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Morsleben Repository - History and status

1912 - 1971: Salt & potash mine

1971 - 1998: Repository for MLW &
LLW

2003 - 2011: Prevention of mining
hazards in the central part (bGZ)

present: Decommissioning concept
& procedure (15 - 20 years)

N

8th Conf. on the Mech. Behavior of Salt, 26th — 28th May 2|





IS

safety analys

ICa

Geomechan

e Analysis of the stability of the

repository and the barrier integrity

mining rooms
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'| » Consideration of backfilling of old

Cut-off of the 3-D model of the central part
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Geomechanical modeling

N
No?;hern central part

\

Eastern part

Southern part
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Integrity of rock salt - Definition

 Isolation capability

* No interconnected pore space

* No hydraulic flow process

 Ability to prevent the inflow of fluids

« Ability to prevent a leakage of contaminated fluids
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Evaluation of the barrier integrity

Geological structure

Material behavior Loading

A 4

Model calculations

Geomechanical model

v

Finite-element model (JIFE, INCA)

v

(Thermo-)mechanical stresses

Dilatancy criterion Frac criterion

Safety assessment
* Integrity of the barrier
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Dilatancy criterion

'il.'l';“ ‘ Ground surface

A
Dilatancy
| @ @ boundary
@ =
| Py A
e%g 0
» (I1)

@® Dilatant rock

@® Non-dilatant rock
0Idev < adev,dil =f (amin 4 adev )
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Frac criterion

a) Principle b) Openings
Hypothetical column
S of fluid Ground surface — Ground surface
Om -

p,_ = Brine pressure

S; = Min. principal stress

Intact rock

[
Hypothetical fracturing

Onin - P <0 (neg. values)
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3 Steps of evaluating the frac criterion

- 2. Step: Qualitative evaluation -
o
1. Step Yes l 2
-
(neg. values)
Frac i «——
A h : Oy
Anisotropic criterion o, //
igratior satisfied ol W
Py . »Stress ratio® Sgp =0,/0, =S5/ S,
b S; = max. principle stress
3. Step . o
S, = min. principle stress
(T)HM coupled l S,
nodel calculation

a) Sg > 1,4 b) Sy =1,4+1,1 ¢)Sg<1,1

Reference:T. Doe & G. Boyce (1989)
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Morsleben repository - Southern part

W Bartensleben shaft
Western  gouth Easti E
n outhern Central A]l astern
ms pa part part %r part ms
100 —— 100
™ 0 0
: ‘ -100 -100
| W s
g -200 -200
~ - -300 -300
| -400 -400
! -500
U -600
-700
-800
+120 m NN (GOK)

Geology _— :

KJ

I Disposal area

Mining rooms ] A=
A*=1/4
A*=1/8

high capability of creep

A*=1/16
E A*=1/32 low capability of creep
E<100 MPa
E<2.000 MPa
E<10.000 MPa elastic layers

E<30.000 MPa

E<50.000 MPa
Creep capability and elasticity Homogeneous layers
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Constitutive material models

« Elasticity (rock salt, anhydrite, overburden)

| differential stress |

permeability |

« Steady-state creep of rock salt

éazkég(ggf (BGRa)

dev le

seismic wave
velocity

- Dilatancy of rock salt (r,-concept)

5 [ volume (y
Edil,vol =r'v ) ecr,dev 1 11 11]— strain>

2
(o) — O g
r, =0.8165 .| o It Oy > Ogou.an
lo . -113 0y, |
c. o =b-(oc. -1/3*c, )°
dev dil min dev Determination of dilatancy in lab tests

- (Popp, Kern & Schulze, 2002)
(— for details see paper)
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Different steps of modeling

«— Simulated load-bearing system

Salt rock Salt pillar

2-D

|~ Simulated load-bearing system

Salt rock SaIt pillar

Simplified 3-D

' L/Slmulated load- bearmg system

Saltrock SaIt pillar
Schematic layout plan of a mine level
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Southern part
Simplified 3-D finite-element model
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Dilatant zones after 10,000 years

Rooms not backfilled

.00375

.00300

Backfilled rooms

.00075

.00000 I

-8999.0

00375

00300

00225

00075

00000

-9999.0

|:| not backfilled

|:| not backfilled

|:| waste disposal & backfilled with lignite fly-ash since t=80a

- backfilled with saltcrete since t=80a
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Frac-risked zones after 10,000 years

Rooms not backfilled Backfilled rooms

|:| not backfilled |:| not backfilled
|:| waste disposal & backfilled with lignite fly-ash since t=80a
- backfilled with saltcrete since t=80a
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~Stress ratio™ S; in the salt barrier






Qualitative evaluation of the frac criterion
(case study without backfilling of rooms)
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Conclusions and outlook

e Overview of geomechanical safety analysis of the Morsleben repository
e Procedure of evaluation of the barrier integrity
e Dilatancy and frac criterion for rock salt

e Long-term safety analysis
(a) no backfilling: Extensive violation of frac criterion
(b) with backfilling: Both criteria are satisfied

Future work:

e 3-D modeling

Considering of large deformation

Use of contact elements

Prediction over 100,000 a

Different concepts of backfilling
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Thank you for your attention!
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