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Spent fuel management has always been an important stage in the nuclear fuel cycle and stands
among the most vital problems common to all countries operating nuclear reactors. It comprises the
technical operations that begin with the discharge of spent fuel from a power or a research reactor and
end either with the direct disposal of the spent fuel elements in a geological repository (open,
once-through cycle) or with the reprocessing of spent fuel and recycling of plutonium and uranium in
new mixed oxide fuel (closed cycle),
A third approach is the deferral of a decision, the 'wait and see' strategy with interim storage,
which provides the ability to monitor the storage continuously and to retrieve the spent fuel later for
either direct disposal or reprocessing. Most countries with nuclear programmes are using this
approach. Some countries use different approaches for different types of fuel. Additionally, some
countries follow one approach while evaluating different approaches that might be applied in the
future. Today the world-wide reprocessing capacity is only a fraction of the total spent fuel arisings
and since no final repository has yet been constructed, there will be an increasing demand for interim
storage.
Spent fuel storage, as an interim step in spent fuel management, includes all activities related to
the storage of fuel until it is either reprocessed or sent for final disposal. Depending on the strategy,
the storage period can vary. In 1997, the annual spent fuel arisings from all types of power reactors
amounted to about 10,500 tonnes of heavy metal (tHM). The total amount of spent fuel accumulated
world-wide at the end of 1997 was about 200,000 tHM and projections indicate that the cumulative
amount generated by the year 2010 may surpass 340,000 tHM. About 130,000 tHM of spent fuel is
presently being stored in at-reactor (AR) or away-from-reactor (AFR) storage facilities awaiting either
reprocessing or final disposal (Table 1). The quantity of accumulated spent fuel is 20 times the
present total annual reprocessing capacity. The paper will show the spent fuel inventories in world
regions in 1997.
Spent fuel storage facilities at the reactor (AR) are always wet, while spent fuel storage
facilities away from reactor (AFR) may be either wet or dry. Wet facilities are those which involve
storage of spent fuel in water pools. Dry facilities involve storage of spent fuel in a gaseous
environment, such as an inert gas or air, and include casks and vaults. A cask is a massive container
which may or may not be transportable. Vaults consist of above or below ground reinforced concrete
buildings containing arrays of storage cavities suitable for containment of one or more fuel units.
Various types of wet and dry storage facilities are in operation or are under consideration in
different countries. Spent fuel can be safely stored for long periods of time (some spent fuel has now
been stored for over 30 years). Nearly all countries operating nuclear power plants are increasing their
existing AR storage capacity by reracking the spent fuel pools with high density racks and by
implementing burnup credit. In many countries these additions do not provide sufficient storage, so
AFR storage facilities are also being developed. Many countries with large quantities of spent fuel are
choosing AFR dry storage. This type of storage has many benefits, including the possibility of passive
cooling and reduced need for service (e.g. water chemistry). The current world storage capacity is
about 230,000 t HM and the paper will show the AFR wet and dry storage capacities in various world
regions (Table 2).
The Agency conducts a variety of projects on spent fuel management and publishes guidelines
for the storage of spent fuel, in order to provide Member States with information on the development
of safe, reliable and economical technical solutions in spent fuel management, and to assist Member

States with the implementation of the best internationally agreed methods for storing and handling
spent fuel from power reactors. The paper elaborates on the Agency's regular activities, which
include:
Status and Prospects on Spent Fuel Management by the Regular Advisory Group.
Survey of Experience with Wet and Dry Storage of Spent Nuclear Fuel.
Evaluate and Review the Implementation of Burnup Credit in Spent Fuel Management.
Decontamination and Required Modification of Spent Fuel Storage Casks.
Remote Technology in Spent Fuel Management.
The Co-ordinated Research Programme on Spent Fuel Performance Assessment and Research
(SPAR).
Spent Fuel Management and Licensing of Dry Spent Fuel Storage Facilities in Central and
Eastern Europe, Working Group of the regulatory bodies.
Review of the Technologies and Safety Aspects of a Regional Spent Fuel Storage Facility.
Safety, Environmental and Non-Proliferation Aspects of Partitioning and Transmutation of
Actinides and Fission Products.
Current Status and Prospects of Spent Fuel Treatment.
The extrabudgetary project sponsored by the Japanese Government on the Safety Improvement
of Spent Fuel Storage in WWER And RBMK Operating Countries.
TABLE 1. REGIONAL STATUS OF SPENT FUEL STORED [let HM]
Year end 1997

Projected AFR

atNPP

Wet

Dry

Total

2005

2010

2015

West Europe

13.9

19.3

1.0

34.2

40.1

38.9

36.4

Asia & Africa

11.6

0.2

0.7

12.5

27.6

38.6

50.2

7.8

9.9

0.3

18.0

31.1

39.4

47.9

N. & S. America

59.8

1.5

3.3

64.6

91.3

108.4

125.9

World

93.1

30.9

5.3

129.3

190.1

225.3

260.4

East Europe

TABLE 2. REGIONAL STATUS OF NUCLEAR POWER AND SPENT FUEL STORAGE
Installed Nuclear
Capacity
Regions

Spent Fue 1 Storage Capacity
[ktHM]

[GWe]
Operating

Under
constr.

In operation

Under construction

atNPP

Wet

Dry

Total

Wet

Dry

Total

West Europe

127.0

1.4

26.1

31.7

9.2

67.0

0.8

0.8

Asia & Africa

64.3

12.2

20.0

1.9

0.7

22.6

0.8

0.8

East Europe

46.3

11.2

14.3

19.6

0.8

34.7

1.6

2.4

N. & S. America

113.9

2.9

94.9

1.8

10.0

106.7

6.8

6.8

World

351.6

27.7

155.3

55.0

20.7

231.0

10.0

10.8

0.8

0.8
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Natsionalna Elektricheska Kompania
NIKOLA KALIMANOV
KozloduyNPP
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The development of the nuclear energy sector in Bulgaria is characterised by two major
stages that are inextricably bound up with the prospects for use of atomic energy for peaceful
purposes in the former socialist system and is based on the technical and economic support
provided by the former Soviet Union.
The first stage consisted of providing a scientific basis for the ambitious programme for
development of the nuclear energy sector, elaborated by the former communist Government in
the country and completed with the construction of an experimental heterogeneous, waterwater reactor of ERT-type, with heat output of 2 MW at the Institute of Physics with the
Bulgarian Academy of Sciences (BAS). The reactor core consists of forty-eight 1-mm
aluminium-coated assemblies where the oxide uranium fuel is placed with 10% enrichment of
uranium 235. The reactor was commissioned in operation in September 1961 and operated for
24,600 hours altogether when in July 1989 it was shut down for the implementation of a
modernisation and refurbishment programme on it.
The spent fuel stored up during that period of operation amounts to 73 assemblies out of
which 57 assemblies of 10% enrichment and 16 assemblies of 36% enrichment that is 184 kg
heavy metal. At present this spent fuel is placed in a water-filled storage facility built within
the reactor biological shield. It can store 112 assemblies of EE-10 and C-36 type.
According to information received from the governing body of the Institute for Nuclear
Research and Nuclear Energy to the BAS, the spent fuel from this reactor will be transported
back to Russia within the scope of the Contract for transportation of Kozloduy NPP spent
nuclear fuel back to Russia.
The second stage of that programme started with the commissioning of the first unit at
Kozloduy NPP in 1974 and is continuing up to now. At present, six VVER-type reactors are
being operated on site and construction of another reactor rated at 1000 MW is planned. The
first four units are rated at 440 MW and the other two are 1000 MW each.
According to their design the reactor core of VVER-440 units consists of 312 operative
and 37 fuel elements of the control rods. Measures for reactor vessel protection against
neutron embrittlement were taken and the operative assemblies along the core periphery of the
first three units were replaced by dummy assemblies. That resulted in a reduction of the
number of the reactor assemblies by 36. At present, 400 spent fuel assemblies on the average
are received annually from the refuelling of the four reactors which are stored according to
their design in at-reactor pools for three years and then pursuant to an intergovernmental
agreement are subject to return to the country of manufacture, i.e. the former Soviet Union.
Following this scheme, 3086 spent nuclear fuel assemblies from VVER-440 reactors on a zero
value were sent back during the period 1979-1988.

°

Already in 1979, through the COMECON we were notified of a change in the storage
period of the spent fuel from 3 to 5 years and due to that reason an additional pool-type
storage facility was built after a Soviet design. In 1989, the first assemblies were placed in that
storage facility, but yet it has not been licensed by the Bulgarian Nuclear Regulatory Agency
owing to a number of discrepancies with the new safety requirements. Spent nuclear fuel
storage there is authorised through temporary permits that are renewed annually. For the
current year a temporary permit was granted provided the amount of spent fuel stored there
will not increase. This means that the equivalent quantity of new fuel to be taken out of the atreactor pool and transported to the spent fuel storage must be pulled out of the spent fuel
storage and sent to Russia for reprocessing. The second condition is to start the
implementation of its modernisation and refurbishment programme envisaging seismic
stabilisation, installation of additional equipment needed for placing of spent nuclear fuel
generated by VVER-1000 reactor units and possibly maximum packing of its basins. Both
conditions are met and a Framework Agreement was concluded for return to Russia of 480
assemblies from VVER-440 reactor units by the end of this year and the implementation of
the programme for modernisation and refurbishment of the spent fuel storage facility has
started.
Unit No.5 has been in operation since 1987 and Unit No. 6 - since 1991 equipped with
VVER-1000 reactors whose core consists of 163 fuel assemblies of 3,3% enrichment of
uranium 235, weight 430 kg HM and each year one half of them is pulled out as spent fuel
assemblies and stored on compact racks in the at-reactor basins. Refuelling of reactors on a
three year cycle has started since last year that will reduce by 30% the q uantity of spent fuel
for storage.
The attached table shows the quantity of spent nuclear fuel stored to date on the plant
site and the forecasted quantities till the end of the design life of the units in case of optimum
use of fuel and conversion to fuel of prolonged service life and fuel burn-up.
After facing the problem with the licensing of the additional storage facility and
proceeding to transportation of fuel back to Russia at international prices, the Management of
NEK that is the plant operator has tried to solve the problems by inviting bids for technical
design of dry spent nuclear fuel storage facility which is not finalised yet for some
organisational reasons one of which is the absence of an agreed government strategy for the
SNF management.
In order to engage the Government of the country with this serious problem and meet
the new requirement resulting from the conclusion of the Convention on Safe SNF and
Radioactive Waste management, the new management of NEK elaborated "Policy on Nuclear
Fuel Cycle and RAW Management" which outlines the trends in this field till 2010 in
prospect. This policy considers the prospects of development of the nuclear energy sector
during the period when the first units of Kozloduy NPP will be decommissioned and replaced
by new capacity.
Under the effective legislation in Bulgaria the spent nuclear fuel is not treated as waste
as a result of which all activities related to its management in the future should provide for its
re-extraction from reprocessing. This means that for the time being the country takes the so
called suspended solution underlying the policy on its management.
The policy on spent nuclear fuel sets as primary objectives the requirements to use new,
improved fuel of higher reliability and quality, prolonged service life and fuel bum-up that

would provide a possibility of maximum reduction of costs for storing the spent nuclear fuel
on the plant site. This will result in asking for new manufacturers of fresh nuclear fuel in
Russia and in the world.
Adoption of such policy by the national Government would allow for accelerated
completion of the actions taken with regard to the construction of a new dry spent nuclear fuel
storage facility on the plant site and starting the project for construction of a new national
storage for the radioactive wastes from the spent nuclear fuel having been returned to Russia
for reprocessing.
At present, action is being taken in three directions as follows:
reconstruction of the additional storage facility of basin type in order to receive a
licence from the National Regulatory Agency;
maximum packing of the at-reactor basins of the first four units;
return of limited quantities of spent nuclear fuel to Russia.
On the first direction, a project of EBRD through the Phare Programme is under way
which is implemented by Bulgarian firms and its completion is planned for the end of the
following year by getting a licence from the Bulgarian Regulatory Agency.
A decision on whether to pack to the highest possible degree the basins within this
storage facility or to extend it with new adjacent basins is at hand.
On the second issue, a tender for a contractor who will pack the at-reactor basins of the
first four units is in progress. The difficulties, we face, are only organisational since the plant
management is not certain in the expedience of this work.
On the third direction, there is already a Framework Agreement for return of 480
assemblies from WER-440 to Russia in place and at the end of September the first shipment
of 8 canisters TK-6 containing 240 assemblies will be transported and they will be loaded on a
barge following the existing transport route - Kozloduy NPP port, Reny port where the
canisters will be reloaded on railway wagons and transported across the territories of
Moldova and Ukraine to the reprocessing plants in Russia. Recently, with the establishment of
Moldova and Ukraine as independent states, Bulgaria encounters serious difficulties in
settling the problems with the transit of the nuclear materials via their territories. With regard
to this, the policy sets as an objective to change the transport route envisaging delivery of SNF
canisters to a sea port on the territory of Russia.
The economic analyses of the various options of implementation of the new policy show
that the costs are within the range of 200-800 million USD and in case of maximum use of the
at-reactor basin capacity of the first four units and of the additional storage facility on site
after their refurbishment and packing, costs will be the lowest. Return of the total quantity of
SNF from the first four units (10166 assemblies) for reprocessing in Russia and construction
of a new dry spent nuclear fuel storage facility for VVER-1000 will entail the greatest
expense.
The last option will be implemented only if the other options cannot be realised within
the set timeframe and temporary suspension of plant operation is enforced.

The policy does not consider an option of direct disposal of SNF as now it is regarded
that there are not suitable geological formations on the territory of Bulgaria where to build a
repository of such type. The fate of SNF in leaking fuel assemblies is not decided either and
there is no decision to its return to Russia for reprocessing. Most probably it will have to be
disposed as radioactive waste.
In conclusion one might say that it will be difficult to make up within the next year and
a half before the new century for the time lost in the last 10 years when problems with the
SNF were not resolved. Such speedy actions will require significant amount of financial and
material resources which the plant does not have now and we hope that by approving the
Policy on Nuclear Fuel Cycle and Radioactive Waste management developed by NEK the
Government will do everything in its power to settle these difficult problems.

TABLE. Projected Number of Discharged Spent Nuclear Fuel Assemblies over the
Design Life of the NPPs

3-year fuel cycle
Year
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
Total:
tons H M

VVER-440
4300

415
430
429
429
430
429
429
638
533
221
221
220
221
221
429
349

10,034
1,200

VVER-1000

619
132
109
108
109
109
108
109
109
108
109
109
108
109
109
108
109
109
108
109
109
108
218
54
54
55
163
3,468
1,400
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1

Introduction

The current status of the Canadian spent fuel management is described. This includes wet and
dry storage of spent fuel, and the final disposal concept. The main focus of this paper,
however, is interim storage. In Canada, extension of the existing wet storage facilities is not
planned, as the dry storage technologies have found wide acceptance.
The Canadian nuclear program is based on commercial CANDU type reactors, which have
been in operation since 1971. Ontario Hydro's CANDU reactors are capable of producing
about 92,000 spent fuel bundles (1,800 MgU) every year. Hydro Quebec and New Brunswick
Power each have a 685 Mwe CANDU reactor, generating about 100 MgU of spent fuel
annually. Economical factors determined that the open cycle option be adopted for the
CANDU reactors rather than recycling the spent fuel. A program for final disposal of spent
fuel is also underway.
A disposal concept has been developed and is undergoing a review and approval process.
2

Spent Fuel Storage at Ontario Hydro's Stations

2.1

Pickering Nuclear Generating Station

The fuel bays at Ontario Hydro's Pickering Nuclear Generating Station filled close to capacity
in 1995. A Used Fuel Dry Storage Facility (UFDSF) has, therefore, been constructed on-site
to transfer 10 year-cooled and older fuel from the fuel bays to this facility. The UFDSF is a
building which houses a workshop and a storage area. Spent fuel is stored in the storage area,
in steel-lined concrete containers called Dry Storage Containers (DSCs). Stage I of the facility
has been operational since January 1996 and is designed to store 185 DSCs (~ 1,390 MgU).
Stage II of the facility is undergoing licensing at present and is expected to be in service by
July 2000. Stage II will accommodate 500 DSCs (~ 3750 MgU).
The Pickering DSC has a capacity for 384 spent fuel bundles. The container is wet-loaded in
the fuel bay, drained, vacuum-dried, back-filled with helium, seal-welded, and helium leak
tested before placement in the storage area. The UFDSF has 76 DSCs stored to date. No
surface contamination has been detected on any DSC and dose rates have been found to be
less by a factor of 4-6 than those predicted, mainly because of a higher than minimum
specified concrete density.
The following technical issues emerged during the development and licensing of the Pickering
DSCs: fuel integrity; retention of helium over the DSC's design life; weld integrity; facility

temperatures; long-term durability. Further studies and analyses resolved most of these
issues.
To resolve the thermal issues, an experimental thermal performance verification program was
committed as a licence condition. This program consisted of monitoring the thermal
performance of an instrumented DSC loaded with 6 year old fuel over a 3 month period in
summer. The program has been carried out during summer 1998 and has demonstrated lower
than predicted temperatures for the DSC inner and outer liners.
2.2

Bruce Nuclear Generating Stations

A dry storage program is also currently being developed to meet the additional spent fuel
storage needs of Bruce NGS A and B. A design had earlier been developed to meet the
storage needs of Bruce A, but since the lay-up of Bruce A recently, the focus has shifted
towards meeting the storage needs of Bruce B. The required in-service date for Bruce Used
Fuel Dry Storage Facility is 2002.
As part of the licensing process initiated in 1997 to construct Bruce UFDSF, an
Environmental Assessment was carried out under the Canadian Environmental Assessment
Act. EA submissions were made to the Atomic Energy Control Board (AECB) in 1997 and
1998. A decision on the acceptability of this EA is expected from the federal authorities later
this year. Meanwhile, a system design study has been conducted and the final selection of a
suitable design option is expected shortly. The design is expected to be based on wet-loading
of Pickering type DSCs, as opposed to dry transfer of spent fuel from the fuel bays into larger
600-bundle capacity DSCs, contemplated in the earlier version of the system design in 1997.
2.3

Darlington Nuclear Generating Station

Darlington station is not expected to require additional fuel storage capacity until 2004. There
are no dry storage plans currently under development at present for Darlington station.
3

Spent Fuel Storage at CANDU 6 Stations

At the Gentilly 2 Nuclear Generating Station, Hydro Quebec will continue to transfer spent
fuel from its fuel bays to MACSTOR modules for dry storage. Plans are to build two new
modules (in addition to the three presently operating units) in 1999, that will bring the
installed capacity to 1,140 MgU.
At the Point Lepreau station, New Brunswick Electric Power Commission will proceed with
its annual dry storage campaign. The existing dry storage facility using concrete canisters is
sufficient for three more years of operation. Plans for capacity extension, with concrete
canisters or MACSTOR modules are expected to be developed next year.

IAEA-SM- 352/4
CZECH INTERIM SPENT FUEL STORAGE FACILITY:
OPERATION EXPERIENCE, INSPECTIONS AND FUTURE PLANS
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Vratislav FAJMAN, Ladislav BARTAK,
State Office for Nuclear Safety, Senovazne namisti 9, 110 00 Praha 1, Czech Republic
Jan COUFAL, Karel BRZOBOHATY,
CEZ, a. s., Jungmanova 8, Praha 1, Czech Republic
Stanislav KUBA, NPP DUKOVANY, Czech Republic
Fresh nuclear fuel was supplied to former Czechoslovakia from the previous 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 and the spent
nuclear fuel assemblies from NPP Dukovany were (after 3 years cooling period) transported
only to the wet interim storage facility at Jaslovske, Bohunice in the Slovak Republic. These
transports were stopped in 1992.
The necessity to handle a growing number of spent fuel assemblies in the NPP
Dukovany and the need to transport back to the Czech Republic 1176 spent fuel assemblies,
from Jaslovske Bohunice have led to the construction of an away from reactor spent fuel
storage at Dukovany.
Interim Spent Fuel Storage Facility (ISFSF) at Dukovany using dual - transport and
storage CASTOR - 440/84 casks was commissioned in January 1997. During the IASFSF
more than one year trial operation the basic safety document Limits and Conditions of Normal
Operation was, following the operational experience, results of inspections and independent
research were gradually developed to their recent structure. The paper briefly discusses this
process and tries to show experience with the evaluation of the storage operation and
methodology reflected in some the IAEA SG (1). The authors also describe experience from
ensuring basic safety requirements concerning storage operation. The results of the inspection
activity focused on permanent checking of the leaktightness of the CASTOR 440/84 casks,
maximum cask temperature, inspections monitoring both the neutron and gamma dose rate as
well as results of the surface contamination measurements are mentioned in the presentation
as well. The operator's experience with re-opening partly loaded and already dried CASTOR440/84 cask, after its transport from NPP Jaslovske Bohunice to the NPP Dukovany is
mentioned in the connection with the possibility to reload any cask if it is needed.
The development of the assuring the requirements of the IAEA safeguards inspections
in connection with the ISFSF Dukovany operation is described from the point of view of the
regulatory body experience with it. The interface between the aging of the storage casks and
their future off site transport characteristics are also touched in the paper discussing the
possible consequences of material properties changes (2).

The presentation shortly introduces the concept of future spent fuel storage both the
spent fuel from NPP Dukovany and NPP Temelin as prepared by the CEZ. The preparatory
works for Central Interim Spent Nuclear Fuel Storage Facility (CISNFSF) in the Czech
Republic and the information concerning planned storage technology for this storage is
discussed in the paper as well. The authors describe the site selection process and following
preparatory steps concerning new spent fuel facilities construction including the
Environmental Impact Assessment studies.
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Pokorny J. et al, Changes of the material properties of the CASTOR-440/84 casks and
possibilities of their evaluations in the period of long-term storage, Proceedings Volume 1,
Technology 97, Bratislava (1997)
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1. INTRODUCTION
The French policy is presently to reprocess used fuel and any fuel assembly has to be proved
before use as reprocessible after irradiation.
Nevertheless, in order to maintain the separated plutonium inventory, reprocessing is only
implemented for producing the quantity of plutonium to be recycled. That strategy leads to slowly
increase the inventory of used fuel since the number of authorized reactors for recycling is presently
limited.
This fact and the French law (December 30th 1991) which demands to study various fuel cycle
back end strategies lead to develop an extended reflexion concerning spent fuel storage and disposal.
2. HISTORICAL BACKGROUND
The presently implemented strategy for EDF Spent Fuel Management is a logical consequence
of the past.
The energy production needs for France were founded in the mid seventies on the lack of fossil
resources and possible limited availability of uranium in the long term. Thus, the nuclear program was
launched with the concept of plutonium recycling in breeders. Consequently, industrial tools for
reprocessing and recycling were developed.
The decision, ten years later, to postpone for decades the breeders development led to develop
plutonium recycling in PWR.
3. THE PRESENT EDF USED FUEL MANAGEMENT
3.1. Datas and facts
At the beginning of 1998, the French PWR have produced about 14 900 t of used fuel ; 5 3001
have been reprocessed, 6 650 t are stored at La Hague Reprocessing plant and 2 950 t are stored at
reactor sites, waiting for transfer to La Hague.
All the gas-graphite reactors metal-fuels have been reprocessed.
About 1 200 t are unloaded each year from PWR and the same quantity is transferred to La
Hague where 8501 are reprocessed each year.
15 reactors are loaded with MOX fuel and, from 1987, more than 400 t of MOX have been
introduced in 900 MW PWR. The separated plutonium stockpile is maintained at a level necessary for
MELOX (MOX fuel fabrication plant) working inventory.
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3.2. Present program
EDF maintains the here above indicated annual quantities for production of used fuel (the
burnup encrease compensates this of energy production), transportation and reprocessing.
Each MOX reload contains 16 MOX fuel assemblies associated with 28 UOX fuel assemblies. MOX
fuel stays 3 years in core since UOX stays there for four years. The reactor contains permanently
about 30% of MOX fuel.
MOX fuel use in perfectly satisfactory for reactor operation, behaviour and economics. More
than 100 batch/year/reactor have been cumulated.
20 reactors are presently authorized to use MOX fuel.
4. THE PROSPECTS FOR THE FUTURE
4.1. Short term
During the year 1997, a complete analysis of the French policy concerning the fuel cycle back
end was realized. Its conclusions were presented to the Government and can be summarized hereafter:
• nuclear electricity production will be stable for some year (no need for new reactor before
about 2003),
• maintaining reprocessed quantities to about 850 t/year :
— permits to master the used fuel inventory under the existing storage capacities
— permits to use the full capacity of MOX fabrication
— permits to implement up to 2010 a plutonium which is already contained in used fuel
assemblies and has well known characteristics
• the industrial tools exist, are improved and can be used in economical conditions,
• EDF's strategy is open i.e. any future decision concerning the back end could be
implemented since present operations do not geopardize other merging policy,
• no decision is necessary before 2006 (term fixed by the law of 1991 to have results) and we
have then some years to adapt the strategy to eventual different one,
• authorizations must be delivered to load MOX in 8 more PWR (900 MW) (Which are
conceived to receive that type of fuel) in order to give industrial flexibility to recycling (4
cycles core-management).
4.2. The future
The future will be depending of the results of the studies required by the 1991's Law -and
waited for 2006) concerning :
• the separation and transmutation of long-lived radioactive wastes,
• the possibilities of disposal in deep geological repositories (reversible or not) using
underground laboratories,
• the possibilities of long term surface storage.
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The spent fuel management is deeply concerned by the studies and resulting future decision.
Moreover, pursuing after 2006 the present policy lead to some reflexions.
Firstly, it is necessary to consider that the used fuel stored under water in 2010 will be in that
situation since 10 years at least.
Secondly, the MOX fuel is not planed to be reprocessed at that time since we have enough
UOX used fuel to produce the recycled plutonium and because we consider that MOX reprocessing is
especially interesting in the case of breeders construction.
Thirdly, although every fuel assembly is conceived (and this is imposed by the Safety
Authority) to be reprocessed, technical or economic reasons can lead to delay reprocessing.
EDF is then interested in studies concerning the long term behaviour of fuel in wet or dry
conditions and in the studies related to direct disposal.
The studies which are launched concern mainly :
• possible concepts of dry storage : cask, vaults ....,
• behaviour of the fuel rods in wet or dry environment,
• confinement of radioactivity in the fuel pellets with various scenarios of environment,
• analysis of various types of confining materials.
That large scope of investigations has not yet be reduced by results which would permit to
define any preliminary option. Various solutions will probably be technically acceptable and the final
choice will be made on the basis of economics and political interest.
5. CONCLUSION
We need time to define a new policy which could be less reversible than the present one... and
we have time for that, taking into account the available storage capacity and the good behaviour of the
used fuel in pools.
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Since 1994, the German Atomic Energy Act opens the possibility in the field of spent
fuel management to choose between reprocessing and direct disposal. The latter option
requires long term interim storage of spent fuel. In addition, there is a commitment of the
Federal Republic of Germany to allow the transport of canisters of high active waste (HAW)
back from foreign reprocessing. Also in this case, there is a need for interim storage until
final disposal.
Consequently, in the legal frame of § 6 of the Atomic Energy Act, the interim storage of
the following amounts has been licensed:
•

8322 Mg of heavy metal in spent fuel in

•

790 casks for dry storage of LWR spent fuel - up to 420 casks of these may be used
for HAW

•

463 casks for graphite elements from pebble bed reactors

These numbers have to be compared to the annual discharge of the German nuclear
power plants of about 470 Mg heavy metal. Contracts for reprocessing in France and the
United Kingdom cover about 400 Mg heavy metal per year with a decreasing tendency.
At present, four Away-from-reactor interim storage facilities are licensed and in
operation at the locations Ahaus, Gorleben, Julich and Greifswald.
•

Ahaus (Nordrhein-Westfalen)
For the nTransportbehalterlager Ahaus" (TBL-A) 420 cask storage positions
corresponding to 3960 Mg HM are licensed. In this license an option for 305 casks for
storage fuel from the gas cooled graphite moderated prototype reactor THTR is
included. The fuel elements are graphite spheres containing several grams of Uranium
and Thorium. So the specific inventory of this fuel is low compared to LWR fuel. The
space required for the 305 casks corresponds to 50 cask positions for LWR-fuel
elements. The total inventory is 2 x 1020 Bq and the maximum heat release is 17 MW:
The licensed casks are of the CASTOR type, the permitted maximum burnup for LWR
fuel is 65 GWd/Mg HM. Now 3 CASTOR V/19 casks, 3 CASTOR V/52 casks and 305
casks with THTR fuel are stored in the Ahaus facility.

•

Gorleben (Niedersachsen)
The Gorleben cask storage facility (TBL-G) has got its approval for 1500 Mg HM in
1983, but it could not go into hot operation before 1995. The storage hall is of the
same design and dimensions as for the Ahaus facility.
In 1995 the approval for an increased capacity of 3800 Mg HM corresponding to 420
casks was issued. The licence includes the permission for storage of LWR fuel
elements up to 65 GWd/Mg HM burnup and for vitrified high-active waste (HAW). The
permitted total inventory is 2 x 1020 Bq, the maximum permitted heat release is 16 MW.
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Now 5 casks with spent LWR fuel of about 38 Mg HM in total and 3 casks with vitrified
HAW each containing 28 canisters are stored at Gorleben.
Jiilich (Nordrhein-Westfalen)
The storage facility Julich was built for interim storage of spent fuel from the gas
cooled test reactor AVR. The reactor is shut down for decommissioning. The licence
for the storage facility comprises 158 casks of the CASTOR type. Now 106 casks are
stored.
Greifswald (Mecklenburg-Vorpommem)
The site of Greifswald has two storage facilities one in operation and one under
construction. The ZAB (Zwischenlager fiir abgebrannten Brennstoff) started operation
in 1986 in the former GDR. It is a wet storage facility with four pools for W E R type fuel
elements form the NPPs Greifswald and Rheinsberg. The total storage capacity is
4680 fuel elements respectively 562 Mg HM and a maximum heat release of 0.9 MW.
Now the ZAB contains 4547 fuel elements. The permission for operation was limited
until June 2000 and was extended by law for 5 years. When the permission ends, ail
the fuel must be removed from the storage facility. Therefore the dry storage facility
ZLN (Zwischenlager Nord) was applied and is now under construction. The applied
capacity is 585 MG HM respectively 80 cask positions of the type CASTOR 440/84
with a total inventory of 7.5 x 1018 Bq and a maximum heat release of 0.6 MW. The
licence for starting operation is expected in 1998.

The applied changes for these licenses will be discussed.
An outline of the regulatory structure and the licensing procedure is given, both in
respect to the requirements and the administrative procedure.
Actual experiences during the licensing procedures and the legal proceedings will be
mentioned.
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The acceptance of interim storage and direct disposal of spent fuel as equal options for
nuclear fuel management with regard to reprocessing, the traditional route of waste
management, was an essential part of the amendment of the atomic law in 1994 (Omnibus
Bill). Since 1980, the technical and safety-related comparability of these two disposal routes
has already been examined according to the decision of the heads of the Federal and State
Government of that time; its positive result has been confirmed even in 1985.

A current evaluation of German utilities regarding the allocation of spent fuel assemblies
arising from German nuclear power plants to the disposal routes reprocessing and interim
storage indicate that from today's view the arising spent fuel assemblies will be allocated to
the aforementioned disposal routes at equal moieties as of approximately 2003. It is
fundamentally understood by the German utilities that both disposal routes are to be taken
into consideration to be able to choose, as circumstances dictate, one or other route and to
further optimize costs. Moreover, it should be pointed out that the disposal route interim
storage/direct disposal does not imply a decision on the final disposal route, since the
decision on the further treatment of the spent fuel can be made during the approximately
thirty-year term of interim storage.

With reference to the changing licensing situation due to the amendment of the atomic law,
In late 1994, RWE Energie set priorities favouring direct disposal and, in agreement with the
competent licensing authorities, partly adjusted the spent fuel management provisions to the
direct disposal route. This adjustment has led to considerable cost savings affecting the
balance sheet and the fuel cycle costs correspondingly.

Direct disposal of spent fuel in Germany requires long-term interim dry storage in transport
and storage casks prior to final disposal. Up to now, five CASTOR casks containing spent
fuel from the Philippsburg, Gundremmingen and Neckarwestheim nuclear power plants have
been stored in the Gorleben storage facility (TBL-G). Further transports of six CASTOR
casks loaded with spent fuel from the Gundremmingen and Neckar nuclear power plants to
the Ahaus storage facility (TBL-A) were carried out in March 1998. According to the utilities'
schedule the Gorleben storage facility which, in contrast to the Ahaus storage facility, has
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been granted a licence for the interim storage of vitrified residues, will be principally used for
the storage of vitrified residues.

The appropriate management has to ensure that spent fuel assemblies and spent core
components are disposed of in due time under economic aspects and in compliance with the
licensing conditions. To ensure an efficient plant operation, practical disposal measures
have to be planned for the uranium, MOX and reprocessed uranium fuel assemblies, the
control and absorber elements as well as the fuel assembly channels. The synergy effects
between fuel management and disposal management are of great advantage.

In the course of the previous spent fuel transports to Gorleben and Ahaus we have gained
experience and know-how regarding the loading and handling of CASTOR transport and
storage casks.

Under the current licence spent uranium fuel assemblies and MOX fuel assemblies can be
disposed of in the medium term by using certain optimization possibilities for cask loading.
The efforts of the nuclear power plant operators to achieve even higher fuel assembly
burnups will require in the long term an optimum utilization of the physical-technical potential
of existing and future cask types. Therefore, a licence is required which basically is geared
to the achievement of the primary safety objectives by using advanced methods of
calculation. The approved generic licence for core reloads could serve as a model for such a
licence.

The pilot conditioning plant at Gorleben which is currently under cold trial and of which the
functions as optimization of interim storage, preparations for direct disposal, cask handling
and waste treatment are for the time being determined by extensive research and
development projects, plays an important part in the discussion about waste management by
interim storage/direct disposal. The start-up of this plant is scheduled for mid 1999.
Particular attention will be drawn to the development of a new waste disposal programme for
residues promising a substantial cost saving potential.

These substantial cost savings, when shifting to the disposal route interim storage/direct
disposal, have been assessed on the basis of the current prices of reprocessing services.
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A description of the spent fuel management in Hungary, and the conditions leading to
the necessity to construct a dry store are given in the first part of the paper.
The original design supposed to store the spent fuel for three years. Later according to
an agreement between the Operator of the plant and the Supplier the spent fuel storage time
prior to any shipment was increased to at least 5 years. The capacity of at-reactor spent fuel
pools was doubled accordingly, by re-racking. Until recently, the strategy for spent fuel
storage and disposal in Hungary has been based on the assumption that all spent fuel from the
reactors will be transported to the reprocessing plant in Russia.
The first shipment according to the above mentioned agreement was carried out in 1989.
Owing to the political and economical changes in Russia, the NPP's management has
recognised that the future shipments may become uncertain. Therefore, in 1990 work was
started to select and commission an intermediate spent fuel store.
The selection of the Vendor for the storage technology took place at the end of a twostage process in 1992. Various technologies: wet storage; metal casks, concrete systems were
reviewed in a series of hearings where representatives of the Hungarian authorities, scientific
institutes, the advisor to Paks SKB (Sweden), and naturally the evaluation team of the NPP
participated. The IAEA was also asked to provide independent advice in the evaluation of the
storage options.
The selection of the Vendor and subsequent licensing of the spent fuel storage
technology were complicated by the fact that there is no recommendation for the selection
procedure; there is no national standard or guide on how to conduct such a review, and even
the international regulations cannot be easily adopted to the local requirements. This is further
exacerbated by the fact that this was a one-time- project, one single type of spent fuel storage
will only be erected but the regulatory actions, interfaces, requirements have to be developed.
The final decision of the Paks NPP was to choose GEC-Alsthom's Modular Vault Dry
Store (MVDS).
The contract between PA Rt. and GEC Alsthom Ltd, a Whetstone, UK based
engineering company for the preparation of the Licensing Design, Pre-construction Safety
Report and Construction Design was placed on 28 September 1992.
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This paper covers the implementation process from the beginning of the design work till
the first year of operation and the future plans, highlighting the following main issues:
>
>
>
>
>

Short description of technology
Licensing experience
Construction and commissioning
Operational experience
Future plans

Description of the MVDS (with reference to past publications made by GEC-Alsthom
and Paks) is given. The MVDS will provide 4950 spent fuel storage positions in the first
stage. This first stage will be carried out in three phases. Construction of the whole facility
will be implemented in 2 further phases, each of those will consist of 4 vaults with a storage
capacity of 1800 assemblies. The storage capacity can eventually be increased up to 14 850
storage positions by adding further vaults. This number would be sufficient to store all spent
fuel generated throughout the lifetime of Paks NPP.
Experience with licensing of the spent fuel storage facility is described. The licensing
process for any nuclear facility in Hungary is an extremely complex undertaking. As a
precursor to the licence itself a number of special permits axe required. These are the
Environmental, Building, Water and Nuclear Safety permits. The four different authorities
issuing these permits involve several other authorities in the course of their licensing process.
The situation is complicated with the fact that some regulatory processes are in a way
connected with each other. PAKS had to address more than 20 different authorities during the
licensing of the facility.
The paper details the construction and commissioning phases. The construction started
in March 1995 and the first phase, with 3 modules, was completed at the end of 1996. The
Commissioning Licence was issued by the Hungarian Atomic Energy Commission in
February 1997. The final phase of commissioning was finished in December 1997 by filling
the first vault with 450 spent fuel assemblies.
Evaluation of the commissioning phase and the experience of the 1st year of operation
are summarised. Loading of 450 fuel assemblies in the vault resulted in
2.4 man*mSv collective dose, which is considered to be a sufficiently low value for such
operations.
Schedule of the future extension of the facility is given. A decision was made to
continue the construction with Phase 2, to have further storage space by 1999.
Finally the paper gives an overview of the mission and structure of the new Radioactive
Waste Agency established this year, mainly emphasising its function in the area of spent fuel
management.
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1. SPENT FUEL ARISINGS
India's Reprocessing option for SF management would meet the fissile material demand for
country's Three Stage Nuclear Power Programme. Current generation capacity of 2000 MW(e) gives
rise to about 250 t SF in a year. India aims to achieve nuclear power target of 3200 MW(e) by the
year 2004.
2. SPENT FUEL STORAGE
2.1. At -Reactor (AR) Facility
Zircaloy clad enriched/natural UO2 SF arisings from BWRs and PHWRs are kept under wet
storage. To maintain the water chemistry, clarity and temperature below 42° C, pool water is
recirculated through clean up cum cooling system comprising filters, ion exchange beds and heat
exchangers. Storage capacity for spent fuel assemblies from BWRs was increased from 528 to 1500
by using high density racks. For PHWR, 30% increase in storage capacity could be achieved by
reducing the spacing between the trays. For storage of additional spent fuel assemblies, AFR has
been constructed and made operational at Tarapur.
2.2. At Power Reactor Fuel Reprocessing Plant (PREFRE)
PREFRE plant at Tarapur, meant to reprocess SF from BWRs and PHWRs, stores the fuel
under demineralised water before processing. Pool water clean up system was improved by first
replacing the conventional pressure sand filter with glasswool cartridge type filter and then finally
replacing with candle type screwed filters enclosed inside SS housing and placed under water. Further
improvement in pool water quality was achieved by fabricating an under water pool cleaning unit for
removal of active loose powder/dust from the pool floor. Remote under water operations have helped
reduce background radiation and man-rem exposure. Table I gives pool water activity and regenerant
effluent details.
TABLE I. POOL WATER ACTIVITY AND REGENERANT EFFLUENT DETAILS
Fuel Stored

Average Pool
Water activity
(Bq/mL)

No.of
regenerations
in a year
BWR/PHWR
13-24
37- 111
16.7-27.8
3-12
PHWR
PHWRa
3.7-18.5
1-3
a
Cation exchange resin bed introduced.

Regenerant effluent details
Volume
Average p,y
3
(m )
activity
(MBq/L)
7.4-11
180-350
7.4- 14.8
50-160
15-45
7.4 - 14.8

Total activity
in a year
(GBq)
1665-3330
740 - 2220
185-555

3. AWAY FROM REACTOR SPENT FUEL STORAGE FACILITY
The AFR (On-site) SF storage facility commissioned at Tarapur for storing the spent fuel
discharged from the BWRs for the entire life period of the station, is a wet storage facility with a
capacity to store 2000 SFAs with a provision to increase to 3312 SFAs (see Fig. 1).
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The fuel pool is 9 m (W) x 13 m (L) x 13 m (D), with SS 304 L lined 1.5 m thick concrete
wall. The pool is 5 m below and 8 m above the ground. A leak detection system has been provided.
SFAs are transported to AFR in shipping/dry storage casks on trailer-truck and handled at AFR by
80/101 EOT crane.
The decay heat of each SFA is estimated as 0.1 kW. The maximum activity release in the pool
with 2000 SFAs is expected to be 25.9 GBq per day based on TAPS experience. The fuel pool is
provided with a cooling cum clean up system of 30 m3/h capacity to maintain water quality, clarity
and temperature below 42° C. Air flow is maintained over the pool water surface ( 2m/min) by means
of supply/exhaust ventilation system.
FIG. I. Line diagram of AFR Spent Fuel Storage Facility.
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4. DRY STORAGE CASKS ( DSCs)
Two types of DSCs have been developed for storage as well as transportation of spent fuel. As
the DSCs are modular, passive and easily constructible, these have been adopted as 'add on' system
for additional storage to the fuel storage pools. The DSC (Fig. 2) in use at TAPS is designed to
store 37 BWR SFAs with BU greater than 13000 MWd/t HM and minimum cooling period of 10
years. Concrete casks developed for PHWR can accommodate 220 Nos. of 10 year cooled SF with
maximum BU of 10000 MW-d/t HM.
5. CONCLUSION
Storage of spent fuel assemblies in water pools remains as prevailing mode for the near term.
India has gained ample and successful experience right from designing, constructing and
operating various spent fuel storage facilities like AR, AFR and DSCs and transporting the SF
through public domain as per procedures laid down by regulatory bodies. With increase in spent
fuel arisings due to planned growth of nuclear power generation, reprocessing capacity is being
increased to meet the future demand of fuel and to reduce spent fuel storage load. Co-location of
adequate capacity reprocessing plants at reactor sites is planned to minimise the transportation
through public domain.
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Italian spent fuel have been generated mainly by ENEL nuclear NPP's during their operations
since the beginning of '60, but also by ENEA in much smaller quantities in its R&D activities. ENEL
spent fuel not covered by reprocessing contracts is a total of about 1200 fuel elements (233 t/HM)
from 3 ENEL plants (Garigliano, Trino and Caorso), stored currently in the Trino and in the Caorso
spent fuel pools and in the Saluggia "Avogadro" independent fuel pool. ENEA spent fuel is currently
located in its two sites of Saluggia (EUREX) and Trisaia (ITREC) for a total of 3.7 t. Minor
additional quantities are located in the Casaccia Research center. In addition after about 10 years from
now ENEL will receive also some casks with part of the Creys Malville fuel and few cask with the
"glasses" produced in the fuel reprocessing.
The initial ENEL's strategy for spent fuel was reprocessing and contracts have been signed
with BNFL. Under these contracts 1,577 t/HM have been sent to reprocessing. At the beginning of
'90, however, on the basis of technical and economical evaluations, ENEL decided to proceed with
the Interim storage of the spent fuel not yet covered by BNFL contracts (<250 t/HM), while
honouring the contracts already in place. The first ENEL target was to collect in a single site,
privately owned, all the Italian spent fuel for Interim Storage. On that assumption a vault type storage
facility was chosen and engineered with GENESI consortium on the basis of the SGN technology.
However, ENEL in 1997 decided to stop this activity and to follow an alternative strategy, which
could assure a timely removal of the fuel from the plant pools, in compliance with decommissioning
programs, independently from the availability of an Interim Storage site. This was also justified on the
basis of a parallel Government initiative to start the activities for the realization of a national
repository for LLW and MLW, hosting on the same site a national Interim Storage for spent fuel. The
national Interim Storage Facility should be made available by the year 2008.
On the basis of the above considerations, ENEL decided for the option of dry storing the spent
fuel in dual purpose metallic casks, i.e. casks licensed for both storage and transport. Provisionally the
casks will be stored on plant sites of Trino and Caorso, in order to allow the decommissioning
activities for SAFESTOR conditions, then they will be transported to the centralized Interim facility,
as soon as it will be available without further direct handling of the fuel. Adaptation of existing plant
buildings are considered for the storage of the casks on site. Metallic casks shall remain substantially
independent from supporting systems of the plants in decommissioning. It has also been clarified that
no long term storage on the plant sites is considered by ENEL.
Current schedule is that Trino spent fuel pool shall be emptied by the end of 2002 and the
Caorso one at the end of 2004.
ENEA strategy is aligned with the above described ENEL's one. ENEA spent fuel will be
stored in a couple of casks to be initially stored on the two existing sites, or, as a possible alternative,
together with ENEL casks.

(*) - ENEL/SGN (Nuclear Plant Management) Executive Vice President
(**) - ENEL/SGN Engineering and Technologies Director
(***) - ENEL/SGN Project Leader
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ENEL Technical Specifications for the casks are stringent, and reflect both the Italian
specificity and recent European, USA and international regulatory positions, e.g.:
•
•
•
•
•
•
•

Protection against aircraft crash
Dose limits (including residual external contamination)
Reference to IAEA ST-1 transport regulation
Enveloping site parameters
At least 50 years design life
Possibility to cope with unexpected events, such as a loss of
leaktightness without direct handling of the fuel
Assurance of easy retrievability of the fuel at the end of the storage

•

Double monitored seals.

We expect that some issues need to be discussed with Safety Authorities, such as:
•
•
•
•
•
•

Definition of and provisions for failed fuel elements and/or pins,
Requirements for MOX assemblies
Cask loading optimization
Burnup credit
Source Term in various operating conditions
Environmental impact and occupational doses in normal operation and
accident conditions.
In conclusion we can say that Interim Storage of spent fuel in dual purpose metallic casks is the
current strategy for all Italian spent fuel. It remains open the question of the final disposal. Time for a
decision is available, but it appears that a national repository is not economically justified for the
extremely limited amount of spent fuel and an international solution would bring both economical and
safety advantages.
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Because Japan has scarce energy resources, efforts have been made to utilize nuclear power and
establish nuclear fuel cycle.
Currently 52 nuclear power plants are being operated in Japan. Total nuclear electric generation
capacity of these plants is 45,082 MWe. Nuclear electric generation capacity in 20 10 is expected to
be 70,500 MWe.
"Long-term Program for Research, Development and Utilization of Nuclear Energy" describes
that Japan's basic policy is to reprocess spent fuel and to utilize the recovered plutonium and uranium.
The Cabinet issued a policy statement on "Policies to Promote the Nuclear Fuel Cycle" in
February 1997. In this policy statement, commitment is given to steady promotion of the reprocessing
program with the plant being constructed in Rokkasho, as well as to that of nuclear fuel cycle policy
measures in the short term.
The yearly amount of spent fuel arising is about 900 tU/year, and it is estimated from the
projected power generation capacity that the annual rate of spent fuel arising will be 1,400 tU/year in
the years around 2010 and 1,900 tU/year in years around 2030 respectively. The cumulative amount
of spent fuel arising was about 14,700 tU as of March 1998.
Reprocessing service will be provided by Tokai Reprocessing Plant, Rokkasho Reprocessing
Plant and overseas reprocessing plants contracted to BNFL and COGEMA.
For reprocessing and recycling all the spent fuel arising, they will be stored as an energy
stockpile until such time as they can be reprocessed.
In view of increasing amount of stored spent fuel in the long-term, government organizations and
electric power companies have been studying the introduction of off-site storage of spent fuel. Now,
government organizations are preparing necessary institutional arrangements for introducing such
facilities.
Japan will steadily promote the reprocessing program and make efforts to establish nuclear fuel
cycle. Concerning spent fuel management, the policy measures include the expansion of storage
capacity at reactor sites and the study on the option of storage in the facilities at away-from-reactor
-sites in addition to the storage at reactor sites.
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At present at the BN-350 reactor intact spent fuel is stored in baskets of an
open type. For storage of damaged and failed spent fuel there are cylindrical
canisters type T-1 made of austenitic stainless steel. The packaging procedure into
such canisters is carried out in a water pools after discharging a subassembly from
the reactor. The storage of such assemblies takes place in water inside of the
canister, which is separated from water of the pool by hermetic lid. This lid seals the
canister with the help of a rubber gasket. Operation experience says that the life
time for the gasket is no more than 15 years and this is obviously the limit time for
safe storage of failed spent fuel using this technology.
So, there is a task to exclude a degradation of failed fuel in water and also to
ensure a reliable and safe localization of fission products. That is why it is necessary
to transition to a different form of storage, where direct contact of a subassembly
with water is excluded. Thus, it is a transition from a "wet" to a "dry-wet" and "dry"
forms of storage. Such transition is possible after exposure of a subassembly under
water during approximately 5 years - a decay heat in this case is no more than 100
W and 12 W a for a driver and a blanket subassembly respectively.
Today it is more effective to utilize a "dry-wet" storage of damaged
subassemblies, by which the following is understood:
• an accommodation of a subassembly in an inert atmosphere of a sealed
stainless steel canister (stabilizer);
• a placing of a sealed canister under water into a basket with 19 seats.
We consider the transition to the "dry-wet" storage a preparatory period for
transition of spent fuel to "dry" long-term storage. The "dry-wet" storage allows:
• to stop a degradation of spent fuel by corrosion of structural materials in
water;
• to secure a safe working environment for handling and transportation of
spent fuel;
• to guarantee safe storage of spent fuel in existing water pools during not
less than 50 years under condition of high quality water.
In light of this the transition to the "dry-wet" storage of failed spent fuel of the
BN-350 fast reactor is considered an actual technical task. This paper describes
possible practical approaches for solving spent fuel storage problems taking into
account real possibilities of existing standard and experimental equipment of the hot
cell and water pools of the BN-350 reactor.
As a main approach in spent fuel stabilization a method of individual
stabilization for every subassembly is chosen. This approach is accounted for as
follows:
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• the duct's and cladding's materials are brittle after irradiation;
• there is the equipment at the BN-350 reactor for working only with single
subassemblies;
• there are the equipment and the remote technology for welding stainless
steel canisters up to 150 mm in diameter;
• there are technology and baskets for storage of such canisters;
• there is a possibility of safe handling of stabilized spent fuel under water;
• contamination of neighbour subassemblies, in case of destruction of a
subassembly inside of a stabilizer, is excluded.
The stabilizer is a stainless steel tube 140x3 mm in diameter with a bottom
and a lid made of steel 18%Cr-10%Ni-1%Ti. The lid is provided with a head, for
handling the stabilizer, and two small connecting pipes for filling the canister with
argon. After welding the lid and filling the canister with dry argon, the unit is
transported by the head using a standard grapple.
The technology of spent fuel stabilization consists of:
• correction of a subassembly's geometry in the hot cell;
• drying of a subassembly by blowing through it hot air;
• placement of a subassembly into the tube of a stabilizer and placement of
a lid;
• transportation of a stabilizer with a subassembly inside to the welding
place;
• controlled filling of the stabilizer with argon, and welding of connecting
pipes:
• check-up of the tightness of the welding;
• a registration of the stabilizer and transition to the "dry-wet" storage in
water pools.
The stabilization of spent fuel should start with subassemblies which are in an
emergency state or are in unsatisfactory condition, such as:
• failed fuel and gas leakage;
• severe bending after irradiation;
• dismantled in the hot cell;
• with ducts having high pitting corrosion.
The approach expounded here is mainly intended for damaged spent fuel, but
if needed, it can be extended to all spent fuel of the BN-350 reactor.
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Since the commercial operation of Kori unit-1 started in April 1978, Korea has achieved rapid
growth in nuclear power and now has 14 NPPs, 11 pressurized water reactors (PWRs) and 3
pressurized heavy water reactors (CANDUs). Installed nuclear capacity is —12 GWe as of the end of
August 1998, representing 27.5 % of the total installed capacity and 34.4 % of the total electricity
production, and 4 NPPs (3 PWRs and 1 CANDUs) are under construction.
According to the fourth plan of the long-term electricity development, recently updated (August
27, 1998) by the Government, there are plans for another 10 NPPs (about 11 Gwe) to be in
commercial operation by the year of 2015. In the year of 2015, total 28 NPPs planned to be in
operation, which are expected to account for34.2 % of the country's installed capacity and to provide
46.3 % of the total electricity production. [1].
This nuclear power program entails the management of spent fuel discharged from the reactor
operation. The total amount of spent fuel discharged form the NPPs is about 3,397 tU as of the end of
August, 1998 and so far they have been stored at reactor sites. It is estimated that the site storage will
be saturated around 2006-2007, judging from current storage capacities and annual discharge of spent
fuel. Therefore, a variety of measures has been implemented to extend the storage capacity by the reracking with high density rack, the installation of dry storage facility, the longer reload fuel cycle and
the transshipment among neighboring units.
The Atomic Energy Act (AEA) specifies the legal and technical aspects related to the spent fuel
management such as the storage, treatment and disposal of spent fuel. In pursuance of the Act, the
spent fuel management policy is reviewed and decided by the Korean Atomic Energy Commission
(AEC). In July 1988, the AEC has set forth a resolution that an away-from-reactor (AFR) storage
facility be built by the end of 1997 as an Interim Storage Facility (ISF) to ease out the mid-term spent
fuel management problem.
The amount of spent fuels discharged per year differs from the type, size and fuel-loading
pattern of the reactors. PWRs of 2-loop such as Kori unit-1 and unit-2 discharges approximately
15-17 tU of spent fuel a year while PWRs of 3-loop (remaining 9 PWRs) produce approximately 1922 tU a year. Approximately 95 tU of spent fuel a year is discharged from Wolsong unit-1-3
(CANDUs), each. As of the end of August, 1998, a total amount of 3,397 tU of spent fuel discharged
from 14 operating reactors (11 PWRs and 3 CANDUs) is stored at the reactor sites. Table I shows a
status of the reactor site storage of spent fuel. It is anticipated that the reactor site storage will be full
around 2006, taking account of its annual arising together with storage capacities.
In 1988 the AEC announced proposal for building a pool-type interim storage facility for spent
fuel by the end of 1997. However, a suitable site to build the facility has not been selected because of
strong local opposition even though a lot of efforts have been paid to look for the site. Therefore, no
progress has been made on this project at all. Nevertheless, the spent fuel management strategy based
on the interim storage has been unchanged.

27

TABLE I. STATUS OF SPENT FUEL ARISING AND STORAGE IN KOREA
(unit: tU)
Reactor
Type

Site

No. of
Units

Storage
Capacity

Annual
Discharge

Accumulated
Spent Fuel

Storage Saturation
Year (estimated)

Kori

PWR

4

1,533

65

1,003

2006

Yonggwang

PWR

4

1,271

80

550

2006

Ulchin

PWR

3

1,059

57

394

2007

Wolsong

CANDU

3

4,576

294

1,450

2006

14

8,439

496

3,397

Total

Note: as of the end of August 1998.

The various research activities have been conducted to support the spent fuel management
program in Korea. The research activities are being carried out in following areas:
Long-term dry storage of spent fuel
Transportation system
Burnup measurement of spent fuel assembly
Remote handling of spent fuel
Long-term storage behaviors of intentionally defected spent fuel in pool
DUPIC (direct use of spent PWR fuels in CANDU) fuel cycle
The reactor mix strategy of PWR with CANDU in Korea allows a unique way for spent fuel
management. DUPIC fuel cycle to re-fabricate spent PWR spent fuel directly into CANDU-type
DUPIC fuel without any separation process. [2]
In summary, various measures such as re-racking of high density rack, installation of the dry
storage facility, transshipment between neighboring units and longer reload fuel cycle, have been
implemented to extend the AR storage capacity of spent fuel. No significant problems have been
encountered so far.
Under the current situation, in which the best solution for long-term spent fuel management has
not been established, much efforts for the extension of on-site storage capacity, such as the installation
of on-site dry storage facility and the re-racking, etc., should be made to overcome the shortage of AR
storage capacity until the completion of ISF storage facility.

REFERENCES
[1]
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4th Long-Term Electricity Development Plan, MOCIE, Korea(August 1998).
Yang, M.S. and Park, H.S., "The DUPIC Fuel Development Program in KAERI,"
Proceedings of DUPIC Fuel Workshop, July 2, 1997, KAERI, Taejon, Korea(1997).
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In the Ignalina Nuclear Power Plant at the present time about 10,000 spent RBMK fuel
assemblies are stored in the water pools near the reactors.
A part of them are cut in two bundles and stored in standardized baskets in the pools, too.
Each basket is loaded with 102 bundles.
For long-term interim storage of this fuel, it was decided to use the dry storage in casks. For
this reason, the total activity to be stored is split into individual units (casks). Each cask
represents a closed and independent safety system, fulfilling all safety-relevant requirements
for both normal operational and hypothetical accidental conditions.
The main safety relevant features of the storage cask system are
(1)
(2)
(3)
(4)

Inherent safety system
Double barrier system
Passive cooling by natural convection
Safety against accidents as:
- earthquake
- fire
- gas cloud explosion
- airplane crash

The cask dry storage system is a multi-functional system for storage, for transport after the
operation time and for final disposal under consideration of additional protective elements.
From the economical point of view, the cask storage has the following advantages:
(1)

High flexibility and easy expandability.

(2)

Easily adaptable fabrication technology to local manufacturing conditions in case of a
steel concrete cask.

(3)

Low costs for operation, maintenance and decommissioning only.

Two cask types have been intended for the INPP storage site:
(1)

The CASTOR RBMK cask (see Fig. 1) made of ductile cast iron and closed with a
screwed double barrier lid system.
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Fig. 1 CASTOR RBMK Storage Cask
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Fig. 2 CONSTOR RBMK Storage Cask
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Fig. 3

Ignalina Spent RBMK Fuel Cask Storago Site

(2)

The CONSTOR RBMK sandwich cask (see Fig. 2) made of an inner and outer steel
shells and of reinforced heavy concrete. The lid system consists of a screwed lid and
two welded lids.

The CASTOR RBMK and the CONSTOR RBMK casks are designed to withstand severe
storage site accidents and - with help of impact limiters - to fulfill the IAEA test criteria for
type B(U)F packages.
The nuclear safety of both cask concepts has been analysed by international accepted codes [1
]. The safety analyses results were confirmed by experimental programms in which the
mechanical and thermal cask behaviour under accident conditions has been tested [2], [3].
The CASTOR RBMK cask was licensed for storage by the Lithuanian Competent Authority
VATESI. The CONSTOR RBMK cask was certified as type B(U)F package by
GOSATOMNADZOR of Russia.
The INPP spent RBMK fuel storage site (see Fig. 3) is designed as an open air storage for an
operational time of 50 years. The casks are arranged on the concrete storage pad. The site is
equipped with a crane for cask handling and technological buildings and security systems.
The safety analyses for fuel and cask handling and for cask handling and for cask technology
at the site have been made and accepted by the Lithuanian Competent Authority.
The site is planned to be put into operation in 1999 and the first loading of a CASTOR cask
will be at the end of 1998. The delivery of the first CONSTOR RBMK cask is in 1999.
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Cernavoda NPP Unit 1(600 MWe Standard type) is in operation
since December 1996. There are other 4 units already erected in
Cernavoda NPP site. Only Unit 2 is preparing to start the work for
to be finished, for the moment.
Within the frame of the Radioactive Waste and Spent Fuel Management
Program, initiated by RENEL, the topics of studies and researches
cover the conceptual design of a Spent Fuel Interim Storage
Facility (S.F.I.S.F.).
The analysis developed related to the spent fuel quantity stored in
the S.F.I.S.F. have proposed the modular concept for building the
facility, because the schedule for commissioning the N.P.P's Units
2 + 5 is uncertain yet, and, also, for distributing the investments
according to the real storage requirements.
The N.P.P.Cernavoda project includes a Spent Fuel Storage Bay (S.F.S.B.) with a capacity of spent fuel
arising from ten years of one unit operation at 80% loading power factor. In these conditions, the quantity of
spent fuel discharged from the 5 units in 30 years is estimated to be about 14400 Ut, with a quantity of about
94 Ut discharged in every year from one S.F.S.B., that means about 5000 bundles per year.
Taking into account the obtained load factor for the Cernavoda
first unit(86%,4), until now, it is expected that the dead line for
the commissioning of Spent Fuel Dry Storage Facility to be the
year 2005. The particularities of Cernavoda NPP offer two
possibilities to use the existing areas and systems for loading and
preparation of the spent fuel for dry interim storage. One of these
is to use the Reception Bay and the other one is to use the Spent
Fuel Bay. If the S.F.S.B. will be used for loading and preparation
of the spent fuel for dry storage, the storage capacity of the bay
will be reduced with about 2 years. In this case, the deadline will
be before year 2004.
The characteristic of CANDU fuel presents advantages and
disadvantages in selection and design of the solution for our
facility from Cernavoda. The great quantity of the fuel (94t/year),
the great number of bundle (aprox. 5000/year), small and weight
dimensions, low burn up (190 MWh/Ukg), low released thermal power
(0,301 W/Ukg), low specific activity (1.216E20 Ci/kg) had been
taken into consideration in our comparative analyses.
First of all we have studied the possibility to place this Interim
Storage Facility on the site of Cernavoda N.P.P. or in their
neighborhood. As a conclusion of these studies (including geological
aspects), the optimum site seems to be in N.P.P. boundary. This
selection has as a direct advantage the avoidance of the transport on
public roads and the simplification of the transfer system.
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The position of selected S.F.I.S.F. site, closed to Unit 5 of
Cernavoda NPP on natural strata, cannot make a significant
perturbation of other activities into this area and have a benefit
of existing road, utilities and other services, etc.
The storage systems already analyzed by CITON are the following:
a) Ponds
b) Dual purpose casks
b1) One piece flask (DSC flasks / Ontario-Hydro, CASTOR / GNS, TN / Transnucleaire)
b2) Canister in a flask (VSC / BNFL - SNC)
c) Vaults
d ) concrete module (CANSTOR / AECL)
c2) modular concrete vault (MVDS / GEC-Alsthom, CASCAD / SGN)
For a correct evaluation of these solutions, we performed a
multi-criteria analisys using a method with a low degree of
subjectivity. We started by consulting IAEA documentation (TRS
nr.204 "Technical evaluation of bids for nuclear power plants - a
guidebook", and TRS nr. 378 "Options, experience and trends in
spend nuclear fuel management" din 1995), and from a method for
evaluation of the technical products level developed by
Politehnical University from Bucharest.
Based on these documents and on the characteristics of our SFISF,
there were selected 4 criteria for comparing the three solutions, and
their weight for comparison: costs, nuclear safety, technical
aspects, interface with plant. These criteria were analyzed for each
solution, resulting an order among the three solutions. For a proper
comparison taking into consideration the weight of each criterion, we
allocated notes for each criterion and for each solution based on the
order resulted from the analysis.
We have selected 2 solution, for be taking into analysis in the
frame of the feasibility study, as is following: - Concrete
Monolithic Module, based on CANSTOR Canadian solution; - TranStore TM
solution.
We are expecting that the experience gained during the design,
construction and commissioning of NPP Cemavoda's first Unit could be
an important factor for the investment cost reduction, in the area of
the design and project management for these facilities.
Now we are in progress with the preparation of documentation for
obtain the licence for the site and the feasibility study. Results of
our studies will be presented in this paper.
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ABSTRACT.
Twenty nine power units of nine nuclear power plants of total installed capacity 22 GW(e)
are now in operation in the Russian Federation.
They produce approximately 12 % of electric power in the country.
The annual spent fuel arising is approximately 790 tU. In accordance with the
scheduled commissioning of new power units, the SF arising will increase to >950 t by 2000, and
1100 t by 2010.
The spent fuel from WWER-440 and BN-600 is reprocessed at the RT-1 plant near
Chelyabinsk. The WWER-1000 spent fuel is planned to be reprocessed at the reprocessing plant
RT-2 which is under construction near Krasnoyarsk.
The RBMK-1000 spent fuel is not reprocessed . It is meant to be stored in intermediate
storage facilities at the NPP sites and in a centralized storage facility during a period not less than
50 years and then to be disposed of in geological formations.
An intermediate wet spent fuel storage is a necessary step of the fuel cycle.
The WWER and BN spent fuel is cooled in AR pools for no less than 3 years.
The RBMK SF is stored in AR and the interim storage facility at the NPP site for no
less than 10 years.
The data on storage facility filling with the spent fuel are given in the paper.
The storage capacity of operating RBMK facilities ( including that obtained with
denser FA arrangement) will provide SF reception from NPP s only up to 2005. A long-term dry
storage of RBMK SNF is foreseen later. Some results of a technical-economical evaluation of the
different versions of its performance are considered in the paper.
After cooling in AR pools WWER-1000 spent fuel is transported to the SNF storage
facility at the plant RT-2. The storage facility capacity is 6000 t(U) of the spent fuel. At present it
holds approximately 2000 t(U) of the spent fuel.
There is a positive experience of WWER-1000 spent fuel wet storage in the country
during more than 15 years. Storage safety of WWER-440 and RBMK spent fuel during 30 years
is proved. But the wet storage duration of WWER-1000 and RBMK spent fuel may be 30 and
more years because of a delay of the reprocessing plant and a RBMK SNF centralized storage
facility construction.
Reliable data about behaviour of construction materials of assemblies and storage
facilities under these conditions are necessary. Recommendations on the time limit of the wet
storage are needed.
A possible alternative is a dry storage. It also causes the necessity of an experimental
information about influence of different factors on the spent fuel (history, temperature
environment, crud and other) for the optimal conditions determination and the storage safety
provision in dozens of years. An attention to these questions is also given in the report.
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OVERVIEW

The Spanish Nuclear Program consists of nine nuclear power plants with an overall
capacity of 7.4 GWs, representing around 38% of the electricity share. In 1982 the
National Energy Plan established the open cycle as the strategy to be followed thereby
halting the reprocessing option. As a.consequence of this Plan, a state-owned company,
ENRESA, responsible to the Ministry of Industry, and Energy, was created in 1984 with
the responsibility to manage all kinds of radioactive waste*.
To comply with its responsibilities for the interim storage of spent fuel, ENRESA has
^signed a strategy based on expanding as much as possible the capacity of the reactor
pools and providing dry storage to those units where a further wrecking is no longer
possible.
SPENT RJEL PRODUCTION AND STORAGE CAPACITY

Around 2,000 tU are presently stored in the reactor pools, being the overall spent fuel
production forecast along the 40 years of operation of the Plants estimated at 6,800
til.

•

Alone the last 7 years the pools of all the plants have been re racked, increasing the
overall spent fuel storage capacity from 1,901 tU (8,684 positions) up to 4,836 tU
(14,497 cells), with no credit In these figures given to the full core reserves.
The first Plant demanding out of pool spent fuel additional storage capacity will be Trillo
by 2002, at a rate of 21 tU/year, followed around 2010 fry the necessity for massive
storage linked to the heeds of 3 other Plants and to the decommissioning phase of the
older ones.
AT KEACTOR DRY STORAGE CONCEPT

initial studies for dry storage systems were started back in 1988. At that time, a
decision was made to select dual purpose casks among other options as these units
would serve for the storage of spent fuel at-reaetor and to transport it to the APR
Facility whsnsvor available. Once there they could be used es:
- storage units without the need to further handling of the spent fuel at the APR
installation; or
- transport units (eftar unloading the spent fuel thereby Stored) to ship to the AFR
facility the rest of spent fuel from the nuclear power plants.
A contract was awarded to NAC International under o cooperative agreement between
VEPCO, SPRi and CNRESA to design this type of cask, known as the NAC-STC, which
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was licensed by the US. Nuclear Regulatory Commission (NftCJ for both purposes in
1994 (COC for Transport) and 1996 (Storage).
.
The design of a similar cask to the NAC-STC, able to accommodate the spent fuel
discharged from the German design Trillo nuclear Power plant, was awarded to the
Spanish company Equipos Nuclear as, S.A. (ENSA). This cask, known as the ENSA-DPT,
was licensed in 1996 by the Spanish Regulatory Body, the Consejo de Seguridad
Nuclaar (CSN).
.
(
The main characteristics of this TWO casks are briefly described below.

r Capacity
*• ••
* Fuef parameters
- Burnuo 1MWD/MTU)
- CooHno time (years)
• Initial enrichment (% 0*235)
• Heat load oer assembly (wane)
* Main dimensions '
- Cavity diameter On) - Cavity length (in). '
• Cask body outer diameter tin)
* Neutron shield outer diameter (in)
- impact Hmiter diameter (In)
' -Overall length with imoact limited (in)
* Maximum weight of tbo package (pounds)

NAG-STC
26 PWft

ENSAOPT

40.000 / 45.000
6.5/10

40.000

4,i /4.2

4

8 SO

1160

.71
165
87
99
124
' ' 2S7
2S0.000

21 PWR

S

66

170.S
83

93.2
124

281

269,000

Manufacturing of the first DPT units has started in January 7 9 9 8 . The casks will be
stored at the Trillo Plant inside a building which has baen designed within the controlled
area boundary for these purposes. The first, loading of the #ask« and startup of the
installation are scheduled to. take place early in 2 0 0 0 , thereby providing enough margin
before the saturation of the spent fuel pool would teka place.
AWAY FROM REACTOR MASSIVS STORAGE CONCEPTS
Former studies undertaken by ENRESA in the past concluded in the preliminary design of
en AFR installation which was a combination of pool and cask technologies. Along the
last yter a. revaluation of that study has taken place which envisages a facility baaed
mostly on dry technologies.'
CONCLUSIONS
The strategy for providing the utilities additional spent fuel storage capacity hoe bean
explained under the Spanish perspactlve. It is based on the selection of a modular and
flexible solution for-the needs of one of the plants until an AFR installation would be
available before 201?.
•
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Swedish Spent Fuel Management;
Systems and Facilities
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 SKB, 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.
SKB 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:
-

a transportation system

-

a central interim storage facility for spent nuclear fuel

-

a final repository for short-lived, low and intermediate level waste, SFR.

The remaining system components being planned are:
- an encapsulation plant for spent nuclear fuel and
- a deep repository for encapsulated spent fuel and other long-lived radioactive wastes.
The Transportation System
As all the nuclear power plants, CLAB and SFR are located at the coast and have their own
harbours SKB has developed a sea transportation system.
The transportation system is based primarily on sea transport. Its main components are a ship,
M/S Sigyn, transport casks/containers and other transport equipment at nuclear power plants
and other facilities. The system is designed to accommodate all types of waste.
The performance and availability of the system has been excellent. Typically 75 fuel casks are
transported annually, corresponding to about 225 tonnes of fuel. During 1998 about 100
transport casks will be transported and received at CLAB. This is the highest figure since the
start of operation.
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The fast and efficient handling and lashing operations for the casks on the ship have resulted
in crew doses close to the those coming from the background radiation.
Central Interim Storage for Spent Fuel, CLAB
CLAB, the Central Interim Storage Facility for Spent Nuclear Fuel, is located close to the
Oskarshamn Nuclear Power Plant on the Swedish East Coast.
Operation started in 1985, and in April 1998 some 2,800 tonnes of fuel in about 970 casks had
been received in addition to about 80 casks with activated core components, e.g. control rods.
The performance of the plant has been excellent and improvements are gradually introduced
along with experiences gained. The collective dose for the facility has been within the interval
135-50 mmanSv during the twelve years that CLAB has been in operation.
The Disposal and the Encapsulation Plant
Before the spent fuel is emplaced in a deep repository it must be encapsulated in a durable
canister. Encapsulation is planned to take place in a new plant adjacent to CLAB. Other longlived waste will also be treated in the encapsulation plant. An example of such waste is core
components.
The deep repository for spent fuel is planned to be situated at a depth of about 500 metres
below the ground surface. The layout of the repository allows for the fact that the fuel will be
deposited (emplaced) in stages.
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Planning of a dry spent fuel storage facility in
Switzerland was started already 15 years ago. The first
site considered for a central interim storage facility was
the cavern of the decommissioned pilot nuclear plant
at Lucens in the French-speaking part of Switzerland.
This project was terminated in the late 80ies because
of lack of public acceptance. The necessary
acceptance was found in the small town of
Wurenlingen which has hosted for many years the
Swiss Reactor Research Centre.
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The new project consists of centralised interim storage
facilities for all types of radioactive waste plus a hot
cell and a conditioning and incinerating facility. It
represents a so-called integrated storage solution.
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In 1990 the new company "ZWILAG Zwischenlager
Wurenlingen AG" (ZWILAG) was founded and the
licensing procedures according to the Swiss Atomic
law were initiated. On August 26, 1996 ZWILAG got
the permit for construction of the whole facility
including the operating permit for the storage facilities.
End of construction and commissioning are scheduled
for autumn 1999.
The nuclear power station Beznau started planning a low level waste and spent fuel storage
facility on its own because in 1990 its management thought that by 1997 the first high active
waste from the reprocessing facilities in France would have to be taken back. This facility at
the Beznau site, called ZWIBEZ, was licensed according to a shorter procedure so its
construction was finished by 1997.
The two facilities for high level waste and spent fuel provide space for a total of 278 casks
which is sufficient for the waste and spent fuel of the four Swiss nuclear power stations
including their life extension program.
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ZWILAG has 5 specific features which are worth mentioning.
1.

The integration of a hot cell into the storage facility is a great advantage for ZWILAG.
The hot cell allows transferring spent fuel from nuclear transport casks into larger
storage casks and is of further advantage for cask (seal) control, spent fuel inspection,
repair and conditioning of high active waste like spent control rods and blades etc.
Transports from the storage facility to an external hot cell can thus be avoided.

2.

The security concept against intruders is restricted to the high and medium active waste
building. Only around this building a restricted area will be set up, whereas the access to
the other part of the ZWILAG area is unrestricted, similar to an industrial zone. There is
therefore no fortified fence around the whole ZWILAG area as in other comparable
facilities.

3.

A very detailed accident analysis concerning airplane crashes and their effects has been
performed. The results showed that these very rare events (10"6 per year) do not exceed
radiation dose limits given in the Swiss Safety Guidelines.

4.

The licensing procedures for construction and operation of the spent fuel storage
facilities were separated from those of the cask license. Licensing of the different cask
types is applied for by their owners, namely the power station operators.

5.

ZWILAG financing is based on provisions in the balance of the share holders. There will
be no capital costs after start up. The partners owe thus a certain number of positions
for their casks. They only pay for handling and operating costs pro rata to the number of
stored casks.
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1. PRESENT STATUS OF SPENT FUEL MANAGEMENT
Spent fuel storage period is highly dependent upon the individual national strategy of the
nuclear fuel cycle. Taking into account reduction of unoccupied capacity in at-reactor (AR) pool
storage and the evident necessity of balanced development of national nuclear energy industry,
Ukraine has planned putting into operation of away-from-reactor (APR) interim spent fuel storage
facilities (ISFSFs) with storage life of spent fuel for more than 50 years. This option of intermediate
storage provides sufficient time for thorough future considerations in the back-end of fuel cycle
strategy, keeping all alternatives open and available.
Today about 3393 t U of the total amount of spent fuel from all Ukrainian Power Reactors is
located in Ukraine (all information as of January 1998). This includes:
about 2051 t U of spent fuel from RBMK-1000 (Water Channel Reactor) placed both in AR
storage pools and in AFR wet storage facility SFSF-1 on Chernobyl NPP site;
about 12601U of spent fuel from WWER-1000 (type PWR) placed in AR storage pools of
llunitsofWWER-1000;
about 821U of spent fuel from WWER-440 placed in AR storage pools of two units of Rivno
NPP.
Approximately 805 t U of the total amount of spent fuel (SF) from Ukrainian WWER reactors
were removed to reprocessing plants in Russia, including:
about 153 t U from WWER-440;
about 6521U from WWER-1000.
In addition to the above stated it is necessary to note that:
for the present time it is proposed not to reprocess RBMK spent fuel because of economic
inefficiency;
ecological and economic outlooks on reprocessing or direct final disposal of WWER spent fuel
(into the geological repositories) are kept under consideration;
as before, now only WWER-440 spent fuel is remaining the real subject of reprocessing.
2. DEFINING FACTORS OF SPENT FUEL ACCUMULATION DYNAMICS
The resultant quantity of RBMK spent fuel will increase to the level of about 2,500 t U (21,800
FAs) because of shutdown of Chernobyl NPP in the year 2000. During next decade the annual
incoming movement of spent fuel will be essentially characterized with increase in incoming of
WWER-1000 spent fuel as a result of commissioning of new units Rivne-4 and Khmelnitsky-2 in
1999-2000 as well as Khmelnitsky-3 and Khmelnitsky-4 to 2004 year. This tendency will be
restrained by the permanent improvement of fuel use and by use of the advanced fuel. The fourth-year
operation of WWER-1000 fuel assemblies (FAs), which has been allowed by Ukrainian regulatory
body since 1997, increases the fuel use efficiency and is the transition to the commercial
implementation of four-year fuel cycle of WWER-1000. The annual spent fuel incoming can be
decreased by four-year fuel cycle of WWER-1000 on 20% by the year 2004.
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3. IMPLEMENTED AND SCHEDULED ACTIONS ON SAFE STORAGE OF SPENT FUEL
FROM POWER REACTORS
3.1. Reracking of spent fuel ponds for WWER
Reracking of AR spent fuel pools was made with all WWER-1000 power units for expansion of
storage capacity, except Zaporizhzhya-3, -4, -5. The implementation of these measures has permitted
to extend the storage capacity of AR spent fuel pools of detached WWER-1000 unit by 30-70% in
addition to initial design.
Now the Rivne NPP plans reracking of AR spent fuel pools of the units 1 & 2.
3.2. AFR storage facilities of spent fuel
Storage facilities (with time in storage more than 50 years) permit Ukraine to gain sufficient
time reserve for thorough future considerations in the back-end of fuel cycle strategy and decrease
dependence on external services. According to the approved «National Energy Program of Ukraine to
2010 year» the commissioning of centralized interim SF storage facility (CISFSF) is the best technical
and economic option of interim WWER storage. This decision took into account big number of the
NPPs sites, visible advantages for decommissioning as well as decreasing operation and maintenance
costs, from the point of view of NPP safety. Nevertheless, due to the urgent necessity of storage
capacity of storage capacity, construction of WWER dry ISFSFs is planned at the NPPs sites with the
use of cask «storage-transportation» systems. This approach brings reduced time of putting into
operation of the interim storage facilities (owing to the undefined duration of the new site selection,
the construction and the deficient initial lump costs for CISFSF) and allows avoiding extra charges
during decommissioning. The storage capacity of these facilities should be limited capacities of 3-5
annual discharges of the fuel per each of operating units. Their unified design shall be selected on the
tender procedures.
Creation of AFR ISFSF is planed on site of each NPP with WWER type reactor. Licensing
process of Zaporizhzhya NPP SFSF creation is under way. ISFSF is based on using of concrete
storage container. Prototype of storage container is VCS-24 according to USA design.
Dry type SFSF-2 creation is planned in the area of Chornobyl NPP. Chernobyl NPP requires a
storage facility to store approximately 25000 RBMK fuel assemblies and discharged absorber rods for
100 years. The interim storage facility project is part of the Grant Agreement signed between
Ukrainian Government, the European Bank for Reconstruction and Development and the Chornobyl
NPP. The Chornobyl NPP Project Management Unit has been constructed to assist in the development
of the Invitation For Tender and to assist in the management of contract. The Invitation was
announced in the beginning of this year. Tender award is expected in the beginning of the next year.
In accordance with the Ukrainian legislation licensing process of the Chernobyl SFSF-2 creation has
been begun.
4. CONCLUSIONS
The present strategy on spent fuel management in Ukraine does not envisage alternative options
of interim storage and subsequent reprocessing of spent fuel or of extended storage and direct disposal
of spent fuel. The use of interim storage will be the primary spent fuel management option for the
next ten up to twenty years that are associated with the selecting of optimum nuclear fuel cycle and
applicable spent fuel management scheme in Ukraine.
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Nuclear generating capacity in the UK is static with no units currently under construction.
The UK's nuclear generating capacity comprises some 8400MW AGR and one 1200MW
PWR operated by British Energy (BE), and 3350MW Magnox operated by British Nuclear
Fuels pic (BNFL). Although prompt reprocessing remains the dominant spent fuel
management option for fuel arising from UK reactors, there is also considerable experience of
spent fuel storage in the UK.
The long history of nuclear power in the UK means that there is now over 40 years operating
experience with a number of different fuel types and a variety of storage systems in the UK.
Spent fuel storage facilities in the UK currently consist of a mixture of at-reactor stores and
large, centralised ponds associated with the reprocessing activities which take place at the
Sellafield site.
Prompt reprocessing of all Magnox fuel will continue as it cannot be stored for long periods
underwater due to technical constraints. However, storage for short periods is still undertaken
both in reactor ponds and at ponds at the Sellafield site, where the fuel is reprocessed. In
these wet stores the fuel is stored under carefully controlled conditions to prevent
deterioration of the cladding. In addition to the wet stores, BNFL owns and operates a
Magnox dry store at the Wylfa site.
The AGR power stations have very small at-reactor pond stores, as early reprocessing was
envisaged during the design of the reactors, and hence most spent AGR fuel is currently stored
at Sellafield. About 700tU has been reprocessed to date in the Thorp plant which commenced
operation in 1994.
Regarding future AGR spent fuel arisings, the BE contracts for spent fuel management with
BNFL cover arisings over the lifetimes of the AGR's and provide for a mix of long term
storage and reprocessing for such fuel.
Spent PWR fuel is currently planned to be stored at the reactor site. The spent fuel storage
pond at Sizewell B has the capacity to accommodate 30 years spent fuel arisings. BE will
consider in due course arrangements for further management of spent PWR fuel in the light of
the prevailing commercial and regulatory environment. The UK also has small quantities of
spent fuel from UK test and prototype reactors such as the SGHWR and WAGR. It is
anticipated that these fuels will also ultimately be reprocessed, but in the interim they are also
being stored at the Sellafield site.

45

IAEA-SM-352/21
STATUS AND CURRENT SPENT FUEL STORAGE PRACTICES
IN THE UNITED STATES
W.H. LAKE
U.S. Department of Energy,
Washington, DC,
USA

XA9848860

More than 100 commercial nuclear power reactors located on 73 sites are licensed in the
United States (US). These nuclear power plants supply over 20% of the country's electric
power. About two-thirds of these reactors are pressurized water reactors (PWR), and the
remaining one-third are boiling water reactors (BWR). There is no expectation of new nuclear
power plants being constructed in the US in the near future. These existing plants are
projected to produce 87,000 metric tonnes of uranium (tU) in their design lifetimes of 40
years. This projection is generally considered an upper bound because early closures are not
fully considered. However, a recent initiative to extend the service life of reactors beyond the
40-year initial design is being developed in the US. One utility, Baltimore Gas and Electric
Company (BG&E), has tentative plans to pursue this alternative. They would seek a 20-year
license from the Nuclear Regulatory Commission (NRC) to continue operations. BG&E
would have to demonstrate the adequacy of the plant's safety systems to be licensed for the
additional period.
Many of the early reactors built in the US were designed with the expectation that spent
fuel would be recycled. For these reactors, pools were sized to hold spent fuel for short
periods awaiting shipment to a reprocessing facility. By the late 1970s, reprocessing of spent
fuel was abandoned in the US. Instead, the US was headed toward a practice of spent fuel
disposal. The Nuclear Waste Policy Act (NWPA), enacted in 1982, established deep
geological disposal of spent nuclear fuel and high-level radioactive waste as a national policy
[1]As utility companies realized that reprocessing would not be pursued in the US, on-site
storage plans for new reactors were modified. Later plants generally included sufficient pool
space to handle lifetime generation of spent fuel. For older reactors with limited storage
capacity in existing spent fuel pools, no reprocessing option, and no near term disposal
available, alternative on-site storage options were sought.
Some of the obvious solutions to utilities' developing storage needs are pool expansion,
more efficient use of pool space, on-site dry storage, centralized off-site storage, and disposal.
Expansion of existing storage pools and building of new pools on existing sites were
found expensive and filled with regulatory and licensing difficulties. More efficient use of
pools had limited success for a number of utilities, allowing time to implement more
comprehensive solutions to their storage problems. The key to more efficient use of existing
pools generally involved reracking storage regions to allow closer packing of spent fuel. To
assure criticality safety in such modified arrangements of spent fuel required the use of
neutron absorbers in fuel racks, and in some cases burnup credit [2]. An interesting approach
was used by Carolina Power and Light Company (CP&L).
CP&L has three nuclear facilities in North and South Carolina. The oldest, H.B.
Robinson, Unit 2, began service in 1971. The second plant, Brunswick Steam Electric Plant
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has two units which began service in 1975 and 1977. The newest plant, Shearon Harris
Nuclear Power Plant, was built for four reactors in the late 1980s. The plant was built for
with storage capacity for all four units, but only one is in service. CP&L has used this extra
storage capacity at its Shearon Harris plant to store spent fuel from all three of its operating
reactors.
The option currently being selected by utilities anticipating constraints on storage
capability is dry storage. The approach uses existing, limited capacity, pools for cooling
newly discharged spent fuel. Dry storage is used for the oldest and coldest spent fuel as the
reactor site's pool capacity limit is approached. A number of dry storage concepts have been
pursued, including storage only vaults and casks, storage-transport (dual purpose) cask
systems, and muti-purpose systems (i.e., storage, transport, and disposal). Some of the dual
purpose and all of the multi-purpose systems use canisters to hold the spent fuel in a cask.
The NWPA requires that DOE develop, construct, and operate a system for spent
nuclear fuel and high-level radioactive waste disposal. The system identified by NWPA
includes a permanent geologic repository, interim storage capability and a transportation
system. The NWPA was amended in 1987 [3], specifying a site at Yucca Mountain, Nevada
for evaluation as the site of the first repository. Study of the site is still being conducted, and
the planned date for receipt of fuel at Yucca Mountain, if it proves satisfactory for a
repository, is 2010.
By 2010, the planned date for a repository opening, many reactors will have to use onsite storage. A remedy that has been considered by some in Congress, is the use of a federally
run Centralized Interim Storage Facility (CISF). A CISF could serve as a collection point for
temporarily storing some of the nation's spent nuclear fuel until a permanent repository is
built. Although DOE continues to focus its efforts on developing a repository, it is ready to
respond to policy redirection related to interim storage. One step already taken to prepare for
such redirection is preparation of a generic CISF design which could provide an early start for
development of a site specific CISF. The design has been describe in a Topical Safety
Analysis Report [4] (TSAR) which has been submitted to the NRC for review. The NRC has
finished its initial review and submitted comments to DOE. DOE is currently revising the
TSAR to address NRC's comments.
DOE has been involved in two other activities that could prove beneficial to US
utilities as they address their storage needs. Burnup credit for transportation of spent fuel will
permit transport of high capacity dual purpose systems that use moderator exclusion for close
packing of spent fuel for storage. The dry transfer system (DTS) can be used for cask to cask
transfers outside of spent fuel pools.
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Transnucleaire (Paris, France) and Transnuclear, Inc. (Hawthorne, New-York, United States)
have both developed high performance spent fuel casks for storage and transport purposes.
The products are supplied in Europe by Transnucleaire and in the States by Transnuclear, Inc..
They are based on the use of massive steel casks which have been proven for two decades as a
trouble free means to transport and/or store spent fuel assemblies on an industrial scale.
TN steel storage casks have been used:
• in Europe with, in particular, the dry dual purpose transport/storage TN 24 D casks and the
TN 24 XL casks loaded with Pressurized Water Reactor (PWR) fuel assemblies from Doel
3 and 4 power plant in Belgium (and soon for the TN 24 G casks loaded with Swiss
Gosgen PWR fuel assemblies),
• in the States with the TN 24, TN 32 and TN 40 Pressurized Water Reactor dry storage
casks which have been licensed, fabricated and are in use at Northern States Power's Prairie
Island Station and, Virginia Power's Surry station (and soon at Virginia Power's North
Anna Station, Duke Power's McGuire Station and Wisconsin Electric's Point Beach
Station).
Now, TN group is licensing similar designs for Boiling Water Reactor (BWR) spent fuel
assemblies:
• the TN 52 L cask is designed to transport and store up to 52 fuel assemblies from
Kernkraftwerk Leibstadt (KKL) (Switzerland) with a maximum initial enrichment of 4.9%
w/o U235, 50 000 MWd/MtU average burn up and a minimum cooling time of 30 months,
• the TN 68 cask is designed to transport and store 68 fuel assemblies with a maximum
enrichment of 3.3% w/o U235, 40 000 MWd/MtU maximum burn up and a 10 year
minimum cooling time (first use is foreseen at the Philadelphia Electric Company's Peach
Bottom Atomic Power Station, United States).
The concerned BWR fuel assemblies are G.E type (7 x 7, 8 x 8, 9 x 9 and 10 x 10) or SVEA
type (Array 8 x 8 for SVEA 64 and array 9 x 9 for SVEA 96).
The fuel assemblies may be loaded with or without their external channels and the central
cross channel of the SVEA type fuel assemblies may be removed or not.
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Both TN 52 L and TN 68 designs meet the IAEA requirements for transportation. The
licensing process for obtaining of a B(U)F transport license is underway. The TN 68 cask, also
relies on the American regulations (as interpreted by the U.S. Nuclear Regulatory
Commission).
For storage purpose, national storage regulatory requirements have to be met. Because there
are no international storage rules called or considered as "standards", each country has specific
demands and criteria.
How do these specific national requirement influence the design and licensing works? In
terms of criteria to be met, nature of demonstrations to be provided, necessary time for
completion ? Do these national requirement modify the manufacturing of products:
procurement of materials, fabrication surveillance (through witness points to be held by
Competent Authorities, for example)?
The aim of this paper is to list the main differences between the designs due to different local
regulations in the States and in Europe (Switzerland). It appears that the high adaptability of
the TN group steel technology is an essential parameter in the current demand for dual
purpose casks for interim storage of spent fuel assemblies.
Indeed, one specific advantage offered by this steel cask technology is the possibility of easily
adapting the gamma and neutron shielding thicknesses to any given batch of spent fuel
assemblies with a given average burn-up and cooling time, while keeping the same basic
concept so that the safety analyses necessary for storage and for transport are almost the same.
The main differences between these two designs for rather similar contents deal with:
• Design work: the criteria to be met are different as long as radiation protection, thermal
behaviour and mechanical behaviour of the cask and of the content are concerned.
Furthermore, the safety philosophy concerning the activity release during transport leads to
one containment barrier in Europe but two in the States.
In addition, some materials, used in Europe, are not yet accepted in the States: the concept
must be adapted and is consequently different.
• Licensing work: the presentation, and the list of documents submitted to the Competent
Authorities correspond to local usage or requests. The time schedule may be quite different
from one country to another.
• Manufacturing work: because some materials cannot be used in the States for example, the
manufacturing procedures have to be adapted for the fabrication process but also for the
material procurement.

49

XA9848862
IAEA-SM-352/23 .

Advanced Techniques for Storage and Disposal of Spent Fuel
from Commercial Nuclear Power Plants

R.Weh, GNS Gesellschaft fur Nuklear-Service, Essen, Germany
W. Sowa, GNB Gesellschaft fur Nuklear-Behalter, Essen, Germany
Abstract
Competition among various techniques of electricity generation under
liberalized market conditions also forces utilities and the nuclear industry to
strictly control their costs and to finish unsettled issues as far as possible. In
order to ensure competitiveness in the field of spent fuel and radioactive
waste management, all cost savings potentials at all steps along the route
towards direct disposal have to be explored. At the same time the highest
levels of safety standards as well as the flexibility for future improvements,
decisions and regulatory need to be maintained. Concepts designed in the
past decades have, therefore, to be reassessed and confronted with new
developments and requirements in view of their commercial use.
Based on the presently envisaged German concept of direct disposal of spent
fuel comprising dry cask interim storage and disposal of conditioned spent
fuel in shielded containers, basic considerations to improve cost-effectiveness
and to meet future needs include:
•

capacity increase of the dual purpose metal CASTOR-type casks for
the transportation and dry storage of spent fuel and adaption to
higher burn-ups, different fuel element types, including MOX-fuel, and
to the specific needs of individual nuclear power plants,

•

use of such casks for on-site buffer storage prior to off-site shipment,
for transportation and for long-term storage in centralized storage
facilities, pending final decisions by the utilities on the disposal route.

•

early consolidation and encapsulation of spent fuel in disposal
canisters (waste packages) meeting repository acceptance criteria for
which already today approval by the competent authorities can be
reached,

•

long-term storage up to 40 years or more in case of late disposal
(postponement or late commissioning of a repository),

•

storage of the encapsulated fuel elements in simplified storage casks
dedicated to storage only and not requiring the double-lid-system of
the present dual-purpose CASTOR-casks for meeting thightness
criteria.
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easy adaptability of the system to select borehole emplacement of
spent fuel and waste packages in the repository, enabling an earlier
operation of such a repository due to shorter required cooling times
prior to emplacement.
avoidance of the lost shielding overpack of the present POLLUXcask-system as part of the waste package for disposal.

The paper will briefly describe the status of the techniques and facilities that
are available to GNS and GNB together with an evaluation taking into account
the before mentioned criteria. This includes
•

the modern dual purpose metall casks of the CASTOR V -family for
transportation and storage of spent fuel from modern NPP, together
with the necessary equipment for their loading and shipment,

•

the two operational AFR long-term interim stores for spent fuel in
GORLEBEN and AHAUS licensed for the storage of 3.800 resp. 3900
tHM,

•

the Pilot Conditioning Plant (,,PKA") at GORLEBEN which allows the
unloading of various casks, handling and dismantling of fuel
assemblies, encapsulation of fuel pins using appropiate canisters and
packing them into multi-purpose-type containers for extended storage
and/or final disposal, including the welding of such canisters and
containers,

•

the POLLUX cask system and canisters (waste packages) with
consolidated spent fuel designed for later emplacement into drifts resp.
boreholes in a rock salt repository.

The currently envisaged CASTOR V/ POLLUX 10-concept may be changed
or - for utilities which may wish to do so - later be replaced by an advanced,
more effective and flexible option characterized by an early encapsulation of 3
consolidated fuel assemblies of a modern PWR design into one steel
canister. To optimize repository operations, the canisters shall be of the same
diameter as those used for high-level waste from reprocessing abroad, which
are already approved for long-term storage and eventual disposal and stored
at the GORLEBEN facility in CASTOR-casks. These canisters - called ,,BSK
3"- will then be stored in simplified HLW-CASTOR-casks ,,LB 21", now under
development, containing 7 canisters (21 PWR fuel assemblies) each.
The pilot conditioning plant will start operation in 1999 to demonstrate in a 3year-R&D-programme in cold and hot tests the technology and safety of the
spent fuel handling using the CASTOR-/POLLUX concept as well as the
above mentioned advanced ,,BSK3/LB 21 "-concept.
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Whatever the policy adopted for the back end of the fuel cycle, spent fuel from reactors must be
safely stored temporarily. SGN has gained considerable experience in the design and construction of
interim storage facilities for spent fuel and various nuclear waste and can therefore propose single or
multi-product facility capable of accomodating all types of waste in a single structure. This paper first
presents the SGN experience through a short description of reference storage facilities for HLW
(High Level Wastes) and spent fuel. It goes on with a typical application corresponding to the Italian
situation to show how these proven technologies are combined to obtain a multi-product facility
tailored to the Client's specific requirements.
SGN EXPERIENCE ON WASTE AND SPENT FUEL STORAGE FACILITIES
HLW Storage facilities
Fission products and transuranics are embedded in a glass matrix. The glass canisters are stored
in vertical wells, and cooled either by forced convection (AVM, R7, T7 facilities at Marcoule and La
Hague), or by natural convection with air (EVSE facility at La Hague).
Spent Fuel Storage facilities
For certain spent fuels from the CEA's research reactors, long term interim storage is provided
at the CASCAD facility while awaiting a final decision. The fuels are stored dry in vertical wells
cooled by natural convection.
SGN Dry Storage Concept
Depending on the needs, SGN can offer its clients solutions ideally tailored to their needs. The
facility proposed may be dedicated to a given type of product ( single product) or can accomodated
different types of products (multiproduct dry storage facility). The later case is particularly well
adapted to clients which have products of different types in relatively small quantities. The pooling of
certain functions, the choice of optimized technologies to meet the specific needs of the client make it
possible to propose industrially proven and cost effective solution.
Studies carried out for the Dutch company COVRA (HABOG ) provide an example of
multiproduct dry storage facility designed to store spent fuel, vitrified reprocessing waste, cemented
hulls and end-pieces, cemented technological waste and bituminized waste from fuel reprocessing, i e.
High Level Wastes and Intermediate Level Wastes.
The study conducted by SGN and GENESI (an Italian consortium formed by ANSALDO
Nuclear division and Fiat Avio), on behalf of the Italian utility ENEL, offers an other example of the
application of this new concept.
SGN DRY STORAGE CONCEPT FOR THE ITALIAN CONTEXT
The Italian Nuclear program was abruptly stopped in 1987 by a Moratory. The three Nuclear
Power Stations, 1 BWR, 1 PWR and 1 Magnox GGR in operation at this date were all stopped.
Besides, another small BWR nuclear plant was already in the decommissioning phase. All Magnox
and part of PWR and BWR spent fuel elements were sent abroad for reprocessing before 1995.
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At the end of 1995 an investigation was started regarding an Away From Reactor (AFR)
Storage Facility to store in a centralised site all the remaining irradiated fuel elements plus the
vitrified waste which should return from reprocessing. Furthermore the possibility of storing the part
of Super Phenix FBR spent fuel which is in charge to ENEL was also contemplated.
Selection of SGN technology:
GENESI consortium, on behalf of ENEL was first in charge to select the most suitable Storage
Concept based on the above mentioned concept. As a result of this study, the SGN dry vaults storage
was chosen.
Presentation of the design
Based on the unique experience gained in design and operation of the above-mentioned
facilities, SGN is proposing a dry vault storage system to accomodate various types of fuels and HLW
packages. Its design adopts the main principles that have already been successfully implemented in
the CASCAD and EVSE facilities. The handling operation performed in the « ENEL dry storage
facility » for spent fuel are as follows:
The products are stored depending on the decay heat to be evacuated:
0 For the highest heat producing products (Fast Breeder Reactor fuel and vitrified fission
products ), one specific vault equiped with double jacket vertical wells cooled by natural
convection and using the technology implemented in the EVSE facility is provided.
0 For the lowest heat Producing product (BWR Spent Fuel ), a separate vault equiped with
single vertical wells cooled by natural convection and using the technology implemented in
the CASCAD facility is provided.
Storing such various types of products in the same facility presents advantages from a cost
point of view since only one unloading and canistering unit and its associated auxiliary functions
(power supply, ventilation, utilities) are common to all the vaults.
MAIN HIGHLIGHTS STRENGHTS OF THE SGN DRY STORAGE CONCEPT
In brief the facility proposed by SGN is a solution that is:
0 Tried and proven: the design of the equipment and structure relies on industrial installations
that have been operated for years to the full satisfaction of the clients,
0 Flexible: all types of cask, fuel element or wastes can be accomodated
0 Safe: Safety is an essential design criteria which is mainly ensured through the double
containment barrier and the passive cooling.

(1)
(2)
(3)
(4)

Receiving of the shipping cask
Preparation of cask
Connection ot unloading cell/cask
Unloading ol spent fuel assemblies

(5) Buffer storage position
{6i Canistering process
(7) Transfer to storage module

Figure S: Handling Operations Performed In the Cascad Facility
Adapted to L WR and WER Fuels
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Compatibility with transport systems
BNFL began marketing dry storage systems in 1995, following conclusion of a number
of collaboration agreements with the former Sierra Nuclear Corporation (SNC). At that time
SNC only provided a system - Ventilated Storage Cask(VSC) - incapable of off-site transport
under USNRC regulations. It was recognised well before 1995 that a system capable of offsite transport would provide much greater flexibility for users. Accordingly, BNFL sponsored
SNC to develop and licence such a system. Even at that time cross-fertilisation between BNFL
transport cask design features and US licensing requirements was proving fruitful.
The current storage systems and their development
SNC was acquired by BNFL in April 1998; BNFL Fuel Solutions was established not
long afterwards. Completion of development and licensing of the new transportable system TranStor™ - is a top priority. BNFL Fuel Solutions staff numbers are already 4 times those of
its predecessor which, together with expertise from UK operations, ensures that BNFL
quality standards will be incorporated from the very beginning. An example will be given of
ultrasonic weld testing. The use of other BNFL technologies in relation to spent fuel storage
will also be described, such as the application of burn-up measurement instrumentation
derived from reprocessing plant design.
Certain TranStor™ system enhancements are under development, and will be described
more fully in the main paper.
Licensing experience
BNFL Fuel Solutions has experience in licensing the system for use in storing a variety
of spent fuels, as will be described in the full paper. BNFplc (UK) experience in tailoring the
TranStor™ system for non-LWR fuels will also be presented.
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The current spent fuel storage and transportation issues in the United States are driven
by the need for nuclear power plants to free up space in their spent fuel pools. However, the
design of these systems is influenced by many factors other than the simple requirement to
store spent nuclear fuel outside the spent fuel pool. One significant factor governing the
design of today's systems is the ability to provide for transportation of the spent fuel as well as
for storage. The transportability requirements are based on the current government position
that all spent fuel will be taken by the DOE and stored at a central facility. This paper will
examine the need for the design of spent fuel systems to anticipate these final DOE
requirements and to anticipate the transportation requirements.
The design of dry spent fuel storage and transportation systems for use at commercial
nuclear power plants has a significant requirement that the system allow for transportation of
the spent nuclear fuel. This need is based on several factors:
•
•
•

Compatibility with the DOE central repository requirements resulting in a desire to have a
multi-purpose canister for on-site storage, transportation, and storage at the repository.
Compatibility with the DOE central repository requirements so that the DOE will take the
spent fuel canisters as-is with no need for a utility to repackage or re-handle the spent fuel.
Public pressure to ensure that the utility ISFSI's are not permanent storage facilities.

The need for compatibility with the DOE central repository requirements is governed by
the previous DOE effort for the design of a multi-purpose canister system. The design
requirements imposed by the DOE for this effort were that the system could be used for onsite-storage, for transportation to the repository, and finally for disposition at the repository.
However, this effort was discontinued and the current DOE program is resulting in a
repository overpack that is significantly different than the canister systems in use today or that
were designed as part of the original multi-purpose canister program. Therefore, the design
requirements for the system are now based on on-site storage and transportation to the
repository. Compatibility with repository requirements is an unknown that is subject to change
based on final DOE repository design.
The need for compatibility with the DOE system so that the DOE will take possession of
the spent fuel without fuel handling or re-packaging is based on utility concerns that the DOE
will take the fuel first from those utilities that have transportable systems. The utilities do not
want to place spent fuel into storage and then be required to re-package the fuel prior to DOE
acceptance. This philosophy is based on the demand that any fuel handling be performed by
the DOE at the repository. Also, the potential for an interim storage facility would require a
system that can be transported and then stored.
Finally, public pressure is driving a need to demonstrate that the utility on-site ISFSI's
are not permanent storage facilities. The use of dry spent fuel storage systems which are
transportable shows that these ISFSI's are indeed temporary and that the spent fuel can be
removed from the utility plant sites. The use of transportable systems provides the utility with
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the greatest perceived flexibility in dealing with the final DOE requirements for acceptance of
the spent fuel.
These factors result in a market demand that the dry spent fuel storage systems include
the ability for transport of the spent nuclear fuel. However, the transportability requirements
come with a significant penalty. The addition of transportability to the dry spent fuel storage
system results in significant increases in system cost, licensing time, and system complexity.
Also, the ultimate system design is based on "guesses" of the final repository needs.
Based on the significant factors influencing the design of the spent fuel packages for
transportation and the various unknowns with the final DOE requirements, should modular
spent fuel storage systems anticipate transportation by themselves? There are pros and cons to
this decision. The NUHOMS® MP187 system designed by Transnuclear West Inc. (TN West)
provides an example of this approach an can be used to discuss the positive and negative
aspects of developing a transportable system. The NUHOMS® MP187 system is a
transportable system based on the NUHOMS® general license storage system.
The positive aspects of developing a transportable system are:
•
•
•
•

Compatibility with current utility and public demands to satisfy their requirements.
Greatest flexibility for ultimately satisfying the DOE requirements whether the decision is
for storage at a centralized interim facility or a repository.
Opening the option to ship fuel to a reprocessing plant should this approach be reborn in
the US
Added sturdiness to face the regulatory demands of 10CFR71)
The negative aspects of developing a transportable system are:

•
•
•

Licensing time is much longer since transportable systems require testing and obtaining
multiple licenses for storage (10CFR72) and transportation (10CFR71).
Design becomes more complex.
Design becomes more costly.

The MP187 system provides a good example of the pros and cons stated above. The
MP187 canister is similar in design to the general license storage system in function,
operation, and overall size. However, the MP187 canister requires additional hardware in that
26 spacer discs are required for structural support versus eight for the storage only system.
Also, the MP187 canister requires the use of neutron poison in the design which are not
required by the storage only system. These changes result in a canister that requires additional
fabrication work and which has a higher cost.
The MP187 system cask is required to meet transportation requirements of 10CFR 71
which results in additional hardware, testing, and design requirements. The transportation
cask includes the need for impact limiter designs and testing to demonstrate the ability to
handle the 30 foot drop requirement. Additionally, the cask must satisfy more stringent
shielding and dose rate limits and must be capable of maintaining leak tightness. These design
features result in added fabrication complexity and cost.
Finally, the licensing period is increased due to the more complex nature of the
transportation design. The MP187 system has been in licensing for over four years which
encompasses the initial submittal, testing, and final licensing submittals.
Therefore, the design to provide transportability into the dry spent fuel storage system
requires a review of the practical and economical costs/benefits of this approach.
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: Introduction
The settlement of the back end strategy for spent fuel assemblies is influenced by a number
of different factors depending on the individual national situation.
In Germany, the back end strategy in the past was almost exclusively reprocessing. This
strategy was required by the German Atomic Energy Act.
Since 1994, when this Atomic Energy Act was amended from that time also besides
r
eprocessing (and reuse of valuable material) direct final disposal became equivalent in law.
Therefore the German utilities can choose now between this two alternatives.
Another important condition for optimizing the back end is the fact, that the fuel cycle cost
ire depending directly on the amount of spent fuel (contrary e.g. to U.S. where it depends on
jeneratBd power).
Another boundary condition for German utilities are the problems with militant opponents
i hiring transportation of spent fuel to the interim storage sites.
These facts gave rise to a new contemplation of the back end of the fuel cycle which results
I n a charge of the strategy of most of the German utilities:
i' to prefer long term storage and to use on-site storage capacity to a maximum extent
<• to reduce the amount of spent fuel by increasing the burn-up as much as feasible
":he decisions are also driven by the new situation in Europe, where utilities can offer
electrical energy also outside their original supply network and must therefore offer electrical
iimergy on a very cost competitive basis.

1 iterim Storage of Spent Fuel Assemblies
Most of the German nuclear power plants are equipped with compact storage racks using
reutron absorbing material in between the fuel assemblies. Besides the full core reserve,
this leads to a storage capacity for spent reload batches for about 10-15 years of operation.
Additional storage capacity is available in Germany at two sites for storage of about 6.000 tU
vith dual propose castes (Castor).
F: ecause of the above mentioned situation, the German utilities are planing to Increase their
cnsite storage capacity.
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Different alternatives are available to fulfill the requirement
* Reracking of the existing storage racks by new high density storage racks (multi region
concept), This results in an additional storage capacity for 6 -10 years of operation.
* Consolidation of spent fuel in the pool (Rod-consolidation). This results in a storage
capacity for 15 - 20 years of operation in addition.
* Interim storage facilities adjacent to the power plant (wet and dry cooling type).

Increase of Burn up
Previously In the early nineties the achieved average discharge burnup was below 40
MWd/kgU with an initial enrichment (e.g. PWR) of 3.5 w/o U-235. In the meantime
considerable progress in cladding tube technology and incore fuel management has been
made.
Nowadays fuel assemblies are In operation with an average discharge bumup of more than
50 MWd/kg U (max. assembly burnup In the range of 60 MWd/kg U. This burnup is
associated with an initial enrichment of about 4 w/o U-235, Special cladding material (e.g.
DUPLEX), special designed spacer grids (e.g. HTP) made completely of Zircaloy and
optimized fuel management (e.g. low-leakage core loading pattern) are the conditions for
this result. There are also utilities in Germany which are operating the plant with short
operation cycles (1/2 year - 1 year by turns) in order to increase the discharge burnup. This
results in fuel cast savings. A typical value when increasing the discharge bumup from 40
MWd/kg U to 60 MWd/kg U is about 30 million DM/year for a 1.300 MWe power plant.

Back-end Consequences
By increasing the bumup, higher Initial enrichment of fuel is required. This also requires
redesign of storage installations concerning subcriticality. German utilities are optimizing the
back end by combining the increase of on-site storage capacity and increase of initial
enrichment. New storage racks with improved design are being installed in the fuel pools to
meet these requirements. They are designed for storage of consolidated fuel and thus
securing storage of spent fuel for an operation period if 20 - 30 years. As a back-up the
feasibility for additional onsite storage facilities is considered.
All solutions meet the requirements of advanced fuel cycle strategy (e.g. heat dissipation,
subcriticallty, radiation level, long term integrity of cladding) and can also betaken as one's
modal for countries with modest nuclear power capacity.
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1. INTRODUCTION
BNFL has been contracted to manage the lifetime irradiated AGR fuel arisings from Britsh
Energy reactors. The agreement formulated is a mixture of reprocessing (covering the planned life of
the Thorp reprocessing plant) and interim storage for the remainder of the fuel arisings. Interim
storage is projected to be up to 80 years to comply with direct disposal acceptance criteria and
projected repository availability. 80 years storage represents a significant increase in storage times
compared to current operational experience; around 18 years. Confidence that AGR fuel can be stored
for extended periods has been provided by our experience of storing AGR fuel to date and the
supporting research and development programmes initiated in the late 1970's wet storage and 1990's
in the case of Scottish Nuclear dry storage project.
The initial approach to the interim storage of AGR fuel is based on using existing facilities
and storage techniques to comply with the principles of waste minimisation. This approach dictates
development requirements to satisfy safety and business related issues. These can basically be divided
into two main development areas:- Fuel Integrity and Pool Storage Management.
2. FUEL INTEGRITY
Some irradiated AGR fuel assemblies are known to be susceptible to irradiation induced
intergrannular stress corrosion cracking of both the stainless steel fuel cladding and structural
components. To inhibit this failure mechanism AGR fuel is stored in pool water dosed with sodium
hydroxide to pH 11.5. Sodium hydroxide was chosen as a result of a corrosion inhibitor development
programme undertaken early 1980s and has been used since 1986 for the interim storage of all AGR
at Sellafield. Operational experience to date indicates that fuel cladding perforation has been totally
prevented.
The technical case for the storage of AGR fuel for up to 80 years is reliant upon the continued
use of corrosion inhibitors. With changes to the front end of the fuel cycle, such as increasing fuel
burnup, combined with a significant increase in proposed storage duration there is a need to revisit the
original corrosion development work. One aspect of AGR fuel corrosion to be investigated as part of
the development programme is the underlying corrosion rate of stainless steel at pH 11.5. A Direct
Current Potential Drop technique Field Signature Method is currently being used to establish the
general corrosion rate in caustic.
Some form of condition monitoring during the long term storage of AGR fuel is inevitable.
Both the condition of the fuel pins and the fuel element braces will need to be assured. Currently the
integrity of dismantled AGR fuel stored in the AGR Storage Pool is monitored by means of an activity
release model. The technique is retrospective and the application of non destructive techniques to give
predictive information are being investigated as alternative methods.
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3. POOL STORAGE MANAGEMENT
The use of existing facilities primarily raises two issues:- Firstly the need to provide
confidence in the integrity of existing facilities for such extended periods of time. Secondly the fuel
storage facilities were designed as buffer facilities for reprocessing activities; i.e. high throughputs
and reliance on the site infrastructure.
The following development programmes have been initiated to address these issues:3.1 Civil Integrity
To establish the current status of oxide pool facilities at Sellafield detailed structural surveys
have been undertaken specifically looking for any signs of either physical or chemical /environment
effects which would impact on their long term integrity. All pools have been found to be in goodexcellent condition. The right choice of facility, however, is also dependent on not only its general
condition, but on the evidence of how it was built. Facilities built post 1980 benefit from improved
quality assurance, standard of build e.g. seismic qualification, a change in emphasis to durability and
better building techniques.
Condition monitoring is part and parcel of both the site and facility operating licences. To
ensure the long term integrity of the chosen facility is maintained improvements to the current routine
visual inspections are being investigated. These include non destructive techniques to initially
establish fingerprints of the pool structures which can then be monitored, ideally remotely on line, to
provide an early indication of potential system failure.
3.2 Operational
Fuel storage for up to 80 years compared with current operations presents longer term
requirements to make the facilities stand alone and to reduce resource levels to a minimum by the
incorporation of remote techniques to monitor plant status. In terms of storage layout there is
significant areas for improvement as the need to be able to access any particular container of fuel is
no longer required. Additionally there is no longer a requirement to dismantle the AGR fuel, i.e.
removal of the graphite sleeve, unless there is a net benefit through fuel consolidation activities.
Storing the fuel undismantled, currently, would result in a three fold reduction in facility capacity,
however, when changes to safety/criticality requirements are taken into account additional capacity
can be realised through closer packing.
Preliminary engineering studies have looked at current storage regimes and the potential for
optimisation to deal with the projected business needs. Initial findings suggest that the loss in storage
capacity (in weight of uranium terms) through not consolidating AGR fuel can be recovered by the
introduction of new storage techniques.
4. REVIEW
The paper explains the approach being taken by BNFL in managing the AGR lifetime arisings
from British Energy reactors. Interim storage for up to 80 years is envisaged, and the major issues
associated such storage duration's are identified and discussed.
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Nuclear energetics in the Slovak Republic is based on the Russian reactor type WWER4 4 0 . four

o f i h i S units ore in operation

Since iU£ find of 70's in iue, \&CA\ity of <?<Ji<<J\lSJC&'

Bohunice. Other four units are under construction in the locality of Mochovce.
After a few transports of spent fuel to former USSR an interim spent fuel storage (ISFS)
was constructed and put into operation in the locality of Jaslovske Bohunice. The ISFS is of
Russian design, wet type with capacity of 5040 fuel assemblies. Because transports of spent
fuel to USSR/RF were interrupted it was obvious that capacity of the storage will be
exhausted in the beginning of 1999. Instead of construction of a new storage operator decided
to reconstruct existing ISFS.
The main features of the reconstruction are as follows:
1) compact arrangement of spent fuel up to the level sufficient for all four units of the
Bohunice plants during the whole period of their operational life,
2) seismic upgrading of the ISFS building and its technology for up to 8 degree of MSK
seismic event,
3) extension of the life time of the spent fuel storage for the period of about 50 years.
In 1996 the ISFS operator SE - VYZ Bohunice applied at the Nuclear Regulatory
Authority (UJD SR) for an approval required by a legislation proceeding according to § 85 of
the Civil Act No. 262/92 related to a change in the use of the construction. As a substantial
part to this application the Safety Analysis Report was submitted.
With regard to the compliance to the safety functions for the reconstructed ISFS, the
following items had to be demonstrated:
-

assurance of subcriticality of spent fuel stored in compacted form in baskets and of
baskets in pools under normal and abnormal operation of ISFS,
reliable residual heat removal from fuel stored during the whole period of ISFS operation,
reliable confinement of fission products to avoid their release into environment.

Because Slovak legislation does not content any instruments concerning requirements for
nuclear safety of spent fuel storage the safety report was reviewed on the base of
recommendation of the IAEA documents
SS No. 116
SS No. 117

Design of Spent Fuel Storage Facilities
Operation of Spent Fuel Storage Facilities
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SS No. 118

Safety Assessment for Spent Fuel Storage Facilities

as well as the US NRC Regulatory Guide No. 3.44.
Using validated codes (SCALE 4.3, RELAP/M0D3, etc.) operator demonstrated that all
requirements of above mentioned international recommendation were fulfilled. The UJD SR
review process was supported by experts from independent research institutes and
universities.
The current status of the work on the ISFS reconstruction gives a real expectation that the
reconstructed ISFS will be brought into operation at the beginning of 1999.
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One of the greatest problems facing dry storage of spent nuclear fuel in the United
States today is deficient quality assurance (QA) and design control (DC) during fabrication
and use of dry storage systems. In 1997, only two of eight utilities that had a need to load
spent fuel into dry storage systems did so. Numerous QA and DC deficiencies identified by
the Nuclear Regulatory Commission (NRC) during random inspections of cask vendors and
fabricators resulted in NRC prohibiting some utilities from loading casks. In other instances
utilities voluntarily restrained themselves from loading casks until the vendors and fabricators
corrected the problems.
NRC began to identify declining trends in QA and DC in the early 1990s. At that time
NRC enhanced communication with the vendors and utilities in an effort to prevent further
declines in performance. However, these early efforts provided only minimal success.
Although NRC inspections found that in most cases the vendors' QA programs met NRC
requirements, it was noted that the vendors had not adequately implemented their QA
programs.
A number of problems contributed to the substandard performance of vendors. The
problems can be grouped into four areas: 1) inadequate vendor oversight of subcontractors;
2) failure of vendors to follow regulatory processes to resolve both nonconformances and
design changes during fabrication; 3) failure of vendors to review nonconformances for
generic implications and to promptly notify system users of their findings; and 4) failure of
vendors to provide adequate QA during the initial design process.
NRC identified a significant number of instances in which the vendors did not perform
appropriate QA reviews of subcontractors during the fabrication of dry storage systems. As a
result, it was later identified that some subcontractors had taken short cuts during the
fabrication process. Examples include failures of subcontractors to document repairs made
to components, dispose adequately of nonconformances, and follow written fabrication
procedures.
Another problem that NRC identified involved vendor and utility evaluations of
nonconformances and design changes. All utilities (and one vendor) are allowed to make
changes to the safety analysis reports (SARs), after they are approved by NRC, provided the
changes do not affect license conditions or constitute safety questions that were not
previously reviewed by NRC. Utilities and vendors routinely make changes to the cask
designs, for various reasons, including utility-specific needs and fabrication considerations.
However, NRC has identified numerous instances where the proper regulatory processes for
making changes were not followed. NRC regulation 10 CFR 72.48 provides a process for
utilities to determine if changes require NRC approval before implementation. However, in
many instances, vendors and utilities would dispose of minor, one time, changes to drawings
referenced in the SAR, without adhering to NRC requirements. During review and approval
of a cask design, NRC relies not only on the text of an SAR, but also on the drawings
referenced in the SAR. Material or dimensional changes to drawings that do not involve
changes to the text of the SAR may seem minor, but may have significant impacts on the
design bases and behaviors of the casks under both normal and accident conditions.
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NRC also became concerned that vendors do not routinely review nonconformances
and design issues for generic applicability. Some vendors have not notified NRC, nor utilities
using the systems, of generic design and operational concerns. This issue is of significant
regulatory concern. NRC expects vendors and utilities to identify problems and requires them
to implement appropriate corrective actions to resolve problems. If vendors are finding
problems but not notifying utilities of those problems, a utility cannot implement corrective
actions.
The most safety significant issues have arisen because vendors failed to implement
effective QA of the initial design process. In 1996, an ignition of hydrogen gas occurred while
a worker was welding a closure lid on a cask. The hydrogen was generated when the coating
used to protect the carbon steel cask from the borated water in the spent fuel pool (SFP)
reacted with the boric acid in the pool. NRC later identified that the vendor had not
adequately assessed the coating for this application. In another instance, as the result of
NRC enforcement actions, a vendor identified that the design calculations performed to
support the SAR design basis were nonconservative and did not support the conclusions in
the SAR.
These aforementioned concerns have resulted in significant enforcement actions
against both vendors and utilities. In addition, considerable amounts of resources have been
expended by the utilities, vendors, and NRC to resolve these problems. As a result, some
utilities have been forced to explore other options for long-term storage of spent fuel,
including reracking the SFP and switching cask vendors. Some vendors stopped fabricating
casks until appropriate corrective actions were implemented. This resulted in significant
financial and operational burdens to both utilities and vendors. NRC has had to reallocate
resources from licensing activities to increased inspection and enforcement activities, thus
causing delays in the licensing of new cask designs. Therefore, it is imperative that vendors
and utilities learn from these mistakes and implement effective QA and DC programs
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of Spent Nuclear Fuel and High-Level Radioactive Waste," Part 72, Chapter 1,
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Nuclear power plants in the United States (U.S.) are currently storing spent reactor fuel
in dry cask storage at 11 sites. Currently, 17 new locations are planned or under construction.
Approximately 90 per cent of the 105 operating U.S. nuclear plants will need storage for spent
fuel beyond the current capacities in their spent fuel pools, during their licensed lifetimes. The
increased demand for dry cask storage has (ed to new designs, vendors, and fabricators. The
U.S. Nuclear Regulatory Commission (NRC) has observed a number of welding issues
associated with design, fabrication, and loading of spent fuel storage casks. These issues have
delayed licensing actions, increased fabrication time and costs, placed operational restrictions
on loading, and prevented or significantly delayed loading. As a result, at least one nuclear
power plant has lost the ability to offload the reactor core to the spent fuel pool because of
space considerations, and others may soon follow.
Emerging welding-related issues involving certain dry cask storage systems have
challenged the safety basis under which NRC approved the casks for storage of spent nuclear
fuel. Welding design considerations include material suitability, joint restraint and residua!
stresses for closure welds, and volumetric inspection. Fabrication issues include oversight of
contractors/fabricators, control of special processes, documentation, compliance with the
construction Code, repairs, and review of nondestructive examination (NDE) results. During
closure welding, problems have been encountered with cracking, undocumented repairs, and
an unanticipated ignition of hydrogen gas,
There has been a significant concern with cracking associated with closure welding on
the Sierra Nuclear Corporation Ventilated Storage Cask (VSC) - 24. The required helium-leak
testing and dye-penetrant examinations have detected cracking during welding of the closure
lids on A of 19 loaded casks. Although the cracks have been attributed to several causes, NRC
believes hydrogen-induced cracking is the most likely explanation. On further investigation,
numerous undocumented welds were identified by acid-etch examinations of the wall of several
casks. The undocumented repair welds, done by the original cask fabricator, but not in
accordance with the requirements of the construction Code for documentation, Inspection, and
qualification, may have been a factor in at least one instance of closure weld cracking. In light
of this cracking experience, and the potential for flaws in any welding process, NRC has sought
verification of the integrity of the lid closure weJds, as could be provided by a volumetric
examination of the closure Joint.
NRC has prohibited loading of this cask design until the welding and augmented
inspection issues are resolved. The cask licensees are currently developing a volumetric
inspection technique ~ ultrasonic inspection (UT) - to give reasonable assurance of the
integrity of welds made by the proposed welding procedures. The affected utilities have
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modified the closure welding procedures through the addition of preheat and postheat, use of
low-hydrogen welding electrodes, sequenced welding, and a hold period before NDE. Because
of the configuration of the partial penetration weld, access limitations for inspection, and
radiation fields, developing an acceptable UT exam has been very challenging. The licensees
are also expending considerable resources developing an extensive materials characterization
program to define impact and fracture toughness properties. This information wit! be used in a
fracture mechanics analysis to develop flaw acceptance criteria for the UT. In addition, the 19
casks already loaded at three sites will require additional NDE to determine suitability for
continued use. NRC has no immediate public health and safety concern at this time. NRC
plans to evaluate the generic implications of this issue for current designs and for those in the
licensing process, once this issue is resolved for the VSC-24 cask.
The current U.S. experience with spent fuel storage casks should be considered during the
design, fabrication, and loading phases of future casks.
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The characterization of Spent Fuel Assemblies in storage facilities (under wet or dry conditions) is of particular
Importance for various purpose such as safety-critlcaitly control [1], respect for storage rules [2] or residual fissile
mass evaluation for Safeguards [3J.
For these various reasons, our laboratory, which is in charge of the developments of measurements systems
for the reactors (in the frame of CEA) has carried out important R & D projects for several years in order to define
and qualify the NDA methods necessary to characterize the assemblies and to design the associated Industrial
devices.
These studies have led to the design and manufacturing of Industrial devices for Spent Fuel characterization
both in air and underwater. More precisely:
-

for the continuous control and monitoring of Spent FueJ before the shearing and dissolution workshop of
large scale reprocessing plant such UP3 in LA HAGUE, a device operating in air using passive neutron
counting and High Resolution Gamma Spectrometry is installed since 1990 giving very accurate
measurements(Burn-up, Cooling-time, Fissile mass content...) [2] [4],

-

for under Water Spent Fuel Characterization, our work was focused on the development of an apparatus
working in the reactor pools for safety-criticatity criteria checking before evacuation (see a diagram
below):
GENERAL VIEW OF PYTHON DEVICE PASSIVE M ETHOf)

It operates under boraled (or not) water using several NDA technics such as :
.

passive neutron counting with high efficiency detectors and sophisticated interpretation tools
(including an on-line evolution code and reactivity correction) for Bum-up evaluation,
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.

optionally combination of active and passive neutron counting has been successfully tested for direct
reactivity measurement on LEU and MOX fuels,

.

total gamma counting surrounded by lead collimator for cooling-time and extremity Bum-up
evaluation.

This device has been intensively qualified using a prototype in French NPP [5] (Tricastin) and an industrial one
in German NPP (GROHNDE and BROKDORF).
The range of qualification is described In the table below:

17x17

GROHNDE
50
UOX-PWR
16x16

BROKDORF
40
UOX-PWR
16x16

1-.8 - 3,7

2,1-4

3,5-4

7600 - 42000

11500-43000

30000 - 47000

80 days - 7,5 years

60 days - 6 years

500-1400 davs

0,4 - 0,7

not measured

not measured

TRICASTIN
Quantity of assemblies
Type
Initial enrichment
% 235 U
Burn-up
MWd/lU
Cooling-time
Reactivity
{KefO

35
UOX-PWR

At the moment, R & D work is focused on the development of an automatic on-line Spent Fuels assemblies
monitoring for core loading conformity control from which some concepts may be interesting for storage
purpose [5] (as an example, automatic reading of Fuel Assembly identification mark using Optical Character
Recognition).
The paper will present In detail the non-destructive methods used, the developed device and the qualification
results coming from both laboratory and industrial measurements and their potential applications for storage of
Spent Fuels from NPP (Compatibility of spent fuel storage facilities with transportation systems; Spent Fuels
investigations).
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Application of burnup credit methodologies to design calculations for spent fuel storage
facilities inside nuclear power plants becomes more and more a must due to economic reasons. The
burnup credit methodology usually applied to spent PWR fuel storage racks is well-known: The
design of such storage racks is based on loading curves providing the minimum required average
discharge burnup as a function of the initial enrichment of the fuel assemblies to be stored. The
determination of a loading curve for spent PWR fuel storage racks is based on application of the
"actinide plus fission product burnup credit level" which takes account of the reduction of the net
fissile content, the build-up of actinides, and the increase of the concentration of the fission products
in irradiated fuel. The fission product isotopes are frozen at the concentrations existing at the time of
discharge from the core, except for 1-135 and Xe-135 which are not considered.
At present the actinide plus fission product burnup credit level is exclusively applied to wet
fuel storage pools where soluble boron is present in the pool water. For example, at the 4 wt.-% U-235
initial enrichment value of a characteristic KONVOI fuel type storage loading curve the reactivity
equivalent of the fission products amounts to about 600 ppm of soluble boron in the pool water. The
difference between this equivalent and the boron content usually kept up in the pool water
demonstrates the significant safety margin that remains maintained in applications of the actinide plus
fission product burnup credit level to PWR wet storage.
Nevertheless the determination of a loading curve has to include the evaluation of the
uncertainties associated with the use of fission products. As can be demonstrated for instance with the
aid of the characteristic KONVOI loading curve mentioned above, at the initial enrichments and
discharge burnups that define a loading curve only a few fission products show considerable reactivity
worths. As regards a whole lot of these nuclides, comparisons of chemical assay data recently
obtained from the ARIANE programme to calculated isotopic concentrations result in an uncertainty
of the neutron multiplication of a PWR storage which is covered by the uncertainty derived in the past
from comparisons of in-core reactor measurement to calculated data. In Figure 1 this enveloping
uncertainty is expressed as uncertainty in the calculated burnup.
However, uncertainties associated with burnup credit have their sources not only in depletion
calculation procedures, but also in the wide variety of fuel irradiation histories. The determination of
a loading curve has therefore to include the evaluation of reactor operation effects which are due to
partial control rod insertion during the operating cycle, presence of burnable poisons, extended low
power operation (e.g., stretch out), and fuel assembly position inside core, and which directly affect
the irradiation histories and hence the axial burnup profiles of the fuel assemblies. Selection of a
"conservative axial burnup profile" based on a study of a sufficient number of empirical profiles
coming from the nuclear power plant of interest compensates for the range of irradiation histories and
represents therefore, at a sufficient confidence level, a worst case situation. The determination of the
isotopic inventory of irradiated fuel assemblies can therefore be based on operating data typical of the
plant of interest.
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A sufficient confidence level can only be attained if the methodology applied to the evaluation
of axial burnup shapes has the capability to evaluate any desired number of axial burnup profiles.
Such a methodology can be developed because axial burnup shapes of PWR fuel assemblies are very
similar in shape. One is able therefore to give a systematic description of axial burnup profiles, which
is, on the one hand, sufficiently general to describe any axial burnup distribution and which is, on the
other hand, sufficiently sensitive to special characteristics of a particular exposure distribution. This
description is suited, therefore, to include with a sufficient confidence level the evaluation of the
highest end effect, that may occur under normal operating conditions due to the variations in
irradiation histories. The methodology applied to the evaluation of axial burnup profiles will be
described in detail and the conservativeness maintained in the criticality safety analysis of the end
effect will be quantified.

Figure 1
KONVOI Spent Fuel Storage Racks
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Burnup
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SYNOPSIS
Intradactidn. Spent nuclear fuel characterisation measurements often perform a vital supporting role in a range of fuel
handling activities. Such activities may include (0 storage, transport and disposal with the use of burnup credit, (ii)
safeguards operations in which m situ verification of fuel bumup and in some cases w t % a s U equivalent enrichment is
required, and (iii) the determination of radionudide inventories for direct disposal. The drivers for making the
measurements may be economic, or they maybe required to satisfy regulatory control requirements for the operation of
a. utility, reprocessing plant or a fuel management system.
Burnup Credit Measurements. Taking account of the reduction in the neutron multiplication reactivity of spent fuel
which occurs during irradiation is known as burnup credit. The reduced reactivity results from the net loss of fissile and
fissionable midides together with the generation of fission product poisons. The nudidcs of major crilicality importance
arc identified in an International Study on Bumup Credit [1]. These arc the fissile and fissionable nuclides; uranium
235, 236, and 238, and pluionium 239, 240 and 241. The major fission product poisons are also listed, these are; 9i Mo,
^Tc, 10l Ru, Ira Rh, l09 Ag, )>3Cs, M7Sm, '*"Sm, IS0Sm, lM Sm and li2 Sm.
Burnup credit offers the nuclear industry a means of increasing the packing density of spent nuclear fuel in storage
racks as well as in transport and disposal casks. Alternatively it can allow a reduction in the amount of expensive
neutron absorbers required in the containers. The present very conservative method of using the mi-irradiated or fresh
fuel reactivity for spent fuel in critkality cask design calculations, known as The "fresh fuel assumption'1, leads to
unnecessarily over-engineered and expensive cask designs of limited packing density, In anticipation of licensing
approval of a bumup credit methodology, cask vendors are considering designs based on the reduced reactivity offered
by burnup credit
In the United States the Nuclear Regulatory Commission (NRC) controls the issue of licenses for spent did casks in
accordance with the requirements of Tide 10 to the Code of Federal Regulations (CFRX Part 72 (Storage), Part 71
(Transportation), and Part 60 (Disposal). A programme to change the licensing policy to one in which burnup credit
can be used is being pursued by the USDOE. Verification measurements which arc expected to be in place within any
licensed procedure will be used to enhance the administrative control to ensure beyond any doubt that fuel loaded into a
cask is fully compliant with the prescribed burnup credit loading curves, Figure I. In addition the measurement will
assist in the confirmation of (he identity of each assembly by verifying other fuel history parameters.
figure 1 Example of a typical fuel loading curve
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Measurements in Support of Safeguards As the global quantity of spent nuclear fuel steadily grows the ueed for
rigorous control of the large quantities of fissLe miclides, predominantly a s U , M9Pu, and : "Pu, within the fuel is
increasing in importance. The plutonium content represents about 1% of spent fuel assembly mass. Globally the current
Stocks of more than 150,000 t HM in spent fuel assemblies contain more than 1000 tonnes of plutonium. The amount
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accumulated through the lifetime of the currently operating reactors may rise by a factor of 2 or 3 depending on the
quantities reprocessed and recycled in the form of mixed oxide (MOX) fuels.
Measurement and verification of such large quantities of plutonium and fissile uranium within spent fuel assemblies,
beyond the level of simply item counting, are potential requirements. If so, rigorous measurement methodologies,
similar to those for burnup credit, will be equally relevant to safeguards for fissile material quantification or
verification. Improved safeguards measurements may not only be of benefit to aid non-proliferation but could enhance
the public acceptability of handling and transportation of fissile materials. For example, this may improve the prospects
for conversion of DOE owned fissile material into commercial fuel for burning as MOX. Alternatively, improved
confidence in safeguards could encourage the earlier transfer of material from reactor sites to centralised interim stores
or to final long term repositories.
Waste Monitoring Under present policies a significant proportion of the world's commercial spent fuel is viewed as
waste. In the United States there are three main options for dealing with spent fuel [2]. These arc; (i) the once-through
cycle, with permanent disposal of spent fuel, (ii) the once-through cycle, with retrievable storage of spent fuel pending a
decision on how to treat spent fuel, and (iii) the recycle fuel cycle with possible burning of the plutonium in MOX fuel.
With the implementation of either of the first two options some form of monitoring may be required by the waste
regulators to confirm or measure the radionuclide content of (he spent fuel assemblies. In the UK, information is
required on some 78 radionuclides within waste destined for a repository.
Although the waste in the UK is not in general spent fuel, but industrial radionuclides and residues from reprocessing,
similar requirements for radionuclidc content assessment seem likely for spent fuel disposal. The measurement of
burnup and associated irradiation history parameters such as cooling lime could be used to provide the required
radionuclidc inventory data.
Measurement Techniques and Methodologies. Available techniques include high resolution gamma spectrometry,
passive neutron counting and active neutron counting, When used in conjunction with nuclide inventory computer
codes, such as ORIGEN or FT SPIN, the radiation measurements allow bumup, cooling time, initial wt% 23SU
enrichment, residual wt.%Z3iU equivalent enrichment and radionuclide inventories to be determined.
The successful use of characterisation measurements depend on development of appropriate techniques together with
the availability and acceptance of methodologies that cover the measurement process and the related calibration
procedures. These arc necessary to correlate the measurable radiation emissions with the required spent fuel parameters,
such as burnup. In particular approved techniques and methodologies are integral to the licensing of burnup credit in
the United States, and are essential to regulatory control of spent fuel contaminated waste destined for interim or final
disposal.
Measurement Systems. A range of modular spent fuel monitoring system configurations for fuel characterisation have
been developed by BNFL Instruments. Historically these were based on instrument systems produced for the Sellaficld
Reprocessing Facility, their primarily role being related to process control, ladtonuclide inventory assay and safeguards
applications. The different configurations offer advantages and disadvantages thai make them suitable to particular
applications, The systems also use a variety of optional radiometric techniques along with different approaches to
calibration and validation procedures necessary to ensure reliable and accurate operation that is appropriate to the
customer requirements.
Conclusions Fuel characterisation measurements are an integral part of a range of fuel handling activities and can
provide benefits that may be financial or safety related Owing to the variety of techniques available the measurements
are likely to be applicable to support, both for current and future advanced fuels, the use of burnup credit, provision of
data to aid in safeguards verification, and radionuclide quantification of fuel wastes destined for interim or final
disposal.
In each area of application the characterisation measurement techniques and equipment must be proven in terms of
performance criteria and track record to satisfy licensed methodologies. Vital qualifying criteria may include calibration
and error analysis with emphasis on the use of calibrations and measurements thai are independent of operator or utility
declared fuel history data.
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The Swedish nuclear programme comprises nine BWR and three PWR reactors, with a total
electrical output of about 10 000 MW and an annual production of about 70 TWh. Half of
the electricity produced in Sweden is generated in nuclear plants, the remainder being
mainly hydro power.
Sweden has chosen the direct disposal option for the management of the spent fuel. This
choice has been judged to the most rational and cost effective solution under the prevailing
conditions in Sweden. According to this, the spent fuel will be stored in the away-fromreactor (AFR) Central Interim Storage for Spent Fuel (CLAB) for 30-40 years before the final
disposal.
CLAB is located on the Simpevarp Peninsula near the Oskarshamn nuclear power plant. The
choice of site provided a number of co-ordination advantages. OKG AB has been contracted
for the operation and maintenance of the CLAB facility.
CLAB consists of an above-ground complex for receiving fuel and an underground section
with the storage pools. The above-ground complex also contains equipment for ventilation,
water purification and cooling, waste handling electrical systems etc. plus premises for
administration and operating personnel. Reception of fuel and all handling takes place under
water in pools. The storage pools are located in a rock cavern and made of concrete with a
stainless steel lining.
The facility, which started operation in 1985, was originally designed to store 3,000 metric
tonnes (U) in four pools. The introduction of new storage canisters has increased the total
capacity of these pools to 5,000 tonnes. The new canisters have partitions of boron steel to
prevent criticality with the more dense packing. Transfer of the assemblies from old to new
canisters is currently under progress.
The capacity of CLAB will be extended by building a new rock cavern parallel to the existing
one. The first blasting work for the extension is planned to take place October 1998. The new
pools will be in operation the year 2004 according to current plans.
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As of March 1998, CLAB has been in operation for twelve years. Approximately 1050
transport casks have been received, 970 containing fuel and the remainder containing highly
active core components (control rods etc.). The fuel amount stored corresponds to 2 800
metric tonnes (U).
During 1998 about 100 transport casks will be received at the facility. This is the highest
figure since the start of operation. The performance of the plant has been excellent and
improvements are gradually introduced along with experiences gained.
The release of crud from the fuel during the cooling procedure is much lower than anticipated
and the dominating nuclide is Co-60.
Receiving and processing of leaking fuel has been successful. The release of activity to the
process systems was not much more than for ordinary fuel.
The activity concentration in the storage pools is low, 5 MBq/m3 at 2700 metric tonnes (U),
and has in spite of increasing amount of fuel been decreasing the last years. The influence of
water temperature on the release of activity from the fuel is strong and the concentration of
dissolved activity increases with higher temperature.
During the last year some biofouling on the surfaces of the steel cladding in the storage pools
has occurred. This is now under investigation.
The production of waste has been very low much depending of the low release of crud from
the fuel but also from development of the process water treatment.
The release of activity to the environment is very low , less than 0.1 % of the permissible
limit. The main nuclide is Co-60.
The collective dose for the facility has been within the interval 135-50 mmanSv during the
twelve years that CLAB has been in operation. The peak was in 1992 because of some work
in pools had to done because the implementation of the new high density packing canister.
The last years the collective dose has been around 50 mmanSv .
The experience with nuclear safeguards and the implification for the operation related to the
inspections carried out by the IAEA and Euratom are good.
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Continuing surveillance activities associated with spent fuel used during
cask performance tests at the Idaho National Engineering and Environmental
Laboratory (INEEL) confirms the benign nature of long-term dry storage.
The cask performance tests conducted at INEEL between 1984 and 1991
included visual observation and ultrasonic examination of the condition of
the cladding, fuel rods, and fuel assembly hardware before dry storage.
Subsequent to initial tests, part of the fuel was consolidated. A
qualitative determination of the effect of dry storage and fuel
consolidation has been observed through fission gas release from the spent
fuel rods.
A variety of cover gases and cask orientations were used during the cask
performance tests. Cover gases included vacuum, nitrogen, and helium. The
nitrogen and helium backfills were sampled and analyzed to detect leaking
spent fuel rods. At the conclusion of each performance test, periodic gas
sampling was conducted on each cask as part of a cask surveillance and
monitoring activity. Since 1994, additional surveillance, monitoring, and
gas-sampling activities have been conducted for intact fuel in a CASTOR
V/21 cask and for consolidated fuel in a VSC-17 cask.
This report combines gas sampling information from cask performance tests
and monitoring activities. It documents the condition of the fuel from the
Surry reactor before testing and the effect of testing on fuel integrity as
ascertained through gas sampling during cask performance tests at INEEL
using both intact and consolidated PWR spent fuel. It also includes
results of a prior test using BWR fuel and the REA-2023 cask at Morris,
Illinois. The pretest condition of the fuel and the significant results
obtained from gas sampling during and after performance testing are
described.
Prior to testing four examination methods were used to assess the integrity
of the spent fuel used in the cask performance tests. Methods common to
the PWR and BWR fuel included visual observations (both full-length black
and white videos and color photographs) and analyses of the cover gas in
the cask. In addition tothese methods, the BWR spent fuel was examined by
in-basin sipping, and the PWR spent fuel from the VP's Surry Reactor was
examined using an in-pool ultrasonic examination.
All sipping data were compared with background readings to assess fuel
integrity. Sipping results for BWR fuel did not indicate any leaking fuel
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rods in any of the fuel assemblies used in the cask performance tests
either before or after cask testing. In-basin ultrasonic inspections were
performed on the PWR fuel at VP's Surry Reactor to differentiate between
non-leaking and leaking rods by detecting the presence of moisture in the
latter. Only Surry Reactor fuel assemblies with non-leaking fuel rods were
used in the performance tests. PWR fuel assemblies were examined visually
to establish their general condition after shipment to and after handling
at the INEEL hot shop, after cask performance testing, and during
consolidation. Similar visual exams were made of the Cooper BWR fuel
during a cask performance tests. The black-and-white videos taken did not
provide sufficient detail to characterize the crud or very small features
on the fuel rods. They did not reveal any indication of significant
variations in the fuel rods after shipment, handling, and performance
testing. All the fuel assemblies and fuel rods look basically the same when
viewed from outside the assemblies. There was some discoloration of the
fuel rod cladding in the area of the grid spacers, which was expected.
Color photographs showed that a typical orange/reddish crud (probably Fe203)
was evenly deposited on the PWR Zircaloy 2 cladding and fuel assembly
hardware. There were no noticeable changes in the characteristics or
adherence of the crud during handling operations involving the BWR and PWR
spent fuel assemblies.
The cask cover gas was sampled several times during each cask performance
test to evaluate the integrity of the spent fuel rods. Gas sample analysis
included mass spectroscopy and radiochemical gamma analysis. The integrity
of the fuel rods was assessed from the radionuclide concentration based on
gamma spectroscopy. Radiochemical gamma analysis was used to detect
Krypton-85. Two out of four casks loaded with intact fuel (involving about
16,700 spent fuel rods) have shown krypton gas concentrations indicative of
a leaking fuel rod. The amount of Krypton-85 released during a cask
performance test with consolidated fuel (involving about 9800 rods) was
significantly higher (approximately 12 leaking rods) than that released in
previous cask testing with unconsolidated fuel. It is hypothesized that the
greater magnitude of Krypton-85 released in this test and post-test surveillance is because of additional cladding leaks caused by enlargement of
incipient cladding flaws during pulling and flexing of the fuel rods during
the consolidation process. Subsequent storage of the spent fuel over the
past seven to twelve has not resulted in additional leaking fuel rods.
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The paper summarizes results of experimental investigating the thermal creep of
unirradiated recrystallized cladding tubes made of the ZrlNb alloy. The examination
was carried out in order to obtain data for analysis of the creep behaviour of W E R
$pent fuel cladding under normal and off-normal dry storage conditions. The paper
includes also the results of a preliminary assessment of the limiting temperature to
prevent the cladding from creep degradation during storage of VVER-440 spent fuel in
containers tor 40 and 70 years, taking into account the fuel irradiation and cooling
history.
Creep tests were performed on internally gas pressurized tubular specimens with
end plugs welded to both ends at 10 different temperature levels within the region of
3OO-53O°C (A T cca 25°C). At each temperature, specimens pressurized at 5 different
internal pressure levels from 2.5 to 9.0 MPa were tested, and the corresponding
circumferential stress in the tubular specimen walls lay within the range of 40 to
130MPa. The creep tests were discontinued periodically for sample diameter, length,
and volume measurements. Tests at temperatures > 420°C were performed up to sample
rupture in case of specimens pressurized at the 2 or 3 highest internal pressures. The
total creep testing times were from 50 hr to 10 000 hr in dependence on testing
temperature.
The creep tests indicated that within the 380°C to 420°C range, the deformation
mechanism changes and the temperature and stress dependences of the steady creep rate
increase considerably. For Zircaloy-4, this change occurs at 420°C to 450°C when
applying the same stress conditions. Based on the results obtained, the following creep
equations were derived for the ZrlNb cladding alloy in the low-temperature
(300-380°C) and high-temperature (42Q-530°C) regions:
• steady creep rate temperature-stress dependence
• empirical equation of the time dependence of transition creep deformation.
The equations allow the total hoop strain of the tubular samples to be determined
up to the steady creep region. The calculated and observed data were identical to within
+ 20 %.
An empirical fracture equation was also set up for the high-temperature region
using the Larsson-Miller parameter to predict the time to tube rupture.
The paper also presents a comparison of the creep properties of Zircaloy-4 and
ZrlNb alloys, pointing to somewhat poorer ductile properties of the latter. Also, in
comparable temperature-stress conditions, the start of steady-state and accelerated
creep mostly took place at lower hoop strains for ZrlNb than for Zircaloy-4.
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This suggests that in order to assure a safe Jong-term storage of VVER spent
fuel, it is appropriate to limit the allowable circumferential cladding deformation to the
value < 1%, as with the Zircaloy-4 cladding, rather than to the value of < 2% considered
in Russia.
The experimentally determined creep deformation equation for the ZrlNb alloy
in the diffuse creep region is employed to preliminary evaluating the maximum
permissible storage temperatures in dependence on the internal gas pressure in the fuel
rods for spent fuel storage in containers. For this purpose, a computer code was set up by
the Nuclear Research Institute Rez based on the strain-hardening rule applied to the
calculation of the accumulated hoop strain under conditions of a continuous decreasing
in temperature and pressure in the fuel rods. The method of limiting temperature
determination is the same as for LWR fuel. The code implements the temperature profile
obtained by thermal analysis of the cooling behaviour of the hottest fuel rod in the
CASTOR-440/S4 container which is fully loaded with VVER fuel with the highest
parameters permitted. This analysis was accomplished by the Nuclear Research Institute
Re2 using a home-made 2D heal transfer model. Currently, calculations are being
developed to set up the limiting temperature curves for VVER-440 fuel with different
times of cooling in the reactor pool and for burnup levels of 35 GWd/tU and
approximately 40 GWd/tU. We expect some of the calculation results to be included in
this paper.

78

XA9848877
IAEA-SM-352/39
ASSESSMENT OF DRY STORAGE PERFORMANCE OF
SPENT LWR FUEL ASSEMBLIES WITH INCREASING BURNUP
M. PEEHS, F. GARZAROLLI, W. GOLL
SIEMENS KWU-NBT,
D 91050 Erlangen
Germany

Abstract
To assess the extended storage performance of spent LWR-fuel, the available
experience can be collated into 3 storage modes:
• mode I: fast decrease rate of temperature between maximum of licensed dry
storage temperature and 300°C.
• mode II: medium decrease rate of the fuel rod dry storage temperature between
300°C and 200°C.
• mode III: slow to negligible decrease rate of fuel rod dry storage temperature for
temperatures less than 200°C.
Mode I is typical for early interim storage, mode III covers extremely long term
storage which is encountered presumably for nearly all dry storage extensions to be
considered. Mode II dry storage is characterised by the fact that all creep
deformations of the spent fuel cladding can already be regarded as terminated as
well as the corrosive attack of the cladding.
Reviewing the fission product behaviour under dry storage conditions it can be
pointed out that the fission products generated in the UO2-fuel under in service
conditions are
practically immobile in the UCVfuel lattice during storage.
Consequently all fission product driven defect mechanisms like
• stress corrosion cracking (SCC),
• uniform fuel rod internal fission product corrosion of the cladding,
• localised fuel rod internal fission product corrosion of the cladding
will not take place.
The leading defect mechanism for spent fuel rod in dry storage - also for fuel rod
with increased burn-up - remains creep due to the hoop strain resulting from the fuel
rod internal fission gas pressure. Limiting the creep to its primary and secondary
stages prevents fuel rod degradation. Post-pile creep of fuel rod cladding can be
described conservatively by the creep of unirradiated cladding. The allowable
uniform strain of the cladding in its typical post-pile condition preventing tertiary
creep under dry spent fuel storage conditions is 1 -2%. Dry storage performance
prediction of fuel assemblies with a burn-up <_65 GWd/tHM was calculated based on
the fuel assemblies end of life data and on a representative curve T=(f(t). The
maximum allowable hot spot temperature of a fuel rod in the CASTOR V cask was
between 348°C (MOX-FA) and 358°C (U-FA) at the beginning of storage. The
highest hoop strain predicted after 40 years of storage is 0.77%. This result proves
that dry storage is safe for LWR fuel of such burn-up.
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The Swedish Nuclear Fuel and Waste Management Co, SKB, is conducting test measurements of
decay heat and gamma radiation on spent fuel assemblies in the pools at the Swedish Central Interim
Storage Facility for Spent Nuclear Fuel, CLAB. The decay heat is measured in a calorimeter and for
the gamma-ray measurements high-resolution spectroscopy (HRGS) technique is used.
The objectives of these measurements are primarily to see if it is possible to:
•
•
•

Achieve accurate, quick and simple determination of decay heat by gamma-ray measurements on
old fuel assemblies prior to encapsulation for final disposal.
Achieve verification of burn-up and cooling time of fuel prior to encapsulation for final disposal.
Provide a basis for BU-credit (if needed) in final disposal canister

By autumn 1998 measurements and calculations on 14 BWR and 31 PWR-assemblies with different
nuclear data have been performed. Gamma-ray spectra have been obtained using the HRGStechnique.
Calorimetric method
The method used for the measurements is simple and rugged. The temperature of a limited and heated
volume of water in a calorimeter immersed in a pool is measured. The temperature difference between
the water inside the calorimeter and the surrounding pool water at thermal equilibrium is a measure of
the power input.
The system is calibrated for different input powers by means of an electrical heater with roughly the
same shape as a fuel assembly. The different fuel assemblies are then immersed in the calorimeter and
the temperature at equilibrium corresponds to a power value given by the calibration curve. The
residual power values are corrected for the gamma radiation that escapes from the system .
Gamma measurements
The gamma-ray intensities of the fuel assemblies mentioned above are measured by using the gammascanning facility at CLAB. The system is based on a germanium detector with a substantial size that
makes it possible to swiftly and accurately determine the peaks of the gamma-ray spectra obtained.
Correlation between 137Cs and residual thermal power
Assuming that the gamma intensity (I) from the 137Cs activity of a spent fuel assembly can be
measured, and that it is proportional to the concentration of the 137Cs activity in the whole, or part of
the fuel studied, one may write the decay heat Pi37 generated by the I37Csactivity[2]:
^137

=

C I

(1)

80

The constant C depends on the various geometry conditions of the gamma intensity measurement
array, and has to be determined in a calibration procedure. In practice, the experimental geometry can
be expected to be constant. The total decay heat P is obtained from eq. (1) by introducing the ratio f:
x _ -M37

(2). This leads to:

J ~ ~~7T

(3)

The ratio f, or f-factor, depends in a complicated way on fuel parameters like burn-up (BU), cooling
time (CT), initial enrichment (s) and power history.
In practice, however, it turns out that the f-factor at cooling times longer than 10-15 years is
essentially constant over large intervals of the fuel parameters mentioned :
Fuel parameter

Parameter interval

Relative variation in f

Burn-up = 30 GWd/tU

±5 GWd/tU

4%

Cooling time = 40 y

±5y

7%

Initial enrichment = 2.0 %

+0.5 per cent unit

6%

Verification of burnup
The measured average 137Cs intensity of the PWR-assemblies was plotted against the operator
declared burn-ups. A linear relationship was established with a standard deviation of about 2%.
Verification of cooling time.
The cooling times were determined from the 137Cs and 154Eu intensities of the PWR-assemblies and
agreed with the actual cooling times with standard deviations of less than 0.5 y.
Conclusions
So far the following conclusions referring to the primary objectives can be drawn:
• The calorimetric measurement method used is rugged and has, shown good reproducibility. The
uncertainty of the measured decay heat obtained using this measurement equipment was
approximately 3% (one standard deviation).
• It was shown that, given that the cooling time exceeds about 10 years, the decay heat can be
determined from the measured 137Cs gamma-ray intensity within an uncertainty of about 4 % (one
s.d.) in the BWR case and about 3,0% in the PWR case. These uncertainties mainly reflect the
uncertainty of the calorimetric data.
• It is possible to achieve quick determination of the decay heat by gamma-ray measurements.
Typical measuring times are less than 10 minutes.
• A linear relationship between the measured gamma-ray intensity of 137Cs and the operator declared
burn-up was established with a standard deviation of 2%. This can be used to verify the operator
declared BU.
• The combination of gamma-ray measurements of 137Cs and 154Eu was shown to be feasible
determination of the cooling times within 0.5 year (one s.d.) as compared with the operator
declared value.
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Because of delays in closing the back end of the fuel cycle in the U.S., there is a
need to extend dry inert storage of spent fuel beyond it's anticipated 20 year
duration. The behavior of the dry inert storage system was analyzed to (i) evaluate
the potential for storing the fuel for 100 years, (ii) identify any uncertainties in the
existing data base, and (iii) determine data needed to eliminate these uncertainties.
The criteria for the evaluation were: 1) maintain subcriticality, 2) prevent release of
radioactive material above acceptable limits, 3) ensure that radiation rates and doses
do not exceed acceptable limits, and 4) maintain retrievability of the stored
radioactive material. The thrust of this analysis was the potential behavior of the
fuel, and this paper primarily reports the results from the analysis of the fuel itself.
Information from ongoing national and international dry storage programs at reactor
sites and experimental programs was evaluated. Because of the lack of monitoring
requirements, little information on potential long-term behavior was obtained from
the at-reactor storage programs. Examinations from the experimental programs gave
no indication that long-term dry storage was not possible .
During normal operation of an inert storage facility, the lower radiation field and
temperatures around 100 to 125°C after 20 years favor acceptable fuel performance
for an extended period . If the initial storage temperature is above 300°C, it is
expected that any annealing of irradiation damage will take place in the first couple
of years This will make the fuel rod cladding more ductile and less prone to creep
rupture failure as time passes. After the first few years, annealing will have little
effect on the mechanical properties of the cladding. Potential long-term cladding
rupture due to diffusion controlled cavity growth (DCCG) and stress rupture were
evaluated and found not to be plausible. If DCCG and stress rupture are not a
problem for 20-year storage, they will not be a problem for 100-year storage.
The oxidation behavior of the fuel and cladding for normal and off-normal storage
conditions was analyzed. Any fuel oxidation due to a mistaken backfill of air or a
small leak in a cask containing rods with pinhole cladding breaches will take place
early in storage life. After 20 years, fuel temperatures drop substantially, and little
oxidation will occur. An air backfill early in the storage life, could oxidize the
equivalent of two fuel rods and split the cladding. The amount of fission gas released
by the fuel oxidation would not affect the thermal conductivity of the cask system.
Similarly, cladding oxidation is a concern only if a large cask leak occurs early in life
which is highly improbable. This oxidation will have minimal effect on the
emissivity or thermal conductivity of the fuel. If the cask is properly dried, radiolysis
of any remaining water will not result in significant fuel or cladding oxidation.
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If the fuel is moved to another cask during the remaining 80 years of storage, it will
undergo either a dry-to-dry transfer or dry-to-wet transfer. The effects of crud
spallation, rod breach due to thermal shock, and cask pressurization were evaluated.
Crud spallation impacts during transfer decrease with decay of the crud's primary
constituent ^Co, and becomes of little concern. Leaching from pinhole breaches
would not be a concern during a wet transfer. Deterioration of internal cask
component by galvanic action or corrosion is not a concern for properly dried casks.
Hence, transportation requirements can be met after either 20 or 100 years.
The impact of higher burnup fuels on extended dry storage was also evaluated . In
particular, the effects of higher fission gas inventory, rim-effect on oxidation, more
hydrides in the cladding, and significantly larger oxide layers were considered.
Many of these effects are mitigated with the newer cladding, which has improved inreactor performance.
Overall these results indicate, based on fuel behavior, that spent fuel at burnups
below ~45 GWdVMTU can be transferred between casks, transported, or dry stored
for 100 years. Long-term storage of higher burnup fuel or fuels with newer cladding
will require the determination of temperature limits based on evaluation of cladding
degradation. The post-irradiation mechanical properties of the newer high-burnup
claddings and fuels will need to be taken into account. A detailed evaluation of the
change in the mechanical properties of the cask system, with emphasis on the
deterioration of the polymer neutron shields and the seals, will be required if the cask
system is to be used for 100-year storage.

83

IAEA-SM-352/42
REGIONAL SPENT FUEL STORAGE FACILITY
Peter H. DYCK

XA9848880

Nuclear Fuel Cycle and Materials Section
Division of Nuclear Power and the Fuel Cycle
IAEA,
Vienna, Austria
Most countries with power reactors are developing their own national strategy for spent
fuel management including interim storage. However several countries with a small nuclear
power programme or one or more research reactors face the serious problem of extended interim
storage and disposal of their spent nuclear fuel. The expensive construction of away-from-reactor
extended interim storage facilities and/or geological repositories for the relatively small amounts
of spent fuel accumulated in such countries is obviously not practicable and, therefore, access to a
regional interim storage facility and/or repository for their fuel would be an ideal solution.
It is interesting to note that de facto RSFSFs exist in several countries. The word "regional"
is used in the broad sense of the word that is a geographical area covering more than one country.
In Western Europe commercial considerations provided the incentive for the development
of spent power reactor fuel management systems. Eurochemic was one of the most significant
early projects for a multinational arrangement. UKAEA-BNFL and COGEMA are effective
involved in interim storage of spent power reactor fuel from a number of countries while awaiting
reprocessing.
Arrangements involving the former USSR seem to have been largely politically motivated.
The service offered by the USSR was mainly centred around their own national interest such as
the fuel leasing arrangements concluded with the former East Block countries. The arrangements
continued until 1990 and were de facto suspended by legislation.
Research reactor fuel from all over the world is at present stored in wet interim storage
pools at the RBOF facility at DOE's Savannah River Site. Proliferation concerns weighed heavily
in this case.
The time is ripe for serious discussion of such regional facilities and to begin planning for
the day when neither take-back programmes nor the reprocessing option might be available.
The IAEA has made a start by convening two meetings of experts to collect and evaluate
information on a regional spent fuel storage facility. The first one was held in December 1997, the
second one just 6 weeks ago, from September 28 lrst of October 1998. Their deliberations are
summarised in this paper.
The main objective of the meetings was to discuss the different technologies and safety
aspects of a regional spent fuel storage facilities for power and research reactor fuel, requirements
regarding logistics, geology and climate, the question of the final destination of the spent fuel,
perpetual or indefinite storage, the linkage of regional storage to regional disposal, economical
and legal questions of regional storage (profit center or cost sharing), and public and political
issues that would influence the location and acceptance of a regional spent fuel storage facility.
All types of spent fuel from power and research reactors as well as vitrified waste from
reprocessing should be considered for regional storage. From power reactors the well known
PWR, BWR, RBMK, WWER, HTGR, and Candu fuel assemblies are candidates. From a
technical point of view, both wet and dry storage can be considered for regional storage purposes.
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For dry storage, metal cask, concrete cask and vault storage systems are available. The choice of a
regional system would depend on the types of fuel to be stored in the facilities.
There are internationally recognized safety principles, standards and practises which can
apply for such a storage facility. The sharing of technical and economic resources could lead to a
high safety standard.
The reduction of the number of spent fuel storage facilities world-wide would ensure the
best institutional control.
Regional storage facilities in different regions of the world could lead to an optimization of
transport. With regard to logistics the sites for such storage facilities have to be selected very
carfully. The same applies with regard to geology and other site specific impacts as earthquake,
hurricanes, flood and climate. High humidity could lead to corrosion of important equipment.
Regional solutions also include the potential for a combination with a final repository. If
RSFSFs make sense, regional final disposal does too. As the aversions against final disposal are
even stronger than those against RSFSFs, we should try to make at least some progress in the
storage issue. It might be difficult to define final spent fuel conditioning as long as there is no
final repository. So technical provisions should be foreseen in the RSFSFs to rearrange the fuel
for final disposal. To be attractive, RSFSFs have to be very flexible and the acceptance criteria for
fuel and casks have to be easy to fulfil.
The country and organization running a regional storage facility should have an acceptable
return of investment. This is the only way to convince politicians to support such a facility. Public
and political issues that would influence the location and acceptance of a regional spent fuel
storage have to be resolved.
In 1997, the annual spent fuel arising from all types of power reactors amounted to about
10,500 tonnes of heavy metal (tHM). The total amount of spent fuel arising world-wide at the end
of 1997 was about 200,000 tHM and projections indicate that the cumulative amount generated by
the year 2010 may surpass 340,000 tHM. About 130,000 tHM of spent fuel is presently being
stored in at-reactor (AR) or away-from-reactor (AFR) storage facilities awaiting either
reprocessing or final disposal, 70,000 tHM were reprocessed. The quantity of accumulated spent
fuel is 20 times the present total annual reprocessing capacity.
It appears that the regional spent fuel storage concept is entirely feasible in principle.
Besides the obvious economical advantages of regional storage facilities, it is clear that storing
spent fuel in a few safe, reliable and secure regional facilities will facilitate safeguards and
physical security and reduce the risk of proliferation.
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hi this paper, a multinational spent fuel management concept is proposed. The
management concept is based on a service agreement to be entered into between those
countries, which intend participating in a common spent fuel (SNF) management venture.
Accordingly, one of the participants in such a venture would act as the hosting country, while
the others fulfill the role of customer countries. The hosting country would typically agree to
accept SNF from customer countries under specific conditions, as required by the service
agreement. The service agreement should cover a sufficient number of options that customers
can use, such as interim storage, reprocessing or disposal. The service offering should be
flexible enough to accommodate diverse customer requirements.
Typically, the first step in the multinational management process is the interim storage
of the SNF delivered to the hosting country, and the final step is the disposal of the material in
a deep geologic repository. What is of particular interest in this paper, are the ways and means
of closing the gap between the first and last steps in the management process.
Various studies [1,2,3,4 and 5] have been done on international, multinational or
regional radioactive waste management concepts. The proposal outlined in the present paper
flows from work that has been carried out by an international working group [6] on
multinational waste management, although the above proposal is taken somewhat further than
the original concept.
The proposed multinational SNF management system, or MMS, caters for various spent
fuel management options that are available to customers participating in the MMS. In the
proposed model, both hosting and offering (customer) countries are assumed to have
established nuclear power programmes. By implication, therefore, the participating countries
will also have domestic SNF management systems to support such programmes. In offering
countries, spent fuel management would typically be limited to storage at reactor sites,
whereas, in the case of the hosting country, spent fuel would probably already be stored in an
off-site or central spent fuel storage facility. If an offering country has an existing off-site
storage facility, it is debatable whether such a country would be interested in transferring its
spent fuel to another country for storage purposes only.
The hosting country's central storage facility, if it already exists, could be converted into
a foreign spent fuel storage facility. In order to provide as much flexibility as possible to
customers in offering countries, the hosting country should consider linking the storage
component of the MMS to a multinational repository system. Although such linkage is not
strictly necessary, it would, however, offer major advantages to potential customer countries,
which do not wish to take back their SNF after the interim storage period has expired.
Therefore, in defining the MMS system, it is assumed that the hosting country will provide a
multinational repository that could operate in tandem with the storage system.
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An attempt has been made to examine the link between storage and disposal in the
proposed multinational spent nuclear fuel system. It appears that storage, as an intermediate
step, is an attractive point at which the waste management process could be temporarily
terminated. Final disposal, on the other hand, is presently still in a developmental phase. But,
in spite of the lack of progress on repository construction, there is presently still little need for
direct disposal. The linkage between storage and disposal does not appear to be a particularly
strong one under present conditions. Therefore, from this analysis it is clear that there is a
strong incentive for prolonged spent fuel storage with a consequent deferral of direct disposal.
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Abstract
Since 1979, tests for the direct final disposal of spent fuel have been carried out in Germany and since 1990, the PKA
is being constructed. In the middle of 1999 the plant will be ready for service. The PKA is the first plant of its kind in
the world.

1. THE PLANT PKA
In 1994, due to the change of the atomic law in Germany, the concept of direct final disposal
was developed as an equivalent alternative to the concept of waste management which included
reprocessing.
Since 1979, tests for the direct final disposal have been carried out in Germany. In 1985, the
State and the utilities came to an agreement to develop this concept of waste management to technical
maturity. GNS was commissioned by the utilities with the following tasks:
the development and testing of components with regard to conditioning technology
the construction and future operation of the pilot conditioning plant (PKA)
the development of casks suitable for final disposal.
Since 1990, the PKA is being constructed on the Brennelementlager Gorleben GmbH (BLG)
site. The PKA has been designed as a multi-purpose facility and can thus fulfil various tasks within
the framework of the conditioning and management of spent fuel assemblies and radioactive waste.
The pilot character of the plant allows for developments and testing in the field of spent fuel assembly
conditioning.
The objectives of the PKA may be summarized as follows:
-

the conditioning of spent fuel assemblies for interim and final storage
the reloading of spent fuel assemblies and waste packages
the conditioning of radioactive waste
maintenance work on transport and storage casks as well as on waste packages.

The buildings of the PKA are completed; at present, the technical facilities are installed with a
license based on the atomic law.
The conditioning procedure takes place in 3 hot cells of the PKA. The steps of the dry
conditioning procedure are as follows:
-

rod consolidation of the spent fuel assemblies
loading of fuel rods into bins (2 PWR fuel assemblies or 6 BWR fuel assemblies to one bin)
compaction of the structural parts of the assemblies and loading of the compressed parts into
the basket for structural parts (or in special drums)
loading of the bins and the basket for structural parts into the POLLUX cask
closing of the POLLUX cask, i.e.
- screwing on of the primary lid
- welding on of the secondary lid
- screwing in of the shielding lid.
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As an alternative to this procedure, the basket designated for the compressed structural parts
may also be loaded, e.g., with the fuel rods from 2 PWR fuel assemblies.
2. POLLUX CASK
The POLLUX is a self shielding final storage cask with a capacity of 8 or 10 PWR fuel
assemblies, or of 24 or 30 BWR fuel assemblies. In each POLLUX there are 4 bins and one basket.
The weight of the cask is approximately 65 tons.
The cask consists of the shielding cask with a screwed-in lid and the inner cask with bolted
primary and welded secondary lid.
The cylindrical wall and bottom of the inner cask is extruded in one piece made of fine-grained
steel 15 MnNi 6 3. The thickness of the cylindrical wall is 160 mm and is designed according to the
mechanical and shielding requirements.
The primary lid of the inner cask is made of the same material as the base body.
The secondary lid is designed as a welded lid and made of the same material as the base body.
It is welded to the inner cask. The ~50-mm-thick welded connection is produced by the narrow-gap
welding procedure and forms the leaktight and permanent barrier for transport, interim storage and
final disposal of the fuel.
The base body of the shielding cask is made in one piece consisting of ductile cast iron (GGG
40). The wall thickness of the base body is 265 mm on the side wall and designed according to
shielding requirements.
The safety analysis report and the documents for licensing according to the nuclear regulations
were prepared for the POLLUX final disposal cask and submitted to the licensing authorities to obtain
the license according to the Transport regulations [type B(U)] and the storage license according to the
nuclear regulations for an interim storage.
The prototype cask for cold handling in the PKA is fabricated and is already used for cold
handling.
3. INTERIM STORAGE
For a better efficiency during the interim storage period of spent fuel the PKA is also able to
fulfil the following functions:
to reload fuel assemblies from smaller to bigger interim storage casks or
after some years of cooling time consolidation of fuel assemblies for further storage in interim
storage casks or in final disposal casks.
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In Sweden, the spent nuclear fuel will be encapsulated in corrosion resistant canisters before
transfer to a deep repository. In the deep repository the canisters will be deposited approximately 500
meters down in the Swedish bedrock, surrounded by bentonite clay.
Due to the oxygen-free environment which prevails at the repository level, copper has been
determined to be the most suitable canister material for corrosion resistance. In the current design, the
wall thickness of the copper is 50 mm. To improve the mechanical strength, the copper canister
contains an inner cast insert. The insert has a minimum wall thickness of 50 mm and is manufactured
from cast iron. Each canister has channels for either 12 BWR or 4 PWR fuel assemblies, see Figure 1.
The diameter of the canister is 1050 mm and the length 4850 mm. With spent fuel, a disposal canister
weighs approximately 25 tons.
Full-size canisters have been manufactured using different methods: extrusion and forming
from rolled plate. These manufacturing trials have shown that it is feasible to produce disposal
canisters according to specifications. The electron beam welding equipment which has been used for
all copper welds has been developed in co-operation with TWI in England.

FIG. 1. Disposal canister for BWR fuel.
Full-size canisters have been manufactured using two different methods: extrusion and
forming from rolled plate. These manufacturing trials have shown that it is feasible to produce
disposal canisters according to specifications. The electron beam welding equipment, which
has been used for all copper welds, has been developed in co-operation with TWI in England.
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The Encapsulation Plant is planned to be built directly adjacent to the CLAB interim storage
facility. This location provides possibilities to extend several existing functions, such as the fuel
elevator, cooling systems, water purification systems and electrical power supply. At a first stage only
spent fuel will be encapsulated but preparations are made for the later addition of equipment for
treating core components.
The plant is designed for an annual output of approximately 200 disposal canisters, i.e. on the
average one canister per workday. The size of the plant is approximately 65 x 80 meters and the
height about 25 meters. SKB has engaged BNFL Engineering Ltd for designing the encapsulation
process and ABB Atom AB for the work on the auxiliary systems. The application for construction of
the Encapsulation Plant is expected to be submitted in the year 2002, at the earliest. The time of the
application is dependent on the progress of siting the deep repository.
The fuel assemblies are transferred, using the existing fuel elevator, from the storage pools in
CLAB to pools in the Encapsulation Plant. There the fuel is identified and measured before an
inclined elevator brings the fuel up, out of the water, to a handling cell. In the handling cell the fuel
assemblies are dried and lifted over to a disposal canister, which is docked to the cell from below. A
lid is bolted to the cast insert before the canister, which is placed in a shielded frame, is transferred for
further processing.
In the next station the air in the cast insert is exchanged with argon, through ports in the inner
lid. After transfer to a welding station, a copper lid is welded to the copper canister using electron
beam welding. The weld is inspected with ultra sonic and X-ray techniques and the weld area is
machined at the following station. When a canister has passed the non-destructive testing it is lifted
out of the shielded frame and is brought to a station for monitoring and, if necessary,
decontamination. Finally, the canister is transferred to a transport cask. The cask is fitted with a lid
and is then transported to a transport cask storage building where it awaits shipment to the deep
repository.
In order to test the very crucial sealing operations, SKB has built a Canister Laboratory in the
town of Oskarshamn. In the laboratory the electron beam welding and non-destructive testing
operations will be tested and developed further. Preparations are also made to test and demonstrate
other parts of the encapsulation process at a later stage. At the moment the laboratory equipment is
being commissioned. The first welding trials are planned to be performed during 1998. Results from
the Canister Laboratory will be submitted to support the application for construction of the
Encapsulation Plant.
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In 1989 Frobaise Nuclear Power Station - a OANDU plant - decidBd the
construction of a dry spent fuel storage facility. This facility
consist of concrete
vertical modules grouped In a storage site placed near th« existing spent fuel
storage bay. Every module has a capacity for 5 steel canisters, each one
containing fuel baskets with 60 fuel bundles. The canisters are closed and filled with
dry air.
The dimensions of the fuel bundles, formed by 37 fuel rods, are 10 cm.
diameter and 50 cm. length. The concrete module wall (lateral shielding) thicicness is
80 cm. and the internal diameter is 110 cm. it was used an ordinary concrete.
The thermal design target was (o avoid the release of fission products and
protect the shielding capacity of the concrete wall. For the first condition, in order to
avoid the cladding corrosion, a maximum cladding temperature of 180 "C was
settled. For the second one, in order to avoid the concrete cracking, an absolute
maximum temperature of 110 "C and a maximum temperature drop through the wall
thickness of 60 °C were settled.
The temperature levels, for the same other conditions, are directly related to
the decay heat generated by the spent fuel elements. And the decay heat
generated is a function of the fuel
burnup and the decay lime in the spent fuel
storage bay. For this study it was assumed with a conservative criterion an outlet
fuel bumup of 7500 Mwd/Ton and an average irradiation power of 475 KW/bundle.
The decay heat was calculated with the code "ORIGEN".
So, the two above mentioned largets implies as a final target to define the
minimum decay time in the spent fuel storage bay, before its transference to the dry
spent fuel storage facility.
To accomplish these objectives an
instrumented prototype was designed and
built. The fuel rods corresponding to 18 fuel bundles in the central canister were
simulated with electrical heated rods the other fuel bundles were simulated with
cylindrical heaters. The other 4 canisters were simulated also with cylindrical
heaters. 24 thermocouples were installed in the concrete and other 32
thermocouples were installed to measure trie fuel cladding" temperature.
The prototype was placed in the plant site, near the place where the facility
would be constructed. The test was performed, without interruption, over a period
of one month and a half during summer time. The measurements were repeated
each hour, 24 hours a day.
The power was increased slowly. The measurements were done for three
power levels with the following results
:
POT (Watts)
2228
3171
4753

Tmax (H°) - °C
59.5
78.7
101.6

ATmax (H°) - °C
30.1
40.1
61.4
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K(H°)-W/m/°C

1.9
2.0
2.0

The maximum power level corresponded to spent fuel elements with 4.5
years in Ihe spent fuel storage bay. So we could assume as a conservative
conclusion thai the minimum acceptable decay time for the Fuel elements in the
spent fuel bay should be 6 years.
After those tests, two
instrumented concrete modules were loaded. The first
Wllh 7 years, and the second with 6.5 years decay fuel elements, with the concrete
lemperat j r e drop measui ed it was pos$ible 1o calculate the fuel power and to
compare It with Ihe" ORIGEN'values.

Decay Time (years)
7
6.5

"Measured'Power (Watts)
3050
3250

"5RIGEN" (Watts)
3180
3420

From the table it appears that the ORIGEN code
overpredicts the power,
and this confirms thai the minimum acceptable decay time for the fuel elements in
the spent fuel bay should be 5 years.
These studies were complemented with
y ray abortion measurements to
verify the shielding concrete capacity before and alter the heating experience and
also with concrete deformation measurements.
At the moment our Regulatory Authority accepted a minimum decay time for
the fuel elements in the spent fuel ot t> years. There are 80 conciete modules, 54 of
which are loaded.
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The purpose of this paper is to show the benefit of such evaluations.
It also presents a sensitivity study versus the major parameters influencing heat
transfers, such as pressure, temperature and emissivity.
The heat released by the spent fuel to be transported, or dry stored, tends to
increase for two major reasons: the need to empty overcrowded storage pools and
the higher burn-up. Higher burn-up also tends to generate higher pressure in the rod
plenum, and therefore tends to limit the maximum acceptable temperature of the
fuel.
For wet transport, the pressure required to prevent boiling rises sharply with the
maximum rod temperature.
The maximum temperature of the fuel in the cask is thus becoming a concern that
may influence their capacity. An improved evaluation of the internal heat transfers
may thus have a positive impact on the cost of transport and dry storage.
Modern CFD (Computational Fluid Dynamics) softwares are excellent instruments to
obtain such evaluations.
Fluent, which is used for the calculations reported here, is one of them. It enables
simulating steady or transient flows, either laminar or turbulent, under forced or free
convection conditions. It can also take into account radiative heat transfer.
This very versatile tool nevertheless requires intensively trained users and careful
validation.
Prior to applying Fluent to actual engineering problems, the conduction, convection
and radiation models have been benchmarked versus simple, representative cases,
for which the solution was known, e.g. the calculation of heat transfer around a
horizontal cylinder or between two horizontal concentric cylinders (including all three
heat transfer modes : radiative, conductive and convective).
After successfully passing these tests, the software could be used to solve heat
transfer problems in the central cross section of a cask in transport conditions, kept
horizontally. This was done using a refined 2D model.
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A first approach on a single assembly showed how difficult it is to assess relevant
boundary conditions at the periphery of the assembly. It was then decided to model
the whole cask, to avoid having to introduce arbitrary assumptions.
In this instance, symmetry actually allowed reducing the modelling of the basket to
just one half, without sacrificing accuracy.
Fig. 1 presents an example of the geometry of an assembly and the typical
temperature distribution in it.
For dry casks, radiation is usually considered as responsible for most of the heat
transfer inside the cavity.
Free convection of the gas is usually neglected in the thermal analysis, simply
because it is difficult to evaluate. The conservatism of this approach is shown to be
significant, especially if pressurized helium is used as filling gas.
For wet casks, water totally prevents radiative transfers.
Water as such is a poor heat conductor but, as soon as convection occurs, it
becomes a tremendous heat transfer material, due to its high specific heat and its
density.
Neglecting free convection in this instance is shown to be exceedingly penalizing, for
instance if pressurization must prevent the boiling of water.

Fig.l Cross-section of a PWR (15x15) assembly
A typical temperature distribution for given boundary conditions.
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The purpose of this paper is to present the results of WWER spent fuel inventory
studies, applying well-known depletion codes, as well as a criticality evaluation of the WWER
spent fuel casks by Monte Carlo codes. Some results of WWER spent fuel shielding
calculations are given too.
With the aim to evaluate the fuel nuclear inventory after spent fuel discharge the point
depletion codes ORIGEN-S (as a part of the SCALE-4.3 modular code system [1] ) and
NUKO [2] have been implemented and applied. Using the ORIGEN-S code the fuel (U and
Pu) and waste (minor actinides and fission products) characteristics, such as isotope
concentrations, decay heat and radiation sources for given initial composition and irradiation
history can be estimate.
The spectral and burnup calculations were performed using the NESSEL-4 code [3].
The fission products in lower concentrations and the minor actinides were calculated by the
NUKO code. This code processes spectrum dependent one-group cross sections and solves the
system of differential equations for the nuclide chain to be considered.
Using the ORIGEN-S and the NUKO codes some studies of nuclear inventory changes
during three-year WWER-440 core lifetime for fuel assemblies, reached batch average burnup
of about 30 MWd/kgU, are carried out. The fuel assemblies with initial enrichment 3.6% has
been irradiated in WWER-440, Unit 1 of NPP Kozloduy during 16, 17 and 18 fuel cycles. The
cycle length has been 274 FPD, 339 FPD and 203 FPD, respectively.
Some important preliminary results for WWER-440 irradiated fuel assemblies such as
fuel nuclide concentrations ( 238Pu, 239Pu, 240Pu, 241Pu, 242Pu), minor actinide concentrations (
237
Np, 241Am, 243Am, etc.), fission product concentrations (99Tc, 133Cs etc.) for the end of 16,
17 and 18 fuel cycles, as well as after 1, 2 and 5 years cooling time are presented.
The results obtained although preliminary, give qualitative presentation of some
important WWER spent fuel and waste post-irradiation characteristics. Using these results it
could be concluded that the both codes ORIGEN-S (with appropriate WWER cross section
sets) and NUKO could form a basis for spent fuel storage safety studies, including the burnup
credit analysis in WWER spent fuel storage facilities.
The subcriticality of fuel storage facilities has to be guaranteed in every step of the
nuclear fuel cycle. This includes both the fresh and depleted fuel in transport and storage
facilities as well as the final disposal of spent fuel. The criticality safety analysis is needed
also in the case of introduction of new fuel types or storage facilities as well as by
modifications of old ones. To perform criticality safety studies computer code systems
applying the Monte Carlo method are usually used.
Criticality safety evaluation of a WWER-440 and WWER-1000 spent fuel cask test
models was performed, applying two world widely known Monte Carlo computer codes:
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SCALE (Version 4.3) and MCU [4] . The first model is based on the SKODA WWER440/84
transport and storage cask [5] with 84 WWER-440 fuel assemblies ( 3.6% enrichment). The
other one is based on the Russian design [6]. On the basis of the results obtained it can be
concluded that for the WWER fuel cask test models the basic criticality safety criterion,
namely effective multiplication factor Keff less than 0.95 is satisfied quite well.
MCNP code [7] has been used for dose calculation in WWER-1000. A comparison of
the results based on the 175 multigroup neutron constants library and the point energy
presentation library of ENDF/B-6 has been performed.
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1. INTRODUCTION
According to the WWER 440 refueling scheme about 14 t HM of spent fuel are discharged
from reactor core each year. After two years in the at reactor decay pool the unloaded spent fuel is
transferred to the away from reactor (AFR) storage pool. The planned AFR spent fuel storage pool
allows 252 t HM to be stored remaining a marginal storage capacity of 25% without any additional
neutron absorber. With two units in operation the planned storage capacity will be exhausted in round
10 years.
Taking into account the limited capacity of AFR storage facilities there is a strong motivation
to consider the spent fuel storage densification as one of the options to increase the interim storage
capacity.
The densification of the fuel arrangement in the AFR storage pool is achieved by introducing
new storage racks, reracking, with closer separation between fuel assemblies. The required
subcriticality level (k<.ff < 0.95) is assured by placing the fuel assemblies in neutron absorbing boron
steel hexagonal cells.
The present work deals with the nuclear criticality and shielding analyses of the AFR spent fuel
storage pool at Juragua NPP under the new conditions due to the densification. It is part of a broader
option selection study to increase the interim storage capacity.
2. CALCULATIONS AND RESULTS
The nuclear criticality calculations were performed by means of WIMS-D/4 lattice code [1]
under following suppositions: a) maximum WWER-440 fuel enrichment for all assemblies, 3.6 w/o; b)
storage pool filled with unpoisoned water at 20 °C; c) 3.0 mm thickness 1% boron stainless steel
hexagonal storage cell; d) storage lattice pitch: 16, 17, 18 and 19 cm. A reference calculation was done
for the assemblies in the original 22.5 coarse pitch storage lattice without boron stainless steel storage
cells. Tables 1 and 2 show the calculation results. F denotes the storage lattice densification factor.
For the shielding analysis the y radiation dose rate was calculated by means of ANISN transport
code [2] and CASK cross section library [3]. The radiation source terms and nuclear densities were
calculated by means of ORIGEN 2 code [4] which simulates the fuel irradiation in reactor core and
decay in storage pool. An in-core irradiation time of 3 years, a burnup of 28600 MW-d/t HM and an
after discharge cooling time of 2 years in the decay pool were assumed.
Tables 3 and 4 show the relative dose rates, d, referred to the original 22.5 cm pitch storage
rack. Following points were considered: Pi: at spent fuel storage floor. P l a : ibid., without lid, with
variable water layer (1 to 5 m). Pib : ibid., with lid ( 6 m water layer). P2 : pipe hall. P 3 : pool
beside (under repair).

99

TABLE 1. MULTIPLICATION FACTOR FOR
DIFFERENT LATTICE PITCH

TABLE 2. MULTIPLICATION FACTOR FOR
DIFFERENT SHEATH THICKNESS

K-infinite K-effective
Pitch, [cm]
F
0.9367
0.9440
1.98
16.0
0.8293
0.8233
1.75
17.0
0.7423
0.7370
1.56
18.0
0.6775
0.6727
1.40
19.0
Boron steel sheath: 15.0 cm int. across flats
and 3.0 mm thickness.

Thickness [mm] K-infinite K-effective
3.0
0.9440
0.9367
2.5
0.9507
0.9435
2.0
0.9622
0.9549
1.5
0.9819
0.9745
Boron steel sheath: 15.0 cm int. across flats
Lattice pitch: 16.0 cm.

TABLE 3. RELATIVE DOSE RATE (D) AT
POINT
Pu
AS
FUNCTION
OF
DENSIFICATION FACTOR F.
Water Layer [m]
1.0
2.0
3.0
4.0
5.0

F=1.5
1.12
1.13
1.13
1.13
1.13

F=1.8
1.18
1.20
1.20
1.20
1.20

TABLE 4. RELATIVE DOSE RATE (D) AT
POINTS Pia, P l b , P2 Y P3 AS FUNCTION OF
DENSIFICATION FACTOR F.

F=2.0
1.21
1.24
1.24
1.24
1.24

Point
Pi
P2
P3

F=1.5
1.11
1.13
1.13

F=1.8
1.18
1.20
1.20

F=2.0
1.21
1.24
1.24

3. CONCLUSIONS
From the nuclear criticality calculation one can conclude that a 3 mm thick 1% boron steel
hexagonal sheath allows to achieve a densification factor of 1.98 assuring the required subcriticality

level (keff< 0.95).
The densification of the fuel storage arrangement brings on a dose rate increment of 1.11 to
1.24 times as the densification factor varies from 1.5 to 2.0. From our results the approximate
expression: d = 0.75 + 0.25 F for estimating the relative dose rate was obtained.
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The recent experimental results of the photon fields measurements in the vicinity of the
spent fuel temporary storage and inside the storage hall are presented. The containers Castors
440 are used for temporary storing of the burnt up fuel assemblies in the Czech nuclear power
plant Dukovany.
The set of periodical measurements was performed in order to get basic information on
the time dependence of the photon fields spatial distributions and spectral characteristics at the
temporary storage hall and its vicinity. Aim of this photon field analysis was to assess the
radiation risk inside of storage and influence of the storage on environment at its vicinity as
well as evaluate and estimate time dependence of these factors, corresponding to the gradual
storage filling.
For the direct measurements the high sensitive dose / dose rate portable monitor with
special combined scintillation detector, compensated for the energy and directional
dependence, was used. The u-Nomad (EG&G Ortec) portable scintillation spectrometer with
<j)3"x3" Nal(Tl) detector was used for the spectrometry measurements. The deconvolution
technique based on the knowledge of the detection system response matrix and Scofield-Gold
iterative method was used for the spectrometry data mathematical processing. This technique
enables to calculate the spectral distributions of the required dosimetric quantities. Knowledge
of this spectral distributions makes it possible to identify (in limits of detector resolution)
main radionuclides, contributing to the analysed photon field and evaluate their contributions.
Necessary detection system response matrixes were calculated using Monte Carlo method. For
correct interpretation of the results of low level (natural) background measurements it is
necessary to consider that spectra in energy interval up to 3 MeV do not cover main part of
cosmic ray component response and calculated values correspond practically only to terrestrial
component.
Set of measurements in the storage vicinity was done for the nine reference points,
selected around the storage building. To follow development of the photon field
characteristics with gradual filling the storage, the set of identical measurements was repeated
periodically (8 times up to now). First measurements (27/11/95) were carried out for empty
storage before opening the operation. Overview of measured air kerma rates is in the Fig. 1.
Systematically lower values at 11/12/95 and 11/03/96 are due to about 15-20 cm snow layer.
Most of results lies safely in the 15% error band (guarantied measuring method accuracy).
Exception is slight increase (about 25-35 % in comparison with mean values) of the measured
values in the points e end g , that are closest to the filled part of the storage.
Spectral distributions of the air kerma rates (calculated from the scintillation
spectrometry data) for all measured points represent typical background terrestrial component.
No specific contribution of the stored fuel to any part of spectra was identified up to now
(including mentioned points e and g).
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Some results of measurements inside the storage hall are also presented, influence of the
neutron field component is discussed.
Performed photon fields analysis in the temporary spent fuel storage vicinity, and inside
the storage hall respectively, give a basic view and assessment of the radiation hazards and
trends of development of this hazards. It was confirmed, that there is no substantial influence
of the storage on the photon fields and environment in the storage vicinity up to now.

Fig. 1 : Air Kerma Rates in the Spent Fuel Temporary Storage Vicinity

- --s

date of
measurement
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For long-term interim storage of spent RMBK fuel of the Ignalina Nuclear Power Plant
(INPP) in Lithuania, it was decided to use the dry storage in casks. In this case, the total
activity to be stored is split into individual units (casks). Each cask represents a closed and
independent safety system, fulfilling all safety-relevant requirements for both normal
operational and hypothetical accidental conditions.
Two cask types have been delivered and are under contract for the INPP storage site:
(1)

The CASTOR RBMK cask made of ductile cast iron and closed with a screwed double
barrier lid system.

(2)

The CONSTOR RBMK sandwich cask made of an inner and outer steel shells and of
reinforced heavy concrete. The lid system consists of a screwed lid and two welded
lids.

The cask are designed in such a way that the neutron multiplication factor keff is below the
limiting value of 0.95 and the maximum dose rates fulfill both the criteria of IAEA and the
Russian Standard OSP 72.
For the gamma and neutron shielding calculations the two-dimensional transport program
DORT in its version 2.8.14 [Ref. 1] is used. DORT is directly based on the earlier ORNL
DOT codes and it is well established and widely used in German licensing procedures.
The calculation model including the source consists of nearly 15,000 mesh points for the
CONSTOR RBMK to match the real geometry as closely as possible. In the calculation
model, the fuel half-assemblies are combined with the basket to form cylindrical sources.
The results for side wall (see Fig. 1), bottom and lid side show that the dose rates are below
the design limit of 2 mSv/h by a large margin. At 1 m and 2 m distance the calculated
maximum dose rates are well below 0.1 mSv/h.
The subcriticality analyses were performed using the validated SCALE 4.3 program system [Ref. 2]. For subcriticality analyses it contains different cross-section libraries from
which the library 44GROUPNDF5 [Ref. 3] has been selected for this problem.
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For the subcriticality analyses, RBMK fuel-half-assemblies, so called bundles are
modelled in detail.
The results of the criticality analyses for an unlimited number of hypothetically flooded
casks are shown in Fig. 2. It can be stated that for all normal and for hypothetical accident
conditions the values of keff, including 2 standard deviations, are well below the limiting
value < 0.95.
The CASTOR RBMK cask was licensed for storage by the Lithuanian Competent Authority
VATESI. The CONSTOR RBMK cask design was certified as type B(U)F package by
GOSATOMNADZOR of Russia. The Lithuania licensing procedure for this type of storage
cask will be finished in 1998.
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1. INTRODUCTION
In Japan, spent fuels generated in a nuclear power plant are controlled and stored in a storage
facility until they are reprocessed. It is foreseen that the amount of the spent fuel increases every year
and a storage facility with large capacity constructed away from reactor is needed. If the large amount
of spent fuels are stored in a dry storage facility away from reactor, natural convection system of the
storage is advantageous from the safety and economical point of view. To realize this type of storage
facility, it is necessary, to develop an evaluation method for natural convection characteristics
precisely and to make a rational design taking account of safety and economy.
2. HEAT REMOVAL TESTS ON STORAGE FACILITIES
To evaluate the heat removal characteristics on storage facilities such as cask, vault, and silo
system, tests were performed with 1/2 or 1/5 scale model of the facility[l]. Main results are
summarized below.
(1) Cask storage system
Figure 1 shows test equipment for Cask type storage system. In the test, flow patterns of
cooling air were observed(Fig.2). It was observed that near the floor between the heater row,
air coming from the inlet flowed to the center with relatively high velocity. Heat transfer of the
heater surface dominates the vertical flow of the natural convection mainly but it is necessary to
take account of the effect of the cross flow.
(2) Vault storage system (cross flow type)
It is desirable that the cooling air flows across the heater to promote the heat transfer of the
heater surface in this system. Test equipment is shown in Figure 3 and heat removal tests were
performed. As a result, distinction method of the flow pattern in the test module was discussed.
Ri number is an indicator of the flow pattern. If Ri <3, cross flow is dominate in the heater
zone. Average heat transfer rate of the heater surface after row No.4 is almost same and agrees
with existing empirical equation(Fig.4).
(3) Silo storage system
Figure 5 shows the test equipment. The relation between the heat transfer and flow rate can
arrange by Ri number. If the flow rate is small (Ri number is large), heat transfer rate can
calculate by the equation of the natural convection on a horizontal cylinder. If it is large, heat
transfer rate can calculate by the equation of the forced convection on a horizontal
cylinder(Fig.6).
3. CONCLUSION
By the heat removal tests with the reduced scale models of the storage facilities (cask, vault,
silo system), the flow pattern in the test module are made clear. Temperature and velocity
distributions were obtained and heat transfer characteristics are evaluated.
REFERENCE
[1] SAKAMOTO, K., et a!., "Heat removal characteristics of dry storage facilities for Spent fuel-tests
with reduced scale models", IMechE Conference Transaction 1996-7, Int. Conf. on Storage in Nuclear
Fuel Cycle, Manchester, pp.217-226 (1996).
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Abstract
IHI has been studying on the dry vault storage system based on the experience of the vitrified
products storage facility. Maximum allowable temperature of fuel cladding was decided by creep
strain criteria for long term dry storage environment to avoid cladding degradation. It had been
necessary to establish the evaluation method of heat transfer inside and outside the fuel loaded
canisters for the design of storage facility. Therefore, the experimental and analytical studies of heat
transfer of dry vault storage system were carried out using the experimental apparatus and the analysis
program based on finite element method.
1. INTRODUCTION
Spent fuel assemblies of commercial light water reactor have been stored in storage pools in Japan.
It is the national program to reprocess the spent fuel in Japan. However, it seems that the amount of
discharged fuel will exceed the reprocessing capacity, because the next commercial reprocessing plant
project has been decided to be prolonged, and so on. It becomes necessary to store spent fuel in the
storage pool or other type of facility until they are to be reprocessed. Some utilities are going to
increase storage capacity by the additional pool or the dry metal cask.
IHI constructed the high level vitrified waste storage facility, which is the dry vault type with the
natural convection air cooling system. Dry vault type is one of the interim dry storage system that is
expected in the future because of their natural convection air cooling system that needs no active
systems and generates a little radioactive waste.
2. DRY VAULT STORAGE SYSTEM
Spent fuel assemblies are loaded in the cylindrical canister with inert gas such as helium because of
preventing the cladding oxidation and improving the thermal conductivity. Then, canisters are put into
the storage pit that is surrounded by ventilation pipe. Decay heat of spent fuels is transferred by
conduction and radiation from the inside of the canister to the outside and removed by the air flow
between the canister and the ventilation pipe. Cooling air flows through the annular gap between the
canister and the ventilation pipe. Buoyancy force is generated by the heated air. Cooling air flows as
to balance with the resistance of the flow path. This concept is shown in Figure 1. We have selected
this type because of the secure of air flow path which makes the air flow stable and all of the canisters
could be cooled homogeneously.
An example of the dry vault storage facility is shown in Figure 2. Spent fuel storage area is set up
underground. Cooling air flows into the inlet shaft, rises in the storage area and is released to the
atmosphere thorough the outlet shaft.
3. HEAT TRANSFER TEST
We performed the heat transfer tests with the simulated dry vault storage system apparatus to verify
the heat transfer aspects of the canister. The experimental model consisted of a 1.0 m high section of a
canister containing simulated a BWR fuel assembly with channel box. We carried out these tests
taking notice of the behavior of thermal convection in a canister. We think that temperature of fuel
claddings will be reasonably evaluated by considering thermal convection inside and around a fuel
assembly. The canister shell was a 890 mm diameter, 15 mm thick stainless steel cylinder. The
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simulated fuel assembly were contained within the canister. The bottom plate of canister was welded
to the canister shell. The top cover of canister sealed against the outside of canister to provide a
helium (0.1 MPa) or a vacuum atmosphere within the canister. A decay heat of each fuel assemblies
was simulated by the electric heater. The simulated fuel assembly consists of stainless steel tubes that
simulates fuel rods, containing a sheathed heater that is filled with powder of magnesium oxide.
Simulated fuel assemblies were covered with a rectangular channel box which dimensions were same
as an actual BWR fuel channel box.
The test canister was installed into the ventilation pipe. Cooling air flew through the annular gap
between the canister and ventilation pipe. A schematic configuration of experimental apparatus is
shown in Figure 3. Cooling airflow was supplied by a ventilator and heated by pre-heater. Cooling air
temperature and velocity was controlled by using a PID method.
4. ANALYTICAL STUDY
The heat removal analytical study was carried out for every test case. The commercial
computational finite element code was used because of its capability for combined convection and
conduction analysis for predicting the canister internal heat transfer. The modeling work of the test
canisters were 3-dimensional simulations of the internal heat transfer inside the test canister. The
measured temperature of canister wall was applied to the boundary condition.
5. CONCLUSION
Experimental and analytical studies were carried out using test canister and computational finite
element code. Comparison of temperature distribution between experiment and analysis showed good
results.
Crane
Ceiling Slab
Handling Area
Reception Area

Ventilation Pipe

Canister Support
Storage Area
Floor Slab

Fig. 1. Cooling Concept of Dry Vault Storage System Fig. 2. An Example of Vault Storage Facility

Fig. 3. Test Arrangement
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Burnup, cooling time and initial enrichment, which are basic parameters of the spent fuel,
were determined nondestructive^ by use of gamma-ray activity ratios from high resolution
gamma-ray spectroscopy and ORIGEN-S calculations. The activity ratios used in this work
are 134Cs/137Cs, 154Eu/137Cs, and 106Ru/137Cs. This technique has an advantage in sequential
determination of the three spent fuel parameters (cooling time, enrichment and burnup) with
one gamma-ray measurement without information on measurement geometry (or geometric
efficiency) and operator declared values.
ORIGEN-S Calculations: Activity ratios of 134Cs/137Cs, 154Eu/137Cs, and 106Ru/137Cs in PWR
spent fuels were calculated using ORIGEN-S code with the different spent fuel parameter
inputs ; (1) various enrichments (2.5~5.0 wt%), (2) various cooling times (0~20 years), (3)
various burnups (10-60 GWd/tU), (4) fuel types (14x14, 15x15, 17x17), and (5) power
histories. With the regression analyses of the calculation results, the activity ratios were
correlated as a function of burnup(fi), cooling time after irradiation(f), and initial
enrichment(E).
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where Pi(E), Qi(E) and Ri(E) are the regression coefficient at initial enrichment E and the
activity ratio /.
Experimental: The gamma-ray spectrometric experiments were carried out on spent fuel
rods irradiated in Kori Unit-1 pressurized water reactor(PWR) using a high purity Ge(HPGe)
detector system installed in KAERI hot cells. This spent fuel rod has a characteristics of 39
GWd/tU(operator declared rod average burnup), a initial enrichment of 3.21wt.% and
cooling time of 8.4-year as of measurement time.
Cooing Time Determination: At first, the burnups of the spent fuels were calculated with
various cooling times and initial enrichments, putting measured isotope ratios of 134Cs/137Cs
and 154Eu/137Cs into Eqs. (1) and (2). The difference of two bumups calculated from Eqs. (1)
and (2) should be minimal at the true values of cooling time and the initial 235U enrichment.
For the computational analysis of the burnup differences, an estimator F was introduced
which is defined as
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where i=1 to N is index for the gamma ray measurement positions, Bt(Cs) and B,(Eu) are the
measured burnups using activity ratios of ^ C s / ^ C s and 154Eu/137Cs respectively. Therefore
the F is an average fractional difference between bumups calculated using134Cs/137Cs and
154
Eu/137Cs. The characteristics of F are insensitive on initial enrichment variations and
exponentially dependent on the cooling time. Using these characteristics, the cooling time of
spent fuel can be determined very sensitively as the value which minimizes the F with the
given initial enrichment ranges[1j.
Fig. 1 shows the cooling time as a function of initial enrichments. This figure indicates very
weak correlation between initial enrichments and the cooling times. The average cooling time
over initial enrichments from 2.5 to 5.0wt.% was calculated to be 8.45-year. This value differs
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from the operator declared cooling time of 8.40-year by only 0.6%.
Initial Enrichment and Burnup Determination : With known cooling time of the spent
fuel, the initial enrichment can be determined as similar way in cooling time determination
step, using measured gamma-ray activity ratios of 134Cs/137Cs and 106Ru/137Cs.
For the determination of initial enrichment, we introduced an another estimator F defined as

Bi(Cs)-B{(Ru)

(5)

B,

where B,(Ru) is the measured burnups using activity ratio of 106Ru/137Cs.
Using the cooling time (previously determined) and the measured gamma-ray activity ratios
of 134Cs/137Cs and 106Ru/137Cs, we can plot the F value as a function of initial enrichment with
Eqs. (1), (3) and (5). The initial enrichment can be determined as the time value of the
minimum F. Fig. 2 shows an estimator F as a function of initial enrichments with known
cooling time of 8.45-year. It indicates that F is the minimum at 3.2wt.% of initial enrichment,
i.e., the initial enrichment of spent fuel was determined to be 3.2wt.%, which is in good
agreement with the operator declared initial enrichment of 3.21wt%.
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If the cooling time and initial 235U enrichment determined, we can easily determine the
burnup at each measurement position by Eqs. (1)-(3)[2]. Putting the cooling time and initial
enrichment values determined into Eq. (2), the fuel rod averaged burnup was determined to
be 40.5 GWd/tU, which differs from the operator declared bumup of 39 GWd/tU by 3.8%.
References
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The Karachi Nuclear Power Plant (KANUPP) has been in operation since 1972. The
irradiated fuel discharged from the reactor is stored in a spent fuel storage bay at the reactor site. With
present discharge rate the space in the existing bay would be filled in by the year 2004. The KANUPP
operation life is likely to be extended upto the year 2015. As a result supplement storage space for
12000 spent fuel bundles will be required at the rate of 1000 bundles per year.
Construction of a spent fuel storage facility starts with choice of the conceptual design and
site selection. It is then followed by the preliminary design and presentation of the preliminary safety
report for licensing. Construction of the facility and preparation of the final safety report follow the
approval of PSAR. Final stage consists of testing and loading of the facility. The choice of conceptual
design mainly lies on the characterisation of irradiated fuel, review of various options for construction
of additional spent fuel storage facility and the evaluation criteria for the suitability of a particular
conceptual choice.
The fuel for KANUPP is basically quite similar to the fuel of other CANDU reactors. It
consists of 19 cylindrical elements assembled into a bundle of length 49.609cm and diameter 8.14cm.
The total U-mass in a bundle is 13.395Kg. The decay characteristics of irradiated KANUPP-fuel
depend strongly on the irradiation history of a bundle. The irradiation histories processed by the
computer code ORIGEN provided results, consisting of fission product and actinide inventories, the
decay heat and gamma spectra as a function of cooling time, which are used for characterisation of the
spent KANUPP-fuel.
Two major types of interim storage of the spent fuel from nuclear power reactors are 'wet
storage' in which the fuel is water-cooled, and the 'dry storage' in which the stored fuel is cooled by
air or a gas. The freshly discharged spent fuel is mostly stored in on-site water pools, which act as
temporary storage that may last for several years. These pools may be used for extended periods, if
sufficient capacity is available otherwise additional storage pools may be constructed. Dry storage of
aged spent fuel is increasingly used with most of the countries considering it for the longer duration
(>50 years). Based on the cooling techniques the dry storage spent fuel facilities can be divided into
following two broad categories:
(1)

(2)

Air cooling storage/inert atmosphere storage
• Concrete Canisters
• Vault Storage
• Spent fuel storage and Storage/transportation casks
• Horizontal concrete modules
Heat Sink cooling storage
• Dry wells
• Burial in the salt mines/ Deep in the earth
• Disposal in deep oceanic trenches

A comparative study of different types of spent fuel storage applicable to KANUPP has been
made in this paper. Various parameters affecting the evaluation are the containment of activity,
production of active waste, suitability for ultimate storage, operation and maintenance, fuel
retrievability, reliable cooling and capital cost.
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The location of KANUPP permits on-site storage options for a supplementary storage.
Considering the initial as well as running costs and other factors associated with wet storage, it is
concluded that construction of an additional storage pool may not be a promising option for
KANUPP. Moreover, behaviour of the spent fuel kept in water for longer duration (>50 years) is also
not known yet. Some of the fuel bundles in the KANUPP storage bay have already been under water
for more than 25 years. Therefore, construction of another wet storage bay may not be a promising
solution for extended storage period of about 100 years or so.
To store spent KANUPP-fuel for a period of 50 to 100 years the advantages of dry storage are
far more than the wet storage. The experience with dry storage installations has generally been
satisfactory. Comparison and evaluation of existing facilities indicate that the concept of concrete
canisters near the KANUPP site would be a suitable choice. Because sufficiently cooled spent fuel
would be placed in these canisters, the radioactivity and heat would be diminished, allowing bundles
to be cooled by natural airflow outside the canisters. A significant advantage of this type of storage is
its module-ability. After basic site preparation the canisters can be added to the facility according to
the requirement. This reduces the initial investment required for the facility. This on-site interim
storage capacity could also be expanded in future to accommodate all the spent fuel from the bay.
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INTERNATIONAL LONGTERMINTERIM STORAGES FOR SPENT FUEL
AN INDEPENDENT STORAGE SERVICE INVESTOR MODEL
P. LEISTER
Colenco Power Engineering, Baden, Switzerland
Private investors in the USA successfully demonstrate how the unclear situation of the Jucca
Mountain repository project can be used to make profit by offering interim storage services for
speDt fuel to the American utilities.
Thinking more globally the obvious world-wide demands for large storage capacities for
spent fuel within the next decades and the newly arising demands for Iongerm iDterim storage
of spent fuel urges to respond by international interim storages of high capacity [1].
To find investors acting as independent operators of such international interim storages needs
mainly a storage technology which enables safe storage at low costs for periods exceeding
hundred years.
Low cost storage can be achieved only by arranging the interim storage underground in a
suitable host rock formation and by selecting the geographical area of such an interim storage
by an international competition under those countries, who are willing to offer their land.
However, competition is not the only consideration. Any country which makes an interim
storage site available internationally must impute the operation of the facility to the
international supervisory body, roust establish that the selected site will be accepted by the
local population and that the financial means made available for the development of the site
will benefit local industry and the population. Not last this state must underwrite the necessary
guarantees for contracts made between the power plant operation and the storage operating
enterprise.
The investor and operator of an international interim storage selected and realised by a
competition on the free market procedure as well as the country where the storage is built, are
both bound by two different kindlsof contracts. The main contract is between the offering
storage country/region and the independent operator and is embedded by:
•

Atomic Law of their country, including Non-ProHfcration Act

•

IAEA Joint Convention on Safety of Spent Fuel Management (including Earliest Public
Acceptance concept)

•

Basel Convention on the Control of Transboundary Movements of Hazardous Wastes

The independent operator has in addition a series of contracts with various utilities, which are
interested to have their spent fuel stored for a longer period.
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The independent storage investor model was calculated on a conceptual design of such an
underground storage. Economic calculations demonstrate that an upper limit of storage costs

is
$ 44.—/kg U [2], It is expected to reduce this figure significantly by the competition of low
level industrial wages in, say, east European countries.
References:
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Abstract
The issues of spent VVER fuel transport and storage, handling, consolidation at a
storage facility and consolidated fuel handling and storage disposal at the repository, can be
dealt with using the SCALE Code System (ORNL,USA).
A new guidance document for the SCALE code system aimed at WER-related
applications is presented as a poster. The document includes numerous examples using
VVER fuel and describing problems specific to the W E R application field. The problems
involve parameters of VVER-440 fuel assemblies and their arrangement as well as geometry
and materials of a modeled container similar to the CASTOR 440/84 dry storage cask or the
C30 container for the spent VVER-440 fuel. Most of the sample cases were prepared in
collaboration with the SCALE development staff from the Oak Ridge National Laboratory.
The guidance document was worked out thanks to IAEA Vienna (NEFW Nuclear Fuel Cycle
and Waste Technology Division ) support and understanding to the needs of the physicists
working in the VVER application environment.
The original SCALE Manual of 4500 pages was substantially shortened to give rise to
this brief guidance document which makes problem orientation mainly for the non English
speaking users of Central and Eastern European countries operating VVERs, easier.
The document could be a training tool to supplement the actual SCALE Manual and
enable users with an interest in VVER applications to more readily perform accurate safety
analyses. Thus, together with the SCALE Training Course held for the first time in Eastern
Europe last year (sponsored by IAEA, OECD/NEA, and US NRC), the SCALE User's Manual
for VVER-related Applications is a significant and efficient help to the specialists from the
Central and Eastern European countries operating VVERs who would like to carry out
calculations of VVER spent fuel packages using the SCALE code system.
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In the framework of a contract between the IAEA and the KFKI Atomic Energy Research
Institute numerical models have been developed for the simulation of thermal-hydraulic
behaviour of CASTOR type spent fuel store constructed in Dukovany NPP and MVDS type
spent fuel store operated in Paks NPP with WER-440 fuel. The model is based on the use
of US code COBRA-SFS, which is well validated for spent fuel storage systems with
Western type PWR and BWR fuels.
The COBRA-SFS code [1] performs thermal-hydraulic analysis of spent-fuel storage and
transportation systems. It predicts flow and temperature distributions in spent fuel storage
systems and fuel assemblies, under forced and natural convection heat transfer conditions.
The code has detailed models of the basic processes taking place in dry storage facilities: it
calculates the convective, conductive and radiative heat transfer regimes and determines the
view factors for radiative heat transfer as well.
Two separate models were developed for
CASTOR and MVDS store systems.
However the fuel assembly simulation is
common for the two cases, as both stores
are used for the storage of VVER-440
fuel. The hexagonal fuel assembly of
VVER-440 reactor is simulated by fluid
subchannels and fuel rods. The flow area
of the assembly was divided into 37
channels. The radiative heat transfer
exchange factors are defined within
assemblies. The model describes the
shroud of the fuel assembly as well.
The CASTOR 440/84 spent-fuel storage cask consists of a rigged cast-iron body for
structural integrity. The fuel basket is composed of hexagonal tubes made of borated steel
'atabor' in honeycombed arrangement. The casks are closed with two lids. The fuel
assemblies are stored in helium gas environment. From modelling point of view the vertical
arrangement the cask can be represented by one-sixth section of symmetry. The model
developed for Dukovany CASTOR spent fuel storage system has been tested against the a
real container measurements carried out at Dukovany NPP. On the basis of these assessment
results, calculations were carried out for the design case and for the planned lifetime of the
spent fuel storage system.
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The CASTOR system was designed to
store assemblies with maximum 250
W/assembly power. Total design power
of the CASTOR is 21 kW with 84 fuel
assemblies. In the present test this design
power was set to each fuel assemblies of
the model. The external temperature of
the air were set to 40 °C. The calculation
provided detailed information on the
temperature distribution of the system.

el Temperaiure Dislribulion in Fuel Rods
120

i

|

>.
I 'roooi.pir
^ v \ 'rod07.pll'
'rodi3.pll'
!;^ • r t x J 1 9 . p l f
'rod25.pll'
'<od61.pir
'rod67.pH"

''•

100

1

60
|

60

•

•

!

•
- - -

•
—

•

/

,0

•

I

:

n
U
()

/

y
!
100

SO

I

i

150
TIC]

200

250

3C

In the MVDS (Modular Vault Dry Storage) the fuel assemblies are stored vertically in
steel tubes. Each tube stores a single assembly. A passive self regulating cooling
system induces buoyancy driven ambient air flow across the exterior of tubes and
provides heat-removal from the store. In the model only a part of the whole vault
module is described: six storage tubes were selected. The tubes are surrounded by
concrete wall. The air flow is set to flow in on the left hand side at low elevations and
to flow out on the right hand side at the top of the system.
In order to show the behaviour of the system under different boundary conditions
sensitivity calculations were carried out, which included summer and winter
conditions and also the effect of partial blockage. The results of calculations showed
that the peak clad temperature follows the external temperature variation. In partial
blockage cases the decay heat is driven away with increased outlet temperature.
The most important output of COBRASFS calculations can be the prediction of
the maximum cladding temperature. To
demonstrate the capability of the present
model to solve such problems a series of
calculations was performed for fuel
assemblies with 3.6% enrichment for 50
years. The fuel had 40 GWd/tU burnup
and after 3 year wet storage was
transported to the vault.

Peak Clad Temperature ol W E R Assembly in NWDS

240
•Peak_<;lad'
220

—

r-

200
;

180

i

t

160 •
••

140
120

r

. . . .

i1

100
80
10

15

20 25 30
Time ;year]

35

10

45

50

The main results of this project are the CASTOR and the MVDS VVER-440 working
models, which are available for the potential users through IAEA. The models have
been tested and the results are reasonable. The models were constructed in such a
way, that the new users could solve the typical spent fuel store thermal problems with
small changes in the boundary and operational conditions.
Reference:
[1] T.E. Michener, D.R. Rector.. J.M.Cuta, R.E. Dodge, C.W. Enderlin: COBRA-SFS:
A Thermal-Hydraulic Analysis Code for Spent Fuel Storage And Transportation
Casks, September 1995, PNL-10782'
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A small quantity of the fuel irradiated in power reactors is often transferred to nuclear
research facilities for further investigations.
At STUDSVIK in Sweden fuel testing programs in the Material Testing Reactor, R2, and post
irradiation examinations in the Hot Cell Laboratory have been going on since 1960. This work
has generated a large amount of nuclear fuel segments and residues.
It is important that this type of waste can also be included in a Spent Fuel Storage program. In
1986 a decision was taken to treat and encapsulate the accumulated older fuel waste as well as
the waste currently generated at STUDSVIK to fit the interim storage for spent fuel, CLAB,
and later disposal in the planned Deep Repository in Sweden.
CLAB, which started operation in 1985, and the Deep Repository, which will be
commissioned around the year 2020, are essential parts of the Swedish Nuclear Waste
Management System.
The aim of the presentation is to describe the encapsulation technique adopted for the spent
fuel waste, the treatment in STUDSVIK and the transport to and handling at CLAB for
interim storage.
The choice of canister type for enclosure of the fuel waste, and the design of a suitable
transport and storage unit for a number of canisters, have been made with regard to the
following demands
•

A canister type with due regard to the anticipated 40 year storage under water in
CLAB and the subsequent treatment before final disposal in the Deep Repository.

•

A transport module as well as a storage unit that makes it possible to be handled
and stored like a fuel assembly at CLAB.

•

The transport box with fuel waste should fit a transport cask owned by
STUDSVIK for the shipment to CLAB. The same cask is used to transport full
length fuel rods and other core components from the Swedish nuclear power
stations to STUDSVIK for examination purposes.

The canister for the fuel waste has an outer diameter of 89 mm, a wall thickness of 4 mm and
a length of 1110 mm. The material is stainless steel, austenitic type, SS2353 (AISI 316 L).
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The bottom lid is welded to the tube with filler material in a single -V butt joint. It is done in
the premanufacturing performed in a workshop. After loading the canister with fuel waste in a
hot cell, the top lid is TIG welded to the tube with a single -V butt joint without filler material.
The top lid has a centre hole for evacuation and refilling with helium gas. After He-filling of
the canister the centre hole is sealed by TIG-welding, and the canister is leak tested.
The external key grip in the top end fits into the internal key hole in the bottom end. This
makes it possible to dismount the canisters from the transport boxes and handle them as
separate unit at the time for the treatment before final disposal.
Figure 1 shows the set-up for welding the top lid of the canisters in the hot cell. The chamber
for evacuation, He-filling, centre hole welding and leak testing is shown in Figure 2.
Twelve fuel canisters are loaded into a transport box as shown in Figure 3. It was found
suitable to design the box to fit into the storage racks at CLAB which normally are used for
PWR fuel assemblies. The cross section of the box is 212 mm square and the total length is
4069 mm. The material is stainless steel SS2343 and SS2353 (AISI 316 and AISI 316L). Four
parallel tubes are joined together by a sheet construction and a bottom piece. In each tube
three canisters can be loaded. The top end consists of a handle for the enclosure of the box and
for handling with an available tool on the loading machine at CLAB.
The manufacture of all canisters and transport boxes is subject to QA/QC-procedures. The
remaining quality control of the encapsulation process is performed in the hot cells.
The licensing approval for the handling and storage of this nuclear fuel waste was granted to
STUDSVIK and SKB (the Swedish Nuclear Fuel and Waste Management Company) in 1988.
The first transfer operation was performed in May 1989. Up to 1997 sixteen transport boxes
containing 2233 kg fuel waste have been transferred to CLAB for interim storage.
Most of the accumulated older waste stored at STUDSVIK has now been encapsulated. In the
future the fuel waste subsequently generated in the Hot Cell Laboratory will be treated
without short-term storage at STUDSVIK and transferred to CLAB.

121

Figure 1

The set-up for welding the top lid of the canisters.

Figure 2

Chamber for evacuation, He-refilling, welding and leak testing.
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Figure 3
Transport box for nuclear fuel waste
encapsulated in twelve canisters.
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A project on WWER spent fuel rod cladding investigations at the Novovoronezh NPP has been
initiated under the auspices of the IAEA through extrabudgetary funds from the Japanese
Government. The investigations are aimed at receiving of reliable experimental data on the change of
fuel rod cladding condition: i.e. the creep of Zr+l%Nb alloy at a temperature of 330°C -400°C. The
data would allow to confirm the maximum permissible temperature of the fuel rod cladding and to
demonstrate the dry storage technology for WWER-440 spent fuel.
At the first stage, a detailed investigation programme was developed which included dry
storage testing of pre-characterized WWER-440 fuel rods. The fuel rod investigation was carried out
at the Novovoronezh NPP comprising a "Castor WWER-1000" cask. Twelve spent WWER-1000 fuel
assemblies were used as "heating" elements. For the WWER-440 test fuel arrangement inside the
cask, special cans were developed and manufactured (three cans in total with three test fuel rods in
each can), as well as a can-cassette (containing the three cans). The can-cassette was placed in the
inter-tube space of cask. To determine the test conditions for the WWER-440 spent fuel rods in the
"Castor WWER-1000" cask, thermo-physical calculations of the cask loaded with the test fuel rods
were performed. The results showed that the WWER-1000 "heating" spent fuel assemblies would
provide a decay heat release of about 39 kW per cask and that a fuel rod temperature of 330°C - 400°C
may be reached for the test fuel rods during the whole planned experiment.
The safety justification of testing of WWER-440 spent fuel rods under dry storage conditions
with the use of a "Castor WWER-1000" cask was fulfilled. The results of the mathematical modeling
of fuel rod behaviour by using the "PULSAR-2" Code, which was certified by the Federal
Supervision Body of Russia on nuclear and radiation safety in 1996, showed that in the one year test
conditions the change of the fuel rod diameter will not exceed 1 p.m which corresponds to the creep
deformation of 10"2 at the elongation less than 1 mm.
Prior to start of fuel rod behaviour investigation in dry storage conditions in the NV NPP "hot"
cell, pre-characterization of WWER-440 spent fuel assemblies and fuel rods chosen for investigations
were carried out, which included visual inspection of spent fuel assemblies, fuel rod bundles after
sleeve removal and of individual fuel rods during their withdrawal from the bundle. The inspection
results revealed preservation of the shape by all fuel rods, traces of fuel rod contact with spacing grids
on the surfaces of the rods and no bends.
Nine fuel rods taken for investigation were examined by the programme of pre-characterized
testing, which included also the cladding integrity checks indicating leak-tightness of all chosen test
fuel rods. After preliminary investigations, the rods were loaded into cans in the "hot" cell and
thermocouples were attached to the fuel rods. The test fuel rods were loaded into the cask "Castor
WWER-1000" where the 12 "heating" WWER-1000 spent fuel assemblies were placed. After the
cask transfer to the stationary conditions, a temperature between 350°C - 380°C of the test fuel rods
was detected.
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The first stage of the 2.5 month test proved feasibility of the required test conditions. At the
first stage of tests, the fuel rods remained leak-tight.
The paper contains the data on post-characterized testing of the first batch of fuel rods
discharged from the cask after completion of the 1st stage of tests according to the investigation
programme, and also the comments concerning the comparison of the expected temperatures of the
test fuel rods and those actually measured by the thermocouples attached to the fuel rods.
In the future tests it is necessary to take into account that the behaviour of WWER-1000 spent
fuel assemblies used as "heating" ones is of great interest. The current programme does not include
investigation of the WWER-1000 spent fuel assemblies itself, which were used as "heating" elements.
However, such investigations might give additional information proving the calculational results
received by VNIINM in estimation of maximum permissible temperature of WWER-1000 spent fuel
assemblies under dry storage and could be used in safety analysis of SNF dry storage design basis and
beyond the design basis accidents. Such storage facilities for WWER-1000 SNF are planned to be
built at the NPP "Kozloduy", Bulgaria, Zaporozhskaya NPP, Ukraine, and other nuclear power plants.
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