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Summary Apparent AVA due to different illumination
angles and interference
Amplitude-versus-Offset (AVAR drmationis used for estimation ) o .
of the elastic parameterdWe introduce a method based on the The influence of the angle of illumination in a horizontally lay-
linearized Zoeppritz equation to separate the linear AVA behayio€red medium with constant velocity cp is shown in Figure 1 In
from the nonlinear and noise terms, which we call the residueFigure (A) a horizontal plane wave with a wavelenytiavels
This residue is used to analyze the influence of errors, noise|andownward. Along the z-axis the wavelenaiequalsy, so in this
nonlinear terms on the resolution of the linear inversidine | €xample approximately 2 times the layerthickness. In Figure (B)
problem of interference of thin layers has been addressed anda#lane wave with a wavelengiftravels downward with an angleg
new method to avoid the apparent AVA due to this layering is. Along the z-axis the wavelengly, equals/ces¢, SO approxi-
shown. mately 3 times the layerthickness in this example. This means that
for higher angles a larger number of boundaries interfere than for
, smaller angles. This changixj with offset in seismic data intro-
Introduction duces an apparent AVA behavior. In order to remove this effect| we
An important property in the detection of hydrocarbon deposits iShf?um !00k| W'thh- a constant band Af forﬁd|ﬁerent offsets efllt the
the way seismic waves vary in amplitude as a function of incidgnc foricgﬂtryée?srtnils (‘j’ﬁg mfﬁhi?‘:ﬁeleafgeo eiegeﬁ(t)nrselfslé?:rt]it/ire ﬁﬁg\/?{
angle, when being reflected from a buried rock interface. Caref further di din g P ty | %99
measurements of these small amplitude varations may be to btuentt?azt ;ﬁguésreeslp gﬁgg{ng:trg%iﬁggetgmgggﬁagm al., 1495].
bined in an inversion scheme to estimate the elastic paramaters. 9 2)
The inversion of Amplitude-versus-offset (AVO) or Amplitudg-
versus-Angle (AVAY gnerally based on Zoeppritz for isolate
reflectors. For small angels of incidence and small contrasts i
the elastic parameters these equations can be linearized [Ak
Richards, 1980]. The outcome of the inversion depends or]
quality of the input data, on the parametrization of the theoret
model and on the violations of the assumptions in the theoreti
model. In this paper we analyze the influence of these three fa
on the residue of the inversion process.
Constrained linearized elastic inversion Figure 1: Horizontal layered medium showning angle-dependgent
The linearized relation for incident and reflected P-waves has )eeSrPa“aI bandwidth,.
rewritten in 3 terms, related to their angle dependencies,
Rrp(d) _1az i’lﬂptanzqs_?yzé_ﬂsmz(b 1) Proposed inversion scheme using iteratiye
22 Zep H angle-dependent reflectivity imaging
with v = ¢s/ep. Using this relation means that we estimate fel- . . . . .
ative contra/sts in ac%ustic impedance Z, P-wave velogitand | A5 sho;/vndm thg previous gect}aon the mvetzsmn srr]w.ould be dorr]le
shear modulug.. The assumptions we make for the linearization O" anlg e-dependent |mag|;e rel ectivity g‘lat.ers: Th's means (that
of the full Zoeppritz equation are small angles of incidence (sm Ilejor a darg? maxm:rlljmfa”g € we E)osfedretso ut|onh|n tl de r:ee;r tri\,es.
than the critical angle), small relative contrasts and a single inte h olrl Sr g u;eb te llj amoun of aell Wev\? ou | Stﬁr V;” <1t.a
face between two half spaces. The linear Zoeppritz model is give mat band O3, bul a 1arge range o angies. We apply the elagtic
in the following matrix notation, version on the imaged reflectivity gather () and save the gsti-
mated contrast parameterfext we can use a larger range pf
= AN+ 7, 2) A, but a smaller range of angles in the reflectivity imaging. We
N can again apply the elastic inversion process on this imaged re-
whered represents the data vecto) the elastic contrast parame- flectivity gather (II). We can use the results of the first inversign
ter vector(%,%f—, %E)T, A the linearized Zoeppritz matrix angl process (l)as ‘a priori knowledge on a broader scale’ in the secgnd
finally the vectors represents the nonlinear terms, the noise andnversion processWe can continue this process in several steps
the errors. As shown by others (for example Lértzer and Berkhoutintil we have almost the whole rangex,aind a small range of
[1993]) tre acoustic impedance is much stronger present in|thangles. Note that for subsequent iterations the a priori informa-
data than the angle-dependent parameters. Using empirical |relien contains more and more angle dependent information (fom
tions between the Z contrast and the cp ;andntrast respec{ previous iterations), and the data less and less angle depepdent
tivily, the inversion result can be constrained. information.
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On the other hand the intercept or acoustic impedance is
ter determined by the data with a higher resolution. Using t
scheme we use all the available data at ‘different scales’ in a cof
way.

ZLF processing and determination of th
ZLF-residue

In the constrained linear elastic inversion process the mism
between the measured AVA and the Zoeppritz modeled AVA
gether with the mismatch between the a priori information and
estimated parameters is minimized. We can now use the final
mated contrast parameters for forward Zoeppritz modeling. T|
shows us the reflectivity as function of offset we have estimat
In other words we remove all nonlinear effects and the noise fi
our model, by applying a Zoeppritz-driven Linear Filtering (ZLH

process, given by ..
ZLF =AX=d -7, 3)

The difference between the measured reflectivity and the 2
gather gives us the ZLF residue for all times and offsets,

residue =4 — AX = 7. (4)

This residue shows all the noise and all nonlinear events which
not incorporated in the linearized Zoeppritz model.
offset sections

Using the ZLF gathers and the ZLF residue we can now m
common offset sections of the filtered data at any offset we cho
Also we can make residue sections at any offset we choose.

ZLF-residue analysis

In the following section we will discuss and show on the ZL
residues and residue offset sections the influence of the faq
mentioned in the introduction.

velocity or non-alignment errors

Several methods can be used to compute the AVA for a rang

time or depth values. If the amplitudes are taken along a straighént x, for different offsets, this interference will change with off

line from NMO corrected CMP gathers or migrated gathers,
misalignments have a strong influence on the AVA curve. In Fig
2 a NMO corrected CMP gather is shown with an error in {
NMO velocity and the AVA curves for the misaligned and corre
aligned gathers around 1 .0sThe 4 percent error in the NM(Q
velocity gives a complete different AVA behavior, compared wi
the correct AVA curve shown by the stars.

multiples and conversions

Multiple reflections and converted reflections are not incorporg
in our linear model. This means that they should show up in
ZLF-residue and not in the ZLF gather. In Figure 3 a real g
example is given with a CMP gather after NMO correction &
after ZLF processsing. Also the ZLF-residue is shown. Clearly
the deeper part of the data and for larger offsets we see mu
and converted refections in the ZLF residue. The ZLF gather,
the other hand shows clearly the linear part of the PP-reflecti
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a'8ngle dependent scales and interference

As shown in Figure 1, the illumination at offsets means illumin
tion with an apparent longer wavelength ( a law,)rIn the
example with a single reflector in Figure 4A this shows up
5d“i%tretching of the wavelet at larger offsets. This means that {
PS€zero phase wavelet at the reflector, only the amplitude cury
the center peak of the wavelet versus the offset can be use
inversion. The AVA curves above and below the center peak
influenced by the stretching of the wavelet(Figure 4B). The d
after applying the discussed reflectivity imaging, is shown in F
- ure 4C. Now for each offset the same rangx,dfas been used. If
tome take several AVA curves around the center peak, then the
show the same shape except for a wavelet dependent scalar
ure 4D).

In a layered medium with an average layer thickness smaller
e Malf the averagx, the reflections will interfere. Due to differ

allset and therefore show an apparent AVA behavior, as show
Ur€\Wapenaar et al. [1995]The same medium as used in this cor
hepanion paper is used in our inversion scheme with and witH

eled using a real density log with contstant P-wave velocity
th a zero S-wave velocity (acoustic medium). Hence the AVA cur]
should not be angle-dependent. It is obvious that the estim
contrasts in P-wave velocity and shear modulus without an
dependent reflectivity imaging are erroneous. In this example
tec£xamine the ZLF residue offset sections for the elastic inver.
th(‘_’)\"th and without angle-dependent reflectivity imaging. The Z
atqlather without angle-dependent imaging is shown in Figure

ng'he acoustic impedance is normally well estimated because
instrongly present as angle independent parameter in the mea
tiplgata' One would therefore expect a small residue for small offs
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Figure 3: NMO corrected CMP gather, ZLF processed gather &

ZLF residue.
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Figure 4: (A) NMO corrected CMP , (B) AVA curves: 1000
solid line, 980-996ms (step 4ms) cross lines, 1004-1020ms
4ms) dashednes, (C) angle-dependent imaged CMP and (D)
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Figure 5: The results of the inversion without (left column) and
with (right column) angle-dependent reflectivity imaging. (A) ZUF
gathers, (B)residue offset sections at 50m and (C) residue offset

sections at 2000m.
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Nevertheless the ZLF residue at 50m offset without angle-depelLdent

imaging, as shown in Figure 5B, shows a fairly large residue. T|
residue is of the same order as the residue at 2000m, as sho
Figure 5C. The ZLF residue at 50m offset of the angle-depeng
imaged reflectivity, can be neglected. This is explained by the f
that the inversion is done for an ‘averagh. This ‘averagedi.
is slightly larger than thx, at the near trace, resulting in a ZL
residue. After angle-dependent imaging there is no differem2 i
with offset, resulting in a small residue. The density contrast
be computed by the difference of the estimated acoustic imped
and the P-wave velocity contrast. In Figure 6 the integral over
estimated density contrast and the actual contrast are displg
showing an excellent match.

Conclusions

In this paper we have presented the ZLF process and the
residue as a convenient way of presenting the results of constrg
linearized elastic inversion. The estimated linear AVA behaviof
shown in the ZLF gather and the nonlinear terms and noisg
shown for all times and offsets in the ZLF-residue. Using off
sections the behavior can be examined along a line for each de
offset.

In the residue analysis we have shown that the errors due to
alignment and due to comparing different scalex,@anges have
a major influence on the accuracy of the inversion results.
angle-dependent reflectivity imaging should be applied before
Zoeppritz-like inversion process can be applied. By using a itg
tive inversion scheme all data can be used without loosing res
tion.
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Figure 6: The integral over the estimated density contrast (th
line) and over the actual (well) density contrast (thin line).
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