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SUMMARY

In June 1949 oil was discovered near the small town of Gurley in
the western Nebraska "panhandle." The discovery led to extensive drill-
ing activity in the Denver-Julesburg Basin, now one of the significant
oil producing provinces in the United States.

Most oilfields in the basin are small stratigraphic traps productive
in either or both the "D" and "J" sands of Cretaceous age. The water-
floods for secondary recovery of petroleum are concentrated largely in
Ranner and Kimball Counties. Many fields in Cheyenne County have a
natural water drive. Where a natural water drive 1s present, high
primary recovery makes waterflooding uneconomical.

Of the 49 waterflood projects cited in this report, 36 are in the
"JY sand, 8 in the "D" sand, and 5 in both the "D" and the "J" sands.
Collectively, the "J" sand reservoirs have responded far more favorably
to waterflooding than have the "D" sand reservoirs.

Sixteen "J" sand projects, three "D" sand projects, and one "D"
and "J" sand project are well underway, presenting every indication of
eventual success; two "D" sand projects are apparent failures. The
outcome of the remaining projects is indeterminate because they are at
an early stage of flood life.

Based on volumetric determinations, an estimated 72,600,000 barrels
of primary oil and an estimated 63,200,000 barrels of secondary (water-
flood) oil will be recovered from the 49 projects. O0il recovered to
the end of 1963 amounted to 91,010,000 barrels or 67 percent of
estimated total recovery (primary plus secondary oil). Estimated
recoverable oil remaining was 44,790,000 barrels. The estimated water
requirements are 480,856,000 barrels, or 61,982 acre-feet. Data for
0il reserves and water requirements are provided to the Nebraska Oil
and Gas Conservation Commission by the project operators.

Considering the projects as a group, some general factors are
evident. Water supply is adequate and cheap. Little or no trouble has
been experienced from increasing injection pressure or from corrosion
of metals. When trouble has occurred, bactericides and corrosion
inhibitors have been applied. If not injected into the oil reservoir,
produced water is disposed of in open pits. The projects are small-
scale operations, partly because the fields are small and partly because
21 of the fields are not completely unitized. Producing zones are
relatively thin and, therefore, will have a short flood life. In most
cases, the secondary oil recovered will approach that obtained by
primary methods. The problems in waterflooding in western Nebraska
seem more economic than technical.




Some natural gas is produced with all crude oil. Gas prcduced from
the projects was considered of little importance and was not reported.

Tncluded in the appendix are the following: Rules and regulations
of the Nebrasks 0il and Gas Conservation Commission covering pollution
and surface drainage, disposal of water, and unlt operation and
secondary recovery projects; a table listing 28 water analyses from
western Nebraska, including water from supply wells and water produced
from the "D," "G," and "J," sands; and 10 analyses of crude olls from
the aresa. :

INTRODUCTION

This study, part of a comprehensive survey of water requirements
for the mineral industry in the Missouri River basin contains individual
reports on 49 waterflood projects in western Nebraska. Significant
answers sought were: - (1) The amount of water needed for waterflooding;
and (2) the oil to be recovered by waterflooding. The overall objective
is to provide government and industry with a detailed resumd of weter-
fiooding in an area on which little information has been published.

Data for oil reserves and water requirements are provided to the
Nebraska Oil and Gas Conservation Commission by the project operators.
Some of the data in this report were rechecked by the operators.

Geographically, the area lies on the western edge of the Great
Plains of the central United States. The terrain 1s relatively flat,
having an average elevation above sea level of about 5,000 feet. The
principal towns are Scottsbluff, Siduney, and Kimball: Scothsbluff, having
a population of nesriy 15,000, is the largest. Two major east-west
arterial routes, the main line of the Union Pacific Rsilroad and U.S.
Highway 30, pass through Sidney snd Kimball (figs. 1 and 2).

Geologically, the area is part of the Denver=-Julesburg Basin of
western Nebraska, northeastern Colorado, and southeastern Wyonming. The
oilfields produce from the "D" and "J" sands of Lower Cretaceous age.
Generally the "D" sand is separated from the underliying "J" sand by
75-100 feet of shale. DPay zones vary in thickness from as litile as
3 feet to 60 feet or more, but usually the sands are ralatively thin,
about 5-10 feet. In western Nebraska, the "D-J" sands are found at
depths ranging from 5,000 to.7,000 feet.

As it does in most new producing areas, the discovery of oll near
Sidney in 1949 created geologic name problems. The new oil=productive
sones were not exact equivalents of zones in older Rocky Mountain oil-
producing areas. However, the terms D" and "T" gands were used for the
producing zones socon after discovery. A stray or local sand, sometimes
occurring between the "D" and "J" sands, was called the "G" sand.
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FIGURE 3. — Tertiary and Cretaceous stratigraphic section of western Nebraska. -
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Early reports on the Denver-Julesburg Basin reported the '"D-J"
sands to be in the Graneros shale or "Graneros series" of the Colorado
group of Upper Cretaceous age. After enough well logs and cores had
been studied, the "D-J" sands were classified as Iower Cretaceous in
age. Sternberg and Crole split the Lower Cretaceous sediments into
six divisions (5, p. 17).;/ Tn descending order these divisions are:
(1) Mowry shale, (2) Gurley sand, (3) Buntsmen shale, (4) Cruise sand,
(5) Skull Creek shale, and (6) Cloverly formation. The CGurley sand
includes the "D" and "G" sands. The Cruise sand is the "J" sand. In
time the nomenclature of Gurley and Cruise may replace the alphabetical
nomenclature; however, in this report, the terms "D-J" are used

(fig. 3).

A1l of the oil reservoirs are thought to be stratigraphic traps.
Some exhibit structural closure, but most are small isolated sand lenses.

The predominant primary production mechanism is solution gas drive.
Many of the fields in Cheyenne County have a natural water drive (some
may be limited). High primary recoveries from natural water drive make
waterflooding uneconomical. The "J" sand reservoirs are more likely to
have a natural water drive.

The "D-J" sand reservoir rocks generally have an average porosity
between 15 and 20 percent. Permeabilities vary widely, but most range
between 50 and 300 millidarcys; water saturations, with few -exceptions,
range from 20 to 35 percent.

The first commercial oil in western Nebraskas was discovered near
the small town of Gurley in June 1949. TFourteen and one-half years
later, on Jenuary 1, 196k, 273 separate oilfields in western Nebraska
were producing from "D," "G," or "J" sand reservoirs.

The "D" and "J" reservoirs are undersaturated, and initial reservoir
pressures range from 1,100 to 2,000 psi. Original solution gas-oil
ratios are about 200-500 cubic feet per stock tank barrel. The reported
original oil in place ranges from 450 to 1,150 barrels an acre-foot.

A typical discovery well initially pumps daily from 100 to 300 barrels
of sweet crude (API gravity between 34° and 38°).

Some natural-gas is produced at all of the projects, but it is not
reported because of the small daily amounts. .

The first waterflood in theibasin, the Willard: project in .
Colorado, was begun in June 1956. Iater that same year waterflooding
was initiated in western Nebraska at the Enders field in Kimball County.

The Enders project and most of the subsequent waterflood projects
in Nebraska are unitized operations. All projects, both unitized and -

E/' Underlined numbers in parentheses refer to items in the list of
references at the end of this report.

-3 =




nopunitized, must be approved by the Nebraska Oil and Gas Conservation
Commission before water injection is started. The Commission,
established in 1959, makes no legal dlstlnc+1on between a unitized and
a nonunitized operstion.

Unit area is expressed in acres and represents surface ownership.
Productive ares is the subsurface area of the oil deposit as determined
by analysis of available reservoir data. QObviously, productive area
and unit area will not coincide. To form a unit, operators must agree
voluntarily on the productive area and oil-zone thickness.

Western Nebraska fields have proved susceptible to water injection,
and perhaps in no other area of the United States 1s there a more
abundant supply of readily accessible, good quality water. The water
usually is obtalned from shallow Tertiary gravels or fractured clays
that blanket the area, mostly at depths ranging from 100 to 300 feet.
Good quality water virtually has eliminated the need for complex water
systems and costly chemical treatment.

On January 1, 1964k, 58 waterflood projects existed in western
Nebraska. Individual reports have been written on the 48 projects
started before January 1, 1963, and on one project started during
January 1963. Each report has the same basic organization: Location,
discovery well, field development, unitization (mos+ reports ), water
supply, flood pattern, reserves and recovery estimates, estimated water
requirements, snd estimated project life. Production and injection data
and a map of the project area (not necessarily field area) are also
jncluded. In accordance with the terminology of the Nebraska Oil and
Qas Conservation Commission the unitized projects asre referred to as
units and the nozunitized projects are referred to simply as projects.

The volumetric method was used to estimate original oil in place
in each reservoir. TIn barrels of stock tank (surface) oil, the estimate
was obtained by inserting data in the following equation: '

7,758 An 4 (1-Sw)
———

Stock tank oll =

Tn the equation, 7,758 barrels is the equivalent of 1 acre-foot;
A is the productive area expressed in acres; h is the sverage net pay
thickness expressed in feet; é is the average porcsity as a fraction
of bulk; Sw is the intersiitial water as a fractlon of the pore volume's
and Bo 1s original formation volume factor expressed in reservoir barrels

per stock tank barrel.

Original formstion volume factors varied considerably. When items
such as Fformation volume Tactors are estimated, different engineers give
different weights to available data. :




A plot of the original formation volume factors versus the solution
gas-0il ratios as reported for the various projects is shown in
figure 4. The straight line superimposed on the plot is a correlation
prepared according to Standing (Z). A wide scatter of the data is
apparent. The difference in the extreme values shown for 300 standard
cubic feet of gas per barrel is enough to account for a 20 percent
difference in the estimated oil in place or recovered. Formation
pressure, formation temperature, fluid properties, and gas-oil ratio
81l affect formation volume factor to some extent.

The differences in formation volume factors are mentioned to
illustrate the difficulties in comparing values, such as oil in place
or percent recovery, without considering how such estimates were
prepared.

Estimated water requirements are expressed both in barrels and
pore volumes, 1 pore volume for any reservoir being equal to the total
pore space in that particular reservoir. The pore volume estimate
provides a basis for comparison independent of reservoir size.
Estimated water requirements for the 49 projects range from 0.4 to 1.8
pore volumes, and the large majority averages close to 1. Nearly all
of the projects have an estimated life of 6-10 years.

On Jenuary 1, 1964, about 155 million barrels or 20,003 acre-feet
of water had been injected in the 49 projects. The injected volume is
about 32 percent of the estimated water requirements.

Nine projects (not covered in this study) were started during 1963,
and several were in the planning stage. Presumably, projects eventually
will be started in fields as yet undiscovered. Water requirements have
increased and will continue to increase.

The Commission records do not show the method or methods used to
estimate water requirements. Sufficient data seldom are available to
meke complete water-injection calculations. Experience factors
normally are used in lieu of complete reservoir data.

Minimum information needed to form a unit would include: (1) Sand
thickness mep prepared from well logs; (2) estimates of original and
recoverable oil in place; (3) estimated flood efficiency or "sweep
pattern™; and (4) costs of project.

The amount of data available constitutes the main variable in
planning units. Many procedures or patterns are used in establishing
such waterfloods. Agreement even on acre-feet of reservoir (area in
acres X average or weighted thickness in feet) is seldom obtained by a
simple presentation of geologic and engineering calculations. Agreement
was not reached in several instances in western Nebraska; and only parts
of 0il reservoirs were unitized.




Tercent recovery estimates are shown as reported because rounding
could change recovery estimates by many thousands of barrels. Figures
shown in the basic data tables and summary tables were not rounded.
For practical purposes, however, figures in the written field reports
for oil and water volumes were rounded to the nearest hundreds of
barrels. : :

ACKNOWIEDGMENTS

This report was prepared at the laramie Field Office of the Area V
Mineral Resource unit, Bureau of Mines, Department of the Interior,
under the supervision of Paul Biggs, Project Coordinator. W. Co Henkes,
now with the Bureau's Division of International Activities, Washington,
D.C., helped gather much of the basic information. Neal Marsh drafted
all of the maps.

The authors are grateful to H. N. Rhodes, Director of the Nebraska
0il and Gas Conservation Commission; to his staff, Paul Roberts and
Jack Fish; and to his office personnel, Diane Sharp, Jean O'Comnell,
and Nora Stecher, for their help and cooperation. The authors want to
thank the oil operators and their office snd field personnel for their
cooperation.

WATERFLOOD PROJECTS
Allely Unit

The Allely unit (fig. 5) is in sec 1, T 12 N, R 55 W, Kimball
County, approximately 12 miles southeast of the town of Kimball. Average
elevation is 4,870 feet.

The Allely field was discovered in February 1953 when H. J. Williams
completed the No. 1 Allely, SWillWi sec 1, for an initial pumping
production of 146 barrels daily from the "J" sand through perforations
from 6,209 to 6,219 feet. Subsequent development resulted in a field
of seven producing wells and four dry holes.

Part of the field, including six of the seven producing wells, was
unitized in August 1959 with Alwaco, Inc., as unit operator. A shallow
fresh weter supply well was drilled in the SWHNWS of sec L.

Waterflooding was bégun in October 1959 with initial injection of
500 barrels daily. The injection well is in the southeast corner of
the unit area. : :

Tn December 1963 the ‘Allely unit contained two active producing
wells and one inJjection well. Daily production was approximately 50
barrels of oil and 14O barrels of water. Produced water was disposed
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of in surface pits. Daily injection was approximately 350 barrels at a
pressure of about 80 psi.

By volumetric determination the oil in place at original reservoir
conditions was 2,298,000 barrels or T66 barrels an acre-foot. The
estimated recovery factors expressed in percentage of oll in place are:
Primary, 20 percent; secondary, 15 percent; and ultimate, 35 percent.

Estimated primary oil recovery is 460,000 barrels or 153 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was approximately 418,000 barrels or 91 percent of the
estimated primary recovery. Estimated secondary oil recovery is
345,000 barrels or 115 barrels an acre-foot.

Cumulative unit production from the start of waterflooding until
the end of 1963 was approximately 55,000 barrels of oil and 65,000
barrels of water. Cumulative water injection for the same period was
approximately 716,000 barrels.

Estimated water requirements are 3,700,000 barrels or 1 pore
volume. . The estimated ratio of water injected to secondary oil
recovered 1s 1ll:1. The estimated flood life is 10 years.

At the end of 1963 only 4 percent of the estimated secondary oil
and 21 percent of the original oil in place had been recovered. Water
injected was approximately 19 percent of the estimated water required.
The outcome of the project is indeterminate.

See table 1 for basic engineering data.

Aue-Griffith Unit

The Aue-Griffith unit (fig. 6) is in secs 10, 11, 1k, and 15,
T 15 N, R 55 W, Kimball County, about 4k miles northeast, of the town of
Kimball at en average elevation of 4,800 feet.

The Griffith field was discovered in June 1956 when the Bass,
Vessels, and Brown No. 1 Griffith was completed successfully in the
E% %NE%-sec 10, T 15 N, R 55 W, Kimball County. Initial daily pumping
production was 134 barrels from the "J" sand interval between 6,206 and
6,228 feet., A development well drilled in 1956 resulted in a dry hole.

Tn March 1957 Chandler-Musgrove drilled No. 1 Aue, the discovery
well, in SELISEINEL sec 15, T 15 N, R 55 W, Kimball County. Oil was
pumped from the "J" sand through perforations from 6,157 to 6,171 feet
Por an initial 216 barrels daily. Because development drilling proved
that the "J" sand underlying the Griffith field was common to the "J"
sand underlying the Aue field, the fields were combined.




TABIE 1. - Basic dsta for Allely unit ("J" sand)

I. Reservolr data

Productive area 300 acres
Average thickress 10 ft
Reservoir volume 3,000 acre-ft
Average porosity 16 pct
Average water saturation 29 pect
Formation volume factor 1.15 bbl/stb
Tnitial reservoir pressure 1,500 psi
Bubble point pressure - = psi
Average permeability 310 md
Original solution GOR - - cu ft per bbl.
Gravity of crude 37° API

TII. 0il in place at original conditions
7,758 x 300 x 10 x .16 X .TL _ 5 598,000 STB

1.15
7,758 x .16 x T1 _ 766 STB
1.15 - - Acre-ft
STB

III. Estimated recovery Pct oil in place Acre-ft STB
Primary 20 153 460,000
Secondary 15 115 345,000
Ultimate 35 268 805,000

IV. Estimated water requirements and flood life
Total 3,700,000 bbl
Equivalent pore volume 1.0
Injection water:secondary oil 1i:1
Flood life ' 10 years

V. Project status-~January 1, 196k

Flood started
0il recovery (pct original oil in place )

Water injection (pct estimated water required)

October 1959
21
19




The fue-CGriffith fieid was unitized during January 1961 with
Chandler-Simpson, Inc., as uweit operator. The unit area contained L
irjestion wells and 20 producing wells.

A water supply well in the SWiSWiNWL sec 14, T 15 N, R 55 W was
driiled to 300 feet into shallow Tertiary gravel deposits and initially
was capsbie of producing 20,000 barrels of water daily.

Water injection started in July 1961 at 2,700 barrels daily.
J 5 P J

The flood pattern is a line drive, and the injection wells are on
the west side of the unit.

A daily average of 3,82h barrels of untreated water was injected
during December 1963 through 10 injection wells which were taking the
water on vacuum. Oil production was from 13 wells at 849 barrels daily.

Bv volumetric determination the oil originally in place was

()

estimated to be 10,083,000 barrels or 1,056 barrels an acre-foot.

The estimated recovery factors, expressed in percent of initial oil
in place, ars 26.3 percent for primary and 19.9 percent for secondary or
an ultimate of L6.2 percent.

Estimated primary oll recovery is 2,6529000 barrels or 278 barrels
ap acre-foct. Cumulative unit oil production at the start of water-
flooding was 2,005,500 barrels or T6 percent of the estimated primary
oil. Cuomulstive water production at the start of waterflooding was
277,100 barrels.

Estimated secondary oil recovery is 2,007,000 barrels or 206

~
)
berrals an acre~-foot.

Ccumalative unit oil production from the start of waterfiooding
until the ead of 1963 was 828,700 barrels. Cumulative unit water
injection for the seme period was 4,646,800 barrels. The ratio of
water injecited to oil produced was about 5:i. Water producvion amounted

to 939,500 barrels. Produced water was run to pits.

Estimated water requirements during the project are 8 miliion
barrels in 5 years. The 8 million barrels make up sbout cne-half of
the pore volume. Estimated water nseds are L barrels +to recover each
varrel of secondary oil.

At the ezd of 1963 only 9 percent of the estimated sscondary oil
and only 28 percent of the original oil In place nad been recovered.
Water injected was 58 percent of the estimsted water required,
indicating a low pore volume estimate. The outcome of the project is
indeterminate.




See table 2 for basic engineering data.

Barrett Unit

The Barrett unit (fig. 7) is in secs 33 and 34, T 17T N, R 56 W,
Banner County, and secs 5 and 6, T 16 N, R 56 W, Kimball County,
approximately 11 miles south of the town of Harrisburg. The average
elevation is 5,020 feet.

The Barrett field was discovered in November 1958 when Brinkerhoff
Drilling Co. completed the No. 1 Barrett, SWENEL sec 33, for an initial
pumping production of 277 barrels daily from the "J" sand through
perforations from 6,671 to 6,681 feet. Subsequent development resulted
in a field of 25 producing wells and T dry holes.

The field, including all 25 producing wells and 6 of the T dry
holes, was unitized in April 1960 with Pan American Petroleum Corp.
as unit operator. ' .

Waterflooding was begun in April 1960 when fresh water was injected
into four wells at approximately 3,500 barrels daily. Three of the
injection wells were recompleted dry holes and one weas a former
producing well. Fresh water was obtained from a shallow well drilled-
in the SWANEL of sec 33. The well was tested capable of producing
20,000 barrels daily from alluvial gravel at approximately 300 feet.

The flood pattern is a modified. line drive. The injection wells
are in the southwest and the northwest corners of the uniit area.

Tn December 1963 the Barrett unit contained 10 active producing
wells and 5 active injection wells. Daily production was approximately
760 barrels of oil and 1,800 barrels of water. Produced water was
injected with fresh water. Dally injection was approximately 4,400
barrels of untreated water at a pressure of 1,500 psi.

By volumetric determination the oil in place at original reservoir
conditions was 11,300,000 barrels or 600 barrels an acre-foot. The
estimated recovery factors expressed in percentage of original oil in
place ares Frimary, 23 percent; secondary, 20 percents and ultimate,
43 percent.

Estimated primary oil recovery is 2,600,000 barrels or 138 barrels
an scre-foot. Cumulative unit oil production at the start of water=-
flooding was approximately 1,050,000 barrels or 40 percent of the
estimated primary recovery. Estimated secondary oll recovery 1s
2,300,000 barrels or 120 barrels an acre-foot.

cumulative unit production from the start of waterflooding until
the end of 1963 was approximately 1,600,000 barrels of oil and 1 million

- 10 =




TABLE 2. - Basic data for Aue-Griffith unit ("J" sand)

I.

II.

ITT.

Reservoir data

Productive area 796 acres
Average thickness 12 £t
Reservoir volume . 9,552 acre-ft
Average porosity 22.3 pet
Average water saturation 28 pct
Formation volume factor 1.18 bbl/stb
Initial reservoir pressure 1,400 psi
Bubble point pressure ) - - opsi
Average permeability , 300 md
Original solution GOR 600 cu £t per bbl
Gravity of crude ' 37° API

0il in place at original conditions

T, 758 x 796 x 12 x .223 x T2 _ = 10,083,000

1.18
7,758 x 223 x .72 _ 7 o056 . STB:
1.18 AR v
' S8

Estimated recovery Pct oil in place  Acre-ft STB
Primary : 26.3 278 2 ,652,000
Secondary . 19.9 206 2,007,000
Ultimate 6.2 8% L,659,000
Estimated watér requirements. and flood life
Total ” : . ‘ 8,000,000 bbl
Equivalent pore valume . ’ 0.5
Injection water:secondary oil - hel
Flood life ' 5 years
Project status--January 1, l96hr :
Flood started ' July 1961
0il recovery (pct original oil in place) .28
Water injection (pct estimated water required) 58

- 11 -




barrels of water. Cumulative unit water injection for the same period
was about 5 million barrels.

Estimated water requirements are 22 million barrels or 1 pore
volume. The estimated ratio of water injected to secondary 011
vecovered is 10:1l. The estimated flood life is T years.

Only 2 percent of the estimated secondary 011 and only 23 percent
of the original oil in place had been recovered at the end of 1963,
Water injected was 23 percent of the estimated water required. . The
outcome of the project is indeterminate. . :

See table 3 for basic engineering Q§té¥

Brinkerhoff Unit ;

The Brinkerhoff unit (fig. 8) is in secs 9, 10, and 15, T 17 N,
R 56 W, Bammer County, approximately 6 miles south of the town of
Harrisburg. Average elevation is;53025 fee{c° .

The Brinkerhoff field was dlscovered in June 1959 when Pan American
Petroleum Corp. and Brinkerhoff Drilling Co. completed the No. 1 Van
Pelt "K," NE—SW sec 10, for an initial pumping production of 500 barrels
daily from the ”J” sand through perforations from 6,621 to 6,629 feet.
Subsequent development resulted in a field of 16 producing wells and
4 dry holes.

Part of the field, contalnlng nine. producing wells and three dry
holes, was unitized in April 1960 with Pan Americar as unit operator.
Iater, three more producing wells were drilled in the unit area.

" Waterflooding was begun in April 1960 when fresh water was injected
into a recompleted dry hole at approx1mgme1y 1,300 Darrels dallya The
fresh water was obtained from a shallow well drilled in the NW—SW— of
sec 10, The well was tested capable of producing 2,500 barrels dally
from alluvial grav=l at spproximately 300 feeto

In August 1960 a second well, also-a. wecomp~eted dry holeg was
injected. w1th apnroximate1J 2,300 barrels daily. o

The flood pattern is a line drive with the: injection wells in the
west end of the unit area. Additional wells probaoly will be converted
to injection as the flood front moves farther east.

Tn December 1963 the Brlnkerhofz unlt contalned four actlve
producing wells and one active 1ngect10n well. Daily injection was 600
barrels of untreated water at 150 psi. Dally production was approxi-
mately 85 barrels of oil and 500 barrels of water. Produced water was
injected into the oll reservoir.

< 12 -
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TABIE 3. - Basic data for Barrett unit ("J" sand)

I. Reservoir data

Productive area

Average thickness
Reservolr volume

Average porosity

Average water saturation
Reservoir volume factor
Tnitial reservoir pressure
Bubble point pressure
Average permeability
Original solution GOR
Gravity of crude

1,350 acres
1 £t
18,900 acre-ft
14.8 pet
35 pet
1.25 bbl/stb (est)
2,04k psi
- - opsi
138 md
- - cu ft per bbl
37° API

IT. O0il in place at original conditions

1,758 x 18,900 x_.148 x .65 _ 11,300,000 STB

1.25
7,758 x 148 x 65 _ oo _ STB
1.25 Acre-ft
. STB
TII. Estimated recovery Pct oill in place Acre-ft STB
Primary 23 138 2,600,000
Secondary 20 120 2,300,000
Ultimate 13

558

IV. Estimated Water'requirements“gpd flood life

5,900,000

Total , 22,000,000 bbl
Equivalent pore volume ' 1.0
Injection water:secondary oil ' 10:1
Flood life T years

V. Project status--January 1, 196k
Flood started April 1960
0il recovery (pet original oil in place) 2%
Water injection (pct estimated water required) 23

- 13 -




By volumetric determinaiion the oil in place at original reservoir
conditions was 2,980,000 barrels or 739 barrels an acre-foot. The
estimated recovery factors expressed in percemtage of total oll in place
are: Primsry, 25 percent; secordary, 15 percent; and ultimate,

L0 percent.

Estimated primsry oil recovery is T45,000 barrels or 185 barrels
an acre-foot. Cumalative unit cil production at the start of water-
flooding was approximately 116,000 barrels or 56 percent of the estimated
primery recovery. Estimated secondary oil recovery is 4LL7,000 barrels
or 111 barrels an acre-foot. L B

Cumiletive unit production from the start of waterflooding until
the end of 1963 was 696,100 barreis of oil and 845,100 barrels of water.
Cumulative unit water injection Tor the ssme period was 2,205,300
barrels. x ' .

Estimated water requirements are 5,300,000 barrels of 1 pSre
volume. The estimated ratio of water injected. to.secondary oil.
recovered is 12:1. The estimated Tlood life is 6 years.

By the end of 1963 epproximately 82 percent of the estimated
secondary oil and 37 percent of the estimated original oil in place had
been recovered. Water injected was L2 percent of the estimated water
required. The project is apparently successfuls '

See table I for basic engineering data.

"Brook Unit =

The :Brook unit {fig. 9) is iz secs 2, 11-13, T 16 N, R.57 W,
Kimball County, approximstely 11 miles northwest of The town of Kimball.
Average elevatlon is about 5,025 Teet.

The Brook field was discovered in December 1959 when Enbrook Oil &
Gas Co. completed the No. 1 Everison, € SE4WWE sec 12, for an initial
pumping production of 152 barrels daily from the "I" gand througn
perforations from 6,733 to 6,738 feet. Before the discovery, three dry
holes had been drilled in the uitimate unit area. Subsequent develop-
ment resulted in a field of 1k producing weils and 11 dry holes.

The field, including 12 producing wells and 9 dry holes; was
unitized 'in Janvary 1962 with Pan Americsn Petroleum Corp. as uuilt
operator. Lo . ‘

Two dry holes were recompleted- as WaterAinjecﬁion wells, and a
fresh water supply well was drilled 1n the NW%NW%-of gec 12, Water is
obtained from elluvial gravel st approximately 200 feet. ’




TABLE 4. - Basic data for Brinkerhoff unit ("J" sand)

JI. Reservoir data

Productive area 492 acres
Average thickness 8.2 £t
Reservoir volume 4,034 acre-ft
Average porosity 17 pet .
Average water saturation 30 pect
Formation volume factor 1.25 bbl/stb
Tnitial reservoir pressure 1,425 psi
Bubble point pressure ~ - psi
Average permeability - 156 md
Original solution GOR : - = = cu ft per bbl
Gravity of crude 38° API

IZ. Oil in place at original conditions

7,758 X )-1-92 X 8-2 X 017 X -70 = 2,980’000 STB

1.25
T,758 % 217 % 270 _ 4ag . SIB
1.25 Acre-ft
III. ©Estimated recovery Pet oil in place .Apre-ft - STB
Primary 25 185 745,000
Secondary 15 111 . 447,000

Ultimate ) 2% 1,192,000

IV. Estimated water requirements and flood life

Total ' - 5,300,000 bbl
Equivalent pore volume o 1.0 -
Injection water:secondary:oil. ' ' 12:1
Flood life : .. 6 years

V. Project status--January 1, 1964

Flood started - April 1960
0il recovery (pct original oil in place) : 37
Water injection (pct estimated water required) 42

- 15 -




Waterflooding was begun in April 1962 wher fresh water was
injected into twe wells st a rate of approximstely 850 barrels daily.
One of the two wells was taken_ off injection within 2 months, presumably
because of its inability-to take water in sufficiert quantities. -

The flood pattern is a line drive. Water 1s injected along a
diagonal (northwest-southeast) front in the southwest cormer of the
unit area. - - S

In July 1963 the Brook unit contained two injection wells and six
producing wells. ;Daily injection was apprqximately-l;GOO barrels . of
untreated water at 1,000 psi. Dailly production was' approximately 300
parrels of oil and 570 barrels of water. Efodaée&'watér was ‘disposed
of in surface pits. : I IR

e T

3

By volumetric &etermination the oil in place at original ressrvoir
conditions was 7,400,000 barrels or 776 barrels an acreafoot.‘iThe
estimated recovery factors expressed in percentage of oil in place are:
Primary, 20 percent; secondary, 20 percent; and ultimate, LO percent.

Estimated primary oll recovery 1s 1,480,000 barrels or 155 barrels
an acre-=foot. Cumulative unit oil production at the start of water-
flooding was approximately 871,000 barrels or 59 percent of the '
estimated primary recovery. Estimated secondary oil recovery is also
1,480,000 barrels or 155 barrels an acre-foot. PR

cumulative unit. production from the start of waterflooding until
the end of 1963 was 271,000 barrels of oil arnd 226,600 barrels of water.
Cumulative unit water injection for-the ssme period was. 726,000 barrels.

Estimated water requirements are 13 milllon barreis o T pore
volume. THe estimated ratio of water lmjected to secondary oil’
yecovered is 9:1. Estimated flocd life is 6 years. S

At the end of 1963 only 77 persent of the estimgted primary oil
and only 15 percent of the original oil in place hsd been recoversd.
Water injected was only 6 percent of the estimated water required. The
ontcome of the project is indeterminate. o S :

See table 5 for basic engineering data.

DarnaliiﬁrOééeﬁ PR Co

The Dexnall project (fig. 10) is in sec 30, T 19 W, R 53 W, Benmer

County, approximately 12 miles east‘offthéftQWn bflﬁarrisburgz'_The
average elevation is approximately 4,160 feet. c -

Darnall field, also known as the Freepors field, was discovered
in December 19565 when Shell Oil Co. completed the No. 1 Darnall,

- 16 -
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TABIE 5. - Basic data for Brook unit ("J" sand)

I. Reservoir data

Productive area 562 acres
Average thickness 17 £t
Reservoir volume 9,554 acre-ft
Average porosity 17.4 pet
Average water saturation 30 pct
Formation volume factor 1.22 bbl/stb

Tnitial reservoir pressure 1,270 psi

Bubble point pressure 668 psi

Average permeability 186 md

Original solution GOR 239 cu ft per bbl
Gravity of crude. 38° API

II. Oil in place at original conditions -

7,758 x 9,554 x 1Tk x .70 _ 7,400,000 STB

1.22
7,758 x L7k x .70 _ 776 STB
l.22 . Acre-ft
| 1B
III. Estimated recovery Pct oil in place Acre-ft » STB
Primary 20 155 1,480,000
Secondary 155 1,480,000
Ultimate 310 2,960,000
IV. Estimated water requirements'and flood life
Total 13,000,000 bbl
Equivalent pore volume 1.0
Tnjection water:secondary oil 9:1
Flood life 6 years
V. Project status--Jenuary 1, 1964

Flood started ' April 1962
0il recovery (pct original oil in place) 15

Water injection (pct estimated water required) 6




4

C NEiSWi sec 30, for an initial daily pumping production of 202 barrels
from the "J" sand through perforasitions from 5,153 to 5,172 feet.
Subsequent development resulited in a fleld of four producizng wells and
seven dry holes. :

=2
.
ne

In June 1961 Shell 0il Co. obtained the approval of the Nebraska
0il and Gas Conservation Commission to conduct a waterfiood 'project"
in the W%-of sec 30. The project arez included two producing wells and
two dry holes. ILater an injection well was drilled in the SW—SW— of
sec 30, : -

Waterflooding was begun in February 1962 when fresh water was
injected into a well in the southkwest corner of the project at
approximately 430 barrels daily. The fresh water was obtained from a
supply well in the nearby Mosier project.

In December 1963 daily productlon was appvoxlmateLy 175 barrels of
oil and 1 barrel of water. Daily injection was about 290 barrels at a
pressure of 1,200 psi. The injection.water was treated W*+h a
bactericide and corrosion inhibitor. '

By volumetric determination the 0il in place at 0ﬂ1g1naL reservoir
conditions was 1,030,000 barrels or 666 barrels en acre-foot. The
estlmated recovery factors, expressed in percentage of cil in place,
are: Primary, 21 percent secondary, 14 percent; and ultimate,

35 percent°

EStimated primary oil recovery is 216,000 barrelis or 1LO barrels
an acre-foot. Cumulative oll production at the start of waterflooding
Was approxlnatc ly 213,000 barrels or 99 percent of the estimated primary
recovery: ' Bstimated secondary oil recovery is 1ill,000 barzels.or
93 barrela an scre-foot. ’

Cummulative production from the start of Waterploonlng wntil the =nd
of 1963 was.67,100 barrels of oil and only 28 barrels of water.
Cumulative water . injection for the same period was 260,b00 barreis.

ba relg or 0.51
1o secondary oil

l—e
!-‘.!

Estimated total wahter reguiremenis are 1 m1
pore volume. The estimated ratio of water injec:
recovered is T:l. Estimated flood Life ig 6 3% year:

\.*l

m (]

{‘u

. By the end of 1963 appwoximately Lh peresnt of the estimated
secondary oil and 27 percent of the original oil in place hed been
recoversed. Water injected to tha* time was approximstely 26 pewcea*
of the estimated water regquired. . Available data indicate a successiu
projecto. : '

See +table 6 for basic engireering data.

- 18 =




TABIE 6. - Basic data for Darnall project ("J" sand)

L. Reservoir data
Productive area 193 acres
Average thickness 8 ft
Reservoir volume 1,544 acre-ft
Average porosity 16.5 pet
- Average water saturation 35 pet
Formation volume factor 1.25 bbl/stb
Tnitial reservoir pressure 1,265 psi
Bubble point pressure 693 psi (est)
Average permeability 60 md
Original solution GOR 123 cu £t per bbl
Gravity of crude 36° API
IT. Oil in place at original conditions
7,758 x 193 x 8 x .165 x .65 - 1,030,000 STB
1.25
7,758 x 165 x .65 _ gpr _ STB
" l.25 Acre-ft
STB
III. Estimated recovery Pct oil in place Acre-ft STB
© Primary 21 140 216,000
Secondary 1k 93 144,000
Ultimate 35 233 560,000
IV. Estimated water requirements and flood life
Total 1,000,000 bbl
Equivalent pore volume 0.51
Injection water:secondary oil el
Flood life 6 years
V. Project status--January 1, 1964

Flood started

0il recovery (pct original oil in place)
Water injection (pet estimated water required)

- 19 -
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The Davis unit (fig. 11) is in secs 15, 16, and 21, T19 N, R 55 W,
Barrmer County, about 5 miles northeast of the town of Harrishburg in an

srea of low relief.

The Davis field was discovered in April 1958‘when Davis 0Oil Co.
driiled the No. 1 Olsen inm the C SE{SWi sec 15, T 19 N, R 55 W. The
well pamped 69 barrels of oil in 19 hour; from "D" sand perforations
from 5,449 to 5,452 feet. Subsequent development drilling resulted in
11 more "D" sand producers and 10 dry holes.

The I’eld was unitized in January A96l with Davis 0il Co. @s unit
operator. Two wells were drilled for water injection, one in SE—SW—SW—
sec 16, and the other in NELSE NW— sec 21, Production was f“om 11 wells,
cne we;l having been shut-in prior to unitization.

_ The original water supply well was drilled in NWiSWiSEf sec 16.
Because this well did not have the capacity to supply the volume of
water needed, it was plugged. Another supply weil, capable of producing
between 800 and 900 barrels of water daily from the Brule clay at about
500 feet, was drilled in NWENW{SW{ sec 16,

Waterflooding started in July 1961 when about 500 barrels daily
was injected in the southwest corner of the unit area near the oll-water
contact. The flood front was directed toward the northesst where sand
thickness and permeability decreased. (A sharp permeability barrier was
thought .to exist in the southeast,corner of the field.)

During December 1963 the entire Davis wnit was shut-in. A large
volume water breskithrough had occurred at wells in ihe sasternmost part
£ the field, and oil production had declined wiih coatinued water
njeztion. Bypassing the oil, the wailer probably hed chamneled through
rertical fracture system in the reservoir. Every core taken in the
field showed vertical fractures. Water 113@5:101 wells Nos. 1 and 2,
and producing wells unit Nes. 5 snd 1i, wers plugged and abandoned.
Wells on the north end of the unit were reworked for comversion to water
injeetion. Crossflooding the ualt Irom north to south will be attempied.
Harper High has succeeded Davis Oil Co. 8s unit operator.

o

By volumetric determination the oll originally in place was
2,604,000 barrels or 839 barrels an acre=foot.

The estimated recovery factors expressed iu pe;ca ge of imitial
oil in place were 22,3 percent for primary and 25.3 percent for
secondary, or an ultimate recovery cof 47.6 percent.

Estimated primsry oil recovery is 581,000 barrels or 187 barrels
an ascre=foot. Cumulative unit oil production at the siart of water-
flooding was L8L,100 barrels or 83.5 percent of the estimated primary
oil.
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Cumilative unit water production at the start of waterflooding was
18,500 barrels.

Estimated secondary oil recovery was 659,000 barrels or 213 barrels
an acre-foot for the original flood.

Cumulative unit oil production from the start of waterflooding until
the end of October 1963 was 76,500 barrels. The unit was completely .
shut-in and remedial work was in progress on some wells before cross-
flooding was attempted. Cumulative water injected from the start of
flooding to the end of October 1963 was 770,300 barrels. The ratio of
water injected to oil produced was about 10:1. Water production was
90,200 barrels.

Estimated water requirements are 2,480,000 barrels of fresh water
in 10 years. If produced water is injected, only 1,370,000 barrels of
fresh water is needed. The 2,480,000 barrels of water equal about two-
thirds of the pore volume. The estimated ratio of water injected to
secondary oil recovered “is 4:1.

When operations were suspended, 97 percent of the estimated primary
0il or 22 percent of the original oil in place had been recovered.
Water injected was 31 percent of the estimated water required. The first
attempt to waterflood the Davis unit had failed.

The recovery estimates shown in table 7 are for the original flood
and not the proposed crossflood. Comparison of the performance of the
Davis unit with other "D" sand waterfloods makes the secondary recovery
estimate of 25.3 percent appear too high.

See table 7 for basic engineering data.

Dietz Unit

The Dietz unit (fig. 12) is in sec 3, T 13 N, R 55 W, Kimball
County, approximately 7 miles south of the town of Kimball. Average

elevation is sbout 4,880 feet.

The Dietz field was discovered in March 1954 when Superior 0il Co.
completed the No. 64-3 Dietz, SEESWENE{ sec 3, for an initial pumping
production of 99 barrels daily from the "J" sand through perforations
from 6,328 to 6,339 feet. Subsequent development resulted in 1l more
producing wells and 8 dry holes.

The field, including nine producing wells and two dry holes, was

unitized in January 1960 with Producing Properties, Inc., as unit
operator.

- 21 -




TABIE 7. - Basic data for Davis unit ("D" sand)

I

IL.

IIT.

Reservoir data

Productive area
Average thickness

" Reservoir volume

Average porosity

Average water saturation

Formation volume factor

Tnitial reservolr pressure
Bubble point pressure

 Average permeability

Original solution GOR
Gravity of crude

0il in place at ofigiﬁal conditions

566 acres
5.5 £t
3,113 acre £t
" 17.pet
22.pct
1.23 bbl/stb
1,328 psi
psi
. 63 md |
206 cu £t per bbl
37° API

= =

7,758 x 566 x 5.5 x 1T x .78 _ .o 6ok,000.5TB

-t N

1.25
7,758 x .17 x .78 _ gsg . STB
1.23 Acre-ft
ST |
‘Estimated recovery Pet oil in place ~ Acre=-ft ~ 8TB
Primary 22.3 187 581,000
Secondary 25.3 213 659,000
Ultimate E?og Loo 132403000
Estimated water requireménts and flood life
Total 2,180,000 bbl
Equivalent pore volume 0.6
Tnjection waterssecondary oil S Ll
Flood 1life 10 years
Project status=%JEnuéfy 1, 1964
" Flood started July 1961
0i1 recovery (pet original oil 'in place) 22
Water injection (pct estimated water required) 3L
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Waterflooding was begun in June 1960 when fresh water was Injected
into six wells at a rate of approximately 1,100 barrels daily. Five
of the injection wells were former producing wells and one was drilled
and completed as an injection well. Two water supply wells were
completed in sec 3. Fresh water was obtained at 632 and 1,260 feet.

The flood pattern is the standard five-spot. Six injection wells
and two producing wells form two adjoining five-spots in the center of
the unit area. The other two producing wells are outside the pattern,
one north and the other south.

In December 1963 Reserve Oil & Gas Co. became unit operator, using
six injection wells and three producing wells in the Dietz unit. Daily
injection was approximately 750 barrels of untreated water at a
pressure of 1,200 psi. Deaily production was approximately 26 barrels
of oil and 480 barrels of water. Produced water was disposed of in
surface pits.

By volumetric determination the oil in place at original reservoir
conditions was 2,204,000 barrels or 696 barrels an acre-foot. The
estimated recovery factors expressed in percentage of oil in place are:
Primary, 22.9 percent; secondary, 1l4.8 percent; and ultimate, 37.7
percent. :

Estimated primary oil recovery is 505,000 barrels or 159 barrels
an acre-~foot. Cumulative unit oil production at the start of water-
flooding was approximately 423,000 barrels or 84 percent of the
estimated primary recovery. Estimated secondary oil recovery is
327,000 barrels or 103 barrels an acre=-foot.

Cumulative unit production from the start of waterflooding until
the end of 1963 was 156,000 barrels of oil and 295,800 barrels of water.
Cumulative unit water injection for the same period was 1,037,900
barrels.

Estimated water requirements are 5 million barrels of fresh water
or approximately 1l.34 pore volumes. The estimated ratio of water
injected to secondary oil recovered is 15:1. The estimated flood life
is 8 years.

At the end of 1963 about 17 percent of the estimated recoverable
secondary oil and 25 percent of the original oil in place had been

recovered. Water injected was approximately 21 percent of the estimated
water required. The outcome of the project is indeterminate.

See table 8 for basic engineering data.
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TABIE 8+ - Basic data for Dietz unit ("J" sand)

I.

II.

I1I.

Reservoir data

Productive area 226 acres
Average thickness ‘ 14 £t
Reservoir volume A 3,165 acre-ft
Average porosity 15.2 pct
Average water saturation 25 pct
Formation volume factor . 1.27 bbl/stb
Initial reservoir pressure , 1,600 psi
Bubble point pressure’ B . 1,043 psi
Average permeability _ 63 md
Original solution GOR o "7 %25 cu £t per bbl
Gravity of crude 37° API

0il in place at original conditions ..

7,758 x 3,165 x 152 x .T5 _ p,20k,000 STB

1.27
7.9 758 X 0152 x. 975 = 696 STB
1.27. ‘ , Acre=-ft
_ ' STB
Estimated recovery Pct oil in place Acre-ft STB
Primary 22,9 159 505,000
Secondary 14.8 103 327,000
Ultimate - 35 B B32,000
Estimated water requirements and flood life
Total . 5,000,000 bbl
Equivalent pore volumes L .34 -
Tnjection waterssecondary oil = 15:1
Flood life ' '8 years
Project status--January 1, 196k
Flood started . ‘ © June 1960
0il recovery (pet original oil in place) 25
Water injection (pet estimated water required) 21
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West Downer Unit

West Downer unit (fig. 13) is in secs 2 and 3, T18 N, R 56 W, and
secs 34 and 35, T 19 N, R 56 W, Banner County. The field slopes gently
southward at an elevation of about 4,490 feet. The unit lies about
1 mile west of Harrisburg, the county.seat of Banner County.

Downer field was discovered in 1954 when Harry Royster drilled the
No. 1 Downer in the C NEENEL sec 11, T 18 N, R 56 W, to 6,079 feet and
pumped 30 barrels daily from the "J" sand perforations between 6,030
and 6,037 feet. "D" sand production was obtained early in 1955 when
Empire Drilling Co. completed the No. 1 Olsen in the NEENE{NEf sec 2,
T 18 N, R 56 W. This well pumped 66 barrels daily from perforations
between 5,811 and 5,816 feet. The "D" sand discovery was named the
Olsen field, but later became part of the Downer field. The Olsen and
Downer areas sometimes were confused with the Harrisburg field to the
east.

During June 1961 part of the Downer field was unitized for purposes
of waterflooding the "D" sand. The area unitized, known as the West
Downer unit, included one dry hole, two producing wells, and two former
producing wells later converted to water injection. Basin Pipe and
Supply Co. became the unit operator.

A fresh water supply well was drilled in SEINWiNWE sec 2, T 18 N,
R 56 W. The depth to water-bearing formation was 45 feet.

Secondary recovery operations were begun in August 1961 when
300 barrels of water daily was injected through two wells. Oil production
was obtained from two wells.

The flood pattern is a line drive with two injection wells on the
north end of the unit.

During February 1964 the two wells were producing 118 barrels of
0il daily and no water. Untreated fresh water was injected at 420
barrels daily at about 2,000 psi.

0il originally in place was an estimated 1,351,000 barrels or
1,000 barrels an acre-foot. The estimated recovery factors expressed
in percentage.of initial oil in place are 22.8 percent for primary and
17.2 percent for secondary or a total of 40 percent.

Estimated primary oil recovery is 308,000 barrels or 228 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was 272,000 barrels or approximately 89 percent of the
expected primary oil.

Estimated secondary oil recovery is an additional 232,000 barrels
or 172 barrels an acre-foot.
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Cumulative unit production from the start of waterflooding until
the end of 1963 was 29,900 barrels of oil and 3,200 barrels of water.
The amount of water injected during the same period was 339,400 barrels,
or a ratio of water injected to oil produced of sbout 1l:l.

Estimeted water requirements during the project are 867,000
barrels over h%-years, The 867,000 barrels of water is the equivalent
of sbout one~third of the estimated pore volume. The estimated ratio
of water injected to secondary oil recovered is he1,

Almost all, 98 percent, of the estimated primary oil but only
22 percent of the original oil in place had been recovered at the end
of 1963. Water injected was 39 percent of the estimated water required
indicating a low water estimate. The outcome of the project is
indeterminate. (Nebraska Drillers, Inc., has assumed operation of the
West Downer unit.)

See table 9 for basic engineering data.

Edwards Unit

The Edwards unit (fig. 14) is in secs 15, 22, 23, and 27, T 18 N,
R 56 W, Banner County, approximately 3 miles southwest of the town of
Herrisburg. The average elevation i1s 4,900 feet.

The Edwards field was discovered in March 1957 when Pan American
Petroleum Corp. completed the No. 4 Edwards, C SELSWi sec 22, for an
initial pumping production of 162 barrels daily from the "J" sand
through perforations from 6,584 to 6,586 feet. Subsequent development

resulted in a field of 17 producing wells and 5 dry holes. Of the 17
producing wells, 15 were completed in the "J" sand apd 2 were completed
in the "D" sand.

The "J" sand reservoir, including 12 producing wells and 2 dry
holes, was unitized in 1959 with Pan American as unit operator. ILater
one producing well and one dry hole were drilled in the unit area.

Two of the producing wells were converted to water iunjection wells
and a fresh water supply well was drilled near the center of sec 22,
Water was obtained from alluvial gravel at approximately 200 feet.

Waterflooding started in July 1959 when fresh water was injected
in two wells at 1,100 barrels daily. In October 1959 another producing
well was converted to an injection well.

The .flood pattern is a line drive with the injection wells in the
west end of the fleld. o

In December 1963 the Edwards unit contained four injection wells
and four producing wells. Daily injection was approximately 1,500
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TABIE 9. - Basic data for West Downer unit ("D" sand)

I.

IIO

IIT.

IVO

v,

Reservoir data

Productive area - - acres
Average thickness - - ft
Reservoir volume 1,350 acre-ft
" Average porosity 21.5 pet
Average water saturation 24.5 pet
Formation volume factor 1.25 bbl/stb
Tnitial reservoir pressure - - psi
Bubble point pressure - - psi
Average permeability - - md
Original solution GOR - - cu ft per bbl
Gravity of crude 37° API

0il in place at original conditions

7,758 x 1,350 x 215 x .75 _ 1 351,000 STB

1.25
7,758 X 0215 X 075 - '—ﬁ“
1.25 = 1,000 Acre-ft
| STB
Estimated recovery Pct oil in place Acre-ft STB
Primary - 22.8 228 308,000
Secondary h ’ 17.2 172 232,000
Ultimate : L0.0 Loo 550,000
Estimated water requirements and flood life
Total 867,000 bbl
Equivalent pore volume 0.4
Injection water:secondary oil kel
Flood life 4L years
Project status--January 1, 196k
Flood started ' August 1961
0il recovery (pct original oil in place) 22
Water injection (pct estimated water required) 39
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barrels of untreated water at a pressure of 1,150 psi. Daily production
was approximately 160 barrels of oil and 600 barrels of water. Produced
water was disposed of in surface pits.

By volumetric determination the oil in place at original reservoir
conditions was 2,700,000 barrels or 972 barrels an acre-foot. The
estimated recovery factors expressed in percentage of oil in place are:
Primary, 25 percent; secondary, 25 percent; and ultimate; 50 percent.

Estimated primary oil recovery is 675,000 barrels or 245 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was approximately 437,000 barrels or 65 percent of the
estimated primary recovery. Estimated secondary oilil recovery is also
675,000 barrels or 243 barrels an acre-foot.

Cumulative unit production from the start of waterflooding until
the end of 1963 was approximately 824,000 barrels of oil and 470,000
barrels of water. Cumulative unit water injection for the same period
was approximately 2,320,000 barrels.

Estimated water requirements are 4 million barrels of fresh water
or 0.85 pore volume. The estimated ratio of injected water to
secondary oil produced is 6:1. Estimated flood life is 7 years.

By the end of 1963 approximately 87 percent of the estimated
secondary oil and 47 percent of the original oil in place had been
recovered. Water inJjected WasA58 percent of the estimated water
required. The project is apparently successful.

See table 10 for basic engineering data.
Enders Unit

The Enders unit (fig. 15) is in secs 9-11, 1416, and 22, T 13 N,
R 55 W, Kimball County, about 12 miles south of the town of Kimball.
The topography is flat farmland at an average elevation of 14,854 feet.

The Enders field was discovered during November 1951. The
discovery well, the No. 1 Enders, NELNWLSEL sec 15, T 13 N, R 55 W, was
drilled by the Twin Oil Co. and the Rock Hill Co. and initially flowed
40 barrels hourly from the "J" sand below 6,302 feet. Subsequent
drilling resulted in 35 more producing wells and 9 dry holes before
unitization. Wells drilled totaled 39 producersg including the
discovery well, and 14 dry holes.

Part of the field was unitized during June 1956 with Producing
Properties, Inc., as unit operator. Initially, 4 wells were converted
to injection wells, and oil production was from 30 wells. This was the
first unitized waterflood project in Nebraska.
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TABIE 10. - Basic data for Edwards unit ("J" sand)

I. Reservoir data

Productive area 45k acres
Average thickness 6.2 ft
Reservoir volume A - 2,815 acre-ft
Average porosity : 21.7 pet -
Average water saturation . 25 pet
Formation volume factor - 1.3 bbl/stb
Tnitial reservoir pressure 1,240 psi
Bubble point pressure - - 7psi
Average permeability ' 250 md
Original solution GOR 250 cu ft per bbl
Gravity of crude U 38° API-

II. O0il in place at original conditions

7,758 x b5k x 6.2 x .217 x .T5 _ 2,700,000 STB

1.3
T,758 x 217 % .75 _ grp - _STB
1.3 Acre-ft
| s13
III. Estimated recovery Pct oil in place Acre-ft STB
Primary 25 . 23 675,000
Secondary ' 25 243 675,000
Ultimate 50 586 1,350,000
IV. Estimated water requirements and flood life
Total 4,000,000 bbL
Equivalent pore volume ' 0.85°
Injection water:secondary oil . 6:1
Flood life ' 7 years
V. Project status--January 1, 1964
Flood started | July 1959
0il recovery (pct original oil in place) L7
Water injection (pet estimated water required) 58
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Water is obtained from eight water supply wells scattered through-
out the unit. The source is a sand varying from 1,000 to 1,400 feet
deep. Each well initially tested approximately 50 barrels of water
hourly or 1,200 barrels of water daily.

Waterflooding got underway during December 1956 when‘ﬁ,ioo barrels
of water was injected daily through the four injection wells.

The flood pattern is peripheral, water being injected on the north,
west, and south edges of the field. ’

During December 1963, 19 wells in the unit were producing at the
combined average daily rate of 1,065 barrels of oil and 1,800 barrels
of water. Produced wster was injected into the producing formation
through well No. 1-3. Well No. 5=3 previously had been used for this
purpose. Fresh water was injected in six wells at 1,861 barrels daily
at about 350 psi. R :

By volumetric determination, the oil originally in place was
35,748,000 barrels or 688 barrels an acre-foot. - The estimated recovery
factors expressed in percentage of initial .oil in place are 16.7 percent
for primary and 27.4 percent for secondary, or a total of L4.l percent.

Estimated primary oil recovery is 5,970,000 barrels or 114 parrels
an acre-foot. Cumulative unit oil productidn at the start of water-
flooding was 2,912,400 barrels or approximately 49 percent of the
estimated primary oil. Water production up to the time of secondary
recovery operations was negligible. ..

Estimated secondary oil recovery is 9,795,000 barrels or 188
barrels an acre=foot. :

Comulative unit oil production from the siart of waterflooding
until the end of 1963 was 3,248,100 barrels. Cumulative unit water
injection for the same period was 9,466,500 barrels. The ratio of
water injected to the oil produced was about 3:1. The water produced
during the same period was 2,545,900 barrels.

© Bstimated water requirements are 27 million barrels over about 20
years. The 27 million barrels equal 60 percent of the pore volumes
The estimated ratio of injected water to secondary oil recovered is 3:l.

. Nineteen percent of the estimated secondary oil and only 17 percent
of the original oil in place had been recovered at the end of 1963.
Water inJjected was 35 percent of the estimated water required. The
project appears to be successful. (Reserve 0il & Gas Co. has assumed
operation of the Enders unit.)

See table 11 for basic engineering data.
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TABLE 1l. - Basic data for Enders unit ("J" sand)

I. Reservoir data

Productive area 1,760 acres
Average thickness 19 f%
Reservoir volume ‘ 33,440 acre-ft
Average porosity ' A 17.5 pet
Average water saturation 35.5 pect
Formation volume factor 1.27 bbl/stb
~Initial reservoir pressure 1,595 psi
Bubble point pressure ' - 1,043 psi
Average permeability 252 md
Original solution GOR o 325 cu ft per bbl
Gravity of crude . y ~ 39° APT

II. Oil in place at original conditions

o758 x 1,760 x 19 x 175 x 645 _ 55 748 000 STB

1.27
7,758 % 175 % 645 _ ¢ag STB
1.27 Acre-ft
| ST
III. Estimated recovery Pct oil in place Acre-ft STB
Primary 16.7 11k 5,970,000
Secondary 27.4 188 9,795,000
Ultimate LL.T 302 . 15,765,000
IV. Estimated water requirements and flood life
Total : 27,000,000 bbl
Equivalent pore volume 0.6
Injection watetr:secondary oil | 3:1
Flood life 20 years
V. Project status--January 1, 1964
Flood started December 1956
0il recovery (pct original oil in place) , 17
Water injection (pct estimated water required) 35
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Engelland Unit

The Engelland unit (fig. 16) is in secs.32 and 33, T 15 N, R b9 W,
Cheyenne County, about 7 miles ‘north of Sidney in an area of rolling
farmland. The average elevation is 4,239 feet.

The field was discovered in December 1953 when Ohio 0il Co.
completed its No. 1 Engelland well in the SELNWESEL of sec 33, T 15 N,
R 49 W. The wildcat was drilled to 4,755 feet and perforated between
4,580 and 4,589 feet in the "D" sand with 80 shots before being put on
pump for an initial production of 250 barrels daily. Development of
the field was slow, three producers being completed in 1954 two in
1955, and one dry hole in 1956. Subsequent development was suspended
until 1960 when six wells were drilled. Only one of these was completed
as a producer in the "D" sand. Of the other five wells drilled that
year two were completed as "J" sand producers, two were dry holes, and
one was completed as a water injection well. Initial production from
the "J" sand producers was low (less than 65 barrels daily combined)
and both made water. The "J" sand wells were spudded before the
effective date of unitization and were in the original unit agreement.

The Engelland field was unitized-in Msy 1960 withk S.. D. Johnson as
unit operator. The unit included five wells (one "D" sand producer,
two shut-in "D" sand wells, and two dry holes) in the adaacent Neimann
field, in the SEf of sec 32, T 15 N, R 49 W:

A dry hole in the SE— — sec 33 was reworked and converted to
injection in the "D" sand° A new well was drilled in the NELINWLSWE
sec 33, as a "D" sand injection well.” The "J" sand producing well in
the C SE2 sec 33 was reworked and converted to a "J" sand injection
well.

A fresh water supply well was drilled %o 380 feet in the SW%NW%SE%
sec 33. It has a LO-foot, water-bearing sand, and tests indicated it
was capable of supplying enough water for injection into both formatioms.

The secondary recovery project began in the "D" sand reservoir
durlng June 1960° Injection was through. two wells at 2,000 barrels
daily. Oil productlon was from four wells.

The flood pattern is irregular.. One injeciion well is on the west
side of the unit and the other is in the northeast coraer.

Durlng December 1963 one .well was injecting about 1,577 barrels of
untreated water daily into the "D" .sand at 600 psi. Two wells were
producing around 37 barrels of oil and 117 barrels of water dally.
Produced water was injected into the "D" sand.

Average reservoir data showed the estimated oil originally in place
in the "D" sand to be 1,930,000 barrels or 955 barrels an acre-foot.
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The estimated recovery factors for the "D" sand, expressed in
percentage of initial oil in place, are 12.8 percent for primary and
15.4 percent for secondary, or a total of 28.2 percent. '

Estimated primary oil recovery from the "D" sand is 247,000
barrels or 122 barrels an acre-foot. Cumulative unit oil production at
the start of waterflooding was 242,066 barrels or 98 percent of the
estimated primary recovery.

Estimated secondary oil recovery from'the "D" sand is 297,000
barrels or 147 barrels an acre-foot. Cumulative unit "D" sand produc-
tion from the start of waterflooding until the end of 1963 was T4,200
barrels of oil and 196,900 barrels of water. Cumulative unit water
injection for the same period was 1,220,622 barrels. The ratio of water
injected to oil produced is 17:l. Injection operatlons were shut down
between September 30, 1962, and July 22, 1963, but production was
continued.

The estimated water requirements are 5,860,000 barrels or 1 pore
volume. The estimated ratio of injected water to secondary oil
recovered is 1%:1. Estimated flood life is 10 years.

At the end of 1963 approximately 23 percent of the estimated
secondary oil and only 16 percent of the original oil in place had been
recovered. Water injected was 32 percent of the estimated water required.
The outcome of the project is indeterminate.

Waterflooding was begun in the "J" sand reservoir in April 1961
when water was injected into one well at approximately 670 barrels
daily. The project was discontinued in February 1962 after 56,000
barrels had been injected. Because of the short duration of the "J" .
sand project, its effect is considered negligible. It can be classified
as incomplete or a possible failure. Centennial 0il Co. was unit
operator on January 1, 196k. ‘

See table 12 for basic engineering data.
Gehrke Unit

The Gehrke unit (fig. 17) is in secs 7 and 8, T 14 N, R 57 W,
Kimball County, approximately 1l miles west of the town of Kimball.
The average elevation is approximately 5,080 feet. ‘

The Gehrke field was discovered in August 1957 when Pan American
Petroleum Corp. completed the No. 1 Gehrke, C NELSEf sec 7, for an
initial pumping production of 313 barrels daily from the "J" sand
through perforations from 6,982 to 6,998 feet. Subsequent development
resulted in a field of 7 producing wells and 10 dry holes.
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TABIE 12. - Basic data for Engelland unit (D" sand)

I.

IT.

III.

AIVo

Reservoir data

Productive area - - acres
Average thickness : . v
Reservoir volume 2,025 acre-ft
Average porosity 2.6 pet
Average water saturation 38 pct
Formation volume factor ~ 1.24 bbl/stb
Initial reservoir pressure 1,125 psi
Bubble point pressure - = psi
Average permeability 457 md
Original solution GOR - - cu ft per bbl
Gravity of crude ' 38° API

0il in plaée at originai conditions

7,758 x 2,025 x .2U6 x .62

= 1,930,000 STB.

L.24
7,758 x 246 x 62 _ 955 STB
1.24 B Acre-ft
- . STB
Estimated recovery Pct oil in place Acre~ft STB
Primary 12.8 122 247,000
Secondary 15.4 - 1hy 297,000
Ultimate 28.2 269 545,000

Estimated water requirements and flood life

Total ‘ 3,860,000 bbl
Equivalent pore volume 1.0
Injection waterssecondary oll 135:1
Flood life 10 years

Project status--January 1, 1964

Flood started , o " June 1960
0il recovery (pet original oil in place) ' 16
Water injection (pct estimated water required) 32
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The field, including 7 producing wells and 8 of the 10 dry holes,
was unitized in 1958 with Pan American as unit operator. One of the
producing wells was converted to a water injection well. A fresh water
supply well outside the unit area in the NWHWL of sec 7 was drilled
to alluvial gravel at approximately 200 feet. ‘

Waterflooding was begun in Deceuber 1958 when fresh water was
injected into one well at 750 barrels daily. Iatex additional wells
were placed on injection. Between February 1962 and April 1963
injection was suspended to evaluate flood performance and to revise
the injection pattern. '

The flood pattern is a modified line drive. Initially water was
injected into a single well in the west end of the unit area. Later,
two dry holes in the south end of the unit area and an infield producing
well were converted to injection wells. ' :

Tn December 1963 the Gehrke unit contained two active producing
wells and one active injection well. Daily production was approxi-
mately 27 barrels of oil and 215 barrels of water. Produced water was
disposed of in surface pits. Daily injection was approximately 550
barrels of untreated water at 200 psi.

By volumetric determination the oil in place at original reservoir
conditions was 3,530,000 barrels or 708 barrels an acre-foot. The
estimated recovery factors, expressed in percentage of oil in place,
are: Primary, 25 percent; secondary, 25 percent; and ultimate, 50
percent.

Estimated primary oil recovery is 883,000 barrels or 177 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was approximately 402,000 barrels or 46 percent of the
estimated primary recovery. Estimated secondary oil recovery is also
883,000 barrels or 177 barrels an acre-foot.

Cumulative unit production from the start of waterflooding until
the end of 1963 was approximately 1,316,000 barrels of oil and 360,000
barrels of water. Cumulative unit water injection for the same period
was approximately 1,950,000 barrels. '

Estimated water requirements are 3,150,000 barrels or 0.5 pore
volume. The estimated ratio of injected water to secondary oil
recovered is 4:l. Estimated flood life is T years.

By the end of 196% approximately 95 percent of the estimated
secondary oil and 49 percent of the original oil in place had been
recovered. Water injected was only 62 percent of the estimated water
required, indicating a high estimate. The project is apparently
successful.

See table 13 for basic engineering data.
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TABLE 13. - Basic data for Gehrke unit ("J" sand)

I. Reservoir data

Productive area 554 acres
Average thickness 9 ft
Reservoir volume 4,986 acre-ft
Average porosity . _ 16.3 pct
Average water saturation 30 pct
Formation volume factor 1.25 bbl/stb
Initial reservoir pressure 1,790 psi
Bubble point pressure - = psi
 Average permeability 150 md
Original solution GOR 500 cu £t per bbl (est)
Gravity of crude 37° API

II. Oil in place at original conditions

7,758 x 554 x 9 x .165 x .70 _ 3 530,000 STB

1.25
7,758 x 163 x .70 _ 7og _ SIB
1.25 Acre-ft
. STB
III. Estimated recovery Pct oil in place Acre~-ft STB
Primary 25 - 177 883,000
Secondary 25 177 883,000
Ultimate . 50 35k 1,766,000
IV. Estimated water requirements and flood life
Total 3,150,000 bbl
Equivalent pore volume o 0.5
Injection water:secondary oil ' b
Flood life T years
V. Project stetus--January 1, 196k
Flood started . December 1958
0il recovery (pet original oil in place) ko
Water injection (pct estimated water required ) 62
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Goodwin Unit

The Goodwin unit (fig. 18) is in secs 9 and 16, T 13 N, R 54 W,
Kimball County, approximately 10 miles southeast of the town of Kimball.
Average elevation is about 4,780 feet.

The Goodwin field was discovered in May 1952 when Vaughey and
Vaughey completed the No. 1 F.L.B. Goodwin, C SELSEL sec 9, for an
initial pumping production of 260 barrels daily from the "J" sand
through perforations from 6,040 to 6,047 feet. Subsequent development
resulted in a field of five producing wells and four dry holes.

The field, including four of the five producing wells, was unitized
in July 1957 with Vaughey and Vaughey as unit operator. Two producing
wells were converted to water injection wells, and a water supply well
was drilled near the center of the unit area. The water supply well
was drilled to 1,600 feet and tested capable of producing 800 barrels
daily from the interval between 1,250 and 1,500 feet. Waterflooding
was begun in August 1957, water being 1ngected into two wells at
650 barrels daily.

The flood pattern is irregular with one injection well in the
northwest corner and the other in the southeast corner of the unit area.

Tn December 1963 the original wells were still in active status.
Daily production was approximately 48 barrels of oil and 340 barrels
of water. Produced water was injected into the "J" sand. Daily
injection was approximately 680 barrels on vacuum surface pressure.

By volumetric determination the oil in place at original reservoir
conditions was 1,335,000 barrels or 783 barrels an acre-foot. The
estimated recovery factors, expressed in percentage of oil in place,
are: Primary, 27 percent; secondary, 11 percent; and ultimate, 38
percent.

Estimated primary oll recovery is 560,000 barrels or 211 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was approximately 350,000 barrels or 97 percent of the
estimated primary recovery. Estimated secondary oll recovery is
147,000 barrels or 86 barrels an acre-foot.

Cumulative unit production of waterflooding until the end of 1963
was approximately 131,000 barrels of oil and 375,000 barrels of water.
Cumulative water injection for the same period was approximately
1,437,000 barrels.

Estimated water requirements are 13 million barrels or 0.66 pore

volume. The estimated ratio of injected water to secondary oil
recovered is 10:1. Estimated flood life is 9 years.
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By the end of 1963 approximately 82 percent of the estimated
secondary oil and about 36 percent of the original oil in place had
been recovered. Water injected was approximately 96 percent of the
estimated water required, indicating a low estimate. The project
spparently is successful.

See table 14 for basic engineering data.
Grant Unit

‘The Grant unit (fig. 19) is in the NE— and S— of sec 29, T 19 N,
R 55 W, Banner County, approximately 2 mlles northeast of the town of
‘Harrisburg. Average elevation is approx1mately 4,360 feet.

The Grant field was dlscove*ed in May 1959 when Davis 0il Co.
completed the No. 1 Grant, swi + sec 29, for an initial pumping
production of 240 barrels of oil dally from the "D" sand through
perforations from 5,572 to 5,575 feet. A dry hole had been drilled in
the field in 1955. Following completion of the discovery well,
subsequent development resulted in four more producing wells and one
dry hole.

The field (including six wells, five producing and one dry hole)
was unitized in August 1962 with Kimbark Exploration Co. as unit
operator. A shallow (100 feet) fresh water supply well was drllled
north of the unit area in sec 20, T 19 N, R 55 W.

Waterflooding was begun in November 1962 when fresh water was
injected into a former producing well at approximately 560 barrels
daily. At that time there were four producing wells and one injection
well. The single injection well was the northernmost well. in.the unit
area.

During July 1963 three wells were producing a daily total of 25
barrels of oil and no water. Another producing well had been changed
to an injection well and the original injection well had been abandoned.
The daily average injection rate was 850 barrels at 1,800 psi. A
corrosion inhibitor was added to the injection water.

Determined volumetrically the oil in place at original reservolr
conditions was 905,000 barrels or 905 barrels an acre-foot. The
estimated recovery factors expressed in percentage of oll in place are:
Primary, 2l.4 percent; secondary, 1l percent; and ultimate, 32. L percent.

Estimated primary oil recovery is 194,000 barrels or 194 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was approximately 155,000 barrels or 80 percent of the
estimated primary recovery. Estimated secondary oil recovery is
100,000 barrels or 100 barrels an acre=foot. :
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TABLE 1k4. - Basic data for Goodwin unit ("J" sand)

I.

IT.

IIT.

Reservoir data

Productive area 310 acres

Average thickness 5.5 £t

Reservoir volume 1,705 acre-ft
Average porosity 17.3 pet

Average water saturation 30.0 pect
Formation volume factor 1.20 bbl/stb (est)
Initial reservoir pressure 1,250 psi

Bubble point pressure - - opsi

Average permeability , 99 md

Original solution GOR - - cu ft per bbl
Gravity of crude . 38° API

0il in place at original conditions

7,758 x 310 x 5.5 x 173 X .70 _ 1 335 000 STB

1.20
7,758 x 173 x .70 _ 783 _STB
1.20 Acre-ft
STB

Estimated recovery Pet oil in place "Acre-ft STB
Primary 27 211 360,000
Secondary 11 86 147,000
Ultimate 38 297 507,000
Estimated water requirements and flood life
Total 1,500,000 bbl
Equivalent pore volume 0.66
Injection water:secondary oill 10.1
Flood life 9 years
Project status--January 1, 1964
Flood started . August 1957
0il recovery (pet original oil in place) 36
Water injection (pct estimated water required ) 96
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Cumulative unit production from the start of waterflooding until
the end of 1965 was 20,200 barrels of oil and no water. Cumulative
unit water injection for the same period was 184,100 barrels.

Fstimated water requirements are 1,550,000 barrels of fresh water
or 1 pore volume. The estimated ratio of injected water to secondary
0il recovered is 16:1. The estimated flood life is 6 years.

Almost all, 90 percent, of the estimated recoverable primary oil
but only 19 percent of the original oil in place had been recovered at
the end of 1963. Water injected was 12 percent of the estimated water
required. The outcome of the project is indeterminate.

See table 15 for basic engineering data.

Harrisburg Project

The Harrisburg project (fig. 20) is in sec 10, T 18 N, R 55 W,
Banner County, about 3 miles east of the town of Harrisburg. The area
lies at the bottom of the south escarpment of the Pumpkin Creek valley.
Average elevation of the field is 4,547 feet.,

The Harrisburg field was discovered in March 1951 when Kerr-McGee,
Phillips, and Pan American completed the No. 1 Downer, NELNELSEL sec 6,
T 18 N, R 55 W, for an initial pumping production of 323 barrels of oil
daily from the "J" sand through perforations from 5,878 to 5,907 feet.
Subsequent development resulted in a field of 63 producing wells and
8 dry holes.

The project was approved by the Nebraska 0il and Gas Conservation
Commission in Jenusry 1961 with E. A. Obering (Warrier OLl Co.) as
project operator. Twelve producing wells were in the project: 3 were
completed in the "D" sand, 2 in the "J" sand, and T were dual ‘
completions. The formations to be flooded iacluded both the "D" and
the "J" sands. Two producing wells, one in the "D" sand on the west
side of the project and the other in the "7" sand on the east side of
the project, were reworked and converted to water injectlon wells. The
well on the west injects into both the "D" aund the "J" sands while the
well on the east injects into the "J" sand only. :

The project is a cooperative flood with the West Harrisburg unit
(Pan American) and the East Harrisburg unit (Walter Duncan). Operator
agreement and cooperation were considered essential to provide the
greatest ultimate recovery without undue expense to the working=-interest®
OWners. .

Water supply wells are in the NWiWWE sec 11, T 18 N, R 55 W, which
is in the East Farrisburg unit, and the NE#SE sec 11, T 18 W, R 55 W,
which is Jjust outside the East Harrisburg unit boundary. The two wells
were tested capable of producing more than 3,500 barrels of water daily.
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TABIE 15. - Basic data for Grant unit ("D" sand)

I. Reservoir data
Productive area 200 acres
Average thickness o 5 ft
Reservoir volume 1,000 acre-ft
Average porosity 20 pct
Average water saturation 30 pect
Formation volume factor 1.2 bbl/stb (est)
Initial reservoir pressure 1,250 psi
Bubble point pressure - - psi
Average permeabllity 150 md
Original solution GOR 400 cu ft per bbl
Gravity of crude 36° API '

-II. 0Oil in place at original conditions
7,758 x 200 Tg X .20 x 070 = 905,000 STB
7,758 x +20 x .70 _ 905 STB
1.2 B Acre~ft
ca STB
IITI. Estimated recovery Pct oll in place Acre-ft STB

Primary 21.h 194 194,000
Secondary 11.0 100 100,000
Ultimate 35,4 29k 29,000

IV, Estimated water requirements and flood 1life
Total (fresh) , 1,550,000 Dbl
Equivalent pore volume 1.0
Injection water:secondary oil 16:1
Flood 1life 6 years

V. Project status--January 1, 196k

Flood started
0il recovery (pct original oil in place)

Weter injection (pet estimated water required)

, -4 -

November 1962

19
12




The secondéry recovery operations began during August 1961. Water
was injected into two wells at 920 barrels daily. Production was from
two "D" sand wells, one "J" sand well, and seven dual completions.

During December 1963 untreated water was being injected into two
wells at 33,165 barrels monthly. Injection pressure in the "D" sand
was about 580 psi while injection into the "J" sand was on vacuum.
Production was 3,008 barrels of oil and 10,168 barrels of water from
10 wells. Produced water was run to surface pits. Future plans call
for produced water to be treated and injected along with fresh water.

By volumetric determination the oil qriginally in place was
1,365,000 barrels in the "D" sand and 2,350,000 barrels in the "J" sand.
Production is commingled. .

The estimated recovery factors, expressed in percentage of initial
oil in place for the "D" and the "J" sands combined, are 23%.3 percent
for primary, and 1l.3 percent for secondary, for a total of 34,6 percent.

Estimated primary oil recovery from the "J" sand and the "D" sand
combined is 866,000 barrels or 330 barrels ean acre-foot. Cumulative
project oil production at the start of waterflooding was 821,600 barrels
or approximately 96 percent of the estimated primary recovery.

cumulative project water production to the start of waterflooding
was 2,500 barrels.

Estimated secondary oll recovery 1s 420,000 barrels or 160 barrels
an acre-foot. : T : , '

Cumulative production from the start of waterflooding until the
end of 1963 was 67,100 barrels of oil and 38,800 barrels of water.
cumilative water injection for the same period was 6553h00 barrels.
The ratio of water injected to oil produced. is about 10:1.

Estimated water requirements are 11 million barrels for the DY
and the "J" sands combined. The 1l million barrels of water make up
about 1.8 pore volumes. The estimated ratio of water injected to
secondary oil recovered is 26:1. : S

At the end of 1963 only 5 percent of the estimated secondary oil
end only 24 percent of the original oil in place had been recovered.
Water injected was 6 percent of the estimated water required. The
outcome of the project is indeterminate.

See table 16 for basic engineering data.
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TABIE 16. - Basic data for Harrisburg project ("J" and "D" sands)

I. Reservoir data "D" sand "J" sand
Productive area 40O acres 320 acres
Average thickness 5 ft 10 £t
Reservoir volume - = acre~ft 3,200 acre-ft
Average porosity 14.7 pet 15 pet
Average water saturation 19.2 pct 20.5 pct
Formation volume factor 1.35 bbl/stb 1.26 bbl/stb
Tnitial reservoir pressure 1,703 psi 1,743 psi
Bubble point pressure - - psi - - psi
Average permeability 172 md v 119 md
Original solution GOR 318 cu ft per bbl 297 cu £t per bbl
Gravity of crude , 36° API 36° API

. II. Oil in place at original conditions

™" sand 7,758 x 400 x gsx 147 x 2808 _ 4 365,000 STB

7,758 x 147 x .808 _ co), ST

1.35 B Acre-ft
nI" sand 7,758 x 320 x 10'% .15 x .T95 _
L T5E = 2,350,000 STB
1,758 x +15 x o795 _ o3, __SIB
1.26 Acre-ft
III. Estimated recovery Pct oil in place STB
Primary ("D" and "J") 23.3 866,000
Secondary ("D" and "J") 11.3 420,000
Ultimate ("D" and "J") 3L6 - 1,286,000

IV. Estimated water requirements and flood life

Total 11,000,000 bbl
Equivalent pore volumes 1.8
Injection water:secondary oil 26:1
Flood life 8% years

V. Project status--January 1, 196k

Flood started Mgust 1961
0il recovery (pet original oil in place) 2l
Water injection (pct estimated water required) 6
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Rast Harrisburg Unit

The Fast Harrisburg unit (fig. 21), about 3 miles east of the town
of Harrisburg, is in secs 2, 3, and 11, T i8 N, R 55 W, Banner County.
Average elevation of the field is L, 564 feet.

The Harrisburg field was discovered in March 1951 when Kerr-McGee,
Phillips, and Pan Americarn completed the No. 1 Downer, NELNELSEL sec 6,
for an initial pumping production of 323 barrels dally from the g
sand between 5,878 and 5,907 feet. Subsequent development resulted in
e field of 63 producing wells and 8 dry holes.

Thé east portion of the Harrisburg field, including both the "D"
and the "J" sands, was unitized during January 1961 with Walter Duncan
as unit operator. '

The waterflood is cooperative with West Harrisburg unit (Pan
American) and the Harrisburg project (Werrior 0il Co.)s To protect the
correlative rights and interests of the leaseholders of the Harrisburg
project and the East and West Harrisburg units, .injection wells are
placed along common boundaries.

A water supply well was drilled in the NWilWi sec 11 and tested
capable of supplying 2,100 barrels daily. The water injectlon plant
for both the East Harrisburg unit and the Harrisburg project is in the
East Harrisburg unit.

Secondary recovery operations began in February 1961 with 1,500
parrels of water injected through three wells simultaneously into the
"DY and the "J" sands. Production was from 1 "D" sand well, 1 "J" sand
well, and 1L wells dually completed in both the "D" and the "J" sands.

On the basis of cooperative injection with adjoining units, the
flood pattern is line drive. The injection well on the extreme west
end of the unit offsets injection wells in the West Harrisburg unit and
the Harrisburg project to the south. The other two injection wells
complete the line drive. '

During December 1963, the 12 remaining active wells produced
3,397 barréls of oil. 01l from the "N gand is commingled with oil from
the "J" sand in -dual producers. Water production during December was
1,165 barrels. Produced water was run to surface pits. Water injection
during the same period was 55,739 barrels. Injection water was treated
with a corrosion inhibitor and injected at pressures ranging from 500 psi
to” 1,300 psi. Three wells were used for inJjection.

By volumetric determination the oil in place at original reservoir

conditions in the "D" and the "J" sands combined was 5,781,000 barrels
or 712 barrels an acre=foot. _ :
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The estimated recovery factors expressed in percentage of initial
oil in place are 18.1 percent for primary, and 11.6 percent for sécondary
or a total of 29.7 percent from both the "D" and the "J" sands.

Estimated primary oll recovery is 1,046,000 barrels or 129 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was 1,026,200 barrels or approximately 98.4 percent of the
estimated primary oil from both the "D" and "J" sands. '

Estimated secondary oil recovery is 671,000 barrels or 83 barrels
an acre-foot from both the "D" and "J" sands. :

Cumulative unit oil production from the start of waterflooding
until the end of 1963 was 75,000 barrels. Cumulative unit water
injection for the same period was l,067,500 barrels. The ratio of water
injected to oil produced is about 14:1. Water production since
injection began was 34,600 barrels.

Estimated water requirements for the "D" and the "J" sands are
17 million barrels over 8% years. The 17 million barrels make up
1.7 pore volumes. The estimated ratio of water injected to secondary
oil produced is 25:1.

Only 8 percent of the estimated secondary oil and only 19 percent
of the original oil in place had been recovered at the end of 1963,
Water injected was only 6 percent of the estimated water required. The
outcome of the project is indeterminate.

See table 17 for basic engineering data.

West Harrisburg Unit

The West Harrisburg unit (fig. 22) is in secs 49, T 18 N, R 55 W,
Banner County, approximately 1 mile east of the town of Barrisburg.
Average elevation is 4,550 feet.

The Herrisburg field was discovered in March 1951 when Kerr-McGee,
Phillips, and Pan American completed the No. 1 Downer, NE{NE{SEj sec 6,
for an initial pumping production of 323 barrels of oil dally from the
"J" sand in open hole from 5,878 to 5,907 feet. Subsequent development
resulted in a field of 6% producing wells and 8 dry holes.

The west end of the field, including 32 producing wells and 2 dry
holes, was unitized in 1959 with Pan American as ualt operator. Of the
32 producing wells, 23 were completed in the "J" sand, 6 in the "D"
sand, and 3 in both the "D" and "J" sands. h '

Waterflooding was begun in May 1959 when fresh water was injected

into five wells at 3,000 barrels daily. Four of the five injection
wells were former "J" sand producers and one was a former "D" sand
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TABLE 17. - Basic data for East Harrisburg unit ("D" and "J" sands)

I.

IT.

'IIIa

IV.

Reservoir data

Productive area ' - - acres
Average thickness - = ft
Reservoir volume 8,124 acre-ft
*Average porosity " 15.9 pct
Average water saturation 25 pct
Formation volume factor 1.3 bbl/stb
Initial reservoir pressure 1,723 psi
Bubble point pressure = = psi
*¥¥Average permeability _ : 108 md
Original solution GOR . 300 cu £t per bbl
Gravity of crude ' 36° API

0il in place at original conditions

7,758 x 8,124 x .159 x .75 _ 5,781,000 STB

1.3
7,758 x 159 x .75 _ 712 STB
1.3 ~ Acre~ft
) STB

Estimated recovery Pct oil in place  Acre-ft STB
Primery ("D" and "J") 18.1 129 1,046,000
Secondary ("D" and "J") 11.6 83 671,000
Ultimate ("D" and "J") 29.7 212 1,717,000
Estimated water requirements and flood Llife
Total © 17,000,000 bbl
Equivalent pore volumes 1.7
Injection water:secondary oil ' 25:1
Flood life : 8% years
Project status--January 1, 196k
Flood started February 1961
0il recovery (pet original oil in place) 19
Water injection (pct estimated water required) 6

¥Porosity (percent) - "D" sand 15.5%, "J" sand 16.3%

*%Permeability (millidarcys) - "D" sand, 152, "J" sand, 6L
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producer. The "D" sand well was recompleted as a dual ("D" and "J")
injection well. A fresh water supply well had been drilled in the
SELWWL sec 32, T 19 N, R 55 W. The water was obtained from alluvial
gravels at approximately 200 feet.

The flood pattern in the west end of the unit area is irregular,
whereas the flood pattern in the east end 1s a staggered line drive.
The west end contains the five initial injection wells. The three
injection welils in the east end are part of a cooperative flood agree-
ment with the adjoining Harrisburg project and the East Harrisburg
unit. ' :

~In December 1963 the West Harrisburg unit contained nine active
producing wells and three active injection wells. Dally production was
approximately 66 barrels of oil and 15k barrels of water. Produced
water was injected into the "J" sand reservoir. Daily injection was
approximately 1,000 barrels of untreated water, of which 500 barrels
was injected into the "D" sand at 1,500 psi and 500 barrels was injected
into the "J" sand at 1,725 psi. ' '

By volumetric determination the oil in place at original reservoir
conditions was 8,713,000 barrels for the "J" sand and 811,000 barrels
for the "D" sand. The estimated recovery factors for both "D" and "J"
sands, expressed in percentage of oil in place, are: Primary, 20 percent;
secondary, 15 percent; and ultimate, 35 percent.

Estimated primary oil recovery ("D" and "J") is 1,905,000 barrels.
Cumulative unit oil production ("D" and "J") at the start of water-
flooding was 1,643,000 barrels or 86 percent of the estimated primary
recovery. Estimated recoverable secondary oil ("D" amd "J") is
1,429,000 barrels.

Cumulative unit production from the start of waterflooding until
the end of 1963 was 358,900 barrels of oil and 1,665,400 barrels of
water. Cumilative unit water injection for the same psriod was
3,835,500 barrels.

Estimated total water requirements are 15,100,000 barrels or
1 pore volume. Estimated ratio of water injected to oil recovered is
11:1l. The estimated flood life is 10 years.

At the end of 1963 only T percent of the estimated secondary oil
and only 21 percent of the estimated original oil in place had been
recovered. Water injected was 25 percent of the estimated water
required. The outcome of the project is indeterminate.

See table 18 for basic engineering data.
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TABIE 18. - Basic data for West Harrisburg unit (D" and "J" sands)

I.

II.

IIT.

Reservoir data "J'" sand "D" sand
Productive area 1,310 acres 300 acres

Average thickness 9 ft N

Reservoir volume 11,790 acre-ft 1,200 acre-ft
Average porosity 15 pet 14.7 pct

Average water saturation 20 pet 20 pct

Formation volume factor 1.26 bbl/stb 1.35 bbl/stb (est)
Initial reservoir pressure 1,703 psi = - psi

Bubble point pressure 1,101 psi - - psi

Average permeability 119 md 172 md

Original solution GOR 297 cu ft per bbl - - cu £t per Dbbl
Gravity of crude 36° API - - API

0il in'place at.original conditions

"g" send 7,758 x 1,310 x 9 x .15 x .80 _ g 713 000 STB

1.26
7,758 x .15 x .80 _ STB
1.26 =139 Acre-ft

"D" sand 7,758 x 300 x 4 x 14T x .80 _ g1 000 s7B
1,35 I

7,758 x J147 x .80 _ 676 STB

1.35 Acre-ft

Total oil in place (™" and "J") = 9,524,000 STB
2

. STB

‘Estimated recovery Pct oil in place Acre-ft STB
"D sand

Primary 20 135 162,000
Secondary 15 101 122,000
Ultimate - 35 236 28k, 000
"J'" sand

Primary ' 20 148 1,743,000
Secondary , 15 111 1,307,000
Ultimate 35 259 3,050,000




TABIE 18. - Basic data for West Harrisburg unit--Continued

III.

Ve

Estimated recovery Pet oil in place | Ac%g%%t STB
Total "D" and "J"

Primary | | 1,905,000 |
e S

Estimated water requirements and flood life

Total ("D" and "J") 15,089,000 bbl
Equivalent pore volume 1.0
Injection water:secondary oil : S 11:1 . ‘
Flood life L 10 years

Projecf status--January 1, 1964

Flood started May 1959
0il recovery (pct original oil in place) 21

Water injection (pct estimated water required) - | 25
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Heidemann Unit

The Feidemann unit (fig. 23) is in secs 13, 1k, 23, 24, 26, and
35, T 15 N, R 56 W, Kimball County, approximately 2 miles west of the
town of Kimball. Average elevation is h,?SO feet.

The Heidemann field was discovered in November 1956 when
Petroleum, Inc., completed the No. 1 Heidemann, C SEL % sec 23, for
en initial pumping production of 120 barrels daily from the "J" sand
through perforations from 6,343 to 6,350 feet. Subsequent development

resulted in a field of 25 producing wells and 135 dry holes.

The field, including all of the producing wells and 9 of the 13
dry holes, was unitized in October 1961 with Shell Oil Co. as unit
operator. o

Waterflooding was begun in May 1962 when fresh water was injected
into seven former producing wells at approximately 4,600 barrels daily.
The fresh water was obtained from a shallow well drilled in the SE{NEf
og sec 26. The well was completed in alluvial gravel at approximately
160 feet. '

The flood pattern is semiperipheral. The reservoir is elongated
(north-south) roughly three times as long as it is wide. The injection
wells are on the west, north, and south ends of the unit area.

Tn December 1963 the Heidemann unit contained 14 active producing
wells and 7 active injection wells. Daily production was approximately
675 barrels of oil and 1,300 barrels of water. Produced water was
treated with a bactericide and corrosion inhibitor and injected into
the oil reservoir. Daily injection was approximately 4,900 barrels of
fresh and produced water at a pressure of 975 psi. The fresh water was
untreated.

By volumetric determination the oil in place at original reservolr
conditions was 8,716,000 barrels or 807 barrels an acre-foot. The
estimated recovery factors expressed in percentage of oil in place are:
Primary, 22 percent; secondary, 14 percent; and ultimate, 36 percent.

Estimated primary oil recovery is 1,918,000 barrels or 178 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was approximately 1,900,000 barrels or 99 percent of the
estimated primary recovery. Estimated secondary oll recovery is
1,220,000 barrels or 113 barrels an acre-foot.

Cumulative unit production from the start of waterflooding until
the end of 1963 was 377,000 barrels of oil and 567,100 barrels of water.
cumulative unit water injection for the same period was 5,191,#00
barrels. '
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Estimated water requirements are 7,100,000 barrels of make-up
(fresh) water and 3,000,000 barrels of produced water totaling
10,100,000 barrels or 0.60 pore volume. The estimated ratio of water
injected to secondary oil recovered is 8:1. The estimated flood life
is 6 years.

By the end of 1963 approximately 29 percent of the estimated
secondary oil and 26 percent of the original oil in place had been
recovered. Water injected was approximately 32 percent of the estimated
water required. Avallable data indicate a successful project.

See table 19 for basic engineering data.
Houtby Unit

The Houtby unit (fig. 24) about 23 miles southeast of the town of
Dix in an area of rolling hills, is in secs 4, 5, 8, and 9, T 1L N,
R 54 W, Kimball County. Average elevation of the field is 4,775 feet.

The Houtby field was discovered in 1954 with the completion of
Sem Joseph's N6. 1 Houtby in the SELSELSEL sec 5, T 1k N, R 54 W.
Tnitially the wildcat pumped 20 barrels of oil hourly from the "J" sand
at 6,002 to 6,010 feet. Field development was slow, and only two more
wells were completed in 1955. In 1956 seven wells were completed, and
then development slacked off. Eighteen wells were drilled in the Houtby
field, 15 of these completed as producers and 3 completed as dry holes.

During September 1962 the Houtby unit was formed with Sage Oil Co.
as unit operator. The unit consists of 15 producing wells in the
Foutby field, plus 3 producing wells and 1 dry hole from what was
known as the Kenton field to the east. Two of the original Houtby |
producing wells were reworked and converted to water injection wells,
leaving 16 producing wells.

The fresh water supply well is located about 2.7 miles southeast
of the Houtby unit. The well was completed in the Ogallala formation.

Secondary recovery operations got underway in January 1963 with
" 7,000 barrels of water daily injected through two injection wells.
Production was from 15 producing wells, one of the producing wells
having been temporarily shut-in.

The £lood pattern is irregular with the injection wells in the
northwest and the southwest corners of the unit area. ‘

Tn July 1963 the field was producing about 205 barrels of oil and
150 barrels of water from 15 wells. Water was injected into two wells
at 4,500 barrels daily at 1,000 psi. The injection water was treated
with a corrosion inhibitor. Produced water was disposed of in surface
pits.
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TABLE 19. - Basic data for HBeidemann unit ("J" sand)

IO

IT.

IIT.

Reservoir data

Productive area 1,200 acres

Average thickness 9 £t

Reservoir volume 10,800 acre-ft
Average porosity : 20 pct

-Average water saturation - 35 pet

. Formation volume factor : 1.25 bbl/stb
Initial reservoir pressure 1,550 psi

Bubble point pressure 700 psi (est)
Average permeability . 145 md

Original solution GOR : 180 cu ft per bbl
Gravity of crude - 38° API

0il in place at original conditions

7,758 x 1,200 x9x .20 x °55 = 8;716,000'STB

1.25
7,758 x 20 x .65 o _ STB
, 1.25 = 807 Acre-ft
- , STB
Estimated, recovery Pct oil in place Acre-ft STB
' Primary op 178 1,918,000
‘ Secondary S 1h 113 1,220,000
Ultimate ‘ %6 291 3,138,000

Estimated water requlrements and flood life

Meke-up (fresh) - T,070,000 bbl (70 pct)

Produced : 3,030,000 bbl (30 pct)
- Total _ - 10,100,000 bbl

Equivalent pore volume : 0.60

Injection water:secondary oil B 8:1

Flood life - - 6 years

Project status--January 1, 1964

Flood started ' May 1962
0il recovery (pct original oil in place) 26
Water injection (pct estimated water required) 32
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During September 1962 the Houtby unit was formed with Sage 0il Co.
as unit operator. The unit consists of 15 producing wells 1in the Houtby
field, plus 3 producing wells and 1 dry hole from what was known as the
Kenton field to the east. Two of the original Houtby producing wells
were reworked and converted to water injection wells, leaving 16
producing wells.

The fresh water supply well is located about 2.7 miles southeast
of the Houtby unit. The well was completed in the Ogallala formation.

Secondary recovery operations got underway in January 1963 with
7,000 barrels of water daily injected through two injection wells.
Production was from 15 producing wells, one of the producing wells
having been temporarily shut-in.

The flood pattern is irregular with the injection wells in the -
northwest and the southwest corners of the unit area.

In July 1963 the field was producing about 205 barrels of oil and
150 barrels of water from 15 wells. Water was injected into two wells
at 4,500 barrels daily at 1,000 psi. The injection water was treated
with a corrosion inhibitor. Produced wdter was disposed of in surface
pits.

By volumetric determination the oil originally in place was
6,152,000 barrels or 841 barrels an acre-foot. The estimated recovery
factors, expressed in percentage of initial oil in place, are:

25 percent for primary, and 15 percent for secondary, for a total of
4O percent.

Estimated primary oil recovery is 1,538,000 barrels or 210 barrels
an acre-foot. Cumulative oil production to the start of waterflooding
was 19426,700 barrels or 93 percent of the estimated primary oil.
Estimated secondary oil recovery is 923,000 barrels or 126 barrels an
acre-foot.

Cumulative unit oil production from the start of waterflooding
until the end of 1963 was 12h9000 barrels of oil and 73,000 barrels of
water. Cumulative water injection for the same period was 1,439,460
barrels.

Estimated water requirements are 15 million barrels of fresh water
or 1.3 pore volumes. The project is expected to last 10% years. The
estimated ratio of water injected to oil recovered is 16:1.

Only 1 percent of the estimated secondary oil and little more than
25 percent of the original oil in place had been recovered at the end
of 1963, Water injected was 10 percent of the estimated water
required. The outcome of the project is indeterminate.

See table 20 for basic engineering data.
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TABLE 20. - Basic data for Houtby unit ("J" sand)

I

IIO

III.

Iv.

V.

Reservoir data

Productive area 660 acres
Average thickness 11 £t
Reservoir volume 7,271 acre-ft
Average porosity 20 pct
Average water saturation . 35 pct
Formation volume factor - 1.2 bbl/stb
Initial reservoir pressure 1,375 psi
Bubble point pressure ) -~ 1,400 psi
Average permeability - 150 md.
Original solution GOR 500 cu ft per bbl
Gravity of crude 39° APT

01l in place at original conditions-

73758 X 660 XI 11 x 2 X o65 _ 6 152 000 STB
, e , = 0, ) .

. ln2
7,758 % o2 x 65 . _ STB
- T = %M T
STB

Estimated recovery Pct oil in place Acre~ft STB
Primery . 25 210 . 1,538,000
Secondary 15 : 126 923,000
Ultimate . - Lo %% . 2,461,000

Estimated water requirements and flood life

Total : . - 15,000,000 bbbl
Equivalent pore volume : _ 1.3
Injection water:secondary oil - . 16:1 o
Flood life 103 years

Project status--January 1, 1964

_ Flood started . | Januery 1963
0il recovery (pct original oil in place) 25
Water injection (pct estimated water required) 10
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Jacinto Unit

The Jacinto unit (fig. 25 ) is in secs 10, 1k, and 15, T 16 W,
R 54 W, Kimball County, approximately 10 miles northeast of the town of
Kimball. Average elevation is about 4,760 feet. ‘

The Jacinto field was discovered early in 1955 when Zoch, Campbell,
and Iove-Miller completed the No. 1 Pound, NWiNEL sec 1k, for an initial
pumping production of 295 barrels daily from the "J" sand through
perforations from 5,786 to 5,790 feet. Subsequent development resulted
in a field of 35 producing wells and 17 dry holes.

Tn 1960 Shell Oil Co. unitized its leases in the Jacinto field to
conduct a pressure maintenance project. The unitized area contained
2l producing wells and 2 dry holes.

At the +time of unitization, the field was being depleted by edge-
water encroachment and solution ges drive. The water encroachment rate
was less than the oil withdrawal rate, and reservoir pressure was
declining. To prevent further pressure decline and a resultant decrease
in ultimate oil recovery, maintenance was initiated through water
injection. :

v In April 1960 water was injected into two former producing wells
at approximately 3,000 barrels daily. Water was obtained from a well
drilled in the N3NWE of sec 15, to 600 feet.

Late in(l96l Shell acquired State sec 16, which borders the unit
ares to the west. Two of the eight producing wells and one of the two
dry holes in sec 16 were converted to water injection wells.

The injection pattern is semiperipheral. The injection wells are
ip the west and south ends of the field where edgewater is encroaching
into the oil reservoir umder a natural water drive. ’

Tn December 1963 eight producing wells and three injection wells
were in the unit area and two injection wells were in sec 16. The
other wells in sec 16 had been abandoned. Daily production was
approximately 850 barrels of oil and 1,350 barrels of water. Dally
injection was approximately 4,600 barrels of fresh water and 1,350
barrels of produced water, totaling 5,950 barrels. The fresh water was
treated with a corrosion inhibitor and bactericide and injected into
four of the five injection wells. Produced water was injected,
untreated, into the "J" sand in well No. 15, SELSWL sec 15. All of the
injection wells were taking water on vacuum. '

By volumetric determination the oil in place at original reservoir
conditions was 11,943,000 barrels or 847 barrels an acre-foot.
Estimated ultimate recovery, expressed in percentage of oil in place,
is 45 percent.
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Cumulative field oil producticn at the start of the pressure
maintenance project was approximately 3 million barrels. Estimated
ultimate oil recovery is 5,374,000 barrels or 381 barrels an acre~foot.

Cumulative production from the start of water injection until the
end of 1963 was 1,672,200 barrels of oil and 1,397,100 barrels of water.
Cumulative water injection for the same period was 6,963,300 barrels.

Estimated water requirements are 10,625,000 barrels of fresh water
and 1,875,000 barrels of produced water totaling 123 million barrels
or 0.55 pore volume. The estimated project life is 6 years.

By the end of 1963 approximately 39 percent of the original oil in
place had been recovered. Water injection to that time was approx-
imately 56 percent of the estimated water requirements. The project
is apparently successful.

See table 21 for basic engineering.data.

West Juelfs Unit

The West Juelfs unit (fig. 26) is in secs 18 and 19, T 17 N,
R 51 W, and secs 13, 14, 23, and 24, T 1T N, R 52 W, Cheyenne and
Morrill Counties, approximately 1T miles southwest of the town of
Bridgeport. Average elevation is about 4,550 feet. :

The Juelfs field was discovered in March 1955 when British-
American Oil Co. completed the No. 1 Juelfs, C NELNE{ sec 23, T 17 N,
R 52 W, Cheyenne County, for an initial production of 269 barrels of
0il daily from the "J" sand through perforations from 5,293 to 5,296
feet. . Subsequent development resulted in 31 more producing wells and
10 dry holes.

The Juelfs field at one time was thought to be two separate filelds;
the west end was called Dogleg and the east end Gaylord. After Dogleg
and Gaylord were found to have a common reservoir, the field was named
Juelfs. ' S

An attempt to unitize the entire field was unsuccessful. However,
in February 1961 the western part, including 21 producing wells and 6
dry holes, was unitized with British-American Oil Co. as unit operator.

Seven producing wells and one dry hole were converted to water
injection wells. Two fresh water supply wells were drilled in the west
end of the unit area in sec 23. The supply wells were tested and found
capablé of producing at a combined 48,000 barrels of water daily from
the Brule clay formation at approximately 500 feet. -

Waterflooding was begun in June 1961. Fresh water was injected
into eight wells at approximately 7,600 berrels daily.
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TABLE 21. - Basic data for Jacinto unit ("J" sand)

I. Reservoir data
Productive area 1,007 acres
Average thickness 14 £t
Reservoir volume 14,098 acre-ft
Average porosity 21 pect
Average water saturation 35 pet
Formation volume factor 1.25 bbl/stb (est)
Tnitial reservoir pressure 1,420 psi '
Bubble point pressure 693 psi
Average permeability 300 md
Original solution GOR 140 cu £t per bbl
Gravity of crude 38° API
II. Oil in place at original conditions
. . 1,007 x 14 x .21 x .65
1,758 x 1, OZ ’2‘5 x 221 X 109 _ 11,943,000 STB
7,758 x .21 x .65 _ gy STB
1.25° = 847 Acre-ft
STB
IIT. Estimated recovery Pet oil in place  Acre-ft STB
Total (press. maint.) " 45 381 5,374,000
IV. Estimated water requirements and flood life
Fresh water 10,625,000 bbl
Produced water 1,875,000 bbl
Total water 12,500,000 Dbl
Equivalent pore volume 0.55
Flood life 6 years
V. Project status--Jenuary 1, 1964
Flood started April 1960
0il recovery (pct original oil in place) 39
56

Water injection (pct estimated water required)
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The flood pattern is a modified nine-spot, open ended on the east
end of the unit. The rest of the field was unitized in 1963.

In July l963rthe West Juelfs unit contained 13 producing wells and
8 injection wells. One of the water supply wells had been abandoned.
Daily production was approximately 620 barrels of oil and 2,700 barrels
of water. Produced water was disposed of in surface pits. Daily
injection was 3,900 barrels of fresh water at a pressure of 1,380 psi.
The injection water was treated with a bactericide. Plans had. been
made to install a produced water gathering system and to inject the
produced waters : . ’

By volumetric determination the oil in place at original reservoir
conditions was 7,926,000 barrels or 928 barrels an acre-foot. - The
estimated recovery factors expressed in percentage of oil in place are:
Primary, 25.2 percent; secondary, 22.2 percent; and total, 47.l4 percent.

Estimated primary oil recovery is 1,997,000 barrels or 234 barrels
an acre-foot. Cumulative unit 0il production at the start of water-
flooding was approximately 1,586,000 barrels or 79 percent of the
estimated primary recovery. Estimated secondary oll recovery is
1,761,000 barrels or 206 barrels an acre-foot.

cumulative unit production from the start of waterflooding until
the end of 1963 was 738,100 barrels of oil and 1,239,100 barrels of
water. Cumulative unit water injection for the same period was
4,483,900 barrels. o .

- Estimated water requirements are 1l million barrels or 0.84 pore
volume. The estimated ratio of water injected to secondary oil
recovered is 6:1. The estimated flood life is.T years.

By the end of 1963 approximately 19 percent of the estimated
secondary oil‘and 29 percent of the original oil in place had  been
recovered. Water injected was approximately 41 percent of the. estimated
water required. Available data indicate a successful project.

See table 22 for basic engineéring data.
Kenmec Unit
The Kenmec unit (fig. 27) is in secs 9, 10, 15, 16, and 22, T 18 N,
R 5% W, Banner County, approximately-lh miles southeast of -the town of
Harrisburg. Average elevation is some 4,350 feet.
The unit area includes parts of two contiguous fields, the Kenmac

and the Hackberry, which have a common "J" sand reservoir. The
Hackberry field lies north and west of the Kenmac field.
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TABIE 22. - Basic data for West Juelfs unit ("J" sand)

I.

IT.

IT1T.

V.

Reservoir data

Productive area - - acres
Average thickness - - - ft
Reservoir volume 8,541 acre- ft
Average porosity: . 18 8 pct
Average water saturation 23.6 pet
Formation volume factor 1.2 bbl/stb (est)
Initial reservolr pressure 1,290 psi
Bubble point pressure 720 psi (est)

. Average permeability ' ' 116 md

- original solution GOR . 5 220 cu ft per bbl
Gravity of crude 38° APIL

0il in place at original conditions

7,758 x 8,541 x 188 x 6% _ ¢ 906 000 STB

L.2
7,758 x .188 x 764 _ 928 STB
1.2 B Acre-£t
' | STB

Estimated recovery Pet oil in place Acre-Tt STB
Primary ' 25.2 23l 1,997,000
Secondary 22,2 206 1, 761 000
Ultimate IT.B 350 3,758,000
Estimated water requirements and flood life
Total 11,000,000 bbl
Equivalent pore volume : 0.8k
Injection water: Secondary oil : 6:1
Flood life : T years
Project status--January 1, 196L
- Flood started June 1961
0il recovery (pect original oil in place) 29
Water injection (pet estimated water requlred) b1
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The Kenmac field was discovered in October 1954 when Rex Petroleum
completed the No. 1 Johnson Estate, C SWANEL sec 27, T 18 N, R 53 W,
for an initial pumping production of 100 barrels daily from the "
sand through perforations from 5,456 to 5,466 feet. Field development
resulted in 8 more producing wells and 1l dry holes.

The Hackberry field was discovered in March 1956 when Rite-Way Oil
and Tnvestment completed the No. 1-B Schneider, C NWiNWE sec 15, T 18 N,
R 53 W, for an initial pumping production of 170 barrels daily from the
AT" sand through perforations at 5,310 to 5,314 feet. Subsequent
development resulted in 16 more producing wells and 6 dry holes.

Adjoining parts of the two fields were unitized in March 1961 with
British-American 0il Co. as unit operator. - Five producing wells and
2 dry holes in the Kenmac field and 17 producing wells and 4 dry holes
in the Hackberry field were included in the unit area. Three producing
wells were -converted to water injection wells and one new injection
well was drilled. . .

Waterflooding was begun:in;August:l96l when fresh water was injected
into the four wells at approximatély 5,300 barrels daily. The fresh
water was obtained from two shallow (50 feet) wells in the SEL of sec 22.

The flood pattern is a modified line drive. Two injection wells
are at each end of the elongated (north-south) unit area. As the flood
progresses toward the center of the unit area conversion of additional
wells to injection appears likely.

‘In July 1963 the Kenmac unit contained 4 injection wells and 13
producing wells. Daily injection was approximately 5,500 barrels at
a pressure of 1,440 psi. The injection water was treated with.a
corrosion inhibitor. Daily production was approximately 2,100 barrels
of oil and 3,500 barrels of water. The water was disposed of in
surface pits. e : :

By volumetric determination the oil in place at original reservolr
conditions was' 65 million barrels or 941 barrels an acre-foot.
Fstimated recovery factors expressed in percentage of oil in place are:
Primary,.26.6 percent; secondary, 23 percent; and total, 49.6 percent.

" Estimated primary oil recovery is 1,731,000 barrels .or 250 ,
barrels an ascre-foot. Cumulative oil production at the start of water-
flooding was . approximately 1,652,000 barrels or 95 percent of the
estimated primary recovery, Estimated secondary oil recovery is
1,495,000 barrels or 216 barrels an acre-foot.

Cumulative unit production from the start of waterflooding until
the end of 1963 was 1,192,600 barrels of oil and 1,492,700 barrels of
water. Cumulative water injection for the seme period was 4,728,600
barrels.
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Estimated water requirements are 10,400,000 barrels or 1 reservolr
pore volume. The estimated ratio of water injected to secondary oil
recovered is T:l. The estimated flood life is 7 years.

By the end of 1963 approximately 75 percent of the estimated second-~
ary oll and approximately 4l percent of the original oil in place had
been recovered. Water injected was approximately 45 percent of the
estimated water required. The project is apparently successful.

See table 23 for basic engineering data.
Kimball Unit

The Kimball unit (fig. 28) is in secs 5 and 6, T 14 N, R55 W,
and secs 29-32, T 15 N, R 55 W, Kimball County, in and adjacent to the
tovn of Kimball. Average elevation is about 4,725 feet.

The Kimball field was discovered in June 1954 when Natural Ges and
0il Co. completed the No. 1 Durland Trust, C NE{NWj sec 5, for an
initial pumping production of 390 barrels daily from the "J" sand
through perforations from 6,306 to 6,312 feet. Subsequent development
resulted in a field of 58 producing wells and 14 dry holes.

The field, including 51 producing wells and 8 dry holes, was
unitized in 1959 with Pan American Petroleum Corp. as unit operator.

Waterflooding was begun in December 1959 when fresh water was
injected into five former producing wells at approximately 5,400
barrels daily. The water was obtained from & well drilled outside the
unit area in the SW%SW% of sec 33. The well was completed in alluvial
gravel at approximately 200 feet. A second water supply well later was
drilled in the SELSEf of sec 29.

The flood pattern is a modified line drive. The well arrangement
1s unusual because a row of injection wells extends diagonally
(northeast—southwest) across the midportion of the field. The pattern

is designed to minimize oil movement to or from the nonunitized acreage
inside the unit boundaries.

Tn December 1963 the Kimball unit contained 19 active producing
wells and 10 active injection wells. Dally production was approximately
650 barrels of oil end 2,300 barrels of water. Produced water was
injected into the oil reservoir. Daily injection was approximately
5,700 barrels of untreated water at a pressure of 1,000 psi.

By volumetric determination the oil in place at original reservolr
conditions was 12,400,000 barrels or 931 barrels an acre-foot. The
estimated recovery factors, expressed in percentage of original oil in
place, are: Primary, 26 percent; secondary, 16 percent; and ultimate,
42 percent.
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TABIE 23. - Basic data for Kenmac unit ("J" sand )

I.

IT.

ITT.

Reservoir data

Productive area , 1,051 acres
Average thickness _ 6.6 £t
Reservoir volume 6,937 acre-ft
Average porosity 19.4 pet
Average water saturation - 25 pct
Formation volume factor 1.2 bbl/stb
Tnitial reservolr pressure 7 1,300 psi
Bubble point pressure o 800 psi
Average permeability 200 md
Original solution GOR - 200 cu ft per bbl
Gravity of crude _ . 36° APT

0il in place at original conditions

= 6,500,000 STB

7,758 x 1,051 ¥ 6.6 x 194 x .75
1.8

7,758 x .19% x .75 _ oy —STB

1.2 Acre-ft
STB

Estimated recovery = Pct oil in place Acre-ft STB
Primary R 26.6 250 1,731,000
Secondary . 23,0 ' 216 1,495,000
Ultimate o L9.6 - Ies 3,226,000
Estiﬁated water requirements and flood life
Total . | 10,400,000 bbL

~ Equivalent ppre_volume . _ 1.0
Injection water:secondary oil , T:1
Flood life ' 7 years
Project status--January 1, 196k
Flood started o , August 1961
0il recovery (pet original oil in place) Ll
Water injection (pct estimated water required ) L5
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Estimated primary oil recovery is 3,224,000 barrels or 242 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was approximately 2,900,000 barrels or 90 percent of the
estimated primary recovery. Estimated secondary oil recovery is
1,984,000 barrels or 149 barrels an acre-foot.

Cumulative unit production from the start of waterflooding until
the end of 1965 was 1,506,000 barrels of oil and 3,721,000 barrels of
water. Cumulative unit water injection for the same period was
7,886,000 barrels. :

Estimated water requirements are 20,700,000 barrels or 1 pore
volume. The estimated ratio of water injected to secondary oil
recovered is 10:1. The estimated flood life is 1O years.

By the end of 1963 approximately 49 percent of the estimated
secondary oil and approximately 34 percent of the original oil in place
had been recovered. Water inJjected was approximately %8 percent of the
estimated water required. Available data Indicate a successful project.

See table 24 for basic engineering data.

West Iane Unit

The West Tane unit (fig. 29) is in secs 7, 8, 17, and 18, T 17 N,
R 49 W, Morrill County, approximately 16Amiles southeast of the town of
Bridgeport. Average elevation is approximately 4,170 feet.

The Tane field was‘discovered in January 1956 when Marathon
(formerly Ohio) Oil Co. completed the No. 1 ILane, C NWiSEL sec 17, for
an initial pumping production of 35 barrels daily from the "J" sand
through a perforated interval from 4,596 to 4,600 feet. Because of
the marginal producing rate of the discovery well, development drilling
was delayed until about the middle of 1958. Marathon then drilled the
No. 2 Iane, SWANWiNWE sec 17, and completed it in the "J" sand for 125
barrels daily. Subsequent development resulted in 11 more producing
wells and 3 dry holes. :

Part of the field, including seven producing wells and two dry
holes, was unitized in September 1960 with Marathon O0il Co. as unit
operator. Four producing wells, including the discovery well, were not
included. Unit wells are separated from nonunit wells by a
permeability pinch-out in the "J" sand reservolr.

A producing well ‘in the SW%SW%SW%-sec 8, was converted to a water
injection well, and a new water injection well was drilled in the
NELSEL sec 18. The fresh water supply well, drilled in the NELNEL
of sec 18, was tested capable of producing 5,000 barrels of water daily
from the Ogallala formation between 195 and 270 feet.
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TABIE 24, - Basic data for Kimball unit ("J" sand)

I.

Reservoir data

Productive area

Average thickness
Reservoir volume

Average porosity

Average water saturation
Formation volume factor
Initial reservoir pressure
Bubble point pressure
Average permeability
Original solution GOR

CGravity of crude

1,435 acres
9.3 £t
13,346 acre-ft
20 pct
25 pct
1.25 bbl/stb
1,525 psi
400 psi (est)
317 md :
"150 cu £t per bbl
38° API

TI. 0il in place at original”coﬁditions'

7,758 x 1,435 x 9.3 x .20 x .75

= 12,400,000 STB

1025
T,758 % .20 x .15 _ o5 _SIB
1.25 : Acre-ft
. _ o STB.

ITI. Estimated recovery = Pct oil in place Acre-ft STB.
Primary ~ _ 26 242 3,22l,000
Secondary 16 149 1,984,000
Ultimate . . k2 391 = 5,208,000

IV. Estimated water feQuirements,and'flood life
Total 20,700,000 BbL
Equivalent pore volume ‘ _ o 1.0
Injection water:secondary oil ' 10:1
Flood life ' 10 years

Ve Projéct status--January 1, 1964
Flood.started ) ' ) December 1959
0il recovery (pct original oil in place) 3l
Water injection (pct estimated water required) 38
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Waterflooding was begun in November 1960 when fresh water was
injected into two wells at a combined 3,400 barrels daily. At that time
there were five producing wells, one producing well having been
abandoned. '

Tn November 1961 a producing well (No. 3 Cape, NWiSELNEE sec 18)
was converted to a water injection well. After 41 months this same
well was converted to a water disposal well in the "D" sand.

The flood pattern is a modified line drive. Two injection wells
are at opposite (north-south) ends of the unit area and four producing
wells are centered roughly between the injection wells. Fresh water is
injeeted in the south end of the unit area and both fresh and produced
water are injected in the north end of the unit area.

During June 1963 four wells were producing a daily totsl of 200
barrels of oil and 2,000 barrels of water. - Of the 2,000 barrels of
produced water, 500 barrels was being injected into the "J" sand in
the north end of the unit and 1,500 barrels was being inJjected into
the disposal well ("D" sand). The produced water returned to the "J"
sand was treated with a corrosion inhibitor. Serious corrosion of
subsurface equipment occurred at West Lane unit. Daily injection was
spproximately 3,100 barrels at a pressure of about 100 psi.

By volumetric determination the oil in place at original reservolr
conditions was 2,800,000 barrels or 1,050 barreis an acra=foot.
Fstimated recovery factors expressed in percentage of oil in place are:
Primary, 22.5 percent; secondary, 12.3 percent; and total, 34,8 percent.

Estimated primary oil recovery is 631,000 barrels or 236 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was 475,000 barrels or approximately 75 percent of the
estimated primary recovery. Estimated secondary oil recovery is
3lh,000 barrels or 129 barrels an acre-footi.

cumulative unit water production at the start of waterflooding was
213,000 barrsls. The large volume of produced water indicates that
waterflooding is supplemented by a natural water drive.

Cumulative unit production from the start of waterflocding until
the end of 1963 was 418,500 barrels of oil and 1,450,500 barrels of
water. Cumulative unit water injection for the same period was
3,228,300 barrels.

Estimated water requirements are 3,800,000 barrels of fresh water
and 650,000 barrels of produced water, totaling 4,450,000 barrels or
approximately 1 reservoir pore volume. The estimated ratio of injected
gater to secondary oil recovered is 13:l. The estimated flood life is

years.

- 65 =




By the end of 1963, T6 percent of the estimated secondary oil and
32 percent of the original oil in place had been recovered. Water
injected was T3 percent of the estimated water required. The project
is apparently successful.

See. table 25 for basic engineering data.
Iewis Unit

The Iewis unit (fig. 30) is in secs 19, 20, 29, and 30, T 18 N,
R 56 W, Banner County, approximately 5 miles southwest of the town of
Harrisburg. Average elevation is about 5,030 feet.

The Tewis field was discovered in June 1958 when Iewis Brothers,
Stuarco Oil, and Carver Dodge completed the No. 1 Johnson, C NEfNWi
sec 30, for an initial pumping production of 175 barrels daily from the
"M sand through the perforated interval from 6,725 to 6,740 feet.
Subsequent development resulted in a field of 14 producing wells and
6 dry holes. Of the 1% producing wells, 12 were completed in the "J"
send, 1 was completed in the "D" sand, and 1 was completed in both the
"D" and "J" sands.

The "J" sand was unitized in March 1960 with Pan American
Petroleum Corp. as unit operator. Eleven "J" sand producing wells, one
"M and "J" producing well, and two dry holes were included in the unit
area. Well No. 15 was drilled after March 1960.

. Waterflooding was begun in March 1960 when fresh water was injected
into three wells at approximately 1,200 barrels daily. Two of the
injection wells were recompleted dry holes, and one was a former
producing well. Fresh water was obtained from & shallow well drilled
outside the unit area in the SELSEL of sec 30. The well was tested
capable of producing 4,000 barrels of water daily from alluvial gravel
at approximately 200 feet.

The flood pattern is semiperipheral. The three initial injection
wells are widely spaced: One in the west end, one in the north end,
and one in the east end of the unit area. Subsequent inJjection wells
are in the northwest end of the unit area.

In July 1963 the Iewis unit contained seven active producing wells
and five active injection wells. Daily production was approximately
300 barrels of oil and 500 barrels of water. Produced water was disposed
of in surface pits. Daily injection was approximately 2,400 barrels at
a pressure of 1,700 psi. -

By volumetric determination the oil in place at original reservoir
conditions was 5,900,000 barrels or 656 barrels an acre-foot. The
estimated recovery factors expressed in percentage of oil in place are:
Primary, 20 percent; secondary, 12 percent; and ultimate, 32 percent.

- 66 -

-




TABLE 25. - Basic data for West lane unit ("J" sand)'

I. Reservoir data

Productive area 190 acres
Average thickness . ' 14 £t
Reservoir volume 2,660 acre-ft
Average porosity 21.7 pect
Average water saturation . 32 pct
Formation volume factor 1,091 bbl/stb
. Tnitial reservoir pressure 1,077 psi
Bubble point pressure ' , 51k psi
Average permeability 539 md ’
Original solution GOR 84 cu £t per bbl
Gravity of crude ~ 34° APT

II. Oil in place at original conditions

7,758 x 190 x 1h x .217 x .68

= 2,800,000 STB

1.091
7,758 x .217 x .68 _STB
T.091 = 1,050 Fere-t
. STB _
III. Estimated recovery Pet oil in place Acre-ft STB
Primary 22.5 236 631,000
Secondary 12,3 _ 129 344,000
Ultimate 3.8 365 975,000
IV. Estimated water requirements and flood life
Fresh 3,800,000 bbl
Produced 650,000 bbl
Total 4,450,000 bbl
Equivalent pore volume ‘ 1.0
Injection water:secondary oil’ o 13:1
Flood life ‘ 6 years
V. Project status--January 1, 1964
Flood started A November 1960
0il recovery (pct original oil in place) 32

Water injection (pct estimated water required) 73
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Estimated primary oil recovery is 1,180,000 barrels or 131 barrels
an acre-foot., Cumulative unit oil production at the start of waterflood-~
ing was approximately 645,000 barrels or 55 percent of the estimated
primary recovery. Estimated secondary oil recovery is 710,000 barrels
or 79 barrels an acre-foot.

Cumulative unit production from the start of waterflooding until
the end of 1963 was 499,600 barrels of oil and 327,200 barrels of water.
cumulative unit water injec¢tion for the same period was 2,528,500
barrels. ‘

Estimated water requirements are 10,100,000 barréls or 1 pore volume.
The estimated ratio of injected water to secondary oil recovered is 1kl
The estimated flood life is 10 years. '

At the end of 1963, 97 percent of the estimated primary oil and
only 19 percent of the original oil in place had been recovered, Water
injected was 26 percent of the estimated water required. The outcome
of the project is indeterminate.

See table 26 for basic engineering data.

Lindberg Project

The Tindberg project (fig. 31) is in secs 10 and 11, T 17N, R 52 W,
Morrill County, approximately 7 miles south of Reddington in an area of
eroded gullies and hills. The area was known as Pine Valley.

The field was discovered in 1956 when Skelly Oil Co. completed the
No. 1 TLindberg in NWiNWiswi sec 11, T 17 N, R 52 W, in the "J" sand for
an initial production of 330 barrels daily through perforations from
5,215 to 5,225 feet. Subsequent drilling resulted in 12 producing wells
and 10 dry holes. '

The project was authorized Dby the Nebraska 0il and Gas Cbnéervation
Commission in October 1960 with Skelly Oil Co. as operators

Originally the project area contained two injection wells, four
producing wells, and two dry holes. Three wells have been- drilled since
the proJject was approved. Tnitial injection through two wells was 350
barrels daily. :

A water supply well was drilled in an old creek bed in the
NW%SE%SE%—Sec 3 T 17T N, R 52 W, to 77 feet. The initial rated capacity
of the well was in excess of 12,000 barrels daily.

Secondary recovery operations got underway during October-196o;

The flood pattern is a line drive with the injection wells in the west
end of the project area.
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TABLE 26. - Basic data for Iewis unit ("J" sand)

Lo

II.

ITT.

Reservoir data

Productive area

Average thickness
Reservoir volume

Average porosity

Average water saturation
Formation volume factor
Initial reservoir pressure
Bubble point pressure
Average permegbility
Original solution GOR
Gravity of crude

01l in place at original conditions

7,758 x 600 x 15 x 145 % .70

600 acres
15 £t

9,000 acre-ft

14.5 pet
30 pct
1.2 bbl/stb (est)
1,775 psi '
- - psi
sh.3md - o
500 cu.ft per bbl (est)
36° API -

= 5,900,000 STB

Water injection (pet estimated water required)
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1.2
75758 x 145 x .70 _ 656 STB
1.2 Acre-~ft
. : . STB
Estimated recovery Pct oll in place Acre-ft STB
Primary 20 131 1,180,000
Secondary 12 _19 710,000
Ultimate . 32 210 1,890,000
Estimated water requirements and flood life
Total 10,100,000 bbl
Equivalent pore volume 1.0
. Injection water:ssecondary oil kel
. Flood life 10 years
Project status--January 1, 1964
Flood started March 1960
01l recovery (pct original oil in place) 19
26




During December 1963 four wells were producing 276 barrels of oil
and 9 barrels of water daily. Untreated water was injected into two
wells at 1,295 barrels daily at an average pressure of 1,225 psi.
Produced water was disposed of in pits.

By volumetric determination, the oil originally in place was
2,091,000 barrels or 977 barrels an acre-foot. The estimated recovery
factors, expressed in percentage of initial oil in place, are 22 percent
for primary and 20 percent for secondary or a total of 42 percent.

Estimated primary oil recovery is 460,000 barrels or 215 barrels
an acre-foot. . Cumulative unit oil production at the start of water-
flooding was 42,200 barrels or approximately 96 percent of the
estimated primary recovery. Water production was only 1,100 barrels.

Estimated secondary oil recovery is 418,000 barrels or 195 barrels
an acre-foot. Cumulative unit oil production from the start of water-
flooding until the end of 1963 was 348,400 barrels. Cumulative water
injection for the same period was 663,800 barrels. The ratio of water
injected to oil broduced is about 2:1. Water production was 87,100
barrels. . : :

Estimated water requirements are 1,291,000 barrels over 7 years.
The 1,291,000 barrels of water make up'lessithan half the pore volume.
The estimated ratio of injected water to secondary oil recovered is
5el.

By the end of 1963 approximately 79 percent of the estimated
secondary oil and 38 percent of the original oil in place had been
recovered. Water injected to that time was approximately 51 percent
of the estimated water required. The project is apparently successful.

See table 27 for basic engineering data.
Long Unit

The Long unit (fig. 32) is in secs 3, 9-11, 1Lk-16, 21 and 22,
T 12 N, R 55 W, Kimball County, about 17 miles southeast of the town of
Kimball in an area of gently rolling hills. Elevation of the field is
about 4,900 feet.

The discovery well in the long field was completed during January
1955, Gene Goff drilled the No. 1 Iong in the SWLSWiNWE sec 15; T 12 N,
R 55 W, and completed the well in the "D" sand from 6,103 to 6,111
feet for an initial pumping production of 160 barrels daily. Early in
1954 o0il was discovered in the "J" sand in the No. 1 Harris well in
the SWiSERNWi sec 11, T 12 N, R 55 W. Initial flowing production was
20 barrels hourly from 6,262 to 6,265 feet. Development of the field
resulted in 61 more wells producing from the "D" sand, 2 wells producing
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TABLE 27. - Basic data for Lindberg project ("J" sand)

I. Reservoir data

Productive area ' L30 acres
Average thickness 5 ft
Reservoir volume 2,150 acre-ft
Average porosity 17.8 pet
Aversge water saturation- : 20 pct
Formation volume factor 1.14 bbl/stb
Initial reservoir pressure - 1,221 psi
Bubble point pressure 650 psi
Average permeability 100 md
Original solution GOR : : 221 cu ft per Dbl
Gravity of crude : - 36° API

IT7. Oil in place at original conditions

7,758 x 430 x 5 x 178 x .8 _ 5 451 000 sTB

1.14
7,758 x .178 x .8 _ 977 STB
1.14 s Acre~-Tt
III. ZEstimated recovery Pct oil in place Acre-ft STB
Primary 22 215 - 460,000
Secondary 20 195 418,000
- Ultimate : L2 . L0 878,000

IV. Estimated water requirements. and flood life

Total 1,291,000 bbl

Equivalent pofe volume 0.4k
Injection water:secondary oil ' 3:1

Flood life T years

V. TFlood status--January 1, 1964

Flood started : October 1960
0il recovery (pct original oil in place) 38
Water injection (pct estimated water required) 51
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from the "J" sand, 1 well dually completed in the "D" and "J" sands, and
16 wells drilled and abandoned .

Part of the long field was unitized in August 1960 for waterflooding
the "D" sand with Mobil 0il Co. as unit operator. The unit area contained
none of the field wells in Colorado. At the time of unitization, however,
four of the five wells in Colorado were abandoned, as were the Nebraska
"J" sand producing wells.

Upon unitization, four producing wells, one abandoned wéll, and
four shut-in wells were converted for water 1njectlon.

The water supply well, drilled in the NEﬁﬂW%SW%‘ sec 15, T 12 N,
R 55 W, produces from shallow gravel deposits. :

Secondary operations were started during Novembef 1960 with
injection of 8,500 barrels of water through nine wells. Oil production
was from 18 wells.

The flood pattern is a line drive w1th all but two 1nJectlon wells
on the west side of the unlt.

During December 1963 there were 18 producing wells, 13 water
injection wells, 1 water supply well, 29 shut-in oil wells, 2 shut-in
injection wells, 2 abandoned oil wells, and 3 dry holes. The 18 wells
were producing about 484 barrels of oil and 3,120 barrels of water
daily. At that time"the produced water was mixed with fresh water, and
approximately 11,000 barrels :of water daily was inJjected at about 650
psi, The fresh water was not being treated. Future plaens were to
inject each type of water separately.

By volumetric determination, the oil in place at original reservoir
conditions was 24,293,000 barrels or 894 barrels an acre-foot. The
estimated recovery factors expressed in percentage of initial oil in
place are: 16 percent for primary; 14 percent for secondary; or a total
of 30 percent.

Estimated primary oil recovery is 3,887,000 barrels or 143 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was 5,747,600 barrels or approx1mately 96 percent of the
estimated primary recovery. ‘

Cumulative water'production at the start of waterflooding was
2,479,600 barrels. ,

Estimated secondary oil recovery was 3,401,000 barrels or 125
barrels an acre-foot.

Cumulative unit oil production from the start of waterflooding until
the end of 1963 was 401,500 barrels. Cumulative unit water injection for
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the same period was 10,711,800 barrels. The ratio of water injected to
0il produced is about 27:l. Water production amounted to 2,161,900
barrels. '

Estimated total water requirements are 24 million barrels over T
years. The 2Lk million barrels of water make up over half the pore
volume. The original estimated ratio of water injected to secondary
oil recovered of T:1 is too low.

By the end of 1963 only 8 percent of the estimated secondary oil
and only 17 percent of the original oil in place had been recovered.
Water injected was approximately 45 percent of the estimated water
required. The unit operator intends to continue operations to the
economic limit, but expresses 1little hope for realization of the
secondary recovery estimate of 14 percent of the original oil in place.
The project is an apparent failure. '

See table 28 for basic engineering data.

McDaniel Unit

The McDesniel unit (fig. 33) is in secs il, 12, and 1k, T 18 N,
R 54 W, Banner County, approximately 10 miles east of the town of
Harrisburg. Average elevation is about 4,300 feet.

The McDaniel field was discovered in September 1957 whean McDaniel
Drilling Co. completed the No. 1 Brown, C NE3SEi sec 11, for an
initial pumping production of 288 barrels daily from the "J" sand
through perforations from 5,391 to 5,395 feet. Subsequent development
regulted in a £ield of 13 producing wells and 9 dry holes.

The field, including all 13 producing wells and 5 of the 9 dry
holes, was unitized in July 1961 with S. D. Johnson as unit operator.
Three of the producing wells were converted to water imjection wells.

A shallow fresh water supply wéll, drilled in the NWiSW% of sec 11,
was tested capable of producing approximately 3,500 barrels of water
daily from the Brule formation at 83 feet.

Waterflooding was begun in July 1961 when fresh water was injected
into ome well at 450 barrels daily. A second well was placed on
injection in March 1962. The third injection well would no%t take water
and was shut-in. In August 1962 Bayview Oil Corp. succeeded S. D. Johnson
as unit operator. ‘

The flood pattern is a modified line drive. The injeciion wells
are at opposite (east-west) ends of the unit area.

In July 1963 the McDaniel unit contained three injeétion wells and
six active producing wells. Daily injection averaged 780 barrels of
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TABIE 28. - Basic deta for Iong unit ("D" sand)

I.

II.

III.

Reservoir data

Productive area 1,510
Average thickness i8
Reservoir volume 27,180
Average porosity 20
Average water saturation 28
Formation volume factor 125
Initial reservoir pressure 1,500
Bubble point pressure - -
Average permeability 142
Original solution GOR - -
Gravity of crude %8°
0il in place at original conditions
7,758 X 27_9182 X 52 X 972 - 2)_'_,295,000 STB
1.25
73758 X 02 X 072 = 89)+ STB
1.25 Acre-ft

- STB
Estimated recovery Pct .oil in place Acre-ft
Primary - 16 143
Secondary h 125
Ultimate 30 268
Estimated water requirements and flood life
Total ‘ 24,

Equivalent pore volume )
Injection water:secondary oll
Flood life

Project étatus==January 1, 1964

Flood started
0il recovery (pet original oil in place)

acres
higv

acre-~ft

pct

pct

bbl/stb

psi

psi

md.

cu £t per bbl
APT

STB

3,887,000
3,401,000
7,288,000

000,000 bbl
0.6

T1 -

T years

- November 1960
17

Water injection (pct estimated water required) b5
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untreated fresh water at a pressure of 500 pesi; daily production was
83 barrels of oil and no water.

By voliumetric determination the oil in place at original reservoir
conditions was 2,630,000 barrels or 688 barrels an acre-foot. The
estimated recovery factors expressed in percentage of cil in place ares
Primary, 21.1 percent; secondary, 19.5 percent; and total ko6 percent.

Estimated primary oil recovery is 555,000 barrels or 145 barrels
an acre-foot. Cumulative oil production at the start of waterflooding
was approximately 534,000 barrels or 96 percent of the estimated
primary recovery. Estimated secondary oil recovery is 513,000 barrels
or 134 barrels an acre-foot. . -

Cumulstive unit production from the start of waterflooding until
the end of 1963 was 88,400 barrels of oil and 33,000 barrels of water.
Cumulative unit water injection for the same period was 563,700 barrels.

Estimated water requirements are 6,200,000 barrels or 1.3 reservoir
pore volume. The estimated ratio of water injected to secondary oll
recovered is 12:1. The estimated flood life is 5% years.

, At the end of 1963 only 13 percent of the estimated secondary oil
and only 24 percent of the original oil in place had been recovered.

- Water injected was only 9 percent of the estimated water required. The
outcome of the project is indeterminate.

See table 29 for basic engineering data.

Worth Mintken Unit

R 55 W, Kimball County, sbout 16 miles south of Kimball in T
farmland. Elevations in the field range from 4,960 to 5,015 fe

i

The North Mintken unit (fig. 34) is in secs 30 and 31, T 13 N,
t’.?
e

Tn September 1958 a wildecat well drilled by Sigret Operaiing and
Exploration Co. in the C SWiSWE sec 30, T 13 N, R 55 W, produced 216
barreis of oil daily from the "J" sand from 6,536 to 6,558 feet.
Development drilling indicated an impermeable streak {or compiete
absence of a common zone ) between the producing pools of the Signet
srea and the adjoining Mintken field tc the south. However, in 1960
+he Nebraska 0il and Gas Conservation Commission defined the Signet
arca as part of the Mintken field.

Tn June 1962 the Mintken area was unitized for secondary recovery
by waterflooding. Because of the apparent disparity in reservoir
conditions between the north and south areas of the Mintken field, two
units were formed--North Mintken and South Mintken. Both sre operated
by Sunray DX Co.

- T5 =




TABIE 29. - Basic data for McDaniel unit ("J" sand)

I. Reservoir data

Productive area 558 acres
Average thickness 6.9 ft
Reservoir volume 3,850 acre-ft
Average porosity 16 pct
Average water saturation 33 pct
Formation volume factor 1.21 bbl/stb
Tnitial reservoir pressure 1,325 psi
Bubble point pressure - = psi
Average permeability _ 54 md
Original solution GOR : 300 cu £t per bbl (est)
Gravity of crude 36° API

II. O0il in place at original conditions

7,758 x 558 x 6.9 x .16 x .67 _ % 630 oo STB

1.21
7,758 x .16 x .67 _ 688 —STB
1.21° - Acre-ft
STB
III. Estimated recovery Pct oil in place Acre-ft STB
Primary 21.1 145 555,000
Secondary ' 19.5 134 513,000
Ultimate 0.6 - 279 130589000
IV. Estimated water requirements and flood life
Total 6,200,000 bbl
Equivalent pore volumes 1.3
Injection water:secondary oil 12:1
Flood life 5% years

V. Project status--January 1, 196k
Flood started

0il recovery (pct original oil in place)
Water injection (pct estimated water required)
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The North Mimtken unit is composed of six producing wells and one
dry hole that were formerly in the Signet field area. Two of the
producing wells were rewcrked and converted to water ianjection, leaving
four producing wells.,

A fresh water supply well, which also supplies water to the South
Mintken unit, was drilled in the S3SELSWL sec 30, T 13 N, R 55 W, into
a shallow sand deposit (Arikaree).

The secondary recovery project was started in October 19621
injecting 1,500 barrels daily into two wells. The injection pattern is
irregular with an injection well at each end (north-south) of the unit
aresa.

During July 1963 the unit contained three producing wells, one
abandoned well, and two injection wells. The three wells were producing
33 barrels of oil daily and no water. Fresh water injection was 600
barrels daily at 1,000 psi. Injection water was being treated with a
corrosion inhibitor. : : : '

By volumetric determination, the oil in place &t origimnal reservoir
conditions was 1,121,300 barrels or 450 barrels an acre-foot. The
estimated recovery factors expressed in percentage of initial oil in
place are: 22.1 percent for primary and 22.1 percent for secondary; or
a total of 44,2 percent.

Estimated primary oil recovery is 248,000 barrels or 99.5 barrels
per acre-foot. Cumulative oil production to the start of waterflooding
was 227,300 barrels or 92 percent of the expected primary oil.

Estimated secondary oll recovery is QMBQOOO barrels or 99.5
barrels per acre-foot.

Cumulative unit oil production from waterflooding umtil the end of
1963 was 19,800 barrels of oil and 119,000 barrels of water. Cumulative
water Injection for the same period was 335,100 barrels. The ratio of
the water injected to the oil produced is about 16:1.

Estimated water requirements are 1 million barrels over 8 years.
The 1 million barrels of water comprise close to one-half of the pore
volume., The estimated ratio of water injected to secondary oil
recovered is L:l.

Almost all (99 percent) of the estimated primary oil, but only 22
percent of the original oil in place had been recovered at the end of
1963. Water injected was 3L percent of the estimated water required.
The outcome of the project is indeterminate.

See table 30 for engineering data.
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TABLE 30. - Basic data for North Mintken unit ("J" sand)

I.

IT.

III.

IV,

Reservoir data

Productive area 280 acres
Average thickness 8.9 £t
Reservoir volume 2,492 acre-rt
Average porosity 11.6 pct
Average water saturation 35 pet
Formation volume factor 1.3 bbl/stb
Initial reservoir pressure - - psi
Bubble point pressure - = psi
Average permeability 15.5 md
Original solution GOR ' 300 cu £t per bbl
Gravity of crude 38° API

Oil in place at original conditions

1,756 x 280 x 8.9 x .116 x .65 _ 151 37 grp

1.3
7,758 x 116 x .65 _ 450 STB
1.% T Acre-ft
STB

Estimated recovery Pet oil in place Acre-ft STB
Primary 22,1 99.5 248,000
Secondary 22,1 99.5 248,000
Ultimate ) 199.0 H96,000
Estimated water requirements and flood 1life
Total 1,000,000 bbl
Equivalent pore volume ' 0.5
Injection water:secondary oil he1
Flood life , 8 years
Project status--January 1, 1964
Flood started October 1962
01l recovery (pct original oil in place) 22
Water injection (pet estimated water required) . 3k
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South Mintken Uunit

The South Mintker unit (fig. 35) is in Kimball County, in sec 31,
T 13 N, R 55 W, and secs 1 and 2, T 12 N, R 56 W, about 16 miles south
of the town of Kimball in rolling farmland.

The Mintken field (South Mintken unit area) was discovered in
January 1958. The British-American Oil Producing Co. drilled the No. 1
Mintken in C NE%NE% sec 2, T 12 N, R 56 W, and produced oil from the
"3" sand pumping at 226 barrels daily. This wildcat, at a surface
elevation of 14,988 feet, was drilled to 6,605 feet and selectively
perforated between 6,516 and 6,535 feet. Development drilling resulted
in nine more wells producing from the "J" sand, and severn dry holes.

Tn June 1962 the South Mintken unit, containing six producing wells
and one injection well, was formed with Sunray DX 011 Co. as unit
operator. The three omitted producing field wells lle west of:the unit
boundary. A producing well in the C NELNW: sec 2, T 12 N, R 56 W, was
reworked and converted to an injection well. v

. A fresh water supply well, which supplies water %o both the North
and South Mintken units, was drilled in the S3SELSWL sec 30, T 13 N,
R 55 W, and completed in the Arikaree sand at 275 feet. '

Secondary recovery operations were started during October 1962
when 1,000 barrels of water daily were injected through one well. In
December 1962 unit well No. 2, NE%SW%SW%‘sec 3L, T 13 N, R 55 W, was
converted to water injection because the original injection well would
rot take a sufficient amount of water. Iater, in 1963, unit well No. 1,
SWANELSWL sec 31, T 13 N, R 55 W, also was converted to water injection.
The flood patiern is a line drive.

During December 1963, four wells were producing &t a combined Lo
barrels of oil daily with no water. Three injection wells were
receiving 450 barrels daily at 2,350 psi. The water was treated with
a corrosive inhibitor.

By volumetric determimation, the oil originally im place was
1,383,000 barrels. Total recovery was estimated at %6.5 percent of the
originsl oil in place, 19.2 percent being primary oil and 17.5 percent
secondary oil. Estimated primary oil recovery was 266,000 barrels.
Camulative unit oil production at the start of watsrflooding was
249,000 barrels or approximately 93 percent of fhe expecited primary
oil. Estimated secondsry oil recovery is 239,000 barrels or 78 barrels
an acre=foot. :

Cumalative oil production from the start of waterflooding uatil
the end of 1963 was 23,000 barrels of oil and 4,600 barrels of water.
Cumulative water injection for the same period was 189,101 barrels.
The ratio of water injected to oil recovered was about 8:i.
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Estimated water requirements are 1 million barrels over 8 years.
The 1 million barrels comprise about one-third of the pore volume.
The estimated ratio of injected water to secondary oil recovered was
L1,

Only 3 percent of the estimated secondary oll and 20 percent of
the original oil in place had been recovered at the end of 1963. Water
injected was 19 percent of the estimated water required. The outcome
of the project is indeterminate.

See table 31 for basic engineering data.

Mosier Projecf

The Mosier project (fig. 36) is in secs 20 and 21, T19 N, R 53 W,
Banner County, approximately 14 miles northeast of the town of
Harrisburg. Average elevation is approximately 4,050 feet.

The Mosier field, also known as the Pumpkin Creek field, was
discovered in September 1956 when Shell 0il Co. completed the No. 2
Mosier "B, " C SELSWi sec 21, for an initial pumping production of 1LO
barrels daily from the "D" sand (open hole) from 4,820 to 4,838 feet.
Field development resulted in 11 producing wells and 10 dry holes.

In January 1959 Shell 0il Co. obtained the approval of the
Nebraskae 0il and Gas Conservation Commission to conduct a waterflood
project in the northern part of the field. Seven producing wells were
included in the proJject area.

Waterflooding was begun in May 1959 when fresh water was injected
into two wells at 4OO barrels daily. The fresh water was obtained
from a shallow well drilled in the SELSWE of sec 21. The well was
completed in alluvial gravel at 100 feet.

The flood pattern is a modified line drive with the injection
wells on the west side of the project area.

Tn December 1963 the Mosier project contained four producing wells
- and two injection wells. Daily production was approximately 140
barrels of oil and 80 barrels of water. Produced water was disposed of
in surface pits. Daily injection was approximately 580 barrels of
fresh water at a pressure of approximately 1,200 psi. The injection
water was treated with a corrosion inhibitor and bactericide.

By volumetric determination the oil in place at original reservoir
conditions was 968,000 barrels or 733 barrels an acre-foot. The ‘
_estimated recovery factors expressed in percentage of oil in place are:
Primary, 20 percent; secondary, 13 percent; and ultimate, 33 percent.
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TABIE 3l. - Basic data for South Mintken unit ("J" sand) -

T. Reservoir datsa

Productive area 480 acres
Average thickness o 6.4 £t
Reservolir volume 3,072 acre-ft
Average porosity 11.6 pct
Aversge water saturation 35 pect
Formation volume factor 1.3 bbl/stb
Tnitial reservoir pressure 1,525 psi
Bubble point pressure = = psi
Average permeability .15.5 md
Original solution GOR 300 cu.ft per bl
Gravity of crude .+ 38° API -

II. Oil in place at original conditions

7,758 x 480 x 6.4 x 116 x .65 _ i,5855000 STB

1.3
7,758 x .116 x .65 _ hsb STB
1.3 - Acre-ft
b »
III. ZEstimated recovery Pct oll in place Acre=Tt STB
Primary 19.2 : - 86 266,000
‘Secondary 17.3 78 239,000
Ultimate 36,5 : 6k 505,000 .
IV. Estimated water requirements and flood life |
Total ' : : 1,000,000 bbl
Equivalent pore volume . 0.4
Injection waterssecondary oil bel
Flood life 8 years
V. Project status--January 1, 196k
Flood started October 1962
0il recovery (pct original oil in place ) 20
Water injection (pct estimated water required) 19
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Estimated primary oil recovery is 194,000 barrels or 147 barrels
an acre-foot. Cumulative oil production at the start of waterflooding
was approximately 141,000 barrels or T3 percent of the estimated primary
recovery. Estimated secondary o0il recovery is 126,000 barrels or 95
barrels an acre-foot.

cumulative production from the start of waterflooding until the
_end of 1963 was 160,000 barrels of oil and 36,000 barrels of water.
Cumulative water injection for the same period was 685,600 barrels,

Estimated water requirements are 1% million barrels or 0.92 pore
volume. The estimated ratio of water injected to secondary oil recovered
is 12:1. The estimated flood life is 6 years. '

By the end of 1965 approximately 85 percent of the estimated second-
ary oil and 31 percent of the original oil in place had heen recovered.
Water injected was 46 percent of the estimated water required. The
project is apparently successful.

See table %2 for basic engineering data.
Olsen Unit

The Olsen unit (fig. 37) is in secs 19 and 30, T 18 N, R 52 W, and
secs 24 and 25, T 18 N, R 53 W, Banner and Morrill Counties, approx-
imately 17 miles east of the town of Harrisburg. Average elevation is
about 4,425 feet.

The Olsen field was discovered in July 1955 when Superior Oil Co.
completed the No. 68-19 Olsen, SELSWESEL sec 19, T 18 N, R 52 W, for an
initial pumping production of 175 barrels daily from the "J" sand
through perforations from 5,256 to 5,262 feet. Continued development’
resulted in a field of 33 producing wells and 9 dry holes.

The field was unitized in August 1961 with Superior 01l Co. as
unit operator. Six producing wells were converted to water injection
wells and a water supply well was drilled in the SWiSEL sec 29, T 18 N,
R 52 W. The water supply well was tested capable of producing 35,000
barrels daily from the Brule formation between 60 and 98 feet.

Waterflooding was begun in December 1961. Fresh water was injected
into the six injection wells at approximately 14,000 barrels daily.

The flood pattern is a modified line drive with injection wells in
the west end and the southwest corner of the unit area.

In June 1965 the Olsen unit contained 3 injection wells and 16

producing wells. Four injection wells and 12 producing wells had been
abandoned. The daily injection rate was 8,500 barrels at an irnjectlon
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TABLE 32. - Basic data for Mosier project ("D" sand)

I.

IT.

IIT.

IV,

Ve

Reservoir data

Productive area

Average thickness
Reservoir volume

Average porosity

Average water saturation
Formation volume factor
Initial reservoir pressure
Bubble point pressure
Average permeability
Original solution GOR
Gravity of crude

0il in place at original conditions

79758 x 264 x 5 x .16 x .65

264 acres
5 ft
1,320 acre=-ft
16 pet
35 pet
1.1 bbl/stb -

1,200 psi

1,090 psi (est)
175 md . -
290 cu ft per bbl
39° API

Ultimate 33

= = 968 000 STB
7,758 x 16 x .65 _ 733 STB
1.1 'Y Acre-ft
, . L STB
" Bstimated recovery "Pet oil in place Acre-ft . STB
Primary 20 147 194,000
Secondary - : : ¢ 13 95 126,000

212 320,000
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-Estimated water requirements and flood life

1,500,000 bbl

Total
Equivalent pore volume 0.92
Injection waterssecondary oil 1231
Flood life 6 years
Project status--January 1, l96h

© Flood started - : May: 1959
0il recovery (pct original oil in place) 31 -
Water injection (pct estimated water required) 46




pressure of approximately 1,360 psi. The daily producing rate was 2,400
barrels of oil and 3,900 barrels of water.

Produced water was injected into one well at 2,000 barrels daily.
Both fresh and produced water were treated with a corrosion inhibitor.

By volumetric determination the oil in place at original reservoir
conditions was 114 million barrels or 1,164 barrels an acre-foot.
Estimated recovery factors are: Primary, 33.4 percent; secondary,

14.9 percent; and total, 48.3 percent.

Estimated primary oil recovery is 3,841,000 barrels or 389 barrels
an acre-foot. Cumulative oil production at the start of waterflooding
was 3,143,200 barrels or 82 percent of the estimated primary recovery.
Estimated secondary oil recovery is 1,714,000 barrels or 173 barrels
an acre=foot.

The high primary recovery estimate is based on a partial natural
water drive from the south and west. Depending on the magnitude of the
natural water drive, ultimate recovery might exceed 50 percent of the
oil in place. :

Cumulative unit production from the start of waterflooding until
the end of 1963 was 1,156,900 barrels of oil and 1,954,400 barrels of
water. Cumulative water injection for the same period was 8,016,900
barrels. ' '

Estimated water requirements are 13 million barrels of fresh water
and 12 million barrels of produced water totaling 25 million barrels or
1.36 reservoir pore volume. The estimated ratio of water injected to
secondary oil recovered is 15:1. Estimated flood life is about 9 years.

By the end of 1963 approximately 27 percent of the estimated
secondary oil and 37 percent of the original oil in place had been
recovered. Water inJjected was approximately 32 percent of the estimated
water required. Available data indicate a successful project.

See table 3% for basic engineering data.

Ostgren Unit

The Ostgren unit (fig. 38) is in sec 6, T 16 N, R 54 W, and sec 1,
T 16 N, R 55 W, Kimball County, and sec 32, T 17 N, R 54 W, Banner County,
approximately 10 miles northeast of the town of Kimball. Average
elevation is 4,750 feet.

The QOstgren field was discovered in February 1957 when Pan American

Petroleum Corp. completed the No. 7 Ostgren, C SEfNWi sec 1, for an
initial pumping production of 193 barrels of oil daily from the "J" sand
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TABIE 33. - Basic data for Olsen unit ("J" sand)

I. Reservoir data

Productive area 1,523 acres
Average thickness 6.5 £t
Reservoir volume 9,900 acre-ft
Average porosity 24 pet
Average water saturation 25 pct
Formation volume factor 1.2 bbl/stb
Initial reservoir pressure 1,200 psi
Bubble point pressure 700 psi
Average permeability LoO md
Original solution GOR 250 cu ft per bbl
Gravity of crude 36° API
II. 0il in place at original conditions
7,758 x 135251x26,5 x .24 x 75 _ 11,500,000 STB
7,758 x .24 x .75 STB
' 1.2 B l?l6k Acre-ft
STB
III. Estimated recovery Pct oil in place Acre-ft - STB
Primary 33.4 389 3,841,000
Secondary 14.9 173 1,714,000
Ultimate L8.3 562 ‘5,555,000
IV. Estimated water requirements and flood life
Fresh water 135,000,000 bbl
Produced water 12,000,000 bbl
Total 25,000,000 bbl
Equivalent pore volumes 1.36
Injection water:ssecondary oil i5:1
Flood - life 9 years
V. Project status--January 1, 196k

Flood started

0il recovery (pct original oil in place)
Water injection (pct estimated water required)
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through perforations from 5,928 to 5,930 feet. Continued development
resulted in nine more producing wells and six dry holes.

The field, including all 10 producing wells and 6 dry holes, was
unitized in 1959 with Pan American Petroleum Corp. as unit operator.

Waterflooding was begun in January 1959 when fresh water was
injected into two recompleted dry holes at 1,800 barrels daily, Fresh
water was obtained from a shallow well in the SEINWE of sec 1, completed
in alluvial gravel at approximately 200 feet.

The flood pattern is a line drive. The injection wells are on the
southwest end of the northeast-southwest trending reservoir.

In December 1963 the Ostgren unit contained five active producing
wells and two active injection wells. Daily production was approximately
250 barrels of oil and 650 barrels of water. Produced water was
.-disposed of in surface pits. Daily injection was approximately 1,400
barrels of untreated water at a pressure of 725 psi.

By volumetric determination the oil in place at original reservoir
conditions was 5,768,000 barrels or 935 barrels an acre-foot. The’
estimated recovery factors expressed in percentage of oil in place are:
Primary, 25 percent; secondary, 23 percent; and ultimate, 48 percent.

Estimated primary oil recovery is 942,000 barrels or 234 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was approximately 470,000 barrels or 50 percent of the
estimated primary recovery. Estimated secondary oil recovery is
867,000 barrels or 215 barrels an acre-foot.

Cumulative unit production from the start of waterflooding until
the end of 1963 was 1,118,800 barrels of oil and 753,800 barrels of
water. Cumulative unit water injection for the same period was
3,076,000 barrels. ’

Estimated water requirements are 5,900,000 barrels or 1 pore volume.
The estimated ratio of water injected to secondary oil recovered is 8:1l.
Estimated flood life is T years.

By the end of 1963 approximately 75 percent of the estimated second-
ary oil and about 42 percent of the original oil in place had been
recovered. Water injected'was epproximately 52 percent of the estimated
water required. The project is apparently successful.

See table 34 for basic engineering data.
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TABIE 3L, - Basic data for Ostgren unit ("J" sand)

I. Reservoir data

Productive area 504 acres
Average thickness 8 ft
Reservoir volume 4,023 acre-ft
Average porosity 18.8 pect
Average water saturation © 23 pct
Formation volume factor ' 1.2 bbl/stb
' Initial reservoir pressure 1,260 psi
Bubble point pressure - - psi
Average permeability 84 md :
Original solution GOR 350 cu £t per bbl
Gravity of crude : 38° API - S

II. O0il in place at original conditions

7,758 x 50k x 8 x .188 x .77

=.3,768,000 STB

1.2
7,758 x .188 x .77 STB
1.2 = 935 Fere-ft
STB
ITII. Estimated recovery Pct oil in place Acre-ft - STB
Primary ' .25 234 9k2,000
Secondary 23 215 867,000
Ultimate L8 I 1,809,000
"IV. Estimated water requirements and flood life
Total 5,900,000 bbl
Equivalent pore volume 1.0
Injection water:secondary oil - 81
Flood life n _ T years
V. Project status--January 1, 1964
Flood started ' January 1959
0il recovery (pct original oil in place) 42
Water injection (pct estimated water required) 52
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The Pan Am unit (fig. 39) is in secs 17, 19, and 20, T 1T N, R 55 W,
Banner County, approximately 8 miles southeast of the town of Harrisburg.
Average elevation is about 4,923 feet.

The Pan Am field was discovered in June 1957 when Pan American
Petroleum Corp. completed the No. 1 State, C SWiSWL sec 16, T 17 N,
R 55 W, for an initial pumping production of 130 barrels daily from the
"J" sand through perforations from 6,430 to 6,438 feet. In December 1959
Chandler and Simpson completed the "D" sand discovery well, the No. 1
Mossburg, C NELNWE sec 20, for an initial production of 476 barrels
daily through perforations from 6,262 to 6,280 feet. Fiéld development
resulted in three more "J" sand producers, four more "D" sand producers,
and six dry holes.

Tn September 1961 part of the field was unitized to waterflood the
"D" gand. Chandler and Simpson became the unit operator. The five "D"
sand producing wells, a former "J" sand producing well, and three dry
holes were included intthe unit area.

The former "J" sand well was recompleted in the "D" sand as a water
injection well, and a fresh water supply well was drilled in the NEANWE
of sec 20. The water supply well was tested capable of producing 2,000
barrels daily from shallow Tertiary gravel deposits.

Waterflooding was begun in February 1962 with inJjection into one
well at 700 barrels daily.

The flood pattern is irregular. The initial injection well is on
the east end of the unit area. '

During December 1963 two wells were producing 153 barrels of oil
and 380 barrels of water daily. Produced water was run to surface pits.
Untreated water was injected at 305 barrels daily through three wells
at an average pressure of 1,140 psi.

By volumetric determination the oil originally in place was 1,382,000
barrels or 609 barrels per acre-foot. The estimated recovery factors,
expressed in percentage of initial oil in place, are 21.9 percent for
primary and 13.1 percent for secondary or & total of 35 percent.

Estimated primary-oil recovery is 303,000 barrels or 133 barrels an
acre-foot. Cumulative oil production to the beginning of waterflood
operations was 230,000 barrels or approximately 76 percent of the
estimated primary recovery. Cumulative water production was 151,500
barrels.

Estimated secondary oil recovery is 181,000 barrels or T9 barrels
an acre-foot.
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Cumulative unit oil production from the start of waterflooding
until the end of 1963 was 1&0 200 barrels. Cumulative water injeétion
during the same period was 596 300 barrels. The ratio of water injected
to oil produced was about k4:l. Water production amounted to 86 500
barrels.

Estimated water requirements are 2 million barrels over b
years. The 2 million barrels of water comprise about three-fourths of
the pore volume: The estimated ratio of water injected to secondary
oil recovered is 1ll:1.-

By the end of 1963, 37 percent of the estimated secondary oil and
27 percent of the original oil in place had been recovered. Water

injected was 30 percent of the estimated water required. Available data
indicate a successful project.

See table 35 for basic engineering data.

Petroleum State Unit

The Petroleum State unit (fig. L40) is in secs 9, 10, 15-17, T 18 N,
R 56 W, Banner County, approximately 2 miles southwest of the town of
Harrisburg. Average elevation is approximately 4,850 feet.

The Petroleum State field was discovered in August 1955 when
Petroleum Inc. completed the No. 1 State "A," C NEXSEL sec 16, T 18 N,
R 56 W, for an initial pumping production of 120 barrels of oil daily
from the "J" sand. The ”D” sand discovery well, the Petroleum Inc.
No. 1 Cross "B," C SWiSWi sec 10, was completed in September 1955 for
an initigl pumping. productlon of 80 barrels daily through perforatlons
from 6 211 to 6,217 feet.

Field development resulted in 19 more producing wells and. 8 dry
holes. OFf the 21 producing wells, 15 were completed in the "D" sand,
% in the "J" sand, and 3 dually completed in the "D" and "J" sands.

The fleld was unltlzed in September 1959, with Ibtroleum Inc. as
unit operator, for waterflooding the "D" sand. Thirteen "D" sand
producing wells, one "J" sand producing well, three "D" and "J" sands
producing wells, and six dry holes were included in the unit area.

Waterflooding was begun in October 1960. Fresh water was obtained
from a shallow well in the SW;SW sec 22 and injected into two former
producing wells at a rate of l 200 barrels daily. The water zone in
the supply well is between 150 and 500 feet deep.

The flood pattern is a line drive with the inJjection wells in the

east end of the unit area. As the flood front moves farther west,
additional wells likely will be converted to inJjection.
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TABLE 35. - Basic date for Pan Am unit ("D" sand)

I.

II.

ITI.

Ve

Reservoir data

Productive area 190 acres
Average thickness 12 £t
Reservoir volume 2,280 acre-ft
Average porosity 15.7 pect
Aversge water saturation o L0 pet
Formation volume factor 1.2 bbl/stb
Initial reservoir pressure 1,505 psi
Bubble point pressure - - psi
Average permeability 205 md
Original solution GOR 800 cu ft per bbl
Gravity of crude 36° API

0il in place at original conditions

7,758 x 12 x 190 x .157 x .6 _ 1,382,000 STB

1.2
7,758 x .157 x 6 STB
1.2 = 609 Acre-ft
' : S ‘ STB .
Estimated recovery Pct oil in place Acre-ft STB
Primary 21.9 133 303,000
Secondary o 13,1 79 181,000
Ultimate 35.0 ‘ 212 481,000
Estimated water requirements and flood life
Total | 2,000,000 bbl
Equivalent pore volume : 0.7
Injection water:secondary;oill 11:1 _
Flood life - : 4 years
Project status--January 1, 1964
Flood started - ~ February 1962
0il recovery (pet original oil in place) 27
Water injection (pct estimated water required) 30
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Tn. June 1963 the unit contained five injection wells and nine
producing wells. Dally injection was approximately 970 barrels of
untreated water at a pressure of 2,900 psi. Daily production was
approximately 48 barrels of oil and 19 barrels of water. Produced
water was disposed of in surface pits.

By volumetric determination the oil in place at original reservoir
conditions was 5,803,000 barrels or 595 barrels an acre-foot.
Bstimated recoveries, expressed in percentage of oil in place, are:
Primary, 20 percent; secondary, 26 percent; and total, 46 percent.

Estimated primary oil recovery is 760,000 barrels or 119 barrels
sn acre-foot. Cumulative oil production at the start of waterflooding
was approximately 600,000 barrels or 79 percent of the estimated
primary recovery. Estimeted secondary oil recovery is 988,000 barrels
or 155 barrels an acre-foot. '

Cumulative unit production from the start of waterflooding until
the end of 1963 was 92,400 barrels of oil and 63,400 barrels of water.
Cumulative water injection for the same period was 829,700 barrels.

Estimated water requirements are 7,100,000 barrels or 1 reservoir
pore volume. The estimated ratio of water injected to secondary oil
recovered is T:l. Estimated flood life is T years.

At the end of 1963, 91 percent of the estimated primary oll and
only 18 percent of the original oil in place had been recovered. Water
injected was approximately 12 percent of the estimated water required.
The outcome of the project is indeterminate.

See table 36 for basic engineering data.

Southwest Potter Unit

The Southwest Potter unit (fig. 41) is in sees 2, 3, 10, and 11,
T 13 N, R 53 W, and sec 34, T 14k N, R 53 W, Kimball and Cheyenne Counties,
approximately 13 miles southeast of the town of Kimball. Average
elevation is approximately 4,650 feet.

The Southwest Potter field was discovered in September 1951 when
Wytex Petroleum and Derby Oil completed the No. 1 Dunn in the NE{NE{SE
sec 3, T13 N, R 53 W. Initial daily pumping production was 86 barrels
of oil and 19 barrels of water from the "J" sand at 5,658 to 5,663 feet.
Tn October 180 barrels of oil daily was pumped from the "D" sand at an
interval between 5,556 and 5,5&2 feet. Continued development resulted
in a field of 92 wells, of which Lk were completed in the "D" sand,

18 in the "J" sand, 9 in both the "D" and "J" sands. Twenty-one were
abandoned. S
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TABIE 36. - Basic data for Petroleum State unit (D" sand)

I‘

IT.

III.

Reservoir data

Productive area 639 acres
Average thickness 10 £t
Reservoir volume 6,390 acre-ft
Average porosity 14,28 pect
Average water saturation 35 pet
Formation volume factor 1.21 bbl/stb
Tnitial reservolr pressure 1,550 psi
Bubble point pressure _ - - psi
Average permeability - 57T md
Original solution GOR 440 cu £t per bbHL
‘Gravity of crude 35° API

0il in place at original conditions

7,758 x 6,390 x .1428 x .65

= 3,803,000 STB

1.21
7,758 x 1428 x .65 _ 595 STB
1.21 - Acre-ft
STB

Estimated recovery Pct oil in place Acre-ft ~ STB
Primary 20 119 760,000
Secondary .26 155 988,000
Ultimate L6 27k 1,748,000
Estimated water requirements and flood life
Total 7,100,000 Dbl
Equivalent pore volume 1.0
Injection water:secondary oil T:1
Flood life _ T years
Project status--January 1, 1964
Flood started October 1960
0il recovery (pet original oil in place) 18
Water injection (pct estimated water required) 12
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Part of the field was unitized late in 1958, with Shell 0il Co. as
operator, to waterflood the "D" sand. The unit area contalned 3L
producing wells and 1 abandoned well (casing collapsed). Of the 34
producing wells, 27 were completed in the "D" sand and T in both the
lPD" and "J" sands°

Waterflooding was begun in October 1958 when 7,000 barrels of
fresh water daily was injected into 21 wells. Five of the 21 wells
were drilled as injection wells. The other 16 were former producing
wells. Fresh water was obtained from a well drilled in the SE{SE{SWL
of sec 34, to 650 feet. The flood pattern is a modified five-spot.

In July 1963 the unit contained only three active producing wells
and three active injection wells. Daily production was 95 barrels of
0il and 500 barrels of water. Fresh water injection had been terminated
and the produced water was injected on vacuum.

By volumetric determination the oil in place at original reservoir
conditions was 6,280,000 barrels or 750 barrels an acre-foot. The
estimated recovery factors expressed in percentage of oil in place are:
Primary, 26 percent; secondary, 1l percent; and ultimate, 37 percent.

~ Estimated primary oil recovery is 1,633,000 barrels or 195 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was approximately 1,535,000 barrels or 9L percent of the
estimated primary recovery. Estimated secondary oil recovery is
691,000 or 83 barrels an acre-foot.

Cumulative unit production from the start of waterflooding until
the end of 1963 was 734,800 barrels of oil and 4,826,700 barrels of
water. Cumulative unit water injection for the same period was
10,680,300 barrels.

Estimated water requirements are 5,554,000 barrels of meke-up
(fresh) water and 5,446,000 barrels of produced water, totaling 1l
million barrels or. 0.89 pore volume. The estimated ratio of injected
water to secondary oil recovered is 16:1. The estimated flood life is
7 years. ‘

By the end of 1963 approximately 92 perceht ot fhe estiméfedrsacondm
ary oil and 36 percent of the estimated original oil in place had been
recovered. Water injected was approximately 97 percent of the estimated
water required. The project is apparently successiul.

See table 37 for basic engineering data.

Prairie Unit .

The Prairie unit (fig. 42) is in secs 7 and 18, T 13 N, R 56 W,
Kimball County, about 114 miles southwest of Kimball. Surface topography
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TABIE 37. - Basic data for Southwest Potter

unit ("D" sand)

I. Reservoir data

Productive area

Average thickness
Reservoir volume

Average porosity

Average water saturation
Formation volume factor
Initial reservoir pressure
Bubble point pressure
Average permeability
Original solution GOR
Gravity of crude

II. O0il in place at original conditions

7,758 x 762 x 11 x .19 x .62

1.22
7,758 x .19 x .62 STB

T.05 = 150 Fore-rt

. III. BEstimated recovery Pct oil in place

762 acres
11 £t
8,382 acre-ft
19 pct
38 pet
1.22 bbl/stb (est)
1,072 psi
1,090 psi
1k2 md
259 cu ft per bbl
37° API

= 6,280,000 STB

Primary _ 26
Secondary 11
Ultimate 37

STB
Acre-ft §2§
195 1,633,000
83 691,000
278 2, 52k, 000

Iv. Estimatea water requirements and flood life

Meke-up (fresh)

Produced

Total

Equivalent pore volume
Injection water:secondary 011
Flood life

V. Project status--January 1, 1964

Flood started

5,554,000 bbl
5,446,000 bbl
11,000,000 bbl
0.89
16:1
T years

October 1958

0il recovery (pct original oil in place) 36
Water injection (pct estimated water required) 97
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consists of eroded rolling hills, and the elevation ranges from 5,091
feet near the center of the field to 5,037 feet on the north end and
5,005 on the south end.

The Prairie field was discovered in June 1955 when Shell 0il Co.
drilled the No. 1 Schrack, C NEiNWL sec 18. The well pumped 172
barrels of oil daily through "J" sand perforations from 6,800 to 6,830
feet at an initial 172 barrels daily. Subsequent field development to
May 1962 resulted in seven more producing wells and five dry holes.

The field was unitized in May 1962 with Canyon Oil as unit operator.
One of the eight oil wells had been abandoned and another was converted
to injection. One dry hole was reworked and converted to injection. A
new well was drilled in the NWi sec 18 and completed as a water injection

well.

A water supply well was drilled in the SE%SE% sec 11, T 13 N,
R 57T W, to 90 feet in gravel.

The secondary recovery project began in September 1962 when 1,200
barrels of water was injected daily through three wells. The flood
pattern is semiperipheral. '

During December 1963 six wells were producing a total of 42 barrels
of o0il and 383 barrels of water daily. Produced water was run to
surface pits. Untreated fresh water was injected into two wells at T66
barrels dally at about 2,350 psi.

By volumetric determination the oil originally in place was
2,755,000 barrels or 633 barrels an acre-foot. The estimated recovery
factors, expressed in percentage of initial oil in place, are 9.3 percent
for primary and 11.0 percent for secondary, or a total of 20.3 percent.

Estimated primary oll recovery is 256,000 barrels or 59 barrels an
acre-foot. Cumulative unit oil production &t the start of waterflooding
was 168,700 barrels or about 66 percent of the estimated primary oil.
Cumulative water production was 88,600 barrels.

Estimated secondary oil recovery is 5053000 barrels or 70O barrels
an acre-foot.

Cumilative unit oil production from the start of waterflooding to
the end of 1963 was 25,400 barrels. Cumulative water injection during
the same period was 328,500 barrels. The ratio of water injected to
oil produced is about 13:1l. Water production amounted to 28,600
barrels.

Estimated water requirements are 3,363,000 barrels over about 8
years. The 3,363,000 barrels meke up asbout 60 percent of the pore
volume. The estimated ratio of water injected to secondary oil
recovered is 1l:l.
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Development Services Corp. has assumed operation of the unit.

A+ the end of 1963, 76 percent of the estimated primary oil azd
only 7 percent of the original oil in place had been recoversl. Water
cted was 10 percent of the estimated water required. The outcome

the project 1s-indeterminate. :

See table 38 for basic engineering data.
Rodman Unit

The Rodman unit (fig. 43) is in secs 22 and 27, T 15 N, R 55 W,
Kimball County, approximately 1 mile northeast of the town of Kimball.
Average elevation is approximately 4,650 feet.

The Rodman field was discovered in September 1956 when Chandler-
Musgrove and Rock Island Refining Co. completed the No. 1 Rodman "A,"
c NE%NW%-sec 27, for an initial pumping production of 239 barrels dally
srom the "J" sand through perforations from 6,089 to 6,093 feet and
6,106 to 6,107 feet. Subsequent development resulted in seven more
producing wells and seven dry holes.

The field, including eight producing wells and three of the seven
dry holes, was unitized in August 1961 with Chendler and Simpson the
unit operator. Three producing wells were converted to injection wells
and a shallow fresh water supply well was drilled in the NWLSEL of
sec 22 to 250 feet. i

_'Waterflooding begen in January. 1962 with injectiorn into three wells
a3t approximately 800 barrels dailwv. - A fourth well was converted To
injection in December 1962. ‘

The flood pattern is a modified line drive. Three of the injection
wells are in the north end of the unit and the fourth is in the south-
west corner. : . S

Tn December 1963 the Rodmar unit contained four injection wells
" apd four producing wells. Dally injection of uantreated water was
approximately 1,350 barrels at 1,000 psi. Daily production was
approximately 200 barrels of oil and 700 barrels of water. Produced
water was disposed of in surface piis.

By volumetric determination the oil in place at origiral reservoix
corditions was 1,830,000 barrels or 659 barrels an acre-foot. The
estimated recovery factors expreéée& in percentage of oil in place are:
Primery, 23.7 percent; secordary, 10.9 percent; snd total, 3,6 percent.

Estimated primary oil recovery is hEB,OOO'barrélﬁ or 156 barrels an

ascre-foot. Cumulative unit oil production at the start of waterflooding
was approximately 289,000 barrels or 89 percent of the estimated primary
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TABIE 38. - Basic data for Prairie unit ("J" sand)

I. Reservoir data

Productive area 500 acres
Average thickness 8.7 £t
Reservoir volume 4,350 acre-ft
Average porosity 15.8 pet
Average water saturation 38 pct
Formation volume factor 1.2 bbl/stb
Initial reservoir pressure 1,500 psi
Bubble point pressure = = psi
Average permeability 30 md
Original solution GOR - - cu £t per bbl
Gravity of crude 38° API

IT. Oil in place at original conditions
7,758 x 500 xl?é7 x .158 x .62 - 2,755,000 STB

7,758 x .158 x .62 _ 633 —SIB__
1.2 - Acre-ft
STB

ITI. Estimated recovery Pct oil in place Acre-ft STB
Primary 9.3 59 256,000
Secondary 11.0 70 303,000
Ultimate 20.3 123 559,000

IV. Estimated water requirements and flood life
Total 3,363,000 bbl
Equivalent pore volume 0.6
Injection water:secondary oil 11:1
Flood life 8 years

V. Project status--January 1, 1964

‘Flood started
‘0il recovery (pct original oil in place)
Water injection (pct estimated water required)

..97_.

September 1962
T
10




recovery. Estimated secondary oil recovery is 200,000 ‘barrels or T2
barrels an acre-foot. The low secondary estimate msy reflect low sweep
efficiency and possibly wide variations in reservoir rock permeabllity.

Cumulative production from the start of waterflooding until the end
of 1963 was 69,900 barrels of oil and 172,800 barrels of water.
Cumalative water injection for the same period was 1,041,300 barrels.

Estimated water requirements are 3 million barrels of fresh water
or approximately 0.82 pore volume. The estimated ratio of water
injected to secondary oil recovered is 15:1. The estimated flood life
is 5 years.

Only 12 percent of the estimated.recoverable secondary oil and only
25 percent of the original oil in place had been recovered at the end
of 1963, Water injected was approximately 35 percent of the estimated
water required. The outcome of the project is indeterminate.

See table 39 for basic engineering data.

Simpson Unit

The Simpson unit (fig. 44) is in sees 19, 30, and 31, T 15 N,
R 54 W, secs 23-26, and 36, T 15 N, R 55 W, Kimball County. The unit
lies gbout 3%-miles northeast of Kimball on a bench overlooking
Iodgepole Creek. Average elevation of the field is 4,600 feet.

The Simpson field was discovered in June 1958 when Chandler and
Simpson completed the No. 1 Rodmen "G," C SELSWL sec 24, T 15 N, R 55 W,
for an initial production of 235 barrels of oil deily from "J" sand
perforations at 5,917 to 5,927 feet. Development of the fleld resulted
in 24 additional producing wells and 12 dry holes. Unit wells 23 through
30, thought to be a separate field, were called the Rounds field.

The greater part of the Simpson field was unitized during September
1961 with Chandler and Simpson &s unit operator. The unit inciuded 20
producing wells and 3 dry holes from the Simpson field and six producers
and one dry hole from the Rounds field. Adding of the NSNE{ and SEZNEL:
sec 36, T 15 N, R 55 W, to the unit during November 1961 brought in one
additional dry hole from the Rounds field. Unit wells Nos. 31 and 32
were drilled on this acreage.

Eight producing wells and one dry hole were reworked and converted
to injection wells following unit approval.

The water supply well was drilled in the NELSEL sec 25, T 15 N,

R 55 W, to 200 feet into Tertiary gravels. It had a capacity of 20,000
barrels daily. ’
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TABIE 39. - Basic data for Rodman unit ("J" sand)

I. Reservoir data
Productive area - - acres
Average thickness - = £
Reservoir volume 2,777 acre-£t
Average porosity -16.9 pet
Average water saturation 35 pet
Formation volume factor 1.29 bbl/stb
Initial reservoir pressure 1,200 psi
Bubble point pressure - = psi
Average permesbility 80 md
Original solution GOR - = cu £t per bbl
Gravity of crude 36° API
II. O0il in place at original conditions
7)758 X 2}777 X ‘169 X ’65 - 13850,000 STB
1.29
7,758 x 169 x .65 _ 659 STB
1.29 - Acre-f1
o . STB
IIT. Estimated recovery Pct oll in place Acre-ft STB
Primary 23.7 156 435,000
Secondary 10.9 72 200,000
Ultimate 34,6 228 635,000
IV. Estimated water requirements and flood life
Total 3,000,000 bbl
Equivalent pore volume 0,82
Injection water:secondary oil 15:1
Flood life 5 years
V. Project status--January 1, 1964
Flood started _ January 1962
0il recovery (pct original oil in place) 25
Water injection (pet estimated water required) 35
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The project began during February 1962 with 3,500 barrels of water
injected through 9 wells and oil production from 18 wells.

The flood pattern is a line drive with the "J" sand flooded down-
dip, east to west, to use the poorer producing wells for water injection.

During December 1963 inJjection of untreated water was 59,372
barrels through nine wells at 1,300 psi. Oil production from 18 wells
amounted to 11,133 barrels for the month.

By volumetric determination the oil originally in place was
5,341,000 barrels or 655 barrels an acre-foot. The estimated recovery
factors, expressed in percentage of initial oil in place, are 18.2
percent for primary and 20.6 percent for secondary, or a total of
38.8 percent.

Estimated primary oil recovery is 972,000 barrels or 119 harrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was 903,200 barrels or approximately 93 percent of the primary
oil. Cumulative water production to the start of waterflooding was
16,400 barrels. ' .

Estimated secondary oil recovery is 1,100,000 barrels or 134
barrels an acre-foot.

cumilative unit oil production from the start of waterflooding
until the end of 1963 was 233,000 barrels. Cumulative water inJjection
during the same period was 1,054,100 barrels. The ratio of water
injected to water produced was 5:1. Water production was 141,700
barrels. Produced water was run to pits.

Estimated water requirements are 8 million barrels over T years,
which comprises about 80 percent of the pore volume. The estimated
ratio of water injected to secondary oil recovered is T:l.

At the end of 1963 only 15 percent of the estimated secondary oil
and 21 percent of the original oil in place had been recovered. Water
injected was only 13 percent of the estimated water required. The out-
come of the projéct is indeterminate.

See table 40 for basic epgineering data.

Singleton Unit

The Singleton unit (fig. 45) is in seecs 17-20, and 29, T 17 N,
R 53 W, and secs 13 and 24, T 17 N, R 54 W, Banner County, approximately
‘19 miles northeast of the town of Kimball. Average elevation is 4,600
feet.
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TABIE 40. - Basic data for Simpson unit ("J" sand)

I. Reservoir data,

Productive area 1,020 acres

Average thickness 8 £t .
Reservoir volume 8,160 acre-ft
Average porosity “15 pct
Average water saturation - 28 pct
Formation volume factor "1.28 bbl/stb
Initial reservoir pressure 1,357 psi
' Bubble point pressure - = = psi
" Average permeability 65 md
Original solution GOR 600 cu ft per bbl
Gravity of crude 36° API
IT. 0il in place at original conditions
7,758 x l,Oi?Eg 8 x .15 x .72 - 5,3413900 STB
7,758 x .15 x .72 _ 655 STB
1.28 Acre=-ft
. sm
IIT. Estimated recovery  Fct oil in place Acre-ft STB
Primary 18.2 119 972,000
Secondary 20,6 S 134 1,100,000
timate 5808 253 2,072,000
IV. Estimated water requirements and flood life
Total 8,000,000 bbl
Equivalent pore volume 0.8
~ Injection water:secondary oil T:l
Flood life ’ T years
V. Project status--January 1, 196L

Flood started
01l recovery (pet original oil in place)
‘Water injection (pct estimated water required)
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The Singleton field was discovered in November 1958 when Miracle-
Fifer Drilling Co. completed the No. 3 Singleton, WiNWESEL sec 19, for
an initial pumping production of 360 barrels daily from the "J" sand
through perforations from 5,651 to 5,661 feet. Field development
resulted in 32 additional producing wells and 15 dry holes.

All of the producing wells were completed in one or both of two
separate oil zones in the "J" sand. The zones are separated by 10 to
15 feet of shale and are referred to as the "J-1" (upper) and the "J-2"
(lower). The "J-1" is larger than the "J-2," but the physical
characteristics of the two zones are essentially alike. -

The field, including 33 producing wells and 7 dry holes, was
unitized in October 1961 with Sinclair 0il Co. as unit operator. A
shallow (65 feet) fresh water supply well was drilled in the NWANWLENWE
of sec 29,

Waterflooding was begun in March 1962 when spproximately 11,000
barrels of fresh water daily was injected into seven wells. At that
time there were 26 producing wells.

The flood pattern for the "J-1" zone is peripheral, whereas the
flood pattern for the less extensive "J-2" zone is a modified line
drive. The zones are flooded simultaneously utilizing the same wells
where both zones are present.

In July 1963, the unit contained 10 injection wells and 18
producing wells. Daily injection (untreated water) was approximately
12,000 barrels at pressures ranging from vacuum to 1,643 psi. Daily
production was approximately 3,500 barrels of 0il and 1,500 barrels of
water. Produced water was disposed of in surface pits.

By volumetric determination the oil in place at original reservoir
conditions was 17,646,000 barrels or 1,020 barrels an acre-foot.
Estimated recovery factors expressed in percentage of oil in place are:
Primary, 20.7 percent; secondary, 22.5 percent; and total, 43.2 percent.

Estimated primary oil recovery is 5,655,000 barrels or 211 barrels
an acre-foot. Cumulative oil production at the start of waterflooding
was 3,475,000 barrels or 95 percent of estimated primary recovery.
Estimated secondary oil recovery is 3,970,000 barrels or 230 barrels
an acre-foot.

According to the estimates cited, the Singleton field will yileld
more secondary oil than primary oil. The forecast is based largely on
the relative homogeneity (little variation in permeability) of the
reservoir rock and the high sweep efficiency of the peripheral flood
pattern.
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Cumulative unit production from the start of waterflooding until
the end of 1963 was 1,645,000 barrels of oil and 1,411,500 barrels of
water. Cumulative water injection for the same perlod was 7,667,800
barrels. ‘

Estimated water requirements are 32,800,000 barrels-or 1.25
reservolr pore volume. The estimated ratio of water injected to
secondary oil recovered is 8:1. The estimated flood life is 11 years.

By the end of 1963 approximately 37 percent of the estimated
secondary oil and 29. percent of the original oil in place had been
recovered. Water injected was 23 percent of the estimated water
required. Available data indicate a successful project

See table 41 for basic engineering data.
Sloss Unit

The Sloss unit (fig. 46) is in secs 21-28 and 33-36, T 14 N, R 55 W,
Kimball County, approximately 3 miles southeast of the town of Kimball.
Average elevation is approximately 4,800 feet.

The Sloss field was discovered in November 1954 when Nebraska
Drillers completed the No. 2 State, C NWiNWWi sec 36, for an initial
pumping production of 142 barrels daily from the "J" sand through
perforations from 6,214 to 6,225 feet. By mid-1963 continued develop-
ment resulted in a field of 94 producing wells and 10 dry holes. Of
these, 93 were completed in the "J" sand and 1 was completed in the
"D" sand.

The field is one of the largest in western Nebraska. During its
development two extension wells were so far removed from the discovery
well that separate fields were established. The Marion field was
approximately 5%-mileS»northwest and the Hein field approximately 3
miles west of the discovery well. Both fields were incorporated in
the Sloss field.

The "J" sand contains two oil-bearing zones separated by 5-15 feet
of shale. The upper zone, "J-1," is larger than the lower zone, "J-2,"
but the rock characteristics of the two zones are essentially alike.

The field was unitized in 1958 with Pan American Petroleum Corp.
as unit operator. The initial flood plan called for 21 injection wells.

Waterfloodlng was begun in June 1958 when approximately T,000
barrels of fresh water daily were injected into six wells. TIn four of
the wells water was injected into both the "J-1" and the "J-2" zones.

In the other two wells water was injected into only one zone, the "J-2."
Four more wells were placed on injection before the end of the year.
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TABIE 41. - Basic data for Singleton unit ("J" sand)

I.

IT.

ITT.

Ve

Reservoir data

Productive ares 1,730 acres
Average thickness 10 £t
Reservoir volume 17,300 acre=-ft
Average porosity 19.5 pect
Average water saturation 20.7 pect
Formation volume factor 1,178 bbl/stb
Initial reservoir pressure 1,34l psi
Bubble point pressure 770 psi
Average permeability 4 328 md
Original solution GOR 220 cu ft per bbl
Gravity of crude : 37° API

0il in place at original conditions

7,758 x 1,730 x 10 x .195 x +795 _ 17,646,000 STB

1.178
7,758 x .195 x .793 _ _STB
1.178 =-1,020 Acre-ft
STB

Estimated recovery Pct oil in place Acre-ft STB
Primary 20.7 211 3,653,000
Secondary 22.5 230 3,970,000
Ultimate 13,2 LT 7,623,000
Estimated water requirements andrflood life
Total 32,800,000 bbl
Equivalent pore volumes 1.25
Tnjection water:secondary oil ‘ 8:1
Flood life - 11 years
Project status--Januery 1, 196k
Flood started March 1962
0il recovery (pet original oil in place) 29
Water injection (pet estimated water required) 23
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Fresh water was obtained from three shallow wells, two in sec 21
and one in sec 27. The wells are completed in alluvial gravel at
approximately 200 feet. .

The flood pattern is a field-wide peripheral network. There are
also four infield injection wells, all on the east side of -the unit
area. :

In June 1963 the Sloss unit contained 25 producing wells and 21
injection wells. Daily production was approximately 3,125 barrels of
oil and 2,700 barrels of water. Some of the produced water was injected
in the Sguth Torgeson unit, but most was disposed of in surface pits.
Daily injection was approximately 10,900 barrels of untreated water at
a pressure of 1,350 psi. o ' ’

By volumetric determination the oil in place at original reservoir
conditions was 38 million barrels or 853 barrels an acre-foot. The
estimated recovery factors, expressed in percentage of oil in place,
are: Primary, 20 percent; secondary, 20 percent; and ultimate, 4O
percent. ‘ B

Estimated primary oil recovery is 7,600,000 barrels or 17l barrels
an acre~foot. Cumulative unit oil production at the start of water-
flooding was approximately 4,300,000 barrels or 57 percent of the
estimated primary recovery. - Estimated secondary oil recovery is also
7,600,000 barrels or 171 barrels an acre-foot.

Cumulative unit production from the start of waterflooding until
the end of 1963 was 8,579,100 barrels of oil and 5,161,600 barrels of
water. Cumulative unit water injection for the same period was
22,635,300 barrels.

Estimated water requirements are 60 million barrels or 1 pore
volume. The estimated ratio of water injected to secondary oil
recovered is 8:1. The estimated flood life is 10 years.

By the end of 1963 approximately 66 peréént of the éétimafed
secondary oil and 33 percent of the original oil in place had been
recovered. Water injected was 38 percent of the estimated water
required. The project is apparently successful°

“See table 42 for basic engineering data.

Torgeson Unit

The Torgeson unit (fig. 47) is in secs 13, 14, 23-26, T 1k N,
R 56 W, Kimball County, about 4 miles south of the town of Kimball.
Average elevation is 4,890 feet.
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TABLE 42. - Basic data for Sloss unit ("J" sand)

.Io Reservoir data

Productive area 4,131 acres

Average thickness 10.7 £t (est)
Reservoir volume Ll 202 acre-ft
Average porosity ' 17.6. pet

Average water saturation 18.6 pct

Formation volume factor 1.3 bbl/stb
Tnitial reservoir pressure 1,415 psi

Bubble point pressure 689 psi

Average permeability 150 md

Original solution GOR 261 cu ft per bbl
Gravity of crude 37° APT

II. O0il in place at original conditions

7,758 x 4,131 x 10.7 x .176 x .81k

7,758 x 176 x .81k _ 853 __STB
1.3 Acre-ft
‘ ‘ STB
JIT. Estimated recovery Pct oil in place Acre-ft STB
Primary , 20 171 - 7,600,000
Secondary 20 ‘ 171 7,600,000
Ultimate Lo 342 15,200,000
IV. Estimated water requirements and flood 1life
Total 60,000,000 bbl
Equivalent pore volume 1.0
Tnjection water:secondary oil 8:1
Flood life ' : 10 years
V. Project status--January 1, 1964
Flood started June 1958
01l recovery (pct original oil in place) 33
Water injection (pet estimated water required) 38
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The Torgeson field was discovered in December 1951 when Nébraska
Drillers, Inc., completed the wildcat, No. 1 Torgeson, in the SEMNWENW—
sec 23, T 1k N, R 56 W, for an initial pumplng production of 150- .
barrels daily from the "J" sand. Extensive drilling in the field was
curtailed until 1955-56 when 41 wells were completed. ILater, wells in
the southwest Kimball area were added to the Torgeson field. "Also,
nine producing wells and four dry holes from the Durland or Durland
Trust areas were included in the Torgeson field. Withirn the enlarged
Torgeson field, 87 wells were drilled. Of these 53 produced from the
"J" sand and 38 were dry holes. . .

Part of the Torgeson field was unitized in October 1962 with
Nebraska Drillers, Inc., as unit operator. The unit originally
contained 14 producing wells, 2 of which were converted to water
injection, and 8 dry holes.

The fresh water supply well was drilled in the NZNW— sec 23, T 1k N,
R 56 W. It produces water from alluvial deposits at 154 feet.

The project began in October 1962 with 47,297 barrels of water
injected through six wells during the month. Production originally was
from five wells.

The flood pattern is a line drive with injection wells formlng a
dlagonal (northwest-southeast) front on the west side of the unit area.

During December 1963, two wells were producing about 190 barrels
of oil and 20 barrels of water daily. Produced water was disposed of
in surface pits. Untreated water was. injected into six wells at 2,500
barrels daily at about 950 psi. ' '

By volumetric determination the oil originally in place was
estimated to be 5,620 000 barrels or 725 barrels an acre-foot. The
estimated recovery factors expressed in percentage of initial oil in
place are 22.7 percent for primary and 23.7 for secondary, or a total
of 46.4 percent.

" Estimated primary oil recovery is 1 275,000 barrels or 165 barrels
an acre-foot. Cumulative unit oll production at the start of water-
flooding was approximately l 133,000 barrels or 89 percent of the
estimated primary oil. Cumulative water production was 217,300 barrels.

Estimated secondary oil recovery is 155515000 barrels or 172
barrels an acre-foot.

Cumulative unit oil production from the start of waterflooding
until the end of 1963 was 50,200 barrels. Cumulative water injection
-for the same perlod was 1,003,800 barrels. The ratio of water injected
to oil produced is gbout 20:1. Water producclon amounted to 68 900
barrels.
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Estimated water requirements are 11,086,000 barrels over about
8 years. The 11,086,000 barrels of water comprise about 1 pore volume.
The estimated ratio of weter injected to secondary oil recovered is 8:1.

At the end of 1963 not all (95 percent) of the estimated primary.
0il and only 21 percent of the original oil in place had been recovered.
Water injected was 9 percent of the estimated water required. The out-
come of the project is indeterminate.

See table 43 for basic engineering data.

South Torgeson Unit

The South Torgeson unit (fig. 48) is in secs 25, 26, 35, and 36,
T 14 N, R 56 W, Kimball County, about 5 miles south of the town of
Kimball.

The Torgeson field history was discussed in the Torgeson unit
writeup (p. 105).

The South Torgeson unit was formed from part of the Torgeson field
in Merch 1962. Originally nine producing wells, three injection wells,
and nine dry holes were within the unit. Of the three injection wells,
two were converted from producing wells and one was & reworked dry hole.
The formation flooded is the "J" sand, and the unit operator is British-
American 0il Co.

The South Torgeson unit is unusual because, instead of fresh water,
it uses water produced from the nearby Sloss unit.

The secondary recovery project began during October 1962 with 5,000
barrels of water injected through two of the three injection wells.

The flood pattern is a line drive with the injection wells on ‘the
west side of the unit.

During December 1963 five wells were producing about 86 barrels
of oil and %6 barrels of water daily. Produced water was disposed of
in surface pits. Water was injected at 526 barrels daily through two
wells.

By volumetric determination the oil originally in place was
3,088,000 barrels or 588 barrels an acre-foot. The estimated recovery
factors expressed in percentage of initial oll in place are 19.3 percent,
primary, and 22.4 percent, secondary, or a total of 41.7 percent.

Estimated primary oil recovery is 596,000 barrels or 113 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was 515,900 barrels or approximately 87 percent of the
estimated primary recovery.
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TABIE 43. - Basic data for Torgeson unit ("J" sand)

I. Reservoir data

Productive area 726 acres

Average thickness : - 10.2°Ft
Reservoir volume 3 - 7,405 acre-ft
Average porosity 18 pet

Average water saturation 30 pct

Formation volume factor 1.35 bbl/stb
Tnitial reservoir pressure 1,475 psi

Bubble point pressure - = psi

Average permeability ' - 75 md

Original solution GOR 300 cu ft per bbl

Gravity of crude _ , 37° API

" "IT. 0il in place at original conditions

15758 x 7,759 % +18 x .70 _'5 656 000 STB

1.35
7,758 x .18 x .70 _ 705 STB
1.35 - Acre-Pft
. "STB
III. Estimated recovery Pct oil in place Acre-ft STB
Primary 22,7 165 1,275,000
Secondary 23.7 172 1,331,000
Ultimate . 6.k - 337 2,606,000
IV. Estimated water requirements and flood life
Total a ' : " 11,086,000 bbl
Equivalent pore volume ' S 1.0
Tnjection waterssecondary oil o 8:1
Flood life . ‘ : © . 8 years
V. Project status--January 1, 196k
Flood started S+ = 7" october 1962
0il recovery (pct original oil in place) o 21
Water injéctionl(pct estimated water required) 9
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Cumulative unit water production at the start of waterflooding was
104,400 barrels.

Estimated secondary oll recovery is 692,000 barrels or 13L barrels
an acre-foot.

Cumulative unit oil production from the start of waterflooding
until the end of 1963 was h6 100 barrels. Cumulative water injection
for the same period was 180, 9OO barrels. The ratio of water injected
to oil produced is about k4: l. Water production amounted to 18,100
barrels.

Estimated water requirements are 7% million barrels over 7 years,
which comprises about 1.3 pore volumes. The estimated ratio of water
injected to secondary oil recovered is 1l:l.

At the end of 1963 not all (94 percent) of the estimated primary
oil and only 18 percent of the original oil in place had been recovered.
Water injected was only 2 percent of the estimated water required. The
outcome of the project is indeterminate.

See table U4 for basic engineering data.
- Vedene Unit

The Vedene unit (fig. 49) is in secs 2-4, T 17 N, R 56 W, and secs
33-35, T 18 N, R 56 W, Banner County, approx1mately 4 miles south of
the town of Harrisburg. Average elevation is about 5,000 feet.

The Vedene field was discovered in March 1956 when Miracle—Fifer
Drilling Co. and Gibraltar Oil Co. completed the No. 1 Vedene, C NWENW—
sec 2, for an initial flowing production of 280 barrels daily from the
mpt sand through perforations from 6,448 to 6,454 feet. Development
resulted in a field of 25 producing wells and 7 dry holes. Of the
producing wells, 15 were completed in the "D" sand and 10 in the gyt
sand..

The field, including all 25 producing wells and 3 of the T dry
holes, was unitized in 1959 with Pan American as unit operator.

Waterflooding was begun in January 1959 when 3,700 barrels of
fresh water daily was injected into two former producing wells.
Tnjection was into both the "D! and the "J" sands in one well and into
only the "D" sand in the other. The water was obtained from a shallow
well drilled in the 52 of sec 34, producing from alluvial gravel at
approximately 200 feet.

The flood pattern is irregular. The reservoirs are overlapping

although the "J" sand extends beyond the "D" sand in the west and
south ends of the unlt area.
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unit ("J" sand)

TABIE 44, - Basic data for South Torgeson

I. Reservoir data

Productive area
Average thickness
Reservoir volume
Average porosity

Average water saturation
Formation volume factor

Initial reservoir pressure

Bubble point pressure
Average permeability
Original solution GOR
Gravity of crude

535.6 acres
. 9.8 ft
5,249 acre-ft
1k pet
35 pct
1.2 bbl/stb
1,430 psi
. 800 psi
30 md '
300 cu ft per bbl
37° API '

- IT. O0il in piace at original conditions

7,758 x 535.6 x 9.8 x .1k x .65

= 3,088,000 STB

1.2
7,758 x 1k x .65 _ STB
' 1.2 = 588 Acre-ft
A , _ . o _STB .
-III. Estimated recovery Pet oil in place . = Acre-ft . STB

Primary 19.3 113 596,000
Secondary 22,4 131 692,000
Ultimate L1.7 2Rk 1,288,000

IV. Estimated water requirements and flood life

Total.

Equivalent pore.volumes
Injection water:secondary

Flood 1life

V. Project status--January 1, 196k

Flood started

7,500,000 bbl
1.3
11:1
T years

. October 1962

. 01l recovery (pct original oil in place)‘ ' - 18
Water injection (pct estimated water required) = 2
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In December 1963 the unit contained 11 active producing wells and
7 active injection wells. Daily production was approximately 410
barrels of oil and 1,700 barrels of water. Produced water was disposed
of in surface pits. Daily injection of untreated water was 1,000
barrels into the "D" sand at 1,280 psi and 1,100 barrels into the "J"
sand at 1,200 psi.

By volumetric determination the oil in place at original reservoir
conditions was 8,333,000 barrels. The estimated recovery factors,
expressed in percentage of oil in place, are: Primary, 18 percent;
secondary, 15 percent; and ultimate, 33 percent.

Estimated primary oil recovery is l% million barrels. Cumulative
unit oil production at the start of waterflooding was approximately
1,200,000 barrels or 80 percent of the estimated primary recovery.
Estimated secondary oil recovery is 1,250,000 barrels.

Cumulative unit production from the start of waterflooding until
the end of 1963 was 1,322,000 barrels of oil and 1,063,000 barrels of
water. Cumulative unit inJjection for the same period was h,76h5000
barrels.

Estimated water requirements are 1L million barrels or 1 pore
volume. The estimated ratio of water injected to secondary oil recovered
is 11l:1. The estimated flood life is 10 years.

By the end of 1963 approximately 82 percent of the estimated
secondary oil and approximately 30 percent of the original oil in place
had been recovered. Water injected was approximately 3L percent of the
estimated water required. The project i1s apparently successful.

See %able 45 for basic engineering data.
Vowers Unit

. The Vowers unit (fig. 50) is in secs 27-29, and 32-34, T 17 N,
R'5h~W,pBanner County, approximately 1l miles northeast of the town of
Kimball. Average elevation is approximately 4,800 feet.

The Vowers field was discovered in October 1955 when Petroleum,
Inc., completed the No. 1 Vowers, C SWiSWi sec 28, for an initial
pumping production of 124 barrels daily from the "J" sand through
perforations from 5,986 to 5,989 feet. Subsequent development resulted
'in a field of 25 producing wells and 8 dry holes. Of the 25 producing
wells, 22 were completed in the "J" sand and 3 in the "D" sand.

In 1959 the "J" sand, including 21 producing wells and 2 dry holes,
was unitized with Pan American Petroleum Corp. as unit operator. The
two '"D" sand producing wells in sec 34 are nonparticipating in the "J"
sand unit.
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TABLE 45. - Basic data for VEdene unit ("D" and. "J" sands)

I.

IT.

ITI.

Original solution GOR
Gravity of crude

0il in place at original conditioﬁé

- - cu ft per bbl :
39° API (commingled) 7

"J"

Reservoir data "D" sand sand
/ .
Productive area ....851 aeres ...1,350 acres
Average thickness 9 ft . .. ks £t
Reservoir volume 7,659 acre-ft 6,075 acre-ft
_Average porosity 14.8 pct lO 8 pet
Average water saturation 25 pet w 25 pet
- Formation volume factor 1.25 bbl/stb (est) - 1 25 bbl/stb (est)
Initial reservoir pressure 1,500 psi 1,500 psi (est)
Bubble point pressure - - ps1 - -~ = psi
Average permeability 79 ‘md. " ~ 16-md

~cu ft per bbl

tr )
D" sand 1> 758 x 7;659 X °l'l{“8 X 75 5’277’000 STB. -~
1.25 R T2 LT NI
T,758 % 148 x .75 _ 689 STB
1.25 . ABerexft.
" ‘I!
J" sand 7, 758 x 6,075 x .108 x .75 _ - 3,056,000 STB
1.25
7,758 x .108 x .75 _ 505 . STB
1.25 Acre-ft
Total oil in place ("D" and "J") = 8,333,000 STB
STB
Estimated recovery Pct oil in place Acre-ft STB
HDH Sand
Primary 18 124 950,000
Secondary 15 103 2,000
Ultimate 33 227 1,742,000
I!JH Sa.nd
Primary 18 91 550,000
Secondary 15 75 458,000
Ultimate 33 166 1,008,000
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TABLE 45. ~ Basic date for Vedene unit ("D" and "J" sands )--Continued

IIT.

Iv.

V.

STB
Estimated recovery Pct oil in place  Acre-ft STB
Total ("D'" and "J")
Primary ' 1,500,000
Secondary 1,250,000
Ultimate 2,750,000

Estimated water requirements and flood -life

Total 14,000,000 bbl
Equivalent pore volume 1.0
Injection water:secondary oil 11:1
Flood life 10 years

Project status--January 1, 1964

Flood started January 1959
0il recovery (pct original oil in place) 30
Water injection (pct estimated water required) 3h
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Waterflooding was begun in May 1959 when 1,900 barrels of fresh
water daily was injected into two wells. One of the injection wells
was a former producing well (Unlt No. l), and the other was a N
recompleted dry hole (Unit No. 8). Split casing caused Unit No."1 to
be taken off injection, and shortly thereafter it was abandoned.
Producing well No. 4 (NWiNEL sec 32) was changed to:injection well
status.

Fresh water was obtained from a shallow well drllled in the
adjoining Ostgren unit in the SEgNW—’Of sec 1, T 16 N, R 55 W.
Completed in alluvial gravel at approximately 200 feet the Well
supplies water to ‘both the Ostgren and the waers unlts. )

The flood pattern is a line drlve, and the 1n3ect10n wells are in the
west end of the unlt area. Additional wells likely will be converted
to injection as the :lood front moves farther east°

In December 1965 the unit contained 1k active produ01ng MI" sand
wells and 2 active injection wells. Daily. productlon was approximately
1,000 barrels of oll and 4o ‘barrels of water. Produced water was
dlsposed of in surface pits. Daily 1n3ectlon was approx1mately 2,150
barrels of untreated water at 350 psis

By volumetric determination the oil in place at original reservoir
conditions was 4,600,000 barrels or 1,086 barrels an acre-foot. The
estimated recovery factors, expressed in percentage of oil in place,
are: Primary, 25 percent, secondary, 25 percent; and ultimate,

50 percent.

Estimated primary oil recovery is 1,150 000 barrels or 272 barrels
an acre-foot. Cumulative unit oil production at the start of water=-
floodlng was approximately 6725000 barrels or 58 percent othhe
estimated primery recovery. Estimated secondary oil recovery is also
1,150,000 barrels or 272 barrels an acre- foot.

Cumulative unit production from the start of waterfloodlng until
the end of 1965 was 1,157,000 barrels of oil and 522, 800 barrels of
water. Cumulative unit water 1n3ect10n Lor the same ;erlod was
2,534,200. barrels.

Estimated water requirements areb6,9OQ,QOO barrels or 1 pore volume.
The estimated ratio of water injected to sécondary-oil recovered is
€:l. - The estimated flood life is 10 years.

By the end of 1965 approx1mately 59 percent of the estimated
gsecondary oil and 40 percent of the estimated original oil in place
had been recovered. Water injected was approximately 37 percent of
the estimated water required. The project is apparently successful.

See table 46 for basic engineering data.
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TABIE 46. - Basic data for Vowers unit ("J" sand)

I. Reservoir data

Productive area 1,010 acres
Average thickness 4.2 £t
Reservoir volume 4,242 acre-ft
Average porosity , 21 pct
Average water saturation 20 pct
Formation volume factor 1.2 bbl/std
Initial reservoir pressure 1,500 psi
Bubble point pressure o= = psi
Average permeability 146 md
Original solution GOR - - cu ft per bbl
Gravity of crude 37° API

IT. 0il in place at original conditions
7,758 x 1,010 >£ 12+.2 x .21 x .80 _ )\ 600,000 STB

7,758 x .21 x .80 _ STB
1.2 = 1,086 Acre-ft
STB

III. Estimated recovery Pct oil in place Acre-ft STB
Primary 25 272 1,150,000
Secondary 25 272 1,150,000
Ultimate 50 Shly 2,300,000

IV. Estimated water requirements and flood life
Total 6,900,000 bbl
Equivalent pore volume 1.0
Injection water:secondary oil 6:1
Flood life 10 years

V. Project status--Jenuary 1, 1964

Flood started : May 1959
0il recovery (pet original oil in place) Lo
Water injection (pct estimated water required) 37
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Weaver Unit

The Weaver unit (fig. 51) is in sec 15, T 17 N, R 55 W, Banner
County, about 13 miles north of the town of Kimball in &n area of flat
farmland. Average elevation of the field is 4,875 feet.

The Weaver field was discovered in January 1959 when W. R. Weaver
completed the No. 1 Huffman, C SE&SWE sec 15, T 17 N, R 55 W, for an
initial pumping production of 140 barrels of oil daily from the "J"
sand through perforations from 6,312 to 6,317 feet. Development of the
field resulted in three more producing wells in the SW% of ‘'sec 15, a
producer in the NWf sec 15, a dry hole in the .SEi sec 15, and a
producer in the NEf sec 16. S o

Unitization became effective during June 1962 with Sage Oil as
unit operator.. The unit area contained only the four wells in the
SWi sec 15. The well in the C NWiSWE sec 15 was reworked and converted
to water injection, and a fresh-water supply well was drilled in the
SW%SW%SW% sec 17, T 17 N, R 55 W. Secondary operations. began during
September 1962 and 1,000 barrels -of ‘water was injected daily. -

During June 1963 the original three producing wells and the
injection well were still operating. Production was about 125 barrels
daily with no water. About 500 barrels of untreated water was injected
daily at an average pressure of 2,800 psis - - e

By volumetric determination the oil originally in place was
869,000 barrels or 775 barrels an acre-foot. The estimated recovery
factors expressed in- percentage of initial oil in place are 18 percent
for primary and 18 percent for secondary or a total of 36 percent.
Estimated primary oil recovery is 156,000 barrels or 139 barrels an
acre-foot. Cumulative unit oil production to the start of waterflooding
was 109,900 barrels or about 70 percent of the estimated primary
recovery. Water production amounted to 9,700 barrels. Estimated
secondary oil recovery is also 156,000 or ‘139 barrels an acre-foot.

Cumulativé unit oil production from the start of waterflooding to
the end of 1963 was 53,200 barrels; water. production was 3,300 barrels.
Cumulative water injection was 196,700 barrels. The ratio of water
injected to oil produced was k4:1. '

Estimated water requirements ‘arve ‘1 million barrels or 0.6 pore
volume. The estimated ratio of water injected to secondary oil
recovered is T:Ll. C : '

Only 4 percent of the estimated secondary oil and 19 percent of
the original oil in place had been recovered at the end of 1963. Water
injected was 20 percent of the estimated water required. The outcome
of the project is indeterminate.

See table 47 for basic engineering data.
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TABIE 47. - Basic data for Weaver unit ("J" sand. )

I. Reservolir data
Productive area 160 acres
Average thickness T £t
Reservolr volume 1,120 acre-fi
Average porosity 20 pct
Average water saturation 40 pet
Formation volume factor 1.2 bbl/stb
Tnitial reservoir pressure 1,800 psi
Bubble point pressure 1,800 psi (est)
Average permeability 12 md
Original solution GOR 500 cu ft per bbl
Gravity of crude 39° API
IT. Oil in place at original conditions
7,758 x 160 :{ '2( x .2 x -6 _ 869 000 STB
7,758 x .2 x 6 _ STB
1.2 =115 Kore-t%.
e ) . e STB
IITI. Estimated recovery Pct oil in place Acre-ft STB
Primary 18 139 156,000
Secondary 18 139 156,000
Ultimate 6 278 312,000
TV. Estimated water requirements and flood life
Total 1,000,000 Dbl
Equivalent pore Vvolume 0.6
Injection water:secondary oil T:1
Flood life : ' T years
V. Project status--January 1, 1964

Flood started :
0il recovery (pct original oil in place )
Water injection (pet estimated water required )
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Willson Ranch Unit

The Willson Ranch unit (fig. 52) is in secs 8, 9, 13-17, 22, and
23, T 17 N, R 53 W, Banner County, approximately 15 miles southeast of
the town of Harrisburg. Average elevation is about L;L450 feet.

The Willson Ranch field was discovered in August 1957 when British-
American 0il Co. completed the No. 2 Willson-A; C SE%NW%-sec 13, for an
initial pumping production of 308 barrels daily from the "J" sand
through perforations from 5,251 to 5,254 and 5,264 to 5,270 feet.
Subsequent development resulted in a field of 43 producing wells and
14 dry holes. ‘ '

" 'The "J" sand contains two oil-bearing zones referred to as the
"J-1" and the "J-2." The upper zone, the "J-1," is a field wide,
blanket-type sand, Wwhereas the lower zone, the "J-2," consists of two
comparatively small, widely separated, sand lenses. The continuity of
the "J-1" zone is broken by a permeabllity barrier, dividing the zone
into separate reservoirs. The west reservoir is the larger of the two.

The east end of the field was unitized in October 1960 with
British-Americsn as unit operator. Waterflooding was begun in December
1960 by injection into one well. In late 1961 operations were expanded
to fieldwide coverage, and by January 1, 1962, - approximately 10,000
barrels of water daily was injected into 12 wells.

The injection water is obtained from a shallow (107 feet) well
drilled in the SELNEL of sec 15. The well was tested capable of
produéing approximately 70,000 barrels daily.

The flood pattern in the east end of the unit area is peripheral,
whereas the pattern in the west end is a modified line drive.

In June 1965 the unit contained 17 injéction wells and 29 producing
wells. Daily injection was approximately 10,000 barrels of untreated
water at pressures ranging from 1,450 psi in the east end of the field
to 2,175 psi in the west end. Daily production was approximately 2,000
barrels of oil and 2,000 barrels of water. Produced water was disposed
of in surface pits. ' ' :

) By volumetric determination the oll in place at original reservoir
conditions was 18% million barrels or 796 barrels an acre-foot.
Estimated recovery factors, expressed in percentage of oil in place,
sres Primary, 27 percent; secondary, 13 percent; and total, 40 percent.

Estimated primary oll recovery is h,9953000 barrels or 215 barrels
an acre-foot. Cumulative oil production at the start of waterflooding
(fieldwide ) was approximately 3,800,000 barrels or T6 percent of the
estimated primary recovery. Estimated secondary oll recovery is
2,405,000 barrels or 103 barrels an acre-foot. '
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Reportedly, a natural partial water drive exists in the west end
of the .field. Depending on its magnitude, this supplemental drive
could result in an ultimate recovery higher than the present estimate
of 40 percent.

Cumulative unit production from the start of waterflooding until
the end of 1965 was 1,558,900 barrels of oil and 1,213,700 barrels of
water. Cumulative unit water injection for the same period was
6,856,300 barrels.

Estimated water requirements are 20 million barrels or 0.7
reservoir pore volume. The estimated ratio of water injected to
secondary oil recovered 1is 8:1. The estimated flood life is T years.

Only 6 percent of the estimated sétondéry:0il and only 28 percent
of the original oil in place had been recovered at the end of 1963.
Water injected was 3l percent of the estimated water required. The
outcome of the project is indeterminate. '

See table 48 for basic engineering data.

Winkleman Unit

The Winkleman unit (fig. 53) is in secs 34 and 35, T 17T N, R 51 W,
and sec 4, T 16 N, R 51 W, Cheyenne County, approximately 17 miles
southwest of the town of Bridgeport. Average elevation is about
4,440 feet.

The Winkleman field was discovered in 1954 when Anschutz Drilling
Co. completed the No. 1 Winkleman, C SWiSEf sec 3k, for ean initial
pumping production of 66 barrels daily from the "J" sand through -
perforations between 5,083 and 5,090 feet. Eleven wells, five producing
wells;, and six dry holes were completed in 1955 for a field of 12 wells.

The field, including all six producing wells and one dry hole,
was unitized in January 1961 with British-American Oil Co. as unit
operator. .One producing well was converted te a water injection well,
and one producing well was abandoned.

A dump-type waterflood was begun in July 1961. Water was taken
from the "D" sand well, raised to a higher level to increase the hydro-
static head, and injected into the HJY sand in the same well. Figure

54 is a schematic diagram of the combination supply-injection well.

Tn November 1961 the dump-type waterflood was discontinued after
approximately 13,000 barrels of water had been injected. In October
1962 surface injection was begun using the same injection well. Water
was obtained from a shallow (LOO feet) well drilled 150 feet west of
the injection well. The water supply well was tested capable of
producing 10,000 barrels daily.
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TABIE 48. - Basic data for Willson Rench unit ("J" sand)

I.

IT.

IIT.

Iv.

Ve

Reservoir data

Productive area " 2,036 acres
Average thickness 11.k £t

- Reservoir volume 23,210 acre-ft

. Average porosity 16 pct

' Average water saturation 24.3 pet
Formation volume factor ' 1.18 bbl/stb
Tnitial reservoir pressure 1,240 psi ‘
Bubble point pressure _ . 550 psi
Average permeability 122 md
Original solution GOR , 186 cu ft per bbl
Gravity of crude ' a 35° APT o

0il in place at origiﬁal conditions

7,758 x 2,036 x 11l.hk x .16 x 757 _ 18,500,000 STB

1.18 .
7,758 x .16 x 757 _ 796 STB
1.18 B Acre-ft
A . STB

Estimated recovery Pct oil in place Acre-£% " STB
Primary 27 , 215 4,995,000
Secondary 13 103 2,405,000
Ultimate ) o 318 7,400,000
Estimated water requirements and flood life '
Total ’ - ' 20,000,000 bbl,
Equivalent pore volume . 0.7
Injection water:secondary oil &:L
Flood life . T years
Project status--January 1, 1964
Flood started December 1960
0il recovery (pct original oil in place) 28
Water injection (pet estimated water required) 34
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The single injection well in the northwest part of the unit area
was less than one-half mile from any of the four producing wells.

Tn June 1963 the unit contained two producing wells and one
injection well. Daily injection was approximately 780 barrels of
untreated water at 90 psi. Daily production was 18 barrels of oil and
% barrels of water. Produced water was disposed of in surface pits.

By volumetric determination the oil in place at original reserveir
conditions was 1,840,000 barrels or 766 barrels an acre-foot. Estimated
recovery factors expressed in percentage of oil in place are: Primary,
17.4 percent; secondatry, 13 percent; and total, 30.4 percent.

Estimated primary oil recovery is 320,000 barrels or 133 barrels
an acre-foot. Cumulative unit oil production at the start of water-
flooding was approximately 506,000 barrels or 96 percent of the
estimated primary recovery. Estimated secondary oll recovery is
239,000 barrels or 100 barrels an acre-foot. The low secondary recovery
estimate reflects the low sweep efficiency of -the flood pattern.

Ccumulative unit production from the start of waferflooding until
the end of 1963 was 28,600 barrels of oil and 18,800 barrels of water.
Cumulative unit water injection for the same period was 245,400

barrels.

Estimated water requlrements are 2%-million barrels or 0.76 pore
volume. The estimated ratio of water injected to secondary oil
recovered is 10:l. The estimated flood life is T years.

At the end of 1963 only 6 percent of the estimated secondary oil
and only 18 percent of the original oil in place had been recovered.
Water injected was approximately 10 percent of the estimated water
required. The outcome of the project is indeterminate.

See table L9 for basic engineering data.

- 122 -




*0D) [IQ UDdLIBWY Ysijiig A PaHIWGNS ‘UoISSIWWOD)

UD14DAIBSUOT) SDS) PUD I PYSBIGAN ‘Siiqiyx] Bulioal] woyy paydopy

‘Jjom uonaafur poojyiazem adAy - dwnp jo weibeip anewayss — S JUNOI4

mugo<mllllllfmﬁw

\/\l

v

I

ONISVO — |

yIiovd —— ||

ozazhllkﬂﬂm

dWnd ——— |

37ddIN  Q31VHO4¥3d ——u ]

e

WM
“—~—— S

—

000,
00|

N

*funog auuakay) Hun uewspjuip — ‘¢S JUNDIA

370H ANQ ¢
AYYANNOE LINM 77 Q3NOGNVEY “113Mm 110 &

773M A1ddns dalvm O NI-LNHS “T113M 110 &
773M NOILDO3ICNI H31vM @ GNVS 0 “TI3M 110 @

aN3937

£9-9 SNLVLS T13aM

anvs .r,

GNvS .0,

21 - G6¢ — |vm.l







u

TABIE 49. - Basic data for Winklemen unit ("J" sand)

I.

II.

IIT.

Iv.

V.

Resexrvoir data

Productive area 400 acres

Average thickness ' 6 £t

Reservoir volume 2,400 acre-ft
Average porosity 17.6 pct

Average water saturation 33.8 pct
Formation volume factor . 1.18 bbl/stb (est)
Initial reservolr pressure 1,175 psi

Bubble point pressure _ - - psi

Average permeability - - md

Original solution GOR cu £t per bbl

Gravity of crude 36° API

0il in place at original conditions

7,758 x 400 x 6 x .176 x .662

= 1,840,000 STB

1.18
7,758 x 176 x 662 _ 766 STB
1.18 B Acre-ft
STB

Estimated recovery Pct oll in place Acre-ft © 9TB
Primary : 17.4 133 320,000
Secondary 13.0 . 100 239,000
Ultimate 30. % 233 559,000 .
Estimated water requirements and flood life
Total ' . 2,500,000 bbl
Equivalent pore volume 0.76
Injection water:secondary oil - 10:1
Flood life ' T years
Project status--January 1, 196L |
Flood started ' Juiy‘l96l
0il recovery (pet original oil in place) 18
Water injection (pct estimated water required) 10
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TABLE 50. - Water injected and additional water needed for waterflood

projects considered in report

Water

injected by

"Estimated
water to be

injected after

Estimated

total water

Unit or projéct Dec. 31, 1963 Dec. 31, 1963 needed
Allely unit 716,000 2,984,000 3,700,000
Aue-Griffith unit 4,646,800 3,353,200 8,000,000
Barrett unit 5,000,000 17,000,000 22,000,000
Brinkerhoff unit 2,205, 300 3,094,700 5,300,000
Brook unit 726,000 12,274,000 13,000,000
Darnall project 260,600 739,400 1,000,000
Davis unit : 770,300 1,709,700 2,480,000
Dietz unit 1,037,900 3,962,100 5,000,000
Downer unit, West 339,400 527,600 867,000
Edwards unit 2,320,000 1,680,000 4,000,000
Enders unit . 9,466,500 17,533,500 27,000,000
Engelland unit 1,220,600 2,639,400 3,860,000
Gehrke unit 2,950,000 200,000 3,150,000
Goodwin unit 1,437,000 . 63,000 1,500,000
Grant unit © 184,100 1,365,900 1,550,000
Harrisburg project 655,400 10, 344,600 11,000,000
Harrisburg unit, East . 1,067,300 15,932,700 17,000,000
HBarrisburg unit, West 3,835,500 11,253,500 15,089,000
Heidemann unit 3,191,400 3,878,600 7,070,000
Houtby unit 1,439,500 13,560, 500 15,000,000
Jacinto unit ) 6,963,300 5,536,700 12,500,000
Juelfs unit, West 4,483,900 6,516,100 11,000,000
Kenmac unit 4,728,600 5,671,400 10,400,000
Kimball unit 7,886,000 12,814,000 20,700,000
Lane unit, West 3,228,300 1,221,700 4,450,000
Iewis unit | 2,328,300 7,771,700 10,100,000
Lindberg unit - 663,800 627,200 1,291,000
Iong unit 10,711,800 13,288,200 24,000,000
McDaniel unit 563,700 5,636,300 6,200,000
Mintken unit, North 335,100 664,900 1,000,000
Mintken unit, South 189,100 810,900 1,000,000
Mosier project 685,600 814,400 1,500,000
Olsen unit 8,016,900 4,983,100 13,000,000
Ostgren unit 307,600 5,592,400 5,900,000
Pan Am unit | 596,300 ° 1,403,700 2,000,000
Petroleum State unit 829,700 6,270, 300 7,100,000
Potter unit, Southwest 10,680,400 319,600 11,000,000
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TABLE 50. - Water injected and additional water needed for waterflood

projects considered in report--Continued

Estimated
Water water to be Estimated

injected by injected after total water

Unit or project Dec. 31, 1963 Dec. 31, 1963 needed
Prairie unit 328,500 3,034,500 3,363,000
Rodman unit 1,041,300 1,958,700 3,000;000
Simpson unit 1,054,100 6,945,900 8,000,000
Singleton unit 7,677,800 25,122,200 32,800,000
Sloss unit 22,635,300 37,364,700 60,000,000
Torgeson unit 1,003,800 10,082,200 11,086,000
Torgeson unit, South 180,900 7,319,100 7,500,000
Vedene unit 4,764,000 9,236,000 14,000,000
Vowers unit 2,534,200 " 4,365,800 6,900,000
Weaver unit 196,700 803,300 1,000,000
Willson Ranch unit 6,856,300 13,143,700 20,000,000
Winkleman unit 2L5,400 2,254,600 2,500,000
Total (barrels) 155,186,300 325,669,700 480,856,000
Total (acre-feet) 20,003 41,979 61,982

Source - Monthly reports of operators and hearing records of the

Nebraska 0il and Gas Conservation Commissipn.
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APPENDIX

Selected Rules and Regulations of the Nebraska 0il and Gas Conservation
Commission

322, Pollution and SurfacevDrainage

Owner shall take all reasonable precautions to avoid polluting
streams and underground water. If useless liquid products of wells
cannot be treated or destroyed or if the volume of such products is too
great for disposal by the usual methods without damage, the Director
must be consulted and the useless liquids disposed of by some method
approved by him. '

326. Underground Disposal of Water

Hereafter, the underground disposal of salt water, brackish water
or other water unfit for domestic, livestock, irrigation or other
general uses is permitted only upon order of the Commission. Disposal
wells shall be cased and the casing cemented in such menner that damage
will not be caused to oil, gas, fresh water or other sources.

327 Procedure for Disposal of Water

The application to dispose of salt water, brackish water or other
water unfit for domestic, livestock, irrigation or other general uses,
shall be certified by the applicant, and filed in triplicate with the
Commission, containing:

(a) A plat showing location of the disposal well or wells and the
location of all oil and gas wells including abandoned and drilling wells
and dry holes and the nemes of all fee owners and owners as defined in
the Act of record within one-half (%) mile of the proposed disposal well
or wells.

(b) The name, description, and depth of the formetion into which
water is to be injected.

(¢) The log of the disposal well or wells, or a description of
the typical stratigraphic level of the disposal formation in the disposal
well or wells.

() A description of the casing in the disposal well or wells,
or the proposed casing program and the proposed method for testing
casing before use of the disposal well or wells.

(e) A statement specifying the source of water to be inJjected.

(f) The estimated minimum and meximum amount of water to be

injected daily.
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(g) The names and addressesvof those notified by the applicant,
as required in item (Jj) of this rule.

(h) Applications mey be made to include the use of more than one
disposal well on the same lease Oor on more than one lease.

(1) The designated operator of a unitized or cooperative project
shall execute the application. ’

(3) ‘In addition to the notice required by law, notice of the
application'Shall be given by the applicant by certified mail or by
delivering, a copy of the notice to each owner of record as defined in
the Act and such other persons as may be designated by the direction
of the Commission within one-half (%) mile of the proposed disposal
well. Such notice shall be mailed to or filed with the Commission, and
the applicant shall certify that notice by certified mail or by delivery
to each owner of record within one-half (3) mile of the proposed
disposal well has been accomplished,'or give sufficient reason for
being unable to do so.

(k) In the event no fee owner or owner of record as defined in
the Act within one-half (3) mile of the disposal well, or the Commission
itself files written objection or complaint to the application within
fifteen (15) days of the date of application, then the application shall
be granted; but if any person or the Commission itself files written
objection within- fifteen (15) days of the application, then a hearing
shall be held as soon as practicable. :

) (1) No notice is necessary to any person who has consented to the
‘fproposed installation in writing.

4oL, Applications

Applications for waterflooding, repressuring or pressure maintenance
operations, cycling or re-cycling operations, including the extraction
and separation of liquid hydrocarbons from natural gas in connection
therewith, or for carrying on any other method of unit or cooperative
development or operation of a field or a part of either, may be filed
by any one or more of the parties involved or the opefator of said
projécts with the Commission. Such application shall contain the
followings

(a) Plat showing the area involved together with the well or wells,
including drilling wells, dry and abandoned wells located therein, all
properly designated. If the plan of operation is for secondary "
recovery, such plat shall show the names and addresses of fee owners
and owners of record as defined in the Act within one-half (%) mile of
the intake well or wells.
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(o) A full description of the particular operation for which
approval is required.

(c) A copy of the pfoposed agreemento‘

(&) If waterflooding, gas or air injection is proposed, the
application shall show:

(1) the formation from which wells are produéing or have
produced,

(2) +the name, description, and depth of the formations to
be affected, :

(3) the log of the intake well or wells or such information
with respect thereto as is availsable,

- (4) description of the intake wells casing or the proposed
casing program and the proposed method for testing casing before use of
the input wells,

(5) statement as to whether gas, air or water is to be used
for injection, its source and the estimated amounts to be injected daily,

(6) the names and addresses of the operator or operators of
the project.

402, Notice and Date of Hearing

Upon the filing of any spplication, the Commission shall issue
notice thereof, ss provided by the Act and these regulations. Said
application shall be set for public hearing at such time as the
Commission may fix. ’

403, Additional Notice

If a secondary recovery method is proposed by said application, in
addition to the notice required by the Act, notice of such application
shall be given by the applicant by certified mail or by personal
delivery of a copy of the said notice to each owner of record as defined
in the Act within one-half (%) mile of the proposed intake well or wells
and to such other persons as may be designated by the direction of the
Commission providing that their counsent in writing has not been secured
by the applicant. Such notice shall be given as scon as the application
is filed. A certificate shall be attached to the application showing
the names and addresses of the parties on whom the notice is being
served.
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4ok, Casing and Cementing of Injection Wells

Wells used for injection of gas, air, or water into the producing
formation shall be cased with safe and adequate casing or tubing so as
to prevent leakage and shall be so set or cemented that damage will not
be caused to oil, gas, or fresh water resources.

L05. Notice of Commencement and Discontinuance of Injection Operations

The following provisions shall apply to all injection projects
whether or not they are approved by the Commission:

() Immediately upon the commencement of injection operations, the
operator shall notify the Commission of the injection date.

(b) Within ten (10) days after the discontinuance of injection
operations, the.operator shall notify the Commission of the date of such
discontinuance and the reasons therefor.

(c) Before any intake well shall be plugged, notice shall be
served on the Commission by the owner of said well and the same procedure
shall be followed in the plugging of such well as provided for the
plugging of oil and gas wells.

406. Records
The operator of an injection project shall keep accurate records

showing oil produced, injected volumes and injection pressure
(see form 11, page 133).
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Required Monthly

Report

REPORT OF INJECTION PROJECT

For the month of 19

Instructions: Each operator of an injection project shall submit this form in duplicate, not later than the 25th day of the month following the month reported.
If several projects are operated jointly, report each project on a separate form.
Report all volumes of oil, LPG and water in barrels and volumes of gas in standard MCF (corrected to 15.025 psia and 60° F.)

Pb = 14.7 psia

Operator

Address

Field Name and Reservoir

County or Counties

Type of Injection Project

Name of Injection Project

WATER INJECTION

Total net active water inj.

wells beginning of month

Net active water inj. wells added
or subtracted during month

-+ —

Total net active water inj. Total water inj. during month Total water inj. to date
wells end of month .

GAS INJECTION

Total net active gas inj.
wells beginning of month

Net active gas inj. wells added
or subtracted during month

- —_

Total net active gas inj. Total gas inj. during month Total gas inj. to date
wells_end of month

LPG INJECTION

Total net active LPG inj.
wells beginning of month

Net active LPG inj. wells added
or subtracted during month

Total net active LPG inj. Total LPG inj. during month Total LPG inj. to date
wells—end of month

+ —
PRODUCTION
Total oil wells beginning Oil wells added or subtracted Total oil wells end of month Total oil produced during Total oil produced since
of month during month month project started
+ —
Total gas producing wells Gas producing wells added or Total gas producing wells— Total gas produced during Total gas produced since
beginning of month subtracted during month end of month th project started

+ —

INJECTED VOLUMES (Reservoir Batrels)

Water {Surface bbls = reservoir bbls.)

Current Month Since Project Started

LPG (Surface bbls. = reservoir bbls.)

Indicate type of LPG: Butane, Propane or other

Gas = Standard CF X volume factor v, where v =
( Z X Tr (Res. temp., °F abs.) X Pb )
5.6146 cf/bbl X Pr (Res. press., psia) X 520

TOTAL FLUIDS INJECTED (in reservoir bbls.)

PRODUCED VOLUMES (Reservoir Barrels)

Qil {Stock tank bbls. X formation volume factor*)

Total gas produced in stondard cubic feet less solution gas produced, (Stock tank bbls.
FREE GAS 4 produced X solution gas oil ratio}, X volume factor (v) calculated for produced gas.

WATER (Surface bbis. = reservoir bbls.)

TOTAL PRODUCED VOLUMES (in reservoir barrels)

NET INJECTED (or preduced) VOLUMES

* For water floods in reservoirs nearing primary deptetion, use | as fermation volume factor.
Nebraska 0il and Gas Conservation Commission Form 11

Average reservoir pressure this month:
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Analyses of Water Samples from Western Nebraska

For those interested in water quality in the area we have prepared
table 52.

Water analyses were not included in the main report because they
were not available for all projects. Also, water quality has caused
few, if any, problems in the area. There have been some corrosion and
bacterial action but much less than found in most waterflooding areas.

Analyses one through six are from water supply wells. These waters
have little mineral content (average 260 parts per million). Waters
produced: from the oil sands tend toward high chloride content and show
almost no carbonate content. The "J" sand water from the West Lane
unit is the most "salty" with 126,000 ppm dissolved solids.

. Tn general, the salt content of the water in the "D" and "J" sands
seems to increase from west to east in the area.
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Analyses of Crude Oil Samples from Western Nebraska

Bureau of Mines crude oil analyses for four "D" sand and six "J"
sand oil samples show the general properties of crude oils of western
Nebraska. Several of the samples are from fields other than those
covered in the report. API gravities reported by the Bureau are
determined on a water- and sediment-free basis under precise laboratory
conditions. The API gravities shown in the field discussions are those
reported by the operators and may be observed, uncorrected, field
determinations. Therefore, some variation between the gravity as
reported by the Bureau and those in the field descriptions should be
expected.

Samples for the Bureau analysis are obtained at the wellhead where
possible. Samples taken from a stock tank have gone through a heater
and probably contain some emulsion-breaking chemical. Iong residence
time in the stock tank causes '"weathering" or loss of gravity.

All crude oils contain some dissolved gas. The reservoir pressure
drops as fluid is withdrawn and some of the dissolved ges is released.
Thus the gravity of crude oil from a field is always changing even
though the change may be too small to measure on a dally basis.

Crude oils from western Nebraskas have a good quality, as is

reflected in the 10 analyses by the gravity range of 34.4° to 37.2°
APT and the low sulfur content range from less than .10 to .23 percent.
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