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Experimental Rock Deformation — HPT-laboratory

Mechanical behaviour and transport properties of Earth materials:
experimental work and microstructural study of the active microscale
processes, and microphysical and numerical modelling of these processes.

e 3 scientific staff (+ em.)

e 4 support staff

* 4 PostDocs
14 PhD candidates
3-6 MSc students
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HPT-laboratory: Salt projects

Long-term porosity-permeability evolution in and around backfilled

openings in a radioactive waste repository in rock salt
(Bart van Oosterhout)

Evolution of the mechanical/transport properties of rock salt under

simulated cavern wall conditions during cyclical hydrogen storage
(Johanna Heeb)

Multi-scale validation of constitutive models for rock salt creep
behavior and application to field-scale numerical models:
i) experimental (Vangelis Dialeismas), ii) numerical (Gaurav Jain)



HPT-laboratory: Salt projects
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+ Effects of recrystallization on creep

+ Chemical coupling: damage, permeation and p-solution
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HPT-laboratory: Salt projects

1. Long-term porosity-permeability evolution in and around backfilled

openings in a radioactive waste repository in rock salt
(Bart van Oosterhout)



1. Backfilled openings in a radioactive waste repository

Key question: on what timescales will the permeability of the backfill
reach values of undisturbed rocksalt?

How does the dense rock salt around a backfilled repository converge?
Deformation mechanisms, effect of damage, threshold stress

How does the backfill in the repository compact?
Effect of stress, grain size and porosity

Which mechanisms play a role in the long-term reduction of
permeability in the backfill?
Long term healing
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1. Backfilled openings in a radioactive waste repository

Effect of porosity

Compaction creep rates - Saturated brine - d= 137 pm

Grain size of 137 £ 12 um

5 relaxation phases at
26-15-10-5-1% porosity

Porosity 25 2 1%
Strain rates drop 3-4

s orders of magnitude
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HPT-laboratory: Salt projects

2. Evolution of the mechanical/transport properties of rock salt under

simulated cavern wall conditions during cyclical hydrogen storage
(Johanna Heeb)



2. Cavern wall conditions during cyclical hydrogen storage

depth [km]
0.0

1.0 -0

rocK? salt
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0, =0,=03=Py,

Challenges for safe H, storage:

. Cavern walls: impact of H, pressure-cycling on

creep + damage development = cycle magnitude
/frequency

. (Near) intact rock salt: impact of H, trapping and/or

temperature changes > overpressurisation and/or
tensile fracturing

no/low (o, - 03),

high o, 0y =0y > P
(near) intact salt high (o, - 03),
low o,

damaged salt

2.0

N
sump / insolubles 1.5

P
N

. Drying out: affects fluid-assisted mass transfer

processes + shrinkage of clay impurities

. Heterogeneities: effects of anhydrite/clays

(chemical reactions + impact mechanical behaviour)



2. Cavern wall conditions during cyclical hydrogen storage

Experimental approaches

* Triaxial deformation experiments coupled with permeability measurements
(i.e. measure of damage or cracking)

* Natural rock salt: damaged (low P_, high o,) and intact (high P_, low o,)

* T=roomT; P;=2-5MPa (argon or brine)

0mm

<

() Simulating specific scenarios:

h\: g * Daily pressure changes + periods of no
triaxial ) $ ‘3 activity
PpariSi o~  Multiple cycles per hour

{3  Temperature changes and/or

’ overpressurisation
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HPT-laboratory: Salt projects

3. Multi-scale validation of constitutive models for rock salt creep
behavior and application to field-scale numerical models:
i) experimental (Vangelis Dialeismas), ii) numerical (Gaurav Jain)
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3. Validation of constitutive models for rock salt creep

Non-linear (dislocation) creep at high o,
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3. Validation of constitutive models for rock salt creep

Experimental approach Numerical model approach
| A g ! Quantitative law for linear creep Salt cavern model implementing
i\ - for Dutch Zechstein microphysically based creep laws

Determine threshold stress

Prediction of convergence and
surface subsidence

1
i

S
EIIIIIIIIIIIIIEEE

Effects of recrystallization on creep
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Upscaling of lab creep laws Cavern integrity analysis in :
to mesh and salt-unit scales Operation and abandonment stages

Hunfeld et.al 2022
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3. Validation of constitutive models for rock salt creep

Samples from Barradeel

H==S0lT=i60"C (grain size 150-400 pum)
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3. Validation of constitutive models for rock salt creep

Band Contrast
[0...255] 255

IPF Coloring || Z0
Halite
001

101 122

Grain Boundaries
—2...10° 19,5%
>10° 80,5%

Name: Halite - {001}
Measurement Count: 6481048
Half Width: 10,0°

Sample Symm.: Triclinic

Use Sample Symmetry: No
Projection Type: Equal Area
Projection Plane: XY
Hemisphere: Upper

300-600 pm

X
I 10mm I Ky_rl,

{110}

Name: Halite - {001}
Measurement Count: 10969699
Half Width: 10,0°

Sample Symm.: Triclinic

Use Sample Symmetry: No
Projection Type: Equal Area
Projection Plane: XY
Hemisphere: Upper

EBSD: weak LPO
(@strain 4%)

Experimentally deformed

BAS2-02

ﬁ!l% Universiteit Utrecht m iﬂﬂo}fatiOH
%§ for life

{111}

Name: Halite - {001}
Measurement Count: 3822077
Half Width: 10,0°

Sample Symm.: Triclinic

Use Sample Symmetry: No
Projection Type: Equal Area
Projection Plane: XY
Hemisphere: Upper
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3. Validation of constitutive models for rock salt creep

Irregular grain boundaries
BAS2-02 Indent:.;\tlon-llke structures
subgrains

Experimentally deformed
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3. Validation of constitutive models for rock salt creep

— Surface

Overburden Layer 1

Overburden Layer 2

Salt layer 3

Cavern radius =27 m
v 1600 m

Cap rock Layer 4

10000 m

FLAC 2D

© Roller support
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Subsidence
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3. Validation of constitutive models for rock salt creep

No threshold stress

Deformation factor = 50

I L ey

Zone Displacement Magnitude =~

1.75E+00 NS4

Cavern i seLisiciis T
. 1.25E+00
evolution 1 COE+00
7.50E-01

with time 5.00E-01
2.50E-01

0.00E+00

Threshold stress = 0.4 MPa

665 days 1395 days 2895 days 3950 days
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On-going research programmes on salt

at Utrecht University
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