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1. INTRODUCTION

Presented in this document is the statement of the U.S. Department of

Energy position on the retrievability and retrieval of spent fuel

andhigh-level waste from a geologic repository.' This position is in

conformity with all Federal laws, regulations, and standards regarding the

retrieval of waste (The Nuclear Waste Policy Act of 1982, 10 CFR Part 60, 10

CFR Part 960, and 40 CFR Part 191).

The purpose of this statement of position is to specify the period of

retrievability; to state the reasons for retrieval; and to describe and

document design, construction, operation, and maintenance requirements for the

retrieval of waste from an operating repository. The objective is to

establish a standardized understanding of retrievability and retrieval for the

Department of Energy and those who are involved in the design and in the

regulation of repositories.

In this statement, "retrievability means the capability that is provided

by the repository system--by means of design approaches, construction methods,

and operational procedures--to allow retrieval to be performed. The terms

"retrieval" and the act of "retrieving" mean the process of intentionally

'For brevity and convenience, the term "waste" will henceforth be used
in this statement of position to mean both spent fuel and high-level waste.
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removing waste from the underground location in which it had been emplaced for

disposal in order to protect the health and safety of the public (and the

environment) or to recover the resources contained in spent fuel.

All other efforts to remove, extract, or relocate any portion of the

emplaced waste during the preclosure lifetime of the repository will be done

for reasons unrelated to the reasons mandating retrieval. The removal of

emplaced waste for performance confirmation, inspection, analysis, or any

other purpose not directly related to public health and safety (and the

environment) or resource recovery will not be considered retrieval and will

not be governed by the requirements set forth here.
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2. GENERAL REQUIREMENTS

The design of the waste-retrieval capability of the repository shall be

based on all instructions and specifications in this statement of position.

Retrieval, as defined here, shall be for the purposes of removing any or all

of the emplaced waste2. The design, construction, operation, and

maintenance of the repository shall be in accordance with these retrieval

criteria. Failure to include in this position specific instructions on all

aspects of retrievability and retrieval shall in no way relieve the

architect/engineer of the repository from the obligation to design the

repository to allow the retrieval of any or all of the emplaced waste.

2.1 Retrievability

The repository shall be designed, constructed, and operated so that, at

any time within the limits set forth in this statement of position, it will be

possible to retrieve any or all of the waste emplaced for disposal. The

capability to retrieve the waste, if necessary, shall extend to all waste

regardless of container size or shape, temperature, radiation level, and age.

The capability to retrieve shall also extend to all areas of the repository in

which the waste is emplaced.

2"Any or all waste" shall refer to the quantity of emplaced waste
ranging from one container to the entire inventory. See Section 2.5
(Retrieval of Waste Types) for a description of the waste to be considered for
retrieval.
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No act, whether by design or circumstance, shall preclude the possibility

of, or the opportunity for, retrieval for the reasons given in this statement

of position. This applies to the emplacement (preclosure) lifetime of the

repository and continuously through the end of the retrievability period

stipulated by the U.S. Nuclear Regulatory Commission in 10 CFR 60.111(b)(1)

until the last of the waste is removed.

The act of retrieving any or all of the emplaced waste shall be

considered complete and in compliance with this statement of position at the

time waste is brought back to the surface of the repository. 3

2.2 Reasons for Retrieval

There are two reasons for which the Nuclear Regulatory Commission or the

Department of Energy can order the permanent retrieval of any or all of the

emplaced waste. These reasons will be related to either (1) public health and

safety and the environment (retrieval ordered by the Nuclear Regulatory

Commission) or (2) the recovery of resources (retrieval ordered by the

Department). Removal for all other reasons, whether temporary or permanent,

will not be subject to the conditions, criteria, and requirements defined in

this statement of position.

3The Department recognizes that while this meets the NRC definition of
retrieval (... the act of intentionally removing radioactive waste from the
underground location at which the waste had been previously emplaced for
disposal" 10 CFR 60.2), it does not address the ultimate disposition of the
retrieved waste. The final destination of retrieved material will be
discussed at the time of license application.
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Retrieval would be a reversal of the emplacement and isolation mission of

the repository. The initiation of retrieval would be an extraordinary event

incurring great cost and effort. No action requiring the retrieval of

substantial portions of the emplaced waste shall be taken without the full

consideration of the consequences.

Public Health and Safety and the Environment

The single reason the Nuclear Regulatory Commission may require the

retrieval of some, part, or all of the emplaced waste is evidence that the

health and safety of the public would otherwise be adversely affected by the

emplaced waste (10 CFR Part 60, Statements of Consideration, Retrievability).

If the Commission has cause to believe that the geologic repository isolation

system as planned and implemented will not meet the performance standards and

objectives governing the disposal of the waste, they have the authority to

require retrieval.

This statement of position considers the requirement of retrieval ... for

any reason pertaining to...the environment..." (the Nuclear Waste Policy Act

of 1982, Section 122) to be one and the same with public health and safety.

The effects on the environment would be the same as the effects on public

health and safety.

Resource Recovery and Economics

The permanent emplacement of waste into a repository will prevent access

to potentially useful isotopes and metals of potential strategic value. If,
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at some time before permanent closure, the Department of Energy elects to

recover any or all of the waste inventory, this recovery will be accomplished

4under the Department's authority and policy of resource recovery.

All other operations in which the emplaced waste is moved, relocated, or

transported to another area of the repository (surface or underground) for

reasons other than those stated in this section shall be the responsibility of

the repository operations management under the authority of the operating

license. This handling of the waste shall not be considered retrieval and

shall not be governed by any regulations, standards, or requirements in this

statement of position. 5

2.3 Duration of the Retrievability Period

The period of time during which the repository must be prepared to begin

the retrieval of any or all of the emplaced waste shall be that period of time

during which waste is being emplaced and a period of time thereafter

sufficient for the Department of Energy to complete the performance-

confirmation program and for the Nuclear Regulatory Commission to

4The Department of Energy future policy on the retrieval of spent fuel
for resource recovery will address all the conditions and criteria under which
retrieval for resource recovery would be carried out.

sReasons for the rehandling or removal of emplaced waste for purposes
other than retrieval would include all research and inspection related to the
performance-confirmation program. They also might include the redistribution
of inventory for ventilation purposes or similar operational considerations
not related to public health and safety.
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review the results of that program. By rule, this period of time, defined as

the retrievability period, is not to exceed 50 years from the start of waste

emplacement (see diagram next page). The duration of the retrievability

period (the period of time during which retrieval can be initiated) can be

adjudicated by the Nuclear Regulatory Commission on a case-by-case basis as

part of the construction-authorization process. "Insofar as health and safety

considerations are concerned, the Commission intends to grant such approval

[for a shorter period] so long as its technical criteria are satisfied..."* (10

CFR Part 60, Statement of Consideration, Retrievability, footnote 4).

The repository license application may include a petition for a shorter

retrievability period (10 CFR Part 60.111(b)(1)). The duration of the

retrievability period might include only the period of time required for (1)

emplacement, (2) completion of the performance-confirmation program and the

submittal of a license amendment to close the repository, and (3) a review of

the performance-confirmation program by the Nuclear Regulatory Commission and

the (presumed) granting of the license amendment. However, at this stage of

repository planning, the full 50-year period of retrievability shall be

assumed to be in full force and effect. This period will continue for no more

than 50 years whether or not the waste-emplacement operations have been

completed and the repository is in a caretaker status.

No temporary interruptions of the waste-emplacement schedule shall cause

the retrievability period to be extended beyond 50 years.
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2.4 Time for Retrieval

If the full inventory of emplaced waste is to be retrieved, the retrieval

shall be accomplished as quickly as safely practicable. This does not mean

that all equipment, systems, and procedures must be designed, constructed, and

operated in a constant state of readiness for the retrieval of the complete

inventory. Rather all methods, plans, and contingencies for retrieval shall

have been designed, tested (see Section 3.4, Demonstration of Retrieval

Equipment and Methods), and made ready for implementation as required. If

either full or partial retrieval is necessary, all changes of equipment,

modifications of ventilation (Section 3.2), reversal of waste receipt and

handling operations, construction of temporary storage if needed (Section

3.3), and other major operational and construction revisions shall be

accomplished before retrieval begins.

The Department of Energy fully expects and anticipates that the retrieval

of the entire inventory of waste will require a lengthy period of

preparation. It is further expected and anticipated that the retrieval of

individual containers of waste will require, per unit, more time than did

their emplacement. Therefore, the total amount of time to retrieve the

complete inventory of waste will depend on the number of waste packages, the

degree of difficulty, and the amount of preretrieval construction necessary.

To the extent it is feasible, retrieval should be accomplished in the

approximate time necessary to originally construct the repository and emplace
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the waste. Reasonable efforts shall be employed to meet this guideline, but

nothing in this statement of position shall be construed as an absolute time

limit for retrieval.6

In the event the retrieval of a specific portion of the emplaced waste is

required for the recovery of resources, no specific time limit shall apply as

long as repository emplacement operations are scheduled to continue. If

emplacement has been concluded and partial retrieval is required, reasonable

efforts shall be employed to retrieve that portion of the waste in as short a

time as is safely practicable.

All other forms of waste removal, for purposes of performance

confirmation or any other reason not related to public health and safety or

resource recovery, shall not be considered retrieval and therefore are not

governed by the retrieval time criteria in this statement of position.

2.5 Affected Waste Types

All forms of spent nuclear fuel, defense high-level waste, and civilian

high-level waste (including the high-level waste from the West Valley

610 CFR Part 60.111(b)(3) states clearly that the time required to
retrieve should be based on a "reasonable schedule" that is "about" or
approximately the same as the time to construct and emplace. Since the health
and safety of both the repository workers and the public could be affected if
the schedule were rushed, "reasonable schedule" here means a schedule that
allows retrieval as quickly as is safely practicable.
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Demonstration Project) are governed by the retrievability requirements and

criteria of this statement of position. The size, shape, weight, and other

physical characteristics of these wastes and their containers shall not

preclude their individual or collective retrieval, if required.

All other forms of waste potentially acceptable in the repository are

specifically excluded from consideration in this statement of position at this

time. Transuranic waste and other forms of radioactive waste not mentioned

here are not governed by the requirements of this statement and will be

addressed, if necessary, at a later time.
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3. DESIGN REQUIREMENTS

This section presents requirements and criteria for waste retrieval for

the purposes of guiding the design of the repository. These requirements and

criteria are to be used in conjunction with all other design criteria that

have been established by the Department of Energy.

All persons responsible for the design and construction of a repository

shall bear in mind at all times that the primary function of the repository is

to provide containment and isolation for the waste. Retrievability and

retrieval constitute a contingency that must be incorporated into the design.

This contingency shall not affect or unnecessarily complicate the design of

the repository to the exclusion, compromise, or interference with the primary

function of the repository. All design efforts shall be directed toward

making retrievability and retrieval compatible with repository operations.

The method of retrieval planned for the repository shall anticipate and

identify all credible malfunctions or accidents to the emplacement system, the

engineered barriers, and the host rock that could affect retrievability. The

method of retrieval shall be designed to operate, if required, under these

abnormal conditions. These conditions or design bases shall potentially

include such credible events as failed containers (loss of containment through

a mechanical breach), stuck waste packages (pinched borehole liner or packing

material), disoriented emplacement boreholes, high water pressure, release of

radionuclides (as limited by 10 CFR Part 20), or any other circumstances that

could affect the safety and mechanical removal of the emplaced waste.
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The physical act of retrieval shall be designed to minimize occupational

health and safety hazards due to radiation exposure, high temperatures, and

other underground safety risks.

3.1 Current Technoloqy

The design of all methods of retrieval shall be based on and employ

levels of technology that are determined to be reasonably available at the

time of the license application. The determination of the status of

technology shall be made under the authority of the Department of Energy by

technically qualified personnel who are responsible for the repository. At no

time shall the engineering design of retrieval methods, equipment, and

procedures exceed the technology accepted by the Department and the

engineering community as capable of development within the limits of currently

proved technology.

3.2 Ventilation

The ventilation of the undergound facilities of the repository shall be

designed and constructed for all construction and operation demands, including

mining, emplacement, and performance-confirmation testing. Additional

ventilation requirements for the retrieval of any or all of the emplaced waste

shall be designed at the same time as the repository.

The facilities that must provide the additional ventilation air needed

for retrieval need not be constructed at the time the repository is

constructed. The construction of these additional facilities shall be at the
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discretion of the repository operations management. Such additional

facilities may include an additional shaft or shafts; larger conveyances in

the existing shafts; additional drifts, cross-cuts, or stoppings; additional

chilling equipment, cooling towers, and fans; and other services on surface

and underground.

All design and construction criteria for the additional retrieval

ventilation shall be established before the submittal of the license

application. This includes, but is not limited to, space for additional

shafts, as required. All retrieval-ventilation structures, systems, and

components important to the health and safety of the repository workers and

the public shall be planned, designed, and incorporated into the overall

repository layout before the license application.

The additional time required for the remedial construction of facilities

to meet ventilation requirements shall be consistent with Section 2.5 (Time

for Retrieval).

3.3 Temporary Storage

The use of temporary or lag storage for the waste being retrieved, either

underground or on the surface of the geologic repository operations area, will

be acceptable. Nothing in this statement of position shall be interpreted as

a requirement for temporary storage during retrieval; rather it shall be up to

the repository operations management to determine whether temporary storage

for retrieved waste is necessary. The design and layout of the repository

operations area, surface and underground, shall be planned so as not to
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preclude the possibility of constructing facilities for temporary storage at a

later time, if needed.

In the event any or all of the emplaced waste is to be retrieved, the

time and the labor necessary to provide temporary storage shall be considered

part of the retrieval effort (Section 2.5).

A certain amount of temporary.storage will be constructed at the same

time as the repository, to accommodate normal emplacement operations. If

retrieval is later required for a small and distinct portion of the waste

inventory, the use of this existing temporary storage until a final

disposition of the waste is arranged will be allowed.

If emplaced waste is temporarily removed or handled for purposes of.

performance confirmation, it shall not be considered retrieved, and the

temporary storage of this material within portions of the geologic repository

operations area shall not be treated as the temporary storage of retrieved

waste.

3.4 Demonstration of Retrieval Equipment and Methods

All retrieval concepts, methods, and non-standard equipment necessary for

the retrieval of any or all of the emplaced waste shall be (1) designed and

fabricated for mock-up tests during a proof-of-principle demonstration period

before the license application and (2) further developed and tested under

simulated repository conditions during the review of the license application

and repository construction (see diagram page 19).
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Proof-of-Principle Demonstration

The proof-of-principle demonstration period shall include an analysis of

the retrieval system and shall result in the identification of normal and

expected as well as abnormal and unexpected operating conditions for

retrieval. During this proof-of-principle period the planned retrieval method

shall have been sufficiently designed so that nonstandard retrieval equipment,

not currently available or in use under these conditions, can be identified

and where necessary fabricated for a mock-up demonstration.

The mock-up of actual retrieval equipment shall be in sufficient detail

to provide, before the license application, a level of confidence that the

planned method of retrieval is in principle feasible. This proof-of-principle

mock-up demonstration shall be required to simulate both normal and abnormal

conditions that might credibly exist at that time of retrieval at the

particular site. This latter requirement, however, shall be limited in scope

to the extent that it will not be required to completely re-create the

repository environment, but to demonstrate the capability of the retrieval

equipment to operate under adverse conditions.

If the repository operations management plans to backfill before the end

of the retrievability period, the proof-of-principle mock-up demonstration

shall show the feasibility of using the equipment fabricated at that time to

(re)mine either backfill material or rock (rock simulating consolidated

backfill) which has been heated to temperatures representative of retrieval

conditions.
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All mock-up retrieval equipment and procedures shall be tested in an

appropriate environment necessary only for their intended demonstration.

These tests may take place in the laboratory, on the surface or underground,

or in any other location suitable for the demonstration of the particular

equipment or procedure in question.

Development of Prototypical Equipment

After the proof-of-principle demonstration, a development period for

advanced prototype retrieval equipment and procedures will be required. The

purpose of this prototypical development shall be to establish full confidence

in the overall retrieval capability under geotechnical conditions

approximating those of the actual repository environment. These conditions

would include lithologies, temperatures, and hydrologic properties similar to

those likely to be encountered in the repository.

The development and demonstration of prototypical equipment and

procedures need not occur at the repository location. It may take place at a

location that approximates the geologic conditions of the proposed repository

site, as long as a reasonable correlation exists between the sites.

This development period shall start after the proof-of-principle

demonstration and continue into, during, and beyond the license-application

period as necessary. All documentation and results, as obtained, from the

development and demonstration of prototypical retrieval equipment shall be

given to the Commission prior to the time the license to receive and possess

is granted.
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The waste container used in the retrieval demonstration shall be of a

size and weight approximating the actual container that is planned for the

disposal of waste at the repository.

The use of radioactive material is not required in either the

proof-of-principle demonstration or the prototypical development of retrieval

equipment. Furthermore, proof-of-principle demonstrations need not be

conducted with all radiation-safety measures in place. Prototypical

development equipment shall incorporate radiation-safety equipment necessary

to completely test the mechanical systems.
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4. OPERATION REQUIREMENTS

The repository shall be operated, from the time waste emplacement begins

until the end of the retrieval period, in such a manner that any of the

emplaced waste can be retrieved within the time limits given in this statement

of position. The operating equipment needed for retrieval shall be maintained

in working condition until the end of the retrieval period.

4.1 Integrity of the Geologic Barriers

As long as the primary mission of the repository remains unchanged

(i.e., the containment and isolation of waste), the overall integrity or

physical continuity of the geologic barriers must not be disturbed by the

retrieval of any or all of the emplaced waste.

In the event partial retrieval is required, the overall geologic

integrity of the host rock must remain unaffected. After retrieval, the

structural or geomechanical condition of the emplacement rooms and boreholes

from which waste is retrieved may be allowed to deteriorate as long as the

integrity of the geologic barriers surrounding the repository in general is

not adversely affected.

If all of the waste is retrieved (because, for example, of a loss of

confidence in the site), no further protection of the integrity of the

geologic barriers is necessary. This would apply only under circumstances

where no additional nuclear material is emplaced at the repository.
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After retrieval, the decision to reuse emplacement rooms shall be based

on cost, space efficiency, and other operational considerations at the

discretion of the repository operations management. If after waste retrieval

new waste is emplaced in the same area, all the original performance

requirements for the geologic barriers in that area of the repository shall

remain unchanged.

4.2 Backfilling

The placement of backfill material before the permanent closure of the

repository is an option available to the repository operations management.

The placement of backfill material in emplacement rooms or other areas of the

repository is specifically permitted provided that all requirements of this

statement of position are fulfilled.

Nothing in this statement of position shall cause the repository

architect/engineer or operations management to assume that repository

backfilling before permanent closure is either required or prohibited.

However, if early backfilling is part of the planned emplacement operations of

the repository, it shall be made part of the design at the time of the license

application.

Backfilling, if exercised early, must not preclude the possibility of

retrieval before the end of the retrievability period. Assurance of

retrievability in backfilled areas must have occurred during the

proof-of-principle retrieval demonstration before the construction

authorization (Section 3.4, Demonstration of Retrieval Equipment and Methods).

-21-



The removal of backfill material for purposes of retrieval shall not

affect the integrity of the repository in areas where emplacement will not be

disturbed.

If waste is to be retrieved from a portion of the repository that has

been previously backfilled, the retrieval of any or all of the waste shall be

subject to the time guidelines given in Section 2.5.

4.3 Monitoring and Verification

Monitoring and instrumentation, for purposes affecting retrieval, shall

be confined to areas of performance confirmation, test and evaluation

facilities, and any other in-situ research portions of the underground

repository. No ongoing monitoring of individual waste packages shall be

required for the maintenance of the retrieval capability.

Nothing in this statement of position shall preclude the possibility or

opportunity to monitor and instrument various other areas of the repository

for geomechanical or other reasons associated with the overall preclosure

performance of the repository.

The initial verification of the ability to retrieve emplaced waste shall

be accomplished in the proof-of-principle retrieval demonstration before the

license application. Further retrieval verification shall occur during the

prototypical development of equipment (Section 3.4, Demonstration of Retrieval

Equipment and Methods).
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The performance-confirmation program, which will begin before and

continue during the emplacement lifetime of the repository, will necessitate

the recovery of emplaced waste on a planned schedule for inspection and

analysis (Section 5, Performance Confirmation). This scheduled recovery shall

serve as another verification of the retrieval capability even though this is

not the intended purpose of the performance-confirmation program. In the

event the repository operations management elects to backfill early, the

removal of backfill shall also be accomplished in the performance-confirmation

area(s), and the removal of waste containers from those areas shall be a

further demonstration of retrieval under normal conditions.

No other specific retrieval-verification program, other than those

described in this statement of position, will be necessary during the

emplacement lifetime of the repository.

4.4 Access Maintenance

The repository shall not be operated or maintained in a manner such that

any areas of the repository become permanently inaccessible during the period

of retrievability if those areas of the repository are necessary for the

retrieval of any or all of the emplaced waste.

Immediate or ready access into emplacement areas for the purpose of

retrieval is not required for operating personnel or equipment. The time

required to retrieve any or all of the emplaced waste does not depend on the

repository operator's ability to start retrieving waste as soon as the need

for retrieval is identified.
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Portions of the repository that have been backfilled early or have been

temporarily closed (e.g., for purposes of conserving ventilation air) need not

be available for quick entry or ready access if retrieval is required.

4.5 Equipment Reversibility

Ready or instantaneous reversal of the repository emplacement equipment

is not necessary for the purposes of retrieval. The reversal of the

repository emplacement operations will be a designed, but not constructed,

contingency.

The mechanical equipment required for the retrieval of any or all of the

emplaced waste shall be tested during the proof-of-principle demonstration

before the license application (and during further prototypical development,

as needed). During operations, no equipment or personnel needed solely for

either the partial or the complete retrieval of emplaced waste need be located

at the repository. Such equipment or personnel need be available only at the

time retrieval becomes necessary, but it may be available earlier at the

discretion of the repository operations management.

This exemption of onsite retrieval equipment does not include the

equipment necessary to remove portions of the emplaced waste for the

performance confirmation or any other reason not associated with retrieval.

The equipment necessary to handle waste containers for these reasons shall be

part of the functioning repository and shall be in place at the time

emplacement operations commence.
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Routine operating conditions encompass all activities necessary to carry

out the repository mission for the permanent isolation of the waste. The

required retrieval of any or all of the emplaced waste shall be considered a

nonroutine operating condition and shall not require ongoing emplacement

operations to continue without interruption. "Nonroutine" means a repository

operation that might, in some way, conflict with or interrupt the primary

operating function of the repository-the emplacement of waste.

Routine repository emplacement operations may continue during retrieval

at the discretion of the repository operations management, as long as they do

not conflict or interfere with those portions of the repository where

retrieval is under way.

Other nonroutine operating conditions unrelated to retrieval will not be

governed by this statement of position.
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5. PERFORMANCE CONFIRMATION

The performance-confirmation program is an integral part of the operation of

the repository and will continue until permanent closure. The primary purpose

of this program is to develop a level of confidence in the capacity of the

repository to achieve the performance objectives required for long-term

isolation (10 CFR 60.140) so that the Commission can decide with reasonable

assurance that permanent closure will not cause an unreasonable risk to public

health and safety.

The removal, whether temporary or permanent, or emplaced waste from the

performance area(s) shall be done for the purposes of inspection, analysis,

and research and will not be classified as retrieval. Actual retrieval, as

defined in this statement of position, from performance-confirmation areas

shall be made only for reasons of public health and safety or resource

recovery.

The results and data of the performance-confirmation program will drive

or directly influence the decision to retrieve. The purpose of the

performance-confirmation program is not to demonstrate the capability to

retrieve emplaced material.

The major responsibility for demonstrating retrievability rests in the

proof-of-principle and prototypical equipment demonstrations (Section 3.4,

Demonstration of Retrieval Equipment and Methods) conducted before the start

of emplacement operations. The removal of waste containers from the

performance-confirmation area(s), for purposes of inspection, analysis, and

other research related to the natural and engineered barriers will, of itself,
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demonstrate a continued ability to retrieve. This "simulated retrieval" from

the performance-confirmation area(s) will continue through the retrievability

period of the repository and will, in effect, demonstrate that retrieval is

possible until the termination of the retrievability period.7

No other planned demonstrations or simulated retrieval experiments other

than those required in this statement of position shall be required during the

emplacement lifetime of the repository. The period of retrievability shall

continue in full force and effect until the Nuclear Regulatory Commission has

reviewed and approved the performance-confirmation program.

7If backfilling is planned before permanent closure, portions of the
performance-confirmation area(s) will have been backfilled. The selective
removal of waste from these backfilled areas will also demonstrate the ability
to retrieve, if necessary, from the backfilled areas of the repository.
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