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(54) Method for performing technical interventions on technical plants or devices in an 
environment with a risk factor, computer program and system implementing the method

(57) The present invention concerns a method for
performing a technical intervention on a technical plant
or a technical device comprising a plurality of compo-
nents in an environment with a risk factor, said method
comprising steps of (i) definition, by simulation using a
tridimensional representation of said plant, of at least one
scenario (52) comprising a sequence of operations, so-
called unitary operations (53), each unitary operation (53)

corresponding to an intervention on at least one compo-
nent of said plant, (ii) determination of at least one data
representing a consequence of at least one scenario
(52), said consequence comprising an exposure to said
risk factor.

The present invention concerns also a computer pro-
gram and a system for carrying the method.
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Description

Field of the invention

[0001] The invention relates to a method for performing
technical interventions such as construction, mainte-
nance, upgrade, renovation, and/or dismantling on tech-
nical plants or devices in an environment with a risk fac-
tor. It relates also to a computer program and a system
implementing the method.
[0002] The field of the invention is the field of the meth-
ods for the management of technical interventions in haz-
ardous environments, and in particular for dismantling of
industrial sites such as nuclear plant sites and chemical
plants sites, or for the dismantling of large technical de-
vices such as airplanes or boats.

Background of the invention

[0003] Technical interventions such as construction,
maintenance, upgrade, renovation and/or dismantling
operations of nuclear or chemical plants, or more gener-
ally of technical installations, plants or devices which in-
volve risks of contamination of the environment and/or
of the operators or explosion risks, require these risks to
be correctly handled during and after the technical inter-
vention.
[0004] Radioactive, chemical or explosive wastes (for
instance) generated by the operations must be proc-
essed correctly in order to neutralize or master these
risks.
[0005] At the same time, the costs and the duration of
the intervention must be minimized.
[0006] Industrial plants present very complex architec-
tures in which the different components are strongly in-
terconnected. It is thus very difficult to plan a technical
intervention so as to reduce the cost and the duration of
operations, while also minimizing potential hazards (con-
tamination, explosion, chemical ...). Furthermore, errors
which may be done in the planned sequence of opera-
tions or during the realization of an operation by an op-
erator may have severe consequences for the operator
or for the environment.
[0007] At the moment, there is no efficient method or
tool for assisting or guiding the actors in this domain to
plan interventions on such plants with potential hazards
for operators or environment, while taking into account
costs, durations, risks and wastes minimization.
[0008] The same issues are encountered in the dis-
mantling of large technical devices in aeronautics or na-
val domains, or terrestrial vehicles, such as aircrafts,
boats, submarines, trains, trucks, cars....
[0009] The invention leads to overcome overcoming
these problems.
[0010] In particular, the purpose of the invention is to
provide a method and a tool which allow determining, or
even minimizing, the costs, the duration and/or the
wastes of a technical intervention in a technical or an

industrial plant, or a technical item.
[0011] The purpose of the invention is also to provide
a method and a tool which allow lowering or even mini-
mizing the risks relative to such technical intervention.
[0012] The purpose of the invention is also to provide
a method and a tool which allow determining accurately
the costs, the duration and/or the wastes of such techni-
cal intervention, as well as the risks.

Summary of the invention

[0013] Such purposes are accomplished through a
method for performing a technical intervention on a tech-
nical plant or a technical device comprising a plurality of
components in an environment with a risk factor, said
method comprising steps of:

- definition, by simulation using a tridimensional rep-
resentation of said plant, of at least one scenario
comprising a sequence of operations, so-called uni-
tary operations, each unitary operation correspond-
ing to an intervention on at least one component of
said plant,

- determination of at least one data representing a
consequence of at least one scenario, said conse-
quence comprising an exposure to said risk factor,
said determination comprising steps of:

(a) for at least one unitary operation of said sce-
nario:

(i) division of said unitary operation in a se-
quence of tasks, so-called elementary
tasks, in function of data relative to said uni-
tary operation,
(ii) for at least one elementary task, deter-
mination of at least one data set represent-
ing a consequence of said elementary task
in function of data relative to the component
concerned by said elementary task, data
relative to the nature of said elementary
task, and data relative to the environment
of realization of said elementary task,
(iii) determination of at least one data set
representing a consequence of said unitary
operation, in function of at least one data
set representing a consequence of at least
one elementary task,

(b) determination of at least one data set repre-
senting a consequence of said at least one sce-
nario, in function of at least one data set repre-
senting a consequence of at least one unitary
operation of said scenario.

[0014] The method of the invention may be applied for
technical interventions such as construction, mainte-
nance, upgrade, renovation, ecological designand/or dis-
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mantling of any relevant technical or industrial plants or
technical device, such as:

- nuclear plants or nuclear sites,
- chemical plants or chemical sites (with a chemical

risk factor),
- industrial sites submitted to or inducing environmen-

tal risks or explosion risks,
- power plants (nuclear, hydroelectric, using coal),
- large technical devices in aeronautics, naval domain

or terrestrial vehicles, such as airplanes, boats, sub-
marines, trains, cars, trucks.

[0015] Risk factors which may be encountered may
comprise, for instance:

- ionizing radiations,
- radiological or radioactive contamination,
- chemical risks,
- fire related or explosive risks,
- biological, bacteriological and/or viral risks (in a med-

ical research facilities for instance),
- carcinogenic products,
- contaminating products.

[0016] According to the invention, a technical interven-
tion on a technical or industrial plant or a technical device
may be represented or modeled by a sequence of nu-
merical entities representing each a unitary operation
and making up a scenario of the intervention.
[0017] In the same way, each unitary operation may
be represented or modeled by a sequence of numerical
entities representing each an elementary task (or a single
numerical entity representing an elementary task).
[0018] According to the invention, a physical entity rep-
resenting an unitary operation or an elementary task may
be represented by a set of numerical data comprising
some input data, some output data, and at least one nu-
merical function relating the input data to the output data.
[0019] These numerical entities representing an uni-
tary operation or an elementary task may advantageous-
ly be determined on the basis of a physical approach,
using physical, mechanical, chemical modeling of the op-
erations to be done.
[0020] In the same way, according to the invention, a
component of the industrial or technical plant or an ele-
ment of the environment such as a radiation source, a
source of potential explosion or a chemical source, may
be represented by a set of numerical data which model
that component or that element.
[0021] The so-called "consequences" of scenarios,
unitary operations and elementary tasks are information
which are derived from the computed output data of the
numerical entities, and comprise the information which
are expected for evaluating the effect or the impact of
the corresponding tasks or sequences of task, for in-
stance in terms of time, cost, wastes, exposure to risk
factor...

[0022] Advantageously, the method of the invention al-
lows determining, prior to the execution of the technical
intervention, the consequences of such intervention. It
also allows to plan the actions to do before, during and
after the intervention. So, it is possible to evaluate and
quantify precisely the risks related to the intervention, the
duration, the cost, the waste....
[0023] It is also possible with the method of the inven-
tion to define a plurality of scenarios of intervention and
to select the best scenario according to its consequenc-
es.
[0024] As a result, the method of the invention allows
on one hand to determine accurately the costs, the du-
ration, the wastes ... of the intervention, and on the other
hand to lower or even minimize these results.
[0025] According to the invention, a pre-determined
sequence of elementary tasks may be associated with
an unitary operation. That sequence may comprise tasks
in series, that is at least two related tasks, and/or tasks
made in parallel, that is at least two tasks made, at least
partially, at the same time.
[0026] Advantageously, the method of the invention
may comprise a modification of the content of at least
one unitary operation by adding, removing or modifying
at least one elementary task of the predetermined se-
quence.
[0027] For instance, a "standard" predetermined se-
quence of elementary tasks may be customized or mod-
ified to adapt to a specific configuration, in function of
information relative to the plant, and/or a component of
the plant concerned by the elementary operation.
[0028] According to some modes of implementation of
the invention, for at least one scenario, the step of deter-
mination of at least one data set representing a conse-
quence of said scenario may be done at the same time
as the definition of the scenario, said at least one conse-
quence data set being updated along the definition of the
scenario.
[0029] In other words, when an unitary operation is
added to a scenario, or removed from a scenario, or when
an unitary operation of a scenario is modified, the step
of determination of at least one consequence data set of
said scenario may be done immediately, and said at least
one consequence data set may be updated simultane-
ously.
[0030] Thus, during the operations’ planning or the
construction of a scenario, it is possible to test several
unitary operations or several versions of a unitary oper-
ation, and to choose the one for which a given conse-
quence parameter is optimized, such as the cost, the
duration, the wastes and/or a contamination/explosion
risk. In such mode of implementation, the method of the
invention allows a better flexibility.
[0031] According to modes of implementation in which
the method of the invention is executed for a plurality of
scenarios, said method may further comprising a step of
selection of at least one scenario among a plurality of
scenarios by comparison of the data sets representing
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the consequences of each of said scenarios.
[0032] In such mode of implementation, the method of
the invention and in particular the steps of definition of a
scenario and of determination of the data set(s) repre-
senting the consequences of said scenario may be re-
peated for several intervention scenarios.
[0033] The method of the invention may then further
comprise a step of selecting a scenario among a plurality
of already-defined scenarios by comparing computed da-
ta sets representing consequences of said scenarios.
These compared consequences may comprise param-
eters such as cost, duration, and/or risk.
[0034] According to some modes of implementation, a
sequence of elementary tasks of an unitary operation
may be further arranged depending on data relative to
the environment of realization of said unitary operation.
[0035] Indeed, the environmental conditions, or con-
text information, may require modifications or adapta-
tions of the proceedings and the content of a sequence
of elementary tasks of an unitary operation.
[0036] For instance, the sequence of elementary tasks
representing an operation of cutting of a tank with radi-
oactive materials comprises an elementary task consist-
ing in equipping the operator (human or robot) of suitable
protections again the ionizing radiations, whereas the se-
quence of elementary tasks representing an operation
of cutting of a tank containing water does not comprise
that elementary task.
[0037] According to the invention, the definition of an
unitary operation part of a scenario may comprise:

- a move of an avatar corresponding to a human op-
erator, a team and/or a machine in the tridimensional
environment representing the plant or the device,

- a selection of an intervention to be executed on a
component of said plant or device, and

- a contextualization of said selected intervention in
function of data relative to said component and/or to
the environment of realization.

[0038] According to an example of implementation:

- the user commands the move of the avatar in the
tridimensional environment using an interaction tool
or a man machine interface (MMI), such as a mouse
or a touchscreen, by indicating the path to follow;

- the displacement(s) of the avatar are recorded;
- the user selects the component on which the oper-

ation must be done, in the tridimensional environ-
ment; and

- the user selects the operation to be done on the com-
ponent.

[0039] Of course, these actions may be done as listed
or in a different order.
[0040] The data sets representing a consequence of
an elementary task or a unitary operation or a scenario
may comprise data relative to at least one of the following:

- a duration of realization,
- an amount of generated wastes,
- physical characteristics of a generated waste,
- a cost of realization,
- a radiological contamination rate,
- a chemical contamination rate.

[0041] The data relative to a component of the plant
may comprise data relative to at least one of the following:

- the physical characteristics of the component,
- the dimensions of the component ,
- a matter of the component,
- the localization of the component,
- at least one function of the component,
- at least relation of said component with at least one

other component of said plant.

[0042] The data relative to an elementary task may
comprise data relative to at least one of the following:

- a mode of operation,
- a tool for executing the task,
- a preceding or subsequent elementary task,
- an author of the task, such as for instance a human

operator, a team or a robot.

[0043] The data relative to the environment of a task
and/or of an operation may comprise data relative to at
least one of the following:

- a presence of a radiological radiation, or toxic/chem-
ical/explosive products,

- environmental data,
- a configuration of the components of the plant.

[0044] The method of the invention may further com-
prise a step of generation of a tridimensional represen-
tation of the plant.
[0045] It may in particular comprise a representation
of the plant with a scaling factor respecting the its real
dimension, and comprising:

- a representation of the components of the plants,
- the localization of these components,
- the relations or the structural or functional links be-

tween these components.

[0046] The method of the invention may further com-
prise a display of such tridimensional plant’s represen-
tation, for instance on one or several display screens.
[0047] Such plant’s representation may be an interac-
tive representation allowing the user to move an avatar,
symbolizing an operator, in the plant.
[0048] The tridimensional representation of the plant
may be generated by any relevant means, such as for
instance:
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- plans, drawings or CAD models,
- photogrammetric, scene analysis and image seg-

mentation techniques.

[0049] The method of the invention may further com-
prise a memorization or a recording of the interactions
of the user with/in the tridimensional representation, and
in particular of the move of an avatar controlled by the
user.
[0050] The method of the invention may be used for
performing a technical intervention on at least one of the
following items: a nuclear site, a nuclear plant, a chemical
site, a chemical plant, a power plant, an airplane, a boat,
a submarine, a train, a truck, a car.
[0051] More generally, the method of the invention may
be used for performing a technical intervention on any
relevant industrial or technical site or plant or device.
[0052] According to another aspect of the invention, it
is proposed a computer program able to be executed on
an electronic/computer device, comprising instructions
for carrying out the steps of the method of the invention
when said computer program is executed on said appa-
ratus.
[0053] Such computer program may be coded in any
software language, such as for instance C, C++, C#,
JAVA...
[0054] According to another aspect of the invention, it
is proposed a method for performing a technical inter-
vention on a technical plant or a technical device, com-
prising steps of:

- planning/selection of a scenario according to the
method of the invention, and

- execution of said scenario on said plant.

[0055] According to still another aspect of the inven-
tion, it is proposed a system comprising means adapted
to carry on the steps of the method according to the in-
vention.
[0056] Such system may comprise a computer fitted
with:

- one or several processors and/or calculators fitted
with the executable instructions for realizing the
steps of the method;

- one or several selection tools, such as a keyboard,
a mouse, a 3D mouse, a touchscreen, a touchpad;

- one or several display and visualization means of
the tridimensional environment simulating or repre-
senting the plant, such as one or several display
screens;

- one or several data bases on storage means such
as hard disk drives, comprising numerical represen-
tations or models of numerical entities, and corre-
sponding respectively, for instance, to :

(i) a component of the plant,
(ii) a unitary operation,

(iii) an element of the environment such as a
source of radioactive radiation, a source of pos-
sible explosion, a chemical source.

Description of the drawings

[0057] The methods according to embodiments of the
present invention may be better understood with refer-
ence to the drawings, which are given for illustrative pur-
poses only and are not meant to be limiting. Other as-
pects, goals and advantages of the invention shall be
apparent from the descriptions given hereunder.

- Fig. 1 shows a 3D representation of a technical plant
such as modeled in the method of the invention,

- Fig. 2 shows a flow chart of the tasks carried out by
the method of the invention,

- Fig. 3 shows a flow chart of the calculations and the
data in the method of the invention.

Detailed description of the invention

[0058] With reference to Fig. 1, Fig. 2 and Fig. 3, we
will now describe a detailed mode of realization of the
invention for the organization, the evaluation, the plan-
ning and the execution of technical interventions on nu-
clear plants.
[0059] This mode of realization is primarily intended
for dismantling operations of nuclear plants or nuclear
sites.
[0060] However, it must be understood that it may also
be used for any other kind of interventions on such plants,
such as for instance construction, maintenance, up-
grade, renovation ans/or ecological design operations.
[0061] It is also clear that this mode of realization of
the invention provides a frame which may be easily
adapted for the organization, the evaluation, the planning
and the execution of technical interventions in environ-
ments submitted to other risks, such as chemical risks.
[0062] As previously explained, the invention provides
a method and a tool which allow defining intervention
scenarios by simulating the operations and evaluating
their consequences. Once defined, the scenarios may
be carried out on the real plant.
[0063] So, according to the invention, a technical in-
tervention on a technical plant comprises the following
steps:

- defining a scenario of the intervention by simulating
the operations which make it up on a computer,

- using the information deduced from that scenario,
planning the intervention in terms of schedule, hu-
man means and material means, and

- executing the operations.

[0064] In addition, in case of unexpected event or dif-
ficulty during the execution, introduce the new conditions
into the simulated scenario, recompute the scenario and
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adapt the intervention accordingly.
[0065] The method of the invention aims at providing
the most realistic and reliable scenario, including the es-
timation of its consequences, by using a global approach
which relies on physical and realistic data such as:

- the kind of operations (cutting, handling, ...)
- the means used (equipment, skills and qualification

of operators, performances of tools),
- the context (nuclear industry, ...),
- the environment (of the elements or the objects, the

risks, ...).

[0066] All these contextualization parameters (or at
least as much as possible or the relevant ones) are taken
into account for computing the scenario and the conse-
quences.
[0067] The method of the invention is mostly imple-
mented as simulation software running on a computer.
An user interacts with the computer through a Man-Ma-
chine Interface (MMI) in order to define, evaluate and
compare intervention scenarios.
[0068] The method comprises a step 22 of modeling
of the operation scene.
[0069] The purpose of that modeling step 22 is to pro-
vide a tridimensional (3D) representation 10 of the plant,
which includes a description as accurate as necessary
of that plant and the various equipments which are
present in the intervention area.
[0070] That 3D representation 10 may be generated
manually by the user who runs the simulation method,
using an embedded editor.
[0071] The embedded editor is well fitter to model quite
simple scenes. It comprises an object library 23 with pre-
defined components 14 such as for instance tanks, pipes,
walls, frames, pumps ..., which may be easily combined.
[0072] The method of the invention may also comprise
a step 21 of importing of a tridimensional (3D) model of
the plant.
[0073] The 3D model may be obtained by different
sources:

- it may be derived from a theoretical description of
the plant, based for instance on plans and/or CAD
model of the plant,

- it may use measurement information generated by
a 3D scanner or a photogrammetric technique, for
instance for obtaining up-to date information on "old"
plants.

[0074] Of course, the 3D representation 10 of the plant
may be obtained by importing a 3D model and by editing
it using the embedded editor and the object library 23.
[0075] The information on the components 14 used in
the 3D representation 10 (either imported or issued from
the object library 23) may be enhanced with contextual-
ization information that may be used in the scenarios.
Such contextualization information may comprise for in-

stance a provisional classification for waste manage-
ment, a matter, anything related to a physical dimension
(length, width, height, thickness, diameter), a presence
at the beginning of the scenario, a radiological shield ...
[0076] The 3D representation 10 of the plant may com-
prise also radiation sources 15 which allow characteriz-
ing the radiations present in the scene.
[0077] These radiations sources 15 may be placed
based on the plant’s plans, or manually by the user. They
may also be derived from information obtained by meas-
urements.
[0078] The radiations sources 15 are characterized in
terms of activity and radioactive elements. They may be
linked to components 14 or equipments. They may also
appear as virtual objects, for instance for modeling punc-
tual radiation sources.
[0079] If other risks are taken into account (such as for
instance chemical risks), they are also be modeled and
managed in the same way.
[0080] As illustrated in Fig. 1, the MMI of the simulation
software comprises a display of the 3D representation or
the scene 10, populated with the defined components
14, and which the user may interact with.
[0081] The method of the invention further comprises
a step 24 of simulation of scenario.
[0082] As illustrated on Fig. 3, a scenario 52 comprises
a sequence of unitary operations 53. Each unitary oper-
ation 53 corresponds to an intervention on at least one
component 14 of the scene 10, with an operating condi-
tion and a tool or some specific means.
[0083] A unitary operation 53 may further be composed
by a plurality of unitary tasks.
[0084] The computation of the consequences of the
scenario comprises the computation of the consequenc-
es of the unitary operations 53 (or their unitary tasks).
[0085] In order to simulate a scenario, the user inter-
acts with the scene 10 in the MMI by moving an avatar
11 representing the operator or the team. The avatar 11
may be controlled by any relevant input device, such as
a mouse, a touchpad, a keyboard, a touchscreen on
which the scene is displayed...
[0086] For instance, on the example shown on Fig. 1,
the user moves the avatar 11 along a trajectory 13, and
performs an operation on an element 14.
[0087] The avatar 11 is a realistic representation of the
operator or of the team, at least to the extent of what is
necessary for the execution of the method.
[0088] The software further comprises a collision
check module 27 which allows verifying that the trajectory
13 proposed by the user is physically feasible. If the av-
atar 11 collides with an element 14, it is blocked so that
the user knows that the move is not possible in-situ.
[0089] In the same way, during the simulation of the
unitary operations 53, the accessibility by the operator is
checked using the contextualization data, so that a warn-
ing is issued by the software if a unitary operation 53 is
attempted at a place where it would be impossible to do
it in the real world.
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[0090] The user can select an avatar 11 which repre-
sents an operator adapted to the conditions of interven-
tion.
[0091] For instance, a human operator or a team must
wear different clothes depending on the risk level. That
choice determines its dexterity and the allowed daily work
duration. So it affects its productivity.
[0092] If the environmental conditions do not allow a
human intervention, the user may select a robot operator.
That choice conditions also the productivity, the acces-
sibility, the use of specific tools, and the risks (depending
on the maintenance conditions for instance).
[0093] The consequences of the unitary operations 53
are computed directly so that the user can visualize di-
rectly the consequences and the risks of the scenario 52
he is working on, such as:

- the dose of radiations received by the operator,
- the duration of operations, and thus the schedule of

the teams,
- the costs, including tools and labor,
- the amount and the kind of wastes, direct and in-

duced, and their valorization,
- the flow chart of the operations.

[0094] The scene 10 is updated continuously in func-
tion of the results of the unitary operations. For instance,
a cut element disappears.
[0095] Once a scenario 53 is completed, the method
further comprises a step 25 of generation of a report, with:

- a flow chart of the scenario,
- the results in terms of consequences and risks,
- a video showing the simulation of the operations,
- possibly some comparison data with other scenari-

os.

[0096] The reports may be exported in any relevant
format for further use, such as Microsoft® Office® for-
mats.
[0097] The method further comprises an analysis mod-
ule 54 which allows doing comparisons and statistics on
scenarios.
[0098] The analysis module 54 allows also doing sen-
sitivity studies. Once a scenario is defined, it may be rec-
omputed with some changes in the initial input data, such
as for instance: the risk area of the level of radiations,
different tools or operating conditions ... So, it is possible
to check the robustness of a scenario according to work
hypothesis or margins of errors of the initial data.
[0099] Alternative or backup scenarios may also be
created very quickly for handling incidents ...
[0100] We will now describe more in details the meth-
odology of the computation of the consequence of the
scenario, or their output data.
[0101] The method comprises the computation of the
duration, then of the risks. Indeed, the exposure to said
risks depends on the duration.

[0102] The input data 51 is determining for the efficien-
cy of the simulation as it describes the environment of
realization or the context of the operations. Basically, that
input data 51 is provided by the user. It may of course
be stored or organized in libraries, as large parts may be
common to several interventions, or sites.
[0103] Without being limitative, the input data 51 may
comprise:

- the 3D model of the scene,
- a stock-list of items,
- the available tools,
- the operating conditions (depending for instance on

the equipment of the operator),
- the risks management constraints,
- the waste management constraints,
- legal and regulations constraints,
- any other relevant context data.

[0104] Each unitary operation 53 is split in elementary
tasks, the calculation of which uses a physical approach
depending on the context given by the input data 51.
[0105] For instance, an cutting operation of a tank 14
comprises several elementary tasks such as:

- the preparation of the working area, which depends
on the team, the difficulties of the operation, the en-
vironment, the risks...

- the installation of the equipment, which depends on
the tools, the environment...

- the cutting operation, which depends on the tool, its
performances, and the tank 14 (geometry,
materials, ...)...

- the evacuation and the conditioning of the wastes,
which depend on the size of the packages, the chem-
ical and radiological risks of the cut element 14, the
site regulations, the packaging procedures, the con-
taminated waste containers management proce-
dures...

- the checks, which depend on the environment and
the risks.

[0106] The scheduling and the "weight" of these tasks
depend on the context: for instance the duration of the
checks will have a different weight depending if the work
is done in an environment with a high or a low radioactivity
level, or with a chemical or an explosive risk.
[0107] For each of the elementary tasks of an unitary
operation 53, calculation functions have been defined
(for operation, cost, duration, risk, wastes,...) which takes
into account the contextual elements given by the input
data 51 (which can be also considered as model param-
eters). So, advantageously, these functions may be effi-
ciently adapted through the model parameters to a large
variety of contexts.
[0108] The user defines an unitary operation by suc-
cessively selecting a kind of operation (cutting, han-
dling...), an element 14 to process, an operating condition
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(equipment and clothes of human operator(s), model of
robot operator(s)), a tool, a team...
[0109] The model computes then the consequence da-
ta associated with that unitary operation 53.
[0110] As previously explained, the definition of sev-
eral consecutive unitary operations defines a scenario
52.
[0111] The calculation of the duration of the operations
is very important because it conditions most of the costs
of an intervention.
[0112] It takes into account:

- an estimate of the time to fulfill the elementary tasks,
- the operating conditions, including the equipment of

the operators,
- the regulation concerning the daily duration of work,
- the complexity of the scene and the general config-

uration of the working environment (which may be
narrow, very radioactive...),

- the composition of the team,
- the skills of the operator,
- the constraints related to the element 14 on which

the operation is conduced,
- the gains in efficiency for repeated operations.

[0113] The calculation of the risks, in the context of the
current detailed mode of realization, comprises mainly a
calculation of the dose of radioactivity that the operator
or the team (represented by the avatar 11) absorbs on
the scene 10. That calculation is done by a specific ra-
diation dose calculation module 26 during the simulation
of the operations.
[0114] It comprises:

- a computation of the instant doses during the dis-
placement of the avatar 11 on the scene. That com-
putation is based on Monte-Carlo simulations, taking
into account the location, the radioelement and the
activity of the sources, the distance from the opera-
tor, the absorption or the attenuation by crossed ma-
terials, and the radiological activation of crossed ma-
terials by incident ionizing radiation (build-up effect).
The calculation is done at the location of the avatar
11;

- a computation of the cumulated doses during unitary
operations, based on the location of the operation
and its duration.

[0115] Absorbed doses of radioactivity related to main-
tenance operations and waste management is also taken
into account.
[0116] As previously explained the wastes comprise
direct wastes and induced wastes.
[0117] Direct wastes are generated by unitary opera-
tions, and they are classified during the execution of the
scenario according to their risk level (radioactivity, chem-
ical) and the waste management procedures.
[0118] Their conditioning and storage depend on the

local regulations. These aspects are taken into account
in the model using context elements of the input data 51.
[0119] Inducted wastes include discarded tools, con-
sumables, and contaminated liquids.
[0120] So, all wastes may be evaluated in terms of vol-
ume, conditioning and storage costs, and management
duration using the model equations and the context ele-
ments.
[0121] Finally, the costs are evaluated in terms of:

- hourly rate of manpower,
- costs of tools,
- risk mitigation costs,
- costs of wastes.

[0122] Advantageously, it should be noted that the
method of the invention provides a general framework
which may easily be adapted to a large variety of con-
texts, because the context-related elements are intro-
duced as parameters in the calculations.
[0123] Indeed, the model for the computation of the
unitary operations 53 or the elementary tasks comprises:

- a function part which describes the physical opera-
tion and the tool, and which is fairly independent of
the context (a cutting operation in the nuclear indus-
try or in the chemical industry is basically the same),

- a part provided as model parameters which introduc-
es the effect of the context (risk, equipment of the
operator, ... which affects for instance the duration
and the space needed for the task).

[0124] In addition, the context is given by the input data
51, whose data structure is arranged so as to allow cod-
ifying all relevant aspects relative to a variety of hazard-
ous environments.
[0125] For instance, the context of the chemical indus-
try may also be described by the same input data 51
elements: 3D model, stocklist, tools, operating conditions
(for instance specific operators equipment such as pro-
tective suits and gasmasks), risks, contaminated wastes,
regulations ...
[0126] The calculation of the exposure to a chemical
risk (for instance) requires to change the corresponding
module 26 in the software (or to have several available
risk-calculation modules 26), but the risk-related infor-
mation may be introduced in the same way in the calcu-
lation of the consequences of the scenario using for in-
stance the model parameters. And of course several risks
(nuclear, chemical, explosive) may be considered simul-
taneously by using several risk-calculation modules.
[0127] While this invention has been described in con-
junction with a number of embodiments, it is clear that
many alternatives, modifications and variations would be
or are apparent to those of ordinary skill in the applicable
arts. Accordingly, it is intended to embrace all such al-
ternatives, modifications, equivalents and variations that
are within the spirit and scope of this invention.
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Claims

1. A method for performing a technical intervention on
a technical plant or a technical device comprising a
plurality of components (14) in an environment with
a risk factor, said method comprising steps of:

- definition, by simulation using a tridimensional
representation (10) of said plant, of at least one
scenario (52) comprising a sequence of opera-
tions, so-called unitary operations (53), each
unitary operation (53) corresponding to an inter-
vention on at least one component (14) of said
plant,
- determination of at least one data representing
a consequence of at least one scenario (52),
said consequence comprising an exposure to
said risk factor, said determination comprising
steps of:

(a) for at least one unitary operation (53) of
said scenario (52):

(i) division of said unitary operation in
a sequence of tasks, so-called elemen-
tary tasks, in function of data relative to
said unitary operation (53),
(ii) for at least one elementary task, de-
termination of at least one data set rep-
resenting a consequence of said ele-
mentary task in function of data relative
to the component (14) concerned by
said elementary task, data relative to
the nature of said elementary task, and
data relative to the environment of re-
alization of said elementary task,
(iii) determination of at least one data
set representing a consequence of said
unitary operation (53), in function of at
least one data set representing a con-
sequence of at least one elementary
task,

(b) determination of at least one data set
representing a consequence of said at least
one scenario (52), in function of at least one
data set representing a consequence of at
least one unitary operation (53) of said sce-
nario.

2. The method of claim 1, wherein, for at least one sce-
nario (52), the step of determination of at least one
data set representing a consequence of said sce-
nario (52) is done at the same time as the definition
of the scenario (52), said at least one consequence
data set being updated along the definition of the
scenario (52).

3. The method of any of the preceding claims which is
executed for a plurality of scenarios (52), said meth-
od further comprising a step of selection of at least
one scenario (52) among a plurality of scenarios (52)
by comparison of the data sets representing the con-
sequences of each of said scenarios (52).

4. The method of any of the preceding claims, wherein
a sequence of elementary tasks of an unitary oper-
ation (53) is further arranged depending on data rel-
ative to the environment of realization (51) of said
unitary operation (53).

5. The method of any of the preceding claims, wherein
the definition of an unitary operation (53) part of a
scenario (52) comprises:

- a move of an avatar (11) corresponding to a
human operator, a team and/or a machine in the
tridimensional environment (10) representing
the plant or the device,
- a selection of an intervention to be executed
on a component (14) of said plant or device, and
- a contextualization of said selected interven-
tion in function of data relative to said component
(14) and/or to the environment of realization
(51).

6. The method of any of the preceding claims, wherein
the data sets representing a consequence of an el-
ementary task or a unitary operation (53) or a sce-
nario (52) comprises data relative to at least one of
the following:

- a duration of realization,
- an amount of generated wastes,
- physical characteristics of a generated waste,
- a cost of realization,
- a radiological contamination rate,
- a chemical contamination rate.

7. The method of any of the preceding claims, wherein
the data relative to a component (14) of the plant
comprises data relative to at least one of the follow-
ing:

- the physical characteristics of the component,
- the dimensions of the component ,
- a matter of the component,
- the localization of the component,
- at least one function of the component,
- at least relation of said component with at least
one other component of said plant.

8. The method of any of the preceding claims, wherein
the data relative to an elementary task comprises
data relative to at least one of the following:
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- a mode of operation,
- a tool for executing the task,
- a preceding or subsequent elementary task,
- an author of the task.

9. The method of any of the preceding claims, wherein
the data relative to the environment of a task and/or
of an operation comprises data relative to at least
one of the following:

- a presence of a radiological radiation or tox-
ic/chemical/explosive products,
- environmental data,
- a configuration of the components (14) of the
plant.

10. The method of any of the preceding claims, which
further comprises a step of generation of a tridimen-
sional representation (10) of the plant.

11. The method of any of the preceding claims, which is
used for performing a technical intervention on at
least one of the following items: a nuclear site, a nu-
clear plant, a chemical site, a chemical plant, a power
plant, an airplane, a boat, a submarine, a truck, a car.

12. Computer program able to be executed on an elec-
tronic/computer apparatus, comprising instructions
for carrying out the steps of the method according
to anyone of the claims 1 to 11 when said computer
program is executed on said apparatus.

13. Method for performing a technical intervention on a
technical plant or a technical device, comprising
steps of:

- planning of a scenario (52) according to any of
claims 1 to 11, and
- execution of said scenario on said plant.

14. System comprising means adapted to carry on the
steps of the method according to anyone of claims
1 to 11.
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