
 

 46 

9/27/2018; 9:15AM 
 

Potential for Improved Oil Recovery 
(IOR) in the Permian Basin Uncon-

ventional Reservoirs 
 

Stephen McClaine, P.E., Jacob Holloman, 
P.E., Cathy Norwood, P.E. & Maurice Gaddis, 

P.E. 
Hickman McClaine & Associates, Inc. 

  

 Due to the recent development of un-
conventional oil reservoirs in the Permian Ba-
sin, the daily oil production from the region 
has increased from 842,782 barrels per day in 
January 2007 to 3,406,000 barrels per day in 
August 2018 (eia, 2018).  Due to the nature of 
unconventional reservoirs, primary recovery is 
low. With current technology, primary recov-
eries appear to be less than 10% of original oil 
in place. Consequently, there is enormous po-
tential for Increased Oil Recovery (IOR) from 
the unconventional oil reservoirs in the Permi-
an Basin.  This paper gives an overview of the 
IOR methods that are being evaluated for fu-
ture use and/or being tested in the Permian Ba-
sin.  The results of these IOR methods in other 
basins will be discussed as well as the potential 
for these methods in the Permian Basin.  The 
following IOR methods will be discussed: CO2 
huff and puff; wet gas huff and puff; dry gas 
huff and puff; water flooding; surfactant flood-
ing; CO2 flooding; and High Pressure Air In-
jection (HPAI). 
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with Post-stack Fracture attributes 
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 The industry success in the Permian 
Basin continues to evolve.  While rig counts 
and production are at all-time highs, well bore 
communication problems have emerged.  This 
challenge in development threatens production 
rates and planned reserve additions while wast-
ing time and money. 
Permian Basin operators have identified the 
following challenges: 

Prior success has driven toward factory 
style drilling to maximize laterals on 
each lease, and these wells require ex-
pensive stimulation to produce from 
these rocks. 

Recent completions are communicating 
with existing producers driving overall 
production down and sometimes losing 
wells. 

Fractured Reservoir Characterization in 
their fields is critical for drilling, but 
time consuming and requires wide azi-
muth data that is not commonly availa-
ble. 

A solution is needed now, even in areas 
where wide azimuth data is not availa-
ble. 

 
 This project, in the Permian Basin, ex-
amines two wellbore communication situa-
tions.  In the first case, a Wolfcamp A comple-
tion fracs down 1,000 feet into an already ex-
isting Wolfcamp C producer.  The second case 
examines two laterals that communicate from 
completions within the same Wolfcamp zone.  
Post-stack 3D seismic fracture attributes are 
used to understand the likely causes of these 
wellbore communication cases.  A key to this 
analysis is the ability to co-render 4 attributes 
at the same time and create a fracture story plot 
along each wellbore.  The fracture story plot co
-renders volumes of the amplitude data, the 
fault enhance attribute, the discrete fracture 
network, and the fracture density attribute. 
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 This post-stack attribute workflow pro-
vides extracted seismic information which can 
positively impact fractured reservoir explora-
tion and development decisions.  Physically, 
fractures or fracture swarms scatter some of the 
seismic energy, creating an amplitude change 
that can be detected as an indication of frac-
tures.  Because of the subtle nature of the am-
plitude effects, detection and resolution of frac-
tures in these volumes depends on minimizing 
the noise in the seismic volume.  The resulting, 
calculated fracture attributes accurately image 
discrete fracture networks below l/28 for im-
proved reservoir understanding even in narrow 
azimuth data. 
 These fracture attributes are used to 
explain the cases of wellbore communication 
and then to create a strategy for future well 
spacing and completion stage placement.   
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 Naturally encapsulated, micro to na-
noscale fluid filled cavities within rock materi-
al retain compositional attributes and physical 
properties useful for evaluating unconventional 
plays.  We have developed a laboratory work-
flow for characterization of these fluids and 
their host rocks (cuttings or core) utilizing a 
modular approach whereby samples are con-
veyed sequentially through a series of automat-
ed analyzers including: high-resolution UV 
and visible light photography, trapped volatile 
analysis by direct quadrupole mass spectrome-
try, X-ray fluorescence analysis and diffuse-
reflectance infrared Fourier-transform spec-
troscopy. All analyses are performed on the 
same 0.5g rock sample, preserving interrela-
tionships between rock and fluid, and allowing 
for multiple data streams to be collected on 
limited sample volumes. The entire multi-stage 
analytical cycle lasts 5 days, thus bridging the 
gap between real-time analyses and longer-
term core evaluations.  High throughput allows 
databases to be quickly and cost-effectively 
generated on fresh or legacy samples of any 
age, drilled with any mud and bit type.   
 Data are used for a variety of purposes, 

but the most practical applications for uncon-

ventional plays are ultimately aimed at evaluat-

ing vertical wells for horizontal well placement 

and identifying variability along laterals that 

can be exploited for more effective comple-

tions.  In addition to its intrinsic value, whole-

wellbore cuttings analysis provides an efficient 

screening technique that enables appropriate 

sample selection for more detailed analyses.  

Examples will be provided from several North 

American resource plays, including those with-

in the Anadarko, Delaware and Midland Ba-

sins. 




