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Summery
The dewbpn81t of vebciy modeIs owr ~rge and
~BX areas can be the prohi>~ive cost and tine
portk>n of d~1h inagi'1g doo to lin~ed ~rces for
i'lterpretng wkJCiy errors. Fairfek1 Industres Inc. haw
de'ooek)ped a t>rrKlgraphC procedure that Mdresms
these issues. This prOC8:iure ncorporates a flexi>1e
model parameterizatbn, sparse ray tracng for
trawltine approxinatms, autornatc detecm of
resijual mowoul parallel akJorithm d~n, and inage
computatoo i1 the direcoon normal to reflectors.

Introductlon

Fairfek1 Industries Inc. Tomographc tectY1ques ain to
brilg about the horizontal aligrment by adjustng
veIocity abng rays traced throtq, the nOOeI.
Ditcultes n 3-D arise from the sim of the problem:
poorty parameterized models can beoome too ~rge to fi
n meroory, and the data wlume nwlwd is typCaJly
enormous, 19Sultng n prohi>iti\'9 run tines.
Additooally, manual estinatbn of curvature n the
gathers CM become curnbersorne n 3-D or the rna1ual
estinates beoome too sparse to defne the wbc"«y fek1
adequat~y. BuikJng on the nnovative work of many
authors, we address these issues and ilustrate our
technque with a large dataset e~mple from the Gulf of
Me~.

Model Parameterization

The model consists of regbns, typCaJly of smoot1ly
varyi1g wlocity, and their boundares n eilher tine or
d~th. FoUowng Farmer et ai. (1994), ead) ~Í)n is
pararooterized m~ently; for example, a rmdeI
might contan a tessellated owrburden reg 00 , a ~..
body des:ri>ed by a constant, and a S1.b~1t regbn with
d~th-d~9"1dent varBtbn. In good data amas, regoo
botl1dares are pK:k.ed n the tine doman and conwrted
to d~th usi1g ray methods; otherwioo, they are
obtaned from prelinnary depth ~es. Instructoos
a~y the bo~dares to ndK::ate how the regoos
ft. together to make the rmdeI: i1 e5senCe, gi\'9n x =
(x,y,z) they ijentify the regoo i contani'1g x, enablng
the wbcity v{x) = v~x) to be extracted.

Vebcity Analysls Procedure

Li<e other MVA methods. our procedure folows three
basc steps: {Q at Iocaoons distri>uted throughotA the
rTX)deI corJ1>utB depth migrated mage gathers; (iQ
estinate the trawltine correcoons necessary to fBtten
the gathers; (iiQ solw a larga syst9m of equams to
sinultaneously obtan wk>city ~ates throughout the
rmdeI (so-caJ1ed global torrKIgraphy).
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As n Wyatt et ai. (1997) we prefer to conoontrate our
inage galher calculafuns n the neighoorhood of
reflectors. Target reflectors are typCaJIy choS91 on a
tine migrafun, mapped to depth usi1g the current
vek>city, and then divijed nto a regular mesh of ponts.
The mesh ponts are klcafuns where inage gathers are
to be oorr.,uted; howewr, unlke the <X>n\'entK>naJ
practk:e of oorr.,utng galhers n a wrtk:;aJ wndow, we
choose b aliJn the inage wndow nlhe diecfun of lhe
normal to the reflector at ead1 gather k>catoo. In dong
$O we awk:l a Ioss of freql.SnCY i1 lhe inage that is
propoltK>nal to lhe cosine of reflector dp (SchneKier,
1978). Stated differently (Bleisten 1987),1he ouIput "JI(x)
of a depth miJrafun n the neV1oorhood of a reflector is
a band-lmited data functK>n with support on the
reflector: "JI(x) = R ~s), Y.t1ere s measures arc Iength
nome! to the reflector ~ R is the angularly dependent
reflecfun ooeffcient. Not only do \W obtan 1he h'rJhes1
frequency miJrated inage n the di"ectDn normal to the
reflector, but also at the Iowest cosi, snce we can use a
shorter inage wi1dow.

Trawltine correctoos

For ea:h inage gather we trace rays from only a sngle
pont (at the center of the inage wndow) and use
paraxel approXinatDns to ootan the addmnal
traveltines requi'ed. (Typ~1Iy our inage wi1dow is
sewral hlX1dred meters n extent.) Instead of
attemptng to measure the curvature, or depth errors, n
the gal1er, we en1>k>Y the ~nng ted1nK1ue
des:rbed n Alx1ebert et ai. (1996). There the authors
ponted out f1at nUt~K:atoo of the entire wk>city fiek:t
by a constant, a, cau~s the trawltines to d1ange by a
facto r 1 Ia, snce the raypaths are unaffected.
Recomputilg the inage gather for a range of values of
a is thus partK:ularly SraiJhtforward, at Ieast n tenT\S of
the trawftines. Scannng withn a spocim range, for
eJa~1e 0.90 .$ a .$ 1.10, we compute the horizontal
sgnblance, or flatness, of the inage gather for ead1
value of a. From 1he value of a that giws the maxinum
sgnblance we ootan the trawltine correcti>n to be
used n the nwrs~n: ST = T - Tia where T is the

traw/tine abng a ray associated w~ this inage gather
Iocatoo. Audebert et ai. n thei' 1997 paper suggested
that the~ trawftine correctbns miJht be used for a fui
3-D tomographk:: nwrsOO.

Tomoora>hk:: wdate

Ead1 inage ga1her contrbutes rays to the bmograJ:*1k::
ma~ We use a slandard row a:t~n method (St~art,
1991) b soIw "e system of eqlatbns. AddkooaHy,1he
equatDns correspondng to each ga1her are assiJned a
weiJht equal to the maxinum ooni>lance realized n the
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Whoo saIt was pr8S81t, the base of saIt was sought
u~ prestad< dept1 miJratoo of a fair1y coarse grK1 01
Ines. (The wk>city modeI. though l4>dated by
tomography, still contans a salt fk>od at this stage.)
FiJure 2 shows one of the migrated output Ines. The
base-saR ref~too suggests that the saIt may be
deconnected from its stock at depth. PCkng "e saR
~dary and ncorporatng it nto the ~Ileaws only
the subsal wk>cites to be determned. Rather than
ntrod~ a new, Mepoodently parameterized, subsalt
regoo where prevbusly the saIt fIood had existed, we
choose b contnue with a ~-regoo model, exterKtng
our owrburdm goo nto the subsal Z0n9. (GriJ
vek>cms bek>w the saIt are nitialized w~ goo values at
the same depth, but away from the salt.) Snce little
CM be nterpreted beneath the saft, it is diff~, or
"mpossi>Ie, to target our inage gather compUtatoos n
this zone. Instead, we smply lay do.,." a regular mesh
01 gather k>catk>ns, ~eated at depths of nterest, and
pont the COrrespondilg normais n the dÍ'ectDn of the
upward ponmg wrtk:al.

In the next iteratk>ns of tomog~hy, the matrix is thus
de~ flOm inage gathers Iocated n the owrburden
secoon Md we contnue to se9< refi'lements for the saIt
vek>c~ as well. Interestngly, the latter iteratk>ns CM be
made relatively M>q>oosiw. For eX8mple, if gathers n
the owrburden haw appeared flat n premus
iteratoos, aro . the correspondng rows n the n8trix
haw been sawd, then it seems reaso~1e that these
vaJues can be ~ agan; that is, it may not be
necessary to repeat many of the mage gather
compUtatoos. The reason s that rawaths and
trawltines are unlkely to change substantslly n parts
of the model where wk>cites are ck>se to conwrgng on
their true values. FiJures 3 and

Conc"skJns

T a<ng advantage 01 a flexble nmel parameterizaton
and usWlg only sparse ray calculaoons, we are abIe to
obtaWl bolh ~rate and effK:ient tORx>graphC wiocity
Wlvers~ns. lhe troublesome procedure 01 estinamg
resKjual curvature on inage ga1hers. Y«1K:h WI 2-D has
tradit~nally been canEd out manually, is a(X;OO1>lished
automati:ally with this toRx>graphK: app~. lhe
method is apUy suited to paraDaI inplementaton and is
desgned for applK:atoo to very large data sets.

vek>cky scan, n effect reduci1g the nfluence 01 poor
quality gathers on the nwrsDn resul. One or more
reg oos that are to be ~ted are ~m and
correctDns appropriate to t1eir parameterizatDns are
corTfJuted .

ImplementaUGn

In order to be feasble on 3-D data sets the algorithm is
inp~ted n paraltel. In our deSÍJ1 ali 01 the
p~rs receNe a copy or the wIocity modelo
Lkewise, ali 01 the procesmrs receÍ\'9 the same seismk::
data: aR, or a s~nifk::ant part of, the 3-D surwy.
ParaltelizatDn occurs n the oulput space ~ere the
inage gather Iocaoons are divited arong the
procesrors. In an niBlizatDn phase, ~ proces&>r
~utes raypaths 10r its set 01 gathers (recall that rays
are traced Irom only a sngle pont 10r ~ gather).
Nexl., on receivi\g an ensemble 01 data, a procesoor
inmediately depth m~rates it nto is porOOn 01 the
oulput space: not only at 1he cunent wk>city, but also at
ali 01 the scaIed wk>cities makilg 14> the wIocity scan.
Once ai 01 the data has been accessed, the gather
sermlances are corTfJuted and br each gather the
value 01 a promng 1he n8Xinum ~ni>lance is
retrieved. FnaRy, the toroographk:: matrix is nwrted
aro the whote procedure is iterated, usually several
tines.

Exa~1e

Our 3D emn1)ies are 01 a salt ntruskln, and a tertiary
secron Irom the Gulf 01 Mexk::o shelf off Louisiana.
Surwy areas are approxinately 210 square kilorneters
and 5200 square klorneters, ~iveIy. lhe startng
pont br the analysis was an nterpreted prestack tine
m~ratoo, along wlh veIociies from conwntDnal tine
processng. The startng dept1 model contaned a
gmded owrburden obtaited by depth conwrti1g the
tine wbcies; and for the sal emmple a constant
vek>city regoo fk>oded to the base 01 the ~I at
30,000 ft The top 01 saIt, whk::h divites the ~ wbcky
regoos, was obtaned Irom inage ray ca~ulaoons.
Starti1g saJt wbcity was taken to be 14,000 fts-1.

lmage ga1her bcatDns were ~eclied sewral horizons
aro on portDns 01 the base-salt reflectDn, whk::h couk.1
also be nterpreted n ~ parts of f1e tine m~ratk>n.
In each ca~ tens 01 thousands 01 inage gather
iocatms ~re klentim. (Each horizon was divkled nto
a rneS1 01 ga1her Iocatk>ns.) F~ure 1 shows the gather
k>CatOOs for the top 01 saIt, the normils ndk::at'ng the
di"ectK>n ol1he inage calculatk>n.

In the lirst iteratoo 01 the 1orrographk:: nversDn t1e goaJ
is to refite the wbcities tertiary ~k>n and when salt is
present sÍ1lultaneoUsly obtanng a better estinate 01
1he wk>city withn the salto There were mult~1e updates
n 1he owrburden wk>ciy aro 1he wbcity near the sal
boundary where the salt wbcity had bIed nto
ne~hbori1g sedinents n the nput nX>deI. After a few
iteratk>ns 01 tornography, the speclBd horizons were
renterpreted n depth bebre proceedi1g w~ the nexl.
series 01 tomography. This procedure is repeated unti
the vebcites conwrge to an acceptable lewl.
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Flgwe 2: 3-D Jl'8stack depth mígatk)n of (X1e of lhe tNget lines u.d to interp-et lhe base of sall The velocity mOOel, wtWd1 still
contaWIs a saIt fIocxj at Ihis stage, was obtained fran lhe r..st iteraticx1 of tomography. In relalial to Fi~re 1, lhe line is at constant
x and has a lenglh of 55,000 fl
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Prestack Depth Migration

Figure 3: prellmlnary o~ ar 3D Kirchhoff prestack OOpth mlgr8ton Target In-Une 4200

Figure 4: Fnal o~ fIom 3D Ki"chhdf prestack time migl8tíon In-Line 4200
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