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Reservoir Management, Sooner Unit, Colorado
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Reservoir Management, Sooner Unit, Colorado

Figure 4. Gross thickness of the “D” sandstone mem-
ber of the Graneros Formation in the Sooner unit;
contour interval, 10 ft.

Figure 5. Seismic amplitude of “D” sandstone wave-
form peak. Seismic amplitude corresponds very well
with sandstone thickness; contour interval, 13,000
amplitude units.
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Figure 6. Potential reservoir boundaries inferred from
seismic amplitude of “D” sandstone waveform peak
where linear trends of low amplitude may be related
to faults. Integrating these potential-reservoir flow
boundaries with engineering and geologic observa-
tions has led to identification of infill-drilling opportu-
nities.

reservoir compartments, and evaluations are un-
derway to maximize oil recovery in a cost-effective
manner (Figs. 2,6).
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Demonstration of the Electrically Initiated
Heat-Flooding Process in the Peru Sandstone—
A Fluvial-Dominated Deltaic Reservoir
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Erich Sarapuu and Robert H. Crowther
Bio-Electric Corporation
Kansas City, Missouri

ABSTRACT.—Electrofrac is the tradename of the electrically initiated heat-flooding process
that has been demonstrated in an oil lease located in Neosho County, Kansas. The oil reser-
voir in the Peru Sandstone at that location is shallow and generally unproductive, with essen-
tially no natural driving pressure, and natural flow is typically just 1-3 gallons per day per
well from ~20 ft of pay sandstone. Commercial-scale prototype facilities have been employed
to increase production beyond 10 times the natural rate for extended periods during field-scale
research and development work. Increased production was sustained for more than two years.
The ultimate potential may prove much better, because the field was only partially stimulated

during those demonstrations.

INTRODUCTION

Application of thermal energy as primary, sec-
ondary, and even tertiary oil-recovery techniques
has been tried in oil fields with mixed results. It
was initially considered a process suitable for
heavy-oil reservoirs, but later research and inves-
tigation revealed mechnisms involved in the ther-
mal-recovery processes that can be taken advan-
tage of for light-oil reservoirs as well. Examples of
thermal-recovery techniques are in-situ combus-
tion, more commonly known as “fireflood,” and
steam flooding. Other less-known thermal-recov-
ery techniques are the detonation of thermo-
nuclear devices and the use of electrical energy.
Electrical energy can be used for bottom-hole heat-
ing within a single wellbore to initiate combustion,
or for heating of injected or produced fluid.

An alternate technique is to take advantage of,
and alter the natural earth resistance between,
two electrodes spaced a considerable distance
apart. This technique has been successfully ap-
plied to “electrocarbonization” experiments with
coal in both the laboratory and the field (Sarapuu,
1951), tar sands (Schoeppel and Sarapuu, 1962),
and oil shale (Sarapuu, 1945). Successful elec-

trocarbonization and creation of fractures have
been documented in the literature (Sarapuu, 1957,
Hill, 1952; Slezak and Davis, 1952). It seems to be
feasible to take advantage of the electrocar-
bonization and the eventual creation of electrical
linkage to initiate combustion within the reservoir
far from the wellbore. This process can be used as
a stimulation technique for the kind of reservoirs
in which a displacing front cannot be created be-
cause of the existence of extensive natural frac-
tures or simply because of the nonhomogeneity of
the reservoir.

ELECTRICALLY INITIATED
HEAT-FLOODING PROCESS

The electrically initiated heat-flooding process
entails the use of downhole electrodes mounted in
the oil-bearing sandstone, a specially configured
electrical-power unit, and facilities for injecting air
and fuel into a controlled-combustion zone within
the area to be stimulated. One essential feature is
creation of electrically conductive paths within the
oil-bearing sandstone. This requirement is accom-
plished in either, or both, of two mutually support-
ive ways: (1) electrocarbonization of a small por-
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tion of the oil present between electrodes mounted
in the oil-bearing sandstone and (2) injection
of electrically conductive pellets with, or in place
of, the sand normally injected during hydraulic
fracturing as part of the original well completion.

RESERVOIR AND
DEMONSTRATION SITE

The reservoir is located within the Saint Paul—
Walnut field in the east-central portion of Neosho
County, Kansas, at a depth of ~200 ft. The oil is
trapped in fluvial-deltaic channel sandstones of
the Peru Sandstone that form a depositional sys-
tem averaging ~1 mi wide and elongated to the
northeast. The shallow-marine environment of
deposition has caused the sandstone to occur in
irregular, islandlike patterns of fluvial-deltaic
channels and to have varying degrees of thickness.
Permeability of the reservoir increases from top to
bottom and is directionally oriented southwest-
northeast.

The oil left in the formation is hard to recover
by conventional recovery techniques, because of
the unfavorable reservoir characteristics. The

S. Vossoughi and others

greatest difficulties are caused by the highly het-
erogeneous character of the oil-bearing sandstone.
Within just a few feet, a large variation of perme-
ability (in the range of 25-150 millidarcies) is ob-
served. In addition, some of the thin stringers in
the formation have permeabilities of only a few
millidarcies, thus creating serious lateral and ver-
tical heterogeneities.

The electrically initiated heat-flooding process
was tested in two leases, totaling 240 acres, called
the Beachner-1 and Beachner-2 leases. Both are
located in Neosho County, Kansas, in T. 29 S, R.
21 E.

FIELD-TEST RESULTS

The original field research (in 1960-61) in-
cluded both air injection and electrically enhanced
in situ combustion. The capability of the process
was later demonstrated in 1979-81, when produc-
tion was enhanced by a factor of 4.5-5.4 during the
periods of intermittent (cyclic) stimulation. Figure
1 shows oil production before, during, and after
field trials at the Beachner-1 lease during 1979—
81.
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Figure 1. Oil production during first field trial at Beachner-1 lease.
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Figure 2. Crude-oil production history during and after application of the electrically initiated heat-flooding
process in the Beachner-1 and Beachner-2 leases (solid lines) and selected (nonfractured) neighboring

leases (total production shown by dashed lines).

Better evidence of effectiveness was recorded in
a later commercial-scale trial during 1983. The
average production from test wells was enhanced
by a factor ranging from 5.2 to 10.7 in a five-spot
test pattern where electrical stimulation, air injec-
tion, and cyclic heating were introduced at the cen-
ter well. This trial was then expanded to include
partial stimulation at several wells in a field of 49
wells. The overall result, based on average annual
production, was an enhancement ratio in excess of
20 for the field as a whole. Figure 2 shows historic
annual production for the Beachner-1 and Beach-
ner-2 leases combined and for neighboring leases
to the south that also benefited indirectly from the
stimulation and cyclic heating conducted at some
of the wells on the Beachner-1 and Beachner-2
leases.
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