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Horizontal waterflooding increases
injectivity and accelerates recovery

A northeast Oklahoma operator has completed an injector and two producers
with horizontal wells in the shallow Bartlesville Sandstone to identify cost-effective
short-radius drilling techniques, and strong present-value economic improvements

R. V. Westermark, Grand Directions, S. Robinowitz, Grand Resources, Inc., and H. V. Weyland, US

Department of Energy

Grand Resources is applying hori-
zontal waterflooding in northeast Okla-
homa’s Bartlesville Sandstone to realize
much higher injectivity, improved sweep
and accelerated recovery. The combined
effect should improve present value
(PV10) over five-fold, compared to con-
ventional vertical waterflooding. Grand
has successfully drilled an injection and
two production wells using short-radius
drilling techniques.

Real-time learning and innovation
proved effective in controlling costs. Ini-
tial injection, which is just now begin-
ning, confirms higher injectivity. More
time, but not many months, is needed
to realize the oil production response
that simulation predicts.

HISTORICAL NE OKLAHOMA
OIL PRODUCTION

The Bartlesville formation in north-
east Oklahoma has been very prolific,
producing more than 1.6 billion barrels
of oil. However, the recovery efficiency
of both primary and secondary pro-
duction has averaged a low 20% of the
original oil in place (OOIP). Primary
recovery is low due to: 1) a solution gas-
drive mechanism, which results in rapid
pressure depletion; and 2) low initial
reservoir pressure—a consequence of the
shallow depth.

Secondary recovery operations are of-
ten neither effective nor economic due
to shallow depth, existence of natural
fractures, and low matrix permeability.
Operators frequently perform fracture
treatments on the injection wells and
inject water above the reservoir’s frac-

ture-parting pressure to achieve better
injectivity. The result is often unfavor-
able since the water tends to channel
through the fractures, bypassing much
of the remaining oil.

PILOT FIELDTEST IN
OSAGE COUNTY

Horizontal waterflooding, as applied
in this project, consists of one horizonral
injecrion well and two adjacent, paral-
lel horizontal producing wells. The basic
concept is that large volumes of water
can be injected at pressures below the
fracture-parting pressure of the reservoir.
The horizontal producing wells can, in
turn, capture the oil that has been mo-
bilized. Simulation studies for thicker
sand sections indicate that optimum
performance can be achieved by placing
horizontal injection wells near the bot-
tom of the formation, with horizontal
producers located near the top. Good
vertical permeability is required.

A suitable test site was identified in

Wolco field, Section 25 T25N RII1E.
Simulation studies confirmed site suit-
ability and optimum well placement. The
Bartlesville Sandstone at this site has an
average thickness of 85 ft, porosity in
the range of 16% to 20%, and estimat-
ed permeability of 30 mD to 100 mD.
Based on simulation studies, the hori-
zontal injection well should be drilled 20
ft from the botrom of the sand, while the
two producing wells should be placed 20
ft from the top of the sand. Production
rates predicted from reservoir simulation,
Fig. 1, illustrate the much quicker and
higher oil production from horizontal
waterflooding. However, a large amount
of water will be produced, which must
be considered in surface-facility design.

DRILLING TECHNIQUE
Cost-effective drilling operations are
the cornerstone of this horizontal water-
flooding program. Rock mechanics stud-
ies indicated that the matrix of this Penn-
sylvanian formation has the strength
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Fig. 1. Comparison of simulation results for vertical and horizontal waterfloods.
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and competency to allow for open-hole
completions, which keeps completion
costs lower.

Directional drilling uses the rotary
drilling system developed and licensed
by BP. Simply put, this system comprises
two drilling assemblies: a curve drilling
‘assembly (CDA) and the lateral drilling
assembly. The CDA drills a very predict-
able curve of a designed turning radius
based on tool configuration. Then the
CDA is removed from the well and the
lateral drilling assembly is run to drill
the desired horizontal well section.

Drilling operations are illustrated with
Wolco 4A data. The vertical portion was
drilled to a TD of 1,628 ft. The 5%-in.
production casing was run to 1,627 f,
and cement was circulated to surface.
The CDA was picked up, run into the
well, and oriented with a gyroscopic sur-
veying tool. The 90° curve was drilled
per the well plan from 1,635 ft to 1,743
ft, maintaining the desired direction as
planned. This portion was drilled using
water as the circulating medium,

The lateral section was drilled circu-
lating with air/foam to minimize for-
mation damage to the low-pressured
reservoir. Two different lateral drilling
assemblies were used for drilling the hor-
izontal section. A modified air-hammer,
bottomhole assembly was first run in the
well; but a correction run was necessary
as the air-hammer assembly was drop-
ping angle too quickly.

After the correction run, a packed-
hole rotary drilling system was used,
with frequent surveys taken to check for
proper wellbore direction and inclina-
tion. The packed bottomhole assembly
held the desired inclination angle and
direction, and the well was drilled to a
measured depth of 2,732 ft. Directional
plots compare actual results vs. the well
plan, Fig. 2

LOGGING SHORT-RADIUS
WELLS

Grand Resources has developed a
method to log horizontal wells through
short radius curves by deploying log-
ging tools via sucker rods. The gamma
ray, density, induction and borehole tele-
viewer logs were run to determine fluid
saturations, identify fractures and con-
firm geology through the horizontal sec-
tion of Wolco 4A. Logs were run into the
horizontal wellbore section about 500 ft.

Friction and flexibility of the sucker
rods prevented the logs from going far-
ther. To overcome the distance limita-
tion of the sucker rod-conveyed logging
technique, work is progressing on using
a tractor to log up to 2,500 ft of lateral
wellbore through short-radius curves.

PROJECT ECONOMICS

Three Bartlesville Sandstone hori-
zontal wells were drilled in the follow-
ing sequence—Wolco 4A, 6A and 5A. A
continual improvement process of well
planning, drilling, and a detailed opera-
tions review proved to be an effective
method to apply lessons learned from
each well drilled. These methods resulted
in each successive well being drilled more
efficiently—and therefore more cost ef-
fectively—than the last. Well costs were
$257,000; $214,000; and $202,000, re-
spectively, compared to abour $98,000
for a typical vertical well.

Simulation results, coupled with an
economic evaluation, indicate that a hor-
izontal waterflood on 23-acre spacing
would generate $2.9-million cumulative
revenue over six years of operation, com-
pared to $1.4-million cumulative revenue
over 30 years of operation for a five-spot
vertical waterflood. Present values (PV10)
for horizontal and vertical waterfloods in
Wolco field are $2.3 million and $0.4

million, respectively, representing more
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Fig. 2. Directional plots for Wolco 4A well.

than a five-fold improvement.

PRODUCTION RESULTS

Pumping units have been installed on
the two producing wells. Insert pumps
in the 27%-in. tubing are set in the verti-
cal well section, placing the pump inlets
90 ft above the horizontal section. The
producing wells began pumping in early
January 2004. The injection well, Wolco
4A, was completed with a packer in the
5%-in. casing in the vertical well section,
with 2%-in. internally coated tubing.

Water injection began on December
30, 2003, at 2,000 bwpd, which is being
injected at zero surface pressure. This
provides an initial injectivity substantial-
ly greater than the historical injectivity
of former vertical injection wells in the
area adjacent to and south of the Wolco
pilot area. More time, but only in the
order of months, will be required before
production response should occur. WO
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