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Mathod for geologically modsling seismic data by trace somrslation Yﬂm f uﬁn&ﬁggg@
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Technical fleld

The present invention relates to a method for sutomatically developing a geological model
from selsmic data. i has particularly relevant applications in the fisld of the analysis of
seismic data, in particular during the search for new ol fiells,

Prior art

Generally, the seismic data represent a subsall and therefors make it possible to apprehend
the geological structure of the zone covered. A selsmic signal typically represents the
derivative of the acoustic Impedance of the layers through which sound pulses which are
emitted pass during the scquisition of said seismic data. Therefore, the seismic fine is an
indirect and degraded represantation of the undeslying gedlogy. It is indirect becauss the

degraded because the final data are the result of a chain of processing operations
{(deconvolution, “stacking process”), which introduce artefacts and  spproximations.
Thersfore, the reconstruction of the geology based on the selemic line generally requires
complex analysis means, which try o identify the geological layers one by one and
independently of ang ancther. The existing methads of analysis use as 3 postulate that one
and the same geological layer has similar seismic signatures, Thus. the surfaces are
extracted by means of propagstors which stant from 2 germ, or by means of classifiers
{Kmean) which group the seismic signatires having the same gauge. The main limitation of
these techniquss resulis from the basic postulate iself which is never really maintsined. In
addition, the algorithms used have numerous drawbacks: teo strong influsnce of the sesd.
drifts of the propagations, invalid surfaces which connect different geclogicsl stages. ste.

More recently, global approaches have appearsd which aim, in the course of one and the
same process, fo oalculste the entire geclogical modst dicectly from the seismic data
Among these methods, two large families can be distinguished: those which use the looal
gradient of the layers and those which use primitives.

in the family of methods using the local gradient of the strata, in particular the document US
8,771,800 of Keskes si gl (2002} is known, which is based on the propagation of 2D lines in
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the dirsction of the gradient. This technique anly functions in 2D and doss not manags
interruptions of continuities of the gaalogy.

The paper by Lomask et gl "Flattening without ploking®, Geophysics vol. 11 no. 4, 2006, pp.
13-20, s known which provides a method for sompensating for the gradients by an terative
minimization process. During this process the gradients obiained by calculating the 3D
gradient on each seiemic point are gradually eliminated, until 8 flat seismic block without
global deformations is oblained, which makes it possible to demonstrate the sadimentation
rates by siraligraphic analysis. This technique functions in 3D, but the management of the
interruptions of the mods! necassitates an a priord knowladas of the discontinuities.

In the family of mathods using primitives as basic slements of the geological model, these
slerents ars, in a first time, exdracted from the selsmic image and are then arranged with
respect to one another in arder to construg the modeat.

Ir the method described fz\f Mor*sen et gl in the d(}cumem US 200810140318, the primitives
are geplogical surfaces of variable sizes obtained sutomatically by propagation on the
axtrama of the seismic line. These primitives are then sorted by topological order based on
an acyclic graph ("Directed Acyelic Graph®, DAG), which represents the superposition
retationships beltween the primitives, The topological order assigried to each surface makes
i possible fo construe the geological model. This method functions in 3D, it manages the
discontinuilies of the erosion type, but does not permit sutomatic management of the faulls,

A varlant of this approsch is proposed by Vermey et al in the dosument “An Approach of
Seismic Interpretation Based on Cognitive Vision®, 70th BAGE Cuanference & Exhibition -
Rome, ftaly, 912 June 2008. In this document, the relationships batween mini-surfaces are
hierarchized according to thelr mean vertical distence and the fusion oriteria batwaen
primitives are based on principles ariginating from cognitive science. US5086086 and
WOQORYO0B002 likewise describe mathods for developing geclogioal models.

In the present context of an increasingly competifive and expensive oil market, the search
for new fislds reguires the use of more accurate and quicker automatic analysis tools, The
object of the present invention is & method which works at the scals of the ssismic point in
arder o automatically develop o geologicsl modsl from  seismic data, which can



sutomatically manags the geological discontinuities such ss faults, and which permits
implementation of multi-scale strategies.

Description of the invention

This object is achieved by a method for developing & computer-implamentsd gealogical
model from previously collected ssismic data, according {o claim 1.

Thus, the method according to the invention makes i possible to develop a geological model
from an arbifrary sampling grid of the seismic data by explofting the local simifaritiss of the
data. In particudar, it is not based on the detection of extrems and the propagation of
surfaces from these extrems like the methods in the prior art, but it permits finer modelding of

all the data.

The method comprises a step of filling the geclogical model by propagation of a mini-surfage
by simitarity in the vicinity of each sampling point comprising 8 link, faking sald. polnt a8 &

HMowever, these mini-surfaces should not be confused with the swfaces propagated as
primitives i the methods in the prior st In fact

“ they are only used to complate the geological moded and, in particular, the existing
topological relgtionships betwean them are not exploited,

- the shape of their contour and their size are essentially determined by the sampling
grid,

. because of their very reduced swiace, the problems of drifls linked to the
propagation algorithms are negligible.

The data of a seismic volume can be sampled in 3 substantially horizontal plans according
o a mesh substantially with any of the following shapss: rectangular, haxagonal, and the
traces can have a substentially verical orentation and can comprise substantially
aquidistant sampling points,

The determination of the links betwssn ssmpling points belonging to diffsrent traces
comprises a step of caloulating correlation images,
- each corrslation image corresponding (o a pair of traces,



- &ach trace baing represented according to a dimension of the correlation image, and
- the value of sach point of the image representing the local correlation of the seismic

Furthermore, the method according to the invention can comprise steps of:

“ constructing segments in the correlation imags by propagation among the paints
gorrssponding o correlation values higher than at least a predetermined threshold, said
segments corresponding to sets of links or combs of correlations between sampling points of
the traces;

- selecting segments of the correlation intage, said selsction lsaving st most enly one
segrment per line and per column of the corrslation image, corresponding to one single link
per sampling point, and the segmants being selested on the basis of the value of the points
forming them, and of their length:

- validating the links by analysis of the paths formed by the successions of points
finked by said links, & condition for the links o be validated being that, in & seismic volume,

The steps of salecting segments in the correlation image and validating the links are
repeatad Rterstively on the remaining segments in the corrslation image, using as a
constraint the links validated in the preceding iterations, until there are no longer exploitable
segments.

The allocation of a relative geological age o the sampling points s an iterative process

parformed as long as there remain undated sampling points comprising at least one link,

which comprises steps of

> selecting an undated sampling point comprising 3t least one fink,

alfocating a relative age to this point taking Into consideration the already dated

points of its race, 5o that the age along a trace always varies in the same direction. and
aliocating the same relative ags to all the points linked to this point by links.

The method according to the invention can also comprise a step of normalizing the relative
8ges, the age increment helween consecutive relative age points being fixed at o predefined
value,



According 1o another aspect of the method according to the invenfion, a multbscale

geclogical madsl is developed by merging sets of links between sampling points, which sets
of commections are oblained with diffsrent sampling grids.

The method according o the invention can advantasgesusly be applied in an automated
manngy, espacially:
- o the direct exdraction of the deposition surfaces based on iso-valuas,

to the horizontalization of the seismic by mapping on g line or a plans the seismic
signal corresponding to 8 geologics! stage,

1o the analysis of faulls, and
- to the analysis of channels.

According to another aspect of the invention, & computer program according to olaim 12 is
proposed which implements the methiod according to the invention.

Further advantages and features of the invention will become clear when reading the
detalled description of implementations and smboadiments, whish are in no way restictive,
and the Tollowing drawings:
% Figure 1 llustrates the construction of the corrslation image corresponding to two
traces of all the selsmic data. Figure 1a shows the vertical sampling of the data in seismic
traves, whilst Figure b shows the sonstruction of the correlation image;
- Figure 2b shows the corrslation comby corssponding to o geology referred to as iso-
pack with gradient variations such as those shown i Figure 2

Figure 3h shows the correlation comb corresponding to 3 genlogy having variations
of both gradient and thickness as shown in Figurs 3a;

Figure 4 illustrates the creation of correlation sonbs between points on sither side of
a faull having a normat rejection (Figure 4a), or vice versa (Figure 4b).
- Figure 5 illustrates a process of exiraction of the segments of 2 straight line with a
High intensity in the carrelation image;

« Figurs 8 illustrales sxamples of strategies for sampling the selsmis cube:
~ Figure 7 illustrates of the validation of the correlation combs by analysis of the paths:
~ Figure 8 Hustrates the principle of iterative insertion of comrelation combs in order to

fil the space with the data;



. Figure @ flustrates an example of spplication of the slgorithm for csloulating the
referance positions;

Figura 10 Hlustrates an example of mini-surfaces oblained In a square ssmpling grid;
. Figure 11 ilustrates the filling of the geclogical modsl

The method according to the invention uses & set of ssiamic dets In wder to deduce a
geohogical model therefrom while warking at the scale of the seismic points.

The daty gs described in the preferred embodiment refer to a cube or 30 volume of seismic
data. Howsver, the methed according to the invention can also be implemented on a two-
dimansional set of seismic data, such as cross-sections.

The volume of seismic dets can be characterized by 3 axes, Lo Inline and Xline axes
respectively, substantially parallel to the surface of the ground, and a TWY axis orented in
the direction of the Increasing depths.

The method aamrdm@ ta tbe invention can be appi jed to all the data of the seismic volume,
but in the general case i is sufficlent {o be limited to a subsst of sampled points i order in
paricular o imit the caloutation time, With referance to Figure 1, 8 seismic trace, or trace 3,
4, vomprises a set of points & which ars substantially aligned and squidistant, sampled a
the depths 11, £2, 13, ete. in the direction of the TWT axiz. The fotal seismic volume can be
sampled by 3 set of traces arranged in the Inline-Xiine plane according 1o & mesh which is,
for example, square, hexagonal, even arbitrary, as Hlustrated in Figure 8,

With referance o Figure 1, a first step of the method according to the invention consists in
caloutating, for a set of pairs of traces (3, 4) of interest axtracted from the seismic data 1, a
covrelation image X1, X2), X1 and X2 being the respective positions of the seismic trases
3, 4. This correlation image 2 represents all the corrslation cosfficients calculated between
the N1 points proceeding from X1 and the NZ points prosseding from X2, in this image of
dimensions (N1T'NZ) pixels, If X1 is on the ordinate and X2 on the abscissa, the value of the
point P, j} located in column § and on fine | is the corrslation cosfiicient CIf, §) calculated
betwesn the i-h point of the trace X2 and the jth point of the trace X3,

The correlation coefficients CRI, J} can be calculated, for example, based on the correlation
of a mini-race Vi of the size 8, centered around & point X240} and a ssismic mini-trace Vi of



the size § centered around & point X1}, The mode of calculating the coafficients CHY, §) can
also, and non-restrivtively, comprise any type of calculation of the distance or differences
betwean the two vectors Vi and Vi

In Figure 1, for sxample, the value of the point 8 of the corredation imags 2 is the result of the
calculation of the correlation between the mini-trace & around the point § having the position
13 in the trace X2 with the minitracs sround the peint hawving the position 11 of the trace X1.
Ascording to & non-restrictive convention, the mode of caloulating the valug of the points of
the correlation image I is defined such that this value increases with the similarity of the
vectors Viand Vi,

Each point of the corelation imags {X1, X2) such a5 8 therefors corresponds fo &
connection, for example 7, between & point of the trace X1 and a point of the trace X2 A
point that has @ high value in KXY, X2) represents = Bnk with a high probability betwesn X3
and X2. Thus, the correlation image shows all the high-probability links between twa selsmic
_lraces. With reference to Figure 2, when the high probability points are contigunus in the
correlation image 2. thelr relevance increases, because they are no longer isolated within
the geological context, but form a consistent set 10 which connects two geslogical stages.
These contiguous sels corespond to corelation combs 11 in the space of the data 1, said
combs being defined by the sets B of paints P, §} of the image 1041, X2} such that no point
B{i, |} of E has neither the same abscissa nor the sams ordinate as one of the other points of
E. This propady expresses the fact that, in a given comb. a8 selsmic point is linked only to
ang single link.

i the case of a completely laminar geclogy with a zere gradient, the traces X1 and X2 are
similar and the segment with the highest correlation is located on the diagonal of the image
2, with a leading cosfiicient substantially squal to 1. The resulting comb then comprises
horizontal links,

in the case of a geology referred to as iso-pack with gradient variations as lustrated in
Figure 2, the two traces X1 and X2 have similar signatures, but are offset. The segment with
the highest correlation 10 is then parallel to the diagonal, with a leading coefficient
substantially equal to 1, and the distance 12 between the diagonal and the segment
represents the value of the rejsction, Le. of the offset along the TWT axis, between X1 and
X2,



Likewise, in the most general cass where the geology has variations both in gradient and in
thickness, as Hlustrated in Figurs 3, the segment with the highest corrsiation 10 has &
direction coefficient different from 1, because the rejection varies along the comb 11,

Advantageously, the method according to the invention is not senaitive to the presence of
faults, in contrast fo the propagation methads used in the prior art i order to obtain seismic
surfaces and primitives. By using the correlation comb methad, relativnships or links 7
between the points can be established on either side of the fault 20, irespective of the value
and the (normal or reverse) direction of the reject, as illustrated in Figure 4.

The combs 11 can be detected automatically by axtracting segmants of 8 siraight ine 10
with a high intensity of the correlation imege HX1, X2). This detection can sdvantageously
be perfarmed for example based on an algorthm comprising the following steps, Hlustrated
i Figures Sa to B, respectively:

- classfying the points of the image (X1, X2} into three families: INVALID, VALID and
UNCERTAIN depending on their corralation value (Figure 5a);

. using all the points classified as VALID as a seed for propagating the segments. The
candidate points for the propagations are only the points classified as VALID and
UNCERTAIN (Figure Sb):

- searching all the points of {X1, X2} which have the maximum value on & line or on @
column. These points are marked as MAXP {Figure 8¢);

. eliminating the segments which do not contain any paint marked as MAXER {Figure
S,

- aliminating the segments of which the length s smaller than the madian length of the
segments ohiained in the preceding step (Figure Sa):

- prasenting each segment starting from the langest to the shortest one. Bach segrrent
presented sliminates all the segments which have a point on the sams Ine or on the same
column of the correlation image (Figure 50, Thus, the longsst segment 10 corresponding to
the longest comb 11 is obtained, while gnsuring that the seismic points of the comb 11 are
only associated with one single iink.

In order to detect the combs 11 an all the data of the seismic block, it is necessary fo select
pasitions of the pairs of traces XT and X2 on the basis of which a carrelation mage is



calcudated. Thage traces can be positioned anywhere in the seismic block. i the machineg
capxcities permit i all the fraces of the seismic cube and thersfore all the points can be
used. Mowever, 8 a general rule a sampling of the ssismic cube is necessary.

Advantageously i is possible to opt for a regular sampling strategy in which one trace out of
N possible traces is taken and all the images (X1, Xj) are calculated such that the positions
Xt and Xj are distant from N, for example, scoording to a substantially square or hexagonal
mesh (Figures Sa and 8b). A random sirategy can also be implemerted. in which all the
pars (X, Xj} are drawn at random (Figure Be), it is also possible advantageously to sombine
saversl strategies, the only aim being to obtain a sufficient number of combs 11 so that the
erux of the selsmic block fs characterized.

This Hexbility of use gives the method aocording to the Invention 8 sonsiderable advantags.
because & permils sasy implementation of the multbscale or multi-resolation strategiss by
sombining, for sxampls, distant combs of N samples with distant combs of 2°N samples. The

example, of large-soale geologival factors such as fault or erosion zones.

The method according to the invention can compriae a step of validation of the links, based
o an analysis of the paths formed by the sucosssions of seismic pointe linked to one
anather by these links. Indead, In so for ag a link, by definition, sonnects points which are
located on one and the same geological surface, by covering a path link by link it is normaily
necessary lo remain on the same surface. I a path does not form 8 closed ioop, # is
rejected because there is no certainty with regards to its relevance. if 2 path comprises wo
different points belonging to ane and the same trace 31, as Hlustrated in Figure 74, it is also
not validated, because i passes through differsrit gevlogical stages along #s path. On the
other hand, if the path retums to exactly the same starting point 30 without overlapping
{(Figure a), it is validated because the probability that # is on the same surface is high.
Whan a path is validated, all the links of which it is composed are also validated Likewise,
whan a cerlain number of inks gsre validated in a comb, the whole comb i validated,
becauss it is constdered fhat the combs are indissociable and relevant units.

Although this criterion for validation of the links is challenging, & makes it possible to 6l the
seismic space with combs having a geclogical consistency. With this technigue, a valig link
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can pass over geological surfaces which exhibit strong variations of gradient and have faults
passing through tham,

An fterative process can advantageously be implemented in the methed according fo the
invention in order to fill the studied seismic volume o the meximum, so as to build 3 final
process comprises 3 detection, then a validation of a set of combs, as described above.
Each new Heration is constrained by the preceding derations. As the ssismic space is
graduslly filled, the number of possibilifies for inserting new combs decresses.

Let it be assumed that there is a pair P01, X2) of two fraces. if in the course of the first
fteration & comb has been validated between X1 and X2, this later will serve as a constraint
for the following iteration because # fimits the range of available solutions for & second
cormb. This principle is flustrated in Figure 8. In this figure, the segments corresponding to
three rejevant combs are present in the correlation image. The most obvious segment 40
\\\\\\\\\\\\\ e Corresponding to the comb 43 is validated during the first iteration. For the second teration, oo
the entire gray portion of the image is no longer avallable in accordance with the principle
according to which there can be only one link par pair of paints. Consesquently, the segment
44, of which an excessively large proportion of the links overlaps in the gray zone, is
sliminated from the list of candidates. Only the segment 41 corresponding to the comb 44
remaing available.

The first vaiid combs are positioned on the seismio line of good quality which has the best
correlations. These combs will then serve as a constrait for the second waves of combs,
during the second iteration, which will use the available space with a selsmic line of lass
good guality. Thus, the geological constraint provided by the sxisting links will be gradually
eariched, so @s to compensate for the gradual loss of quality of the seismic line which
remaing unprocessed. Advantageousty, the space is gradually covered, sven in the zones
having & low signalinoise ratio. A condition for stopping the ferative process san be, for
axample, the absence of new detected combs.

Thus, the method according to the invention permits filling of the space with the data of
corralation combs connecting the paints of the pairs of traces {Xi, XJ} Let it be assumed that
Ep is all the selsmic paints located on all the pairs {Xk Y]} Advantagsously, # is possible o
assign to each point P of Ep a reference position which (s caloulated with the validated links
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and which represents the position of P in the geological context. This reference position
makes it possible to establish a hierarchy of points P, from the youngsst o the oldest one.
This calculation can be carried out for example on the basis of the following algorithm:

YaiRef{P) = reference value for a point P
Step s the inorement of the position values, for example Step = 1

{Initiahization)
For all the points P, do

P = UNMARKED

insart P into GlohaiStack,
ValRef(P) = 0.

gnd Do

{Calculation of the positions)
As long as nextP exists, Do
P = nextP
nextF = UNKNOW
insert P into LocalStack? and into LocalStacks
minValRef = UNDEFINED and maxValRef = UNDEFINED
As Long As LocalStackt is not empty Bo
Pop LecalBtacki in K
if nextP sUNKNOW Then
Search for PAbove the first UNMARKED point located above K
Search for PBelow the first UNMARKED point looated below K
if PAbove exisls, then nextP = PAhove
If PHelow s«ists, then nexiP = PRelow
Ened It
Search for PAboveMark the first MARRED point located above K
Search for PBelowMark the first MARKED point located below K
i PAbovelMark exists and if ValRef{PAbovel>minValRef, ther minValRef =
VaiRef (PAbova)
§ PBelowMark exists and § VaiReH{PBelow)smaxValRef than maxValRef =
YaiReRPBelow)
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For all the points V whicl are UNMARKED linked to K by alink Do
V = MARKED
insert v into LocalStack! and into LocaiStack?

End For
End As Long As
HominValRe! x UNDEFINED and maxValRef = UNDEFINED, then
minValRef = § and maxValRef = ¢
i minVaiRef=UNDEFINED and maxVaiRef different from UNDEFINED
then minVaiRef = maxValRef~ Z'step
If maxValRe! = UNDEFINED and minValRef different from
UNDEPFINED then maxValRef = minValRed + 2step
As Long As LocsiStack2 is notempty, Do

Exdract LocaiStack2 in K

ValRef{K} = (maxValRef + minValRef)/2.
End As Long As
HnexiP = UNKNOW. de . T R

As long as nextP = UNKNOW do
Extract GlobalStack in P
H P = UNMARKED, then nextP « P
End As Long As
End if
End &s Long As

This aslgorithm is quick, singe sach point P is visited only one single time. Figure 9 shows the
process for calculating the reference positions In 2 case where the tickness variss from

{a) all the links in the case of @ varistion of the thicknass, {b) the initialization of the positions
on the first trace with an increment of 10 (. d. e and 0, the caloudation of the relative
positions on sach one of the virgin links, with respect to the fower and upper links.

are positioned with respect to ane ancther. Advantagsously, It is possible, by passing
hrough this tme scale from the most recent o the oldest, 1o normalize the relative age of



the points se that the varation of positions between two consecutive points on the time scale
is.constant

Al this stage, only part of the points of the seismic line has a reference position: this is the
set Ep of the points which comprise a valid link. The number of points depands on the
number of correlation combs detected, which in turn depends upon the sampling caried out
for positioning the pairs of traces (X1, X2} In arder to fill all of the seismic space with
reference positions, it is advantageously possible to construct small surfaces of which the
shape and the topology depend upon the selamic signal and the type of sampling which has
been chosen. Bach point referenced in Ep can serve as a sesd 8 for calculating & mink
sirface based on & conventional propagation algonthm by similarity of seismic minitracs.
The spatial edent of this minbsurface s advantageously fimited {o the "Varsnol celi®
associated with the ssed G The definition of & Voronol cell is as follows: Let it be assumed
that E is @ sef of points and 8 ts a subset of B {8 is a sampling of ). F Pis a point of 8§, the
YVorono! cell associated with the point P is the sst of points present in B which are closer to P

i the case of the mathod according 1o the invention, the set E can represent ail the points of
the surface of the selsmic block and § can reprasent the positions of the traces Xi, used for
caleudating the correlation images.

Advartageously, the referance position associated with G s assigned to ail the points of &
minksurface propagated from a sesd G This techrique makes it possible to il all of the
space while maintaining the variations of the local gradient. 1t should be noted that, contrary
to the prior st methods, the method is not limited fo the extrema of the seismic ne, but 8
mini-surface s created for sach point comprising a valid link. Likewiss, in compariaon with
the methads according to the prior art which use propagated surfaces as primitives, the mini
surfaces calculated in the method according to the nvention have very particular
characteristics:

- the shape of thelr contowr and their size s essentially determined by the sampling
qrid,

- because of thetr very reducsd surface, the problems of drifts linked to the
propagations are negligitle,

. they are used only fo complete the modsl, and in particular the fopolagical
refationships existing betwsen then are not exploited.
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Figure 10 shows an example of mini-sufaces obtained in @ square sanpling grid,

The filling of the geological model s shown in Figure 11, (&) seismic image, (b): all the
validated finks, {c): mini-surfaces propagated from the points nked to the validated finks,
(d): reference positions abtained for each point of the image (a).

According to advantageous characteristics of the method secording to the invention,

the models obtainsd are very precise, because the reference primitives are the
selsmic points. In the methods according to the prior at which uss surfaces as primitives,
the real modeling Is possible anly on the sddrema, the rest of the iInformation being obtained
by vertical interpolation between the exirama. In the methad sceording o the invention, no
interpolation is required, which permits less approximation and therefore more precision

i the approaches iy the prior art based on primitives, & surface is indivisible, there is
asetof indmgciabis paints which aiw;xya have the same value in the geaifsgicai iradst. This

*? ?}ﬁ Qbaiiiy c}f *he mad&% ihez@fax& éepe*}d& upon the guslity of extraction of the pg’émitives, in

the method according to the nvention the model can be constrained at any point of the
selsmic space by simply adding a fink. The model retaing all its flexibility and the control can
be parformed without limitation,

it may be interesting to combine severs! analysis scales in the interpratation of the
seiemic data. For sxample, o local analysis focussd on the small variations of the selsmic
signal can be mixed with 2 more global anslysis relating to the large svents such as the high
rejections of faults or the variations in thickness. With the methods of modsling in the priee
art the use of several scales within ane and the same calculstion i vary difficult o
implement, in contrast to the method sccording to the invention in which it is sulficient to
vary the distances between the traces on which the correlation images are calouwlated:
- the correlation combs used in the method according to the invention can find links
between the gsological strala located on sither side of the faults irespective of the
amplitide and the direction of the rejection. Thus the method ascording to the invention
permits better management of the geologics! discontinuities than the other methods in the
prior art depending upon a lecal analysis such s the propagation or the locsl caloulation of
the gradisnt.



The method according to the invention can advantageously be applied o automatic
analyses of geological paramsters such as:

~ the dirsct exiraction of the deposition surfaces based on iso-values. The methad
according to the invention permils a significant fime gain, because it makes it possible fo
amit the manual extraction process by pointer, which is extremely long and tedious. The
surfaces obtained sre a very rich source of information, because they constitute the
fundamental and first element for numercus systems and methods for analyzing the
geslogy:

- the horizentalization of the selsmic line, which consists in mapping the ssiwmic signal
corresponding to a geological stage on s line or on a horizontal plane. By thus processing
soveral successive stages, 8 so-called straightensd selsmic line can be resonstiusted in
which all the refiefs of the geological deposits are smoathed. The method according to the
invention s advantageously implemented for this fype of applications, very often used in
particular in the search for hydrooarbons, because the relief of each surfacs is then known
with, addiionally, a very good precision and a high reliability;

- the analysis of the faults which. are slippages of the geologival strata-along &

fracturing swrface. This fracturing generates an interruption of contintity of the geplogical

depositions which, in the selemic fisld, resulls in a disturbance of the signal. Thus, in the
rasulling image of geclogical modeling the presence of a fault will restlt in sudden variations
of the topological values which oceur along surfaces. Thase two sritaris make it possible to
axtract faulis in the form of vectored surfaces and also to map the smphiude of the rejaction
along the faults:

the analysis of the channeds, which are oid terrestrial or submaring river beds filled
with sediments. In oil exploration, these channels constitute privileged targets, because they
have all the characteristics of the hydrosarbon traps. The phenomeng of digging and filling
flow beds are quick on the geological scale and result, in the image of geological modeling
obtained by applying the msthod according o the invention, in sudden variations in

selective encugh 1o allow automatic three-dimensional mapping of the channels.
Of course, the invention is not limited to the examples which have been described and

numercus modifications can be made thersto without departing from the scaps of the
invention.
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ELIARAS GEOLOGIAI MODELLEZESRE SZEIZMIKUS ADATOKBOL
VONAL K{‘f}RR}EE{,.A{?i{'}’\f‘AL

Seabndalmi igénypontok

L. Eljdras  szdmitdgdppel  megvalositoit peoldgial modell kidolgosdsara  olsetesen
eyifton seetzmikus adatokbal, smely tartglmazza o kodvetkerd Epdeeket:

- g sgeizmikog adatok (1) mintavételezése legaldbb egy késelet szetamikus vonal (3,
4y mentén, amelyek windegyike nivekvd mélysépll mintavételerési p(}m{}k?}{l 5} all,
~ g szelymikos adatok (&) kdzdtth hasonldsdy analizise a kiflonbdzd szeirmikus
vonalakhoz (3, 4) fartozd mintavdielezést pontok (53 kil

- g kapesolatok (7) meghatdroddsa g kiilonbo0 vonalakhor tarfozd wmintavielezdsi

s potol (8 b hasontosdy analizisdbdl- wmely-kapesedatole Seszektik ¢ mmg--g{«.fyk‘ygiai----- o

foltiloten 1évé pontokat, amsly meghatarozras korreldvios képek (2) cgy svdmitisanak
Iépését is tartalmazaa,

- minden koreeldcids kép egy pér vonathoz (3, 4) tartosik,

« minden vonal, mint a korrelicios kepek (27 egy dimenzidia van meygjelenitve, €9

~ @ korrelacids képek (2) minden pontjanak dndke a sweizmtkus adaok (6}

koreelaciaidt reprezentdlin az egves vonalak (3, 41 kétvonatkoed pontia {5) k&eelehen;
ahol amely tartalmazsza a kvetlesd lépest:

- gz emllictt geoldgiat modell obyan Kialakitasa, hogy minden egyes mintavételesest ponthoz

(3} opy relativ geoldgial kort rendediink, amely legalabb a kOvetkez kbl van szamitva

{1} mds mintavéieloadsi pontok relativ geologial kordbal, amelyvek ax
emlitett mintavételeadst ponthoz (8) Kapesolatial (7) vannak kotve, ¢s

(i} mas mintavitelezrdst pontok  relativ geologial kordbdl, amelyek
szomszédosak @ vonallal (4} belodrive ay emlitett mintavdtelerdal pontot (%)

i8,



Fo

a relatly geoldgiad kor hozzarendelése w2 cpyves mintavéielezdst pontokhoz (3} egy iteratiy
folyamat, amelvel mindaddig hajlunk végre, amig lecaldbb cpvetlen kapesolatial (7)
rendetkezd ddtumozatlan mintavéielozésl poniok () meradnak, & amely tartalmazza a
hivetkerd lépdseket;
- ey kopaldbb cpy kapesolattal (7) rendelkerd datumoratian mintavdielezést pont (5)
kivé}azmés;.i,
- gy relativ hor hozsdrendelése szen mintavételezési ponthoz (3), figvelembe véve
vonaldnak (4) mar dattmozotl pontiait ugy, hogy a kor ggy vonal menién mindig
ugyansbban ax tranvban vidtosik, és
- ugyanazon relaify kor hozedrendeldse minden mintavételerdst ponthor amely seen
ponthoz van kapesolattal {7} kaposolva, € tartalmezra ast o Bpést, hogy kitdliesms
kerltl a geologial medell cgy mini-feltiletl hasonldsag alapisn, amely kiterjesatésre

kerlil a kaposolattal (73 rendelkead mintavitelezési pont (53 kimyezatében, 2 poniat

---------------------------------------------- {Syickintve msgnaky

2 Az 1 agéoypont szerinii eljdrds, ahols
-4 srelzmikuy mennyvisdgl adatok (1) mintavéielerdse Kayepdben hortzontdlis sikon
torténik, nevezetesen egy Rldielszinnel pichurmmos tengelyeket (Inline & Xlng)
tartalmazd sikbay shol s hdldzat @ kovetkerdk barmelyike szorimtl alaki
ndpyszdpletes, hatsziipletes, sOt opyith alakzatl; és
~a vonalskogk (3 4 léayepdhen venikdlls Irdnyiioftsdes van, nevesgtosen egy
ndvekyd mélységt irgnvh tengely {TWT) menign, & Iényeeeben tesrtelt, ekvidisztany
mintavételoresi pontokat (33 tartaluz, nevezetesen mivel melyaéphen (11, 12, 1300
vannak mintayételerye, g emulitett tongely (TWT) irdanyaban,

3, Az 1. ipdnypont szering xi;w’zs anely tartabmaz egy Kpdst sregmensek {10}

Igtrehozasinm o korreldeids képben (23 kiterjeszidsse] olvan pontok (8) ka8t amelyelnd] o
korreldoids Stk epy eltre m,.c':gi}.zfz.i‘fim:‘f:{)i.m_éi nagyobb, amely seegmensek (10) meglelelnek a
vonalak (3, 43 mintavételerdst pontiainak (3) kapesolatainak vagy kapesolatesoportiainak
(.



2
4. A X igdoypont sworintl eljdrds, amely tartalmaz oy Kpdst a korreldeids kép ()
seegmenseinek (103 Kivalasstasdes,
- gmely kivdlasstis leptthbszdr eredmsayer a korreldcios kép (23 soraiban &

oszlopaiban epyetlen sregmenset (10), amely mintavéielezést pontonként (3) egvetlen

Kapescdatnak (73 felel meg, ¢

P

« @ seepmensek (10} a2 azokat alkotd pontok (8) fadkel ¢s hosseisagub alapian

S

kertiinek kivalasztdsra,

5. A 4, igényponi srorintl elidnds, amely tamshmaz epy Bpdst 1 kapesclatok {73
vahidaldsdra, & pontok (3} kapoesolatokkal (7) Ssszekapesolt sorozate nyomvonalanak (30, 31)
analizise dltal, a feltétel, miszerint & L-;ajpcsm}am}}:_ {7y validdlasra kertilnek egy szeirmikus

mennyisdgben gz, hogy ¢ pvomvonslak hurket (30) alkotnak,

6. Az 5. igdnypont seeringl elidrds, amelyben a Koraddeis kép (2) szegmenseinegk (10
------------------------------------ kividasetdsa-dsakaposolatok (T validalsa-Kpdsek-onatte modon temdtidsre kertilnek g o

korreldcids kép () fennmaradd sregmenseiben (41, 42), gz eldzd Derdciokban validaly

kapesolatol {40 alapnd vételével, mindaddiy, amiy nem warad felhaszodlhatd seegmens,
7. A 1 geuypont seerintt eljfrds, amely tartalmige egy Kpdst g relstiv korok

normalizalisara, a pontok {5) kKoot ko n@vebndny ar egymas nldnd velutly korokndl sgy

glore meghaltdrozott Sridkben van igritve,

R. Az elted igénypontok banmelvike szerintl elidnds, amelyben epy  i6bb-skaldia
geotdgial modell van kidolgozva a mintevetelendst pontok ket kapesolatok késeleteinek

cpvesitesdvel, amely baposolat kfspletel BUSnbted mintavétell sacsok mentén lettek

cldattitva,

9, A el igenyponiok bimmelyvike szerintt oljdrds, lorakdadast feltlotel kdzvstion

kinyerdsére alkalmazyvy, so-dridkek alopidn

W Az 8. igénypontok  hdmmelvike swerintl eljdrds, seelemikos  horizontdldsea

&

alkalmazva, o geologial helyssinnek megloleld szeimmikus jelek vonal vagy feltilet menti



letapogatdsaval.
tho Az -8, igénypomtok barmelyike szerint eljaras, hiba analizisre alkalmazva

2. Az -8 igénypontok birmelyike szerindi eljards, esatorns sredivisre alkalmazyva,

13, Egy szamitdgep program az ¢ldzd igénypontok barmelvike szerinti eljdrgs épdseinek

7

megvalositgsara.
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