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APPENDIX 1
Abbreviations and Symbols Used in This Volume

A floodable area Gr volume of free gas
a distance between adjacent wells GOR gas/oil ratio
in arow
Gp produced gas
API American Petroleum Institute .
Gpe gas production from gas cap
BBL barrel(s) . .
Gps solution-gas production
Bg gas formation volume factor
GR gamma ray
B.. o .
o ;géttl(?i gas formation volume average height of floodable area
BO barrels of oil k absolute permeability
B, oil formation volume factor length that a given water
saturation travels
B il at bubble-point
0B oi ubble-point pressure M mobility of water
By; initial oil formation volume - .
factor MMBO million barrels of oil
BOPD barrels of oil per day N original oil in place
BOPM barrels of oil per month NEU POR  neutron porosity
BW barrels of water N, cumulative oil production
CAL caliper OIP oilin place
CDP conductivity-derived porosity 001pP original oil in place
C, oil compressibility OwWC oil-water contact
COND conductivity Pgp bubble-point pressure
cp centipoise (a standard unit of p; initial pressure
viscosity) psi pounds per square inch
Cu water compressibility psia pounds per square inch, absolute
d distance bgtween g@jacgnt rows PVT pressure, volume, temperature
of producing and injection wells
E istivit
DEN density RES resistivity
lati duced gas/oil
DEN POR  density porosity Ry ;;:trircl)u ative produced gas/ol
DEN ¢ density porosity R current gas/oil ratio
Ea areal sweep efficiency Ry original gas/oil ratio
Eq displacement efficiency SCF standard cubic feet (of gas)
Ey vertical sweep efficiency Saf water saturation at flood front
F Fahrenheit Sai initial saturation of displacing
FVF formation volume factor fluid
Jw fractional flow of water Sg gas saturation
G original gas in reservoir So oil saturation
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Ser mobile-oil saturation Vp pore volume

Sp spontaneous potential w average width of floodable area
STB stock-tank barrels We water entry

Sw water saturation W; cumulative injected water

Subt water saturation at breakthrough WOR water/oil ratio

Swe formation-water saturation Wy produced water

Vi displaceable volume zZ gas deviation factor

Ve volume of gas Ap change in pressure

Vo volume of oil AV change in pore volume

Vi initial volume of oil ) porosity
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APPENDIX 2

Glossary of Terms
(as used in this volume)

Definitions modified from Anderson (1987), Craft and Hawkins (1959), Craig (1971), Frick and Taylor {1962),
Jackson (1997), Sheriff (1984), Slider (1983), and Smith and Cobb (1987).

absolute permeability—The ability of a rock to conduct a
fluid; e.g., gas, at 100% saturation with that fluid.

acre-foot—The volume of liquid or solid required to
cover 1 acre to a depth of 1 foot, or 43,560 cubic feet. It is
commonly used in measuring volumes of water, reservoir
storage space, or reservoir rock.

API gravity—A standard adopted by the American Petro-
leum Institute for expressing the specific weight of oils.
API gravity = (141.5/specific gravity at 60°F) — 131.5. This
arbitrary scale simplifies the construction of hydrometers
because it enables the stems to be calibrated linearly. The
lower the specific gravity, the higher the API gravity.

area—As used in this publication, a two-dimensional
surface, usually measured from an isopach map.

areal sweep efficiency—That fraction of a waterflood
pattern that has been contacted by water at a given time
during a flood.

bubble point—A state of fluids characterized by the co-
existence of a liquid phase with an infinitesimal quantity
of gas phase in equilibrium.

bubble-point pressure—The liquid pressure in a system
at its bubble point.

bulk volume—A distinct mass of a rock or reservoir exclu-
sive of porosity.

capillary pressure—The difference in pressure across the
interface between two immiscible fluid phases jointly oc-
cupying the interstices of a rock. It is due to the tension of
the interfacial surface, and its value depends on the cur-
vature of that surface.

centipoise (cp)—A unit of viscosity equal to 10-*kg/s.m.
The viscosity of water at 20°C is 1.005 cp.

compressibility—The change of volume and density un-
der hydrostatic pressure.

compressibility factor—A multiplying factor introduced
into the Ideal Gas Law to account for the departure of true
gases from ideal behavior. Syn.: gas-deviation factor;
supercompressibility factor.

darcy—A standard unit of permeability, equivalent to the
passage of 1 cubic centimeter of fluid of 1 centipoise vis-
cosity flowing in 1 second under a pressure differential of
1 atmosphere through a porous medium having an area
of cross section of 1 square centimeter and a length of 1
centimeter.

Darcy’s law—The velocity of a homogeneous fluid in a
porous medium, proportional to the pressure gradient
and inversely proportional to the fluid viscosity.

displacement efficiency—The volume of “wet” hydro-
carbons swept out of individual pores or small groups of
pores, divided by the volume of hydrocarbons in the
same pores at the start of cycling.

drag zone—The zone behind the displacing front of a
waterflood.

drainage process—A decrease in the wetting-fluid satura-
tion of a porous medium.

Dykstra-Parsons coefficient—A statistical approach for
predicting the effects of variable permeability on water-
flood performance. The method assumes that the reser-
voir is composed of a number of layers with varying per-
meabilities and no cross-flow.

effective permeability—The ability of a rock to conduct
one fluid, e.g., gas, in the presence of other fluids, e.g., oil
or water.

effective-permeability ratio—The effective permeability
of one fluid (usually water) divided by the effective per-
meability of a second fluid (usually oil} in a two-phase
system.

effective porosity—The percentage of the total volume of
a given mass of soil or rock that consists of interconnect-
ing voids.

floodable area—That portion of a reservoir under water-
flood operation that is or will be contacted by the displac-
ing fluid.

formation volume factor—The factor applied to convert
a barrel of gas-free oil in a stock tank at the surface into an
equivalent amount of oil in the reservoir. It generally
ranges between 1.14 and 1.60. See also: shrinkage factor.

fractional flow—During production, that percentage ofa
fluid’s contribution to the total fluid production.

fractional-flow equation—A method used to derive the
fractional flow of a fluid (usually water) for any given satu-
ration of the fluid in the reservoir.

fracture—(a) A crack, joint, fault, or other break in rocks.
(b) Deformation owing to a momentary loss of cohesion or
of resistance to differential stress and a release of stored
elastic energy.

frontal-advance theory—The theory of the way in which
water displaces oil from a reservoir of complex perme-
ability and porosity.

gas cap—Free gas occurring above oil in a reservoir, and
present whenever more gas is available than will dissolve
in the associated oil under existing pressure and tempera-
ture.
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gas-cap drive—Energy within an oil pool, supplied by ex-
pansion of an overlying volume of compressed free gas as
well as by expansion of gas dissolved in the oil.

gas deviation factor—See: compressibility factor.

gas/oil ratio—(a) The quantity of gas produced with the
oil from an oil well, usually expressed as the number of
cubic feet of gas per barrel of oil. Abbr.: GOR. (b) reservoir
gas/oil ratio.

height—The vertical distance above a datum, usually the
Earth’s surface. May refer to vertical thickness, usually of
strata.

hydrocarbon pore volume—The volume of a rock or res-
ervoir that contains hydrocarbons.

hydrostatic pressure—The pressure exerted by the water
at any given point in a body of water at rest.

Ideal Gas Law—As used in this publication, the pressure—
volume-temperature (PVT) relationship of an ideal gas at
a given state, equal to the PVT relationship of the gasat a
different state.

imbibition—The tendency of granular rock or any porous
medium to absorb a fluid, usually water, under the force
of capillary attraction, and in the absence of any pressure.

imbibition process—An increase in the saturation of the
wetting fluid in a porous medium.

immiscible—Said of two or more phases that, at mutual
equilibrium, cannot dissolve completely in one another.

impermeable—Said of a rock, sediment, or soil that is in-
capable of transmitting fluids under pressure.

initial production—The volume or quantity of gas or oil
initially produced by a well in a certain interval of time,
usually 24 hours.

injector—A well used to introduce fluids into a reservoir,
either for disposal or as a displacing fluid or agent.

irreducible (residual) oil saturation—That portion of an
oil saturation that remains in a reservoir regardless of the
amount of displacing fluid with which it comes in contact
and which passes through the reservoir.

irreducible (residual) water saturation—That portion of
awater saturation that remains in a reservoir regardless of
the amount of displacing fluid with which it comes in
contact and which passes through the reservoir.

isopach—A line drawn on a map through points of equal
true thickness of a designated stratigraphic unit or group
of stratigraphic units.

material-balance method—A method of calculating oil in
place by the accounting or balancing of fluids and their
properties that remain in the reservoir, with the fluids and
properties that have been produced.
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millidarcy (md)—The customary unit of measurement of
fluid permeability, equivalent to 0.001 darcy.

mixed wettability—Pertains to a reservoir that is not
homogeneous in its wettability. Commonly, the larger
pores may be oil-wet, and the smaller pores water-wet.

mobile-oil saturation—That portion of the total oil satu-
ration that is mobile in response to a displacing agent or
other factor such as gravity.

mobile-water saturation—That portion of the total water
saturation that is mobile in response to a displacing agent
or other factor such as gravity.

mobility—The ratio of the permeability to the viscosity of
a fluid.

mobility ratio—The ratio of the mobility of the displacing
fluid to that of the displaced fluid.

natural water drive—Energy within an oil or gas pool, re-
sulting from hydrostatic or hydrodynamic pressure trans-
mitted from the surrounding aquifer.

oil bank—The mass of increased oil saturation moving in
areservoir in front of, and displaced by, an injected fluid.

oil compressibility—The change in volume of oil with a
change in reservoir pressure.

oil saturation—That portion of the total fluid saturation
of arock or reservoir that consists of oil.

oil-water contact—The boundary surface between an
accumulation of oil and the underlying “bottom water.”
Syn.: oil-water interface.

oil-wet reservoir—A reservoir whose preferential wetting
agent is oil in the presence of other immiscible fluids.

permeability—The capacity of a porous rock, sediment,
or soil for transmitting a fluid; it is a measure of the rela-
tive ease of fluid flow under unequal pressure. The cus-
tomary unit of measure is the millidarcy. Cf: absolute
permeability; effective permeability; relative permeability.
Adj.: permeable.

pore volume—That portion of bulk volume that consists
of voids.

porosity—The ratio of the aggregate volume of interstices
in arock or soil to its total volume. It is usually stated as a
percentage. Cf: effective porosity. Syn.: total porosity.

pressure sink—An area of low reservoir pressure gener-
ally created by a producing well.

relative permeability—The ratio between the effective
permeabilityto a given fluid at a partial saturation and the
permeability at 100% saturation (the absolute perme-
ability). It ranges from zero at a low saturation to 1.0 at a
saturation of 100%.

relative-permeability ratio—The relative permeability of
one fluid (usually water) divided by the relative perme-
ability of a second fluid (usually oil) in a two-phase
system.
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residual 0il—Oil that is left in the reservoir rock after the
pool has been depleted.

residual-oil saturation—See: irreducible oil saturation.

residual-water saturation—See: irreducible water satura-
tion.

rock compressibility—The change in volume of rock in
response to external pressure,

salt-water saturation—That portion of the total fluid sat-
uration of a porous medium that consists of salt water.

saturated reservoir—The inability of an oil reservoir to
dissolve additional gas in response to increased pressure.

shrinkage factor—The factor that is applied to convert a
barrel of oil in the reservoir into an equivalent amount of
gas-free oil in a stock tank at the surface. It generally
ranges between 0.68 and 0.88. See also: formation volume
factor.

solids volume—The amount of remaining reservoir vol-
ume after the pore volume is subtracted from the bulk
volume.

solution-gas drive—Energy within an oil accumulation
supplied by expansion of gas dissolved in the oil.

stream line—A theoretical path of fluid, usually from an
injector to a producing well and always perpendicular to
isopotential lines.

supercompressibility factor—See: compressibility factor.

swept area—That portion of a reservoir that has been
contacted by an injected displacing fluid.

unitization—Consolidation of the management of an
entire oil or gas pool, regardless of property lines and
lease boundaries, in the interest of efficient operation and
maximuim recovery.
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vertical sweep efficiency—The cross-sectional area con-
tacted by the injected fluid divided by the cross-sectional
area enclosed in all layers behind the injected-fluid front.

viscosity—The property of a substance to offer internal
resistance to flow; its internal friction.

volumetric method—A method for calculating oil in
place, using the volumetric properties of a reservoir.

water bank—The mass of increased water saturation
moving in a reservoir behind the displaced front.

water breakthrough—The increase of water production
in a producing well as a result of the injected fluid having
reached the wellbore.

water compressibility—The change in volume of water in
response to external pressure.

water drive—Energy within an oil or gas pool that results
from hydrostatic or hydrodynamic pressure transmitted
from the surrounding aquifer. Cf: solution-gas drive; gas-
cap drive.

waterflooding—A secondary-recovery operation in
which water is injected into a petroleum reservoir to force
additional oil out of the reservoir rock and into producing
wells.

water leg—A water-saturated zone that extends below an
oil- or gas-saturated zone.

water-wet reservoir—A reservoir whose preferential wet-
ting agent is water in the presence of other immiscible
fluids.

wettability—The tendency of one fluid to spread on or
adhere to a solid surface in the presence of other immis-
cible fluids.



