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PREFACE

This is the first in a series of reports on
projects to enhance recovery of oil in Michigan.

A compiled volume is planned when all of the reports
have been completed on fields subjected to secondary

recovery. These reports are an effort by the Pro-
duction and Proration Unit of the Geological Survey
Division to better serve the State of Michigan, the
petroleum industry, and the public by making its
information and expertise more readily available to

all interested parties. The project has been in the

formative stage for a long time, Hopefully, the
project will be completed within a shorter time
interval.
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HAMILTON FIELD
RICHFIELD OIL POOL

Enhanced 0il and Gas Recovery in Michigan

Abstract

The Richfield 01l Pool of the Hamilton
Field in Clare County, Michigan is a successful
waterflood project. This was the first water-
flood project in the state to use the computer
to predict production. Cumulative production
has exceeded original production estimates made
by Sun 011 Company.

INTRODUCTION

The purpose of this report is to provide useful information on a
successful and ongoing waterflood project involving the Richfield pool
reservoir in the Hamilton Field. The Hamilton 0il Field is a multi-
pool field associated with an anticlinal structure located in parts of
Frost, Hayes, and Hamilton townships of Clare County. The uppermost
pool, found at a depth of about 1,500 feet, is a gas reservoir contained
in Missisgippian age sandstone of the Michigan and Marshall formatioms.
Discovered in 1940, the gas reservoir was subsequently developed and
then converted to a gas storage reservoir, its present status. The area
now covered by the gas storage reservoir generally conforms to the area
now referred to as the Hamilton Field, but for purposes of recognition
the gas storage area is called North Hamilton. In 1940 an oil reservoir
was found in Rogers City - Dundee limestones of Devonian age at a depth
of about 4,050 feet. Only three Rogers City - Dundee wells were com-
pleted as producers in this pool, which was abandoned in 1959. This
production is now included with the Richfield production. In 1952 an
0il reservoir was found in the Richfield interval of the Lucas Formation,
Detroit River Group at a depth of about 5,150 feet. During the next four
years the Hamilton Richfield pool was outlined by the completion of 44
additional producing wells, and by 1957 a waterflood project had been
initiated,

RICHFIELD RESERVOIR ROCKS

Richfield reservoir rocks are assigned to the basal part of the
Lucas Formation, 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. In 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 Formation. According
to Hautau (1952, p. 1), ".....the Richfield generally includes all the
section that produces sweet crude below the massive anhydrites that under-
lie the lowest Detroit River salt beds, and above the highest fossiliferous
black coralline limestones." The black coralline limestones are assigned
to the Amherstburg 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 various thickness and separated by thin anhydrite
beds and some limestone lenses. At least six of the beds within the Rich-
field interval have shown o0il saturation and several others are considered
important reservoirs. Between these reservoir rocks are relatively imper-
vious evaporites. The vertical succession of these beds within the Rich-
field interval is an important element in the success of the waterflood
project.

GENERAL HAMILTON FIELD RICHFIELD POOL HISTORY

The discovery well for this Richfield pool was Sun 0il Company's
Arlie Iutzi No. 1, located in section 5, Hamilton Township, and completed
in May, 1952. A drilling unit and well spacing order was issued by the
Supervisor of Wells on July 1, 1952. This order established 40-acre
drilling units with the well to be located in the center of the NW 1/4
of a governmental surveyed quarter-quarter section of land. No proration
order, which would have established daily oil and gas allowables, was
ever issued for the pool. Following the discovery well and the establish-
ment of a drilling and well spacing order, 44 additional wells were drilled
and completed during the next 4 years. Originally two separate Richfield
pools were thought to occur but gas-oil ratios, bottom-hole pressures, and
reservoir fluid analyses indicated one reservoir. Subsequent drill core
analyses substantiated the single reservoir theory. In 1957 legal action
was initiated to unitize the pool for waterflood operations. Since only
two producing wells were not owned by Sun 0il Company, unitization pro-
ceeded smoothly.

Water injection began in the Fall of 1957. According to Sun 0il
Company engineers, this was one of the first waterflood projects to use
the computer to predict recovery performance of a field. An analog model,
using the Stiles Method, was made based on the thickness and permeability
of the producing Richfield pay zones. The Richfield reservoir was orig-
inally classified as solution gas-driven with a reservoir bottom-hole
pressure of 2,570 psi and an average G.0.R. of 945 cubic feet of gas per
barrel., To maximize o0il recovery and help maintain bottom-hole pressure,
wells are produced by use of intermitters. Currently there are 27 pro-
ducing wells and 17 water injection wells, Nearly all are open-hole
completions.

Before water injection began in 1957, the pool had produced 1,646,385
barrels of oil which is about 59 percent of the originally estimated
2,800,000 barrels of primary recoverable oil. Combined primary and second-
ary production at the end of 1974 amounted to 5,891,194 barrels. This
figure exceeds Sun 0il Company's original production estimates by 298,194
barrels. This cumulative figure includes a minor amount of o0il produced
from the Rogers City - Dundee pool during the years 1940 to 1959. Histor-
ical oil production and water injection data are shown on the following
graphs and tables.

-

STRATIGRAPHIC POSITION

Basal sandstones of

Saginaw Fm.

INFORMAL TERMS

Parma sandstone

in lower part of

triple gyp
brown hme

PAYS

Michigan stray-stray ss Gas
stray do!
stray ss Gas & Oil
Marshall Ss. Gas & Oil
5 Coldwater lime
Coldwater Sh. Weir sand Gas

In upper part of

z Coldwater red-rock

Ellsworth Sh. “Berea” [Western Michigan) ___ Oil & Gas
Berea Ss. Berea sand {Eastern Michigan) . Oil & Gas
Squaw Bay Ls. Squaw Bay Oil & Gas
Upper part of S Traverse formation
Traverse GfOUp in Traverse lime Oil & Gas
Western Michigan l Stoney Lake zone Oil & Gas
Rogers City Ls. Oil & Gas
Dundee Ls. Oil & Gas
Dundee Ls. {?), Upper
part of Lucas Fm. {?) Reed City zone Oil & Gas
massive salt
big salt
In Lucas Fm sour zone Oil & Gas
’ k massive anhydrite
big anhydrite
Richfield zone Oil & Gas
Amherstburg Fm. black lime
Part of Salina £ 20me
Group E Unit {or Kintigh zone) Oil
Divisions of A-2
Carbonate in A-2 dolomite Gas
L. A2 )i
Western Michigan 'me
A-1 Carbonate A-1 dolomite Qil & Gas
Upper part of S brown Niagaran Oil & Gas
Niagaran Series gray Niagaran
white Niagaran
Clinton shale
Part of Niagaran Series (Eastern Michigan)
Trenton Group Oil & Gas
g Black River formation l
Black River Group Black River shale Oil & Gas
l Van Wert zone S
Oneota Dol. oil

Table 1, Principal oil and gas pays and in-
formal terms used in petroleum exploration
applied to parts of formations or groups of
formations in the subsurface of the Michigan
Basin.
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Structure of the Hamilton Field contoured on top of the Dundee Formation.
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Figure 2

Data Sheet No.

Hamilton Field

Richfield Waterflood Project

=2 GENERAL POOL DATA &

Location

Date of pool discovery
Discovery well

Producing formation
Pay lithology
Type of trap
Drilled acres
Unit acres
Reservoir area, estimated

Type of reservoir energy
Original reservoir pressure
Reservoir temperature

Viscosity of original reservoir oil

Bubble point pressure
Formation volume factor

APT oil gravity

Original solution gas-oil ratio
Average porosity

Average permeability

Connate water, estimated

Net oil pay thickness

Acre feet of oil pay

Estimated original stock tank oil

in place

Estimated original recoverable stock

tank oil

Calculated recoverable stock tank oil

per acre foot

Original gas in solution

Estimated original recoverable gas
Estimated additional recoverable oil
due to secondary recovery methods

w2 ENGINEERING DATA

: RECOVERABLE HYDROCARBON DATA%

Clare County, Hamilton Twp.
T19N, R3W; Hayes Twp. T19N, R4W;
and Frost Twp. T20N, R4W

April 17, 1952

Sun 0il Company A. Iutzi #1,
Permit number 17382

Richfield (Detroit River Group)
Dolomite

Anticline

1800

1800

1620 acres

Solution gas
2570 psi
1179F

0.5 cp
2,031 psig
1.4830
42,2°

945 cfpb
16.2%

9.8 md
35.0%

12.3 ft.
22,140

13,300,000 bbls.

2,800,000 bbls. (recovered)

126 bbls. primary; 253 bbls. primary
and secondary

12,250 MMcf

5,000 MMcf

2,793,000 bbls.

*# Estimations by Sun 0il Company prior to initiation of waterflood.
0il production to the end of 1974 exceeds production estimates by

298,194 barrels.
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