1 “METHOD AND DEVI CE FOR ACQUI RI NG MARI NE SEI SM C DATA DESCRI PTI ON

The present invention relates to the gathering of 5 marine seismc data.
“More particularly it concerns a nethod and device for narine seisnc
acqui sition, capable of producing data which can be processed for the

el imnation of ghost signals. 10A ghost is a parasitic signal due to
reflections of the seismc waves at the water-air interface fornmed by the
surface of the water. STATE OF THE ART 15During seism c surveys, the
purpose is to permt the locating of seismc reflectors |ocated at

di fferent depths under the seafloor. Reflectors may lie at shall ow depths
(so-call ed shall ow events), at nediumor |arge depth (so-called deep
events). 200ne wi despread technique used for oil or gas prospecting
consists of conducting a seismc survey of the subsurface. To i mage the
structure of the subsurface, geophysicians use "seismc-reflection”
techni ques. 2 In marine seismcs, the conventional technique

consi sts of tow ng behind a vessel:

METHOD AND DEVICE FOR ACQUIRING MARINE SEISMIC DATA

DESCRIPTION

The present invention relates to the gathering of

5 marine seismic data.

More particularly it concerns a method and device
for marine seismic acquisition, capable of producing
data which c¢arn be processed for the eliminaticn of
ghost signals.

10 A ghost is a parasitic signal due to reflections
of the seismic waves at the water—air interface formed

by the surface of the waler.

STATE OF THE ART

15 During seismic surveys, the purpose is to permit
the locating of seismic reflectors located at different
depths under the seafloor. Reflectors may lie at
shallow depths {sc-called shallow events), at medium or
large depth (so-called deep events).

20 One widespread technique used for oil or gas
prospecting consists of conducting a seismic survey of
the subsurface. To image the structure of the sub-
surface, geophysicians use “selismic-reflection”

technigues.



- ohe or

nore energy sources for the em ssion of acoustic waves,

sei sm c receivers arranged on cables caJled streaners positioned
~horizontally at a constant depth Az to record the acoustic wave refl ected
by the interfaces between geological formations. The source transmts an

acoustic wave to the 10 water,

and 5-

by setting up a wave field (conpression

waves) whi ch propagates coherently and downwardly (downward propagati on)

into the subsurface.

When the wave field strikes an interface between

formations, called reflectors, it is reflected through the sub-surface and
15 water as far aslth@zﬁﬁkﬁﬁb@i@&@&bvershéupmandeptopagaiitm@hm%mm@ it
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propagation) into the subsurface. When the wave field

strikes an interface betwsen formaticons, called

reflectors, it is reflected through the sub-surface and

water as far as the seismic recelivers {upward

oropagation) where it 1s converted into electric

signals and recorded.

Seismic receivers are arranged so that the

recorded signals, called traces, form seismic data

which can be used to construct an image of the

geological layers.

One problem that 1s encountered is reverberation,

and can be explained as follows. A seismic wave

reflected by a reflector passes through the water in

a

generally upward direction. This wave which is called

the “primary” propagates in the water and passes

through  the selismlic receiver which records its

The wave field continues its progression towards

the surface of the water (whose reflection ceoefficient

iz -1) where it 1s reflected downwards. This reflected

wave field or “ghost” is also propagated in the water

and passes through the receivers where it is recorded

once again with reverse polarity and a time lag AT

which, for waves propagating vertically, is:

e field continues its g%og e35|on t owar ds 30
%re it is



i n*whi ch: - At: the tine difference between the recording of the
primary wave and ghost respectively by 1he 5Sreceiver, Az: the distance

- between the streaner and the water surface, c: the rate of propagation of
the wave in water (nanely 1500 m's). 10This reverberation of the seismc
wave field in the water affects seismc data by anplifying sone frequencies
and by attenuating others, which nmakes reflector location difficult.

In the spectral domain, the ghost corresponds to a 15filter transfer
function: G f) =1 - exp(2jnfnt) This transfer function f) is zero for
multiple 750 = ==tAz faregtrencies f of fn in whichAt These
frequencies for w@;gnpﬁﬁyransfer function is 20 zero are called "notches".
Not ches are a paﬂtlcu ar hindrance since they cannot be deconvol ut ed.

In the 1980s, data igat Herd ngl e chind e aisi gt st aint 'dee st @arersd viek e

proposed. Said technigugs:ake,Netabkl . deseribed rbnydegurents yS 4353 121
and US 254 992 992. , I n ¥he first docunent, a seismc streamer of
length 1°2 kmis usétfehaing an angle in the order of 2 degrees with the

surface of the watefz: the distance between the streamer and the
water surface,
- ¢c: the rate of propagation of the wave 1in water
(namely 1500 m/s).

10 This reverberation of the seismic wave field in
the water affects seismic data by amplifyling some
frequencies and by attenuating others, which makes
reflector location difficult.

In the spectral domain, the ghost correspoends to a

15 filter transfer function:

G(f) = 1 - expl(23i[fat)

This transfer function G(f} is zero for multiple

frequencies £ of £, in which

These frequencies for which a transfer function is

20 zero are called “notches”. Notches are a particular
hindrance since they cannot be deconvoluted.

Irn the 1980s, data gathering technigues using
slanted streamers were proposed. S5Saild technigues are
notably described in documents US 4 353 121 and US

25 4 992 592,

In the first document, a seismic streamer of
length 1.2 ku is used, having an angle in the order of
2 degrees with the surface of the water.

With this configuration, it 1s the operation of

30 data stacking which ensures the elimination of ghosts.
The acguired data is effectively redundant, and the
processing method comprises a data stacking step. The
recordings contributing towards this stack, which were

recorded by different receivers, display notches at



Wth this configuration, it is the operation of 30 data stacking which
ensures the elimnation of ghosts. The acquired data is effectively
-redundant, and the processing nmethod cofprises a data stacking step. The
recordings contributing towards this stack, which were recorded by
different receivers, display notches at 4 different frequencies, so that
the information that is mssing due to the presence of a notch on one
seismc receiver is obtained fromanother receiver. A device using a
seismc streanmer 1 kmin length 5 has a limted exploration depth owing to

its length, andrdees: netcgnahbecthesbocaticonaf seismeLrrefleactorsslying
several kilonetres dgsg. The streanE%s currentl used in. 3D. nari ne
d

seism c surveysSala “Po WScdt e Hekp ref | &ct'Srs" geherat | y= 10 have a
| ength in thecottlesr of s 6oltoalfeki fomet aesthdherpeeneepl e of a sl anted

streamer proposed, | HG%FS a%%‘i%“?iaieg,%&f@té SE%QR%E be \appl i ed.f o £ hem
since, with an angle o 2 egr ees, t%ls mouf5 'ead to a maxi mum dept h of
280 m wherehssip priacitice axdéptrhtopnSOamtis d4%iednsicdered todela

maxi num  On LhiiSg8e60URE, ehBis cPrHMmCi Pla dias, not beesnused:singesthe end of
t he 1980s. Since the 1990s interest has focused geol ogical structures

at deeper depYhidTdCYoEat eabepetefFedtdrs, high frequency acoustic

The streamérs currently used in 3D marine seismic
surveys, adapted to locate deep reflectors, generally
10 have a length in the order of 6 to 10 kilcmetres. The
principle of a slanted streamer proposed in the above-
cited patents cannot be applied to them since, with an
angle of 2 degrees, this would lead to a maxinmum depth
of 280 m, whereas 1in practice a depth of 50 m is
15 considered to bhe & maximum. On this account, this
principle has not been used since the end of the 1880s.

Since the 19%80s interest has focused geoclogical
structures at deeper depth.

To locate deep reflectors, high frequency acoustic

20 waves are not suiltable on account of the high
attenuation they undergo during thelr propagation.

So as to maintain a bandwidth at large depth,
comprising a sufficient number of octaves which is the
necessary condition for a good image, an octave must be

25 gained in the low frequencies thereby increasing the
conventional bandwidth o©f 3 octaves 5-40 Hz to a
bandwidth of 2.5-20 Hz for example. To do so, 1t 1s
possible to increase the depth of ths streamer.
However, 1t is not sufficient to give priority to low

30 fregquencies since high frequencies are needed to
estimate precisely the velocity model of the surface
layers.

The signal-to-noise ratio must therefore be

improved for low freguency acoustic waves, without this



20 'waves are not suitable on account of the high attenuation they undergo
during their propagation. So as t$ mai ntain a bandw dth at | arge
~depth, conprising a sufficient nunber of octaves which is the necessary
condition for a good i mage, an octave nust be 25 gained in the | ow
frequenci es thereby increasing the conventional bandw dth of 3 octaves 5-40
Hz to a bandwi dth of 2.5-20 Hz for exanple. To do so, it is possible to
i ncrease the depth of the streaner. However, it is not sufficient to give
priority to | ow 30 frequenci es since high frequencies are needed to
estimte preekseby bhenvel oittyrimdeledf the sunhkacenlgyersrequencyThe
si gnal -t o- noi_ se rgtlo must therefore be inproved for |ow frequency acoustic
waves, witholt“thrs® B Yatio bei ng deteriorated for the high frequency
acousti c waves. OP@ pOneo pur pbsehof pthecpr eseneni hvent ohoi BrPROPF opose a
techni que to a%gslé'br*ﬁqﬁ%”ﬂ? SELRTLE dana hhi ob: bas. S Jargad,dnanhes with
respect to tﬁe of the reflectors able to be located, and which is
si npl e and eP?Péﬁen@Y&F@hcﬁesﬁéEF t 6°6perati biis and e@%ﬁ%hlcgf PRESENTATI ON

OF THE ||\|\/E|\|iré@)|ecﬂgf\§c@bﬂéngot%et he daweent iom dhefle is @Jz@m@eﬁn@ seismc
wave ach|S|t|?n met hod, usin east one gtreane a vessel and

conpri si ng aSpFurafity” bf" ségiﬂ?ﬁ reCePVers! l%%%r%%?e??%%%m¥ﬁ that the

streaner conprises a head portion in which t he depth of 15 the receivers

i ncreases thEREEE&fﬁ*¥6ﬁQ¥r TﬁFafﬁygﬁﬁgggthe vessel, so that said head
portion has il portion conprising at |east one

secti on lHaving a Recondist ant dif¢ ereNENtoO8al & Herst 18] amovizpd a
selgmic wave acguisition method using at least cone

streamer towed by a vessel and comprising a plurality
of seismic receivers, characterized in that the
streamer comprises a head portion in which the depth of
15  the receivers increases the further they lie away from
the vessel, so that said head portion has a first slant
angle, and a tail portion comprising at least one

secticn having a second slant different to said first

slant.
20
PRESENTATION OF THE FIGURES
Other characteristics and advantages of the
invention will become further apparent from the
following description which is scolely illustrative and
z25 non—-limiting, and 1is to be read with reference toc the
appended drawings in which:
- figures 1 and 2 illustrate acgulsition devices
belonging to the pricr art;
- figures 17 and 2’7 illustrate spectra o¢if a
30 shallow event, obtained using the devices

illustrated figures 1 and 2;
- figures 3 and 4 illustrate two embocdiments of an

acgulsition device according to the invention;



PRESENTATI ON OF THE FI GURES O her characteristics and advant ages of
the invention will becone further appar gnt fromthe follow ng description
«which is solely illustrative and 25 non-limting, and is to be read with
reference to the appended drawings in which: - figures 1 and 2 illustrate
acqui sition devices belonging to the prior art; figures |' and 2
illustrate spectra of a 30shall ow event, obtai ned using the devices
illustrated figures 1 and 2; figures 3 and 4 illustrate two enbodi nents of
an acqui sition device according to the invention; 6 figures 3' and 4
illustrate spectra pfg@r@haljfow &y@ntaobt al hedt bstag st:;h@cﬁleayi ces a
illustrated figures 3% l.él’e IIustrates anott%r odlrrent of the
Sacqui sition device Satcorti ng t he P hvehton: " Fitur e g‘ is a Schematic
illustrating a net hodlpermitdd n@qmmmrbws:slﬁg of marine seismc data

recorded by the acqujsitio i f e i ~RETAI
DESCR! PTI.ON OF EI\/BOE_)J[% avﬁq\&ur%gcf%rte%e?ﬂé *Sﬁ% e%goﬁ)ﬂ?. (%;I Iarc%fEDthe

acqguisition device accordlng to the invention;
~ figure 6 is a schematic i1llustrating a method
permitting the processing of marine seismic data
recorded by Tthe acquisition device <¢f the
invention.
10
DETATLED DESCRIPTION OF EMBODIMENTS

With reference to figure 1, a prior art

acquisition device i1s illustrated comprising a seismic
streamer towed by a vessel 2. The streamer 1 comprises

15 a plurality of receivers 4a, 4b spaced at regular
intervals 1in the order of a few metres along the
streamer. The receivers are usually hydrophones. The
streamer 1 1s also equipped, as is conventional, with
depth control units called birds 5 mounted on the

20 streamer at regular intervals e.g. at arcund 300 metres
from each other. Said depth control Dbirds are
commercially available. Fach of the birds 5 can be
individually adjusted to position the streamer at a
determined depth.

25 In the device shown figure 1, the devices 5 are
adjusted at increasing depths starting from the head of
the streamer 1, so that the streamer 1 is slanted
relative to the surface of the water 2. The seismic
receiver 4a the closest to the vessel 2 is positioned

30 at a depth of 7.5 metres, and the seismic receiver 4b
lying furthest distant from the wvessel 2 (at &
horizontal distance which generally llies between 6 and
10 km in currently used acqguisition devices} lies at a

depth of 37.5 metres. It is noted in figure 1, as in



acquisition device is illustrated conprising a seismc streamer towed by a
vessel 2. The streamer 1 conprises 15 a?plurality of receivers 4a, 4b
-spaced at regular intervals in the order of a few netres along the
streaner. The receivers are usually hydrophones. The streaner 1 is al so
equi pped, as is conventional, with depth control units called birds 5
nmounted on the 20 streanmer at regular intervals e.g. at around 300 netres
fromeach other. Said depth control birds are comrercially avail able. Each
of the birds 5 can be individually adjusted to position the streaner at a

determ ned depth,cRalnethe devi cesshome Figueg=dsathendeyicgs 51ane
adj usted at increasing depths starting fromthe head of the streamer 1, so

t hat the strb%n%fgﬁlee§?%%?%%¢?%ﬂ%ﬁmﬂ%r?% Yhel stifface’of the water 3. The
seism c receiver #athepekosest itQ th53vesselfamailxnmdq@med 30tenat a

depth of 7.5 netres,. an smc r i fur hes dlstant
frgnlthe vesSel“5 (At 4 gh%ng%ﬁi%W 6? mﬁé%%{%eagQa??érfles bet ween 6
and 10 kﬁlinlbhm$EDatgduée@ua@qblS|t|on deV|ces) lies at a depth of 37.5
metres. It is noted '@lpggggpgéugﬁ 1B Ldieplheted ] gupes: hpatithe

representation of th exag erated conpared with reality.
Two spectra e 20eafP0R4Al ﬁ@r¥ﬁ3§5§(a¥% epbtam%ia@laeﬁg)mftﬁe]ahsrw Foas

reflector (depth ﬁ@@w&ére&) ar o'-iitllmtratl%d fthgwe@osge the idBgrfirst
spectrum 10 (called "i deal runf inth i nder hereof) is optained

c
when nodel | |Wﬂ%€%mn%Fl?%cV H%éa% %B%%HE% s"thePafofetthedi ol
spectrummMugigM@uldabefubﬂgl@edmuhath@|mmwﬂﬂdlsngﬁnmﬂ ﬁébspgmalbmas fully

elimnated in the re orde y the hydrophones (traces).
Thesecondspeg?r3%¥§6% g?ﬁed" % e spectrum in the remai nder hereof) is

obt ai ned usi ng th%h@eV|$$C®ﬂdusﬁ%&ﬂﬁdﬂﬂiguﬁ@ 1. {(called “effective
spectrum” 1in the remainder hereof) 1is obtained using

the device illustrated figure 1.

15 Tt is ascertained that these two spectra have very
different shapes. In particular, the width c¢f the
effective spectrum 20 is smaller than the width of the
ideal spectrum 10: the effective spectrum 20 contains
less energy for the low frequencies (lower than 10 Hz)

20  and high freguencies (higher than 60 Hz) than the ideal
spectrum 16.

Yet it is precisely within these frequency bands
that the signal-to-ncise ratico is to be improved.
With reference to figure 2, another acguisition

25 device 1s illustrated comprising a streamer 1 towed by
a vessel 2. The depth contrel birds % egulpping the
streamer are adjusted so that the streamer 1 1s slanted
with respect to the surface of the water 3. This time,
the seismic receiver 4a closest to the vessel 2 is

30  located at a depth of 15 metres and the seismic
receiver 4bh the furthest distant from the vessel 2 (at
a horizontal distance of 8 km or more) lies at a depth

cf 327.5 metres.



151t is ascertained that these two spectra have very different shapes. In
particular, the width of the effective gpectrum?20 is snaller than the
width of the ideal spectrum 10: the effective spectrum 20 contains |ess
energy for the |l ow frequencies (lower than 10 Hz) 20 and high frequencies
(higher than 60 Hz) than the ideal spectrum 10. Yet it is precisely
within these frequency bands that the signal-to-noise ratiois to be

i mproved. Wth reference to figure 2, another acquisition 25 device is
illustrated conprising a streaner | towed by a vessel 2. The depth control
bi rds 5 equi ppi ng'Hehe: Sireanere ape 1gd)dist et socd hatmbpheedt medmertiiei s

slanted with,respect _to.the suf h t I Sqtd - seismc
recei ver 4a ¢l 0sest lPo%tlﬁelfrveeg{se?ggc%néoetlh\()gga%%%é%t Eg gehpe!t F% ért{ﬁc metres
and t he sei smairecei Vet dbogdet fur tHestvelistlant fromthe vessel 2 (at a

hori zontal distangg of, & knQf MoKe) 1hi-eszat ng depth 9fp8H. Sopetyes. 8
Therefore, the only difference conpared with the device in figure 1

concer ns ot hes PPt of adfe &l stE r 646PFEr t hE cla8est E8°thetVessel . The
advant age ofpifiaieasi nget e rdept b ofswdiel Snsessnmwairecein/er iheectosest to
the vessel is to minimze the effect of swell noise which only affects
areas cl ose 15 The" sUtt ace. “the’'§petita 10,20 of final images(after

st acki ng) of the sEme shattowarefllect & depth 108680 netres)s areaftdwstrated

figure 2'. - ~ahe i deal tr 0ig, i, ned when.opdel | i ng .does not
i ncl ude any Sg%do%l%%@he g)?f eit?f?eip/e gg@%trum Eggi?vé obt aj neé usi nlg etg'%%te devi ce
i |lustrabfed $iguraetpes) are illustratec figure 27.

The ideal spectrum 10 1s obtained when modelling
does not inclilude any chost. The effective spectrum 20
1g obtained using the device illustrated figure 2.

Here again it 1s ascertained that these two

15 spectra have very different shapes, the effective
spectrum 20 containing the notch of a receiver at 15 m,
lying at 50 Hz, this notch still being present though
in attenuated form.

The imperfect ghost elimination cbtained using the

20 acqguisition devices illustrated figures 1 and 2 is
related Lo the depth of the raeflector under
consideration (800 metres).

For a reflector at this depth, the data recorded
by the receivers relatively close te the seismic source

25 have an overriding influence in stacking, the distant
recelvers making a negligible contribution.

Therefore, for a shallow reflectecr, only the
recordings of the seismic receivers positicned in the
nead portion of the streamer (the <¢losest to the

30 vessel) are used.

For the devices illustrated figures 1 and 2, this
means that the depth dynamics of the receivers, which
determine the diversity of the notches, are
insufficient for good quality ghost elimination when

35 processing.



Here again it is ascertained that these two 15 spectra have very different
shapes, the effective spectrum 20 containing the notch of a receiver at 15
-m lying at 50 Hz, this notch still being present though in attenuated
form The inperfect ghost elimnation obtained using the 20 acquisition
devices illustrated figures 1 and 2 is related to the depth of the

refl ector under consideration (800 netres). For a reflector at this
depth, the data recorded by the receivers relatively close to the seismc
source 25 have an overriding influence in stacking, the distant receivers

maki ng a negligi blecikconptributien.co figudherefore, afiar ;3 shal feweref| ector,

1 C, receivers positi d in_the ad portion

only the recordings of the_sejsmc, \ e

of the strea%%?o?%hﬁp%?os%gt %%ﬁth%n§%@%%%%l)£5?e hgg%?trated'Fgfo{he
devices illustzated figuséspliandy?, thésemeansutdrat strhe depth dymani cs of
the receivers,, uhi ch getermne, t he, di vensiiy, of; the ciotehes, s argnic

i nsuf fi ci ent”f of goo& qual Ity ghost el i mi nation en 35 processi ng.

Wth reférentetao Pirginessny, 4Jdanicds diCPREreme embodioreies 168 t hef

invention arg-ibiustrateds; ko, reasons Rbrsj mpbiciityy these-figures show
only one seism c streanmer 1, but |nﬂgr?ct|c§ current seismc da%a

gat heri ng de¥i¢ed ConpPVeaLa®pl urtal PP of 28t Peaher S Cei tht CLt en™or nore)
t owed by thenwessel o2, sandatbes i twend ilon tlse appss€enbl e irrespective of the

nunber of streanmers towed by the vessel. Each streaner 1 ¢ i a
plurality of se?gaﬁ%hlggFgé Fvers Qﬁmgﬁﬁﬁ%%J?yp%ygﬁggﬁgnégpa%%%%ﬁ%?oduce
si gnal s henr¢heyveeeei Ve nerymecskism bydavescenit t ediiny aneepdlsst on

source 6 toved by, {he vessel., 2, .andactivated al; fegular, doterval sq
(represented as a pol nt sourgé but in practice consisting of several
paral | el by an emission source 6 towed by the vessel 2, and

activated at regular intervals (represented as a point
source but in practice consisting of several parallel
15 lines of air guns), and further comprises depth control
birds 5. The  streamers are appropriately solid
streamers marketed by Sercel under the trademark
Sentinel, but the iInvention 1s applicable to other
types of streamers. The depth control birds can
29 appropriately be devices of Nautilus type (trademark
registered by Sercel) which also permit lateral
positioning of *the streamers, but once again other
types of depth control devices can be used to implement
the invention. The distances between adjacent receivers
25 4 are in the order of a few metres, and appropriately
the distances between adjacent depth control birds are
between 200 and 400 metres.
As known per se means are provided, which are not
shown, to determine the position coordinates of the
30 source 6 and recelvers 4 on each shot fired by the
source 6.
Each streamer 1 comprises a head portion la and a
tail portion 1b. Each portion comprises a plurality of
seismic receivers 4. The depth control kirds 5 of the

35 head peortien la are adjusted for respective depths



15'1ines of air guns), and further conprises depth control birds 5. The
streamers are appropriately solid streapers nmarketed by Sercel under the
-trademark Sentinel, but the invention is applicable to other types of
streaners. The depth control birds can 20 appropriately be devices of
Nautilus type (trademark registered by Sercel) which also permt |ateral
positioning of the streaners, but once again other types of depth control
devi ces can be used to inplenent the invention. The di stances between

adj acent receivers 25 4 are in the order of a few netres, and appropriately
t he di st anceshbet weenradiacente depthheontthely bitdsdaseabet ieem 200= and 400

netres. As known per._se neans .are,provi ded, which,_ no wn, to
det erm ne th%e%%%?1i5ﬁﬁc§gﬁginggéslS t%@ gﬁ“%%ufgé 6 aﬁgéggce%%igg 4 on
each shot firetkbiyve hecsoutice 65uEache steeanehe 1l Conpri sés alheadportion

la and a tai émﬁ@&%&@&%& b.; Bach hardd on:compLi ses a,pl ural ity of.seismc
receivers 4. The depth control birds 5 of the 35 head portion, la are

adj ust ed ¥ orcPrespekt PvECgept &L 10'hiehli MG EA<E t he fdf narl theylie
distant fromthesmessete SRathabrporhi om hadd esoatzansd antiangtieerel ative
to the surface gf t he e _enbodi nents illustrated figures 3 and

] mgta‘S.llnth
4, the dept W8 %Hnt oIS biPds?B90f the?Tai1 portion Ib are adjusted
uni formy so thatThpord i aii ddeddres horifzontral-iocins othépwwosdst itsest ant

angle Is zerp.cy qynliese dif foreptconthoucations All owsulligient notch

dynamics to be_obtaVﬁ . alTow reflectors, 10 using receivers |ying at

dept hs tiHat arenacceptdbEesi Avpraceicceerths that tdee el hehte shown

figure 3, tg§r§§{§@gp recei ver the closest to the seismc source 6 |lies at
.5

a depth of netres. The head portion |a appropri at el .
P In the @mbodim@nt shown f%u,ee %, ¥he seismic

receiver the closest to the seismic source 6 lies at a
depth of 7.5 metres. The head portion la appropriately

15 has a length of between 1 and 3 km, for example of
2 km. The seismic receiver 4 of the first portion la
that 1is furthest distant from the seismic source 6 lies
at a depth of 37.5 metres. The second portion lb being
horizeontal, the receiver 4 of the second porticn 1b the

20  furthest distant from the source 6 alsc lies at a depth
of 37.5 metres. Evidently this wvalue is only given by
way of illustration. The depth can be chosen in each
case in relation to particular conditions (depth cf the
water section, geological characteristics).

25 Figure 3’ illustrates two spectra 10, 20 of final
images (after stacking) of a shallow reflector (depth
of 800 metres).

The first spectrum 10 (“ideal spectrum”) isg
obtained when modelling does not include any ghost. It

306 is therefore the ideal spectrum which would be obtained

the signals recorded by the hydrophones {Lraces).
The second spectrum 20 (“effective spectrum”) 1is

obtained using the device illustrated figure 3.



15-has a length of between 1 and 3 km for exanple of 2 km The seismc
receiver 4 of the first portion la that,is furthest distant fromthe
seismc source 6 lies at a depth of 37.5 netres. The second portion | b
bei ng horizontal, the receiver 4 of the second portion |b the 20 furthest

di stant fromthe source 6 also lies at a depth of 37.5 netres. Evidently
this value is only given by way of illustration. The depth can be chosen in
each case in relation to particular conditions (depth of the water section,
geol ogi cal characteristics). 25Figure 3' illustrates two spectra 10, 20 of
final images (after stacking) ofhatshalirowatefdrectoar @dept@hoét80ﬂsnetres)
The first sp run110 "igegl sgectrunf%elséggie|neq3mh | does
not i ncl ude hﬁé %os? T3 {héref 6T'e t fie i dea spec run1 hi ch” woul d be
obt ai ned i f f®$ﬂmm&a§ﬂ&:cqyﬁﬁﬁ sxgﬂakuwaslﬂulIynelpﬁrhaféﬂafronﬁmﬁe

signals recorded. by, d he hydtonnones e 8668) <qne. noffie: second spect rum 20

("effective spectru S obt ai ned u5|n%_the device illustrated figure 3.
I 5t Jrcée%unw@%%u@ i fiPRat it/ of-he gIFSEtEIS 95dedd! obt Bihed,
since the effeecfime.-spectrum 20 follows the ideal spectrun110 I n

articular, the effectiv ctrum. 20 has th eh VI the 5 i dea
gpectrun1for theﬁ?ﬁﬁ??e% éﬂ %&?%ﬂﬁfﬁu%ﬁl?wgaaéﬁSP d%f%

i llustrates ancenhodi nent whipﬁi@hﬁ%er% faramudhe ohe |¢Eﬁt@umé Stm®rough
e o Pralfnoe UL FEEelUEr ARR.EhOTERt P dIRREL St apur e I 10
i s at  a dep

t he case shown i's receiver Tie metres

Figure 490 |Ith@tﬁaﬁésSbh@nsﬁééﬂhaf0? tﬁhalfﬁﬁﬁg@§r(éﬂﬁér5§1a%k@%@§hof t he
sane shal | ow,feft egtor, obtained fromthe deV|ce in figure 4, for the ideal
15 case and tor the effective_case. conparljg t he ideal spectrum
10 and the effect?%%?%%e%trﬁ%@?étE?FertbﬁrFﬁ%&ﬁf@hé% ghodt! el ¥ %At i on has

been properl yspbtai nedackhaty)t hestbehand ousank t henaffect i ver specsrum 20 in
the |ow and obtained from the device in figure 4, for the ideal
15 case and for the effective case.

By comparing the 1ideal spectrum 10 and the
effective spectrum 20, it 1s wverified that ghost
elimination has ©Dbeen ©properly obtalned, that the
behaviour of the effective spectrum 20 in the low and

20  high freguencies 1ig similar to that of the ideal
spectrum 10, and that the notch at 50 Hz 1is suitably
filled.

To pay heed to hydrodynamic considerations, the
slant of head portion la is preferably less than 2%.

25 This aveocids setting up turbulence which would be
detrimental to the quality of the signals recorded by
the seismic receilvers. This siant is preferably more
than 1% which provides a sufficient range of receiver
depths to achieve good guality chost elimination when

30  processing.

With reference to figure 5 ancther embodiment 1is
illustrated in which the depth c¢ontrol birds 5 are
adjusted so that the tail portion 1b of the streamer 1,
on and after the Jjunction with the head portion,

35 comprises a section lc of smaller slant than the head



20'high frequencies is simlar to that of the ideal spectrum 10, and that
the notch at 50 Hz is suitably filled. ;, To pay heed to hydrodynam c
-consi derations, the slant of head portion la is preferably |l ess than 2% 25
This avoids setting up turbul ence which would be detrinental to the quality
of the signals recorded by the seismc receivers. This slant is preferably
nore than 1% whi ch provides a sufficient range of receiver depths to

achi eve good quality ghost elimnation when 30 processing. Wth reference
to figure 5 another enbodinent is illustrated in which the depth control
birds 5 are pdiustedisg thatedheotailkh pordiran 4 bsobnthesrstrleanernhdn on and
after the junction_w th the head rtiaon, .35 conprise sect | of

smal | er slan?h?%aﬁftﬁ§x¥ﬁi%§ ff:pgg i on E%?Jénéec igﬁvﬁg%h§3i%%ggl% ant
smal | er thanstdat dhasestibhohc ldnd la gects omidalihavithg @renadl enigl ant
than secti On%afg?jhxb@r“ehé %ﬂ%@@'s%etrtto the seisnic recehyer,dhe cf osest to

the surface e water lies 5 at a depth of between 7 nmetres and 8
netres. Accotlli agleBlBnelvEtH#FEof SifbddiTnetitt ettt onci e rayr bend
hori zontal i:g. bhave a:zes@:slant..Accoiding, t osapoiber variaay, S€ctions

ld and le forma singie,section of wunifor slan%. 10§1her enbod%nepts of
the i nventi on°EhaA"Betohst defBde Fof©BRarpiet - t Aectait poFti R°T B fmy
conprise altesnathng “wpidonkndd secdli ars farmwhi ckinheé edepidisicof ¢he

receivers 4 decrease fhe further they lie away fromthe vessel, and

"down- goi ng" sections in 15 whi ch the depths of the receivers 4 increase
the furtifer they Pilecanapmbrdirehssvessel (as i sithenehse forsectfons |c

and I'd in figure: 3)redhe #prcopifg,and doww-going sections nmay besef the
sane | ength and have the sane slant. As L”d'cated-preVH%$§QX% this sl ant
h

may 20 appropfiafery fiechetheBA 1 Uand R 5% ard “edch of et Fohs may
have a |engthepnntherofder rofedvkas Saild-assangenentuensareshyariation in
depth of the receiyvers %g%ng t he gntire | engt h. of the, streaner, whjch

C

ensures a di V&7 %i t'y- Ot h"Fraghencies pef Mt NG @l i monation

15  which the depths of the receivers 4 increase the
further they lie away from the vessel (as 1s the case
for sections 1c¢ and 1d in figure 5). The up-coming and
down—-going sections may be of the same length and have
the same slant. As indicated previously, this slant may

20 appropriately lie between 1 and 1.5% and each of the
sections may have a length in the order of 1 km. Said
arrangement ensures variation in depth of the receivers
along the entire length of the streamer, which ensures
a diversity of notch frequencies permitting elimination

25 of ghosts on processing, whilst maintaining the depth
of the receivers within a suiltable range from an
operational viewpolnt. For example each of the sectlions
may have a length in the order of 1 km and a slant of
between 1 and 1.5%.

30

Processing method

Under the present invention, the seismic data are
reccerded by receivers lcocated at different depths. The
methods to process marine seismic data are generally

35 adapted to receivers which all lie at one same depth.



25-of ghosts on processing, whilst maintaining the depth of the receivers
within a suitable range froman operatignal viewpoint. For exanple each of
the sections may have a length in the order of 1 kmand a slant of between
1 and 1.5% 30 Processing nethod Under the present invention, the
seismc data are recorded by receivers located at different depths. The
nmet hods to process marine seismc data are generally 35 adapted to
receivers which all lie at one sane depth. 13 The operation of
"dat um ng" consists of using recorded data to construct data which would
have been obtai nethd f ddwe-a€cei verrs had theencat thessame dept husiihe net hod
to process data derived froma slanted 5 streaner, described in US 4 353 121
conprises a ﬁ%pﬁﬁgﬁ%iﬁatgtgﬁ’ﬁﬁ?%%lﬁggﬁn%%t?hg lﬁ%vgoﬁggpgﬁgFﬁo%F?%
vertical. PatlemditSi4i992h892 eceplvases tde Udedatbnitig ofaryS deds3. 121 by

20 dat umi ng,T%%i Gh fiakes tiontgr?rer%ggn_td he angle of propagati oNip-4he

direction of the streaner, )l 1citly assum ng that propagation_occurs
in the vértizarephane rssiimed hedugHst he s%%%aﬁgr.q&mm&%%%h|ﬁy,l@t i's

limted to tﬁ@%@@§@gi%t@?@Gﬁh£@@ sbeeager has: ay§easiapslanitorangs e.
Thr ee- di nensi onal %enera i sati th t hod 15 descrlﬁﬁddlg Us 4 992
i NSt 9§-3

992, repl aci Hg* 20 %tuﬁ?EaHByU§B4S§€&n$ﬁg?IE%Hégxﬁb*a&a. Grpti ng

restrictionsoof wurrens30ygeonst rizes: dawderingacquhsichi onageenetries have
et nace ber SUEL T LR SAIPE G MRS UL NENSATRINNG Ri S0 (ST 0SS

di stance between 2" stTeaners) i the order o m~an order of
magni t udé t hiate i sstaegeert habmp hecdi sY aneesbet Weent2atonskent¢¥elPecei vers

on a streamer £(l12.5 M. rne ydiciSainferred thatsthe methods,desgsibed in
US 4 353 121 and US 4 992 992 are not, applicable to an 25 acquisition

geometry cor¥eSpyRet ng AL CREERbYdi nENt $5 oft HE Shvent F6R i bad above.
The processiygi aRt hied @i veanbel o cancbesused toaobtahgian i mage directly
of the subsurface usiqg.data.derived fronithe above-gesgribed gD

ree-gdi o he " method

acqui sition takin%h mensiona generailsacion
15  described in US 4 992 992, replacing 2D datuming by 3D

datuming, comes up against y-sampling restrictions of
current 3D geometries: modern acguisition geometries
have several streamers which sample dimension y, but
the sampling pitch (cross distance between 2 streamers)

20 is in the order of 150 m, an order of magnitude that is
larger than the distance between 2 consecutive
recelvers on a streamer (12.5 m).

It is inferred that the methods described in US
4 353 121 and US 4 992 992 are not applicable to an

25 acquisition geocmetry corresponding to the embodiments
of the invention described above.

The processing method given below can be used to
obtain an 1image directly of the subsurface, using data
derived from the above-described 3D acqguisition taking

30 into account non-vertical directicns of propagation.

This method comprises receiving the marine seismic
data derived from 3D acguisition, 3D migration of the
seismic data and obtaining an image representing the

topography cf the subsurface.



30-into account non-vertical directions of propagation. Thi s et hod
conprises receiving the marine seisnmc.data derived from 3D acquisition, 3D
-mgration of the seisnmc data and obtai'ning an i nmage representing the

t opography of the subsurface. 19 3D migration per shot point is a
nodern nethod to process seismc data, which allows a precise inmage of the
subsurface to be obtained taking wave propagation accurately into account
in conplex nmedia. 5Said mgration consists of synthesizing the incident
wave frominformation on the seismc source and refl ected wave using
recorded data. 3p mE@ramigrapbensabc"” eperway's typeodden prénedPl €ci s the
foll ow ng. 10The incident .wave D (i.e. .the ve emtted by the source) is
assuned to betdownst Favel'ttng ™ i & idi d%#vg%vé I?(%?,Cy},sze?/tjm'%%@ synt hesi zed
recursivel y dte depbhuz fathe tdovire t phvel hedg twaniecheiawe i propabézednat the
depth of the i sm o] j ncl at every 15 depth nAz
is then cal cU %%#%%iu%?ge%éc%gﬁga rgui:gﬁ%% t gd%]bi dent wave at depth
z+Az frof the incident WaveastodeptdP s iSiti | aFl y, e esfizdated the
waveU(x,y, z, 1) sqassuned <t of ben uprntrhavekkibng @ndiehs iduitdrald zeduatez=zr 20
with the data recorded b%( the seismc recei vgr% élf all the receivers have
the same dept®}. TheSreft ettt Waved U fnctheentife volune is then

cal cul ated recursivel yibyaeabguleat i 'ngné-hes wp- trpveldhieng mawe 4l @t i dept h
zZ+Az fromthﬁqupft%gvel | ing wave at depth z. 25The inmage of the subsurface
is calculated by the"tTHe cross-correlation of the two volunes D (X,V,z,t)
and U(xy z,t). The incident wave D (i.e. the wave emitted by the

source) is assumed to be down-travelling. This incident
wave D(x,vy,z,t) 1s synthesized recursively at depth z,
the down-travelling wave being initialized at the depth
of the seismic source zs;. The incident wave D al every

15  depth nAz is then calculated recursively by calculating
the incident wave at depth z+Az from the incident wave
at depth =z.

Similarly, the reflected wave Uilx,v,2,1t) is
assumed to be up-travelling and is initiallzed at z=z,

20 with the data recorded by the seismic receivers {(if alil
the recelvers have the same depth). The reflected wave
U in the entire volume 1s then calculated recursively
by calculating the up~travelliing wave U at depth z+Az
from the up-travelling wave at depth z.

25 The image of the subsurface 1s calculated by the
time cross—-correlation of the two volumes D (x,v,2,T)
and U{x,v,z,t).

The altimetry i.e. the fact that the source and
the receivers may have non—-zero depths fand all

30 different) may be taken into account by adding the
sources and receivers as =z thrcoughcut the recursive
calculations: for example & receiver at a depth =z,
lying between nAz and (n+l)az 1s added during the

recursive calculation of Ul(n+l)az) from U(nhz).



The altinetry i.e. the fact that the source and the receivers may have
non-zero depths (and all 30 different) y be taken into account by adding
the sources and receivers as z throughout the recursive cal cul ations: for
exanple a receiver at a depth zr lying between nAz and (n+l1) Az i s added
during the recursive cal culation of U((n+l)Az) from U(nAz). 15 Al so,
the mgration step is appropriately an adapted mrror mgration, so-called
by analogy with mirror mgration and the adapted filter used for signal
processi ng (consisting of convoluting a neasurenent 5 s(t), perturbed by

convol ution wth;@_gt(t) tmétemglka/rjt(nt)siﬁép aszéo mimﬂﬁﬁ@@ an

si gnal -t o- n0| m rror nlgra{i k) seaﬁsurfac |s used
as mirror: % OWJQﬁ%ﬂn?%aﬁaFHBDSed$f65? Tt | éftﬁga ¥&r "Sur't ace that
is"9gmedmhm@mmdmmﬁmmQM®mﬁdwdamﬁ®ﬁummxmmmhtMasmﬁmc

receivers. eslﬁqierpi (tso%es,lstﬁ% ei_sm ﬂ%% coQS|rg lered.not..as having

been recor déd’ & m c receivers of ‘the streg ut at an altitude
above thé wat &r’ supéatéreq@abYtGxﬂh@ﬂdéﬁﬁﬁlOWlE%earédélvéﬁﬂﬂéﬁaté@Vat t he

15 deepest depth, as idlustrated fd gwe Sional-co-Nedd rrorid mging
technique using mrror mgration is descrf%ed for exanple in the

publication "FaciiG% at'i h§°t eBRABPEGPBs 61 pEidraneht FCi nst MERENtEY oi |

flflds" Dan febreim . Xi yydandlior and fw ght” SMKQDS@BQIh@rLeadIﬁ@ Edge,
Vol . 19, N3,

p 282-2 i cat this
t echni que is” %@%ﬁ ?6F§ﬁg?g%é§Fhéfgngsb%h %dselgnFEe g%lv%?éf#Ct%ﬁed on the
seaf | oorl08a. Lddwe: i i modpteeased-hs $¢Eﬁmﬂ@rﬂﬁ¢¢£NQﬁSIeCIprOCIty and
fictitious ConS'QE{§§¥89tE thg&gfg&gjgélglaggatgﬁ%oq£9%§ﬁgﬂw&pen af | oor

(at the receiver positions receivers on the surface (at the source
posi tions). as haviig rleeeh megfaefednst stse of e usithy %%@ﬁ$7%¥$t@%u§ﬁ%host

source to obiaidntde 'Hﬁge,aﬂ/\héu@haQ@rﬂtQ@eaCamcﬁ)/@df?tQ by tRl-aci ner 4 he
fictitious sources at their mirror posjtion relative to the mater surface

S
the source ﬁ%%?%%ohé)(§§est%%t5 i n§Ehanged Yor (x&ovsed 2
15 deepest depth, as illustrated figure 6.

One mirror imaging technique using mirror
migration is described for example in the publication
“Facilitating technologies for permanently instrumented
oil fields” Dan Ebrom, Xiuyuan Li, and Dwight Sukup,

20 The Leading Edge, Vol.19, N°3, pp. 282-285, March 2000.

In this publication, this technique 1is used for
data gathering using seismic receivers located on the
seafloor 8a. The principle used 1is the principle of
reciprocity, and fictiticus consideraticn is therefore

25 given to sources on the seafloor {(at the receiver
pesitieons) and of receivers on the surface (at the
source positionsi).

Mirror imaging consists of using the fictitious
ghost scurce to obtain the image, which can be achieved

30 by placing the fictitious sources at thelr mirror
position relative to the water surface, the source
positions (®g,Ys,2Zs, beling changed to (s, Ve,=2Z 5.

Mirror imaging allows better 1llumination of

shallow reflectors.



Mrror imaging allows better illum nation of shallow reflectors. 16
Wt hrespecttoadapted mrror mgration, l(er,yr,z,) bei ng the positions of
-the receivers on the streaners, the refl'ected wave U (assunmed to be
up-travelling) is initialized with altinetry mgration at 5 an altitude

z.", being the maxi nrum depth of the seismc receivers (the maxi nrum of all
zr) and altitude 0 corresponding to the water surface. During the
recursive downward novenent of the wave U as z between values -z. and O,
the recording of the 10 receiver under consideration is added with a sign

change at the m rfor, posiddns: of tiche rggekvears nekabive hogthei seafl oor
i.e. at (x"y -zré). Cont i nui n%bdownwards for %:g to z.,the recordié]eqs of the
recei ver und&f::¢onéidePatien -dfe 8 dddiéd at* t hefr “FEal VFéSi t9bns
(x",yr,zr). dhesaened ndeheof rehécreedr stanee cal cubasioadoftdl, behexgener at i on
of the incident ve (assuped.to. d -tr 1] ; :
cross-correl%ﬁ%érqﬁs %@ bg%/\ggggll%gll gﬁt %\gﬁg ragTVtIeléAcéttre}g) \An/gl&gl%%%orbtaé% n the

i mage, arffe comdactétufla 2Cusi.M far FaAREr He angenvent fepah orie- Wey

mgration. goispdb this;pmepperpthe subsurface,imge is,obiainedidirectly
fromdata acquired using the nethod of the invention, taking into account

the exact retefVerepoditidmnstand!t he*exaci* 3D Pf opagati on of the waves.

25The step, duri ng:whi¢hHecosdi ngsvarexadaedd atotdecm reoroiposidvons of
t he recei ver[z,% rovi des strengt heni ng of

_ _ ng of the signal-to-noise ratio by

i magi ng base £h8SgRBEL PEEEFTer “ i FAGUL ’do%b iy the "M gration

cal cul atlilon té¢oelwhi chuwdut d et casen f 130 awoleidmagéshwere sadcul at ed

and then stagcked as propeged in, Egcilitatiing technologles for; perganently
relative to the seafloor i.e. at (Xy, Ve, —Ze) -

Continuing downwards for 7= () to Zmax s the
recordings of the receiver under consideration are

15 added at their real positions (Xy, Ve, 2.} . The remainder
of the recursive calculation c¢f U, the generation of
the incident wave D (assumed to be down-travelling)} and
the cross—correlation step between incident and
reflected wave to obtain the image, are conducted in

20 similar manner to a conventicnal one-way migration.

In this manner, the subsurface image is obtained
directly from data acguired using the method of the
invention, taking intoc account the exact recelver
positions and the exact 3D propagation of the waves.

25 The step, during which recordings are added at the
mirror positions of the recelvers, provides
strengthening of the signal-to-noilse ratio by imaging
based on the ghost receiver, without doukbling the
migration calculation time which would be the case 1if

30  two images were calculated and then stacked as proposed
in “Facilitating technelogies for permanently
instrumented 0il fields”. The above-described
processing allows an image of the subsurface to be
obtained directly from data derived from the 3D

35 acquisition according to the invention.



i nstrunent edoi | fi el ds". Theabove-descri bed processing allows an i nage of the
subsurface to be obtained directly frqudata derived fromthe 3D 35
-acquisition according to the invention.”” 17 Contrary to the nethods
described in US 4,353,121 and US 4,992,992 the processi ng nethod descri bed
above does not conprise any step consisting of reconstructing seismc data,
whi ch woul d have been recorded by a 5 horizontal streaner, using seismc
data recorded by the slanted streaner prior to their mgration. The
processi ng nmet hod descri bed above takes into account the angles of

propagation at botl,x-and y. Thispaehhed akse Mekes :id possjbie 1o inprove
the 10 signal -to-noise ratio by using ghost data to reinforce primary
reflection d&td. Us 4,99 9?ﬁeté€ptpr¥odie\?’érl§igt VO the Sensor s dues’ fot

permt full ebésmmationefighostywaves, cdhei sesudtbngrpest st battongon end
data is convol ution Q%ig filter 15 that iﬁ-?é”ﬁ?%&%C%%cQﬁ%&%ipBgSQ% and can
be deconvol uted” {ho not¢h) . “Thi's' dé&onvol tition “step i's sinplifred by the
fact thatt i thesizouzerd phasendeconvolutiormnilheddescréptiond oby adapt ed

mrror mgration given. 29, abave; concerns. {he, case. of, 3D mgration for

"one-way" shot point. There are other types of mgrations which can be
adapt ed as adapt e ari PEBECREGREL TG O Hyl t REoFEl ke o BF t he

reflected wayeschm: addi tiomdée secorsbngs: ofnthe neecei yessiaf. their exact

positions, This method alsc makes 1t possible to improve the

10 signal-to-noise ratio by using ghost data to reinforce
primary reflection data.

If the depth diversity of the sensors does not
permit full elimination cof ghost waves, the resulting
perturbation on end data 1s convolution by a £filter

15 that is symmetrical (zero phase) and can be
deconvoluted {(no notch). This deconvoeolution step 1Is
simplified by the fact that 1t 1s a zero phase
deconvelution,

The description of adapted mirror migration given

20 above concerns the case of 3D migration for “one-way”
shot point. There are other types of migrations which
can bhe adapted as adapted mirror migration by adding to
the calculation of the reflected wave, 1in addition to
recordings of the receivers at their exact positions,

25 the opposite recordings at thelr mirror positions.

There 1s also a 3D migration per shot point called
“Reverse Time Migration” which does not assums that the
incident wave is a down-travelling wave and the
reflected wave an up-travelling wave. In this case, the

30 adapted mirror migration can be performed by adding the
receivers at theilr effective position (®q, Ve, Z:) but by
using at the water surface so-called free-surface
boundary conditions instead of the usually used

absorkbing boundary conditions.



25:the opposite recordings at their mrror positions. There is also a
3D migration per shot point called Rev%rse Time Mgration"” which does not
~assune that the incident wave is a dowi-travelling wave and the reflected
wave an up-travelling wave. In this case, the 30 adapted mrror mgration
can be perfornmed by adding the receivers at their effective position
(xr,Yr,z,) but by using at the water surface so-called free-surface
boundary conditions instead of the usually used absorbi ng boundary
conditions. 18 In the enbodi ments described above, the seismc

recei vers of the sireagers,af e hydrophenesipthe aceud sitian geospisies
described can al so be applied when the streamers conprise in conbination
hydr ophones 5°&ehs$%5 vePto préssut el SdRd T ec8FGer sVSEREHNGVE 1o 1€

di spl acenentacguchi @sogegphonesiers atceteromet exs. also blen S}bm_hl@j case,
the adapted nlrro% nig&ation roces%Eg descr|q§d 99%9 can, ﬁgngg used,
keeping in h¥$ﬁpt Eﬁ FSaB?é essi has e ac |eved S%par%tely 10 for

each type ofsemgeives. to pr¢®$@nwer amﬁe s¢gﬂnw©®@ge8®@3lhovetot®e

mm“edtot%%éﬂ%u%%@f%%ﬂ%@'@ﬂ%@@@ o butconl v, 4,0 hord zont a

geophones esu ts obtal ned |n hi's way can be conbi ned using a
cal i bration operatir Su®dbl 215 RE6Gwn byet hedrahegki FFEEOFn Therarton 19
CLAI M5 xoées&@{@qgie@ér@g@&l &b HGe SELS N Cs NaVESubYd MBaRsy Ofig aln | east

Cocei vers (41 hHERET t%ﬁ%a%¥$§§§%%ﬂ%o%%?fg%séés%gﬁa@$§¥f%%ﬁé%¥aof¥ﬁekﬁrlﬁ
t he deptih of féhecsecet wes sof ncseasesrthe further their distance fromthe
vessel so that sajd head pontlon has g {lrst, sl ope. gnd.a,fail.porsion (1Db)
the records of wvertical geophones but only to
horizontal geophones. The results obtained in this way
can ke combined using a calibration operator, tool

15 known by the man skilled in the art.



10:conprising at | east one section having a second slope different to the

first slope. 2. Met hod accorq@ng to claim1, wherein the head
~portion (la) is tilted relative to the horizontal at a 15tilt angle of
between 1 and 2% 3. Method according to any of the preceding
clainms, wherein the head portion (la) has a Il ength of between 1 and 3 km
20 4. Method according to any of the preceding clains, wherein the
seismc receiver (4) the closest to the surface of the water (3) lies at a
depth of between 7 netres and 8 netres. 25 5. Method according to

any of clains 1 to 4, wherein the taidrzperstion (I b) has a zero sl ope.

6. Method according to any of Clains 1 to 4, 30 wherein the tail portion
(I'b) conprises at |east two sections (1lc; 1d) whose receivers have a depth
whi ch increases the futdtierd tdeyrdqel dist antifmiom tdrecvessehsathecSecti on
(lc) the cl osest he i i a slan r.eat t han of ction
(1d) lying f%?th%%%g¢r6ﬁ$ 5$ﬁ2%%g§%g|}%>20%0%69‘ g%. %btﬁ%gggéco?%?ng to
any of clai ngonpt s #9 wher ePAVERS 1EEI | Por t9orFilD) Eorprizses at?least one
portion conpfjsiag, arsectki-oR Waese-dgcei ver sa haveqa pdeptibivhichy i ner eases
the further they lie distant from5 the vessel, and a sectlog m?gse

recei vers ha¥ie:&" depehdGAF 8hodedrEasee PREFurtHereaHey tie dr6tant from
the vessel. their diSaMet hakaccarrdi ngdseeany sef chaiknmssiitio eadO
wherein the seism c receivers of the streaners ) .are .hydr nes.

9. Met hod ac%%?gf%ﬁ {£5%an§ 3%4%#%iﬁéo?efo %@g er%?%ﬂtﬁ%mgég%higﬂ$gceivers
(4) of tlfe stoeamessnglptlBSeconprise Eactowbi haviion hkydrophones!lapd

geophones.  yiffrerent to the first slope.

2. Method according to claim 1, wherein the head
portion (la) is tilted relative tec the horizontal at a

15 tilt angle of between 1 and 2%.

3. Method according to any of the preceding
claims, wherein the head portion (la) has a length cof

between 1 and 3 km.

20
4. Method according to any of the preceding
claims, wherein the seismic receiver (4) the closest to
the surface of the water (3) lies at a depth of between
7 meitres and 8 metres.
25
5. Method according to any of claims 1 to 4,
wherein the tail portion (1lb) has a zero slope.
6. Method according to any of claims 1 to 4,
20 wherein the tail portion (ib) comprises at least two

sections (ic; 1d) whose receivers have a depth which
increases the further they lie distant from the vessel,
the section (lc) the closest to the ship having a siant
greater than that of section (ld) lying furthest from

35 the vessel.



10.- Device to acquire seismc waves towed by a vessel (2) and including at

| east one streaner (1) conprising a pI%@ality of seismc receivers (4) and
- 20 equi pped with depth controllers (5) 'spaced apart along its |ength,
characterized in that said controllers (5) are adjusted so that, in the
head portion (1a) of the streaner, the depth of the receivers increases the
further they lie distant fromthe vessel, the streanmer 25 having a first
slope relative to the surface of the water (3), and its tail portion (Ib)
conprises at |east one section having a second slope different to the first

sl ope. 7. Method according to any of claims 1 to 4,
wherein the tail portion (lb) comprises at lesast one

portion comprising a section whose recelvers have a

depth which increases the further they lie distant from

5 the vessel, and a section whose receivers have a depth

which decreases the further they lie distant from the

vessal.

g. Method according to any of c¢laims 1 to 7,
1C wherein the seismic receivers (4} of the streamers (1)

are hydrophones,

9. Method according to any of claims 1 to 7,
wherein the seismic receivers (4) of the streamers (1)

15  comprise in combination hydrophones and geophones.

10. Device to acguire seismic waves towed by a
vessel (2} and including at least one streamer ({1}
comprising a plurality of seismic recelvers (4) and

20  equipped with depth contreollers (5] spaced apart along
its length, characterized in that said controllers (5}
are adjusted so that, in the head portion {la) of the
streamer, the depth of the receivers increases the

further they lie distant from the vessel, the streamer

.
[&y]

having a first slope relative to the surface of the
water (3), and its tail portion {1b) comprises at least
one section having a second slope different to the

first sliope.



