A METHOD AND A SYSTEM FOR S| GNAL | MPROVEMVENT | N MARI NE SEI SM C EXPLORATI ON
The invention relates to a nmethod and a system for inproving the quality of
rﬁa'(l ne seisnmc signals. :Such signals are-gathered by using an array of

“mari ne s¥¥sni ¢ sources which is towed behind a vessel, said array @
conprising a plurality of 5 subarrays. Each subarray carries seismc
sources. The marine seisnic nethod is a generalll y known geophysi cal‘)1342 7
exploration method to investigate the character of- submarine eart h*™ 2
f O%4rat i ons and nore particularly to survey subt erranean formations. 10
Accor di ng Eodsal d SSI smI ?: et hoEPRGIC 48D A SPSTREFOR tsT@NALIbMari ne | ocati ons
are generated periodica S i ous
characteristics of the shﬂxﬂ’g%we@ E‘é‘?ﬁf §€f§3‘#e§%§8‘g"§m§ they enter the
earth agd bﬁi ng rﬁflﬁcted or- refracted fromsubmarine earth strata, are 15
measur e These shoc S [ NSVt UTEARNS )l aced
at varying di stances f\rfgér% v§£ t gggrégiaoﬁ (Iggaétﬁ?ohs and arg P
subsequent |y conveispéving Ghel Q‘-!t,ﬂtlﬁ-FI:e?lf Barfngl sedsmie pigngloeSeeh ghepals

processed to derivgydabandilaChy 43ing an”Bi’rége oP Infdirt €8 sle@srta! abdtcaspwtﬁtcure or
map of the |nvest|gat ed area, which may indicate the presenc any .. '

structural traps chpdiowed Jrehipd @ Ngseitar Sidy BETAY £ 8118 énﬁ;"iﬁag'é The
anpl i tude of the SBafderwy.esaeﬁ gubhfragsStatriea deismic mounéest.h'éhesmeima‘ t he

shock and it wll be,cl.ear t h
anplitude may be sEEHTEE ‘&“i“’@ 15 ﬁaﬁeneraly‘éﬁ%‘\t}?ﬁ I ééger%&grrﬁ#% oA g
has now become a usestiodptadnivestigaterthencharacter ¢ eﬁﬁbﬂérﬁtq sarthp use

hon-dynamite sei Smf ﬁ!&ﬁ@%ndfﬂreeéﬂmt:@lﬁll O Survdie shivd dreihdi:
description will ate to alrguns 30 only, but it . will be clear to-

fhose skilled in tﬁ%‘-‘%ttm%?at . -2- every suitable narine seisnic source
can be used. ¥n exanpl @ccording to said seismic method shocks at preselected

submarine locations are generated periodiéally by marine

seismic sources and various characteristics of the shock
waves, causing seismic waves as they enter the earth and being
reflected or refracted from submarine earth strata, are
15 measured. |
These shock waves are detected'by sensitive instruments,
placed at varying distarces from the shock generation
- locations and are subsequently converted into electrical
signals which may'be further processed to derive data which
20 may be plotted to obtain a picture or map of the investigated
area, which ﬁay indicate the presence, if any, of structural
traps capable of holding hydrocarbons like oil and/or gas.
The amplitude of the shock waves of interest is a '
function of the size of the shock and it will be clear that a
. 25 - wave having a relatively high amplitude may be studied easier
than a wave having a lesser amplitude.
It has now become a usual practice in ‘marine seismic
) exploration to use non-dynamite seismic sources, for example
airguns. The following description will relate to airguns '
30 only, but it will be clear to those skilled in the art that



of such a suitable seismc source is a water-gun. The airguns are towed
behind a mari ne vessel by neans of a tow ng cabl e 'and may suddenly rel easev
red vol unmes of high pressure 5 gas, thus em tti ng acousti cal g
presgyme pul ses having a certain acoustic energy, causing ‘seismc waves as ’
they enter the earth. The acoustic si g_nail . generated by an airgun, shows a
series of pressure pulses resulting in a correspondi ng oscillatory -
frequency s r Elyly r 0 is related to

t he depth o%gﬁe&?ltrgg#nqgﬁgng léggannu%l?lrg% g%{rjgggyusr% o ryeyFH' ased gas vol uma\—f
Mor eover, 0% §ue aaisléi‘i"@#ﬁﬁ%? tSPUERfe i§y2 ELETRIN. SThe RETBI®SUSL i c ener gy

waves prodt&ed:&b@daaemddgumsmhé veR%61 |b9\/\tné’dﬂ%| bt Laieoamg aayiel ectrical
signal deri ved the;l?% Jrﬁ‘ have ? veI é si gnal -t o- noi se
ratio, the WH& tﬁe 58Ut =d Bffie léﬁ"irsg ﬂ}ﬂépnbre?%’é‘? al orders of
magni tude '|gess thenendtting cavouat tuklbyressdye gulses empinglaocemaiusi ng ot her -
subtable eXplodst e nelfi S fal A3k UASnlB ifavds Y UGy BptatBpbess effective as
a 20 selsmcC sourc reo marine sel sm ¢ exploration technol ogy
requires a sarfhofThgceequsitie sdgnahy gengrased Whaehaingyes \shewadded noi se. For,

when 5Ubm?r&&deﬁrcﬁaﬁr@é’&rexﬂiﬁégdnesh!ﬂ@irliei@q ea&&saa@ingnorrral ly be fixedly
| ocat ed so as i & t a nunber of shock al significance.
i%ﬁf t

Instead it 9561 THINFRGT SREFHIHE l?é’igﬁﬁ: f&?ﬁ%"ﬁﬁ eﬁ‘be‘_’lc cate the

. det ect®r s iwhiahCimntrebaredsty thewdbsptht £ afer aixgioh candvbhe laneutecadd fromt he
rear of at Vess t ou S1o €f l ected from -

subsurface I?q')glrs %%{e gg zegleaggaﬂﬁgg ‘%ﬁhﬁg 1~{19&\’/"2% élggm%?a\égee Ing along a :

prescri bed indersityoerergyhsoynces, gio the @:cesaticl—lemwamch a procedure

produces t%oﬁ@cé@'b?%@'l@r%ﬁﬂ %ii‘ﬁ%a@edlo%add{ﬂ%ﬁ&]@%ﬁﬁ agyf | uence upon ‘the

qual ity of the S|gnasto e obtai ne -3- _To inprove both the signal
strength Euﬁ}epﬁgigﬁl ved therefrom will have a relatively low

15 signal—to-noise_retio, the signal strength produced by an
airgun beinglseverel'orders of magnitude'less_than that
generated by a dynemite explosion or using other suitable
'explosives. | ' _

These features make a single airgun less effective as a

20 seismic source. _

Moreover, marine seismic exploration technology requires
a way of detecting.seismic wayes, which involves added noise.
For,'when submerged.areas ere explored, the detectors cannot
normally be fixedly located so as to detect a number of shocks

25 of equal significence. ) | _ '

Instead it is conventional in marine seismic exploration
to locate the detectors in a continuously towed streamer .
cable, which extends from the rear of a towing vessel, and to RS
detect the acoustic waves, reflected from subsurface forma-

3Q tions, while the vessel is proceeding along a prescribed
course over the area of interest. However, such a procedure
produces towing noise and this has a disadvantageous influence

upon the quality of the signals to be obtained.



it has been proposed to use a plurality of sei sm c sources belonging to a
sg-called "compact array, in particular a "conpact" array of airguns, apd
--{\t as been found advantageous 5 = in rrarl ne seismc exploration to @
gener at e .#pl urallty of acoustic waves from such an array in order to-
provide g _gonposite acoustic wave of satisfactory anplitude and frequency
‘content. Airguns having various vol ume capacitiegs-are generally used in
such arrays in order to produce a 10 conposite acoustic wave having a
brded frequency band, aZoalmpyuve both\thei signalostnepgtiy@andr titee sigrails shapewayves

with. different frequ&gybg&e?{.{#g]ragt q greg%g{r}ﬁ%f}pfogggﬁfe‘sﬁggegyruﬁée the

frequency content and I n part und

generated acoustic Wek@sbes rtq éle%?eﬁﬂ’e‘(ﬁd UgRmRagy’ arr%sheix)ona&ﬁéc'ele@ﬁam ty of

the ai (rj gun. §|O t 0 Péshipade" arksy lofSppfunsMaal &bseﬁ@hgyamoawaheagwuses
It Is. ESI ra

enerate a nu
f undanent al Squen T JBr %%\f&?ﬁ?gbﬁt‘pa]g?é’aﬁfao\%e%e%n esi gnl}alal\ég#daf%pl enent ed
usi ng 20 an | ncr ecmistfc mavberfroh guchsammoiray inncrdeastopranbdmnta of

conpressed air pomgoﬁggtggggg&égtaww %{Hs Jl:%o?} gﬁgiﬁ{e ResShape of these

“conpact" arrays have “been gradu br ou an a | evel now.
However, probl ens afTesieRee¢onFent. nbizgang Apgvesieurd vobime capasd§ies

useful acoustic WavVErEFehenally Whlilin Sukh!ar@%ySindBeied €o Hroasdd wed
satlsfactorlly by t he abgve nment i .oned "conpac array prior art. For

exanpl e, meani'Rgf ul SPRRCSEHaBEBHE G nTaNenBeViRg & iropf SrRaveRcy Paubst £
reflected fromthe aixpafshefl varidus wdlumes FReakedteddtodstit h&véeaﬁp:hl on of

hori zontal ly travel I Noi.$ €. 5 ed b | ecti ar taI
ol snt e vt 1 om LR realled SnRBVAR oY SEERERRAINR eRlol BosLOD
radi ation in nore hthe i@ﬁ%ﬁncm¢°@G§nbmsdsimmhdtmlwmbﬁemmmtaévm d wat er

trapped noi se to dopidikficy ie &R §E§x&r2'i:€&CHc‘3us€'ﬁwﬁ¥€é bedfd %Ep&:ﬂieit'&pdiﬂ ght

wel | be that SEIH a significant
the volume capacity of the airgun.

So, to provide a full spectrum of high energy acoustic
pulses it is desirable to generate a number of acoustic waves
of various fundamental frequencies.

_ Several arrays have been designed and implemented using

.20 an increasing number of guns and an increasing amount of
'compressed air power. The source strength and the signature
shape of these "compact™ arrays have been gradually brought at
an adequate level now.

However, problems associated with noise appearance and

25 loss of useful acoustic wave energy in water still exist and
are not solved satisfactorily by the above-mentioned "compact”
array prior art. For example, meaningful information contained
by seismic waves directly reflected from the ocean bottom is
often masked due to the reception of hofizontally travelling

30 noise cauSed'by reflections of horizontal seismic waves from
underwater obstacles and -the like. So, high frequency |
radiation in more horizontal directions should be'suppressed
to avoid water trapped noise to dominate'the seismic record.
However, after this it might well be that still a significant



anount of additional energy is needed to overcone the streaner noi se and to

conpensate for non-elastic | osses. Therefore, so-called "extended" airgun Y,

arrays are desi gned to overcone the above-nentioned noise probl ens. 4

~of such "extended" airgun arrays are the so-called super | ong

array and superw de airgun array. These arrays are known to those
d in the art and will not be destribed in detail. In particular,

t hese "extended" arrays provide seismc signals, which have an

unsati sfactor ur.e sha The si ture shapé can for exanple be - V'
characteni‘&‘ﬂ‘¥1 gﬁg‘s‘ irma g2t Wbﬁ%ﬁﬁeég"rd:tti’oweﬁ & ERSEREAWRISRIES- bubbl e
ratio (P/ Bamdaltbogompsndatevsimt ooriHedgetiscklddsed. in the art and can be defined
as the ratio befyRep.d hSo-@éZghéé g t[senQLd't Q‘ir%drf st Jy‘éoar% g@%f gnEd o

ve onal ext en

si gnal - peaks of the recel Convent | arrays such as
super | ong eyqr§ome &he aﬁ)Pé’VaTﬂf“E%m’éFV\RﬂéeaRWQ&WsarF’%ngﬁ &¥Fi PP/ B rati os of
| ess t han Gaxtbmﬂreairgaﬁe&&ayé Yard tHeBsé-alall DedlsupdiGng ARgdh lagrdyequi r ed.

Accor di ngl ect of the present inventio e .a nmet hod
for mari neXﬂsdel s?ﬁmigx “’l(i # it P6H o be udEd R A gx‘iw@ngoecfg?rgrl n%ﬂSgl smi ¢
arrays, whitlkhpranti d@swgbl ot besidegratibedfinndegiaiual ity. More particularly,

it is an obj eCty QfartN&18P] Qﬂgsémﬁﬁ&'dgg' %Qriﬁppéﬁ%@rgeilsﬂﬂegtléﬁlst 0 provi de.
an i nproved primary-to-bubble ratio and ghature shape of - the seismc

signal s. THES n\‘/’é’ﬁt ?’bh’“ﬁﬁ'éirséf‘b'?"éyp‘?’&yﬁﬂﬁ P& hOE FLFAERTR SDPRRY t he
Si ghat ur e sdmfer ekangle bhe mradnecieadghﬁlﬂz;e palindrsitgRaitidlbatatgo gThker ed by

tow ng an 939meﬁ&§%e t'onﬁhb%%'s rPaEic?r(i’?ﬁ’ 3pgo 2 ié%%kz){e:ro ‘Eﬁ?&e s?f‘ﬁ' Hd a

vessel , wherei arrady consi st

sei sm ¢ subhithayart é‘bﬁ:ﬁa% %a#?féyeé(ﬂ?pﬁ% |rﬁ§iQabﬁEWﬁ§ér t‘lﬁ agplispies Qéur ces'

t he sourcea;eohfsrtecﬁalsdgﬁmmax& %@gmseﬂsr 8y thei RGetvad atsmili.zed by
paraneters n being

Phe- ot o eRASRaD fexgepdsh; ¥eudsh H480 T, supedioas e AR« he ot o
nunber of supeawideysirgwndamiags ginovide B/Panashest of {eelsrihansf)a Howeredri,on of

i ndi vi dual mﬁﬁ‘ﬁ?} Erﬁla[ 24¢do YPSGIOEL Nthln 8 st A dor P and/or [err]
and/ or [erT err] ,[err] err],” respecti vel y represent the
oper ati ng [)reséiﬁquingly, it is an object of the present invention 't

provide a method for marine seismic exploration to be used with
extended marine seismic arrays, which provides seismic signals of
high quality. More pgrticularly,_it'is an object of the method
accdrding to the present invention to provide an improved
primary-to-bﬁbble ratio and signéture'shape-of thé_seismic'sigﬁals.
The invention therefore provides a method for improving the
signature shape of marine seismic éignals,.said sigﬁals being
gathered by towing an extended marine seismic array and a receiver
cable behind a vessel, wherein the said marine seismic array
. consists of at least two seéismic subarrays, each subarray comprising
a number of seismic sources, the sources of the said marine seismic
-a;tay Being characterized by parameters T:,i respectively, in which
i=1l...nand A = 1...N, n being the maximum number of seismic
sources in a subarray and N being the total number of sﬁbarrays; and
:’i-is a function of individual parameters
TA,i wherein TA i stands for:;PA’1 and/or VA i and/or dA,i’ in which
PA;i’ v dA,i’ respectively, represent the operating pressure,

wherein each parameter T

A,i’°



-J 5 - gun volune and towi ng depth of the respective seismc sources in the

spective subarrays, and wherein the said individual parameters T of
%—h seismc array satlsfy the followi ng predeterm ned nutual A/ i relatj
[err] [err] Ai-1 B,i-1 C representing a constant; and wherein fur
the follow ng relation exists between the paraneters: [err] for at |ea

one of these paraneters, wherein A# Band A-51-..N, B- 1...N, and T
representing simlar to T  individual paraneters of one of B,i

A N the sources in one of the subarrays. The invention also provides a
system for carryi ngusurelume andt trvdns dorph iofi the arsrextiredeeiamirei spurced dnithe

array and a recei vqresf@étliee heBkidya, \aerasa{exeymcehelmhh&dsamawarlse:se%sm c
array consi sts of

e I smc su h .subarr.a sin
o nunber of sei s tasodieEls SRS WLRS R, £ 3frrairsnpere§sr’esrrr?€?£rrwq
bei ng characterizedebgtiparaneters T respectively, inwhich Ai i =1.
and A = 1...N, n being tMe; maxi Fgup oynber of seismc sources in a subarray
and N bei ng t he total of—<tbar days; and wherein each paraneter [err]
is a function of indivi dudr! ar%rr?’efers errll wher ei s for
and/ or V and/ or SdATePTEFERNARE A, CPRGRRRET &PFVReFRtT ]rtlurthreEsH?c?‘i’
represent the operacteﬂ.argoprestsus thetgeun viné paeaseterd 0, ng #dBpt hfod ath.‘aeast one
respective sei s ¢ FOHLESd Anldis] SHIPEL] X% R uaxkl..eﬁdsrbere'ﬁ 08
sai d individual paraneters T of’ selsm ¢ array satisty the followng
predet ermi ned nut udip, ATCPFeeRE IR sinllar to T, fadividual Paf@}ertf’f”s pé&rene of

[err] [err] [err] tlhepgoasem Ij_ﬂgnﬁ sprm&agubarﬁ}d wherein further the

follow ng relation exi slths :anent fon a 5o B ter gystem %or c;rrEl’:yling odt tq;[

| east
method, comprising an extended marine seismic array and a receiver
cable behind a vessel, wherein the said marine seismic array consists
of at least two seismic subarrays, each subarray comprising a number
of seismic sources, the sources of the said marine seismic array

being characterized by parameters T respectively, in which

A,1
. i=1...n and A = 1...N, n being the maximum number of seismic
sources in a subarray and N being the total number of subarrays; and

wherein each parameter T

A is a function of individual parameters
»
wherein T stands for P and/or V

TA,i Ad A AL and/or dA,i’ in which
P R d » respectively, represent the operating pressure,
A,i* "A,1° TA,1

gun volume and towing depth of the respective selsmic sources in the
respective subarrays, and wherein the said individual parameters

TA 1 of the seismic array satisfy the following predetermined mutual

relation. L
Ta,i = TBi =cy»
Ta,i-1 Tp,i-1

ey representing a constant, and wherein further the following
relation exists between the parameters A i # TB 5 for at least

. . . 9 » .
one of these parameters, wherein A # B and A = 1.,.N, B'= 1...N, and

TB 1 representing similar to T i individual parameters of one of
’ .
the sources in one of the subarrays. '



one of these paraneters, wherein A#Band A=l. N, B=1...N and T

representing simlar to T I ndi vi dual par arreters of .one of B| \J _
Ai the sources in one of the subarrays. - 6 - In an advant ageous e
enbodc#ept of the invention the paraneters [err]= [err] =[err] and

[err] ] [err] In another advantageous enbodi nent of the invention T

T : T [err] =[ért] = [err] =.......=[err] [err]
[err] err] Ni-i and [err] [err] ..... [err]. In another _p
advant ageous enbodi nent of the invention T T LM

T [err] = [efp]sn & ‘E’I“nge"f;ér?“]baﬁﬂ“e[“ér?ﬁ the i‘“’e“"“‘F the T

T1i-1 paameders i 1= _“2,i =c, and 1 - %a('i' [err] The relation
TAI can be vari ed'rpyi _yar wzng_t he tel ati'd [je”] and/ or [err]

and/or [err] wherel’n B ="F" and A- 1...N, and A[err] B. These

di fferent val ués myhma@memmmbadmm whel Imyagkionf or exanpl e 2- 15
neter for d andT2Q- 2.906’3@ t=nc'¥1, for=V,, ]t =wiTy§,sbe @ppreciated that any
suitabl e technFgar -marfIer ¢ |ng the S arafeters can be used. Such
t echni cal manne ’21 “Are nbv&n to ﬂﬁgse ski'll ed™s™>the art and will not be
descri bed ami &t aif LY hé inventiTgn will now be described by way of exanple
in nore detail “Wth Teference to f%’ue acconpanyi ng drawi ngs, in which: fig.
1 shows an exaﬁpl@O&efaaé‘@%ﬁt@%omb@éiWa?f the igvestion - 6 and n = 6

whi ch can be us'pd for Q:arryl ngr out the met hopl of the invention;

sesee = 6,1 = s and

Ti-1 T2,141 3,1—1 To,1-1

(Tp,g =Ty, ¥ (Tyq =T 4) F (T3 4y =T 4

The relation TA,i can be varied by.varying the
. ' TB,i |
" relations 'A,i_ and/or Va1 and/or da,1 wherein
3,1 V8,1 dg,1 |
B=1...Nand A =1...N, and A # B.
These different values may be chosen from a determined range,
for example 2-15 meter for d and 20-2000 cu.inch for V. It will be |
" appreciated that any suitable teehnical manner of changing the said
parameters can be used. Such technical manners are known to those
skilled in the art and will not be described in detail. '
' The invention will now be described by wey of example in
more detail with reference to the accompanying drawings, in
which: -
fig. 1 shows an example of a seismic source array, in
which N = 6 end n = 6 which can be used for carrying out the
method of the invention;
£ig. 2 shows an example of an improved seismic source .
signal obtained according to the method and apparatus of the
'-invention, - _ | '
figs. 3a, b show graphs representing the 1nf1uence ‘of a change
of a so-called "scale factor" '



fi g. 2 shows an exanple of an inproved seisnc source signal obt ai ned
according to the nethod .and apparatus of the invention; figs. 3a, b A2t
‘gr hs representing the i'nfluence of a change of a so-called "scal ef]

7- P CoVerr] or [err] on the P/IBratio; figs. 4a, b shoW
graphs representing the influence of a change of depth of a subarray-on the
P/Bratio. Wth reference nowto fig. | of the d~awings an exanple of "a

so-cal | ed "superw de" seismc source array, which can be used for carrying
out~t he method of the inventign, has heen represented schematically. A
vessel 1 tows a sersmc sour.c.é_é.r.r&y cdndisting of six subarrays 3, 4, 5,

6, 7, 8 (thus, = 6). Each s?mgrray |"53 gonnected by neans of any surtable
connecti ng rreans 2 &u&he&ynaraabke to the vessel 1. Each subarray carries a
nunber of six seismc spurces syc Lpgun sch ma sho (t,hu

‘n - 6). Technical detai oféaaf isle TS %r% Fc}grré’% asrePﬁn tst{'%u@ﬁi/afrnee\liwr%\?\ncqangé
those skilled in thef dprﬂana anistbanyey QSetUﬁleé’éPrmeﬂO- However, it wll be

appreci ated that the rrewmzdrezferah@e h&VQ:Bt EQ)) CHY BRe QRhdin@d S1kxipib &m
ser smc source array ﬁcegb],e for tne 5 ose, for exagg.lte a so-cal |

"super| ong" seisnic %86 atTIPEYv JFOURGFe 2T A ISP <Cae PE ]“sescféﬁ be
represent ed for thecdnryiig subatheagetaed fodil tlm\gnveéntion, has beeii represehted *
* [e”]sé‘ﬁ atli% i%y. ﬁa&QLQf r1] tov‘é a se]ismiés)sop ngnaaﬁyf U&&t.r.hpﬁgogf

i ndi vi dual paraneters [err operating pressure, gun vol ume a
depth) of each sei sti%SERATFEES Bn 4hé- o &1 S BhHS Y = Fhe Eﬂ&?aﬁ\'ﬁ?’éﬁal’[éﬁ‘r]

can. be determ ned asonhBEredOby MiRbis torermxypeﬁu@dwfcohﬁatsngmﬁlang @csudkeds alhe

par ameters T can t?) ertedo S%re]tssedi 1(lorE Ia%(éa@ ?:grbrqr ; agl number of six seismic

sourcee such as airguns (schematically shown) (thus, n = 6).

Technical defails of a seismic source array as such are known
to those skilled in the art and will not be described.

However, it will be appreciated that the method of the
invention can be carried out with any seismic source array suitable
for the purpose, for example a so-called superlong seismic source
array (not shown). _
_ _The parameters T:,i can be represented for the first subarray
as follows:

T T U o o aT h T
1,1° 71,2° *1,3% “1,4> 1,5 309 1y,6* G2CR Y1 4

(i = 1...6) being a function of individual parameters T1 i
. . ’

(operating pressure, gun volume and towing depth) of each seismic
.k

source in the first subarray. The parameter T i can be determined

as the dominant time period of the signal received.

The parameters T can be represented for the sixth subarray

A,i'
as follows: '
T ., T T ., T, To dTr ch Th
6,1° "6,2° 6,3’ "6,4° 6,527 “6,6° 3 “6,1
(1 = 1...6) being a function of individual parameters T6 {
. ]
(operating pressure, gun volume and towing depth) of each seismic

source in the sixth



A i as follows: * * * oo * * [err] and

[err] each [err]. (i 1...6) being a function of individual parameters\'}\
err (operatl ng pressure, gun volume and tow ng depth) of each seisnic Ty
SO ;the sixth - 8 - subarray. The parameters of the remai ni ng

sub can be represented in a simlar way (not shown for reasons of

clari 5 The paraneters [er?] and [err] have a nutual

predeterm ned rel ationship: [err] Thus: [err]=[err]=[err].... 10 T
wher ei n [ers?"F TIE¥+this way a so-called "scaled” array is obtained. Wth

reference now tThef pgran@tefs bhether aemaigsnz rewbsraysorrabeaxi s represents the
tinme t, ri y' SISTETANRS anpl i tude. The

si gnal has§%§?ése%g§d\ﬁ %t%lglr%l fﬁ%ows a#lg;rfg% dbgel smc array such
as a "supecdrBEY)array consisti ng of two subarrays was towed behind a :
vessels each suarpaenCOdy TS Nand By I Ohdife aGREtusUbpeaaye@ted OVed at the-
conventi onal epth of about &8 netériin particular 7.5 nmeter, the total
sei snmic sofPLEAPBEMRS of this 20 subarray being 910 cu.in. The ot her
subarray was towdeiat= a zlﬂ.pth a}faﬁdmit gr# 'L'rzh:e_: total seismc source volune
of this subarrel&i? ej ngTJ39Q in.. Thé& sei Stic sources of the array were
fired and Su| gs; lras ghowq | niflg 2was obtained. Fromfig. 2
25 it WI be cleér tRat lihie "tebul t3nd»3i i s inproved
significantly, since-alp/@=regilq, srand 8, petwl tihe anpl i tudes of peaks A

and Blo Of QhSrdM@Ss0plal I\@d:hig'h&a? hSsomegndmeri@iled" array is
_ obtained.

With reference now to fig. 2 of the drawings the
horizontal axis represents the time t, whereas the vertical
axis represents the signai amplitude. The signal has been

15 oﬁtained as follows: an extended seismic array such as a

"superwide" array consisting of two subarreys was fowed behind

a vessel, each subarray comprising 7 airguns. One subarray was
towed at the conventional depth of about 6-8 meter in
particular 7.5 meter, the total seismic source volume of this

20 subarray being 910 cu.in. The ofher subarray was:towed at a
depth of 5 meter, the total'seismic source volume of this
subarray being 1390 cu.in. |

. The seismic sources of the array were fired and a
resulting signal as shown in fig._Z was obtained__From fig. 2

25 it will be clear that the resulting signal is imprdved_
signifieantly, since a P/B ratio (ratio between the a@plitudes
of peaks A and B) of 9.5 was obtained. This is much better
than the conventional P/B ratio of-5.6. It will be appreciated
that provisions are to be made to compensate for asynchronous

30 emitted shock waves as pfoduced_for shock waves at different
deﬁths. ' o

In figs. 3a and 3b the horizontal axes represent the

variation in "scale factor"



t"han the conventional P/B ratio of 5.6. It will be appreci at ed that
pr.ovi sions are to -be made to'conpensate for asynchronous 30 em
‘s'h‘oék waves as produced for shock waves at different depths. In fif§
and 3b the~horizontal axes represent the variation in "scale factd
- [err] whereas the vertical axes represent the obtained primary/ '
ratio.of the seismc signals. The parameterg P-aha V have al ready been
detined earlier. In this fi upe the scgje is\a logarithmc scale, but it

‘Wi N~ be clear that any scal § 51,1 emitdhies Aor the purpose can be appli ed.
Fig. 3a represents the resu t?zgj_ exper"l'zngnt " obtained with a seisnic array
conprising two 7-gun subarrays which were t d behind a vessel at a depth

of 8 nmeter. The gun yol une_of one, sybarray has remain er eas
the gun vol umes of Y@ereas; fRe g@ﬁbjrf&gsﬁbezfr 3‘3/"9\?/5?%% r‘lﬁgﬂaniq.l@ﬁ%\?hv [err]
=ferr] ; [err] =[ eBubble ratio of the[ seismie f@ﬁ}svﬁb?@aﬁa?eww%%ﬁt% a
‘scale factor”. EXPQLiIBAts, BSe:P'digixfe%r EL;S& ULy ‘Mtgfh %1%@1‘&%& s%iéyislf’
conpri si ng two 5- gun subarra u1‘ e results
are represented in bOSaséthl!itc apRdear butf F‘-érﬁiflﬂgée cigar (thap Ay pedl€asi ng gun

volunes in theSSeCO%di?e[UléYf&f ehatau&sséé ¢én Hel eﬁpuéa. b show 'the results
of a very attractive net ept

VI Z tion of the s
subarray. In these exper S'HFnlr?%FGSPFF ng’fﬁs(‘:‘X'é? 4y SXRESAPFIS; ﬁ‘b"‘ﬁ%& gun
subarrays and two Swdtin subﬁmya;ralyesmﬂsn@ Ywo Wagen [sabartayedwhiChewdregun

Subarray or one /- ggpwgcg ahigy mjés%%i Gl e epth 8 ?e%teq{l o B4R @o[)ihme of

conventional depth efeas the seco array
deptfl has been vari oge subarray has remained the same, whereas the gun volumes of

10 the second subarray were varied, such. that

2’1 Y 1,1, Vz’z 1’2 LN IR

essesece V2’7 = le’-]
wherein y represents a "scale factor".

Experiments were also carried out with a seismic array
- 15 comprising two 5-gun subarrays, towed at a depth of 8 meter.
The results are represented in fig. 3b.

It appears from figs. 3a, b that increasing gun volumes
in the second array are attractive.

Figs. 4a, b show the results of a very attractive method,

20 viz. depth variation of the second subarray. In these experi-
ments again seismic arrays comprising two 7-gun subag;ays and
two 5-gun subarrays,"respectively,'have been used. One 5-gun
subarray or one 7-gun subarray respectively were kept at a
constant conventional depth of about 8 meter, whereas the

25 second subarray depth has been varied.

The second subarray depth is represented along the
horizontal axes in figs. 4a, b whereas.the vertical axes
represent the P/B ratios of the obtained signals.

Fig. 4a represents the results of one 7-gun subarray at a

30 depth of about 8 meter and one 7-gun subarray at varying
depth, whereas fig. 4b represents the results of one 5-gun

subarray at a depth of about 8 meter and one 5-gun subarray at



o

The second subarray depth is represented along the horizontal axes in fi gs_.__‘
4a, b whereas the vertical axes represent the P/B ratios of:the obtained A

si gha Fig. 4a represents the results of one 7-gun-subarray at a 30 v
dept h out 8 neter and one 7-gun subarray at varyi ng depth, whereas

fig. - resents the results of one 5-gun subarray at a depth of about 8
‘met er, one 5-gun subarray at - "18%--varying depth. It appears from
figs. 4a, b that gdvgntageous P/ B ratios can be obtained at shall ow depths:.
For opti muiffy grgf?%“i nmpr ovenent both P or V.variation 5 and depth

vari ation coul ditbeppesyisi fxbu fiigs.l kai tedhatzgeantagevis [P/Beraappseci at ed t hat’.
the nmethod Qf M@“m@gt LPQthld%oﬁﬁ{Sﬁét.” cted-to the towing of an array -
u

~conprising only two subarrays or the use of 5- or 7-guns in each subarray.
Any nunber of = FoFappiipym W@Wﬁ%ﬂ%ﬁ-‘“@[ﬂ’f&%”kfhd’ of Guyasiamgon in a
subarrgay syhlafdpRhf PdrikBEorP CbERE Be Cayp1REd AAPkLI Bichi t &R agps, Modi fi cations of
the invention wll f,ﬁ onepgpgare t to those ﬁk lled in the art fromthe
f or egoi ng descritpFith PEndPRIe &F&ghﬁﬁfgt ¢ Rt @é?fsﬁ% inBeRtirRat i ons are
i ntended t dsfadd restiiicted o shopewbig bifcamppesylednptfiing.only - 11 - CL Al
MS 1. Adethad ler bIMEQVLIO dehe. honatilesaRE ohalRLine seisnic
signal s, sard signal’s being gathered Dy tOw ng an extended marine seismc
array and a redayveymbezhé® sybainaysa nngbeelof gpra end kind ohigunerarine seisnic
arrayj(consisat § Rbaftay 8aPLab1I¥OrRCERIPurpdRALERR afpiGlkasubarray conprising
a nunber of seism c sources, the sources of the sald narine seismc array
bei ng char act erVardeps, podificationssof dhe) invention wiil pecppe which i - 1...n
and A = 1. apphrentbeo thobé skibkédTdf) the art from the foregoing

description and accompanying drawiﬁgs.-Such'madifications are

intended to fall within the scope of the appended claims.



nunber of seismc sources in a subarray and N bei ng t he er of
subarrays; and wherein each paraneter T S a I i ndivi dual
'pa“r'éneters TA i -wherein TA i stands for PA i an NM} m# err],
which [err], [err], [err], respectively, represen‘t tch m pres
gun . vol une and t owi ng depth of the respective seismc sources i*n the.
respective subarrays, and wherein the said iRdivi-dual paranmeters T 0
the seismc array satisfy the A i follow ng predeterm ned nutual relation:
[ersq =[err]=[err], [err] [err] [err] representing-a constant; and
wherein further the foll ow ng rel ati on &ki&1IsMpet ween t he pararreters [err]
[er_r] for at | east one of _these paraneters, V\/nereln A#Band A- 1...N B
1...N and T represent simlar to T i ndi vi dual ranet ers, of, one
of B, i TP °Ruethod o lupEyyine the sLanaFire, AbaRs OF (RETLRE 21
2. The net hod as eigarbedsatd cslimanslbembegae:harc{deby]tow@.eg rrh=¢xxended-aarine
[err] [err] [err] 3seismIé1%rF§3f ﬁ??féfh bw (?%hftte”‘jlesggl, wh%lﬁl’neh’{h Lata
The met hod as cl ai nearipe %ﬂam%aaradr cons mro&# Le#sy tyesefeqis, pybagreys,
[err] 5. The net hagthasubalrfayTROmpr1s By aOMnbet oF 8é1Bmid- gbur€&¥T the sources of

the said marine seismic array being characterized by parameters TA i

respectively, in which f{ = 1...n and A = 1...N, n being the maximum
number of seismic sources in a subarray and N being the total number
of subarrays; and wherein each parameter Tz 1 is a function of

individual parameters T wherein T stands for P and/or V

Al A,i A,i A,i
and/or d L in which P d 1’ respectively, represent the

A1 VA,i* 9a,
operating pressure, gun volume and towing depth of the respective
seismic sources in the fespective subarrays, and wherein the said

individual parameters T of the selsmic array satisfy'fhe

A,dl
following predetermined mutual relation:
A = "B =,
T T

A,i-1 B,i-1

c, representing a constant; and wherein further the following

i .

relation exists between the parameters: TA i # TB 1 for at least one
’ L]

of these parameters, wherein A # Band A= 1...N, B = 1,..N, and

representing similar to T individual parameters of one of

Tp,1 ,i 1nd

the sources in one of the subarrays.

2. The method as claimed in claim 1, wherein

Ti,4 = Ta,4 - c, and T1 ¥ TZ .

T T ’ *

_ 1,i~-1 2,1~1

3. The method as. claimed in claims 1l or 2, wherein '
2 i = 3 i = 4 i = .,,. = TN _Ni =¢
2 i-1 3,1f1 4,1- o _N,i—l

andT *T *Tl},i#..'#TN,i.

i



.5 pcisFHg-tJl&me\v\aR/ingtherelation Al and thus [err],
wherein B =1..Nand A =1 and A Jerr] B. [err] 6. The. et hod as

claimed in ﬁumrm Hm com prising the step of varyl ng the

r el gty on ﬂ merr] , wherein B 1...Nand A- 1...N, and A
| T esrre od as clained in any one of clains 1- 6 com d
pri the step of varying the relatibh- A i and thus B,i [err] ,
whererh B- 1...Nand A- 1...N, and A[err] B. 8. The net hod as clalned~
in claim 74.co Fl%ﬂthgdtﬁﬁecéﬂéqsdoin dejmng ene.derdeinon which at | east oneg
subarray is towdd,s 15 T hetuedn, 2- 15 B er.97T5 ; The Fgihod as claimed in

claim 8, V\/nerel—'t‘FTTn e o‘fﬁ'e_‘r su T orT rr ‘T‘aTe TOWeq atSit he dept h of
about 6-8 neter 1+37} ﬂ?é"”llret E@di?s/ ‘fs’ri‘ei cl"a]i m 8g’dlr‘19 wherein the

depth 20 and dff a}_ 4 &as)) #néfrzsqbar'rsa)i)las (@goy t= rgét.er and the depth of t he
ot her subagray.rge 3e‘*995t%y§1%ﬂe§b?ﬁ’ ;éleng%ecrlaii} ATh Hrethod as clai ned

in claim®6; conprisin
subar bay berinios 1213 29@10 O@uv¢win85the relmimth.é_ﬁ:et laod thaiscl aimed in claim
11, wherein the seisnic source volunme of at | &gy one subarray is about-910

CU ' n., andlpfs t b&ﬂﬁfrﬁﬁ{ BS RDAS I, RYasd ASUQQV.EﬁYa'izdl & Alpout 1390 cu.in. - 13
- A sy"-g"t" for carrying out the nethod as claimed in claims 1-12,

corrprlslng 1grﬁg‘tendd mar i ismc arra d.a receiver cable beh|ndq
vessel , whétei gﬁida‘srrﬁij gd i’l‘ SRV O gﬁf 5'ﬁ§|1s§'s “™"at least two
seismc subaimgs;heeacép Sfbearyiyg cuheprekitign a_ Ay Ayfrberandftissi sm c sources,

the sources of the said marine seismc array W%I pg characterized by :
paraneters T @rir] r g6l ipvel ¥,, kNagihiach 1'.'..N, andnAapg A 1...N n being

t he maxi rru'nfn'tmber T seismc sources in
10 7._= The method as claimed in any one of claims 1-6, com=
prising the step of_varyihg the relation dAzi and thus
| 9,1
TAgi , Wwherein B = 1...N and A = 1...N, and A # B.
B,1

8. The method as claimed in claim 7, comprising the step of

varying the depth, on which at least one subarray is towed,
15 - between 2-15 meter,

9. The method as claimed in claim 8, wherein the other

subarray or subarrays are towed at the depth of about 6-8

10. The method as claimed in claim 8 or 9, wherein the depth
20 of at least one subarray is about 5 meter and the depth of the

~ other subarray or subarrays:is-about 7.5 meter.
11. The method as claimed in claim 6, combrising the step of
varying the seismic source volume of a subarray between
20-2000 cu. in. .
25 12, The method as claimed in claim 11, wherein the seismic
source volume of at least one subarray is about 910 cu.in.,

‘and of the other subarray or subarrays is about 1390 cu.in..

#"

N

4

Sel smé source volume of a .



‘parameter TA i is.a fungtion of individual mnm ' ereg
s_;t"dﬁds for [err] and/or [err] and/or [err], | IW'IHMHM' [erf
Ferr] , respectively, represent the operating predsure, sgun vol
towi ng depth of the respective seismc sources in the respective subarrays,

“and wherein the said individual paraneters [elB]-of the seismc array
sati.sfy the followi ng predeterm ned nutual relation: [err] [err] [err] _
repeesenting a.constant; and wherein further the follow ng relation exists
between the paranetidrs® pEiteP ¥o3r cafryfpg opt pthe methgd as,glaiged ipoglains 1-12,
par anmet ers, wherei rodpietiigd aB e@dtdnded—mdrineNseiBmic brrafNandrad rdceiver cable
representing simil lLed NG Vi G p ) £ ol

sources in one of f%hté{tguég{erslgf/is’. Q&%}e k{/g‘%}‘heo%;; orlnle'ln r%gvils?gg a?&%ﬁgkﬁ%%t%ﬁr%f
shape of marine sei8 nte@st | yieafelsnie sybarraya) |epchSudasayi sapripinghg number of
speci'fication w thseednficestictd, thdSoudced 6f thBCsA1daMIr1ge -selsmicSypFlaMbE QIR
g O e TR Seh A paldnte S A0SR LR 1o RREN LB
: and A = 1,..N, n being the maximum number of seismic sources in a

subarray and N being the total number of subarrays; and wherein each

is a function of individual parameters wherein

T* T
A,1 A,1
TA.i stands for PA,i and/or VA,i and/or dA,i’ in which PA,i’ vA,i’

dA 1° respectively, represent the operating pressure, gun volume and
R .

parameter

towing depth of the respective seismic sources in the respective
subarrays, and wherein the said individual parameters TA i of the
t 4

seismic array satisfy the following predetermined mutual relation:

Taot = T3,1 =¢

TA,i—l TB,i-l

representing a constant; and wherein further the following

i’

c
rilation exists between the parameters: TA,i # TB,i for at legst
one of these parameters, wherein A ¥ B and A=1...N, B = 1,,.N, and
'TB’ilrepresenting similaf to T i individual parameters 6f one of
the sources in one of the subarrays.

14, Method for improviing the signature shape of marine seismic
signals, substantially as described in the specification with
reference to figs. l-4 of the'drawings.

15. System for carrying out the method substantially as described

in the specification with reference to the drawings.




