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DETERMINATION OF ATTENUATION
FROM REFLECTION SEISMIC DATA
AND THE INFLUENCE OF LAYERING

U. PATZER*

When developing new seismic processing techniques it is of great importance to test them with
synthetic traces. Very often this step is decisive. Comparison of the obtained processing results with
the known model data allows one to draw conclusions on the general performance, the optimum
parameters, and the effectiveness of the technique under actual conditions.

As is demonstrated with a specific technique of attenuation determination the result obtained
from such synthetic computations depends essentially on the reflection coefficient series from which
the synthetic trace is computed. Unsuitable model traces can lead to incorrect assertions on the
achievable accuracy and consequently on the potential practical effectiveness of the technique.

1. Problem discussion

A seismic trace x(t) is considered to be the convolution of a reflectivity deriv-
ed spike series with a wavelet

x(t) = i(t)s(t).

The spike series i(t) represents the acoustic impedance distribution in the subsur-
face. While travelling underground the spectral composition of a seismic wavelet
s(t) is changed mainly as a result of attenuation. Ifthe attenuation coefficient is to
be determined from this spectral change the problem arises of extracting the
wavelet spectrum from the seismic trace.

There exist several techniques to eliminate the influence of the spike series to
such a degree that a sufficiently accurate estimation of the wavelet spectrum can
be achieved. Their effectiveness is commonly tested with synthetic data. It is a
general experience that the attenuation distribution computed from synthetic
seismograms depends essentially on the used layer or velocity model (Baruti et
al. 1980), in some cases the influence of the spike series may be so great that no
meaningful attenuation determination can be achieved (Mittann and Jurczyk
1977, Engelhard 1978)

It is possible that the used technique does not enable a clear separation of
the parts s(t) and i(t). Furthermore, the accuracy largely depends on the type of
model used for the theoretical analyses. These two effects will be illustrated by a
typical example in Fig. 1 First of all it can be established that the cepstrum ana-
lysis generally yields a more exact estimation of the actual wavelet spectra than
the autocorrelation function technique of Rapoport (1969) where great devia-
tions from the true spectra occur if an actual reflection coefficient series is
applied.

* VEB Geophysik Leipzig, GDR.
Paper presented at the 26th Geophysical Symposium, Leipzig, 22-25. September, 1981.
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Fig. I. Wavelet spectrum estimation from synthetic seismic traces
a — spike series of random distribution ; b — actual reflection coefficient series
--------- given spectrum,-------- spectrum obtained by cepstrum analysis,
------- spectrum obtained from the autocorrelation function

1. dbra. Az elemi jel spektrumanak becslése szintetikus szeizmogramokhbdl
a — Véletlen eloszlas impulzussorozata; b — tényleges reflexios koefficiens sorozat
— tényleges spektrum,-------- cepstrumanalizissel kapott spektrum, —— autokorrelaciés
figgvénnyel szamitott spektrum

dur. 1. OugHKa CneKTpa CuUrHana Ans CUHTETUYECKOl CeiicMUyeckoii Tpacehl
a — nocnef0BaTeNlbHOCT UMMY/LCOB MO CAyYaliHOMY pacnpefeneHnto; b — peanbHas
NoCNeA0BaTebHOCTL KOINMULMEHTOB OTPaKEHNS
3aflaHHbI CNekTp,------- CMeKTP MO KencTpanbHOMY aHanuay, ----- CMEKTP Mo (YHKLUUM
aBTOKOPpeALMm

2. Models and test computations

Test computations were carried out on models derived from the velocity dis-
tribution of a well located in the North German-Polish Basin. No density values
were available.

In model A of Fig. 5 the constant velocity layers were derived from the litho-
logic coloumn taking into account the acoustic log as well as petrophysical data.
The mean layer thickness amounts to about 30 m. In the depth section corres-
ponding to a traveltime range of 1.0 to 2.8 s acoustic log data were available.
Models B and C, sampled at 10 m and 2 m rates, respectively, resulted from these
data. All models are presented on the left part of Fig. 5 (for the traveltime interval
14to 2359).

In Fig. 1the connection between the quality of spectrum estimation and the
type of distribution of the used spike sequences is shown. Further special investi-
gations were carried out based on model C. To have a better approximation of
the actual conditions the data sampled with a 2 m rate were transformed into the
time domain. Following Baranov and K unetz (1960) the medium, assumed as
ideally elastic, was subdivided into equal traveltime (in this case 1 ms), constant
velocity layers. Thus, separate analyses of the influence of transmission and that
of the multiples on the reflection coefficient series can be simultaneously made.
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The randomness of the reflection coefficient series computed in this manner
can be checked using the autocorrelation function. The autocorrelation function
of a true random series only deviates significantly from zero for the time shift
r=0. If O the values must be within a threshold level of significance, this
threshold depends on both the false rejection probability and width of the ana-
lysed interval. The false rejection probability was selected as 5% for all investi-
gated cases. For example, using an analysis window of 0.2’ s some 15% of the
peak value of the autocorrelation function corresponds to the threshold of
significance.

Figure 2 shows the sampled, normalized autocorrelation function for differ-
ent positions of the analysed traveltime window (the above mentioned threshold
is also given). At narrow windows (0.2 and 0.4 s) significant differences in the
character of the autocorrelation function can be seen for adjoining traveltime
windows. In most cases there are several extrema exceeding the threshold of sig-
nificance. This clearly indicates that the reflection coefficient series are generally
not randomly distributed.

This general statement is also valid when the analysed window is enlarged
up to an interval corresponding to the so-called effective time window (0.8 s)
used for the attenuation determination. The intensity of the secondary extrema
at time shifts t~O is somewhat lower for the summarized coefficient series (d)
compared with the other ones (a, b, ¢). But in each case there also occur indivi-
dual peaks exceeding or coming close to the threshold value.

Further analyses using actual reflection coefficient series show that in
general they obey a normal distribution. This is demonstrated in more detail in
Patzer €t al. (1981). The evaluation given above is in good agreement with the
results obtained by Agard and G rau (1961).

Returning to the results presented in Fig. 1, we have seen how much the
quality of spectrum estimation from the autocorrelation function depended on
the type of distribution. For the cepstrum analysis the most suitable type of dis-
tribution is obviously a random reflection coefficient series. However, the devia-
tions of the actual reflection coefficient series from this type of distribution have
not such a strong effect on wavelet spectrum estimation as in case of the autocor-
relation function method. We have found that when using cepstrum analysis
with optimally selected program parameters, it yields an approximately four
times higher accuracy in attenuation determination than that achieved with the
autocorrelation function technique.

3. The influence of intrabed multiples

The term *“attenuation” generally describes the frequency dependent energy
losses of a seismic wave due to its propagation through the medium. This energy
loss is esentially caused both by the nonreversible change of mechanical energy
into heat and by wave scattering at interfaces and other inhomogeneities. If a
seismic signal travels through a layered medium an additional attenuation
mechanism acts. It results from the combination of transmission losses at inter-
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faces and intrabed multiples generated therefrom. In particular, when a seismic
wave travels through a stack of thin layers of strongly changing acoustic impe-
dances an essential fraction of the signal energy gets trapped and only reappears
of greater traveltimes. Hence, the maximum amplitude decreases and the predo-
minant frequency ofthe signal is lowered. Although the mechanism is of an entire-
ly different kind from that caused by inelasticity and scattering, its action on the
seismic pulse is very similar. This “quasiattenuation” effect was clearly described
by 0°D oherty and Anstey (1971). For our investigations it is of interest to what
extent this apparent attenuation due to intrabed multiples acts in the used
models. The investigations were carried out again on layer model C. The reflec-
tion coefficient series was computed according to Baranov and K unetz’s techni-
que (1960).

Similarly to the method suggested by Schoenberger and Levin (1974), the
model was sealed at the bottom of the hole by an additional isolated totally re-
flective interface of reflection coefficient R = —L In the computed reflection coef-
ficient series involving all true and multiple reflections each reflection generated
at this reflective horizon represents that energy which has travelled downward
and upward through the layer model.

For computational reasons the additional reflective interface was inserted at
2 s traveltime. Figure 3 shows that at this traveltime the multiple tail of the ori-
ginal model is not entirely suppressed and superimposes on the reflections gener-

Fig. 3. Impulse response for a spike travelling twice through model C for different sampling rates
a — sampling rate 1ms; b — sampling rate 2 ms; ¢ — sampling rate 4 ms

3. abra. Impulzus-valaszfiiggvény, a C modellen valé kétszeri athaladas esetén, kiillénb6z6
mintavételezéssel
a — mintavételi k6z 1ms; b — mintavételi kdz 2 ms; ¢ — mintavételi kdz 4 ms

dur. 3. XapakTepucTuka UMMynbca, NPOXoAsLLEro ABa pasa MOAENb cnouctoctT C npu pasHbixX
larax KBaHTOBaHWUs B AuanasoHe BpeMeHu
a — lWar KBaHToBaHMA 1MC; b —wwar KBaHTOBaHUs 2 MC; C — LIAr KBaHTOBaHMs 4 MC
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ated at the isolated reflective interface. Nevertheless, the model allows qualitative
assertions about the filtering effect of the original series of layers.

As can be seen from Fig. 3, the impulse response exhibits considerable differ-
ences depending on the sampling rate used for the computation of the reflection
coefficient series (See also Schoenberger and Levin 1979)

The shift of a considerable fraction of the reflected energy towards greater
traveltimes with simultaneous pulse broadening (typical for a cyclic layering
according to 0 'D oherty and A nstey 1971) becomes clear only when applying a
sampling rate of 1 ms, in spite of the great thickness of the analysed layer
complex.

The amplitude spectra of the impulse responses (Fig. 4) show that for
sampling rates greater than 2 ms the frequency dependent attenuation caused by
intrabed multiples can be neglected.

Fig. 4 Amplitude spectra of the impulse
InA responses presented in Fig. 3

a — sampling rate 1 ms; b — sampling

rate 2 ms; ¢ — sampling rate 4 ms

4. dbra. A 3. dbran bemutatott impulzus-
valaszfliggvények amplitadéspektrumai

a — mintavételi kéz 1 ms; b — mintavételi
kdz 2 ms; ¢ — mintavételi kdz 4 ms

dur. 4. AMNAUTYAHbIE CeKTpa XapakTe-

PUCTUK UMMYNbCOB, MNPUBEAEHHBIX Ha

puc. 3

a- Lar KBaHTOBaHMS 1MC; B - Llar KBaH-
o 20 40 60 80 f[Hz] ToBaHMs 2 MC;C- wWar KBaHTOBaHUA 4 Mc
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4. Computation of synthetic seismograms with attenuation
and attenuation determination

The investigations on the influence of the selected layer model on the accur-
acy of attenuation determination were accomplished on synthetic traces com-
puted by taking into account attenuation. First of all the complex frequency
characteristics of the model were determined by applying Fourier transform to
the spike series including all primary and multiple reflections (G ogonenkov and
Z acharov 1971). A linear dependence of attenuation on frequency was assumed.
Velocity dispersion was taken into account according to the well-known F utter-
man relation connecting attenuation and dispersion. We started out from dif-
ferent attenuation functions, derived the spikes series for the models A to C, and
convolved the results by an actual wavelet recorded near one of the shotpoints.

The computation of attenuation was carried out by the computer program
ABSOR2. The signal spectrum is determined by cepstrum analysis within mov-
ing time windows shifted in 50 ms steps along the trace. The effective length of
this window and hence the resolution power of attenuation determination is
approximately 0.8 s. An earlier Version of this technique was presented at the
22nd Geophysical Symposium held in Prague [D anckwardt et al. 1978]. The
attenuation coefficient a is assumed to depend linearly on frequency, a(/) =
= k-f The factor k of dimension m”1Hz* 1 is computed in the well-known
manner from the slope of the spectral ratios. This value, reflecting the change of
the ratios between high- as well as low-frequency signal components is denoted
by kf.
In the extended version of the program [D anckwardt and Patzer 1981]
the attenuation is additionally computed from the traveltime dependent ampli-
tude decay for the same harmonic components of the signal spectrum (attenua-
tion value kt). Besides the determination of the individual values kf and k, the
program also computes the summarized attenuation coefficient kx = 1/2(kf +kt).5

5. Analysis of the influence of layering

First, the processing results obtained for model A are considered. In Fig. 5
(upper part) it can be seen that a very high deviation occurs from the actual
attenuation value. The greatest error arises in k,, computed from the traveltime-
dependent amplitude decay.

From Fig. 6 (left part) it is clearly seen that the character of the distribution
of the results is not changed if different attenuation functions are assumed. The
mean deviation from the true attenuation value remains approximately constant.
This means that the accuracy of the attenuation determination is independent of
the actual magnitude of attenuation.

The causes of these great errors can be attributed mostly to the insufficient
suppression of the spike series. The right-hand side of Fig. 6 shows the difference
curves for the computed attenuation. Subtracting the curves based on the
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Fig. 5. Attenuation determination from synthetic traces for different velocity distributions and
different models
A — based on lithology (mean layer thickness 30 m); B — resulting from acoustic log, sampling
rate = 10 m; C — resulting from acoustic log, sampling rate=2 m
1— velocity distribution, 2 — reflection coefficient series, 3 — attenuation affected reflected
impulses, 4 — synthetic trace after convolution of 3 by a wavelet (attenuation : model 1
with k= 10), computed values for kf ,k, L kz

5. abra. Csillapodas-meghatarozas szintetikus szeizmogramokbdl kiilonb6z6 sebességeloszlasokra
és kuldonbdz6 modellekre
A — a furasi szelvénybdl (atlagos rétegvastagsag 30 m); B — akusztikus szelvénybdl, mintavételi
k6z 10 m; C — akusztikus szelvényb6l, mintavételi k6z 2 m
1 — sebességeloszlas, 2 — reflexids koefficiens sorozat, 3 — csillapitott reflektalt impulzusok,
4 — szintetikus szeizmogram (3 konvolvalva egy elemi hulldmmal) az adott csillapitassal (modell 1,
k= 10), szamitott értékek: kf Kk, ,

dur. 5. Pe3ynbTaTbl ONpefeneHns NoraolleHns no CUHTETUYECKM TeCTOBLIM Tpaccam,
KOTOPbIE NOMYYeHbl C MPUMEHEHNEM Pa3/IMYHbIX 3aKOHOB CKOPOCTel M MOAeneli CnoMcTocTu
A — N0 NNTONOrMYeCKOMY paspesy, CPeAHss MowWwHOCTb nnactoB 30 M; B —no
aKyCTMYECKOMY KapoTaxKy, wwar kBaHToBaHUs = 10 M; C — no aKyCTUYeCKOMY KapoTaxy, Luar
KBaHTOBaHUS = 2 M
1 — pacnpefeneHune cKopocTn, 2 — nocnefoBaTeNlbHOCTb KO3I((ULNEHTOB OTpaxeHus, 3 —
UMNybCHasa Tpacca C y4eTOM MOr/oWeHns, 4 — cuHTeTMYecKas Tpacca nocne CBEPTKM
UMNY/bCHOW Tpacchbl 3 ¢ CeAICMUYECKMM CMTHaNoOM (3ajaHHoe nornaoweHue: mogens 1 c¢ k = 10),
paccumMTaHHble 3HavyeHnsa gns kf --------- , K, ==---m-- , K*—mmmm
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attenuation functions 1 (k= 10x 10-6 m-1 Hz-1) and 2 (k= 5x
X10”6m-1 Hz-1), respectively the above mentioned difference curves result.
As can be seen, a significant decrease of the deviation from the given attenuation
model is achieved. But this correction for layering effects is only of a hypothetical
value as it is not applicable to actual data.

Fig. 6. Attenuation determination from synthetic traces, velocity model A
--------- data for model i (k=10),-------- data for model 2
(fc=5),-------- data for model 3 (fc=0),--------- difference between the values for models 1 and 3,
--------- difference between the values for models 2 and 3

6. abra. Csillapodas-meghatarozas szintetikus szeizmogramokbdl, A sebességmodellre
--------- adatok modell 1-hez (fc=10),---------adatok modell 2-héz (k=5),---------adatok modell
3-hoz (k=0),----—--- 1 és 3. modellre szamitott értékek kilénbsége,----------- 2. és 3. modellre
szamitott értékek kiilonbsége

®ur. 6. PesynbTaTbl OnpefefieHUs MOrNOLEHNS Ha TECTOBLIX CUHTETUUYECKUX Tpaccax MOAenu
cnoucToii cpefbl A
faHHble gna mogenn 1 (k = 10),------ faHHble ans mogenn 2 (kK = 5), [aHHble ans
mogenu 3 (kK = 0), — — pasHuLa Mexzay flaHHbIMU Mofeneld 1m 3— ee— pasHuLa Mexay AaHHbIMU
mogeneii 2 n 3
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If the test result obtained from this layer model had been available it would
have been possible to conclude that the used technique does not enable a suffi-
cient suppression of the spike series influence and is unsuitable for detecting
attenuation anomalies under actual conditions.

But when using more detailed layer models which may be derived from
acoustic log data (models B and C in Fig. 5) an essentially smaller deviation
between computed and given attenuation values is achieved. According to Table
I the mean deviation is only as small as about 1x 1CI'6 m” 1 H z" 1for this model.
Ifavalue of 10x 10" 6 m~1Hz- listaken for the average attenuation in the sub-
surface under normal conditions, a theoretical accuracy of about 10% is
achieved in determining attenuation. Under such circumstances the application
of the described technique to practical exploration problems seems more favour-
able than in the case of layer model A

Table 1. Accuracy of attenuation determination
depending on the sampling
rate of an actual velocity model

N Layer thickness Mean deviation mKin 10 6m 1Hz 1
model
inm in ms mk "
A *30 *15 25 9.3 4.0
B 10 * 5 0.9 12 0.9
C 2 N2 0.9 12 0.8

6. Detection of Attenuation Anomalies

To prove the general performance of program ABSORZ2 in predicting layers
with increased attenuation the computations were repeated for model C using a
modified attenuation function (attenuation model 4). When evaluating the data
presented in Fig. 7, it must be considered that because of the limited vertical
resolving power of the technique a strong smoothing of the attenuation distribu-
tion results. The theoretically achievable representation of the anomaly (dotted
line) depends on both the magnitude of the attenuation anomaly (length 0.3 s,
change of attenuation by 10x 106 m-1 Hz-1) and on the resolving power of
the computation (0.8 s).

Taking these facts into account a satisfying approximation of the computed
attenuation values to the theoretically achievable curve can be established for
attenuation model 4. A reliable detection of attenuation changes of such a mag-
nitude seems to be somewhat problematic for actual conditions. Obviously, such
anomalies are at the lower boundary of detectability when using program
ABSORZ2.

The subtraction of data for attenuation function 1 (with anomaly) from
those corresponding to function 4 (“normal level” of attenuation), already
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demonstrated in Fig. 6, yields a decrease of deviations—but not decisive—be-
tween theoretical and computed values. Also in this case, the improvement
results from the elimination of the residual layering influence. As follows from
Fig. 7, this influence of the spike series for layer model C is not very high, it is in
the order of the inevitable inaccuracies of the computational technique.

Fig. 7. Attenuation determination from synthetic traces, velocity model C
--------- data for model 1 (c= 10),--------data for model 4 (interval 1.7 to 2.0’ s, k =20, outside this
interval k= 10),------—- difference between the values for models 1 and 4,.....theoretical
distribution of the results for model 4 for the given resolving power

7. abra. Csillapodas-meghatarozas szintetikus szeizmogramokbdl, C sebességmodell
-------- adatok modell 1-hez (fc= 10),-------- adatok modell 4-hez (az 1,7—2,0 s intervallumon
belil k=20, ezen kivul ft= 10),------- 1 és 4. modellre szamitott értékek kilonbsége, ...... az
eredmények elméleti eloszlasa a 4. modellre, az adott felbontéképesség mellett

dur. 7. PesynbTaTtbl ONpeAeneHns nornoweHns Ha TeCTOBbIX CUHTETUYECKUX Tpaccax Mogenu
cnouctoli cpegpl C
faHHble ans mogenn 1(k = 10),----- [aHHble ans mogenu 4 (B uHTepsane oT 1,7 go 2,0 c,
K = 20,BHE 3TOr0 OKHa: K= 10),----- pasHMLa Mexxay faHHbIMWN MOAeNel 11 4, ssee TEOPETUYECKOE
pacnpegeneHune faHHbIX 419 MOAenu 4, nonyvyaemoe ¢ y4eTOM paspeluarolleil cnocobHoCcTH
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ULRICH PATZER

A RETEGZODES HATASA A CSILLAPODAS MEGHATAROZASANAK
PONTOSSAGARA

Szintetikus csatornakon végzett elméleti szamitasokbdl ismeretes, hogy a rétegzett kézeg mo-
dellje jelent6s hatast gyakorol a csillapodas szamitasanak pontossagara. Az alkalmazott eljarasok
valdsziniileg nem adnak modot ezen hatas kikiiszébolésére. Ezenkivill az elérheté pontossag jelen-
tés mértékben fiigg az elméleti analiziseknél alkalmazott, rétegzett modell fajtajatol.

Vizsgalatokat végeztiink olyan modelleken, amelyek kiilénb6z6 részletességgel tiikrozték a
farélyukakban meghatarozott sebességeloszlasokat. A szelvény durva tagolasa alapjan kapott se-
bességmodell felhasznalasakor igen nagy mérési hiba figyelhet6 meg, ez azzal kapcsolatos, hogy a
modell nem elég részletesen tiikrozi a val6sagos viszonyokat. A rétegzett kozegen — akusztikus ka-
rotazs alapjan, csokkentett mintavételi kozzel — végrehajtott elméleti szamitasok alatamasztjak ezt
a kovetkeztetést, a szamitott abszorpcids értékek sokkal kisebb mértékben térnek el a megadottak-
tol.

Y. MATLEP
BMNAHNE CNOUCTOCTU HA TOYHOCTbL OMPEAENMEHUNA 3ATYXAHUA

Mo TeopeTUYeCKUM pacyeTam C CUHTETUYECKMMM Tpaccamy U3BECTHO, YTO MO/ENb COUCTON
cpefibl OKasblBaeT CYLLECTBEHHOE BAMSIHME HA TOYHOCTb pacyeTta 3aTyxaHus. MprMeHseMble Cnoco-
6Gbl 0YEBUAHO HE MO3BONAIOT UCKNIOUNTL 3TOT ahpekT. Kpome TOro, oCTUraemMast TOYHOCTb B 3Ha-
uMTeNbHO Mepe 3aBMUCUT OT BUAA CNIOMCTON MOAENU, MPUMEHSIEMOI NpW TEOPeTUYECKUX aHanu-
3aX.

WccnefoBaHns NpoBOAMNCE HAa MOAENsX, KOTOpble OTPaXanu pacrpefeneHus CKOpOoCTe,
onpefeneHHble B CKBAXKMHE, C Pa3HOM CTeNeHbI0 AeTanbHOCTW. Mpu MCNONb30BaHUN MOAENN CKO-
pOCTW, MOMYYeHHOI MO rpy6oMy pacuneHeHuo paspesa, HabnloAaeTcs o4YeHb 60Mbluas olnGKa
13MepeHusl, KoTopas No/y4aeTcs M3-3a TOro, YTO MOAENb HeO0CTaTOYHO AeTaNbHO OTPAXaeT pe-
anbHble YCNOBUS. DTOT BbIBOJ MOTBEPXKAAETCA TEOPETUUYECKUMM pacyeTaMn Ha MOJenn CNonCTO
Cpefibl C YMEHbLUEHHbLIM LIaroM KBaHTOBaHMs MO aKyCTUYECKOMY KapoTaxky, Mpuuem pacyeTHble
3HaYeHMs NOT/MOLLEHMUS B 3HAUYMTEIbHO MEHbLLE Mepe OTNMYAIOTCS OT 3adaHHbIX.
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