Supplement of Saf. Nucl. Waste Disposal, 2, 65-65, 2023
https://doi.org/10.5194/sand-2-65-2023-supplement SaND

© Author(s) 2023. CC BY 4.0 License. Safety of Nuclear

® Waste Disposal
Open Access
Supplement of

On the influence of initial stress on final stress in data-calibrated numeri-
cal geomechanical models

Tobias Hergert et al.

Correspondence to: Tobias Hergert (tobias.hergert@kit.edu)

The copyright of individual parts of the supplement might differ from the article licence.



4]}

Karlsruhe Institute of Technology

I 1. MOTIVATION

al.).

areas of the model domain with no measured stress.

.3. MODELLING APPROACH

* An Initial stress state Is prescribed in order to
- maintain the implemented (observed) geometry
of Interfaces, faults, etc. under the force of
gravity
- Increase the ratio of horizontal to vertical stress
towards a realistic reference stress state

* Initlal stress (Fig. 2a) and subsequent acting of
horizontal forces (representing tectonic stresses)
(Fig. 2b) result in the final stress state
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Fig. 2 Sketch showing how initial and final stress is established.

a) Inital stress: a high Poisson’s ratio is used while gravity acts under
uniaxial strain conditions. The resulting state of stress is included in an
undeformed model domain. b) Final stress state: displacement
boundary conditions are applied at the vertical boundaries of the model
domain to account for tectonic stress.

. 4B. DEPTH OF DATA

 Calibration data at 1 and 8 km depth
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Fig. 4 Stress paths for different initial stresses matching calibration
data at 1 km (a) and 8 km (b) depth.
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Planning and operation of subsurface facilities for waste
storage require knowledge about the stress state at depth.
Data-calibrated numerical models provide an adequate
method to assess the stress conditions (e.g. safeND2023
contributions In session SO/ by Ahlers et al. and Reiter et

In general, such stress simulations require a definition of an
Initial stress state. Here we analyse how the choice of initial
stress affects the final stress in data-calibrated models In
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Fig. 3 Stress paths for different initial stresses defined by variable Poisson's In these units
ratios (Fig. 2a) matching the calibration data at 5 km depth altogether.
a) Individual cases, b) all stress paths

.4C. NON-UNIFORM BC‘s I5_ CONCLUSIONS

» Depth-gradient in displacement boundary conditions

e Final

stress in the unit with calibration data

0

.1A. INITIAL AND FINAL STRESS

 Four different initial stress states (given by v=0,25/0,35/0,45/ 0,495 In Fig. 2a; 3a)
* Predefined calibration data at 5 km depth
» Case-dependent amounts of displacement boundary conditions to fit the data (Figs. 2b; 3a)

R NRENRNSENAR
—Sh -8000 . |

Spann!EnD 2.0

POTSDAM

BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Funded by | :1@]2

l' GENERIC MODEL A generic cubic-shaped numerical 3D model Is

considered consisting of three units with increasing
Young's modulus E with depth (Fig. 1). Poisson’s
ratio v and density p are assumed as constant. The
base of the cube Is free to move horizontally but
constrained  vertically.  Horizontally  directed
displacement boundary conditions are applied at
the vertical boundaries to account for tectonic
stress. Gravity acts as a body force. The finite
element software package Simulia Abaqus is used.

Fig. 1 Geometry, dimensions and rock properties (E, v, p) of the
generic numerical model.
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 The final stress state in data-
calibrated models depends on
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