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APPENDIX 1
Application of Submergible Pumps to Hunton Reservoirs

Pat Brown

New Dominion L.L.C.
Stillwater, Oklahoma

SUBMERGIBLE-PUMP HISTORY

TABLE A1. — Typical Submetrgible-Pump

In 1911, Armais Arutunoff, at the age of 18, organized
the Russian Electrical Dynamo of Arutunoff Co. in Ekateri-
noslav, Russia, and invented the first electric motor that
would operate in water.

In 1919, Mr. Arutunoff changed the name of the firm to
Reda. With development help from Phillips Petroleum
Co., the first Reda pump was successfully installed in the
United States in El Dorado field near Burns, Kansas, in
1927.

SUBMERGIBLE PUMPS IN THE CARNEY AREA

In the area of the Hunton play at Carney in Lincoln
County, Oklahoma, the Hunton reservoir’s high fluid-

Application in the Hunton Reservoir
at Carney, Lincoln County, Oklahoma

DESIGN CRITERIA
Casing 5% in.
Tubing 2% in.
Top performation 4,800 ft
Production rate 2,500 BPD
Intake pressure 550 psi
BOPD 80-100
MCFGPD 200-500

6 Pump
5 Gas Seperator
4 Protector
3 UT Motor
2 Pl 80N at 4300°
1 PSI

Perforated zone: 4,800-4,900 ft
Bottom of casing: 5,100 ft

Figure A1. Diagram of a submergible pump of the type used at Carney,

Lincoln County, Oklahoma.

volume output mandates the need for submerg-
ible pumps.

The first submergible pump was installed
here in 1996. Currently, the Carney area has
more than 100 operating submergible pumps.
An average of one to two pumps per week are
being installed in this area.

SUBMERGIBLE-PUMP COMPONENTS
AND APPLICATION

The components of the submergible pumps
used in the Carney area are shown in Figure Al
and are listed as follows:

1. Bottom-hole-pressure and temperature
sensor. This item monitors the producing and
static bottom-hole pressures.

2. Submergible motor, which supplies horse-
power to the system.

3. Protector, which isolates the motor from
wellbore fluids that may enter from the pump.

4. Gas separator, which aids in preventing
the pump from gas-locking.

5. The pump itself, which discharges fluid to
the surface.

6. Power cable, which supplies electricity
from the surface to the motor.

Table Al gives specifications for a typical
submergible-pump application for the Hunton
reservoir in the Carney area.

SUBMERGIBLE-PUMP RUN LIFE

Run times for the initial (early) Carney field
installations exceeded 18 months per installa-
tion. Increased Hunton completions in the field
have decreased the run times because of de-
creases in bottom-hole pressures. This has
necessitated the need for redesigning the pump.
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APPENDIX 2

Glossary of Terms
(as used in this volume)
Definitions modified from Jackson (1997), Van Wagoner and others (1990), and Sheriff (1991).

anticline—A fold, generally convex upward, whose core
contains the stratigraphically older rocks.

aragonite—A white, yellowish, or gray orthorhombic
mineral composed of calcium carbonate (CaCOs3). Not as
stable as calcite.

arenaceous—Said of a sediment or sedimentary rock con-
sisting wholly or in part of sand-size fragments, or having
a sandy texture or the appearance of sand; pertaining to
sand or arenite. Also said of the texture of such a sediment
or rock. The term implies no special composition, and
should not be used as a synonym of siliceous.

argillaceous—Pertaining to, largely composed of, or con-
taining clay-size particles or clay minerals, such as an “ar-
gillaceous ore” in which the gangue is mainly clay; espe-
cially said of a sediment (such as marl) or a sedimentary
rock (such as shale) containing an appreciable amount of
clay.

arkosic—Said of a feldspar-rich sandstone, commonly
pink or reddish, usually derived from the disintegration of
granitic rocks.

aulacogen—A tectonic trough on a craton, bounded by
convergent normal faults. Aulacogens have a radial orien-
tation relative to cratons and are open outward.

biofacies—A subdivision of a stratigraphic unit, distin-
guished from adjacent subdivisions on the basis of its fos-
sils, without respect to nonbiologic features; especially
such a body of sediment or rock recognized by characters
that do not affect lithology, such as the taxonomic identity
or environmental implications of fossils.

biostratigraphy—Stratigraphy based on the paleontologi-
cal aspects of rocks, or stratigraphy with paleontological
methods; specifically the separation and differentiation of
rock units on the basis of the description and study of the
fossils they contain.

biozone—The basic unit in biostratigraphic classification
and generally the smallest biostratigraphic unit on which
intercontinental or worldwide correlations can be estab-
lished.

boundstone—A term used by Dunham (1962) for a sedi-
mentary carbonate rock whose original components were
bound together during deposition and remained substan-
tially in the position together during deposition and re-
mained substantially in the position of growth (as shown
by such features as intergrown skeletal matter and lami-
nation contrary to gravity); e.g., most reef rocks and some
biohermal and biostromal rocks.

brachiopod—Any solitary marine invertebrate belonging
to the phylum Brachiopoda, characterized by a lopho-
phore and two bilaterally symmetrical valves that may be
calcareous or composed of chitinophosphate and that are
commonly attached to a substratum but may also be free.

breccia—A coarse-grained clastic rock, composed of an-
gular broken rock fragments held together by a mineral
cement or in a fine-grained matrix; it differs from con-
glomeratein that the fragments have sharp edges and un-
Worn corners.

bryozoan—Any invertebrate belonging to the phylum
Broyozoa and characterized chiefly by colonial growth, a
calcareous skeleton, or, less commonly, a chitinous mem-
brane, and a U-shaped alimentary canal, with mouth and
anus.

calcarenite—A limestone consisting predominantly (more
than 50%) of detrital calcite particles of sand size; a con-
solidated calcareous sand.

calcite—A white, gray, or yellow common rock-forming
hexagonal mineral composed of calcium carbonate
(CaCO3); more stable than aragonite.

carbonate—A sediment formed by the organic or inor-
ganic precipitation from aqueous solution of carbonates
of calcium, magnesium, or iron; e.g., limestone and dolo-
mite.

cement—Mineral material, usually chemically precipi-
tated, that occurs in the spaces among the individual
grains of a consolidated sedimentary rock, thereby bind-
ing the grains together as a rigid, coherent mass; it may be
derived from the sediment or its entrapped waters, or it
may be brought in by solution from outside sources.

chert—A hard, extremely dense or compact, dull to semi-
vitreous, microcrystalline or cryptocrystalline sedimen-
tary rock, consisting dominantly of interlocking crystals of
quartz less than about 30 pm in diameter. Chert occurs
principally as nodular or concretionary segregations (chert
nodules) in limestones and dolomites, and less commonly
as areally extensive layered deposits (bedded chert); it
may be an original organic or inorganic precipitate or a
replacement product.

chitinozoan—A pseudochitinous marine microfossil of
the extinct group Chitinozoa, having uncertain affinities
but generally assumed to represent animal remains,
shaped in general like a flask, occurring individually or in
chains, and ranging primarily from uppermost Cambrian
to Devonian.
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clastic—Pertaining to a rock or sediment composed prin-
cipally of broken fragments that are derived from preex-
isting rocks or minerals and that have been transported
some distance from their place of origin.

chronostratigraphic unit—A body of rocks that are uni-
fied by having been formed during a specific interval of
geologic time. It represents all the rocks formed during a
certain time span of Earth history, and only the rocks
formed during that time span. A chronostratigraphic unit
is bounded by isochronous surfaces.

conodont—One of a large number of small, disjunct fossil
elements assigned to the order Conodontophorida, phos-
phatic in composition and commonly toothlike in form
but not in function; produced in bilaterally paired, serial
arrangements by small vagile marine animals of uncertain
affinity.

coral—A general name for any of a large group of bottom-
dwelling, sessile, marine invertebrate organisms (polyps)
that belong to the class Anthozoa (phylum Coelenterata),
are common in warm intertropical modern seas and
abundant in the fossil record in all periods later than the
Cambrian, produce external skeletons of calcium carbon-
ate, and exist as solitary individuals or grow in colonies.

craton—A part of the Earth’s continental crust that has
attained stability, and has been little deformed for a pro-
longed period.

crinoid—Any pelmatozoan echinoderm belonging to
the class Crinoidea, characterized by quinqueradiate sym-
metry, by a disk-shaped or globular body enclosed by
calcareous plates from which appendages, commonly
branched, extend radially, and by the presence of a stem,
or column, more common in fossil than in living forms.

depocenter—An area or site of maximum deposition; the
thickest part of any specified stratigraphic unit in a depo-
sitional basin.

diachronous—Said of a rock unit that is of varying age in
different areas or that cuts across time planes or biozones.

diagenesis—All the chemical, physical, and biological
changes undergone by a sediment after its initial deposi-
tion, and during and after its lithification, exclusive of
surficial alteration (weathering) and metamorphism.

disconformity—An unconformity in which the bedding
planes above and below the break are essentially parallel.

dolomite—A common rock-forming mineral: calcium
magnesium carbonate, CaMg(COa),; also a carbonate
sedimentary rock of which more than half consists of the
mineral dolomite.

dolomitization—The process by which limestone is
wholly or partly converted to dolomitic rock or dolomitic
limestone by the replacement of the original calcium car-
bonate (calcite) by magnesium carbonate (mineral dolo-
mite), usually through the action of magnesium-bearing
water (seawater or percolating meteoric water). It can oc-
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cur penecontemporaneously or shortly after deposition of
the limestone, or during lithification or at a later period.

doodlebug—A popular term for any of various kinds of
geophysical prospecting equipment, often for a kind con-
sidered unscientific.

echinoderm—Any solitary marine benthic (rarely pelagic)
inverterbrate, belonging to the phylum Echinodermata,
characterized by radial symmetry, an endoskeleton formed
of plates or ossicles composed of crystalline calcite, and a
water-vascular system.

fabric—The orientation (or lack of it} in space of the ele-
ments (discrete particles, crystals, cement) of which a
sedimentary rock is composed.

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

fan—Usually a submarine fan, a terrigenous, cone- or fan-
shaped deposit located seaward of large rivers and sub-
marine canyons.

fauna—The entire animal population, living or fossil, of a
given area, environment, formation, or time span.

flexure—See: hinge.

glauconite—A dull-green earth or granular mineral of the
mica group: (K,Na)(ALFe3*,Mg),(Al,Si),0,0(0H);. It has of-
ten been regarded as the iron-rich analogue of illite. Glau-
conite occurs abundantly in greensand, and seems to be
forming in the marine environment at the present time; it
is the most common sedimentary (diagenetic) iron silicate
and is found in marine sedimentary rocks from the Cam-
brian to the present. Glauconite is an indicator of very
slow sedimentation.

grainstone—A term used by Dunham (1962) for a mud-
free (less than 1% of material with diameters less than 20
pum), grain-supported, carbonate sedimentary rock.

grain-supported—A term used by Dunham (1962) to de-
scribe a sedimentary carbonate rock with little or no muddy
matrix, whose sand-size particles are so abundant that
they are in three-dimensional contact and able to support
one another.

grapestone—A term used to describe a cluster of small
calcareous pellets or other grains, commonly of sand size,
stuck together by incipient cementation shortly after dep-
osition. The cluster has a lumpy outer surface that re-
sembles a bunch of grapes.

graptolite—Any colonial marine organism belonging to
the class Graptolithina, variously assigned to the phylum
Coelenterata or to the Hemichordata, characterized by a
cup- or tube-shaped, highly resistant exoskeleton of or-
ganic composition, arranged with other individuals along
one or more branches to form a colony. Graptolites com-
monly occur in black shales.
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graywacke—An old rock name that has been variously
defined but is now generally applied to a dark-gray firmly
indurated coarse-grained sandstone that consists of poorly
sorted angular to subangular grains of quartz and feld-
spar, with a variety of dark rock and mineral fragments
embedded in a compact clayey matrix having the general
composition of slate and containing an abundance of very
fine-grained illite, sericite, and chlorite minerals.

hiatus—A break or interruption in the continuity of the
geologic record, such as the absence in a stratigraphic se-
quence of rocks that would normally be present but either
were never deposited or were eroded before deposition of
the overlying beds.

hinge—The locus of maximum curvature or bending in a
folded surface, usually a line.

horst—An elongate, relatively uplifted crustal unit or
block that is bounded by faults on its long sides.

hypersaline—Excessively saline; with a salinity substan-
tially greater than that of normal seawater.

isopach—A line drawn on a map through points of equal
true thickness of a designated stratigraphic unit or group
of stratigraphic units; also the overall thickness and geom-
etry of a unit or units portrayed by isopach mapping.

karst—A type of topography that is formed on limestone,
gypsum, and other rocks by dissolution, and that is char-
acterized by sinkholes, caves, and underground drainage.

limestone—A sedimentary rock consisting chiefly of cal-
cium carbonate (CaCQs), primarily in the form of the min-
eral calcite.

lithofacies—A lateral, mappable subdivision of a desig-
nated stratigraphic unit, distinguished from adjacent sub-
divisions on the basis of lithology, including all mineral-
ogical and petrographic characters and those paleonto-
logical characters that influence the appearance, compo-
sition, or texture of the rock.

lithology—The description of rocks, especially in hand
specimen and in outcrop, on the basis of such character-
istics as color, mineralogical composition, and grain size.

lithostratigraphic unit—A body of rock that is unified by
consisting dominantly of a certain lithologic type or com-
bination of types, or by possessing other unifying litho-
logic features. It may consist of sedimentary, igneous, or
metamorphic rocks, or of two or more of these. It may or
may not be consolidated. The critical requirement is a
substantial degree of overall lithologic homogeneity.

marlstone—An indurated rock of about the same compo-
sition as marl, more correctly called an earthy or impure
argillaceous limestone. It has a blocky subconchoidal
fracture, and is less fissile than shale.

matrix—The finer grained material enclosing, or filling
the interstices between, the larger grains or particles of a
sediment or sedimentary rock; the natural material in
which a sedimentary particle is embedded.
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meteoric—Pertaining to water of recent atmospheric origin.

moldic porosity—Porosity resulting from the removal,
usually by solution, of an individual constituent of a rock,
such as a shell.

mollusk—A solitary invertebrate belonging to the phylum
Mollusca, characterized by a nonsegmented body that is
bilaterally symmetrical and by a radially or biradially sym-
metrical mantle and shell. Among the classes included in
the mollusks are the gastropods, pelecypods, and cepha-
lopods.

mudstone—An indurated mud having the texture and
composition of shale, but lacking its fine lamination or fis-
sility; a blocky or massive, fine-grained sedimentary rock
in which the proportions of clay and silt are approxi-
mately equal; a nonfissile mud shale.

oolite—A sedimentary rock, usually a limestone, made up
chiefly of ooliths cemented together.

oolith—One of the small round or ovate accretionary bod-
ies in a sedimentary rock, resembling the roe of fish, and
having diameters of 0.25 to 2 mm (commonly 0.5to 1
mm). It is usually formed of calcium carbonate, but may
be of dolomite, silica, or other minerals, in successive con-
centric layers, commonly around a nucleus such as a shell
fragment, an algal pellet, or a quartz-sand grain, in shal-
low, wave-agitated water; some ooliths show an internal
radiating fibrous structure indicating outward growth or
enlargement at the site of deposition. Ooliths are fre-
quently formed by inorganic precipitation, although many
noncalcareous ooliths are produced by replacement, in
which case they are less regular and spherical, and the
concentric or radial internal structure is less well devel-
oped, than in accretionary ooliths.

ostracode—Any aquatic crustacean belonging to the sub-
class Ostracoda, characterized by a bivalve, generally cal-
cified carapace with a hinge along the dorsal margin. Most
are of microscopic size (0.4-1.5 mm long) although fresh-
water forms up to 5 mm long and marine forms up to 30
mm long are known.

packstone—A term used by Dunham (1962) for a sedi-
mentary carbonate rock whose granular material is ar-
ranged in a self-supporting framework, yet also contains
some matrix of calcareous mud.

parasequence—In sequence stratigraphy, a relatively con-
formable succession of genetically related beds or bedsets
bounded by flooding surfaces or their correlative surfaces.

pelamatozoan—Any echinoderm, with or without a stem,
that lives attached to a substrate.

peloid—An allochem composed of micrite, irrespective of
size or origin. Includes both pellets and intraclasts; useful
term where exact origin is unknown.

peneplain—A low, nearly featureless, gently undulating
land surface of considerable area, which presumably has
been produced by the processes of long-continued sub-
aerial erosion.
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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.

platform—A flat or gently sloping underwater erosional
surface extending seaward or lakeward from the shore;
specifically, a wave-cut platform or an abrasion platform.

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.

seismic—Having to do with elastic waves. Energy may be
transmitted through the body of an elastic solid by body
waves of two kinds: P-waves (compressional waves) or S-
waves (shear waves).

sequence stratigraphy—The study of rock relationships
within a time-stratigraphic framework of repetitive, ge-
netically related strata bounded by surfaces of erosion or
nondeposition, or their correlative conformities.

shelf—A stable cratonic area that was periodically flooded
by shallow-marine waters and received a relatively thin,
well-winnowed cover of sediments.

sparite—A descriptive term for the crystalline transparent
or translucent interstitial component of limestone, con-
sisting of clean, relatively coarse-grained calcite or arago-
nite that either accumulated during deposition or was in-
troduced later as a cement. It is more coarsely crystalline
than micrite.

stoichiometric—With reference to a compound or a phase,
pertaining to the exact proportions of its constituents
specified by its chemical formula.
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subaerial—Said of conditions and processes, such as ero-
sion, that exist or operate in the open air on or directly
adjacent to the land surface; or of features and materials,
such as eolian deposits, that are formed or situated on the
land surface.

substrate—The substance, base, or nutrient on which, or
the medium in which, an organism lives and grows, or the
surface to which a fixed organism is attached.

suprafan—An upbulging zone at the downslope end of a
fan valley, confined to fans composed of relatively coarse
sediment.

terrigenous—Derived from the land or continent.
time-stratigraphic unit—See: chronostratigraphic unit.

trilobite—Any marine arthropod belonging to the class
Trilobita, characterized by a three-lobed, ovoid to sub-
elliptical exoskeleton divisible longitudinally into axial
and side regions and transversely into cephalon (ante-
rior), thorax (middle), pygidium (posterior).

unconformity—A substantial break or gap in the geologic
record where a rock unit is overlain by another that is not
next in stratigraphic succession, such as an interruption in
the continuity of a depositional sequence of sedimentary
rocks.

vuggy—Pertaining to a vug or having numerous vugs (small
cavities in a vein or a rock).

wackestone—A term used by Dunham (1962) for a mud-
supported carbonate sedimentary rock containing more
than 10% grains (particles with diameters greater than 20
pm).



API
BC
BBL
BCFG
BHP
BLW
BO
BOPD
BOPM
BSW
BSWPH
BW
BWPD
CAL
cp
D&A
DEN
DEN COMP
DEN ¢
DNP
DST

F

FFP
FSIP
FVF
gal.
GCM
GFR
GOR
GR
HGCW
HHB

HOGCM
IFP

IPP

LW
MCFG
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APPENDIX 3
Abbreviations and Symbols Used in This Volume

American Petroleum Institute
barrels of condensate
barrel

billion cubic feet of gas
bottom-hole pressure
barrels of load water
barrels of oil

barrels of oil per day
barrels of oil per month
barrels of salt water
barrels of salt water per hour
barrels of water

barrels of water per day
caliper

centipoise (a measure of viscosity)
dry and abandoned
density

density compensated
density porosity

did not penetrate
drillstem test

flowing

final flowing pressure
final shut-in pressure
formation volume factor
gallon

gas-cut mud

gas/fluid ratio

gas/oil ratio

gamma ray

highly gas-cut water

Henryhouse and Haragan/Bois d’Arc
Formations

highly oil- and gas-cut mud
initial flowing potential
initial pumping potential
load water

thousand cubic feet of gas

MCFGPD
MMBO
MMCFG
MMCFGPD
NC

NDE

NEU ¢
NRIS

PBP
perf.
P,
pkr.
psi, PSI
psia
RB
rec.
RES
ROC
Ry
R,

SCF
SGCM
SGCW
SIp
SITP
SP
sqzd.
STB
STBO

swbd.
D

W, witr.
WOR

thousand cubic feet of gas per day
million barrels of oil

million cubic feet of gas

million cubic feet of gas per day
no control

not deep enough

neutron porosity

Natural Resources Information
System (University of Oklahoma)

bubble-point pressure
perforations

initial pressure

packer

pounds per square inch
pounds per square inch, absolute
reservoir barrels
recovered

resistivity

“retrograde oil cut”
initial gas/oil ratio
resistivity of uninvaded zone, or true
resistivity

resistivity of flushed zone
standard cubic feet
slightly gas-cut mud
slightly gas-cut water
shut-in pressure

shut-in tubing pressure
spontaneous potential
squeezed

stock-tank barrel(s)
stock-tank barrels of oil
water saturation
swabbed

total depth

water

water/oil ratio

porosity



