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ABSTRACT:

The ET-RR-1 reactor spent fuel storage pool is a trapezoidal aluminum tank

concrete shield and of capacity 10 m3 . It can hold up to 60 fuel assemblies. The long

operation history of the ET-RR-1 reactor resulted in a partially filled spent fuel storage

with the remaining spaces not enough to host a complete load from the reactor .

This work have been initiated to evaluate possible alternative solutions for providing

additional storage spaces to host the available EK-10 fuel elements after irradiation and

any foreseen fuel in case of reactor upgrading.

Several alternate solutions have been reviewed and decision on the most suitable

one is under study. These studies include criticality calculation of some suggested

alternatives like reracking the present spent fuel storage pool and double tiering by the

addition of a second level storage rack above the existing rack. The two levels may have

different densification factor. Criticality calculation of the double tiering possible accident

was also studied.

INTRODUCTION:

The operation of nuclear reactors produces a lot of burnt irradiated fuel

assemblies. There are two main types of these spent fuel storage facilities; wet spent fuel

storage and dry spent fuel storage. As the time of reactor increases, the spent fuel

assemblies to be stored also increases and may generate a problem in the spent fuel

storage facilities [1].
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For increasing the spent fuel storage capacity there are some options as: spent fuel pools,

shipping assemblies to other reactor sites with available storage space, consolidation of

individual assemblies and out of pool dry storage.[2,3,4]

The first Egyptian research reactor ET-RR-1 has been in operation for a number of

years ( 30 years), and has discharged a number of spent baskets into the storage pool. The

fuel type is EK-10 with 10% enriched uranium mixed with magnesium and has aluminum

cladding. The fuel baskets consist of 16 fuel rods in square lattice.

The spent fuel storage facility consists of two tanks mounted one within the other. The

inner tank has a rectangular shape and it is made of Al- alloy, filled with distilled water 3

m height for cooling and shielding against radiation. The outer tank is made of stainless

steel [5]. The ET-RR-1 reactor spent fuel storage pool has a capacity to store only 60 fuel

baskets. Now it is already occupied by nearly 37 spent fuel baskets. As the ET-RR-1

reactor core load is 45 fuel baskets it means at any emergency case the existing capacity of

the spent fuel storage is not sufficient for accepting the core fuel load.

This work is an attempt to provide some alternate solutions for increasing the

capacity of ET-RR-1 spent fuel storage facility using criticality calculations. The

suggestions for increasing the spent fuel pool capacity include the reracking the present

storage pool, double tiering by similar present rack and double tiering by dense racks. The

criticality accident for the double tiering rack was also studied. The EGCODE-2 and the

MUGDE2 code were used in the preparation the macroscopic cross sections of the EK-10

fuel element and of the two dimensional criticality of the spent fuel storage pool

respectively.

METHOD OF CALCULATIONS:

The main objective of this work is criticality study of spent fuel storage pool of

ET-RR-1 reactor at different proposed configurations for expanding its capacity.

The criticality of the spent fuel storage depends on a number of parameters; the inter

spacing of the fuel in the storage pool, the burn-up content of the irradiated fuel and the

dimensions of the spent fuel assembly.

The calculations of the spent fuel storage pool criticality need the multigroup

macroscopic cross sections library of the spent fuel and multigroup two dimension code.

The two groups macroscopic cross section is obtained by using the EGCODE-2 [6], that

solves the integral transport equation for 76 energy groups, ten group thermal and 66
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groups fast and condensed it to two groups one fast and one thermal. The multigroup two

dimension diffusion codes MUGDE-2 [7] used the two group macroscopic cross sections

to calculate the two dimensional criticality of the spent fuel storage pool of the ET-RR-1

reactor. The effective multiplication factor" Ken " for the proposed configurations of the

spent fuel storage pool is calculated.

CRITICALITY CALCULATIONS OF THE EXISTING SPENT FUEL STORAGE

CONFIGURATION:

The spent fuel storage of the ET-RR-1 reactor is shown in fig.(l). Fig.(2)

represents the lattice pitch and arrangements of the spent fuel in the storage pool. For the

conservative calculations, the burn-up is considered 10%, while most of the spent fuel

baskets have been discharged from the reactor core at nearly 20% burn-up. The effective

multiplication factor " Keff " of the existing spent fuel storage pool at 10% burn-up is

calculated and found to be 0.910.

RERACKING THE SPENT FUEL BASKETS:

To increase the storage pool capacity, reracking the spent fuel was studied. In this

case, the existing spent fuel grid should be replaced by new dense one. This allows closer

placement of the fuel baskets that permits more space to store extra number of the spent

fuel in the same space.

The suggested reracking of the ET-RR-1 spent fuel storage is shown in fig.(3). In

this design the central place among each four fuel baskets is used which provides 44 extra

places in the existing storage pool. The calculated" K^f" of the proposed storage pool

will reach 0.951, which still has a criticality safety margin.

Through the reracking process of the existing storage pool, the spent fuel baskets can be

transferred and kept in some canisters, which will be prepared for this purpose until the

end of the reracking of the existing storage pool.

DOUBLE TIERING:

The possibility of double tiering arrangements in the existing spent fuel storage

pool were studied. There are several alternatives in adopting double tiering, these

alternatives depend on the shape and capacity of the upper tier, providing the lower one

remains the same. The first suggestion is by using the same design of the lower rack to the
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upper one and the proposed distance between the two racks is about 25 cm. For this

design the criticality was calculated and the effective multiplication factor found 0.9123.

This double tiering provides 100% extra capacity with only an increase of less than 0.5%

in the criticality of the storage pool.

The second double tiering design depends on more dense upper rack as shown in

fig.(3). The double tiering design of the spent fuel storage, shall provide safe access to all

system, areas and components requiring periodic inspection and/or maintenance [8]. For

that the upper tier will occupy 75% from the lower rack space. Each three spent fuel rows

will be tied together as one unit, these units are movable on rails by wheels as shown in

fig.(4). The multiplication factor of the double tier spent fuel storage with dense upper tier

was calculated and it reached to 0.9440. This design will provide 80 fuel baskets positions

to the existing spent fuel storage facility, but with more increase in the criticality factor.

CRITICALITY ACCIDENT:

Criticality accident for double tiering of spent fuel storage was studied. The most

possible accident is the collapse of the upper spent fuel rack on the lower one, in such a

way that they are positioned on top of each other. The criticality was calculated, and the

effective multiplication factors in case of the upper rack have the same feature as the lower

one is 0.935, but in case of dense upper rack ¥^s is 0.981. These values of the effective

multiplication factor indicate, even in case of collapse of the suggested double tiering the

spent fuel storage facility is remaining subcritical.

DISCUSSION AND CONCLUSIONS:

As sufficient spent fuel storage capacity has been provided at reactor during the

design stage itself, the need for alternate storage for spent fuel will be not there for many

years to come. To solve this problem there are two alternatives for that;

1-construction of centralized storage facility and

2- provision of additional capacity at each reactor site either by increasing the capacity of

the pools (e.g. reracking option is currently being implemented in several stations) or dry

storage in metal casks [9].

The preliminary calculations performed in this study showed that there are several

alternatives for increasing the capacity of the ET-RR-1 spent fuel storage facility. This

alternate directed toward augmentation of the spent fuel storage capacity by reracking the
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existing one or the double tiering of it. The criticality calculations of these alternatives

were done and showed that the spent fuel storage is still safe and subcritical under the new

conditions. Study of the criticality accident in the two cases of double racking showed that

, even in these conditions the spent fuel storage remains subcritical and has a safety margin

especially in case of the upper rack being similar to the lower one. In case of dense upper

rack the criticality is increase to the upper limit of the safety margin. Looking for that, the

more condensed studies are essential and necessary.
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Fig. (1). ET-RK-1 spent fuel storage.



ig. (2). Latlice Pitch «f E T-RR-L spent fuel storage.

Fiji. (3). Suggested rcrackiugot'ET-RR-I spent fuel storage.
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Fig. (4). Suggested double tiering of ET-RR-1 spent fuel storage
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