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see also Äspö Hard Rock Laboratory,

Prototype Repository
Kempen Group 39
Kozeny-Carman law 226, 229
Kozeny-Carman type permeability

function 122–123
Eurobitum radioactive waste 124

Kunigel V1 bentonite
compression tests 222, 224, 225
gas injection tests 521–529
gas migration two-phase flow model

555, 559, 561
numerical simulation 234
swelling deformation tests 316
XRD tests 227, 229

Kunigeru GX bentonite 138, 139, 143
Kunipia F bentonite 225

LAEGO-ENSG
Callovo-Oxfordian claystone gas

flow experiments 508,
510–511, 512, 515–518

triaxial load cell 510–512
LAGAMINE code 432–433, 436–439
lamprophyres 15
Laplace transform method 372–373,

590, 600
Large Scale Gas Injection Test (Lasgit)

497–498
bespoke computational toolkit

498–505
annual cycles 501, 502, 504
second-order event information

501, 504
spike detection 500–501,

503–504
Large Scale Sealing Experiment 27
Last Glacial Maximum 37–38
Lattice Boltzmann Equation 196
Lattice Boltzmann Method 195–198

Opalinus Clay 198–205
absolute permeability 198, 199
capillary pressure 199, 203
drainage calculations 200–201,

203, 204
relative permeability 198–199,

201
two-phase flow 203, 205

steady-state calculations
199–200

Washburn equation 197, 198
Ledo-Paniselian-Brusselian aquifer

163, 164, 165, 166, 167,
168, 172

hydraulic conductivity 168, 169, 171,
173, 174,
175, 176

Madrid Basin, mudstone, microbial
reduction 182

magnetite 237, 242, 248
methanogenesis 186, 187, 189
Meuse–Haute-Marne (MHM) URL

10, 11, 13, 211
Callovo-Oxfordian Formation

207, 209
borehole cores 209–211

oxidized features 211–219
CDZ experiment 279–290
Earth-tidal and barometric

responses 53–61
excavation-induced fractures 209,

210, 213–215
water-filling 216–217

gas injection test PGZ1 427–440
GCS drift 265–278

3D coupled modelling 268–273
EDZ assessment 276–277

GMR Gallery 339, 342
hydraulic-gas transient

repository central zone 483–496
EDZ 484, 489–496
hydrogeological modelling

484–486
numerical simulation

489–496
physical modelling 486

gas 487–488
material properties 487,

488
water 486–487

sensitivity study 494–496
transient modelling 488–489

IL-LLW storage cells 145–161
mine-by experiment, damage

modelling 273–276
oxidation features 211–219

reactions 216
role of water-filling 216–217

oxidation front 212–215, 217, 219
oxygen transfer 217–218
rock oxidation 207, 208, 211–212
transport of 14C and 129I 469–481

model concept 470–471
reference case 474, 475, 476,

477–478
simulation cases 472, 473,

478–481
transport of water and hydrogen

443–466
boundary conditions 452–453
discretization in space 448
discretization in time 451–452
embedded meshing 450–451
geometrical model 446
numerical model 447
parameterization 448, 449
performance indicators 454,

456, 465
physical model 445, 446
reference case 455, 456,

464–465
simulation cases 453–454, 455,

456–466
topological simplification

448, 450
ventilation 413–426

diffusion tests 24, 25
excavation and sealing tests 27–28
Large Scale Sealing Experiment 27

microbe-mineral interaction 180
Opalinus Clay HT experiment

576–577
microbes

clay repositories 179–190
biofilm formation 183–184, 188
corrosion 184–185, 188–189, 244
dissolution of clay minerals

182–183
effect on plasticity 183
fermentation 185–186, 189
gas production 185–186, 189
methanogenesis 186, 187
reduction of iron 180–182,

187–188
reduction of sulphate 184-185,

188-189, 244
hyperthermophilic 187
redox processes 180–182

micropore swelling 549–551
mine-by experiment, MHM URL

265–278
2D coupled damage modelling

273–276
3D coupled hydromechanical

modelling 268–273
EDZ assessment 276–277
rock displacement 270–271, 272,

275–276

INDEX 629



model validation 614–616, 616
Mol Sand backfill 112–113
Mol-Poederlee-Lillo formations 35, 39
momentum balance equation 360
monitoring, long-term 28
Mont Terri URL 9–11, 12, 94, 564

diffusion tests 24, 25, 218
geology and rock characteristics 564
HE-E heater experiment 17, 20–21,

28, 71–90
hydrogen transfer (HT) experiment

563–577
pore-water experiments 22
rock oxidation 208
self-sealing and gas experiment

(HG-A) 93–105
analysis

pre-breakdown response 101,
103–104, 105

self-sealing 102, 104–105
gas-injection 96–101

geosphere response 101
pressure response 97–99
TDRs 99–101
temperature 99

hydraulic testing 95–96, 101
instrumentation 95, 96, 97
saturation testing 95, 97

self-sealing sand/clay barriers (SB)
experiment 381,
386–397

SELFRAC-1 experiment 281, 290
Montigel bentonite 304
montmorillonite

and bentonite properties 221
mathematical modelling 230–235
mechanical behaviour 221–224,

225
permeability 225–226
two-layer hydration water content

XRD
226–230

iron-clay interaction, KBS-3H
disposal concept 239,
241, 242, 244

micropore/macropore deformation
546, 547, 548,
549–551

Mualem–van Genuchten model 267,
359, 361, 432, 433, 486

multiple barrier concept 1, 293
MULTISIM borehole simulator 282
MX80 bentonite 16, 25, 246,

304–312
as backfill 324, 329–337
gas migration two-phase flow model

552, 559, 561
HE-E experiment 72, 72–73, 75, 77,

78, 79
KBS-3H disposal concept 239
PRACLAY Gallery in situ

experiment 109, 111,
112, 113–115

nano-wires 187
NaNO3, in radioactive waste 117–119,

123–129
Navier-Stokes equations

airflow modelling 146–147
consistency with Darcy-like model

148–149
two-phase flow 196

Neogene Aquifer Model 163
neon, Opalinus Clay HT experiment

568, 569, 574–576, 577
Nete Basin 34, 36, 37, 43, 44, 45, 47
nitrogen, gas injection test PGZ1,

Callovo–Oxfordian
Formation 427–440

nontronite, microbial reduction
180, 181

Norton-Hoff’s law 367, 368, 374

Old Hauenstein railway tunnel,
oxidation features 208

Oligocene aquifer system 163, 164, 165,
166, 167, 172

hydraulic conductivity 168, 169, 171,
173, 175, 176

Olkiluoto Research Tunnel 9
see also KBS-3H disposal concept

Opalinus Clay Formation
10–11, 564

diffusion experiments 22
gas flow experiments 531–542

air-injection tests 534–536
compression tests 532–534
revised analysis 540–542
two-phase flow analysis 537–539
water injection tests 534
water retention behaviour 532

gas injection tests 96–101
geology and rock characteristics 564
heater experiment 20–21

HE-E experiment 72–90
hydrogen transfer experiment

563–577
Lattice Boltzmann Method

198–205
absolute permeability 198, 199
capillary pressure 199, 203
drainage calculations 200–201,

203, 204
relative permeability 198–199,

201
two-phase flow 203, 205

steady-state calculations
199–200

Washburn equation 197, 198
microbial processes 179, 184, 190

corrosion 184
methanogenesis 186, 188, 189
sulphate-reducing bacteria

184–185
oxidation 208
pore properties 196, 197
seismic characterization 81–85
self-sealing experiments 93–105
swelling/shrinking behaviour

365–366
two-phase-flow 195–205

OPHELIE sulphate reducing bacteria
experiment 185

orohydrography 34, 36
osmosis 581

Eurobitum radioactive waste
118–119, 123

osmotic efficiency coefficient 122
and porosity, Eurobitum 123–131

overpressure
and clay plasticity 183, 185
microbial gas production 185
mine-by experiment 273, 276, 277

Oxfordian Formation

aquifer modelling 485–486,
490–494

Earth tidal and barometric responses
53, 58, 59, 60

oxidation 207
Boom Clay Formation 208
excavation-induced fractures 208
MHM URL 211–219

reactions 216
water-filling 216–217

Tournemire URL 208
oxidation front 209

MHM URL 212–215, 217, 219
oxygen transfer 217–218

P wave velocity, CDZ experiment 283,
287, 289, 290

palaeogeography, Campine area 39
palaeohydrology, Campine area 39
Paris Basin 11
pathway dilation model 546–547,

548–549
see also dilatancy-controlled gas flow

PEBS project 71
permafrost, Campine area 42, 46
permeability 122–123

bentonite engineered barriers
136–138, 225–226, 546

effect of temperature 589–600
CDZ experiment 288, 289, 290

gas tests 281, 282, 290
claystone, as backfill and seal

324–327
claystone-bentonite mixture 333,

335, 337
concrete/clay shaft seal 403–404,

405
effect of microbial biofilms

183–184
effect of microbial dissolution 183
gas, bentonite buffer material

523–524, 525, 526
gas and water, Callovo-Oxfordian

claystone 432–433
intrinsic 122–123
Opalinus Clay Formation, Lattice

Boltzmann Method
198–200, 201, 203, 205

and porosity, Eurobitum radioactive
Waste 123–131

sand/clay mixture barriers 381–382,
383, 394

sodium nitrate and Eurobitum 123
permeability coefficient 225, 226
permeameter see stress-path

permeameter
pertechnetate, reduction 182
Poiseuille law 345
Poisson ratio 361, 362, 364, 365, 368,

371, 405
polyethylene glycol (PEG), through-

diffusion experiments
581, 582

polymers, extracellular 183
pore deformation, bentonite 546,

547, 548
pore water experiments 28

HADES 21–22
pore water pressure

clay/concrete shaft seal 408,
409, 410

and engineered barrier safety 303

INDEX630



pore-pressure cycling in bentonite
304–312

GCS drift, MHM URL 265–266,
267, 268, 271–272,
275–276

sand/clay mixture barriers 391,
392, 393

porosity
claystone, as backfill and seal

326–327
effect of microbial biofilms 183–184
effect of microbial dissolution 183
Opalinus Clay 196, 197
osmotic efficiency 122

Eurobitum radioactive Waste
123–131

PRACLAY Gallery 8, 10, 20, 107
backfill sand 112–113, 114
Connecting Gallery 107, 108
experiments 19–20, 27, 28

Gallery and Crossing test 107
Heater Test 107, 108, 113–115
in situ experiment 107–115, 108
Seal Test 107, 108–111

heating system 111–112, 113
hydraulic seal 108–111

preferential pathways, gas migration,
bentonite 546, 547, 561

Prototype Repository see Äspö Hard
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