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AA
n industry project with potential to
change upstream oil and gas work
will take an important step forward

later this year with release of initial speci-
fications for an open computing platform
for shared earth modeling (SEM). The
specifications will carry the trademarked
name epiSEM.

An article in Oil and Gas Journal last
November described the collaborative-

initiative, coordinated by the Petrotechni-
cal Open Software Corp. (POSC).1

This article expands on some of the
key ideas behind the project and reports
on its progress.

The challenge
The POSC SEM project is a collabora-

tion between the following sponsoring
companies: Agip (ENI SPA), Chevron, In-
stitut Français du Pétrole, Landmark
Graphics, Mobil, Petrotechnical Data Sys-
tems, POSC, Schlumberger/GeoQuest,
Shell, and Statoil.

The sponsors have developed an un-
derstanding that a shared modeling envi-
ronment is one in which the individual

computer views of the subsurface, ob-
tained through series of disparate scientif-
ic analyses, can be made to reinforce each
other through iterative and interactive
processes of experimentation and com-
parison. They believe that innovations in
SEM resulting from this project will bring
benefits to two communities: 1) oil and
gas companies and 2) vendors of techni-
cal computing software for the explo-
ration and production industry.

For oil companies, the goal of the
POSC SEM project is to enable the earth
models constructed by engineers and
earth scientists to be developed more effi-
ciently and to be used more effectively to
improve decision-making. As a result,
this community will benefit from in-
creased well success, reduced time to
first oil, reduced operating costs, and in-
creased recovery rates.

For the E&P vendors, the goal of the
project is to define the framework for an
open computing platform for SEM. This
community’s benefits include the estab-
lishment of an effective mechanism for in-
tegrating current products, reduced infra-

structure costs, a lowered barrier for entry
to the market for niche vendors, and a
vehicle for building the next generation of
earth-modeling software.

Enabling the integration of the drilling
domain with geological and geophysical
data is emerging as one of the initial
themes of the project. In the future, how-
ever, a shared modeling environment
must be capable of integrating new tech-
nologies quickly and easily. An example
is the emerging technology of multiwell
seismic, which offers the promise of high-
resolution measurement of reservoir rock
properties throughout the reservoir zone
and the tracking of small-scale changes as
hydrocarbons are produced.

A major challenge for the project will
be to design epiSEM with the flexibility to
include support both for new technolo-
gies as well as support for the current tool
suites. By incorporating a flexible design,
epiSEM will provide a solid foundation
for the development of current and future
generations of earth-modeling products.

An initial challenge for the project was
to decide where to focus early efforts.
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“The problem landscape is daunting,”
said Dan Schenck, POSC business unit
manager and project coordinator. “In
many ways, shared earth modeling re-
quires the ultimate collaborative comput-
ing environment in order to support a
complex collaborative work environ-
ment. In essence, it is all about providing
a new generation of decision-support
tools of the quality required to fulfill cur-
rent and anticipated business require-
ments.”

Schenck said that the project would
not achieve that goal if epiSEM imposed
arbitrary technical constraints in the name
of standardization or presented mandato-
ry requirements that rendered existing
software largely obsolete.

For these reasons, the team agreed to
adopt a lightweight route to standardiza-
tion. This means initially collaborating on
specifications that provide added value to
end-users by enabling integration of es-
tablished and emerging products from
different problem domains and develop-
ing specifications for software compo-
nents that are widely viewed as “near-

term” commodity.
The sponsors’ vision is that the indus-

try migrates to what Tim White, director
of strategic earth modeling initiatives at
Landmark Graphics Corp., calls “model-
centric” ways of working.  In this para-
digm, the shared “models” regularly add
value to the work flow by integrating
data, interpretations, and associated
knowledge, thereby providing guidance
and support for the asset team through-
out the asset’s life cycle.

Steve Daum, managing director of
Petrotechnical Data Systems in The
Hague, added, “Some would argue that
too often the value has flowed in the op-
posite direction:  technicians producing
ever more sophisticated, complex, and
expensive subsurface models which
cannot be shared and therefore fail to ef-
fectively support cross-discipline deci-
sion-making. Too often we tend to get
distracted by the technology and lose
our sense of perspective. Effective shar-
ing of earth models should provide the
means to keep perspective: to balance
the facts, the findings, and the views of

the asset team members.”
An SEM platform is a prerequisite for

White’s vision of a “model-centric” E&P
organization.  To be effective, models
need to be synchronized, but the team has
recognized that the real problem entails
much more. It means maintaining data
dependencies; capturing the who, what,
where, when, why, and how of change;
quantifying uncertainty; ensuring accessi-
bility; unifying wide variances in time
and distance scales; and allowing differ-
ent perspectives on the same information.

Drilling down
Much of the project’s early work has

been focused on generating requirements
by developing domain-specific scenarios.

Robin Getty, project requirements en-
gineer and principal consultant with
Petrotechnical Data Systems, tasked with
developing the requirements-gathering
approach and coordinating a workshop
program, adopted a two-phase approach.

“First we got everyone on the same
page via a comprehensive questionnaire
(38 open questions) designed to identify
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shared earth modeling (SEM) project has developed real-life
scenarios for application of SEM concepts.

Schlumberger/Geoquest, a project sponsor, assembled
this description of a progression of high-level use cases for
the life cycle of a field development.

A new area is targeted for
prospect analysis, and a 3D
seismic survey is shot spanning
several square kilometers.
There is no prior drilling activi-

ty except for some wells in remote leases several kilometers
away.

Part of the survey shows some prospect potential, and the
3D seismic is interpreted for several key horizons covering
that area. Only faults that are clearly visible are interpreted,
although other anomalies exist which may also be faults.

Interpreted horizon and fault structure boundaries are
modeled in time within the selected prospect area extent,
and structures within the SEM are defined. Estimates of rock
properties (velocities, porosity, etc.) are made from data
from the remote wells and correlation with the geology and
seismic of the new region.

From a coarse velocity model based on these estimates,
the structural model is converted into the depth domain. The
depth-converted structural model allows a volumetric analy-
sis of the prospect. 2D and 3D maps of the model are docu-
mented along with other supporting data, all of which are
presented for final determination of the prospect.

It has been decided to go
ahead with planning for up to
three discovery wells for the
Case A project. Several months

have passed since the work on Case A was completed since

time was needed to present to management and other in-
vestors.

The Case A project data set is recalled without any fur-
ther changes to it and used as the basis for locating the tra-
jectories of three wells. Some of the faults appear to seal
parts of the formation and are critical to the process. The tar-
gets are often identified on the background of seismic infor-
mation in time and subsequently depth-converted for the
trajectory planning.

Well planning is completed, and the well paths and sup-
porting data are added as part of the project. 

The first well of Case B was
a hit so a new effort is begun to
register the discovery with the
necessary regulatory agencies,

modify planning of all subsequent wells, etc. The new well
brings with it significant new data, including a checkshot
survey.

From this new data, the Case A project is updated, the
old structural models in depth domain are discarded, and
new ones are generated which honor the velocity data
from the checkshot. This velocity information is carefully
extrapolated, and a new depth conversion is performed.
Based on this depth model the volumetrics are rerun. In
this way, all aspects of the project are upgraded to reflect
the discovery well data, including replanning of the other
two wells.

Updated maps and data are presented to outside regula-
tory agencies to set up field rules (pooling acreage, drilling
densities, etc.). This phase of the project is archived as the
discovery version and will be retained intact for legal and
other reasons.

How SEM might work in field development

Case A—
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the priorities within the sponsor compa-
nies,” Getty said.  “We are currently fol-
lowing through with a series of multidis-
ciplinary workshops with the sponsors’
domain specialists.”

Project sponsors have contributed a
wide range of background material to the
project. This includes their individual
business processes, study reports, and vi-
sions on a range of earth science and busi-
ness activities. The project is using this
material to develop realistic scenarios that
reflect significant problems and to stimu-
late further analysis of solutions (see side-
bar).

With so many issues and concepts to
be considered, the project has converged
on specific requirements through the use
of formally structured problem state-
ments.  These outline the symptoms of
the problem, summarize the source of the
problem, describe who’s impacted, cata-
log the implications, and define a vision
of an ideal solution. Statements gathered
to date focus on problem areas such as
using geological models for geosteering,
well planning and uncertainty, knowl-

edge capture, immersive visualization,
model management, change manage-
ment, and shared services.

The analogy of a blackboard2 has been
used in the workshops to help establish
requirements for computer-system ser-
vices to support the dynamic collabora-
tion between modelers and modeling
software. Imagine a group of domain spe-
cialists gathered around a blackboard
working through a significant multistage
problem. The blackboard is more than
just a space for writing; it represents an
area that is simultaneously shared be-
tween all collaborators, and it also con-
tains all the artifacts of the collaborative
activity.

Collaborators can look at the current
state of the solution and contribute to in-
terim solutions as and when they are able.
They can cross out or change interim re-
sults, create new results, and scribble
notes on their current assumptions. Social
graces, the number of bits of chalk, and
the nature of the problem all determine
the degree to which the interim solutions
can be worked on in parallel. However,

the progression of steps toward a solution
of the initial problem is there for all to see.

Treating the SEM as a sort of black-
board during the workshops with project
sponsors has proved to be fruitful. Issues
with versioning, change management
(notification, propagation, and accep-
tance), long transactions, logging, locking,
audit, replay, and knowledge-capture all
become very tangible problems in this
paradigm. These are driving essential re-
quirements for a common framework to
support SEM activities.  

The sponsor workshops have also
been developing detailed descriptions of
how an ideal SEM environment could be
used to support real, practical, and high-
value business decisions. Underlining
one of the main interest areas of the pro-
ject, Shell International Exploration &
Production BV in The Hague led the de-
velopment of illustrations of how SEM
would improve decision-making at three
key stages of well planning and drilling:

• In planning, illustrating how
epiSEM might support optimization
of well path, well design, and
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In this post-discovery phase,
as new wells are drilled, the
project database is continuous-
ly updated to support well

planning, drilling, and production activities, and these up-
dates are done on a clone of the discovery version.

Any intermediate versions are kept as snapshots only at
key milestones in field development as required by manage-
ment or for legal purposes. Where necessary, the layer veloc-
ity properties are updated, and the depth models are locally
corrected to honor the effective depths of the drilled events.
Reservoir characterization is kept as current as possible with
all known data by continuously updating a field develop-
ment version of the project.

Structural models are periodically rerun to update the
SEM. The arrival of checkshot survey and other new sources
of velocity data supports a higher-quality mapping from
time to depth domain. This iterative procedure should be
tracked in some meaningful way, possibly by versioning.

To optimize well production
and field drainage, gas injection
wells are introduced. Locating
these wells requires a flow-simu-

lation analysis of the reservoir, which it turn requires a 3D model
of key reservoir properties.

The SEM must contain all the necessary structural bound-
ary elements required to drive 3D property modeling. The
SEM is updated to include the 3D property distribution, then
used to drive flow simulation.

The usefulness of a time-
lapse 3D seismic survey is in-
vestigated by sensitivity analy-
ses.

The preproduction well logs

and well logs obtained after some production time are used
to estimate the effective parameters to be used in the fluid-
substitution modeling. Synthetic seismic responses are mod-
eled. The observed changes were regarded large enough to
be visible through surface seismics.

This sensitivity analysis is also extended to a simulated
time model in the SEM. The theoretical changes are mapped,
and the areas where the expected effect is above a given
threshold are considered as 3D time-lapse seismic targets. 

A new 3D seismic survey is shot. The surface installa-
tions, which were not present in the preproduction survey,
caused illumination and coverage problems in the time-lapse
survey. The new survey is carefully calibrated by correlation
of known events. A correction field is developed and ap-
plied to the entire seismic survey in the SEM. The calibrated
time lapse and the original seismic survey are now correlat-
ed.

Differences are attributed to the model components
where production effects originate (parts of layers in the
SEM). The results are compared to the SEM flow model. The
flow model is subsequently updated to include the findings
of the time-lapse survey. Undrained compartments are
identified. They are targeted by some high-angle boreholes
that efficiently drain a series of small reservoir compart-
ments.

In another area, a gas reservoir is obscuring the lower
parts of the reservoir. The deployment of permanent cables
with 4-component sensors is considered. The SEM serves the
necessary data for a sensitivity analysis by elastic modeling.
The cable length can be optimized to the reservoir.

The first 4-component service is used to set up the SEM
with elastic parameters (compressional [C] and shear [S]
velocities). The conventional seismic time is complemented
by P-S converted and pure S-S reflection travel times, effec-
tively providing the SEM two additional time property
models. 

Case D—
Field development

Case E—
Field production

Case F—
Field production 
optimization



drilling program.
• In drilling through overburden, il-

lustrating how epiSEM might support in-
corporation of measurement while
drilling (MWD) into a pseudo real-time
multidisciplinary decision support sys-
tem for performance optimization and ac-
curate placement of casing at first sealing
fault (multiple slip fault scenario).

• In horizontal (multilateral) drilling
and completing of multiple blocks sepa-
rated by slip faults, illustrating how
epiSEM might support use of MWD to op-
timize well path and completion design
and provide decision support should a
block turn out to be dry (Fig. 1). This
could be pseudo real-time decision sup-
port for a drilling plan update or—more
ambitiously—reevaluation of the field de-
velopment plan options including impli-
cations for production forecast, facilities
design, and expected monetary value
(EMV).

The contributed background material,
the workshop analyses, and supplemen-
tary research are all providing rich
sources of valuable requirements for
input to the design phase of the project.

Paul Maton, principal consultant with
POSC Europe and chief epiSEM architect,
said, “We are specifying epiSEM in sever-
al forms. The first is in terms of geological
and engineering things and their behav-

iors. The second are dialogs of interac-
tions between actors representing the
epiSEM user and the computer (known as
use cases). These will be expressed in nat-
ural language and thus will be indepen-
dent of any computer language or tech-
nology. Subsequent forms will involve
computer-intelligible languages such as
the unified modeling language (UML),
which can lead to implementations using
current computer technologies, for exam-
ple COM+ and Java. The natural lan-
guage forms are intended to remain use-
ful indefinitely, being capable of accom-
modating evolution in E&P technology
and of being recast in future computing
technologies.”

Software technology has begun mov-
ing in the right direction to support the
sharing of earth models. Vendors have
been integrating their own product suites,
and the software industry is contributing
open middleware standards—for exam-
ple, Microsoft’s COM/DCOM and the
Object Management Group’s CORBA—
that are helping developers design and
build truly shareable applications.

By defining an open epiSEM platform
based on a firm understanding of the oil
and gas decision-making process and de-
signing it to take advantage of emerging
middleware standards, the project will
accelerate the arrival of compatible SEM

products in the E&P marketplace. The
POSC SEM project sponsors believe this
will allow oil and gas professionals to
achieve the ambitious goals we have en-
visioned.
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