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FOREWORD

Spent fuel management has always been one of the important stages in the nuclear fuel cycle and it is still
one of the most vital problems common to all countries with nuclear reactors. It begins with the discharge of spent
fuel from a power or a research reactor and ends with its ultimate disposition, either by direct disposal or by
reprocessing of the spent fuel. Two options exist — an open, once-through cycle with direct disposal of the spent
fuel and a closed cycle with reprocessing of the spent fuel and recycling of plutonium and uranium in new mixed
oxide fuels. The selection of a spent fuel strategy is a complex procedure in which many factors have to be
weighed, including political, economic and safeguards issues as well as protection of the environment.

Delays in the implementation of the fuel reprocessing option in some countries, the complete abandonment
of this option in other countries and delays in the availability of final spent fuel disposal in almost all countries
has led to increasingly long periods of interim spent fuel storage. This "wait and see" approach gives more time
and freedom to evaluate the available options and to select the most suitable technology. The problem of spent
fuel management has therefore increased in importance for many countries.

Continuous attention is being given by the IAEA to the collection, analysis and exchange of information
on spent fuel management. Its role in this area is to provide a forum for exchanging information and to co-ordinate
and to encourage closer co-operation among Member States in certain research and development activities that
are of common interest. Spent fuel management is recognized as a high priority IAEA activity.

The Regular Advisory Group on Spent Fuel Management was established in 1982. It consists of experts
nominated by Member States with considerable experience in spent fuel management. The country membership
is selected in such a manner as to reflect the various spent fuel policies ranging from the closed fuel cycle to once-
through concepts and includes representatives from both the developed and the developing nuclear power users.
The objective of the Regular Advisory Group is to serve as a means of exchanging information on the current
status and progress of national programmes on spent fuel management and to provide advice to the IAEA.

The results of the last Regular Advisory Group meeting (26-29 September 1995) are reflected in this report.
It gives an overview of the status of spent fuel management programmes in a number of countries, a description
of the current status and prospects of activities in this field and recommendations of the participants.

The IAEA wishes to thank all participants of the Regular Advisory Group meeting for their fruitful
contributions and especially the Chairman, J.R. Williams. The Scientific Secretaries of the IAEA responsible for
the organization of the meeting and for this publication were F. Takâts and A. Grigoriev of the Nuclear Materials
and Fuel Cycle Technology Section, Division of Nuclear Fuel Cycle and Waste Management.
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SUMMARY OF THE ADVISORY GROUP MEETING:
REVIEW AND RECOMMENDATIONS

STATUS AND PROSPECTS

The Advisory Group observed that the activities related to the management of spent nuclear fuel
continue to be of high priority in assuring the safe use of nuclear energy. The objectives for taking care
of the spent fuel are identical in all countries (e.g. safety, reliability for a long term, public acceptance,
safeguards criteria, environmental impacts, etc.). The technical solutions, however, are different. It was
observed that the spent fuel management (SFM) strategy adopted by each country depends upon many
factors which are country specific.

It was observed that the following strategies for SFM are being followed:

Reprocessing and recycling
Direct disposal
Deferral of decision while actively evaluating the strategies.

It was noted that some countries are implementing a combination of these strategies (e.g. Russian
Federation, Germany).

Examples of countries applying the three different approaches are:

Countries actively operating or constructing reprocessing plants (China, France, Japan, India,
United Kingdom, Russian Federation). Countries that have contracts for reprocessing abroad with
residues returned to them (e.g. Belgium, Germany, Japan, Netherlands, Switzerland).
Countries that are following the once-through fuel cycle (e.g. Canada, Finland, Spain, Sweden,
USA) and focusing their attention on interim storage followed by disposal of the fuel or long term
storage if necessary.
Countries that are currently evaluating the SFM options (e.g. Czech Republic, Hungary, Republic
of Korea, Ukraine).

A common feature of most national situations, independent of the fuel cycle back end options,
is the ongoing need for additional storage. The review of national programmes shows that:

Handling, transport and storage of spent fuel are continuously taking place safely with adaptations
to high burn-up and MOX fuels (e.g. western European countries).
Additional wet and dry spent fuel storage capacities have been designed, constructed, licensed and
are being operated safely (e.g. Czech Republic, Germany, Russian Federation, USA);
Both commercial and prototype reprocessing facilities continue to operate satisfactorily. Large
scale MOX fuel fabrication plants are started or will start hi the near future. Treating the wastes
arising from reprocessing and conditioning the residues with the goal of minimizing the waste
volume is making significant progress (e.g. France, Japan, United Kingdom).

Examples of developments that have taken place since the 1993 Advisory Group Meeting are as
follows:

In the Czech Republic, the dry storage facility at Dukovany using dual purpose (transport and
storage) CASTOR casks will start operation by the end of 1995.
In Germany the new "Artikelgesetz" allows utilities to select between reprocessing and
intermediate storage for final spent fuel disposal.
In Germany a dry storage cask license has been issued for the storage of spent fuel with
55 GWd/t HM (heavy metal) burnup and for a storage period of 40 years.
Hungary is performing the construction of a vault type dry storage facility.



The Republic of Korea selected a site for interim storage of spent fuel and disposal of radioactive
wastes. The final designs and technologies have not been chosen.
Two countries (Russian Federation and United Kingdom) with major reprocessing plants in
operation are continuing to consider direct disposal of some of their spent fuel arisings.
Sweden has started the design of a plant for encapsulation of spent fuel prior to final disposal.
Completion of a license application (PSAR) in 1998 is planned.
The United Kingdom government approved the operation of the THORP reprocessing plant after
a process of public consultation.
The US Department of Energy has initiated the development of a multi-purpose canister system
for storage, transport, and disposal of spent fuel. Several US utilities with shutdown reactors are
considering the use of transportable storage systems to support the decommissioning of reactor
pools.
The interrelationship between the front end and the back end of the fuel cycle has become obvious
(e.g. higher burnup fuels with higher enrichment, or MOX fuels have a considerable impact on
the back end).

It was noted that the total number of operating nuclear power reactors in the world at the end of
1994 was 432, the total amount worldwide of spent fuel accumulated in storage at the end of 1994 was
102 000 t HM and projections indicate that the cumulative amount of spent fuel by the year 2010 may
reach 300 0001 HM. As part of it is to be reprocessed, the amount of spent fuel to be stored by the year
2010 is expected to be about 200 000 t HM.

ADVISORY GROUP RECOMMENDATIONS

The Advisory Group concluded the meeting with a panel discussion which reviewed the activities
and trends observed during the course of the meeting. It was especially noted that the back end of the
fuel cycle is a maturing technology and international co-operation is important in this field. The Group's
comments and recommendations are set out below.

• The Advisory Group believes that the various national and international activities in spent fuel
management should be co-ordinated and/or combined in order to avoid duplication of effort.

• The Advisory Group noted that there is increasing use of existing spent fuel storage facilities
and/or an increase of the capacity of these facilities. Thus, it is important that the operational
aspects as well as design and development activities be discussed and documented as experience
is gained with the safe storage, handling and transport of spent fuel.

• The Advisory Group observed that some countries have chosen long term dry storage with a
requirement for transportation and eventual disposal. It is recommended that activities related to
integrated systems for storage, transportation and disposal, taking account of the interface issues,
continue to be promoted.

• The Advisory Group noted the potential advantage of using a credit in the calculations for the
burnup of spent fuel at various stages of the back end of the fuel cycle. It is recommended that
studies to identify and classify areas of such burnup credit applications, and to collate relevant
experience, be promoted.

• The Advisory Group endorsed safe spent fuel management activities relating to WWER and
RBMK reactors.

• The Advisory Group recommended that the special issues raised by failed fuel at various stages
of the back end of the fuel cycle should be addressed.

• The Advisory Group recommended that consideration be given to promoting the implications of
developments and decisions in the front end and the back end of the fuel cycle, e.g. extended
burnup and the use of MOX fuel.

• The Advisory Group recognized the importance of the three recently issued Safety Series
documents on spent fuel storage at nuclear power plants and recommends that the Agency assist
with their implementation in developing countries.

• The Advisory Group recommended that studies continue through a co-ordinated research
programme into the long term integrity of spent fuel assemblies and associated storage equipment
under conditions of storage.



SPENT FUEL MANAGEMENT IN THE CZECH REPUBLIC

V. FAJMAN
State Office for Nuclear Safety,
Prague, Czech Republic

Abstract

This paper describes spent fuel management in the Czech Republic (CR) and gives description both of the recent status
and most probable future development. The paper also briefly discusses State Office for Nuclear Safety (SONS) experience
with the licensing procedures of interim spent fuel storage facility (ISFSF) at Dukovany, including the licensing of a dual
purpose (transport and storage) container. The dry ISFSF is to be commissioned at NPP Dukovany site this year and will
consist of simple storage building. As a demonstration of the preparedness of the operator to move the spent fuel from the site
to a final repository - ISFSF will be using the storage and transport containers and its total capacity will be 600 t of uranium
metal. The future need of an additional storage capacity not only for the remaining spent fuel arising from Dukovany NPP
operation, but also for Temelin NPP spent fuel is evident. Consequently new dry storage facility - the Central Interim Storage
is planned to be commissioned in 2005.

1. INTRODUCTION

Fresh nuclear fuel has been supplied to former Czechoslovakia from the former U.S.S.R. and spent
fuel after 5 years cooling period was originally planned to be re-exported. The transports of spent nuclear
fuel from Czechoslovak NPPs were stopped in 1988, but only the spent fuel from NPP Jaslovské Bohunice
had been shipped to the former U.S.S.R. The spent fuel assemblies from NPP Dukovany were (after 3
years cooling period) transported only to the wet interim storage facility at Jaslovské Bohunice in Slovak
Republic. These transports were stopped in 1992. When the independent Czech and Slovak Republics were
established on January 1st, 1993 there were 1176 spent fuel assemblies (about 23% of its total capacity) at
the wet storage in Slovak Republic. The transport of these spent fuel assemblies, back to the Czech
Republic (CR) started in August 1995, so that recently there are 1062 spent fuel assemblies from NPP
Dukovany in the pools of Jaslovské Bohunice interim storage.

2. SPENT FUEL MANAGEMENT IN CR

2.1. Spent fuel arisings

NPP Dukovany represents the main source of spent nuclear fuel in Czech Republic. After 1997 NPP
Temelin will be the other significant source. The contribution of spent fuel from research and test reactors
is not significant and after commissioning a new storage facility at Nuclear Research Institute in Rez by the
end of this year, the situation in this field will be reasonably solved. There are four PWR reactors in
operation at Dukovany (WWER-440/213. The first unit started operation in 1985) and two PWR reactors
under the construction at Temelin (WWER-1000). NPP Dukovany produces about 22% of the total amount
of electricity generation in CR. There were 2396 spent fuel assemblies in the pools of NPP Dukovany in
May 1995. Their total capacity is sufficient for normal operation of all four units until the February 1996.
The total amount of spent fuel to be generated both by NPP Dukovany and NPP Temelin during 30-year
operation, was originally estimated to be about 1780 Mg U for Dukovany and 1700 Mg U for Temelin. The
effort of the Czech Power Board (CEZ) to minimize both the cost and the spent fuel arisings will lead to
decrease spent fuel arisings to 1500 Mg U for NPP Dukovany respective 1350 Mg U for NPP Temelin.
Thus the total spent fuel arisings from Czech NPPs will be about 2850 Mg U (see Annex).

2.2. The fuel cycle back-end concept

Since the possibility of returning the spent fuel back to the country of the fuel supplier is no more
realistic and the reprocessing option or any foreign disposal option is not foreseen, the concept of fuel cycle
back-end must assure the storage and with high probability also following disposal of above-mentioned
amounts of spent fuel.



Facing the above described situation, CEZ started in 1993, as an immediate measure, to expand the
at-reactor pool capacity by re-racking, gaining necessary time to build an intermediate storage capacity.

CEZ decided in 1991 to construct an ISFSF at NPP Dukovany. Originally a modular system that
could accommodate the entire Dukovany spent fuel generation had been proposed, but after intensive public
discussion the proposed capacity of ISFSF Dukovany was reduced and limited to 600 metric tons of heavy
metal, which covers spent fuel arisings from the operation of NPP Dukovany until the year 2005. After that
year a long term interim storage will be needed for NPP Dukovany spent fuel.

A few years later, in 2008 or 2009, CEZ will have to store spent fuel, which will have been
generated from two units WWER-1000 at the NPP Temelm. The first of these units is to be commissioned
in 1997 and the second unit 18 months later. Capacity of their at-reactor pools covers approximately 12
years operation. Consequently a long-term "central interim storage" will be needed in CR after the year
2005, for the spent fuel both from WWER-440 and WWER-1000.

Although CEZ has already started the process both of central interim storage pre-siting activities, and
the selection process of its future technology, there are, among many experts, doubts whether this is the
most reasonable solution of the back-end in CR.

Although final solution of the back-end has not yet been adopted by the Czech government, it seems
to be very likely that reprocessing will not be the option and final disposal in CR will have to be assured.
Taking into the account this situation, quite an extensive research programme focused on "deep geological
repository," coordinated by the waste management division of the Nuclear Research Institute at Rez and
financed by CEZ and Ministry of industry is being carried out. But the latest interest of Czech spent fuel
and waste management experts has been also drawn by the development in Accelerator Driven
Transmutation Technology (ADTT), hopefully giving a better option to the final disposal of valuable fission
materials, which is contained in the spent fuel.

3. HISTORY OF THE LICENSING PROCESS OF ISFSF DUKOVANY

CEZ had to start the construction of ISFSF very fast and public opinion was sharply against long-term
storage at NPP Dukovany site. In these circumstances the operator decided to choose storage and transport
casks as a demonstration of his preparedness to move the spent fuel from the site to a final repository. The
simple construction of storage building and available casks were in favour of dry type - cask storage
facility, so that this was the final decision of the operator.

There are three stages of the licensing process of any construction in which a nuclear facility is to
be placed in CR:

siting decision,
construction permit,
operational permit.

The process of licensing ISFSF at Dukovany has already taken four years and it is likely to be
finished this year.

Siting

Siting Safety Report (SR) prepared by CEZ was submitted for Regulatory Body evaluation in May
1991. The SR considered two possible technologies "wet" and "dry." The Czechoslovak Atomic Energy
Commission (CSAEC) after evaluation of the submitted SR, especially following discussions concerning
beyond design basis accident, issued its Decision No. 30/1992 (agreement of siting the ISFSF at Dukovany)
and set an obligatory condition for the licensee to utilize dry technology.
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In October 1992, public hearing took place, discussing the environmental impact of the ISFSF. Site
approval was issued by the Department of Regional Development of District Authority in April 1993.

Because an appeal against this decision (by the Movement Duha (Rainbow) and the neighbouring
village Dukovany) was raised, final approval of siting was issued, after careful evaluation, by the Ministry
of Economy of CR in August 1993.

Construction permit

In November 1993, following evaluations of Preliminary Safety Analysis Report, SONS issued its
Decision No. 158/1993 (agreement of issuing construction permit) for dry type of storage. The construction
permit was issued by the District Authority in March 1994. There was again an immediate appeal against
it (Movement Duha). Final approval of the construction permit by the Ministry of Economy of CR was
issued in June 1994.

Operational permit

The procedure of evaluating the Final Safety Analysis Report and issuing respective decisions has
been practically finished.

The license issued by the SONS will very likely set a time limit of one year operation required to
monitor carefully the temperatures of containers and cooling air, dose rates in the storage and its vicinity,
pressure between the lids of the containers etc. After the evaluations both by the licensee and independent
experts and adopting eventual operational changes the licence for ten years of operation for the interim
storage is to be issued.

Licensing procedures for the dual purpose cask

Because the storage cask represents the most important component of this dry type of storage, SONS
has devoted a great attention to its licensing.

Owing to its dual character (transport and storage) there were two parallel directions of the
evaluations:

(a) Transport container B (U) type licensing following the IAEA requirements, which provide precise
criteria and procedures necessary for designer, operator and the Regulatory Body.

(b) For storage containers no specific regulation formulating criteria are available in the CR. SONS has
been obliged to prepare its main requirements for storage of spent fuel in casks taking the advantage
of the experience of more developed countries, mainly F.R.G., where the competent authorities
started the licensing process of CASTOR-440/84 cask, which is to be placed in the ISFSF Dukovany.

In order to ensure the safety of the ISFSF in Dukovany, SONS has asked for both evaluation and
research activities focused on this cask from several research institutes: i) The Nuclear Research Institute
in Rez, ii) Faculty of Mechanical Engineering and Faculty of Nuclear Science and Physical Engineering
of Czech Technical University Prague and iii) Institute of Chemical Technology, Prague.

During the course of the licensing process three groups of evaluating reports have been prepared:
expert reviews and evaluations of submitted SARs, including supervisory calculations,
additional experiments and/or calculations, such as "crideality benchmark experiment of CASTOR
-440/84" or calculations of various emergency situations in the storage, taking into account various
combinations of water or its vapours outside and/or inside the fuel assemblies etc.,
research of the long term behaviour of cask components, especially the influence of residual water
and fission products on corrosion.

11



A very valuable contribution to the whole licensing process of this cask was also the exchange of
information between SONS and the German competent authorities. Especially issuing the evaluation of
BAM (Bauartprüfung eines Typ B(U) Versandsückmusters der Bauart CASTOR-440/84 zum Transport
radioaktiver Stoffe, No. 1.6/10085, June 1995, BAM, FRG) and the licence of BfS (Zulassungsschein
D/4311/B(U)F-85 (Rev. 0) für ein Versandstückmuster des Types B(U) für spaltbare radioaktive Stoffe,
from 26. 6. 1995, BfS, FRG) helped the licensing procedures in the CR.

The evaluations of the CASTOR - 440/84 are nearly finished in the CR and both transport and
storage licenses are to be issued by the SONS in the nearest future.

4. CONCLUSIONS

Although neither the final solution for the back-end has been adopted by the Czech government, nor
the new atomic law has been adopted by Parliament, it is clear that any possibility will include a period of
dry interim storage. Consequently, a need of gaining more information concerning dry storage technology
will be needed. The experts involved in the spent fuel management will have to respond to following
challenges in the field of the dry storage technology:

on the basis of research, define maximum cladding temperature;
learn more about creep characteristics of Zr-1 % Nb;
establish a research programme focused on long term behaviour of cask components.

It will be also necessary to establish a modern legislative basis for the licensing dry storage facilities,
including elaboration of general criteria for licensing dry interim storage facilities as well as specific criteria
for licensing storage containers for WWER type fuel.
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Annex
SPENT FUEL GENERATION FORECAST
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0
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48
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2112
2196
2280
2364
2569
2611
2774
2774
2774
2774
2774
2774
2774
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536.5
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STATUS AND PROSPECTS FOR XA9642829
SPENT FUEL MANAGEMENT IN FRANCE

R. PORTAL
Electricité de France,
Paris

P. DE L'EPINE
Compagnie générale des matières nucléaires,
Vélizy-Villacoublay
France

Abstract

The spent fuel arisings and storage capacities, the interface between fuel storage and transportation activities, the spent fuel
storage technology, the reprocessing and recycling industrial activities in France are described in the paper.

1. INTRODUCTION

The strategic choice for a closed nuclear fuel cycle has been the French decision since the very
beginning of the French nuclear programme. This choice was based on a strong will for independent energy
supply, availability of uranium resources and a reprocessing/recycling strategy for spent fuel. EDF, the
French utility, is now implementing this strategy and plutonium, separated by reprocessing, is recycled,
through MOX fuel.

Fig. 1. describes the nuclear fuel cycle as operated in France. It includes the recycling of both
Plutonium and Reprocessed Uranium. It has already been industrially demonstrated that MOX and
Reprocessing Uranium Spent Fuels can be reprocessed in the existing facilities.

Mines Conversion Enrichment

RepUO2 Fuel
Fabrication

UO2 Fuel Fabrication

Enrichment
Depleted Uranium
Conversion

Power
Production
in Reactors

Storage of Irradiated
Mox and RepUFuels

Conversion

Reprocessing Mox Fuel Fabrication

FIG. 1. The present French nuclear fuel cycle

2. STORAGE CAPACITIES AND SPENT FUEL MANAGEMENT

2.1. Storage capacities

Storage capacities are needed at each reactor site in order to secure a cooling period for discharged fuel,
awaiting transportation. For safety and operational reasons, the total capacity is not entirely available:

It is required by the Safety Authorities to ensure, in case of an emergency, the discharge of a whole
core. The so-called "rated capacity" represents accordingly the total capacity reduced by a core
equivalent.
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On the other hand, fresh fuel reloads are stored, before loading in the core, in the reactor pools The
actually available capacity-the "critical capacity"-is then the rated capacity diminished by a reload
equivalent

Storage capacities are needed as well at reprocessing plants, either for an additional cooling period or
in order to wait for reprocessing to be scheduled (for instance when reprocessing is performed with Pu
recycling capacities, i e MOX plants and recycling reactors)

Fig 2 shows the location of spent fuel storage capacities in France and Table I gives the amount of
spent fuel storage capacities at reactor sites

GRAVELINES

LA HAGUE

La Hague plant

Q 900 MWe reactor

Q 1300 -1400 MWe reactor

FESSENHEIM

FIG. 2. Location of French storage capacities

TABLE I SPENT FUEL STORAGE CAPACITIES AT REACTOR SITES (m tonnes U)

Type of reactors

Total capacity

Rated capacity

Critical capacity

Load factor as of 1 1 1995

CPO
6 x 900 MWe

890

450

330

90%

CP1 - CP2
28 x 900 MWC

4980

2930

2410

68%

P4
8xl300MWe

1990

1150

870

66%

P'4
12x1 300 MWC

3430

2170

1760

43%

N B - Load factor is the ratio stored fuel assemblies' tonnage / critical capacity

At COGEMA's La Hague reprocessing plant, spent fuel storage is achieved under water in pools.
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2.2. Spent fuel management

Taking into account the nuclear fuel cycle decided for the coming years, and described above in
Fig. 1., EOF has presently established a management practice to reprocess at first its UO2 spent fuels
(after a storage period) and to store its MOX and RepU spent fuels for a period of time not yet defined.

Table II gives an estimation of the spent fuel to be stored in year 2010 which amount to around
6000 tU.

Table ÏÏ. SPENT FUEL ARISINGS BY YEAR 2010 (in tonnes U)

Discharged fuel per annum:
Spent fuel to be reprocessed per annum:
Spent fuel in storage:
per annum
1995-2010

1250 to 1300
850 to 950

3 50 to 400
5250 to 6000

2.3. Storage capacities

The storage of 6000 tU of EDF spent fuel in COGEMA's La Hague reprocessing plant together with
foreign customers' fuel is quite compatible with storage capacities available at La Hague. Nevertheless, EDF
and COGEMA have already started studying medium and long-term possibilities to increase the spent fuel
storage capacities.

2.3.7. At-reactor storage capacities

Several reasons, technical, operational and economical, push to increase spent fuel at-reactor storage
capacities:

The at-reactor cooling time is likely to grow in the future with high bum-up and MOX spent fuels,
Flexibility is needed as regards transportation: the colder the spent fuel, is the higher the payload of
a cask, which minimizes transportation costs,
Re-racking appears to be the cheapest way of creating new capacities.

EDF has performed a feasibility study for re-racking the CP1-CP2 reactor pools. Table El shows the
expected gains, which are very high, nearly 7000 tU. The implementation of such a re-racking option would
take five years and would, of course, require to follow the usual licensing procedure.

Regarding the re-racking of P4 and P'4 reactor pools, EDF has initiated feasibility studies which are
not completed yet.

TABLE EL EXPECTED ADDITIONAL STORAGE CAPACITIES TO BE OBTAINED THROUGH RE-
RACKING THE 28 CP1-CP2 900 MWC REACTOR POOLS (IN TONNES U)

Total capacity
Rated capacity
Critical capacity

Before re-racking
5000
2900
2300

After re-racking
11700
9700
9000

Gains
6700
6700
6700

%
134
231
291
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2.3.2. Away-from-reactor storage capacities

COGEMA's La Hague spent fuel storage capacities can also be increased significantly. Modifications
of NPH pool, which are underway, will allow to store an additional 1500 tU of spent fuel. General re-racking
can be implemented as well, increasing the storage capacities by at least 3000 tU, and other solutions are
studied in order to gain even more storage capacity.

In addition, EDF has recently completed a preliminary study of an underwater storage facility,
dedicated for the long-term storage of MOX, reprocessed/re-enriched uranium oxide and high bum-up UO2
spent fuels.

Such a facility, designed so as to have an extended lifetime (50 years), features a modular design,
enhanced input/output systems, etc.

This independent storage facility would allow the storage of spent fuel, the reprocessing of which is
postponed awaiting decision.

2.3.3. Balance by year 2010 and comments

Table IV shows the balance as expected by year 2010. France has no problem in implementing
additional spent fuel storage if required.

Furthermore, EDF has also the possibility to increase its average annual quantity of spent fuel to be
reprocessed, thus decreasing the spent fuel to be stored.

TABLE IV. EXPECTED BALANCE BETWEEN SPENT FUEL AND STORAGE CAPACITIES BY YEAR
2010 (TN TONNES U)

Capacities at reactor sites
Capacities at La Hague
reprocessing plant
Total

EDF Spent fuel
stored as per 1-
1-95

3300
6000

9300

Storage capacities
asper 1-1-95

5400
14400

19800

Spent fuel to be Expected storage
stored as per 1- capacities as per 1-
1-2010 11-2010

95 quantities
plus 6000

15300

12100
15 900 to 18 900

28 000 to 3 1000

Foreign present and potential customers of COGEMA's La Hague reprocessing plant should still
benefit of at least the same spent fuel storage capacities as of today.

2.4. Prospects

The scenario described above is subject to annual review and adjustment. It means that there are a lot
of flexibilities available and parameters to follow in order to optimize the management of the nuclear fuel
cycle options.

3. INTERFACE BETWEEN FUEL STORAGE AND TRANSPORTATION ACTIVITIES

3.1. Transportation needs

EDF is requiring transportation of its spent fuels from reactor sites to the COGEMA's La Hague
reprocessing plant.
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These transports require:

transport casks,
spent fuels suitable for transportation and receipt by the reprocessing plant.

These transports must and do fulfill all the French regulatory specifications which are following the
IAEA Recommendations.

3.2. COGEMA's experience in transporting EDF spent fuels

Since the beginning, COGEMA is supplying EDF with transportation services. Table V shows how
many transports COGEMA has performed as per 1-1-95.

TABLE V. COGEMA'S EXPERIENCE IN TRANSPORTING EDF SPENT FUEL

Number of shipments
Tonnes of U

As per 1-1-95
1405
8098

of which in 1994
183
1087

All the spent fuel transportations have been performed in totally safe conditions. The transport casks
used for these shipments were developed by TRANSNUCLEAIRE. The currently used TN-12 cask is loaded
with 12 spent PWR assemblies representing 6 tonnes of fuel, and accepts a maximum thermal power of
93-kW.

Shipments are currently performed by road and railways.

3.3. Prospects

As a result of the continued technical and economical optimization of the fuel cycle, EDF spent fuel
characteristics are evolving (increased MOX fuel use, higher burn-ups, etc.) and can induce new constraints
on transportation and handling activities, both at reactor sites and at COGEMA's La Hague reprocessing
plant:

Residual thermal power per fuel element and per cask,
Gamma and neutron radiation,
Criticality.

Also, new trends in occupational and public exposure regulations are to be complied with.

Technical and operational solutions are continuously studied and implemented:

Cooling time to be increased before transportation,
Upgrading the present shipping casks. For instance:

- TN-12 PWR 900 spent fuel casks have been upgraded by addition of neutron absorbing
materials, allowing the transportation of high bum-up fuel,
- LK 100 PWR 900 spent fuel casks are being upgraded by changing the thermal evacuation
system, by addition of neutron absorbing materials and by modifying the leak tightness
devices,

New container design (TRANSNUCLEAIRE): shielding, neutron absorbing materials, baskets, etc.,
Operational procedures: loading and unloading in "dry" conditions, automated operation.

Transportation services, as well as COGEMA's La Hague reprocessing plant receipt facilities, are
flexible and can be adapted to the foreseen evolution.
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4. FRENCH SPENT FUEL STORAGE TECHNOLOGIES

4.1. Storage in pools

This technology was developed at the same time as the implementation of the nuclear reactors and as
early as 1973 on La Hague Site.

Storage under water is well mastered and requires:

a good water chemistry in order to prevent corrosion, algae's formation and water turbidity,
a controlled temperature which ensures a limited activity release,
a water treatment know-how.

The use of neutron absorbing materials for the fabrication of baskets enables high density storage: EDF
has just started the use of cadminox material in 1995 at the Chooz Bl reactor.

A special device (the PYTHON system) has been developed in order to measure the spent fuel bum-
ups: this allows to store with enhanced density spent fuels of high initial enrichment in U235 (up to 3.75 %).

4.2. Other storage technologies.

4.2.1. Dry storage in casks by TRANSNUCLEAIRE

The TRANSNUCLEAIRE casks families such as TN-24, TN-40 and TN-45 combine the two functions
of transport as well as storage, qualifying them as "dual-purpose" casks.

The design of TN-24 relies upon the use of a highly resistant forged steel body, with a thickness
exceeding 250 mm. This massive steel wall provides the main gamma shielding, easily adapted to meet
specific fuel characteristics.

From an economic point of view, a cask storage system offers the best financial modularity:
investments are adjusted to the annual storage needs.

4.2.2. Dry storage in advanced CASCAD system by SON

SGNhas acquired a great experience in fuel handling and storage, with the design, construction and
start-up of many nuclear installations both in France and abroad.

The CASCAD (CASemate CADarache vault type storage) facility has been operated at Cadarache
since May 1990 and lies at the basis of the advanced CASCAD system developed by SGN.

The main features of such a spent fuel interim storage unit are as follows: the fuels are stored in a vault,
which is a concrete structure with metallic wells where the fuel elements are emplaced. This structure protects
both the personnel and the public against the radiation emitted by the fuel, but also the fuel against external
phenomena, such as earthquakes, explosions, etc.

Fuel containment is guaranteed by a double barrier: the canister and the well.

5. SPENT FUEL REPROCESSING AND RECYCLING

5.1. The key issue of the French spent fuel management strategy

In the French spent fuel management strategy, the key issue is the reprocessing of the spent fuel
followed by the recycling of the recovered fissile materials. This back-end option has been confirmed
periodically allowing the industry to gradually improve the system, taking into account the experience
feedback in order to achieve better results.
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EDF is favouring this policy because it relies upon

A technical and industrial maturity
excellent process performances
The recycling of Pu through use of MOX fuel in reactors is now coming up to a large
industrial stage

An economical consistency
A recent OECD/NEA study has shown that reprocessing/recycling economics is
comparable to the direct disposal option It is noteworthy that in this study, direct disposal
costs are only paper estimates while reprocessing/recycling assessment is relying on proven,
as-built figures Moreover, future trends are largely favouring closed fuel cycle with MOX
fuel

Environmental benefits
Recycling is a masterpiece of the ALARA principle's implementation, by reducing the
volume and the toxicity of the final residues to be disposed of Savings of natural resources
through reduced need for natural U and associated cuts m null tailings are other
environment-friendly achievements

5.2. Reprocessing

In order to separate recyclable plutonium and uranium, French spent fuel undergoes reprocessing in
the reprocessing plants operated by COGEMA at LaHague Another 7000 tonnes of spent fuel coming from
foreign European and Japanese utilities will be also reprocessed m La Hague reprocessing facilities

The UP2 400 plant, the first oxide fuels reprocessing facility, was started in 1966 and has reprocessed
various types of oxide fuels To meet France's and foreign nuclear power programme requirements, the
annual design capacity of UP2 400 was increased from 400 to 800 tonnes (UP2-800), and a new facility
added (UP3)

Start of UP2-800 shearing/dissolution and the extraction unit took place in mid 1994, and a full
production of 850 tU is expected to be reached in 1995 Since the start-up of UP2-800, until 1 Augustl995,
near 700 tU were reprocessed in this new facility

UP3 was started in 1990 and it reaches its nominal capacity nowadays As per the end of 1995, UP3
will have reprocessed more than 3000 tU

A near 30-year experience at La Hague demonstrates the industrial maturity of commercial
reprocessing

The total reprocessing capacity at La Hague of 1600 tons per year is being reached m 1995 This
unique industrial complex is able to serve near 100 PWRs, offering high quality recyclable energetic products
and conditioned residues

5.2.1. Operational and process performances

Plant reliability and availability are well demonstrated by reprocessed quantity figures, by rmd-1995
(see Fig 3 )

UP2 has reprocessed close to 5100 tU, of which more than 2900 tU is for foreign customers,
UP3 has reprocessed close to 2800 tU, exclusively for foreign countries,
As a whole, total reprocessed fuel at La Hague facilities amounts to near 8000 tU

In addition, process performances demonstrate to be sometimes higher than initially expected from the
design

First of all, high yields of recovery are observed 99 88% of the initial uranium and plutonium in the
spent fuel are recovered as final products, uranyl nitrate and plutonium dioxide powder respectively,
to be recycled in nuclear fuel manufacturing U and Pu separation efficiency is shown in Table VI
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The second consequence is the very high values of decontamination factors.
The third consequence of high separation efficiency concerns liquid waste of medium and low level
activity: actual volumes and activities are well below design values.

1700
1500
1300
1100
900
700
500
300
100

T tU Total quantity as of August 1, 1995
1995 annual program:

UP3 : 8001 + UP2 : 8501
TOTAL : 1 6501

76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95
FBR
FUEL MOX UP3 UP2

Fig. 3. Annually reprocessed UP2/UP3 oxide fuels

TABLE VI. U, PU SEPARATION EFFICIENCY

U, Pu recovered
Glass and other waste
Total

U
99.98 %

0.12 %
100%

Pu
99.98 %
0.12%
100%

5.2.2. Occupational exposure

While current regulations require the operating personnel exposure to be limited to 50 mSv/year, both
UP3 and UP2 facilities have been designed so that the number of plant workers receiving a 5 mSv/year dose
is zero or near zero.

Actual exposure values have been continuously decreasing in the past years and reached 1.28 Man-
Sv/year in 1994, for the global exposure, while average exposure for personnel is now reduced to 0.26
mSv/man-year, more than 10 times less than natural radiation exposure. Fig. 4.shows what has been the
occupational exposure for the past years.

5.2.3. Waste management

Through reprocessing, the French strategy opens flexible opportunities for nuclear waste
management and disposal with four main positive types of action:

sorting of the waste included in the spent fuel according to their specific characteristics,
treating the waste in order to extract as much as possible plutonium and uranium, and have a reduced
radiotoxicity source for underground final disposal,
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FIG. 4. Occupational exposure

At the commissioning of La Hague plant, 4 types of wastes were anticipated to be produced:

glass, containing fission products with 99.5 % of the a activity and 97.6% of the ß/Y activity of the
total waste,
concrete containers with hulls and end-fittings,
bitumen drums for sludges,
grout concrete containers with technological waste.

The excellent process performances achieved at UP3 made it possible to launch an ambitious waste
minimization programme for UP3 and UP2-800, mainly based on an improved effluent management and
on the use of additional evaporation capacities.

Starting from 1995, it is possible to route practically all the activity towards the vitrification units
instead of the low and medium level effluent treatment facility. The resulting small increment of activity
incorporated in the glass is not inducing any volume increase.

The replacement of the cementation of hulls and end fittings by a more efficient compaction
technique, the overall volume of high level and long-lived waste resulting from reprocessing will decrease
below 0.5 mVt, which is 6 times less than design values, on one hand, and 3 times less than foreseeable
direct disposal corresponding waste, on the other hand (see Fig. 5.).
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FIG. 5. Volume of final residues generated by UP3

5.3. MOX fuel fabrication

In France, plutonium recycling through MOX fuel is currently relying upon three fabrication plants:
the BELGONUCLEAIRE PO plant at Dessel (Belgium), the COGEMA Cadarache plant and the large size
MELOX facility at Marcoule, which is gradually increasing production, allowing to face EOF and other
utilities' growing needs Main features of these three plants are described below

BELGONUCLEAIRE PO Plant at Dessel (Belgium) started in 1973 and took benefit from
development activities of a laboratory in operation since 1960 and a MOX pilot plant that went into
production in 1968. Several steps of process improvements resulted in the well-mastered MIMAS
process Nominal capacity is of 35 tons HM/yr which has been reached continuously since 1989

COGEMA Cadarache Plant has been processing plutonium fuel for more than 30 years, mainly for
fast breeder reactors. Peak production rate was reached for Superphénix with a 120 kg oxide/day
throughput. Since 1989, a progressively increasing MOX fuel production of 15 tHM in 1993,20
tHM in 1994 and 30 tHM in 1995 has been achieved. Cadarache plant is now able to produce MOX
fuels for fast neutron reactors as well as for PWRs and BWRs.
MELOX Plant, located on the site of Marcoule, is coming under industrial operation. This large scale
manufacturing plant (design capacity is of 1201 HM/year) meets severe constraints such as use of
plutonium coming from high burn-up fuel, high plutonium contents, plutonium isotopic
homogemzation and minimal radiation levels for operating personnel. Active industrial production
has started and a 25 tHM production will be achieved in 1995. Full production is expected by 1997.
Furthermore, the capacity will be extended up to 1601 HM/year in the near future in order to increase
its flexibility and produce MOX fuels for PWRs as well as for BWRs.

The significant quantities already produced by existing facilities and the important capacity coming
now under operation, as shown in Table Vu, give evidence that the MOX fuel fabrication has reached its
industrial phase. EDF and other utilities will be provided with important plutonium recycling possibilities
on a well-mastered technological and economical basis.
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TABLE Vn OBJECTIVES OF MOX FUEL ASSEMBLY FABRICATION (tHM (U+Pu) per year)

Operating

Projected

Country
Belgium
France
Great Britain
France
Great Britain
New site

Company
BN
COGEMA
BNFL
Melox
BNFL
COGEMA

Location
Dessel Po
Cadarache
Sellafield
Marcoule
Sellafield
Belgium or
France

1994
35
20
0

1995
35
30
8

25

1997
>35

30
8

100

2000
>35

30
8

160
120
40

5.4. Recycling in PWKs

French experience in MOX fuel utilisation started in 1974, at the Chooz PWR reactor It is now
rapidly growing Among the 16 licensed 900 MW PWR reactors, and starting with Saint-Laurent B l Unit
in 1987,7 reactors (see Figure 6) have been loaded with MOX assemblies at the moment As of the end of
1995, m-reactor recycling will totalize 31 reloads and 496 assemblies containing 228 tHM From the
beginning, 12 tons of plutonium have been recycled

GRAVELINES 3 et 4

FIG. 6. MOX fuel loaded reactors (PWRs)
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According to the granted license, MOX content in the core is currently limited to 30%, reloading is
performed on a 3 cycle basis, the average concentration of plutonium is limited to a level of 5.3%. A
histogram of actual in-core burn-ups shows an average value near to 38 GWd/t.

To-date, a "hybrid management" is underway since 1994, which implies 4 cycles for UO2 fuel and
3 cycles for MOX fuel in the same core. This allows to reach, for UO2 fuel in MOX reactors, same burn-ups
as in full UO2 reactors undergoing a 4-cycle management (see Table VIE).

TABLE VÏÏL OPERATION WITH MOX AND FUEL MANAGEMENT

-1994
1994-

"Hybrid Management"
Current Experiment

1997-

UO2

3 cycles

4 cycles

4 cycles

MOX
3 cycles

3 cycles
4 cycles

4 cycles

Reload
16 MOX/52

16 MOX/44
4 MOX

assemblies
12 MOX/40

MOXMWd/t
37500

37500
45000

z 45 000

Near term EDF's strategy implies two aspects:

Increasing the number ofMOX-loaded 900 MW units: 20 to 28 reactors could receive MOX fuel.
Besides the 16 already licensed reactors, additional 12 reactors are technically capable of receiving
MOX fuel but should undergo public inquiries, and EDF has already filed licensing procedures for
six of them. Enhanced Pu recycling through raised MOX recycling rates in the PWR 900 MW plants
is under study, as well. The projected programme implies annual supplies of MOX fuel, for the
coming decade, growing from 52 tHM in 1995 to 140 tHM in 2000 and afterwards.
Improving industrial MOXfoel performance: according to EDF's goal of getting same services from
MOX fuel as from uranium fuel, implementation of load following is desirable. The involved
operating modes (frequency adjustment and power level modulation) have been demonstrated in
Saint-Laurent reactors for testing, and EDF has been recently granted a generic licensing from French
Authorities.

Another important improvement, in regard with the same goal, is a raised burn-up that should be
implemented through a 4-cycle core management policy after 1997. MOX bum-up will then be about 45
Gwd/t: by the end of 1992, four MOX assemblies have been reloaded for a fourth cycle in order to extend
the database of MOX fuel behaviour and to prove that such burn-ups are actually achievable without any
problem.

The acquired operating experience gives evidence that no special difficulty is encountered in using
MOX fuel in French reactors. Test campaigns have been carried out at various levels of power, differences
between measured and calculated parameters are similar to those of uranium cores and all design and safety
criteria are confirmed. As a result, EDF is quite optimistic as for the complete implementation of the
scheduled programme.

Reprocessed uranium will be recycled as well. Large-scale fuel cycle facilities are needed. Some of
them are already completed (conversion into oxides and fabrication), others have to be implemented
(conversion into UF6 and reenrichment) and are currently under study.

In the meantime, the feasibility of this recycling has been demonstrated, using existing fuel cycle
demonstration plants for manufacturing, through in-reactor testing: 8 reprocessed uranium assemblies have
been loaded at Cruas-4 Unit as early as 1987 (one of them reached a 4 cycles - 42 GWd/t burn-up). Today,
24 RepU assemblies are currently under a 4 cycle irradiation in the same unit.
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5.5. Long-term trends

French nuclear industry is firmly committed to the recycling policy, and proves its capability of
mastering the entire closed fuel cycle. However, along with continuing efforts to waste minimization in
reprocessing plants, and studies aimed at a still improved knowledge of MOX fuel behaviour in reactors,
additional steps are under consideration and are supported by research and development activities.

5.5.1. Waste management research

According to one of the objectives coming out of the Waste Act of December 1991, CE A, the French
Atomic Agency, launched a major long-term R&D programme, called the SPIN programme, on separation
and incineration of long-lived elements (actinides). SPIN is divided into two sub-programmes: Puretex and
Actinex.

The Puretex programme, to be conducted during a 1991-2000 time frame, focuses on volume and
activity reduction of ILW-type waste from reprocessing, i.e., waste with long-lived elements content and
low heat load, and also on the reduction of activity releases to the sea. Other R&D efforts are still underway,
such as reduction or elimination of sodium in the Purex process and enhanced treatment of laboratory
effluents.

The long-term Actinex programme focuses on separation and transmutation of long-lived elements
in order to further reduce waste toxicity, initially by a factor 10 (within 20 years) and ultimately by a factor
100 (within 40 years) compared to direct disposal of spent fuel. While separation research investigates
process routes and types of extradants, transmutation research is looking at data validation for incineration
tests (cross-sections, assays, decay calculations, etc.) and parametric studies assessing the feasibility of
actinide incineration (reactor type, fuel type, etc.).

5.5.2. Improvement of basic knowledge ofMOXfiiel

In order to acquire similar knowledge as for UO2 fuel, and to validate increased burn-up plans,
several actions are underway. Among these should be listed:

fresh product characterization;
post-irradiation examination including characterisation in regard with fabrication parameters;
neutron physics critical experiments;
analytical programme in experimental reactors;
theoretical studies of different management schemes.

As a result, validation should be achieved for behaviour modeling regarding thermo-mechanics,
irradiation, fission products release and solubility.

5.5.3. Future trends in recycling

MOX assemblies have been designed to be reprocessed in La Hague and the guarantee of their
reprocessing was one of the points to be demonstrated to the French Safety Authorities. This leads to the
monitoring of fresh pellets' solubility during fabrication. A 4.7 tons campaign of reprocessing MOX fuel
was conducted at UP2 plant in November 1992 and gave quite satisfactory results.

Thus, the way is open for obtaining maximum energy from recycled plutonium, with several
pathways according to reactor types and design.

Long-term strategy is relying on the following remarks:

I/ Current recycling status applies to the first cycle of reusing fissile products. It should be noticed that
the length in time of one cycle is rather important: 10 to 15 years. As several cycles can be performed

27



without major difficulty, using the existing industrial tools, the need for other solutions arises only
in the midth of the next century.

21 For the French case, a balance will be strictly observed between recycling capabilities and
reprocessing activities. For foreign customers, this balance will be reached in the first decade of the
next century. Thus, as a general rule, management of separated Pu stockpile will be achieved.

3/ Meanwhile, complete management of Pu necessitates Pu consuming capacities and requires
development of either 100% MOX PWR or Pu burner FR

4/ Due to the fast neutron spectrum, fast reactors are capable of burning minor actinides along with Pu
isotopes. R&D in this field is aimed at exploring such possibilities as:

-responding to future trends in energy demand, whatever they are,
-using of enhanced Pu consumption, if necessary,
-while reducing long-term toxicity by burning minor actinides.

6. CONCLUSION

The nuclear strategy has provided France with a safe, competitive and environment-friendly energy
system. Nuclear spent fuel management has been consistently developed in accordance with the growth in
capacity and the continuous optimisation of the nuclear industry:

Several solutions are available allowing to easily balance, in the coming years, spent fuel arisings and
storage capacities.
Transportation activities are safely mastered and will adapt, as much as necessary, to the foreseen
evolutions.
Different interim storage technologies are already developed and proven on an industrial scale.
Reprocessing, with recycling of plutonium and uranium, is in France, as well as in the major
countries committed to a determined nuclear programme, the masterpiece of the spent fuel
management. Present status relies on an improved, full-scale reprocessing industry, as well as on a
proven mixed-oxide technology which is rapidly increasing its capacity.

Besides the acquired industrial maturity, future improvements are being prepared steadily. Consistent
industrial partnership and relevant R&D programmes will lead to still improved performance regarding
resource management, environment aspects as well as economic results.
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LWR SPENT FUEL MANAGEMENT IN THE
FEDERAL REPUBLIC OF GERMANY

M. PEEKS
Siemens AG,
Bereich Energieerzeugung KWU,
Erlangen, Germany

Abstract
The spent fuel management strategy in (be Federal Republic of Germany is based alternatively on interim storage and

subsequent reprocessing of spent fuel, or on extended storage and direct disposal of spent fuel. By economic and strategic
reasons the spent fuel bum-up is presently between 40 and 50 GWd/tHM and will target 55 GWd/tHM.

1. INTRODUCTION

The safe management of waste and/or spent fuel ("Entsorgung") from nuclear power plants and
particularly the orderly disposal of radioactive waste and/or spent fuel are of paramount importance to the
peaceful use of nuclear energy. The German Federal Government continues to maintain its policy that the
safe management of the back end of the nuclear fuel cycle is a precondition for the operation of nuclear
power plants.

The basic principles for waste management are established in the Atomic Energy Act and in the
waste management concept of the German Federal Government which gives greater substance to the
statutory requirements and the principles of the waste management provisions ("Entsorgungsvorsorge")
for nuclear power plants. (Fig. 1.)

Some modifications in the back end of the nuclear fuel cycle are created with the new "Artikel-
Gesetz." The "Artikel Gesetz" allows:

to use both strategies such as reprocessing or direct disposal of spent fuel;
that the strategy selection is now with the utilities based upon criteria such as technical availability
and economical advantages.

Fig. 2. exhibits the nuclear fuel cycle in Germany schematically reflecting the new situation after
the release of the "Artikel Gesetz." It is characterized by

MOX-fuel manufacturing outside Germany in Belgium or France;
reprocessing services provided from France and UK;
open decision between reprocessing and direct disposal.

The consequences of the new situation - as they can be presently recognized - are shown in Fig. 3.
The utilities are in the process to reconsider the reprocessing contracts. The first COGEMA contracts to
reprocess 4755 MgU will be fully used. Those contracts will expire in the year 2000. The second contracts
- cover ing the time period 2000-2010 will be partly used. Also the BNFL contracts - expiring in 2005 -
will be used partly. The reactors KKK and KRB decided to use extended dry storage in CASTOR casks
to comply for back end of fuel cycle requirements. All THTR/AVR fuel is in intermediate storage in
Ahaus contained in 305 casks of the type CASTOR THTR/AVR.

2. THE BACK-END OF FUEL CYCLE STRATEGY

The back end of fuel cycle management concept embraces 3 significant steps:

I. Interim storage of spent fuel in the nuclear power plants and in offsite interim storage facilities.
II. Reprocessing of spent fuel and re-use of the nuclear fuel thus recovered in nuclear power plants

(recycling).
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III. Disposal of radioactive waste in the following stages:
Conditioning
Interim storage in nuclear installations, in offsite stores or in regional collection centers
Intermediate storage of highly radioactive, heat generating waste (vitrified blocks) in interim
storage facilities
Disposal.

On the other hand, a utility might choose to follow a route, alternative to reprocessing, i.e. to
dispose the spent fuel.

Ha. Direct disposal of spent fuel in the stages:
Extended spent fuel storage
Spent fuel storage conditioning for final disposal
Final disposal

3. SPENT FUEL TYPES IN GERMANY

Fuel assemblies (FA) are currently developed to provide an increasingly safer and more economic
performance. Fig. 4. exhibits characteristic FA development for PWR-FA in Germany. Through all the
past a nearly continues improvement is recognized. It takes nearly 10 years from first introduction of an
improved FA to the removal from the nuclear power plant (NPP) after AR storage. Between the first
introduction and removal from the NPP further optimization will occur. Therefore, ongoing fuel
optimization requires ongoing improvements in the back end of fuel cycle technologies. A typical example
for that is the burnup increase of FA.

In Germany, discharge burnups have increased considerably over the past 10 years. A further
increase to 55 GWd/tU for both PWRs and BWRs is feasible in the near future and some utilities are
already planning for this. There are two main reasons behind these efforts:

1. Economics: Fuel cycle cost will still decrease when discharge burnups are raised beyond 50
GWd/tHM, although this decrease will be smaller than that obtained in the range
below 50 GWd/tHM.

2. Strategic reasons: By increasing the discharge burnup, the number of spent fuel assemblies arising
annually will be reduced proportionately. Construction of additional capacity for
interim storage, which is sometimes of public concern, can be postponed.

Solutions already exist in the field of nuclear fuel engineering and technology for providing LWR
fuel assemblies that can be operated to the higher burnups mentioned above.

It is important to realize that an increase in burnup affects both the front and back end of the fuel
cycle at the same time.

Fig. 5. exhibits a short overview on the kind of spent fuel to be considered in the back end of fuel
cycle management presently. The amount of spent fuel from AYR and THTR is constant, because both
reactors are shut down. This is also true for the German WWER reactors. The burnup of the German
LWRs amounts to 40-50 GWd/tHM. It is expected that the burnup will increase to 55 GWd/tHM batch
average in not too far future.

4. AT REACTOR WET SPENT FUEL STORAGE

At all LWR plants, spent fuel is handled and stored underwater. Hence, all assessments of strategies
for the back end of the fuel cycle have to be primarily based on wet spent fuel behaviour.

Assessment of the ability of fuel assemblies to be safely held in wet stores - in particular for long
periods - has been based above all on the evaluation of corrosion mechanisms: oxidative and
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Former Situation

The basic principles are
based on
- Atomic Energy Act
- Principles of Waste

Management Provision

Spent Fuel has to be reprocessed
and valuable parts of the fuel has
to be recycled. Exemtation are
only allowed if
- this is technical not feasable
- this is economical not recommendable
- this is to risky

FIG. 1. Major changes in the German back end of the fuel cycle strategy.

New Situation

The new, additional "Artikel-Gesetz"
allows:
- to use both strategies

-- reprocessing
-- direct disposal

- that the strategy selection is with
the utilities based upon

-- technical availability
- economical advantages

External
Delivery

External
Delivery MOX U-FA

Konrad

us
Goneben
Lubmin /APR

FA
torage

Franc
SE~ f NFS * Mitterteich

: in preparation

FIG. 2. The nuclear fuel cycle in Germany (overview).
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• Reconsideration of the Reprocessing Contracts:
COGEMA Contracts

- 1. contracts expiring in 2000 to reprocess 4755 tU: will be fully
used
- 2. contracts 2000-2010: will be used partly

BNFL Contracts
- contracts expiring 2005 will be used partly

• Direct Disposal
- 305 Castor THTR/AVR in intermediate store in Ahaus
- KKK and KRB decided to use CASTOR-storage to comply

for back end of fuel cycle requirements

FIG. 3. Consequences of the new situation in the back end of the fuel cycle m Germany.
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FIG. 4. Back end requirements from the point of view of ongoing fuel optimization.
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FIG. 5. Types of spent fuel in Germany (overview).

electrochemical cladding-tube corrosion, corrosive attack of structural components and so-called crevice
corrosion. Pure oxidative corrosion is of no importance. Electrochemical attack can be suppressed through
the selection of appropriate materials and by adequate control of the pool water chemistry. Furthermore,
fuel assemblies are for the most part passivated after irradiation in the reactor. All defect mechanisms
associated with stress and strain in the Zircaloy claddings can be neglected since these stresses are less than
the yield strength.

A set of spent fuel rods containing incipient flaws as well as through-wall defects penetrating the
cladding tube has been stored and periodically inspected for 18 years. The inspections have not revealed
any unanticipated effects or changes in the incipient.

5. SHIPMENT

The spent fuel shipping casks presently in use are designed for transporting the fuel a few months
after it has been discharged from the core. Therefore they feature a good heat dissipation capacity (approx.
100 kW) and suitable neutron and gamma shielding. Heat dissipation is aided by cooling fins on the surface
and an appropriate cask wall thickness is provided for shielding purposes; this results in a limited pay load
(approx. 5 tons of uranium) per 120-ton cask. Fuel with a higher discharge burnup can also be transported
using these casks if it is kept in storage at the plant for a few additional months. To assure subcriticality,
the basket used in the cask can easily be designed for higher-enrichment fuel; in fact, some casks have
been designed from the beginning to have baskets that can hold fuel assemblies of the maximum
enrichment possible.

6. AWAY-FROM-REACTOR DRY SPENT FUEL STORAGE

The situation is quite different in the case of dual-purpose casks that are used for both shipping and
storage. For economic reasons they are designed to hold as much fuel as possible (typically about 10 tons
of uranium). Since their dimensions and weight are limited by requirements connected with handling and
transportation inside the power plant, their shielding, heat dissipation and subcriticality capabilities need
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careful assessment. Even fuel with normal burnup levels (around 40 GWd/tHM) has to be stored in a pool
for some years before being loaded into these casks. An increase in burnup may exceed the design criteria
of the general license, even if the period of prior storage in the pool is extended. The large dual purpose
cask (e.g., CASTOR V/19) for all LWR-FA with a burnup up to 55 GWd/tHM was recently licensed.

For safety reasons, spent fuel should remain intact during dry storage. Creep does not damage
Zircaloy cladding if the total strain during the storage period remains below 1 to 2 %. Zircaloy oxidation
is a thermally-induced process. If inert gas is employed for the storage atmosphere, no problems will arise.
Oxidizing atmospheres, however, require lower storage temperatures. Iodine stress corrosion cracking
needs a specific temperature range, but chemically active iodine will scarcely be available due to the
chemical conditions inside the fuel rod. Fuel rods that have sustained damage during reactor operation will
not experience defect propagation in an inert gas atmosphere. Oxidizing atmospheres do, however, require
further investigation.

It has been reliably demonstrated that spent fuel with reactor-induced defects can be stored without
any significant problems. In all cases, the drying procedures applied have reliably removed all of the water
that entered the fuel rod during reactor shutdowns. Also, fission product release inside the containers is
very small.

7. IMPACT OF INCREASED BURNUP ON DRY STORAGE

The situation arising from higher burnup levels is much more complex for dry storage than for wet
storage, for the following three reasons:

Storage temperatures are higher under dry conditions;
The fuel rod internal gas pressure is higher;
The residual wall thickness of the cladding is smaller.

Typically the higher dry storage temperatures and the higher fission gas pressures originate from
the higher end-of-life (EOL) burnup and from a higher average gas temperature in the fuel rod at the
beginning of storage. This will generate higher stresses and strain in the cladding. Since a longer residence
time of the fuel assemblies in the core also tend to decrease the residual metal wall thickness through
corrosion of the cladding material, stress and strain in the cladding is increased. The higher storage
temperatures of dry stores - which depend on the storage technology applied - serve to promote all
thermally-induced degradation processes.

Conditions encountered during long-term dry storage vary, depending on the technology employed.
In terms of temperature decrease due to radioactive decay, a distinction can be made between three modes:

Mode I: 410 to 350 °C; only feasible if the storage temperature decreases rapidly;
Mode II: 350 to 150 °C; a highly favorable, gradual decrease in temperature;
Mode III: Characterized by a constant temperature, or a very slow temperature decrease, less than or

equal to 150 °C.

Mode III conditions are extremely advantageous for long-term fuel storage lasting from 40 to 100
years.

Fig. 6. compiles the dry storage criteria valid in Germany.

8. TECHNICAL ASPECTS WHILE IMPLEMENTING THE NEW SITUATION

Fig. 7. gives an overlook how to comply with the situation after the release of the "Artikel Gesetz. "
The consequence is that the dry storage facilities in Gorleben and Ahaus will be used not only as a back
up. They will be used now as a standard step to take care for the spent fuel not to be reprocessed. Both
facilities are licensed and commissioned to serve for interim storage. The other steps in the back end of

34



Total Strain < 1 % to avoid creep rupture
Basis: Creep investigation post pile (unirradiated) creep

Total strain from irradiated cladding

Max stress < 100 N/mm2 to avoid SCC-rupture
Basis: Worldwide experience that there is no SCC for stresses

below 150 N/mm2

CASTOR I & II
cladding < 410°CBWR

< 390°CPWR
burn up < 45 GWd/tU

max

Increasing burn up and larger casks requests to redefine licensing base line
e.g.: CASTOR V/19, FA-burn up: < 55 GWd/tU

FIG. 6. Spent FA dry storage licensing criteria.
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FIG. 7. Technical aspects while implementing the new situation.
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the fuel cycle are not influenced so far. Since the CASTOR V/19 is now available, the licensed capacity
of Gorleben is increased to 3800 tHM. Similar licenses are applied for Ahaus Site.

9. INTERMEDIATE SURFACE STORAGE AND FINAL GEOLOGICAL REPOSITORY OF LL- AND
IL-WASTES

In the Federal Republic of Germany 2 storage sites exist for LLW and ILW:

Mitterteich,
Gorleben.

Both sites are commissioned and in operation. At some NPP-sites further storage possibilities are
available.

At the Morsleben site and at the Konrad site a final repository exists or is under preparation
respectively. At the Morsleben site the repository is receiving IL- and ML-wastes. However those wastes
are restricted in cc-activities.

For the Konrad-mine the "Plantfeststellungsbeschluß" is expected in the near future. The document
licenses the preparation of the mine, the operation and the final sealing after the shutdown of the
repository. It is planned to commission the repository 3 years after the receipt of the
"Planfeststellungsbeschluß. "

10. THE GORLEBEN SALT DOME REPOSITORY FOR SPENT FUEL AND FISSION PRODUCTS
RESULTING FROM REPROCESSING

As a result from the surface investigation program it is expected that the Gorleben salt dome is suited
to fulfill the requirements to serve as a final repository. In the second step two shafts are in progress to
prepare the site investigation of the salt dome. These 2 shafts have been lowered down to 800 m depths.
The preparation of the shafts will be completed in 1996. The "Betriebsplan" - which is the licensing
document - is expected still in 1995. The work to prepare to galleries is scheduled to start in 96/97.

11. INTERNATIONAL COOPERATION

Through bilateral working agreements with other countries and through international organizations
the Federal Republic of Germany cooperates in the development of methods and processes for safe
geological disposal of radioactive waste. Cooperation agreements covering activities ranging from regular
visits and exchanges of experience to joint research projects exist with a number of countries.

Organizations and experts from the Federal Republic of Germany are playing leading roles in the
planning and execution of extensive research and development programs within the European Community.
An international exchange of information and experience takes place regularly within the Nuclear Energy
Agency (NEA) of the OECD in Paris and the International Atomic Energy Agency (IAEA) in Vienna. The
Federal Republic of Germany participates in a number of agreed research programs within the framework
of the OECD. The Federal Government supports the work done by the IAEA in establishing rules and
guidelines in the field of waste management by sending of expert delegates.
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SPENT FUEL MANAGEMENT IN HUNGARY:
CURRENT STATUS AND PROSPECTS

G. FERENCZI
ETV-ERÖTERVRT.,
Power Engineering and Contractor Co.,
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Abstract

The Paks Nuclear Power Plant Ltd. operates the only NPP of Hungary, consisting of 4 WWER-440 type units.
Since 1989, approximately 40-50 % of the total yearly electricity generation of the country has been supplied by this plant.
The fresh fuel is imported from Russia (previously from the Soviet Union) and the spent fuel assemblies are shipped back
to Russia for later reprocessing after 5 years of decay storage in the spent fuel pools of the plant. Seeing the political and
economical changes that started in Russia, the Paks NPP's management made a decision in 1990 to study the
implementation of an independent spent fuel storage facility (ISFSF) at the Paks site and in 1992 to choose the GEC-
ALSTHOM's MVDS. On the basis of the Construction Licence issued by the HAEC, the construction of the ISFSF was
started in March 1995. The paper gives general information on the spent fuel arisings, the storage at the site, the shipment
to Russia and on the implementation of the ISFSF.

1. INTRODUCTION

Nuclear electricity generation in Hungary is performed by the Paks Nuclear Power Plant. Four
units of the NPP are now in operation, each with a WWER-440 type a pressurized water reactor. The
first unit was commissioned in 1982. The next units have been started with a time delay of about 1-2
years with the last unit, No. 4, commissioned in 1987.

Since 1989, approximately 40-50 % of total yearly electricity generation of the country has been
supplied by this plant. (42.3 % in 1994) The average load factor at the Paks NPP for the year 1994 was
87.2 %.

The fresh fuel is imported from Russia (previously from the Soviet Union) and according to the
agreement between the Operator and the Supplier of the plant, the spent fuel can be shipped back to
Russia after 5 years of decay storage in the spent fuel pools of the plant. The first shipment according
to the agreement was carried out in 1989, and the last shipment in 1995.

This means that the development of the national strategy for the back-end of the NPP nuclear fuel
cycle was motivated by the possibility to send the spent fuel back to the former Soviet Union for later
reprocessing so that no waste from the reprocessing was returned to Hungary.

Although the national strategy is the same today, taking into account the uncertainties of the political
situation in the CIS and of the commercial conditions, the Paks NPP's management made a decision
in 1990 to study the implementation of an independent spent fuel storage facility (ISFSF) at the Paks
site.

On the basis of the investigations made during 1991 and 1992 and of the evaluation of different
commercial proposals, the final decision of the Paks NPP was to choose the GEC-ALSTHOM's
MVDS.

The licensing process took place during the years 1993 and 1994. The Construction Licence was
issued by the Hungarian Atomic Energy Commission in February 1995.

The construction was started in March 1995 and is progressing at an appropriate rate.
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2. SPENT FUEL ARISINGS

There are 312 operating and 37 control assemblies in the reactor core. Fuel assemblies are of
hexagonal cross section. One assembly encloses 126 fuel rods. The cladding of the fuel rods and the
wall of the assembly are made of zirconium alloy. The maximum enrichment of assemblies in steady
state is 3.6 % U-235. This provides for reactor operation with about one third of the core being
reloaded every year. A reactor charge is about 421 of UO2.

In average 120 spent fuel assemblies are produced in each reactor of Paks NPP annually that
equal to 14.4 tonnes of HM.

3. SPENT FUEL STORAGE IN THE AR STORAGE OF THE NPP

A three-year storage of spent fuel assemblies removed from the reactor was envisaged by the
Technical Design of NPP Paks, after which they would have been shipped back to the Soviet Union for
reprocessing.

Consequently, spent fuel racks were designed with a capacity for 349 bundles. This was achieved
by a subcritical lattice structure without built-in absorbers.

In 1979 the Soviets put in a claim to the extension of spent fuel at-reactor storage at least for 5
years. Different possibilities were analyzed ta order to enlarge the storage capacity at the site. The final
decision was to reconstruct the storage pools providing compact storage.

In the new compact storage pool there are 706 cells, of which 650 pcs are normal storage cells
and 56 pcs are hermetic casing at each of the four units.

The subcriticality is provided by placing each fuel bundle into a 3050 mm long, hexagonal
stainless steel absorber tube of 3 mm wall thickness containing 1.05-1.25 % natural boron. The entire
rack structure is made of stainless steel.

4. SPENT FUEL SHIPMENT TO RUSSIA

The shipping back of the Hungarian spent fuel to the Soviet Union (Russia) according to the
original practice has been regulated by a private law contract. The spent fuel assemblies were
reprocessed in Russia, and all the products produced during reprocessing (radwastes of different activity
levels, plutonium, uranium) stayed ultimately in Russia. The quantity of the spent fuel assemblies sent
to Russia on the basis of the said contract and the price of the services have been negotiated annually.

The quantity of the spent fuel assemblies shipped back to the Soviet Union (Russia) until now are
as follows;

in 1989: 116 assemblies
in 1990: 235 assemblies
in 1991: 210 assemblies
in 1992: 240 assemblies
in 1993: 180 assemblies
in 1995: 480 assemblies

The shipments were carried out using the standard Soviet Railway Transport Unit, which included
4 containers of the TK-6 type.

The total amount of spent nuclear fuel returned to Russia up to August of 1995 is 1461 fuel
assemblies, i.e., 176 Mg U. All of the return shipments were performed under the original conditions
with the provision that no waste from the reprocessing was returned to Hungary.
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The shipping back of the spent fuels according to die conventional practice could be implemented
without any difficulty up to the middle of 1992. However, this process broke in 1993 and 1994 and
there was no return shipment performed on the base of a possible new contract in this period. Coming
to a standstill of the return shipments in relation of Hungary was caused by the Russian presidential
decree No. 472 on 21.04.1993 and a preceding parliamentary decision, since the intergovernmental
agreement of 1966 between Hungary and the Soviet Union had not included any provision for returning
the spent nuclear fuels of Hungary to the Soviet Union - Russia. (For other "former socialist" countries
this provision had been set out in the intergovernmental agreements.)

The solution to this legal problem was adding a supplement to the intergovernmental agreement
of 1966. A protocol of negotiations conducted between Hungary and Russia had been signed on 1st of
April 1994 as an addendum to the agreement. The return shipment (480 IF As) in early 1995 was
possible as a result of this protocol. It should be noted however, that the Russian Authority permitted
the transport on an exceptional basis only and what is more, with reference to the presidential decree
No. 472 they even hold out the prospect of granting permission of further transport only upon a
modified contract, i.e., only if Hungary takes back the waste of reprocessing.

Negotiations with the reprocessing plant are under way for a contract for receiving spent fuel
shipments in 1996, but transportation of spent nuclear fuels into Russia is bound to an authority permit.

It can be stated on the base of the above that the possibility for continuing with the former
practice of return shipment is questionable.

5. IMPLEMENTATIONS OF THE APR STORAGE AT PAKS SITE

Taking into account the uncertainties of the political situation in the CIS and of the commercial
conditions, the Paks NPP's management made a decision in 1990 to study the implementation of an
ISFSF at Paks site.

On the basis of the investigations made during 1991 and 1992 and of the evaluation of different
commercial proposals, the final decision of the Paks NPP was to choose the GEC-ALSTHOM's
MVDS.

The MVDS system will be used for the medium term (50 years) storage of WWER-440 reactor
fuel assemblies and followers on the owner controlled property at the Paks NPP site.

The fuel assemblies are stored vertically in individual fuel storage tubes, the matrix of storage
tubes being housed within a concrete vault module that provides shielding. The fuel assemblies are
maintained in an inert atmosphere inside the storage tubes. Decay heat is removed by a once-through
buoyancy driven ambient air cooling system, the air flowing across the exterior of the fuel storage tubes
which contain the irradiated fuel assemblies.

The MVDS will provide 4950 storage positions carried out in three phases ensuring storage
capacity for 10 years production of the four WWER-440 reactors at Paks site. Each vault module in
the store can accommodate 450 assemblies. Thus, 11 vault modules are required for 4950 fuel
assemblies.
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1996.
The store will be constructed in 3 phases. The first phase is due for completion on 31st October

Phase

1

2

3

Construction

TCRB + 3 vault
modules

4 vault module
extension

4 vault module
extension

Total usable
furnished capacity

900

2700

4950

Total furnished
capacity

1350

3150

4950

TCRB = Transport Container Reception Building

The licensing process took place during the years 1993 and 1994. The Construction Licence was
issued by the Hungarian Atomic Energy Commission in February 1995.

The construction was started in March 1995 and is progressing at an appropriate rate.

6. FUTURE TASKS RELATED TO THE FUEL CYCLE BACK END

It can be stated after taking the above into consideration, that the back-end strategy of the
Hungarian Republic is shipping the fuel back to Russia for reprocessing under the given "conventional"
conditions and the "wait and see" for the decision between reprocessing and direct disposal in the case,
where reprocessing (return shipment) would no longer be possible.

In view of the present Hungarian and international situation, and assuming the temporary storage
facility of the Paks NPP to be commissioned in 1996 and spent fuel to be stored for 50 years, the basic
objective can be formulated as follows:

The final disposal facility for high-level radioactive wastes produced during spent fuel
reprocessing, or for assemblies packed in containers in the case of their direct
disposal, should be put into operation in Hungary by 2040.

In February 1992 the National Atomic Energy Commission made a decision to develop an
interdepartmental target project for the solution of the final disposal of radioactive wastes produced in
the nuclear power station.

Within the framework of the project, in its first phase a complex radioactive waste management
strategy was elaborated. As one element of the complex strategy the future tasks related to fuel cycle
back-end were outlined, but the detailed program for the long term future tasks has still to be
elaborated.
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Abstract

The Indian Atomic Energy Programme aims at harnessing the natural resources in the most optimal manner. To
achieve this end, a three phase Nuclear Power Programme was devised in the early days of establishment of the
Department of Atomic Energy. It envisages the utilisation of the modest uranium reserves and rich thorium deposits in
the country. The limited natural reserves of fuel materials have prompted India to pay increased attention to the back end
of the fuel cycle, which consists of Reprocessing and Waste Management. The spent fuel is valued in India as a source
for fuel and is treated accordingly, to recover the important fissile materials. Thus, the route of reprocessing of spent fuel
in order to recycle uranium and plutonium in future reactors was opted for. Today, India possesses the capability and
facilities, catering to the entire fuel cycle, i.e., starting from the mining of the ore, through fabrication of fuel and its
application in reactors, to reprocessing of the spent fuel and appropriate waste management. With the third Reprocessing
Plant almost ready for commissioning and second and third waste Immobilisation Plants under construction, the Spent Fuel
Management Programme has come of age in India. This paper presents an overview of the status of the spent fuel
management programme and its future perspective.

1. INTRODUCTION

The guiding philosophy of the Indian Nuclear Programme has been "self-reliance and
indigenisation" and it has steered the country towards developing technical capabilities related to all
stages of the nuclear fuel cycle. While deciding a long term strategy for nuclear power production, due
consideration was given to the availability of the nuclear fuel within the country. Based on the limited
reserves of uranium and abundant reserves of thorium, a three phase nuclear power programme was
chalked out. The first phase is based on natural uranium oxide fuelled PHWRs (pressurized heavy water
reactors). Reprocessing of the spent fuel from these reactors will produce plutonium, which will be the
fuel for the fast breeder reactors in the second phase of the programme. These reactors will also use
natural thorium blankets in order to breed U-233 by activation. In the third phase, U-233 based reactors
will be constructed, thus utilising the thorium abundance. As a direct consequence of this strategy, India
had to go in for a closed fuel cycle concept, with reprocessing and recycling as its main strategy for the
back end. Adequate attention is paid to the safe management of nuclear wastes generated in this route.
Industrial scale plants have been established and there is an ongoing effort to upgrade and improve the
technology in all stages of the nuclear fuel cycle by giving utmost importance to Research and
Development activities.

2. OVERVIEW OF THE NUCLEAR POWER PROGRAMME

The Indian nuclear power programme was started with setting up of two BWRs (boiling water
reactors) at the Tarapur Atomic Power Station. These reactors use low enriched uranium (LEU) fuel
and have completed 25 years of successful operation. However, it was decided subsequently not to build
this type of reactor in the country.

2.1 First Phase - PHWRs

The Indian Nuclear Programme in the first phase is based essentially on PHWRs using the
indigenously available natural uranium. In this series, the eighth power reactor, a 220 MWe PHWR,
Unit II at Kakrapar, in Gujarat State, was synchronised to the western grid on March 4, 1995.
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The present total installed nuclear capacity is about 2000 MWe and the cumulative experience
gained is about 120 Reactor Years. The total nuclear electricity generation by all units in India till
December 1994 was 92.2 TWh.

The construction work on the projects Kaiga-1 & 2 (220 MWe PHWRs each) and RAPS-3 & 4
(220 MWe PHWRs each) is continued. Two more 500 MWe reactors, Tarapur-3 & 4 units, are on the
anvil.

2.2. Second Phase

Fast Breeder Test Reactor (FBTR) - The second phase of the nuclear power programme
commenced with one 40 MWth (13.2 MWe) Fast Breeder Test Reactor at Indira Gandhi Centre for
Atomic Research (IGCAR), Kalpakkam. The reactor utilises indigenously developed mixed carbide fuel
and liquid sodium coolant. It achieved criticality in October 1985. Since then, it has been operating at
various power levels up to 10.2 MWth.

Based on the experience gained in the FBTR, setting up of a Prototype Fast Breeder Reactor
(PFBR) of 500 MWe is planned at Kalpakkam. Design analysis and technology development for this
500 MWe PFBR has made sufficient progress with the objectives of reducing the capital cost and
construction time, at the same time increasing the capacity factor. Choice of Mixed Oxide (MOX) fuel
was guided by factors such as extensive experience, excellent performance and availability of proven
reprocessing technology.

2.3. Third Phase

The fast breeder reactors will have natural thorium rods as blanket materials which, on irradiation
with fast neutrons, will produce U-233. Even in Unit-I of Kakrapar Atomic Power Station, thorium
bundles were loaded into the initial core for the production of U-233. The blanket material will be
reprocessed to separate U-233, the fuel for the third phase reactors.

KAMINI - A 30 KWth mini swimming pool type research reactor (KAMINI), having a core of
U-233 is ready for pre-commissioning trials at Kalpakkam. This is a totally indigenous reactor, designed
for neutron radiography applications. With the commissioning of this reactor, India will be entering into
the third phase of the programme.

At present, the main thrust of Indian R&D programme is on the engineering design of 500 MWe
PHWRs and in the area of physics and engineering design of thorium based Advanced Heavy Water
Reactors (AHWRs). In the area of nuclear fuels, India will be operating Light Water Reactors (LWRs)
at Tarapur, using a mixed core of MOX fuel and LEU, instead of full cores of LEU. Manufacture of
MOX fuel and introduction of MOX fuel bundles in the reactor have already been initiated in a phased
manner.

3. SPENT FUEL MANAGEMENT

3.1. Storage

Indian strategy for the Spent Fuel Management is to reprocess all the spent fuel. However, there
is definitely a need for some storage arrangement for spent fuels, till they are reprocessed.

The basic concept adopted is to provide a wet storage capacity of about 10 years for the spent fuel
At Reactor (AR) storage pool itself. Here, the spent fuel is stored in stainless steel trays, maintaining
water temperature, water chemistry and radioactivity within stipulated levels. Similar arrangements are
also made at each of the reprocessing plants for the interim storage of spent fuel received from reactors.
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In the wet storage, the spent fuel is handled under water by pool bridge, remotely operated tongs
etc. The facilities for under water handling include under water lighting, polishing and make up water
systems. The water quality is very important for visibility to carry out under water operations and for
the continued integrity of fuel cladding (especially Aluminium) and other materials in the pool.

Storage Capacity

Irrespective of the storage capacity planned initially, there always arises a need to enhance the
capacity of spent fuel storage system over a period of time. India has successfully tackled this problem,
employing the following three methods:

by employing high density storage racks, with structural materials having neutron absorbers and
also by increasing the stack height;
by adopting to dry storage in lead and reinforced concrete shielded cask as an interim measure;
by constructing Away From Reactor (APR) storage facility.

The spent fuel from the two BWRs at Tarapur, has not been taken up for reprocessing and is
under storage right from the beginning. In view of the spent fuel inventory building up in the AR
storage pools, initially the high density storage racks concept was adopted. Subsequently, additional
storage capacity was generated by utilising four dry storage casks. Presently, an APR storage facility
has been commissioned at Tarapur with a capacity to store 3312 BWR spent fuel assemblies.

In RAPS, storage of spent fuel in reinforced cement concrete casks under dry storage conditions
was also adopted as an interim measure. Indian experience with wet as well as dry storage has been
good with no compromise on health, safety and environmental aspects.

3.2. Spent Fuel Transport

The transport requirement of spent fuel is mainly from the reactor site to reprocessing plant or
to APR site. The mode of transport is by rail and/or road. The transport is carried out in specially
designed and approved shielded casks. The spent fuel from TAPS to APR is transported by road in a
shielded cask of 651 conforming to the AERB and IAEA safety regulations. The spent fuel from RAPS
is transported by rail and road in lead shielded cask meeting all the statutory and safety requirements.

4. REPROCESSING

For the past three decades, India has been using indigenously developed technology for
reprocessing the spent fuel. The first reprocessing plant was constructed at B ARC, Trombay, in 1964,
which caters to the reprocessing requirement of metallic fuel from research reactors. A second plant,
PREFRE, was constructed at Tarapur to reprocess BWR and PHWR fuels. Based on the experience
and confidence gained during the design, construction and operation of these two plants as forerunners,
a third plant has been constructed at Kalpakkam which is undergoing pre-commissioning tests and is
under safety review by Atomic Energy Regulatory Board (AERB). This plant is expected to be
commissioned by early 1996 and is designed to treat zircalloy clad natural UO2 spent fuel from the
Madras Atomic Power Station (MAPS), located nearby. Its important features include redundancy and
flexibility so that it can meet the reprocessing requirements of MAPS for the entire life of the reactor.
The Indian industry has participated adequately in the construction of this plant, by supplying and
installing equipment that satisfy the stringent quality requirements.

4.1. PREFRE III

In view of the projected increase in the spent fuel arisings from the forthcoming large size nuclear
power plants and additional demands of plutonium and mixed oxide (MOX) fuel in future, it has been
decided to construct medium capacity (350 tons of uranium per year) reprocessing plants and co-locate
the same along with the reactors. This will preclude any across-the-country transport requirements of
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the spent fuel. The first 3501 HM/y medium sized plant (PREFRE III) is proposed to be constructed
at Rawatbhata, in the northern region, co-located with RAPS.

4.2. U-233 separation

Technology for the separation of U-233 from irradiated thorium has been developed and
successfully demonstrated. The thorium rods irradiated in CIRUS and DHRUVA reactors at Trombay,
have been reprocessed. The separated U-233 has been put to use as core material in research reactors
like PURNIMA-II and III, at Trombay, and KAMINI, at Kalpakkam. An engineering scale plant for
the processing of thorium rods, undergoing irradiation in reactors, is being constructed at Trombay.

4.3. Fast Reactor Fuel

The major objective of the reprocessing of fast reactor fuel is to separate the plutonium from the
spent fuel for recycling back into the reactors, thus, limiting the out-of-pile fissile inventory. India has
carried out considerable research and development studies in this field. A pilot plant to reprocess the
irradiated fuel of FBTR, is in an advanced stage of construction at IGCAR, Kalpakkam, and is slated
for commissioning in 1996. Another plant to reprocess mixed carbide fuel is under construction at
Kalpakkam. The plant is designed with a view to process FBTR fuel on a regular basis and will also
have the capacity to demonstrate the capability to reprocess the spent fuel from the proposed prototype
fast breeder reactor (500 MWe).

5. RADIOACTIVE WASTE MANAGEMENT

Spent fuel management with reprocessing option cannot be sustained without a strong base of
waste management programme. Indian nuclear programme has a very high priority for the treatment
and disposal of radioactive wastes in order to ensure health and safety of the public and protection of
environment. Besides nuclear reactors, which mostly generate low and intermediate level active wastes
(LLW and ILW), the reprocessing plants become the prominent source of all types of wastes viz. high,
medium and low active wastes (HLW, ILW and LLW) and also alpha active wastes.

The high level radioactive liquid wastes (HLW), generated in reprocessing, are stored for an
interim period of 3-5 years in high integrity, stainless steel tanks, located inside underground RCC
(reinforced cement concrete) vaults. These tanks are equipped with cooling facilities and
instrumentation for monitoring and surveillance.

After the interim storage, the HLW is managed by a three-step strategy involving:

a) immobilization of the waste oxides in stable and inert solid matrices, such as borosilicate glass
b) interim retrievable storage of the solid waste form under cooling, in specially designed facilities,

and
c) deep underground disposal in suitable geological formations.

The first Waste Immobilisation Plant, set up at Tarapur, has provided the necessary design,
construction and operational experience, based on which two more WIPs are under construction - one
at Trombay and another at Kalpakkam. The vitrification units at Tarapur and Trombay are based on
modified Pot Glass process, with induction furnace metallic melter. The WIP at Kalpakkam, however,
will have Joule-heated ceramic melter, which is under a developmental stage. The solidified waste
encased in sealed canisters, is kept for interim storage for about 20-30 years, in Solid Storage
Surveillance Facilities (SSSF), adjacent to WIPs. The SSSF provides natural convection cooling for the
stored waste and is designed such that the waste product is totally isolated from the ground water. Long
term evaluation of vitrified high-level waste form, under geological conditions is being pursued. This
will go a long way in demonstrating a safe containment of waste form in deep geological repositories,
with no impact on environment. For the ultimate disposal repositories, India is investigating the
candidate sites.
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The intermediate level liquid waste (ILW) and other process wastes, e.g., spent resins, sludges
and evaporator concentrates, are fixed in cement or bitumen matrices. The conditioned waste is
stored/disposed, in near-surface disposal facilities like Tile holes and RCC trenches. An alternate
process based on ion-exchange has also been developed, by which bulk of the radioactivity (mostly, Cs-
137) is removed from the ILW enabling the effluent to be disposed of as low level effluent. The low
level active liquid waste (LLW) is treated and/or diluted, before disposal to a large water body.
Alternately, evaporation in solar ponds is also adopted in some of the inland stations. The low active
solid wastes are incinerated or baled, in order to reduce the volume and disposed of in RCC trenches
or Tile holes.

6. FUTURE PERSPECTIVE

India has gained good experience in the fabrication and subsequent reprocessing of oxide fuels.
Besides these, several other fuel compositions such as carbides, nitrides, metal alloys etc., are under
investigation and their reprocessing will be studied in future.

According to current practices, the high-level liquid waste (HLW), generated during the
reprocessing of oxide fuel, is immobilised in a borosilicate glass matrix. This matrix is known to have
reliable integrity for the life time (400-1000 years) of the two prominent fission product isotopes, Cs-
137 and Sr-90. However, doubts are expressed about the stability of glass for time periods required for
the long lived actinides, which have half lives of 104 years or more. It will be desirable to handle the
actinides separately, especially in the light of increased actiniae inventory, encountered in fast breeder
reactors.

Separation of Actinides - The actinides can be separated either from the HLW, generated during
the PUREX process or from the spent fuel directly, by following the TRUEX method of reprocessing.
New range of extradants and exchangers are being synthesised and evaluated for the removal of
actinides, particularly the transuranic (TRUs) elements. One of the most promising extradant, CMPO
(octyl phenyl, N-diisobutyl carbamoyl methyl phosphine oxide) is being studied extensively for
application in TRUEX process.

The separated actinides may be either immobilised in improved matrices such as SYNROC or
transmuted to generate shorter lived or stable isotopes. A great deal of development efforts has already
been devoted to the preparation and characterisation of Synroc. The products have been subjected to
long-term leaching tests, with very encouraging results. However, studies on the transmutation of
actinides and also some very long lived fission products viz., 1-129, Tc-99 etc., have been deferred for
the future.

7. CONCLUSION

India has opted for a closed fuel cycle system, with reprocessing of the spent fuel as the main
process at the back end. It has gained the necessary experience in the fields of both reprocessing of the
spent fuel and safe management of radioactive wastes generated thereof. Irradiated fuel assemblies of
different types and compositions have been reprocessed at experimental and plant levels. Due attention
has been paid to the storage and transportation of spent fuel. The high-level liquid wastes (HLW) have
been successfully immobilised in glass matrices. Waste Immobilisation Plants (WIPs) and facilities for
interim storage of the HLW, before and after vitrification, have been / are being constructed. Candidate
sites for locating the repositories are under investigation. However, the quest for learning goes on, with
an accent on the Research and Development activities and implementation of the chosen processes.
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Abstract

Japan has scarce energy resources and depends on foreign resources for 84 % of its energy needs. Therefore, Japan
has made efforts to utilize nuclear power as a key energy source since mid-1950's. Today, the nuclear energy produced from
49 nuclear power plants is responsible for about 31 % of Japan's total electricity supply. The cumulative amount of spent fuel
generated as of March 1995 was about 11 600 Mg U. Japan's policy of spent fuel management is to reprocess spent nuclear
fuel and recycle recovered plutonium and uranium as nuclear fuel. The Tokai reprocessing plant continues stable operation
keeping the annual treatment capacity of around 90 Mg U. A commercial reprocessing plant is under construction at
Rokkasho, northern part of Japan. Although FBR is the principal reactor to use plutonium, LWR will be a major power source
for some time and recycling of the fuel in LWRs will be promoted.

1. INTRODUCTION

Research and development, and commercialization of peaceful use of nuclear energy have been
carried out since mid-1950's. Today, nuclear energy plays an important role as a key energy source in
electricity supply. From its initial stage, Japan's nuclear energy development and utilization program has
consistently called for recycling of nuclear fuel. In 1994, the Atomic Energy Commission of Japan (AEC)
revised the Long-Term Program for Research, Development and Utilization of Nuclear Energy, which
defines Japan's fundamental policy of nuclear energy including spent fuel management, as summarized
below.

1.1. Basic policy

Japan intends to guarantee its future energy security by steadily carrying forward research and
development efforts aimed at future commercial commissioning of nuclear fuel recycling. Another reason
for doing so is that recycling of nuclear fuel is also meaningful in terms of sparing resources and the
environment and improving management of radioactive waste.

Furthermore, it is necessary to go about nuclear fuel recycling on the basis of the principle of not
having plutonium beyond the amount required to implement the program, i.e., the principle of no surplus
plutonium, as well as having very strict management of nuclear materials, and to work on the basis of
rational and consistent plans and strive for transparency so as not to give rise to any international doubts
concerning violation of non-proliferation of nuclear weapons.
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1.2. Current status and future prospects of spent fuel management

Reprocessing service will be provided by the Tokai reprocessing plant, the Rokkasho reprocessing
plant and reprocessing contracted to BNFL and COGEMA. The Tokai plant, which is keeping the annual
treatment capacity of around 90 Mg U/y, will shift its major role to research and development of future
reprocessing technologies after the Rokkasho plant begins operation. The Rokkasho plant, Japan's first
commercial reprocessing plant, with a reprocessing capacity 800 Mg U/y, is scheduled to go into operation
shortly after 2000. The reprocessing capacity and technology of a second private reprocessing plant should
be decided around 2010.

Regarding spent fuel exceeding the available reprocessing capacity, it will be properly stored and
managed as energy stock pile, until being reprocessed. For the time being they will, as a rule, be stored
at the nuclear power plants by current technologies, but studies will also be conducted on future storage
methods and other necessary measures.

High-level radioactive waste separated from spent fuel during reprocessing will be disposed of after
solidification in a vitrified form, followed by storage for 30 to 50 years, and finally by ultimate disposal
in a deep geological formation.

The plutonium recovered by reprocessing, will be utilized as nuclear fuel in FBRs and LWRs. The
FBR is considered to be the principal reactor to use plutonium, and R&D will be continued so as to be able
to commission fast breeders commercially around the year 2030. The LWR will be a major source for some
time in Japan's nuclear power generation program. Therefore, Japan will promote recycling plutonium in
LWRs by steadily developing its recycling technologies and infrastructures. It will be necessary to establish
commercial MOX fuel fabrication on a scale a little less than 100 Mg HM/y for LWR shortly after the year
2000.

2. GENERATION, STORAGE AND TRANSPORTATION OF SPENT FUEL

2.1. Spent fuel generation

As of the end of August 1995, 49 commercial nuclear power plants are in operation in Japan, and
the total electric power generation capacity is about 41 GWe. According to the report written by the Electric
Utility Industry Council, a government advisory organization, nuclear power generation capacity will
increase to 70 GWe in 2010. The cumulative amount of spent fuel generated was 11 600 Mg U as of March
1995. It is estimated from the projected nuclear power generation capacity that the annual generation rate
of spent fuel for the years 2000 and 2010 will be 800 to 1000 Mg U/y and 1000 to 1500 Mg U/y,
respectively (Fig. 1).

2.2. Storage

2.2.1. Current status and prospects

The total amount of spent fuel currently stored in nuclear power station pools is approximately 4600
Mg U. The spent fuel will be shipped to the Rokkasho reprocessing plant, when the spent fuel storage
facility at the plant goes into operation. The spent fuel for the other part also continues to be shipped to the
Tokai reprocessing plant and to overseas reprocessing plants, according to the existing contracts.

2.2.2. Research activities on spent fuel storage

R&D on storage technology has been conducted by Central Research Institute of Electric Power
Industry (CRIEPI) and Japan Atomic Energy Research Institute (JAERI).

48



(Cumulative)
30.000
(tu)

25,000

20.000

15.000

10.000

5. 000

Spent Fuel Generation

1992 2000

FIG. 1. Projected spent fuel management.
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CRIEPI has been carrying out an advanced research program on spent fuel storage technology after
the demonstrative tests on the dry cask storage method, under contracts with the Japanese Government.
Major activities of the new program are evaluation and related tests of dry storage methods suitable for the
spent, high bum-up, fuel and MOX fuel in terms of safety and economy, which include application of the
burn-up credit method, temperature analysis and tests of BWR fuel cladding with a channel box, and safety
test of a lid structure, on long term containment of the gasket, and on corrosion resistance. The activities
also include various design and development works for advanced dry storage technologies, such as a new
type of fuel basket with efficient heat removal and subcriticality, an advanced concrete cask with unproved
economy and safety, and the application of natural convection for the heat removal of various dry storage
facilities.

JAERI has conducted fundamental studies to implement the burn-up credit into the design of storage
facility of spent high burn-up fuel, i.e., advanced analytical methods with related database for criticality
design and burn-up calculation.

2.3. Transportation

A part of spent fuel generated in Japan has been transported to the reprocessing plants. This
cumulative quantity up to now is about 7100 Mg U. Spent fuel amounting to 6400 Mg U has already been
shipped to overseas reprocessors, and the rest to the Tokai Reprocessing plant. From this year to around
1998, 750 Mg U of spent fuel is scheduled to be delivered additionally to overseas reprocessing plants.
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3. REPROCESSING

3.1. Tokai Reprocessing Plant

The Tokai plant, which is the first reprocessing plant in an industrial scale in Japan, is owned and
operated by the Power Reactor and Nuclear Fuel Development Corporation (PNC). The plant, with a
capacity of 0.7 Mg/d went into the hot test operation in September 1977 and was commissioned in January
1981. Although the plant has experienced several troubles with long interruptions, the total amount of 848
Mg of spent fuel including 5 Mg of MOX fuel from Advanced Thermal Reactor (ATR) "FUGEN" has been
reprocessed by the end of June 1995 (Fig.2).

The major troubles encountered in the Tokai plant were due to the corrosion of process equipments,
such as an acid recovery evaporator and two dissolvers. Through the development of new corrosion
resistant material, the modification of procedures for fabrication and welding and the development of a
remote controlled device for repairing, the plant operation became satisfactory with annual processing of
50 to 70 Mg in 1985.

The following large scale maintenance work was carried out in the scheduled intervention period
from 1988 to 1989, aiming at more steady operation and improvement of plant efficiency:

(1) The acid recovery evaporator was replaced with a new, made of Ti-alloy which has excellent
corrosion resistance

(2) The Plutonium solution evaporator tower was replaced with new made of Ti- alloy and welded to the
boiler made of titanium

(3) Another pulse-filter was additionally installed in the clarification process to make a dual system, for
improvement of the plant efficiency

(4) Major internal parts of the shearing machine were renewed for prevention of powder deposition and
for easiness of remote maintenance

(5) The acid recovery distillator was modified on the boiler portion so that the periodic inspection and
necessary repair can be conducted more easily
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FIG. 2. Operating history of Tokai Reprocessing Plant.
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The plant resumed operation in the end of September 1989. The plant processed about 96 Mg U of
spent fuel in 1994.

3.2. Commercial reprocessing plant and radioactive waste management facility

Japan Nuclear Fuel Ltd. (JNFL) has started construction of a reprocessing plant with a capacity of
800 Mg U/year in April 1993, in Rokkasho Village, Aomori-Prefecture. Construction of a radioactive
waste management facility has also started from May 1992. This will store the vitrified waste to be returned
from France and U.K. under the reprocessing contracts with Japanese electric companies.

3.2.7. Principal facility specification

3.2.1.1. Reprocessing plant

Method: PUREX method
Capacity: 800 Mg U/year

4.8 Mg U/day (max)

3.2.1.2. Spent fuel storage pool

Spent fuel: 3000 Mg U
Residual enrichment: less than 3.5 wt. %
Cooling time: over 1 year before receiving

over 4 years before reprocessing
Burn-up: 55 000 MWd/tU (max)

45 000 Mwd/tU (average)

3.2.1.3. Radioactive waste management facility

Waste: vitrified waste
Capacity: 1440 canisters

(three thousand and several hundred canisters in future)
Cooling method: natural ventilation

3.2.2. Technology of reprocessing plant

To adopt the best technology, JNFL made efforts to review and analyze various reprocessing
techniques available in Japan and abroad. JNFL finally decided to adopt the major technologies for the
reprocessing plant as follows:

Main reprocessing process: SON (France)
Reduced pressure process evaporation: BNFL (U.K.)
Iodine removal process: KEWA (Germany)
U & Pu mixed denitration: PNC (Japan)
Spent fuel storage pool: HITACHI et al. (Japan)
High-level radioactive waste vitrification: PNC (Japan)

3.2.3. Site

The site of the reprocessing plant and the radioactive waste management facilities is 380 ha in area
and is located to the south of a site for a uranium enrichment plant and low-level radioactive waste disposal
center, both being operated by JNFL.
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3.2.4. Schedule

JNFL applied for the authorization of reprocessing and radioactive waste management businesses
through the Science and Technology Agency (STA) to the Prime Minister in March 1989. The first-step
review by STA of the application for radioactive waste management finished in May 1991, and the
second-step review by AEC and Nuclear Safety Commission (NSC) finished in April 1992. The first-step
review by STA for reprocessing was completed in August 1991, and the second-step review by AEC and
NSC finished in December 1992.

The schedule for construction and operation of the facilities presently planned as shown in Fig. 3.:

Reprocessing plant: the plant is scheduled to receive spent fuel from June 1997 and
to go into operation in January 2000,

Radioactive waste management facility: the operation of the facility with the capacity of 1440 canisters
started in April 1995.

3.3. R&D activities in LWR fuel reprocessing

The Tokai reprocessing plant of PNC has a role as the pilot plant for establishing reprocessing
technology. Two kinds of R&D programs in PNC are carried out: short- and medium-term programs to
improve plant operation, and long-term programs to pursue advanced technology of reprocessing.

JNFL has promoted various R&D works, in order to ensure stable and reliable operation of the
Rokkasho reprocessing plant.

JAERI has promoted researches for safety criteria and evaluation, advanced reprocessing and waste
treatment. In order to support these research activities, NUCEF (Nuclear Fuel Cycle Safety Engineering
Facility) in 1994 commissioned the hot operation of STAC Y for critical safety experiment and of BECKY
for process study in the alpha and gamma cell.
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FIG. 3 Construction and operation schedule of the reprocessing plant and radioactive waste
management facility at Rokkasho.
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3.4. R&D activities in FBR fuel reprocessing

hi the FBR fuel reprocessing, PNC has developed its own process and equipment as well as remote
handling technology through large scale cold mock-up tests and laboratory scale hot tests. The Chemical
Processing Facility (CPF) has been used for hot process tests since 1982. The Recycle Equipment Test
Facility (RETF) is under construction and the operation will be initiated around the year 2000.

4. RECYCLING OF RECOVERED PLUTONIUM AND URANIUM

4.1. Future nuclear fuel recycling programs

4.1.1. Demand side

4.1.1.1. FBR

FBR will assume in the future a central role in the nuclear fuel recycling system. Eventually they
should be made the mainstream of nuclear power generation reactors after a long period of use in
combination with light water reactors. The FBR is considered to be the principal reactor to use plutonium.

4.1.1.2. LWR

LWR will be a major source for some time to come in Japan's nuclear power generation program.
Therefore, Japan will promote the recycling of recovered plutonium and uranium in LWRs with the
objectives of steadily establishing its recycling technologies.

4.1.2. Supply Side

4.1.2.1. Rokkasho Reprocessing Plant

The annual designed reprocessing capacity of the Rokkasho reprocessing plant is 800 Mg U/y. The
plant will be the main source to supply plutonium in future.

4.1.2.2. Overseas reprocessing

The total amount of spent fuel reprocessed until 2003 under contracts with BNFL and COGEMA will
be 7100 Mg U. Therefore, reprocessing will be a major source at present for supplying the plutonium
required for promoting nuclear fuel recycling.

4.1.2.3. Tokai reprocessing Plant

The Tokai reprocessing plant will continue to cover a part of the reprocessing demand until the
commencement of the Rokkasho reprocessing plant. After that, it will shift the major role to the
development of future reprocessing technologies such as for spent MOX fuel.

4.2. Project of Fast Breeder Reactor

The construction of MONJU, a loop type LMFBR of 280 MWe output, was completed late in April
1991. The pre-operational test started in May. The test consist of a function test and a start-up test. The
purpose of the functional test was to prepare for the start-up test after the initial fuel loading. The function
tests were finished in different atmospheres (air at room temperature, argon and sodium) in 1992. The
reactor had reached initial criticaliry in April 1994 and started the generation of electricity in August 1995.

The full power operation is scheduled for 1996.
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The first demonstration FBR will be top-entry, loop type, with the output capacity of about 660
MWe. The start of construction is planned to begin soon after the turn of the century.

4.3. Program for utilization of MOX fuel in LWR

Utilization of MOX fuel in LWR is important from the viewpoint of establishment of the technology
and the system needed for nuclear fuel recycling. It will be appropriate to start using it in a few pressurized
water reactors (PWR) and boiling water reactors (BWR) in the second half of nineties and to increase the
number of such reactors in a planned fashion, allowing flexibility, to about ten by the year 2000 and to
another ten by 2010.

4.4. MOX Fuel fabrication

The development of MOX fuel fabrication by PNC started at the Plutonium Fuel Development
Facility (PFDF) in 1965. To fabricate fuels for FBR and ATR, PNC has been operating the Plutonium Fuel
Fabrication Facility (PFFF) and the Plutonium Fuel Production Facility (PFPF). Corresponding to the
operation of the Rokkasho reprocessing plant, a domestic MOX fuel fabrication plant for LWRs is planned
for commercial operation with a capacity of around 100 Mg of MOX fuel per year.

4.5. Utilization of recovered uranium

Recovered uranium can be converted to uranium hexa-fluoride followed by re-enrichment and
reconversion, can be mixed with enriched uranium, or can be mixed with plutonium to be recycled as MOX
fuel. Re-enrichment is considered to be the best method of recycling uranium in terms of the economy and
the amount of recovered usable uranium. About 360 tons of recovered uranium will be converted to
uranium hexa-fluoride by PNC under a contract with Japanese utilities.

4.6. R&D for advanced nuclear fuel recycling technology

In the development and utilization of nuclear energy, it is important not only to strive for
improvement of safety, reliability and economic efficiency but also to pursue possibilities of reduction of
environment impact and assurance of nuclear non-proliferation. Long-term research and development will
be conducted on advanced nuclear fuel recycling technology based on FBR, such as recycling of new types
of fuel and recycling of actinide elements. R&D programs on the advanced nuclear fuel recycling
technology will be discussed in the AEC's advisory committee on nuclear fuel recycling program.

5. MANAGEMENT OF RADIOACTIVE WASTES

5.1. High-level Radioactive Wastes

High-level radioactive wastes (HLW) separated during reprocessing are to be vitrified and stored for
cooling for a period of 30 to 50 years at a storage facility. The HLW then will be finally disposed of into
deep geological formations with a multi-barrier system.

With regard to the development of technology for the treatment of HLW, the construction of a
research facility for the vitrification (TVF) was completed in the Tokai reprocessing plant in April 1992
and began the hot test with high-level liquid waste in 1994.

The council for promoting the HLW disposal, members of which consist of representatives from the
Government, electric power companies and the Power Reactor and Nuclear Fuel Development Corporation,
will set up a preparatory organization as early as possible, in order to examine the form and other aspects
of the implementing organization, that should be established for implementing the HLW disposal in Japan.
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The general procedures for implementing the HLW disposal are as follows:

(a) The implementing organization will conduct the preliminary investigation at potentially suitable
locations and subsequently confirm the results of site selection as the designated site(s)

(b) Prior to Government confirmation, the implementing organization will obtain the acceptance of local
communities in the siting region(s) by clearly explaining the aim and the results of the selection
process

(c) The implementing organization will conduct site characterization studies and will demonstrate
disposal technologies in underground facility at the designated site(s). The implementing organization
will design a repository and apply for the relevant license.

5.2. Wastes Containing TRU Nuclides

Regarding the radioactive wastes containing TRU nuclides, a provisional value of approximately 1
GBq/ton will be set up as a threshold value for the classification. The wastes in which all alpha nuclides
have a radioactive concentration below the threshold, and the beta/gamma nuclides have a comparatively
low radioactive concentration can be disposed of at a shallow depth in the ground with an engineered
barrier. The wastes in which the alpha radioactive intensity is higher than that threshold are considered to
be appropriate for disposal in the ground but not at shallow depth.

There will be clear definition, among reprocessing plant operators, MOX fuel fabrication operators
and the electrical power companies, to whom the wastes belong to and with whom the responsibility lies
for disposing of it. Technical studies will be carried out with a view to obtain a clear outlook regarding the
specific disposal concepts by the end of the nineties, considering the period when the private reprocessing
operation will be getting started and bearing in mind the need for compatibility with measures for the HLW
disposal.
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SPENT FUEL MANAGEMENT IN THE REPUBLIC OF KOREA:
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Abstract

The continuous expansion and development of a nuclear power program in Korea have resulted in significant arisings
of spent nuclear fuel. Under the current situation in which the best solution for long-term spent fuel management has not been
established and the shortage of storage capacity for spent fuel is expected soon, safe storage of spent fuel for the time being,
in either AR or APR on site, and the extension of storage capacity would be the only choice that Korea should take. As another
important R&D activity, the study of DUPIC fuel cycle has been carried out step by step, taking advantage of the unique
environment in Korea such that the nuclear power program is characterized as a heterogenous nuclear power source with PWR
and CANDU together. In this paper, the current status and plan of a spent fuel management program, being carried out in
Korea are reviewed briefly.

1. PRESENT STATE OF NUCLEAR POWER DEVELOPMENT

Since the year of 1978 in which the first nuclear power plant started its operation at the Kori site,
eleven nuclear power plants (10 PWRs and 1 CANDU) have been in operation. The total generation
capacity is as much as 9.6 GWe. Two other units of 1000 MWe class Korean Standard PWR and 3 units
of 700 MWe CANDU are scheduled for commissioning by the end of this century. By then, a total 16
nuclear stations with 12 PWRs and 4 CANDUs will be connected to the grid in Korea. As of this
September, the nuclear share of the total electricity generating capacity is about 30 %.

The electricity demand in Korea has grown rapidly as high as 10 % on the average, every year during
the last decade. Moreover, the 1994 National Statistics showed that the annual electricity consumption per
capita of Korea was as much as 3297 KWh, which was much less than that of developed countries. For this
reason, Korea expects to have similar or slightly less growth trend of electricity demand for a while. In
order to cope with future electricity demands, the government announced the long-term power development
plan in 1993.

According to this plan, additional construction of generating units of 37.5 GWe from 1994 to 2006
with the number of added 72 units will be required. They will contain 14 nuclear units with a total capacity
of 12.8 GWe, 23 coal-fired plants with 12.1 GWe, 23 LNG combined cycle units with 8.3 GWe, 17
pumped storage power plants and hydro plants with 3.2 GWe, and other type of plants with 1.2 GWe. After
completion of the development program, the total installed capacity in 2006 will be 60.1 GWe. Among them
nuclear power will contribute 34.0 % on capacity basis, and about a half of electricity in Korea will be
produced by nuclear power because those power plants are going to be base-load due to their low generating
cost. Table I shows the long-term nuclear power development plan by the year of 2006.

2. SPENT NUCLEAR FUEL PRODUCTION IN KOREA

Up to now, Korea has 11 nuclear power Stations: 10 PWRs since 1978 with Kori-1 of 600 MWe
Class and 1 CANDU PHWR in operation since 1983 with capacity of 680 MWe. Based on the current
status/program, about 3250 MTU of spent fuels will be accumulated by the year of 1997 and by the year
2000 it will reach to about 4000 - 4500 MTU. The annual arisings of spent fuel discharged from the 16 units
in operation by 2000 will be approximately 580 MTU/yr. After .the year of 2006 when 23 units will be in
operation, annual discharge rate of spent fuel will be as much as 800 MTU/yr.
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TABLE I. NUCLEAR POWER PLANT CAPACITY IN KOREA

Status

In operation

Under
construction

Planning

Long term
projection

Plant name

Koril
Kori2
Weisung l
KoriS
Kori4
Yeongkwang 1
Yeongkwang 2
Uljinl
Uljin2
Yeongkwang 3
Yeongkwang 4

Wolsung 2
Weisung 3
Wolsung 4
Uljin3
Uljin4

Yeongkwang 5
yeongkwang 6

Std. PWR 1
Std. PWR 2
Std. PWR 3
Std. PWR 4
CANDU5

Reactor type

PWR
PWR

PHWR(CANDU)
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

PHWR(CANDU)
PHWR(CANDU)
PHWR(CANDU)

PWR
PWR

PWR
PWR

PWR
PWR
PWR
PWR

PHWR

Start of operation

1978/4
1983/7
1983/4
1985/9
1986/4
1986/8
1987/9
1988/9
1989/9
1994/9
1995/9

1997
1998
1999
1998
1999

2001
2002

2003
2004
2005
2006
2006

Capacity (MWe)

587
650
679
950
950
950
950
950
950
1000
1000

700
700
700
1000
1000

1000
1000

1000
1000
1000
1000
700

From these projections, shortage of AR storage capacity is certain within short period of time.
Therefore, the most impending problems to be solved are to expand the AR storage capacity at each station
and to build an APR storage facility, either on the reactor site or off site. The accumulated amounts of spent
fuel and their annual arisings as of 1995, are given in Table II.

TABLE II. STATUS OF SPENT FUEL STORAGE IN KOREA (AS OF JULY 1995)
unit: MTU (No. of Assemblies)

Name of Site

Kori

Wolsung

Yeongkwang

Uljin

Total

Storage Capacity

1,423 (3,421)

1,440(76,176)

632(1,492)

578(1,365)

4,073

Annual Arisings

62 (147)

95 (5,000)

34 (80)

34 (80)

225

Storage amounts up to
now

794(1,985)
1,138(60,224)

345 (836)

24 9 (572)

2,526
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3. AR SPENT FUEL STORAGE STATUS IN KOREA

In the IAEA definition of spent fuel storage, at-reactor (AR) storage is that which is associated with
the reactor itself as part of the original design even though it might have been enlarged or extended during
reactor life. The primary advantage of AR expansion is that it makes use of the existing storage facility,
minimizing the capital investment required to obtain the additional capacity for discharged spent fuel. At
Kori-3 on Kori site and Uljin-1 and 2 on Uljin site the non-poisoned racks have already replaced and are
being replaced now with high density storage racks employing boron to absorb neutrons and allow closer
spacing of the stored assemblies.

Kori-3 which has been in commercial operation since 1985, originally had normal storage racks with
a capacity of 746 fuel assemblies, excluding 157 storage cells available as full core reserve. In 1994, Kori-3
has completed a reracking project to install borated stainless steel fuel storage racks in the vacant space of
the Kori-3 spent fuel pool. After installation of the new poisoned racks, the Kori-3 fuel building is capable
to store 1207 spent fuel assemblies by the end of this century.

In case of Uljin site, the installed normal racks have already been replaced at Unit-2 before its
commercial operation, with Boraflex type storage racks. At this time, the extended storage capacity can
hold 893 spent fuel assemblies. Unit-1 was originally equipped with 472 storage cells in nine normal density
spent fuel racks. Without any extension activity, this Unit-1 would lose full core reserve capacity after the
discharges of Cycle 6, next year. To meet the storage demand, Unit-1 started reracking to increase the
storage capacity of the spent fuel pool using boral type high density storage modules. The installation of new
high density racks, which is being carried out at this time, will provide a total of 1114 storage cells, which
is a 136 % increase over the present storage capacity. The final expanded capacity for both units will be
able to accommodate the spent fuels discharged from both units until 2007.

4. APR STORAGE PLAN ON THE REACTOR SITE IN KOREA

Away-from-reactor(AFR) storage on the reactor site means a storage facility which is independent
of the reactor, although it may be adjacent to it on the same site. Korea has one typical APR at the Weisung
site where a CANDU NPP is in operation. Since 1983 when the plant began its commercial operation,
about 5000 spent fuel bundles have been annually discharged and the total number of accumulated bundles
is around 60 000. However, because the actual capacity of spent fuel bay was quite limited, dry storage of
the CANDU fuel bundles in concrete canisters was selected for interim storage of spent fuel cooled for 7
years after discharge. The canister area can hold 60 dry concrete canisters, additional canisters can be built
if needed. After the completion of the expansion of the APR storage capacity additional 80 canisters will
be built by 1997. Thus, the APR will be expected to store for an interim period as many as 75 600 CANDU
bundles in dry atmosphere. Table III summarizes the overall capacity expansion plan of AR and APR
storage hi Korea by the year of 2000.

5. APR INTERIM STORAGE FACILITY CONSTRUCTION

Expansion for spent fuel storage would be the only temporary alternative, but not accommodating
the whole amount of spent fuel discharged from the existing NPPs and the planned NPPs. Since the 1980s,
as a solution to cope with the shortage of the spent fuel storage capacity, the national plan forecasted to
build a large interim storage facility. In practice, this facility will work as a central storage to collect most
of the spent fuel discharged from all nuclear power plants. Besides, the interim storage facility can allow
sufficient time to carry out the national strategy of spent fuel management and back-end fuel cycle, whether
recycle or direct disposal.
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TABLE III. OVERALL PLANS FOR AR AND APR STORAGE EXPANSION

Site

Kori

Wolsung
Yeongkwang

Uljin

1st expansion plan (1989 to 1995)

Unit 3: high density rack (433 cells)

60 dry canisters (for 612 MTU)

Unit 1 : high density racks (1 1 14 cells)
Unit 2: high density racks (893 cells)

2nd expansion plan (1996 to 2000)

Unit 4: high density rack (406 cells)
Dry storage facility (400 assemblies)

80 dry canisters (for 816 MTU)

Unit 1 & 2: high density racks
(406 cells each)

The site selection has been discouraged by a series of demonstrations of local residents in several
candidate sites since 1989, similarly to other counties. Finally, on December 22 1994, a new site named
Guleop Island in the West Sea of the Korean Peninsula, which is located about 80 km and 103 km from
Incheon city and Seoul respectively, was officially announced by the Government with proper and timely
registration of a Special Law to promote the national radioactive waste management project and to support
financially the local community. The national radioactive waste management complex on the Guleop Island
will include the related facilities for the permanent disposal of low- and intermediate-level radioactive
wastes as well as interim storage of spent fuel and also, all related R&D activities.

Dry storage in the interim storage facility seems to be one tentative and possible way to store some
spent fuel at this time. But the final storage mode, capacity and construction time schedule of the interim
storage facility will be decided later with the considerate study of the results of site investigation works
because of limited land availability and site conditions.

6. RESEARCH AND DEVELOPMENT ACTIVITIES

Since the past couple of years, the generation of spent fuel in Korea has declined slightly. The
reduction of the spent fuel assemblies discharged has resulted from the use of high enriched and high burn-
up fuel. Nevertheless, spent fuel arisings from the nuclear power plants in Korea will still result in shortage
of storage capacity for the AR and APR facilities within foreseeable future.

Korea has selected PWR as the main reactor type and CANDU as the complementary one, in her
development program on nuclear power. The PWR-CANDU reactor mix strategy in Korea opens a unique
alternative for spent fuel management. Taking advantage of the recognized fact that the content of residual
fissile elements in spent PWR fuel is still sufficiently higher, almost double, than those of the new CANDU
fuel, a new technology named DUPIC (Pjrect Use of Spent £WR Fuel In £ANDU) has been studied to
secure a proper fuel cycle with the reuse of the spent PWR fuels in the CANDU by a direct refabrication
method. As already discussed during the last Advisory Group Meeting in 1993, the OREOX
(Oxidation/Reduction of Oxide Fuel) process is a kind of dry one for reconfiguring the enriched spent oxide
fuel into the DUPIC fuel bundles. In this process, dense UO2 pellets are broken down into a ceramic-grade
powder by cyclic oxidation and reduction and resulting powder is pressed and sintered into CANDU-quality
pellets that are assembled with CANDU bundles. The fissile content of around 1.5 % in DUPIC fuels is
well within the performance envelope of CANDU system. Therefore, the DUPIC fuel cycle would be very
similar with the advanced CANDU fuel design in terms of fuel performance.

In accordance with preliminary studies, the DUPIC fuel cycle will allow to achieve the optimized fuel
economy and spent fuel management with respect to the mass of fissile material and the volume of waste
produced per unit energy. The PWR-.CANDU ratio corresponding to the best material balance for DUPIC
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would be 2.5:1 at the usual burn-up rate of PWR fuel with 35 MWd/kgU. In case of high burn-up of 50
MWd/kgU, the PWR:CANDU= 4.8:1 was found as the optimal ratio from the viewpoint of material
balance to DUPIC fuel cycle.

However, due to some unknown factors that would affect the fuel cycle cost and resultant inevitable
assumptions, in general, it is very hard to assess the economics of a new fuel cycle like DUPIC. The
preliminary study on the DUPIC fuel cycle which KAERI carried out last year showed that the DUPIC fuel
cycle seems to be a competitive alternative to the once-through fuel cycle.

Major benefits of the DUPIC fuel cycle are from the saving in natural uranium ore requirements,
the substantial reduction in spent fuel and waste arisings, good safeguard ability, etc. Especially, since the
spent fuel material is directly and remotely refabricated into CANDU fuel in a heavily shielded working
cell without any separation of fissile elements, any access to and the diversion from the DUPIC fuel process
would be extremely difficult from the proliferation point of view.

But there are still some uncertainties in the DUPIC fuel cycle technology. A series of questions in
the DUPIC economics may rest on the remote fabrication technique of highly radioactive DUPIC fuel
bundles, safeguards accountability, verification of fuel bundle performance, reactor physics and safety,
spent fuel disposal issues, etc. Further study should be carried out in these regards. When the engineering
evaluation of those uncertain technical and socio-economical factors is ready, more realistic figures of the
DUPIC fuel cycle would be obtained.

Related to the integrated spent fuel management, other important research activities have been carried
out. Their main activity aims to back up the national spent fuel management strategy and policy. Important
studies regarding spent fuel management are being carried out the following areas:

1) dry storage technology
2) transportation cask
3) long-term behavior of defected fuel in wet storage atmosphere
4) partitioning and transmutation of actinides and fission products, and
5) remote handling and maintenance, etc.

7. CONCLUSIONS

Under the current situation, while the best and widely acceptable solution for spent fuel management
and back-end fuel cycle in Korea have not been established, both safe storage of spent fuel discharged from
power plant and the reduction of the spent fuel arisings by improvement in uranium utilization through
increasing fuel burnup would be the realistic alternatives that Korea should take. This approach would allow
sufficient time to set up the future strategy, responding to the development of technologies related to this
area. On the basis of this policy, Korea will try to expand the existing AR storage capacity and to construct
APR interim storage facilities, both on- and off the reactor site.

Consequently, the present strategy for spent fuel management in Korea is to store the fuel for decay
in AR storage pool for some time, and then transport and store them in an APR interim storage facility for
several decades. In one word, the integrated spent fuel management with "Wait and See" strategy has been
still valid as the best one for Korea since the last decade and until the internationally acceptable spent fuel
management and back-end of the fuel cycle technology will be established.
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•ill"
Abstract XA9642835

The nuclear power plants in operation in the Russian Federation, their annual spent fuel arising, and the reprocessing
of spent fuel are described. Storage in water pools remains a prevailing storage mode in the nearest future. The following dry
storage technologies have also been developed: i) long-term storage of RBMK fuel in SS canisters, ii) long-term storage in
metal-concrete casks; iii) short-term storage of WWER-1000 fuel in metal shipping casks TK-13. Spent fuel transport from
various types of Russian reactors is reported.

1. SPENT FUEL ARISINGS, AND STORAGE

Nine nuclear power plants (29 units) are now in operation in the Russian Federation. The types are:
WWER-440 (6 units), WWER-1000 (7 units), RBMK-1000 (11 units), BN-600 (1 unit), and EGP (4 units)
with a total capacity about 22 GWe. These nuclear power plants (NPPs) produce more than 12% of the total
energy production.

Annual spent fuel (SF) arising from Russian reactors amounts to 790 tU. In accordance with the
scheduled commission of new power units the SF arising will increase to > 950 tU by 2000, and 1100 tU
by 2010. The main characteristics of spent fuel from Russian power reactors are listed in Table I.

TABLE I. CHARACTERISTICS OF SPENT FUEL FROM MAJOR TYPES OF RUSSIAN POWER
REACTORS

Characteristic Reactor
WWER-440 WWER-1000 RBMK-1000 BN-600

Capacity, MW^
Initial charge, tU
Average burn-up, Mwd/kg
Annual discharge, tU/yr
Number of fuel assemblies in core
Uranium quantity in a FA, kg
Length of FA or cassette, mm
Outer diam. of fuel element (FE), mm
FE cladding thickness, mm
Activity after 3-year cooling, MCi/tU
Energy release after 3 -year
cooling, kW/tU

1375
42

28.6
12.5
349
120

3217
9.1
0.65
0.65
3.0

3000
66

27-40
21.0
151
437

4570
9.1
0.67
0.78
3.6

3200
180

15.5-22.3
50

1693
113

10030
13.5

0.90
0.5
2.5

1470
7.5
60
6.2

370
20.3

3500
6.9
0.4
3.06
7.0

Russia now pursues the closed fuel cycle concept. This includes SF reprocessing, recycling U and
partially Pu in thermal and breeder reactors, and storage of vitrified radioactive waste in ground-based
storage facilities at reprocessing plants.

The management of RBMK spent fuel is exceptional in that it is not meant for reprocessing for
reasons of its low fissile content (0.4% U-235, 0.25% Pu-239,-241).
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No less than 3-year
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Transportation toreprocessing plant Transportation to
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reprocessing
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blies

Radioactive waste
conditioning

Final disposal
in geological
formation

FIG. 1. Spent nuclear fuel management in the Russian Federation.

The diagram of SF management in Russia is shown in Fig. 1. The spent fuel from WWER-440 and
BN-600 is reprocessed at the RT-1 reprocessing plant with a capacity 400 tU/yr near Chelyabinsk
(enterprise MAYAK).

The final product is 2-2.4% U-235 enriched melt of hexahydrate of uranil nitrate obtained by
mixing uranium reextract with highly enriched uranium solution and evaporating the mixture. Pu in dioxide
form is stored for realizing the BN-800 concept.

The spent fuel of WWER-1000 reactors will be reprocessed at the larger capacity plant RT-2 which
is under construction near Krasnoyarsk. The plant will be put in operation by turns of 1500 tU capacity
each. The final product of the U-line is hexahydrate uranil nitrate melt, which will be used for
U-enrichment and fuel element fabrication. The product of the Pu-line is mixture of uranium and plutonium
dioxides which will be used for WWER-1000 and BN-800 fuel fabrication.

A storage facility of 6000 tU capacity has been built at the RT-2 site. At present it holds in store
~ 1000 tU of spent fuel.

The spent fuel of RBMK-1000 reactors after cooling in reactor pools is stored at the intermediate
wet storage facilities at the reactor site for not less than 10 years. Efforts are underway to increase the
storage capacity at the cost of increasing the storage density and providing for long-term storage safety.

future.
In Russia spent fuel is stored in water pools and this mode will remain prevailing in the nearest

The data on storage facility filling with the spent fuel from the major reactor types, as of
01.08.1995 are listed in Table II.
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FIG. 2. Metal-concrete cask for spent fuel at the KBMK-1000 reactor.
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TABLE II. FILLING OF STORAGE FACILITIES WITH SPENT FUEL FROM MAJOR TYPES OF
POWER REACTORS________________________________________________
Type of reactor WWER-440 WWER-1000 RBMK
Storage facility type AR AR AFR AR AFR
__________Capacity Filling Capacity Filling Capacity Filling Capacity Filling Capacity Filling
Fuel assemblies 390 2300 7600 1153 900 26 30100* 17850 35000 39580
Fuel quantities, tU 470 230 1200 505 400 11 3430 2040 3990 4500
* Storage capacity with dense storage mode AR - at-reactor

AFR - away-from-reactor

2. DRY STORAGE

Dry storage technologies have also been developed:

long-term storage of RBMK spent fuel in stainless steel canisters accommodated in massive concrete
structures with residual heat removal by natural (air) convection;
long-term storage of RBMK spent fuel in metal-concrete containers;
short-term storage of WWER-1000 fuel in metal shipping casks.

The 1st and 3rd mode of storage were described in the report presented at the Advisory Group
Meeting, August 31 - September 3, 1993.

The metal-concrete container for RBMK spent fuel storage and transportation (B-type cask) is the
result of joint efforts of several institutions including the Design Office of Special Machine Building,
Experimental Physics Institute, VNIPIET, 26th Scientific Research Institute of Ministry of Defense, and
Izhorskije Zavody Co.

The cask of B-type is designed for long-term RBMK spent fuel storage at the NPP site (not less than
5 years) with provision for subsequent transportation for disposal or reprocessing.

The cask meets all the requirements of the current engineering standards for normal and emergency
conditions of SF storage and transportation. The shielding and strength properties of the cask are ensured
by using shielding concrete of high strength (strength > 100 MPa and density >4 t/m3) together with three
sealing shells and reinforcing framework.

The cask has three sealing barriers, two lids with shock-resistant metal and metal-graphite gaskets.
The cask is transported in a shock-absorbing jacket. Under accidental conditions this damper relives the
load on the cask and provides additional shielding.

Characteristics of the cask are as follows:

Cask capacity: 57 fuel assemblies disassembled in 114 halves
SF cooling period: 5 years
Total heat release: 9.4 kW
Maximum temperature on cask surface: < 85 °C
Maximum dose on cask surface: < 60 mRem/hr

Cask mass:
empty cask 701
loaded cask 85 t
loaded cask in transportation jacket 110 t

Cask dimensions:
outer diameter 2300 mm
height 5100 mm
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3. RBMK SPENT FUEL

RBMK spent fuel presents considerable difficulties. The storage capacity of currently operating
facilities (including that obtained at the cost of denser FA arrangement) will provide SF reception from
NPPs up to 2004. The above situation outlines the pressing problem of long-term storage.

The following alternatives have been considered:

construction of a centralized stationary facility for long-term storage at RT-2;
construction of additional stationary, dry facilities at each NPP site;
construction of facilities for container storage at each NPP site.

The final concept of RBMK spent fuel management still remains to be solved. Preliminary analyses
point to the economic attractiveness of the 1st alternative. However, this mode might demand great initial
capital costs.

4. SPENT FUEL TRANSPORT

The SF transport from oie NPP sites is carried out by railway, as before. One wagon usually
accommodates one loaded cask. Some features of the shipping casks now in use in Russia are listed in
Table HI. The train is formed from 4-10 wagons with casks, 1 wagon with escorting personnel and 2
wagons for protection.

TABLE ffl. SOME CHARACTERISTICS OF RUSSIAN SHIPPING CASKS
Characteristics

Type of fuel assemblies
Cask position in rail wagon
during transportation
Number of fuel assemblies
in cask
Cask body dimensions, m

Thickness of cask side wall, mm
Fuel mass in cask, t
Cask mass, t

TK-6
WWER-440

vertical

30
d=2.195
H=4.105

360
3.8
90

Cask
TK-10

WWER-1000

horizontal

6
d=2.0
L=6.0

360
2.9

103

type
TK-11

RBMK-1000

vertical

102
d=2.195
H =4. 455

360
5.0

86.5

TK-13
WWER-1000

horizontal

12
d=2.43
L=6.035

360
6.0

116

Approaching the end of cask service life and their obsolescence necessitate the development of new
generation of containers, which will meet all current requirements of WWER-440 and RBMK spent fuel
shipping. The containers for shipping mixed oxide fuel from BN-800 reactors and reactors of new
generation (replacing decommissioned units) are also needed. The above mentioned problems have been
reflected in the programme of devising packaging for spent fuel storage and transportation, which is being
prepared by the Ministry of Nuclear Industry (MINATOM).

67



SPENT FUEL MANAGEMENT IN SPAIN XA9642836

J.A. GAGO, J.M. GRÄVALOS
Spanish Radioactive Waste Management Company,
Madrid, Spain

Abstract

There are presently nine Light Water Reactors in operation, representing around a 34 % of the overall electricity
production. In the early years, a small amount of spent fuel was sent to be reprocessed, although this policy was cancelled
in favor of the open cycle option. A state owned company, ENRESA, was created in 1984, which was given the mandate
to manage all kinds of radioactive wastes generated in the country. Under the present scenario, a rough overall amount of
7000 tU of spent fuel will be produced during the lifetime of the plants, which will go into final disposal.

1. INTRODUCTION

The Spanish nuclear program consists of so far nine Light Water Reactors, a Gas Cooled Reactor
(Vandellos I) which was shut down in 1990 and is in the decommissioning phase, and other units whose
construction was halted under the present nuclear moratorium. Seven units are PWRs, being the remaining
two BWRs.

The present strategy for high-level waste management is the open cycle option under which the spent
fuel will be directly disposed of in a geologic repository, following a period of interim storage. This
strategy applies to the overall production of spent fuel from the Spanish Nuclear Power Plants, except for
the fuel from Vandellos I which is sent to France for reprocessing and a small amount of spent fuel from
2 plants which was reprocessed in the past, under old contracts with no waste return, in the United
Kingdom.

The responsibility for the management of all types of radioactive wastes, including spent fuel and
the vitrified high-level wastes that will come back from the reprocessing of the Gas Cooled Reactor fuel,
lies in a state owned company, ENRESA, which was created in 1984. Among ENRESA's main
responsibilities, there are the following:

Site selection and the conception, construction and operation of centers for the temporary storage
and disposal of high, intermediate and low level wastes.
Setting up systems for the collection, transfer and transport of radioactive wastes.
Management of operations arising from the decommissioning of nuclear and radioactive installations.
Conditioning of tailings arising from uranium mining and concentrate manufacturing, when
required.
Providing support for civil defence services in the event of a nuclear emergency.

The overall strategic plan for radioactive waste management, including technical, economic and
financial studies are compiled in a General Radioactive Waste Plan which is submitted by ENRESA to the
Ministry of Industry and Energy during the first six months of every year, which comes in force following
the approval of the Cabinet.

2. SPENT FUEL ARISINGS AND INTERIM STORAGE

Under the present hypothesis of 40 years of operation for the nuclear power plants, and the fuel
cycle forecasts, around 7000 tU will have to be managed in the country. As of December 1994, there is
approximately 1700 tU of spent fuel stored at the reactor pools.
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The interim storage of spent fuel has been technically resolved and demonstrated at an industrial
level. The Spanish strategy in this respect does not differ much from the one accomplished almost
everywhere and consists of:

Increasing the capacities of the plant pools by substitution of their racks by high density ones.
Providing additional capacity when the pool cannot be longer reracked by means of a dry storage
system, which in the first stage will consist of dual purpose metallic casks.

Work is currently being performed in various fields with a view to guaranteeing the availability of
casks depending on the needs of each of the nuclear power plants.

In parallel to the actions described above, there are plans to have a Centralized Temporary Storage
Facility in operation by the year 2003 (if the plants were to operate under the 30-year scenario) or by 2013
(for the more realistic case of 40 years of operation). Studies are presently under way to define the
optimum technology among the dry storage options for this type of facility.

3. FINAL DISPOSAL

Following a period of interim storage of the spent fuel and vitrified high level wastes, they will be
transported and encapsulated for their disposal in a deep geological formation. In this field of activity, the
following areas of work are taking place:

Selection of a site for locating the facility. There is a Site Selection Plan running (presently at its
final phase, so-called "Study of Favorable Zones" or ZOA projects) which will culminate by the
year 2000 with the selection of suitable sites for this type of facility. Granite, salt and clay sites are
being investigated.
Development of the basic design for a deep geological disposal facility. Conceptual detailed designs
for a repository in granite and salt formations are finalized and the corresponding one to clay in well
under way. These designs are supported by important R&D activities and by a preliminary safety
assessment exercise.
Development of the technology required for the characterization of the selected site and construction
of the disposal facility.

Once the decision has been taken to designate a specific site as candidate for construction of a
disposal faculty, the three aforementioned areas of work will converge on a single objective, which might
be summarized as follows:

Work will begin on detailed characterization of the site, using the techniques developed and
perfectioned in the R&D Plan, both from the surface and by means of boreholes and underground
laboratories.
The design developed up to that time will be adapted to the specific site, through the development
of a detailed project aimed at undertaking construction.
The R&D Plan would be centered on activities pending from previous periods, and especially on
the demonstration of site safety, providing the coverage required for the specific tasks to be carried
out at the site in question.

The aim is for this process to be completed by the year 2016, in order the construction of the
disposal facility itself to be initiated and for operation to begin during the decade starting with the year
2020.

4. ECONOMICAL AND FINANCIAL ASPECTS

The costs of the activities arising as a result of radioactive waste management are to be financed by
those responsible for producing these wastes. The system settled for the nuclear power plants consists of
establishing a percentage charge to be applied to the total billing for electrical energy sales of the entire
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electricity sector, while in the case of the other producers payment is by way of tariffs to be billed at the
moment of waste removal.

For the calculation of the percentage abovementioned referred to, all the costs involved in
radioactive waste management are levied against the nuclear power plants through application of the
corresponding criteria, thereby establishing the transfers to the fund every year. The general hypotheses
are the following:

The total number of nuclear power plants will not change in the coming years, amounting to a gross
installed electrical capacity of 7400 MWe.
The average load factor of the nuclear power plants is established at 7000 h/year.
The base values selected for the economical calculations are: 3.5 % for the discount rate, 2.5 % for
the average annual increase in electricity demand, and an average price increase of CPI-1 (The
inflation rate values used converge on a 3 % figure in the medium term).

Sensitivity analyses are performed for values of 2 % and 5 % in relation to the discount rate. Given
that this is one of the parameters most affecting the results of the economic calculations, It may be
appreciated that the larger the discount rate, the smaller the need for financial resources via the quota.

Present forecasts foresee an overall cost of all the items involved in radioactive waste management,
including expenses and investments, amounting to 1 236 890 million pesetas (1994), that is, approximately
US $ 10 billion (1994). The distribution of the major activities contributing to this value is as follows:

12 % for Low and Intermediate Level Waste Management
6 % for R&D activities
5 % for Compensations to town councils
2 % for Transport activities
12 % for Spent Fuel Interim Storage
4 % for Reprocessing

32 % for High Level Waste Disposal
24 % for Decommissioning of Installations
3 % for Miscellaneous activities

As it may be concluded from these values, the activities involved and related to Spent Fuel
Management account for around 50 % of the overall expenses of the back-end fuel cycle activities.
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XA9642837
SWEDISH SPENT FUEL MANAGEMENT;
SYSTEMS, FACILITIES AND OPERATING EXPERIENCES

J. VOGT
Swedish Nuclear Fuel and Waste Management Co.,
Stockholm, Sweden

Abstract

About 50 % of the electricity in Sweden is generated by means of nuclear power from 12 LWR reactors located at four
sites and with a total capacity of 10 000 MW. The four utilities have jointly created 8KB, the Swedish Nuclear Fuel and Waste
Management Company, which has been given the mandate to manage the spent fuel and radioactive waste from its origin at
the reactors to the final disposal. 8KB has developed a system for the safe handling of all kinds of radioactive waste from the
Swedish nuclear power plants. The keystones now in operation of this system are: i) a transport system, ii) a central interim
storage facility for spent nuclear fuel, CLAB, iii) a final repository for short-lived, low and intermediate level waste, SFR.
The remaining system components being planned are: i) an encapsulation plant for spent nuclear fuel, ii) a deep repository
for encapsulated spent fuel and other long-lived radioactive wastes.

1. INTRODUCTION

About 50 % of the electricity in Sweden is generated by means of nuclear power from 12 reactors
located at four sites and with a total capacity of 10 000 MW. Nine of the reactors are BWRs and three
PWRs. The first commercial reactor was put in operation in 1972 and the latest in 1985. According to a
decision by the Swedish Parliament all reactors shall be phased out by the year 2010 at the latest. Until then
about 8000 tonnes of fuel will have been used and will have to be taken care of as spent nuclear fuel. Today
the total fuel quantity amounts to about 4000 tonnes including the fuel in the reactor cores.

According to the Swedish spent fuel management program the fuel from the Swedish reactors will
be taken care of within the country and be disposed of at about 500 metres depth in the bedrock.

After unloading from the reactor core and a cooling period at the reactors the spent fuel is transported
to a central interim storage facility where the fuel will remain for 30 - 40 years. During this period the
radioactivity and the residual heat of the fuel will decay by about a factor of ten, thus making further
handling and the final disposal simpler. The storage period will also provide time and flexibility for the
elaboration of the details of these steps.

The responsibility for the management of the spent nuclear fuel, as well as for other radioactive
residues from nuclear power production, lies with the operators of the nuclear power plants, ie the four
nuclear utilities. The utilities have jointly created SKB, the Swedish Nuclear Fuel and Waste Management
Company, which has been given the mandate to safely manage the spent fuel and radioactive waste from
its origin at the reactors to the final disposal. The task of SKB is thus to plan, construct, own and operate
the systems and facilities necessary for transportation, interim storage and final disposal.

2. SYSTEMS AND FACILITIES

SKB has developed a system that ensures the safe handling of all kinds of radioactive waste from the
Swedish nuclear power plants for a long time period ahead. The keystones of this system are (Fig. 1.):

A transport system which has been in operation since 1983,
A central interim storage facility for spent nuclear fuel, CLAB, in operation since 1985,
A final repository for short-lived, low and intermediate level waste, SFR, in operation since 1988.
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The remaining system components now being planned are:

An encapsulation plant for spent nuclear fuel, and
A deep disposal facility for encapsulated spent fuel and other long-lived radioactive wastes.

Central interim
storage facility for
spent nuclear fuel
(CLAB). Start of
operation 1985.

Medical care
Industry
Research

Final repository
tor radioactive
operational waste
(SFR). Start of
operation 1988.

Deep geological
repository for
spent nuclear

fuel. First stage of
deposition 2008 at

the earliest.

Fig. 1. The Swedish system for radioactive waste management.

3.THE TRANSPORT SYSTEM.

As all the nuclear power plants and CLAB are located on the coast and have their own harbours SKB
has developed a sea transport system. This has many advantages, such as a high load capacity and low
interference with other traffic. The system comprises a purpose built ship, the M/S Sigyn, 10 transport
casks for spent fuel, 2 casks for spent core components and 5 terminal vehicles. The latter are used for the
land transport from the reactor to the harbour and from the harbour to CLAB.

M/S Sigyn is a roll on/roll off, lift on/lift off ship, purpose built for transports of radioactive waste.
She has a deadweight of 2000 tonnes and can carry up to 10 transport casks for spent fuel. She has been
designed with the most restrictive EMO rules concerning floatability after damage, similar to those for ships
carrying chemicals in bulk. The icebreaking capability of the ship increases the availability in winter
conditions. Another important safety factor is the most modern navigation equipment installed on board.
However the ultimate safety of the transports depends on the 80 tonnes heavy transport casks designed
according to the IAEA regulations.

The dry nitrogen filled cask cavity can accommodate 17 BWR or 7 PWR assemblies corresponding
to 3 tonnes of fuel. The cask is cooled by natural air convection around the 40 000 cooling fins on the cask
outer surface. The cooling capacity allows fuel with a buraup of 55 000 MWd/tU and 6 months cooling time
to be transported.

The dose rate criteria given by the transport regulations are, however, more limiting than the thermal
ones, mainly due to the buildup of neutron emitters at high burnups. Transport of fuel assemblies with a
burnup of 43 000 MWd/tU requires a cooling time of minimum 20 months.
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Fig. 2. A fuel transport cask is being loaded on board the M/S Sigyn

Higher burnups will soon be reached requiring even much longer cooling times. Therefore, a modi-
fication of two of the casks has been performed in 1995 implying an increase of the thickness of the neutron
absorbing resin on the cask surface.

3.1. Operating experiences

In mid 1995 more than 700 fuel transport casks have been shipped to CLAB, corresponding to about
2 200 tonnes of uranium. In parallel around 70 casks with highly active core components, eg. control rods,
have been received at the facility. Typically 70 fuel casks are transported annually, corresponding to about
210 tonnes of fuel.

The performance and availability of the system have been excellent. The fast and efficient handling
and lashing operations for the casks on the ship have resulted in crew doses close to those coming from the
background radiation.

Another factor contributing to the good results is the detailed cask maintenance programme
according to which a cask is brought in for maintenance after 15 transport cycles. Each transport cask has
already gone through 6 to 7 such overhauls. A more extensive maintenance is made after 60 cycles.

The transport system is also used for transport of low and intermediate level waste to the SFR facility.

During the last 6 summers M/S Sigyn has been used as a floating exhibition for information to the
public about the Swedish nuclear waste management system. In total almost 400 000 persons have visited
the exhibition corresponding to about 5 % of Sweden's population.

4. CENTRAL INTERIM STORAGE FOR SPENT FUEL, CLAB.

CLAB, the Central Interim Storage Facility for Spent Nuclear Fuel, is located close to the Oskars-
hamn nuclear power plant on the Swedish east coast.

Opeiation started in 1985, and in June 1995 some 2 200 tonnes of fuel in more than 700 casks had
been received in addition to about 70 casks with activated core components, eg control rods
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CLAB comprises two principal parts, one above ground and one under ground. The main complex
above ground is the receiving building, where the transport casks are received, prepared and unloaded. The
unloading is performed under water. The storage section is located in a rock cavern, the roof of which is
25-30 metres below the ground surface.

Auxiliary systems, such as water cooling and purification, and electric power and control are located
in buildings wall to wall to the receiving building.

1. Receiving building
2. Auxiliary systems
3. Offices
4. Electrical building
5. Fuel elevator
6. Storage cavern

Fig. 3. CLAB, Central Interim Storage Facility for Spent Fuel.

The receiving building has three receiving pool lines, two of which are specially equipped for the
standard TN17/2 transport casks. The third line can receive non-standard casks. Prior to unloading, the
cask is provided with a metal skirt for protection against outside contamination and damage The skirt also
makes it possible to apply very efficient water-cooling via the 40 000 cooling fins on the cask outside. After
tests for fuel leakage and other preparatory measures including internal and external cooling the cask is
transferred to one of the receiving pools, where the lid is removed so that the fuel assemblies can be lifted
out one by one. Unloading - and all subsequent handling of the fuel assemblies - is performed under water
with specialized handling machines. The pools are arranged in such a way that the outer surface of the cask
skirt is in contact with non-contaminated water, while the fuel assemblies and the internals of the cask are
in contact with contaminated water. After unloading from the cask the fuel assemblies are transferred
directly to a storage canister, which subsequently serves as the handling unit in the facility. This
arrangement greatly reduces the number of necessary handling operations.

The storage section, underground, consists of 4 storage pools in a 120 metre long rock cavern. Each
storage pool contains about 3000 m3 of water and can hold 300 storage canisters. In the storage pools the
canisters serve as storage racks. A fifth pool stands as a reserve in case of problems with one of the storage
pools. The canisters are brought down to the rock cavern by means of the fuel elevator. The 40-metres high
elevator shaft itself is not water-filled but the canister is placed in the water filled elevator cage during the
transfer.
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The storage canisters are designed to maintain an adequate margin against criticality under normal
and accident conditions. The original storage canisters can hold 16 BWR or 5 PWR fuel assemblies and
have an internal structure made of normal stainless steel. As of 1992 the canister capacity has been increa-
sed to 25 BWR and 9 PWR fuel assemblies respectively, thereby enlarging the total storage capacity of
CLAB from 3 000 tonnes of uranium to 5 000 tonnes within the existing space. The new canisters are
successively being introduced in the facility. Two alternatives were considered to achieve the denser
packing without exceeding the required reactivity margin of 5 percent units:

the use of canisters with internal neutron absorbers, i.e., borated steel, or
credit for burnup.

After a thorough analysis the boron option was chosen. This has the advantage that the control of the
fuel assemblies at reception can be made much easier as it allows fresh fuel elements to be stored.

In the case with credit for burn up rather complicated verification measurements on the fuel
assemblies at reception would have been necessary. It was further found that unexpectedly great
uncertainties were coupled to the BWR fuel assemblies due to their axial burnup profile and void history.
In order to cover all possible cases, it would therefore have been necessary to apply a great reactivity
penalty in the licensing calculations. Under these conditions it would not have been possible to store many
of the already existing assemblies in the new canisters.

Other methods to increase the storage capacity were studied, eg. new fixed storage racks, two tier
storage and rod consolidation. These were however not feasible due to higher costs and/or technical
reasons.

The present capacity of CLAB of about 5 000 tonnes of uranium covers the needs until around year
2004. The Swedish nuclear program is expected to generate a total amount of almost 8 000 tonnes. CLAB
must therefore be expanded by adding storage pools in a new rock cavern close to and parallel to the
existing one. This was known already during the construction of the facility and certain preparations were
made to facilitate the building and the connection of the new cavern to the existing fuel containing pools.
According to current planning the construction of the second cavern will start in 1999.

4.1. Operating experiences

The performance of the plant has been excellent and due to improvements the operating costs have
successively been reduced considerably between 1986 and 1995. Some factors contributing to the reduction
are improved operating procedures that have made it possible to unload casks in one shift instead of two
and increased sharing of staff with the co-located reactors. Great saving was made possible by the
installation of a heat recovery system allowing the residual power from the fuel in the storage pools to be
used to heat the entire plant.

The residual power from the stored fuel to the water is regularly measured and compared to what
should be expected from calculations. Rather surprisingly it has been observed that the measured value
(with corrections for different factors) is much lower than the calculated value. In the most recent cases a
deviation of about 50 % between the two methods has been observed indicating that the calculations based
on procedures in ANS-85 considerably overestimate the residual power. This is supported by the results
of calorimetric measurements in CLAB on individual assemblies with different burn-ups and cooling times
up to 15 years. The measurements and calculations continue and the definitive results will be reported in
due time.

The activity release from the fuel has been much lower than anticipated. During the design phase,
based on foreign experience, a high crud release was expected when the fuel is exposed to a certain thermal
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shock when the dry cask is filled with water. The experience at CLAB is, however, much better, which
may to a great extent be attributed to the good water chemistry and the materials used in the Swedish reac-
tors. The activity release from the fuel in the pools is also low and dominated by ionic Co-60 from the crud.
This release is sensitive to temperature but not - at least at the present fuel amount in storage - to the amount
of fuel in the pools, which is rather unexpected.

The low activity release in combination with an optimized management of the used filter resins has
reduced the number of waste packages emanating from CLAB. The actual volumes are at least five times
lower than expected. Also the releases to the environment via water or air have been very low, less than
a factor 1000 below the permissible limits.

The annual collective radiation dose to the staff and contractors has been between 65 and 135
mmanSv, which is about 25 - 50 % of the dose originally calculated in the final safety report. In 1994 the
collective dose was 103 mmanSv and the projection for 1995 is well below 100 mmanSv. The main part
of the dose comes from plant refurbishment work and the handling, preparation and maintenance of the
transport casks.

Normally the fuel from the Swedish reactors is transported to CLAB in the standard TN17/2 cask
as mentioned above. Occasionally some non-standard casks have been received, eg. with fuel from the old
Swedish PHWR reactor at Âgesta and old MOX fuel from some German nuclear power plants. The latter
are a result of an exchange of a small amount of fuel between Sweden and Germany. Also, encapsulated
residues from Post Irradiation Examination of LWR fuel at the Studsvik research centre are being shipped
to CLAB. All these non-standard casks have been received in the third unloading pool without any
problems.

5.THE DISPOSAL CANISTER AND THE ENCAPSULATION PLANT.

The spent fuel will remain in CLAB for 30-40 years prior to encapsulation in a corrosion resistant
canister and final disposal.

5.1. The disposal canister

The function of the canister is to provide adequate enclosure and radiation shielding of the fuel during
handling before disposal and to provide an absolute barrier against radioactivity release for very long time
thereafter. To remain tight the canister must sustain the mechanical and chemical environment in the
repository.

The canister material most thoroughly studied in Sweden is copper which is almost unaffected in the
reducing ground water found in the granitic bedrock. The expected corrosion lifetime for a thick copper
canister in such environment is millions of years and would thus isolate the fuel even beyond the lifetime
ofPu-239.

The preferred canister consists of an inner steel body made of cast metal with channels for the fuel
assemblies and a thick outer copper shell that provides the corrosion protection.

The canister will contain 12 BWR or 4 PWR fuel assemblies. The amount of fuel that can be loaded
into the canister is limited by the maximum permissible temperature of the canister surface after disposal.
This means that there is no advantage in consolidating the fuel assemblies. The outer diameter of the
canister is 105 cm, the height 483 cm and the total weight approximately 25 tonnes. For handling and
transport an extra radiation shielding will be needed.
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Canister surface Im2) T7.67
Estimated weight (kg)
Copper canister
Insert
Fuel assemblies

7 410
13 610
3 640

Total 24660

8 - 8

Fig. 4. Disposai canister

The filled canister must have a sufficient margin to criticality. Under normal conditions when the
canister is dry this is not a problem. For certain accident scenarios in the repository, however, it can be
postulated that the canister will be water fdled. If all the fuel assemblies in the canister are assumed to be
fresh, a critical configuration may exist according to preliminary calculations. It will probably be necessary
to take credit for the burnup of the fuel, and/or to control the reactivity by other means. As part of the
checking of the fuel assemblies before placement in the canister it is therefore expected that a gamma
measurement will be made. This measurement may also be utilized for the determination of the residual
power and safeguards verification that may be necessary before the closing of the canister.

5.2. The encapsulation plant

The encapsulation plant is planned to be built adjacent to CLAB as a direct extension of the facility.
The plant will have the following main functions:

Reception of storage canisters from CLAB via the existing fuel elevator,
Selection of assemblies for encapsulation. Measurement,
Filling of the disposal canister with fuel,
Closing of the inner metal canister,
Welding of the lid to the copper canister and non-destructive testing of the weld,
Decontamination of fdled canisters,
Buffer storage for fdled canisters,
Loading of canisters in transport casks for transport to the repository.

In addition to the handling and process equipment necessary for these steps, auxiliary-, service- and
control systems are required as well as facilities for die staff. Great advantage can be achieved by utilizing
the existing corresponding systems etc. in CLAB.
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Flexibility will be built in into the plant as a preparation for a later treatment of activated core
components that are going to be disposed of in a deep repository as well.

A crucial function in the encapsulation plant is the welding of the lid of the copper canister. This must
be done remotely with high accuracy, and in such a way that the result can afterwards be checked by non
destructive testing.

The welding method preferred at present is electron beam welding at reduced atmospheric pressure.
The development work has been going on for many years and by the end of 1995 four full-size canisters
will have been fabricated. The first of the four is finished in September.

Fig. 5. Machining of a copper canister.

A feasibility study of the plant was performed in 1993/94 and in June 1994 BNFL Ltd, England, was
selected by SKB as main contractor for the Basic Design of the encapsulation process. In parallel ABB
Atom, Sweden, was contracted for the service and auxiliary systems and service areas. The Basic Design
will be completed in 1996 and will be the base for the Preliminary Safety Report. The licensing application
is planned to be submitted to the authorities in 1998 and the construction work is expected to start at the end
of the century.

Trial operations will start in 2005 and the first delivery to the repository will be in 2008 according
to current plans.

The production target is approximately one canister per day corresponding to an annual output of
about 210 canisters or roughly 400 tonnes U.

The expected construction cost for the plant is around 1.8 billion SEK (appr. 250 MUSD).
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6. FINAL DISPOSAL IN A REPOSITORY.

The safety of the repository is based on a "defence in depth"- concept in three levels. The first level
is isolation of the radionuclides which is accomplished by the long-lived corrosion resistant canister. The
second level is delay of the transfer of the radionuclides to the biosphere in case the isolation is broken. This
delay is achieved by a very slow dissolution of the fuel, sorption and slow transport in the near and far field
around the repository. The dispersion in the biosphere can be seen as the third level of the system.

Based on the above the Swedish system for final disposal, according to current plans, has the
following features:

encapsulation of the spent fuel in the long-lived, corrosion resistant canister described in section 5
above, and
disposal in the Swedish bedrock.

The disposal will be made at about 500 metres depth. The canisters are deposited in holes drilled
from the floors of drifts at a centre to centre distance of about 6 metres. In the holes the canisters are sur-
rounded by highly compacted bentonite which acts as a mechanical and chemical buffer material and pre-
vents direct contact between flowing water and the canister. The tunnels and shafts are backfilled with a
mixture of sand and bentonite.

spent nuclear
fuel

uranium dioxide copper canister crystalline
fuel pellet with inner steel bedrock

container

Fig. 6. The canister in the deep repository.

The siting of a deep repository is politically sensitive in Sweden as in many other countries. From
a technical point of view investigations have shown that there are many areas in Sweden where suitable
geological conditions exist for a repository. Other factors such as transports, infrastructure, employment
situation and political aspects will also be important for the siting.

To facilitate the siting and the public acceptance, the disposal will be made stepwise. The first step
will be the building the deep repository for a limited amount of spent fuel as a demonstration. When the
demonstration deposition has been completed, the results will be evaluated before a decision is made
whether or not to expand the facility to accommodate the total waste amount. This plan also makes it
possible to consider whether the deposited fuel should be retrieved for alternative treatment. This procedure
will make it possible to demonstrate the siting, licensing, design and construction, handling of the canisters
and operation of the facility. For obvious reasons the long-term safety of the repository cannot be
demonstrated. This must always be based on a technical-scientific assessment.

The start of the demonstration deposition could start at the earliest in the latter part of the next
decade. Studies of the local conditions are in progress in some areas in cooperation with the local
authorities. If the conditions are found suitable, detailed site investigations will then be made at one site.
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SPENT FUEL MANAGEMENT IN THE UKRAINE
XA9642838

A. CHERNYSHEV
Ministry for Environmental Protection and Nuclear Safety,
Kiev, Ukraine

Abstract

The nuclear power plants which are in operation hi the Ukraine and their spent fuel management is described. Spent
fuel from WWER-440 and WWER-1000 is stored at reactor water pools and partially is shipped to Russia for reprocessing.
Fuel from RBMK- 1000 is shipped to intermediate storage facility at the NPP site. The development of spent nuclear fuel
management concept is underway.

1. INTRODUCTION

At present time Ukraine operates 5 NPPs with WWER and RBMK type reactors (Table I). They had
been constructed and commissioned before 1990.

TABLE I. NUCLEAR ENERGY PROGRAMME OF UKRAINE

NPP
Zaporozhye
South Ukraine
Rovno
Khmelnitskaya
Chernobyl

Units
in operation
5
3
3
1
2

Units
under construction
1
1
1
1

Units
shut Down

2 (including destroyed unit 4)

Besides, an independent interim wet type spent fuel storage (ISFS) is in operation at the Chernobyl
NPP site.

2. SPENT FUEL MANAGEMENT

The idea of spent fuel management as a component part of the former Soviet Union Nuclear Power
Concept lied in the following [1,2]

After the spent nuclear fuel was removed from the reactors it was taken to the at-reactor cooling
pools and was kept there for at least 3 years (spent fuel from RBMK -1.5 years). Then the spent fuel was
transported either to the storage facility in Krasnoyarsk (for spent fuel from WWER-1000) or to the
reprocessing plant near Cheliabinsk (for spent fuel from WWER-440) or to the away-from-reactor spent
fuel storage (for spent fuel from RBMK-1000). Spent fuel transportation to the long term storage and
reprocessing was carried out using of TK-13 (WWER-1000) and TK-6 (WWER-440) types transport
containers.

After disintegration of the USSR there were some problems dealing with spent fuel transportation
to Cheliabinsk reprocessing plant and to Krasnoyarsk storage facility. At the moment, there are a number
of limits to WWER-1000 type reactors, arising from the great quantity of the spent fuel located in cooling
pools which will make full core receipt impossible. The RBMK spent fuel storage is almost filled up.

The amount of spent nuclear fuel from Ukrainian NPPs accumulated and stored in Ukraine and
transported from Ukraine to Russia is presented in Table II.
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The development of spent nuclear fuel management concept is underway in Ukraine.

Present status

A. For WWER type reactor spent fuel:

increase of the current pool capacity;
spent fuel storage in TK-13 type containers (for 5 years) in independent storage located at NPP's
sites;
spent fuel interim storage in concrete containers (casks) at NPP's sites for 40-50 years.

Zaporozhye NPP:
The work on installation of ISFS on the basis of American design VSC-24 and at-reactor cooling

pools reracking is underway.

South-Ukrainian NPP:
The work on designing ISFS on the basis of TK-13 is underway.

Rovno NPP:
The work on designing ISFS on the basis of TK-13 is underway.

Khmelnitskaya NPP:
The work on designing ISFS on the basis of TK-13 and at-reactor cooling pools reracking is

underway.

TABLE II. QUANTITY OF NUCLEAR SPENT FUEL. (DATA AS OF SEPTEMBER 1995 )

NPP Units Fuel Assemblies(FA)
in cooling pool

Zaporozhye 1 384
2 211
3 338
4 264
5 230
6

South Ukraine 1 202
2 294

3264
Rovno 1 319

2 265
3 358

Khmelnitskaya 1 337

Chernobyl 1 884
2 585
3 705

APR 13166
* After reracking

Capacity for FA FA shipped
in cooling pool to Russia in 1995

447* 60
392
392
392 48
392
613
465*
465* 84
613*
729
729
687*
381

1728
1728
1728
17520
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B. For RBMK type reactor spent fuel:

increase of the current pool capacity;
feasibility of existing technologies for spent fuel dry storage and selection of appropriate technology
and construction of the spent fuel interim dry storage in future.

Chernobyl NPP:
The work on designing the reracking of the AFR cooling pools is underway.
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STATUS OF SPENT FUEL MANAGEMENT XA9642839
IN THE UNITED KINGDOM

R. DODDS
BNFL International Group,
British Nuclear Fuels pic,
Risley, United Kingdom

Abstract

Nuclear generating capacity in the UK is static with no units currently under construction following the completion
of the Sizewell B PWR. The Government's reviews of nuclear energy policy and radioactive waste management policy have
been published following a public consultation procedure, largely with an endorsement of current policies. Nuclear Electric
pic (NE) and Scottish Nuclear Limited's (SNL) AGR and PWR stations are to be privatised as two subsidiaries of a holding
company, and it is planned that the Magnox stations and their liabilities will be kept in the public sector, initially in a stand
alone company but ultimately integrated with BNFL. Prompt reprocessing of all Magnox fuel will continue. NE and SNL have
signed contracts for extensive reprocessing of AGR fuel. In addition, SNL has agreed contractual arrangements with BNFL
for long term storage of its remaining overlife arisings of AGR fuel and has therefore on commercial grounds opted not to
dry store their fuel at the reactor site. NE have not yet made a decision on the fate of their AGR fuel not covered by existing
reprocessing contracts. No option selection has taken place for PWR fuel. Following the closure of the Dounreay PFR and
the withdrawal from the EFR project, the option of recycle of plutonium in fast reactors has been suspended.

1. BACKGROUND AND GENERAL ISSUES

The UK's nuclear generating capacity comprises some 2950 MWe Magnox, 5930 MWe AGR and
one 1175 MWe PWR operated by Nuclear Electric pic (NE), and 2450 MWe AGR operated by Scottish
Nuclear Limited (SNL), together with 400 MWe Magnox operated by British Nuclear Fuels pic (BNFL).
No new nuclear capacity is currently under construction.

The main events that have taken place since the 1993 status report to the Advisory Group are as
follows:

• In 1994, the THORP plant at Sellafield was given permission to begin active commissioning, and is
expected to be fully operational in 1996. Currently, approximately 140 tU of spent fuel has been
reprocessed in the plant.

• Construction of the Sizewell B PWR was completed and the fuel was loaded in 1994. The reactor went
critical in February 1995 and reached 100 % power in July 1995.

• hi May 1995 the Government published a White Paper "The Prospects for Nuclear Power in the UK".
It concluded that nuclear power plays a key role in meeting the country's energy needs and should
continue provided that it maintains it's current high standards of safety and environmental protection
and is competitive. The review considered the case for construction of a new twin PWR station at
Sizewell, and concluded that against the background of the current electricity market, public sector (ie
Government) support would constitute unwarranted intervention. However the Government wishes to
encourage private sector operators to investigate the construction of new nuclear power stations on a
fully commercial basis, which it considered may be the case given possible developments in the
electricity market over the coming years. Furthermore it recommended that NE and SNL's AGR and
PWR stations be privatised as two subsidiaries of a holding company and it is planned that the Magnox
stations and their liabilities will be kept in the public sector, initially in a stand alone company but
ultimately integrated with BNFL.

• The Government also published its review of Radioactive Waste Management Policy in July 1995. The
review recognised that spent oxide fuel can either be reprocessed relatively soon after unloading from
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the reactor or held in long term storage for direct disposal or reprocessing at some time in the future.
The favoured option both for HLW and spent fuel disposal is to a geologic repository on land, after
cooling for at least some fifty years. For ILW, the Government favours a policy of deep disposal rather
than indefinite storage and NIREX, the UK nuclear waste disposal organisation, should continue to
identify a suitable site. Controlled burial of LLW will continue. The review also endorses the principle
of waste substitution, as put forward by BNFL, for the return of radioactive waste arisings to the
country of origin. This would involve returning vitrified HLW of equivalent radioactive content to the
LLW and DLW arising from the reprocessing of irradiated fuel sent to the UK in addition to the HLW
which arises directly from that reprocessing. The LLW and ILW would be retained in the UK.

• In March 1995, BNFL signed fixed-price contracts with both NE and SNL covering the provision of
fuel cycle services. The contract with SNL is the first which covers the entire fuel cycle with BNFL
handling the uranium feed purchase, conversion, enrichment and fabrication of AGR fuel until 2006
with an option to cover lifetime requirements. SNL have contracted to have 1698tU of their spent AGR
fuel reprocessed, and BNFL will store their remaining AGR spent fuel for not less than fifty years
pending a decision on whether or not to reprocess the fuel. As a consequence, SNL will not proceed
with their earlier plans to dry store fuel at their reactor sites. The contract with NE covers the purchase
of AGR and Magnox fuel until 2000, and for the reprocessing of 3060 tU AGR fuel in the THORP
baseload and post-baseload periods.

• A Public Inquiry into the Rock Characterisation Facility in West Cumbria started on 5th September
1995. If NIREX, the UK nuclear waste disposal organisation, is given permission to proceed, then
construction is due to begin in 1997. The facility will examine the technical suitability of the site for
a deep repository.

• The Sellafield MOX Plant (SMP) is currently under construction, and is expected to be operational in
1998. The plant is designed to produce 120 tHM/y of LWR MOX (both PWR and BWR of any design)
and will be able to handle plutonium from THORP, Magnox reprocessing and Cogema. Discussions
are ongoing with both Japanese and European customers who have expressed great interest in the plant,
and some firm orders have been received.

2. SPENT FUEL MANAGEMENT

2.1. Magnox Fuel

The strategy on Magnox fuel remains unchanged since the 1993 status report. All fuel will continue
to be despatched to BNFL's reprocessing facility at Sellafield. BNFL and NE signed a contract in March
1995 which covers the reprocessing of the arisings of Magnox spent fuel into the first decade of the next
century.

2.2. AGR Fuel

Contracts were signed in March 1995 by BNFL and NE and SNL for the reprocessing of AGR fuel
in THORP. In summary, NE's contracts provide for the reprocessing of 3060 tU whilst SNL's now amount
to 1698 tU. NE have not yet decided whether or not to reprocess their remaining AGR spent fuel arisings,
whilst BNFL have agreed to store the remainder of SNL's spent AGR fuel with an option to reprocess at
some future point. SNL have decided not to pursue the dry storage at reactor site option.

2.3. PWR Fuel

The current UK design of PWR provides for 18 years of at-reactor wet storage and this would increase
with the adoption of higher burnup, fuel pond re-racking, or rod consolidation. Decisions on reprocessing
or direct disposal thus do not have to be taken for some considerable time.
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2.4. SGHWR and WAGR Fuel

Currently, some 160 tU of SGHWR and WAGR fuel are being stored at Sellafield. It is anticipated
that all of this fuel will eventually be reprocessed through THORP.

2.5. Recycle of Uranium

Over 15000 tU of the uranium recovered by Magnox reprocessing has been recycled and a large
proportion of all AGR fuel has been produced from this material. The recycle of reprocessed uranium from
Magnox and AGR fuel currently has limited strategic benefit as assessed against alternative commercial
options. The forecast uranium market conditions are such that further Magnox Depleted Uranium (MDU)
recycle is not economic for the foreseeable future and this is also likely to influence recycle of Oxide
Reprocessed Product (ORP). BNFL has, however, made proposals to NE and SNL for trial loadings in
AGR in the next few years of recycled uranium with characteristics similar to those expected in uranium
recovered from THORP operations.

2.6. Recycle of Plutonium

The position remains unchanged from that reported previously. Briefly, recycle to fast reactors remains
the preferred option but, given the withdrawal of Government support for the fast reactor projects, in the
shorter term recycle to possible UK PWRs including Sizewell B is an option. The feasibility of recycling
plutonium as MOX fuel in AGRs was demonstrated by trial loadings in the prototype AGR (WAGR) in the
early 1960s. Evaluations are currently being carried out as to the prospects of recycling plutonium in
existing AGRs.

2.7. Fast Reactor

Following the withdrawal of Government support for the project, the Prototype Fast Reactor (PFR)
was shut down in March 1994 and is currently being decommissioned. Support for the European Fast
Reactor project (EFR) was also withdrawn, although BNFL is continuing to fund EFR research into
plutonium burning (the CAPRA project). Fuel from the PFR has been reprocessed in a mixed oxide
reprocessing plant at Dounreay since 1979, with the plutonium arisings transferred to Sellafield for storage.
Completion of PFR reprocessing is due around the year 2000 by which time approximately 50 tHM of fuel
will have been reprocessed.

89



MANAGEMENT OF COMMERCIAL SPENT NUCLEAR FUEL IN THE
UNITED STATES OF AMERICA: CURRENT STATUS AND PLANS

J. WILLIAMS, D. KANE
Office of Civilian Radioactive Waste Management, XA9642840
United States Department of Energy,
J. RICHARDSON
Weston Technical Support Team,
Raytheon Nuclear Inc.
Washington, D.C., United States of America

Abstract

Today, approximately 22 % of all electricity produced in the U.S. is nuclear generated. This power is provided by 109
commercial light-water reactors located at 68 sites in 32 states. Presently, some 32 000 MTU of spent nuclear fuel is in pool
storage. This represents approximately 50 % of total expanded pool storage capacity. Annual reactor discharges through the
year 2015 are projected to be between 1700 and 2100 MTU. According to current projections, by the time the last license for
the current generation of nuclear reactors expires, the estimated total quantity of spent fuel discharged and requiring
subsequent disposal will reach about 85 000 MTU. Thus, additional spent fuel storage capacity must be provided if premature
and costly reactor shutdowns are to be avoided. Moreover, since spent fuel storage pool capacities and reactor discharges are
not uniform among reactor sites, some sites will require additional storage capacity sooner than others. This paper discusses
the legislative framework concerning spent nuclear fuel management and disposal; the management of spent nuclear fuel at
reactor sites; and strategies and plans by the U.S. Department of Energy for developing a comprehensive waste management
system that includes a geologic repository, and may include a Federal facility for interim fuel storage, and a supporting
transportation system.

1. LEGISLATION

In 1982, the U.S. Congress passed the Nuclear Waste Policy Act (the Act). The Act, among other
things, created the Office of Civilian Radioactive Waste Management (OCRWM) within the U.S.
Department of Energy (DOE) and charged it with the task of managing and disposing of the nation's
commercial spent nuclear fuel, and other forms of high-level radioactive waste, in a manner that protects
the health and safety of the public and preserves the quality of the environment. The Act also set out a
detailed process and schedule for siting two repositories, specifying that three sites should be characterized,
and directed OCRWM to evaluate the need for, and the feasibility of, monitored retrievable storage for
spent fuel. The Act requires the owners and generators of spent fuel to be responsible for the management
of spent fuel until the Federal government can take title to the fuel. The Act also established the Nuclear
Waste Fund to pay for the Federal government's costs in managing and disposing of commercial spent
nuclear fuel.

In 1987, the Nuclear Waste Policy Amendments Act (Amendments Act) was passed. The
Amendments Act, among other things, limited site characterization for the first repository to the Yucca
Mountain site in Nevada; authorized a Monitored Retrievable Storage facility (MRS) for interim storage
of spent fuel, subject to certain conditions; postponed decisions about the second repository; and established
the Office of the Nuclear Waste Negotiator to locate a voluntary site for an MRS. The Office of the
Negotiator expired hi January of 1995 without a voluntary site for an MRS having been identified.

2. STATUS OF SPENT FUEL MANAGEMENT AT REACTOR SITES

In the United States, commercial utilities are responsible for managing their spent fuel until the
Federal government takes title to it. No commercial reprocessing capacity exists or is planned. Therefore,
the continued storage of spent fuel is required. Until recently, all spent fuel was stored in water pools at
reactor sites. In some cases, spent fuel has been stored at reactors for more than 30 years. Where the spent
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fuel capacity was projected to become insufficient, and where the structural and seismic conditions
permitted, utilities installed high-density storage racks to maximize pool capacity. These racks typically
increase the pool capacities from about 1.3 to about 4.3 reactor cores. Several utilities have considered
in-pool (wet) consolidation of spent fuel rods and wet consolidation equipment continues to be offered by
commercial nuclear equipment vendors through demonstration programs. Nevertheless, no widespread wet
consolidation program is currently under way in the U.S. Some utilities shipped spent fuel from one reactor
site to another to alleviate near-term storage problems. However, this practice is not widespread because
most utilities do not operate a sufficient number of reactors to make this option feasible. With remaining
aggregate pool capacity at only 50 %, and much less for a number of individual reactor sites, utilities are
taking actions and making plans to manage their spent fuel until the Federal government can move the fuel
off site.

At present, seven reactor sites in six states store spent fuel in dry storage systems (see Table I). Three
additional plants plan to add dry storage during 1995. It is projected that by the end of 1995, approximately
950 MTU will be in dry storage. Eight reactor sites have announced plans to add dry storage by the year
2000 (see Table H) and others may follow suit. Dry storage of all spent fuel presently in pools at some eight
shutdown reactors could assist in plant decommissioning and dismantlement (see Table III).

TABLE I. TECHNOLOGIES USED IN U.S. ISFSIs

Location

Calvert Cliffs, MD
Ft. St. Vrain, CO
HB Robinson, SC
Oconee, SC
Palisades, MI
Prairie Island, MN
Surry, VA
Surry, VA
Surry, VA
Surry, VA

Vendor

VECTRA
Foster Wheeler
VECTRA
VECTRA
Sierra Nuclear
Transnuclear
General Nuclear Systems
General Nuclear Systems
Nuclear Assurance Corp.
Westinghouse

Model

NUHOMS-24P
MVDS
NUHOMS-7P
NUHOMS-24P
VSC-24
TN-40
Castor X/33
Castor V/21
NAC-S/T-128
MC-10

TABLE H. PLANNED ISFSIs

Plant Technology

Davis-Besse, OH
North Anna, VA
Point Beach, WI
Arkansas One, AK
Oyster Creek, NJ
Dresden, IL
Trojan, OR
Rancho Seco, CA

NUHOMS
TN-32
VSC-24
VSC-24
NUHOMS
Hi-STAR 100
VSC-24 w/ MSC-1
NUHOMS w/ MP-187
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TABLE III. SHUTDOWN REACTORS

Plant Assemblies/MTU in pool

Dresden, IL
Fort St. Vrain, CO
Humboldt Bay, CA
Indian Point 1, NY
LaCrosse, WI
Rancho Seco, CA
SanOnofre 1, CA
Shoreham, NY
TMI 2, PA
Trojan, OR
Yankee-Rowe, MA

683/70
0 (all in dry storage)
390/29
160/31
333/38
493/228
207/76
Transferred to Limerick
Transferred to INEL
780/359
533/127

A number of spent fuel storage vendors serve the present commercial market, as indicated in Tables
I and n. The technologies chosen for at-reactor dry storage are metal casks, modular vaults, sealed storage
canisters in horizontal concrete modules, and ventilated concrete casks.

There are other utilities with plans for dry storage in various stages of development. For example,
General Public Utilities is planning the first BWR dry fuel storage at Oyster Creek for 113 MTU using
Pacific Nuclear-NUHOMS 52-B. In addition, Arkansas Power & Light is planning for 444 MTU in
VSC-24 by Sierra Nuclear. Four units (Trojan, Yankee Rowe, Rancho Seco, and Dresden 1) have been
shut down prematurely and will be transferring spent fuel from the pools to dry storage.

To assist in the development of dry storage technology, OCRWM has been participating in a
demonstration program with the Sacramento Municipal Utility District in California at its Rancho Seco unit,
which was shut down prematurely by a voters' referendum. This demonstration program includes the
exhibition and testing of a cask-to-cask transfer device to facilitate the transfer of canisterized fuel from
storage units to transport casks. OCRWM is participating also with the Electric Power Research Institute
to license and demonstrate a transportable, dry spent fuel transfer system (DTS). The DTS may be used
at reactor sites to load large (nominal 125-ton) storage/transportation casks where existing crane capacities
are too limited for the large casks.

3. FEDERAL WASTE-MANAGEMENT SYSTEM

At-reactor dry spent fuel storage requirements are expected to grow to 3128 MTU by the year 2000.
This would affect 28 sites in 20 states, as shown in Fig. 1. If no action is taken with regard to development
of a Federal interim storage facility, it is expected that at-reactor spent fuel storage needs will grow to
11 307 MTU by the year 2010 and affect 58 reactor sites in 32 states (see Fig. 2). It is with this background
scenario that OCRWM is working to develop a comprehensive waste management system. That
management system, as presently configured by direction from the Congress and the Clinton administration,
includes development of a geologic repository for permanent disposal of all forms of high-level radioactive
waste, as well as development of a standardized canister-based system to address spent fuel storage,
transport, and disposal needs. OCRWM stands ready to develop other components of a Federal waste
management system, such as a centralized interim storage facility, should such direction and necessary
resources be provided. The current configuration is discussed first.
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4. CURRENT FEDERAL WASTE MANAGEMENT SYSTEM CONFIGURATION

4.1. Geologic Repository

Since the focus of this paper is on spent fuel management, presented below is a brief discussion of
OCRWM's efforts to develop a geologic repository by the year 2010.

The Yucca Mountain site, located in an arid region with sparse vegetation and few inhabitants about
100 miles northwest of Las Vegas, Nevada, has not been designated as a geologic repository. Rather, the
Congress has directed OCRWM to study this singular site to determine if it would be suitable for
development as a geologic repository. If the site is found suitable by DOE and acceptable by the President
and the Congress, OCRWM will submit a license application to the Nuclear Regulatory Commission (NRC)
for construction authorization. An early site-suitability evaluation, completed in 1992, found no evidence
that would disqualify the site. Both the NRC and the independent Nuclear Waste Technical Review Board
have testified before the Congress that, to date, there are no technical reasons to believe that the site is
unsuitable.

Plans for site characterization include surface-based testing and investigations conducted in an
exploratory-studies facility (ESF) constructed to provide access to the underground rock formation in which
a repository would be built. The surface-based testing supports the resolution of technical issues related to
regional hydrology and ground-water flow rates, seismic hazards, and the potential for volcanic action.

An important component in the study of the suitability of the site is the tunnel boring machine (TBM).
The TBM is a complex train containing rock cutting and removal equipment that will excavate a 25-foot
diameter tunnel from the end of the Starter Tunnel to the end of the ESF. The TBM train includes a
mapping platform for full periphery mapping of the ESF's geologic features. The current plans are to
complete approximately 7 miles of underground excavations and to develop a main test area to be used as
an underground laboratory. As of October 1995, the ESF north ramp had reached more than 2000 meters
into the mountain.

In addition to conducting studies of the physical site and its environs, OCRWM is continuing to
develop the tools and techniques needed for assessing the safety performance of the repository system.
Performance assessment is needed to support the design of the repository and the waste package and to
perform demonstrations of regulatory compliance that will be needed for licensing the repository. This
effort will continue through the remainder of site characterization. The repository and waste package
designs will contribute additional information that must be taken into account in assessing overall
performance. If no fatal flaws are found and if future budget considerations support the current schedule,
OCRWM intends to begin repository operations in the year 2010.

4.2. Multi-Purpose Canister-Based System

Historically, at-reactor dry storage technologies have been developed based on individual utility
considerations without specific regard to the benefits of standardization or the economics of the total utility
and Federal high-level radioactive waste management system. With the growth in spent fuel storage
requirements, it is likely that there will be similar growth in the number of storage systems available on the
commercial market. It is also reasonable to believe that the costs of a Federal waste management system
that has to interface with an ever-growing number of commercial at-reactor spent fuel management systems
will also grow. In order to add a measure of standardization and compatibility to the overall spent fuel
management systems of utilities and the Federal government and to attempt to contain spent fuel
management costs, OCRWM has initiated development of a multi-purpose canister (MPC)-based system.

The MPC is a sealed metal canister, containing multiple fuel assemblies, designed for the storage,
transportation, and disposal of spent fuel (see Fig. 3). It is intended to use MPCs in conjunction with
separate overpacks designed for each of these three functions. The MPC will be shielded on the top and
bottom, to facilitate sealing and handling, but not shielded on the sides. Supplemental shielding will be
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provided by the overpacks. Once loaded with spent fuel, the MPC will not be transported, stored, or
handled outside a shielded overpack, transfer system, or facility. Handling multiple spent fuel assemblies
inside sealed canisters will also simplify operations at reactor sites and at Federal spent fuel management
facilities.

Benefits of an MFC-based system include: a) incorporating a systems approach to development of
the waste management system; b) introducing standardization and compatibility among components of utility
and Federal waste management systems; c) contributing to dry storage programs at shutdown reactors; d)
reducing the number of required transfers of individual spent fuel assemblies; and e) reducing overall waste
program costs, radiation exposures, and the quantity of low-level radioactive waste generated at reactor
sites and Federal facilities.

Two sizes of MPC are being developed based on existing crane capacities at reactor fuel-handling
facilities. The larger MPC is designed to be used with a transportation cask with the cask, canister, water,
and lifting sling weighing less than 125 tons. The larger MPC would hold at least 21 PWR or 40 BWR
assemblies. The smaller MPC has a corresponding weight of less than 75 tons and would hold at least 12
PWR or 24 BWR assemblies.

The MPC could be used at reactor sites for both on-site dry storage and for transportation of spent
fuel from the sites. For transportation, the empty MPC would be delivered to the reactor site inside a
transportation overpack to be loaded for immediate off-site transport. For on-site dry storage, the MPC
would be placed in a transfer cask operated and maintained by the utility. The transfer cask would be used
also to facilitate using the MPC at as many facilities as possible.

Facilities that are unable to use MPCs, for handling or infrastructure reasons, will load uncanistered
spent-fuel assemblies into truck casks for shipment to the repository. It is expected that most facilities will
be able to use the larger MPC; a smaller number of facilities will be able to use the smaller MPC; and a
small number of other facilities will probably require shipment of uncanistered spent fuel in a new
generation of legal-weight truck casks.

The MPC will provide nuclear criticality control for storage, transportation, and disposal. OCRWM
is seeking burn-up credit for transportation and disposal functions. Credit will be pursued in a three-phased
manner. The first phase seeks burn-up credit for actinides only. A report was provided to the NRC in May
of 1995. The second phase will address selected fission-product neutron absorbers. The second report is
scheduled to be submitted to the NRC in 1997. The first two reports address burn-up credit for
transportation. The third phase seeks burn-up credit for both actinides and fission-product neutron absorbers
in the longer, disposal timeframe.

The first contract in the development of the MFC-based system was awarded to Westinghouse in
April 1995 for the development of Safety Analysis Reports for storage and transportation to be submitted
for NRC approval in the spring of 1996. NRC has stated that if the information provided in the applications
is sufficiently well supported, it would be feasible to issue certificates of compliance in 1998 for the
transportation and storage functions of the MPC.

OCRWM is investigating the repository disposal requirements for the MPC, also. However, NRC
approval to use the MPC as a component in the waste package cannot be obtained until licensing of the
repository, a period that lags far behind the schedule for MPC deployment. Therefore, OCRWM will
prepare a design considerations report addressing MPC interfaces with the surrounding waste package, the
host medium, and repository operations. The report will be submitted to the NRC staff in April 1996 in
support of receiving from the NRC staff a "letter of no objection" to OCRWM's intent to move forward
with deployment of MPCs. Such a letter will boost OCRWM's confidence that the MPC can be deployed
in late 1998 and found acceptable for use as a component in the waste package at the time of repository
licensing.

If OCRWM continues to move forward with implementation of the MPC program, it is anticipated
that MPCs will be available beginning in late 1998.
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4.3. Transportation

The current transportation subsystem development schedule is paced to match repository availability
in 2010 and to maintain readiness for earlier transportation capability should a Federal site for centralized
interim storage become available sooner than a repository. The current generation of transportation casks
is small in number and limited in capacity and is therefore not sufficient to rely upon to meet transportation
needs (see Table IV).

TABLE IV. TRANSPORTATION CASKS

Cask

IF-300
NAC-LWT
TN-8
TN-9
NLI 1/2

Type

Rail
Truck
Overweight Truck
Overweight Truck
Truck

No. Available

2
5
2
2
5

Reproducible

NO
Yes
NO
NO
NO

Transportation activities include developing generic procedures for, and training commercial utilities
in, the handling, loading, and transfer of MFCs and transport casks; providing transportation casks; and
transporting spent fuel from reactor sites to the repository.

Current plans call for shipping the majority of fuel in MFCs, contained inside transportation casks,
by rail or barge to the maximum extent practicable. Heavy-haul truck hauling will be used, as necessary.
Spent fuel that cannot be transported in MFCs will be transported by legal-weight trucks. The GA-4 (PWR)
and GA-9 (BWR) advanced-technology casks designed by General Atomics are currently in development
for this purpose (see Fig. 4). In the last thirty years there have been more than 2600 spent fuel shipments
in the U.S., all without radiological incident. OCRWM intends to build on this record to develop a
transportation system that is not only efficient, but also protects the public health and safety.

5. MODIFIED FEDERAL WASTE MANAGEMENT SYSTEM CONFIGURATION

Several bills have been introduced into Congressional committees that, if passed by the Congress and
signed into law by the President, would affect the present waste management system configuration. These
bills call for development of a centralized, Federal interim storage facility (ISF) that would be used to
accept spent fuel from utilities in the period prior to opening of the repository. OCRWM will develop the
facility when and if a site and the necessary resources are made available.

While assisting the Office of the Nuclear Waste Negotiator in attempting to locate a volunteer site
for an MRS or an ISF, OCRWM developed a conceptual design for such a facility. Should the Congress
and the President direct OCRWM to develop an ISF, the design work already completed would be used as
a starting point.

Development of an ISF also would require transportation readiness. The transportation subsystem
is being developed in a manner and on a schedule that would support spent fuel acceptance prior to the
opening of the repository, as discussed above. Also, the MPC is scheduled to be available for deployment
in late 1998 and therefore could support an ISF operation. In addition, OCRWM could supplement spent
fuel acceptance in MFCs by also utilizing existing dual-purpose technologies.

6. CONCLUSION

OCRWM is actively moving toward fulfilling the responsibility of the Federal government to be
responsible for the management and disposal of commercial spent nuclear fuel and other forms of high-level
radioactive waste. The waste management system currently under development maintains the flexibility to
respond quickly to necessary technological changes and new program directives from the Congress and the
President.
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