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Method for analyzing and processing reflection seismic data.

A method of analysing and processing seismic reflection data for the
determination of a high resolution spatial hyperbolicity correction velocity
field. |

It is characterised in that:

~  for the set of normal moveout-corrected gathers, the maximum

“values of the positive and negative residues of the NMO correction are

determined: a time range analysis is determined located on either side of a
time t; and of which the width is equal to not more than twice the absolute
value of the maximum residual moveout,

~  afamily of 2n + 1 residual correction hyperbolas or parabolas are
constructed, each having its apex centred on said time t; and, at the value of
the maximum offset, presenting a value of time Ehat is equal to one of the

2n+ 1 equidistant time values predetermined on the analysis range, and
!
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Abrégé (suite) :

including the value t; and thé extreme values of said analysis range,

~  2n+1 sets of static corrections are determined for each of the
offsets, defined by the time differences presented relatively to said time tg
on the 2n + 1 residual moveout correction hyperbolas or parabolas,

~ for each gather, and successively to each of the traces and for
each hyperbola or parabola, the static correction associated with the offset
trace is applied, and

~  the statically corrected traces are stacked together in order to
obtain a set of 2n + 1 stacked traces characterising correction velocity field.

Applications in particular to petroleum exploration.

72 ) inventeurs (suite):
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Method for analysing and processing scismic reflection data for (he
determination of a high resolution spatial  velocity  field  for

hyperbolicity correction

In petroleum exploration, a seismic reflection survey is a common
method for obtaining a seismic image of the subsurface. In this method,
using appropriate energy sources, called emitters, acoustic waves are
transmitted, travel in the subsurface to be explored, and are reflected on the
different reflectors which it contains. The reflected waves are recorded. as a
function of time, on adapted receivers disposed on the ground surface or in
the water. Each recording (or trace) given by a receiver is then assigned to
the location of the point which is situated at the middle of the segment
connecting the source to the receiver. This operation is referred to as
common midpoint gather,

A seismic prospecting technique, which is now conventional. is
multiple coverage. In this technique, the sources or emitters and receivers
are disposed on the ground surface in such a way that a given midpoint
gathers several recordings. The series of recordings associated with the
same midpoint forms what is generally called a common midpoint gather of
recordings or traces. The set of gathers is associated with a series of
different midpoints preferably located along the same line at the surface,
Based on these gathers. seismic processing serves to obtain a seismic image
in the vertical plane passing through all these midpoints. The arrival time of
a recorded wave varies with the angle of incidence 0. which is the angle
betwzen the normal to the reflector at the reflection point. called the mirror
point. and the direction of the incident (descending) wave. For a given

gather and a given mirror point. this angle varies for cach recording as a
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function of the offset X of the receiver relatively to the midpoint. Making
the conventional assumption of a homogeneous and isotropic subsurface, in
plane and parallel layers, the reflections associated with cach of the
subsurface reflectors, observed on a common midpoint gather, are
theoretically aligned along hyperbolas centred on the vertical to the
micpoint and called time/distance curves. In order to build the stack of the
recordings of each gather, it is necessary to apply a correction depending on
timz. called the normal-moveout correction, which is aimed to straighten the
hyperbolas to bring them theoretically to the horizontal. Conventionally, the
norrnal-moveout correction made is a correction based on the following

equation:

(1)

where:

x 15 the offset.

to 1s the zero-offset source/receiver reflection travel time,

V. which is a function of time. is the average wave propagation velocity in
the subsurface. and

tis the travel time after reflection associated with a source/receiver pair for
offset x.

To make satisfactory NMO corrections. it is necessary to know the
velocity distribution V(1) at each midpoint. To achieve this, velocity
analvses are made at given locations on a limited number of common
midpoint gathers. The results are then subjected to a double interpolation. in
ume Zor each of the analyses. each analysis only giving a maximum of some

mwenty velocity values associated with the same vertical, and in abscissa,
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between the analyses, said analyses being commonly performed only cvery
40 to 50 midpoints on the average, and an account of the fact that the
anaiysis is made manually, thus implying relatively long analysis times and
relatively high processing costs.

The conventional velocity analysis consists in applying constant
velocities in succession to the common midpoint gathers, for the midpoints
selected, to make the corresponding NMO corrections, and then in stacking
the corrected traces for each of the velocities used and in manually retaining
the wvelocities that lead to an energy peak of the stacked trace. The accuracy
of the velocity field obtained by this process is insufficient for a large
number of more sophisticated treatments applied to the prestack traces
(recordings), for example migration, inversion, measurements of effects of
variations in amplitude with offset (denoted by AVO for Amplitude
Variation versus Offset), because these processings are distorted by the
cffects of the time and abscissa interpolations, by the maccuracy of the
velocity values selected, and by a signal distortion due to (he NMO
correction formula (1),

In an article entitled *Normal moveout revisited : Inhomogencous
medi2 and curved interfaces'. published in the review Geophysics,
Volume 53. No.2, February 1988, pp.143-157. FEric de  Bazclaire has
deveioped another method of velocity analysis, used for building improved
stacked sections, called "Polystack® scctions. This analysis consists in
<onstructing a document called BAP, which is associated with a common
midpeint gather of recorded seismic traces.

‘The BAP associated with a common midpoint gather is another gather
of trazes. each of which is the result of the stacking of the traces of the

common midpoint gather after the application to each of these traces of a
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swatic tvpe of correction (independent of time) and different from one trace
to another. These static corrections, which have the effect of shifting all (he
samples of a trace by the same time interval. are representative of
predetermined curvatures. Said static corrections arc defined by correction
hvperbolas answering to the following formula:

x2

(Lt - ) = 7 + (2)

V2
where:
X 15 the offset,
V. is the wave propagation velocity in the first subsurface layer explored,
tand t; are the source/receiver reflection trave] times for x offset and for
zero offset respectively,
t,. called the time of focusing depth, is the sum of the time ty (time between
the origin of the coordinates of the apex of the correction hyperbola) and the
time between the origin of the coordinates and the centre of the hyperbola,
of which the asymptote is controlled by a unique velocity. In the
aforementioned formula, the term in x2 could be followed by at least one
higher ozder term in x* which is ignored.

Accordingly. the N traces of a BAP correspond to an investigation
along N different moveouts or curvatures.

The BAP associated with a given common midpoint gather explores
the 'wholz field of possible hyperbolic curvatures for said midpoint. {rom the
most corcave at the bottom (low velocitics) corresponding to low positive
L. to the most convex towards the top (imaginary velocities), corresponding
W meeative t,, and including the infinite velocity (t, = ¥). Since the area

scarmed 1s very wide. each of the BAP has a large number of columns,

&
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generally more than 200.

Although it serves to obtain an accurate and continuous veloceity field,
the Polystack method nevertheless has a number of disadvantages. I'irs(, it
is a costly method, because computer time is long duc to the size of the
BAP (more than 200 columns). Secondly, risks of instability exist due 1o
automatic picking errors on the BAP. Thirdly, this method does not at 4]
eliminate the undifferentiated multiples of the real events,

The present invention proposes a semi-automatic method for analysing
and processing seismic reflection data. which helps to remedy  (he
shortcomings of the previous methods mentioned. while preserving their
advantages. In particular. the method of the invention helps to obtain high
resolution spatial velocity field, with better resolution, as well as gn
improved stack section.

An aim of the present invention is a method of processing variable-
offset seismic reflection recordings or traces. in order to obtain a high
resolution spatial velocity field and/or composite seismic traces. Using
common midpoint gathers. this method requires subjecting the traces of
cach of the gathers to a normal moveout correction. and it is characterised in
tha::

~ for the set of normal moveout-corrected gathers of traces. the
maximum values of the positive and negative residues of the NMOQO
correction are determined relativelv to a time ly corresponding 1o zero
offset: a time range analysis is then determined located on either side of
saic time t, and of which the width is equal to at least the sum of the
absolute values of said maximum values and at most to twice the absolute
value of the maximum residual moveout.

~  afamily of 2n + | residual correction hyperbolas or parabolas are
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constructed, each having its apex centred on said time 1y and, at the value of

the maximum offset. presenting a value of time that is equal to one of the
2n— 1 equidistant time values predetermined on the analysis range, and
including the value t; and the extreme values of said analysis range,

~  2n+ 1 sets of static corrections are determined for cach of the
offsets. defined by the time differences presented relatively to said time t,
on the 2n + | residual correction hyperbolas or parabolas,

~  for each gather of traces, and successively to cach of the traces
and for each hyperbola or parabola, the static correction associated with the
offsat trace is applied, and

~  the statically corrected traces are stacked together in order to
obtain a set of 2n + 1 stacked traces characterising a correction velocity
field.

The above and other features and advantages of the invention will
appear on a reading of the embodiment of the method of the invention and
the appended drawings wherein:

~  Figure I is a very schematic representation of an array of sources
and receivers for the transmission and reception/recording of waves
travelling in a first subsurface layer to be explored,

~ Figure2 is a schematic representation of a set of synthetic
seismic traces as a function of the offset of the receivers,

~  Figure 3 represents a real gather of traces.

~  Figure 4 represents the gather of traces of Figure 3, after normal-
moveoul correction,

~  Figure 5 schematically represents a sample of a family of
hyperbolas used for residual hyperbolicity correction.

~  Figure 6 represents a field of investigation in a analysis range,
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~  Figure 7 very schematically represents i BAP according to the
invention.

~  Figure8 very schematically and cmpirically represents g
succession of amplitude peaks selected on the BAP of Figure 7 along the
time axis.

~  Figures 9 and 10 schematically represent respectively the results
of a conventional velocity analysis and a velocity analysis according to the
invention.

~  Figure 11 is a schematic representation of a composite stacked
trace obtained from the BAP of Figure 7.

In the device shown in Figure I, the source Si/receiver R, pair is
associated with scismic trace E, of Figure 2 with minimum offsct. The
source Sy/receiver R, pair is associated with trace IX; with higher offset, and
so on until the source Sy/receiver Ry pair associated with trace E, obtained
for maximum offset. The reflection events associated with each interface,
such as H. of the geological model, are materialised on cach of the synthetic
recordings of Figure2 by a juxtaposition of responses ordered along
time distance curves, of which only four. Cy to Cy. are shown in Figure 2.
The tzmerdistance curves C, to C, are portions of positive hyperbolas, of
whick: the asymptotes are centred at the centre of coordinates. In the case of
Figurs 2. the equation of the time/distance curves characterising the travel
ame of the wave transmitted at a point S and received at 4 point R after

retlection at the interface (or reflector) i is:

where:
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X 1s the offset,

t; and t;, are the wave arrival times respectively at the receiver with x olfset
and for zero offset (receiver and source placed at the same surface point),
and

Vs (stack velocity) is the average apparent velocity in the medium traversed
by the wave above reflector i. Vy is expressed simply as a function of the
average propagation velocities in each of the layers traversed by the wave,
only in the case of plane and parallel layers.

The NMO corrections, which are applied before any stacking of the
datz contained on the gathers associated with the same vertical. consist in
correcting recordings for the obliquity cffects of the wave paths in the
subsurface. such as path S,PR, in Figure |, to bring them theoretically to
vert:cal paths MPM. These corrections have the cffect of bringing the
time distance curves theoretically to the horizontal, a position for which the
track. stacking of the corrected traces is optimal for the data on the
time distance curves.

Since direct recognition of the moveout pattern is not casy on real
gathers. like the one in Figure 3, the following indirect method is used for
this recognition:

~  anassumption is made as to the shape of the time/distance curves
of thz reflections, such as [}, I, and I5,

~  among all the curves that comply with the assumption, the curves
whic optimise the stacking of NMO corrected traces are determined.

In conventional seismic prospecting. the only parameter that is varied
in the propagation equation (3) is the value of the average apparent velocity
Vs. A scanning of apparent velocities helps to define a family of curves

which comply with the assumption of plane and parallel fayers. The
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conventional method for velocity analysis can be used to select, from these
curves. those that optimise the trace stack. The results of the conventional
velocity analysis are obtained by the datum of some ten or more
velocity/time pairs, the velocities V being those which are associated with
the curves optimising the trace stack. and the corresponding times t,. The
velocity values V are then linearly interpolated in time in order to obtain a
function V(t) associated with the midpoint analysed. A lincar interpolation
in abscissa x is then made between the results of the different consecutive
velocity analysis, obtaining as the final result a velocity ficld V(x,1).

In the method of the invention, normal moveout corrections arc first
applied by using either the velocity V. obtained as previously described or a
velocity Vg obtained by a velocity field V'(x.) known a priori. To do this,
a time ty is assigned to the amplitude of cach sample of cach of the traces
recorded with offset x. no longer its initial time t but said time t, which

corresponds to 1t, defined by the equation :

where Vg is V(x.t)
or V(x.1).

If the calculated t, are not multiples of the sampling interval, an
interpolation is made between the successive calculated values.

Obviously the value of the process described above depends on the
initial assumption on the subsurface structure. The result of the application
of conventional NMO corrections to the real example in Figure 3 reveals. in

Figure 4, the existence of residual moveout. for example on the
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time distance curves I', and I’3, which arc larger as the real subsurface
geometry deviates from the initial assumptions. In this case, the results of
velocity analysis are wrong, and the conventionally built stack, made using
the results of these analyses alone, is degraded.

The invention proposes in a second phase to reduce these residual
mov=outs. in order to determine a high resolution spatial, continuous and
better resolved velocity ficld, as well as an improved stack

It 1s first essential to define the equations which are used 1o calculate
the rasidual corrections to be applied to the time/distance curves.

The optimal treatment consists in applying the so-called *with delay’
equazion denoted P SCAN. based on the laws of geometric optics :

XZ

(L= 1) = (fh+ 1)+ —— (3)
V2

whersz:
1, Is the time separating the centre of coordinates O from the apex A of the
avperbola.
= denotes the time separating the centre of coordinates O from the centre of
symmetry of the time/distance curve (point D for hyperbola 51 )
V', 1s the average velocity or better, the lowest velocity of the first medium
rraversed and,
X 18 thee offset (Figure 3).
This equation defines a family of hyperbolas that is better adapted than the
amily of hyperbolas defined by the conventional cquation (1) to the
2eological media of any geometry presenting a cylindrical symmetry (or
perpendicular to the profile axis).

For a given hyperbola moveout, the variation of the parameter ,
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results in a translation of the hyperbola along the time axis, and, n seismic

- prospecting, corresponds to the application of a static corrcetion. By making

the change of variable % =1t * t (where t,, by analogy with optics, can be
treated as a focusing depth), the preceding equation becomes:
X2
Tt -1p) = P+ — (6)
V,?

as previously indicated in (2), where Ity -ty is the curvature of the
time/distance curve

The normal moveout correction is supplemented according 1o the
invention, by a static correction which shifts by a time &t all the samples
making up cach of the traces. This operation is very fast in oa vector
computer or one equipped with a matrix processor. This makes it possible to
perform the operation, no longer as for the dynamic velocity analyscs cvery
m Kkilometres, but with a manual velocity picking and a double
interpolation, doing this automatically for all the samples of all the traces
anc for a wide range of hyperbola moveouts. This novel method does not
require additional trace stretching in comparison with the NMO correction.
Furthermore. it becomes possible to find velocity variations, positive as well
as megative. Since all the events, such as real events, multiples, diffractions
¢tc.. are presented in the form of hyperbolas. they theorctically receive
equal processing, provided they are deliberately sought. Multiples. which
are manitested by moveouts that are quite different from those of the real
surrounding reflectors, are eliminated by the processing according to the
invenition. contrary to what happens in the methods of the prior art, as long
as thve analysis range selected is sufficiently narrow.

To apply the second processing phase. it is first essential to define the
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height in time (milliseconds) of a analysis range, which will be used on all
the recordings processed. The approximate height of the analysis range is
empirically determined. for example by doubling the maximum residual
moveout relatively to the horizonta] (corresponding to an infinite moveout)
observable on the time/distance corrected gathers. At maximum offsct Xmax
in Figure 4. for example, the maximum difference g observed  for
time/distance curve I’; at maximum offset and has the approximate valye
At= 100 ms. The height of this range is advantageously set at 2A( or
200 ms.

In a following step, the number 2n + | of hyperbolas to be sclected in
the analysis range is determined, and, for offset Xmaxs the time interval
separating the different hyperbolas analysed. For a correct data sampling,
the signal theory defines a sufficient number 2n + 1 of hyperbolas covering
the scan range 2At. In practical terms, a sampling is made by taking:

2At

)
jn
I

(7)
K/B

or:

n=At—m—
K
where K is a constant equal at most to V2/2 and B is the passband of the
seismic event processed. The value of the ratio n is taken as an Intcger and
from above. In Figure 4. the value of B js 50 Hz, K'is 0.5, and 2n + | js 2]
for a analysis range of 200 ms.
The interval between hyperbolas for offset Xmax 18 determined by

p=4vn. In the aforementioned example. p is 10 ms. The values of t



biovrug

associated with 2n + | hyperbolas serving for the static corrections and for
the creation of a document called BAP. according to the Invention, are

given by the equation

3

Xmux

n

(t+ Bg)? = 12 4 (8)
V,?

where 5, successively assumes the 2n + | multiple values of p covering
the analysis Tange -np to +np, and x and V, are known from elsewhere.

Such a set of hyperbolas appears in Figure 6. Each of these hyperbolas
10 61 0 65, serving for the residual moveout correction to the previously
NMO-corrected gather, is characterised by an index, called the ITP index,
ranging from -n to +n. in connection with the deviation Omax Which
characterises it at offset Xmax Telatively to the horizontal axis defined by the

valus t,=c0, By way of example, Figure 6 shows hyperbolas 61 to 65

wn

characterised respectively by the ITP indexes -10, -5, 0, +5 and +10,
hyperbola 61 presenting ¢ maximum negative deviation of -100 mg for
offszt x,,. and hyperbola .5 presenting a maximum positive deviation of
~10C ms for the same offset Xmax relatively to the value taken for zero offset.
These maximum deviations constitute the bounds of the analysis range.
=0 Suck a family of hyperbol: : displays as characteristic the fact that thejr
asymptotes are parallel to « ich other. as shown in Figure 5. the apex A
being the same.
In a following step,  sing the 2n + | cquations of the P SCAN
hyperbolas determined in L:e previous step, the 2p + | sets of static
25 corrections which are appli-d to each of the traces of the gather are
calcu’ated. A set of static corr: ctions for a hyperbola. which is characterised

by its 1. 1s composed of al] the § defined by the equation -

AT RS g YR 3 TR R N Te—
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(=8P = 1,7 + (9)
V,?

where x assumes the different successive offset values characterising cach
of the traces. By way of example, Figure 6 shows the value of & for offset Xj
and hyperbola 61 with ITP index -10.

For each moveout characterised by its ITP index (or its corresponding
t,). and to the samples of each of the xi offset traces, the associated static
correction &(xi) is applied, defined by equation (9) for the t, considered.

This gives a statistically corrected gather, which is stacked to obtain a
primary stacked trace characterised by its ITP index or the value of its L.

This operation is carried out for each ITP, thus giving a new gather of
stacked traces ordered according to the increasing values of the ITP. This
gather is called BAP or BAP DELTASTACK. A BAP DELTASTACK is
shown schematically by way of example in Figure 7. This BAP comprises
the 21 primary stacked traces with ITP index 0, and +1 to +10, and -1 to
-10. Such a BAP is built for each of the corrected gathers after they have
been statically corrccted as indicated above using the 2n + | sets of static
corrections calculated for all the data processed. Amplitude peaks can be
observed on the primary stacked traces of each of the BAP. For example.
primary stacked trace 70 with ITP index -3. in Figure 7. displays three
significant peaks 71 to 73 located approximately at 400. 1350 and 1750 ms
respectively.

The next step of the method of the invention consists in picking the
sign:ficant amplitude peaks on the BAP. One way to do this consists. for
example. in first constructing the amplitude envelope for each primary

stacked trace of the BAP. The BAP can then be considered as a grid of
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amplitude values indexed in time and ITP indexes, and a 2D operator can be
appiied to find the energy peak. The energy peaks on the BAP can be found
by working with one dimension, building a representative trace of the
maximum energy as a function of time, constructed by retaining, for cach
time. the maximum of the 2n + 1 amplitude values on the 2n + | traces of
the BAP and the time concerned. The ITP index of the stacked trace of the
BAP having the maximum value is stored in computer memory. Such a
trace 1s shown very schematically as a function of time in Figure 8.

This trace 80 displays peaks 81 to 85 which are picked using a
window that is slid along the time axis. Only the peaks which can be
centrad on said window, such as peaks 81. 83 and 85 on trace 80. are
selected.

Regardless of the picking mode selected, in the preferred embodiment
described. the matter is handled so that two peaks arc not selected for the
same time on the BAP.

In the case of picking using a 2D operator, the previous condition is
satistied if the width of the operator is equal to the width of the BAP. In this
ivpe of unidimensional picking (Figure 8), this condition is satisfied
autorratically because only one peak is selected per time. Advantagceously,
the width of the window or the height of the 2D operator is cqual to 2/B.

The determination of the peaks of the BAP and of the parameters (time
and t;) associated with these peaks is the first result of the method of the
:nvenzion. These parameters permit the determination of a high resolution
stacking velocity field at any midpoint, as well as the building of a stacked
trace which reconstructs the reflected events better than a conventional
stack section which only uses the NMO correction phase of the common

midpoint gathers.
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It 1s shown that, as a first approximation. the total correction velogity
V¢ can be calculated from the following formula:
to
Vi=Vg-Vds — (10)
2.V
where :
Vs is the initial NMO correction velocity,
V is the wave velocity in the first layer of the medium explored,
to is the zero offset time.
t, is the focusing depth time.

Since all the parameters in equation (10) are known, it is possible to
calculate the value Vi for each of said peaks selected on cach of the BAP,
from the corresponding t,. Each value Vi is associated with the time ty
which corresponds to it. The number L of (Vt,) pairs varics from one BAP
to another. The total (V1)) pairs serve to determine a new velocity
distribution for each midpoint.

In general, the method of the invention can be used to obtain. for cach
midpoint. a number of values | of velocities V; that is larger than the
number of values obtained by conventional velocity analysis, commonly
ranging between 8 and 20.

By way of illustration. in Figures 9 and 10. a comparison is made of
the results of a conventional velocity analysis (Figure 9) and a velocity
analysis according to the invention (Figure 10), both obtained from the
gather in Figure 3.

To obtain a high resolution velocity field V™, the knowledge of the
velocity distribution V¢ for each midpoint helps to reduce the velocity field

calculation to a simple interpolation in time.
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The result of the picking of peaks 71 to 74 on the BApP in Figure 7 also
helps to build a time section of which each of the traces. for each midpoint
of the profile processed, is prepared as follows: the portions 111 1o |14 are
seiected of the primary stacked traces 70 centred on the peaks 71 to 74, of
predetermined time (materialised in Figure 7 by small horizontal dashes),
less than or equal to the height in time of the sliding window used 1o pick
the peaks in Figure 8. A composite tracec 110 is pencrated (Figure 11),
associated with the midpoint by joining the times of portions 111 to 114
thus selected on the same axis, by preserving the position of these portions
in time, and by connecting them by lincar portions of the BAP spacc.

Alternatively, a portion of the processing consists in successively
applying to each trace of each NMO-corrected gather, 2n + 1 sets of static
corrections defined. for the offset corresponding to the trace, by the time
deviations presented relatively to t, on the 2n+ | static correction
hyperbolas. The corrected traces associated with cach midpoint are then
grouped mto 2n+ 1 groups, each consisting of the traces which have
undergone the static corrections corresponding 1o onc of the correction
hyperbolas. and in stacking the corrected traces of cach group to obtain a set
of Zn+1 primary stacked traces corresponding to the 2n+ 1 static
correction hyperbolas, said set constituting the set of sejsmic traces
charzcterising the fine NMO correction velocity field for the midpoint
cons:zdered.

In the foregoing discussion, reference has been made to families of
correction hyperbolas answering to formula (2). However, it is possible to
use amilies of parabolas instead of said familjes of hyperbolas. The
resolution of the equation defined by formula (2) lcads to the following

formula :



t-ty =

LVE TN (0L V)

A series development of formula (2°) leads to a new formuly (27) of

tn

the tvpe :

4
x? 1 X

tety = — - — &
2V,2t, 8 Vit
[f x is small relatively to Vi, the x* and higher order terms can pe
10 ignored. In this case. formula (27) is reduced to:

| X2

t'to = * (2”‘)
2 2vey

which is the equation of a parabola.

thn

The steps of the method of the invention can be carricd out with the
family of parabolas defined by formula (2°"). Thus, in Figure 6, hyperbolas
61 10 65 can therefore be replaced by the corresponding residual moveout
corzection parabolas on the NMO-corrected gather. and then by proceeding

as tndicated in the description of the preferred embodiment of the invention,
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CLAIMS

1 A method of processing recording of variable-offset seismice
reflection traces. in order to obtain a set of traces that can be used for the
determination. in particular, of a high resolution spatial velocity field and/or
of composite seismic traces, wherein said method is of the type in which,
using said recorded seismic traces, common midpoint gathers are
constructed the traces of each of the gathers are subjected to a dynamic
obliquity correction treatment, and the method is characterised in that :

~  for the set of normal moveout-corrected gathers of traces, the
maximum values of the positive and negative residues of the NMO
correction are determined relatively to a time ty corresponding to zcero
offset. then a time range analysis is determined located on cither side of said
time t; and of which the width is equal to at least the sum of the absolute
values of said maximum values and at most two twice the absolute value of
the maximum residual moveout,

~  afamily of 2n + | residual correction hyperbolas or parabolas are
constructed, each having its apex centred on said time t,, and, at the value of
the maximum offset. presenting a value of time that is equal to one of the
2n = 1 cquidistant time values predetermined on the analysis range, and
including the value t, and the extreme values of said analysis range,

~  2n+1 sets of static corrections are determined for each of the
offsets. defined by the time differences presented relatively to said time 1,
on the 2n + | residual correction hyperbolas or parabolas,

~  for each gather of traces, and successively to cach of the traces
and for each hyperbola or parabola. the static correction associated with the
offset trace is applied. and

~  the statically corrected traces are stacked together in order to
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obtain a set of 2n+ | stacked traces characterising a correction velocity
field.

2 The method of Claim 1, characterised in that the normal moveout
corrections applied to the traces of the common midpoint gathers arc made
from the results of conventional velocity analyses at a number of
predetermined midpoints.

3 The method of Claim 1, characterised in that the normal moveout
corrections applied to the traces of the common midpoint gathers arec made
from a velocity field given a priori.

4  The method of any of Claims 1 to 3, characterised in that any two
consecutive hyperbolas or parabolas of the family of 2n+1 residual
moveout correction hyperbolas or parabolas are separated, at the
predetermined value of the maximum offset, by a constant time different At
which is equal to the nearest integer from above to the value of the ratio
K/B. where K is a coefficient equal at most to V2/2 and B is the passband of
the common midpoint recordings.

5 The method of any of Claims 1 to 4, characterised in that the family of
static correction hyperbolas is defined by the equation:

§?

(t-p+) =12 + —
\x
where x is the offset. t and t, denote the source/receiver reflection travel
times respectively for offset x and for zero offset, the difference (t-1y)
representing the value of the static correction which is a function of the
offset x.t,, called the time of focusing depth. is the sum of the time ty and
the time separating the origin of the coordinates from the centre of the

hyperbola, and V, denotes the propagation velocity of the waves transmitted
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in the first subsurface layer explored.
6  The method of any of Claims 1 to 4. characterised in that the family of
static correction parabolas is defined, for low values of x relatively to V. by

the general equation:

t-tp = —— px?
2
where:

X 1s the offset,

t and t, are the source/receiver reflection travel times respectively for
offset x and for zero offset, the difference (t - T,) representing the value of
the static correction which is a function of the offset x,

p = 1/t, V,? where t, is the sum of the time t, and the time separating
the origin of the coordinates from the centre of the parabola, and called the
umsz of focusing depth,

Vi is the propagation velocity of the waves transmitted in the first
subsurface layer explored.

7 The method of Claim 5 or Claim 6. permitting the semi-automatic
determination of a high resolution spatial correction velocity  field,
charactenised in that a picking is made of the peaks on each of the sets of
seistnic traces consisting of the 2n + | primary stacked traces. by applying
to all the traces of the set concemned, a sliding window with a predetermined
time height. preferably equal to 2/B, and by retaining in this window only
the centred peaks. each peak being associated with a value of ty and of t,
and then calculating the velocity V; corresponding to the time pair (1,.t,) by

the exguation :
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Vi = Vg- Vg«
2.V2t,

where Vs is the velocity used in the normal moveout correction.

8  The method of any of Claims 1 to 7, permitting the determination of
an improved stacked section, characterised in that a picking is made of the
peaks on each of the sets of seismic traces consisting of the 2n + 1 primary
stacked traces, by applying to all the traces of the set concerned a sliding
window with a predetermined time height, preferably cqual to 2/B, and by
retaining in this window only the centred peaks. the portions are selected of
primary stacked traces centred on these peaks and of predetermined height
in time. preferably equal to the height in time of the sliding window used
for picking the peaks. and a composite stacked trace is generated associated
with the midpoint corresponding to the set of the 2n + | primary stacked
traces processed, by replacing, on the same time axis, the portions thus
selected on the 2n + 1 primary stacked traces and preserving the position of

these portions in time.
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