Update on “Task 2” progress

Ground model and 3D cavern layout

ARUP



Our task....

Initial review of the geological, geotechnical and civil
engineering aspects of the IR cavern layout and design and
potential risks and opportunities for the design and
construction in the Molasse (Task 2)

Separate review of the design of the experiment foundations
(including cavern invert) and transportation mechanism to
cater for a maximum load of 15,000tonnes ....(Task 1)
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Location

| CERN, Switzerland

RS-FAO, NPS. EPAESR1, Dabstine, TANKTOtar s uplliers |

Location
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This presentation. ..

Data used

CERN Molasse Geological model

Molasse rock types and properties

Geotechnical behaviour — stress, strength & stiffness
Engineering behaviour — EDZ, HDZ (URL analogies)

Cavern design — initial studies
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Further analysis for presentation in September (Granada)
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2. Geological model

« Late Oligocene to early Miocene epoch rocks (Chattian to Aquitanian
Stages approx. 30 — 21Ma) sediments eroded from the Alps

« Lake and river deposits formed in a humid environment
* Mainly “marl”, siltstone and sandstone

* Up to 2.6km has been eroded: heavily “over-consolidated” and
cemented

* Relatively unaffected by Alpine Orogeny, but some gentle tilting and
minor faults

* “bedded” cmto m scale, but largely “unfractured”
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3. The molasse rocks

Marls: The fine grained rocks described in the CERN archive reports range from sandy
Marls to marly Sandstones and Grumeleuse and Tectonisee Marls. Up to 40 -55% of the
marl samples were said to be composed of clay minerals, with the remainder comprising
iron oxides, feldspar, quartzand calcite/dolomite. The majority of the clay minerals are
composed of illite, whilst the remainder consist of chlorite and mixed layer illite-

smectites.

Sandstones: quartz-feldspar sands with mica (chlorite or muscovite), and calcareous
cement. The grain size is fine, occasionally medium. Locally, the grain size approaches

that of silt (0.002 - 0.06 mm).

Calcareous deposits (Caliche/ Duricrusts): occasionally Strong nodular limestone with

marl matrix, marly limestones and marls with intercalations of limestones and gypsum.

ARUP



Hawkins & Pinches (1992)
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4. Geotechnical

In situ stresses at LHC at 92 to 123m depth have been determined as:
OH. max = 4.7£0.7MPa to 5.3%0.7MPa (NNE-SSW to ENE-WSW);
O, min = 3.44£0.15MPa to 3.95+0.15MPa;

o, = overburden (mean bulk unit weight taken as 23.75 to 25.10kN/m?.
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[MN/M21

DEFORMATIONS

Uncertainties:

P’ at failure?

*Pore pressures?
*Rate effects?
*Disturbance/slaking?
*Fabric?
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UCS test on “Marne” (at 82.3m depth) by the EPFL.
UCS = 8MPa, w = 6.7%. Globally Youngs’ Modulus (Ep)
= 330MPa and local modulus(E;) =500MPa. Modulus
ratios (E/UCS) of around 100 can be estimated for the
“marne” and 160 for the “marnogres” (marly sandstone)
from the global strain measurement
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Effective Mean Stress, MPa
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ClU ersion and CK, D, triaxial tests with pore pressure measurement — short term
undrained strength, long term effective stress strength can be obtained. UCS test
limitations reduced.
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G, = 6.5GPa
g(%) = 0.017

Stiffness:

UCS MR =100 to 160
Shear modulus from HPD
tests shows distinct
reduction with increasing
strain

Creep & hysteric effects
evident....

However!
Transient Load:

Low stress & strain levels
Available test stress and
strain levels not relevant?
Require information
regarding tests carried out
in similar loading
conditions + strain levels
Monitoring Data




Short term deformation (PLAXIS Linear Elastic)
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Short term Loading (PLAXIS Linear Elastic)
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Short term Loading (PLAXIS Linear Elastic)

Shear Stress




Short term Loading (PLAXIS Linear Elastic)
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Incremental Strains

Total Strains

Short term Loading (PLAXIS Linear Elastic)
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Time dependent behaviour:
swelling & softening due to smectite
Large secondary consolidation/creep behaviour (1D compression)

reductions in modulus of between 20 to 50% (6-months) and 40 to
70% (50-years) were estimated from Triaxial tests

70 1

Mixed layer clay-smectite
accounts for up to 8 to 15%
of the rock. Swelling tests
show there is a potential for
significant time-dependent
swelling strains of up to 25%
and swelling pressures of
over 2MPa - i.e. > the
unconfined tensile strength of
the rock.
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Monitoring Data

Elevation in LEP from 1993-1999
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Findings....

The Excavation Damaged Zone (EDZ): a very
localised zone of fracturing where significant
changes in mass permeability, pore pressures

and in situ stress occur.

Excavation Disturbed zone (EdZ), or Hydraulic
disturbance zone (HDZ): the volume of rock
where perturbations in the stress field induce
significant changes in pore pressure. This
zone extends for 10 radii or more beyond the
excavations. This zone also exhibits a
change to anelastic behaviour. However no

change in permeability occurs in this zone.

Empirical estimates of the extent of the EDZ:

Rdfa = 0.49(%0.1) + 1.25* (o, / UCS)

- Zone of radial unloading:
Deformations dominated by
anelastic (non-linear) behaviour.

Undisturbed: Deformations
dominated by linear-elasticity.

EDZ: Deformations dominated
by micro- and macro-fractures.

Tunnel




1.75 Hoek-Brown
n

Different yield criteria approaches
available for modelling mudrocks: Feni

Standard Hoek-Brown or Mohr-Coulomb shear
strength criterion

Undrained shear strength with stress dependent
modulus (Corkum & Martin, 2007)

T m=0,s=0.11

01 02 03 04 05
G3/0;

“Brittle” Hoek-Brown criterion (Martin et al,
1999)

failure envelope

Tensile failure mechanism using Mohr-Coulomb

shear failure

or Hoek-Brown criterion (Hoek et al, 2005)

Cf 0o 2 4 6 8 10 12 14 16 18 20 22
Normal stress (MPa)
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Cavern Stress State

Simple modelling to examine:
1. Cavern layout and optimisation

2. Invert stress state as starting point for foundation analysis
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oy hormal to beam tunnel oy parallel to beam tunnel



oy hormal to beam tunnel oy parallel to beam tunnel
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7. Further work

Collect data regarding small strain @ low stress range

Collect data regarding ground movements in Molasse rocks for similar loading

conditions
Complete review and collation of geotechnical index properties
Complete geophysical profiling and stratigraphic interpretation
Detailed interpretation of relevant geotechnical tests
Further consideration of yield criteria for layout cavern design
Complete 3D boundary element analysis of cavern orientation and revised layout and shape

Develop non-linear “BRICK” model for molasse yield — undertake ground-structure
interaction analysis for detector-slab-cavern invert foundation “system”.
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