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estimated ultimate recovery (EUR) 95, 

100
Euler’s Constant 66
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fault trap 8, 8
fermentation process 236–237
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modeling 286
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first contact miscibility (FCM) 158
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flow rate 73
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constant terminal pressure 
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superposition 76–85
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preformed particle gels, injection of  

254–256
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gas condensate 37, 38
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CO2 injection 167–180
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water–gas impact on 

formation 180–192
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gas-slip effects 86
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goniometer experimental setup 335
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heat exchange 126
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calculation 319
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high-pressure gas injection 146–149, 
146–149

implementation technology 155–157, 
156
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process mechanism 146–153
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hydrodynamic processes 377
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gas-slip effects 86
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source/sink representation 86–87, 87
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intrusive 4

ignition of oil in reservoir 138–139
image well theory 41
imaginary wells 77, 83–85, 84, 85
imbibition 340

curve 32, 32
immersed bulk volume 330
immiscible hydrocarbon gas injection, oil 

displacement 146, 146
impermeable boundaries 86

impermeable rocks 6
improved oil recovery (IOR) 117
in depth fluid diversion 245–256
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infinite-acting reservoir 53, 63
infinite radial system 76
infinite reservoir case 61
infinite system solution 73
initial fluid distribution 21
initial or ultimate reserves 95
initial water saturation (Swi) 20
injected gas 89
in situ combustion 131–141, 131
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borehole design 139–140
compressor equipment 139
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field implementation 137–138
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implementation technology 138–141, 

139–141
process mechanism 132–135
reverse combustion 131, 134–135, 135
screening parameters 136
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wellhead of ignition well 139, 140, 141
wet forward combustion 132–134, 134
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356–357, 356

from compositional data 357
correction factor 356–357
determination methods 357–361, 358
Du Noüy ring 359–360, 360
force tensiometry 359
oil activity on 214, 215
Wilhelmy Plate 360–361, 361
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interparticle (intergranular) porosity 12, 
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INTERSECT EOR 293
intraparticle porosity 13, 13
intrusive igneous rocks 4
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isopotential lines 86, 87
isothermal compressibility 70
isothermal flows 51
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kaolinite 217
Klinkenberg and non-Darcy effects, 

steady–state flow
inertial flow-corrected pressure 

plot 366, 367
Klinkenberg plot 364–365, 365
slippage-corrected pressure plot 365, 

366
Klinkenberg effect 17
Klinkenberg permeability 364
known accumulations 94–96
Kozeny equation 49
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laboratory capillary pressure 

measurements 30–31
Laplace transform 61
late-transient phase 61
law of conservation of mass 50–51
layered heterogeneity 18
limestone 2, 13
linear flow model 43, 43
line source solution 63–67
liquefied gas injection, oil 

displacement 152–153, 152–153
liquefied natural gas 89
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liquid saturation porosity 327–328,  

328
porosity calculation 330
re-saturation porosity quality control 
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330

sample preparation 328–329
test equipment 329, 329
test procedures 329–330

liquid weighing
Melcher’s method 304
saturation method 303–304

lithological traps 8, 9

logarithmic approximation 82
LomaAltaSur field 249
low-pressure gas injection 146
low-salinity water (LSW) 256–261

applicability criteria 258–259
field implementation 259–260, 259
implementation technology 260–261, 

261
process mechanism 257–258

m
macroheterogeneity of rock 18
magma 2
Mars, rock cycle on 5
mass flux 50
material balance equation 70
material balance method 105
mean reservoir pressure 57
mechanical compaction 10
mechanical destruction 201
mechanical weathering 4
Melcher’s method 304
mercury immersion system 322–323

test equipment 326–327, 326
test procedures 327

mercury pycnometer 323
test equipment 324–325, 325, 325
test procedures 326

metamorphic rocks 2
formation of 3

methanogenic biodegradation 237
micellar-polymer flooding 205, 206

applicability criteria 210, 210
field implementation 210–212, 

211–212
implementation technology 213
injection sequence, composition and 

structure of solutions 213
micellar solutions, types of 208–209, 

208
process mechanism 205–207, 206
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microbial enhanced oil recovery 
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applicability criteria 241, 241
biofilms 233–236
biogenic gases 236–237
biopolymers 231–232
biosurfactants 227–230
field implementations 242–243
implementation technology 243–244
microorganisms, environmental 

impacts of 225–227
process mechanism of 237–241, 238, 240
solvents and acids 237

microbiological destruction 201
microheterogeneity of rock 18
microorganisms, environmental impacts of

pH 226
salinity 227
temperature 225–226

mineral dissolution 10
mineralogical changes 10
miscible gas injection 41
miscible hydrocarbon gas injection, oil 

displacement 147–149, 147–149
mixed regime 92
mixed reservoirs 7
mixed wettability 333
mixing methods 119, 120
mobility coefficient 121
modified dimensionless time 73
modified sessile drop method 333, 334, 

336
molasses fermentation 242
molds 13, 14
montmorillonite 217
moon, rock cycle on 5
mud invasion 22
multicomponent ion exchange 

(MIE) 258–260
multiple wells 76

n
natural gas 89
natural water influx 76
negative skin factor 68

net confining stress (NCS) 363
net present value (NPV) 380–381
neutrally wet 332
nitrogen injection 157–167

at Akal field 164
applicability criteria 160–161, 161
development systems 166
disadvantages of method 161
field implementation 161–163, 

162–163
into gas cap 164, 165
gravity drainage 165, 166
implementation technology 163–167, 

164–167
maintaining reservoir pressure 166, 

167
mechanism of displacement of oil 157
mixing displacement 164–165, 

165–166
modifications 164
process mechanism 158–160, 159–160

no-flow boundaries 86
non-Darcy flow coefficient 46
nonrepresentative results 338
non-steady-state flow regimes 58–59
nonviable projects 109
nonwetting liquid 27, 28
n-th flow rate period 80

o
OBM. see oil-based muds (OBM)
Ohm’s Law 24
oil and gas traps 7, 7–8

lithological traps 8, 9
stratigraphic traps 9, 9
structural traps 8, 8

oil and gas zone 76
oil-based muds (OBM) 23
oil-bearing rock properties 301

accuracy and repeatability of porosity 
measurements 331–332

Amott (Amott–Harvey) 
method 339–348

Amott–USBM combination 
method 352–355
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bulk volume 322–327
carbonate content 310–312
collector properties 315–316
contact angle method 333–338
determination of carbonate content, 

gasometric method 312–315
determining density of rocks 302–310
extraction of oil-saturated rock 

samples 315–316
granulometric composition of 

rock 301–302
helium grain volume and grain 

density 316–319
helium pore volume 320–322
interfacial tension 356–361
liquid saturation porosity 327–330
porosity measurements 316–332
steady–state liquid permeability 

measurements 371–374
steady–state permeability 

measurements 361–367
unsteady–state permeability 

measurements 366–370
USBM method 348–352
wettability tests 332–356

oil field 7, 92
oil oxidation 262–263, 265
oil recovery factors (ORF) 93, 120
oil recovery methods

primary recovery 113, 114
secondary recovery 113–117, 114
stages and applied extraction 

technologies 118
sweep efficiency 120–121, 121
tertiary recovery 117, 119–120, 119, 
120

oil reserves, classification 90–92, 91
current state of production and field 

development 91–92, 92
degree of proof of reserves 90–91
energy resource 92
possible ORF 90

oil reservoirs 123
oil-saturated rock samples 315–316, 315
oil saturation (So) 20

oil viscosity 123, 127
oil-water

emulsion 214
transition zone 22

oil-water contact (OWC) 20, 76
and transition zone 22

oil wet 332
oil-wetting index 347
oil zone 21–22
open boundaries 87
optimal time 377–378, 378
organic oil recovery (OOR) 268–274, 

269
organogenic sedimentary rocks 2
orthogonal to equipotential lines 86
outer boundary 56
OWC. see oil-water contact (OWC)
oxidation 4, 262–263, 265

p
paraffin coating method. see Melcher’s 

method
pendant drop method 357–359, 359

advantages of 358
illustration of 359

permeability
effects on capillary pressure 32–33, 

33, 33
measuring 14

permeability of combination 
layers 43–45

composite reservoirs 44
interbedded reservoir rocks 43–44, 43
radial flow in multiple beds 44–45, 45

petroleum-initially-in-place 94
petroleum-in-place 94
pH 226

theory 258
phase permeability 16
physical (mechanical) weathering 4
physicochemical processes 377
pinch-out trap 9
plane-fault boundary 83
planetary evolution, factors 

influencing 5
polymer-alkali flooding 218, 221

oil-bearing rock properties (Cont.)

bindex.indd   402bindex.indd   402 6/4/25   1:47 PM6/4/25   1:47 PM



Index 403

polymer flooding 119, 197, 198, 204
adsorption 200–201
applicability criteria 202, 202
destruction 201
field implementation 202–204, 203
implementation technology 204–205, 

204
non-Newtonian rheology 199–200, 

199–200
process mechanism 198–201
salt effect and water hardness 201
surface activity 198
thickening of injected water 198

polysaccharides 234
pore radius 28
porosity 25. see also rock porosity

accuracy and repeatability of 331–332
bulk volume 322–327
helium grain volume and grain 

density 316–319
helium pore volume 320–322
liquid saturation porosity 327–330
measurements 316–332
tortuosity and 26

porous media, fluid flow in 41–87
constant terminal rate, for radial 

models 55–75
Darcy’s law. see Darcy’s law
differential equations 50–54
ideal gas flow 86–87, 87
real gas flow in 52
steady-state flow 54–55, 55

porous media, fluid interactions in 16
porous reservoirs 6
positive skin factor 68
possible oil recovery factor (ORF) 90
potentially viable projects 108
potential resources 104
practical implementation of EOR

core analysis 285
implementation of 294–295, 294–297
phase behavior of formation 

fluids 284–285
screening assessment 281, 282–283, 

284
simulation of 286–293

technology readiness levels 
(TRLs) 297–298, 298, 299

preformed particle gels (PPGs) 254–256
applicability criteria 254–255
field implementation 255
implementation technology 255–256, 

256
process mechanism 254

preliminary estimated reserves 104
pressure

communication, between source rock 
and reservoir 19

drop 76
maintenance case 56
perturbation 81

pressure, volume, temperature 
(PVT) 284–285

primary hydrocarbon recovery 113, 114
primary porosity 9–10
primary reserves 92
production testing 78
products 106
project 96, 106

defined 106
nonviable 109
potentially viable 108
prospective 109
viable 108

prospective projects 109
prospective reserves 95
prospective resources 94, 95, 101–102
proved plus probable scenario 97
Pseudomonas spp. 229–230

P. aeruginosa 235
pycnometric method 305–306, 306

data processing 310
equipment and instruments 309
measurement data 309
procedure steps 309
true density of rocks 308–310

r
radial diffusivity equation 59, 70
radial flow 41–42

in multiple beds 44–45, 45
reservoirs 58
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real gas flow in porous media 52
receding contact angle 335
recrystallization 11
rectangular-shaped reservoirs 85
reef massif, trap confined to 9
regular production 78
relative permeability 14, 16

capillary pressure and 33–36,  
34–36

re-saturation pore volume 330
re-saturation porosity 328, 328, 330
reserves

defined 94
graphical representation 95
Russian classification 103–105, 

103–104
SPE/WPC/AAPG classification 

of 93–102, 102
reservoir 131, 143

composite 44
continuity 78
coverage 126
defined 96
ignition of oil in 138–139
management techniques 67
modeling 286
pressure 136

reservoir engineering
capillary pressure 27–36
geological heterogeneity of rocks 18
hydrocarbon reservoirs 6–7
oil and gas traps 7–9
reservoir fluids, types of 36–40
resistivity 23–27
rock permeability 14–17
rock porosity 9–14
rocks and types 1–5
saturations 19–23
sedimentary rocks, forms of occurrence 

of 5–6
reservoir fluids

black oil 36, 37
dry gas 39, 40
gas condensate 37, 38

volatile oil 37, 38
wet gas 37, 39

reservoir heterogeneity 215
reservoir oil 217
reservoir oil–flue gas–propane 

system 153
residual oil saturation (Sor) 32
resistivity 23

electrical properties of rocks 24
empirical relationships and 

cementation 26
formation resistivity factor 25
Ohm’s Law and resistivity 24–25
resistivity index 26–27
tortuosity and porosity 25
and water saturation 26–27

resource base 94
resources 110

defined 94
graphical representation 95
Russian classification 104
uncertainty categories 98, 100
United Nations Framework 

Classification for Resources 
(UNFC) 105–110, 107

volume 95
reverse combustion 131, 132, 134–135, 

135
rhamnolipids 229–230
Rhodococcus spp. 230
risk

based approach 98, 99
defined 98

rock(s)
cycle 2–5, 3
erosion 5
occurrence, mode of 6
types 1–2

rock permeability 14–15, 136
Klinkenberg effect 17
types 16–17

rock porosity
close packing 12
connected/nonconnected pores 10
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cubic packing 11, 12
diagenesis impact 10–12
effective and total 10
-4 by 4 packing 12
primary and secondary 9–10
rhombohedral packing 12
types of 12–14
wide packing 12

routine core analysis (RCA) 316
Russian classification

reserves 103–105, 103–104
resources 104

s
salinity 201, 205, 216, 227
sandiness coefficient 18
sandstone 2
saturation method 303–304
saturations

distribution in reservoirs 19–20
fluid distribution in reservoirs 20–23

scenario approach 99–100
screening assessment 281, 282–283, 284
sealing boundary case 56
secondary hydrocarbon recovery  

113–117, 114
gas injection 116–117
water injection 114–116, 114–116

secondary porosity 9–10
secondary reserves 92
sedimentary rocks 2–3

formation of 3
forms of occurrence of 5–6, 6

selective simultaneous WAG 
(SSWAG) 184

semi-steady flow regime 69
semi-steady state solution 69–73, 70

drainage area shape factors 74–75
generalized reservoir geometry  

72–73
isothermal compressibility 70
material balance equation 70
pressure drop from initial reservoir 

pressure 71

radial diffusivity equation 70
volume-weighted average pressure 71

sequence WAG 183
sessile drop method 333, 334, 336
shale 2
Shewanella oneidensis mr-1 235
simulating boundary effects  

(image wells) 41, 83–85, 84–85
simulation 286–293

geological modeling 286–291
hydrodynamic modeling 291–293

simultaneous WAG (SWAG) 184
skin factor 67–69, 68
skin zone 67
Society of Petroleum Engineers 

(SPE) 93–102
Soxhlet apparatus 315
special core analysis (SCAL) 316
specific permeability 16
speculative reserves 95
spontaneous ignition 138
static model 286
steady–state flow 54–55, 55
steady–state liquid permeability 

measurements 371, 372
sample preparation 371–372
saturation procedures 372
test procedures and permeability 

calculation 372–374, 374
steady–state permeability measurements

evaluation of Klinkenberg and 
non-Darcy effects 364–366, 
365–367

gas permeability and Klinkenberg 
permeability 364

sample preparation 361
test equipment 362–363, 362
test procedures 363–364

steady–state radial flow equation 67
steady–state solution 56–58, 57
steam-assisted gravity drainage (SAGD) 

technology 125–128, 130
steam-cyclic stimulation 129
steam flooding 41
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steam generator 128
steam injection 120, 123–130

applicability criteria 125–126, 127
continuous 124
cyclic 124
downhole steam generator 129
field implementation 126–128
implementation technology 128–130, 

128–130
modifications 127
process mechanism 124–125, 124
steam-cyclic stimulation 129

stratigraphic traps 9, 9
streamline analysis 41
streamtube 86
structural traps 8
subcapillary pores 14, 18
sulfate-reducing bacteria (SRB) 240
supercapillary pores, fluid filtration in 14
superimposing 77
superposition 75, 76–85

approximation of variable–rate 
pressure histories 78–81, 79, 81

imaginary wells 77
multiple wells effects 77–78, 77
n-th flow rate period 80
principle 41, 64, 80
rate changes effects 81–83, 82
shut in 80
simulating boundary effects  

(image wells) 83–85, 84–85
surface roughness effects 338
surfactants 228–229. see also 

biosurfactants
flooding 119
influence 336

sweep efficiency 120–121, 121
syncline 6

t
technical feasibility and maturity  

(F Axis) 107–108, 109
technical reserves 95
technological efficiency 378–380, 379

technology readiness levels 
(TRLs) 297–298

tectonic activity, absence on moon and 
mars 5

tectonic plates, movement of 3
temperature 225–226
Tempest More 293
terrigenous rocks 7
tertiary hydrocarbon recovery 117, 

119–120, 119, 120
tertiary reserves 92
thermal and gas EOR projects 144
thermal destruction 201
thermal EOR 172

in situ combustion 131–141, 131
steam injection 123–130

thermal expansion 4
thermal methods 119, 120
thermoactive polymers 245–248

applicability criteria 247
field implementations 247
implementation technology 248
process mechanism 246

3D models 286–291. see also geological 
modeling

three-phase system, fluid 
components 16

tortuosity 25
total porosity 10
transient conditions 86
transient solution 61
transportation method 177
true density of rocks 308–310

data processing 310
equipment and instruments 309
measurement data 309
procedure steps 309

true grain density 305
two-phase system, fluid 

combinations 16

u
unbounded (infinite-acting) reservoir 64
uncertainty-based approach 98–100, 101
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undisturbed reservoir 75
United Nations Framework Classification 

for Resources (UNFC) 105–110, 107
applications 106
classes and subclasses 108–109
E Axis 106–107
F Axis 107–108
G Axis 108
key components 106–108

unsteady–state permeability 
measurements 366–368, 367

test equipment 368–369, 368, 369
test procedures and permeability 

calculation 369–371, 370
unsteady–state solution 59–69

general considerations 59–61, 60
Hurst and Van Everdingen 

solution 61–63
line source solution 63–67
skin factor 67–69, 68

USBM method 333, 348–349, 349
index calculation 352, 353
key processes 349–350
sample preparation 349
test equipment 349
test procedures 350–352, 351

v
vaporizing gas drive process 144
viable projects 108
void space 7, 19
volatile oil 37, 38
volcanic activity, causes of 3
volcanogenic-sedimentary rocks 7
volume method 105
volumetric method 305
volume-weighted average pressure 71
vugs 13, 14

w
water

drive 76
encroachment 76
erosion 5

flooding 41, 114–116, 114–116,  
197

gas impact on formation 180–192
hardness 201
injection 114–116, 114–116
resistivity 25
saturated rock 19
saturated sand 25
wet 332
wetting index 346–347
zone (aquifer) 22

water alternating gas (WAG) 186
applicability criteria 184–185,  

187
field implementation 186–189, 

188–189
gases used in 189
immiscible WAG (IWAG) 183
implementation technology 189–192, 

190–191
injection systems 189
miscible WAG (MWAG) 183
process mechanism 181–184, 

182–185
tapering or reducing the water–gas 

ratio 190
water saturation (Sw) 20, 22, 26–27
weathering 3, 4–5
wellbore 41, 61, 68

pressure 81
radius 62

well pressures 73
well test analysis 65
wet forward combustion 132–134, 134
wet gas 37–39, 39
wettability 29, 214–215

measurement methods 333
restoration 338
states 332–333

wettability tests 332–333
Amott (Amott–Harvey) method  

339–348, 339, 339
Amott–USBM combination 

method 352, 353
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contact angle method 333–338
USBM method 348–352, 349

wetting liquid 27, 28
Wilhelmy Plate method 360–361
wind erosion 5
World Petroleum Council 

(WPC) 93–102

x
xanthan gum biopolymer 232

z
zero option 380
zonal heterogeneity 18

wettability tests (Cont.)
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