1 "Method and systemfor identifying the failure risk of a
confinenment buil di ng" The present invention relates to a
nmet hod of identifying the risk of 5 failure of a concrete contai nnent
or storage structure. It also rel ates tola system i nplenenting this
met hod. This invention relates nore particularly to a nethod
and a systemof identifying the risk of failure of the containnent
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By functional storage phase of the structure is meant the actual storage
phase of the structure, i.e. the phase during which the structure stores a
finite volume of the product to be stored. This phase corresponds to the main
function of the containment structure, which is the storage of a product, and
30 can be expected to last several hundred years.

It is thus possible to define, with respect to the functional storage
phase, a phase of filling the structure with the product to be stored and an
evacuation phase (of emptying or partial emptying) of the structure. The
filling phase corresponds to the phase during which the containment



The present invention nmakes it possible to achieve this purpose
through a nethod of identifying risks of failure of a contai nnment
structure, in particular a containnent structure essentially nade of
concrete, intended for storing a producté said method conprising the
foll ow ng stages: 15- determination, as a function of data relating
to said structure and/or said product, of an expected theoretical

behavi our of sajd structur,e durjng.the ses of filling said
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behaviours, of the risks of failure of said structure.

Unlike the current methods and systems, the method according to the
invention allows for the identification of the risks of failure of a containment
25 structure, and in particular a concrete containment structure, by comparing
the theoretical and actual behaviours of this structure during the phase of
filling the structure with the product to be stored. In fact, these structures,
generally comprising a concrete “foundation raft/shell/closure head”
assembly, can be particularly vulnerable during thelr filling phase, during
30  which their state of stress progressively evolves.
This state can prove to be the most severe in the [ife cycle of said
structure.
Being based essentially on the filling phase of a containment structure,
the method according to the invention makes it possible to monitor and



Advant ageously, the determ nation of the theoretical behaviour of the
structure can conprise at |east one sinulation of said theoreti cal
behavi our produced by simulation nmeans, such as closed-form
resolution or finite 20 el enent nndelliﬁb. The sinulation takes into
account data relating to the structure, dinensions, conmponents and
materials and data relating to the product to be stored as well as
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conpl etely stopping operation, The data relating to the contal nnment
structure can® C%,%%, Rehaviour of the structure correspoids to the behaviour of the
30 structure while it is being filled with the product to be stored.
Advantageously, the determination of the theoretical and/or actual
behaviour of the structure can comprise a determination of at least one
deformation of at least one component of said structure during the filling

phase. For the determination of the theoretical behaviour, the deformation is



- experinental data relating to the filling phase of a simlar
structure; 5 - test or sinulation data; - data relating to the
conposition of the structure; - data relating to each of the
conponents of the structure; Mreover, tfe nethod according to the
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relating to the actual behaviour of the structure during the filling
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20 LNG tanks are used as buffer tanks naking it possible to regulate
the storage of the LNG between its supply by tankers and its gradual
distribution to consuners. They are therefore filled or enptied often
Wi t hout there necessarily being an al terpation between the filli ng
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10 Figure 1. is a representation of a confinenent structure 10
for low or nmedium |l evel radioactive waste. The contai nnent structure
10 is in the formof a parallelepipedic tank nade of reinforced
concrete conprising a foundation raft 11® and shells 12. 15This

radi oactive waste storage structure 10 is equi pped with sensors 13
which are either cast in the concrete of the conmponents and in
particul ar of thess i QN .
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According to another aspect of the invention a system is proposed of

identifying risks of failure of a containment structure, in particular of a

30 containment structure essentially made of concrete, intended for storing a
product, said system comprising:

- means for determining, as a function of data relating to said

structure and/or said product, an expected theoretical behaviour of
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the nodels, al ongh&Xeans for determining the actual behaviour of the structure

include sensors provided for measuring elastic deformation of at least one

10 component of said structure. These sensors can either be cast in the

concrete of the components of a concrete structure (mounting supported on

the reinforcements if reinforced concrete), or be accessibly mounted on the

external surfaces of the components of the structure in order to guarantee

their maintenance throughout the lifetime of the structures. This choice of

15 sensors may for example depend on the presence or absence of organic

matter in the sensors. In a particular embodiment these sensors can
comprise sensors of an optical fibre, creep meter or clinometer type.

The means for determining the actual behaviour of the structure can

also comprise sensors provided for measuring deformation by micro-

20 degradation of at least one component of said structure. In a particular

embodiment these means can comprise for example acoustic sensors

appropriately placed in order to determine deformation by micro-degradation

of a component of the structure. In fact, micro-degradation can, above a

certain level, produce an acoustic signal that can be measured by acoustic

25 sensors. By using several acoustic sensors it is possible to determine the

location of the micro-degradation by triangulation, for example.

Other advantages and characteristics of the invention will become
apparent on examination of the detailed description of an embodiment which
30 Isin no way limitative, and the attached diagrams, in which:
- Figure 1 is a diagrammatic representation of a containment structure;
- Figure 2 is a flowchart showing the principle of determination of the
risks of failure of a containment structure according to the method
according to the invention;
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- Figure 3 is a representation of the deformations of a containment
structure during the filling phase of this structure;

- Figure 4 is a diagrammatic representation of a system of determining
of the risks of failure of a containment structure by means of the
method according to the invention;

- Figure 5 is a representation of the flowchart in Figure 2, in which the
determination of the risks of failure is limited to critical zones; and

- Figure 6 is a diagrammatic representation of a liquefied natural gas
(LNG) storage tank.

Figure 1 is a representation of a confinement structure 10 for low or
medium level radioactive waste. The containment structure 10 is in the form
of a parallelepipedic tank made of reinforced concrete comprising a
foundation raft 11, and shells 12,

This radioactive waste storage structure 10 is equipped with sensors
13 which are either cast in the concrete of the components and in particular
of the shells 12 by a mounting supported on the reinforcements, or mounted
on the external surfaces of the shells 12 with a view to removal once filling is
completed. This choice depends on the presence or absence of organic
matter in the sensors. In the present exampie, the sensors 13 are composed
of sensors of an optical fibre or inclinometer type provided for measuring the
deformations of the shells during the filling of the tank 10 as well as acoustic
sensors provided for measuring the deformations by micro-degradation:
micro-fissures or micro-fractures. The tank 10 is filled in the direction of the
arrows 14 shown in Figure 1.

Figure 2 shows a flowchart showing the principle of determination of
the risks of failure of the containment structure 10 according to the method
according to the invention. As a function of the input data relating to the
tank 10, to the product to be stored as well as to the method of filling the
tank 10 and the design basis, a predictive tool 21 makes it possible to
analytically model the theoretical behaviour of the tank 10 and to provide
indicators relating to this behaviour during the filling phase. Among these
indicators are indicators relating to the expected theoretical deformations Dg,
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on the tank 10. These indicators are communicated to a module 22 for
analysis and determination of the risks of failure.

This tank is filled with a heterogeneous, radioactive fluid, of variable
density, in several stages. During the filling phase a monitoring unit 23
provides the actual deformations Dy, measured by means of the sensors 13
placed on the tank 10. These deformations Dy, are, on the one hand
recorded for subsequent use during the modelling of the theoretical
deformations of another containment structure similar to the tank 10, and on
the other hand sent to the module 22 for analysis and determination of the
risks of failure.

The unit 22 then determines, by comparison of the theoretical
deformations Dy, calculated by the predictive tool 21 and the deformations
Dmon measured during the monitoring of the filling phase by the module 23,
the risks of failure of the tank 10. As a function of these risks, a unit 24
proposes solutions for safeguarding the tank 10 as a function of the
determined risks of failure.

We are interested in our example in the deformation undergone by a
shell 12 of the tank 10, on its central axis represented by the arrow 31 in
Figure 3, throughout the filling phase. Figure 3 is a representation of the
modelling of the deformation of the shells 12 of this tank 10 according to the
reguiatory design basis. This modelling, carried out by the predictive tool 21,
makes it possible to obtain the theoretical deformations Dy, that can be
predicted for each of the shells 12 for a set filling height. The theoretical
deformations of the shells 12 are determined with respect to an axis 32
represented in this Figure 3. At time t;, the filling height h; has been set: a
very specific state of deformation of the shells 12, predetermined by the
results of the modelling, corresponds to this height h,. Several models are
produced, for a relevant number of h;, as a function of the total height of the
shells 12. Thus, at time t, all of the theoretical displacements D, - Of the
shell 12 along the axis z are obtained. The table below gives the theoretical
deformations D, -y expected for the shells 12 of the tank 10 as a function
of the filling height:
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Regulatory theoretical disptacements Dy, 5 b : filling height at time § [n]
expected along the shell at time t (results of 0.2 0.4 0.6 08 1 1.2
the models, along Ox}
ordinate of the shell z [m] 0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.3 0.4 0.5 0.5 0.5 0.6
0.4 0.2 0.5 0.6 0.6 0.7 07
0.6 0.1 0.4 05 06 0.7 0.8
0.8 0.0 0.2 0.3 0.5 0.7 0.8
1 0.0 0.1 0.2 0.3 0.5 0.9
1.2 0.0 0.0 0.1 0.2 0.4 1.0
1.4 0.0 0.0 0.0 0.2 03 0.8
1.6 0.0 0.0 0.0 0.0 0.2 0.3
1.8 0.0 0.0 0.0 0.0 0.1 0.1
2 0.0 0.0 0.0 0.0 0.0 0.0
These theoretical deformations Dy, 2, Obtained by the predictive tool 21 by
analytical simulation are supplied to the module 22 for analysis and
5 determination of the risks of failure.

Moreover, at each time t corresponding to the setting of a filling
height h;, entry of the data from the sensors 13 is entered into and saved by
the monitoring module 23. The actual displacements Dmongn, 2 8long the
central axis 31 of the shells 12 are thus obtained. These deformations Do,

10 pare supplied to the module 22 for analysis and determination of the risks of
failure.

The module 22 for analysis and determination of the risks of failure
thus receives:

- the theoretical deformations Dy, 2), Obtained by the predictive
15 tool 21 by analytical simulation; and
- the actual deformations Dmonni, 25, Obtained by the monitoring
module 23 by means of the sensors 13.
At each time t; the theoretical Dini, ) @and actual Duengni, ) deformations are
compared. The theoretical state of deformation of the shell is thus compared
20 with its actual state of deformation: in concrete terms, for each ordinate z,
Diagni, z) 8NA Dinongni, ) @re compared.

The risks of failure of the shells 12, calculated by the module 22, are

directly linked to the differences between Dini, ) @8nd Dmonn, 2. By way of
25 example, it is possible to define 3 levels of risk, linked to three levels of

difference, and the safeguarding solutions recommended for each level of
risk:
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Difference |Dmonthi, z)} / Risk level Decision recommended to the operafor
[Dthhi, 2)| = v
Nothing to report: filling can be continued narmally
if v 2086 Low risk
Minor alert: monitoring of the deformations must be
if06<y 0.8 Moderate risk stepped up

Major alert: filling must be suspended; resumption of the
if v »0.8 High risk filing must be demonstrably justified (e.g. exploitation of
the passive reinforcements' capacity for plastic
adaptation, or proposal to reinforce the structure)

As shown in Figure 4, the operator 41, using this approach, thus has
indicators to help with the decision allowing for control of the risks of filling a
containment structure 10 and of the risks of failure of the structure linked to
the behaviour of the structure during the filling phase. He has calculation
means 42 provided to determine by simulation the theoretical behaviour of
the structure during a filling phase, monitoring means provided to determine
the actual behaviour of the structure 10 during the filling phase and
calculation means 43 provided to determine the risks of failure as well as
means of proposing a safeguard solution for each level of risk detected.

Figure 5 is a representation of the flowchart of Figure 2, in which the
determination of the failure risks of the containment structure is
concentrated on previously determined critical zones. As indicated, the
expected deformations are calculated by the predictive tool 21 only for the
critical zones and the actua! deformations are measured at the level of the
critical zones by the monitoring module 23 by means of the sensors 13.

The determination of the critical zones of the structure is carried out
via a risk analysis of the different components of the structure. This risk
analysis determines and pinpoints the most critical failure modes of the
structure: it may be based on a study of the design dossier of the structure,
for example a study of the safety margins provided in the design, and/or on
a study of the construction dossier of the structure which may reveal initial
defects, defective work, deviations in construction with respect to the design
of the structure, and/or by the taking into account of data relating to an
experiment on a similar or identical structure, i.e. data obtained on a similar
or identical containment structure used during a past experiment, and/or by
finite element modelling of the structure.
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- leakages of LNG vapour into the atmosphere.
Such a containment structure 61 is a “buffer” structure, i.e. it makes it
15 possible to regulate the storage of the LNG between its supply by tankers
and its gradual distribution to consumers. Its operating life is generally
several decades (approximately 40 to 60 years).
The internal container 62 of the tank 60 is subjected to irregular filling
and partial emptying or evacuation phases as a function of the rhythm of
20 supply and demand for distribution. As a function of the filling of the internal
container, the load on the different components of the external enclosure
varies: indirectly via the foundation raft in the case of self-supporting
structures, directly on the shells and the foundation raft in the case of
membrane-lined structures.
25 The method according to the invention makes it possible to determine
the risks of failure of such an LNG tank by monitoring the structure during
each tank filling phase and, optionally, during each tank evacuation phase,

Of course, the invention is not limited to the examples which have just
30 been described and numerous adjustments can be made to these examples
without exceeding the scope of the invention.
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4. Method according to any one of the previous claims, characterized in that

the determination of the theoretical behaviour of the structure (10)

comprises at least one simulation of said theoretical behaviour carried out in
30 simulation means (21).

5. Method according to any one of the previous claims, characterized in that
the determination of the actual behaviour of the structure (10) comprises at
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10. Method according to claim 9, characterized in that the stage of

determination of the actual behaviour of the structure (10) comprises at
least one acoustic measurement of deformation by micro-degradation.

25
11. Method according to any one of the previous claims, characterized in that
it also comprises a stage of proposing a solution for safeguarding said
structure (10) as a function of the determined risks of failure.

30 12, Method according to any one of the previous claims, characterized in that
the data relating to said structure (10) includes experimental data relating to
the filling phase of a similar structure.
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