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1. Introduction

In order to achieve the objective of safeguards, the international control inspectorate pro-
vides assurance that the nuclear material under safeguards remains in a peaceful use. The ap-
proach to implementing a safeguards system is based on a spectrum of safeguards relevant infor-
mation concerning facility design, operation and material accounting that is provided to the
inspectorate by state authorities and the facility operator, and then verified according to agreed
methods and procedures. ,

The spent fuel storage ponds of a large reprocessing plant such as La Hague in France are
under safeguards by means of a wide range of techniques currently used. These techniques
include the nuclear material accountancy and containment/surveillance (C/S). Non Destructive
Assay (NDA), Design Information Verification (DIV), and authentication of equipment pro-
vided by the operator are also implemented. Specific C/S equipment including video surveil-
lance and unattended radiation monitoring have been developed and implemented in a spent fuel
pond of La Hague.

These C/S systems named EMOSS and CONSULHA with a high degree of reliability and
conclusiveness provide the opportunity to improve the efficiency of safeguards, particularly as
related to spent fuel storage areas where the accountancy is verified by item counting.

2. Operations in a spent fuel storage ponds of la Hague reprocessing plants

The scope of the operations considered in the spent fuel storage area is ranged from han-
dling shipping casks containing a number of spent fuel assemblies to transferring individual
spent fuel to the mechanical cell. The spent fuel assemblies are issued from Boiling Water Reac-
tors (BWR) and Pressurised Water Reactors (PWR).

The spent fuel transferred to the mechanical cell are assumed to be integral units without
prior disassembly and packaging as consolidated fuel rods, but with prior removal of such hard-
ware as channel boxes (BWRs) and burnable-poison 'spider' (PWRs). Damaged assemblies are
assumed to be few of numbers and enclosed into a special container.

The storage is underwater in open multi-assembly baskets placed in the pond.
The spent fuel assemblies are unloaded from the shipping casks in a relatively short time

after receipt from the nuclear power station and placed in storage baskets in the pond.
The Spent Fuel Assemblies (SFAs) are removed either underwater or directly from the cask

into a transfer cell.
Underwater unloading takes advantage of water's shielding and cooling properties, using

cranes to place the cask suitably prepared deep in a receiving pond and take off the lid. The SFAs
are removed from the cask and placed in a basket for transfer to the storage area in the pond.
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Dry unloading involves coupling the cask directly to a transfer cell and removing the SFAs
one by one by means of automated transfer system. In either case, empty casks are removed from
the unloading station and prepared for return shipment.

Operational control in the storage area is based on identifying and monitoring all transfers of
the accountancy items being handled and recording the item locations in a computer-based stor-
age map. Most such operation are conducted from a central control room.

3. Nuclear Material Accountancy

The control of nuclear materials accountancy in the spent fuel storage area of a reprocessing
plant is based on item accountancy techniques for the individual items identified as containing
discrete amounts of nuclear material. Conventional accountancy includes verification (by item
counting, identification and NDA) of all the items transferred into and out of the storage area
(i.e. inventory changes), coupled with verification of the physical inventory (PIV) taken annu-
ally of the items within the area. Operational control and safeguards verification methods is
needed for both casks and spent fuel assemblies.

Cask Items

A shipping cask would be loaded with spent fuel assemblies at the reactor site. Verification
of the SFA contents is performed at the reprocessing plant during the unloading operations.
Casks are intended to be unloaded shortly after receipt at the reprocessing plant, a seal may or
not be attached at the reactor site.

The content of the cask is currently verified by safeguards inspectors against the operator's
declaration when the cask is placed in the receiving pond or coupled to a transfer cell, and the
SFAs are removed, counted and identified for transfer to storage.

SFA Items

Spent fuel assemblies are handled as individual items in the storage facility upon unloading
shipping cask in the receiving pond or in a hot cell for transfer to the storage area.

During unloading the identity of the individual items could be verified for comparison with
the reactor operator's declaration by reading the assembly serial numbers using CCTV cameras.
This operation cannot be assured for safeguards inspectors in unattended mode. In a pond sys-
tem, the cameras are underwater units mounted in the wall of transfer channel and in the hot cell,
they are radiation-resistant units mounted on the cell wall and fitted with mirrors. Monitoring
and attribute testing with system measuring the neutron and gamma emissions could serve to
detect gross defects in the individual SFAs.

This system permits unattended verification, by item counting and NDA testing of items
transferred into storage area.

During storage, the inventory of SFAs is verified at the annual PIV by:
• Examination of the inventory records maintained by the operator's computer system for

nuclear materials accounting, which could provide to the safeguards inspector up-dated
information based on records of all SFA movements into and out the storage area.

• Visual counting of fuel assemblies in the storage baskets with Cerenkov Viewing Device
(CVD).
The inventories of SFAs in the receiving pond and hot cell are expected to be low or zero at

the annual PIV.
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SFAs transferred out of the storage area to the mechanical cell are counted and identified on
an individual basis. Identification of the assemblies in a transfer basket in the pond at the transfer
points is confirmed by CCTV cameras.

Containment and Surveillance Measures

Containment and surveillance measures serve to a major roles in safeguarding the spent fuel
storage and handling areas:
• To ensure the completeness of accountancy data on inventory changes, such as spent fuel

receipts and transfers;
• To maintain continuity of knowledge for verified items during storage, and thereby reduce

the need for item accountancy measures and the frequency of inspections.
The extensive shielding required for safe handling of irradiated fuel provides inherent con-

tainment features that facilitate safeguards. Large and heavy casks are necessary for the trans-
port of spent fuel outside a shielded facility. The heavy-duty equipment required for handling
such casks limits the number of access ways to a storage facility and the places in a facility
where the casks could be unloaded.

Dry unloading of casks requires special coupling to a transfer cell where the spent fuel can
be handled remotely within heavily shielded cells. Transfers outside a transfer cell to a storage
vault position would require large and highly specialised equipment. Similarly unloading a cask
underwater requires a heavy-duty crane and a deep pond. In a pond with a shallow storage area
equipped with only medium duty fuel crane, the system would not permit loading SFAs into a
normal shipping cask. The containment features limit the types and locations of spent fuel han-
dling operations and could thus contribute to the effective use of surveillance measures.

Cask Items

Surveillance measures are used in cask transfer operations for both dry and underwater
unloading.

In the case of dry unloading, optical surveillance is carried out by specially designed radia-
tion resistant cameras located in a port of the transfer cell. The cameras, fitted with mirrors have
an optimised field of view enabling the monitoring of the unloading cask area and the basket
loading zone before transfer to the storage pond. Underwater CCTV cameras in a storage pond
are used to verify basket movement in and out of the hot cell.

These cameras are linked by means of fibre optic network to a recording system called
Euratom Multi Optical Surveillance System (EMOSS).

The presence of nuclear materials is determined by gamma and neutron detectors placed
above the basket.

Wet unloading

At the storage pond NPH2 of La Hague an unattended monitoring system, named
CONSULHA, and a video surveillance, named EMOSS, have been implemented.

NPH2 is an wet unloading workshop of UP2-800 plant.
This system meets the Agency requirements regarding verification of spent fuel assemblies.

86



NMC&A at Storage Facilities

View of the storage pond of La Hague

This system includes:

Nuclear radiation detectors

There are two fission chambers, one acting as a back-up to the other and two gamma deteft
tors (silicon detectors). The silicon detectors are spaced in such manner that the direction of the
spent fuel movement can be seen.

A cabinet near the pond contains the pre-amplifier electronics and provides high voltage to
the detectors as well as provides amplification and signal conditioning circuitry before transmit
sion to a specific "inspectorate office" dedicated to the Agency.

Video system

A controller unit handles 2 cameras and provides video compression, front-end motion de.
tection and adequate data storage and retrieval. The EMOSS system provides alarm tampering
capabilities for the cabling from the cameras. These cameras are placed in a water-tight box.

In addition a separate EMOSS is located in the "inspectorate office" as the review station.

SFAs Items

Surveillance measures are used to maintain continuity of knowledge of the verified SFAs it\
storage during the time intervals between PIVs. All movements of SFAs within the area are
recorded by me surveillance system of the safeguards inspectors and in the operator's compute t
system. The baskets are used directly for storage or as transfer unit that could be emptied by
fuel handling machine in the mechanical cell. The outgoing transfer station before the mecham
cal cell is observed by underwater CCTV camera.

The unattended monitoring system CONSULHA

The CONSULHA (CONtainment SUrveillance for Low or High Activity) is an unattended
monitoring system for the CIS of spent fuel assemblies.
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The main philosophy of this system is to detect any movements of SFA, coining "in or out"
of the area detection, in a storage pond, a hatch or a hot cell.

In addition, the systems must be left unattended for a minimum 3 months, and therefore has
enough storage capacity to maintain an archive history of the movements (gamma and neutron
spectrum) for the defined period.

Components:
In any case, CONSULHA includes:

• Neutron detectors that are fission chambers when the gamma dose rate is high (more than
0.5 Gy/h) or if not, proportional counters.

• Gamma detectors that are chosen according to the sensitivity. They can be either
scintillator detectors either silicon detectors.(
Generally, gamma afld neutron detectors are sealed in one heavy stainless steel enclosure.
The design of these detectors depends on characteristics of each site.

• Electronics: high voltage, amplifier, an acquisition module,...
• Buffer which allows communication between a computer and the acquisition system.
• Analog data recording device (data logger), for redundant capability.
• Digital recording system (PC data processing computer)

Sometimes, the Consulha system is powered by an uninterruptible power supply which pro-
vides back up power in case of main power failure.

In addition, Consulha systems provide authentication and tamper resistance such as:
• Door opening alarm,
• Possibility of the use of passwords by inspectors,
• Date-stamped gamma and neutron radiation data,
• Locked and booby-trapped acquisition software,
• cables protected by stainless steel conduits,

View 1 of the hot cell R1
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• Physical seals on cabinet and doors.
11 CONSULHA systems have been installed:

• 4 in the reprocessing plant of La Hague (in France),
• 4 in the plant Superphenix (in France),
• 2 in the Chernobyl Npp (in Ukraine),
• 1 in the Paks Npp (in Hungary).

At the reprocessing plant of La Hague, Consulha systems are implemented in order to detect
any movements of spent fuel assemblies, when they are unloaded, during their storage in ponds,
and before cutting to be reprocessed.

Dry unloading: Consulha is installed in Cell TO of UP3 plant,
Wet unloading: Consulha is installed in pond NPH2 of UP2-800 plant,
Cutting: One Consulha is installed in Cell Tl of UP3 plant the other one in Cell Rl of UP2-

800 plant.
In a period when Agency safeguards face a slow down in budget and an increase in activities

in new areas, this unattended monitoring technic plays a very important role. Moreover, the
experience gained with the development and the implementation of the Consulha system shows
that this technic is not only beneficial for the implementation of Agency safeguards but also for
the operator.

View 2 of the hot cell R1
where a CONSULHA
system is implemented
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View of the CONSULHA
box implemented in
NPH2

The video surveillance system EMOSS

A digital video recording system (EMOSS) with multi-camera video is generally imple-
mented to complement the unattended monitoring system.

This system can monitor at least 4 cameras. These cameras are CCTV and meet the follow-
ing minimum requirements:
• Minimum sensitivity: 0.2 lux with IR filter or 0.04 lux without IR filter,
• Image sensor: CCD (8.8 mm x 6.6 mm)
• Picture elements: 680 x 490 pixels
• Video output: 1 V, 75 ohms
• Signal/Noise: better than 50 dB
• Operating temperatures: -5°C to + 50°C

Each camera is equipped with a tamper-proof video line indicator. Moreover, generally, the
storage medium must be able to at least handle 30,000 images per camera.

Generally, a separate EMOSS is located in the inspectorates office as a review station. This
review software can be used friendly and confirms with fuel movements.
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