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Abstract.
The research reactor MARIA has been in operation for more than twenty years and all the spent

fuel assemblies used since the first commissioning of the reactor are stored in wet facility on site.
The present paper deals with the spent fuel MR-6 encapsulation technology in MARIA reactor.

The encapsulated spent MR-6 fuel will be stored under water in the same pool unless some othei
solution is available.

The capsules ade of stainless steel are capable to accommodate one MR-6 fuel assembly. The
encapsulation process is performed in the hot cell by the MARIA reactor.

The spent fuel having its lea cut off is loaded to the transport cylinder manually and next
transferred to a trolley. The trolley is moving to a position directly below the entrance to the hot cell
and the spent fuel is entering the hot cell. The spent fuel assembly is then put into the drying cell.
Dried out spent fuel is moved into the capsule mounted on the grip of the machine. Next, the capsule
lid is pressed in and welded. After the leak test and filling up with helium the capsule returns frorr,
the hot cell to the pool. The hermetic capsule is sunk back into the water and positioned in the
separator.

The results presented earlier show, that the limiting time ofWWR-SM and Ek IO type spent fuel
residence in wet storage is about 40 - 45 years. Therefore, the systematic quality investigation of all
Ek-10 fuel elements and WWR-SM fuel assemblies discharged from EWA eactor in the period f
1959 - 1969 was performed. All together, aout 2 500 Ek IO fuel elements and 47 WWR-SM fuel
assemblies were investigated. The results of these investigations are pesented in the present work.

The sipping test, visual nvestigation and ultrasonic techniques were used for that purpose. The
radioactive isotope Cs-137 was used as the indicator of fission product release from the fuel
assembly. Taking into account the value of Cs-] 37 release from damaged WWR-SM fuel assembly
the criteria of damaged fuel assembly were proposed. It was established, that part of analysed fuel
assemblies is close to the state specified as damaged one.

The visual investigations of outer clad surface of WWR-SM fuel elements were combined with
their ultrasonic scanning. The values of the depth of the pit corrosion holes was analysed.

1 Encapsulation technology of MR-6 spent fuel.

1. 1. Introduction
During the operation of the MARIA research reactor 297 fuel subassemblies of the MR type were

burried up. This number includes: MR-6 (80% U-235 - 266pcs., MR-5 - 8pcs. and I I fuel eements
of the MR-6 36% U235). Beyond that there are 16 partly burned up fuel elements.

In connection to the anticipated construction of the dry storage facility for nuclear spent fuel
which presumably will be located in the EWA reactor building the necessity occured to develop the
technology for encapsulation of the spent fuel accumulated in the IAE at wierk for its further storing.

It has been decided to encapsulate in the first order the MR-type fuel, to develop the technology
relevant to this process and exploiting the MARIA reactor storage pool and the hot cell in which the
handling operations with spent fuel will be accomplished.

1.2. Main stages of encapsulation of the MR-typefuel
In the process of encapsulation of the MR-type spent fuel it is necessary to distinguish the two

locations of operations to be accomplished with the fuel, i.e. the storage pool and the hot cl of
MARIA reactor. The most important part of the MR-type spent fuel encapsulation process, namely the
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drying out, leak-tight closure in capsules and checking their tightness, is carried out in the hot cell of
MARIA reactor.

The hot cell is located at the end of the storage pool adjoining the external shell of the building.
The cell has the following horizontal dimensions: length 66 m., width 25 m. The minimum height is
4.5 m. Internal walls and the floor are lined with stainless steel sheet of IH18N9T. The cell shielded
wall from the operational side and the side walls are made of the barytes concrete and the basalt
concrete. Operational gamma radiation limit for the hot cell is 100 kCi - Co-60. The cell is equipped
with two lead sight-glasses.

The basic equipment of the cell comprises the following devices: machine too], transport device,
overhead crane, lifting magnet, the two manipulators, bolting machine; ventilation, waste and
decontamination system, radiological monitoring system, television camera and five culverts. For the
encapsulation needs of the MR-type spent fuel, the cell has been additionally equipped with drying
chamber ad vacuum chamber located in the sockets on the cell loor and chucks fixed on the face,

'II ing cutter to be used for: welding head, helium probe, milling cutter for possible cutting off the lid.
The peripheral equipment is placed on the platform in front of the cell and both the crane and

lifting magnet are operated from this platform.
The spent fuel assemblies are located in the storage pool. Before removing the spent fuel element

frorn the sheath the spent fuel element is cut off from the channel construction and the water contained
inside is monitored.

If radiological measurements results exhibit a failure (leakage) of cladding of the fuel element the
element is being treated by an individual procedure. In most cases the fuel channel with leaking fuel
w'II be separately cut off in water-lock. Then will be closed in a leak-tight thimble in which water is
filtered.

To displace safely the fuel element into the hot cell, it is necessary to install on it a gripping head
accommodated to the lifting magnet, which belongs to one of the cell accessories. This operation is
accomplished in the storage pool, below the water layer. The fuel element equipped in such a manner
will be brouaht to the transport sleeve, which is placed in a special rack on the floor of the storage
pool, ad then along with the transport sleeve on the carriage belonging to the transport equipment.

After approaching the spot right below the inlet hatch of the dismantling cell, the spent fuel
element will be pulled in to the transport sleeve, dried out and pepared to be placed inside the dry
storage facility. To reach this oal it is necessary to apply the technology of the encapsulation process

r_ 4:1

that is shortly described below.
In compliance to the developed technology, the spent fuel element is transferred to the drying

chamber. The drying chamber is connected to the outlet of the hot cell ventilation system by means of
a flexible duct. The head is equipped with an absolute filter aimed to capture the possible loose solid
parts, wich could have broken away from the cladding of the dried out fuel element. The head is
located at the ventilation system inlet. After placing the spent fuel element in the drying chamber it is
closed and the drying system is activated. The electric ar- heater with temperature regulation within
the rnge of 50 I I WC at the inlet to the culvert is located at the outlet of this system. The eated air
is delivered over the bottom of the drying chamber by means of a steel pipe and when passing at the
direction of the drying chamber head it washes the fuel element surface to dry it out. The absolute
filter is located at the head outlet. After passing through the filter, the air is sucked into the hot cell

ilation system. The drying process is conducted until the ar relative humidity at the outlet of the
system is around 5%. On achieving an appropriate relative humidity degree, the dried out fuel element
is ready to be closed in the capsule.

The most important moment of the encapsulation operation is the leak-tight closing of the dried
out spent fuel element in the capsule. The capsule and its cover have been earlier manufactured of

'fied materials and they are verified as regards to the welding tghtness. The dried out fuel element
is being transferred into the capsule thimble. The operation of loading the spent fuel element into the
capsule is being recorded on video cassette by means of a film camera to identify the number on the
capsule and the number of fuel element. In the next operation the welding head is positioned onto the
welding spot and rotation of the chuck and the welding machine TIG are activated. Having finished
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the full process of welding the checking of the tightness of the capsule with the fuel element closed
inside is performed by the operator. The check of welding tghtness on the capsule perimeter is eing
carried out by helium method by means of the universal helium leak detector of the ASM-type.

The first operation to be done is creating the vacuum inside the capsule. At the next step the
capsule is being connected to the helium leak detector. Later, the probe supplying helium is eing
installed over the examined girth weld. On activating the detector, the weld tightness on the ntire
perimeter by means of the method of washing its surface with helium is being examined. If the
threshold limit of the signal of the detector to be 10-7 Pa M3/S i surpassed, the operator determines the
leaking spot of the weld and the welding operation is repeated. If the capsule is not leaking, the
capsule can be filled with helium to the value of pressure of 02 MPa.

Next, operation of mounting the gripping head on the capsule is started. It is the sarric like
described below during the leak-tight closing of the capsule.

After the gripping head has been mounted, the capsule is transported to the vacuum chamber. A
sucking in head is being installed on the chamber and the helium leak detector, connected to it, is
activated. When the absolute value of the overall leakage rate of the capsule has been measured and
recorded the leak-tight capsule is removed from the vacuum chamber to be ready for transportation to
the storage pool.

The capsule containing a spent fuel element is shifted by means of the lifting magnet over the inlet
hatch of the hot cell. Then it is let down into the transport sleeve. The sleeve is being transported from
below the hot cell using the carriage of the device P 109 to the storage pool. By means of the crane,
the capsule along with transport sleeve is transferred to the rack. The last operation is based on tking
out, by means of grapple fork, the capsule from the sleeve and shifting it to the separator for the
capsules that is located in the storage pool of the MARIA reactor.

The review of the developed encapsulation technology of the spent fuel elements has confirmed its
full compatibility with the required safety and strength of the elaborated procedure relevant to store
the spent fuel in the dry storage facility for at least 50 years period and more.The presented technology
refers only to the spent fuel elements with undamaged cladding. By implementing some modifications
this technology can also be applied to the leaking spent fuel elements. According to our assessment the
presented technology seems to be cheaper than the American technology based on the combined
vacuum and heating drying out process.

To implement the verified encapsulation technology of the MR-type fuel the encapsulation of the
first three MR-type fuel elements was accomplished in MARIA reactor in June 200 .

M
Fig. 1. Leak-tight capsule after the operation of mounting the gripping head in the hot cell.

2. Quality analysis of the Ek-10 and WWR-SM spent fuel stored more 30 years irl wet
conditions.
As the result of examination of the status of the spent fuel stored at Institute of Atomic Energy the

time linuts of its storage in wet conditions were estimated I For the Ek I fuel rods, the limit time
was 46 years, for WWR-SM assemblies - 41 years, for WWR-M2 assemblies - 36 years and MR-6
assemblies - 36 years. These limits should be treated as approximate indicators. The corrosion
processes is varying in a wide range due to differences in conditions of storage, manufacture,
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operation and material. Therefore, the state sponsored program of inspection of the fuel rods and
assemblies was executed. The program required, that the quality ispection will be performed for all
fuel elements stored in wet condition for more than 30 years. The analyses covered fuel elements
which were discharged from EWA reactor in the period from 1958 to 1969 i.e. the all Ek-10 fuel
elements and WWR-SM fuel assemblies discharged from EWA reactor in the period of 1967 -- 1969.

The status of separate fuel elements was examined using the sipping test of Cs-137 isotope from
investigated element. The Cs-137 isotope was chosen as a marker of fission product release from the
fuel element tested. Great efficiency of its production in the fission processes, long decay time and
castily detected decay radiation are the reasons for accepting this isotope as a marker.

During storage time in a water pool the aluminium clad fails due to degradation in the processes
of corrosion. The effective thickness of clad material was decreasing with storage time, and
consequently, the release of fission products from fuel - among them Cs-137 isotope - was increasing.
For the storage time close to lit-nit time, the value of Cs-137 release grows up rapidly. In [1], the
relation between storage time and the rate of Cs- 37 release was shown. On the basis of such relation,
the remaining time for safe storage in water, for the analysed fuel elements was determined.

The tested fuel element was placed into a container filled with fresh water. After a specified time
- usually after 24 hours - the radioactivity of water sample from container was measured by NaJ(TI)
scintillation gamma spectrometer. The daily activity of Cs-] 37 isotope in the sample is chosen as the
magnitude characterising the state of fuel element. In the case of Ek-10 type, the sipping procedure
was applied for fuel rods stored i the storage container (from 43 to 48 fuel rods in container).

The results of measurements presented as the number of assemblies or containers in a function of daily
Cs- 37 activity release are presented in Table I - for WWR-SM fuel assemblies and in Table 2 for
containers with Ek-10 fuel rods. It is obvious, that three WWR-SM assemblies with Cs-137 activity
daily release greater than 200 Bq should be removed from the water, placed in dry conditions and put
in dry containers. The threecontainers with Ek-]Ofuel rods with daily release greaterthen 20OBqalso
should be removed from water and put into an inert gas.

Table 1. Results of WWR-SM fuel sipping test Table 2 Results of Ek IO fuel sipping test.
Daily release of No of fuel Day release No of containers

Cs- 37 13g) assemblies of Cs-137 Bq)
- 20 8 20 - 40 9

20 - 40 1 6 40 - 60 15
40 - 60 1 1 60 - 0 8
60 - 80 1 8 - 0 9
80 100 2 100 120 2
100 - 120 3 120 - 140 4
120 - 140 1 140 - 160 2
140 - 160 1 160 - 80 3
160 - 80 1 18 - 200 0

260 200 - 220 1
420 220 - 240 1
912 240 - 260 0

260 - 280 1
280 - 300 1

1770 1

Using ultrasonic equipment - its principle is presented in fig 2 - the underwater surface scanning
of spent fuel was performed. The result of pit corrosion hole scan is presented in fig 3
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Fig 3 The result of WWR-SM fuel clad surface scan of
pit corrosion hole (above - the picture of the fuel clad
surface).
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