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THE EFFECT OF CHANGES IN WAVEFORM UPON CDP SUMMATION
T. BODOKY™*

Essentially, stacking is a kind of filtering. It filters our random noises and,,
from among regular noises, multiple reflexions.

When using stacking for filtering out multiples, it is generally assumed that the
waveform of multiples is entirely identical on the different channels. This, however,
not always holds, not even as a rough approximation.

In the present paper, all the computations and notations are based on the velo-
city function and system of notations developed in the paper “Filtering effect of
common-depth-point systems and their transfer functions” (Bodoky, 1970).

Computations were carried out for two types of stacking channels : a split-spread
system (1,5, 2,5, 5,5, 6,5, 9,5, 10,5) and an offset-shotpoint system (12, 16, 20, 24,
28, 32). This special choice of stacking channels permits to obtain data, apart from
the parameters investigated, about the role of the offset too.

In order to characterize the multiple transfer of various types of channels to be
stacked, the function @ is introduced. This is the ratio of transmitted, resji. total

multiple energy :

C[A (co)$(w, t0, d)]2dco

0(to,d)= ~ - (1)
j[fA(®)]2do
0
where to =time of recording,
d = seismometer spacing,
@ =circular frequency,
A(co) =spectrum of the arrivals,

S(co,t0,d) =the transfer function of stacking.
f =number of coverages.

The detailed form of the transfer function is given by
S(@>, 10, d) =i2_|_l cieHTit”d )

where ¢, =weight of the r-th channel,
T, =residual moveout of the multiple reflexion arriving on the r-th channel..
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In the computation of the @& function the assumption on the identical form
of the arrivals appears as their expression with identical weights and identical
spectra. Thus, if we are investigating what kind of transfer variations could arise
from the different forms of arrivals, the variations of the & functions due to devi-
ations in spectra and in weights must be investigated.

Since the o(to,d) functions, in the paper mentioned, are approximately inde-
pendent of w0, i.e. the multiple-transfer of the stacked channel types discussed there
is approximately time-independent it was sufficient to carry out the computations
for a single w0 value, say to—2 Sec.

The first problem is that, if the weights of the channels are not assumed to be
identical, the number of possible cases is infinite; namely an infinite number of
weight series can be ordered to the channels to be stacked. The probability of occur-
rence of a certain weight series is so small that the knowledge of its transfer pro-
perties gives no practically usable information. Therefore a statistic approach was
chosen and instead of dealing with individual weight series, statistical properties
(expected value and standard deviation) of the @ functions were investigated as
function of the scattering of the weight series.

The expected value of channel weights is invariably assumed to be unity. This
ensures, without restricting generality that the denominator on the right-hand side
of Formula (1) remains unchanged. (Namely, the constant/ in the denominator is
the value of the transfer function S(co) for t1=t2= ... =Ty = 0).

If the weights c-are treated as variables, ® will be a function of /+ 1 variables
of the type o(d, ., ..., cj. Hov’ever, in order to get rid of the great number of in-
dependent variables, instead of variables ov ..., cr, their scattering a(c) will be
treated as a single independent variable,

ff2(c) = 3 |2:i (ci~ 12-

Denoting the weight series by Gk (where index K refers to some given series),
the scattering of the series will be denoted by a{Gk). The same a(GK) scattering may
correspond to man}' weight series Ck. Consequently, the expected value and standard
deviation of the ®[a(Ck)} function of a given stacking channel type are for a fixed
0(CK) value and given values (1, d), as follows:

E{®(CK)a=cast} = n—k2: ) D(@K)o=orst ©))

and

const} = I-'I 2 [CD (C &a=const - E{CD(CK)B=const}]2 (4)

where n is the number of all such possible weight series, the scattering of which is
exactly the constant chosen.

The course of the calculations was the following: first the value of ® was cal-
culated, according to relations (1) and (2), for six weight series of identical scattering
fora given place (i0, d), then the values of E(®) and a(®) were determined from the
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@ values obtained, according to Formulae (3) and (4). The six weight series of iden-
tical scattering were selected from the permutations of an arbitrarily chosen series.

In Formulae (3) and (4), n rejrresents the number of all ajopropriate weight series.
In practical calculations, this theoretical requirement is not met, due to the number
and way of generating of the weigth series used; therefore our results are only
approximate.

The calculations were carried out with seven different values of weight scattering,
in function of seismometer spacing (d=10 m sampling interval, from 0 m to
150 m).

The E{®[a{c), d]} function of the split-spread stacking channel type is shown
in Fig. 1, its a{®d[a(c), d\) function in Fig. 2. The same functions for the offset-
shotpoint stacking channel type are shown in Figs. 3 and 4.
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Fig. 1 The expected value (in dB) of the multiple-attenuation of the stacking
channel type (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) as a function of the scattering of
channel weights [u(c)] and of seismometer spacing (d)
l.abra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) 6sszegcsatorna tipus tébbszoros reflexio
csillapitdsanak varhato értéke (dB-ben abrazolva) a csatorna sulyok szérasa-
nak ()1 és a geofontavolsagnak (d) a fliggvényében

Puc. 1. 3aBMCMMOCTb 0XMAAEMOI CTeneHU MOAABMEHUN KPaTHbIX OTpaeHwin (B A6) Ans
cymmoTpaccel Trna (1,5; 2,5; 3,5; 6,5; 9,5; 10,5) oT pasbpoca BecoB kaHanoB [CT(C)] u OT
wara celicmonpuemHnkos (d)

0 Geofizikai Kozi. XX. 3—4
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Fig. 2 The scattering of the multiple-attenuation of the stacking channel type
(1,5; 2,5; 5,5; 6,5; 9,5; 10,5) (in dB) as a function of the scattering of channel
weights [O(C)] and of the seismometer spacing (d)

2. dbra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5)'6sszegcsatorna tipus tobbszdrds reflexid
csillapitasanak szérasa (dB-ben abrazolva) a csatorna stlyok szérasanak [<r(c)] és a
geofontavolsagnak (d) a fliiggvényében

Puc. 2. 3aBncumocTb pasbpoca cTeneHn NofaBreHnst KpaTHbIX OTPaXeHWin (B A6) AN cym-
moTpaccel TMna (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) oT pa3bpoca BecoB KaHanoB [CT(C>] U OT wara
ceiicmonpuemHnkos (d)

The investigations concerning weight scattering were carried out also for the
scattering of the spectra of multiples to be stacked.

Under expected value and scattering of spectra, the expected value and scat-
tering of the peak-frequency almx of the spectra will be understood. For simplicity’s
and unambiguity’s sake it was agreed upon that the spectra can be of a Ricker-
wavelet spectrum form only. This type of spectrum is described by

5 ©

where p =nanmax.
In order to make a comparison with the results of the paper used as initial
material possible, the value of E(amex) was chosen for 30 cps.
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Fig. 3 The expected value of the multiple-attenuation of the stacking channel type
(12, 16, 20, 24, 28, 32) (in dB) as a function of the scattering of channel weights [a(c)]
and of the seismometer spacing (d)

3. abra. A (12; 16; 20; 24; 28; 32) dsszegcsatorna tipus tobbszords reflexid csillapitasanak
varhatd értéke (dB-ben abrdzolva) a csatorna sulyok szorasanak [rT(c)] és a geofontavol-
sagnak (d) a fuggvényében

Puc. 3. 3aBMCMMOCTb OXMW[JAEMOIA CTeneHU MOAABNEHWUS KpaTHbIX OTpaxkeHuid (B 46) Ans cymmo-
Tpaccbl Trna (12, 16, 20, 24, 28, 32) oT pa3bpoca BecoB KaHanoB [a(c)] n OT wara ceiicMonpuem-
HukoB (d)

Starting out again from Formula (1), A(c0) occurs both in the numerator and
denominator of the right-hand side. As previously, instead of A(co), E{A(ce)} will
be written in the denominator. In the numerator, the product [A(w)s (0)\ can be
written, after some rearrangements:

[E(co)*(0)]=| 4 einj A(co)eIm™.

(The weights c-are taken as of unit value).

6*
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Fig. 4 The scattering of the multiple-attenuation of the stacking channel type (12, 16.
20, 24, 28, 32) (in dB) as a function of the scattering of channel weights [cr(c)] and of seis-
mometer spacing (d)

4. abra. A (12; 16; 20; 24; 28; 32) dsszegcsatorna tipus tobbszoros reflexié csillapitasanak
szOrasa (dB-ben abrazolva) a csatgrpa sulyok szorasanak [o(c)] és a geofontavolsagnak
05] a fuggvényében

Puc. 4. 3aBucMMOCTb pa3bpoca CTeneHn NoAaBeHNs KpaTHbIX OTpaxkeHuid (B 46) Ana cymmoTpac-
cbl Tuna (12, 16, 20, 24, 28, 32) oT pa3bpoca Beca kaHanoB [cr(c>] v oT wara celicmonpmeMHuKoB (d)

Since it is assumed now that the arrivals have different spectra, also these
spectra must be indexed. Thus, the right-hand side of (1) will be

I’ 2 _Ai(co)e),n* dco

JFE{A (m)}Yda>
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Accordingly, ® will be, on a given place (to,d) a function of the form ®[A1{w),
A2), ..., Af(co)]. Let also here possible spectrum series A*co), A2((0), ..., Aj (oj)
denoted by Ak, and their scattering by a{Ak). The same scattering can belong to an
infinite number of spectrum series Ah, therefore the functions

L||CD(AK)a: const} = | E_ 0 (Ak)a: const (6)

n 1
and

<T-{® (A n)a=con54} = — [$ (A foo=cOnst — const}]2 )

n k=1

can be calculated, at a given place (tn, d) for a given type of channels to be
stacked.

~ The calculations and generating spectrum series of identical scattering take
jdaee in the same way as in the case of weight series.

As the result of calculations, the E{®[a(A), <} function calculated for the
split-spread stacking channel type is shown by Kg. 5. —the <t{®a(A), dJ} function

Fig. 5 The expected value of the multiple-attenuation ofthe stacking chan-
nel type (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) (in dB) as a function of the scattering
of channel spectra [cr(«max)] and of seismometer spacing (d)

5. abra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) dsszegcsatorna tipus tobbszoros reflexio
csillapitasanak varhato értéke (dB-ben abrazolva) a csatorna spektrumok széra-
sanak [a(Urnax)] és a geofontavolsagnak (d) a fliggvényében

Puc. 5. 3aBNCMMOCTb 0XKMAAEMOiA CTENEHN NOAABNEHNA KPaTHbIX OTPaXeHWd (B A6) ans
cymmoTtpaccel Tvna (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) oT pasbpoca cnekTpoB KaHanos [u(flmax)]
1 OT Wwara ceiicMonpremMmHuKoB (d)
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e scattering of the multiple-attenuation of the stacking channel type
,5; 5,5; 6,6; 9,5; 10,5) as a function of the scattering of channel spectra
[n(cfmax)] an(l of seismometer spacing (d)

6. abra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) dsszegcsatorna tipus tobbszords reflexio
csillapitasdnak szérasa (dB-ben abrazolva) a csatorna spektrumok szoérasanak
[u(«max)] és a geofontadvolsagnak (d) a fliggvényében
Puc. 6. 3aBncumocTb pas3bpoca CTeneHn NOAABMEHUS KpaTHbIX OTpaxkeHuii (B 46) ANnA cym-
moTpaccel Tvna (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) oT pa3bpoca cnekTpoB kaHanos [n(nTax)] n oT
Wwara ceiicmonpuemHukos (d)

Fig. 6
(1,5; 2

by Fig. 6. The same functions calculated for the offset-shotpoint spread system
are illustrated by Figs. 7 and 8.

Examining the resulting eight figures, following conclusions can be drawn;

— The expected value of multiple-attenuating of stacked channels decrease
slowly, practically insignificantly in case of an increasing scattering of the
weights, resp. spectra of the channels, the place of maximum extinction
being, however, independent of these quantities.

— The scattering of the multiple-attenuation of stacked channels is practically
insignificant, slightly growing with increasing scattering of weights, resp.
spectra of the arrivals to be stacked.

All in all, the multiple-attenuating effect of stacking is practically insensible
even against comparatively coarse form-variations of multiple reflexions.
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tjsec)

Fig. 7 The expected value of the multiple-

attenuation of the stacking channel type

(12, 16, 20, 24, 28, 32) (in dB) as a function

ofthe scattering of channel spectra [u(«max)]
and of seismometer spacing (d)

7. abra. A (12; 16; 20; 24; 28; 32) 0sszeg-
csatorna tipus tobbszords reflexio csillapita-
sanak varhaté értéke (dB-ben abrazolva)
a csatorna spektrumok szérasanak [<7(atax)]
és a geofontavolsagnak (d) a fiiggvényében

Puc. 7. 3aBMCMMOCTb 0XUAAaeMoli BENNYMHBI NO-
[laBNeHns KpaTHbIX OTpaxeHuin (B A6) Ans cym-
moTpacchl Trna (12, 16, 20, 24, 28, 32) oT pa36-
poca cnekTpoB KaHanoB [o(aTax)] u OT wara
ceiicMonpremMHUKoB (<7)

87
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Fig. 8 The scattering ofthe multiple-attenu-

ation of the stacking channel type (12; 16;

20; 24; 28; 32) (in dB) as a function of the

scattering of channel spectra [cr(allax)] and
of seismometer spacing (d)

S. abra. A (12; 16; 20; 24; 28; 32) 0sszeg-
csatorna tipus tobbszords reflexio csillapita-
sanak szorasa (dB-ben abrazolva) a csatorna
spektrumok szorasanak [ff(amx)] és a geo-
fontavolsagnak (d) a fuggvényében

Puc. 8. 3aBucumocTb pasbpoca CTeneHW mopas-

NEeHnst KpaTHbIX OTpaxkeHwi (B 46) Ans Cymmo-

Tpacchl Tuna (12,16, 20, 24, 28, 32) oT pa3bpoca

CrneKTpoB KaHanoB [(7(bmex)] n OT wara ceincmo-
np1meMHUKoB (d)
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BODOKY TAMAS

A BEERKEZESEK ALAKVALTOZASAINAK HATASA
A KOzOS MELYSEGPONTOS OSSZEGEZESNEL

A tanulmanyban a szerz6 kiszamitja — a szamitasokat két dsszegcsatorna tipusra
végezte el — a kodzds meélységpontos 0Osszegezés tobbszords csillapitasanak varhaté
értékét és szorasat az 0sszegezendd tobbszords beérkezések amplitidoszérasanak filigg-
vényében. Ugyanezt a vizsgalatot a tobbszords beérkezések csucsfrekvencia-szorasanak
}‘Uggvéfnlyében is elvégzi, a spektrumokat Ricker-féle wavelet spektrum alakinak téte-
ezve fel.

A szamitasok eredményeként a kdvetkez6 megallapitasokat teszi:

1. az 6sszegcsatomak tdbbszdrds csillapitasanak varhato értéke lassan, gyakorlati
szempontbdl jelentéktelen mértékben csékken a csatornak sulyainak, illetve spektrumai-
nak ndvekv6 szorasainal; a maximalis kioltds helye azonban fliggetlen ezen mennyisé-
gektdl.

2. Az 0sszegcsatomak tobbszords csillapitasanak szorasa az 6sszegezendd beérkezések
stlyainak, illetve spektrumainak névekvd szorasanal gyakorlati szempontb6l csak enyhén
novekszik.

T. BOAOKU

BAVNAHNE N3MEHEHWNI ®OPMbl 3AMMNCAHHbLIX KOMEBAHUI
nPn CYMMWMPOBAHWW MO METOAY OIT

B pa6oTe BbIUMCNAIOTCA OXWAAEMble CTEMeHb M Pa3bpoc NoAaBNeHUs KPaTHbIX OTPAKEHWIA,
npu CyMMUpoBaHWM no MeTogy OFT ans AByX TWMOB CyMMOTPAacC B 3aBMCMMOCTM OT pasGpoca
aMnNANTY[ CyMMUPYEMbIX KPATHbIX OTPaeHMIA. MoAo6HbIN aHanu3 NpoBoAUTCS U B 3aBUCMMOCTM
0T pa36poca MakCMMasbHOM YacToTbl KPaTHbIX OTPAXEHWIA, MpuyYeM NpeanonaraeTcs, YTo CneKTpbi
MMeIOT (hOpMy CMEeKTPOB BOMH Pukepa.

B pesy/nbTaTe MPOBEAEHHbLIX BbIUACNEHUIA [AeNaoTca cheayrolue BbliBoabl:

1. Oxwupaemas CTeneHb MOAABMEHNS KPaTHbIX OTPAKEHMI Ha CyMMOTpaccax CHUXKaeTcs
MeANeHHO, B MPaKTUUYECKU HE3HAUMTeNbHOW Mepe C yBe/MueHWeM pa3bpoca BEcoB U CMEKTPOB
KaHanos. OfHaKo, MeCTO MaKCMMa/bHOTO MOAABMEHUS KPATHbIX BOMH He 3aBUCUT OT 3TUX BE/INUMH,

2. Pasbpoc cTerneHy MofgaBneHust KPaTHbIX OTPAKEHMIA Ha CYMMOTpaccax YBenMuMBaeTcs
B MPaKTUYeCKN He3HaUNTeNbHOW Mepe C yBeNnueHueM pa3Gpoca BeCOB W CMEKTPOB CyMMMUpPYeMbiX,
BOJIH.








