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Swiss concept for the HLW?! repository

= Monitored
Geological
Repository

© HLWI/SF repository
® LL-ILW repository
© Pilot repository

O Test area (rock laboratory)

© Access tunnel

® Ventilation and construction shafts

High-level radioactive waste, spent fuel and long-
lived intermediate level radioactive waste
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Full-Scale Emplacement (FE) Experiment

= Designed according to the Swiss concept for

spent fuel (SF) / high-level waste (HLW) p—
emplacement tunnel

Steel arches

Host rock (Opalinus Clay)

Canister Bentonite
backfill
- Bentonite blocks
Lining

Interjacent sealing section Rock bolts

: FE tunnel «Interjacent sealing section»
‘ Opalinus Clay 3m @, 50m length without shotcrete

Shotcrete Heaters on
- bentonite blocks
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Radioactive waste heat release

© Decay heat of BNFL HLW canister
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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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URLSs in Europe
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Argillaceous rocks

Indurated clays Plastic clays
Callovo-Oxfordian :
Opalinus clay Boom clay
mudstone
Dry density (g/cm?3) 2.21-2.33 222 -2.33 1.61—-1.78
Calcite content (%) 23-42 6 - 22 0-3
Porosity (%) <13 13.56-17.9 > 30
Water content (%) <55 42-80 >95
Young’s modulus (MPa) 4000 - 5600 4000 - 10000 200 - 400
UCS (MPa) 20 - 30 4-22 2
Permeability (m/s) 1—-5x10"3 1-5x10"3 2 —4.5x101?
Thermal cond. (W/mK) 1.6 -2.8 1.2-17 1.3-1.7
Geological age Callovo-Oxfordian Aalenian Rupelian
(mi[lio?: earg) (Mid.—Up. Jurassic) (Middle Jurassic) (Oligocene)
y 155.7 — 163.7 171.6 — 175.6 28.4 - 33.9
O Most relevant properties (thermal conductivity, permeability, Gens et al. (2007)

stiffness, strength) are anisotropic
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Heating tests in argillaceous rocks
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Small scale experiments

D PLADPE 06-0230/ A

TER: Callovo-Oxfordian
Clay (Bure)

mm Heater borehole
= Thermometric borehole
= Pore pressure borehole

mm Deformation borehole

TED: Callovo-Oxfordian -
Clay (Bure)

'.'a.gfi” “
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AT85E. -
1515 m — ATYTE

1.184 m
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AT98E
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ks
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ATLAS: Boom
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THM processes

Heat transport Water and gas flow

Pore pressure generation

Fluid viscosity

Heat convection
Thermal conductivity

. Moderate

] Negiigible
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Determination of the thermal conductivity

Under the following assumptions:

- Saturated medium
- Negligible porosity changes
- Negligible convection

= Thermal conduction problem

Table 2 MNumber of temperature sensors in the rock mass in the
different in situ experiments

ATLAS TER TED HE-D

24 20 108 26

Table 8 Proposed reference thermal conductivity values for the three

rocks
Apar A per Ao Al e
Wm/Ky (W/m/K) (W/m/K)
Boom Clay 1.55 106 1.35 146
Callovo-Oxfordian Clay 1.88 1.26 164 1.5
Opalinus Clay 2.15 12 1.8 1.8
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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

porehole
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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

Pressure [kPa]
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Liquid Pressure [MPa]

TER: pore water pressure response

Measured and simulated pore water pressure evolution in the TER

experiment
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ATLAS: pore water pressure

experiment

Measured and simulated pore water pressure evolution in the ATLAS
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Strains [mm/m]
© o o
N o N

HE-D: deformation measurements

Deformation during heating
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ATLAS: direct pore water pressure response

Measured and simulated pore water pressure evolution in the ATLAS experiment (10 first

1.5m

days)
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HE-D: deformation
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Measured and simulated strain evolution in the HE-D experiment
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TED: pore water pressure and permeability
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Index

= Larger and real scale experiments
- HE-E
- FE
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THM processes in the buffer

Swelling
Vapour flux (diffusion) Gas pressure
Heat in Water ﬁ
evavr\zlgf'git-ion Heat flux condensation
(conduction and advection) H
» ' - ‘ eat out
= . el g
» Liquid flux (advection)
Heat flux »
» (conduction and advection)
» Heat flux (conduction) Solid

Water in
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HE-E experiment: temperature
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Thermal Conductivity [W/m/K]
o o o o NN
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HE-E experiment: temperature
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Thermal Conductivity [W/m/K]
o o o o NN
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HE-E experiment: temperature
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HE-E experiment: temperature
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=|ab fit NAGRA 120 |
& NAGRA (CIEMAT) 10 cm from heater
0’100 -
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= 80 - 25 cm from heater
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Thermal Conductivity [W/m/K]

o

HE-E experiment: temperature

=S5coping 140 N I@(I(I(I(I(’ Heater
—Lab fit NAGRA 120
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s 80
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Permeability.k, [m?]

HE-E experiment: relative humidity

1.0E-17
1.0E-19
1.0E-21
1.0E-23
1.0E-25
1.0E-27
1.0E-29
1.0E-31
1.0E-33
1.0E-35

N/~

A Hoffman et al., 2007 (FEBEX bent.)
A Chen & Ledesma, 2009 (pdry=1390 kg/m3)

(

¢ Chen & Ledesma, 2009 (pdry=1545 kg/m3)

e Chen & Ledesma, 2009 (pdry=1737 kg/m3)
(

® Chen & Ledesma, 2009 (pdry=1986 kg/m3)

—Numerical Modeling

0 01 02 03 04 05 06 07 08 09 1

Degree of saturation

12 (cockwise position)
Front view (insde the tunnel)

H (Host rock)
M (middle)
C(Center)
B(Bentonite)

Relative Humidity [%]

100
90
80
70
60
50
40
30
20

—@ 10 cm
—@ 25cm

@ 45 cm
—@ 49 cm

100 300 500 700 900 1100
Time [days]

The saturation state depends i.a.
on the permeability and vapour
diffusion
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HE-E experiment: pore water pressure

= 1.2 ! Distance from the MT wall
o —— Heating Start —@ 3.54 m (P-B91-10m)
=10 - ‘ —@ 4.53 m (P-B91-08m)
+ —@5.57 m (P-B91-07m)
@ A @ 3.54m (P-B91-10m)
5 0.8 - ¢ @4.53m (P-B91-08m)
E © @5.57 m (P-B91-07m)
E 0.6 -
)
®
o 0.4
A
o
5 0.2 - . |
E y- 1—* End of the first year of heating
0.0 dmfE™ T I T r T |
0 300 600 900 1200 1500

Time [days]
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3 heaters, 1500 sensors

5 tons, broughtin
horizontally with cm
precision
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Commentaires finaux

Au cours des 10 dernieres années, de nombreux essais de
chauffage ont eu lieu, permettant de:

Observer la réponse thermo-hydro-meécanique de laroche et de la
caractériser

Mettre en avant le caractere anisotrope de la roche

En général, les modeles arrivent a reproduire I'ensemble des
données collectées (T, H & M, mais aussi toutes les données T), en
consequence:

Des modeles
De la précision de la mise en place de l'instrumentation
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thank you
for your attention
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