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SAFEGUARDS is the generic wording for the
measures ensuring that nuclear materials

are not diverted from peaceful activities to the
manufacture of nuclear weapons or other nu-
clear explosive devices, within the context of
international treaties. These measures com-
bine disciplines such as international law, sta-
tistics, politics, but also analytical chemistry
and nuclear physics. Nondestructive assay
techniques are used throughout the nuclear
fuel cycle for the verification of special nuclear
material, besides process control. They are
based on the detection of the radiation emit-
ted by the radioisotopes. Safeguards activities
at SCK-CEN answer internal needs, support the
Belgian Authorities, and support the IAEA (with
Euratom as a partner) to improve the efficiency
and to increase the effectiveness of safeguards.

Objectives

• to contribute to a prevention of the prolif-
eration of nuclear materials by maintaining
an up-to-date expertise in the field of safe-
guards and providing consultancy and guid-
ance, and scientific and technical support to
the Belgian Authorities and nuclear indus-
tries;

• to improve the qualification and quantifica-
tion of nuclear materials via nondestructive
assay.

Illicit trafficking of radioactive and fissile
materials at sea ports In a contract with
the EC (4.1020/D/96-007), we collaborated with
ECN Petten and Maritime Systems Technology
(The Netherlands) on a "Feasibility study on the
detection and monitoring systems and proce-
dures to prevent illicit trafficking of radioactive
and fissile materials at sea ports in EU member
states." The contract was split in three, work
packages: investigation of existing situation
and user requirements (WP01), investigation of
detection techniques and systems (WP02), and
development of system layouts for detection
and monitoring (WP03).

WP02, which was the responsibility of SCK-CEN,
aims to give an overview of existing techniques
and practical methods for the detection and
monitoring of nuclear and radioactive materi-
als, including techniques under development.

The detection opportunities in sea ports as well
as the needs and boundary conditions as iden-
tified in work package WP01 provided the start-
ing point for the investigations. We kept in
mind that quantification of the content has
only a second-order priority: first a warning
has to be issued about the presence of non-
declared materials, and then a refined examina-
tion could be applied with a proper identifica-
tion and quantification of the source. Contra-
band and accidental transport of contaminated
material must of course be distinguished.

Signatures of nuclear and radioactive materi-
als consist of spontaneous and induced radia-
tions consisting essentially of gamma rays and
neutrons. This means in practice that, if radio-
active materials or sources are to be detected,
the detection method has to be sensitive to
gamma rays: neutron detection alone is inad-
equate. This distinction will affect the proper
choice of the detection device.

A desk research on detection techniques for
nuclear and radioactive materials used in other
modes of transport (rail, road, air, and others)
will serve as reference for the application of
detection techniques in sea ports. Attention is
paid to pedestrian and vehicle monitors. In-
deed, in view of the volumes currently han-
dled, we decided to focus on the detection of
nuclear and radioactive materials in contain-
ers. These are loaded on trucks that must pass
a gate for administrative matters. The gate
can be equipped with a monitor through which
charged trucks must pass.

The analysis of detection techniques for use in
sea ports starts with the identification of the
type of materials to be detected and the follow-
ing boundary conditions: type of cargo, pack-
age type, quantity of nuclear or radioactive
materials, radiation type, dose rate, and avail-
able measuring time. The technical character-
istics and detection capabilities of the detec-
tors and their boundary conditions are then
studied. This review includes the following de-
tection and monitoring characteristics: type of
detectors, location of the detectors, use of pas-
sive or active detection techniques, assessment
of signal components, counting rates, signal
data treatment, background signal strengths,
and decision algorithms.
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Monte Carlo calculations are made to confirm
or deny certain contradictory and conflicting
findings in the literature. Passive and ac-
tive systems are investigated for neutrons, and
gamma rays are only considered in the passive
mode.

Spent fuel detectors We have given sup-
port to Euratom's verification programme of
spent fuel and fresh MOX fuel in reactor stor-
age ponds, by manufacturing Fork detectors
for PWR and BWR fuel assemblies and for fresh
PWR MOX fuel. We also ensured maintenance,
repair, test, and upgrading of the existing Fork
detectors, to increase their performance and
reliability.
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Generic Studies on the Fuel-Cycle Evolu-
tion We continued on a modest scale the pro-
gramme looking for reasonable and useful ap-
plications in civil nuclear reactors of the pluto-
nium stocks existing in the world, whether they
originate from civil applications or from the
military circuit. If this plutonium is brought
into the civil circuit, it will have a serious im-
pact on the activities of national and interna-
tional control organizations.

The activities were limited to a follow-up of
the literature concerning general information
about most commercial nuclear facilities, in
view of an updating of the database of the code
REACTOR, which was developed to study the
build-up of plutonium stockpiles originating
from the civil circuit. This database contains
information about the reactors, their current
status, expected lifetime, energy production,
spent fuel discharges, and plutonium content.
It also contains data about planned nuclear re-
actors, repository sites, reprocessing, and MOX
production facilities.
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