METHOD FOR CREATI NG A STRATI GRAPHI C MODEL  USI NG
PSUEDOCORES CREATED FROM FOREHOLE | MAGES: TECHNI CAL
FI ELD The present invention relates generally to
stratigraphi e nodeling of subterranean reservoirs,
and nore particular, to a nethod for establishing
fine-scale stratioraphic correlation and reservoir
continuity' using a conbination of cores and borehole
| mges G&QE‘W{@@ O OREATER awch STRATHIRARSIIC MODEL USING:
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reservoir, detaljed stratigraphic nodels and
intormationare taptired t%{ﬂ%@%ﬁ% -t he charaCter of
the reservoir reservoi ¥ bores. Regul ar
Mreline |ogs fromthe "wei | bot es-do not provide
sufficient detail.Conventiona V|die the
SRR PSR R T e SR R
Very aXRenss: Wfréin R B O Sy VM. &mgﬁiﬂl’s&‘hg ﬁmaﬁ:hﬁe efratigriphic:
i nterpretation' frombore ole i i
he ewrreleiimi sat BEcy YT GRBIHIK IHF”“" # C‘)é‘ﬂia'ig%n "‘ecf”fﬁé PRideroledwases
notﬁbp&gggmﬁl%ggylﬁg%og@ i brated to core& Thereita peed
or a. nethod for creating a nore detial ed
i&tratigr aphi c nodel which relies upon bor ehol e i mages
and core i nfor matygfgbbaimed fupmymelionor es whi ch
are .located heat oneanother in a field SUMARY OF
THE | NVENTI ON In a first aspect of the present
' nvl%@ﬁ}!a Qﬂar A hﬁnﬂff@‘fé&%&f aoBR bhoskat@nbod Ratring deiled
|d3r p’h di

st rat I'C no r|S|ngthe stcp QE
stratigeaphic models and- mfermat.m are required 1o predict.the asacterof the

C18 reserveit Betden wWellhoigs. Regular wir lm_s logs from the wellbores:do hot provide
sufficient dotail, Conventional cores proyide fhe necessaty deti], but are Himited in,
axtent and aeveryexpensivel Previous work or stratigraplsic interpretation from,
borehiols imageshag ben-regiziciod th ofie=weli-ot-a-timeefTorts-and Hastiot been

carefilly calibrated o cores:

Thewisaneed fora m&ﬂibd f(ir'creatiﬂ; amors detailéd str a{iﬁfaﬁiiic. mided 'whirih
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a) obtaining a core film. a wellbore, the well bore
having an interval of stratigraphic interest
including a cored interval fromwhich the core was
obt ai ned; b) examining the core and creating a
graphic core description fromthe core; obtaining

w reline data, including a borehole inmage, over an
intenial of stratigraphic interest which contains the
cored interval; d)process the wireline data into an
i nterpretable borehok i mage; e)conparing the
detai |l ed graphic core description with a portion of
the. borehol e i nage corresponding to the cored

i ntepv to create a catalogue of geologic ] e .
faci BTG Rl TRE Borene) G e g iheitireyes
of genltiggpldc inndedeorfacingshets@pereat e a prelim nary
pseudocore for the interval of stiatiaraphic
‘interest; exam ning the interpretable borehole imge
and t he agr el bihinig y dips Gutoocelbot gicra b VIS Bferval of

d ' e i_op. .h)..obt.ai.ning seco ,
AT E VLR DAY W TN

second i nt er wad'chedinedlf r at i gr aphi e i nterest, the second
wireline data including a second borehole inage; i)
processing the second wireline data into a second

i nter pr &) abl exabiright et sEGeatihy & GOk sdros BEA T
borehol e i mage to the catal ogue of geol ogic i mage
facies to cr@&fe a second ptelim narypseudoeore for
the second interval of stratignphie interest; k)

ekat ni nhj g t he .second. baterpretabile.boreliele inmge. =
and thedkacs gﬂé?ﬂé%_rﬁ‘gﬁ'ﬁ- @%ég%‘a%‘f%b@f%e‘?é*aw ayer an interval of

se, condrast efipsgudtciaerst viich colkROME ehds hgvdnet ween
‘thefirst and second master psuedocores of the

dy  processing the wireline data ito an interpretable borehole images
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wel | bores to create a stratigraphic nt3del. 1In a
second aspect of the present invention, there is
provi ded a nethod for creating a detail ed
stratigraphic interpretation of for an uncored

wel | bore conprising: a) obtaining a core froma

wel | bore, the well bore having an interval of
stratigraphic interest including a cored interval
fromwhich the core was obtained; b) exam ning the
core and creating a graphic core description fromthe
core; c) obt ai ni ng r SHat réd%&'n gémﬂ@a setion of the:
bor ehol € | rra@%mmé \r%ﬁa%‘!ag&f%g@ ‘iauoof st ?atl aphi c

i nt erest whi bhrshdaimdgnsondponsbedeithp pared iplgrva t(%Ifmf”
processing th e ek BRs:@an interpretable
borehol e | rrag:t%'g Jﬁg%%@ I'ng "t he det ai l ed graphic
core description with a portion of the borehol e i nage
corresp fgdl M 11a rﬁg%e%&%gls'l £§r{¥@k sét&oéﬁﬁg@é&kﬁm image
cat al ogue of ge I'C Hﬂ&\gm aci es; conpari ng

bor ehol e i m@@xﬂ&@ﬂwcmﬁ BEUPOHOGESPHYF Bt

facies to create anee ljigp nary pseudocore for the
interval of § "méfar%%%i Ic interest: exam ning the

i nterpretable borehole image and the prelimnary
pseudocore to.cr. RSGHEEDK Gnd e preliminary

i nter pr atl 8:;}&1111%@%%} al ni ng‘?%liae ‘'second %%r el ng dat a
fioma secongsauioore tb uwid HORSer OB EPSEEgH]
interval of stratigraphic interest, the second

wireline data including a second bor ehol e i mage.
By obtaining 4 second wireline data from 4 second wellbare govefing a.

second inferval of stratigraphit. interest, the second wireline data.

ncluding a secorid borehols image;

i processing the second wireling data jnto a second. inferprefable
borehole injage;

i ‘comparing the second borehole image to the catalogue of geologic
image favies fo create a second préliminary psendocors for the second.

“interval of stratigraphic interest;

k)  examining the second inferpretable borehole imagé and thieseeond

-prefiminary pseudoconsto:create o second master pseudocore; and

)  couelating bebween the first and second master psuedocores of the

wellbores o create.a stratigraghie model.
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processing the second wireline data into a second

i nterpretable borehole Inmage; j) conparing the

second borehole imge to the catal ogue of geol ogic
image facies to create a second prelimnary

pseudocore for the second interval of stratigraphic
interest; and k) exam ning the second interpretable

bor eRal &cd lLi.m nary pseudacore .
to cseat edngg_%g%tgﬁ ‘*f?%g?“zrﬁf‘q’%g%ﬁ’%c%lr%’ rcfvéc{rextaﬁg%?ﬂ BrEgns a
vel | $briled stimtigiaplie intespretationgt dprhin endonddovaitabrc oomprased i n
part fromthe core of the other well bore. Optionally,

a reservoir nodel may be built fromthe stratigraphic
model Enbdi mehtaaningra qorrelidnng enlllicon therolibote havimpdnhiogrval of
for establishiggitine- (o IC rrel.atjon
and reservoir s{gglngﬁpﬁﬁluﬁé%lﬁg%cﬁ%&% ac%%@%%ﬁv?lgﬁmo ﬂuglb &§om
and borehol e “ageaidata froma plurality of nearby

wel | bores, Enbodi nents of the invention provide a

met hod faor creating a detailed stratigraphic

i nterpr ettt i of*aFHNIAE (hecps hderpiting 8 grapkiorers dépgription from the
assi gni ng geokggi ¢ i mage facies derived froma

di fferent wel |l bore. BRI EF DESCRI PTI ON OF THE DRAW NGS
These and ot her enbodi nents, features and advant ages

of the propsenbbthifiig M@t dal hhcRBGONE .
understood with r egard to the fol ?ovﬁlﬁ}gjﬁ%ﬁ{gg%io‘ﬁ?ia%ﬁ%tewalof

pendi ng cl ai nEHAEPRHE BEshMicheptimwhenyscdintenel; G
| is a schematic illusbation of a 3-dinmension
reservoir,. nodel made in_accordance with the present
i nvent i o whi PRCHISES the Hizelinedataingp yn picanieiable besshalhimahe:
are correl ated between well bores to create a
strati gra)ghi o_nodel ; 5dFI_G 2 ]s a flowhart of a
pr ef Sdet fbod UifP&A1E 1Bt deleiled erphic Gare deseritivn gtithagprtioy of the
the strati gr dpiéholeimeled copbspbhdmg tb ﬂlgl%lﬁféé i&é}‘l,%la@eggge 2
an

core, split in four segments,

i | lustrat esuo‘i?&?(’&&? %ﬁrgeglﬂ EifeciSor e description of

the core; 4 and 4B, respectively, show original trst:

frahWtliflethta.l S nt interpretabl e borehole

| mage which vl PRSP R B aee ecolori mage
facies to create a preliminary pseudocore for the interval of

stratigraphic interest:

2) examining the interpretable borehole image and the preliminary

pseudocore to create a master pseudocore Interpretation;

h) obtaining a second wireline data fiom a second uncored wellbore
covering a second interval of stratigraphic interest, the second wireline
data including a second borehole image.

i) processing the second wireline data into a second interpretable

borehole Image;
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ri G 5 sb ws exenplary geologic. imge facies A d
C generatS :frorn.a graphic core description and a
borehol e i mage; and FIG 6 depicts the conversion o
bor hole inmage into a graphic geMgic de nption
referred to as a "pseudocore”. 20DETAI LED DE CRI FTI GN
OF THON Thpr Set . hwt hi gnpt Ovi ds a net hod for creating

a strattgyaphisgm lihd & L FBee d .
one or ng{e cares. _ubseﬁﬁgﬁ%@gmﬁtserv%a?a?égﬁ%%mlogw
may be tirade IPEHPTfEC crede f srcansd Ripleninpd ebcud®BrefnGhe decond
shows a 34i r ngnakal @SedphifRAeLsWhi ch contairts
wel | botes A, B. and C Geologic interpretations or
"master pseal ocores” are shown adjacent each of the

wel | bor esk) Thex@sMhe the REREIRER A1 G RASEDBAMe sccond
bor ehol e i mages_.cal I brated across one or nore cored

i nterval s. ThEUFRY Rsedecoreosseiesoerane aehsiah pshudoorre &or the

intervals in tlR@reeldbat eSorefMgai itSntdiSSn based in part from
illustrate thﬁlecorr | ation of reservoir zones or

faci es bet weeR<sEirETErthowrilsges. s a.
fl omchart which describes the steps taken in an

exenpl.ary, met hod.of nst.. fratigraphi c nodel.

Firs p,tlo%a)ﬁgbar rgsef?ﬂdﬁ?dgf‘?@’obeﬁﬁﬁ&%thf sRtiFpRicaodelr ed
interval within a well bore. The core is exam ned and

a detailed gr i c.core descrjption, is created in

st e?@’%@‘*@}? r g’f%ce SN PIYHEN 2oBEdPH et pitablishing] Soe-scale
ov estrBigraphie rooatlatidn ﬁﬁh@iei’@[r&[bﬁﬁﬁlit&ﬂisﬁg @StonMinatib€ of cores and
wel Ibbofl% whi ¢ aéso contains the cored interval, The

[8) =8 14) atzil &I

cor ed T'ht &1i¥s o @Raality Of nerbR welkeraser in | ength

than the overall interval of stratigraphic interest

of |I.bore for which additional stntigraphic.
it BBl PR P neRda 5 b e g s it stigraphi

bor mhgpretationage wellbors withdue bdr&tby%éigaiﬁgsgebiagﬁ iRIRGRIS Yrived
in %Iggdllfﬁagenl[%l%o?en i nterpretabl e borehole inage.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other embodiments, features and advantages of the present invention will

become better understood with regard to the following description, pending claims and

accompanying drawings where:
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| The detailed graphic tore description is conpared
wWth -the portion of the interpretable borehol e i mage
whi ch corresponds to the cored interval.

tIY a catal ogue of geol ogi c i nage
v@?eafgg I'n step 150, This catal ogue of geoldﬁ?@ﬁﬁﬁ%%gams
facies is then conpared agai nst the borehole inmage in
step 160 to create a prelimnary pseudocom for the

i ”tiﬁéVPJg a@.ﬁheﬁa%ﬁ@j‘izhafaﬁ&hb& 4. ﬁiﬁﬁﬁsﬁ&hﬁ oW KSdeBlhi@Tni S

prefera used in step 170 to_in actlvely exam ne

thewq:musa@mpw& W PresabingnsPR whish des 1T SYFIEY BrHeReRES yhich
PS QUAQGCREah O%veliGeribBhs tvdkatf suilibabiiomamit ¢ i nterest

to create a nmaster pseudocare. 70" Second Wre ine

data is obtai d in step 180 froma second wel | bore

NI GReS & (H SRR o %&Eﬁﬁ%ﬁb@&nﬁﬁﬂﬁ& L@RR hied it Bnetasity the
The“second wi rel |n§ data i ncludes a second borehol e

| estyetizrapite meebd i kel i ne data is processed into a

second interpretable borehole imge in step 190. The

second borehole image i s conpared .in step 200 w

t heflBaiAbugae cor: GHOPEJPE SR, reldigss Billﬂaé‘ﬁtﬁémﬁlm“‘ms

seanle PLEIAA L PREHERORGeT OF 25 the second

I nterval stratigraphic interest The second
lﬂlnterpretable borehole image is mned in step 210,

pr %85 abl, ¥ 43 %ﬁ%&+€Yﬁ oo § i ERE R SireViRy &3d kil aBgment.
to créate a sécond rnasterpseudoc Wﬁ for the s cond

i ntedey dterpptable herehpiaiprice whith srevpderiion fgatisf me
psoudoeores are correlated between the mellbores to

Create a strati raphle nodel in step ‘h[ o
st rEBi HrhephrerbdsEconge frenlpes ﬁs%&ﬂs i) Fign g raphic

15 €St d%k&lpﬁ&a ﬁi%%rél@e%@g@ #30. Optional ] ban orte
core may be used in developlng art enhanced cat al ogue
of geol ogic image facies. Detailed graphic core
desgi @Hép@%‘s{hé Snvb8s 8r 2slifolonake B Barhic @bRgic deseription.
conpared w th correspondi ng portiollS of
|nﬂ@$ﬁﬁé@é§PéE@6F§WBFe i mages to create the enhanced
cat al ogue of geologic imge facies, Again, this
enhanced catal o ue of ._geol 0di ¢

2% onpar ed agai HEEA ﬁ%ﬁgﬁgﬁﬁ%@g?@%ﬁ%ﬁ@gﬁ%dﬁ
prelimnary pseuclocores The additional cores may
cone fromfirst wellbore, e secQn
Dot Fhe PR ST FBTHS o FiePot) &SRO BN el o
Corgaaliatelighsel cﬁiathﬁ& VEREN sRrReiTRe Buldbquestyl, Daxasot model iday be
construct|ng. he stratl raphi c nodel . The
stﬂﬁ%@éﬁﬁbﬁ?@“ﬂﬁﬁ%@”F@ %referably a 3-di mensi ona

2¢9odel as is the reservoir nodel. However, the present

O e et retrvou Tl R Sata wettbores A, B, and €.

Genlogic interpretations or “miasfer pseudncores” are shown adjacent-cach of the
wetlbores. The master patisdocores .am;based.upgn,bpwhnle 1mages,-c;ahbrated acress’
-one or raote cored intervals, The three cores are associated with cored intervalsin the

36 wellbores. Cannec,tiﬁgﬂiines {Hustrate the-vorrelation of reservoir zones or facles



10 The afo d steps mconstnitiflg
th:stratigtaphic:rnodtl shail now be described in
greater detail. Sten 110:Chlainirig Cores 15 Cores
Wb Saob ks fromone or nore intervals of intep@stisioivoseoss
?east one of the welibores A, B or a Referring to
FIG 1, two spaced apart cores and cored intervals
are shown el bore A and a third core is shown in

vel ﬁrl@oﬁ & BloweRart @hﬁh Q480 B sREs GRS atd@mbReRthaIn
wel | bore a Corn information from\venons A aﬂ%%mammd

be PusiaRtrapdrRzariis Bodu| FEbaToe s gilalyge i S5

desgld-hRedieh L&D TIRSBANLRGITA aePCluakd gﬁgm& HE'S
is a cored interval 1pn . the respective well

whi ERTiPRn BSTE ST O 42 & R e LR g 158 8eran
YU ihiar ) f['%trﬁtg@ﬁ)hﬁ%&ﬁ% thlft ﬂﬂﬂ%ﬁﬂh&@ QLR ERe copNRVRY cordliih@rval.
pref er al cores would he t fr ch ofith .
el Thssres gl ixapealywuth s Ffé“ 7 5B et Bt PiceR ©

I L%ﬁ@@ﬁhﬂ ﬁﬁ%&i}’@i%eoizglggmgg X%ﬂﬁﬁ{hd\ﬂﬁbilmll) @&l‘ﬂ%lgraﬁyiﬁ hiTartayhon is

e cores. are o eet. in lLen

i ncweghti Rhgyighise ditn Hﬁ%ldﬁ%%ﬁqf%'ﬁ%m%ox}‘g* E“"%‘%’F“’e‘é fhen
CONtrhdcBdl : @ 180 8Rb LOBudihe 0y 8okl igakal ogue of
I{?eologlc i mage facies. 'c 120.Mn Core s andtreatin

tillcd.Gtt.hieQre nese( eti The core fromstep 110

| S B Nef ANk @rdekaidissi:goapitiwrione g&@iﬁﬁﬁﬂ‘ théinmfpretabi&;
i s devel oped FI G 34. shows

di sharghete diehcagespendsip the 0?5;8 |1FE§FBSJ gcbsequm? v, & catalogiie of

peclopic image facies i is crezted in step 150 This. catak}guﬂ of geologic image: fagies
‘i5 then compared against the borehole u_nage in §lep: 160 to treate’ a;_pralumnary

15 '@Sﬁﬂt’féﬂﬁfﬁ-fi}r the interval of stratigraphic inferest. A wotkstation is preferably used
in step 17040 interactively examing thé;;intesgzafable borchole imape and the

‘preliminary pseudogate for the Interval of strati graphic.nterest tocreate 2 master

‘."

pseudocore.

20.  Soeond wireling data is-obigined tivstep 1809ram a second wel {bore which coversa

second interval of -straﬁ-wap%aia -iﬁteres‘t. “The:second wireling data ingludes a'second

borchole Tmape i siep 1_-9{}. The-second b{}:}ﬁh@lg_magc i cg:»mg;a:@d dFstep 200 with
thie catalogue of geologic image facies to-create a second preliminary pseudgoore for
25 fhesecond inferval of stiatigraphic interest: The second 'iﬂtﬁrp;&iabi& ‘boreholeimage
is examined:in step 210, preferably interactively-with 3 compititer workstation, 16
create s second master pseudocore for the second interval of stratigraphic interest.
The masier pseudocorés-ams corrglated batween the -wellbotes 1o create .ai'siraﬁgr&phic
model in step 224, This steatigraphic model may then be used inbuilding TEServeiE

300 model in step 230:

Optietally, inore than one core may be used in developing an-enhariced catalogue of
geologic inage facies: Detailed graphic core deseriptions for these additional cores
4




5 each of the segnents is approximately three feet in
length. FIG 3B illustrates a continuous detailed
graphic core desciiption corresponding to the four
wEHIBMss3s0f core. The graphic core descriptigRruso07/066043
consi sts of a graphi csummary of physi cal

characteristics of the core. By way of exanple, and

not limtation, these characteristics may include

i tﬁé&&%md%@ca I8 @Hind RNEInS af iRt uaIs bR Shol Tthagdshe Ereate-
10 attrrbutes of e cor.e. The process of crea

detths plgnege %ﬁ?@ﬁ@éﬁ@l%@agﬁ%ﬁ% e e ST %frg%ﬁﬁ of

COr &oloSicWRhde fb’dﬁ%\{é -EiedpRrcl an‘éﬁst E&bﬁ&l&d}agﬁ th bead Extehﬁﬁnary

exanm ni ng geol ogi.c data fromwel|s I
" deseydop. | fhep T@?ﬁ)@#ﬂﬂ&‘éﬁ%ﬂmﬂ%ﬁ@%‘@ %‘i‘%n‘ﬂ‘?

hellinereDtiam NGk wshvasBen ahohe e OmEEsERtat Wd’r&hﬁan is doné
data is mtt obtained for the wellbare over "g&vgﬁﬁ
! of

i ntiEPiREp A gRmy PARERIS R ?;"“?ﬁﬁ%?%ﬁ‘[: swafigraghic

st r@blighanihelel RiArastly 6 0laiRRnd AR dEB kY e rec@tdtnmodel.
i nterval” f.rom whi ch éhe core vva extracted
Ty pilesvey heppraei fefhod ppy plso B vy GreepipRe e

ar gp@fsiapproxi mately 1000 to 5000 feet in Iength,
.Accordingly, this interval of interest is 20 many
Wines the length of the cored interval. Wreline data

i s altalnedibyedwpRinGndrivtisahd fAariaslc Aot stalieow be
vvel | bore, of interest. The w reline data obtai ned nay

i ncfegaided WW%‘F‘ -exanpl e and not limtatiom
borehol e i mage data and at least a mninmal suite of
conventlonal mell 1ogs (gamma 25 ray, density, sonic,
neutiebhll cal Phaitinelaressity, dc). This data is

;Lrpreferably gat hered in a di gltal format. A prefened
|rra e tool is Ol Based Mcr

ger . (OEM Y Tm.., ..

pcgra ek BRA PR RS i FI%}*%?% &agg‘%ﬁs‘}f’ﬁ? Bf e felppres

SO' th ons, pirediay &{1 RIG, 1, Eﬁzs @meﬂ;ﬁa emsé(ad@ ceshdl Imemhie aiarshmm

wi || reC|atet at at her

s VR bYTE g ey Roogp Bl B i Boros
14%15@{&2@@&&1%@/& r 'Q&Je nebadatibn figth @;elimrmﬁm%ba@e |
BOI‘ enol e e clln Lhe reno

2 at%ﬂ*ﬁ‘?‘ﬂ‘\‘; Wellhorg s %333 3?58*& BfT et ol a%? Ehofthe

R SrGeod aﬂl& 1agnarhnltm:eip;aﬁazta ala[lsorbﬁmal?ﬁﬁcéx thensogewas obtained,

Coverlng t.he rV; Of St atl ic in re
4A X Fgresible ‘g?ﬁl&h? 33 q? ygvery %n%re p%&fe by,

|d° NGRds Wdéﬂ«:ﬁzfe\tﬂ&en @:fmm{%}emh@mlmg@. lﬁﬂ:bsa FTIGHICY Odat;{a\, muld te
I'S ed as, traces in.na.
o T A RS VTR P o ﬁ“ﬂé@f%ﬁipf%l %f:" %ﬁ' o‘i’*‘ﬁm age fo-200

23 hi SeGARMERSHOP-GiischeEia ﬁiahﬁébeﬂeﬁﬁ eeiRdehiveginenss. adn’ktgzbute 10

avai | abl e soft s.Recan
creatma the overall cataea‘iugue Ei? ﬂea?agic AL %aaif:h




software avail able fromPettis Technol ogy, The of
Houst on, Texas. Alternative commercial software to
create interpretable borehole inmages is avail abl e

\&)69697&%}195”5 such as Schl unberger, Crocker DgEBrus2007/066043
rocessing, TerraSci ences and Teehsia. Preferably,

the image of the entire interval of stratigraphie
|nterest is contahied within a single data tile.

e Exapfiih coed) arfdBredtint Eemtitd CophitChe Descripfions
contained on nmultiple adjacent data files. 15 Step
145: 1 Optional Ploilin thehole hua es Althouh not

shoma cor fhdagsidy K?Wah@:&ﬁﬁiﬁi NEG o deBailed prapldd giré ddscrdpitien of

or FERaB B B P AT B e HE RO R AT TRAT BT Tl

w ata&cf?-ﬁtﬁ&fﬁt@mﬁﬁi 9 ﬁg}r&ﬁmﬂe@bumsl 3:bepu m&ﬁlgmf r‘lﬁam ltilub@ates ah
createa (0] ta e or ehol.e i or the
S e e Sl T
hassche®he é@m&wﬁ@ﬁm@ﬁm o4 grapigsudnsry: ﬁlﬁgxyszcai
con |nuous l.ece O r-.1s._agva ta usi ng

O SRS o0 pRARE Ll 2 B AL ABE T R
i ntcﬁﬁ;ﬁéﬁ@xﬁs&b& BabiaciellEsibgrageinatze) ;mggas snREHO: 260 ethbi n
Cat ¢ Fa es-_The deta

B e
t h &mhﬁttzWI Atablsavdidnehn, Eﬁthhsﬁ&@ﬁeibiﬁi iRt epoft4dnitiap gtdiegic data
h i nt t terval of step
110 WK‘é@’sWﬁﬁ} %Sﬁ ‘%ﬂpr"?ﬁlﬁ‘i‘ e identified in
the interpretable 30 borehole i rrage Non [imting
" ' ) ' hde mr;;;(:{:é ]Egg
. ] 4 L ol JA SR L RASS ., 4 = |ned
issurfaces et C. I\/a resul t, definitions of geol ogi C
e facies am creat enterpret al ole
| g B e ﬁ?rém?@ﬂ&omwmsur TSt
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15 atcp 160: Assi gni ng Geol ogi c I mage Fades in the

Remai nder of the Interval of Stratigranbie |Interest
Referring to .FIG 6, a borehole inmage is shown on the
w&tdor R o* |tnage facies are 20 assigned tgetB&o007/066043
entire interval of interest of the borehol e I mage

usi ng the catal ogue established in step 150. For
exanple, tbe top interval is shale and is assigned
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an ' graphi ca representatlon of the entire
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This gra |ca representatlonls ref d to as a 2

pr GFoMRERRISP HsOPEIRME Y TP ﬂf?ﬂ@“?rcaﬁ?mg the
51 A di'ls&ugﬁaphétua@maﬂﬁ@r £8LhdsA sy&s g@meaﬁmdne @feof a
Interpretation elnterpretableﬁ?oregge'é gmce Otk
st epechAgacrigereh R barple dnageidhie Rigfiatp digpiayed s Hacesin
snafa, GHBPYE idkR HREECSIoes dopvirRl e @ﬁhieﬁﬁﬁﬁbl@?@éﬂe&&&agm This
usi ng a_conmputer workstation wit

1h &H}E!C al LY 4 2s Recattmst
av AONEBe i Aty R YCoPmERAlY sgyeRte seltpRg. s as Reeall
Re G@blyart Bl SaBlk %nﬁfeﬁtﬁeaﬂlomoymb Wil BB Ui TeraChlstaltve

I{‘g? aq%%éu%?qx,atd %g@%%a@%%%@%%%@? ﬁ?%é/fpgaﬁ%%%g; a%ﬂa%?eailmm gmdnrﬁ'
Furd BeisrRmbibe, @MM&% E?@cahﬂﬁ@ﬂiyagd&ﬁ@s hﬁi ”ﬁschsm
nmeasure and record cli pi ng syrfaces

i dé}ﬁﬁfimrawf Heieage ghtc SRTE P atd;%fﬁ‘P%‘laP i E%ﬁuff% eShained ithin
§d e, Aiﬁx% R4: Q@i S B i bdl @Bui@ be: EdAGiined on multiple
borehol e I mages seudocon) of the entire interval of
i ntadizegidptatilhe cored well in 160 is updated with the
yaddi tional analysis to create a rnasM psendocore for
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for the fisterval of sffaﬂoraphit: interest’inthe weﬂﬁe@e Tt has beerr found that-

This detailed graphic. cote description of step 120 is:corapared to the plot of the

inerpretabls boréhele image of step {40 for the saine depth interval as the cored

interval of step. 110, Key features and aftiibutes are identified m the. fnterpretable
30 botehile imase. Non-limiting examples of features and attributes may inchade

bedding, layering, image colos; dipping ot incliniod surfaces, etc.



Wreliri data is obtained froma second wel bore
coveng a second Interval of stratigrapluc interest
This second wireithe data again includes a borehol e
d pnferah y, a suite of convention
‘*ogs asﬂgescrlbed in step 130. Step 190. Pro?%g@?%%wmmams
Second ireline Data Thl second *iretine.4t is then
pnn ssed into a second interpretable borehole 15
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semdrqu@med5|'vmhkamymﬁ§@§?é dy ﬁ]%m%ﬂﬁ%at ed for the
second interval :ofiaiigraphie:intret 25Step 21 :

econd Master Pseudocor e
Refesting 1o FEG. 5, inervals 1-7 e 1denl:f ed frmn thes graphzc core déscripton.

Segments-of the borehole image. {hat;_.cmmspgnd to these inifervals 1-7, are defined ay
8} 'ge&kagic_. fihage facies A, B, and €. Forexample, facies:A. is massive sandstone and
peeurs.in infervals 1, 3 and 7, Facies Bis shale and.occus i intervals 2, 4 and 6.
Facies C is bedded sandstonsand oveurs- i interval 5. Consequenily, a catalogue-of
geologic indge facies 1 defitied to transtate {image character into-ge Bk}gxc
‘inferpretation,
i5
Step 160:___ Assipning Geolopis fmage Pacies in the Resaainder of the Interval of
Suatigraphic Interest

Referring to FIG: 6, 4 borehole image is shows.on the left. Geologic imags facies are

20 assigned to the enfire interval of Intersst of the borghole image using the catalogie
established i stép 150, Forexample, the fop interval is shale and Is assigned facies B
' 'I‘ha qext irterval -i’s“-assiigﬁga with fﬁcié’s‘ € dnd soon- A graphical repr‘ese'n'taﬁm_uf
represent -each:zmagg tacies, -Thig graphmal reg:areseniatmn i rf:fsrted wasa

25 -prefiminary “peeudocore’ and is shownon the Hght side in FIG. 6.

Step 1705 Creating g Master Pseudbicgre Interpretation

Thie inferpreiable borehole imege from siop 140, for the entire of interval of

30.  straticraphiciiterest, it interactively examined using a cotaputer workstation with
contmercially available image viewing software; such as Petris* Regall: This step
preferably includes interactively changing the vertical scale and dynamic.colorscaling.
of the iages 1o emphasts subtle features: Furtheimiore, the software is ideally used to
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The second interpretable borehole inlet, iPThactivSy
exam ned and conpared with the second prelimnary

pseucl ocore, Ast.relt. a second master pscudocore is
weYRVeRes for the second interval of stratigpepbiorossoss
Interest This second master 30 pseudocomis created
in"a manner simlar to that described above with

respect to step 170. WO
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2%  Step 210y Creating.s Second Master Pseudocofe

“The: second interprotable borchole image is interacfively examined and compared with
fhe second preliminary psevdocore, Asresult, a second master pseudotore is
developed for the second interval of stratigraphiic interest, This scopnd master

30 pseudocore is created in.a mantier simiildr o thatdeseribed abiove with respect 1o step

176.



VWhile in the foregoing specification thistion has
been described in relation to certain preferred
enbodi ments thereof, and nmany details have been set

"g‘g%ﬂt"%&?{“ purpose of illustration, it wll bFCTstzﬁowoc;Gms

arent" to those skilled in the art that the

invention is susceptible to alteration and that
certain other details described herein can vary
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having an interval of 'strattgraphic_ interest ,
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description fro t (
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"ge'c‘orresEondl ng to the cored interva

applied.gl?ha‘ seologic charaster represented in the
peuedocores cnablés inore precise stratighaphic corielation than is possibleusing

conventional wirelineJog data without interpreted borchole images.

Step 230;. . Building & Reservols Model from the Siratigraphic Modely

Stbseyuently, fiom the sitatigraphic model or iiterpretalion of sigp 220, areservoir

miodel ey be constructed. This is accomiplished by utilizing the correlated zbties-of”
similat character from step 220 a5 input for constructing 31 veservoir bodies using

commeteially available softwase, This sofiware may include GOTAD; or PETREL by

Sehlumberger Geoquest,

T the evit that additional cores are svaifable, these cores may be used to further

‘rdages perforied in step 160, These improved detaied cornparisons ean be applied

to all injervals-of intérest in the mastar pseudocorsinterpretations of step 200.

While: in'thie foregoing specification thisirvention has been described o relationto
cesfain preferred embodiments thereof, and many details have beén set forth for
purpose of illustration, it will be apparent fo those skilled in the art that the invention
is suscepijble toalieration ahd that certain other details desctibed hereii can vary

considerably without depariing from the basie principles.of the ibvention,
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geol ogic i mage facies; 20 conparing the borehol e
image to the catal ogue()logic image. faPies to create
a prelimnary pseadoeore for the interval of
stratiara .ic interests,: 25gexam ning the

i nterpretable borehole image and theprelimnfl pseudo
_core to create a master psendocore interpre O ny
a second %ifeline data froma second well hore
covering a second interval of stratigraphic
i nt WERGHIS CLyMEERSONd wire |ine data 30.including a
second borehol e i nage; processing the second

W rejinedatai pto a seeond interpretable borehole.

i mge: Acoepatfongsttive aseerehissiodHsPERTsiRgRe S8 ofhe
cat al ogue of geologic image facies to create a second
prelimnary pseudocore for the second :intrnl. Df"ﬂ“f
trati gepphi ehtimings see fomg esipedingelibne hegpgpynterval o
terpretabl e fangholieitdBoR s b BRcoReaRthpE Shicinany
pseudoco o crate a second nasterpseudocore; and
correl ati ng wetohedrrdt he first and second nast

psuedoco af.the wel |l bores to acute a stratigraphic
nodel

B)  examining the core and ereatinga graphic core-déscription from the

1% cote;

€} abiaining wireline.dafa; inctuding a borehele image, overan/interval of

stratigraphiicinterest which-contains the cored Interval,
15 &  processing the wireline data into én Inferpretable berehole images

&) comparing the deiailed graphic core descsiption with.a portion ofihe:
| borgtale image correspondingito the cored interval 10.create
catalogue of geolagic finage facies;
20 |
' ) comparing the borehole image to the catalogue of geologic image
facies to-greatea prefiminary pseudocore for the inferval of

stratigraphic inferest;

25 6 examinirig the interpretable borehole image and the preliminary

pseudocore 1o create.amasier pseudosore interpretation;

H)  obtaiting a second wireling data from a second wellbore soveting a-
second interval of stratigraphic interest, the second wireline dafa.

30 iacluding a second borehdle inviage:

i) processing the second wireline data inte a second. inferpretable
borehole image;
1¥



The method of claiml1l fmther conprising the step of:
bui l ding a reservbit nodel fromthe stratigraphic
nodel . The nethod of claifutther including the step
of : using a | east one other core obtained fromone of
the first and second wel | bores to exi hane, e the
cat al ogue of geologic imge facies prior to the
creation of any prelimnary pseudocore, The nethod of
claim 3 wherein: the at |east one other core is
obtained fro he first well bore, The

met hod. A@}ﬁé ﬁcnnﬁ@@mﬁ&@%a@@@th@hﬁﬁégﬁ@f Qedic%xc

obt ai ne komt sec and wdl | bore"” The net,h
claim 1 wherisiss BEFgo SIRAE PEPRpHF BT

gmrc {%r t‘ae second.

t hree- di mensi,anal .r b8k adeqf cl ai m wherein:

: thestratlgrap ic nodel” i s two-di mension The net hod
5&cl aim | wherein: step (e) includes plotting a

di gi tal of i | &,0f it.eri GtalkR.-borahokencoinise papesecond

:59. The Tretho “of “clai _the v®ireline data i ncludes a

suite of bor epfpﬁg@]gary pseudac@re to creafe a second masterpﬂeudncorﬂ and

¥

15

20

25

30

I comelating between the-first and second master psedocores of the

wellborss to create.a swatigraphie model.

9, The method of claim 1 further comprising the stepof;
building &-‘r{ieserji{tiii:‘ wiodel from the stratigraphic model,

3. ‘Themethod of ¢lai 1 fusfiier inicluding the step.of:
usinig it léast one other core obtained from one of this first and second
welibores. fo-cnhance the catelogue of peclogic image facies priorto the

¢reation of afy preliminary pseudocors,

4, The method of elaim 3 whergin:
the &t Jsast-ofie other core is obtained From: the first wellbore,

5. The method of claim 3-whesein:
ke at least-onivothér core is obtained From thesecond welibore:.

6. Themethod of claim 1 whergin:
e stratigraphic modé! is three-dinjensiosal

9. Themethod-of claim I wheretn:
thie'stratigraphic model 75 twosdimensional.

iz .



10. The nethod of claim9 wherein: the suite

of well bore | ogs includes at |east one of gamm ray,
density, sort c, 10neutrons caliper, and porosity

I A thodfor creating a dcicdtratigzphj
Wﬁgioﬁﬁilsé?n%tl on of for an encored well bore coir)T%TEmSZOWéOGGMS
1.50btairing a core froma welibtire, the weil bore
having an interval of stratigraphic interest

i ncl udi fromwhich the core was

obtéal ne exgl%d%dm}ﬁeﬂég%re and creating_a graphic
care desep (biipiudes pioﬂmg@ diciit) thde o thrgninored W@@E&ma@f’ on.ic
i ncl udi ng_a borehol e i mage, over an interval of

stratigr B‘ﬁ‘l c i Merest which contains the cored

i ntewal ; 25pr essing the wirel S data intoan

Lnterpr elth%t%lm% Qggggmtze“hgage- conparing the detail ed

gr aphi ¢ cor € 3escr|p|on Wth a tion of the

bor ehol ek wingme dur psbidermiuiigofistibere lagsr ed i nterval to
create a catal ogue of geol ogi c |mage facies;

conparing the borehole imge to the catal ogue of

geolgi clicnmedoidiios? Wherdnieat e a prelininary

pseudocqy e for I [ sonic,
inter es?f g gf‘;’aﬁmmq %éﬁ/%dg?&tr@é%@%% léﬁ%%?%ho gﬁ ?S%g em
1and t he: mumim,mhpmwﬁp@mﬁrﬁob@?fe to dreate a naster
pseudocore interpretation; 5.1t)obtaining a second
wireline clatafroma second noored wel | bore covet i ng

a skcondyinetied frakreaingstdetilpdsaptiinhiq incamraaion of fgar uncared
secongl VVI %ﬁeﬂgmﬂr@sti@s i ncl udi ng a second borehol e

i-mage processi ng the second wireline
data into a second inter prebl e 10bor ehol e i mage;

15 8} dbtaining a'core fom & wellbore, the wellbere having an inferval of

stratigraphic faterest including a cored interval from which. the core

was obtained:

b}  examining the.corednd creating a graphic cnre-desgﬁptiaﬁ Fomthe

24 £org;.

¢} obtaining wirtling data, including a borehole imags, overan interval of

siratigraphic inferest which contains the cored intgrval;
23 dy  processiiig the wireline data info an interpretuble borehole image;

&) computing the detailed graphic core description witha portion of the
borehole ijnagcht_;rtés‘jpdﬁ;iigg to-the cored iriterval o tregte a-

catalogue of gealogic image facies;

&y comparing the borehols image to the catalogue of geologic-image
facies to create a preliminary pseudncore for the interval of
sttatigraphic interest]

13




conparing the :second borehole image to frie

cat al ogueof geologlc image facies tO create a second
preiiininary psendocore for the second interval of
Wﬁb,}ﬂh{}ghl c interest; and 15 k)exam ni ng t persemeificoss
|nterpr abl e borehol e i mage and the second

prelimnary pseudoeore to create a second naster
psettdocore for the urtcored well bore to create
stmigrapbic informati on based in part fromthe core

of the other wellbore. 20
2) examining the interpretable borehinle. ima ge and the prahmmary

.QSE.qucp_re 1o creafe q master pseudacem 1n_terpratﬁt:on§.
3 1)  obaininga second wireline data from. a second uncored wellbore
covering 4 second interval of stratigraphic inferest, the second wireling

data including & second borehole image;

D processing (e second wircline data info a sceond interpretable

0 bovehole image;
) comparing he séconid boreliole iage to the catalogueof gedlogic

ﬁna'gﬁiffz'eiés’tdcr‘eat‘efa second preﬁmimry,psaudemra for the second
15 _

Ky examining the second intetpretable borehole image and the:second
prelitinary pseudocots fo cigate a second master pseudocore for the
uncored wellbore to create stratigraphic formatior based fn part from:
the-cors of the other wellbore,

20
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