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Abstract

After political and economical changes in the end of eighties, the utility operating the nuclear power plants in the
Slovak Republic (SE, a.s.) decided to change the original scheme of the back-end of the nuclear fuel cycle; instead of
reprocessing in the USSR/Russian Federation spent fuel will be stored in an interim spent fuel storage facility until the time
of the final decision. As the best solution, a modification of the existing interim spent fuel storage facility has been proposed.
Due to lack of legal documents for this area, the Regulatory Authority of the Slovak Republic (UJD SR) performed licensing
procedures of the modification on the basis of recommendations by the IAEA, the US NRC and the relevant parts of the US
CFR Title 10.

1. INTRODUCTION

Spent nuclear fuel is produced at nuclear power plants (NPPs) concentrated at two localities in
the Slovak Republic - Jaslovske Bohunice and Mochovce. The two nuclear power plants are equipped
with the Russian VVER-440 reactors. The plant at the Bohunice site consists of two V-230 reactors
and two V-213 reactors which were put into operation between 1978 and 1985. The Mochovce NPP is
under construction and consists of V-213 type reactors. The first of four units was put into operation
in August 1998. It is assumed, that operation of the second unit will start in 1999. The destiny of the
other two units is not clear.

All VVER 440 units use identical fuel assemblies (FAs) with 126 fuel rods of uranium dioxide
pellets in zirconium-niobium cladding. The FA has a hexagonal shape containing 120 kg of uranium
with an enrichment of 3.6 or 2.4 weight % U-235. Each reactor contains 349 FAs (313 for the V-230
type) and an average burnup of about 32 GW-d/tU is being achieved. The annual production of spent
fuel in Slovakia is approximately 45 tHM. An amount of 500 tHM has already been produced and this
figure will increase to about 750 tHM by the year 2000.

The original Slovak spent fuel management was based on the assumption that all spent fuel
from VVER reactors would be transported to the former USSR, but only about 700 FAs have been
shipped. After the radical political changes in the USSR, no transport of spent fuel from Slovak
reactors has taken place. Currently, the spent fuel is stored in at-reactor pools and in the interim spent
fuel storage facility (ISFSF) located at the Bohunice NPPs site.

The initial idea to build an ISFSF for the Bohunice plants originated at the beginning of
eighties. Shortly after the decision had been made, preparation and implementation of the construction
started (the design was supplied from the former USSR) and the ISFSF was commissioned in 1986.
The original intention was to store spent fuel in the ISFSF for a period of 10 years, after 3 years
cooling in the at-reactor pool. Following this period, the fuel should have been transported for
reprocessing or permanent disposal to the USSR. From this assumption resulted the required
maximum storage capacity of the ISFSF. The facility is a wet type facility using water as cooling and
shielding medium with a total capacity of 5,040 spent fuel assemblies.

After the decision to store spent fuel on the territory of the Slovak Republic until its final
disposal, the utility realized that the ISFSF capacity will be exhausted very soon and a new storage
should be ready to receive spent fuel already in 1999. Analyzing the situation, the utility decided to
extend the capacity of the existing ISFSF at Bohunice, as the most effective solution.
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2. MODIFICATION OF THE INTERIM SPENT FUEL STORAGE FACILITY

2.1. Current status

The facility consists of four storage pools interconnected by one transport corridor (see Fig. 1).
One storage pool is kept empty for emergency cases. Spent fuel is stored under water in open
cylindrical baskets placed in steel lined concrete pools. The storage pools are double lined - upper
liner and all piping and auxiliary systems are made of stainless steel. The pool concrete pit liner is
made of carbon steel. The pitch of spent fuel in the basket is 225 mm. The capacity of one basket is 30
FAs. The water layer above the spent fuel is 3 m.
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FIG. 1. The ISFSF arrangement
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Up to now no significant problems have appeared during operation of the facility. Neither there
are any symptoms of fuel cladding deterioration or storage component corrosion. Visual observation
of the outer surface of selected fuel assemblies using an underwater camera has been carried out. This
inspection did not reveal any significant difference between the newest and oldest stored FAs and
there was no corrosion identified. Up to now, 4,752 FAs are stored in the Bohunice ISFSF which
represents more than 94 % of its storage capacity.

2.2. Main goals of the modification

The operator proposed to modify the ISFSF through the following steps:

• compact arrangement of spent fuel up to the level of creating sufficient capacity for the
operation of all four units of the Bohunice NPP during the whole period of their lifetime;

• seismic upgrading of the ISFSF building and its technology to 8 degrees of MSK scale;
• extension of the lifetime of the ISFSF for the period of about 50 years.

To extend the capacity the operator designed a new basket type for spent fuel (see Fig. 2) with
capacity of 48 FAs and proposed also a new arrangements of the baskets in existing pools (see Fig. 3)
so that the total capacity of the facility would increase up to 14,112 FAs.

Analyses of the requirements for the modification showed that:

• the increased number of FAs will require structural modification of the cooling system
for residual heat removal from spent fuel during the whole ISFSF operating lifetime;

• the seismic upgrading could be achieved by strengthening of the building supporting
structure and by exchange of its wall-panels. The water cooling and make-up system as
well as selected power supply and I&C systems should be also upgraded. The storage
pools were adequately seismic resistant;

• elimination of the non-uniform subsidence of the ISFSF building during the whole period
of its operation of about 50 years should be assured by appropriate arrangement of
baskets with spent fuel.
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FIG. 2. Compact basket
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FIG. 3. Arrangement of baskets

2.3. Licensing process

The modification of any nuclear facility in the Slovak Republic may be licensed in two ways:
• the licence is issued by the Construction Office in the case of substantial changes of the

facility. In this case the UJD SR issues a statement which is obligatory if it is negative;
• in other cases the licence is issued by the UJD SR.

After a long and complicated discussion with the Construction Office and the UJD SR, the
operator of the ISFSF admitted that its proposal for modification would significantly influence the
original purpose of the storage and hence, the licence of the Construction Office would be necessary.
In this case, the licensing process should have three steps: (1) siting, (2) construction and (3)
commissioning. For each step, the operator should apply for a licence at the Construction Office. The
UJD SR issues its statement - approval if positive - for each step on the basis of assessment of safety
documentation submitted by the operator.

2.3.1. Siting

Early in 1996, the ISFSF operator applied at the UJD SR to issue an approval required by the
legislation procedure according to the Construction Act No. 50/1976. As part of this application, the
Final Safety Analysis Report was submitted to the UJD SR. Even the UJD SR accepted this report as
a document for environmental impact assessment according to Act No. 127/1994. Careful study of the
Environmental Impact Assessment report resulted in the regulatory body's position that the submitted
report failed to address sufficiently the issue of the building subsidence and the assurance of its
seismic resistance up to 8 degrees of MSK scale. The UJD SR expressed a request to supplement the
report with detailed analysis of the mentioned issues supported by calculations taking into account the
whole expected period of its operation. The Construction Office issued its siting licence with a
condition that requirements of the UJD SR will be fulfilled until the construction licence will be
issued. The form of this document followed a pre-operational safety report for the existing ISFSF and
was modified according to requirements of the Act No. 50/1976.
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2.3.2. Construction

Based on the results of the discussions with the UJD SR, the operator started preparation of a
preliminary safety analysis report according to the requirements shown in the appropriate documents
of the IAEA, US NRC and § 72 of the US CFR Title 10. The format of the report was based on the
US NRC Guide No. 3.44 Standard Format and Content for the Safety Analysis Report for an
Independent Spent Fuel Storage Installation (water-basin type) except of chapter No. 9 Conduct of
Operations and No. 10 Operating Controls and Limits, which would be included into the pre-
operational safety analysis report. This report was submitted to the UJD SR for review in the middle
of 1997 together with an application for UJD's approval required by the Construction Office.

The UJD SR reviewed the submitted report from the point of view of compliance with the
provisions of the contents according to which the report was prepared, and from the point of view of
conformance with the basic safety functions of the ISFSF, namely:

• assurance of subcriticality of the spent fuel stored;
• residual heat removal;
• prevention of releases of radioactive material into the environment.

The major portion of the safety report, predominantly that dealing with the parts not affected by
the modification, was taken over or was supplemented by new evaluations based on the safety
analysis report developed for the existing ISFSF. This part consists basically of geographical,
demographical, meteorological, hydrological evaluations of the site and of the possibility to use the
ISFSF auxiliary systems interconnected with auxiliary systems of the NPP in operation.

With regard to the compliance with the safety functions for the modified ISFSF, the following
items had to be demonstrated:

• assurance of subcriticality of the spent fuel stored in compacted form in baskets and of
baskets in pools under all nominal conditions and operational events of the ISFSF;

• reliable residual heat removal from the spent fuel during the whole period of the ISFSF
operation;

• reliable confinement to avoid release of fission products into environment.

The results confirmed the following safety functions under normal conditions:

(1) Subcriticality

By means of the SCALE 4.3 code, it was confirmed that with spent fuel located in basket tubes
made of boron steel with a boron content in the range of 1-1.1 percent, basket wall width in the range
of 3-3.3 mm, inside tube diameter of 151-153 mm, mesh of absorber tubs of 167-169 mm, stored fuel
with an enrichment up to 4.4 weight % of U-235, storing water temperature of 20°C and infinite
assembly grid, accounting for their most adverse value, the value of keff + 2 o does not exceed 0.946
which is less than 0.95 as required.

In an analogous way for a real basket structure of a storage facility, the value of keff + 2 u =
0.875. In the case of average values of the above mentioned basket parameters, the estimate value of
kgff + 2 a = 0.91 and for an infinite basket grid (with the step of their arrangement of 1,600 times
1,200 mm) k ^ +2 a =0.849.

(2) Residual heat removal

For demonstrating sufficient heat removal, the RELAP/MOD3 code was used. It was calculated
that for natural water circulation through the spent fuel assemblies stored in a pool, the coolant heat-
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up will not exceed 7°C. For basket inlet water temperature less than 30°C the pool water temperature
does not exceed the required 40°C. Under nominal operating conditions, a pool water cooling system
is automatically activated when the pool water temperature reaches about 40°C. Under normal
operating conditions, the fuel cladding temperature in the assembly with peak residual heat does not
exceed the value of 46°C.

Calculations also demonstrated the maximum value of the integral residual heat of the
completely filled storage facility which should reach about 2,000 kW after approximately 25 years
since the storage would be completely loaded by spent fuel. To remove such residual heat, the pool
water cooling system should be modified. It was proposed to replace the existing heat exchanger by a
new one of the plate type with a cooling output of 2,000 kW.

(3) Confinement

It was demonstrated that the existing ISFSF filtration system has sufficient capacity for capture
and disposal of fission products that were released into the pool from small cladding defects of spent
fuel. It was also demonstrated that the filtration capacity of the existing purification system is
sufficient for the capture of the whole inventory of fission products of all fuel elements in one basket,
if released through a possible total cladding falaire. The purification capacity for corrosion products is
sufficient for their absorption as well. It is thus not necessary to increase the current purification
capacity of the facility.

The other systems such as for dosimetry control, electric power supply, fire protection,
monitoring of fuel cladding and structural parts degradation are sufficient for reliable operation of the
reconstructed ISFSF and their concepts and capacity need not to be modified. Certain modifications
of certain elements may occur due to their physical or moral wear out. However, these would not
affect the basic idea or the way in which the modification will be implemented.

In the submitted preliminary safety analysis report, the main safety functions were analyzed
under incident and accident conditions as well. With regard to abnormal operation, the following
items were analyzed:

• failure of transport means during transportation of a full basket;
• interruption of water supply to the heat exchanger secondary side for a period of 8 hours;
• interruption of pool water cooling due to pump or heat exchanger failure for a period of 8

hours;
• failures in pool water make-up for a period of 8 hours;
• failures in ventilation systems for venting the space above the pool water level for a

period of 8 hours;
• water leakage from the pools due to shut - off gate leaks;
• drop of a full basket;
• drop of a fuel assembly during handling;
• failures in pool water purification system;
• loss of power supply.

and with regard to accident conditions:

• changes in pitch of baskets in the pool;
• changes in pitch of assemblies in the basket;
• insertion of fuel with higher enrichment than expected;
• total black-out of electric power supply for two days;
• accident related to spent fuel transport.
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The analysis of the above mentioned cases demonstrated a sufficient time margin for their
elimination (accidents related to residual heat removal), or a very low probability of occurrence of
such events (e.g. for a failure to maintain subcriticality), so that from this point of view nuclear and
radiation safety of the modified ISFSF is ensured sufficiently. However, the UJD SR requested to
amend the submitted safety report by:

• determination of the ISFSF operating life time and justification whether changes of
characteristics of structural and technological parts during the ISFSF planned lifetime
were accounted for in the design;

• specification of the way in which the ISFSF will be operated after shut down of the NPP
V-l, as the current ISFSF uses some auxiliary systems of this plant;

• preliminary schedule for decommissioning of the ISFSF following the termination of its
operation;

• the procedure for assurance of nuclear and radiation safety of the ISFSF operation during
the modification work.

As all above mentioned issues had been answered sufficiently, the UJD SR has issued a
positive statement as a recommendation to the Construction Office which has subsequently issued a
construction licence.

The current statues of the work on the ISFSF modification gives a real expectation that the
modified ISFSF will be brought into normal operation at the beginning of 1999.

2.3.3. Operation

Together with the application for the operational licence the operator must submit a safety
document including mainly a pre-operational safety analysis report. The report must contain all
changes in the project of modification important from the point of view of nuclear safety, chapters
dealing with conduction of operation and operating controls and limits and results of tests of modified
systems and components. According to the Act No.130/1998 on Peaceful Use of Nuclear Energy,
which came into force on 1 July 1998, the safety document should also contain:

• plan of physical protection;
• conceptual plan for decommissioning;
• selected operating procedures;
• evidence of special qualification of employees;
• evidence of readiness of nuclear installation for start-up;
• evidence of insurance or other financial cover.

The UJD SR is going to issue a permission for operation only for limited period (approximately
5 to 10 years). The most important condition for prolonging the operational licence will be the
positive results of monitoring structural material and fuel cladding degradation.

2.4. Regulatory activity during the modification

The ISFSF will be modified during its normal operation. Therefore it is necessary to minimize the
influence of the modification on the nuclear safety. The UJD SR made an agreement with the operator
that for each activity influencing nuclear safety, the operator would prepare a detailed programme
which would be submitted to the UJD SR for approval. So far, several dozen of such programmes
have been evaluated. The most important were programmes for replacement of cooling system (pumps
and heat exchangers), seismic upgrading of water make-up system, power supply switchboards,
replacement of the storage building outer wall and roof panels etc. The UJD SR conducts inspection
to check compliance of real procedures with the approved programmes.
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Due to time consuming procedures connected with the cooling system modification, the
operator applied for modification of the operating limits mainly in the part dealing with the
inoperability of the system. Based on analysis submitted with the application, the UJD SR approved
the inoperability of the cooling system for 4.5 days under the condition that the current spent fuel
arrangement (input data for the analysis) would not be changed.

3. CONCLUSION

The modification of the ISFSF at Bohunice is quite a new experience for the UJD SR. Due to
lack of legislation for a regulatory activity in this area, the UJD SR utilized recommendations of the
group of international experts concentrated in the IAEA Safety Series No. 116, 117 and 118 as well as
regulatory guides and legal documents used in the USA. Based on these documents, the content of
safety analysis reports has been defined. The elaborated preliminary safety analysis report has been
evaluated with assistance of experts from universities and the Academy of Science. The pre-
operational safety analysis report is under preparation. The most effective way how to assure nuclear
safety during the modification are operational programmes for each activity with potential influence
on nuclear safety combined with UJD's inspections.

The UJD SR is going to use the gained experience in the preparation of decrees and regulations
implementing the requirements of the Act No. 130/1998 in the area of safety documentation for
nuclear facilities and spent fuel management as well as in the preparation of the UJD's guide for
interim spent fuel storage facilities.
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