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By Wayne D. Sealey

HOUSTON–Low-permeability sands
hold the largest financial promise of all
the usual suspects in the unconventional
gas lineup. Industry studies rank it at al-
most 70 percent of unconventional U.S.
gas production and 20 percent of total
domestic production.

With advances in technology and the
new strategic application of existing
technology, tight sands plays are driving
exploration and drilling activity in sev-
eral basins. And it could not have come
at a better time. With the U.S. Energy In-
formation Administration projecting nat-
ural gas demand to incrementally grow
by 40 percent over the next two decades,
unconventional gas sources such as the
tight sands that blanket the Southwest,
Mid-Continent and Northeast are expect-
ed to play a major role in fulfilling de-
mand requirements.

Typically, tight sand plays are defined
as those with less than one millidarcy of
permeability, although some plays have
permeabilities in the nanodarcy level.
The combination of strong gas prices,
technology advances and the sheer size
of the resource base are making tight gas
an attractive target today. Estimates put
the amount of technically recoverable,
low-porosity natural gas in the United
States at more than 250 trillion cubic feet,
mostly in the Rocky Mountains, South
Texas and the Appalachians. But there

are even tight sands plays offshore in the
Gulf of Mexico.

Tight sands production could more
than triple over the next decade, but real-
izing the full potential of this unconven-
tional resource will not be easy. The high
operating costs and risks associated with
tight sand projects have historically been
barriers to development. Stronger gas
prices and advances in technology–espe-
cially improved completion methods–are
helping operators overcome these barri-
ers, but reservoir modeling and produc-
tion optimization remain critical issues in
ensuring economic production in tight
sands environments.

Understanding The Reservoir
The most common pitfall operators face

when modeling tight sands plays has noth-
ing to do with the performance of software
or computers, the location of perforations,
or the intricate mathematics behind frac-
ture design. It is all about achieving an ac-
curate understanding of the reservoir. A
thorough and comprehensive discovery
process is required to mitigate risk and en-

sure a successful completion. Because of
the high costs associated with these wells,
operators may be tempted to cut corners
and make assumptions in the early phases
of a project, assuming they are saving time
and money. In fact, the opposite is true. The
more time and effort devoted to discovery
to model and characterize reservoir prop-
erties in the earliest phases of a project, the
better the returns tend to be. The dividends
are in the details.

The discovery phase is not a single
step toward constructing a tight sands
well, but the blueprint by which the en-
tire process is designed, and it begins
with an exhaustive examination of the
reservoir rocks themselves. Understand-
ing rock properties up front is crucial to
minimizing financial risk, particularly
how the reservoir rock will respond to
various fracture designs, since the key to
economic tight sands production is an ef-
fective stimulation to allow the gas to
flow to the well bore.

In fact, optimizing a tight sands proj-
ect is impossible without first determin-
ing the petrophysical and geomechani-
cal characteristics of the reservoir rock.
From the basics of characterization by
facies and depositional environment, to
advanced measurements such as capil-
lary pressure and relative permeability,
proper rock properties analyses provides
the information to begin building de-
tailed reservoir models, designing the op-
timal completion plan, and determining
the amount of recoverable reserves. Sim-
ply put, the answers are in the rock. And
once extracted, they create the “base
truths” upon which a reservoir optimiza-
tion model can be constructed.

Six Phases
There are six distinct phases in mod-

eling and fracturing tight sands wells:
• Reservoir characterization;
• Rock-log calibration and petrophysics;
• Three-dimensional fracture design;
• Fracture production forecasting;
• Real-time monitoring; and
• Post-frac evaluation
The first phase, characterizing the

reservoir and evaluating the formation’s
rock properties, is where the battle is of-
ten won or lost in tight sands. Physical
rock properties control petrophysical be-
havior and steer geomechanical proper-

Reservoir Modeling Key In Tight Sands

Reservoir modeling and pro-
duction optimization are criti-
cal to ensure economic pro-
duction in tight gas sands.
The process begins with de-
tailed petrophysical and geo-
mechanical analysis of rock
properties and reservoir char-
acteristics.

SpecialReport: Reservoir Characterization

WAYNE D. SEALEY is senior
technical advisor at Core Laborato-
ries’ Integrated Reservoir Solutions
division in Houston. Sealey has more
than 25 years of experience in reser-
voir characterization and formation
evaluation.



ties in fracture-stimulated reservoirs. The
reservoir characterization phase includes
studying the key petrophysical, engineer-
ing and geomechanical properties, as
well as petrographic analysis and the
identification of rock types. It also in-
volves analyzing the compatibility of the
reservoir rock with fluid systems used in
completion and stimulation, fracture
connectivity, and other information for
predicting reservoir performance. The
wider the spectrum of measured and ob-
served rock fluid properties, the less fi-
nancial risk the operator assumes.

The next step is rock-log calibration
and petrophysical analysis, including
laboratory measurements of the rock
properties fundamental to log evaluation.
This allows actual physical properties to
be extrapolated over the entire logged
zone of interest. Overall, the process en-
tails reservoir-quality evaluations, pay
recognition criteria, permeability predic-
tion, capillary pressure and saturation
modeling, and the callibration of geome-
chanical logs.

It is critical to calibrate wireline and
seismic data to the petrophysical and flu-
id data. The most effective and accurate
laboratory analysis requires a full-diam-
eter core to determine the basic “fraca-
bility” of the rock. With this petrophysi-
cal and geomechanical understanding of
the formation, the operator can design the
best frac job to achieve optimal produc-
tion performance.

Frac Design, Evaluation
Three-dimensional fracture design

and modeling enables precise fracture
placement, the selection of appropriate
fracturing proppant, fluids and pumping
schedules, and accurate estimates of frac-
ture geometry.

A number of software tools and math-
ematical models are available for 3-D
fracture modeling, but success depends
directly on the quality of the data used
in the modeling process. The best soft-
ware tools cannot deliver optimum re-
turns without the right data. Frac design
packages such as Marathon Oil Co.’s
Grid-Oriented Hydraulic Fracture Exten-
sion Replicator (GOPHER) not only use
rock property information, but also take
into account variables such as the speci-
fications of the perforating gun system
and the characteristics of the perforating
charges. This level of detail eliminates
guesswork in the fracture modeling
process, and guessing in tight sands can
be expensive.

Fracture production forecasting mod-
els the full range of potential production
outcomes using various well property in-
puts and alternative treatment designs,
including different fracture geometries,
proppants and fluids. By adding finan-
cial variables, production forecasting
gives the operator snapshots of the eco-
nomic ramifications of each proposed al-
ternative, including net present value. As
with frac design, this type of modeling
becomes more useful when it is driven
by a detailed understanding of the reser-
voir, and includes accurate estimates of
the costs associated with individual stim-
ulation materials and job site equipment,

as well as holistic well costs. Combined
with completion and stimulation histo-
ries, the forecast results identify the frac
design alternative with the best econom-
ic outcome.

With the optimal treatment program
identified, the operator is now ready to
fracture the well. But to make certain that
the effort invested to this point in the dis-
covery, modeling and design processes
pays maximum rewards, the frac job
should be monitored in real time by a
comprehensive system using downhole
sensors to evaluate fracture effectiveness
during the treatment. Real-time monitor-
ing evaluates data such as pressure (i.e.,
initial, closure, net, fall-off, build-up
pressures) and compares them to histo-
ry matched modeled data to ensure an ef-
fective treatment.

The final step is post-frac evaluation,
using radioactive and chemical frac trac-
ers to evaluate proppant distribution at
the target zone, identify nonstimulated
or understimulated zones, and assess the
performance and load recovery efficien-
cy of the frac fluid. Advanced imaging
technology gives operators an accurate
picture of how well the treatment frac-
tured the formation, and whether a sec-
ond treatment is necessary.

Holistic View
Modeling and fracturing tight sands

requires a holistic view of each skill and
dataset involved in the six phases that
make up the process–from geophysical
data to frac proppants and fluids. But
when properly applied, this approach in-
creases incremental production and re-
covery, reduces risk, and maximizes the
full life cycle economics of tight sands
projects.

Seeking to advance the industry’s col-
lective understanding of the geological,
petrophysical and geomechanical prop-
erties of tight gas sands, a consortium was
formed in 2003 with participants repre-
senting both major and independent oil
and gas companies as well as service
companies. The consortium brings tight
gas sands expertise together with a data-
base of information from actual wells,
with a goal ultimately of formulating a
comprehensive series of best practices
using best available technologies for tight
gas sands development–including recom-
mendations covering all six phases in the
modeling and optimization process.

Specific consortium objectives include

Laboratory analysis of a full-
diameter core helps calibrate
wireline and seismic data to
petrophysical and fluid data,
and provides the basic frame-
work for optimizing the stim-
ulation and completion de-
sign of a tight sands well.
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generating intellectual assets ranging from
characterizing reservoirs based on depo-
sitional environments and rock types, to
integrating core data with well logs, frac-
ture stimulation techniques and produc-
tion test results. Since tight gas sands de-
velopment is relatively new, enabled by
both market factors and technology ad-
vances, few geological and petrophysical
analogs are available to support decision
making. Consequently, the consortium is

developing a tight gas sands rock catalog
with rock values for specific North Amer-
ican plays and basins. Eventually, a sec-
ond phase is planned to expand the con-
sortium’s work to tight sands overseas.

In the meantime, technology continues
to change the dynamics of tight sands mod-
eling and reserves development. Analyti-
cal software is yielding faster and more ac-
curate results, perforating charges are
breaking cleaner and penetrating deeper,

proppants are becoming lighter and more
functional, and real-time technologies are
providing better downhole diagnostics.
The bottom-line result is improved frac-
ture effectiveness and well performance,
making unconventional tight gas not only
economically viable, but an increasingly
important part of the natural gas supply
picture going forward.

SpecialReport: Reservoir Characterization


