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absolute permeability, 60
acceleration, 28
advection-dispersion equation, 172
asymptotic representation, 177
first-order terms, 181
frequency domain, 176
in streamline coordinates, 192
zeroth-order terms, 177
amplitude
equation for, 306
arrival time
slow wave
low frequency, 310
arrival time sensitivities
saturation, 265–268
asymptotic expansion
for fluid saturation, 228
generalized form, 126
in poroelasticity, 292
asymptotic expansion coefficients, 110
asymptotic power series
example, 112
asymptotic series, 109
asymptotic series for pressure, 137
augmented misfit function, 214
average
Reuss, 279
averaging
in a continuum, 33
Bessel function of order zero
asymptotic representation, 111
power series expansion, 111
Bessel’s equation, 133–134
series solution, 135
bi-stream functions, 191
Biot fast waves, 95
Biot’s coupling modulus, 94
Biot–Willis coefficient, 85, 93
body force, 34

boundary condition
no-flow, 198
boundary conditions
for the characteristic equations
for the pressure equation, 140
branching function, 81
Buckley–Leverett equation, 11
in streamline coordinates, 235
solution, 245
solved by the method of characteristics, 236–237
bulk modulus
undrained, 91
capillary pressure, 72, 221
capillary pressure curve, 221
CASSM, 21
Cauchy’s equations of motion, 50
CFL condition, 254
characteristic, 11
characteristic curves, 116
characteristic equation
in poroelasticity, 296
characteristic equations, 116
chemical absorption, 67
chemical desorption, 67
Closure relationship, 76
coefficient
Biot–Willis, 85, 93
Skemption’s, 93
coefficients
asymptotic expansion, 110
compositional model, 73–76
compressibility
fluid, 221
compressional velocity, 280
concentration
along a streamline, 194
concentration-dependent flow, 66
conductivity, 132
confining pressure, 90
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conservation form, 253
conservation of linear momentum, 37
conservation of mass, 39
fluid
multiple phases, 71
fluid phase, 221
conservation principles, 37–40
continuum mechanics, 33
controlling factor, 112
convective derivative, 45
convective rate of change, 45
coordinates
physical, 175
slow, 175
coupling force, 81
Courant-Fredrichs-Levy condition, 254
covariance matrix, 216
crosswell pressure test, 15, 160
d’Alambert’s principle, 29
as a minimization principle, 30
Darcies law, 173
Darcy flow velocity, 172
Darcy’s law, 5, 59–60
including gravity, 62
deformation gradient
material, 41
spatial, 41
depth of investigation, 150
derivative
convective, 45
material, 45
deviatoric stress tensor, 94, 289
differential equation
general first order, 114
diffusion
Fick’s law, 63
molecular, 63
diffusion coefficient, 8
diffusion equation, 5, 132
for pressure, 61
homogeneous medium, 8
solution, 9
in the frequency domain, 133
solution, 120
diffusion tomography, 160–164
diffusive time of flight, 145
diffusivity, 138
dispersion
kinematic, 63
dispersion matrix, 65
dispersion tensor, 76, 172
asymmetry, 174
dispersivities, 174
displacement vector, 42
distribution coefficient, 67
drainage pore volume, 155
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drainage volume, 150, 202
tracer, 202
dyadic, 47
dyadics, 293
dynamic
viscosity, 81
dynamic data, 18
dynamic permeability, 82
dynamic tortuosity, 82
effective stress, 84, 88, 90
multiphase, 88
effective stress tensor, 84
eigenvalues
associated with three-phase flow, 248
in poroelasticity, 296
eigenvectors
in poroelasticity, 296
eikonal equation
for an anisotropic medium, 156
for the diffusion equation, 138–139
solved using the method of characteristics,
139
for the wave equation, 117
multiple scale asymptotics, 127
transverse mode
poroelastic medium, 305
Einstein’s summation convention, 43
elastic deformation, 53–56
ENO method, 254
entropy condition, 242
equation
advection-dispersion, 172
frequency domain, 176
Bessel’s, 133
continuity, 49
diffusion, 132
eikonal, 138
pressure, 132
multiphase, 223
pressure amplitude, 142
steady-state diffusion, 173
transport, 143
equation of continuity, 49
equation of state
water, 72
equations of motion
Cauchy’s, 50
essentially nonoscillatory method, 254
Eulerian algorithms
for calculating saturation, 252
Eulerian description of deformation, 41
Eulerian finite strain tensor, 44
exit coordinates
grid block, 193
expansive fan, 237
exponential isotherm, 68

www.cambridge.org

Cambridge University Press
978-0-521-51633-4 — Subsurface Fluid Flow and Imaging
Donald Wyman Vasco , Akhil Datta-Gupta
Index
More Information

Index
factored form
wave equation, 104
Fast Marching Method, 139
for the solution of the eikonal equation, 148–150
for well drainage calculations, 150–152
fast wave
semi-analytic expression
low frequency, 310
Fick’s law, 63
field, 37
filtration velocity vector, 58
finite difference method
in conservation form, 253
finite strain tensor
Eulerian, 44
Lagragian, 44
first order differential equation, 114
first-order terms
advection-dispersion equation, 181
flow diagnostic plots, 201
flow visualization, 264, 265
tracer, 201
fluid
immiscible, 70
Newtonian, 51
fluid compressibility, 221
fluid pressure, 36
fluid viscosity, 60
fluid-storage coefficient, 94
force
body, 34
conservative, 32
non-conservative, 32
forward problem, 5
Fourier transform, 107
of concentration, 176
of pressure, 132
sign convention, 132
fractional flow curve, 225
fractional flow function, 11
frequency-dependent viscosity, 81
front
defining surface, 102
function
Heaviside step, 186, 195
Gardner–Morikawa transformation, 124
Gassmanns equations, 96
gauge functions, 109
generalized function, 108
generalized inverse, 215
generalized travel time, 275
geological storage of carbon dioxide, 318
Governing equations
poroelasticity, 92
frequency domain, 288
single fluid, 290
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gradient
in streamline coordinates, 191, 234
Green’s finite strain tensor, 44
Green’s function, 167
Hamilton–Jacobi equation, associated with immiscible
fluid flow 230
in poroelasticity, 300
Heaviside function, 186, 309
Heaviside step function, 195
Heun’s method, 147
high frequency approximation, 107
high-frequency asymptotic expansion
application to the wave equation, 117
Hook’s law, 51
hydrodynamic dispersion, 173
immiscible fluid, 70
In Salah project, 23, 318
increment of fluid content, 90
infinitesimal strain tensor, 44
InSAR, 23
integral finite differences, 240
integral transform
Fourier, 107
interaction term, 79
interaction terms, 287
for multiphase flow, 87
interferometric synthetic aperture radar (InSAR), 318
internal energy, 31
intrinsic dispersion coefficients, 174
isotherm
exponential, 68
Langmuir’s, 68
linear, 67
second degree, 68
Jacobian
of transformation to streamline coordinates, 191
joint inversion
of seismic and multiphase flow data, 281
kinematic dispersion, 63
kinematic porosity, 58, 172
kinematic wave equation
two phase flow example, 11
kinetic energy, 31
Lagragian description of deformation, 40
Lagrangian finite strain tensor, 44
Lagrangian front tracking, 251
Langmuir’s isotherm, 68
leading behavior, 111
least squares, 163
linear absorption isotherm, 67
linear isotherm, 67
linear wave equation
one-way, 4
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longitudinal mode
in poroelasticity, 297
mass concentration, 67
mass fraction, 67
material deformation gradient, 41
material derivative, 45
of an integral, 48
mesoscopic heterogeneity, 98
method of characteristics, 139
applied to advection-dispersion equation, 178
method of multiple scales, 76
method of stationary phase
tracer arrivals, 198–200
miscible flow, 62
mixture theory, 77
mobility, 72
model assessment, 215
model parameter covariance, 216
model parameter resolution, 217
molecular diffusion, 63
momentum, 29
monotone flux functions, 253
multi-chemical tracer systems, 210
multi-level continuous active source seismic
monitoring (ML-CASSM), 210
multilevel tracer test, 16
multiphase pressure equation, 223
multiple arrivals
tracer, 198
NAPL, 200
Newton’s equation of motion, 29
Newtonian fluid, 51
no-flow boundary condition, 198
non-aqueous phase liquid, 200
non-interacting tracer, 173
non-wetting phase, 220
normal equations, 163, 214
numerical flux functions, 253
onset time, 321
onset times, 22
operator splitting, 200, 257–258
order symbol, 109
outer product
of vectors, 293
p-wave velocity, 280
partial derivative
concentration
with respect to slow coordinates and phase, 177
particle, 40
partitioning distribution coefficient, 201
partitioning tracer, 200
penalty functions, 14
penalty term, 164
penalty terms, 213
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permeability tensor, 173
perturbation approach, 166
for calculating sensitivities, 165
for the diffusion equation, 165
phase, 136
alternative method for calculating, 146
as a spatial coordinate for the pressure equation,
152–154
associated with concentration, 176
semi-analytic expression
poroelastic, 302
phase function, 125
phase gradient
relationship to pressure gradient, 137
phase mobility, 221
physical coordinates, 175
point, 40
Pollock’s algorithm for computing streamlines, 192
poroelastic coefficients, 92–93
poroelasticity, 88–98
governing equations, 92
porosity, 58
kinematic, 58, 68
potential energy, 31
power series representation
concentration, 176
pressure
asymptotic series for, 137
pressure amplitude
expression for, 143
pressure equation, 132
asymptotic expression for, 137
in the frequency domain, 133
in a homogeneous medium, 133
zeroth-order solution, 136, 144
interpretation, 143–145
pressure gradient
asymptotic expression, 137
principle of virtual work, 30
production tomography, 18
pseudo-phase, 136
pseudo-time, 193
pulse test, 195
quarter five spot, 198
radioactive decay, 69–70
rarefaction wave, 237
rate-of-deformation tensor, 44
ray equations, 116
concentration, 178
simplification, 179
for poroelastic media, 301
for the diffusion equation, 139–141
for the wave equation, 119
ray series, 106
ray-equations
immiscible fluid flow, 232
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Index
regularization, 213
regularized inverse problem, 164
relative permeability, 71
relative permeability function, 221
relative phase mobility, 72
resolution matrix, 217
retardation factor, 69
modified, 69
Reuss average, 279
Riemann problem, 236
for three fluids, 247–249
roughness penalty, 164, 213

stress, 34
stress tensor, 36
deviatoric, 94
for a fluid, 36
summation convention, 43
surface traction vector, 34
surfactants, 68
swept volume, 202
symmetry
of the solution to the Buckley–Leverett equation,
242

saddle-point methods, 200
saturation
volumetric, 70
saturation amplitude sensitivities, 268–271
saturation equation
derivation, 225–226
saturation travel time, 266
scale parameter, 123
scaling group, 241
seismic impedance, 280
self-similar solution
of the saturation equation
including capillary forces, 259–261
sensitivities
pressure travel time, 159–160
pressure waveform, 164
saturation amplitudes, 268–271
saturation arrival times, 265–268
tracer, 204
sensitivity computation
tracer, 204–207
sensitivity kernel, 168
Skempton’s coefficient, 91, 93
skin depth
viscous fluid flow, 82
slow coordinates, 175
slow wave
semi-analytic expression
low frequency, 309
slowness, 205
slug test, 160
sparse matrix, 214
spatial deformation gradient, 41
static data, 18
stationary phase
multiple tracer arrivals, 198
steady-state diffusion equation, 173
step function, 309
storage, 132
strain, 42
streamline
for concentration, 179
streamline computation
Pollock’s algorithm, 192
streamlines, 188

take-off angle, 119
Taylor’s series
expansion at a front, 105
tensor
permeability, 173
dispersion, 76
effective stress, 84
Eulerian finite strain, 44
Green’s finite strain, 44
infinitesimal strain, 44
Lagrangian finite strain, 44
rate-of-deformation, 44
stress, 36
tensor product of matrices, 298
tilt, 23
time of flight, 188, 205
as a spatial coordinate, 190–192
immiscible flow, 235
numerical calculation, 193
time of flight distribution function, 198
time-lapse monitoring, 18
tomography, 12
total phase mobility, 225
total stress, 90
total variation diminishing schemes, 255
tracer concentration
zeroth-order expression, 182
tracer delay
due to chemical partitioning, 201
tracer integral, 196
tracer tomography, 208–215
tracing streamlines, 192–194
trade-off between resolution and covariance, 218
trade-off curve, 218
transport equation
for the diffusion equation, 143
transverse mode of propagation
poroelastic medium, 303
travel time
generalized, 275
pressure, 145
saturation, 266
travel time tomography
tracer, 208
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TVD schemes, 255
two point boundary value problem
for the eikonal equation, 140
for the characteristic equations, 140
undrained bulk modulus, 91
upwind scheme, 254
velocity, 28
filtration, 58
viscosity, 60
viscous regularization, 241
volume averaging, 76
volumetric saturation, 70
waterflooding, 11
wave equation, 104
factored form, 104
high-frequency asymptotic solution,
117
in the frequency domain, 104
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waveform sensitivities
calculation of, 164, 171
weak solutions, 240
well allocation factors, 203
wetting phase, 220
velocity, 221
WKB method, 125
work, 29
done by a force, 31
work-energy theorem, 31
zeroth-order
equation for the phase
concentration, 177
zeroth-order expression
tracer concentration, 182
non-dispersive medium, 187
zeroth-order solution
multiple scale asymptotics, 130
zeroth-order terms
advection-dispersion equation, 177–181
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