

















































































































































































































































































































































































































































































































Appendixes




A

ac
ac-ft, acre-ft
AFE
AOR
API
avg
BCF
BCFG
By
BIA
BLM

BOPD
BOPM
BOPY
BP
bpaf
Bt

BTW
BW, bw

BWPD
CAL
CDP
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APPENDIX 1
Abbreviations Used in This Volume

production area

acre

acre-foot, acre-feet
authorization for expenditures
area of review

American Petroleum Institute
average

billion cubic feet (of gas)
billion cubic feet of gas

gas formation volume factor
U.S. Bureau of Indian Affairs

U.S. Bureau of Land Manage-
ment

barrels of oil
oil formation volume factor

initial oil formation volume
factor

barrels of oil per day
barrels of oil per month
barrels of oil per year
bubble point

barrels per acre-foot

two-phase formation volume
factor

base of treatable water

barrels of water

water formation volume factor
barrels of water per day
caliper

conductivity-derived porosity
cubic feet

gas compressibility

oil compressibility
conductivity

centipoise (a standard unit of
viscosity)

water compressibility
effective decline rate
density

Depth
DST
E,

E,
EOR
EPA

Gas Cap %
Gas Grav
GCDI
GOC

GOR
GORye

Gy

GR

Hh

Inj Rate

1P

ko

MBO
MCF
mcf
md

mg
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formation depth -

drillstem test

areal sweep efficiency
displacement sweep efficiency
enhanced oil recovery

U.S. Environmental Protection
Agency

total sweep efficiency (E, - E, - E,)
vertical sweep efficiency
Fahrenheit

formation micro-imaging log (a
Schlumberger tool)

foot, feet
formation volume factor

original-gas-cap to total-volume
ratio

gas-cap to total-volume ratio
gas gravity

N, due to gas-cap expansion
gas—-oil contact

gas/oil ratio

average gas/oil ratio
cumulative gas production
gamma ray

thickness of formation

waterflooding water-injection
rate

initial potential, initial produc-
tion

absolute permeability

relative permeability for oil at
irreducible water saturation

liter

~ ratio of gas-cap to oil-column

volume

thousand barrels of oil
thousand cubic feet (of gas)
million cubic feet (of gas)
millidarcies, or 0.001 darcy

milligrams
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MIT mechanical integrity test RES resistivity
ML microlog RF, if recovery factor, or recovery
MMBO million barrels of oil efficiency
MMCE million cubic feet (of gas) R, average producing gas/oil ratio
MMCFG million cubic feet of gas B solution-gas ratio
. Ry initial solution-gas rati
MMS U.S. Minerals Management * futiat solution-gas ratio
Service R, resistivity of uninvaded zone
.. o true resistivit
N original oil in place ( ) i v
. RTS radioactive tracer survey
NaCl % water salinity Lo .
R, resistivity of formation water
NEU neutron L.
N lati ducti Ry resistivity of flushed zone
cumulative production
’ ) P scf standard cubic feet
Npp primary oil production between S .
bubble-point pressure and 8 gas saturation
current reservoir pressure, in SGDI N, due to solution-gas drive
stock tank barrels of oil S, oil saturation
N u}tlmate primary and secondary Sor residual oil saturation
oil production
. ) SP spontaneous potential
Nus remaining primary and second- . .
ary oil production SPCC spill-prevention control and
. countermeasures
Nuys! Ny waterflood- to cumulative- .
production ratio stbo stock tank barrels of oil
0CC Oklahoma Corporation Commis- Sw water saturation
sion Swe connate-water saturation at
0Oil Grav oil gravity time of discovery
0OIP original oil in place Suwir irreducible water saturation
OWC oil—water contact T formation temperature
p current pressure t fillup time required to reach fill-up
p bubble-point pressure UICD Underground Injection Control
b pomtp Department (of Oklahoma
P-grad initial pressure gradient Corporation Commission)
pH a measure of hydrogen-ion Vi bulk volume of formation
concentration in solution Vi fiood floodable volume
Py initial pressure V fillup water volume required to fill up
psi pounds per square inch gas space
psig pounds per square inch, gauge Vp pore volume
PV pore volume Viohe V,, hydrocarbons
pPVCI N, due to pore-volume contrac- WDI N due to water influx
tion w, water encroachment
PVT pressure, volume, temperature W, water produced
Q t(_)tal daily production for indi- WSW water-supply well
vidual wells . .
o ' Hg gas viscosity
g; initial production rate o oil viscosity
q: production rate at time, ¢ Ho water viscosity
b reservoir barrels 0 porosity
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APPENDIX 2
Glossary of Terms
(as used in this volume)
Definitions modified from Jackson (1997), Sheriff (1984), and Van Wagoner and others (1990).

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.

allogenic—Formed or generated elsewhere.

anastomosing stream—A fluvial depositional system
characterized by a branching network of shallow
channels. Similar in form to braided river systems, except
that anastomosing rivers have alluvial islands covered by
dense and permanent vegetation that stabilizes river
banks.

API gravity—A standard adopted by the American
Petroleum 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 hy-
drometers because it enables the stems to be calibrated
linearly. The lower the specific gravity, the higher the API

gravity.
authigenic—Formed or generated in place.

avulsion—A sudden cutting off or separation of land by a
flood or by an abrupt change in the course of a stream, as
by a stream breaking through a meander or by a sudden
change in current whereby the stream deserts its old
channel for a new one.

bar finger—An elongated, lenticular body of sand
underlying, but several times wider than, a distributary
channel in a bird-foot delta.

bed load—The part of the total stream load that is moved
on or immediately above the stream bed, such as the
larger or heavier particles (boulders, pebbles, gravel)
transported by traction or saltation along the bottom; the
part of the load that is not continuously in suspension or
solution.

braided stream—A stream that divides into or follows an
interlacing or tangled network of several small branching
and reuniting shallow channels separated from each
other by branch islands or channel bars.

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

capillary pressure—The difference in pressure across the
interface between two immiscible fluid phases jointly
occupying the interstices of arock. It is due to the tension
of the interfacial surface, and its value depends on the
curvature of that surface.

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

channel deposit—An accumulation of clastic material,
commonly consisting of sand, gravel, silt, and clay, in a
trough or stream channel in which the transporting
capacity of the stream is insufficient to remove material
supplied to it.

clay drapes—Layers of clay and silt deposited on lateral
accretionary surfaces of point bars during periods of
decreased river discharge.

connate water—Water entrapped in the interstices of a
sedimentary rock at the time the rock was deposited. The
term is commonly misused by reservoir engineers and
well-log analysts to mean any water in the voids of rock;
i.e., formation water.

crevasse-splay deposit—See: splay.

darcy—aA standard unit of permeability, equivalent to the
passage of 1 cubic centimeter of fluid of 1 centipoise
viscosity 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.

delta—The low, nearly flat, alluvial tract of land at or near
the mouth of a river, commonly forming a triangular or
fan-shaped plain of considerable area, crossed by many
distributaries of the main river, perhaps extending be-
yond the general trend of the coast, and resulting from
the accumulation of sediment supplied by the river in
such quantities that it is not removed by tides, waves, and
currents. See also: delta plain, delta front, prodelta, lower
delta plain, and upper delta plain.

delta front—A narrow zone where deposition in deltas is
most active, consisting of a continuous sheet of sand, and
occurring within the effective depth of wave erosion (10
m or less). It is the zone separating the prodelta from the
delta plain, and it may or may not be steep.

delta plain—The level or nearly level surface composing
the landward part of a large delta; strictly, an alluvial plain
characterized by repeated channel bifurcation and diver-
gence, multiple distributary channels, and interdistribu-
tary flood basins.

diagenesis—All changes that affect sediments after initial
deposition, including compaction, cementation, and
chemical alteration and dissolution of constituents. It
does not include weathering and metamorphism of
preexisting sediments.

diapir—A dome or anticlinal fold in which the overlying
rocks have been ruptured by the squeezing-out of plastic
core material. Diapirs in sedimentary strata usually
contain cores of salt or shale.

dissolved-gas drive—Energy within an oil pool, resulting
from the expansion of gas liberated from solution in the
oil. Cf: solution-gas drive.



=168

distributary channel—(a) A divergent stream flowing
away from the main stream and not returning to it, asin a
delta or on an alluvial plain. (b} One of the channels of a
braided stream; a channel carrying the water of a stream
distributary.

distributary-mouth bar—The main sediment load of a
distributary channel in the subaqueous portion of a delta
(also called the delta front). It consists predominantly of
sand and silt; grain size decreases seaward.

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 porosity—The percentage of the total volume of
a given mass of soil or rock that consists of intercon-
necting voids.

eustatic—Pertaining to worldwide changes of sea level
that affect all the oceans.

facies—(a) A mappable, areally restricted part of a
lithostratigraphic body, differing in lithology or fossil
content from other beds deposited at the same time and
in lithologic continuity. (b) A distinctive rock type,
broadly corresponding to a certain environment or mode
of origin.

fault—A fracture or fracture zone along which there has
been displacement of the sides relative to one another
parailel to the fracture.

fluvial—(a) Of or pertaining to a river or rivers. (b) Pro-
duced by the action of a stream or river.

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.

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

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 temperature.

gas-cap drive—Energy within an oil pool, supplied by
expansion of an overlying volume of compressed free gas
as well as by expansion of gas dissolved in the oil.

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
gasloil ratio.

highstand—The interval of time during one or more
cycles of relative change of sea level when sea level is
above the shelf edge in a given local area.

highstand system tract (HST)—The stratigraphically
higher (or younger) depositional system(s) in a suc-
cession of genetically related strata bounded by un-
conformities or their correlative counterparts.

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

incised valleys—Entrenched fluvial systems that extend
their channels basinward and erode into underlying
strata.

infilling—A process of deposition by which sediment falls
or is washed into depressions, cracks, or holes.

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

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

isopleth—(a) A general term for a line on a map or chart
that connects points of equal value, e.g., of elevation, or of
any quantity that can be numerically measured and
plotted on a map; a contour.

lacustrine—Pertaining to, produced by, or formed in a
lake or lakes.

lower delta plain—Depositional environment within a
delta, which extends from the subaqueous delta front to
the landward limit of marine (tidal) influence.

lowstand—The interval of time during one or more cycles
of relative change of sea level when sea level is below the
shelf edge.

lowstand system tract (LST)—The stratigraphically lower
(or older) depositional system(s) in a succession of
genetically related strata bounded by unconformities or
their correlative counterparts.

meander—One of a series of regular freely developing
sinuous curves, bends, loops, turns, or windings in the
course of a stream. See also: meander belt.

meander belt—The zone along a valley floor across which
a meandering stream shifts its channel from time to time;
specifically, the area of the flood plain included between
two lines drawn tangentially to the extreme limits of all
fully developed meanders. It may be from 15 to 18 times
the width of the stream.

meteoric water—Pertaining to water of recent atmo-
spheric origin.

millidarcy (ind)—The customary unit of measurement of
fluid permeability, equivalent to 0.001 darcy.

mud cake—A clay lining or layer of concentrated solids
adhering to the walls of a well or borehole, formed where
the drilling mud lost water by filtration into a porous
formation during rotary drilling.

natural water drive—Energy within an oil or gas pool,

resulting from hydrostatic or hydrodynamic pressure
transmitted from the surrounding aquifer.

offlap—A term commonly used by seismic interpreters
for reflection patterns generated from strata prograding
into deep water.

oil-water contact—The boundary surface between an
accumulation of oil and the underlying “bottom water.”
Syn.: oil-water interface.
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onlap—The progressive submergence of land by an
advancing sea.

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

point bar—One of a series of low, arcuate ridges of sand
or gravel developed on the inside of a growing meander
by the slow addition of individual accretions accom-
panying migration of the channel toward the outer bank.

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

prodelta—The part of a delta that is below the effective
depth of wave erosion, lying beyond the delta front, and
sloping gently down to the floor of the basin into which
the delta is advancing and where clastic river sediment
ceases to be a significant part of the basin-floor deposits.

progradation—The building forward or outward toward
the sea of a shoreline or coastline (as of a beach, delta, or
fan) by nearshore deposition of river-borne sediments or
by continuous accumulation of beach material thrown up
by waves or moved by longshore drifting.

proppant—As used in the well-completion industry, any
type of material that is used to maintain openings of
induced fractures. Proppants usually consist of various
sizes of sand, silica beads, or other rigid materials, and
they are injected into the formation while suspended in a
medium such as water, acid, gel, or foam.

regression—The retreat or contraction of the sea from land
areas, and the consequent evidence of such withdrawal
(such as enlargement of the area of deltaic deposition).

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

residual oil—Oil that is left in the reservoir rock after the
pool has been depleted.

ribbon sand—See: shoestring sand.

rip-up—Said of a sedimentary structure formed by shale
clasts (usually of flat shape) that have been “ripped up” by
currents from a semiconsolidated mud deposit and
transported to a new depositional site.

river bar—A ridge-like accumulation of alluvium in the
channel, along the banks, or at the mouth of a river.

secondary recovery—Production of oil or gas as a result
of artificially augmenting the reservoir energy, as by injec-
tion of water or other fluid. Secondary-recovery tech-
niques are generally applied after substantial depletion of
the reservoir. See: waterflooding.

shoestring sand—A narrow linear deposit composed of
sand or sandstone, usually buried in the midst of mud or
shale; e.g., a buried distributary-mouth bar, coastal
beach, or channel fill.
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shrinkage factor—The factor that is applied to converta
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.

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

specific gravity—The ratio of the weight of a given
volume of a substance to the weight of an equal volume of
water.

splay—A small alluvial fan or other outspread deposit
formed where an overloaded stream breaks through a
levee (artificial or natural) and deposits its material on the
flood plain or delta plain.

stillstand—Stability of an area of land, as a continent or
island, with reference to the Earth’s interior or mean sea
level, as might be reflected, for example, by a relatively
unvarying base level of erosion between periods of crustal
movement.

subaerial—Said of conditions and processes, such as
erosion, that exist or operate in the open air on or
immediately adjacent to the land surface; or of features
and materials, such as eolian deposits, that are formed or
situated on the land surface. The term is sometimes
considered to include fluvial.

tabular cross-bedding—Cross-bedding in which the
cross-bedded units, or sets, are bounded by planar,
essentially parallel surfaces, forming a tabular body.

thalweg—The line connecting the lowest or deepest
points along a stream bed or valley, whether under water
or not.

transgression—The spread or extension of the sea over
land areas, and the consequent evidence of such advance.

transgressive system tract (TST)—A depositional episode
that is bounded below by the transgressive surface and
above by sediments representing a period of maximum
flooding. The depositional environment of a TST be-
comes progressively deeper upward in the section.

transverse river bar—A channel-bar deposit, which is
generally at an angle across the channel but prograding
on the downstream side. This type of river deposit may be
lobate, straight, or sinuous in map view.

trough cross-bedding—Cross-bedding in which the
lower bounding surfaces are curved surfaces of erosion; it
results from local scour and subsequent deposition.

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
maximum recovery.

upper delta plain—Depositional environment in a delta
that extends from the downflow edge of the flood plain to
the effective limit of tidal inundation of the lower delta
plain. The upper delta plain essentially is that portion of a
delta unaffected by marine processes.
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valley fill—Sediment deposited in a valley or trough by any
process; commonly, fluvial-channel deposition is implied.

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



APPENDIX 3 — Well Symbols

APPENDIX 3
Well Symbols Used in Figures
Oil well
Gas well
Oil & gas well
Dry hole
Water-supply well
Water-injection well
Oil well, plugged & abandoned
Oil zone producer
Gas zone producer
Tracer survey producer
No log
Not deep enough
No data
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