





DOE/ET/13077-63
(DE82013574)

Distribution Category UC-92a

COMMERCIAL SCALE DEMONSTRATION—ENHANCED
OIL RECOVERY BY MICELLAR-POLYMER FLOOD

Annual Report, October 1980-September 1981

J. C. Howell, Principal Investigator
Marathon Qil Company
P.O. Box 277
Bridgeport, lllinois 62417

Roy E. Porter, Technical Project Officer
Bartlesville Energy Technology Center
P.O. Box 1398
Bartlesville, Oklahoma 74005

Work Performed for the Department of Energy
Under Contract No. DE-AC19-78ET13077

Date Published—May 1982

UNITED STATES DEPARTMENT OF ENERGY



TABLE OF CONTENTS

SUBJECT PAGE NUMBER
Introduction . . . . . . v . . L L s s s e e e e . 1
Summary. . .. . . e e e e e e e e e e e e e e e e e e e e ?
Fluid Summary Data Sheet . . . . . . . . . .. c e e e e e ... 03
Polymer Injection. . . . . . . . . . .. . .. e e e e e e e e 5
Fluid Treating . . . . . . . . . . . . . . ... e e e e e e .. B
Tritiated Water Injection Program. . . . . . . . . . . B 4
High Sulfonate Content Wells . . . . . . . v v v v v v v v v v v v 7
0i1 Cut Monitoring . . . . . . & ¢ v v v e e e e e e e e 8
Transient Testing. . . . . . . . . . . ¢ o v oo e 8

Logging Observation Wells. . . . . . . . . . . . . . . .+ .. .. 9

TABLES--
Table 1, Tritiated Water Injection Wells . . . . . . . . . . . .. 11
Table 2, Injection Well Transient Tests, Mobility K/u (md/cp). . . 12

Table 3, Injection Well Transient Tests, Skin Factor S . . . . . . 13

Table 4, Production Well Transient Tests . . . . . . . . . . .. . 14

FIGURES--

Figure 1, M-1 Project Wells. . . . . . . . . . . . . . ... ... 15
Figure 2, 0iT Rate vs. Time. . . . . . . . . . . . . . v . . .. . 16
Figure 3, Cumulative 0i1 vs. Time. . . . . . . . . . . . v . « .. 17

Figure 4, 0i1 Cut vs. Time . . . . . . . . . v v v v v v v v .. . 18

Figure 5, 2.5-Acre Spacing-Injection Rate vs. Time,
Plant Pressure vs. Time. . . . . « « + v v v v v o « . . 19

Figure 6, 5.0-Acre Spacing-Injection Rate vs. Time,
Plant Pressure vs. Time. . . . . . . . . .« . . . .. . 20

i1



Table of Contents

SUBJECT v PAGE NUMBER
FIGURES--
Figure 7, 2.5-Acre Spacing-Cumulative Injection vs. Time,

Pore Volume Injected vs. Time . . . . . . « . « . . 21
Figure 8, 5.0-Acre Spacing-Cumulative Injection vs. Time,

Pore Volume Injected vs. Time . . . . . . . + « « « . 22
Figure 9, 2.5-Acre Spacing-Injection/Production vs. Time. . . . . 23
Figure 10, 5.0-Acre Spacing-Injection/Production vs. Time. . . . . 24

Figure 11, 2.5-Acre Spacing-0il Rate vs. Pore Volume Injected. . . 25
Figure 12, 5.0-Acre Spacing-0il1 Rate vs. Pore Volume Injected. . . 26
Figure 13, Total M-1 Project-0il Rate vs. Pore Volume Injected . . 27
Figure 14, 2.5-Acre Spacing-0il Cut vs. Pore Volume Injected . . . 28

Figure 15, 5.0-Acre Spacing-0il Cut vs. Pore Volume Injected . . . 29

Figure 16, Total M-1 Project-0i1 Cut vs. Pore Volume Injected. . . 30
Figure 17, Schematic of 2.5 and 5.0-Acre Combined Stream

Production Facility . . . . « . « v v v v v v v v o . 31
Figure 18, Schematic of M-1 Effluent Treating Facility . . . . . . 32
Figure 19, Tritiated Water Injection Wells . . . . . . . . . . .. 33
Figure 20, Transient Testing Wells . . . . . . . . . o o v o o v 34
Figure 21, M-1 Observation Wells . . . . . . . . o« o o« o .. . 35
Figure 22, Observation Well GI-3 . . . . . . . . . .« .« o v v o o 36
Figure 23, Observation Well GI-7 . . . . . . . o « v v o v v v v 37
Figure 24, Observation Well GI-8 . . . . . . . . .+ o v v o o 38



Table of Contents

SUBJECT PAGE NUMBER
COMPUTER RUNS--

2.5-Acre Pattern Data Summary. . . . . . . . . . . .. e e e 39
5.0-Acre Pattern Data Summary. . . . . . . « + v v v v v e .. . 41
2.5-Acre Injection Report. . . . . . e e L
5.0-Acre Injection Report. . . ... . . . . . . . . . .. B ¥4
Peripheral Injection Well Report . . . . . . . . .. e e e e 49
2.5-Acre Five-Spot Report. . . . . . . . . . . . . . . ... . 50
5.0-Acre Five-Spot Report. . . . . . . . . . o o i v v e 60
2.5-Acre Sulfonate Report. . . . . . . & v v v v v v e 65
5.0-Acre Sulfonate Report. . . . . . . . . . . . . v . ... 83
2.5-Acre Chloride Report . . . . . . . . . . .. e e e e e e . 88
5.0-Acre Chloride Report . . . . . . . v v o v v v v v e e . 106
Tritiated Water Report . . . . . . . . . . . .. e e e e e . 112

iy



DE-AC19-78ET-13077-61

INTRODUCTION

A contract was executed between the United States Energy 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 o0il recovery by the Maraflood™ oil recovery process.

This commercial scale test, known as the M-1 Project, is located in Crawford
County, Illinois. 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.l,2
Micellar solutjon (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-acre pattern has decreased from 11.0% in September,
1980, to 7.9% in September, 1981. The 2.5-acre pattern had been on a plateau
since May, 1980, and as of May, 1981 appears to be on a decline.

The oil cut of the 5.0-acre pattern has increased from 5.9% in September,
1980, to 10.9% in September, 1981. The 5.0-acre pattern experienced a sharp
increase in oil cut after 34% of a pore volume of total fluid had been
injected and appears to be continuing its incline. ‘

lcommercial Scale Demonstration - Enhanced 0il Recovery by Micellar-Polymer
FTooding, M-1 Project - Facilities Report (BERC/TPR-77/2), DOE Technical
Information Center (Bartlesville, Oklahoma, 4/77).

2Commercial Scale Demonstration - Enhanced 0i1 Recovery by Micellar-Polymer
FTooding, M-1 Project - Design Report (BERC/TPR-77/1), DOE Technical
Information Center (Bartlesville, Oklahoma, 4/77).

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

This Fifth Annual Report covers the interim from October 1, 1980, through
September 30, 1981. The report is organized under three Work Breakdown
Structures (WBS) which are summarized below.

Polymer injection has continued 1in varying concentrations. At the
end of the reporting period, the polymer concentrations were 625 and 800

A more rigorous fluid treatment program has been instituted for the

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, 1981, 97 wells have shown the

Samples of produced water have been collected monthly and analyzed
for sulfonate (a slug component) content. In September, 1981, 119
wells indicated sulfonate levels higher than background levels.

Presently the 2.5- and 5.0-acre patterns are producing at o0il cuts of 7.9%

Six injection wells and six production wells have been transient tested.
The latest series of tests indicate little change when compared to last

WBS No. 2100 - Fluid Injection
1)
ppm in the 2.5-and 5.0-acre patterns, respectively.
WBS No. 2200 - Production
1)
separation of surfactant-stabilized emulsions.
WBS’No. 2300 - Performance Monitoring
1)
presence of tritiated water.
2)
3)
and 10.9%, respectively.
4)
year's data.
5)

In order to monitor the movement of fluids during slug and polymer
injection, three logging observation wells were selected. The Dual
Induction tool has proven to be capable of monitoring fluid movement in a
micellar-polymer project.
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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

A polymer concentration of 625 ppm is being injected into the 2.5-acre pattern
at an average injection rate of 4,680 BPD (1.80 barrels per day per net foot
(B/D/NF)) and an average plant pressure of 638 psig. The Brookfield viscosity
at 6 rpm and 72° F averaged 19.9 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) and an
average plant pressure of 655 psig, a Brookfield viscosity of 19.2 cp, and a
screen factor of 19.7.

A polymer concentration of 800 ppm is being injected into the 5.0-acre pattern
at an average injection rate of 1,485 BPD (1.99 B/D/NF) and an average plant
pressure of 641 psig. The Brookfield viscosity at 6 rpm and 72° F averaged
29.3 cp. The screen factor averaged 23.8. This compares to September, 1980,
data of 1,648 BPD (2.21 B/D/NF) and an average plant pressure of 667 psig, a
Brookfield viscosity of 27.9 cp, and a screen factor of 23.8.

On March 28, 1981, plant pressure was reduced from 670 psig to 650 psig (+/-

10 psig) in order to prevent pressure parting of injection wells. The result
of the pressure decrease was a drop in the 2.5- and 5.0-acre injection rates

of approximately 890 and 150 BPD, respectively.
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WBS. No. 2200 - Fluid Production

FLUID TREATING

Introduction

Produced fluids in a micellar-polymer project exist in various combinations of
emulsified phases. Present production at the M-1 Project exists in three
phases: an oil phase (or water-in-oil emulsion), a sulfonate-rich,
middle-phase emulsion, and a brine (or oil-in-water emulsion). Sulfonate-
stabilized emulsions present a different treatment problem than ordinary oil
field emulsions, and hence require a non-conventional treatment scheme.

Discussion

On May 3, 1980, the 2.5- and 5.0-acre pattern produced fluids were combined to
reduce costs and provide a more efficient treating process. As shown in
Figure 17, the 2.5- and 5.0-acre pattern fluids flow separately through gas

eliminators to vent any associated gas prior to flow through the net oil
computers. ;

The incoming fluid is treated with a demulsifier prior to the gas eliminators
to remove 0il from the brine and prepare the brine for disposal. The 2.5-acre
and 5.0-acre pattern production is combined after flow through their
respective net oil computers and discharged into a 10,000-barrel receiving
tank. This allows sufficient retention for separation of the phases.

The produced brine, or lower-phase emulsion, flows from the bottom portion of
the 10,000-barrel tank to disposal.

0i1, or upper-phase emulsion, flows from the upper portion of the receiver.
Thereafter, it is water washed with a demulsifying chemical. The oil is
heated, separated, and sold. Karl Fischer aqua test titration and a simulated
desalter test using electrostatic coalescence are performed to determine if
the o0il is of sellable quality.

The middle-phase emulsion is treated through a separate facility shown in
Figure 18. The middle-phase emulsion is drawn out of the mid portion of the
10,000-barrel tank. The emulsion pad is flowed to a battery of 300-barrel
tanks and treated in batches. Several steps are used in treating the emulsion
pad. These steps involve various additions of caustic, water, demulsifier and
heat. Sellable 01l quality is determined using Karl Fischer titration and the
simulated desalter test.
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WBS. No. 2300 - Performance Monitoring

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

Discussion

A computer printout listing all wells showing tritiated water contents higher
than background levels is shown on pages 112 to 125. Fifty-three wells
indicated the presence of tritiated water in the produced fluid stream in
August, 1981. As of August, 1981, 97 wells have shown the presence of
tritiated water. Of these 97 wells, 43 wells have shown a tritiated water
content higher than background levels for six or more months. Thirty-eight of
the 97 wells are adjacent to a well in which tritiated water was injected. No
conclusions have been developed as a result of this data.

The location of the tritiated water injection wells are shown in Figure 19.
Additional information can be found in Table 1.

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.

Discussion

Beginning in March, 1977, produced water samples from each M-1 Project well
have been analyzed to determine sulfonate content. Pages 65 to 87 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 exact material balance
calculations. However, these data are useful for observing trends.

For the month of August, 1981, 87 wells in the 2.5-acre pattern showed
sulfonate levels higher than the background level (.5%). This compares to 88
wells in September, 1980. Every oil well on the 2.5-acre pattern has shown
sulfonate levels greater than the background level for at least three months.
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WBS. No. 2300 - Performance Monitoring

HIGH SULFONATE CONTENT WELLS - (Continued)

Discussion - (Continued)

Thirty-eight wells in the 5.0-acre pattern showed sulfonate levels higher than
background levels during the month of August. This compares with 31 wells in
September, 1980. Sulfonate data for the 2.5- and 5.0-acre patterns are shown
on pages 65 to 87.

OIL CUT MONITORING

Introduction

In order to detect production responses resulting from the Maraflood process,
individual o0il cuts are being monitored on a monthly basis.

Discussion

During September, 1981, 69 wells on the 2.5-acre pattern and 34 wells on the
5.0-acre pattern produced at or above a 5% oil cut. This compares to 73 wells
and 35 wells, respectively, in August, 1981. Currently, the 2.5- and 5.0-acre
patterns are producing oil cuts of 7.9% and 10.9%, respectively. Individual
well o1l cuts are reported on the five-spot reports, pages 50 - 64.

TRANSTENT 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 1981, six injection wells (C-3, I-7, 0-13, S-7,
GG-13, and 00-13) 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.

Tables 2 and 3 summarize the results of the transient tests. Also included in
these tables are the results of past transient tests conducted on the
injection wells.
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WBS. No. 2300 - Performance Monitoring

TRANSIENT TESTING - (Continued)

Discussion - (Continued)

The latest series of transient tests were conducted during the injection of
625 ppm and 800 ppm polymer into the 2.5- and 5.0-acre patterns, respectively.
Five of the six wells have interpretable data. One injection well (QQ-13)
pressure parted during testing. The results of this year's testing show
1ittle change in fluid mobility and skin factor when compared to last year's
data.

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 4 summarizes the results of this year's and previous years' production
well transient tests. The latest tests show the continuation of relatively
low mobility. Three wells had a decrease in skin factor while three wells
have an increase in skin factor.

Figure 20 shows the location of these transient tested wells.

LOGGING OBSERVATION WELLS

Introduction

In order to monitor the movement of fluids during slug and polymer injection,
three logging observation wells were selected. Two of these wells were
drilled and completed with fiberglass casing.- The third well had been
temporarily abandoned and was reworked and completed open hole to be used as
an observation well. The locations of wells are shown in Figure 21. Dual
Induction Logs have been run at selected intervals since January of 1978 to
monitor changes in resistivity with time.

Discussion

To date sixteen Dual Induction logs have been run in GI-3, seventeen in GI-7
and fifteen in GI-8. In Figures 22, 23, and 24, the changes in resistivity
with time are shown. Figure 22 indicates that a significant portion of the
Robinson sand has been contacted by the higher salinity micellar slug in GI-3.
This is shown by the decrease in resistivity as compared to the base log run
on January 5, 1978. In Figure 23, the comparison of the logs run on GI-7 to
the base log of January 5, 1978, the Dual Induction log has shown the
development of a lower resistivity bank followed by the development of the
higher resistivity fluid bank caused by the low salinity fresh water used in
the polymer mobility buffer. As shown on Figure 24, GI-8 has not shown as
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WBS. No. 2300 - Performance Monitoring

LOGGING OBSERVATION WELLS - (Continued)

Discussion - (Continued)

great a decrease in resistivity as measured in GI-3 and GI-7. However a
measurable decrease in resistivity has been detected followed by the increase
in resistivity expected from the fresh water used in the polymer mobility
buffer.

At this point the Dual Induction tool has proven to be capable of monitoring
fluid movement in a micellar polymer project. Continued surveillance of the
observation wells is planned.

-10-



MARATHON OIL COMPANY
MARAFLOOD PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS
DE-AC19-78ET-13077-61

Isogeometric Net
Permeability Thickness Pre-Slug Dosage
k, md h, ft Stimulation* Well Status Curies

2.5 Acre
A-13 85 21 S, ST New well 10
E- 115 11 S, H New well 5
I- 75 29 S, L Conv. 011 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 Tow viscosity fluids

H = Fractured with high viscosity fluids

ST = Staged frac

TABLE 1

Tritiated Water Injection Wells

-11-
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MARATHON OIL COMPANY
MARAFLOOD PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS
DE-AC19-78ET-13077-61

Table 4

Production Well Transient Tests

Well Test Test Mobility Skin Factor

No. Date Typel K/u (md/cp) S ~Stimulation

D-4 11/76 BU 6.4 2.4 None
12/77 BU 1.3 -5.2 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

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

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 2.2 -3.3
9/80 BU 1.1 -1.0
.9/81 BU 2.2 -4.3

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

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 BY 4.7 -4.5
9/81 BU 4.1 -2.0

T-8 11/76 BU 15.0 *

11777 BU * *

11/78 BU 4.2 -2.7 None
8/79 BU 5.3 -0.5
-9/80 , BU 1.2 -2.8
9/81 BU 1.1 .07

18U - Buildup
*Data uninterpretable.
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MARATHON OIL COMPANY
MARAFLOOD PROCESS - M-1 PROJECT
CRAWFORD COUNTY, ILLINOIS
DE-AC19-78ET-13077

FIGURE 21

2.5-Acre Spacing
M-1 Observation Wells
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