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Room B and D Dimensions
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Photos of Room B and D
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In-Situ Closure Measurements
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Triaxial Creep Tests
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Triaxial Creep Tests
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Triaxial Creep Tests
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Munson-Dawson Calibration
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Munson-Dawson Calibration
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Munson-Dawson Calibration
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Munson-Dawson Calibration

Transient Creep ODE

1 ktr = exp 6h (1 —
-tr 2

tr* 8 - 8
ss SS

Ezz

2.0

1.5 -

0.0
-10

Exp

Fit to individual exp

0 110 20 30 40 50 60

15



Munson-Dawson Calibration

10-2

Steady State Rate

1 0-3 -

10-6
100

9
••
•

•
•
o••

• a
•
•

•

ss

101

(M Pa)

n

= A exp 
RQT)

1

102

1og10 [8ss] = 1og10 
n 
exp F _C) )1 + n 1og10 5-

p 

tr 
*

100

C!t,„
(Mai* 47.1..7,5

US/GERMAN WORKSHOP
Selt ReposlEory rteSedr01,
Design, Operamr,

Transient Limit

10-1 -

10-2 -

10-

10-4

a • e.
••
so :

!. •
• •

100 101

(M Pa)

- *
Etr = K0 exp (c T)

102

o
logio [ -tr*1

K

m
= log10 — exp (c T) + m 1og10 CT

P 

16



Munson-Dawson Calibration
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Munson Dawson: 3D Generalization
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Idealized Stratigraphy
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Model Setup
to = 13.57 MPa
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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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Legacy Simulations
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Figure 8. Manual and Remote Vertical Closure Data for Room D

(and Reference Law Calculation)

instrument hole drilling. By preplanning the
locations of the gages, manual and remote, it was
reasonable to combine the plots, and maintain a
continuous record of room closure. The zero
station mining sequence measurements just
described were located within 0.6 m of the remote
measurements for room closure. In Figure 8 these

two data sets are combined. It is important to

emphasize that the data acquisition systems for

the manually read mining sequence closure and the

remotely read closure measurements were each made

independently. Although a match between the two

Munson, DE, Torres, TM, & Blankenship, DA. 1986. Early results from the thermal/structural in situ test series at
the WIPP. In: The 27th US Symposium on Rock Mechanics (USRMS). American Rock Mechanics Association.
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Changed the Equivalent Stress
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Changed the Friction Coefficient
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Changed the Stratigraphy
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Changed the Stratigraphy
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Changed the Material Parameters
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Legacy Predictions

• Changed from von Mises to
Tresca equivalent stress

• Changed the clay seam
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Legacy Predictions
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■ Tuning of model parameters is common industry practice
■ Tune against one in-situ measurement

■ Compare against other in-situ measurements

■ Our goal is to predict solely from laboratory test data
■ Requires a stronger scientific basis

■ Allows one to predict what will happen in a new repository
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Recreation of Legacy Simulations
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Recreation of Legacy Simulations
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Resolving the Numerics

• 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

LIS/GERMAN WORKSHOP
No/ /Noma.,

•••
•••

••••

— Exp

- - Sim, legacy recreated, full strat

Sim, numerics resolved, full strat

0 200 400 600 800 1000

t (days)

'1200 1400

34



US/GERMAN WORKSHOP
Salt RepoS.tOry 0.eseartn,

Design, & Operanon

Munson-Dawson Model
Recalibration

Sanea
Nallunel
Laburemires

14 ENERGY N S4:1,

35



AM DPW NAIrir

Room D

Room B

New Cores Extracted in 2013

SAIT IMAGE PFLES WOW IMAIEABAI
SALT IHARDIUK 1141PNAT BUMS
VW'

exrukusr 'run

Sample drilling

rmin.a. 34
1.101VITEXCAVATID

.•-•-„, --41." - --•-... -7.. .Z..--,
,,, •,.;•,,..._ ..-Z"' ,.._,.„

•-,,,,:_ ..-•-=,.... ...._Z, --,, --„:r .„ _, r.„.„.„ ..,,,, -.:,
-,-, •••"^-"'-::.•-•_ . _. --",-.._, .--,---...e.„, --.... -_,.,

—'.7'. r ...,yrl ....., ,,.. 

-y_. .  , ,,..,..4.

---r —,._, di,._-, a.„,_.-.,... ,,.,,...-,..,

US/GERMAN WORKSHOP
salt Repository flesearr,

Design, 0. Operation

Sandofi 
Moral

WNW& t,47•576

•I 177".-

36



Clean vs. Argillaceous
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New Munson-Dawson Calibration
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New Munson-Dawson Calibration
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Closure Prediction with New Calibration
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List of Open Questions

• Creep at low equivalent stresses

• Extent of simulation boundary

• Lost transient strains

• Creep of argillaceous vs. clean salt

• Sliding at clay seams

• Anhydrite material model

• Salt moisture content

• Reconstruction of closure measurements
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■ In 1987, the simulations under-predicted the room closure by roughly 4X. In
1989, Darrell Munson adjusted the model to match the experiments.

■ After including the anhydrite and resolving the numerics, the predictions
match the experiments.

■ New, laboratory based, salt calibration under-predicts the room closure by
roughly 3X.

■ Open questions remain
■ Creep at low equivalent stresses

■ Extent of simulation boundary

■ Lost transient strains

■ Creep of argillaceous vs. clean salt

■ Sliding at clay seams

■ Anhydrite material model

■ Salt moisture content

■ Reconstruction of closure measurements
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Lost Transient Strains

tr "

100  

• • Legacy exp (drift core)

o o Legacy exp (drift core, annealed)

Legacy exp (borehole core, room D horizon)

- - Legacy cal

1 0-2 7

10-3
100 101

(MPa)

102

LIS/GERMAN WORKSHOP
Set.P13a0r,RESeatCh

Design, Ogem,o,



Changed the Stratigraphy
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Stratigraphy Reassessment
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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."



Argillaceous vs Clean Salt

Clean Salt

Argillaceous
Salt

10-1  

10-4

10-3

10-6
100

10-2  

10-3 ,

10-4 -

10-6

10-6
100

Steady State Rate
T = 24 °C

.
•
• •••
•
ti

• s
• •

•

•

•

•

• • Legacy

JP 111

101

(MPa)

T. 250C

102

•

•
•

•
•
•
•
•
•
•

• •

•

• • Legacy

• • JP III

101

(MPa)

102

tr*

,tr*

10-1

10-2

10-3

100

Transient Limit

T= 240C

••

.6 
• 

II'
••
••/
•

R. 
••
•

• • Legacy

JP 111

10-1

101

(5- (MPa)

T= 250C

102

10-2 -

10-3

•
•
••

• •

• •
• •

•

• • Legacy

• • JP III

100 101

(5- (MPa)

02

50



Anhydrite Issue
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Anhydrite Issue
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Anhydrite Issue
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Anhydrite Dilatation Angle Sensitivity
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Residual and Mesh Convergence
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Creep at Low Equivalent Stresses
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