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Abstract

Traditional programs of geological education continue to be focused primarily on the evalua-
tion of surface or near-surface geology accessed at outcrops and shallow boreholes. How-
ever, most students who graduate to careers in geology work almost entirely on subsurface
problems, interpreting drilling records and petrophysical logs from exploration and production
wells. Thus, college graduates commonly find themselves ill-prepared when they enter the
petroleum industry and require specialized training in drilling and petrophysical log interpre-
tation. To aid in this training process, we are developing an environment for interactive in-
struction in the geological aspects of petroleum reservoir characterization employing a virtual
subsurface closely reflecting the geology of the US mid-continent, in the fictional setting of
Small County, Kansas. Stochastic simulation techniques are used to generate the subsur-
face characteristics, including the overall geological structure, distributions of facies, poros-
ity, and fluid saturations, and petrophysical logs. The student then explores this subsurface
by siting exploratory wells and examining drilling and petrophysical log records obtained from
those wells. We are developing the application using the Eclipse Rich Client Platform, which
allows for the rapid development of a platform-agnostic application while providing an immer-
sive graphical interface. The application provides an array of views to enable relevant data
display and student interaction. One such view is an interactive map of the county allowing
the student to view the locations of existing well bores and select pertinent data overlays
such as a contour map of the elevation of an interesting interval. Additionally, from this view
a student may choose the site of a new well. Another view emulates a drilling log, complete
with drilling rate plot and iconic representation of examined drill cuttings. From here, students
are directed to stipulate subsurface lithology and interval tops as they progress through the
drilling operation. Once the interpretation process is complete, the student is guided through
an exercise emulating a drill stem test and then is prompted to decide on perforation inter-
vals. The application provides a graphical framework by which the student is guided through
well site selection, drilling data interpretation, and well completion or dry-hole abandonment,
creating a tight feedback loop by which the student gains an over-arching view of drilling lo-
gistics and the subsurface data evaluation process.

Subsurface Simulation

The subsurface is generated using a stochastic property generator whose model parameters
are defined in an exercise configuration file defined by a facilitator. First the elevations of the
major intervals are determined. These surfaces are generated to exhibit reasonably realistic
variability and continuity across the county. In the current version of the application, the li-
thologies and geophysical properties are simulated on demand when the student sites a well,
rather than being simulated in advance over the entire subsurface grid.
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Figure 1 - County Overview View showing the elevations
of the Quivira Dolomite. An existing well is selected and
the elevations at that location are shown on the right.

User Experience

Upon launching the application, the student is presented with a welcome screen and is prompted
for session parameters such as where to store the saved session. After the subsurface has been
generated and saved to the session file, the student is presented with an overview map of the
county (Figure 1). From here, the student can view contour plots of either the elevations or thick-
nesses of the major intervals. The data for these plots is interpolated from the known
elevation/thickness values found in the existing wells.

The user may also view data associated with an existing well. Clicking on a well’s icon populates
the Well Summary View with elevations and relative thicknesses of the intervals for the selected
well’s location. Double-clicking a well provides a dialog with more detailed information about the
well.

To site a new well, the student selects a toolbar button and then clicks the desired location on the
map. An intent to drill dialog is presented (Figure 2) with information about the new hole, includ-
Ing its name, location, and prognosis depths for each interval.

L-] Intent to Drill for Thunder Oil Pfannenstiel 1 x|
TIGHT HOLE
~WELL DRILLING PROGRAM
WELL: Thunder Qil Pfannenstiel 1
LOCATION: T135 R13W 511 NW
ELEVATION: Ground 1999; KB 2011 ASL
GEOLOGICAL PROGNOSIS:
Formation Drill Depth (FT sub KB) Elevation (FASL)
PERMIAN
Coronado Anhydrite 1126 885
Quivira Dolomite 1298 713
Francisco Shale 1904 107
CARBONIFEROUS
Westport Limestone 1951 30
Possum Trot Shale 2827 -316
Morn Sandstone 2951 -S40
ORDOVICTIAN
B Ozark Dolomite 2952 941
CAMBRIAN
Sawyer Sandstone 337 -1426
PRECAMBRIAN
Precambrian 3454 -1443

Cancel || Drill Well I
Figure 2 - Intent to Drill/Well Prognosis Dialog Box

If the student elects to continue with the drilling operation, the lithology sequence and the proper-
ties at each depth are simulated at this time. When the simulation process completes, the user is
presented with the Well Log View (Figure 3).

Here the student’s task is to interpret the presented data and determine the correct lithology at
each depth as well as mark the tops of the major intervals. Additionally the student may select
promising (“pay”) zones to perforate for production upon completion of the well.
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Figure 3 - Well Log View. In this image the lithologies
and interval tops have been defined by the user.

After labeling lithologies and the tops of all applicable intervals are marked, the student indicates
he has finished by selecting a toolbar button. An interpretation “score card” is presented summa-
rizing the student’s performance (Figure 4). A table depicting the difference between the actual in-
terval tops and the student’s picks is shown at the top of the window. This is followed by a sum-
mary of the picked and missed pay zones.

L3 Interpretation Evaluation for Thunder 0il Lang 1 x|
Francisco Shale 2065 205 1 :I
CARBONIFEROUS
Westport Limestone 151 149 2
Possum Trot Shale -707 -709 2
Morn Sandstone -323
ORDOVICTAN
B Czark Dolomite 523 525 2
CAMBRIAN
Sawyer Sandstone -1308
PRECAMBRIAN
Precambrian -1308 -1309 1
Total Difference 11

Percent correct interpreted Lithology: 84.8%
—Pay Identification

Total feet of actual pay: 74
Total feet perforated: 186
Feet of pay perforated: 26

Feet of non-pay perforated: 180

Feet of pay missed: 48
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Figure 4 - Interpretation Evaluation

Currently the application has no means for reviewing performance, so if the student wants to
review this information at a later time, the report may be printed.

After dismissing the Interpretation Evaluation, the student is returned to the County Overview
View, which has been updated to include data from the newly completed well. At this time the stu-
dent may begin the process of choosing the site for the next well and continuing the site
well/interpret well process until the exercise requirements have been met.

Help System

The application is shipped with a set of documentation that provides:
- Background geological information

- Exploration and development steps

- A usage guide for the application

The documentation is accessed through the application’s built-in help system and is implemented
as a set of HTML/XML files.
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Where oil accumulates

=l Reading contour maps
E Legal coordinate system (04l and gas fields result from complex sequences of events spanning geologic time scales. The three most fundamental steps in the process are generation of

= Acquiring wells the hydrocarbons (oil and gas) in a sowce rock, migration of the hydrocarbons from the source rock to a more permeable formation, and trapping of the
= LI5 Exploration and Development Steps hydrocarbons by a low-permeability seal. More information about these steps can be found in Petroleum: a primer for Kansas. We will provide brief

&=

=l Dedding where to drill next simmaries here.
=l Drilling a well
=l Interpreting the driling logs Typical hydrocarbon source rocks are shales that are rich in organic matter, generally formed from sediment that was deposited in stagnant, oxvgen-
=/ Interpreting the wireline logs deprived water bodies such as lagoons. The low oxygen conditions in these settings allow for preservation of organic material. Over the millenia, these
= Perforating the well sediments are buried by vounger material and are subject to increasing temperature and pressure as the depth of burial increases. The organic material is
= L= Running the Application gradually "cooked" to form hydrocarbons. Although shales usually have high porosity, they generally have fairly low permeability because the pores are not
connected in a way that allows fluid to flow through them readilv. However, over time the hvdrocarbons may be expelled from the source rock and move
mto more permeable formations.

i

=l Starting up
=l Working in the County QOverview
=l Working in the Well Log View

The general direction of hydrocarbon migration is up. This is because oil and gas are less dense than water, the fluid that fills almost all the pore space in
rocks below the water table, and are also insoluble in water. Therefore, oil and gas tend to migrate up the stratigraphic section until they reach a "seal" --
typically a low-permeability formation. To be effective, the geometry of this seal has to form a "trap” -- prohibiting fiwther upward movement. Although there
are a number of kinds of traps in the subswface, the only kind that is present in Small County is an anticline, a dome-shaped structure that is generally
formed by compressional tectonic forces. If the anticline is of sufficient height_ then a hyvdrocarbon column may develop in the permeable formation below
the seal. If gas is present, it will typically be in a pocket at the peak of the structure, since it is more buoyant than oil:

Although the picture above shows distinct regions in which the pore space is saturated solelv with oil or water, in reality the saturations of these fluids will
El = > | i vary as a function of the height above the free water level -- a level below which the pore space is completely occupied bv water. Because there is no gas -

Figure 5 - Help / Background Information
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The Platform

The Small County application is based on the Eclipse Rich Client Platform (RCP)
(http://www.eclipse.org/rcp). This enables for rapid development of an application that runs
on multiple operating platforms (Win32, OSX, Linux/GTK) while retaining the feel of the native
operating environment. The RCP provides a framework of application, Ul, and modeling tools
that allow the developers to focus on the applications domain without much concern for low-
level implementation details. Another benefit of the RCP is that the application is based on
sets of plugins. The application is therefore easily extended and its components are reusable.

Facilitator Tools

Work has begun on a set of tools to enable a facilitator to tailor the behavior of the Small
County application. Currently there is an editor for viewing and modifying the parameters de-
fining the county environment, the sub-surface properties and geological elements.
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Figure 6 - Environment Editor

Future enhancements include the ability to tailor the “storyboard” of the exercise, allowing a
facilitator to specify which elements of the application will be presented to a student and to
customize the exercise goals and evaluation criterion.

Future Developments

« Server-based user management
* Reconfigurable exercises

- Multi-player game
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