METHOD FOR DETERM NATI ON OF SUFFI Cl ENT ACQUI SI TI ON
COVERAGE FOR A MARI NE SEI SM C STREAMER SURVEY
BACKGROUND OF THE I NVENTION 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
techni ques are conmonl used to aid in the search for
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sources are used to generate a selsmc 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 differences in acoustic
i npedance at the interfaces. The reflections are
det ect ed by sei BACKGROUND/OF SHAI ING/ENHON t he surface
of the earth, in an overlying body of water, or at
known depths in boreholes. The resulting seismc data
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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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of reflectors at different depths. The reflected
seismc wave is detected by sensors and the detected
signals are recorded. In a three-dinensional (3D)
survey, seismc signals are generated at a |arge
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the prospect survey area have been required. Additional numbers of sail-lines can also arise

from steering 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



addi ti onal passes of the survey vessel are referred to

as "infill shooting". A large portion of marine
seism c data collection can be devoted to the infill
shooting portion of a survey. The infill portion may
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the follow ng detail ed description and the attached
drawi ngs, in which: [0013] FIGS. 1A-11) are exanples
of coverage holes in marine seismc streaner data at
four offset ranges; [0014] FIG 2 is a flowhart
illustrating t [ f wikpedi nent  of
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are the dark grey areas 21, and are typical for marine
seism c streaner. data., The.  coverage _holes. 21 are

Lypically el oNGhARED RESABIRZION ¢F YEEANVERTTGN and

thinner in the cross line direction. The width of the
caover ag_izb hol es, 21 varies with offset, as shown in, .
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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



hol es, test offsets, and test depths are sel ected.
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[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



[0023] At step 102, test offsets are selected. The
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tkbmvrelsmctxdsm@ftmmvaftloﬁm sm c acquisition. The nethod of

8, KT8 1 4250t WSl S Lo o

16128 \6€ AérRliCtRatGrduid bethﬂmtt:ﬂ&!;t&iuhﬁg the propoécd itteite s¢tiemic@treamer survey.

restriction of the nt i on.
IR ¢ Fera e SeBp e Rty el Bt stltRiibr GrtsReiPulats oy §ite, rther
tRVERpths N EravePiges ¢ afl eqiivient hdthoddol ledserinf depth, @ BStell know in
during the %&&?osed mari ne seismc streanmer survey.
thearkof sgispig eS8 odi nent, travel tines are
[eeisact exh iy 104 fttié BGerSMRRUF fAreus Wﬁérﬂegﬁtheﬁcﬂﬂdﬂﬁﬁets irBag be used
t hs. Tr avel tines an equi val ent thod f
E Sla' Fﬁoveégge %r RﬁélpFOHQWCFSHIIC tsweyar? ?e embodlmcnt the

seR$0dka ¢ BorRpre 664 isBigmid @2 bdlecd fBdne fthelddveyidred 6r other similar
deternmined if real ata setsg b/nthetlc dat a set

2528 thap afsrepreisgtativg P fhéaeplﬁgy stibsdFrat ereeomﬁgamgfr frpfpdiment,

thé BRARR diabL bt bEmSrike W9Nthetidscilc Aata0dict®Atto be Representative of the
seism ¢ data sets conprise_real seismc data, sel ected

goploRy ohdhestirvAYyATeR el 35t APhER crahadimett, the seisraic dpla sefy gomprise a

JoBRIRESN batbbMEreal akd8yrlIRAk QE¥mY dith RelSstEd &Y barEtesehfdtive of the
yet anot her enbodi nent, the seismc data sets

geplepy PEtbe §YyHehEe3d ¢ seisnic data sel ected to be

[oepéEes emﬂlédv\é ngefsexgﬁ% dMENOIY sefectd @orSen¥iR)Etal, ea'—’hd Min the full
yet anot her e od I ment, the seismc ata sets conp

c@veragiAth Bat PATHISE coystage dataiseta ate spsirysidi Thsdagi ebygsgEs seismic

&8l &6 861 bO cHRLLEB &5 ShluBld M8 Plects V€ test B/ PLRY h@festvhﬁnn the size
sur ve area. [0026 1; Ful | coverage seism c data set

TAREE ¢ @étne atere dP1.c S paisipie dafp sets3ee Hrﬁ%mbw(slﬁpmhfmm the available

CRURS aae tﬁ%@st %@gr&enms tobQbeys QY GeB A thAfiRve Sl mBirf configuration,
construct ed Eartlal cover age seismc at a sets

aAiPiPated i A §\f“i’V9Y>t syRthetici detp age &0 behesedfthacths pefcessgptinues to step

ﬁﬁvtg tAAEuNhESnMeliDiRa $8E Birde® dath ﬁf&gﬁ be ﬁée@cﬁl@ﬁj tHerbr&,Ieﬁ‘s%roceeds
The seismic data sets are prefer abég sel ect ed
14

mﬁm 10R&0 eqnairncl phcarealgdatassgisc Ifineambipagion 98 seth supheticand real data is

e ugéaomaﬂ Yhe fSce¥Erbeedds th l%sth%%y QY5 ARAMBL 'Y
configuration, anticipated in the surve | f

BPRThet fe signtlfS.q2 welpgitybmodad del consiagied fa thiy s 4 be surveyed in the
é’(g?(;sshﬁ] k‘lﬁﬁn@ 9 iﬁgﬁ Rirearie? shﬂlegorﬁié R/lgﬁﬁltyt tﬂ@de‘f W?ﬂ REtL& @eeRerate the

) rea at a are_to e.use process
pnthetiedata stto It e eni®diment,onsingle EQIOQIWem@@énS glected e represent the

ll(rrovs% \%?m [ﬂﬁhie %{Prv‘é@ a@fx’.t fh &, ﬁ{eﬁﬁ{ibecexﬁ‘%qixﬁgﬁl a Q@Bff"vé.locbity 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



to be used, then the process proceeds to both steps

105 and 109. [0027] At step 105, a velocity nodel is
constructed for the area to be surveyed in the

proposed mari ne seismc streaner survey The velocity
maé/t co\fl'lmnl locl’g]elea ejrfrll%ﬁ%strg n?s%rrxlt%{l\?et gf g\IOIP Ay f' gutelnsg g?’ afea, at least as
neetveat mdhe mline pnd eoswtlinehdips éd’riomn\mhmt he metlimel of the invention

|
S eeRa et SEnE g Rottins ‘FaSPORPATaN cofls Resuimy. bur i

refedende it yotoﬁtended te b w&ymatmmftffMVmbmm ty nodel or

ls ,.are ected fro tever v
0 e B8 ST bRl PRRR T, 54e8Bed for g proosed marine
smahmcstteymen‘ surtldf},e qhe wayvearessel kénfipgatation twilinkededed tar generate the
| able f e surv area, then
sfbs B et R ouRey Sttt eatineSipe P ahoty of the sources
addE\t@:leﬁ'BeﬁacatTd?ﬁ i eheo@urt@y noghsita ipethnt paRetess for the survey vessel

cERERA gl bt &t B ReERS RirBher ¥ afeariery et g Sheamers,

sémeht@ﬁ Qﬁ‘Sthé Isfiléhndirsp&uﬁfbe]k BO¥eurdtOsrkaZ®Ngnd sebaratidi badeaf the source
vention wll be illustrated by referring to a

a§F‘¥§g‘1ng ﬂ?Feﬁ“S‘ErP’fr? model for convenience only, but this

[oeZ9r ten@testéps %) O(‘)Vggﬁrdﬂﬁﬁtle rstegﬁllldl%héma@s ﬁ%sgdhbx@tetimﬂr Ofull bsverage data

i nvention Ste rvey ves

Sgfon egéf?taf%wspgc {% RESS SFoR PR B St oy papgel from step 105

8@ ItBThEvE) KEREEonBiEIh fréMestspl HU@Y ™M@&8EImportant variations in the

conflgurtlon wi Il be used to, gen te the syn hetic
nepdeling gt &he spipiheticy F?}é‘i}lcv%é% &fts & g oAt SRt Guited f9riaget depth,

ftel@ende e&&&&yoﬂa‘et iah%e SAAEGSSlinend il Rie RipsRIT hb@foAk] TRS fakithat far-
the survey. Typ i nportant paraneters for the
°§fl§‘?t\f’é§? e euly IusefE’o?i‘P‘P G dspth; ip, als, fpken Pt acgpynty gyfter construction

ofi the teNl doQerafd! FPRhetRl dfth rRAWItSout | B0Ghde @bled)Nfurther processing is
streamers, _separation of the streaners, nunber of

rerformed abstRyLl. and separation between the source

[603GYS Andep S8, SYdtRATRERmMid 42 %s Mith Sds€Bovbiige holes are constructed
synthetic seismc data traces are generated for a full

f@@v@ﬁ dgjbcoygrage syheticfata sel e slep d0F eT hravetnge Boley %!és modeled

b@&@m&ﬁﬁ‘@ﬁzﬁ& £dmUsd £ ctab&aé@eda%cslet YTHIRE G rerh SR M4 @@sol‘lggbr all of the
and the survey vessel configuration fromstep 106.

sTyicc HRCeR ripdhe AWl covaragst dagh seti nAftrre congiersion rf féf: papiel coverage

?Xtﬂ&tﬂe&dté: ¥ ifpMles %Es'%u%e&fsthé Parlisl ABverDp dRd §‘etsﬂﬁtperformed at step

mted to, targe P?ép frequency content, offs
Ifl4n gAfters prpcess s thej Pratial ngpVETRES étacﬁ%swﬁh P IOV HAES hqiﬁ% will be

oRphred h%e fﬁﬁrcovexfagéﬁta 5&@@%&&%%&@6 ngreful f r om a

8| ven is also taken into account. Afte
[B831: r u’é't $t%}h109®ﬁwtlhb]eff€ﬁ1 |seigwigedatpgrre §§1Pﬁt?¢e’t°| fem@l atfull seyerage data

st/ Ih Bﬁyémﬁmﬁéﬁ%e Eé?én?i% )datfa %&B%e f19G6RR G sbﬁcted from the survey
performed at st ep 30] step 108, synt

azqa) thati are cRpresentative cwﬁttlh g@céssy @fdbe Py #red- eln arOéher embodlment the
SERAY (ialt'ac%%ﬂmsc 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.



fromthe full coverage synthetic data set from step
107. Test coverage hol es can be nodel ed by renoving
data fromthe full coverage data set. The data renoved
can be sone or aII of the seismc traces in the full

rag After constr.uction partia
[gg vgr ag‘/gt Sq?yﬁt al Seisl at§1 éf’é wi tﬁt cgyerﬁ o ess A%, &org{;ructed from
thdfrﬁxllp:arvrtragd darta)&ee ﬁagresterﬂaaloa Slkttscoweraghehcﬂﬂrm the aimuddteby removing
d]a a fhor{l ftltl efucl:lgc\r?g/grggg’ d%% l’seetg hl\ElimleF abremovg gag{b:egseotrrgeac%raéls?tt t]%f: seismic
tmoasemageeﬁﬂﬂatoaemge data tdto For emm:mag]aa dim)zl mlov[ed)&arlc] sifiiulate missing

0 ted.t
Bl ey P B oy s IEof P RaBRBERRERTS b e sumey
S, sqmmne:lmtrmlfmmurpns in@treapedrs @giagsrofstdahars aﬂltcemyexﬂhe‘r kBeWn source

t.he surve at ar re t | ve
S Er Sl e PRI SreCpEet SRS BER oy OBeri b e pnee splgeted for
tssemghnthtd:aﬂ al,campbd Sinulaed byeuhs nNintuda bl dsraLrhmt adrdnfoesd. After
er area Or areas ar enou the su
Gt e e oSS er) B0t AE TOBFBag T ehiers hy Spe partis
@Feage ddla 3£1O Wi testedbadpdTRolbs wilh@e $0inpared aflart processing to the full
real seismc data sel ected

conpri se co nati on. of
"‘f’?’%ﬁ% ‘fﬁ‘éa EUF%C%VF@&CHHBSfrom other sinilar areas.
[Aos:qr cAnSépy Ut tml’kclsinhﬁdaftq,lhdts £OYPeIcaged. I Tidse ekdénic Sata sets include

t cov rage hol rocessed further a
Y soolgehe i 39y 93 st apt hobi B pRGERShees i s Bpichyepp scleced
dreﬁinsmmgwﬂe%ﬁb&? aBéve, qu?ﬁicglgqtt_li_d prédessing Rell fo%hiprrse pre-stack
covera ata set [o est cover g
TRIgRIgR gﬁoﬁﬁ}’%{t g&%ﬂ?’ﬁ%‘l PrOCEFSing 1Sg19f e ?@ﬁroﬂ)e a restriction of
6O ViSRS dablaem{pre the pelRbRing By 6@ 1udaNbilEs $BfTeestictedl fo, partial
of the seismc traces in the full cqverage data set.

TRigFatign , POSHYAGH AR Brafi eRy RN EF QT NP LR AR SRAX PRl HOY:
[dos4 dugt Jtép f@aiﬂkﬁiffe&gonﬁe tebre:omgerrmesehﬁd&acquamy in the processed
tr eaners ant i a%_ng:dobst acles |.n the su

feBnigtth SIFAI A bt i) rihs el dsgragaitondiugto the ltects of the

84t B PHIEe holeBlis EANARY 20 kst oS (ot Vi@ Ganglh) seR¥RE @xgﬁ:ep 102 and
hol es. Different sizes of coverage holes, to cover th

the st Agpihe sdentek inedtep dP3. 1Bt faty qrﬂl%tdeea%lfn @Rrpepyaluated by
ohipetind 81 dad quaBtyaRI ProSdssdddlattidl Raverdgd datinieisad the\idt# Guality in

construction, the partial_ coverage rea%5 data sets are
th proeessehifvlsoverage dita sotseplhe1dpta qulityisigetadatfon 1p Sheopragpssed seismic

St RisSeEDicwily BstinRsdd Hil%%?ér@rﬁ? tHRAERE IMattifaddct iR RSl test coverage
after processing to the coverage data set

Rlesh obipiceb eeifargeinslyde Sut prron) limifedgtp epyent fime shidts, event amplitude

&Rhy3MpKasé AlstorB, SndifcrOkOCRSHEFation NREL 8 §biBlehtedfoR example, by
set’s I ncl ude any synthetic or real data sets and any

migratiopsmPes t i al coverage data sets which were sel ected
[@b35pnsfnrdﬁ6ﬁ1@fjerﬁ‘l§)dﬁﬁ§ﬁ rthO&fa %Q)V/@d fra—ﬂlﬁﬂ faf |c!)%rag'é RiGta set to model a

processing W | nprise re stack mgration,
tephhevasege holf ig tb‘af“lur couerage da 1ot BRY B pEasewsehend the Rescessed removed

a4 eodlfted %o BR Brot&Sld WAL bORALE data set to evaluate the data degradation
resulting from the coverage 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 expected frequency content of the data to be



the invention. For exanple, the processing nmay

include, but is not restricted to, partial mgration
(DMO), post stack mgration, inversion, interpolation,

and extrapol ation. [0034] At step 112, the effect of

t he test cay e _holes on dat al i i he .. .
B Gied PRt ottt yhed 1% atell ol Baptiondragradation i
edtalivated) irathe tpyrtidb gpvachgt idam selsl evithaotdragectidiedC 4ffer Alfie prbeessing done in
teﬁﬁ coverage holes is evaluated at the test offsets
Brldffset ranges) selected in step 102 and the test
[dedr]hs EHESect &d 4 vhow eRarhPBs of AifEkAS & @rddéssédy seismic data. These

degradati on can.be eval yated by . conparing the data
GEATS O PReh VI BEB Se i APYI CoBBULPAGRE da i EEE o the te
@h?agbapraeﬂ UBIG. tyy sHo:W_s d é‘rgssﬂﬁ@ g@ﬁ_&@dl fo ISiInrt]Ed@M Rlafa0#ftcd ghﬂtack time
sets. ata qualit egradat.i on i.n the pracesse
Bl g were sad e saareyorndy ity ReE et sveges hole
dﬁhifﬁ zﬂﬂet/gﬂe&_a@cf tlirﬁé tdtlér]guednts £3y %i%ﬂeékwvégfgt% HofsSiks sﬁa?ﬂiﬁ_écﬁ_ﬂfbedextending
ol es. pical artifacts .inclyde, but are not limje
W?ndz% ‘g’fait‘ﬁ’é apgffure I theglie %Wﬁﬁ“?“c uder RSeG une glh‘gé% shown at
phsBibR UD HORIG. N ds LahpaBRSe TolrbspBhdf@hds@dn30iiS FI@S3. Smaller seismic
reqresented, for exaqPLe, by mgratiqn smles. [0035] ,
amplsHis i KisRlerBlorasHion 3 inHdGadt 28 cosmpatrd de cpgrspending position 33 in
IOV 8! agfexdaiplt c&ﬁitm%%t%HQEﬁle,anot bRBENt GOFRY. 3R AR at Bosition 44 in
the full coverage data set may be processed and the
Fotessed removed data conpared to the processed ful
[0038Y 208t fat 8135 HaxirRurS Yeepiable sizBeo @ eragleBs1adat eBrmined for the
resulting fromthe coverage hole. [0036] The effect of .
RIPROSELBIPTIRGAPEG) BredBIcRsirysy. JAe Bagivain aqpeptable sigesaie fgtermined by
4HRRSs bhhe ePARLME AL i RPUADGY HeFata Nty QbgrhdbioR UBOR the effects
in the processed data. The frequency content )
ofythe dest Icpveragse Peles udba maRIIPM Asaenibies siges qfheoviesage doleg typically
c{efn@rﬂﬁ%ﬁ)fh@ AN SN REivdshifa dat @oto%mxe th%tsﬁg«qy %gee.d THh4, khe maximum

ypically be taken into account en effect of
aseapiablay sizey getararjnedd here gnay ghendiegapipagsaqd pn infile spesificatigns for the

OYRERIBER! aFSeERaniid, QY fiFRY gpet?i@ilcﬁﬁms ahdyelxprB8 the maximum
processing done in ‘step 111. [0037] FIGS. "3 and 4

aspepiRbiscsizAs o6 ovstaga heley asch fngtion of etfestssnd derthsni ¢ dat a.

[BBQQF Phd ﬁlgﬂﬁﬁl& &ES)tJbY@éiEe@lof 'c%kdfrg@thbfggl svilpglscg%r? with the required
guality degradation due to the effects of the test

degieerod gevinesce stullpagerage graecthat the easragnés asarlenngd farthe particular
SR NREdeS cgﬂﬁg'ﬁrﬁifoheﬁvlitﬂ 8SdoReled hoBs, PR’ @vkABe nfehf gﬁ"tdata in a

shows the same crossline section 41 show ng The eff
wecified sigepiaagea. hBparee ofpgaprage usuatly pensesenrfedas ¢ percentage of coverage,

BrRERLHEOR th¥rdcRiolBF ﬁ{ve&gé’ BB AR fndifsl Sdvaligat ed to Dbe
extending beyond the mgration aperture inthe inline

0ABLt i Ahstepil TH, B indatermined peimpravied a¢qyisitiopwaveaage is needed during the
Béds&i (Pxﬁmﬁ% séignélsgear%er s@?‘ve oquﬁcﬁtqontapc&@{aﬁg%%géd? Ghen coverage
osition In I . mall er seismc

may be improved, for example, by reducing the separation between sail lines of the seismic

vessel towing the seismic streamers. Alternatively, additional 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
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anplitude is visible at positidn 43 in FIG 4, as

conpared to corresponding position 33 in FIG 3. An
exanple of a mgration smle, not present in FIG 3,

is visible at position 44 in FIG 4. [0038] At step

t caoverage hol es .

sheigeAIHL T SRSIEER RS SRR i VSRR 2By Bl s dota quatiny
dagradatjon dﬂwéo tmkqormmgfamﬂespn &l @vsnagemdaramadi eds\&rage seisinio\data sets,
@%@gﬁﬁﬁ'f & cgpgta‘tglg' %oxee\f%aﬁ?ogeﬁo%ﬁ be rge 11 1ne§ fffenp g)te survgy b(eEOée acquisition
begots. ﬁwecvtwgetdtbb adill sﬁbmﬁMxmmﬂmmg@ptcabbeemsdeZIﬁor@the survey is

i cal. e en
%9?()21% gl'leug 9%d§1§m% ﬁp av01 1 the gn ﬁ 8%‘ E@ﬂ \;ﬁg/o%g %ﬁlﬂgtlon
t0|062hax1tmhnmldamcmplbahioé thatzths pcheéchngmmmdrelyen elemayd dbsetiption of
%r%m%)égg osldr}c\? S of g&% ; Ilé\g?g S Iéfci Elmtglgglg}se}:f{ug {qhanges modifications, and
ﬁpetanf/esaatheoimldmyexequﬂm dah ®e Rdé Luttoragee pliththeedisclosure here

IC 0§V€ r a%ﬁee&??gi S @V&%‘E‘Bft JB}-lle eprgfeggléfcfgfcnptlon, therefore, is

nmvmsmagmf Ialtake wiopt ofi kioinvemtiyn WiRlathet, hige §o‘aﬁ¢1 of &ﬁ invention is to be
ree .o ra cove e means that the

%Z r“}fﬁ &npd tEe 8’?14?8&‘#‘8? a”tdﬁéelgﬁ?llvla@msar survey
vessel conflguratlon, Wi th 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 nmarine seisnc
streanmer survey. |f additional coverage is needed,
then coverage may be inproved, for exanple, by
reduci ng the separation between sail lines of the
seismc vessel towing the seismc streaners.

Al ternatively, additional infill lines nmay be planned
for. The invention is not intended to be limted by
t hese exanpl es, however, and woul d include other
conventional neans for inproving coverage as are well
known in the art of geophysical prospecting. [0041]
Thus, the nethod of the invention enables the a priori
determination of infill 10 specifications for a
proposed marine seismc streamer survey. By conparing
the data quality degradation due to test coverage
holes in full coverage and partial coverage seismc
data sets, nmaxi num acceptabl e coverage hol es can be
determ ned for the survey before acquisition begins.
Corrections to the infill specifications, if
necessary, can be nade before the survey is

performed, thus reducing or avoiding the high cost of
infill shooting after acquisition.
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[0042] It should be understood that the preceding is

nmerely a detailed description of specific enbodinents

of this invention and that nunerous changes,

nodi fications, and alternatives to the disclosed

enbodi nents can be made in %Wnce with the

di scl osure here w thout dep g fromthe scope of

the invention, The precedi ng description, therefore,

IS gy, rEe.ar]t to limt the scope of the invention.

Rat her" ¢ P8 scope of the invention is to be

determ ned only by the appended clains and their

equi val ents. 11 CLAIMS W claim 1. A nethod for

det er it gthed forofetarpination of putlicign aquisisian covesreacfer # arariae seismic
NBed@ sebp Rbprisiig: €amer survey, conprising:

constructing seismc data sets, representative of the

sur Yytruching peisnais data ¢te repjesentetiessof theyuoisyswitintgsttchwerage holes;

Ssel Stk : it t | es; eval uating

dat g’%ﬁ?ﬁ?f}s Sglg&rﬁgggtsigtgtr‘lﬁt}etg%%‘ﬁ%g? Cr’llg% the test
covevehgtingditaqualipriesradationrresuiting dromath tasteomermgplicidst end

cov : . r r the .eval uat. on . of .

Gt BRI WS bttt bade s (1P BT o 18 evatuaton of
f ur t hdntagoatity degraigtioconst ructing a full coverage

seism c data set representative of the survey, wherein

the seismic data sets with test coverage holes are

Qonst Mhe iretholl bOctuinal, duther coramistigage seismic data set
representative of the survey; and processing the full _
oV PGS ol Eouese SIS et FrPEvItENe R ghe ey, whercin the

qual i kiisieaTabiladd Gith testToVérhgtOhdiés0are CONGHBRE AP §8d full coverage
conpri ses, conparllgg%edat,a uality of the processed full

cover SgEmicdpiesptaeryarentativg oifhe Hrteeandat a qual ity of the

sei siatdsif@ihd HIEtSveligh Beili i
met hod QchI aiml e?%% n§tsdgti.afjé@eé/ g’:}lgrgﬁﬁlc%tg%l gs(gattasduvavﬁttyhdegradamn
t est Tesiing Hg® ¢rypiage heles corentises cempading datat quelity od\the prgeessed full
hol e | r - t .es .

of f scy e g8 JPaRbaE o5 R’ B3 i T6F I GiE Ton gpes with test
of cteveraggholeserein the size range of test coverage

holes is selected to span coverage hol es antici pated

in the survey. 5. The nmethod of claim3, wherein the

t3est dhé swthodadmriinsle whersin safd ssidmic datgests with test coverage holes are

constructed for test coverage holes of a selected size range, for selected test offsets and for

selected test depths.

4. The method of claim 3, wherein the size range of test coverage holes is selected to

span coverage holes anticipated in the survey.
5. The method of claim 3, wherein the test offsets comprise test offset ranges.
6. The method of claim 3, wherein the test depths comprise test depth ranges.

7. The method of claim 2, wherein the full coverage seismic data set comprises synthetic

seismic data.
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6. The nmethod of claim 3, wherein the test depths

conprise test depth ranges. 7. The nethod of claim 2,
wherein the full coverage seisnm c data set conprises
synthetic seismc data. 12 8. The nethod of claim 2,
wherein the full coverage seismc data set conprises

real seismc data. 9. The nethod of claim 2, wherein

the f dhk mahel afeaigelswhereiiatha f5lelovedigel skt data set comprises real
conbLnE%%on of synthetic and real seismc data. 10.

fﬁ@nW%$ d of claim?7, wherein constructing said ful
coverage synthetic seismc data set conprises:

constructing a velocity nodel for the survey area;

det er difipghed oficlpy 2 oxhsasin b il gpveragsrecisoric dife set comprises a
ShibBiioPShyhithbtid Al Reh] Sddric YghOCI ty nodel and survey

vessel configuration to construct said full coverage
seismc data set. 11. The nmethod of claim 10, wherein

e v : I L
el e st KR et 3Rk Ehsfudiy Bl AP Eabsymtnetic sesmic data
ceheompuistsi ng said seismic data sets with test

cov : ' i [ data fromthe ful
covg({ngtglgctlgg% S’ag‘g‘w %de?}g‘%é‘re St‘tai {eus%y ar(r:é%’ver age hol es

s padetermipinhe surse vessebebnfigaretisrafog the siIey; ki@ nmet hod of

claim8, wherejn.constructing said full_.coverage .

ce ulfitie, S0 Elopiey ST AL Bl sl ppeblionnt ccopasmpet seid ful
dat a tcoverapestindictdata skl | coverage seismc data set.

14. The nmethod of claim 13, wherein constructing

seismc data sets with test coverage holes conprises:

raroV TR midaiod of E1QIMA £0, WhkleirCAY 9618GE rf#&ieﬁco%séj’ﬁsésoa EPGE)elocity
test coverage hol es spanning the “sel ected size range.

f80delshe et hod of claim 1, wherein processing the
seism c data sets conprises pre-stack magration. 13

12.  The method of claim 10, wherein constructing said seismic data sets with test
coverage holes comprises:
removing data from the full coverage data set to model test coverage holes spanning the

selected size range.

13.  The method of claim 8, wherein constructing said full coverage seismic data set
comprises:

selecting available real data to construct a full coverage seismic data set.

14.  The method of claim 13, wherein constructing seismic data sets with test coverage
holes comprises:
removing data from a full coverage data set to model test coverage holes spanning the

selected size range.

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

migration.
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16. The nmethod of claim 12, wherein evaluating data
gqual ity degradation resulting from the test coverage
hol es further conprises: processing the data renoved
fromthe full coverage data set to nodel a test

ver hol e; nd .conparin he data qual ity in the |
g@bce?g‘ g d e%é’r%rio?/fec lﬁa@a%ﬁ’w %’ﬁé“aﬁ%ﬁ %‘tﬁ &‘%llllitx ?feg%/aﬁia’i‘%resultmg from
photassedadetoles dmther egeprised:sm ¢ data set. 17. The
method aof claim 14 erein aluating data qualit
dogP st e e AaB Ty TorEiE Sl veass de b kigeians festeoverage hole
furthand conpri ses: processing the data renoved from

the full, covera%e Zﬁ,ata et to npdel a test coverage
hol $mPagpg theodatd Avalily {hthe processed apmeved data with theodais quadity in the

r enov gehcab@fullicoleridtQedmicdagti@al.i ty in the processed
full coverage seismc data set. 18. The nethod of

claim 2, wherein evaluating data quality degradation

rigsul tn t e \Y . : .

o5 AT e RUEARIR L bl i g o
diag tricevasegediokrs fisthenepsuntiseyy t he test coverage hol es.

19. prIE@SgHE{hIE %gta%m&\leﬂ I Re &)R/gxlag%(lﬁaﬁag se?%ﬁ%{x%f%gegt coverage hole;

nmeasured are taken froma set 1ncl
decayand i ne shifts, phase distortion, and

d. ni grati iles .20 T i
ol R o 86k 0 TraEhees Fnal St ChaR Bt gty in he

expecprdesséd fatj cevmrapeceinmaniataset.t he processed seisnic

data sets. 21. The nmethod of claim1, further

conprising: determning infill specifications fromthe

dst er ThogethoaxT cuif AcaREsIRtuatify edtagelit) Wgflatiochdesulting from the

test coverage holes further comprises:

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

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

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

20. The method of claim 18, wherein the artifacts measured are based on expected

frequency content of the processed seismic data sets.
21.  The method of claim 1, further comprising:

determining infill specifications from the determined maximum acceptable coverage

holes.
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