(01) The invention relates generally to systens and
met hods for mgrating seismc data, and nore
w@arwitedlr@arly, to the depth migration of sei smPCT/U81089/036329

such as seismic data gathered in the shot domain (02)

Systens and nethods for depth mgrating seismc data

are known. For exanple, conventional techniques

include the inplementation of Gaussian beans to node

t he propagati on of seismc waves through a seismc

vol &aﬁ,MM‘ﬁﬂe@iE’Eﬁ@Brﬁ@R&MMd&m MEJEAIOARATAY

be referred to as Gaussi an beam m grati on.

Conventional techniques that inplenent other

techni ques to nodel seism c wave propagation are al so
ﬁzﬁ%?gﬁmfﬁ%éWVTﬁﬁﬁbﬂe di fference nethods). (03)

gration techniques are fornulated to be applied in
di fferent data domai ns, such as the comon-of f set

0d) doﬁﬁé g\z entiD§ r&&gsm;’é%e ﬂs?tto gQ{E?x{s%nd AR £ QLNELdP IBLAS data, and

omai n typl%a strengt hs and weaknesses
more &mrtfwg Isv I%{é?( é%}ﬂ? i n%%c?xtéiggi?llnm {{alfvlo %ﬁc%%&ée;gﬁ&{ﬁgﬁa gathered in the
eIQC|ty anal ysis, etc. For instance, comon-shot
H'n migration tends to be nore universally and
directly applicable to seismc data because the data

BARR AR E PR BN mon. Shot _dommi n may b

relatlvely conputationally intensive. (04) Jn Gaussian
ean1n1gr tiaqn ch ues beam.tables are determ ned

(02) by SIS B G0 T8 25 50 PUT DR EaF R bl SFg e
descrlbe one or nore paraneters ?f t he Gaussi an ﬁ ? )

convegicgrHeh nffgpleé{ngiudéfheﬁg@@)en@gpﬁ@ awgier §eapHi@ medstie propagation
sei sm ¢ waves. The bean1tab|es are then used in the

of seisingr arpfeshmpbeluetedinn Neluan of fregfesion a SHErappn. nigick roigrations may be
reflectors within the seismc volune of interest.

refer@dny entinonah btec hmggues forvesompletinggen thatsirignbdather
tables tend to be processing intensive (05) One aspect

techrOfush hembiul apibmbnvaeladiegat« e aivd hodviofe garfodesisitagnce methods}.
seism c data. In one

shet

(03) Migration technigues are formulated to be applied in different data domains, such
as the common-offset domain, the common-shot domain, and/or other domains. Each domain
typically has strengths and weaknesses with respect 1o computational efficiency, irmnage quality,
flexibility of application, support of velocity analysis, efe. For instance, common-shot domain
migration fends to be more universally and directly applicable to seismic data because the data

are recorded in the common-shot domain, However, migrating data in the common-shot domain

may be relatively computationally infensive.

(04} Tn Gaussian beam migration techniques, beam tables are determined by ray tracing

through a provisional Earth model to describe one or roore parameters of the Gaussian beams {or
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enbodi nent, the nethod conprises receiving a request

for a beamtable that corresponds to a table |ocation
W@rooy/1280@r aphi ¢ surface from one of a pl ural i gT/082009/036329

processi ng nodes that are processing seismc data for

m gration, wherein a beamtable is a record of one or

nore beam paraneters of one or nore beans that form

seism c wavefronts arriving at or near the table

otherltO5RY) 100 Beantl® bEkBLBIING nyliet e keithe waad cBicadahasited @btRn used in
is included in a set of stored beamtables, wherein

the mﬁ@t@tu&?&) RlerdREAIPEAM el §3rd z@ﬁlé{'&@%zﬂ%ﬂ?&h@ keifREQolume of
beam t abl es stored externaIIy fromthe processing

mter(%? d@@ﬁ‘éﬂ?@ﬂapéegyliﬁédﬁg %HILO gg',s ‘ﬁ’ldq{%m%fbegig%ﬂ &qgﬁﬁgﬁ% precessmg
amta proces node I'f the requested
mtenb}gamtable i s included |n the set of stored beam

t'abl es, (06) Another aspect of the invention relates

to a systen1configured to process seisnmic data. In one

. i ment the system conprises a plurality of

Sbkﬁggggssing nodes and a server. The plurality of

processi ng nodes are configured to process seismc

(05} gg(érge %g{“f‘é g{ggxtw en{] sm ae teegﬁ a rrrnDL Stdaor}gw?%em?r?%&bfsg{ag 8‘§§ S e
ratlo nndules are confi ed.to

ombqURE: OF MEHBISETEHIS ol Hes BEHBRLN AHEn ) ‘ihmp%‘r?“a?spmds 03
surface, wherein the detern1nat|on IS based at as

tableilorapian pr & BOREREP T SURBF R T HBARF PABPREILNPIRFEF RS H<><§ B‘@éﬁ%ﬁ
table corresponds to an inaging |ocation on a

procageing peiphicalaiipr atmsatish, phereiel aindalip iymiscese of AR plaBere beam
and is a record of one or nore beam paraneters of one

pararortenyof eleansotkhatms dehfoseissinhs WawEDRI6 ATY ingr atiov herg thettable
the imagi ng | ocation, The table nodul es are confi gured

locatlon; dhéaiininh edmhbatb eﬁguéﬂfd bdaen mblgiantlodedinduseeds stoFlbbeam tables,
server is operativeiy linked to each of the plurality

wheBh (R Q€ 6686120 bRat €S1d: n@RRP bR O Neeatildn shetd e nally from
the server and the processing nodes. In some

the phd28sBGRYe; dnl1SniB @i‘iﬁé@f"an@}%mbh $E e FeINQEY bOROUbR 18l Rocessing
query results nDdu e. The query nodule is configured

nodeiPimb e&@%%@d @ea mf:irugé'@ & tE@@t 6r I beRfanpne of the

proc I Ng no beam tabl e corresponding to a
tabl e Iocation on the geographlc surface of

(06)  Another aspect of the invention relates to a systern configured to process seismic data. In
one embodiment the system comprises a plurality of processing nodes and a server. The
plurality of processing nodes are configured to process seismic data for migration, In some
instances, each processing node comprises a migration module and a table module. The
migration modules are configured to determine an tmage of the seismic volume beneath the
geographic surface, wherein the determination is based at least in part on one or mere beam
tables, and wherein a beam table corresponds to an imaging location on a geographic surface of

the seismic volume of interest and is a record of one or more beam parameters of one or more
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the seismc volunme of interest, and to determ ne
whet her the requested beamtable is included within a
W@ 2109020436 or ed beam t abl es wherein the tabl e | PCEHUB29NI/036329
on the geographic surface is determ ned by the
requesting table nodul e based on the inmaging |ocation
identified in a request for a beamtable fromthe
m gration nodul e associated with the requesting table
beanmBmidt Fem stheriquergfronasmliitisg pote iesgisg loontfong (The thblcomadules are
initiate access of the requested beamtable by the
confib@QU @SEHNg bbah k@ RTHULE rifrafiflembsfue stiedebenmobabliely Buked to
Included in the set of stored beamtables. (07)

each ANOL BELa185 BESlocQkink RBAdsNY BRULIORBlAE £%n LovReBleROl e Ofnd the
mgrating selsmc data. In one embodinent, the method

pmc&%t(ﬁgg LLEES 1 aaa)madiggtkrﬁleg 9&@&?\%)5 k%‘ﬁ?!"?ﬁﬁ% RO Yo QCAHI A QRSry result

In a seismc vol uneg; ern1n|ng travel tinmes
e or e oh AV, Az
madug% S?het %}egvurgﬁdxﬁe IS @%qﬁ \%reaﬂo Jﬁ“‘?ra}{rléyé gé{ﬂs %g}é\ﬁg t@%\,‘"@l gx?)tedﬁk & %Bcu of the
e U P e B e
I.h I
the SERRITG BN e Bt PRI B %ﬁ%ﬁsﬂwgﬂg@%ﬂm table i included
detectors that detect the seismc mavefrontsaﬁé
withip épé"a‘tfl W@@d( pppot igblep adrredt the ﬁ@%h@ﬁﬁww 8% BTIEHWE TR S
the seismc volune; (d) determ ning gradients of the
detertizpddly thé Teauestng tabls edinsbised ety iFRENE bupde Wpntifivd in a request
seism c wavefronts and the primary | ocations within
for abben sbishtn teohigmsiobasel cadssdegrst withthearquegmatthige module. The
determined travel tinmes of the beans between the
querpeuiicanafuld heostisal © iveveficont st hacqubeedirckmerdle by the
| ocations; (e) determning gradients of the travel
requdstif® &b&fm&ﬁﬁc feasghelweei the: Philomky 0tatitifsiotstiheanm table
the set of detectors based at |least in part on the
determined travel tinmes of the beans between the

(07) Pr ARRRY kQeabl @0 srvathnl HRS @F 2 pkidabeati@asig @nshif fidta. Inone
deternmi ning one or nore bean1paraneters of one or nore

cmb&ﬁﬂ@iﬁ HBLQUAR BrdpRsAlh 0k aMAN Bt éﬁ MoRaths WBin a seismic
is not a primary |ocation base east in part

vol rg@ (\Aé)dtstte%]"ﬁmg{ﬁu : Cﬁreﬁrﬁ o5 ohPEr fbARhmE b ﬁ)i&fsegs!:h?c \Q%%@ﬁms that

t he selsmc wavef ronts and

pass Pnrolp%re}{ie 0?81%%1*%%1”@?&* u(.atmn)s wherm }?edt SR t%m&f co‘i‘rﬂ)‘?&se travel times of one

or more beams between a source of the seismic wavefronts and the primary location and travel
times of one or more beams between the primary location and a set of detectors that detect the
seismic wavefronts; {¢) repeating (b} for each of the primary locations within the seismic
volume; (d) determining gradients of the travel times of the beams between the source of the
seismic wavelronts and the primary locations within the seismic volume based at least in part on
the determined travel times of the beams between the source of the seismic wavefronts and the
primary locations; (¢} determining gradients of the travel times of the beams between the primary
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travel tinmes of the beans between the primary
| ocati ons and the set of detectors, and (H) a spati al
w@omptizwam of the | ocation with respect to one BET/UR09/036329
primary | ocations. (08) These and ot her objects,
features, and characteristics of the present
i nvention, as well as the nethods of operation and
functions of the related el enments of structure and the
locat@aNRidat ko ddicpat bascdndlces onpart esihofdewanubdotwd émes of the
wi |l beconme nore apparent upon consideration of the
beamb BLtQW: NG pHRRES I0REERE ainthe bhie [APREDES h T pig@niibNone or more
reference to the acconpanyi ng drawi ngs, all of which
beam RERAReP 8 bnQfr ik BeAROGILLE 81d@Ron WIBE Rl dnke volume that is not a
reference numeral s desi gnate corresponding parts in
primaﬁb?@cﬁ%r{ Q4dsq Ky 19‘%{ ﬁsgjarthtn (Egsthé BN S XPHESSV Y (ALK 80REms
owever, that the draw nds are for the purpose of
beovdsg e R g R R Rk AR o R b G REs of he
wavel g R PR Moo Sia Forg? (gl JasBiey afd (2
referents unless the context clearly dictates
spatiq) PREHOR Sethe (elorpy 8 reepget F*UWngEé?@%“@%’/ “B¥%onf i gur ed
to obtain seismc data related to a seismc vol une of
_interest, accordi ng to one or nore, en‘g_ di ments of .the
(08) | n\epk PP tanehsele, ooures) PSP areienyics ¢ i%éﬁfi??i’)‘ﬁf”?‘&ﬁ?‘% as well as
to mgrate seismc data to account for reflectors of = |
the ng#iodnp Eonserries s filichons of dhegiatedbinimg JPUpHvigaed the qopbination
accordance with one or nore enbodi nents of the
of paitawehtdoommict Uf mBGaci@re WHlstrae awraaiparat spasyiensifiaigr of the
a geographic surface of seismc volune of interest,
folloatralkskiripgot endihe appential daienbadi mintree of the heconmaeyitg drawings, all
(12) FIG 4 illustrates a bird s eye view of a
of wilS0gHARYa6 Sk aoeiRhtiSehsbiet: Mal uitenof ninnteksestignate
according to one or nore enbodi nents of the invention.
correbpodlinklfet®id b VSN ATRErA. RilE 'R RYRsYY 8WcBRod, however, that the
geogr aphi c surface of seismc vol ume of interest,

drawings are for the purpose of illustration and description only and are not intended as a
definition of the limits of the invention. As used in the specification and in the claims, the

singular form of “a”, “an”, and “the” include plural referents unless the context clearly dictates

otherwise,
BRIEF BESCRIPTION OF THE DRAWINGS

(39)  FIG. | illustrates a system configured to obtain seismic data related 1o a seismic volume

of interest, according 1o one or more embodiments of the invention.



according to one or nore enbodi ments of the invention
(14) FIG 6 illustrates a bird' s eye view of a
w@ewgnzaphé c surface of seismc volunme of interBSI/PS2009/036329

according to one or nore enbodi ments of the invention.
(15) FiG 7 illustrates a nethod of performng a
single shot mgration of seismc data to form one or
nore i mages of a seismc volune of interest from beam

(i) t alaes ikl sysalm ba@aRlirddno pagdhte stk dduetosetant Gy reflectors of
data, in accordance with one or nore enbodi nents of

seisntiP Gl &V‘ﬁiﬂ{th QBeisthkOL A 1Bichdsd, UsddealiggecattiitbRMR @A embodiments
view of a seismc volune of interest, according to one

of th gﬁggng‘gfoodl ments of the invention. (17) FFG 9

ustrates an el evation view of a seismc vol une of

interest, according to one nore enbodi nents of the

(7] n?’l?imB gk J(tt%@i bghﬁa‘y dviebd 48t cg @%@ﬁha@ s¥RE 8MelOnic volume of interest,

con to obtaih seisni related to a seismc
acccrd? 7uEnEJ g rm tceern%%ti n&&&? (§¥§(¥ l%%ﬁ‘g{%ﬁr ecor dS I nf or rTHtI on
Feltat &0 to the rate o propagati on and/ or the
tefl ection of sei sm_c waves within seismc vol une of
(']3): ﬁig};%; zls%rﬁtu? g%trh’?}' eegé: %&%ﬁtﬁ% eg%%%’% 8%‘23%%}3& Qe?smic N Oiugaa of interest,
i %eo3 oqi cal atures (\#%@ Q tthe seismc voI ume of
OSSP 88t Tﬁ‘“ﬁre ét“étft%% &tf "H'Sfe enbodi nent, system
10 i ncl udes a source 14 and a set of detectors 16.
nment rce 14 gener.ates waves .. _
(13} wulﬂ?t ‘ffé”%t‘gﬁ?é ‘%l’ ge?#@%’fgéét‘“f"‘tﬁ ‘éﬁé"’“%’h Yplume of interest,
source 14 is a so%rce of sej sm ¢ wavefronts that
accoRlIIE GAE 87 PRRGTYRIERTETH IS BVEHE 0f i nterest 12.
Source 14 may generate seism c waves that enter the
seism c volume of interest 12, and/or _source 14
(14} oIS alpsyFaleRp REE stbie VS HAGEOHPPEE P FACE Gt/%ﬁiﬁ%’ vgpime of interest,
interest 12 to generate the waves. For exanple, in one
cowkirtsoidions At poroEReginepty eidhuigesntivir i ne air guns. (20)
Det ectors 16 are configured to detect seismc

wavefronts. For exanple, detectors 16 may
(i35} FI1G. 7 illustrates a method of performing a single shot migration of seismic data to form

one or more images of a seismic volume of interest from beam tables derived, at least in part,

from the seismic dala, in accordance with one or more embodiments of the invention,

{16} FIG. 8 illustrates an elevation view of a seismic volume of interest, according to one

miore embodiments of the invention.

{7 FIG. 9 illusirates an elevation view of a seismic volume of interest, according to one

more embodiments of the invention,



i ncl ude sei snoneters that neasure and record notion,
In the enbodinent illustrated in FIG 1, detectors 16
wae@dreposed on a surface of seism c vol une oOPCT/US2009/036329

interest 12. However, this is not intended to be

limting, and in sonme enbodi nents, detectors 16 may

i nclude instrunents that detect subsurface seisnmc

wavefronts. Still further, in one enbodi nent,
DETAEt en s @ Tiasl ude i nstrunents di sposed on a surface

of a body of water |ocated on top of seismc vol une of

interest 12, and detect wavefronts that propagate up
(18 1 Fidet ankefiss 4 6ysfcahod anfighicand ageinkelnietiarebtrdiacacohic

seismc volune of interest 12 and the water. Detectors

vohurdOoBhRedsY P C@sletn ot £POVE thibihafion Fii& 1B BABOST propagation and/or
predetern1ne manner with respect to seismc volune of

the ré?‘{é&%ﬂe&%ﬂ% i ngvegk&%mi :«%mng@(/@&tﬂ@ LeidBediay. Re 15%1%@@@ Gelow,

agrid he surface of seism c volunme of

from lt%b g%?f?a&ﬁ%n%&m@?d %}a‘a’% 6{%&"?}? Eﬁ‘c birhigije%’na;é s of BeBEcal i&aéur»s within

er conprises a selsmc data

the s@g&tz%lf, égﬁufrﬁzf grjiﬁ‘gﬁe ﬁ” ace he r?%}’glr‘i% tlg oﬁée %ﬁgcgﬁtn ws{%mlﬁ) mciudes a
% rel ted to the generation of seismc waves by
“m“§3ﬁﬁﬁ 2549 ﬁﬁ?ﬁ?mﬁﬁe detecti on of waves by detectors

16. This |nfornat|on may include positional (and/or
_orientatjo i nfornmation rel at ed

19 oguree kS ey o e oiedrat: evav%w%e o Sy %ﬁ@% of jterest 12.
t he waves generated by source 14 fre

As sysHeBICE B 7 Qi OfapaMC ORGSR AR S Lls votume of
waves detected by individual ones of detectors 16,

interqse 1 . Sorpeelfuppic genepfasemiaiphs sstthientepths, syaﬁmgnxdyh@ﬁe of interest 12,
other information. (22) Seism c data storage nodul e 18

and/ssbhowres 14 mey sbysunly ipich thelsedbeeoriscianiopolyige gliljalerest 12 to generate
seism c data storage nodule 18 may include one or nore

the wake0 ok ealnydt,on ageemiediimcninmgetlitdndedss ageineedigans.
solid state storage nedia, digital storage nedi a,
anal og storage nedia, and/or other electronic storage

200 meditactok 38 ard duntibercé nbogtorerigmiclwarsfoms.eldorienafpI@ dedgetors 16 may
seism c data storage nodule 18 includes a single

include seismometers that measure and record motion, In the embodiment illustrated in FIG. 1,

detectors 16 are disposed on a surface of seismic volume of interest 12. However, this is not
intended to be limiting, and in some embodiments, detectors 16 may include instruments that
detect subsurface seismic wavefronts, Still further, in one embodiment, detectors 16 include
instruments disposed on a surface of a body of water located on top of seismic volume of interest
12, and detect wavefronts that propagate up to detectors 16 from an interface between a surface
of seismic volume of interest 12 and the water. Detectors 16 are typically disposed in a uniform
and/or predetermined manner with respect to seismic volume of interest 12, For example,

detectors 16 may be disposed along a grid at the surface of seismic volume of interest.



centralized storage facility that is operatively
linked with detectors 16 and/or source 14, In this
wepivodrwent , the operative |ink between sei sm RBCHHS209/036329
storage nodul e 18, detectors 16, and/or source 14 may
be acconplished via electronic conmunication (e.g.,
W red conmuni cati on, w reless conmuni cation
comuni cation via a network, etc.). In sone instances,
(21 the apet addive FRE NK ibateweeRdisins iy gedddusiicocagprivmdutiemic data
18 and detectors 16 includes a set of renovable

storag! ;@&ﬁﬁ@m CReHirPik 388 siRieand Al | B GredlinSRASE6h (sometimes referred to as
i ndividually at each of detectors 16 (or are each

‘sexszjn ?ﬁ%d) L0 S e DhedBELEE s%f‘;%uél@)wcx%@f@géila@ M4 Qﬁcﬁmr ®aMeion of

transported %Ot he centralized Storage facility

wawi 19\! da&%@gg %ﬂg/n%o% ﬁlnﬁisﬂ[%& & pmh%mﬁﬂ%&& (Q’ mation} information

ate fon o smc

rciaieg ﬁ%iﬁ%&ﬁ% éjgsg}élnfmr% ée@ g,iﬁ;? er %%(Eg org ?% A i‘ur n%“ T n%fg t(p gte waves

generax‘ie :ggg*g‘ii?% 'e{eri‘g’if W%g%g@" %ut ed Orci%%ezcg ?1%251112& aérci%ted 90 the waves
illustrates a system 20 configured to m grate seism

detecigd Py MGVidEd Gupt OTIBIecoBt 1 bt r FePrPSePIHPRY Wt%h%“f% or other
a seismc volunme of interest that are not always

imforh@rinzont al and planar. As shoul d be appreciated, this
mgration will typically enable an image to be forned
of the geol ogical features of a seismc vol une of

(22} rﬁeéﬁ@sg aif gotes vidrieZ§rtnreathe pawniesta sicuonictyorfissigh, seismic
mgrated seismic data that is a nore accurate

data hepgacnodne 68 mehanchebloogircabrd daplisd stoprse swadis, inagtdiis storage
seism c volunme of interest than an image formed from

medid, helidane Rlogigatnedi:s digsnl sﬁordgt medihmaloR groatge emddi, solisssier
below is a mgration of "single-shot data." In other

electroBicAswadeh@edp.gration is a mgration of seismc data
that is generated by a single "shot," or burst of
seism c waves generated by a source of seism c waves.

23 SR QnsRAlndk Qr3irhied s, FI8S | ORReBE Bord® Fnod¥RMalissludes a single
conmon azi nmuth and/or common of f set nlgratlons may be

centeA DS LRRkE lchivy Uk Keipsakiv iy BRRII CAaDlGediGrs 38 kBT Csource 14, In this
surveys because data are phyS|caIIy recorded from

embodl &&liﬁhéa!?g%zﬁwe ik SBOKLS «BEnic data storage module 18, detectors 16, and/or

source 14 may be accomplished via electronic communication {e.g., wired communication,
wirgless communication, communication via a network, efc.). In some instances, the operative
link between seismic data storage module 18 and detectors 16 includes a set of removable
electronic storage media that are disposed individually at each of detectors 16 {or are each linked
to a set of detectors 16), and then are removed and transported to the centralized storage facility
for storage and/or data transfer. it should be appreciated that the illustration of seismic data

storage maodule 18 s not intended to be limiting. 1o one embodiment, seismic data storage



appreciated that in sonme instances, a single "shot"
may be emtted by an array of sources, and not a
W@ mgliz43ource, as is illustrated in FIG 1. (2G)/US2009/036329
Returning to FIG 2, in one enbodi nent, system 20 is
configured to execute Gaussian beam m gration of the
seism c data. Sonme of the principles of Gaussi an beam
m gration are described, for exanple, in U S Patent
modulNO} & oaR id[E05 £ of disteSPatrept i}l itithie. soaimpestdsit gfdividual
whi ch are incorporated herein in their entirety.
detectdoveer, it shoul d be appreciated that certain aspects
of the follow ng description of system 20 can be
extended to m grations acconplished w thout using
(24; GaUSSE dsshRad®satnt Mecddighed tuntdrbereibalk deconpashngr reflectors
t he seisnmic waves depicted by the seismc data being

of seilBh 88 with BNEsRRDO UL INBR L 118384 ANk 40 GOMPRL SRS iAntal and planar.
storage archive 22, a user interface 24, a server 26,

As sHADG E)% E!n%ﬁ@%eldt ﬂﬁiﬁ%ig%i@ﬁ GRS '&y@s@caﬂg desils 1@‘{%@: 1R OLAER of the

archiv stores formation at enabl es seismc

ge0 Ogﬂta?iegtg&g ?%@Q& i’év%}/lgl &"H’!‘t i‘ﬁgts QW%O usggﬂecjm é;c ;fmm the

e mgrate

m&gn%}%&? %}Fgﬂ%ﬁgﬁ ﬁr}aé B ézsr{mrfzaj,mrgﬁ gﬁ‘pi&tic%ig {fﬁi’gxt g&?@ ol fﬁ%@ﬂ”ﬂ%rprtsm‘t in the
set of stored am tabl es. d herein . .
scisUE LA A B8RS TTeRorRrb I 01 Damars %ﬁéﬁﬂﬁ%%ﬁi The
parameters of one or nore beans that formthe seismc
mwrwgfs,e,%?%h@@bp%ef BeRTREON; sinEiR-sgak date. | A giher words, the migration is a
enbodi ment, the beam paraneters wit h| n a beamtable
migravgy of PO lairibat 6 eameveteddty spinala et | ani%‘rs'fé’ﬁ seismic waves
anpl i tude, a phase, an angle of incidence, and/or
geneteddy asennre phscamst erges. Congle sio pigratityea arabicd p.dorexample,
record of one or nore beam paraneters of one or nore
comrixesmimithahd/bocomtibie ot srigretiovay by batistahgtllyneachsally applicable
specific location, referred to as a "table |ocation,"”
to seikBid NOesebEAR Mol aphglcaiinteoeist fbhatingloshves dosidsid e
the beamtable in the enbodi nents di scussed herein,

approRBliQhAi0f8 drhORStaRES, 4 96at edioBt mOf b @Riticd bLagaogr {ﬁ@huz@eg and
surface of the seismc vol ume of interest, but this

not 2 SHEH Hunetashevtenadi»assl | m ting.

{25} Retuming to FIG. 2, in one embodiment, system 20 is configured to execute Gaussian
beam migration of the seismic data. Some of the principles of Gaussian bearn migration are
described, for example, in U.8. Patent No. 5,274,605 (605 Patent”), the contents of which are
incorporated herein in their entirety. However, it should be appreciated that certain aspects of
the following description of system 20 can be extended to migrations accomplished without
using Gaussian beams as the basic function for decomposing the seismic waves depicted by the
seismic data being migrated. In one embodiment, systermn 20 comprises a storage archive 22, a

user interface 24, a server 26, and a plurality of processing nodes 28,
8



(27) In order to provide storage for the stored set of
beam t abl es storage archive 22 includes one or nore
we@b®@otz@mé c storage nedi a. For exanpl e, storageCHUSI0Y€¢36329
22 may include one or nore of optical storage nedia,
magneti c storage nedia, solid state storage nedia,
digital storage nedia, analog storage nedia, and/or
ot her electronic storage nedia. Storage archive 22 is
(25) oparatd areliye 13 ndved infbtriatise thaeenal By samdicelatipcofrated by system 10
processi ng nodes 28 for electronic comuni cation
(showinN8FeW T ihd dEbeitepabdle) webd ihipk{is), ahetwden fistamdgege of a seismic
archive 22, server 26, and/or processing nodes 28 can

volunREfARERMIL I2S RESIth A IWhd dnRRE 1N WhiieheSMation includes a set of
conmuni cation In sone instances, the link between

Stﬁ&@&ﬁ&a{g? @ LD A8 H22 1A (PEOGRES tﬁ%ﬂ%@z@@t@a&eé@ﬁ oPBhe or more
acconpl I shed through server 26 In one enbodi nent,

heam %%‘E&Héﬂf' @itilﬁ% Ny Q{%'ﬁ é"%ﬂ%ﬂ'ﬁ%ﬁa‘? rf(ﬁ'gnei “x@ L& EH’U?&%V a%%i’r@tﬂg depicted in seismic

eSS|ng nodes 28 1 s managed east to sone

th .
data. ﬁ?‘o%ehxé'h ﬁ% hE eam P.l.tram@ie% \UH g%g%?&%&’sﬁ%ﬁm@ i¢ Q}%@&Z}‘nora of

e n ora arc cen

chive lo ated t S IS
s oG A e TRt anenansbREnee. SiPage Srem Py é‘“ﬁ‘ffs
has a distributed archltectur In this enpodi ne
Generglpr lferpbiRi 209 d ph fne o RPPYCE"@@’P SR HP ey Hﬁ’F"eb@ams that
physical |ocation, or may he distributed phyS|ca
form thetswists wavsrrapEi yeash o Méi‘@lﬁ% BFRSIon B eTIeR Sl % alle iﬂ“é@é‘ tn the
archive 22 may include a set of storage nodules with
seismiqrditwiied abinteorse iabforteheendp e sease fahly- 3&% i g dppents discussed
i ndi vi dual ones of processing nodes 28. (29) User
hereit, nités ag@nR4rd Iscataindt iog uese thet gwoprephic derfan of e eebmirevolume of
bet ween system 20 and one or nore users through which
intercdS BLISHRBYoN avd teridwddasmgtition to and receive
information fromsystem 20. This enabl es dat a,
results, paraneters, and/or instructions and/or any
{27} Otiﬁ @fdet MIATLVILE ablage fdrelBsioed kel béanetaples ef@ngedcitioe 2Bincludes
“information,"” to be conmuni cated between the users
one o@ﬁ@r@él@ct%w%r@g&fwcﬁ& OF AQRaBpRNME P ZchiSe LY @fay 2&Tude one or more
and/ or processing nodes 28. For exanple, a user may

of oplid blotd:8 nfdll 9l diRNicRlee R B8l HB4:8 sDYa R Rl iRbal NrBge

user | nt erface 24, one
media, analog storage media, and/or other electronic storage media. Storage archive 22 is
operatively linked with server 26, and each of processing nodes 28 for electronic communication
therewith. The operative Hnk(s) between storage archive 22, server 26, and/or processing nodes
28 can be accomplished via wired and/or wireless commundcation. In some instances, the link
hetween storage archive 22 and processing nodes 28 may be accomplished through server 26, In

one ernbodiment, communication between storage archive 22 and processing nodes 28 is

managed, at least to some extent, by server 26 in the manner discussed below,



or nore of the seismc data, information derived at
| east in pan fromthe seismc data (e.g., a velocity
wore@el12af6 t he sei smic volume of interest) and/BPCT/OR®0WO36329

nore paraneters governing the mgration (e.g., an
initial beamdirection, one or nore initial beam
properties, such as wdth, anplitude and/ or
characteristic frequency, a boundary condition, etc.),

(28) angdbQs erbdianhodt i@t PRALION: 2Dissyehesliz20 archivaiplied 20 single
interface devices suitable for inclusion in user

phyﬁi&dﬂ&%ﬁeﬁp Qs AAhbRE IS a. keyRadnbdduhrdNSsragMtIEDeR had a distributed
keyboard, knobs, levers, a display screen, a touch

aachié&{éﬁ*e@n ?Fﬁ@%rﬁmi AL ed APR0DE: @Y il gé R)@&t@dﬁ af 4 Ghtie pRRical

bl'e alarm and a printer. In one enmbodi ment user

ocatib { g%% d?s%rﬂ%ﬁ%%g'lxjsi\éai'hnﬁg L4des, Aol gf Frdd¥of Re Mn%i@ storage

Phtertaces Separate I nterfaces provided a

id
,,s.mhwse%ép% @% uﬁ% é?% gg topaig,g m%g :Pnoﬂgﬁl d%z%l ;?e” g»{“ Qze n@odules being

W and

e ver 26. It isto be understood
provi g%a"’(’ ‘“ggﬁ’ﬁg‘t“;{é‘a ﬁ?F‘%?ﬁfsi“@rf’%&%gn ques, either hard-wired

or mnreless are al so contenpl ated by the present

inventio beln | uded ,wi t hin.us inter

(29} pdtseri F% ESWQ“%&%&%W“?H@%?R PEREED ‘i‘wfﬁﬂ ‘*3?‘3%‘0@3“% b or
user interface 24 may be integrated with a re

more §6%5F Hgaghittish wee rﬁ%}o&mwéa HEgTRIGE Ky dar eS8 ‘?ﬁ‘?aﬁ“‘“ from
this exanple, information may be | oaded into system 20

systesrZ8m Thisrapeiais dats pouliy daEmats, ‘iad@h%?‘ifé‘ﬁﬁ?ﬁmaﬂfﬁf’ag L
drive, a renovable disk, etc.) that enables the

camnmsm@g)mm, custiordyesiated 1 apTiofoanetan oa berommpisated between the
provi de seismc data or other information to system

users 20d oY franorexérptar wrehivp Bt chever ¢@sudfvd ptosedsivigqudss 8. For
adapted for use with system 20 as a conponent of user

examg&t 2uicaary 2dtie alrdeich uf sedundc dak bl ipravididg, tvin usanioRSface 24, one
32 port, RF link, an IR |link, and/ or nodem

or mc(rtc er ephangic &ab Eiﬁm@f{au@ﬁ Bgkded ak RaShOpirt framyhd etdmit due (oo
for conmunicating information with system?20 is

vel 0@919 '?ijie% ai%:i'g!;i i e VBRI G SR Lsth RMBMHIn@ By BSrdUSiRimeters governing the
migration (e.g., an initial beam direction, one or more initial beam properties, such as width,
amplitude and/or characteristic frequency, a boundary condition, efe.), and/or other information
to system 20. Examples of interface devices suitable for inclusion in user interface 24 include a
keypad, butions, switches, a keyboard, knobs, levers, a display screen, a touch screen, speakers, a
microphone, an indicator light, an audible alarm, and a printer. In one embodiment, user
interface 24 actually includes a plurality of separate interfaces, including separate interfaces
provided at individual ones of processing nodes 28, and/or a separate interface provided to view

and/or manage system 20 via server 26,

10



(31) Server 26 manages the processing and storage
resources provided by processi ng nodes 28 and storage
w@e@biizg722. As such, server 26 may incl ude oneCDUSIP09/¢36329

of a digital processor, an analog processor, a digital
circuit designed to process information, an anal og
circuit designed to process information, a state
machi ne, and/or other nechanisnms for electronically

(30) PHOE esisd MgcistfodriRBbitenconMhbhiouih (sdnigees, 28hdr Sasihoined dmvireless,
FIG 2 as a single entity, this is for illustrative

are alPHEROIBTat0NbY ihelpResSRMBydniTR: SNRAM EHLIQRE! wBEH Vet i@ fam)24. For
include a plurality of processors {e.g., hardware

exampid] ﬁu% &f@ﬁﬁ‘%‘v@n@(ﬁn REREEISENE AR Ehier FNESPBY BERRSLRST with o
Y be physically | h

sically locdated wthin the sane device, or

rem(}%}?}gexs?%géi(sigg@%c% Ir;]ia PLI? ?% s‘igga%g 6RalB%:! ungtd QDAbId Wofurmation may

_ ! u devices operating In
o GBI R BPERL o0, FTPRARe Be ggemonti
i B ST B D DL R AT B B S555h i

whi | e anot her portion of the function I[ig | .

data qr gpheF BOEHOR & BEIEYES0- Shher §xwl§eﬁyd%ut %‘” SE55ng dpbuigpes adapted
(or processors) that is separate and distinct (and,.

for usgowd PEPMPRBSIECAMPYITG fDESY IMrBwe 3 Hickyle. Y efinphlipiged to, an RS-
(32) As is shown in FIG 2, in one enbodi nent, server _

232 p26, RAGhkdesRdinuerdormadishetdgmbone, galde g1 plgul Insshatidiflydechnique
32, and an archive nodul e 34. Mdul es 30, 32, and/or

for ccldmumyativg infphaientidcsyktemsaf it wartemplaed dwalreanredfent imwention as user
some conbi nati on of software, hardware, and/or

interfhéigvar e: and/ or otherwi se inplenmented It should be
appreci ated that although nodules 30, 32, and 34 are
illustrated in FIG 2 as being cs-iocated within a

(31) SiNGlLIPLNALSS RGriniting ki dismpiersntatsiponsdddrbyhbahsing nodes 28
server 26 includes nultiple processing units, nodul es

and sBRage3dahi @Y. OLs 3dh MBYebBs hag alctdic bardl Bbi: dfaaigitahprocessor, an
ot her nodul es (33) Query nodule 30 is configured to

analol PGSR QUELH S Sird IO RLALRSRENRG: NAHRRAD ah 0FialREERRR dePigned o

process information, a state machine, and/or other mechanisms for electronically processing
information. Although server 26 is shown in FIG. 2 as a single entity, this is for illustrative
purposes only. In some implementations, server 26 may include a plurality of processors (e.g.,
hardware units capable of processing data), These processors may be physically located within
the same device, or server 26 may represent processing functionality provided by a plurality of
devices operating in coordination. For example, in one embodiment, a portion of the
functionality attributed to server 26 in the description below is provided by a processor (or

processors) associated with storage archive 22, while another portion of the functionality

11



speci fic beamtables. The beamtable requested by one
of the processing nodes 28 in a given query nmay or may
woeiohzo4reicl uded in the set of stored beam t abPEBUS1082/036329
are stored by storage archive 22. As such, in
processi ng the given query, query nodule 30 nay access
storage archive 22 and search the set of stored beam
tabl es for the requested beamtable, Alternatively,
attribge@tasened b & [Bovidelbacpesssan(dr gnalsyze thatlii spamfe anddistinct (and
beam tabl es included in the set of stored beamtables
possiBiQ pRetielir-aect] fidhekpguasiwdbeam tabl e is incl uded
in the set of stored beamtables. The |list of beam
tabl es i s managed by server 26, and nmay be stored at
{32} stRnagRwalia Miuer, 2200 ersiepahai escfeo b stbrlagegare hiodele 28, a query
by server 26. Upon performance of the given query,
resultd H@EYie MR MGG 3G QY b ERS 34, Neofgsit 4, S2afndldn @4 GlaveR implemented in
query to query results nodule 32. (34) Query results
snﬁwﬁ@%r@w%; Hon SRR b L8Rk Qb ol 8r R IR Bre DY BPH I8 Ware; and/or
20 that is predicated on whether the beamtable
_ . ‘ . Lo el . .of
otheri SOETLEEEL, 1l KPRk b5 JASHRTRAR T3 36 30hre
iilustrlrag:é Eﬁ?? g’g %ag S%Q&%g%géca efd ‘v?;g&'@ nggg‘%}@?é%@?{? Eﬂrﬁe g‘aﬂig;gg%{%%ematifms in

€ i tiates acces
. .beam t abl t he,requesting., progcessi, nod I n one.
whidRgar Rty el SRR ae Aguh rOOSES e iy S @ Seares
of the requested beamtable by transmtting to the
remolely s e RPprBEsi ng node 28 the storage | ocation
(e.g., a URL, a network file directory, a position
within a network file, etc.) at which the reque

( ) t
(33) p&ERRTL BB P ISFORBEEPDISPTRITHIIFTST SPRJROEFLRS eﬁgg for access to
This informati on enabl es the processing node 28 to i

specibbagimicblee Fesferastable pewastehl] eediitBcPEsFing P e of dga given
archive 22 or from storage archive 22 through server

query2eay drmpnet dabodided it the gtlerd yloreddyhmdatiesdhitargpored by storage
initiates access of the requested beamtabl e by

archiveril2t i At dunly imptagedsingribngintisgicon wérvtrhehdeunsy ededsetorege archive
table to the requesting processing node 28. This

22 antl k@PSNIhs sé: @ siByd themdiiacht hefrequmisd braageblar dhicuati?dy, query
to the processing node 28, or may be through server

modu®b30 may access and analyze a list of the beam tables included in the set of stored beam

tables to determine if the requested beam table is included in the set of stored beam tables, The
list of beam tables is managed by server 26, and may be stored at storage archive 22 or separate
from storage archive 22 by server 26. Upon performance of the given query, guery module 30

provides the results of the given query to query results module 32.

{341 Query results module 32 is configured to initiate action by systemn 20 that is predicated on
whether the beam table requested in the given query is included in the set of stored beam tables.

I the requested beam table is included in the set of stored beam tables, query results module 32

12



(35) If query nodule 30 determ nes that the requested
beam table is not included within stored set of beam
w0 290a2047¢ hen query results nodul e 32 initi at eBCT/US2009/036329

conmput ation of the requested beamtable. This
conmput ation of the requested beamtable is
acconpl i shed by processing nodes 28 Sn one enbodi nent,
query results nodule 32 initiates and nanages the

initiaRe AREAstrealiestdidetia s ethe bapntinghrecehynpraie €8s fmgne
nodes 28, In one enbodi nent, query results nodule 32

embol MRS MubS 135100 MAAEN1CalihBRct Bcdehas ROQSdstcll ot QRS Mghsmitting
node 2S that causes the requesting processing node 28

to the BqREHL LH 4B 08 AL kBRgelndhia: fa0UeIREM RERAKI FAbUR ctory, a
In"sone instances, the requesting node 28 conputes the

pssitfgﬁ g‘g@’g% e?ﬁe%%gﬁ{@i kabl ?at&}gﬂft’g% r&%ﬁé&éﬁ @RGEHIE WD LLRBL: within

) Archive 34 1s configured to nanage

b€ SLOKA0R Of A he . Qf..StOkE0 %@ ) the reaues

“"mm%e't%?}géee“‘érgiﬁf ilnéé%:té%%%d%ﬁrm%ﬁﬁédgzégneder%gﬁggb (% e igt% é’{r“‘g‘g%‘ € g%qumed
t et of stored beamtables includes, the, e

beam 955 AFSeBi T S SR8 Lo HRuh MY G818 27 Ui 26- I

can be | ocated and accessed in res se to reques

ome e ORI GUS Y ' GUESIS 38 1 HCDHE B DU HEEISs QPR by
processi ng nodes 28 haveconputed a beamtable that .is

initiaHug aqtwrd FrACRERISHRT 9 THE FHECES bear YD IE° HREAR PG Brasgssing node 28,
archi ve nodul e 34 adds the newy conmputed beamtabl e

This pensihissicggnasohe Gresi e orednrneabitidvhy Bdlis PIvgEeRE tRdEY, or may be
conputed beamtable to be stored in storage archive 22

through tdrvesti®. ot her beam tabl es included in the set of
stored beamtables. This will enable the newy
conput ed beamtable to be used again by processing

(35} nddgserg odshddl dtrhmentetthardgested BAM thhiconreot incladed within stored
enbodi ment, archive nodule 34 further nanages the

set oSicaraggcnthehhmesataudt neilokad ibgams tabpusidne it mg@sted deam
storage size of the stored beamtabl es bel ow a

tablePTRHRLRLNMaNSot e ashadiel behhi 1Shik by @sdvapltbhndyy becessing nodes 28, In
configured manually (e.g., via user interface 24)

one A€ REHTUGAE nRidliRMBL higialeh ¥ndRsed0fe oRpRAGHT of the
and/ or other paraneters) of storage archive 22. In

(

requi}s&'ﬁ%emﬂ 4 %?ﬁces&ﬁigha&s%Q 1R QhvRINEW YucsORuEetbdule 32
eamtable with the"set of stored beam

transmits a communication o the requesting processing node 28 that causes the requesting

processing node 28 to perform the computation of the requested beam table. In some instances,

the requesting node 28 computes the requested beam table without assistance from other ones of

processing nodes 28,

2

(36} Archive module 34 is configured to manage the storage of the set of stered beam tables
in storage archive 22. The management of the storage of the set of stored beam tables includes
the organization of the stored beam tables so that they can be located and accessed in response 1o

requests from processing nodes 28. In one embodiment, after processing nodes 28 have

i3



tables results (or would result) in the storage size
of the set of stored beamtabl es exceedirsg the
wee@darw@ren ned threshol d, archive nodul e 34 i nPCT/HS2989/036329
one or nore actions that reduce the storage size of
the set of stored beamtables below the threshold. For
exanpl e, in one enbodi nent, archive nodul e 34
initiates the deletion of one or nore of the beam
compha b @Sarh £008 thiags astindhdstgead theamnilsabbEisamabied erchive module
reduce the storage size of the set of stored beam
34 adbiPBk 88wiyl Balpbics veihebid®nhe scRhENbME bemEltibe: BAcaBlyy the newly
speci fy one or nore of the beamtables for deletion

cempE\e§ 23860 fbb%@ bRt RN iR sRfa @R AIRUNLWEH thk bifRr BeRCRblehacluded in

am tabl e(s) was orlglnally conmput ed, an anount of
the sek MQ%OI%{E g%ﬁ%bb%ﬁ:s b?ﬁﬂ‘&aﬁ%ﬁﬁé?&k\ﬁ@& J &%pu%%% 86hiO% be used again
y proceSS|ng nodes 28,” a relative storage

] ze o [ and/or ot her factors. (38
b5p“ﬁfﬁ@g%%x%§§ gﬁhggyggbggenate (and/or are (39

coordinated) to provide a network of distributed
{37} 21? g{(}%ﬁs Sr%% Hgit“ﬁén ? %{{;i’%‘(‘?%%ﬁuig gﬁfh?s{h@ %9&%& &?%Qiagsggssgq"ﬁ?%‘gegcf stored
sm c volume of inter.
beam g8y ST RHSHCHE G e*gewa%s% Bt SRS TR d PRl
each _of processi ng nodes i mpl ement ed i
‘ihmsw ebiis Hagsdisrey W‘g&?rég TRPYIWAFE ‘ﬁ‘lw‘ii‘?ro‘i‘“%% o4 and/or
conbi nati on of hardware, software, and/or fl{
oonfigised prievarelly britd e cersouilHeiT olisnBvarelity 8 gprage archive 22, In
processi ng nodes 28 include one or nore of a digitai
this epibodiessotf thasomga b bynprliocewswed beargfagic aith %‘if»‘ sehfl stored beam
designed to process information, an analo ircuit
tablehe silgiedwbdd preoteisshd nhropamtd aifthe gt of #owd N’@é«% exceeding the
and/ or other hardware for electronically processing
predekdtn@caBlide R ld, brrhDrenebobl rkites coner wprempriensohat reduce the storage
processi ng nodes 28 include one or nore software
size MY QF of dS:0NBEL, PBRY beISWhEd Ng:shxac Bbegkabyloheomrenipanent,
of the foregoi ng hardware devices (39) Conventiona
&ichi‘§é’ Sh&IE 3¢ %At&%ﬁ@ Ge ik Qe b RE: IRKOBHAG S1a B RUfaShd £00T stored
seismc data t resenbl e the outputs produced by

beam?%tﬁg&@ e Y %dﬁé&ﬁce %?aﬂg sDOHLS: 28 r¥RbLieb TR aR|ns

embodiment, srchive module 34 may specify one or more of the beam tables for deletion based
on one or more of an amount of fime since the beam table(s) was originally computed, an amount
of time since the beam table(s) was last accessed or requesied by processing nodes 28, a relative

storage size of the beam table(s), and/or other factors.

(38}  Processing nodes 28 coordinate {(and/or are coordinated} to provide a network of
distributed processing resources to perform migrstion of seismic data, and the formation of an
image (or images) of a seismic volume of interest (e.g., seismic volume of interest 12 from the

migrated seismic data. As such, each of processing nodes 28 mway implemented in one or more
14



plurality of processing nodes due to the relatively
| arge anobunt of processing resources required in
wWQe@eaErcig sei smc data. As such system 10, whETHS2009/036329

provi des for several enhancenents over such
conventional systens, is illustrated as including a
plurality of processing nodes 28. [tshould be
appreci ated that as technol ogy advances, a system may

of hakievagte vehepedirhvaniacliot henproodéssiongfl byrpveral daftware, and/or
acconplished with a plurality of separate processing

FirrnwhBE ESor TRYARE, iR HBY EdBeliRynidos dighe DDplecesking abousl2d include one or
further be appreciated that extending the beamtable

more ¥ QUANS] AOELERNANSARB L roRSGE  RegideralinidkRhed Brocess
mul ti-node system 10 to a simlar systemthat

i . e : = 8o ERGnBAER NS LRE R 8Ee WintiR: Biher

o BTl 10k e 620 048 Loy

hard W@ ﬁﬁ%@cggnigﬁgeprﬁ&%séiﬁg fi &Miﬂrﬂﬂ fl Ge ef0881nRR1 Bl & more of
stngleentity,” this 1S for 1llustrative purposes only.

proce B B RS P Dy B e BAGRR R syt by
processors may be physically |ocated within the sane

ane of 8\%“%%5*%6?0"%%‘?@51?@““% FEEESi ng node 28 may represent
processing functionality provided by a plurality of

. devices, operating in coordination. Further, although

(39 prrUSERiRE WouRS ot e 1 PPUSTT SF BIPIHE PR Fopuelip e tha
| ocat ed separately fromeach other, it spould 55’

resemipipibe P BEBdTehAEd Prosing EhBaaTIrsiie 1e° of YRR Biplement a
processi ng nodes 28 may be provided at a commpn )

pluraliyodtrenssingpodaeduaid e irishvely bies BROWH PEPIEFCSHNG EB8YRY squired
nodes 28 may include one or nore software and/ or

in prédessmparcenipdatheds exdbcutsteeh Hh whidgyirddeshateveel gdgnepgnents over
server 26. (41) As is shown in FIG 2, in one

such enbediisrahiysicaach ibfstprdeesshwggngdes!i@ lipnekisdesodes 28, It
m gration nodule 36 and a table nodule 38. Mdul es 36

shouldng agSrcbed Bitst bipbiemtgyedvimes afsyuan eavhtarddwaogsd in which the
firmvare; sone conbination of software, hardware,

proc@Bl Qpidally BVRERIsRIRAL N o SLASEVG Sepdrap [penentiRthodbd may be provided
shoulg be appreci ated that although nodul es 36 and 38

by a Qﬁ%e hhddIst BakROukRerE:GpplcBRd ik BOeROnd 0CALAE tWId AbMgdand
sihgle processing unit, in inplenentations in which

management described herein for the multi-node system 10 to a similar system that implements a

single processing node is included within the scope of this disclosure,

{4¢;  Although each processing node 28 is shown in FIG. 2 as being a single entity, this is for
illustrative purposes only. In some implementations, one or more of processing nodes 28 may
inctude a plurality of processors. These processors may be physically located within the same
device, or 4 single processing node 28 may represent processing functionality provided by a
plurality of devices operating in coordination. Further, although processing nodes 28 are

iHlustrated in FIG. 2 as being located separately from each other, it should be appreciated that in
13



i ndi vi dual processing nodes 28 include multiple
processing units, nodules 36 and 38 nay be | ocated
WO 2090t2i4y6 f rom each other. (42) M grati on noduP@r/B88200%036329

configured to process infornmation recorded in beam
tabl es that correspond to table | ocations at the
geographic surface of a seismc volune of interest to
formone or nore i mages of the seismc vol une of

some embediagtis A8 onasraeiteareck abioy 8§ riep bopervaled gtk cemmen location.
the beam tabl es represent the deconposition of the

Tn onS&hBeiGeMaMal dremirs of fratessin nyd:aB nary inelade driverr e eoftware
| ocations into Gaussian beans (the parameters of which

and/oRHBnFAC ARk bReduhe oA i-a e sorvesgetv@blse | ocati ons
are distributed at or near the geographic surface of
the seismc volune in a uniformdistribution. This

a1y disstis bistd @ri6e2, gn ondRasddigentpalh of froc@kig) nbsesBdedudn a
one or nore |nput parameters specified for a given

migratt Q%b&wé'agﬁg'tM£ RLOkESE. M@@@ﬁa@ 36 BRYES RAL BERhSESMBY in
e specified by a user (e via user interface 24),

mﬁw%&eﬁ{\rﬁ‘l&%‘g fia{ﬁ#y&g T%ﬁ{ %uﬁlxﬂ%@o HolFe, WRLOLNBLLPE firmware; and/or

ction o e selsmc data, and/or

mhef}*f}?g?i%i) ﬁ%ig%sg eﬁe ﬁiﬁg he a &{rxﬁﬁgﬂﬁl ‘thtO!}Ef] ﬁl@&ﬂg RALARAMRLEL Slustrated

spaC|n ocations may
de on initi.al beam w

in FI ne & glﬂﬁﬁt%gg’ggntdﬁé“ SPrepgsaing Mi LD i grpgz tat d;ﬂ}% i ;vh;ch
detected a samplin ra f
mdi‘\’biﬁﬁieﬁm‘rféﬁ%%r%‘fd@ngg LTS B s%a‘l%%%sﬁ?ﬁ% %race% 363038y e
| ocations for a given mgration may be determ ned by
10@ﬁ%ﬁ@“@ﬁiﬁﬁﬁ@fﬁﬁlﬁgﬁ}e nmodul es 38 of processing nodes
28 server 26, and/or sone conbination of these
mponent s %*Liﬁé In one enbodi nent, mgrati n? _
(42) 3@%@1}@@@ s epRitzured ie PEIRSHS et G o ae *§%ﬁ’i Zables that
waves reflected fromone or nore reflectors within the
corregming ng Ghicdbeenoft hgesgmphis suﬁa@eﬁ@rsgiﬁmiq W@a%@ﬁ ipfergte form
of seismc waves reflected froma given surface within
one or heors hagms of thokaimeicoblinmt dneistesing)s W mwﬁm%@%? in one
phenonena including the paraneters of the seismc
embolia¥@s, thebhm tabhe ramakitibdéecofptiidos el bobdsminvessiraticihat arrive
that reach the given reflector, the seismc
at or near the table locations into Gaussian beams (the parameters of which are recorded in the

beam tables). The table locations are distributed at or near the geographic surface of the seismic
volume in 3 uniform distribution. This distribution (e.g., spacing, pattern, efc.} is based on one
or more input parameters specified for a given migration/imaging process. These input
parameters may be specified by a user {e.g., via user interface 24), specified in the seismic data
and/or information related to the collection of the seismic data, and/or otherwise specified. For
example, the input parameters that impact the spacing of the table locations may include one or
more of an initial beam width, one or mere frequencies of the seismic waves generated and/or

detected, a sampling rate of the seismic data, and/or other parameters. The distribution of the
16



reflectivity of the given reflector, and/or other
phenonmena. As used herein the "true anplitude" inage
wW@2009/120149€n refl ector within the seism c vol unRCDH1S2009/036329

interest refers to a netric related primarily to the
seismc reflectivity of the given refl ector In sone
i nstances, in order to determ ne the true anplitude of
the i mage of the given reflector, mgration nodule 36

table tayanal iyzesivhembeaionpasaiied cr sitcd dgrode dr ivnreorfeatoe mpouales 38 of
beam t abl es according to a version of the

procebfib@n@NP B Meler DH\RESE fnd @niihaiodics tHe@samhponents.
Bleistein, On the imaging of reflectors in the
earth,'" Geophysics, vol. 52, pgs. 931-942 (1987),

(43} andbQE chBodimbil REFRId:CHcaflle Mogal HagmiM fathoBmaidde” of the
I nversion with Gaussi an Beans

seiamfi BRvds/r M SR TLRES: 85 kel SIikih GRSR4abh04i18Re R fnterest. In
(accessed 2007), that is adapted for the analysis of

gene%g.g}?égg; eiz}@?&éec% soodg! x@&e?ﬁ&ﬂ%&%@ Sk %@%&r&t@é ‘ﬁlﬁﬁi%ﬁg%(?%&%{ic

)
rat her than a§|c ray theory. (44)

dul 2. 38 | ; 3 | ; {4 seismic
son PR BB Sk RPN AP ABLER i s

wave (B BT 106 BLPAET AR 'gr ars oo b ST el tugy e sesmic
that table nodule 38 obtain a certaip be table..In -

refleqtiidps S 26 <8 TENFoLps e (RESIICT PRBPEHb LT Weageigi A tiag agplitude

~query requesting the beamtable that is transmtted to

imagenb? §ivADHEPEORYIHN Retaatc sgumaeT PAT e edRrdR MegiG lated
above in response to this query, querynodule 30,

primatdy & i sesmisetidreivity pbthe atyge stlEaiopeBmomgnngances, in order to
included in the set of stored beamtables, and quer

determésuht summadplited 32 the trivare of Qe givanirafievtoraviginatodule st may
requested beamtable by table nodule 38 if the

analvze irenhagaheamrt abbeed & dmal udedbdam tehies sebrdifg Staoreedon of the
beam tables, or (//) initiates conputation of the

true-£r8SIHES] Bderhioa Rt @sddysePOBRESING ORAAE SR8l df rtferors in the
requested beamtable is not included in the set of

earpSt QESAvREAME 8Bl RS 93l mionesENRadicPBMAkidmbRe of Modeling,
requested beamtable is not included i the set of

Migr Db &t heamyl, ?@h%ﬁauxﬁ&?ﬁé/wﬁﬁsu' ts nodule 32 initiates
“ conmput ation of the
hitp/Awww cwp.amines.edu/~norm/shricrse/gbuotes pdf (accessed 2007}, that is adapted for the

analysis of seismic waves modeled as Gaussian beams (or some other basis set) rather than basic

ray theory.

(44)  Table module 38 is configured to obtain beam tables for migration module 36 to enable
migration module 36 to form an image or images of the seismic volume of interest. In operation,
migration module 36 requests that table maodule 38 obtain a certain beam table. In response to
such a request, table module 38 generates a query requesting the beam table that is transmitted to

query module 30 of server 26. As has been set forth above, in response to this query, query

17



requested beamtable by the requesting table nodule
38, (45) To conpute a beamtable, table nodule 38
W@ 09p2wE36 t he beam paraneters of beans that arPCTEs2089/036329

the table | ocation corresponding to the given beam
tabl e during the sanpling of the seismc data. Mre
particularly table nodule 38 solves kinematic and
dynam c ray tracing equations to deternmne the Geen's

modluncidransnfviizhes hebeprmed bernondlednbobida®intthe tabf gored beam
nodul e 38 inplenments Tilted-axis, Transversely

tabled, 801 5 @RV Geshltshhbduic PRLIBRRLS MiZads cobesh f gleteyuaial Rgnt diele by table
Green's functions. For exanple, the TTI specification

mod BESNTHUSS, AR GedReBid B ilnoRE engVeakreloadt lebm tables, or (i) initiates
ani sotropy,' GCeophysics, vol. 51, pgs 1954-66 (1986):

c@mp@i&g{aﬁ) br Ak kahald d 8l SEE@?‘% srocbeliQL da¥s B0 Sleguds@b beam table is
transversely isotropic dia Geophysics, vol. 60, pgs.

net injégu Qﬁ %Lnstg? sa(-t.Jo% g&%}ed%r %m Lﬁ?@%& ti? oﬁ@&%&%m@:ﬁ! oS rgcfﬂlegteg%crzéig table is
foae! - ver 8¢ities, “The aniso ropic ray tracing'1's then

net u%@{dg«g %&Tﬁg .ﬁ;et.%é‘g ?tggﬁdgyrc?rggéﬁ%s% g&?g%‘/@%l&igs ﬂe:gtgtiﬁ% ?ﬁég}?t?aﬁésn:omputmion of the

I nhonobgeneous . ani sotropi.¢c medi.a., Geophysical Journal
reaueyig 63 tabli e TS RV MEdP BB ot Al .

""Verticalseismc profile synthetics by dynam c ray

{43} gtrfq?é{i]xgﬂalggﬁ Eltreaag'r*e @!ﬁgy?ig?r %}Iug‘gél q%é%@a%g ﬁg;gg:%%fpg&?apréc%qg? of beams that
. pgs. 11301-1 1335, (1990); verson et , .Ra )
arrwﬁta\%a@wri@%éwé%?ft *Ffi‘ii?ééfgﬁdy'ig)ﬁ%f% syEn e *ag*éé‘r‘%‘%/%ﬁ? gagnpling of the
bel onging to a specified ani soiropy Stud CGeophys. i
seismBpddia., Mg pargfqga’iargl gbloggogde %&@@w;kiwhéﬁ% dynainic ray tracing
"' Prestack Gaussi anbeam depth mgration in ani sotropic
equativend i@ ddic@aopihh i percsiunviains of thesplpems SIB@ueSIntg@int@00Fly module
and/or Dickens ""R ay tracing in lilted transversely
18 inips@tdnapTiledreds Al ramsvgeoly psovebod TV approschzdtioBEGictermining the
Ext ended Abstracts, vol. 23, pgs. 973-6 (2004). (46)
GreefOB G@rctialy, Fomatithsle 38 U8l geaiinadntihdnueedissrifadnie Thomssn “Weak
the given beamtable is then created as a record of
elasticRGi D88 PEEAIRERY, SoB PGkl Bd4fsar 19416, heans. hatifB, e ol
een' s

conput ed unctions. As such, the beam _

’ef&?z{) ANBLEL B 1enRLARH 4 dRenReAMdRR iR &0 PRCTE D 566 (1995)
of " a nbdel of

are used 1o specify anisotropic Earth model velocities, The anisotropic ray tracing is then

performed by one or more techniques described in Cerveny, “Seismic rays and ray infensivies in

inhomogeneous anisotropic media,” Geophysical Journal, vol. 29, pgs. 1-13 (1972); Gajewski e

al., “Vertical seismic profile synthetics by dynaniic ray wacing in laterally varying lavered

anisotropic structwres,” Journal of Geophysics Res., vol. 95, pgs. 11301-11315, (1990); Iverson

et al., “Ray tracing for continyously rotwied local coordinates belonging to a specified

anisoropy,” Stud. Geophys. Geod,, vol. 51, pgs. 59-88 (2007); Zhu ef ¢l., “Frestack Gayssian-

................
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vel ocity, anisotropy, subsurfaces and/or other Earth
nmedi a properties of the seism c volune of interest
W@ d@piipads at | east in part fromthe seismc darel/usaedI/036329

one or nore input paranmeters used to determi ne the
G een's functions. The one or nore input paraneters
may i nclude, for exanple, one or nore of an initial
beam direction, one or nore initial beam properties,

and/c8 itkeas Myt rianpliitd denandbriscchagicardddy. i ssgrogp velocity approach,”
frequency, a boundary condition, and/or other

SEG BRIcad®Rl £5Sractihelinppds. pAr-aEier.s are configurabl e
(e.g., via user interface 24). and nmay be used for
each beam tabl e conputed and/or used during a given

(45) MGHBEANMOIRE LR e PHO8eSEe (hdh)s Lifcidhelahe kived boabh@ble is then
illustrate the operation of system 20, according to

cr eatéhna% L0 MR beaf b@amdickd 5@&? IEQER ShePhdRink By SheR3Bnpite@Whrean’s
a geographic surface 40 of seism c vol une of

fumtgﬂt: eheSlcnlde HAGS ?éz%hﬁ&lrsybec@l’lﬁ&hi‘?ﬁ%%béﬁﬁﬁ&@i@|al‘@0é"hﬂ9tmn of a mode! of

eSCTIptIOH refefs to , reference is also nade

yve “‘*ﬁ%ng’%&g%e %{1&?'”%;«;@%3/&&@%!%%% Qﬁﬁ:!n@daa%oﬁs% Jge't? &f the seismic volume of

tron ese conponents e pertains to

intergg et L ?wﬁa& 8 BT 0D L AR

| ocati gns 4 and tabl e Iocatlon 42c) .are indicat

deterBRTe a1 GO 2Ll 976, QI PPRUEIIRE Y iy ¢ & cxampe,
non-uni formy. al ong eo raphi c surface 40. As s

one %é‘%%ﬁfaff"éﬁﬁia%?ﬁ@ﬁ% ‘i‘ﬁé i r“é@ gi gre iﬁ%%ﬁ&arwa?q%% %Ej as width,
shown in FIG 3 are not the sanme as the |ocations at

amplighieotidge e aweristis Geapeacyiapppsedy condtia, and/omyfhgrgarapipters. The
tabl e | ocations 42 are further apart than detectors J6

input fRersirs peconagaatie oy ddd uisy ingerfica PAl med mdebegrgrier seh beam
is deconposed into a plurality of beans. Thesebeans

tablecamplyed aad/culsad dakidfy opgivimbqrraatiionzogptaksed i n beam
tabl es that corresponds to one of table |ocations 42.
(48) In FIG 3, a first set of table |ocations 42a

47} (ihlousgt rafieticd uoutd haeporiion disyFbiG203)coddingot one embaodiment,
correspond to a beamtable included in the set of

FIG. Stibtedicbeamitsabt eRwsdfar gdoiaphis bafiag ) af ediinvie vaRymearidntarest 12,
second set of table locations 42b (illustrated as

Accob@hiid, ditholliGhe 31608 eSpORDntOfcBaamiGahrefrence is also made to

components of system 20 in FIG. 2 as the functionality of these components provide pertains to
the view shown in FIG. 3. A series of table locations 42 (ilustrated as table locations 42a, table
locations 42b, and table focation 42¢) are indicated on geographic surface 40, distributed
pniformly or non-uniformly along geographic surface 40, As should be apparent from the
foregoing, table locations 42 shown in FIG. 3 are not the same as the locations at which detectors
16 are disposed in FIG. 1. Typically, table tocations 42 are further apart than detectors 16. The

seismic data recorded by a plurality detectors 16 is decomposed into a plurality of beams. These



included in the set of stored beamtables stored in
storage archive. If mgration nodule 36 of a given one
wo@Roopnaeessi ng nodes 28 requests a beam t abl e PECEUS2009/036329

corresponds to a requested table | ocation 42c, table
nodul e 38 of the given processing node 28 wl |
generate a query for query nodule 30 of server 26
requesting the beamtable that corresponds to

beank egiuiestddiisiabiremlivoatiton cdReinedl in baas: aklet thet @asepands to one of
FIG 3, the beamtable that corresponds to requested

tablci@Blignslapcation 42c is included in the set of stored
beam t abl es, then query results nodul e 32 of server 26
will initiate access of the requested beamtabl e by

(48 t ahlreGMdule s36f (MO eaGHR ATk TPudthe:dris gutist ey ReBIT. 3) do not
table, table nodule 38 will provide the requested beam

mrret;;ﬁﬁl. € b Bedih SHaLhANIMOH W cBseB 3@ ed Ratkn lable Brdd8n USBGe bithive 22,
he migration/imging process being executed by

and a@e?{l Sts‘c@(ﬂ t@g H‘Icﬁta&@ 426 fﬁ%)ast;%lie@ as@e}ii‘j inkﬁGFhﬁo%:f,s ond to beﬁ;ién tables

rates a s eye view of geographic Surface

inci uggd B ?Eliﬁi:s Je%&i/ scg%r?g%fa% ta'i}w” Q{:a? tm é&%‘:{a SOVEYR! e slnp‘frg g‘mgfdula 36ofa

i
ocati o not correspon

gweq (g%lrgé%s?z}%lﬂsszr%g:}gﬁuj gegﬁ%& éﬁﬁgn&:}%}e ?tai?' gx%rr;%f on‘c"{its ?cg § gcqgcs?g,d table

the beamtabl e fhat orres onds
locat R edr ARG o0 i TS T bt T GRS gy svery
t abl e nodul e 38, |n turn, generates a %gery for Wﬁ )
modile 4t 85 1ET B8 ﬁﬁuﬁ%méh@r hesin Geie IRt RETRIPES AP Tegetag table location
results nmodule 32 will initiate a conputation of the
42¢. fbguissheths 8l Abihe by tahle thegaEsIcRgs L apuestpdipljedocation 42¢ is
38. As was di scussed above, once table nodule 38 has
ncludahipubedt D‘ﬁféoneéQ%sta@&smmw?abt@lﬁiﬁa’ﬂ@hﬁ@/& plogtHee 28 Wil initiate
of server 24 coordinates the storage of the requested
acceedmetradlested best ablgy table hivdele22. Wipeh atdeesisgthe ofquested beam
stored beamtables.(50) If the storage of the

tablel QB ESIRG: oo hraliietheiréductibebaet bk 18 higedhbaadale 36 so that it
tabl es causes the storage size of the set of stored

can &Q@Eﬂ fahd ﬁ%r&tﬂmﬁh&@m%@:%’c@@ heguedeiesmnnestidnhnesnolgl,
then archi ve modul € 34 may take action to maintain the

storage size of the set of stored beamtabl es bel ow
(49t hs%t br eehabds, iliRsene amaodiaRy oSG Braglit koiide A0l S8 Snic

the del etion of one or nore of the
volume of interest 12, However, in FIG. 4, requested table location 42¢ does not correspond to a
Beam table that is included in the set of stored beam tables. As such, in one embodiment, if
migration module 36 requeats the beam table that corresponds to requested table location 42¢
from table module 38 and table module 38, in turn, generates a query for the requested beam
table from query module 30, query resulis module 32 will initiate a computation of the requested
heam table by the requesting table module 38. As was discussed above, once table module 38
has computed the requested beam table, archive module 34 of server 24 coordinates the storage

of the requested beam table in storage archive 22 with the set of stored beam tables.
20



beam tabl es previously stored with the set of stored
beam tabl es. Such a deletion of one or nore of the
whewaiz@hd es by archive nodule 34 is ill ustratkdl/bg20p€36329
5 which illustrates the first set of table | ocations
42a as including table | ocations that correspond to
new y del eted beamtables, and illustrates the
requested table |ocation 42c as being included in the
(50) sébbadiosat obfhetrablested bomt ablsvith2he dete! siorddrbeam tables causes the
conmput ati on and storage of the requested beamtabl e.
storadelxlze ofisham@soi@ntd baediablewesiscishoon@e erededineat thrahskicten
20 in general, and migration nodul es 36 of processing
archiROHSR1L2 84 iy ﬂ&&%bt@iﬂ B linaiktSinatoPEage tin: gahd ax ot stored beam tables
m grations and/or imaging of single shot seismc data.

belovF@E tRbGhi amEQ Lak u‘n@&ﬁm@ms Qikh %@mﬂﬁﬁ@ﬁ:&@%@dé Al of one or more of the
Correspon s to the source of the seisnmc wavefronts

beamh &W@i&@éﬁ&%g Rﬁg{?ﬁ iﬁf,elzc% [ﬂ" &0 le% t&fics' Qh&f §§p1@t§t% of BRE or more

ustrates S eye view of
of th &H%ﬁgsl ‘%I %%ut(itv% %gsdfs]l g f?lg%t a@gdc‘(lw\rﬁigg}({d gexﬁhgfc}g lg%‘,ﬁ%tg?ﬁle ligst set of

table Egi’g‘%“légg%g‘gﬁ‘%&g@@é% ’ﬁ%?‘:‘g]gg?égfm’f %S@fd%?'ntc‘fgf dln‘?eb?ét%% C8hies, and
38 2 h )
o225 1B RoCES A, e, 28 EPIPULS L SOLEE cions

that the source beamtable is a record of one or nore
42b dye snihp AP AEEETSANEISIORRESEt T TOBNEHGREY B8 that form
the seism c waves generated by source 14. (52) FIG 7
illustrates a nethod 46 of erforn1ng§a S|n Ie ﬁﬂ
(31) mifgreas reentioned Eog i 18 Oa%tffabffcgmﬁﬁar WetsHE i gﬁB isgation
of a seismc volune of interest fron1bean1tab|es
modudesriovd @rdceomeanodetied ingraniciierde pdaptad 1) SR PESIHANE ARdHor
the seism c volunme of interest (the node) being, in
imagiegé sinptbhvicesimiaddu nbrrisorh migratlceastsobive e fabef thelrerresponds
seism c data). Although sone of the operations
to theofork hd thedbisatiewaicbousseshapsingwhmiignsaiesipechintemitdferest 12. For
conmponents of system 20 descri bed above and

examipld, BRY rsatiedrakdd UG oy vicht ofshoghshibeurdppré ot atiedic tvhime of
this is for illustrative pur poses only, and that

interdB1 NG w46 TRy S bes | B ligimpatRtidMd dscalde@sdaabh ¥€that corresponds o the
conponents and/or systens Wi t hout departing

position of source 14 discussed above with respect to FIG. 1. Table modules 38 of processing

nodes 2§ compute the source beam table that corresponds to source location 44 such that the

source beam table is a record of one or more beam pargmeters of a set of one more bearms that

form the seismic waves generated by source 14,

(52} FIG. 7 illustrates a method 46 of performing a single shot migration of seismic data to
form one or more images of a seismic volume of interest from beam tables derived from a model
of the seismic velocities within the seismic volume of interest {the model being, in some

instances, a function, at least in part, of the seismic data). Although some of the operations of
21



fromthe scope of this disclosure. Furt her the
particul ar arrangenent of the operations illustrated
WO p00B112847¢4 and descri bed hereafter is not intePdEtisS1009/036329

be limting In some inplenentations, various ones of
the operations could be perfornmed in an order other
than the one set forth, various ones of the operations
may be conbined with others and/or be omtted

methal 46oge tibarssedinddvo rvithacdpetiso dddbtibomals pestatiZ8dssondbgd above and
be added wi thout departing fromthe scope of the

ilhestrelied Gk PRHIEI sBauls houldediaedhppr diiiafee diuvs(Bd)e fupasermnly, and that
enbodi ments, the single shot mgration described with

methd BERAGE bd Paffddrntdll WRY alkREdiie @oRpoi Bekd SN Ofstentd witiatt Atbarting
in which the source of the seisnic waves I's actual |y

from Qﬁre} 59(5;{&3\{“ 40 aR8LSM CrEnRE We ;§M&z§%rm ;%Ehe%%@ﬂfﬁé Bper¥aE Siustrated
from'the array of sources may be locally slantstacked

in Fi1é Ozgdﬁggﬁgcr%@i A9 LA SQULGE, LSS Qey il ga@!@%n‘?@mﬁﬁéﬁ%&%s

ussi an an1taper|ng, to form S|ng e

variousl f @P ?af: a}ﬁergumql w2 61%&%{})(5 g%gﬁ Xlldgy@!k’i%i tgsﬁ}a@]he: one se forth,

Irec |on ussi an- beam t aper
varma{ij g p%@g gggﬁn% i f?%:% 8%; é} oéga?gn%nsd Of. bﬁs’@%#{tef altogether, and/or

araneters provi ded b the ser Vi er int
verio fgdalEna (B AbS T BEYRIda PONToRAebaaR BEP BORioBROLe gisclosure
series of table |ocations at or near a geographic
as shayilf baggrofiattche seismc volune of interest is defined.
Each of the table | ocations correspond to a bean1tab|e
included in the set of beamtahl es. one enb
(33 t hespar anptErsTiagbhs REF éWﬁmerﬁaP%é?ﬁ%E&% B Wﬁp%h“é‘ TR 7 may
series of table locations is defined have been
inclhudl s tupaelodbugation irhwhiek fecpure oEis sepnEOvavERisgRwally an array of
enbodi ment, the distribution of the series of table
seisnliogatiyonsrces Hetcanmnphedaas fiopetharirancputsys vae bolocpibit Hant-
of a table nodule the sanme as, or simlar to. table
stackpD@gbiter3 Bandihe ol s arver propaasandirasion efd Shursizabedroiapering, o
server 24, both of which are shown in FIG 2 and
form 485G Dpesahoueth(sRa3e Ackamivpel alchimad8iacladiserioe sorok a
i magi ng | ocations at or near the geographic surface of
GaustiBbeam tapered plane wave. The number and coordinates of source locations can be

defined by one or more input parameters provided by the user via the user interface module.

(54} At an operation 47, a distribution of a series of iable locations at or near a geographic
surface of the seismic volume of interest is defined. Each of the table locations comrespond to a
beam table included in the set of beam tables. In one embodiment, the parameters upon which
the distribution of the series of table Jocations s defined have been discussed above with respect
to system 20, In one embodiment, the distribution of the series of table locations is determined

at gperation 47 by one or both of a table module the same as, or similar to, table module 38
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seism c volunme of interest are defined, In sone
i npl ement ati ons, these inmaging |ocations are
w@oiongrEent with the series of table | ocati onsPETES2009/036329
correspond to the set of beamtables. In sone
i npl enentations, the inmaging |ocations include
| ocations that are not coincident with the series of
tabl e | ocations, for exanple, in a "stacked"
and/anh geratd tha fdraagd, ngsipilecessyver A€ Hotiag wigch oeabivwoni Hie? and
defined at operation 48 to coincide with the table
desciibegabé@ns defined at operation 47, while in a
"gather"' mgration/imging process, the inmaging
| ocations do not coincide with the table |ocations.
55 | nst@aderation 43, gakher onfinggiag i@alidémagbngaptho gesgapide usée of the
defines (e.qg., via a user interface that is the sane
seisnBSvAlmS bilkabs bR MEBEL. | NLekE apleddntashiBWhedenkliGe Ideations are
and described above) a nunber of imaging |ocations.

coindREEWRR el s AHible | lo@at%ng Aol 86 red¥b &Rk Qet SBGaRGables. In some
process, a user specifies a nunber of inmage vol unes

m‘zpictqﬁk%ttau\% thebiﬁ'i 3%2&%&&9& xEH%?@&sQ&@;?@ thaf B4 B QRRSEdneRiBlthe series

je vo e.g., fset, offset- a2|nuth

of tab?/% Fﬁﬁ%fiéﬂsiﬁ-s %31%3%%1&%6 d@} Q\Q&L E& %1 n%%tmhbﬁa%ﬁ fthL an locations

e nunber o ocat1 Oons;
are d%ﬁ%é%ﬁ@%}ﬁp %rcg éi,? é%:tlgéergiﬁngdraltwh\‘? I}%‘xebt&?iegmd jons, eﬁ%lpae gt'c{pez%ﬂa&’ X’? whileina
“GatgaT GRE PE PR OB e BACsE o ?iw?ﬁ@gﬂf e able

nodul es that are the sane as, or simlar to, gr.ation
locatippgLINEE B 6" 8 BOFT THTEPE o8 Bl BrOGESCE TERHE B (- ‘(‘8 6}3"*6‘”
As i s discussed further bel ow, nethod 46 operates t
intergenérials Ercanmi magesiviiat hasedneHie obhime BF 1§ nt @ﬁ%ﬁmbeﬁ above}
for each of the inmging | ocations defined at operation
a nundifer oFonaging lesttivat.i Merqearpodaly, invegdied raaratian Heaind Weerss, a user
below as if a single processing node were generatin
specifins & nmgeerfod inagohhofestthe vilinkgbmgul lpctht ponsssj andgmoperties of the
iterative fashion (e.g., via operations 72. 74, 76,

imag8Qolulids (B4, of8R1, 088st-82nuiBAyc ANE: S6)1d Hdappaceinied] the number of
“shoul d be appreci ated fromthe foregoing description

imag@ VORARE S RGN R ARer SMalaging IQAGcRTRAthEBAL R LNOM image
46 is perfornmed in coordination by a plurality of

wiurﬂ& ESBLNgy NRALS SUEE HNALBERANAR RIHEFISINEININAEAS at
rmning i mages for a

operation 48. In one embodiment, operation 48 is performed by one or rmore migration modules

that are the same as, ot similar to, migration modules 36 shown in FIG. 2 and deseribed above.

(56)  As is discussed further below, method 46 operates to generate an image of the seismic
volume of interest for each of the imaging locations defined at operation 48, For illustrative
purposes, method 46 is described below as if'a single processing node were generating an image
for each of the imaging locations in an iterative fashion {e.g., via operations 72, 74, 76, 84, 82,

84, 86, 88, 92, 94, and 96). However, it should be appreciated from the foregoing description of
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subset of the imaging |ocations defined at operation
48 in parallel with the other processing nodes. For
We@2@aprE7e where there are A/ processi ng nodes PCT/US2009/036329
performng nethod 46 i a coordi nated manner, and there
are L imaging |ocations, each processi ng node nay
performthe requisite operations of nethod 46 (e.g.,
operations 72, 74, 76, 80, 82. 84, 86, 88, 92, 94, and
proce@€)g hadek BB thainn onagebafimtitemsbbd AT & peofounsl iofcobdiratiesby a
for FIM of the imaging | ocations. (57) At an operation
pluraBf, ofraetsgsnbs prch ne yerhotaproonsinphtdis eteheinbe iswie fora
volume of interest are defined. The distribution of

subsd BEHBRABBA 5IY 1d:96alk Idefied 8 ophil QY 4B heQUghowH bk Reher processing
seism c vo ume of interest. In one enbodi nent, the

nodeP! FFRkYmbiOCAld O N8 rALE ‘»ﬁ&%beﬁ%@io hedRQeAbmanS 8ktR3 48fin a coordinated
nmesh points forned at predetefm ned intervals by a

mazmlép 'aB&’ (e érP 'fqgmg'f' Q‘j‘&%h&ﬁ%e@%sgﬁfé 284 W'}__tpgff{?mg B8 requisite

IsmcC voO i nt erest or exanpl e,

opemue{lb gﬁ’t ik %Eg%&% %eha%ﬁgsef% d{é"%é hé2n §& %lésgg %"’VQ‘& H&??(ﬂ to form

eres evat | On 'view’ of” Sé

I nt er est 12
an g H0TF SiaH A0 # Rl dhel Brartnd ilra be:
appreC| at ed that th| s is for sinplicity only, and that
(57) ol %r% %zf:il’ag%% ggagsggeg hfl pgzgr}fzdr%gggtz%ﬁ Qvi%?r‘{?%gglé;‘%w V%Eun?ei i%ir}a%eres& are
l ocatjons 54 are defin

3"d
gl e ey S5 G MR, TNER B f%ﬂ?gii%wiume of

FIG 8 further |IIustratess 14 disp ose)g
U“ef?jéo%rﬁéiiéhﬁ@ﬁ@ﬁ?ﬁfﬂaé@ PrOPSY s ainAE SFOPEE *b?rﬂl@ﬁ%*‘é%& fresh ponts
12. Wien the seismc data being mgrated wa
formgerigraicgninsd inewals 4y gandpat. dcodivension! snw gpfippd within the
seism ¢ volune of interest 12 that can be deconposed
seisnas valupk wf &litty. §6r Geaws, BBJ. SAdutintsbaerih i sle lnglegithin seismic
above, a source beamtable that corresponds to the
voluh@ohinicont &2. Mhholzhsotreividord scpesbtisomnedhe o interest 12 provided
source location 44 in FIG 6) when the wavefronts are

in Figenefat 8tisiingduttdss briag ono-of@sohall hehdbhie paraimeidhs this is for
of each of beans 56. As can be appreciated fronFf G 8,

s;mphaﬁs@ﬁ PRATENBY L inPlaPA0@:E diflerSidhadk@RhdiP@khS the plane of the
hr ough seism c volune of interest 12.
page. As can be seen in FIG. &, a series of primary locations 54 are defined at mesh points that

oceur within mesh 52 at predetermined intervals,

{38  FIG. 8 further illustrates source 14 disposed on geographic surface 40 of seismic volume
of interest 12, When the seismic data being migrated was generated, source 14 generated
wavefronts within seismic volume of interest 12 that can be decomposed as a plurality of beams
56. As has been discussed above, a source beam table that corresponds to the location at which
source 14 is positioned {e.g., source location 44 in FIG. 6) when the wavelronts are generated

ncludes one or more of the beam parameters of cach of beams 56. As can be appreciated from
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Instead, due to differences in the conposition of the
stratumw thin seismc volune of interest 12, beans 56
woreapobzo4ref racted (e.g., bent) and/ or refl ect eBCHES1008§36329

travel through seismc volunme of interest 12, simlar
to the refraction and/or reflection of |light rays as
t hey pass through optical nedia with different indices
of refraction. The beam paraneters recorded in the
FIG. Soticedcheamay abl momisghie it akeghtybtss dvcegintsisthevieamp! interest 12
pat hs of beans 56 as they propagate through seismc
nateMDLUR Offciendce et cdRpAitdoighe beans wWhbiracerdhovinme nf interest
FIG 8 as straight lines, this is purely tor
12, bbdrhisd i@ by RIBUEDOSE ShenDURiRGrdiaethgihay trav! iragiingismic volume
processes that are described herein, these beans are

of infefeSLL & A8y (AUS SIraRiNEANT (Al dchoV 50 68 s Bages psRlhrough optical
ot her than Gaussi an beans coul d al so be used). Sone o

medil $ATRH P88 TRNALI R gt%ﬂf»{cﬂgﬁ 3@#&{ HeSmihrathdidrs RRSSICE I QU %r@é heam

near a given one 0O ned primary | ocations 54

o R FaTBE RGP S 13 R e i
.1 h [ [ i. . .
BRI i R S VARl T ¥ ol SRR s ps o

osiggy PR@PERT PG BRI (S8t BISBOE BT S DAY herein, hese
definition of the series of primary |ocations_ at .
beans 9ey A STS ABUSTRN Irams 48 URgH i S&b%fﬁ%&f rOggsiag peams could
whi ch the beanms emanating froma source of seismc )
also iyoneed). teene doaens Huveamtigniemcmntcry 46! gasidlnepelbpi near a given
t hat passes through a given one of thefprinar
one dfdleaddfiond pameryi ldewioind $edThepnbars sepidenii fdne F i%-rfe%h the reference
beans are identified by anal yzing a source beamtabl e
numdrhiattac or Feesponle bantsids ot atds dirough trhvsasibe given gamierygocation 54
the generation of the seism c waves by the source. For
will @¥iPplignifithe csatbanheamabvabbe tmayabes tbishah theditey ponery
or nore table nodules the sane as or simlar to table
locatiOl es 38, shown in FIG 2 and described above.
Techni ques for anal yzing the source beamtable to
identify beans that make a significant

(59  Referring back to FIG. 7, subseguent to the definition of the series of primary locations at
operation 48, method 46 includes an operation 58, at which the beams emanating from a source
of seismic waves that contribute significantly to a wavefront that passes through a given one of
the primary locations are identified. In one embodiment, these beams are identified by analyzing
a source beam table that corresponds to the location of the source during the generation of the
seismic waves by the source. For example, the source beam table ray be obtained by one or
more table modules the same as or similar to table modules 38, shown in FIG. 2 and described
above. Technigues for analyzing the source beam table to identify beams that make a significant
contribution 1o a wavefront that passes through a given location within a seismic volume of
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contribution to a wavefront that passes through a
given location within a seismc volune ofinterest are
waele@ehased, for exanple, in Prestack Gaussi an- PERDS2009/036329

depth migration, N. Ross Hll. Geophysics vol. 66, No

4, Jul y- August 2001, pgs. 1240-1250 ("Hill"), and

Gaussi an beam m gration of comon-shot records, Sanuel

H Gay, Geophysics vol. 70. No. 4 July-August 2005,
interpU&e dBThs&T Tor i Sngly, i ratdvidiamshivehear deivhedgrporate ®oss Hill,

herein in their entireties Sn one enbodi nent,
GeopapaEsalol.a%, §8. 4, Supesd orned i f g, 1hie- GiseerHifir), amd Faussian beam

| ocati on by one or nore migration nodul es that are the
migr@ RIS 86mniPh-s Bt Wedoddy, EOnudTiHY K ahy, CopRAW: e8!, 36, SHONMR:ty Mugust

FIG 2 and descri bed above. (60) At an operation 60, a

2003 A8k & . &8l é“@i@a'sj’?, HIBAS WAScH Qe WRSERGHORLEATA OB 381DAS. 1n one
been performed for each of the defined primary

JaBGak] QRS.ioh B FoM Bty PREEAE) ARa8: thSonc or more migrati
emt 58, g S8 MRS GUELLPHRL AL 0 bone o e i
the, same.as, or. sjmlar, t i gr.at | , sori
oo RS ST D I AR P 5, PR, e
operation 60 that operation 58 has not been perforned
for each of the defined primary |ocation, then nethod

46 returns to operation 58, and operation 58 is

o0 BSRLRTRSho RS AT LR bl sk bl

performed for ch,of the defined primary |ocations,, . .
perfopHesh Gy FSHEES BLMEY FUBBR r AT DR PET) OB s
_the beam paraneters recorded in the source beamtabl e,
perfoped bers Goure igravemofvlRphaTHR NS SHNE 85 ©OF STRIT 19 Fegrgion
a given beamis the tine it takes for the given beam
modules 3G doen if FmAdud dseibedaliayes bribis|dstean ineth Svinermtian O ghat
seism c volunme of interest. As such, the source travel
operdtions 8 Ghs sotgoveperbennd fdratch « thadaivied puteat loopierabtomethod 46
58 as making a significant contribution to one or nore
returivBs@beanibs 58, hat opasiort 18 io petiorancp [for adiffeyenofrintdre location. it is
primary |l ocations will be different with respect to
deter@AGR 0 bpdrbeses(phbtmpeibe 68 hionen pafgmed dueatioofrat Hefined primary
| ength of the given beam
locations, then method 46 passes to an operation 62.

abov

(51)  One of the beam parameters recorded in the source beam table includes source travel
time. The source travel time of & given beam is the time it takes for the given beam to travel
from the source to some location within the seismic volume of interest. As such, the source
travel timse of a given beam that is identified at operation 38 as making a significant contribution
to one or more wavefronts that pass through a plurality of the primary locations will be different
with respect to each of these primary locations {e.g., due to path length of the given beam
between the source and the various primery locations included in the plurality of primary

locations). At operation 62, the gradient of the source travel time of a given beam emanating
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bet ween the source and the various primary |ocations
included in the plurality of primary |ocations) At
W@p@pari4on 62, the gradient of the source travedT/UB2989/036329
of a given beam emanati ngfromthe source to a
plurality of primary |ocations (identified at
operation 58 as experiencing a wave front to which the
gi ven beam made a significant contribution) is
from detsenrk nedplutativoniprewbe dicaemts (idopeficltat opergon B as experiencing a
perfornmed by one or nore mgration nodul es that are
wavelrb@t 16 afichake giokn Béam hade 4 dgniffcgn abitobutivpd il deger@6ied hbwemne
in FIG 2 and descri bed above. (62) At an operation
embo@fuend dPelEbAED af jeerrhal BBElR @sedronidietidenodie hsiadi datame as,
of the source travel time has been deternined for each
or sirt®lar k0 8niDRARS nTARLESE MR, ihFIGhEatnuUEa®0@BMA abl e that
were idéntified at operation 58 as having made a
significant contribution to a wavefront passing

52t OMARQNEN 8, MRS PatibD ride MY whaEathOASdichfiottesource
gradi ent of the source travel time has not been

trave%h LA el adioimigachy efcntdh %?e%e%%@ BBeskRen Bt BAcHMeam table that

returns to operation 62 and the gradient of the source

werg txr%%%ﬁ&% Lid ra% & §¢ 5@&%{%@@ &9 r‘? Qpﬁ&tﬂ?&an}%@tﬁﬁbﬁ hag w@@ﬁrom passing

at operatio e gradient of
t t h b
o LSRR e PR S %gﬂé;%w?%g%g&
e b SR A REL A

thesrreas or simlar to. ragi nrmdu es

et HIES - At g REROA I SR 5%8%‘3%*0 i apmmm
FIG 8, eographi c surface 40 of seism c volune
W ﬁm@r«@%@m wt sQEs Bavepfime hagherg deEEEIROHY 68 ¢ideese ﬂ?@fam then
at operation 48 of nmethod 46, shown in FIG 7 and

methd@46 piched!s above)eraiics *v‘dééersemw bejgy h &% omﬁb%ﬁ@ntmuﬁfion b4 is
previously, although the view shown in FIG 8 is a

perfobwed oy oensironamiglgatiodups et 34 telsdmbes, appiralar it sdgration
that this is for sinplicity only, and, as such, the

mod i S& iethoath ik FRGINGdldecatbed pisove6 woul d be distributed
according to a twodi mensi onal distribution across
surface 40, further include additional inmaging

i63) | OREbiraRSafboMaG. 8, st geographic surface 40 of seismic volume of interest 123

series of imaging Incations 66 (defined at operation 48 of method 46, shown in FIG. 7 and
described above) are depicted. As has been mentioned previously, although the view shown in
FIG. 8 is a two-dimensional elevation, it should be appreciated that this is for simplicity only,
and, as such, the series of imaging locations 66 would be distributed according to a two-
dimensional distribution across surface 40, further include additional imaging locations 66 not

included in the one-dimensional array that is visible in FIG. &



included in the one-dinensional array that is visible
in FIG 8.(64) Wien the seism c data now being m grated
wawere/12u7gi nal | y generated, seism c waves propBgHUB299/036329
within the volune of interest 12 arrived at surface 40
and were recorded by a series of detectors such as,
for exanple, detectors 16 shown in FIG 1 and
descri bed above it should be noted that the positions
{64) of Whirethd etigoioint: mbe kel mgratthwewanginglly gbnaied, gpismigevaves
tabl e | ocations defined at operation 47 of nethod 46,
propapatingnughinghd odaté ohisicdbt 1 Asrrivhdatssifarm 49 andwese recorded by a series
propagated within seismc volunme of interest 12, sone
of deRbiotdReR adv@yekeaplesinen@s  etheet @dIG t hrddsedisdiabove, It should
volune of interest 12 and propagated up to surface 40

be ncdt@ RR tﬁ’@;ﬁ&&k@ag oP¥e 11BR IR IRGLORS thPASRI BBithd P UGNable locations
primary 1ocations 54 on their way to surface 40. Such

dchn%X@i 5&95@4? @f‘m@ﬁo&i 26 UMRASEH: BRador2 @b, af tReAM®i{ Rales propagated
Ian beans) 68 that paSs through or near primary

with 'n &%i{cow%ﬁm?c f}ﬁﬂfémls“?i LI, Qﬁrﬁyg‘f t"ﬁg‘% 4&@@?}”@1}@%&&3\/@{1@%@%Eti‘ﬁ?z Qkismic

i'magi ng l'ocati ons beam t abl e
: n
o GRPLFL M il D ORGP O BR Rt 210 pe
oo P P P TE  Ruf a9 B0 TR ieBE3 P mposed

i ma | ocati on 66a whi|e the seismc data
a set B%if*féf‘ﬁgﬂg St BLAHE MY ! L?ﬁ PR RGP B ?ﬂ%}?ﬂ}gﬁs@éﬂﬁﬁs Pand up 10
(illustrated in FIG 8 as beans 68a) hat ntrlbuts_
surfapA QU FOR 18 " T PRiSEEmEiATaEOG he @:i? SHOFREpAINg to &
| ocation 54 and arrived at the given |ma ing |l ocation
givereBw. of (B8ginREL aliris 9§ (Blaeketedinfla 8 3 &va%ti%&ééb%ﬁlaﬁ? e g or more
of method 46, a beamtable is requested for one of the
beani pragheiers bbomt dronse edrinde @iitripariatiaonir48s thandriaed gthe given
operation 72, the requested beamtable is obtained In
imaghipgoenbo diawhils ihepesatd dun Wl bsinpebforde Juliybeome wil irglude one
m gration nodules the sane as, or simlar to,

or méeBEAhE ONuskRedli€ 813G, ssdnsh OpRN) &l omidRutkdioperkiromne thabyassed
one or nore table nodules the sane as, or simlar to,

throukf Ry DR RSy 3R atiBOE Nardf ari O ti@ﬁﬁvéﬂﬁi&@m@ Modatibn 6.

and descri bed above. I n sone instances, the table
nodul e may obtain the beamtable froma

(65)  Referring back to F1G. 7, at an operation 70 of method 46, a beam table is requested for
one of the imaging locations defined at operation 48, and at an operation 72, the requesied beam
table is obtained. In one embodiment, operation 70 is performed by one more migration modules
the same as, or stmilar to, migration modules 36, and operation 72 is performed by one or more
table modules the same as, or similar to, table modules 38, both of which are shown in FIG. 2
and described above. In some instances, the table module may obtain the beam table from a
stored set of bean tables, as was discussed above. In some instances, the table module may
obtain the requested beam table by computing the beam table, as was discussed above.



stored set of beamtables, as was di scussed above. In
sone i nstances, the table nodule may obtain the
WO epuasued beam tabl e by conputing the beam t abCBUS289/036329

was di scussed above. 2S(66) As has been nentioned
previ ously, beamtables obtained by the table nodule
at operation 72 wll typically correspond to a table
| ocati on defined at operation 47. and the beamtabl e

(68} r elpies hech byntidned picgivasly dreamuehibeotdtinablsr he able MOl ki operation
correspond to an imaging |location defined at operation

72 wiBypibdhsueRspantl 14 hexbld igeaioh dofiiaiag ppgaprotiossd thebagn table
executed is a gather mgration/inmgi ng process (e.g.,

requedbRE bl RO Gt 08 GRIduRNS cpEiAOT0 €01 Aiedealemt! iVt Mndghey location
tabl e | ocations), operation 72 will include

defink88MpbiaYibN @z 2ak aheiThcald ARniRakink §rdél:f@&ﬁ§% sk@euld¥Es 4 gather
I maging | ocation specifiéed in the request of operation

mi gr%xgsmiﬁgéiﬁg Fagss kb g G%@Hﬂa%iﬂg "‘%ﬁg RlarChli fc%Eﬁ@&%vih%t: e

entifi tabl'e”l'ocat 1 On; hifting the

%@?&t#}%:%’ztrxﬁﬁ%cqg& 13&13?8%??%% z%@&mﬁ%&m%&@ée% th $he imaging

€ positiona erence on the surface
of the.seismc volume of integest bet n.the. ... )
ocat Pl GRS URAGPHG. T10BSA B St L HEL PR Hebepirgeponds o the

) | ocation. (67 .an eration 74, e bheam t.abl.e ‘

denc i3 apthe ool S Bn P e adseat R A, g table to
that contributed significantly h wavef ronts that _

asccoipi dgdbe PIRHBTRT HEEISRAT BRETERE £ @eﬁ@ﬁfﬁﬁr‘w% IPGFSt between the
and the imaging |ocation that corresponds to the

requesist Ainagine knsaent awltee dentied ipdainsa®Ba in FIG 8,
passi ng through or near the given primary |ocation 54
and the given imaging |ocation 66a). In_some L ‘

(67) | nstarmpestion fé thbbeirhiabicibimned ab rsrationaldp YFEd0 ifsniy beams that
substantially the same techni que as was i nplenented to

contringddyszgnifidvetls bureelivoaihat abised drowper@tdvome B8theprigey locations
enbodi nent, operation 74 is perforned by one or nore

and the geatddncnpd b sotrdratndane tehbtabamdboas 3oy (egi rhchme S8ain FIG. 8,
m gration nodul es 36 shown In FIG 2 and descri bed

passiaP O¥ugh(BB)arAle GRaOPET AL IEMIIEH 54 andibt giveh ratgioplokcgtion 66a). In
made as to whether operation 74 has been

some instances, the obtained beam table is analyzed using substantially the same technique as

inf.o
locations
cationsly

was implemented to analyze the source beam table at operation 38, In one embodiment,
operation 74 is performed by one or more migration modules that are the same as, or similar to,

migration modules 36 shown in FIG. 2 and described above.

(68) At an operation 76, a determination is made as to whether operation 74 has been
performed, for the bearn table obtained at operation 72, with respect {o each of the primary
focations. In one embodiment, operation 76 is performed by one or more migration modules that
are the same as, or similar to, migration modules 36 shown in FIG. 2 and described above. Ifthe

determination is made at operation 76 that operation 74 has not been performed, for the beam
29



performed, for the beamtable obtained at operation
72, with respect to each of the primary | ocations n
W@e@oaedaodi ment, operation 76 is perfornmed by BEEUS2009/036329
nore mgration nodules that are the sanme as, or
simlar to, magration nodules 36 shown in FIG 2 and
descri bed above. If the determ nation is nmade at
operation 76 that operation 74 has not been perforned,
table bbmirel ot yeaarivaillewthtapme th ath opde atimery Pations.tthen method 46
respect to each of the primary |ocations, then nethod
returdbGo o@irafifs 74, and pegraltdnOid i ferfandd dpethabieon tibde ¢lgained at operation
performed, for the beamtabi e obtained at operation
72, whiBresdlelilo h @EReEH: plidady Widoar enthe peknminytidnde akiiomn.opbfation 76 that
the determnation is nade at operation 76 that

epeiéﬁgﬁ FathORef $easdenn tRakbardmd shkRed bhgehaamrt ablierespect o
obt ai ned at operation 72, with respect to each of the

: DShed AEA Ao ( PEOGRRAR, O, AN
@mlggg h%m gg&{ﬁ %hmlﬂg%g@?%gﬁhg'eﬁbg %ﬁ%ntn t he beam
paraneters |ncluded in the beamtables that correspond

59  %ihdeid SR HnRERLRORS thendea mc@sﬁ%ﬁ @50 BLAh %@s@é‘iat

peratlon 2 include a etector travel tinme (simlar

correg ntd Q<? R %S%I i{a?%{& S, ithf'e %@anq !ta%%é%%&gw@ Q? aim-;rh@ inciude a detector

or tr grven beam bet en an
d
tmve{ {{H ? (ﬁn% Hprip 2%' ﬁﬁ%gzrc%@%ség ux}eg gi\%(?q;el) ??%(%n & tlclg& tEa'vm‘atnme of a

| ocation to the . n Iocat on n. the. se

given, s e SRR 10 gfw@w iy dsp et el Eﬁa{“ i %’“}f?é’s for the
of a given beamthat arrives at or near ive

beany tﬁa@v%@r% E&UTGHIMOCR e dis Fopggloggpn af.“ﬁ%éiﬁ% PSR gglume of
of the primary |locations that the beam passes through

intergsi. fegch{@e gc‘iectgn@mﬁbt@apﬁd Eé’ﬁ@é"ﬁm{i that @1}11@039}&\% AE9h @ giyen imaging
bet ween the given imaging | ocation and the vari ous

locatpmiwitiny difcattifondifferemtorgpef the pomapOocatives Gebldip beam psses through
the detector travel nme of a given beamthat

or ne@oOfRty i doategats iagpgitf focdnigiven beara bwisveed thergvenhatgipalaegon and the
through the primary locations to the surface of the

varicS€ hSMhe vaitiuRs. of ohahesesl, eegrgdiont @$ thedipretiof traek] time of a given
operation 74) is determ ned. The gradient of the

beanf@heShRbutes anelfickhiPolsSvaetrennhaedshaseshohate hroasy ldations to
part, on the detector travel tines of the beams

the s88Sde e thefsb QML ﬂfh}r@@ @m&@&'@ . & eAUESHEd] anchealbai7Red dlermined.
operations 70 and

The gradient of the detector travel time is determined based, at least in part, on the detector travel
times of the beams derived from the beam table requested and obtained at operations 70 and 72.
In one embodiment, operation 80 is performed by one or more migration modules that are the

same as, or similar to, migration modules 36 shown in FIG. 2 and described above.

{70} At an operation 82 a determination is made as to whether the gradient of the detector
travel time has been determined for cach of the beams identified al operation 74 has having made

a significant contribution to a wavefront passing through one or more of the primary locations.
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n one enbodi nent, operation 80 i performed by one or
nore mgration nodul es that are the sane as, or
W@ R A47¢ 0, migration nodul es 36 shown i n FI @CRUS2909/036329

descri bed above. (7Q At an operation 82 a
determ nation is made as to whether the gradient of
the detector travel tinme has been determ ned for each
of the beans identified at operation 74 has having

If therpaatBera of thg miefecpatrevet Onertizbuttiboen dascrminahief sashof passhasgs, then
t hrough one or nore of the primary |ocations.If the

meth@f dblicants ofopthdod 80 et be gtadsanedf the deedtastiravel tide enietermined for
deternmined for each of these beans, then nmethod 46

anotieLbdihNG el Qacapeidict @NoRPat A G 41 hehg dadingniticalis e at operation 82
detector travel tinme is determ ned for another beam

that thD@hd MRS fiiglenkdcfdret atiindPiek kb Pkt thinddf fof H@h of these beams, then
defermnation is made at operation 82 that the

m@th%&é ‘t@@ 8040, {NedRLeCPLnd &Rt mdd Bpeh@Sy BE mwrfozrged by one or

m ned for each of these beans, then nethod

mc»regtgig“:f:agzgg ?m%\f? ief H’ag{ %’é '1 chgax%% ok rl»r‘%ﬂ:%ia@@?ﬂ%;x@ﬁ&ﬁ mggf)lgé ﬁi ﬁ%{\k’n in FIG.

ne or nore mgratfon no

e the sane as, or simlar to, mgration nodules 36
23““?4?8%%”53&1’3‘10(—1 2 and described above, (71) At an

operation 84 image information is determned for a

ven ry,l.ocati@n one, t ) I
7 P P KPRl ihimePe Por RS S e RN ?0%3%‘*1 fn one
o RS R E3  SEPE  BHONA e
and 36 T B40 S RO D BIRE "B SO BTG el o determine
nodul es that are the sane as, or simlar to mgration
the imaguineemaB s RpwRe FROFIEETROREHAI0A 84 dt PHSEEMEH BY Bite grapgre migration
By way of illustration of the determi nation nade at
modwpethattaotie 84ne &, O Snplroivi tegatins epdlesibohov éwriéf. 2 and described
seism c volune of interest 12 simlar to the one shown
aboven FIG 8 More particularly, FIG 9 illustrates a
given primary |ocation 54a, a set of beans 56
(illustrated as beans 56a, 56b, and 56c¢) that
(72} coRy whpof ddstsitigniof ireaiatehyinhtoromedon oporeomii ¢l dhpvides an
t hat emanat ed
elevation view of seismic volume of interest 12 similar to the one shown in FIG. 8, More

particularly, FIG. 9 illustrates a given primary location 54a, a set of beams 56 (illustrated as
beams S6a, 56b, and 56¢) that contributed significantly to one or more wavefronts that emanated
from source 14 and passed through the given primary location 54a, and a set of beams 68
(illustrated as beams 68a and 68Y) that contributed 1o one or more wavelronts that passed
through the given primary location 54a and continued up to surface 40 of seismic volume of
interest 12 at or near a given imaging location 66s. Fach possible pairing between one of beams
56 and beams 68 is referred to as a single “arrival pair” for the given primary location 54a (e.g.,

beams 56a and 68a, beams 56a and 68b, beams 36b and 683, erc.). As should be appreciated, the
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fromsource 14 and passed through the given primry
| ocati on 54a, and a set of beans 68 (illustrated as
whewag283a and 68b) that contributed to one orP@DDE2009/036329
wavefronts that passed through the given primary
| ocati on 54a and continued up to surface 40 of seismc
volume of interest 12 at or near a given imging
i ocati on 66a Each possible pairing between one of ,
numHzeafreriss raive fdydlang vE8rinsary dfcetipretiiatip thagruznbet pighcems 56 that
"arrival pair" for the given primary |ocation 54a
conte(t@td. s gobfantdy Somean hb8aavdieansh@manstdd 68l sobwant aBbhessed
and 68a, etc.). As should be appreciated, thenunber of
throu@h BleVi@lenRRin sy IRbtiddBlaghvepliQIriyThs yurhbe al bomSwahitsontributed to
the nunmber of beans 56 that contributed significantly
one dr SacPOR U IRRN 18aMRANSE FRRES thd alves PRMAGLEHcAILE TS AU @atidded up o
and passed through the given primary | ocation 54a
surfalbd LRkieE: DYuhber punhen: of oiDaam A8 16habn @Qﬁ@e.r%a,bﬁ@ egh. Fach
fo one or nore wavefronts that passéd through the
. gi Jary, ; ant. L B it QerSAdk: ‘e
anivd R Bl ol BTl AR DS GO IR YR B aRSy adding
e soy e BT REPY Y sRa o AR BB R] Pl Bliedfln 08 time of e
that | let er mi.ned by adding the source avel time of .
beam %tsmﬁlég?f{j gghg %@F?ﬁdjéaf P ﬁ"érq%’i“f‘i“%}’ﬁﬁ“sﬁﬁ ‘F&E‘%MFH gl pairs, and/or one
detector travel ti of the beam 68 i.ncluded jn the, . .
or moff OfRPAPEATAPHAMEFGIAT CRRTE Bt 3¢ 5 508F IfTTHREOD S #Wém‘“ed tor given
~arrival pairs, and/or one or nore other beam o
primygyfegrEee P dPneediviiis dha sep %‘ﬁmﬁﬁ’@f‘éﬁ@rﬁ?@ra FRPFGHINSS of method
determ ned for given primary | ocation 54a One
46 intFEEh A 1quietetthine teamabe iferplaging fir edvep@rignary Beatppeydafioghthe beam
88 of nmethod 46 in FIG 7) to determ ne the inmage
parashetbooifbtanons 4 68, agilive thepriivrh pyird io daaciibed BARNUS Tompedieaussian-
beam paraneters of beans 56, 68. and/or the arrival
beanp@dptismipsardesthedpidsitn vid b6, Nd\ Br gt 8tK- Tallslsi augeeaifit ); and Gray,
depth m grati on Geophysics, vol. 66, No. 4, pgs.
“Gark @R 588 bdtthion AUugusion2@0lecorand (oslysict Galiss] Ho, heams7i-7
m gration of common-shot records " Geophysics, bol.
(ulylRuoNop004y, PYs. S71-7 (July- August 2005), (73)
Returning to FLG 7, at an operation 86, a
determination is made as to whet her image

73)  Returning to FIG. 7, at an operation 86, a determination is made as to whether image
information has been determined for each of the primary locations. If image information has not
been determined for each of the primary locations, then method 46 returns to operation 84, and
image information is determined for a different one of the primary locations. If image
information has been determined for each of the primary locations, the method 46 roplements
the determined image information in an operation 88, which is discussed further below. In one
embadiment, operation 86 is performed by one or more migration modules that are the same as,

or similar to, migration modules 36 shown in FIG, 2 and described above.
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i nformati on has been determ ned for each of ihe
primary locations. |If image information has not been
waledoenzidmed for each of the primary | ocations,PEHES2009/036329

nmet hod 46 returns to operation 84, and inage
information is determned for a different one of the
primary locations. If image information has beers
deternmined for each of the primary | ocations, the

(74) meAthodpastivmih.emeritsoishenday deasingdvitia e Sehfor YRiwme Af interest
in an operation 88, which is discussed further bel ow

are ddfinedn s evsb ddi axpntvith dparatdro lhe8fons ste fusadf b ppredtidnyS 0o Frecter
nore mgration nodules that are the sane as, or

embegingddi ahie t@ondurgloaticen arnitihesic36 ddpova ih theFkBmi@vamde of interest
descri bed above. (74) At an operation 89, a series of

at 2 sORGUTHARLY pbi&IhnA%: MebBleAnihBLInERV NS L VauAR teée dimensional
interest are defined. As was the case with the primary

mesh| @Fc@‘&z’v@an Shededch Mol a8kn QRN RLHRNs She kRoANSy RIVBAM RBMer than the
t he secondary | ocations are defined to be disposed in

mesh iQﬁ d@ﬁﬁ«%rﬁl& é(’fﬁ andr Q;g LA E%é ok s&h%ﬁ:{t'ﬂ?esse%ndgﬁfsiacauons are

pre terﬁlne intervals by a uniform

p(}%lipﬁgj" i 6&&1}%&:&1%@ g&?&ﬁ%rgﬁégmma n}\é\%}g&! ‘iSt g@ @ﬁ%@ilhﬂ?&ﬂ&ef" Cﬂeﬁuhﬁws a

eco ocations is finef

T I X
posi ti gned |ntern1tg$ntly between the primary
?hCPPﬁ%%F(%ﬁ§”%V 8f Tl lustration, FIG 9 shows a
plurality of secondary locations 9 1 are disposed at a
nmesh. 90 that is_fjner than deflnln the .. .
(75) poRTET G gt o Pty PR B4 e (P et engdermined
to FIG 7, at operation 92, the travel fines and their
at opgypen sertasd FE e wriee deut! toiss par PURIOEEVEH NG rpRFetively, are
source travel tinmes and detector travel tinmes,
implyreepeEcpdvehyine apeo mpledrenmetTes Eek WA Het srsiBredigrgvetionts
beam paraneters of beans that contributed to
that eneareferd Gmtstht heismBreavatedos. mosred Heowad sty e Wawd tyogpardary points
passed t hrough a given one of the secondary points
defind@fi syechtiah R0 pexiatined a88; neanthe amrgive beatiorohatneaespchds o the beam
I magi ng | ocation that corresponds to the beamtable
tableQbiadici@dopdratapenatihesn: Kadm phh@secrb aamipardnit exsugia)e source

i nclude, for exanple, a source

incident angle, a source travel time, a detector travel time, a detector incident angle, and/or other
beam parameters. By using travel times and their gradients determined for the source and
detectors, operation 92 can determine the required beam parameters without accessing beam
parareter values for one or more primary locations that are nearby 1o the given secondary
location, and interpolating these values. This will enhance the efficiency of method 46 by
reducing the amount of storage and/or processing resources required 1o determined the beam
parameters for the given secondary location. Further, the ruplementations of the travel time

gradients to determine the beam parameters tends to alleviate artifacts in images produced by
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i ncident angle, a source travel tinme a detector travel
time, a detector incident angle, and/or other beam
w@a0oamedes s. By using travel tines and their grPEHUS%036329
determined for the source and detectors, operation 92
can determ ne the required beam paraneters w thout
accessi ng beam paraneter val ues for one or nore
primary | ocations that are nearby to the given
methskéomtadycel! bg deiconiningrigampeenptirast sagprdpedecalighyidrough
This will enhance the efficiency of nethod 46 by
convrgidudiingpbhecambmitiuel Istor agedanefiorpepition €8 si prgformed by one or
resources required to determ ned the beam paraneters
moreh@Eratibe m@livien teeao Bdatie ko Gakind iy tdhurifdoy mbldges 36 shown in FIG,
i mpl ementations of the travel tinme gradients to
v anddb @Ik ABdene beam paraneters tends to alleviate
artifacts in images produced bynethod 46 introduced by
determ ni ng beam paraneters at secondary | ocations
(76 U KOG e&aRY 8N tiinaRai fdr LS PRAIANINL ClNhdgless sebhdaRelocation.
enbodi nent, operation 92 is perforned by one or nore

Mord Bo8di BLAIQN IR, 88rafiRts BEGnkDA o8 8RR 9206 Sk Bhdr thkoO,
m grati on nodul és 36 shown in Fi 2 and descri bed

cgmtrgﬁg?e\é%n obd (21) i}aéte e ORGS Al @J@se%%groiugﬁgﬁ itk %Eé&%@ér?gcdaﬁon and

erm ne or the given secondary [ ocati on.
. i f.icall he..be et er s det.ern  oneration 72 are
i TGl P RECERLTRL e ST B ot

nore wavefronts .that passed through the,qgiven . .
wsed SbeGri ot GRS G APt T B AP oRE KgIS T sasempsdiment
.that corresponds to the beamtabl e o‘bt‘ai ned af . ,
the irgsTBRTBHIOPSS APETHIBRHTD Rt Br AN o O RS at operation 92 in
information for the given secondary, Jocation. |n one .
substaptdialithroisrne RHEST HaRETRHIGRESFEH TS0y QFQTW%E?SF‘F%M operation
the beam paranmeters determ ned at operation 92 in
88 (as disssagit dtab by [o hec sabedimatnarrasn P4 f operirnehdy gne or more
determned for the primary | ocations at operation 88
migréias ohddassse dreaboves as) o emdagnboFaentrodypesahon 041G, 2 and
is perforned by one or nore migration nodules that are
desciited sgane as, or simlar to, mgration nodules 36 shown
in FfG 2 and described above.

{77} At an operation 96 & determination is made as to whether image information has been
determined for cach of the secondary locations defined at operation 84, 1f image information has
not been determined for cach of the secondary locations, method 46 returns to operation 92 and
information has been determined for each of the secondary locations, then method 46 proceeds to
the aforementioned operation 88, In one embodiment, operation 96 1s performed by one or more
migration modules that are the same as, or similar to, migration modules 36 shown in FIG. 2 and

described above.
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(77) At an operation 96 a determnation is nmade as to
whet her i mage i nformati on has been determ ned for each
w@towhzo43econdary | ocati ons defined at oper at i BCI/B2208$/036329
i mage information has not been determ ned for each of

the secondary | ocations, nmethod 46 returns to
operation 92 and operations 92 and 94 are perforned
with respect to a different secondary location, if
(78} | ageeciatiboBirat inoiye i ticbelemictetieneribNistirdsors fomet fofm thydmage
secondary | ocations, then nethod 46 proceeds to the
inforiahiQumaeniia adegmmfoat BoandS4. | Thiohsage mbgdicrmentidered a discrete output
operation 96 is perfornmed by one or nore mgration
imagdPE e SortiiBt bedRkENRILE BIBr Rfage Ol 1B PaldnBL vblamerdfgiatsionn one
nmodul es 36 shown in FIG 2 and(78) At operation 88 an

embo'dﬂﬁﬁx@ REratiDe $8 & R EnMOLUIR RindrOhRE8&dn kS fIQ ARG heRame as,
he i'mage information determ ned at operations 84 and

or sm%“aa t Q}\% ﬁmgddt&yﬁb?rg}% sirgler eeh fuddd - fer gk o0ut put
P or e stacked with other images of
the seism c vol unme of interest. In one enbodi nent,

(79} op%r, atd QI%H&? o4 8 4BE ﬁatm?tqb Qbéd@ﬁk%%aeméf &n hedbi ORn formed at
dl g are t sane as, or simlar to mgratlon

epeaaggg lé% > e%q“t ?ﬁﬂg Y}g%,ii% !ézgt:'iongd&ﬂgd %?é&gét%gd%ag@%% ¥ 46 is

an opera termnation

oSS0 R S BT P05 g o
46
inciu%\h %%?ggﬁ%%@%ﬁﬁﬁgggn\?ﬁﬁ%%%r %ﬁ rnﬁggg g]ealsg )‘{a}HF%éJ teperaé{an %8 for the

determ nati on nmay include one or both m nin
xma@méwepwﬁwxﬂﬁﬁ%reaqa%%eeww%t%b@eﬁg By ¢ SO whether
the imaging | ocations previously assigned to a given
an ingge bessrh Prived el onardion £8 detser il F§TRETBEI Er iah“«tn&é%mm*
has been fornmed at operation 88 for each and every one
defined attdperatinaghnlf thoduermomsiod of innddbaitandpessltas aat gn Termed at
the determnation is nmade that an i mage has not been
operdtion 38 doatzclopthatmain 8Bcdtans ahohmahod herdragiomgeration 70, a beam
| ocations, then nethod 46 returns to operation 70, a
tableeampbadthg cotiffespondizhg ibatian i bfwsed! andrgiatigns 72, 74, 76, 80,
| ocation Is requested, and operations 72, 74, 76, 80,

82, 88286 84.92864, 288 98 die ROkl mqt@feﬂedatﬁm 4. g the
mAy requested beamtable. If the

determination is made at operation 98 that an imnage has been formed at operation 88 for each of
the imaging locations, then methed 46 proceeds. 1f there is additional data to be migrated {(e.g,
from another shot of the selsmic volume of inlereat), then that migration is performed (e.g.,
according to method 463, 1 no other data remains to be migrated, then method 46 proceeds to

outputting of the images formed at operation 88 (for this and the other shots).

(80)  If the migration/imaging process is a stack migration/imaging process, and method 46

proceeds from operation 98 {e.g., because there is no further data to migrate), at an operation
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determ nation is made at operation 98 that an inmage
has been forned at operation 88 for each of the
WO pgiteig7é ocat i ons, then nethod 46 proceeds. |PCT/H82089/036329

is additional data to be mgrated (e.g., from another
shot of the seismc volune of interest), then that
mgration is performed (e.g., according to nmethod 46)
If no other data remains to be m grated, then method

100, #6 iprgys deded tboputtputifisngstofked hEninthg 88ages prvsthched into a single
operation 88 (for this and the other shots). (80) If

outpull eagel G atacionl imepgisngiipt scesgeiagon 18l ack
m gration/inmagi ng process and nmethod 46 proceeds from
operation 98 (e.g., because there is no further data

(81 t df Megrigtaddy/imtgi@npopses atd goikd Oigthey/ irmagesrbosmetktiatd 46
operation 88 are stacked, Once the inmages are stacked

procced Rod (@bﬂﬁ@«lﬂe%ﬁ)hﬂd&bﬂpeiaﬂw e(4d, hehish dekiedgbhfagecd & operation §8 are
out put at an operation 102. (81) If the

indivBAl AL drONA IR BGRPQCRHSchHraR pgabhRages from other shots that have
m gration/imgi ng process, nethod 46 proceeds from

: PR PRGSO Oha Hpboutdl: 208i R d Pehdr iR

been?ﬁ?ﬁ%ﬁ (%] %%éll:‘(%t‘l on 88 ardé i ndi v?u%glldl ygcon‘oi&ﬁéé Wi h ofumes.
correspondi ng separate gather imges from other shots

(g h,@%tthal&%}‘( B0 0R I8 14LriBed inREGANEH (AY p&t@ai’éﬁ)tf h0dration based

are output as separate gather inage vol unes.

on wi(dasé @ Lﬁl %ﬁf Q\?xﬁﬂé@pc% ¢ BY 81t %}&9 F{i@ﬁca?%rgﬁ%ﬁ b;}ﬂggdih}@nts, itis to be

urpose o ustration based on

undeﬁfogg ngﬁ ga%thl %a; ngo gie rfc%d(hr% pugp%sé hrg 4 fShe RLE QH Q?hotqpﬁted to the

|rrents e un ers

disclo] 8%\??%%%' fibeoh Frdorudne & Eieale @a%% Hifeguivatent
but, on the ar Is intended to
arraniggBeY Rt 16 HOPHY ST 1SBHR SRR Eaﬁeiﬁa?wfe%mpie» s to be
within the spirit and scope of the appended cl
“ﬁdﬂﬁbwdé&%ﬁﬁl pEesept inpatiog @B‘é‘“ﬁﬁ%}@ﬁ ot %Yﬁ‘éfe“% P\%’S‘E e%‘&‘n?‘“ more
i nvention contenplates that, to the extent possible,
featuon el ery srobulifedrr becothiaslywishbodrrane fesepe! w3 mithed
with one or nore features of any other enbodi nent. (83)
emboffratuti s clainmed is: (84) 1. A nethod of processing
seism c data, the nethod conprising;



(85) receiving a request for a beamtable that
corresponds to a table |location on a geographic
waebazE7d rom a processi ng node that is procesBCTES2009/036329

seism c data for mgration, wherein a beamtable is a
record of one or nore beam paraneters of one or nore
beans that form seismc wavefronts arriving at or near
the table I ocation; (86) determ ning whether the

{83} r eljuesd danledam table is included in a set of stored
beam t abl es, wherein the set of stored beam tables
i ncl udes one or nore beamtables stored externally

/84 f riom t Bempthod eSgiongsingdd smanridis( 8% yuatimd doatpirng g:
transm ssion of the requested beamtable to the
processing node if the requested beamtable is

(85} i ncl udeeteiving hegsst fook strotade heamreaiindsio 188} I¢@9)n on 4
2. The nethod of claim1l " wherein if the requested

geogla @Akt Erolna potesking udetiad 18 ptdiessagtsebiistaon fd nhigativn, wherein
tables the nmethod further conprises transmtting

a beahNbOE B loBRtd @ oh&r 1BERGESE bRGrRAdEstdha by idkd beab@ Shat form seismic
conmput ation of the requested beam tabl e by the

wawﬁ&&gﬁﬁ”ﬁ,‘x gaa”;@ﬁ@arti(egigﬁ (o3 The method of claim 2,
wherein IT the requested beam table is not included in

the set of stored beamtables the nethod further

(86} conpri %@ém&aﬁ@wﬁ}% 'ﬁﬁ%&;&ﬂ@tefi SEME B00s RRAME D) &t of stored beam
after conputation by the processing node, with the set

tabl eé) b h\?\ﬁ% &4 hegn fabl.e t&@@m%igé& e ogﬁ%ré@s&ngies st g@ bernally

e|n the store eamtables are store

ﬁ@mﬂ’ieprgf}er eddc manner.  (95)

(87) initiating transmission of the requested beam table to the processing node if the
reguesied beam table is included in the set of stored beam tables.
{88

(8¢ 2. The method of claim 1, wherein if the requested beam table 1s not included o the
set of stored beany tables the method further comprises transmitting information to the processing

node that initiates computation of the requested beam table by the processing node.
{90)

) B The method of ¢laim 2, wherein if the requested beam table is not included in the

set of stored beam tables the method further comprises:

(92} storing the requested beam table, after computation by the processing node, with

the set of stored beam tables.
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(96) 5. The nethod of claim1, wherein the stored set
of beamtables are stored in a centralized storage
wae@bitxaye (97) (98) 6. The nethod of claiml, MBEUS009/036329
the processing node is the only processing node that
IS processing the seismc data for the mgration.
(100) 7. The nethod of claim1, wherein the processing
node is one of a plurality of processing nodes that
{93} are processing the seismc data for the mgration
(JA) (102) 8. The nmethod of claim1l, wherein the one
or nore beam paraneters conprise one or nore of a
94) t riavel Thimetan depinhtiudberen thhaised serofénana trjias apf stored in a
i nci dence. (103) (104) 9. A systemconfigured to
distripite€ @38ns8ei sm ¢ data the system conprising: (105) a
plurality of processing nodes configured to process
seism c data for mgration, wherein each processing
(95} node conprises: (106} a mgration nodule configured to
determ ne an i nage of the seismc vol une beneath the
geogr aphi c surface, wherein the determ nation is based
(96 ats.| easttheinfetpaldf chimdneherinybe eoledam dfdblire ssblamd: stored ina
wherein a beam tabl e corresponds to an inaging
Quen@;%ggm@@e@ﬁ@,ggeograph|c surface of the seismc vol une
of interest and is a record of one or nore beam
paraneters of one or nore beans that form seisnc
¢¢7y wavefrants arriving at the imaging location; (107) a
" tabl e nodul e configured to obtain bean1tab|es for the
mgration nodule; and (108} a server that is
98) oper al Ivelnyethddkethiha, efackinahe bRecRingmatit tsyhodnly processing node
processi ng nodes to enabl e conmuni cation between the

that 18 BFo¥8iranNek IeniPRAG e ShdGiANslRs, and wherein the
server

{95

(100} 7. The method of claim 1, wherein the processing node is one of a plurality of

processing nodes that are processing the seismic data for the migration.
(101

(102) 8. The method of claim 1, wherein the one or more beam parameters comprise one

or more of a travel time, an amplitude, g phase, or an angle of incidence.
(i03)

(104, 5. A system configured to process seismic data, the system comprising:
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conprises: (109) a query nodule configured to receive
a request fromthe table nodul e of one of the
wW@e@eassicg nodes for a beam tabl e correspondi PQGr/U82089/036329
tabl e | ocation on the geographic surface of the
seism c volunme of interest, and to determ ne whether
the requested beamtable is included within a set of
stored beam tables, wherein the table |ocation on the
105)geogr aplphcalsurf poeessisg deterorihgredip trowesy wiges titador migration,
tabl e nodul e based on the imaging |ocation identified
wherdime@hpecpuestg d@k cambeam table fromthe mgration
nodul e associated with the requesting table nodul e;
and (UO) a query results nodule configured to initiate
fipgjaccess of t henigrequesitade bedigutab debyminhen reaueed thenrgismic
table nodule if the requested beamtable is included
volunkdbdnB@h §Rtge0traphio bthcbpare-tialthedlchbiyati(d islidyedld Joainie part on one
syst em of claim 11 wherein the query results nodule is

or mcrMBdRELan Ok WA § BedniabloabaeGORPULALIRRIAE Idchi®on on a
request ed beam table by the tabl'e nodul es of one or

peogrami si@fack REHRLOCRRSININLAER dsf arddN€ 2 ERAHESIRE cPEAM beam
ta

e is not included in the set of stored beam

|
porerf i BRI S B R PR S B Rt fcetion
i sotropic Earth nodel paraneterization and an
ani sotropic raytrace nethod in determ ning the
request ed bean1tab|e. (115) (116) 12 The system of
Lclaiml I S..Qf -
{17} Jof t he é%béc ga%é ca:mi’ réaat?ﬁgia@&%hqetﬁhig g%rigﬂgaéfé% nggiﬁ% and

beamtable is the table nodul e of t he processing node

il GMt hat i 1% !erl% gxe t att II‘:‘-] gp{sg Itm g tc@sa%) %tfi(h%%hggﬂlj}lo? processing nodes 1o

and

enable communication between the server and the processing nodes, and wherein the server

COMprises:

(108} a query module configured to receive a request from the table module of one of
the processing nodes for a beam table corresponding to a table location on the geographic surface
of the seismic volume of interest, and to determine whether the requested beam table is included
within a set of stored beam tables, wherein the table location on the geographic surface is
determined by the requesting table module based on the imaging location identified in a request

for a beam table from the migration module associated with the requesting table module; and

(110 a query results module configured to initiate access of the requested beam table
by the requesting table module if the requested beam table is included in the set of stored beam

tables,
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(117) (118) 13 The systemof claim 12, further
conprising a storage archive that stores the set of
wae@paehdbeam t abl es, wherein the requested beaP@T/HRI089/036329

is stored in the storage archive after bei ng conputed

by the tabl e nodul es of one or nore of the processing

nodes. (119)(120) 14. The systemof claim 11, wherein

the migration nodule is further configured to
(}ilijdeterm ne a true anplitude of the seismc waves

refl ected fromone or nore reflectors within the

seismc volune. (121) 1S. The systemof claimll
(112whér ei fhelpstonef dritmbl.eviveamipapanstedts modmisrs Bethomeeniigured to

or nore of a travel tinme, an anplitude, a phase, or an
initiaanghpuation ntihdengesiedih@m table by the table modules of one or more of the

processing nodes I the requested beam table is not included in the set of stored beam tables.

(413}

{114} 11, The system of claim 12, wherein the table modules employ tilted-axis,
sransversely isotropic Earth model parameterization and an anisotropic rayitrace method in

determining the reguested beam table.

(iigy 12, The system of claim 12, wherein the table modules of the one or more of the

processing nodes that computes the requested beam table is the table module of the processing

node that includes the requesting migration module.
(117}

-~

(118 13,  The system of claim 12, further comprising a storage archive that stores the set of
stored beam tables, wherein the requested beam table is stored in the storage archive after being

computed by the table modules of one or more of the processing nodes.

(119}
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(120) 14, The system of claim 11, wherein the migration module is further configured to
determine a true amplitude of the seismic waves reflected from one or mere reflectors within the

seismic volume.

(121} 15.  The system of claim 11, wherein the one or smore beam parameters Compriss one

or more of a travel time, an amplitude, a phase, or an angle of incidence.
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