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I’'m sorry, but I’'m a nuclear physicist.
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Some context

In situ nuclear measurement of radioactive items

e Gamma spectrometry : HPGe 30% (Canberra)

* Software : Génie 2000, ISOCS

e Waste drums : 100 et 200 L

e Actinides: U, Pu, Am, Np

L
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Some context

* Aims : identify and quantify actinides

- S(E) ) Multi-gamma radionuclide : Let suppose :
~ e(E,env) t L, (E — obs _ __ S(E)
( )t L, (E) E=(E,.., Ey) yobs — e
B S(E)
A A= b
m=-— €(E, env) t I, (E) Y®?% = me(E, env)
m

Inverse problem to solve
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Bayesian framework

yobs — me(E, env) + EObS EObS ~ N(O,Z(’bs)

Likelihood function Priors

n(YObS|m, env)n(mlenv)n(env)

Bayes theorem : 7 (m, env|Y°PS) =

Posterior I n(YObs m, env)n(mlenv)n(env)

(m, env|Y°P%) o (Y°PS|m, env)m(m|env)m(env)

/

What | want

What I'll estimate What | think | know

What about the « env » environment variable ?
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Monte Carlo Markov Chains

X4 <G D)

Observation likelihood Priors
1(Y?bs—me(X))2
* Independent ¥°?% : m(Y°P$|m,X) = [IIL, m(V,°25|m,X) = ]'[ﬁ\’:l—zjw__e 2 of
L

e Independent (m, X;) : t(m|X)n(X) = n(m)r(X) = n(m) [, m(X;)

MCMC : Metropolis-Hastings algorithm

Mnt1

\/ \ * High number of €(X) estimations (=10°) by the
mn

simulation code MCNP6.2
* Time-consuming

My < my +A4A.6, 6~N(0, k)
T(Mpys1, Xna1YOPS) Surrogate model f of the measurement efficiency

p = min(

m(my, X,|YOPS) D € = f(X)
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Kriging model

Ey r How could | estimate « env » and €(E, env) ?

N

M = (Vin, Fer, Pu)

p
m

A

e Input:X={E, rrh, M, L, p}etm (Card(X)=38)
 DoE: Latin Hypercube Sampling (n = 500)
e Surrogate model: Kriging :
> Universal Kriging (UK) : f(X) = u(X) + Z(X)
» Deterministic : u(X) = ?zlﬁjfj(X)
» Stochastic: Z(X) : Matérn 5/2

GeHP

 €(E,env) = f(X) = f(E,r,h,p,L,M)
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Experimental validation with MADAGASCAR

MADAGASCAR : Automatic Nuclear Waste Drum Measurement Device
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MADAGASCAR : Validity range

Bulk density < 0.4

Detection limit : 1 MBq

Maximal activity: 200 GBq

100L and 200L drums
Measurement distance : = 60 cm
Global uncertainties: + 42%

YVVVYVYVY

MADAGASCAR : Database

» 242 nuclear drums (100L)
» 6 plutonium standards : 0.4 to 60 grams
» Fixed measurement duration

> Fixed measurement distance : = 60 cm
> Global uncertainties: + 42%
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Experimental validation with MADAGASCAR

Validation steps :

0. Convergence analysis
1. Linearity :
Assay on plutonium standards

2. Reproducibility
Repetitions on 10 items (drums)

3. Comparison

Comparison of results between
MADAGASCAR and the Bayesian approach

Hardware :
» 72 cores (35 Markov chains)

Auteur



Estimated mass of plutonium (g)

o
o

80

60

40

20

Convergence analysis

500

1000

1500

2000

2500
!

3000
|

100C

1500

lterations

Commissariat a I'énergie atomique et aux énergies alternatives

2000

2500

3000

Estimated modes (ql

Estimated modes (g)

80 100

&0

20

B0 BOD

40

Nr. of samples = 200

o 5 10 15 20 2 30 I&

2]
. o B o o
o° o @
o o

= [=]

o (#]
- e
- o a e

oo op & TP 5 o
I I ] I | I 1 |
o & 10 15 20 28 30 58

Inclex
Nr. of samples = 1500
o 5 10 15 20 25 30 35
L 1 1 1 | 1 1 |
- O
_l T T T | T T T
o 5 10 15 20 25 30 a5
Inciex

Auteur

40 B0 B0 100

20

B0 BOD

a0

Estimated mocks ()

Estimated modes (gl

40 80 B0 100

20

BD 20

40

Nr. of samples = 600
O 5 10 15 20 25 3 I

Nr. of samples = 2500

o &5 10 185 20 25 30
1 I | ] 1 ] |

- &

o & 10 1% 20 25 30 I}

Inclax

40 B0 B0 100

20

B0 BOD

40



Linearity

6 plutonium standards: 0.4 to 60 grams
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Reproducibility

< 30 repetitions on 10 items (drums)

Calculation duration: 15 min
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Experimental comparison
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Conclusion

- Validation : good results on plutonium standards

- Comparison : good results on simple cases : low bulk density (< 0,4 g.cm?3)

- Useful priors for physicists : bulk density, compositions, Gaussian, Uniform, etc.
- Easy to code (Python) and possibilities to use specific libraries

- Breaking point with classical approach : scalars vs PDF

- Available to other RN (Am, FP, activated)

- Multigamma RN only
- Increasing uncertainties

Commissariat a I’énergie atomique et aux énergies alternatives Auteur 22 novembre 2022



Cea Thanks for your attention
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