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Smu~RY 

The record is a summary of recent trends in the commercial 

processing of seismic data as seen during a study tour in Europe and 

the United Kingdom between Februnry and June 1975. The study was made 

possible bye scholarship fron l'Agance pour la Cooperation Technique, 

Industrielle, at Economique (ACTIM), Paris. 

The most important single aspect of seismic data processing 

at present is the volocity analysis, both for data enhancement and for 

data interpretation. Follo~ing this in importance are the determination 

of residual statics tor land data and the suppression of multiples, 

especially ror marino data. 

Future trende in data processing involve the use of large 

numbers of recording channels per cable length; three-dimensional 

techniques of profiling, modelling, and migration; high-frequency, 

high-resolution surveying methods at small sampling interVals; and 

the development of taeter minicomputers and the use of Walsh function 

analysis methods to cope with the massive increase in data that the 

first three trends tnll produce. 
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INTRODUCTION 

The following notes on various aspects of the digital processing 

of seismic data derive from studies made in Paris during an ACTIM (Agence 

pour 1a Cooperation Technique, InduBtrielle, et Economique) Scholarship 

between March and May 1975 and during an official overseas visit to data 

processing companies in the United Kingdom, Rolland, West Germany, and 

France in June 1975. 

The ACTIN Scholarship consisted of a four-week French language 

course and eight weeks with the Bureau d'Etudes Industrielles et de 

Cooperation de l'Institut Francais du Petrole (BEICIP). It was also 

to include three weeks of study with the Compagnie Generale de Geophysique 

(CGG) in Paris but Bickness prevented my carrying out this part ot the 

scholarship. In its place I was able to substitute one week of study with 

Seismograph Service Limited (SSL) in London. 

At BEICIP I worked with a group of geophysiCists engaged in the 

processing and interpretation of deepWater marine seismic data recorded 

by l'Institut Francais du Petrole (IFP) in their boat "Florence" during 

the life-testing of their energy source "Flexichoc" in offshore West Africa. 

Apart from this practical work, I also studied the theory of distributions 

as applied to the digitisation of data, the theory of digital filtering and 

several theoretical aspects associated with tvo-dimensional filtering, 

deconvolution, and Walsh functions. During my stay with BEICIP, I made 

one-day visits to SNPA in Pau, ELF in Chambourcy and CFP in Paris; I also 

visited IFP to see their mini-computer the "Geoprocesseur" which they are 

building. 

At SSL I worked with a group of geophYSicists engaged on the 

processing and interpretation of high-frequency, high-resolution land 

data recorded for the British Coal Board in England. 

Companies visited during the official overseas visit included 

Seiacom, Digicon, GSI (Croydon), Western, BP, Phillips, GSI (Amstelveen), 

Prakla, and CGG. 



-2-

A complete itinerary is given in the Appendix. 

It vas very clear from the studies made that the most i~portant 

single aspect ot seismic data processing at present is the determination 

of stacking velocities primarily as a means of achieving the optimum 

stacking of common-depth-point data, but also for time-depth conversions, 

migration, and the determination of other parameters such 8S denSities, 

porosities, sand-shale ratiOS, etc. The next most important aspects are 

the determination ot residual statics for land data and the elimination 

of multiples, especially from deepwater marine data. The bulk of this 

report therefore will be devoted to short summary reviews of these three 

aspects of data processing followed by comments on some of the other more 

interesting topics covered during the study tour. Some of the topics 

studied are covered very well in text books and published articles and 

there is very little point in reproducing such matter in this report. In 

these cases I have included references in the bibliography and references 

section at the back of the report. There is also little point in trying 

to reproduce examples of processing displays. These and other company 

literature are available if anyone is interestAo to see them. 
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VELOCITY ANALYSIS 

Definitions of velocities encountered in seismic processing 

Stacking velQcity Ve. 

This ia the velocity derived directly from velocity analyses 

of multifold CDP data, and the determination of accurate stacking 

velocities is the primary objective of velocity analyses in order to 

r,ive an accurate and optimum stack of the multifold data. 

Average velocity Va. 

This is the average velocity taken over the shortest distance 

travel paths, i.e. assuming straight ray paths. It is the velocity 

determined from vel1 velocity surveys, and by its very definition, it 

is the velocity required for the depth conversion. 

Va =~Vj Tj/~Tj , , 
Where Vj is the interval velocity within layer j, 

and Tj is the one-way time within layer j. 

-RMS yelocity V. 

This is the time weighted root mean square velOCity, i.e. the 

average velocity taken over the shortest ~ travel paths. It can be 

derived in two ways: 

(i) from an approximation of the infinite series given on page 8, 

whicb represents the case of curved ray paths, or, 

(ii) Dix derives the same expression for root mean square velocity 

by assuming straight ray paths for each velocity layer. 

It is the velocity that most nearly approximates to the stacking 

velocity for horizontal strata and is identical to the stacking velocity 

at zero offset, i.e. at normal incidence. At offsets greater than zero, 

the stacking velOCity is greater than the RMS velocity. This discrepancy 

may increase or decrease with depth depending on the heterogeneity of the 

ground. 
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It is equivalent to the average velocity only in the case of 

uniform velocity, i.e. where you have 8 homogeneous ground. It progressively 

exceeds the average velocity as the ground becomes more heterogeneous. 

V =/tVj 2 Tj/tTj 
, I 

Interval yelocitx VI. 

This depends on the method by which it is calculated. If it is 

computed trom RMS velocities it will be an RMS interval velocity; if trom 

average velocities, it will be an average interval velocity, and the former 

will always exceed the latter. In either caee it is determined from Dix's 

formulae. 

Instantaneous velocity Vi. 

This is the interval velocity measured over a very small time or 

depth interval. 

Migration yelpcity VH. 

This 1s the velocity derived from an optimum migration stack. It 

approximates closely to the average velocity (12). The velocity is determined 

by generating migrated traces with a sequence of constant velocities, computing 

coherency of the energy that migrates into identical positions of the migrated 

traces, and then plotting the coherencies in terms of vertical travel time and 

velocity. The method is thus analogous to the conventional velocity analysis. 

Noma} MQyeout 

VelOCity determinations from seismic data depend on the normal 

moveout or increase in reflection time due to offset of .thereceivers in 

respect to the source. It is ideally &8sUlledthat when w,apply dynamic 

corrections with the correot velocity dietribution, then all offset traces 

from a common-depth-point gather become identical to the ·zero-offset trace. 

However, there are several factors that cause distortion of the wavelet in 

the offset traces in relation to the .zero-offset trace. First of all then 

let us consider these factors that result in a dynamically":corrected offset 

trace not being equivalent to a zero-offset trace. 
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As all velocity analyses are now made on common-depth-point data, only those 

factors affecting tracee within a CDPgather will be considered. 

1. Amplitude attenuation due to apherical divergence. The effect due 

to spherical divergence is a purely spatial one, and the attenuation is 

directly proportional to the average velocity and time. A correction is 

usually made for this effect before velocity analysis by assuming an average 

velocity distribution. 

2. Filtering effect or the earth. The filtering effect of the earth 

1s a complex of several caue8s, the main ones, however, being absorption 

(inelastic attenuation), transmission losses, dispersion, thin-layer multiple 

effects, and scattering. The overall effect is generally a lowering of the 

frequency of the signal with an increase in offBetdue , to the selective 

attenuation of the high-frequency components; there 1s also a frequency­

dependent phase-shifting effect resulting in s1gnaldistortion with respect 

to the zero-offset signal. O'Doherty and Anstey (1) have shown that filtering 

effects can also be influenced by the type of sedimentary deposition: cyclic 

deposition rosults in low-frequency attenuation whereas a transitional type 

of deposition will result in high-frequency attenuation. 

3. Distortion due to variable t13D§missionpath effeets. These 

effects may arise where there are local horizontal variations in geology, so 

that all the offset trace paths do not -traverse the same geological sequence. 

The effects are most severe and most common within the sub-weathering zone. 

4. Source and receiver variations. In land work there will, 

unavoidably, be variations in signal strength and spectrum within a CDP 

gather due to differences in the shot conditions, and similarly there will 

be variations in the geophone response. The amplitude variations due to 

these effects can be compensated for in the processing, but any signal 

distortions will remain. 

In marine work variations in the depth of the cable will result 

in variations in the wavelet shape owing to relctive ·differencee in the 



arrival times of the direct pulse and the reflection from the water surface. 

The interference of these two pulses affects the shape of the recorded signal 

considerably. 

5. Chango in retleotion Qoefficient xith angle of incidenge. The 

change in reflection coefficient with angle of incidence is most rapid about 

the critical angle, which is dependent on the velocity and density contrasts 

above and below tbereflecting boundary. 

6. Cross-oyer of "nection" at far offsets. Cross-over occurs mostly 

where there is a rapid increase in velocity. The reflection hyperbolae for 

the low and high velocity events intersect at far offsets (2). The longer 

the spread, the more likely are these cross-overs to occur. In the application 

of dynamic corrections the part of the reflections beyond the point of inter­

section fails to correct and spurious events and noise are generated. The 

simplest solution to this problem is to mute out the data beyond the inter­

section point. For this purpose it is very useful to hav8 1playouts of the 

uncorrected CDP gathers. 

7. Compression of data at far offsets. This is the most serious of 

the factors affecting normal moveout. The sequence of reflection coefficients 

is compressed in the offset traces cauiing a mixing of wavelets. This results 

in two effects atter the application of dynamic corrections: a time-variant 

stretching of the signal ,and a consequent stretching of the intervals between 

samples. To maintain a. uniform sampling rate we have therefore to resample 

the traces by interpolating between two original data samples. This is 

necessary for the stacking of the data and for any multichannel processing. 

The problem can be bandIed in several ways, for example: 

a) No interpolation. The computer uses the original data point values 

at new pOints either side of it. 

b) Linear interpolation between original data points. 

0) Interpolation through three original points using an x2 curve. 

d) Interpolation through tour original pOints using an %,3 curve. 
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The first two methods are the ones most commonly used in routine 

processing. The interpolation produces distortion of the signal,the 

production of ttHMO noise". The stretching of the signal itself results in 

a lowering of the frequency of the signal. The two effects both ihcrease 

with increase in offset and are dependent on the velocity function; effects 

are worse for a lo~er velocity funetion. The moat common solution applied 

at present 1s to mute out the badly affected data. Even so, small amounts 

of stretching do affeot the resultant stacked trace by compressing its 

frequency spectrum and by reducing the expected signal-to-noise improvement 

at higher frequencies (3). 

There are three basic ways of applying dynamic corrections: 

1) Sample-by-aample moveout. Each data sample is moved according to 

the normal moveout equation, but the amount of movement i8 rounded to an 

integral number of samples. 

ii) The block-move-stretch method. Data are moved and stretched in . 

data blocks so as to occupy the same time interval as their zero-offset 

equivalents. 

iii) The block-move-sum method. Data are moved in small data blocks 

equivalent in time to the length of the wavelet. Overlapping data blocks 

are used and data are summed and normalised within the overlap. There is 

no stretching of the data within the blocks. This method is a fairly recent 

development, and, although it appears to solve the problems associated with 

stretching and even those of cross-over theoretically. data so far processed 

with this method show only a marginal improvement in shallow reflection 

quality, over those processed with the first two methods. Digicon apply 

a form of this method. using blocks of 250 ms. 

8. Approximation of NMO. It is assumed that the seismic wavefront is 

travelling along the shortest time path in accordance with Fermat's principle 

and Snell's Law. The arrival time iT; of a reflection at an offset X is 

therefore given (9) bv the infinite series. 



224 Tx = 01 ... O?- + 0;x + •••• 

where 01 = To2 (zero offset reflection time) and 02' C3 ••• depend on the 

layer thicknesses and their interval velocities; 02 can be written as 1/V2 

where V is the RMS velocity. ·It is ' common practice to use only the first 

two terms of this equation in applying dynamic corrections. This leads 

{v
2 2 

to an expression for fl T, the normal moveout: 6. T e V + T· - T 
2 00 

It has been found that there is very little advantage (and certain 

disadvantages) in using the three-term expression (4) • . The three-term 

expression is probably worthwhile on good data, but where there is "jitter" 

in the data due to incorrect static corrections or nOise, the two-term 

expression is actually better in that it 1s statistically more reliable • 

. Factors affecting stacking velocities 

Stacking velocities are the velocities that give the optimum 

stack of common-depth-point data and there are several factors that affect 

the optimum stack. Thero are also several other factors that affect the 

interpretation of the stacking velocities. First of all let us consider 

those factors that affect the optimum stack. 

1. Approx1MtiQn Of NMO. The using of thetvo-term approximation 

mentioned previously implies an approximation of the seismic ray travel 

paths(refraction of the rays is not completely allowed for). Consequently, 

the travel times for the longer offsets are actually less than those allowed 

for in the equation, i.e. the actual travel-time velocities increase with 

increasing offset and the T2/X2 lot is not a straight line. 
T2 

. ·x2 
The true RNS velocity occurs only at To, i.e. at zero offset. 

In the velocity analysis process what one is effectively doing is drawing 

8 least-squares straight-line through the T2;X2 plot. It can be seen that 

the ensuing velocity will always be higher than the true mlS velocity and 

l \. 
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that the discrepancy will increase with increasing spread-length. The 

stacking velocity that gives the optimum stack is therefore an average 

RMS velocity over the spread-length. 

2. Anisotropy_ Hoat formations are anisotropic in reality and the 

horizontal seismic velocities are normally greater than the vertical 

velocities. This effect will also tend to give higher travel-time 

velocities at far offsets because of the non-verticality of the travel 

path in the lower high-velocity layers. 

,. Reflection onset. Velocity analysis techniques all work by the 

alignment of reflection peaks or troughs, i.e. they relate velocities to 

the times of the first reflection maxima. What we should really be trying 

to find are the velocities relative to the onset of the reflection, the 

alignment along A instead of that along B. 

- - - - ;:- - ---- .-- - - - - - - - - - - - -

-__ A ;>-- -~ 
~ B (gIves lower velOCIty than A) 

We have DeeD previously that there is a broadening of the wavelet 

with increasing offset due to the filtering effect of the earth and the NMO 

stretching. This will result in the optimum stacking velocit~ being lower 

than the correct velocity, and the timing of the velocity will be greater 

than the correct time. It has been suggested, however, that these two 

effecta compensate for each other under certain conditions (,). 

4. Noise. The presence of random noise reduces the statistical 

reliability of the stacking velocities obtained (6). 

10 ---1-­
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Point A is approximately ~here the spread-length (8000 ft in the 

example shown) ia equal to depth, i.e. the point where optimum move out data 

are availablo for the velocity determination. The diagram shows the danger 

of accepting velocities determined from single CDPgathera at isolated points. 

If single CDP gathers are to be used they should be used at every CDP point 

to provide continuous velocity measurements eo that smoothing of tho data can 

be cnrried out. If velocity annlyses are to be made "at isolated parts of a 

traverse, then more than one CDP point should be used. The amount of noise 

present on the seismic section is the mnin factor in deciding which type of 

analysis will be used. With low Sill ratios, velocit~r function stacks or 

constant velocity stacks are esssntial. 

5. Stati~a. Incorrect static corrections are usually random and can 

be considered aa noise. The determination of correct residual statics is 

very important in land data for good velocity determinations. 

6." Feathering of marine cables. In the presence of strong cross­

currents, marine cables are not straight along the traverse direction. 

This will affect the moveout on the far offset traces depending on the dip 

and cross-dip of the underlying strata. 

7. Near-surface velQcity anoma11qs. The problem occurs when 

horizontally-distributed velocity anomalies have dimensions roughly equal 

to the spread-length. Differential travel-time variations occur at different 

offsets and the moveout curve becomes non-hyperbolic. The velOCity analysiS 

process provides a beet hyperbolic fit, however, and so gives a false velocity. 

8. Spread length. Long spreads give a statistical improvement in 

the accuracy of the stacking velocities due to the relatively larger moveoute 

involved, but opposed to this improved accuracy is the increase in discrepa.ncy 

between the stacking velocity and the true R1.~ velocity as pointed out above. 

9. ]in. When the reflection horizon is dipping, the velocity analysis 
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can be reduced by multiplication by the term cos29, where G is the apparent 

dip in the line of the profile (7). If not corrected for dip, the velocitieo 

will be higher than they should be irrespective of whether the data are 

recorded up-dip or down-dip. When you have a dipping reflector, the reflect­

ing points for the tracoD within a COP gather do not actually occur at a 

single common point; thero is a spread of reflecting points and the spreading 

of these points is always up-dip from the zero-offset point of normal incidence. 

Therefore apparent velocities are always higher whether actual ehooting is up 

or down dip. Host velocity analysis methode now either allow for dip directly 

by performing the velocity scans for a range of dips, or compute the dip from 

adjacent velocity scans. The correct velocity is given by VB COS S . 

10. Multiplqs. If a multiple occurs at the same time as a primary event, 

the resulting interference can give a false stacking velocity. Sometimes it is 

impossible to resolve the two events. 

11. ~. Sometimes one obtains false chance line-ups of data, 

especially at shallow times, and this is called aliasing of data. 

V~Qcity analypi8 methoda 

Thera are four basic methods in use for the determination of 

stacking velocities. 

1. Moveout scan. This is a simple summation of the traces of a single 

common-depth-point gather along a particular hyperbolic move out curve (8). It 

is, for example, used by GSI in their 700 package. 

2. Cross-correlation methog. Instead of a simple slll11l!!ation of traces 

for a particular moveout curve, a cross-correlation of the traces is carried 

out. The cross-correlations are computed between all possible traces within 

a gather at numerous sequential, and sometimes overlapping, short time gates 

along the traces. The correlation values are then Bummed and all such 

summations normalised for display purposes. The normalisine values are 

displayed as a separate "relative total energy" trace. It is, for example, 

used by Western in their Vela.n program. tI Ir 
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3. Constant yelocity stack. Common-depth-point gathers for several 

adjacent CDP pointe are used and the data are stacked for a series of constant 

RMS velocities. Where the correct velocity ofa reflection occurs, the data 

are stacked in phase and reinforcementtakea place giving the appearance of a 

strong reflection. As adjacent CDP points are utilised, the resultant sec.tiona 

exhibit dip. This is universally the favoured method and all companies Hse it 

either preferentially or as a supplement to their routine method. 

Variations of the method include constant velocity gathers and velocity 

function gathers and velocity function stacks. 

4. MultichAppel filter method. a) For a particular value of To on the 

zero offset trace, the traces within a CDP gather are swept with various 

hyperbolas and passed through a multichannel semblance filter whose output is 

a measure of the coherent signal power. This power will be a maximum for the 

correct hyperbola. This is 'the method used by Seiscom in their velocity 

spectra (9) and by Digicon. b) By use of a modified fan filter one CR.n allow 

for dip and produce a composite trace from the CDP gather for a particular 

hyperbola. This method is used by Geo Space Corp. (10). 

Comparisgn of methode. The method preferred by most geophysicists 

is the constant velocity stacks because of its similarity to the actual record 

sections. Selection depends also on SiN ratio. If this is low, you need some 

fonn of space averaging method as discussed earlier under "Noise". Also in 

cases of SiN less than 1, a cross-correlation technique must be used with 

caution as the SiN ratio is effectively being squared in the proces8 (8). 

Interpretation of velocity analyses 

There are several factors that make an interpretation of the velocity 

analyses difficult: 

1. Velocity inversions. These are difficult to detect and there are 

likely to be far more in fact than one suspects. Some events interpreted as 

multiples may in fact be inversions. 
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2. Multipleg. These are usually easy to pick unless they occur near 

to primary events. They are alwavs of lower velocity than a primary at the 

same time, although ther~ may be some confusion if there are velocity 

inversions. 

3. ]1R. Dipping events give higher apparent velocities than horizontal 

events. Most methods nowadays, however, include dip compensation or determin-

ation and correction. 

4. Diffractions. These can occur as spurious high velocity events. 

5. Curvature of reflecting horizons. Differential dip can give two 

maxima points on velocity analyses displays at different times and velocities. 

The subsurface should be approximately linear over distances of the order of a 

spread length. Larger cables therefore make greater demands on subsurface 

continuity. Corrections can be applied for the effects of curvature (11). 

Methods of deriving true m·m velocities from stackine velocities 

There are two methods currently being used for this purpose: 

1. The zero-offset method. This ia a direct approach to the problem 

and involves extrapolating back to zero offset from a set of stackin~ velocities 

derived from a CDP gather by using different eets of offsets. Traces 1 to 14 

are used to obtain a stacking velocity, then traces 3 to 16, 5 to 18, etc. 

giving a series of 7 stacking velocities incrr-asing with effective offset. 

It is f01lnd in practice that a plot of Vs ve,,~3Us X2 gives a straight line. 
I 

It is a simple matter therefore to extrapolate back to zero offset to give 

. the true RMS velOCity • 
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An important feature of the method is that the evaluation of RNS 

velocity at one horizon ia independent of errors at other horizons. The 

method can aleo be used in the case of dipping horizons. 

2. The iterative modelling method. This is the method most commonly 

used at present. The stacking velocities (Vs1) corresponding to all the 

major reflection horizons are picked, the interval velocities computed, and 

the thicknesDes of the strata worked out to form a model of the ground. 

For each interface of the model, reflection travel-times are computed by 

a ray-tracing method for all offsets used in the stack. From these travel­

times a new stacking velocity (Vs2) is computed for each horizon. VS2 is 

then used to create a new model and the whole process is repeated until there 

is no change in theveloelty. This is then taken to be the true RMS velocity. 

~UTOMATIC RESIDUAL S~TICS 

Reliable residual static corrections are most important in the 

stacking of land seismic sections. ' All companies have ' their own individual 

programs for the automatic or semi-automatic determination of the corrections, 

but in spite of the large variability in these programs and their different 

degrees of reliability, nearly all of them utilise the eame prinCiples (13). 

However, whichever method is used it must satisfy the following three require­

ments: 

1. Residual statics must be surface consistent, i.e., all traces from 

the same shot receives the same shot static correction and all traces from a 

particular geophone position will receive the same receiver correction. 

2. They must be time invariant, i.e., all reflections down the record 

receive the same correction. This requirement necessitates the use of large 

time windows for the cross-correlations and also implies that enhancement of 

data occurs at all reflection horizons. 

3. Tbey must be independent of the frequency of the data. This means 

that the residual statics determinations are confined aa far as possible to 

the near-offset traces. 
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Residual statics consist of time shifts due to four components: 

a) Structure and dip of the reflection horizon. 

b) Moveout or residual moveout. 

c) Static correction at the source. 

d) Static correction at the r~ceiver. 

The first two components are low-frequency effects and. the last 

two are high-frequency random effects. Any reliable method of residual 

statics determination must separate out these four components. Brief 

summaries of the methods currently in use are given below. 

1. The deterministic method. With CDP data one can group the data 

in such ways as to successively reduce the four time-shift variables to 

three. By taking traces within one CDP gather, the dip component reduces 

to zero; common-offset traces have no relative moveout component; and 

similarly with common-source traces and common-receiver traces. Thus one 

can establish four sets of equations with only tour unknowns and these can 

be solved to give the required corrections. Aquit&ine carry out this method 

where they have multi-coverage data of less than Six-fold. With data of 

higher multiplicity they utilise the large redundancy of data and apply the 

statistical methods that most companies use. 

2. The statistical method A. The method can be divided into five steps: 

(a) Taking the common-source group of data, cross-correlate adjacent 

pairs of traces (e.g. there are 11 pairs in a 6-fo1d 24-channe1 case) and 

sum the correlations to reduce noise. However, you have to limit the number 

of pairs to the near-trace pairs to reduce \the effect of moveout or residual 

moveout, and to limit the extent of the sUb:\ trfflce involved to a.void effects 
\ 

where the average dip from the section varie \ rapidly alone the s'Jction. 
( , 

Similarly for common geophone data : 

In each case you get a listing of: \ 

I 
i. Relative time shifts from one\Point 

ii. Peak cross-correlation value. l 

i 
Ll 
I 
I 

to the next. 



-16-

iii. Cumulative time shift alone the line. 

iv. A plot of cumulative time shifts. 

v. And plots of the cross-correlations. 

These can be examined manually and any anomalous time shifts or 

doubtful correlations are excluded or amended. 

(d) The data are filtered with a low-frequency rejection filter to 

remove effects of structure, dip, andmoveout, and to give the true residual 

statics. 

(e) The process can be iterated if necessary. 

3. The statistical method B. This is a very quick method and not very 

reliable when carried out on its own. SSL, for instance, mostly use it in 

conjunction with method A. The first and third requirements listed above are 

not met by this method. Only traces within a CDP gather are used after move­

out removal. This means that the time-shift components of moveout and dip 

are not involved. The method consists of three steps: 

(a) A reference trace is chosen from within the group and is cross­

correlated with each of the other traces. 

(b) The time shifts are taken as the total residual static for the 

particular traces, if they lie within specified limits (usually about 10 ms 

maximum). 

(c) These statics are applied to the data andproceesing continues. 

4. The Prakla-Seismos method. Prakla-Seismos have a very sophisticated 

processing scheme called the Advanced Seismic Program System (ASP) in which 

reference traces are developed as proceSSing proceeds along a traverse. From 

measurements of dip and coher~ncy, a prediction trace is computed and compared 

with the next trace along the line. From the comparisons, new valueD of dip, 

coherency, velOCity, and statics corrections are computed for the new trace. 

The method is very accurate and reliable (see Prakla-Seiemos report No. 2/74). 

lq 
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MULTIPLES 

The presence of multiples is the most serious problem in marine 

seismic exploration, especially in cold waters. There are several methods 

of suppression and elimination of multiplss and, although some of them are 

extremely successful for shallow-water data, none of them to date gives a 

completely satisfactory solution to the problem of deeper-water multiples. 

Basically there are three main methods of multiple attenuation: 

1. Differential Moyeout Methods 

(a) CDP stacking. Multiple reflections generally have larger moveout 

(and lover velocity) than primary events at the same time. Consequently 

with multifold data they will tend to stack out of phase on application of 

dynamic corrections (14). In the case of ringing or reverberation, however, 

or in the case of strong interbed multiples, and in the case of deeper and 

long-period multiples vhere there is strong interference with primary events, 

or where the differential moveout is small, special methods of removal have 

to be adopted, as in methods 2 and 3 below. 

Larger spreads give higher differentials and therefore better 

multiple attenuation. 

(b) Two-dimensional filte;i. Velocity filters can be applied to the 
I 

CDP gather traces, prior to sta~~ing, to give optimum attenuation of multiples 

without distortion of the primal es. 

2. Deconvolution Methods 

Deconvolution methods a~i only applicable for periodic mUltiples. 

Once the periodicity is affected, (~, it is for instance with deeper-water 

multiples, the method becomes les8 ~ffective. There have been four main 

developments in the application of ~econvolution filters to the suppreBsion 
I 
! 

of multiples since Backus first us· r them in 1959 (15). 

! 
\ \ 

/ \ 
'i 
i' 
\ 
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(a) BaCpls-type filters. For the simple two-lnyer ca~e of reverberation, 

simple three or four-point deconvolution operators can he used to provide 

effective elimination of the ringing (16). The operators are designed from 

a knowledge of the water depth and the reflection coefficient of the water 

bottom layer. The latter can be obtained directly from the autocorrelation 

function of the seismic trace, or can be found by trial and error. The 

operators become very long, e.g. 80 ma for 100 ft of yater for the Backus 

3-point filter. 

(b) Predictije deconvolution. Predictive deconvol11tion makes uae of 

least-squares prediction filters with prediction distances greater than unity, 

and leads to much aborter operators (17). It allows the selective attenuation · 

of events which are periodic within given repetition ranges and is therefore 

effective in the suppression of rather complex reverberation patterns. The 

method also allows the control of the length of the desired output wavelet 

and so provides a specifiable degree of resolution. The prediction distance 

of the operator is made approximately equal to the two-way water time. 

(c) Adaptiye deconvolution. As water depths get larger the predictive 

deconvolution becomes less effective, and an adaptive deconvolution is used. 

This is also a prediction error. filter, but it is continuously updated as a 

function of output. It is effectively a continuously time-vnrying prediction 

error filter and helps to compensate for relative amplitude distortions. It 

is utilised in the GSI "Devater" and the eGG WTriton" programs. 

(d) Multichannel deconvolution. As the periods of the multiples increase, 

the periods and amplitudes do not behave in a simple predictable manner and the 

normal single-channel deconvolution method performs less and less effectively 

and becomes useless. It can be shown (18) that long-period multiples behave in 

a stationary manner along radial directions on seismic sections and Seiscom have 

developed a multichannel predictive deconvolution method applied along the 

radial direction, which is quite effective in the suppression of long-period 

multiples. 
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3. Subtraction Methods 

This is the mostd1rect and logical approach to the suppression of 

multiples, and the methods used generally give good results. The methods 

depend first of allan the identification of the multiples, and it ia in 

this respect that the methode vary the most, and secondly in subtracting 

them from the seismic section. 

(a) Tb~ "SQpston" method. This method (19) is used by CGO and 1s 

carried out in three steps: 

i. Produce a multiple-enhanced section by stacking with the NMO 

function corresponding to the multiples only. The primaries 

will be stacked out. 

ii. Apply reverse NMO corrections to give an uncorrected record 

of each CDP gather which will contairionly multiples. Each 

trace of this model is then cross-correlated with its original 

field trace to identify the multiples. Each multiple on the 

model trace is then Weighted in amplitllde to equal the amplitude 

of the corresponding multiple on the field trace, 80 that sub-

traction is complete. 

iii. SUbtract the model traces from the field traces, eliminating 

all multiples. 
\ 

; 

i v. Process the cleaned field \ races as normal. 
\ 

(b) BEICIP method. This is applicabl\ for simple deepwater multiples, 
I 

where you only have the first multiple withIn the section of interest, i.e., 
i 

where you get the initial seismic section Strerimposed on the lower half of 

the section as a simple m1l1tiple section. F~r each trace, the time delay for 

the water-bottom multiple is calculated from the geometry - water depth and 
\ 

~ \ . trace offset. ...nis delay is then applied to re trace and the delayed trace 

is cross-correlated with original trace to id~~tify the multiples in the lower 

part of the section. Amplitude weightings 
\ 

are \11en 
I 

\ 

\ 
I 
\ 
\ 

determined as in the 
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0011ston method and the t'tl 0 traces are then suhtra~t ed, climinA t.ing ~,he 

multiples. Processing then proceeds as usual. 

(c) AutocoDvolution method. The inverted autoconvolution of a seismic 

trace consists only of multiples - the primaries all disappear (20). The 

mllltiples appear at the correct times and with correct polarities but "lith 

distorted aMplitudes. The amplitudes can be corrected as in the Souston 

method and the modified inverted autoconvolution subtracted from the field 

trace. Prakla's "long-leg multiple attack" method utilises a modification 

of this method (21). They found difficulties of time shifts between the 

autoconvolved trace and the original trace, so they apply a short to medium 

deconvolution operator to the original trace and then ' find the autocorrelation 

of the deconvolved trace. They then convolve this autocorrelation function 

with the original trace to obtain the multiples-only trace. 

(d) Wave equation method. This is a method being developed b~ Digicon, 

but not yet applied in production processing (22). The approach is to propagate 

the original unetacked seismic data, recorded at the surface, down and then 

back up through the water layer. Each event in the original data is then 

transformed into its aesociated water bottom multiple. This gives a means 

of identification of the multiples and hence a possibility of subtracting 

them. 

IUNI COMPUTERS 

Since the success of the Phoenix and Command minicomputer systems, 

several other companies have developed similar systems and have tried to 

lJpdate the capabilities of the minicomputer. SSL themselves have updated 

the Phoenix s~stem to include floating point processing. Other updated 

models I saw during my tour were: 

1. Texas Instruments' TIMAP 

2. Western Geophysical's CORA III/FAST 

3. Prnkla-Seiamos's SSP-11 

4. L I Insti tut Franc,ais du Petrole "Geoprocesaeur" 
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The Gp.oprocesseur is without doubt the most udvanced of the 

minicomputers, but unfortunately is not yet out of the laboratory sta~e. 

It has been designed specifically for geophysical use and is much faster 

than its predecessors. It utilises emitter-coupled logic technology and 

microprogrammation. If it can be put into production in 1976 it could 

be very successful. It will be able to cope with the massive increase 

of data expected from the eventual increase in the number of traces per 

spread length to 512. The cost of the Geoprocesseur vill be in the region 

of 700 to 800 thousand dollars. 

3-D PROFILING 

The main exploration contractors such as GSI, CGG, and Prakla 

all offer methods of three-dimensional profiling both on land and offshore. 

The method was initiated by eGa in 1971 (23). The method now favoured for 

land work is to use a straieht \~able layout, and offset the shots from the 

traverse line in a random mannei between 50 and 500 feet. For distances 
, , 

below 50 ft events are difficulL to sort out. eGG use a maximum offset 

of 200 feet as they find that <\,rrelations become difficult for larger 
J 

offsets. For marine work, thre\ to six separate cables are towed in 

parallel and spaced about 120 ff) ~t apart. Prakla, however, use a single 

cable Rnd two sets of airgun ar\lYB each offset 120 feet to the port and 

I 
starboard of the boat (24). I 

I, 

CGG display their datA 'n colour, different colours for events 

coming from the rear, front and '~rticallY. The data are usually migrated 

three-dimensionally and contourecl~lOng the profile. 
I 
! 

The 3-D profiling stacl)30metimes gives enhancement over the 
f 
J 

conventionally recorded Single-1re stack. It gives continuous values 

of cross-dip and enables meaning~l migration to be made. 

GS!, eGG ,and Prakla al~ I have programs for crooked line processing, 
I 
I 

which are similar to their 3-D p~)filing programs. 
I 

I 

\ 
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illGR-FREQUENCY SU""RVEYS 

In 1972, British Petroleum and Seismic Explor~tions International 

(now Digicon) carried out So high-frequency, high-resolution marine surve.'t 

over part of the Eorties Field in the North Sea in order to map a shallow 

high-pressure gas sand that vas a serious drilling hazard (25). Tbe survey 

was so successful that Digicon, realising the wider applications of the 

method to oil and gas exploration, have developed the method usine more 

powerful sparker sources, and now have two boats working full time in off­

shore Louisiana and one about to commence work in the North Sea. 

Digicon use a sparker source of 124 kilojoules enel"gy in a mul ti-

array to avoid bubbles. The large electric fields caused time-break problems 

at first, but these were overcome by using fibre optics to give an optically 

operated time break. The cable parametel"s are reduced about 5:1 compared 

with conventional geometry giving a 300 m cable length (including offset), 

18 geophones per station, and station intervals of 10 m. The sparker signal 

response peaks at about 170 Hz and vertical resolution is about 5-10 ft. 
, 

Good qUAlity data can be obtained down to 1-1~ seconds, and down to 2 seconds 

in exceptional areas. Sampling was at 1 ms intervals. Digicon are exp~riment­

ing wit.b more powerful sources. I was shown several sections of data and the 

inprovement in resolution ovp-r conventionally-recorded data was phenomenal. 

Both Western and SSL were carrying out high-frequency sl1rveys on 

land. Western were recording on video tape in the field and then converting 

to digital in the proceSSing centre at i ms intervals. 

WALSH FUNCTIONS 

Walsh functions are square-wave functions that can be utilised for 

the analysis of seismic traces just as trigonometric functions have been 

utilised (26). However, they have advantages over trigonometric functions 

in that they are a better form of analysis for discrete data and because 

they involve only the summation of real numbers as against the multiplication 

and summation of complex numbers. They can thel"efore result in much faster 
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processing (27). Most prooessing companies are playing around with Walsh 

functiona and transforms, but none so far ia using them in production 

processing. With the increase in the amount of data to be proceeeed, 

however, they will certainly be used 1D the future. 

Their main use at present is in the field of telecommunications · . 

for the oompression of data before transmission. They ' have the facility 

of being able to reduoe the amount of data from 10 to 30 times with very 

little degradation after reoonstitution (20). 

MIGRATION 

All companies visited, except Digicon, use a method of migration 

similar to that proposed by Fon tansl and Gre.u in 1969 (29). The programs 

used have many different names, but basically they are the same: holoseiemic, 

impulsive holography, migration stack (30), digital migration, total migration, 

and seismic imaging. 

Digicon are the first company to utilise the researches of Dr 

Claerbout of Stanford University on the application of the wave equation 

to the processing of seismic data (31), and their migration program is 

based on the wave equation (22). The method is still in the process of 

development to achieve optimum results. GSI intend to bring out a wave 

equation migration program later this year. 

COLOUR DISPLAYS 

All contractors now produce coloured seismic sections for the 

display of extra parameters such as velocity, frequency, reflection 

strength, and polarity, but Seiscom, the initiators of this type of 

display on a production basis, are still producine- the hest product • . 

Their reproducibility of colour ton~s is very reliable arid they nov , 

produce the displays on paper that Lan be folded as distinct from the i · . 
usual photographic-type paper. ThE!1r "Isomet" displays show fence 

I 
diagrams in colour. t 

, 
\ 

I 
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FUTURE TREND3 

1. The most important trend seems to be tm .. a.rds an increasing number 

of recording channels; 96 channels are already being Hsed in some parts of 

the world and it is thought that the increase to 256 and 512 channels will 

take plnce within the next year or 80. The reasone for wantinG to use 80 

many channels over practicallv the same cable lengths as used at present 

are to reduce random noise by increasing the statistics, to reduce coherent 

noise by grouping of channels within the computer, and to give an improved 

resolution horizontally. If noise can be reduced effectively this will lead 

to better deconvolution, which in turn will give better vertical resolution 

and more accurate and detailed velocity analyses. Improved veloci t~r anal .'Tsis 

will lead to an improvement in the determination of other parameters such as 

density and porosity, In other words, one will be closer to the ideal of 

determining the sequence of reflection coefficients within the section. 

The improved resolution will give a better definition of stratigraphic traps. 

2. The massive increase in data that the increase in the number of 

recording channels will bring about will require faet and efficient computers 

to process the data. This is where the type of computer such as the IFP 

Geoprocesseur may be useful. 

3. Most companies are playing around with Wnlsh functions as a means 

of speeding up processing and it is possible that they will be used more and 

more. 

4. High-frequency, high-resolution surveys are being used in petro18UID 

exploration, and Digicon's success in this direction will no doubt stimulate 

the development of more penetrative sources and a wider use of the method. 

5. There is an obvious trend to three-dimensional techniques, such 

aa 3-D profiling, 3-D modelling, and 3-D migration. It is quite possible 

that three-dimensional migration stacking will supersede the conventional 

CDP stacking and that velocity analyses will result directly from the 

optimum mif:ration stack. 
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6. While at Seiscom I was told that they would be making an 

announcement of something revolutionary in the processing field before the 

end of the year but what this may be is open to speculation. I was assured 

that it would not be merely cosmetics, but something really big. This just 

illustrates that seismic data processing is now in a most exciting period 

of development. 
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APPENDIX 

French language course, Pnris 

Working with BEICIP 

Visit to CFP, Paris 

Visit to SNPA,. Pau 

Visit to ELF, Chambourcy 

Working with SSL, London 

Visit to Western Geophysical, London 

Visi t to ' CSI, " London 

Visit to Digicon,London 

Visit to Phillips and British Petroleum, 

London 

Visit to Seiscom, London 

Visit to Texae Instruments, Amsterdam 

Visit toPrakla-Seismos, Hannover 

Visit to ACTIM, Paris ' 

Visit .to CGG, Paris ' 
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