METHOD FOR DETERM NATI ON OF SUFFI Cl ENT ACQUI SI Tl ON
COVERAGE FOR A MARI NE SEI SM C STREAMER SURVEY
BACKGROUND OF THE INVENTION 1. Field of the Invention
[0001] This invention relates generally to the field
of geophysical prospecting. More particularly, the
invention relates to the field of marine seismc
surveys. 2. Description of the Related Art [0002] In
the oil and gas industry, geophysical prospecting
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sources are used to generate a seismc signal that
propagates into the earth and is at |east partially
reflected by subsurface seismc reflectors. Such
seismc reflectors typically are interfaces between
subterranean formations having different elastic
properties, specifically wave velocity and rock
density, which lead to di fferences in acoustic

i npedance at the T, tions are
det ect ed by sei sti* @kfﬁgﬁéﬁééwgPﬁprﬁp% é?Nthe surface
of the earth, in an overlying body of water, or at
hs .in boreholes. The resulting seismc data
&gopsgé%gggéh to yield information relating to the
[Qp@dﬂ og ﬂ'blsSthemmbnl rrelat@s gepprayetot the Siebf of BephydMat pERPEAiRg. More

PO} FRanGRlet BT PR e SRR MG Lo

extract fromthe data as nuch information as possible
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in boreholes. The resulting seismic data may be processed to yield information relating to the

geologic structure and properties of the subterranean formations and their potential
hydrocarbon content.

[0003] The goal of seismic data processing is to extract from the data as much
‘information as possible regarding the subterranean formations. In order for the processed
seismic data to accurately represent geologic subsurface properties, the reflection amplitudes

‘need to be represented accurately. Non-geologic effects can cause the measured seismic
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“these non-geol ogic effects can dominate the seisnic
i mge and obscure the geologic picture. [0004] A
sei sm c wave source generates a mave that reflects
fromor illumnates a portion reflectors at
c ei wave
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from steermg the vessel to achieve acceptable coverage. That means that the distance
between passes in on average less than in the original acquisition plan. These additional

passes significantly increase the time and associated cost to complete a survey. These



bet ween passes in on average |less than in the original
acqui sition plan. These additional passes
significantly i.ncrease the time and associ ated cost to
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The need for rther inf shoot1 ng can
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Dipping salt bodies, salt peaks, and nonreciprocity of subsalt amplitude response”, The
Leading Edge, Vol. 20, Issue 7, July, 2001, pp. 688-697, (Muerdter et al. 2001b); and
Muerdter, D., and Ratckiff, D., “Understanding subsalt illumination through ray-trace



relating to data hol e coverage before acquisition
begins. [0009] A three-part series -- Mierdter, D.,
and Ratckiff, D., "Understanding subsalt illumnation
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tfd @RPEON that is, for determining the size of
coverage holes that are acceptable before the

acqui sition takes place. BRI EF SUMVARY OF THE

I NVENTI ON [ 0011] Seismic data sets representative of a
marine seismc streaner survey are constructed with
test coverage holes in the data sets. The data sets
are processed and data quality degradation in the
processed data due to the test coverage holes is
eval uat ed.



Maxi mum accept abl e coverage holes for the survey are
determ ned fromthe evaluation of data quality
degradati on. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0012] The invention and |ts advant ages may be nore

easi |y under st oggih ng

det ai. I)/ed descripti oﬁ Igﬁ e at chﬂ@ﬁgpm in

whi ch: [0013] FIGS. 1A- 1D are exanpl es of coverage
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n m%rmg F\?W streamer data at
coverage for a marine Ismc strvey in
dru2iisetaenesy:; FIG 3 is a synthetic crossl i ne section
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ention wll be described in
E?:ﬂﬁk?%#ﬁ %lﬁ%iyltagé/apr eferred enbodinents, it wll be

st 36 Bhiata s¥nshetin\aspsskinnsdciom atithl harbtvechgt holdsester prestack

hén.Gpptrary, the invention is intended to cover
i@@ﬂ | ternatives, nodifications, and equi val ents that

e g Iﬁcl“déié‘?ﬁ oiosshing sedtion (ﬁ:i@ dfwitthe 75nuaet t@rag@ole, after

he appended-cl ai ns. DETAI LED DESCRI PTI ON

%ﬁd‘s@fﬂgﬂhf thﬁrﬂ ON [0018] The invention is a nethod for
g:(b hlor iWhika eher iWsgnition” will shef fdesiribed iac cqonn%ctidno ﬁmth its preferred

'y Sur v
%gﬁgﬁt; tllpo gﬂ?ﬂﬁfggﬁgggﬁ Sﬂgg {r?egl\ll\g {j ot llr{uhed%{ theae Orbfhe contrary,

BYeRgen Kdneadgdifo cpyer i qu¢m€td/eelanfailﬁaatldmsf fret @mtvalents that may be

@fclusied Wltﬂﬁ‘:{hg%bg‘& th@xﬁvgﬁlonpa{s%ﬁﬁ tRE !1 g}ncﬁed c? ims, .
[0019] FIGS. | A-1D show exanples o cover age hol'es in

mari ne seismc streanmer data in four offset ranges at

a sel ected demHTAIEESDHESRPPIGOR T N'anges
165- 1665 neters, 1665- 3165 neters, %M@Z?mters

and 4665-6165 neters, respectively. The coverage

[00168F amBe tik@ndak ks I 8RS, %ﬁmn%@erﬁrngtl&y ﬁf ?l?flﬁc%%r acquisition

narine _seism.c streamer data. cover age
EPETAEG T APy ieEY & sEdmien suthey . SHid detqrminatio s dhsedupan dvaluating

thei ifipest dMcdvRfigt RRS ihidle acquired data at different offsets and depths in the
processed seismic data. _
[0019]  FIGS. 1A-1D show examples of coverage holes in marine seismic streamer data in
four offset ranges at a selected depth. FIGS. 1A-1D cover the offset ranges 165-1665 meters,
1665-3165 meters, 3165-4665 meters, and 4665-6165 meters, respectively. The coverage
holes are the dark grey areas 21, and are typical for marine seismic streamer data. The
coverage holes 21 are typically elongated in the sail line direction and thinner in the cross line
-direction. The width of the coverage holes 21 varies with offset, as shown in FIGS. 1A-1D.
The areas of high coverage are the light grey areas 22, and are similarly elongated in the sail
line direction and of varying width. The coverage holes 21 and their elongated shape are due
to occurrences during marine streamer surveys such as feathering or avoidance of obstacles.

[0020] In performing an embodiment of the invention, a range of sizes for test coverage



direction. The wdth of the coverage holes 21 varies

with offset, as shown in FIGS. 1A-1D. The areas of

hi gh coverage are the light grey areas 22, and are

simlarly elongated in the sail |ine direction and of

VidleY BGt WSHt): anBNRstC Qéfﬁl{sagf‘e bals. er‘uﬂ”é’ogkﬁgé selsmlc data sets are

elongated shape are due to occurfences
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Qbﬁﬁglﬁitﬁ)‘ﬁ Frdr? 828 full Qo%ﬁgeod’am 438 S'J}tlaﬁ Qp\oeq lgg%agmgcf datta séts with test

invention, a range of sizes for test cove

[foy@age haldst ar%FP%SgP%‘ed arbe pagial erystage Sasrelcsbtaemt%de constructed by

E%bvxﬁ@ﬁ%%%@@él S8 Cotldh f6kS sﬁnﬁmgctﬂgﬁzre lﬁxtlée of %overage holes

resentative of the geology o e survey arga and

gﬁ%@bméﬁ? peposgd sweey. TEhnse fjlandtriatial cqPerage sdigsie datal sets may be

GONRFBGE R Bal HBTaSif aPAlableR sy RAUR BREoSE gﬂﬂ rf%grqgﬁre?lea}nﬁ synthetic

with test coverage holes are constructe e par

Biperlbgr the spigmicdatiet asonrecespad thiongh stapslewctlatmyprocessing, such as pre-

rs@aRwiggighat a to nodel test coverage hol es spanning

t he size range of coverage holes anticipated in the

F{P% sedhsdagayality Hegredation dugiedhpspiacted itest enveragg boles is evaluated in

IR SroteRsed AL@ SRS tﬁ@ﬂéstkb?fsetg ARBE Wit @e‘gﬂfsr L h &2 uaql?# egradation in
I f available), synthetic data, or conbi nat|

f"éf‘aPro%FﬁEFds‘;ﬁﬁer(iaiwcduedatﬂﬁ temherﬂgﬁehoe‘,@ is ayatuattdtty @etpering the data

&jﬁ@]ltp lif Ql%tsﬁ’a%ﬁaltcl&'i/&ﬂ se?st @'ﬂﬂ alﬁéj dgtgtqﬂalgg?rg gafﬁgr&gvargééc&t The data

pre- stack m

d?é@lﬂtéidiéef@%loa de t}fpe?allh éV?’éEﬂt@fb bze detpr@gnme dheerded ofidh@sarfifgcts in the

PYGethal @kl MhelddEmRELERS ﬁﬁ%@%@ra&ﬁ{oﬁ f&o&f'f{ep:ﬁt LE&L of test coverage
ffsets and the test dept data qual i

3’@ Atuser ¢p dptarmine, mapimyen aessptablejcovaragediles aduefuncﬁlcmhrd offset and

td@§th tBQWﬁl’l%gﬁf‘sfiﬂ LSt éua@nyaLéﬁﬂﬁgrgCtpy f&QH@ﬂfr{/E{P 'htﬁg dgé%natlon of
uality in the partial coverage sets wt e

E'Eﬁ}rfrlw ﬁC‘fFP&b%emve@s%é?la@ea@ dten benused de anaxijuiat .tleeyefﬁclency of the
deg@ﬁd@hgaﬁnls typically evaluated by determ ning the

data artifacts_in the processed data. The
ié{’ﬁiﬁt de%\f*b?Wcj ddiovichary éblﬁ%@gut@mrpmsx@a ft¢nsioé A cmbodiment of the

QhethodSSf GOVReABS fd1QeRSmintngd! §EHcibRyAST a%ﬁmlﬁg? rggén?gr a marine
accept abl e coverage holes as a funcCtion of offse

JEPRI Ssamengurvey s Aitts plstemh &0 W atsizecrange; is yelecserLifor éest aeverage holes.

- Tk sidacrasder ¥ @¥lecté it cshek RhdTkRaL bfotﬂ)v@tfagc Bt W would be antlclpated
?ﬁC%gtable overage holes can then be used to naxim ze
Brl

f PIOBPEA SATigF SgifpRic sgwyurg@q ulke; test éqalvere{gg@)g@}; will be generated

QvithOWst dautd de@Wo et tsu‘ds{u"fz‘l‘c%tc:ro%ﬂaélegfotr AR REREES S 5’¥ fePsize range of
of an enbodi nent of the nethod of the inventi

35 BPRONTAE A5 ey Bl siFe Targrihal it iamtieipvied age door a8 & result of

Tedthetiflg oF @hé Habin k&R B re SHEN Edevidtioh S th@bai St 1ol Q\JUld Anticipated
"size range is selected for test coverage hol es.

§|b%‘é°‘?sdﬂ JUEVeY AF3c PR BglfEnctiopsingitpamery pr Menf ag@amers or to
hel Q)‘Shefr habwhidlifte T @bAagd BBISGhs is well known in the art of geophysical

- prospecting.
[0023] At step 102, test offsets are selected. The test offsets are selected to cover the
range of offsets that would be anticipated to occur during the proposed marine seismic
streamer survey. In an alternative embodiment, test offset ranges is selected for testing the

test data sets. In quality specifications for marine seismic data acquisition, contributions at



during a proposed marine Seisnic streamer survey. The
test coverage holes will be generated wthin test
data sets to test subsurface coverage for the proposed
survey. The size range of the test coverage hol es may
laﬁgeté%ﬁ o;ﬁieg\farg ?@%‘? é{fk?e%i b'ytb]gx{riﬁ%atﬂé Bﬁgeﬁs‘é}})tge fgeq anog%g Y45 1%l know in
dherastofispismichequisitipm nThmeth;l afdthd invéntien wal bﬂ./d)llushated by referring to a
@&tdf Qésp fo?e@s raﬁ’lkets Ih@ﬁ Ite%f’offﬂ:t I‘Jﬂge iid{ Ut et ’onﬁgegutr{ﬁng is not intended
functions I n streanmers or “parts of 'etrea to
é%?e prepEictinfiie wwention. of cover age holes as is well
0624 i n S
Zt step ix%%@p t@gﬁi’ thft ?gtg%’ Ex}éaglege@%% g’gl? ?%? Séﬁjﬁy%re [s%)lec%eci to cover the
o4rfes of depthrscthat eoukst @obftm.tel@st\d@nng the prapasegenagine (Sélﬁrmetseeamer survey.
tlﬁ@ﬁ alMth p!ﬁb&ﬁﬁlbl‘&l Ewe?gmegarggﬁe&ed%{ fe tsn§s ac c%%grage rather
marine seismc streamer survey. In an al terna
dravctspkeniraveldimesoiré smequiatene siettod fol reeseing dnptlt, estswag;l know in
et $8SEkmilHaf pgggésmécn qual ity specifications for
‘mari ne seismc data atquisition, contributions at 6
dP923%r et stpf 196t liadféeroﬁrteénf gﬂabdqﬁed:tw spnthefindptd haes are to be used
Q&f t%?t‘n%sééxpgl%agé fgé\gehallg%?c??tg% ’prc%%séd 64 d Jg?%%lvh gn one embodlment, the
|Sﬁ§'f§m dagmsali ¢dmppise ir¢al geismint dagp tﬁ}ccreéffmm thegsur@y areas@t other similar
gteag ?rﬁt atgfrglﬁ'@ste taﬂ@%@ﬂhe %Q(ﬂgg}; gislthe glgr(/ £ aﬂg?& Egtker embodiment,
conveni ence only, S not
ithes saigmeie idgta ssfs ansn\smbﬁwnsew[nﬁcmldtp Sﬁlectsd e@bioa;resee@twe of the
_ d. T, r t
e of R SRy Sl Iy phf PRk RerD e SRR B e comprise &
gembingtiamef peth peglethdnaymthstic seismivi dats selectereto beimeressentative of the
util@ety enbodi nent, travel tinmes are
sggcl)lg%{ ‘Zﬂdth?%r t eag%l ng subsurface coverage, rather than
§89R8)s . Frilspupragq prignia detaasetserraislastech formenstowteiprand from the full
RBASAYel dAth Q%pbi}tlala&ve&gé’\@itg s&p QW doHstruueS %% pQ;nal goverage seismic
seism c data processing. 25] step 1 IS
datp ety Waldbe fonpteygtedyiat amy teSthe reffsgtﬁpﬁ tesg @ovaauga hghss gvithin the size
e lsQlet8d HSRED 16107 THER Y asth RaY Elfe%geﬁglzﬁ'esre@gt%d Hont € available
proposed seisnic surve n one enbodi nen |
Seipwifi datajthebbesbrepraseniphe swlesvaks well it watex ssemety eehfiguration,
fahGdIpdebiinSHE Mﬁye)arl?élyr@ﬁeugtdgﬁraréiorgel WREd, tl"i)ernecﬁé fhak ?ﬁtﬁlues to step

representative of geo (0] t he survey rea
V8% toeRmstest ﬂ@rﬁ%@?#e‘iﬁta sets ng@bd%mre tqfbq usedthen the process proceeds

GOBRY 1 6L 10S6RihRE {hQ r§a@ 'd§1g]s§ts d?ftaaco*f‘rﬁ)llﬁﬁgl? g b&tn Qﬁlthetw an real data is
representative of c990 (0] of the survey area

Jepe 'éﬁétth@lrﬂl@ﬁ@é%ﬁsm?ﬁc sttypot éieBSrﬂQ:5 awdled.sets conprise
300290 A2 PTo0fa RSty el @&nﬁmwa%f @1] Sﬁ*éasm fe %ﬂ%%ed in the

sel ected to be representative of _
g)mp@@s-}d HaERe seismic streamer survey. The velocxty model w111 be used to generate the

synthetic data sets. In one embodiment, a single velocity model is selected to represent the

known velocity in the survey area. In an alternative embodiment, a set of velocity models is
selected to represent the known velocity of the survey area: The velocity model or models
are selected from whatever velocity information is available, to best represent the velocity of
the survey area. If velocity models are not already available for the survey area, then _

appropriate velocity models for the survey area are developed. The velocity models used



[0026] Full coverage seism c data sets are sel ected
(or constructed), and fromthe full coverage data
sets, partial coverage data sets are constructed. The
partial coverage seismc data sets mnll be
r ts o covera
ol i AR B O Abftelc B b B tecliog ST tap rtsy et fest a
SEpshdinghe inlisernd exoss-ireedipy afbitnpwaigiosizbmsd "lfkfe&fﬁthchﬁof the invention
t repr.es
aaég:ﬂgah{lﬁraaée%%}s Fgf&ng?hg asﬁl?é}e le%gl Odel FO(S ﬁ:]ov\gai_egfq BrHy but this
g‘?ff‘ieﬁ‘ieﬂ%ﬁ’@dm??f’e@ fi@besaregiaiption) ¢f tlsfymwhetomc data are to be
t han r S t
const]r u?g stt%wd;@g@nt&h V&ggﬂatégggéﬁaﬁc’qﬁ F ?%é e‘}gg’i iheapré’p?s(?d marine
BESTIS st eampie fry $¥e ﬂﬂlecseg@y presckedsfigurmiont el BOsddoto generate the
Gansdic Weta skhie "['h@%{xrvg?t/@ssél%gﬁﬁ Jr{)tlo% c%?e%%r{é% ﬂeog[c]a xggtry o% tlﬂe sources
synthetic and real data 1s o
6?%&%%@“&%@19@83“ tthe Hovey. sTmEpeal idHorand phighetdrOO2 Ahe @dirvey vessel
Sbriluktion ik1MR! PE Jré/ n8P@Gled D, g&}gg’ér olf'%trgegmg O I%ngmeoﬁ the streamers
to be surveyed in the proposéd narine sel
Strrrebine of dbg §WmeW@uV’éPfogﬁ sourarpatelyswaid Sdpaatl&eﬁett;v@en the source
genRhal helshamegynthetic data sets. In one enbodi nent,
single velocity nodel is selected to represent the
Bqﬂ?\% v &Yt Stpt 07 pynthstic §€lﬁm@yda@r eaes hre gonemtet onafily eoverage data
& BRI Gle | ect ed
eenb;;ngsent e%tlﬁgeﬁﬁ%cv\ﬁ %g%ggl % y o?@{iﬁ u§m ?l\l/eeve?ocﬂ%éTIOd?Lgom step 105
'gf gi fypvexorseel senfigueion fremestepell @Gt %pfcabrmpdmhtev&ratlons in the
uRHaMgt of - ﬂh@fs%ﬂ’@ﬁd Q3srhie Bkal@Rlfg tgut aﬁg { 1teg z? target depth,
he vel ocit the survey area. Fr %
é—F@eH@‘[ cogt gé’éfyiete{?/%ﬂel 21l @ossdine ahd lrémp‘dqa,s Oﬁlherazont h&he fact that far-
aﬂﬁf sk hﬁt 1Y 84e@Q ot g%ﬂ@hg 1% is 1108 taﬁ%[ 0 ac%&?n Afer construction
vel he vel ocit el's used
Eg Eﬁlcf%Yfr%et fyndiegs seseritheni wevasdget h@esgeﬁlktbgypmﬁ:essmg is
pétormed Mepanea, at least as neasured in the inline
r oss- Flne di ps of known horizons. The nethod of
@ﬁgo nvEeheepr 08,\,\§y|n}heﬁce sqismnig etazetsdvidy tesedayermin foltoam constructed
fromghefutebOshie/syADEa ddtbet %Hmvﬁéﬁ Weregpé&(/eraggﬁ?lcst ¢aR be modeled

eference |s not i ntended restrictio

- PhiFery }ngﬁlata[ mﬁﬂe fplf cayepage ﬂ% Sets Uhe deta yerssefl can be some or all of the

ssndit Gracat inOthel Mmild&fvieagd dh@r set. heAﬂro&%%QPgRrolf Nfte partial coverage
sei.sm (é?strea [ survey. The survey vesse

DOHERY GrA SPSnIURRe) PrReestiag af the Rguink cavesagettata ssysris Ipetfored at step

et a AFet SrocEhend UhY QYrtMde %%tag‘éoﬂtd Q& Al P [ﬂsisg %B@err% nl?o%es will be
t he %ﬁqgﬁyﬁ¥&°f t he sources recei ver |l ocat

e gpyecae P‘i‘?‘ﬁ%‘r"l"ﬁ'{wt Wﬁﬁﬁ%h@ps for the

FOOBYEY MeSep!109,CaafldbtlFatl dcdihil B5h légeesd%%% tgrf?e{mng un coverage data
limted to, nunber of streaners,

- ogme IeglbOd‘g’éBb thetspismicodata ¢pmpsise @hmxmlc d@tﬂb@cot@f from the survey

ﬁ@eﬂﬂﬁﬁax@rrg‘ﬂy&ntaﬁ%j oﬁﬁﬂag'eéﬁ)ﬁ) Bf ﬁx%tsmg dle R AAbhE embodiment, the
array the streaners
seismi¢ data comprise real seismic data selected from another area or areas similar enough to

the survey area to be representative of the geology of the survey area. In another
embodiment, the seismic data comprise a combination of real seismic data selected from the
survey area and from other similar areas. After construction, the full coverage real data set

(without coverage holes) is processed further at step 111,



[0029] At step 107, synthetic seismc data traces are
generated for a full coverage data set. The synthetic
seism c data traces are generated using the velocity
nodel fromstep 105 and the survey vessel

qOOﬁZ]gUf@tt &1 for e sdighc 194 se%XﬂHnCléét co?%%ethopes are fﬁngtructed from

r|at|0nS|ntF]e rmde|n IC selsS
d Yllcoyeragedata, e frowmtepalrog st qowmzeeld:htsc;pn basigelated by removing

dapt flom the ﬁﬂt&%ﬂ%&@m eqt T}thfa&eltemro@&ggah_ll:% s%fne & atllhoftthe seismic

Cross-1j and inline dips of horizons
frgFes ‘8ft\“‘s§'t“ WHerasedaa enil ;Foug@rmnle fiheodataregiovehcaidpbsimulase missing

alatOdueak Etathdttn® AGKOHALine & GE sﬁ@{‘rﬁe { Liﬁttléx;g)art]ed a)stacgs in the survey
full coverage synthetic data set (w.thout® cover

REi2e I AN Ralfunstionsda sirosgerssor Pae ¢iptmaderator st any oﬂfbﬂ.known source
[00@3Hraght hotdse le:in?bnt syt dyeddver ap€ |h§1g§ q:? dgles tﬁegl%e ﬁnge selected for

test covera ol es are constructe romt
dovies d@é‘%’yg‘iﬂhé’caflcbedalﬂaﬂ%eét by rthenagtoep dDdata Thatis removed.  After

consfuag, telpafial adveh@e gl gets b éﬁ'@c@’s\éﬁ 'ﬁgthg[a&t%t g'p The partial

t he ful I cover age data set. ta renove
SBYREagSrdaty petopvithHest cougrage 1601?& ‘Hdbbe compdred afigir|processing to the full

courig@Rtadal witthat covifah€hol&onst ruction of the partial
age  synthetic data sets, further processing of
{fﬁiﬁ{iar tHtSePcldy e?lag@sﬂﬁtdams%t%m propessddorThest ismd¢ dgga sets include

hilyl synfieti€ lor RfaDEAS StHghd dn Qq:uﬁ QA gétﬂgl &)Qé/rgéea%%a dat ‘ﬁhu?fl?‘ve}'e selected

th test covera hol es™wi | conpar e
gb\?@f‘ﬁ@‘éteea"csad%gé’?b% heet Ebﬂﬁéﬂfl’a’géhm@thSSSIHEOWBll]COmpnse pre-stack

siigfatidd) SHo vk, |tﬁﬂ§|pﬁrtfc@l§4 foBif! oF 'Fr&egﬁ{g% ﬂgtﬁgé &e%qg %g atr stnctlon of
forma full coveral% data set. In oOne e

4 Wyention  Eor 3amples ther mragessing swAyCingltde byéllsemtedstﬁptomto partial
oigraton (\WO) Po&Atabld Aigra A, fn@%%ﬁqgk%ia\ﬁgn Qfq Eﬂ?&ﬁ)olatl?%

gy q area. | n another enbodine
g‘g@“i} ”aé{eg ianrﬁ gf%“ Péthe testicayrrage dlen o8 dpte @uality fir thmprocessed

daatstie fronr @ep OI1 RreValGatsd. NThé tat® ARMEN dRadabifie dHoRY effects of the
atob reﬁresen tive of the geol ogy of the survey
EepEcbveree it

verag &7 AlialR Al herdest offyelclox effsshTangesheelected in step 102 and

chem;am deptin selateli natspn1df maaldame lﬁmyCdéé?Jdéno%eLﬁCB@@valuated by
urvey. area and fromother "sim |l ar areas.

m t he
A?T%af‘“ééhf‘sﬁ% b31Eh in the @racgtsed perviak snyeragedata sris to hetdata quality in
(hai dréuesded Ga1Y 66\&%6 h@ﬂa%&)& The RAR GERARE %ér&’cfahg‘r? fn @ gﬁ)tcgﬁﬁd seismic

110, I sm c data set
%%tltsetg g&gg%é'% %tgc? §¥ gbseraﬁtg? tﬁg }Je?gllsj of grtiferts cpused by the test coverage

haiver agpical adrafasie tindlid2Mb&t £ ndPAmitd €8], CQY Qﬁrﬁgﬁufﬁo leGht amplitude
e&gglated b r enovi ng datafromthe

C\%ﬁ» FYEsefLrarion, 2 dﬂ’i‘&fe?féi é“ P@ﬁrﬁmn@@ma%@p@wdoﬁormmmple by
aﬁgrhtlrt&us:ﬁlesm c traces in the full coverage data set.
moved coul d sinul ate m ssing

t he dat
@;{33?33 ixrgﬂ:feé 51?1’:]% a r dﬁﬁéerﬁ%\fegrﬁ@ng@ﬁ%lrﬁogerage data set to model a
&bt @asgsSholait the lﬁﬂﬂt@@ra@@aita%t%ay' 2 Jrh@sHLENE e processed removed

data compared to the processed full coverage data set to evaluate the data degradation
resulting from the covérage hole.

[0036] The effect of the test coverage holes on data quality is dependent upon the
bandwidth (frequency content) of the signals in the processed data. The frequency content

typically depends upon depth and offset. The expécted frequency content of the data to be



area, equipnment malfunctions in streanmers or parts of
streaners, or to any other known source of coverage
holes. Different sizes of coverage holes, to cover the
size range selected for testing in step 101, can be

%bc{l]-iﬂeatvﬂﬂ Wcill@%quﬁﬂﬁhtoqcc&ﬁﬁ HeR e dffcl STRYE gn{aliér §é %adation is

gstructlon the partial coverage real data
pued wythe pratigkgovsiees flap sqts w 1thméerwltqk?§l afteg dheepragpssing done in
Q@ba1sets W th test coverage holes will be conpared

3ﬁéﬁé processi to the full coverage data set

ut é@§eﬁa@8 hehe expmplesof Artifagte fn pbtessecheeismic data.  These
SQifsdiH GredfbRals fldR 868 &}f@cﬁfﬁﬁﬁgy %}Q oﬁ%é%(;;hedg‘ffgcts of the test
sets incl ude any synthetic or rea ata sets an

AYgragsy halesr (F1G1 3chowp agaosghinasestion 3 hef eimthywsic eiageet@ctpeee*.tack time

OigRBHS t FIdL 4 @HovASthe €56d L B&HANERRUE, 41THBY ltimy eftdD6F a coverage hole,
pracessing wil| conprise pre-stack mgration.

PR PEFT, PrEtick tom migsaioar / 3P mietr coyaseasdwienig sinsulated to be extending
lbeﬁcﬁﬁdﬂg nhﬁraﬁﬁl gpdrard fnl @t 'umheocflrecttlcnle %rﬁ"f) Imsshgg{mé: Hift is shown at

exanp roceSS|n% i ncl ude, _
P&%’P?‘? @ B % pratompare tmcgvr@eppremnq ®isipn 33 o8 F1Gt fackmaller seismic
Ain@lifde @visibRVAT 5B 43 Nh $TE0k 8l QfmaE 9 i it i
% ér apol ation. %0134,]1 At step 1182 pr%pléﬁe e? F%%%Spor}dmgh%osmon 33 in

&4t 06‘\‘)‘&’%‘@%13 [ dRigEHOR sTEe cﬂ%\me@vlt IMFIh @, prosbls sedosition 44 in
datas.sets fromstep 111 is evaluated. The data quality
E@ dation due to the effects of the test coverage

i SRR Uat waxigun preeptalle siges efenogerigs hadésfage tletermined for the

bm%ﬂ)mﬁﬁie%&%ﬁﬁ Jri@arRE RO 2 TRO thaxinfith 4 gﬁtatﬁ@ BLdSire determined by

selected in step 103, The data quallty<% dat1on can
BRALESP IS evplypjlonsBadsapsicy 1t hef thadata quality %rahtxpm due to the effects

BF GiEeL S € HoRadpt | lesCOYEY ADRirBah BcSSiablet
gual htﬁgl’lloa’te tgﬁe elrsocessed %ul I g?)e\?/)eraeggzetgg(tﬁa&%g?%c hﬂ?s typically

SRR YUBEY Phsiies And thetgselopy ot ®s sepex aieanilbus, the maximum

daieﬁtaBlet Sizds Sdeieriireal ReYe @yl HBA & BYpredRACIVInAY {PeGifications for the
IeveI% of artifacts caused by the fest coverage :

REPRED S4IHYC al F oA r PRmRLe dhesh cinfil espesifisatigne mayt xnress t thel maximum

baepRvieRized ofBdvergd Koles 28 W FitdctioN B bifddd@nd 8§ARYS, Phase
es.inm ratlon nol se aS

9rt| n, and increa
OIS B e GSceRaPE si255 of FAvGreas FFs i issavary bUtBShe required

degracof bwierageb@dil rtl‘Bi?Ii‘;ralget rh@ang Fha tHLETIAREL fsTR rﬂlzﬁm&y kdr the particular
Covera e dat set to gpg% a test cover age hole I n

PYECY JFIeloERPUBUAROH YD BR COVUIELROIGST o@e soUeragrimess no data in a

Speeified 64 of ardaV Sibgred B do gL RN} Eép?elé‘&lt&lré% gﬁe?cl,%g%agy bt coverage, -

_coverqgﬁ dgpgﬁget to eval yuate the data degra ‘

FESTPPTNRGC el covRSR &R SR @eropd B comegeef fect of

[03:40] estAtceypan ageislelasinedirdapavetabhikyioh SoWeRe '?sdr?eggled during the
bandwi.dt h (frequency content) of the signals

on the
E’P{)ﬂ?g rﬁ?lg}fegésgac SIgamer y{Huey. quléﬁ@yal(fgmr@gﬂ 1s needed, then coverage
mapive dpiove€ BN eampRo by dediicthgand séfjgxfagi@rt et B& SXAREL §8the seismic
frequency content of the data to
vessel towing the seismic streamers. Alternatlvely, add1t10na1 infill lines may be planned for.
The invention is not intended to be limited by these examples, however, and would include
other conventional means for improving coverage as are well known in the art of geophysical
prospecting.

[0041]  Thus, the method of the invention enables the a priori determination of infill

10



9 acquired wll typically be taken into account when

the effect of data quality degradation is eval uated

in the partial coverage data sets with coverage hol es,

after the processing done in step 111. [0037] FIGS. 3

3 f&ﬁ&ﬁ%rea)&% &P m@finélelshfi@ c

g%a aTh ese ar S aglt s are t gt}e%mlepsmcfg I"C z?t?yfc%ng §g#gs %’1 & fata quality
qestpqatign é@g@é@f&?‘?"ﬁ?gé beles i fu éowafge@né Pmlaltdoeerbwelsmlc data sets,
GOX A AchplaBR - coEérgﬁe ﬁol@b@ﬂ?bé”l d&%%ﬁéd R tﬁ’ee ngbWF%%reogcqulsltlon
‘synthetic data after prestack time magra

SR GHEcuensdo tedrfd] snseifigations, oﬁanssm;wwg nade befofegthe survey is

PErfemnc@MBEAgfuchRY £ avoididg 1103 kﬁél{ c%rst et ﬁa%gtr}nﬁ dfRr acqtulsltg)n
g&g tion. A 75 neter coverage hole 1s si

di Agshoyleh b andersioasi that thiecnrecsdinetioimeerely a ﬁ@alledl den@iption of
dhdcitel biPodirerds %f MRS CinvddildR 0! thht hiin&GBAMLA es, odifications, and
position 42 in FIG 4, as conpared to corres dn
BB"éT’%tIVSWOSQe {iprlesedsemBodimgpts car besmidsrin eccordapts ‘tntﬂrdéle |d£sclosure here
Withbi! cﬁpﬂ{lné)%fﬂtﬂlé’gcoﬂ)g of @heHn@ntl%n %e %%p(ﬁﬁggesggpno therefore, is
correspondi ng position 33 in " a
RPN ot L the SCC}PGtOerh%g’éfmthhn FFalt’@r tbe SP@ewfsthtbllre'eatton is to be
Resinkih@ ooy fhe af):ﬂeﬁied‘]clal[nggﬁ@ilhe{'\te Sl 13, maxi num
accept abl e si zes of coverage h % are determ ned for
the proposed nmarine seismc streaner survey. The
maxi mum accept abl e sizes are determ ned by analysis
of the evaluations made in step 112 of the data
qual ity degradation due to the effects of the test
coverage hol es. The maxi num accept abl e sizes of
coverage holes typically depend upon the survey
obj ectives and the geol ogy of the survey area. Thus,
the maxi num acceptabl e sizes determ ned here may then
be expressed as infill specifications for the
proposed survey. For exanple, these infill .
speci fications may express the maxi mum acceptable
si zes of coverage holes as a function of offsets and
dept hs. [0039] The naxi mum accept abl e si zes of
coverage holes will also vary with the required
degree of coverage. Full coverage neans that the
coverage is as planned for the particular survey
-vessel configuration, with no coverage holes. Zero
coverage neans no data in a specified size or area.
Degree of coverage, usually represented as a
per cent age of coverage, .corresponds to the fraction
of coverage between zero and full coverage. [0040] At
step 114, it is determined if inproved acquisition
coverage i s needed during the proposed narine seisnc
streanmer survey. |f additional coverage is needed,
then coverage

11



may be inproved, for exanple, by reducing the

separation between sail lines of the seismc vesse
tow ng the seismc streaners:. Alternatively, LL_OYD\NlSE
additional infill lines may be planned for. The

invention is not intended ¢paAbas!i mted by these

exanpl es, however, and woul d include other

conventional means for inproving coverage as are well
We kiggyn in the art of geophysical prospecting. [0041]
Thus, the nethod of the invention enables the a priori
‘determnation of infill 10 specifications for a _
proposed narine seisn c streaner survey. By conparing

1. Ao ot SRRl 50 bt g ReBine igmic sreamer

data sets, maxi num_ acceptabl e coverage hol es can be

SUrVEB(CAMRTINEE: qoBFtryctae il spverage seipmicai sets representaping phthe survey;
Corrections to the infill specifications, if _
constgeiingsparial cevgragsescisadedaieses? withitest semevagy holes, the holes having a
performed, thus reducing or avoiding the high cost of
plurality iof $izeshprocessipgaha il cavgragesantd mantial 0G4Re seisnsddath skt @stimating
understood that the preceding is nerely a detail ed
datadjeslity idpgradationfdue spehe itdst coverdpe tioles i the Prockted séisMR HatadBts at test
and that nunmerous changes, nodifications, and )
offs@b iRl B8R {deM @S, 4n@ deREnMiRchASRAnEIROHANE @&@rafg% MoRE fEBRHE survey
in accordance with the disclosure here w thout
j f the invention. The
ﬂongggggg?ﬂgj%%gg?$%fﬁﬁgggﬁﬁgrefore, is not nmeant to
limt the scope of the invention. Rather, the scope of
the invention is to be determned only by the

ended. cl ai and their equival ents. 11 LLOYD W SE
2. TR RERRS el fpriher campiiting dheripialigesiof elachiona sie range for the
sufficient acquisition coverage for a marine seismc :
test cqveragpBples g thesprveys pRietIae thp tee oiisets deritheigpryqys pud selecting the test
coverage seismc data sets representative of the
depthsfoy he;survegnst ruct i ng partial coverage seismc data
sets with test coverage holes, the holes having a
plurality of sizes; processing the full coverage and
partial coverage seismc data sets; estimating data
3. Thpuakthby ofielgitratlat hevein thecedt 0 ffs&re coMPiises WECHBRErdngeLs i N
the processed seismc data sets at test - offsets and
test depths; and determ ni ng maxi num accept abl e
coverage holes for the survey fromthe estimted data

4. TRUAbthbY oFQHHAS ALAREN the steps of selecting depend upon survey objectives and

geology in the survey.

5. The method of claim 1, wherein the seismic data sets comprise synthetic seismic data sets.

6. The method of claim 1, wherein the seismic data sets comprise real seismic data sets.
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2. The nethod of claim1, further conprising the LLOYD WISE
initial steps of. selecting a size range for the test

coverage holes for the survey; selecting the test

of fsets for the survey; and selecting the test depths

7. ThO®netd@ oFla¥R ) ; whereid e @&E&Rd(% ?EISse‘?é é%ng%lésg .avgg.ﬁ{b%agioﬁ be synthetic

test offsets conprises test oa et ra

and 1B lé‘éignf%fda&l s%{Sm 2, wherein the steps of selecting
depénd upon ‘survey objectives and geology in the
survey. 5. The nethod of claim1, wherein the seismc
data sets conprise synthetic seismc data sets. 6.

_ .The nethod of claim1, wherein the seismc data sets

8. The msthodof elasin Sswhetgirnsthg step of gerstrugting 4 OV oWEBEe sdsmithata set
met hod of claim 1, wherein the seismc data sets

compuisgst fastractogreovahedifyonodefl fanythe hevéycarea deteeminingh survey vessel
data sets. 8. The nethod of claim5, wherein the step

configurativisior thetsungyparfdddne 1t spgRetRe S the Y8loRit$ Blodel and survey
conprises: constructing a velocity nodel for the

vessBUEHEpuAiBA to EplsRcTaullGoPeragt! LRIV B Qbt.
configuration for the survey; and generating
synthetics fromthe velocity nodel and survey vesse
configuration to construct a full coverage seismc
ata.set .. 9. The,nethod of claim@8, wherein the .
. TS%PSQO?;?fﬁ{%H%%’ ¥BFFsH ©g ¥Clgciy moge! comppisrs 4 set BEuFlacitymodels.
The nethod of claim8, wherein the step of
constructing partial coverage seismc data sets
conprises. renoving data fromthe full coverage data
10. Tleg mehodofiehim 8swhereinghasfep hbtastregmgmiartinl coverage seismic data sets
sel ected size range. 11. The nethod of claimS5,
compisgseremavite dutefomfthe Anlisdoverige dgtadetftt modeDiest @FBrage holes spanning
seism c data set conprises: selecting available rea
the @ddctedtstyeG truct a full coverage seism c data set.
12. The nmethod of claim 11, wherein the step of
constructing partial coverage seismc data sets
conprises:. renoving data fromthe full coverage data

_ . T es } e hel es._spanni t he D
1960 TR0 554 G0NShAE, DP B5RAMARL I g e somic oo
wherein t.he step of processing the seismc data sets
compHs feleeting praifableey %Fagtpéppﬁﬁ%ct 3 Il oRaTage SRigRCAAta set.
claim1, wherein the step of estimating the data
. quality degradat[on due to 13

12. The method of claim 11, wherein the step of constructing partial coverage seismic data sets
comprises: removing data from the full coverage data set to model test coverage holes spanning

the selected size range.

13. The method of claim 1, wherein the step of processing the seismic data sets comprises pre-

stack migration.

14. The method of claim 1, wherein the step of estimating the data quality degradation due to

13



LLOYD WSE the test coverage hol es conpri ses:
conparing the data quality in the processed parti al LLOYD WISE
coverage seisnmic data sets to the data quality in the
processed full coverage seismc data sets. 15. The
met hod of claim 10, wherein the step of conparing the
the g cavegresibiotey cpmprises: rgresg g dassjuliiydn tetproeded partial coverage
_conprises: processing the data renoved fromthe ful
seismipatagts tol tealapeuality in tegdebcesset €6l cO®RMRE 3€emitQlaf;se@Nd
conparing the data quality in the processed renoved
data to the data quality in the processed ful
coverage seismc data set. 16. The nmethod of claim12,
15. Tenhethed éfhtaist 1OPwhtreHABP AL Bgcc;ntﬁﬁﬂghé_daﬁactfahﬁ ih Fhetp@ cessed .
processed seismc data sets conprises: processing the
seisSiRt dal BRRYBPrifes! | I ot del
a test covegﬁgﬁqﬁg%gsngﬁﬁ‘?%ﬁ%g??%gﬁ@ﬁgﬁﬁiﬁ§°Hﬁ%FgEVSﬂ‘O
mod ta to the data quality in
ode i e RORTAEITRY it O Bl Gl p S Bembgedltaa o the

[ , . Wh in .t t f [ th
a5 B PR Mool PRREtit dEr STE Qo sors

conprises: measuring artifacts in the processed
seism c data sets caused by the test coverage hol es.

8. The hod _of claim 17, wherein the artifacts
16. %&gﬁp%duorgﬁaémﬁgk‘é(herpw ger ef comparing theglatagwplitytin the processed
. decay, tinme shifts, phase distortion, and '
se1sigisidaR. SPis omBTses: pypeassios therdataasmotel frofh therfell kovkrage data set to
claim17, wherein the artifacts neasured are based on
modghapesitcarrragedylee and corpaning the difta quaditynin deemsedsediabaoved data to the
data sets. 20. The nmethod of claim1, further
datagoalpy irsthe grocetmedfull coverggé sefidnhit dstpeeti 171 TS meRsd b @t NE wherein
det ermi ned maxi num accept abl e coverage holes. 14
the step of comparing the data quality in the processed seismic data sets comprises: measuring

artifacts in the processed seismic data sets caused by the test coverage holes.

18. The method of claim 17, wherein the artifacts measured are taken from a set including

amplitude decay, time shifts, phase distortion, and noise-induced migration smiles.

19. The method of claim 17, wherein the artifacts measured are based on expected frequency

content of the processed seismic data sets.

+20. The method of claim 1, further comprising: determining infill specifications from the

determined maximum acceptable coverage holes.



