N
N

N

HAL

open science

Study of the effectiveness of Bayesian kriging for the
decommissioning and dismantling of nuclear sites

Martin Wieskotten, Marielle Crozet, Bertrand Iooss, Céline Lacaux

» To cite this version:

Martin Wieskotten, Marielle Crozet, Bertrand looss, Céline Lacaux. Study of the effectiveness of
Bayesian kriging for the decommissioning and dismantling of nuclear sites. European Network for

Business and Industrial Statistics 2021, Sep 2021, Valence, Spain. cea-04742897

HAL Id: cea-04742897
https://cea.hal.science/cea-04742897v1

Submitted on 18 Oct 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://cea.hal.science/cea-04742897v1
https://hal.archives-ouvertes.fr

CETAMA @
Maétrologie et Analyses Chimiques

AVIGNON

DE LA RECHERCHE A 'INDUSTRIE

Study of the effectiveness of Bayesian kriging for the decommissioning and dismantling of
nuclear sites.

1= LMA - Université d’Avignon
Directors : Céline LACAUX! et Bertrand 100SS? 2= EDF R&D

Supervisors : Marielle CROZET3 *= CEA Marcoule

Martin Wieskotten

13-15 septembre 2021
ISEC | DMRC | CETAMA

Institut pour les sciences et technologies pour une économie circulaire des énergies bas carbone

Commissariat a I’énergie atomique et aux énergies alternatives - www.cea.fr




B o

ceTama LIMA

B T

o Context

o Geostatistical Model

o Bayesian Kriging

o Conclusion

Commissariat a I'énergie atomique et aux énergies alternatives
Document propriété du CEA - Reproduction et diffusion externes au CEA soumises a I’autorisation de I’émetteur

Institut pour les sciences et

ISEC I DMRC | CETAMA

ies pour une é

des énergies bas carbone




B o

ceTama LIMA

B T

o Context

o Geostatistical Model

o Bayesian Kriging

o Conclusion

Commissariat a I'énergie atomique et aux énergies alternatives
Document propriété du CEA - Reproduction et diffusion externes au CEA soumises a I’autorisation de I’émetteur

Institut pour les sciences et

ISEC I DMRC | CETAMA

ies pour une é

des énergies bas carbone




« . l
AVIGNON

Context
- N DE’MANT\ELEM ENT D’I NB Geostatistical Model

Bayesian Kriging
Future Works

B Wave of Dismantling and Decommissioning of nuclear sites.

B The ASN (Autorité de SGreté Nucléaire) identified in 2019 35 sites in France:
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Figure 1 Map of stopped or in dismantling sites in january (ASN)

B Complex operationnal steps required, usually planned during the creation of the INB
(Installation Nucléaire de Base) with the dismantling plan.
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B Challenges due to radioactivity:
U Radioprotection of operators.

U Management of nuclear waste (sometimes substancial amount of low activity
waste).

U Contamination of the environment.

B Importance of a precise planning of the decommissioning steps for the optimisation of
costs and logistics.
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B Step of the radiological characterization, identify the presence of contamination.
B Measurments on site to obtain preliminary information (such as in-situ measurements).

B Recent use of geostatistics (or spatial statistics) (exemple (Desnoyers, 2010) ) : prediction
on unobserved positions.

Figure 2 Exemple of radiological cartography (Desnoyers 2010)
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et ciog o Asciyaes Chemgen el

B Contamination modelled as a random field:
Q{Z(x),x eR},Z(x) €R;
QZ(x) =ulx)+Rx)

0 R(x) vérifie E(R(x)) = 0. .
B Stationnarity and Isotropy hypothesis: 2
E[Z(x)] = p )
Cov(Z(x),Z(x')) = C(lx—x'|) LR
B Covariance: 8
QC(x—x)=a*f(x—x'|¢) +7° "
O Exemple : f(|x — x'|, ) = exp (_Ix—_x’l) o
: , s B

B Parametric model, estimation of (i, 62, ¢, 7°). 0 2 4 o 8 10

Distances

Figure 3 Exemple of exponential covaruance function with ¢ =5
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B Parameters estimation @ = (u,02,¢ ,7%) :
U Variographic analysis;
U Likelihood maximisation:
0 = argmaxg(l,(z(xl), ...,Z(xn),ﬂ))
For a random variable Z (x;) with density pz(y,):

L@@, 1 2(a),0) = | [ oo @@)10)

B Kriging Predictions:
QZ(x) = Y AZ(x);
Q Estimation of A; by minimizing Var(Z (x,) — Z (x,)).
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B Choix of a random gaussian process:
U Trajectory (z(xy), ..., z(xy))

QZ~N(u, 0°Z) with X = (f(|xz %], ‘f’))

L,je[1,n]
B Logarithm of the likelihood:
1
log(L(2,8)) = —5 (nlog(2m) +log(|o”E]) + (z — w)'(62E) " (z — )
with z = (z(x4), ..., z(x))".

B Prediction of Z(x,) :
E[Z(x0)|z, 1, 0% ] = 1+ K'E7 (2 — i)
Var[Z(xy)|z, 1, 0% ¢] = 0?(1 — K'L k)

with k = (f(lxo le ¢))

lEln
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B The parameters are considered random variables (Kitanidis, 1986):

E[Z(xo)|2] = Eo[E[Z(x0)12,0]] = f (1 + KE(z - 1))pe(6]2)d8
e

Varl|Z(x,)|z] = Eg[Var[Z(x0)|z,9]] + VarglE[Z(x,) ]|z, 0]]
= f c?(1— K2 k) pg(8]|2)d6

e
n f (1 + K'E(z — 1)) — E[Z(x0)12])? po (8]2)d6
C]

B For the expectation: weighted average
B For the variance: weighted average + uncertainty in parameters estimation

B Estimation of py(0|z), the posterior:
. _ L(z,0)pg(6)
U Bayes theorem: py(8|z) = NG

O ps(0) joint law to specify.
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B Monte-Carlo approximation of the prediction posterior (Diggle et Ribeiro, 2007) :
U Discretization of pg (¢|2).

U Sampling ¢ in pg (¢|2), then sampling values for(u,0?)in pplaz@1,02|z,¢) by
pluging in the sampled ¢.

U Pluging in the values of @ to estimate pz(,)(2(x0)|z, @) then sampling Z(x¢) to
approximate pz(xo)(z(xoﬂz).

B Prior’s choice:

n(¢) =U(0, Dlmax)

2
n(0?) o« —
o
m(u) o<1
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B Objective : Comparing Bayesian kriging to Simple Kriging on simulated data sets.

B 100 simulations of a random gaussian process on a square grid of 25x25 size and 0,4 with
the following parameters :

u=05 62=01 ¢=3,5

B From these 625 points, n are sampled to constitute the data set.

B Crooss-validation is then applied and models are compared with the following criterion
(Demay et al., 2021):

Graphe quantile-quantile

02=1- ?:;(z(xs) —Z(fi.)z) ’ e
i-1(z(xi) — 1) . o
n —_
PVA = [log lz (23 = 7)) ; YA
N4 S_iz % < | e
1 = - f.' ( ) @‘ / @
1if z(x;) €IC o °
4= 6 o : v
Y i’ ¢ 0 else
=t 1 m
= EZ(AC[_(I)E 0‘2 OI4 016 o‘a
o alpha

Figure 4 lllustration of the 4, graph
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Figure 5 Average results for the Q2, PVA and R criterion
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| APPLICATION ON REAL DATA SET

Context
Geostatistical Model
Bayesian Kriging

ceTama LIMA Future Works
B 70 measurement results from the G3 reactor in CEA Marcoule.
B Box-Cox Transformation applied, the cross-validation.
0,6 04
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Figure 6 Average results 0,006
for the Q?, PVA and R
criterion 0,004
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T

B Difficult choice (independant from the data).

B Sensibility analysis for prior specification, especially in the case of wrong specifications,
for n = 30.
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= Bayesian Kriging gives better estimates (especially for the scale parameter) for small
data sets

= Not efficient for larger data sets (computational costs)

= Allows for prior information specifications : future works for specifying priors for the
nugget effect.
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