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E The MAUD Project

Emaud

MAUD is a state funded project to
improve radionuclide
measurements for dismantling
projects

The MAUD PROJECT is dedicated to o r.:.,‘.,.
and B n
surface contamination mapping system rfo‘x
at medium up to very small level.
MAUD can be used directly on a surface I-Qumonler
or for sample non destructive S
measurements
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ORIGIN of the MAUD PROJECT

Eaud

e Phosphor Cosmmercial
screens ystems
e Geostatistics Corgi':g ;ryom

_ Some MAUD
Industrial systems sold

System for

PED TRL9

Laumonier

RESEARCH & INDUSTRY
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E MAUD WHY?

AUTORADIOGRAPHY: VERY EFFICIENT AND
OLD/NEW TECHNIQUE

|:> In the past, film uses to obtain an image

ALPHA (1958)
Image: 1896 28 mai 1938
PR e R ac/Jx

Eppomt am Mt & ) oA o7 G S
L 7 A T

ETUDE DB QUALQUSS FRELEVEMANTS ATMOSPEERIQUKS
PAR AUTORADIOOGRAFEIE

=

E> Today new photon detectors: the SiPM (Silicon
PhotoMultiplier)
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@228 Autoradiography using phosphor screens

Initially used for biology applications Floor lining

Screen

Perkin Elmer system

Low cost and easy set-up

Sensitive to all types of radiation  Mapping
BUT

| Screens display

Lengthy process for large surfaces osa AP o
Unpredictable optimal exposure time pu
that can be quite long (especially for 3H -

at low levels)

Screens withdrawal
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SiPM why?

Standard photon detector SiPM
Photo Multiplier Tube (PMT) Silicon PhotoMultipliers

6.0%6.0 mm?2 16%(6.0x6.0) mm?

L 4
P

3.0x3.0 mm2

Sensitive to photons Sensitive to photons
High Gain Small Si detectors
Fragile High Gain

Operating Voltage use: 1000V NOT Fragile

SiPM in Matrix form
Operating Voltage use 50-60V
Not destroyed by high photon flux
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Choice for MAUD

64 SiPM, 4 matrices of 16 individual SiPM

With new electronics, it is
possible to have comparable
gains for the 64 SiPM!

Response is similar for the
whole surface detector
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@228 TECHNICS

TECHNICAL CHOICES WITH MAUD

Dedicated electronics, to measure
all 64 SiPM independently and at
the same time. Development of
new ASICs configurations

64 SiPM (Silicon
PhotoMultipliers)

Plastic Scintillator sensitive to
radioactivity. => Photons
productions.

But: all is in close contact. Sample on the scintillator, the scintillator on the SiPMs, the
SiPM on the electronics.
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TWO WAYS TO USE MAUD

MAPPING H
|

System
with
battery

MAUD
detector

@MPLE MEASUREMENTS

Used for G1

reactor This setup: to control

samples potential
contamination of
soils
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EXAMPLE: TRITIUM INVESTIGATION

W matrix with tritium on surface o
Tritium 220 MBqg on the whole

surface

5 g 8 & z = & g
& & & & ] 8 8 2z
8 & g &
8 & 8 ]
8 & 8 &
8 & & &
g 8 g & & & & g

Acquisition Time: 3 minutes
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Emaud

EXAMPLE: Uranium measurement on surface

Number of triggers

Activity: less than 1 Bq / cm?

Linearity with sample activity
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Radionuclides recognition (1)

Sr-90 (3254 Bq (4n)) Pu-239 (160 Bq (27))

Sources on
MAUD detector.
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Radionuclides recognition (2)

Sr-90 (3254 Bq (4m)) Pu-239 (160 Bq (27))

For Pu and Sr sélection of results with the
highest number of triggers

SiPM signal is different for the Sr-90
and Pu-239
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Application to G1 reactor samples
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Démantelement du réacteur G1

-Construit en 1955 (CEA Marcoule)
-A l'arrét depuis 1968
-Programme d’investigations et de
prélevements des différentes
parties du réacteur est en cours
-48 carottes graphites extraites du
coeur du réacteur

-Détermination de l'activité des
radioélements présents
(majoritairement des émetteurs
beta pur):

-Généralement réalisée de
maniere destructive dans les
laboratoires d’analyse : opérations
couteuses et tres chronophages.

-Solution de tri et
d’identification des carottes
d’intérét: MAUD
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Installation de MAUD en boite a gants sur le toit de G1
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@278 Exemple d’analyses sur les carottes d’'un méme canal
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Un exemple d’acquisition sur les trois faces de la carotte la plus
proche du coeur

Hits sum - 69261 Max - 4661 Min-0 RSD:0,8901125 Mean : 1082203
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@2l Analyse duspectre pour I'identification des différents
radionucléides présents

1100
Histogramme Face FC

For other
samples,

other )
radionuclides b
observed °

r}‘{,ﬁxoud
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@228 Comparaisons avec des sources
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Conclusions and perspectives
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E Conclusion
— Foud

MAUD: Digital AUtoradiography

YRRy Yy
SINSSOOONNTL, | Measurement

e Commercialized new detector

* Non destructive and robust technique
* Mapping use

 Sample measurements

* \Very sensitive system

Application au démantelement de G1

e Classement des échantillons selon leur
niveau de radioactivité

 Observation des différences selon les faces

LQUmOnler de I'échantillon

el e Sty |dentification de contamination potentielle
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Perspectives

Future développements en cours aux Ateliers Laumonier

Utilisation en format sur site

Utilisation sur plan de travail

Commissariat a I’énergie atomique et aux énergies alternatives K COLAS September 2022



MAUD patent
number (2020)

B plltishey (11) Verdffentlichungsnummer:

Ertbe o4 0 (11) Publication number: EP 3746 812 A0

Office européen
des brevets (11) Numéro de publication:
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MAUD awards in 2020

> https://www.iaea.org/newscenter/news/robots-drones-and-artificial-intelligence-for-advanced-decommissioning-and-environmental-remediation-winners-of-the-iaea-2020-crowdsourcing-challenge
\
»  (YOU TUBE) ¢ R)
\\i\ y“/’ IA E A Press centre  Employment Contact
% International Atomic Energy Agency

TOPICS v SERVICES v RESOURCES v NEWS & EVENTSv ABOUT US v Search n

Home / News

/ Robots, Drones and Artificial Intelligence for Advanced Decommissioning and Environmental Remediation: Winners of the IAEA 2020 Crowdsourcing Challenge

Robots, Drones and Artificial Intelligence for Advanced Decommissioning and
Environmental Remediation: Winners of the IAEA 2020 Crowdsourcing Challenge
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MAUD presented in WNE 2021

De la recherche a l'industrie - MAUD, dispositif de mesure

What is MAUD (Digital AUtoradiography Measurement) ?

MAUD (Digital AUtoradiography Measurement) is a cutting-edge camera for in situ alpha & beta
radiation detection, difficult to measure. The objective is to assess the potential alpha and beta

contamination (in Bg/cm?2) of a surface in a facility to be dismantled.
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Complement: Detection

Journal of Radioanalytical and Nuclear Chemistry (2022) 331:1075-1089
https://doi.org/10.1007/510967-021-08172-2

| Chuuh‘ for
updnies

Development of a compact alpha and beta camera for dismantlement

applications
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Table 4 Detection efficiency and minimum detectable activity meas-
ured with the radicactive sources

[sotope Radiation Detection effi- Minimum deteci-

ciency (%) ablﬁ activity (Bg/
cme)

*H B 0.15 +0.05 92

4o B 38.1+04 0.36

py a 457+13 0.30

s Y+p 6+1.3 2

@ Springer
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