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PART I - INTRODUCTION TO 3-D SEISMIC TECHNIQUES

From Single Fold to 3—-D
Robert J. Springman, Geophysicist, Dominion Exploration & Production

Seismic Acquisition and Obstacles to Overcome with Design Options
Kevin Werth, Area Geophysicist, Dawson Geophysical Co.

Fundamentals of 3—D Seismic Processing

Raymon Brown, Geophysicist, Oklahoma Geological Survey/University of
Oklahoma

Geologic Play Types in Oklahoma and Need for Seismic Data
James O. Puckette, Associate Professor, Oklahoma State University
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PART II - APPLICATIONS OF 3-D SEISMIC

3—-D Seismic Applications for Selected Plays in Oklahoma
James Puckette, Robert J. Springman, Kevin Werth, and Raymon Brown

Play 1 — Shallow Springer Sand Play, Old Woman Channel, Watonga—
Chickasha Trend

Play 2 — Cottage Grove Sand Play, Southeast Gage Field

Play 3 — Deep Springer Sand Play, Cyril Area, Northeast Fletcher Field
Play 4 — Shallow Permian Sand Play, Cement Field

Play 5 — Deep Red Fork Sand Play, East Clinton Field

Play 6 — Deep Atoka Carbonate Wash Play, Berlin Area, Carpenter Field
Play 7 — Hunton Structural Play, West Arlington Field
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Play 8 — Skinner Sand Play, Northwest Sooner Valley Field

Play 9 — Hartshorne Sand Channel Play, South Pine Hollow Field

Play 10 — Paleozoic Structural Play, Fitts Field

Play 11 - Spiro Sand and Arbuckle Dolomite Structural Play, Wilburton Field
Play 12 — Ouachita Overthrust Play, Buffalo Mountain Field

Play 13 — Paleozoic Structural Play-Simpson Sand, West Whitebead Field

Play 14 — Paleozoic Structural Play, Cumberland Field
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Dynamite Charge Placement

- Input
(iuy---_-——Pre(emd J\/\. // Wzv dlats

Loose sond — — — — Poor

Calithe = — = = = — P0o0r ~Aum

Aquifer — — — Where safe /\/\_

From Sheriff, Roberson, Hunt and Springman, 1983

1935 CONTINUOUS CENTER POINT PROFILE METHOD
. z L : C : . L [ Receiver Points ]
; it /
§
.i. [ Center Points l
g \ 2 .
= i 5 1 ‘?’ 3 -}\ Shot Points l

BROADSIDE SHQOTING PLAN VIEW

CONCENTRATED

stootng  1950’s 3D Solution

For smalf cnamafies,
Criant cables any direc~
tion for equal surface
elevation. From Sheriff, Roberson, Hunt and Springman, 1983
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Surface

e 3
D = datum elevation D l l -
HCRIZONTAL DATUM HORIZONTAL
DATUM
Time from shot to Datum = Eg = 4, = D - Va
e
e
Time from near phone - _& + Tun

Total time consumed above Datum = "C™ = 2a + ¥ 5007,

C=|20Bg =dg~=D)| + T

v
€ DEPTH = & V T¢

From Sheriff, Roberson, Hunt and Springman, 1983
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s%gm : 12 13 1L 17 18
Revatdon 3, | 042 | 1093 | ;128 | 152 | /1]
Datum_ p | G0 700 700 G090 740
Depth shot d, 49 S8 | "0 so | Sso
(D+dg) 949 | 958 | 970 | 950 | 950
Es -(D+d,) = a g3 | /35| /59| 202 /67
2a+ Vo=28/8400 02+ | 032 | 437 | 048 | 040
wr | o/f | 0!8 | ot | 0 | 0/2
Neswm=c | g40| 047 | 951 | 059 | 052 _
53 *) REFLECTION # 1 °%% 524
_ Close traces Tay| . 555 | 57/ .§27 527 | .5/7
Tay = C= T | 495 | 474 | 476 468 | 445
3V T =Depth | 2722 | .2¢07 | 26/& AS7T4 | 2557
(=900) = SubSea 120 1710 1720 1670 /660
é29 ¢3%REFLECTION # 247 o
Close traces Tay| 4 33 . 634 638 (39 429
Tay =C= T | . 593 | 587 - S€7 yg0 | 877
3 77T, =Depth | 3261 322& | 322% | 3190 | 5173
(=900) = SubSea | 2360 | 2330 | 2330 | 2290 | 2770
",  TILREFLECTION #3 7%, 7Y
__Close traces Tay| . 78¢ | . 955 | . 942 970 | . 960
Tp-C= T | 9£s | 938 | 93/ g/ | 908
3V T wpepth | 5197 5/59 5120 | 5010 | 4994
(=900) = SubSea | 4300 | 4260 | 4220 | 4110 | 4090

From Sheriff, Roberson, Hunt and Springman, 1983
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REFERENCE
PLANE

From Sheriff, Roberson, Hunt and Springman, 1983

Reflections from Dipping Beds
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Growth of multi-channel recording /
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From Sheriff, Roberson, Hunt and Springman, 1983 Modified 2006
Synthetic Model
. . . eae Velocly —»
Seismic wave Definitions Pulse
Trace

e N e

| 1
r— Waveleagth ———spl

'm
Wovenumber ¢ Woviiongth
Velocity = Froquency X Waevelangth

Springman, 2005
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Why do 3-D Seismic?
| Shell Internatibnal (SIPM)

- ".. 3-D seismic is viewed as an
investment in subsurface
information.”

3-D Seismic: s the Promise Fuitiifed? - £ O. Mestvokd,
SiPA2 61st S.E.G., Fbaston, Nov. 11, 1992

3D Seismic Effect on drilling
program:
— Significantly lower risk.
— Increased confidence in:
+ geologic knowledge,
« drilling accuracy,
» exploration skills.
— Better prospects, holes,

success. @

Mobil E&P - 3-D vs 2-D drilling results

 Conclusions:

— "This drilling program has shown that despite
the increased cost of onshore 3-D seismic data,
significant improvements in results were
achieved from 3-D seismic versus 2-D seismic".

— "There is a growing consensus that indeed 3-D provides excellent value for money. This
is because, with hindsight, we are becoming aware that the image of the subsurface

based on 2-D seismic is a cloudy 'crystal ball' at best."

3-D versus 2-D Drilling Results: Is There Still a Question? Jeffers, et.al. (Mobil E & P) S.E.G., 1993 M
e e
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Reflection seismic processing consists of basic
steps that arc uscd to make the data casier to
interpret. This brief note introduces some of
the basic aspects of processing seismic reflec-
tion data.

Geometry-Definitions

Geometry refers to the arrangement of the
source (s) and the receiver (s). If all of the re-
ceivers are located to one side of the receiver,
this type of shooting geometry is referred to as
“end on” “Split sprcad” recording is often used
in onshore 2D onshorc exploration as shown
in Figure 1. Often when shooting 3D seismic
data, the source and receivers are laid out in
patterns that optimize the way sound waves hit
the reflectors being studied. For 3D seismic on

land, we need a picture of the topography as

their sources and receivers are plotted together,
this type of gather is referred to as @ common
midpoint gather (Figure 4). In many circum-
stances, especially for 3D shooting, the idea of
a point is too restrictive for practical purposes.
In this casc a larger region where mid points
may fall is used. These regions are called stack-
ing bins (Figure 5). Even though the stacking
bins represent approximately the same mid-
point, the ideas for stacking with bins rather
than exact midpoints assume that the traces
act associated with a bin can be treated as if
they have the same midpoint. Itis not exactly
a correct idea but using bins works in practice.
When you make the bins too big, you lose the
ability to see the smaller aspects of the geology.
So keep your bins as small as possible.

well as the recording geometry
as shown in Figure 2. A group

of traces plotted or processed
together are called a “gather” In
other words a gather represents
a collection of recorded traces. If
all the traces that were recorded
by a single source are used to-

Shooting Terms

"end on"

gether, these traces are referred

to as a common source gather
or a common shot gather (Fig-
ure 3). When data are recorded

NS 9

Source
e

in the field, the common source
or shot gather describes all of the
traces that are recorded for a sin-

"split spread"

gle shot. If all the traces that have
a common midpoint between

Figure 1. Schematic of two ways to shoot seismic data.

Oklahoma Geological Survey Open File Report 7-2006 ® Basic Processing Concepts for Surface Seismic Data — 1
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Figure 2. Topographic map of survey area with survey outline.

source interval influ-
ence the resolution of
a seismic survey.

Datum/
Statics

If you add a constant
time to a seismic trace,
the correction to the
tracc is a static one. In
other words, imagine
that we want to shift

a seismic trace by 2
seconds. The basic
idea of a static shift is
to shift the whole trace
by 2 seconds. Simple
static corrections take
a single measurement
and estimate the static
correction. Onc ap-
proach to estimating
the static correction

is to use signals re-
fracted near the sur-

Another possible surprisc to necwcomers is that
many receivers are often recorded but they
end up being treated as a single receiver. This
technique is either implemented in the field
electronically are in the computer processing. It
is used to enhance the signal to noise ratio. The
group of receivers treated as a single receiver

is called a group. Each “group” then records a
single trace in spite of the fact that you would
see multiple receivers being used to record the
trace for that group (Figure 6). The distance
between the geometric center of the arrays or
groups then is referred to as the group inter-
val. The distance between source positions is
called the source interval. Group interval and

face. This approach to

measuring the static
correction is called refraction statics. A more
elaborate static correction accounts for all the
sources and receivers at a single location of the
Earth. This type of static correction is referred
to as surface consistent statics.

This idea of static shifting is used to improve
the data by making it appear that the recording
was done over a smooth surface (Figures 7-
10). Usually this static shifting is accomplished
to make it appear the data was recorded from

a selected elevation called a datum. When
looking at seismic data, is a good thing to know
which datum is being used for that set of seis-
mic data.

Oklahoma Geological Survey Open File Report 7-2006 ® Basic Processing Concepis for Surface Seismic Data— 2



Common Source Gathers
(all the traces associated with the same sotirce)

X

v

7

A\ J # — % ? %
Figure 3. When a group of traces that were associated with the same source is viewed, the
group of traces is referred to as a common source gather.

Figure 4. When the source and receiver positions for a group of traces all have the same midpoint, the
group of traces is referred to as a common midpoint gather. When the layers of rock are horizontal, the
term common depth point gather is used.

Qklahoma Gevlogical Survey Open File Report 7-2006 ® Basic Processing Concepts for Surface Seismic Data — 3



Stacking Bins....are used to approximate Midpoint (CMP) Gathers

In otherwords.......the source-receiver pairs may not have exactly the
same midpoint......but close enough......to use for stacking purposes.
midpoint

T +X

v

Bins represent regions where the ?
midpoints are allowed to vary...
when stacking.

Figure 5. Stacking Bins. Rather than a common depth point.....or a common mid point ..... Stacking
for the

is often applied to traces that do not have exactly the same midpoint ..... but close enough.....

stacking idea to still work. The range of variation for the midpints is called a bin....or a stacking bin. Bins

represent a line in 2D shooting and an area for 3D shooting.

Groups....or Arrays
Many signals averaged to get a single trace....

v

arrays or groups are used to produce
asingle trace

Figure 6.
Often the
signals

of many
single
receivers
are added
together in
some
manner in
order to
strengthen
the signal
above the
noise. The
group of
receivers
added
together
is called a
“group” or
an “array”.

Oklahoma Geological Survey Open File Report 7-2006 ® Basic Processing Concepts for Surface Seismic Data — 4



Figure 7.
Irregular
surfaces
and geology
can cause
problems

Static Corrections

with
interpreting
the seismic
data. One

Data With Time

Shifts (Static Problems)

Data With Static
Corrections

easy solution
is to add

a static
correction
that makes
the data look
as if it was
recorded
from a

smooth
surface
(called a
datum).

Low Velocity
Feature

Deconvolution

Seismic sources come in a variety of types and
sizes. They all create basic waveforms that
differ. Consider the way a person says “hello’
Different people say the word “hello” in such a
way that you can distinguish the difference. The
waveforms on seismic data are often shaped
into a morce dcsirable shapce for interpretation.
The processing that revises the shape of the
source wavelet is called deconvolution. See
the example in Figure 11.

Noise Attenuation and Filter-
ing

Noise attenuation is often possible with
simple filtering. There are many types of filters
that act to reduce the noise compared to the
signal. The basic idea is to emphasizc the sig-

nal at the expense of the noise. There are times
when noise attenuation is very difficult. When
this happens, the seismic image can be very dif-
ficult to interpret. One common way is to filter
according to the dip of the noise as seen on

the seismic section. In other words, the noise
(often the ground roll or the direct arrival) has
a distinct dip on the seismic gathers from the
reflected signals that are to be emphasized.
Geophysicists refer to this type of filtering as
F-K filtering, but it is just as casy to think of it
as dip filtering (Figures 12-15). Geophysicists
think of F-K filtering as working in the frequen-
cy (F) and space (K) domains simultaneously.
Sometimes the filtering is required only in the
frequency domain (F). For example, if you hap-
pen to be shooting near some power lines, your
data may be very noisy with 60 cycle noise.
Simple frequency filtering is great for this type
of noise (Figures 16 and 17).

Oklahoma Geological Survey Open File Report 7-2006 ® Basic Processing Concepts for Surface Seismic Data —




First Pass Statics Corrected Statics Figure 8.

False Structure Static problems
can cause
RolUver T, T e et
AR of artificial
structure.
The figure
on the left
still exhibited
false structure
after the first
pass of static
corrections.
The corrected
statics figure
on the right
shows a
smoother
structure.
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Figure 10.
CDP gathers
with surface

consistent i T Iil[IJ[[lIIlIHIlliIIH|F|I'lIIIlilIHllIllI'Il[IIIiIIl', ‘li }*I[ﬁii}HIJIIIIIIl]illllHIlIInIIIIJIIIHIIIIHIINIIIIII !
statics. || ‘ ‘ e '3;‘"”
| ,;:. R
i§ ,‘iﬁ i .
.ﬂ e m .
; j' w0 i
J{‘di i 1‘1;1 {1:11‘\ | J'"J' I
2; ) ‘“ ‘: ‘
Source Wavelet Desired Wavelet
/\ /\ i < _//\ N >
\/ VV 1= U =
Seismic with Seismic with
source wavelet X desired wavelet X

il T

Figure 11. Deconvolution-Changing the shape of the wavelet on the data.
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CDP Sort

When a common midpoint gather lies over a
horizontally layered Earth, all of the reflections
observed on the common midpoint (CMP)
gather took place at a common depth point
(CDP) as shown in Figure 18. In the 1950’ it
became convenient to sort the seismic traces
into a common depth point gather (“CDP
Sort”). In general, CMP sort is the morce gen-
cral term when the Earth is not a horizontally
layered medium.

Stacking Velocity Analysis,
NMO

When sound waves are reflected from a single
reflector and observed on a CMP gather, they
appear to take longer to arrive as the source-
receiver distance (X) increases (Figure 19).
This increase in reflector traveltime is called
Normal Moveout (NMO). The NMO can be
mimicked using a simple cquation and the
NMO can be climinated by determining the
velocity in the simple equation and correct-
ing the traveltime equation for each oflset. The
process of eliminating the NMO is called NMO

AT
b .Pe.f.n\. x.uf-w
Xt

: ——
‘L\.\\’?‘ﬂ:\_
MLAAN ’\"s'& 1\%‘!5-,

Figure 12,
Shot gather
with coherent
noise, before
FK filtering.
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correction. The velocity in the equation is not
a velocity in the normal sense of the word. It is
called the stacking velocity because it is the
velocity in the equation that flattens the seismic
data for processing purposes. Do not confuse
the stacking velocity with a real velocity inside
the Earth. The computer simply tries different
stacking velocities as shown in Figure 18 until
the stacking velocity in the simple equation
shown in Figure 19 gives the desired result
(flattens the events). One way to approach this
problem is to simply have the computer try a
range of stacking of constant stacking velocities
(in other words, the whole gather is moveout
corrected with the same stacking velocity) and

viewing the results of constant velocity stacks
(Figure 20). These constant velocity stacks give
the seismic processor a direct view of the gath-
ers and allows a visual interpretation of which
stacking velocities do the best job of flattening
the events. Another approach is to use the com-
puter to estimate the best flattening through a
term called the semblance. The highest sem-
blance value is used to pick the stacking veloc-
ity in this case (Figure 21).

Once the NMO has been estimated via the
stacking velocities, the computer uses the
stacking velocities to correct the CDP gathers
so that the reflections appear flat on the gath-

Figure 13.
Shot gather
after FK
filtering.
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CDP Sort
(also known as....CMP Sort) Figure 18. A
common
3 % i depth point
Record using sort is one
common shot gathers \; /'/' in which each
trace
Sort to common represents a
- depth point (CDP) 2 3 3 2 1 reflection
\ / or common at the same
=0 a common
YiERg I CHR ._-_-_.;2 ] /%t_z = depth point.
i T
Finding the stacking velocity

that fits the data is an important
step to processing.

>

V too high

S~

~—V fits reflection curve

V too high

V ="stacking velocity"

Flgure 19. Stacking Velocity Analysis. In order to match the moveout on the CMP Gathers, the

“stacking” velocity in the simple equation shown has to fit the data.
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l

Figure 20.
Constant
Velocity Stack.
The stacking
velocity
interpreter can
draw his pick
of the stacking
velocities

for a series

of reflectors
at different

giving him a
continuous
curve of
stacking
velocity versus
zero offset
two-way travel
time.

ers. Figure 22 illustrates a CDP gather in which
a single reflector has NMO. The first step to
stacking this gather is to correct the NMO. Fig-
ure 23 illustrates the gather in Figure 22 after
NMO correction has been implemented via the
computer. The basic idea for this approach is to
signal processing is to get multiple copies of the
same signal aligned and then to average them
to increase the signal to noise. You would be
surprised how different the signal might look
before and after this averaging. There are times
when you cannot see the signal at all before the
traces are averaged (or “stacked”). The number
of traces averaged together is called the fold of
the data. Stacking then represents a reduction
of the number of traces as shown in Figure 24.
Figure 24 illustrates that six fold data repre-
sents 6 traces as a single trace. If you happen

to be looking at a stacked seismic section de-
scribed as 200 fold data, each trace viewed on
this section is the result of averaging 200 traces.

This is quite a reduction from the original data
recorded in the field!

Final Stack

When the data has been CMP sorted, the
stacking velocities determined, and NMO
corrections applied, the data is “stacked” or
averaged as discussed earlier. Repeating the
earlier discussion, the reason for this averaging
is an increase in the signal to noise ratio. Stack-
ing simulates having a source and receiver at
the same position on the surface of the Farth
(called a zero offset reflection experiment).
Here the term “zero offset” refers to the dis-
tance between the source and the receiver.
Stacking creates a single trace that represents
the signal that would be recorded by a zero off-
set reflection experiment conducted ata CMP
point on the surface. The reflection time ofa
wavelet on a stacked section is the time that it
takes to travel from the source on the surface to
the reflector and back to a receiver at the same
location (remember the zero offsct condition).
The plotting of a single stacked trace is plotted
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Figure 21.
Sempblance
Plot. The
computer does
a lot of work
to produce

a semblance
plot where the
peaks are used
to estimate
the velocity at
each two way
traveltime.

Normal Moveout (NMO)
g s

. Normal moveout is the
f increase in time that
? ? occurs as the source-

% receiver offset increases.

Flhss
I —

Figure 22. Normal Moveout (NMO). NMO is used to describe the increase in traveltime as the offset xX)
increases on a CMP gather. If we have picked the correct stacking velocity for the above event, we coulid flatten
the events by correcting the times in the above CDP Gather. This act of flattening the events by correcting the
times in a CDP gather is called "NMO correction”.
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Figure 23. NMO
Corrected Gather
(flattened). When
the stacking
velocities are
determined, NMO

v

correction is used
to flatten the
reflection event.
The justification for
this flattening is to
add multiple copies
of the same signal,
getting a better
estimate of the
signal. A lot of the
noise is canceled ¥
when the fraces
are added like this.

+ X

1

v

v
: Flattened CDP Gather \ /

Figure 24. Average these traces together to get a final stacked trace with midpoint position Y. The number of
traces in the CDP (more correctly the CMP) is called the fold. Repeating the process for each midpoint position

gives the final stack.

in the vertical direction. This is a big assump-
tion on the part of stacking. When a series of
the stacked traces are plotted next to one an-
other, the viewer gets an image of the cross sec-
tion of the Earth. The imaging due to stacking
works fine if the reflectors are horizontal and
boring (not much in the way of interesting geol-
ogy) as shown at the top of Figure 25. How-

ever, when there is structure or diffractions due
to faulting, stacking gives a false image of the
subsurface as shown in Figure 25. If the seis-
mic data that is being viewed has simply been
stacked, then the interpretation of that image
has to correct for these artifacts of stacking. The
final stack or stacked section is the result of any
processing leading up to a stacked view of the
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Stacking mislocates dipping reflectors

Figure 25.
Stacked data
- N can cause

Stacking works for horizontal reflectors problems
with the
interpretation.

Surface
appatrent position on stack
€ position

Stacking creates
artifacts at synclines
and faults

geology. Remember that simple stacking can
causc a distorted view of the geology.

Migration - Poststack or
Prestack

Unfortunately, the process of stacking can give
a false image of where the reflector is actually
located. This results from the process of always
plotting the stacked traces in a vertical sense
when in fact the signal could have arrived from
a dipping reflector (Figure 26). So stacking
works finc for a horizontally laycred Farth, but
has problems with dipping beds, curved beds,
velocity variations and other details that do not
exactly meet the rather ideal circumstances for
stacking data shown in the bottom of Figure
25.

The cure for the misrepresentation of reflector
position is called migration. Surprisingly, the

first migration of seismic data was conducted
by John Clarence Karcher, an OU gradutc, in
the 1920's when he was developing the first
seismic reflection crew in history. His test near
the Arbuckles was one that required migration
for the interpretation of the data. The basic idea
used by Karcher was to swing an arc equal to
the two way traveltime of the reflected signal.
Since his recording was very close to zero offset
(the same as modern day stacking), he was
conducting the first migration in history. Today
computers migrate by swinging arcs in very
much the same manner used by Karcher (only
faster) as shown in Figure 26.

There are many types and names for the migra-
tion algorithms offered by processing contrac-
tors. If you want to save money, it is cheaper to
apply migration to stacked data. In this case the
migration is referred to as poststack migra-
tion. The more expensive form of migration is
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migration corrects the position :

/ apparent position on stack

Figure 26, Migration attempts to correct for the problems with simple stacking. If you swing an arc with
a radius equal to the two-way traveltime, the arc goes through the apparent position of the reflector on
the stack and the actual position of the reflector. This basic idea of migration was first utilized by John
Clarence Karcher in the 1920's when he developed the reflection seismic method. Today computers swing

the arcs and the process is called migration.

called prestack migration. Poststack migra-
tion assumes that stacking has done a great job
of imaging and that the migration primarily has
to correct the location of the image. Prestack
migration helps with the imaging as well as
the location. Really nasty problems with a lot of
structure, reflector dip, velocity variations and
other factors require prestack migration.

Within the realm of poststack and prestack mi-
gration you will find the terms time migration
and depth migration. Time migration makes
simplifying assumptions about the travelpaths
(straight lines) while depth migration can be
designed to account for all of the details in a
model.

This mcans that the cheapest and most con-
venient method of migration for simple Earth
models is poststack time migration. If you
want to spend a little bit more money to get a
slight improvement in the imaging capability,

you can order prestack time migration. Finally,
if you have a very important prospect with a
complicated geology and are willing to spend
the money, you need prestack depth migra-
tion. Figure 27 lists the varieties of migration
for easy reference. Figure 28 illustrates a side
vicw while Figure 29 illustratcs a horizontal
slice through a 3D time migrated scction. Time
migration is the most common form of migra-
tion encountered but the simplifying assump-
tions in time migration should be remembered.

Treatment of Seismic Ampli-
tudes

Geometrical Spreading describes the loss
of signal amplitude due to the spreading of
the wavefront as it travels down to a reflector
a back. In addition, attenuation of some sort
acts to further reduce the signal as it travels
into the Earth and back to the surface. Often
simple equations are used to approximate the
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« Time Migration
— Poststack- cheapest...works for simple Earth
» Straight ray paths
— Prestack- a little more expensive better