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The effect of dip of the reflecting boundary on the
stacking of common-depth-point channels

T. BODOKY*

In seismic exploration, the aim of applying common-depth-point systems is the
suppression of random noises and multiple reflexions. The filtering of random noises
is based upon the statistical filtering effect of stacking independently recorded
channels; the filtering-out of multiples, however, is determined by transfer functions
derivable also in a deterministic way.

The filtering effect of common-depth-point systems on multiples was discussed
in detail in a previous paper by the author (Bodoky, 1970), where the following
relation has been established for the multiply reflected energy, resp. for its attenuation
produced by the stacking channel type given:

J[e1(m)$(co, 10, d)]2dw

CD%, d) = 0 (1)
0
where
P the ratio of attenuated and unattenuated multiple energy
tp arrival time ,
d seismometer spacing
@ circular frequency
A () spectrum of the arrival
S(co,to,cl) the transfer function of the stacking channel in question
n stacking number

The form of the transfer function S(co, t0, d) is
n
8 (0 10, d)=2 emt<) )

where
Tjt0, d) the value of the “residual moveout” belonging to the i-eth channel
to be stacked, on the place 0, d).
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The value of the residual moveout on a given channel is the difference between
the moveouts of the multiple arrival related to the same t0, resp. of the primary

arrival :
t(t0, d) =0At(t0, d) =Atr (t0, d)-At(t0, d) €))
where
0At the residual moveout

AtT the moveout of the multiple arrival
At the moveout of the primary arrival

In principle, the value of geometrical correction agrees with the moveout of the
primary arrival; consequently the right-hand side of the relation (3) may be con-
sidered as the difference of the moveout of any arrival and of the value of geometrical
correction. From this interpretation of (3) it is clear that the primary arrivals are
stacked with mutual reinforcement and in right phase, the multiples, however,
with a phase difference of 6At, mutually attenuating each other.

The value of geometrical correction is computed under the assumption of
horizontal reflecting planes, consequently At signifies the moveout of a reflexion
from a horizontal boundary.

In the majority of cases, however, the reflecting boundaries are not horizontal,
but dipping. Therefore it is in place to examine the question, what effect has the
dip on stacking. The investigation will be carried out both for primary arrivals
and multiples.

Primary arrivals from (lipping boundaries

According to ceessman (1968), if the dip angle in profile direction is a then
At(ix) =At cos2a @

where At(cc) is the value of the moveout of a primary arrival from a boundary dipping

at an angle of a.
If this is substituted in (3), as the actual moveout of a primary arrival, also

primary arrivals from a dipping boundary have their residual moveouts,
gAt(a) =At cos2a —At = -At sin2a. ®

In case of dipping reflectors, then, the phase-difference-free stacking of simple
primaries will not be fulfilled.

In order to investigate the effect of dip-caused phase-difference also numerically,
let us substitute relation (5) in the transfer function of (2), resp. in formula (2).
The relation established in this way permits the computation of the attenuation
function of three variables 0{to, a, d). For illustrativeness sake let us compute
functions O(t0, a), resp. @(a, d) keeping one of the variables fixed.

According to the points of view of the paper mentioned in the beginning, let us
choose the stacking-channel types, denoting them, in the way mentioned there,
with a series of shotpoint-distances, of the channels figuring there, given in seis-
mometer spacing units.

The stacking-channel types selected are:

the (1.5 2.55.5 6.5 9.5 10.5) type stacking channel of the split-spread system,

the (12 16 20 24 28 32) type stacking channel of the offset shotpoint system.
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With these selected stacking-channel types the attenuation function computations
0 (to, a, d) were carried out with the spectrum and velocity function used also in the
paper mentioned in the introduction, according to the formulas (5), (2) and (1).

In the following, the value of the @ functions will always be given in decibels.

The ®(a, d) functions obtained for to=2 sec are visible, in a sequence corre-
sponding to the enumeration of channel types, in the first two figures (Fig. 1-2).

E (O)-1

Fig. 1 The ®(a, d) attenuation function of the (1,5; 2,5;

5,5; 6,5; 9,5; 10,5) stack channel type, calculated for pri-

mary reflexions (represented in dB; d=seismometer-
spacing; a= dip-angle)

1. abra.az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) 0sszegesatoma tipus

®(a, d) csillapitasi fliggvénye egyszeres reflexiokra sza-

mitva (dB-ben abrézolva; d=geofonkdz; a= dblésszog)

Puc. 1. ®yHkums 3atyxaHus ®(a, d) cymmoTpacchl Tuna (1,5;
2,5; 5,5; 6,5; 9,5; 10,5) ana oAHOKpPaTHbIX OTpaxkeHuin (B a6; d —
Lar ceiicCMONPUEMHWKOB; & — YTro/ Hak/oHa)

An examination of these figures shows that the attenuation of primary arrivals,
caused by the dipping of the reflecting boundaries, determines, for a given stacking-
channel type, the maximum permitted seismometer spacing, and the maximum
permitted seismometer spacing decreases with the increase of both the dip and the
distance of recording.

Figs. 3 and 4 present the ®(1n, a) functions of the same channel types. The
seismometer spacing is fixed at the multiple-suppression optimum of the individual
channels, i.e. d= 110 and d=50, in turn.

According to these figures, our statements can be completed by the following:

— at low tovalues, especially with such large seismometer spacing, the primary
arrivals are very sensitive against dip. With an increase of t0, this sensitivity rapidly
decreases, and the cut-off zone rapidly shifts towards greater dips.

— if the seismometer spacing is selected for an optimum as to multiple-sup-
pression, the place of the cut-off-zone is practically independent of recording distance;

— the steepness of cut-off and the value of maximum attenuation increases
with an increasing recording distance.
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Fig. 2 The ®(a, d) attenuation function of the (12, 16, 20, 24,
28, 32) stack channel type, calculated for primary reflexions
(represented in dB ; d = seismometer-spacing; a=dipangle)

2. abra. A (12, 16, 20, 24, 28, 32) Osszegcsatorna tipus ®(a,
d) csillapitasi fliggvénye egyszeres reflexidkra szamitva
(dB-ben abrazolva; d=geofonkoz; a= dblésszog)

Puc. 2. dyHkums 3aTyxaHus ®(a, d) cymmoTtpaccsl Tuna (12, 16, 20,
25, 28, 32) oA OAHOKpaTHbIX OTpaxeHui (B Ab6; d — war ceiicmo-
NPUEMHNKOB; @ — Y0/l HaK/10Ha)

Fig. 3 The &0, a) attenuation functionfo the (1,5; 2,5; 5,5;

6,5; 9,5; 10,5) stack channel type, calculated for primary

reflexions (represented in dB; a=dip-angle; seismometer
spacing =110 m)

3. abra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) 0Osszegcsatorna
tipus 0(to, a) scillapitasi fliggvénye egyszeres reflexidkra
szamitva (dB-ben abrazolva; a= d6lésszdg ; geofonkdz 110 m)

Puc. 3. ®yHkuusa 3atyxaHms (10, a) cymmotpaccbl Tvna (1,5; 2,5;
5,5; 6,5, 9,5; 10,5) 4na 0AHOKPATHbIX OTpaXkeHWui (B A6; a — yron
HaK/oHa; Lar ceiicMonpueMHUKos — 110 M)
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Fig. 4 The ®(10, a) attenuation function of the (12, 16, 20,
24, 28, 32) stack channel type, calculated for primary reflex-
ions (represented in dB; a=dip-angle; seismometerspacing:
50 m)
4. abra. A (12, 16, 20, 24, 28, 32) 0Osszegcsatorna tipus (<0,
a) csillapitasi figgvénye egyszeres reflexiokra szamitva (dB-
ben &brazolva; a=délésszog; geofonkdz 50 m)

Puc. 4. ®yHkuma 3atyxaHusa ®(/,, a) cymmoTpacchl Tuna (12, 16, 20,
24, 28, 32) pnsi OQHOKpaTHbIX OTPaXKeHWA (B Ab6; a — yron HakIoHa,;
war ceiicmonpmemMHukos — 50 m)

Dipping boundaries and multiple reflexions

Next, the effect of dip upon the multiple attenuation of individual stacking
channels will be discussed.

If merely the simplest, i.e. double-way multiple reflexion is considered, this
behaves, according to the laws of geometrical optics, as a primary reflexion from
a boundary dipping at 2a.

Its moveout is:
AtT(X) =AtT cos2 (2a).

Hence, the residual moveout:
OAt(x) =AtT cos2 (2a) - At. (6)

The expression of 6At(a) will be substituted in (2), further the obtained function
t(o, X, 10, d) in formula (1). With the formula obtained in this way, the attenuation
function 0(to, a, d) is computed also for the multiple reflexion.

The ®(a, d) functions of the two stacking channels figuring also in the previous
computations are presented in the figures 5 and 6 in due order, calculated for mul-
tiples at to=2 sec. In the next two figures, again, (7 and 8), the <Rt0, x) functions of
the same channel types are visible, with the calculation of seismometer spacing as
optimum for multiple-suppression, i.e. for d=\\0 m and d=50 m, in due order.
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Fig. 5 The @ (a, d) attenuation function of the (1,5; 2,5; 5,5;
6,5; 9,5; 10,5) stack channel type, calculated for primary
reflexions (represented in dB; d= seismometer-spacing;
a=dip-angle)

5. abra. Az (1,5; 2,5;5,5; 6,5; 9,5; 10,5) 0sszegcsatoma tipus
®(a, d) csillapitasi fliggvénye tobbszords reflexidkra szamitva
(dB-ben abrazolva; d =geofonk6z; a = d6lésszog)

Puc. 5. dyHkuua 3aTyxaHusa (e d) cymmoTpaccsl Tuna (1,5; 2,5; 5,5;
6,5; 9,5; 10,5) Ans KpaTHbIX; oTpaeHuit (B ab6; d — war ceiicmonpu-
EMHUKOB; & — Yro/l HaK/0Ha)

It is visible from the figures that

— the value of multiple-attenuation, as expectable according to (6), decreases
on account of the dip of the reflecting boundary, becoming zero at a critical
dip value. With a further increase of the dip, it starts to improve again.

— The place of the zone with zero attenuation depends on recording time only.
It does not depend on either seismometer spacing or offset value, consequently
no means are given to influence it.

The results presented throw up two problems

One of them is: how to solve, in case of a dipping boundary, the stacking of
simple reflections without phase-difference? The other: what can be done, in this
case, against multiples?
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The stacking of primary reflexions without phase-difference is ensured, if the
value of geometrical correction is, instead of At, At cos2a. For this, however, the
accurate position of the reflecting boundaries must be known in advance, but exactly
this is the aim of the measurement. This contradiction is circumvented by up-to-date
computer procedures in such a way that they determine the value of the geometrical
correction in an empirical way from the measurement materials. This operation, the
“velocity-analysis”, must be made with a “sampling rate” according to the geological
build-up of the area under investigation, since the value of corrections depend on the
geological structure through dip conditions, and thus the results of one or two analyses
cannot always be extended to the entire section.

The suppression of multiples is the harder one of the two tasks. Applying the
proper geometrical correction, the value of the residual moveout will be

6At =AtT cos2 (2t«) —At cos2a2

where xx — the dip of the boundary reflecting multiples,
«2 — the dip of the boundary reflecting primaries.
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Fig. 6 The ®(a, d) attenuation function of the (12, 16, 20,
24, 28, 32) stack channel type, calculated for primary
reflexions (represented in dB; d=seismometer-spacing;

a = dip-angle)

6. abra. A (12, 16, 20, 24, 28, 32) o6sszegesatoma tipus @(ag d)

csillapitasi fliggvénye tobbszoros reflexiokra szamitva (dB-ben
abrazolva; d =geofonk6dz; a= d6lésszdg)

Puc. 6. dyHkuma 3satyxaHms d(a, d) cymmortpaccel Trna (12, 16, 20,
24, 28, 32) pns KpaTHblX OTpaxeHuin (B A6; d — war ceicmonpu-
€MHUKOB; @ — YrO0J1 HaK/0Ha)
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Fig. 7The ®(?0, a) attenuation function of the (1,5; 2,5; 5,5;
6,5; 9,5; 10,5) stack channel type, calculated for multiple
reflexions (represented in dB; a=dip-angle)

7. abra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) dsszegcsatorna tipus
d(r0, a) csillapitasi figgvénye tobbszords reflexiokra szamitva
(dB-ben abrazolva; a= délésszog)

Puc. 7. ®yHkuma 3atyxaHmsa (10,a) ana cymmoTtpacchl Tuna (1,5;°2,5;
55; 6,5 95; 10,5) Ans KpaTHbIX OTpaxeHwin (B A6; a — yron

HaK/0Ha)

Since no necessary relation exists between a, and a2, the possibility of the
following case may always exist:

AtT cos2 (2aX) '~At cos2a2

that is,
6At"N0

meaning zero multiple-attenuation.

With up-to-date computer procedures, with the computer modelling of actual
wave-paths, this problem, too, can be solved, according to literary data. In our home
practice, however, for the time being this is not yet possible, consequently this even-
tuality must be taken into account.
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Fig. SThe <0, a) attenuation function of the (12, 16, 20. 24,
28, 32) stack channel type, calculated for multiple reflexions
(represented in dB; a= dip-angle)

8. abra. A (12, 16, 20, 24, 28, 32) 6sszegcsatoma tipus (10, a)
csillapitasi fliggvénye tdbbszords reflexiora szamitva (dB-ben
abrazolva; a= ddlésszog)

Puc. 8. ®yHkums 3atyxaHus ®(/0,a) ana cymmoTtpacchl Tvna (12, 16,
20, 24, 28, 32) ans KpaTHbIX OTpaXKeHWin (B A6; a — Yron HaknoHa)

BODOKY TAMAS

A VISSZAVERO FELULET DOLESENEK HATASA
A KOzZOS MELYSEGPONTOS CSATORNAK OSSZEGEZESENEL

A tanulmany a reflektalé feliletelemek d&lésének a kdzds mélységpontos 6sszegezés
végrehajtasakor fellépé hatasat vizsgalja. Két kilonb6z6 offsetli 6sszegcsatoma tipusra
kiszamitja az 0sszegezés atviteli fliggvényét a terjedési idé és a d6lés, illetve a d6lés és a
geofontavolsag fliggvényében. A szamitasokat mind egyszeres, mind t6bbszoros reflexiok-
ra elvégzi.

A szamitasok eredményeként megallapithatd, hogy az egyszeres beérkezéseknek a
délés kovetkeztében fellépd csillapitasa fels6 hatart szab a geofontavolsdgok hosszanak.
Mind a d6lés, mind az offsett novekedtével ez a fels6 hatarérték csokken.

A Kkis beérkezési idejl egyszeres reflexiok igen érzékenyek a d6lésre, a beérkezési id6
novekedtével az érzékenység rohamosan csdkken.

A tobbszoros reflexid-csillapitas a d6lés kovetkeztében csokken, egy kritikus értéknél
zérussa valik, majd ismét novekedni kezd.

A zérus kioltassal jelentkez6 zdna helye csak a terjedési id6tél fligg, a terjedési id6
novekedtével ez a z6na a nagyobb geofontavolsagok felé tolodik.
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T. BOAOKN

O B/INAHNN HAKJ/IOHA OTPAXAIOLWEM MOBEPXHOCTU MPU CYMMWUPOBAHUN
3AMUCEN NO METOAY OrT

B pa6oTe aHanu3npyeTcs BAKUSAHME HaK/MOHA OTPaXalolMx Nnouafok, Habnogaemoe npu
CYMMUpOBaHWK 3anuceit no metody OFT. AN ABYX TMNOB CyMMOTpAcc, Npy pasnyHoii cTeneHn
CMeLLEHNS NMYHKTa BO3GYXKAEHUS BbIYNCNAOTCA XapaKTEPUCTUKM B 3aBUCUMOCTU, COOTBETCTBEHHO,
0T BpeMeHU npobera 1 yrnoB HakKNOHA, a TaKKe OT YI/IOB HaKNOHa W Wara CeicMonpPUEMHIKOB.
BbIUMCNEHNS MPOBOAATCS KaK A/ OAHOKPATHbIX, TaK U AN1S1 MHOTOKPATHbIX OTPKEHWIA.

Pe3ynbTaTbl BbIUACMEHMI MOKA3bIBAIOT, YTO 3aTyXaHWeM OfHOKPATHbIX BO/H, CBA3aHHbLIM
C HaK/MOHOM MOBEPXHOCTH, 06YCNOBNMBAETCS MaKCUMalbHbIA War ceiicMonpuemMHukos. C yBenu-
UeHMEeM KaK Yr/I0B HaKMOHa, TaK U CTeMeHW CMeLLeHNs NyHKTa BO3GYXK/AEHUS, YMEHbLIAETC BepX-
HUI Npeden wara ceicMOonpUeMHIKOB.

OfHOKpaTHble OTPaXKEHUS C HeGOMbLIMMU BPEMEHaMM BCTYMNEHUS BeCbMa YyBCTBUTE/bHbI
K HaK/MOHam, MpuYem C BO3PacTaHWEM BPEMEHU 3Ta YYBCTBUTENbHOCTb PE3KO CHIUXKAETCA.

3aTyxaHue KpaTHbIX OTPAKEHUI YMEHbLLAETCS C YBeNMUEHWEM YT/I0B HAK/OHa; Npu onpese-
NEHHON KPUTUUECKOI BeNMUYMHE MOCNEeAHEro OHO CTaHOBMTCS PaBHbIM HY/IO, a 3aTeM CHOBa yBe-
NIMUNBAETCS.

MeCTO 30HbI C HyNeBbIM 3aTyXaHWeM 3aBUCUT TONIbKO OT BpeMeHW Npobera; ¢ yBennyeHmem
nocnefHero 3Ta 30Ha CMeLLAeTcs B CTOPOHY GOMbLUKX LIAroB CeiicMONPUEMHIKOB.





