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Abstract

Atomic Energy of Canada (AECL) has been engaged in nuclear research and development at its
Chalk River Laboratories since the 1940's. During this time, a wide variety of irradiated research reactor and
experimental fuels have been stored in a variety of storage facilities. Some of these fuels are of unique
composition and configuration, and some fuels have been degraded as a result of research activities. In
preparing decommissioning plans for these storage facilities, AECL has developed a strategy that identifies
how each type of fuel will be dispositioned in the future. The goal of this strategy is to ensure that the fuels are
maintained in a safe stable state until a repository for these fuels becomes available. This paper describes the
current storage facilities, options considered for long-term fuel management, and the strategy selected to
manage these fuels.

1. INTRODUCTION

Atomic Energy of Canada (AECL) has been generating spent research reactor fuel
since the late 1940's. These fuels have originated from the research and isotope production
activities performed by research reactors located at the Chalk River Laboratories (CRL) in
Ontario, and the Whiteshell Laboratories (WL) in Manitoba. The missions of these reactors
have evolved over time, from the production of plutonium in the late 1940's and early
1950's, to the current role in developing CANDU® reactor fuels and the production of
medical isotopes. A wide variety of fuel types have been accumulated over time, and are
currently being stored in a variety of storage facilities. AECL has initiated a program to
evaluate the current storage of these fuels, and recommend and implement a strategy to bring
the inventory of fuels into a stable state for the long term.

The purpose of this paper is to describe AECL's program to address the long term
storage and disposal issues associated with its research reactor and experimental fuels. The
paper will outline the program steps that were taken to assess current storage conditions,
evaluate storage and disposal options, and develop the strategy for long-term spent fuel
management.

2.0. CURRENT STORAGE OF RESEARCH REACTOR FUELS

Spent research reactor fuels have been accumulated from operating the National
Research Experimental Reactor (NRX) and National Research Universal (NRU) Reactors at
CRL in Ontario, and the organically cooled Whiteshell Research Reactor (WR-1) in
Manitoba. AECL's inventory is diverse, and many fuel types, enrichments and configurations
are represented. In all, there are approximately 75 fuel types and configurations currently in
storage. As improvements in fuel performance were made and the missions of the reactors
evolved, several types of driver fuels were developed and used in the research reactors, and a
variety of fuels originated from research reactor loop experiments. The AECL inventory is
summarised by major fuel types in Table I.
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Table I: Spent Fuel Inventory

Fuel Type

Metal Fuels

U Oxide (long)

U/Al dispersions

U SUicides

U Oxides (short)

U Oxides (bundle)

U Carbide

Other

Total

Rod, Bundles or
Elements

193

433

966

1,200'

1,788

650

1,060

543

6,893

kgHM

9.537

7.829

525

3,000'

6,428

7,500

11,000

3,813

49,632

Comments

Early Al clad NRX driver fuels

Al clad driver & FN rods

Al clad NRX & NRU driver fuels

NRU driver fuels

CANDU development & PIE debris

WR-1 driver fuels

WR-1 driver fuels

MOX, special alloys & PIE debris

The metal fuels represent some of the oldest fuels in the inventory, and consist of
natural uranium metal and thorium metal fuel rods. The uranium metal fuels were used as the
original driver rods in both the NRX and NRU research reactors, and were originally re-
processed for plutonium production. The thorium metal fuels were used in the research in
thorium fuel cycles. Both fuel types are typically solid cylindrical rods clad in aluminium,
and are approximately 3.35 m in length. Some of the uranium metal fuels were fabricated as 5
flat fuel elements encapsulated in an aluminium flow tube, also approximately 3.35 m in
length. Metal fuels are vulnerable to corrosion. Uranium metal can form pyrophoric uranium
hydride when it corrodes in an oxygen deficient and hydrogen rich atmosphere. The uranium
aluminium fuels are also NRX & NRU driver fuels of various enrichments. They are less
vulnerable to corrosion than the uranium metal fuels.

The uranium oxide "long" rods were primarily NRX driver rods. These fuels were
either solid or annular cylindrical pellets clad in aluminium and are also approximately 3.35
m long. Some of these oxide rods were also used to accommodate experimental irradiations.
The "short" uranium oxide fuels are experimental fuels used in the development of the
CANDU® reactor fuels, generally consisting of bundles of zirconium clad elements 50 cm
long. These fuels are typically stored in small sealed fuel cans, and are often partially
disassembled, cut or altered as a result of post irradiation examinations. Further, there are
zirconium clad uranium oxide bundles from the WR-1 reactor. These bundles are intact.

The uranium silicide fuels (U3Si/Al) are the current NRU driver fuels, used in the
production of medical radioisotopes and neutrons for condensed matter and material research.
The carbide fuels were used in the WR-1 reactor, and are slightly enriched uranium carbide,
Zr/Nb clad bundles, approximately 0.5 m in length.
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Finally, there is a relatively large group of miscellaneous fuels. For example, these
include:

• non-standard oxides of various enrichments, cladding materials (e.g. stainless steel), and
unique configurations;

• uranium graphite rods;
• non-standard alloys such as uranium zirconium;
• thorium and uranium mixed oxides.

These fuels are stored in dry storage facilities after initial cooling in rod bays. These
facilities are tile holes and concrete canisters. The canisters are above-ground concrete
cylinders that are marketed by AECL world-wide. The WR-1 oxide and carbide driver fuel
bundles are stored in concrete canisters.

-4 cm

concrete pipe
(tile hole)

steel pipe
(closed at bottom)

poured concrete
annulus

steel sleeve

Figure 1.: Long Fuel Can in "IFE" Type Tile Holes
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Figure 2.: Short Fuel Can in "IMD" Type Tile Holes

The CRL fuels are stored in tile holes. These are below grade storage cylinders,
comprised of a steel liner enveloped within a concrete cylinder. Intact research reactor driver
fuel elements are held in long mild steel fuel cans, as shown in Figure 1, and emplaced in
"irradiated fuel element type" (IFE) tile holes. Defected fuel rods are kept in long closed fuel
cans, also in IFE-type tile holes. The experimental fuel bundles and elements are stored in
short closed mild steel fuel cans, as shown in Figure 2, and emplaced in "irradiated debris
type" (IMD) tile holes, some of which have been back-filled with sand.

The tile holes have undergone many changes since they were first implemented in the
early 1960's. The more recent versions of the tile hole design are effective in storing current
fuel inventories. However, early vintage IFE-type tile holes have been found to be less
effective at storing some fuel inventories, most notably uranium metal fuels, compromised or
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disrupted experimental fuels and mixed inventories of non-standard oxides and enriched
fuels. Further, there is a concern that in the older EMD-type tile holes, unabated mild steel
corrosion of the fuel cans could lead to problems in retrieving fuels in the future.

3.0. PROGRAM APPROACH

The Tile Hole Remediation Program was established in 1995 with a mandate to
prepare and implement cost effective decommissioning plans for the AECL fuel storage
facilities. The following underlying principles were used in developing the decommissioning
plans:

• direct resources to activities that deal with areas where there is the greatest potential for
near-term health and safety impact, and/or that will significantly minimise business risks;

• ensure facilities are in a safe and stable state for the long term; and
• implement final program elements when demonstrated technologies and experience exists.

In developing the decommissioning plans, the program preferentially considered
proven technologies over unproved or novel approaches, and used external expertise
whenever appropriate. The approach taken to develop a spent research reactor fuel
management strategy can be summarised in three steps:

1. identify and quantify hazards associated with various fuel types;
2. perform a systematic evaluation of options for dispositioning various fuel types; and
3. prepare decommissioning plans and cost estimates based on recommended dispositioning

option(s).

A very significant effort has been made in preparing a comprehensive inventory of
fuel types and geometries. Confidence in the fuel inventories of fuels in early vintage tile
holes — where the documentation may not be as complete as is currently provided for ~ is
extremely important, since most of the more exotic and failed fuels originate from early
experimental programs and have been stored for the longest period of time. An assessment of
each fuel type was conducted to determine the potential hazards of each fuel type under
various storage conditions. Tactical sampling coupled with ongoing monitoring and
surveillance of the tile hole storage facilities was performed to establish actual storage
conditions. The actual hazards to be expected under long term storage conditions were then
determined using conservative, but illustrative parameters.

A team was assembled to identify all credible pathways for moving the fuel from
current storage to final disposition (i.e. the point where the fuels do not represent an ongoing
liability). Final disposition was determined to be either disposal of the fuel or transfer of
ownership to another responsible authority (e.g. the United States under the terms of the
nuclear non-proliferation policy). Alternative interim storage conditions for each fuel type
were also considered, such as continued storage in tile holes or repackaging and storage in
concrete canisters, and evaluated against reprocessing the fuels into a vitrified waste form
based on the hazard assessment discussed above. The principle options considered were:

• maintain current storage in tile holes until a repository becomes available;
• modify existing tile holes and maintain storage;
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• condition and repackage the fuels and move to concrete canisters;
• process fuels into a stable waste form; and
• return fuel to U.S. under the nuclear non-proliferation policy.

From this, a framework to evaluate all options was developed, simply stated, a
decision tree. Costs for the various alternative strategies in the decision tree were provided
from conceptual engineering studies performed by internal and/or external experts.
Treatment, storage and disposal costs and cash-flow requirements to disposition each fuel
type were then determined. An analysis of options and a recommendation was forwarded to
management, that will form the basis of decommissioning plans for the tile hole facilities.

4.0. EVALUATION RESULTS & STRATEGY

Conceptual studies examining research reactor fuel final disposition options concluded
that it is technically feasible to dispose of all AECL fuel types directly into a deep geological
repository. However, there are significant issues to be resolved before direct disposal can be
achieved, such as the costs and regulatory constraints required to dispose enriched fuels. The
study has assumed a reference date of 2050 for when a repository would become available. It
was concluded that most fuels in the inventory could safely be stored in the current tile hole
facilities until this date with an appropriate level of monitoring and surveillance. New storage
facilities would have to be provided if a repository able to accept the research reactor fuels
will not become available by 2050.

The studies have also concluded that some fuels stored in early vintage tile holes
would require future treatment and repackaging in hot cells, as a prerequisite to long-term dry
storage until a repository becomes available. Processing fuels into a more stable vitrified
waste-form prior to storage was considered economically unattractive, in particular the high
costs associated with transport to existing facilities in Europe. Further, conditioning or
packaging of the fuels in anticipation of unspecified future repository requirements was
rejected, also for economic reasons.

Return of enriched fuel to the United States is still being considered, relative to the
following issues:

• not all of the enriched fuels in the current inventory or future arisings are eligible for
return to the U.S., therefore, the issues relating to the direct disposal of enriched fuels will
still have to be addressed; and

• the large expenditures required to return the fuels to the U.S. would preclude other
important decommissioning work planned by AECL.

It is planned to begin the retrieval, repackaging and transfer of fuels from early tile
holes into concrete canisters early in the next millennium. If by 2015 the probability that a
repository will be available by 2050 is low, then the decision to move the remaining fuel
inventory to long-term storage in canisters will be evaluated.

5.0. CONCLUSIONS

AECL has invested considerable effort in developing a sound strategy to manage its
spent research and experimental fuels. This effort has been directed at the smaller proportion
of fuels that represents the greatest potential hazard, and at ensuring these fuels are
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maintained in a safe stable state for storage until final disposal can be achieved. The strategy
was developed using a combination of internal and external resources with demonstrated
expertise in fuel management and experience with proven technologies.

In using proven technologies and existing expertise, the implementation of costly
developmental programs and risk is avoided. Using external contractors and vendors is also
useful in developing a strategy, as they often have more experience in many of these
technologies, can often bring proven technologies from other industries, and allows the
facility owner to focus on developing a sound and cost effective strategy rather than
becoming preoccupied with technical issues. Finally, using external expertise develops a good
understanding of contractor capabilities that will be valuable in evaluating proposals for
decommissioning work during project implementation.
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