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BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Background —integrity criteria

Integrity-relevant processes

leading to damage and loss of initial tightness of the rock salt

(1) generation and growth of (inter- (2) fluid-pressure-driven opening of grain
connected) cracks due to deviatoric  and/or boundaries, if p exceeds the normal stress
loading; shear stress-induced damage and adhesive forces at the boundaries

Criteria to assess integrity and tightness of rock salt

Y Ditatancy criterion S Fluid-pressure criterion

(.Minimum principal stress criterion” or
+hydrofrac-criterion”) i.e. conservative
approach using o and theoretical brine-
pressure by neglecting tensile strength

i.e. boundary for microstructural
damage, after Hunsche & Cristescu

2
(o2 (o2
v 1 -0 _0 c . >p - Ap=0c . - >0
” <-0.1697 [ *} + 0.8996 " 3 Toct/ i > O min ﬂ \P min pﬂ
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Bac |-(g round — safety ana lg s5es BG E BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Geomechanical modelling - exemplary results

State: ,today”
Dilatancy criterion T . / T,

Fluid-pressure criterion 6z — Paig

FLAC3D 5.01

2014 kasca Consulting Group, Inc

ERAM. Sonderschniet Ossleld 1 (0F 1), 2D-Schebenmodell, Tefpurit heote 172015)

Dilatanzkriteriom [-]

1.2500E+00 1.0000E+06
1.1250E +00 5 0000E +05
1.0000E +00 0 Q000E +00
8 75006 01 overburden & cap rock 5 0000405
w7 SO00E-01 w -1 0000E+06
§ 62500E-01 l -15000E<08
5 0000E-01 -2 0000E =06
3 7500E-01 -2 S000E =06
2 5000E-01 -3 0000E =06 =
1.2500E-01 R = !
0.0000E+00 4 DOD0E =06 e
ZGroup rOCk Salt ZGroup o
[] Deckgetirge [J Deckgebirge H
ZGroup ZGroup
0 Ankyaat 0 Ankyaar

disposal room
for radwaste

FLAC3D 5.01

2014 kasca Consulting Group, Inc

SMAX - p_fl [Pa] *

* sign convention:
negative values
for pressure states

ERAM. Sonderschniet Ossleld 1 (0F 1), 2D-Schebenmodell, Tetpurit- heote 172015)

e

EGU General Assembly 2018, Session ERES.S | Vienna

13.04.18




Bac |-(g round — safety ana lg s5es BG E BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Geomechanical modelling - exemplary results
State: 100 years after emplacement and backfilling
Dilatancy criterion t . / T4 Fluid-pressure criterion 6z — Paig

ERAM. Sonderschnitt Ossleld 1 (OF 1), 2D-Scheibenmodell, Zetpurit: 100 rach Veriillung

FI_,A CjD 5_“}. ERAM. Sonderschnitt Ossleld 1 (OF 1), 2D-Scheibenmodell, Zetpurit: 100 rach Veriillung FI_,A CjD 5_“}.

2014 kasca Consulting Group, Inc

2014 kasca Consulting Group, Inc

SMAX - p_fl [Pa] *

Dilatanzkriteriom [-]
1.2500E+00 1.0000E+06
1.1250E+00 5 0000E +05
1.0000E +00 0 0000E+00
8 75006 01 overburden & cap rock 5 0000405
B 7 5000E-D1 W -10000E+06
§ 8.2500E01 § -15000E08
5 .0000E-01 -2.0000E =06
3 TS00E-01 -25000E =06
2 5000E-01 -A0000E=06 e FEET 55 =it HE A mm i g
1.2500E-01 3 5000E+06 ;': D
0.0000E+00 4 D000E=DE L]
ZGroup rOCk Salt ZGroup Cl
Gin Slot Any GHL:; Skt Any i
Varsatr Varsatr
ZGroup ZGroup
[ Deckgebirge [ Deckgebirge i
LG roup LG roup i
[ Anbyerie [ Anbyerie

* sign convention:
negative values

disposal room
for radwaste for pressure states
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BUNDESGESELLSCHAFT

Background — safety analyses !
FUR ENDLAGERUNG

Geomechanical modelling - exemplary results
State: 1.000 years after emplacement and backfilling

Dilatancy criterion t . / T4 Fluid-pressure criterion 6z — Paig

ERAM. Sonderschnitt Ossleld 1 (OF 1), 2D-Scheibenmodell, Zetpurit 1.000a nach Verdllung

FI_A CjD 5_“}. ERAM. Sonderschnitt Ossleld 1 (OF 1), 2D-Scheibenmodel, Zetpurit 1.000a nach Vedillung FI_A CjD 5_“}.

2014 kasca Consulting Group, Inc

2014 kasca Consulting Group, Inc

SMAX - p_fl [Pa] *

Dilatanzkriteriom [-]
1. 2500E+00 1.0000E+06
1.1250E+00 2. 0000E +05
1. 0000E +00 0 O0E+D0
8 75006 01 overburden & cap rock 5 0000405
T S000E-01 -1 DODOE +06
. 8 2500E-01 . -1 S000E+06
5 0000E-01 -2 0000E =06
3 7500E-01 -2 S000E =06
2 5000E-01 gooooess | EERSSEEERETT e
1.2500E-01 R = EE
0.0000E+00 4 DOD0E =06 B H
ZGroup rOCk Salt ZGroup 1 A -
Glin Skt Any Gfin Skt Any
Versatr Varsatr - = o
ZGroup ZGroup E A H U
[ Deckgebirge [ Deckgebirge i
LG roup LG roup 4
[ Anbyerie [ Anbyerie

* sign convention:
negative values

disposal room
for radwaste for pressure states
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Background — safety analyses

Geomechanical modelling - exemplary results

State: 10.000 years after emplacement and backfilling
Fluid-pressure criterion 6z — Paig

Dilatancy criterion t . / T4

BUNDESGESELLSCHAFT

FUR ENDLAGERUNG

FLAC3D 5.01

2014 kasca Consulting Group, Inc

Dilatanzkriteriom [-]
1.2500E+00
1.1250E+00
1. 0000E+00
B.7500E-01
T 5000E-01

' B 2500E-01
5 0000E-01
3 TS00E-01
2 5000E-01
I 1. 2500E-01
0.0000E+00
ZGroup
Gioup Shot Any
Vearsate
ZGroup
[ Deckgebirge
LG roup
[ Anbyerie

ERAM. Sonderschnitt Ossleld 1 (OF 1), 2D-Scheibenmodell, Zerpurit: 10 000a mach Verdillong

overburden & cap rock

rock salt

disposal room
for radwaste

FLAC3D 5.01

2014 kasca Consulting Group, Inc

SMAX -p_f[Pa] *
1.0000E+06
2. 0000E +05
0 0000E+00
-2 0000E =05
-1 0000E =06
' -1 5000E =04
-2 0000E =06
-2 S000E =06
-3 0000E =06
I R =
4 DOD0E =06
ZGroup
Group Shot: Any
Wersatz
ZGroup
[ Deckgebirge
LG roup
[ Anbyerie

* sign convention:
negative values
for pressure states

ERAM. Sonderschnitt Ossleld 1 (OF 1), 2D-Scheibenmodell, Zerpurit: 10 000a mach Verdillang
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Background — safety analyses

Geomechanical modelling - exemplary results

State: 30.000 years after emplacement and backfilling
Fluid-pressure criterion 6z — Paig

Dilatancy criterion t . / T4

BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

FLAC3D 5.01

2014 kasca Consulting Group, Inc

Dilatanzkriteriom [-]
1.2500E+00
1.1250E+00
1. 0000E+00
B.7500E-01
T 5000E-01

' B 2500E-01
5 0000E-01
3 TS00E-01
2 5000E-01
I 1. 2500E-01
0.0000E+00
ZGroup
Gioup Shot Any
Vearsate
ZGroup
[ Deckgebirge
LG roup
[ Anbyerie

ERAM. Sonderschnit Ossield 1 (OF 1), 2D-Scheibenmodell, Zetpusit- 30 0002 rach Vesiilng

overburden & cap rock

rock salt

disposal room
for radwaste

ERAM. Sonderschnit Ossield 1 (OF 1), 2D-Scheibenmodell, Zetpursit 30 0002 rach Vesiilhang

FLAC3D 5.01

2014 kasca Consulting Group, Inc

SMAX -p_f[Pa] *
1.0000E+06
2. 0000E +05
0 0000E+00
-2 0000E =05
-1 0000E =06
' -1 5000E =04
-2 0000E =06
-2 S000E =06
-3 0000E =06
I R =
4 DOD0E =06
ZGroup
Group Shot: Any
Wersatz
ZGroup
[ Deckgebirge
LG roup
[ Anbyerie

* sign convention:
negative values
for pressure states

remaining barrier thickness
after 30 ka: > 90 m
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BUNDESGESELLSCHAFT

Background — safety analyses !
FUR ENDLAGERUNG

Geomechanical modelling - exemplary results

State: 30.0 BUT: influence of data uncertainties and
Dilatancy ci modelling approaches and assumptions terion G5 — Paig

—_

= geometry?

20-Scheibenmodell, Zerpurit: 30 000a mach Verdillong

FLAC3D 5.01 |2

2014 kasca Consulting Group, Inc

mm?;ﬁ:?'.:ﬁum I . g e O lo g l_.] ?

s ov = material behaviour? robustness of UG S o LS

7 S000€-01
§ B.2500E01
5 0000E-01
3. 7500E-01 .
2 5000E-01
| i initial state? analyses and
0.0000E+00
ZGroup
Gioup Shot Any
Wersatz
ZGroup
[ Deckgebirge
LG roup
[ Anbyerie

boundary conditions? [ results?
future evolution?
description of

coupled processes

EGU General Assembly 2018, Session ERES.S | Vienna 12.04.18




Bac |-(g round — leg al req uirements B G E BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Requirement for numerical calculations of long-term-evolution

due to regulatory guidelines (Sicherheitsanforderungen /BMU, 2010/)

= Uncertainty and sensitivity analyses aiming at data, parameter, and model-

uncertainties

» showing possible bandwidth of solutions
» showing influence of uncertainties

= Compliance with numerical criteria has to be shown with sufficient reliability -

even taking into account uncertainties
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Course Of action - stepwise approach BGE BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

1. Systematic screening of the whole modeling sequence from input data to output
= compiling catalogue of uncertainties and possible relevant issues

2 determining responsibilies for assessment

2. Quantifying uncertainties and assigning bandwidths, if possible

2 expert’s assessment, literature studies, other evidence, ...)

I}

3. Analyzing and quantifying impacts of individual uncertainties on the safety
function (= barrier integrity) through sensitivity- and bandwidth-studies

- using generic models (if necessary several representative models)
- evaluating the long-term evolution of the geomechanical state within the rock salt barrier;

1.e., violation of fluid-pressure and dilatancy criteria as well as barrier thickness
= quantifying the impact of each uncertainty on the barrier integrity

= identifying uncertainties with relevant impact

!
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Course of action - stepwise approach

B G E BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

4. Additional safety analyses for sensitive issues identified

- checking the relevance of these issues on more realistic, comprehensive location-specific

]

Relevant impact of uncertainties on safety function?

models

ves § ¥ no
5. Assessment regarding reduction / avoidance or
acceptance of uncertainties ‘/

= if necessary taking measures to narrow down bandwidths

until uncertainty range becomes acceptable

or has to be accepted (iterative approach)

EGU General Assembly 2018, Session ERES.S | Vienna 12.04.18




Step (1) - catalogue of uncertainties

B G E BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Categories™:

1. Mine-opening model

2. Geological/geotechnical model

3. Backfill planning

4. Code used {computational model)

5. Numerical model

6. Open void (modeling of non-backfilled cavity volume)
7. Constitutive models and parameter

* In the present case, limitation regarding data, parameter, and model uncertainties with

respect to demonstration of integrity of the rock salt barrier (no scenario uncertainties).
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Step (1) - catalogue of uncertainties

B G E BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Categories™:

1. Mine-opening model )
2. Geological/geotechnical model

3. Backfill planning

4. Code used (computational model)

5. Numerical model

6. Open void (modeling of non-backfilled
7. Constitutive models and parameter

* In the present case, limitation regarding data

respect to demonstration of integrity of the r
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Step (1) - catalogue of uncertainties

2. Geological/geotechnical model—)

EGU General Assembly 2018, Session ERES.S | Vienna

BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Issues (data uncertainties, etc.), i.e.
" position & setting of geologic
structures
position of stratigraphic boundaries
position and thickness of anhydrite
position of top of salt dome
segmentation of anhydrite
(thickness of blocks, distance and
material between individual blocks)
= geotechnical description of
homogeneous units & their
properties
> creep ability
» transition zone between units
(impact of different modelling
approaches}

Y VYV

13.04.18




Step (1) - catalogue of uncertainties

3. Backfill planning

EGU General Assembly 2018, Session ERES.S | Vienna

BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Issues (data uncertainties, etc.), i.e.

" backfill-planning (salt concrete)
» influence of time-delay for
backfilling
> influence of sequence for backfilling
(several rooms)
= backfilled volume / ratio
> backfilling ratio / open void
» additional rooms to be backfilled
* backfilling process
> stepwise vs. instantaneous
backfilling (modelling assumption)

13.04.18




Step (1) - catalogue of uncertainties | BUNDESGESELLSCHAFT

FUR ENDLAGERUNG

Issues (model assumptions, etc.}, i.e.:

= code used for modelling
» continuum-based codes (FDM vs,
FEM)
» continuum-based vs. DEM ("glued
joints”)
" influence of non-linear behaviour
> geometrical non-linear behaviour
(geometry update due to
convergence)
» geometrical & structural non-linear
behaviour (form and force closure,
contact)

4. Code used (computational model)=>

EGU General Assembly 2018, Session ERES.S | Vienna 12.04.18




Step (1) - catalogue of uncertainties

5. Numerical model )

EGU General Assembly 2018, Session ERES.S | Vienna

BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Issues (model assumptions, etc.}, i.e.:

" influence of model boundaries

» position / model dimensions

» mechanical boundary conditions

» thermal boundary conditions

» kinematic restrictions (2D vs. 2,5D)
* influence of initial state

» mechanical initial state

» thermal initial state
= influence of discretization

» influence of grid refinement

» time increment

» solution scheme (explicit vs. implicit)
= evaluation of results

» interpolation algorithm

13.04.18




Step (1) - catalogue of uncertainties BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Issues (model assumptions, etc.}, i.e.:
= creep-failure; different modelling
approaches
> reduced system stiffness {2 stress
re-distribution)}
» downfall leading to filling of open
voids {self-stabilization of system)
= creep-failure; assumptions
» depth of rooms
> downfall sequence {instantaneous

6. Open void (modeling of non-b ckf.:.. vs. successive) / duration
» properties of filling material

EGU General Assembly 2018, Session ERES.S | Vienna 12.04.18




Step (1) - catalogue of uncertainties

7. Constitutive models and paramete?

EGU General Assembly 2018, Session ERES.S | Vienna

BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Issues (data uncertainties, etc.), i.e.

rock salt
» material behaviour (additional
consideration of primary & tertiary
creep)
» constitutive models
» model parameters
cap rock & overburden
» constitutive model & parameters
backfill material (salt concrete and

debris)

» constitutive model & parameters
anhydrite

» constitutive model & parameters

13.04.18




BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Step (3) - generic models

= Use of 4 generic models with representative material group

backfill / salt concrete
overburden & cap rock
anhydrite

carnallitite

rock salt (Kkl 0)
rock salt (Kkl 1)
rock salt (Kkl 2)
rock salt (Kkl 3)
rock salt (Kkl 4)
rock salt (Kkl 5)

I backfill / debris

setup of geology & mine lay-out

" Easy to adapt to specific issues {geometry,
geology, discretization, etc.)
" Not everyissue handled in/by each model}

D (O

P

i
o
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Step (3) - generic models

. BUNDESGESELLSCHAFT
Example: single room model — reference case BGE e

.. . overburden / cap rock
* Defining reference case in terms of (elastic)

» model approaches (in this case: 2D,
plane strain)

> model dimensions ERSEe =
» constitutive models and parameters ==——— | omaEp=me
> boundary & initial conditions room (40m X : evel -250mNN
> calculation sequence = lling material
= == ===
= simulation of excavation and backfilling, S 01 1 Lk
time-dependent, TM—coupled (inthiscase | 0
instantaneous excavation 100 years before = ini ' ' o
= H i IS HENEH I :
backfilling with a ratio of 65%) S A1 A A A
i rocK:s
* creep calculation until end of calculation at I ; ﬂﬁ:‘%, #gs;_m, BGRa)

100.000 years; defined interim states for
result evaluation

EGU General Assembly 2018, Session ERES.S | Vienna 12.04.18




Step (3) - generic models » |
Resut evaluation BGE i

* Quantifying the impacts of individual uncertainties on the safety

function (= barrier integrity)

" Result evaluation with respect to time- and location-dependent variability
» at defined time t = ,today"®, 10'a/ 10%a / 10%a / 10%a / 10°3
> at definded levels z = top of salt dome / 50m below top of salt dome

" Result recording of:
> min o5 (t, z) and o5 — Payg > Fluid-pressure criterion

> max T,4/Ty (t, z) —> Dilatancy criterion
> barrier thickness

* identifying relevant issues / differences to reference case

EGU General Assembly 2018, Session ERES.S | Vienna 13.04.18



Step (3) - generic models

Single room model: exemplary results

BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Fluid-pressure criterion Ap = Gz — Piyid. theoretical

State: 1 year after backfilling

P‘f,A C.;D 5‘{,; ERAM. Ungewissheitenkatalog. 20-Modell EHR, Zeitpunit. Ta nach Verfuellung

ER201T Rasca Consulting Group, Inc

T Reference case (backfilling ratio 65%])

1.0000E +06
5.0000E+05

0 D00E+00
-5 0000E <05
-1 DODOE «D6
N -15000F 06
S .2 DO00E <06
-2 SO00E «06

3 0000E « 06
3 GO00E + 06
4 O0D0E 06

[] Deckgebirge

B M3 saibeon

* sign convention:
negative values
for pressure states

EGU General Assembly 2018, Session ERES.S | Vienna

P.’,A C.;D 5‘0}- ERAM. Ungewissheilenkatalog. 20-Modell EHR, Zeitpunkt. Ta nach Verfuellung

2017 hasca Consulting Group, Inc

T T Run_002: full backfilling

1.0000E +06
5.0000E 05

0 DO0E +00

-5 D000E+05

-1 DODOE +06

N 15000 +06
S .2 DO00E +06
-2 S000E =06

3 0000E 06

l 3 GO00E «06
4 O0D0E 06

[] Deckgebirge

B M3 sakbeton

* sign convention:
negative values
for pressure states

13.04.18




Step (3) - generic models

Single room model: exemplary results

BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Fluid-pressure criterion Ap = Gz — Piyid. theoretical

State: 10 years after backfilling

P‘f,A C.;D 5‘{,; ERAM. Ungewissheitenkalalog. 20-Modell EHR, Zeitpunit. 10a nach Vedusllung

ER201T Rasca Consulting Group, Inc

T Reference case (backfilling ratio 65%])

1.0000E +06
5.0000E+05

0 D00E+00
-5 0000E <05
-1 DODOE «D6
N -15000F 06
S .2 DO00E <06

-2 5000E =06
3 0000E =06
3 GO00E 06
4 O000E DG
[] Deckgebirge

B M3 saibeon

* sign convention:
negative values
for pressure states

EGU General Assembly 2018, Session ERES.S | Vienna

P.’,A C.;D 5‘0}- ERAM. Ungewissheilenkalalog. 20-Modell EHR, Zeitpunit. Tlla nach Vedusllung

2017 hasca Consulting Group, Inc

T T Run_002: full backfilling

1.0000E +06
5.0000E 05

0 DO0E +00

-5 D000E+05

-1 DODOE +06

N 15000 +06
S .2 DO00E +06
-2 S000E =06

3 0000E 06

l 3 GO00E «06
4 O0D0E 06

[] Deckgebirge

B M3 sakbeton

* sign convention:
negative values
for pressure states

13.04.18




Step (3) - generic models

Single room model: exemplary results

Fluid-pressure criterion Ap = Gz — Piyid. theoretical

State:

1.000 years after backfilling

BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

FLAC3D 5.01

ER201T Rasca Consulting Group, Inc

SMAX -p fI[Pa] *
1.0000E +06
5.0000E 05
0.0000E+00
-5 D00DE <05
-1 DODOE =06

[ | -1 5000E =06
-2 DODOE <06
-2 5000E =06
-3 0000E =06
l 3 GO00E 06
4 O000E DG

[] Deckgebirge

B M3 saibeon

* sign convention:
negative values
for pressure states

ERAM. Ungewissheitenkatalog. 20-Modell EHR, Zeitpunit. 1000 nach Vestoelhng

Reference case (backfilling ratioc 65%}

EGU General Assembly 2018, Session ERES.S | Vienna

FLAC3D 5.01

2017 kasca Cansulting Groug, Inc

ERAM, Ungewsshetenkatalog, 20-hodell EHR, Zetpunkt: 100003 nach Yerfuelung (neu skalien)

SMAX - p_fl [Pa] *
1.0000E +06
5. 0000E +05
0 OOG0E +00
-5 0000E+05
-1 DODOE +06
8] -1 5000E+06
-2 DOD0E+06
-2 S000E =06
-3 0000E =06
I 3. 5000E+06
4 DO0D0E 06

[ Deckgebirge

B w3 satzbeton

* sign convention:
negative values
for pressure states

13.04.18

Run_002: full backfilling




Step (3) - generic models

BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Single room model: exemplary results

Fluid-pressure criterion Ap = 03 — Pfuid. theoretical
State: 100.000 years after backfilling

F’,A C.;D 5- ﬂ}- ERAM. Ungewissheitenkatalog. 20-Modell EHR, Zeitpunit. 100000 nach Verfuelung Ff_,A C.;D 5- ﬂjr ERAM, Ungewsshetenkatalog, 20-hodell EHR, Zetpunkl: 100000a nach Werfuelung (neu skahier)
ER201T Rasca Consulting Group, Inc n ¥ ¥ E2017 kasca Consulting Groug, Inc . 3
_ z Reference case (backfilling ratio 65%]) _ 2 Run_002: full backfilling
SMAX - p_fl [Pa] SMAX - p_fl [Pa] =
1.0000E +06 1. 0000E +08
5 0000E+05 5 D000E +05
0 0000E+00 0 OOO0E +00
-5 0000E =05 -5 0000 05
-1 D000E «06 -1 0000E =06
-1 5000E +06 -1 5000E =06
& -2 DDO0E «06 VAT e — i -2 O000E =06
-2 SO00E «06 o = -2 S000E =06
-3 DDOOE 06 == = -3 0000E 06
l 3 GO00E + 06 T I 3 5000E «06
4 O0D0E 06 i 4 DO0D0E 06

[] Deckgebirge [ Deckgebirge

B M3 saibeon

B w3 satzbeton

I

* sign convention:
negative values
for pressure states

* sign convention:
negative values
for pressure states

EGU General Assembly 2018, Session ERES.S | Vienna 12.04.18




Step (3) - generic models

c BUNDESGESELLSCHAFT
Single room model: exemplary results BGE e

Dilatancy criterion 1,/ 1,4, at the top of salt dome

1.2
1.1 - Run_001: reference case
o - ——— Run_002: full backfilling
_ e Run_031: higher creep ability
= 09 —— Run_041: earlier backfilling
L - Run_042: later backfilling
~, 08 Run_045: stepwise backfilling
3
e 07
c
O 06
=
D o5
=
O o4
>
2 o3
S 02 = N 2 ——
CU - _,-—'—'_'-'_'-_ & -_______\__———\___\_'___
— r,’—/__— T— g
A o1 = - N————
0.0
~— (=] (=] (=] =] [=]
= - 8 =] 8
| - S S
excavation __ ¥
@t=0 backfilling time [a]
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Step (3) - generic models

c BUNDESGESELLSCHAFT
Single room model: exemplary results BGE e

Fluid-pressure criterion o; - p;,,;4 at the top of salt dome

D‘? 1.0
E — Run_001: reference case
5 ——— Run_002: full backfilling
2 00 - Run_031: higher creep ability
Q —— Run_041: earlier backfilling
| ——  Run_042: later backiilling
o Run_045: stepwise backfilling
I -1.0
o
<
%)
n
o -20
e
)
.C_E | — S—
T 30
()
S
D
O Lo
¥ S 8 = 8 8
- S o =
, | - S g
excavation . T
@t=0 backfilling time [a]
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Step (3) - generic models

B G E BUNDESGESELLSCHAFT
FUR ENDLAGERUNG

Single room model: exemplary results

Thickness of rock salt barrier

90.0
80.0 /v_——————-‘”’—“—_—_‘_
70.0
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