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In case of locally reacting (i.e., angle-independent) reflectivity this response is restricted to the
position of the dipole source. Hence, in this special case R(z,) is a diagonal mairix. A typical
example is a pure density contrast at z,,,. However, in general the reflection response is nof
restricted to the reflection point, i.e., to the position of the dipole souree. In the case we call the
reflector non-locally reacting and R(z,,) looses its simple diagonal structure. Note that non-lo-
cally reacting reflectivity (multi-element colunms) corresponds to angle-dependent reflectivity.

When the reflectivity properties at z,,, change along the x coordinate then the convolution (equa-
tion (A.16)) becomes space variant,

F(x3,2,,0) = le(kabem,O)) St (54,2, ®) Ax. (A.18a)
!

Hence, the elements in the matrix R(z,,) are given by

Ry | =R (%) 2y ®) Ax. (A.18b)

The I!P column now contains the discretized reflection response R, describing the angle-depen-
dent reflectivity properties at (x;2,,).

The transmission operator for downgoing waves at z,, reads, in accordance with equation
(A.10b),

T(z) = I + R(2,,). (A.19a)
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Appendix B

Influence of missing data

B.1 introduction

In this appendix the influence of missing data on the synthesized result is discussed. The issue
of missing far offsets will be approached theoretically and illustrated on a single reflector exam-
ple. An atternpt is made to find an analytic solution to the minimum offset required for true
amplitude processing. Finally the influence of missing near offsets is discussed. The problems
concerning these missing near offsets will be attacked nsing a CMP oriented interpolation pro-
cess as described by Verschuur (1990).

B.2 The influence of missing data

In seismic practice the acquisition geometries used are usually moving spread geometries. This
means that our data matrix P (zg) is a band data matrix (Figure B.1). The missing near offsets

shot position shot position
s o

o =
Q o
@ 17}
a 2
] 3]
2 2
8 @9
8 g
zero-offset data
fixed spread acquisition moving spread acquisition

Figure B.1 Influence of the acquisition on the form of the data matrix.
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¢ = 2000 Ms
p = 1000 ¥¢/ms

Figure B.2 Model used to investigate the influence of missing offsets on the phase and
amplitude of the synthesized areal shot record.

result in & gap around the zero-offset position (the diagonal of the matrix). To test the influence
of both the missing near and far offsets on the synthesized result the model as depicted in Figure
B.2 is used (a density contrast over a horizontal interface). Before showing the obtained resulis,
we will look at the mechanism of synthesizing shot records. We will focus on the influence of
finite offset on the phase and amplitude behaviour of the synthesized result.

The synthesis process, as described in Chapter 2, involves a common receiver stacking. If we
apply reciprocity, each common shot gather becomes a common receiver gather. Hence, if we
consider as desired source wave field a horizontal plane wave at the surface, the synthesis pro-
cedure is fully equivalent to the stacking of all the traces in each shot record.

For the model as shown in Figure B.2, the shot record can in traveltime also be considered as a
. truncated extrapolation operator from the surface z, to twice the reflector depth z,,,. The ampli-
tudes however, are influenced by the reflection properties of the interface, in this example an
angle independent reflection coefficient of 0.5. Hence, the problem of synthesizing data with
finite offsets is in this simple case fully equivalent with the extrapolation of a plane wave by a
truncated operator (Figure B.3) over a distance equal to twice the reflector depth z,,. This
extrapolation can be described by the Rayleigh H-integral:

IR AR P B AR I

operator width (2a)

x =0

Figure B.3 The extrapolation of a plane wave by a truncated operator. Explanation of used symbols.
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a
1 )
P 0; = oR P ;O J; ] ) .
dOm) = 5 [P0 [$C (D] ds (B.1)
@
where a describes the half-width of the extrapolation operator,
P(x,z) describes the pressure of the wave field at position (x,z); the subscript « indicat-
ing that we evaluate the pressure as function of g, and
G{x,z) describes the Green’s function from depth level z=0 to position (0,z,,,).

In the next section we will look at a analytic solution to equation (B.1)

B.3 Theoretical solution to the extrapolation of a plane wave by a truncated
operator

In this section we will derive an analytic solution for the extrapolated result of a plane wave
through a homogeneous media by a truncated operator (equation (B.1)). The main variable will
be the width of the operator, i.e. 2a. For the derivation an approximation of the Rayleigh II-in-
tegral is used as described by Stamnes (1982), which involves a Taylor expansion around the
edge points of the operator. Figure B.3 shows the configuration and explains the most important
variables used.

Equation (B.1) can for the 2-D case be rewritten as:

=

P02) = =% [ Px0) [ LD (ker)] s 8.2

where H(g 2 is the zero™ order Hankel function of the second kind;
k is the wave number defined by @/c, and

r= P+ (z,-2)2 (B.2b)

Equation (B.2a) can be rewritten as:

dx +

Pf0.2,)= _.!2'.[ I P{x,0) [%Héz) (kr)]Z o

—~oa

zZ =

) 2}.}) O[S (r)] _ ax | (8.3)

The first part of equation (B.3) is the response of the incident wave field P(x,0) in point (0,z,,).
The second part describes the influence of the missing parts in the extrapolation operator. The
incident wave field at z=0 however, is a plane wave with amplitude Ry

P(x,0) = Ry, (B.4)
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simplifying equation (B.3) to:

Po(0.2) = Ry exp(~jkz,) + jRy | [%ng) (kr) | e (B.5)

The second part of equation (B.5) can be approximated for the far-field (kr>>17 ):

exp (~jkr)

rir

. ik ¢
P(0,zy,) = Ry exp(—jkz,,) —~ 2Ry J é’—n Zm j[ —L dx. (B.6)
al Hz=0

The second part of equation (B.6) is of the kind of:

I(a) = [g(x) explifix)) dx. ®B.7)

Integrals of this form can be approximated by taking the value of g(x) at the edge point g and
applying a second order Taylor expansion to the phase term f{x) around x=a. The assumption
is that f{x) has no stationary points in the integration interval (Stamnes, 1982), which is indeed
the case for equation (B.6). This leads for the second term Py o(0z) of Po(0,2,,) to:

- az 1 oo -—-ij,zn . a3. 2
Py 2(0.2,) = gla) exp |~jkr (1 - ME’) fexp{ ~~~~~ . {x+ -5 } ¥ dx, (B.8a)
2 " a Zra ni ..
re= Ja*+z2, and (B.8b)
.
gla) =2 RO /\/%kﬁ Ly —=. {B.Bc)
raJra
Changing the integral variable x to & according to:
2 372
Rl PRl (B.9)
2 2r, Zp
leaves equation (B.8a) to:
glayr, [mr, 24 % —frE?
Py x(0,z,) = "2 \[—7; exp ~jkra(l - ;“7) jexp{i;—} dE, (B.10a)
Zin 2z, £
with
kr, 4
= ¢ & B.10b
éa T z m ( )
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The integral in equation (B.10a) can be rewritten as:

o 2 g 2 & 2 & 2
I= jcos{zt-;?—n}d&—jjsin{%}d&« jcos{%}d&-{—jfsin{wiw}d&. (B.11)
0 ] [ (¢}

Using the definition of the Fresnel integrals (Abramowitz and Stegun, 1968):

q " g2

Clg) = [cos { =} dE and (B.12a)
0
q 2

S(q) = [sin {75;-} dE, (B.12b)
0

simplifies equation (B.11) to:
1= C(o0) — jS(o0) — C(Ey) + jS(E) (B.12c)

Remembering that:

o) = 55 S(eo) = (B.12d)

1
2
and substitution of equation (B.12c) into equation (B.10a) leaves:

) 24 1 .
Py o02y) =~ Ry Ji} exp|—jkr, (1 - 2(125) {“;“ - C(éa) ”j[i - S(éa) J} (B.13)

with r,, defined by equation (B.8b) and &, defined by equation (B.10b).
Substitution of equation (B.13) in equation (B.6) leaves:

P (0,2,,) = Ry exp(~jkz,p)

1= 3} exp|—jfr.[1- 2 Locey-jll-se B.14
j exp|~j {ra( EZ)”Z’"} G-CE)-i[3-s&) ]y | B9

Note that for a — e equation (B.14) leads to:
P f02)q — oo = Ry exp(-jkz,,), (B.15a)
and for a — 0 to:

Po(02m)a — 0 = 0. (B.15b)
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B.4 Influence of missing far offsets

Equation (B.14) gives a theoretical prediction of the result of the synthesis for a medium with
one reflector and an angle independent reflection coefficient. In this section we want to compare
the theoretical phase and amplitude behaviour of the areal shot record with the results after
numerical synthesis.

For a monochromatic experiment {f = 61 Hz, z = 500 m, ¢ = 2000 m/s) the theoretical result
according to equation (B.14) and the results as obtained from the synthesis are shown in Figure
B.4 for a varying maximum offset in the extrapolation operator or the shot record. The results
show both the amplitude and the phase behaviour as function of the maximum offset in the
extrapolation operator/shot record. Both the small amplitude error as well as the difference in
periodicity for large maximum offsets can be explained both, by the fact that the integral of
equation (B.1) is approximated in the synthesis due to the discretization, or are due to the
approximations in equation (B.14). In Figure B.4 the first Fresnel zone is indicated. The first
Fresnel zone is defined as the zone for which there is a A/2 difference in length of the raypaths
from the mid- and endpoint of the zone to the detector position (Figure B.5) according to Ray-
leigh (1896). It can be easily derived that half the width of the first Fresnel zone 24 £ 1 can be
approximated by:

a= [fiz, , (B.16)

with A the wavelength, and
Z,, the extrapolation depth, i.e. twice the depth of the reflector.

From Figure B.4 we learn that the amplitude increases with increasing maximum offset, as
long as the offset is within the first Fresnelzone. For offsets exceeding the first Fresnelzone the

0.7 50
— theory
0.6 40 — -~ gynthesis
0.5+ PAVVARAMMAMAAY 30—
o L ’
T 0.4+ o 20~
5 e
£ 0.3 & 10—
(o4
0.2 0~ ANWWMWWW
0.1 = - 2‘1F, 1 —= theory BLE
{ -------- synthesis
0.0 e R -20 e gy
0 400 800 1200 4] 400 800 1200
maximum offset (m) maximum offset (m)

Figure B.4 : Monochromatic experiment. The amplitude (left) and phase (right) as function of the maximum
offset in the extrapolation operator/shot record calculated by equation (B.14) (solid line) and by the
synthesis (dotted line). At the left hand side the first Fresnel zone is indicated ( 2ag 1)
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the second Fresnel zone the first Fresnel zone the second Fresnel zone
28 4 4

A

receiver position

Figure B.5 : The definition of the first and second Fresnelzone.

amplitude oscillates around the exact solution. Ounly for an infinite maximum offset the result
will converge to the exact solution (amplitude Ry = 0.5, phase = 0°).

Next we will show the truncation effects, but now with a broad band experiment using a box
spectrum (40 Hz <f < 80 Hz, Agpy, = 33m). The results show the amplitude and phase aver-
aged over the used frequency components (Figure B.6). A small error in the amplitude still
exists between the analytic solution and the result after synthesis, however the oscillations
match very well. Here we see that both results tend to the exact solution already for a maxi-
mum offset of 400 m.

The influence of filtering the frequency spectrum of the wavelet is shown in Figure B.7, for a
frequency contents of 0 —» 60 Hz, filtered from 0 — 5 Hz and from 55 — 60 Hz by a

0.7 50
== theory
0.6~ 4“0y e synthesis
©
g 0.4 — @ 20
2 H
............ m 0.3 N 10 N
0.2 G -4
o1-y | — theory 10~
- synthesis
i 0.0 ¥ ] T ) T ] ¥ '20 ¥ ] L] ] T T T
¢ 400 800 1200 o 400 800 1200
maximum offset (m) maximurn offset (m)

Figure B.6 : Broad band experiment (box spectrum, 40 - 80 Hz). The amplitude (left) and phase (right) as
function of the maximum offset in the extrapolation operator/shot record calculated by equation
(B.14) (solid line) and by the synthesis (dotted line).
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0.6 50
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05— = of e e e 4—/ 40 =
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Figure B.7 Broad band experiment for a frequency range of 0 til 60 Hz, filtered from 0 to 5 and from 55 to 60 Hz by a
cosine-squared taper. The amplitude (left) and phase (right) behaviour of the synthesized result as function
of the maximum offset. Indicated are the exact solutions for a plane wave response (0.5, 0°).

cosine-square filter. The wavelength A4 for the center frequency of 30 Hz is 67m. Only the
experimental results are shown. For the synthesis a lateral cosine-square truncation window
was applied over 5 traces at each side of the spread, this to improve the results on the phase
behaviour. For an offset of approximately 600m the amplitude is correct. The phase is already
correct for an offset of 450m. In Figure B.8 the result of the synthesis is shown in the time
domain. Each trace represents the result for a specific maximum offset. Note the phase shift of
the wavelet for increasing maximum offset.

So far we have shown that it is possible to predict the amplitude and phase behaviour of the
synthesized result when a split spread acquisition is performed over a horizontal interface.
This theoretical result could be used to predict the minimum offset necessary to obtain a true
amplitude and phase after synthesis.

To gain more insight in the minimum offset needed for true amplitude and phase, additional
experiments were done with different reflector depths and velocities above the interface. The

maximum offset in shot record in m R
o LT
£ 400 /
600 il

Figure B.8 The result of the synthesis as function of the maximum offset in each shot record. The arrow
indicates the event due to the aperture limitation of the shot record.
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Figure B.9 : The amplitude of the synthesized resuit as function of the maximum offset for different reflector
depths. The velocity in the model was 2000 m/s.

results shown are not the results obtained from the theoretical solution, but from the synthesis
itself. The depth of the reflector was varied from 100m to 1000m with steps of 100m. The
velocities used were 1500 ™/s, 2000 ™/s, and 3000 ™/s. As in the previous experiment, a lateral
cosine-square truncation window was applied over 5 traces at each side of the spread, to
improve the results on the phase behaviour. The wavelet contained the frequencies from 0 —
60 Hz, and was filtered from 0 — 5 Hz and from 55 — 60 Hz by a cosine-square filter, as was
the case in the last example. The experiments for a velocity of 2000 ™/s will be discussed in
detail. For the other velocities we will suffice with just showing the results

Figure B.9 shows the result of the amplitude for varying reflector depth. The results for the
phase are shown in Figure B.10. It can be very clearly seen that the offset for which the ampli-
tude and phase are correct increases with increasing reflector depth. It is also clear that for a
correct amplitude a larger offset is necessary than for a correct phase. It is possible to find
from these graphs the minimum offset range as a function of the depth of the reflector for

50 - 50
~ z = 100m ~ z=600m
40 \‘» e 7 2 200M 40— ez 7O0m
i oo 2= 300m === = BOOm
30 - 2= 400m 30 ~ S 2= 800m
..... z = 500m ez 1000m
& ]
& 20 ) 8 20
[o% ' Q.
10— ) 10—
{) e P e A 0 e
“1 0 1 I L4 l 1 ] ¥ R —1 0 1] ! ¥ l 14 I ¥
0 400 800 1200 o] 400 800 1200
maximum offset maximum offset

Figure B.10: The phase of the synthesized result as function of the maximum offset for different reflector depths.
The velocity in the model was 2000 m/s.
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Figure B.11 : The minimum offset range for which the areal source may be considered a plane wave
source according to the amplitude behaviour.

which the amplitude and phase have the correct values. If we lock at the amplitude and use as
criterion that the amplitude may deviate less than 3% from the correct value 0.5, the result as
shown in Figure B.11 is obtained. In this figure the results for the three velocities are shown. If
we look at the phase and use as criterion that the phase may deviate 5° maximum from the cor-
rect value 0°, the results as shown in Figure B.12 are obtained. Again the same remark on the
picking of the minimum offset should be made. From these last two graphs we can see that the
minimum offset range needed to obtain correct amplitude or phase after the synthesis increases
with increasing reflector depth and increasing velocity. Again we see that to obtain true ampli-
tude results a wider offset range required, compared to a result with ‘just’ the correct phase.
Note that all curves show a curve proportional to the square-root of the reflector depth, equiv-
alent to the Fresnel zone (equation (B.16)).

So far only horizontal plane wave fields were considered. Now we want to focus on the illumi-
nation with tilted plane waves. We have used the same range of reflector depths and the same
three velocities. We kept the maximum offset in the shot record fixed to 1538 m and investi-

__ 800~ —— 1500 m/s
E i 2000 m/s
A | 3000 mv/s
£ 600~
®
@0
B 400
£
=
E
£ 200
£ 20
0 T T T T T
0 200 400 600 800 1000m

reflector depth (m)

Figure B.12: The minimum offset range for which the areal source may be considered a plane wave
source according 1o the phase behaviour,
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Figure B.13: The amplitude and phase of the synthesized result as function of the angle of incidence of the
illuminating source wave field for a maximum offset of 1538m.

gated the amplitude behaviour as a function of the angle of the illuminating wave field. For a
reflector depth of 500m and a velocity of 2000 ™/s the results are shown in Figure B.13. From
those graphs we can again pick the maximum angle for which the illuminating wave field can
be considered a true areal plane wave field using the same criteria as discussed previously.

The resulis are shown in Figure B.14 when using the amplitude, and in Figure B.15 when using
the phase. Both figures look very similar. In these graphs also the specular reflection limit is
indicated. This limit shows the maximum angle available in the data according to the maximum
offset and the reflector depth (Figure B.16) using a raytracing approximation. From Figure B.14
and Figure B.15 it is obvious that for true amplitude processing more offsets are required.

It is obvious that this extra offset, required to consider the incident source wave field at the
reflector as a true plane wave field, can be related to the first Fresnel zone of the center fre-
quency of the frequency window considered. In Figure B.17 it is shown how the extra offset

80 Sl [specular reflection !imitl
—~ b e
L]
& 60+
=<
<
E 40
E
Py
] - 1500 m/s
E 2071} 2000 m/s

- 3000 m/s
0 T | T T T
0 200 400 600 800 1000

reflector depth (m)

Figure B.14: The maximum angle of incidence as function of the reflector depth for a maximum offset of 1538 m.
For the angle of incidence indicated the illuminating wave field can still be considered a true plane
wave field, using the amplitude criterion.
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Figure B.15: The maximum angle of incidence as function of the reflector depth for a maximum offset of 1538m.
For the angle of incidence indicated the illuminating wave field can still be considered a true plane
wave field, using the phase criterion.

needed to cover the first Fresnel zone can be constructed. Some simple mathematics leads to

the simple expression for the minimum offset needed to obtain a true plane wave illumination
of a flat reflector at depth z,,;:

h= hxpec + hfres’ B.17)
or,
Az,
h = 2z, tano + —3, (B.18)
cosOL

where gy, describes the contribution of the specular reflection limit;
hfyres describes the contribution of the first Fresnel zone;
o is the angle of illumination;
Zy, 18 the depth of the reflector, and
A is the wavelength of the center frequency of the used bandwidth.

extra offset for y fection fimi
true amplitude I specular reffection limit

reflector i
depth z,, |

Figure B.16: Specular reflection limit for illumination angle &, and reflector depth z.
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Figure B.17 : Projecting the first Fresnel zone for obligue incidence with angle o on the acquisition level; 7, is
the depth of the reflector; hy,,. indicates the specular reflection limit, and b the extra offset due
to the projection of the first Fresnel zone.
Using equation (B.18) it is possible to calculate similar curves as shown in Figure B.14 and Fig-
ure B.15. The result is shown in Figure B.18. Note the similarity between the analytically
obtained curve of Figure B.18 and the experimentally obtained curves of Figure B.14 and Fig-
ure B.15.

The derived formula (B.18) provides a tool to gain insight in which range of angles can be used

s for true amplitude processing. It could also be used prior to acquisition to calculate roughly the
required maximum offset needed to have the possibility to obtain true amplitude angle depen-
dent seismic information for litho-stratigraphic inversion.

80— : ]specular reflection !imi!t
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Figure B.18: The maximum angle of incidence as function of the reflector depth for a maximum offset of 1538m
calculated with equation (B.18). For the angle of incidence indicated the illuminating wave field can
still be considered a true plane wave field. (Compare with the experimental obtained curves, Figure
B.14 and Figure B.15.}
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B.5 The influence of missing near offsets

In the previous section we have seen that the influence of missing far offsets give mainly rise
to an amplitude error and an error in the phase of the wavelet. It was shown that the errors could
be related to the first Fresnel zone. However, if we think about missing near offsets, we see
immediately that for a simple plane wave stack at the surface, these traces are positioned within
the first Fresnel zone. This means that strong artifact can be expected. For illumination under
different angles of incidence the missing near offsets might not be in the first Fresnel zone.
However, since the missing near offsets will be in the apex of most of the reflector responses,
the high amplitudes at the edges of the missing offsets will cause strong artifact in the synthe-
sized result.

Experiments were done on the same data sets as were used for the far offsets experiments. In
Figure B.19 the results after synthesis are shown for an increasing missing near offset range;
the reflector depth was 500m, the velocity 2000 ™/s, and the maximum offset used was 1524m.
It is obvious that amplitude and phase are severely distorted.

To obtain reliable results these missing offsets should be interpolated. Verschuur (1990) dis-
cusses a robust CMP-based interpolation algorithm. This interpolation technique is used to
interpolated the missing near offsets. In Figure B.20 the results of this interpolation are shown
for reflector depth of 560m for the velocities 1500 ™/s (a), 2000 ™/s (b) and 3000 ™/ (c). From
these resulis it may be concluded that the interpolation technique fixes missing near offsets up
to a range of 300m, both in phase and amplitude. If we would not interpolate the missing near
offsets we can expect an image with seriously wrong amplitudes, and mispositioned reflectors.

first offset in shot record inm
0 500 1000 1500

|
WE ”r’ g’ r% 0
{ .
200 E
2
400
]
i 800

Figure B.19 The result of the synthesis as function of the first offset in each shot record. The reflector depth
was 500 m, the velocity 2000 ™/s. Clearly the importance can be seen of the near offsets for the
amplitude and the phase behaviour of the synthesized results.
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Figure B.20: The amplitude and phase as function of the first offset in the data, after interpolation of the missing near
offsets. On the left hand side the results for the amplitude are shown, on the right hand side the results on

the phase. For the amplitude also the results without interpolation of the missing offsets are shown. The
reflector depth was 500m; the velocities were {a) 1500 ™/s, (b) 2000 ™/s and (c) 3000 ™/,
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Summary

In this thesis a new approach to prestack depth migration is introduced. In this approach the full
prestack migration process is replaced by the migration of a finite number of so-called areal
shot records. By limiting the number of arcal shot records the proposed method will be an effi-
cient approach to prestack depth migration.

An areal shot record is the response of the subsurface due to a source wave field with lateral
extend. Such an areal shot record can be constructed from the prestack seismic data using Huy-
gens’ principle. In general any type of areal source wave field can be constructed from the dis-
tribution of point sources, given by the acquisition geometry used in the seismic survey. The
description of how to combine the point sources into the areal source wave field is called the
synthesis operator.

Using the knowledge of the propagation properties of the subsurface, it is possible to construct
from the surface point sources an areal source wave field, which will have a predefined shape,
both in amplitude and phase, at a specific position in the subsurface. This technique is called
controlled illumination. The knowledge of the subsurface used in controlled illumination is the
macro model, which is also used for the depth migration process.

If a desired areal source wave field is defined along a macro boundary, the quality of this macro
boundary can be verified by comparing the synthesis operator with the corresponding event in
the synthesized areal shot record. If a focus point at a macro boundary is defined, it is possible
to evaluate the depth and the velocity at this depth point. If a normal-incidence wave field is
defined along a macro boundary, the lateral extend of the macro boundary can be evaluated.

Since the areal source wave field represents a physical wave field, it is possible to migrate the
areal shot record with a modified conventional shot record migration scheme. The modification
is that the source wave field is given by the synthesis operator, used for the construction of the
areal shot record. This so-called areal shot record migration process is a generalization of the
conventional shot record migration process. The migration can be described by two steps: first
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the extrapolation of the wave fields into the subsurface and second the imaging of the reflectiv-
ity from the extrapolated wave fields. In the imaging part of the depth migration, the scaling of
the depth image with the energy of the incident source wave field is of main importance. This
holds for any type of migration. Since in the discussed method the control of the source wave
field is put at the region of interest, the target zone, this scaling is simple and straight forward
in this area.

An example on a complex synthetic data set (the Marmousi data set) shows that the target-ori-
ented approach is favourable over the normal surface-oriented approach and gives a depth
image comparable to a prestack depth image for only five areal shot record. The prestack data
set consists of 240 shot records. By combining the depth images obtained by migration of the
individual areal shot records, constructed for different illuminations, the quality of the depth
image will be improved.

An example on a field data set shows similar results, but the number of areal shot records has
to be increased to 25 to obtain an acceptable signal-to-noise ratio in the final depth image. An
additional Fresnelzone filtering during the synthesis process, increases the signal-to-noise ratio
considerably. The number of areal shot records can be decreased and the efficiency of the
method is improved.

In conclusion it may be stated that the combination controlled illumination - areal shot record
migration gives an efficient and accurate approach to prestack depth migration.
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Samenvatting

Het gebruik van gecontroleerde belichting in seismische migratie

Het verkrijgen van een beeld van de ondergrond vanuit seismische metingen wordt seismische
migratie genoemd. In dit proefschrift wordt een nieuwe methode geintroduceerd voor
seismische migratie. Bij deze nieuwe methode worden de seismische metingen gecombineerd
tot zogenaamde uirgebreide golfveldresponsies. Door het aantal van deze samengestelde
responsies klein te houden, ontstaat een efficiénte methode voor seismische migratie.

De seismische weergave van de ondergrond, veroorzaakt door de uitgebreide bron, wordt
samengesteld uit de puntbronmetingen. Hierbij wordt gebruik gemaakt van het principe van
Huygens. De beschrijving van de wijze waarop de puntbronnen moeten worden gecombineerd
tot het uitgebreide bronveld wordt de synthese-operator genoemd.

Gebruik makend van de kennis van de propagatie-eigenschappen (globale informatie
betreffende de snelheid en dichtheid) van de ondergrond is het mogelijk om een uitgebreid
bronveld te construeren met een vooraf bepaalde structuur, zowel in amplitude als in Iooptijd,
op een bepaalde positie in de ondergrond. Deze technick wordt gecontroleerde belichting
genoemd. De informatie over de propagatie—eigenschappen van de ondergrond, die gebruikt
wordt bij gecontroleerde belichting en ook noodzakelijk is voor het uitvoeren van een
seismische migratie, wordt het macromodel genoemd.

Indien het beoogde bronveld wordt gedefinieerd langs een laagovergang, dan kan deze in het
macro-model geanalyseerd worden door de synthese-operator te vergelijken met de seismische
reactie van deze overgang in de samengestelde uitgebreide golfveldresponsie. Als een
focuspunt wordt bepaald op de laagovergang, kan de diepte en de snelheid boven dit punt
worden geverifieerd. Indien een loodrecht invallend bronveld wordt gedefinieerd langs de hele
laagovergang, dan kan de zijdelingse uitbreiding van de laagovergang worden vastgesteld.

Aangezien het geconstrueerde bronveld een fysisch experiment voorsteld, kan de gemeten
reactie van de ondergrond op dit bronveld gemigreerd worden met behulp van een aangepast
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conventioneel puntbronmetings-migraticschema. De toegepaste wijziging houdt in dat het
bronveld wordt verschaft door de synthese-operator, die wordt gebruikt voor het samenstellen
van de uitgebreide golfveldresponsie van de ondergrond. Dit gewijzigde schema kan worden
gezien als een gegeneraliseerde conventionele puntbronmetingsmigratie. Migratie kan worden
beschreven als een tweestaps-proces: het berekenen van de golfvelden als functie van de diepte
met behulp van het macro-model &n het afbeelden van de reflectie-eigenschappen van de
ondergrond. Tijdens de afbeeldingsstap is het belangrijk om de afbeelding op een bepaalde
diepte te vergelijken met de energie van het lokaal invallende bronveld. Dit geldt overigens
voor iedere migratieprocedure. Daar de besproken methode van de gecontroleerde belichting
het invallende golfveld definieert in het doelgebied is deze vergelijking met bronveldenergie
eenvoudig. Het is tevens mogelijk om met behulp van de gecontroleerde belichting
hoekafhankelijke reflectiviteit af te beelden, die verder gebruikt kan worden voor het bepalen
van de werkelijke mediumparameters in de ondergrond.

Een voorbeeld op een ingewikkeld gemodelleerde dataset laat zien dat de gecontroleerde
belichting op een specifieke positie in de aarde cen superieure afbeelding geeft van dit gebied
in vergelijking met methoden waarbij de kennis van het macromodel niet wordt gebruikt tijdens
de samenstelling van uitgebreide golfveldresponsies. Door gebruik te maken van slechts vijf
doelgerichte uitgebreide golfveldresponsies is bet mogelijk om een afbeelding te krijgen van
de ondergrond vergelijkbaar met het resultaat dat door de migratie van alle 240 puntbron
metingen in de totale dataset wordt bereikt. Door de afbeeldingen verkregen door de migratic
van de verschillende uitgebreide golfveldresponsies te combineren, wordt de kwaliteit van de
afbeelding verbeterd.

Fen voorbeeld op seismische velddata laat vergelijkbare resultaten zien, hoewel het aantal
uitgebreide golfveldresponsies toeneemt tot 25 om een acceptabele signaal-ruis verhouding in
de afbeelding te krijgen. Indien een additionele Fresnelzone filtering tijdens de synthese wordt
toegepast, verbetert de signaal-ruis verhouding aanzienlijk en kan het aantal vitgebreide
schoten worden teruggebracht.

Concluderend kan worden gesteld dat de in dit proefschrift beschreven combinatie van
gecontroleerde belichting en migratie van uitgebreide golfveldresponsies een efficiénte
methode is om de ondergrond vanuit seismische metingen nauwkeurig af te beelden.
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