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COMPARISON:SEMBLANCE SPECTRA AND VELOCITY FUNCTION
TECHNIQUES OF VELOCITY ANALYSIS
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ABSTRACT

The velocity analysis by using the spectra has shown
better results than the wvelocity function technique,
besides that the former is characterized by higher
stacking velocity values. The stacking velocities ob-
tained firom the two techniques were evaluated in rela-
tion to the average velocities from wells located on the
seismic lines. The comparison shows that all the veloc-
ity function values are much lower than the average
velocities. The stacking velocities by using velocity
spectra vary slightly between lower and higher values
than the average velocities.

The raw final stack using velocity spectra show
better improvement than the final stack using velocity
Sfunctions; for example in the recognition of faults.

INTRODUCTION

The basic scheme in velocity analysis has been
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described by authors such as Taner and Koehler
(1969), Neidell and Taner (1971), Al-Chalabi (1979),
Robinson (1983), Robinson and Durrani (1986)
and Mayne (1962). There are various velocity
analysis techniques which are applied by the
industry as source of stacking velocity required
for dynamic correction, stacking and migration
of the seismic traces. Velocity spectra and velocity
functions are the most common of these tech-
niques.

The seismic data used in this study were recorded
for the Zuetina Oil Company during 1988 from
Block 102, Sirt Basin, Libya (Fig. 1). The data
were processed by Halliburton Geophysical Service
(HGS) using the velocity function technique. The
velocity spectra technique, and CMP stack were
conducted on the same seismic data. The aim was to
derive meaningful stacking and to investigate their
accuracy for stacking of seismic sections in compari-
son with the stacking velocities already picked by
HGS. This comparison is to bring out errors in
stacking velocity obtained from the velocity function
technique.
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FIG. 1. Location map showing the seismic lines.

VELOCITY ANALYSIS METHODS
1. Velocity Functions and Trial Stacks Method

The Halliburton company’s approach consists of
selecting a portion of stacked data (23 stacked
traces) which have been NMO corrected using 11
velocity values. These values range from the lowest
to highest expected velocity (1.600-5.000 km/s). A
single trial velocity is used for stacking all events
from the beginning to the end of the record. Reflec-
tions had their highest amplitude on the stack
panels when corrected with the optimum stacking
velocity. The display of optimum velocities against
the time where each optimum velocity results with
highest amplitude, is known as velocity function.
Hatton et al. (1986) have mentioned the weak-
nesses of the method which are mainly its lack of
resolution in velocity due to the often coarse in-
crement selected for reasons of economy and poor
visual dynamic range. Besides, the velocity function
technique is heavily dependent on the human’s
judgement of alignment of the seismic events. There-
fore, different processors may not pick the same
stacking velocities.

2. Velocity Spectrum Technique

Taner and Koehler (1969) have described a tech-
nique which was designed to permit interpretation of
stacking velocity Vs as a function of the zero-offset
travel time To. The technique involves plotting a
measure of trace coherence computed along moveout
curves which are defined by discretely sampled values
of Vs and To. Their approach consists mainly on the
trial of different values of stacking velocity at particu-
lar values of normal incidence time to calculate
hyperbolic moveout within a short time gate. When
the best value of Vs is found the data are corrected
with time shifts based on this velocity and stacked
together. The velocity spectra are plots of a coherence
measure, called semblance, of reflections that exist at
times To, having stacking velocities Vs,

a. Semblance

Sembiance is a measure of the goodness of the
stacked trace within a time gate. It is also defined by
Sheriff (1978) as the ratio of energy resulting from a
stacking velocity assumption compared to the
amount of energy available to be stacked. Semblance
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has been described by Al-Chalabi (1979), Robinson
(1983), Said (1990) and Hatton et al. (1986). Neidell
and Taner (1971) have defined it as follows;

8= X.af

I.X;bi
where a; is the ith amplitude of the stacked trace and
b;; is the ith amplitude of the jth trace of the
component CMP set, The semblance S, has a possible
range from 0 to 1 (0 < St < 1) with perfect comparison
corresponding to 1, which depends on whether the
traces contain only the signals or contain noise in
addition to the signal. This affects the line-up of the
reflection events which leads to a decrease in the
amplitude of the correct Vs peak power (see Taner
and Koehler, 1969; Neidell and Taner, 1971 for
details). Different Vs values are calculated at the same
To and a plot of semblance versus Vs will show a
peak where the correct value of Vs has been used and
all the traces have been brought into alignment.

This procedure is repeated for a collection of zero
offset times, generally at equally spaced time in-
crements all the way down the CMP gather., The
result is called the velocity spectrum at the common
midpoint. A curve or contour of power will develop
showing the stacked semblance maxima wherever
there is appreciable reflection energy and will give
spot determinations of Vs and To between which
linear interpolation may be made for intermediate
travel time.

Not only does the semblance tend to be large when
a coherent event is present but the magnitude of the
semblance is also sensitive to the amplitude of the
event. Strong events exhibit large semblances and
weak events exhibit moderate values of semblance
whereas incoherent data have very low semblances
(Robinson, 1983). Semblance and other coherence
measures are used to determine the value of par-
ameters that will optimize a stack., The most import-
ant application of semblance is in the computation of
a velocity spectrum from which stacking velocity is
determined as a function of stacking time (Said, 1990).
The velocity that produces the maximum semblance
represents the best fitting hyperbola and thus pro-
duces the best stack at stacking time. As a result this
optimum velocity is called the stacking velocity.

b. Velocity spectra display

Velocity spectra display is one of the most common
forms of displaying the result of velocity analysis as
described by Al-Chalabi (1979), and Taner and
Koehler (1969). Figures 2 and 3 show examples of
spectra displays with the coherency buildups. In these

displays the coherency value as a function of time and
velocity is represented in plots with time varying
along the vertical axis and velocity varying along the
horizontal axis. The velocity analysis is presented as
contours of semblance. The contour in effect brings
the values of stacking velocity as a function of arrival
time which would result in bringing out events on a
stacked section.

The displays are frequently accompanied by nu-
merical tables of the measured coherency values for
verifying root mean square velocity (Vrms) estimated
from the display and curves for semblance and am-
plitude (Fig. 3). The velocity analysis program gives a
listing of velocity as a function of time at the particu-
lar location where the analysis is made.

c. Interpretation of spectra displays

Velocity spectra are used to pick stacking velocities
and are considered to be a very convenient method
for good quality high volumes of data (Hatton et al.,
1986). The interpretation of velocity spectra plots
basically involves the identification of coherency
build-ups which are caused by primary reflections,
and the isolation of those due to multiples and other
spurious coherent events. The determination of the
velocity function needed for optimum stacking, relies
heavily on the build-ups of coherency at each point
in the spectrum. Thus it requires high precision in
selecting the best coherency which represents the
primary reflection events especially in poor quality
displays.

The observation of lateral variation in stacking
velocities at any particular time interval is essential
because a sudden change in velocity between the
location of velocity analysis might lead to a change
in reflector continuity or strength which could be
interpreted as a geological change. Establishing close
reference to the seismic section and the CMP record
display, when available, is important in identifying
the presence and strength of primary reflections at
appropriate travel times, and also allows the presence
of non-primary events to be checked (Al-Chalabi,
1979).

Well data at the same CMP locations could pro-
vide a valuable check for the spectra display through
the identification of the main lithological interfaces
which are expected to generate the primary reflec-
tions. Recognition of non-primary coherency build-
ups on the velocity display can be a valuable guide
for the processing and interpretation of the seismic
section,

The interpretation, especially of good quality
data, simply consists of connecting contoured highs
that clearly indicate a realistic velocity-time function
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(Fig. 3). Plots of semblance indicate the location in
time of the most coherent events. In case of poor
quality data reliable events should be picked first and
the gaps should then be filled by comparison with
adjacent analyses. Multiples are usually clearly
identified in a velocity spectrum display, tending to
align nearly vertically beneath the generating primary
events.

VELOCITY ANALYSIS OF SEISMIC LINES
V100 AND V109

The final display of the data showed that the
primary reflection events are affected by the presence
of multiples which obscure recognition of main reflec-
tors such as the basement interface. Therefore, the
main purpose of conducting velocity analysis was to
improve the quality of the primary reflectors of
the main reservoir rocks. This can be achieved by
recognizing and subsequently attenuating the
multiples and other effects. The step was decided
after running post-stack deconvolution and the estab-
lishment of improved quality data such as the bring-
ing out of a distinctive basement reflector and the
reduction of the effect of multiples. The result in-
dicated that the multiples could be partly the result
of improperly picked stacking velocities used for the
CMP stack.

1. Procedures

The velocity analyses were carried out as follows:

1. Seismic lines V100 and V109 (Fig. 1) were selected
for carrying out the velocity analysis. The data
were requested in the form of CMP gathers with
static correction and pre-stack deconvolution ap-
plied. The V100 line consists of 1597 CMP gathers
and the analyses were selected at every 50 CMP
gathers. The V109 line consists of 768 CMP gathers
and the analyses were selected at every 60 CMP
gathers.

2. A number of CMP gathers were displayed at
different parts of the seismic line in order to check
their quality and arrangement. Figure 4 shows an
example of such display.

3. The velocity spectrum at each velocity analysis
location was derived from 10 CMPs, 5 at each side of
the selected CMP in order to reduce the semblance
peaks created by noise. Displays of velocity spectra
were obtained at the selected CMP locations.

4. The velocity spectra displays were used for
picking stacking velocities needed for stacking
the seismic sections (Figs 2 and 3). Comparison
between these displays was conducted to check

the trend of coherency build-ups of the picked
velocities.

5. The stacking velocities obtained were used for
producing brute stack sections (Fig. 5). The velo-
cities are applied to CMP stacks to check if any
improvement could be achieved regarding the pri-
mary reflection events, and attenuation of multiples
and any other events interfering with the primary
reflectors.

6. Comparison is carried out between the new stack-
ing velocities and those picked by the company (Figs
2 and 3) and also between the produced sections and
the contractor’s final sections (Fig. 5a-b) to check
against any error resulting from procedure, interpre-
tation, or computation of the stacking velocities
which are suggested by the presence of multiples in
the contractor’s final sections.

7. Average velocities measured from well data of well
Al are used for evaluating both the new and the con-
tractor’s picked stacking velocities as shown in Fig. 6.

2. Data Interpretation
a. Velocity spectra

Velocity displays were interpreted by picking the
readily recognizable primary coherency build-ups.
The picking out was at the high velocity edge of data
which represents mainly the primary reflections. The
stacking velocity functions were obtained by connect-
ing those build-ups. Figure 2 shows a typical velocity
spectra display computed from 0.100 sec to 3.200 sec
for velocities varying from 2.500 km/s to 3.500 km/s
at 0.100 km/s intervals. Coherency representing the
primary events are characterized by displacement in
the direction of increasing time. It has a maximum
time limit down to about 1.50 sec. Stacking velocities
are obtained by connecting the interpreted primary
energy arrivals. The spectra also show that multiple
energy started around 0.400sec to 3.200sec. These
multiples are of lower velocities than the primary
events and align nearly vertically especially around
1.650 to 3.200sec. The coherency buildup of the
basement reflector was confirmed by comparison
with the available well data of well D1-102 (754.5 ms
OWT) which has defined the time limit of the primary
events at around 1.500 sec. Figures 2 and 3 show that
the contours become increasingly stretched along the
velocity axis, with increasing travel time. This stretch-
ing represents a deterioration in the sensitivity of the
coherency measure with increasing time and causes a
loss in resolution. It results from the fact that with
increasing time, large stacking velocity changes cor-
respond to increasingly smaller NMO changes and
low frequencies become increasingly predominant.
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The contractor’s picked stacking velocities are plot- b. Comparison with the contractor’s final sections
ted on the velocity spectra (Figs. 2 and 3) to show the
differences between the picked velocities which are An example of the noticeable improvement in the

expected to represent the primary reflection events. raw final stack section is shown in Fig. 5 which
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represents a part (between CMPs 1151-1449) of seis-
mic section V109. Fig. 5b shows that the multiples
generally became weak or attenuated all over the
section and in particular at the lower part between
TWT 1800 and 2000 ms. There is also evidence of
weakening of multiples at the interval between CMPs
1372 and 1410, and TWT 1600 and 1800 ms. This
could be partly a result of improperly picked stacking
velocities.

Another example of the improvement (Fig. 5b) is
the sharpness and better continuation of the reflec-
tion event between CMPs 1358 and 1449 and TWT
1450 and 1480 ms, and also between CMPs 1180 and
1332, and TWT around 1470 ms. There is a clear fault
in this part of the section between CMPs 1353 and
1347, and TWT 1400 and 1800 ms, which is much
better defined in the raw final stack section.

¢. Comparison with well data

It has been mentioned (Dix, 1955; Taner and
Koehler, 1969) that the root mean square velocity
(Vrms) is generally about 2% higher than the average
velocity unless affected by other factors such as dip-
ping and is generally 1% lower than stacking veloc-
ity.

The contractor’s stacking velocities and the newly

picked stacking velocities are compared with the

average velocities computed from well data of well
A1-102 as shown in Fig. 6. At Al well location a plot
of average and interval velocities against depth is
used to measure the average velocities at the selected
picked time positions. Comparison between stacking
velocities and average velocities measured from veloc-
ity logs is carried out. As shown in Fig. 6a the
contractor’s picked Vrms are lower than the average
velocities computed from data of well Al. The veloc-
ities are different by an average of 0.169 km/s. Figure
6b shows that the newly picked Vrms for the five
TWT between 1030-1250 ms are higher than the
average velocity from Al well by 0.046 km/s. For the
three TWT between 1452-1600 ms, the Vrms are
lower by 0.040 km/s.

MUTING

The mute is generally considered to be a necessary
part of the processing sequence, and it is usually
applied before velocity analysis. It is carried out to
cut off refraction and noise caused by geometric and
other effects on the far traces. Muting has been
described by Dobrin and Savit (1988) as eliminating
or suppressing a portion of the recorded data, and

can be divided into three main types: first break
muting, NMO stretch muting, and inner trace
muting.

Yilmaz (1987) has mentioned that as a result of
NMO correction, traces are stretched in a time-
varying manner causing their frequency contents
to shift towards the low end of the spectrum.
Frequency distortion increases at shallow times and
large offsets. Therefore, muting before stacking is
required to prevent degradation especially of the
shallow events. Mute produces lower fold data near
the surface part of the section and it can be a
few hundred milliseconds before the data is full
fold. Normally this would be critical in the inter-
pretation of shallow reflections where the fold is
low.

Mute was performed by picking one of the CMP
gathers at the start of the seismic section as shown in
Fig. 7. The available velocities (Vrms) at the CMP
location were then used for NMO correction. Display
of the CMP after the correction was applied, was
then used to mark the part of the CMP to exclude the
shailow reflections at large offsets at the upper part of
the CMP until about 200 ms TWT. The plot was then
used to obtain the offset and time according to the
picked points along the line which defines the mute.
The last point should be the maximum offset in order
to obtain smooth mute.

STACKING

Stacking is one of the important applications of
seismic data processing in improving data quality.
The CMP stacking method is used because of the
redundancy in the multiple coverage method applied
in seismic prospecting (Mayne, 1962). Stacking relies
heavily on the velocity derived from velocity analyses.
The NMO correction puts all the corrected traces
into alignment and produces one output trace for
each CMP gather. This composite trace is called the
stacked trace for that midpoint and collection of all
the traces forms the stacked section. The primary
reflections stack constructively while multiples tend
to stack destructively because the reflection times of
multiple reflections generally increase faster with in-
creasing shot-receiver distance than do those of pri-
mary reflections with the same vertical time. The
newly picked stacking velocities produced from the
velocity analyses of the CMPs along the seismic lines
were used for obtaining brute stack displays (Fig. 5b).
The sections are used for comparison with the con-
tractor’s final seismic sections (Fig. 5a) in order to
find out if the previous velocity analysis was unsatis-
factory.



Elazezi

42

‘pandde st ainwt pue QAN 19y (9) ‘payiew

2

q

st 1ed papnpoxe oy pue pardde QNN (q) CONN 210Jog (®) 00TA SUI dMWsas ‘05[] 194788 4D L DL

00D "€

000 ¢

Do0 "1

poo-a

1150

“a3s

4820

Iy

000 'E

— “a.ﬁtﬁ'nn 1
.wﬂ MW “@ﬂw.

S

ooo e

ooo i

i

|
i
I

poo "o

00D "€

aoo ¢

poo -t

ago "o

+Tam

U

il

,m‘.

O
G300
.,m.w_

iy

e

Yy

et
TN
)
!

4424

«— D00t

boo ¢

0DD'E

00D 'z

DI

DoD "0

4032

oy

BNk T

0y

) b B .Mﬂ%; 4

I

DOD°E

ELDiN

ﬂ@ﬂ

H
3 v, ;
{ 1
a4l 7 .
VL

RN

]

RA

T
.
e
i

onop e

v 000 "1

apo-to




Comparison:Semblance Spetra and Velocity Functions 43

DISCUSSION

The displays of velocity analysis of the selected
CMPs show the picking of velocity when strong
coherency build-ups exist. Such coherency, which
represents the stacking velocities of the primary
reflection events is more convincing than the velo-
city picked by using the velocity functions technique
(Figs 2 and 3). Comparison of the velocity spectra
have shown similarity in the trends of coherency
build-ups at the selected locations along the seismic
sections.

Comparison between the contractor’s and the new-
ly picked stacking velocity (Figs 2 and 3) shows that
the newly picked coherency build-ups which repre-
sent the stacking velocities are characterized by high-
er values and are more convincing than the con-
tractor’s velocities.

The raw final stack sections were compared with
the contractor’s final sections (Fig. 5). They showed
better improvement regarding the sharpness of
the primary reflection events and the attenuation
of the multiples which already existed in the final
section. The variations between the raw stack
and final sections could be taken as an indications
of the effect of stacking velocity on reflection events.
Indications for presence of a fault are shown in
both sections. The fault in the raw final stack
section can be recognized and sharply defined more
easily than in the contractor’s final section where
scattered events obscure the main features of the
fault.

Figure 6 indicate that the differences between the
contractor’s stacking velocities and the average veloc-
ities from well data are much greater than those
between the newly picked velocity values and the
same well data.

The attempted comparison suggests that the newly
picked stacking velocities are much more representa-
tive than those picked by the contractor.

ACKNOWLEDGEMENTS

I would like to thank the management of the
Petroleum Research Centre for permission to publish
this paper. I am grateful to Dr W, Ashcroft for valuable
suggestions during the preparation of this work.

REFERENCES

Al-Chalabi, M., 1979. Velocity determination from seismic reflection
data, Fitch, A.A. (ed.) 1979. Developments in geophysical explora-
tion methods - 1. Applied Science Publishers Ltd., London,

Dobrin, M.B. and Savit, C.H., 1988. Intreduction to geophysical
prospecting (4th ed.). McGraw-Hill Book Company, Singapore.

Hatton, L., Worthington, M.H. and Makin, I., 1986. Seismic data
processing: Theory and practice, Blackwell, Scientific Publisher,
London.

May, B.T. and Straley, D.K., 1979. Higher-order moveout spectra.
Geophysics, 44,1193-1207.

Mayne, W.H., 1962. Common-reflection-point horizontal data
stacking techniques. Geophysics, 27, 927-938.

Neidell, N.S. and Taner, M.T., 1971. Semblance and other coher-
ency measures for multichannel data. Geophysics, 36, 482-497.
Robinson, A.E. and Durrani, T.S., 1986. Geophysical signal pro-

cessing. PHI publisher, p. 481.

Robinson, A.E., 1983, Seismic velocity analysis and the convol-
utional model IHRDC publisher, p. 290.

Said, E.K., 1990. Development of seismic velocity analysis software,
MSc. thesis (Unpubl), University of Glasgow.

Taner, M.T. and Koehler, F., 1969, Velocity spectra - digital
computer derivation and applications of velocity functions. Geo-
physics, 34, 859-881.

Yilmaz, O., 1989. Velocity-stack processing. Geophysical Prospect-
ing, 37, 357-382.

Yilmaz, O., 1987. Seismic data processing. Investigations in geo-
physics, Vol. 2, S.M. Dohety (Ed.). Society of Exploration
Geophysicist.





