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Abstract

The Budapest Research Reactor is a light water cooled and moderated tank type reactor. The
reactor was first commissioned in 1959; its principal functions at that time were to serve as a facility
for basic research experiments in the frameworks of research programmes of the Hungarian
Academy of Sciences and in industrial development projects. In the first years of operation (until
1966) the power was 2 MW; the type of the fuel used was EK-10.

In 1967 the reactor was upgraded, the power was increased to MW, as a new fuel WWR-SM
(36%) was introduced, the core grid was replaced and also beryllium reflector was put around the
core. In this upgrading project a new wet spent fuel storage facility (AFR pond) was constructed
near to the reactor hall.

In 1986 the second (full scale) reconstruction of the reactor started, the new reactor with unchanged
ftiel type was first critical in December 1992. After the reconstruction a new type of fuel was
introduced, the so-called VVR-M2, with the same geometry and enrichment as VVR-SM, but with
different material composition, i.e. U2 granulate dispersed in aluminiurn matrix. Up to the present
the reactor has been in operation for more than 43 years and all the spent fuel produced since the
first commissioning of the reactor is stored in wet facilities on site. There is no real experience of
wet storage for so long time worldwide, but it is well known tat aluminium corrosion can
accelerate rapidly once it has started. That is the reason why the operating organization of the BRR
facility decided to encapsulate all the stored assemblies and keep them in inert gas atmosphere in
order to slow down or to stop corrosion processes. The present paper describes the semi-dry
storage transition option, i.e. the design and the operation of the canning device, as well as the
canning procedure in detail.

Introduction

The unloaded burnt fuel is put into a temporary storage pool, situated close to the reactor tank
(AR pool). Using high-density storage racks 786 single VVR type ftiel elements can be stored in
this pond. To allow filling one core load in case of emergency core unloading 230 positions in the
AR pool have to be empty all the time, consequently 556 positions can be used only for storage. The
failed (leaking) fuel assemblies can be placed into a special wet container and can be stored in the
AR pond in sealed condition.

After a certain cooling time (approximately five years), the spent fuel elements can be transported to
the other pool (AFR pond) for long-term storage. This pool is situated outside the reactor building;
the distance from the reactor hall is about 100 m. The cask used for fuel handling in the reactor hall
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can be used for in-site transportation too. The AFR pond is a cylindrical stainless steel vessel with
racks without absorbers, sub-criticality is guaranteed by the geometry. At present all the spent fel
unloaded before 1986 is stored in the AFR pool, while the fuel assemblies irradiated after r-
commissioning of the reactor are stored in the AR pool.

The water in both of the pools is cleaned, time to time by a mobile ion exchanger filter. Te
corrosion of the aluminium fuel cladding did not cause a major problem yet, mainly due to the good
water chemistry. The storage meets the requirements of the Hungarian authorities and a permanent
surveillance program is implemented, but this type of wet storage is obviously not a final solution.
Within two years, in accordance with the fuel consumption rate, fuel elements, irradiated after te
reconstruction, should be transported from the AR pond to the AFR pond.

As there is no experience of long-term wet storage, an inspection programme was implemented.
The visual inspection showed different levels of corrosion in case of some fuel assemblies. Te
heaviest corrosion was detected in the case of instrumented fuel having thermocouple in te
cladding.

The encapsulated fuel assemblies will be stored in the same pool under water (providing the
biological shield and cooling) unless some other solution will be available. The advantage of this
solution is its simplicity, i.e. there is no need to change the pool structure, anyhow use can be made
on the advantage of the dry storage The canning machine, was manufactured in 2001 by a
Hungarian company (Ganz Energetic Ltd.). The canning procedure will be performed in the year of
2002.

The Canning Machine

The canning machine consists of four main components namely the canning cask with the transfer
pipe, the car with the auxiliary equipment, the I&C cabinet and the cropping machine.

The Canning Cask
The main component of the cask is te
stain ess stee body containing t e ottorn
shutter, the capsule holding device, te
eddy current coil and the capsule-rotating
equipment. The bottom shutter has two
positions; open and close. In the open
position the capsule can be transferred in
and out, wile in the close position a
piston is placed under the capsule. This
piston can lift and lower the capsule y
demand. The transfer pipe is fixed to te
bottom of the cask, while the pipe ed
lifting drive is mounted on the side of te
body. A revolver head closes the uppc�r
part of the cask. This head has five
positions, which means that every cycleof
the canning procedure has a different head
position.

110



Three stepping motors are installed on the top of the cask, for the revolver head, for the capsule
rotation and for the bottom shutter. Water, nitrogen, air and vacuum pipes coming from and leading
to the auxiliary equipment car are connected to the revolver head,

04

Auxiliary Equipment Car

The auxiliary equipment car has three levels. The main water pump, the transformer supplying the
�:777� 70777� eddy current coil and the drying air pre-cooler can

be found on the bottom level. The drying fan and
the vacuum pump both with HEPA filters and
transducers are mounted on the second level. The
Peltier type chiller for final humidity removal is
mounted on the second level too. On the top of

BUFFER TANK
the car a buffer tank can be found. This tank has
three functions, namely keeps the main water
pump filled by water, provides cooling water
for the pre-cooler and serves as a buffer for the
capsule transfer water. (In order to keep the
required visibility under the water, the ransport
water doesn't go back directly to the pool).



I&C Cabinet

All of the equipment necessary to control the canning process are
installed in the I&C cabinet. The canning procedure is controlled
by a PLC; information about the cycles and steps of the process
is displayed on a LCD display. In semi-automatic canning mode
the operator uses only one push-button CONTINUE), while in.
case of any malfunction or problem the operator can switch on.
manual mode and control the process manually.

The Cropping Machine
The cropping machine is an underwater circular saw used or
cutting off the leg of
the VVR type fuel
assemblies. It has two
different cutting posi-
tions for the single and
triple fuel assemblies.
Another use of the

corpping machine is, that in case the welding is leaking,
the capsule head can be cut off in the machine. In this
case the canning process has to be repeated.

The Canning Procedure

The capsules are capable to accommodate either one EK IO fuel assembly or three single one
triple) VVR type assemblies. The capsules are made of aluminium alloy; the wall thickness is 
mm. The welded head of the capsule provides the same
handling possibility, as the fuel has, consequently the same
manipulation tools can be used for handling them. The
capsules are filled with 25 bar nitrogen gas. The over-
pressure is needed for leak detection purposes. To assure
sinking of the capsule and sub-criticality, an iron disk with
aluminluin cladding is screwed on the bottom of the capsule.
In case of dry storage or transportation this weight can be
removed easily.
The spent fuel assemblies now are stored in buckets, which E,
are placed in storage tubes (three levels of buckets per
storage tube). The bucket is removed from the tube and put into the position dedicated o
manipulation. The new capsule is placed beside it and the fuel having its leg cut off is loaded into
the new capsule manually, under the water. There is no need for cropping in case of EK-10 fuel.
Then the capsule is placed under the canning cask, the movable end of the transfer pipe is lowered
and the main water pump is started. The water flow lifts up the capsule into the container. Upon
arrival a special mechanism fixes the capsule in the cask, the bottom valve of the cask closes and the
pump switches off. During the encapsulation the movable pipe-end remains in the bottom end
position. This means that in case of malftinction or emergency the capsule can be transferred back to
the pool any time.
Then the water must be removed from the capsule and the remaining water should be dried out. In
order to reach perfectly dry fuel condition the capsule and the ftiel shall be heated up to 120 C
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using an eddy current heater. The evaporated water is removed from the cask by a close circuit hot
air circulation. The humidity is removed from the air by a pre-cooler and a Peltier type chiller, while
the dry air is cleaned by HEPA (High Efficiency Particle) filter. When the fuel is perfectly dry, the
inner cavity of the container is vacuumed and filled with nitrogen gas. Keeping the capsule in hot
condition the cold capsule head is pressed in. This allows better sealing as the OD of the head in
room temperature is slightly bigger 0.2 mm) than the ID of the container.
Finally the capsule head is secured by welding and the capsule is transferred back into the water.
Under the water the capsule manually can be put back into a storage tube. Every capsule has an
identification number for inventory and safeguards purposes. The canning process shall be fully
documented and video recorded as appropriate.

Operation

Naturally all fuel cropping and underwater manipulation including the capsule handling are
performed manually, while the operation of the canning machine is semi automatic i.e. individual
cycles of the procedure are controlled by the PLC, but after every cycle the programme stops and
waits for the approval of the operator CONTINUE pushbutton). If the operator detects any failure
or malfunction, he can interrupt the program and return back to the previous step or go forward,
depending on the stage of canning. If the problem arises before pressing in the capsule head, it is
better to send back the capsule (with the fuel) into the pool water, while after closing the capsule, it
is better to solve the actual problem and finish the process with the welding.

Monitoring programme

Monitoring the pool water in the AFR pool has always been done since the pool is operated. The
only on-line monitored parameter is the water level. The water quality is checked by sample
analysis every second week. The analyses consist of the measurement of conductivity, radioactivity
and pH. In every quarter of the year a full chemical analysis (including the quantitative
determination of chloride, sulphur, iron, copper etc. ions) is performed on the water sample.
After having encapsulated every fuel assembly an extended monitoring programme VAI be
elaborated. This programme shall naturally include all the investigations, which were included in
the earlier monitoring programme. The extension of the monitoring programme will include leak
tests and annual probe tests. Probes of the capsule material (welded material too) should be put into
the pool, which will be used for annual monitoring. The tests of these probes will include visual
inspection, metallurgic analyses and mass measurements.
If a capsule leaks, it can be observed, as in this case tiny bubbles come out of the storage tube.
Anyhow the weight of the tubes shall be measured periodically, to have a quantitative measure of
leak (corrosion), i.e. the increase of weight (the mass of a seated capsule is -Ikg i.e. it is almost
weightless in water). If the capsule is failed in time of canning or after it, then the capsule head can
be removed in the cropping machine and the encapsulation process can be repeated.

Summary

The in-site inactive tests of the canning machine were started in November 2001. During the
tests all "teething troubles" have been solved and in December 2001 the canning procedure was
successfully demonstrated to the licensing authority. Based upon the tests the regular canning
procedure can start as soon as the authority issues the license for the canning.
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