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Using Biosurfactants
Produced from Agriculture
Process Waste Streams to
Improve Oil Recovery in
Fractured Carbonate
Reservoirs

DE-FC26-04NT15523

Goal

The project goal is to evaluate the use of
low-cost biosurfactants produced from
agriculture process waste streams to
improve oil recovery in fractured carbonate
reservoirs.    

Performers

University of Kansas (KU)
Lawrence, KS

Idaho National Laboratory (INL)
Idaho Falls, ID

Results

The INL team successfully produced the
first batch of biosurfactant for this project
using Bacillus subtilis 21332 and purified
potato starch as the growth medium.  The
biosurfactant was shown by Fourier trans-
form infrared spectroscopy and high-pres-
sure liquid chromatography to be surfactin.
INL continues to provide surfactin to the
KU team as required for wettability and
adsorption studies.

Candidates for benchmark chemical surfac-
tants with molecular structures similar to
the biosurfactant were identified and sam-
ples obtained.  Interfacial tension of a range
of surfactants with Soltrol 130 was deter-
mined using a ring tensiometer.

Rock cores were cleaned by flooding with
tetrahydrofuran (THF) and allowing to
soak for up to 3 days at 45 °C.  This was
repeated until the effluent was colorless.
The cleaning solvents were found to be
incompatible with the Viton sleeve used in
the core holders, and so cores were isolated
from the sleeve by the use of Teflon® heat-
shrink tubing.  The THF was displaced
with chloroform, followed by methanol
and finally water.  Crushed reservoir mate-
rial is used for static wettability and adsorp-
tion testing.  The surface area per unit mass
was measured, and the crushed rock sam-
ples were cleaned using the same sequence
of solvents as the cores. Cleaned cores
were saturated with Soltrol 130 and placed
in imbibition cells to measure the sponta-

agriculture process waste products.
Increased domestic production will reduce
the reliance of the United States on
imported oil. It will ensure a continued
income for operators of established fields
and make possible the exploitation of pre-
viously uneconomic reserves.  In addition,
the production of biosurfactant will pro-
vide a use for high-BOD (biochemical
oxygen demand) agriculture process
stream waste, with benefits for both the
operators and the environment. 

Background
U.S. oil production has been in steady
decline for the past 30 years.  Significant
effort has been devoted to improving oil
recovery by using various secondary and
tertiary recovery methods.  Although these
efforts have resulted in a significant
increase in recovery efficiency, almost two-
thirds (~350 billion barrels) of the U.S. oil
resource still remains stranded and unpro-
duced.  Previous research has demonstrated
that the injection of surfactants into oil
reservoirs can be very effective in mobiliz-
ing stranded oil.  However, the economics
of surfactant injection rarely have been
favorable in actual field applications
because of the cost associated with high-
concentration chemical surfactants. 

Summary
This three-year research project is evaluat-
ing the use of low-cost biosurfactants pro-
duced from high-starch agriculture process
waste streams (e.g., potato or rice process
effluents) to improve oil recovery in frac-
tured carbonate reservoirs.  Specifically, the
project examines the ability of the biosur-
factants to effect wettability change that
positively affects oil recovery in fractured
carbonate rock by accelerating the sponta-
neous imbibition process during water-
flooding. 

The work scope is divided into four task
areas:

• Task 1—Produce, screen, and character-

neous imbibition of water.  This is the first
step in determining the wettability of the
cores.  Amott wettability tests are ongoing,
but researchers found them time-consum-
ing, so a simpler, rapid wettability test—
based on partitioning of small (0.2-0.3g)
samples of crushed rock material between
aqueous and oil phases—has also been
adopted. 

The wettability change of Lansing-Kansas
City field and outcrop material mediated by
dilute solutions of commercial anionic sur-
factant (STEOL CS-330, sodium laureth
sulfate) and surfactin was assessed using
two-phase separation and water flotation
techniques; and surfactant loss due to
retention and adsorption by the rock was
determined.  Surfactant concentrations
were determined using a surfactant-ion
selective electrode to detect the endpoint in
potentiometric titrations with Hyamine
1622.  Qualitative tests indicate that on a
molar basis, surfactin is more effective than
STEOL CS-330 in altering wettability of
crushed Lansing-Kansas City carbonates
from oil-wet to water-wet state.
Adsorption isotherms of STEOL CS-330
and surfactin on crushed Lansing-Kansas
City outcrop and reservoir material showed
that surfactin has higher specific adsorption
on these oomoldic carbonates.  Dynamic
adsorption studies on intact cores are also
under way. 

Benefits

The successful completion of this project
will lead to a method to significantly
increase domestic oil production by recov-
ering previously unrecoverable stranded
oil and promote the beneficial reuse of

Effluents from cleaning Leurman #7
field core. Solvents are tetrahydrofuran
(THF), chloroform, methanol and
water.

Core covered with Teflon® heat
shrink material
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Project Start: October 1, 2004
Project End: September 30, 2007
Anticipated DOE Contribution: $560,000
Performer Contribution: $200,000 (26 percent of total)
Other Government Organizations Involved : Idaho National Laboratory
Contact Information

NETL – Chandra Nautiyal (chandra.nautiyal@netl.doe.gov or 918-699-2021)
U. of Kansas – Jenn-Tai Liang (jtliang@ku.edu or 785-864-2669) 
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ize biosurfactants produced from agricul-
ture process effluents. 

• Task 2—Evaluate the biosurfactants for
improved oil recovery in fractured carbon-
ate reservoirs. 

• Task 3—Undertake economic analyses
using benchmark chemical surfactants. 

• Task 4—Technology transfer. 

Current Status (February 2007)

This detailed project summary describes
research progress during the first 24
months of an expected 3-year project.

Funding
This project was selected in response to
DOE’s Oil Exploration and Production
solicitation DE-PS26-04NT15450-3D. 

Rapid wettability measurement by
two-phase separation. Crushed
Miami oolite in RO water/Soltrol
130: (a) clean, (b) & (c) with no ini-
tial water saturation after 2 & 4
weeks under crude oil at 65 °C to
show rapid change to oil wet state,
(d) & (e) with initial water satura-
tion after 2 & 4 weeks under crude
oil at 65 °C to show slower pro-
gression through mixed-wet state.


