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The compact storage of light water reactor spent fuel is a
safe, cheap and reliable contribution towards overcoming the momen-
tarily existing shortage in spent fuel reprocessing.

The technical concept is described and physical behaviour
discussed. The introduction.of compact storage racks in nuclear
power plants increases the capacity from 100 to about 240 £. The
increase in decay heat is not more than about 14 Si, the increase in
activity inventory and hazard potential does not exceed 20 %.

In most cases the existing power plant equipment fulfils the
new requirements.



Introduction

For all nuclear power plants which have been built and
operated, in the past and which will be built in the future, the
storage' of spent fuel is a basic design consideration.

The storage capacity for spent fuel in power plants is
determined by the amount of spent fuel produced and the external
storage and reprocessing capacity available.

The amount of spent fuel produced generally depends upon the
power density in the reactor core, the obtainable burnup and the
availability of the power plant system. As these design parameters
have been confirmed in the past and nuclear technology hás been
shown as a reliable energy source, spent fuel is now being
produced on an industrial scale.

Practical values for spent fuel discharge sizes, valid for
large reactors and present fuel design are:

- for PWR

- for BUR

1/3 core/year

1/4 core/year.

Today the available external storage and reprocessing capa-
city is much smaller than the spent fuel production in nuclear
power plants.

Reprocessing, plutonium handling, waste conditioning and
disposal of nuclear waste do not involve basic problems. Produc-
tion plants in some areas, test and pilot plants in other areas,
confirm the feasibility of the tail end of the fuel cycle.

Further development efforts in nearly all fields of spent
fuel management will probably lead to store suitable, more effective
and presumably cheaper technical solutions in the future, and it is
Just a question of time before the problem of spent fuel disposal
is solved on a large industrial scale.

The"time delay between production and disposal of~spent
fuel, and the production and disposal capacities, determine the
amount of spent fuel accumulated.

The data applicable to Germany can be seen from Figure 1.

It can be easily seen that compact storage racks, which are
technically feasible and without nuclear risk, offer a cheap possi-
bility of improving the present situation in spent fuel management.

Technical Description

The compact storage racks consist of a self-supporting steel
structure with non-supporting poison channels in which the fuel
assemblies are stored vertically.

The most important parts of these compact storage racks are:

- the lower grid plate;

- the upper grid plate;

- the structure between the grid plates; and
- the poison channels.

The arrangement can be seen from Figure 2.
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The lower grid plate serves to fix the fuel a3ser1bli.es and
poison channels in vertical and horizontal positions and to lead
all static and dynamic forces into the concrete structure of the
building.

The upper grid plate serves to fix the fuel assemblies and
the poison channels in a horizontal position, to provide guidance
during fuel manipulation and to lead horizontal forces across the
structure to the lower grid plate.

The structure itself consists of vertical,square-shaped
towers, and connects the two grid plates. The number and geometry
of the towers, which can be chosen according to dynamic requirement
determine the dynamic stability of the rack. The racks have adjus-
table feet, which are supported on bolts welded to the bottom
structure of the pool. The racks can easily be exchanged with
existing normal racks and are easily mounted during construction
of the power plant.

The poison channels consist of boron stainless steel with
1 % enrichment in natural boron and serve to keep the arrangement
sufficiently subcritical.

Other technical concepts for compact storage racks show
different designs, especially with respect to:

- the poison channels, which are of double-sheeted boron
carbide plate design; and

- self-supporting designs, where the poison channels serve
as a structure carrying the static and dynamic loads.

Physical Aspects

Previously, for the normal storage racks, the pitch .of the
lattice was so large that the neutron absorption in water between
the fuel assemblies led to a multiplication factor of K«.<0.95. A
decrease in the pitch increases the reactivity of the arrangement
and necessitates the insertion of neutron poison material. Boron
.has been selected as the most suitable material, and incorporated
into a stainless steel matrix guarantees sufficient neutron
poisoning over the lifetime of the racks. The following typical
values for a 100 neutron balance show the substitution of water by
boron.

Fuel and cladding
Water
Neutron absorber

Normal Storage

FWR

60

40

BWR

59
41

Compact Storage

PWR

60
14
26

BWR

64
10
26

The dependency of the infinite multiplication factor K<
from the parameters:

- poison channel thickness
- pitch
- boron concentration



for a typical FWR fuel assembly with an enrichment of 3.5 % U-235
can be seen from Figure 3.

To ensure subcritlcality of the arrangement, the following
conditions have to be taken into account in the design:

- fresh fuel fission isotope concentration

- most reactive moderator temperatures

- one horizontal fuel assembly lying on top of the fully
loaded racks

- no burnable material.

The physical calculations are performed with an experimentally
verified Monte Carlo Program, the obtainable accuracy of this
Program in K©o i s A K o o - - 0.005.

Decay Heat

Previously the fuel element storage pools in power plants,
equipped with normal storage racks, had a capacity of about:

- PWR : 5/3 core loads

- BWR : 6/4 core loads.

As the space for one core load has always to be kept free for the
purpose of unloading one complete core at any time, only two fuel
discharges are possible.

Using compact storage racks it is possible to increase this
capacity easily to:

- PWR : 9/3 - 12/3 core loads

- BWR : 10/4 - 14/4 core loads.

The cooling system must be able to transfer the decay heat
of the stored fuel and the fresh unloaded core to the environment
considering the following conditions:

- stored fuel without fresh core normal operation : 40°C

- stored fuel including fresh core normal operation : 45°C

- stored fuel including fresh core abnormal operation : 60°C.

Since the decay heat decreases with time, an increase in the amount
of stored spent fuel does not result in a proportional increase in
the total heat to be dissipated.

For a 1300 MWe PWR, the decay heat released from different
reloads up to 9 reloads and the effect of the fresh unloaded core,
can be seen from Figure 4. The basis for these calculations was
the decay heat data from ANS - 5.1 Standard, October 1973,
including some additions. Results from recent isotope calculations
confirm the assumed data.

The heat transfer calculations have to be performed for each
plant specifically, but it has been found that in nearly all power
plants the existing cooling equipment is able to fulfil the cooling
requirements.

The natural recirculation of the cooling water through the
fuel assemblies within the pool is very high, provided that the
compact storage racks are of proper design, and covers small
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temperature differences in the pool water, even if the pool is
fully loaded with spent fuel and one fresh core.

Activity Tnyentorv and Hazard Potential

• Since the activity decreases with time, an increase in the
amount of stored spent fuel does not result in a proportional
increase in the total activity inventory.

The total activity inventory consists of the individual
inventories of fission products, transuranics, activated structural
material, and activated corrosion products. The major part of the
activity inventory after refuelling and core unloading results
from fission products and transuranics.

The replacement of normal storage racks (5/3 core loads) by
compact storage racks (12/3 core loads) increases the storage capa-
city from 100 % to 240 %. Including a complete fresh core load,
the increase of the total activity inventory does not exceed 11 %,
as shown in Figure 5.

The biological effect of isotopes on the human body depends
on the way they are incorporated and their effect on critical
organs.

Iodine, for example, especially affects the thyroid glands.
Since iodine 131 decays rapidly, long range stored fuel shows
almost no iodine 131 and therefore there is no increase in the
hazard potential in respect of iodine 131.

Considering the organic dependent effect of the different
isotopes according to the German radiation ordinance (Strahlen-
schutzverordnung), the hazard, potential increases, by increasing
the storage capacity from 100 to 240 %, by only about 20 %. This
is valid at the pool itself; considering the physical and chemical
barriers between the pool and the environment, the increase in
hazard potential is even lower than 20 % in the environment.

Influence on Equipment

The cleanup system for the fuel pool is provided to ensure
good visibility and to remove radioisotopes from the water. The
main contamination of the water occurs during refuelling operations,
for which the system is designed. During storage operations, in
comparison little contamination occurs; therefore it can be assumed
that the additional contamination by additional fuel bundles can
easily be handled by the existing system.

The activity release from the pool water to the air in the
building is so small that an increase in storage capacity does not
lead to any limitation as far as access to the pool is concerned.
The existing ventilation systems have a sufficient design margin.

The introduction of compact storage racks leads to slightly
increased dose rates in the compartments neighbouring the pool.
Since the previous design of the pool shielding was based on fresh
unloaded fuel assemblies in conservative positions close to the
pool walls, and since there are no compartments with high personnel
frequence near the pool walls, it is not necessary to increase the
thickness of the shielding.

Fuel Assembly Behaviour During Storage

For the storage of spent fuel assemblies in water at 40°C
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the following aspects have to be considered:

- mechanical integrity;
._- corrosion;
- hydrogen redistribution.

The investigations performed up to now have shown the
following results.

The mechanical integrity is not endangered since the stress
resulting from inside pressure is about 10 % of the creep strength
of the cladding material.

Zircaloy cladding corrosion rate in cold water is practi-
cally zero. The same applies for the stainless steel components
of the fuel assemblies, provided proper water quality is
maintained.

Hydrogen redistribution is not to be expected since no
temperature gradients are present.

We believe that compact storage of light water reactor spent
fuel in nuclear power plants is a safe, cheap and reliable contri-
bution towards overcoming the momentarily existing shortage of
spent fuel external storage and reprocessing.


