HETEROCYCLI C DERI VATI VES FOR TREATMENT OF

HYPERLI PI DEM A AND RELATED DI SEASES Cross-Reference to
wRedoaedoeAppl i cati on [0001] This application cPEi/m82005/021991

priority under 35 U . S.C. 119(e) to U. S. Provisiona

Application No. 60/578,227, filed June 9, 2004, which

is incorporated herein by reference. Background of the

Invention Field of the Invention [0002] The invention
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di seases and ot her diseases. Description of the
Rel at edlHy &pplli@@sd] clhiinsithe Bewfive U-$ Prahlibsd eghplibation No.

5 elgpysdser 79REMBN FIPhesdey ol (" hyperchol esterolém a”) is
a causal factor in the devel onent of atherosclerosis,

a progressive accunu%g?ﬁgQprHquhﬁﬁﬁfﬁgh within the
arterial walls. Hypei '

atheroscl erosis are | eadi ng causes of cardiovascul ar
di seases, | ncl udi ng hypertension, coronary_ arter
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t ecremtiog exgolbgiclmobiels Igeanittidy eilemgdd tdpessentatien ifinks priperties of a
ph aneutical stgategies for | awering chol esterol
| SUBREae VelH@e LT @S 2RRRYVOFTOrHa¥8e have undesirabl e
side effects and have rai sed safety concerns.
Mor eover, none ofp 4 AR GRIMUREEORNIE AYREREROR dr ug
t her api es adequately stinulate reverse cholestero
transport, an inportant nmetabolic pathway that renoves
cHO0dt er ol 4 gevirgikenddsdlys a[compaier-bpseduteptesengation of a subsurface

cholesterol is carrci b |l asma i [ QL el - .
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in the body. The term "reverse chol esterol transport' )

20 (&skey Baameles in Hlawspwplatign it the) patial [dbytribyting of permeability, which

e j [ t ' redtoa : .
CRAERaIA“oL 3SR BrLBE Mgt Bl bolg iy g in e
HBubguatate cdsesvopl agteamingp dhe peddacibility hef theweseseoir. Typically, the

transport process, agting .as scavepgers of tjssue, )

c T Sz B genlogs meﬁﬁlﬁé ?l}% 7@ dstﬁﬁw tS§IsPHg prospecting
cgg&gg@eghat | i pids deposited in atherosclerotic

| esions are derived primarily from plasma LDL; thus,

LDLs have popul arly become known as the "bad"
25 cheN033t er ol Seismicprospersing teshaisires 4Dcommoalysusedito eldandhe search

i nversely.wi.th ronary heart disease - indeed,. hi.gh .
orrs el R uBre ety By trBC IS e R ar A S prospecting
f %Eé@ﬁon bénsists WRRINepAraRGtdgbatdatl AAulsRIR] 8atdiprétleddi® and data
HDL are not only protective agai nst coronary artery

diinfempsaatian. t Theesjicegss abitheyoperation depangs o8 sitisfaaiory completion of all
ag@gégéékerotic pl aques (e.g. see Badi non et al.,

1 ; fculation 86 (Suppl. 111)86-94). Thus, HDLs

have popul arly becone known as the "good" chol esterol.

30 [Q@dd] The amvhendatofacduisitian etabell ascighiel woitd@ri@lused to generate an
i berated ffon1the LDLs .control s cellul ar chol estero
meeHsBe skl $196 PHORAGATSE dRtPdre sRrtB anduis it leand Ipegiiadiy gleflected by
derived fromLDLs controls three processes: (1) it

reduces cel lul ar chol esterol synthesis by turning off

the synthesis of HM3CoA reductase, a key enzyne in the

chol esterol biosynthetic pathway; (2) the incom ng

LDL- derived chol esterol pronotes storage of

chol esterol by activating LCAT, the cellular enzyne
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intestine as bile. The RCT pathway represents the only
means of elimnating chol esterol from nost

we@xdosabmpat i ¢ tissues. The RCT consi sts mai nl yPOf/Usionge21991
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steps: (1) cholesterol efflux;2the initial renoval of

chol esterol from peripheral cells; (2) cholesterol
esterification by the action of |ecithinxhol esterol

acyl transferase (LCAT), preventing a re-entry of

efsiibsiiaee SHGhRSEAEQbrs] MR fNEtBE SRS LA dG6dthS 'an(f'%orded by an
(3) uptake/delivery of HDL chol estgeryl ester to li1ver

c ety of [seiamiq rceivers ResatashatyoreeanthesarfR@Tohthe wacth, mnah overlying

[ oduced mainly i he liver.and circulates in
pﬁggigfdgg@cqrg‘[@lﬁw@ﬁﬁ%@b O action. LCAT converts

cell derived cholesterol to cholesteryl esters which
anenesgquest @nethei the Hbkta drsdekding sfdgé, fRMR¢atded T@snBE Tsignals are
pat hway i s nediated by HDLs. [0008] HDL is a generic

t &¢fmedgnd) subansed tusing drwariaty P& sragpdues thet deprad o beinague of the

b j Il Is . kn_ljpidi sti nts
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( gsteral) tha guiposglof ake iddes protinposthgPiOM Medduce an image of the
apolléﬁiuﬁqg%;foteiﬂ cogr}g‘gnents, are A-1 and,  A-11 which )

déf Tomdhe ferexded RepmicHitaior Bpq dyringdhe flatpypjterpretation stage.
[ 0009] Each HDL particle contains at |east one copy

( eysual | | : ¥ pn A :
ol g ot SR Bhof 8 RIPUELALA: ffmacin
i abagtthesubsurface geolapp | dfpthpreatthi fromhthe lproessweicseidreid deda. The

BT Db S0 o et ot
AB@dthre CENS ks SrfAR)! @%ﬁ&n,of)r ® foRa ditdulial Bitdro@#bMMtddervoirs, or to

aci d repeats spaced a linker noiety which is often

pewide Hee deyplopmenisefire aligedisdisenvsiedirgsepfoin st ret ch nmade

up of several residues. ApoA-I forms three types of

S conpl,ex Lth lipids:.smll..|ipid-poor

CL@DBPEX es re eﬁlr%%e t (It;h s Biﬁﬁ%—%@%&”ﬁi& ?ﬂeamagﬁ effter the data

dirtepietalonpedge] ot @snaally Rinfted & PO dedckiptifs of the size and general
(phosphol i pid and cholesterol) referred to as

pfl%m{‘?e?%s@%}lﬁﬁ‘fe Hetuphdre éalthe limited resoluiom: of paisrgic data. The

b . r ar. Lini-ds, r t
LA 09 TR AT ] SRR, B, 5 o gpime of
HBkdrbearbonse uklaith omighorfeairetainbdt in ApdhAstruetaets ApHowdver, present

the, fraction of H whi ch contai ns onl 0A- |
?ltlé“béheirﬁfl@y%tf f%@@rev@inyenﬁf@éwﬁon rates from the

ERIHEIQ oHnaishyidr 4% dRoARRI 4i2e si g, that
Al -HDL 1's ant flﬁgétjﬂgr gzni C. %P%\I]rargﬂé@%gf 1 f!aaﬁmn’ when an
Aexpdotiaber wetl. ha¥ bheamdirillel prddnt t6chnobeyakes nokedlled an analyst to be
1997,, Eur. n. | nvest. 27:299-307). 01Q] Several .
| f%fﬁ%sto oﬁccaﬂ?f%%%?%rasta%f‘d%% ngfrey Og Bﬁ%ﬁfa@ﬁ%ﬁe Jiigmal geometry in
| TR SGA @hdrMBakiBh RN fhost fnfRlide RERLE , i
ApoA-1, in the prevent ison of latehe?%glc(?f;?g?:g%%{lg’glﬁ o%s?artlcul%
arederpolr e peinadabifity t drsl reogtiesiti cave ofotplvesjlesharagteirizgd by present
t%we@qelattractive targets for therapeutic intervention.

=N O,Ogo?'n i nverse correlation exists between serum

ApoA-1 (HDL) concentration and atherogenesis in man

([@o08on & RiThkihydrocdDBA, voimdERsH rale oVBebdudidn é%%e)nd on a variety

1-1316; CGordon et al, 1989, Grculation 79:8- It -
| patastors. sipeluding lwd Hpepsuties; TeRsLvoi neiFD-giesse Phrsiy, permeability,

i : - reduced. r . r cherosi.s in ...
ATRAFL R Pleir S BRBHRGS R oo raR P EREI PR fpctiviv,
ed mehsurd 8Bthe chinpiutidaden (@2a&8Be39f)betidenGoaits whin the reservoir,
Ai | haud, 1992, CHn. Chem 38:79). [0011] Second,
ani mal studi es support the protective role of ApoA-I
(HDL). Treatnent of chol esterol fed rabbits with
ApoA-1 or HDL reduced the devel opnent and progression
of plaque (fatty streaks) in cholesterol-fed rabbits
(Koi zum et al, 1988, J. Lipid Res. 29:1405-1415;

Badi non et al, 1989, Lab. Invest. 60:455-461; Badi non
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Crcul ation, Supplenent |, 86:1-472, Abstract No.

1876; Burkey et al, 1995, J. Lipid Res. 36:1463-
wa2008)po74@ur rent Treat ments for Hyper chol est er oP@ris20as1021991

ot her Dyslipidem as [0013] In-3he past two decades or

so, the segregation of chol esterol em c conpounds into

HDL and LDL regul ators and recognition of the

desirability of decreasing blood I evels of LDL has |ed

t s LN&ofl8 RhARIER the fre @M RBEMA ¢ wwﬁgpoﬂwpﬁmmy

of these rugs have undesirable S|de e fects an

arfa:t«nmumalln@ fqrdrtwdrbon pa:@htcaom effmanem tasq uhzmate w:loacﬂyy There is

wh t th
Ao Bert P, gucdifiien el Bl Rediie sl ebutae esprvoirs using
b'fgle@lb?e &l dhtdd 'sﬁéh BOsei @ik ’dﬁta"‘ﬁicp\khthéﬁt%a{/iﬁgtto [alti:] rﬁﬁﬁb’&iﬁld}g’uon and

acids fromthe intestine to thé liver [€.Q.

5 cldeliesatipn amliﬂe (SQL:ESIF WbLhtG—WouIBr fastlroate I\A;semu&q witbhgdrocarbon

Snj(j%ﬁi‘??l estl r?y 71} %f ?rg{r?tﬁg IB‘h qenﬁcgf)?ar o exgioratmn and

claela@spBémlpredess. hesi s by bl OCkI ng HMECoA reduct ase-
the key enzyme involved in chol esterol blosyntheS|s

(819 | ovastatin (MEVACOR, Merck & Co., Inc. )
n&@ 2 prodhaotherestep s g90kgia medeling isf gmsig |GrL¢shng is the

R AR 4500 TR e s

10 arsyardsd-assanifolm. iheability B aenfutex mddeCieselivoir ihtefiab geometry and

d f ff I
(S5 sdosgety Qrserieron Birerdesl Gt B b adagprocesses
" @G A hiire/bPhirdt Rt And ElTRY hi @Rt PRY tplﬁggﬁeamm As a

popul ations give rise to nodest uctions "o

cmsluhsltlm gtidding mhthoéame @olmgm srmdﬁehng focwsl ofairdly adre the vertical

AT th er ries), and
éé’ﬁ’i‘? o eora ffﬁf’\(%fﬁﬁ C[§A 4 %ﬁpﬁ)f H]GB)VI%‘:I}IB@&Q rectangular grids

15 T eR! 2Ry thked 2Ry ﬂéPanE ?"‘@ﬂhal@ helBsibet Alr heRlkss iR the lateral
post - rrenopausal wormen; 'ong chain
adpbetionsego- di car boxyl | c aci ds have been reported to

| ower serumtrigl ycerl de and chol est er ol (See e. g ,

B@@@ng etUT%l pglie ﬁidgggglll%}ﬂ?) S\f@%@%léﬁ 1usEg 1nucc§nmerc1ally

Paﬁallab!b g&old @b, rﬁé(ﬂzﬂmy Sols PaExan¥les 3f €63mP46ially. a$alla{%@é geologic

No. 4, 685, 344, U.S. Pat. No. 4,889, 344; U S Pat.
4H@819fl®4t00]§n dnalnds: PEM  (lendwadaoCephiss Criposatias "Siratemodel

o SN IBED 88,9 OESRISEERE Bl Py O e

GMlzﬁ‘@ngste%QS PH96-26030f e@rdad CLRHrth( @63151d?ﬁt801dﬂ@es Corporatlon
4,613,593 % and azol i di nedi one derivatives (U S

NsOch,z BYEP)ared Fleel Eesdmaguifedr Sealugberser “Product Group),
%l%ly’c EWA %@c{v?nﬁ ﬁboiﬁtﬁogk lﬁf«f? mi ggg&ﬂ% M%ﬁl%dg fused in the

ese curr avai [abl’e

cpethﬂsamr ﬁiduslajf edry edmmahly Inlﬁilnedl eprebsrtmnaﬂ sdsnlm_p;l auigcation, and

| ndeed, nost, of these curre treat
25 squ%FF’é?ﬁ The © 2ame o cach @P&c@n BTt eﬁeﬁﬁﬁfémther For example

tn it
SRR TS LB gl 0 e s of e

pojost FtprapriatoAgidding mgﬂmdstd) asd wheﬁl’bmdxhng atgeolbgm model depends on

}—%Ferc ol. est%rol enm a {OO In vi f the ent(ﬁ,

Cc2€g OgILfDElO Feés GXB"E e pgrs mggg 8£ el's particular
p?&ﬂ@él@'sbt@ihg GriddinBestfs, Oﬁcﬁﬁé\ﬂep r\vékg@l'bﬁ(%& to mimic natural patterns of
atherosclerotic di sease, human clinical trials

30 uetobionang depastiani crbamveci/mma@dg etidie Apiomid soaksr e
commenced, discontinued and apparently re-commenced by
UCB Bel gi um ( Phar maproj ects, Oct. 27, 1995; |IM5 R&D
Focus, Jun. 30, 1997; Drug Status Update, 1997,

At herosclerosis 2(6):26 1-265); see also M Eriksson
at Congress, "The Role of HDL in D sease Prevention,"”
Nov. 7-9, 1996, Fort Worth; Lacko & MIler, 1997, J.
Li p. Res 38 1267 1273 and WO 94/ 13819) and vere
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[0016] In view of these drawbacks, attenpts have been
made to prepare peptides that mmc ApoA-1. Since the

wlegpomedbe/i ti es of ApoA-1 have been attri but edP@DUS905/021991
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presence of nmultiple repeats of-a uni que secondary
structural feature in the protein - a class A
anphi pathic a-helix (Segrest, 1974, FEBS Lett.
38 247-253; Segrest et al, 1990, PROTEINS: Structure,
on an ) t f :
CIFHIOn andEogels Bebds kD) n 1B tuSl! hBelhy s
hageelogmcnmdelhmg] tobds i(grhnay, SE€H] RAESwpOcid, fzmdrrPetta)sare based on

e thic a li ces, See e. Back rou
st BRdoda' i o e batSe, due Banie agoR Y dgtent Nos
| mcgmgm%gd; grar@isn in their entirety by ref erence
thére 0017] Tn one study, Fukushima et al

synt heS| zed a 22-residue peptide conposed enti re% of
G[@Olzlys andigwes rle€) deiets crass-sastjenl iPustiation cef] $t§at1 atam of sand

R AR St S R R O IO

a|1(e)]13ﬂ§rate] sanfBidiesGnanB, £ead ﬂéﬁiﬂ(l@&)péﬂl@@&ﬁ@qéyers 6 from figure
Fukushi ma et al., 1980, J. Biol. Chem

26 vewgronpesiPnal grids. ELK pepti de shares 41% sequence

hormol ogy with the 198-219 fragment of ApoA-I. The ELK
Pepdizge was shgWan Vi €,

ﬁosgﬂol i pi ds an %an%pgy son}é ﬁ#&boﬁﬁgﬁ?@?ca%éﬁ%thm the reservoir
Cisen‘d badiepl,dhed, t4| and 6fwifipio Ahd g](vk(msapren&t a®l parallkd 83 the top 7 and
PNAS USA 80:1 137-1 140; er et , 1984, Scien

22853 pyrtacss 9 ﬁﬁﬁﬁsﬁ’?ﬂ%{w&l lfﬁerf@%et § FBAUEnCRK ggmﬁe into the
al Hslf)%gmc] 0% of B Ged@86s { 92) A di mer of

hcles 2 -r i ue pept| dce vvas? I at eaﬁ)‘%oan nor e

cI osely mimc ApoA-|I than the nononer; based on t hese
r é@Q]Mi] s, it Aesa&homggé‘gue&jl(phd@nﬂapegrw- asenmesniat theisgnd bodies 1,

PP b0 e o o B SRR A St apepee 15
i rgn&@éa%vith(tﬁ@mem tiftkbs cel893, thﬁﬂieﬁé% hrallEDRI@BE top surface 7 and

Anot her study invol ved nodel ng pepti des
c apdye trunagted d p by desbasgirriaes 9 the@r:quqlge@l PNAS SA
77(6) 3 154-3 158; Sparrow et al, 1981, In: Peptides:

Pl erc SIC?}em Co. %oc%@% I&pL ..liig%g g@g§%vg§§m8%g that the sand

| ibpdids i RABNY, stdusliaes pavalldl tbrtag tedl Sudhcendiof \ige sequence 11. The
apol i popr ot ei ns sgl\égr gl LAP peptjdes were _designed,
naFREngsApl 1s gridg t mm&smtz ickreshcailnilA gh%@re :p@rallel to the
a 15h

R T G e Rt e
the apol i poprotei ns and were designed to have
hy@liéphi | i c ﬂacsirmwmr gamigeed] (e, Referenes-grid| iakmintelethat the sand

CboTRs Lot Ak Biehe brtefle G it SPFECe Gy SR ite Syfthce) 17, such
RSt tl%ebo%gt%ntltﬁﬁﬂmgsrs‘%@léf i‘?&x% c%hé%ﬁic?eﬁ zpahhf‘el %thle%i%rence surface 17

concluded that a mnimal |ength O residues 1Is
necdssarbe trmcetﬂdf]ér by ihsi tp 5 andi lvﬂyalpmﬁwcs 0 the)serqudmte 11. The

at hi 0019 SU|es W t nutat
RBSShEoRtEI b 5 S e 8] BeSBIotS fplFbndh R fgure, the
pea‘eﬂehwmmaetshﬁesemﬁaﬁenurwayet ed that a direct

rel ati onship exists between |ipid binding and LCAT

activation, but that the helical potential of a
p&M7he al ofde peebiernds thabaene of tbemgra?@ﬂng/@@tmds (gpsessninthe true

N N R TI ET —

close to the n1dd|e of the peptide reduced its
affinity for phospholipid surfaces as well as its
ability to activate LCAT. Wile certain of the LAP
pepti des were shown to bind phospholipids (Sparrow et
al, supra), controversy exists as to the extent to
mhlch LAP peptldes are hellcal in the presence of

o o, A NN




class-A mmcs and a |l ower helical content in the
presence of lipids (Kanellis et al, 1980, J. Biol.

wWEh@a03a6h: 1 1464-1 1472; Anant har anai ah et al PC1/88%805/021991
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J. Biol. Chem 260:10248-102555-Chung et al, 1985, J.
Bi ol . Chem 260:10256-10262; Epand et al, 1987, J.
Biol. Chem 262:9389-9396; Anantharanai ah et al, 1991,
Adv. Exp. Med. Biol. 285:131 140). [0021] A
e [
oA SOREE 1 PR o ST 16 sEicRle B o it TEH S he cbove
hasiddingambtheds dmategngmiﬁ(:mtbmdlhmdaelabsemtatmhs a§ 3BOwn in figures

IS 865 Gl EecH PO PORPERYSRGIE [k oSGt Pt is incorrectly
| RehRteiGREh sa§ﬁ' bod$:B83he %@port-mﬁl ?ﬂ@&ﬁﬂp&ﬂ%}@érlds as illustrated in

constructed by identifying the nost preval ent residue
atﬁg@mﬁ(lpmdth(g)rtewectmdyh&p shdvesinziegirs é(d) ceesd bbdi drimmcorrectly

- ' des .d i bed, aboy he hel
F opssiedy R L BRBhe Rty B pai ey body 4 s
aGhddricedy EbRSCkd Wilrsaad Bodyt M MY dipedtiohl dggndgm feRRokHY:

i nterface, negatively charged am no aci d residues
clustered at the center of the hégrophlllc face and a
I§bhobi ¢ Samg sendpodigs aretinepiresBy disgprnested veithie theggselves. For

'%ke?m p&a‘nﬂ Bol 4?@@5@%@& betEd fnletgilé g»}/cﬁlloktg)ln%%&ﬂé’%f @né?{ﬁ and sand

t he omer ex oor roper

(‘Meduj(at Badisdoapadtdd 1rethead)nlap $88s1 of ﬁtgpfeal (c).[ F2tAprnBas esbme sand
rily on in vitro studies e peptides

d@g&%ﬁ BEETRReRNsY %}S%@emg frpp tae i V& pg 8eme e¢lls in these sand

%%H@? ?&tc{ AR% IM%I% 118 & thdEorhbRc tﬁ@ut céa@&ﬁeétlons. For

Si gni t that an anhphi pat
a-ckahple, m& ibody 2mssd1monﬁbgted: hethg ptbpoetmrﬂhgﬂdmm@guae é(b) and sand

c et 8 Benmrester AL RIe 2ok i ecRSGo ] o Sl i Biges 100
{ )Y AAORR h(ef ﬁ/ﬂéhﬁgh&eﬁteﬁé%vé&fjt}feosranh'%'d%sainfd' §idsfis the direct

activation (Venkatachal apathi et al
s gpusa)of thimdistontiorapmbk. et al . have al so i ndi cated that
the negatively charged G u residue at position 13 of

t nsens 22-.1Mer ti.de ich is.positione
T@ﬁ the Y6 BAREmeBEREES she i PR blpDFEmgtpods do o
eﬂg N#lignO kigenhsRIVeEATitR Cthe VidkérOsir (el h %écﬁﬁ@tyﬁ hTied ahgnment
suprmgz Furt hernore, Brasseur has indicated
tf@aftweanﬁ heletghan theatgsgruoir prernah geasetnf is) imporiapt fpr 19 reasons.
f
S Fif Ay T rigRhe @usls P 809 BORIRHELT uf BRRéeSIbgic model
dlsﬁ&@quchﬁltlyp@ﬁltl cé&onawheg thdgeplopic thodelatsosvatkdt tie for reservoir
edge of the_ lipid bilayer (Brasseur, 1991, J. BiQ
Cheife H’@@G?@}mmgil% W@lizcaarseRc&dénél&e SOAUSPET ghidy eWH| guagnify the

0SB PR DR R SR

Hamwy ofteypickervoiln @exfongar&sqaredictﬁimmlﬂ decragpe, whichswill hamper
for designing ApoA-1 agonists, to date the best ApoA-I
a&ﬁﬁﬂ@ﬂ§g§P§mF@Horted as having | ess than 40% of the
activity of intact ApoA-1. None of the peptide
g(ﬂﬁ'ﬂft S degcrdifir deSerloip ﬂefft)ﬁﬁﬁfcb‘ rsﬁnﬁ'l@ﬁ@n Q@ﬁé’hds strongly on the
Strated to be useful "as a drug. ere is
nebkility of & lgeoldgivemogetetnt acfuraiclyt diar@termbeﬂaal @atlaiadlstrlbutlon of

CPRSRROIG o otstcinfaiant O o hs! BfiRbiy o Pufelad, ' suEh Vas high-
g@a%ega R%yrrgah@%dd@@ VR 16b-ABW SHafe hafrkerd,NBEda8SS tRE ermeability
Irec

Such nol ecul es woul d be smal’l er than
exkigemesg typegslly deordgbrihe tail, gasd andvwater dlarexr Thmebiligndp model
spectra. However, the "rules" for designing
efficacious nedi ators of RCT have not been fully
el uci dated and the principles for designing organic
nol ecul es with the function of ApoA-1 are unknown.
Summary of the Invention [0024] A nedi ator of reverse
cholesterol transport |s di scl osed conprising the
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bi phenyl, substituted phenyl, substituted
het erocycles, alkyl, aryl, substituted aryl,

weywboedske/l , fused cycl oal kyl, saturated het erPer/y52005/021991
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and substituted saturated heteéearyl. [0031] If not

renmoved, the al pha carboxy group is preferably capped

Wth a protecting group selected fromthe group

consi sting of an am ne, such as RNH where R = H,

d'peﬁﬁéz{bllﬁytﬁ!lcuﬁemlfsy ‘géﬁé’fé’l PRGAYd by @e %%ercﬁﬂ?%ﬁaﬂ%l@ %eologic
Frnoc, bi‘phenyl ; substr?uted phenyl

S mmel gud@dg h@tﬂmd@c yrieasason| thytl the gxigting gedlagic toodeting tools have

ned etestAgninRty Tleiq st et S e edShetBlcesaptetry (o layering)
[ @03BE £hai 6198dterie Sndf kidd¥h aC ipfiok:. Ir QYR @Bi‘{se%%ence the reservoir
selected fromthe gr oup consi sting of: MEDI A S OF

REVERSHVIEHAS ESPERIEY mmmntp FOR gﬁquma?d@\nan@the resulting
R
zgg Pcat | on}}Fﬁ%%wnﬁh rélg %‘f% Elg%eofsn%? I%tﬁ?gr?’f taymethOd that

uReiesratdd &iids. Chat ﬂoll%(zve)th@f ekJmStrbeﬂVslaﬁd OB&dieP @@ Nkhale barriers.
A% plication No. 60/667 368 filed April 1, 2005, and

(32 elrablywtbrssnarldaoa‘f%lrd algpl iheatessiyoRo COBTLETIS] 20 6he accurately
t
et B a0, GO RSl TRLEC A Do oo

| pedoin amoe [sﬁﬁlﬂéﬂonTHEha curssht irential adlchﬁssé@tlﬁlmbdi by generating the

IecPIe ned ators of rev rse chol esterol transport
%&)ﬂ e tribses Bt Ye feheving: Bieoranplex AleRoHUeHH | andegrosional
Dgf&re&ggégéé n‘ilhétﬁ?eses and ot her di seases.
scription o e Related Art [0003] It is now
wel | - est abl i shed t hat eIevated serum chol estero

(" hyper chol est er ol VENAGODY in the

devel onent of atherosclerosis, a progressive

L o Uit T BRSGT TRt G Bl e figEymamics-
C Baked pridtingahsth6y, @altad ‘GHy o TRaBE Smay pBéleddé BAd surfaces conforming

hyper t ensi on, coronary artery di sease, heart attack
aitru tiang slacesskyting 1tha Trpeess o sedumentaiioa) svhid foeqatd posabsurface

c e t he.
OSBRSS B SRR v by
Abddhaegriaryt PRicessasimulMtivar aubs ipOta@ERU bl @ablogicr ditegi Bhce these
for | owering cholesterol levels in the blood, many,

of
¢ REGeoh EPTaSIGRE o BT Ehesieqmely PE&tns badiesiad shala bagiers, geologic
S&of l\é F ﬁﬁlﬂg‘ o VBEEOV Elirfa Qsor}ﬁa}p act:ﬁ?te% afa%feﬁ% ysedlmentary
avail drug t erapl es ad equat’e l'ate reverse
cbminesmvat}olantir arayp prdservantherrp actwady rdiriabolpscaiag hivdyreservoir
that, renoves chol esterol fromthe body. [0004]
CPYIEUTMEEF M CBsterol is carried by plasm
i poproteins - particles of conplex |ipid and protein

opi titamnk ey Hh?éﬁ%%%thbﬁ% 3

dg]r?gl fy I pgpr ot gl ns ﬁl%n B (g}gﬁgi:%%;g% glogko&&ta creating
| horageméa @rldsllr(eHM)arm et Ehﬁ qnajlmnzcmtal grid Eno kepm%enﬁseleposﬂ time

L re eved to be r S for t he ellve

o i S 16 e for ordr et WepesTaic Path ey et g lines,
opiindadlidy @ sealeieafayy pRIPefifts)ofltRe SedifBERAbdsin bl f3E®Sir from
in the body. The term "reverse chol esterol” transport"”

déecgridseel gepdogie adaiﬂogreatedfbscﬁtﬂ egtiealoandf hentgontal grid lines. The

cRre07 B3 oS SR B e oot sYREIElt o gl og

Hidta pedrt i ot ToiWaay add Mayedse ﬁ@klehmgﬁ dbie coRdSGE of seismic data to
transport process, acting as scavengers of tissue

ctrdiaentayslaty. o@b@pﬂé@bﬁ@ﬁdﬂ?@tw PERASEEes i iho Fesrvolreinclude, but
concept that |ipids deposited in atherosclerotic

| esions are derived primarily from plasma LDL; thus,

LDLs have popul arly becone known as the "bad"

chol esterol. In contrast, plasma HDL | evels correl ate
inversely with coronary heart di sease - indeed, high

pl asma Ievels of HDL are regarded as a negatlve rlsk
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converts chol esterol into cholesteryl esters that are
deposited in storage droplets; and (3) the

waemaitid4ed i on of cholesterol within the cell drPCTES2085/021991
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f eedback nmechani smthat inhibifs cellular synthesis of

new LDL receptors. Cells, therefore, adjust their

conpl ement of LDL receptors so that enough chol esterol

is brought in to neet their metabolic needs, wthout

0 l.oad; ({=or. r r : el | n: .
TS gRE fited (o0l o8 My ap L St SR grosk M porosiy
Gpednaeabil&y GdrerpressuPe aghamyrcoibdsaionMered®90, Ch. 36,

pp. 874-896). [0007] Reverse chol esterol transport

th th by. whj ch i ph . cell . .
SRt o ol & SOBL S ONimABLY sbTheRmRorling G 2 sedieptapgbasin o
t QesexloiraiepRb 'cﬁsc‘lés%&uthls %n&?&ﬁﬁéﬁt%nhﬁfs@s toB&ining geollo ic data,

intestine as bile gfat way represents the
meeaatngfat elleasti ot hwgzcmltﬁél @&t ding| bgsedmmuestestimated time from the

B AR P L0 e BB Ol 5y v

clap kieshdtzohtal I‘gﬁmlﬁﬁﬁ | A&einal netgbosing (h%hz@rﬂ@l' s BhQY, upscahng the
esterif cation by the action of |ecithin: olestero

a@}ﬁlrgfidal%fffé bassd qutbpiratigsirbie hieraighya eplimasing Sﬁdunentary properties

( ohyfﬁt%qﬁ)g;hg&f 1368 ll%},fe%gll}g lﬂﬁer?r% gé&g saassfé]? t{?’);(;[h? ﬂgrgontal grid
C ghés areLﬁé?él'ctedS fibhe rﬂe&)ode rizglo@ing rout het Ralitqiatdvingadeh the inlet

oduced nalnl in the liver and circulates in
%\%C[’ﬁéo% changss wwletﬁgl qqeémppaef(arlaﬂonsu@me vasticad disgribution

SR PSRl e P B
pat hway i s nedi ated by HDLs [0008] HDL is a generic
té(}0214] or Aipeihodt for rgephugid mozeislm@ncxfha aubswrfrae acleneé,zadh as a

their, high densi.ty. .Th c..cons t )
obedipE ol e it Ty dFFBae pRoehanbHGens s Bebed gomprises
( 8Bfafling 386lokld BAMC BFafES vehltal TRl sﬂ&fé%@& n& n&lVlde the subsurface
apol i poprotein conponents are A-1 and A-11 ch

deelamgi into ‘td@éurmuﬁr’fc t:ne@m latealr grist srfasesd txsccufespmd with surfaces of

(St E8ring C i Rineght <SR ERS e BealpER iR Ressupsuutace

( Apladre] dnd Apﬂa@eﬂuﬂg&m g&tlb@a Ipz@:sértliaé dffiRe sibseitaceneblei®Within the

i ntestine as preproapolipoprotein which is secreted as
agidoprlistheundedhbi thesv and, laéerr@lagréij surfﬁcgsné‘hageolaglc data used
n'ﬁltaxr ﬁcl&&’é R ?st h&elmq%é/d {E)g %14$ %“ c% %lpg ﬁ{ du%ﬁr%g data, core

consi S naln

adatd, dapdains mpReics ﬁmd@hﬂgl ok ggolBEE AL provdibesh sirti AR surfaces
proline, and in sone cases consists of a stretch nade
upptespreted fom  seismis difas Thagdeledrasplogia propertiey pEthegeservoir may
s e | |

SR, SOPRENGE UMY LR ATBM o g rev-sross,

dparosxt}d abrnpaabilite,| pese pressues mdl’@ymhﬁiindtﬂon itikgeof.
(phosphol i pid and cholesterol) referred to as

p@ﬁ?ﬁg?a? g%acq{gﬂ%bqs hrgqgrl}tg'@rcg‘eo Y Cl S Coqnft agsléﬂqlsur;?ace volume is
SRS isebed T THREMBE ikt é e8! Bgtbiﬂ%g%pol%% tdgtgl"&ga‘ung vertical

most HDL in circul ation al ns
Agrahstiifaces e divide tthmmb@ﬁrfatQBLVQMme hntoofrohinmss”p nﬂeytmg lateral grid

Ebflier B bR Nedight of ForlRit e Sl th oreation of

Alne tgeblob e stithuradtil ek adRinface (BAIAE rEredtint 1
Arteléﬁloscl er. Thronb. 12: 7a(;:f 707; [r)gé:r(e)ssfﬁégt%%eo ogic properties

19the s@;prfaqp vatping withiy, thetgridzxglle bgurgigd)by t{let)@qraj‘,al and lateral grid

Several lines of evidence based on data obtained in
vivo inplicate the HDL and its major protein
conponent, ApoA-I, in the prevention of

atherosclerotic | esions, and potentially, the
regressi on of plaques-naking these attractive targets
for ther apeutl c |ntervent| on. F| rst, an inverse
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genetically predisposed to diet-induced
at heroscl erosi s protected agai nst the devel opnent of

w@ooobie74besi ons (Rubin et al., 1991, Nature  PCT/US2005/021991

10

15

20

353: 265-267). The ApoA-I transgene was al so shown to
suppress atherosclerosis in ApoE-deficient mce and in
Apo(a) transgenic mce (Paszty et al., 1994, J. din.

I nvest. 94:899-903; Plunmp et al., 1994, PNAS. USA

9

3 ésutgg%é 2%1@ sé}édﬂﬂe@%rl@lfeelésut%?rgéum%‘r]tgeg e?rvrgeccelllﬁ in the model, and
t reatablgﬁmg:nervamiucsfoe fergesbigingprhperties idgbdmiergedgrier qpils.,
1996, Circulation 94:713-717; Duverger et al., 1996,
Arterioscler. Thronmb. Vase. Biol. 16:1424-1429), and
in transgenic rats where elevated |l evels of human
ApoA-1 protected agai nst atherosclerosis and inhibited

restenosis fol IBMBEQ)E@CRMHOMME@MW@IGSGY et
al ., 1992, Circulation, Supplenent |, 86:1-472,

ract No._ 1876; urkey et al 1995, J, i.d Res.
ég&i%z 3.1 4-Fgu:re &p) llB%{ﬁ gro%lqrg-&p% Hlustratign of ortglreal sand bodies;
Hyper chol esterol em a and ot her Dyslipidem as [0013] In
thepPgst twgigdeeadey & SQrodhRcBGOrBgatdRA A -
cmolzgiiter ol erlnéug compounds |rcr)1tso IC-IDL aln LDL regqutpomom11 grids
amebressotatjni of the oiginahsanddwidiealmi figurg 164); decr easi ng
bl ood I evels of LDL has led to the devel opnent of a

o8 oo ¢ e DS s RMhr Lt R ot ot e i Gmresentation

CoF tdl i ghddl kA BodidRak Figrel 1@a) y_When adm nistered in
conmbi nation with other drugs. These drugs and

theraieutr c_strat e&es i nclude: (1) bile-acid-binding
r $2029 whifegire nd&br dpt at Wéosﬁééﬁgﬁtan rrguttfat@rlr efadiugeation-grids

| choI estyram ne
(E@E}S{? RIBIEF@%: Plglﬁai)?%lla%!\/bgggl{ ul b f and col esti pol
hydr ochl ori de (COLESTI D, Pharnmacia & Upj ohn Conpany)];
(200381 at i ns Figuné ch(é)nhs biat arbsstsestiar oillust;tﬂid‘tesbﬁ tference-grids

bl ocki n A - the k nzy i nvolved in
cﬁ%nre&tﬂgtler Wﬂt%ﬁ%ﬁ@ﬁogl‘fé tn gy &Z@ati n ( VEVACOR
Merck & Co. Inc ), a natural product derived froma
s{gez1 of Ay ReR9D b é)ﬁow%hﬁ’( 884 Akt BmbEBMAEIhe invention;
Bristol - Myers Squibb Co.), and atorvastatin (LIPI TOR,
Var ner Lanbert)]; (3) niacin is a water-sol uble

viQ0331 n B- cBigvire iwtd t1p iewi off 461ds upstigiveed-oedl dépositDhat would
i ve aft ri fibrates are
useéf%%'g%?’g{\%&/eérmse r%‘r%"teﬁﬁﬂ esramégsog'fﬂ%dum ng the VLDL

fraction and may in sone patient popul ations give rise

t 0038Hest r Bitwed 4@NE DdrogtRstich Lholr@bheiferigitiasdndeodies similar
sanmenechanism[e.g., clofbrate (ATROM DS,

wWeligiray st Labor at ori es), and genfibrozil (LOPID,

Par ke- Davi s)]; (5) estrogen repl acenent therapy may

I chol e v, |

| g 1ol gk e s R RAE AR ERRRUIR, sl BRlics Bkn fgure
r 8fap it HgdoeGlidsger serumtri gl yceri de and chol est erol

(See, e.g., Bisgaier et al., 1998, J. Lipid Res.

B0k 16, IR Pi iy gt oesEresaht el o g avention

3,773,946; U. S. Pat. No. 4,689,344; U S. Pat. No.

4[0936} 344, Blohre Bad). isNO hickar6By addfigeridifl sehuoturddh-a Mdro-Grids

3,930,024 7) other conpounds including ethers (Sée,
eebodimenf; pat. No. 4,71 1,896: U.S. Pat. No.

5,756,544; U S. Pat. No 6, 506, 799), phosphat es of

aBIOBEET oo by i hipdechl e PO AL O BRE e

| owering serumtriglyceride and chol esterol |evels.
[0014] None of these currently available drugs for

| owering chol esterol safely elevate HDL | evel s and
stinmul ate RCT. Indeed, nost of these current treatnent
strat egr es appear to operate on t he choI esterol

- .




in D sease Prevention," Nov. 7-9, 1996, Fort Worth;
Lacko & MIler, 1997, J. Lip. Res. 38:1267- 1273; and

wODBAI7HEE819) and were commenced and di scont i NRETUR005/021991
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Bi o- Tech (Pharmaprojects, Apr-97, 1989). Trials were
al so attenpted using ApoA-1 to treat septic shock

(Opal, "Reconstituted HDL as a Treatnent Strategy for
Sepsis,"” IBCs 7th Internati onal Conf erence on Sepsi s,

IS 30, HHARE gl efigsRefisc R Bleoples avulsive sand

I—Id)mdyeompbsledroeﬁsweealmam/bqﬂytlbbdslemd&hamrelsat ed with the
producti on and use of ApoA-I , making it less than

G753 i b RS B Wions

”%Bz‘éﬁ ot WkhmplealRPodieRie GFhds hoplated %?'aesféﬁnﬁ@iﬁéry Bocess network
overcome Wi th respect to stability during storage,

deimvlaioy; of an active product and half-life in vivo.
[0016] In view of these drawbacks, attenpts have been

0 pre tide 1 ]
L, o SR OB T SR s it o
prigs éslaepoplilatad By Dicdihanagtpots getwoikgimuiegondar y
structural feature in the protein - a class A

anphi pat hi ¢ a-hel i x (Sg r fﬁé; éQMi FEB§ Lett.

38: 247- 253; Segr est S . Structure,
Function and Genetics 8:103-1 17), nost efforts to

dggog1 pept ifdes Mbﬁmg'ﬁe@élfédtd%%rﬂﬁhhvﬂlé Yn&ﬁtl&ﬂ’%‘l be described in

have focused on designing peptid whi'ch form ci ass
Acommtlalmpmlpmtmcf@rrad hmlbodﬂasn(sse}éoveevgr, o Bmmym dired the following
cussions in 506,.799; .
B ROPSISIPRIE 4P # N SR Piba i o) AT RBIE g 06 e hvention,
t gk @4 i@lendé@&lge]ﬂlhﬁrz@ﬁ@ oy Ayecokdikis] hﬂhg%\%tléﬁ is not limited to the
synthesi zed a 22-resi due peptide conposed entirely of
Glsnemﬂy serabppdliments r esicriborsk b@ n@éﬁ rpibet, othiec amveptlg@ mgludes all

L Qubabian AR RhT. S cftivitbn®t el WD RS SR sécbe of the
abﬁpmﬂﬁaghuﬂs Amer. Chem SOQ 101(13) 3703-3704;
ushima et al., 1980, J. Biol. Chem

255: 10651- 10657) . The ELK peptide shares 41% sequence
hd¥2bgy wi tydedririds groamistGragprkbhy sumagan: procepﬁémg}_l?@on The

‘i—gﬁd'rﬁ @iirf@@ ?%éﬂ&?&ph(g&o%{afl %ﬁltféc\ég ! \X’hl%ﬁ %%ﬁ/' 1‘?151%#‘" nd ge represented by

and m'm c sone of sica
Cigﬁfh Claies,pr apertimes soffadsoAetorfiEdi $lar1ngt thd , sib983jon of sand

S USA 80:1 13 0; . Kai s r et al, 1984, Scie
g@l@%@%@ﬂ%ﬂﬁ% ﬁrléréursfﬁceafol 9y dee saagiody shenes @aaéh%f internal
ncﬂ?i& S 7 ‘Kgﬁ@n i geraf
th| s 22 regSt ue p)ghtl 11?0%1th$9t aﬂ?%s to n@sé& By "he" existing

e'was |ater” fo

clgoslebiy model gridgind-nhethdrtsn Thérefons ribereand teadyestiapes andeabar internal
results, it was.s est ed that the 44-ner
S itthi3ican be el ARt O st oy PovORReeS pisrulpian
(Jy or Pro), represented the mi nimal functional domain

| noeBPA- 1| ( Makdhednan Sigudd 2 oh@%'ﬁaboﬁﬁﬂéxﬁhas FQ@ 58dps. In reference to
Anot her study invol ved nodel anphi pathic peptl des
c ahmerhl ‘2L e %@mlljgolq%dﬁfal is obtaingd. M&ore PIKing wsmmeral 22,

77 .: 4-3.158; rr 8 eptides

S el Y B 8 8o AV 1 SR Fotume o
Presla@nSheTim#tad lateRO@kieat. dNowlreferding-t3 %erﬂaseﬂoﬁﬁdmtal or lateral
l'ipid binding studies wth fragnents of pative

aﬁ@d.sstfmeét(bn% whigh anag) bmﬂ»SE@mlba@rsre\}aéWéIYd@iZ@ﬁ@a are created
B 4 b0 BB B A0 e i o

anphi pat hi ¢ pepti des share no sequence honology with
t he apol i poproteins and were designed to have
hydrophilic faces organized in a manner unlike the
cl ass A-type anphi pathic helical domai ns associ at ed
wi th apol i poproteins (Segrest et al, 1992, J. Lipid
Res 33 141 166) Fron1these studles the aut hor s

~ N



Chem 255(3):1 1464-1 1472; Segrest et al, 1983, J.
Bi ol . Chem 258:2290-2295). The sequences were

w@pweibiseal | y designed to mim c the anphi pat hi BCTiEeb1008021991
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domai ns of class A exchangeabl® -apolipoproteins in

ternms of hydrophobic nonment (Ei senberg et al, 1982,

Nature 299: 371-374) and charge distribution (Segrest

et al, 1990, Proteins 8:103-1 17 U S. Pat. No.

¢ B3R QT ABShANE RRRL oeclE 4 08icl nd el g
( Segfeerst (laks)ativideo d@, s@smfax)e VS| Em;o wiridhcgllses Now refemng to

p(waa%fgtﬂ ogteBE,gK{oHE)pe 1§50 f}% si%a%ur eﬁgsvr FS % Ghe rréi)resen’ced by

C%@ﬁgﬁb?% Ee\éhséﬂﬂ\@élltal}ﬁi%&ﬂ‘ﬁr\&ﬁle%ﬁ&a[ch@éblo@ﬁ Préperty. The geologlc
critrcal for activity;, peptides with a reversed Char ge

drmopqﬂmt mglrudebht pietnad éxm@sfeogrlammwb distribution, qomhedtiwty, net-to-
the 18A cC ﬁlt | ower helical content

i r%r?sﬁepoﬁ?%%yeﬁﬁréne& Y B °rf R&eﬁ%‘frf’u s et al, 1980, J.
Biol. Chem 255:1 1464-1 1472; Anant haramai ah et al,
196644]J. Bi Qlow Ciferingd6 itz 3110 Flie Thiie geﬁbgfﬂ data is typically
1985, .J.. Biol. Chem 260:10256- 10262 Epand et al
19gipmicydata; byt cancplserinchste: cnpdata3ue! logsamiterap sidicshtime dating of
al \ o) 1
c d’e észtﬁsﬁmﬁs _‘gchal eh%%g?suﬁé %e'ol(%ggé glg%%él;s) érgc? &térgpe%ey st’lgatlgraphw
baaffeice@n Thie dataqwﬂht;@a:aﬁix mé‘ledeh ﬁiﬂ)ﬂﬁloﬁfthhumnaléﬂﬁﬁbhbosmg the
has al so peen desi gne ((Anant har amai ah al, 1990
Arl?‘@PP’és%Nb &y spdacesy W @5 g5 - divjde Khe a%%ﬁ‘llrﬁ%‘ﬁt Nplugte into cells.
al f I t

Tgpgac%ﬁicg%@ in§<l;‘.ﬁg9 dgfélggﬁ %186[61 eﬁ'&glhgit%eofu !é%gé &t ée%[b%lc properties,
c ovidch inclicatt Iooyw rfajearpaxrt fvgrtiogl $1hrﬁtcem&rn b:erpiamdewithm dogingeaccuracy.

S PEE AL g e BB LG o fr

f QuARACRYihafoP 6P§éd‘i’tﬁeﬁ§§orp%ich' i¥ Bhit of t‘lﬁr}%@fdzrﬁﬁ‘eﬂ%odlment for
aci d residuesclustered at the hydrophilic-hydrophobic

| rdre‘enﬁam thaspaning bé¢tyeeh thedetdrah minfiacea ol the rstepi siows by numeral 23
ter% at the center of the hydrophilic face and a
ic angle of less than 180. Wile a diner of
th| s peptide is sonmewhat effective in activating LCAT,
t ljgoampnomer Novkderriag th ekl rzzdmbfrgiﬁié DOvértiederid Qffaces (lines)
(Venkat achal apat hi et al, 1991, J[or a). [0022 Based
peraealeaisd tondividethe ﬁ@b%lfﬂ%ﬁ é@lumetl piot Folysenst’i dHs can be done for

d I 0 S e d

dgélﬁlg n?ﬁ%‘“%ﬁ %{n des “&ﬁh‘rgé rﬁr %t heIH?tE)Pr C&E(E)I% %o}ue%)of/g\E Is.tmcu'med
Siggidilinigc et Veytical tgridssutfacssgitines)habuld rdieidp ke &iﬂﬁuﬁace volume into
a- heI i X havin posr ti velﬁlif@char ged residues cluster

atnipan H‘%F&%B 1oF éﬁ\}ad? Sl pyiale; lﬁtwr%@reargaldﬁegarhev@rycal grid

I td e t
¢ RAITS (RSP Bode i He VR 1Y BIEOr Py hBSHBHEL B0 Bhes. The
arusle bf:m’fstmcturradagmdnprb\mw amadhedmagas bieredtruatured gA&L, First, fine-
t har amai have. al s¢ i.ndi cat ed .t hat
Ealfh eﬂ&qavgaefoeﬁ&wgﬁd‘r@ra alree%haaaenhge i¢ Prapsrties iprapid, while
t RESQEISENSUR A4 YEBlsel Sk the ﬁﬁ‘ﬁh@rﬁeé Ehﬂ%@é ISIdeip.quxS a result, the
a- hel Tx, plays an

wi thin the hydrophobic face of t ,
i mpmbeaof cetle lr@luurnd mm“prfasemu thatsmb;snrfértmmiuma wathea pzlnﬁemlar level of

e S b T RIS GRS E e ihn wit

| srh@ahel e ks pait éxraﬁi 1¢, Ifrgufé ﬁﬂwwsoé)ﬁaptvfévrlop@ 6’@1 BXstructured-
stability, and al so accounts for the formation of

dicelt depeRsit tbatrwmlrle@eﬁ 24i80¢ stietupeshgiidi eellsadd derdtherseme accuracy.
Oy db0 T i eSS, B RRETH widofhonis dEbGighapes very

insisted that a hydrophoblc angle of less than 180 is
requi red for LCAT activation (WD 93/25581). [0023]
However, despite the progress in elucidating "rul es"”
for designing ApoA-1 agonists, to date the best ApoA-I
agonlsts are reported as havrng Iess than 4096of t he

. N a A A o R o "



[0028] C conprises an am no acid or anal og thereof,
conprising a basic group or a bioisostere thereof;

w(Q 0®BOY746derei n at | east one of the al pha am nBCDDS2005/021991
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al pha carboxy groups have beenllrenoved fromtheir
respective am no or carboxy term nal am no acids or
anal ogs thereof. [0030] If not renoved, the al pha
amno group is preferably capped with a protecting

9 ra@éiﬁat%fé)e &t RAhE SR LRR Q‘id%ulglaf ‘a'f‘s%(')r‘é T Bey it R&He4 with the same

phen benzoyl
f Inumbenyf nelimyﬂ"bosy cshaﬂms n;x(cludeZthe:aq‘lﬁhlayﬂan clepesitd35 and the channel 37

nlc ci.d, - -CO- where n ranges from1l
g ug%medﬁﬁ?%q@&’ﬂc%%gxy phenyl, napht hyl,

substltuted napht hyl , FMOC, bi phenyl, substituted
phesws]. substdv Héi@ﬁlﬂ@eﬁﬁ{dﬁ@dﬂ' 2Sin ﬁkﬁﬂé' 2, thé )dlatermlnatlon of lateral
substituted aryl, cycloal kyl, fused cycl oal k
s aridrsarfaepsHiines) ds ixpicalls secasmplished widd gatdu@faa @@lmencal simulation
h | f h

%?%Eﬁlﬁfse% F§1:rry go?c%%%e FoﬁJ %&gﬁ%@ﬁ%ﬂr - e@{oﬁﬁ% (éi?ggfgi@ Petroleum
seﬂee@areas iy DBnitdbie @dﬁn@tﬂy PBoRbd ﬁgm@ftoﬂlhaﬁﬁl doemetighy available
as RNH where R = H, di-tert-butyl-4- hydroxy-phenyl,
n&B fhelenomm &Q, srsonstskilleain they BTt Filthe, pnsfegﬁ:énymbodlment uses the

t

ar y %hgélc}bgﬁﬂtaﬁ?%é hn@ﬁ@ﬁééchﬁéc?ﬁ(ﬁ% %iruse hglsPa]t&lt i5A§4)})ihcat1on No.
s&01608176@. het eroaryl, and substituted saturated
het eroaryl . [ 0032] Bi oi sost er es of the acidic group may

oAV basi DFEEF BPLCPCTEtrory GRPDHEPRGL peludes various

coRph StFng, af bddl ARG RRAL NBBYolufe "Rithmd8RUSRRurface volume is
medi ator may have the structure: wherein X is selected

f detertnined gﬁ’qmu pelsmn:sqlm i Abisa avdvanmishedXby iasskillediserseiin interpreter

X2 is..F 6 _al k or

RSB Je it Foggio ey o ouany sl i P ar, Sechd fhe basl

okurfacel i9 B3RIstddNtoORRre@ROUiFTBAA oridntadbd 16l @8 Sinal position of the

nmedi ator nay be selected fromthe group consisting of:

Gswifanei @- e Hire N dp,pomlm arlPepepilipgromNthep pature and degree of post-
R- Bl P-

Aﬁegosglonag% gen etlg1 a&l ?18@1(1? garr:%%{ca%g? FPAI‘I:Et}NH sgrface ?o 'restore the

4p@lléaslb1§%l ﬂﬁbtﬂﬁtﬁiﬂdhﬁg-tﬁé @uﬁacerﬁem@vé”ﬂﬁ éﬁ'ecBbFsiﬂasMénZe The size
and G utaric-bip-k-NH 2. [0034] I n another enbodi ne

aaphregae Af &@ae hiF I ifdlgtepained jageardimg tp dhe mgel@mmf skilled

SHRpTLE B Rl e RN, B U dPorikis Bt et Computer

Ghitfuaditicer f)f sulNidledce aud Qj'tlliﬂGCdtz't-ﬂeposNidnBl processes may assist in this
acm nic-BIP-R-NH 2, Succinic-F-R
S

gleyinatqn (e.gy Pezemst, LB, r@%ﬁgﬁlﬁﬂ Q}qeengh pNumgricsl Modeling of
2 I Bl H .
o R bt QPN Seoah ublications g, g Nomerca

ZEXﬁrlments (v Su’e&lgihﬁhy Siﬂcedevﬁch‘} NHS&atigraphic and Sedimentologic

S e S IAtions M. (HoRimtor LS imRy el GepRes) 19RDiFhird, 2

nurgbﬁ hyhsMa6h R gnd séﬁlﬁi'éht%ry processes, which may fill the subsurface
D net hyl succinic-Aic-r-N

2 yQludieyvist preyfogned awrcthmadﬁlstedlﬂia%,l s@Efatear SwhAiroulatidi 2in forward

-Sl-ﬁf %I %gclgﬁngee gci_ompg# ihg Utg,t%rol%? iRt b sediment deposited at each

3lo3afr B davh G /6 A&b CTR fopRubdiced of the simulated deposit are recorded at
Di met hyl succini c-Aic-R-NH 2, and

2repulsr weersjengl (Rhamuenbar ef Tgas 20 ﬂ{em&gm@pw -nasholeantrolled by

r accor.dan rred ment s
BB e BR b e el Lo G P SOL SRS P e only a
consi sting of: METHOD F(P GEOLOG C MODELI NG THROUGH
HYDRODYNAM CSBASED GRI DDI NG ( HYDRO- GRI DS) Thi s
application clains the benefit of U S. Provisional
Application No. 60/584,617 filed on July 1, 2004.

FI ELD (]: THE I NVENTI (]\I [0001] Th| S | nvent| on rel at es

o o o N a .




strategies. Geologic nodels are also input to fluid
flow sinmulations to test devel opnent and production

wWEe@nani4e6 in order to optimze return on i nveRBCTESL005/621991
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key paranmeter in flow sinmulatil@ is the spatia

di stribution of perneability, which together with the
properties of the hydrocarbons and other fluid found

in the subsurface reservoir, determnes the

prig ik f o N ' I thegyi :
de{'t?lgé'l% %e?h g‘bg%?ho%i gI%Hrrlgicﬁ: Eé“?"z %Ilin Ileu1 egé&gj asftg)lno att%i(%egéﬂbg #a sediment
t hpropegtiessaicersi cTlpse sieps maygbet arhted do edjus{ MOIBnSey whditions of

rospecting techni ques are,commonl,y used to ajd in t .
Dy SR indl aparGae SR PP 6 U afed deposit
I @R8NOLESogil daed. S Ml P i@ HRASHHTAI 28 Biéb 'aﬁﬁliegg{b;thétb%sal surface

of three separate stages: data acquisition, _
psivedsistgulation, thet wvense exf pheseatrinsiforntptiens avx epjliadf to the basal

| BFBoG AP S ERER G5, PRl R B SRR 5P bR o i iy
Stpagent-daygRisiitinC source is used to generate an

acoustic signal that propagates into the earth and is

at |east partially reflected bysubsurface seismc
r 400488t or s. IEndurig | thet sdmulpternl sheariloeiseicar weadly state and

r . ' j cei vers.. . t

PRttt RBoRlbAY, He RBOALLRbRRTIL R B Of R Boncous, and

oflaterat erid arfaass kngwe dgnatdisl by dnoexabmledsSper{ddOOSkimulation time.
ring the data processing stage, the_recorded seismc .

Effgmvgn alf dhe Bpynisdighly teamsicn with g foant \axpsiang. tre lateral grid

PLRGRAVLES, ﬁéﬂaéﬁ&a%qﬁumﬁdgﬁr Ui ferMls.t 119G, 88Ftm-layering

structure~ belng i nvestigated and on the

Cc mzatlaet emsusdsi thst dfe tdek prapertiest are dsnhgrogmabys th@ossible within a

pyr pose .aof t.he. dat rocessing stage i s .to produce an

P ke S0rch ety s BB R vt Fmsr Bl soi oo dat a

for use during the data interpretation stage. [0006]

Theo49yr pose Miridghiddated the igfuditRinfor AMpattidf dubvbRme, there are
deteriine i nformati on about the subsurface geol ogy of

t Bevesal radiustments thaé apsr lypisele thadeite theclattzal gridTivetaces (lings).  First,

0 B0 1 SPGB et s e

Suhp Uehacsl 6€gbdimenP byt €obiok adfRr ABE gl JaMHIAEARPMB layer is
reservoirs, or to guide the devel gpnent of an al ready

didspasited-e Pthewisetbe faterpbgrixy purfaces (lingshmay ckess each other, which is
Cc i- , i e e . .
 APEPHPLREE; WOLHE Mo Be TRAR) B WertldT\ebhF gri syyoes (lines)
dematedpini mslatibntrhgy a0% mathdindetstionl the adouegpd@iding actual surfaces
subsurface structures due to the |imted resol ution_of .
s ebsgived matersmiqylatag sl logs, jos pdherdgrmop et ssolagie dajs asdegeribed in
an 1 ndi gat | t t of...

AR ST 2, T8 th e, K R YRR REC B0 may be sltered
pnesesdly, be diensivadyry doaditinond foa ltheosimiutagioa madyyist adjasted until a more
deternine production rates fromthe subsurface X )

f GO ?SPOP@CF@P% DR dhe SRt 3 OBRPIVchsurfaces is obtained.
ag el L m¥eBr BBufdRy UodliitioRs U€!th Rﬁéf REE Mmahbd | ik ible.
present technol ogy doesonoﬁla?IOMI% aﬁalyst to be tl possivie
ablosvever, aic practice |this chabea diner ¢consuming anslt may nof ptodece an adequate
subsurface internal geonetry.in |ocations ot her than
 FOTSRRORGee Mhbiktese Piagia) AP many Mey of ey’ |
particular, reservoir permeability and continuity are
nﬁﬂﬂSﬂF' | chaoacicfdrtiag to Bym&BEI€H fifee RNHealogid@PBlrties of the
The hydrocarbon volune and rate of production depend

o Aubgutfage ealyme fref igpregerged by assigningjvalvesi far thesppropewiss to each of
reservoir net-to-gross, porosity, perneability,

spatial variability in grain size distribution, and
connectivity. Reservoir connectivity, a neasure of the
comuni cation (or |ack thereof) between points within

the reservoir,is a strong function of the reservoir

internal geometry and is commonly a primary factor

Y Y

ey o



[ 0009] Another step in geologic nodeling is
"gridding." Gidding is the division of the subsurface

w0 e@ooo74661t 0 cel |l s, within which the rock propeeT/U8805/021991
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are regarded as uniform The algidity to accurately

nodel reservoir internal geonetry and connectivity is

| argel y dependent on the vertical grids used in the
nodel i ng processes due to the nature of stratification

ange W&t éeﬁl@l cr@aﬁégf 'bg 0y %ﬂeﬁéeéﬁbnts hex ﬂl@ SR ' agd /'\Iéte?al grid surfaces
resul t thods 1 n geologic no

f dbines). el ypl1gallgm theke vakeuel; iapea Hetoamined by rthe)fsame tmmmniceb simulation,

P ERATah BRAS e b T YR s ol =

variations of attributes in the lateral directions.

[ Q003 Ther eameeumhe bf WiytEAGAEs EhbRASH FRUTFPR| Fighseha) shows a

in comrercially avail abl e geol g(gl c nodel ing tools.

Exmﬁé’rsé@w@f ok armimpletes] pybs peegell dghee Aibotettientydro-Grids

S IRy Dy FRABRL S 0 S v

Riie (dWopaimodbiity layiersRb/5 Bebase o Hydhodelds RarfRes (BAS) follow the
1993- 2003 gQcad (Earth Decision Sciences
C@%}acg}y pesg@@@gre 43 shoemmmpctiviybepiranegnd within the or1g1na1 sand

duct Goup), Petrel”
V&?E?Fﬂgﬂ 84&&‘)\ S%%E%g%%%sf:ﬁeegf our griddi ng nmet hods
used in the petroleumindustry are connDnIy named
pri@@E2it i onalAs ehéwup,int figmeat) com¢ anbbdimbsr &nmew Hixelosed. Now

na of each ne n vary f e t.ool t her
FaeE P, SUmOTAL AL rof Y (ool 45 A St Fefering t
" eRRRI 40N AALE &, THicPMrid RErfaLe V\gﬁegf alteh greﬁﬁat to divide the

appropri ate grlddlng nmet hod to use en’buil ding a
gevbugiace valdmk inte r5 eolusno’ of hmitgd bllttnrgll axtenb.ddlogr referring to numeral

erigence .a nal fth nodel ' s .
o ALt SERES 5g B Blorac Siack (SRR i ot Bt relatively
WS ris st @fé &1Ratll Wiihich @I)I‘l'é@bn@@ﬁﬂleﬁﬁﬁlc@g of [g@@lbgf& 6 associated
deposition observed in nature at the seismc scale.- A

- vithothe prigivel dpppsition of thetshdienentsgbat filhthe lsubswpiee volume. Together,

B Rt B AN SRR L) TR b SEl b oG o erid
dicsled. osze@bleﬁfetrﬁ@ Qb romengond SofpﬂglﬁHtSS thé”g%oll%ﬁlcg]ﬁbi@)e@ﬂi@ of the

U.S. Patent Nos. 4,821,164 and 4, 991, 095
Fisgsugigce vqlume jaze weprosensed By assigning tol aagh grid p@lih apprticular value for

;%éﬁ% g{)ol(%% ?ﬁﬁ)gﬁgr 2@1@9 g@? it toll?u(n%ralséfS 05 ﬁgﬁr&% %gf%c ggv&ells are

| pergdd fousducatibe toaslchudidi e cdlls. Nowd ;refémn@r’td nonieid 4160M/ figure 5,
pernmeahility ers 6 fromfigure Ig
c&hﬁfseﬂ PR anroa?rf galuﬁ%@&@sfom@utg% dh then rraver@e@r gells( pfThe steps and

o e PR R e (T B < Cquence ar e

parallel to the top 7 and basal surfaces 9 of the
s é&ﬂiém ce 11 Nowhesferdrimgeto mthnera]edih ém diguies 5 s thedinpind g@bloglc data is

nh g %@1' qu&l?f ﬁir S r L) Ona]%)rﬁgefosp égﬁg&q@%@? Elﬁes ?np%t data 1ncludes
Q’i{lﬂpc&lﬁitﬂ)ns a§<§h‘1@§1§f E&ﬁﬁtl&d@ea&ﬁ%ﬁlﬂ@ﬁ’ﬂ @i%c}i]ar%ezhls?bry 4The initial

and are paral l fo the top surface 7 of
s ethmms ard COﬂil:\@ed e tlen inatial 1paleo)fopeltenhywidepositiomal environments

¢ BB e, SRS i S aIE oS oBRg on iy I boundary

S WbhdiensIcdsist b€ isled uatens] lnlel @&iﬁé&ﬁ%nanﬁwmiﬂ boundary flow
figure I (d), "Truncation- grl d" assunes that the sand

beemditions (no-flogy onoutzfiaw)s The scdimend digghares histerytresaists of the flow
surface 9 of the sequence 11. The sequence 11 is

gridded with the constant thickness cells 13 that are
parallel to the basal surface 9 and nmay be truncated

15 by the top surface 7 of the sequence 11. [0016] As

shown in figure I (e), "Reference-grid" assunes that

the sand bodles 1 2 3 4 and 5 are paraIIeI to a

r _L_ o - s r 0\ 1. i "




reference surface is the bottom of sand body 2. [0017]
The problemis that none of these gridding nethods

WO epresEnd the true internal geonetry accurat ePgT/UI®05/021991
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illustrate this problem thereldare five

di sconnect edsand bodies 1, 2, 3, 4, and 5 within the
sequence 11 of figure I(a) and the above gri ddi ng

net hods create significantly distorted representations

a ) : ) I

oA mehBNES AGP) o Bl e @b Pclifon. and the
c cadiecne gral\m-size siztdbwdmayfudction. t ke rinnpm @latai aisra hncgl;mded snformation

eyt et bihrin Bt bogered in

2 pufnetd) 22'Jr@iGhtey2.connect ed with sand body 3in the
onl ap-grids. Furthernore, sand body 4 is incorrectly
connected with sand body 5 in the truncation-grids of
f|[@1‘!ﬁ4é | (d) For dm@"ermn@ummﬂs b dBend ddethescdensauvay he similar to

di cgone F san
R i A e S

| (@it sarfdcesanslsdbaiyd id al rﬁardieﬁﬂﬁﬂﬁ%ﬁhﬂﬁ tb fthet diScussion of numeral 22 of
onlap grrds of figure lkﬁ% Furt hernore, sonme sand

afer eferspesormsyalds dembaissal eick sstgreshase selgptad in a manner

fI ine
AR RPUR M B85S SRR s pmer 4,
f alceegaﬂngleqimmmes dronsexmadpoesack anid detidy sinilg to the discussion of
dlsconnectgd in the proportional-grids of figure I(b)
Js disconnected in all of the four

grlddlng nethods as shown in figures I(b), I(c), I(d),

a M [ TR beimes ﬁgﬁ@ b

ng?bddssql S the&gll’rrggt catlj)se of ltqﬁrgg)?dl St ori .9%%&%‘} ga?s that share a
[ eom@jonTlaterajraridssucfans (lineg tamjmblygetlrte raboe ehemmalr omaetr of cells in

bt il BT aPOSRy SRePe (B SBEGH St Apaaunetial o Sioauently be

bebMBRRed HEthe mddR]. aﬂﬂothaefeﬁs%ﬁ%‘f‘{&'r%mg ﬂi@de'ﬂ@ I1s ﬁ%@l‘i&ﬁh&t& very thin
iS inmportant for two reasons. First, any of

alcﬁléﬂwﬂ’@h mayi cauey pemerieal rpe@ér:mb fixx rezsorvnercpqrfmmyncrmmm@tlon when

geol o eguently built..Sec

SISrEghe <RaEle PLRICTRGH &) R crlEBE Y cptitRohsi o determine
S iwRidtAEd IR NtoWnblge C OBHeSE€ krifbiia e cldafly GRRfreRfeddahd S d¥phBination of
magni fy the m srepresentations and di stortions that

esesn majbe eraplgEed-ogi ¢ nodel . Consequently, the

accuracy of any reservoir performance prediction wll

d ef Yol t
LSBETR ot dit loploek TR Sherg BRFINE ells HR"ARIER deposit property
dehxﬁrgds The depdsit mopdrtyectahpéd ingludé dateganlimgihe dasgfb'eloftdhange in
accura ely characterize the spatial distribution
g1 prppetiiss @crpfrﬁfgr 9&%‘?@3@% detsaping yether ;the cells may be
%?éa‘f A S BRA AE U PR B RO n s are merged
ei«trroel’reshat hpiechhhges depn thanl the theesbbld, vahes, and wat er
flows. The ability to nodel permeabi lity is currently

SRR ¥ rodoteSipd e ae e a1 M oRodeg svept offciency

e%irst rdweorﬁaeb@ar effeRdgl peﬁﬁeatb@lel_ys bRYy, L MdaSRA! rock properties). A
arbitrary lateral grid'surfaces iIs that the actual

slayar apti@dation yec(lmrqubagaerbmggedoro determian dhe bp’remals laygr-grouping

0 No) t.he reservo

C MRS e Rk b By SRR E SHPREE bl e, B Bt and original
mgetss(cans). Lbﬁcrr@ﬁimhﬁzatﬁﬂl Red hnranetinglody | thiti i8known to persons
nDdeIs Accordingly, there is a need for a nethod that
generates grids that follow the geonetry of sand

bodi es and shale barriers. Preferably, these grids
woul d al l ow the reservoir connectivity to be

accurately characterized in a geol ogi c nodel and

preserved during upscaling for reservoir performance
srnulatron The current |nvent|on addresses the need

. oy Y



sedi nentary process sinmulation and interpretation of
geol ogi c data. Since these surfaces can precisely

wo eioboor4bde geonetry of sand bodi es and shal e PEF/UE®NT021991
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geol ogi ¢ nodel s conform ng to ItShese surfaces nay
accurately characterize sedi mentary connectivity and
may preserve their accuracy during upscaling for
reservoir performance sinulation. [0022] In one

o e h : hd .
GarBel TRCle, S Rd0E, ROUPURITY PRl M SRR, Hxamples of
o pebheation® titad Hisglosel ldyeneptingipateseintinde Spars) . sndBawsagA.G.: "A
based .on the deposij.tion rates f.romthe gepl ogi¢ data, .
ST VOF  DeaRains cRPeRES. SIAHScITHG dRe Proserve’ Geologic
SeidTBEEmRItY, " RapBeRPEES 99 préienteg dit MEN 89 SPESREeRfoir Simulation
reservoir fromthe grids of geol ogic data created by

t Fempesinmcheld amdlonsionz benasd 1417 Hebiuaes 199%eangdal Byiand Beckner,

dat a, d.includes butsis not..limted t i s C t.a,

ot or SRRt Radeiie R SeqfpoR B M il GG BBy pever
| ISPBr 6X92Mgfledehfed ol Ae200008 PR ARSI hnkel SOhferéidé and Exhibition
sedi nentary data. The nodel ed sedi nentary properties

ofeldrn Dadlad rkeaps. 1rhOrioher; 200k are not linited to grain
size distribution, connectivity, net-to-gross,

p hty, i qLe .. .
OB LY AR Bk o B9 ENRHS SR BRI prinfagum dhickness
gertepigi cMiniaim rthickfiesa sretiaretilizsythbakicknes dfeter Moérs between
Is al so disclgsed. This enbodinent conprises obtajning
gzea?raﬁwegaa% MAZE A gdetange msthe dugknest ph st ayerybstyreen lateral
Ui et ; . L ]
SELE5 80,05 55t T L0EM DRGSR whre v
sigraan sefimphis ard depasitedywitle v esbdinwhtary @rdvess gsiondadongrThick layers
lines, nergin ei ghbori ng horjzontal. grid |ines, .

8o BTRE B P UL BB O el cmPeeigh dpfiments are
huESRNHEDY PafifdilldfBf V89 BROLIBNLA) YaleORRhdricaP pldtdd BE reservoir
upscal ed nerged l'ayeis. The hi erarchy | evel s"assi gned

t perférenanos sinodatiin. gy inthimumethicknessghiteslilé ds fypmallymsdibwstruncate

i ncl udi ng,,but. not. .l i mt to changes in the inlet .

o BrgRuS s st foob<Cof SRBCH B B e aeto thickness and
Vak bahhlaRRkhéss ab@edv@rthd 661 atidive bf tHelellMR1dHW, dePénding on which cell
conposition of the sinulated deposit and any

cndlpseain geclogicalauppertigipdhe inmselhokhef proceseds prgifarably continued

2l i ng..qf subsurf ace vol ume,..such l.ogi ¢ .
o 8 ke GRS R 26t s nd g Hire B hiRleSs or is cqual
t featicri e, eoTE mhé&emgahé @bigh&_ﬁrirﬁgeﬁ 69| Sorfka b layefsemby Mave zero
vertical grid surfaces to divide the subsurface vol une
i Figknegsonusents regiopt aMopigeseayer perigymagca sipfuaers aptpmatically treat
CHle" 7580 %l&ﬂegsh cElS fagcﬁ?%tﬁfe canstat o9 %(llll?,g E%li}t)éeme roduct of
during the creation of e geologi ¢ structures i°h % KE
sStdumbager, visl anmrexarapld sfepreaandreially tdvailgsiel reghireoir performance
properties of the subsurfﬁﬁe volume within the grids
cuatpithatde dneyn tpersesskitlgd g artat eral gri d

surfaces. The geol ogi c data used may include, but is

n | M tedat s . ' . .
S 0 B4 LR Sl
gB8uhtigyrapiaé hrachy sedydest assddiajingpthee datseal fsacfeses between cells with

interpreted.fromseismc data. The del ed geol ogi .
oPUBEREr dEVels S ueah Risyetrie Toadiar iy Sardetugiers.  This
| hidhd @) 18s AbRIMafibAesibhSis “IRMINON 1aGBANGET ¥edY and “bedset”.
net-to-gross, porosity, perneability, pore pressure

afdllaihat shand burfaced helpWer eastain Jegel2ip]this hieretshyl may be merged. For

enbodi ment, for l. qai ¢ del i ng of a subsurface .
BT el o SIS SoyPHoR, miaY e Tsiafhesn il g ggd laminaset
obt ai ni ng geol ogi ¢ data, creating vertical grid

surfaces to divide the subsurface volune into

"columms", creating lateral grid surfaces to

correspond with surfaces of constant geologic tine

during the creation of the geologic structures in the

c o o o




of the original sand bodies in figure [ (a); [0029]
Figure I (d) is a cross-section illustration of

W@ paeoe46O©N- gri ds representati on of the origi neCT/BEs2005/021991
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bodies in figure I (a); [0030]-F-gure I(e) is a
cross-section illustration of reference-grids
representation of the original sand bodies in figure

| (a); [0031] Figure 2 is a flow chart of a first

ergpadidient aholtde Thyembiafhy did0BeleridruR d?etérﬁmﬁn% %30h level
view of 4671 unstructured-cell deposit that woul
24@0Besstoraiparticddr gurfatecet Hescribed ithbamimwe Loeselset iBed,and Bedset.

gg’oé%%g@rcgé Z%'g ﬁﬁ”%?es %ea? ?’gﬁl?eéhf §§5lr at Sgy?fvol 8 at 7-
Figure6c7( B 1dnsind i& ﬂﬁsﬁnﬁ%ﬁﬁ fn@@asbd) 1é'§£}fe@ttheﬁrfoﬁﬁs R’ ]rapldly from

sand bodies fromfigure 3(a) dro-Gids;
Fur@lmd@S g0 jhougs. fA deminasattis of reéatlye ccmﬂormb};@dsumcasmf of penetically

h
ar rlgir%g elgrleﬁmagqi r uc?d:!;g ace(s %&f@%’ldf?% g‘f”?ré’ﬁtthelr correlative

[ RosfBlmitlegurnehi@( Fdrms raplhlye ﬁ@frp hyindfek ata9 ﬁﬂthOf)ed is a relative
geol ogi c | ayers; [0038] Fi gure is a Hydro-Gid

cﬁe@,@n%b,l@ isypcession of ggpppiisal walasqdv@nyaamwwbd@mmmbemded by
r d, b n 9] F

opuses” ahenn a0y Lae a0 U elonl TR A8 r e

I@oaaammsc@ﬂﬁnﬁnmeswhmhdbﬂmﬁﬂmkﬂydﬁm@&mhmksmsyewﬁfacﬁﬁmaisa

F%%""ér%% o eSupryal PaebISEER: pomreTHamPRteon sidimentay
Glule kMRS SARSRIRMNE HRAGEGR BORMBUAL bONseR Bedsets form

I nentary proce si mul at or
DES@RB Aoh@ P4l pf Itimd Hieanf bédsowiThg dletigidphit hierarchy levels are

c armeeloR e forEoHedmalt et Shanaer il owigueions. ¢ayulsions
t Bﬁd/%f‘h@\ﬂtmieh %caﬁbﬁs frﬁkflc‘?wt@g 185 tviePbF ‘ﬂ{b h&rﬁagp' i’h@rada’aon

to a partlcu ar enbodi frent or a partlcu ar use
i pg@addtion, andirgragsadatioe merydresult brean intersedédte evebof yhe hierarchy

Acc rdin thelnv nti.on te

RS e i At § TouoEe s dPE i et b rapbischierarchy
| MHRRUhANbé Bskaiasd &oin ﬁ1|etl@sfe'lk?<§f' tlvi@ Sharlpeslif ﬂféastimelaﬁon conditions
and equivalents falling within the true scope of
app Gntiete dnspeetion ¢itbe Z]:rtuegldhstnbmfm;sofaﬂle cgmipdsition eﬁt]f@cslmulated

B I TR TR NS p—

b&veEm@ﬁgmit@ﬁ Hé)ladg.[sltdﬂ toiddBiBve &FS obdbIE cSlhtasiPFith the cores, well
recorded during the sinmulation of sand

d&gésarfldlséﬁmé‘? fon. The grid surfaces follow the sand

body shapes and their internal architecture

(gt Ur ) 0 RhEr ol Aibe 30Ys SAHAHEN U K36 el may be
e exi sting geol ogli ¢ nodé rld ng nethods.

Thrermipome, oftthe tve@oellshio dysigned ﬁmo’athkhhﬁl andithé etheadell is assigned

st.ructyre can, be preC|seI i ned f r reservoir

pﬁ?ﬁf@ﬁﬁ%&‘é@% s it %@ga ]Ifn %ia A THEACH cppigets @t deast one cell

0 ek e el I f u I
Bp%)%@?gur e@%t é{ggyo v1e§7dl§§hzlopsﬂﬂ8 t?ta%%?&%lﬁgged] et merging

r sf@rcellnghe @hnmﬁmfaWth ce]/legd:ts cato riclkhesuis guigsd by the goal of

(I|ne%%%are ch Fﬁg i vi de the subsurface vol une

i UGV e 2 ‘Eeééfr FRUP 3P PSRt . Now

referring to nurreral 23, horizontal or lateral grid

spoveeres (! Fies 6(ay\4ilh€sha1.‘é§ﬁ HxGarHP Sfrafddnddnt b $ur levelsh or levels

relatively horizontal, are created to correspond wt

slw2. s ead 6f1a1f@€é‘& ayfb 62 A %@sﬁﬂcﬁeme@tfuu{] tmthegeer@thmmngement
VST A S08T 05 B el By Bl S e o5 it

surfaces (lines) divide the subsurface volunme into
grid cells. Now referring to nuneral 24, the geol ogic
properties of the subsurface volune are represented by
assigning to each grid cell a particular value for
each geologlc property The geologlc propertles

I | e -




[0044] Now referring to nunmeral 21 in figure 2, the
geologic data is typically seismc data, but can al so

w0 p@bMoEecor e data, well |ogs, outcrop studi esPCT/US®05/021991
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dati ng of deposits, nunerical-1lyodeling results,

geol ogic nodels, and interpreted stratigraphic

surfaces. This data wll typically include information

that can aid in choosi ng the | ocation of t he surfaces,

Wh, dnfife

Ty%‘%zg mddtjyhl S |4n[:?1 GZM Iya ong‘?ﬁe Ia &egrlg 19?42Je§s lsapefﬁcwnt
c hnacrgbaswﬂ dypéro ktogritarep Fop examp]s invtliec éxpilordtiomtaad heavly f development

2B Ay e g 1L i el iRt S tiel” i et o)
es4iRbY, isadl Y 1QRINGRsY 6L YTdhd hi@fh?clfy%rrén%@m@ﬂt‘%‘ lf‘eaélnectly used to

sinul ati on of sedinmentation which'is part of
p builé geeldgie myesttlsandtpet formatsestmilatiogmotels & srpaa:mmrg efficient manner

nOHER Sapttin) Heolldle AERind cbioadies?, FnghifisS¥on detailed ol

nyggdkady efficiencyl arg4equirtd fBepiddaetiordddcikiss! fRABK-1VEINERE) layers,
are selected to divide the subsurface vol ume into

" sethuanslevelT 9Bsorc 6 erm b séfiqientlyhetractadr toc censtryctahigh-resolution

t ' f ..
ST, LA 90508 4l et i
( by awoetetded ud ﬂhe Hikieo-63tals weftiakbcooadidaes.| i ome situations, the

uni form rectangul ar or square cells, while in
UAYEF dRergngdisgRetaadvssble Becayss i Aifholegyd of the dweslayers is quite
( L
SHRagh, M neAN AP Bl iRy gl 06 Rllined os o
p Hydr@d €sidt wertiaalvcantdgess. over structured grids. First,
finescale ceIIs can be constructed where the change in

g ic pr rties. |s r api coa le ce
i‘ﬁkgg used Feée’i”ﬂg Brf&g%ﬁfﬁl %@ k%ﬁﬂ’&e ’ eSAéf t e geOIOglc
r fdpettiesti eev@fy"ﬁl%fgeﬁfceﬁearle SedfaiELd Tth?s H@c@ﬁﬁiﬁ%n bPSalues for

subsurface volune Wth a particular |evel of accuracy
shenged meddi @HS fi$ calhed S/umndiﬂgér Upschlinghof paxma;mbddy gt cporosity

cells than tr,uct r ells.
¢ Sl S0 Bt RcRhEBEY Ml By 5 berRansy s BB fit and can be
denedih al Matberor bdblﬁt%ﬁan¥4E§aQﬁp1§§ bEGEBHCEGOE! thak cﬁ@élbs% upscaling
33 for the sane accuraNy Second, due to increased

&t

f ingkudei IDLtrkaSkcrner Jdet (Namegeald Cabenlatione of eﬁqmvalesh a@l&é Block

v h ShL Bt ur

BEMGARHET b 0 Bl B S o BB heseare
Ttrqayelsmmﬁ Non6| 698 Hidlepde. Ea Rlﬁ?@l’dﬁqu)s Kt, FagestRdM. 8., Jensen,
channel 37 cutti ng t hr ough the delta fan dep05|t 35.

[ H0d6] apdwsbicerKi ny: t'Bemugabildy Dansprs fforg hedinpentargie Structures,”
d r.f c nes)
PP 90y 852 20 g B SRk B mar, 4
sNew &fficientofAveebemdletiatiquep o eakap EDrMakmﬁmicm-Cell Geologic
SEDSI roduct of CSI RO Petrol eum Resources,
siyladslsy ﬁi’&wﬁw@gﬂ R Engingening Gugupizd00l Y 297"
comercially avail able and known to persons skilled in
the art. The preferred enbodi ment uses the nunerica
simul ati on techni que described in U S. Provisiona
Patent Application No. 60/608, 707. [0047] Determ ning
t Bwampleer al grid surfaces (lines) typically includes
vari ous steps. First, a basal surface for a subvol une

t he f VO rm.n r Qm
\ALJO% c dat glégﬁeh? $ EI&SIS ac‘%:rgn'p | s?ln g%g E Y‘gﬂve sand body 51
Sedhpased i oft evpnbkaid dodpehesds3 @ndfﬁ:hbhm B8 ndiluRiked By using a
persons of ordinary skill in the art. Second, the
basal surface is adjusted to correct its dip and
orientation to the original position of the surface at
the tinme of deposition. Depending on the nature and
degree of postdepositional change, this may include a
rotation of the surface to restore the pal eosl ope and
unbendlng t he surface to renove t he effect of

o o — e o S o M o . e



Conput er Sinul ati ons, SEPM (Society for Sedimentary
Ceol ogy) 1999). Third, a nunerical sinulation of the

wG@ewsnens@ry processes, which may fill the subrar/ismes021991
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15 ¢

volume, is perforned over the I&} usted basal surface.

Such sinulations run forward in geologic tine,

conputing the anount and nature of sedinent deposited

at each location at each tine step. The top surfaces
Ofphlyfies-BhdtH | RlGkbn @ﬁ?%ééessaﬁlﬁldleﬁ&o rf‘i'ﬁﬁea?t sHORE A 1r¥ b(ﬁﬁplex sand
steps. The nunber [ayers in the geol ogi c nodel nay
béodpriilrlobéesd byd chmmg]srﬁ; arhenaihtaimed tagpurgielyein the Hydro-Grids 58

RS i ) 99 IR0 BB S i e o

I dhfady 50' enei dr8do® €6t HBRYatifh QREAek P57 AA UrS imPHRSR to reservoir
steps may be iterated to adjust the boundary

coetfornaies Bmutatien sirenpireserved- Jibei olefosselecd? rinslfignige cigpresents
gn Ih I deposit and the
gélgfgr% | gra§g§lge. n\lﬁ gP’I cgles(trg?lr ans? zar rrgti ons were

applied to the basal surface prior to sinulation, the
reverse of these transformations are applied to the
bge@d4]sur The elyarslGalds iganaut Asb bopisedl i a&A§ cofifndrbially available
the surfaces are noved to their |ikely present-day
posdimentary powasy simulatersy Figgres rﬁéabMBéx) iiBwstraten %mpiwmmulatlon

| SR8 3h P L RhS, RYR” GERTAET, SERONES BB s 61 of

t he OSTt  conposi n I'S ver geneous,

I @ﬁ@éraﬂlt g7d shdssHabace forfmy cb@pb‘e@pﬂaﬁbeﬂp@s{t 63 lagmer&'(@)jﬂlustrates
period of simulation tinme. However, if the flowi

hisad 904>'r loaticas 01 and 15izss Frthim @aﬁfanml@ ffagy dsklg, 65 w@d multiple lateral
|
Gl rrg6 rgé l/ﬁ!ﬁfg‘clég %zcﬁ%‘g%gﬁﬁ Gﬂth%?l%fre aye ﬁg&t% ﬁ%@ tefirme surfaces

emglfbe&ptdsaﬁtam%elonguidlm anetrhinsesrsacmsasedtion® ersendiBodiss 61 in a
p&ssigle rﬁthin a layer, which effectively

2 ‘zes reservoir connectivity. [0049] During
and after the sinulation for a particul ar subvol une,
there are several adjustnents that are typically nmade
to the lateral grid surfaces (lines). First, the
vertical coordinates of a lateral grid surface (line)
may be adjusted to account for any renoval of sedinent
by erosion after the original sedinent in the |ayer is
deposited. O herwise the lateral grid surfaces (lines)
may cross each other, which is not permtted. Second,
it may be found that certain lateral grid surfaces
(lines) created in sinmulation nmay not match in
| ocation the correspondi ng actual surfaces observed in
seismc data, well logs, or other fornms of geol ogic
data as described in nuneral 21 of figure 2. In this
case, the lateral grid surfaces (lines) nay be altered
manual |y, or the boundary conditions for the
simul ation may be adjusted until a nore favorable
correspondence between the sinulated and observed
surfaces is obtained. The adjustnent of boundary
conditions is the preferred method when possi bl e.
However, in practice, this can be tinme consum ng and
may not produce an adequate correspondence, in which
case manual adjustnent may be made. [0050] Now
referring to nunmeral 24 in figure 2, the geol ogic
properties of the subsurface volunme are represented by
assigning values for these properties to each ofthe
grid cells created by the intersections of the
vertical and lateral grid surfaces (lines). Typically,
these val ues are determ ned by the sane nunerica
simul ati on, which established the |ocation of the
|ateral grid surfaces (lines). [0051] An exanpl e of
Hydro-Grids is shown in figure 4. Figure 4(a) shows a
cross-section of a simnulated subsurface vol une hi
figure 4(b) the Fwdro C?IdS grlddlng nethod preserves



43 of figure 5, lateral grid surfaces (lines), which
may be substantially or relatively horizontal, are

wee@avedoeshi ch correspond with surfaces of geoP@UUS2005/021991
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time associated with the origil®al deposition of the
sediments that fill the subsurface volunme. Toget her,
the vertical and lateral grid surfaces (lines) divide
the subsurface volune into grid cells. Now referring
to nunmeral 44 of figure 5, the geol ogic properties of
the subsurface volune are represented by assigning to
each grid cell a particular value for each geol ogic
privpeleiy: Now referring to nunmeral 45 of figure 5,
selected cells are nerged to reduce the total nunber
of cells. Nowreferring to nunmeral 46 in figure 5, the
gdel ogi‘c petbpérioy gemlags modelingnpfiteedediatentane tminged reservoir,
Cehﬁ%ﬁiThe steps and various enbodi ments are di scussed
i g eater detail bel ow, [0053] Now referring to
numeral 41 in figure 5 the input geologic data is
obt ai nad, webgkhifdbedssit Bgasedi mentary process
simulation. The input data includes initia

condi tions, boundary conditjons, and sedi nment

di schaPge hictalng hotrzpmtal grid; lines cwhrieiniap deashiore bonigsotad grid line
0 J it al .- deposidt i opal .

oreHT b i BhEas  APBE A HRES b IR seotogic dats:
erodability of the initial topography. The boundary
condi t cons cmasngvertfaligniddines;ocati ons, inlet geonetry,

and the basin boundary flow conditions (no-flow or

out-flqw). Th edi pent .di scharge hi.story_consjsts of
the 11 duwel BE 12 dheyiSrdimentany dRopeTEE 10fybF fodimwp@ysbasin or

S QbR T R TEL R dsAd i RBIogRAM d4tD re 8 B WftRiala B i
di stribution f%uri]cti ogr?. %he [ nputr dath;SEaI SO ?dr?cﬁddlé(gnzomal grid
i e nati on about |ocations of stratigraphic surfaces
in the subsurface volume as described in nunmeral 21 of

fhgure t.he, ref erence nuneral.s 42, and

4301 bt metChr O o \EnEERHE RESIOB TR 1S oifien duBife row
i corfsistiup ©f 2eisinit @, tdutetbpstudyidat, rv@fuelbg a6, RUREAA, Mhvard and
t he verti0ﬁ$ rid surfaces are selected in a manner

t HEErsp snagieling datacorielation Pk sqigaic slatag sedimentary data.of

figure 2. For reference nuneral 43, the lateral grid

stir fac : ' : . S ST t

The. di oo ieroB R bR TRENRF S Bl el rBher 8 represen
r Bfverablecwerticabbinal 44, the geol ogic properties are

assigned to each grid cell is simlar to the

dj scussjon of nuperal .24 of . figure. 2. [0055] Now )

rlé‘f er r? Y Iqeghoﬁlu?’rgaﬁm Aswaerein g %ﬁ%ﬁ{le‘g@ RepRetigepf ghe basin or

tR8¢rveiRahR ReleORUD R a i e Cef (biale)si istributi

merged to reduce t ﬁghl?gtﬁéal érr? gfrsrb g?n?s(&)‘s;t lfnge I%If sélliagletsﬁ%r distribution,

nesaECtEn, néfdoenyssi parpsits peteabiiipeanbro preamak yaé any lbambination

NRY o Pbsequently be perforned on the nodel. Another

reason of merging the cells is to elimnate very thin

cells that may cause nunerical problens in reservoir

p&r f or Mianeethsd i kRih Anwhdten 24 Bhdigagdt dae Gﬁgin‘ég?&iﬁﬂfﬁ? lovid line is
0

There are various criteria that can be used _
dasdedPyestigpating the feppsitionyele yethoph eesionrantd éh erosional effects are

| : ' .1 on of them pmayb
et b e Fot AR ILRERA N Bl MR TRy date
may i nclude deposit property changes. The deposit
pﬁ;oper'ﬂ_}e niaﬁmgerﬁ‘ C:Iatind_ lidferthet mmrisﬁ@adjhﬁir@ﬁgrleﬁltlc!fne horizontal
Cc eint eol ogi c. proper.ti across the cell, |
9 Tetorehly gomeHandRce gt reiiecton Rartaony Ino peisgigrate.
Typically, a threshold of acceptable change is
selected, and cells are nerged for cells that have
changes | ess than the threshold value. [0057] A second
approach to nerging the cells may include a swept
efficiency error (a conbination effect of
perneability, porosity, and other rock properties). A

e . - o, o




Synposi um hel d i n Houston, Texas, 14-17 February,
1999; and Li, D. and Beckner, B.: "Optinmal Upl ayering

wo eneBerabeup of Multimllion-Cell Geol ogi c ModetBDPS2005/021991
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paper SPE 62927 presented at -td0e 2000 SPE Annual

Techni cal Conference and Exhibition held in Dall as,

Texas, 1-4 Cctober, 2000. [0058] A third approach to
nmerging the cells may include mni mumthickness

criter; . : e : o .

Ch cned Tp e maF it RASERCRL HELQ B A0lAF AL IS one horizonta
Tyepidcladd tp, fasomablyecarsespmndi to & badsrhivi rekedsm lofrizoh dn ltleey seisnic data
bet ween | ateral. surfaces. Thin |ayers. are generated )
ndiBFS IR esoLitlidl T LR BB ORISR oSt e LRGSR nduring  the
S QahRBGS 4Rl BEaRO SinhBslionhddard SEMifRhahdted OCESS
sinmulation. Thick layers are génerated near the

| obe/ channel centers or where coarse-grain sedinents

ade deposinetbad foar geadegiarmydslimgy of Hi rseditantaryraastraws ereservoir,
n%nerhi%l,problens in reservoir performance

si“ROPELT8Nn. A mi ni mum t hi ckness threshold is typically

used to truncate very thin cells. If a cell is judged

to be tapo t hbminihg geslygibdatassi gned zero thi ckness and
its actual thickness added to the cell above or the

cell bel ow, depending o ich cell .is closer. in o
geol ogi%cal ﬁff@g‘eg pzon) gmém@ﬁw exed) 9t leashang,hosizontal gyd line is
p r ' ' ' of the cells

B e R R et e PR Bntes or (s

equal to about zero. After nerging the nei ghboring

| ayer s c. sonmereafing aguticsl grehliesve zero thi ckness in sone

regi ons. Mst reservoir performance sinulators

automatg cal ly, treat the zero.thickness. c S, as \qqs

i nacti Ve celdFEmiie Sé[’ﬁ?glﬁf?ﬂ’élc Bierpid §i‘?ve}as o?rt%%{}%r{zo&];al grid lines,
Schl unberger, is an exanple of a comercially

avai | all e r esegpivgiat lepgtlohe heighbsrirg iotzahal gfid fhe,i S

known to persons skilled in the art. [0059] A fourth
approach to nerging the cells may be_ stratigraphic . .
hi er ar &hy. sfp?c&ﬂn@ een iherigonipheridy laygigepsed on the stratigraphic
agseGtRying the lateral surfaces between cells with
particul’ar levels in the stratigraphic hierarchy

famliar to stratigraphers. TMs hierarchy uses

cl assi i cat iestirsatsngededimsentdry prapatties floantheapetdled thigdd Jayers.
and "bedset". Cells that share surfaces bel ow a

certainp.leyv | n. t.hi s,hi erarchy .may be nerged. For .
chmp! i gisihad. B doish 8 TTEGh cPmbeFat seteohn s (©)nd (9 until
r Gbsited @drizifibl %_id [3¥s gk Biged.am naset surfaces are

renmoved. This hierarchy and the criteria for

determ ni ng which | evel applies to a particular

sdiff acdhametlpukelqlaiad wheteanihs duerprehy devsts assigaer torilie horizontal

B . e  a.C. i:na, i has -
o813 Blngs FRESRIRE Bl 6 ot orRIAE of pRILASAE e 88! conitions,
| aldngas iis thésirfulalide sbndiReasS cafihiton dy ehe tvBalcal distbution of the
very rapidly frommnutes, to hours. A |lamnaset is a

r PTHPeSHon-frihe sigupated denosit aad ey ermbjasitan thatepl; r el at ed

| am nae bounded by surfaces of erosion, non-deposition

or+t hei . o . : dl
A e
s cosestiaR o seismie dah) adtioy sty atate wedlniogadatagredre data, forward and
| am naset s..boynded by surfaces. (yeferred to ag beddi ng

S TP St HRE dbcioomtatit o 3E58ici el somentry dacd
correlative conformties, which fornms rapidly from

mnutes to years. A bedset is a group or set of

conformabl e beds that differ in conposition, texture,

or sedinmentary structure fromthose conposing the beds
above or below the bedset. Bedsets form over a |onger
period of time than beds. The stratigraphic hierarchy

| evel s are associated with the correspondi ng | evel s of

the changes of flow conditions. Avul sions and/or new

oy . o a1



[0060] In one enbodinent, once it is established that
two cells may be nerged, one of the two cells is

W@ s®bgomes " zer 0" thi ckness and the other cell P&I/US2005/021991
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assi gned the conbi ned thicknesd -of the two cells. If a

| ateral surface contacts at |east one cell of zero

thi ckness at every mapview |l ocation, then it can be

renoved. When nerging two cells, the choice of which

cabl gehR %&hed bP bféﬁﬂ SchhéréancHé @%cg’ly%rﬁch ﬁn&oﬁle cﬁgsen to represent
renovi ng as nany |l ateral surfaces or Tegions
pd@euﬂﬂevm@@ﬂﬁﬁmsFlgure 6(a) illustrates a h|erarchy
arrangenent of four levels or levels 1, 2, 3, and 4

eIe as , 162, an espectfully in the

A3 ar R Pt o sl oPPugid, e efiientey probrighogf the basin or
| |rb§é§¢dilat£§§ bdlectdt efradC e ?rét}ﬁ Q&ﬁ@ﬁﬁng)f of ¢&MS sfe distribution,
wi thinl evel s 61, 62, 63 an . The hierarchy
aICPRRRENIM ehLo-guass, gresilyapermeabiditya porst piessuehand any combination
neﬁq_ggsed data structure. For exanple, in the
exp ®ration and early devel opment stages, available
data is very limted and uncertainty is high. The
hilgh- | atel méthodof &)aima§ evlifereis e Meads ond eviginal Bdrigontf Zarid line is
of the hierarchy arrangenent can be dlrectéﬁtused to

b§reatedyotssglating thfcdepositan e Mﬂlﬁamrem@n aid the @psional effects are
ey

concaais sl 3L ook R b TRORA 1R 1 fhaich the goplogle dta

on detailed oil recovery efficiency are required for

priéductlihermetbad of olagn 8t Wherkinvthe gvelbgi(cfdanm)s slea'asyrec glata and further

T GoGR e aEI St o ey T Baiee e g Paprablecooa it the

MBEigMaidey 0cess has been conpleted, t he remai ni ng
| ateral surfaces are recorded as the Hydro-Gids

vertical coordinates. In sonme situations, the |ayer
mélﬁgu ndbe gneibed aﬁolagarilSefuﬂb@raarb@stmE at l¢ash gnqngyrlz;fntal rwd line to

R B L S0l D R B

Hydro-Gids verti cal coordlnates [0062] hbM/referrlng

t A7nunmdhalmefitododf cﬂaiugutﬁwﬁereid‘lﬁe viadeufes adjlistidpethg @otiggital grid line

pro ertﬂgf in every %iﬁ are recalculated., This
.cerre%ﬂond o e e Flae diorgeRs 11 Hhe) seigmic data lines is

C
S S

t aftpreths smmla::kan hmblaniyncomfiténaioh tmwac an be found in a
nunber of publications. Exanples of publications that

di.scl ose lin Jnclud Dur |

N rer R RN PG S50 et odhl K sesuefi gl comprisng:
Perneability Tensors for Heterogeneous Porous Media,'
Wat er 8630U6§@§nﬁ?§@ﬂ6§@dﬂbhy 1991) 27, No. 5, 699;

Pi ckup, G. E., R ngerose, P. S., Forester M M,
Jensen L., and Sorbie, K S.: Perneabllrty
Tensor & forCE@@@&%%ﬁ@ﬂﬁ“@ﬁﬂd@%ﬁres " Nhthenatlca
Ceol ogy (1994) 26, 227; and Li, D., Beckner, B., and

e e e R RS TRGHRN By of setoica

Reser voi r Etialeuliting theldepgsitie® of sedirhdutgisd sube@fce vdlifne; and
Exanpl e [0063] Figure 7 shows a cross- section of a

conpl ex avul sive sand 51 conpased ever sand

oy | Bbes PSR GANGA L PREeSionT e OBy T e & values in
aphysi cs- bagggl &BAERE] 8Y IntBisOAR2S o? ‘tlf@»'{/éﬁlé’e[l gu%' SiHfaBes’and the
shows that in conplex sand body 51 |obes 53 and

channel s 55latgrel grud swrfacesed accurately in the

Hydro-Gids 58 utilizing lateral grid lines or

surfaces 54 in connection wth vertical grid line or
surface 56. The erosion (or truncation surfaces) 57

that are inportant to reservoir performance sinul ation

are preserved. The color-scale 59 in Figure 7

represents aver age graln srze |n the ph| scale (fron15

o ~rs AT o o



fan delta 65.W claim 1. A nethod for geol ogic
nodel i ng of a sedinentary basin or reservoir,

W@vpdEs6g: a. obtaining geol ogic data; b. creer/Usmyos5/021991
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hori zontal grid |ines wherein2t- | east one horizont al

grid line represents deposit tinme |ines based on the
deposition rates fromthe geologic data; c. creating
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13. The nmethod of claim8 wherein the sedi nentary
properties of the basin or reservoir are selected from
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f . calculating geologic property values in the nerged
grid cells. 27. The nethod of claim26 further
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and any conbi nation thereof. 30. The nethod of claim
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subsurface volune into regions based on geol ogic
properties of layers. 31. The nethod of claim 30
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to have large bins for little lateral variation in
geol ogic properties and small bins for large |atera
variation in geologic properties are divided into
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sedi nentary properties of the subsurface volune are
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pore pressure and any conbi nation thereof. 33. The
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