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ABSTRACT OF THE DISCLOSURE: 

Material such as fissile material requiring to be safe-
guarded is stored inside a container which is subsequently-
sealed, for example by a closure comprising a cover and sealing 
element. The whole structure of the container is ultrasoni-
cally scanned initially using piezo electric transducers to 
obtain an. output from which is derived a distinctive identity 
for the container, determined by the particular characteristics 
of the internal structure of at least a portion of the con-
tainer, and also a reference signal indicative of the whole 
container structure when its integrity is intact. Subsequent 
ultrasonic scanning of the whole container structure, for 
example intermittently, produces a matter signal which if 
different to the reference signal indicates the occurrence of 
a breach in the container's integrity. The distinctive 
identity for the container may be derived from a distinctive 
internal structure of the cover which preferably contains a 
material matrix, e.g. aluminium, having inclusions of, for 
example, tungsten, embedded therein in a random configuration. 
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The present invention relates to a method for monitoring 
the identity and integrity of an abject, particularly, but 
not exclusively^ a closed container for containing members 
requiring secure storage, such as fissile material. 

Under the provisions of the Treaty of Non Proliferation, 
all fissile material must be continually and carefully con-
trolled, i.e. monitored, from the manufacture of the nuclear 
fuel elements, to their reprocessing after use, in order to 
prevent the fissile material or any part thereof being tam-

10 pered with or substituted by unauthorised personnel. The 

control of the material may be visual, using TV cameras for 
example, or may be ensured by the storage of the fissile 
materail in containers which by their solidity and robustness 
are able to preserve their integrity, i.e. discourage tam-
pering. The containers are generally sealed and sometimes 
monitoring of the integrity of the seal may be sufficient to 
produce adequate control of the integrity of the container 
itself. 

In practice, the containers are frequently stored in a 
20 location which is both protected and armoured. Sometimes, 

the container to be monitored is stored in a site which is 
poorly illuminated, or is physically inaccessible. In addition, 
if the container is used for storing fissile material, the 
presence of radiation makes difficult if not impossible the 
use of delicate monitoring devices. 

Particularly where the container is used to store material 
having a high strategic value such as plutonium, it is 
extremely important to be able to provide adequate control and 
monitoring of the container integrity. 

30 One prior proposal for identifying a container in which 
fissile material is stored, for example a cylindrical container 
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containing a bundle of nuclear fuel elements, involves the 
incorporation on the container of an identifier in the cover 
of the container, the identifier having a distinctive internal 
structure which when ultrasonically scanned provides the dis-
tinctive identity for the container. Such an identifier is 
described in our earlier British Patent Specification No. 
1.241.287. Thus if the cover has been tampered with, subse-
quent scanning of the identifier will reveal a difference in 
the output produced,: and thus the existence of the breach in 

10 the integrity of the identifier. However, if the body of the 
container has been tampered with in any way, for example has 
been cut and subsequently welded, then scanning the cover 
incorporating the identifier will not reveal the unauthorised 
opening of the container. The present invention is concerned 
with a solution to this problem. 

According to the present invention, there is provided 
a method of monitoring the identity, and integrity of a closed 
container comprising the steps of initially scanning the walls 
of said container ultrasonically by transmitting ultrasonic 

20 signals throughout said walls to derive from the output thereby 
produced a distinctive identity signal for the container, as de-
termined by a distinctive internal structure of at least one 
of said walls, and: also to derive from said output, a reference 
signal indicative of the entire wall structure of the container 
when its integrity is intact; subsequently scanning the walls 
of said container ultrasonically to obtain a monitor signal 
indicative of the current wall structure thereof; and comparing 
said monitor signal with said reference signal to. discover the 
existence of any difference therebetween indicating that the 

30 integrity of the wall structure has been breached. 

Preferably, the object to be monitored is. a container, 
the initial and subsequent ultrasonic scanning operations both 

A - 2 -
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involving the transmission of ultrasonic signals along each 
of the walls of the container. 

The invention is also concerned with the provision of 
a closed container for containing material to be safeguarded 
comprising: a plurality of walls defining the closed container, 
at least one of the walls being a closure member, at least one 
of the walls having a distinctive internal structure for iden-
tifying said container; a transmitting means for initially 
transmitting ultrasonic signals through the distinctive internal 

t 

10 structure to provide a signal representative of the identity of 
the container, for initially transmitting ultrasonic signals 
through all the walls of the container to provide a reference 
signal representative of the entire wall structure of 'the 
closed container when its integrity is i.ntact; and for subse-
quently transmitting ultrasonic signals through all the walls of 
the container.to obtain a monitor signal indicative of the cur-
rent entire wall structure thereof; and means for comparing the 
monitor signal with the reference signal to discover the 
existence of any difference therebetween indicating that the 

20 integrity of the wall structure has been breached. 
Preferably, one of the container walls incorporates a 

closure which includes an identifying portion having a dis-
tinctive internal structure which when ultrasonically scanned 
can provide said distinctive identity for the container. 

The term "closure" is used herein to indicate the 
cover for a container and also, if provided, any sealing ele-
ment or other means, e.g. welding, by which the cover is, in 
use, fitted to the container walls. 

Reference is now made to the! accompanying drawings, 
30 which illustrate by way of example various embodiments of the 

invention, and of which: 
Figure 1 shows a diagrammatic section of a container 
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according to one embodiment of the invention; 

Figure 2 shows a diagrammatic section of a modified 
ver-
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sion of the container of Figure 1? 
Figure 3 shows a diagrammatic section of a container 

according to a further embodiment of the invention; and 
Figure 4 shows a diagrammatic section of a container such 

as a strong-room according to yet a further embodiment of 
the invention. 

In Figure 1/ a container 1 for containing fissile elements 
or other material to be safeguarded, generally indicated by 
reference numeral 2, is provided with a closure, constituted by 

10 a cover 3 and a sealing element 30 which may be a weld and 
which surrounds the periphery of the cover 3. The cover 3 is 
either constituted by or incorporates an identifier such as 
is described in our British Patent Specification No 1241287, 
having a matrix of, for example, aluminum, in which are 
embedded in a random configuration a plurality of inclusionst 

for example tungsten particles. The distinctive internal 
structure of the cover 3 is therefore able to provide a dis-
tinctive identity for the container when it is scanned by a 
piezo electric transducer Tl applied to the cover. 

20 The integrity of the container 1 is monitored by the 
application of further piezo electric transducers T2 which are 
applied to the outside of the container so as to be able to 
transmit ultrasonic signals along each of the walls of the 
container. Thus once a reference has been established by 
ultrasonic scanning when the container is known to be intact, a 
subsequent scan of the container using the transducers T2 and 
producing a result which differs from the reference will reveal 
the occurrence of an unauthorised breach of the integrity of 
the container. 

30 A modified version of this container is shown in Figure 2, 
where the container 5 is closed by a cover 6 which, like cover 
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3 of Figure 1, is secured on the container by a sealing weld 
30, and includes or incorporates an identifier which when 
ultrasonically scanned can provide a distinctive identity for 
the container. The corners 7 of the container 5 and the 
corners 8 of the cover S are all chamfered at 45°. A twin-
crystal piezo electric transducer.T3 is applied to one of the 
corners 8 of the cover 6, so that it emits ultrasonic signals 
in two directions, namely across the cover 8 in order to 
derive the distinctive identity of the container as in the 

10 previous embodiment, and also through sealing weld 30 and the 
wall 5A of the container 5, as illustrated by the arrows in 
Figure 2. When the signal transmitted through wall 5A 
encounters the chamfered corner 7, the chamfered corner acts 
like a mirror to reflect the signal at 90° across the wall 5B, 
until it encounters the second chamfered corner 7, whereat it 
is reflected a second time along the wall 5C. When the signal 
leaves wall 5C and enters the cover 6 via the sealing weld 30, 
it encounters the chamfered corner. 8 shown at the left hand 
side in Figure 2, which in similar fashion acts as a mirror to 

20 reflect the ultrasonic signal from left to right across the 
cover until it is picked up by the transducer T3 to produce 
the appropriate ultrasonic output. In other words, the 
integrity of the container walls and the composite closure 
(i.e. the cover 3 and the sealing weld 30), and the distinctive 
identity of the container can be.established by the transducer 
T3 on i ts own. 

The transducers Tl, T2 and T3 stiown in Figures 1 and 2 
may be mounted on the container either during its construc-
tion/ or when the container is filled with material to be 

30 stored therein, and provided with suitable means for sub-
sequent electrical connection to ultrasonic scanning apparatus, 
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in order that the scanning of the container can be controlled 
from a remote location. This is clearly useful where the con-
tainer is to be located in a physically inaccessible site, or 
is in an area subjected to radiation hazard. 

Figure 3 shows an embodiment of the invention which pro-
vides a container which is suitable for use in extremely 
inaccessible locations, because the transducers emitting the 
ultrasonic signals are located inside the cover, rather than 
on the outside of the container. The container 10 is provided 

10 with a cover 11, which like the cover 3 of Figure 1 is secured 
to the container by a sealing weld. 30, but in this embodiment, 
the cover 11 is constituted by an identifier having a matrix 
of aluminium in which are embedded in random configuration a 
plurality of bronze or tungsten particles 12. Also acting 
as inclusions in the matrix material are two piezo electric 
transducers 13 and 14, respectively electrically connected by 
leads 15 and 16 to a common conductor 17 which is exposed on 
the outside of the cover 11. The output of the transducer 
13, when energized, is dependent on the particular configura-

20 tion of the inclusions in the matrix material of the cover, 
and therefore is used in the derivation of the distinctive 
identity of the container. The other transducer 14 is 
mounted at the side of the cover, so that.when energised it 
transmits an ultrasonic signal through the adjacent wall of 
the container via the sealing weld 30, the signal being 
successfully reflected through all the walls of the container 
10 by chamfered corners 18 on the container, as in the 
embodiment of Figure 2, and subsequently by a chamfered corner 
19 on the cover, before being picked up once again by the 

30 transducer 14 to provide an indication of the integrity of 
the container itself. 
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It should be noted that if the transducer 14 is a twin-
crystal piezo electric transducer, it would be possible to 
omit the transducer 13, leaving the twin-crystal transducer 
to transmit the ultrasonic signals across the cover and 
through the walls of the container necessary to provide both 
the identity of the container and the indication of its 
integrity. 

Figure 4 shows yet a further embodiment of the invention, 
in which the container takes the form of a metal strong-room 

10 20, of which the walls are welded together. In Figure 4, only 
the top wall 21, side walls 22 and 23 and bottom wall 24 are 
visible. Typically/ each wall is formed from welded plates, 
and is welded to the adjacent walls. When ultrasonic signals 
are transmitted through each wall of the strong-room by means 
of transducers T4 suitably placed at the corners of the strong-
room, output produced can be used to derive an indication of 
the integrity of the strong-room, and also of the distinctive 
identity of the strong-room because the output will be 
affected by distinctive features of the strong-room construc-

20 tion such as the location and shape of welds in the walls, for 
example welds 25 between the top wall 21 and side walls 22, 23, 
the entry door into the strong-room, and a possible observa-
tion window in the walls, neither of which is visible. 

As before, subsequent ultrasonic scanning of the walls 
can provide an indication as to the occurrence of an unauthor-
ized breach of the strong-room. 

As in previous embodiments shown in Figures 2 and 3, the 
corners of the strong-room, such as corners 26 and 27 respec-
tively between the walls 22, 24 and 23, 24, may be chamfered 

30 at 45°, producing corresponding reflection of the ultrasonic 
signals in the wall, and thereby reducing the number of trans-
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ducers required for the transmission of ultrasonic signals 
throughout the strong-room structure. 

The integrity checks on the containers shown in the draw-
ings are described above as using the ultrasonic transmission 
technique. As an alternative, the ultrasonic echo technique 
may be used, since if an altered zone is present in a wall, 
whether due, for example to re-welding or re-soldering after 
cutting, or not, the variation in the structure of this zone 
will produce a back echo or back, scattering of the ultrasonic 

10 waves towards the ultrasonic emitter/transducer and thus pro-
vide an indication that a change in structure has occurred and 
thereby demonstrate tampering. 
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The embodiments of the invention in which an exclu-

sive property or privilege is claimed are defined as follow^; 

1. A method of monitoring the identity and integri-
ty of a closed container comprising the steps of initially 
scanning the walls of said container ultrasonically by transmit-
ting ultrasonic signals throughout said walls to derive from 
the output thereby produced a distinctive identity signal for 
the container as determined by a distinctive internal structure 
of at least one of said walls, and also to derive from said 
output a reference signal indicative of the entire wall struc-
ture of the container when its integrity is intact; subsequently 
scanning the walls of said container ultrasonically to obtain a 
monitor signal indicative of the current wall structure thereof; 
and comparing said monitor signal with said reference signal to 
discover the existence of any difference therebetween indica-
ting that the integrity of the wall structure has been breached. 

2. A method as claimed in claim 1, in which said 
container is ultrasonically scanned at predetermined intervals 
to obtain a series of monitor signals which are each compared 
with said reference signal. 

3. A closed container for containing material to be 

safeguarded comprising: a plurality of walls defining said > 
closed container, at least one of said walls being a closure 
member, at least one of said walls having a distinctive inter-
nal structure for identifying said container; a transmitting 
means for initially transmitting ultrasonic signals through 
said distinctive internal structure to provide a signal repre-
sentative of the identity of said container, for initially 

transmitting ultrasonic signals through all the wails of said 

container to provide a reference signal representative of the 

entire wall structure•of the closed container when its integri-

9 
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ty is intact, and for subsequently transmitting ultrasonic 
signals through all the walls of the container to obtain a 
monitor signal indicative of the current entire wall structure 
thereof; and means for comparing said monitor signal with said 
reference signal to discover the existence of any difference 
therebetween indicating that the integrity of the wall struc-
ture has been breached. 

4. A closed container as claimed in claim 3, in 
which said distinctive internal structure comprises a material 
matrix having embedded therein inclusions disposed in a random 
configuration. 

5. A closed container as claimed in claim 4, in 
which one of said inclusions is constituted by a transducer 
forming part of said transmitting means and being capable, 
when energized, of transmitting ultrasonic signals through 
said distinctive internal structure to provide said identity 
signal of the container. 

6. A closed container as claimed in claim 4, in 
which one of said inclusions is constituted by a transducer 
forming part of said transmitting means and disposed so as to 
be able, when energized, to transmit ultrasonic signals along 
at least one of the container walls other than that incorpora-, 
ting said closure member. 

7. A closed container as claimed in claim 4, in 
which one of said inclusions is constituted by a transducer 
forming part of said transmitting means and being capable, 
when energized, of transmitting ultrasonic signals through said 
distinctive internal structure to provide said identity signal, 
and a second of said inclusions is constituted by a second 
transducer comprising at least a part of said transmitting 
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means and disposed so as to be able, when energized, to trans-
mit ultrasonic signals along at least one of the container 
walls other than that incorporating said closure member. 

8. A closed container as claimed in claim 3, having 
a boxlike structure, said transmitting means comprising one or 
more transducers arranged to transmit ultrasonic signals along 
each wall of the container, in which at least one of the cor-
ners thereof formed by the junction of two adjacent walls is 
chamfered at 4 5° thereby to reflect ultrasonic signals from 
one of said adjacent walls along the other of said adjacent 
walls. 

9. A closed container for containing material to be 
safeguarded comprising: a plurality of walls defining said 
closed container, the corners defined by adjacent container 
walls being chamfered at an angle of substantially 45°; means 
for transmitting ultrasonic signals along each of said walls 
and comprising a single transducer containing twin piezo-
electric crystals and disposed so as to transmit ultrasonic 
signals in two directions along the walls of said container, 
said signals being reflected from one wall to the next adjacent 
wall by said chamfered corners, said transmitting means being 
energizable for initially scanning ultrasonically the walls of 
said container,to generate a distinctive identity signal for 
said container as determined by the structure of a predetermined 
portion thereof and a reference signal indicative of the 
structure of the entire•container when its integrity is intact, 
and for subsequently scanning ultrasonically the walls of said 
container to obtain a monitor signal indicative of the current 
entire container structure thereof; and means for comparing said 
monitor signal with said reference signal to discover the 
existence of any difference therebetween indicating that the 
integrity of the wall structure has been breached. 
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