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Overview about the test program performed on argillaceous salt from WIPP site /1

o3 strain rate T guantity o3 strain rate T guantity o3 strain rate T guantity
MPa 1/s °C - MPa 1/s °C - MPa 1/s °C -
0.2 10° 27 2 0,2 10° 2 0.2 10°
0.5 10° 27 2 0,5 10° 2 0,5 10°

1 10° 27 1 1 10° 3 1 10°

2 10° 27 1 2 10° 4 2 10° 2

3 10° 27 1 3 10° 3 3 10° 2

5 10° 27 1 5 10° 3 5 10° 2

7 10° 27 1 10 10° 1 10 10° 1
10 10° 27 1 20 10° 1 20 10° 1

C3 strain rate T guantity c; | strain rate T quantity
MPa 1/s °C = MPa 1/s °C =
0.2 10° 27 0.2 10* 27 1
0.5 10° 27 2

1 10° 27 2 1 10* 27 1

2 10° 27 2 2 10* 27 1

3 10° 27 2

5 10° 27 2 5 10 27 1
10 10° 27 1 20 10* 27 1
20 10'5 27 1 . Material cored 2013

Stored Material from previous coring

Short-term strength tests with argillaceous salt from WIPP site
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Overview about the test program performed on argillaceous salt from WIPP site /2

load o1 O3 S T duration load o O3 G T duration
level| MPa MPa MPa °C d level| MPa MPa MPa °C d

1 30 20 10 24 50 1 30 20 10 27 60
2 28 20 8 24 58 2 28 20 8 27 185
1 32 20 12 24 50 1 34 20 14 27 60
2 30 20 10 24 58 2 30 20 10 27 185
1 24 20 4 60 50 1 36 20 16 27 60
2 22 20 2 60 58 2 34 20 14 27 185
1 26 20 6 60 52 1 30 20 10 27 60
2 24 20 4 60 56 2 32 20 12 27 60
1 58 20 3 60 ) 3@ | 18 1 17 27 30
2 26 20 6 60 56 4% 21 1 20 27 15
1 30 20 10 60 53 1 30 20 10 27 60
2 28 20 8 60 56 2 32 20 12 27 60
1 32 20 12 60 54 3@ | 20 2 18 27 30
2 30 20 10 60 55 49| 24 2 22 27 15
1 34 20 14 60 54 1 30 20 10 27 60
2 32 20 12 60 55 2 32 20 12 27 59
1 36 20 16 60 50 3@W| 18 1 17 27 30
2 34 20 14 60 69 4 W 21 1 20 27 19
I 38 20 18 60 52 1 30 20 10 27 60
2 36 20 16 60 68 2 32 20 12 27 59
1 30 20 10 80 50 3 ) 18 1 17 27 28
2 28 20 8 80 58

1 32 20 12 30 50 & - with dilatancy
2 30 20 10 80 58

Tests performed by IfG Leipzig Tests performed by TU Clausthal

Long-term creep tests with argillaceous salt from WIPP site
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Boundary conditions influencing the test results /1

Strength tests
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Boundary conditions influencing the test results /2

Strength tests
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Determination of failure strength — depending on strain rate
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Boundary conditions influencing test results /3
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Boundary conditions influencing the test results /4
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TUC lab methods to determine dilatancy
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TUC test equipment
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Triaxial strength test results (g, =10~ s, T=27°C)
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Differential stress and volumetric strain versus axial strain (WIPP argillaceous salt)
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Triaxial strength test results (g, =10~ s-1, T=60°C)
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Differential stress and volumetric strain versus axial strain (WIPP argillaceous salt)
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Triaxial strength test results (g, =10~ s, T=100°C)
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Differential stress and volumetric strain versus axial strain (WIPP argillaceous salt)
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Triaxial strength test results (g, =10°%st, T=27°C)
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Differential stress and volumetric strain versus axial strain (WIPP argillaceous salt)
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Triaxial strength test results (g, =104s-1, T=27°C)
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Triaxial strength test results
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Failure strength versus confining pressure at different temperatures
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Triaxial strength test results
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Triaxial strength test results
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Comparison of triaxial strength test results
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Triaxial creep test results (2-load level tests performed by IfG)
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Triaxial creep test results (2-load level tests performed by IfG)
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Triaxial creep test results (4-load level test performed by TUC)
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Stress and axial strain versus time (WIPP argillaceous salt)
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Triaxial creep test results (4-load level test performed by TUC)
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Comparison of creep test results
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Comparison of creep test results
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Conclusions

Short-term strenqgth tests

- The failure strength of argillaceous and clean salt from WIPP site is increasing with
increasing confining pressure and strain rate

- The failure strength of argillaceous and clean salt from WIPP site is decreasing with
increasing temperature

- The dilatancy strength of argillaceous and clean salt from WIPP site is increasing with
increasing confining pressure

- The dilatancy strength does not clearly depend on temperature

- The failure strength of argillaceous and clean salt from WIPP site is nearly equal and less
than that of clean salt from Asse mine

Long-term creep tests

- The creep rate of argillaceous and clean salt from WIPP site increase by higher
temperature

- The creep rate of argillaceous and clean salt from WIPP site increase by higher differential
stresses

- No significant difference of creep rate is observed between argillaceous and clean salt
from WIPP site

- Damage free stationary creep rate of argillaceous and clean salt from WIPP site is about
one magnitude higher than that of clean salt from Asse mine

— The test results are useful for each partner to determine constitutive model parameters
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Rationale

» Salt rocks: underground storage of valuable fluids, fuels and
feedstock such as natural gas and crude oil.

» Storage is often in deep, solution mined caverns, with
wellbore access:

e easy solution mining
» efficient operation
* potentially good sealing capacity

» What is important to know?

» Permeability of the salt rocks!!

Nawaz UU





» To determine the interface permeability of selected
samples of layered salt rock in response to differential
stress

» To test the effect of different interface geometries:
vertical, horizontal and oblique to the shortening
direction.

Nawaz UU
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Samples

» Alternating layers of halite and glauberite (as major mineral
layers), with anhydrite and fine mudstone in matrix of
glauberitic layers.

» Strain incompatibilities expected due to different mechanical
properties of halite and glauberite, resulting in shear damage,
creating new permeable channels along the interfaces.

» Orientation to deformation:
NP6: vertical interface (0° to axis)

NP7: horizontal interface (90° to axis)

NP8: inclined interface (30° to axis)

Nawaz UU





Apparatus and conditio

Room temperature

“Heard” triaxial deformation apparatus

Cylindrical samples, 50 mm diameter, Butyl-rubber jacketed
10 MPa confining pressure (as in-situ depth)

Differential stress (steps): 0-10-20-30-0 MPa

Strain rate ~ 10> st

Transient step gas-permeameter using dry Argon

Gas pressure 1.9 MPa (0.2 MPa steps)

Nawaz UU





RESULT.

~ps |

Differential Stress [MPal

(¥
th

Stress vs. axial

/ Volumetric strain vs.

strain |

axial strain

1. . .
Axial stramz[%]

(8]

i L b
=Y - . R =

-0.5 o

=
6

40 .0 P 40 30 P
s 35 25 § = 35 25 §
S 2 & 3
= 30 - - 20 = 2 30 - - 2.0 =
8 25 - . b =3 % - =
% 25 *——————— Stress vs. axial 1.3 .EL § = *\Stress vs. axial 1.5 .EL
= 20 - strain | 1.0 < £ 20 - strain | 1.0 <
= = = =
5 15 - - 0.5 S =15 - 0.5 -5
S _— Volumetric strain vs. = & / Volumetric strain vs &
& 10 - = . ; 0.0 = < 10 - _ = 0.0 &
= axial strain = = axial strain £

5 - L 0.5 3 S = - 0.5 3

0 . . 1.0y 0 . . 1.0 Y

1, . .2 3 0 1 2
Axial strain [%] Axial strain [%o]
nps
40 - 3.0 /]\

ompaction &, [%o] dilation
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Elastic vs. plastic strain inco ility

Table? Samples dimensions before and after tests

Test L, L; Dy Dy Eq Ey

[mm]  [mm] [num] [mm] max — max

NP6 8525 *8522 | 30.01 50.13 0.70 -024
=#24 04

NP7 100 9875 49084 | *4986 | 135 -0.08

=*50.41

NP2 8447 *B2E5 49 81 4995 256 D48

=#Z1 63

L, and L; are the mmhal and final lengths of the samples

Dy and Dy are the mifal and final diameters of the samples
£, 15 the axial sirain

£ 15 the volumetne stain

*glauberite half
**halite half
MNote that the 1imtial and final lengths of samples were measured
outside the machine, whereas strams were measured using
logged data.

* Halite halves more plastically deformed
* Glauberite halves less plastic

Nawaz UU





RESULT.

NP6 I NP7 -

1E-14 60 1.E-14 : 60

—e— Permeability ——DPermeability
1.E-15 | 1.E-15 - .

L5 3

—B- Differential Stress MPa 50 —m—Differential Stress MPa 50
1.E-16 —— 1E-16 -~ —&—Confining Pressure MPa

—— Confining Pressure MPa - 40 - 40
1.E-17

1.E-17 - - — —
- 30 g
1.E-18 1.E-18 =
é \ 20 )/ \ - 20

1 E-19 1E-19
1.E-20 | ‘_,.-4 A—k \:\I - 10 1.E-20 k’A T e - 10
1.E-21 E 0 1E-21 = \h 0

1

pS
[Mc};a]

Permeability [m?]

Permeability [m?]

0 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Number of test steps Number of test steps
NP8 '

1.E-14 60

1E-15 5o
L 1E-16 »\w
= ——Permeability - 40
£ 1E17 - _g Differential Stress MPa 20 '
"% 1.E-18 - —&—Confining Pressure MPa g
E 1 - 20
L .E-19

1.E-20 r r Y - 10

1.E-21 i 0

0 1 2 3 4 5 6 7 8
Number of test steps
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Elastic response against ¢
(zero axial load conditions

pressure

=l NP6 # start =jmip NP7 K start =ied NP8 x start
== NP6 1« end = NP7 « end —ge> NP8 « end
1.E-14 E

LE-15 -
LE-16 -
1.E-17 -
LE-18 -
LE-19 -
1.E-20 | 7

1.E-21 -
o 1 2 3 4 5 6 7 8§

Number of test steps

Pa
Pa

Pa

Permeability [m?]
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*Microstructures at |

Nawaz UU





*Microstructures at |

i e

.»
“A
s
VORY' Y.
Ll

(Resin impregnation!)

H _ _ Partly intersected, resin filled, drilled
USRI hole.
3‘ TR R

15 mm
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tructures a

Micros

!

(local dilatancy)
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Comparison of absolute per

E
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r—
[

=
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1.LE-15
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2'1L.E-
EZ1E17
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| e
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Relative permeability vs. axialstrain

1100 -
1!& .
2
oy
2 10 -
m ]
=
-
A,
0 1
=
)
o

0.1

0.0 1.0 2.0 3.0
Axial strain (elastic + plastic) [%]
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. ) ' Universiteit Utrecht

Conclusions: e

»Instantaneous, reversible, response of permeability to hydrostatic
confinement suggests elastic closure/opening of cracks and planar
pathways

»As a response to stress: overall bulk compaction and permeability
reduction, localized dilatancy and increase in permeability at
interfaces

»Resin impregnation essential to reveal local dilation at interfaces

»High initial permeability of some samples (NP8) suggests starting
material that was already damaged. Future work should
endeavour to test less damaged material.

Nawaz UU
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Joint project Il on the comparison of constitutive models for the
mechanical behavior of rock salt

ll. Extensive laboratory test program with clean salt from WIPP

K. Salzer, R.-M. Gtinther, W. Minkley, D. Naumann & T. Popp Institute for Geomechanics GmbH (IfG), Leipzig, Germany
A. Hampel scientific Consultant, Mainz, Germany

K.-H. Lux, K. Herchen & U. Dusterloh Technische Universitét Clausthal (TUC), Clausthal-Zellerfeld, Germany
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Leipzig
P—! Dr. Andreas Hampel
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1 62 Universitit
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BMWi — Joint Project Il

Comparison of current constitutive models and
simulation procedures on the basis of model
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and healing of rock salt

, PTKA
1§ Project Management Agency Karlsruhe
I » Karlsruhe Institute of Technology
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Objective

= Benchmark calculations of Room B and Room D

© An extensiv data base for WIPP-salt exists from
investigations in the 80 - 90°s.

@® But due to the development of existing and new
material laws customized test series facilitating
derivation of all specific material parameters are

missing.
®  Geomechanical charakterization of the
WIPP-rock salt :

“clean salt” or “Halite”
“argillaceous salit”
Temperature effect

=> Strength testing .

=> Creep tests

1
.- ot i |

Room D - Mining
Development Test

MECHANICAL BEHAVIOR of SALT VIII

[ ]I Institut fir Gebirgsmechanik
IfG GmbH Leipzig

wia™ | Simulated Defense High-
Level Waste

May 26 -28, 2015 - Rapid City, SD USA - at the South Dakota School of Mines & Technology





Lithology: ,clean salt® - ,Argillaceous salt”

Compound (Weight Percent) ‘ 'L ROOM:D
Sample Kaolinite Porosity @ DEPTH WIT u:ncr
. . . . . N WITH
Halite |Polyhalite Clay lllite Clay | Anhydrite| Quartz |Magnesite| (percent) | O NEPERENCE So—_—

TC49 92,24 5,73 2,02 - - - - 0,93 | e Lt I ot FIxED

TC50 96,98 3,01 - - - - - 037 |

TC51 95,57 4,42 0 o - - - 062 |

TC52 92,04 5,22 2,15 - 0,56 - - 1,44 |

TC53 99,34 - - - 0,65 - - 1,15

TC54 93,37 - - 2,89 0,57 017 2,98 2,93 R

TC55 92,80 - - 3,68 0,52 - 2,98 3,22 s
2 20

2

After Pfeifle & Hurtado 1998
y, "ﬂ g% A

CLAY L

ANHYDRITE
CLAY K (9.98)

=4 CLAYJ

L (:\.Anu m
L xbev!

LAY R 1)

CAAY G

CLAYF

ANMHYDRITE
ClaY B (1641

-54.1%

g T K T I O O

I 1597 NPy 1
K B~
7] anouraceous oL
G Institut fir Gebirgsmechanik MECHANICAL BEHAVIOR of SALT VIII FvaEDe :' e
GmbH LelpZ|g May 26 -28, 2015 - Rapid City, SD USA - at the Suuui vanuia ounuul Ul IHIEs o TELHNVIVEY 3






Investigation program

. « 109 strength tests
Strength testing =>» ca. 150 test days (30 weeks)

T Eps-rate | o3 (MPa) * CS-IfG |2 AS-TUC : 37 creep tests
25°C 10°1s | 02]05 ] 10203050 [200 7 14 = ca. 5000 test days
60°C 10° 1/s 0,2 05|10 20| 30| 50 (20,0 7 14
100°C 107° 1/s 02|05 |10 20| 30| 50 |20,0 7 14 .
25°C_ | 10°1s | 0,2 | 05 | 1,0 | 2,0 | 30 | 50 |200] 7 14 © Close cooperation between
25°C 10* 1/s 0,2 - 1,0 | 2,0 - 5,0 | 20,0 5 5
¥ Standard tests 33 61 TUC and IfG
Optional tests
c | 2us [ 2]l 2]l2]212121n"~2 7 8
> all 40 69
Creep testing
o3 N T load level duration loading / above/below quantity quantity lab
MPa MPa °C - d unloading | dilation strength pure salt clay salt -
20 >10 27 2 60/60 L/U b/b 2 3 IfG
20 >10 60 2 60/60 L/U b/b 5 5 IfG
20 >10 80 2 60/60 L/U b/b 1 2 IfG
20 <10 60 1 120 L b 2 2 IfG
20 27/60/80 3 60/60/60 L/L/L b 1 2 TUC
5 >35 27 1 L a 1 0 TUC
different different 27 4 60/60/30/30 L/L/L/L b/b/ala 2 3 TUC
? ? ? ? ? ? ? 3 3 IfG/TUC
x=17 =20
L/U Load/Unloading
L/L/L Multi-step testing
L Single step
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Petro-physical characterization

6,0 - o rock salt (ASSE)
o clean rock salt (WIPP)
55 - o arg.salt (WIPP)

Anhydrite content (%) 30

VELOCITY-POROSITY
RELATIONSHIP

after Wyllie et al., 1956

@)
S
= 1 ¢ 1-9
= — ==+ —
Pore space: Matrix:
20 m—=rrrrFf 7ttt air halite (2,16 g/cm3) +
2,00 2,10 2,20 2,30 2,40 2,50 Anhydrlte (2,96 g/cm3)
Density (a/cm?) v._ air (km/s) = a5E
- anydrite (k =| 6,05
Very pure salt, both clean salt and Asse-salt: Y- anydrite (ki/s)
v,- halite (km/s) = 4,52

Pwippcs S Passe-salz
* The amount of impurities is very low

 Initial porosity is low, i.e. undisturbed salt

Excellent material!
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triaxial strength testing

Strain-rate-controlled

40,0 16,0 deviatoric
Deformation
- 35’0 T Omax = 336MPa | B 1450 in a triaxial
§ 20.0 120 & Karman-cell
w | =
g 2504/ N 10,0 © Gy > O3
h —
‘.v_; : | 8,0 ‘rn' AG - f (81)
= 200 fr i "™ " A o AV/V = f (g,)
:E J{ - 6,0 =
15,0 =
5 : 40 E
= | I VA R el
a %7 20 S
| e Diff stress
90 +—— Vol.strain | | - 0,0
0,0 | I I I I I I I I I I l J I I _2,0

0,0 5,0 10,0 15,0 20,0

¢ =1-10°1/s | Axjal strain (%)
O3 =1 MPa

T =25°C
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triaxial strength tests (1-10°s?, 25°C)

70,0 26,0
540 | 0.2 MPa
600 L 220 i — =0.5 MPa
—_— - 20.0 - = 1.0 MPa
© 500 //l —==-20MP
= O R i 18,0 - .0 MPa
@ | —_ 16804 e 3.0 MPa
¢ 400 oo = 140 - ——5.0MPa
= T 120 1 /7| — -200MPa
E 300 j
m N =
= Nl Q
= 200 = £
| - =
10,0 5
E
0,0 L 2,0 . ;
20,0 30,0 0,0 10,0 20,0 30,0

Axial strain [%]
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triaxial strength tests (1-10°s1, 25°C)

B s27/103-8/T7C1 e
_— i

P N -
8l s27/105-8/Tce W | 527/104-5/TC7

[ s27108-arres [ _s27i0s-arrcs & 527/105-8/TC5

brittle < semi-brittle < ductile
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triaxial strength tests (1:10°s?, 25°C) comparison Asse

80,0
| | | | | clean salt [T - large cores (IfG)

L AN ———————————————————— ——————————————————— clean salt - small cores (TUC)
& | argillaceous salt [Jij - small cores (TUC)
E 600 4 ———————————————————— ————— ______..--——‘.'_—_———_—— Asse-Salz .- (JOlnt PrOjeCt ”l)

K : - - —:’ 3 _____ —‘——-_-—-‘—4_?— ------

® - - i |

E 27 o0 _ -7 s s s

L

(a] /0 @ | | | |

o 62 o | | | o o

m A /. _______ ____________________ ______________ ® peak strength / 25°C/ CS MAX D

(7)) 40,0 .[ | ©  peak strength /25°G/ CS (TUC) Opiftmax = Op + G.+G Cs

e ’d - ,_ —————— . - ® peak strength / 25°C/AS (TUC) ¢ 3
- | - T | | ®  peak strength / 25°C/ASSE
2 30’0 % -------------- // oo A dilatancy strength / 25°C/CS
.‘.g ﬁ// A : A dilatancy strength / 25°C/ CS (TUC)

3 3 3 A dilatancy strength / 25°C/ AS (TUC)

S 20,0 _".’?‘ """" T A """"""" 4 dilatancy strength / 25°C | ASSE

a-, A / A A — — — maximum strength boundary
£ 100 Y I L — = didancy srengh boundary 7 40 7

0,0 ] ] ] ] ] i
0,0 5,0 10,0 15,0 20,0 25,0 30,0 Strength: slightly lower than for

Asse salt

Argillaceous salt AS higher
scattering but comparable to CS

Dilatancyboundary similar

confining pressure o3 (MPa)
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Strength: Strain rate and Temperature effects

70,0 70,0
60,0 - - 0 -

= 2 - s 7°
=} _» = ~..

& 500 -7 8 500 ~~“~~

g Y] < s == g 2%Y ~

= " - —om = - N\N\‘~~ 20

(o] - 3 a . TEeal ~

© 400 - ST & B 400 | $==--me___TTT=-ld-o

7 T T e 7T S B SR P FTIIIzae

- - — e e e T 3 ~-~~~:~~-:: ~~~~~
@ 300 =" " _gos O 300 | goo_ . TTme=-Illllime oo 1TTSIIIITI =
"J; - - 0-.5 ————— 4(7; S==SISSEm—e_ o T~~~ T~~o
BF-Z-" B e W D B

— - — --0_2._:===== ~~~~~~~
B 200 - = B 20,0 - pal L EERn
-+~ -+

c c

) )

© 100 | 5 10,0 -
e e ol
= =
© o

0,0 — ———rt — 0,0 —t——t———————————
1,00E-07 1,00E-06 1,00E-05 1,00E-04 1,00E-03 20,0 40,0 60,0 80,0 100,0 120,0
Strain rate (1/s) Temperature (°C)

With these experiments, a comprehensive data
fundus for the clean salt has been created which
allows an extrapolation to the expected underground
conditions
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Multi-stage - Creep testing: T=25°C

4.0E-03 ‘ | | .
' [o-200ma New IfG creep test rig
{ | 93=20,0MPa y = 1.65E-06x + 3.18E-03 |
3.5E-03 | Ac=0,0MPa __
: T =298 K Ig_lr;i:;:::dregaugs
] 7 N
3.0E-03 - &y
3 ] 200kN Piston Pre-loaded
[ 25E‘03 I 4 o :::Bwnnlnau T
o 1 g€ 4 u JH
IS 1 5 o, = 30,0 MPa 0,=28,0 MPa = , E—
§ 2.0E-03 + g O 03 = 20,0 MPa 05 = 20,0 MPa
o 1a © Ao = 10,0 MPa Ac = 8,0 MPa B J ALpw v :32e0
[ D) i s © T =298 K T =298 K :mmnr;?u
© 1 = T,:;-uofé
o 1.5E-03 - 8 ¢ ’
(¢D)] 4 = - _| g > Samplesize:
() 4 O @ =40mm, | = 80
—_ B n L mm
(&) c
7 @]
1.0E-03 + O —
o 8 50 mm
1 Qo
1 - A
5.0E-04 .
:&gg{ 2. Loading Ao = 10 MPa 3. Unloading Ao = 8 MPa > HydraU“C Stress ContrOI
0.0E+00 & © No electrical power supply
0 10 20 30 40 50 60 70O 80 90 100 110 120 130 © Long term stability due to pressure
time (d) accumulators
© More flexibility during stress
changes
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creep deformation [%]

5.0

4.0 -

3.0

2.0

o Mgt
> >
>

Improved creep test procedures

T T
16 MPa - 14 MPa 4

I 18 MPa» 16 MPa 4

v

s

20 40

creep rate [1/d]

Institut fir Gebirgsmechanik

IfGiI Gmt.)H L(;ipzig

cd,ﬂ,ﬁ 16 MPa = 14 MPa

AAAAAAAAAAAAAMAMAAAA
T T T

T
16 MPa ~ 14 MPa  +
18 MPa -~ 16 MPa ¢

1e-003 [

statlonary rate

----ﬂ‘—-"ﬂﬁﬂ_qpﬂq

.
le-004
L.

1
0 10 20 30 40 50
creep time [days]
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IfG approach

1. Raise temperature to e.g.
333 K (60°C) to speed up
process and to involve
recovery processes.

2. Use series of two-step tests
with unloading, e.g.

() Gu=16 MPa = 14 MPa,
() o4c=18 MPa = 16 MPa

3. Temperature stepping tests
for the activation energy

13





TCC WIPP “clean salt”, T=60°C

8.0E-02 —TCC15 60°C 4-2 MPa
] TCC13 60°C 6-4 MPa
] TCC6 60°C 8-6 MPa -
7.0E-02 7} —TCC2 60°C 10-8 MPa //
1| —TCC7 60°C 12-10 MPa _—
6.0E-02 || =TCC9 60°C 14-12 MPa —
o || —TcC11 60°C 16-14 MPa /
1| —TCC12 60°C 18-16 MPa
c i
2 5.0E-02 ~
© ] v
£ f /
= ]
« 4.0E-02
S ) d
Q. i
S, /
< 3.0E-02 - / //
2.0E-02 - / /’/
i e
1.0E-02 // -
| J/% —
0.0E+00 - — 1 l l l 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100 110 120
time (d)
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TCC WIPP-clean salt: T =24, 60 and 80°C, Ac = 12-10-8 MPa

3.0E-02 ‘ ‘ \ \
] ——TCC1 24°C 10-8 MPa
—TCC5 25°C 12-10 MPa —
| //
2.5E-02 - TCC2 60°C 10-8 MPa —
—TCC7 60°C 12-10 MPa ]
_ —TCC16 80°C 10-8 MPa //
—2.0E-02 7| ——TCC19 80°C 12-10 MPa /
S ]
e 4/
S 1.5E-02 e
8 i / /
O —_— |
o —_—
o
2 ]
© 1.0E-02
= ]
] / //
5.0E-03
] f
0.0E+00 - |
0 10 20 30 40 50 60 70 80 90 100 110 120
time (d)
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Creep behaviour of clean salt at 25°C, 60°C, 80°C

S oo 551 IfG-Creep data sets (CS)
1 E+01 / L
1 E+00 —— 200°C
M Experimental data

1E-01 | - ez / R 1Tccl | 30
‘ - ¥ 28
—_ & 25°C laTCC3 30
2 1E-02 28
= 32
8 30
E 1 E_03 3TCC15 24
% ® WIPP CS 80°C 1. loadstep 22
® 1E-04 ® WIPP CS 80°C 2. loadstep e
© ® WIPP CS 60°C 1. loadstep zg
1 E-05 m WIPP CS 60°C 2. loadstep 2
A WIPP CS 25°C 1. loadstep 30
A WIPP CS 25°C 2. loadstep 28
1 E‘06 7 —GS(stat) T= 25 6a TCC4 30
—GS(stat.) T= 60 28
1 E-07 ; ' =——GS(stat.) T= 80 23
s ——GS(stat.) T= 100 =
1 E-08 n=7 ——GS(stat.) T= 200 22
1 10 100 9TCC11 36
34
o [MPa] 38
- - - 36
* Consistent data sets, but differences to earlier 30
measurements (SAND92-7291) are obvious 22
* Mechanism change depending on stress state 30
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Summary - Conclusions

The “clean salt” is of excellent quality, i.e. undisturbed (intact) and largely
homogeneous.

The moisture contents of the "clean salt" are of the order of 0.15 weight -%,
respectively, for the "argillaceous salt" 0.4 weight -%. They are therefore
generally higher than for domal rock salt.

The laboratory program for “clean salt” consist of 33 strength tests with test
series for various confining pressures at room temperature, 60°C and 100°C
and, in addition, for three different deformation rates: of £ = 104 1/s, 10° 1/s
(standard rate) and 10° 1/s. The used equipment allowed the simultaneous
measurement of the rock dilatancy during testing. Very consistent sets of data
and parameters could be obtained.

Unique creep data sets of high quality were obtained on “clean salt” for room
temperature, 60°C and 80°C using the “new” creep test approach. However,
differences to older data sets are obvious (Mellegard & Pfeifle, 1993), especially
at higher temperature.

With these investigations, a comprehensive data fundus for the WIPP salt has been
set which allows an extrapolation to the expected underground conditions and to
carry out the planned benchmark calculations for room D and B. The results
obtained on “argillaceous salt” will presented in the next lecture by TUC.
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