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This is a simplification of the processes in the hydrogeological system, which is justified by the large 
time-scale of the model. Especially during the heating phase of the repository an undrained reaction of 
the fractures could cause increased joint fluid pressures in the near field of the repository. The investi-
gation of this effect is out of the scope of this study.
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The limiting factor for the minimum fracture length is the meshing capability/resolution in 3DEC. In 
reality, even smaller fracture length can influence the flow pathways in a fracture network (Follin et al., 
2014). With regard of the aim to evaluate large-scale processes and tendencies, it can be justified to 
reduce the DFN complexity that would occur in-situ.
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*represents intact rock
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3.1.1 Temperature field 
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3.1.2 Block displacements 
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3.1.3 Transmissivity field / joint behavior 

3.2.1 Temperature field  

DFN.Lab 
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3.2.2 Block displacements 

3.2.3 Transmissivity field / joint behavior 
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3.3.1 Temperature field 

DFN.Lab 

13



3.3.2 Block displacements 

3.3.3 Transmissivity field / joint behavior 
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DFN.Lab 
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1.2.1 Normal stress on fractures 

1.2.2 Stress-transmissivity relationship 

Equivalent hydraulic conductivity tensors
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2.2.1 Stress fluctuations 
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2.2.2 Aperture–stress relationship 
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2.2.3 Hydraulic conductivities 
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R-09-38 - Statistical 
methodology for discrete fracture model – including fracture size, orientation uncertainty 
together with intensity uncertainty and variability. 
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Paraview
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1.1.1 Projektbeschreibung 
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2.1.1 Erkundungskonzept Gräveneck 

2.1.2 Erkundungskonzept Villmar 

59



3.1.1 Durchführung der Bohrungen Untertage 
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3.1.2 Durchführung der Bohrungen Übertage 

3.1.3 Feldversuche 

3.1.4 Probenahme 
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4.1.1 Fels- und bodenmechanische Laborversuche 
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4.1.2 Umwelttechnische Laborversuche 
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4.2.1 Bohrlochaufweitungsversuche 

4.2.2 WD-Tests 

4.2.3 Optisch-/ akustische Bohrlochbefahrung 
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Physico-mechanical properties  
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increasing shear 

increasing roughness 

96



97



98



99



100



101



102



103



Journal 
of Geophysical Research

Rock Mechanics & Rock Engineering

J. Phys. II France

Journal of Fluid Mechanics

International Journal of Rock Mechanics & Mining Sciences

Water Resources Research

International Journal of Rock Mechanics & Mining 
Sciences

104



105



106



ei

a1 a2

a1 a1 a2

a2 a1 a2

107



c1 c2

g f

g

108



Mf

h(p)

109



pt pc

Mc Me M

(ppeak qpeak)

fi(p*
peak,q*

peak)

n

pc pt   C Mf c1 c2 a1 a2 

110



ps pm

ps pm

s s

pm

m m

E  pm ps m m s s 

111



pc

pc

112



113



114





























































144



145



146



147



148



149



150



151



152



153



154



155



156



157



158



159



160



161



m
xi

m

f
x

P
i 

i T x f

C C i T C x fC C

k  ki T k x fk k

E Ei T E x fE E

i T x f
i T x f

c  ci T c x fc c

i T x f
 i T x f

x i f

162



163



164



165



166



167



168




