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L'ENERGIE ATOMIQUE DU CANADA, LIMITEE

Concept de Telement identite/integrite
a bobinage masse ultrasonique pour les scenes

de garantie sous Teau et evaluation de sa performance

par

V.H. Allen, S. Backer* et M.T. Smith

Resume

Le combustible irradie, que Ton decharge des rfiacteurs de puissance
du type CANDU, est stocke dans des bassins remplis d'eau et pour repondre
aux exigences des garanties Internationales, ii est place dans des
recipients sous seelles qui sont periodiquement verifies par les inspec-
teurs de l'AIEA. Les scelies sont verifies pour confirmer leur identite
et leur integrate. Le present rapport dCcrit le concept de 1'element
identite/integrite entrant dans les scenes. II s'agit d'un element se
presentant sous la forme d'un bobinage masse que Ton interroge par des
methodes ultrasoniques.

On fait le compte rendu de 1'evaluation de 36 scelies. L'application
des scelies a des empilements de combustible a ete simuiee dans un bassin
rempli d'eau a Chalk River et des verifications repetees ont ete effectuees
pour simuler les procedures d'inspection. Les signatures d'identite des
scenes ont ete examinees au moyen de methodes de comparaison et les
resultats obtenus ont montre que des scellCs bris6s ou falsifies peuvent
etre identifies avec beaucoup de certitude.
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ABSTRACT

Irradiated fuel discharged from CANDU power
reactors is stored underwater and, in order to comply with
the requirements of International Safeguards, the fuel is
stacked in sealed containers which are examined at intervals
by IAEA inspectors. The seals are verified for identity and
integrity and this report describes the design of an
identity/integrity element for the seals. The element is in
the form of a random coil of wire which is interrogated by
ultrasonic methods.

An evaluation of thirty-six seals is reported. The
application of seals to stacks of fuel was simulated in a
water f i l led bay at CRNL and repe t i t ive verif icat ion
measurements were made which simulated inspect ion
procedures. The seal identity signatures were compared
using cross-correlation methods and the results show that a
broken or tampered seal can be identified with a high level
of confidence.
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1. INTRODUCTION

The safeguards schemes for CANDU power reactors
are based on materials accounting practices used in con-
junction with containment and surveillance techniques
[1, 2]. Redundancy is deliberately included to maximize
safeguards effectiveness. To implement these schemes in
each of the reactors, specific instruments and equipment
have been developed.

In the 600 MW reactors, automatic counters on the
fuel discharge paths establish a running fuel-bay inventory
which can be checked at regular inspections by the
International Atomic Energy Agency (IAEA). To prevent spent
fuel diversion from being disguised by dummy substitution, a
fuel verifier is being provided, and extensive TV and film
surveillance equipment has been installed in the storage bay
and in the reactor vault. Finally, to obviate the need for
frequent, time-consuming, recounting and reverification of
individual fuel bundles, sealed fuel-storage assemblies will
be provided. This storage system is based on stacked trays
of fuel with lids secured by IAEA installed seals.

Since these fuel storage seals are to be installed
underwater and ideally verified remotely, they have been the
subject of considerable development effort. The original
cap seal [3, 4 ] , developed jointly by Atomic Energy of
Canada Limited and Euratom was based on ultrasonic interro-
gation techniques which had been adapted from non-destruct-
ive testing technology. Although the principle of using
internal markings to produce the characteristic signature
for the seal is good, practical implementation has proven to
be very difficult. During field tests, signature repeat-
ability could not be achieved reliably. Adequate reproduc-
tion of the multiple-reflected and mode-converted signals
from the internal markings is now considered beyond the
capability of current ultrasonic transducer technology. As
a result, effort has been directed to the development of an
ultrasonically verifiable seal which is less dependent on
transducer characteristics. This has been achieved by using
primary reflections from a unique identify element to create
the characteristic signature. The element is a randomly
coiled piece of stainless steel wire.

This report provides a physical description of the
random coil seal and describes its performance characteri-
stics as measured in a spent fuel storage bay. During the
development of the seal, some of the basic seal require-
ments and specifications evolved. These concepts have also
been included to provide a basis for confirming the suit-
ability of this particular seal.



- 2 -

2. SEALING OF IRRADIATED FUEL

2.1 Method of Stacking

For CANDU power stations, irradiated fuel bundles
are stored in water-filled bays at the reactor site. These
bundles are stored in trays each capable of holding 24
bundles. Thirty-eight such trays, when filled and stacked
as shown in Fig. 1, constitute the basic accounting unit for
long-term storage.

To ensure that the diversion of spent fuel from
these stacks is readily detected, certain features have been
included in the stack design. The trays interlock and have
raised lips so that fuel bundles cannot be removed from the
side of a stack without visibly violating the structure of
the trays. Furthermore, a metal top cover is placed over
the stack and secured by two cap seals. These seals are
applied to rods which extend from the base plate between the
fuel bundles, to the top of the stack.

2.2 Design Features of the Cap Seal

The requirements of the spent-fuel cap seal
include those which are generic to all safeguards seals,
those which stem from IAEA practices and those specific to
the CANDU reactor design.

The seal must have a unique identity which ideally
must be impossible to duplicate. Such identities are
generated by some random process over which the manufact-
urer has little or no control. In addition to randomness,
the identity must also contain a large amount of information
making it impossible to duplicate artifically. Since
verification of all such information during routine inspec-
tions is difficult, comparison of some parts of it is suffi-
cient so long as the selection of these parts are under con-
trol of the IAEA.

The second key feature of a seal is the ability to
rapidly verify its integrity to ensure that the seal had not
been removed and simply placed back in position. Ideally,
the identity and integrity should be linked in some way so
that one measurement can be used to verify both.

In addition to these basic principles, there are
other more practical considerations, including

(1) The container and seals must include features that make
repair and duplication as difficult as is reasonably
achievable.

(2) The method for verifying the seal must be compatible
with and complimentary to methods for verifying the
integrity of the container.
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(3) The cost of applying and verifying the seal must be
less than the cost of verifying the contents.

(4) Seal verification must be unambiguous in order to
minimize diversion risk and false alarm rate.

(5) A permanent record of the verification is required.

(6) Verification will take place, at most, once every two
months. The seal must therefore withstand this
frequency of inspection for 10 years, and preferably
30.

(7) Verification procedures must be simple enough for
non-technical inspectors whose duties frequently
change.

(8) The seal should preferably be verifiable in-situ,
i.e. verifiable without being destroyed.

(9) It must be possible to break a seal under authorized
conditions, i.e. an impregnable lock is not acceptable.

(10) The seal verification scheme must not significantly
interfere with reactor operations and must conform to
regulations imposed by the reactor operator for
materials in the spent fuel bay.

For application to stacks of irradiated fuel, the
seal will be immersed to a depth of 5 m in the water of the
storage bay. Fortunately, the water is very clean (see
specification in Table 1), with the turbidity control
ensuring that manipulations required for installation and
signature reading of a seal can be performed with clear
vision of the seal and tool [5]. The permissible materials
that can be used are not restrictive. The seal will be
exposed to the radiation field of the fuel and it has been
estimated the the accumulated dose during its installed life
will be less than 107 Gy.

Existing seals available, for IAEA use are not
directly applicable to such spant fuel storage systems. As
a result the ultrasonically verifiable random coil seal was
developed [6-8].
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TABLE 1

CONDITIONS IN SPENT FUEL BAY

pH 6 - 8

conductivity 0.5 mS/m

[CL~] 0.5 mg/kg

turbidity Clear vision through
5.5 m of water

materials Type 304 stainless

steel

Epoxy

purification time 415 minutes (for
(t®) Bruce B reactor)
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3. PHYSICAL DESCRIPTION OF THE RANDOM COIL SEALING
SYSTEM

The requirements for a seal to be used on stacks
of CANDU irradiated fuel are very well met by the AECL
Random Coil (ARC) cap seal which is described below.

3.1 The Identity Element

The seal consists of a threaded cap that screws
onto a stud which is welded to the rod passing up through
the stack of fuel. The attachment involves a non-return
mechanism in the form of a shouldered pin in the cap that
engages a split collet in the stud. A sectioned view of a
cap in position on a stud is shown in Fig. 2. The unique
identity element is a randomly wound coil of stainless steel
wire located in a well, drilled in the cap. One end of the
coil is fed through a hole drilled in the shouldered pin and
secured to its base. The other end is secured at a point
close to the outside of the cap.

When it is immersed in water and interrogated by a
pulsed ultrasonic sound beam, the coil produces clearly
defined primary echoes from the individual loops. Since
each loop is located at a different distance from the
ultrasonic transducer these echoes are received by the
transducer as well defined peaks separated in time. The
peaks in this echo pattern are used as the characteristic
signature or identity of the seal.

The diameter of the wire used to manufacture the
coils is a compromise between two conflicting criteria. On
one hand, it is necessary to have it small enough so that
the first surface encounter does not reflect most of the
energy beam and thus shield the remaining loops required to
give "richness" to the signal. However, it should also be
large enough to produce peaks which are easily distinguished
from background noise. The practical solution was to use a
single strand of stainless steel wire with a diameter of
0.018 cm. Although this satisfies the first criterion, the
reflected signals are not very strong and further signal
processing as described in Section 4.1 is required to
enhance the signal-to-noise ratio.

The coils were made by loosely winding the wire
around a 0.6 cm mandrel. Since the reflected echoes
received by the transducer depends on some parts of the coil
loops being at right angles to the beam, strands of wire
unravelled from manufactured cable were used. This natural
"kinkiness" adds to the randomness of the signature of the
coil.

Attempts to reproduce coils have failed. Although
they may visually appear similar, their ultrasonic images
are sufficiently different to confirm their random nature.
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On this basis, the random coil identity element satisfies
one of the key requirements of a good seal.

The identity and integrity features of the seal
are combined by the judicious choice of fixing points of the
end of the coils. If the cap is removed from the stud, the
pin breaks at the narrow neck, resulting in a distortion of
the coil and eventual breakage of the wire. Any attempt to
defeat the seal by cutting and leaving the inner core intact
will disturb the top end of the coil passing through the
body. Both of these disturbances produce irreversible
changes in the ultrasonic signature. Such linking of the
characteristic identity to the integrity verification
achieves another ideal characteristic of a seal.

3 .2 Design of the Installation/Reading Tool

The seals are to be installed in water at a depth
of approximately 5 m. Installation and signature reading
procedures must be performed from a gantry above the water
surface. Therefore, tools used for these tasks must be
provided with a 6 m long extension tube. The installation
procedure requires a relatively simple tool in the form of a
wrench which can also be used for authorized removal of a
seal. The reading procedure requires a transducer holder
that will place the transducer above the random coil in a
reproducible position for each signature reading operation.
For these particular tests, a single tool was designed to
perform the installation, removal and reading tasks in order
to reduce the complexity of the work required of IAEA
Inspectors (Fig. 3).

The upper part of the tool head carries the
ultrasonic transducer. When the tool is used for reading
the signature of the seal, the detent pin is retracted and
the position of the transducer with respect to the coil is
determined by two pins which mate with holes drilled in the
top surface of the seal. These positioning devices together
with the weight of the tool and extension tube were used to
ensure that positive mating and reproducible positioning was
achieved at each application of the tool.

For the evaluation tests reported in Section 5,
the transducer was secured with its face about 3.0 cm from
the top loop of the coil. This ensured that the coils were
in the far field region of the transducer [9].
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4. • THE METHOD OF READING AND COMPARING SIGNATURES

The random coil is interrogated with ultrasonic
pulses emitted by a transducer held above the coil in a tool
that fits over the cap. Reflected echoes from the coils are
received by the same transducer, the mismatch of the
acoustic impedences of water and steel ensuring that strong
primary reflection signals are obtained.

Because of the nature of the time-dependent
reflection pattern, the generation of characteristic signa-
tures which are amenable to comparisons requires some signal
processing. Averaging to improve the signal-to-noise ratio,
rectification to make the signal positive, followed by
filtering to emphasize the key features is the recommended
approach. This results in signatures which are unique to
the seal and which can be readily compared to a reference
signature that was obtained when the seal was installed.

In addition to the pu \ca\ shape of the wire
coil, the characteristic signatu. Is dependent on the
ultrasonic frequency, the type of • ̂ ansducer used, its
physical location and the signal processing technique. The
selection of these parameters provides a practical limita-
tion on the amount of information that must be compared to
confirm the seal signature. By having the selection under
the control of the IAEA, attempts to artifically create
signatures and hence defeat the seal are made even more
difficult. The specific arrangement that was used for the
evaluation tests is described in Section 5.

To eliminate the subjective nature of visual
comparisons of two seal signatures, an automatic technique
which produces a quantitative measurement of their similar-
ity has been used. Of the standard methods that are avail-
able, the cross-correlation of pairs of signature waveforms
is the method that has been adopted. The implementation of
this technique for the performance evaluation tests is also
described in Section 5.

4.1 Measurement Technique

For the tests to determine the performance
characteristics of the random coil seal and to optimize the
signal processing techniques, laboratory-type equipment was
used.

Three transducers were purchased from Panametrics
Inc to the specifications listed in Table 2.

Data supplied by the manufacturer on other trans-
ducers of this generic type indicates that the Q was about
5.0.
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TABLE 2

SPECIFICATION OF TRANSDUCERS USED IN PERFORMANCE TESTS

Ultrasound Transducers Process A 3201

Center frequency 5 MHz ̂ 5%

Alignment of mechanical/acoustic axes 0.5°

Sensitivity matched +2 dB

0.25 inch diameter crystal unfocussed

Brass housing 32 mm long, 2.5 mm wall thickness
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The electronic processing equipment as shown in
Fig. 4, included a pulser-receiver which supplied energizing
pulses to the transducer, a waveform analyzer to process the
received echoes, a desk top calculator to perform mathemati-
cal comparisons of signatures and a printer to print data
and individual signatures.

The waveform analyzer was used to digitize and
average twenty-five successive random coil echo patterns
(Fig. 5) and the time origin for each pattern was estab-
lished by using the energizing pulses as a trigger for the
analyzer. The average was rectified, smoothed and stored as
a signature waveform (Fig. 6 ) . Each pattern was digitized
in amplitude at 512 different points in time within a 20 y.s
time span with a digitizing accuracy of +0.1% (of full
scale). A smoothing function replaced each point on the
rectified average waveform with a point which is the average
of itself and the four adjacent points.

4.2 Comparison of Signatures

Cross-correlation of pairs of signatures was chosen
as a suitable objective method of comparison for this evalu-
ation. In Fig. 6, the vertical line at time t^ intercepts the
upper waveform at y-^ and the lower waveform at Y2±' The
cross-correlation coefficient for the 'n' digitized points
of the waveform is:

r =

£ (yir
yi)2 • S (y2i"y2)V )2

1 = 1

where rl

'11
1 = 1 7 = llLy2

y2i

The coefficient may be thought of as a comparison made when
both waveforms are viewed from lines drawn at their mean
values with the amplitudes normalized by the standard devia-
tion terms included in the denominator of the expression.
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The comparison of two identical patterns, or auto-
correlation, will give a coefficient of +1.0. However in
practice when one considers measurement noise on repeated
measurements of the same signature then coefficients le^j
than +1.0 can be expected. For example, the two signatures
shown in Fig. 6 have a correlation coefficient of +0.983.

The comparison of two dissimilar seal signatures,
or cross-correlation, will have a coefficient close to zero.
In practice, some amount of coincidence (or anticoincidence)
will occur and so the cross-correlation of different seal
signatures is expected to have a distribution about zero,

The comparison of a signature with its mirror
image would lead to a correlation coefficient of -1.0.
However, since the mean value of the seal signatures are
small relative to their peaks and negative-values are pre-
cluded by the rectification of the radiofrequency signal,
large negative coefficients are impossible. Small negative
cross-correlation coefficients are nevertheless expected
between different signatures because the presence of peaks
in one signature at points where the other signature is
below its mean value is a situation tending towards a mirror
image condition.

Valid correlation coefficients can only be cal-
culated when the time scales of two signatures have been
synchronized. In these measurements, the reference time for
each pattern was the time of the energizing pulse to the
transducer. The time delay and time base of the waveform
analyzer were stable enough to maintain accurate time align-
ment of each signature. Alignment of signatures is also
dependent on consistent positioning of the transducer with
respect to the coil. The transducer holder was designed
with close tolerances to reduce this problem. However, to
accommodate slight differences in position, some relative
time shifting of the signatures was allowed in those
calculations when different transducers were used.
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5. PERFORMANCE EVALUATION

5.1 Experimental Procedure

Repeated readings of the identity signatures of 36
seals were made in the NRU fuel storage bay. A series of
studs (without collet retainer) were mounted on a shelf at a
depth of 4.6 m in the water of the storage bay. Cap seals
were installed, read and removed using the installation/
reading tool, thus simulating all the seal inspection pro-
cedures to be performed in a power reactor irradiated fuel
storage bay. A single reading procedure consisted of plac-
ing the reading tool on a seal, recording the signature
digitally on magnetic tape, and then removing the tool.
Each seal signature was acquired and recorded five times
with one ultrasonic transducer and the Whole procedure was
repeated with each of two other transducers.

The arrangement and number of signatures obtained
relative to the seals and transducers is shown diagramati-
cally in Table 3.

5.2 Analysis of Data

The results were analyzed to demonstrate:

(a) The reproducibility of successive signature identity
readings made on one seal with the same transducer.

(b) The differences between signatures obtained from
different seals.

(c) The reproducibility of signatures obtained from the
same seal with different transducers.

To demonstrate the reproducibility of five dif-
ferent signature readings made on the same seal, all possi-
ble different pairs of signatures in each group of five
signatures were cross-correlated giving ^c 2 = 10 coe for
each group. Thirty-six seals and three transducers were
used giving a total of 1080 possible coefficients.

Since alignment and other reading tool positioning
errors made at a given reading are independent of similar
errors made during other readings of the same seal it is
statistically valid to group all these coefficients together
and sort them into intervals in order to examine the distri-
bution. The coefficients were sorted into intervals of 0.05
and the resulting distribution is shown plotted as a histo-
gram in Fig. 7. Malfunction of the data processing equip-
ment resulted in the loss of 30 coefficients no that the
histogram contains only 1050 coefficients. For each
measurement the signature was observed visually and if it
was obviously different from others in its group the tool
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TABLE 3

SCHEDULE OF ACQUIRED SIGNATURES

Transducer S e r i a l Number

A r b i t r a r y Seal 53929 53931 53932
Number

1 5 5 5

2 5 5 5

3 5 5 5

34 5 5 5

35 5 5 5

36 5 5 5

- Indicates 5 independent readings (Reading tool
replacement on seal) of signature.
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was removed and replaced. In a total of 540 measurements
this occurred 9 times (1.6%) and, on each occasion, tool
replacement gave a visually acceptable similar signature.
No coefficient below 0.65 was obtained from the comparison
of all the possible signatures in this group.

To examine the consequences of changing trans-
ducers, results obtained with the three different
transducers were auto-correlated. For a given seal each
signature in a group of five obtained with one transducer
was correlated with each signature in a group of five from
the second transducer (e.g. row #1 and #2 in Table 3). This
gave a total of 5x5 = 25 coefficients and was repeated for
the first and third transducer (e.g. row #1, columns #1 and
#3 in Table 3) . The total number of coefficients for one
seal is 50 and for 36 seals the number is 50 x 36 = 1800.
The coefficients were grouped and sorted in intervals of
0.05 and the histogram of the distribution is plotted on
Pig. 8. Although the distribution has moved relative to
that of Fig. 7 no coefficient was found to have a value
less than 0.5 and only five coefficients occurred in the
interval 0.5 to 0.55.

For the signatures obtained from different seals
with the same transducer one signature from each group of
five for each seal was selected. This gave 36 signatures
and correlating all possible pairs leads to 36 C 2 = 630
coefficients. This was repeated for each transducer (each
column in Table 3) and all three groups of coefficients were
sorted in intervals of 0.05. The distributions are plotted
as histograms in Figs. 9a,b,c. No coefficient greater than
0.55 occurred in any of these distributions.

5.3 Breaking a Seal

Several seals were deliberately broken by removing
them from studs on which they were secured by the split
collet. In all cases the seal pin broke correctly at the
narrow neck and the random coil unravelled and eventually
fractured. Figures 10a and 10b shpw the signature of an
intact seal and the signature of the same seal after the
seal pin was broken.

The signatures are clearly different and the cross
correlation coefficient is 0.104.

5.4 Commentary on the Results

The reproducibility of signature readings made on
the same seal with the same transducer has been demonstrated
quantitatively. The distribution of Fig. 7, shows that an
objective acceptance of similarity of pairs of signatures
could be obtained by accepting those pairs whose correlation
coefficients are greater than 0.65. It can be seen from the
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distributions for different seals shown in Figs. 9a, b and c
that this level of acceptance would not wrongly include any
pairs from seals that were truly different.

In a total of 540 identity measurements, the
reading tool had to be re-adjusted 9 times because visual
observation showed that the signature was clearly different
from the others in the same group of measurements. These
effects were due to misalignment of the tool by the operator
and it may be possible to improve the tool to reduce the
number of these events. However, since there is always some
possibility of gross misalignment all read-out instruments
should provide a graphical printout for for visual observa-
tion of the signature waveform so that the operator can
assure himself of a correct placement of the tool in
doubtful cases.

The correlation coefficients obtained by comparing
signatures from different seals with three transducers
(Figs. 9a,b,c) are distributed about zero, indicating poor
correlation as expected. The interesting parts of these
distributions are the upper tails and detailed study of the
data indicates that the extent of the upper tail may be re-
duced by eliminating a few seal identities from the calcula-
tions, i.e. factory preselection of seals.

The peak of the distribution obtained from measure-
ements made with different transducers (Fig. 8) occurs at
0.825 which is lower than the peak position of the distribu-
tion of coefficients obtained from seal readings made with
the same transducer. The shift to lower values indicates
that the transducers were not adequately matched and/or not
adequately aligned in the reading tool. The lower tail of
the distribution also overlaps the upper tail of one of the
distributions obtained by comparison of different seals
(Fig. 9b). In this case, an acceptance level could not be
chosen without incurring the risk that a small number of
unlike identity signatures would be accepted, lork is in
progress on transducers and tools to achieve closer matching
but, even without improvements, it is possible to devise pro-
cedures based on the results of the evaluation that would
allow for replacement of failed transducers in an acceptable
way. Three transducers could be mounted in a rotating tur-
ret in a new type of tool. A signature would be obtained
and stored from each transducer for each seal as it was in-
stalled. This would allow for failure of two out of three
transducers at the expense of extra digital storage and com-
plication of the task of the operator.

Alternatively, transducer replacement would be
allowed and an element of subjective judgement by the oper-
ator introduced. For example (refer to Figs. 8 and 9b)
coefficients greater than 0.6 would be accepted as positive
evidence of similarity of signatures. Coefficients smaller
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than 0.4 would be taken as evidence of unlike signatures.
In the band between 0.4 and 0.6 visual examination and
judgement by the operator would be required. Experienced
workers in this field have no difficulty making correct
judgements on signatures giving coefficients within this
band and therefore trained inspectors would also make valid
judgements.

The results show that quantitative assessments of
identity signature comparisons can be made using the cross-
correlation method. In the majority of cases an objective
acceptance of similarity of a pair of signatures can be made
by selecting a threshold value for cross-correlation
coefficient.

Evidence of change of identity signature when a
seal is broken (Fig. 10) indicates that simple tampering
with no replacement of a duplicate would be easily exposed
during seal inspection. Attempts to manufactur?. duplicate
identify elements have failed and, if it is possible at all,
duplication would require that an adversary have access to a
high level of technology and resources.

It is of interest to note that, in addition to the
physical shape of the wire coil, a seal signature is depend-
ent on the type of transducer used (ultrasound frequency),
its physical location with respect to the coil, and the
electronic processing technique. In principle, preset
optional selection of these variables could be made avail-
able to the IAEA thereby increasing the amount of potential
information available from a seal identity element. This
would increase the difficulty of an adversary seeking to
defeat a seal by duplication since he requires knowledge of
the inspecting method to be used at any given time. One or
more of the additional options could be implemented in the
future, without changing the design of the seal itself, if
it were considered that the seal had become vulnerable
because the technology and resources of an adversary had
advanced [6].
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6. CONCLUSIONS

The AECL Random Coil cap seal is a viable under-
water seal from the point of view of:

basic characteristics of the unique identity/
integrity element?

manufacturing simplicity;

robust design?

ease of installation and removal in a spent fuel
storage bay

- quantitative assessment of identity signature
comparisons

identity readability without special operator
skills

uniqueness and the tamper-indicating nature of the
identity/integrity feature

The cap seal and coil are made from readily avail-
able stainless steel and manufacture requires no special
workshop procedures. The installation/reading tool and
extension tube are light enough to be handled by one person
so that handling and storage of the tool is not difficult.
All the measurements were made by two operators who had
limited background and training in this subject. It is
therefore considered that operators at reactor power sta-
tions, who will manipulate the tool under IAEA supervision,
will require minimal training in its use.

The AECL Random Coil Seal is an effective deter-
rent to an adversary considering covert diversion of
irradiated fuel from sealed containment units. All con-
ceivable defeat methods are very expensive and time
consuming.

Although the results of the evaluation show that
the existing design of reading tool could be used in a
practical application, refinements are possible which would
improve its performance. Even more reproducible signature
measurements would be obtained if the transducer could be
positioned more accurately with respect to the coil. This
could be achieved by improving the fit of the tool on the
seal. Furthermore, the reproducibility of signatures
obtained with different transducers would be improved if the
transducer characteristics were closely matched, either by
selection or by control during manufacture.
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