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The image is then obtained by extracting the values of the wavefield at ze
time. The usual migration process can be schematically represented as follows:

Pwomhiz=0 2% p(w,mh:2) (1.1)
P(w,mh:z) "L pt—0,m,h:2). (1.2)

To compute ADCIGs, we need to introduce a slant-stack transformation betwe
downward continuation [step(1)] and imaging [stepX.2)]. The results of slant
stacks are functions of the offset ray parameteand the intercept time. The im-
age is then obtained by extracting the values of the wavefield at zero intercept tir
i.e. T =0. The migration process used to produce ADCIGs can be schematica
represented as follows:

Plmhz=0 2% Pwmh:2 (1.3)
P(w,m,h;z) SRUSEK 5 bni2) (1.4)
Pmpnz) S p(r=0m,pn2). (1.5)

Figurel.lillustrates the subsequent stages of the process represenieg-h5).
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Figure 1.1: lllustration of the method for computing ADCIGs before imaging
Orthogonal slices of the prestack wavefield after downward continuation with t
correct velocity to the depth of 700 meters; that is, the depth of the flat refle
tor: zero-offset section (panel a), and the common-midpoint gather at 1,410 met
(panel b). Panel c) shows the complete (i.e. for all depths) ADCIG at 1,410 mete
| cig-zoff-cmp-cig-dip-overn-z70QCR,M]




Figure 1.4: A schematic of the geometry of an angle-domain CIG gather in 3-I
The geometry is analogous to the 2-D case illustrated in FigRrén contrast with
the schematic of Figurg?, the plane of coplanarity is not vertical but it is tilted

by oy and rotated by with respect to the horizontal coordinate cig-cig-3d-v4

[NR]



According to equation®?), the offset ray parameter can be expressed as
function of the source and receiver ray parametpxs, Px,) as follows:

Pxy = Pxg — Pxs- (1.6)
The source and receiver ray parametesg,(px,) are functions of the source and

receiver ray propagation anglés, 8 ) and of the velocity at the reflector(z, x) as
follows: _ .
sings sing;
Prs = v(z,X) Pxg = v(z,x)’
Substituting the relationships if (/) into equation {.6), then using the angular re-
lationship expressed in equatic??f and applying fundamental trigonometric iden-
tities, we obtain the desired relationship:

. . in( Br—=B Br+B .
_sing —sinBs 23'“( ¥ S)COS( =2 S') _ 2siny cosuy
T (XY v(z,X) T v(zX)
which directly links the offset ray parametey, to the reflection opening angle

y. The mapping of they, axis into they axis depends on both the local velocity
and the geological dip. When the spatial velocity variations are significant and t

(1.7)

(18
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Px'ss Py’ss Px'g» Py, Must be related by the following expression:

1 2 1 2
g Py TV vzig ~ Pxs
(pylg - pyls) = (py/g + py/s) \/U (?_ 2 29 \/U (1 2 > (19)
\/vz(g’l) N pX/g +\/U2(§,Z) ~ Py

This relationship was derived Biondi and Palacharlgl996 to define common-
azimuth migration, and it is demonstrated in the Appendix of their paper.

Using the relationships among the ray parameters expressed in equa@pns |
and the relationships between the ray parameters and the angles expressed in ¢
tions (L.7), and after applying trigonometric identities, we can rewrite equafici) (
as follows:

_ sinay (cospy —cosBs)  sinay tany tanay (1.10)
" u(Z X, y)(cospr +cosps)  v(ZX.y) '
The in-line offset ray parameter from equatidng) can also be rotated by the
azimuthe¢ to give the following expression:
2siny cosay
pX/h = VARV A
v(Z,x,Y")

(1.11)



o ADCIG after imaging in 2-D — ADCIG (y)

The application of the imaging condition transforms a wavefield propagating in tirr
into an image cube that is function of depth. The transformation from time to dep
depends on the local dips in the wavefield and the local propagation velocity.
the frequency-wavenumber domain this transformation is represented by the D
operator, which in 2-D can be expressed as a function of the afiglasd 8, as
follows:

w

kz=— "z (cosBr +cospBs). (1.12)

Recalling the relationship between the in-line offset wavenurkfesind the in-line
offset ray parametepy,:

th = pxha), (113)
and substituting both equatiofh.(2 and equationX(.8) in equation {.13, we ob-
tain the following relationship:

kzv(z,X)  2sinycosayx  kzv(z,X)
P Cospr + cosps v(z,X)  2cOSy COSxy

This relationship directly links the dips in the depth-offset don(ek';m/kz) to the
aperture angléany). Notice that both the local velocity(z, x) and the in-line dip




Figure 1.5:; ODCIG (pE':lne|N —400 et OIAroset (m) 400 -60 —Afoer—hzl(r)e %nglgo(defg 60
a) and ADCIGy) (panel b) ©
after migration with the correct,
velocity. These CIGs are takéit
from the same data and at the
same surface location as the
ADCIG shown in Figurel.lc. «

=3
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o ADCIG after imaging in 3-D — ADCIG (y,¢)

The vertical wavenumbeék, is thus related to the vertical wavenumligras fol-
lows: ky =kzcosay =, /kZ+ k)zl,. Substituting this relationship into equatidni4)
leads to its 3-D equivalent:

Ky, = —kz tany = — /k2+ k§, tany. (1.15)

This 3-D expression is not independent of the geological dips as was its 2-D equi
lent [equation {.14)]. When deriving the after-imaging equivalent of equatiori(),
we need to take into account thgt is also measured along the tilted axis and thus
that tanxy = —ky /K. Using equation.10 and equation(.15 we derive the fol-
lowing relationship, which expresskg, as a function of the other wavenumbers in
the image:

kyKenke Ky ke
ky? k2 +kZ,

The combination of equatiori (15 and equation.16) enables the computation of

3-D ADCIGs after imaging; using these two relationships, we can map the preste

Ky, = —kytany tanay = — (1.16)



Figure 1.9: Reflectors’ geome=-iw-,
try for the synthetic data set used?
to illustrated 3-D ADCIGS. The_uw
reflectors are slanted planes, d;pl“zg\
ping at @, 15°, 30°, 45° and 60 © i
toward increasing andy; they

are oriented with an azimuth Ofi ,
45° with respect to the in-line di- . , b

rection. | cig-planes[NR]
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Figure 1.11: Geometry of an ADCIG for a single event migrated with the wrong ve
locity. The velocity error causes the shift of the image point ficiml,,. Compare

this figure with Figure?~. migvel-cig-3d-mva-v$[NR]
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Figure 1.11: Geometry of an ADCIG for a single event migrated with the wrong ve
locity. The velocity error causes the shift of the image point ficiml,,. Compare

this figure with Figure?~. migvel-cig-3d-mva-v$[NR]




inclination of the tilted plane. In 3-D equatiof.(.0) becomes:

p—1 sirty ,
Angmo = - n
cosuy (cofay —sity) %

- _r-1 si'y____on. (1.12)
COStx COSty (coRary — Sirf y)
Whenay anday are available the RMO function could be directly evaluated usin
the expression in equatioi.(2. However, in several situations it is more useful
to express the RMO function explicitly as a function of the geologicalcdiphe
azimuth angle of the normal to the geological dipand the azimuth angle of the
reflected evenp (see Figurel.11), with the following expression:

p—1 sirty
cosx (1—sirfaco (n — ¢) —sirty)

Equation (.13 is the general expression of the RMO function in 3-D.
In practice, it is computationally simpler to apply the RMO function at fixec
surface location, that is as a vertical shifizgpp) instead as a normal shifsfirmo)-

zon. (1.13)

ANRMoO =
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Figure 1.14: ADCIG and correspondingspectra computed using the 3-D RMO
function in equation1.13 with different set of parameterst = 0 (b), n = ¢ (c),
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Figure 1.15:  Semblance plot
used to estimated the apparent
reflection azimuth of reflections.
For each reflector, the position
of the semblance peaks corre-
spond to the estimated reflection
azimuth. | migvel-pfan-overn
[ER]
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Figure 1.6: Frequency-
wavenumber spectrum of the —Nyquist
data window shown in Fig-° \

ure 1.5. Notice that the aliased-

events correspond to the “clouds’z'“ i
in the spectrum contoured with
ellipses in the Figure. The ellipges
marked a$3 contours the energy, |
that can be correctly migrated= g
The ellipse marked a#\ con-%g
tours the energy that cannot be
correctly migrated and should be
avoided during the summations
alias-Wind-spec-gedNR]
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Figure 1.3: 3-D migrations
of salt-dome flanks in the Gulf
of Mexico: (a) migration ob-
tained without the use of any
anti-aliasing filter, (b) migration
obtained with the application of
a “standard” anti-aliasing filter.
alias-Comp-WL-intrd[ER]
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Figure 1.1: Same data window of the Gulf of Mexico data shown in Fig
ure ??, but with three zero traces inserted for each live trace (left panel
and frequency-wavenumber spectrum of the interleaved data (right pane
alias-Wind-comb-data-spHER]
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Figure 1.2: Images obtained by performing zero-offset downward-continuatic
migration: on the data obtained by interpolating the original data on a grid fol
times finer (a), on the data obtained by interleaving the original data with thre
zero traces for each live trace (b), and difference between panel a) and panel b)
alias-Mig-interp-comb-diff-overf{ER]
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Figure 1.3: Graphical representation of a data set with= A4 in the space

domain (left panel), and wavenumber domain (right panel). In the right panel, tl
inner square represents the data set in the midpoint-offset wavenumber domain \
Am = An = As. The middle square represents the data set in the source-recei
wavenumber domain withs = Ag. The outer square represents the data set in th

midpoint-offset wavenumber domain withy, = Ap = As/2.
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Figure 1.4: Graphical representation of a data set with= 4A4 in the space
domain (left panel), and wavenumber domain (right panel). In the right panel, tl
middle rectangle represents the main band of the data set in the source-rece
wavenumber domain withs = 4A4. The areas filled with an hexagonal pattern
are the side bands along the source wavenumber axis. The dashed box indicate
area contributing to the image when the antialiasing procedure described in the
is applied. |alias-sr-under-viNR]
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Figure 1.5: The panel on the top displays the migrated section obtained by using
the shots in the data\ = 25 meters). The other migrated sections are obtained b
decimating the shots, followed by interleaving the decimated shots with zero trac
along the shot axis, and then bandpassing along the source axis before migrat
The shots interval wereAs = 50 meters for panel b}As = 100 meters for panel c),
and A. — 200 meters for nanel dY alias-7off-all-bnass-ovelfiER]1




Figure 1.6: The panel on the top displays the migrated section and two ADCIGS c
tained by using all the shots in the datss(= 25 meters). The other migrated results
are obtained by first decimating the shots and then interleaving the decimated sl
with zero traces along the shot axis. The shots interval wige= 100 meters for
panel b) and c), ands = 200 meters for panel d) and e\ alias-zoff—cig—all-ovem
ERI1




Figure 1.7: The panel on the top displays the migrated section and two Al
CIGs obtained by using all the shots in the datg & 25 meters). The other
migrated results are obtained by first decimating the shots and then interleav
the decimated shots with zero traces along the shot axis. The shots interval we
As = 100 meters for panel b) and c), ard, = 200 meters for panel d) and e).
[alias-7off-cia-all-slow-overhER]1
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