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ABSTRACT

To minimize further corrosion and preserve integrity of aluminum barrels and the stainless
steel channel-type containers, which were found to contain leaking spent fuel, actions to
improve conditions in the existing spent fuel storage pool at the RA research reactor were
initiated. Technology was elaborated and equipment was produced and applied for removal
of sludge and other debris from the bottom of the pool, filtration of the pool water, sludge
conditioning in cement matrix and disposal at the low and medium waste repository at
VINCA site. More sophisticated operations are to be performed together with foreign
experts. Safety measures and precautions were determined. Subcriticality was proved under
normal and/or possible abnormal conditions.

1. Introduction

Activities and results related to identification of the actual state of the research reactor RA spent fuel
were reported in the previous paper [1]. It was found that the integrity of the first safety barrier, the
spent fuel cladding, was probably lost. The original tubular stainless steel spent fuel containers, as
well as the aluminum barrels introduced thereafter, then represent this first safety barrier. In order to
preserve their integrity, i. e. to minimize their further corrosion, the quality of the pool water,
previously neglected because it was not supposed to be in direct contact with the fuel cladding, had to
be improved. It was concluded that immediate actions are needed to clean the pool from all the debris
accumulated there during the time when the pool was unattended, to purify the pool water and to
introduce a system for monitoring and maintaining the optimal water parameters on a permanent basis.

Following the recommendations obtained from IAEA [2], the VINCA Institute elaborated a project
incorporating the following steps: preliminary removal of sludge and other debris from the bottom of
the pool, washing of deposits from all the surfaces in contact with the pool water, venting of the
aluminum barrels, mechanical filtration of the pool water, final removal of the sludge, sludge
conditioning and disposal at the low and medium waste repository at the VINCA site, installation of a
system for continuous purification of the pool water. As soon as initial financing was provided by the
Yugoslav Government, VINCA started preliminary cleaning of the RA reactor spent fuel storage pool,
while the Institute of Power Engineering ENTEC in Moscow was asked to provide the detailed offer
for other services.

The present paper reports the results achieved so far, on preliminary removal of sludge from the
bottom of the pool, mechanical filtration of the pool water and sludge conditioning and disposal.
These actions, performed by the Institute stuff and using the locally available equipment, are
considered as preparatory and complementary activities to the subsequent, more sophisticated
operations, which are to be performed in cooperation with foreign experts.

2. Cleaning the sludge from the bottom of the spent fuel storage pool

The RA reactor spent fuel storage pool consists of four basins connected mutually and with the reactor
body by two transport channels. Each basin has a door, which can block, but not completely prevent
mixing of water. To perform preliminary removal of sludge from the bottom of a particular basin,
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Fig. 1. Empty original holders
of spent fiiel containers

Fig. 2. Containers in transport
channel along the basins

Fig. 3. Containers in transport
channel in the reactor hall

channel type spent fuel containers are removed from their original holders, Fig. 1, and temporarily
hang on the newly produced holders placed along the transport channels, Figs. 2-3. The bottom of an
empty basin can then be examined using a special underwater camera and an underwater reflector
produced for the purpose. It was found that 10-20 cm thick sludge layer also hides a lot of other
debris, like pieces of corroded rods, wire, plastic foil and glass, Figs. 4-9.The underwater camera
appeared to be an indispensable part of the working equipment.

Fig. 4. A piece of a corroded
rod at the bottom of the basin

Fig. 5. A piece of a wire at the
bottom of the basin

Fig.6. A lost plastic glove at
the bottom of the basin

Water carrying the sludge from the bottom of the treated basin can be pumped into the sedimentation
vessel by different pumps, with aspiration parts adapted so to enable work in basin regions difficult to
reach. For the loose sludge, an immersion pump is most convenient To begin with, the low capacity
pump already in use at the RA reactor spent fuel storage pool was applied, Fig. 7. In the mean time, a
new, more powerful FLYGT pump (flow rate 6-16 nf/h, water pressure 10-15 m) was purchased. To
collect smaller pieces of different kinds of debris, a special RONDO pump is used. A vacuum tank,
which is an integral part of this kind of a pump, is adjusted so to play the role of a garbage can, which
can be opened and emptied when it is filled up. The intake pipe of this pump is 7.5 m long and has
inner diameter of 5 cm, Fig. 8. A special grip is applied to collect even bigger pieces of debris, Fig. 9.

For the first phase of pool cleaning, a 2.5 m3 vessel was produced for separating the sludge from water
by simple settling, Fig. 10. It has an inflow pipe at the top, a valve at the bottom for releasing the
sediment, three more valves at different levels for the separated water to be returned to the pool and a
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Fig. 7. Immersion pump
with special lights

Fig. 8. Aspiration part of
RONDO pump

Fig. 9. A grip for collecting
larger pieces of debris

safety pipe near the top for circulating water back to the pool in case of an overflow. The vessel is
equipped with windows for monitoring the sedimentation process and with an adjustable level meter
with a sound alarm. It is placed aside the spent fuel storage pool into an appropriate tray, where
accidentally spilled contaminated material would be collected and returned to the storage pool through
the pipe connected to the hole on the bottom of the tray. The 1.5 m high legs make it possible for the
forklift carrying the cask for sludge removal to come under the lower valve of the vessel. In the
second phase of pool cleaning, the vessel for mechanical separation of sludge will be equipped with
an easily exchangeable filter for mechanical purification of the pool water.

Pumping of water with the sludge from a particular basin is performed until the sedimentation vessel
is filled. After a certain period of settling, the separated water is returned into another basin, while the
sludge is poured into a special cask designed and produced for sludge transport, conditioning and
storage. As soon as this cask is filled up to a certain level, it is properly closed and removed from the
RA reactor building for conditioning and storage. When sludge from the bottom of a particular basin
is removed, channel type spent fuel containers are transferred back to their original place. The same
operation is then repeated for the next basin. After washing off the deposits from all the surfaces in
the pool, removing the heavily corroded iron rig structure, and after venting and resealing of the
aluminum barrels with spent fuel and their replacement in the pool (operations to be performed
according to the procedure developed and provided by ENTEC), final removal of the sludge from the
bottom of the spent fuel storage pool will have to be performed by repeating the above explained
procedure.

3. Sludge conditioning and storage

Total quantity of sludge on the bottom of the RA research reactor spent fuel storage pool is estimated
to be about 3 nr\ Gamma spectrometry analysis showed that the concentration of activity in the sludge
is about 1.3 kBq/ml U/Cs and about 15 Bq/ml Co. Based on the previous experience [3], a
technology was developed for sludge conditioning in a cement matrix, inside casks produced using the
standard 200-liter metal barrels which have lids supplied by screws, Fig.l 1. The existing pilot cement
mixer was reconstructed to enable placing a barrel containing the planned quantity of sludge on its
platform without a risk of spilling. A new mechanical manipulator, which provides mixing of the
cement matrix with the sludge in the entire volume of the barrel, was constructed. A room with a
ventilation system, for conditioning the sludge with the cement matrix and for storing the casks during
the period needed for cement hardening, was arranged, Fig. 12.

About 60 liters of sludge are poured at a time from the sedimentation vessel into a previously prepared
cask. As soon as a cask is filled up, it is transported to the laboratory for sludge conditioning. There,
additional settling of sludge is allowed. Separated water is pumped into a plastic can and taken back to
the RA reactor spent fuel storage pool.



Fig. 10. The vessel for
separating sludge from water

Fig. 11. Sludge conditioning in
200-liter metal barrels

Fig. 12. A room for
conditioning the sludge

When the cask with the settled sludge is placed on the platform of the mixer for further conditioning,
the necessary amount of cement (PC-45 Mpa), sand ( 0 - 2 mm) -and additives, according to the
established formula of cement matrix and the cement-sludge ratio, are poured into the cask.
Mechanical manipulator will then mix this mixture until a homogeneous substance is obtained. This
technology for sludge conditioning eliminates all the risks related to pouring the sludge into the
concrete mixer and pouring the cement-sludge mixture into the metal barrel. The barrel with the
homogenized mixture is removed from the mixer platform and placed in a separate room for cement to
harden. The time needed for cement hardening is about 48 h.

Taking into account the measured radioactivity of the sludge and the conditioning technology, it is
estimated that a cask containing conditioned sludge will hold about 110 MBq l37Cs and about 1.3
MBq 60Co, i.e. concentration of the conditioned radioactive waste will be about 0.6 GBq/mJ 137Cs and
about 45 MBq/nf 60Co. Taking into account the effect of self-absorption in homogeneously dispersed
radioisotopes in the cement matrix, the contact dose on the cask should be much less than 2 mSv/h,
which is an acceptable value. Since dissipation of power will be far beneath 2 kW/m3 and the
concentration of long lived a emitters can be practically neglected, conditioned sludge can be
classified as low or medium radioactive waste and disposed at the existing waste repository at VTNCA
site. The rate of the sludge conditioning follows the progression of cleaning the sludge from the
bottom of the spent fuel storage pool. It is estimated that the total amount of sludge will be
conditioned in about 40 barrels.

4. Safety measures and precautions

Overall safety measures during the remedial actions at the RA reactor spent fuel storage pool are
based on legal documents and recommendations of IAEA, related Yugoslav laws, documents of the
reactor and the fuel supplier from former USSR, internal regulations of VTNCA Institute and RA
reactor which deal with safety problems and issues. Besides, special safety measures, related to all of
the actions planned, are elaborated and safety procedures and precautions are determined.

Quantity and contents of fissile material in the spent fuel storage pool are such that the possibility of
criticality accident can not be a priori excluded. According to standards and regulations for handling
fissile material outside a reactor, using the previously developed and verified methodology [4], criticality
safety calculations were performed and subcriticality was proven under normal, as well as under possible
abnormal conditions, Table 1.
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Table 1. k̂ g- for particular basins and different kinds of upper reflector.

Description of the basins

Basin 1:63 x 11 fresh fuel elements initial enrichment 80%

Basin 2:104 x 11 elements initial enrichment 2%, average burnup 44%

Basin 3:104 x 11 elements initial enrichment 2%, average burnup 50%

Basin 4:36 x 11 elements initial enrichment 2%, average burnup 54%

Annex containing spent fuel with initial enrichment 2%,

layer 1:3125 elements in 19 barrels, average bumup 29%

layer 2:1805 elements in 11 barrels, average burnup 43%

NoCd

WithCd

Cd at the bottom

Upper reflector

Air

.113841

.095374

.088477

transport channel

water

.948722

.597680

.889593

fresh fuel

.951648

.602849

.893913

Water

.125415

.106034

.096183

transport channel

water

.942085

.592212

.882470

fresh fuel

.946011

.596212

.886090

In safely assessment of the technological route for cleaning the spent fuel storage pool, possibilities of
different accidents (e.g., pipe breaking or turn over of the barrel before closing and spilling or
splashing of radioactive materials), were analysed. Radiation safety and protection measures for the
personnel taking part in all the procedures, during the normal activities, as well as during the possible
accidental conditions, were specified. Radiation control and decontamination procedures were
elaborated. To prevent spreading possible contamination, temporary sanitary corridors for permanent
control of contamination and exposures of the staff involved in the procedures were installed at RA
reactor in the vicinity of the spent fuel storage pool and in the sludge conditioning laboratory in the
vicinity of the sludge mixer.

All operations performed to improve the research reactor RA spent fuel storage are properly
recorded by making protocols, drawings, blueprints, photographs and videotapes.

5. Conclusions

Cleaning the research reactor RA spent fuel storage pool appeared to be a more difficult, more time
consuming and certainly more expensive operation than originally estimated. However, the results
achieved so far are a sound basis to conclude that the task shall be accomplished successfully. While
performing the operations explained above, necessary elements for planning further treatment of the
spent fuel should be obtained.
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