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EXECUTIVE SUMMARY

This functions and requirements document (FRD) identifies and defines the
functions, requirements, interfaces, and architectures associated with the
interim storage of solidified high-level waste (HLW) and transuranic (TRU)
waste. The functions, requirements, interfaces, and architectures contained
within this document are based on the information contained within the Tank
Waste Remediation System (TWRS) requirements database, which is the result of

a TWRS program-level systems engineering analysis.

This FRD also incorporates relevant facets of the U.S. Department of
Energy (DOE) planned privatizatipn effort for Hanford Site tank waste
treatment and immobilization services. This privatization effort is divided
into two phases. The first phase, termed the "proof of concept" or Phase I,
will establish and demonstrate the technical, commercial, and procurement
viability of privatized Hanford Site tank waste treatment and immobilization.
The second phase, termed Phase II, will treat and immobilize the remainder of

the tank waste.

The solidified waste (products) from the privatization treatment and
immobilization activities will require interim storage until the products can
be shipped offsite for permanent disposal at a geologic repasitory, or
delivered to an onsite treatment facility for further processing. Facilities,
services, and equipment necessary for interim storage are to be provided by
the Hanford Site Management and Integration (M&I) Contractor or a
subcontractor. Interim storage of the solidified waste begins with the M&lI
Contractor's acceptance of the solidified waste at the privatization vendor's

facility, and ends with the transfer of responsibility for the solidified
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waste to the DOE Office of Civilian Radioactive Waste Management or to an

onsite processing facility.

The information provided in this document is traceable to the TWRS
fourth-level Function 4.2.4.1, Interim Store Solidified HLW and TRU Waste, and
its related requirements, architecture, and interfaces.” The proposed
fifth-level subfunctions of Function 4.2.4.1, defined in this document, are
Interim Store Dispositioned Cs/Sr Capsules, Interim Store Phase I Solidified
HLW, Interim Store Phase II Solidified HLW and TRU Waste, and Prepare
Solidiffed HLW and TRU for Shipping. This decomposition supports the
privatization process. This document further decomposes the function Interim
Store Phase I Solidified HLW to the sixth level, and identifies inputs,

outputs, and requirements for each function.

The information provided in this document will be used in developing the
relevant sections of the technical requirements specification for
Function 4.2.4, Dispose Waste, and the design requirements document for the
Phase 1 Solidified HLW Interim Storage System. The TWRS requirements database

will be updated to incorporate the information provided in this document.

"WHC, 1996, Tank Waste Remediation System Functions and Requirements,
WHC-SD-WM-FRD-020, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
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FUNCTIONS AND REQUIREMENTS DOCUMENT FOR
INTERIM STORE SOLIDIFIED HIGH-LEVEL WASTE AND TRANSURANIC WASTE

1.0 INTRODUCTION

1.1 BACKGROUND

The mission of the Tank Waste Remediation System (TWRS) is to store,
treat and immobilize highly radioactive waste in an environmentally safe,
sound, and cost-effective manner. The U.S. Department of Energy (DOE)
established this program to manage the underground waste storage tanks at the
Hanford Site. The TWRS program includes all activities related to management,
retrieval, processing, and disposal of all existing wastes in the tanks and
new wastes introduced to the tanks.

In July 1995, the DOE embarked upon a course to acquire Hanford Site tank
waste treatment and immobilization services using privatized facilities.
Privatization is defined as vendors, under contract with the DOE, using
private funding to design, permit, construct, operate, decontaminate, and
decommission their own equipment and facilities to treat tank waste (RL 1996).
Privatization is divided into two phases. The first phase, termed the "proof
of concept” or Phase I, will begin with award of contract in 1996, and operate
through at least 2005, while treating approximately 6% to 13% of the tank
waste. Phase I will establish and demonstrate the technical, commercial, and
procurement capabilities necessary for the privatization of Hanford Site tank
waste treatment and immobilization. Phase II, which begins with the award of
a second contract, will treat and immobilize the remainder of the tank waste.

The privatization contractor(s) will manage the Hanford Site tank waste
“transferred to their custody; retrieve and transfer this waste for processing;
immobilize the waste; and prepare the resultant solidified waste for return to
the Management and Integration (M&I) Contractor. The M&I Contractor will
receive sealed containers of solidified high-level waste (HLW) and transuranic
(TRU) waste for interim storage until it can be shipped offsite for permanent
disposal, or sent to a treatment facility for further processing. The
specific forms of solidified HLW/TRU waste produced during Phase I and
requiring interim storage are solidified cesium (Cs) product separated from
the Tow-Tevel waste (LLW) fraction of the tank supernatant, and immobilized
HLW. During Phase Il, the products requiring interim storage are immobilized
HLW and immobilized TRU waste. Dispositioned Cs and strontium (Sr) capsules
may also require interim storage during Phase II pending a programmatic
decision on whether to vitrify or overpack this material.

1.2 SYSTEM PURPOSE AND SCOPE

The purpose of the Solidified HLW and TRU Waste Interim Storage Systems
is to provide the necessary facilities and equipment for interim storage of
immobilized HLW, immobilized TRU waste, Cs product, and dispositioned Cs/Sr
capsules. Interim storage of the solidified waste begins with acceptance of
the waste from the production facility, and ends with the transfer of
responsibility for the waste to the DOE Office of Civilian Radioactive Waste
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Management (DOE-OCRWM) for shipment to a permanent geologic repository, or
(for the Cs-product only) to an onsite facility for further processing.
Additional information on the interfaces between the private vendors and the
interim storage system is presented in DE-RP06-96RL13308, TWRS Privatization
Request for Proposals (RL 1996).

. The primary purpose of this document is to establish a consistent basis
for development of the relevant sections of the technical requirements
specification (TRS) for Function 4.2.4, Dispose Waste, and the design
requirements document for the Phase I Solidified HLW Interim Storage System.
The TWRS requirements database will be updated to incorporate the information
provided in this document.

1-2
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2.0 DOCUMENT OVERVIEW

2.1 MISSION AND SCOPE

The functions, requirements, interfaces, and architectures associated
with the TWRS mission are contained within the TWRS Systems Engineering
database. The database is the result of a TWRS program-level systems
engineering analysis. The functions, requirements, interfaces, and
architectures contained within this functions and requirements document (FRD)
are based on the information currentiy contained within the TWRS requirements
database. The database also documents the set of technically defensible
functions and requirements (F&R) associated with the solidified waste interim
storage mission.

This document provides the basis for the Interim Store Solidified HLW and
TRU Waste portion of the TRS for Dispose Waste; and for the design
requirements document (DRD) for the Phase I Solidified HLW Interim Storage
System. The FRD consists of the following sections.

¢ Introduction - Provides the background and purpose of the Solidified
HLW and TRU Waste Interim Storage System.

* Overview - Provides a brief description of the FRD and its
relationship to the site Systems Engineering effort.

¢ Functions - Includes the hierarchy of the functions applicable to
this activity, defines each function, and lists the inputs and
outputs of each function.

* Interfaces - Defines the interfaces (inputs and outputs) between
functions, and identifies their relationships to the functions.

¢ Requirements Allocation - Lists the constraints, performance
requirements, and proof-of-concept requirements allocated to each
function and each input/output associated with the interim storage
of solidified HLW and TRU waste.

* Architecture - Identifies the architecture that was selected for the
Solidified HLW and TRU Waste System after evaluating and deciding on
a candidate, optimal architecture output from the functional
analysis. The evaluation and decision process is supported by
trade-off study reports, which are referenced in this section. The
section also identifies the analysis needed for the next level of
architecture selection, and Tists the requirements satisfied by the
selected architecture.

¢ Requirements Definition - Provides the text of the constraints,
performance requirements, and proof-of-concept requirements
associated with the functions, interfaces, and architecture.

¢ References - Lists the documents used in development of this FRD.

2-1



WHC-SD-WM-FRD-027 Rev. 0

2.2 CONTEXT

The information provided in this document is traceable to TWRS
Function 4.2.4.1, Interim Store Solidified HLW and TRU Waste, and its related
requirements, architecture, and interfaces. Section 3.1 describes the
function hierarchy. This FRD provides the functions, requirements, inputs,
outputs, and architectures that resulted from the functional analysis,
requirements allocation, and architectural structure definition.
Function 4.2.4.1 is decomposed to the fifth level to provide a basis for the
Interim Store Solidified HLW and TRU Waste portion of the Dispose Waste TRS.
The proposed fifth-level function Interim Store Phase I Solidified HLW is
decomposed to the sixth level, to provide a basis for the DRD for the Phase I
Solidified HLW Interim Storage System.

2-2
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3.0 FUNCTIONS

3.1 FUNCTION HIERARCHY

Figure 3-1 shows the function hierarchy from Function 0, Clean Up
Hanford, to Function 4.2.4.1, Interim Store Solidified HLW and TRU Waste.
Shaded blocks indicate the traceability path of Function 4.2.4.1 to
Function 0. This information is consistent with the TWRS Systems Engineering
database. .

Figure 3-2 illustrates the decomposition of Function 4.2.4.1. Shaded
blocks indicate functions that will be addressed in the Phase I Solidified HLW
Interim Storage System DRD.

3.2 FUNCTION DESCRIPTION
Table 3-1 provides descriptions of Function 4.2.4.1, Interim Store

Solidified HLW and TRU Waste, and its subfunctions; and identifies the inputs
and outputs associated with each function.

3-1
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Figure 3-1.
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Figure 3-2. Decomposition of Function 4.2.4.1.
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WHC-SD-WM-FRD-027 Rev. 0
4.0 INTERFACES

4.1 INTERFACE IDENTIFICATION

Interfaces are items entering a function to be acted upon by that
function (inputs), and items leaving a function after having been acted upon
by that function (outputs). The inputs to and outputs from each of the
functions addressed in this document are identified in Table 3-1.
4.2 INTERFACE DESCRIPTION

Table 4-1 provides descriptions of the inputs and outputs identified in
Table 3-1.
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5.0 REQUIREMENTS ALLOCATION

Two types of requirements are allocated to Function 4.2.4.1, Interim
Store Solidified HiW and TRU Waste, and its associated subfunctions, inputs,
outputs, and architecture. Constraints are requirements imposed on functions,
architecture, and interfaces from agencies external to the TWRS. Performance
requirements are developed within TWRS and can be changed as necessary in the
course of the systems engineering activity. The text of these requirements is
provided in Section 7.0. .

An additional type of requirements, termed proof-of-concept requirements,
is applicable to Phase I of the TWRS privatization effort. Proof-of-concept
requirements are applicable only to the inputs to Function 4.2.4.1. They are
included in this document to fully define the input characteristics.

5.1 REQUIREMENTS ALLOCATION TO FUNCTIONS

Table 5-1 Tists the constraints and performance requirements allocated to
Function 4.2.4.1 and its subfunctions. There are no proof-of-concept
requirements associated with these functions.
5.2 REQUIREMENTS ALLOCATED TO INPUTS AND OUTPUTS

Table 5-2 lists the constraints, performance requirements, and proof-of-

concept requirements allocated to the inputs and outputs of Function 4.2.4.1
and its subfunctions.
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6.0 ARCHITECTURE

This section identifies the architecture selected for the Solidified HLW
and TRU Waste Interim Storage System, describes the alternatives considered in
selecting the architecture, and identifies further analyses needed to select
the next level of architecture. This section also includes the list of
requirements satisfied by the selected architecture.

6.1 ARCHITECTURE IDENTIFICATION NUMBER: TO BE DETERMINED
6.2 ARCHITECTURE TITLE: SOLIDIFIED HLW AND TRU WASTE INTERIM STORAGE SYSTEM

6.3 ARCHITECTURE DEFINITION (PHASE I AND PHASE II)

Architecture includes facilities and equipment necessary for temporary
onsite storage of solidified HLW and TRU waste (sealed immobilized high-level
waste [IHLW] canisters, immobilized transuranic (ITRU) waste canisters, Cs
product containers, and dispositioned Cs/Sr capsules). Equipment is provided
for receiving solidified waste and for transporting it to the interim storage
facilities. The facilities will provide features to cool solidified waste,
monitor interim storage containment integrity, and load solidified waste into
casks for shipment offsite or to an onsite treatment facility for further
processing. The DOE-OCRWM will collect the loaded shipping casks and
transport them offsite to the repository. Also included in this definition is
the equipment to treat/prepare 1iquid and gaseous effluents, solid wastes,
recyclable/reusable materials, and excess facilities to meet acceptance
criteria of site dispositioning functions. Gaseous effluents will be treated
to meet atmospheric release criteria.

6.4 ALTERNATIVES CONSIDERED

Inherent to the selection of an acceptable alternative is evaluation of
two strategic items: the type of IHLW/ITRU interim storage facility, and the
physical parameters of the IHLW/ITRU containers. The selection of the
immobilize HLW/TRU waste container exerts a strong influence on the design of
the interim storage facility configuration. The enabling assumptions adopted
relative to container parameters are identified in Section 6.6. Based on
these enabling assumptions, potential architectures for the container facitity
are encompassed by the following options.

* Enclosed Building Facility--Use an enclosed facility to provide
weather protection, containment and shielding for the solidified HLW
and TRU waste in unshielded canisters or canisters in overpacks.

+ Pad Storage Facilities--Use exposed storage (e.g., pads compliant
with the Resource Conservation and Recovery Act of 1976 [RCRA]) for
interim storage of solidified HLW and TRU waste canisters contained
in large (10—m3) overpack containers located within concrete vaults.
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¢ Bore Hole Facility--Use covered bore holes (or dry we]]s) for
interim storage of solidified HLW and TRU waste in canisters or
overpacked canisters.

RATIONALE FOR SELECTION

An enclosed facility was selected for interim storage of Phase I

solidified HLW (Calmus 1996). No decision has been made on a facility
configuration for interim storage of Phase II solidified waste or
dispositioned Cs/Sr capsules. The basis for this decision includes the
following:

6.6

o TWRS optimization
e Lifecycle safety/cost benefit
* Risk (technical/funding/schedule/political).

ENABLING ASSUMPTIONS
The enabling assumptions are as follows.

It is assumed that only dry waste forms would be stored by the Solidified
HLW and TRU Waste Interim Storage System. These forms include IHLW and
ITRU canisters, dry Cs in sealed containers, and dispositioned Cs/Sr
capsules.

It is assumed that vitrified HLW produced during Phase I would be
contained in 0.61 m diameter by 3.00 m long stainless steel canisters
(standard canisters). Phase I interim storage would be required for
1,190 standard canisters (1,137 standard canisters containing IHLW and 53
standard canisters containing secondary HLW).

It is assumed that vitrified HLW produced during Phase II would be
contained in 0.61 m diameter by 4.50 m long stainless steel canisters
(Targe canisters). Phase II interim storage would be required for 7,592
to 21,726 large canisters containing IHLW and ITRU, with the flexibitity
to store up to 36,444 standard canisters.

It is assumed that solid Cs product separated from the LLW stream by the
Pretreat Supernatant process would be packaged in 0.33 m diameter by

1.37 m Tong stainless steel containers. Required Phase I interim storage
capacity ranges from 53 Cs containers (at a heat loading of 1.5 kW per
container) to 158 Cs containers (at 0.5 kW per container). It is further
assumed that any solid Cs produced during Phase II would be transferred
directly from the Phase 1l separation process to the Phase II HLW
immobilization process, without requiring interim storage.

It is assumed that dispositioned Cs/Sr capsules would not require interim
storage until the Phase II time period (i.e., no Phase I interim storage
capacity is required for this material). It is assumed that for

Phase II, it will be technically feasible and economically desirable to
combine the interim storage of dispositioned Cs/Sr capsules with the
interim storage of IHLW/ITRU in the same facility.
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It is assumed that one or more of the waste forms requiring interim
storage would be a mixed waste (containing dangerous components and
radioactive components). Therefore, regulations promulgated under RCRA
would be applicable to the solidified HLW interim storage facility(ies).

It is assumed that systems, components, and structures required solely
for the repository interface (staging and loadout) are allocated to the
Phase II solidified HLW and TRU waste interim storage facility.

Therefore, functions related to offsite shipment to the repository will
not be included in the Phase I solidified HLW interim storage facility.

REQUIRED ANALYSES
The required analyses are as follows.

Evaluate the results of the TWRS privatization Phase I bidding process,
and later, of the Phase II bidding process, to obtain more information
about the waste forms that will require interim storage during each
phase.

Confirm the technical feasibility and economic benefit of combining the
interim storage of dispositioned Cs/Sr capsules with the interim storage
of Phase II IHLW/ITRU in the same facility.

Perform a trade study to determine which type of facility (enclosed
facility, open facility, or bore holes) is the optimum interim storage
facility configuration for Phase II solidified HLW and TRU waste.

REQUIREMENTS SATISFIED

Performance Requirements
The performance requirements are as follows:

Storage Capacity/Availability

Solidified HLW and TRU Waste Interim Storage Design Philosophy
Solidified HLW and TRU Waste Interim Storage Facility Design Life
Solidified HLW and TRU Waste Interim Storage Facility Siting
Solidified HLW and TRU Waste Interim Storage Schedule.

Constraints
The constraints are as follows:

40CFR191.03(a)

40CFR264.1032

40CFR264.1033(a)
40CFR264.1033 (b)
40CFR264.1033(c)
40CFR264,1033(g)
40CFR264.1033(h)
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40CFR264.1033(k)
40CFR264.1033(1)
40CFR264.1054
40CFR264.171
40CFR264.173
40CFR264.175
40CFR264.177
DOE/RW-0351P, Rev. 1
DOE/RW-0351P, Rev. 1
DOE/RN—0351P, Rev. 1
DOE5820.2A, Chapter
DOE5820.2A, Chapter
EM-WAPS 3.7

EM-WAPS 3.8.2
EM-WAPS 3.9.2
WAC173-303-630(1)
WAC173-303-630(6)
WAC173-303-630(7)
WAC246-247-001
WAC246-247-002
WAC246-247-010
WAC246-247-020
WAC246-247-030
WAC246-247-040
WAC246-247-060
WAC246-247-065
WAC246-247-075
WAC246-247-080
WAC246-247-085
WAC246-247-100.

—t v
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7.0 REQUIREMENTS DEFINITION

This section provides the descriptions of the regquirements, referenced in
Sections 5.0 and 6.0, that are satisfied by the architecture addressed in this
document. Table 7-1 defines the constraints, Table 7-2 defines the
performance requirements, and Table 7-3 defines the proof-of-concept
requirements allocated to the functions, inputs, and outputs.
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