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Index

a
Adsorption 76

– and connectivity 91
– and pore size distribution 83
– and pore surace distribution 83
– and pore volume distribution 83
– classification of isotherms 77
– density-functional theory 84
– Horvath-Kawazoe method 84
– hysteresis loops 77
– in mesopores 78–80
– in micropores 78
– Kelvin equation 80
– measurement of 76
– mechanisms of 76
– network models 85
– percolation models 86
– primary 86
– secondary 86

Adsorption isotherms 81–84
– Brunauer-Emmett-Teller model 82
– Frenkel-Halsey-Hill model 83
– Langmuir model 81

Advancing contact angle 524
Amot method 526
Angle-changing force 235
Anomalous diffusion 316–321
Ant in a labyrinth 337
Archie’s law 43, 321
Areal survey 145
Autocorrelation 104, 118
Autocovariance 118

b
Bethe lattice 18, 21, 28, 72, 93, 183, 331

– definition of 18
– effective conductivity 331
– percolation threshold 21

Betti number 93, 94, 242

Black oil simulator 571
Blake-Kozeny equation 273
Blake-Plummer equation 273
Blob mobilization 540–543

– choke-off 541
– criterion for 542
– network models 603–613
– pinch-off 540
– snap-off 541

Bond number 562, 600
Bounds 271–273

– for conductivity 273
– for permeability 271

Breakthrough point 61, 117, 388, 389, 437,
470, 477, 489, 506, 537, 547, 572, 582

Brinkman equation 266, 267
Bubbling 560
Brunauer-Emmett-Teller model 82
Buckley-Leverett equation 488, 549, 554

– derivation of 554
– for immiscible displacement 554
– for miscible displacement 488

c
Capillary force 495, 520, 535, 545, 547,

565, 577
Capillary number 69, 517, 520, 527, 535, 539,

540, 542, 543, 561, 570, 575, 579, 587,
589, 608

Capillary pressure 50–53
– definition of 50
– effect of wettability 531
– measurement 53

Carbonate rock 41, 46, 91, 99, 102, 103, 108,
111, 124, 169, 201, 249, 294

Centrifuge method 53
Cherry-pit model 187
Choke-off 541
Chord-length measurement 99–103
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Cocurrent downflow 559
Cocurrent upflow 561
Compact displacement 511
Co-Kriging 137
Compositional simulator 494, 571
Compressibility 256, 450
Conditional simulation 138–141

– definition of 138
– random residual additions 139
– sequential Gaussian simulation 138
– sequential indicator simulation 140

Conductivity 24, 27, 34, 164, 180, 218
– fractures 218, 429–435
– porous media 164, 180, 262–265,

267–269, 271
– spatially-periodic media 262, 263

Connate water 555
Consolidation 199
Contact angle 49, 519

– advancing 57, 532, 606
– dependence on capillary number 527
– dynamic 520, 527
– effect of surface roughness 525,

527, 529
– hinging 624
– hysteresis 57, 524, 525
– measurement 524–526
– receding 57, 606, 622

Continuity equation 9
Continuous-time random walk 284

– continuum limit, diffusion 306, 307
– continuum limit, dispersion 393
– definition of 307
– for diffusion 307
– for dispersion 388

Continuum models 5, 185–199, 253
– definition of 5
– fluid flow 257, 266, 269, 271, 273
– for miscible displacements 481, 487
– transport 262, 267, 271, 276
– two-phase flow 543, 554, 561, 569

c
Core preparation 521
Countercurrent flow 558
Convection time 357
Convective-diffusion equation 11, 12, 343,

398, 412, 495
Coordination number 17, 21

– definition of 21
– measurement of 91

Correlations 3, 4, 117
– long-range 3, 122–126

– with cutoff 127
Correlation function 103–107
Critical path analysis 164, 240, 333

– description of 333
– and dispersion 400
– and fracture network structure 164, 240
– and permeability 333–335

Crossover 29, 108, 160
– compact to fractal displacement

511, 593
– diffusive to non-diffusive transport

317, 318
– in genetic algorithm 209

Crossover time
– for diffusion 317, 318
– for dispersion 375

Cycling 619

d
Darcy’s law 13, 253, 543
Data interpolation (see also Kriging;

Co-Kriging; Conditional
– simulations) 132

Dead-end pores 23, 25, 292, 361, 363, 370
Density-functional theory 84
Depolarization factor 268, 323
Desorption 19
Devil’s staircase 598
Dielectric breakdown model 503
Diffusion 11, 12

– anomalous 311, 316–321
– fractal type 311, 316
– Green function for 304, 305
– into dead-end pores 371
– measurement of 319, 320
– superdiffusion 378, 379

Diffusion-limited aggregation 500
Discrete models 5
Dispersion

– capillary coefficient 530
– coefficient of 343
– definition of 341
– dispersivity 345
– first-passage time distribution 344,

367, 391
– Gaussian 344
– mechanisms of 342
– non-Gaussian 379
– superdiffusive 378, 379

Dispersion coefficient 343
– dependence on Péclet number 359–361
– longitudical 343
– measurement, acoustic methods 349
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– measurement, concentration
method 346

– measurement, nuclear magnetic
resonance 351

– measurement, resistivity
measurement 348

– tensor of 345
– transverse 343, 350

Dispersion in porous media
– boundary-layer mechanism 360
– continuous-time random walk

model 388
– critical path analysis 400
– deterministic network models 370
– ensemble averaging 362, 385
– fluid-mechanical models 363
– fractal models 406
– fractional derivative models 398
– holdup mechanism 360
– in field-scale media 382
– in short media 372
– in stratified media 386, 412
– in unconsolidated media 410
– large-scale averaging 384
– lattice-Boltzmann simulation 404
– longitudinal dispersion 342
– long-time tails 370
– mechanical 360
– network models 367
– numerical simulations 403
– particle-tracking method 405
– percolation model 374, 408
– probability-propagation method 368
– random-walk simulation 367, 405
– spatially-periodic media 358
– stochastic spectral method 385
– volume averaging 361
– with percolation disorder 374, 408

Dispersion in fractures 435
– asymptotic analysis 438
– experimental 436
– lattice-Boltzmann method 441
– numerical simulation 440

Dispersivity 345
– definition of 345
– tensor of 345

Double-porosity model 248
Drainage (see also Immsible displacements,

Two-phase flow) 37, 51, 52, 55, 57, 203, 531,
532, 536
– definition of 37, 531
– primary 532, 623
– secondary 532

Dual permeability model 227, 248
Dubinin–Radushkevich method 83
Dynamic breakup 540
Dynamic invasion 536
Dynamic miscibility 467
Dynamic permeability 295

– definition of 295
– models 295, 296

Dynamically-connected pores 292

e
Effective-medium approximation 265, 308,

310, 312, 314
– accuracy of 314
– anisotropic EMA 312
– differential form 269
– for conductivity, continuum form 265
– for conductivity, network models 311
– for diffusion 308–311, 316
– for fracture permeability 421
– for fractured porous media 460, 461
– for permeability 315
– link with Archie’s law 321
– renormalized EMA 329
– self-similar EMA 321
– single-bond EMA 308–311
– single-site EMA 314

Elastic energy 235
Ergun equation 274
Estimator 111
Excluded volume 166, 216, 223, 244, 245

f
Fault 110, 111, 155, 159, 160, 161, 168

– experimental data 159, 168
– fractal dimension 168

Fick’s law 341
Finite-size scaling 30
First-passage time method 276, 344

– for conduction and diffusion 276–282
– for dispersion 344, 367

Five-spot geometry 474, 493
Flooding 468–470, 516, 517, 539, 546, 558,

563, 605
Forchheimer equation 297, 338

– scattering 87
Form factor 283
Formation factor 292, 359
Fractals 28, 96, 146

– box-counting method 147
– definition of 28, 146
– self-affinity 148
– self-similarity 146
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– correlation functions for 104, 148,
151, 152

– measurement 96
Fractional Brownian motion 122, 151

– correlation function for 123, 151
– definition of 122
– spectral density 127
– successive random additions 129
– wavelet decomposition 129
– maximum entropy method 131

Fractional derivative 320, 398
Fractional equation 320

– anomalous diffusion 320
– anomalous dispersion 398–400

Fractional flow (see also Buckley-Leverett
equation) 488, 554

Fractional Gaussian noise 123, 124
– definition 123
– generation 126, 127

Fractional Lévy motion 125
Fracture, properties

– aperture 153
– aperture distribution 161
– connectivity 164, 241
– contact area 154
– density 163
– density from well log data 175
– displacement distribution 160
– experimental aspects 143–146
– length distribution 159
– orientation distribution 163
– power laws 157
– simulation of 213–215, 157–163,

167–169
– surface height 155

Fracture, flow and transport
– asymptotic analysis 423, 431, 438
– effective-medium approximation 421
– effect of contact area 424
– perturbation expandion 421, 430
– Reynolds approximation 420, 430
– simulation, lattice-gas method 427
– simulation, lattice-Boltzmann

method 427
– simulation, mapping onto a

network 425
– simulation, random walk method 431
– simulation, Reynolds equation 426

Fracture network, models
– connectivity 243–247
– dual permeability model 227
– fractal dimension 167
– fractal model 232

– interdimensional relation 169
– mechanical model 234
– networks of convex polygons 222
– percolation threshold 166
– reconstruction methods 229
– self-similarity 167
– three-dimensional models 220–229
– two-dimensional models 217–220

Fractured porous media 170
– analysis of well logs 171
– characterization 170
– models of (see also Double-porosity

model) 247–251
– seismic attributes 171

Frenkel-Halsey-Hill model 83

G
Gauss-Bonnett theorem 95
Gaussian curvature 95
Genetic algorithm 209
Generalized master equation 306

– diffusion 306
– dispersion 390
– equation for 306
– memory kernal 306
– link to continuous-time random

walks 307
Genus 94
Gigascopic 3

– length scale 3
– porous media 3

Gradient percolation 599
Grain-consolidation model 199
Gravity segregation 480

h
Hassler method 545
Hele-Shaw cell 475, 481
Heterogeneity index 113

– Dykstra-Parsons 114
– Gelhar-Axness 117
– index of variation 116
– Kovel 117
– Lorenz 115

Hierarchy of length scales 2
Hilfer formulation of two-phase flow 556
Hill-Saffman-Taylor instability 476, 481
Holeyness 94
Hooke’s law 235
Hydraulic diameter 54
Hysteresis

– in sorption isotherms 77
– in contact angle 525
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Index 705

– in relative permeability 546, 552

i
Imbibition

– at constant flow rate 538
– critical contact angle 595
– crossover to fractals 593
– definition of 52
– quasi-static 537
– roughening of interface 596
– scaling of the interface 596–598
– spontaneous 536
– width of interface 596

Immiscible displacement (see also Drainage,
Imbibition, Two-phase-flow) 535
– at finite capillary number 608
– burst event 594
– dynamic invasion 538
– linear stability analysis 563
– mechanisms of 535
– network models 575–582, 588, 603,

608, 623
– non-linear stability analysis 567
– overlap event 594
– touch event 594
– with gravity 599

Invasion percolation 579
– models 579–581
– efficient simulation 582
– experimental 581
– fractal dimensions 583, 584
– scaling properties 584
– with trapping 580
– without trapping 580
– with two invaders and defenders 588

Irreducible saturation 51, 521, 526, 555, 606

k
Kelvin equation 78
Klinkenberg effect 256, 297
Kozeny-Carman equation 272, 274, 324
Kriging 132, 133

– biased 134
– co-kriging 137
– definition of 133
– ordinary 135
– theory 133, 134
– unbiased 135
– universal 137
– with constrainst 136

l
Langmuir model 81
Large-scale averaging 384

– for dispersion 384
– for multiphase flow 569

Lattice-gas automata 284, 427
Lattice-Boltzmann 287

– Boolean variable 285, 287, 288
– dispersion simulation 404
– flow in fractures 427
– flow in porous media 287–291
– two-phase flow simulation 601

Leverett J-function 58, 59, 532, 542
Lévy-stable distribution 125, 162
Linear-stability analysis 495, 563

– definition of 495
– for immiscible displacement 563
– for miscible displacement 495

Liquid holdup 559

m
Macroscopic

– length scale 254, 564
– porous media 329

Magnetization 43, 89, 293, 353
Master equation 303, 389

– for diffusion 304, 305
– for dispersion 389–393

Maximum entropy method 131
Mechanical fracture 168
Megascopic 3

– length scale 3
– porous media 3, 4

Mercury porosimetry 55
– and particle size distribution 60, 61
– and pore length distrbution 60
– and pore number distribution 60
– and pore size distribution 59
– and pore surface distribution 60
– experimental procedure 55–57
– hysteresis in 56, 58
– intrusion-extrusion curves 55, 65
– multiscale models 68
– network models 61–69
– percolation models 69

Miscible displacement 467
– continuum models 481–492, 495–500
– dielectric breakdown model 503
– diffusion-limited aggregation

model 500
– effect of anisotropy 473
– effect of density variation 480, 500
– effect of dispersion 478
– effect of gravity (see also gravity

segregation) 480
– effect of mobility 469
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– finite-difference simulation 493
– finite-element simulation 492
– gradient-governed growth model 504
– in fractures 514
– in Hele-Shaw cells 481
– in large-scale porous media 512
– Koval model 488
– linear stability analysis 495
– main considerations 515
– numerical simulations 492
– pore network models 509
– spectral simulation 515
– streamline simulation 493
– stochastic models 500
– Todd-Langstaff model 490
– two-walkers model 505

Mobility 469
Mobility ratio 469
Morphology 15, 16, 39

– definition of 16, 146
– of fracture networks 146
– of porous media 16, 39

Multifractal models 207
Multiporosity models 213, 248, 450, 455, 573

n
Navier-Stokes equation 11
Non-Darcy flow 297, 338
Non-Gaussian dispersion 349, 379, 381, 384,

397, 406, 413
Non-linear stability analysis 563, 495

– immiscible displacements 567
– miscible displacements 499

Normalized viscosity 267
Nuclear magnetic resonance 88

– and dispersion 351
– and diffusion 320
– and permeability 110, 292
– and pore size distribution 88

o
One-dimensional models 180

p
Packings of particles; structure 186

– cherry-pit model 187
– cord-length distribution function

190, 192
– correlation functions 186, 189, 191, 194
– equilibrium hard-sphere model 188
– exclusion probabilities 189, 190, 194
– fully-impenetrable model 186
– fully-penetrable model 187
– hard-particle model 186

– lineal-path function 190, 192, 195, 196,
197, 198

– non-spherical packings 274
– n-point distribution function 191
– particle distribution functions 188
– penetrable-concentric shell model 187
– polydispersed packings 61, 188, 192,

196, 197, 272
– random packing 186–198
– regular packing 257–263
– simulation 198
– specific surface 194, 197, 198
– surface-matrix correlation function 189
– surface-surface correlation function 189
– surface-void correlation function 189
– Swiss-cheese model 31, 187, 192, 271,

272, 291, 317
– void nearest-neightbor distribution 189,

191, 194, 195
Partition coefficient 363, 437
Péclet number 357–361, 364–366, 373, 376,

382, 410, 411, 437–439, 448, 449
Penetrable-concentric shell model 187
Penn-State method 545
Percolation 18–36

– accessible fraction 23
– backbone 23
– bond model 19
– cluster, definition of 19
– continuum 31–35
– correlated 35
– correlation length 23
– critical exponents of 27
– dead-end bonds 23
– fractal dimensions 29
– power laws 27–29
– sample-spanning cluster 20
– site model 20
– threshold 21

Periodic solutions (see Spatially-periodic
media) 257–265

Permeability 253
– bounds 271
– cluster expansion 269
– dynamic (see Dynamic permeability) 295
– effective-medium approximation

265–267, 315
– empirical correlations 273
– exact results 257–261
– link with conductivity 291
– link with NMR 292
– mean-field approximation 265–267
– measurement 256
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– network models 301
– period arrays of spheres 257–261

Pinch-off 540
Pinning of an interface 596–598

– measurement 596
– scaling theory 596, 597
– stochastic models 597

Pore-body filling 625
Pore body 16, 17
Pore throat 16, 17
Pore size distribution 54

– definition of 54
– measurement, by adsorption 83
– measurement, density-functional

theory 84
– measurement, Dubinin-Radushkevich

method 83
– measurement, nuclear magnetic

resonance 88
– measurement, from small-angle

scattering 87
– Horvath-Kawazoe method 84
– surface fractal dismension 98, 108

Porosity 13, 41
– accessible 41
– critical value 41
– isolated 94
– local distribution 43
– measurement of 42
– primary 41
– secondary 41
– types 41

Position-space renormalization 324–331
– fixed points 126
– for conductivity 327
– for permeability 329
– recursion relation 327

Primary adsorption (see also Adsorption) 84
Primary displacement (see also Immiscible

displacements) 531, 532
Primary fracture 228
Primary porosity 41
Primitive network 16
Pseudo function 570
Pulsing 560

q
Quasi-static imbibition 537

r
Random packings (see packings of particles)

186
Random residual additions 139

Random walks 138, 140, 276, 367, 388, 405,
431, 500, 501, 505, 508

Random walk simulation (see First-passage
method)
– biased simulation 283
– in continuum models 276
– in network models 337

Reciprocal lattice 259
Reconstruction methods (see also Simulated

annealing; Genetic algorithm)
– for fracture networks 229
– for porous media 208

Regular packing of particles 182, 257
Relative permeability

– definition of 544
– effect of capillarity 517
– effect of wettability 552
– from capillary pressure 549
– from centrifuge data 551
– measurement, Hassler method 545
– measurement, Penn-State method 545
– measurement, Richardson-Perkins

method 545
– measurement, steady-state

methods 544
– measurement, unsteady-state

method 546
– network models 576, 585, 601, 608, 623

Relaxation time 89, 90, 288, 293, 294, 404
Reservoir simulation 571
Residual saturation

– definition of 56, 521
– effect of capillary number 539

Richardson-Perkins method 545
Rivulet flow 559
Rough surface 98, 107

– effect on contact angle 527
– fluids on 529
– hyperdiffusion 530
– hypodiffusion 530

s
Saffman-Taylor instability 476, 501, 503, 566
Saturation

– definition of 43
– measurement, centrifuge method

43, 44
Scanline survey 145
Scattering density 106–108
Schulz distribution 272
Secondary displacement 531, 532, 565
Secondary porosity 41
Sedimentary rock 41
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Self-consistent approximation (see also
Effective-medium approximation) 305

Self-similarity (see also fractals) 28, 96, 97,
104, 123, 146, 167

Semivariance 119
Semivariogram 119

– exponetial model 121
– Gaussian model 121
– periodic model 122
– range of 120
– self-affine models 122
– sill of 120
– spherical model 121

Sequential Gaussian simulation 138
Sequential indicator simulation 140
Sessile drop method 524
Shape factor (see Wettability)
Simulated annealing 141

– fractures 229
– porous media 208

Small-angle scattering 55
– and pore size distribution 87
– and fractal dimensions 106

Snap-off 64
– forced 625
– spontaneous 625

Specific surface 43, 105, 189, 194, 197, 198,
273, 275

Spectral density 127, 128, 131
Spectral method 585
Spectral representation

– fractional Brownian motion 127
– fractional Gaussian noise 127

Spatially-periodic models
– definition of 181
– exact results for (see Conductivity,

Dispersion in porous media,
Permeability) 257–265

Sphere pack (see Packings of particles)
Spontaneous imbibition 524, 532, 535,

536, 538
Spreading coefficient 50, 621, 622, 623
Stability analysis (see also Immiscible

displacements; Miscible displacements;
Viscous fingers) 493, 563
– linear 493, 563
– non-linear 499, 567

Static contact angle 529
Stochastic-spectral method 585
Stokes’ equation 11, 257
Stokes’ permeability 260, 267, 270
Stretching force 235
Successive random additions 129

Superdiffusive transport 378, 385, 400, 413
Surface roughness 55, 146

– correlation function 148
– fractal dimension 98, 99, 150
– generation 151
– measurement, slit-island method 150
– measurement, stylus profilometer 151
– of fractures 155

Surface-surface correlation 189
Surveys 144

– areal survey 145
– borehole survey 144
– scanline survey 145

Swiss-cheese model (see also Packings of
particles) 31

Synthetic fractals 232

t
Taylor-Aris dispersion 356

– capillary tubes 356
– non-circular channels 357
– spatially-periodic models 358

Thin films 529
– effect of pore cross-sectional

area 585–588
– flow 585
– network models of 585, 588, 602

Three-phase flow 620
– effect of interfacial tension 622
– effect of spreading coefficient 621
– effect of wettability alteration 622
– effect of wetting layers 623
– forced snap-off 625
– measurement 620
– network models 623
– piston-like filling in throats 624
– pore-body filling 625
– pore-scale physics 621
– spontaneous snap-off 625

Tortuosity factor 44, 295
Topology 16
Trickling 558, 559
Triple-porosity models 450
Two-phase flow 519–632

– Buckley-Leverett model 554
– Hilfer formulation 556
– in fractured porous media 572, 631
– in fractures 631
– network models (see Immiscible

displacements; Relative permeability;
Imbibition; Drainage)
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u
Unconsolidated media; see Packings of

particles
Unconsolidated media, flow and transport

257–284
– bounds, fluid flow 271
– bounds, transport 273
– cluster expansion, fluid flow 269
– cluster expansion, transport 271
– effective medium approximation, fluid

flow 266
– effective-medium approximation,

transport 267
– empirical correlations 273
– exact results, fluid flow 257
– exact results, transport 262
– non-spherical packings 274
– numerical simulation 275

Unconsolidated media, two-phase flow
557–563, 617–619
– bubbling 560
– cocurrent downflows 559
– cocurrent upflow 561
– continuum models 561
– countercurrent flows 558
– effect of interfacial area 558
– effect of mass transfer 557
– effect of residence time 558
– network models 617
– pulsing 560
– rivulet flow 559
– spray 560
– trickling 559

Upper bound
– for conductivity 273
– for permeability 272

U.S. Bureau of Mines method 526

v
Viscous fingers (see also Miscible

displacements) 473
– continuum models 481, 487

– definition of 473
– effect of aspect ratio 478
– effect of boundary condition 478
– effect of dispersion 478
– effect of displacement rate 476
– effect of heterogeneity 476
– effect of viscosity ratio 478
– Hill-Saffman-Taylor instability 476
– in Hele-Shaw cells 481
– Koval model 488
– Todd-Lanfstaff model 490

Viscous force 297, 480, 520, 521, 546, 548,
569, 572, 608

Volume-averaging method 361, 384
– dispersion 361
– fluid flow 569

Voronoi network 31, 32, 34, 184, 204, 286

w
Warren-Root model 248
Washburn equation 50
Waterflooding 539
Wavelets 129, 175

– wavelet transforms 175
– wavelet decomposition 129

Well testing 137
Wettability 519

– effect on capillary pressure 531
– effect on relative permeability 552
– index of 529
– intermediate 520, 532, 539, 627
– measurement, Amot method 526
– measurement, sessile drop method 524
– measurement, U.S. Bureau of Mines

method 526
– mixed 533, 534
– shape factor 602

Working network 17

y
Young-Duṕre equation 49
Young-Laplace equation 48




