
For the best experience, open this PDF portfolio in
 
Acrobat X or Adobe Reader X, or later.
 

Get Adobe Reader Now! 

http://www.adobe.com/go/reader




8th Conf. on the Mech. Behavior of Salt, 26th – 28th May 2015
1


Geomechanical Analysis and Assessment
of the Integrity of the Southern Part


in the Morsleben Repository


© BfS


Sandra Fahland, Stefan Heusermann & Annika Schäfers
Federal Institute for Geosciences and Natural Resources (BGR), Germany







8th Conf. on the Mech. Behavior of Salt, 26th – 28th May 2015
2


Morsleben Repository  - History and status


© BfS© BfS


• 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)  © BfS


Disposal of waste drums


Waste disposal in the eastern part Backfilling of rooms
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• Analysis of the stability of the
repository and the barrier integrity


• Consideration of backfilling of old 
mining rooms


• Prediction of the long-term safety
of the repository (10,000 a)


Geomechanical safety analysis


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


Integrity of rock salt  - Definition
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Evaluation of the barrier integrity


Geomechanical model


Geological structure Material behavior Loading


Finite-element model (JIFE, INCA)


(Thermo-)mechanical stresses


Model calculations


Safety assessment
• Integrity of the barrier


Frac criterionDilatancy criterion
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Dilatancy criterion


σdev < σdev,dil = f (σmin , σdev )        
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Frac criterion


σmin - pL < 0   (neg. values) 
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3 Steps of evaluating the frac criterion 


Reference:T. Doe & G. Boyce (1989)


„Stress ratio“  SR = σx / σy = S3 / S1


S3 = max. principle stress
S1 = min. principle stress


a) SR  1,4 b) SR = 1,4  1,1 c) SR  1,1


2. Step: Qualitative evaluation
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Morsleben repository – Southern part


Homogeneous layersCreep capability and elasticity


Mining rooms


Geology


Disposal area
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Constitutive material models
• Elasticity (rock salt, anhydrite, overburden)


• Steady-state creep of rock salt


(BGRa)


• Dilatancy of rock salt (rv-concept)


(→ for details see paper)
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Determination of dilatancy in lab tests 
(Popp, Kern & Schulze, 2002)
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Different steps of modeling


2-D


Simplified 3-D


3-D


Salt rock


Rooms


Salt pillar


Salt rock


Rooms


Salt pillar


Salt rock


Rooms


Salt pillar


Simulated load-bearing system


Simulated load-bearing system


Simulated load-bearing system


Schematic layout plan of a mine level
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Southern part    
Simplified 3-D finite-element model


90
0 


m
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not backfilled
waste disposal & backfilled with lignite fly-ash since t=80a
backfilled with saltcrete since t=80a


not backfilled


Dilatant zones after 10,000 years


Rooms not backfilled Backfilled rooms
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not backfilled
waste disposal & backfilled with lignite fly-ash since t=80a
backfilled with saltcrete since t=80a


not backfilled


Rooms not backfilled Backfilled rooms


Frac-risked zones after 10,000 years 


h ≈ 90m
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h 100m


rooms not backfilled


Qualitative evaluation of the frac criterion
(case study without backfilling of rooms)
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• Overview of geomechanical safety analysis of the Morsleben repository


• Procedure of evaluation of the barrier integrity


• Dilatancy and frac criterion for rock salt


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


Future work:


• 3-D modeling


• Considering of large deformation


• Use of contact elements


• Prediction over 100,000 a


• Different concepts of backfilling


Conclusions and outlook 
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Thank you for your attention!


ca. 1,75 m 


© BfS





