell Tank Waste Disposal Mission Staff. The DSTWD Mission staff is 
responsible for planning and managing all activities associated with DSTWD that are not specifically 
assigned to the HWVP Project. The DSTWD manager will serve as the principal point of contact 
between Westinghouse Hanford and DOE-RL. The DSTWD manager will negotiate budget, schedule, 
work scope, and milestones with the DOE-RL and will report to the DOE-RL on the DWMD end 
functions associated with DSTWD. The DSTWD manager will be responsible for initiating, 
reviewing, and approving Class I and Class II changes.

The DSTWD mission staff have been assigned the following functions:

• Integration of activities and maintenance of the formal interface between DWMD and the 
HWVP Project

• Integration of engineering activities performed by DWMD

• Integration of schedules, budgets, and milestones between participating DWMD end 
functions

• Integration of environmental compliance and permitting activities

• Coordination with Westinghouse Hanford units outside DWMD to ensure that the full 
resources of Westinghouse Hanford and particularly those of the Safety and Quality 
Assurance organizations are effectively applied to the DSTWD Mission.

4.2.1.2 Defense Waste Planning Integration and Budgets. Defense Waste Planning Integration 
and Budgets (DWPIB) will provide the DSTWD Program with program control support. The DWPIB 
will prepare and maintain budget and schedule reporting documents and will prepare the annual 
budget submittals for the end functions associated with DSTWD Mission. The DWPIB will report on 
earned value performance, administer the change control log, and prepare monthly reports.

4.2.1.3 Defense Waste Engineering. Defense Waste Engineering (DWE) is responsible for 
technical support to the DSTWD Program. The DWE is responsible for performing technology 
development, maintaining design criteria documentation, performing engineering studies, preparing 
technical requirements documents, preparing FSARs and preparing operating procedures and 
specifications for DSTWD. The DWE will approve all technical documentation associated with the 
DSTWD Program including the HWVP Project.

4.2.1.4 Defense Waste Pretreatment. Defense Waste Pretreatment (DWP) is responsible for 
operating the DST waste pretreatment processes at B Plant and 244-AR Vault. The DWP is 
responsible for the readiness of B Plant and 244-AR Vault to initiate operations, maintain the facility 
for pretreatment operations, and operate the facility to pretreat DST waste to meet HWVP and grout 
feed specifications. The DWP is responsible for performing operability reviews of the HWVP.

4.2.1.3 Tank Farms. Tank Farms is responsible for operating the DSTs, the 242-A Evaporator, 
mixer-pumps, transfer pumps, and the supporting facilities to support DSTWD. Tank Farms is 
responsible for the readiness of the tank farm facilities to initiate DSTWD operations, maintaining 
the facilities to support DSTWD, and operating the facilities to support the DSTWD mission.

4.2.1.6 Grout Facility. Grout Facility is responsible for developing and verifying the technology for 
grouting of waste, characterizing the waste feed and qualifying the waste form before actual waste 
feed grouting, providing required modification at both the dry material facility and transportable
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grout equipment to assure successful grout operations, constructing grout disposal vaults, preparing 
supporting safety and environmental documentation and operating the facilities in a safe and 
efficient manner.

4.2.2 Projects Department

The Westinghouse Hanford Projects Department has the overall responsibility for completion of 
construction projects. Within the Projects Department, the HWVP Project has overall responsibility 
for technology development, waste form qualification, design, construction, and startup of the HWVP. 
The HWVP Project is responsible for providing the HWVP to meet the DSTWD mission. The HWVP 
Project also has overall responsibility for preparation of safety documentation, environmental 
permits, startup and operations documentation, operator training, operational readiness reviews, and 
all project management activities. Responsibility for completion of projects for the Defense Waste 
Management Division lies within Defense Waste Management Projects.
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5.0 PROGRAM MANAGEMENT, CONTROL, 
AND INTEGRATION

5.1 PROGRAM MANAGEMENT CONTROL SYSTEM

The DSTWD Program will be in accordance with the Westinghouse Hanford management control 
system (MCS) as required by DOE Order 2250.1C, Cost and Schedule Control Systems Criteria for 
Contract Performance Measurement (DOE 1988c). The primary purpose of the management control 
system is to provide a method for planning, authorizing, and controlling work so that it can be 
completed as defined, on schedule, and within budget. The MCS is focused on the establishment and 
control of a baseline for DSTWD, comprised of well defined portions of the Defense Waste 
Management Program.

5.2 CHANGE CONTROL

The control of changes within the DSTWD Program will be through the MCS change-control 
procedures. Changes will be documented by preparing a change request (CR) form (Figure 5-1).

5.2.1 Change Approval

The CR documentation will be dispositioned by either an approval, approval as amended, 
disapproval, or deferral. The change originator, change-control administrator, and change board will 
identify the appropriate review and approval authority. The approval authority is summarized in 
Table 5-1.

Changes that are originated by or affect the HWVP Project will have review and approval by the 
Change Evaluation Board before submittal to DOE-RL for Change Control Board review and 
approval.

5.3 PROGRAM INTEGRATION

Responsibility for overall integration of the five end-function, DSTWD elements resides with the 
DSTWD Manager. The DSTWD Program Integration will assure that the technical, budget, scope, 
and schedule baseline (representing completion of the work) is controlled, according to the procedures 
identified in this DSTWD IP.

5.4 PROGRAM REPORTING

The DSTWD Program Integration is responsible for the preparation and issuance of reports based 
on MCS DATA and schedule status provided by DWPIB. The MCS is designed to have an upward 
flow of integrated, summarized information from the program to the DOE-RL WMD, PMD, and 
HWVP Division, and then to DOE-HQ, ensuring timely reporting and decision making on DSTWD 
issues.
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Figure 5-1. Change Request Form.

CHANGE REQUEST
(PROGRAMS AND SITE)

ON (3)

Date

Rev.

Program/Project TitleO) H Program Plan Affected Originator (4)

Organization

Change Title (2) Phone

Date

(5) BASELINE IMPACT
0 Work Scope 0 Funds
0 Budget 0 Contingency
0 Schedule 0 Staffing
0 Technical

(6) PRIORITY

0 Emergency 

0 Urgent

0 Routine

(7) CLASS

□ «
□ III

□ CRP

Cost Impact * (8) B&R Code

Schedule Impact (9)

Manhours Impact (10) Staffing Plan Affected
Q Yes □ No

DESCRIPTION (Attach oaaes at necessary) COST ACCOUNTS AFFECTED

JUSTIFICATION (Include impact if not implemented Attach pages as necessary ) 
(12) (Reasons for revision)

(13) DISPOSITION 
CD Approved
□ Approved as Amended
□ Disapproved 
fl Deferred

ORGANIZATIONAL IMPACT (IS)
Pro. Manhours

QOef Reactor 
DChem. Process.
□ Def W. M
□ Def Prog. Planning 
CD Adv. Reactor Dev.
H Surplus Fac. Mgmt
□ Engineering

Dollars Pro.
□ Projects
□ Civ W M 

H Support
□ E.S 4S
0 Resource Alloc
1 I Other

Dollars
(14) FUNDING SOURCE

Cagitaj

Contingency

Mgmt Reserve

Baseline Funds

Cost Account Mgr/Perf Org Mgr Date Program Administration fl DOE Directed Change
Implement Change Prior to DOE Approval

Activity Manager Date Date Program/Project Director Date

DOE-RL APPROVAL

End Function Manager Date Program Manager Date Name Date

taame Date

Page 1 of_____ ______
54-6100 63? (08/a/
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Table 5-1. Double-Shell Tank Waste Disposal Change-Control Approval Authority.

Change class
Change
Control
Board1

DOE-RL
Branch
Chief

Change
Evaluation

Board*

Double- 
Shell Tank 

Waste 
Disposal 
Manager

Defense Waste 
Planning 

Integration 
and Budgets

End
Function

or
Level III 
Manager

Cost Account 
Manager

I Programs A A A A

I MSAs/MPs* A A R* A

II Programs A A A

II MSAs/MPs A Rb

aFor major system acquisitions (MSA) and major projects (MP) Change Control Board/Change Evaluation Board 
(CCB/CEB) is the approval authority, except as noted in (b).

bMSA/MP CCB/CEB action affecting Double-Shell Tank Waste Disposal Program Class I, II baselines requires 
program change Class I, II authority approvals.

A = Approve.
R = Review. pstss-sijjm

This timely reporting is accomplished by the following:

• Defining DSTWD in a disciplined manner from the total program level to detailed, 
manageable packages of work in each end function for which a technical scope of effort and 
associated schedule and budget are established and responsibility for performance of the work 
is assigned

• Ensuring that the contributing end function program teams are interfaced and are capable of 
organizing, planning, scheduling, budgeting, accounting, and reporting work in a timely, 
consistent manner

• Obtaining technical, schedule, cost, and funding information in the format and level of detail 
necessary to meet DSTWD management and reporting needs

• Integrating and submitting data to derive DSTWD progress against planned 
accomplishments

• Evaluating and analyzing the information to identify potential problems, developing 
alternative corrective actions to be taken, and permitting management to make informed 
decisions

• Correlating the project funding profile with planned commitments, expenditures, and work 
accomplished to date

• Processing the information for exception reporting.

Program reporting provides timely, accurate exception data to apprise the program team and 
DOE management of current and projected program conditions. Information contained in these 
reports is obtained from the same data base that supports day-to-day management by the program 
team.
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The cost and schedule status for DSTWD will be prepared by extracting the requisite elements of 
the contributing end function’s cost performance reports (CPR), consolidating the elements to provide 
meaningful evaluation of progress, and reporting that progress on the consolidated basis.

The DSTWD status will be submitted on a monthly basis and will be in the same format used for 
the contributing end-function reports to the maximum practical extent. This report includes the 
following:

• Progress During Reporting Period

• Major Problem Areas and Corrective Action

• Performance Status (Schedule and Cost Variances)

• Major Milestone Status

• Change Control Log Status

• Planned Activities.
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6.0 PROGRAM BASELINE

6.1 TECHNICAL BASELINE

Disposal of DST wastes involves retrieval and transfer of the wastes from DSTs; pretreatment, if 
required, at B Plant; and solidification, at either HWVP or GTF, for final disposal. The summary 
technical baseline for DSTWD is depicted graphically in Figure 6-1.

The DST wastes are categorized into one of six categories depending on source and waste 
composition. Two of these waste types (DSSF and phosphate-sulfate waste) will be disposed by 
retrieval and direct grouting at the GTF. The other four DST waste types (NCAW, CC, PFP waste, 
and NCRW) will require pre treatment for separation into a HWVP feed and a GTF feed portion. 
Figures 6-2 through 6-5 show a more detailed depiction of the baseline pretreatment for these waste 
types. A more detailed technical description is contained in Section 3.0, Program Description.

6.2 SCOPE BASELINE

The scope baseline for the DSTWD Program is identified in the summary work breakdown 
structure (SWBS). The SWBS is made up of well-defined portions of the Defense Waste Management 
Program, as described in the program plan (WHC 1988), as modified by the Hanford Federal Facility 
Agreement and Consent Order, (EPA 1989), study work performed in assessing double-shell tank 
waste pretreatment options, and direction from DOE-RL . The scope baseline is further defined by 
the HWVP work breakdown structure (WBS), which is maintained separately.

The SWBS for the DSTWD Program is shown in Figure 6-6 and depicts a single, common 
structure for definition and control of all DSTWD work. Level 2 WBSs for each end function 
supporting the SWBS are defined to the Cost Account level and are shown in 
Figures 6-7 through 6-11. The assumptions used to select the WBS elements for DSTWD cost and 
schedule reporting are provided in Appendixes B (Schedule Assumptions) and C (Budget 
Assumptions).

6.3 BUDGET BASELINE

This subsection presents the funding needs for implementation of DSTWD at the Hanford Site 
(Table 6-1). The values are expressed in the respective year dollars for FY 1988 through FY 1991 and 
in FY 1992 dollars for FY 1992 through FY 2008. The spreadsheet (Table 6-1) is accompanied by brief 
explanatory notes. The budget identified in the spreadsheet contains only the values required to 
accomplish the DSTWD Program. An explanation of the underlying assumptions is given in 
Section 2.3.

6.3.1 Technology Development

The technology development budget includes the work scope identified in the FY 1989 program 
plan (WHC 1988) that supports implementation of disposal for DST wastes.
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Figure 6-7. Double-Shell Tank Waste Disposal (DSTWD) 
Contributing Cost Elements Pretreatment.
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Figure 6-8. Double-Shell Tank Waste Disposal (DSTWD) 
Contributing Cost Elements Defense High-Level 

Waste Technology.
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Figure 6-11. Double-Shell Tank Waste Disposal (DSTWD) 
Contributing Cost Elements Double-Shell Tank Farms.
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Program/
project Funding

Fiscal year
Total

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Grout Expense
Capital

Subtotal

14.7

JL8
16.5

19.5
_L3
20.8

31.2
2.8

34.0

37.7
_2£

40.2

41.5
2.2

43.7

44.7
_2J

47.0

42.8 
1.1

43.9

43.1
_2d

45.4

43.1
2.2

45.3

42.0

_Lfi
43.0

40.0
1.0

41.0

42.0 
1.0

43.0

38.0
0.5

38.5

15.0
0.5

15.5

10.0

_fij
10.5

10.0
0.5

10.5

6.0

fid
6.5

6.0

fid
6.5

527.3
24.5

551.8

HWVP
Project

Expense
Capital

Subtotal

6.9

JA
14.4

8.8
22,5

31.3

16.3 
29.1

45.4

25.0
78.8

103.8

34.5
111.9

39.7
125.0

47.6
207.9

39.6
1806

47.9
129.7

36.2
63.7

99.9

43.8
18.5

62.3

56.2

JLfS
65.8

8.1

M
10.1

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

410.6
986.8

1,397.4146.4 164.7 255.5 220.2 177.6

HWVP
Startup/
Operations

Expense
Capital

Subtotal

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

20.1
0.3

20.4

27.1
0.3

27.4

36.2
0.3

36.5

69.2
14.3

83.5

69.2
14.3

83.5

69.2
14.3

83.5

69.2
14.3

83.5

69.2
14.3

83.5

69.2
143

83.5

498.6
86.7

585.3

B Plant Expense
Capital

Subtotal

22.3

26.1

26.0
4.9

30.9

37.2
14.4

51.6

48.3
20.7

69.0

49.6
16.1

65.7

48.4 
21.1

69.5

48.1
31.7

79.8

49.2
430

92.2

45.5
40.0

85.5

36.6
4.3

40.9

36.6
4.3

40.9

35.8
JLfl
35.8

29.9
0.0

29.9

40.3
0.0

40.3

39.3
0.0

39.3

39.3
M

39.3

30.0
0.0

30.0

20.0
0,0

20.0

682.4
204.3

886.7

Tank farms Expense
Capital

Subtotal

25.9
13.0

36.3
5.9

70.9
23.9

106.1
11.7

101.9
15.9

117.8

73.2

84.1

65.1
15.9

81.0

61.7
70.7

60.2
97.8

158.0

30.0
20.0

50.0

30.0
4.0

30.0
4.0

30.0
4.0

34.0

28.0

M
32.0

28.0
4.0

32.0

28.0
4.0

28.0
4.0

28.0
4.0

861.3
317.7

1,179.038.9 42.2 94.8 117.8 132.4 34.0 34.0 32.0 32.0 32.0

Technology Expense
Capital

Subtotal

4.9

5.3

6.6

fid
7.0

13.0
0.5

13.5

31.4

Jfid
41.5

18.3

LI
20.0

14.8

LS
16.6

13.3
LI

17.0

8.1
4J5

12.7

4.7

M
7.5

4.0

LS
5.0

4.0
0.4

4.4

4.0
0.4

4.4

1.0
0.0

1.0

0.2
0.0
0.2

0.2
0.0

0.2

0.2
0.0

0.2

0.2
0.0
0.2

0.2
0.0
0.2

129.1
27,8

156.9

Total
expense

74.7 97.2 168.6 248.5 245.8 220.8 216.9 201.7 201.4 168.9 181.5 204.2 176.2 152.7 146.7 146.7 133.4 123.4 0.0 0.0 0.0 3,109.3

Total
capital 26.5 35.0 70.7 123.8 147.8 161.1 260.3 301.2 272.5 90.3 28.5 15.3 20.8 18.8 18.8 18.8 18.8 18.8 0.0 0.0 0.0 1,647.8

Total 101.2 132.2 239.3 372.3 393.6 381.9 477.2 502.9 473.9 259.2 210.0 219.5 197.0 171.5 165.5 165.5 152.2 142.2 0.0 0.0 0.0 4,757.1

NOTE: Total funding not included in HWVP baseline. FY 1989 is Authorized Budget plus Reserve and Reprogramming (FY 1991 Budget Submittal Rev. 1, FY 1989 Program 
Plan Rev.2, reprogramming shown in FY 1989). FY 1990-2005 includes increased costs to support NCAW pretreatment sludge washing at AR Vault (i.e., NCAW Demo) in October 
1993. FY 1990-1996 consistent with theFY 1992 Five Year Plan Activity Data Sheets (Note: Tank Farms includes current expense and capital estimates for the Liquid Effluent 
Retention Facility). FY 1990 consistent with the $197.8M funding level except for the following adjustments: Grout 34.1 - 2.9 (carryover) = 31.2M.Tank Farms 52.0-1.5 (carryover) 
+ 20.4 (LERF) = 70.9M. The LERF estimate for FY 1990 is 24.0, however, 3.6 is included in the 5197.8M funding level. nn-Mn^-u
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6.3.2 Tank Farms

The waste storage and retrieval budget includes funding for operation of the DSTs and for 
upgrade and operation of the 242-A Evaporator and the waste transfer system to support the DSTWD 
mission. The initiation of NCAW pretreatment will occur with sludge washing in 244-AR Vault in 
FY 1994.

6.3.3 Pretreatment

The waste pretreatment budget includes funding for the 244 AR-Vault, the B Plant minimum 
case, plus the increment to support initiation of the NCAW processing demonstration at 244-AR 
Vault and B Plant in FY 1994, installation and operation of the TRUEX process by FY 1998, and 
continued pretreatment operations.

6.3.4 Hanford Waste Vitrification Plant Project

The funding requirements for waste vitrification operations include the PACE-, CENRTC- and 
expense-funded activities to develop technology and construct, start up, and operate the HWVP, as 
identified in HWVP Project documentation. The startup and operating support is identified as a 
separate entry to identify funding not included in the HWVP project baseline but required to support 
HWVP startup and operations.

6.3.5 Grout Disposal

The grout disposal budget includes the operation of the GTF and construction of the 44 vaults 
required for disposal of the DST waste (including phosphate-sulfate waste), as identified in the 
FY 1989 program plan (WHC 1988) for the WP Program. The baseline budget supports the 
construction and filling of 14 vaults through FY 1994 and the construction of 4 vaults per year after 
FY 1994, until a total of 44 vaults are constructed. Vaults will be filled as waste is available for grout 
feed. Construction of the Dry Materials Handling Facility and the Transportable Grout Equipment is 
not included in the budget baseline.

6.4 SCHEDULE BASELINE

As part of DSTWD planning activities, schedules incorporating existing and proposed 
DOE-HQ/DOE-RL-controlled milestones were developed for the scope identified in the SWBS. This 
schedule information constitutes the schedule baseline and is documented in the following:

• Level 1 - Integrated Double-Shell Tank Waste Disposal Schedule (Appendix D)

• Level 2 - Double-Shell Tank Waste Disposal Contributing End Function Schedule 
(Appendix E) •

• Milestone Summary (Table 6-2).
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End
Amotion

Scheduled
completion

date
Mileetone

type Title

W1H 1989/09/30 DOE-HQ Complete and Report Characterization of First Hanford NCAW Sample from Tank 101-AZ (1)

1989/09/30 DOE-HQ Complete and Submit Draft Report on Conceptual Design for NCAW Retrieval System Demonstration

1995/09/30 New Complete Complezant Concentrate (CC) Pilot Plant Demonstration

1994/12/31 New Complete Plutonium Finishing Plant (PFP) Waste Pilot Plant Demonstration

1993/03/31 New Complete Neutralized Cladding Removal Waste (NCRW) Pilot Plant Demonstration

W1B 1993/06/30 New Complete First Neutralized Current Acid Waste (NCAW) Retrieval System

1993/09/30 New Complete 244-AR Vault Preparations

W1D 1993/10/01 DOE-HQ Complete Preparation for Neutralized Current Acid Waste (NCAW) Processing Demonstration

1994/10/01 DOE-HQ Complete Neutralized Current Acid Waste (NCAW) Processing Demonstration

1997/10/01 New Complete Neutralized Current Acid Waste (NCAW) Pretreatment Processing

1997/10/01 New Complete TRUEX Processing Modifications

W1P 1994/09/30 New Complete 14 grout campaigns

V 1999/12/31 DOE-HQ Issue Final Waste Qualification Report Issued to Repository

1990/06/30 DOE-RL Complete Title I Design

1993/06/30 DOE-RL Complete PACE-Funded Design

1991/07/17 DOE-HQ Initiate HWVP construction

1998/06/30 DOE-RL Complete HWVP construction

1999/12/31 DOE-HQ Initiate Hanford Waste Vitrification Plant operations

2001/08/31 New Complete Neutralized Current Acid Waste (NCAW) Vitrification Processing

2002/09/30 New Complete Neutralized Cladding Removal Waste (NCRW) Vitrification Processing

2003/07/31 New Complete Plutonium Finishing Plant (PFP) Waste Vitrification Processing

2005/02/31 New Complete Complezant Concentrate (CC) Vitrification Processing

NOTES: (1) Change request8ubmitted(CRHLE002-89) PSTM-3M»-e-2
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Westinghouse Hanford is responsible for the preparation and management of these schedules and 
the Milestone Summary in accordance with the MCS and change-control procedures. The Level 1 
schedule is supported by Level 2 schedules developed by the contributing end function programs. 
These schedules are oriented toward the work scope assigned to each program team for particular 
phases of the program, such as Technology and Facility Operation.

The DSTWD schedule and schedule-control process include the following:

• Schedules have been constructed using the SWBS and levels; they reflect tasks required to 
complete a single WBS element. Also, in accordance with the WBS, lower level schedules are 
directly integrated and traceable to higher level schedules.

• An integrated network capable of providing the logic for the entire project has been 
implemented for analysis and reporting.

• Schedule objectives identified in Section 2.0 of this plan have been incorporated into 
DSTWD-specified major milestones. These milestones provide points for control and 
reporting within the schedules. Changes in schedule dates for these major milestones must be 
approved, as previously described; designated DOE-HQ and DOE-RL milestones require 
DOE-HQ and DOE-RL approval.

In addition, as part of the Westinghouse Hanford MCS, a listing of FY 1988, FY 1989, and outyear 
major milestones is provided (Table 6-2) and will be maintained to provide definition, control, and 
tracking on each DOE-HQ- and DOE-RL-controlled milestone.

• At the agreed upon frequency (quarterly), Westinghouse Hanford reports progress against the 
Level 1 and Level 2 schedules. Schedule status is incorporated in the DSTWD CPR, which is 
reviewed by DOE-RL and Westinghouse Hanford management. Appropriate corrective 
actions are initiated to rectify schedule variances as they are identified. •

• The DOE-RL Program Office conducts periodic analysis of program schedules to ensure the 
accuracy of the monthly data.
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7.0 QUALITY ASSURANCE

7.1 QUALITY ASSURANCE REQUIREMENTS

Basic QA policy for DOE-RL and requirements for cost-effective QA programs and plans to be 
used by DOE-RL contractors are contained in DOE Order 5700.6B, Quality Assurance (DOE 1986). 
This Order requires each contractor to develop a generic QA program and implement procedures for 
DOE-sponsored programs and projects. In addition, each contractor is required to prepare and 
implement a QA plan for assigned programs that identify the requirements from the overall 
QA program that are applicable to a particular program or project. The QA programs and plans are 
required to be developed using appropriate requirements from ANSI/ASME NQA-1 (ANSI 1986).

Certain DSTWD activities will fall under the requirements of quality assurance requirements for 
HLW form production (DOE 1988b). These are the requirements for waste forms being sent to a 
geologic repository. The DSTWD activities under these requirements will be identified by the HWVP 
QA program description.

7-1,
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APPENDIX A

TECHNICAL ASSUMPTIONS AND IMPACTS

The baseline scope, budget and schedules provided in Section 6.0 are predicated on the 
assumptions listed below. Following each stated assumption is an order-of magnitude assessment of 
the potential impact to budget and scope in the event the assumption is not viable.

A.1 The TRUEX is an acceptable technology for the removal of TRU elements from NCRW, PFP 
waste and CC waste. A corollary assumption is that pilot plant work in TRUEX process 
development will confirm laboratory data used to develop the Functional Design Criteria 
(FDC), and Conceptual Design Report (CDR).

Potential Impact: Complete failure of the TRUEX process would be a major setback in the 
planned disposal of NCRW, CC and PFP. A total failure of the TRUEX process is unlikely in 
view of the laboratory tests to date. The more likely problem is that during pilot plant 
testing, problems might be identified such as solvent contamination or lack of phase 
separation. The identification of such problems would extend the pilot plant test duration 
and require additional refinements to define a reliable process and could result in process 
changes to effectively solve the problems. Cost and schedule impacts resulting from yet-to- 
be identified problems cannot be reasonably assessed. However, a slippage of only a few 
months in finalizing the CDR could delay validation of this line item by a full year.

A.2 A pilot plant can be constructed and operated in the Waste Encapsulation and Storage 
facility (WESF).

Potential Impact: Although another pilot facility could probably be located (such as the 
324 Building), there would likely be a schedule slip because of the current lack of capability 
to transport slurries to the 300 Area. (Significantly larger transport volumes are required 
than those required for Waste Farm Qualification tests.) Furthermore, actual full-scale 
operations at B Plant are likely to be slowed without a close-coupled pilot plant to aid in 
troubleshooting full-scale operations.

A.3 Waste volumes shown in Table 2-1 are based on the following assumptions: The NCRW & 
NCAW Volume is based on processing the remaining weapons and fuels grade spent fuel in 
PUREX. The PFP Volume is based on PFP operations through 1995. The CC is based on 
existing volumes of CC waste in DSTs and does not include any waste that might be 
generated from saltwell liquor pumping.

Potential Impact: The quantity of waste to be vitrified does not impact the NCAW 
demonstration wash or HWVP startup schedules. It does affect the duration required for 
HWVP to process these wastes and the amount of glass produced from the waste. That is, if 
the projections increase the processing time, the number of glass canisters produced will also 
increase.
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A. 4 The HWVP will be able to accept the four waste forms, including NCRW, without blending.
(The present scope of the HWVP Project Plan, HWVP-89-001, does not include processing of 
NCRW.)

Potential Impact: The addition of NCRW as a separate waste form to be vitrified impacts the 
HWVP budget in that additional process equipment to improve operational flexibility may 
be required and additional process development and waste form qualification testing would 
be needed. Engineering and construction costs may increase, but this item alone will not 
impact HWVP startup in December 1999. Blending pretreated wastes for feed to the HWVP 
may be necessary to maximize the quantity of waste vitrified in each canister. For example, 
PFP waste contains a high level chromium oxide which limits the amount of PFP waste per 
canister. Similarly, NCRW has a high percentage of zirconium oxide which limits the 
weight percent waste per canister. By blending pretreated PFP waste with NCRW, the total 
weight percent wastes per canister can be increased. The blending of wastes could result in 
HWVP standby awaiting pretreatment and qualification of another waste. Standby costs 
would be offset by higher weight percent loading of blend waste and a reduction in the 
number of canisters for disposal in the repository.

A. 5 Organics in complexant concentrates can be destroyed by a high temperature pressure
process, an ozonization process, or a hydrogen peroxide process.

Potential Impact: If this technology development is not successful in producing an 
acceptable grout feed, then another process, which has not yet been identified, will be 
developed. If this other process is not successful, the entire complex concentrate waste may 
have to be disposed in a glass form.

A.6 A system consisting of two mixer-pumps will satisfactorily mobilize DST sludges.

Potential Impact: A four mixer-pump system is being designed in parallel to the two-pump 
system to minimize schedule impact. The cost impacts would be significant in that mixer- 
pump costs would be increased by a factor of two. The power requirement to operate the 
pumps would double. Project W-066, upgrading the DS Tank Farms electrical system, would 
have to be approved and implemented as a FY 1990 General Plant Project (GPP).

A.7 Abrasion tests on mixer-pumps and structural tank elements will conclude that 
corrosion/erosion rates are within acceptable limits.

Potential Impact: If the corrosion/erosion rates are too high due to erosive jets from the 
mixer pumps, the pump flow rates will be reduced by means of a variable speed drive. If the 
rates are reduced too low and do not provide adequate sludge mobilization, additional mixer 
pumps, pump pits and, perhaps, risers will need to be installed. Other technology may need 
to be evaluated if the costs are excessive.
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A.8 Small-scale retrieval systems can be developed to support pilot plant testing of NCRW, CC
and PFP waste in sufficient quantities to provide the 4 kg and 400 kg samples for Waste 
Form Qualification (WFQ) testing.

Potential Impact: Because the small-scale retrieval systems have not yet been identified, 
the cost and schedule for this activity is an order-of-magnitude estimate. Therefore, as these 
systems become known, more definitive costs and schedules will be available that may differ 
from current assumptions.

A.9 Washed NCAW sludges presently stored in B Plant will provide an acceptable 4 kg sample 
for WFQ testing.

Potential Impact: If the sludge presently stored in B Plant is not acceptable for the 4 kg 
WFQ sample, another sample will need to be obtained from the 244 AR Vault/B Plant 
demonstration. If the WFQ activities schedule cannot be compressed, then HWVP start-up 
will be delayed.

A.10 Double-shell slurry and phosphate-sulphate waste will not require pretreatment.

Potential Impact: A requirement to pretreat double-shell slurry and phosphate-sulphate 
waste would cause a significant delay in the grout program and create a severe tank 
shortage problem until technology to pretreat the waste could be implemented and the waste 
processed.

A. 11 Concrete-encased transfer line NHW-8I7 will be used for processing NCAW and, if
necessary, NCRW, CC, and PFP waste.

Potential Impact: The replacement of the concrete-encased section of NHW-817 would be 
required if the variance is not accepted. A viable alternative would be to install the line 
around the congested area in the vicinity of 244-AR Vault and tie into cell 1. The length of 
new line would be approximately 175 ft at an estimated cost of $520,000. It is estimated 
that, if initiated in FY 1991, the line could be ready to support pretreatment startup in 
October 1993.

A. 12 A variance will be obtained to allow continued use of the single-contained ventilation seal-
pot in 244-AR Vault, or sampling will show the seal pot contents to be nonhazardous and 
eliminate the need for a variance.

Potential Impact: Replacement of the single-containment sealpot would add $170,000 to the 
FY 1991 GPP budget and could be completed to support the NCAW demonstration wash in 
October 1993.
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A.13 Testing will confirm the integrity of tankage in 244-AR Vault.

Potential Impact: Another option is to wash NCAW sludges in a DST. Should both options 
(AR-Vault and DST) be unacceptable, then NCAW sludge washing reverts to B Plant with a 
4-yr delay in TRUEX installation.

A. 14 Single-pass cooling water effluent from B Plant with continuous monitoring and the
capability to direct effluent to a retention pond will be accepted as best available technology 
(BAT) by the EPA and Ecology.

Potential Impact: The alternative is to install a closed-loop cooling system and cooling 
tower. The order-of-magnitude cost identified in the Treatment Effluent Disposal Study is 
$29 million. Funding as a FY 1993 line item would have an adverse impact on the NCAW 
demonstration wash in October 1993 (TPA milestone) as well as on the NCAW processing 
schedule if a variance allowing interim operation is not granted.

A. 15 The B Plant cell drain header can be relined and downcomers sealed to new liner.

Potential Impact: If inspection and testing concludes that the drain header cannot be 
relined, an alternative would be to plug the drains to the cell drain header and pump or jet 
the collected material to a common collection point. Sealing of the drains is conceptually 
feasible but most likely could not be completed in time for the October 1993 demonstration. 
Plant modifications could be completed for the full scale processing in October 1995.

A. 16 B Plant process cells will not require lining.

Potential Impact: The current position is that the cells are classified as vaults with massive 
walls (7 ft thick) of concrete, and that the intent of lining was to prevent migration of 
radionuclides into the concrete as an aid to decontamination. If this position is not accepted, 
the cells could be lined or coated. This effort is technically straightforward but would be 
costly and time consuming. Another alternative would be to line only the cells that will be 
cleaned out for installation of the TRUEX process which will be used to pretreat the follow- 
on campaigns after the 2-yr NCAW campaign.

A. 17 Third-party review will confirm the seismic analysis that indicates that B Plant, B Stack,
AR Vault, and AR Stack will survive the Design Basis Earthquake (with specified 
reinforcing, if needed).

Potential Impact: The third-party review will be completed by January 1990. If the review 
does not support the current conclusions of the report, additional seismic upgrades will be 
required.
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A.18 Double-shell tank space will be available to support all DST waste disposal activities.

Potential Impact: If DST space is not available, the disposal activities will have to be 
delayed until space is available through volume reduction of the DST inventory or 
construction of new DSTs.

A. 19 The HWVP will provide process equipment to remove TRU elements from the waste stream,
and waste from the HWVP operation can be disposed of in the Grout Treatment Facility 
without additional treatment.

Potential Impact: A requirement to collect and pretreat HWVP wastes prior to disposal in 
grout will extend B-Plant operations until the HWVP completes the DSTWD mission (an 
additional 3 yr), and pretreatment processing will result in additional wastes for grout 
disposal. Collection of HWVP wastes prior to pretreatment will require additional DST 
space. The cost impact will be between $20 million and $100 million depending on the 
concentration of TRU elements and the waste handling scenario.
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APPENDIX B

SCHEDULE ASSUMPTIONS

1. The Hanford Federal Facility Agreement and Consent Order milestones will be met.

2. NCAW sludge washing will be done in the 244-AR Vault with filtration of supernate and ion 
exchange in B-Plant to allow the installation of the TRUEX process in B-Plant to be 
completed in FY 1997. This accelerated installation of the TRUEX process will minimize 
HWVP downtime awaiting pretreated waste feed.

3. Procurement and installation of prototype retrieval systems, one system for each waste type, 
will be expense funded rather than line items.

4 r/- 1 i ' ’ ' ’ >n limit, alternatives to line
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Program/
project Funding

Fiscal year
Total

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Grout Expense
Capital

Subtotal

14.7
1.8

16.S

19.8
1.5

21.3

33.0

36.9

33.0
3.3

36.3

31.7

34.0

37.5

_L2
39.2

35.1
2.0

37.1

31.9
23

34.2

31.4
1.3

32.7

34.1
1.3

35.4

32.2
1.3

33.5

34.0

-LI
35.3

29.9 
1.0

30.9

11.9
1.5

13.4

7.8

_L£
9.3

3.2 
2.0

5.2

2.7
M
4.7

3.5

2J»
5.5

2.2

Lfi
3.2

3.1

Lfi
4.1

2.2

Lfi
3.2

434.9
37.0

471.9

HWVP
Project

Expense
Capital

Subtotal

6.9
7.S

14.4

8.8
22.5

31.3

16.3
29.1

45.4

25.0
78.8

103.8

34.5
111.9

146.4

39.7
125.0

47.6
207.9

39.6
180.6

220.2

47.9
129.7

177.6

36.2
63.7

99.9

43.8
18.5

62.3

56.2
9J

65.8

8.1

M
10.1

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

410.6
986.8

164.7 255.5 1,397.4

HWVP
Startup/
Operations

Expense
Capital

Subtotal

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

20.1
0.3

20.4

27.1
0.3

27.4

36.2
_M
36.5

69.2

83.5

69.2
14.3

83.5

69.2
14.3

83.5

69.2
14.3

83.5

69.2
14.3

83.5

69.2
14.3

83.5

69.2

LL3
83.5

69.2
14.3

83.5

706.2
129.6

835.8

B Plant Expense
Capital

Subtotal

22.3
3.8

26.1

22.9
4,0

26.9

31.5

M
40.5

34.5
13.7

48.2

35.1
12.7

47.8

35.5
4,8

40.3

36.0
3.9

39.9

35.1
1.5

36.6

36.0
440

80.0

36.0
55.0

91.0

36.0
54.5

90.5

39.0
31.5

70.5

39.0 
5.0

44.0

37.0
5.0

42.0

38.0

M
43.0

. 39.0 
5.0

44.0

39.0
5.0

44.0

38.0
5.0

43.0

38.0
5.0

43.0

31.0
5.0

36.0

20.0
5.0

25.0

718.9
283.4

1,002.3

Tank farms Expense
Capital

Subtotal

25.9 
13.0

38.9

34.6
4.0

38.6

48.7
22.5

71.2

47.1
141

61.2

41.6
14.2

55.8

40.8
10.5

51.3

40.5
29.5

70.0

40.5
27.4

67.9

33.0
20.0

53.0

30.0
20.0

50.0

30.0
M

34.0

30.0

M
34.0

30.0
4.0

34.0

28.0
4,0

32.0

28.0
4.0

32.0

28.0
4.0

32.0

28.0
4,0

32.0

28.0
4.0

32.0

28.0
JLfi

32.0

28.0
4.0

32.0

28.0

-Lfi
32.0

696.7
219.2

915.9

Technology Expense
Capital

Subtotal

4.9

M
5.3

6.6
04

7.0

13.0
-M

13.5

31.4
10.1

41.5

18.3
1.7

20.0

14.8

_LS
16.6

13.3
_2J7

17.0

8.1

-M
12.7

4.7
2J»

7.5

4.0

L2
5.0

4.0
CM

4.4

4.0
!L4

4.4

1.0
OO

1.0

0.2
JLfl
0.2

0.2

M
0.2

0.2
£Lfi

0.2

0.2

M
0.2

0.2
fij)

0.2

0.2

M
0.2

0.2
<Lfl

0.2

0.2
M

0.2

129.7
27.8

157.5

Subtotal
expense

74.7 92.7 142.5 171.0 161.2 168.3 172.5 155.2 153.0 160.4 173.1 199.4 177.2 146.3 143.2 139.6 139.1 138.9 137.6 131.5 119.6 3,097.0

Subtotal
capital 26.5 32.4 65.0 120.0 142.8 143.8 247.0 216.4 197.8 141.3 79.0 47.1 26.3 24.8 24.8 25.3 25.3 25.3 24.3 24.3 24.3 1,683.8

Subtotal 101.2 125.1 207.5 291.0 304.0 312.1 419.5 371.6 350.8 301.7 252.1 246.5 203.5 171.1 168.0 164.9 164.4 164.2 161.9 155.8 143.9 4780.8

Additions to Baseline from FY 1992 Five Year Plan Activity Data Sheets:
Grout: upgrade vault design reauirements, program management and escalation. 79.9
B Plant: delete WESF from double-shell tans waste disposal mission. -62.6
Tank Farms: LERF, retrieval process technology and projects, operational restoration,

concrete encasement, operations assurance, program management and escalation. 291.4

S089.STotal
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Figure D-l. Double-Shell Tank Waste Disposal - Level 1 - Integrated Double-Shell Tank 

Waste Disposal Schedule
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Figure E-l. Double-Shell Tank Waste Disposal 
Hanford Waste Vitrification Plant (Sheet 1 of 3)
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Figure E-l. Double-Shell Tank Waste Disposal Hanford Waste Vitrification 
Plant (Sheet 2 of 3)
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Figure E-l. Double-Shell Tank Waste Disposal Hanford Waste Vitrification Plant (Sheet 3 of 3)

CYSS j CYSS i CYSO 6YS0 1 CYS1
FYSS PYSO FYOl

0 IN , 0 |J IF [m 1* [m |j I j 1 a • a|N|a|j|F|M|A|M|jM|«|.

RUN a»OECB9 oa
PROuecT/a aeAa

cvM ermfavMIctm cvm cvpt eri
---------------- -----l,9ghf»VUr, liftB, fij

— |cyppjov q|cv t|or «|cr »jcv <|cy aj#r
i jpv— 1pvp4 \rrm Ify— jrvy [rv— [pv— [rr o {pv t |rv a ]ry » [rv 4 {ry ■ |pv

iseooaooa ncrm trukx o^«aatxon» - a puant 
isaooaooa pfp trukx
isaooaoo-4 cc trucx oPCRATZONa - m puu«t

aioooaoaa TKCHNouoar/PZuoT puant tkst (ncrh)

21000303* TECHNOLOrr/PXLOT PUANT TEST tPPP)

aioooaoaa technolosy/pzuot puant trukx (co

2100030-4*4 FINAL PILOT PLANT OR0ANIC DESTRUCTION (CC)

10CTS7 SlAUSOa

ioctoo aoacpoa

iccraa aiMARaa

lOCTSS S10KCS4

iuansi aoaspae

1APRS3 aoscpaa

810004111 CHARACTERIZE 1 SAMPLE (NCAW) lOCTSS SOSCPS0

810004112 CORE SAMPLE AND CHARACTERIZE 18 CORES (NCAW) 10CTS9 SOSEPSa

jjr
810004182 SECOND CORE AND CHARACTERIZATION (NCRH) 

810004183 CHARACTERIZATION OF REMAININS CORES (NCRH)

810004138 SECOND CORE SAMPLE S CHAR CO»^LETE (PFP) 

810004133 CHARACTERIZATION OF RSHAININS CORES (PFP) 
810004141 CORE 6 CHARACTERIZATION (CC)

810004148 CHARACTERIZATION OF REMAININS CORES (CC)

711030008 PCC TRANSFER TO HHVP

711040008 PPFP TRANSFER TO HHVP

731010001 PMCRH TRANSFER TO HWVP

741080003 PNCAM TRANSFER TO HWVP

lOCTOO 3OSEPS0 

1OCTS0 308EP80

lOCTSS SOSKPSO 

lOCTOO SOSEPOO
ioctss sioecso
1JAN81 30SEPS0 

1AUS03 88FEOOO 

1OCT08 SIOCCOE 

ISEPOl 30SCR08 

310EC89 SlAUSOl

A

%

J
ae/Muzaa wsuer

il I

oo/on* rxuor

Ct^UCTMglAT:

flMAMAeramATZi

h

p—I

o|»|o|u[f|m|a|m|j|j|a|. b|m|o|j|f|m|a|n|j|u|a|»

FYSS FYSO FYS1 nrss Jfvss |pvm Jfyss |fy»s |mr 1fy*« |fy*s |fy o jmr i [fv ■ |fy • j^r 4 }rv s (fy ■

CYSS j CYSS | CYSO CYSO 1 CYBl |tfTssjeYM|ey»4(cvM|eYMjers7ieYM|cyM|eY o |er i [cr ■ |cy »'cy ^jcv s|*««

<3> /Atre/S—f/IOGAIiAM

Ptoopob Title DST HASTE DISPOSAL Data Shown Through
Schedule Title HHVP Nark Breakdown Structure V
Schedule Nunber < Data Base OSTHD Network HHVP
Bevislon 4 Revision Date 'J?/18/89 Plot File HHVPR4.PL0
Prenared Fop
Scheduler SJ STREET _ Page 3 of 3

E-7/E-8



WHC-EP-0229 Revision 1

Figure E-2. Double-Shell Tank Waste Disposal - Grout
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Figure E-3. Double-Shell Tank
Waste Disposal - Pretreatment

(Sheet 1 of 2)
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Figure E-3. Double-Shell Tank
Waste Disposal - Pretreatment

(Sheet 2 of 2)
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Figure E-4. Double-Shell Tank 

Waste Disposal 
Tank Farms (Sheet 1 of 3)
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Figure E-4. Double-Shell Tank

Waste Disposal
Tank Farms (Sheet 2 of 3)
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! Figure E-4. Double-Shell Tank Waste Disposal Tank Farms (Sheet 3 of 3)
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/ Figure E-5. Double-Shell Tank Waste Disposal Defense High-Level Waste Technology (Sheet 1 of 3)
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Figure E-5. Double-Shell Tank 
Waste Disposal Defense High-Level Waste 

Technology (Sheet 2 of 3)
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Figure E-5. Double-Shell Tank Waste Disposal Defense High-Level Waste 

Technology (Sheet 3 of 3)
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