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Safety assessment and performance assessment of
closure as design input

How to move from initial design in an iterative
manner to the final experiment design and
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TRL scale
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Conditions for use of this training material

The training materials for the DOPAS Training Workshop 2015 have been produced partly with the
European Commission’s financial support. The materials can be downloaded from the DOPAS WP7
webpage and used in general freely without a permission for non-commercial purposes providing the source
of the material and Commission support is referred to.

The figures and pictures in each presentation originate from the organization that has produced the specific
training material unless mentioned otherwise.

Some photos and materials in the presentations present prior knowledge (background information) of the
consortium partners. This information requires a permission for all uses from the copyright owner.

The information presented in this training material is to be used as a whole: partial reproduction may lead to
misunderstanding and/or bad conclusions.

Non-commercial use means that if this training material is used e.g. in education, training, or consulting no
fee may be collected from using this material.

For other uses, please contact the DOPAS project.
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Introduction and Context

The 1991 Waste Act

Creation of « Andra » as a public independant body

3 research areas for High Level Long-lived Waste: P/T; long term storage; geologic disposal

1996: Licence application for 3 URLs (clay; granite)
15T SA 1998: Government decision to licence the Meuse/Haute-Marne URL licence,
p— 2001: Intermediate Clay report, first NEA peer review...
nd SA

— 2005: Feasibility /safety assessment of safe geological disposal in Meuse/Haute-Marne clay
‘ layer, reviewed 2005-2006

The 2006 Programme Act: Reduce/avoid the burden on future generations

Reduce volume and harmfulness of wastes

Reference option for final waste that can no longer be treated: geological repository with respect to reversibility
(100 y at least)

Continue research on P/T (CEA) and interim storage (Andra) on a complementary basis.

3rd SA
— 2009: Safety, reversibility and design options, reviewed 2010

2010-2012: Launch of the industrial design phase

2013: Public debate
4th SA

— 2015-17: DOS (Safety Options) and Licence application
Actual loop @

Around 2018-2019: Law defining reversibility conditions
4/26 2025: Operation
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The actual seal concept: reference

Multi-component system :

Bentonite core
Low permeability
Recompression of the EDZ (lower its permeability)

Partial removal of the concrete liner to ensure a good bentonite/EDZ
interface

Concrete containment plugs to ensure mechanical stability of the bentonite
core

Reference

Containment plugs
(low pH concrete)

e -

Backfill / \ Backfill

Swelling Liner
clay core (low pH concrete)
C.IM.AETI.11.0152 B-Ref
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The actual seal concept: alternative

For the moment there is still significant uncertainties on the possibility to
reduce the EDZ permeability by recompression through the swelling of the
bentonite core.

Thus an alternative concept for the seal is studied, including hydraulic cuts
of the EDZ

These cuts are filled with bentonite

Alternative 1

Containment plugs
(low pH concrete)

Backfill : Backfill

Swelling Liner
clay core (low pH concrete)
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The main scientific questions

Long term evolution of the (low pH) concrete
@ Chemical evolution in contact with clay (bentonite/argilites)
@ Effect of corrosion of the metal reinforcement in concrete components

Long term evolution of the EDZ HM characteristics

@ Gas effects near resaturation

@ Mechanical behavior after recompression by the swelling of the bentonite
core

@ Mechanical behavior after mechanical rupture of the concrete lining

Rehydration of the bentonite plug

@ Order of magnitude of the resaturation time
@ Effect of gas on the resaturation
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Main Technological Challenges: the TRL scale

Technical Readiness Level (TRL)
Developed by NASA

P
Basic principles observed and reported TRL-1
Technology concept and/or application formulated | TRL-2 BASIC
Analytical and experimental critical function TRL3
and/or characteristic ;
ol ——
Component and/or breadboard validation in TRL4 %
R&D — laboratory environment @)
| Component and/or breadboard validation TRLS | O
in relevant environment ; m
| > >
.. ) System/subsystem model or prototype = (9
Actual position |nl demonstration in a relevant environment % 35
., . L. - = — (¢»)
Cigeo (variation =, D
System prototype demonstration in a operational -
from com ponent to environment APPLIED 3
«Q

component
P ) Actual system completed and 'flight qualified'

through test and demonstration

Actual system 'flight proven’ through successful
mission operations
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Main Technological Challenges: Retrievability

Why
@ To retrieve waste packages
@ Abilility to reverse the decisions taken today

How
@ Machines, packages, cells designed to allow the withdrawal of the waste packages

@ Progressive and changeable closing schedule to leave the choice to next generations

@ Appointments every 10 years with civil society to prepare the decisions

Emplacement Closing/sealing Backfilling-
of the waste  of the storage sealing of the

Closure of the Slow degradation
repository of the wastes

| [
Surface Waste in . Waste in a Waste in a
. . . Waste in a Long term
interim a repository sealed sealed -
closed cell . evolution
storage cell storage zone repository
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Main demonstrators in the actual program

Having a full spatial scale seal (10 m @, 60 m long) demonstrator with
measurement during the whole resaturation time (several 1 000 years
at least) and in a representative environment (URL) is impossible.

Andra has chosen to develop several
complementary demonstrators covering the

’ whole problematic by parts

They are all part of the RD&D program and are
completed by a numerical simulations program
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Introduction and Context
The actual RD&D development plan for seals (1)

[ 2014 I 2015 I 2016 | 2017 I 2018 | 2019 | 2020 [2021]2022 2023|2024 | 2025 | 2026 12027 1 2028 1 2000 1 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037
Safety options and technical Construction Construction Authorization Current Operating
reversibility options Authorization Application Authorization Order E—— Commissioning Passage Authorization

< b d < | |<> <X
II Scale Sealing (on surface with the reference

concept)

In situ or surface tests for
resaturation/swelling of bentonite

core on models for repreggaigtive
conditions (NSC, BH @)

Monitoring of the behavior of the bentonite core on in situ reduced models in presence of gas (PGZ)

Recompression of the EDZ c Li
(simulating the swelling of the ROHCI'EUIE iner
clay core) (CDZ) emoval test in

UA (+facing .
et [ cometnere
Liner Removal necessary) connections and the main
tleDSCtNm usc galleries of the first phase
( ) of Cigeo
Complementary tests L
Summary design of the for recompression of |—
seals and their the EDZ J
demonstrators
. . Design and testing of an
E;penmer{;t_i\_l studfyt(r)]f frlctlon[andl . industrial tool for realization Full scale in situ
isnfei;;f;n itions of the concrete-clay of hydraulic cuts test of hydraulic
cuts Realization of the seals
R R . R e demonstrators in Cigeo (ramp, —
Numerical simulations of the seals and their concrete gallery, hydraulic cuts)
plugs
T
| 1
Detailed design of the seals I Monitoring of the Hydro-mechanical evolution of the seals I
demonstrators
Preparation of industrial
Studies and researches on chemical and hydro-mechanical evolution of ) construction of gallery
the low pH concrete, interactions with the clay host rock and the 1 o I | B | R e R | | 1 seals
bentonite (MLH) |
Complementary tests on hydro-mechanical behavior on reduced models under representative hydraulic-gas +
solicitations

’ 2n
Galleries and ramps seals

Possible realization of a shaft seal in bure URL and
long term behavior monitoring

S

Galleries and ramps seals Shafts seals

Activity mainly done in Bure

Updating of the
URL

performance
simulations for
seals

Activity partially done in
Bure URL

| | Activity done in Cigeo
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Introduction and Context
The actual RD&D development plan for seals (2)

[ 2014 | 2015 I 2016 | 2017 ] 2018 | 2019 | 2020 [2021]2022

2023 | 2024 | 2025 | 2026 [ 2027 [ 2008 | 2000 | 2030 1 2031 | 2032 | 2033 | 2034 | 2035 [ 2036 [ 2037 |
I L I ] oot Construction Authorization Current Operating
ication Authorization Order i Commissioning Passage Authorization
FSS : Full Scale Seallnq (on > | S T

In situ or surface tests for __ L ezl . |
R e S -‘ S :f'- lrI]: e ‘f bentonite htonite core on representative models and representative conditions
ecompression of the . ¢ tha pentonite core on in situ reduced
EDZ (simulating the s (PG2)

SWeI I I n - Removal test in
C O n C rete L I n e r I;Jel::c(;efacii?g —L Construction of the
core) (( v

= necessary) surface-bottom
DAarmnmvial fnct  an [

- Experimental study

galleries of the first phase
of Cigeo

Complementary tests |

for recompression of T I—

the EDZ

Numerical simulations of
the seals and their
concrete plugs

Design and testing of an
industrial tool for realization
of hydraulic cuts

Full scale in situ
test of hydraulic
cuts

Realization of the seals
demonstrators in Cigeo (ramp, -
gallery, hydraulic cuts)

. . Monitoring of the Hydr(;—mechanical evolutio; of the seals I
Studies and researches on chemical and hydro- [

mechanical evolution of the low pH concrete,

construction of gallery

seals

interactions with the clay host rock and the ot i e g | ¥

educed models under representative hydraulic-gas

bentonite (MLH) ' L

Galleries and ramps seals

Possible realization of a shaft seal in bure URL and
long term behavior monitoring

Activity mainly done in Bure

Updating of the
URL

performance
simulations for
seals

Activity partially done in
Bure URL

Galleries and ramps seals Shafts seals

Activity done in Cigeo
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Main demonstrators in the actual program

General 3D view of FSS (surface) experiment
Part of DOPAS project

ete containment wall

Swelling clay core

Shotcrete containment plug e 8 Breakout
- reakouts

Developed by Régis
Foinin D4 4.1.4
presentation

Support wall blocks

12/26 | Test Box (drift model —scale 1:1)
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Main demonstrators in the actual program

REM (surface) experiment,
part of DOPAS Project :
metric scale FSS bentonite
mixture resaturation

Developed by Jacques
Wendling on the D3 3.2.1
presentation
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Main demonstrators in the actual program

NSC demonstrator (out of DOPAS Project scope)

This underground URL %2 scale experiment aims to evaluate the hydraulic
performance of a seal bentonite core and its near field (EDZ) by evaluating
the water pathways in the system and its equivalent permeability.
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Main demonstrators in the actual program
Forages liaison (hydratation, General layout of NSC demonstrator

connectique) Membrane d'hydratation et de

récupération des flux

NSC3444 Massif d’appui

NSC3442 Sections d'hydratation

Saignée

NSC3443
NSC3441

Béton

Géotextile imperméable
Géotextile
imperméable
8,40m
. Zone étancheée
Chambre d’i njection Membrane d'hydratauon

et d'injection
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Main demonstrators in the actual program

CDZ demonstrator : recompression of the GET
EDZ |

Outside of the DOPAS Project scope

CDZ1305

c
CDZ1306
// €Dz1303
/ Carrure CDZ

TSS1322

eeeee

rrrrr

/
SaignéeTSS1

5
45
&

D PL ACSE10-0003 / D
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Main demonstrators in the actual program

1 - Installation of the upstream plate and concreting of the dead-end

BHN demonstrator ' e

2 - Installation of the sensors

@ Underground (Bure
URL)

@ Natural resaturation
of FSS bentonite 3 - Installation of the downstream plate

mixture

Out of the DOPAS Project
scope
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Main demonstrators in the actual program

PGZ experiment : in-situ borehole gas injection test
Out of the DOPAS Project scope

LEGENDE

Galeries réalisées

17,24m

Galeries futures

Zone de fracturation

Forage de déformation axiale

Forage de pression de pores

Y

11 BHEN

Forage d'injection
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The main demonstrators in the actual program

MLH experimentation

@ In situ borehole chemical
experimentation.

@ Analysis of the evolution with time
of chemical composition of a

synthetic concrete water in contact
with the clay host rock

Out of the DOPAS Project scope
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Main demonstrators in the actual program

DCN experimentation : concrete liner removal test (in the upper part of the
host rock formation)

DCN2003

DCN2019
DCN2017
DCN2015

DCN2011

DCN2043

Out of the T, : T
DOPAS Project
scope

=== Forage de mesure de perméabilité
== Forage extensométrique mono-point
=== Forage geologique
== Capteur de coulissement de cintre
Y Cintre déposé
:¢r Section de mesure de convergence (SMC)
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Main demonstrators in the actual program

Experimental study of friction and

shear conditions of the concrete-clay o _
interface Principle of the experiment

Out of the DOPAS Project scope

21/26 Determination of the constrainneeded to move the block  ©Anda
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Main demonstrators in the actual program

Numerical simulations of plugs and seals

Confinement par
fluage des argilites

Out of the DOPAS Project scope gttty
— l |_ du massif 4—p° Argile
FTFTTes | s
/ aaaaa
- EEEEE | [
e
LERET
FEw ees | r ¥+ L ) + +
Numerical test of ¥ W N -
different forms for B . Age
WL E
the concrete - L
Tt Tt tt t1

containment plug — ol il [
= \ B
Examples el 3

= -

E *—p Argile

e— «— ¥ gonflante

e— -

2{///’ N X
(c) Andra
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Main demonstrators in the actual program

Interfaces bentonite core side

- 6.0

Reactive transport 2D
numerical simulations of
the interfaces in a seal

56

porosité

5.2
- 4.8

46

Y (m)

4.4

4.2

40
¥ (m)
38

Out of the DOPAS Project ) csHo.s
Scope 1l : CSHO.8-

35
-33
3.1

25

2.7

24

2.0

-1,07 -0.87 -0.66 -0.46 -0.36 -0.26 -0.15 -0.05 0,05 0.15 0.26 0.36 046 056 0.77 097 1 0.8 06 0.4 0.2 0
X (m}) Fraction volumique (-

Example of porosity after 100 000 years
G: Gypse, D: Dolomite, Q: Quartz, I: Illite, B: Brucite, M: Montmorillonite,
23/26 Sap: Saponite (¢) Andra
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Main demonstrators in the actual program

Alternative concept : hydraulic cut TSS
demonstrators

@ Surface experiment
@ Focused on technical feasibility (robot
emplacing the bentonite blocks in the
cuts

Out of the DOPAS |
Project scope
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Main demonstrators in the actual program

Alternative concept : hydraulic cuts SET demonstrators

@ In the URL
@ Focused on hydraulic performance of the cuts

Sy

TS51302
TSS1312

Mesure de convergence

Mesure
de convergence

O HZ1382

N
Sad
\,\g:

/
/

cha étanche
S

"
\’1"

/ Q
Reservalions
— fa \
5 -
. .

\
Carrure alvéole HA

A
>
'RE’%\"}
<&

SaigneeTSS1

X
\\
Saignée TSS2

OHZi384

Out of the DOPAS
Project scope

.‘
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Thank You
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