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PRESENTATI ON AND | NTERPRETATI ON OF SEI SM C DATA FI ELD OF THE | NVENTI ON The
present invention relates to the presentation and interpretation of

geophysi cal data, and nore particularly to an inproved nmet hod and appar at us
of searching for subterranean s geophysical features. BACK THE -
| NVENTI ON TheV@8H443%1 sej snic techniques to obtain informati %ﬁlﬁ“

subt erranean geophysical features is very well-known in the prior art. Such
t echni ques are comonly enployed in the-dxploration for and production of
hydr ocarbons, e.qg. natural g ' N Anabilit
of “roour ot PRESENTATION ANDINTERERETACIOR DF SEISME DATA =),
seismic data is typically obtained through the of a seismc source and
receiver. This acquisition rrayFtIEJeP(BFJ!& vpgﬁiﬁ r in a marine setting.

As is known by those of ordinary skill in the art, so-called "processed"

sei smi ¢ data i sTheqresentiinbention rélates tosthe presentationzand intgrragsation ofgeophysical data,

conventi onal , processi techni,ques as static, correction apl ikt u
recovery, %aa_orelgam?qr}%}y[ fhan dﬁ'ﬁ‘?’ﬁ%d’é%&‘@ 4 ?@aﬁ%&, °§P¢§5‘%‘% !,&’rasglgtmmean
m gratiqn. gygﬁ JAaPlegeRR’d seismc data may be of either the so-called
reflectionc e¥ficient data type or the inteﬁrated trace data type. Once

the processed seisnic data KEROUND OFEHEINVENEION nust be correl ated

with such physical characteristics as reservoir continuity, reservior
t hi ckness, por eTHe hde 6f ssisnit ytechnigoes to ghtain infirmationealout subterririea geephysical

variation, _.and pay thi ess,.to nane bu few. This correlation is. t
20 com‘rpnfeft“f‘ﬁ?dé hisiid %’%E‘g“% Hbt?’g SPhAL %'?fgefe‘f e$) Fre Fopmonly ﬁ@ﬁ@?’%d?lg’lnﬁﬂgi n
conj unct| ngﬁft‘.n'ﬁﬁbn for and production of hydrocarbons, e.g, natural gas and oil. The advantages and

10 desirability of accurate characterization of subterranean features are self-evident.

Raw seismic data is typically obtained through the use of a seismic source and receiver.
This acquisition may take place on land or in a marine setting. As is known by those of ordinary
skill in the art, so-called “processed” seismic data is derived from the raw seismic data by
applying such conventional processing techniques as static correction, amplitude recovery, band-

15 limiting or frequency filtering, stacking, and migration. The processed seismic data may be of
either the so-called reflection coefficient data type or the integrated trace data type.

Once the processed seismic data has been derived, this data must be correlated with such
physical characteristics as reservoir continuity, reservior thickness, pore fill fluid type (oil, gas,
water, efc...), lithologic variation, and pay thickness, to name but a few. This correlation is most

‘20 commonly accomplished using seismic data (two or three dimensional) in conjunction with
electric well logs. Other ways of making this correlation include, e.g., analysis of surface out-
crops and statistical modelling exercises. _

Three-dimensional seismic data are a 3-D grid of data which are commonly regularly
sampled on x-y-z coordinate axes. The subsurface seismic response data may be obtained in any

25 desired conventional manner, e.g., by conducting a seismic survey or by acquiring data generated
in a previous seismic survey (e.g., by purchasing the data from a seismic vendor). Three-
dimensional data can also be obtained by “regularizing” an irregularly-sampled data set, e.g., a

two-dimensional seismic survey.
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electric weld logs. Gther ways of making this correlation include, e.g.,
anal ysis of surface out- crops and statistical nodelling exercises.

Three-di nensional seismc data are a 3-D grid of data which are comonly
regul arly sanpled on x-y-z coordinate axes. The subsurface seism c response
data may be obtained in any 25 desired conventional manner, e.%., by -
conduct i ng av@et4smiic survey or by acquiring data generat edPCHUBYIE¥i ous
seismc survey (e.g., by purchasing the data froma seisnmic vendor). Three-
di mensi onal data can al so be obtained by "regul ari zing" an

irregul arly-sanpl ed data set, e.g., a two-dinensional seismc survey. WO
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- SUWARY OF THE | NVENTI ON The present invention relates to an inproved

met hod. of pr esent at i on and iSUMMARYAOOF THEINVENTEON nensi onal seisnmic
data. In particular, the present invention relates to a, nethqd and

app?r atus for _m@memynv@ﬁ%rmwmi@mv@rmah@hﬁ resgntation and nigeetfipn of
surface i 't i §.1.C LS I aristi | ue.
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i's provi ch@,gaxfaﬁls Ih mpéldenﬁﬁixfghodlmmtﬁersubtengmam regiong boundedribpicp $urfass Lin fwhiel’ a
processing of the data. This ,results in a graphical representation of

t hr ee- di rAPAfie prasmis ghargcieritis hasgepnstapforiigar | eg are P

In one embodiment, three-dimensional seismic data for a subterrancan volume is
provided as input to a computer program for performing “isosurface” processing of the data. This
results in a graphical representation of three-dimensional sub-volumes whose boundaries are
defined by surfaces in which a specific seismic characteristic has a constant value.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a vertical cross-sectional view of of a seismic line in the vicinity of a well site.

Figure 2 shows a simplified rock layer model of a sand encased in top and bottom shale, a
reflection coefficient data trace corresponding to the rock layer model, and an integrated, band-
limited seismic trace corresponding to the rock layer model.

15 Figure 3 shows a graphical representation of the result of isosurface processing of three-
dimensional reflection coefficient seismic data in accordance with one embodiment of the
invention. | |

Figure 4 shows a graphical representation of the result of isosurface processing of three-
dimensional integrated seismic data in accordance with one embodiment of the invention.

20 Figure 5 shows another graphical representation of the result of isosurface processing of
three-dimensional integrated seismic data in accordance with one embodiment of the invention.

Figure 6 is a simplified block diagram of a computer processing system in accordance
with one embodiment of the invention.

DETAILED DESCRIPTION OF A

25 SPECIFIC EMBODIMENT OF THE INVENTION

An illustrative embodiment of the invention is described below. In the interest of clarity,
not all features of an actual implémentation are described in this specification. It will of course
be appreciated that in the development of any such actual implementation (as in any computer-

system development project), numerous engineering and programming decisions must be made
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defined by surfaces in which a specific seismc characteristic has a
gonstant value. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a vertical cross-sectional view of of a seismc linein the

Vi C|dnity ofda well site. Figure 2 shows a sinplified rock |ayer nodel of a
sand encased in top and bottom shale, a reflection coeffici uﬁf‘ﬁ@z race-
correspondi ngvP8"4#4¥ rock | ayer nodel, and an integrated, bg’%- |m4?ed
seismc trace corresponding to the rock | ayer nodel. 15 Figure 3
shows a graphical representation of the rgesult of isosurface processing of
three- dinensional reflection coefficient seismc data in accordance with
one enbodi nent of the invention. Figure 4 shows a graphical representation
of the result of isosurface processing of three- dinensional integrated
sei sni ¢ datoaachieve dbe devalepsrshisperifisn goalnrisod stbgaalsofe.§-n eompliapes mith. sysigm- and
Figure 5 shows an er _agraphical .r S Lon. I VidsdVef ace
processi ngp‘ﬁfneﬁ’ﬁe Bcﬁol ﬁ%ﬁhn\gﬁg&éﬁf&’?&s éﬁgﬁ@eﬁgﬁ%ﬁoﬁﬁua%g@%dance ve\f't h
one embodi mRmtioR fwill HRcésBMBY HeOpaid b Gréper Grogaramiignplattides dob thecénvitbmmer rin of
a conputer processing systemin accordance with one enbodi ment of the,

i nvent i on. queEton. IEmilDbs@RPrGipte gt snclpg development effort might bespmplex and time-
EMBODI MENT OF THE | | Sabap ERvE i S
descri bed FEFEMEE élu%% lgr?yg@%&sg %#Jﬁ%:(flgl&llé }t{@d not QQWFC£§C$%§mS? an g%[blfal
i npl ement abidaanpdkll Kevagy thbbehefinofithis diselomaef i cation. It will of course be

appreci ated that in_the devel oprent, of any..such actual | enentatio as
in any conput erflggﬁét'%%"?f@?gﬁ’ﬁ’ﬁwmﬁﬁ &cﬁéllyﬁmﬂmm?‘é‘@ HERYS %vegﬁygﬁmg
progranm ng, (46GES indAS vighily J7ehe BEDS a well 10. The seismic acquisition equipment depicted in

Figure 1 includes 2 seismic (sound) source 12, and a seismic receiver (geophone) 14.

10 Reference numeral 16 in Figure 1 identifies the ray path or travel path of a seismic pulse
as it travels from source 12 to a subterranean objective 18. Reference number 20 identifies ghe
ray path of the pulse after it is reflected off of objective 18 and travels to receiver 14. Reference
numeral 22 in Figure 1 identifies a resulting integrated seismic trace obtained as a result of the
seismic shot so conducted. As would be appreciated by those of ordinary skill in the art, seismic

15 trace 22 is an amplitude versus time representation of acoustic reflections from strata in the earth
showing seismic correlation to lithology.

Reference numeral 24 in Figure 1 identifies an electric well log such as is obtained by
wireline logging companies and would be familiar to those of ordimary skill in the art.
Correlation of the seismic trace 22 with well log 24 shows that the seismic pulse has been

20 reflected off objective rock layer 18 and recorded at the surface by the seismic receiver 14. Those
of ordinary skill in the art will recognize that the excursion 26 in the electric well log and the
corresponding excursion 28 in the seismic trace are representative of and correlate with the
objective rock layer 18.

Obtaining three-dimensional seismic data commonly involves arranging multiple seismic

25 energy sources and receivers to form a grid or array. Each of the sources is activated to create a
seismic pulse that penetrates into the layered strata of the earth. The wave contacts a sub-surface
acoustic impedance boundary or layer and is reflected back to the surface, as described above

with reference to Figure 1.
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WO 97/ 44751 ,

PCT/ US97/ 08244 -3 - to achieve the devel opers' specific goals and subgoal s
(e.g., conpliance with system and business-rel ated constraints), which
will vary fromone inplenentation to another. Mreover, attention wll
necessarily be paid to proper programm ng practices for the environnment in
question. |WePT447He appreci ated that such a devel opnent ePFHVEYBHAt be
conplex and tine- 5 consum ng, but would neverthel ess be a routine
undertaki ng of system devel opnent for those of ordinary skill having the

benefit of this disclosure. Figure 1 iS7a vertical cross-sectional view
illustrating a conventional seismc survey being conducted in the vicinity
of the site of a well 10. The seism c acquisition equipnment depicted in
Figure 1 incl Frjgage 2 shevsasinplified fetk Iayed nodellR) ofsadd 32 eacased in wpand battom

(geophone) 14. 10 Reference _nunmeral 16 in Figure 1 identifjes the
ray pat h shele3A-and) 36 sesmeciively. & éﬁ“ﬁr?c,alllﬁ&ﬂhg@'sé%e T°?13‘Etf°g\/§'s§“? SRS A8ce t&? to
a subterrsﬂ.ﬂﬁ Lt 20 a4 o h of
the pul se a erd I't fgh%‘;& I ec?cggﬁ g?@%‘?‘oug | e@%ﬁ%@%%@%ﬁygﬁtyg gu?sg?gi ver
14. Ref eroadinsryrskilieinahe 22 will rédognize tht thieisttietdues a hardetotsoftiintgrfacetddgwilit haste

woul d be EBENEGOLIBLI) SeABLEORH PB4y ki || in the art, selsmc 15
a0 2213 RN FHER B0 48 et BRI et upont Lot 0
simplified rock layer model 30 and seismic response 38. Notice the correlation between the loop
and the rock layer itself as compared with the reflection coefficient correlation with the rock
layer interfaces. This makes the integrated trace data much easier to interpret accurately.

10 In accordance with one embodiment of the invention, so-called isosurface techniques are
applied to seismic trace data to generate a graphic image comprising a series of closed polygonal
bodies representing contiguous subvolumes or regions, for example, sand reservoirs, in the
subsurface volume. That is, subsurface regions of subsurface regions bounded by a constant-
seismic-attribute value, are depicted in a three-dimensional representation. In a preferred

15 embodiment, isosurface techniques are applied to integrated seismic data, although it is
contemplated that reflection coefficient data as well as synthetic and well log data may also be
used. o

In a geological region where physical characteristics (e.g., the presence of oil or gas) are
well-correlated with seismic attributes, (e.g., seismic amplitude data), the identification of a

20 subvolume bounded by a constant-seismic-attribute-value surface may provide a very useful
predictor of the volumetric extent of the attribute and hence of the characteristic. For example,
the extent of a reservoir compartment of gas-bearing sand can be effectively determined using
techniques in accordance with the present invention.

As noted above, the identification of constant-seismic-attribute-value surfaces can be

25 conventionally made using any one of a number of known industry-standard algorithms,
sometimes known as “isosurface” algorithms, such as the well-known General Electric
“marching cubes” algorithm (see, e.g., Montani, et al., “Using Marching Cubes on Small
Machines” CVGIP: Graphical Models and Image Processing, v. 56, n. 2, p. 182, March, 1994).
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Ref erence nuneral 24 in Figure 1 identifies an electric well log such as is
obt ai ned by wireline | ogging conpanies and would be famliar to those of
ordinary skill in the art. Correlation of the seismc trace 22 with well

|l og 24 shows that the seism c pul se has been 20 reflected off objective
rock layer 18 and recorded at the surface by the seismc reggj Those
of ordinary NOPVH4ISY the art will recognizeythat t he excurs?ghﬁgém%%4the
electric well log and the correspondi ng excursion 28 in the seismc trace
are representative of and correlate wthgthe objective rock layer 18.
Obt ai ni ng three-di nensional seismc data’commonly invol ves arrangi ng
multiple seismc 25 energy sources and receivers to forma grid or array.
Each of the sources is activated to create a seismc pulse that penetrates
into the | ayer dfithetprenessed fseismis data tohwhith dheisosurfgemalgenithmais gpplied is phithe so-

acoustic i mpedance. boundary or |ayer .and. | fleat . e,
as descri ﬁgﬁe‘gﬁﬂe‘gmﬁf?ﬁ%?l %%ﬁé@yfesulgpgﬁ?%&s &lﬁ\ﬁﬁqﬁﬁ %it?ﬁte}t{l&s %Weé\?
PCT/ US97/ Q8 fayerd; this sUsidwh mhPighireas. Sinnpirtidul IFigark3 IsBovey thienigalt &Ualgﬂyiﬁ@nd
32 encased in top and bottomshale 34 and 36, respectively. Figure 2 also
shows t he isastufecett¢chnigues worreflection gepfliciegeismia data, in pgepTdancedvithoens| embphimeng
reflectio t i Lhe. h

or di narfl gﬁﬁ% ﬁ;ﬁ}gn éh‘gﬁi gﬁsf&%cgg}égﬁl?ezge@;fﬁogﬁﬂ%istéséhlﬁ;sqﬁg;egﬂ :l}éae/ t(’aimq‘éﬁ;ﬁc%n
har d- t 0- s abéfficieche ditacdeld 4 pidphichlasepresentation showing, in the example of Figure 3, two

interfaces 62 and 64 between subterranean regions. As noted above, interfaces 62 and 64 reflect

sufaces in which a specific seismic value (reservoir continuity, reservoir thickness, fill fluid type,
etc...) has a constant value.

10 On the other hand, if so-called integrated trace processed seismic data is used, the
resultant isosurfaces obtained in accordance with the presently disclosed embodiment of the
invention will correspond to the rock layers themselves; this is shown in Figure 4. In particular,
Figure 4 shows that isosurface techniques are applied to integrated seismic data from a seismic
volume 60’ yields a graphical representation of a three-dimensional subterranean region bounded

15 by a surface (isosurface) in which a specified seismic attribute has a constant value.

Whether reflection coefficient data or integrated data is used, the seismic attribute
information to which the isosurface algorithm is applied may be amplitude data or wavelet shape
data (e.g., thickness, kurtosis, area under the curve, skewness), any of which can be
conventionally derived from processed seismic data using standard industry techniques.

20 Figure 5 shows the graphical output from a system in accordance with one embodiment
of the invention applied to actual seismic data. As shown in Figure 5, isosuface techniques have
been applied to integrated seismic data from a subterranean volume 70. The resultant image
shows a plurality of subterranean regions 72, 74, etc..., bounded by surfaces on which a specific
seismic attribute has a constant value.

25 Turning now to Figure 6, there is shown a greatly simplified block diagram
representation of a computer system 80 in accordance with one embodiment of the invention.
Computer system 80 comprises a data store 82 coupled to a processor 84, and further preferably

includes a user terminal 86 and a graphical output device 88, e.g., a printer, plotter, or the like.
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5 opposite polarity froma soft-to-hard interface 46. Finally, Figure 2
shows an integrated, band-limted seismc trace 48 corresponding to the
sinplified rock | ayer nodel 30 and seismc response 38. Notice the
correlation between the | oop and the rock layer itself as conpared with the
reflection coefficient correlation with the rock layer interfaces. This _
makes the i rwegrerssd trace data nuch easier to interpret a®ChSMM8H4 10

I n accordance with one enbodi nrent of the invention, so-called isosurface
techniques are applied to seisnmc trace data to generate a graphic i mage
conprising a series of closed pol ygonal-%odi es representing contiguous
subvol unes or regions, for exanple, sand reservoirs, in the subsurface
vol une. That is, subsurface regions of subsurface regions bounded by a

constant- sei Slﬁ;tf sfokd 81 BithBoMdtdi@s tHR 8ok 8PbAd 69mbfe Merhéty GRvidENRNS) rBfdm-

representation. In a preferred 15 enbodinent, isosurface techniques are
appl i ed t accesstneegosy)dd combination with, 2,2..@ine bomgte mass istorage deviegs suchds hardidisks,

reflection coeffjcient data as Il ,as synthetic and wel| lo ta may al so
be. used. TR gl Jarensht o e, an nstaeey (it HbSeoticothers, fh TR Bl

presence gfhcl@del efibodififent 6¥ftRe IRbitioh Oddi£4t8e B2 i¥iuidd t6 SlofdTiefsniié Hiith 90} BSwell(B- J. ,
seismc anplitude data), the identification of a 20 subvol une bounded by a

const art - sreiseswrfacesapplications suchiag enssefitheenes meptipnedwbene. a very usef ul

predi ctor of tRe,volu L: t Ay .

characteristi can &Srpmecg%%%lg? E‘f’ ﬁgrg@(t?rfesxyé%f@g%l s%ﬁs\%&?’mﬂégﬁggﬁnﬁﬁﬁ Qg?PU
gas- bear i 94) afididibplag rpréeessitd hativarel 36 chaiplednioneer tesmingl 86 @hdito]gesphical output
accordance with the present invention. As noted above, the identification
of const afvie€B8sni c-attribute-val ue surfaces can be 25 conventional |y made

using any one Qf oRardlidH R cotiputel QY¥tenh BOUR de¥ordhmeB Ak ! SHHCIPIENSE the present
10 invention, CPU 94 functions under control of the programming of isosurfaces application 92 to
process seismic data 90. The resultant output of this processing may then be displayed on a
graphical display terminal 86 or graphical output unit 88.
It will be apparent to those of ordinary skill having the benefit of this disclosure that any
of the foregoing variations may be implemented by programming a suitable general-purpose
15 computer having appropriate hardware. The programming may be accomplished through the use
of a program storage device readable by the computer and encoding a program of instructions
executable by the .computer for performing the operations described above. The program storage
device may take the form of, e.g., one or more floppy disks; a CD ROM or other optical disk; a
magnetic tape; a read-only memory chip (ROM); and other forms of the kind well-known in the
20 art or subsequently developed. The program of instructions may be “object code,” i.e., in binary
form that is executable more-or-less directly by the computer; in “source code” that requires
compilation or interpretation before execution; or in some intermediate form such as partially
compiled code. The precise forms of the program storage device and of the encoding of
instructions is immaterial here.
25 * ¥ X
It will be appreciated by those of ordinary skill having the benefit of this disclosure that
the illustrative embodiments described above are capable of numerous variations without
departing from the scope and spirit of the invention. Accordingly, the exclusive rights sought to

be patented are as described in the claims below.
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sorretl mes known as "isosurface" algorithnms, such as the well-known General

Bl ectric "marching cubes~—algorithm(see e g., Mntani, et al., "Using
Mar chi ng Cubes on Srrall Machi nes” CVAd P: Graphl cal Mddel s and | nage

Processing, V. n. H ﬂlj M,L 94) . ' WD 97/ 44751
PCT/ US97/ 08244 - 5 If the c data to which the_isosurface -
algorithmis ‘3(8@74“ 1is of the so- called reflection coeffi c"Cé’HES"f%ﬁ' t he

resultant isosurfaces will correspond to interfaces between rock | ayers;
this is shown in Figure 3. In particular,, Figure 3 shows the result of

appl ying i sosurface techniques to reflection coefficient seismc data, in
accordance wth one enbodinent s of the invention, froma subsurface vol une
60. |sosurface techniques applied to the reflection coefficient data yield
a graphi caCLABMSesent ati on showing, in the exanple of Figure 3, two
interfaces 62 and 64 between subterranean regions. As noted above,

interfaces 62 and 64 hritod®F scardhps tn 4 BubslirfaB régi6) Fer dtileastSdtieSsbvolid that is
(reservoir continuity, reservoir thickness, fill fluid type, etc...) has a
const ant v'élF"JDém PPésessaSP“‘ figsh physical phareptergticacommmising: cal | ed i nt egr at ed tr ace

e e L R Rk

accordance with the pres I ment o el nven on vm |1
correspond to the rock | am}l!sna’adehezme:lre'&psnsetmﬁonnatmndh:onharegfbnﬁ gure 4. In
particular, (b)  deriving, from the processed seismic data, respective values of a specified
seismic attribute of the data for a plurality of points in the subsurface
region, the seismic attribute being correlated to the specified physical
10 characteristic;
(c) identifying at least one subvolume of the region that is bounded by a
surface on which the seismic attribute has a constant value.
2. A method in accordance with claim 1, wherein said specified physical
characteristic is reservoir continuity.
15 3. A method in accordance with claim 1, wherein said specified physical
characteristic is reservoir thickness. '
4, A method in accordance with claim 1, wherein said specified physical
characteristic is pore fill fluid type.

5. A method in accordance with claim 1, wherein said specified physical

20 characteristic is lithologic variation.

6. A method in accordance with claim 1, wherein said processed seismic data is
integrated trace data.
7. A method in accordance with claim 1, wherein said processed seismic data is

reflection coefficient data.

25 8. A method in accordance with claim 1, wherein said specified seismic attribute is
amplitude.
9. A method in accordance with claim 1, wherein said specified seismic attribute is
wavelet shape.

10. A method in accordance with claim 9, further comprising the operation (d) of

30 repeating operations (a) through (c) using a different specified seismic attribute of the data.
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Figure 4 shows that isosurface techniques are applied to integrated seismc
data froma seismc vol UWW cal representation of a
t hr ee- di nensi onal subterr 'Iml on bounded 15 by a surface (isosurface)

in which a specified sei Hﬂrlm a constant val ue. \Wet her
refl ection coefficient data ar data is used, the seisnic

attribute i \WQY¥WTSlon to which the i sosd‘rface al gorit hm i sPEHBP708244ay be
anplitude data or wavel et shape data (e.g., thickness, kurtosis, area under
t he curve, skewness), any of which can pe conventionally deri ved from
processed seism c data using standard Thdustry techni ques. 20 Fi gure
5 shows the graphical output froma systemin accordance wth one

enbodi ment of the invention applied to actual seismc data. As shown in

][:i gure 5, bi sobUf aCertmtlithﬂd qﬂelmnhavﬁmhaecbl mﬂ@in'g@énérﬁnﬂﬁrﬁ pgs;&t:ﬁwé \'alahs»ﬁidfef dat a
rom a subteryanean vol u 0. .The_ resuyltant inmage shows a plurality o
subterraﬁg&?th%é‘Fﬂﬁ@ﬂF?PatﬁY“é?@“ the g deastrng spiv “g‘lﬂ‘? aces on which a

speci fic sei s c afﬁerrhaus@ommm%@ f.e%‘j‘“ﬁ‘f‘ A i smctp] 19 now Lo

Figure 6, there is shown a greatly sinpli | agram representati on
of a corrputer&yst’ﬁm meéthod dammmdb,nﬁﬂhm tdmmrisimgedrilhing aewell afto tthe identvfiedt | on.
Comput er stem 80 conprises a data store 82 coupled to a processor 84, and
further fﬁ% bly includes a user term nal 86 and a graphical output

device 88, e.m, %pﬁb!hb@rof RhdRbdship sQmichBathi #bluding WkeHmerbiond! seismic
PCT/ US97/ 08244 - 6-
response mformatlon for a subsurface region having at least one sub-volume likely to possess a
specified physical characteristic, comprising:
(a)  deriving, from the seismic data, respective values of a specified seismic
10 attribute of the data for a plurality of points in the subsurface region, the
seismic attribute being correlated to the specified physical characteristic;
(b)  identifying at least one subvolume of the region that is bounded by a
surface on which the seismic attribute has a constant value.
15. A method in accordance with claim 14, wherein said specified physical
15 characteristic is reservoir continuity.
16. A method in accordance with claim 14, wherein said specified physical
characteristic is reservoir thickness. |
17 A method in accordance with claim 14, wherein said specified physical
characteristic is pore fill fluid type.
20 18. A method in accordance with claim 14, wherein said specified physical
characteristic is lithologic variation.
19. A method in accordance with claim 14, wherein said processed seismic data is
integrated trace data.
20. A method in accordance with claim 14, wherein said processed seismic data is
25 reflection coefficient data. |
| 21. A method in accordance with claim 14, wherein said specified seismic attribute is
amplitude.
22. A method in accordance with claim 14, wherein said specified seismic attribute is

wavelet shape.
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Data store 82 commonly takes the formof one or nore nenory devices (e.g.,
random access nenory) in conbLnaLLgﬂ_!L%D;_%ﬁg., one or nore mass storage
devi ces, such as hard-disks, optical disks, ghetic tapes, and flash

menory devi ces, anong ot hersﬁmummmuﬂﬂmﬁmly di scl osed enbodi nent of 5t he
I nvention, d 82 i . i smc data 90, an
| sosurfaces Z‘B%Iﬁé:@%‘leon, such d&s dne"ofsthe ones mentioned 3%38%“’@% he
processor side 84, conputer system 80 conprises a central processing unit
or CPU 94 and display processing hardwarg 96 coupled to user termnal 86
and to graphical output device 88. In operation of conputer systegLBO I n
accordance with the principles of the present 10 invention, CPU 9«
functions under control of the progranm ng of isosurfaces application 92 to
process sei sni @3dat A wethod tie agcorgheeawith slap (22, Sirthen comprisingethe ioperation (o) loén

be displa i hsplay terginal 86.or graphica t uni t
5. 11w 1 ossats SpeH RN Brofth T8 e SiER seioe oo a0 i ins il o
this discl osur @4t haThemgethol of blaint 04, Fa@her gompriding genemtiARn Bevitishil Sfewnéfate by
progranmm n 'gﬂéﬂgib abl e general - purpose 15 conput er having appropriate

=3

| @)=y

har dwar e. mﬁhﬁap%vo‘ﬁ?éwae%ﬁﬁtk%emqbwugﬁ- the use of a program
storagesdevi ce 2B?adfmé&e@%dbﬂaaﬁpiwt.&éin@&del&)&ﬁ Oﬂﬂs?% St dp.
i nstructions executable by the conputer for performng the opérations
descri bed abov@é. Th#hemegidnofstlaimabd; fusthércwmpeiging akilliighe wellr iMoothe i@ergified One
or nore floppy disks; a CD ROMor other optical disk; a magnetic tape; a
read-only § ‘%qwe'chi p (ROM; and other forms of the kind well-known in the
20 art or subsequenianyapparmeisOfde procEidnd sAShRAMRS cbﬁgﬁéiﬂgtrhsg@&iwal&éﬁ of a
"object code,” i.e., in binary formthat is executable fore-or-less
directly Hpecified scismiciaiesibute for'aplurality of reints inhmsubserfase region, the seismic attribute

10 being correlated to the specified physical characteristic, said apparatus comprising

a data storage device for storing said seismic data; and .
a processor, coupled to said data storage device, for processing said seismic data
in accordance with an isosurface application to identify at least one
subvolume of the region that is bounded by a surface on which the seismic
15 attribute has a constant value.
28.  An apparatus in accordance with claim 27, wherein said specified physical
characteristic is reservoir continuity. '
29.  An apparatus in accordance with claim 27, wherein said specified physical
~ characteristic is reservoir thickness.
20 30.  An apparatus in accordance with claim 27, wherein said specified physical
characteristic is pore fill fluid type.
31.  An apparatus in accordance with claim 27, wherein said specified physical
characteristic is lithologic variation.
32.  Anapparatus in accordance with claim 27, wherein said processed seismic data is
25 integrated trace data.
33.  An apparatus in accordance with claim 27, wherein said processed seismic data is
reflection coefficient data.

34.  An apparatus in accordance with claim 27, wherein said specified seismic

attribute is amplitude.
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conpilation or interpretation before execution; or in sone internedi ate
form such as partially COWWQQ se forns of the program
storage device and of the Mg of Instructions is immterial here. 25
It will be appreciated by th ' kill having the benefit of
this disclosure that the illgmmomﬂmmnents descri bed above are  _
capabl e of WOBHHIR variatio ute départing fromthe BEGHEITARM4spIirit
of the invention. Accordingly, the exclusive rights sought to be patented
are as described in the clainms bel ow. WO 97/ 44751

PCT/ US97/ 08244 -7 - CLAIMS: 1. A met Hbd of searching, in a subsurface
region, for at |east one subvolune that is likely to possess a specified
physi cal characteristic, conprising: 5 (a) obt ai ni ng

processed sei 35] C QAat apgafetis i Gbéti@mcd fwiﬁecmm!mmsgahﬁu%&m Seinfien C
response information for the region; (b) deriving, fromthe processed
sei smi c daribute iewanelet Rapey al ues of a specified seismic attribute of the

et o 2,21 L BB ol PR A Bl 3830 of
repeating steps (a) through (c) using a different specified seismic attribute of the data.
5 37.  An apparatus in accordance with claim 27, further comprising generating an
elevational view of the region that depicts the spatial location of the at least one subvolume.
38.  An apparatus in accordance with claim 37 wherein the elevational view is a
structure map.
39.  An apparatus in accordance with claim 27, further comprising drilling a well into
10 the identified subvolume.
40. A programmed storage device readable by a computer system, encoding a
program of instructions executable by the computer system for performing operations recited in a
specified one of claims 1-12 and 14-25.
41. A computer system that includes (1) a data store containing seismic data; (2) a
15 programmable processor; and (3) a program storage device readable by the processor and
encoding a program of instructions for performing operations including the operations recited in

a specified one of claims 1-12 and 14-25.
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10 .o characteristic; (c) identifying at |east one
subvol une of the region that is bounded by a surface on which the seismc

attribute has a constant val ue. 2. A.:method in accordance with claim
1, wherein said specified physical characteristic is reservoir continuity.
15 3. A method in accordance with claim 1, mherel f‘%g -
speci fied phy¥P@3M4%haracteristic is reservoir t hi ckness. nmi(m t hod

in accordance with claim 1, wherein sdi/8 specified phy5|cal
characteristic is pore fill fluid type. 5. A method in accordance with
claim 1, wherein said specified physical 20 characteristic is lithologic
variation. 6. A nethod in accorflance with claim 1, wherein said

processed seismic data is integratfgd trace data. 7. A nmethod in
accordance with claim 1, whereinjgai djgrocessed seisnmc data is reflection
coefficient data. 25 8. B\ net hod i n accordance Mﬁ&h claim1,
wherein said gpecified seismc atfg bute is anplitude. 9 A nethod in

accordance w t9~claim 1, wherei

h—s=d specified seismgZattribute is
wavel et shape,__dQm A nethod in gﬁpordance Wi t he \

further

FIG. 1
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WO 97/ 44751 ,
PCT/ US97/ 08244 - 8- 11. The nmethod of claim1l, further conprising
generating a perspective view of the region that depicts the spati al
| ocation of the at |east one subvolume. 12. The met hod of claim 11
wherein the elevational viewis a structure map. 13. The cl ai m
1, further coW@P?4#"8y drilling a well into the identified SHE%ﬂ@gwﬁkg
A method of processing seismc data |n64§d|ng t hr ee- di nensi onal selsnlc
response information for a subsurface region having at |east one sub-vol une
likely to possess a specified physicaB8characteristic, cd8prising: (a)
deri vi ng, fronlt%e seism c data, respective values of a g&ecified seismc

I

10 0 attribute of #he data for a plur@lity of points in
t he subsurface égbion, the seismc atjribute being correlated to the
speci fi ed physi cal characteristic; (b identifying at |fast one subvol une
of the regionj-that -i's bounded by a sufface on which the seismc attribute
has a constanf ‘valle. A nethod}in accordance withj/claim 14, wherein

ntinuity. 16. A
i ed physical

said specifie 3§g5|cal 15 characteri gtic i 0reservoir
met hod i n accgr ¢6\M£ch|aln1 14, wherzi% sai d specg

60

62

64

FG. 3
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characterd stic is reservoir thickness. 17. A method in accordance with
claim 14, wherein said specified physical characteristic is pore fill
fluid type. 20 18. A method in accordance with claim 14,
wherein said specified physical characteristic is lithologic variation. 19.
A nmethod in accordance with claim 14, wherein said pr ocessedlzﬁsr' 1 ¢ data-
is integratedMO%W8™4ata. 20. A method in accordance with Z‘?% ,
wherein said processed seisnic data is 23/5refl ection coefficient data. 21.
A nmethod in accordance with claim 14, wherein said specified seismc
attribute is anplitude. A nmethod in accordance with claim 14, wherein
said specified seism is wavel et shape. WO 97/ 44751

PCT/ US97/ 08244 - 9- : A et hod accordance with claim 22, further
conprising the opgfationij(c) of repeati operations (a) through (b) using
a different spegffied seijsmc attribute of Jhe net hod of
claim14, furt conpri s \Q/of t he

66

FIG. 4
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region that depicts the spatial |ocation of the at |east one subvolune. 25.
The nmethod of claim24 wherein the elevational viewis a structure map. 26.
The met hod of claim 14, further conprising drilling a well into the
identified subvol une. 27. An apparatus for processing seisnmc data
conprising respective values of a specified seismc attribut h@ﬁ
plurality of WO%M#45In a subsurface region,_ the seisnic attﬁ%g K%&ubelng
correlated to the specified physical char gterlstlc sai d appar at us
conprising a data storage device for storing said selsnic data; and a
processor, coupled to said data storage device, for processing said seismc
data in accordance with an isosurface application to identify at |east one
subvol unme of the region that is bounded by a surface on which the seismc

15 - attribute has a constant val ue. 28. An appar at us
in accordance with claim 27, wherein said specified physical
characteristic is reservoir continuity. 29. An apparatus i n accordance
with claim 27, wherein said specified physical characteristic is reservoir
t hi ckness. 20 30. An apparatus in accordance with claim 27,

wherein said specified physical charagf§eristic is pore fill fluid type. 31.
An apparatus in accordance with claim 27, wherein said specified physical

characteristic is lithologic variation. 32. An apparatus in accordance
with claim?27, wherein said processed seismc data is
82 84
\
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25 integrated trace data. 33. An apparatus in accordance with claim 27,
wherein said processed seismc data is reflection coefficient data. 34.

An apparatus in accordance with claim 27, wherein said specified seismc
attribute is anplitude. WO 97/ 44751

PCT/ US97/ 08244 -10- 35. An apparatus in accordance wth cl gj. nerein
sai d specifie&“&%*%ﬁ?c attribute is wavel et shape. 36. An g%g@%%(ﬁga'n
accordance with claim 35, further conprising the step (d) of repeating
steps (a) through (c) using a different specified seismc attribute of the
data. 5 37. An appar at us inﬁacqoﬁﬂgnce with claim?27, further
conpri sing ge - S AR S
spatial | ocat
accordance w
39. An appa
awll into 1l
readabl e by a

TN

\\\\\



-

program.of imstructions executable by the conputer system for perforni ndPeS opy

R05331-8

operations recited in a specified one of clains 1-12 and 14-25. 41. . A

conmput er systemt hat
a 15 programmuabl e processor;

t he processor and _encodi ng a program of

dPRIT he oper XPRBHEELECIPALLROPERTY QRGANZATON ed one

operations inclu

includes (1) a data store containing seismc data; (2)
and (3) a program storage device rgaabl e by
I nstructions for perfom -
B¢l ai ns
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(57) Abstract

The invention relates to a method
of presentation and interpretation of three-
dimensional seismic data (90). In particu-
lar, the invention relates to a method and
apparatus for identifying volumetric sub-
terranean regions bounded by a surface in
.which a specific seismic characteristic has a
constant value. In one embodiment, three-
dimensional seismic data (90) for a subter-
ranean volume (60) is provided as inputto a
computer program (94) for performing “iso-
surface” processing of the data (90). This
results in a graphical representation (Figure
5) of three-dimensional sub-volumes (60,
70) whose boundaries are defined by sur-
faces (62, 64) in which a specific seismic
characteristic has constant value.
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