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A STUDY OF SECONDARY RLCOVLRY POSSIBILITICS
or
THZ HOGSHOOTER FIELD
Washington County, Oklahoma
By

I. Y. Fox, C. !I. Thigpen, R. L. Ginter, and Ge P. Alden
ABSTRACT

The Hogshooter field, located in east central ilashington County,
Oklahoma, was first developed during the period 1906 to 1913. The
field was extended later during the period 1918 to 1922. The prin-
cipal producing horizon is the Bartlesville sand, found at an average
depth of 1,150 feet. To January 1, 1944, the Bartlesville sand has
produced 7,566,000 barrels of oil from 5,610 productive acres and
871 o0il wells. Peak production, averaging 2,025 barrels per day
for the year, was attained in the year 1910. Thec accumuiation of
0oil in the Bartlesville sand is not related to structure.

The total recovery from the Bartlesville sand in the Hogshooter
field to January 1, 1944, is estimated to represent 10.3 per cent of
the original oil in place, and the total residual oil is c¢stimated
to average 11,776 barrcls per acre. Widespread application of vacuum,
started in 1915, has had little benerficial effect on production.

Some gas-repressuring in recent years has increased recovery to a
small extent.

Conservatively estimatced water-flood recovery possibilities are:

3,500 barrels per acre for an arca consisting of 1,393 acres (4,875,000
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barrels total) with a reasonablc profit at thc present price of crude
oil, and 2,500 barrels per acre for an area of 2,248 acrcs (5,620,000
barrcls total), with no profit indicated under existing conditionse.
The latter area would show a profit cqual to the first-mentioncd arcae
only with an increase in price of crude oil of forty-five cents ner
barrecl.

Subsurface waters at depths of 1,400 te 1,700 fecet are indicated

as a satisfactor; sourcce for use in watcr-flooding opcrations.

INTRODUCTION

Purpose of the Report

The present war and the resulting incrcascd demand for petro-
leum and its by=products have brought an increasing apprcciation of
the problem of oil reserves and supply from the viewpoint of both
the military service and industry. It is recognized that the rate
of finding new oil rescrves is so small thut the productive capacity
of thc existing known reserves will be inadeguate to meet the increascd
oil consumption. Howcver, large volumes of oil rem2in in the majore
ity of thc so called depleted and scemi-depleotced producine ficlds iis
pptential rescrves of millions of barrels of crude oil. These rescrves,
increasingly important for war usc, cin be recovered only by the ap-
plication of secondiry recovery methods such as repressuring with gas,
air, or water. It is essential iliat any successful secondary recovery
project be preceded by a petrcleun engineering study in order that the

oil producer will have some ccncepiion as to the quantity of oil he

o
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can expect to recover, the cost of reccovery, and the rate at which
it can be recovered. For this reason the 0il and Gas Leasing Divi-
sion of the Geological Survey has cormaenced the investijation of
secondary recovery projects and plans to compile into report forn
the findings therefrom. In additicn it wishes to offer every pos-
sible aid to the oil producers with a view to obtaining increased
0il recoveries.

The report consists of a study of the possibilities of apply-
ing secondary recovery to the Bartlesville sand of the Ho:ishooter
field, Washington County, Oklahoma. Its principal nurpose is to
review the conditions under which early production was esTlccted,
to invite the attention of the oil industry to some of the areas
deemed most favcrable for secondary recovery projecus, and thus act
as a guide for the “core barrel", which in thc final analysis will
furnish data from which more definite cenclusions nay be drawn.

The undertaking of this project was made possible through a
supplemental appropriation made available to the 0il and Gas Leasing
Divisicn of the Geclogical Survey. The initial studies for this
report were started December 1, 1543.

Location and Extent of the Area

As shown by plate 1, the Hosshooter field is in the east-central
part of Washington County in northeastern Oklahomae. The Standing
Committec on Qil Ficld Nomenclaturc, Kansas-Qllahoma Division, !Mid-
Continent 0il and Gas Association, has designated tiic exact loca-

tion and ar:a of the Hogshooter ficld to be as followss
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Swg T. 261., R. 1u4E.

Secs. 24, 25, and 36, T. 26N., R. 13E.

v T. 25N., R. 1uE.

Secs. 1, 2, 11, 12, 13 and ¥} sec. 24, T. 25N., R. 13E.,
Indian ¥eridian,

In accordance with this designation the field embraces an area
of 16,960 acres of which the productive area of the Bartlesville sand
is approximately 5,610 acres. The detailed location and extent of
this area are shown by plate 2.

Data Examined

Lack of complete records prevented a comprehensive examination
of all pertinent data. However, the data examined are sufficient
to make possible this study and ﬁo draw reasonable conclusions on
more than 90 percent of the productive area. Data obtained and studied
were: drillers' well logs; plugging records; total oil production
records by leases; gas and water production history; well clean-out
samples; core analyses in nearby areas; development practice; and
general field information such as present production status, present
operating practice, and topography. Valuable data were also obtained
by interviewirg early and present operators.

Approximately 875 drillers' well logs were studied., Data ob-
tained from these logs were: well locations; completion and aban-
donment dates; initial production data; depths to top and bottom
of key-beds; total depths; casing records; and methods of well

completion,
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Data Assembled

It is believed that the data assembled ani embodied in this
report ere within reasonable limits of accuracy; nevertheless,
various estimates and assumptions were required. Of the 7,56€,000
barrels of oil produced from the Bartlesville sand to Jamuary 1,
194k, the amount of 5,529,000 barrels was compiled from actual
production records, whereas the difference of 2,037,000 barrels
was estimated by means of production decline curves. Estimates
of interstitial water, formation volume factor, and porosity
were also used in the manner believed applicable to the original
reservoir conditions.

Data assembled consist of a development and property map, a
Bartlesville sand isopach map, a well initial oil production
map, a total oil production map, a relative sand body condition
map, a north-south subsurface cross-section, production decline
curves, tables showing oil reserves, and economic data. Other
pertinent data such as geology, reservoir characteristics and

behavior, and water and gas resources were also included in the

report.
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TOPOGRAPHY, DRAINAGE, AND CULTURE

The nortnwest corner of the Hogshooter field (see pl. 1) is
about six miles east of Bartlesville, Oklahoma.

The Hogshooter field lies on the Prairie Plains monocline,
resulting from the Ozark uplift, with the formations dipping west-
ward about 30 feet to the mile. The erosional topography is gentle

and tke rolling hills consist predominantly of sandstones. The
6
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altitudes of the field, estimated from the Nowata Juadrangl~ shect,
range from about 650 to 800 feet above sea-level.

The general drainage of the Hogshooter field region is in the
direction of the Caney River to the south of the field. &ogshooter
Creek, with its upper reaches in T. 26il., R. 14E., drains the major
part of the field, and small lateral ravines in the east and west
complete the Eogshooter drainage system. Eogshooter Creek enters the
field in the northwest corner of sec. 21, T. 26N., R. 14E., and
leaves the field in the northwest of the scuthwest quarter of sec.
19, T. 25N., R. 1LE/

The paved Bartlesville-Nowata highway (U. S. Highway No. 60)
borders the field on the north. The remaining network of section-
line and half-section line roads are considered to be good country
roads.

The Hogshooter field is served by four schools, and an additional
school is located close to the field in the village of Oglesby in
sec. 19, T. 25N., R. 1uE,

Sevgral lease operators reside on their properties, and one

operator has a camp of considerable size in the field.

DEVELOPMENT HISTORY

The first oil well in Washington County was drilled by the
Cudahy 0il Company in 1897 in what is now known as Jonnstone Park,
within the city limits of Bartlesville, Oklahomal/. After the
turn of the century, exploration became very active and resulted

in the discovery of many additional oil fields in Washington County.

1/ Carpenter, Everett, Geology of Washington County: Oklatoma
Geological Survey, Bulletin 40-V, p. 11, 1928,

7
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In 1906 an outstanding oil and gas field,wvhich was later to become
well known as the Hogshooter field, was discovered about 6 miles
southeast of Bartlesville along Hogshooter Creek.

The developed Hogshooter oil and gas area includes a narrow
strip, about 14 miles long from north to south, and from a fraction
of a mile to 5 miles wide. The oil-productive area, however, is con-
fined to the northern part of the field and covers approximately
6 miles along the north-south axis. The gas field proper bounds the
0il field on the east, and extends southward in a narrow belt beyond
the limits of the oil-productive area.

During the early period of field development, large oil and gas
wells were not uncommon. Some of the larger wells had an initial
production as high as 225 to 500 barrels of oil per day from the
Bartlesville sand, and the Burgess sand gas wells showed initial
open flow capacities of 5,000,00C to 30,000,000 cutic feet per day.
Gas Development

The Hogshooter gas field will be remembered as one of the most
important gas fields of its time, The gas was produced from the
Burgess sand found below the Bartlesville sand. Although the field
has been relegated to lesser prcminence ty subsequent larger
discoveries, the large gas productiorn led to the construction of
several sizeable gas lines from the field. Inasmuch as markets
for the gas were lacking when the field was opened, large quantities
of gas were wasted. During the early period of Hogshooter develop-
ment, the Oklahoma law prohitited exportation of gas from the state.

However, after 1909, when manufacturing enterprises entered the state

e
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and the laws governing gas transportation were revised, the market for
gas was expanded and many of the former wasteful vractices were cur-
tailed. In some instances, natural gas in Oklahoma as late as 1910
sold for as low as 1} to 2 cents per thousand cubic feet, although

the average price at this time was from é to 8 cents per thousand
cubic feet. Early development in the Hozsnooter field affords e
notable example of inefficient operation and unwise exploitation.

In 191C a large operator entered ‘the field and, after trunk
lines were constructed, the gas was transported as far as Kz, s
City and Joplin, Missouri and for use locally in Cklahoma in the
smelter industries of Bartlesville, '‘iami and Collinsville, and in
the cement industry of Dewey.

The availability of a large gas supply drew the attention of
many operators to the field, and the entrance of other companies
later led to the construction of three gas compressor stations
near the field. Gas was pumped out of the state in lines as large
as 18 inches., The gas supply was drawn upon very heavily and the
field was rapidly depleted because tne gas wells were produced
with no regard for their productive capacity or for reservoir
pressure decline,

Reservoir pressure of the Burgess sand was reported to be 55C
pounds per square inch in the winter of 1910, but was reduced to
355 pounds per square inch in culy 1911, and to 8C pounds per square
inch in December 1912. During July 1911, 158 wells produced an
average of 8,000,000 cubic feet of gas rer well ner day, with a

total daily output of 1,26%,000,000 cubic feet.2/

2/ Blatckley, R.S., Waste of 0il and Gas in the Mid-Continent Fields:
U. S. Bureau of Mines Tech. Paper 45, pp. 27-28, 1913.

9



g :

108484

Salt water was nct evident when the gas field was first opened.
' Bowever, when the reservoir pressure declined below 400 pounds per
square inch, the salt water invaded the Burgess sand wells in large
quantities. Continued heavy gas withdrawals and pressure decline
accelerated the water influx to such an extent that many wells were
drowned out by the year 1911. The water intrusion to other parts
of the field eventually water-tound the whole area. urthermore, the
rapid decline cf the gas wells and the invasion of the edge water
so limited the gas supply that the field ceased to te a factor
in the gas business. The gas supply eventually diminished to the
point where it hardly met the fuel requirement. of the leases.
during recent years new operators have entered the field by
acquiring a number of old leases, and have attempted to stimulate
0il production in the Bartlesville sand by gas repressuring. Gas
has been made available for the recert operations through success-
ful exploitation of gas reserves in the Tucker and "chat" formations.
The quantities of gas from the newly developed sources meet the
demands of the field operations and furrnish approximately 10,000,000
cubic feet per month to outside markets. Nevertheless, the present-
day gas reserve is considered to be very small.
Early Oklahoma oil fields were discovered and developed prior
to the employment of geologists by companies engaged in o0il explora-
tion work. The discovery of Hogshooter was no exception, and as a
result the field was developed without the intensive study and
compilation of pertinent development data that modern-day practice

considers essential.

10
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0il Development

The first oil wells in the Eogshooter field were drilled in
1906 to the Bartlesville sand, and three leases in secs € and 7,
T. 25N., R. 1UE., were partially developoed during the year. A
vigorous drilling campaign was carried on during the years 1907-10,
with the peak o0il production of over 2,025 barrels per day teing
reached in the year 191C. Production decline from the peak was
extremely rapid, and the field quickly reached a settled produc-

tion stage.
During the development stage and period of flush production,

same wells in the Bartlesville sand were trought in with productivity
rates ranging from 225 to 500 barrels per day, althiough the average
initial production for the field was probably no greater than 50 to

60 barrels per well per day.
During the aforementioncd period the price of o0il reached a low

of 36 cents per barrel in 1909; however, oil sold for less than 40
cents per btarrel as late as the year 1915. This low market price was
a factor in the classification of many low-initial wells as dry holes,
and the early abandonment of some producing wells during the period of
settled production. lMoreover, during this period it was not unusual
to classify wells that showed initial production of 5 barrels or less
per day as dry holes, and the wells were plugged and abandoned immedi-

ately.zl

Many of the Bartlesville sand wells were shot heavily and in
some cases the wells flewed naturally for a shcrt time after com-
pletion. The wells of low initial production required immediate
pump installation, and it is believed that the majority of the wells
were produced by pumping at about the time of completion of initial

3/ Personal communication.
11
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primary drilling early in 1913. During the period 1915-20, the

crude oil market was under a more favorable price structure, with
oil gradually increasing to a peak market price of $3.36 per barrel
in 1920. As a result, the field went through a period of late
primary development of field extension and drilling of inside loca-
tior;s on previously developed leases. >urthermore, because of the
higher crude oil price, vacuum plants were installed by 1915, and
gas was gathered for the gasoline plants under high vacuum. The
period of greatest secondary development occurred during the years
1918-22. The rapid production decline of the field was retarded
by the year 1917, but the major influencing factor was probably
new drilling ratner than applied vacuum or. the field. Vacuum has
had little effect at Hogshooter, and it is doubtful if the additional
0il recovery in many operations has been sufficient to pay out the
original investment in vacuum equip:nent.‘:/

In the early drilling of the Hogshooter field, little attention
was p..id to the shallower oil possibilities because of the greater
yield from the deeper sands. Although the major portion of the
production was taken from the lenticular Bartlesville sand in the
Cherokee shale, earIy records indicated a small Peru sand area to

e productive in the northern part of the field. Tre amount of oil

produced from the Peru sand is considered to be of a minor quantity.

In addition to the aforementioned productive horizons, a Burgess sand
well in the northern part of the field produced a very viscous oil for
a short time before abandomnenté/

Y4/ Lindsly, E. and Berwald, W. B., Effect of Vacuum on 0Oil Wells:
United States Bureau of Mines, Bull. 322, pp. 64-68, 1930.

5/ Personal communication
12
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During the early part of the 1930's, gas and air repressuring in
conjunction with continued vacuum operaticr was attempted in tne
Hogshooter field in order to stimulate production. Little effect
resulted from the early uncontrolled repressuring. However, the
initial repressuring attracted the attention of other operators,
and in 1935 a new operator in the field developed a more intensive
repressuring program on an assembled block of leases. The results
of the intensified repressuring were more satisfactory than those

obtained previously. The oil recovery to Jamuary 1, 194U, which can

be credited in the main to repressuring, approximates 420,000 barrels.

The peak repressuring effect for the field was reached in 1938 with

a total average production of 228 barrels per day for the year, from

which time the production has been declining steadily, Early in

19uL the field was producing approximately 140 barrels per day from

140 0il wells. In addition to effective gas-repressuring, one lease

in particular shows a marked stimulation of o0il recovery over a period

of years. This has been credited by the operator to the influence of

a natural ‘water-drive, caused by the infiltration of upper waters into

the Bartlesville sand through faulty casing in adjacent standing wells.8/
Many of t.hé oil wells in the field have teen plugged and abandoned

in a very haphazard manner, with little or no consideration given to

the aspect of secondary recovery operations. Inadequate abandonment

of wells after pulling the oil string was common in the early history

of the field. Later, more efficient plugging technique favored filling

the hole to the surface with mud-fluid.

6/ Pcrsonal communication,
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. present day plugging procedure in the field follows the conventional

practice of sealing the producing zone with mud, covering with o
cement plug, and filling the holc to the surface with mud fluid.
The importance of proper plugging technique was recognized by the
U. S. Geological Survey in early plugging operations. Since July
1925, the plugging of most wells on departmental leases has been
witnessed, and on all wells abandoned on restricted Indian leases
since December 5, 1941, the Geological Survey has required the use
of mud opposite the producing horizon, capring with a cement plug,
and filling the hole to the surface with mud.

As of Jamary 1, 1914, the Bartlesville sand in the Hogshooter
field has been credited with i total production of 7,566,000 bar-
rels of oil from 871 oil wells. Of this total oil production, 8U
percent, or 6,430,000 barrels, is attributable to primary produc-
tion. A small amount of oil, in addition to that produced from the
Bartlesville, has been recovered from tane Peru sand; however, the
total oil production from this sand is not a matter of record. The
Bartlesville sand productive area in the field comprises 5,610 acres
out of the 16,960 acres allotted to the field proper. Recovery from
the Bartlesville sand reservoir to date amounts to approximately
1,350 barrels per acre.

The life of Bartlesville sand wells during primary production
was exceedingly varied. Wells with low initial production and with

low o0il reccvery per acre show a primary productive life history of
6 to 12 years. Wells of much higher recovery show an 18-year pro-
ductive life, and the best producing wells in the field show a

productive history of 20 years or more.
14
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GEOLOGY

Bulletin 62 of the Oklahoma Geological Survey’/ was drawn
upon heavily for this brief geological resume, Part of the statement
pertaining to the subsurface is a result of well log study. In
addition, one set of cable tool samples from a well in sec. 33, T. 25N,,
R. 13E., was fomnd to bte sufficient confirmation as to the coarseness
of the Burgess sand grains and the cherty nature of tie top of the
YMississippi lime". Several of the logs for wells in the Eogshooter
field, drilled after 1920, described the top of the lMississippian as
the "™ississippi chat," and this appears to be accurate. The
character of the Burgess sand in the well mentioned above is typical
.for the Burgess of northeast (Oklahoma.
Surface Stratigraphy

The surface rocks consist of the Nellie Bly sandstones and
shales, the Hogshooter 1imcstone, and the Coffeyville sandstones
and shales, all of which are in the Skiatook group of the Missouri
subseries of the Pennsylvanian series. There are also a few samll
outliers of the Dewey limestone (Skiatook group) west of Hogshooter
Creek. In the southern part of the oil field the Pennsylvanian
rocks are concealed by the alluvium of the Caney River flood-plain.

No mapping data were collected in the field except tae well
elevations, which were used for the north-south cross-section (see

pl. 4).

7/ Oakes, M. C., Geology and Minoral Resources of Wasihington County,
Oklahoma; Oklahoma Geological Survey, Sull. 62, 1540,

15
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Subgurface Stratigraphy

Pre-Cambrian System

0akes§/ lists four wells in Washington County, Oklahoma, that
were drilled to the Spavinaw granite of pre-Cambrian age.

None of the Hogshooter wells were deep enough to reach the pre-
Cambrian. The top of the granite was logged at a depth of 2,335 feet
in a well 3 miles west of the field, in sec. 10, T. 25N., R. 13E.
Another granite well is on the Bartlesville anticline in sec. 17, T.
26N., R, 13E., The granite, found in this well at a depth of 1,805
feet, is considered to be equivelent to the pre-Cambrian granite
that is exposed at Spavinaw, Oklehoma,

Ordovician System
Artuckle Limestone

In this regsion the Arbuckle lime is reported to range in thick-
ness from 100 to 700 feet. These beds are not mentioned in the
Hogshooter logs that were examinsd. The cherty lime (dolomite), in
the two wells mentioned above, was reported at depths of 1,620 and
1,760 feet, respectively, with water reported in the latter well in
sec. 17, T. 26KN., R, 135,

A well in sec. 36, T. 26N., R. 1UE,, a few miles east of the
Hogshooter field, reached the Arbuckle at a depth of 1,760 feet. The
well produces 2,200 barrels of water per day from the Arbuckle limestone.

The Arbuckle limestone is overlain, unconformably, bty the

Chattanooga shale, or by the Mississippi limestone.

8/ Op. cit., p. 93.

16
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Carboniferous System
Mississippian Series
Chattanooga Shale

The Chattanooga shale, locally reported absent, ranges in
thickness from 20 feet teo the vanishing point. This black
carbonaceous shiale was penctrated by a few wells in this regione In
sece 17, T. 251l., R. 14E., a thickness of €1 feet was reported at a
denth of 1,583 feet. In the Arbuckle well in sec. 36, T. 26ile, Re

1/E., a thickness of 70 feet vas lozrzed at a depth of 1,537 fecet,

"ilississippi Lime"

In many localities, the "4ississipri lime" is referred to as
the "lississippi chat" owing to the pronounced cherty nature commonly
found in the upper beds. These beds, “d.th local unconformity, over-
lie the Chattanoccga shale, and they unconfcrmadly overlie the Arbuckle
limestone where the Chattanocoga shale is absent. In this district
the "Mississippi lime" ranges in thickness from 225 to 300 feet.

A few wells in the Hogshooter field are now producing gas from
the "chat" zone, and appreciabie amounts of water are often found in
this formation.

The w21l tc the east of the field in sec. 36, T. 26N., R, 1ZE.,
reported the top of the "chat" at 1,250 feet; in sec. 17, T. 25il.,

Re 14E., 1,300 feet; in sec. 31, T. 26ii., R. 14E., 1,395 feet; in

sece 1, T. 25N., R. 13E., 1,390 feet; in sec. 2, T. 25N., R. 13E.,
1,363 feet, and in sec. 21, T. 25N., Re 14E., the top of phe "chat"
vas found at 1,255 feet. The last well showed 275 feet of Miississippi

lime," and 63 feet of Chattanooga shale,

L7
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Pennsylvanian Serics

The Cherokee, essentially a dark and light shale, 400 to A0C
feet in thickness, unconformably overlies the "HMississippi liie."
The Cherokee contains a few thin limestone members (mappable) and
several lenticular sandstones.

A coarse-grained permeable gas=bearing sand called the Burgess
is found locally, and usually in direct contact with the "iississippi
lime." Wells drilled to the Burgess sand have freguently filled
with water, and this water may prove to be of real value for water-
flooding use.

The Tucker sand, found above the Burgess and below the Bartles-
ville, is now producing a small quantity of gas in the Hogshooter
field; however, it has never been an important gas-producing zone in
the fielc.

The Bartlesville sand body is continuous over the field. The
majcr part of the oil was produced from this sand, which, in north-
east Oklahoma usually carries oil. The Bartlesville sand, nowever,
does not always make a producing oil well, because of unfavorable
sand conditions.

The Prue sand is a lenticular sand abeve the Bartlesville sand
and a short distance below the Ft. Scott limestone. The records of
wells in the Hogshooter field dc not shey 0il procducticn from the
Prue.

liany logs show a thin limestone, the Verdigris member of tihe

Cheroiiee, just below the Prue sand.

18
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Ft. Scott Limestone (Oswego)

The “Oswego iime" conformably overlies the Cherokee shale, and
jts thickness in the Hogshooter field ranges from 75 to 125 feet, with
about a 10-foot shale break near tne middle of the formaticn. This
white, crystalline, and fcssiliferous limestone is cne of the main
markers over large areas in Oklahoma. A small amount of vater and

gas is reportec at many places in this formation.

Labette Shale
Above anc¢ conformable with the Ft. Scott limestone is found
150 to 180 feet of clay shales and dark siliceous shales, known as
the Labette shale. The Peru sand, which has produced some oil in
the Hogshooter field, often occurs in this shale, usually in the

lower parte

Pawnee Limestone
The Pavmee limestone, 3C to 55 feet in thickness, conformably
overlies the Labette shale, Ilany logs show a small shale break in

the lower part of the Pawnee, Fossils are common in this formation.

Bandera Shale
The Bandera is a dark gray shale that conformably cverlies the

Pawnee limestone,

Altament Limestone
Conformably overlying the Bandera shale is found the lijht eray
Altamont limestone with a thickness ranging from 30 to 50 feet. Fossils
are common in this limestonee The last three members, the Fawnec, the
Bandera, ané thc Altamont, together are called the "Bie Lime" by the

drillerse.
19
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Nowata Shale

The Nowata shale consists of a dark gray dense siliceous shale
conformably overlying the Altamont limestone. Ti:is shale, loally
100 tc 200 feet in thickness, carries a lenticul.r sand body called
the Wayside sand. The records of 'vells in the Hogshooter field d

not show o0il production from the Wayside sand.

Lenapah Limestone
The Lenapah limestone rests conformably upon the Nowata shale,
Its thickness does not exceed 20 feet and some logs fail to record
it.
The Lenapah is usually overlain, unconformably, by the Seminole

formation of the Missouri subseries.

Structural Features

Certain structural features of the Hogzshooter field, as shown
by Oakes?_/. are presented on plate 3, which also siows the line of
the north-south cross-section.

A north to sauth cross-section, based on drillers' logs, is pre-
sented on plate U,

The Hogshooter field, as mentioned previously in this report,
is a small part of a monocline with beds dipning westward about 30
feet per mile. This monocline is broken by mild structural features
which are discussed vy Oakesl_o/. The 0il production of the Hogshooter

field apparently bears no relation to these structural features.

9/ Op. cit., p. 99.
10/ ldem., pp. 98-103.
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As shown by the Bartlesville sand isopaci map (pl. 5), the
producing sand is more or less lenticular, ard nroduction is found
that is not associated with structural control. Attention is
called to the axis of the small syncline (pl. 3) that trends soutl-
east from the center of sec. 36, T. 26., R. 13E., through sec. 6
and the SW§ sec. 5, T. 25N., R. 14E, The syncline passes through
one of the better productive sections of the field,

The line of the finld cross-section, plate 4, closely parallels
the strike of the surface beds and the cross-section reflects the
attitude of the formations. The anticlinal folding in the southern
part of the field is well represented by the peak position of the
"Oswego lime" in well No. 16, which is located one-half mile south
of the axis of the fold.

In the central part of the field the elevations of the forma=—
tions suggest the presence of a syncline between wells Nos. 5 to 10,
inclusive.

Well No. 17 is about halfway between the axis of the anticline
that trends southeast from the SwWi sec. 2, 7. 25N., R. 13E.,
through sec. 18, T. 25N., R. 14E., and the axis of the Caney River
syncline to the south. The top of the "Oswego lime" in this well
appears consistent with these structural features.,

The relationship of the wells at the north end of the section
to the Bartlesville anticline to the rorth is not apparent.

The following two drillers' logs represent the deeper wells
of the Hogshooter field,
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Well No. 1
wF sec. 17, T. 25K., R. 14E.; completed 1-7=-21; dry hole
Top Bottom

Soil 0 3
Shale 3 43
Sand, water 43 63
Shzle, dark 63 73
Sand, water 73 83
Shale, light 83 390
Lime (Big lire) 390 420
Shale, dark 420 436
Live, (Big lime) 436 435
Shale, sandy 485 505
Shale, light 505 625
Line (Oswego) 625 713
Shale 713 745
Sand (Squirrel) 745 770
Lime 770 778
Shale, dark 778 900
Sand, vhite 900 918
Shale, white 918 920
Sand 930 952
Shale, white 950 1,044
Sand (Bartlesville) 1,044 1,069
Shale, dark 1,069 1,110
Lime 1,110 1,115
Shale, dark 1,115 1,200
Lime 1,200 1,210
Lime 1,210 1,220
Sand (Burgess) 1,220 1,285 Hole full of vater
Shale 1,285 1,290
Sand 1,290 1,295
Chat (Mississippi) 1,295 1,505
Lime 1,505 1,533
Shell, hard 1,583 1,590
Shale, black

(Chattanooga) 1,590 1,644
Shell, hard 1,644 1,646
Sand, water 1,646 1,651 TD

22
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S sec. 1, T.

Clay

Sand

Sncle

Lice

Shale

Iime, broken
Shale

Shale, sandy
Shale, white
Shale, cdark
Shale, light
Shale

Lime, sandy
Shale’

Shale, light
Lime (Big lime)
Shale, black
Line (Big lime)
Shale, white
Lime (Oswego)
Shale, black
Line (Oswego)
Shale, sandy
Sznd (Squirrel)
Shale

Shale, light
Sand, vhite
Shale

Shale, dark
Shale, vhite
Shale, aark
Shale

Sand (B'ville)

Shaie
Sand (Burgess)
Chat (liss.)

liell MNo.

108484

e
~

<5N., R. 13E,, completed 8-19=-37; gas 1500 lle;
Rock pressure 550 lb.

Top

0

6

10

€5

75
320
330
340
355
361
375
415
438
458
475
533
606
609
616
758
779
736
831
870
951
1,008
1,046
1,059
1,092
1,107
1,136
1,144
1,180

1,203
1,383
1,390

23

Bottom
6
10
65
75
320
330
340
355 show gas
361
375
415
4338
458
475
533
506
609
616
758
779
786
831
870
915
1,008
1,046
1,050
1,092
1,127
1,130
1,144
1,180
1,203 (Shot with 30 qts.,
Production 3/4 oble 0il)
1,383
1,390 dry
1,400 7D
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OIL PRODUCTION DATA

Since the date of discovery in 1906, to Jamary 1, 1944, the
Bartlesville sand of the Hogshooter field has produced an estimated
volume of 7,566,000 barrels of oil. Of the 871 productive oil wells,
there were available approximately 250 initial production figures
with completion dates which are shovn on the initial production map
(pl. 6). Table 1 shows the average initial oil production per well
per day by years for the field as a whole. The three test produc-
tive areas, in terms of total oil recovery per acre, are shown by
plate 7. The average well initials in barrels per well per day for
the first 6 years were: 45 for the field as a whole, 54 for area 1,

32 for area 2, and 41 for area 3.
The available initial production data indicate that between

1914 and 1920 the average initial production declined to approxi-
mately 15 barrels per well per day. From the beginning of 1920
through 1922 the average initial production for the field increased
to approximately Ll barrels per well per day, probatly as a result
of field extension in areas showing good reservoir conditions. In
connection with this it is interesting to note that the price of oil
began to increase gradually in 1915, and during 1920 reached a peak
of #3.36 per barrel. During the period of 1918 tarough 1922, there
was considerable drilling and development, opening new extensions to
the field in the northeast, west, and south.

As mentioned in the introduction, complete production records
were not available. In compiling production data for this re-
port, it was estimated that 7,566,0C0 tarrels of Bartlesville sand
0il has been produced tc January 1, 19:k, Of this amount, 73.1 percent,

2u
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Average per well per day in barrels

Field

48
80
42
8
32
38
17
30
10

2
15
15
14
25
49
50

8
10

9

3

2

15
12

Tablc 1,

Initial Oil Production Data

Area 1

70
96
46
4o
29
40
15

25

15

wi
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or 5,529,000 barrels, was actual production data obtained from
records, whereas 2,036,000 barrels was estimated by the use of
production decline curves,

Table 2 and plate 8 show the Bartlesville sand production
history of 105 leases in the Hogsho.ter field corprising apnroxi-
mately 4700 acres, or 8+ per cent of the productive ares of the
field from the date of field discovery tirough 1943, The oil data
shown totalling 6,455,000 barrels represent 85 per cent of the total
estimated field production to January 1, 1944, Certain of these
leases have had good oil recovery; otaers relatively poor recovery,
and the remaining leases cover the range between the two extremes,

An examiration of these data shows three distinct periods in
the production history of the field, The first 12 years represent
the period of development and normal decline, These yearly production
figures plotted on logarithmic paper conform very definitely to a
straight line, which is characteristic of normal decline in a gas—
expansion type reservoir, producing at maximum capacity at all times
with no effort toward controlled withdrawal, This straight line has
been extrapolated to determine the estimated yearly production if the
normal decline had been allowed to continue, EHowever, as the production
data show, the normal decline was interrupted, and the second period
(1917-1931) of 14 years' duration represents for the rost part secondary
end late primary development, It is thought that the spplication of
vacuum has not noticeably affected the total oil recovery., The third
period, or last 12 years (1931-19%43), shows a gradual increase in

production, which reached a peak in 1938, and thereafter began to

decline. This increase may be attributed to sevcral factors. In some
26
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Table 2.
: Bartlesville sand oil procuctiorn of the Hogshooter field
B (85% of total Bartlesville sand production from 105 leases only)

Net gain
actual prod.
Actual Estimated over
Actual cumlative Yearly % Cumulative normal estimated
0il prod. 0il prod. recovery % recovery decline normal prod.

R i
A R ittt o E0 b
pnicliBate i L F L

}. bol. M. obl. of total of total M. DDLl, M. bbl.
15 15 0.2 0.2
. 07 206 221 3.2 3.4
E: 08 524 745 8.1 11.5
679 1,424 10.5 22.0 R CRY
¢ 10 739 2,163 11.b 33.0 e,
‘11 625 2,788 9.7 L3,1 ;> \
E 12 549 3,337 8.5 51.6 \_ K
& 13 L59 3,796 7.1 58.7
F 14 29C L, 085 4,5 63.2 “BR:“_“.Y/
£ 15 211 L 297 3.3 66.5
¢ 16 161 L L58 2.5 62.0
£ 17 131 L 5589 2.0 71.0
18 130 L, 719 2.0 73.0 110 20
115 L,953 1.8 76.6 74 Ll
i 112 5,065 1.7 78.3 65 L7
g 123 5,188 1.9 8C.2 57 66
5 102 5,290 1.6 81.8 50 52
yoo2u 79 5,369 1.2 83.0 L5 3H
i 25 75 5, Lk 1.2 8k.2 Lo 35
i 26 66 5,510 1.C 85.2 36 30
o 59 5,569 0.9 86.1 33 26
- 57 5,626 0.9 87.0 30 27
P29 51 5,677 c.8 87.8 28 23
30 L6 5,723 0.7 88.5 25 21
31 39 5,762 0.6 39.1 23 16
32 Lo 5,802 0.6 89.7 22 18
33 Lo 5,842 0.6 9C.4 20 20
3 ul 5,833 0.6 91.0 19 22
35 Lg 5,931 0.7 91.7 18 30
36 52 5,983 0.8 92.5 17 35
37 €0 6,043 0.9 93.5 16 L
38 83 6,126 1.3 9k.8 15 68
39 82 6,208 1.3 96.0 1 68
Lo 79 6,287 1.2 97.2 13 66
L] 66 6,353 1.0 98,3 13 53
L2 61 6,414 0.9 99.2 12 L9
L3 51 6,465 0.8 100.0 11 L0
TOTAL 6,465 982

M. represents thousands of barrels.

27
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instances new inside locations have been drilled, old plugged=out
areas have been redrilled, remedial vork has been dcne on olc welils,
and some gas repressuring has been undertaken on a few propertiese
A quantitative analysis of the net increase during the last 26
years from the varying methcds for stimmlating production is shovm

in the accompanying tabulation, and may be summarized as follows:

Total production (actual) 6,465,300 bbl.
Less: Total preduction (estimated,

if ncrmal decline had continued) 5,483,000 bbl.,
Net increase 982,000 bbl.
Percent inciease (982,000/5,483,000) 18

Of this net increase of 982,000 barrels, it is estimated that
562,000 barrels was due principally to late primary development,
and application of vacuum, and 420,000 barrels to minor secondary
development, reworking of old wells, and gas repressuring.

ivio interesting facts are siiowvn by these data. The first, that
more than two-thirds of the total prodiction of these properties was
procuced in less tnan one-third of the total life of the field. The
second, that during the last 62 percent of the life of the field,
the net increase by 2ll applied methods, for stimulating and
increasing production, and by developrnent of new propertics, re-
sulted in a total increase in recovery of only 18 percent ov2>r and
above that which would have been obtained if the normnl decline of
the older leases had been allowed te take its course.

Table 3 shows oil production, acreage, and well data by quarter

sections. Table 4 shows a recapitulation of data from table 3 for the

28



OIL PRODUCTION AND OiL RESERVE DATA
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110 16 6.9 133,000 | 1,209 | 55 8,313 22 12,0 | 20,481 2,252,9 | 12,166 | %53,9 1,40.5 | 5.9 3.8 1,207.5 10,977 | 3.6
weg 95 | 12 7.8 127,460 | 1,346 | < 1,656 25 11.9 | 23,080 2,192.6 | 13,733 | 549.3 1,304.6° | 5.8 9.8 1,17€.7 12,%7 | 3.7
20 - 26N - 14K
NE} 19 1 10.0 700 20 3 700 22 6.0| 10,2 102.4 | 6,09 | 277.0 60.9 | 0.7 161 0.2 6,024 | se.8
st 25 3 8.3 553 22 1 184 19 6.0 | 8,844 221, | 5,263 | 277.0 131.6 | 0.3 0.4 131.0 5,241 59,2
<% 10 1 10.0 2,50 | 250 |15 2,500 17 7.4| 9,760 97.6 | 5,807 | 341.6 8.1 2.6 ..z 5.6 5,257 | £7.0
N °
21 - 268 - 148
w °
:g (4]
SF, 30 2 15.0 2,900 97 s 1,450 20 5.7 | 8,844 235.3 | 5,268 | 263.1 1579 | 1.1 1.8 155.0 5,165 | £8.4
e 0 s 8.0 3,430 86 . 686 22 s.7| 9,729 s89.2 | s,788 | 2632 | 2315 | 0.9 1.8 223.1 5,708 | 3.5
23 - 26N - IE ’
NE3 0
= :
= ¢
g €s 9 7.2 58,357 | 1,513 | 72 10,929 2- 15.1 | 24,601 1,599.1 | 14,637 697.0 951.4 | 6.2 | 10.3 853.0 | 13,124 | S53.3
| 29 - 26N - 24E
Nz 105 | 2 5.7 93,194 | 807 14 4,438 20 10.2 | 15,826 1,661.7 | 9,416 | 470.8 988.7 | 8.5 9.1 695.5 8,529 | a3.
5E3 10 2 5.0 3,559 | 356 | 16 1,700 22 6.7 | 11,438 é.4 | 6,855 | 300.3 63.1 3.1 5.2 64.5 6,449 | S6.4
o £ 4 7.8 13,95 | 485 | 24 3,488 19 9.0 | 13,268 398.0 | 7,892 | 415.4 236.8 | 3.8 5.9 2229 7.428 | 56.0
g 2 12 5.8 3,210 | 446 | 19 2,601 23 7.9 | 14,09 956.7 | 8, 3¢4.7 s87.2 | 3.2 5.3 £55.0 7,942 | %6.3
: |
: 5 1 14.0 74,957 { 1,070 | 38 14,991 28 11.8 | 25,632 1,7%3.2 | 15,252 | 544.7 | 1,087.6 4.2 2.0 $92,6 14,182 | 852
o33 15 6.9 284,497 | z,276 | 95 15,208 2 17.0 | 31,653 3,956.6 | 13,833 | 7e4.9 2,35.1 | 2.2 | 12. 2,069.6 16,557 52.3
o 25 6.0 163,47 | 1,184 | 46 7,339 26 10.8 | 21,179 3,282.7 | 12,602 | 484.7 | 1,983.3 | 5.6 9.4 1,769.8 | 11,418 | 3.3
i 17 5.8 85,030 | 594 22 l 5,037 27 8.2 | 17,286 2,607.9 | 10,544 | 383.1 1,551.6 | 3.4 5.7 1,462.6 9,7% | %6.1
| 31 - 268 = » l
! vz} 15 7.7 150,404 | 1,725 | 75 3,222 23 16.5 | 29,442 3,205.8 | 17,%7 | 761.6 2,014.5 | 5.9 9.8 1,81C.1 15,792 2.6
! s 16 | 7.8 203,167 | 2,308 | 9z 16,010 23 17.2 | 33,289 4,109.5 | 19,850 | 794.0 2,481.3 | ¢.9 | 1.6 2,193.1 17,548 | %5
; ol 22 | e 322,392 | 2,470 |:01 15,154 23 16.6 | 29,620 3,998,7 | 17,604 | 766.3 2,379.4 | 8.3 | 14.0 2,046.0 | 15,185 | t1.?
i o : | 9.‘6 14,344 | 918 ' 38 8,796 2 1.5 | 21,42 2,676.5 | 12,729 | 530.8 1,592.4 | 43 | 2.2 1,476.1 | 11,824 | t5.7
o
30 5 6.0 42,920 | 1,431 | 62 8,586 23 12.5 ' 22,304 869.1 | 13,271 | 577.0 398.1 | €.4 10.8 355.2 | 11,840 21
0
10 1 10.9 3,6% . 365 | 18 3,650 20 6.2 | 12,723 2.2 | 7,570 | 2938 78,7 2.9 4.8 72,2 7,805 | 5.7
L
1
| s |
& 3 6.7 37,279 | 623 | 31 | 4,15 20 10.0 | 15,516 93:.0 | 9,202 | 46L.6 | 553.9 | 4.0 6.7 516.5 8,609 | 55.5
1% | 20 6.5 191,030 | 1,469 | 64 9,352 23 13.¢ | 23,510 3,08, | 14,226 | €18.5 i 1,849.4 | 6.1 10.3 1,658.4 | 12,757 | S3.¢
°
I 1
TABLE 3 - CONTINUED
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Teras |Torac | Weew | Jorar O Recovery 70 /-1-44 Sa KEsRv0nR Hord SFACE | "6 Srannacn Conprrions O RECoverRy |05 or Jo1-d @ 5 < mprrmns
SeciTon-fse [FOCCT| Fro- |Densrrr- DAND T rrcEwy VERCIAT OF - ZEACENT
CIWERCE e pyews| acees | ToTar  |Bae. per | Boc rer|Ba. peR \TCKUESS | FoiosiTY| Bec. rer | ToraL B6L. | B6:. PR | E8L. Per \Torae Bor. | op f;o:ﬁ’%’ Torat 8ae. | Bot. PR Sac;l;;vrr;;w
* . 4
Ackes \Weiis \rew weet| BapeeLs | Aeee | Aeofr | Weer | (FEcT) |acen) Acer  fw nossawes)| Aces | Acke-foor | raossanes)| Ceeort®| G o Sro. W Thevsang)  Ackr  (Kestongoe
’ — £ 77004 7 £ BE05 Comerons >
4 - 25N = 148
e} 25 s 5.0 13,000 520 29 2,600 18 9.0 | 12,568 314.2 2,478 415.4 187.0 41 7.0 174.0 6,957 50,4
SE 0
“ens 10 2 5.0 2,000 200 10 2,000 20 s.2| 8,068 €0.7 4,800 240.0 48.0 2.5 4.2 45,0 4,600 £.0
:; €5 18 5.7 122,064 | 1,436 60 0,138 24 11.4 | 21,226 1,804.2 | 12,629 825.2 1,073.5 6.8 1.4 951.4 11,193 52,7
S - £ON - 148 | :
NEd 25 3 8.3 Q.02 sce ) 7,18 . ) 12.2 | 18,930 4733 | 11,264 263.2 281.6 4.6 2.7 250,90 10,400 54,9
o °
150 26 5.8 258,091 | 1,721 72 9,927 | 24 14.1 | 26,253 3,923,0 | 15,622 €50.9 2,343.3 6.6 1.0 2,085.2 13,901 £3.0
5 0 s 5.6 76,555 | 1,531 67 8,506 23 12.¢ | 22,126 1,106.3 | 13,165 572.4 6se.3 6.9 11.6 $81.7 11,634 52,6
6 = 25K = 14
NE} 120 20 6.5 261,065 | 2,008 84 13,653 | 24 15.5 | 28,860 3,751.8 | 17,172 | 715.5 2,232.¢ 7.0 n.? 1,971.3 15,164 | 52.8
gg 135 24 5.6 269,212 | 1,534 a3, 11,217 24 15.0 | 27,929 3,770.4 | 16,618 €32.4 2,243.4 | 7.1 12,0 1,974.2 14,624 £2.4
133 2 6.4 189,100 | 1,401 % | 9,008 28 11.9 | 23,080 3,115.8 | 13,788 | £49.3 1,854.0 | 6.1 1.2 | 1,664.9 12,332 53.4
g 180 24 6.3 522,676 | 3,438 128 21,778 2 19.0 | 41,273 6,191.0 | 24,556 877.0 3,683.4 | 8.6 14.2 | 3,160.,7 21,071 5.1
7 - 25¥ - 142
NER 108 19 5.5 13C,470 | 1,243 50 €,857 25 13.4 | 25,989 2,728.8 | 15,463 | 618.5 1,623.6 4.8 8.0 1,493.1 14,220 54,7
20 2 10.0 45,160 | 2,268 87 22,560 26 20.0 | 40,32 806.8 | 24,003 923.2 480.1 5.6 9.4 434.9 21,745 53.9
160 29 5.5 824,485 | 3,278 131 16,006 25 18.4 | 35,687 5,709.9 | 21,233 849.3 3,397.3 | 9.8 15.4 £,672.8 17,958 0.3
110 17 6.5 251,077 | 2,283 | ,100 14,769 23 16.0 | 28,549 3,140.4 | 16,988 | 733.6 1,868.9 8.0 12.¢ 1,617.6 14,708 8.8
8 - 25N - 14T 0 ‘
9 - 7SN - 143 ‘
5 20 3 6.7 | 4,000 200 10 1,333 2 6.2| 9,62 192.4 | 5,724 | 286.2 114.5 2.1 3.5 110.5 5,524 57.4
st «© € 6.7 | 1,216 290 13 1,869 21 7.1 | 11,557 462,7 6,882 ! 327.7 ‘275.3 | 2.4 41 264.1 6,602 57.1
s¥g ! 0
N [ 30 3 10.0 | 8,000 267 19 2,667 14 8.5 | 9,232 277.0 | 5,49¢ { 392.4 1648 | 2.9 4.9 156.8 5,227 56.6
i ‘ :
16 = 25N = M4E | | !
Nk 50 s 13.0 10,000 200 13 2,000 15 2.1 | 8,262 a3.1 4,96 | 329.7 245.9 2.4 4.1 235.8 4,716 £2.1
st 10 1 10,0 | 200 20 1 200 15 63| 7,221 73.3 4,362 | 290.8 .6 | 03 0.5 3.4 4,342 $9.2
S 0
w3 | ° ‘ ;
1 .
17 - 253 - 1KE f !
NEE 20 2 10.0 500 25 1 250 13 €3 7,331 146.6 4,362 £90.8 87.2 | 0.3 0.6 | 6.7 4,327 59,2
sk 10 1 10.0 250 25 1 250 15 6.3 | 7,331 3.3 6,362 | 290.8 43.6 | 0.3 0.6 43.4 4,337 £9.2
o3 10 1 10.0 250 28 1 250 15 6.3 | 7,33 73.3 | e,362 | £90.8 3.6 | 0.3 0.6 43.4 4,337 89.2
wg _ v - i 0
13 = 28§ = 14E
NER 25 6 4.2 64,697 | 2,588 l 13 10,783 23 16.8 | 29,977 749.4 | 17,838 i 775.5 5.9 | 8.6 14.9 81,2 15,248 0.9
ST g 0
s;; | 80 13 4.0 98,528 | 1,642 | 78 6,569 21 18.2 | 29,651 1,779.1 | 17,642 | 840.1 1,058.5 5.5 9.3 960.0 16,000 54.0
NWg I 37 2.8 340,928 | 2,435 | 1 9,214 21 16.0 | 25,068 3.649.5 | 15,511 | 736.6 2,171.5 9.3 15,7 1,830.6 13,076 0.2
)
FISELD TOTAL 5,610 |&n 6.44 | 7,565,720 i 1,349 , 56.8 8,636 £3.4 12.2 | 22,148 |123,818.4 | 13,132 | 560.5 73,669.2 6.1 10.3 | 66,065.8 11,776 < | 53.4
l ‘ i "
. | !

TABLE 3 - CONTINUED
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Table 4.

0il Procducticn and Cil Reserve Daua

!
k

(Recapitulation of tatle 3)

Field total

Actual gross oil »rceduction, bbleeceecesoccccescscssce 35,529,229
Estimted gross oil prodvctiony; Bbleseccsercons senes 250365391
Total gross oll production; Bbleiessssssvsscocssssnsss 75305,7<0

Pcicent actual procuction obtained on basis of tctal. T3e1
Total productive acreBisssscsvissrsnsssnssssssssuasns 55510
Total prOductiVe WellS..-......-...-............-.... \71
01l teccvery per acré; bblicississssosssnsssssnssnnen 14349
01l recovery per acre foob, Bbleiscssssssscrnssvsnnnns 5648

Oil Pacovery per Wells; Bblesscosossvusssnspnvnsaonnns 8,586

Uell density, acres per well.cesceososcsccccscsscscss Gell
Average porosity,; percant.scsssssessunssssosscossnane 12,2
Sang¢ thickness, feebisssisvinssssnissseesneasesseis 236l
Total reserveir void space, bbleececccoescescecasees 123,818,400
Reservoir void space per acre, bbleccececcccccccscoas 22,148

Total criginal oil in place, Bblessssssessanssosvmnes 13y0089,200

izinel oil in place, bbl. per acrCecesccccseccccscss 135132
Original oil in place, bbl. per acre fo0t.eeeecesesse £60:5
Oil recovery, percent of reservoir vcidS.eeceececceces 6e1
0il recovery, percent of osiginal oil in placc....... 10.3

Total residual oil in reservoiry, Dbleecceccecescessss 6,065,500

Total residual oil in reservoir, bbl, per acre....... 13,776
Total residual cil, percent saturztio: of reservoir
VOidSooc-oouo--c---onoooo-.ooo--o.ooo.'-c-oo-nc.o.o 53.14»

I'C’E: Estimated original and residual oil reserves were correccied
to standard conditicns by using an estimated connate water
content of 30 percent and an estimited formation volume
factor of 1.18.
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:- field as a whole. Table 4 indicates that 871 Bartlesville sand
wells have produced, to January i, 10.4, a total of 7,566,000 barrels
of oil from approximately 5,610 oroductive acres. This amount
represents a total oil recovery of 1,350 barrels per acre, 57 barrcls
per acre foot, and 8,700 barrels per ell, with an average -icll
density of 6} acres per well.

Plate 7 is an o0il production map of the Bartlesville sand shove
ing total oil recovery per acre from {ive areas to January 1, 1944.
The recovery from area 1 has been 3,000 or nore barrels of oil per
acre; area <, 2,000 to 3,000 barrels per acre; area 3, 1,000 to
2,000 barrels per acre; area 4, 500 to 1,000 barrels per acre, and
area 5, less than 500 barrels per acre. Area 6 may have possibilities
of being prodactive, whereas area 7 is dry or unknown.

Table 5 shows that a total of 1,414,000 barrels of oil has been
produced from 76 wells on 400 acres comprising area 1. This amounts
to a total average oil recovery of 35534 berrels per acre, 1306
barrels per acre foot and 18,601 barrels per well, with an average
well density of 5.3 acres per well. Tie recover; from area 2 has
been 2,402,000 barrels of oil from 1,00C acres and 140 wells., This
arnounts to an average oil recovery of 2,402 barrels per acre, 93
barrels per acre foot, and 17,157 barrels per well, with an average
well density of 7.1 acres per well.

The recovery from area 3 has been 2,579,400 barrels of oil from
1,775 acres and 283 wells. This amounts to an average recovery of
1,453 barrels per acre, 62 barrels rer acre foot, ana 9,114 barrels

per well, vith an average ‘ell density of 6.3 acres per welle

33



TR kel il
0il Production - 011 Re

Area 1  Area 2  Area 3
Grose oil production, Bbl....cccssssconssnsnses . 1,413,671 2,402,035 2,579,377
Total Productive BCTE8....crvuss snnasnss sasss won Loo 1,000 1,775
Potal productive WB11IS. coseisssssssassininess : 76 140 283
Ol recovery, Bbl. PP GCP8 .o« sssevosnusnives 3,53u 2,402 1,453
Qil recovery, bbl. per acre foote: . csssvnvsinae 135.9 98 .L 61.6
0il recovery, bbl. per welle..s cosvoncssnscenas 18,601 T'7,157 9,11k
jell dengity, acTes per Wellecs ssssnsvsnsrasin 543 7.1 643
Average porosity, ~ercent (Zstimated).......... 18 17 13.1
Sand thicknes;, feete. vt 26 PR 23.6
Total reservoir void space, bble.......c...... 14,522,500 32,180,00C 42,573,375
Reservoir void space, bul. rer acre............ 36,307 32,180 23,985
Total orig.nal 6il in place, Bhl...ccssviwsnnas 8,641,200 19,147,000 25,331,025
Origiral oil in place; bol. PBF AETE. cesssasnos 21,603 19, 147 14,271
Original oil in place, bbl. rer acre foot...... 830.9 784.7 6CH .7
Oil recr -ery, percent of reservoir voids....... 9.7 7.5 6.l
0il recovery, percent of original oil in place. 16,4 12.5 10.2
Resitnal réseivoir ol Bbles. .ccosvssvussinas . 7.227,600 16,745,000 22,751,950 4
Residual reservoir oil, bbl. per acre.......... 18,069 16,745 12,518 ‘§

Residual o0il saturation, percent of reservoir voids 50 52 53.4
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At the beginning of 1944, 140 wells wvere oroducing approximately
140 barrels of oil per day. Bartlesville sand water production was
negligible and water produced from other zones owing to casing leaks

amounted to about 20 percent of the total oil and water produced.

RESERVOIR CHARACTERISTICS AND 3EHAVICR

Pressure-Vrlume Relations

The Hogshcooter field, discovered in 1906, reached its peak pro-
duction of approximztely 740,000 barrels per year in 1910, and by
the year 1915 had declined 73 percent from the peak. Although
there are no bottom hole pressure records for this field, it is
estimated that the original Bartlesville sand reservoir pressure
was approximately 500 pounds per square inch, which is normal for the
average depth of the producing formation. An examination of the
average production rate of decline curves (pl. 2), discloses that
the bottom hole pressure declined repidly, owing to unrestricted with—
drawals. Decline characteristics as shown by plate 9 are typical
of upen flow operations in a gas-expansion type reservoir.

Gas-0il ratio reccrés are unavailable. In order to give some
general idea as to the early Bartlesville sand gas nroduction,
several operators of early developed oil properties and gasoline
plants were interviewed. On the basis of the information obtained,
it is telieved that gas-oil ratios, during the early or flush pro-
duction life of the field, were about 1,000 cubic feet per barrel
of o0il produced. However, it is estimated that the original gas in

solution was 300 to 4OC cubic feet per tarrel, with the remaining

35
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produced gas caning from a free gas cap, trhe volume of whick is unknown,
In the past five years, a few new o0il wells drilled on inside locations
have produced small volumes of gas from the Bartlecville sand.

Procuction Rate of Decline

The following curves, plate 9, figures 1 and 2, represent the
average rate of decline of the field. . Data for the curves were ob-
tained by selecting twenty-four leases considered to be representative
of the field. Total recoveries range from tne test to the poorest,
and include leases wnhose date of first production was anywhere bet-een
1907 and 1918. The points were obtained by taking the arithmetical
sum of the first year's production of each lease, and similarly with
the second year's production and € . subsequent year. This type of
cirve does not show the actual production for any particular calendar
year, but it does show the average rate of production decline
for the mumber of years after the date of cevelopment.

These curves snow quite clearly the net effect of the application
of vacuum, of gas-repressuring, of comparatively recent re-drilling of
old plugged~out areas, and of remedial work done on old wells. The
shaded area was found to represent 8.¢ percent of the total recovery
of the leases to date. Owing to the nature of the data used, it is
not possible to allocate the net gain over the normzal decline to tre
different methods utilized for stimulating production. It is quite
evident that thisgain in production is small considering the magni-
tude of the operations and the expense involved.

The individual lease productiorn decline curves, which were pre-
pared for essentially all leases in the field, siow no great divergence

from the average curve as to the rate of decline experienced during the
36
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PRODUCT'ON RATE OF DECLINE CURVES

HOGSKHOOTER FIELD
WASHIN3TON CONNTY, OKLAMOMA
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early life of the properties. Individual curves for eight leases are
included herewith (pls. 10, 11, 12, and 13) as representative of the
different production procedures followed in the field and the production
obtained.

leases 1 and 2 (pl. 10) illustrate the result of unrestricted
production and rormal decline, with no attemnt to ircrease vroduc-
tion through secondary methods. The well densities were comparabvle,
and the difference in recovery-per-acre may te attributed only to
variations in sand conditions and thickness.

leases 3 (pi. 11), 5 (pl. 12), and 8 (pl. 13) show the effect
of vacuum application, and of subsequent gas-repressuring and well
remedial wark. Although the net garin has not beer exceptionally high
on these leases, the extrapolated normal decline indicates that the
leases would have been pluggsed and abandoned eight to ten years ago had
it not been far the anplication of such methods.

Leases 4 (pl. 11) and 7 (pl. 13) are oresented as examples of
leases that have been completely plugged and later re-drilled. The
resulting production is not vhat might have been anticipated, as the
new wells on lease 7 are better located witnn respect to the old wells
than are those on lease 4, and gas is being injected into the
Bartlesville sand on lease 7. The great difierence in production may
again be attributed only tc the particular sand conditions under each
property.

lease 6 (pl. 12) snows an increase in »roductio:: of 61 percent
over that from the estimated normal decline. All evidence indicates
that this lease had been subjected to an accidental water-drive

by water infiltration into the Bartlesville sand tirough faulty
37
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casing in adjacent producing wells, and improperly plugged ‘ells on
adjoining properties.

Character of 0il.

The following is an analysis of o0il from the Bartiesville sand.

11
Analyses of Qil From Bartlesville Sand _ /

Location: T. 26N., R. 14E.
Specific Gravity 0.853
Sulfur, percent 0.24

Saybolt Universal Viscosity at 779F., = 62 S=zc.
at 10097, = 52 Sec.

Viscosity
Specific Saybolt
Percent Gravity %A P.T. Seconds
Light gasoline 1.9 C.832 73.6
Total gasoline and
naphtha 22.6 06755 55.9
Kerosene distillate 12.1 0,812 42.8
Gas oil 165 084/, 36.2
Non-viscous lubri-
cating distillate 11.3 0.861 - 0.822 32.8-28.9 50 - 10C
tledium lubricating
cdistillate 8 0.832 - 2.896 28.9-26.4 100 - 200
nesiduum 28.9 0,938 19.4
Distillation lost 0.6

BARTLESVILIE SAND BODY CO:{TITIONS

The depositional history of tiie sand bodies in the Cherckee
shale (Pennsylvanian series) has recently been studied in detail by
Ne Yood Bass}f/, and by others in the past. The purpose of tiis section

};/ Oakes, M.C., Geology and lineral Resources of liashington County,
Okla.: Oklahoma Geological Survey, Bull. 62, pp. 111-112, 19/0.

12/ Bass, N. Wood, Origin of the Shoestring Sands of Greenwood and

T Dputler Counties, Kansas. Bull. 23, State Geological Survey of
hansas, 1936.
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is to describe briefly the relation of oil, gas, and water ic the
Bartlesville sand in the Hogshooter ficld, and in particuls: to
describe indirect methods for detemining relative values o. uic
permeability-porosity features of this sand bodyv.

0il, Gas, and Water Relations

The greater part of this field is underlain %y the Bartlesville
sand vhich has a thickness cf about 23 fest, and is found a® & depth
of approximately 1,150 feet. Dry holec do not mean the abscnce of
oil ar the presence of water in the Bartlesville sand, but racher t.nat‘
the sand is too tight tc produce.

Approximately 875 drillers! logs vere examined, and not more than
a dozen of them showed the absence of the Bartlesville sand, These
logs shovied good correlation as to the position of the "Big Lime" and
the "Oswego Lime". Gas was reported frequently in the top of the oil
sand and a few logs showed the Bartlesville as a gas sand. This
matter of gas occurrence is taken into consideration elsevhore in this
report.

The Bartlesville sand of northeastern Oiklahoma does not have a
vater history, although most of the wells producing from th: Bartles=-
ville sand show some water. The general opinion is that this water,
vith a few exceptions, is caused by leaking strings of casing. Some
edge water is reported for the Delavare field extension cf the llowata
district. Relative to the Hogshooter field, a recent well drilled
close to an old well produced about % barrel of water per day from
the Bartlesville sand. In this case the water may very well be upper
water introduced into the Bartlesville sand from leaking casing in old

wells. In other areas in OGklahomn, edge water in the Bartlesville sand
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is not uncommon and in southeastern Gsage County the Bartlesville sand
makes ccnsiderable water. The following analyses show evidence of
diluted viater due to leaking casing.

Partial Water Analyses fron
Northeastern Oklahoma Bartlesville Leases

Humber of wells Total sclids 1/

Location (average) grams/liter
Sece 12, T. 25N., R. 16E. 14 5860

" 17 and 22, T. 24N., R. 17E, 72 23,0

L 18, T. 26N., R. 16éE. 2 5360

” " " " l 54.0

" " ” f 1 27.0

" " [ ] ] 1 33.0

" ] ] L] 1 31.0

" u’ T. 2“". I R. 1620 1 SLOO

" " " L] 1 23‘0

" " " » 1 11,0

L] n ] ”" 1 . 10.0

" " " " 1 14.0

" " " " 1 12,0

" 22’ To 24". ’ Ro 16E0 1 25.0

1/ Total solids expressed in round numbers.

The following are the analyses of two salt water samples collected
from Bartlesville leases in the Hogshooter field, March 27, 1944, and

analyzed by the U. S. Geological Survey laboratory at Casper, Uyoming.y

Sample L =

Location Sec. 13, T. 25He, e 13E. Sec. 12, To 25N., Re 13E.
Source Bartlesville sand Bartlesville sand
Depth 1,145 to 1,270 feet 1,145 to 1,175 feet

% RVZ jav4
Calcium (Ca) 5,860 7.28 5790 7.71
uagnesium (Mg) 1,790 3.67 1,460 2.73
Alkalis (Na) 36,058 39.05 39,992 39456
Chloride (Cl1) 71,000 49.86 77,500 4971
Sulfate (S0y) 97 0,94 159 0.07
Bicarbonate (HCO3) 230 0,09 585 0e22
Total solids 114,918 100% 126,189 1008

- per on

RVY - Reactive value (percent)
1/ Analyst: J. G. Crawford
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The attitude taken in this report is that thke physical
condition of the Bartlesville sand of the Hogshooter field should
be similar to the general condition of this sand body in northeastern
Oklahoma. Many conventional core analyses of zood pay sections in
this part of the state show interstitial (connate) water saturations
ranging between 30 and U0 percent of pore space. These water
@etermimations, hoever, are not corrected for drilling water.
Accordingly, 30 percent interstitial water saturation was selected
as a conservative figure for the Bartlesville sand of the Hogshooter
field.

Physical Conditions

The principal approach in this report is to ascertain the
conditions of the Bartlesville sand with the view of applying the
water-flood as a secondary recovery method. It is considered that
the two main controlling factors for a muccessful water-flood are
(1) sufficient oil reserve ver acre, with 30 percent or more pore
space saturation, and (2) the physical conditions of the sand body
with respect to the permeability and the uniformity of the pay
section. Both of these factors are considered to be of equal im-
portance.

Many Bartlesville sand core analyse~ are available for north-
eastern (klahome, but there are none available from the Hogshooter
field. A féw clean-out samples were collected wrich were analyzed
by the U. S. Geological Survey laboratory at Casper, Wyoming, and
these will be described at the close of this section. It is because
of the absence of adequate core analyses that the following described

L)
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hypothetical methods hive been used. Enginecrs who have used such
methods in other rields have found the results to be fairly satis-
factory when applied to lenticular sand reservoirs, particularly in
northeastern Oklahoma.

Obviously the behavior of a lease is an index of the permea~
bility and porosity features of the sand tody, and the problem pre-
sented was to find some feature or cambination of features that
could be used as an index for all the leases of the Hogshooter field,

Well-initials for many years have been of value in estimating
the relative permeabilities of oil sands. This information is of
particular value when distance between wells and campletion dates
are known. Although 250 well initials were availsble, these data
were not sufficiently spread to serve as a guide for the field.

It will be noted that the well initial map (pl. 6) is in agreement
with the sand body ccndition map (pl. 14}. Murthermore, a fair
relation exists between the isopach map (pl. 5) and the production

map (pl. 7).
Specific Indirect Metnods of Study
Factor A

The next feature examined was the total nroduction obtained
from the lease during the peak year, expressed as barrels per well
per foot of sand. This value, desigmated as "Factor A", is the
square root of the bbl. per well per foot for the peak production
year divided by 10. The factor is related tc permeability as it
embodies rate; however, the application of this factor was limited

as reliable data from less than 20 leases were available,
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Factor B

This item represents an attempt to place all the leases orn an
equitable basis by excluding secondary development, owing to either
the later drilling of new wells, or the application of vaccum, or
both. Thus the primary production for leases on which secondary
development was used was obtained by extrapolation of the decline
curve to the economic limit from the date of tihe beginning of the
secondary development. Xor some leases the nrimary production is
the same as the total production. This factor, on the basis of
primary production, is designated as bbl. per w:11 per foot of sand and
the actual number used is the square root of bbl, rer well per foot
divided by 10. "Factor B" is related to porosity to a greater
extent than it is related to permeability. Nevertheless, it was
found applicable to the field as a whole.
Factor C

Further, on the basis of primary produciion, an additional step
toward improving the equitability of lease comparisons was made by
calculating the primary precduction on the basis of constant well den—
sity. It has been found 13/ that for many sand bodies the total produc-
tion is a linear function of the reciprocal of the square root of the
well density (acres per well); i.e, bol. per acre-foot plotted
against the reciprocal of the square root of the well density. It is
real ized that broad application of this premise is questionable,
particularly for sand todies that lie several thousand feet in depth,
and snow high permeability and accompanying nigh formation pressure.
Engineers are familiar with other examples of reservoir conditions that

13/ Clark, Start K., Tomlinson, C. ¥%.,, and Royds, J. S., Well Spacing:
ML Awim Assno ktr(.l. Ge°l- v°lo 28. IIOO 2. B 23]" lguho
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bring into play structural attitudc. that do not agree :-ith this
premise. However, for lenticular type sand bhodies at shaliow
depths with weighted average permeabilities of less than 50
millidarcys and with formati.on pressures in the neigiborhood of
500 pounds, the relation of production (bbl. per acre-foot) to well
density, as mentioned above, appears rot only reasonable tut appli-
cable, and in this report is so used for tie Bartlesville sand in
the Hogshooter field. A constant well density of 5 acres per vell was
arbitrarily selected, and on the basis of nrimary nroduction, "Factor
C" is designated as bbl. per acre-foot, at a well density of 5. The
actual number used for this factar is the sguare root of tbl. per
acre~foot at a well density of 5 divided by 10. *Factor C" is
closely related to porosity and to some extent permeability. "Factor
C" values were calculated for all the leases on the basis of primery
production and tne producing acreage. The sand body condition map
(rl. 14) was constructed from "Factor C". |
Porosity Estimates.

Clean-out samples of the Bartlesville sand were collected from
3 wells in sec. 18, T. 25N., R. 14E.; 1 well ir sec. 12, T. 25N., R.
13E.; 1 well in sec. 7, T. 25N., R, 14E.; end 1 well in sec. 6, T.
254., R. 14E. Laboratory amlyses&/ of these samples considered to be
representative of the pay section disclosed porosity values ranging
from 15 to 22 percent; however, the samples were too small for
permeability determinations.

Inasmuch as the individual leases of the field were studied,
the arbitrary assignment of a single figure as an estimated porosity is

14/ U. S. Geological Survey Laboratory, Casper, Wyoming. J. G.
Crawford, analyst. i
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obviously approximate, For want of a better procedure the average
of the four highest "Factor C" values was taken as equivalent to

20 percent porosity, and the porosities were estimated as being
directly related to "Factor C", as found for the particular lease.

It will be observed that all production date in this report that
embody percent pore wolume are reasonaole, and furtier, the low
estimated porosities sppear consistent when it is considered that
those porosities imply a weighted average concept for the tight shaly
phases and the good part of the sand body, |

Teble 6, covering only a few leases, is offered to show the vary-
ing values of the total production (bbl, per acre) and the calculated
sand body condition "Pactor C,*

Figure 1, plate 15, shows the relation of "Factor A" to "Pactor C",
Only sbout 20 percent of "Factor A" data are considered to be reliable,
the rest are estimates, Although the points are scattered, some
relationship is shown,

Figure 2, plate 15, shows the relation tetween "Factor B" =nd
"Factor C", .

The send body condition map (pl., 14) shows the relative producing
characteristics of thc Bartlesville sand in the Hogshooter field by
areas, Arcas 1, 2, and 3, consisting of 6,783 acres, are oil
productive,

Arca 1 (1,393 acres) represents the area of the best sand body
conditions, whereas area 2 (2,248 acrcs) shows less favoreble sond
conditions. Aren 3 (3,142 acrcs) displays the shaly -rca of the sand
body, end srea 4 represents the dry-hole ond uninown area,
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Table 6,
Bortlesville d B Factors

Bbdl. per
. . acre ft.,
Lease Producing Gross prod,, Well density, Bbl, per at well Sond body

: No, _acresge Dbbl, per acre acres per well acre-ft, density 5 Factor C
Col.l 2 2

¢

% 3. s z
1 50 1,431 6,2 68,2 76,0 2,76
2 60 1,730 6,0 96,0 105,0 3,24
3 50 3,095 6,2 90,0 100,0 3,16
4 95 2,934 7,9 103,0 129,0 3,59
5 60 3,760 6,7 1%0,0 162,0 4,02
6 0 3,880 5,0 100,0 100,0 3,16
7 60 2,256 7.5 75,0 2,7 3,03
g8 70 3,780 5,8 106,0 114,0 3,37
9 80 2,890 4,7 100,0 97,0 3,11
10 2 2’590 m,O 5‘,6 109,0 3’31
1 Lo 2,270 10,0 91,0 128,0 3,58
12 120, 1,605 10,9 38,1 56,0 2,37
13 70 1,070 14,0 3,6 53,0 2,30
14 15 1,87 5,0 75,0 75,0 2,74
15 65 2,120 6,5 9,0 107,0 3,27
16 60 2,795 12,0 78,0 120,0 3,47
17 45 2,029 7.5 92,0 112,0 3,35
18 100 2,461 y 90,0 112,0 3.35
19 65 1,802 8,1 58,0 73,0 2, 7L

All dnta cre on the basis of primery production with the cxception of
Column 3., Colum é is based on well density of 5,

Decline curves and discussion for leases 1 to 8 as shown by Teble 6, are
found clsewhere in this report, (pl, 10-13),

The distribution of the Bartlesville sznd areas is given in the

following sumrory:

Acres Percent
Area 1 1,393 20,55
Area 2 2,218 33.17
Area 3 3,142 46,28
Total 6,783 100, 00%
Developed arca 5,610 82,80
Proved area 1,173 17,20
Total 6,783 100,007
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Litholozy (Binocular Bxamination)

Zhe majority of the Bartlesville sand clean-out samples from sece
18, 7. 28, ®, 14E,, and sec, 12, T. 25N., R. 13E., were thin-bedded,
friatle, and reasonably porous. The interstitial material consisted
preconinantly of a soft granular clay type of mineral that does not
greatly reduce the porosity. The same description applies to the
samnles collected from the well in sec. 12, T. 25¥., R, 13E,

Avout half of the samples from the well in sece 6, To 25Ns, R.
14Z,, vere friable and porous, and contained the same type of clay
mentic:ed previously. The other half consisted of more massive beds
that wvere hard and tight, owing to calcite cementation. Siderite was 2lso
quite common in the samples fron this well.

Saad Grainse

lelative to 211 the samples, the grain size ranged from medium
fine to mediume The grains were well rounded as compared to the general
averaze for the Bartlesville sand, and the sorting of the majority of
the samples was fair,

Associated llinerals.

iiuscovite, glauconite, and carbonaceous plant fragments were quite
common in the friable sand sampleses
Argillaceous lMateriale.

The light colored soft granular clay type of mineral mentioned in
the samnle description deserves some specific comment. Under the
microscope the surfaces show luster, The material is not contaminated

and the aspect of purity is quite pronounced. This tyre of clay=like
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mineral, associated with aporeciable amounts of muscovite, has frequently
been found in other sand bodies of Pennsylvanian age, such as the Jutcher
ond the Burgess. The study of a number of cores from these formations,
incluling a number of Bartlesville cores, has shown appreciable periao=
ability and porosity present in the pay section that contains the
argillaceous minerale %he tignt clay=bearing sections of these Penn-
sylvonian formations, not necessarily in the same core, clearly indicate
to the practical observer that this non=granular, fine, and often dirty
tyne o clay is primary, and the pores of the sand body are actually
clogzed with this clay that was mud when the sand was depositede It is
presumecd that the granular clay-like mineral is secondary, possibly
altered nuscovitees

This notation on the granular lustrous clay is offered because
lithologic aspects of oil=nroducing formations are gradually taking
shase and demonstrating correlation with the physical vnroperties of tae
pay zone, and these physical properties arc directly related to the well
fei viore )

OIL RESIRVES (Estimatcd)

For the nurposc of estimating recoverable oil reserves, it is
preferable to have core annlysis data of the producing formatione Houm
ever, tnis information was not aveilablc and the cctimated recoverable
oil rescrves in this report should be regarded as nreliminary and sube
Ject to final corrcctior warranted by any core analyses that may bc mode
in tiic futurce In arriving at conclusions on what werc believed to dbe
reaso:.ntle recoveraole reserve estimates, due consideration was givea

to Bartlesville sand sccondory recovery projects opcrated in northcastern
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Oklrhomne Consideration was also given to thc nrinciple that undér
oper flow conditions (tnking into account primary nroduction per
acrc, “rimary well density, date of comnletion, and present nroduction
status) the best productive areas reflect nore favorable sand body
coaditiors, and thus should be more suscentible to aplication of
secondary recoverye

Core analyses of the producing sand in this particular area were
not available for the purpose of reserve calculationse However, in
order to give a reasonably dbroed picture of the oil rcserves, it was
necessary to study the past rescervoir performance as completely as
availaile data would permit, togocther with Bartlesville send core
analyscs in adjacent areas, and from thesc studies to draw conclusions
as tc sone reasonable estimates to be applicd to the Bartlesvillc
sand of the Hogshooter ficld,

Referring to plate 9 (Production rate of declinc curve) it is
evident that unrestricted flow was thc common 0per;ting practice in
thc carly life of the fielde Under such mcthods of oneration the
reservoir pressurc was quickly depleted eand this resulted in rapid
liberation of solution gase Conscquently, large volumes of oil were
left in the reservoir with no motivating force loft to drive it to the
well vorese

The reserve data herein were computed by cstimating porositics,
interstitial water (connate). end thc formation volumec factore The
detoiled method used for porosity estimates is cxploined earlier in the
reporte A study of Bartlesville sand corc data and bottom=holc analyscs
from ncardby areas wns usced as o guide in estoblishing an cstimate of
30 pcrcent connate water and a formation volume factor of 1l.18.
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Table 3 indicates residual reservc estimatas by quarter secticns.
Table 4 is a recapitulation of data from table 3, «nd the data ccijpiled
therein are representative of the fieids As can be seen from tuble 4,
it is cstimated that of the original 73,669,000 barrels of oil in
place (corrected to standard conditions) only 10.3 percent or 7,556,000
barrels has been recovered to date. This leaves approximeteoly 606,103,000
barrels of oil in the reservoir, or 9C percent of the original reservoir
0il content.

Table 5 shows oil production and residual oil reserve data of the
three best productive areas presentcd on plate 7. Areca 1, consisting
of 400 acres, has produced to Jamiary 1, 1944, a total of 3,534 barrels
per acre, or 16.4 percent of its original reservoir oil content of
21,003 barrels per acre. This leaves an estimated residual oil : ontent
of 18,069 barrels per acre. Area 2 has recovered 2,402 barrels per acre
from 1,00C acres, or 12.5 percent of its original per acre rcservoir
oil content of 19,147 barrels. The estimated residual oil centent
amounts to 16,745 barrels per acre. Area 3 embraces 1,775 acres and
has produced 1,453 barrels per acre, or 10.2 percent of its original
reservoir cil content of 14,271 barrels per acre. This leaves an
estimated residual oil content of 12,818 barrels per acre.

Plate 14 is a sand body condition map which defines the more
favorable areas that could be expected to respond to secondary recovery,
particularly water-flooding. A detailed explanation of the map is
given earlier in this report. With reference to this map, area 1 has
more favorable sand body conditions than area 2, which in turn has more

favorable sand body conditions than area 3. '
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Following is the recoverable oil estimates for ares 1 1. area 2

by water-flooding.

Area 1
irea in acres 1,393
Estimated recoverable oil, bbl. ucr acre 3,50C
sstimated recoverable oil, bbl., 4,875,000
Area 2
Area in acres 2,243
Estimated recoverable cil, bbl. per acre 2,500
Estimated recoverable oil, bbl, 5,623,000

Estimated recoverable o0il, bbl.,
(area 1 and area 2)

10,495,000 barrels
The oil reccvery from an active vater-flocd, aperoximately diree
miles east of the Hogshooter field, is chown in table 7.

Table 7,
Flood Property in sec. 36, T. 20MN., R. LLE.

Cumalziive

Acres Input 0il Gil recovery T ilater-oil
Date Flooded wells wells obl, per acre __ratio
Jan. 1, 1938 5 4 ] 0 0
" 1939 5 4 1 1,154 19.1
" 1840 20 10 2 1,380 Ge5
it 1941 40 12 8 1,592 9.1
# 1942 50 15 2 2,141 962
n 1943 65 15 1. 2,260 9.8
" 1944 75 18 17 2,420 10.0C

Total cil production to January 1, 1944 . .

. 181,202 bbl,

Total injected water to Jaruary 1, 1944 . . 1,812,200 bbl,

Owing to the proximity of the propertics te the Hegshooter field,

sumary data on the following 4 cores from well: appreximately
from the field are presented in table

Plate 15 (core 4, table 8) is ¢

property in sec. 36, T. 26li,, R. 14E,

5L

I
“e

2

2 miles

cocre analysis from the "ilood"
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It is not to be inferred that the specific core data in
table 8 represent the identical physical characteristics of the

Bartlesville sand in the Hogshooter field.

Taole 8.
Flooc “ble

Total sand Average Average 0il

sand, thickness, porosity, permeability, Oil reserves, saturation,
Core feet feet percent Md. bol. per acre-ft. percent
1 IR.7 8.9 17.0 18.2 420 35.0
2 30.5 2.9 19.0 31.9 Lg8é6 27.6
3 23.W 20.4 18.3 L1.5 L30 29.5
4L 29.0 17.5 21.5 30.0 64 39.6

For all practical purposes the Bartlesville sand of the Hog-
shooter field has reached it;. primary producing economic limit,
Some of the operators live in the field and have a livelihood and
partial source of income other than from cil. Approximately 75 per
cent of the present daily oil production is being produced from
less than 50 percent of the present producing wells by an operator
who is injectirg a small amount of repressure gas. It is believed
that were it not for these existing conditions, all of the Hog—
shooter Bartlesville sand producing wells would have already been
plugged and abandoned. The recovery of oil under the present
operating practice is expected to be quite small in comparison
with expected recoveries under a sound water-flooding projecte.

GAS RESCURCES

The gas-productive zones of the Hogs:..ooter field do not offer
a source of gas reserve sufficient in volume for any sizable gas-
repressuring project. The once prolific Burgess gas sand h2s been
depleted, and records of recent wells t'.esting this sand have
reported water from the Burgess sand filling the hole to within a

few hundred feet of the5§urface.
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As of January 1, 1944, three procuctive cas wells were reported,
all of which produced from zones other than the 3urgess. One well was
producing from the Tucker sand zone, which is below the Bartlesville
sand and above the Burgess sand, and the gas produced from the Tucker
sand is injected into the Bartlesville sand as a means of local gis~
repressuring.

The other gas vells are producing from the "Chat" formation, which
is at the top of the "Mississippi Lime"™ and cirectly under the Burgess
sand. These wells, completed in 1937, had an initial open-flow capacity
of 1,500,000 to 2,000,000 cubic feet of gas per day. Some of the gas
from these wells is being injected into the Bartlesville sand.

As of January 1, 19ui, theré was available for fuel and lease
operations approximately 10,000,000 cubic feet of gas per month. This
gas is produced in and near the Hogshooter area and its market value
is approximately 6 cents per thousand cubic feet.

In addition, ‘there is a high-pressure gas line along the rorth edge
of the field, operated by a major oil company, whicn offers a possible
source of purchasecd gas for use in future field operations.

WATER RESOURCES FOR FLOWDING

Surface Water.

Surface supplies have some advantages over subsurface salt water
supplies, mainly because they are less corrosive. The main disadvantage
of the surface supply, particularly a river supply, is that the treat-
ment changes frequently with the change of the water chemical content
as well as the turbidity. Thus strean or river supplies require constant

supervision. However, the cost of producing river supplies is usually
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much less than the cost of drilling water wells, unless an ampls supply
of water can be obtained at depths of only a2 few hundred feet.

Relative to a stream supply for the Hogshooter field, the most
feasible seurce is believed to be the Caney River whic: flows south—
ward along the west side of Washington County to the center of scc. 12,
T. 25N., R. 13E., and thence southeastvard across Waskington County. The
nearest contact with the Caney River from the comron township ccrner
(Tps. 25 and 26N, and Rs. 13 and 14E.) is nezr the XEaWWalWs sec. 23,

T. 250., R. 13E., waich is a distance of aprroximately 3% miles.

The Caney River discharge measurements from 1937 to 1943 inclusive,
given in table 9, were furnished through the courtesy of the U. S. aArmy
Engineers! Office, Tulsa, Oklahoma. The Caney River discharge profile,
as shown by plate 17, illustrates the erratic flow of the stream during
the seasonal periods of the year.

The monthly requirement of 10 quarter sections under flood (330 ft.
water well to water well/5 spot pattern/50 bbl. water per well per day)is
128 acre feet., The following list shows the number of months with flows

less than 25 times the required water volume given above:

Date Months
1937 data for only 3 months 0
1938 3 in sequence
1939 5 n L]
1940 L » " 3 mo.
19u1 0
19:2 0
1943 data for 1lst 9 mos. 0

The preceding table shows that flood pnroperties, as outlined atove,
would have required auxiliary storage in 1938 amounting to a 3 months'
supply; in 1939, a 5 months' supply, and in 19%0, a 3 months' supply. A

30- or even 6(~day auxiliwry storage supply would not be prohibitive, but
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July
August
Sep tember

October 300

Table 9.

Caney River Discharge at Hulah Station
Sec. 2, T. 28N,, R. 118, Osage County, Ollahoma

Drainaze basin 175 square miles

(Discharge rate given in acre-feet per month)

1937 1938
87
3,220
27,540
23,640
115,210
74,390
1,880
1,460
1,400

(24 cays) 12

November 305 236
December 662 256

Year

1939 1940
321 0
28k 24
1,970 50
9,990 6,010
10,700 2,750
3,970 B,450
549 7,000

38 3110

2,790

0
5,530

b, ko

o oo O

1941
12,450
14,230

7,000
75,140
3&,500
55,910

873

1,710

7,410

109,700
k2,830

21,500

1942

23,560
127,700
13,180
62,890
3,430
7,830

78,730
18,220

7,180
23,760

1943

14,980
10,870
10,160
7,250
247,300
35,780
2,980

1,020

L32

vev80l
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the river record does not show this possibilitv., Thzse records probably
will preclude the Caney River from consideration as an ample source

of water for floodinz the Hogshooter field. However, if any river

pump station installistion should become feasible in the future, the
investment would include a motor driven centrifugal pump and 3% miles

of pipe line. The pumping equipment would be Zousz2d irn a water proof

well in the river ted,

C-nditiorns assumed ir making the cost estimate:

Water requirements for flooding 10 quarter sections,
("five spot" pattern, 330 foot well spacing), ttl. per day 40,000

Static head, feet 100
Friction head for 33 miles of pipe, feet 103
Total head, feet 203
Theoretical liquid horsepower - 61
Efficiency, percent 61
Actual horsepower required 1.0

Estinated Installation Costs

(1) 32 miles 12-irch dia., 27 pound pipe @ $75 per ton(new) $18,750

(2) Motor and pump (new) 1,500
(3) Well housing for numping equipment 1,500
(4) Laying pipe and backfilling ditch 8,000

Total Cost $29,750

Note: The above estimate assumes that electric power is available.
In connection with impounding surface veicrs in earthen reservoirs,
soil samples from sec. 2, T. 25N., R. 13E., and sec. 17, T. 25N., R. 14&.,

were examined and found suitable for this puruvose,
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Subsurface VWater

Many of the Hogshooter loss show water in the sands above tiie
Bartlesville, but the information is not sufficient to evaluate
or measure the water fror these sands,

In sec, 7, T, 258,, R, 1iE,, two wells were drilled into water
in the Burgess sand at a depth of approximetely 1400 feet, and the
water filled the hole to within 2CC feet of the surface, It is quite
possible that the Burgess in restricted areas is capable of furnishing
considerable water for flooding,

Below the Burgess the Arbuckle lime is found at an approximate
depth of 1700 feet, and in northeastern Oklanoma the Arbuckle usually
carries water under considersble head,

_ A few miles east of the Hogshooter field (sec, 36, T, 26N., R,
1LE,) o well drilled to the Arbuckle lime encountered water in the top
of the Arbuclkle at a depth of 1706 feet, and this well pumps 2,200
barrels per day with a constant fluid level of 1560 feet, This water
is used for flooding an 80-acre Bartlesville sand property., Sufficient
Arbuckle water has also been rejorted for the lowata district,

On the basis of records ot hand, the Arbucizle appears to be the
most dependsble source of water for flooding the Rogshooter field,

As the top of the Arbuckle is an erosioncl wnconformity of major
proportions the chences of not finding water in tae Arbuckle are remote,
In this region, the salt water of the Arbuckle ususlly carries hydrogen
sulfide, and objections to this water hove been raiscd because of its
corrosive naoture, However, this objection is not unsurmountsble as
converntional treating methods arra availacle ond the woter rescts favor-

ebly to chemical treatment, Furthermore, in sec, 36, T. 26i., R, 14E,,
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Arbuckle lime water vhich contains some hydrogen sulfide hos becn
used for several yeors on o water flood :roject,

The following plon of obteining Artucizle woter in the Eoge noter
field and the estimated costs were obtained from a large orerator who
at the present time is actively engsged in deepening and recondition-
ing old wells on his croperty, The suggestion in outline form is that
the old 6 5/8-inch pipe in Bzrtlesville wells selected for deepening to
the Arbucicle be pulled; 8-inch hole then de reamed dowa from the surface
to the 0ld total depth; the old shot nhole in the Bartlesville be-cleaned
out and new hole wita a cable-~tool 8-inch bit te drilled to the Arbuc-
kle, which should be found at a depth of spproximately 1700 feet in the
Hogshooter field, If water is found in the Burgess the well can be com-
pleted at that denth. If the Burgess later fails to furnish sufficient
water, then the same hole can b carried on to the Arbuckle lime, The
next step would be the setting of good used 6 5/8-inch casing at the
top of the Burgess, or in the Miississippi Lime", followed by cementing
the string to the swface, A casing purp and a conventional surface
purping unit would be installed,

Relative to the pulling of this old pipe, the chances of success
or failure are considered to be about equal, particularly so, if the
o0ld Barilesville wells still have some surface pipe in the well. Also,
in case of a twisi-off or other trouble the operator cen probably
afford to spend en additional $500 before abendonment, as meny of these
troublesome holes are successfully hendled at these depths within this

range of additional cost,
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Estimated Costs cf Reconditioning Old Bartlesville liell and Deepening

to the Arbuckle:

(1) Pulling 1050-1100 feet of old 6 5/8 inch pipe $225.00
(2) Reaming hole from surface to top of old shot-livle

and cleaning out cld hole 140.00
(3) New hole %o top of Arbuckle (6CC feet C $1.5C cae) 900,00

(4) Used casing (good condition), & 5/8 inch, (170 fcet
@ 40¢ ver foot)e 1020,00
Note: Only 14CC or 1500 feet of casing if set in
the Miississippi Lime".

(5) Running above & 5/8 inch casing 116.00

(6) Cementing 472 .00

(7) Casing pump for 6 5/8 inch casing 500,00

(8) Rods (700 feet) 170,00

(9) Pumping unit (jack and prime mover) 2500,00

(10) Foundation and miscellaneous items 500.00
Total $6463.00

Rating the water production from the “rbuckle at 2000 bbl. per day,
per well, a quarter section flood property will require 2 well: at a
total cost of around $13,100. The next item includled in water cost is
the water treating plant.

water Treating Plant

For a small plant handling only 3,000 to 4,00 barrels of water
per day, using ne. equipment, the estimated cost for installation is
approximately (6,25 per barrel per day capacity. The cost of a larger
water treating plant, handling apprcximately 40,00C barrels of water
per day, would probably be close to $75,000 or only $1.87 per barrel
per day plant capacity.
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Essentially the equipment of a water treating plant consists of
the following: scttling tanks, chemical dry-{ecier machines, filters,
back-wash pumps, and high pressure pumps that serve ths in-put wells,

The indivicduel operator who has access to oot used equipment
will materially lower this estimated cost of a ,200 to 4,000 barrel
per day plante Fartial water analyses of irbuclilz lime water are

shown as follows:

Arbuckle Water Analyses

District Nowata, Okla,. Claremore, Okla.
Calcium (Ca) 903 Ppm 1,939 Ppm
Magnesium (iig) 502 * n2 »
Alkalis (Za=K) 10,625 " 16,982 »
Chloride (C1) 19,080 * 31,320 *
Sulfate (50,) s 99 ¥
Bicarbonate (iC03) 57, ® 531 "
Total 31,735 Ppm 51,583 Ppm
Hydrogen sulfide present 109 Ppm

Pm, - parts per million

SUMMARY
(1) On the basis of 40,000 barrels of water per day (10 quarter sections
under flood) it is noted that the investment necessary to procure this
supply from the Arbuckle lime is approximately $130,000, whereas if the
Caney River supply were adequate, the cost of procuring this amount of
water would be about one-fourth of that sume !/‘atcr treating plant costs
are in addition to the investment necessary to obtain the vater supply.
(2) Experience in the Hogshooter field may very well prove the Burgess
sand as an ample source of water, .
(3) Examination of the Nowata Quadrangle topographic sheet indicates

the possibility ol an impounded water supplye. For example, a possible
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dam site is indicated at or near the northwest corner of sec. 21, 7. 26N,
Re 14E., and sketching in the divides oi the Hogshooter Creek ravines,
north of this location, gives a water shed of 22 sections. The Hydrology
Division of the United States Army Engineers' Officé should be consulted
relative to precipitation, run-off, and possible impounding arecas coi' this
region.

(4) Several flood operators of northeastern Oklahoma have been hampered
because of water shortage and the same trouble has been reported for
sore southeastern Kansas water=flood projects.

DEVELOPENT AND OPERATI!G PRACTICE

Conventicnal cable tool drilling methods were practiced in all
development operations in the Hogshooter field. An 8-inch concuctor
pipe vas set at approximately 30 feet to exclude surface waters. Full
hole vas drilled to within 100 feet of the top of the producing oil
formation, where the hole was reduced anc the 6§-inch casinz landed.
Drilling vas continued tc the Bartlesville sand through open hole and
extended below the sand to form a »oclict for cavings. In some instances
water has been reported in the Oswego lime, above the Bartlssville sand,
but the nflux of water intc the nole has not been sufficient to cause
drilling difficulties. The oil string was set according to early prac-
tice vithout the use of cement behind the pipe. The producing sand
vas shot with 100 to 110 quarts of nitroglycerine and the wells vere
broduced through 2-inch standard tubirg often run with a burlap or
"bootleg" packer. Drilling and complction time for a well recuired
about seven days.

t'ell spacing in the Bartlesville sand has been varied. lany

leases have been completely developed; however, on others thc line wells
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only have been drilied. In gencral, ti:e line wells nave beon drilled
approximately 150 to 200 feet from the ;roperty line and the original
well spacing closely approaches one oil well to €.Z4 acres fer the
field as a whole,

The leases are still produced in azcordance with conventional
shallow oil field practice. imltiple pumping by jack line from gas
engine driven central powers is rescrted t¢ on all leases. The oil
production on the majority of the currcnily operated Vleases has been
stimilated by gas repressuring, to a miror cegree, under present=day
operations. In some cases considerable operating difficulty is experi-
enced by the entrance of water from forrnations above the Bartlicsville
sand through holes in the casing caused by the corrosive action of these
waters. To maintain normal oil producticn, the wells are pumped suffi-
ciently to lower the water head and prevent interference with tiie grave
ity drainage of oil to the well., However, when pumping does nct recmedy
the cxisting condition, it becomes necessary to shut off the water, or
ahbandon the well. 'hen the casing can be pulled successfully, a few
sections of new pipe inserted in the casing string can sometimes come
plete the shutoff and restore the viell %o a normel operating condition.
Inasimuch as the wells are oftan lost when the casing is pulled, some
operators resort to the use of 2 smller string of pipe, such as 5 3/16-
casing or 4=-inch line pipe with a2 nacker instaliation, in order to
complete successfully a water shutoff, Shutting of'f the water and
cleaning out frequently rcturn thie w21l te profitable production.

WATIR-FLOOD DEVELOE [ENT PRILCTICE

The common spacing pattern fer meter-flooding projects in Oklahoma

is the "five spot" arrangement of wells vherein 4 intake water wells
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are drilled in the form of a square with a prodvcing well located

in the centere This pattern, when used cn a 1l&U=acre tract, gives

a ratic of one vater well to one oil well, In most of the present
water-flocding projects in northeastorn Oklahoma, the distance between
like wells is 330 feet. However, (il-feet spacins tetween like wells
is used on a few projectses Depth is a very important factor in
determinin: the distance between wells, A spacing distance of 440
feet between like wells is used cn scme present Bartlesville sand
water-flooding projects with sand depths comparable to Hegslwotere.

Two methods are used in producing a water=flooding project:
the "delayed drilling," or flowing method; and the pumping method.
Operators, desiring to flow their production, drill the vater intake
wells firste The o0il wells are drilled after the reservoir pressure
has reached the necessary magnitude to result in natural flow. Flowing
water-floods result in lower development cost; however, there is
difference in opinion as to which method of production will result in
the greater recoverye Some successful water-flood operators use the
"delayed drilling" or flowing method, whereas others pump their produc-
tion by jack lines from central powers, or by individual pumping units
at the well,

The general procedure followed in drilling and completing a water-
intake well is to set about 30 fect of surface casinge In many cases,
when the hole is drilled to the desired depth it is shot with nitro-
glycerine and a string of 1l3-or 2-inch tubing is run in conjunction with
either a burlap or a standard type flood packer, and cemented. It is

common practice to set a left-hand thread nipple in the 1%- or 2-inch

tubing string above the top of the cement. Recovery of almost the
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entire tubing string at time of abandomment is thus facilitated. No
other casing is used except where it is necessary in drilling the well.
In such instances the casing is pulled after the well has been equipped
with tubinge

Flowing oil wells are completed and equipped in the same manner
as a water-intzlie well, that is, without a procduction string of casinge.
Pumping wells are equipped with casing set on tco of the oil sand, and
produced througl 2 2=inch producing stringe

ECONCMICS OF WATER-FLOODING

Water-loecd projects, as previously mentioned, have varied widely
in well spacing, but it has been the common operating practice to con-
form to a "pattern" type of layout. The most widely accepted form of
"pattern" arrangement, mainly because of the ease of adaptation to the
diversities of lease ownerships, has been the typical "five-spot" pat-
tern. Moreover, the plan presents the opportunity for drilling and
operation of joint interest wells along propert; boundary lines. These
line wells will effect the recovery of additional quantities of cil from'
the sand reservoir winich otherwise wiould remain unaffected by the water
drive. It is further presumed that the "five-spot" pattern type of
flood will conform to the operational and economic conditions of the
Hogshooter fielde

The estimates of recoverable cil reserves from areas 1 and 2 (see
pl. 14) in the Bartlesville sand by wster flooding are not precise,
but expectancy will depend entirely upon prevailing sand conditions and
the percentage of oil and water saturation present in the sand reservoir
under a particular property. In the main the existing physical character-
istics of the reservoir will require confirmation by cores andsubsequent
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cor’c analyses prior to establishment of definite recovery estimates
froi: the two areas considered.

A cost analysis and valuation c¢f a hypothetical water-flood in the
ficld, comprising 160 acres and developed on a spacing of 440 feet
between like wells, is presentec in table 1C. Preliminary estimates
of expectancy are of the order of 3,5C0 barrels per acre for area 1 and
2,500 barrels per acre for area.2, It is estimated that the life of
such a flood will not exceed 8 to 10 years, assuming that production
will cease when the water-oil ratio reaches a stage vhere it is eco=
nomically infeasable to continue operations.

The estimates given in table 10 by no means imply that the values
will apply to any particular lease in the field, but are presented A
mainly to illustrate the relative costs of development and profits
involved in a water-flood property under normﬁl operating practices in
the Hogshcoter field. However, the values are considered to be appli-
cable to areas 1 and 2 as a vhole, and are comparable to other success-
fully developed water-floods in northeastern Oklahoma. Moreover,
vater-flood development costs vary somevhat with particular operators,
and it is not unusual for the cost per acre of water-flood development
to show variation, although the basic methods of operation are similar.

Tith reference to table 10, the profits derived by operational
methods of pumping the oil wells in area 1 are very marginal, in
comparison to the profitable income per acre attained by operation
involving flowing methods. In area 2, profitable water-flood develop-
ment is restricted to flowing operations at the current market price

of crude oil. However, 2 minimum increase of 45 cents per barrel in
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VALUATION OF HOGSHOOTER WATER-FLOOD FROPERTY
(Based on 160 acre flood project = "5 spot™ pattern = 440° x 440°' WaW)

AREA 1. AREA 2,
ng ng 0il Wells Flowing Oil Vells h_gz ng Oil Wells Flowing 0il Wells
Salvage New Salvege Salvage New Salvage
!quip. Equip. Equip. "Equip. Equip Equip. Equip. Equip.
A.  COST OF DEVELOPVENT
Investment (Per acre basis)
Drill and complete 37 water input
Welld®..oooouornoossoseroenneneseees $§ 510 § 480 § 510 $ 490 $ 510 $ 4% § 510 $ 490
Drill end complete 36 oil producing
WellS.oevorerononnoerncasanans ceces 770 590 $05 460 770 590 505 460
Production equipment, (pumping or
flowing eqpt., tanks, lines, etc... 130 95 7% 60 130 95 5 60
Plant investment, (water system,
pumps, treating eqpt., €tc.)....... 200 180 200 180 200 180 200 180
1,610 1,345 1,290 1,190 1,610 1,345 1,290 1,190
Less salvage value on proposed
installatioN.isececcoces cocnonnnnas 80 35 35 20 80 38 35 20
Net cost of development...eccecoceesn. 1,530 1,310 1,255 1,170 1,530 1,310 1,255 1,170
Operating jPer acre busis[
Operating cost, (lifting, recon-
ditioning, plant, treating, etc.).. 1,295 1,298 1,080 1,080 1,295 1,295 1,080 1,080
Total develojpment and operation cost.. 2,825 2,605 2,33% 2,250 £,825 2,605 2,335 2,25
B. ESTIMATED INCOME FROM "WATER-FL ODING
Gross oil recovery, bbl. per acre..... 3,500 3,500 3,500 3,500 ° 2,500 2,500 2,500 2,500
Less one-eighth royalty, bbl., per
BCPC.cecctscrasssossrsansvsessaosves 438 438 438 438 313 313 313 313
Net 0il recovery bbl. per acré........ 3,062 3,062 3,062 3,062 2,187 2,187 2,187 2,187
Gross income, per acre ($1,13 per bdbl.
less 5% gross prod. t&X)..eeceveeee.. 3,289 3,289 3,289 3,289 2,549 2,349 2,349 2,349
Net income (profit), per acre......... 464 684 954 1,039 -476 -256 14 99

Estimatec profit or loss, 160 acres
water-150d4 project....ceeocoveee.s ..% 74,240 3109,44C $152,640 $166,240 -376,160 -840,960 $ 2,240 $ 15,840
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the present crude price structure would place area 2 on an equitable
income status comparable to that of area 1. The income-producing status
of the two areas, when considered as a vhole, is quite marginal and any
upward revision of the present crude price would place prospective
water-flood development in the Hogshooter field in a more favorable
position.

Furthermore, at the current market nrice of crude oil, the reserves
of the Hogshooter field recoverable by profitable water-flooding are
estimated to be approximately 4,875,000 barrels. The previously postu-
lated increase in price of crude of 45 cents per barrel would place
area 2 in the profitable flooding venture class, and increase the
recoverable reserves by 5,620,000 barrels, for a total reserve of 10,

436,000 barrels recoverable by water-flooding in the field.

CONCLUSION

The production history of the Hogshcoter field illustrates clearly
the results of inefficient operating practices. Prevailing methods of
uncontrolled withdrawal during the rapid early field developmsnt were
responsible for the early exhaustion of reservoir energy, and resulted
in only moderate recovery of cil even from the better sand areas, of the
field, whereas the residual oil remaininz in the reservoir is as much as
half of the available reservoir void space.

Attempts to stimulate production by application of vacuum and .
air or gas-repressuring have resulted in.marginal financial returns in

relation to the investment involved. However, the residual reservoir

oil represesnts a large oil reserve of vhich it is believed much can be
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recoverec by other methods of secondary recovery, particuizariyv —=ier-

floodinge. Certain areas of the field indicate very f{avorzol:e ~zier-

flooaing conditions, and it is believed that oil production ir such

areas will respond readily to water-flocding.
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