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1 Introduction
Proven short term industrial solutions today avail-
able to utilities for the management of their spent
fuel arising, are:

• reprocessing which is intended to recover fissile
materials for further use in new fuel and vitrify
high level waste,

• interim long term storage which allows for a
delay in the final decision.

The purpose of this paper is to discuss main tech-
nical issues relating to the safety of interim long
term storage based on the technology of dry stor-
age in vaults which has been developed in France
for the operating CASCAD Facility at the Cada-
rache site.

2 Technical Issues Relating to the
Safety of Interim Long Term
Storage

The safety of the facility is defined as its ability in
normal, incidental and accidental conditions, not to
exceed the set thresholds for radiological effects
on staff, population and environment which is
achieved through ensuring:
• fuel decay heat removal,
• subcriticality control,
• radiological protection.

Issues relating to fuel retrieval are also of great im-
portance when assessing the safety performance

of such a facility. Maintaining spent fuel elements in
their as received condition in order to enable post
storage operations, is therefore an important safety
issue.

Finally, as in any other nuclear facility, the de-
sign and operational experience feedback is also
part of the safety assessment and should therefore
be considered as a safety issue.

3 CASCAD System General
Description

As specified in the introduction the discussion is
based on the technology of dry storage in vaults as
implemented in the CASCAD system. The purpose
of this paragraph is to provide the reader with a
general description of the system before address-
ing the safety issue.

The operating CASCAD Facility at the Cada-
rache site was commissioned in May 1990. Fuel is
received in tight canisters which are transferred to
storage pits in the vault where they are scheduled
to be stored for up to 50 years. Canistering opera-
tions are performed in a cell of the reactor building.
However, such cells are usually not available in
standard commercial reactors, so that canistering
operations are included in the CASCAD system as
shown in the system synopsis (Fig. 1). The design
of the cell for fuel unloading and canistering opera-
tions is based upon the design of the unloading cell
of the TO Facility at the La Hague plant which has
been commissioned in September 1986.
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Figure 1 Operation diagram of the CASCAD system for the interim long term storage in vault
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3.1 Cask Receipt and Shipping
The cask on its carrier, which may be any cask
available on the site, is introduced into the facility
where irradiation surveys and cask preparation for
unloading are performed, once the cask is set; it is
transferred to the fuel unloading unit. After fuel has
been unloaded, the empty cask is returned to the
preparation area and undergoes radiological sur-
vey before it is shipped back to the reactor or any
other specific destination.

3.2 Fuel Unloading
Fuel is transferred from the transportation cask to
the canister through a hot cell.

The cask and the canister are tightly connected
to the cell as to ensure the continuity of contain-
ment and to prevent contamination of cask and
canister outer surfaces. The design is so that it can
be customized to adapt to different types of trans-
portation cask.

The cask plug is connected to the cell plug and
both plugs are simultaneously removed so as to
prevent contamination of both plug surfaces which
are in contact with the environment or areas where
staff may be present.

Fuel handling in the cell is remotely performed
by the mean of handling crane. Radiation shielding
during unloading operations is ensured by the cell
concrete structure.

3.3 Fuel Conditioning
Direct spent fuel handling only takes place in the
cell where it is canistered so that fuel transfer to the
storage vault is performed by handling a tight,
contamination-free canister. The canister is welded
and the tightness of the weld is checked before
transfer to the vault.

Fuel conditioning operations carried out in the
cell also cover fuel preparation for storage:
• fuel is dried in case of wet transportation,
• fuel dryness is checked and completed if not

correct, canister internal cavity is filled with inert
gas.
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Figure 2 Principle of storage in vault with
cooling by natural air convection

3.4 Canisters Emplacements in Storage
Location

Canisters are transferred from the cell to the vault
by mean of a trolley. In the vault, handling opera-
tions are performed using either a crane or a
shielded transfer machine. Depending on the use of
the crane or the shielded machine the hall may or
may not be assessed during canister handling.
When using a crane radiation shielding is ensured
by the hall concrete structure while it is ensured by
the machine structure when using a shielded
transfer machine.

3.5 Fuel Storage
Storage of the fuel elements is entirely based on
passive systems for maintaining the fuel in appro-
priate conditions. As a consequence the operations
performed during storage are related to the moni-
toring of the storage conditions and the control of
the confinement barriers.

3.6 Fuel Retrieving and Shipping at the
End of the Storage Period

The cell allows operations for retrieval of stored fuel
elements without requiring the existence of a reac-
tor pool or any other facility.

Canisters are withdrawn from the pits and
transferred to the cell using the same handling
equipment as those used for loading. Reverse op-
erations are performed to transfer furl elements
from canisters to transportation cask which may or
may not be the cask used for loading.

3.7 Operation
The operating of the system can be split in two
phases:
• the vault loading and unloading campaigns

which cover cask receipt, fuel element unload-
ing and canistering, canisters setting in storage
position and fuel retrieval,

• the storage period which include storage moni-
toring.

Operation organization is based on:
• during the storage period: the permanent atten-

dance of a limited operating team and of techni-
cal support personnel (maintenance...). Operat-
ing information related to the storage system
can be carried over to an another nearby facility
so that there is no need for permanent atten-
dance of personnel at the storage facility itself,

• during the loading and unloading campaigns:
the occasional attendance of a more important
operating team.

4 Decay Heat Remove!
Decay heat removal has two main purposes:

• maintaining rod cladding temperature below
a set limit in order to maintain the fuel in its
as received condition,
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• maintaining structures and equipment per-
forming a safety function below the design
temperature.

During fuel handling for loading and retrieving op-
erations, decay heat removal is performed by the
ventilation system of the buildings which is de-
signed considering appropriate normal, incidental
and accidental conditions.

The decay heat removal process in the storage
vault is entirely passive and therefore inherently
safe. The inner cavity of the vault is connected on
one hand to an air vent for intake and on the other
hand to a stack for exhaust. This induces natural
convection of air and consequently air flowing
through the vault when fuel loading starts (Fig. 2).

Structures important for the cooling perform-
ances are designed taking into account nominal
storage conditions as well as conditions related to
loading and unloading phases or meteorological
abnormal and exceptional conditions.

Setting Limits for Rod Cladding Temperature
The purpose by limiting the fuel rod temperature

is to ensure that the rod is maintained in its as re-
ceived condition over the storage period, by pre-
venting mechanisms that could damage the fuel.

IAEA reports (see Ref. [1]) recommended for
LWR fuel a temperature limit of 350°C for fuel in
inert gas.

Recent studies and tests have shown that the
allowable temperature depends on the fuel charac-
teristics and cooling time and can be calculated for
a given storage period. Such calculations are used
to verify if the limit of 350°C is indeed conservative
for VVER fuel to be stored and to estimate the
safety margin in the design by taking into account
this limit.

5 Subcriticality Control
The features for sub-criticality control in the storage
vault are such that sub-criticality in normal and ac-
cidental conditions is provided by the arrangement
of pits in the vault (pit pitch). The integrity of the
vault is ensured by the concrete structure that is
designed to withstand extreme environmental
conditions.

No credit is taken for burnup in the calculations.
As the cooling flow through the vault is derived

from atmospheric air, moisture levels in the vault
associated with various atmospheric conditions
can not be discarded, so that water density con-
sidered for defining configuration studies covers
the full range of densities from 0.0 to 1.0 g/cm3.

6 Radiological Protection
Radiological protection is based on limiting collec-
tive and individual yearly dose equivalent to ALARA
(As Low As Reasonably Achievable) levels and
ensuring that they remain in any case below the set
limits.

Exposure should be understood as exposure
due to both contamination and irradiation. So that
radiological protection consists in:
• confinement of radioactive material for protec-

tion against its dissemination,
• radiation shielding for protection against irradia-

tion.
In addition a zoning of the facility according to
contamination and irradiation risk defines access
control to the rooms and personnel individual and
collective exposure are monitored.

6.1 Protection Against Dissemination of
Radioactive Materials

In application of the defense in death principle, the
safety of the storage depends upon maintaining
multiple barriers to prevent the escape of radioac-
tive materials to the environment. The consensus
on the implementation of the successive lines of
defense is so the two confinement barriers satisfy
the safety objectives.

Confinement by Multiple Barriers
The fuel matrix and cladding are often consid-

ered as a confinement barrier in dry storage sys-
tem. However, as in general fuel cladding is not
checked for potential damage after storage in the
pool two barriers in addition to rod cladding seem
necessary to comply with the objective set above.
Those barriers are:
• the fuel cell structure and ventilation for the un-

loading and retrieving phases,
• the canister and the pit for the storage period.

The canister and the pit tightness are periodically
controlled. The control allows for detection of an
eventual failure of in the confinement and the iden-
tification of the defective barrier so as to take ap-
propriate steps.

6.2 Protection Against Irradiation

The vault structure (walls and upper slab) ensures
both protection of staff and public against irradia-
tion risk due to the fuel elements. According to the
ALARA principle radiation shielding is designed
taking into account the type and duration of the
operations to be performed as well as team organi-
zation.

7 Design and Operational Experience
Feedback

The technical solutions here presented are based
on or adapted from proven technologies used in
operating facilities in France or abroad. The design
not only benefits from the experience of SGN in the
design, construction and start-up of facilities for fuel
or high level waste handling and storage, but also
from the experience of the CEA and COGEMA
groups in operating such facilities.
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Main reference facilities are: • AVM Facility at Marcoule for high level waste
• TO facility at the La Hague plant for spent fuel handling and storage in air cooled vault,

dry unloading,
• CASCAD Facility at Cadarache for storage of Reference

spent fuel in vault cooled by natural convection [1] Final Report of IAEA Co-ordinated Research
of air, Programme on Behavior of Spent Fuel

• R7 and T7 Facilities at the La Hague plant for and Storage Facility Components During Long
high level waste handling and storage in air Term Storage (BEFAST II), IAEA-TECDOC-
cooled vault, 673, IAEA, Vienna (1992).
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