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SUNMMARY.

The K.M.A. reservoir was discovered to be oil bearing at a depth of 3,719 feet on
March 11, 1931. Extensive development, hawever, was not begun immediately, because
the discovery well had & Iow initial daily il production, and market conditions for
0il were unfavorable. Development of the field progressed slowly for the next 6}
¥ears. In the latter part of 1937, a wildcat well approximately 2 miles southwest of
the discovery well was drilled on a magnetometer high and completed with an initial
flowing production of 2,018 barrels of 43° A.P.I.-gravity oil in 12 hours. Rapid
development uf’the,southwestern part of the K.M.A. field was begun immediately and con-
tinued until over 700 wells were drilled and approximately 12,500 acres proved oil pro-
ductive,

Because of the large size of the entire K.M.A. field, this report is limited in
scope to the southwestern part only, and the discussion that follows pertains to this
area only. The closing date for production statistics is August 1, 1949.

The K.M.A.- structure is a complex amticline having a maximum closure of 250 feet,
and the K.M.A. formation is composed of sediments that grade from limestone through
sandy lime and limy sand to sandstone with thin streaks of shale., Two 'distinct mem-
bers of the K.M.A. formation, zone I and zeome II, are oil productive. Core analyses
indicate the average porosity to be 16.5 percent. for zone I and 16.1 percent for zone II.
A relationship was established from core data, which showed the correlative permeabili-
ties to be L42.1 millidarcys for zone I and 39.5 millidarcys for zone II, whereas the
arithmetical averages of the permeabilities were 84 millidarcys for zone I and 216 mil-
lidarcys for zone II. Connate-water saturations were 17.5 percent for zone I and
20.0 percent for zone II. The porosity-saturation method, using a thickness-
correction factor, was employed to calculate the volume of 168.1 million barrels of
stock-tank oil initially in place in the reserveir. Analyses of the reservoir oil
indicate that, although the initial reservoir pressure was 1,750 p.Se.i., the eriginal
reservoir oil was saturated to only 1,300 p.s.i., at which pressure 1 barrel of stock-—
tank 0il contained 525 cubic feet of gas in solution.

A serious decline in reservoir pressure during the 2 years of rapid development:
alarmed the operators and caused them to consider a cooperative pressure-mainmtenance
program. In the latter part of 1939, the K.M.A. Pressure Maintenance Association was
organized, and the gasoline plants in the field agreed to process the wet gas and re-
turn the dry gas to leases having gas-injection wells. Approximately 27 percent of the
cumulative volume of produced gas had been returned to the reservoir by August 1, 1949.

The increased o0il recovery as a result of the pressure-maintenance program was
evaluated by calculating the theoretical oil recovery without gas injection. These
calculations indicate a theoretical cumulative primary oil recovery of 41,000,000 bar-
rels to August 1, 1949, whereas the actual recovery to the same date was 16,107,738
barrels, The difference in these recoveries is approximately 5,000,000 barrels of oil,
an increase of 12.2 percent over the volume of oil theoretically recovered by primary
production. As the estimated :initial volume of stock-tank oil in the reservoir was
168.1 million barrels, the oil recovery to August 1, 1949, was 27.L percent of the
initial stock-tank oil in place.

Even though the reservoir pressure was not maintained by the gas-injection program,
it made valuable contributions toward conserving natural resources and reservoir energy.
Benefits derived from the gas-injection program include longer flowing life for the
wells, greater ultimate oil recovery, increased recovery of natural gasoline, and con-
servation of natural gas.



The ultimate recovery by present methods of production is estimated to be 53 mil-
lion barrels of stock-tank oil (31.5 percent of the initial stock-tank oil in place) at
an assumed economic limit of production of 2 barrels per well per day.

The theoretical performance of one 20-acre, five-spot-pattern water flood for the
K.M.A. reservoir was calculated, using the method proposed by Suder and Calhoun. The
results of these calculations indicate that, with certain limitations, approximately
as much additional o0il could be recovered by water flooding as has been recovered to
August 1, 1949. The engineering and operating aspects of injecting water into-the
reservoir are discussed in the report.

Recovery of the oil remaining in the K.M.A. reservoir challenges the ingenuity and
initiative of the operators.

INTRODUCTION

The K.M.A. field, in Wichita and Archer Counties, Tex., is an example of a large
0il field controlled by many independent operators who voluntarily initiated a
pressure-maintenance program soon after the field was developed. The Production Com-
mittee of the North Texas (il and Gas Association requested that the Bureau of Mines
prepare a report on the K.M.A. field with the twin objectives of evaluating the
pressure-maintenance program and investigating the possibilities.of water flooding.
Because of the size of the K.M.A. field (approximately 30,000 acres), the Production
Committee decided that the engineering study should be confined to the southwestern
part of the field. The oil recovery has been greater and more beneficial results have
been obtained from pressure maintenance in the southwestern than in the northern part
of the field.

All data gathered from the many operators in the southwestern part of the K.M.A.
field have been compiled and are presented, with calculations and interpretations by
the writers. In addition to the development history and the production records con-
cerning the field, sample material-balance calculations and theoretical water-flood
calculations are presented.

The writers have used all available records, including electric logs, radiocactive
logs, core analyses, driller's logs, completion and remedial work records, production
statistics, and pressure data, in developing this petroleum-engineering report. Pro-
duction statistics were obtained from the files of the K.M.A. Pressure Maintenance
Association, Wichita Falls, Tex. Cores from three wells were analyzed in the Bureau of
Mines Petroleum Experiment Station, Bartlesville, Okla. All other data were obtained
directly from the oil companies or operators.

ACKNOWLEDGMENTS

This petroleum—engineering study was made by the Bureau of Mines under a coopera-
tive agreement with the North Texas 0il and Gas Association.

The investigation was conducted under the general supervision of R. A. Cattell,
chief, Petroleum and Natural Gas Branch, Bureau of Mines, Washington, D. C.; C. W.
Seibel, Regional Director, Region VI, Amarillo, Tex.; and H. C. Fowler, chief, Fuels
Technology Division, Region VI, Bartlesville, Okla.; and under the direct supervision
of C. B. Carpenter (deceased) and K. F. Anderson, chief, Engineering Field Studies
Branch, Bureau of Mines, Dallas, Tex.

The writers gratefully acknowledge the fine cooperation of the executives, engi-
neers, geologists, and field personnel of all of the oil companies and operators in the



southwestern part of the K.M.A. field in generously supplying the data, uli‘ormat:.on,
and assistance requested for this report.

Special thanks are due to William H. Rouzer, Jr., engineer in charge, K.M.A. Pres-
sure Maintenance Association, for making available all of the production statistics,
for making many valuable suggestions during the preparation of the report, and for
reviewing the manuscript.

The writers gratefully acknowledge the cooﬁeration of Joe Hersey, Consolidated
0il Co., Wichita Falls, Tex. .

Special thanks are due J. W. Roche, division manager, Shell 0il Co., Wichita Falls,
Tex., for his generous cooperation in making available for this study considerable
field-wide data from the files of the company and the assistance of the engineer;\_ng
staff.

Special credit is given John Hunt, Shell 0il Co., for making many valuable com=
ments, suggestions, and criticisms during the preparation of this report.

The writers owe thanks' to the Wichita Falls and Austin staffs of the Railroad
Commission of Texas for their cooperation and assistance.

Special acknowledgment is due the Wichita Falls staff of the Gulf 0il Corp., The
Texas Co., and Tide Water Associated 0il Co., for their assistance and cooperation.

I. W. Fox and N. W. Read (former engineers with the Bureau of Mines, Wichita Falls,
Tex.) assisted during the early stages of preparing this report.

Special thanks are due the following for reviewing the manuscript and making con-
structive criticisms and suggestions: E. M. Durham and E. A. Milz, Shell 0il Co.;
L. E. Holder, Jr., and E. C. Taylor, Gulf 0il Corp.; A. S. Trube, E. B. Miller, dJr.,
and H. E. Berg, Tide Water Associated 0il Co.; W. L. Horner, F. J. Adkisson, and H. O.
Harder, Sunray 0il Corp.; B. J. Miller and D. L. Harlan, The Texas Co.; Roland Gouldy,
Bridwell O0il Co.; W. E. Stiles, Buffalo 0il Co.; Walter Ford, Kadane-Griffith 0il Co.;
Paul Mayo, Consolidated 0il Co.; and Ed Gardner, Frank Wood Assocs,.,, Inc.

Thanks are due the following members of the Bureau of Mines for constructive crit-
icism of the manuscripts D. B. Taliaferro, C. H. Riggs, Mrs. Cleo G. Rall, C. Jo
Wilhelm, A. B. Cook, R. V. Higgins, B. F. Grant, and E. D. Hardison.

Credit is given to the following for laboratory work performed during the investi-
gation: C. G. Dodd, W. L. Martin, J. D. Polson, John Joers, and J. M. Seward.

The writers are indebted to Earl Comer s Sue Olsowski, and Lola Watson for. their
special assistance.

GEOLOGY OF SOUTHWESTERN PART, K.M.A. FIEID

The K.M.A. field, Wichita and Archer Counties, Tex., is in the North Texas area
approximately 20 miles west of Wichita Falls, Tex. (see fig. l). The main body of the
field, which has an areal extent of approximately 30,000 acres, is in Wichita County,
but a small part of the southwestern edge extends into Archer County. The area dis-
cussed in this report is the part of the field shown in solid black in figure 1; it is
over 8 miles long (west to east) 'and nearly l miles wide (north to south) and covers an
area of approximately 12,500 acres.



The main structural features controlling the occurrence of oil in the North Texas
area are the Bend arch and the Red River uplift. According to Cable,g/:

The Bend arch is a broad anticlinal feature dipping to the northwest,
and extending from the Llano-Burnett uplift in Central Texas to about the
center of Archer County in North Central Texas. It separates the West Texas
Permian ‘Basin, to the west, from the Fort Worth syncline, to the east.

The Red River uplift is a buried ridge, trending generally east-
west and extending from eastern Cooke County to at least as far as
western Foard County. It probably is not one continuous ridge but more
likely is composed of an "en-echelon" arrangement of northwest-southeast
trending anticlinal features, such as the Muenster arch and the Electra
arch.

Cheneyly/ reported:

The several hundred million barrels of oil accumulated in the K.M.A.
field of southwest Wichita County is no doubt the result of the coinci-
dence of particularly favorable conditions, such as of updip termination
of an extensive sedimentary wedge of Strawn beds which included several
reservoir members. The main accumulation has taken place where pronounced
local folding intersected one of the more prominent "en-echelon," southeast-
trending elements of the Electra arch.

In discussing the K.M.A. field Rouzer5/ stated:

The surface rocks in the vicinity are of Permian age. The general
attitude of the beds down to the older depositions of the Red River uplift
is a northeast strike with a northwest dip. Drilling in the K.M.A. field
has encountered a number of saturated zones. 0il has been produced since
1912 from the Cisco formation at depths above 1,850, but it was not until
1927 that deeper drilling found oil at approximately 3,650 feet in the
Strawn section. Development has covered an area 1L miles long and 8 miles
wide. The accumulation is on the south side of the district's main struc-
tural feature known as the Red River arch. It would appear that the last
active disturbance was in middle Strawn time when the uplift existed as a
chain of islands stretching east and west in a shallow sea. In what is now
the western part of Wichita County and now the location of the K.M.A. field,
a promontory extended south from a high point on the uplift, the present
Electra field. Around this promontory, sands, oolites, reef building
material, and limestone gathered. This mass~like deposit is now described
as the K.M.A. lime, although it is made up .of the utmost variety of porous
rocks. The whole structure is a complex anticline having a dense seal on
‘the north with no indications of active water drive. This description is
given to transmit a picture Qf oil accumulation in a section that grades
from oolite lime through sandstone and sandy limes into sandstone and
shales, far from the ideal picture of a reservoir adaptable to secondary
recovery methods.

3/ Cable, Jo H., Gas Repressuring in the otate of Texas: A.P.l. Secondary Recovery of
- 0il in the United States, 1lst ed., 1942, p. 216.
5/ Cheney, M. G., Geology of North~Central Texas: Bull. Am. Assoc. Petrol. Geol.,
vol. 2L, No. 1, January 1940, p. 118. .
5/ Rouzer, W. H., Jr., Pressure Maintenance in the K.M.A. Field: 0il Weekly, vol. 105,
Apr. 6, 1942, p. 22.
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Although the entire X.M.A. field may be considered one reservoir, the K.M.A. for-
mation in the southwestern part is different in lithology from the K.M.A. formation in
the northern part. A generalized geologic column accompanied with an electric log
from the southwestern part of the K.M.A. field is shown in figure 2.

For purposes of this report, the following terminology is used to designate the
rocks between the top of the K.M.A. limestone and the top of the main shale break.

K M.A. limestone - That part of the rocks between the top of the K.M.A. lime-
‘ stone and the top of zone I.
K.M.A. formation - The rocks between the top of zone I and the top of the main
shale break. The oil-productive parts of the K.M.A. formation
are designated zones I and II.
K.M.A. reservoir -~ The oil productive parts of the K.M.A. formalion, which are
zones I and IT.

In the southwestern part of the field, oil is produced mainly from the K.M.A. for-
mation, a member of the Strawn group of Pennsylvanian age. The K.M.A. formation has
two distinet oil-producing members, which are locally named zone I and zone IX. The
K.M.A. limestone overlies the K.M.A. formation and is used as a marker bed when drill-
ing into the K.M.A. formation. The first zone of production is found at varying depths
below the top of this marker bed and is identified easily by electric logs. Zone I
usually lies immediately below a distinctive shale break, and zone II is separated from
zone I by a dense limestone stringer. ‘A thin but distinctive shale break is present
directly above and below this limestone stringer separating zone I from zone II.
Throughout the entire area, the base of zone II lies above a thick bed of shale, which
is locally called the "main shale break." In some small areas, oil has been produced
from thin sand lenses and oolitic limestone stringers immediately underlying the top of
the K.M.A. limestone,

Other horizons productive of oil in some localities within the southwestern part
of the K.M.A. field are the shallow Gunsight sand, the Goen limestone, and the Ellen-
burger limestone. Wells completed in the 1,800-foot Gunsight sandstone are not located
on the development map (fig. 3). The Goen limestone is encountered approximately 20 to
50 feet below the main shale break. The K.M.A. and Ellenburger wells that were recom-
pleted to produce from the Goen limestone are shown in figure 3 (most of these recom-
pletions were made subsequent to the closing date of this report, August 1, 19L49).

The Ellenburger limestone of Ordovician age, which underlies the K.M.A. formation
approximately 500 feet, was nonproductive of oil in the X.M.A. discovery well drilled
in 1931, Later, Fain-VcGaha (il Corp. drilled a deep test on its Griffin “B" lease
(now owned by Shell 0il Co., Inc.). This well, which was completed in April 1940,
found the Ellenburger limestone oil productive. Subsequent deep drilling defined the
productive area of the Ellenburger limestone as covering a large part of units 5 and 6,
The performance of the Ellenburger reservoir is not included in this report; however,
the location of the Ellenburger wells is shown on the map in figure 3,

A structure map contoured on top of the K.M.A.. limestone is shown in figure L. The
contours in this illustration depict a complex anticline with a maximum closure of 250
feet. Although the structural contours depict a complex anticline, core-analysis data
indicate that permeability pinch-outs probably assisted in forming the trap necessary
for accumulating oil.

One longitudinal and five transverse correlative cross sections prepared from elec-
tric, radioactive, and drilling logs (see figs. 5-10) depict the structural configura-
tion of the area and the relative positions of the tops of the K.M.A. limestone, zone I,
and zone II. Cross sections 2-2! through 5-5' disclose a displacement ranging from 112
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to 154 feet along the north side of the area, indicating the possibiiit_y of faulting.
This displacement, however, does not appear in cross sections 1-1' or A-A'. The
facies changes in zones I and II are apparent from examination of the cross sections,

The entire K.M.A. formation undoubtedly was deposited under conditions of very
erratic sedimentation, causing the two producing zones to have different lithological
characteristics across the field. The K.M.A. formation grades from limestone to sand-
stone, with interspersions of shale. Part of the limestone is oolitic » and vugs occa-
sionally are evident. The matrix of the sandstone is usually calcareous s with varying
degrees of cementation.

An X-ray analysis of the insoluble residue left after acid-solubility tests showed
the presence of illite, in addition to other minerals, such as quartz. Illite is a
clay mineral that is next in base exchange to montmorillonite. g

The illite, when contacted by water hawving a different salt concentration than the
comnnate water, may disperse to such an extent that the fine dispersed particles of clay
will plug the pore openings and reduce the permeability of the formation.

DEVELOPMENT OF SOUTHWESTERN PART, K.M.A. FIELD

Discovery

The K.M.A. formation was found to be oil bearing when the Deep 0il Development Co.
completed its Munger "A" well No. 1 on March 11, 1931. {(The Munger lease is mow owned
by W. A. Moncrief & Sons.) This well was a dry hole at 5,430 feet in the Ellenburger
limestone and was plugged back to the K.M.A. formation at 3,977 feet. After being shot
with 500 quarts of nitroglycerin, placed between 3,675 and 3,942 feet, the well flowed,
by heads, 125 barrels of oil and 18 barrels of water per day. The depression period,
an unfavorable market condition, and the discovery of the East Texas field discouraged
development in the K.M.A. field, and only 12 more wells were drilled during the next 5
years.

In 1937 a magnetometer survey was made of the area southwest of the discovery well.
This survey indicated a magnetometer high and resulted in the Kadane-Griffith 0il Co.
drilling and completing on November 1k, 1937, the Mangold "A" well No. 1 (see fig. 3)
in the K.M.A. formation. The well was completed in open hole between 3,688 and 3,752
feet and had an initial flowing production of 2,018 barrels of 43.8° A.P.I. gravity oil
during a l12-hour test. This wildcat opened a large area southwest of the discovery
well for development, which was begun immediately.

Drilling Methods

Most wells in the K.M.A. field were drilled with standard rotary rigs to the top
of the K.M.A. limestone., Casing was set cemented at this point or slightly below
the top of the K.M.A. limestone before drilling into the oil-productive section. Most
of the early wells were completed with cable-tool spudders; but, in some of the later
wells, rotary rigs were used entirely., Generally the wells were drilled the full dis-
tance with rock bits; however, fishtail bits were used by some of the drillers to a
depth of 1,400 to 1,800 feet. 'Natural gas, gasoline, and fuel oil were the fuels com-
monly used for power. Commercial admixtures were used in the drilling fluid, and the

6/ Hughes, Richard V., and Pfister, Rudolf J., Advantages of Brines in Secondary Re-
covery of Petroleum by Water-Flooding: Trans. Am. Inst. Min. and Met. Eng.,
Petrol. Devel. and Technol., vol. 170, 1947, pp. 187-201.



Figure 2.- Correlation of generalized geologic column and electric log, southwestern part
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Figure 4.- Structure map, southwestern part of K.M.A. field, Wichita and Archer Counties, Tex.
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Figure 7-Transverse correlative cross section 2-2', southwestern part of K.M.A. field, Wichita
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