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Abstract

For the design of purification cycles using ligliigiid extraction techniques, a process developrapptoach based
on process modelling was chosen. This approachhviedahe development of a qualified simulation tashich had been
successfully used for process flowsheet desigmaxistrial plants, and safety analysis of plant afi@n. Possible software
applications to aid plant operation using this dieal simulation code were proposed, including: omodtic flowsheet
calculations; simulation tools for process moniigror control; and a diagnostic tool. This thirgokgation allows detection
of the occurrence of a process malfunction frona déditained in monitoring the state of process patars. A combination
of calculations, using the process simulation cadd neural network techniques, is used to deterthieenature of the
malfunction (i.e. which operating parameter hasgled), the amplitude of the parameter change, lemtirne at which the
malfunction has occurred. Such a diagnostic apicais possible because of the reliability andespef the process
simulation. The tool’s ability, following detectiaf a malfunction, to identify the changes in opieg@parameter responsible
for the malfunction using an appropriate processitodng treatment could be an example of a featdiiaterest for NRTA
purposes.

This paper will present the process simulation soml the diagnostic tool, to illustrate what cooédachieved using
existing qualified simulation tools. There areldtitther developments required, but the applicat®oconsidered worthy of
further consideration.

1. THE PAREX CODE [1]

Process development in CEA is based on a modedlipgoach which results in a qualified numeric code
for solvent extraction operations simulation. THEREX code is able to simulate the behaviour ofgpecies of
interest in the different solvent extraction opienad of the PUREX process, in steady or transigieslt takes
into account the specificity of the different typefscontactors used in the process for a good sitioul of their
mass transfer efficiency.

Before its use for industrial applications, thisdeowas qualified by confrontation with appropriate
experimental data. The models of the main phenomenabedded in the code (distribution models fockse
of interest, kinetics of mass transfer or of redeactions) were qualified at first. Flow sheet axpents
performed in or pilot of different scales, usindfelient type of contactors (mixers-settlers, pulsetbmn or
centrifugal contactors) were used for this purpoBee concentration profiles measured in steady stag
confronted to simulation results. Severe malfuncieading plutonium build-up and leakage were penéd.
The transient response of the process was comparmtilation results [2].

The PAREX code was used for the design of the imdisiuclear fuel reprocessing plant in La Hague.

These tasks mainly included flowsheet design anonigation of the solvent extraction purificatiopctes [3]
[4] and safety analysis of their operation. Thigdiatask consist in the determination of the aldé operating
margin. Steady state simulations of the procesh initreasing deviations applied to operating patarseare
performed to determine the level of deviation legdio the occurrence of critical events like plutom build-up
and leakage. These steady-state parametric siwnlegizeals also the process-state indicators, bdfar the
design of the process monitoring system. Transegntlation are then performed in case of severéumetion
to select the process state indicators that allmly eletection in order to allow in time correctizetions.
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The PAREX code is also used on the La Hague sitanaaid for plant operation either for safety
considerations (operating margin evaluation in gjpegperating conditions) but also for procesaibite shooting.
Its ability of process simulation can help to asalyeculiar process deviation from nominal behayithus
giving a valuable insight of the process operatisaful to decide for a corrective actions when rdd8].

2. THE DIAGNOSTIC TOOL

A diagnostic tool has been developed based on &REX code [6]. Its purpose was to detect the
occurrence of a malfunction and propose a diagnaestits origin, by the monitoring of process staigicators.
The diagnostic given includes the nature of thefunation (which operating parameter (s) has chapghe
amplitude of the change and the time of occurrefbés work was done in the frame of a PhD theskesE
features are obtained using the PAREX code combiméid a neural network technique, consisting in the
establishment of a set of associative memories.

Process
Perturbation Space Process monitoring
l
Simulation Model Process data
l

Response Space Treatment algorithm

Learning algorithm Diagnostic
ASSOCIATIVE MEMORIES OPerator

Figure 1- Principle of the diagnostic tool

The scheme presented in Figure 1 shows how thevrdids. All possible process perturbations arerabefi
in the perturbation space. For instance, a prqeedarbation is defined by an operating parametéreoprocess,
its range of value, the time of its occurrence. pifteess dynamic responses corresponding to egehtofbation
of the perturbation space will be calculated irefireed time frame using the PAREX code, generdtiegrocess
response space.

The first step for the diagnostic tool is the léagnstep. It consists in associating the simulgattess
responses to the perturbation at its origin usiifierént set of associative memories. A set of aeisdive
memories is used to associate an operating paratoeteprocess indicator. For one parameter thebeurof
associative memories sets is equal to the numbpraziess indicators to consider. In the diagngstiase, the
measured process indicator responses are send todhand the associative memories will deterntireemost
probable perturbation that has occurred, precisinigh parameter is concerned, the magnitude op#nameter
deviation and moreover, the time at which it hasuoed. This result is obtained by confronting thes
experimental values to the set of associative mes@vailable after the learning step.

The algorithms for learning used to fit associatimemories parameters to effectively “associate” the
process response to the perturbation applied orpitheess is based on 3D-image transformations. aich e
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perturbation that has occurred at a given timefindd by the nature of the deviated parameteiir(auat), and
the process indicator (output), all the transi@&sponses of the latter simulated over a time frareedefined
corresponding to different values of the paramaterput together forming a 3D-image as shown inEIG

Process indicator
response

FIG 2-Example image associating an operating parameténédransient responses of a process indicator

The association of this type of response to deviatapplied to the considered operating parameter a
determined so as to transform the so constructethizige into a plane image as shown in

FIG 3.

First image :Initial simulations
For a given parameter deviation and a process indicator

Second intermediate image

Final « flat » dimage

FIG 3-Association of an operating parameter P and thasrant responses of a process indicator:
transformation of the 3D initial image into a flabage

To illustrate how the diagnostic mode works, sugpes extract one of the transient responses of a
process indicator (P_Ind) obtained with variatiohsperating parameter P (first image represeimed
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FIG 3), corresponding to a given value (P_valughefoperating parameter. Consider the image addain
by filling the area with the same curve. The treaitrof this new image by the associative memoegésed to
(P, Ind) give a new image. The comparison of tlei& image with the flat image obtained at the leggrstage
will only coincide at the parameter value (P_valofdhe chosen response as an input for the didignos

To allow the determination of the time of occurremnd an operating parameter change sets of asiseciat
memories are considered for different hypothesisnaé occurrence. The results of the diagnosiseapessed
through charts of the type shown in FIG 5 for aegichoice of an operating parameter and a prondgsator.
Each square on the chart correspond to a pertarbdtfined by the parameter value (x axis) and tithe
occurrence of the parameter change (y axis). Tlgatton of the squares represents the differentiethe “flat”
image: dark colorations means very weak differdmeey probable perturbation hypothesis) and cletration
very great difference (very improbable hypothesis).

The diagnostic tool has been tested to diagnostitatiunction due to a sharp decrease in nitric acid
concentration of the scrub phase in an extracticmiebing flow sheet of PUREX process. The diageastsults
are given on FIG 6. This malfunction was corredéyected considering the acid nitric of the scro@se as input
parameter and variation of the aqueous plutoniuncentration in the last scrubbing stage (inletonfib phase).
The right part of the chart give the output resgorarresponding to the supposed perturbation. rfEsjgonse fit
well with experimental results in the case of hyyesis 1 (most probable perturbation) but not indase of
hypothesis 2.

Extracted curve
corresponding to Image obtained by Image transformed using the associative
Parameter value P_value recopying the same curve Memories related to (P, Ind)

and process consi dered

comparison with the flat
image corresponding

difference

Coincidence the images
for the value P_value

Parameter value

FIG 4 —lllustration of diagnostic treatment: determinatiohthe parameter value

Dark coloration : close to « flat » image
Light ot no coloration : poor or no
coincidence with « flat » image
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FIG 5 —Diagnostic chart for an operating parameter andragess indicator
including time of occurrence determination
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FIG 6 —Application to the diagnostic of low acidity scrubiin an extraction scrubbing flowsheet.
Left: most probable perturbation in red (time aradity value) - right: corresponding simulated pesises

3. POTENTIALITIES FOR NRTA APPLICATION

The perturbation space as well as the response spacbe re-defined as to adapt the diagnosticdoml
different purpose, NRTA for example.

We have considered in the previous section a getiom as a stepwise change of one operating péegme
but the perturbation could be re-defined to megiexific diagnostic for NRTA purpose for examptecduld be
any combination of the available input of the pgxéoperating parameter). Different forms of patamehange
different from stepwise change could also be takém account. This could be interesting to detgxtcsic
exploitation procedures. As the process perturbatare associated to their impact on all the avigilprocess
indicators, the coherence of the process indicatars be checked, consolidating the diagnostics. dfar
perturbation, charts giving the probabilities o€orence of this perturbation can be obtained uthiedglifferent
available process indicator. The superpositionheirtresults can give a synthetic probabilitiesrthar this
perturbation. Moreover, it could be also a way etedt abnormal response of one process indicator.

4. CONCLUSIONS

The diagnostic tool presented based on the usejoblified process simulation tool and neural nekwo
technics proved to be efficient in process malfiomctietection and is able to give precise valuaffiermation
about the perturbation, its nature, magnitude and bf occurrence. It could be interesting to adaptproposed
features for NRTA purpose by redefining the typ@eifturbations are worth to detect and analyseis. Wbrk is
still to be done. But it is an interesting pathttvarth to be further developed for NRTA purpose.
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