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INTRODUCTION

A contract was executed between the United States Enerqgy Research and
Development Administration (now Department of Energy) and Marathon 01l
Company, Findlay, Ohio, on September 30, 1976, for the purpose of a commercial
scale test of enhanced oil 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
1imit. 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.ls2
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. At the end of this reporting period, 625 ppm
polymer was being injected into the 2.5-acre pattern-and 800 ppm polymer was
being injected into the 5.0-acre pattern.

The 0il cut of the 2.5 and 5.0-acre patterns increased from 8.6% and 5.2%,
respectively in September, 1979, to 11.0% and 5.9% in September, 1980. The
0oil cut performance has consistently exceeded that predicted for the project.

lcommercial Scale Demonstration - Enhanced 071 Recovery by Micellar-Polymer
FTooding, M-I Project - Facilities Report (BERC/TPR-77/2), DOE Technical
Information Center (Bartlesville, Oklahoma, 4/77).

2Commercial Scale Demonstration - Enhanced 011 Recovery by Micellar-Polymer
FTooding, M-1 Project - Design Report (BERC/TPR-/7/1), DOE Technical
Information Center (Bartlesville, Oklahoma, 4/77). .

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



SUMMARY

This Fourth Annual Report covers the interim from October 1, 1979, through
September 30, 1980. The report is organized under three Work Breakdown
Structures (WBS) which are summarized below.

WBS No. 2100 - Fluid Injection

Polymer injection has continued in varying concentrations. At the
end of the reporting period, the polymer concentrations were 625 and
800 ppm 1in the 2.5- and 5.0-acre patterns, respectively.

A program of stimulating injection wells has continued. The
stimulation of seven injection wells is reported with favorable

Several perimeter injection wells were plugged and abandoned as a

A program of stimulating producing wells has continued. The
hydraulic fracture treatment of 23 wells is reported with

The 2.5- and 5.0-acre produced fluid streams have been combined

Analysis of the transient test data from all six injection wells
tested indicates that wellbore damage has occurred during polymer
injection. Data from pressure tests in five of six producing wells

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, 1980, 52 wells have shown

Samples of produced water have been collected monthly and analyzed
for sulfonate (a slug component) content. In September, 1980, 119
wells indicated sulfonate Tevels higher than background Tevels.

1)
2)
results.
3)
result of operations at an adjacent project.
WBS No. 2200 - Production
1)
favorable results.
2)
for treating advantages.
WBS No. 2300 - Performance Monitoring
1)
show slight wellbore damage.
2)
the presence of tritiated water.
3)
1)

The 0il cut of the 2.5-acre pattern has leveled off over the past
eight months at about 11%. An increase in the 5.0-acre pattern oil
cut over the past five months from 3.9% to 5.9% is consistent with a
production increase projected to occur as a result of the injection
of Maraflood Process fluids. This parallels the increase of the 2.5-
acre pattern as reported in the last Annual Report.
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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

Dow polymer concentration was reduced from 1156 to 800 ppm on January 14,
1980, in the 5.0-acre pattern. During the first week of operation at the
reduced concentration, the injection rate averaged 1,161 BPD (1.56 barrels per
day per net foot B/D/NF) at 500 psi. The Brookfield viscosity at 6 rpm and
72° F averaged 31.3 cp. The screen factor averaged 21.9 at 77° F. This
compares to September, 1980, data of 1,648 BPD (2.21 B/D/NF) at 663 psi, a
Brookfield viscosity of 27.9 cp, and a screen factor of 21.5 at 77° F.

Dow polymer concentration was reduced from 800 to 625 ppm on July 28, 1980, in
the 2.5-acre pattern. During the first week of operation at the reduced
concentration, injection rate averaged 4,771 BPD (1.84 B/D/NF) at a plant
pressure of 655 psi. The Brookfield viscosity at 6 rpm and 72° F averaged
21.8 cp. The screen factor averaged 17.9 at 77° F. This compares to
September, 1980, data of 5,165 BPD (1.99 B/D/NF) at 667 psi, a Brookfield
viscosity of 19.2 cp, and a screen factor of 19.7 at 77° F.

INJECTION WELL STIMULATION

Introduction

In order to maintain adequate injection rates and to maintain acceptable fluid
conformance in each pattern, an injection well stimulation program has been
continued.

Discussion

Since September 30, 1979, six injection wells have been hydraulically
fractured and propped with sand-Taden fluid. One injection well has been
jetted with high pressure water. Fracture procedures utilized a cross-1inked
polymer to gel the water to approximately 2,200 cp with 10/20 mesh sand used
as the propping agent. Each fracture treatment was designed to produce a
35-foot propped radius. The jetting procedure was used as an experimental
alternative to fracture treating.

Table 1 lists all injection wells which have been stimulated since slug

initiation. Also included in this table are before- and after-stimulation
injection rates and fracture treatment data. The injection rates of the

-5-



WBS No. 2100 - Fluid Injection

INJECTION WELL STIMULATION (Continued)
Discussion (Continued)
recently stimulated wells increased from an average of 0.83 B/D/NF before

stimulation to 4.77 B/D/NF after stimulation.

PERIMETER FLUID INJECTION OPERATIONS

“Introduction

Several wells along the perimeter of the M-1 Project are used to minimize
migration of Maraflood fluids beyond the boundaries of the project. The
performance of these wells for September, 1980, is shown on page 55.

Discussion

~ Water injection wells A-12, X-3, X-91, X-94, and X-97 have been plugged and
abandoned as a result of operations at the adjacent project. Table 2 lists
the dates when these and wells X-9 and X-12 were abandoned. Perimeter
injection wells X-9 and X-12 were abandoned last year.

Reservoir pressure is now maintained by injection wells in the adjacent
project. These wells include PI-1, PI-3, PI-4, PI-6, X-6, and CF-6.

They are listed on the Peripheral In]ect1on We11 Report on page 55. Figure 1
has been updated to reflect the changes.



WBS No. 2200 - Fluid Production

PRODUCTION WELL STIMULATION

Introduction

To 1insure adequate withdrawal rates and to maintain acceptable fluid
conformance in each pattern, a production well stimulation program has been
continued.

Discussion

Since September 30, 1979, 23 production wells have been hydraulically
fractured and propped with sand-laden fluid. Fracture procedures were
identical to those previously described for injection wells.

Table 3 Tists all production wells which have been fractured since initiation
of slug injection. Also included in this table are before- and after-
production rates and fracture treatment data. The fluid production of the
recently stimulated wells increased from a total of 520 BPD before stimulation
to 2,424 BPD after stimulation.

FLUID TREATING

Introduction

In the past, the 2.5- and 5.0-acre pattern produced fluid streams were treated
in separate, parallel facilities. These streams have been combined to 1) save
enerqy, 2) save labor, and 3) reduce risk of process upset.

Discussion

Prior to May 3, 1980, the 2.5-acre total fluid stream flowed through a free
water knockout where gas was vented and on through a Barton net oil computer
and into the 10,000-barrel tank at the 13-foot level (see Figure 17 ). The
incoming fluid received 2,000 ppm of Tretolite RP-578 treating chemical prior
to the free water knockout. Water from the bottom of the 10,000-barrel tank
flowed to the Dewey pit and eventually to the salt water disposal wells. 0il
flowed from the 18-foot level of the 10,000-barrel tank and received a
treatment consisting of the addition of 1,500 ppm RP-578 and 25% fresh water.
This stream was heated and the o0il separated from the water and sold.

The 0il and water from the 5.0-acre pattern fluids were separated in the
5.0-acre free water knockouts as shown in Figure 18. The water went into the
10,000-barrel tank and was eventually disposed with the 2.5-acre produced
water. The 5.0-acre 01l stream flowed through a Barton net oil computer,
received a treatment consisting of the addition of 1,250 ppm RP-578 and 25%
fresh water. The oil stream was then heated, separated, and sold.



WBS No. 2200 - Fluid Production

FLUID TREATING (Continued)

Discussion (Continued)

On May 3, 1980, the 2.5-and 5.0-acre pattern produced fluids were combined as
shown in Figure 19. The produced oil and water in each pattern flows throuagh
the free water knockouts to vent any associated gas prior to flowing through
the net o1l computers and into the 10,000-barrel tank. The water flows from
the bottom of the 10,000-barrel tank to disposal. 0il flows from the 18-foot
level of the 10,000-barrel tank where 25% water and 1,500 ppm RP-578 is added.
As 1in the past the oil is then heated, separated and sold.

The emulsion treating facility for recycling emulsion effluents to extinction
is shown on Figure 20. Purged o0il or draws can be treated with chemical and
water, heated and, if necessary, reheated prior to oil separation and sale.

The.Advantages of Combined Processes

The combined system process has several advantages over the separate flow
stream process. Due to a lower throughput, the 5.0-acre chem-electric
heater-treaters consumed more energy per barrel of 0il treated than the
2.5-acre treaters. Combining the two streams reduces Tlabor costs. The
combined facility uses half as many treating vessels such as free water
knockouts and heater-treaters.

Combining the two streams minimizes the possibility of a major treating upset.
The difficulty in treating oil is proportional to the concentration of
sulfonate being produced. Combining the two produced fluid streams has the
effect of reducing the peak sulfonate value.



WBS No. 2300 - Performance Monitoring

TRANSIENT TESTING

Introduction

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

Discussion

During the third quarter of 1980, six injection wells (C-3, I-7, 0-13, S-7,
G6G-13, and (0Q-13) were transient tested. 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 data to be collected for each injection well. Results were then
analyzed using a Miller-Dyes-Hutchinson plot.

Table 4 summarizes the results of the transient tests. Also included in this
table are the results of past transient tests conducted on the injection
wells.,

The latest series of injection well tests were taken during injection of the
800 ppm polymer. The results show an increase in skin factor in all six
wells, indicating accumulating skin -damage.

0i1 well pressure transient tests are based on fluid level 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 5 summarizes the results of this year's and previous years' producing
well transient tests. The latest test shows that skin factor has increased
slightly in five out of six wells.

Figure 21 shows the Tocation of these transient tested wells.

TRITIATED WATER INJECTION PROGRAM

Introduction

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



WBS No. 2300 - Performance Monitoring

TRITIATED WATER INJECTION PROGRAM (Continued)

Introduction (Continued)

0il wells are analyzed monthly to determine the presence of radioactive
material.

Discussion

A computer printout 1isting all wells showing tritiated water contents higher
than background levels is shown on pages 111 to 120. Thirty-three wells
indicated the presence of tritiated water in the produced fluid stream in
August, 1980. As of August, 1980, 52 wells have shown the presence of
tritiated water. Of these 52 wells, 26 wells have shown a tritiated water
content higher than background Tevels for six or more months. Thirty of the
52 wells are adjacent to a well in which tritiated water was injected. No
conclusions have been developed as a result of this data.

HIGH SULFONATE CONTENT WELLS

Introduction

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

Discussian

Beginning in March, 1977, produced water samples from each M-1 Project well
have been analyzed to determine sulfonate content. Pages 71 to 90 list the
results of this monthly analysis. The values found on these pages 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 material balance
calculations. However, these data are useful for observing trends.

For the month of September, 1980, 88 wells in the 2.5-acre pattern showed
sulfonate levels higher than the background level (.5%). This compares to 79
wells in September, 1979. Every 0il well on the 2.5-acre pattern has shown
sulfonate levels greater than the background level for at least three months.

Thirty-one wells in the 5.0-acre pattern showed sulfonate levels higher than
background levels during the month of September. This compares with 11 wells
in September, 1979. Sulfonate data for the 2.5- and 5.0-acre patterns are
shown on pages 71 to 90.

-10-



WBS No. 2300 - Performance Monitoring

O0IL CUT MONITORING

Introduction

In order to detect production responses resulting from the Maraflood process,
individual o1l cuts are monitored on a monthly basis.

Discussion

During September, 1980, 76 wells on the 2.5-acre pattern and 24 wells on the
5.0-acre pattern produced at or above a 5% oil cut. This compares to 58 wells
and 18 wells, respectively in September, 1979. During September, 1980, the
2.5- and 5.0-acre patterns produced o0il cuts of 11.0% and 5.9%, respectively.
These compare with 8.6% and 5.2%, respectively in September, 1979. As shown
on Figures 14 and 15, the oil cuts of both patterns have remained slightly
above predicted. Individual oil cuts are reported on the five-spot reports,
pages 56 to 70.

-11-
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MARATHON OIL COMPANY
MARAFLOOD PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS
DE-AC19-78ET-13077-49

TABLE 2

Abandoned Perimeter Injection Wells

Cum. Water

Injection Date
Bbis. Abandoned
48,185 4/30/80
12,202 3/27/80
17,020 8/19/79
3,868 8/11/79

97 4/22/80
11,498 4/17/80
8,596 6/23/80
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MARATHON OIL COMPANY
MARAFLOOD PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS
DE-AC19-78ET-13077-49

TABLE 6

Tritiated Water Injection Wells

Isogeometric Net
Permeability  Thickness - Pre-Slug Dosage
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

1 75 29 S, L Conv. 0il 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

GG-15 90 39 S New well 25
SS-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

292~
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