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ABSTRACT 
In Coherent Stack, the multiplicity available 

in common depth point recording is utilized to 
suppress the multiples and to enhance primaries 
even when the multiples overlap the primaries. 
A variation of the process can be used to en- 
hance primaries in presence of excessive or- 
ganized and/or random noise. 

From the recorded data, prototypes (or refer- 
ence models) are generated which are relatively 
free from multiples, but include the primary 
energy contained in the input data. For multiple 
suppression, the prototypes are generated over 
small windows for each CDP group. For ran- 

dom noise suppression, these prototypes are 
computed for each trace in a CDP group. The 
input segments are then weighted according to 
their correlation coefficient with these pro- 
totypes and stacked. Pre-stacked weighted 
traces can also be output on tape. 

The tests indicate that velocity inaccuracies 
of a few percent can be tolerated. Velocities 
can be determined from the data prior to stack 
by using an extension of the same technique. 

The process has been applied on numerous 
models and on actual land and marine data from 
various areas with most encouraging results. 

lNTRODUCTlON 
The seismic reflection records contain not 

reasonably accurate and the dynamic correc- 

only the reflected primary events, but also, in 
tions for most events are acceptable, one or 

variable proportion, random noise, organised 
more of the critical reflections may be disturbed 

low velocity noise such as surface waves, 
by spurious noise-trains and may need to be 

multiply-reflected energy, diffractions, re- 
enhanced by some process other than bandpass 
filtering or deconvolution. 

fracted reflections and various other forms of 
spurious events. Moreover, the primary events 
suffer from deterioration due to variable energy 
transmission characteristics of near surface 
layers and also from errors in arrival times due 
to what are commony termed static and 
dynamic corrections. When signal to noise ratio 
is favourable, the static and dynamic correc- 
tions can be accurately computed and averaging 
of multi-fold data (or stacking) provides 
satisfactory seismic sections. 

To enhance data in such situations, various 
kinds of stack have been suggested (Foster et 
al., 1964, Schneider et al., 1965, Robinson, 
1968, Robinson, 1970) where indwidual CDP 
traces are weighted according to some measure 
of coherence prior to stack. In fact, some form 
of coherent stack is available to most seismic 
data processors. In this paper, we wish to dis- 
cuss two types of coherent stack, one recom- 
mended for suppression of multiples and the 
other to extract data from excessive random 

When signal to noise ratio is poor and the noise. These stacks are illustrated by synthetic 
corrections are inaccurate, the seismic sections, model data. Some real data examples are also 
after routine processing, may not provide much included to show what may be achieved in 
valid information. Even if these corrections are favourable circumstances. 
tPaper presented at the 45th Annual Meeting of the S.E.G. in Denver, Colorado, October, 1975. 
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DESCRIPTION OF COHERENT STACK 

Coherent stack may be defined as: 
N 
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where So is the output trace segment; SL is one 
of the n-fold CDP traces; ti and t> define the 
duration of a segment of the trace and WL is the 
correlation coefficient (zero-lag Cross- 
correlation) of the trace segment with a pro- 
totype. Thus, a prototype is necessary to corn- 
pute the correlation coefficient of recorded 
CDP data and for identification of the coherent 
segments. 

The prototype can be established either from 
theoretical and geological considerations inde- 
pendent of the data or from the data, using ex- 
ternal information as an aid. Frequency tiltering 
and notch filtering are in the first category. 
These methods are successful in enhancing 
data, particularly when signal t” noise ratio is 
favourable. However, in many cases these 
techniques do not enhance the data sufiiciently 
to interpret it with confidence. 

The pr”t”type can be generated from multi- 
coverage data itself in several ways. The 
simplest method is to consider the stacked trace 
as the prototype. It is anticipated that while the 
noisy segments are scaled down, the ‘good’ 
traces will contribute more to the stack, thus 
improving on normal stack. This approach is 
likely to be successful only when a small frac- 
tion of input traces are extremely noisy and the 
signal to noise ratio is good on the majority of 
traces. However, when m”st of the traces are 
affected by noise, this prototype is mostly 
noise. The net effect of the weighting is the 
scaling down of output, even of signal, rather 
than enhancement of the signal t” noise ratio. 
Experience confirms the limited practical 
benefit of this approach and we will not discuss 
it further in this paper. 

A modification of the first method assumes 
that the signal is relatively strong over a seg- 
ment of each CDP group. For example, four or 
five of, say, twelve traces, have a reasonable 
signal to noise ratio but the rest are very poor. 
Identity of good traces is unimportant. Indeed, 
it may vary from one CDP group to the next. In 
such a case, the prototype can be generated for 
each CDP trace from adjacent. 2, 4, 6 or more 
traces. This prototype can be used as a refer- 
ence to compute the weight at each sample of 
the trace. In this way, the contribution of traces 

containing the signal will be greater than it 
would be in a normal stack and the noisy traces 
will tend to be scaled down. The net effect will 
be an improvement in signal to noise ratio. 

In some methods of multiple-suppression, the 
multiples are first identified and then subtracted 
from prestack data (Michon et al.. 1971). The 
main disadvantage of this approach is that the 
primaries occurring in the time zone of the 
multiples are damaged during the subtraction of 
multiples. The reverse approach, identification 
of primaries, suppresses the multiples while 
enhancing primaries. In this method, the CDP 
traces are analysed to determine the content of 
primary energy in these traces. With the help of 
primary and multiple velocities, a pr”t”type is 
computed from the CDP traces such that this 
prototype consists largely of the signals 
travelling with the primary velocity. Events 
travelling with the multiple velocity (or less) are 
severely attenuated. This prototype is entirely 
dependent on the data and when the signal to 
noise ratio is very poor, more than one CDP 
group may be required to compute a good 
prototype. The data must be deconvolved when 
the waveform contains many cycles. The 
details of the automatic computation of this 
prototype will not be dicussed because these 
are proprietary information and only of 
peripheral interest. Stacking the CDP traces 
according to their correlation coefficients with 
this prototype suppresses multiples and en- 
hances primaries if these are present. 

A computer program called EXTRACTOR 
which uses the above methods of stacking 
common depth point data has been written and 
tested. EXTRACTOR has three options: 

I. Option One: designs a multiple suppressed 
prototype and stacks traces with references 
t” this prototype. 

2. Option Two: stacks data assuming that only 
small segments of CDP traces have reason- 
able signal/noise ratio. 

3. Option Three: stacks data without any 
weighting. 

For reas”ns of economy, the traces are di- 
vided into small segments of 30.40 msec. dura- 
tion where normal m”ve”ut is assumed to be 
(and in practice is) constant. A separate pro- 
totye is computed for each segment. All other 
details are similar to a normal stacking prog- 
ram. Weighted traces can also be output before 
stack. 
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DETERMINATION OF RMS VELOCITIES 

The options of coherent stacking described 
above can also be used to determine the best 
stacking velocities for primaries overlapped by 
multiples or disturbed by other forms of noise. 
Two approaches have been successfully tried 
so far: 

(a) A modification of constant velocity stack 
where each trace is stacked with a constant 
velocity. This velocity is increased by a 
constant amount for successive stacked 
traces. Thus, a stacked section of perhaps 
120 traces covering a velocity range 4,500 
to 16,400 ftisec. is obtained. In this way, 
the same events have been stacked with a 
range of velocities and the best stacking 
velocity curve can be identified by inspec- 
tion. 

8 FOLD STACK 
250-2700 ft. SPREAD 

(b) Again, a range of velocities is used to gen- 
erate the prototypes and the average corre- 
lation coefficients for the CDP group at 
each instant are plotted on the printer. High 
coefficient points can now be picked as the 
appropriate velocities. 

COHERENT STACK FOR MULTIPLE 
Stxmmsstm, MODEL STUDIES 

As described earlier, in this type of coherent 
stack multiple-suppressed prototypes are com- 
puted for all traces in one CDP group from 
traces in one or more CDP groups. Due to the 
importance of multiples in marine seismic re- 
flection surveying, models generated to 
evaluate the process will be discussed in detail. 

Model for the Alberta Foothills: 

In the Alberta foothills a strong shallow re- 

I2 FOLD STACK 
250-400 ft. SPREAD 

NrXhlPL ST&a EXTWCTOR STACY 

Fig. 1. Model studies for Alberta foothills. 
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flector generates multiples which interfere with 
the deeper primary events. To determine the 
minimum fold multiplicity required to attenuate 
the multiples in this case, a model was gener- 
ated as follows. 

A strong reflector at 0.5 sec. causes a multi- 
ple (RMS velocity 7,500 ftisec.) at I.0 sec. 
which interferes with a weak dipping primary 
event (RMS velocity 9,400 ftisec.). The multi- 
ple is five times stronger than the primary in 
prestack data. Figure I shows the normal and 
coherent stack records for eight-fold and 
twelve-fold stacks with the same group interval. 
The eight-fold coherent stack shows only minor 
improvement in the primary to multiple ratio 
over the normal stack, while the twelve-fold 
coherent stack attenuates the multiple suffi- 
ciently to bring out the primary in every trace. 
Note the similarity of character and amplitudes 
of primary events in the normal and coherent 
stacks in both eight- and twelve-fold models. 

The conclusion that, fur the section rep- 
resented by the model, twelve-fold data is re- 
quired to sufficiently attenuate the multiple 
masking the marker horizon. was later con- 
tirmed by experience with real data. 

Model for Easr Coasr Camdrr: 

A model was generated to match the data 
which will be discussed later (Figure 16). 24. 
fold stack, spread of 8.920 feet and I.100 msec. 
of water (two-way) were assumed. CDP gather 
data are shown in Figure 2. The first four 
events are primaries which generate simple and 
interbed multiples for each underlying reflector. 

These multiples are much stronger than the 
primary reflectors which can barely be seen in 
the figure. 

Figure 3 shows the data after normal move- 
out correction and multiple suppression by 
coherent stack. The strong multiples below 2.0 
sets. are very severely attenuated and the 
primaries have been preserved in their original 
form except where they were severely distorted 
by the overlapping multiples. The exceptions 
are the last traces in some groups where a small 
part of the multiples have been preserved for 
cosmetic reasons, to prevent the stack trace 
from looking dead when the coherencies of all 
CDP traces with respect to the prototype are 
below the threshold level. 

Figure 4 shows,the normal stack of the data 
on the left and the coherent stack on the right. 
Primary events below 2.0 sea. dip gently to- 
wards the centre from both sides while the mul- 
tiples are horizontal in the left half and dip 
sharply leftward in the right half. The normal 
stack shows that although the multiples have 
been attenuated, their amplitude is still com- 
parable to that of the primaries. The coherent 
stack, however, has attenuated these multiples 
much more severely and all primaries have 
been preserved with no visible distortion in 
amplitude or phase. 

Effect of erronrous primal velocities: 
To evaluate the effect of errors in velocities, 

the synthetic records shown in Figure 2 were 
coherent stacked with velocity functions vary- 

Fig. 2. CDP gather data for the mode1 for East Coast Canada. 
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Fig. 3. Data in Figure 2, after coherent NM0 

NORMAL 
STACK 
24 FOLD 

EXTRACTOR 
STACK 
24 FOLD 

I 0 

ing from 20% too low on the right to 20% too 
high on the left (Figure 5). The velocity was 
correct in the centre of the record. This stack is 
shown on the right with two different playback 
gain levels. For comparison, the section with 
correct velocity is shown (with the same gain 
levels) on the left. 

An inspection of these records shows that 
even with this large spread and in a relatively 
low velocity section, the primaries do not suffer 
any marked deterioration until the error ex- 
ceeds 10% on the lower side. The available 
margin appears to be even greater on the high 
side. As expected, with the increase in error on 
the lower side, the multiple attenuation be- 
comes less pronounced. 

Figure 6 shows the model after multiple sup- 
pression, both before and after stack, with the 
velocity function off by 1% on the lower side. 
The multiples are perhaps stronger than one 
would like, but still considerably weaker than 
on normal stack. Primaries do not show any 
significant deterioration. 

Fig. 4 
Normal and coherent stacks of East Coast 

Thus, it appears that an error of up to 10% (in 
primary velocities) does not significantly harm 
the primaries in conditions simulated by the 
model. It is expected that the tolerance will 
vary according to the velocity distribution, the 
spread geometry and the travel-time to the re- 
flector. 

General model studies: 

Models were generated for three water 
depths, 675 metres, 375 metres and 187 metres. 



28 SUDHIR .,AlN 

CORRECT VELOCITY VELOCITY TOO LOW ON RIGHT 
TOO HIGH ON LEFT, \ 

Fig. 5. Coherent stack 01 East Coast mode1 with variable velocity 

MODEL FOR EAST COAST CANADA 
EXTRACTOR NM0 

PRIMARY 

Fi 6. 
4 ate t 

Coherent NM0 and stack of East Coast model with velocities 10% lower than those used to gener- 
e model. 
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corresponding respectively to 0.9, 0.5 and 0.25 
sax of two-way travel time. For each depth, 
two sets of models were generated, one rep- 
resentative of a section with low velocity and 
the other with high velocity. In addition to 
water surface multiples, the peg-leg multiples in 
the water layer were also generated. To make 
the identification simpler, all primaries had an 
amplitude of I .O, simple multiples 4.0 and peg- 
legs 3.0. Figures 7 through 9 show these mod- 
els. 

Primary events are identified on the coherent 
stack, multiples on the normal stack. The vel- 
ocities and prestack amplitudes are also marked 
on these figures. All models were generated for 
a spread 300-2600 meters and a 24.fold stack. 
The parameters used in the coherent stack are 
those recommended for real data. 

Case I -Water Depth 675 Metres 
In the very deep water, low velocity section 

case (Figure 7, extreme right), normal stack at- 

HIGH VELOCITY SECTDN 
EmAcTOR MRWL 

tenuates multiples such that their amplitudes 
are down by about 12 db at 1.8 sets. and by up 
to 24 db at 4.5 sets. As would be expected, 
peg-leg multiples are attenuated by additional 6 
db or more. What is at least as important is the 
observation that the primaries have no notice- 
able distortion in frequency or amplitude 
characteristics whether the multiples overlap 
them or not. 

In the high velocity section (left side, Figure 
7), the water bottom multiples are attenuated 
by normal stack to the fame degree as in the 
low velocity section. However, the peg-leg mul- 
tiples show a little less attenuation, about 6 to 9 
db. In the same way, the coherent stack shows 
less attenuation for peg-legs than for water bot- 
tom multiples, no doubt due to insutXcient vel- 
ocity contrast between primaries and peg-legs. 
However, the attenuation of the peg-legs is up 
to 6 db better than in the corresponding normal 
stack while retaining primary character intact. 
The model shows that when the velocity con- 

Low VELOCITY SECTlON 

Fig. 7 Normal and coherent stacks for high and low velocity sections, water depth 675 metres 
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Vast between primary and multiple is relatively stack because their velocities are very close to 
small, multiples will not be severely attenuated. the primary velocities. Water bottom multiples, 
Bv the fame token. a small error in velocitv however, are attenuated well bv the normal 
does not severely attenuate the primary events. stack (6 db up to I.5 sec., 9-24 db below) and 

Case 2 -Water Depth 375 Metres 
even better by the coherent stack (12 db up to 
1.5 sec., 15-30 db below). Again, the normal 

The general conclusions about water multi- stack shows considerable presence of residual 
pies and peg-legs derived from case I are also energy which has been suppressed in the cohe- 
anolicable to this model (Fieure 8. Pee-lees are rent stack. 
a&w&d to a lesser degree in both normal and 
coherent stack (about 4 and 9 db respectively). 
Another important factor is that the normal 
stack shows a considerable presence of residual 
energy over most of the record which has been 
suppressed in the coherent stack. This is an im- 
portant advantage in favor of coherent stack 
when weak reflections, particularly those above 

These models show that the coherent stack 
attenuates water bottom multiples considerably 
better than normal stack. Even peg-legs are at- 
tenuated in deeper waters. In addition, the re- 
sidual energy is suppressed and the character 
and amplitude of primary energy is not dis- 
turbed at all. 

2.0 sets., are being mapped. 
COHERENT STACK FOR RANDOM NOISE SUP- 

Case 3 -Water Depth I87 Metres PRESSl”N 

In the model for water depth of I87 metres Two sections on Figure IO show respectively 

(Figure 91, the peg-legs show na appreciable the normal stack and the coherent stack (option 

attenuation in either the normal or the coherent two) of the same data. The data is synthesized 

HlGH VELOCITY SECTlclv 

Fig. 8 Normal and coherent stacks for high and low velocity sections, water depth 375 metres, 
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Fig. 9. Normal and coherent stacks for high and low velocity sections, water depth 187 metres. 

for the case of vertical faults. Horizontal beds 
are downthrown to the left. Sixteen traces in 
the center do not contain any valid information. 
To the primary energy, considerable random 
noise and some random statics and organized 
noise have been added. Actual amplitudes of 
the reflection and noise parameters are shown 
in Figure IO. Although at first glance there is no 
difference in the two sections, closer examina- 
tion reveals that the events terminate too soon 
on the normal stack while the EXTRACTOR 
section can be picked to the actual termination 
of horizons. 

Figure II shows the same structure, except 
that the data contain less random noise and 
more (though not large) random statics. Again, 
the general improvement in signal character and 
continuity is evident on coherent stack section. 
Also note that the troughs on this section are 
exactly on the timing line on which they were 

generated, while those in the normal stack sec- 
tion show small time-shifts. Again, the termina- 
tion of events is accurate on the coherent stack, 
but not on the normal stack. 

Incidentally, a comparison of Figures IO and 
I I shows that even moderate random statics are 
as harmful to the quality of stacked data as 
considerable random noise. 

Figure I2 shows the two sections with the 
same structure, but considerable magnitudes of 
both random noise and random statics are pre- 
sent. As illustrated by the independent interpre- 
tations of some experienced interpreters, also 
shown in the figure, several pseudo-horizons 
appear and genuine events show severe deterio- 
ration on normal stack. Although not impossi- 
ble, correct interpretation of the normal stack 
section is quite difficult. The interpretation of 
the coherent stack section, on the other hand, 
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Fig. 10 Normal and coherent stacks in presence 01 cOnsiderable random noise 

Fig. 11, Normal and coherent stacks in presence of moderate random statics. 
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is almost straightforward and there is near 
unanimity among interpreters. 

Figure I3 is the plot of velocities from printer 
plots of correlation coefficients for the data 
stacked to provide Figure 12. These velocities 
were picked by Mr. John Schleinich of Mobil 
Oil Canada Limited without any prior informa- 
tion regarding the velocities used to generate 
the model. Even on such poor data, the picked 
velocities are very close to those used to gener- 
ate the model. This further confirms the value 
of coherent stacking in poor data areas. 

proximately 0.8 and 1.2 sec. on the normal 
stack are attenuated severely on the coherent 
stack. Attention is drawn particularly to the re- 
flection at 1.2 sets which is masked for roost 
of the section by the later multiple on the nor- 
mal stack, but is clearly interpretable on the 
coherent stack. Also note the improvement in 
primaries at I.0 sec. between stations 121 and 
145, at I .75 sec. around station 125 and the en- 
hancement of continuity at I.8 seconds and 
preservation of amplitude characteristics at 1.5 
sec. between stations 109 and 121. 

ACTUAL DATA EXAMPLES The second example is from the East Coast 

The first example is from the offshore Cana- of Canada. The water depth ranges from 1.1 to 
dian Arctic. Water depth ranges from 0.35 sec. 1.6 sets. The multiples from the water bottom 
to 0.45 sec. two-way time. Figure I4 shows the and the strong reflectors within about 0.8 sec. 
normal stack and Figure 15, the coherent stack. of water bottom cause severe interpretation 
The spread was 4,500 feet long, multiplicity was problems in the deeper data. The suppression 
12.fold. Notice that the strong multiples at ap- of these multiples (marked on the stack section, 

Fig. 12. Normal and coherent stacks in presence oi considerable random noise and moderate iandonl 
statics. The interpretation oi sections by some experienced geophysicists is also shown. 
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Fig. 13. Velocity interpretation from correlation coefficients printer plot for data in Figure 12. 

Fig. 14. Normal stack, offshore Canadian Arctic 
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I 25 49 73 97 I21 145 
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Fig. 15. Coherent stack, same input data as in Figure 14, 

Figure 16) enhances the primaries on the cohe- 
rent stack (Figure 17). Note particularly the at- 
tenuation of multiples at approximately 2.1 
sets. between station I and 97 and the identifi- 
cation of a pinchout of the horizontal primary at 
2.3 sets. The attenuation of peg-legs at 3.0 to 
3.4 sets. between stations 144 and 215 clarifies 
another pinchout. Peg-legs mask the fault at 4.0 
sea. below station 333 on the normal stack, 
while their attenuation clarifies the interpreta- 
tion on the coherent stack. Also, note that the 
attenuation of short and long period multiples 
below 4.0 sets. removes several pseudo- 
horizons from the section. 

CONCLUSIONS 

The model studies and real data examples 
show a coherent stack improves a normal stack 
by suppressing water bottom and peg-leg multi- 
ples in marine reflection surveying and by at- 
tenuating the effects of random noise and mod- 
erate random statics in land recordings. The 

amplitude and frequency characteristics of the 
primary energy are preserved accurately. It has 
also been show” that small errors in the speciii- 
cation of primary velocity are not critical to the 
process. 
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Fig, 16. Normal stack. East Coast Canada. 
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Fig. 17 Coherent stack. the fame input data as in Figure 16. 
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