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FOREWORD

Continuous attention is being given by the IAEA to the collection, analysis and
exchange of information on spent fuel storage. Its role in this area is to provide a forum for
exchanging information on the subject and to co-ordinate and encourage closer co-
operation among Member States in certain research and development activities which are
of common interest. The IAEA organizes a number of projects in the field of spent fuel
storage.

According to IAEA estimates more than 130 000 tonnes of heavy metal of spent light
water reactor and heavy water reactor fuel had been discharged worldwide from nuclear
power reactors by January of 1993. Only part of this fuel has been reprocessed. The
majority of the spent fuel assemblies are currently held in at-reactor (AR) or away-from-
reactor (AFR) storage awaiting either chemical processing or final disposal depending on
the spent fuel management strategy chosen by individual countries. It is estimated that
230 000 t HM will have been discharged by the year 2000.

Whatever decision countries reach, it will take many years to develop large scale
repositories for spent fuel or to build reprocessing plants to cover all requirements, so the
use of interim storage will be the primary spent fuel management option until early next
century. The requirement for interim storage of spent fuel is derived from a number of
considerations associated with the management option selected. In the closed fuel cycle
option, further storage capacity may be required to match the arisings of spent fuel with
the available reprocessing plant capacity. In respect of the once through cycle, storage is
required for materials until the final repository has been engineered and is in service.
Clearly for deferred decisions the availability of adequate interim storage is also a key
element.

Taking into account the limited capacity of at-reactor storage, consideration is being
given to various technologies for increasing storage capacities. At present many countries
are developing away-from-reactor storage in the form of pool storage or as dry storage. It
appears that some of those countries who are holding large quantities of spent fuel for
longer periods of time are now choosing AFR dry storage, like Canada, Germany, the
United Kingdom and the USA. This mode of storage seems to have many benefits, e.g. the
possibility of passive cooling, no need of maintenance, etc. For dry storage vaults, silos
or concrete casks, casks for storage and transportation are being developed.

Thus away-from-reactor storage of spent fuel has become a key strategic option for
all countries and, in order to assist Member States in the exchange of information on the
design, operation and licensing of spent fuel storage facilities, the IAEA organized the
Technical Committee Meeting on Away-From-Reactor Storage Concepts and their
Implementation in Vienna from 15 to 18 March 1993. This Technical Document contains
the summary of the meeting and papers presented during the meeting.

The IAEA wishes to thank all those who contributed to this meeting with their
presentations and participation in discussions.
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SUMMARY OF THE TECHNICAL COMMITTEE MEETING

The Technical Committee Meeting (TCM) on Away-from-Reactor Storage Concepts
and their Implementation held in Vienna from 15 to 18 March 1993, gathered
representatives of most of the countries operating nuclear power plants.

The away-from-reactor (APR) storage is spent fuel storage outside a reactor site
boundary, normally involving receipt and interim storage of irradiated fuel from several
nuclear power plants. In particular this might include casks, vaults or modular dry storage
facilities at the site of a nuclear power plant, or also the storage pools constructed at a
reprocessing plant.

The TCM considered four current issues related to APR:

Current status of APR;
APR technology evaluation and selection criteria;
Anticipated future developments;
Possible international activities in the area of APR storage of spent fuel and initiatives
of the IAEA on this subject.

CURRENT STATUS OF APR

General overview

During the TCM a series of presentations were made by the participants describing
the present status of APR within their countries. The following is a summary of the
situation in these countries:

1. Three of the east European countries (the Czech Republic, Hungary, the Slovak
Republic) have uncertainties in shipping back spent fuel to Russia. Therefore, a new
back end strategy is being developed. In the meantime, they are planning to construct
an APR storage facility. Slovenia plans to expand the on-site storage by pool
reracking: the long term option is expected to be APR storage in dual purpose casks.

2. Countries with access to domestic reprocessing facilities (France, India, Japan and
the United Kingdom) are expanding their APR storage capacities, to meet the annual
arisings of spent fuel and the reprocessing capacity and/or needs. The specific
situation in these countries is as follows:

- France, India and Japan are committed to reprocessing as much fuel as is needed
to provide usable fissile material. APR storage will be provided to store excess
spent fuel;

- India has extended its pressurized water reactor (PWR) fuel APR storage capacity
by constructing a pool system. The choice is based on known technology and
domestic experience;

- The United Kingdom has a reprocessing option, and utilities are using it. But in the
specific case of Scottish Nuclear, they are planning to construct an APR fuel
storage facility in order to reduce electricity generating costs.

3. In Germany, the utilities are basically committed by law to reprocessing. It is being
considered to change the back end of the fuel cycle strategy in such a way that direct
disposal would be an alternative equivalent option. There are two central APR cask
storage sites at Ahaus and Goerleben that would have to be extended in the future.
WWER fuel will be stored at another site.



4. The Republic of Korea is expanding its pool storage capacity by using various
methods such as reracking, transhipment and adding high density racks into reserve
space of the existing pool. In addition, it is planning an APR storage facility.

5. Mexico has used reracking in the pools of Laguna Verde.

6. The USA does not have a reprocessing option. DOE is presently seeking a site for the
Monitored Retrievable Storage (MRS). Utilities have had to construct local APR
storage facilities — Independent Spent Fuel Storage Installations (ISFSIs) — as pool
storage capacities have been exceeded before the MRS became available. There are
already several examples of ISFSIs in operation, including metal casks, horizontal
storage modules, dual purpose casks and one vault.

A common feature of all those national situations, independent of the fuel cycle back
end strategy, is the ongoing need for additional storage.

Available technologies

There were presentations and discussions on all the known available technologies,
which include:

Pools;
Casks (metal, concrete, dual purpose); and
Vaults (vertical, horizontal).

Based on the presentations it appears that APR technologies have become mature.
All of these technologies are safe, potentially licensable, relatively simple and can be
developed to suit specific requirements.

APR TECHNOLOGY EVALUATION AND SELECTION CRITERIA

In selecting a particular technology for the storage of irradiated nuclear fuel,
subjective and local issues as well as objective (technical and economic) issues need to be
taken into account. The TCM prepared a list of considerations and criteria which should
be borne in mind. It is important to note that the order in which considerations and criteria
are presented does not reflect their relative importance and that a balance may need to be
struck in applying different criteria.

General considerations

Fuel cycle intentions (reprocessing, direct disposal, undecided, time scale of storage);
- Spent fuel arisings (quantity accumulated, rate of further accumulation);

National legislation;
Public perceptions;

- Site considerations (general, specific);
- Type of fuel (radiological, physical and chemical characteristics).

Selection criteria for system design

Whether licensed (in country of origin or elsewhere);
- Experience of construction and operation;

Engineering aspects (civil, mechanical, electrical, control and instrumentation);
Cost, complexity and quality assurance (QA) need to be consider in each of the
following phases: design and construction, operation and maintenance, defuelling and
decommissioning;



Construction period;
Flexibility (extension of storage facilities - modularity and other means; capability to
accommodate different fuels and different fuel properties);
Compatibility (with existing technology, e.g. nuclear power plant (NPP) and with back
end strategy);
Safety during normal operations and postulated initiating events (subcriticality, heat
removal, radiation protection, eg. containment, integrity, shielding);
Human skill and experience requirements;
Monitoring and inspection (status of fuel and equipment, emissions);
Ease of fuel retrieval;
Safeguards;
Nuclear waste arisings (eg. operation, decommissioning);
Doses (for operators, for public);
Other environmental impacts (visual impact, physical size);
Physical protection.

ANTICIPATED FUTURE DEVELOPMENTS

Recognizing the mature status of AFR technologies it is not expected that there will
be changes in the basic principle in the near future. However, possible factors which may
influence future AFR concepts are as follows:

The impact of final disposal concepts (when agreed). There may be pressure to place
spent fuel in a container consistent with disposal requirements at as early a stage as
practicable. This would minimise the number of handling processes which the fuel will
endure.

- The requirement to store higher burn up fuel and/or advanced fuel types. This will
require special attention to criticality analysis and fuel degradation mechanisms.

The desire of utilities to be allowed to claim credit for burnup against criticality
considerations. This simplifies some aspects of AFR storage design but results in a
requirement to either measure for burnup or sub-criticality to the required integrity.

The desire of utilities to extend storage times. This will influence the requirements for
AFR facilities to be inspected, maintained and repaired and puts more emphasis on
fuel degradation mechanisms.

Increased requirements for automation in the application of fissile material safeguards.

- Development of enhanced automatic handling procedures from computer and robotic
developments.

Any tightening of regulatory requirements.

POSSIBLE INTERNATIONAL ACTIVITIES IN THE AREA OF AFR STORAGE OF SPENT FUEL

The possibilities and needs for further international activities in order to support the
national programmes of the Member States were discussed. Special attention has been
given also to the co-operation between industrialized and developing countries. The
following items were discussed in detail:



Generation of international safety standards for interim storage of spent fuel

With reference to the possible environmental impact, especially in the case of an
accident, a minimum set of safety requirements dealing in particular with ensuring
subcriticality and of activity release limitation should be proposed.

This would allow to harmonize the national requirements for interim storage of spent
fuel between the different countries and, consequently, to improve the confidence of the
public in the suitability of the envisaged facilities in terms of safety.

Models and scope to assist developing countries to adopt new technologies

The problems concerning spent fuel storage which should be solved in a short time
are located in some regions of the world (former CMEA countries). The reason for this is
that in the past not sufficient attention was given to the training of experts regarding spent
fuel management. In this area, the industrialized countries can support the programmes
which are ongoing in the developing countries. But this support should not be understood
as a one time support on request. It must be a systematic process with the aim to create
a group of highly educated national experts who are available all the time in these countries
and will be able to make their own, qualified decisions. This process can include:

Improving performance of information exchange;
Organizing training courses, workshops;
Training of experts from developing countries;

- Organizing scientific visits in these countries.

International R&D assessment programme

An international R&D assessment programme in the area of spent fuel storage is not
available so far. Some answers to relevant questions can be found in the IAEA Technical
Reports Series [1 -3]. The Co-ordinated Research Programmes (CRPs) on "BEFAST-IU" and
"Irradiation Enhanced Degradation of Materials in Spent Fuel Storage Facilities" will also
provide additional information. It is suggested to hold a meeting to discuss adequate
possibilities to perform the R&D assessment and - if possible - to review the available
R&D results in order to see if the know-how can be harmonized.

Quality assurance

It is proposed to hold an international meeting of appropriate technical experts to
assess the need for international actions in the area of quality assurance for AFR. Potential
topics for discussion of the group should include the need for international QA standards,
common QA grading and assessment of what future activities could be.

Feasibility of an international storage facility

There are some countries having small nuclear programmes. For these reactor sites
it appears there would be significant technical and cost benefits if an international AFR
storage facility was available. The co-operation of such countries in an international facility
may be possible.

Documentation to ensure the traceability of plant and fuel data through the appropriate
storage and specification of historical records

In view of the prolonged timescales for projected future AFR storage facilities there
is concern regarding the following:
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The type of information currently recorded may not be comprehensive enough;
The terminology and language used to record data may become out of date;
The hardware and software used to record the information quickly becomes obsolete
due to step changes in computer technology advancement.

All documentation, data and information must be traceable to assure public
acceptability and safety for the design, continuing operation and fuel removal from APR
storage facilities. There could be links with accountancy and safeguards programmes for
the monitoring and safe storage of spent fuel.

The aims of this initiative are to ensure that:

Source data recorded are comprehensive enough to meet the needs of operators in
many decades from now;
Records are available to trace fuel assembly and plant parameters back to the source;
Data are recorded in a form which will be communicable to and understandable by
the operators in many decades time;
Data are recorded in a format which is transferrable to future computer hardware and
software;
Overall, to ensure public acceptability and safety of APR spent fuel storage, handling
and removal.
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SPENT FUEL MANAGEMENT AND DISPOSAL PROGRAMME
(SFMDP) STRATEGY FOR THE CZECH REPUBLIC

B. SOUCEK
Czech Power Board,
Prague, Czech Republic

Abstract

Storage and disposal of spent fuel from nuclear power reactors in former Czechoslovakia was based on
a long-standing agreement that the fuel supplier, the former USSR, would take it back. This situation is no
longer an option after political and economic changes which took place in 1989. All spent fuel burned in the
Czech nuclear reactors remains in the country. The electric utility, the Czech Power Board — the producer of
spent fuel — is, according to the legislation, responsible for handling and storing of the burned fuel. Therefore
the Czech Power Board convened a team of international experts whose objective was to prepare a draft on
national strategies for the SFMDP in the Czech Republic. The paper gives a brief overview of the results of
the analysis of the policy alternatives which were recommended by the mission of international experts. The
strategy recommended by this mission which will be further elaborated by the Czech authorities, the utilities
and other organisations can be considered a basis for the planning and establishing of the future Czech SFMDP.

The Czech Power Board convened a team of international experts from
USA,U.K.,Canada,Sweden,and Czech Republic whose objective was to prepare a draft of
national strategy for the SFMDP in the Czech Republic.This strategy.as further elaborated by
Czech Authorities,can serve to provide a basis for planning and establishing the Czech
SFMDP.

Allow me to inform you very briefly about results of analysis of policy alternatives
which were recommended by mission of international experts organised in January 1993.

Until recently, the strategy for the storage and disposal of spent fuel from nuclear
power reactors in the former Czechoslovakia was based on a long-standing agreement that the
fuel supplier, the USSR, would take it back. Because of the recent political and economic
changes in that country, this is no longer an option. Unfortunately, no spent fuel was returned
to the USSR under that agreement from the Czech Republic, and all the fuel burned in the
Czech nuclear program by the four reactors at Dukovany NPP since 1985 remains to be
managed and disposed of here. Although there is capacity for 12 years of operation at the
storage pools of the two reactors to be commissioned at Temelin NPP in 1996, the capacity
at Dukovany NPP has been exhausted.

Tighter packing of the fuel in the pool (re-racking) and temporary storage at Jaslovske
Bohunice NPP in Slovakia have provided a short reprieve, but the urgent situation remains
that the Czech Republic will run out of near-term storage capacity by 2005 and must now
make provision for all aspects of management and final disposal of at least 2850 tU of spent
fuel.

At the same time, there is a growing concern with the Czech public about the
capability of the nuclear energy industry to safely store and dispose of nuclear waste,
specifically spent fuel. Public support for completion of Temelin NPP and, indeed, for the
future of nuclear power in the Czech Republic may decisively depend on the ability of the
industry to show that a competent program for storage and disposal of spent fuel is in place.

13



This situation calls for the establishment of a national Spent Fuel Management and
Disposal Program (SFMDP), with the sole mission being the safe handling, storage and final
disposal of spent fuel from Czech reactors. The works are going to evaluate the strategic
decisions involved in establishing and successfully operating such a program. Although
several alternatives exist, the preferred implementing organization for the SFMDP would
initially be an independent subsidiary of the Czech Power Board (CEZ), with a rapid transition
to a fully independent company when the issue of spent fuel ownership and management
responsibility is resolved. The SFMDP would be financed by a tariff on the electricity
generated by nuclear reactors. These funds would be collected by the utility (CEZ) and paid
into a waste management fund. The implementing organization would submit an annual
budget request (and 5-year projection) to the State Nuclear Fund which would authorize the
expenditure from the fund.

The relatively small nuclear power program in the Czech Republic and the large fixed
(i.e., not waste-quantity dependent) costs of spent fuel storage and disposal mean that costs
per unit of electricity produced will be relatively high. Although not an available alternative
for some appreciable time, sending Czech spent fuel to an international repository would be
the most cost effective solution. While working toward such a solution, the Czech program
must acknowledge that an international repository may never be realized and must therefore
make serious efforts to realize a national one. The public must to be assured that a competent
scientific and engineering work on the future geologic program will continue.

It is recognized in the international technical community that the final disposal of spent
fuel in a deep geologic repository in crystalline rock, like the granite plutons of the Czech
republic, is technically feasible with currently available technology. International projections
show that this current technology would require decades to implement and cost tens of billions
of CzK for a national program. Because of the benefit in allowing the technology to mature
and optimize, and because of the near-term storage crisis, the interim (up to 50-year) storage
of spent fuel must be the immediate and paramount priority of the SFMDP.

The strategy for achieving this can be elaborated as a series of options, the most
important of which are whether an interim spent fuel storage facility should be built centrally
at a new site or at one or more existing reactor site, and whether such a facility should be at
the land surface or underground. Although technical, cost, schedule and transportation safety
arguments support the location of interim storage at an existing reactor site, licensing and
public acceptance constraints indicate that the best current strategy is the construction of a
central facility. Dry storage technology from abroad seems the best choice to control costs
and schedule. The issue of whether the facility should be surface or subsurface is more
difficult, with no clear practical disadvantages to either. Technology transfer into the Czech
Republic throughout the program is a key element in the SFMDP strategy, shortening
schedules and reducing costs.

Critical to establishing an environment in which the SFMDP can succeed is the passing
of enabling legislation to authorize the program and its financing, to identify a competent
independent regulatory agency (the Office of Nuclear Safety) to coordinate regulatory
activities, and adopting appropriate regulations for siting and performance.

Although the program is constrained by the realities of the amount of fuel to store and
dispose, and the limitations of budget, the most important constraint on the program is the
absolute need to elaborate a program that is acceptable to the public. It should therefore be
the strategy of the SFMDP to initiate public information and outreach, which will help to

14



expand public acceptance of nuclear energy in general, and of spent fuel management in
particular. A commitment by senior managers to support proactive, honest, and open public
interaction led by professionals can broaden public acceptance, and thereby permit the
optimization of the program across a wider choice of technical alternatives.

The Czech Republic has a long established tradition of competence in the nuclear,
engineering and mining industries. Making appropriate use of foreign experience and
technology, the Czech Republic can develop an effective, safe and successful program for the
management and disposal of its spent nuclear fuel.

This SFMDJP strategy covers the main issues of how to develop and implement such
a program. As a first step, the government should approve this national strategy and decide
to confirm the organizational and financial scheme proposed.

At the time being a new "ATOMIC LAW" is negotiated by the Governmental
Authorities.This law will provide the basic step for next activities to develop national SFMDP.
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SPENT NUCLEAR FUEL IN THE CZECH REPUBLIC

V. FAJMAN
State Office for Nuclear Safety,
Czech Republic

Abstract

A brief survey of the problems concerning the back-end of the fuel cycle in the Czech Republic is
presented. There are four PWR reactors in operation and two PWR reactors under construction as well as
several research or training reactors in the Czech Republic. The original concept of spent fuel management was
based on re-export of the spent fuel to the former USSR. After stopping the transports to Russia and to the
interim storage at Jaslovske Bohunice (Slovak Republic), the Czech Power Board decided to re-rack the at-
reactor pools and to build an interim storage at Dukovany with a capacity of 600 t HM. It is supposed that the
spent fuel assemblies will be stored in CASTOR casks. A final solution concerning the fuel cycle in the Czech
Republic has not been adopted yet. The capacity of the at-reactor pools together with the capacity of the planned
interim storage at Dukovany will solve the situation approximately until the year 2005.

1. Introduction

There are four PWR reactors in operation at Dukovany NPP (4x440 MWe, WWER type
213, first unit started operation in 1985) and two PWR reactors under the construction at Temelin
NPP (2x1000 MWe, WWER type). There are also four research or training reactors in the
territory of the Czech Republic.

The utilities are responsible for the safe management of their spent fuel including necessary
research and development as well as financing of spent fuel management. Research institutes
such as Nuclear Research Institute at Rez and universities participate in the research programme.
The Czech Energy Board in Prague is responsible for the spent fuel and waste management
programme dealing with the spent fuel and wastes from NPP.

According to the Act No. 28/1984 Coll. any handling, or transportation of spent nuclear
fuel in Czech Republic have to observe strict rules and all such operations are supervised by the
state regulatory body. From January 1,1993 the State Office for Nuclear Safety is the competent
authority in Czech Republic, which shall supervise the safety of any operations with spent
nuclear fuel. Each storage facility is also an object of inspections of IAEA, especially from the
safeguards point of view.

The problems of the back-end of the fuel cycle were reviewed by different institutions and
former regulatory body - Czechoslovak Atomic Energy Commission (CSAEC) understanding
the situation decided that the utilities would have to prepare reasonable solutions (reprocessing,
interim, storage, longterm storage, final disposal).

2. Spent fuel production and storage

Nuclear power plant at Dukovany represents the main source of spent nuclear fuel in Czech
Republic. The fresh nuclear fuel has been supplied from the previous U.S.S.R. and was originally
planned to be re-exported to that country. The transports of the spent nuclear fuel from
Czechoslovak NPPs were stopped in 1988 and the spent nuclear fuel assemblies from NPP
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Dukovany were (after 3 years cooling period) transported to the wet interim storage facility at
Jaslovské Bohunice in Slovak Repulic only. These transports were finished in 1992. There are
about 1200 spent fuel assemblies from Dukovany NPP at the interim storage at Jaslovské
Bohunice. This number of assemblies represents about 23% of the total capacity of this interim
storage.

Owing to this situation the Dukovany NPP has decided to start building of dry interim
storage at the Dukovany NPP site as well as to increase the capacity of the at reactor spent fuel
ponds. The design of re-racking these ponds was approved by CSÂEC. The compact racks will
almost double the capacity of these at reactor spent fuel ponds, which will give the operator
necessary time to build interim storage.

The interim storage will use the dry technology. It is supposed that the spent fuel
assemblies will be stored in metal transport casks (Castor 440/84) which should be licensed for
both storage and transport, respectively. The planned capacity of this interim storage is about
600 metric tons of heavy metal. The license procedure of the interim storage has not been finished
yet.

The total amount of spent nuclear fuel assemblies of the reactors WWER 440 recently
represents about 1400 assemblies in reactor ponds at Dukovany and about 1200 assemblies in
the pools of wet interim storage facility at Jaslovské Bohunice in Slovak Republic.

Majority of the four research or training reactors - the reactor VR-1P at the Faculty of
Nuclear Science and Physical Engineering in Prague, and LR-O at the Nuclear Research Institute
at Rez as well as the reactor R-O at Skoda Works Plze, produce no spent nuclear fuel, because
of their zero power output. There is LWR-15 reactor operating at the Nuclear Research Institute
at Rez which uses modern type of fuel U-AL alloy with the Highly Enriched Uranium. There
are stored about 180 spent fuel assemblies IRT-2M type in the wet storage (pool) of LWR-15.

There is also a dry storage facility at the Nuclear Research Institute at Rez, where are stored
almost 180 casks with approximately 3300 spent fuel elements of EK-10 type from the WWR-S
reactor, which was reconstructed to LWR-15 in 1987. The fuel assemblies of the EK-10 type
were enriched to 10% of U, burn-up between 10 and 29% of the original content.

Both the wet and dry storages at Rez are rather old and a new building for both spent
nuclear fuel and high radioactive wastes repository has been built and it is going to be
commissioned. The designed building is situated within the area of Nuclear Research Institute.

The building is constructed as a one-nave hall the bottom part of which is built in the form
of a monolithic basin from reinforced concrete that is divided into 12 cells. Seven cells are
scheduled for radioactive wastes, 1 cell is equipped for storage of barrels with spent EK-10 fuel
elements, 2 cells are designed as built-in storage pools for spent fuel elements of the IRT-M type
one of the cells serves as an emergency reserve, 1 cell is reserved for technological water-service
system and 1 cell is arranged as the entrance hall for transport conveyance.
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3. Possible Solutions

The basic problem is caused by the spent fuel arising from the Dukovany NPP. The Czech
Energy Enterprise is preparing several studies concerning this problem, but no final solution is
prepared up to now. The following possible alternatives for Czech NPPs spent fuel management
exist :

• interim storage followed with the final disposal of spent fuel in Czech Republic
• foreign reprocessing and return of wastes to Czech Republic
• foreign final disposal services
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SAFETY FEATURES OF PROPOSED CONCEPTS
FOR SPENT FUEL DRY INTERIM STORAGE

B. KIRCHNER
Transnucléaire,
Paris, France

Abstract

Whichever solution is selected for the back-end of the fuel cycle, increasing quantities of spent fuel have
often to be stored interim for rather long periods of time. Public acceptance of the corresponding storage
facilities becomes more and more an important concern for all involved utilities in various countries. The fact
that several governments have already issued sets of storage criteria which show significant differences with
each other constitutes a weakness for all of them in front of their own population which no longer knows whom
to believe. Therefore the need of an international consensus on basic rules and criteria for the safe interim
storage of spent fuel has now become really urgent. The paper gives a brief view on this problem.

Long term interim storage of spent fuel is sometimes envisaged,
in particular every time recovered Plutonium cannot be
immediately recycled by the owner utility, or when decision is
not yet made concerning the solution for the back end of fuel
cycle.
To meet the needs for dry interim storage, various systems have
been proposed among which two main families may be emphasized :

. one is based on fixed concrete concepts, called vaults,
generally leading to a rather low cost of first
investment per kg of heavy metal, provided that the
global capacity of storage is large enough,

. another one is based on movable metallic concepts, called
casks, generally leading to a higher cost of first
investment per kg of uranium, but nevertheless
competitive in case of less important global capacity of
storage and giving the advantage of modularity.

When utilities are selecting a solution for the interim storage
of their spent fuel, they have to balance multiple aspects of
different importance.
Several considerations deal with safety, in particular :

. the containment which may be single or double and
possibly checkable, depending on whether a real guarantee
of no activity release is required,

. the criticality control which may be ensured either for
any plausible accident conditions or mainly for normal
operation,

. the resistance to aircraft crash, which might be
followed by a kerosene fire and by a water flooding, thus
creating conditions for criticality hazard and activity
release, depending on the provisions made for the above
two items.
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Another series of concerns deal with operational consi-
derations :

. the loading/unloading operation at the beginning of
storage period and after possibly several decades, so
that the problems of aging, corrosion and creep of the
materials subjected to continuous strain have to be taken
into account;

. the new reconditioning of fuel assemblies possibly
necessary for the next step (reprocessing, final
disposal,... ) which may require an additional inter-
vention ; in particular no hardly reversible conditioning
of the fuel assemblies should be accepted for interim
storage, when the next step is undefined or subject to
change.

As concerns the safety aspects, the utilities are responsible
for satisfying the criteria imposed by their national Competent
Authorities, and they will normally select solutions optimized
to meet those criteria at the lowest cost taking into account
any other operational aspects as they may will.

For the time being only national safety standards do exist for
storage of spent fuel. Therefore it would be of great interest
that the safety criteria for storage be discussed, homogenized
and agreed upon at international level, just as it has been
done for transport criteria.
We have to remember that Regulations for the safe transport of
radioactive materials have been set up under the aegis of IAEA,
mainly because of the need of international transports for
which compatibility of the rules at dispatch and at delivery
was an absolute necessity. Initially the major concerns about
safety, such as fissile aspects, were left at national level as
multilateral matters.
But after several decades of good working of the structures
involved in application and improvement of the Transport
Regulations, several decades during which all the transport
accidents occurred could be thus managed efficiently leading to
very limited consequences, the IAEA statements have become more
and more a supranational reference for the international public
opinion, not only in the transport area, but in the whole
nuclear field.
On the other hand, since Chernobyl everybody knows that nuclear
accidents, even when happening within fixed facilities, may
affect huge areas widely exceeding the national borders. This
might concern any nuclear facility dealing with fissile
material.
Also, in many countries the technical guarantees brought by
national governments in nuclear matters are not always
considered as sufficient by increasing fractions of the public
opinion which are looking for a kind of supranational authority
technically competent and politically independent, able to
issue reasonable statements free from the pressure of both the
nuclear proponents and opponents.
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The need for such a supranational authority is felt more
strongly when safety criteria show big differences according to
the considered countries, as it is the case for storage
criteria.

In the particular field of radiological protection, ICRP has
been recognized as an undisputable Authority for more than 30
years : its recommendations serve as a reference for most
national regulations.
Is it not time to create similar committees for other areas of
nuclear field, in particular for spent fuel storage, more
especially when most Eastern-European countries are faced with
urgent needs in that respect ?
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STUDY ON THE DESIGN OF NEW SPENT FUEL
INTERMEDIATE STORAGE FACILITIES IN FRANCE

R. PORTAL
Electricité de France,
Paris, France

Abstract

The French utility is examining possible new installations to extend its present intermediate nuclear spent
fuel storage capacities. Large capacity central facilities are being studied: both ponds and dry intermediate
storage installations. These facilities need to be able to serve as a buffer between the power stations and the
reprocessing plant. Their initial capacity is 12 000 PWR spent fuel assemblies. The lifetime of the installations
is fixed at 50 years. The fuel from the reactors is transported by rail, at a rate of no more than six packages
(each containing 12 fuel assemblies) per week. 1800 assemblies (of which 256 MOX fuel assemblies) can be
accepted in one year. The spent fuel is sent to the reprocessing plant in transport packages (of a maximum unit
capacity of 24 assemblies) compatible with the reception facilities at the plant. Decentralised auxiliary solutions:
such as increasing the capacity of the ponds at certain units, storage in dual purpose transport/storage
packagings, etc., are also being studied.

1. INTRODUCTION

The spent fiiel discharged from the French nuclear reactors used for electricity production is reprocessed as soon
as possible, as a function of the plutonium requirements for the fabrication of mixed oxide (MOX) fuel for the PWR units
and the sodium-cooled fast neutron reactors. These requirements are increasing: five units are already charged with MOX
fuel and Electricité, de France is preparing to increase the number of units using MOX fuel to 16. However, the plutonium
requirements will always remain below the net creation of plutonium in nuclear fuel ; this results in increasing quantities of
fuel awaiting reprocessing.

After an initial cooling period in the ponds at the units, the fuel is transported and stored in the ponds of the
reprocessing plant at La Hague. Because of the layout of these ponds, it is not possible to increase their capacity by adding
new installations directly connecting with them.

Electricité de France, responsible for what happens to the spent fuel removed from its 54 PWR units* at present
in service, is examining possible new installations to extend its present intermediate storage capacities. Studies are
currently being carried out on both new ponds of improved design and dry storage in vaults.

Large capacity central facilities are being studied: both ponds and dry intermediate storage installations.
Decentralised auxiliary solutions: increasing the capacity of the ponds at certain units, storage in dual purpose
transport/storage packagings, intermediate storage under specific conditions of certain activated wastes taking up space in
the unit ponds, etc., are also being studied.

2. CHARACTERISTICS OF THE SPENT FUEL TO BE STORED

The fiiel used in the French PWR reactors is of the 17x17 type (214x214cm), the performance of which is
increasing rapidly. It should be noted that all the "standard" uranium oxide fuel whose average bum-up is 33000 MWj/t
should be reprocessed before the end of the decade.

In the short term, the general characteristics of the spent uranium oxide fuel which will be evacuated from the
units are as follows :

- 900 MW units :
. initial enrichment : 3.7 %,
. average burn-up : 45,OOOMWd/MTU,
. maximum bum-up : 48,000 MWd/MTU,

-1300 MW units
. initial enrichment : 4 %,
. average bum-up : 43,500 MWd/MTU,
. maximum bum-up : 50,700 MWd/MTU.

* 34 units of 900 MWe, 20 of 1300 MWe.
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MOX fuel is used only in the 900 MWe units; its performance is at present limited :
. initial plutonium content < 5.3 %,
. average bum-up : 35,500 MWd/MTU,
. maximum bum-up : 40,500 MWd/MTU.

However, efforts are being made to enhance the performance of MOX fuel (a development programme is under
way), to approach the following limits :

. initial plutonium content < 6.5 %,

. average burn-up : 45000 MWd/MTU,

. maximum bum-up : 50000 MWd/MTU,

While the residual power of uranium oxide fuel is known with sufficient precision, studies are being carried out
to improve the evaluation of the residual power of MOX fuel, in particular for high combustion rate values, taking account
of possible variations in the isotopic composition of the plutonium used for its fabrication. The high value of the residual
power of MOX fuel is to be noted, in the order of 4kW/tU after 10 years cooling for a combustion rate of 45000 MWj/tU.

3. GENERAL DESIGN CONSTRAINTS FOR CENTRAL INTERMEDIATE STORAGE FACILITIES

Generally speaking the intermediate storage facilities need to be able to serve as a buffer between the power
stations and the reprocessing plant, and to perform the following functions :

reception of new fuel assemblies sent by error ;
reception of fuel affected by leakage during transport ;
conservation of fuel which loses its integrity during storage ;
permanent semi-global control of the integrity of the packaging ;
possibility of carrying out the following checks of the fuel ;

. visual examination,

. dimensional measurements,

. measurement of the thickness of the oxide layer of the cladding material,

. crack detection in the spent fuel,
. location of leaking fuel rods ;

internal and external maintenance of the transport packaging ;
automatic identification and management of the fuel ;
possibility of storing activated wastes coming from the cooling ponds of the reactors (control rod clusters,
etc.).

The fuel from the reactors is transported by rail, at the rate of no more than six packages (each containing 12 fuel
assemblies) per week. 1800 assemblies (of which 256 MOX fuel assemblies) can be accepted in one year.

The fuel is sent onto the reprocessing plant in transport packages (of a maximum unit capacity of 24 assemblies)
compatible with the reception facilities at the plant.

It is assumed that the sum of the flows to and from the storage facility may be equal to one and a half times the
maximum storage inflow, or 2700 fuel assembly movements per year.

The initial capacity of the intermediate storage facility is 12 000 assemblies. The lifetime of the installations is
fixed at 50 years. Because of this long lifetime, the installations are designed to be subsequently adapted, without any
serious unavailability, to evolutions in fuel management and modes of transport : in particular, it should be possible to
double the storage capacity through fuel rod consolidation.

4. GENERAL DESIGN OF THE CENTRAL INTERMEDIATE STORAGE FACILITIES

Because of the limited capacity of the ponds at the units and the high performance of present fuel, the residual power of
the assemblies evacuated from the units is fairly high (in the order of 5 kW), in particular for MOX fuel; it is not possible
to dry-store them under economically acceptable conditions. It is therefore intended to continue to store them under water
before completing the initial intermediate storage capacity by
dry storage facilities.

4.1 Storage ponds. Transport packaging reception, loading and maintenance equipment

The ponds (unit dimension : 72 m x 16m; depth: 12 m), are entirely lined with stainless steel and filled with
demineralised water. The fuel is held in them in borated steel baskets, each containing 9 or 12 assemblies, handled a little
above the floor of the ponds by an automatic precision travelling crane.
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The spent fuel transport packaging is received on a railway wagon and loaded by travelling crane onto a special
transporter with a leaküght skirt serving to cool the package by means of water circulation This transporter takes it from
the station where it is checked for leaks, the plugs are opened and the packaging is prepared, to the station connecting with
the sealed penetration at the bottom of the loading pit An auxiliary system progressively cools the fuel and submerges it,
before the penetration is opened

These arrangements are derived from those adopted for the second series of 1300 MW PWR units, which have
proved themselves to be economically advantageous and technically very favourable (reducing, in particular, the
contamination of the packaging)

The assemblies are unloaded by means of a shielded travelling crane, providing biological shielding to
compensate for the inadequate depth of water above the fuel when it is hoisted prior to being lowered into a basket, which
is subsequently transported by a travelling crane serving a hne of ponds

Two unloading lines and two lines of ponds can function m parallel A communicating channel enables the
baskets to be transferred between the two lines, in order to maximise the availability of the installation and allow the fuel
to be moved anywhere The two lines also communicate with the ponds where the fuel health checks are earned out and
where fuel rod consolidation could take place The functioning of these lines is fully reversible they may also be used to
evacuate the fuel for transport to the reprocessing plant

The water in the ponds is cooled by submerged heat exchangers, the cold sink of the intermediate cooling circuit
consisting of an air cooler The chemical conditioning of the water is by means of a circuit outside the ponds

The intermediate storage facilities are fully protected against external aggression (missiles, explosions) by
peripheral walls and a reinforced concrete roof

An ancillary workshop is planned for transport packaging maintenance (two per month) decontamination of
internal structures, inspection and if necessary repair of the structures, neutron absorbing materials, etc

The capacity of the ponds, 12 000 assemblies, is sufficient for the residual power of uranium oxide fuel, after
eight years of cooling, to be reduced to a level (2 5 kW/t on average) compatible with subsequent dry storage at sufficient
density to be economically acceptable if it appears that the reprocessing of the fuel will be delayed for a long time

MOX fuel, because of its characteristics, may have to undergo a longer cooling period before dry storage

4.2 Dry storage

The CASCAD process, developed by the CEA and SON, has been adopted for carrying out studies, this process is
described in another communication A unit for liaison with the ponds and the conditioning of the fuel in containers serves
modules specifically adapted for the fuel from the 900 MWe and 1300 MWe
units respectively

The main characteristics of a module for 900 MW PWR fuel are as follows

- Canister (4 fuel assemblies are conditioned into a single canister, under an helium gas cover)

internal diameter 725 mm
overall lenth 4410mm

- Storage wells (a well can receive two canisters, under an air cover)

external diameter 800 mm
overall heigth 11 1mm

- 250 storage wells module (2000 spent fuel assemblies)

height 18 m
length 53 5 m
width 23 8 m

- Total heat output per module 2 MW

- Air oulet

Diameter I 5 m
Height 48 m
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The advantages of this procedure he in its modularity, its passive cooling and the presence of double containment,
the integrity of which can be checked as often as desired

As compared with underwater storage, this procedure has an economic advantage, provided the storage period is
sufficiently long, the fact is that the cost of conditioning m containers represents a significant proportion of the total cost of
storage

5. POSSIBILITIES FOR USING DECENTRALISED INTERMEDIATE STORAGE FACIUTIES

Other possibilities for increasing the overall spent fuel intermediate storage capacity are also being studied at
present

5.1 Increasing the capacity of the unit pond«

Among all the possible solutions, this is in principle the least costly, provided that the civil engineering ructures
allow it It could possibly be implemented in the French nuclear units by substituting average density racks (spacing 28
cm) for the existing ones (spacing 41 cm) This option is at present being studied

5 2 Intermediate storage in dual purpose storage/transport packaging»

This possibility is envisaged to meet a temporary need, for example whilst awaiting the opening of new central
facilities (cf section 4), or the availability of unused storage capacities at the reprocessing plant

It is being studied with TRANSNUCLEAIRE for the 900 MW and 1300 MW (first and second series) PWR units
based on TN24 cask family Packagings so designed can be optimised as a function of the additional cooling period before
transport, which reduces the design constraints and makes it possible to increase the unit capacity of the packagings

5 3 Separate evacuation and storage of activated wait«

Although the central intermediate storage facilities can take activated wastes produced by the units, conditioned
in containers of dimensions very close to those of a fuel assembly, this type of waste may also be

- evacuated and transported to a specific storage facility, or

- conditioned in dual purpose storage/transport packagings of a design adapted to the virtually ml residual
power and the absence of neutronic emission from such waste

It would thus be possible to avoid having this waste take up space in the spent fuel storage facilities

Studies along these lines are under way

6 FINAL OBSERVATIONS

Various simulations have shown that there may well be a need for new spent nuclear fuel intermediate storage
facilities in France towards the end of the century

Electricité de France, the owner of the fuel, is carrying out different studies to define the ways and means by
which this need can be satisfied Orientations on the subject are to be defined m the course of 1993

It is possible that the optimal solution will be a combination of methods such as those outlined above, or >et
others, which are also being envisaged

The final choice will result from decisions taken regarding the spent fuel reprocessing programmes, the
economics of the different intermediate storage procedures and the results of the technical comparisons of these procedures
now being earned out
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CASCAD DRY STORAGE CONCEPT
FOR SPENT FUEL

B. SINGER
Société générale pour les techniques nouvelles,
Saint-Quentin-en-Y vélines, France

Abstract

Further to a cost-benefit analysis of the various medium-term and long-term fuel and H.L.W. storage
possibilities, C.E.A.(French Atomic Energy Commission) and S.G.N. decided to develop an original dry
storage process with natural convection cooling that offers many advantages:

- cut in the total investment and operating costs
- high operating safety

-natural convection cooling
-existence of two containment barriers irrespective of the assumed clad conditions

- flexible, modular and compact design

The process was first implemented in the so-called CASCAD Cadarache Facility ( vault-type facility)
constructed in Cadarache mainly to store fuel from Brennilis heavy water reactor.For the purpose.a large
program was set up to develop and validate computer codes.in particular with the use of mockups.

On the request of many clients, and owing to the outstanding operating results of the CASCAD
Cadarache Facility, SGN was brought to adapt the process to the storage of other types of fuel:

-LWR PWR
BWR
MOX/High burn-up

-WER 440 AND WER 1000
-RBMK

Our paper highlights the main features of:
-the CASCAD design
-the operating experience from the CASCAD Cadarache Facility
-the adaptation of the CASCAD process to the above-listed types of fuel.

INTRODUCTION

The CASCAD fuel dry storage process got
its name from the first facility erected on the
Cadarache site, in the south of France. It is
mainly designed to store fuel from the Brennilis
heavy water reactor

The adaptation of the CASCAD process for
LWR, WER and RBMK fuel.on the basis of the
highly valuable experience fed back from the
Cadarache facility, was developed to provide a
safe interim solution to the Utilities who had
choosen " wait and see option "

The CASCAD process involves placing the
fuel in a canister not contaminated on its outer
surface ( sealed source ) and geometrically
suited to the fuel, then emplacing the canister
in a sealed well cooled by natural air convection

The modular vault dry storage facilities of
the CASCAD type consist of two main parts:

-Receipt building , contiguous or not to the
storage building

-Modular storage vaults whose sizing results
from a cost-benefit analysis.

CASCAD DESIGN CRITERIA

The CASCAD facilities are designed to
provide for the storage of fuel elements for a 50
years period.The safety of the facility is an
essential design criterion that ensures that the
operating facility does not induce conditions
unacceptable for both the personnel and the

29



environment, both under normal conditions and
in the case of an accident.

The CASCAD design is based on following
assumptions:

Canistering of the fuel

Canistering aims at satisfying the two major
requirements of both fuel storage and retrieval:

-First: to make sure that a double
containment barrier will be maintained between
fuel and environment in the event of any loss of
the clad integrity or of any undetected clad
failure. The first barrier is formed by the
canister itself. The second barrier is composed
of:

- the handling cell which is linked to a
filtration system equipped with HEPA
filters(for the event of a load drop)

-the tightly sealed storage wells during
the storage phase.

-Second: to improve the safety of fuel handling

It is well known that the weak point of fuel
handling is often the fuel itself and not the
handling means used.This may be all the more
true for fuel stored over a 50-year period. As a
consequence, the handling of a quality checked
canister is much more safer than the direct
handling of fuels. Non canistered fuel handling
is only performed in the Canistering cell, where
all the means necessary for their retrieval are
available. Canisterization has also the
advantage of simplifying the storage facility
and related equipment design,due to the
absence of contamination on the external
surface of the canister.Therefore, the storage
hall is accessible when no handling occurs and
direct maintenance is performed on most
equipment

Cooling

Cooling is obtained by simple natural
convection, using two containment barriers
( satisfying single failure criteria ) between the
fuel and the environment.

Stored fuel

Any fuel type(heavy water, LWR , WER,
RBMK ,etc...) can be stored.The canister size is
adapted to the fuel geometry and to the thermal
power of the fuel.

Thermal power of fuel and vault

The thermal power of each fuel element is
limited by the maximum allowable long term
temperature.of the clad of a given type of fuel.

For example , the maximum power per
PWR or BWR fuel element is about
2 kW/MTU(i.e. 5 years cooling) to make sure
that the maximum long-term cladding
temperature will not exceed 380 °C.This
corresponds to a thermal power, of 10 kW per
well, considering two layers of canisters ( 4
PWR or 12 BWR in each)

For the thermal power of the vault, the only
limit is to have a reasonnable heigth of the
exhaust stack ( values higher than 1 MW are
obtained with a stack of less than 10 meters)

Controls

The CASCAD design incorporates
containment control systems:

- periodic air sampling inside the wells to
detect any fission gas.

- continuous activity monitoring of cooling
air released through the stack

- activity monitoring of handling cell
exhaust air.

RECEIPT BUILDING

The major operations involved are:

- fuel receipt and unloading
- canistering process and final inspection

Fuel receipt and unloading

Fuel is most frequently received in casks.
Dry unloading requires docking the cask below
the canistering cell

The cask on its transportation carrier (truck
or railcar ) is introduced in the building
through an air-lock. Contamination and
irradiation controls are performed before the
cask is removed from the carrier.The first
operation to be performed is to remove the
shock -absorbers.whereby a specific crane with
limited capacity is used.The cask is then placed
in a vertical position on a trolley which is used
to transfer the cask within the building.

The cask on its trolley is transported into a
room were the preparation operations are
performed.

These operations consist of :
-detecting any damaged fuel by Kr 85 mea-

surement.
-unscrewing the plug
-fitting the cask with the necessary adapta-
tion pieces for tight docking .
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Handling operations performed in the Cascad adapted to LWR and WER Fuels

The cask is then connected to the unloading
cell so that no contamination can occur on its
external surface,including the upper part of its
biological shielding plug.
Inside the unloading cell,after removal of the
plug,the fuel elements are taken one by one
from the cask by a crane and transferred to a
buffer storage position.
Reference facility for these operations is TO ,
the La Hague UP3 reprocessing plant dry
unloading facility.operated by Cogema . The
facility was commissionned in 1986 and has
unloaded more than 5000 MTU up to
September 1992.

Canislering process and final inspection

Canistering consists of conditioning fuel in
an incited canister not contaminated on its
outer surface.

The following steps are implemented:
- an empty canister carried by a self-propelled
trolley is conveyed to the canister docking
position.
- after tight connection,the canister lid is
removed and the fuel elements are inserted one
by one into the canister
- when the canister is full, its lid is put into
place and the trolley is moved to the welding
station.
- The welding station is an enclosure within the
unloading cell.The tight enclosure prevents the
external surface of the canister from becoming
contaminated.

Operations which are performed here are lid
welding.canister inciting with Helium,tightness
and contamination controls

STORAGE BUILDING

Safety

- sub-criticality in all conditions , including
accidental conditions

- seismic resistance of the building ,
structures and handling equipment(for example
, the seismic design basis event considered for
the Cadarache facility is an earthquake of level
IX on the MSK scale with 0.5 g horizontal
acceleration )

-retrievability of the canister , also in
accidental conditions (for example, shock
absorbers are installed inside the wells, to
prevent any canister from being blocked inside
a well in the event of a load drop.

Fuel cooling

Fuel cooling is carried out by natural
convection whereby cooling air is introduced
through the lower section of the storage cell

The main safety requirements to be met are
to ensure :
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• Principle of passive air cooling system
by natural convection
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and is heated when it comes into contact with
the storage wells around which a heat transfer
boundary layer is formed.The spacing between
the wells is such that they can be considered
independent from one another. Hot air is
evacuated to the outside through a stack.

The passive characteristics of this system
ensure its total safety.Tne development of this
system has been feasible thanks to an intensive
R&D program led by CEA during which the
qualification of calculation codes and tests on
mock-ups and wind tunnel experiments have
been carried out.

Description of the storage facility

The facility is mainly composed of:
-the storage vault enclosing the storage

wells, connected to the cooling air inlet and
cooling air release.

-the wells.in which the canisters are stored
on one or two layers , are equipped with a
biological shielding plug and are made tight,at
their upper part,by a cover fitted with a system
for sampling the internal atmosphere of the
well.

-the handling cell which enables the transfer
of fuel from the canister receipt to the well.by
means of a redundant crane.A shielded slab
separates the handling cell from the storage
vault and ensures the biological shielding of the
operators.

Operation of a vault during its filling

Before canister arrival , two operators enter
the handling cell to remove the tightness cover
(The CASCAD design allows the operators to
enter the handling cell as long as no handling
is performed). After the operators have left the
cell and closed the entry air lock, the shielding
plug is removed automatically by the handling
crane.The trolley is brought under the handling
cell and the canister(containing the fuel
assemblies) is transferred to the well selected by
the programmable controller.The shielding
plug is then reinserted using the transfer
crane.The operators reenter the cell to fit the
well with its tightness cover.

During fuel storage,samples of the air inside
the well are taken at periodic intervals.at which
time temperatures can also be monitored.This
allows to check the integrity of both canister
and well and hence to satisfy the single failure
criteria

Operation of a filled vault

Except the above mentioned controls.no
operators are required in the storage
facility.Only monitoring of the cooling air
outlet parameters (activity,temperature,flow
rate.....) is required . This can be performed in
the facility itself or in any adapted existing
control room of the plant.
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CASCAD CONCEPT ADAPTATIONS

As a general rule, any fuel can be stored using the CASCAD process.If the thermal power of the fuel
exceeds the design values ( mentioned in para. CASCAD DESIGN CRITERIA),SGN can propose other
more efficient yet less economical natural convection designs, that keep the main features of the CASCAD
concepUncluding the natural convection cooling.

Depending on the clients' design basis,following steps have to be achieved:

-analysis of fuel data, site.characteristics.....
-computation of canister size.considering fuel geometry .thermal power and cost assessment results
-sizing of the vault .considering annual throughput and capital cost calculations
-computation of the needed stack heigth,considering the site conditions(weather,winds,......)
-design of both canister and facility,using the above listed results and the site conditions(seismics,....)

All these steps must be performed successfully to propose the most economical and best technical
solutions

The next paragraphs give :

-the characteristics of the CASCAD Cadarache Facility operated since 1990 and the major operating
experience gained.

-examples of CASCAD process adaptations to the following types of fuel:
-LWR PWRandBWR
-WER
-RBMK

All indicated values correspond to precise customer needs and do not define the limits of the process.
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CASCAD CADARACHE

CASCAD Cadarache is the first passive cooling spent fuel storage facility build according to the
CASCAD design. It was decided to use an existing fuel analysis hot cell.to perform canistering in
the Brennilis reactor itself. The small exit of this hot-cell limited the content of a canister to two fuel
assemblies. The canistered fuel is shipped to the CASCAD Cadarache storage facility with
transportation casks of the IU 05 type.

The facility is in active operation since 1990.

Its main characteristics are the fallowings

FUEL

CANISTER

VAULT

Type
Diameter (mm)
Length (mm)
Power (kW/MTU)
Fuel/canister
Diameter (mm)
Length (mm)
Power (W )
Number of wells
Canisters/well
Pitch of the wells
Capacity (MTU)
Thermal power (kW)
Max. fuel temp. (°C)

HWR
92.5
502
1.10
2
103
1100
20
319
30
800
175
200
180

OPERATING RESULTS(MARCH, 1993)

Casks and spent fuel received: 56 IU 05 received
2657 canisters of HWR spent fuel received

89 storage wells filled

Heat released : 40 kW

Doses for one unloading cycle : 12 mRem.man

Waste production : less than 50 liters for one unloading cycle
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CASCAD L\VR

This CASCAD design for LWR fuel corresponds to a 8800 MTU capacity facility.
A 4 PWR and 12 BWR canister capacity was defined on the basis of a cost-benefit and thermal

analysis Canisters are the same for PWR and BWR. A specific internal is inserted inside the canister
during preparation for flexible PWR/BWR storage management..

Fuel assemblies are stored in 8 vaults, with a capacity of 1100 MTU each.
The handling cell is common to 2 vaults.

Main technical data are the followings:

FUEL

CANISTER

VAULT

Type
Section (mm)
Length (mm)
Power (kW/MTU)
Fuels/canister
Diameter (mm)
Length (mm)
Power (kW)
Number of wells
Canisters/well
Pitch of the wells
Capacity (MTU)
Thermal power (kW)
Max fuel temp (°C)

PWR
225
4500
2.00

BWR
150
4500
2.00

4 12
820
4800

36 4.4
312
2
1500
1100
2200
350

PWR CANISTER BWR CANISTER
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88500
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CASCAD WER

This CASCAD design for WER fuel corresponds to a 500 MTU capacity facility.
Both WER 440 and WER 1000 fuels are received and stored.

Main technical data are the followings:

FUEL

CANISTER

VAULT

Type
Section (mm)
Length (mm)
Power (kW/MTU)
Fuels/canister
Diameter (mm)
Length (mm)
Power (W )
Number of wells
Canisters/well
Pitch of the wells
Capacity (MTU)
Thermal power (kW)
Max. fuel temp. (°C)

WVER
235
4570
1.70
7
840
5000
4800
180
1
1500
500
860
350

WER 400 CANISTER WER 1000 CANISTER
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CASCAD RBMK

This CASCAD design for RBMK fuel corresponds to a 450 MTU capacity facility.

Main technical data are the followings:

FUEL

CANISTER

VAULT

Type
Diameter (mm)
Length (mm)
Power (kW/MTU)
Fuels/canister
Diameter (mm)
Length (mm)
Power (W )
Number of wells
Canisters/well
Pitch of the wells
Capacity (MTU)
Power (kW)
Max. fuel temp. (°C)

RBMK
79
3640
2.5
19
650
3950
2700
211
2
1500
450
1120
340

RBMK CANISTER

39



AFR STORAGE IN GERMANY —
POSSIBILITIES AND PROSPECTS

M. PEEKS
Siemens AG/KWU,
Erlangen, Germany

Abstract

In Germany are LWR's in operation with an electrical output of 22300 MWe. The
spent fuel arisings amount to 3600 tU. 3000 tU thereof are transported to
reprocessing facilities. 600 tU spent FA are still remaining in different reactor
pools. However the available storage capacities ARS are altogether 4100 tU and
the AFR capacities add up to 3000 tU. The concept for AFR storage in Germany is
dry storage in He. The decision for the storage mode was based on detailed
assessments on safety, reliability and economy. A broad R + D-programme was
performed to investigate all relevant phenomena and to demonstrate the dry
storage in the CASTOR- and TN-casks in support of the licensing procedure. Dry
storage facilities based on transport and storage casks are built in Gorleben and
in Ahaus each with a capacity of 1500 tU. In parallel SIEMENS has developed the
FUELSTORE which is a bunker type AFR-storage facility. It shows a modular design
and can be built with storage capacities ranging from 200 tU to over 3000 tU
depending on the request. The spent FA are embottled in SS-canisters which can
be placed in the storage vault. The FUELSTORE offers inherent safeguards and
protection against man-made ore natural events. It can safely store fuel for a long
time without surveillance since it is a passive system. It is fully independent from a
reactor and fuel pools.

1. Introduction

The safe management of waste ("Entsorgung") from nuclear power plants and
particularly the orderly disposal of radioactive waste are of paramount impor-
tance to the peaceful use of nuclear energy. The German Federal Government
continues to maintain its pol icy that the safe management of waste is a precondi-
tion for the construction and operation of nuclear power plants.

The waste management concept embraces four significant steps:

1. Interim storage of spent fuel in the nuclear power plants and in offsite interim
storage facilities.

2. Reprocessing of spent fuel and re-use of the nuclear fuel thus recovered in nu-
clear power plants (recycling).

3. Development of disposal for spent fuel for which, in accordance with Article 9
of the Atomic Energy Act, reprocessing is technically not feasible or economi-
cally not viable.
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4. Disposal of radioactive waste
in the stages
- Conditioning
- Interim storage in nuclear installations, in offsite stores or in regional collec-

tion centers
- Intermediate storage of highly radioactive, heat generating waste (vitrified

blocks) in interim storage facilities
- Disposal

2. Present Situation in interims storage of spent fuel

2.1 Objective and Extent of Interim Storage

The resolution of the heads of the State and Federal Governments dated 28 Sep-
tember 1979 was based on the premise that interim storage facilities for irradi-
ated fuel would have to be extended. It specifically provides for the construction
of offsite interim stores - at Ahaus and Gorleben - in addition to the onsite ca-
pacities. In their resolution the heads of government assumed that the desired re-
liability of waste management can only be assured in the individual stages - and
therefore the offsite interim storage of irradiated fuel - are implemented con-
tinuously, in due time and effectively.

accumulated spent fuel ;

transported to reproc. facilities :

in pools ARS :

Capacities
storage capacity ARS :

storage capacity AFR :

3600 tU

3000 tU

600 tU

4100 tU

3000 tU

FIG. 1. Storage situation in Germany.
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2.2 Storage Situation in Germany

An overview on the spent fuel storage situation is given in fig. 1. The total
amount of spent fuel arisings from power reactors having an electrical capacity of
22 330 MWe is 3600 tU end of 1990. 3000 tU thereof is transported to reprocess-
ing facilities. 600 tU are remaining in spent fuel pools. Since the spent fuel is cur-
rently transported to reprocessing the spent fuel inventories are covering the
arisings only between two transportation campaigns.

2.3 Forms of Interim Storage

Onsite storage is available at nuclear power plants for the interim storage of
spent fuel generated in those plants. This takes the form of wet storage in the
spent fuel pool. Offsite interim storage facilities consisting of shipping and stor-
age casks are intended to receive spent fuel from all nuclear power plants and
have been constructed. The total storage capacity available is given in fig. 2.

30001 in offsite interim stores in the old federal states and 5601 in the

new federal states

15001 thereof in the Gorleben interim storage facility:

This interim store received its license pursuant to the Atomic
Energy Act on 5 September 1983 and 6 October 1988; the

interim store is technically ready for operation.

15001 in the Ahaus interim storage facility:

The procedure for licensing pursuant to the Atomic Energy
Art has been in progress since 1979. The license according to
Article 6 of the Atomic Energy Act for the storage of fuel
from light water reactors was granted on April 1987. The

license to store THTR-fuel is available. The facility is in
operation.

5601 thereof in the pool storage at Greifswald:

That storage facility was commisioned in 1985. The license

will be assessed in accordance with § 6 of the atomic energy
act.

FIG. 2. APR interim storage in Germany.
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2.4 Basic Engineering Principles for Interim Storage

2.4.1 Wet Storage

On the grounds of experience a strong case can be made out that storage in wa-
ter of spent LWR fuel in standard or high-density racks is based on a mature and
viable technology free from technical difficulties. The available experience pro-
vides a substantial basis for concluding that Zirconium alloy clad fuel has not de-
teriorated to date.

Fuel assemblies are stored under deionized water at temperatures below 40 °C.
Fig. 3 gives an overview of mechanisms potentially degrading the integrity of fuel
cladding. The Zircaloy cladding tubes do not experience additional corrosion dur-
ing extended storage under these conditions. The micro- and macro-distributions
of hydrogen and zirconium hydride precipitates are stable at 40 °C. The stresses
arising due to well-controlled manipulation of LWR spent fuel assemblies do not
cause any problems, based on experience since ~ 1960. The stresses caused by in-
ner pressure in spent fuel rods do not endanger integrity, since they only amount
up to approx. 10 % of the yield point.

Mechanical load
to the cladding

^-pickup

n« —

Wattt CofTMMon

DO2 with fission product

Degradation mechanismes
to be accessed:
• Mechanical load to the cladding
• Water corrossion
• H2 -pick up
• H2 - redistribution

FIG. 3. Mechanisms affecting spent fuel cladding performance during wet storage.
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The structural parts in fuel assemblies consist of Zry, Inconel and austenitic steels
1.4541, 1.4571 or 1.4550. Corrosion by oxidation from the pure water at a pool
temperature around 40 °C can be excluded. Furthermore, the structural parts of
fuel assemblies at the end of their service live are covered with an oxide layer
which excludes significant electrochemical attack on the structural materials dur-
ing storage. Corrosion endangering the integrity of the structural parts of light
water reactor fuel assemblies can be excluded for extended storage, based on
available experience and by proper adjustment and maintenance of the appro-
priate pool water quality, which is an established feature of reactor technology.

Eighteen intact fuel rods were inserted into a storage test performed in the spent
fuel pool of the Obrigheim nuclear power plant. The spent fuel rods were char-
acterized by careful rod inspection after reactor shut-down and after different
periods of storage. The spent fuel rods were characterized by visual inspection,

Fuel Rod 238/B12

2900

mm

Ho. Aiial
Position
Imm}

Typ« of
Failure

EC
Signal

Documentation

16 2670 Crack 3/3
15 2640 Hydride 3/3
14 2620 Boil 2/3
13 2585 Hydride 3/3
12 2555
11 2500
10 2490
9 2465 Boil 1/2
8 2455 Inside crack 1/2

«nn\\\ 7 227° Boil ^1500 \\> 6 2225 Hydride 3/3
\^ 5 2150 Boil 2/2

4 2140 Boil 2/3

Inside crack 1/3
Boil 3/3
Boil 3/3

1000

3 525 Inside crack 1/2
2 520 Inside crack 1/2
1 480 Inside crack 1/2

EC: Eddy Current
DIM: Dimensional Recording
TV: In-pool TV Recording

EC/TV
EC/TV
EC/TV/DIM
EC/TV
EC
cC/DIM
EC/DIM
EC/DIM
EC
EC/DIM
EC/DIM
EC/EMM
EC/DIM

EC
EC
EC

FIG. 4. Typical documentation of the operational defective fuel rods in the KWU spent fuel wet storage
demonstration program.
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profilometry, eddy current testing, and oxide thickness recording during fuel in-
spection in the pool. Summarizing the result of the intermediate and the final
fuel inspections, it must be concluded that - as predicted - no changes exceed-
ing detection limits could be found.

The demonstration program also included 10 rods with operational cladding de-
fects. The signals (Fig. 4) could be clearly reproduced in size, and no additional
signals occurred. This means that the number of defects remained unchanged
during the storage period.

This demonstration test has shown in 17 years, in agreement with the theoretical
analysis and with the overall experience available from pool storage, that wet
storage of spent LWR fuel can be performed without problems, even for ex-
tended periods.

2.4.2 Dry storage

Fig. 5 features a compilation of all noteworthy potential degradation mecha-
nisms. Oxidation caused by the impurities of technical grade inert gases used as
storage media may be neglected. The same is true for the hydrogen pick-up from

Fuel Pellet

FIG. 5. Mechanisms affecting spent fuel cladding performance during dry storage.
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Table 1
Dry storage of spent LWR-f uel

1
• Theoretical analysis

Intact fuel

Operation de-
fective fuel

1
• Treatment of all possible
! defect mechanisms.
| Results:
J Hoop strain limits the in-
' sertion temperature
1
1
j Treatment of fuel rod in-
. ternal corrosion mecha-
1 nisms
j Results:
. No further degradation
1 under inert conditions
•

1

Lab testing

Measurement of:
- end plug weld cor-

rosion effects
- J-SCC
- post-pi le creep

None

Performance test

Experimental storage at
KWO and Würgassen
Stade/KFK/Biblis/KFA

Hot cell experiments with
emphasis on:
- influence of water in

the rod
- fission product release

Hoop Strain

0,6
c%

0 .5 -

0,4

0,3

0,2-

0,1 -

Unirradiatad
Cladding tor Calibration

# -400 °C
o-70 N/mm2

Predicttd
Crttp for Unirradiated
Claddings

in tnt FAG-2
Prairradiatad
Cladding

/400,°C \
/mmz J

Upper Limit
of Scattering
Lower Limit
of Scattering

i50 h/400,°C I
'100 M/mm2 '

50n/4
120 N/mm'
550h/40flL°C ]
100 N/mm2 l \
6JOh/4ua,°C f
100 N/mm2 J D
550h/400,'C I
100 N/mm2 /
550h/40Q,°C
lOON/iMi2
630 h/400,°C
120N/nm2

550 h/400L°C \ t
120N/RM2 / I

t Outward Creep
during Prelrradiation
(Intimai Overpressure!

I Inward Creep
during Preirradiation
(External Overpressure)

SO h/400.°C \ t
OON/mn2 / A

550 h/400,°C X \
/ •

tOON/mn
400

120 Wmm2

2000 4000 6000
Time

FIG. 6. Comparison of creep strain (aH = 70 N/mm2, a = 400°C) of unirradiated and irradiated Zry-4
cladding.
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the residual moisture. Hydrogen redistribution due to thermal diffusion is negli-
gible. Fuel rod internal fission product corrosion may be excluded, since no fur-
ther fission products are released during extended storage. Crack propagation
does not occur in the case of crack sizes smaller than 300 pm and temperatures
less than 450 °C. Only the hoop strain limits the maximum insertion temperature,
if the total strain is limited to 1 % uniform elongation.

Table 1 describes the scope of work performed by the SIEMENS company.

One of the outstanding investigation was that of post-pile creep of Zry. Fig. 6
compiles a typical result.

0.00
0.00 025 0.75 100 a 125

—*• Storage time
Increase in oxide thickness

12-

9-

6-

3-

1

0.00 025 0.50 0.75
I

too
Ston

125
i time

3% fission gas release
Phase 1+11 unlimited access of 02. Ill 60 • 1Q-* bar 102

KWO-BS
3 cycle in service

FIG. 7. Single rod storage test at ISPRA: Comparison of measured and calculated data.
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The experiments indicate that the thermally-activated creep of irradiated Zircaloy
is remarkably reduced compared to unirradiated control samples. Therefore,
creep predictions using out-of-pile creep data always result in conservative esti-
mates for dry storage behavior of spent fuel.

In a single rod test program performed at the research center of ISPRA, KWU re-
corded the performance of the spent fuel by pool inspection techniques after dif-
ferent storage times. The recorded experimental data on hoop strain, corrosion,
and SCC were compared with theoretical predictions. Fig. 7 gives an example of
such an assessment.

The FRG metal cask concept and its double barrier lid system constitute a safe
containment, even under the hypothetical assumption of a 100 % rod rupture.
Technical scale demonstrations were carried out with irradiated fuel assemblies,
loaded and stored in different cask types, see table 2.

Table 2 Technical scale demonstration tests with spent fuel in different casks

Type

CASTOR Ic
CASTOR Ib
CASTOR la
TN1300

FA

BWR (Würgassen)
PWR (Stade)
PWR(Biblis)
PWR(Biblis)

No. of FA

16
4
4
12

Time

24 months
24 months
20 months

1 week

Besides demonstration of cask storage, other program objectives were to verify
cask design parameters, to gain operational experience, and to expand the tech-
nical data base on spent fuel performance under dry storage conditions. There-
fore, careful fuel pre- and post-test examinations were carried out. Axial and ra-
dial fuel cladding temperatures were recorded continuously during the demon-
strations, and the cover gas was monitored. Fig. 8 shows typical thermocouple in-
strumentation, with a record of selected assembly temperatures (fig. 9). For the
completed CASTOR Ic demonstration, post-test fuel inspections with the pool in-
spection device were carried out and compared with pre-test data. Tangential
strain and cladding oxidation are still in the range of the detection limit. No indi-
cations for ISCC or crack growth were found. The experimental findings and the
theoretical analysis are in agreement.
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FIG. 8. Schematic diagram of BWR Castor thermocouple positions.

50



Temperature
He pressure 400 mbar

400-
°C

300-

200-

100-

He pressure 900 mbar

Start -up phase

-o-

I I I I I I I I I l T I I I I I
3.3. 4.3. 6.3. 8.3. 10.3. 12.3. 14.3. 16.Ï. 1M.

1982

22
month
storage
period

Cask
insertion
into
the pool

16" 18"
17.1

Points of record
6=©

10 = +

14=«
17»= a
20=0

Begin of reflood

9" IT» 13°° 15°° 17e"

1984
18.1

FIG. 9. Temperature record in the CASTOR Ic during the demonstration test in Würgassen.

Also dry storage of in-service defected fuel has been demonstrated. Table 3
shows the test matrix

Table 3 Test ma trix for the defective spent fuel dry storage performance

test
No.

1

2

3

type F R

Biblis
Biblis

Biblis
Biblis

Biblis
Biblis

test fuel
burnup [Gwdft]

16,2 / 1 cycle
16,2 / 1 cycle

31,4 / 3 cycle
31,4 / 3 cycles

31,2 / 3 cycle
25,1 / 2 cycle

defect
characteristic

fretting at lower spac-
er with secondary
hydride defects

M

M

test duration

1 month

2 month

2 month

Drying procedures of the casks performed well. Only a small Kr-85 activity release
was determined. Cask cleaning after the test was unproblematic.
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3. APR Storage Facilities

3.1 AFR-Storage in Gorleben and Ahaus

The available AFR-Storages in Germany are based on transport and storage casks.
The spent fuel is stored in dry, inert He-atmosphere (Fig. 10).

The storage hall consists of reception and storage areas. The reception area con-
tains:

- the entrance to the controlled area by means of a personnel lock, change and
wash facilities and rooms for radiation protection equipment;

- rooms for technical support installations such as electrical supply, ventilation
equipment, storage cask monitoring system and waste water collection of
possible contaminated waste water from the controlled area;

- cask entrance section with a maintenance room.

The reception area is separated from the storage area by means of a wall with a
height of 8.0 m. The passage between both areas is obtained by a shielding door.
The main technical components include: the overhead crane; the maintenance
room; and the cask monitoring system.

t l t t t t t t t t

PRINCIPAL LAY OUT
Of fUEL ELEMENT CASX
CASTOR I C

1 BOOr
2 MODERATOR RODS
} TRUNNIONS
< SCUTTLE
5 PRIMARY LID

6 SECONDARY LID
7 PROTECTION PUTE
» SPACER
9 COVf R FOR

SPACER

10 CONNECTION FOR
PflESSURE BOX

11 STUOS
12 BOLTS
13 METAL SEAL
14 ELASTOMER SEAL

FIG 10. Interim dry storage of spent LWR fuel APR
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The storage hall is a conventionally constructed building (Fig. 10). The protection
against external hazards, such as an airplane crash and pressure waves from
chemical reactions, is already provided for by the design of the storage cask itself.
The storage capacity and the status of the facilities is summerized in Fig. 2

3.2 FUELSTORE: An AFR Storage Facility under development

Safe and economical interim storage of spent fuel is also possible through the de-
velopment of a new vault-type dry storage, called FUELSTOR FACILITY. FUELSTOR
can be used as an at-reactor (AR) facility serving one or more reactors on a com-
mon site or as an away-from-reactor (AFR) facility serving multiple reactor sites.
Spent fuel assemblies are transported to FUELSTOR in dry casks, are individually
sealed in an inert gas atmosphere within steel canisters, and are stored horizon-
tally in specially-designed racks within a concrete vault. Subcriticality is assured by
the storage array pitch, shielding is provided by thick concrete walls, and cooling
is by natural convection. The facility is economically competitive for as little as 200
MTU and has been designed to accommodate 3000 - 5000 MTU.

In either the AR or AFR concept, FUELSTOR consists generally of four major com-
ponents (see Figure 11-13):

1. Fuel receiving area
2. Canister loading area
3. Fuel storage area
4. Auxiliary plant area.

FIG. 11. Independent dry spent fuel 'BUNKER1 storage facility (3000 MTU) section through cask
handling area.
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FIG. 12. Bunker storage facility with canning station/handling diagram.
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FIG. 13. Independent dry spent fuel 'BUNKER' storage facility (3000 MTU) plan view + 8.50 m.
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Fuel will be received in an APR FUELSTOR in dry transport casks containing several
intact fuel assemblies. Following all necessary receiving inspections, the shock ab-
sorbers and outer lid are removed from the cask and the cask transporter moves
the cask to the unloading position in an unloading cell.

Fuel elements will be removed from the cask and will be lowered individually into
specially-designed stainless steel canisters in the canister loading area. Once the
fuel is in the canister, a canister cover is welded in place using a remotely oper-
ated welding machine. The air in the canister is then evacuated through a pene-
tration and the canister is backfilled with an inert gas, such as helium A leak test is
then performed, followed by sealing of the evacuation and inert gas addition
penetrations by welding. Each canister, the fuel assembly sealed within, is then
transported to the storage area.

The fuel storage area consists of a single large vault for the AR concept and a se-
ries of vaults for the AFR concept formed from reinforced concrete. Within each
vault is a specially-designed rack for supporting the fuel canisters in an horizontal
orientation. The fuel canisters are lowered into each vault, filling first the bottom

250 °C 160 'C

FIG. 14. FUELSTOR facility operating temperatures.
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tier, then lowering the second tier to rest above the first. The canisters are
equipped with a support structure on both ends that assures the proper storage
pitch and permits air flow around each canister. Up to 31 tiers can be stored in
each vault. Retrieval will be via the last-in, first-out method for each vault. A sec-
tional view of an APR FUELSTOR facility is shown in Figure 14.

The external walls of the storage area are equipped with a unique air in-
let/exhaus system that is designed for cooling by natural convection. In addition,
the storage capacity can be designed to accommodate the expected maximum re-
quirements for each site, but can also be readily expanded without disturbing the
fuel already in storage. The storage area is separated from the loading area by a
steel door that provides shielding to the loading and auxiliary areas.

The auxiliary areas are intended to include a radiation-zone maintenance area,
health physics offices, heating, ventilation and air conditioning systems, and
waste treatment.
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SELECTION OF THE TYPE OF SPENT
FUEL STORAGE AT PAKS NPP

G. BUDAY
NPP Paks,
Paks, Hungary

Abstract

There are many nuclear power plants in the world, that have changed the back-end strategy of their fuel
cycle already during operation. Among them is NPP Paks, which is forced to solve the problem of its spent fuel
if the possibility of shipping it back to Russia will be ceased. Investigating all the potential alternatives for Paks
specific case a decision was made to make preparation for erection of an intermediate on-site spent fuel store.
This decision leaves the fuel cycle back-end open until establishment of the long term strategy. In the nuclear
business there are many different types of intermediate stores for spent nuclear fuel. Almost all of them have
been licensed in one or more countries. The already constructed ones can be considered as industrial references.
There is no single right way for selection the best storage concept for an actual NPP, a number of conditions
are to be taken into account, e.g. the type of the (spent) fuel, its burn-up level, the site conditions and other
specific items. For any NPP, intending to select the type of the spent fuel store, the experience gained at NPP
Paks, during this selection might be of great importance. In the present paper this selection process is described:
the determination of the content of the Feasibility Study, required from the vendors; the methodology of the
evaluation of the different studies. In the paper the result of this process is given, highlighting those aspects on
which the selection was based.

1. PREPARATION OF THE FEASIBILITY STUDIES

Preparing for data collection on different store types it was taken into consideration that the
potential vendors will likely give it in different form and depth. Also it was foreseen that it will not
be easy to compare the Feasibility Studies prepared individually by the different vendors.

Having this on mind NPP Paks has determined the format and content requirements of the
Feasibility Studies, prior asking the vendors to prepare them.
Beside that, however the assurance of necessary input data for all the vendors got grate importance,
promoting by that their task.

The Summary of the Format and Content requirements (see Attachment 1) contained the
requirements of the buyer and the input data necessary for the vendor. The detailed information on
the site characteristics, fuel data and description of the fuel transport technology - which are originally
part of the Summary - are not attached to this paper. The elaboration of those details is always the
task of the buyer, that is in the actual case of NPP Paks, whose intention is to erect the storage
facility, especially because the detailed information on site, fuel and technology must be concentrated
on the plant. Following the above described procedure the Feasibility Studies prepared according to
them were easy to compare and easy to study by parties involved in the evaluation of them.

2. EVALUATION OF THE FEASIBILITY STUDIES

2.1. Organization

The proper organization of the evaluation procedure is a significant credit on the way of
success. Nevertheless, it has to he emphasized, that there are no golden rules, and every country
might have its own ways of organization. The procedure strongly depends on the local circumstances
and on the local licensing procedure.
Generally, involvement of the full range of the local authorities, domestic and independent foreign
expert companies in the evaluation process can be recommended. Participation of the IAEA might be
also very effective, as any statement or advise of the Agency is to be considered during the licensing
procedure.

The evaluation of the Feasibility Studies can be considered only as preparation for the selection.
Any advise, statement or suggestion got during this process might be of extreme importance, but the
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responsibility of the selection is solely with the utility. Nevertheless, it is advisable to request from
the authorities their advice and to make statements.
The scheme of the organization, established at Paks NPP for the evaluation of the Feasibility Studies
is given on Fig.l. (It is indicative only!).

2.2. Evaluation methodology

The goal of the evaluation was the preparation of the ultimate selection. As it was already
mentioned, all the offered versions were proved abroad, however due to the fact that there is no
specific Hungarian regulatory requirements, it could not be checked if they are met.

In this section those principles are reflected, which were followed by the Paks team during the
ranking. It has to be strongly emphasized that there is no only true way for selection, probably this
is one the reasons why so many types of stores are used worldwide. On the other hand it is not our
intention to establish any "absolute ranking model", especially having on mind that each country
might have its own specific items in the assessment. However, special attention should be paid to
incorporation of all the important criteria to the evaluation (see Attachment 2). Those criteria are to
be clearly defined (see key-words). Also, it has to be assured, that any feature of any concept that
should be examined are, taken into account only once.

In our evaluation system all the criteria had different weight factors, ranking between 1 and 5.
The various proposal were evaluated according to each criteria on the basis of the given key words.
Each criteria was scored from 1 to 10. The resulted score was multiplied by the weight factor of the
given criteria, and adding together the different scores gave the final ranking of the proposal.

The classic sensitivity test of the weight factors was not performed, but it is worth to say that
slight changes of the weight factors gave no significant modifications in the final score. However, the
scoring method used during the evaluation at Paks can be naturally criticized, but one should not
forget that this is only the specific Hungarian approach.

2.3. The selection

Due to the unique responsibility of NPP for the selection and the large number of organizations
(authorities, institutes, etc.) participating in the preparation of the selection, those participants were
not requested to make any ranking or scoring. Their task was to express their opinion, to give advise
and to indicate unacceptable, and so excluding by their opinion items. In that way the consensus was
reached easily, without loosing the important messages of the contributors.

On Figure 2 the selection procedure's scheme is shown. Special attention was paid to the
meeting of the Hungarian participants and the IAEA expert team.
Having gone through the above described process, finally the Modular Vault Dry Store (MVDS)
offered by GEC-Alsthom (UK) has been selected. This selection was based on the following major
aspects:

(a) actual advise given and contraselection made by some Hungarian authorities and other
participants;

(b) scores given by the Paks expert team;
(c) the anticipated general changes in the back-end of the fuel cycle strategy.

During the evaluation of the storage options great number of remarks, advise, opinion, were
accumulated at Paks. Those of them, which were of technical character, were incorporated into the
above mentioned scoring.

On the other hand those, which could not been incorporated directly were handled
independently. For example, the local municipality (responsible for licensing of the civil construction)
preferred such type of storage, which would meet the following requirements:

ensures low cladding temperature,
is located in a massive building,
the cooling media is air.
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Those remarks indicate, that local authority had a well based opinion and as such it should be
considered as highly useful. It would have been impossible to set such messages without establishing
direct contacts, and that aim has been promoted by organization special hearings with participation
of all Hungarian participants and the foreign experts. There are two items among the evaluation
criteria listed in Attachment 2 which have no weight factors indicated, those are the cost and the
construction time. The reason is that both of them are related to the anticipated general changes in
the fuel cycle strategy. The position of the top management of NPP Paks is that the plant has to be
prepared for the interim storage of all the spent fuel,produced at Paks during the lifetime of the plant.
That policy means that the Paks storage is to be enough to receive a great amount of spent fuel, and
from this point of view the cost of the MVDS is considered to be reasonable.
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Attachment 1

PAKS NUCLEAR POWER PLANT
INTERMEDIATE SPENT FUEL STORAGE

Feasibility Study
(Summary of format and content requirements)

1. INTRODUCTION

Brief introduction indicating by whose request the study has been prepared and stating its aim.
Conditions of the:
- location at Paks site;
- lifetime (at least 50 years);
- modularity;
- extendibility.
Basic principles of the technical design (highlighting flexibility from the point of view of fuel
elements to be stored, that is for storage of what other PWR fuel elements could it be
developed).

2. INITIAL BASIC DATA

2.1. Information about the site.
General information about the site. Information on geological, hydrological, meteorological and
seismological basic data of site taken into consideration during calculations.

2.2. Characteristic data of the fuel used in VVER-440 type reactors:
- characteristics of the fresh fuel,
- characteristics of the spent fuel.

2.3. Information on transport technology of spent fuel used at NPP Paks:
- normal cases,
- handling of damaged fuel.

3. TECHNICAL DESCRIPTION OF THE
PROPOSED INTERMEDIATE SPENT FUEL STORE

Detailed technical description of civil engineering, mechanical, electrical, I&C and
communication features of the proposed storage,
Specification of equipment and materials.

4. SAFETY

4.1. Avoidance criticality

To be proved in case of fresh fuel elements as well (calculations and results)

4.2. Assurance of heat removal (calculations and results)

4.3. Radiation and environment protection

possible radioactive releases;
dose estimation for personnel and members of the public;
the produced waste: types and quantity, proposed technology for their handling.
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4.4. Physical protection

4.5. Assurance of safeguards activities

4.6. Design principles from safety point of view

what are the operational, accidental and incidental situations the facility is designed for,
for what external (natural and "man-made") events is the facility prepared,
safety related equipment of the facility, for what events are they designed,
how are the safety related functions realized for the design base events.

4.7. Control of performance of safety-related activities (tools and procedures).

5. REFERENCES

Information on main activities of the company, making the proposal, and its relevant reference
list.

6. LAYOUT OF THE INTERMEDIATE SPENT FUEL STORE

Selection of the location for intermediate spent fuel store on the site of Paks NPP, technical
justification of the selected place.
Facilities, technological systems connected to reactor units, places of connections, and their
specification.

7. OPERATION AND MAINTENANCE

Description of the operational and maintenance tasks:
- fuel transportation, manipulations,
- storage methods and operational tasks during storage,
- preventive maintenance activities,
- dispatch of the fuel,
- decommissioning of the store.

Staffing,
in-service inspection,
compatibility to the present storage and transport technology.

8. COSTS

design costs,
investment costs,
operation and maintenance costs,
possibility for Hungarian deliveries, and detailed list of items to be purchased from abroad,
proposal for financing,
decommissioning costs.

9. QUALITY ASSURANCE

list of standards, guidelines taken into account during the design procedure,
QA and QC during design, fabrication, construction, installation and commissioning,
description of the QA programme of the bidding company.
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10. SCHEDULE OF EXECUTION

Linear schedule of execution, which takes into consideration the duration of the preparation as
well,excluding time needed for the licensing procedure,
Description of labor force needs.

11. STATEMENT OF THE BIDDER

the offered technology does not belong to the internationally controlled ones, or which items
belong to it.

12. GUARANTEES, LIABILITIES

13. SUMMARY

including participation of the bidder in the preparation of licensing documentation.

64



Attachment 2

EVALUATION CRITERIA

1. Maintenance, mechanical engineering (1)
2. Civil engineering (3)
3. Costs (investment, operational, other)
4. Construction time
5. Liability and guarantee of the vendor (1)
6. Radiation protection issues of safety (3)
7. Advantages - disadvantages related to operation (3)
8. Level of Quality Assurance (2)
9. Nuclear and thermotechnical safety (5)
10. Modularity (1)

KEY-WORDS

1. - Level of maintenance need.
- Organization, necessary for performance of the maintenance.

2. - Civil engineering technology and maintenance of the facility.
- Relation between the static feature of the power plant and masses to be handled during the

storage operations.

3. - Design cost.
- Investment cost.

Cash flow in time.
Further costs (operation, maintenance).
Unit cost.
Decommissioning cost.

4. - Distribution in time the construction time and finances available for the power plant.

5. - Liability and guarantee undertaken by vendors in field of quality and safety.
- Value of the granted guarantee.

6. - Operational doses.
- Radioactive releases.
- Existence or non-existence of radiation protection system.
- The quantity of produced radwaste:

- during storage,
- during decommissioning.

- Impact of the storage facility on the environment:
- during normal operation,
- during accidents.

7. - Fitting to the present technology of spent fuel transportation.
- Degree of independence from the power plant.
- Possibility of recognition and handling of emergencies.
- Operations to be performed after expiration of the storage period.

8. - Strictness of the standards.
- QA level of the vendor.
- QA level of the Hungarian subcontractors.
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9. - Existence of identical reference.
- Monitorability.
- Possibility of monitoring of fuel element cladding during the whole storage period.
- Assurance of possibility of designed interactions.
- Subcriticality.

Possibility of safe operation after decommissioning of the power plant.
- The number of necessary handling operations prior to the final disposal has to be as low as

possible.
- The handling procedures in different phases have to be as simple as possible.
- The technological processes have to contain as few possibilities for accidents as possible:

requirement of inherence.
- Enforceability of safeguards requirements.
- Reputation of the licensing authority.
- The storage has to be flexible from the point of view of fuel handling after the intermediate

storage period.
- Evaluation according to the so-called "risk multiplication".

All the proposed concepts have the common feature of having two basic barriers preventing
release of radioactivity: the zirconium cladding of the pellets and the containment containing the fuel
elements. From that point of view the water in case wet storage has to be considered as a containment
as well.

It is necessary in case of impossibility of assuring favorable conditions for zirconium cladding
to assure a strong enough containment. This is valid vice versa as well: if the zirconium alloy is under
more favorable conditions, than less "strong" containment is satisfactory.

In case of safety on equal level the multiplication of the "goodness" factor of the two barriers
is to be constant.

The concept in case of which the result of this multiplication - according to our subjective
evaluation - is higher, is considered to be more safe.

- Protection against external events.

10. The criteria is the key-word in itself.
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R&D ON SPENT FUEL STORAGE IN JAPAN

T. SAEGUSA, K. NAGANO, H. YAMAKAWA, M. MAYUZUMI,
O. KATO, C. ITO, T. ARAI, K. SHIRAI, S. SHIOMI
Central Research Institute of Electric Power Industry,
Abiko, Chiba,
Japan
Abstract

In Japan, spent fuel storage will be licensed in the near future and the •
related R&D works (partly of the Japanese Government) have been carried out
mainly by CRIEPI. This paper describes the results and ongoing or future
program of R & D on spent fuel storage.
Major results are "Economic Comparison of Various Spent Fuel Storage Methods",
"Experimental Results on Cask Storage Method", and "Study on Merit of Burn-up
Credit for Cask Storage". In particular, detail of the experimental results on
cask storage method w i l l be presented in the following area : (1) Temperature
Analysis & Tests of Fuel Cladding, (2) Creep Test of Fuel Cladding,
(3) Containment Test of Cask Lid Structure, (4) Cask Drop Test, (5) Material
Testing of Ductile Cast Iron Cask, (6) Building Collapse & Heavy Objects Drop
Accident onto Cask, (7) Cask Toppling by Earthquake.
The ongoing or future program of R & D include experiments on passive cooling
of dry storage facility and experiments related to improvement of technology
to store high burn-up spent fuel and Pu-Mox spent fuel from light water
reactors.

1. Introduction
Spent fuel arises with electric power generation at nuclear power plants and one
needs its management. The management of spent fuel may be direct disposal or
reprocessing, depending on the policy of each country. In either case, spent
fuel needs to be handled safely due to its strong radioactivity and heat. Japan
is depending on oversea's countries for most of energy resources, thereby
Japanese policy is to reprocess spent fuel in order to recycle its plutonium
and uranium from view points of energy security in the future and its effective
use of energy.
The issue is the timing and quantity of reprocessing. Since storing plutonium
more than necessary is not accepted internationally, reprocessing meeting
peaceful needs should be carried out. Because spent fuel generation speed is not
always equal to the reprocessing speed in quantity, spent fuel storage is
required when the former speed exceeds the latter. Namely, spent fuel storage
has a function of buffer of fuel flow in the nuclear fuel cycle or that of
energy storage.
2.Economic Comparison of Various Spent Fuel Storage Methods 15)

(DStorage ScenarioWe assumed an AFR storage scenario and three AR scenarios as shown in Table 1.
(2)Bconomic Index for EvaluationWe defined the levelized cost in real term as the_economic index for the
present evaluation. It is defined as unit cost (C) per kg heavy metal of
spent fuel on the assumption that the storage fee is paid at the receipt of
spent fuel as shown by Eq. 1. That means that the sum of the present value of
all expend!turesCC t ) should be equal to the sum of the present value of
storage income.
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TABLE 1. STORAGE SCENARIOS ASSUMED IN THE STUDY

Storage Capacity
(MTU)

Receiving Rate
(MTU/Year)

Maximum Storage
Period (Year)

Fuel Type

AR
-a
500
50
30
PWR

AR
-b
500
100
30

BWR

AR
-c
250
50
30
BWR

APR
3000
300
30

BWR: 601 PWR: 40%

N
yZ_t

1=1

N
y/j
t = l

C t

(Hi )

Q «

( H i )

t -T

t - T

-— (Eq. 1)

where
C : unit cost of storage in real term [yen/kg] or [$/kg]
C t : expenditure in the year t in real term [yen] or[$]
Q i : amount of spent fuel carried into the storage facility in the year t [kg]
i : discount rate in real term [I/year]
TJ reference time point of discount calculation.
(3)ResultsAs shown in Fig.1 through 4, the dry cask storage is more economically than
the pool storage for the AR storage scenarios, whereas the vault storage is
the most economical for the AFR storage scenario.

3. Experimental Results on Cask Storage Method
Fig. 5 shows a design concept of the cask-storage method that CRIEPI developed
for study purpose. Fig.5 also shows seven research subjects that CRIEPI
considered necessary for the licensing of the cask storage method.
The seven subjects were selected from the consideration of the Safety Evaluation
of the cask-storage method under normal condition and accident condition.
Table 2 shows the Safety Evaluation Items of the cask-storage method.
Items marked with O are subjects of this R & D and the o u t l i n e of the results
are described in this paper. Items marked with A are the subjects that have
been already studied and the information w i l l be found in the literature. The
other items marked with D w i l l be evaluated by the results of this R & D.
The followings are the outline of the results of the seven research subjects.

(1) Temperature Analysis ft Tests of Fuel Cladding "• Z )- 3)
It is important to develop a precise temperature analysis code of the fuel
cladding to design and evaluate a dry storage cask as shown in Fig.5, so as
to maintain the surface temperature of the fuel c l a d d i n g under the maximum
allowable temperature as required during the storage period. CRIEPI modified
and developed the conventional f i n i t e element analysis code "ABAQUS" to
analyze the surface temperature of fuel c l a d d i n g by taking account of
convection of Helium gas in the dry cask. The code "ABAQUS" was verified by
a heat transfer test using a full-scale (100-ton class) cask.
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1 TEMPERATUREANALYSIS & TESTS
OF FUEL CLADDING OF CASK

2 CREEP TEST OF FUEL CLADDING

3 CONTAINMENTTEST
LID STRUCTURE

4 CASK DROP ACCIDENT
DURING HANDLING

5 MAT TESTINGS OF
DCI CASK

6 BUILDING COLLAPSES,
HEAVY OBJECTS DROP
ACCIDENTONTOCASK

7 CASK TOPPLING

FIG 5 R&D subjects on cask storage technology

TABLE 2 SAFETY EVALUATION ITEMS OF CASK STORAGE TECHNOLOGY

Function &
Place

Major
Phenomena*
Norms! Condition
• During Storage

Accident Condition
•Cask Drop
'Building Col/apse

by Earthquake

'Cask Toppling

'Miscellanea

Heat Removal

•Cask
•Building

OMax Je m p
of cladding

OCask Body
OEnvIr Temp

OTemp Rise
In Debris

OTemp Rise
by Vent Close

Containment

•Fuel Cladding
•Cask-Lid
Olntegrliy

of Cladding
A Lid Gasket
(Max Temp )

Otntegrtty
of Lid

Olntegrlty
of Cladding
(Max Temp )

Subcrltlcallty

•Fuel Basket

^Subcrltlcallty
^Durability

of Neutron
Absorber

Olntegrlty
of Basket

Shielding

•Cask
•Bu/ldlna
^Shielding
^Durability

of Neutron
Moderator

&aSh/e/d/ng

OTemp Rise
of Pb Layer
In Debris

Structure
Strength

•Cask

/^Structural

Olntegrlty

Against Impact
Olntegrlty
Against Impact

OTopplIng
(Need of

Tie -down)
Olntegrlty
Against Impact

O Subject of this R A D,£\Found from K/terature, Q To be Evaluated by the Results of this RAD

70



E
E

o
u
CD

D

ö>
o

4000 -

3500 -

3000-

2500 -

1500 -

1000 -

500 •

o -

—
-

E

-

r

-

—
—
-

-

-

-

-

—

-

t

z

-:

-

=

:?
-
J

-i -

--

r

^

-

-

-

Ä

-

r

-

-

—
—
-

-

_

-

--
-_

-

-

-

-

-
—
--

-

-

-

—

-

-

-

-

k:

-

-

-

-

ri

-

-

-

•>

^

—

_

—

—
—
*,

_

-

3

—
—
>
S

j,

—
—

D-
\

ö

i

-

tr.
—
—

?

_

-

-

—

_

T

-

_4.

c

—

-

-

)

-

K-

1____

=

-

J_____

A
1

-

-

-

J_

.N
E

-

-

-

J —

A
S"

-

-

L'
n

-

-

—

«
:>/

t

—

;i<
iT

-

—

—

A Ê

— E

— —

— -

150.0 200.0 250.0 450.0

Temperature °C
FIG. 6. Results of temperature analysis and
test of fuel cladding in the longitudinal direction
of the cask (vertical, He atmosphere).

Fig. 6 shows results of the analysis and the test giving a good agreement of
the analysis and the test. The cask used for the test was a stainless
steel/lead type dry cask (MSF-IV) and contained simulated 21 PWR spent fuel
assemblies with a maximum burn-up of 48, OOOMWD/tU, 5-year cooling time after
discharge from reactor and a heat of 23 kW/cask. The maximum measured
temperature of the fuel surface was under a design temperature (approximately
380T:), and the validity of the cask design for heat removal was verified.

(2)Creep Test of Fuel Cladding 4K5)
In order to ensure the integrity of spent fuel during storage, it is necessary
to sustain the creep deformation due to the internal pressure and the heat ofthe fuel rod within a certain value. Because there are few data on creep
of the irradiated Zircaloy for fuel rod, CRIEPI carried out the creep test of
irradiated Zircaloy tube specimen taken from PWR spent fuel (17x17, averageBurn-up 46, OOOMWD/tU). In addition, CRIEPI carried out creep tests of
unirradiated Zircaloy tube, thereby developed a method to evaluate the maximum
allowable temperature of fuel cladding during storage.
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FIG. 7. Results of creep tests of Zircaloy.
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Fig.7 shows an example of the creep test data of Zircaloy tubes. From Fig.7,
the followings are found: (DTlie creep strain of the unirradiated fuel
cladding is larger than that of the irradiated one. ©The irradiated fuel
cladding does not rupture, even if the creep strain exceeds more than 1 X.
The temperature of the fuel cladding due to the decay heat will decrease with
time, thereby the the strain rate of the steady-state creep will slow down and
saturate at several years after the start of storage. CR1EPI developed acalculation formula of the creep strain with storage time and obtained the
maximum (initial) temperature for storage so that the accumulated creep strain
will not exceed a certain value (e.g. 1 JO through the storage period (e.g.40
years). For example, the maximum temperature to store the-PWR fuel (48,000
MWD/tU, 5 years after discharge from reactor) w i l l be approximately 380 °C.
(S)Containment Test of Cask Lid Structure fi)-7K "°
The containment barrier of the storage cask is the m e t a l l i c gasket in the cask
lid structure and should be integral during the storage period (e.g.40 years).
Fig. 8 shows an example of the lid structure. Normaliy, the storage cask has
a double lid structure and each lid has two gaskets (one metallic gasket and
one elastic gasket in the case of Fig.8). The m e t a l l i c gasket contains a
spring made of stainless steel or Inconell , and the spring is covered with
aluminium or silver.

M e t a l g a s k e t E l a s t i c g a s k e t
/ L i cl
'

§ C a s k b o d y

* 19251 m o n i t o r .
Secondary 1 id J_

P r i m a i y Lid
Cask c a v i t yX

—————h"M-

N̂̂ $̂ ss>S-
| * 1440 |

« 2230
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ho le

Gaske t
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U n i t '

FIG. 8. Lid structure of a storage cask.
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FIG. 9. Results of containment test.
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There are no data found in the literature on the long-term containment
capability of the metallic gaskets. CRIEPI, therefore, carried out the long-
term containment test of the metallic gasket using models of lid structures.
Accelerated experiments at high temperature were made to measure any change
of leak rate. The measurements were plotted using Larson Miller Parameters
(a function of temperature and time). As the results, one can estimate that a
gasket coated with aluminum w i l l keep its containment capability for morethan 190 years and a gasket coated with silver w i l l do for more than 30,000
years, for the lid temperature of 150T!. In practical, since the lid
temperature decreases with time, this estimation is conservative enough.
Furthermore, CRIEPI is performing a demonstrative experiment of the long-term
containment capability of the m e t a l l i c gaskets using the full-scale lid
structure (two kinds) of the storage casks. Fig.9 shows the test results up
to 450 days showing the integrity of the containment capability.
(4)Cask Drop Test 8 K 9 )

It is the c h a r a c t e r i s t i c of the s torage cask that the cask may be h a n d l e d
without shock-absorber (impact-1imiter) in the storage b u i l d i n g of which f loor
w i l l be made of r e i n f o r c e d concrete slab. There fore , i t is impor t an t to
s t u d y a n d e v a l u a t e w h e t h e r t h e cask, i f a c c i d e n t a l l y d r o p p e d o n t o t h e
r e i n f o r c e d concrete f l o o r d u r i n g h a n d l i n g , cou ld keep i t s i n t e g r i t y or what
would be the max imum a l l o w a b l e he igh t for acc iden ta l drop w i t h o u t los ing the
i n t eg r i t y of the storage cask.

500

4OO

300

200

100

O

• Vertical Orientation
• Horizontal Orientation
• Oblique Orientation

10 IS
Drop Height ( m )

20

FIG 10 Test results on drop height and G-value

CRIEPI carried out tests and analysis of the cask drop accidents using 100-ton
class casks (Ductile Cast Iron Casks : CASTOR-V, TN-1300, NKK S/T) for
vertical drop, horizontal drop and corner drop. Fig. 10 shows the results of
deceleration measurements as a function of the drop height. It shows that
the degree of the energy absorption by concrete floor wi l l change with the
drop height. The value of the deceleration will not linearly increase in
proportion to the drop height.
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FIG. 11. Strain of cask body as
function of drop height

Fig. 11 shows the results of the analysis of the impact strain generated at the
cask body using the three-dimenlional impact analysis code "DYNA-3D" and the
tests using the full-scale casks (100-lon class). From these results and the
measurements after the drop tests, the followings can be found :
(Din the secondary lid area after the dtop tests up to 17 m, the analysis

predicted no plastic strain and the leak lest found no leakage.
©In the primary lid area after the drop tests up to 1.5 m, the a n a l y s i s

predicted no plastic strain and the leak test found no leakage.
©On the other hand, the analysis predicted p l a s t i c strain and the leak test

found leakage in the primary lid area after the drop tests from the height
of 7. 5 m and 17 m .

(DThe analysis always predicted more conservatively than the lest results.
©The integrity of the f u l l - s c a l e casks were v e r i f i e d for the postulated drop

accident for the maximum l i f t i n g height thai was determined by the notmal
handling procedure and the b u i l d i n g design as shown in Fig. 5.

©It was v e r i f i e d that the slorage casks have enough safety margin fot the
drop accident in the storage b u i l d i n g as shown in Fig.1 because the
l i m i t i n g drop height for Ihe casks lo maintain their integrity is very high
(e.g. higher than 17 m for vertical lifting).

(5)Material Testing of D u c t i l e Cast Iron Cask In)
D u c t i l e Cast Iron (DCI) Casks have not yet been licensed in Japan. CR1EPI
carried out material testings using specimens sampled from three f u l l - s c a l e
DCI casks and seven model DCI casks with real diameler and thickness, in order
to establish a data-base required for licensing. The results are as follows
©There was no large scattering in the materials data d i s t r i b u t i o n and aj1 the

properties satisfied the Japanese I n d u s t r i a l Standard J1S G 5504 "Thick
Wall Ferritic Ductile Cast Iron for Low Temperature Use".

©The Charpy Impact V a l u e Curve as a function of temperature showed a
ductile/brittle transienl region al around -20t:.

©In order to make an evaluation of b r i t t l e fracture of the DCI casks at the
temperature of the transient region, CR1EPI developed a reference curve of
fracture toughness; K IR curve (Fig. 12). It was evaluated that the DCI
casks w i l l not b r i t t l e fracture under the accidental drop conditions in the
storage building.

(6)Duilding Collapse & Heavy Objects Drop Accident onto Cask "K I2)
Generally, storage casks are designed on the basis of transport casks of which
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structural strength is strong enough to maintain their integrity under the
accidental test condition of 9 m drop onto u n y i e l d i n g target. Therefore,
CRIEP1 considered that the building (e.g. Fig. 5) storing the storage casks can
be designed to be simple and less strong structure against earthquake (e.g.
Class C structure according to the Japanese Classification for Seisjnic
Degree).
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KIR -65 0*4 34exp[0 026(1+160)] (T<0*C)

-340 (T>-0°C)
_______I_________I__________l
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FIG. 12. Reference fracture toughness curve of DCI.

CRIEPI made analysis and its verification test using a full-scale cask (100-
ton class DCI cask; CASTOR V) on whether or not the integrity of the storage
cask can be maintained if heavy objects such as the concrete roof of the
storage b u i l d i n g f e l l down onto the storage cask due to a hypothetical
building-collapse by earthquake.
The major results are as follows :
©The simple storage building designed by the criteria of the Class C w i l l not

collapse by the strongest dynamic-earthquake-wave (i.e. Class 82 according
to the Japanese Classification for Seismic Degree) according to the analysis
by CRIEPI. Even though, CRIEPI assumed a hypothetical collapse of the
building and a hypothetical drop of the roof made of 16 cm thick reinforced
concrete from the height of 17 m, as the maximum test condition for the
storage cask.

©According to the results of the analysis using DYNA-3D code and the test
using the full-scale cask, there was no leakage from the cask lid area and
no stress larger than the yield stress was generated in the cask body;
thereby the cask would maintain its integrity even if the b u i l d i n g might
collapse.

(7)Cask Toppling by Earthquake 1 3) I 4)

During the storage period, the storage casks may be placed vertically or
horizontally. It will save land area if the casks are placed vertically.
In that case, the cask should be evaluated if they would topple down by a
strong earthquake or they need tie-down to the ground. CRIEPI made analysis
and tests to know the toppling condition of the cask by the earthquake.
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Fig. 13 shows a result of the analysis using a code "UDEC-CASK" and a test
result using a scale-model (ratio : 1/5) of the storage cask against an
earthquake of a long wave-length that is ever experienced in the past in Japan
(so-called "Hachinohe Wave"). They showed a good agreement between theanalysis and the test.

25

25

FIG. 13. Cask toppling by earthquake.

T a b l e 3 shows the a n a l y t i c a l r e s u l t s o f t o p p l i n g a n g l e o f the cask by the
s i m u l a t e d wave of the s t ronges t e a r t h q u a k e ever e x p e r i e n c e d in Japan and the
h y p o t h e t i c a l l y m a g n i f i e d e a r t h q u a k e . I t w a s shown tha t t h e t o p p l i n g a n g l e
w o u l d not reach the c r i t i c a l t o p p l i n g a n g l e of 19 degree , t h e r e b y the cask
w i l l not t o p p l e down by the ear thquake and need not t ie-down.

TABLE 3. ANALYTICAL RESULTS ON CASK TOPPLING

TOPPLING

Wave

S2:Typel
S2:Typell
El Centre

Hachinohe

Acceleration (GAL)

Horizontal
354
342
342
683*
203
406*

Vertical
213
205
206
413*
150
299*

Toppling
Angle
(DEG)

0.4
1.2
0.2
6.7
0.0
4.2

* Hypothetical Conditions
* * Critical Toppling Angle : 18.6 DEG

4. Study on Merit of Burn-up Credit for Cask Storage""
For sub-criticality analysis or design of storage cask, it is more reasonable

to employ fissile nuclides after burn-up rather than to employ fissile nuclides
of fresh fuel. By taking account of burn-up cr e d i t for cask storage, an
increase of spent fuel per cask and the resultant decrease of both cost andrisk exposure can be expected.
Fig.14 shows the results of calculation on the required number of the storage

casks for storing a certain amount of spent fuel of 5-year cooling time. 10 to
30 % of decrease of the number of the storage casks are expected and the merit
will increase as the enrichment of the fuel increases .
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FIG. 14. Effect of burnup credit on required number of casks.

5. Ongoing or future program of R 4 D
Currently CRIEPI is making experiments on passive cooling system of dry

storage f a c i l i t y for APR. In parallel, CRIEPI is carrying out experiments
related to improvement of technology to store high burn-up spent fuel and Pu-
Mox spent fuel from light water reactors.

77



REFERENCES

1) H. Yamakawa, et al "Heat Transfer Analysis and Tests of Storage Cask", CRIEP1
Report (in Japanese) U 92038 (1992).

2) Y. Gomi, et al "Experimental Study on Effect of Thermal Convection of Cavity
Gas in Cask", Proc. PATRAM '92, Sept.13-18, 1992, Yokohama, Japan (to be
published).

3) H.Yamakawa, et al, "Heat Transfer Analysis for Vertically-Oriented Cask",
Proc. PATRAM '92, Sept. 13-18, 1992, Yokohama, Japan (to be publ ished).

4) M.Mayuzumi, "Study on Evaluation Method of the Allowable Temperature of PWR
Fuel Cladding during Dry Storage", CRIEP1 Report (in Japanese) T88034 (1989).
5) M.Mayuzumi, et al, "Creep D e f o r m a t i o n and R u p t u r e Properties of
Unirradiated Zircaloy-4 Nuclear Fuel Cladding Tube at Temp, of 727 to 857 K",
J.Nucl.Mat. 175 (1990).

6) O.Kato, et al, "Long-Term Sealability of Storage Cask", CR1EP1 Report (in
Japanese) U 92034 (1992).

7) O.Kato, et al, "Long-Term Sealability of Spent-Fuel Cask", Proc. PATRAM '92,
Sept. 13^18, 1992, Yokohama, Japan (to be published).

8) C.Ito, et al, "Evaluation of the Integrity of the Storage Cask at Drop
Accident During Handling", CRIEPI Report (in Japanese) U 92035 (1992).

9) Y. Kato, et al, "Cask Drop Test on Reinforced Concrete Slab", Proc. PATRAM '92,
Sept. 13-18, 1992, Yokohama, Japan (to be published).

10) T. Arai, et al, "Determination of Lower Bound Fracture Toughness for Heavy-
Section DC1 and Estimation by Small Specimen Tests", Proc. ASTM 24th National
Symposium on Fracture Mechanics, (1992).

11) C.Ito, et al, "Evaluation of the Integrity of the Storage Cask at B u i l d i n g
Collapse", CRIEPI Report (in Japanese) U 92036 (1992).

12) Y.Kato, et al, "Drop Test of Reinforced Concrete Slab onto Cask ", Proc.
PATRAM '92, Sept. 13-18, 1992, Yokohama, Japan (to be published).

13) K.Shirai, el al, "Evaluation of the Cask Toppling by Earthquakes", CRIEPI
Report'(in Japanese) U 92037 (1992).

14) K. Shirai, et al, "Development of Seismic Response Analysis Code of Cask",
Proc. PATRAM '92, Sept. 13-18, 1992, Yokohama, Japan (to be published).

15) K. Nagano and Y. Yamaji, "A Study on the Needs and Economics of Spent Fuel
Storage in Japan", Proc. 1989 Joint International Waste Management Conference
(ASME, JSME, AESJ) in Kyoto, Japan.

16) M.Mimura, et al, "An Economic Evaluation of a Storage System for Casks w i t h
Burn-up Credit", Proc. PATRAM '92, Sept. 13-18, 1992, Yokohama, Japan (to be
published).

18) O.Kato and T. Ito , "Study on Long-Term S e a l a b i l i t y of Gaskets for Spent Fuel
Storage Cask", CRIEPI Report (in Japanese) U 92009 (1992).

78



AWAY-FROM-REACTOR (AFR) STORAGE
CONCEPTS - THE INDIAN EXPERIENCE

P. SEETHARAMAIAH
Fuel Reprocessing Division,
Bhabha Atomic Research Centre,
Trombay, Bombay,
India

Abstract

Spent Fuel Management (SFM) has been one of the most
important steps in the entire nuclear fuel cycle and it is
still one of the most vital and common problems of all the
countries having significant reactor power programmes. The
Indian nuclear programme has considered the vital role of
the SFM from the beginning and due consideration was given
to develop and adopt programme to tackle this problem. Fuel
storage pools of adequate capacity have been built at
reactors <AR) and the spent fuel was subsequently taken up
for reprocessing. The spent fuel arisings at the BWRs at
Tarapur are kept under continued storage over the last two
decades resulting in shortage of storage capacity. Away
from reactor (AFR) wet storage facility has now been built
and commissioned at Tarapur to have adequate storage
capacity for the two BWRs. A brief description of the
design, construction, safety features and operational
experience of this AFR facility is given in this paper.

INTRODUCTION

Indian nuclear programme wan *t«rtad with th«
commissioning of two Boiling Mater Reactors (BUR) of 210
MWe each at Tarapur in 1969. Thereafter seven Pressurised
Heavy Water Reactor (PHWR) of 235 MWe have became
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operational and one more similar unit is on the verge of
commissioning. A number of 235 MWe and 500 MWe PHWRs are
under construction or being planned for execution to
achieve a nuclear power target of 10,000 MWe in near
future.The spent fuel arisings at two BWRs are kept under
continued wet storage At Reactor (AR) facility over last
two decades resulting in shortage of storage capacity. Now
they are being stored in Away From Reactor (APR) storage
facility. For the spent fuel arisings at the PHWRs wet
storage pools of adequate capacity have been built At
Reactor sites and the spent fuel was subsequently taken
up for reprocessing. Over the years India has gained
considerable experience on spent fuel storage in wet
storage facilities. In the AFR storage facility built at
Tarapur essentially for BWR spent fuel some PHWR spent
fuel is also being planned to be stored as an interim
measure.

AFR STORAGE FACILITY FOR BWR SPENT FUEL:

The two BWRs have an annual discharge of about 25
tonnes of spent fuel at full power operation. The wet
storage facility at the reactors was originally designed to
store 520 spent fuel assemblies. Subsequently the capacity
was increased to 1500 spent fuel assemblies by reracking
using high density racks. As this capacity al«o has bean
exhausted an AFR storage facility was constructed at
Tarapur near Tarapur Atomic Power Statation (TAPS) for
creating additional storage capacity. The AFR storage
facility envisages the storage of about 280 Te of spent
fuel (2000 BWR spent fuel assemblies) with a provision to
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expand this capacity to 465Te(3312 fuel assemblies). It is
planned to store the spent -fuel with a minimum cooling of
ten years. During the interim period when APR was under
construction, spent fuel stored in dry casks was resorted
to as an interim measure. The APR storage facility is in
operation since 1991.

DESCRIPTION GF THE APR STORAGE FACILITY

The facility building admeasuring 73M (long)x 35.3M
(wide)x 22.3M (high, above ground) consists of spent fuel
building, service building and Waste Management building. A
vehicle entry air lock of 18M(long)x 6M(wide)x 4.5M(high>
is provided with rolling shutters at both ends. The fuel
pool is 9M (wide) x 13M (long) x 13M (deep), with 1.5M thk
concrete wall around for radiation shielding and structural
integrity. The pool is partly below the ground level. The
entire pool is lined with 3mm thick and at cask loading bay
with 25mm thick S.S. 304L plates. The pool is filled with
démineraiiaed water up to a height of 12M.

Pool Hater chemistry and temperature are
maintained by carefully circulating the pool water through
a polishing unit and a heat exchanger unit. The maximum
activity release in the pool with 2000 spent fuel bundles
is expected to be around 0.70 Ci/ day based on TAPS
experience. For maintaining the water quality the
polishing plant of 30 cubic metres/hr capacity is provided.
A démineraiizing water plant of capacity 500 litres/hr is
installed to catar ta any make up or other requirements.
Under water illumination is about 100 lux.

High density fuel racks in an array of 12x 12 are
provided for storing spent fuel. These racks are designed
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to meet the criticality, safety and siesmic stability
requirements.

The decay heat o-f the spent fuel is estimated at
0. 1KW per bundle. Heat exchangers are provided to maintain
pool water temperature below 42 degree C. Even if the
electrical power is not available for one week and the heat
exchangers are not working the temperature of pool water
(with 2000 bundles) will not be exceeding 60 degree C.
Therefore no emergency power supply is provided for heat
exchanger. No penetration is provided into the pool wall
and raft except two leak detection lines. Syphon breaker
system provided prevents any accidental draining of pool
water.

Ventilation system provided has the following
features. Air curtain with an air velocity of 2m/min is
maintained over the pool. The active areas are separated

from non active areas and are maintained at negative
pressure as compared to atmosphere and inactive areas. The
exhaust air is filtered through prefilters and absolute
filters.

The dry storage cask originally intended for
dry storage of spent fuel is used for transport of the
spent fuel to APR storage facility. The cask is designed
for 37 fuel bundle (5.2Te). The cask is loaded on cask pad
at cask loading bay. The cask is handled by 80/10 Te EOT
crane which has single failure proof features and provided
with siesmic restraints to ensure stability of the crane
during siesmic events. Pool bridge with 1 Te hoist handles
the spent fuel bundles.
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Compressed air requirements for hydro pneumatic tank
for operation of safety showers, transportation of spent
resin to waste management section, instrumentation, mixing
of resin, agitation and stirring, etc are met from a
compressed air plant.

DESIGN CONCEPTS,TEST AND SAFETY PROCEDURES:

In the civil design the structural response and
member forces induced by siesmic excitation is low compared
to those due to other load combinations. Moreover, the
margin available in design for load combinations involving
operation basis earthquake(QBE> and safe shutdown
earthquake(SSE) is adequate to cater to the uncertainties
of siesmic analysis.

The cask storage area, cask decontamination area,
fuel floor and air lock area are designed for a loading of
50 Te/ sq. M.

The facility falls in an area which has maximum
horizontal ground acceleration of 0.2 g for SSE and 0.1 g
for OBE. Dynamic analysis of spent fuel storage pool has
been carried out for SSE level of ground spectra with 10X
damping as exciting motion in three orthogonal directions.
Dynamic analysis of spent fuel building has been carried
out for OBE level of ground spectra with 57, damping as
exciting motions in three orthogonal directions. The rest
of the building have been designed as per provision of
Indian Standard (IS) cade with impartance factor of i.5.
The buildings are not designed for protection against
missiles or air craft crash because of high cost. However,
as part of the fuel pool structure is 5 meters below the
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ground and -fuel pool wall thickness is 1.5m, spent fuel
assemblies are expected to remain submerged under water
even in the adverse conditions. Design wind speed -for APR
storage -facility site is 200KM per hour at an elevation of
30M -from the ground level. The corresponding wind pressure
178KG/sq.M has been considered in design. Approximate
wheel loads and dimensions corresponding to a 80 Te crane
have been taken into consideration -for design. The
protection against the flood has been achieved by raising
the level above the highest sea water level. A design basis
flood level of 0.9M is adopted.

For the fuel pool the thickness of 1.5M of the
storage pool wall as well as of bottom raft has been based
on biological shielding requirement and for thermal
stresses that might be created due to raise of pool water
temperature to 60 degree C following loss of site power for
seven days.

The pool is lined with stainless steel plates.
There are leak detection channels to monitor leakage past
the liner when the fuel pool is filled with water. Any
leak past the liner is ultimately collected in a detection
sump and high level alarm is provided in the control room
for early warning of any leak. The sample from the leak
detection sump is analysed to find out whether leak is
from the fuel pool liner or from ground water seapage
through concrete walls of the pool. Before lining the
pool the concrete structure was checked for in leakage by
initially filling water outside upto ground level and by
checking during mansoons. This was done to ensure that no
ground water leaks into the pool. Further testing was done
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FUEL POOL/,
' . S5.0M//

Plan at el. 100.0 m of spent fuel building.

List of equipment:
1. Filter
2. Fuel pool pump and motor
2A. Recirculation pump and motor
3. Cat. exch.

4. Mixed bed
5. Control panel
6. Sump pump
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by filling the pool fully to check the leakage from the
pool to external surfaces of the pool during non monsoon
period.

Each fuel storage rack can accomodate 144 spent
fuel assemblies in 12x12 array and has stainless steel as
structural material. Criticality analysis for the racks
have been performed and the maximum calculated K O6 for
normal conditions is less than 0.89. It is expected that
abnormal conditions such as fall of a fresh fuel bundle
from 8 meters or an irradiated fuel bundle from 4.5 meters
will not increase K , to a value greater than the limiting
value of 0.95. For the stability of the racks against
sliding and over turning, minimum frictional coefficient
between stainless and stainless steel is estimated at
0.349 and since this is greater than the design siesmic
coefficient acceleration no sliding will occur. The rack
was found to have a safety factor greater than 1.5 against
over turning.

An EOT crane of 80/10 Te capacity has been provided
to handle the spent fuel cask in APR storage facility. The
structural design of the crane is checked for dynamic
conditions corresponding to QBE. Some of the critical
components such as crane rails, end stoppers, brakes and
panel of the crane are designed to SSE level . Single
failure proof features have been included in the crane so
that any credible failure of a single component does not
result in loss of capacity of the crane to'stop and hold
the load.

The fuel pool bridge is essentially a gantry crane
of ITe capacity and 11M span with platform and a grapple
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attached to the main hoist of capacity ITe. Another hoist
with capacity of ITe with a J-hook is also provided for
achieving other functions, if found necessary. Safety
measures provided are limit switches, radiation
alarm,interlocks and two brakes (one electro magnetic and
the other electro thruster).

Fuel pool cooling water system has two pumps and
two plate type heat exchangers which can easily be
augmented at a later stage. To avoid short circuit, pump
discharge after passing through the cooling circuit is
delivered at tha bottom of th« pool through two «p*rg«r«,
whereas suction is taken from top of the pool through a
surge tank for better displacement of pool water and
minimum stratification. Provision of standby fuel pool
water recirculation pump/ heat exchanger/ cartridge filter
facilitates switch over without affecting fuel pool
cooling. The rupture of pipe line below the water level of
the pool can lead to draining of fuel pool water by
syphoning. To avoid this syphoning, syphon breaker (valve
less vent line) has been provided. Moreover fuel pool
water level low and high alarms have been provided in the
control room.

The polishing plant cleans up the spent fuel pool
water. The pool water clean up system comprises mainly of
pool surge tank, pool water recirculation pumps, filters,
cation ion and mixed bed exchangers to have a flow of 30
cubic M /hr. The pool cooling and polishing system are in
series. The resin from cation bed and the cartridge filters
will be replaced on the basis of set radiation levels
istead of set differential pressures, if the radiation
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levels are low at set differential pressures. An under
water pump is provided for removing crud/ muck from the
pool bottom.

The fuel pool cooling and cleaning piping system
designed so as to remain functional after an QBE
considering the enormous thermal storage capacity of the
pool and possibility of repairs to be completed within a
period of 7 days in the event of any failure of the piping
system / equipments due to SSE level of an earthquake. The
method of analysis adapted for piping system was static
equivalent method, without calculating the frequency of
piping, but considering i.S times the peak acceleration of
the respective response spectra. The peak acceleration for
the ground floor have been computed to be 0.42 g for QBE
and 0.632 g for SSE.

With 1.5 M thick pool walls the radiation level
outside the walls is much less than 1.0 m rem/hr. For
cation exchanger of polishing plant, the radiation dose is
not allowed to exceed around 60 R/hr so that the radiation
level outside the 700mm thick concrete wall is 2.4 m r/hr.
For mixed bed exchanger expected contact dose is 1.4 R/hr
and after 700mm thick concrete wall dose rate is lmr/hr and
for cartridge filters corresponding contact dose and dose
level after 700mm thick concrete wall are 1.4 R/hr and
lmr/hr. Resin transfer lines are also suitable shielded.

OPERATIONAL EXPERIENCE

The APR storage facility has been commissioned in
1991 and is working satisfactorily for the last 1 1/2
years. Visibility, pond water activity and temperature,
radiation levels over the pond etc are well within limits.



APR has separate and dedicated health and safety monitoring
systems and necessary facilities are made for containing
the contamination and for controlling the radiation levels.

STORAGE OF PHWR SPENT FUELS AT AFR STORAGE FACILITY

For meeting urgent requirement at RAPS, Kota,
interim arrangements are being made for staring in AFR PHWR
fuel with a minimum cooling period of 10 yrs inside cask
cages, 4 <tier)x4 accomodating about 4BTe in the AFR
storage facility. As decay heat is much less compared to
BWR fuel, and since criticality considerations are not
predominant, the safety analysis carried out for BWR fuel
holds good or is even better for PHWR fuels.

CONCLUSION

India has considerable experience on design construction
and operation of wet storage facilities for the spent fuel
from BWR, PHWR and research reactors . Based on these
experiences an AFR storafe facility for BWR spent fuels has
been designed «constructed and commissioned at Tarapur and
spent fuel assemblies are being stored. The experience with
the facility over the last 1 1/2 years has been
satisfactory. The facility even though designed for BWR
spent fuel can be used for PHWR spent fuel.
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CURRENT STATUS OF SPENT FUEL MANAGEMENT
IN THE REPUBLIC OF KOREA AND DESIGN CONCEPT
OF THE INTERIM SPENT FUEL STORAGE FACILITY

Seong-Won PARK
Korea Atomic Energy Research Institute,
Daeduk, Republic of Korea

Abstract

Korea now has a well advanced nuclear power programme. Nine nuclear power plants are in operation
and seven more are under construction. It is planned that twenty seven nuclear power plants with a total
generating capacity of over 23 000 MWe will be in operation by the year 2006. Such a growth of nuclear power
programme causes rapid increase of spent fuel generation. Consequently, reliable and effective management
of spent fuel has become a key factor for the continued growth of the nuclear power programme.

NATIONAL POLICY AND CURRENT STATUS OF SPENT FUEL MANAGEMENT

Spent fuels generated from nuclear power plants are currently stored in pools at reactor sites,
but those pools have capacities to meet storage needs only until the mid-1990s. In the year 2000, the
cumulative amount of spent fuel will reach more than 5000 t HM. Furthermore, in the year 2010 the
annual spent fuel arising will exceed 1000 t HM (Table 1).

In 1988, the Korean Government decided to construct an interim spent fuel storage facility
(ISFSF) by the end of 1997. It is the wet type and the initial storage capacity be 3000 t HM. Until
the ISFSF is operational, KEPCO is responsible for the management of spent fuel at their reactor
sites. KEPCO has set the AR expansion programmes, and these are being implemented as scheduled.

Firstly, Uljin 2 pool capacity was expanded by reracking with high density rack before first
spent fuel discharge. Uljin 1 pool capacity will be expanded in the near future by reracking with high
density rack. Some of Kori 1 fuel have been transhipped to Kori #3 pool, and more fuel will be
transhipped to Kori 3 and 4 pools in the near future. The storage capacity of Kori 3 pool is being
expanded by adding high density rack into the empty space of the pool. In Wolsung site, dry concrete
canister is being used to increase the storage capacity (Tables 2 and 3).

OUTLINE FEATURES OF THE INTERIM SPENT FUEL STORAGE FACILITY

In 1988, immediately after the Government's decision, KAERI launched the ISFSF project. This
project is well progressed and has completed the conceptual design in 1990. It is wet storage type and
initial storage capacity is 3000 t HM, but this facility is designed to facilitate modular expansion of
storage pool. All the spent nuclear fuel generated from the Korean nuclear power plants will be
received, but the spent fuel should be cooled minimum 5 years at AR pools before transhipment to
the ISFSF. A specially designed ship will be used for sea transportation, and Korean codes and
standards shall be observed for the design of the facility. The ISFSF is consisting of one truck bay,
two preparation lines for fuel unloading, and one storage pool. The pool is divided into two parts for
PWR and CANDU fuel, respectively. Pool water is cooled and cleaned up using outpool heat
exchanger and deep bed ion exchanger. Sea water is used as an ultimate heat sink. The pool will be
lined with stainless steel to assure leak tightness. Secondary waste is packaged and/or immobilized
by cementation.
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TABLE 1. SPENT FUEL ARISING

Year

1992
1995
2000
2005
2010

Annual Arising(MTU)
PWR

166
166
242
339
377

CANDU

95
95

380
570
665

Total

261
261
622
909

1,042

Cumulative

1,840
2,623
5,011
9,107

14,298

TABLE 2. STATUS OF AR STORAGE POOL

Location

Kori

Yeongkwang

Uljin

Weisung

Unit

1
2
3
4
1
2
1
2
1

Storage
Capacity

(MTU)

225
376
316
316
316
316
200
378*

1,526 **

Inventory
(1992.12)

(MTU)

113
150
194
134
133
98
68
62

888

2=1,840

Year of
Losing
FCR

1994
2001
1993
1997
1997
1998
1994
2003
1997

The S/F storage capacity was expanded to 378 MTU by Repacking with high density rack.
' 60 Concrete canisters were Installed.

TABLE 3. AR EXPANSION PROGRAM

Location

Kori

Yeong-
Kwang

Uljin

1

3
4

1
2

1

2

Wolsung

Year of
Losing FCR
(Original)

1991
2001
1997
1997

1997
1998

1994

1995

1991

AR Expansion

Transhippment to Kori #3 & #4

Add high density rack (455 Ass'y)

...

Reracking with high density
rack (421 Ass'y more)

Reracking with high density
rack (421 Ass'y more)

i
Year of Losing

FCR after
Expansion

1999

1997

2002

Install Dry Storage Module (Concrete Canister)
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Achieving high standards of nuclear safety is the major concern in designing this facility.
Design goals are to limit the environmental release of radioactivity so that a member of the public in
the critical group receives no more than 0.5 mSv/year and to provide adequate biological protection
so that the maximum average man-rem dose commitment to operating personnel is less than 0.5
rem/year.

Optimization and rationalization of the conceptual design are being implemented, and it will
enter into basic design when a site is secured.

CONCLUSION

The ISFS is designed to store spent fuel safely and economically for many decades, thereby
providing adequate time to develop an integrated spent fuel management system in Korea.

The facility is designed to satisfy all pertinent safety criteria, to meet all technical expectations,
and to have great flexibility for future planning. Further optimization and rationalization of the design
are required to make it a lot simpler to operate and cheaper to construct and operate over its full life
cycle.
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CURRENT SITUATION OF SPENT FUEL MANAGEMENT
IN THE LAGUNA VERDE NUCLEAR POWER PLANT,
VERACRUZ, MEXICO

C. V. MORENO
Permanent Mission of Mexico,
Vienna

Abstract

The Comision Federal de Electricidad (CFE), owner and operator of the Laguna Verde nuclear power
plant (2 x 654 M We BWR), has twice decided to increase the storage capacity of the spent fuel pools of the
reactors. The Comision Nacional de Seguridad Nuclear y Salvaguardias (CNSNS), the national nuclear
regulatory authority, approved the increase by a factor of 2.66 in the storage capacity proposal by CFE in 1989.
Each reactor spent fuel pool can now hold 614 t HM. The reracking was done at a cost of about US $13 per
kg U, which will add only 0.042 mills per kWh to the fuel cycle cost.

The Laguna Verde nuclear power plant, owned and operated by
Comision Federal de Electricidad (CFE), has two units of 654 MWe of
net electrical capacity each, with boiling water reactors of 1931
MWt of thermal capacity, supplied by General Electric. The initial
core of each reactor has 444 fuel assemblies.

The spent fuel pools of each reactor were originally designed
in 1972 with a storage capacity of 580 fuel assemblies, enough for
a whole core and a little over one yearly discharge of irradiated
fuel. However, as the commercial reprocessing option was not a
reality yet at the end of the 1970's, CFE made the decision to
increase the capacity of the pools to 1,242 assemblies each, enough
for a whole core plus 7 annual reloads.

The new high density racks were installed during the
construction of the 2 units, in the mid 1980's. However, due to alack of certainty about the economy of the reprocessing option and
to increase public confidence in the availability of a safe interim
solution for the backend of the fuel cycle, CFE decided to continue
studying options to increase the spent fuel storage capacity of the
Laguna Verde power plant.

Several options were reviewed initially, including additionalhigher density reracking, dry storage, cask storage, away from
reactor wet storage. Very soon it was clear that the most economicone would be to further increase the storage capacity of the fuel
pools in the reactor buildings to 3,300 assemblies each.

Feasibility studies were carried out including criticality
analisys, material accounting, chemical stability, structural ana
seismicity stability, heat removal and clean up system capability
and impact on other operational systems of the plant.

The safety analysis report of the impact of the proposedchange were presented to the Comision Nacional de Seguridad Nuclear
y Salvaguardias (CNSNS), the national nuclear regulatory authority,
which did an extensive review, using as reference the experience
obtained by the United States Nuclear Regulatory Commission (USNRC)
in similar cases of reracking in plants of that country.
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The CNSNS approved the proposed reracking presented by CFE,
which was done in the first unit of Laguna Verde after the initial
core was loaded, but before the first reload took place. The final
tests were finished in July 1991 and the first 92 assemblies of
irradiated fuel were discharged in September of that year. 116
additional assemblies were discharged in August 1992.

The new racks of the second unit were complety replaced and
tested by December 1991 and the initial core will be loaded in
January 1994.

At present, each unit of Laguna Verde has a storage capacity
for one initial core and the total expected fuel discharged during
the life of the reactor. The cost of the reracking was of the order
of $8 million dollars for each unit. In this fashion CFE has bought
enough time to continue exploring other long term options for the
backend of the fuel cycle of the Laguna Verde nuclear power plant.
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SPENT FUEL MANAGEMENT
IN THE SLOVAK REPUBLIC

M. TURNER
Nuclear Fuel Division,
Slovak Power Enterprise,
Bratislava, Slovakia

Abstract

In this paper the present and the future spent fuel management
in the Slovak utility - Slovak Power Enterprise (SEP) is
presented.
The annual arising of spent fuel in The Slovak Republic is
approximately 40 MtHm. The average burn-up is 32 GWd/TU. Since
the first unit started operating in 1978 an amount of 400 MtHM
have been generated and will reach 860 MtHM by the year 2000.
In the past the spent fuel management based on the assumption,
that all spent fuel from WER reactors will be transported to
the reprocessing plant in Russia. After the political changes
in the former USSR no spent fuel transports from Slovakia were
realized. Only a small amount of the generated WER spent fuel
was transported to the reprocessing plant in Russia. The rest
is stored on the territory of the NPP Bohunice in the reactor
pools or in the AFR storage.

1 Nuclear energy in the Slovak Republic.

The Slovak Power Enterprise (SEP) operate the nuclear power
plant at Jaslovské Bohunice which is divided into two separate
power plants, V-l with two WER 440 model 230 units, and V-2
with two 213 units.
The first two units at Jaslovské Bohunice in the Slovak
Republic ( the V-l plant) were connected to the grid in 1978
and 1980,and the second plant V-2 in 1984 and 1985 respectively
(Fig.l).
There are also four units under construction at Mochovce model
213.There is supposed to start up the first unit in 1994.
Another sites for nuclear power plants were selected in the
past for further units, but these are now the subject of
discussion about their suitability. There is no fina.1
decision,whether there will be the nuclear option accepted or
not. 97



Nuclear Power Plants
Slovak Republic (SEP)

Plant
Bohunice A1

Bohunice 1 &2
Bohunice 3&4

Mochovce 1 - 4

Net Capacity
1 x 150
2 x 408
2 x 408
4x 408

Model
HWGCR

230
213
213

Commercial Operation
1972-77 (Demonstr.)

1978, 1980
1984,1985

Figure 1

We expect, with high probability, to continue the nuclear
power program and assume, that requirements for construction
operation,maintenance, the fuel cycle and decommissioning of
NPPs must be fully compatible with western standards.
ÔSFR is dependent on nuclear energy and there is necessary to
provide very carefully implementation safety and environmental
requirements.

Refuell. I
' Machine j

Unit pool

Fuel: Hexaqonal 144mm, L = 3200 mm, 120 kg U

Assemblies in unit:
EBO 1.2 ( VI )
EBO 3,4 ( V 2 )
EMO 1,2,3,4

reactor R
313
349
349

basic rack
350
350
700

reserve rack
350
350
350

FIG. 2. Unit pool characteristics (V 230 type).
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FIG 3 Refuelling operations pattern

1-reactor pressure vessel; 2-refueling machine; 3-racks forspent fuel;
4-transport container; 5-railroad transport complex; 6-fuel asscmbly;7-reactor
building bridge crane, 8-spent fuel storage pool (l-reloading of spent fuel from
reactor to storage pool and ll-reloading of "cooled" spent fuel to transport container);
9-level of water during refueling; 10-level of water during storage

Spent fuel manipulations (WER fuel)

The spent fuel from the beginning of the operation was
transported to the USSR .These transports were stopped by 1988.
Since that time there wasn t any transport back to the USSR.
The spent fuel assemblies after discharge from reactor is
transported into the reactor pool at the reactor hall. There
are two levels of racks in the reactor pools in NPPs.One of
them is a basic rack which is used under normal conditions and
the reserve (upper) rack is used in emergency case or
maintenance. The fuel is stored in this pools during 3 years
(Fig.2). After this period it is removed from the pool (Fig.3)
and transported (since 1988) into the interim wet storage,
which is situated at NPP Bohunice.
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The basic racks in NPP Mochovce which is under construction
will be compacted with a capacity of 650 FA. This allowe to
store the fuel for 6 years in a case of 1/3 core management. By
the start-up time schedule of Mochovce,there are no problems
with spent fuel storage to the end of 2001.
In the future the spent fuel will be stored in additional
storages for 20 to 40 years till a final solution will be
created.

3 Spent fuel inventory and storage capacities

It is clear for us ,that it will be necessary to store a lot of
spent fuel assemblies from the generation of WER-440 reactors
at the producers territory.The total spent fuel production and
localization is showed on Fig.4 .There are approximarely 700 FA
at the reprocessing plant in Russia, 1130 FA in the reactor
pools and 3590 FA situated in the interim storage.
The interim wet storage at NPP Bohunice was designed by Soviet
designers (Fig 5 and 6). The total capacity is 168 baskets each
with 30 FA (5040 fuel assemblies - cca.600 MtHM). Now there are
127 baskets with 3 590 fuel assemblies.
The original design supposed to storage the spent fuel from
four units of NPP Bohunice for a 10 year period. But at this
time this storage is also used for the spent fuel from
Dukovany NPP (Czech Republic).After a storage capacity is

Unit Pools
26,70%

Transport to Russia

16,50%

Intermediate Storage

MSVP 56,8 %

FIG. 4. Spent fuel production in SEP (up to 1 January 1993).
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Bridge Crane
'l 25/20 t Bridge Crane

5 t

\ \
Transport Container WER-440 Fuel Assembly

FIG. 5. Intermediate storage diagram.
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created by the Czech utility and the fuel is returned back, the
existing storage capacity at NPP Bohunice will be exhausted to
the end of 1997.
Conclusion: the total capacity will be exhausted

- in 1997 at Bohunice
- in 2001 at Mochovce

SEP will increase his storage capacity at Bohunice in a manner
to dispose with this additional capacity to the end of 1997 at
the latest. The final decision,whether there will be
independent interim storage for each NPP or one common for
both,will be made at the end of 1993. This new capacity must
also fulfil the technical requirements of a new fuel design
which will be created in 1994 and 1995. The present time
average fuel burnup is 32 000 MWd/tU and the maximum enrichment
is 3.6% .It is expected that the new fuel can reach higher
burnup in the range 40-45 000 MWd/tU without significant
increasing of enrichment.

4 Final repository for spent fuel

There were carried out several preliminary geological studies
as a basis for start- up the works.This works were oriented to
find the best estimated solution for HLW and spent fuel final
repository at the Slovak territory. The State Energy Policy
Programme assume to build-up the final repository of spent fuel
with the state guarantee.
We expect to establish close cooperation with foreign partners
- organizations, which has a long time experience in concepts
for direct disposal of spent fuel.
The proposed time schedule for research, development etc. is
showed in Fig.7.

5 Transporting of the spent fuel

As was stated above the fuel after 3 year storage in the
reactor pools is transported to the interim storage at NPP
Bohunice. For this transfer the TK-30 rail transporter
is used, developed by a German Company (Fig.8) .The transport
containers, from the construction point of view are classified
as B(U) according to the IAEA requirements. Two of this
102
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studies, geological
investigations
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FIG. 7. Final disposal of spent fuel - time schedule.

Container
. 3500 »2950 .

Cask - cross section

Transport complex

FIG. 8. Transport devices.
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transporters are owned by SEP. This transport container consits
from a transport container and a fuel basket for 30 fuel
assemblies which is also used to store the fuel in the interim
storage.

6 Al spent fuel program

According to an agreement between the former CSFR and USSR,
all spent fuel from the NPP Al in Jaslovské Bohunice should be
transported to the reprocessing facility in USSR. As a result
of political changes in both countries this transport was also
stopped. Now there are 132 highly damaged fuel assemblies in
the reactor pool (Fig.9).
The proposed procedures to solve the problem are:

- evaluate the possibility of short term storage in wet
conditions

- development of conditioning technology which allows to
transport the fuel to the reprocessing plant or final
repository

7 Costs for spent fuel management

In the last economical system was not given sufficient
attention for questions regarding nuclear waste and spent fuel
final disposal. For this reason neither the government nor the
utilities in ÔSFR have financial funds for solution of this
problem.
Under the assumption, that the lifetime of all operating units
units and the units which are under construction is 25 years
the total amount of spent fuel will be about 20 000 FA ( 2 300
MtHM). Under our conditions the costs for final disposal will
be in the range of 400 - 700 USD/kgHM. It depends on the
establishing of a fund as quickly as possible and if in the
former ÔSFR will be a central repository or for both republics»
May be in 1993 new rules will allow to establish a fund to
answer this question.
The price of electricity which is still established and
controlled by the government plays also an important role.
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Under this fact the increasing of nuclear fuel cycle costs have
a direct influence on the fuel cycle economy. In the second
half of 1993 SEP will be privatised and transformed into a
stock company. To maintain a competitive nuclear power against
other sources after this transformation is the main task at
present.
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COMPARISON OF DIFFERENT CALCULATIONAL
METHODS FOR SPENT FUEL STORAGE
CRITICALITY CALCULATIONS

M. RAVNIK, M. KROMAR, J. REMEC, A. TRKOV
J. Stefan Institute,
Ljubljana, Slovenia

Abstract

Comparison of different methods for the spent fuel pool criticality cal-
culations is presented. The work was stimulated by the NRC Informa-
tion Notice 92-21 about errors and uncertainties found in criticality cal-
culations of spent fuel pools where strong neutron absorbers (Boraflex)
are implemented. Three different methods are compared: Monte Carlo
(KENO-IV), deterministic transport (DOT) and diffusion approximation
(CORD-2). Practical results for a typical PWR pool-type spent fuel stor-
age with dense racks are presented. The discrepancies between different
methods are analysed.

1 Introduction

The work, presented in the paper, was stimulated by the NRC Information
Notice 92-21 about errors and uncertainties found in criticality calculations
of spent fuel pools where strong neutron absorbers (Boraflex) are imple-
mented [1]. The main idea of the Notice is that, although different calcu-
lational methodologies had been benchmarked against rriticality experiments,
significant discrepancies (a few % in K„ff) were reported in criticality calcula-
tions. The source of the discrepancies has been attributed to various causes.
The most important are:

• use of the transport cross-section as an approximation for the total cross-
section;

• inaccuracies inherent to using diffusion theory for prediction of neutron
attenuation through a region that strongly attenuates neutrons;

• effect of self-shielding in strong absorber cross-sections preparation.

The spent fuel pool examined in this paper contains dense packed storage
cells with a relatively thick box of stainless steel which, being strong thermal
neutron absorber, creates similar conditions as reported in the NRC Notice.
It was decided to study various methods for criticality calculations available
at "J. Stefan Institute" and to compare them with the results of the design
calculations for Krsko NPP spent fuel pool [2] which were performed at West-
inghouse according to their design methodology and following international
standards [3].
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A series of criticality calculations were performed using:

• deterministic transport code DOT [4],

• diffusion codes from CORD-2 package [5], [6].

All calculations were performed in 2-D X-Y geometry. The group structure
was varied. The cross-sections were generated using:

• SAILOR [10] library in case of DOT,

• WIMS [12] code in case of diffusion calculations and for DOT calculations
in PO (transport corrected) approximation.

Calculations were also compared with the design calculations, performed
with Monte Carlo code KENO-IV [7] in 2-D geometry using 27 group cross-
sections generated with AMPX system [8].

2 Problem description
The spent fuel pool is approximated by regular array of storage cells. Storage
cells consist of stainless-steel boxes in which the fuel elements are inserted,
surrounded by a thick layer of water. Geometry of a storage cell is presented
in Figure 1. According to the standards [3], the following assumptions are used
in the calculations:

• The fuel elements are 1 6 x 1 6 PWR type, consisting of 235 fuel rod cells
and 21 water filled cells containing only control rod guide tubes (Figure 1).

• Fuel rods contain fresh 1102 at enrichment of 4.2 w/o U235.

• The moderator is pure water at temperature of 20°C and density 1.0
g/cm3.

• Spacer grids, sleeves or other structural components of the fuel element
are not accounted.

• The fuel elements are centered in the stainless-steel boxes as presented in
Figure 1. The boxes are arranged in a dense array with center to center
distance 29.64 cm x 30.48 cm.

• The array is infinite in lateral and axial direction which precludes any neu-
tron leakage from the array. The same geometry and material composition
was used in all calculations presented in this paper.
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Figure 1: Geometry of the spent fuel storage cell.

3 Calculational Methods

3.1 Monte Carlo calculations (KENO)

The design calculational method uses the AMPX [8] system of codes for cross-
section generation. The generic 227 energy group cross-section library (the
starting point for all cross-sections used in calculations) is generated from
ENDF/B-V [9]. The self-shielded resonance cross-sections, appropriate for
each material region, are determined with the NITAWL code. Energy and
spatial weighting of cross-sections is performed by the XSDRNPM code which
is a one-dimensional Sn transport theory code. These 27-group cross-section
sets are then used as input to KENO-IV [7], which is a multidimensional Monte
Carlo transport progiam designed for reactivity calculations.
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A set of 33 critical experiments has been analyzed using the above method
to demonstrate its applicability to criticality analysis and to establish the
method bias and variability. The average K(Jß- of the benchmarks was 0.9917.
It was determined that, with a 95 percent probability and a 95 percent confi-
dence level, uncertainty in reactivity, due to the method, is not greater than
0.0018 [2].

The above method was used in design study for Krsko spent fuel pool [2]. In
KENO all material heterogeneities were accounted explicitly in 2-D geometry.
Besides, all other assumptions presented in Section 2 were employed. Uncer-
tainties in material thickness, construction tolerances (related to the box and
cell dimensions) and asymmetric positioning of fuel assemblies within the SS
box were considered. The maximum K obtained was:

Ke(r = 0.9288 + 0.0083 ± v/(0.0059)2 + (0.0018)2

Keff = 0.9371 ± 0.0062

The above result was obtained in the case of minimum cell center to center
spacings, minimum thickness of steel, maximal dimensions of SS box and with
asymmetrically placed fuel assemblies in the boxes. Asymmetric positioning
of the fuel assembly brings an additional difficulty in geometry modeling of
the problem. Because it is not important from our study's point of view, we
decided to examine only symmetric case. The effect of asymmetric positioning
was estimated from data in the report [2] and resulted in a 0.0073 lower value
in Kgflf. The reference value for the symmetric case was so determined to be:

Keff = 0.9298 ± 0.0062

This value is used as a reference for other calculations presented here. The
only difference with the "worst case" is symmetric position of the fuel assembly
i.e. geometry assumptions are the same as described in previous paragraph.

3.2 Deterministic transport calculations (DOT)

The DOT 4.2 code is used in X-Y 47 group approximation. The geometry of
the problem (Fig. 1) is divided into 36 x 36 finite differences intervals. One
mesh interval per fuel unit cell is used. The inner water gap is covered by one
interval and so is the box wall. The outer water is divided into 8 intervals.

The cross-sections are generated in two ways. First way is by using the
SAILOR library [10] of microscopic cross-sections. The macroscopic cross-
sections for the fuel unit cells and other regions are obtained by simply mul-
tiplying the microscopic cross-sections with homogenized atom densities of
different isotopes. The method is in general not appropriate for heterogeneous
media since cell flux and spectra weighting effects are not considered. How-
ever, the SAILOR library was selected because the microscopic cross-sections
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Table 1: SAILOR library group structure (upper group boundaries).

Group
number

1
2
3
4
5
6
7
8
9

1Ü
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Energy

17.33 MeV
14.19
12.21
10.00
8.607
7.408
6.065
4.966
3.679
3.012
2.725
2.466
2.365
2.3-46
2.231
1.921
1.653
1.353
1.003
820.9 keV
742.7
608.1
497.9
368.8

Group
number

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Energy

297.2 keV
183.2
111.1
67.38
40.87
31.83
26.06
24.18
21.87
15.03
7.102
3 355
1.585
454.0 eV
214.5
101.3
37.27
10.68
5.044
1.855
.8764
.4140
.1000

10-5

"Lower boundary of the energy group No 47

for the fuel include some generic unit cell corrections for the typical PWR com-
position and this drawback is partly compensated. The group structure of the
library is presented in Table 1. SAILOR is derived from the VITAMIN-C [11]
library. As such it is a typical library for the transport problems, what can be
seen from the small number of thermal groups. Another disadvantage is that
the upscattering is not included.

Having in mind the drawbacks of the SAILOR library for this problem,
the macroscopic cross-sections were generated also by using the WIMS-D/4
code [12]. The unit cell calculation and homogenization was performed in 32
group approximation. The 32 group cross-sections were also further collapsed
by flux weighting method into 6 groups using the same WIMS cell spectrum.
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Table 2: 32 and 6 group structure of transport and diffusion calculations using
WIMS generated cross-sections (upper gioup boundaries).

Group
number
1 1
2
3
4 2
5
6
7 3
8
9
10
11
12
13
14
15 4
16

Energy

10.00 MeV
3.679
1.353
0.500
40.85 keV
9.118

148.728 eV
48.052
15.968
9.877
4.000
3.300
2.600
2.100
1.300
1.150

Group
number
17
18
19
20
21
22 5
23
24
25
26 6
27
28
29
30
31
32

Energy

1.097 eV
1 .020 "
0.972 "
0.950 "
0.850 "
0.625 "
0.400 "
0.320 "
0.250 "
0.180 "
0.140 "
0.100 "
0.080 "
0.050 "
0.030 "
0.015 "

The group structure is presented in Table 2. The original WIMS-D/4 69 group
library [12] was applied in the calculation. The drawback of the cross-sections
generated in this way is that they are isotropic. The only improvement with
respect to the anisotropy was the transport correction of the total removal
cross-section in all groups.

Depending on the way of processing the macroscopic cross-sections, two
separate calculations with DOT were performed. First calculation using
SAILOR originating data was performed in 47 group S» Pj approximation.
The results of the calculation are presented in Figs. 2-5. Fast, thermal and
total flux distributions are presented. As expected, significant decrease of fast
flux is observed in the water region between the boxes indicating rather weak
coupling between the fuel assemblies. The interaction between the fuel el-
ements is established mainly through the fast neutrons. Thermal neutrons,
which are born in the water region between the boxes do not significantly in-
fluence the thermal flux in the fuel, the stainless-steel region of the box wall
being practically black barrier for them.

As the Keff of the system depends strongly on the interaction between the
elements, the flux distribution in the water region affects the accuracy of the
criticality calculation. The

Keff = 0.9289

was calculated, which compares well to the Monte Carlo result (0.9298).

112



7
O

7
0
T-4

0

A A A <
IMeV
0.4eV

L J 1 _ L _ |_ _ _

1 1 1 1 1
1 1 _lr_ — ——— I ——— fl 1 1

""̂ "̂ T ^^ Î "̂̂ "̂ s^ J^^^3

~ r n
14
1

1
l

1 ^— -

\ j A
l /

l/ ^

-Jl n

e '̂' L ]ii

i
i
i

-- - -

— — f

—— ———— ———————

^

r

._ ^

r
r~* *""

r ~ —————

- - - -]

xv

1_ _ V -1\
__^___ _JÜ&

\ — ~ — * — n

_—
_ _____.

•^^^^

18 00 -12 00 -6 00 00 6 00 12.00 18.00

X [cm]

Figure 2: Distribution of the total, fast (E > IMeV) and thermal flux (E <
0.4 eV) in X direction near Y ~ 0 (DOT-SAILOR case).

Figure 3: Fast flux (E > IMeV) distribution over the storage cell (DOT-
SAILOR case).
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Figure 4: Thermal flux (E < 0.4 eV) distribution over the storage cell (DOT-
SAILOR case).

Figure 5: Total flux distribution over the storage cell (DOT-SAILOR case).
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The same problem was calculated also using WIMS generated constants in
32 and 6 groups. Result is as follows:

No. of groups
6

32

Keff
0.9562
0.9526

Differences of about 3% are observed with respect to the reference Monte
Carlo result and to the SAILOR-DOT result. The calculation was repeated
for two different group structures to eliminate doubts that discrepancies are
due to this effect. The explanation for the discrepancies is that the isotropic
approximation for the cross-sections is not appropriate for regions where flux
changes rapidly and is highly anisotropic. Such is the case for fast flux in the
water region between the boxes and for the thermal flux in the region of the
box wall (see Fig. 2). This results in too large Ke{f.

3.3 Diffusion calculations (CORD)

The diffusion calculations was performed using codes NEXT and GNOMER,
which are like WIMS parts of the computer code package CORD for the nuclear
core designing of the Krsko NPP. The codes are based on multigroup diffusion
equation in 3-D X-Y-Z geometry which is solved by the nodal method. The cal-
culation was performed wi th the same group constants generated with WIMS
and applied in transport calculation with DOT. The results are as follows:

No. of groups
6

32

Keff
0.9278
0.9258

The difference to the reference Monte Carlo value is much smaller than in
case of the transport calculation with the same cross sections. It seems that
the error due to the transport corrected but still isotropic cross sections, is
compensated by the error of the diffusion approximation itself. The diffusion
approximation fails in the regions with large flux gradients, i.e. in the box
wall and in the water gaps. The error of the diffusion approximation reduces
Kg«- because anisotropic components of flux (except PI) are not considered.
As we show earlier components in fast groups contribute to the fuel elements
interaction and directly influence Kef[. Another source of errors is the diffusion
coefficient which is appropriate for typical uni t cell conditions but not for thick
non-multiplying regions.

4 Conclusions
If the multigroup Monte Carlo results are considered as a reference, the fol-
lowing conclusions may be drawn about other methods which were tested.
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1.) The transport calculations in 47 group P,3 Sg approximation using DOT
code and SAILOR cross-sections shows astonishing agreement (0.2% in Keff)
in spite of neglecting case specific cell homogenization and resonance shield-
ing effects. The agreement may be explained by generic adjustments of the
SAILOR cross-sections for typical PWR problems. It may be expected that
the agreement will be worse if the fuel composition or geometry is changed.

2.) Transport calculations wi th DOT using cell averaged and resonance treated
but essentially P0 cross sections (although total cross-section is transport cor-
rected) show approx. 3% difference to the reference. The observed discrepancy
is consistent with the value reported by NEC Notice. The approximation is
conservative in the sense that the Kejr is overestimated. However, the error is
hardly to be acceptable.

3.) The error due to neglecting anisotropic scattering appears in the diffusion
approximation together with the error of the diffusion approximation itself.
Both effects are opposite in sign and approximately compensate each other.
The agreement of K(J|p wi th the reference solution is surprising. However,
it must be considered as a coincidence which is result of cancellation of two
relatively large errors. It is impossible to predict which error would prevail if
the geometry, composition and conditions are changed.
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PROGRESS WITH SCOTTISH NUCLEAR'S PROPOSALS
FOR THE CONSTRUCTION OF DRY FUEL STORES AT
TORNESS AND HUNTERSTON 'B' POWER STATIONS

I.S. CATHRO
Scottish Nuclear Limited,
United Kingdom

Abstract

Scottish Nuclear's largest single operating cost is that associated with reprocessing of spent fuel. It
constitutes over 20% of the total costs. Scottish Nuclear therefore initiated a thorough examination of the
alternative technical options to reprocessing, in respect of AGR spent fuel. Scottish Nuclear has assessed the
likely economic impact of choosing to store its spent fuel prior to eventual direct disposal to a suitable
repository as an alternative to immediate reprocessing. A formal application to construct a dry fuel store at
Torness was lodged with the Secretary of State for Scotland on 1 May 1992. In the period up to the Secretary
of State decision, Scottish Nuclear are continuing with the detailed design development in conjunction with the
proposed managing contractor for the project, GEC Alsthom.

1 INTRODUCTION

Scottish Nuclear is Scotland's nuclear power generating company. It is owned by the
Secretary of State for Scotland and supplies all of its electricity to Scottish Power (74.9%)
and Scottish Hydro (25.1%). It produces over 40% of Scotland's total electricity
requirements.

Scottish Nuclear was formed from the Nuclear Division of the South of Scotland Electricity
Board. It took over SSEB's nuclear operations on 31 March 1990.

Scottish Nuclear owns and operates the AGR nuclear power stations at Hunterston 'B' and
at Torness. It is also responsible for the decommissioning of the Magnox nuclear power
station, Hunterston 'A' which was shut down on 30 March 1990 after 26 years of electricity
generation.

The company employs around 2,000 staff at Hunterston, Torness and at its head office at
East Kilbride.

2 FUEL CYCLE COSTS

Scottish Nuclear is, and has been, striving to reduce costs. Examination of the Annual
Accounts shows that, in common with other electricity generators, a major cost element is
the cost of fuel for the power stations. In 1991/92, fuel cycle costs totalled £156.8M, or
38% of the total costs, made up of purchase of fuel (£76.4M) and spent fuel reprocessing
(£80.4M).

Scottish Nuclear's largest single operating cost is that associated with reprocessing of spent
fuel. It constitutes over 20% of the total costs. Scottish Nuclear therefore initiated a
thorough examination of the alternative technical options to reprocessing, in respect of AGR
spent fuel.
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In considering whether to change its policy on reprocessing, Scottish Nuclear had to consider
the question of the effects on its future fuel strategy of foregoing the future use of the
uranium and the by-product plutonium from the reprocessing. The conclusion of our study
is that there is now an abundance of cheap uranium for an extended thermal reactor
programme and that sufficient Scottish Nuclear plutonium already exists to fuel a Scottish fast
breeder reactor, the commercial application of which is unlikely to take place until the middle
of the next century. There is therefore no need for further AGR spent fuel to be
reprocessed.

Scottish Nuclear has assessed the likely economic impact of choosing to store its spent fuel
prior to eventual direct disposal to a suitable repository as an alternative to immediate
reprocessing. This analysis indicates a potential saving to Scottish Nuclear's profit and loss
account of around £45 million per year.

3 STORAGE OPTIONS

The only practical alternative to reprocessing is long term storage of the spent fuel. This
option has emerged over the past twenty years or more as a safe and environmentally
acceptable way of dealing with spent fuel. Significant technical advances have been made
in storage techniques and an increasing number of foreign countries with nuclear power
programmes have turned to it. Countries committed solely to direct disposal include: USA,
Sweden, Canada, Finland and Spain. Countries moving to long term storage while retaining
the option of direct disposal or reprocessing include: Mexico, Belgium, Germany, Italy,
Korea, India, South Africa, Taiwan, the former Soviet Union, and most of the former
Eastern Bloc countries.

Scottish Nuclear's operational criteria for spent fuel storage are:-

(i) suitability for AGR fuel;

(ii) suitability for Scottish Nuclear sites;

(iii) implementation by 1995; and

(iv) no disruption of electricity generation during installation

Four types of storage meet these criteria:-

(i) vaults

(ii) metal casks

(iii) concrete containers and

(iv) ponds

The four options were subjected to a rigorous analysis against broader criteria; namely cost,
technical factors, risks to the public and operators, environmental impact and perceived
public concerns.
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The result of the analysis was that vault storage emerged as the clear leader of the options.
The vault store also had the extremely important characteristic that it could be designed in
a modular form with the facility to retrieve fuel at any time, either for disposal or for
reprocessing, if economic or other factors made that desirable.

The options analysis led to examination of the Modular Vault Dry Store concept as developed
by GEC-Alsthom for Light Water and Gas Cooled Reactors in the USA. A specific
adaptation of this design was offered for the storage of AGR spent fuel and Scottish Nuclear
commissioned a study with GEC-Alsthom to examine the feasibility of constructing a store
of this type at each of its power stations.

In January 1991, Scottish Nuclear extended this work to develop the design further and to
consider the safety aspects in readiness for preparing a submission to the Nuclear Installations
Inspectorate. The results of this work were presented to the Scottish Office and other
Government Departments during 1991 and permission was obtained to proceed to make an
application for consent to build the store under the Electricity Act 1989.

4 APPLICATION TO CONSTRUCT

A formal application to construct a Dry Fuel Store at Torness was lodged with the Secretary
of State for Scotland on 1 May 1992. In support of this application a detailed Environmental
Statement was published by Scottish Nuclear.

The Secretary of State decided that the proposal to construct a Dry Fuel Store at Torness
should be subject to public scrutiny. Accordingly, a Public Inquiry at which Scottish Nuclear
presented its case took place in Dunbar (some 8 kilometres from Torness Power Station)
between 1 December 1992 and 12 January 1993. The Reporter who presided over the
Public Inquiry is currently preparing his report which will be submitted to the Secretary of
State for his consideration and decision.

In the period up to the Secretary of State's decision, Scottish Nuclear are continuing with the
detailed design development in conjunction with the proposed managing contractor for the
project, GEC Alsthom.

5 DESCRIPTION OF THE STORE

Figure 1 is an isometric drawing of the proposed Dry Store. Figure 2 shows a section
through the central service block. Figure 3 shows a section through a storage vault.

Fuel Handling

The flask reception bay will be located at the east end of the Dry Store building. It will be
at ground level, with an area for cranes above. The crane area will have two east-to-west
bays containing the flask handling crane and the despatch crane. The despatch crane will
be used for maintenance and other general work.

Fuel will arrive at the Store by flask. The flask will be on a road vehicle which will enter
the flask reception bay. On arrival the flask will be positioned under the flask handling
crane. Roller doors will maintain the enclosure of the Dry Store. When the roller doors
are closed the flask handling crane will be able to load or unload the road vehicle in the
reception bay. The crane will lift the flask by a height of no more than 2 metres to minimise
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the consequences of dropping a load. It will carry the flask over the dividing wall between
the flask reception bay and the flask transfer loading station. The flask will then be lowered
onto the flask transfer bogie, on which it will remain while in the Store.

Once lowered onto the flask transfer bogie the flask will be moved to the lid unbolting station
where it will be vented. The bolts and chocks, which secure the flask lid for transport, will
be removed but the lid will be left in position.

The lid unbolting station is also the place where the flask lid will be rebelled for its return
journey and where the flask will be prepared and decontaminated prior to its transfer to the
flask reception bay for despatch from the Store.

The lid unbolting station and the fuel drying and unloading cave will form a passage running
west from the flask transfer loading station. In the passage an interlocked shield door will
isolate the flask drying and unloading cave. A rail track will be installed in the passage.
The flask transfer bogie will move along the rail track.

The flask will move from the lid unbolting station, through the air lock and interlocked shield
door, into the fuel drying and unloading cave. At this point the fuel will still be in the water
filled flask with the lid in place but with the lid retaining bolts removed.

The fuel drying and unloading cave will be a narrow shielded facility. Equipment for lid
lifting, confirmation of heat output from the fuel and fuel drying will be mounted in the roof
of the cave.
In the fuel drying and unloading cave the bogie will be moved first to the lid lifting station,
where the massive shielding lid will be removed from the flask. The bogie will then be
moved to the fuel element hoist under which it can be positioned in such a way that the hoist
is aligned above individual skip pockets (in a 3 x 5 array). Between the lid lifting station
and the fuel element hoist, the fuel will pass under a short cooled fuel detector to confirm
that its radioactivity is consistent with the minimum specified cooling period of 170 days.

At the fuel removal station, where the fuel will be lifted in two stages, to minimise the height
through which fuel could fall, the height of the fuel drying and unloading cave will be
sufficient to accommodate the fuel element drying equipment.

The fuel elements will require to be carefully dried before being placed in the fuel storage
tubes.
The fuel handling operations in the Store will be similar to those presently carried out in
parts of the existing station fuel route. However, the fuel drying operation is new and has
been the subject of detailed development work.

Fuel Drying

The graphite sleeve drying process has been the subject of a development programme. The
optimum method has proved to be the use of a radiofrequency induction heater to raise the
temperature of the graphite without directly heating the fuel. There are many examples of
the use of induction heating in a variety of industries.

Full size rigs have been built and complete fuel elements have been dried to the required
specification.
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Work is continuing to optimise the time, frequency and power requirements for the
production induction heater and this involves further tests.

The drying facility will consist of a fuel element hoist, an induction drier and a rotating
carousel with pockets for at least eight fuel elements. An extension tube will be lowered
to mate with the skip pocket. A fuel element grab suspended from the fuel element hoist
will be lowered through the induction drier, the carousel and the extension tube to pick up
a single fuel element from the transport flask. The fuel element will be raised into the drier
and a sliding shield gate moved under the element to provide support. The element will then
be set down on the gate and released from the grab.

The element will then be enclosed in a radio frequency induction heater operating at about
10 kHz and an equilibrium power of 10 kW. The drier frequency will be tuned to heat the
graphite sleeves of the fuel element selectively and thus drive off the surface water from the
fuel element and the water absorbed into the pores of the irradiated graphite sleeve. The
heater will be purged with argon before drying commences and this atmosphere will be
maintained by a filtered, closed loop system. High integrity Control and Instrumentation will
be designed to achieve the required safety, following completion of the fault sequence
analysis. None of this requires novel equipment or procedures. The drying temperature
will be about 400°C for the graphite and about 150°C for the fuel pins. These
temperatures are significantly lower than the normal operating temperatures in the reactor
which are up to 550° and 800°C respectively. Gas carrying moisture driven off as a result
of the drying process will be circulated through a condenser and the condensed water will
eventually return to the flask. Once the fuel element is dry, it will again be lifted using the
hoist. The shield gate will be opened and the element will be lowered into a vacant pocket
in the carousel.
This process will be repeated until the eight storage positions within the carousel are filled.
The fuel elements will be stored in the carousel until removed by the fuel handling machine
for transfer to the fuel storage tubes.

The fuel handling facilities within the fuel drying and unloading cave are designed to
minimise the possibility of fuel damage. Wherever practicable this will be achieved by
simple mechanical means. For example, the torque of drives will be limited, so that they
will stop if they encounter an obstruction, and the heights from which elements could be
dropped under fault conditions will also be minimised.

As a potentially contaminated area, the fuel drying and unloading cave will be serviced by
a ventilation system. This system will draw potentially contaminated air from the fuel
drying and unloading cave and pass it through two high efficiency filters to remove
radioactive material before discharge to the atmosphere.

The Charge Hall

As is shown in figure 3 the charge hall will be located above the vaults, providing a weather
proof cover for the fuel handling machine. The roof and three sides of the charge hall will
be of clad steel construction, while the fourth side will be formed by the concrete vault outlet
stacks. Rails and a gantry will be provided to enable the fuel handling machine to access all
storage tubes and facilities in the charge hall.

The floor of the charge hall will comprise 50mm thick hexagonal plates covering the tops of
the fuel storage tubes. This floor will protect the fuel storage tubes and the pipework
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supplying inert argon gas to the tubes. The floor will also enclose the sub-charge face space
to allow it to be ventilated. This floor will be above the 1.5m shielding incorporated in the
steel and concrete charge face structure and is known as the charge face.

Fuel Handling Machine

In addition to the routine transfer of fuel from the fuel unloading and drying cave into
storage tubes, the fuelling machine will handle the heavy plugs which seal the storage tubes
and provide shielding against radioactivity. The procedures of placing fuel into bottles and
subsequently loading the bottles into larger tubes will also be carried out by the fuel handling
machine.

The fuel handling machine will consist of a shielded body incorporating a nose unit,
magazine, element hoist and shield plug hoist, all mounted on a crab which will traverse
across a gantry. The magazine will accommodate eight fuel elements and a fuel storage tube
shield plug.

The fuel handling machine will be sealed and will normally contain air at nominally ambient
pressure. In the event of a prolonged fault it will be capable of being filled with inert gas.
The fuel handling machine hoists will also be in the sealed containment and will be capable
of lifting fuel elements, fuel element bottles and shield plugs.

Dried fuel elements will be transferred from the carousel to the magazine using the fuel
handling machine. The dried fuel elements may pick up small quantities of moisture from
the atmosphere while being transferred in the carousel and the fuel handling machine.
However, development work has shown that any such moisture will be easily removed by
the gas purging process which will be used to establish an inert atmosphere in a fuel storage
tube after fuel elements have been loaded and the seal plug has been installed. The target
water content of less than 50 vpm in the fuel storage tubes has been shown to be easily
achievable.

Once the fuel handling machine magazine is loaded with fuel elements it will then move over
the fuel storage tubes. Up to eight elements will be loaded into each tube, following which
the tube will be sealed from the ambient atmosphere by a specially designed seal plug. The
tube will then be evacuated and re-filled with argon.

Fuel Element Grab

This grab, was designed initially for the National Dry Store. A prototype was produced as
part of the development work for that project. To establish the integrity of the grab Scottish
Nuclear have rebuilt the prototype grab and tested it over many cycles. Although the grab
has shown itself to be satisfactory based on these tests over many tens of thousands of cycles,
endurance and sensitivity tests will continue.

Dropped Fuel

Although the fuel element grabs will be high integrity devices, since approximately 30,000
elements will be handled during the life of the Store, a proper approach to safety requires
that dropped fuel during the loading and unloading stages must be considered.
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There are four circumstances in which drops might be significant:-

(i) A drop back into the fuel flask. The maximum potential drop height will be 7 metres.
Fuel would fall into a fuel skip containing water and possibly other fuel elements.

(ii) A drop from the fuel handling machine into the fuel carousel. The maximum drop
height will be 7 metres and fuel would fall on to a shock absorber at the bottom of the
carousel pocket.

(iii) A drop from the fuel handling machine into a fuel storage tube. The maximum drop
height will be 12 metres, possibly on to another fuel element. The storage tube has been
designed to withstand such a drop of fuel and contains a shock absorber at the bottom of the
tube, which limits the effective height of drop.

(iv) A drop from the fuel handling machine into the bottling facility.

These four circumstances have been the subject of analysis in the Pre-Construction Safety
Report which has shown that the radiological release requirements of the Design Safety
Guidelines can be met. The analysis has included the effects of a grab dropped with the fuel
element.

Experimental work has shown that if a single element were to be dropped from as much as
7 metres on to a flat rigid surface the graphite might be cracked, but the pin bundle would
remain undamaged with no failure of the pin clad and thus no release of fission products.

Fuel Storage Tubes and Vaults

Each vault will incorporate a matrix of 10 x 18 storage tubes. There will be four vaults
constructed in the first phase and up to 16 more vaults in subsequent phases.

The fuel storage tubes will be contained within a concrete vault. The reinforced concrete
boundaries of each vault will provide support and shielding for the matrix of storage tubes
in such a way as to permit a flow of air by natural convection over the outer surfaces of the
tubes.

The decay heat of stored fuel in storage tubes will be transferred from the fuel elements, by
convection and radiation, to the inside surface of the fuel storage tube. After conduction
through the tube wall the heat will be removed by natural convection of atmospheric air
induced by the chimney effect of the vault. This air flow will keep the peak fuel
temperature below 275°C which is well within the temperature limits of 500°C in the Store
specification.

Air will enter the inlet louvres, pass through a labyrinth system provided for shielding
purposes and then travel across the outside of the tubes. An outlet chimney will take the
warm air to atmosphere and provide the convective driving force.

The air intakes for all the vaults will be interconnected by a vent passage running the full
length of the store. This passage has been designed to eliminate wind generated eddies,
which could form at building boundaries when the wind is from a westerly direction. The
passage has been designed to avoid potential local blockages to individual vault inlets.
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Winds from other directions will blow directly or obliquely into the intakes. They will not
cause any significant reduction in the air flow across the fuel storage tubes. The vault outlet
stacks will be located on the easterly side of the vaults. Protective cowls will be provided
at the top of the stacks to prevent cross wind from affecting the airflow.

To demonstrate the effectiveness of the natural convection cooling of the tubes, extensive
thermal-hydraulic analysis, supported by plug work and model tests in wind tunnels, has been
undertaken.

Each storage tube will remain accessible from above the vault. This is necessary for fuel
loading and unloading, for monitoring and inspection of the stored fuel and for testing the
integrity of the storage tube. Each storage tube will be connected by pipework to a source
of inert gas.

In the unlikely event of tube penetration occurring, with resultant leakage, or of a tube plug
seal leaking, the situation would be immediately detected by the pressure monitors which are
provided as a permanent part of the cover gas monitoring system. In such circumstances,
the affected tube gas pressure would, if necessary, be reduced below atmospheric pressure
to prevent any leakage from the tubes.

Each storage tube will be connected via a manifold to a small exhaust fan designed to
maintain the tube at slightly less than atmosphere pressure. This would promote an inward
air flow through any leakage path, thus preventing uncontrolled radioactive release and
providing a secondary and diverse containment. The gas extracted from the storage tubes
will be taken via filters to a vent pipe equipped to monitor for any paniculate or gaseous
radioactive release. The option to operate in this pressure depression mode will be available
to the operators should it ever be required operationally.

The removable shield plugs and the tops of the tubes will contain the route for the evacuation
and charging of the inert gas system to cover the stored fuel. This will also be the route
for the system which will reduce the tube pressure to prevent any leakage of gas from the
tube should this have occurred.

Tube features will be generously sized for the small differential pressure loading and dead
weight loading. The shield plug unit, which is a solid cylinder to provide shielding, will
be massive relative to the design requirements for the effects of pressure or any other loading
on its structure. Thermal stresses due to temperature differences will be minimal and
fatigue due to vibration of the tube in the cooling air flow will be insignificant.

Corrosion of storage tubes will be protected against, both externally and internally. The
outer surfaces of the storage tubes will be spray coated with aluminium and, subject to
completion of development work, may be sealed with a high temperature silicone resin paint.
The aluminium tube coating will be based upon experience gained from tubes installed at
Wylfa Power Station Dry Store, on a coastal site, just over 20 years ago. More recently
there has been experience in coating the storage tubes manufactured for Fort St. Vrain Dry
Store.

The untreated internal surfaces of the fuel storage tubes will be in contact with the dry inert
atmosphere required to protect the fuel cladding and this will protect against corrosion from
within.
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In-service inspection of tubes will be carried out periodically. Television cameras will bt
used to inspect inner surfaces following temporary fuel removal and externally via
penetrations in the charge face structure.

The integrity of the shield plug seals, which are two silicone 'O' rings, will be maintained
by planned replacement. Tube seal leakage would be detected by the pressure monitoring
system. In that event remedial action would be taken. Any leakage would be contained
by the sub-charge face ventilation flow. This will be part of the contaminated ventilation
system which will service all areas in which the air or inert gas might contain radioactive
material. The contaminated ventilation system contains filters to remove radioactive
material from the air or the inert gas before it is discharged from ths store.

Option for Bottled Fuel

Facilities exist within the station fuel route to contain certain fuel elements within special
stainless steel bottles, before they are stored within the fuel pond. This maintains the fuel
in a dry gaseous atmosphere. Such bottled elements are normally sent off site for post
irradiation examination of the fuel. Bottled fuel is transported from the station in standard
A2 flasks, but in a special 4x2 skip (as compared with the 5 x 3 skip for elements). Fuel
could also be bottled if its clad was to fail in-reactor or if it had been damaged within the
station fuel route. These are both unlikely events.

The Dry Store has been designed to receive, handle and store bottled fuel if necessary. In
addition, in the unlikely event of fuel clad failing within the Store or of fuel elements being
damaged during fuel handling, facilities will exist within the Store to bottle such fuel. The
bottles will be sealed prior to storage in the fuel storage tubes.

When bottled fuel is being received or handled within the Store special arrangements will be
required. These include indexing the fuel flask, so that each of the 4 x 2 array of bottles
can be directly located under the fuel removal tube, and the use of special grabs designed to
handle bottles. Bottles will be dried by a flow of hot air and will be stored in oversized
tubes provided in each storage vault.

There will be two bottle storage tubes in each vault, which will be larger bore versions of
the fuel storage tubes. It will be possible to provide more bottle storage tubes in each vault
should it prove necessary during the Store's life.

Dry Store Services

(a) Protection Control and Instrumentation

Where practicable, plant and fuel protection will be achieved by the use of robust mechanical
means. Where further protection is required, this will be provided by appropriate
instrumentation. Where more than one channel of protection is required, segregation and,
where necessary, diversity will be used to meet the required reliability. Computer software
will not be employed in protection channels. Where information is required for the operator
to carry out actions in support of safety, this will be provided by conventional hard-wired
systems.

Control and Instrumentation systems to control plant operation or to provide information to
the operator will be provided. Where appropriate they will use computer systems. There
will be no interconnections between the protection and control systems.
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(b) Electrical Services

Electrical supplies will be derived from the existing station supplies during the lifetime of the
station. When the station is decommissioned suitable stand-alone supplies will be provided.

To meet the necessary segregation of protection channels, separate electrical supplies will be
provided.

(c) Mechanical Services

These will include the provision of raw and demineralised water, general service and
breathing air, inert gas storage for the fuel storage tubes, fuel storage tube purging equipment
and clean and contaminated air ventilation systems.

The service area on the charge face will incorporate the maintenance facilities for the fuel
handling machine and facilities for the storage tube shield plugs. A maintenance crane will
be provided primarily for the fuel handling machine. It will have the capacity to lower sub-
assemblies down an access shaft to the ground floor for transfer to the decontamination bay
for maintenance or for transfer from the store.

Ancillary facilities will be housed in the steel-framed Services Building interconnected with
the storage modules and adjacent to the central services area in the charge hall.

The decontamination bay will contain a decontamination facility isolated from other areas by
airlocks.

There will be a maintenance workshop and a despatch bay (with associated cranage) within
the decontamination bay area.

On the ground floor, the change room and health physics office will be located between the
decontamination bay and the storage vaults.

There will be two intermediate floors in the storage vault service block. On these will be
located the Control and Instrumentation equipment, the fuel drying equipment room, the filter
room and the extract fan room. The supply ventilation plant room will be located in the
charge face access area.

The inert gas store to house argon gas cylinders will be located to the north of the lid
unbolting bay. It will be accessible only from outside the Dry Store.

Within the Store there will be facilities to decontaminate any potentially radioactive material
on items used within the Store prior to maintenance work or their dispatch from the Store.

A liquid effluent storage tank will be located in a shielded pit beneath the floor of this area.
This will hold any water which may come from the flask or from decontamination.

Any solid or liquid waste arisings in the Store will be packaged and transferred to the power
station facilities for storage prior to disposal.
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6 MAIN SAFETY FEATURES

(i) Reduction In Heat Output Of Fuel Before Loading Into The Store

The fuel heat in the fuel handled will have to be approximately l/20th of the heat level at
which it is handled, in air, in the reactor post-irradiation fuel handling facilities.

(ii) Inherently Safe Gravity Cooling

Cooling will be provided by natural convection of air and will not depend upon the operation
of any mechanical or electrical equipment such as cooling fans. This removes any risk of
mechanical or electrical failure.

(iii) The Primary Barrier Of The Fuel Clad

The design basis is to maintain the barrier of the fuel clad throughout the fuel lifetime in the
store. However, provision is made in the design to deal with the unlikely event of clad
failure and the consequences of any such failure would not be unacceptable.

(iv) Storage In Inert Gas

Corrosion of the fuel clad during storage will be minimised by keeping the fuel in a carefully
maintained inert atmosphere.

(v) Secondary Passive Barrier Of Fuel Storage Tube

The fuel storage tube will provide a secondary barrier to release of irradiation fission
products from the Store.

(vi) Third Active Barrier Of A Tube Filtered Evacuation System

In the unlikely event of a leak occurring in the fuel storage tube, the tube filtered evacuation
system will be available until the fuel can be removed or the leakage remedied.

(vii) Monitoring Of Fuel Storage Tubes

The pressure of the inert gas in the tube will be monitored throughout the tube life and an
alarm system will prompt the operator to take remedial action.

(viii) Sampling Of Tubes

Facilities have been incorporated in the design to enable the content of gas from any storage
tube to be sampled at any time.

(ix) Bottling Of Failed Fuel

In the unlikely event of a fuel element failing, it could, if necessary, be placed in a specially
designed steel container, known as a bottle, and then placed in a bottle storage tube.

The stainless steel clal around the fuel pellets provides the primary barrier against release
of fission products or any potential chemical reaction of the uranium dioxide fuel with the
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atmosphere surrounding the clad. During handling of fuel elements, secondary protection
will be provided by one or more of the fuel transport flasks, the fuel drying and unloading
cave, the contaminated air ventilation system and the fuel handling machine. During
storage, the fuel storage tube will provide secondary containment, as well as maintaining the
required inert atmosphere.

Fuel clad damage due to mechanical overloading, excessive temperatures or corrosion has
been considered and allowed for in the Store design.

The inherent design features and installed interlock protection of the Dry Store fuel handling
equipment will limit mechanical damage to fuel by dropping, crushing or other means.
Excessive fuel temperatures will be prevented by the low decay power of the fuel at the time
it is received at the Dry Store, and by the cooling provisions described.

Careful drying of the fuel and the maintenance of a dry inert gas atmosphere in the fuel
storage tubes will minimise the potential for fuel clad damage. The more humid conditions
to which the clad will be exposed in the fuel handling machine will not persist for long
enough to endanger clad integrity and have been taken into account in assessing the clad
thickness at the end of the storage period.

During storage the fuel will be held in a low humidity environment of 50 vpm water
concentration or less. This environment will ensure that the thickness of clad remaining at
the end of storage will be sufficient to resist the stress from internal fission gas pressure at
the storage temperatures and to allow handling. This thickness, at the end of the storage
period, is conservatively calculated to be 76 microns. The clad thickness remaining will be
much greater than this.

The only corrosion mechanism of significance to fuel integrity is the stress-assisted
intergranular attack on radiation sensitised stainless steel. This has the potential to cause
crack penetration of fuel clad and brace material. The design and development work carried
out has satisfied Scottish Nuclear that the structural integrity of fuel elements can be
maintained during storage and final removal for disposal.

There is also evidence from the fuel from Windscale AGR, which has been satisfactorily
stored for up to 18 years in a more corrosive atmosphere, with much higher moisture and
oxygen levels. Thirty six of these fuel pins have been tested and all were found to be intact.

Wherever plant items can become stranded due to failure of main drives, hand-wind facilities
will be provided so that the item can be recovered to a safe location for remedial work to
take place.

7 MANUFACTURE. CONSTRUCTION AND COMMISSIONING

Dry Store equipment manufacture and construction will proceed in a logical and co-ordinated
manner and in accordance with an approved Quality Plan.

Scottish Nuclear intend that GEC Alsthom will act as the managing contractor for the
construction of the proposed Dry Store at Tomess.

The construction of the Dry Fuel Store will take place under agreed Quality Assurance
Procedures which will be set out in a Project Quality Manual. These procedures will define
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the role and responsibilities of the various contributors to the design and construction of the
Store. The Project Quality Manual will also identify the agreed technical specification to
which the Store will be constructed.

If permission is granted, work on constructing the proposed Dry Store will begin with the
civil foundation work. This will take 9 months to complete. The erection of the exterior
walls will take a further 5 months and the building will be weather tight 18 months from the
start date at site. During the civil engineering phase of the work, detailed design of the
packages of work identified earlier will be completed and enquiries issued to selected
tenderers.
Civil completion of the main reception block will take place 18 months from the start date,
following which fitting out of the services block will commence. The services block
consists primarily of the flask handling equipment, the bottling facility for isolating any
damaged fuel, the fuel handling machine and the fuel drying equipment. These are all
significant items of equipment which will have been designed to the standard identified within
the Project Quality Manual. They will have been inspected at appropriate stages in their
manufacture by a trained and qualified Quality Inspection Team retained by Scottish Nuclear
and not associated with GEC Alsthom or the manufacturers.

Where appropriate, significant items of equipment will have been tested at the works to
ensure that they match the specification. It will be a fundamental requirement of the
construction process that an audit trail for each piece of equipment can be established and
that the appropriate test certificates are obtained for each stage of the manufacturing and
construction process.

Installing and setting to work the equipment within the services block will be undertaken by
the specialist manufacturer to comply with the original specifications in accordance with an
approved Quality Plan.

The vaults for the storage of the fuel will be constructed as the services block is fitted out.
The vaults are intended to be identical in their construction. On completion of the services
block and the associated storage vaults, each item of plant and its associated control system
will be separately tested and operated. Setting the complete plant to work will take place
in a series of controlled steps in accordance with approved commissioning procedures.

The Station Commissioning Committee, chaired by the Station Manager, which will contain
senior representatives from Engineering Division, Safety Division, Project Division and the
Station, together with an independent member, will monitor and co-ordinate all
commissioning activities. Responsibilities for day to day progress and more detailed
commissioning activities will be delegated to a Test and Commissioning Panel. Working
parties will be formed to prepare test procedures and test teams will carry out testing and
commissioning.

The connections of the Dry Store services to the station services will be carried out under
carefully controlled conditions. The Dry Store equipment and services will have been
subject to rigorous checks before interconnections are made. These interconnections will
be covered by Test and Commissioning Procedures and will be under the supervision of the
Station Commissioning Committee.

The Dry Store construction site will be suitably fenced from the station to maintain the
controlled boundary to the station. At a suitable point the store will be handed over and
incorporated within the Torness Power Station boundary fence.
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Provision of Additional Storage Vaults

The initial design provides for additional storage vaults to be constructed after the initial store
has entered service. Suitable administrative arrangements will be made to ensure that
construction after the first phase is put into operation is carried out safely. The extent of
re-testing and re-commissioning of both the new and the existing plant will be approved by
the Station Commissioning Committee.

Plant Maintenance

The plant will be maintained to the high standards appropriate to nuclear facilities. In
particular, plant items which are safety related will be tested and maintained at specified
frequencies in accordance with approved procedures.

Fuel Unloading and Decommissioning

At any point during store operation, fuel elements can be removed from the fuel storage
tubes and transferred to a fuel transfer flask by a reversal of the loading route. No fuel
drying will be necessary during fuel unloading.

When all the fuel has been taken away the Store will be decommissioned. The proposed Dry
Store has been designed so that following simple decontamination of any contaminated areas
the Store can be dismantled by normal construction industry techniques. The materials of
the Store will essentially be categorised as low level waste since radioactivity coming from
the fuel will not be capable of making the store components radioactive.
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MONITORED RETRIEVABLE STORAGE
FACILITY CONCEPTUAL DESIGN

J.B. STRINGER
Duke Engineering and Service, Inc.,
Charlotte, North Carolina,
United States of America

Abstract

The United States Congress has enacted legislation directing the
Department of Energy to take title to and dispose of high level
nuclear waste. As part of a contract which resulted from this act,
a conceptual design for a Monitored Retrievable Storage facility
has been completed. This paper presents the results of that
conceptual design.
Six design concepts were investigated for handling and storing
spent nuclear fuel assemblies from commercial reactors. All six of
these design concepts satisfy program requirements and provide safe
and efficient methods to handle and store spent nuclear fuel.
Provided in this paper is an overview of the basis for conceptual
design, a discussion of the function and purpose of the MRS,
schedule information, and discussions of the six design concepts.
This conceptual design is an important step towards furthering the
civilian radioactive waste management system program.

1.0 INTRODUCTION

The Nuclear Waste Policy Act of 1982 (NWPA) and the Nuclear Waste
Policy Amendments Act of 1987 (NWPAA) were enacted by the United
States Congress to provide for permanent disposal of high-level
radioactive waste generated by the nuclear industry. In February
1991, the Department of Energy (DOE) awarded a contract to TRW,
Inc., to act as management and operations contractor (M&O) for the
civilian radioactive waste management system. A key feature of the
M&O charter was to fully implement a systems engineering approach
to the program. The scope of work included the development of a
Monitored Retrievable Storage (MRS) Facility, a mined geologic
disposal system (MGDS), and the transportation and control systems
serving these facilities.
The mission of the MRS is to accept spent nuclear fuel assemblies
from civilian reactor sites until the MGDS becomes operational.
After that time, the MRS may act as a staging facility to manage
the flow of spent nuclear fuel assemblies, increasing the overall
efficiency and reliability of the civilian radioactive waste
management system by providing a flexible link between reactor
sites and the MGDS. To allay concerns that the MRS might become a
de facto permanent repository, NWPAA currently places the following
restrictions on the MRS:
• Construction of the MRS may not begin until the permanent
repository has received a Nuclear Regulatory Commission (NRC)
construction permit.
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• Prior to start of operation of the permanent repository, the MRS
may not receive more than 10,000 metric tons of uranium (MTU), and
at no time may it store more than 15,000 MTU.
To properly integrate the MRS with other civilian radioactive waste
management system program elements and to ensure that all
requirements have been defined and incorporated, the systems
engineering approach was employed to perform a conceptual design.
System requirements for the MRS were defined in two high level
documents, DOE/RW-0334P: Physical System Requirements - Overall
System anâ. DOE/RW-0319: Physical System Requirements - Store Waste.
Fundamental objectives of this conceptual design were to develop

project scope, validate feasibility, develop cost estimates and
schedules, and identify project risks. These activities are
documented in a conceptual design report (CDR) which presents
several fuel transfer and storage mode alternatives, shows the
feasibility of design concepts, and documents cost and schedule
baseline.
2.0 DESCRIPTION OF CONCEPTUAL DESIGN

Work scope for conceptual design normally includes selection of a
design concept. This design exercise was different in that six
different concepts for fuel storage were developed. Since a
storage technology has not been selected and the host site has not
yet been determined, six design concepts, five of which use dry
transfer and storage, have been carried through conceptual design.
The dry storage modes are; vertical concrete cask, horizontal
module, metal cask, vault, and transportable storage cask. The
sixth concept utilizes wet transfer and storage. The lack of a
specific site has necessitated the assumption of a set of generic

FIG 1 MRS facility
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characteristics including criteria for natural phenomena, soil and
site conditions, and availability of local infrastructure and
utilities. Assumptions cover a broad range of conditions that
permit locating the MRS in most areas of the continental United
States. When an actual site has been identified, the adequacy of
these criteria will be verified, and appropriate design updates
will be made.
The MRS consists of three major areas; the transfer facility,
storage facility, and administrative and support facilities. The
transfer facility houses nearly all of the systems required for
nuclear safety and radioactive waste handling and processing. Also
included are provisions for a collocated cask maintenance facility.
The size and location of each of these depends on site and
technology selected. Figure 1 shows a proposed site layout for dry
transfer and vertical concrete cask storage. The total area
required for the MRS site is estimated to be between 1.2E6 and
2.0E6 square meters (300-500 acres) depending on which design
concept is selected.

2.1 Design Basis
To size transfer, storage and support facilities, assumptions

are made as to spent nuclear fuel receipt rates. It is assumed
that the MRS receives 400 MTU in 1998, 600 MTU in 1999, and 900 MTU
each year beginning in 2000 and continuing through 2009. In 2010,
the MGDS repository begins receiving shipments from the MRS at a
rate which increases from 400 MTU per year to 3000 MTU per year by
2014. The MRS is designed to receive spent nuclear fuel at this
maximum rate of 3,000 MTU per year until 2029 when it no longer
receives spent fuel but continues to ship up to 3000 MTU per year
to the MGDS until all of the fuel assemblies have been removed.
This schedule ensures compliance with the previously stated limits
on receipt and storage at the MRS required by the NWPAA. Once the
MGDS becomes operational, the MRS can directly transfer incoming
spent nuclear fuel assemblies to shipping casks for transport or
can handle assemblies retrieved from storage at a total rate of
3,000 MTU per year. Direct flow-through of shipments received in
rail casks, without any transfer of spent fuel assemblies, also
occurs during this period. Once the MGDS is in full operation and
the stored spent nuclear fuel assemblies have been removed from the
MRS, decontamination and decommissioning will be performed to allow
the entire site and surrounding areas to be returned to
unrestricted use.

Discrete event simulation modelling has been used to confirm the
adequacy of the MRS facilities and to evaluate flexibility of the
transfer facility to handle different fuel receipt scenarios.
Studies indicate that the size of systems for transferring spent
fuel from shipping casks to storage modules is primarily controlled
by the number of shipping casks handled, rather than by the number
of spent fuel assemblies handled. These studies also show that the
MRS can accommodate anticipated uncertainties in shipping cask type
in the early years of its operation. Efficiency improves in later
years of operation as new, larger capacity shipping casks are put
into service. This improvement parallels expected increases in
spent nuclear fuel receipt rates and results in full utilization of
systems throughout the life of the MRS. Since the exact role of the
MRS in the overall high level waste program is not clearly defined
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and since the makeup of the transportation fleet is not known, some
changes to the design concepts are likely to be made when detailed
design work begins. Discrete event simulation modeling will
continue to be used as an important tool in optimizing design
features of the MRS.

The MRS is a simple facility for safely transferring spent
nuclear fuel assemblies between shipping casks and storage casks
and for storing the assemblies in heavily shielded storage modules.
All design concepts comply with criteria specified in 10CFR72 to
minimize potential radiation exposures to the public and to
workers. The conceptual design assumes the MRS will primarily
handle intact spent nuclear fuel assemblies which have cooled for
a minimum of five years. Normal operating radiation exposure is
assumed to be made up of direct and effluent release paths.
Results of preliminary analyses indicate that normal operating
direct exposure is primarily from the storage area, and effluent
exposure is from normal permissible liquid and gaseous discharges
from the transfer facility. All applicable Environmental
Protection Agency (EPA) and NRC regulations are met for effluents
from the MRS.
2.2 Design Concepts

Although six design concepts have been evaluated during
conceptual design, dry transfer and vertical concrete cask storage
is presented as the reference design. The other design concepts
are evaluated in terms of required differences from this reference
case. These differences occur primarily in the receiving,
handling, and packaging procedures and in the storage areas.
Industrial services and support areas change little between design
concepts.

Designation of dry transfer and vertical concrete cask storage
as the reference design concept is not intended to indicate a
preference for this design over any other competing concept. All
six design concepts are considered viable. It has been chosen
because it envelops the requirements for cask weight, cask size,
and storage area space when compared to the other design concepts,
and multiple vendors are available to provide information and
competitive bids for vertical concrete storage casks; therefore,
this design concept could be selected as the reference without
focusing on a single cask supplier. Much of the insight and
knowledge gained in developing the reference concept is directly
applicable to other concepts for handling and storage of spent
fuel.

Priority has been placed on using proven technologies, to the
extent practical, in all of the design concepts. Each of these
concepts has been licensed or demonstrated, and no major design or
licensing barriers should be encountered. Though spent nuclear
fuel assembly handling concepts and storage arrangements at the MRS
are different from existing storage designs, there are no
significant differences in the designs of structures, systems, and
components as compared to licensed facilities. Use of proven
methods and technologies assures that this first-of-a-kind project
remains an engineering project rather than a research project or a
demonstration project. This is an important consideration when
attempting to meet an already challenging schedule.
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For the reference design, the transfer facility is a shielded
concrete structure where dry spent nuclear fuel assemblies are
transferred from shipping casks on rail cars or trucks to vertical
concrete storage casks. It is anticipated that the transfer
facility will have three transfer cells, each with two cask
preparation areas and two inload ports that are designed to mate
with a shipping cask. Each cell also has a similarly designed
outload port for transferring spent fuel to and from storage
containers. Radioactive waste collection and treatment systems are
located in the transfer building along with the various systems
associated with nuclear safety.

Other functions performed in the transfer facility include
canistering any damaged assemblies, providing temporary lag storage
for assemblies, and preparing assemblies for transport to the MGDS.
All operations in the transfer facility are performed in dry,
heavily shielded transfer cells. After the storage casks are
sealed in the transfer facility, they are moved by a transporter to
the storage yard. Figure 2 illustrates this process. The storage
casks are vertical concrete containers which provide shielding for
the spent nuclear fuel assemblies. They are cooled passively by
natural convection.

The wet transfer and storage alternative utilizes water for
cooling and shielding. A concrete structure houses both the
transfer and storage facilities. Spent nuclear fuel assemblies

Cask
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Loadout
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FIG. 2. SNF transferred to storage cask.
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arrive by rail or truck in transport casks and are then placed
under water in the transfer pit. They remain under water while
being transferred to storage baskets which are kept in a large
storage pool. Transfer to shipping casks for transport to the MGDS
is also accomplished under water. The temperature and chemistry of
the water are monitored to maintain the proper environment. Storage
pools are similar to pools used at reactors, but the requirements
of the MRS resulted in some marked differences. The most
significant difference is that the MRS pools are not as deep as a
typical reactor pool. Fuel is placed in movable baskets rather
than typical fuel racks; therefore, the fuel does not need to be
moved over the top of other fuel, and less depth is required.

The dry transfer and vault storage design concept provides for
transfer of spent nuclear fuel assemblies from shipping casks to
canisters inside dry, shielded transfer cells. Canistered spent
nuclear fuel assemblies are moved out of the transfer facility for
storage in dry, vertical vault compartments. The vault
compartments are located in large concrete enclosures adjacent to
the transfer cells and are passively cooled to remove decay heat
from the spent nuclear fuel assemblies. Spent nuclear fuel
assemblies are retrieved by taking the canisters back through the
transfer cells to transfer the assemblies to shipping casks for
transport to the MGDS.

Similar in concept to the reference design, the dry transfer and
horizontal module storage design concept provides for transfer of
spent nuclear fuel assemblies from shipping casks to sealed
canisters inside dry, shielded transfer cells. Spent nuclear fuel
assembly canisters are placed horizontally into modular, dry
storage receptacles on the MRS site, separate from the transfer
facility. As with the other dry storage technologies, cooling is
accomplished by passive air flow. Spent nuclear fuel assemblies
are retrieved by taking the sealed canisters back through the
transfer facility to repackage the assemblies for shipment to the
MGDS.

The dry transfer and metal cask storage design concept is
similar to the reference design concept, except that metal storage
casks are used in place of concrete storage casks. The transfer,
storage, and retrieval functions closely resemble those described
for the reference design concept.

The dry transfer and transportable storage cask design concept
is based on the assumption that many spent nuclear fuel assemblies
are received at the MRS in transportable storage casks. Because
some utilities cannot accommodate rail shipments of transportable
storage casks, some spent nuclear fuel assemblies are shipped in
truck casks. Loaded transportable storage casks are inspected and
taken directly to the storage area. Truck shipping casks are taken
into the transfer facility, where spent nuclear fuel assemblies are
transferred into transportable storage casks. The transfer
facility for this design concept is smaller than that for the
reference design concept. As in the reference design concept,
spent nuclear fuel assembly transfer takes place inside dry,
shielded transfer cells. Transportable storage casks are placed
vertically on concrete storage pads on the MRS site. Spent nuclear
fuel assemblies are retrieved by loading the transportable storage
casks onto rail cars for shipment to the MGDS.
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Regardless of the design concept selected, receipt of some
transportable storage casks is planned at the MRS, since some
utilities are expected to use transportable storage casks for at-
reactor storage. These casks can be shipped to the MRS and stored
without transferring spent nuclear fuel out of the casks.
Additionally, transportable storage casks offer an option for
timely receipt of spent nuclear fuel assemblies in the event of
delays to completion of the MRS.

2.3 Support Facilities
Supporting facilities essential to the safe handling, packaging,

site transport, storage, and monitoring of spent nuclear fuel
assemblies are provided for all design concepts. Road tractors and
railroad engines transport shipping and storage casks throughout
the MRS network of roads and rail lines. Staging and holding areas
accommodate surges in cask shipments and temporarily store railroad
cars and truck trailers. Required levels of security for the MRS
are ensured by providing fencing around the site, site
illumination, alarm and monitoring systems, inspection areas for
shipments into and out of the MRS site, and guard houses for
observing and controlling activities on and near the site. Low
level radioactive wastes generated during spent nuclear fuel
assembly handling operations are collected in a radwaste facility.
Solid low level radioactive wastes are treated and packaged for
off-site disposal in a regional low level radioactive waste
compact. Any liquid wastes discharged off site will be properly
filtered, treated, and monitored in accordance with federal, state
and local regulations before being released.

A cask maintenance facility is collocated with the MRS to
support maintenance activities for the shipping cask fleet. Major
repairs and maintenance performed on shipping casks in the cask
maintenance facility include inspecting casks, changing baskets,
replacing seals, and welding and repairing casks damaged during
shipping or handling. Providing a cask maintenance facility for
major maintenance and repair activities allows the MRS transfer
facility to proceed uninterrupted with spent nuclear fuel handling
operations. The cask maintenance facility is located outside the
protected area of the MRS site and has not been designed within the
scope of this conceptual design. Conceptual design concepts for
the MRS provide the flexibility to fully integrate the cask
maintenance facility with other site facilities if determined to be
appropriate.

Utility services are provided throughout the MRS site to support
spent nuclear fuel assembly handling operations and other site
activities. An electrical power distribution system supplies the
continuous electrical demands of all systems and components for
normal spent nuclear fuel assembly handling operations, support
activities, and administrative areas. For emergency electrical
power needs, on-site diesel generators are provided. Potable and
process water supply systems are provided to meet MRS water
demands. The centralized sanitary and conventional waste treatment
systems are provided to service all MRS facilities. Refinements to
these systems may be appropriate to properly interface with the
host community infrastructure once a site is selected.
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Additional services supporting the MRS mission include a site
fire protection system that protects structures, systems, and
components related to radiological aspects of the facility and
provides personnel safety and investment protection for the MRS.
This system services MRS facilities through a centralized network
of underground piping. Instrumentation and control systems are
provided to ensure proper control of MRS spent nuclear fuel
assembly handling operations, to monitor spent nuclear fuel
assemblies in storage, and to ensure protection of the public, MRS
workers, and the environment. In addition, a communications system
provides for proper coordination of spent nuclear fuel assembly
handling activities and efficient interfaces with other civilian
radioactive waste management system elements.

Several conventional buildings are provided for accommodating
support personnel, storage of materials, providing maintenance
activities associated with operation of the MRS, and interfacing
with the community surrounding the MRS site. A warehouse within
the protected area stores spare parts and materials needed for
spent nuclear fuel assembly handling activities. Space is provided
outside the protected area for storing materials necessary for MRS
support activities. Administrative office space and site service
facilities are located in a conventional building outside the
protected area. A vehicle maintenance facility is also provided.

A visitors and media center is located near the main entrance
to the MRS and outside the security fence. The center is
architecturally designed to blend the MRS into the environment of
the host community and to welcome visitors to the MRS site. The
purpose of this facility is to accommodate outreach activities and
programs of interest to MRS visitors. The center contains a
reception area for greeting visitors, a display of an MRS project
model, exhibits, information booths, and a canteen. An auditorium
is provided in the visitors and media center for presenting films
and hosting speakers. Community meeting rooms are also provided.
2.4 Cost and Schedule

Cost estimates are presented for each of the design concepts for
all activities through the end of initial construction. This is
defined as completion of all facilities necessary to store 5,000
MTU of spent nuclear fuel assemblies. These data provide reliable
costs for use in the Energy Systems Acquisition Advisory Board
review. This review is required prior to approval to start the
next phase of MRS design. Aggressive schedule assumptions and
accelerated activity durations impact these cost estimates.

The schedule for the MRS is based on acceptance of spent nuclear
fuel in January 1998. A compressed construction schedule has been
developed to meet this date. For each design concept, a phased
construction approach allows the earliest completion of the minimum
requisite facilities for receiving spent nuclear fuel. Virtually
all portions of the schedule present challenges. The critical path
flows through all schedule elements relating to site
identification, environmental assessment activities, congressional
approval, site characterization activities, environmental impact
statement development, safety analysis report development, NRC
license application review, and construction activities. Design
activities, while not shown on the critical path, must proceed
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TABLE 1 Monitored Retrievable Storage (MRS) life cycle cost for different storage
technologies (billions $)

Storage technology

Dry Vertical

Wet

Vault

Metal

Dry Horizontal

Transportable Storage
Cask

MRS

3.051

2.562

3.432

4.085

3.263

4.212

Utility

7.048

7.048

7.048

7.048

7.048

7.847

Transport

4.532

4.532

4.532

4.532

4.532

3.696

MGDS"

8.261

8.261

8.261

8.261

8.261

8.206

Total

22.892

22.892

23.273

23.926

23.104

23.961

* MGDS - Mined Geological Disposal System

expeditiously to support other activities, such as development of
the safety analysis report and environmental impact statement.

One option that would remove most of the construction activities
from the critical path, and allow earlier acceptance of spent
nuclear fuel, is for the MRS to receive all shipments in
transportable storage casks prior to completion of the transfer
facility. Transportable storage casks can be taken directly to the
storage area without passing through the transfer facility. All of
the design concepts considered in this conceptual design include
provisions to handle some transportable storage casks. By
scheduling the early deliveries from reactors that can handle
transportable storage casks, a January 1998 receipt date for spent
nuclear fuel assemblies can be achieved regardless of construction
completion of the transfer facility.

Cost estimates have been developed for each of the design
concepts, within the 30% range normally associated with a
conceptual design. Aggressive construction schedules have been
developed which indicate that each of the design concepts can
accommodate receipt of spent nuclear fuel assemblies by January
1998. Cost and schedule risks are associated with basic
assumptions made concerning site selection, NRC licensing time
requirements, NRC permit authorization, weather impacts, site
conditions, and work activity congestion for an accelerated
schedule.
3.0 RESULTS

The MRS conceptual design has established that performance
requirements can be met by any one of six design concepts
investigated. The project scope has been developed such that the
next phase of design can proceed expeditiously, once a site and
storage technology have been selected. Project risks were
identified and documented in the CDR, along with a discussion of
options available for mitigating these risks. Cost estimates and
schedules, which support the current goals, have been provided.
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Technically, there are two acceptable methods for transferring
fuel, dry and wet, and six suitable methods for storing spent
nuclear fuel assemblies. Designs that have already been licensed
by the NRC or designs that have a high probability of being
licensed have been utilized in all design concepts to the extent
possible, minimizing design risks associated with any of the design
concepts.

Life cycle costs for each of the alternatives are shown below.
A preferred technology has not been chosen and will not be until

a site for the MRS is identified. The host or the geographical
area may influence which technology is selected.
4.0 CONCLUSIONS

By performing the appropriate management and quality assurance
reviews, the needs of the civilian radioactive waste management
system, regulatory requirements, and DOE requirements are assured
of being met. In addition, criteria specified in 10CFR72 and other
applicable NRC regulations have been fully satisfied to the extent
possible for a conceptual design. Project risks are related
primarily to schedule, with minimum risks associated with cost and
technical issues. Risks of radiation exposure to the public and to
the MRS staff are significantly below guidelines stated in NRC
regulations and DOE orders.

A primary emphasis has been placed on protecting the health and
safety of the public and operating personnel, and on protecting the
environment, in all aspects of the MRS conceptual design.
Preliminary analyses have been performed, confirming that any
potential exposures to members of the public or MRS workers will be
below regulatory limits, and facilities have been provided to
collect, treat, and monitor all wastes generated on site to ensure
compliance with all federal, state and local regulations.

As part of the civilian radioactive waste management system, the
MRS can achieve its mission of safely receiving, storing, and
monitoring spent nuclear fuel assemblies shipped from civilian
reactor sites, until a mined geologic disposal system becomes
operational. MRS conceptual design concepts are also capable of
safely retrieving spent nuclear fuel assemblies from storage and
managing flow of assemblies to the MGDS after it becomes
operational. By providing this link between reactor sites and the
MGDS, the MRS assures optimal management of spent nuclear fuel as
it is transferred from temporary storage to permanent disposal.
5.0 UPDATE AND THE MPC

In December of 1992, the Department of Energy implemented a new
strategy for management of commercial spent nuclear fuel. The new
strategy was presented in a letter to the US senate. Noting that
the Office of the Nuclear Waste Negotiator has been seeking a
voluntary host and site for the MRS facility and that the office
has not been able to identify a viable site that can be recommended
to Congress by June 1993 which would lead to receipt of spent fuel
by January 1998, DOE concluded that alternative actions are
required. The letter called for use of Federal Government sites
for interim storage and development of a standardized system
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utilizing Multi-Purpose Canisters (MPC). The system would be used
for spent fuel receipt, storage, transport and disposal thus
reducing cost, minimizing required handlings and providing a more
efficient storage method at both the utilities and MRS.

The M&O completed a study in January of 1993 entitled,
Preliminary Evaluation of Using Multi-Purpose Canisters Within the
Civilian Radioactive Waste Management System. Based on the results
of this study, DOE directed the M&O to proceed with further
evaluation of the MPC leading to a decision by the end of the year
on implementation of MFC's. Over the next 7 months, the M&O will
develop the information needed to support the MPC decision. Work
has started on an MPC conceptual design, transportation cask
conceptual design, and at reactor transfer system conceptual design
Each element will be evaluated for impact and utilization of the
MPC including the repository. The MPC system has been endorsed by
the Edison Electric Institute UWASTE Committee.

Several issues will have to be evaluated during the conceptual
design phase. Utility participation, acceptance and equity between
utilities is a major issue. If the utilities will not universally
accept use of the MPC, then some of the benefit is lost. NRC
licensing is another major issue. The schedule for supporting
receipt of fuel in 1998 is very aggressive considering that new
designs have to be developed and appropriate licensing work must be
completed.

Various technical issues also must be reviewed during the
conceptual design phase as follows:

-Waste package/repository restraints on MPC (thermal loading,
weight, performance credit)

-Canister closure mechanism (bolted or welded)
-Inspection requirements for long term storage and disposal
-Weight of the MPC package(s) (125 ton or smaller)
-Family of canisters to best meet industry/system needs
-Licensing issues (Burn-up credit, schedule)
All of these issues will be addressed in the completion of the

conceptual designs which are scheduled to be completed in draft
form by the end of the fiscal year (September 30, 1993) . After
completion of the conceptual designs, DOE intends on reviewing the
data and deciding on implementation of MFC's and changing the
baseline accordingly.
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