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0 Stage 1 Regions for HLW (orange) and LLW/ILW (green) Repositories &
Planning Areas (gray) in Northern Switzerland. Stage 2 Selections 2014
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& Repository Excavation induces Spalling and Overbreak in intact
and faulted Opalinus Clay at Mont Terri Underground Rock
Laboratory (elevation 400 m bgs)
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The Predicted Degree of Damage and Deformation of the Opalinus Clay
Barrier in the Various Siting Regions is a Criterion for Site Selection

Key Factors influencing Short and Long Term Damage and Deformation
of Opalinus Clay in Northern Switzerland are:

Intact Rock Strength and Deformability
Repository Depth

Tectonic Faulting and Jointing

In-situ Stress Field

Swelling and Pore Pressure Coupling
» Excavation Dimensions and Shape
Excavation and Support Methods
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Paleogeography during the deposition of the Opalinus Clay: 80-120 m
thick mudrocks deposited in a shallow epicontinental shelf sea with a
relief formed by synsedimentary subsidence and fault reactivation
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0 Regional Stratigraphic Correlation and Variation of Mineralogy in the
Opalinus Clay between Mont Terri and the Siting Regions
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U Regional Variations in Maximum Burial Depth (Overconsolidation),
Porosity, Density & Ultrasonic Velocity of Opalinus Clay in Northern
Switzerland

* Maximum Mesozoic and Cenezoic burial depth decreases from East
(Herdern) to West (Mont Terri):
- about 2850 m Herdern
- about 1700 m Benken
- about 1650 m Weiach
- about 1000 m Mont Terri

» This results in regional trends of intact OPA properties:
— Porosity increases from East to West (Bodensee about 4%; Ziricher
Weinland about 7-12%; Mont Terri about 14-18%)
— Density decreases from East to West
— Ultrasonic rock velocities decrease from East to West

Rock Mechanics and Rock Engineering of Geological Repositories in Opalinus Clay — Introduction Simon Léw, EGT




c Geologie — Baugrundmodell - Gefahrdungsbild

1. Erfassung der tektonischen Strukturen 3. Ermittlung bautechnischer Eigenschaften
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U Regional Variation of Elevation (above/below sea level) and Depth (300-

1000 meters bgs) of Opalinus Clay in Northern Switzerland.
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U Simulated Fracture Pattern and Shear Strain at Tunnel Face:
400 meters below Ground Surface (k,=0.9)

State

Shear strain increment

OB TITLE : Stusie Gebirgsverhalten OPA,

FLAC (Version 6.00)

LEGEND

4-Aug-09 13:56
step 135157
-7.S00E+00 <x< 7.500E+00
-7 S00E+00 <y= 7.500E+00

State
Eiastic
Elastic, Vield in Past
4t Vield in Tension
Slip Along Ubic. Joirts
Ui, Jrts. Fail Pat
Ters. Fail. . Joint

OB TITLE : Stusie Gebirgsverhalten OPA,

FLAC (Version 6.00)

LEGEND

4-Aug-09 13:56
step 135157
-7.S00E+00 <x< 7.500E+00
-7 S00E+00 <y= 7.500E+00

M. shear strain increment
00

Cortaur inerval= 2.506-03
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c Simulated Fracture Pattern and Shear Strain at Tunnel Face:
600 meters below Ground Surface (k,=0.9)

State

Shear strain increment

OB TITLE : Stusliz Gehirgaverhatten OP&

FLAC (Versior 6.00)

LEGEND

28-Jul-03 1040

step 139602

-7 S00E+00 =x= 7 S00E+00
-7 SO0E+0D <y< 7.SO0E+00

sate
Elastic
4t Vield in Shear or ol
Elastic, Vield in Past
4t Vield in Tension
Slip Along Ui, Joirts
Ubicy. Jrits. Fail Past
Ters. Fail, Ui, Joint

OB TITLE : Stusiz Gehirgaverhaten OP&

FLAC (Versior 6.00)

LEGEND

28-Jul-03 1040

step 139602

-7 S00E+00 =x= 7 S00E+00
-7 SO0E+0D <y< 7.SO0E+00

Mae. shear strain increment
IDE+00

250E-03
5D00E-03
7 50E-03
1.D0E-02
1.256-02
1.50E-02
17502
200E-02

Contour interval= 2.50E-03
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U Simulated Fracture Pattern and Shear Strain at Tunnel Face:
700 meters below Ground Surface (k,=0.9)

State Shear strain increment

JOB TITLE : Studie Gebirgsverhaten OPA JOB TITLE : Studie Gebirgsverhalten OPA
FLAC (Version 6.00) FLAC (Version 6.00)
smm smm
LEGEND? LEGEND?
18-2ug-08 10.27 18-2ug-08 10.27
step 151095 A= step 151095 A=
-7 SDOE+0D <x< 7.SO0E+00 -7 SDOE+0D <x< 7.SO0E+00
-7 S00E+00 <y= 7.500E+00 -7 S00E+00 <y= 7.500E+00
state 2am Mes. shear shrain increment 2am
Elasti 0.00E+00
A1 Yield in Shear or Vol 250E-03
Elastic, Viel! in Past 500E-03
|t Vield in Tension om 7 50E-03 om
[ Stio Aona Utis. Joirts 1.00E-02
Ui, Jrs. Fail Past 1 25602
Tens. Fail. Libig, Joint 1 S0E-02
2mm 1 75E-02 zom
2.00E-02
225E-02
e Contour intervai= 2 S0E-03 s
smm smm
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c Simulated Fracture Pattern and Shear Strain at Tunnel Face:
800 meters below Ground Surface (k,=0.9)

State Shear strain increment

JOB TITLE : Stusdie Gebirgsverhalten OP&,

JOB TITLE : Stusdie Gebirgsverhalten OP&,

FLAC (Version 6.00) FLAC (Version 6.00)
LEGRND? LEGRND?
18-Bug-09 1025

s step 154352

-7.500E+00 <x< 7.500E+00
-7 SD0E+0D =y= 7.S00E+00

18-Aug-08 10:28

step 154352

-7.500E+00 =x= 7.500E+00
-7 S00E+00 =y= 7.500E+00

state 2am Mas. shear shrain increment

1.00E+00
a1 ield in Shear ar Vol. 5.00E-03
Eiastic, Vield in Past 4.00E-02

[ |t vield in Tension oo 1 SOE-02 oo
[ Stio Along Ukis. Joirts 2.00E-02
Ubig. Jrs. Fail Past 250E-02
Tens. Fail. Ubig. Jaint 3.00E-02

2mm 35002 2mm

Contaur interval= 5.006-03
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u Simulated Fracture Pattern and Shear Strain at Tunnel Face:
900 meters below Ground Surface (k,=0.9)

State

Shear strain increment

JOB TITLE ; Stuclie Gebirgsverhalten OPA

FLAC (Versior 6.00)

LEGEND

28-U109 10:28
step 185918
-7 S00E+00 =x= 7.500E+00
-7 SO0E+00 <y< 7.500E+00

state
Elastic
4 Yield In Shear or Vol
Elastic, Viel! In Past
4t Yield in Tension
Slip Along Ubi Joints
Uiy Jris. Fail Past
Tens. Fal. Lig. Joint

JOB TITLE ; Stuclie Gebirgsverhalten OPA

FLAC (Versior 6.00)

LEGEND

28-U109 10:28
step 185918
-7 S00E+00 =x= 7.500E+00
-7 SO0E+00 <y< 7.500E+00

Wae. shear Strain increment
0.00E+00
500E-03
1.D0E-02
150602
200E-02
250E-02
3.00E-02
350E-02
4D0E-02
450602

Contour irterval= 5.00E-03
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U Tectonic Units of Proposed Siting Regions
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Schematic Cross-Sections Through Siting Regions in Northern
Switzerland (Subjurassic Zone & Deformed Tabular Jura)
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Multistage Mesozoic and Cenozoic Jointing, Faulting (Normal, Strike-Slip

and Reverse) and Folding in Northern Switzerland

Geological Timescale Stratigraphy and tectonics Structural field observations
in northern Switzerland "
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0 Late Miocene NNW-SSE and NNE-SSW Oriented Shortening as derived

from Fault Slip Analysis
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Conference Topic: Current State of Research and Experiences relevant

for the Understanding and Assessment of the Mechanical Behavior of
Opalinus Clay in the Proposed Siting Regions of Northern Switzerland

Session 1:
» Laboratory Experiments
* In-Situ Experiments

Session 2:
» Experiences of Underground
Constructions

Session 3:
» Construction and Layout of
Repositories in Northern Switzerland
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