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Introduction
In Czech Republic 3 research and testing nuclear reactors are operated at present time, with
the biggest one being the Nuclear Research Institute (NRI) reactor LVR -15, operated with
maximum power 10 MW. This reactor serves as a radiation source for material testing,
producing of ionising radiation sources, theoretical studies, and in the last time, for boron
neutron capture therapy. Another NRI reactor LR-0 is reactor of zero power used mainly for
the studies of WWER 1000 spent fuel criticality. For training of students the reactor called
VRABEC (VR-1), operated also with very low power, serves since 1990 at the Faculty of
Nuclear Engineering, of Czech Technical University. The similar testing type reactor (SR-0),
already decommissioned, was also used since 1974 to 1989 in Skoda, Nuclear Machinery,
Plzen. This contribution summarises the present state of the spent fuel (SF) management of
these nuclear reactors. As the SF management is different for very low or zero power reactors
and power reactors, the SF management from very low or zero power reactors will be only
briefly discussed first, and then the main attention will be devoted to SF management of NRI
experimental reactor LVR-15.

The management of spent fuel from zero or low power research reactors
The irradiated nuclear fuel from reactors with zero or very low power (LR-0, VR-1, or SR-0)
is not usually classified as radioactive wastes. Only a very small quantity of radionuclides is
produced and the dose rate at the surface of spent fuel assemblies is less than 0.1 mSv/h. The
reactor LR-0, operated with large reconstruction in 1982 since 1972, contain 65 VVER 1000
model fuel assemblies with enrichment in the range 1,6 to 4,4 %. The total amount of Uranium
is 10 469,7 kg. The reactor VR-1 utilises now 18 assemblies of the fuel IRT-3M with
enrichment 36 %. The reactor of Skoda Plzen before decommissioning used first EK-10 fuel
and then IRT-2M fuel with enrichment 80 %.
The irradiated fuel assemblies after reactors decommissioning (the expected time of LR-0
decommissioning is 2010 and VR-1 in 2020 or later), or changing the type of fuel for whatever
reason, can be transferred to some of nuclear fuel producers or to another research reactor
operators, as was the case with assemblies from the SR-0 reactor, from which the EK-10
assemblies were transferred to Hungary (Technical University) and IRT-2M transferred to NRI
LVR-15 reactor in Rez. But, if there is no one interested in taking over the irradiated fuel
assemblies, then they will have to be disposed of in an appropriate way. The problem is that
spent fuel assemblies from research reactors, and especially those with high enrichment, have
to be safeguarded after they are taken out of reactor to prevent the use of its fissile material for
nuclear weapons construction. They cannot be easily disposed of as low or intermediate level
waste to near surface radioactive waste repositories.
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Spent fuel management from LVR-15 reactor

Spent fuel characteristics

All fuel elements used in reactor LVR-15 from the start of the reactor operation in 1957 till
now are stored in storage facilities in area of the Nuclear Research Institute Rez (NRI). During
the reactor operation three types of the fuel were used. In years 1957-1974 was used the type
EK-10, with enrichment 10%. An assembly consisted of 16 rods in aluminium casing.

In 1974, a new fuel element type IRT-2M was introduced with enrichment 80%. This
consisted of four or three of square rings of uranium/aluminium alloy fuel metal covered on
both sides with aluminium. This fuel was used till December 1998.

Conversion of the reactor to fuel with enrichment 36% started in 1995. From this year fuel
elements type IRT-2M with enrichment 36% were added into the reactor core. Since January
1999 only the fuel with enrichment 36% has been used. The fuel material in the fuel elements
IRT-2M 36% changed to UO2-AI dispersion.

The spent fuel has been stored in following facilities:

An at-reactor pond (AR pond) is located in the reactor hall and serves as an interim spent fuel
storage as well for handling fuel from reactor core during the reactor outage or under off-load
refuelling. The capacity of the AR pond is 60 places for fuel elements, 30 of which are held
empty for emergency fuel movements from the reactor core.
Two reactor annex ponds with the total capacity of 80 and 125 assemblies are located on
reactor sites near reactor hall. These ponds were not designed to store fuel and the ponds do
not fulfil the actually requirements for the spent fuel storage (the simple wall of the ponds, no
space for emergency unloading). The spent assemblies are now stored in high-level waste
storage facility in the area of NRI Rez. The stored assemblies must comply, according to the
decision of State Office for Nuclear Safety (SUJB), to the characteristics of EK-10 and IRT-
2M that are given in the Table 1 and 2.

Table 1: The basic characteristics of EK-10 fuel
Enrichment
Total length
Cross section
Total mass
Uranium mass
No. of elements in assembly
Thickness of cladding
Fuel core material
Cladding material
Maximum heat output
Maximum burnup

10%
550 mm
71.5x71.5 mm
4,5 kg
1,28 kg
16
2 mm

(U-Mg)O2

Al
0.8 W
24 MWd/kgU
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Table 2: The basic characteristics of IRT-2M

Total length (mm)
Cross-section (mm)

Total mass (kg)-4 pipes
-3 pipes

Uranium mass (kg)-4 pipes
-3 pipes

Pipe thickness (mm)
Cladding thickness (mm)
Cladding material
Fuel core material
Fuel core thickness (mm)
Average fuel section length (mm)
Maximum burnup (MWd/kgU)
Maximum heat output/1 assembly (W)

IRT-2M (80%)
882
67x67
3.27
2.64
0.214
0.184
2
2x0.8
Al alloy
U-Al
0.4
580
380

20

IRT-2M(36%)
882
67x67
3.2
2.6
0.230
0.198
2
min 2 x 0.4
Al alloy
UO2-A1
0.64
600
178
20

Fuel element locations in the storage facilities in February 2001 are in the following table 3.

Table 3: Spent fuel element location in February 2001

Location Type of fuel assemblies

Reactor core IRT-2M, 36%

AR pond - IRT-2M, 80%

- IRT-2M, 36%

Reactor annex ponds - IRT-2M, 80%

HLW dry box in drums - EK-10

HLW pond - EK-10

HLW pond - IRT-2M, 80%

Number of assemblies

28

2

27

22
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Transport of the spent fuel to the HLW facility

The movement of the IRT-2M irradiated fuel from reactor annex ponds to the HLW facility
started in October 1995. The goal has been to decrease the possibility of radionuclide
discharge into the environment and to improve the water conditions for the spent fuel storage.

The HLW facility is situated on a plateau with the large altitude difference over the reactor
LVR-15, it is necessary to use the a transport route first outside of the NRI area by the public
communication through the Rez village and then back into the NRI area to the HLW storage
facility. Therefore a fuel flask, a lorry and conditions of the transport have to meet all IAEA
transport requirements.

The quantity transported fuel elements per year is influenced by the capacity of the transport
flask, only one irradiated fuel element is carried at a time. During years 1995 - 2000 244
transports were carried out, (1995 - 16, 1996-22, 1997- 33, 1998- 50, 1999-92, 2000-31)
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Equipment and procedures of the transport

For the transport of the spent fuel from reactor LVR-15 site to the HLW facility the cask
K-lxIRTM has been used. This cask was designed and built by SKODA Plzen for the transport
of one irradiated fuel element type IRT-2M (Fig. 1).

The small capacity of the cask, only one fuel element, has historical reason and it is now an
imperfection of the cask. Ten years ago, when the preparation for spent fuel transport to the
HLW facility started, the transport of the cask via an internal route by using the existing
inclined slope elevator was considered. The maximum loading limit of the elevator influenced
the design of the transport cask. In the following years the internal route via elevator was
changed to external route via Rez village, but the container was already completed.

The transport container K-lxIRTM consists of three main parts, cask body, two shock
absorbers, and handling and transport frame.

The cask body is made of steel no. 13123 and stainless steel inside the cask is placed a fuel
basket. Two lids cover the inside space; each has tree sealing (1 metal, 2x rubber).

At the upper part of the cask is, during the loading of the fuel, fixed the electrical winch
connected with the basket. The weight of the cask body is 4110 kg; outer diameter is 660 mm,
length 1660 mm.

The shock absorbers create deformation zone and provide the mechanical protection of the
cask body. They are fixed to cask body before the transport.

The handling and transport frame is used to support the cask, which enables it to be rotated to
the vertical for the insertion the fuel in its fuel basket and fitting of shock absorbers. The cask
is transported with the frame. The weight of the transport complete is 8620 kg.

The cask satisfy the requirements of the IAEA Safety Series No.6, International Regulations
for the Transport of Radioactive Material (1985 edition, as amendment 1990). The cask was
licensed first in 1994. Before licensing it was subjected to an extensive, full-scale test program.
The license procedure was repeated in 1998 after according to the Atomic law no. 18/1997
and to the Decree of SUJB No.42/1997. By the SUJB decision No.317/98 obtained the cask
license sign CZ/003/B (M) F-85. In this decision the following conditions of the cask use were
determined

- The irradiated fuel element shall be more then 2 years removed from reactor, and the burn up
of fuel shall be less then 380 MWd/kgU of fuel with enrichment 80% and less then
178 MWd/kgU of fuel with enrichment 36%.

- After loading of the fuel element to cask, the helium test shall be provided,

- The dose rate limit is 2 mSv/h at the surface of the cask and 0,1 mSv/h at the distance 1 m
from the surface of the cask

- The maximum allowed surface contamination of the cask is 4 Bq/cm^ for gamma and beta

radionuclides, and 0,4 Bq/cm^ for alpha radionuclides

According to Operational Limits and Conditions of the HLW facility the following limits for
the spent fuel transport are determined:

- The generated heat in fuel element is less then 20 W.

- The sipping test with irradiated fuel assemblies has been performed in order to evaluate the
tightness of the fuel clad,
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During the sipping test the fuel element is placed in the pond inside a closed aluminium
container. The container is filled by clean water and after three hours a sample from the
container water is collected and the gamma-ray spectrometry analysis is carried out. When the

activity of 137Cs is lower then 300 Bq/1 the transport of fuel assembly to the HLW facility is
possible. The generated heat of each fuel assembly is calculated.

Fig. 1. Transport cask K-lxIRTM
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The High Level Waste Storage Facility

The HLW storage facility is constructed as a hall. The lower part of the hall is made of
reinforced concrete monolith to the height of 5.65 m and the upper part is made of
prefabricated panels. Outer dimensions are 36.95 x 16.26 x 9.91m. The lower part is divided
into 12 square boxes (6x6m). 8 of them will serve for dry storage and 2 for the wet storage of
spent fuel assemblies in water pools of diameter 4.6 m and height 5 m; the storage is permitted
only in one of the pools under the shielding layer of water, the second pool must be empty in
case of the need to store leaking assemblies. In the pool it is allowed to store 284 of 1RT-2M
assemblies and 16 of EK-10 assemblies. They are stored in one layer in vertical position in pipe
receivers with the grid spacing of 200 mm. The storage of leaking assemblies is allowed only in
a special hermetically tight tube in an individual grid of 200 mm spacing.

In one of the boxes of the HLW facility storage capacity (box No. 5) it is allowed the
dry storage of EK-10 assemblies in concrete containers after one assembly in each; they are
arranged in three layers after 72 assemblies. The containers are cylindrical with diameter 565
mm and length 890 mm; maximum weight is 600 kg.

Spent fuel disposal options
When designing and constructing research reactors in NRI, it was assumed that spent fuel will
be returned to the producer for reprocessing without any intergovernmental agreement. Only in
1999 it was achieved an agreement between the government of Czech Republic and the
Russian Federation that the Russian Federation will accept the spent fuel for reprocessing with
returning vitrified high level waste to Czech Republic. This service should be, of course, on
commercial base. There still exist, however, a variety of other alternatives; no decision has
been made so far. Below are some alternatives of LVR-15 spent fuel disposal now considered:

1) The spent fuel assemblies transport to the Russian Federation, their reprocessing with
returning of vitrified waste and their storage or disposal to deep geological repository (DGR) -
the negotiations of NRI and Russian Co.Texnabexport about the transport, reprocessing of
spent fuel, vitrification of high level waste and a temporary storage in Majak facility already
started.
2) The storage of spent fuel to the time of DGR operation in the dry state in the suitable
containers (till about 2050), i.e. the transfer of SF assemblies from water pools, repackaging,
and then their disposal in DGR.
3) The transport and reprocessing of spent fuel to some of European facilities with returning
HLW facility waste.

The activity of all spent fuel assemblies from research reactor LVR-15 corresponds,
approximately, only to 15 assemblies from WWER 440 reactor or 3 assemblies from WWER
1000 reactor. Nevertheless, the high enrichment or research spent fuel assemblies and low
corrosion resistance of Al cladding makes this problem a very important issue.

Financial coverage
Financing of expenses for research reactor spent fuel management is covered partly by the
State under the so-called old ecological (radiation) burden item in agreement with Atomic Law
issued in 1987. The State will provide a subsidy to eliminate this burden originated prior to
privatisation of NRI. The necessary expenses must be specified on the basis of feasibility study.

189


