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PREFACE

This is the fourth in a series of reports on
projects to enhance recovery of oil in Michigan.
These projects are an effort by the Production and
Proration Unit of the Geology Division to better
serve the State of Michigan, the petroleum industry,
and the public by making its information and exper-
tise more readily available to all interested parties.
Future reports are planned and will be published as
they are finished. A compiled volume is planned
when all of the reports have been completed.

The author wishes to acknowledge Mr. T. P. Burnette,
Sun Production Company, Tulsa, Oklahoma, for his review
of the manuscript and entry of certain missing informa-
tion.
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ENTERPRISE FIELD
RICHFIELD OIL POOL

Enhanced 0il and Gas Recovery in Michigan

Abstract

The Enterprise oil field of Missaukee and
Roscommon counties 18 a successful Richfield
interval waterflood project, indicated by the
fact that oil production has exceeded expected
primary production estimates by 42 percent as
of 1975.

INTRODUCTION

Initial Traverse and Dundee tests by Sun 0il Company in the early 1940's in
Section 11 of Enterprise Township, Missaukee County, proved to be non-commercial.
However, the decision by Sun 0il Company to drill deeper in Section 11 led to the
discovery of oil in the Richfield Formation in September, 1943. Additional field
development through 1953 essentially delineated the extent of the Richfield reser-
voir, which is located in a closed anticlinal structure and situated primarily in
Section 11 of Enterprise Township, Missaukee County.

The three mile by one mile elliptically shaped anticlinal trap is situated
in an approximate northwest-—southeast direction with most of the production from
a minus 3270 feet subsea level datum. In the Enterprise field the oil production
is obtained from nine dolomite stringers located immediately below the massive
anhydrite and separated by either anhydrite or dense limestone.

RICHFIELD RESERVOIR ROCKS

Richfield reservoir rocks are assigned to the basal part of the Lucas Forma-
tion, Detroit River Group. The Lucas Formation is a dolomite, limestone, salt,
and anhydrite sequence of Devonian age. The Richfield, often erroneously given
formation status, is poorly defined in terms of widespread, easily recognized
marker beds outside the main area of salt deposition. 1In the deeper central part
of the basin, where most Richfield pools are found, Richfield pay zones are keyed
to recognition of certain salt and anhydrite beds near the base of the Lucas Forma-
tion. According to Hautau (1952, p. 1), "..... the Richfield generally includes all
the section that produces sweet crude below the massive anhydrites that underlie
the lowest Detroit River salt beds, and above the highest fossiliferous black
coralline limestones." The black coralline limestones are assigned to the Amherst-
burg Formation, the lower formation of the Detroit River Group. Richfield pay
zones appear to span about 200 feet of section made up of dolomite beds of varying
thickness and separated by thin anhydrite beds and some limestone lenses. Of the
several thin dolomite beds within the Richfield interval, four are considered im-
portant reservoirs and at least six others have shown oil saturation. Between
these reservoir rocks are relatively impervious evaporites. The vertical succes-
sion of these beds within the Richfield interval is an important element in the
success of the waterflood project.




GENERAL ENTERPRISE FIELD HISTORY

The Enterprise oil field was discovered in September, 1943 with the comple-
tion of Sun 0il Company's Wilson #A-1 well. The well is located in section 11
of Enterprise Township, Missaukee County. In November, 1942, the State-Enterprise
#A-1 was drilled into the Richfield zone, but completion problems caused Sun 0il
Company to complete the well as a dry hole. In 1950 the State-Enterprise fA-1
was reworked and became a productive oil well. Familiarity with Richfield geology
and core analysis evaluations led Sun 0il Company to complete the wells in the
Enterprise field as open hole completions.

A drilling unit and well spacing order was issued by the Supervisor of Wells
on November 16, 1950, to supersede the previous drilling unit and well spacing
order dated September 18, 1945. The 1950 order expanded the definition of the i
Enterprise Richfield formation pool to encompass sections 1, 2, 3, 10, 11, 12, 13, "
14, 15, Enterprise Township, Missaukee County,and sections 7 and 18 of Lake Town- ﬂ
ship, Roscommon County. Both orders established 40-acre drilling units with the
well to be located in the center of the south one-half of the governmental sur-
veyed quarter quarter section of land. No oil and gas production allowables were
established for the field.

Sun 0il Company engineering evaluations in 1952 indicated an economically
successful gas pressure maintenance program could be implemented in the Enterprise
field. 1In order to initiate the project, operating and unitization agreements
were instituted. The unitization agreement specified the operations to include
sections 10, 11, 12, 13, and 14 of Enterprise Township, Missaukee County, and
section 18 of Lake Township, Roscommon County. See Figure 2 for the exact unit
boundary of the project.

After operating and unitization agreements were established, gas pressure
maintenance was commenced with the Ward #1 well in March, 1953. Through September,
1961, when this phase of the project was completed a total of 1,419,641 Mcf of
gas was injected into the Ward #1 well. The gas injection phase of the Enterprise
project was replaced by water injection in 1961 when the determination was made
that the casinghead gas had been recycling through the reservoir. By the end
of 1975 a total of 6,696,580 barrels of water had been injected into the field.

At the present time, the field contains 19 producing wells, 15 water injection
wells, and one brine disposal well.

The waterflood pattern can generally be described as a five spot pattern
of injection with an irregular pattern for the southeastern portion of the field.
Production through 1975 included 2,937,592 barrels of oil and 1,262,215 Mcf of
gas. O0il production has exceeded by 42 percent primary production estimates
of 2,070,000 barrels.

The Enterprise field possesses an average 16 feet of pay with 15.1 percent
porosity and permeability of 3.5 millidarcies. Other field data are presented
in Data Sheet No. 1. Historical oil and gas production data are listed in
Table 1 with gas and water injection data listed in Table 2.

Figure 1.

STRATIGRAPHIC POSITION INFORMAL TERMS PAYS
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Carbonate in A-2 dolomite Gas
L A-2 ki
Western Michigan me
AlCarbonate ____ Aldolomite Ol & Gas
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Principal oil and gas pays and informal terms used in
petroleum exploration applied to parts of formations
or groups of formations in the subsurface of the Mich-
igan Basin.




Data Sheet No. 1

Enterprise Field

Richfield Waterflood Project

ENTERPRISE FIELD

RICHFIELD OIL POOL

MISSAUKEE AND ROSCOMMON COUNTIES

LAKE TWP
ROSCOMMON COUNTY

R4W

R5W

Location

Date of pool discovery
Discovery well

Missaukee County, Enterprise Twp.
(T23N, RS5W) and Roscommon County,
Lake Twp. (T23N, R4W)

September 24, 1943

Sun 0il Company, Wilson #1

8 Permit number 10110
Iy Producing formation Richfield (Detroit River Group)
g Pay lithology Dolomite
o Type of trap Anticline
o Drilled acres 1360
9 Unit acres 1840
g Reservoir area, estimated acres 1310
A
e =% ENGINEERING DATA =
+J
P Type of reservolir energy Solution gas
o Original reservoir pressure 2300 psig
3 Reservoir temperature 116°F
o Viscosity of original reservoir oil .5 ¢cp
] ° Bubble point pressure 2300 psig estimated
o _ 4 2 Formation volume factor 1.44
- 1 Y API o0il gravity 43°
< o < . 3 Original sollution gas-oil ratio 850 cfpb
g Average porosity 15.1%
o Average permeability 3.5 md
it Connate water, estimated 25%
e (o) / 9 Net oil pay thickness 15.8 ft
P Acre feet of oil pay 20,224
]
< ° < < é RECOVERABLE HYDROCARBON DATA s s v
o,
./ = s - § Estimated original stock tank oil
G < g in place 12,700,000 bbls.
3% 0 Estimated original recoverable stock
” ° 2 g S tank oil 2,036,000 bbls.
g w— Calculated recoverable stock tank oil
g g °© per acre foot 101 bbls. primary; 158 bbls. primary
o I e and secondary
. m g 2 Original gas in solution 10,800 MMcf
g 4 3% ’ g Estimated original recoverable gas 7,280 MMct
-2 g8 %53 e Estimated additional recoverable oil
w3 4 233 & 2 v due to secondary recovery methods 1,155,000 bbls.
[2] w T =
z Y o Zf;8%3 g
5% Z o w®o 2 E o . ©
E g 8 e ® O 43 ¢ g
Z 0 = e
< = ;-—’32 =]
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