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Experimental Evidence  

for Sealing of Fractures 

1. Rock mechanical compression 

2. Water-enhanced sealing of fractures 

3. Thermal impact on sealing of fractures 

4. Simulation of EDZ evolution around boreholes 
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Clay Rocks investigated at GRS Laboratory  
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1. Sealing of fractures under mechanical compression 
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Fracture closure under normal stress 
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Fracture closure and permeability decrease 
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Sealing of shear fractures by compression 
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Sealing of fractures in large-scale samples 

OPA sample (D260mm, L600mm) 

Fractures parallel to sample axis  
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2.  Water-enhanced sealing of fractures  
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Fracture closure and water permeability 

s 

s 

compaction; swelling; slaking; clogging 

 
25 mm 

 

 
25 mm 

 

before test  

after test  1E-19

1E-18

1E-17

1E-16

1E-15

1E-14

1E-13

1,5

2,0

2,5

3,0

3,5

0 50 100 150 200

W
a

te
r 

p
e

rm
e

a
b

il
it

y
  

K
w

(m
2
)

F
ra

c
tu

re
 c

lo
s

u
re

  
D

b
  
(m

m
)

Time   (day)

fracture 
closure

permeability

swelling

1     3     5          7                  10                   13    

confining stress (MPa) water pressure = 1 MPa

2E-19 m2 



Water permeability related to clay swelling 
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Long-term water permeability of fractured claystone 

1E-21

1E-20

1E-19

1E-18

1E-17

0 100 200 300 400 500 600 700 800 900 1000 1100 1200

W
a

te
r 

p
e

rm
e

a
b

il
it

y
  

 (
m

2
)

Time   (day)

COX3

no outflow
detected

COX2

COX4

initial gas permeability Kg = 3E-12 m2

undamaged clay rock: Kw < E-20 m2

0

1

2

3

4

0 100 200 300 400 500 600 700 800 900 1000 1100 1200

S
tr

e
s
s
 /

 p
re

s
s

u
re

  
(M

P
a
)

Time   (day)

2.5 

3 

3.5

1 

0.1

confining stress
(MPa) 

2 

water injection pressure  (MPa) 
1 

0.5

 Kw = 10-20 – 10-21 m2 Intact rock 

t > 3 years 



3. Thermal impact on sealing of fractures  

 

LVDT 
deformation 

transducer

MTS 

circumferential 

extensometer

specimen

heater

pore fluid duct

pore fluid 

duct

cell

upper 

platen

lower platen
 

OPA sample 

COX sample heating in an oven 

long-term water permeability 

heating in a triaxial cell 

fracture closure 

water permeability 



Thermal impact on fracture closure and permeability 
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4. Simulation of EDZ-evolution 
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Sealing of EDZ around a borehole 

before heating:  K = 2·10-18   m2  

after heating:     K = 3·10-18   m2 
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Conclusions 

 Strong experimental evidence for the high sealing capability of  

the studied clay rocks 

 Fracture closure and permeability decrease significantly with 

confining stress 

 Water flow enhances the sealing of fractures dramatically 

 Thermal impact on the sealing of fractures insignificant 

 Fractures in clay rocks can be fully re-sealed to the intact state 

under the repository conditions 

 Models needed for prediction and assessment of the realistic 

sealing process of the EDZ in repositories 
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