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Swiss concept for the HLW1 repository

 Test area (rock laboratory)
 Access tunnel
 Ventilation and construction shafts

High-level radioactive waste, spent fuel and long-
lived intermediate level radioactive waste

 HLW/SF repository
 LL-ILW repository
 Pilot repository

 Monitored
Geological 
Repository
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Shotcrete Steel archesHeaters on 
bentonite blocks

«Interjacent sealing section»
without shotcrete

FE tunnel
3m Ø, 50m lengthFE cavern

Plug

Layout of the FE Experiment @ Mont Terri URL
(not displayed: rock bolts, sensors & bentonite backfill)

Opalinus Clay

Full-Scale Emplacement (FE) Experiment
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 Designed according to the Swiss concept for
spent fuel (SF) / high-level waste (HLW)
emplacement tunnel

Canister Bentonite
backfill

Steel archesHost rock  (Opalinus Clay)

Bentonite blocksLining
Rock boltsInterjacent sealing section



Radioactive waste heat release
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Index
Note beforehand: many of the results presented herein come from my 
“previous” life. The measurements are mainly due to ANDRA and the 
TIMODAZ and PEBS projects. 

 Introduction

 Small scale experiments (HE-D, TER, TED and ATLAS)
- Measurements
- Modelling of the temperature field
- Modelling of the pore water pressure field

 Larger and real scale experiments
- HE-E
- FE
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URLs in Europe
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Granite (Aspo)
200m – 450 m deep
Generic, purpose-built

Opalinus (hard) clay (Mt Terri)
400m deep
Generic,  not purpose-built

C-O argillite (hard) clay (Bure)
450m – 520 m deep 
Site-specific

Boom (plastic) clay (Mol) 
230m deep
Generic, purpose-built

Rock salt (Asse)
490m – 800m deep
Generic, not purpose-built

Granite (Grimsel)
450m deep
Generic, not purpose-built



Argillaceous rocks
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Gens et al. (2007) Most relevant properties (thermal conductivity, permeability, 
stiffness, strength) are anisotropic

Indurated clays Plastic clays
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Heating tests in argillaceous rocks
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Small scale experiments
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TER: Callovo-Oxfordian 
Clay (Bure)

HE-D: 
Opalinus Clay 

(Mt Terri)
ATLAS: Boom 

Clay (Mol)

TED: Callovo-Oxfordian 
Clay (Bure)



THM processes
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T

Heat transport

H

Water and gas flow

M
Stress-strain

Pore pressure generation

Fluid viscosity

Heat convection
Thermal conductivity

Strong
Moderate

Negligible
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Determination of the thermal conductivity
 Under the following assumptions:

- Saturated medium
- Negligible porosity changes
- Negligible convection

 = Thermal conduction problem

TED
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TED: temperature evolution, middle plane
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TED: temperature profiles. Middle plane
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TED: temperature profiles, one borehole
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HE-D: TH coupling
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HE-D: TH coupling
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HE-D: TH coupling
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HE-D: TH coupling
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HE-D: TH coupling
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HE-D: TH coupling
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HE-D: TH coupling
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HE-D: TH coupling
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HE-D: pore water pressure response
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TER: pore water pressure response
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ATLAS: pore water pressure
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HE-D: deformation measurements
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ATLAS: direct pore water pressure response

2014_11_25_heating_tests_garitte27 Gab

-0.040

-0.030

-0.020

-0.010

0.000

0.010

0.020

2-4-07 4-4-07 6-4-07 8-4-07 10-4-
07

12-4-
07

Ex
ce

ss
 L

iq
ui

d 
Pr

es
su

re
 [M

Pa
]

18

18.1

18.2

18.3

18.4

18.5

18.6

18.7

18.8

Te
m

pe
ra

tu
re

 [º
C

]

PP-AT85E    PP-AT93E    

PP-AT98E1    PP-AT98E2    

PP-AT98E3    

Temperature 
measured in 
AT93

Heated zone AT93

Measured and simulated pore water pressure evolution in the ATLAS experiment (10 first 
days) 1.5m

1.5m 1m



HE-D: deformation
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TED: pore water pressure and permeability

Evolution of pore water pressure during 4 years



Index
Note beforehand: many of the results presented herein come from my 
“previous” life. The measurements are mainly due to ANDRA and the 
TIMODAZ and PEBS projects. 

 Introduction

 Small scale experiments (HE-D, TER, TED and ATLAS)
- Measurements
- Modelling of the temperature field
- Modelling of the pore water pressure field

 Larger and real scale experiments
- HE-E
- FE
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THM processes in the buffer
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HE-E experiment: temperature
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HE-E experiment: temperature
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HE-E experiment: temperature

2014_11_25_heating_tests_garitte34 Gab

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 0.5 1 1.5

Th
er
m
al
 C
on

du
ct
iv
ity

 [W
/m

/K
]

Degree of Saturation

Scoping

NAGRA (CIEMAT)

GRS (CIEMAT)

GRS (GRS)

NAGRA (GRS)

Tang et al. (2008) ‐
COMPACTED
Tang and Cui (2006) ‐
COMPACTED
Hökmark et al. (2007) ‐
rhod=1.1 ‐ 1.9 0

20

40

60

80

100

120

140

0 200 400 600

Te
m

pe
ra

tu
re

 [º
C

]

Time [days]

Heater

10 cm from heater
25 cm from heater

45‐49 cm from heater



HE-E experiment: temperature
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HE-E experiment: temperature
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HE-E experiment: relative humidity
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HE-E experiment: pore water pressure
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FE experiment (photos by Comet)
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3 heaters, 1500 sensors 400 tons of bentonite

5 tons, brought in 
horizontally with cm 
precision



Commentaires finaux
 Au cours des 10 dernières années, de nombreux essais de 

chauffage ont eu lieu, permettant de:
- Observer la réponse thermo-hydro-mécanique de la roche et de la 

caractériser
- Mettre en avant le caractère anisotrope de la roche

 En général, les modèles arrivent à reproduire l’ensemble des 
données collectées (T, H & M, mais aussi toutes les données T), en 
conséquence:
- Des modèles
- De la précision de la mise en place de l’instrumentation
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for your attention


