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Geophysical interpretation has not
evolved at the same rate or to the
same degree as instrumentation, pro-
cessing, and field acquisition tech-
niques in the last few decades. With
the acceptance and widespread use of
three-dimensional (3D) seismic tech-
niques, there is an increased need for
improved methods of manipulating,
viewing, and interpreting a volume of
data.

To this end, interactive computer
graphics is gaining in usage because it
allows both geophysical and geologi-
cal data to be viewed simultaneously
in such a manner that the actual sub-
surface geology is perceived by the
interpreter.

Many interpreters have a hard time
visualizing structures in 3D from 2D
time sections until they contour time
maps. If the structure can not be
mentally visualized in 3D, the inter-
preter may try perspective drawings
(Fig. 1), fault plane maps, isometric
displays, fence diagrams (Fig. 2), or
3D physical models.

The extension from profile lines to
areal coverage brings seismic data
into conformance with geological,
geochemical, and potential data.
Eventually, explorationists will be
able to interactively interpret all of
this data on the same display (Fig. 3).
Townsend'? has described one exam-
ple of industry preparations to do this
by making computer data bases.

Eventually, interactive interpreta-
tion can be done on true 3D display
devices (Sher?, Johnson ). However,
line drawing vector refresh graphics
(calligraphic displays) are available
devices that can be used to interacti-

This paper presented at 1980 SEG caonvention in
Houston. Courtesy SEG.
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Fig. 1

Perspective drawing®

Fig, 2
Isometric fence diagrams
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vely manipulate a volume of data.
Using these systems, motion parallax
or a stereohood simulate data in 3D
space.

This is a different concept than the
other major form of computer graph-
ics display, i.e., a raster, or “tv like”
system.

This is an idea paper, meant to
show previous work (Brown', Gard-
ner?, Hilterman?, etc.).

Definitions. In refresh graphics, a
3D view is an isometric or perspective
drawing of an actual 3D structure. An
interactive machine is one whose ca-
pabilities allow the interpreter to
modify the data set or the view of a
display between CRT screen updates.
This update needs to occur 30 times
per second to appear interactive to
the human eye. An interactive system
permits rapid evaluation of trial
choices of parameters for an interpre-
tation.

Hardware capabilities. To appreci-
ate the interpretational potential of
vector refresh graphics, some state-of-
the-art capabilities and terminology
are outlined below.

This hardware can be visualized as
part of an interactive interpretation
console (Fig. 4).

Perspective—Visual representation
of objects as seen by the human eye

in 30D space that gives an illusion of
3D without the need for motion.

Line Fading or Depth Queing—The
data’s brightness varies inversely with
depth which prevents optical inver-
sion, improves depth perception and
image understanding.

Dynamic Motion—Creates the illu-
sion of 3D because of motion paral-
lax.

Rotation—Allows the data volume
to be viewed from any angle.

Zoom—Magnifies on the display
screen the entire data base or details
of a smaller subset.

Translation—Shifts the display
along a specified axis.

Compound Linear Transforms—Al-
lows multiple interactive data manip-
ulations and modifications by the in-
terpreter with minimal tax on the host
computer.

Homogeneous Coordinate Sys-
tem—A matrix arithmetic procedure
of automatically scaling a data base.
Allows perspective displays and also
displays of a large data volume where
the values defining data samples are
outside the range of integer computer
definition.

Clipping Planes—Provides a view-
ing box of any thickness and thus a
movable look at a thin or thick set of
data without data wrap around.
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Fig. 3
Interactive data retrieval
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Split Screen—Presents multiple dis- Fig. 4

plays on the screen simultaneously.
With this ability, the interpreter can
view the same data from different
positions simultaneously. Also, one
can display a menu of functions to
apply to the data. Stereoscopic pairs
can be displayed on a split screen.

Character Generator—Provides full
ASCII symbol generation and the abil-
ity to define additional symbols: such
as, oilwells, triangles, elipses, etc., all
of which can have various sizes and
orientation.

Line Generator—Allows for vari-
ations of dashed, dotted, or solid lines
which can be used to represent differ-
ent seismic horizons,

Raster Segment Generator—Con-
verts the vector display from a maxi-
mum 23,000 specified lines to a
maximum of 228,000 gridded cell
locations. Thus, 240 traces with
1,000 samples each can be displayed
with one byte resolution (Fig, 5).

Color—Two types of color display
are available. Beam penetration color
allows red, yellow, orange, and green
to be displayed. Shadow mask full
color allows the addition of blue and
a spectrum of 64 hues and 8 satura-
tions of each hue. Color creates an
additional dimension which is espe-
cially useful in 3D interpretation of
multiple horizons or multiple faults.
In studying molecular interaction, the
value of color has turned out to be
greater than the most optimistic esti-
mates (Langridge”).

Fortran—Standard
guage.

Alphanumeric Keyboard—System
can be used as a programming termi-
nal.

Control Dials—Hand-operated
dials which perform rotation and
translation in x, y, and z, clipping

computer [an-
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Console arrangement*
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1. Digltal tablet

2, Color display of current Interpretation

3. Black and white monltor—aplit screen with 4 viewing areas. This
:fxa‘mgﬁl c:l;m ':iéomn-mp. contour progress, text, and a portion

4. Alphanumeric keyboard

5. Control dials

6. Functlon switches

7. Joy stick

B. 22-in. electrostatic plotter

9, Supporting minl computer (optionally tled to maln computer)

10. Graphlcs processor

“For Interective 3D Inlerpretation
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An operator controls the system by re-
sponding to parameter requests dis-
played on the CRT terminal

VARISWEEP™ without slowing
down data acquisition. Fi-
nally, the resolving power of
GEOCOR IV is dramatically
increased by the signal-to-
noise improvement resulting
from 512 fold CDP stacking.

Economical High Density
3-D Surveys.

GEOCOR IV can record a total
of 1024 channels fromup to 16
different receiver lines at
sample rates from 1/4 to 8
milliseconds. With an order of
magnitude more channels
than currently available,
GEOCOR IV can cover a 3-D
prospect more efficiently and
with a greater density of sub-
surface points than any other
system in the field. More and
more of today's complex ex-
ploration problems need the

improved resolving power of
GEOCOR 1V.

On-Site Data Processing.

GEOCOR [V can produce
512-fold CDP stacked sections
or migrated reconstruction
lines from 3-D surveys in the
field on a nightly basis. Re-
cording parameters, ground
configurations or line loca-
tions can be changed based
on a field evaluation of data
while the crew is still working.
And fast field processing
gives GEOCOR IV users the
edge In tight lease situations,

On-Site Parameter
Optimization.

Selection of the optimum re-
cording parameters requires
an evaluation of different re-
cording configurations in the
field. GEOCOR IV displays the
correlated, composited re-

These two six-page brochures describe
the GEOCOR IV system in detail, Call or
write. They're yours lor the asking

GEO

Advanced computer hardware allows
the GEOCOR IV to demultiplex, correlate
1lts

display on the
} plotter during pararmeter testing
or immediate, on-site evaluation, and
during data acguisition for “real-time"
monitforing of daig quality

sults from each parameter
test for immedicte on-the-spot
compdrison and retesting, In
the really difficult areas, this
can make the difference be-
tween usable and unusable
results.

Better Resolution.

We think GEOCOR IV delivers
better resolution than any
other system available, Let us
prove it. Whether you're in-
terested in buying, leasing or
contracting, we'd like to send
you these two brochures de-
scribing our systerm. Then
we'd like to get together to
talk about what we've done
to improve data quality in
some tough areas. And about
what we can do for you on
your next seismic survey

SYSTEMS®

GEQPHYSICAL SYSTEMS CORPORATION

Pasadena, California 91107 + 2085 East Foothill Boulevard « Telephone: (213)793-9511
Denver, Colorado 80202+ Securily Life Building » 1614 Glenarm Place, Suite 2580+ (3032 ) 825-8432
Houston, Texas 77079+ 14811 5t Mary's, Sulle 140-(713}497-2905
Midland, Texas 79702+ 1501 W. Francis* PO Drawer 10667+ (215) 685-5003
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Rastorized vector display*

Fig. 5
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*Of seismic data, Figure an left is a view of two 24 irace field records. On the right is a
rolated closeup of ten traces. (Courtesy Adage Inc
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plane movement, and zooming.

Interactive pointing and positioning
devices (light pen, joy stick, 3D cur-
sor, etc.).

Light Function Switches—Similar to
the control dials, but for multifunction
presentation (selection of perspective
or orthographic view of the display;
selection of data to display; etc.).

Limitations. Present refresh CRT
technology is limited by the amount
of data that can be presented flicker
free. The beam deflection rate re-
quired for vector rewrite is the major
boundary. Approximately 18,000 dis-
joint vectors or 21,500 connected
vectors can be displayed before flick-

Fig. 6

Theoretical sections*

Twenty-four sections*

Fig. 7
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*Across a theorefical lautled area (Fred Hiterman's model)
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Subsurface area*

Fig. 8
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*Displayed lor horzontal va. vertical setamic sections. Each area has the same number of veciors.
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er is observed on the screen. For
seismic data, this means 370 traces
with 75 samples each can be dis-
played in vector mode.

Another major limitation is the lack
of seismic application programs.
However, much of the available seis-
mic software such as synthetic seis-
mogram generation and computer
contouring could be modified for a
line drawing system.

Cost has also been a restraint. Com-
puter scientists have made efforts to
quantify the increased efficiency of an
interactive over a batch system (Sack-
man’). However, once a specific area
of application for VRG is defined,
geophysicists will need to quantify
expected increases in accuracy and
efficiency for cosl justification.

Data reduction. Data reduction in-
volves the removal of sample points
that do not contribute to the informa-
tion content defining the subsurface.
Determining what contributes to in-
formation content is a major problem.
A window of data can be displayed at
recorded resolution and then panned
through a much larger data base. A
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Over 100 Seismic




U.S. COMPANIES,
INC.

el
TR
Omanme?

16800 Dallas Parkway
Dallas, Texas 75248

$29,500,000

Revolving/ Term Financing
Arranged by

FIRST CITY BANK
OF DALLAS

For Oil and Gas

Exploration and Production

FUNDS PROVIDED BY:
First City Bank of Dallas

This announcement appears as a matter
of record only.

f=|RSTCITY

DALLAS

SPECIALISTS IN ENERGY
FINANCING

114 Oil & Gas Journal, Oct 5, 1981 OGJ REPORT

more common method would be to
reduce the number of input samples
to increase the data volume.

If the frequency band is predomin-
ently below 62 Hz, band bass filtering
then decimation from 4 ms to 8 ms
will not appreciably destroy the infor-
mation content. Centroid sampling
will also serve the same purpose. By
observing the spatial frequencies, a
similar decimation could be per-
formed by displaying every other
trace. In other words, for less com-
plex areas, more seismic traces can
be left out of the data volume for the
initial overview. Dropped traces are
added as the specific anomalies are
interactively defined. Figs. 6 and 7
show sets of physical model data dis-
played with a single vector of length
proportional to the maximum ampli-
tude drawn for each positive peak
above a specified threshold. A similar
data reduction scheme is to use dots
of various intensities and colors to
represent specific samples. This has
been shown effective in studying mo-
lecular interactions (Langridge®),

In most geological areas, the same
number of graphic vectors will display
a larger area in a horizontal section
than in a vertical section. The in-
creased coverage is best portrayed by
taking 21,500 vectors, referenced ear-
lier, and showing the relative surface
area coverage of vertical and horizon-
tal sections. A vertical section will
hold 86 traces of 25 samples each.
With a velocity of 7,000 fps and 150
ft trace spacing, the vertical display
would be 45 x 10° sq ft. However, a
horizontal section is equivalent to 473
x 10° sq ft. Fig. 8 illustrates this
concept.

McDonald® has shown the value of
color plots of horizontal data. Full
color shaded video images can be
constructed on a raster scope to give
the illusion of a photograph of the
subsurfaces. However, the same in-
formation can be displayed much
simpler as sets of contours. Line draw-
ings are a major data reduction down
from photographs and are often more
easily understood visually.

Interactive 3D interpretation. Seis-
mic interpretation is relying more and
more each day on the computer. By
the end of the century interpreters and
analysts will possibly become com-
puter programers (Savit®), just like the
job of the field seismic ‘computer’ has
been replaced in the last two dec-
ades. However, today’s interpretation
is still an art, and 3D display devices
will aid 3D visualization and routine
calculations. By using available tech-
nology, managers can coordinate a
more efficient and accurate explora-
tion effort.

Eight generalized steps for doing
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Oiland gas
computer

software?

We
have it!

If you're an Operator, Drilling Con-
tractor, Independent Producer or
Purchaser with an IBM System 34,
SCS has a variety of business
applications software you can
license and use today.

General Accounting

Writes checks to vendors; sum-
marizes costs by property, lease,
department or job; projects cash
requirements for future payables;
produces open-item statements
and agin% schedules; and pro-
duces a General Ledger that is
always in balance.

Joint-Interest Billing
Picks up billable items from
Accounts Payable; automatically
prepares partner invoices and sup-
rting documentation; passes
invoicing detail to Accounts Receiv-
ables; and makes all appropriate
entries to the General Ledger.

Revenue Distribution
Captures production information
from oil and gas sales; organizes
distributions by revenue owner:
writes checks automatically; re-
ports owner's share of sales; and
prepares 1099's at year-end.

Lease Records

Calls up leases for review prior to
payment of rentals or expiration;
writes rental checks automatically;
prepares invoices to leasehold
partners; and tracks acreage
owned on a State, Prospect or
Township & Range basis.

For additional information, call

1-800-525-8690

Southwest Computer Services

Eight generalized steps*

Fig. 9

7

STEP I
locations.

STEP 2.

STEP 3.

STEP4. Display data file.

STEP 5.

STEP 6.

on paper.

STEPT.
disc.

STEPSB.
presentation.

Digital definition of dota surface

Digital definition of data in depth.

Process data file as required.

Interactively interpret data file.

Document interpretation progress

Store interpretation on tape or

Retrieve interpretation for

Then add fo and revise previous work.

*Far dolng inleractive 3D Interpretation

0013

Our 13th Year!

2727 Bryant Street, Suite 250

Denver, Colorado 80211
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interactive 3D interpretation are sum-
marized in Fig. 9. This same proce-
dure can interactively be used to in-
terpret fault planes (Fig. 10), do a
bright spot analysis, build a Sei-
scrop™ type interpretation, correlate
well logs in 3D, contour in 3D (Fig.
11), pick and compare multiple ve-
locity profiles, determine statics cor-
rections, make a filter selection, do an
F-K analysis, analyze the complex
trace (Fig. 12), study particle move-
ment of P and S waves as a hodo-
grams, show geologic processes in
3D, do reservoir size evaluation, de-
sign and evaluate theoretical models
(Hilterman?), compare synthetic and
real seismic data, etc. Applications of
3D display devices are limited only
by the imagination of the interpreter,
processor, researcher, or educator.
The ideal way to interactively inter-
pret data is to display it on the screen.

Fig. 10

Fault picks*

r D

However, the complete integrity of
the data can be kept by using the
vector refresh graphics to display a
line drawing interpretation while
mapping the seismic or well log picks
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Overthrust Belt are with us in the Washington-Oregon . Visit us at the SEG Convention in Los Angeles, booths 1317,
Coastal Region Project. Dr. Richard A, Geyer, noted geophysi- 1318, and 1319.
~ (ist editlor and consultant heads the interpretation team, i
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tion with the most comprehensive and most accurate seismic,
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Fig.. 11
Two views*
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Fig. 12
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Picture on left shows 85 samples in 3D space. Piclure on right shows a projection ol the real portion.
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or real data on a digitizing tablet,
Rotating and zooming on the line
drawing allows even a “one eyed”
interpreter to visualize complex struc-
tures in 3D. Surface fitting on inter-
preted picks or contours and volume
calculation algorithms have been de-
veloped that can be applied to this
data (Uselton '"). This increases the
visual 3D effect.

Conclusions. There is a need for
improved methods of interpretation
and display in order to catch up with
advances in other geophysical and
geological exploration activities. Digi-
tal techniques are placing vast quanti-
ties of information from many sources
in the hands of the interpreter. The
massive volume of data to be manipu-
lated and viewed from a single 3D
seismic survey is a good example of
why interpretational improvements
are required,

Interactive 3D vector refresh graph-
ics is a device on the market that
allows data and interpretations to be
displayed, manipulated, and modeled
in a view that appears to mirror the
actual subsurface position of the data,
The interpreter using this equipment
can find ways to work within the
hardware limitations. Methods of do-
ing this include data reduction by
decimation, filtering, interactive inter-
pretation, and using horizontal rather
than vertical seismic sections.

Specific examples of how these ma-
chines can be used include horizon
picking, fault plane mapping, Sei-
scrop-type interpretations, bright spot
analysis, contour mapping, velocity
analysis, 3D well-log correlation, and
complex trace analysis.

Other uses of 3D display devices
are limited only by the imagination of
the interpreter, processor, researcher,

or educator.’ 23456 789101

Acknowledgment

The Polaroid photos used in this
report were provided by Evans and
Sutherland, Salt Lake City, Utah.

References :

1. Brown, A.R., 1979, 3-D Seismic Interpretation
Methods, 48th Annual International S.E.G.
Meeting.

. Gardner, G.H.F., 1979, 3-D Seismic Tech-
niques Introduction; 1st S.E.G. 3:D Seismic
Technigues School.

. Hilterman, L, 1976, Interpretative Lessons
from 3-D Selsmic Modeling, 46th Annual Meet-
ing of the 5.E.tJ, in Houstan, Texas.

. Juhnsen, Steven; Baxter, Brent, "Utah 3-D
NVolume Viewer': A True 3-00 Display for
graphics, geophysical and other application,”
SAL Semi-Annual Repart (19805 225-232,

. Langridge, R., Ferrin, T.E., Kuntz, |.D., and
Connolly, M.L,, “Real-Time Color Graphics in
Studies of Molecular Interactions,” Science V.
211, N 4483, Feb. 13, 1981, p. 661-666.

6. McDonald, ].A., Gardper, G.H.F., and

Kotcher, §.5., Areal Seismic Method for Deter-

mining the Extent of Acoustic Discontinuities,

Geophysics, V. 46, Mo, 1, pp. 2-16.

Sackman, Harold, 18970, Man Computer Prob-

lem Solving—Experimental Evaluation of Time-

Sharing and Batch Processing, Auerback Pub-

lishers Inc,, New York, 172 p.

Savit, Carl H., August 1977, "Petrole-

um/2000," Geophysics key to future oll sup-

plies-The Oil and Gas Journal,

. Sher; L.D., 1980, “The Space Graph™ Display:
Principles of Operation and Application,” SAL
Semi-Annual Report (1980) 212.224,

10, Townsend, oW, 1979, "Computer data bases
aid 'explaration,” The Qil and Gas Journal, July
2, 1979, pp. 144-159.

. Uselton, 5,P., 1980, “Computing Volumes
From Contours,” SAL Semi-Annual Report

BOOKS

Proceedings of the 2nd International
Symposium on Computer Aided Seis-
mic Analysis and Discrimination, pub-
lished by IEEE Computer Society, P.O. Box
80452, Worldway Postal Center, Los An-
geles, Calif,, 90080. 163 pp., $12 to
members of IEEE, $16 for nonmembers.

The symposium was held in North
Dartmouth, Mass., Aug. 19-21, 1981.
Contained in the proceedings of this sym-
posium is an outstanding collection of
papers on various topics, including migra-
tion and geophysical inverse techniques,
pattern recognition, power spectrum analy-
sis, multiple sensor data analysis, and
digital filtering.
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Improved Pressure Coring System, pub-
lished by DOE Bartlesville Energy Tech-
nology Center, P.O. Box 1398, Bartlesville,
Okla., 74005. 16 pp.

Sandia Laboratories and Pressure Coring
Inc. have developed twa coring improve-
ments described in the report. First, re-
searchers used coring bits with synthetic
diamond cutters. These bits allowed coring
rates up to 1 ft/min, while improving core
recovery.

Second, a special low invasion fluid
placed in the core retriever resulted in
reduced core invasion or flushing by the
drilling mud. This coring fluid also helps
decrease the complexity of preparing
cores for analysis.
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