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Summary

Radioactivity and its use in France
Radioactive wastes in France and how to manage them
Deep underground repository and role of seals in france

Other country focusing on Clay type host rock : Switzerland
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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.
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Principal types of Use of Radioactivity in France
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Radioactivity is a natural phenomena (1/2)

Radium 22&

88 potons linked to unstable atoms which transforms into

138 neutrons

%'_%’; slable ones by emiting different types of rays (a, B,
y) more or less dangerous

Radon 222
B8 protons 7*
136 neutrons .

Cobalt 60 Al Ulh I
27 protons g ’)/(Jf’7
33 neutrons

p
Q
ﬂ 'ﬂ Per Shea
¢

Nickel 60
28 protons
32 neutrons

o Electron /
mission [
g ‘E s ﬂ; r///

Cobat 60 . A~ '3 T'

554

POSIVA
FSv

@

odpadi =1
R0 Radioactive WastoRoposions Avtnoty | AL d I

Svensk Kiérnbrinslehantering AB

.I na g ra ”c%% N\G SU.JVS

7 s ¥ Galson Sciences Ltd  IDBIETEC

DBE TECHNOLOGY GmbH

Y v (G



Radioactivity is a natural phenomena (1/2)
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Radioactivity
'IDD-C-
The . life period is the duration after
which half of the amount of radioactivity
;E of a single radionuclide has naturally
g disappeared by disintegration

Penod‘

Carbone 14 : 5700 years
Plutonium 239 : 24 000 years
Choride 36 : 360 000 years
lodine 129 : 17 million years
Uranium 238 : 4.5 billions years

® lodine 131 : 8 days
® Cobalt 60 : 5 years
® Tritium : 12.3 years
® Césium 137 : 30.1 years
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Radioactive wastes in France and how to manage them
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What to do with these radionuclides before they become

harmless ?

France has choosen a long term solution for all types of wastes

implying a multi barrier concept including :

A waste container
Transport
Exploitation phase

An engineered barrier system (EBS)
Exploitation phase
Institutional phase

Barriére ouvragée

) A geological media
Barriére géologique f Long term safety
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Classification of radionuclides for storage in France

Waste containing mainly RN | Waste containing mainly RN | Waste containing mainly
with Very Shonrt 12 life with Short 2 Life (VC) RN with Long %2 Life (VL)

period < 100 days period < 31 years period > 31 years

Very low Recycling or dedicated surface storage
activity (TFA) (Cires, in activity)

Low Activity Industrial storage during Subsurface repository

(FA) radioactive decrease Surface repository (in study)

(CSA, in activity)

Intermediate
Activity (MA)

Deep geological repository

High Activit iy
= (H;)WI J No RN in this category (Cigéo, in study)
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Total volume of radionuclids wastes per categories

68.8%
99.96%
of the total
20.1% ( radioactivity
7.2° ,
‘-A) 3.6% 0.2%
‘ -—0-
TFA FMA-VC FAVL MAVL HA
End of 2013 the total volume of radionuclids waste was
10/24 around 1 500 000 m3
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> 90% of the total amount (volume) of RN has already a long
term management solution (repository in activity)

CSA
(already closed)
1 CIRES
11/24 (in activity)
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A solution is actually studied for High Level Wastes and Intermediate
Level Long Lived Wastes

Cigeo : Deep underground clay host rock geological repository

. Deep underground (500 m): to protect from (limit) human intrusion and natural
disasters on surface

. Clay host rock: very low permeability and favorable for RN « trapping » (high cation
sorption)

. Geological repository: stable over very long period of time (far beyond human

12/24  possibilities)
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Principle of Cigeo repository

Reception, control and 2014 architectural design Surface
preparation of waste logistical

packages surface zone diging zone

Shafts

MA-VL storage zone
HA storage

> 100 years exploitation period Z0One

» Progressive construction

C.IM.AIMC.13.0005.C

ll nagra, ﬁ%%é N\G g@h Jed 1. el B FTECH Eﬂﬂ

CVUT U JVS fsafe solutions for radioactive waste] Svensk Kirnbrinslehantering AB
FSv

Y v (G

FOSIVA

AE}}Galson Sciences Ltd [ TEC

DBE TECHNOLOGY GmbH

EURATOM



Radionuclides are migrating toward the surface
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By the host rock and other geological layers (low permeability host

rock: mainly by diffusion)
« Using the excavated gallery network (high permeability: mainly by

14/24 convection)
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How to limit the migration toward the surface ?
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« Not possible via the host rock (choosen for its low RN transfert
potential: low permeability, high retention for cations)
« Possible in the gallery network: try to come back to the natural (host
15/24 rock) propeties: clay type seals”
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Actual foreseen emplacement of seals in Cigeo

Shafts seals
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Seals have to last as long as needed to prevent RN to come to
the surface.
16/24 Limited at 1 My in practice (duration of the SA calculations)
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Other country focusing on Clay type host rock

Example of Switzerland

/ If not otherwise stated, the following material is extracted from Nagra 08-07-2015
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Elements of Swiss Waste Management Concept

New fuel elements

Source: Nagra NTB 02-05, p.3
HLW

High-level waste
(vitrified)
ﬁ

Reprocessing
Fuel element fabrication

SF/HLW

SF
Spent fuel

NPP Operation Interim storage

=T € ILW
E’ 0. . Long-lived
OO0 T intermediate-
NPP Decommissioning level waste

Geological disposal
Repository for SF/HLW/ILW

Interim storage

LILW
Low- and
intermediate-

Megicing, EdUSHry, level waste . Geological disposal
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Swiss repository concept for SF/HLW

Access infrastructure

The period analysed for
safety assessment is of 1
My

SF/HLW
Main facility

Test
area
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H k (Opalinus Cl Steel arch Rock bolt .
ost rock (Opalinus Clay) teel arches | Ioc | ol sl, HLW hlgh /eve/ WaSte
5| £ Bentonite ILW: intermediate level waste
o ™ , backfill

Lining o 3 Bentonite blocks R Nagra, 08'JUIy'201 5
Intermediate seal section (every 11th canister position) PoIIer & aI (2014) p 2 & p 49
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Swiss example : Emplacement tunnel of the SF/HLW repository

Nagra, 08-09-2015

In-tunnel emplacement concept with
canister emplaced in tunnel on bentonite
blocks, backfilled with granulated

bentonite.
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Emplacement cavemns

Transfer- Unloading-

area Branch tunnel (approx. 120 m)
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20m
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Dlsposal container (LC 1) Mortar 1 Concrete Excavated material

Mortar 2 (cavity) and plug
Mortar 1 (top heading)
a)
Nagra, 08-07-2015
Transfer- Unloading-
. Emplacement caverns , area  area Branch tunnel (approx. 120 m)
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Emplacement container (LC 1) Mortar 1 Tran- Sand/Bentonite Tran- Gravel Sand/
/ Mortar 2 (cavity) and sitional (70/30) sitional Bentonite
Mortar 1 (top heading) layer layer (80/20)

b)
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Swiss example :
L/ILW emplacement
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with (b) Englneered
Gas Transport
System (EGTS)
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Swiss example : Generic possible layout of a galiery seal

Tran- Sand/Bentonite Tran- Sand/Bentonite
Excavated sitional (70/30) sitional (80/20)
material Gravel layer sealing element Iayer Gravel backfill
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Layout of the backfilled/sealed Swiss SF/HLW repository

] Central area URL Observation tunnel
Backfilling \

X Seal

Ventilation shaft

Construction shaft

Construction tunnel

Operations tunnel — Cross-cut Vi

P S S S A A A
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&
v
V4 /
Shaft / ramp seal
SF / HLW
emplacement
rooms
500 m
23/24 Main facility Poller et al. 2014, NTB 14-10, p. A-21
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Thank you
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References related to Nagra’s concept

Nagra. 2002. Projekt Opalinuston, Konzept flur die Anlage und den
Betrieb eines geologischen Tiefenlagers — Entsorgungsnachwels fur
abgebrannte Brennelemente, verglaste hochaktive sowie langlebige
mittelaktive Abféalle. Technischer Bericht NTB 02-02

Poller & al. 2014. Modelling of Radionuclide Transport along the
Underground Access Structures of Deep Geological Repositories.
Nagra. Technical report NTB 14-10. August 2014. |[ISSN 1015-2636.

Nagra. 2002. Project Opalinus Clay. Safety Report. Demonstration of
disposal feasibility for spent fuel, vitrified high-level waste and other
long-lived intermediate-level waste. Nagra Technical Report NTB 05-02.

Nagra reports available at
http:/AWwWw.hagra.ch/de/cat/publikationentechnischeberichte-ntb s/ntbs-
2001-2013/downloadcenter htm
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