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Background about Monitoring in
Geological Disposal of Radioactive
Waste

Context & References

e This project has received funding from the Euratom research and
- training programme 2014-2018 under grant agreement n° 662177



l_V, _ .D&E\I Scope of Monitoring

e Monitoring is a broad subject covering all aspects of
geological disposal, e.g. monitoring of society and monitoring
technical performance of barriers

* Always need to explicitly state the reason for monitoring,
what is monitored and the timeframe over which monitoring
will be undertaken

* Modern2020 is focused on monitoring of the engineered
barrier system and near-field rock during the operational
period in support of post-closure safety demonstration and
support for decision making (“repository monitoring”)

v' Some work may have a slightly different focus, e.g. on monitoring
after closure

e This project has received funding from the Euratom research and
- training programme 2014-2018 under grant agreement n° 662177



[\/'-EID[':F-E'\I Extensive « literature » on monitoring

i 1.2 (20 years)

Monitoring of Geological Repositories for High

IAEA TECDOC 1208 (2001) Level Radioactive Waste

Thematic Network on the Role of Monitoring in
a Phased Approach to Geological Disposal of
Radioactive Waste

European Commission Project Report EUR
21025 (2004)

Geological Disposal of Radioactive Waste —

Pef g iy St et e 2 (L Requirements on monitoring programs

Safety Assessments for Facilities and Activities —

e e e.g. Maintenance of the safety assessment

IAEA Safety Standards — Draft Safety Guide Monitoring and Surveillance of Radioactive
DS357 (2011) Waste Disposal Facilities
All program specific developments (WMOs) MoDeRn National Context Summary Report and
and regulatory/safety guidelines Country Annexes Report
- This project has received funding from the Euratom research & training programme 2014-2018 under grant @
- agreement 662177
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Modern-FP7 project (2009-2013)

MoDeRn was a collaborative project co-
funded by the European Commission under
the 7th Framework Programme

EURATOM Programme
Call for propositions FP7-Fission-2008 « Nuclear Fission and
radiation protection »

Topic « Strategies and technologies for repository monitoring »

Duration: (4 1/2 years)

It aims at providing a framework for the
development and possible implementation of
monitoring activities and associated
stakeholder engagement during relevant phases
of the radioactive waste disposal process.

18 partners from 12 countries

Coordinator : Andra

Budget : 5 million €
EU contribution : 2.8 million €

Published project documents
are available on:
www.modern-fp7.eu

-

This project has received funding from the Euratom
agreement 662177

Societal "boundary conditions”

Legal/regulatory requirements:

. f |:: parameter (site piezometry...)

» Pre-closure management (retrievability...)
= A spedific strategy (monitor pilot facility...)

Expert stakeholder requirements
E
Lay stakeholder requirements

Physical "boundary conditions” .

Waste inventory

Host rock, local/regional hydrogeology,

transport properties

dep_omuw layout and engineered barriers
esign

= Waste Disposal Package (concrete, steel,
copper, special alloys...)

= Cavern, drift, borehole disposal

« Buffer (swelling clay...}, backfill

» Rock support/liner (rock bolts, shotcrete,
concrete, steel...)

= Seals (at disposal cell{drift, in access galleries,
in surface to depth infrastructure)
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Reference Framework

Key steps to develop/implement/use/evolve a monitoring program

Objectives

Implementation Technology and Strategies
How to implement and conduct monitoring

|

Analysis

Interpret monitoring results / Answer objectives

l

|

How to evolve monitoring

Phasing

Information
Assist disposal process management

l

o Ao

Develop
+

Implement

This project has received funding from the Euratom research & training programme 2014-2018 under grant @

agreement 662177
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The MoDeRn project developed a set
of documents to support the design
and implementation of monitoring
programs:
v A framework, presenting the
workflow, with a systematic top-

down approach to developing
monitoring programs

v' Case studies provide examples of =
monitoring programs in 3 host rocks Ly e

Y | "'"""T-' How?
National Contexts o | [
v' The State of the Art in technologies 1 o
for monitoring, complemented by 5 R
programs of research and }
demonstration in URL EE o ﬁ_'-‘f.;,;-'_'__',_-;f"'".;,,__i‘“ﬁ
v" The basis for SH communication and i i = Use?

National Engagement Reports

ey This project has received funding from the Euratom research and
- training programme 2014-2018 under grant agreement n° 662177
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IAEA Safety Guide SSG-14 (Geological Disposal Facilities for

Radioactive Waste)

v “performance monitoring should be used to .
provide confirmation of assumptions made in
the safety case”

Recent developement

NEA (2014), Monitoring of Geological Disposal Facilities:

Technical and Societal Aspects. NEA/RWM/R(2014)2

v' “A programme of monitoring should be v
included as part of the safety case and should
be refined with each revision of the safety

case. During the operational period,
monitoring programme should be used to

the

demonstrate compliance with the regulatory

requirements and

licence conditions for

operation, including compliance with safety
requirements for environmental and radiation
protection”

. Repository monitoring is part of the safety case and the

repository monitoring programme should be developed

alongside development of the overall safety case

. Other types of monitoring, e.g. monitoring associated with
on-going site characterisation also play a role in the safety
case

e

Identifying
parameters may not, on
implementable and logical monitoring plan

and
in an

safety-relevant
its own,

processes
result

“The current, and justifiable, tendency is to measure as
many parameters as possible so as to contribute in the
most comprehensive way towards both the compilation
of a complex description of the disposal system and the
understanding of its performance under real conditions

With the transition from the repository development
stage to implementation, it becomes necessary to
optimise the selection of the parameters to be
monitored which is motivated by practical reasons since
it would be difficult to install and operate such a large
number of monitoring systems over long time periods in
the final disposal system

Thus, the identification of those parameters which
would sufficiently demonstrate the attainment or
approach to the passive safety status of the disposal
system would be of substantial benefit.”

This project has received funding from the Euratom research and

training programme 2014-2018 under grant agreement n° 662177
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Modern 2020

e This project has received funding from the Euratom research and
- training programme 2014-2018 under grant agreement n° 662177



[\/’-.D&F.gr\] Why a « monitoring project » at this

.a'-"}.ll"

ey ety time?

* Three countries with the same challenge: License application
(LA)

 Monitoring plan (monitoring aspect) will be elements
required by authorities (regulator, ...) or lay stakeholders...

Posiva— SKB - Andra —

Finish Concept- Swedish Concept- French Concept-
LA in 2015 LA start in 2011 LA Start in 2020

e This project has received funding from the Euratom research & training programme 2014-2018 under grant
- agreement 662177



E? &FQ'\] What are the Modern2020 targets?

1. Target 1: be more practical

v’ contribute to tailored monitoring programs for a Member State WMO that
plans to submit a license application

v’ specifying what should be included in a repository monitoring program
during operations

v’ improving monitoring technologies
v example for good practice and a starting point for further development

* Target 2: engage public stakeholders in “monitoring” R&D project
v Monitoring can increase confidence and understanding

* Target 3: How monitoring can contribute/facilitate steps
towards decision making
v Use monitoring data
v Evolvement of a monitoring program

e This project has received funding from the Euratom research & training programme 2014-2018 under grant
- agreement 662177



How the Modern2020 project was
organised to be able to
reach the targets




D&E'\I Key Modern2020 objectives

* To Develop a method to select and justify monitoring parameters (WP2)
* To apply methodology to real concepts and programmes (WP2)

* Develop collective opinion and guidance to how to use monitoring results
(WP2)

* Develop monitoring technologies (WP3)
* To monitor large/full-scale demonstrators (WP4)

* To engage local public stakeholders in national and international repository
monitoring R&D (WP5)

* To develop ideas on how to communicate monitoring data (of the type
gathered through in- situ monitoring) to public stakeholders (WP5)

* |dentify the potential to increase the democratic quality of the overall
process of implementing geological disposal as a long term management
strategy (WP5)

* Maintain and enhance knowledge and competences (WP6)

e This project has received funding from the Euratom research & training programme 2014-2018 under grant
- agreement 662177
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-

| MAHAGEMENT
CORMUNITY

ey This project has received funding from the Euratom research and
- training programme 2014-2018 under grant agreement n° 662177
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Approach

WP2 Strategy: Linking of monitoring
objectives to the safety case and decision-
making strategies.

WP3 Technology: Research and
development on monitoring technologies.

WP4 Demonstration and Practical
Implementation: Demonstration of
monitoring technologies at full-scale and
under in situ conditions.

WP5 Societal concerns and Stakeholder
Involvement: Development and
evaluation of ways for integrating public
stakeholders concerns and societal
expectations into national repository

monitoring programmes



Consortium: 29 partners EU + non-EU countries (Coordinator

8 radioactive waste management
organisations

Modern2020 consortium

: Andra)

=1
|

avora (“enresa nagra, M,E;i;,m ,! oo @ [E] surao

5 organisations undertaking research
on radioactive waste managementin
their respective country

1 technical support organisation

b organisations with specialist
technical monitoring expertise

8 academic research units

2 specialist consultants

_
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Modern2020 project is a collaborative project funded by Euratom under grant agreement n°662177.

It aims at providing a framework for the development and possible implementation of monitoring
and associated stakeholder engagement during operational phases of the radioactive waste disposal process.

EURATOM Research & Training Programme 2014-2018

TOPIC: « Contribute to the development of solutions for the management of ultimate radioactive waste

IGD-TP Topic : Joint Activity 7 - Monitoring

Project Duration: 4 years (Start June 30t, 2015)

Total budget : 8,6 million €

EC contribution : 6 million €

Website : www.modern2020.eu

e This project has received funding from the Euratom research & training programme 2014-2018 under grant
- agreement 662177




What you will found in the project?

e This project has received funding from the Euratom research and
- training programme 2014-2018 under grant agreement n° 662177
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From process to monitoring

it e parameters

PROCESS PARAMETER TECHNOLOGY
 Identification of parameters to monitor

. Methodology for screening parameters to be
monitored '

. Tested in 7 safety cases by respective WMO: Cigéo
test case (France) , ANSICHT (Germany), Opalinus
Clay (Switzerland), OPERA (Netherlands), TURVA
2012 (Finland), SR-Site test case: (Sweden),
Reference Project 2011 (Czech Republic).

. Main driver is safety

. Iterative approach considering, processess,
parameters and technological feasibility

Mts Chaitant, ahowm & woid w6
acrampanad by o vl of web-genstioes
P O Dok ] B P O ST 1

. Parameters are either carried forward or parked

. Methodology to be indicative and flexible rather
than prescriptive

e This project has received funding from the Euratom research and
- training programme 2014-2018 under grant agreement n° 662177
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MaDerRN From parameters to monitoring
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Improve and combine Wireless Data Transmission systems Alternative power supply sources

Improve existing short range (tens
of meters) wireless systems based
on high or medium frequencies
(Arquimea, ENRESA, IRSN & VTT)

Nuclear batteries

Induction (10m)

Improve existing long range
(hundreds of meters) wireless

systems based on low frequencies )
(Andra & RWM(C) ' energy harvesting

from small thermal
3 gradients
y Evaluate the use of a combination g
of different range wireless systems
to provide a complete data
transmission solution (Amberg,

-

Chemical batteries +
ceramic capacitor

This project has received funding from the Euratom research and 20
training programme 2014-2018 under grant agreement n° 662177




\@per~ From technologies to real monitoring
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Long-Term Rock Buffer Monitoring, IRSN Tournemire

ey This project has received funding from the Euratom research and
- training programme 2014-2018 under grant agreement n° 662177



M@EDerN From design to on field
e implementation

& /m?é lgbp |
& Mmanagement

Optical fiber , AHA demonstrators, Bure, Andra

Wireless Pore water

Long-Term Rock Buffer Monitoring, IRSN Tournemire

pressure
e This project has received funding from the Euratom research and
- training programme 2014-2018 under grant agreement n° 662177




MaDerRN From implementation to data
o * k;wua t re at men t

Data Aquisibon PCal

conlractors
Iﬁm I}IJI" ‘l I- I-
it hed backieite o and 1]
[———— ¥ H A ")
FE Amiche  TO-cables : Etksrnat
. . ]
tunnel view st as pgf —_— I-
Andra TIAS " ? Router
H2 Sazscm &
= !
- - From each
_..1-" FIP server
S
* Cable routing
channsh Diata i ollectad in FE Information Syutem (FEIS
Irdmrnet

Areess o the data l
file -
e 1

Fibre-optic cables for distributed i
strain and temperature sensing j ,,
(cables with single and/or multimode =
fibres) were installed at FE tunnel -

wall and in boreholes.

e This project has received funding from the Euratom resear:
- training programme 2014-2018 under grant agreement n° 662177 A4
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From data treatmeant to

interpretation

1 I

! oTsS l Bax 12 Box 13

= WC=6% WC = 19%
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Currant 5 o .l
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Fig 5-1:  Test setup with vanious water content conditions
Mote: Actusl dry density achieved in each box is also shown. Boxes 20 and 21 were added
26 days after Boxes 12— 15,

3 Box14->
& Box 5-8

17 % 1310 kgfmn
6% 1350 kgfm*

. g
10964750 g/ et :'.la"""J':"B"”Ld

Fig 5-2:  Photozraph of the test setup
Mote: For the higher water content boxes, metal clamps were used to costram the volume.

Calibration test at Grimsel laboratory

_

Bentonite +sand

Cement plug

Empty shaft—not included in the surv

1stelectrode of survey

View from Niche_08

ERT experiment, U Stratclhyde, Tournemire

This project has received funding from the Euratom research and
training programme 2014-2018 under grant agreement n° 662177



[\/L@D&Rr\-] From interpretation to responses to
g monitoring results

| Geosschmgome| eowwsen P
E'.I:I-lultl AATIEOT Re-checking of the raw data from sensors to check that the

parforma sensor readings: ane valid,
o o ° Chmel resuhts Re-checking the anabyis of sensor readings to check that the
decision making process inecpretation of the raw deta i vl
Report rasults Notitying stakeholdars (including regulators) of results.
Root cause Evaluating the reascns behind particular monitoring results,
. anabysi focused on reqults that are not consistant with expectations. This
* Terminology on might include, for example, iterature review.
Reviie models / Maodifying THMC and safety ssessment models to incomporate
performance measures ik safity saassamant new process understanding andfor parameter values.
Updats manitaring Revising the monitoring programme, taking into account the

results from the monitoring programene to date (and any other
information generated during the period since the monitoring
wmmml.

and response plans
* Development of a generic —— Wonoring Progren

P 2

Continus mmmdmmﬁumm uging the
performance measures manitoring in the sarmie method (e using the same number Iﬂﬂl“'ﬂﬂfiﬂm

samE way i the same locations, and with scqmisition of data ot the same
scheme ‘ Fesaiserichl
Change monitoring Changes in the monitoring programme could relate to changes in
the frequency of dats acquisition wing the current mondtoring
system, moniloring the same parameters) with additional
wensors of the samea type (additional redundancy], monitoring the

* Development of a generic
action list

same parametens) with different sensors (increased diversityl, or
manitaring of differént parametors.
* Development of a set of Disposal Programme Responses
. Lo Changs cparationa The emplacement of waste could be altered by, for example,
h|gh-|eve| gU|d|ng Macing a temporary halt on emplacement operations, o only
emplacing waste of a specific type. Monitoring can abso support
principles on performance SMEIORE L3 V¥ RO 1 ofken GETRPZRL one(hison 1o the
[
Evaluation of the results from the monitoring programme miay be
measures and response m Ut TR e e
planS repoitony.
Enginesting Changing the properties of the reposstory near field through
intervention engineering measures such as grouting, i situ vitrification and
construction of new barriers,
Revarsal [ retrisval Reversal is removing the waste from the disposal lacation by
reversing the original emplacemant process (the term is also uied
ta denote the ability to reverse decisions).  Retrieval is removing
the waste from the disposal location by anvy means.

e This project has received funding f
- training programme 2014-2018 undei



2820 Interaction with public stakeholders
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Specific Guidance for public
Engagment process stakeholders

Engagement at project level: 1/2

L. . ENVIRONMEMNTAL l:t:?
«liaisons-officers »:

MONiIToRING
v Municipality of Eurajoki, Finland

v Municipality of Osthammar,
Sweden

v' Local partnerships in Mol and
Dessel, Belgium

v Clis, France , Bure
participate in Modern2020 WP5

REPoSiToRY
MoniToRING

e This project has received funding from the Euratom research and
- training programme 2014-2018 under grant agreement n° 662177



[\/L@Q&;gr\] Analyses of the Stakeholders
e participation

Modern 2020 - Engaging Stakeholders in
Monitoring Systems

Mordern 2020

Round 2

Startdate Jan 7, 2019 16:20:00 2 months ago
End date Feb 10, 2019 01:00:00 1 month age

Arwers coun L
25/27
¥ % agD
Read answers Review my answers
Round 1
Anwers cour i1
66/ 6B

e This project has received funding from the Euratom rd
- training programme 2014-2018 under grant agreement nl..



[\/L@j?%'%'\l Monitoring training courses
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e This project has received funding from the Euratom research & training programme 2014-2018 under grant
agreement 662177
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