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How long until a seal or panel closure matures? 
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OVERALL UNDERGROUND LAYOUT 

The overall underground layout is composed of three components : the shafts, the connecting drifts 

and the disposal zones. 

 

Shafts and connecting drifts 

A series of four shafts links the surface facilities to the repository level : 

- a shaft dedicated to the transfer of personnel and small equipment; this shaft is also used for 

air intake ; 

- a shaft dedicated to the transfer of crushed rock, backfill, other materials and equipment; 

this shaft is also used for air intake ; 

- a shaft specifically dedicated to the transfer of disposal packages ; 

- an air exhaust shaft. 

 

The disposal zones can be accessed from the shafts via a set of connecting drifts. To enable waste 

package emplacement activities and new module construction activities to coexist safely, the 

connecting drifts are allocated to specific functions : 

- some connecting drifts serve the construction worksites and are equipped with railway lines 

or tracks for plant mounted on tyres. They are designed for the transfer of worksite 

personnel, mining equipment, broken rocks and construction materials ; 

- other drifts are dedicated to the transfer of disposal packages ; 

- finally, some drifts are specifically dedicated to ventilation air return. 

If and when a decision is taken to close the repository modules, the connecting drifts and shafts are 

sealed. 

 

Disposal zones 

The B waste disposal area is divided into two zones. One is dedicated to packages containing 

organic materials and the other to those which don’t have some. This separation limits the impact of 

chemical disturbance that may be caused by alteration of the organic materials in the long term. The 

figure 4 illustrates the possibility of separating the repository zone into two sub-zones according to 

whether they contain organic matter or not. 

The disposal area for vitrified C waste or spent fuel (see figure 5) consists of a series of modules. 

Each module contains several dozen disposal cells. The cells are served by access drifts, oriented at 

right-angles to the cells. The space between the cells, essentially resulting from thermal 

considerations, is designed to ensure adequate heat dissipation. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 :  Organisation of the B waste   Figure 4 :  Organisation of the B waste 

repository zone 

Figure 5 : Organisation of the C waste (or spent 

fuel) repository zone 
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J. L. Gaussen, Geological repository layout for radioactive high level long lived waste in argilite. ENC 2005 

How do different designs compare? 

R. Nelson, Salt Disposal Investigations Proposal, DOE/CBFO-11-3470, June 2011 
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Associated Flow Rule 

Additive Decomposition 

Generalized Hooke’s Law 

Tresca Flow Potential 
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 Clean and Argillaceous Salt 

– Munson-Dawson model  

– Separate parameter sets 

 

 Anhydrite and Polyhalite 

– Drucker-Prager model 

– Elastic perfectly plastic  

– Separate parameters sets 

 

 Clay Seams 

– Coulomb friction 
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Clean Salt Argillaceous Salt 

Argillaceous transient strain limit treated as a “free parameter”. 
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 Changed from von Mises to 

Tresca flow potential 

 

 Changed the clay seam 

friction coefficient from 0.4 

to 0.2 

 

 Changed from mostly clean 

salt to mostly argillaceous 

salt 

 

 Changed the material model 

calibrations 

– Argillaceous strain limit 

treated as a free parameter 
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Munson, D., Fossum, A. Senseny, P., Advances in Resolution of Discrepancies 

Between Predicted and Measured In Situ WIPP Room Closures, SAND88-
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Impact of Resolving the Numerics 

 Change the Mesh 

 

 Changed Rtol = 10-3 to Rtol = 10-5 

 

 Switched to a higher quality 

element type 

 

 Changed the contact 

enforcement algorithm 

 

 Switched from non-associated 

flow rule to an associated flow 

rule for the anhydrite 

 

 Added a pressure ramp down to 

ease into the instantaneous 

excavation 
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Steady State Rate Transient Limit 

Hardening Rate Parameter 



Used 

Fuel  

Disposition  
Closure Prediction with New Calibration 

June 8th, 2016 Annual UFD Meeting 51 



Used 

Fuel  

Disposition  
Switch To Joint Project III Setup 

June 8th, 2016 Annual UFD Meeting 52 



Used 

Fuel  

Disposition  
Joint Project III Predictions 

June 8th, 2016 Annual UFD Meeting 53 



Used 

Fuel  

Disposition  

Open Questions 

June 8th, 2016 Annual UFD Meeting 54 



Used 

Fuel  

Disposition  
Clay Seam Behavior 

June 8th, 2016 Annual UFD Meeting 55 

0

2

4

6

8

10

12

0 1 2 3 4 5 6

sh
ea

r
st

re
ss

 
[

M
P

a]

shear displacement us [mm]

0

2

4

6

8

10

12

0 1 2 3 4 5 6

sh
ea

r
st

re
ss

 
[

M
P

a]

shear displacement us [mm]

Result of computation

Laboratory test result

Result of computation

Laboratory test result

v = 0.002 mm/s

v = 0.000005 mm/s

0

2

4

6

8

10

12

0 1 2 3 4 5 6

sh
ea

r
st

re
ss

 
[

M
P

a]

shear displacement us [mm]

0

2

4

6

8

10

12

0 1 2 3 4 5 6

sh
ea

r
st

re
ss

 
[

M
P

a]

shear displacement us [mm]

Result of computation

Laboratory test result

Result of computation

Laboratory test result

0

2

4

6

8

10

12

0 1 2 3 4 5 6

sh
ea

r
st

re
ss

 
[

M
P

a]

shear displacement us [mm]

0

2

4

6

8

10

12

0

2

4

6

8

0

2

4

6

8

10

12

0 1 2 3 4 5 60 1 2 3 4 5 6

sh
ea

r
st

re
ss

 
[

M
P

a]

shear displacement us [mm]

0

2

4

6

8

10

12

0 1 2 3 4 5 6

sh
ea

r
st

re
ss

 
[

M
P

a]

shear displacement us [mm]

0

2

4

6

8

10

12

0 1 2 3 4 5 6
0

2

4

6

8

10

12

0

2

4

6

8

0

2

4

6

8

10

12

0 1 2 3 4 5 60 1 2 3 4 5 6

sh
ea

r
st

re
ss

 
[

M
P

a]

shear displacement us [mm]

Result of computation

Laboratory test result

Result of computation

Laboratory test result

Result of computation

Laboratory test result

Result of computation

Laboratory test result

v = 0.002 mm/s

v = 0.000005 mm/s

 

N = 10 MPa


carnallitit

e

rock salt

N = 10 MPa


carnallitit

e

rock salt

Minkley, W., Muehlbauer, J., “Constitutive models to describe the mechanical 

behavior of salt rocks and the imbedded weakness planes”, SALTMECH6, 2007 
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Steady State Rate Transient Limit 

Room D Stress Distribution 
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Steady State Rate Transient Limit 

Clean Salt 

Argillaceous  

Salt 

Legacy experimental data copied verbatim from Table 4-1 and 4-2 in 

Mellegard, K. and Pfeifle, T., Creep tests on clean and argillaceous salt 

from the Waste Isolation Pilot Plant, SAND92-7291, 1993 

Legacy experimental data copied verbatim from SAND92-7291 
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      Dennis Powers (Consulting Geologist) 

 

– “This study does not sustain the 

assessment of Munson et al. (1989) that all 

of the halite within the reference 

stratigraphy, with the exception of halite 

above and below anhydrite a, could or 

should be treated as argillaceous halite.” 

 

– “The general comparison to the [Krieg 

(1984) stratigraphy] for both cores is very 

good.” 
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      Dennis Powers (Consulting Geologist) 

 

– “This study does not sustain the 

assessment of Munson et al. (1989) that all 

of the halite within the reference 

stratigraphy, with the exception of halite 

above and below anhydrite a, could or 

should be treated as argillaceous halite.” 

 

– “The general comparison to the [old] 

stratigraphy for both cores is very good.” 
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 In 1987, the simulations under-predicted the room closure by roughly 

3X.  In 1989, Darrell Munson adjusted the model to match the 

experiments. 

 

 After including the anhydrite and resolving the numerics, the 

predictions still match the experiments. 

 

 New salt calibration under-predicts the room closure by roughly 3X. 

 

 Open questions remain 

– Argillaceous vs. clean salt 

– Low deviatoric stresses 

– Lost transient strains 

– Sliding at clay seams 

– Anhydrite material model 

– Simulation boundary 

 

 Model tuning is an acceptable engineering approach, but we must 

improve. 
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Mellegard, K. and Pfeifle, T., Creep tests on clean and argillaceous 

salt from the Waste Isolation Pilot Plant, SAND92-7291, 1993 

Steady State Rate 



Used 

Fuel  

Disposition  
Argillaceous vs. Clean Salt, Legacy Experiments 

June 8th, 2016 Annual UFD Meeting 71 
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Mellegard, K. and Pfeifle, T., Creep tests on clean and argillaceous 

salt from the Waste Isolation Pilot Plant, SAND92-7291, 1993 
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Legacy (50 m) 
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200 m Boundary 
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Legacy Clean Salt Calibration 



Used 

Fuel  

Disposition  

Simulation Boundary: von Mises Stress 

Fields 

74 

Legacy (50 m) 

Boundary 

200 m Boundary 



Used 

Fuel  

Disposition  

Simulation Boundary: von Mises Stress 

Fields 

75 

Legacy (50 m) Boundary 200 m Boundary 
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