DOE/ET/13077-115
(DE86000263)

COMMERCIAL SCALE DEMONSTRATION ENHANCED OIL RECOVERY BY

MICELLAR-POLYMER FLOOD

Eighth Annual Report for the Period October 1984—September 1985

By
L. M. Mueller

February 1986

Work Performed Under Cohtract No. AC03-78ET13077

For

- U. S. Department of Energy
Bartlesville Project Office
Bartlesville, Oklahoma
By SR
Marathon Oil Company
Findlay, Ohio ‘

Technical Ianrmaﬁon Ce‘nte‘r |
~ Office of Scientific and Technical Information
~United States Department of Energy



DISCLAIMER

This report was prepared as an account of work sponsored by an agency. of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or. implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
_ that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
- mendation, or favoring by the United States Government or any agency. thereof.
~The views and opinions of authors expressed herein do not necessarily state or
 reflect those of the United States Government or any agency thereof. = :

- This report has been‘ryéprodhced directly frofn the best available copj
:'Availab‘le‘from the National Technical Informatioﬁ _Servicc; u. Ss. Deparfment of - ‘

i Commerce, Springfield, Virginia 22161.- ’ :

Price: Printed Copy: A0S
Microfiche AO]

- Codes are used for pricing all publications, The code is determined by the number
of ‘pages in. the - publication, Information pertaining to the pricing codes can be.
~ found in the current issues of the following publications, which are generally avail-
- able in most libraries: Energy Research Abstracts (ERAJ; Government Reports
Announcements. and. Index (GRA and I); -Scientific “and  Technical ' Abstract
- Reports (STAR); and publication NTIS-PR-360 available from NTIS at the above
address, - i e e e e B




DOE/ET/13077-115
(DE86000263)
Distribution Category UC-92a

COMMERCIAL SCALE DEMONSTRATION
ENHANCED OIL RECOVERY BY MICELLAR-POLYMER FLOOD

Eighth Annual Report
October 1984-September 1985

By
L. M. Mueller

February 1986

Work Performed Under Contract No. AC19-78ET13077

Prepared for
U.S. Department of Energy
Assistant Secretary for Fossil Energy

J. Keith Westhusing, Project Manager
Bartlesville Project Office
P.O. Box 1398
Bartlesville, Oklahoma 74005

Prepared by
Marathon Oil Company
Findlay, Ohio 45840






TABLE OF CONTENTS

SUBJECT
“Introduction . . . . . o0 e e e e e
SUMMATY « & ¢ o o o o o o « s s o o o o

Fluid Summary Data Sheet . . . . . . . .

Injection Well Treatments . . ... .. '

Water Softening . . . . « + ¢ ¢ o« o o &

Bacteria Control . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o« o &

Polymer Injection . . . . . . . o« o o

0i1 Cut Monitoring . . « « ¢« ¢« ¢ ¢ & o o &

Transient Testing . . . . . . « . « e s 8 s s s

Tritiated Water Injection Program . . .
High Sulfonate Content Wells . . . . . .

Producing Well Abandonments . . . . . .

2.5-Acre Area Production Status . . . . .

TABLES
Table 1, Injection Well Transient Tests,
Table 2, Injection Well Transient Tests,

Table 3, Production Well Transient Tests

Table 4, Tritiated Water Injection Wells .

FIGURES

Figure 1, M-1 Project Wells . . . . . .
Figure 2, 0i1 Rate vs. Time . . . . ..
Figure 3, Cumulative 0il vs. Time . . .

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

Mobility K/u (md/cp). .
Skin Factor, S

Figure 5, 2.5-Acre Pattern - Injection Rate vs. Time,

Plant Pressure vs. Time

iid

PAGE NO.

w

~N N Y O Ot

oo o

10
10

12
13
14
15

16
17
18
19

20



Table of
Page 2

Contents

FIGURES (Continued)

Figure 6,

Figure 7,

Figure 8,

Figure 9,

5.0-Acre Pattern - Injection Rate vs. Time,

Plant Pressure vs. Time . . « ¢ v ¢« &« & « o & & . . .
2.5-Acre Pattern - Cumulative Injection vs. Time,

Pore Volume Injected vs. Time . . . . .. e e e e
5.0-Acre Pattern - Cumulative Injection vs. Time,

Pore Volume Injected vs. Time . . . . . « « . . . . .
2.5-Acre Pattern - Injection/Production vs. Time . . .

Figure 10, 5.0-Acre Pattern - Injection/Production vs. Time

Figure 11, 2.5-Acre Pattern - 0i1 Rate vs. Pore Volume Injected.

Figure 12, 5.0-Acre Pattern - 0i1 Rate vs. Pore Volume Injected.

Figure 13, Total M-1 Project - 0il Rate vs. Pore Volume Injected

Figure 14, 2.5-Acre Pattern - 0il Cut vs. Pore Volume Injected .

Figure 15, 5.0-Acre Pattern - 0i1 Cut vs. Pore Volume Injected .

Figure 16, Treated Injection Well Locations . . . . .. . .. .
Figure 17, Transient Testing Locations . . . . . . . . . e e s
Figure 18, Tritiated Water Injection Well Locations . . . . ..
Figure 19, Abandoned Producing Well Locations. . . . . . . . . .

Figure 20, Uneconomic 2.5-Acre Pattern Producing Well Locations

COMPUTER

RUNS

2.5-Acre
5.0-Acre
2.5-Acre
5.0-Acre
2.5-Acre
5.0-Acre

Pattern Data Summary. . « & ¢« ¢« ¢ ¢ ¢« ¢ ¢ o o o o s o

Pattern Data Summary. . . « ¢ v ¢ ¢ ¢ « 4 4 s s 0 0 .
Injection Report . . . . ¢ ¢« v ¢ ¢« ¢ ¢« v o & & o e
Injection Report . . . & & ¢ ¢ ¢ v ¢ o v 0 4o o s e 0
Injection Well Regulation Report . . . . . . . .. . .

Injection Well Regulation Report . . . . . . .. . ..

Peripheral Injection Well Report . . . . . . . . e e e e e e

2.5-Acre

Five-Spot Report . . . . . . ¢« v v o v o v v v v v v

21

22

23
24
25
26
27
28
29
30
31
32
33
34
35

36
39
42
45

47
50
51
52



Table of
Page 3

COMPUTER

Contents

RUNS (Continued)

5.0~Acre
2.5-Acre
5.0~Acre
2.5-Acre
5.0-Acre
2.5-Acre
5.0-Acre

Five-Spot Report
Sulfonate Report
Sulfonate Report
Chloride Report
Chloride Report
Tritium Report

Tritium Report

60
64
67
68
71
72

75






INTRODUCTION

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

This commercial scale test, known as the M-1 Project, is located in Crawford
County, I11inois. 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 solution (slug) injection was initiated on February 10, 1977, and
was completed November 21, 1978. The 10% pore volume slug was followed by

a concentration tapered solution of Dow 700 PusherT™ polymer. At the end

of this reporting period, fresh water was being injected into the 2.5-acre
pattern and 411 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 12.2% at 37.5% of a pore volume. The oil cut remained
relatively flat until 55% pore volume had been injected. The oil cut has
gradually decreased to 1.5% in September of 1985. This compares to 2.7% in
September of 1984, :

The initial response in o0il cut at the 5.0-acre pattern area occurred after
23% of a pore volume had been injected. A second and much sharper increase
in 0il cut was observed after 34% pore volume injection. By 46% pore
volume injection, the oil cut had peaked at 13.3%. This occurred in
October of 1982 and since that time the oil cut of the 5.0-acre pattern
area has steadily decreased. As of September, 1985, the oil cut at the
~5.0-acre pattern area is 5.2%.

As a result of project operations, 1,223,464 barrels of oil have been
recovered from the project area. 0il cuts remain relatively high in the
5.0-acre pattern, and significant additional recovery is expected from the
project.

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

2Commercia1 Scale Demonstration - Enhanced 0il RecoVery by Micellar-Polymer

FTooding, M-1 Project - Design Report (BERC/TPR-77/1), DOE Technica
Information Center (BartTesville, Oklahoma, 4//77). :

Pusher'TM - Trademark of Dow Chemical Company
Maraflood - Trademark of Marathon 0il Company




SUMMARY

This Eighth Annual Report covers the interim from October 1, 1984 through
September 30, 1985. Information is presented under the Work Breakdown
Structure (WBS) elements: WBS 2100 - Fluid Injection, WBS 2300 - Perfor-
mance Monitoring, and WBS 2400 - Economic Monitoring.

WBS No. 2100 - Fluid Injection

1)

2)

3)

4)

In an effort to increase injection in some of the 5.0-acre pattern
area injection wells, a treatment program was undertaken in late 1984.
A discussion of the treatment program and its results is given.

Water softening was discontinued in the 2.5-acre pattern area during
the year.

In December, 1984, the biocide used at the M-1 was switched from
Tretolite X-CIDE 510 to Tretolite X-CIDE 215.

Polymer concentration was reduced from 625 ppm to 411 ppm at the
5.0-acre pattern area during 1985.

WBS No. 2300 - Performance Monitoring

1)

2)

3)

4)

Present o0il cuts at the 2.5- and 5.0-acre pattern areas are 1.5% and
5.2%, respectively.

The final annual transient test results for the six injection wells
and their offsetting producing wells are reported. The results are
compared to previous years' results and are presented in tabular form.

Subsequent to the injection of tritiated water into ten injection
wells, all producing wells are being analyzed regularly for the
presence of tritiated water. To date, 132 project wells have shown
the presence of tritiated water.

Samples of produced water have been analyzed bi-monthly for sulfonate
(a micellar slug component) content. Data from the most recent
analysis is presented and compared to earlier data collected.

WBS No. 2400 - Economic Monitoring

1)

2)

Two producing wells in the 2.5-acre pattern area of the M-1 Project
were abandoned during the year.

With the 2.5-acre pattern area nearing its economic limit, several of
the producing wells in this area have been temporarily shut-in pending
an evaluation of their remaining potential. A discussion of the
economics justifying the shut-ins, as well as future plans for the
wells, is presented. ’
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WBS No. 2100 - FLUID INJECTION

INJECTION WELL TREATMENT

Introduction

In October of 1984, 12 injection wells in the 5.0-acre pattern area of the
M-1 Project were treated with hydrogen peroxide in an effort to improve
injection by removing skin damage at the wells. '

Discussion

Hydrogen peroxide has been used in Maraflood injection wells to dissolve
concentrated polyacrylamide which may be insoluble to water. Much of the
skin damage at the M-1, 5.0-acre pattern area is believed to be due to
microgels and poorly mixed polymer. As stated previously, a total of 12
injection wells were treated, and initial injection rates subsequent to the
‘work showed the treatments to be effective in increasing the injection
rates. However, after monitoring M-1 injection for several months, this
method of treatment was found to be only temporarily effective.

The Tocation of the 12 treated injection wells can be seen in Figure 16.

WATER SOFTENING

Discussion

Since polymer injection ceased in September of 1984 at the 2.5-acre pattern
area of the M-1, it was no longer necessary to soften the water being
injected into these patterns. Softening of the M-1, 2.5-acre injection
water stopped in December of 1984 and was expected to result in an annual
cost savings of approximately $20,000.

BACTERIA CONTROL

Discussion

In December, 1984, the biocide used in both the 2.5- and 5.0-acre injection
fluids was changed from Tretolite X-CIDE 510 to X-CIDE 215. Study had
shown that the bacteria had begun to develop a resistance to the X-CIDE 510
and that lower concentrations of the X-CIDE 215 could be used to provide
adequate bacteria kill. In addition, the method of treatment was switched
from continuous to semi-continuous treating at the 2.5-acre pattern area
where polymer was no longer injected. Following these changes, the
2.5-acre pattern area has injection with 120 ppm X-CIDE 215 for three days
per week while the 5.0-acre pattern area's injection contains 120 ppm
X-CIDE 215 continuously. : :



POLYMER INJECTION

Introduction

The polymer concentration at the 5.0-acre pattern area was reduced from 625
ppm to 411 ppm on September 26, 1985. Injection of the 411 ppm polymer
will continue until a target pore volume of 12.0% is reached.

Discussion

Injected polymer concentration has been reduced from 625 ppm to 411 ppm at
the 5.0-acre pattern area as the target pore volume of 32% was reached in
late September, 1985. A total of 1,919,714 barrels of 625 ppm polymer had
been injected in this area. After injecting 12% pore volume of 411 ppm
polymer, the concentration will again be reduced, this time to 200 ppm.



WBS No. 2300 - PERFORMANCE MONITORING

OIL CUT MONITORING

Introduction

In order to detect production responses from the Maraflood process, indi-
vidual oil cuts are monitored on a monthly basis.

Discussion

During September, 1985, 7 of 89 (8%) producing wells in the 2.5-acre
patterns and 21 of 41 (51%) in the 5.0-acre patterns produced at or above a
5% 0il1 cut. This compares to 21 of 91 wells and 25 of 41 wells, respec-
tively, in September, 1984, Currently, the 2.5- and 5.0-acre patterns are
producing at oil cuts of 1.5% and 5.2%, respectively. Individual well oil
cuts are reported on the five-spot report, pages 52 to 63.

TRANSIENT TESTING

Introduction

In compliance with contractual requirements, transient testing is conducted
yearly on six producing and six injection wells at the M-1 Project. As per
the contract, 1985 will be the final year of M-1 transient testing. Figure
17 shows the location of the wells tested.

Discussion

During the third quarter of 1985, six injection wells were transient
tested. These tests were conducted as part of a continuing effort to
determine the effect of Maraflood fluids on well conditions and reservoir
parameters. Amerada pressure gauges were set either at surface or at 800
feet below surface to enable falloff and injectivity data to be collected
f?r each well. Results were then analyzed using a Miller-Dyes-Hutchinson
plot.

Tables 1 and 2 summarize the results of this and past years' injection well
testing. The latest series of transient testing was conducted with 625 ppm
polymer being injected at the 5.0-acre patterns and water injection at the
2.5-acre patterns. Analysis shows that mobilities appear to have dropped
slightly in the injection wells since last year's tests. Only one well
(S-7) appeared to show any significant change in skin factor, falling from
approximately +0.8 to -4.2. Another well (QQ-13) yielded data that was
unanalyzable due to very small pressure changes over the entire test
period.

Producer pressure buildup data was obtained by first measuring the annulus
fluid level acoustically, and later by measuring the well shut-in pressure
once the fluid reaches the surface. This eliminates the need for pulling



rods and tubing. Data coliected from the producing wells are also analyzed
using Miller-Dyes-Hutchinson plots.

Table 3 shows a comparison of this and previous years' test results and,
again, there is 1ittle change in both skin factors and mobilities.

TRITIATED WATER INJECTION PROGRAM

Introduction

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

Discussion

A computer printout listing all wells showing the presence of tritiated
water during the past year is shown on pages 72 to 75. In August, 1985, 12
of 132 (9%) project wells showed some presence of tritiated water in a
produced sample, but there were an additional 29 wells for which no sample
was available. Fifty-two wells have shown a tritium level higher than
background Tevels for six months or more. Of these 52 wells, 35 are
offsetting producers of an injection well in which tritiated water was
injected.

The locations of tritiated water injection wells are shown in Figure 18.
Additional information on these wells can be found in Table 4.

HIGH SULFONATE CONTENT WELLS

Introduction

As part of routine performance analysis, produced water samples are an-
alyzed bi-monthly for sulfonate at Marathon's Denver Research Center.

Discussion

Since March, 1977, produced water samples 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 0il sulfonate slug (COSS). Because of the characteristics of sur-
factant 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, 1985, 54 of 89 wells in the 2.5-acre pattern area
showed sulfonate levels higher than the background level of 0.5. No data
was available for 28 wells of the 2.5-acre producing wells. For



comparison, 81 of these wells (total of 91 wells at the time) showed
sulfonate levels higher than the background level in August, 1984.

Thirty-eight of 41 wells in the 5.0-acre pattern area showed sulfonate
levels higher than the background level during August, 1985. In August,
1984, 39 of these wells had sulfonate levels of 0.5 or greater. Sulfonate
data for both the 2.5- and 5.0-acre pattern areas are included on pages 64
through 67 of this report.



WBS No. 2400 - ECONOMIC MONITORING

PRODUCING WELL ABANDONMENTS

Introduction

Two producing wells were abandoned in the 2.5-acre pattern area of the M-1
Project during 1985. Both wells were Tow volume o0il wells which were
; environmental hazards.

Discussion

In the second quarter of 1985, two producing wells (J-2 and EB-5) in the
2.5-acre pattern area were abandoned. Both wells produced very low volumes
of 0il and had been Tabeled as "problem" wells because fluid flow to the
surface could not be controlled when they became inactive for any length of
time (due to holes in the casing string). With little or no uphole poten-
tial apparent, the wells were abandoned for both economic and environmental
reasons.

The locations of these wells are shown in Figure 19.

2.5-ACRE PATTERN AREA PRODUCTION STATUS

Introduction

Production levels from the 2.5-acre pattern area has been steadily falling.
With 18.9% of a pore volume of water now injected (133.6% pore volume since
initial slug injection), the 2.5-acre area appears to be approaching its
economic Timit.

Discussion

In early 1985, with the average production of the 2.5-acre area approaching
1.0 GBOPD per producing well, this area was rapidly approaching an uneco-
nomic status. As such, it became necessary to base a decision of each
well's continued operation on its current production level.

In setting minimum production rates for a well to remain active, it was
decided to use two economic 1imit cutoffs. The first or lower economic
Timit of 0.3 GBOPD was determined using the absolute minimum o0i1 production
that a well could have to remain active as long as no repair work became
necessary. ATl production wells producing below this 1imit were to be
shut-in immediately. Twelve wells fell into this category and are Tisted
below.

CDUIJW
oo O

10



A second or upper economic 1imit of 1.3 GBOPD was determined for the
minimum production allowed in order to permit remedial or repair work.
Wells which produced above the first cutoff but below this Timit were
allowed to remain active and will be kept active until the lower limit is
reached or repair work is required. A total of 29 2.5-acre wells fell into
this category and are listed below.

AA-11 H-0 L-14 R-0 T-10
XA-14 H-6 N-0 R-2 T-12
B-10 H-10 N-2 R-14 V-0

D-6 H-14 N-8 T-0 V-2

F-0 L-2 N-12 T-2 V-10
F-14 L-6 N-14 T-8

The locations of both groups of wells listed above are shown in Figure 20.

Initially, these minimum production rates were expected to affect only a
few wells. However, with 29 wells determined to have an uneconomic status,
an evaluation of workover potential was soon done for each well (producing
wells and injection wells) in the 2.5-acre area. Several factors were
considered in these evaluations such as well histories, past production (or
offsetting production in injection well evaluations), net footage of pay in
the well, etc. Upon completion of the evaluations, there were no recommen-
dations for any treatment work in the 2.5-acre area. As such, several of
these wells have remained inactive for six months or more and will probably
have no further production from the Main Robinson‘Sandstone.

Presently, there are no plans to begin permanently abandoning any of the
shut-in 2.5-acre wells. In addition, so as to take advantage of the
possible flooding of previously unswept pay, all injection wells have
remained active for several months regardless of the number of their
offsetting producing wells shut-in. It was suspected in some cases that
injection may have been channeling through the pay directly to a producing
well, and shutting in such a producer might improve sweep efficiency in the
area. In a few instances, this is still believed to be true as production
from wells adjacent to the shut-in producers did increase slightly.
However, there are several other cases where no such production increase
occurred, and injection wells have been shut-in. As production from the
2.5-acre area continues to decline, periodic evaluations will be done to
determine whether possible treatment work is needed or additional wells
should be shut-in.

11



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

TABLE 4

Tritiated Water Injection Wells

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-5 115 11 S, H New Well 5
1-7 75 29 S, L Conv. OiT Well 10
K-13 85 29 S New Well 10
0-13 100 54 S Conv. WF Inj. 20
M-5 70 46 S, ST New Well 15
S-5 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
*6 = Gauge

S = Shot

L = Fractured with lTow viscosity fluids

H = Fractured with high viscosity fluids

ST = Staged frac with moth balls
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Because the polymer
i1 the end of the month, the screen factor and

ty values may appear somewhat high for 411 ppm polymer

*Viscosity and $creen factor are determined by weighted averages.
concentration was not reduced unt
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