Modeling and simulation catch up

We have only recently surmounted the
lengthy hypothesis/test cycletime problems
that other industries have conquered.
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omputer modeling and simula-

tion is common in many indus-

tries today. In the early days of
computing, simulation replaced physical
experimentation only in simple cases
where the simulations executed faster
than the associated physical experiments.

Since the late 1970s, however, advances

in numerical modeling and the use of
finite element methods (FEM) to model
all types of systems has mostly displaced
older, inflexible finite difference (FD)
techniques in many industries. FEM tools
have the advantage of automatically con-
centrating the computational effort on
the parts of the model that the physics
itself requires — handling both short-
duration transient behavior and very
sharp contrasts in model variables —
and making interactive modeling finally
possible. These tools have reduced
design-cycle time immensely and
improved the quality of designs because
designers are able to duplicate with
extraordinary fidelity the exact design
they have contemplated, with faith in the
models’ predictions.

Working in isolation

The petroleum industry doesn’t have
the luxury of designing reservoirs.
Nature has provided the design, but
then prevents direct examination of it
by burying it under miles of rock. The
industry has impressive technologies for
imaging deep, complex subsurface
structures and divining some of their
properties, but uncertainties about
hydrocarbon presence, rock properties
and other parameters are still extremely
challenging. The tremendous depth of
expertise required in the geosciences
and engineering fields and the ten-
dency of the specialties to isolate them-
selves in “silos” has made our problem
of understanding hydrocarbon reser-
voirs much like the situation of blind
men exploring the elephant in the
ancient fable from India: each specialty
has an essential contribution but,
arrived at serially and in isolation, the
reservoir can be mischaracterized with
potentially serious consequences.

This concern has always been an argu-
ment for reservoir modeling and simu-
lation, but we have only recently sur-
mounted the lengthy hypothesis/test
cycle-time problems that other indus-
tries have conquered. Why? Primarily
because the physics of hydrocarbon flow
in reservoir rock is considerably more
complex than that most other industries
have to deal with. Our modeling and

simulation problem is much more com-
plicated than that of most other indus-
tries, and our legacy FD tools have just
not been able to answer many impor-
tant reservoir development questions or
give answers to others in time to make a
difference. As a consequence, our
industry has largely had to experiment
with the drill bit. It is often said that
more than 95% of the world's reservoirs
and wells are not rigorously modeled.

Understanding the reservoir

While many attempts have been made
to apply FEM methods to reservoir-flow
modeling and simulation, only recently
have practical, commercial codes made
their appearance. A good thing, too, as
most modern well designs are more
complex than before, and the detailed,
dynamic interaction between these wells
and the reservoir is crucial to our
understanding of the nature and behav-
ior of the reservoir under development
and production. Think of it this way:
when a well starts to flow (or stops flow-
ing), we are hitting the reservoir with a
powerful stimulus that propagates out
far beyond the near-well region; the
reservoir’s response should tell us a lot
about the reservoir’s character.
Production flow rates and pressures are
the most definitive data we have about a
reservoir's extended properties and,
until recently, even simple well designs
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Figure 1. Stewardship of a reservoir implies that information gathered from related assets in all stages from exploration to pro-
duction is continually applied to refine the reservoir model. As the predictions become reliable, the stewards begin optimizing
the exploitation of the reserves. (Image courtesy of PointCross Inc.)
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in fullfield simulations had to be grossly
approximated with just one or a hand-
ful of FD grid blocks. In effect, our
reservoirs have been talking to us, but
we haven't had the technology to under-
stand what they are saying.

The waterfall workflow problem

A common workflow for today is virtu-

do the best they can to build initial
static models, which then pass, usually

ally a waterfall process: the geoscientists

irretrievably, into the domain of the sim-
ulation engineers. Only if the engineers

Visit Us at the Permian Basin International 0il Show Booth J 74 & J 75

A Proud Tradition

Innovation
and Quality

Moyno® PC Pumps
& Power Sections
* Proven leader in progressing cavity
technology and performance

* Optimized rotor/stator profile
geometries to deliver maximum
performance value

Power Sections

Tubing Wear
Prevention
Solutions (TWPS)
* Hercules® Rod Rotators

* New Era® Rod Guides
* RODEC™ Tubing Rotators

Moyno’ Down-Hole Pumps

"~ . RODEC
Tubing
Rotators

iMoyno Tri-Phaze® Pump System

Hercules® Rod Rotators

Moyno® ERT™
Power Sections
* 100% more power than

conventional power sections of
the same length

* High torque output permits a more
constant bit speed

= #New Era®Rag
Moyno Tri-Phaze® _ s e Guides
System OYND
* Handles liquids and gases of % D
varying ratios o
* Increases oil production and decreases /) -
wellhead pressure W e -]
‘ARl ROP,Revolution
M R&M ENERGY
W SYSy EMS

Excellence Through Innovation

\/

Moyno® ERT™
Power Sections

U.S.A. (936) 890-1064
Canada (780) 465-9500
www.rmenergy.com/hep

18 | E&P | October 2006

can’t successfully coerce the model to
agree with the reservoir’s production
data — i.e., get a “history match” - will
the seismic interpreters and geologists
get pulled back into the process. Many
petroleum engineers dismiss the
process. For the smaller discoveries of
today, many will say that their reservoirs
will be depleted before modeling would
give any guidance for their day-to-day
decisions, and they wouldn’t believe the
answers anyway.

Typically, a four or five stage-gated
process is used to mature exploration
and exploitation of a field, and the
gateposts often define an operating
company’s organization. For various rea-
sons, industry practice is to model the
reservoir during or after the appraisal
phase or even the development phase
or, in many cases, not at all. If modeling
and simulation were a quick turn-
around, credible process, it would be
prominent in every single one of these
lifecycle phases. That it is not demon-
strates the inadequacies of legacy mod-
eling tools.

FEM becomes commercial

The use of FEM for reservoir models is
more than a promise: the mathematics
and equation solvers for multi-phase
flows through complex structures are
commercially available today. FEM meth-
ods also feature fast automatic mesh gen-
erators, highly-detailed, near-well meshes
for complex wells, direct modeling of the
interior of hydraulic fracs and meshes
that can adaptively “follow” flood fronts.
However, overcoming the skepticism of
the 95% of the industry whose doubts
are rooted in decades of non-application
(and misapplication) of reservoir model-
ing will be a challenge.

Expanding the coverage of modeling
means that geologists can begin early in
the exploration phase to build a number
of plausible models. Because the ques-
tions to be answered in this phase are
very high level, the models do not have
to be highly detailed, so the process can
be very quick. Although the industry is
not accustomed to the idea of geophysi-
cists or geologists “doing simulation,”
there’s no steep learning curve, as with
FD simulation grids.
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