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A global international challenge for the 215t century

o By 2050, more than the half of today’s 400 GW nuclear capacity around the world is scheduled to be shut
down for decommissioning

o Nuclear materials represent a wide variety of matrices and contaminants

An accurate fit for purpose radiological and chemical characterisation of facilites and
sites is required for dismantling and classification of contaminated materials.

o Physical, radiological and non radiological characterisation prior to dismantling is a key element for all
D&D projects (OECD, NEA, IAEA):

o Scenario definition
o Cost estimation
o Radioactive waste production and categorisation

Smart applications and waste management routes must be available to minimise the amount of
radioactive waste and related potential hazard.

o Need for reliable data to explore different sustainable management routes for contaminated materials:
reuse, recycle...




About INSIDER

Improved Nuclear Slte characterisation for waste minimisation in D&D

operations under constrained EnviRonment

e A EU-funded Horizon 2020 project

“Research and innovation on the overall management of radioactive waste other than geological disposal”
“Management of non-standard waste including D&D waste”

« What INSIDER will achieve

To develop and validate a new and improved integrated characterisation methodology and strategy
during nuclear decommissionning and dismantling operations (D&D) of nuclear power plants, post
accidental land remediation or nuclear facilities under constrained environments.

9 Results will be validated through 3 case studies
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The CETAMA

1961: creation of the Commission for the Establishment of Analytical
Methods at the CEA by the high commissioner F. Perrin

Its objective is to carry out actions targeting measurement and analysis result
quality improvement in the nuclear field

It gathers a European network of analytical labs and experts, organised in
technical working groups (13):
0 WG 10 sampling and WG 11 statistics
O WG 14 LLRN analysis (Tc-99,Ni-63, Fe-55)
0 WG 34 Nuclear measurements
| e The Tools targeting quality improvement
O Reference materials fabrication and certification
O PTS and ILC for method validation organisation
O Analytical methods and guidelines
O Support to standardisation
0 Knowledge transfer and valorisation

INSIDER project will maintain a collaborative transversal structure.
To address current and future challenges in the analytical field, meeting both the nuclear industry’s and the laboratory’s needs




Ceaden INSIDER key objectives

Optimise the sampling strategy under constrained conditions

Historical and

g Selection and development of waste-led statistical approaches

analysis
Surface Assess the performance of avalaible measurement techniques

radiation
survey

Selection and evaluation of analytical techniques applied to real D&D

cases
Performance assessment of in situ and in lab (DA and NDA) measurement

methods on real use cases

Establish common methodologies to deploy reference
guidelines

waste
segregation !

| Radiological ‘
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Optimise the sampling strategy under constrained conditions to lower waste production. 

Assess the performance of available measurement techniques (methods and tools) to establish an appropriate cartography and a scientific basis for decision-makers.



ceaden Three case studies

Decommissioning of a back/end fuel
cycle and/or research facility - Ispra (JRC)

Decommissioning of a nuclear reactor
- Mol (SCK/CEN)

Post accidental land remediation - (CEA)

- PNSIDER



DE LA RECHERCHE A L'INDUSTRIE

cCeaden

INSIDER approaches and structure

WP1
coordination, including PROJECT

Owerall project management

financial and contractual

vl MANAGEMENT

Setting up an end-user group, developing
and updating the State of Knowledge

on the project’s key topics, establishment of WP7
guidelines, pre-standards, recommendations,

dissemination and communication of the EplISS 21T Ya o]y

project's outcomes, build-up of competences

a5 EXPLOITATION

Testing the ability of
different methods to carry
out measurements

Drafting of a guideline for sampling of initial

SAM PL'NG & nuclear site characterisation in constraint

environments in view of decommissioning,

STR_ATEGY based on a statistical approach

w P2 Production of a set of

reference materials,

USER assessment of radiochemical
RE‘QU | REM ENTS measurement technigues and
recommendations

& VALIDATION

Identification of the
end-users’ needs,

state-of-the art and gap WPS

analysis to identify R&D Definition & implementation
topics, benchmarking on IN SITU of practical considerations

decommissioning activities MEASUREMENT about in situ radiclogical

characterisation




- Input data & validation methodology

Historical documentation

Objectives

Structures Procedures
Material types Registries

Q Identification of operational needs and (regulatory) constraints

Visual inspection [In-situ measurements&samplingsl . . . . .
O Areview on how characterisation processes are implemented by different
[Physical description | [ Radioactive source term | end-users, identifying the related regulatory requirements and depicting
| ¢ : the major constraints found in the process

3D models & numerical simulations
 Define objectives for cartography and characterisation

0 Specific objectives for characterisation and cartography and identify key
L parameters for decommissioning operations orientation & scenario

list of samples

P improvement and documentation

UC3 same as above
- same as above

T e O Comparison with the state of the art and identification of

Lab1 technigue Labl sample 1:
instrument measurand 1, value 1, sigma 1

ﬁe‘:-seur:'?mseanr:;':rameter " measurand 2, value 2, sigma 2 | te C h n O | O g I Ca I ga p S

measuremen t parame’ ter 2 1 sample 2: (same as above)

e e O The need to develop new techniques for sampling and measurement (lab &
. S on-site) based on the analysis of end-user requirements and
I A characterisation objectives

measurand 1, value 1, sigma 1
(EEEECITE measurand 2, value 2, sigma 2

measurement parameter 1

S e O Organise an experimental benchmark
. — O Perform economic impact assessment
el d Elaborate good practices and guidelines

. Same as above
uci sample 1:

measurand 1, global uncertainty 1
measurand 2, global uncertainty 2 |

;émple 1 (laboratory):
measurand 1, average 1, sigma 1
measurand 2, average 2, sigma 2 |

UC2 same as above
UC3 same as above
. same as above

sample 2: (same as above)

2 same as above
UC3 same as above
«  Same as above
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Sme e Selection of state-of-the-art techniques concerning sampling design

optimisation
e OQverview of relevant standards, guides, methods used for sampling design
e Overview of different sampling design objectives that are being/can be used
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in the framework of initial nuclear site characterisation

e Examples of state of the art implementation in the field of initial nuclear site
characterisation in view of decommissioning and beyond

e Potential return of experience from spatial distributions of radiological

contamination for the selected test cases
e Specific focus on constraint environments and therefore statistical

approaches based on small data sets

Uncertainty assessments of all techniques
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Lack of guidance focused on the front-end of decommissioning
Lack of integrated approaches

| | Consistency checks




e Statistical approach development and implementation

e A generic strategy for handling the problem definition, data analysis and sampling design in the
field of initial nuclear site characterization has been developed. The strategy includes an
overview of commonly used data analysis and sampling design methods, applicable in this field.

e Gather prior knowledge for each test case (historical assessment + available data from non
destructive and destructive analyses).

e Define statistical plan for each test case leading to a first sampling plan (including sample
requirements).

e Analysing results from first sampling and analyses (including benchmark) potentially leading to
a second sampling iteration.

e Analysing results from second sampling and analyses.

e Testing this approach in the 3 different case studies

e Return of experience from the overall uncertainty calculations
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“The main goal of the radiological characterisation programme for the BR3 bioshield is to economically optimise the bioshield dismantling strategy using a waste-led approach”                                                                                Sven Boden


WP4- Analysis & metrology objectives

In lab radiochemistry analysis methods none m
specahied LS(
state-of-the-art: a survey in Europe specialized alpha-beta counter  EEEEE——
specialized alpha-spectrometlry I
e More rapid and cost effective analytical methods R RS ) E—— R
> Implication of optimising nuclide separation and L S o o o . | e —
new development of methods are highest with > synchrotron X-ray methods (XANES, EXAFS) e
80 % ,important” or ,very important” oy fleseince mertinc ERRE WD-NMRA0, mm—
. ere . . . . . 0 L 3
» 35 % prioritised miniaturisation/on-site methods wsandardlabsize ;Emuw W:E:E,mmm_;
> Availability of AMS, ICP MS and TIMS approaches S i
° Retaining knOW'hOW and avallablllty Of reference Main contaminants Activity concentration range (Bq/g)
material (79 %) second in importance o
1 solid reference materials D 1100
Heavy concrete doped with e 3113
Ba-133, Eu-152, Co-60, Eu-154 (Am22a1 =G
H-3, 41-Ca 0.1-10
1 liquid reference samples E
 simulating an effuent solution (pH) T
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Microsystem-based analytical protocol for the extraction and
purification of a radionuclide (>>Fe) prior to its analysis

Microchannel : 100 um width; 40 um depth; 8, 12, or 20 cm
lengths

Development of liquid-liquid micro-extraction

e using ethyl acetate as the organic phase

e Two-stage extraction with cup ferron initially in the agueous
phase

Achievement of optimised aqueous and organic phases flow

rates (Q) 1.

to maintain a stable interface and a laminar regime

Measurements of Fe extraction yields :
° 45% in 1 sec in single-stage microsystem

E Fe, microchannel (%)
L]

Ethyl acetate
Fe{Cupferrate)

Example of measured extraction

o * yields as a function of time of
contact of phases in the
microsystem

° 60% in 1.35 sec in double-stage microsystem
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Achievement of optimized aqueous and organic phases flow rates (Q) �to maintain a stable interface and a laminar regime 
Measurements of Fe extraction yields :
45% in 1 sec in single-stage microsystem (protocol 1)
60% in 1.35 sec in double-stage microsystem (protocol 2)

As compared with 93% in batch in 90 min using three stages
Using a modified chemical protocol   70% in 0.7 sec in single-stage microsystem (protocol 3)
On-going work : 
Application of the new extraction protocol in the two-stage Y-Y microsystem
Confirm the results (yields, repeatability tests, application limits …)
Report the results (deliverable D4.2, expected on September, 2018)
Possible outlook : 
Study the effect of potential interfering metal ions
Study the automation of the microsystem device to be implemented in radioanalytical laboratories




cea de WP5 - In situ measurements

Identification of different European companies specifying methodologies for
radiological characterisation of nuclear installations undergoing decommissioning

Final Product: Data-Base of 26 European companies
Working on:

Equipment manufacturing/dist.
Technical expertise
Engineering

Nuclear servicies

Inventory of the available radiological characterisation methodologies, mainly in the field
of gamma-spectrometry, dose rate measurements and radiation imaging (gamma camera), that may be
potentially applied in constrained environments in terms of radioactivity (MA-HA), difficult accessibility
and/or, underwater interventions.

: e |nsitu a and [3 measurements (HTM)
 Field DA instrumentation




WP5 - In situ measurements

On going activities

e C(Classification and categorisation of the constrained environments as well as the impacts
generated by such environments

e Challenges that must be addressed for each of the above constrained environments

e Analysis of the strengths and weaknesses of all the available radiological characterisation

methodologies in each constrained environment
e Recommended in situ measurements techniques for each constrained environment

e |nvestigation on how numerical simulations are able to predict experimentally obtained results

e Proposal of the best practical solution for the three “use cases”




cea den WP6- Analytical validation:performance assessment

- Test the ability of different techniques/methods (proficiency test) to carry out measurements
- Estimate the measurement (in lab or in situ) uncertainty on synthetic and real samples

o Try to establish a complete uncertainty budget including every step of the INSIDER methodology
(geostat & measurement)

Interlaboratory comparisons organisation on
e Reference samples : proficiency test
e The objective of this ILC is to allow each laboratory to evaluate its performance in comparison with the

other participants in order to improve its results.
e The reference materials RM used in this ILC will be prepared and sent to the participating laboratories by

the WP4
e Estimate the measurement uncertainty for each measurements

e Real samples : benchmarking
e Participate in selection of real sample(s) (use cases)
e Organise benchmark tests for in situ measurements and in lab analysis

e Estimate the measurement uncertainty for each measurements




ceaden WP6: ILC Contribution

IN Lab NDA methods In situ measurement techniques

ANOVA : ANalysis Of VAriance
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Comparisons...

... on real samples

- In situ NDA (WP5)

- In lab DA and NDA (WP4)
... on synthetic samples

- In lab DA and NDA (WP4)

—

For

For

UCl
UC2
UcC3

~ each CRM

—

(2)

For WP6: comparisons on real samples = benchmark

e UC1, liquid effluent tank storage ("tank farm") at
JRC, Ispra.
e UC2, biological shield of the BR3 reactor at SCK-

Provisional schedule
(in May 2018)

UC1 =) 1sthalf2019
uc2 = 2" half 2018

nd
U3 —> 27 half 2019

o PNSIDER *
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BR 3 Reactor biological shield

2 Arti missile slabs

N1
Ventdation

stack

reactor building

auxiliary building

waste & ventilation building

shipping area control room

turbine hall



BR 3 Reactor biological shield

Main RN to measure: 133Ba, 1°2Eu, >*Eu, *°Co

What measures?

- Dose rate
- Total gamma

- Gamma
spectrometry

y « UPV » + u(y « UPV ») (k=1)
High level

/
X 2000
SoS=—1
. S \
detector-to-source distance?
- in contact
-at10cm?

3 measurement points

detector at the bottom of the pool
in a fixed and defined position
Same source




Old liquid effluent treatment station (STRRL).
2 double walled tanks called:
VAO001(44.6 m3 of naturally sedimented sludges)

VAO0O02 (37.5 m3 of sludges from more than 200 drums coming from liquid effluent treatment facility).
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(caden C1- Liquid effluent tank storage at JRC, Ispra

What measures? Activity concentrations range from 0.1 Bg/g to hundreds of Bg/g and are
known for a long list of nuclides: 14C, 41Ca, %3Ni, 7°Se, 20Sr, 93Zr, 9Tc, 107Pd,
147Pm, 151Sm e 241PU, 55|:e, 59Ni, 93MO e 129|, 6OCO, 94Nb’ 134CS, 137C5, 152EU,
154EU, 241Am’ 235U, 238U’ 237Np’ 238PU, 239+240Pu_

In situ measurements (NDA) : possibility to repeat the in situ measurements in two
different configurations:

e after homogenisation with stirrers in operation
e after deposition of the solid fraction after long stop of the stirrers

Goals of the benchmark => reproduce the complete radiological characterisation
of 1 tank, through both

* |n situ measurements from WP5 partners

e samples shipped to analytical laboratories of WP4




Y

en |[NSIDER - Expected impacts

J Expected impacts are economic, societal and environmental in

the short, medium and long term, promoting reversibility and
sustainability

J Multidisciplinary project: Analytical lab network and
metrology lab support

1 Potential extension of the methodology

J Historic wastes

 Interface with digital tools (virtual and augmented reality)




Get In touch for more information!

All of the reports produced in the project will be available for
download on the INSIDER website: www.insider-h2020.eu

Project coordinator: Daniele Roudil, CEA
Contact us: contact@insider-n2020.eu

>

ﬁ Visit our website: www.insider-h2020.eu

@ o Follow us on LinkedIn and Twitter!
@InsiderH2020
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THANK YOU

DNSIDER

 PNSIDER



	The european R&D project INsiDER: acting on the upstream stage
	Slide Number 2
	Slide Number 3
	Slide Number 4
	The CETAMA 
	Slide Number 6
	Slide Number 7
	Slide Number 8
	WP2 - Input data & validation methodology
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Comparisons - benchmarking and ILC
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26

