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Goal

The goal of this project is to demonstrate an
economically viable and sustainable
method of producing shallow heavy oil
reserves in southwest Missouri and south-
east Kansas using a combination of micro-
bial enhanced oil recovery (MEOR) and
hydraulic fracturing of vertical wells.

Performers

University of Missouri
Rolla, MO

Pinnacle Technologies, Inc.
San Francisco, CA

Results

The project has been undertaken to demon-
strate an economically sustainable method
of producing shallow heavy oil reserves in
Missouri using a combination of MEOR
treatments and horizontal fracturing in ver-
tical wells. The project includes a surface
geochemistry survey. Electrical resistivity
tomography (ERT) also has been applied to
monitor the reservoir volume affected by
the microbial treatments. Results from the
survey were used with 2-D resistivity pro-
files to determine the most favorable
drilling locations.

Benefits

The extremely shallow heavy oil deposits
in southwest Missouri are at an average
depth of 160 feet. While Missouri is not
known as a major oil-producing state,
experts have estimated that it has over two
billion barrels of recoverable oil. Use of a
combination of methods, including
hydraulic fracturing, MEOR, ERT, and sur-
face geochemistry, could help independent
operators in Missouri recover significant
quantities of heavy oil.

Background

Significant heavy oil reserves lie along a
corridor that extends for 250 miles along
the Kansas-Missouri border and covers an
area of nearly 8,000 square miles. Heavy
oil (ranging from 8° to 25° API gravity) is
found throughout this trend, most frequent-
ly in the Warner sandstone of the Middle
Pennsylvanian-age Cherokee Group. A

Iowa
Nebraska

-mHKansas City
Kansas : . .
| Missouri

Whicitam & Cushard #1

uJoplin
Tulsam

Oklahoma | Arkansas

Heavy Oil Area

Occurrence of heavy oil in western Missouri, eastern Kansas, and northeast-

ern Oklahoma (Health et al, 1977).

study conducted by Wells1 in 1979 indicat-
ed that heavy oil resources in Missouri
alone total nearly 2 billion barrels.

(Note: DOE defines heavy oil as 10° to 20°
API gravity and gives the most recent esti-
mate for heavy oil-in-place for Missouri as
100 million barrels, with an additional 100
million barrels in Kansas and 500 million
barrels in Oklahoma from the Forest City
and Cherokee Basin region.)2

Historical attempts to recover Missouri’s
heavy oil have focused on steamflooding,
intermittent steam injection, and a reverse
fireflood. While intermittent steam injec-
tion has proven technically successful, the
operation was not sustainable at low oil
prices. Without any enhanced recovery
techniques, wells in western Missouri will
yield less than 1 barrel of oil per day.

Summary

Project researchers collected 110 soil sam-
ples in a grid pattern from leaseholds in
Vernon County, MO. Another 65 soil sam-
ples were collected around previously
drilled wells. Geochemical analysis was
used to identify productive and non-pro-
ductive areas of the Warner sand. The sam-
ples were analyzed for 11 C1-C6 hydrocar-
bon components using gas chromatography
and synchronous scanned fluorescence.
The fluorescence data showed good con-

tract between productive and non-produc-
tive areas.

The project team drilled five vertical wells
to a depth of 220 feet in the Warner sands.
The cores were collected and analyzed to
design the hydraulic fracturing treatments.
Fifteen latest-generation, self-leveling tilt-
meters were placed in surface holes to
access the deformation from the hydraulic
fracture treatments.

Microbial treatments were started in all
wells in late 2003. The wells have been
treated monthly with 8 gallons of Para-Bac
S, 4 gallons of Ben-Bac, and 8 gallons of
Corroso-Bac with one barrel of flush.
MEOR treatments were placed in the well-
bore but were not squeezed into the forma-
tion, primarily due to limitations of the
openhole wells.

Following each microbial treatment, 3-D
ERT measurements were taken to deter-
mine the effects that microbes are having
on the heavy oil. ERT data acquisition
involves the collection of resistivity and
chargeability (induced polarization, or IP)
data between all three well pairs: well Nos.
2to 3, 2 to 4, and 3 to 4. The data show
strong evidence for electrical changes in
the oil-bearing formation since the start of
the microbial treatments. Generally, there
has been an increase in resistivity of the
Warner sand since initiation of the micro-
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bial treatment. This may result from the
bacterial mobilization of oil from the min-
eral surface into the pore space.

ERT wells have not been pumped as
planned, due to difficulties in removing the
ERT arrays. Pumping results on the
hydraulically stimulated wells have had
strong oil shows with gas. Microbial treat-
ments continued into the summer of 2004,
and at least one ERT well was scheduled to
be pumped to determine the production
results of this project.

Current Status (August 2006)

The project was granted a 1-year extension.
Results will be presented in the final report,
due 90 days after the end of the project.

Funding

The project was selected under DOE’s
Preferred Upstream Management Practices
(PUMP) 3 solicitation, DE-PS26-02NT15378
issued in February 2002.

References

1. Wells, J.S.,Inventory of Heavy Oil in
Western Missouri, U.S. DOE Report No.
BETC-1808-1, 1979.

2. Olsen, D.K. and W.I. Johnson,
Feasibility Study of Heavy Oil Recovery in
the Midcontinent Region (Kansas,
Missouri, Oklahoma), DOE Report
NIPER-560, April 1993.

TS =
i T
woof L L0
5l |
| |
il
LT
(1|1
bl T 1
e
HEEE
am. =N
iI
i

e r

&AM Unila e Chma-168
[ n=l
Crhma-fiakl

Typical log showning Blue Jacket
and Warner sandstones.
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Project Start: October 1, 2002
Project End: September 30, 2006

Anticipated DOE Contribution: $641,927
Performer Contribution: $675,459 (51 percent of total)

Contact Information

NETL — Daniel Ferguson (daniel.ferguson@netl.doe.gov or 918-699-2047)
U. of Missouri — Shari Dunn-Norman (caolila@umr.edu or

573-341-4840)
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