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INTRODUCTION

A contract was executed between the United States Energy Research and
Development Administration (now Department of Energy) and Marathon 011l
Company, Findlay, Ohio, on September 30, 1976, for the purpose of a commercial
scale test of enhanced o0il recovery by the Maraflood™ o0il recovery process.

This commercial scale test, known as the M-1 Project, is located in Crawford
County, I1linois. It encompasses 407 acres of Robinson sand reservoir and
covers portions of several waterflood projects that were approaching economic
limit. The project includes 248 acres developed on a 2.5-acre five-spot
pattern and 159 acres developed on a 5.0-acre five-spot pattern.

Development work commenced in late 1974 and has previously been reported.1,2
Micellar solution (slug) injection was initiated on February 10, 1977, and is
now completed. After 10% of a pore volume of micellar slug was injected,
injection of 11% pore volume of Dow 700 Pusher™ polymer was conducted at a
concentration of 1156 ppm. This was followed by 19% pore volume of 800 ppm
polymer. At the end of this reporting period, 411 ppm polymer was being
injected into the 2.5-acre pattern and 625 ppm polymer was being injected into
the 5.0-acre pattern.

After 18% of a pore volume injection, the 2.5-acre pattern oil cut increased
from 5% to a peak of 12%. 011 cut has been in excess of 5% since March 7,
1978. The 0il cut of the 2.5-acre pattern has decreased from 7.9% in
September, 1981, to 6.2% in September, 1982. The 2.5-acre pattern appears to
be on a shallow decline.

After 23% of a pore volume injection, the 5.0-acre pattern oil cut gradually
increased from 4% to the current peak of 11.3%. The 5.0-acre pattern
experienced a sharp increase in 0il cut after 34% of a pore volume of total
fluid had been injected and now at 44.9% of a pore volume injected appears to
have established a plateau. The o0il cut of the 5.0-acre pattern has increased
from 10.9% in September, 1981, to 11.3% in September, 1982.

As a result of project operations, 848,062 barrels of oil have been recovered
from the project area. 01l cuts remain high in both patterns and significant
additional recovery is expected in future years.

lcommercial Scale Demonstration - Enhanced 071 Recovery by Micellar-Polymer
Flooding, M-1 Project - Facilities Report (BERC/IPR-///2), DOE Technical
Information Center (Bartlesville, Oklanoma, 4//7).

2Commercial Scale Demonstration - Enhanced 071 Recovery by Micellar-Polymer
Flooding, M-1 Project - Design Report (BERC/TPR-77/1), DOE Technical
Information Center (Bartiesville, Oklahoma, 4/77).

Pusher™ - Trademark of Dow Chemical Company
Maraflood™ - Trademark of Marathon 0il1 Company

1



SUMMARY

This Fifth Annual Report covers the interim from October 1, 1981, through
September 30, 1982. The report is organized under four Work Breakdown
Structures (WBS) which are summarized below.

WBS

No, 2100 - Fluid Injection

Polymer injection has continued in varying concentrations. During the
interim of October 1, 1981 and September 30, 1982, the polymer
concentrations were reduced from 625 ppm to 411 ppm and 800 ppm to 625 ppm

A program of stimulating injection wells has continued. During October,
1981, ten injection wells were stimulated using high pressure water
jetting and chemical treatments. During August, 1982, one injection well
was hydraulically fractured. These and past results show that '
hydraulically fractured wells give the greatest improvement, but can also,
if not carefully designed, cause injector/producer communication.

A test comparing the injectivity of Dow 700 and Marathon

A program of stimulating producing wells has continued. The hydraulic
fracture treatment of 25 o0il wells in November, 1981 and 17 oil wells in

Subsequent to injection of tritiated water into ten injection wells,
produced fluids from all oil wells have been analyzed monthly for the
presence of tritiated water. As of August, 1982, 132 wells have shown the

Samples of produced water have been collected monthly and analyzed for
sulfonate (a micellar slug component) content. In September, 1982, 119
wells indicated sulfonate levels higher than background. Analysis of
sulfonate production shows 32% and 17% of the 2.5- and 5.0-acre pattern's
wells respectively have fallen off peak sulfonate response.

Presently the 2.5- and 5.0-acre patterns are producing at oil cuts of 6.7%

The analysis of six injection wells' and six production wells' transient

1)
on the 2.5- and 5.0-acre patterns, respectively.
2)
3)
"~ field-manufactured polymer is reported.
WBS No. 2200 - Production
1)
August, 1982 are reported with favorable results.
WBS No. 2300 - Performance Monitoring
1)
presence of tritiated water.
2)
3)
and 11.3%, respectively.
4)
tests are reported.
WBS NO. 2400 - Economic Monitoring
1)

An analysis and forecast based on historic and future economic parameter
estimates is reported. The Windfall Profit Tax (WPT) has significantly
affected project economics. ‘
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WBS No. 2100 - Fluid Injection

POLYMER INJECTION

Introduction

Polymer injection was initiated November 21, 1978, and has continued in
varying concentrations. A table of polymer concentrations injected to date is
included in the Fluid Summary Data Sheet.

Discussion

Polymer concentration was reduced from 625 ppm to 411 ppm on the 2.5-acre
pattern. A total of 3,401,604 barrels or 32.0% pore volume of 625 ppm polymer
was injected into the pattern.

Presently 411 ppm polymer is being injected into the 2.5-acre pattern at an
average injection rate of 5,151 BPD (1.98 barrels per day per net foot
(B/D/NF)) and an average plant pressure of 633 psig. The Brookfield viscosity
at 6 rpm and 729 F averaged 10.2 cp. The screen factor averaged 13.3 at

770 F. The desired pore volume for 411 ppm polymer injection is 12.0% of a
pore volume. As of September, 1982, 6.1% pore volume has been injected.
Cumulative injection totals 8,298,289 barrels or 78.1% pore volume.

On March 5, 1982, the 5.0-acre pattern's polymer concentration was reduced
from 800 ppm to 625 ppm. A total of 1,139,370 barrels or 19.0% pore volume of
800 ppm polymer was injected.

Presently, 625 ppm polymer is being injected into the 5.0-acre pattern at an
average injection rate of 1,417 BPD (1.90 B/D/NF) and an average plant
pressure of 632 psig. The Brook¥ield viscosity at 6 rpm and 720 F averaged
18.7 cp. The screen factor averaged 16.9. The desired pore volume for 625
ppm polymer injection is 32.0% of a pore volume. As of September, 1982, 4.9%
pore volume has been injected. Cummulative injection totals 2,693,337 barrels
or 44.9% pore volume.

INJECTION WELL STIMULATION

Introduction

In order to maintain adequate injection rates and to assure fluid conformance
in each pattern an injection well stimulation program has been continued. A
total of 41 injection wells has been stimulated since initiation of slug
injection. Various stimulation techniques have been used. It appears that
small high-viscosity-gelled-water fracture stimulations are the most
successful in improving injectivity.

Discussion

During October, 1981, ten injection wells were stimulated. Two injection
wells (C-13, W-3) were jetted with high pressure water (hydrojetting), four
wells (C-9, E-9, I-13, G-1) were hydrojetted and treated with a polymer
degrading chemical, and four wells (K-9, M-9, 00-15, QQ-15) were treated with



WBS No. 2100 - Fluid Injection

INJECTION WELL STIMULATION - (Continued)

Discussion - (Continued)

a polymer degrading chemical only. The different stimulation procedures were
used as experimental alternatives to hydraulic fracturing. Fracturing can
cause communication between an injection well and its surrounding producers.
The injection rates of the recently stimulated wells increased from an.average
of 0.83 B/D/NF before stimulation to 1.04 B/D/NF after stimuylation. No one
technique (hydrojetting, hydrojetting plus chemical or chemical) proved
superior over another. '

During August, 1982, one injection well (II-13) was hydraulically fractured
and propped with sand-laden fluid. The fracture was designed for a 30 foot
half-fracture length using high viscosity gelled fluids. Injection was
increased from 5 BPD (.21 B/D/NF) to 25 BPD (1.04 B/D/NF) at a wellhead
pressure of 650 psig. Results for these stimulations as well as past
stimulations are given in Table 1. , '

Based on recent and past results, hydraulic fracturing is the most effective
means of improving the injectivity of a damaged well. The fact that
fracturing gives superior results over wellbore treatments (e.g. hydrojetting
and chemical soaks) indicates that damage exists deeper in the formation.
However, to insure against creating fracture communication between wells the
fracture should be designed for small half-fracture lengths and pad volumes
should be no larger than necessary to prevent sanding out.

POLYMER COMPARISON TEST

Introduction

A test comparing the injectivity of Dow 700 and Marathon field manufactured
polymer, both polyacrylamides, was conducted on a recently stimulated
injection well.

Discussion

The test was conducted on the M-1 Project using an injection well on the
5.0-acre pattern (QQ-15). Marathon polymer was injected for seven days at an
average concentration of 800 ppm. Its viscosity and screen factor, measured
at the injection skid, averaged 95 cp (6 RPM, 720 F.) and 36 (779 F.),
respectively. The Marathon polymer was injected at a constant rate of 31 BPD.
After seven days the stabilized surface pressure was 580 psig. The
injectivity of Marathon polymer was determined to be 0.05 BPD per psig.
Subsequent to the Marathon polymer injection, Dow 700 polymer was injected. A
solution of 800 ppm Dow 700 polymer was injected for seven days. Its
viscosity and screen factor, measured at the injection skid, averaged 35 cp

(6 RPM, 720 F.) and 13 (77° F.), respectively. Dow polymer was also injected
at a constant rate of 31 BPD. After seven days the stabilized surface

6



WBS No. 2100 - Fluid Injection

POLYMER COMPARISON TEST - (Continued)

Discussion - (Continued)

pressure was 575 psig. Dow's injectivity was determined to be 0.05 BPD per
P519

Ana]ys1s of the injectivity data by the Hall Method3 is shown in figure 16.
This analysis shows no significant injectivity change when the change was made
from Marathon polymer to Dow 700. The conclusion can be drawn that Marathon
field-manufactured polymer had injectivity characteristics at least as good as
Dow 700.

“Marathon field-manufactured, partially hydrolyzed polyacrylamide polymer is
being successfully produced in the field. For additional information, please
refer to SPE Paper Number 11208, "Partially Hydrolyzed Polyacrylamides with
Superior Flooding and Injection Properties," presented at the SPE 57th
Technical Conference and Exhibition, September 26 - 29, 1982.

3Ha]1, H. N., "How to Analyze Waterflood Injection Well Performance", World
0il (October, 1963), pp. 128-130.

7



WBS. No 2200 - Fluid Production

PRODUCTION WELL STIMULATION

Introduct ion

To insure adequate withdrawal rates and to maintain acceptable fluid
conformance in each pattern, a production well stimulation program has been
continued. To date, 115 wells have been fracture stimulated. Thirty-seven of
these wells have been stimulated more than once.

Discussion

During October and November, 1981, 25 production wells were hydraulically
fractured and propped with sand-laden fluid. Fracture procedures were
designed for a 30-foot half-fracture length using high viscosity gelled
fluids.

Based on well tests fluid production of these 25 stimulated wells increased
from a total of 363 BPD before stimulation to 1,591 BPD after stimulation.
011 production was innreased from 51 BOPD to 216 BOPD after stimulation. O0il
production was increased by 70 BOPD in the production tanks.

During August, 1982, 17 production wells were hydraulically fractured and
propped with sand-laden fluid. Fracture procedures were designed for a
30-foot half fracture length using high viscosity gelled fluids.

Based on well tests, the fluid production increased from a total of 653 BPD
before stimulation to 2,058 BPD after stimulation; oil production was
increased from 72 BOPD to 177 BOPD after stimulation. At present the results
of the well tests have not been seen in the production tanks. This
historically Tags behind due to stock volume and associated treating problems
created by produced workover fluids.

Table 2 Tists all production well stimulation results since initiation of
micellar slug injecticn. Also included in this table are before- and
after-production rates and treatment data. Based on the results of the
fracture stimulation program, the following observations have been made.

‘1. Higher sand concentrations extend the life of the fracture
stimulation.

2. Excess pad volumes increase the likelihood of creating communication
with offset wells. Pad volumes should not be greater than is
necessary to prevent sanding out.

3. A propped fracture at the wellbore is extremely important. Over

flushing can wash away the propping agent reducing the effective
wellbore prop.



WBS No. 2300 Performance Monitoring

TRITIATED WATER INJECTION PROGRAM

Introduct ion

In order to analyze the parameters controlling fluid communication, such as
directional permeability, fracture orientation, and fluid conformance, a
radioactive tracer (tritiated water) was injected into selected injection
wells in the M-1 Project prior to slug injection. Produced fluid samples from
wells are analyzed monthly to determine the presence of radicactive material.

Discussion

A computer printout listing all wells showing the presence of tritiated water
content during the past year is shown on pages 86 to 89. Seventy-seven wells
indicated the presence of tritiated water in the produced fluid stream in
August, 1981. As of August, 1982, 132 wells have shown the presence of
tritiated water. Of these 132 wells, 51 wells have shown a tritiated water
content higher than background levels for six or more months. Thirty-five of
the 51 wells are adjacent to a well in which tritiated water was injected. No
conclusions have been developed as a result of this data.

The locations of the tritiated water injection wells are shown in Figure 17.
Additional information can be found in Table 3.

HIGH SULFONATE CONTENT WELLS

Introduction

As - part of routine performance analysis, produced water from each o0il well is
sampled monthly and analyzed for sulfonate at Marathon's Denver Research
Center,

Discussion

Beginning in March, 1977, produced water samples from each M-1 Project well
have been analyzed to determine sulfonate content. The values are equivalent
to the concentration of sulfonate in water divided by the concentration of
standard 1% solution of crude oil sulfonate slug (COSS). Because of the
characteristics of surfactant components interacting with the reservoir, these
analytical data are not suitable for exact material balance calculations.
However, these data are useful for observing trends.

For the month of August, 1982, 90 wells in the 2.5-acre pattern showed
sulfonate levels higher than the background level (.5). This compares to 87
wells in September, 1981. Every oil well on the 2.5-acre pattern has shown
sulfonate Tlevels greater than the background level for at least three months.

Thirty-nine wells in the 5.0-acre pattern showed sulfonate levels higher than
background levels during the month of August, 1982. Thic compares with 38



WBS No. 2300 Performance Monitoring

HIGH SULFONATE CONTENT WELLS - (Continued)

Discussion - (Continued)

wells in September, 1981. Sulfonate data for the 2.5- and 5.0-acre patterns
for the past year are shown on pages 78 to 8l. :

Analysis of sulfonate production shows 32% of the 2.5-acre pattern and 17% of
the 5.0-acre patterns' wells have fallen off peak sulfonate response. A R
typical sulfonate response is shown in Figure 18. Sulfonate production can be
divided into five general categories. Individual wells were placed in one of
the categories by analyzing the sulfonate production history. The results are
listed in Figure 18. o

OIL CUT MONITORING

Introduction

In order to detect production responses resulting from the Maraf lood process,
individual oil cuts are being monitored on a monthly basis. o

Discussion

During September, 1982, 63 wells on the 2.5-acre pattern and 32 wells on the
5.0-acre pattern produced at or above a 5% oil cut. This compares to 69 wells
and 34 wells, respectively, in September, 1981. Currently, the 2.5- and
5.0-acre patterns are producing 0il cuts of 6.2% and 11.3%, respectively.
Individual well oil cuts are reported on the five-spot reports, pages 63 to
77.

TRANSIENT TESTING

Introduct ion

In compliance with contractual requirements, transient testing is conducted on
six injection wells and six producing wells.

Discussion

During the third quarter of 1982, six injection wells (C-3, I-7, 0-13, S-7,
GG-13, and 00-13) were transient tested. The locations of the transient test
wells are shown in Figure 19. These tests were conducted as part of the
continuing effort to determine the effect of Maraflood fluids on well
conditions and reservoir parameters. Amerada pressure gauges were set at an
approximate depth of 800 feet below the surface to enable pressure falloff and
buildup (injectivity) data to be collected for each injection well. Results
were then analyzed using a Miller-Dyes-Hutchinson plot.

10



WBS No. 2300 Performance Monitoring

TRANSIENT TESTING - (Continued)

Discussion - (Continued)

Tables 4 and 5 summarize the results of this year's injection well testing.
Also included in these tables are the results of past transient tests
conducted on the injection wells.

The latest.series of transient tests were conducted during the injection of
411 ppm and 625 ppm polymer into the 2.5- and 5.0-acre patterns, respectively.
Two wells showed a significant increase in fluid mobility (S-7, 0-13). These
wells were tested during injection of 411 ppm polymer. The remaining four
wells showed no significant change from previous years' results. Skin factors
calculated from this year's data show a small increase over last year
indicating an accumulation of damage. However, the majority of the wells have
a negative skin factor which is interpreted as an improved wellbore condition.

0i1 well pressure transient tests are based on fluid Tevel measurements
obtained by echometer readings. This eliminates the need to pull rods as
would be necessary if a pressure bomb were used. These results are also
analyzed using a Miller-Dyes-Hutchinson plot.

Table 6 summarizes the results of this year's and previous years' production
well transient tests. The latest tests show little change in fluid mobility
when compared to previous test results. It is evident from skin factor
results that the fracture stimulation of T-8 improved the wellbore conditions.
The skin factor was decreased from + 0.7 to - 5.3. Three other wells (P-12,
PP-12, HH-12) show an increase in skin factor indicating an accumulation of
wellbore damage. Two wells (D-4, H-8) show no apparent change.

The 12 wells tested can be divided into six groups of injector/producer pairs.
The injector and producer are located adjacent to one another. Table 7 lists
this year's transient test results in this manner. Two well groups (0-13/P-12
and I-7/H-8) gave comparable results within their respective areas. The
remaining groups did not compare well. This has been historically true and is
possibly an indication of poor communication between the wells.
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WBS No. 2400 - Economic Monitoring

ECONOMIC,ANALYSIS

Introduction

An economic analysis of the M-1 Project has been conducted in compliance with
the Department of Energy contractual requirements. The analysis is based on
historic costs and crude oil prices through 1981. After 1981, both costs and
crude prices are escalated using three escalation rate cases (8, 10 and 12%
per year). This method is preferable over a constant dollar analysis which
would mix historical costs with unescalated costs.

Discussion

Economic and project physica! data are input into an in-house computer program
that generates economic calculations. The physical data on the M-1 Project
may be found in several previous reports. Economic parameters may be divided

into four categories: development, micellar slug, polymer and operating
costs.

The development costs include all drilling costs and the costs of injection,
production and disposal facilities. Costs of various testing are also
included in the development costs. Some detail of these costs are shown on
Table 8. Development costs total $8.9 million, most of which was spent prior
to 1977. Well costs amount to almost 63% of all development costs. The
development costs for the 2.5-acre and 5.0-acre patterns in terms of unit
costs ($/10-acre) have also been included in Table 8.

The average micellar slug cost for the M-1 Project was $6.05/barrel. A total
of $10,062,540 was spent on micellar slug. This is actual cost and does not
reflect current prices. Micellar slug cost is a function of the price of oil.

The total polymer cost to date averaged $1.35/pound. This cost should not be
construed as an indication of current polyacrylamide prices, since over 40% of
the M-1 Project's polymer requirement was purchased in 1975-77.

Operating costs used in this economic analysis are based on past history of
the M-1 Project an- on future estimates which consider treating costs (i.e.,
oil-water separaticn costs). During 1981 the 2.5-acre and 5.0-acre patterns
operated at a cost of $876/injection well/month (this does not include oil
treating and injection expense). Treating costs are a function of the
relative maturity of the project. During peak oil cut response, treating
costs ($/barrel) will be higher, reflecting severe emulsion problems. As the
project continued the emulsions lessen and treating costs decrease. The
history of the M-1 treating cost is shown in Figure 20.

Three crude 01l prices ($33/barrel, $38/barrel, $43/barrel) were selected as
the average 1982 oil price and used in the economic analysis. These are then
escalated at the same rate as the M-1 Project costs. The effect of Windfall
Profit Tax (WPT) has also been considered. These and other important input
parameters used in the economic analysis are listed in Table 9.
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WBS No. 2400 - Economic Monitoring

ECONOMIC ANALYSIS - (Continued)

Discussion - (Continued)

The economic analysis has been restricted to a before-income tax basis. A
discounted cash flow rate of return is a common method for evaluating a
project's viability and was used for this analysis. Figure 21 shows rate of
return as a function of 0il recovery at three different 1982 crude prices,
each escalated at three different yearly rates over the remaining life of the
project. The analysis includes payment of a Windfall Profit Tax (WPT).

The effect of the WPT has been considered in this economic analysis.

Effective March 1, 1980, the M-1 Project has been subject to a WPT. Since the
M-1 Project began production prior to September 30, 1979, it is classified as
Stripper 0il and is subject to a 60% WPT rate instead of the 30% rate for
incremental tertiary oil. [If the M-1 project had been taxed at a 30%
incremental tertiary o0il rate the project rate of return would be more than
doubled. Figure 22 illustrates the effects of WPT on the M-1 Project's
economics. The M-1 Project qualifies for the Net Income Limitation on WPT.
Without the Net Income Limitation the rate of return for this project would be
zero.

A project's economics are sensitive to the cost of the micellar solution.
Experience with economic analysis shows that a $1/barrel change in slug price
results in a unit change in the percent rate of return.

The general conclusion that can be drawn from this economic analysis is that
project economics are very sensitive to recovery and crude oil price. It can
also be concluded that WPT has greatly influenced the project's economics.
Obviously, future analyses will become more reliable as assumptions are
replaced with facts.
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Isogeometric Net
Permeability  Thickness Pre-Slug Dosag
K, md h, ft Stimulation* Well Status Curies
2.5-Acre
A- 85 21 S, ST New Well 10
E- 115 11 S, H New Well 5
I- 75 29 S. L Conv. 0il1 Well 10
K- 85 29 S New Well 10
0- 100 54 S Conv, WF Inj. 20
M- 70 46 S, ST New Well 15
S- 30 16 S, ST New Well 5
5.0-Acre
6G-15 90 39 S New Well 25
$S-3 65 21 G, H New Well 15
QQ-13 60 32 G, H New Well 25
*G = Gauge
S = Shot
L = Fractured with low viscosity fluids
H = Fractured with high viscosity fluids
ST = Staged frac with moth balls

MARATHON OIL COMPANY
MARAFLOOD PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS

DE-AC19-78ET-13077

TABLE 3

Tritiated Water Injection Wells
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MARATHON OIL COMPANY
MARAFLOOD PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS

DE-AC19-78ET-13077

TABLE 6

Production Well Transient Tests

Well Test Test Mobility Skin Factor .
No. Date Type k/u (md/cp) S Stimulat ion
D-4 11/76 BU 6.4 2.4 None
12/77 BU 1.3 -5.7 Frac
11/78 BU 1.1 -5.6
8/79 BU 0.5 -4.8
9/80 BU 0.6 -4 .4
9/81 BU 0.5 -4 .6
9/82 BU 0.6 4.7
H-8 11/76 BU 2.6 0.9 None
11/77 BU 5.4 -4.9 Frac
11/78 BU 2.0 -5.7
8/79 BU 3.6 -3.8
9/80 BU 0.6 -3.7
9/81 BU 0.9 -1.8
g/82 BU 0.7 -1.7
P-12 11/76 BU 11.3 -1.3 Shot
12/77 BU 4.1 -3.6 Shot
11/78 BU 1.8 -5.3
8/79 BU 2.7 -3.3
9/80 BU 1.1 -1.0
9/81 BU 2.2 -4.3 Frac
9/82 BU 3.2 -1.8
PP-12 11/76 BU 1.9 0.8 None
11/77 BU 5.9 -6.5 Frac
11/78 BU 6.2 -6.7
8/79 BU 2.0 -5.6
9/80 BU 4.4 . -3.9
9/81 BU 2.0 4.7
9/82 BU 2.5 -3.8
HH-12 11/76 BU 5.5 1.7 None
11/77 BU 19.8 -6.4 Frac
11/78 BU 9.4 -6.3
8/79 BU 8.8 -4.9
9/80 BU 4.7 -4.5
9/81 BU 4.1 -2.0
9/82 BU 4.9 +2.6
T-8 11/76 BU 15.0 *
11/77 BU * *
11/78 BU 4.2 -2.7
8/79 BU 5.3 -0.5
9/80 BU 1.2 -2.8
9/81 BU 1.1 0.1
9/82 BU 15.0 -5.3 Frac
BU - Buildup

*Data uninterpretable. 26



MARATHON OIL COMPANY
MARAFLOOD PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS

DE-AC19-78ET-13077

TABLE 7

Well Group Results

Fluid
Mobility
k/u-(md/cp)
S-7 FO 2.9 T-8 FO 15.0
BU 4.0
GG-13 FO 2.1 HH-12 BU 4.9
BU 2.5
C-3 FO 2.4 D-4 BU 0.6
BU 1.6
QQ-13 FO 6.8 pPp-17 BU 2.5
0-13 FO 4.9 pP-12 BU 3.2
BU 3.4
1-7 FO 0.4 H-8 BU 0.7
BU 0.6
BU Buildup
FO Falloff

27



MARATHON OIL COMPANY
MARAFLOOD™ PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS

DE-AC19-78ET-13077

TABLE 8

M-1 Development Costs

dells
New Injectors . . . . . < . o . o . ... .'. e o .. $2.,277.591
New Producers . . . e e e e e e e e e e 2,516,947

Conversions and Recond1t1on1ngs e e e e e e e e e e e 142,089
ﬁb%uuonments and Reabandonments . . . . . . . . . . .. 663,570
Sub Total & . v o o e e e e e e e e e oo ... $5,600,197

Surface Facilities

Salt Water Disposal System . . . e e e e e e e e e S 222,643
Product ion Facility and Lead L1nes e e e e e e e e 1,204,388
Injection Facility and Lines . . . . . . . . . . .« o . 890,172
Staging Area (Roads, Electrical, etc.) . . . . . . .. 465,306
Sub Total e e e e e e e e e e e e e e e e e $2,782,50Q

Miscellaneous

Sub Total ... . $ 525,903

Total COSES o o o e ... ... $8.,908,609

- Unit Breakdown

$240,755/1C Acres
$184,772/1C Acres

o

LF D

28



Economic Program Input Summary

MARATHON OIL COMPANY
MARAFLOOD™ PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS

DE-ACL

9-78ET-13077
TABLE 9

Parameter
Development Costs (10 Acre)
2.5 Acre
5.0 Acre
Slug Cost, $/Bbl.
Polymer Cost, $/Lb.
Water Cost, $/Bbl.
Injection Costs, $/Bbl.
Slug

Mobility Buffer
Salt Water Disposal

Operating Costs, $/Inj. Well-Mo.

Royalty, %
Escalation (after 1981)
Crude 011 Price
Windfall Profit Tax
Completion Date

2.5 Acre

5.0 Acre

Recovery

Value

240,755
184,772

6.05
1.35
0.12
0.38
0.16
0.03

876
12.5

Variable

(pre-1982) Actual

29

(1982) Variable

Variable

1987
1996

Variable

Basis

N n
—+

Actual
Actual Cost

Actual Cost

1981

Average Actual Cost
1981

1981

1981

Actual

60% Tax Rate

Predicted Injectivity
Predicted Injectivity
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SULFONATE

MARATHON OIL COMPANY
MARAFLOOD PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS
DE-AC19-78ET-13077

FIGURE 18

Sulfonate Reponse vs. Time Function

2.5 Acre ; 5.0 Acre
Type Wells % Type Wells %
1 7 7.7 1 7 17.1
2 36 39.6 2 31 75.6
3 26 28.6 3 3 7.3
4 20 22.0 4 0 0.0
5 _2 2.1 5 0 0.0
Total 91 100.0 Total 11 100.0

Analysis is based on monthly sulfonate data through March, 1982.
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