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Part 1-—Seismic interpretation has evolved from

basic 2-D structural mapping of vague anticlines

observed on single seismic trace paper records

in the 1920s to sophisticated stratigraphic mapping

with lateral resolution from 3-D data

David L. Risch, Abu N.
Chowdhury, Andrew E. Hannan,

Project Geophysiciste, and George
A. Jdmloson. Senior Geophysicist,
Geoo-Prakla. Houston. Texas

Reflection seisrnology was first

applied to hydrocarbon exploration
in the 19205 and today is an integral
part of oil and gas business. As tech-
nology evolves, more information is
derived from seismic and used in

many interpretation modes. Inter-
preter demands are also becoming
greater as more data ofhigher quality
is available for incorporation into
integrated interpretation.

Part 1 of this article describes the

planning involved for seismic surveys,
along with current methods and equip-
ment used for acquisition, processing,
display and interpretation of seismic
data. Major points covered include:

0 Interpretation objectives
0 Seismic acquisition, processing

and display
0 Structural interpretation organi-

zation and procedure.

BACKGROUND

Acquiring continuous datasets
along traverses provides a vast
amount of data compared to single
data points given by‘ well control. It
has been used for years in exploration
and, with the advent of 3-D seismic,
field development use has increased.
Seismic data was first used to map
subsurface geologic features.

Seismic signatures visible as direct

as bright spots and AVO (amplitude
variation with offset). are important
tools. Seismic sequence stratigraphy
adds another dimension to explo-
ration with an understanding of geo-
logic depositional process.

INTERPRETATION OBJECTIVE

Geological interpretation begins
by defining problem scope and area.
Studies range from large to small
scale, i.e., from regional to reservoir.
Techniques and data types vary
depending on the problem size. For
example. basin and regional studies
involve interpreting large scale fea-
tures from a few widely spaced seis-
mic lines, and from gravity and mag-
netic data, often with little or no well
control. Objectives are to obtain
regional overviews and identify
anomalies that warrant further study.

In contrast, detailed reservoir
characterization requires integrat-

ing closely—spaced, high—quality/fre-
quency (resolving power) 3-D seis-
mic lines, data from many wells,
petrophysical measurements, pro-
duction histories and extensive mod-

eling. Geological models are essen-
tial to begin interpretation and are
based on literature and personal
experience. Models are used initially
but interpretation comes from work-
ing with data.

SEISMIC METHOD

Exploration reflection seisrnology
uses induced acoustic reflections of

rock layers. Vibrations are generated
in the earth with acoustic sources, and
reflections are recorded with receivers.

Reflection intensity depends on veloc-
ity and density contrasts of rock lay-
ers and contained pore fluids.

Acquisition. Data acquisition begins
by laying out seismic programs with
parameters designed for geologic objec-
tives based on study-area under-
standing. Parameters include: seismic
frequency for vertical and horizontal
resolution (horizontal resoulution also

depends on source, receiver and line
spacing); depth to target (distance
between source and farthest receiver,
i.e.. far offset); rock layer dip; and envi-

hydrocarbon indicators (DHI), such Fig. 1. Simplified diagram at seismic principle used in exploration.
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PLAN TO ATTEND

Maire plans now to be a part at the
world's largest exhibfion oi inland
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The Permian Basin Oil Show

promises to be the biggest, most
exciting show in history, with over
l,l0O exhibits on display. Spend
three days showcasing the latest

developments in oil and gas
technolo y and equipment, as
thousanci of industry decision

makers will be on hand to see your

produfls or service‘. mowhere wtgllyou in o more en ig tenin an
profitable event dedicated exc usively

to the oil and gas industry.

The H:-rmian iinun Oil Show

Circle 102

ronmental, cultural and geo-
logical conditions.

Most marine acquisition
sound sources are air guns
that repeatedly displace
water volumes. On land,
sources are explosives or
truck mounted vibrators.

It is common to use syn-
chronized source arrays to
increase, or focus, energy
at each shot. Vibrators can

generate more high-fre-
quency energy, compensat-
ing for the earth’s natural
attenuating frequencies.

Geophones are land receiv-
ers that detect slight ground
movements. Marine receiv-

ers are pressure sensitive
devices called hydrophones.
Each receiver converts pres-
sure or ground disturbances
to electrical impulses. The
digitally recorded electrical

pulses of an array or group
of receivers are summed for
each station and transmit-

ted, via cable or telemetry,
to recording computers.

Electric response am-
plitude is directly propor-
tional to reflection strength.
Increases or decreases in

acoustic impedance (veloc-
ity X density) across reflec-
tors are displayed as peaks
or troughs on seismic wave-

Two-waytime.sec 5 U!

“" rzttti-.V - run!‘ I

form displays. Receivers
record reflections every 2
msec for a chosen time

(commonly 4-10 sec) resulting in a
well sampled vertical seismic record
called a trace.

In the seismic principle example,
Fig. 1. the Horizon 1 reflection
results from an impedance contrast
between Layers 1 and 2; likewise for
Reflection 2 emanating from Hori-
zon 2. Ray paths are described by
Snell's Law and bend at each layer
interface (horizon). Subsurface hori-

zons are imaged at midpoints
between source and receiver. These

points are imaged repeatedly by
source-receiver pairs as shooting pro-
gresses to each consecutive line loca-

tion. A common midpoint (CMP)
gather is a collection of all combina-

tions of source-receiver pairs which
records energy from the same mid-
point location. therefore containing
travel paths from near to far offset
traces. This redundancy increases

Hg. 2. CMP gathers with hyperbolic move —aut, (a), and velocity cor-
rected to horizontal alignment tor stacking. (II).

the signal to noise ratio when traces
are processed and summed.

Procusslng. Stored reflection elec-

trical pulse are sorted and merged
with geographic location data to cre-
ate CMP gathers. Reflection travel
time increases with receiver offset

distance and shows a hyperbolic
geometry called move-out, Fig. 2a.
Move-out is corrected by selecting a
velocity that aligns reflectors hori-
zontally so they can be summed to
one average output trace. Layer veloc-
ities are picked by computer algo-
rithms and human evaluation. Veloc-

ity analysis is critical to processing
and may be done more than once to

fine-tune seismic images.
Land data frequently requires an

additional static adjustment which
accounts for varying travel times
through near-surface layers. Fig. 2b
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shows corrected traces of a CMP

gather ready for summing. Trace
summing process is called stacking
and final output is a seismic section
or line. A final process, migration, is
used to reposition misplaced events
associated with dipping interfaces
and collapse diffractions caused by
discontinuities (faults).

Display. Horizontal scale of seismic
sections is measured in shot-point
number. corresponding to seismic
basemaps. The vertical scale is 2-way
seismic travel time in sec. A typical
seismic section has a grid of vertical
lines every 20th shot-point and hori-
zontal lines every 0.01 sec. A sidelabel

provides line number and informa-
tion about acquisition, processing,
and display parameters. Data is dis-
played at various scales and trace
gains depending on the exploration
objective.

Reflections recorded as electrical

pulses are small and must be ampli-
fied to be seen. The processor has a
variety of gain functions to compen-
sate for energy loss with depth. One
gain function identifying amplitude
or reflection anomalies preserves rel-
ative amplitudes of all trace reflec-
tions so largest reflections are eas-
ily visible. Data can also be used with
an interactive workstation. Coffeen
(1986) offers a review of the seismic

exploration method.‘

STRUCTURAL INTERPRETATION

Structural interpretations have
been the foundation for prospect

development and usually precede
stratigraphic analyses. Structural
interpretation of seismic data involves
organization of data, selecting hori-
zons to map, integration of well and
seismic data, loop-tieing seimic sec-
tions, transferring interpretation to
basemaps and contouring time val-
ues. A Final step sometimes involves
depth-converting seismic time maps
to remove false structures caused by

abrupt lateral velocity changes.

The database. First steps in seismic

interpretation, after exploration objec-
tives are defined, are to collect and

organize required data. A seismic base
map is generated and inspected for
locations and orientations of seismic
lines and well locations.

Well data consists of checkshot sur-

vey and sonic log velocity data; rock
cores and well logs to predict litholo-
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