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FOREWORD

Irradiated fuel from research and test reactors has been stored at various facilities for
several decades. As these facilities age and approach or exceed their original design lifetimes,
there is mounting concern about closure of the fuel cycle and about the integrity of ageing
fuels from the materials point of view as well as some concern about the loss of
self-protection of the fuels as their activity decays. It is clear that an international effort is
necessary to give these problems sufficient exposure and to ensure that work continues on
appropriate solutions. The future of nuclear research, with its many benefits to mankind, is
in jeopardy in some countries, especially countries without nuclear power programmes,
because effective solutions for extended interim storage and final disposition of spent research
reactor fuels are not yet available.

Some countries with fuel originally enriched in the USA have been faced with these
problems only since take-back of foreign research reactor fuel of US-origin was suspended
in 1989. The other major supplier country, the former Soviet Union, never took back spent
research reactor fuels from client States and at present Russia has no plans to take back the
fuel in question. Consequently, at the time of writing, there is no take-back programme of
spent research reactor fuel by a supplier country in operation. However, there is a great
optimism that a successful completion of the Draft Environmental Impact Statement (EIS) on
a Proposed Nuclear Weapons Non-proliferation Policy Concerning Foreign Research Reactor
Spent Nuclear Fuel, released for public comment by the United States Department of Energy
(DOE), March 1995, will lead to the resumption of the take-back programme before the end
of 1996. It is hoped that other supplier countries and partners in RERTR will follow suit and
implement their own take-back programmes for foreign research reactor spent fuel. Thus
many research reactor operators with US-origin fuel will probably need to begin preparatory
work to return their spent fuel in the near future and, more importantly, to consider their
options when the take-back programme terminates approximately ten years after its
implementation. Others, less fortunate, with fuel enriched outside the US need to expand their
irradiated fuel storage facilities right now, and to face the fact that they must find a solution
for the final disposal of their fuels.

To obtain an overall picture of these problems, including numbers of fuel assemblies,
their types, enrichment, origin of enrichment and geological distribution among the
industrialised and developed countries of the world, an Advisory Group meeting was
convened in Vienna, 1 to 4 November 1994, to consider a Database on the Management and
Storage of Spent Nuclear Fuel from Research and Test Reactors. Sixteen experts from sixteen
different countries participated in the Advisory Group meeting and presented country reports,
which together represent an overview of the technologies used in spent fuel management and
storage at research and test reactors world-wide. The sixteen country reports together with
the database summary are presented in this publication.

The IAEA wishes to thank all of the participants in the meeting for their contributions
to this publication. The IAEA officer responsible for the organisation of the meeting and for
the compilation of this publication was I.G. Ritchie of the Nuclear Fuel Cycle and Materials
Section.
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SUMMARY

This Advisory Group meeting (AGM) was held from 1 to 4 November 1994 in
Vienna and was chaired by Mr. P. C. Ernst of McMaster University in Canada. Sixteen
experts from sixteen different countries participated in the AGM and presented country
reports which together represent an overview of the technologies used in spent fuel
management and storage at research reactors in both developed and developing countries
alike. The country reports were supplemented by two presentations made by the scientific
secretary, one on the IAEA's activities in the area of spent fuel from research and test
reactors, and another on the database that summarises the responses received to date to the
Questionnaires circulated to research reactor operators world-wide. The sixteen country
reports together with the database summary are presented in this publication.

1. Introduction

The purpose of the Advisory Group meeting (AGM) was to evaluate the overall
picture of the "Management and Storage of Spent Nuclear Fuel from Research and Test
Reactors" world-wide. Concern is mounting about the integrity of ageing irradiated fuels in
ageing storage facilities and it is clear that a co-ordinated international effort is necessary to
identify the issues clearly, to give them proper exposure and to ensure their eventual
resolution. An important first step in this process is to prepare a database that accurately and
quantitatively reflects the situation world-wide at the present time and is periodically
maintained to reflect changes as they occur. It was a major task of this meeting to review the
preliminary spreadsheets prepared for the database and to advise the Agency on the final
structure of the database. The form in which the database should be published and how it
should be integrated (if at all) with other IAEA databases and periodically updated were also
determined during the AGM.

2. Concerns and Options

The meeting opened with presentations by the participants on the research reactor
spent fuel situation in their respective countries. These presentations in general covered the
past history and experience with spent fuel, emphasised the status of spent fuel policy in the
country in question and the current concern regarding it.

The diversity of approaches, methods and concerns expressed were discussed in some
detail. Solutions to problems encountered in some countries were of interest to others; thus
the meeting provided a forum for information transfer, albeit in a limited fashion. It was
noted that a great deal of experience is available world-wide, but that some basic concerns
of a technical nature still need to be addressed through international co-operation, technology
transfer and information exchanges.

The histories presented reflected a variety of approaches to spent fuel management.
Most reactors from their construction had storage of some sort available for a variety of
different purposes including core shuffling, space for repairs, initial decay of spent fuel
following irradiation, accumulation of spent fuel prior to transport or accommodation of the



total spent fuel envisaged during the design lifetime of the reactor. Usually, the initial storage
facility reflected the proposed operational regime and spent fuel management policy in effect
at the time of construction. These covered the full range of from no expected need for storage
due to "lifetime" core designs, through accumulation and shipping for reprocessing or other
off-site storage, to provisions for long term accumulation off all foreseen spent fuel.

Most research reactors are more than 20 years old and thus the spent fuel policies
adopted at the time of construction may not be viable today. Also, as reactor operators gained
experience and research demands changed, many of them increased their operating regime
or power level or both. Such changes were made possible, in many cases, by the availability
of access to reprocessing, mainly in the country of origin of the enrichment of the fuel, but
not exclusively. In contrast, at some facilities the storage capacity was increased, by
re-racking, the construction of auxiliary at-reactor pools or the construction of
away-from-reactor wet or dry stores, to adjust to the new situation.

In general, as part of research reactor technology transfer, there was a written or
implied agreement that the spent fuel could be returned to the country of origin. Historically
this policy was effective for reactors using US-origin fuel until 1988. In the former Soviet
Union fuel was commonly returned to a reprocessing facility. However, other research
reactors operating with Soviet-origin fuel, mainly in Eastern Europe, did not have this option.
This option seems to have been foreclosed, even for Russian reactors, following the break-up
of the USSR.

These situations led to a common theme throughout all of the presentations, - the
needs for increased storage and effective policies for interim storage and final disposal of
research reactor fuels. In reality there only three options which will be discussed below:

Return of the spent fuel to its country of origin.
Reprocessing.
Interim storage and direct disposal.

It must be recognised that only the latter two provide long-term solutions.

For the first two options and for use of off-site storage in option 3, some participants
are concerned about the availability of suitable casks licensed for their fuel.

Also, for several participants, there is grave concern about the financing of any
option. One expressed the need for financial assistance just to properly maintain the status
quo.

2.1 Option 1. Return to country of origin

By far the most favourable option for most participants is the return of the fuel to its
country of origin. Historically this was promised or implied and, in good faith, many research
reactors relied on it when developing their spent fuel management policies. It is incumbent
upon countries of origin to live up to these promises, at least in the short term, and to provide
sufficient warning of unilateral cessation of such policies before cancelling them.



This renewal of past policies for an interim period is necessary to provide countries
with a viable solution to their current problems and the time to assess whether or not they
wish to continue to operate under a regime calling for self-management of the complete fuel
cycle or to shut down and de-fuel their sites.

The timing of the renewal of acceptance of spent fuel by the country of origin is of
great concern to most participants, as the storage problem in many cases has reached crisis
proportions. Should the time for re-implementation be prolonged, many will have to expand
their storage capacity or choose an alternative option. Indeed, many have already had to
expand their storage capacity in order to keep operating. Others may not be able to expand
because of licensing or financial problems. Concerns have been expressed that many storage
facilities currently in use were not designed for long-term storage. There is also concern
about the lack of information on the basic behaviour of fuels in long-term storage.

In addition, there are questions regarding the physical security and safeguarding of
these fuels in long-term storage as the decaying fuel losses its self-protection.

2.2 Option 2. Reprocessing

While not the first choice for most participants because of the cost and the take back
of waste from the reprocessing, there was a strong desire in about half of the countries
represented to be able to avail themselves of this option should the return to country of origin
not be possible in the near future or as a long-term policy.

Concerns were expressed that by the time some of these decisions can be made, the
only currently operating reprocessing line for MTR fuel in the West (Dounreay) will be
closed owing to lack of business. For several participants, the reprocessing of HEU and
blending the resulting product down to LEU for reuse is the best way to solve the worlds'
HEU problem as it eliminates any storage requirements for HEU.

The take-back of the high level wastes generated during reprocessing, creates a
different problem for the countries involved. Also, certain fuels, including many experimental
types cannot be reprocessed using current technology and, in all likelihood, developing such
technology will never be justified economically.

2.3 Option 3. Interim storage and direct disposal

For many the need to expand storage capacity on site is possible. For others off-site
storage has already been implemented or is being considered. In any case the storage option
seems to be the choice for many on a long-term basis. In fact, it may be the only choice.
However, there are many concerns about the appropriate use of the various technologies
available for interim storage, (i.e. 40-50 years). Concern was expressed by many about the
behaviour of research reactor fuels under long term storage, either wet or dry. What
atmospheric parameters are important and how do they affect corrosion of the aluminium clad
fuels? What is the optimum water chemistry for the fuel cladding in question? What
specifications are needed for dry storage? What atmosphere is best? What conditions need to
be monitored and at what intervals? What is to be done with failed fuel?

These are all questions still begging answers, some of which might be answered
through analysis of the data gathered in the spent fuel Questionnaires.



Several participants expressed concerns about the lack of guidelines and requirements
for the various methods of expanded or interim storage. The participants were informed that
such an effort is currently underway within the IAEA. It was suggested that these guidelines
should include attention to equipment design and maintenance for the conditions to be
encountered over the long periods necessary.

A technology to cover interim dry storage in casks was presented by one participant
and requested by several others.

Again, as mentioned earlier, there is concern in some countries about how to treat
their experimental and non-conventional fuels for which little information or experience is
available. It is considered that these fuels can best be dealt with by continued on-site storage.

While a few countries expressed their concern over the current lack of adoption of an
overall fuel management policy in their country, including final disposal, it was generally
acknowledged that this area will need considerable attention and perhaps provide the greatest
challenge to find a solution. Discussions brought out a general concern for developing
countries, especially those without a nuclear power program, as these, in all likelihood, will
not be able to continue to operate their research reactors unless international co-operation
leads to international storage solutions. This may be true for both the short term and the long
term.

The problems inherent in direct disposal, while recognised as a major concerns, were
outside the terms of reference of this AGM.

3. The Database

Responses to the three versions of the Research Reactor Spent Fuel Questionnaire
circulated to date have been received from 177 facilities dealing with the fuel from 179
reactors, since in two instances the fuel from two reactors is stored at the same location. This
information has been compiled in a giant spreadsheet from which many abstracts have been
made. For example, the sub-set of data from research reactors with thermal power levels
equal to or greater than 0.25 MW is of great interest because it represents those facilities with
significant quantities of spent fuel. In fact, it comprises 120 facilities in 49 different countries,
30 of which are developing countries.

Considerable time was spent discussing the database and the conclusions and
recommendations were the following:

1 The information received to date from the responses should be put in a relational
database for ease of maintenance, cross-correlation and general usefulness. This
procedure is very time-consuming but is already underway.

2. The Questionnaire should be amended according to the recommendations of the AGM
and circulated as soon as possible to the contact persons specified in the responses to
the previous circulation. In order to encourage continuing participation of the
respondents, it was recommended that information from the previous survey should
be mailed with the Questionnaires.

3. Data should be gathered every two years and the database maintained accordingly.
4. A 5-year projection of spent fuel inventories based on the data received to date should

be carried out.
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5. Assessments of the overall problems of the storage of spent fuel at research and test
reactors should include transportation problems:

— cask licensing and availability,
— timing of shipments,
— cask types, weights and acceptable contents including numbers and type of
— fuel assemblies,
— ship availability.

The AGM recommended that the country presentations together with a statistical
overview of the information compiled in the spreadsheets mentioned above should be included
in this publication. Detailed information on the locations of both fresh and spent fuel will be
excluded from the statistical overview and from any other publications based on the database.

4. CONCLUSIONS

The major conclusions of the AGM can be summarised as follows:

1. Each research reactor facility should develop a comprehensive irradiated fuel management
plan, including both interim storage and final disposal, with possible assistance from model
plans.

2. International co-operation is highly desirable to help implement programmes to send spent
fuels to either the country of origin of the enrichment or to other locations for reprocessing
or final disposal. The AGM recognised that there are many practical difficulties and a great
deal of preparatory work required prior to shipment of fuel. Research reactor operators will
require guidance in preparing to ship their spent fuel.

3. In preparation for the future when return of spent fuel to the country of origin may no
longer be possible, international regional co-operation in the planning and development of
spent fuel storage and final disposal should be encouraged.

4. Many facilities will require assistance for the storage, handling and shipping of failed fuel.
Various canning technologies should be examined to see if additional technology needs to be
developed. Ideally, a portable system should available where needed prior to shipping.

5. The development of a safety guide on the requirements for interim storage of research
reactor spent fuel is highly desirable. This should include such topics as environmental control
for corrosion prevention, equipment and procedures for monitoring dry interim storage,
equipment design and maintenance, criticality safety, etc. However, as a first step in the case
of wet storage, it is important to collect the necessary technical information to identify the
critical parameters controlling corrosion and compile a "code of good practice".

6. There is increasing concern about ageing of structures, systems and components at research
reactors and much greater international co-operation is required in this area.

7. On the basis of information gathered so far for the database, more effort is required to
trace fuel from shutdown reactors. Simply shutting down a research reactor does not solve
the spent fuel problem, since spent fuel accumulated over the years remains to be dealt with.
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8. More study of the problems associated with experimental and exotic (non-conventional)
fuels is desirable.

9. Although final disposal was not within the purview of this AGM, it cannot be divorced
from storage issues and therefore methods for addressing both interim storage and final
disposal together in the same programmes for research reactor fuels should be examined.

12



STATUS OF RESEARCH REACTOR SPENT FUEL
WORLD-WIDE: DATABASE SUMMARY XA9642793

I.G. RITCHIE
Nuclear Materials and Fuels Cycle Technology Section,
Division of Nuclear Fuel Cycle and Waste Management,
International Atomic Energy Agency,
Vienna

Abstract

Results complied in the research reactor spent fuel database are used to assess the status of
research reactor spent fuel world-wide. Fuel assemblies, their types, enrichment, origin of enrichment
and geological distribution among the industrialised and developed countries of the world are
discussed. Fuel management practices in wet and dry storage facilities and the concerns of reactor
operators about long-term storage of their spent fuel are presented and some of the activities carried
out by the International Atomic Energy Agency to address the issues associated with research reactor
spent fuel are outlined.

1. Introduction

Activities in the area of management, interim storage and ultimate disposal of spent nuclear
fuel from research and test reactors are dominated at the present time by two important programmes.
The first is the Reduced Enrichment for Research and Test Reactors (RERTR) programme, and the
second is the take-back of spent research reactor fuel by the country where it was originally enriched.
In the minds of most research reactor operators, especially those with fuel enriched in the United
States, these two programmes are closely linked because a spent fuel take-back programme is the only
tangible benefit to be gained from the conversion of their reactor cores from burning highly enriched
uranium (HEU) to low enriched uranium (LEU), other than the altruistic goal of non-proliferation.
The RERTR programme has already limited and will, if it becomes global, eventually eliminate all
trade in HEU for research reactors to the ultimate benefit of all mankind.

Unfortunately, at the time of writing, there is no take-back programme of spent research
reactor fuel by a supplier country in operation. However, there is a great optimism that a successful
completion of the Draft Environmental Impact Statement (EIS) on a Proposed Nuclear Weapons Non-
proliferation Policy Concerning Foreign Research Reactor Spent Nuclear Fuel, released for public
comment by the United States Department of Energy (DOE), March 1995, will lead to the resumption
of the take-back programme by one of the world's two major supplier countries, the United States of
America before the end of 1996. It is hoped that other supplier countries and partners in RERTR will
follow suit and implement their own take-back programmes for foreign research reactor spent fuel.

Although the IAEA has been involved with and has fully supported RERTR since its
inception through its Department of Research and Isotopes, it was not until 1993 that the Nuclear Fuel
Cycle and Waste Management Division extended the scope of its spent fuel management programme
to include programmes which focused specifically on spent fuels from research and test reactors.
These activities cover the collection, analysis and dissemination of information on storage,
management and related experience with spent fuels, formulation of norms and provision of technical
assistance to developing Member States. A number of concerns were immediately apparent at the
beginning of 1993. Many research reactors were in a crisis situation or rapidly approaching a crisis
situation and in every case, this was due to spent fuel storage and management problems and the
constraints of national laws. It was clear that the capacity for spent fuel storage had been reached or
was close to the limit at many research reactors and there were concerns from a materials' science
point of view about ageing materials in ageing storage facilities. The IAEA's activities in this area
have been formulated to address these concerns, but the first step was to obtain an overall picture of
spent fuel management and storage world-wide. This has been attempted by the circulation to research
reactor operators of questionnaires specifically designed to form the input to the Research Reactor
Spent Fuel Database (RRSFDB). Construction and maintenance of this database is an ongoing activity

13



and this report provides a snapshot at the time of writing of the salient information gleaned from the
infant RRSFDB supplemented by information from the more established Research Reactor Database
(RRDB).

2. General Overview

Most of the information presented in this section is taken from the RRDB, specifically from
the IAEA publication "Nuclear Research Reactors in the World" December 1994 Edition [1] The
RRDB was first published in 1989 [2] and has been maintained ever since As of December 1994
there was information on 589 reactors stored in the RRDB. Of these, 296 were operational, 12 under
construction, 8 planned, 272 shut-down and 1 for which the information was not completely verified

The evolution of the number of countries with at least one research reactor is shown in
Figure 1. This distribution peaked for developing countries in 1985 but remained almost constant for
industrialised countnes from 1965 to the present. The IAEA divides the world into seven regions and
those countnes with at least one research reactor are listed by region in Table 1.
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The status of research reactors in RRDB is shown by region in Figure 2.

QUV1UPII4

Figure 1:- Countries with operational research reactors

The age distribution of operational research reactors in the RRDB is shown in Figure 3 It
peaks in the range of 25 to 35 years. In fact, 32.8% of the reactors are in the age range of 20 to 29
years and 42.3% in the range 30 to 39 years.

As shown in Figure 4, a large fraction of operational research reactors are low power with
46.8% or 139 reactors with a thermal power of 100 kW or less.

Finally, as shown in Figure 5, while the number of research reactors in industrialised
countries peaked in 1970, the number in developing countries appears to be still gradually rising.
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Although the RRDB has a section on fuel, it dose not address the details of spent fuel storage and
management. For this reason, a questionnaire on spent fuel management and storage was designed
and circulated to research reactor operators for the first time in February 1993. Responses to this first
questionnaire and subsequent revisions sent to selected research reactors revealed a number of
deficiencies in the design of the questionnaire, which have been rectified in the current version
(Appendix 1). This latest version will be circulated to research reactor operators world-wide in 1996.
An overview of the responses received to date, compiled in the RRSFDB, is presented in the next
section.
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Figure 2:- Research reactor status.
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Figure 3> Number of reactors versus years in operation

23MW-85MW.23 »=1«>MW.11

6 MW-20 MW, 35
12%

1.1 MW-5MW, 42
14%

200 kW-1 MW, 47

1kW-100kW, 75
24%

Figure 4:- Power distribution of operational research reactors.
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Figure 5:- Reactors in industrialised and developing countries.

3. Spent Fuel Management and Storage

At present, the RRSFDB contains 177 entries dealing with the fuel from 179 reactors, since
in two instances the fuel from two reactors is stored at the same location. Of these research reactors,
23 are permanently shut down, 5 are temporarily shut down for refurbishment and the remaining 149
are operational. Spent fuel is usually an ongoing liability after a reactor is shut down and the IAEA
would like to include details of spent fuel from all of the known 272 shut-down reactors reported in
RRDB. In addition, there is a large discrepancy between the 296 operational reactors in RRDB and
the 149 reactors that have so far responded to the questionnaires for RRSFDB. Clearly, some research
reactor operators have lost interest in filling-in questionnaires, especially if they cannot see the
usefulness of the end result. Nevertheless, it is essential for the IAEA to get a clear and accurate
picture of the problems faced by research reactor operators and their concerns about management,
storage and ultimate disposal of spent fuel, in order to be able to address them and to exert pressure
internationally for the implementation of spent fuel take-back programmes by supplier countries and
to begin a dialogue about possible regional repositories as an ultimate solution for countries with no
nuclear power programme.

The remainder of this section is divided into two parts. The first deals with numbers of fuel
assemblies, their types, enrichment, origin of enrichment and geological distribution among the
industrialised and developed countries of the world. The second is devoted to fuel management
practices in wet and dry storage facilities and the concerns of reactor operators about long-term
storage of their spent fuel.

3.1. Accumulated Spent Fuel

Figure 6 shows cross-sections of the main Western research reactor fuel assembly geometries
[3], while the cross-sections of the main Russian types are shown in Figures 1 to 4 of the paper by
N.V. Arkhangelsky in this proceedings [4]. The assembly types shown in Figure 6 are MTR box-types
containing 10-24 fuel plates per assembly, involute core assemblies containing 280 plates (High Flux
Reactor, Grenoble France), tubular fuel assemblies with 4-6 fuelled tubes per assembly (BR-2,
Belgium and Dido, UK), Triga fuel rod clusters with 1-25 rods per cluster (Triga, Republic of Korea -
single rods, Triga, Romania - 25 rods per cluster), and pin assemblies with 1-12 pins per assembly
(Slowpoke, Canada - single pins, NRU, Canada - 12 pins). All of these assemblies are about 60-90 cm
long, except for NRU (275 cm) and Slowpoke fuel pins (30 cm). In Russian designed research
reactors, a large variety of fuel assembly geometries have been used. Four of the more important types
are shown in Figures 1 to 4 of reference [4] and can be divided into two groups; multi-tube assemblies
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(IRT-3M and WWR-M) and multi-rod assemblies (CM-2 and RG-1M). The active parts of these
assemblies vary in length from 35-200 cm.

Most research reactor fuels are shipped in assembly form. For this reason, in RRSFDB spent
fuel numbers are recorded in assemblies, where a fuel assembly is defined as "the smallest fuel unit
that can be moved during normal reactor operation or storage". Even so, questions regarding numbers
of fuel assemblies obviously caused confusion to respondents to the questionnaires. Consequently, the
data received has been reviewed and corrected by a panel of experts who know the details of the
various fuel assembly designs. At any particular facility, several different spent fuel types or spent
fuels of different enrichments are usually stored. For example, the store may contain one or more
types of HEU from prior to core conversion and one or more types of LEU following conversion.

LIGHT WATER HEAVY WATER

PLATES

MTR, 1-50 MW
Many Countries

RHF, 57 MW
France

TUBES

BR-2, 125 MW
Belgium

DIDO, 25 MW
UK

PINS

TRIGA, 14 MW
Romania

NRU, 125 MW
Canada

Figure 6:- Selected Western fuel geometries.

Very few facilities report
more than three types of spent fuel
and for this reason the records in
RRSFDB store up to three fuel types
per facility. Strictly speaking, fuels
enriched to > 20% 235U are
classified as HEU. Since many
facilities with LEU cite a nominal
enrichment of 20%, we have
modified the definition of LEU to be
< 20%
RRSFDB.

235U for the purposes of

The distribution of fuel
types among the reactors in the
RRSFDB is shown in Figure 7.
Although the majority are of MTR
or Triga types, a significant
percentage (25%) are classified as
other types which underlines the
fact that many experimental and
exotic fuels exist at research reactors
around the world, posing problems
for their continued storage,
transportation and ultimate disposal.

The regional distribution of
spent fuel, with a distinction made between developing and industrialised countries, is shown in
Figure 8. As might be expected, the majority of spent fuel assemblies are stored in the industrialised
countries. The origins of the enrichments of the RRSFDB spent fuel inventory is broken down into
fuel of US, Russian, Chinese or other origin in Figure 9. In this case, others include France, UK,
South Africa, natural uranium fuels and those cases where the origin of enrichment was not known or
simply left blank on the questionnaire. As expected, the US supplied all of the enriched fuel in North
America and most of that in the Industrialised Pacific, while Russia (or the former Soviet Union)
supplied most of the enriched fuel in Eastern Europe. Somewhat surprisingly, the US was not the
major supplier of enrichment in Western Europe.

The breakdown between HEU and LEU is shown in Figure 10. Of interest in this Figure is
the fact that HEU outweighs LEU in North America, whereas the reverse is true in Western Europe.
To some extent this is because more research reactors in Western Europe have undergone core
conversion than is the case in North America. HEU also outweighs LEU in Africa and the Middle
East, Eastern Europe and the Industrialised Pacific. It is worth noting that a significant fraction of
Russian-origin HEU was originally enriched to only 36%, while most US-origin HEU was originally
enriched to >90%.
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The breakdown of US-ongin fuel, classified as HEU or LEU, is shown in Figure 11. This
involves totals of 6,861 HEU and 4,321 LEU assemblies. A similar chart of Russian-origin fuel is
shown in Figure 12 and involves totals of 9,683 HEU and 2,877 LEU assemblies. The numbers of US-
ongin and Russian-origin HEU and LEU spent fuel assemblies at foreign research reactors which
might be involved in take-back programmes are compared in Figure 13

AFRICA
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MIDDLE
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EASTERN
EUROPE

I N D U S T R I A L LATIN
PACIF IC AMERIC

WESTERN
EUROPE

Figure 11:- Geographical distribution of US-origin fuel

Overall, there are 32,421 spent fuel assemblies stored in the facilities that have responded to
the RRSFDB questionnaires to date and another 9,950 assemblies in the standard cores. Of these
32,421, 23,576 are in industrialised countries and 8,842 are in developing countries, while 18,080 are
HEU and 14,341 are LEU. At present 7,560 spent fuel assemblies of US-origin are located at foreign
research reactors, while the equivalent number of Russian-origin is 8898. As mentioned above.
RRSFDB involves only a limited number of the known research reactors in the world, nevertheless
these data give an idea of the scope of the problem represented by research reactor fuels On the basis
of these data and a rough knowledge of the numbers of assemblies used each year, it would be possible
to make projections for the numbers of spent fuel assemblies that will be accumulated in the future
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However, this task is deferred until RRSFDB is more complete, so that any projections eventually
made will be more meaningful
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Figure 12:- Geographical distribution of Russian-origin fuel.
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Figure 13- Spent fuel at foreign research reactors

3.2. Wet and Dry Storage

As shown in Figure 14, by far the most commonly used form of spent fuel storage is the at-
reactor pool, pond or basin. Since the average age of these facilities in the RRSFDB is 23 years, the
success of wet storage where the water chemistry has been well controlled is remarkable. In fact, many
aluminium clad MTR fuels and aluminium pool liners show few, if any, signs of either pitting
corrosion or general corrosion after more than 30 years of exposure to research reactor water As
shown in Figure 15, many facilities also have an auxiliary away-from-reactor pool or dry well At
away-from-reactor facilities, the trend is to transition fuel from wet storage to dry storage, which
avoids some of the expense of water treatment facilities and their maintenance.
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The parameters typically monitored at wet storage facilities are shown in Table 2. Details of
the frequency of monitoring and/or control of these parameters are contained in RRSFDB. They show
a remarkable variation from continuous monitoring to "routine" or "occasional". Because of some
inconsistencies in this data and some obvious confusion over the questions asked in the original
questionnaire, further analysis of the data must await the responses to the next round of
questionnaires.

Similar results for dry storage are shown in Table 3. Clearly, dry storage requires less
monitoring and maintenance than wet storage and at most dry storage facilities the operators are
content to monitor the activity continuously. Again, more detailed analysis of the dry storage data
should await the responses to the next round of questionnaires.
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Table 2
WET STORAGE

PARAMETER
pH

Conductivity
Temperature

Activity
Analysis

DRY STORAGE
PARAMETER

Activity
Pressure
Moisture

Temperature
Other

PARAMETERS MONITORED
NUMBER OF FACILITIES

104
127
104
72
17

Table 3
PARAMETERS MONITORED

NUMBER OF FACILITIES
26
4
8
4
1

The concerns expressed by reactor operators about their spent fuel are listed in Table 4. Not
surprisingly, the majority are concerned about the final disposal of their fuel. This is followed by
concerns about limited storage capacity, finances, cask availability, interim storage diminishing self-
protection of the spent fuel as it ages and the age of facilities and equipment with the consequent
degradation of materials. Some expressed only a single concern but many expressed several concerns.

Table 4

CONCERNS
FINAL DISPOSAL
INCREASING STORAGE CAPACITY
FINANCIAL
CASK AVAILABILITY
INTERIM STORAGE
SELF-PROTECTION
MATERIALS' DEGRADATION
AGEING FACILITIES
CORE UNLOAD
CRANE CAPACITY
SHUT DOWN
WASTE RETURN FROM REPROCESSING
WATER QUALITY

134
34
26
23
20
19
16
15
11
9
8
6
5

Plans for increasing either the number of spent fuel racks, facility size or both are charted in
Figure 16. These numbers reflect the concerns about storage capacity, interim storage and emergency
core unload listed in Table 4. Crane capacity is another area of concern, especially for some facilities
who hope to ship fuel back to its country of origin in the near future, as is the availability of suitable
transport casks.

Finally, the availability of an internal transfer flask at the facilities in RRSFDB is charted in
Figure 17. Surprisingly, 27% of the facilities have no internal transfer flask.
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Figure 17:- Internal transfer flask availability.

4. IAEA Activities on Research Reactor Spent Fuels

Besides compiling and maintaining the RRSFDB, which is the subject of this paper, and
supporting RERTR, the Agency has been involved as an observer in almost all of the meetings of the
"ad hoc" group of research reactor operators, known as the Edlow Group, which seeks to return US-
ongin spent fuel from foreign research reactors. Towards this same end, the Director General of the
IAEA has written letters to Secretary O'Leary of the US DOE (1 July 1993) and Mr. Victor
Michailov, Minister of Atomic Energy of the Russian Federation. (2 February 1995) suggesting that
these major partners in RERTR could facilitate the non-proliferation goal of RERTR by taking back
foreign research reactor fuel.

In anticipation that the US take-back programme will be implemented in the near future with
the completion of the EIS mentioned in Section 1, the Agency plans activities to help Member States
to prepare their spent fuel for shipment back to its country of origin. The mam activity in this area
will be a training course to be held at Argonne National Laboratory, USA during the latter half of
1996.

The preparation of a Safety Guide on Design, Operation and Safety Analysis Report for
Spent Fuel Storage Facilities at Research Reactors is well underway During 1996 the IAEA plans to
convene a TCM to collect and evaluate information on procedures and techniques for the management
of failed fuels from research reactors. Also, the Agency offers advice through IFMAP, the Irradiated
Fuel Management Advisory Ftogramme, to operators of spent fuel storage facilities and more tangible
assistance to developing Member States through the IAEA's Technical Assistance and Co-operation
programmes.

Recognising that the degradation of materials, equipment and facilities through ageing is
becoming of more concern to many operators, the Agency organises several activities in the materials'

23



science field. Prominent among these is the preparation of a document on the durability of nuclear
fuels and components in wet storage which is nearing completion. This draft document contains
information on aluminium clad fuels used in research reactors compiled by the participants in a Co-
ordinated Research Programme (CRP) on Irradiation Enhanced Degradation of Materials in Spent
Fuel Storage Facilities. Another CRP is devoted specifically to research reactor fuel cladding and
focuses on the monitoring and control of corrosion in wet storage. These programmes are
supplemented by a series of Regional Workshops organised by the IAEA to deal with all aspects of
spent fuel handling, management, storage and preparation for shipment.

5. Conclusions

In recent years the problems of spent fuel from research reactors have received increasing
attention as concerns about ageing fuel storage facilities, their life extension and the ultimate disposal
of spent fuel loom larger. The overall scope of these problems can be gauged by examination of the
databases compiled and maintained by the IAEA. It is clear that more exposure of the problems and
concerns and more international co-operation will be necessary to resolve the outstanding issues. It is
also clear that any take-back programmes of foreign research reactor fuels, if and when they are
implemented, will not continue indefinitely. At some stage in the not too distant future, research
reactor operators will be faced with the permanent disposal of their spent fuel. For countries with no
nuclear power programme, the construction of geological repositories for the relatively small amounts
of spent fuel from one or two research reactors does not seem practicable. For such countries, access to
a regional repository for research reactor fuel would be an ideal solution. The time is ripe for serious
discussion of regional repositories and to begin planning for the day when neither take-back
programmes nor the reprocessing option might be available.
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APPENDIX 1

o Name of Reactor

o Location

IAEA
QUESTIONNAIRE

Irradiated Fuel Storage At Research and Test Reactors

- Date Form Completed

IAEA Reference I D

o Power (MW)

o Status: Operating D

Temporarily Shut Down •

Planned Shut Down (date) D

Permanently Shut Down •

Please read the instructions for filling in this form carefully and refer to the sample filled-in
form
1 (a) DESCRIPTION OF FUEL

Fuel
Type

1.

2.

3.

Description Enrichment
(w%)

Enrichment
supplier

Cladding
material

Cladding
Thickness
(mm)

1 (b).

Fuel
Type

1.

2.

3.

Assembly
length
(mm)

Assembly
Cross-section
(mm x mm)

Elements
(plates, rods
or tubes) per
Assembly

U-235 in
Fresh Fuel
Assembly
(g)

Average
Burnup (%)
per
Assembly

2. FUEL USAGE

Fuel
Type

1.

2.

3.

Number of
Assemblies
in Core

Average
Number of
Assemblies
used per
year

Number of
Irradiated
Assemblies
in Storage

Oldest
(years)

Number
Failed
During
Operation*

Number
Failed
During
Storage*

•If so, please specify the failure(s) briefly.
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3. Do you have a transfer cask or flask? YES • NO •

4. What is the maximum weight of cask you can handle in your fuel storage area?

5. Check types of storage, At-Reactor (AR) and /or Away-From-Reactor (AFR) used and their
capacities in number of assemblies.

Type of
Storage

Pool/pond

Dry Well

Vault

Cask

Other*

At-Reactor

Yes

•
•
•
•
D

No

•
•
•
•
•

Capacity
(#of
assemblies)

Away-From-Reactor

Yes

•
•
•
D

•

No

D

•
D

•
•

Capacity
(# of assemblies)

• Please specify briefly:

6. Do you plan to expand your storage capacity in the next five years?

AR D AFR a Neither •

* If so, please explain briefly:

7. STORAGE RACKS

Were your spent fuel storage racks supplied by the reactor vendor •
or custom designed and built? •

Was the design based on spacing without an absorber •
or with an absorber? • e.g. Cd • ; B D or other# •

* Please specify:

Was the design based on calculation • ; experiment • ; or both? •
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8. PARAMETERS MONITORED
What parameters are monitored in your storage facilities and at what frequencies?

a) Pool/Pond - At-Reactor

PARAMETER MONITORED

pH

Conductivity

Temperature

Activity

Other*

FREQUENCY OF MONITORING

Continuously

D

•
•
D

•

Hourly

•
•
•
D

•

Daily

•
•
•
D

•

Weekly

•
•
•
D

•

Other*

•
•
•
•
a

• Please specify:

Pease describe briefly the way your pool/pond water is treated. For example, the rate at
which it is purged, filtered or deionized:-

b) Pool/Pond - Away-From-Reactor

PARAMETER MONITORED

PH

Conductivity

Temperature

Activity

Other*

FREQUENCY OF MONITORING

Continuously

•

•
D

•

Hourly

D

•
D

•
•

Daily

•
D

•
D

•

Weekly

•
D

•
•
•

Other*

D

•
•
•
•

Please specify:

Please describe briefly the way your pool/pond water is treated. For example, the rate at
which it is purged, filtered or deionized:-
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c) Dry Storage - At-Reactor

PARAMETER MONITORED

Moisture

Pressure

Temperature

Activity

Other*

FREQUENCY OF MONITORING

Continuously

D

•

•
D

Hourly

•
•
•
•
•

Daily

•
•
D

•
•

Weekly

D

D

•
•
•

Other*

•
•
•
•
•

Please specify:-

d) Dry Storage - Away-From-Reactor

PARAMETER MONITORED

Moisture

Pressure

Temperature

Activity

Other*

FREQUENCY OF MONITORING

Continuously

•
•
•
•
•

Hourly

•
•
•
•
•

Daily

D

•
•
•
•

Weekly

•
•
•
D

•

Other*

•
•
•
D

•

Please specify:-
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9. CONCERNS

What are your major concerns about spent fuel management and disposal?
Please rank them as 1, 2, 3 and other.

Concern
Storage capacity
Interim storage
Final disposal
Waste return from reprocessing
Self-protection of fuel
Reactor shut down
Core unload capacity
Crane capacity
Cask availability
Aging of facilities
Materials degradation
Water quality
Financial
Other•

First

•
•
D

•
•
•
•
•
D
D

•
•
•D

Second

•
•
D
D

•D
D
D

•
•
•
•
•
•

Third

•
D
D

•
•
•D
•
•
•
•
•
•
•

Other

•
D

•
•
•
•D
D
D

•
•
•
•
•

• Please specify:-

10. Please take this opportunity to list any other special characteristics of your irradiated fuel
storage that would help the IAEA to assess the overall picture of the storage of irradiated
fuels from research and test reactors.

11 . Who is the correct person to contact for your site? Please give name, address, telephone
number, fax number, and E-mail address.

Telephone:

E-mail:

Fax:
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STATUS REPORT OF AUSTRALIAN RESEARCH REACTOR
SPENT FUEL MANAGEMENT

P. BULL, J. HARRIES XA9642794
Australian Nuclear Science &
Technology Organisation,
Lucas Heights,
Australia

A. MURRAY
Australian Embassy,
Washington, DC,
USA

Abstract

Spent fuel stored at the Lucas Heights Research Laboratories and the
storage facilities at Lucas Heights are described in some detail. The uncertainty
over the return of Australian HEU spent fuel to the US has caused a re-evaluation
of near term options, discussed in this paper, available to manage HIFAR spent
fuel.

1. INTRODUCTION

The Australian Nuclear Science and Technology Organisation (ANSTO) has operated a
10 MW(th) reactor, HIFAR, since 1958 at the Lucas Heights Research Laboratories
approximately 20 miles south of Sydney. HIFAR is a tank type reactor with heavy water
moderator and primary coolant contained within an aluminium reactor tank surrounded by a
graphite neutron reflector. HIFAR fuel is uranium-aluminium alloy clad in aluminium with an
enrichment of 60% U-235. This multi-purpose reactor is currently utilised as a research tool
employing neutron scattering facilities, as the primary source of radioisotopes and
radiophannaceuticals for Australia, and for industrial and commercial applications such as
neutron transmutation doping of silicon and neutron activation analysis for the mineral
exploration and mining industry.

Most of the spent fuel from the 35 years operation of the HIFAR reactor is still at Lucas
Heights where it is stored in monitored, retrievable facilities in accordance with international
standards and guidelines. While storage of spent fuel at Lucas Heights is conducted to high
standards of safety, it is an interim measure and not permanent disposal. The original strategy,
at the time the reactors were built and commenced operation, was based on the understanding
that spent fuel would be sent to the UK, or the US, for reprocessing, recovery and recycle of
the residual high enriched uranium (HEU). One shipment of 150 elements was sent to the UK
in 1963. A shipment was being prepared for return to the US when in January 1989 the US
suspended acceptance of spent fuel from foreign research reactors pending an environmental
review.

The cessation of reprocessing in the U.S. and the 1989 suspension of the DOE Off-Site
Fuels policy has undoubtedly exacerbated the situation for Australia's spent fuel management
These developments also have the potential to ultimately jeopardize a positive and timely
decision to replace HIFAR with a new reactor which would use LEU fuel. The uncertainty
generated by the protracted environmental impact assessment for the return to the U.S. of
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research reactor spent fuel containing HEU and the consequent delay in commencing to fully
implement the U.S. policy has caused a reassessment of Australia's options for adequate, safe
storage and final disposition of spent fuel.

2. SPENT FUEL AT LUCAS HEIGHTS

The HIFAR core contains 25 fuel elements, each some two metres in length and 100
mm in diameter. The amount of uranium-235 in the fuel elements has increased from 115 g in
early elements to 170 g in recent elements and the enrichment reduced from 93 % to 60 %
uranium-235, Table I. The fuelled section is 600 mm long and in the Mark 4 elements consists
of four 1.5 mm thick concentric tubes of uranium-aluminium alloy clad in aluminium, Figure
1. The aluminium cladding protects the uranium from corrosion and prevents release of the
highly radioactive fission products. During reactor operation, the fuel is cooled by heavy
water flowing up through the fuel elements.

In November 1993, ANSTO had 1621 spent fuel elements from the operation of HIFAR
in interim storage at the Lucas Heights site and a further 36 elements are discharged from the
reactor each year. All HIFAR fuel elements were manufactured by AEA Technology
(previously known as the United Kingdom Atomic Energy Authority). The high enriched
uranium (HEU) content was supplied by the UK and USA for approximately equal numbers of
fuel elements. Of the 1791 fuel elements (including new, in-reactor and spent elements) on the
Lucas Heights site, 894 contain US-origin enriched uranium, 897 contain UK-origin uranium
of which 569 are classed as Australian-origin for safeguards purposes. The enriched uranium
in these latter elements was obtained from the UK before the NPT non-proliferation regime
started and was accorded an Australian origin.

TABLE I. HIFAR FUEL ELEMENTS (NEW, IN-CORE & SPENT)
AT LUCAS HEIGHTS IN NOVEMBER 1993

TYPE

MK2

MK3

MK4

MK6

U-235
%
93
80
80
93
93
80
80
80
80
80
80
80
80
75
60
60
60
60
80

TOTALS

U-235
wtte)
115
115
150
115
115
115
150
150
150
115
150
150
150
150
150
150
170
170
170

No.
Elements

1
113
65
1
1
39

199
148

1
306
37

190
152
103
40

104
188
149
18

1791

IRRAD
Year
1960

1960-71
1960-71

1962
-

1962-63
1962-70
1967-71

-
1970-76
1970-76
1977-84
1980-83
1983-84
1985-86
1987-89
1988-93
1993-
1978

Average
Burnup MWd

0.0
37.4
51.9
29.0
0.0
35.0
50.4
42.7
0.0

49.2
38.3
64.2
63.9
56.5
54.5
58.2
78.8

.
71.6

US

148
1

266
37

1

104
188
149

894

ORIGIN
Aust

1
113
65
1
1

39
199

40

87
5

18
569

UK

126
64
98
40

328
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FIG. 1. HIFAR Mark 4 Element showing in cross-section a cropped element
clipped together for storage or transport.
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After discharge, the top and bottom aluminium sections of the fuel element are cropped
to a length of 638 mm which contains the spent fuel. For transport, the four concentric tubes
of the Mark 4 elements, which are separated from the support combs by the cropping
operation, are attached together by a clip, Figure 1.

The uranium enrichment of the spent fuel varies between 36 and 65% U-235, depending
mainly on the initial enrichment. The average burnup of the spent fuel was 54.4 MWd per
element, although more recent elements have achieved a burnup of 80 MWd. The total mass
of all the stored, cropped spent fuel elements is about 5.1 t including the contained 0.23 t
uranium and other heavy metal.

The lifetime integrated power of HIFAR is about 90,000 MWd, which corresponds to
about 30 days operation of a modern 1000 MWe nuclear power plant. At times greater than
400 years, which are relevant for assessing environmental releases from repositories, the
radioactivity of the spent fuel is dominated by the inventory of the heavy metals: uranium,
plutonium, americium and their daughters. The high enrichment of the HIFAR fuel elements
means that the radioactivity of heavy metals in the spent fuel is less than the radioactivity of
heavy metals in power reactor spent fuel containing the same amount of uranium. Hence, the
long term radioactivity of all the HIFAR spent fuel at Lucas Heights is equivalent to that in
less than 0.23 tU of power reactor fuel, or about half a PWR fuel assembly. For comparison,
a PWR typically discharges 60 assemblies each year.

The amount of spent fuel at Lucas Heights is very small compared to the quantity of
spent fuel elements being stored worldwide. Spent fuel elements from power reactors being
stored in 1992 contained about 90,000 tonnes uranium and increases by about 10,000 tonnes
per year. Even if only research reactors are considered, the 0.23 t of spent fuel at Lucas
Heights is a small fraction of the 17.5 t of US-origin highly enriched uranium in use or stored
as spent fuel in 51 countries outside the US [1].

3. STORAGE FACILITIES AT LUCAS HEIGHTS

The fuel discharged from HIFAR is stored under water in the reactor storage block for
up to one year, then stored under water in the irradiation pond for another 2-3 years and most
then is moved to dry storage in the engineered Spent Fuel Storage Facility (Figure 2) or
placed in stainless steel casks.

The HIFAR Spent Fuel Storage Facility is an engineered dry storage facility built in
1968 at Lucas Heights to store 1100 spent fuel elements. The facility consists of 50 lined
holes, 16 metres in depth, drilled into sandstone and lined with 14 cm internal diameter sealed
stainless steel tubes. HIFAR spent fuel elements are stored, two to a can, and eleven cans in
each lined hole.

The tubes in the storage facility are filled with dry nitrogen to inhibit corrosion of the
fuel cladding. Periodic monitoring of the nitrogen gas when the nitrogen is replaced shows no
traces of krypton-85, a long-lived fission-product gas, except in one hole which contains fuel
elements that were sectioned in 1967 for detailed metallurgical examination. The lack of any
released krypton-85 in the other holes indicates that there is no significant deterioration of the
fuel elements. The sectioned fuel elements, which were in dry storage since 1972, showed no
sign of deterioration when subjected to re-examination in a hot cell in 1984. The 114 elements
stored since 1970 that were removed in 1989-90 showed no sign of deterioration.

A special cask, the LHRL-120 Cask, was manufactured in 1987-88 for shipping spent
fuel elements to the US. The cask was loaded with 114 elements in 1990, but delays in the
US meant the shipment will not leave Lucas Heights at least until 1996. For shipping, the
LHRL-120 Cask is surrounded by an impact limiter which is supported on cradles attached to
a skid and the skid is bolted to the base of an open topped shipping container. The LHRL-120
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FIG. 2. HIFAR spent fuel storage facility.

cask has a certificate of approval from the Australian Maritime Safety Authority and from the
US Department of Transportation.

HIFAR is an operating reactor which means that spent fuel is discharged every month
and the spent fuel moves through a sequence of storage locations depending on how long
since the fuel was discharged from the reactor. Three types of facility—the HIFAR Spent
Fuel Facility, the Dounreay flasks and the irradiation pond—are longer (intermediate) term
storage locations. On 23 November 1993, the number of spent fuel elements in the different
locations were:

i) 1086 elements in dry storage in the engineered HIFAR Spent Fuel Facility in building
27. This facility has maximum capacity for 1100 elements but for operational reasons
and to permit safeguards inspection activities 1086 elements is regarded as full.

ii). 175 elements in seven "Dounreay" transport flasks. The Dounreay flasks, each with a
capacity of 25 elements were originally built to transport spent fuel to the UK
reprocessing facility at Dounreay, Scotland.
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iii) 114 fuel elements are loaded in the LHRL-120 cask awaiting transport to the US. The
cask has capacity for 120 elements.

iv) 221 elements in underwater storage in an Irradiation Pond. Extra racks can be
manufactured to increase the total capacity of the Irradiation Pond to 401 elements,
though this pond was never intended for extended storage of spent fuel and its use for
storage interferes with its use as a research and service irradiation facility.

v) 16 elements in cropping pond and testing ponds (operational capacity 39)

vi) 9 elements in reactor storage blocks (temporary storage only)

All these facilities are monitored periodically by IAEA safeguards inspectors to verify
there has been no unauthorised movement of fuel. With the reracking of spent fuel in the
irradiation pond, ANSTO will have sufficient interim storage capacity at Lucas Heights for all
spent fuel expected to be discharged from HIFAR through to 1998.

The need for additional storage will depend on whether the US program to accept spent
research reactor fuel proceeds as expected. Three methods have been identified to provide
additional storage from 1998 onwards, if required. Implementation of any of these options
requires decisions and a commitment of funds and resources some two to three years in
advance to ensure continued operation of HIFAR. Hence the current timing of the US EIS
process is critical for decisions on these options, which are as follows:

1. installing an additional 40 lined storage tubes in the dry storage facility to increase the
capacity by 880 elements and provide storage for all spent fuel generated by HIFAR
over its currently anticipated life,

2. cutting the fuel elements into their component plates using an industrial laser would
allow twice as many fuel elements to be stored in the existing dry storage facility.

3. manufacturing additional transport/storage casks to the LHRL-120 cask design to
provide interim dry storage. Six casks would provide additional storage for 720
elements. This option has high initial costs but would ready the fuel for transport to
another site.

The international use of wet and dry storage facilities for storing spent nuclear fuel have
demonstrated that spent fuel can be safely stored for long periods of time under both wet and
dry storage conditions [2],[3],[4],[5]. Worldwide, over 50,000 tU of spent power reactor fuel
is stored at reactors and the remainder at central storage facilities.

The Research Reactor Review, conducted in 1993 to examine the need for a new multi-
purpose reactor for Australia, concluded that the present interim storage of spent fuel at the
ANSTO site is in conformity with world best practice and is the most practicable and safest
short-term storage arrangement [6]. However, the Review believed that the spent fuel "can
only sensibly be treated as high level waste" and recommended that work commence
immediately to identify and establish a high level waste repository, stating that a solution to
this problem is essential well prior to any future decision about a new reactor for Australia.

In response to this Review recommendation the Australian Government established an
Inter-Agency Committee to review all options for the management of high level
wastes/research reactor spent fuel over the longer term. That Committee has recendy
submitted to Government its report which substantially endorses the ANSTO strategy of:
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• maximizing the return to the USDOE of the current stock of HIFAR HEU spent fuel
• expanding existing interim storage facilities as necessary to cope with any delays in the US

return of spent fuel program
• keeping open other options such as overseas reprocessing of HEU fuel to ensure that

optimal technical and economic alternatives remain available
• monitoring and assessing developments in long term storage and disposal technologies

with a view to developing, when it will eventually be required, domestic Australian
facilities for the LEU spent fuel from a replacement reactor for HIFAR and for any HIFAR
spent fuel not returned to the US. Such facilities will ultimately be required for Australia's
holdings of intermediate level radioactive wastes (and other radioactive wastes unsuitable
for near surface burial), independently of the question of research reactor spent fuel. It
would make sense to address these issues together.

The issues relating to these various options, as presented to the Inter-Agency
Committee, are reviewed in the Sections following.

4. SHIPMENT FOR STORAGE OR DISPOSAL IN THE US

The bilateral Australia/United States treaty under which HEU for HIFAR fuel was
supplied to Australia obliges Australia to keep the spent fuel available for return to the United
States should the United States exercise their right under the Agreement to recover it. The
US has both a non-proliferation policy requirement and a contractual obligation to accept the
return of HIFAR spent fuel in which the HEU is of US origin.

In December 1985, the Australian Government approved the shipment to the US of 450
HIFAR spent fuel elements of US origin, for reprocessing in a US Department of Energy
(USDOE) facility. A contract was signed with USDOE in January 1987 for reprocessing the
450 elements and in late 1988 the US designed and manufactured LHRL-120 Cask was
delivered to Lucas Heights. However, in January 1989, before the first shipment could be
prepared, the USDOE announced that no further deliveries of spent fuel would be accepted
pending a review of its policy on return of "foreign" research reactor spent fuel.

In July 1993, the USDOE announced the decision to resume accepting foreign research
reactor spent fuel containing US origin HEU subject to completion of an Environmental
Impact Statement (EIS). Assurance has been given that the US will take the HIFAR spent
fuel containing highly enriched uranium of US-origin when the EIS is issued. However, the
history of US decision making on this issue suggests that the date for sending subsequent
shipments of spent fuel to the US will continue to be uncertain.

5. SHIPMENT FOR REPROCESSING IN THE UK

AEA Technology has offered to reprocess spent fuel from HIFAR at its facility in
Dounreay. The waste, which would ultimately have to be returned to Australia, would be
encapsulated in cement in a form which meets the UK requirements for disposal as
intermediate level waste in a Nirex repository. Temporary storage of the waste in the UK for
up to 25 years might be possible. Reprocessing say 500 HIFAR spent fuel elements could
produce 130 stainless steel 500-litre drums of intermediate level waste which would need to
be shipped in shielded containers. The returned waste would not be suitable for near surface
land disposal [7].

Reprocessing has the advantage of converting the spent fuel to a well defined waste
form suitable for disposal as intermediate level waste. Unlike the spent fuel which is subject to
stringent international safeguards, there would be no NPT safeguard requirements on the
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waste. Hence the waste could be disposed of in a geological repository without the difficult
problem of proving that the material was practicably irrecoverable. Reprocessing any or all of
the HIFAR spent fuel elements must continue to be considered as a serious option in the event
return to the US within the necessary timescale becomes impracticable. However, sending
HIFAR spent fuel for reprocessing in the UK would still require Australia to develop a
geological repository for intermediate level waste.

6. DISPOSAL IN AUSTRALIA

Given that, in the context of any new Australian research reactor, it will eventually be
necessary to establish an independent domestic solution to spent fuel management, it is
appropriate to also consider direct disposal for future spent fuel as well as for any current
spent fuel that may be unable to be returned to the US. Under international safeguards
agreements disposal in a form preventing the application of safeguards is not possible unless
the material is considered by the International Atomic Energy Agency (IAEA) to be "no
longer usable for any nuclear activity relevant from the point of view of safeguards, or has
become practicably irrecoverable" (IAEA/INFCIRC/153). There is as yet no international
consensus on what methods of direct disposal of spent fuel can be considered "practicably
irrecoverable"

Studies on disposal options for high-level waste from reprocessing and for spent power
reactor fuel "have demonstrated that safe disposal is feasible in many types of geological
media and that both short-term and long-term safety can be evaluated with acceptable
confidence" [8]. The sizes of proposed overseas repositories are very large compared to
Australia's inventory of research reactor fuel. In the United States, a site at Yucca Mountain
is being characterised to determine its suitability for disposal of spent fuel containing over
86,800 tU. The smallest facility being planned by these countries is Finland's which will have a
capacity for fuel elements containing 1,840 tU. These amounts are much greater than the
0.23 tU in the HIFAR spent fuel.

Many of the long term environmental release criteria for geological repositories are a
function of the total inventory in the repository. The comparatively small amount of HIFAR
spent fuel means that source terms for evaluating environmental impacts from a potential
repository site would be orders of magnitude less than the repositories being considered
overseas.

It is considered that a final decision to develop encapsulation technology or establish a
geological repository for the disposal of spent fuel in Australia should be delayed until there is
a better international consensus on waste packaging and repository design and until the
disposal of spent fuel containing HEU is permitted under international guidelines.

7. CONCLUSION

The uncertainty over the return of Australian HEU spent fuel to the US has caused a re-
evaluation of near term options available to manage HIFAR spent fuel. Continuing
uncertainty will impact on decisions related to a new LEU research reactor proposal for
Australia. ANSTO is actively working on resolving the uncertainties and issues associated
with available options.
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MANAGEMENT AND STORAGE OF NUCLEAR FUEL FROM
BELGIAN RESEARCH REACTORS

P. GUBEL XA9642795
CEN/SCK,
Mol, Belgium

Abstract

Experiences and problems with the storage of irradiated fuel at research reactors in Belgium
are described. In particular, interim storage problems exist for spent fuel elements at the BR2 and
the shut down BR3 reactors in Mol.

1. INTRODUCTION

SCK-CEN owns 5 research reactors, three of them still in operation, the others are now being
decommissioned.

BR1, a 3.5 MWth graphite moderated and air cooled reactor. It went
critical in 1956 for the first time. It is now only used at low power for research, activation
analysis, dosimetry, etc., on a discontinuous basis.

BR2 is a powerful (120 MWth) Materials' Testing Reactor. It went
into operation early in 1963 and has been intensely used for research projects on the
behaviour of structural materials and nuclear fuels. It will operated on a continuous basis up
until mid-95. A decision for continued operation - after an extensive two-year refurbishment
programme - has to be taken by end of 1994 based on technical and economical studies.

BR3 is a small (40.9 MWth) PWR reactor. It was operated from
1962 until 1987. This reactor was used primarily for testing of advanced fuel. The plant
was finally shutdown on 30 June 1987 and is now being decommissioned.

BR02 is the nuclear mock-up of the BR2 reactor. It was mainly used
to study the nuclear characteristics of the various BR2 core configurations and to determine
the precise irradiation parameters for complex experiments. BR02 is now being
decommissioned.

VENUS is a critical assembly which came into operation in 1963. It
is used to perform reactor physics experiments in support to various LWR research
progammes.

The State University of Ghent owns a 150 kW research reactor,
with slightly enriched (5%) uranium fuel. The core is water moderated and cooled, and has a
graphite reflector. Its is mainly used for research and analytical studies.

2. MANAGEMENT STORAGE OF IRRADIATED FUEL

2.1 BR1 Reactor

BR1 is fueled with natural metallic uranium with an Al cladding. The reactor
loading comprises 12 639 fuel elements. A dry storage is available. It is made of concrete with
horizontal channels. The dry storage can contain about 20 % of the reactor loading. The wet
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storage has a capacity of 13 000 assemblies. There is presently no plan to dispose of the irradiated
fuel (1037 fuel elements already in storage).

2.2 BR2 Reactor

The BR2 reactor is fueled with 93 % HEU. Fuel elements are made of a core -
Al-U cermet - sandwiched between Aluminium plates.

Storage is available in the Containment Building (about 200 places) and in the
Storage Channel outside (800 places available in January 1993).

By January 1993, the storage capacity of the storage channel was nearly
exhausted. The storage capacity has been expanded to allow the continuation of the
operation beyond 1995 and to allow an inspection and maintenance of all compartments of
the storage channel. Storage expansion is implemented through reracking, i.e. introduction
of new high density racks and modifications to old storage racks. After reracking, the
capacity of the storage channel is now 1 550 fuel elements.

At the present, the largest compartment (093) of the storage channel has been
refurbished. Preparations are now under way to refurbish the next two compartments.

A description of the underwater storage facilities before and after expansion has
been described in detail elsewhere [1].

Two hundred and forty fuel elements were transferred to A.E.A. Dounreay for
reprocessing in 1993/1994. This transfer was needed to allow the refurbishment of the
storage channel.

The reuse of the recovered HEU. (with a 74 % residual enrichment) has been
studied. A demonstration programme is in progress which started in December 1994 with
the irradiation of 6 test fuel elements.

Alternative solutions to underwater storage should be available for operation after
the refurbishment of the reactor.

To date, the following different solutions have been examined:

* Reprocessing at the Dounreay plant.

* Dry interim storage in thick containers, to be stored in a building on the
Belgoprocess site (Mol).

* Dry (interim) storage in thin containers to be stored in a shielded building -
foreseen for storage of vitrified waste from Belgian power plants - on the
Belgoprocess site.

The technical and financial aspects of these solutions have been examined and
compared with available results from Germany.

The possibility of returning the fuel back to the U.S. is now again open and is
being followed by a Research Reactor Group under leadership of the Edlow International
Company.
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2.3 BR02

BRO2 fuel is non-active. Most of the fuel elements can also be used in the BR2
reactor. Therefore there are no specific problems for this reactor.

2.4 BR3

Two hundred fuel assemblies containing about 2000 fuel pins are stored under
water at the BR3 site since the final shutdown of the plant. The fuel pins are clad with
Zircaloy and contain U and Pu oxides with initial enrichments up to 10 %.

Also for BR3, different alternative solutions were examined.

* Reprocessing by COGEMA or AEA Technology.

* Dry storage in thick containers.

* Dry storage in thin containers.

As for BR2 fuel, the dry storage option was considered on the Belgoprocess site.
A prototype dry storage cask (Mini-Castor) has been built and the different options are
being technically and economically compared.

2.5 VENUS

The fuel is made of BR3-type pins with various enrichments and compositions.
No storage problems exist due to the fact that the fuel is not active (no power operation).

2.6 THETIS REACTOR

The core contains 20 assemblies. Each assembly consists of 25 fuel rods, stainless steel
clad. A pool storage (3 positions) and a vault storage (24 assemblies) are foreseen. There are only
three assemblies in storage and no problems are reported.

3. CONCLUSIONS

Storage problems exist for two research reactors in Belgium (CEN/SCK).

The storage problems at the BR2 were very acute and constituted a threat for a further
continuation of the operation. A storage expansion programme has been implemented to increase
the storage capacity. An alternative solution to the on-site underwater storage has however to be
found within the next years.

The problems experienced for the BR3 reactor are quite different: the plant is being
decommissioned and the fuel can be stored safely underwater for a long period (Zircaloy
cladding). Long term problems (buildings, infrastructure ...) can however be encountered. The
fuel is non "standard" PWR fuel and cannot be reprocessed in existing commercial LWR
reprocessing plants.

[1] GUBEL, P., "Intenm Storage of Spent Fuel Elements at the BR2 Reactor", Annex to the
paper "Storage Experience with Spent Fuel at Research Reactors in Belgium", IAEA-
TECDOC-786, IAEA, Vienna (1995) 18.
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EEA-R1 REACTOR - SPENT FUEL MANAGEMENT XA9642796

J.R.L. DE MATTOS
Instituto de Pesquisas Energeticas e Nucleares
(IPEN/CNEN-SP),
Sao Paulo,
Brazil

Abstract

Brazil currently has one Swimming Pool Research Reactor (EEA-R1) at the
Instituto de Pesquisas Energeticas e Nucleares - Sao Paulo. The spent fuel produced is
stored both at the Reactor Pool Storage Compartment and at the Dry Well System.
The present situation and future plans for spent fuel storage are described.

1. INTRODUCTION

The IEA-R1 Swimming Pool Research Reactor is in operation since 1957. It
was built within the "Atoms for Peace" program of the U. S. Government.

The IEA-R1 Reactor is presently operated approximately eight hours per day,
five days per week, at power levels up to 2 MW thermal.

The present uses of the reactor are limited primarily to production of sealed
sources, production of isotopes, production of neutrons for beam holes, and small
sample irradiation for activation analysis. Neutronic and termohidraulic studies are
also performed. A calculation methodology was developed to define the new core
configurations.

Since 1985, the fuel elements to be used at the IEA-R1 Reactor are being
manufactured by IPEN/CNEN-SP.

It is intended to improve the uses of the IEA-R1 Reactor with continuously
operation periods of 48 hours per week. In a second step the operational period could
be extended to five days continuously and this decision depends on the staff and fuel
availability. Significant improvement for radioisotope production will obtained. It will
be possible also to install in-core fuel test loops to the investigation of many aspects of
fuel performance using short lengths of fuel rods and plates.

The spent fuel produced is stored at the Reactor Pool Storage Compartment and
at the Dry Well System. The main aspects of the spent fuel management are briefly
described in the next sections.
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2. PRESENT STATE AND PERSPECTIVES

2.1 -At Reactor Wet Storage

The EEA-R1 Reactor has a spent fuel storage compartment at its pool. The
reactor core pool area is connected with the spent fuel compartment through a canal
lock. The entire pool has a stainless steel lining.

There are three units of fixed storage racks placed at the storage compartment
(Figure 1). The total capacity of storage is 84 fuel assemblies, for fuel elements with
cross section of 76.1x79.7 (mm^). The pitch between the assemblies assure a deep sub
criticality configuration without use of neutron absorber materials.

Figure 1:-Spent Fuel Storage Compartment
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The water pH, conductivity and temperature are daily monitored.

The water activity is weekly monitored. Water is circulated about 10% of its
total volume per week through a cationic resin. The water purification effectiveness is
tested by monitoring individual radioactive nuclides ( I131, I133 , Te132, Cs137 and
N p239).

Currently there are 71 spent fuel assemblies stored at the Reactor Pool Storage
Compartment.

TABLE I - IEA-R1 WET STORAGE SITUATION - JUNE/94

LOAD
No.

2
"United
Nuclear

Corporat."
3

"United
States

Nuclear

FUEL DESCRIPTION

MTR type, U-Al alloy, 20% enriched in
U23^, curved plate, 39 fuel elements
stored (1959)

MTR type, U-Al alloy, 93% enriched in
TJ235) plane plate, 30 fuel elements
stored (1970)

5 MTRtype, UjOg-Al dispersion, 20%
"BPEN/ enriched in U^3^> plane plate, 2 fuel

CNEN-SP"Me m e n t s s t o r ed (1985)

U235 ( g )

INITIAL

5728,78

4815,65

121,20

U235(g)

ACTUAL

4553,69

3006,94

100,20

BURNUP
%

20

37

17

TOTAL: - 71 fuel elements stored
- 13 free racks

10665,61 7660,83 -

2.2 - Away-from-reactor Dry Well Storage System

There are 50 storage pits at the Dry Well Storage System that is located at the
first floor of the reactor building. The storage pits are arranged in three rows as
showed in Figure 2. Each pit consists of a stainless steel tube, 2.0 mm tick, 150 to 200
mm of diameter and approximately 3,15 m of length. All tubes are connected to a
ventilation system.

Presently, 25 storage pits have a water infiltration process. For this reason 12
empty pits of this group were sealed. The study of solutions to recover these pits are in
progress.

There are 12 empty pits available to be used in the entire system.

There are 37 fuel elements stored at 13 storage pits. These fuels with 3 others
more, stored at the reactor coffer, consist the first set of fuel elements received from
Babcock & Wilcox Company.
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DRY WELL

STORAGE PIT-J

Figure 2:- Dry Well Storage System

These fuel elements were used for several core configurations at variable power
levels up to 5 MW (during few hours). When the total core burnup of about 2 MWd
was attained (December 1958), these fuel elements were putted out of use because at
that time corrosion of some elements was evident. An individual sipping test was
conduct and was observed that 10 between 35 of these fuel elements presented
counting levels 10 times greater than the reference element, confirming a fail
condition.

These defective fuel elements led to change the manufacture process of the
second set of fuel elements. The main alteration of the second fuel set was that the fuel
plates were not brazed at lateral support plate (like the ones of the first set), but
fastened through a mechanical process.

TABLE n - IEA-R1 DRY STORAGE SITUATION - JUNE/94
LOAD

No.

1
"Babcock

and
Wilcox"

FUEL DESCRIPTION

MTRtype, U-Al alloy, 20% enriched
in U235 , curved plate, 37 fuel
elements stored at the Dry Well
System and 3 at the reactor
Coffer (1957)

U235 ( g )

INITIAL

5866,59

U2 3 5 (g)
ACTUAL

5864,07

BURNUP

0,04

TOTAL: - 40 fuel elements stored
- 25 storage pits out of use
-12 storage pits are empty and available
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2.3 - Perspectives
The 13 fuel elements from the third reactor load (93% enriched in U235), that

remaining in reactor core, have an average burnup about 46%. The limit of burnup
allowed for the IEA-R1 fuel elements is 50% in weight of U235- Thus, these elements
shall leave the reactor core along of the next two years.

The 5 fuel elements from the fourth reactor load (20% enriched in U235) have
an average burnup about 42% and also shall leave the reactor core along the next two
years.

The improvement of the reactor utilization require that the reactor must operate
continuously at least 48 hours per week. At the present operational mode the depletion
of U235 is about 160g/year. The two days continuously operation will result in a fuel
depletion of about 200 g/year of U235.

3. CONCLUSIONS

A periodic visual inspection of the fuel elements has shown that the corrosion
resistance is satisfactory in the conditions of the IEA-R1 storage pool.

The actual wet storage capacity shall be upgraded in the next two years, due the
fact that the remaining 13 free racks are not enough to receive all fuel elements with
high burnup in irradiation at the reactor core. This upgrade will be obtained through
the installation of an existent movable rack with 24 fuel assembly positions.

Even if the reactor mode operation to change in the next two years (48 hours
continuously), with the above mentioned upgrade no problems of spent fuel storage are
foreseen for the next 10 years. However, studies about the long term storage solutions
will be performed as soon as the new operational mode begins (1995). It will be also
performed a feasibility study of continuously five days operation regarding problems
of staff, fuel supplying and spent fuel storage.
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THE CANADIAN RESEARCH REACTOR SPENT FUEL SITUATION

PC. ERNST
McMaster University, XA9642797
Hamilton, Ontario,
Canada

Abstract

This paper summarises the present research reactor spent fuel situation in Canada. The
research reactors currently operating are listed along with the types of fuel that they utilise.
Other shut down research reactors contributing to the storage volume are included for
completeness. The spent fuel storage facilities associated with these reactors and the methods
used to determine criticality safety are described. Finally the current inventory of spent fuel and
where it is stored is presented along with concerns for future storage.

1. INTRODUCTION

The storage of research reactor spent fuel in Canada presents a challenge for both sites
currently operating research reactors. This summary of the current situation is presented to
assist the IAEA in assessing the world wide problem of the storage of spent research reactor
fuel.

2. CANADIAN RESEARCH REACTORS AND THEBR FUEL

There are currently two multipurpose research reactors operating in Canada, the NRU
reactor belonging to Atomic Energy of Canada Limited, AECL, at their Chalk River
Laboratories, CRL, outside Chalk River, Ontario and the McMaster Nuclear Reactor, MNR, at
McMaster University in Hamilton, Ontario. In addition there are six SLOWPOKE reactors at
various universities across Canada. These latter reactors operate at a maximum of 20 kW and
are primarily used for activation analysis. There is no spent fuel associated with these
SLOWPOKES since they have essentially lifetime cores.

Shutdown research reactors contributing to the HEU spent fuel inventory include the
NRX reactor at AECL-CRL, the Whiteshell Reactor number 1 (WR1) and the SLOWPOKE
Demonstration Reactor (SDR) at AECL's Whiteshell laboratories (AECL-WL).

The NRU reactor is a heavy water moderated, light water cooled, tank reactor operating
at 65 MW using fuel assemblies approximately 2.9 m long by 7.5 cm in diameter. Originally
fuelled with natural uranium, it was first converted to HEU and recently to LEU fuel. The HEU
fuel consists of rods of uranium-aluminium alloy extruded in an aluminium cladding. The LEU
fuel currently utilises UsSi in place of the UA1 meat.

MNR is a pool-type reactor licensed for 5 MW but operating at 2 MW because of fuel
costs. The fuel currently in use is HEU MTR plate-type fuel with an active length of 60 cm and a
cross-section approximately 7.5 cm square. The normal MNR fuel consists of assemblies of 18
plates containing 196 g U-235 HEU. Some assemblies, previously irradiated in the PTR reactor
at AECL-CRL, consist of 10-plate assemblies containing 160 g U-235 HEU. MNR is currently
testing two LEU assemblies with a meat of \5i&ii LEU and will be converting to LEU.

All the Canadian enriched spent fuel is of United States origin.
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3. SPENT FUEL STORAGE FACILITIES

3.1. MNR

At MNR the reactor pool is quite large and consists of two parts which can be isolated
from each other via a gate, Pool #1 where the reactor normally operates and Pool #2 where the
spent fuel is stored in racks. The spent fuel storage racks consist of linear arrays of six
aluminium tubes 12.5 cm diameter by 60 cm high on 16 cm centres. The second reactor pool at
MNR houses 11 of these, locked in place, as shown in Figure 1. These eleven racks provide
storage for 66 assemblies. A Spent Assembly Gamma Exposure (SAGE) facility on the pool
floor can store a further eight assemblies giving MNR a maximum storage capacity of 74
assembhes.

MNR has assessed the safety of its storage facilities based on empirical data gleaned from
criticality measurements on various geometries as presented in a June 1964 United States
Atomic Energy Commission document TID 7028 "Critical Dimensions of Systems Containing
U-235, Pu-239 and U-233". This paper investigated the storage of MTR elements of the same
size and shape as those used at MNR and containing the same loading of U-235.

Its conclusion was that an infinite number of assembhes side by side on a plane in water
will be sub-critical. Likewise two such layers of 26 assemblies each were sub-critical when
submerged at optimum spacing. Further the paper states that with 5.7 cm spacing between
assembhes, i.e. a pitch of 13.3 cm, an infinite array of assembhes would not be critical.

Since the criteria used for criticality safety is empirical rack #10 in the Southwest corner
of the pool was raised up, as shown in Figure 2, to avoid any possible criticality problem by
bringing a spent assembly into the pool corner adjacent to the racks. Likewise Rack #11 was
raised to prevent a possible corner problem and to place it well above the graphite Thermal
Column Extension stored in the Southeast corner of the pool.

3.2. AECL-CRL

Spent fuel storage at AECL-CRL consists of water bays at both NRX and NRU, a
concrete shielded storage room at NRU, another concrete shielded archive storage block and in-
ground tile holes at an on-site waste management area.

The tile holes used at AECL-CRL are shown in Figure 3. These are considered as
recoverable storage with relatively easy access to the stored assembhes. Concrete tracks are cast
parallel to the rows of holes to support flask adapters and flasks used to transfer the fuel to the
storage holes.

AECL uses various computer codes to assess the safety of their storage faculties.

3.3. AECL-WL

All the fuel from the WR1 reactor, including some HEU experimental fueL is stored in
seal-welded, carbon steel baskets placed in above-ground concrete canisters. This dry storage
technology was developed for the storage of CANDU power reactor fuel but is equally
adaptable to research reactor fuels.
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Figure 2. MNR Pool #2 Cross-section, Looking South
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4. SPENT FUEL INVENTORIES

4.1. MNR

MNR currently has 66 spent fuel assemblies in storage, 51 of these are normal MNR
assemblies and 15 are PTR assemblies. MNR has room for only 8 more assembhes before
running out of storage. This is only slightly more than a year's worth of fuel usage at current
operating levels.

4.2. AECL-CRL

CRL currently has 1578 research reactor spent fuel assemblies hi storage. The fuel stored
in the fuel bays consists of 162 HEU assembhes at NRX with a further 105 HEU and 291 LEU
assembhes at NRU. The NRU dry storage room contains 16 LEU assembhes.

There are 1004 assembhes stored in tile holes; 80 natural uranium assemblies, 818 HEU
assembhes and 106 SDR assembhes. The latter contain a mixture of HEU and SEU (slightly
enriched uranium) special nuclear material.

In addition there are 16 HEU booster rods in the archive storage which come from the
Gentilly 1 power reactor.

5. CONCLUSIONS

Both MNR and AECL would like to reduce their spent fuel inventories by returning the
enriched fuel to United States under the Return of Foreign Fuels Policy currently being
reactivated by the United States. MNR's main concern is the tuning in that we are rapidly
running out of storage space. Any expansion of the storage space will require re-licensing with
all its attendant difficulties.
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STORAGE AND TREATMENT OF SPENT FUEL IN THE
NUCLEAR RESEARCH INSTITUTE (NRI), REZ pic, IN
THE CZECH REPUBLIC

E- LISTIK v XA9642798
Nuclear research Institute Rez pic,
Rez, Czech Republic

Abstract

Types, numbers, enrichments and locations of spent nuclear
fuel assemblies at NRI are listed. Spent fuel storage facilities
are described in some detail and future plans for interim storage
of spent fuel at NRI are discussed.

1. Background

To date all fuel for the LVR-15 reactor operation was
imported from the former Soviet Union. Initially, it was EK-10
fuel with an enrichment of 10% 23SU (16 rodlets per fuel
assembly) , from 1974 on IRT-2M fuel with an enrichment of 80% 235U
(fuel assemblies with four concentric tubes of square section)
has been used. In addition, IRT-2M fuel with an enrichment of 36%
is used in the VRABEC training reactor at the Faculty of Nuclear
Engineering in Prague, and in the SR-0 experimental reactor at
Skoda, Nuclear Machinery, Plzefi.

TABLE 1. FUEL INVENTORY

Date

1957-1954
1974-1986
1987

TOTAL

Number of fuel
Assemblies, Type

210, EK-10
155, IRT-2M
95, IRT-2M

460, both types

Number Irradiated

210
155
81

446

From Table 1 it can be seen that at the time of writing the
stock of fresh fuel at NRI was only 14 fuel assemblies of the
IRT-2M type with 80% enrichment.

The first fuel was supplied in accordance with an
intergovernmental agreement which established the NRI facility
while subsequent fuel deliveries were in accodance with business
contracts negotiated through the SKODA EXPORT, Foreign Trade
Organisation. But no provisions for the return of spent fuel, or
its reprocessing in the Soviet Union or disposition of waste was
considered in either the intergovernmental agreement or
subsequent contracts. According to the information available to
the NRI operating organisation, no negotiations were entered into
on these possibilities, but the means of solving the problem were
claimed to be available in discussions with the suppliers at
conferences and professional meetings. The increasing inventory
of spent nuclear fuel at NRI led in the middle 1970s to the
decision to construct a high activity waste storage (HAWS)
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facility, in which part of the spent fuel should be stored for
the time necessary to come to a decision on a method for final
disposal. Independent activities and consideration of storage
possibilities and final disposal options began at NRI in
mid-1991, but to the time of writing without the required
funding. Nevertheless, the goal is to commission the HAWS
facility, creating conditions for long-term fuel storage in
conformance with international recommendations and standards.

2. Present Situation

TABLE 2. LOCATIONS OF IRT-2M ASSEMBLIES

Location

reactor core
wet fuel cask
provisional
radwaste store
TOTAL

Number of fuel
assemblies

32
14

190

236

Comments

operating charge
reactor hall
interim storage

To the above spent fuel inventory, it is necessary to add
a further 210 assemblies of the EK-10 stored away from the
reactor at the 211/6 transhipment point. Thus, there are 446
spent fuel assemblies currently in storage.

It is useful to note the basic differences between these
research reactor fuels and power reactor fuel. They are of
different designs, different and smaller dimensions, various
levels of enrichment and burnup. A survey of the most important
parameters for both types of spent fuel (IRT-M and EK-10) is
given in Appendix 1.

The basic characteristics of the storage areas where spent
fuel is stored at NRI are presented in the following:

The LVR-15 reactor vessel: a maximum 3 6 fuel assemblies can
be stored under strictly controlled conditions imposed by the
reactor operation. Continuous output of all necessary operational
data is recorded.

Wet fuel cask: is located in the reactor hall in the
vicinity of the reactor. It serves as an interim spent fuel store
and also for fuel transfer from the reactor core in the case of
reactor outage or off-load refuelling. At all times enough
storage space is maintained for emergency core unloading. If
necessary, it is possible to use this facility for the storage
of 60 spent fuel assemblies. Periodic control of the basic
operational parameters is carried out, but no continuously
working control system is available in the area.

Temporary radvaste store: this is only a temporary storage
area. It was not designed for fuel storage and its capacity is
205 assemblies. The area is not equipped with an independent
monitoring system and only periodic control of the storage
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conditions is possible but only with considerable difficulty.
From the nuclear safety point of view and taking into
consideration the possible environmental consequences of an
accident, it is the most hazardous facility of those used for
spent fuel storage at NRI. It is necessary to start immediately
spent fuel transfer from the temporary storage area to the
radwaste interim store.

Only IRT-2M fuel is stored in the temporary store area. The
EK-10 fuel is stored in the radwaste interim store (building
211/6) .

Radwaste interim store: eight boxes made of monolithic
concrete are located in an area of open ground, covered by roof
panels. Two of the boxes contain drums with 210 EK-10 fuel
assemblies. The other boxes contain various radioactive wastes.
Individual, periodic, dosimetric inspections are performed but
no dedicated measurement system is available. This fuel storage
is only provisional, and transport of its contents to the newly
constructed high activity waste store is planned.

High activity vaste store: its construction is complete, and
at the time of writing, plans are being made put the facility
into trial operation. To transfer the spent fuel, a transport
container has been built by SKODA according to approved design
and safety documentation. The storage area is equipped with a
dedicated monitoring system, and essential technology necessary
for dealing with highly active radioactive waste. For the IRT-M
fuel elements a storage capacity of 350-600 assemblies is
available, allowing the storage of all the spent fuel assemblies
of this type accumulated to date together with enough reserve
capacity to accommodate the fuel estimated to be accumulated over
the next 20 years of operation. This assumes a maximum of 13-18
spent fuel assemblies per year to be discharged from the reactor
core.

Note: for spent fuel transport to the highly active waste
store, it is necessary to consider a transport route outside of
the NRI area, since no road between the buildings and within the
area of the Institute has been built. In fact, the only possible
route available at present, passes out of NRI, through the
adjacent village and back into NRI at a much higher level. In
spite of compliance with transport safety regulations, it is
necessary to consider the possibility of construction of an
internal route within NRI to take the 5.5-7 tonnes loads. This
would ensure that all transport considerations would be only
internal matters reducing any hazard to the Institute's
neighbours.

3. Final storage solution or spent fuel reprocessing?

There appear to be three basic options for the final
disposition of the LVR-15 spent fuel:

fuel reprocessing including the storage of reprocessing waste by
the reprocessor in question,

the same with a return of reprocessing waste to the Czech
Republic and its storage in a repository,
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permanent storage together with spent fuel arisings from nuclear
power plants in a spent fuel repository.

A definite choice from the above-mentioned options will
depend on detailed analyses of the feasibility and costs. These
analyses are only just beginning. It is possible that
reprocessing could be carried out in the UK, France or Russia,
but the cost of this option would probably be prohibitive.
Estimates from the "MAJAK" reprocessing plant (Russia) can serve
as an example: the cost for reprocessing one LVR-15 assembly
corresponds roughly to 1.5 times the cost of a fresh fuel
assembly (in 1992 prices), not including the cost of waste
storage and transportation expenses.

It seems that the most likely and affordable option will be
permanent storage of spent fuel without reprocessing, together
with the spent fuel arisings from nuclear power plants. The
requirements for storage capacity can be estimated by taking 4
to 5 LVR-15 fuel assemblies to be roughly the equivalent of 1
W E R 440 fuel assembly. The actual cost of this option will have
to be the subject of further analysis.

4) Flnancing

The cost of spent nuclear fuel disposal from the LVR-15
reactor will be indisputably extraordinary. The actual cost will
be determined by the storage mode chosen, and also, to a large
degree by the more stringent standards and international
recommendations being adopted for safety and environmental
protection. Estimation of the financing necessary to repay debts
incurred in the past, future operating costs and final
decommissioning is dependent upon the final disposal of not only
the spent fuel but all radioactive wastes located in the NRI
area. The final costs will be in the range of several tens of
millions to hundreds of millions of CSK. No acceptable solution
can be expected without very substantial government funding. NRI
has some research capacity for determination of methods and
procedures for disposal of radioactive wastes and nuclear spent
fuel that could serve also to help other potential customers in
this activity area. NRI will apply for a financial support of
these activities from all governmental institutions and funds
available to rectify environmentally unsound situations which
were allowed to develop in the past
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APPENDIX 1
BASIC INFORMATION ON STORED SPENT FUEL FROM

THE LVR-15 REACTOR

Fuel assembly IRT-2M

Total length
Cross section
Total mass - 4 tubes

- 3 tubes
The U mass - 4 tubes

- 3 tubes
Tube thickness
Coating thickness
Coating material
Fuel type
Fuel core thickness
Active fuel length

Average burnup
Maximum burnup
Minimum burnup

Starting enrichment

Heat evaluation after

Total activity after

720
1080
1800
10

720
1080
1800
10

days
days
days

years

days
days
days
years

882
67 x 67
3.27
2.64
0.2143
0.1842
2
2x0.8
Al (alloy)
U-Al
0.4
580

151.7
303.4
55.0

80%

102.7
65.3
35.9
15.9

466.2
179.6
147.1
132.4

mm
mm
kg
kg
kg
kg
mm
mm

mm
mm

MWd/kgU
MWd/kgU
MWd/kgU

U 235

W/kgU
W/kgU
W/kgU
W/kgU

TBq/kgU
TBq/kgU
TBq/kgU
TBq/kgU

Fuel consumption 1.368 - 2.052 kg/year

Fuel assembly EK-10

Total length
Cross section
Total mass
Uranium mass

In assembly No. elements
Outer element diameter
Active length
Coating material
Fuel core material
Coating thickness
Uranium mass
Fuel core diameter

550
71.5x71.5
4.5
1.28

16
10
500
Al
(U-Mg)O2
2
0.08
6

mm
mm
kg
kg

mm
mm

mm
kg
mm
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Average burnup
Maximum burnup
Minimum burnup

Starting enrichment

Heat evaluation after 10 years
20 years

Total activity after 10 years
20 years

Fuel consumption

14.2
24.3
9.5

10%

1.03
0.45

7.34
5.95

MWd/kgU
MWd/kgU
MWd/kgU

U 235

W/kgU
W/kgU

TBq/kgU
TBq/kgU

No longer used.
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STUDY OF DRY STORAGE FOR ET-RR-1 SPENT FUEL

E. SAAD, M. SOBHY, E. ELSHERBINY
Reactor Department, XA9642799
Nuclear Research Center,
Inshaas, Egypt

Abstract

A proposal is studied in an attempt to construct a dry storage of the spent fuel of the ET-

RR-1 reactor. The dry storage concept is choosen in order to minimize corrosion problems and

water chemistry control needed for the wet storage. It is supposed that fuel elements taken from

the core a long time ago and undergone suitable activity and thermal decay in the present storage

pool will be transferred to this dry storage. These will be placed in a steel lined holes in the

storage. This storage is compact, making sure that the system remains sub-critical as well as

verifying other safety requirements. The infinite multiplication factor should be less than (0.65),

the value recommended by other authors. Subcriticality in the storage is assured by adjusting

geometrical separation of the assemblies. The multiplication factor is calculated for different

scenarios of fuel spacing and hole lining material. Also, it is assured that if the fuel storage is

flooded with water, it will still be kept subcritical. The system will be ventilated, air pressure and

radiation level will be monitored and controlled.

1. INTRODUCTION

In a previous work [1], we have discussed some proposals to solve the short term problem

of shortage in the capacity of ET-RR-1 spent fuel storage. We have studied in details the

following alternative solutions:

a)- Expanding the capacity of the present storage pool by addition of another rack utilizing the

large designed safety margin of reactivity as well as radioactivity outside the pool.

b)- Increasing the present storage capacity by addition of an absorber, high density rack,

c)- Design of out of core spent fuel storage in the thermal shield region outside the reflector.

From these solutions, the proposal of adding a new rack was accepted and the proposed

design of the rack Fig. (1) is now under construction after performing the necessary calculation

for criticality and dose rate. By adding this rack we can discharge all fuel present in the core in

emergency cases or in case of works related to maintenance, inspection or repair of core

components. Hence we have solved the short-term storage problem specially in case of

emergency. After extension of the wet storage we still have the problem of long-term storage of

spent fuel as the fuel pool fill up or in case of necessity of wet storage evacuation for

maintenance, repair, or inspection.
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FIG. 1. A rack with 30 hooks is placed above the old fuel storage tank.
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In this report,we are going to discuss an air-cooled dry storage adapted to be used with our

fuel [2]. This type of storage is choosen and preferred as a stage of the spent fuel life for the

following reasons [3]:-

• Corrosion problem is minimized.

• It is not as expensive as the storage pools which need water treatment, filter, and cooling

systems.

The fuel after discharging from the reactor is taken to be stored for a period of about 10

years in the pool storage [4], then it will be transported to the proposed air-cooled dry storage for

a relatively long period before disposal.

2. SITE SELECTION AND REQUIREMENTS

For the ETRR-1 reactor one of the proposed dry storage sites lies beside the main reactor

hall. This will facilitate the transportation of the spent fuel from wet to dry storage, after a suitable

cooling period. Hence the existing mechanical system can be used for manipulation and nuclear

spent fuel management. The transportation process will be performed with the aid of a special

cask to protect the operator against hazards induced from nuclear radiations [5]. The selected dry

storage area is suitable to accommodate a large number of spent fuel assemblies satisfying the

conditions of economic and safety requirements. The fuel handling methodology consists of

loading stainless steel jack with fuel baskets under water. The basket is lifted, dryed and hoisted

into a transfer cask, which provides adequate shielding. The cask is moved to the storage site, and

the fuel assembly put in the specified position.

3. DESIGN FEATURES

A) Nuclear design

The proposed dry storage facility consists of a number of blocks which contain holes. Each

hole houses a number of spent fuel baskets arranged vertically Fig. 2. The facility has a compact

design which satisfies subcriticanty requirements, (K 0.65) [4]. In order to evaluate the

possibility for criticality in the fuel storage the multiplication factor has been calculated for

different conditions of contents and spacing between fuel assemblies (Fig. 3). For this purpose the

super cell technique, based on collision probability theory has been applied with a two-

dimensional calculation [6]. The results are displayed in Figs. 4 and 5. No restrictions regarding

burnup, i.e. fuel baskets with maximum fissile content can be accommodated. Long decay time

before transfer is required as this would reduce heat produced [7]. Energy released from ET-RR-1

fuel with time in the dry storage is shown in Fig 6. Calculations are repeated with the fuel storage

flooded by water and stainless steel substituted by ahiminium, the facility is still kept subcritical in

both cases as shown in Figs. 4 and 5. Hottest fuel element temperature is limited in an air
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atmosphere. From the structural point of view, 0.2 mm crack width on the external concrete

surfaces is permissible. The exposure rate on the external concrete surface should be less than 100

micro Sievert/h as shown in Fig. 7.
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B) Energy released and heat transfer

Since an air cooled dry storage concept is chosen. This demonstrates that the massive air

currents inherent in the dry design removes the amount of heat produced to maintain fuel and

concrete temperatures at acceptable values. The structure is passively cooled by natural

convection through an array of inlet and outlet gratings and galleries a central plenum where the

vertical stored fuel assembly is located. The storage is continuously monitored by means of a

pressure monitoring. Thus, the utility can be assured of both positive cooling of the fuel and

verification of the integrity of the fuel assembly. Also it has been convinced that the use of

concrete system for a higher capacity dry storage is more suitable.

The energy released by fission products P(t,T) following a cooling time t after the

shutdown of a reactor that has been operating at a specified power level PQ for a given length of

time T, is calculated using the following expression [8]:

P(t, T) = 4.1 x 1011 P 0 [ f 0 2 - (t+T)"0-2] Mev/Sec. (1)

where P(t, T) is the total power emitted in the form of P-ray and y-ray by the decay of fission

products in a dry storage.

• Collected data were used to verify the analytical results and to assure the effectiveness of

heat transfer and radiation shielding design of concrete structure [9]. The heat generated

by the spent fuel in dry storage (about 1 kW/fiiel basket ) is removed from the exterior

surfaces of the fuel baskets by the natural convection of air [10].

Assume the energy released in the dry storage = Q MeV/fission, i.e. 5 Mev/fission [7].

For the ET-RR1 reactor we have:

thermal power = 2 MW

= 6.242x1016 fission/sec (2)

The energy released in the dry storage per core loading= 10 Q kW (3)

which is a small quantity and can be removed by natural convection.

C) Radiation shield and dose rate

To determine the thickness of radiation shield assuming it is concrete, the dose rate is calculated

at different distances from the fuel source. The y-ray flux at an external point of the dry spent fuel

storage as a cylindrical volume source with a slab shield of thickness L is given by [11]:

O = S*B(L, E)[E2(uL) - cos6E2(uLsece)]/(2us) (4)
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The dose-equivalent rate (u Sv/h) is

D = 0.576OE (ua/p) t i s (5)

or the dose-equivalent rate can be written as:

D = S*B(L, E)[Exp(-ML)]/(4IOcr2) (6)

where E is the average energy hi MeV, (ua/p)*ls is the mass attenuation coefficient for tissue of

receptor at E and B(L, E) is the build up factor which can be written as:

B(L, E)=A(E)[Exp(a1(E)nL)]+{ l-A(E)} [ E ^ a ^ u L ) ] (7)

S source strength ( ^ *

u§ macroscopic removal cross section of source material (cm~l)

u macroscopic removal cross section of the shield

0 source angle

r distance from source to receptor

K conversion factor from y-ray flux to dose rate

A, oci, a2 can be given from curves for shielding materials

4. EMERGENCY CONSIDERATION AND SAFETY ASPECTS

The proposed design for dry spent fuel storage when constructed should be made to satisfy

the following safetyrequirements:

• The structure should be siecmically designed.

• It can withstand accident events such as flooding.

• The dry air coolant path is virtually impossible to impede.

A system of radiation protection can be adopted. This system comprises monitoring,

control and individual dose limitation [12].

5. CONCLUSION

Dry storage for the spent fuel of our research light water reactor was choosen as a stage of spent

fuel life. The spent fuel storage facility uses air in the cooling system and concrete in the shield

design. This facility has a number of inherent advantages:

• Efficient use of construction materials and site space.

• Cooling path is virtually impossible to impede.
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• The ability to monitor fuel confinement.

• Economically address a wide range of storage capacity requirements.

The infinite multiplication factor of the dry storage is less than 0.65. The subcriticality in the

storage is assured by adjusting geometric separation of the assemblies. The multiplication factor is

calculated for different scenarios of the contents and fuel distributions. Also, it is assured that if it

happened that the fuel storage is flooded with water, it will still be kept subcritical.

According to our needs the proposed dimension of the dry storage will be 4x4x5 m and can

accommodate 7x6x3 fuel baskets respectively.
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MANAGEMENT AND STORAGE OF SPENT FUEL FROM CEA
RESEARCH REACTORS

F. MERCHIE XA9642800
CEN-Grenoble,
Grenoble Cedex,
France

Abstract

CEA research reactors and their interim spent fuel storage facilities are described.
Long-term solutions for spent fuel storage problems, involving wet storage at PEGASE or dry
storage at CASCAD, are outlined in some detail.

1. INTRODUCTION

The CEA nuclear R and D programs are largely based on the utilization of various types
of research and experimental reactors located at CADARACHE, GRENOBLE and SACLAY,
as for exemple :

•- critical assemblies (EOLE, MINERVE, MASURCA,...),

•- training reactors (ULYSSE, SILOETTE),

•- reactors dedicated to experimental safety studies (CABRI, PHEBUS, SCARABEE),

•- reactors dedicated to fundamental research with neutron beams (ORPHEE, RHF),

•- materials testing reactors (OSIRIS, SILOE).

The reactors of the last two categories are operating continuously all over the year while
the others are either operated at low-power or used on a campaign basis only. Consequently,
the spent fuel management and storage isssue is very specific to ORPHEE, RHF, SBLOE and
OSIRIS reactors. The others reactors do not bum very much fuel and nearly all of them can
keep operating with the same fuel loading during all their life time.

2. STORAGE OF SPENT FUEL AT REACTORS FACILITIES

Each of the four above reactors was designed with its own storage capacity at the
reactor site, allowing, at least, for the residual power to decrease suffisantly before
transportation of the spent fuels to a reprocessing plant.

The storage capacity represents approximately :

RHF 15 cores
ORPHEE 8 cores
OSIRIS 10 cores
SILOE 10 cores

This storage capacity seems very large. But, as no reprocessing has been made since
1987/1988 for the SILOE, ORPHEE and RHF fuels and since 1979 for the OSIRIS Caramel
fuels, the local storage capacities have been rapidly filled up and it became absolutely
necessary to provide for a large new interim storage capacity shared by all the reactors.
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3. PEGASE INTERIM STORAGE FACILITY

Located at Cadarache, the PEGASE facility was before a pool type research reactor
which has been fully utilized for gas cooled fuel assembly irradiations in large gas loops untill
1975. After the move to PWR, it was decommissioned and dismounted but it was decided to
keep the large pools in service and to use it as an interim storage for the radioactive materials
and the spent fuels of several facilities (EL4, Rapsodie, etc.) .

Later on, specific racks had to be installed to receive the spent fuels from ORPHEE,
OSIRIS, RHF and SILOE. As the cost of such spent fuel racks is very high, their number is
strictly adjusted to the needs.

The total capacity, around 1.700 locations for ah* types of fuels, is almost completely
utilized. If required, it could be extended by a factor 2 approximately by installing additionnal
spent fuel racks.

Independantly of non research reactor fuels and wastes, the PEGASE interim storage
contains presently:

RHF
ORPHEE
OSIRIS
SILOE

Total

18
88

432
144
682

fuel assemblies
M II

•I II

Within the next 3 years, all the OSIRIS spent fuel assemblies will be reprocessed at the
Marcoule APM plant. More space will then progressively become available for SILOE,
ORPHEE, and RHF. Our polycy is to send these fuels back to the US as soon as the US.DOE
is able to resume its previous fuel policy by taking back again all the spent fuel of US origin.

4. CASCAD DRY STORAGE FACILITY

Located at Cadarache near by the PEGASE facility, the CASCAD dry storage facility
was built in 1989 with the following objectives :

- interim storage of spent fuels, the reprocessing or the final storage of which is not
yet available or feasible.

- interim storage for periods of up to 50 years.

- storage capacity equal to 150 to 2001 of fuel.

- modular design to allow future extention.

- containment ensured by a double barrier design.

A comparative assessment of available solutions for fuel and waste storage indicated that
dry storage in metal wells cooled by natural convection provided the best overall trade-off
from the standpoints of cost-effectiveness, modular design and operating flexibility.

The storage tubes are made of welded rolled stainless steel sheeting. The tubes are
346 mm in diameter and 7 m high. They are supported by a concrete slab. The system is
designed to withstand maximum earthquake loads. Each tube is fitted with a shock absorber to
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prevent any damage in case a fuel assembly is dropped. At the top, a concrete plug is provided
for biological shielding. The tubes are leaktight and are equipped with a system for gas
sampling. The atmosphere of the wells is air whereas the canisters containing certain fuels are
filled with helium.

Containment is ensured by two static barriers, the fuel cladding and the storage tube
wall.

The design objective was to set up a geometrical layout that would ensure not only the
lowest possible temperature in the stored fuel, but would also be compatible with a passive
natural convection cooling system.

The reliability of natural convection cooling was confirmed. The maximum temperatures
liable to be encountered if the facility were filled to capacity are : tube wall 83° C, container
102° C, cladding 115° C, vault air exhaust 54° C.

The installation also comprises :

- a truck entry lock where the transport casks are prepared before unloading,

- a handling cell where the fuel is transferred from the casks to the wells,

- a control room where all the handling operations are controlled and the storage

conditions monitored.

The facility is presently used for the storage of the EL4 GCHWR irradiated fuel, as well
as some other fuels or waste materials with dimensions and properties compatible with vertical
tube storage.

Provisions have been made to increase the capacity by a factor 2 if required in the future.
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MANAGEMENT AND STORAGE OF SPENT RESEARCH REACTOR
FUEL WITHIN THE FEDERAL REPUBLIC OF GERMANY

W. KRULL
GKSS Forschungszentrum Geesthacht GmbH, XA9642801
Geesthacht, Germany

Abstract

Research reactors in the Federal Republic of Germany and their needs for the interim
storage of spent nuclear fuel are described. Existing long-term interim storage facilities are
described. Special licensing and legal restrictions imposed by the German Atomic Energy Act
are outlined. Possible final solutions for the back end of the nuclear fuel cycle for research
reactors, including reprocessing in the United Kingdom or France, return of US-origin fuel
and a home-grown German solution are discussed.

1. Research reactors in Germany - an overview (see table 1)

Research reactors within Germany are normally operated by private research centres, which

are public funded by the federal government and the local states. Therefore the operating or-

ganization is responsible for and they have to look independently at all questions coming up

with licensing, operation, safety, upgrading, refurbishment, fuel cycle, waste disposal etc. of

the research reactor.

At present there are in operation 3 Triga research reactors, 5 light water moderated and

cooled research reactors and 1 heavy water moderated and cooled research reactor. One pro-

ject for a research reactor with a compact core, light water cooled and heavy water reflected

is under licensing and financial negotiations. In principle this project is included in the long

term storage plans.

The three Triga reactors using LEU fuel rods need only a very limited amount of refueling

over their operational life. The necessary storage place is available within their operating

pool. If there are no licensing difficulties arising from the back end of the fuel cycle (see

chapter 4) the operation of these research reactors is not limited through spent fuel storage

problems. But as at least two of these three Triga reactors seems to be close to shutdown the

operator has to answer the question arose by the licensing authority what to do with the

spent fuel elements.

At present there are some indications that from the six MTR type research reactors four will

be out of operation at around the year 2000. Their situation is of course then similar to the

Triga reactor case with two main exceptions

they are producing a larger amount of additional spent fuel over the remaining oper-

ational life time
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their spent fuel is HEU fuel which has to be special safeguarded and physical pro-

tected (see chapter 4).

The FRG-1 at the GKSS-Geesthacht and the BER-2 at HMI-Berlin will be hopefully in op-

eration till the year 2010 or longer. Their situation for the back end of the fuel cycle is ex-

tremely different. The FRG-1 has a relatively large storage capacity but the BER-2 has se-

vere difficulties with very limited storage capacity and with licensing demands.

A decision on the project FRM II will be made within 1 or 2 years. Many discussions in fa-

vour and against this project are going on in Germany taking into account: necessity of low

energy neutrons in the future, age of research reactors, funding for construction and opera-

tion of the new reactor, use of HEU instead of LEU. All considerations and plans being

made for a long term interim storage and final disposal of spent fuel within Germany include

the relevant figures of the spent fuel from this reactor.

1.1 The FRG research reactors

The GKSS research centre in Geesthacht (40 km away from downtown Hamburg) is operat-

ing since more than 30 years two research reactors which have been upgraded and refur-

bished many times to follow the experimental needs, operators safety requirements or licens-

ing demands. The FRG-1 (5 MW, critical 1958) is equipped with beam tubes, a cold neutron

source, converted to 20 % (LEU) enrichment and hopefully in operation till 2010. The FRG-

2(15 MW, critical 1963) has been used for the irradiation of power reactor materials (pres-

sure vessel steels, cladding, fuel, defect fuel etc.) for at least 30 years. As there is no longer a

need for such technology research within Germany the GKSS research centre applied for a

license to shutdown this reactor. This license will be hopefully granted in 1994?

Both research reactors are located in one reactor hall in a connecting pool system (see fig. 1)

and have used the same HEU fuel elements, the same spent fuel racks, fuel handling tools,

spent fuel shipping casks etc. At present there is still a larger amount (139!) of spent HEU

fuel elements from the operation at the FRG-2 (operation at 15 MW stops already in May

1991) and the FRG-1 before converting this reactor to LEU. The oldest fuel elements in stor-

age are around 9 years out of the reactor. Some spent LEU fuel elements from the operation

of the FRG-1 are being stored, too.

Within the pool system there are storage racks fixed at the pool wall and movable storage

racks at the floor which allow storage of the HEU and LEU fuel elements in any combina-

tions without any specific demands.

78



2. Needs for storing spent fuel

Storage of spent fuel in reactor pools or separate pools is necessary for

spent fuel after refueling

the unloading of the reactor core due to operational or inspection or repair needs

after shutdown of the reactor

a) Spent fuel after refueling

As mentioned in chapter 1 the three German Triga reactors are storing their few spent fuel

elements from the beginning of their operational life within their operating pool. The Triga

reactors and the six MTR type research reactors using uranium of US origin. The MTR type

reactors have shipped normally on a regular basis their spent fuel elements to reprocessing

(chapter 3). Some of them are not able to store fuel for decades due to a limited storage ca-

pacity. Even the new FRM II project is not equipped with a spent fuel storage capacity for

the lifetime of the reactor.

b) Unloading of the reactor core

Separate, protected, shielded, cooled storage capacity away from the operating pool is/may

be necessary for many reasons when there is the need for partially or total unloading of the

reactor core due to e.g.

critical experiments

repair of control rods

changing or inspection of control absorbers

inspection of parts of the reactor core or reactor pool

repair of parts of the reactor core or reactor pool

emergency cases.

All these points justify the demand for separate storage space which is not allowed to be

used for normal storage needs and a storage pool separate from the operating pool.

c) Shutdown of the reactor

In cases where operators want to shutdown their facilities and to be free from a large number

of licensing demands as a minimum the spent (high radioactive) fuel must be taken away

from the research reactor facility and stored at another place or shipped to another location.

Therefore operators must take care for this situation, which will become once a normality

for all research reactors at present still in operation. For details on the German situation see

chapter 3.
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3. Back end solution of the fuel cycle

Fuel of the German research reactors has been and is still today of US origin except fuel

from reactors operated in Eastern Germany (former DDR) which is of Russian origin.

The fuel from the US has been delivered under the US/Euratom contract which allows free

transfer of this material within the Euratom community without notification of the US-DOE

or others. For research reactors being fueled with HEU of 80 % to 93 % the standard proce-

dure has been to ship the spent fuel to reprocessing. As these shipments were going on in

former times continuously there has been only the necessity for a limited storage capacity

which serves the needs for a few years. In the early days fuel has been shipped to Eurochem-

ic in Mol, Belgium, then for two years in the early seventieth to Marcoule, France, and since

that time many shipments have been made to the two US reprocessing plants in Idaho Falls,

Idaho, and Savannah River, South Carolina. In all cases the reprocessor has taken the spent

fuel elements, reprocessed the spent fuel elements, took care of the waste and the repro-

cessed uranium. The reactor operator has to pay for the shipment of the spent fuel and the re-

processing but he was getting a financial credit for the reprocessed uranium (natural uranium

and separative work units). This credit was normally used when ordering (buying) new en-

riched uranium for the fabrication of new fuel elements to continue reactor operation.

The acceptance of spent fuel by the US for reprocessing has been published in the US Feder-

al Register and was guilty for a five years period for HEU fuel. The last Fed. Reg. Note has

given only an acceptance for 1 year till the end of 1988 to be followed by a new one guilty

for a 10 years period and including a so called NEPA (National Environmental Protection

Act) investigation process. Without any new information the US-DOE has offset end of the

80 's all activities in renewing the Off Site Fuels Policy for the Receipt of Spent Research

Reactor Fuel from Foreign Research Reactors. This causes severe problems to many operat-

ing research reactors worldwide, especially to the Germans as there licensing situation does

not allow the easy extension of spent fuel storage capacity. As the US officials all the time

promises to renew the Policy but never did, all the operators believed that within a short

time they will be able to ship again spent fuel to reprocessing to the US. Promises were

made again and again for revising the Policy within a short time but actions were never

made by DOE to fulfill these promises. Therefore all the operators shipped for decades fuel

to reprocessing facilities within the US were sitting on their spent fuel elements, believing

for some years in the US promises and than starting to become nervous and surprised upon

the US inactivity and than looking for other solutions as they are

extension of spent fuel storage capacity (more or less impossible for German re-

search reactor operators, see chapter 4)

shipping to other reprocessing facilities

starting national solutions for interim storage and final disposal, see chapters 6, 7

reduction or stopping the operation of the research reactor.
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Shipping to other reprocessing facilities

The French Cogema has made a market review for starting reprocessing again at Marcoule

but after 1 year informed the interested operators that they don't intend to restart this busi-

ness. On the other hand AEA Dounreay where offering reprocessing services for a limited

time, a comparable high price and with the condition that the operator has to take back the

reprocessed uranium (what to do with this material, nobody knows) and after at least 5 years

(latest at 25 years) the concentrated waste. Comparing the former US offers there have been

a large number of disadvantages of the AEA offer: high price, obligation to take back the re-

processed uranium and the reprocessed waste. Especially the last contractual demand disen-

ables it for many countries to consider the AEA option as in many countries there is no

waste repository in sight and they don't know what to do with the radioactive waste coming

up from the operation of their research reactors. These non attractive conditions offered by

AEA were therefore accepted only by operators having severe difficulties for different rea-

sons: Spain (fuel out of Madrid), BR-2 (Mol, Belgium; space for pool repair needed), Ger-

man MTR type reactors (licensing difficulties, see chapter 4). At present AEA has offset the

reprocessing, making a market review and intend to make a final decision around the end of

1994 to continue or to shutdown the MTR reprocessing plant at Dounreay.

This was the story of reprocessing. But due to the promises US-DOE made to accept spent

research reactor fuel of US origin there has been started a well organized action to bring US-

DOE to fulfill its promises. This action has been organized by the Edlow company and an

US law firm and was paid by more than 10 (up to 15) non US research reactor operators

over years. Now the first action is, that the US is accepting as a case of emergency the ur-

gent relief of up to 409 spent fuel elements from a total of 15.000 in 1994 and 1995 on the

basis of an Environmental Assessment. This policy is intended to be followed by an Envi-

ronmental Impact Statement which should enable the return of spent fuel to the US under

special conditions announced by the Secretary of DOE on July 13, 1993. Within this an-

nouncement there is clearly stated that the US will accept only spent fuel of US origin for a

limited time (10 years to 15 years) and after this period operators must look for other solu-

tion (which include of course the shutdown of the research reactor a few years before). This

new policy includes all kind of fuel of US origin like Triga fuel, too, which was only accept-

ed in the past to be returned to the US in one of the Fed. Reg. Notes which expired without a

renewal.

The research reactors located in Eastern Germany have not had the possibility of shipping

fuel to the country of origin of the fuel (Russia). Therefore they were obliged to store their

spent fuel like other operators in the former eastern hemisphere over years and wait for fu-

ture solutions. At present the most attractive long term alternative for the operator of the

Rossendorf reactor (VKTA) is the long term interim storage as it is planned and foreseen

within the German concept. But nevertheless as one has to look at other solutions, too, the

operators are considering at present alternatives which may serve their needs in a better way.
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4. Licensing background or concerns

Licensing of fresh and spent fuel storage facilities is normally being made during the licens-

ing of the research reactor facility. At that time the licensing of the spent fuel storage is only

a small part of the licensing procedure of the whole facility. Demands for such a licensing

procedure coming up from the atomic energy act, some ordinances, criterias and in detail nu-

clear standards which have to be looked at. Licensing of a separate AFR (away from reac-

tor) spent fuel storage facility is being made under another ordinance (health physics) but it

has to follow the same standards of course. The procedure and premises for the licensing are

fixed in ordinances giving advice to

safety report

responsible, qualified persons

incidents and accidents

procedures for modifications

etc.

In the standards advice can be found for

principle design criterias for criticality, construction, corrosion resistance, decay

heat removal, shielding, health physics etc.

operation

surveillance

inspection

personnel qualification

documentation

quality assurance

health physics control etc.

In separate documents information is given for the needs of physical protection and of safe-

guarding by Euratom and IAEA (see chapter 4.2). An important figure during the design

process and for the licensing of the facility is the amount of highly enriched uranium (HEU)

fuel especially as fresh fuel at the facility. This influences especially physical protection ef-

forts to an extremely large extent (see below).

4.1 Some legal specialities in Germany

There are some very specific (typical over organized) German legal demands which cause

severe difficulties for the reactor operators as

he is more or less unable to extent the storage capacity

he has to shutdown his reactor if he is not able to show that there is enough storage

capacity for a six years period in advance.
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Both points are working in the same direction and focusing especially German re-

search reactor operators to use the non attractive AEA option for reprocessing as the less

worth option.

In an ordinance coming up from the German Atomic Energy Act there is explicitly written

that the operator who wants to increase his spent fuel storage capacity by more than 10 % (it

is licensing practice to take this 10 % as 5 %) has to pass a public hearing procedure which

is normally followed by detailed discussions of the overall safety features of the facility and

by court proceedings. The demands on such a procedure is setting up the chance for really

increasing the spent fuel storage capacity to a low degree. Beside this it is within the deci-

sion of the state (not primarily the federal) licensing authority to have the above mentioned

procedure even in cases where the desired expansion of the storage capacity is lower than 10

%. It is therefore understandable that none of the German research reactor operators is going

this way. On the other hand in all other countries worldwide the spent fuel storage capacity

has been extensively extended.

Since many years it was agreed for power reactors that they have to show actually (a rolling

procedure) to the licensing authority what are their real (contracted) possibilities for a six

years period in advance for the spent fuel storage or removal of the spent fuel elements away

from the plant. They have to have enough unfilled storage capacity at the plant and/or con-

tracts for interim storage and/or contracts for reprocessing for the produced spent fuel for a

six years operation. Options for contracts are not accepted by the licensing authorities.

At the moment a new ordinance is under preparation by the BMU (Federal Ministry for En-

vironmental Protection) which demands such a procedure for research reactors, too. This

new ordinance (Reststoffverordnung) shall become effective at the end of 1995.

The practical impossibility to increase the storage capacity and the threatening coming up

from this new ordinance forcing the German reactor operators to look at all possible solu-

tions to get rid off their spent fuel elements and to ask the BMFT (the Ministry of Science

and Technology) which is funding 90 % of the operational costs of most of the research re-

actors to sponsor the development of an own German solution (see chapter 6).

4.2 Spent fuel is fresh fuel

The proliferation risk is coming up from the theft and/or diversion of materials usable for the

production of atomic weapons. There are many different issues of importance when consid-

ering the proliferation risk e.g. the different kind, chemical composition and enrichment of

materials, different radiation level, different safeguarding efforts and different physical pro-

tection efforts. Especially it has been recognized that the involved efforts for the theft of ir-

radiated material is depending sensitively on the radiation level or radiation dose which is
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depending on the irradiation history of that material. Two IAEA definitions are existing at

present when irradiated fuel should be considered as fresh fuel for the discussion of prolife-

ration risk*. Unfortunately these two different definitions can be found in use in Member

States of the IAEA.

IAEA safeguard definition [2]: Spent fuel has to be considered as fresh fuel if the radiation

dose at 1 m distance in air unshielded per kg Ueff is below 1 Gy/h (1 eff kg is the weight of

U in kg multiplied by the square of its enrichment).

IAEA physical protection definition [1]: Spent fuel has to be considered as fresh fuel if the

radiation level is below 1 Gy/h at one meter in air unshielded.

The significant difference between the two definitions is that within the INFCIRC definition

any relation to an amount of material and weighing this amount in eff kg is missing. Such a

relation as it is being used in the safeguard definition takes into account the purpose for such

a definition as the proliferation resistance is depending on the amount of eff kg. It is open to

what the INFCIRC definition refers to: fuel rod, fuel element, fuel plate, reactor core, 1 g U,

1 kg U, 11U, U at the site or what? Such an open definition is really difficult to rationalize.

Similar the quantity of uranium is being considered as category I material (highest physical

protection demands) if the amount is > 5 kg U [1] resp. 5 kg eff U [2] for enrichments > 20

%. This quantity differs significantly. For 20 % enrichment by a factor of 25!

There are severe difficulties in understanding the logic of the latest IAEA-INFCIRC defini-

tion when irradiated fuel should be treated as fresh fuel from the point of view of physical

protection. But as it is the latest definition it should be used. Nevertheless for most of the

conclusions drawn when looking at the consequences in considering spent fuel as fresh fuel

the conclusions are equally valid for the older definition [2], too, as it has been used in [1].

This is true as for HEU with 90 % and 93 % enrichments as it is normally being used in

many research reactors, the difference is small (up to 19 %). But it should be noted that

these two definitions used for the same purpose having no relation to each other. Conse-

quently under certain circumstances conclusions drawn using one definition contradict con-

clusions drawn using the other definition. This is really a confusing situation.

4.2.1 Safeguards

Safeguarding efforts are described in the nuclear non proliferation treaty. They are depend-

ing on the amount of strategic material as a function of its enrichment (> 20 %). The actual

control effort is depending on the status fresh or spent fuel, too. In practice it is assumed - no

*) Remember: One of the founding reasons for the IAEA was to avoid the further spread

of atomic weapons.
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other example is being known - that fuel is being considered as spent if it is irradiated. No

discussion on the radiation level. But if the radiation level is taken into account, too, and the

existing definition is being used for fresh fuel for the different reactor categories (see chapter

4) the safeguarding efforts is as follows:

Reactor type A(50MW) B(10MW) C (< 1 MW)
Operation + storage < 2 years adequate adequate inadequate
Storage of spent fuel > 2 years adequate inadequate
Storage of spent fuel > 6 years inadequate inadequate

4.2.2 Physical protection

Physical protection demands having two sources

the total amount of fission product inventory in the facility (reactor core* and spent-

fuel storage)

the amount of fresh strategic material with enrichment > 20 %.

Both lead to similar requirements. Therefore, the physical protection demands can be cate-

gorized. Reactors belonging to category I (nuclear power plants, too) have to fulfill the high-

est demands. Category HI gives the lowest level of demands - normally very close to noth-

ing (table 2).

As the fuel in low power (< 1 MW) research reactors has to be taken as fresh fuel by the ex-

isting definition, if operators are not able to demonstrate the opposite, these reactors are not

belonging to physical protection category El as this is international practice (they are at

present open to the public like a department store. In the US, too). These reactors have to be

secured in accordance to physical protection category II (in some cases category I!) with by

far more stringent physical protection demands due to their inventory of HEU.

Example: It is more than surprising to restrict the amount of fresh fuel for operating univer-

sity reactors of category II to only a few fresh fuel elements when on the other hand large

amounts of not sufficient protected material is distributed over the country in open houses

(in low power research reactors which are not sufficiently physical protected).

4.3 Paper work

The safety report which has to be submitted to the licensing authorities (internal and exter-

nal) should include all necessary information and must be updated when required. An opera-

tion and inspection manual is necessary. All these reports, manuals, design, construction and

inspection reports have to be documented.

*) Normally greater by orders of magnitudes than within the spent fuel storage.

85



4.4 Licensing procedure

The license will be granted by the state licensing authority after having a report by indepen-

dent consultants (e.g. GRS, TUV or others). The license refers to the safety report and all ad-

ditional informations and documentations of the construction and technical acceptance pro-

cess and gives demands for the operation and inspection of the facility (e.g. spent fuel stor-

age racks). It is clear to everyone that the spent fuel storage can only be used in that way and

under the conditions it has been applied for: location, operation, design of fuel elements, fuel

loading etc. Only within the limits described in the safety report or in other documents ac-

cepted by the authority the spent fuel storage can be operated. The most important condi-

tions are being checked periodically by the licensing authority and/or their consultants.

5. Design and operation of spent fuel storage facilities at the GKSS research cen-

tre

The following main steps are being discussed: design, licensing, construction, approval of

construction, operation, operational limits, monitoring, inspection, safeguarding, physical

protection, licensing limits.

5.1 Design

The design of the storage racks is being followed by the binding conditions of the facility

like pool geometry, pool operation and considerations made for the capacity. Due to the in-

stallation of the second reactor FRG-2 after having the facility in operation over years a

modification of almost all pool internals was necessary. Especially due to the considerations

for a further power increase of the FRG-2 from 15 to 21 MW in combination with an in-

crease in fuel element loading from 180 g U-235 to 303 g U-235 a redesign of the spent fuel

racks was necessary. In the following some more general design features are given.

The design was being made to serve the operational needs. Therefore racks were being de-

signed to be fixed at the pool walls (table 3).

The rack I which can be used for up to 40 fuel elements is located in pool I where the FRG-1

is in operation. As for FRG-1 a LOCA has to be considered for the reactor core a 2 x 100 %

emergency core cooling has been installed. But such an emergency core cooling does not

serve the storage rack I. Therefore within this spent fuel rack at that position only spent fuel

elements can be stored with low decay heat production. Within the operation manual of the

reactor there is for this reason a demand for the minimum decay time of 90 days for fuel ele-

ment to be stored in rack I.
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Rack II contains up to 60 spent fuel elements. Two of these racks No. II were installed in

pool ELI and in pool IV each. A loss of cooling water has not to be considered for pool HI

and IV due to the design of these pools.

All lines in the principal rack drawings (see table 3) consist of sandwiches which con-

tains 1 mm Cd coated on both sides by 1 mm AlMg3 (Al with 3 % Mg) as this has an excel-

lent corrosion resistance.

All racks have at the pool sides Al rod barriers to avoid direct contact with other fuel ele-

ments and other loads during handling operation.

As GKSS was operating around 1970 a critical facility I was able at that time to perform

subcritical experiments with prototypes of the spent fuel racks and fuel elements 93 % en-

riched and with 303 g U-235 loading. These reactivity measurements were done with the

pulse neutron source technique and the source jerk technique which were checked before in

other subcritical experiments for the reactor core of the nuclear ship "Otto Hahn". The

agreement between experiments and calculations was found to be good to trust the results re-

ceived for the FRG spent fuel racks for the demanded low criticality values (keff < 0,95). For

this reason no calculations have been performed for rack I and EL Measurements showing

that for rack II keff < 0,82 which is very low indeed. The corresponding value for rack I is

lower.

Besides these racks I and II we have 9 movable racks positioned at the pool floors which al-

lows the storage of up to 2 x 3 = 6 fuel elements each. Fuel elements and racks are separated

by space.

5.2 Licensing

Licensing has been made in conjunction with the license to start testing of new HEU fuel

elements with 303 g U-235. For this procedure a safety report describing the design and the

results of the critical experiments has been submitted to licensing authority. An addition to

the existing license was necessary for the fuel elements at present used for the FRG-1. These

fuel elements have LEU fuel (19,75 % enrichment) and a fuel loading of 323 g U-235. As

there have been performed many benchmark calculations even documented in IAEA TEC-

DOC's showing the reduction in criticality when switching from a standard MTR type fuel

element with HEU to LEU it was very easy to convince the licensing authority and their in-

dependent experts that for the change from 303 g HEU to 323 g LEU fuel loading keff be-

comes lower. Therefore no results of new experiments or calculations have to be presented

to the licensing authority.
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5.3 Construction

The construction has been made by a qualified company outside GKSS. The Cd plates have

been delivered to that company. After finishing the construction GKSS and licensing author-

ity inspectors were checking that the Cd is present, the quality of fabrication especially the

welding and the geometrical accuracy. After approving the construction the racks were in-

stalled in the reactor pools on screws being there from the original construction of the re-

search reactor.

5.4 Operation

Within the operation manual it is being fixed that fuel handling has to be done only by reac-

tor operators or shift supervisors after having a written permission by the reactor manager

for a special fuel handling operation.

As discussed in 5.1 for rack I in pool I it is allowed to store there only fuel elements which

have been removed from the reactor at least 90 days ago.

Heavy loads over the storage racks should be avoided.

5.5 Monitoring

As the storage pools are till yet identical or in direct connection with the operating pools of

the reactor the needs for monitoring have been developed from the needs to assure a good

water quality for the fuel elements in the operating reactor core to avoid point or plate type

corrosion. But due to our experience we will not change the monitoring within the storage

pools III and IV after shutdown the FRG-2 finally around the end of 1994 which has been

operated in pool IV.

Continuously monitored is the water level, water temperature, pH and resistivity. The water

level monitoring is equipped with an alarm (-1 m water level) and with an automatic startup

of the emergency core cooling system (-1,5 m water level). The pH and resistivity are being

controlled by the shift personnel who are advised to inform higher level persons if these val-

ues are out of limits e.g.

5,5 < pH < 6,5

resistivity < 1 ̂ iS/cm.

Monthly the water quality is being checked by chemical analysis for

Fe, Co, Ni - corrosion products of stainless steel

Be - Be metal reflector is being used

Cd - from fuel storage racks

Cu, Cl - corrosive agents
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Cu and Cl must be avoided, Cl may come from the regeneration of ion exchanges and Cu

from different sources.

Typical results of the analysis are

Be < 0,4 ppb

Cd < 10 ppb

Cr < 0,1 ppb

Fe < 1 ppb

Ni < 1 ppb

Cu < 1 ppb

Cl < 100 ppb

Monthly the radioactivity of the pool water is being analyzed by health physics people.

5.6 Inspection

Inspection is being made by reactor personnel and independent experts of the licensing au-

thority.This inspection includes annually:

results and periodicity of chemical analysis of the pool water

fuel element handling tools: functioning, corrosion and technical condition

overall view of storage racks: situation, damage etc.

Every five years one or more of the spent fuel racks (decision of the expert of the authority)

are taken out of the pool and the quality of the storage rack is inspected in detail: corrosion

of Al and especially of Cd. The sandwich is being opened to look at the Cd and photos are

being made. At all times the Cd was in excellent condition. Especially this inspection was

and is an operators demand!

The inspection reports being send to the licensing authority and documented at the facility.

5.7 Safeguarding

Spent fuel storage racks and the reactor core must allow appropriate access to safeguarding.

The design takes care of this demand as Euratom and IAEA inspectors confirmed many

times.

5.8 Physical protection

GKSS research centre Geesthacht has a limitation in the operating license for their

research reactors that the total amount of fresh fuel is being limited to physical protection
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category II. The operator has to take the appropriate measures in due time in the fuel man-

agement strategy of fresh and spent (see spent is fresh fuel) fuel not to exceed these limits

5.9 Licensing limits

Limits within the operation license are e.g.

number of fuel elements

enrichment

max. fuel loading

fuel element geometry

amount of fresh fuel

The operator is not allowed to exceed these limits if he has no special extra permission given

by the authority for a special case. It may be of special interest that these limits should be

guilty not for the standard figures (e.g. 93 % enrichment). These licensing limits are includ-

ing the fabricational limits (e.g. 93,15 % ± 0,15 % enrichment), so that the licensing limit is

e.g. 93,3 % enrichment. If only the standard figure is being used in the license we will not be

allowed to store anyone of our so called 93 % enriched fuel elements as all of them are ex-

ceeding 93 % enrichment.

The licensing authority and their independent experts are controlling from time to time that

no limit has been exceeded.

5.10 Experience

The operator has being made till today excellent experience with the design and operation of

the existing spent fuel racks. The design is relatively simple and cheap and allows easy in-

spection. It is believed that the operating conditions, especially the excellent water quality,

influences the experiences to a high degree.

From our experience it is strongly recommended to build the storage capacity as large as

possible to ensure the operation of the reactor under all circumstances over the scheduled

life time.

6. Interim storage solution

6.1 General

There are many uncertainties in the acceptance of spent fuel elements abroad, at least in the

long term. As mentioned above, although the US may possibly accept HEU material without

any time limitation, nevertheless the acceptance of LEU material will have a time limit. Fur-
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thermore, the point at which an Off-Site Fuel Policy will be taken up again in the US is still

very uncertain. It will also only be possible to continue reprocessing in Dounreay in future if

an "economic" quantity of material of about 1800 kg per year is available*. The offset of

spent fuel acceptance in the US in 1988 and the above mentioned uncertainties led at the be-

ginning of the nineties to an independent German disposal alternative being compiled, possi-

bly in cooperation with other European countries. A concept has been developed based on

the disposal concept for irradiated fuel elements from nuclear power stations. This concept

envisages as a first step the long term (20 - 50 years) dry interim storage of fuel elements in

special containers in a central German interim store. After appropriate conditioning, the fuel

elements will subsequently be made available for direct final disposal of an R&D project

supported by the BMFT - Federal Ministry for Research and Technology - (collaborative

project) qualified German industrial companies are developing the appropriate conditions for

realizing the concept described above in close cooperation with German research centres.

According to current scheduling - the application of the license pursuant to the Transport

and Atomic Energy Acts for interim storage in Ahaus was made beginning of 1995 - it can

be assumed that the German central interim storage can begin in 1997 at the earliest. But

there are many legal questions to be solved.

6.2 Long term interim storage

6.2.1 The CASTOR MTR 2 transport und storage cask for spent fuel elements from

research reactors

The long term interim storage of spent fuel elements from research reactors is based in Ger-

many on existing and approved interim storage technology for spent fuel of power reactors

and also on the application of a special transport and storage cask.

A cask being developed by the GNS company (Gesellschaft fur Nuklear-Service, Essen) is

adapted to the special operating conditions at research reactors. This cask, known as GNS-

11 (fig. 2), fulfills the requirement of German and international transport regulations on

transport packaging of the B(U) type. This cask has been used and is being used for spent

fuel shipment to AEA Dounreay (UK) and Savannah River (US). Currently a modification

of this approved cask design is being made by GNB (Gesellschaft fur Nuklear Behalter, Es-

sen) to adapt the GNS-11 to the demands for long term interim storage. The modified cask is

being called now CASTOR MTR 2 (see fig. 3).

In its design, the CASTOR MTR 2 (see picture) conforms to the tried and tested principles

of CASTOR casks for the transport of LWR, MTR and interim storage of spent LWR fuel

*) At present Dounreay has ceased reprocessing activities in the first half of 1994. It may

be recovered beginning of 1995. A decision will be made soon depending on the con-

tracted quantity for reprocessing.
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elements. It essentially consists of a thick-walled cylindrical cask body and a double lid seal-

ing system capable of being controlled.

The cask body is made of ductile modular cast iron and its smooth surface is protected by an

easily decontaminatable coat of paint.

The 280 mm thick primary lid of stainless steel is attached to the cask body by 28 cheese-

head screws, as is the secondary lid, 60 mm in thickness, placed above it. Both lids are

equipped with a metal and an elastomer seal, thus ensuring the safe and controlled long term

enclosure of the fuel elements and their volatile fission products.

A number of storage racks, adapted in their geometry and content of neutron absorption ma-

terial to the fuel elements to be disposed off and loading pattern of the cask serve to accom-

modate and position the fuel elements inside the cask.

Two lugs are screwed onto the upper region of the cask body to facilitate handling of the

cask at the reactor stations and in the interim store.

The cask is equipped with a shock absorber system for transportation on public routes pro-

tecting it against unacceptably high stresses in the case of a possible accident during trans-

portation.

For storage purposes, the interior of the cask is dried out to a water content of less than 10 g

H2O/m3 and filled with an inert gas (helium). This prevents both corrosion of the stored fuel

elements as well as of the metal seals used at the lids.

Table 4 gives a survey of the essential CASTOR MTR 2 data.

The dimensions and weight of the CASTOR MTR 2 are designed in such a way that it can

be loaded and handled at most research reactors.

The Noell Freiburg company is currently developing a mobile unloading facility enabling

loading to be carried out at reactor stations where it is not possible to handle the 16 tons cask

without difficulty (see 6.2.2).

The interim storage concept planned on the basis of CASTOR MTR 2 cask only requires

handling of the fuel elements during loading at the reactor and only one shipment of the

loaded cask from the reactor to the interim store. For these reasons, and due to the large

number of fuel elements which can be stored in one cask, this concept ensures a safe and ec-

onomic disposal of spent fuel elements from research reactors in the long term.

The described CASTOR MTR 2 cask design has been approved by the client (BMFT - Fed-

eral Ministry for Research and Technology) and the operators of the German research reac-

tors. Licensing documents pursuant to transport legislation and the Atomic Energy Act are
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currently being compiled so that an application is made in 1994. The first licensed casks of

the CASTOR MTR 2 type will be available at the end of 1997.

6.2.2 Reloading station, status, outlook

The Noell Freiburg company is developing a mobile reloading station for loading and han-

dling of the CASTOR MTR 2 casks ready for interim storage. This reloading station will be

available from 1996. The development of this reloading station has become necessary due to

the technical conditions at some reactor station*, which on the one hand permit either han-

dling of the 16 tons CASTOR casks due to the limited lifting capacity of the reactor crane,

nor, on the other hand, do they permit loading of the casks under water in the storage pools

(see fig. 4).

For the above mentioned reasons, a mobile reloading station has been designed which can be

conveyed to the respective reactor site by road transport enabling the CASTOR casks to be

dry loaded without using the reactor crane.

The basic technological solution proceeds according to the following process steps:

1. Preconditioning of the fuel elements in the storage pool in a criticality safe configu-

rations in so called loading units.

2. Receipt of the loading units in a transfer cask which can be manipulated by the reac-

tor crane.

3. Transportation of the transfer cask to the mobile reloading lock and reloading of the

loading units into the CASTOR MTR 2 cask with a storage rack.

4. Processing of the CASTOR MTR 2 ready for interim storage and transportation out

of the reactor hall by means of a pneumatic transport device.

The important part of the facility determining the system for realizing the reloading technol-

ogy is the mobile reloading lock (see fig. 5). The entire device is transported in a 20-foot

container and set down on a paved area outside the reactor hall. The vertically adjustable re-

loading loch is equipped with an air-cushion transport system, with the aid of which it can

be completely removed from the transport container and conveyed to its envisaged location

in the reactor hall.

The air-cushion transport system is also used to transport the CASTOR cask into the reactor

hall to the reloading station under the lock and to remove the load casks from the hall. Fig. 2

shows a sketch of the required technological steps. The loading unit filled with fuel elements

*) This affects above all the RFR (Rossendorf Research Reactor) not far from Dresden
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is removed from the storage pool with the aid of a transfer cask which is positioned above

the fuel element storage pool in a special receiving device. The transfer cask has a special

grab and a hoisting device used to insert the load units into the transfer cask.

In the transfer cask, the load units are cleaned with distilled water and also pre-dried with

hot air.

The reloading lock consists of a base frame and a transfer slide unit. The base frame and

slide unit are connected by four vertically adjustable supporting elements. The CASTOR

cask is conveyed into the base frame of the lock by the air-cushion transport system de-

scribed above and the CASTOR cask can be adapted in such a way by means of the vertical-

ly adjustable slide unit that a connection between CASTOR and the slide can be achieved

without any gap to ensure effective shielding. A lid removal and storage device in the slide

removes the primary lid from the CASTOR cask and pulls it into a parking position.

The transfer cask is similarly placed into a receiving device in the slide unit, conveyed over

the opened CASTOR by the slide unit and then lowered into the CASTOR lid region so as to

interlock by a hoisting device.

While the transfer cask is being shifted above the opened CASTOR, shielding in ensured in

every position. Activitable seals guarantee tightness between the transfer cask and CASTOR

so that a directed flow or an under pressure in the CASTOR and the transfer cask is generat-

ed via an attached ventilation system thus preventing any aerosol escape.

A rotating segment in the slide unit positions the transfer cask in the respective axis of a free

loading duct in the CASTOR storage rack so that after opening the transfer cask the fuel ele-

ment unit can be unloaded into the CASTOR by means of the transfer cask hoisting device.

By repeating this process, all seven positions of the fuel element storage rack in the CAS-

TOR are loaded.

After completing the reloading campaign, the reloading lock is brought into the transport po-

sition, removed from the reactor hall by means of air-cushion transport and conveyed into

the 20-foot transport container.

Work on realizing the overall system is currently scheduled in such a way that final testing

will begin in the first half of 1995 and in 1996 the reloading station could be employed for

the first time.

6.2.3 Studies on storage behaviour

Since today and in the past spent research reactor fuel elements in Germany have without

exception been stored in a wet state after reactor operation, either in pools at the reactor site
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or in special storage pools, before being transported for reprocessing, no experience is avail-

able as yet on the behaviour of irradiated fuel elements from research reactors under dry

storage conditions. It cannot be excluded that readily volatile radionuclides, such as H-3*,

C-14, Kr-85 and 1-129, as well as radioactive aerosols, are released from intact fuel ele-

ments, even if in very small quantities, during dry storage in the interim storage cask (CAS-

TOR MTR 2). The most accurate possible knowledge of such release is therefore particular-

ly important, above all for later reloading into the final storage casks after completing inter-

im storage. Depending on the quantities released, special safety precautions may be neces-

sary for this reloading procedure.

The release of H-3 by diffusion from an intact fuel element was calculated for fuel elements

of FRJ-2 (DIDO), taking into consideration a cooling time of approximately three years. The

integral H-3 release was determined for a period of five years, in the course of which due to

saturation behaviour more than 95 % of the entire long term integral release had already tak-

en place after one year. An H-3 release of approximately 1.9 • 104 Bq per fuel element re-

sulted at a temperature between 200° and 300° C. Under unfavourable conditions this would

lead to a total release in the order of approximately 5.4 • 105 Bq for a CASTOR MTR 2 cask

loaded with 28 fuel elements. Compared with the release of tritium from the surface of the

fuel element claddings - incorporation takes place during operation by cooling with heavy

water containing tritium - this value is negligibly small.

Studies on the FRJ-2 at KFA Julich have indicated a maximum of about 2 • 107 Bq per fuel

element for the release of incorporated tritium. A maximum of about 5 • 108 Bq could there-

fore be expected for a cask with 28 fuel elements. The release of fission incorporated in the

surface is thus estimated to be about three orders of magnitude higher than release by diffu-

sion through the cladding.

Since the diffusion calculations are associated with great uncertainties due to the lack of ex-

perimentally supported data, the release of volatile radionuclides to be expected is to be

studied in a special, so called dry storage experiment with a total of 15 fuel elements from

the FRJ-2. A transport/storage cask of the CASTOR MTR type (belonging to the KFA) will

be used for this purpose. The cask is equipped with a jacket heater and thermally insulated

on all sides enabling maximum temperatures of about 200 °C to be reached. Two gas con-

nections in the CASTOR MTR lid, giving access to the interior of the cask, are to be used to

circulate the gas in the cask and to remove gas samples for subsequent gas analysis. In addi-

tion, the temperature inside the CASTOR MTR is to be by monitored special measuring sen-

sors. During the experiment, essentially the four above mentioned nuclides are to be meas-

ured. The experiment has begun in autumn 1993 and it is planned to run for about 1.5 years.

") From a D2O research reactor (FRJ-2)
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6.2.4 Legal difficulties

Within the license of the long term interim storage at Ahaus there are two main restrictions

If only one of the lids is intact the defect one has to be repaired. As such a repair is not

possible at Ahaus the cask has to be shipped to another facility (no one knows where)

or back to the research reactor. As normally after some time the spent fuel within the

cask must be considered as fresh fuel and the amount of U-235 in HEU loaded per cask

will exceed the limits of the physical protection category II, the research reactor opera-

tor is not allowed to take back this fuel by his license as the reactor license applies only

for physical protection category II. This problem is not solved.

If such a repair action will be necessary after a time when the research reactor is de-

commissioned there is no chance to take back the cask in any way. This is the situation,

too, at the end of the operational license of the interim storage facility Ahaus if there is

no final disposal or another interim storage. The operator has to confirm that he will

take back all of his fuel elements from Ahaus at that time, if there is no other solution

which no one knows at present.

Both problems must be solved - contracts have to exist - on a national basis before operators

will be able to sign contracts for long term interim storage with Ahaus. Therefore Ahaus will

have its license probably long before any operator is able to sign a contract.

7. Final disposal

A basic study is going on to investigate the possibility for final disposal of spent research re-

actor fuel in salt mines in using e.g. the German long term disposal concept with the special

developed so called Pollux containers which ensure the safe retention of fission products in

the container in salty atmosphere for at least 500 years. If contact between Al clad research

reactor fuel and salt is being made the fuel elements will be destroyed shortly after. At

present no decision is being made how to perform the final disposal. Studies are going on.

8. Summary and conclusion

The paper describes the situation of research reactors within the Federal Republic of

Germany, the back end of the fuel cycle, licensing demands and gives some design and op-

erational figures for the FRG research reactors. To summarize and conclude

3 Triga reactors are in operation. Two will go out of operation within the coming years.
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1 Triga reactor has an operational restriction due to the unsolved back end of the fuel

cycle

6 MTR type reactors are in operation from which 4 may go out of operation till around

2000. One new project is under discussion.

FRG-1 and BER-2 will hopefully be in operation till 2010.

Needs to store fuel for some time are being seen: refueling, unloading the reactor core

for operational or repair reasons, shutdown.

All German MTR type research reactors have shipped their spent fuel periodically to

reprocessing in France, USA or UK.

The offset of US-DOE to accept spent research reactor fuel of US origin in disagree-

ment with declarations causes many severe operational and licensing troubles which

forces operators to go to reprocessing to AEA Dounreay.

US-DOE after getting national and international pressure from US organizations, com-

panies and foreign research reactor operators intends to accept spent foreign research

reactor fuel of US origin for up to 15 years.

At present US-DOE accepting under an urgent relief basis up to 409 fuel elements. An

EA (Environmental Assessment) has been published

DOE intends to accept other spent fuel around beginning of 1996. This fuel will not be

reprocessed. It will be stored forever? An EIS (Environmental Impact Statement) is un-

der preparation.

Mostly German research reactor operators are accepting the UK (AEA) offer for repro-

cessing with the conditions: high price, return of reprocessed uranium and waste to

Germany.

The (no longer operating) research reactors in Eastern Germany never shipped fuel to

reprocessing.

Germany has some special licensing demands which causes for operators of research

reactors severe difficulties. Operators have to pass a public licensing procedure if they

increase the spent fuel storage capacity by more than 5 %. Operators have to show an-

nually for six years in advance to the licensing authority the spent fuel situation at their

facility.

Licensing a spent fuel storage a safety report with all relevant design, construction,

safety and operational informations has to be submitted to the authorities. Necessary in-

spections will be made by independent experts.
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Spent fuel must be taken as fresh fuel if the radiation dose is below one of the two - not

clear! - IAEA limits. This has to be considered in licensing, safeguarding and physical

protection and can cause very severe difficulties.

Due to the existing difficulties for the back end of the fuel cycle Germany starts a pro-

ject for having a home made solution after some time.

The German long term interim storage cask CASTOR MTR 2 is based on the licensed

transport cask GNS 11.

Licensing for the cask CASTOR MTR 2 and the Ahaus storage facility is underway.

The license applications may be granted in 1997.

Due to some contractual - legal - demands probably no spent fuel can be stored within

the next decade in Ahaus. Within the Ahaus license there will be demands that the op-

erator has to take back the casks for repair actions or after the Ahaus license expired.

Experiments going on to proof the excellent behaviour of a dry spent fuel storage. Pre-

liminary results are convincing.

A principal description of the design of the FRG spent fuel racks are given. These com-

pact racks using Cd plates coated by AIMg3.

Critical experiments have been performed to demonstrate subcriticality.

Construction has been approved by GKSS and independent experts.

Operational demands are being fixed in the operation manual of the research reactor.

Continuously water level, pH, resistivity and temperature are being monitored. Actions

are being made if limits are exceeded.

Discontinuously a chemical analysis is being made for Ni, Cr, Fe, Be, Cd, Cu, Cl.

Regular inspections are being made by GKSS and independent inspectors of tools,

racks and especially Cd plates.

Demands on safeguarding and physical protection are being looked at very carefully.

The operator must assure to be within existing licensing limits which are being con-

trolled by the licensing authority.

GKSS has excellent experience with their spent fuel storage rack design. The design is

comparably simple and cheap and behaves good under our operating conditions.

It is recommended to have a storage capacity as large as possible.
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TABLE 1. RESEARCH REACTORS IN GERMANY

Reactor

Triga - Mainz

Triga - Hannover

Triga - Heidelberg

FMRB - Brunswick

FRM - Munich
FRG-1 -Geesthacht

FRG-2 - Geesthacht

BER-2 - Berlin
FRJ-2 - Julich

FRM H - Munich

Power
MW
0,1

0,25

0,25

1

4
5

15

10

23

20

first criticality
(main refurbishment)

1965

1973

1978

1967

1957
1958 ( 1988)

1963 (1988)

1973(1991)

1962

2001?

remarks

LEU

LEU, shutdown 1996 or earlier

LEU, operation till 1996?

HEU, shutdown ~ 2000

HEU, operation till 2000?
LEU, upgraded, refurbished, opera-
tion till 2010?
HEU, shutdown 1994?

HEU, upgraded, refurbished
HEU, under repair
operation till 2000?
project, HEU

LEU = low enriched uranium < 20 %

HEU = high enriched uranium > 20 %

status: 1980 - 15 operating

1994- 9 operating

2000- 4 operating?

TABLE 2. PHYSICAL PROTECTION CATEGORY

category

I

II

III

proliferation resistance
amount of U
> 5 kg, > 20 %, fresh

> 1 kg, > 20 %, fresh
or > 10 kg, 10 % - 20 %, fresh
or > 5 kg, > 20 %, spent*

below category II

fission product inventory
reactor power
Q>20MW

1MW<Q<2OMW

Q < 1 M W

*) radiation beyond the level defined above.

TABLE 3. RACK DESIGN

5

5

5

5

5

5

5

5

5
5
5

5

5

5

5

5

5

5

5

5

rack I

rack II

. AlMg3, Cd, AlMg3

5 number of fuel elements per row

99



TABLE 4. DESIGN FIGURES OF CASTOR MTR 2

External diameter (without shock absorbers)

Overall height (without shock absorbers)

Diameter of inner compartment

Height of inner compartment

Load

- box type MTR fuel elements

- tubular MTR fuel elements

- WWR-M2 fuel elements (Soviet design)

- EK-10 fuel elements (Soviet design)

- Triga fuel elements

Cask weight (loaded, without shock absorbers)

1430 mm

1679 mm

721 mm

920 mm

33/(28)

28

49

42/(28)

78

16000 kg

pool IV FRG-2
15 MW

pool 111

pool II
gates

pool

concrete

cold neutron source

thermal
column

FRG-1
5 MW

beam tubes

FIG. 1

100



Alle Abmessungen in mm
All Dimensions in mm

1 AuGenliner
Outer Liner

2 Innenliner
Inner Liner

3 Bleiabschirmung
Lead Shielding

U Deckel
Lid

5 Schutzplatte
Protective Plate

6 StoGdampfer
Shockabsorber

7 Tragzapfen
Trunnion

8 Verspannung
S.A. Fastning

FIG. 2
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oberer Stoftda'mpfer

Sekundardeckel

' Primardecke!

Tragzapfen

Behalterkorper
Spharogufieiser.

unterer StofkJ3mpfe

33 kastenformige MTR-BE

Tragkorb

28 rohrformige MTR-BE

FIG. 3. CASTOR MTR-2 with basket.
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fuel assemble
bundle

transfer cask

fuel assembly
'storage pool

/- - - + - -

lid lifting appliance

fuel assembly storage pool recharging lock

FIG. 4. Mobile transfer unit
Basic technological solution



transfer cask

air cushion pallet

FIG. 5. Recharging lock.
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STORAGE EXPERIENCE IN HUNGARY WITH FUEL XA9642802
FROM RESEARCH REACTORS

J. GADO, T. HARGITAI
KFKI Atomic Energy Research Institute,
Budapest, Hungary

Abstract

In Hungary several critical assemblies, a training reactor and a research reactor have been in
operation. The fuel used in the research and training reactors are of Soviet origin. Though spent
fuel storage experience is fairly good, medium and long term storage solutions are needed.

REACTORS

In the KFKI (the former Central Research Institute for Physics), six zero power critical
assemblies were in operation subsequently between 1959 and 1990.

ZR-1 was a critical experiment using EK-10 fuel elements in the late 50's. The same type
of fuel was used in the first period in the research reactor and is still being used in the training
reactor. The fuel elements used in ZR-1 were later irradiated in the research reactor and they are
stored in the Spent Fuel Storage Facility No. 1 of the KFKI.

ZR-2 was a critical facility used for reactor physics experiments in the 60's. The U3O8 fuel
pellets were Soviet origin but the rods were fabricated in Budapest. The dismantled fuel is stored in
the Central Isotope Storage Facility of the KFKI. Its storage does not require any special treatment
or precaution.

ZR-3 was a critical experiment using WR-SM fuel elements in 1967. The same type of
fuel has been used afterwards in the research reactor. The fuel elements used in ZR-3 were later
were irradiated in the research reactor and they are stored in the Spent Fuel Storage Facility No. 1
of the KFKI.

ZR-4 was a small critical facility used for reactor kinetics experiments and also as a thermal
column in the 70's. The homogeneous uranium-polyethylene fuel blocks were fabricated in
Budapest. The fuel is stored in the Central Isotope Storage Facility of the KFKI. Its storage does
not require any special treatment or precaution.

ZR-5 was a critical facility using EK-10 fuel elements in the late 60's. It was a mock-up of
the training reactor. The fuel elements used in ZR-5 were later irradiated in the training reactor and
they are still in the reactor vessel.

ZR-6 was a critical facility used for reactor physics experiments in the 70's and 80's. The
experiments were performed by an international team of W E R user countries. The fuel rods were
fabricated in the Soviet Union using UO2 fuel, similar to the W E R fuel. The fuel rods are stored
in the KFKI Atomic Energy Research Institute. Their storage does not require any special treatment
or precaution.

The training reactor belongs to the Budapest Technical University. It is in use for more than
20 years. The reactor is fuelled by EK-10 fuel elements. Due to the low power (max. 100 kW) all
the fuel elements may remain in the reactor vessel for a long period. Storage racks are provided for
medium term storage in the reactor vessel.

105



The research reactor belonged to the former KFKI, now it belongs to the KFKI Atomic
Energy Research Institute. Four phases can be distinguished since the commissioning of the reactor
in 1959:

-1959-1967: 2 MW power, EK-10 fuel, 82 elements were irradiated
-1967-1986: 5 MW power, WR-SM fuel, 780 elements were irradiated
- 1986-1992: major reconstruction
- 1993- : 10 MW power, VVR-SM fuel.

FUEL ELEMENTS

Two types of spent fuel elements irradiated in the research reactor are stored in Hungary:
EK-10 and WR-SM.

EK-10 is a Soviet designed and fabricated fuel. The fuel material is U3O8 mixed with Al
and Mg, the initial enrichment is 10% and the average burnup is 23%. The material composition
per fuel element is 128 g U235. The cladding material is aluminium, cladding thickness is 1.5 mm,
the height of the fuel element is 750 mm, the horizontal cross section of the fuel element is 68 x 68
mm. The estimated activity of the element is 2,5 * 1013 Bq, the remanent heat emission (nowadays)
is 1-1.5 W and the measured dose rate is 10 mGy/h. This type of fuel elements are stored in the
Spent Fuel Storage Facility No. 1 of the KFKI from the early 60's (82 elements) and also in the
reactor pool of the training reactor.

WR-SM is also a Soviet designed and produced fuel element. The WR-SM fuel has two
types: the single fuel element and three single with one header the so-called triple element. The
initial uranium enrichment is 36%, the fuel material is UA14 alloyed with Al and the average
burnup is 50-55%. The material composition per single fuel element is 38,9 g U235. The cladding
material is aluminium, cladding thickness is 0.9 mm, the height of the fuel element is 865 mm,
horizontal size of the fuel element is 35 mm. The estimated activity is 2 * 1013 - 3,5 * 1013 Bq, the
remanent heat emission (nowadays) is 5-20 W and the measured dose rate is 10-60 Gy/h. This type
of fuel elements are stored in the Spent Fuel Storage Facility No. 1 of the KFKI from the late 60's
(780 elements), the last shipment was sent to the facility in 1986.

STORAGE FACILITIES

In Hungary three storage facilities are being used.

The Spent Fuel Storage Facility No. 1 of the KFKI was built in the early 60's. It is an
underground stainless steel vessel. The fuel elements are stored in the vessel under water in
aluminium tubes. The facility is about 100 m from the reactor building. Fuel elements are
transported in special small (six tons) lead container into the facility. Water is sampled and pH and
conductivity are measured once in a month. The quality of the water can be improved by a movable
ion exchanger filter. Water level is monitored in the control room. As the facility is situated in open
air the water improvement can be done from spring to autumn.

The Spent Fuel Storage Facility No. 2 of the KFKI was built during the reconstruction
period and was put into operation in 1994. The new stainless steel pool is situated in the reactor hall
and is directly connected by a chute to the reactor tank. The storage facility contains B4C rods to
ensure the subcriticality of the high density (the geometry of the grid is the same as it is in the
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reactor core) storage arrangement. No spent fuel is loaded into the facility up till now. Water is
sampled and pH and conductivity are measured once in a month. The quality of the water can be
improved by a movable ion exchanger filter. Water level and temperature is monitored in the
control room. For the case of emergency core unloading there is a built-in heat exchanger in the
pool in order to cool the water. In this vessel there is also room for the beryllium displacers and the
hermetically closed containers holding the failed fuel elements.

The storage rack of the Budapest Technical University training reactor is in the reactor
vessel. Due to the low power no spent fuel assembly is stored there.

STORAGE EXPERIENCE

The storage experience with EK-10 and WR-SM fuel elements is fairly good. No fuel
failure has been detected in the storage facilities.

PROBLEMS, POSSIBLE SOLUTIONS

As far as Spent Fuel Storage Facility No. 1 of the KFKI is concerned, a great amount of
empty places exist in the facility. Nevertheless, there are no intentions to load there further fuel
elements. The facility should be emptied. The main reason is that the facility is not designed for a
long term use and even having a good experience with the stored material another solution should
be found.

At the moment two solutions are under investigation. The first one is based on transporting
back the fuel elements to Russia. It is technically feasible and even designed, though the licence of
the corresponding Russian containers is expired. The transport should be organized together with
the transports of the spent fuel elements from the Paks NPP. As a consequence of the collapse of
the Soviet Union and the new Russian regulations the future transports from the Paks NPP are
uncertain. The second solution would be to store the fuel elements in the interim dry storage facility
to be built (with a very high probability) at the Paks NPP. Thus in both cases the solution is tightly
connected with the solution for the Paks NPP spent fuel problems.
Obviously, the solution applied for the fuel stored in the Spent Fuel Storage Facility No. 1 of the
KFKI will be also applicable both for the spent fuel to be stored in the Spent Fuel Storage Facility
No. 2 of the KFKI and the spent fuel stored in the Storage Rack of the Budapest Technical
University.

INTERNATIONAL CO-OPERATION

Since it can be expected that spent fuel from the training and research reactors will be stored
in Hungary still for a considerable time (perhaps not only in wet, but also in dry conditions), it is
very valuable to learn the experience gained at other sites. Unfortunately, the special alloy used in
the Soviet aluminium cladding technology does not permit to draw direct conclusions from the
experience with fuel of US origin. The IAEA efforts to share the experience gained at various
facilities are very much welcome.

NEXT FAGS(S)
left E^/iX;
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EXPERIENCE WITH UNDERWATER STORAGE OF
SPENT FUEL IN CIRUS AND DHRUVA XA9642803

S.K. SHARMA
Bhabha Atomic Research Center,
Trombay, Bombay,
India

Abstract

CIRUS, a 40 MWt Research Reactor and DHRUVA, a 100 MWt
Research Reactor have been in operation since 1960 and 1985
respectively at the Bhabha Atomic Research Centre, Trombay, Bombay.
Over three decades of experience in handling and storage of
irradiated fuel in Cirus has been extensively utilized for making
several design improvements in Dhruva. Details of some of the
important experiences in Cirus and the design improvements made in
Dhruva are presented in this paper.

1. INTRODUCTION

CIRUS, a 40 MWt research reactor located at the Bhabha Atomic
Research Centre (BARC), Bombay, is in operation since 1960. The
reactor uses natural uranium as fuel, heavy water as moderator and
light water as coolant. DHRUVA is a 100 MWt research reactor
located at BARC and is in operation since 1985. Dhruva uses natural
uranium as fuel and heavy water as coolant, moderator and
reflector.

The fuel elements in Cirus are in the form of a single solid
metallic uranium rod with aluminium cladding and are about 3 M in
length and 3.5 cms in diameter. The fuel elements are placed in
aluminium flow-tubes and top and bottom extensions are attached to
provide cooling water inlet and outlet passages and shielding in
the vertical direction. The total length of a fuel assembly is
about 10 M and the fuel assemblies are loaded vertically in the
reactor. The fuel elements used in Dhruva are in the form of 7-pin
clusters with one central pin and six pins placed around the
central pin. Each fuel pin is about 3 M long and 1.25 cms in
diameter and is encased in an aluminium cladding. The cluster is
placed inside an aluminium flow-tube with a top section attached to
provide cooling water outlet passage and shielding in the vertical
direction.

2. POST-IRRADIATION FUEL HANDLING SCHEME

2.1. In Cirus the fuel assemblies are removed from the reactor with
the help of a vertical fuelling machine and are either stored in a
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water filled storage pool located inside the reactor building or
transferred to the Spent Fuel Storage Building (SFSB) through a
water filled canal using an underwater buggy. After receiving the
fuel assembly in the vertical position, the buggy travels initially
to change its position from vertical to horizontal and then emerges
into the SFSB. The fuel assembly is transferred from the buggy to a
cutting station where it is trisected using underwater cutting
equipment. The central section containing fuel is stored underwater
and the top and bottom sections are removed for reuse after
decontamination.

2.2. Irradiated fuel handling scheme in Dhruva is essentially
similar to that in Cirus except that the fuelling machine caters to
the requirements of removing irradiated fuel from a heavy water
cooled channel in the reactor and is therefore provided with a
heavy water coolant circuit of its own. Irradiated fuel from the
machine is either discharged into a water filled storage pool
inside the reactor building or into a buggy for transfer to the
SFSB. Before the fuel is lowered from the machine into the light
water filled storage pool or SFSB, the heavy water coolant around
the fuel in the machine is drained off and the fuel remains dry
for a short time. It is ensured that the dry time of the fuel
assembly is kept within prescribed limits. Provisions also exist
for dousing the fuel with light water in case the dry time
approaches the limit due to delay caused by unforeseen reasons. In
Dhruva, the fuel assembly is handled vertically in the SFSB. After
transportation to SFSB, the assembly is bisected to disconnect the
top section from the fuel portion.

3. EXPERIENCE IN CIRUS

3.1. In Cirus, the irradiated fuel elements were being stored
vertically in underwater storage racks where the elements were
resting at the bottom. It was observed that during long-term
storage, the fuel elements used to bow due to self weight which
sometimes resulted in their breakage. Based on this experience, the
storage methodology was changed and the fuel removed from the
reactor is now stored in fully assembled condition in the storage
pool inside the reactor building. In this arrangement the fuel
elements remains suspended from the top shielding section and thus
there is no problem of bowing due to self-weight. The assemblies
are transferred to SFSB only when required for further processing
thus avoiding the need for long term storage in SFSB.

3.2. The fuel elements which suffer clad failure during service are
canned inside aluminium cans and the cans are then plugged. The
cans were observed to suffer failures due to internal pressure
build-up on account of uranium water reaction during long storage
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periods. This problem was overcome by providing a small vent hole
in the plugs.

3.3. During long term underwater storage, breakage of fuel elements
results in release of uranium powder to the bay floor. Removal of
the uranium powder from the bay floor has been found to be an
extremely difficult task even though a cleaning system based on
cyclone separators has been developed for the purpose.

3.4. For maintaining the required water clarity and optimum
chemistry and for keeping the bay water radioactivity level to a
minimum, the bay water is purified by recirculation through filters
and ion-exchange resins. Earlier the ion-exchange resins were being
regenerated periodically on exhaustion. This was found to result in
significant radiation exposure to operating personnel and was also
giving rise to active liquid waste. Cartridge type ion-exchange
units, with the cartridges located inside the bays, are now used
for bay water purification. On exhaustion, the cartridges are
disposed off as a unit in the form of solid waste. This methodology
is feasible on account of low ionic impurity load in the bay water
and has been adopted for regular use. This obviates the need for
regeneration of resins, disposal of liquid waste and maintenance of
associated equipments with significant benefit in terms of reduced
personnel exposures and maintenance efforts.

3.5. Maintenance of underwater equipments is another area which
calls for large efforts. This is so, especially in view of the long
years of service seen by these equipments in Cirus giving rise to
ageing related degradations. Recently there was an incident where
the wire ropes constituting the drive mechanism for the fuel
transfer buggy got disconnected from the buggy due to failure of a
socket joint on account of corrosion. The resulting slackness of
the rope led to its displacement from the underwater guide pulleys.
For repairs, the section of the bay housing these pulleys had to be
dewatered after isolation from other bay sections using gates with
inflatable seals. This required a large effort towards preparatory
work as also for the actual repairs due to difficult site
conditions.

4. DESIGN IMPROVEMENTS IN DHRUVA

Based on the experience in Cirus, several design improvements
have been made in Dhruva and some of these are described below:

4.1. Adequate storage capacity for irradiated fuel has been
provided towards avoiding the need for costly Away-From-Reactor
storage facilities in future.
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4.2. The spent fuel storage bays in Dhruva have been located above
the ground level. This obviates the problem of ground water table
exerting pressure on the stainless steel liner with the consequent
possibility of its buckling when the bay is dewatered for repairs
etc. Stress corrosion cracking of the S.S. liner due to chlorides
in the sub-soil water is also avoided.

This arrangement also facilitates the layout of bay water
purification and ventilation equipments without congestion.

4.3. The design of the fuel transfer buggy and its drive mechanism
has also been significantly modified in Dhruva such that the drive
wire ropes and guide pulleys are laid close to the water surface in
the bay. For repairs to these components, the bay water level has
to be lowered only by about 1 meter without the need for complete
dewatering.

4.4. Improvements have also been made in the design of underwater
cutting equipment by use of submersible electrical motors for
driving the cutting equipment. With this arrangement there is no
need for long shafts to connect the underwater cutting saws with
the motors located above the bay. Consequently, failures due to
vibrations have been minimized.

4.5. Removable trays have been provided below the underwater fuel
storage racks for collecting any debris/uranium powder. With this
the bay floors remain clean and the trays can be removed for
cleaning when required.

4.6. A gantry crane has been provided over the bays which travels
over the entire length of the bays. This has facilitated underwater
fuel handling to a large extent.

4.7. A pool site inspection facility is being provided to carry out
post-irradiation examinations of routine nature at the reactor site
itself avoiding the need for frequent transportation of irradiated
fuel to hot-cells.

4.8. For canning of fuel elements with clad failure, the flow-tube
itself is used as a can. For achieving this, significant
developmental work had to be done towards working out the design of
plugs and the plugging tools.

5. CONCLUSION

Over 3 decades of experience in the field of underwater
storage of irradiated fuel from Research Reactors exists in BARC.
Based on the experience several improvements have been made in the
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design of spent fuel storage bays and associated equipment and in
the underwater storage and handling methodology of irradiated fuel.

Vertical storage of spent fuel with the fuel elements
suspended from the top has been found to be better than storage
with fuel resting at its bottom towards avoiding the problem of
bowing and breakage of elements. Provision of collection trays
below the storage racks has been found to be helpful for improving
bay floor cleanliness. For canning of fuel with clad-failure, the
flow-tubes themselves are used as cans with provisions to prevent
internal pressure build-up inside the cans.

Use of non-regenerable cartridge type ion-exchanger units for
bay water purification is found to be beneficial in terms of
reduction in radiation exposures of operating personnel and
maintenance efforts.

Location of spent fuel handling bays above the ground level
has been considered superior from the view point of the pool liner
integrity.

Provision of adequate underwater storage capacity, improved
design for ease of maintenance of underwater fuel transfer and
handling equipment and availability of pool site inspection
facilities are some of the other improvements made to facilitate
management and storage of irradiated fuel from Research Reactors in
BARC.
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CURRENT STATUS OF RESEARCH REACTOR SPENT
FUEL STORAGE IN ITALY

P. RISOLUTI XA9642804
Decommissioning & Waste Management,
ENEA, Energy Department,
Rome, Italy

Abstract

In Italy spent fuel has been originated from MTR and TRIGA
reactors operated from the early sixties. All the MTR reactors have
been shut-down and partially dismantled. The spent fuel is presently
stored at the Eurex reprocessing plant waiting for reprocessing or
return to US. A dry storage system is also being considered should the
other options be unpracticable. Two Triga reactors are operated by
ENEA and by Department of Nuclear Energy of Pavia University. The
spent fuel is stored in an AR storage systems. Return to USA is
envisaged, whenever possible. No expansion of the storage capacitiy is
planned.

1. MTR SPENT FUEL

In Italy all the MTR Reactors have been shut down. Stage 1 of the
decommissioning - removing of nuclear material and activated
equipment - is achieved. The spent fuel has been transferred to the
Eurex plant, a reprocessing pilot facility operated by ENEA from 1970 to
1985. During the plant activity 504 MTR fuel assemblies, from the
italian reactors and from EURATOM Ispra reactor, were reprocessed.
When Eurex ceased the operations, 150 MTR aluminum fuel assemblies
remained unreprocessed and they are presently stored at the plant
pool.

The situation of the MTR storage at Eurex plant is resumed in
Table 1.

TABLE 1 MTR SPENT FUEL IN STORAGE AT EUREX PLANT

REACTOR

ISPRA-1 (Ispra)
RANA (Roma)
RANA (Roma)
GALILEO (Pisa)

U-235
%

90
90
20
90

Time in storage
yrs

19
10
10
8

N o . o f
assemblies
in storage
26
33
6
85
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In the Eurex storage pond 52 spent fuel elements from TRINO
reactor - a commercial PWR operated from 1964 to 1987 - are also
presently stored. Spent fuel elements from Latina reactor- a
commercial Magnox type operated from 1962 to 1981 - were stored up
to 1985.

No major problems were encountered during the full storage
period, nor abnormal increase of the water activity detected. The MTR
fuel is stored in vertical baskets holding three assemblies.

The water pool is purified by a double anionic-cationic resin bed
at a flow rate of 5 m3/hr, accounting for about 5% of the water
volume. The activity of the water pool has never exceeded the
specification limit of l|iC/cc.

Following the redirection of the ENEA's programs, the
decommissioning of Eurex plant has been decided in 1989. The first
step, presently under way, is the conditioning of the stored wastes and
the removal of spent fuel from the pool.

For the MTR assemblies no solution has been found as yet. Return
to the USA for reprocessing was first considered. In 1988, a draft
contract was ready for signature with the USDOE. Following the expiring
of the US policy on the return of the research reactor fuel and due to
the uncertainties on its renewal, reprocessing at AEA Dounreay plant
was also considered, when this plant was in operation.

Return to the USA is presently the envisaged solution. Due to the
uncertainties on the schedule involving this option, an intermediate dry
storage is under evaluation, based on the storage cask technology
suitable for MTR fuel being developed by some european vendors.

2. TRIGA SPENT FUEL

Two TRIGA reactors are presently in operation in Italy. Reactor
RC-1, 1MW, is operated by ENEA at Casaccia Center (Rome). Reactor
LENA, 250 KW, is operated by the Department of Nuclear Energy at the
Pavia University (Northern Italy).

The spent fuel is presently stored at the reactors. The storage
situation is indicated in Table 2.

TABLE 2 TRIGA FUEL STORED IN ITALY

REACTOR

RC-1 Rome
RC-1 Rome
LENA Pavia

U-235
%

2 0
2 0
2 0

Cladding
material

Aluminum
SS

Aluminum

Time in
storage,

yrs
2 9
15
10

No. of
assemblies in

storage
65
77
7
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The AR storage system at RC-1 includes 5 demineralized water pits
and racks in the reactor pool. The current situation is the following :

- The 65 aluminum-clad assemblies are stored in the 5 water pits
located in reactor room;

- The 77 SS-clad assemblies are stored in 5 racks in the reactor pool.

The above assemblies are included in those considered for return
to the USDOE.

The AR storage at LENA includes 1 pit and racks in the reactor
pool. Currently the spent assemblies are stored in the pit located in the
reactor room. The storage capacity is at this time considered adequate
to the future activity of the reactor.

3. CONCLUSION

The removal of the spent MTR assemblies from the pool of the
EUREX plant is at present the major concern in the management of the
research reactor spent fuel in Italy. Should the return to the USDOE be
deferred and the reprocessing unavailable, an interim dry storage
system will be taken in to consideration.
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STATUS OF SPENT FUELS IN JAPANESE RESEARCH
REACTORS

T. KODAIRA XA9642805
Research Reactor Technology Development Division,
Department of Research Reactor,
Tokai Research Establishment,
Japan Atomic Energy Research Institute,
Tokai-Mura, Naka-Gun,
Ibaraki-Ken, Japan

Abstract

There are now eleven research and test reactors in operation in Japan. Spent fuel
issues might cause problems at the JRR-3M and JMTR reactors in the near future.
Increasing the number of spent fuel racks at these reactors is now under consideration
because the existing capacity is almost filled. The commissioning of extra racks will allow
space for the normal discharge of fuel from these reactors for several more years. The
current management of spent fuel from the eleven operational reactors is suitable to meet
their needs.

1. Introduction

In Japan, there are now eleven research and test reactors in operation
as shown in Table 1. As we already mentioned in the AGM on Storage Experience
with Fuel from Research Reactors held in Vienna on July 1993, the spent fuel
issues might cause in some of reactors with relatively high power such as the
JRR-3M, the JMTR and so on near future. During the past year, it could be
pointed out that the amount of spent fuels increases with the operation of
reactors, the integrity of spent fuels has been constantly kept, the MITRR
advances to the preparation of interim dry storage and investigations are
under way in accordance with the progress of USDOE's acceptance policy for
spent fuels from foreign research reactors. The present status and future
items relevant to the spent fuels from research and test reactors in Japan
are described as follows.

2. Spent Fuels in Kyoto University Research Reactor Institute(KURRI)
KURRI owns the KUR with 5MW which has been operated since 1964 using HEU

fuels. The status of spent fuels from the KUR are as follows.
Fuel : U-Al Alloy (93%HEU), MTR Type
Storage Facility (Environment): Fuelrack in Pool (Water)
Capacity :No.l Pool 160 Elements

No.2 Pool 300 Elements

Amount in Hand : 212 Elements (As of Sept., 1994)
The Longest Period of Storage : 22 Years.
Annual Output of SF : 12 Elements

In the KUR, there are two storage pools for a spent fuel.
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TABLE 1. JAPANESE RESEARCH REACTORS IN OPERATION

Name

JRR-2

UTR-KINKI

TRIGA-II

TTR-1

JRR-3

MITTR
MUSASHI

KUR

JRR-4

JMTR

YAYOI

NSRR

Owner

JAERI

Kinki Univ.

Rikkyo Univ.

Toshiba

JAERI

Musashi
Inst.Tech.

KURRI

JAERI

JAERI

Univ.of
Tokyo

JAERI

Site

Tokai

Higashi-Osaka

Yokosuka

Kawasaki

Tokai

Kawasaki

Kumatori

Tokai

Oarai

Tokai

Tokai

Type and

D20(CP-5)

HzO(UTR)

H20(TRIGA)

H20(pool)

D20(tank)

H20(pool)

H20(TRIGA)

H20(tank)

H20(pool)

H20(MTR)

fast
(horizontally
movable)

H20(TRIGA)

enrichment

U-Al
UAlx-Al

U-Al

U-ZrH

U-Al

NU
U02
UAlx-Al

U-ZrH

U-Al

U-Al

U-Al
UAlx-Al
U3Si-Al

U

U-ZrH

93%
45%

90%

20%

20%

1.5%
20%

20%

93%

93%

93%
45%
20%

93%

20%

Max.Power

10 MW
10 MW

1 W

100 kW

100 kW

10 MW

20 MW

100 kW

5 MW

3.5 MW

50 MW
50 MW
50 MW

2 kW

300 kW

Start-up

1960.
1987.

1961.

1961.

1962.

1963.

1990.

1963.

1964.

1965.

1968.
1986.
1994.

1971.

1975.

date

10
11

11

12

3

9

3

3

6

1

3
7
1

4
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® No. 1 pool connects with the KUR through canal. Fuels are stored

here for about one year after the removal from the core.
d) No. 2 pool locates in separated building from the KUR and the cask

is necessary for the transportation of spent fuels. Maximum storage
capacity may be increased up to 600 elements.

Water chemistry of the pool is controlled and monitored. Aimed electric
conductivity is less than 5//S/cm and daily inspected value shows 0.2~0.4
,uS/cm. The pH has been kept in the level of 6 to 7. The storage facility
was constructed based on the aseismic design of B class* with story shearing
force coefficient of C|=0.3 for pool and horizontal seismic coefficient of
C[=0.36 for fuelrack. Water level of the pool is continuously monitored by
the sensor installed. Integrity of spent fuels during storage is checked by
the sipping test on occasion. At the present, the pool leaves relatively big
margin for the storage capacity. The current management for these spent fuels
is suitable to maintain their integrity.

3. Spent Fuels in Japan Atomic Energy Research Institute (JAERI)
3.1 Research Reactors (JRR-2, JRR-3M and JRR-4)

Table 2 shows status of spent fuels in the JRR-2, the JRR-3M and the
JRR-4. Water chemistry of these pools is controlled and monitored. The aimed
electric conductivity and pH are less than 10^S/cm and 5.0—7.5 respectively.
Weekly inspected values show 0.9 to 1.2#S/cm and pH 5.8. Water level of
these pools is continuously monitored by the sensors installed.

Spent fuels during storage in the pool are weekly checked by radioacti-
vity measurement and nuclide analysis of sampled water. Visual inspection of
spent fuels and radioactivity measurement in water purification system are
also done in order to check the integrity of spent fuels.

Metallic natural uranium (MNU) fuels are stored in the canister of the
Dry Storage Facility (DSF) under inert gas environment.

The storage facility was constructed based on the aseismic design. Fuel-
rack, pool and the DSF are designed as B class. The horizontal seismic coeffi-
cient C, is 0.36 for fuelrack and the story shearing force coefficient C, is
O.3 for pool and the DSF. The current management for these spent fuels is
quite enough to maintain their integrity.

As for the JRR-2 and the JRR-3M, the followings can be pointed out.
® Sixty elements were transferred from the JRR-2 to the No.2 spent fuel

storage pool in the JRR-3M on November, 1991 because of the overflow
of the capacity.

© Spent fuel storage pool in the JRR-2 leaves a margin due to the termi-
nation of reactor operation near future.

* see Appendix.
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TABLE 2. PRESENT STATUS OF SPENT FUELS IN RESEARCH
REACTORS OF JAERI

Reactors

JRR-2
(10MW)

JRR-3M
(20MW)

JRR-4
(3. 5MW)

Fuels

\i-k£ Plate Type
(93% HEU)

Uk£x-k£ Plate Type
(45%MEU)

Metallic Natural Uranium
CMNU)

Uranium Oxide
(U02)

UA£x-A£ Plate Type
(19.75%LEU)

\)-^£ Plate Type
(9396HEU)

Storage Facility

(Environment)

Plate

Plate

U02

Plate

Plate

MNU

Plate

SF Pool

(wet)

SF Pool
(wet)

SF No. 1 Pool

(wet)

SF No. 2 Pool

(wet)

DSF

(Dry)

SF Pool
(wet)

Capacity

(Element)

120

130

450

200

80

600

97

Amount in Hand
(Element)

(As of Sept, 1994)

HEU 7

MEU 62

LEU 80

407

88

From JRR-2
MEU 32
HEU 28

600

23

Longest Storage
Period (Year)

(As of Sept, 1994)

19

2

23

3

22

29

19

Annual Output

(Element)

20

• Zero for MNU and
U02

• Plate (LEU) 56
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(sD Spent fuels in the JRR-3M Storage Facility will reach to the licensed
storage capacity limit of 410 elements for the plate type fuel at the
end of 1997 and the increase of capacity is now under consideration.

(3) Reprocessing is now under investigation as for UO2 and MNU in Japan or
other countries.

3.2 Japan Materials Testing Reactor (JMTR)
Present status of spent fuels in the JMTR is summarized in Table 3. Water

chemistry of the pool is controlled and monitored aiming at the target elect-
ric conductivity and pH of less than 2#S/cm and 5.5~7.0, respectively.
Observed data are as follows.

(T) Electric conductivity is continuously monitored and shows O.O5—1.5^S

/cm.

(2) PH is checked at ten days interval using sampled water and showing 5.5
to 7.0

Water level of the pool is continuously monitored by the sensor installed.
Integrity of spent fuels during storage in the pool are monitored a week by
radioactivity measurement and nuclide analysis of sampled water. Storage
facility was constructed based on the aseismic design of B class with C,=
0.36 for fuel rack and C I=0.3 for pool. The current management for these
spent fuels is quite good enough to maintain their integrity.

Since storage capacity of the pool in the JMTR might be overflowed by the
spent fuels in early 1996, the increase of fuelrack is now under way.

4. Spent Fuels in Other Reactors
Present status of spent fuels in the MITRR (lOOkw) are as follows.

Amount of Spent Fuels in Hand : 65 Elements (TRIGA)
Interim dry storage is now under preparation.

At present,the NSRR, the TRIGA-TJ Rikkyo, the TTR-1, the Yayoi and the
UTR Kinki have no spent fuels.

5. Conclusions

From the results described above.it can be pointed out that the KUR, the
JRR-2 and the JRR-4 leave a margin for the storage of spent fuels. As for
spent fuels storage in the JRR-3M and the JMTR, the increase of fuelrack is
now under consideration or under way because of the lack of their capacity
near future. This implementation leaves a margin more than several years.

However, the storage capacity is physically limited. As the most promi-
sing solution for such issue, the transportation of these spent fuels to the
USA is now planned to fix near future.
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TABLE 3. PRESENT STATUS OF SPENT FUELS IN JMTR

Reactor

JMTR

(50MW)

Fuels

U-A £
(93% HEU)

UA £\-k&
(45%MBU)

U3Si2- k£
(<20%LEU)

Type

Plate

Storage Facility

(Environment)

SF Pool

(Wet)

Capacity

(Element)

1115

Amount in Hand
(Element)

(As of Sept, 1994)

80

640

49

Longest Storage
Period (Year)

(As of Sept, 1994)

8

7

2

Annual Output

(Element)

~ 85



The current management for spent fuels is suitable to maintain their

integrity. Interim dry storage in a cask might be future issue from the view

point of prevention of corrosion of fuel cladding for longer storage.

APPENDIX

Seismic classification in the Guideline for Aseismic Design of Nuclear Reactor

Facilities in Japan ( after M. Watabe ) n

Seismic

Classification

Class As

Class A

Class B

Class C

Definition

Facilities extremely essential

to plant safety among Class A

items

Facilities important to plant

safety or related to radioac-

tive material

Same as Class A but whose

rupture might lead to less

serious consequences

Facilities not classified as

A or B , and the same degree

of safety as ordinary indust-

rial facilities

E x a m p 1 e

Reactor containment,

Reactor coolant pressure bound-

aries,

Core shut-down system,

etc.

Reactor auxiliary building,

Emergency core cooling system,

Emergency off-gas system,

etc.

Turbine Bldg. (BWR),

Rad-waste treatment system,

etc.

Turbine Bldg. (PWR),

Turbine Generator,

etc.

1) M. Watabe, " Recent Development in Seismic Design Criteria and Practice in Japan ".
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THE PROBLEMS OF TREATMENT OF IRRADIATED FUEL AT
RUSSIAN RESEARCH REACTORS

N. V. ARKHANGELSKY XA9642806
Ministry of Atomic Energy
Moscow, Russian Federation

Abstract

This report describes the problems of safety during the storage and
transportation of the spent fuel from Russian research reactors.

Many research reactors continue to operate at Russia at present time. They
use many different types of fuel elements and assemblies. The questions of safety
during storage and transportation of spent fuel from research reactors is considered
in Russian documents on the safety of research reactors. The main features of
these documents are described in this report.

This report discusses three stages of the storage and transportation of the
spent fuel:

• the temporary storage in the pool or in the vessel;
• the storage in the repository on the territory of the institutes;
• the transportation of the fuel to the reprocessing plant.

The future plans provide the solution of the problem of transportation and
reprocessing of all types of fuel assemblies which are used in Russian research
reactors and experimental facilities. Also the Russian Reduced Enrichment
Research Reactors Program that was started late in 70th continuing now. The
main results of this work would be increase the density of the fuel meat in the
composition on the basis of uranium dioxide and the change of the fuel
composition to uranium silicide in aluminum matrix or another.

1. Introduction

From 1946 to the present a large number of research reactors have been
constructed in Russia. Twenty one of them continue to operate at the present time.
Moreover there are a certain number of prototype reactors, reactors for special
purposes and zero power reactors (or critical assemblies).

The total power of all operating Russian research reactors is about 400
MW. The value of cumulative reactor years for all of them is about 600 (see Table
1). During their operational lives the Russian research reactors accumulated and
continue to accumulate a large number of irradiated fuel elements and assemblies
of different types, including the experimental fuel elements and assemblies.
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TABLE 1. RUSSIAN RESEARCH REACTORS IN OPERATION, UNDER
CONSTRUCTION OR PLANNED FOR CONSTRUCTION

MW
I*
X

4.

5«
6.

KJ.
13,
\1.
IX
14.
15.
16.

17,
IS.

19.
20.
tt
22.

F-1
rR-8
MR

IIN-3M

ARGUS
IR-50

IRT-MIFI
AM
BR-10
WWR-TS
SM-3

MIR-M1
BOR-60
RBT-6

RBT-10/1

RBT-10/2
IW-2M
WWR-M

IRT-T
RG-1M
DBR-2
PIX
MPR

1946
1957
1963
1972

1981
1961

1967
1954
1958
1964
1961
1966
1969
1975

1983

1984
1966
1959
1967
1970
1977

graphite
pool
channel
homog (1)
pulse

homog(l)
pool

pool
graphite
fast
pool
tank
channel

fast
pool

pool

pool
pool
pool
pool
pool
pulse
tank

pool

0.024
8.0
40.0

l*104

(in pulse)
0.05
0.05

2.5

10.0
8.0
15.0
100.0
100.0
60.0
6.0

10.0

10.0
15.0
18.0
6.0

0.1
4.0 (av.)
100.0

100.0

Oper.
Oper.
Oper.
Oper.

Oper.
Oper.

Oper.

Oper.
Oper.
Oper.
Oper.
Oper.
Oper.
Oper.

Oper.

Oper.
Oper.
Oper.
Oper.
Oper.
Oper.
Constr.
In design

48
37
31
22

13
33
27

40
36
30
33
28
25

19

11

10
28
35
27
24
17

U m e ,
UO2 +

uo2 +
Solution

Solution
uo 2 +
UO, +

uo 2 +
UN
uo 2 +
uo 2 +
uo 2 +
UO2+ 1
uo 2 +
uo 2 +
uo 2 +
uo 2 +
uo 2 +
uo 2 +
uo 2 +
Pu
uo 2 +
uo 2 +

Al
Al

Mg
Al

Mg

Al
Cu
Al

PuO2

Cu

Cu

Cu
Al
Al
Al

Mg

Cu

Al

Naturally, these circumstances required the development of a system of
treatment of irradiated fuel that could guarantee the nuclear and radiation safety of
the storage and transportation of this fuel. Such system has been created and is
continually updated.

The important peculiarity of Russian research reactors is the large variety of
types of fuel assemblies that are used in different reactors. At the present time,
more than ten types of fuel assemblies are in use. The fuel elements in these
assemblies are of tube and rod types, the enrichment of uranium is 10, 36 and
90%, the height of the active part is from 35cm to about 2m (see some examples of
Russian fuel assemblies on Figures 1 to 4). Different types of fuel materials are in
current use, such as uranium-aluminum alloy, a dispersion of uranium oxide in
aluminum matrix, etc.

inMoreover many types of experimental fuel elements are tested
experimental loops and rigs. It is clear that this situation means that the safety
analyses of storage and transportation of spent fuel elements requires a great deal
of effort.

128



Figure 1. Fuel assembly of the IR.T-3M type. 1 - cap; 2 - displacer; 3 - fuel elements;
4 - pad; 5 - end part.
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Figure 2. Fuel assembly of the reactor WWR-M. 1 - cap; 2 - upper grid; 3 - fuel elements;
4 - end part.
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1 -cap

2 - cover

3 - support spacing

4 - fuel elements

5 - support grid

6 - ending part

Figure 3. Fuel assembly of the reactor CM-3.
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Figure 4. Fuel assembly of the reactor RG-IM. 1 - cap; 2 - upper grid; 3 - tube; 4 - fuel
elements;5 - end part.
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2. General

From Table 1 we see that the main type of Russian research reactor is
water-water reactor (pool and tank type). For this reason, this report discusses
mainly the questions of the safety of the storage of the spent fuel at research
reactors of this type, but it should be noted that the general questions of safety
are the same for fuel of reactors of any type.

At first, it is important to note that the requirements of safety during the
storage and transportation of spent fuel assemblies are described in many special
Russian documents on the safety of research reactors.

In Russia there is a system of different levels of documents on safety of
research reactors. The top level document is: "General Requirements for Providing
Safety at Research Reactors." This document includes the main safety principles
for the siting, design, commissioning, operation, modification and
decommissioning of research reactors. It corresponds to such Agency documents
as "Safety Standards on Design and Operation" (35-S1 & 35-S2).

The documents of the next level that describe the definite requirements for
the safety systems of reactor are very numerous. They consider all of the general
questions of the safety during the storage and transportation of spent fuel elements.

The following main safety requirements shall be provided in all stages of
the movement of spent fuel from the core to the reprocessing plant:
• provision of sufficient subcriticality in the storage of the spent fuel elements

and assemblies for nuclear safety;
• adequate heat removal from the spent fuel elements for the prevention of

damage of the cladding of the fuel elements;
• provision of an adequate coolant chemistry for the minimisation of cladding

corrosion;
• physical protection of the nuclear fuel;
• exact registration of the quantity of nuclear materials at all stages of the storage

and transportation.

3. Safety During Temporary Storage of Spent Fuel

After unloading the fuel assemblies from the active core they shall be
transported to the temporary storage. All research reactors even the very low
power reactors have a facility for temporary storage of spent fuel.

The questions of nuclear safety of the temporary storage of fuel assemblies
are considered in the special document: "Nuclear Safety Regulations for Research
Reactors" [1], which mainly addresses the questions of nuclear safety during
commissioning and operation of research reactors.
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Rates and order of transportation and storage of the spent fuel elements
shall be specified in the reactor design. A special document that discusses the
problems of safety shall, be included in the design of the reactor. This document is
entitled: "The Technical Basis for the Safety of the Reactor" and its contents are
analogous to those of the "Safety Analyses Report." The Technical Basis for the
Safety of the Reactor such as its design shall be approved by the regulatory body.

The assemblies of spent fuel elements must be stored in special storage
racks. These storage racks are located in the pool or in the vessel of reactor.
Transfer of the elements from the active core to the storage racks is accomplished
by moving the fuel assemblies through the water that provides adequate shielding.
When the storage racks become full the spent fuel assemblies must be loaded into
the temporary "wet" storage. Usually the capacity of the temporary storage is
relatively big. For example at the reactor IR-8 (power of this reactor is 8 MW) the
capacity of the temporary storage is 120 fuel assemblies. This capacity
corresponds to 8-10 years of operation of the reactor. In all cases the capacity of
temporary storage must be enough for providing of the possibility of the unload of
the full core to the storage in the case of the accident.

The storage of spent fuel assemblies shall be such as to prevent inadvertent
criticality and to provide an adequate cooling of fuel elements. The most important
safety parameter during the storage of the spent fuel assemblies is a step between
fuel assemblies. Its value shall be calculated by the operational organization.
According to the regulations [1] the subcriticality of spent fuel storage shall not be
less than 0.05 in all accident situations such as mechanical damage of the facilities,
loss of coolant in the storage, special internal and external events etc. These
calculations shall be verified by the special division of the Institute of Physics and
Power Engineering at Obninsk and after that be approved by the regulatory body.

To avoid corrosion of the cladding of the fuel elements the water chemistry
in the storage pool shall be the same as in the primary circuit of the reactor. For
example, for fuel elements with aluminum cladding the value of pH shall be from
5.5 to 6.5 and the specific conductivity shall be less than 1.5 //S/cm. Clearly, these
parameters are also defined in special standards.

Conservative assumptions are used to provide an adequate safety margin. In
particular, the calculations of criticality are carried out assuming that all fuel
elements in storage are fresh, but in the calculations of the radiological
consequences it is assumed that all fuel elements have the maximum possible
burnup.

The information about radiological situation in the storage and the level of
the coolant in it shall be communicated to the control room. In the case of the
deviation from the acceptable limits the warning signal shall appear on the control
panel.
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A special problem is the storage of defective fuel elements and assemblies,
since there may be a possibility that fission products are released into the pool.
These fuel assemblies must be install in special boxes to isolation them from the
pool. However, it is emphasized that occurrences of failured fuel elements are very
rare and at the majority of Russian research reactors such failures have not
happened more than one or twice during the whole history of the reactor.

Information about all transport operations with spent fuel assemblies shall
be recorded in a special log. These include the necessary information about fresh
fuel assembly (in particular, the date of the construction of the fuel assembly, the
charge of uranium in the fuel assembly, the enrichment of the uranium), the times
of loading and unloading of the fuel assemblies from the core, the burnup of the
fuel and the position of the fuel assembly in the storage. The order of the treatment
of the fuel is described in the instructions for the safe transportation and storage
of fresh and spent fuel, a document that is available at every research reactor.

4. Safety of Repositories for the Spent Fuel

Once the decay heating has reduced to a level when the storage of the spent
fuel assemblies is possible without cooling by pool water they can be transported
to the repositories. Such a repository is always available at all institutes that have
several research reactors and in several cases at the institutes having one research
reactor.

The questions of nuclear safety during the transportation of the spent fuel
assemblies to the repositories and storage of spent fuel assemblies in them is
defined in the special document entitled: "Nuclear Safety Regulations for
Transportation and Storage of Dangerous Fissionable Materials" [2]. According to
these regulations, all repositories shall be divided into 3 classes depending on the
possibility of the repository overflowing in the case of the flooding, failures of
equipment in the neighbouring rooms and personnel errors. In the repositories of
the first class overflowing is impossible even in the case of the flooding. It is
obvious that these repositories are dry. In the repositories of the second class the
penetration of subterranean waters in the repository is impossible in all cases.
These repositories are also dry. The new repositories shall be designed only as the
repositories of the first or second classes.

As we see from the name of this document it determines mainly the
questions of nuclear safety. According to it, the subcriticality of spent fuel in
repositories shall not be less than 0.05 for full repository and in all accident
situations. The possible initial events of the accidents are earthquakes, flooding,
fire, loss of electrical power supply, failure of transport cask, etc. The calculations
of criticality must be carried out by the operational organization, then they shall be
verified by special division of the Institute of Physics and Power Engineering at
Obninsk and after that shall be approved by the regulatory body. This procedure is
the same as for temporary storage of spent fuel assemblies.
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The problem of corrosion of the cladding of fuel elements can arise during
the storage of spent fuel assemblies in "wet" repositories but it is important to
emphasize that the process of corrosion proceeds very slowly. However, the long-
term storage of spent fuel assemblies in dry repositories shall be preferable.

The special problem is the storage of the spent fuel assemblies from
experimental loops and rigs. It's necessary to say that the many of them were
designed on unique technology that did not receive the continuation. In several
cases we must to say about a few fuel elements.

5. Safety During the Transportation of Spent Fuel to the Reprocessing Plant

It is necessary that before transportation of the spent fuel assemblies from
the institutes to the reprocessing plant the level of decay heating become enough
low. The value of necessary time for the decreasing of decay heating varies from
one fuel assembly to another and may reach six years for fuel assemblies with
very high specific power. The special standards determine these values of the
times for every type of fuel assembly.

After the decay heating in fuel elements has reduced to a low level they can
be transported to the reprocessing plant. The questions of nuclear safety during the
transportation of the fuel assemblies are defined in special document: "Principal
Safety and Physical Protection Regulations for the Transportation of Nuclear
Materials" [3].

The transportation of spent fuel elements carry out in special dry containers
[4]. It is impossible to transport spent fuel assemblies until the operational
organization have prepared the necessary documents. These documents shall
consider the questions of nuclear and radiation safety, they shall include the
calculations of criticality and adequate cooling in normal conditions and in all
accident situations. It's possible to transport only the unfailed fuel assemblies
or failed fuel assemblies in hermetical transport cask.

To receive permission for the transportation of spent fuel assemblies, an
operating organization must prepare the necessary documents that must then be
approved by the regulatory body, representatives of security service and local
authorities of those territories over which the transportation is intended.

The procedure to receive permission is not very easy. Moreover the
permission can be received only if the reprocessing plant has adequate technology
for reprocessing of the spent fuel in question. Taking into account the large
number of fuel compositions that are used in Russian research reactors and their
experimental facilities this problem is very complicated and for this reason many
types of fuel elements stay in the repositories for many years.

There is a special standard for transportation of spent fuel assemblies from
research reactors to the reprocessing plant. It includes all main fuel assemblies
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such as IRT-M, WWR-M, CM-2, MR fuel assemblies with EK-10 fuel elements.
There is an adequate technology for reprocessing of these spent fuel assemblies
and during several years this technology is use. Concerning the experimental fuel
assemblies it's necessary to say that the many of them were designed on unique
technology that did not receive the continuation.

Special standards describe the requirements for the vehicle and the transport
container. New transport containers shall be tested by the design organization and
after the results of the test shall be approved by the regulatory body. During last
few years a new cask (cask-19) for the transport of research and experimental
reactor spent fuel assemblies has been developed [4]. It is a thick-walled vessel
tightly sealed with a heavy cap. The cask allows the shipment of spent fuel
assemblies of different research reactors with various fuel types of different cross-
sectional shapes and with a total decay heat of up to 360 W. The cask design
assures nuclear safety, biological shielding, heat removal from fuel assemblies,
hermetic sealing and strength in normal and emergency conditions of
transportation.

6. Future plans

The most important difficulties with the treatment of irradiated fuel from
Russian research reactors are the large variety of the fuel elements and assemblies
used in the research reactors and their experimental facilities. For this reason in the
near future we intend to finish the development of the safety standards and include
in the final document standards for all of the types of the fuel elements and
assemblies used in the past and at present. On the other hand, we want to use in
the future not more than one or two fuel compositions in the fuel elements of
research reactors. This will make it easier to solve the problems of reprocessing of
spent fuel. But as before the reprocessing of experimental spent fuel assemblies
would be remained the big problem.

We also propose to convert the composition using in the fuel elements of
Russian research reactors for another reason. This is in connection with the
problem of the reduction of enrichment of uranium in research reactors in
accordance with the joint international efforts in nonproliferation policy [5].

At the present time the main type of the fuel composition in our research
reactors is uranium oxide in aluminum matrix. With this composition it is possible
to reduce the enrichment of uranium from 90% to 36%, but to reduce the
enrichment to less than 20% it is necessary to use a new fuel composition e.g.
uranium silicide in aluminum matrix or another composition.

The development of this composition in Russia is now in progress and we
hope in the near future to begin using fuel elements with such a composition.

137



Clearly, this development will create new problems of safety during the storage,
transportation and reprocessing of spent fuel elements. In particular the
reprocessing of spent fuel assemblies can be very complex problem.
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Abstract

This paper describes the research reactors in Ukraine, their spent fuel facilities and
spent fiiel management problems.

Introduction

Nuclear science, technology and industry are highly developed in Ukraine. There are 5
NPPs in the country with 14 operating reactors which have total power capacity of 12,800
MW. Great attention is paid to development of research connected with the peaceful uses of
atomic energy, which is concentrated mainly in the Academy of Sciences. Research reactors
are actively used for this purpose. However, for the reasons mentioned in this paper, Ukraine
has at present considerable difficulties in development of its nuclear programme.
There are 2 research reactors in Ukraine:

1. Kiev Research Reactor

Research Reactor W R - M (water-water, modernized) belongs to the Ukrainian
Academy of Sciences and is located at the territory of the Institute for Nuclear Research. This
is a pool type reactor with 10 MW nominal capacity. Flux of fast neutrons in the core is
1.7-1014 n/cm2s; that of thermal neutrons is 61013 n/cm^s. Research in nuclear physics,
neutron physics, radiation physics, radiation material science, radiobiology, radioecology,
different applied fields and isotope production are carried out on it. Special channel filters
which permit to obtain quasi - monochromatic neutron beams are widely used in research. At
the end of 1980s, 30 organizations from Ukraine and other Republics of the former USSR
participated in research at this reactor.

This is a heterogenous reactor on thermal neutrons. Light water is moderator and
cooler; beryllium serves as neutron reflector. Reactor has 9 horizontal channels adapted for
research in particular fields, a thermal column and 25 vertical channels for research in radiation
technologies and isotope production. Normal operation duration is 5 days a week.

The fuel for reactor was supplied from Russian Federation. There is enough of fresh
fuel for several years of reactor operation. Two types of fuel are used: with 36% and 90%
enrichment in 235u. Fuel assemblies are of hexagonal cross section and can be used in single
or tripple configuration. Average fuel burnup is 40-50%.

Spent nuclear fuel storage capacities are designed for 50 single and 246 tripple fuel
assemblies. Irradiated fuel is stored in a cooling pond for a period not less than 3 years. Now it
contains 272 fuel assemblies of both types. A new large storage facility was designed and its
construction started in 1990. However, due to financial difficulties it was postponed. The
same difficulties limit the volume of work on reactor at present.
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2. Sevastopol Research Reactor

Research reactor IR-100 belongs to the Sevastopol Navy Institute. It is a pool type
reactor with 200 kW nominal capacity. Flux of thermal neutrons in the core is 6 1012 n/cm2 s.
Reactor has 3 horizontal and 8 vertical channels. It usually operated 5 days a week; but now it
is temporarily shut down.

There are laboratories for physical measurements, activation analysis, technical
dosimetry, radiochemistry, radiobiology and a computing centre. Research in nuclear and
molecular physics, solid state physics, nuclear engineering and technology, radiation
chemistry, radiation stability of materials, biology, ecology as well as training of specialists in
nuclear technology and radioisotope production is carried out there.

Fuel with 10% enrichment in 235TJ which was supplied from Russia is used. Each fuel
assembly contains 7 fuel pins.

Spent fuel is stored in a pool which is located near the reactor. Its capacity is up to 114
fuel assemblies. In the case that the reactor is operated with the same intensity as in past years
(lectures, training, research work), there will be no necessity for a storage capacity increase.
At the moment there are no technical difficulties with regard to spent fuel storage, but
considerable financial problems connected with the normal reactor operation exist.

Physical protection of fission materials at reactors is organized corresponding to the
International Convention and regulations acting in the country. Both reactors will be put under
the IAEA safeguard system as soon as Ukraine joins the Non-proliferation treaty.

3. General Remarks

At the moment Ukraine has no the long-term nuclear power programme development.
Chernobyl disaster in 1986 which resulted in radioactive contamination of large territories and
evacuation of about 150,000 inhabitants from the contaminated areas has greatly influenced
public opinion and this has stopped for many years any activity related to development of
power and research reactors.

Considerable political and technical problems arose besides the social ones. Ukraine
does not have its own base for nuclear industry development, for fuel enrichment, for
radioactive waste final storage etc. All such facilities are located in Russia and after the
collapse of the USSR, a number of various problems related to the Ukrainian nuclear
programme has appeared. Many of them need urgent solution.

The problem of radwastes is among the most urgent issues of the GOSATOM,
organization which is responsible for nuclear power use in Ukraine. In 1993 a "Concept of
Radwaste Management" was adopted. According to it, a National programme on establishing
the radwaste management in Ukraine should be elaborated, in which the responsible
executives, scope and sources of financing will be defined, new technologies of radwaste
processing and new containers for long term storage will be designed. It is planned to create a
centralized radwaste processing facility which will be able to provide a reliable storage of all
spent fuels at one site. Temporary container storages (up to 5 years) as well as dry storage
facilities for the period 40-50 years will be constructed.
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This situation is strongly reflected in the management and storage of research reactor
spent fuel. In the former USSR this fuel was transported to Russia and left there for long term
storage. Now, in compliance with the Russian Law "On environment protection", which
prohibit the access of radwastes on its territory, not a single fuel assembly has been sent from
Ukraine for more than two years at the time of writing. It is expected that the storage
capacities for irradiated fuel, which are available at the W R - M research reactor, will be filled
within the next 3-5 years. The problem of processing and storage of this fuel remains open.

The final solution of research reactor spent fuel storage depends on the general
solution of nuclear problems in Ukraine, which is under consideration by the Government.

One of three solutions or a combination thereof appear to be possible:

1. Development of a new structure of the Ukrainian National nuclear complex, which will also
include the problem of research reactors;

2. Conclusion of an Agreement with the Russian Federation about renewal of previous co-
operation in nuclear programmes;

3. Organization of co-operation with Western countries.

All these possibilities are investigated at the moment. However, due to the difficult
financial situation in Ukraine, a radical improvement in nuclear policy in the nearest future can
hardly be expected. Therefore any assistance from the IAEA would be greatly appreciated.

With regard to research reactor operation and spent fuel storage in particular, this
assistance could be provided, for instance, under the IAEA technical cooperation programme
or in any other form A detailed description of the needed assistance can be submitted to the
Agency.
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STORAGE OF SPENT NUCLEAR FUEL FROM RESEARCH AND
TEST REACTORS IN THE UNITED KINGDOM

M.R. MACPHAIL
HM Nuclear Installations Inspectorate, XA9642808
St Peter's House,
Bootle,
United Kingdom

Abstract

This paper reviews the current research and test reactor programme in the UK Over
the last few years there has been an increasing number of these reactors shutting down, and
the topic of the storage of spent fuel has been highlighted. At present, the available facilities in
the UK include spent fuel storage and reprocessing plants for dealing with much of the spent
fuel. Nevertheless, there is a need to deal with the spent fuel while the options are available.

1. INTRODUCTION

The research and test reactor programme in the UK has been large, but today few
reactors are operational. The remaining reactors are being or will be shutdown and
decommissioned. One of the concerns of the reactor operators is the removal of the fuel for
storage at suitable facilities. This paper describes the UK reactor programme, the options for
spent fuel management and the present status of spent fuel storage.

2. RESEARCH AND TEST REACTOR PROGRAMME

In the UK to date there have been over thirty research and test reactors of various
types. Many of them have long since been shutdown, decommissioned and the fuel removed
for storage or reprocessing. Currently, there are seven operational research and test reactors.
Of the remaining shutdown reactors there are five where spent fuel is stored.

The operational and shutdown reactors are of various types including both thermal and
fast reactors. The AEA (Atomic Energy Authority) are responsible for more than half of these
reactors. Listed in Table 1 are those research and test reactors which have shutdown and
where there is spent fueL The operational research reactors are listed in Table 2.

3. OPTIONS FOR SPENT FUEL MANAGEMENT

The options available for dealing with spent fuel from research and test reactors
include short term storage at the reactor, storage at a central storage facility away from the
reactor, and reprocessing.

3.1. At reactor storage

A few of the research and test reactors have short term spent fuel storage facilities at
the reactors. However, several reactors do not have such facilities.
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3.2. Away from reactor central storage facility

At Dounreay there are pond storage facilities that can be used for the short term
storage of spent fuel from research reactors. The spent fuel from the AEA research reactors
and from some overseas reactors has been stored at Dounreay prior to reprocessing. The
facilities comprise storage ponds with handling equipment for transit flasks. They are,
however, not facilities for the long term storage of spent fuel.

3.3. Reprocessing

There is a plant at AEA, Dounreay specifically for reprocessing spent fuel from
research reactors. The plant has operated on a regular basis since 1958 apart form a period
from 1989-1992 when significant improvements were carried out by AEA partly to satisfy
licensing requirements. To date the plant has reprocessed more than 12,000 fuel elements from
research reactors at Dounreay and Harwell, and overseas (France, Germany, Denmark, South
Africa, Greece, Japan, Sweden). The spent fuel elements reprocessed at the plant consist of
highly enriched Uranium/Aluminium alloy encased in aluminium This facility has alleviated the
potential problems associated with the storage of spent fuel from research reactors both in the
UK and overseas.

3.4. The regulatory position

In the UK most of the sites with research and test reactors are licensed and regulated
by the Nuclear Installations Inspectorate (Nil), which is part of the Hearth and Safety
Executive (HSE). The site licence includes thirty five licence conditions covering topics
relevant to safety. Two of the licence conditions refer to the storage of activity on the site and
also to decommissioning plants. NH has no preferred storage or disposal route for spent fuel.
Nil will equally apply the licensing conditions upon the operators whichever route is chosen,
and thereby ensure that the selected option is carried out in a safe manner. The options for
dealing with the spent fuel include the storage of spent fuel in a suitable facility or
reprocessing.

4 PRESENT STATUS OF SPENT FUEL STORAGE IN UK

4.1. Shutdown reactors with spent fuel (Table 1)

Many of the early research and test reactors in the UK were operated by the AEA at
Harwell, Winfiith, and Dounreay. They have played an important role in the nuclear power
research programme in the UK and many have now been shutdown. Table 1 lists those
reactors that have shutdown and have spent fuel stored at them.

The status of spent fuel at the shutdown reactors in the UK is summarised in the
following for each of the shutdown reactors :

GLEEP, AEA Harwell - This reactor is shutdown. The fuel in GLEEP is lightly
irradiated and its removal awaits the provision of remote handling equipment which is now
under construction.

Dounreay Fast Reactor - The reactor was operated by AEA and was shutdown in
1977. Essentially all the spent core fuel has been removed from the reactor and reprocessed.
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TABLE 1
SHUTDOWN UK RESEARCH AND TEST REACTORS

WITH FUEL STORED AT SITE
CODE

GB-0001
GB-0004
GB-0005
GB-0009
GB-0039

REACTOR
GLEEP, AEA, HARWELL

DOUNREAY FAST REACTOR, AEA
HERALD, AERE, ALDERMASTON

HECTOR, AEA, WTNFRITH
DRAGON, AEA, WINFRITH

There still remain more than 900 breeder elements in the reactor. Currently the reactor is being
decommissioned and the breeder elements are being removed and repackaged. It is planned to
remove all the breeder elements for reprocessing on site.

Hector, AEA, Winfrith - The reactor is being decommissioned. On site there is a fissile
material store that will be used for the spent fuel from the reactor.

Dragon, AEA, Winfrith - Following the shutdown of the reactor, the highly enriched
coated-particle fuel was removed from the reactor in 1975. The fuel elements were dismantled
and stored in mild steel containers. The containers were placed in two stores which are formed
by arrays of holes in concrete blocks set in pits in the floor. Water accidentally entered one of
the stores and a number of containers were affected. There is no risk of criticality but the
containers may be corroded. The intention is to repackage the fuel in stainless steel containers
and return them to the stores for 50 - 80 years, by which time the fuel may be disposable as
ILW.

4.2. Operational reactors (Table 2)

The research and test reactors currently in operation in the UK are listed in Table 2.
Most of the reactors have no spent fuel stored on she, except for NESTOR at AEA Winfrith
and ICITRIGA reactor at Billingham,

TABLE 2
OPERATIONAL UK RESEARCH AND TEST REACTORS

(i) Reactors with fuel stored on site
CODE
GB-0006
GB-0033

REACTOR
NESTOR, AEA WINFRITH
ICI TRIGA, BILLINGHAM

(ii) Reactors with no fuel stored on site
CODE
GB-0007
GB-0010
GB-0014

GB-0031
GB-0034

REACTOR
JASON, ROYAL NAVAL COLLEGE, GREENWICH
NEPTUNE, RR&A, DERBY
UTR-300 SCOTTISH UNIVERSITIES RESEARCH
REACTOR, EAST KILBRIDE
IMPERIAL COLLEGE, ASCOT RESEARCH REACTOR
DIMPLE, AEA WINFRITH
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NESTOR at AEA Winfrith - This reactor is still operating. The spent fuel from the
reactor will eventually be stored in one of the storage facilities on the site.

ICI TRIGA reactor at Billingham - There is some spent fuel stored within the reactor
pool. General Atomics in the USA supphed the fuel and initially it was intended to return all
the spent fuel to the USA. This is no longer the case and the operators are now concerned
about the final disposal.

JASON at the Royal Naval College at Greenwich - This reactor is operating with the
original fuel load.

NEPTUNE at RR&A Derby - This is a zero energy reactor. The fuel irradiation is
sufficiently low that the fuel can be re-used without giving rise to spent fuel.

UTR-300, Scottish Universities Research Reactor, East Kilbride - At present all the
fuel is in the reactor and there is no spent fuel stored. The reactor is due to shut down at the
end of 1995 and the spent fuel may possibly go to Dounreay for reprocessing.

Imperial College Research Reactor at Ascot - This reactor has no spent fuel in storage.
There are, however, a few used fuel elements outside the core which will be used again hi the
reactor. It is intended to dispose of all the fuel at same time when the reactor is
decommissioned, although there are currently no plans for this.

DIMPLE, AEA Winfrhh - This zero energy reactor is still operating.

5. FUTURE DEVELOPMENTS

There are currently no plans to build more test and research reactors in the UK Also,
there are no plans to build more storage sites, to expand the existing storage facilities, or to
extend the reprocessing plants.
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IMPLEMENTATION PLAN FOR THE ENVIRONMENTAL IMPACT
STATEMENT ON A PROPOSED POLICY FOR ACCEPTANCE OF
FOREIGN RESEARCH REACTOR SPENT NUCLEAR FUEL

Laboratory, • • • S L
Argonne, Illinois, XA9642809
USA

Summary

This paper provides a summary of selected portions of the United States Department of
Energy's "Implementation Plan for the Environmental Impact Statement on a Proposed Policy for
Acceptance of Foreign Research Reactor Spent Nuclear Fuel", DOE/EIS-0218, October 1994.

Spent fuel elements from research and test reactors are being addressed in the United States
as part of the environmental programs managed by the Department of Energy. Several
Environmental Impact Statements containing proposed actions and alternatives are currently being
prepared as part of the U.S. National Environmental Policy Act (NEPA) process that involves
extensive public and stakeholder participation.

A very important Environmental Impact Statement proposing acceptance by the United
States of Foreign Research Reactor Spent Nuclear Fuel is currently being prepared by the
Department of Energy. The first draft of this Environmental Impact Statement is scheduled to be
completed and sent out for public comment by the end of December 1994. The final document is
scheduled to be completed by the end of June 1995. A record of decision as to whether or not to
accept this spent fuel and under what terms and conditions is anticipated by December 1995.

The Implementation Plan (DOE/EIS-0218, October 1994) states that spent fuel containing
uranium of US-origin would be accepted for the following:

• For research reactors operating on LEU fuel, or in the process of converting to LEU fuel,
when the policy becomes effective, spent fuel (HEU and LEU) would be accepted for ten years.

For reactors operating on HEU fuel when the policy becomes effective and agreeing to
convert to LEU fuel, the order for the first LEU core load must be placed within 5 years. Then the
acceptance of HEU and LEU spent fuel would continue for 10 years after the date of the order for
this initial core load. In this case, the policy duration could be as long as 15 years.

• For reactors operating on HEU fuel when the policy becomes effective and not planning to
convert to LEU fuel, or for which suitable LEU fuel is not available, HEU spent fuel would be
accepted for 10 years.

• For reactors that are already shutdown, spent fuel (HEU and LEU) would be accepted for
ten years.
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The United States would bear full costs of transport, management, and disposition of spent
fuel from developing nations. For developed nations, a fee would be charged for handling, storage,
and disposition activities conducted by the United States.

It is emphasized that this proposed policy could change during the NEPA review process
over the next year.
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