METHOD FOR MAPPI NG DRI LLABLE AREAS IN AN O L FI ELD W THOUT RUNNI NG
THE RL. SK OF ENCOUNTERI NG ANOVALQUS ZONES This invention relates to
a:nmethod for mapping drillable areas in an on-shore or off-shore oil field,
wi t hout the risk of encountering anonal ous zones, -such as surface
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Procédé de cartographie des zones forables dans
un champ pétrolier sans risque de rencontrer des
zones anomaliques. '

La présente invention concerne un procédé de

5 cartographie des zones forables dans un champ pétrolier
terrestre ou marin, sans risque de rencontrer des =zones
anomaligues, telles que des gaz de surface.

On sait que les gaz de surface se trouvent entre la
surface du sol et une profondeur a laquelle le puits de

10 forage n’a pas encore été équipé d‘’appareils permettant de
bloquer une éventuelle arrivée de gaz. Ces gaz constituent
un danger potentiel trés sérieux lors d’un forage pétrolier
et il convient d‘’évaluer leur emplacement et leur importance
avant d’/implanter un puits de forage.

15 Jusqu’a présent, la détection des gaz de surface était
effectuée en faisant appel au procédé d’exploration sismique
réflexion dit a deux dimensions (2D). Ce procédé consiste 3
collecter des traces sismiques résultant de la réflexion
d’ondes acoustiques par le sous-sol en opérant a l‘aide d’un

20 dispositif d’acquisition,qui comprend au moins une source
émettrice d‘ondes acoustiques et une ligne de récepteurs
acoustiques et gque l’on déplace a la surface du sol
(sismique terrestre) ou a la surface de la mer (sismique
marine).

25 En particulier, en exploration sismigue marine 2D, le
matériel d’acquisition des données comprend un bateau muni
d‘une source émettrice d’impulsions acoustiques et gqui
remorque une ligne ou streamer sur lagquelle sont montés une
pluralité de capteurs équidistants destinés a recevoir les

30 ondes acoustiques réfléchies par les différentes couches du
sous-sol et & délivrer chacun un signal représentant
l1’amplitude des ondes regues en fonction du temps, lequel
signal est enregistré pour fournir un enregistrement appelé
trace sismique. La longueur du streamer peut varier de 500

35 métres environ & 6 000 métres environ et les capteurs montés
sur le streamer sont espacés de quelques métres a plusieurs

dizaines de metres, par exemple de 12,5 metres a 50 métres



gases. We know t hat surface gases are |ocated between the surface of
the:ground and a depth at which the well bore has not yet been equi pped
-W th devices that nake it possible to stop a potential gas inlet. These

gases are a potential and very serious danger when drilling for oil and
t heir | ocat ivedoiMigssSi gni fi cance nust be eval uated prior topdinaisabdmag a
wel | bore. Until now, the detection é)f surface gases was carried out

by using the exploration seismc reflectioh nethod called two-di nensi onal
(2D). This nethod.consisis of gatheri nggseism’c races resulting fromthe

reflection of ZBSdEOT wHPes?BYSt MB2ELB80iId SHHFEh ZARS siltS oPTIFESS at us
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shooting) or the Sur 858 0% 160553 ¢ oo S 3L ' Hilsan parcourt cette

5 zone selon des trajets rectilignes paralléles, distants de
plusieurs kilométres, par exemple de 5 & 6 km. Au cours de
son mouvement, la source sismique émet des impulsions & des
intervalles de temps réguliers, par exemple toutes les 5
secondes. Pour chague trajet rectiligne du bateau, on

10 obtient, aprés traitement des enregistrements sismigues, une
section sismique 2D constituée par une pluralité de traces
verticales. Cette section représente la coupe verticale du
sous-sol dans un systéme de coordonnées X (direction de
déplacement du bateau) et T (profondeur exprimée en temps).

15 Dans le cas de sables peu profonds saturés en gaz,
l/énergie sismique réfléchie peut prendre des valeurs
importantes gui se +traduisent sur la section s'ismiqué
enregistrée par des pics de fortes amplitudes (points
brillants).

20 Pour reconstituer l'image du sous-sol de la zone
étudiée, il faut mettre cOte a cdte les différentes sections
sismiques enregistrées et imaginer des interpolations entre
les points brillants desdites sections. Toutefois, ces
interpolations sont des opérations longues et qui comportent

25 une part de subjectivité. Il n‘est pas rare en effet que
deux interprétateurs effectuent les interpolations de
maniéres différentes et aboutissent ainsi a des cartes de
risques différentes.

On connait également le procédé d’acquisition sismigue

30 en trois dimensions (3D). Ce procédé met en oeuvre un
dispositif d’'acquisition, qui comprend au moins une source
émettrice d’ondes acoustiques et une pluralité de lignes de
capteurs acoustiques et que l‘on déplace a la surface du sol
(acquisition sismique terrestre 3D) ou & la surface de la

35 mer (acquisition sismique marine 3D). Dans la mise en oeuvre
de ce procédé en acguisition sismique marine, un bateau muni
d’au moins une source émettrice d’ondes acoustigues remorgue



In particular, in 2D marine seismc exploration, the data acquisition

equi pment consists of a boat equi pped with an acoustic inpulse emtting
sourcé that tows a line or streaner on which are assenbled a plurality of
equal |y spaced sensors designed to receive the acoustic waves refl ected by
the various |wparaiess the subsoil and where each one del i vepgrareiggig!l t hat
represents the anplitude of the waves receisved in relation to tinme, this
signal is recorded in order to provide a record called seismc trace. The
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6000 meters and u‘%ggggﬁggér(gn%t?% %*ne é%stdgghrgr#e%rga%ia%e ] r“??m gg.tew
meters to severd noEREeoPepist alkenpHidu Rohudkanphaaye oD GF@NE2MENiRet er s

to 50 neters. d‘une pluralité de capteurs d’ondes acoustiques. Les lignes
sont plus courtes que dans le procédé d’acquisition sismique

5 2D, sont séparées l‘une de 1l’'autre d‘une distance, par
exemple d’environ 50 m et portent des capteurs équidistants,
par exemple tous les 25 m. La largeur de la zone balayée par
le bateau augmente avec le nombre de lignes de capteurs et
elle est, par exemple, de l’ordre de 400 m dans le cas de

10 figure ci-dessus.

A chaque trace enregistrée, on associe une position
spatiale définie a partir des coordonnées de 1la source
émettrice et du capteur associés au moment du tir pour
générer cette trace.

15 A partir des traces sismiques enregistrées durant
l'acquisition sismique 3D, on réalise une image du sous-sol
en trois dimensions dans un systéme d‘axes (X, ¥, T) sous la
forme dite “cube sismique 3D” (section sismique 3D). Pour
cela, on attribue & chaque carreau (bin) d‘un ensemble de

20 carreaux formant un quadrillage spatial régulier dans un
plan (X, Y) représentatif du plan d’acquisition des traces

-

sismiques, une trace centrale élaborée a partir des traces

enregistrées en faisant appel a la technique bien connué de

la couverture multiple et ayant des positions spatiales

25 situées a l'intérieur du carreau considéré, cette trace

centrale étant affectée au centre dudit carreau suivant

l'axe temporel T. Le bloc sismique est é&échantillonné en

cellules élémentaires parallélépipédiques fictives centrées

chacune sur un bin et de dimensions suivant X et Y

30 correspondant & celles dudit bin et d’'épaisseur selon T

correspondant a la longueur de l‘échantillon temps choisi

pour é&chantillonner la trace sismigue centrale, chaque
cellule renfermant un échantillon de trace sismique.

On obtient ainsi un échantillonnage continu du sous-sol.

35 Une cellule quelconque Cijjx du bloc sismique échantillonné

est donc parfaitement définie par les coordonnées (X;, Y5,



The marine area to be studied in the 2D seism c exploration nmethod can
range from several hundreds of square kiloneters and can, for exanple, have
a surface of 200 km x 200 km The boat covers this area follow ng straight
paral | el paths, several kilonmeters apart, for exanple 5 to 6 km apart.

During its nay@§Rdikss the seismic source emts inpulses at rgoiar dihne
Intervals, for exanple every 5 seconds. Affer treating the seism¢c
recordi ngs, for each straight path of the boat we obtain a 2D seisnic

section consistin f e e B .
‘fk)g c?e son centre, c’‘est-a-dire de l’échantillon de trace

sismique centrale qu’‘elle renferme, X; et Y; étant les
coordonnées du bin B;j; associé a la cellule et Ty étant la

coordonnée temporelle de 1l’'échantillon k de la trace

5 sismique centrale TR;; du bin Bjj, et par l’amplitude A;j
dudit échantillon. Les bins quadrillant le plan (X, ¥Y) du
bloc sismigue 3D sont avantageusement rectangulaires et
correspondent a des rectangles sur le terrain ayant, par
exemple, une longueur de 50 m (distance entre les lignes) et

10 une largeur de 25 m (distance entre deux capteurs successifs
sur la ligne).

L’information utile recueillie au cours d’un tir est
concentrée a l'intérieur d’un volume conique centré sur la
position spatiale de l’enregistrement (trace). Les volumes

15 conigues correspondant a deux tirs successifs émis pendant
le déplacement du bateau ne se recouvrent pas ou ne se
recouvrent gue partiellement pour les couches de surface du
sous-sol. De ce fait, le procédé d’acquisition sismique 3D
avec les paramétres utilisés pour l'’exploration pétroliére,

20 dont l'objectif est la reconnaissance en profondeur, ne sont
pas favorables par la mise en évidence d’objets en surface
et notamment des gaz de surface. '

Les inventeurs de la présente invention ont trouvé que
l'on pouvait cependant utiliser le procédé d’acquisition

25 sismique 3D pour réaliser une cartographie des zones de
surface de sous-sol avec une haute résolution spatiale.

L’idée de base gui est a l'origine de l1l’invention est
que les gaz de surface constituent des événements de fortes
amplitudes que 1l’on peut caractériser aisément.

30 La présente invention a donc pour objet un procédé de
cartographie des zones d’un champ pétrolier forables sans
risque de rencontrer des zones anomaliques, ledit procédé
étant du type consistant :

-~ a effectuer, dans une zone a explorer du champ

35 pétrolier, une acquisition d’enregistrements ou traces
sismigques au moyen d'un matériel d'acqguisition sismique



a plurality of vertical traces. This section represents the vertical cut of
the subsoil in a system of coordinates X (direction of the boat's novenent)
-and T (depth expressed in tine). In the case of shall ow sands
saturated with gas, the seismc energy that is reflected can take on

signi ficant woem4sshat are translated on the recorded sei SIGTFROWOETTHON by
peaks of high anplitude (bright spots). 5 In order to reconstruct the

i mge of the subsoil of the area being studied, we nust put the various
recorded sei skisg16g£cbhpns side by side and imagi ne interpol ati ons between

Itgﬁg?[];/ggtpe?g?it zng'f t %;tcg%[?sgtcfstglne%a{bgﬁbj g',gt ita\;bgﬁﬁérﬁfagé, (TL% : ggﬁ%ﬁlﬁeﬁusual
for two inter pneegistzéesar ryn ol AhesiERdIPAt StholBd 0RS L NLBRT fiERGRt ways
and .come up withqimess ybideldicl Her eat zons kixplorée dals alrs eylksrenet deaxdar ee
dlnen5|oq?l (%§2 §%|iﬂnce%P%%¥§iﬁﬁgﬂtQ§t£ﬁ§hue.EQE§eau d‘un ensemble de
carreaux formant un guadrillage spatial réqulier dans le
plan défini par 1les axes (X, Y) et choisi comme
représentation du plan d’acquisition des traces sismiques,
une trace sismique centrale élaborée a partir des traces
10 enregistrées ayant des positions situées a 1l’intérieur du
carreau considéré, cette trace centrale étant affectée au
centre dudit carreau suivant l'axe P, et

- a échantillonner le bloc sismique 3D en cellules
élémentaires, chagque cellule étant centrée sur un carreau du

15 plan (X, Y) et ayant des dimensions suivant les axes X et Y
correspondant respectivement a celles du carreau sur lequel
elle est centrée et une ©épaisseur selon l‘axe P
correspondant & un pas d’‘échantillonnage suivant l’axe P de
la trace sismique centrale associée audit carreau, de telle

20 sorte que chague cellule €lémentaire renferme un échantillon
d’une trace sismique centrale défini par ses coordonnées (X,
Y, P) dans 1ledit bloc sismique, lesdites coordonnées
constituant les coordonnées de la cellule élémentaire
contenant l'’'échantillon,

25 et se caractérisant en ce qu’il consiste, en outre,

- & calculer pour chaque cellule élémentaire du bloc
sismique, 1l’'énergie de cette cellule a partir de l’amplitude
de l’échantillon de trace sismique gqu‘elle renferme, ladite
énergie étant proportionnelle au carré de cette amplitude,

30 ~ & fixer un seuil d’énergie au-dela dugquel on consideére
que la présence de zones anomaliques est probable,

- & sélectionner les cellules du bloc qui ont des
énergies égales ou supérieures audit seuil,

~ & affecter les cellules sélectionnées d’un code de

35 telle sorte gue toutes les cellules appartenant a un méme
ensemble de cellules jointives sélectionnées aient le méme
code et gue des cellules sélectionnées appartenant a des



met hod uses an acquisition device that consists of at |east one source that
emts acoustic waves and a plurality of lines of acoustic sensors that is

nmoved al ong the surface of the ground (3D | and seisni c acquisition) or the
surface of the sea (3D marine seismc acquisition). In using this nmethod in

marine sei sniwoon4giusssi tion, a boat equipped with at | egStrRe8674
source of emtting acoustic waves

ensembles distincts de cellules jointives sélectionnées
aient des codes différents, chaque ensemble de cellules
sélectionnées jointives constituant une zone anomaligque,

- a mémoriser pour chacune des cellules retenues sa

5 position (X, ¥, P) et le code associé,

- a effectuer une projection XY, ou wvue d’en haut, du
bloc des cellules affectées des codes, chaque zone
anomaligue ou point brillant apparaissant sur cette
projection avec un code différent, ce qui donne une carte

10 des zones anomaligues superposées, et

- a effectuer, éventuellement, une projection XP ou une
projection YP du bloc des cellules affectées des codes, de
maniére a faire apparaitre l‘’épaisseur cumulée des zones
anomaliques suivant l’axe des X ou suivant l‘’axe des Y, pour

15 déterminer les hauteurs auxquelles se trouvent les zones
anomaliques. '

A la limite une zone anomalique peut é&tre constituée
d’une seule cellule élémentaire.

Toutes les opérations du procédé, qui concernent les

20 traitements du bloc sismique, pour aboutir aux cartes des
zones anomaliques, sont effectuées automatiquement par un
programme d'ordinateur a l’exception du choix du seuil qui
est laissé a 1l'appréciation de l'opérateur.

Un avantage du procédé selon 1l‘invention est gue l‘on

25 peut utiliser les données d‘acquisition 3D, dont le coit,
lié 3a une durée moindre d‘acgquisition, est sensiblement
inférieur au coit d’'un procédé d’acquisition 2D orienté vers
la détection des 2zones anomaligues.

Un autre avantage du procédé selon l'invention est qu’il

30 est possible d'introduire la notion de fourchette d‘erreur
en déterminant plusieurs seuils. On peut établir des cartes
de risques avec des hypothéses optimiste, pessimiste et
intermeédiaire.

Encore un autre avantage du procédé selon l‘invention

35 réside dans le fait qu’il n’est pas nécessaire de connaitre
la position spatiale de chaque trace avec une précision
aussi grande que celle regquise pour 1le traitement



-2

tows several lines or streaners arranged parallel to each

ot her, whose nunber can reach

10

15

20

25

30

35

WO 97/41455 PCT/FRY7/00774

7

conventionnel (imagerie) des données sismiques 3D. Par
exemple, en acquisition marine, la précision est suffisante
si chaque ligne de capteurs est munie seulement d'une bouée
de gueue et de compas destinés a fournir des renseignements
sur la déclinaison de la ligne par rapport a la direction de
déplacement du bateau.

Selon l’invention, la trace centrale affectée au centre
de chaque bin du plan (X, Y) du bloc sismique peut étre
notamment une trace somme, obtenue par sommation d’une
collection de traces, par exemple en point milieu commun,
produite a partir de traces sismiques enregistrées en
couverture multiple, ou encore une trace migrée temps ou
migrée profondeur résultant de 1l’application d’une technigue
conventionnelle de migration temps ou de migration
profondeur aux traces sismiques sommes et/ou aux collections
de traces sismiques.

Lorsque la trace centrale affectée au centre de chague
bin du bloc sismique 3D est une trace somme ou une trace
migrée temps, l‘axe P du systéme d’axes (X, Y, P) utilisé
pour construire le bloc sismique est un axe temporel T.
Lorsque ladite trace centrale est une trace migrée
profondeur, ledit axe P est un axe profondeur 3.

L’invention sera décrite a présent en regard des dessins
annexés dans lesguels :

la figure 1 représente schématiquement un systéme
d’acquisition sismique 3D avec éguipement complet ;

la figure 2 montre un bloc sismique 3D guadrillé en bins
et échantillonné en cellules élémentaires dans un systéme
d’axes (X, ¥, T) ;

la figure 3 est une représentation de la projection en
XY du bloc de cellules élémentaires sélectionnées et

'codées :

la figure 4 montre la projection XT du bloc de cellules
élémentaires sélectionnées et codées ;

la figure 5 montre la projection YT du bloc de cellules
élémentaires sélectionnées et codées ;

la figure 6 est un histogramme montrant le nombre de



8, where each |line has a plurality of acoustic wave sensors. The lines are
shorter than in the previous 2D seism c acquisition, are separated from
‘each other for exanple by approximately 50 mand carry sensors that are
equal |y spaced, for exanple every 25 m The width of the area covered by
the boat incrwoesssayd th the nunber of |ines of sensors and '?slrmtgg{qo_,?xarrpl e,
In the range of 400 min the case nentiongd above. W eac tcor ded
trace, we associate a spatial position defined using the coordinates of the
associ at ed erritél ng.goLr ce and sensor gt the ti nﬁ1 f_the shot that wll
produce this GSAd81eS anomaligues, poyr & SBPLHit S EE duPfng the 3D
sei smi ¢ acqui siti da fdguren7aelteuwpeanoinbgedarinarite lsubsorfaden dduveete

di nensions i n QAR §&s Inoddli@s 8h FNREEIB Aut B&ufpr m called "3D seisnic
cube" (3D seismc sectiﬁ’%%). For éhts, we att{i bute to each square  (bin) of
a set of squares Y&F SLefife 2 r tJuFEFuLat i ate gFYEiEeRe SEkioy)

5 3D comprend un bateau 10 qui remorque une source sismique 12
émettrice d'impulsions acoustiques et deux lignes 14,16
munies chacune de quarante huit capteurs.

Les lignes ont une longueur de 600 métres chacune. Le

premier capteur et le dernier capteur de chaque ligne sont

10 munis de cibles pour permettre le repérage de leur position,
par exemple par laser. Certains parmi les capteurs
intermédiaires sont équipés de compas qui fournissent des
renseignements sur la déclinaison de la ligne par rapport a
la direction de déplacement du bateau.

15 On a appliqué le procédé selon l‘invention pour les
différentes géométries d'acquisition simulées suivantes :

1. longueur des lignes : on a testé des lignes ayant la
moitié (300 m), le guart {150 m) et le huitiéme (75 m) de la
ligne standard ainsi qu’une ligne munie d‘un seul capteur.

20 La distance du premier capteur au point de tir ou offset a
été réduite par rapport & l‘offset habituel et ramende a
environ 30 métres. La puissance de la source sismique est
réduite en conséquence ;

2. intervalle des points de tir : les points de tir sont

25 espacés de 6, 25 mou 12,5 m ;

3. espacement des lignes : dans le cas of plusieurs
lignes sont utilisées, les lignes sont espacées de 25 m ou
50 m ;

4. dimension des bins : on a testé les dimensions

30 suivantes : 6,25 x 12,5 m ; 6,25 x 25 m ; 12,5 x 25 m et
12,5 x 50 m.

Dans tous ces cas de figure, on a obtenu une carte des
zones anomaliques satisfaisante répondant au probléme posé.

L'acquisition qui serait faite avec une ligne unique de

35 capteurs ayant une longueur réduite et munie drun petit
nombre de capteurs serait encore satisfaisante pour 1la
construction du bloc sismique 3D. La ligne unique pourrait



representative of the acquisition plane of the seismc traces, a central
trace obtained fromthe recorded traces using the well known nultiple
coverage techni que, and whose spatial positions are |ocated inside the
square in question, this central trace is assigned to the center of such
square fol | owwgetidigsst i me- dependent axis T. The seism c bl oCkcysmeSasi €d i N
el ementary parall el epiped fictive cells eachy centered on a bin and whose

di rensions following X and Y correspond to t hose of such bin and whose

wi dt h accordi ng C CREHYY t g@ggg e HiRE E'x:g@ a‘;gﬂlee GRgseq to
sanpl e the cent rtglg ggl g?néc traq"ﬁr & ]h cohtai ns a sfe selsmc
trace. 1’extréme étre constltuée un seul capteur.

En se référant a la figure 2, a partir des traces
sismiques enregistrées par le matériel d‘acquisition, on

5 constitue un bloc sismique 3D référencé 20, qui est une
image tridimensionnelle de la zone explorée dans un systéme
d’'axes spatiotemporels orthonormé (X, ¥, T) de sommet O,

dans lequel X et Y sont les axes spatiaux et T est l’axe
temporel. Tout d'abord, le plan défini par les axes X et Y,

10 qui est choisi comme représentation du plan d‘acquisition
des traces sismiques, est quadrillé par un ensemble de
carreaux formant un quadrillage régulier couvrant une
surface dudit plan correspondant a la zone explorée. A
chague carreau (encore appelé bin) dudit ensemble, on

15 attribue une trace centrale élaborée a partir des traces
enregistrées qui ont des positions situées a l'intérieur du
carreaun considéré, cette trace centrale étant affectée aun
centre dudit carreau suivant l‘axe temporel T. Ainsi au

carreau Bjj, on attribue la trace centrale TR;j, cette trace

20 étant affectée au centre ¢ij, de coordonnées X; et Y5, du
carreau B;j; selon l’axe temporel T.

Le bloc sismigque 20 comportant une trace centrale
associée a chaque bin est ensuite échantillonné en cellules
élémentaires parallélépipédiques, chaque cellule étant

25 centrée sur un bin du plan (X, Y) et ayant des dimensions
suivant les axes X et Y correspondant respectivement 2
celles du bin sur lequel elle est centrée et une épaisseur

AT selon l’axe T correspondant au pas d‘échantillonnage

suivant T de la trace centrale associée audit bin. Chaque
30 cellule élémentaire renferme donc un échantillon d’une trace
sismigue centrale, ledit échantillon étant défini par ses
coordonnées (X, Y, T) dans le bloc sismigue, lesquelles
coordonnées constituent les coordonnées de 1la cellule
élémentaire contenant ledit échantillon. Ainsi, la cellule
35 Cisk, centrée sur le bin Bi;, a des dimensions suivant les

axes X et Y correspondant respectivement aux dimensions du
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bin By suivant les mémes axes et une épaisseur AT

correspondant au pas d’échantillonnage temporel de la trace
TRij. Cette cellule renferme l’échantillon k de la trace

sismique TR;j, cet échantillon ayant les cocordonnées (X;, Y;,
Tx) gqui constituent les coordonnées de 1la cellule
élémentaire Cij. Ainsi, chaque cellule du bloc sismique 20

est bien définie par 1les coordonnées (X, Y, T) de
l’échantillon de trace sismique centrale gu’‘elle renferme et
par l’amplitude dudit échantillon.

Pour chaque cellule élémentaire du bloc sismigue 20, on
calcule 1l’énergie de cette cellule a partir de l’amplitude
de 1l’'échantillon de trace sismigue centrale qu’‘elle
renferme, ladite énergie étant proportionnelle au carré de
cette amplitude. On transforme ainsi le bloc sismique 20 en
un bloc composé des mé&mes cellules €lémentaires, chacune
maintenant définie par ses coordonnées (X, ¥, T) comme dans
le bloc 20 et par son énergie.

Aprés s’étre fixé un seuil d’énergie au-dela dugquel on
considére que la présence de zones anomaliques est probable,
on sélectionne les cellules du bloc énergie, gui ont une
énergie égale ou supérieure audit seuil.

Les cellules ainsi sélectionnées sont ensuite affectées
d‘un code, de telle sorte gue toutes 1les cellules
appartenant a un méme ensemble de cellules jointives
sélectionnées aient le méme code et que des cellules
sélectionnées appartenant a des ensembles distincts de
cellules jointives aient des codes différents, chaque
ensemble de cellules sélectionnées jointives constituant une
zone anomalique. Les codes ainsi affectés aux cellules
sélectionnées peuvent étre constitués par des couleurs, qui
sont différentes d’une zone anomalique a l’autre. Pour le
regroupement des cellules sélectionnées en ensembles de
cellules jointives, on considére gque deux cellules sont
jointives si elles ont au moins une aréte en commun.

A la limite, une zone anomalique peut étre constituée

d’une cellule élémentaire unique isolée.



In this way, we obtain a continuous sanpling of the subsoil. Any cel

Clervr] of the seismc block being sanpled is therefore perfectly defined by
the coordinates (X[ err], Y[err], T[err]) of its center, or in other words,
of the central seismc trace sanple that it contains, where X err] and

Y[err] are tReoomligki nates of the B[err] bin associated w tgerif@rnewtd and
T[err] is the time- dependent coordinate ofi the sanple k of the central

seismic trace TRl err] of bin B[err] and by the anplitude Alerr] of such
sanpl e. The bins thgt, crg }%uﬁglﬁ"eé l%%' §£Qé:mﬁ_l CIGS #a%deYlenplnég‘Slf’ée

preferably rectangular and corres on rectan 'es o roun
for sa position définie par ses coordonnées (X,¥,T) et son code.

En effectuant une projection XY, ou vue d‘en haut, du

bloc des cellules affectées des codes, chaque zone

5 anomalique ou point brillant apparait sur cette projection
avec un code différent, par exemple aveC une couleur
différente, ce qui donne une carte des zones anomaliques
superposées comme représenté sur la figure 3. Sur cette
figure, la position d‘un puits est repérée par la référence

10 28. Dans cette position, le puits n‘est pas situé dans une
zone anomalique.

On peut également effectuer une projection XT ou une
projection YT du bloc des cellules affectées des codes, de
maniére a faire apparaitre l’'épaisseur cumulée des zones

.15 anomaligues suivant l‘axe des X comme représenté sur 1la
figure 4 ou suivant l'axe des Y comme représenté sur la
figure 5, pour déterminer les hauteurs auxquelles se
trouvent les zones anomaligues.

Par association des trois projections, on peut délimiter

20 les taches et les localiser a l'intérieur du bloc.

Le seuil est choisi de la maniére suivante :

a) & l’aide de mesures statistiques, on estime la plage
des valeurs possibles que peut prendre le seuil.

b) a 1'intérieur de cette plage, et en observant sur les

25 données sismiques l’extension qu‘ont les anomalies pour
différents seuils, on choisit un seuil.

La figure 6 représente un exemple d‘histogramme des
différentes valeurs d’énergie exprimées en dB trouvées dans
la totalité du bloc 3D, en fonction du nombre de cellules

30 ayant ces énergies. Généralement, la wvaleur du seuil 2a

~ retenir est située a une rupture de pente de la courbe. Dans
l’exemple illustré, ce seuil est de l‘ordre de 123 dB.

La figure 7 représente une courbe donnant la surface des
anomalies en fonction du seuil.

15 Sur l‘exemple de ces figures, on peut voir que pour des
seuils inférieurs a 118 dB, les anomalies couvrent 100% de
lia surface du bloc 3D. Le seuil sélectionné, qui est de 123



exanple, a length of 50 m (di stance between the lines) and a width of 25 m
(di stance between two successive sensors on the line). The useful
i.nformati on gathered during a shot is concentrated inside a conic vol une
centered on the space position of the recording (trace). The conic vol unes
that corresp wo successive shots emtted during the ﬁg:,m of the
boat either do g%?w%over each other or onl¥2partiarly coveFEgéb o?ﬁer for
the surface | ayers of the subsoil. Therefore, the 3D seismc acquisition
method with the parameters used f oil prospecting whose objective is
recognition in %gpt%?r‘i%s%%rf f%tvofs;%ol él%/\,hréﬁ eW#a%ﬁ'g%i ﬁau?ﬁf@%ts%’n PR
surface and i n gensidarear celia feommegdtapt une hypPhhéks passtihesE®P- A-0 562 687

pat ent we k_now of asérgégoq_rfi(;{vénqq%tni'ng,myq%}p@r BQR rEeSELVESr USieNTs8uil
structural int eép etatjon of the da L.n this nethod, from hypotheses on

éa. .
the presence of S h AT 13 SPAGCERCOB deht R EULes PRe EONEELPP: des

5 degrés de risques que l‘on se fixe pour réaliser la
cartographie.



(1) we select areas where the probability that they contain hydrocarbon
reserves i s greater than a predeterm ned probability, (i) we define
a structural closure for each of such selected areas fromthe structural
data of the region of interest where each structural closure contains a
surface capabwe ®fs148nt ai ni ng a hydrocarbon reserve and havipga/refigarat ant
depth perineter substantially equal to the jdeepest point (MODI FI ED PAGE)

REVENDICATIONS
1. Procédé de cartographie des zones d’un champ

pétrolier forables sans risque de rencontrer des 2zones
anomaliques, ledit procédé étant du type consistant ;

5 - a effectuer, dans une zone a explorer du champ
pétrolier, une acquisition d’enregistrements ou traces
sismiques au moyen d‘un matériel d’'acquisition sismique
réflexion ;

- &a constituer, & partir desdites traces sismiques

10 enregistrées, un bloc sismique 3D gqui est une image
tridimensionnelle de la zone explorée dans un systéme d’axes
(X,Y,P), en attribuant a chaque carreau ‘(Bjj;) d‘un ensemble

de carreaux formant un quadrillage spatial régulier dans le
plan défini par les axes (X,Y) et choisi comme
15 représentation du plan d’acquisition des traces sismiques,
une trace centrale (TR;;) élaborée a partir des traces

-~

enregistrées ayant des positions situdes a l'intérieur du
carreau considéré, cette trace centrale &tant affectée au

centre (a;;) dudit carreau suivant l’axe P, et

20 - a échantillonner le bloc sismique 3D en cellules
élémentaires, chaque cellule (Cjj) étant centrée sur un

carreau (B;j) du plan (X,Y) et ayant des dimensions suivant

-

les axes X et Y correspondant respectivement a celles du
carreau sur lequel elle est centrée et une épaisseur selon
25 l’axe P correspondant & un pas d’échantillonnage suivant
l’axe P de la trace centrale associdée audit carreau, de
telle sorte que chaque cellule &lémentaire renferme un
échantillon (k) d’une trace sismique centrale défini par ses
coordonnées (X,Y,P) dans ledit bloc sismique, lesdites
30 coordonnées constituant les coordonnées de 'la cellule
élémentaire contenant l‘échantillon,
et se caractérisant en ce qu’'il consiste, en outre,
-~ & calculer pour chagque cellule élémentaire (Cjj) du

bloc sismique, l’‘énergie de cette cellule a partir de
35 l’amplitude de 1l‘échantillon de trace sismigue qu‘'elle

AL



of the area,

(iii) we determine a neasure of the geonetric simlarity

bet ween each area and the structural closure associated thereto, and

10
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20

25

30

35
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renferme, ladite énergie étant proportionnelle au carré de
cette amplitude,

- a fixer un seuil d'énergie au-dela duguel on considére
gue la présence de zones anomaliques est probable,

-~ & sélectionner les cellules du bloc gqui ont des
énergies €gales ou supérieures audit seuil,

- a affecter les cellules sélectionnées d‘un code, de
telle sorte que toutes les cellules appartenant a un méme
ensemble de cellules sélectionnées jointives aient le méme
code et que des cellules sélectionnées appartenant a des
ensembles distincts de cellules sélectionnées jointives
aient des codes différents, chaque ensemble de cellules
sélectionnées jointives constituant une zone anomaligue,

- & mémoriser pour chacune des cellules retenues sa
position (X,Y¥,P) et son code, et

- a effectuer une projection XY du bloc des cellules
affectées des codes, chague zone anomaligue apparaissant sur
cette projection avec un code différent, ce qui donne une
carte des zones anomaliques superposées.

2. Procédé selon la revendication 1, caractérisé en ce
gu’il consiste en outre & effectuer une projection XP ou une
projection YP du bloc des cellules affectées des codes, de
maniére a faire apparaitre l’épaisseur cumulée des zones
anomaliques suivant l’axe des X ou suivant l1’aze des Y, pour
déterminer les hauteurs auxquelles se trouvent les zoneés
anomaliques.

3. Procédé selon l’une des revendications 1 ou 2,
caractérisé en ce que lesdits codes affectés aux cellules
élémentaires sont constitués par des couleurs différentes
attribuées a chaque zone anomalique.

4. Procédé selon l’une des revendications 1 a 3,
caractérisé en ce gqu'il consiste & varier le seuil d‘énergie
en fonction des degrés de risgues que l‘on se fixe pour
réaliser la cartographie.

* < L M S *



(iv) we select each of the areas for which this neasure exceeds a
predet erm ned val ue. However, it is obvious that this nethod has no
T.elation to the nmethod for mapping consistent with the invention and that
the latter does not provide any el ement susceptible of suggesting in the

| east part t e oiiiseod. W al so know fromthe US-A-5 pEBrRdoPat eNt,
that represents the closest state of the technique, a nethod of automatic
hori zon pinpointing in a 3D block of sei g4 cells sanpled in depth. In
this method, each seismic trace of the 3D block is converted into a binary
trace consisting of a sequence of values "1" and values "0", where val ue
"1" is assigned to each sanple of the seismc trace for which a horizon
exists at the depth defined by this sanple, and the value "0" to each
sanp] e that does not answer to this condition. In this manner, we transform
the 3D block of seismc traces into a

Capteur!  Capteurd8

.

"Compas
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< ) 12
10 14

CapteurdS  Capteur S6

FIG.1



correspondi ng 3D bl ock of binary traces, that is stored in the nenory of a
conputer and is used for the search of automatic horizons. In order to do
this; we chose a sanple "1" of a binary trace of the 3D bl ock of binary
traces, that is |located on the horizon to be pinpointed and, operating step
by step on thgoaskggent binary traces, we carry out an aut oppfiRe7dRRPI NY
of the binary 3D block to find all sanples with a value of "1" that
correspond to the initial sanple "1". F t hese depths associated to the
sel ected sanples, we create a representation of the sought horizon.

The met hod consistent with the patent has as starting point a 3D bl ock of
seismc traces, but the treatnent of this block of seismc data by applying
such nethod is different fromthe treatnment consistent with the invention
and |eads to a conpletely different result.

Y]
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FIG.2
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The inventors of this invention have found that we can use the 3D seismc
acquisition nethod to conplete a mappi ng of the surface areas of the

-subseoil with a high spatial resolution. The basic idea that is at the
origin of the invention is that the surface gases are events of strong
anpl i tude thafaG3488si |y be characterized. Ther ef or epctker00774

i nvention's o jectlve is a nethod for mapping according to the
characterizing portion of claim1l. Utimtely, an anonal ous zone can
consi st of only one elenentary cell. In order to result in the maps

of anomal ous zones, all operations of the d&pod that relate to the
treatments of the seNmﬂiredéJl:dh:laare conpl eted automatically by a conputer
122103
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programvmth the! exception of the chpice of the threshold V\/mch s left at
the discreti:on:of .the Qpervator, » 7.y One advantage of the nethod
eonsistent "'with the i nVeqt’l oh i &that; we can use the 3D acquisition data,
of which the cost, tied to a Iesser"acqwsﬂhon time, is relatively |less
that the cost of a 2D acquisition nethod directed at the detection of
anonel ous zoneg) de sofnadrrrefvanésyeaeditrdedeoelitéthantsilsiomtden thatde

i nvention is that is possible to introduce the notion of an error range

by det erni ni ngs-"s%‘%‘i'&? narRle s quie eierme, fapsebr ¥i sREant h les
optimstic, r o4 hgge t
agviant agla -of %ﬁﬁ%ﬁe%%s: gt&glngﬁ‘gn éﬁﬁ‘oﬁ%@i %vgﬁt ?"gr} u|lees e?ﬁr:; E'F]hr@# act %ﬂat

it is not necasserdohnéencvemperepldei ale pokiéchantiltonh k r ate wiah tracmch

precisiongas thaly{ s c8fetahel ¥RD) FHEP B, et par 1-amplitude Ay
dudit échantillon. Les bins quadrillant le plan (X, ¥Y) du
bloc sismique 3D sont avantageusement rectangulaires et
correspondeni: A des rectangles sur le terrain ayant, par
_ exemple, une longueur de 50 m (distance entre les lignes) et
10 une 1argeﬁr de 25 m (distance entre deux capteurs successifs
sur la ligne).

| L‘information utile recueillie au cours d’un tir est
concentrée a l’intérieur d’'un volume conigque centré sur la
position spatiale de l’enregistrement (trace). Les volumes
15 coniques correspondant a deux tirs successifs émis pendant
le déplacement du bateau ne se recouvrent pas ou ne se
recouvrent que partiellement pour les couches de surface du
sous-sol. De ce fait, le procédé d’acquisition sismique 3D
avec les parametres utilisés pour 1l'’exploration pétroliére,
20 dont i'objectif est la reconnaissance en profondeur, ne sont
pas favorables par la mise en évidence d’objets en surface

et notamment des gaz de surface.

Par le brevet EP-A-0 562 687 on connait un procédé de
localisation de réserves d'hydrocarbures faisant appel & une

25 interprétation structurale de données. Dans ce procédé, a
| | partir d'hypothéées sur la présence d’hydrocarbures dans une -
région d’intérét du sous-sol :

(i) on sélectionne des zones ayant une probabilité de

- . renfermer des réserves d'hydrocarbures qui est supérieure a
30 _ une probab::.l:.té prédéterminée,

(ii) on définit, a partir de données structurales de la
région d’intérét, une fermeture structurale pour chacune
desdites zones sélectionnées, chaque fermeture structurale
comprenant une surface capable d’enfermer une réserve

35 d'hydrocarbures et ayant un périmétre de _profondeur
constante substantiellement égale au point le plus profond

e
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thc?' Qoﬂventlonal"treavtwrrent» (i magi ng) of the 3D seismic data. For exarrpl e

?
1’!

,marine acquisition, »the pre¢|s1on 1S suff|C|ent I f each line of sensors

IS equped with only a tall’

10

15 .

20

25

.30

35
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5

de la zone, _
(iii) on détermine une mesure de la similitude
géométrique entre chaque zone et la fermeture structurale

associée, et
' (iv) on sélectionne chacune des zones pour lesquelles

ladite mesure excéde une valeur prédéterminée.

moin$ en partie ce prdcédé.

On connait également par le brevet US-a-5 153 858, qui
représente l’état de la technique le plus proche, un procédé
de pointé automatique d’horizons dans un bloc 3D de traces
sismiques échantillonnées en profondeur. Dans ce procédé, on

~ convertit chaque trace sismique du bloc 3D en une trace

binaire formée d’une séquence de valeurs “1” et de valeurs
#0”, en affectant la valeur “1” a chaque échantillon de la
trace sismique pour lequel un horizon existe a la profondeur
définie par cet é&chantillon, et la valeur “0” a chaque
échantillon ne répondant pas & cette condition. On
transforme ainsi le bloc 3D de traces sismiques en un bloc
3D correspondant de traces binaires, qui est stocké dans la
mémoire d’un ordinateur et qui est utilisé pour la recherche

automatique d‘horizons. Pour ce faire, on choisit un

échantillon “1” d‘une trace binaire du bloc 3D de traces
binaires, qui est situé sur l’'horizon a pointer, et on
effectue un balayage automatique du bloc 3D binaire pour
trouver, en opérant de proche en proche sur les traces

'binaires adjacentes, tous les échantillons de valeur “1"

correspondant a l’échantillon “1” de départ. A partir des
profondeurs associées aux échantillons sélectionnés, on crée
une représentation de 1’'horizon recherché.

Le procédé selon ce brevet a comme point de 'départ un
bloc 3D de traces sismiques, mais le traitement de ce bloc
de données sismiques par application dudit procédé est
différent du traitement selon l’invention et conduit a un
tout autre résultat.

FEUILLE MODIFIEE
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and Qozrpass buoy desj gnat ed to provi de |nformat|on on the decl i nation of
the line in:relation to the dII‘eC,tI’OH of the boat's novenent.

According to the |nvenb| on t he Centrxal trace assigned to the center of
each bin of the seisnmic bl ock s (X'Y) plan® can, in particular, be a sum
trace, obtained by sunming a collection of traces, for exanple at a common
m dpoi nt, resultimes rmnveheeucsodéed.sepmsentar arm&nﬁn.omldnml troavér gquar

a trace nigratsg d| d & t

aopl 1 cation ort @ opRalfiS aFLERbEr e iAAd LR LR Biomiqne R
and the sum s@ioun rdaliser ang m@ueeéﬁﬁomn% dei §nr£ac—'eadessous- |
Wien the cent gy W@gslm trgsblj_gtg_gﬁt a@_{afétch bin of the 3D seismc

block is a sumtrace, or a_tinge grat ed sc%a axis P of the, axial stem

(X, Y, PSused toiideet@e ?&%@%I%ﬁk Otf%%un&eﬂﬁndlen%n‘éﬁ%l PREN
such central quecrQds gazle@éhstrgaceedonstituent desxéeéensnts (et Bofyes

Z amplitudes que l’on peut caractériser aisément.
La présente invention a pour objet un procédé de
cartographie selon la. partie caragtérisante de 1la
10 revendication 1. '
A la limite une 2zone anomalique peut étre const.ltuée
" d’'une seule cellule élémentaire.
Toutes les opérations du procédé, qui concernent les
traitements du bloc sismique, pour aboutir aux cartes des
15 zones anomaliques, sont effectuées automatiquement par un
programme d’ordinateur a l’exception du choix du seuil qui
est laissé a 1l’appréciation de ‘1’opérateur.
Un avantage du proqédé selon l'’invention est que l‘on
peut utiliser les données d’acquisition 3D, dont le cofit,
20 lié a3 une durée moindre d'’acquisition, est sensiblement
inférieur au cofit d‘un procédé d’acquisition 2D orienté vers
la détection des zones anomaliques.
Un autre avantage du procédé selon 1 invention est qu’il
est possible d’'introduire la notion de fourchette 4’ erreur

25 ' en déterminant plusieurs seuils. On peut éta_blir des cartes
de risques avec des hypothéses optimiste, pessimiste et
intermédiaire.

) Encore un éutre avantage du procédé selon 1’invention
_ réside dans le fait qu’il n’est pas nécessaire de connaitre
30 la position spatiale de chaque trace avec une
'précision aussi grande que celle 'requise pour le traitement

FEUILLE MODIFIEE



The invention will now be described referring to the attached draw ngs

wher e: Figure 1 schematically represents a fully equi pped 3D seismc

- acqui sition system Figure 2 illustrates—a—2b—setrsmebtock—-— —
cross-ruled with bins and sanpled in elenentary cells in an axial system

(X Y, T); Figure 3 is a representation of the XY projection of the

sel ected and coded el enentary cells; Figure 4 shows the XT

projection of the selected and coded el enentary cells; Figure 5

shows the YT projection of the selected and coded el enentary cells;

Figure 6 is a histogramillustrating the nunber of anomal ous cells for each
energy threshold; and

METHOD FOR MAPPING DRILLABLE AREAS IN AN OIL FIELD WITHOUT
RUNNING THE RISK OF ENCOUNTERING ANOMALOUS ZONES

This invention relates to a method for mapping drillable areas in an on-shore or
off-shore oil field, without the risk of encountering anomalous zones, such as surface
gases.

We know that surface gases are located between the surface of the ground and a
depth at which the well bore has not yet been equippéd with devices that make it possible
to stop a potential gas inlet. These gases are a potential and very serious danger when
drilling for oil and their location and significance must be evaluated prior to installing a
well bore. ' . .

Until now, the detection of surface gases was carried out by using the exploration
seismic reflection method called two-dimensional (2D). This method conmsists of
gathering seismic traces resulting from the reflection of acoustic waves by the subsoil
using an acquisition apparatus that consists of at least one acoustic wave emitting device
and one line of acoustic receivers, and that is moved along the surface of the ground
CamdShooﬁng)orﬂhesuﬂ&oeofﬂm=ﬂulﬁnaﬁneshooﬁng)

In particular, in 2D marine seismic exploration, the data acquisition equipment
consists of a boat equipped with an acoustic impulse emitting source that tows a line or
streamer on which are assembled a plurality of equally spaced sénsors designed to receive
the acoustic waves reflected by the various layers of thé subsoil and where each one
delivers a signal that represents the amplitude of the waves received in relation to time,
this signal is recorded in order to provide a record called seismic trace. The length of the
streamer may vary from approximately 500 m to approximately 6000 meters and the

- sensors fitted on the streamer are spaced from a few meters to several tens of meters

apart, for example from around 12.5 meters to 50 meters.



The marine area to be studied in the 2D seismic exploration method can range from
several hundréds of square kilometers and can, for example, have a surface of 200 km x
200 km. The boat covers this area following straight parallel paths, several kilometers
apart, for example 5 to 6 km apart. During its movement, the seismic source emits
impulses at regular time intervals, for example every 5 seconds. After treating the seismic
recordings, for each straight path of the boat we obtain a 2D seismic section consisting of
a plurality of vertical traces. This section represents the vertical cut of the subsoil in a
system of coordinates X (direction of the boat’s movement) and T (depth expressed in
time).

In the case of shallow sands saturated with gas, the seismic energy that is reflected
can take on significant values that are translated on the recorded seismic section by peaks
of high amplitude (bright spots).

In order to reconstruct the image of the subsoil of the area being studied, we must
put the various recorded seismic sections side by side and imagine interpolations between
the bright spots of such sections. However, these interpolations are lengthy operations
that are somewhat subjective. Indeed, it is not unusual for two interpreters to carry out the
same interpolations in different ways and come up with maps with different risks.

We also know the three dimensional (3D) seismic acquisition method.  This
method wuses an acquisition device that consists of at least one source that emits
acoustic wﬁves and a plurality of lines of acoustic sensors that is moved along the
surface of the ground (3D land seismic acquisition) or the surface of the sea (3D
marine seismic acquisition). In using this method in marine seismic acquisition, a boat

equipped with at least ome source of emitting acoustic waves



Figure 7 is a curve illustrating the surface covered by the anomalies in
relation to the threshol d. In reference to Figure 1, the 3D

acqui sition systemconsists of a boat 10 that—tews—a—setrsmesoeurece—3d2-t+hat
emts acoustic inpulses and two |ines 14, 16 each equipped with forty eight
-sensors. The lines are each 600 mlong. The first sensor and the | ast
sensor of each line are equipped with targets that nmake it possible to

jdentify their position, for exanple by |aser. Sone of the internediary

sensors are equi pped with conpasses that provide information concerning the
declination of the line in relation to the direction of the boat's novenent

tows several lines or streamers arranged parallel to each other, whose number can reach
8, where each line has a plurality of acoustic wave sensors. The lines are shorter than in
the previous 2D seismic acquisition, are separated from each other- for example by
approximately 50 m and carry sensors that are equally spaced, for example every 25 m.
The width of the area covered by the boat increases with the number of lines of sensors
and is, for example, in the ringe of 400 m in the case mentioned above.

- With each recorded trace, we associate a spatial position defined using the
coordinates of the associated emitting source and sensor at the time of the shot that will
produce this trace.

From the recorded seismic traces during the 3D seismic acquisition, we can
achieve an image of the subsoil in three dimensions in an (X, Y, T) axial system in the
form called “3D seismic cube” (3D seismic section). For this, we attribute to each square
(bin) of a set of squares that makes up a regular spatial grid in a plane (X, Y)
representative of the acquisition plane of the seismic traces, a central trace obtained from
the recorded traces using the well known multiple coverage technique, and whose spatial
positions are located inside the square in question, this central trace is assigned to the
center of such square following the time-dependent axis T. The seismic block is sampled
in elementary parallelepiped fictive cells each centered on a bin and whose dimensions
following X and Y correspond to those of such bin and whose width according to ‘T
corresponds to the length of the time sample chosen to sample the central seismic trace,

each cell contains a sample of seismic trace.



We applied the nethod consistent with the invention for the foll ow ng

different sinulated acquisition geonetries: 1. length of the lines:

we tested |lines nmeasuring one half (300 m, -ere—quar

eighth (75 m of the standard line as well as a |ine equipped with only one

-genspor .- The distance fromthe first sensor to the shotpoint or offset was

redyced in relation to the usual offset and brought back to around 30 m As

a result, the force of the seisme-source js reduced, 2. interval

bet ween the shotpoints: the spa?&?ﬁét&h‘ﬁg{ HA®S BB g@—;poi nts is 6.25 mor 12.5
r

m 3. line spacing: in thg caseRpbeiEpseve | i nes are used, the
space between the lines is of 25 Tmor—568— 4. nmeasurenents of t he
bin: the follow ng neasurenents were tested 6.25 x 12.5

In this way, we obtain a continuous sampling of the subsoil. Any cell C;; of the

seismic block being sampled is therefore perfectly defined by the coordinates (X;, Y;, Ty)
of its center, or in other words, of the central seismic trace sample that it contains, where
X; and Y; are the coordinates of the B;; bin associated with the cell and Ty is the time-
dependent coordinate of the sample k of the central seismic trace TR;; of bin B;;, and by
the amplitude A;; of euch sample. The bins that cross-rule the 3D seismic block’s (X, Y)
. plane are preferably rectangular and correspond with rectangles on the ground with, for
example, a length of 50 m (distance between the lines) and a width of 25 m (distance
between two successive sensors on the line). ” |
The useful information gathered during a shot is concentrated inside a conic
volume centered on the spatial position of the recording (trace). The conic volumes that
correspond to two successive shots emitted during the movement of the boat either do not
cover each other or only partially cover each other for the surface layers of the subsoil.
Therefore, the 3D seismic acquisition method with the parameters used for oil
prospecting, whose objective is recognition in depth, is not favorable when emphasizing
objects on the surface and in particular surface gases.

The inventors of this invention have found that we can however use the 3D

seismic acquisition method to complete a mapping of the surface areas of the subsoil with
a high spatial resolution.

The basic idea that is at the origin of the invention is that the surface gases are
events of strong amplitude that can easily be characterized.

Therefore, this invention’s objective is a method for mapping the areas of a
drillable oil field without running the risk of encountering anomalous zones, such method
being of the type that consists in:

- carrying out a recording or seismic trace acquisition using seismic-reflection
acquisition equipment in an area of the oil field to be explored;

_—
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m 6.25 x 25 m 12.5 x 25 mand 12.5 x 50 m In all cases nentioned,
a satisfactory map of the anonmal ous zones in answer to the problem was

obt ai ned. The acquisition that is done with one singleline-ef

sensors of reduced | ength and equi pped with a small nunber of sensors woul d
~sti-l] "be satisfactory for t he construction of

t he . 3D seismc

THIS SHEET HAS BEEN
REPLACED

- forming, from such recorded seismic traces, a 3D seismic block that is a three dimensios
the acquisition plane of the seismic traces, is attributed a central seismic trace developed
from the recorded traces with positions located inside the square in question, and where
this central trace is assigned to the center of such square following the axis P, and

- sampling the 3D seismic block in elementary cells, each cell being centered on
a square of plane (X, Y) and having dimensions following axes X and Y that correspond
respectively to those of the square on which it is centered and a thickness following axis
P corresponding to a sampling interval following axis P of the central seismic trace
associated with such square, in such a way that each elementary cell encloses a sample of
a central seismic trace defined by its coordinates (X, Y, P) in the seismic block, such
coordinates forming the coordinates of the elementary cell that contains the sample,
and that is furthermore characterized by the fact that it consists,

-  in calculating, for each elementary cell of the seismic block, the energy of this
cell from the amplitude of the seismic trace sample that it contains, such energy being
proportional to the square with this amplitude,

- in establishing an energy threshold above which we consider that the presence
of anomalous zones is probable,

- in selecting the cells of the block that have energies equal to or greater than
such threshold, |

- in giving the selected cells a code so that all cells belonging to a same
set of connected selected cells have the same code and that selected cells
belonging to different sets - of connected

is Sheet Has Been R laced
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bl ock. The length of the single line could be 150 neters, 75 neters, and
could even at the extrene only have one sensor. In reference to
figure 2, fromthe seismc traces recorded with the acquisition equipnent,
we build a 3D seismc block referred to as 20, that is a three dinensional
-ifmage of the area explored in an orthogonal and normalized tine-dependent

spat.i al
spati al

axial system (X, Y, T) with an apex O, in which X and Y are the
axes and T is the time-dependent axis. First, the plane defined by

axes X and Y and which is chosen apTRIS SRFESRAS FEERT of the seismic traces

acquisition plane, is cross-ruled py a s gfgpauargs

selected cells have different codes, each set of connected selected cells forming an
anomalous zone,

- in memorizing the (X, Y, P) position for each cell retained as well as the code
associated thereto, ‘

- in carrying out a projectioh XY, or view from above, of the block of cells that
have been assigned codes, each anomalous zone or bright spot will appear on this
projection with a different code; this provides a map of the superposed anomalous zones,
and

- potentially, carrying out a projection XP or a projection YP of a block of cells
that have been assigned codes, so as to make visible the cumulated thicknesé of the
anomalous zones following the X axis or following the Y axis, in order to determine the
heights at which the anomalous zones are located.

Ultimately, an anomalous zone can be made up of only one elementary cell.

In order to result in the maps of anomalous zones, all operations of the method that
nﬂa&!ﬁ:ﬂu:hraﬂnenﬁ;afﬂnsmﬁsnﬁclﬂockaue<xnnphﬂbdannnnnnﬁuﬂbrbyalconqnnrr
program with the exception of the choice of the threshold which is left at the discretion of
the operator.

()neadvannq;:ofﬂmennﬂhodtxnmhﬂentudﬂtﬂn:hnmmﬁonisthatvwecantwelhé
3D acquisition data, of which the cost, tied to a lesser acquisition time, is relatively less
that the cost of a 2D acquisition method directed at the detection of anomalous zones.

Another advantage of the method consistent with the invention is that it is possible
to introduce the notion of an error range by determining several thresholds. We can
establish maps of risks with optimistic, pessimistic and intermediary hypotheses.

Yet another advantage of the method consistent with the invention lies in
the fact that it is not necessary to know the spatial position of each trace with

as much precision as that required for
Sheet Has Been Replaced -
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that constitute a regular grid that covers a surface of such plane that
corresponds to the explored area. To each square (still called bin) of such
set, we assign a central trace deve

positions |located inside the square in question, this central trace is
-assigned to the center of such square follow ng the tinme- dependent axis T.
Thus, to square B[err], we attribute the central trace TR err], where this
trace is assigned to the center ->[err] with coordinates X err] and Y[err],
of square B[err] according to the tine-dependent axis T. The seismc -
bl ock 20 containing a central trace associated to each bin is then sanpled
in elenentary parallel epiped cells, each cell being centered on a bin of
the (X, Y) pl ane and havi ng di mensi ons following the axes X and Y that

corr espothe cenventiphaltrgatment Himaging) tdfcthiei 3D oseisthiccatat Fios exaniple,cih avatine

t hi ckness AT accordlng o axl%gé'that correspopnds to the sanplin |nterva
foll ow ngcqm%tw% CAMREISION 18 C QP sepsprs is equipped wi a tail

and compass buoy designated to provide information on the declination of the hneln
relation to the direction of the boat’s movement.

| chonﬁngtolhcinvmmhnythecenuiluaceasﬁgnedto1he<xnumrofemﬂ1bhlof
the seismic block’s (X, Y) plane can, in particular, be a sum trace, obtained by summing
a collection of traces, for example at a common midpoint, resulting from the recorded
seismic traces in multiple cover, or a trace migrated in time or migrated in depth resulting
from the application of a conventional time migration or depth migration technique, and
the sum seismic traces and/ or the collections of seismic traces.

When the central trace assigned to the center of each bin of the 3D seismic block
is a sum trace or a time migrated trace, axis P of the axial system (X, Y, P) used to build
the seismic block is a time-dependent axis T. When such central trace is a depth migrated
trace, such axis P is a depth axis Z.

The invention will now be described referring to the attached drawings where:

Figure 1 schematically represents a fully equipped 3D seismic acquisition system;

Figure 2 illustrates a 2D seismic block cross;ruled with bins and sampled in
elementary cells in an axial system (X, Y, T);

Figure 3 is a represenmtion of the XY projection of the selected and coded
elementary cells; |

Figure 4 shows the XT projection of the selected and coded elementary cells;

Figure 5 shows the YT projection of the selected and coded elementary cells;

Figure 6 is a histogram illustrating the number of anomalous cells for each energy
threshold; and



bin. Therefore, each elenmentary cell contains a sanple of a central seismc
trace, such sanple is defined by its coordinates (X, Y, T) in the seismc
bl ock, and such coordinates formthe coordi nates of the elenmentary cell
cont ai ni ng such sanple. Thus, cell Cerr], centered on bin Blerr], has

-di mensi-ons follow ng axes X and Y correspondi ng

-9-

Figure 7 is a curve illustrating the surface covered by the anomalies in relation to
the threshold. '

In reference to Figure 1, the 3D acquisition system consists of a boat 10 that tows
a seismic source 12 that emits acoustic impulses and two lines 14, 16 each equipped with
forty eight sensors.

The lines are each 600 m long. The first sensor and the last sensor of each line are
equipped with targets that make it possible to identify their position, for example by laser.
Some of the intermediary sensors are equipped with compasses that provide information
concerning the declination of the line in relation to the direction of the boat’s movement.

We applied the method consistent with the invention for the following different
simulated acquisition geometries:

1. length of the lines: we tested lines measuring one half (300 m), one quarter (150
m) and one eighth (75 m) of the standard line as well as a line equipped with only one
sensor. The distance from the first sensor to the shotpbint or offset was reduced in
relation to the usual offset and brought back to around 30 m. As a result, the force of the
seismic source is reduced; | |

2. interval between the shotpoints: the space between the shotpoints is 6.25 m.or
12.5 m;

3. line spacing: in the case where several lines are used, the space between the
lines is of 25 m or 50 m;

4. measurements of the bin: the following measurements were tested: 6.25 x 12.5
m; 6.25x25m; 12.5x25m and 12.5 x 50 m.

In all cases mentioned, a satisfactory map of the anomalous zones in answer to the
problem was obtained. |

The acquisition that is done with one single line of sensors of reduced
length and equipped with a small number of sensors would still be satisfactory

for the construction of the 3D seismic



respectively to the dinensions of bin B[err] follow ng these sanme axes and

a thickness AT corresponding to the tine- dependent sarrpl e interval

TR err].

This cell contains the

of trace

block. The length of the single line could be 150 meteré, 75 meters, and could even at the
extreme only have one sensor.

In reference to figure 2, from the seismic traces recorded with the acquisition
equipment, we build a 3D seismic block referred to as 20, that is a three dimensional
image of the area explored in an orthogonal and normalized time-dependent spatial axial
system (X, Y, T) with an apex O, in which X and Y are the spatial axes and T is the
time-dependent axis. First, the plane defined by axes X and Y and which is chosen as a
representation of the seismic traces acquisition plane, is cross-ruled by a set of squares
that constitute a regular grid that covers a surface of such plane that corresponds to the
explored area. To each square (still called bin) of such set, we assign a central trace
developed from the recorded traces that have positions located inside the square in
question, this central trace is assigned to the center of such square following the time-
dependent axis T. Thus, to square B;;, we attribute the central trace TR;;, where this trace
is assigned to the center ->;; with coordinates X; and Y;, of square B;; according to the
time-dependent axis T. B

The seismic block 20 containing a central trace associated to each bin is then
sampled in elementary parallelepiped cells, each cell being centered on a bin of the (X,
Y) plane and having dimensions following the axes X and Y that correspond respectively
to those of the bin on which it is centered and a thickness AT according to axis T that
corresponds to the sampling interval following T of the central trace associated to such
bin. Therefore, each elementary cell contains a sample of a central seismic trace, such
sample is defined by its coordinates (X, Y, T) in the seismic block, and such coordinates
form the coordinates of the elementary cell containing such sample. Thus, cell Cijk,
centered on bin B; ;, has dimensions following axes X and Y corresponding



sanple k of the seismc trace TR err], the coordinates (Xerr], Y[err],
T[err]) of such sanple formthe coordinates of the elementary cell (err].

Thus, each cell of the sei sme-block20+s—welH—deHnredbythecoordirates——
(X, Y, T) of the central seismc trace sanple it contains and by the

-anmplitude of such cell. For each elenentary cell of the seismc block

20, .we calcul ate the energy of this cell fromthe anplitude of the sanple

of central seismc trace it contains, such energy being proportional to the

square with this anplitude. In this way, we transformthe seism c block 20

into a block consisting of the sane elenmentary cells, each now defined by

Its coordinates (X, Y, T) as in the block 20 and by its energy.

After having established the energy threshold beyond which we consider that

the presence of anonal ous zones is likely, we select the cells of the

Oner Oy D eapectively to the dimensions Of bia B:; following these same axes and a thicknoss AT
corresponding to the time-dependent sample interval of trace TR;;. This cell contains the
sample k of the seismic trace TR;;, the coordinates (X, Y;, Ty) of such sample form the
coordinates of the elementary cell C; ;. Thus, each cell of the seismic block 20 is well
defined by the coordinates (X, Y, T) of the central seismic trace sample it contains and by
the amplitude of such cell. )

For each elementary cell of the seismic block 20, we calculate the energy of this
cell from the amplitude of the sample of central seismic trace it contains, such energy
being proportional to the square with this amplitude. In this way, we transform the
seismic block 20 into a block consisting of the same elementary cells, each now defined
by its coordinates (X, Y, T) as in the block 20 and by its energy.

After having established the energy threshold beyond which we consider that the
presence of anomalous zones is likely, we select the cells of the energy block that have an
energy equal to or greater than such threshold.

The cells chosen in this manner are then assigned a code so that all the cells
belonging to one same set of selected connecting cells have the same code and that the
selected cells belonging to different sets of connecting c_ells have different codes, with
each set of selected connecting cells forming an anomalous zone. The codes so assigned
to the selected cells may be made up of colors that are different from one anomalous zone
to another. For the grouping of selected cells in sets of connecting cells, we consider that
two cells are connected if they have at least one edge in common.

Ultimately, an anomalous zone can be made up of one single isolated elementary

cell.

-10 -



The cells chosen in this manner are then assigned a code so that all the
cells belonging to one sane set of selected connecting cells have the sane

code and that the selected cells belonging to different—sets—ofconnecting—

cells have different codes, with each set of selected connecting cells

- forming an anomal ous zone. The codes so assigned to the selected cells may
be made up of colors that are different from one anonal ous zone to anot her.
For the grouping of selected cells in sets of connecting cells, we consider
that two cells are connected if they have at |east one edge in common.
Utimately, an anomal ous zone can be nade up of one single isolated

el enentary cell.

For each of the cells that are retained, we keep its defined position in memory using its
coordinates (X, Y, T) and its code.

hlmuqmu;outan)CY;anmﬁon,orvkmrﬁonlabwwa<ﬁ1helﬂod§ofcwﬂsﬂMulmwe
assigned codes, each anomalous zone or bright spot will appear on this projection with a different
code, for example, with a different color, which provides a map of the superposed anomalous
zones as represented in figure 3. In this figure, the position of a well is identified by the reference
28. In this position, the well is not located in an anomalous zone.

We can also carry out an XY projection or a YT projection of the block of cells that have
assigned codes, so as to see the cumulated thickness of the anomalous zones following the X axis
as represented in figure 4 or following the Y axis as represented in figure 5, in order to determine
the heights at which are located the anomalous zones.

By associating the three projections, we can define the spots and locate them inside the
block.

The threshold is chosen in the following manner:

a) with the help of statistical measures, we estimate the range of possible values that the
threshold can have.

b) inside this range, while observing the extension of the disturbances on the seismic data
for the different thresholds, a threshold is chosen. .

Figure 6 represents an example of a histogram of the different energy values, expressed in
dB, found in the 3D block as a whole, in relation to the number of cells having these energies.
Usually, the value of a threshold to be retained is located at a nick point of the curve. In the
example that is illustrated, this threshold is in the range of 123 dB.

Fﬁ;ne‘7nqnemﬁnsatnuvelmmtghmsthesudhaaofﬂu:dkunbmuxsintehﬁontoihe
threshold. _

In the example in these figures, we can see that for thresholds of less than 118 dB, the
disturbances cover 100% of the 3D block’s surface. The chosen threshold, which is of 123 dB,

-11-
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corresponds to 85% of the Eovered surface. We can considér this as being a pessimistic
hypothesis.

According to the invention, we can vary the energy threshold, for the selection of
cells, in relation to the degrees of risks that are determined in order to establish the

~ mapping.

-12-



For each of the cells that are retained, we keep its defined position in

menory using its coordinates (X, Y, T) and its code. In carrying out

an XY projection, or view from above, of the-bteck—ef—cetHs—that—havre———
assi gned codes, each anonal ous zone or bright spot will appear on this .
proj.ection with a different code, for exanple, with a different color,

whi ch provides a map of the superposed anonal ous zones as represented in

figure 3. In this figure, the position of a well is identified by the
reference 28. In this position, the well is not located in an anonal ous
zone. We can al so carry out an XY projection or a YT projection of

the bl ock of cells that have assigned codes, so as to see the cumul ated
t hi ckness of the anomal ous zones foll %&ﬂd he X axis

1. Method for mapping the drillable areas of an oil field without running the risk of
encountering anomalous zones, such method being of the type that consists in:

- carrying out an acquisition of recordings or seismic traces using seismic reflection
acquisition equipment in the area of the oil field to be explored;

- creating, from these recorded seismic traces, a 3D seismic block that is a three
dimensional image of the area explored within an axial system (X, Y, P), while attributing to each
square (B;;) of a set of squares forming a regular spatial grid in the plane defined by axes (X, Y)
and chosen as a representation of the acquisition plane of the seismic traces, a central trace (TR;;)
established from the recorded traces whose positions are located inside the square in question, this
central trace having been asstgned to the center (0;;) of such square following the axis P, and

-sampling the 3D seismic block in elementary cells, each cell (C; ;1) being centered on a
square (B; ;) of the plane (X, Y) and having measurements following the axes X and Y that
correspond respectively to those of the square on which it is certered and a thickness according
to axis P that corresponds to a sample interva! following axis P of the central trace associated
with such square, so that each elementary square contains a sample (k) of a central seismic trace
defined by its coordinates (X, Y, P) in such seismic block, and where such coordinates form the
coordinates of the elementary cell that contains the sample,

andﬁnﬂuxnmwechnacuwubdbytheﬁuxﬂwuucmnmﬂsng

- calculating, for each elemmtary cell (Ci; ) of the seismic block, the energy of this cell
from the amplitude of the seismic trace sample it contains, such energy being proportional to the
square with this amplitude,

- detenmmng an energy threshold beyond which we consider that the presence of
anomalous zones is probable;

- selecting the cells of the block that have energies equal to or greater than such threshold,

- assigning a code to the selected cells, so that all of the cells belonging to a same set of
selected connecting cells have the same code and that the selected cells belonging to different sets
of selected connecting cells have different codes, each set of selected connecting cells forms an
anomalous zone,

- memorizing the position (X, Y, P) of each of the cells retained as well as its code, and

- carrying out an XY pro;ectlon of the block of cells that have been assigned these codes,
where each anomalous zone appears in this projection with a different code, which provides a map
of the superposed anomalous zones.

2. Method as set forth in claim 1, furthermore characterized by the fact that it consists in
carrying out an XP projection or a YP projection of the block of cells that have been ass1gned
codes, so as to make the cumulated thickness of the anomalous zones appear following the X axis
or the Y axis, in order to determine the heights at which the anomalous zones can be found.

3. Method as set forth in one of claims 1 or 2, characterized by the fact that such codes
assigned to the elementary cells are made up of different colors attributed to each anomalous
zone.

4. Method as set forth in one of claims 1 through 3, characterized by the fact that it
consists of varying the energy threshold in relation to the degrees of risks that are determined in

order to create the map.
* C L M S *




as represented in figufe 4 or followng the Y axis as represented in figure
5, in order to determ ne the height's at which are |ocated the anomal ous

zones. By associating the three projections, we can define the spots
-and | ocate theminside the bl ock. The threshold is chosen in the
fol |l owi ng manner: a) with the help of statistical neasures, we

estimate the range of possible values that the threshold can have.

b) inside&ORE {ange, Wwhile pbserving the extension of the disturbances on
t he sei'sEhé ﬂlggag ktle di fferent thresholds, a threshold is chosen.

Fi gure 6; E en 0 exanpl e of a histogram of the different energy

val ues, s&d\ S found in the 3D block as a whole, in relation to
t he nunber of cells having these energies. Usually, the value of a

t hr eshol FIGURE:3retai ned is |l ocated at a nick point of the curve. In the
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exanmpl € that is illustrated, this threshold is in the range of 123 dB.
Figlure 7 represents a curve that gives the surface of the disturbances in

refation to the threshold. - In the exanple in these figures, we can
- see that for thresholds of |ess than 1184 / the di sturbances cover 100% of
the 3D bl ogk's surface. The chosen thresh6ld, which is of 123 dB,
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corresponds to 85% of the covered surface. W can consider this as being a
pessi mi'sti ¢ hypot hesi s. According to the invention, we can vary the

energy threshold, for the selection ofeéprls, in relation to the degrees of
. risks that are determined in order to yéﬂlish t he mappi ng.
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CLAI M5 ' 1. Method for mapping the drillable areas of an oil field
w thout running the risk of encountering anomal ous zones, such nethod bei ng

of *the type-that consists in: - carrying out an acquisition of
< recordings or seismc traces. using seisndc/&eflection acquisition equipment
in the area of the oil field to be expl oré€d; - creating, fromthese

recorded seismc traces, a 3D seismc block that is a three di nensional
i mge of the area explored within an axial system (X Y, P), while
attributing to.each
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square (B[err]) of a set of squares formng a regular sp
pl ane defined by axes (X, Y) and chosen as a representat
acqui sition plane of the seismc traces, a central trace
established fromthe recorded traces whose positions are
square in_question, this central tr.ace having been assig

([err]) of such square follow ng the axiséP
seismic block in eNg,gmt@ry,uc&p,U s each c /4?C[ err]) bei

atial grid in the
ion of the
(TR{err])

| ocat ed inside the
ned to the center
-sanpling the 3D
ing centered on a
nts follow ng the

square (Blerr]) of the. s X) .and havjng neasurene
axes X and Y that corresppnd respectlvely to those of th
it is centered and a thickness according to axis P that

sanple interval follow ggaxi s P of the central trace as
square, so that each!8kF®npyntary square contains- a sanple
seismc trace defined by s coordinates (X, Y, P) in su
and where such coordinatep formthe coordinates of the e
cont ai ns the sanpl e, and furthernore characteri ze
it consists in, 6,0n1c' -
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- calculating, for each elenentary cell ([err]) of the seismc block the
energy of this cell fromthe anplitude of the seismc trace sanple it
cont ai ns, such energy being proportipnal to the square with this .ampltude—
- determning an energy threshold beyond which we consider that the

- presence of anonal ous zones i s probabl e; - selecting the cells ofthe
bl ock that have energies equal to or greater than such threshold, -
assigning a code to the selected cells, so that all of the cells bel onging
to a sane set of selected connecting cel I's have the sane code and that the
selected cells belonging to different sets of selected connecting cells
have different codes, each set of selected connecting cells forns an

anomal ous zo

anomal ous - ngﬁi%mﬂw—&s r| Zi n&nthe sDOS|1| Onfé‘Sﬁ‘\}Fﬂﬁ) of eac (fotttlilee

proj ecti Qhafic 188k BeitE satiplcd !ié &e}éﬁh partecthy GonRar by ¥ cOMAMELERS ¥, Ty)
of its center, or in other words, of the central seismic trace sample that _it contains, where
X; and Y; are the coordinates of the B; ; bin associated with the cell and Ty is the time-
dependent coordinate of the sample k of the central seismic trace TR;; of bin B;;, and by
the amplitude A, of such sample. The bins that cross-rule the 3D seismic block’s (X, Y)
plane are preferably rectangular and correspond with rectangles on the ground with, for
example, a length of 50 m (distaxice between the lines) and a width of 25 m (distance
between two successive sensors on the line).

The useful information gathered during a shot is concentrated inside a conic
volume centered on the space position of the recording (trace). The conic volumes that
correspond to two successive shots emitted during the movement of the boat either do not
cover each other or only partially cover each other for the surface layers of the subsoil.
Therefore, the 3D seismic acquisition method with the parameters used for oil
prospecting, whose objective is recognition in depth, is not favorable when emphasizing
objects on the surface and in particular surface gases.

Thanks to the EP-A-0 562 687 patent we know of a method for locating
hydrocarbon reserves using a structural interpretation of the data. In this method, from
hypotheses on the presence of hydrocarbons in a region of interest of the subsoil:

(1) we select areas where the probability that they contain hydrocarbon reserves is
greater than a predetermined probability,

(ii) we define a structural closure for each of such selected areas from the
structural data of the region of interest where each structural closure contains a surface
capable of containing a hydrocarbon reserve and hﬁﬁng a constant depth perimeter
substantially equal to the deepest point

(MODIFIED PAGE)



where each anonal ous zone appears in this projection with a different code,
whi ch provides a map of the superposed anonal ous zones. 2. Method as
set forth in claiml, furthernore characterized by the fact that—t

consists in carrying out an XP projection or a YP projection of the block

- of -cel I-'s that have been assigned codes, so as to make the cunul at ed

t hi ckness of the anonal ous zones appear following the X axis or the Y axis,
in order to determ ne the heights at which the anomal ous zones can be

f ound. 3. Method as set forth in one of clains 1 or 2, characteri zed
by the fact that such codes assigned to the elenmentary cells are nade up of
different colors attri buted to each anonal ous zone. 4. Method as set

forth in one of claims 1 through 3, characterized by the fact that it
consi st softhe\asea;i ng the energy threshold in relation to the degrees of

risks that ar lii)dsvtee&em iar}nga;sclil% o% alecgre%%eetdg hs?mﬂaagiy between each area and the
structural closure associated thereto, and

(iv) we select each of the areas for which this measure exceeds a predetermined .
value.

However, it is obvious that this method has no relation to the method for mapping
consistent with the invention and that the latter does not provide any element susceptible
of suggesting in the least part this method.

We also know from the US-A-5 153 858 patent, that represents the closest state of
the technique, a method of automatic horizon pinpointing in a 3D block of seismic cells
sampled in depth. In this method, each seismic trace of the 3D block is converted into a
binary trace consisting of a sequence of values “1” and values “0”, where value “1” is
assigned to each sample of the seismic trace for which a horizon exists at the depth
defined by this sample, and the value “0” to each sample that does not answer to this
condition. In this manner, we transform the 3D block of seismic traces into a
corresponding 3D block of binary traces, that is stored in the memory of a computer and
is used for the search of automatic horizons. In order to do this, we chose a sample “1” of
a binary trace of the 3D block of binary traces, that is located on the horizon to be
pinpointed and, operating step by step on the adjacent binary traces, we carry out an
automatic sweeping of the binary 3D block to find all samples with a value of “1” that
correspond to the initial sample “1”. From these depths associated to the selected
samples, we create a representation of the sought horizon.

The method consistent with the patent has as starting point a 3D block of seismic
traces, but the treatment of this block of seismic data by applying such method is different
from the treatment consistent with the invention and leads to a completely different result.
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The inventors of thi§ invention have found that we can use the 3D seismic
acquisition method to comjﬂete a mapping of the surface areas of the subsoil with a high
spatial resolution.

The basic idea that is at the origin of the invention is that the surface gases are
events of strong amplitude that can easily be characterized.

Therefore, this invention’s objective is a method for mapping according to the
characterizing portion of claim 1.

Ultimately, an anomalous zone can consist of only one elementary cell.

In order to result in the maps of anomalous zones, all operations of the method that
relate to the treatments of the seismic bloc are completed automatically by a computer
program with the exception of the choice of the threshold which is left at the discretion of
the operator.

One advantage of the method consistent with the invention is\ that we can use the
3D acquisition data, of which the cost, tied to a lesser acquisition time, is relatively less
that the cost of a 2D acquisition method directed at the detection of anomalous zones.

Another advantage of the method consistent with the invention is that it is possible
to introduce the notion of an error range by determining several thresholds. We can
establish maps of risks with optimistic, pessimistic and intermediary hypotheses.

Yet another advantage of the method consistent with the invention lies in the fact
that it is not necessary to know the spatial position of each trace with as much precision
as that required for
(MODIFIED PAGE)
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(57) Abstract

The charting method consists in realising a recordings
acquisition, constituting on the basis of the recorded seismic
traces, a 3D seismic block (X, Y, T) sampled in clementary
cells (Ci), such that each elementary cell contains a sample
(k) of a central scismic trace (TRy)), calculating for each
clementary cell (Cig) of the seismic block, the energy thereof,
and fixing an energy threshold beyond which the presence
of anomaly 2ones is considered probable, selecting cells of
the block which have energy equal or superior to the said
threshold, coding the selected cells, such that all the cells
belonging to a same contiguously selected cell set have
the same code and the selected cells belonging to distinct
contiguously selected cell sets have differcnt codes, and
effecting an XY projection of the coded cell block.

(57) Abrégé

Le procédé de cartographie consiste & effectuer une
acquisition d’cnregistrements, A constituer, 2 partir des traces
sismiques enrcgistrées, un bloc sismique 3D (X, Y, T),
€chantillonné en cellules €lémentaires (Cijx), de telle sorte que
chaque cellule élémentaire renferme un échantilion (k) d’une
trace sismique centrale (TR;;), & calculer pour chaque cellule
élémentaire (Cyjx) du bloc sismique, 1'énergie de cette cellule,
A fixer une seuil d'énergie au-deld duquel on considire que
la présence de zones anomatiques est probable, 2 sélectionner
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les cellules du bloc qui ont des énergies égales ou supérieures audit seuil, 3 affecter les cellules sélectionnées d’un code, de telle sorte que
toutes les cellules appartenant 3 un méme ensemble de cellules sélectionnées jointives aient le méme code, et que des cellules sélectionnées
appartenant & des ensembles distincts de cellules sélectionnées jointives aient des codes différents, et 2 effectuer une projection XY du bloc

des ccllules affectées des codes.




