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NEW VARIANT OF INTERVAL VELOCITY ESTIMATION FROM
REFLECTION AMPLITUDES

Volker KRUG*

Instead of using single traces as is done with the common pseudo-acoustic log, amplitude
variations across adjoining traces along reflective horizons are used in the presented method.
Proceeding from a reference trace, the reflectivity-dependent relative velocity changes, which are
proportional to the amplitude variations, are determined. Since all amplitude values of a signal are
suitable for calculation, signal compression (spike deconvolution) is not necessary. The examples
of two profiles demonstrate the achievable results when using the horizontal changes of layer
velocities.
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1. Introduction

In recent years, the pseudo-acoustic velocity log has become important for
the interpretation of local velocity variations. In particular, it has been utilized
for detecting lithological changes within the limits of oil or gas deposits. The
pseudo-velocity log in the classical meaning implements the velocity determina-
tion sample-wise along the time axis for one trace [Lindseth 1979, Gogonen-
kov et al. 1980]. By that procedure the value of the true amplitude is assigned
to the seismic impedance at the respective location thus enabling us to determine
the velocity distribution along the seismic trace. Strictly speaking, such a treat-
ment assumes a pulse trace (not to speak about other problems; see below).
Similar to a procedure used by Boisse [1978], an alternative program has been
developed which does not consider the amplitude variation along a single trace
but across adjoining traces along the direction of correlation of horizons. In
contrast to Boisse’s procedure not only the main phase (or amplitudes) of the
signals of selected horizons is processed for calculation of underlying interval
velocities but all samples (sample-wise) between two consecutive horizons. Such
an approach provides a more favourable statistical interpretation, especially of
horizontal velocity variations.
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2. Principle of procedure

Fig. 1 shows the principle of the algorithm which is used in this paper. A
presupposition of the treatment is a reference trace (a) recorded near the well.
This trace can be obtained by the averaging of several adjoining traces. To this
reference trace belongs a corresponding velocity model (Val,Va2) or reflectivity
sequence which is derived from sonic logs of nearby boreholes. The reflection
coefficient is

Val-vgl
Ki + V&2
if the density contrast is neglected (g, &q2). K is a scale factor, Aathe sample
amplitude at time T for the reference trace. For a neighbour trace (b) the
correspondig reflectivity at the same time (better: at the same horizon or phase
position) may be expressed by the velocities Wbl and \b2- The corresponding
reflection coefficient on trace b is

Ra = kAa (D

bl rb2

Rb kAb 2
Vol + W2
From the amplitude ratio between reference trace and adjoining trace
R. = Aa. (Val-Va2)(Vbl+Vb2) 3

Rb  J1 * (val+ Va2)(Vbl-V b2)
the velocity Ki, etc. may be determined, provided the velocity Vi is known:

Aa\bi(\Vgi + Vgi)-Ab\bl(Val-V a2)
rb2 AaVal + \&2) + Ab(Val-V a2)

For Vbl one can use either the mean velocity derived from the aforetreated
layer or from the given velocity model. This will be done for all traces of a
stacked time section with true amplitudes.

The position of the reflecting horizons along the x-axis (7j in Fig. 1, and
see correlation in Figs. 3 and 5) in the time section is visually picked and the
intermediate layer velocities are linearly interpolated.

The trace processing sample by sample between two consecutive horizons
is done parallel to the upper horizon. Since some problems may arise with
thickness variations, the selection of the reference trace is of particular import-
ance. It should preferably be taken from that point where the thickness is
greatest.

For calculation, such amplitude values are abandoned which are less than
a preselected percentage of the mean value of the trace. Obtained velocity values
which surpass or underflow a given level are not further used for treatment. The
frequently very scattered individual values on the traces are subjected to a
selectable (in x and r), two-dimensional and position-weighted smoothing. As
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Fig. 1. Scheme of velocity estimation

I. abra. A sebességbecslés vazlata

Puc. 1. Cxema onpefeneHns CKopocTeil.

result we obtain interval contour plots which represent either the interval
velocities or the deviation of the interval velocity from the reference trace (A V)
or its percentual variation. This approach has some advantages over the com-

monly used pseudo-velocity log:

Advantages

no spike deconvolution necessary
(input is not considered as pulse
seismogram but as wavelet)

— no complete frequency band re-
quired

— better use of a priori knowledge

— variable smoothing of data

— statistical procedure, robust cal-
culation regime

— no accumulation of errors with
time

— better elimination of interference
application possible also at worse
S/N-ratio

Disadvantages
assumption of horizons with ac-
curate correlation
problems arising with the sampling
if layer thickness changes
no elimination of distortion (e.g.
dispersion)
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3. Examples

The next figures demonstrate the calculation results from two profiles A
and B extending parallelly to a distance of 400 m. Fig. 2 shows for profile A the
normal stack, the stack with true amplitudes and the isoarea section of A F-re-
sults (related to reference trace at coordinate 3712 m) for the time interval
essential for oil prospecting. The lowest (negative) AV values are white, the
highest values are black. In Fig. 3 the time scale was a little extended, the stacked
traces (true amplitudes) are shown as wiggle traces and the velocity changes are
plotted as AV contour lines. In Fig. 4 an enlarged section is represented where
stacked traces in wiggle trace form have been superimposed on the AV contour
line section and an isoarea section is also presented. Similar plots for section
B are presented in Figs. 5 and 6.

Both seismic profiles cross a carbonate sand barrier of the Zechstein
(approximately between the coordinates 3000 m and 5500 m). The velocity
estimation has been accomplished within the total Zechstein sequence. The main
horizons are correlated in Fig. 3 and Fig. 5. The quality of the time section is
poor but, nevertheless, usable results have been obtained. It is obvious that the
velocity variations along the reflectors behave like the intensity of the true
amplitudes, as expected. The differentiation is clearly greater for profile B,
especially in the interesting x-interval (4000 m-5000 m). This indicates that the
velocity contrasts at profile A are presumably lower than at profile B. On profile
A it can be seen that the zone of reduced velocity around coordinate 5400 m
extends with a-decreasing trend to about 3100 m.

From x = 5400 m to higher x values one can see growing variations of the
layer velocities which are connected with the steeper descent towards the trough
caused by the barrier.4

4. Conclusions

The quality or reliability of velocity estimations depends strongly on the
quality of field data (i.e. on the signal-to-noise ratio). The statistical treatment
of numerous velocity data permits a good estimation of relative velocity changes
even for poor quality seismic sections. An accuracy of £100 m/s to % 500 m/s
should be expected for distances of about 1000 m from the borehole.

The procedure described here has the advantage of being able to use all
amplitude values and spike deconvolution is not needed; on the other hand the
exact correlation of horizons is something of a disadvantage.

If we are concerned with reliability, comprehensive model knowledge, and
precise treatment of the original data, then this technique seems to be suitable
for the exploration of large structures as well as for detailed investigations.
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Fig. 2. Time section A for velocity estimation, a) Stacking; b) Stacking with true amplitudes;
c¢) Calculated AV iso-area section. Velocity range: +400 m/s — -400 m/s in 200 m/s steps
from dark to light

2. &bra. A sebességbecslésre felhasznalt A idészelvény, a) Osszegszelvény; b) Osszegszelvény
valédi amplitadokkal; c) Szamitott AV szelvény. Sebességtartomany: +400 m/s — -400 m/s,
200 m/s lépésekkel, a sotéttdl a vilagos arnyalatok felé haladva

Puc. 2. BpemeHHoIi pa3pe3 A ans onpefeneHus ckopoctei, a) CTeKnHr. b) CTeKUHr
C UCTMHHBLIMM aMnAnTygam, ¢) PaccumTaHHbIi npoduab n3oapeanos AV. [lnanasoH cKopocTei
oT +400 m/c go -400 m/c yepe3 200 m/c, OT TEMHbIX OTTEHKOB K CBET/bIM.
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A REFLEXIOS AMPLITUDOK ALAPJAN VEGZETT
INTERVALLUMSEBESSEG-BECSLES UJ MODSZERE

Volker KRUG

A tanulmany bemutat egy modszert, amelyben nem egyedi csatornakat dolgoz fel, mint ahogy
a pszeudo-akusztikus karotazs szelvénynél szokasos, hanem reflektald hatarfelliletek mentén vizs-
galja a szomszédos csatornak amplitido valtozasait. Egy referencia csatornabol kiindulva a reflekti-
vitastol figgs, amplitddo valtozasokkal aranyos, relativ sebesség valtozasokat hataroz meg. Mivel
a jel barmely amplitudd értéke alkalmas a szamitasokra, nincs szilkség spike dekonvoldciora.
A bemutatott két szelvény vizszintes rétegsebesség-valtozasok esetén mutatja az elérhetd eredmé-
nyeket.

HOBbI METOf OLIEEHKW MOVHTEPBAJIbHbIX CKQPOCTEVI HA OCHOBAHWNN
AMNANTY 4 OTPAXXEHN

donbkep KPYT

OxapakTepn3oBaH HOBbIA MeTof, B KOTOPOM 06pabaThiBalOTCA He OAMHOUHbIE KaHasbl, KaK
3TO MPUHATO B C/ly4Yae KPMBbIX NCEBA0AKYCTMUYECKOTO KapoTaxa, a U3yyatoTcs M3MEHeHUs amnu-
Ty, MO COCeAHMUM KaHanam BfO/Mb OTPAXKAOLMX NOBEpPXHOCTe. ONpeaenstoTcs OTHOCUTE/bHbIE
M3MEHEHUs CKOPOCTe, MPOMnopLyOHaNbHbIe U3MEHEHWAM aMNANTY/ U 3aBUCSALLME OT OTpaXaTe b-
HOV# CNOCOBHOCTYM, OTHECEHHbIE K OJHOMY W3 KaHanoB, BbIGPAHHOr0 B KayecTse onopHoro. o-
CKO/bKY B pacyeTax MoryT GbiTb UCMO/Mb30BaHbI N0Gble 3HAYeHUs aMMAUTY[ CUTHANO0B, OTNajaeT
Heo6X0MMOCTb B Craiik-AeKoHBOMOLMN. MpeacTaBNAOTCA [iBa pa3pe3a B KaUecTBe UAMHCTPaLUn
pe3ynbTaToB, MOMYYEHHbLIX MPU FOPU3OHTANbHBIX U3MEHEHUSX MOTOPU3OHTHBIX CKOPOCTEIA.



