
HETEROCYCLIC DERIVATIVES FOR TREATMENT OF
HYPERLIPIDEMIA AND RELATED DISEASES Cross-Reference to
Related Application [0001] This application claims
priority under 35 U.S.C.  119(e) to U.S. Provisional
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
relates to small molecule mediators of reverse
cholesterol transport (RCT) for treating
hypercholesterolemia and associated cardiovascular
diseases and other diseases. Description of the
Related Art [0003] It is now well-established that
elevated serum cholesterol ("hypercholesterolemia") is
a causal factor in the develoment of atherosclerosis,
a progressive accumulation of cholesterol within the
arterial walls. Hypercholesterolemia and
atherosclerosis are leading causes of cardiovascular
diseases, including hypertension, coronary artery
disease, heart attack and stroke. About 1.1 million
individuals suffer from heart attack each year in the
United States alone, the costs of which are estimated
to exceed $ 117 billion. Although there are numerous
pharmaceutical strategies for lowering cholesterol
levels in the blood, many of these have undesirable
side effects and have raised safety concerns.
Moreover, none of the commercially available drug
therapies adequately stimulate reverse cholesterol
transport, an important metabolic pathway that removes
cholesterol from the body. [0004] Circulating
cholesterol is carried by plasma lipoproteins -
particles of complex lipid and protein composition
that transport lipids in the blood. Low density
lipoproteins (LDLs), and high density lipoproteins
(HDLs) are the major cholesterol carriers. LDLs are
believed to be responsible for the delivery of
cholesterol from the liver (where it is synthesized or
obtained from dietary sources) to extrahepatic tissues
in the body. The term "reverse cholesterol transport"
describes the transport of cholesterol from
extrahepatic tissues to the liver where it is
catabolized and eliminated. It is believed that plasma
HDL particles play a major role in the reverse
transport process, acting as scavengers of tissue
cholesterol.[0005] Compelling evidence supports the
concept that lipids deposited in atherosclerotic
lesions are derived primarily from plasma LDL; thus,
LDLs have popularly become known as the "bad"
cholesterol. In contrast, plasma HDL levels correlate
inversely with coronary heart disease - indeed, high
plasma levels of HDL are regarded as a negative risk
factor. It is hypothesized that high levels of plasma
HDL are not only protective against coronary artery
disease, but may actually induce regression of
atherosclerotic plaques (e.g. see Badimon et al.,
1992, Circulation 86 (Suppl. 111)86-94). Thus, HDLs
have popularly become known as the "good" cholesterol.
[0006] The amount of intracellular cholesterol
liberated from the LDLs controls cellular cholesterol
metabolism. The accumulation of cellular cholesterol
derived from LDLs controls three processes: (1) it
reduces cellular cholesterol synthesis by turning off
the synthesis of HMGCoA reductase, a key enzyme in the
cholesterol biosynthetic pathway; (2) the incoming
LDL-derived cholesterol promotes storage of
cholesterol by activating LCAT, the cellular enzyme
which converts cholesterol into cholesteryl esters
that are deposited in storage droplets; and (3) the
accumulation of cholesterol within the cell drives a
feedback mechanism that inhibits cellular synthesis of
new LDL receptors. Cells, therefore, adjust their
complement of LDL receptors so that enough cholesterol
is brought in to meet their metabolic needs, without
overloading. (For a review, see Brown & Goldstein, In:
The Pharmacological Basis Of Therapeutics, 8th Ed.,
Goodman & Gilman, Pergamon Press, NY, 1990, Ch. 36,
pp. 874-896). [0007] Reverse cholesterol transport
(RCT) is the pathway by which peripheral cell
cholesterol can be returned to the liver for recycling
to extrahepatic tissues, or excreted into the 



intestine as bile. The RCT pathway represents the only
means of eliminating cholesterol from most
extrahepatic tissues. The RCT consists mainly of three
steps: (1) cholesterol efflux, the initial removal of
cholesterol from peripheral cells; (2) cholesterol
esterification by the action of lecithinxholesterol
acyltransferase (LCAT), preventing a re-entry of
effluxed cholesterol into the peripheral cells; and
(3) uptake/delivery of HDL cholesteryl ester to liver
cells. LCAT is the key enzyme in the RCT pathway and
is produced mainly in the liver and circulates in
plasma associated with the HDL fraction. LCAT converts
cell derived cholesterol to cholesteryl esters which
are sequestered in HDL destined for removal. The RCT
pathway is mediated by HDLs. [0008] HDL is a generic
term for lipoprotein particles which are characterized
by their high density. The main lipidic constituents
of HDL complexes are various phospholipids,cholesterol
(ester) and triglycerides. The most prominent
apolipoprotein components are A-I and A-II which
determine the functional characteristics of HDL.
[0009] Each HDL particle contains at least one copy
(and usually two to four copies) of apolipoprotein A-I
(ApoA-I). ApoA-I is synthesized by the liver and small
intestine as preproapolipoprotein which is secreted as
a proprotein that is rapidly cleaved to generate a
mature polypeptide having 243 amino acid residues.
ApoA-I consists mainly of 6 to 8 different 22 amino
acid repeats spaced by a linker moiety which is often
proline, and in some cases consists of a stretch made
up of several residues. ApoA-I forms three types of
stable complexes with lipids: small, lipid-poor
complexes referred to as pre-beta-1 HDL; flattened
discoidal particles containing polar lipids
(phospholipid and cholesterol) referred to as
pre-beta-2 HDL; and spherical particles containing
both polar and nonpolar lipids, referred to as
spherical or mature HDL (HDL and HDL2). Although most
HDL in circulation contains both ApoA-I and ApoA-II,
the fraction of HDL which contains only ApoA-I
(AI-HDL) appears to be more effective in RCT.
Epidemiologic studies support the hypothesis that
AI-HDL is anti-atherogenic. (Parra et al, 1992,
Arterioscler. Thromb. 12:701-707; Decossin et al,
1997, Eur. J. CHn. Invest. 27:299-307). [0010] Several
lines of evidence based on data obtained in vivo
implicate the HDL and its major protein component,
ApoA-I, in the prevention of atherosclerotic lesions,
and potentially, the regression of plaques-making
these attractive targets for therapeutic intervention.
First, an inverse correlation exists between serum
ApoA-I (HDL) concentration and atherogenesis in man
(Gordon & Rifkind, 1989, N. Eng. J. Med. 321:131
1-1316; Gordon et al, 1989, Circulation 79:8- 15).
Indeed, specific subpopulations of HDL have been
associated with a reduced risk for atherosclerosis in
humans (Miller, 1987, Amer. Heart 113:589-597; Cheung
et al, 1991, Lipid Res. 32:383-394); Fruchart &
Ailhaud, 1992, CHn. Chem. 38:79). [0011] Second,
animal studies support the protective role of ApoA-I
(HDL). Treatment of cholesterol fed rabbits with
ApoA-I or HDL reduced the development and progression
of plaque (fatty streaks) in cholesterol-fed rabbits
(Koizumi et al, 1988, J. Lipid Res. 29:1405-1415;
Badimon et al, 1989, Lab. Invest. 60:455-461; Badimon
et al, 1990, J. CHn. Invest. 85:1234- 1241). However,
the efficacy varied depending upon the source of HDL
(Beitz et al, 1992, Prostaglandins, Leukotrienes and
Essential Fatty Acids 47:149-152; Mezdour et al, 1995,
Atherosclerosis 113:237-246).[0012] Third, direct
evidence for the role of ApoA-I was obtained from
experiments involving transgenic animals. The
expression of the human gene for ApoA-I transferred to
mice genetically predisposed to diet-induced
atherosclerosis protected against the development of
aortic lesions (Rubin et al, 1991, Nature
353:265-267). The ApoA-I transgene was also shown to
suppress atherosclerosis in ApoE-deficient mice and in
Apo(a) transgenic mice (Paszty et al, 1994, J Clin.
Invest. 94:899-903; Plump et al, 1994, PNAS. USA
91:9607-961 1; Liu et al., 1994, J. Lipid Res.
35:2263-2266). Similar results were observed in
transgenic rabbits expressing human ApoA-I (Duverger,
1996, Circulation 94:713-717; Duverger et al., 1996,
Arte oscler. Thromb. Vase. Biol. 16:1424-1429), and in
transgenic rats where elevated levels of human ApoA-I
protected against atherosclerosis and inhibited
restenosis following balloon angioplasty (Burkey et
al., 1992, 



Circulation, Supplement I, 86:1-472, Abstract No.
1876; Burkey et al, 1995, J. Lipid Res. 36:1463-
1473). Current Treatments for Hypercholesterolemia and
other Dyslipidemias [0013] In the past two decades or
so, the segregation of cholesterolemic compounds into
HDL and LDL regulators and recognition of the
desirability of decreasing blood levels of LDL has led
to the development of a number of drugs. However, many
of these drugs have undesirable side effects and/or
are contraindicated in certain patients, particularly
when administered in combination with other drugs.
These drugs and therapeutic strategies include: (1)
bile-acid-binding resins which interrupt the recycling
of bile acids from the intestine to the liver [e.g.,
cholestyramine (QUESTRAN LIGHT, Bristol-Myers Squibb),
and colestipol hydrochloride (COLESTID, Pharmacia &
Upjohn Company)]; (2) statins, which inhibit
cholesterol synthesis by blocking HMGCoA reductase-
the key enzyme involved in cholesterol biosynthesis
[e.g., lovastatin (MEVACOR, Merck & Co., Inc.), a
natural product derived from a strain of Aspergillus,
pravastatin (PRAVACHOL, Bristol-Myers Squibb Co.), and
atorvastatin (LIPITOR, Warner Lambert)]; (3) niacin is
a water-soluble vitamin B-complex which diminishes
production of VLDL and is effective at lowering LDL;
(4) fibrates are used to lower serum triglycerides by
reducing the VLDL fraction and may in some patient
populations give rise to modest reductions of plasma
cholesterol via the samemechanism [e.g., clofibrate
(ATROMID-S, Wyeth-Ayerst Laboratories), and
gemfibrozil (LOPID, Parke-Davis)]; (5) estrogen
replacement therapy may lower cholesterol levels in
post-menopausal women; (6) long chain
alpha,omego-dicarboxylic acids have been reported to
lower serum triglyceride and cholesterol (See, e.g.,
Bisgaier et al., 1998, J. Lipid Res. 39:17-30; WO
98/30530; U.S. Pat. No. 4,689,344; WO 99/001 16; U.S.
Pat. No. 5,756,344; U.S. Pat. No. 3,773,946; U.S. Pat.
No. 4,689,344; U.S. Pat. No. 4,689,344; U.S. Pat. No.
4,689,344; and U.S. Pat. No. 3,930,024); (7) other
compounds including ethers (See, e.g., U.S. Pat. No.
4,71 1,896; U.S. Pat. No. 5,756,544; U.S. Pat. No.
6,506,799), phosphates of dolichol (U.S. Pat. No.
4,613,593), and azolidinedione derivatives (U.S. Pat.
No. 4,287,200) are disclosed as lowering serum
triglyceride and cholesterol levels. [0014] None of
these currently available drugs for lowering
cholesterol safely elevate HDL levels and stimulate
RCT. Indeed, most of these current treatment
strategies appear to operate on the cholesterol
transport pathway, modulating dietary intake,
recycling, synthesis of cholesterol, and the VLDL
population. ApoA-I Agonists for Treatment of
Hypercholesterolemia [0015] In view of the potential
role of HDL, i.e., both ApoA-I and its associated
phospholipid, in the protection against
atherosclerotic disease, human clinical trials
utilizing recombinantly produced ApoA-I were
commenced, discontinued and apparently re-commenced by
UCB Belgium (Pharmaprojects, Oct. 27, 1995; IMS R&D
Focus, Jun. 30, 1997; Drug Status Update, 1997,
Atherosclerosis 2(6):26 1-265); see also M. Eriksson
at Congress, "The Role of HDL in Disease Prevention,"
Nov. 7-9, 1996, Fort Worth; Lacko & Miller, 1997, J.
Lip. Res. 38:1267- 1273; and WO 94/13819) and were
commenced and discontinued by Bio-Tech
(Pharmaprojects, Apr. 7, 1989). Trials were also
attempted using ApoA-I to treat septic shock (Opal,
"Reconstituted HDL as a Treatment Strategy for
Sepsis," IBCs 7th International Conference on Sepsis,
Apr. 28-30, 1997, Washington, D.C.; Gouni et al.,
1993, J. Lipid Res. 94:139-146; Levine, WO 96/04916).
However, there are many pitfalls associated with the
production and use of ApoA-I, making it less than
ideal as a drug; e.g., ApoA-I is a large protein that
is difficult and expensive to produce;significant
manufacturing and reproducibility problems must be
overcome with respect to stability during storage,
delivery of an active product and half-life in vivo. 



[0016] In view of these drawbacks, attempts have been
made to prepare peptides that mimic ApoA-I. Since the
key activities of ApoA-I have been attributed to the
presence of multiple repeats of a unique secondary
structural feature in the protein - a class A
amphipathic a-helix (Segrest, 1974, FEBS Lett.
38:247-253; Segrest et al, 1990, PROTEINS: Structure,
Function and Genetics 8:103-1 17), most efforts to
design peptides which mimic the activity of ApoA-I
have focused on designing peptides which form class
A-type amphipathic a-helices (See e.g., Background
discussions in U.S. Pat. Nos. 6,376,464 and 6,506,799;
incorporated herein in their entirety by reference
thereto). [0017] In one study, Fukushima et al
synthesized a 22-residue peptide composed entirely of
GIu, Lys and Leu residues arranged periodically so as
to form an amphipathic a-helix with equal-hydrophilic
and hydrophobic faces ("ELK peptide") (Fukushima et
al, 1979, J. Amer. Chem. Soc. 101(13):3703-3704;
Fukushima et al., 1980, J. Biol. Chem.
255:10651-10657). The ELK peptide shares 41% sequence
homology with the 198-219 fragment of ApoA-I. The ELK
peptide was shown to effectively associate with
phospholipids and mimic some of the physical and
chemical properties of ApoA-I (Kaiser et al., 1983,
PNAS USA 80:1 137-1 140; Kaiser et al., 1984, Science
223:249-255; Fukushima et al, 1980, supra; Nakagawa et
al, 1985, J. Am. Chem. Soc. 107:7087-7092). A dimer of
this 22-residue peptide was later found to more
closely mimic ApoA-I than the monomer; based on these
results, it was suggested that the 44-mer, which is
punctuated in the middle by a helix breaker (either
GIy or Pro), represented the minimal functional domain
in ApoA-I (Nakagawa et al, 1985, supra). [0018]
Another study involved model amphipathic peptides
called "LAP peptides" (Pownall et al, 1980, PNAS SA
77(6):3 154-3 158; Sparrow et al, 1981, In: Peptides:
Synthesis- Structure-Function, Roch and Gross, Eds.,
Pierce Chem. Co., Rockford, IL, 253-256). Based on
lipid binding studies with fragments of native
apolipoproteins, several LAP peptides were designed,
named LAP-1 6, LAP-20 and LAP-24 (containing 16, 20
and 24 amino acid residues, respectively). These model
amphipathic peptides share no sequence homology with
the apolipoproteins and were designed to have
hydrophilic faces organized in a manner unlike the
class A-type amphipathic helical domains associated
with apolipoproteins (Segrest et al, 1992, J. Lipid
Res. 33:141-166).From these studies, the authors
concluded that a minimal length of 20 residues is
necessary to confer lipid-binding properties to model
amphipathic peptides. [0019] Studies with mutants of
LAP20 containing a proline residue at different
positions in the sequence indicated that a direct
relationship exists between lipid binding and LCAT
activation, but that the helical potential of a
peptide alone does not lead to LCAT activation (Ponsin
et al, 1986, J. Biol. Chem. 261(20):9202-9205).
Moreover, the presence of this helix breaker (Pro)
close to the middle of the peptide reduced its
affinity for phospholipid surfaces as well as its
ability to activate LCAT. While certain of the LAP
peptides were shown to bind phospholipids (Sparrow et
al, supra), controversy exists as to the extent to
which LAP peptides are helical in the presence of
lipids (Buchko et al., 1996, J. Biol. Chem.
271(6):3039-3045; Zhong et al, 1994, Peptide Research
7(2):99-106). [0020] Segrest et al. have synthesized
peptides composed of 18 to 24 amino acid residues that
share no sequence homology with the helices of ApoA-I
(Kannelis et al., 1980, J. Biol. Chem. 255(3):1 1464-1
1472; Segrest et al., 1983, J. Biol. Chem.
258:2290-2295). The sequences were specifically
designed to mimic the amphipathic helical domains of
class A exchangeable apolipoproteins in terms of
hydrophobic moment (Eisenberg et al., 1982, Nature
299:371-374) and charge distribution (Segrest et al,
1990, Proteins 8:103-1 17; U.S. Pat. No. 4,643,988).
One 18- residue peptide, the "18A" peptide, was
designed to be a model class-A a-helix (Segrest et al,
1990, supra). Studies with these peptides and other
peptides having a reversed charged distribution, like
the "18R" peptide, have consistently shown that charge
distribution is critical for activity; peptides with a
reversed charge distribution exhibit decreased lipid
affinity relative to the 18A 



class-A mimics and a lower helical content in the
presence of lipids (Kanellis et al, 1980, J. Biol.
Chem. 255:1 1464-1 1472; Anantharamaiah et al, 1985,
J. Biol. Chem. 260:10248-10255; Chung et al, 1985, J.
Biol. Chem. 260:10256-10262; Epand et al, 1987, J.
Biol. Chem. 262:9389-9396; Anantharamaiah et al, 1991,
Adv. Exp. Med. Biol. 285:131-140). [0021] A
"consensus" peptide containing 22-amino acid residues
based on the sequences of the helices of human ApoA-I
has also been designed (Anantharamaiah et al, 1990,
Arteriosclerosis 10(l):95-105; Venkatachalapathi et
al, 1991, MoL Conformation and Biol. Interactions,
Indian Acad. Sci. B:585-596). The sequence was
constructed by identifying the most prevalent residue
at each position of the hypothesized helices of human
ApoA-I. Like the peptides described above, the helix
formed by this peptide has positively charged amino
acid residuesclustered at the hydrophilic-hydrophobic
interface, negatively charged amino acid residues
clustered at the center of the hydrophilic face and a
hydrophobic angle of less than 180. While a dimer of
this peptide is somewhat effective in activating LCAT,
the monomer exhibited poor lipid binding properties
(Venkatachalapathi et al., 1991, supra). [0022] Based
primarily on in vitro studies with the peptides
described above, a set of "rules" has emerged for
designing peptides which mimic the function of ApoA-I.
Significantly, it is thought that an amphipathic
a-helix having positively charged residues clustered
at the hydrophilichydrophobic interface and negatively
charged amino acid residues clustered at the center of
the hydrophilic face is required for lipid affinity
and LCAT activation (Venkatachalapathi et al., 1991,
supra). Anantharamaiah et al. have also indicated that
the negatively charged GIu residue at position 13 of
the consensus 22-mer peptide, which is positioned
within the hydrophobic face of the a-helix, plays an
important role in LCAT activation (Anantharamaiah et
al., 1991, supra). Furthermore, Brasseur has indicated
that a hydrophobic angle (pho angle) of less than 180
is required for optimal lipid-apolipoprotein complex
stability, and also accounts for the formation of
discoidal particles having the peptides around the
edge of the lipid bilayer (Brasseur, 1991, J. Biol.
Chem. 66(24):16120-16127). Rosseneu et al. have also
insisted that a hydrophobic angle of less than 180 is
required for LCAT activation (WO 93/25581). [0023]
However, despite the progress in elucidating "rules"
for designing ApoA-I agonists, to date the best ApoA-I
agonists are reported as having less than 40% of the
activity of intact ApoA-I. None of the peptide
agonists described in the literature have been
demonstrated to be useful as a drug. Thus, there is a
need for the development of a stable molecule that
mimics the activity of ApoA-I and which is relatively
simple and cost-effective to produce. Preferably,
candidate molecules would mediate both indirect and
direct RCT. Such molecules would be smaller than
existing peptide agonists, and have broader functional
spectra. However, the "rules" for designing
efficacious mediators of RCT have not been fully
elucidated and the principles for designing organic
molecules with the function of ApoA-I are unknown.
Summary of the Invention [0024] A mediator of reverse
cholesterol transport is disclosed comprising the
structure:[0025] wherein A, B, and C may be in any
order, and wherein: [0026] A comprises an acidic
moiety, comprising an acidic group or a bioisostere
thereof; [0027] B comprises an aromatic or lipophilic
moiety comprising at least a portion of HMG CoA
reductase inhibitor or analog thereof; and [0028] C
comprises a basic moiety, comprising a basic group or
a bioisostere thereof. [0029] Preferably, at least one
of the alpha amino or alpha carboxy groups have been
removed from their respective amino or carboxy
terminal moieties. [0030] If not removed, the alpha
amino group is preferably capped with a protecting
group selected from the group consisting of acetyl,
phenylacetyl, benzoyl, pivolyl, 9-
fluorenylmethyloxycarbonyl, 2-napthylic acid,
nicotinic acid, a CH -(CH2)n-CO- where n ranges from 3
to 20, di-tert-butyl-4-hydroxy-phenyl, naphthyl,
substituted naphthyl, Fmoc, 



biphenyl, substituted phenyl, substituted
heterocycles, alkyl, aryl, substituted aryl,
cycloalkyl, fused cycloalkyl, saturated heteroaryl,
and substituted saturated heteroaryl. [0031] If not
removed, the alpha carboxy group is preferably capped
with a protecting group selected from the group
consisting of an amine, such as RNH where R = H,
di-tert-butyl-4- hydroxy-phenyl, naphthyl, substituted
naphthyl, Fmoc, biphenyl, substituted phenyl,
substituted heterocycles, alkyl, aryl, substituted
aryl, cycloalkyl, fused cycloalkyl, saturated
heteroaryl, and substituted saturated heteroaryl.
[0032] Bioisosteres of the acidic group may be
selected from the group consisting of:MEDIATORS OF
REVERSE CHOLESTEROL TRANSPORT FOR THE TREATMENT OF
HYPERCHOLESTEROLEMIA Cross-Reference to Related
Application [0001] This application claims priority
under 35 U.S.C.  119(e) of U.S. Provisional Patent
Application No. 60/667,368, filed April 1, 2005, and
U.S. Provisional Patent Application No. 60/578,226,
filed June 9, 2004, herein entirely incorporated by
reference. Background of the Invention Field of the
Invention [0002] The invention relates to small
molecule mediators of reverse cholesterol transport
(RCT) for treating hypercholesterolemia and associated
cardiovascular diseases and other diseases.
Description of the Related Art [0003] It is now
well-established that elevated serum cholesterol
("hypercholesterolemia") is a causal factor in the
develoment of atherosclerosis, a progressive
accumulation of cholesterol within the arterial walls.
Hypercholesterolemia and atherosclerosis are leading
causes of cardiovascular diseases, including
hypertension, coronary artery disease, heart attack
and stroke. About 1.1 million individuals suffer from
heart attack each year in the United States alone, the
costs of which are estimated to exceed $ 117 billion.
Although there are numerous pharmaceutical strategies
for lowering cholesterol levels in the blood, many of
these have undesirable side effects and have raised
safety concerns. Moreover, none of the commercially
available drug therapies adequately stimulate reverse
cholesterol transport, an important metabolic pathway
that removes cholesterol from the body. [0004]
Circulating cholesterol is carried by plasma
lipoproteins - particles of complex lipid and protein
composition that transport lipids in the blood. Low
density lipoproteins (LDL), and high density
lipoproteins (HDL) are the major cholesterol carriers.
LDL are believed to be responsible for the delivery of
cholesterol from the liver (where it is synthesized or
obtained from dietary sources) to extrahepatic tissues
in the body. The term "reverse cholesterol transport"
describes the transport of cholesterol from
extrahepatic tissues to the liver where it is
catabolized and eliminated. It is believed that plasma
HDL particles play a major role in the reverse
transport process, acting as scavengers of tissue
cholesterol.[0005] Compelling evidence supports the
concept that lipids deposited in atherosclerotic
lesions are derived primarily from plasma LDL; thus,
LDLs have popularly become known as the "bad"
cholesterol. In contrast, plasma HDL levels correlate
inversely with coronary heart disease - indeed, high
plasma levels of HDL are regarded as a negative risk
factor. It is hypothesized that high levels of plasma
HDL are not only protective against coronary artery
disease, but may actually induce regression of
atherosclerotic plaques (e.g. see Badimon et al.,
1992, Circulation 86 (Suppl. III):86-94). Thus, HDLs
have popularly become known as the "good" cholesterol.
[0006] The amount of intracellular cholesterol
liberated from the LDLs controls cellular cholesterol
metabolism. The accumulation of cellular cholesterol
derived from LDLs controls three processes: (1) it
reduces cellular cholesterol synthesis by turning off
the synthesis of HMGCoA reductase, a key enzyme in the
cholesterol biosynthetic pathway; (2) the incoming
LDL-derived cholesterol promotes storage of
cholesterol by activating LCAT, the cellular enzyme
which 



converts cholesterol into cholesteryl esters that are
deposited in storage droplets; and (3) the
accumulation of cholesterol within the cell drives a
feedback mechanism that inhibits cellular synthesis of
new LDL receptors. Cells, therefore, adjust their
complement of LDL receptors so that enough cholesterol
is brought in to meet their metabolic needs, without
overloading. (For a review, see Brown & Goldstein, In:
The Pharmacological Basis Of Therapeutics, 8th Ed.,
Goodman & Gilman, Pergamon Press, NY, 1990, Ch. 36,
pp. 874-896). [0007] Reverse cholesterol transport
(RCT) is the pathway by which peripheral cell
cholesterol can be returned to the liver for recycling
to extrahepatic tissues, or excreted into the
intestine as bile. The RCT pathway represents the only
means of eliminating cholesterol from most
extrahepatic tissues. The RCT consists mainly of three
steps: (1) cholesterol efflux, the initial removal of
cholesterol from peripheral cells; (2) cholesterol
esterif cation by the action of lecithin: cholesterol
acyltransferase (LCAT), preventing a re-entry of
effluxed cholesterol into the peripheral cells; and
(3) uptake/delivery of HDL cholesteryl ester to liver
cells. LCAT is the key enzyme in the RCT pathway and
is produced mainly in the liver and circulates in
plasma associated with the HDL fraction. LCAT converts
cell derived cholesterol to cholesteryl esters which
are sequestered in HDL destined for removal. The RCT
pathway is mediated by HDLs. [0008] HDL is a generic
term for lipoprotein particles which are characterized
by their high density. The main lipidic constituents
of HDL complexes are various phospholipids,cholesterol
(ester) and triglycerides. The most prominent
apolipoprotein components are A-I and A-II which
determine the functional characteristics of HDL.
[0009] Each HDL particle contains at least one copy
(and usually two to four copies) of apolipoprotein A-I
(ApoA-I). ApoA-I is synthesized by the liver and small
intestine as preproapolipoprotein which is secreted as
a proprotein that is rapidly cleaved to generate a
mature polypeptide having 243 amino acid residues.
ApoA-I consists mainly of 6 to 8 different 22 amino
acid repeats spaced by a linker moiety which is often
proline, and in some cases consists of a stretch made
up of several residues. ApoA-I forms three types of
stable complexes with lipids: small, lipid-poor
complexes referred to as pre-beta-1 HDL; flattened
discoidal particles containing polar lipids
(phospholipid and cholesterol) referred to as
pre-beta-2 HDL; and spherical particles containing
both polar and nonpolar lipids, referred to as
spherical or mature HDL (HDL3 and HDL2) . Although
most HDL in circulation contains both ApoA-I and
ApoA-II, the fraction of HDL which contains only
ApoA-I (AI-HDL) appears to be more effective in RCT.
Epidemiologic studies support the hypothesis that
AI-HDL is anti-atherogenic. (Parra et al, 1992,
Arterioscler. Thromb. 12:701-707; Decossin et al,
1997, Eur. J. Clin. Invest. 27:299-307). [0010]
Several lines of evidence based on data obtained in
vivo implicate the HDL and its major protein
component, ApoA-I, in the prevention of
atherosclerotic lesions, and potentially, the
regression of plaques-making these attractive targets
for therapeutic intervention. First, an inverse
correlation exists between serum ApoA-I (HDL)
concentration and atherogenesis in man (Gordon &
Rifkind, 1989, N. Eng. J. Med. 321:131 1-1316; Gordon
et al, 1989, Circulation 79:8- 15). Indeed, specific
subpopulations of HDL have been associated with a
reduced .risk for atherosclerosis in humans (Miller,
1987, Amer. Heart 113:589-597; Cheung et al, 1991,
Lipid Res. 32:383-394); Fruchart & Ailhaud, 1992,
Clin. Chem. 38:79). [0011] Second, animal studies
support the protective role of ApoA-I (HDL). Treatment
of cholesterol fed rabbits with ApoA-I or HDL reduced
the development and progression of plaque (fatty
streaks) in cholesterol-fed rabbits (Koizumi et al,
1988, J. Lipid Res. 29:1405-1415; Badimon et al, 1989,
Lab. Invest. 60:455-461; Badimon et al, 1990, J Clin.
Invest. 85:1234- 1241). However, the efficacy varied
depending upon the source of HDL (Beitz et al, 1992,
Prostaglandins, Leukotrienes and Essential Fatty Acids
47:149-152; Mezdour et al, 1995, Atherosclerosis
113:237-246).[0012] Third, direct evidence for the
role of ApoA-I was obtained from experiments involving
transgenic animals. The expression of the human gene
for ApoA-I transferred to mice 



genetically predisposed to diet-induced
atherosclerosis protected against the development of
aortic lesions (Rubin et al., 1991, Nature
353:265-267). The ApoA-I transgene was also shown to
suppress atherosclerosis in ApoE-deficient mice and in
Apo(a) transgenic mice (Paszty et al., 1994, J. Clin.
Invest. 94:899-903; Plump et al., 1994, PNAS. USA
91:9607-961 1; Liu et al., 1994, J. Lipid Res.
35:2263-2266). Similar results were observed in
transgenic rabbits expressing human ApoA-I (Duverger,
1996, Circulation 94:713-717; Duverger et al., 1996,
Arterioscler. Thromb. Vase. Biol. 16:1424-1429), and
in transgenic rats where elevated levels of human
ApoA-I protected against atherosclerosis and inhibited
restenosis following balloon angioplasty (Burkey et
al., 1992, Circulation, Supplement I, 86:1-472,
Abstract No. 1876; Burkey et al, 1995, J. Lipid Res.
36:1463- 1473). Current Treatments for
Hypercholesterolemia and other Dyslipidemias [0013] In
the past two decades or so, the segregation of
cholesterolemic compounds into HDL and LDL regulators
and recognition of the desirability of decreasing
blood levels of LDL has led to the development of a
number of drugs. However, many of these drugs have
undesirable side effects and/or are contraindicated in
certain patients, particularly when administered in
combination with other drugs. These drugs and
therapeutic strategies include: (1) bile-acid-binding
resins , which interrupt the recycling of bile acids
from the intestine to the liver [e.g., cholestyramine
(QUESTRAN LIGHT, Bristol-Myers Squibb), and colestipol
hydrochloride (COLESTID, Pharmacia & Upjohn Company)];
(2) statins, which inhibit cholesterol synthesis by
blocking HMGCoA - the key enzyme involved in
cholesterol biosynthesis [e.g., lovastatin (MEVACOR,
Merck & Co., Inc.), a natural product derived from a
strain of Aspergillus, pravastatin (PRAVACHOL,
Bristol- Myers Squibb Co.), and atorvastatin (LIPITOR,
Warner Lambert)]; (3) niacin is a water-soluble
vitamin B-complex which diminishes production of VLDL
and is effective at lowering LDL; (4) fibrates are
used to lower serum triglycerides by reducing the VLDL
fraction and may in some patient populations give rise
to modest reductions of plasma cholesterol via the
samemechanism [e.g., clofbrate (ATROMID-S,
Wyeth-Ayerst Laboratories), and gemfibrozil (LOPlD,
Parke-Davis)]; (5) estrogen replacement therapy may
lower cholesterol levels in post-menopausal women; (6)
long chain alpha,omego-dicarboxylic acids have been
reported to lower serum triglyceride and cholesterol
(See, e.g., Bisgaier et al., 1998, J. Lipid Res.
39:17-30; WO 98/30530; U.S. Pat. No. 4,689,344; WO
99/001 16; U.S. Pat. No. 5,756,344; U.S. Pat. No.
3,773,946; U.S. Pat. No. 4,689,344; U.S. Pat. No.
4,689,344; U.S. Pat. No. 4,689,344; and U.S. Pat. No.
3,930,024); (7) other compounds including ethers (See,
e.g., U.S. Pat. No. 4,71 1,896; U.S. Pat. No.
5,756,544; U.S. Pat. No. 6,506,799), phosphates of
dolichol (U.S. Pat. No. 4,613,593), and azolidinedione
derivatives (U.S. Pat. No. 4,287,200) are disclosed as
lowering serum triglyceride and cholesterol levels.
[0014] None of these currently available drugs for
lowering cholesterol safely elevate HDL levels and
stimulate RCT. Indeed, most of these current treatment
strategies appear to operate on the cholesterol
transport pathway, modulating dietary intake,
recycling, synthesis of cholesterol, and the VLDL
population. ApoA-I Agonists for Treatment of
Hypercholesterolemia [0015] In view of the potential
role of HDL, i.e., both ApoA-I and its associated
phospholipid, in the protection against
atherosclerotic disease, human clinical trials
utilizing recombinantly produced ApoA-I were
commenced, discontinued and apparently re-commenced by
UCB Belgium (Pharmaprojects, Oct. 27, 1995; IMS R&D
Focus, Jun. 30, 1997; Drug Status Update, 1997,
Atherosclerosis 2(6):26 1-265); see also M. Eriksson
at Congress, "The Role of HDL 



in Disease Prevention," Nov. 7-9, 1996, Fort Worth;
Lacko & Miller, 1997, J. Lip. Res. 38:1267- 1273; and
WO 94/13819) and were commenced and discontinued by
Bio-Tech (Pharmaprojects, Apr. 7, 1989). Trials were
also attempted using ApoA-I to treat septic shock
(Opal, "Reconstituted HDL as a Treatment Strategy for
Sepsis," IBCs 7th International Conference on Sepsis,
Apr. 28-30, 1997, Washington, D.C.; Gouni et al.,
1993, J. Lipid Res. 94:139-146; Levine, WO 96/04916).
However, there are many pitfalls associated with the
production and use of ApoA-I, making it less than
ideal as a drug; e.g., ApoA-I is a large protein that
is difficult and expensive to produce;significant
manufacturing and reproducibility problems must be
overcome with respect to stability during storage,
delivery of an active product and half-life in vivo.
[0016] In view of these drawbacks, attempts have been
made to prepare peptides that mimic ApoA-I. Since the
key activities of ApoA-I have been attributed to the
presence of multiple repeats of a unique secondary
structural feature in the protein - a class A
amphipathic a-helix (Segrest, 1974, FEBS Lett.
38:247-253; Segrest et al, 1990, PROTEINS: Structure,
Function and Genetics 8:103-1 17), most efforts to
design peptides which mimic the activity of ApoA-I
have focused on designing peptides which form class
A-type amphipathic a-helices (See e.g., Background
discussions in U.S. Pat. Nos. 6,376,464 and 6,506,799;
incorporated herein in their entirety by reference
thereto). [0017J In one study, Fukushima et al.
synthesized a 22-residue peptide composed entirely of
GIu, Lys and Leu residues arranged periodically so as
to form an amphipathic a-helix with equal-hydrophilic
and hydrophobic faces ("ELK peptide") (Fukushima et
al., 1979, J. Amer. Chem. Soc. 101(13):3703-3704;
Fukushima et al., 1980, J. Biol. Chem.
255:10651-10657). The ELK peptide shares 41% sequence
homology with the 198-219 fragment of ApoA-I. The ELK
peptide was shown to effectively associate with
phospholipids and mimic some of the physical and
chemical properties of ApoA-I (Kaiser et al, 1983,
PNAS USA 80:1 137-1 140; Kaiser et al, 1984, Science
223:249-255; Fukushima et al, 1980, supra; Nakagawa et
al, 1985, J. Am. Chem. Soc. 107:7087-7092). A dimer of
this 22-residue peptide was later found to more
closely mimic ApoA-I than the monomer; based on these
results, it was suggested that the 44-mer, which is
punctuated in the middle by a helix breaker (either
GIy or Pro), represented the minimal functional domain
in ApoA-I (Nakagawa et al, 1985, supra). [0018]
Another study involved model amphipathic peptides
called "LAP peptides" (Pownall et al, 1980, PNAS USA
77(6):3 154-3 158; Sparrow et al, 1981, In: Peptides:
Synthesis- Structure-Function, Roch and Gross, Eds.,
Pierce Chem. Co., Rockford, IL, 253-256). Based on
lipid binding studies with fragments of native
apolipoproteins, several LAP peptides were designed,
named LAP- 16, LAP-20 and LAP-24 (containing 16, 20
and 24 amino acid residues, respectively). These model
amphipathic peptides share no sequence homology with
the apolipoproteins and were designed to have
hydrophilic faces organized in a manner unlike the
class A-type amphipathic helical domains associated
with apolipoproteins (Segrest et al, 1992, J. Lipid
Res. 33:141-166).From these studies, the authors
concluded that a minimal length of 20 residues is
necessary to confer lipid-binding properties to model
amphipathic peptides. [0019] Studies with mutants of
LAP20 containing a proline residue at different
positions in the sequence indicated that a direct
relationship exists between lipid binding and LCAT
activation, but that the helical potential of a
peptide alone does not lead to LCAT activation (Ponsin
et al, 1986, J. Biol. Chem. 261(20):9202-9205).
Moreover, the presence of this helix breaker (Pro)
close to the middle of the peptide reduced its
affinity for phospholipid surfaces as well as its
ability to activate LCAT. While certain of the LAP
peptides were shown to bind phospholipids (Sparrow et
al, supra), controversy exists as to the extent to
which LAP peptides are helical in the presence of
lipids (Buchko et al, 1996, J. Biol. Chem.
271(6):3039-3045; Zhong et al, 1994, Peptide Research
7(2):99-106). [0020] Segrest et al have synthesized
peptides composed of 18 to 24 amino acid residues that
share no sequence homology with the helices of ApoA-I
(Kannelis et al, 1980, J. Biol. 



Chem. 255(3):1 1464-1 1472; Segrest et al, 1983, J.
Biol. Chem. 258:2290-2295). The sequences were
specifically designed to mimic the amphipathic helical
domains of class A exchangeable apolipoproteins in
terms of hydrophobic moment (Eisenberg et al, 1982,
Nature 299:371-374) and charge distribution (Segrest
et al, 1990, Proteins 8:103-1 17; U.S. Pat. No.
4,643,988). One 18- residue peptide, the "18A"
peptide, was designed to be a model class-A a-helix
(Segrest et al, 1990, supra). Studies with these
peptides and other peptides having a reversed charged
distribution, like the "18R" peptide, have
consistently shown that charge distribution is
critical for activity; peptides with a reversed charge
distribution exhibit decreased lipid affinity relative
to the 18A class-A mimics and a lower helical content
in the presence of lipids (Kanellis et al, 1980, J.
Biol. Chem. 255:1 1464-1 1472; Anantharamaiah et al,
1985, J. Biol. Chem. 260:10248-10255; Chung et al,
1985, J. Biol. Chem. 260:10256-10262; Epand et al,
1987, J. Biol. Chem. 262:9389-9396; Anantharamaiah et
al, \99\, Adv. Exp. Med. Biol. 285:131-140). [0021] A
"consensus" peptide containing 22-amino acid residues
based on the sequences of the helices of human ApoA-I
has also been designed (Anantharamaiah et al, 1990,
Arteriosclerosis 10(l):95-105; Venkatachalapathi et
al, 1991, MoI. Conformation and Biol. Interactions,
Indian Acad. Sci. B:585-596). The sequence was
constructed by identifying the most prevalent residue
at each position of the hypothesized helices of human
ApoA-I. Like the peptides described above, the helix
formed by this peptide has positively charged amino
acid residuesclustered at the hydrophilic-hydrophobic
interface, negatively charged amino acid residues
clustered at the center of the hydrophilic face and a
hydrophobic angle of less than 180. While a dimer of
this peptide is somewhat effective in activating LCAT,
the monomer exhibited poor lipid binding properties
(Venkatachalapathi et al, 1991, supra). [0022] Based
primarily on in vitro studies with the peptides
described above, a set of "rules" has emerged for
designing peptides which mimic the function of ApoA-I.
Significantly, it is thought that an amphipathic
a-helix having positively charged residues clustered
at the hydrophilichydrophobic interface and negatively
charged amino acid residues clustered at the center of
the hydrophilic face is required for lipid affinity
and LCAT activation (Venkatachalapathi et al., 1991,
supra). Anantharamaiah et al. have also indicated that
the negatively charged GIu residue at position 13 of
the consensus 22-mer peptide, which is positioned
within the hydrophobic face of the a-helix, plays an
important role in LCAT activation (Anantharamaiah et
al., 1991, supra). Furthermore, Brasseur has indicated
that a hydrophobic angle (pho angle) of less than 180
is required for optimal lipid-apolipoprotein complex
stability, and also accounts for the formation of
discoidal particles having the peptides around the
edge of the lipid bilayer (Brasseur, 1991, J. Biol.
Chem. 66(24):16120-16127). Rosseneu et al. have also
insisted that a hydrophobic angle of less than 180 is
required for LCAT activation (WO 93/25581). [0023]
However, despite the progress in elucidating "rules"
for designing ApoA-I agonists, to date the best ApoA-I
agonists are reported as having less than 40% of the
activity of intact ApoA-I. None of the peptide
agonists described in the literature have been
demonstrated to be useful as a drug. Thus, there is a
need for the development of a stable molecule that
mimics the activity of ApoA-I and which is relatively
simple and cost-effective to produce. Preferably,
candidate molecules would mediate both indirect and
direct RCT. Such molecules would be smaller than
existing peptide agonists, and have broader functional
spectra. However, the "rules" for designing
efficacious mediators of RCT have not been fully
elucidated and the principles for designing organic
molecules with the function of ApoA-I are
unknown.Summary of the Invention [0024] A mediator of
reverse cholesterol transport is disclosed, comprising
the structure: [0025J wherein A, B, and C may be in
any order, and wherein: [0026] A comprises an amino
acid or analog thereof, comprising an acidic group or
a bioisostere thereof; [0027] B comprises an amino
acid or analog thereof, comprising a lipophilic group;
and 



[0028] C comprises an amino acid or analog thereof,
comprising a basic group or a bioisostere thereof;
[0029] wherein at least one of the alpha amino or
alpha carboxy groups have been removed from their
respective amino or carboxy terminal amino acids or
analogs thereof. [0030] If not removed, the alpha
amino group is preferably capped with a protecting
group selected from the group consisting of acetyl,
phenylacetyl, benzoyl, pivolyl, 9-
fluorenylmethyloxycarbonyl, 2-napthylic acid,
nicotinic acid, a CH3-(CH2)n-CO- where n ranges from 1
to 20, di-tert-butyl-4-hydroxy-phenyl, naphthyl,
substituted naphthyl, FMOC, biphenyl, substituted
phenyl, substituted heterocycles, alkyl, aryl,
substituted aryl, cycloalkyl, fused cycloalkyl,
saturated heteroaryl, and substituted saturated
heteroaryl. [0031] If not removed, the alpha carboxy
group is preferably capped with a protecting group
selected from the group consisting of an amine, such
as RNH where R = H, di-tert-butyl-4- hydroxy-phenyl,
naphthyl, substituted naphthyl, FMOC, biphenyl,
substituted phenyl, substituted heterocycles, alkyl,
aryl, substituted aryl, cycloalkyl, fused cycloalkyl,
saturated heteroaryl, and substituted saturated
heteroaryl.[0032] Bioisosteres of the acidic group may
be selected from the group consisting of:Bioisosteres
of the basic group may be selected from the group
consisting of:In one embodiment, a half-denuded
mediator may have the structure: wherein X is selected
from the group consisting of:wherein Xi is ; wherein
X2 is F, Cl, Br, I, C0-6 alkyl, OCH3, CF3, or OCF3;
wherein X3 is Cl, C0-6 alkyl, OCH3; and wherein n is 1
or 2. [0033] In one embodiment, a half-denuded
mediator may be selected from the group consisting of:
Glutaric-BIP-R-NH 2, Glutaric-bip-r-NH 2,
Ac-E-BIP-Agmatine, Ac-e-bip-Agmatine, Ac-R-BIP-GABA,
Ac-r-bip-GABA, 4-guanidinobutanoic-BIP-E-NH 2,
4-guanidinobutanoic-bip-e- NH2, Glutaric-BIP-K-NH 2,
and Glutaric-bip-k-NH 2. [0034] In another embodiment,
a half-denuded mediator may be selected from the group
consisting of: 2,2-dimethylglutaric-f-r-NH 2,
2,2-dimethylglutaric-F-R-NH 2, Gluraric-F-R-NH 2,
Gluraric-f-r-NH 2, Succinic-bip-r-NH 2,
Succinic-BIP-R-NH 2, Succinic-F-R-NH 2,
Succinic-f-r-NH 2, 2,2-dimethylglutaric-bip-r-NH 2,
2,2-dimethylglutaric-BIP-R-NH 2,
Dimethylsuccinic-bip-r-NH^ Dimethylsuccinic-BIP-R-NH
2, Glutaric-F-K-NH2, Succinic-F-K-NH 2,
Succinic-f-k-NH2, 2,2- dimethylglutaric-F-K-NH 2,
2,2-dimehtylglutaric-f-k-NH 2, Dimethylsuccinic-f-k-NH
2, Dimethylsuccinic-F-K-NH 2,
Dimethylsuccinic-Aic-r-NH 2,
2,2-dimethylglutaric-Aic-r-NH 2, Glutaric-Aic-r-NH 2,
Succinic-Aic-r-NH 2, Glutaric-Aic-R-NH 2,
Tetrazolamideglutaric-BIP -R-NH2,
3,3-dimethylglutaric-Aic-R-NH 2,
Dimethylsuccinic-Aic-R-NH 2, and
2,2-dimethylglutaric-Aic-RNH 2. [0035] Fully-denuded
mediators in accordance with preferred embodiements of
the present invention may be selected from the group
consisting of:METHOD FOR GEOLOGIC MODELING THROUGH
HYDRODYNAMICSBASED GRIDDING (HYDRO-GRIDS) This
application claims the benefit of U.S. Provisional
Application No. 60/584,617 filed on July 1, 2004.
FIELD OF THE INVENTION [0001] This invention relates
generally to the fields of geophysical prospecting and
reservoir characterization. More specifically, the
invention is a method for creating geologic models
permitting enhanced representation of the properties
of a subsurface volume, such as a reservoir or basin.
BACKGROUND OF THE INVENTION [0002] A geologic model is
a computer-based representation of a subsurface earth
volume, such as a petroleum reservoir or a
depositional basin. In the oil and gas industry,
geologic models are commonly used in activities such
as determining the locations of wells, estimating
hydrocarbon reserves, or planning reservoirdevelopment



strategies. Geologic models are also input to fluid
flow simulations to test development and production
scenarios in order to optimize return on investment. A
key parameter in flow simulation is the spatial
distribution of permeability, which together with the
properties of the hydrocarbons and other fluid found
in the subsurface reservoir, determines the
producibility of the reservoir. Typically, the input
data for geologic models includes data obtained
through seismic prospecting techniques. [0003] Seismic
prospecting techniques are commonly used to aid in the
search for and evaluation of subterranean hydrocarbon
reservoirs. A seismic prospecting operation consists
of three separate stages: data acquisition, data
processing, and data interpretation. The success of
the operation depends on satisfactory completion of
all three stages. [0004] In the data acquisition
stage, a seismic source is used to generate an
acoustic signal that propagates into the earth and is
at least partially reflected bysubsurface seismic
reflectors. The reflected signals are detected and
recorded by an array of seismic receivers located at
or near the surface of the earth, in an overlying body
of water, or at known depths in boreholes. [0005]
During the data processing stage, the recorded seismic
signals are refined and enhanced using a variety of
procedures that depend on the nature of the geologic
structure being investigated and on the
characteristics of the raw data. In general, the
purpose of the data processing stage is to produce an
image of the subsurface from the recorded seismic data
for use during the data interpretation stage. [0006]
The purpose of the data interpretation stage is to
determine information about the subsurface geology of
the earth from the processed seismic data. The results
of the data interpretation stage may be used to
determine the general geologic structure of a
subsurface region, or to locate potential hydrocarbon
reservoirs, or to guide the development of an already
discovered reservoir. [0007] At present, the
conclusions, which can be made after the data
interpretation stage, are generally limited to broad
descriptions of the size and general nature of
subsurface structures due to the limited resolution of
seismic data. The descriptions may for example provide
an indication of the total volume of hydrocarbons,
which might be retained in such structures. However,
present technology does not allow the analyst to
determine production rates from the subsurface
formations if hydrocarbons are discovered. In
addition, when an exploration well has been drilled,
present technology does not allow an analyst to be
able to accurately characterize the nature of the
subsurface internal geometry in locations other than
in the most immediate region of any such well. In
particular, reservoir permeability and continuity are
not well characterized by present technology. [0008]
The hydrocarbon volume and rate of production depend
on a variety of factors, including fluid properties,
reservoir net-to-gross, porosity, permeability,
spatial variability in grain size distribution, and
connectivity. Reservoir connectivity, a measure of the
communication (or lack thereof) between points within
the reservoir,is a strong function of the reservoir
internal geometry and is commonly a primary factor
controlling hydrocarbon production efficiency and
ultimate recovery. There is a need to predict the
detailed internal geometry of subsurface reservoirs
using geologic data, such as seismic data, and without
having to drill many exploration and delineation
wells. Such a capability would facilitate estimation
of hydrocarbon volume in place and production rates
early in the hydrocarbon exploration and development
process. 



[0009] Another step in geologic modeling is
"gridding." Gridding is the division of the subsurface
region into cells, within which the rock properties
are regarded as uniform. The ability to accurately
model reservoir internal geometry and connectivity is
largely dependent on the vertical grids used in the
modeling processes due to the nature of stratification
and vertical heterogeneity in the reservoir. As a
result, the gridding methods in geologic modeling
focus mainly on the vertical variation of attributes
of a geologic model. In map view, uniform rectangular
grids are commonly used for relatively small
variations of attributes in the lateral directions.
[0010] There are four gridding methods commonly used
in commercially available geologic modeling tools.
Examples of commercially available geologic modeling
tools include: SGM (Landmark Graphics Corporation,
Stratamodel Geocellular Modeling (SGM), 1989-2003),
RMS (Roxar ASA, Imp RMS (Reservoir Modeling Systems),
1993-2003), gOcad (Earth Decision Sciences
Corporation, gOcad, 1989-2003), and Petrel
(Technoguide (A Schlumberger Product Group), Petrel""
Workflow Tools, 1996-2003). The four gridding methods
used in the petroleum industry are commonly named
proportional, onlap, truncation, and reference. The
name of each method can vary from one tool to another.
For example, "reference-grid" in RMS is the same as
"depositional-grid" in SGM. The choice of the most
appropriate gridding method to use when building a
geologic model depends on the geologic modeler's
experience and personal judgement of the model's
particular geologic setting. Gridding style, however,
was created to mimic natural patterns of erosion and
deposition observed in nature at the seismic scale.- A
- [0011] The gridding methods used in the most
commercially available geologic modeling tools (such
as, SGM, RMS, gOcad, and Petrel) are based on methods
disclosed in two of Swanson's patents. The patents are
U.S. Patent Nos. 4,821,164 and 4,991,095. [0012]
Figures 1 (a) is a cross-section illustration of
stratification of sand bodies 1, 2, 3, 4 and 5 and low
permeability layers 6. Figures l(b), l(c), l(d), and
l(e) illustrate sand bodies 1, 2, 3, 4, and 5 and low
permeability layers 6 from figure l(a) using
conventional grids. [0013] As shown in figure l(b),
"Proportional-grid" assumes that the reservoir sand
bodies 1, 2, 3, 4, and 5 within the given sequence are
parallel to the top 7 and basal surfaces 9 of the
sequence 11. Therefore, the sequence is subdivided
into the cells 13 proportional to the thickness of the
sequence 11. [0014] As shown in figure l(c),
"Onlap-grid" assumes that the sand bodies 1, 2, 3, 4,
and 5 are parallel to the top surface 7 of the
sequence 11. The sequence 11 is gridded with the
constant thickness cells 13 that are parallel to the
top surface 7 and may be truncated 15 by the basal
surface 9 of the sequence 11. [0015] As shown in
figure l(d), "Truncation-grid" assumes that the sand
bodies 1, 2, 3, 4, and 5 are parallel to the basal
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 may be truncated
15 by the top surface 7 of the sequence 11. [0016] As
shown in figure l(e), "Reference-grid" assumes that
the sand bodies 1, 2, 3, 4, and 5 are parallel to a
given surface (or reference surface) 17, such that the
constant thickness cells 13 are constructed parallel
to the reference surface 17 and may be truncated 15 by
the top 7 and basal surfaces 9 of the sequence 11. The
reference surface 17 is usually some sort of geologic
datum. In this figure, the 



reference surface is the bottom of sand body 2. [0017]
The problem is that none of these gridding methods
represent the true internal geometry accurately. To
illustrate this problem, there are five
disconnectedsand bodies 1, 2, 3, 4, and 5 within the
sequence 11 of figure l(a) and the above gridding
methods create significantly distorted representations
as shown in figures l(b), l(c), l(d), and l(e) when
compared to figure l(a). Sand body 1 is incorrectly
connected with sand body 2 in the proportional-grids
and onlap-grids as illustrated in figures l(b) and
l(c) respectively. As shown in figure l(c), sand body
2 is incorrectly connected with sand body 3 in the
onlap-grids. Furthermore, sand body 4 is incorrectly
connected with sand body 5 in the truncation-grids of
figure l(d). [0018] Some sand bodies are incorrectly
disconnected within themselves. For example, sand body
4 is disconnected in the proportional-grids of figure
l(b) and sand body 2 is disconnected in the
onlap-grids of figure l(c). Furthermore, some sand
bodies are erroneously disconnected from the fluid
flow since some cells in these sand bodies only
contact their neighbor cells at the corners, without
face connections. For example, sand body 2 is
disconnected in the proportional-grids of figure l(b)
and sand body 4 is disconnected in all of the four
gridding methods as shown in figures l(b), l(c), l(d),
and l(e). Misalignment between the sand bodies and
grids is the direct cause of this distortion problem.
[0019] The grids constructed by the above-mentioned
prior art methods do not properly align themselves
with the reservoir internal geometry. The alignment
between the grids and the reservoir internal geometry
is important for two reasons. First, any lack of
alignment distorts the reservoir connectivity in the
geologic model subsequently built. Second, when the
geologic model is scaled up for reservoir performance
simulation with coarser grids, the coarser grids will
magnify the misrepresentations and distortions that
exist in the geologic model. Consequently, the
accuracy of any reservoir performance prediction will
decrease, which will hamper reservoir management.
[0020] A reliable reservoir performance simulation
depends strongly on the ability of a geologic model to
accurately characterize the spatial distribution of
permeability. Most important are the permeability
extremes, such as highpermeability sand bodies and
no-flow shale barriers, because the permeability
extremes typically control the oil, gas, and water
flows. The ability to modelpermeability is currently
severely limited by the commercially available
geologic model gridding methods. One reason that the
existing geologic modeling tools have to adopt
arbitrary lateral grid surfaces is that the actual
strata geometry (or layering) of the sand objects is
not known a priori. As a consequence, the reservoir
connectivity is typically misrepresented in geologic
models and the resulting performance simulation
models. Accordingly, there is a need for a method that
generates grids that follow the geometry of sand
bodies and shale barriers. Preferably, these grids
would allow the reservoir connectivity to be
accurately characterized in a geologic model and
preserved during upscaling for reservoir performance
simulation. The current invention addresses the need
by generating the lateral grid surfaces naturally,
following the complex depositional and erosional
processes observed in nature. SUMMARY OF THE INVENTION
[0021] Under the present techniques, various
embodiments of a hydrodynamicsbased gridding method,
called "Hydro-Grids", may generate grid surfaces
conforming to time surfaces during the process of
sedimentation, which create a subsurface sedimentary
volume. The location of these time surfaces is
typically determined by 



sedimentary process simulation and interpretation of
geologic data. Since these surfaces can precisely
follow the geometry of sand bodies and shale barriers,
geologic models conforming to these surfaces may
accurately characterize sedimentary connectivity and
may preserve their accuracy during upscaling for
reservoir performance simulation. [0022] In one
embodiment, a method comprises obtaining geologic
data, creating horizontal grid lines wherein at least
one horizontal grid line represents deposit time lines
based on the deposition rates from the geologic data,
creating vertical grid lines, and modeling the
sedimentary properties of the sedimentary basin or
reservoir from the grids of geologic data created by
the vertical and horizontal grid lines. The geologic
data used includes but is not limited to seismic data,
outcrop studies, well log data, core data, forward and
inverse modeling data, correlation of seismic data to
sedimentary data. The modeled sedimentary properties
of the reservoir include, butare not limited to grain
size distribution, connectivity, net-to-gross,
porosity, permeability, pore pressure and any
combination thereof. [0023] A second embodiment for
geologic modeling of a sedimentary basin or reservoir
is also disclosed. This embodiment comprises obtaining
geologic data, creating at least one horizontal grid
line based on an estimated time from the deposition
and erosion in the geologic data, determining
stratigraphic hierarchy levels of the horizontal grid
lines, merging neighboring horizontal grid lines,
upscaling the merged layers based on the stratigraphic
hierarchy, estimating sedimentary properties from the
upscaled merged layers. The hierarchy levels assigned
to the horizontal grid lines are selected from methods
including but not limited to changes in the inlet
conditions, changes in the simulation conditions,
variations in the vertical distribution of the
composition of the simulated deposit and any
combination thereof. [0024] A method for geologic
modeling of a subsurface volume, such as a geologic
basin or reservoir, is disclosed. In one embodiment
the method comprises obtaining geologic data, creating
vertical grid surfaces to divide the subsurface volume
into "columns", creating lateral grid surfaces to
correspond with surfaces of constant geologic time
during the creation of the geologic structures in the
subsurface volume, and representing the geologic
properties of the subsurface volume within the grids
cells bounded by the vertical and lateral grid
surfaces. The geologic data used may include, but is
not limited to, seismic data, outcrop studies, well
log data, core data, data from numerical modeling of
geological processes, stratigraphic surfaces
interpreted from seismic data. The modeled geologic
properties of the reservoir may include, but are not
limited to, grain size distribution, connectivity,
net-to-gross, porosity, permeability, pore pressure
and any combination thereof. [0025] A second
embodiment for geologic modeling of a subsurface
volume is also disclosed. This embodiment comprises
obtaining geologic data, creating vertical grid
surfaces to divide the subsurface volume into
"columns", creating lateral grid surfaces to
correspond with surfaces of constant geologic time
during the creation of the geologic structures in the
subsurface volume, representing the geologic
properties of the subsurface volume within the grid
cells bounded by the vertical and lateral
gridsurfaces, merging selected grid cells to reduce
the number of cells in the model, and establishing new
values for the geologic properties in the merged grid
cells. BRIEF DESCRIPTION OF THE DRAWINGS [0026] Figure
l(a) is a cross-section illustration of original sand
bodies; [0027] Figure l(b) is a cross-section
illustration of proportional-grids representation of
the original sand bodies in figure l(a); [0028] Figure
l(c) is a cross-section illustration of onlap-grids
representation 



of the original sand bodies in figure l(a); [0029]
Figure l(d) is a cross-section illustration of
truncation-grids representation of the original sand
bodies in figure l(a); [0030] Figure l(e) is a
cross-section illustration of reference-grids
representation of the original sand bodies in figure
l(a); [0031] Figure 2 is a flow chart of a first
embodiment of the invention; [0032] Figure 3 is a top
view of 4671 unstructured-cell deposit that would need
24806 structured grid cells for the same resolution;
[0033] Figure 4(a) is a cross-section illustration of
original sand bodies similar to figure l(a); [0034]
Figure 4(b) is a cross-section illustration of the
sand bodies from figure 3(a) in Hydro-Grids; [0035]
Figure 5 is a flow chart of a second embodiment of the
invention; [0036] Figure 6(a) is a hierarchy
arrangement structure in a Hydro-Grids embodiment;
[0037] Figure 6(b) is a hierarchy arrangement of
geologic layers;[0038] Figure 7 is a Hydro-Grids
cross-section of a complex avulsive sand body composed
of several sand body lobes and channels; [0039] Figure
8(a) is a cross-section illustration of sand body
locations and sizes, and example deposit time surfaces
populated by a sedimentary process network simulator;
[0040] Figure 8(b) is a cross-section illustration of
deposit time surfaces on fan delta populated by a
sedimentary process network simulator. DETAILED
DESCRIPTION [0041] In the following detailed
description, the invention will be described in
connection with its preferred embodiments. However, to
the extent that the following description is specific
to a particular embodiment or a particular use of the
invention, this is intended to be illustrative only.
Accordingly, the invention is not limited to the
specific embodiments described below, but rather, the
invention includes all alternatives, modifications,
and equivalents falling within the true scope of the
appended claims. [0042] Hydro-Grids are grids created
by sedimentary process simulation. The Hydro-Grids
lateral or horizontal surfaces, which may include and
be represented by grid lines, are time surfaces
recorded during the simulation of sand
deposition/erosion. The grid surfaces follow the sand
body shapes and their internal architecture
(structure) naturally without any assumptions used by
the existing geologic model gridding methods.
Therefore, the sand body shapes and their internal
structure can be precisely maintained for reservoir
performance simulation. [0043] As shown in figure 2,
one embodiment has four steps. In reference to numeral
21 of figure 2, geologic data is obtained. Now
referring to numeral 22, vertical grid surfaces
(lines) are created to divide the subsurface volume
into "columns" of limited lateral extent. Now
referring to numeral 23, horizontal or lateral grid
surfaces (lines), which may be substantially or
relatively horizontal, are created to correspond with
surfaces of geologic time associated with the original
deposition ofthe sediments that fill the subsurface
volume. Together, the vertical and lateral grid
surfaces (lines) divide the subsurface volume into
grid cells. Now referring to numeral 24, the geologic
properties of the subsurface volume are represented by
assigning to each grid cell a particular value for
each geologic property. The geologic properties
include but are not limited to grain size
distribution, connectivity, net-togross, porosity,
permeability and pore pressure. 



[0044] Now referring to numeral 21 in figure 2, the
geologic data is typically seismic data, but can also
include core data, well logs, outcrop studies, time
dating of deposits, numerical modeling results,
geologic models, and interpreted stratigraphic
surfaces. This data will typically include information
that can aid in choosing the location of the surfaces,
which may divide the subsurface volume into cells.
Typically, this includes data on the lateral rates of
change of geologic properties, which indicate how far
apart vertical surfaces can be placed without losing
accuracy. This also includes data that can aid in
establishing boundary conditions for the numerical
simulation of sedimentation which is part of the
preferred embodiment for determining the spacing
between the lateral surfaces in the step shown by
numeral 23 of figure 2. [0045] Now referring to
numeral 22 in figure 2, vertical grid surfaces (lines)
are selected to divide the subsurface volume into
"columns". This can be done for both structured and
unstructured gridding. In top or map view, for
structured gridding, the vertical grid surfaces
(lines) would divide the subsurface volume into
uniform rectangular or square cells, while in
unstructured gridding, the vertical grid surfaces
(lines) could divide the volume into cells of varying
shapes and sizes. The use of unstructured grids
provides two advantages over structured grids. First,
finescale cells can be constructed where the change in
geologic properties is rapid, while coarse-scale cells
can be used where the properties change slowly. As a
result, the number of cells required to represent the
subsurface volume with a particular level of accuracy
should be significantly smaller with unstructured grid
cells than with structured grid cells. For example,
figure 3 shows a map view of 4,671 unstructuredcell
deposit that would need 24,806 structured grid cells
33 for the same accuracy. Second, due to increased
flexibility, unstructured grids capture deposit shapes
veryaccurately, while the structured grids may distort
the deposit shapes with the same number of cells.
These shapes include the delta fan deposit 35 and the
channel 37 cutting through the delta fan deposit 35.
[0046] Now referring to numeral 23 in figure 2, the
determination of lateral grid surfaces (lines) is
typically accomplished with the aid of a numerical
simulation of sedimentary processes. For example,
SEDSIM, a product of CSIRO Petroleum Resources, is a
suitable sedimentary process simulator that is
commercially available and known to persons skilled in
the art. The preferred embodiment uses the numerical
simulation technique described in U.S. Provisional
Patent Application No. 60/608,707. [0047] Determining
the lateral grid surfaces (lines) typically includes
various steps. First, a basal surface for a subvolume
within the subsurface volume is determined from
seismic data. This is accomplished by a skilled
seismic interpreter according to methods familiar to
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 time of deposition. Depending on the nature and
degree of postdepositional change, this may include a
rotation of the surface to restore the paleoslope and
unbending the surface to remove the effect of
subsidence. The size and degree of these adjustments
is determined according to the judgement of skilled
interpreters as will be understood by persons of
ordinary skill in the art. Computer simulation of
subsidence and other post-depositional processes may
assist in this determination (e.g., Bezemer, T.D.,
Kooi, H., and Cloetingh: "Numerical Modeling of
Fault-Related Sedimentation," SEPM Special
Publications No. 62, Numerical Experiments in
Stratigraphy: Recent Advances in Stratigraphic and
Sedimentologic 



Computer Simulations, SEPM (Society for Sedimentary
Geology) 1999). Third, a numerical simulation of the
sedimentary processes, which may fill the subsurface
volume, is performed over the adjusted basal surface.
Such simulations run forward in geologic time,
computing the amount and nature of sediment deposited
at each location at each time step. The top surfaces
of the simulated deposit are recorded at regular time
steps. The number of layers in the geologic model may
be controlled by changing the time step size.
Alternatively, the top surfaces may be recorded only
attime steps when a significant change in deposition
rate or deposited sediment properties occurs. These
steps may be iterated to adjust the boundary
conditions of the simulation until good correspondence
is achieved between the simulated deposit and the
geologic data. Finally, if transformations were
applied to the basal surface prior to simulation, the
reverse of these transformations are applied to the
basal surface and all computed top surfaces, so that
the surfaces are moved to their likely present-day
position. [0048] If, during the simulation, the flow
is near steady state and predominantly depositional,
the deposit composition is vertically homogeneous, and
lateral grid surfaces may be separated by an extended
period of simulation time. However, if the flow is
highly transient with significant avulsions, the
lateral grid surfaces may be defined at much smaller
time intervals. This non-uniform-layering method
ensures that the rock properties are as homogeneous as
possible within a layer, which effectively
characterizes reservoir connectivity. [0049] During
and after the simulation for a particular subvolume,
there are several adjustments that are typically made
to the lateral grid surfaces (lines). First, the
vertical coordinates of a lateral grid surface (line)
may be adjusted to account for any removal of sediment
by erosion after the original sediment in the layer is
deposited. Otherwise the lateral grid surfaces (lines)
may cross each other, which is not permitted. Second,
it may be found that certain lateral grid surfaces
(lines) created in simulation may not match in
location the corresponding actual surfaces observed in
seismic data, well logs, or other forms of geologic
data as described in numeral 21 of figure 2. In this
case, the lateral grid surfaces (lines) may be altered
manually, or the boundary conditions for the
simulation may be adjusted until a more favorable
correspondence between the simulated and observed
surfaces is obtained. The adjustment of boundary
conditions is the preferred method when possible.
However, in practice, this can be time consuming and
may not produce an adequate correspondence, in which
case manual adjustment may be made. [0050] Now
referring to numeral 24 in figure 2, the geologic
properties of the subsurface volume 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 values are determined by the same numerical
simulation, which established the location of the
lateral grid surfaces (lines). [0051] An example of
Hydro-Grids is shown in figure 4. Figure 4(a) shows a
cross-section of a simulated subsurface volume hi
figure 4(b), the Hydro-Grids gridding method preserves
the shapes of the five sand bodies 1, 2, 3, 4, and 5
between the low permeability layers 6. Because the
Hydro-Grids surfaces (lines) follow the sand body
shapes in figure 4(b), the connectivity between and
within the original sand bodies in figure 4(a) is
accurately represented. [0052] As shown in figure 5,
one embodiment is now disclosed. Now referring to
numeral 41 of figure 5, geological data is obtained.
Now referring to numeral 42 of figure 5, vertical grid
surfaces (lines) are created to divide the subsurface
volume into "columns" of limited lateral extent. Now
referring to numeral 



43 of figure 5, lateral grid surfaces (lines), which
may be substantially or relatively horizontal, are
created which correspond with surfaces of geologic
time associated with the original deposition of the
sediments that fill the subsurface volume. Together,
the vertical and lateral grid surfaces (lines) divide
the subsurface volume into grid cells. Now referring
to numeral 44 of figure 5, the geologic properties of
the subsurface volume are represented by assigning to
each grid cell a particular value for each geologic
property. Now referring to numeral 45 of figure 5,
selected cells are merged to reduce the total number
of cells. Now referring to numeral 46 in figure 5, the
geologic property values are computed for the merged
cells. The steps and various embodiments are discussed
in greater detail below. [0053] Now referring to
numeral 41 in figure 5 the input geologic data is
obtained, which guides the sedimentary process
simulation. The input data includes initial
conditions, boundary conditions, and sediment
discharge history. The initial conditions are composed
of the initial (paleo) topography, depositional
environments (deep or shallow water), and the
erodability of the initial topography. The boundary
conditions consist of inlet locations, inlet geometry,
and the basin boundary flow conditions (no-flow or
out-flow). The sediment discharge history consists of
the flowvelocity, sediment-laden flow layer thickness,
sediment concentration, and the sediment grain-size
distribution function. The input data also includes
information about locations of stratigraphic surfaces
in the subsurface volume as described in numeral 21 of
figure 2. [0054] For the reference numerals 42, 43 and
44, these steps may be similar to the steps discussed
in figure 2. In particular, with reference numeral 42,
the vertical grid surfaces are selected in a manner
that is similar to the discussion of numeral 22 of
figure 2. For reference numeral 43, the lateral grid
surfaces are selected in a manner that is similar to
the discussion of numeral 23 of figure 2. For
reference numeral 44, the geologic properties are
assigned to each grid cell is similar to the
discussion of numeral 24 of figure 2. [0055] Now
referring to numeral 45 of figure 5, selected cells
that share a common lateral grid surface (line) are
merged to reduce the total number of cells in the
model and thereby increase the speed of analyses that
may subsequently be performed on the model. Another
reason of merging the cells is to eliminate very thin
cells that may cause numerical problems in reservoir
performance simulation when using the geologic model.
There are various criteria that can be used to
determine which cells to merge. These criteria are
clearly interrelated, and a combination of them maybe
employed. [0056] A first approach to merging the cells
may include deposit property changes. The deposit
property changes include determining the degree of
change in the geologic properties across the cell
boundary to determine whether the cells may be merged.
Typically, a threshold of acceptable change is
selected, and cells are merged for cells that have
changes less than the threshold value. [0057] A second
approach to merging the cells may include a swept
efficiency error (a combination effect of
permeability, porosity, and other rock properties). A
layer optimization technique can be used to determine
the optimal layer-grouping schemes that minimize the
errors of swept efficiency between the merged and
original layers (cells). Layer optimization is a
mature technology that is known to personsskilled in
the art and can be found in a number of publications.
Examples of publications that disclose layer
optimization include Stern, D. and Dawson, A.G.: "A
Technique for Generating Reservoir Simulation Grids to
Preserve Geologic Heterogeneity," paper SPE 51942
presented at the 1999 SPE Reservoir Simulation 



Symposium held in Houston, Texas, 14-17 February,
1999; and Li, D. and Beckner, B.: "Optimal Uplayering
for Scaleup of Multimillion-Cell Geologic Models,"
paper SPE 62927 presented at the 2000 SPE Annual
Technical Conference and Exhibition held in Dallas,
Texas, 1-4 October, 2000. [0058] A third approach to
merging the cells may include minimum thickness
criteria. Minimum thickness criteria utilizes the
thickness of the layers between lateral surfaces.
Typically, a wide range in the thickness of the layers
between lateral surfaces. Thin layers are generated
near the edges of sand body lobes or where finegrain
sediments are deposited, with a sedimentary process
simulation. Thick layers are generated near the
lobe/channel centers or where coarse-grain sediments
are deposited. Particularly very thin cells may cause
numerical problems in reservoir performance
simulation. A minimum thickness threshold is typically
used to truncate very thin cells. If a cell is judged
to be too thin, it may be assigned zero thickness and
its actual thickness added to the cell above or the
cell below, depending on which cell is closer in
geological properties to the thin cell. The process is
preferably continued until the thickness of the cells
either exceeds the given threshold thickness or is
equal to about zero. After merging the neighboring
layers, some of layers may have zero thickness in some
regions. Most reservoir performance simulators
automatically treat the zero thickness cells as
inactive cells. For example, Eclipse, a product of
Schlumberger, is an example of a commercially
available reservoir performance simulator that is
known to persons skilled in the art. [0059] A fourth
approach to merging the cells may be stratigraphic
hierarchy. Stratigraphic hierarchy includes
associating the lateral surfaces between cells with
particular levels in the stratigraphic hierarchy
familiar to stratigraphers. TMs hierarchy uses
classifications such as "lamina", "laminaset", "bed",
and "bedset". Cells that share surfaces below a
certain level in this hierarchy may be merged. For
example, bed-scale and higher surfaces may be
retained, while lamina and laminasetsurfaces are
removed. This hierarchy and the criteria for
determining which level applies to a particular
surface are described in Lamina, Laminaset, Bed and
Bedset. See Campbell, C. V., Lamina, Laminaset, Bed
and Bedset, Sedimentology, vol. 8 at 7- 26 (1967). A
lamina is the smallest megascopic layer that forms
very rapidly from minutes to hours. A laminaset is a
relative conformable succession of genetically related
laminae bounded by surfaces of erosion, non-deposition
or their correlative conformities, which forms rapidly
from minutes to days. A bed is a relative conformable
succession of genetically related laminae and
laminasets bounded by surfaces (referred to as bedding
surfaces) of erosion, non-deposition or their
correlative conformities, which forms rapidly from
minutes to years. A bedset is a group or set of
conformable beds that differ in composition, texture,
or sedimentary structure from those composing the beds
above or below the bedset. Bedsets form over a longer
period of time than beds. The stratigraphic hierarchy
levels are associated with the corresponding levels of
the changes of flow conditions. Avulsions and/or new
inlet locations may create a high level of the
hierarchy. Progradation, aggradation, and
retrogradation may result in an intermediate level of
the hierarchy and waves may generate a low level of
the hierarchy. The stratigraphic hierarchy levels may
be determined from the levels of the changes in the
simulation conditions or from the inspection of the
vertical distribution of the composition of the
simulated deposit based on geologist's experience, as
is conventionally done. The hierarchy levels assigned
can be adjusted to achieve a favorable correlation
with the cores, well logs, and seismic data. 



[0060] In one embodiment, once it is established that
two cells may be merged, one of the two cells is
assigned "zero" thickness and the other cell is
assigned the combined thickness of the two cells. If a
lateral surface contacts at least one cell of zero
thickness at every mapview location, then it can be
removed. When merging two cells, the choice of which
cell gets zero thickness is guided by the goal of
removing as many lateral surfaces or regions as
possible. [0061] Figure 6(a) illustrates a hierarchy
arrangement of four levels or levels 1, 2, 3, and 4
labeled as 61, 62, 63, and 64 respectfully in the
hierarchy arrangement for Hydro-Grids. Figure 6(b)
illustrates the hierarchy arrangement of layers 65
withinlevels 61, 62, 63 and 64. The hierarchy
arrangement of geologic layers is an efficient,
need-based data structure. For example, in the
exploration and early development stages, available
data is very limited and uncertainty is high. The
high-level (coarse) layers, such as, levels 61 or 62,
of the hierarchy arrangement can be directly used to
build geologic models and performance simulation
models in a more efficient manner than the
conventional geologic modeling approaches. If studies
on detailed oil recovery efficiency are required for
production decisions, the low-level (fine) layers,
such as, levels 63 or 64, can be efficiently extracted
to construct high-resolution models. After the desired
merging process has been completed, the remaining
lateral surfaces are recorded as the Hydro-Grids
vertical coordinates. In some situations, the layer
merging is not advisable because the lithology of the
two layers is quite different. Then, the lateral grid
surfaces between the two layers may be retained as a
Hydro-Grids vertical coordinates. [0062] Now referring
to numeral 46 of figure 5, the values of the geologic
properties in every merged cell are recalculated. This
determination of values for merged model cells is
called "upscaling". Upscaling of permeability and
porosity values is a mature technology that is known
to persons skilled in the art and can be found in a
number of publications. Examples of publications that
disclose upscaling include Durlofsky, L. J.:
"Numerical Calculation of Equivalent Grid Block
Permeability Tensors for Heterogeneous Porous Media,"
Water Resources Research (May 1991) 27, No. 5, 699;
Pickup, G. E., Ringerose, P. S., Forester, M. M.,
Jensen, J . L., and Sorbie, K. S.: "Permeability
Tensors for Sedimentary Structures," Mathematical
Geology (1994) 26, 227; and Li, D., Beckner, B., and
Kumar, A.: "A New Efficient Average Technique for
Scaleup of Multimillion-Cell Geologic Models," SPE
Reservoir Evaluation &Engineering (August 2001), 297.
Example [0063] Figure 7 shows a cross-section of a
complex avulsive sand body 51 composed of several sand
body lobes 53 and channels 55 simulated by using
aphysics-based sedimentary process simulator. Figure 7
shows that in complex sand body 51 lobes 53 and
channels 55 are maintained accurately in the
Hydro-Grids 58 utilizing lateral grid lines or
surfaces 54 in connection with vertical grid line or
surface 56. The erosion (or truncation surfaces) 57
that are important to reservoir performance simulation
are preserved. The color-scale 59 in Figure 7
represents average grain size in the phi scale (from 5
to -3). [0064] The Hydro-Grids idea can also be used
in many commercially available sedimentary process
simulators. Figures 8(a) and 8(b) illustrate example
simulation results from a sedimentary process
simulator, which populates sand bodies 61 of different
size and shape to form a complex clastic deposit 63.
Figure 8(a) illustrates sand body locations 61 and
sizes within an example fan delta 65, and multiple
lateral deposit time surfaces 67. Figure 8(b)
illustrates multiple lateral deposit time surfaces 67
for representative longitudinal and transverse
cross-sections for sand bodies 61 in a 



fan delta 65.We claim: 1. A method for geologic
modeling of a sedimentary basin or reservoir,
comprising: a. obtaining geologic data; b. creating
horizontal grid lines wherein at least one horizontal
grid line represents deposit time lines based on the
deposition rates from the geologic data; c. creating
vertical grid lines; d. modeling the sedimentary
properties of the sedimentary basin or reservoir from
the grids of geological data created by the vertical
and horizontal grid lines. 2. The method of claim 1
wherein the geologic data is chosen from the group
consisting of seismic data, outcrop study data, well
log data, core data, forward and inverse modeling
data, correlation of seismic data to sedimentary data.
3. The method of claim 1 wherein the vertical grid
lines are chosen to represent favorable vertical bins.
4. The method of claim 1 wherein the sedimentary
properties of the basin or reservoir are selected from
the group consisting of grain size distribution,
connectivity, net-to-gross, porosity, permeability,
pore pressure and any combination thereof. 5. The
method of claim 1 wherein at the least one original
horizontal grid line is created by estimating the
deposition rate without erosion and the erosional
effects are reconciled by adjusting at least one
horizontal grid line to match the sedimentary data. 6.
The method of claim 1 further comprising adjusting at
least one horizontal grid line to favorably correspond
to seismic reflection horizons in the seismic data.7.
The method of claim 6 wherein the time for adjusting
at least one horizontal grid line to favorably
correspond to a seismic reflection horizon in the
seismic data lines is selected from the group
comprising before the simulation, during the
simulation, and after the simulation, and any
combination thereof. 8. A method for geologic modeling
of a sedimentary basin or reservoir, comprising: a.
obtaining geologic data, b. creating horizontal grid
lines wherein at least one horizontal grid line is
based on a deposition rate estimated from the geologic
data; c. creating vertical grid lines; d. determining
stratigraphic hierarchy levels of the horizontal grid
lines, e. merging at least one neighboring horizontal
grid line, f . upscaling the merged horizontal grid
layers based on the stratigraphic hierarchy, g.
estimating sedimentary properties from the upscaled
merged layers. 9. The method of claim 8 further
comprising repeating steps (e) and (f) until all
desired horizontal grid lines are merged. 10. The
method of claim 8 wherein the hierarchy levels
assigned to the horizontal grid lines are selected
from the group consisting of changes in the inlet
conditions, changes in the simulation conditions,
variation in the vertical distribution of the
composition of the simulated deposit and any
combination thereof. 11. The method of claim 8 wherein
the geologic data is chosen from the group consisting
of seismic data, outcrop study data, well log data,
core data, forward and inverse modeling data,
correlation of seismic data to sedimentary data.12.
The method of claim 8 wherein the vertical grid lines
are chosen to represent favorable vertical bins. 



13. The method of claim 8 wherein the sedimentary
properties of the basin or reservoir are selected from
the group consisting of grain size distribution,
connectivity, net-to-gross, porosity, permeability,
pore pressure and any combination thereof. 14. The
method of claim 8 wherein at least one original
horizontal grid line is created by estimating the
deposition rate without erosion and the erosional
effects are reconciled by adjusting at least one
horizontal grid lines to match the geologic data. 15.
The method of claim 8 wherein the geologic data is
seismic data and further comprising adjusting the
hierarchy levels to achieve a favorable correlation
with the seismic data. 16. The method of claim 15
further adjusting at least one horizontal grid line to
favorably correspond to seismic reflection horizons in
the seismic data. 17. The method of claim 15 wherein
the time for adjusting the horizontal grid line to
favorably correspond to seismic reflection horizons in
the seismic data lines is selected from the group
comprising before the simulation, during the
simulation, and after the simulation, and any
combination thereof. 18 A method for creating a
geologic model of a subsurface volume, comprising: a.
obtaining geologic data; b. creating vertical grid
surfaces; c. creating lateral grid surfaces that
correspond to surfaces of geological time during the
deposition of sediments in a subsurface volume; and d.
representing geologic properties of the subsurface
volume as values in each cell created by intersections
of the vertical gird surfaces and the lateral grid
surfaces.19. The method of claim 18 wherein the
geologic data comprises at least one of seismic data,
outcrop study data, well log data, core data,
numerical modeling data, stratigraphic surfaces
interpreted from seismic data, and any combination
thereof. 20. The method of claim 18 wherein the
vertical grid surfaces partition the subsurface volume
into regions based on lateral variation of geologic
properties. 21. The method of claim 20 wherein the
partitioning of the regions is configured to have
large bins for little lateral variation in geologic
properties and small bins for large lateral variation
in geologic properties are divided into small bins.
22. The method of claim 18 wherein the geologic
properties of the subsurface volume comprises at least
one of grain size distribution, connectivity,
net-to-gross, porosity, permeability, pore pressure
and any combination thereof. 23. The method of claim
18 wherein at least one of the lateral grid surfaces
is adjusted to match the geologic data. 24. The method
of claim 18 wherein at least one of the lateral grid
surfaces is adjusted to account for the removal of
sediment by erosion subsequent to deposition. 25. The
method of claim 18 wherein the lateral grid surfaces
are determined by numerical simulation of sedimentary
processes based on the geologic data. 26. A method for
creating a geologic model of a subsurface volume,
comprising: a. obtaining geologic data; b. creating
vertical grid surfaces; c. creating lateral grid
surfaces corresponding to surfaces of geological time
during deposition of sediments in a subsurface volume;
d. representing geologic properties of the subsurface
volume as values in each cell created by the
intersections of the vertical grid surfaces and the
lateral grid surfaces;e. merging selected grid cells;
and 



f . calculating geologic property values in the merged
grid cells. 27. The method of claim 26 further
comprising repeating steps (e) and (f) until each of
the desired grid cells are merged. 28. The method of
claim 26 wherein grid cells are selected for merging
based on criteria including at least one of a
classification of a common grid surface in a
stratigraphic hierarchy system, grid cells having
substantially equal geologic property values, one of
the grid cells having a thickness less than a
threshold value, the grid cells merging with minimum
swept efficiency errors, a flow properties during
their deposition having been about equivalent. 29. The
method of claim 26 wherein the geologic data comprises
at least one of seismic data, outcrop study data, well
log data, core data, numerical modeling data,
stratigraphic surfaces interpreted from seismic data,
and any combination thereof. 30. The method of claim
26 wherein the vertical grid surfaces partition the
subsurface volume into regions based on geologic
properties of layers. 31. The method of claim 30
wherein the partitioning of the regions is configured
to have large bins for little lateral variation in
geologic properties and small bins for large lateral
variation in geologic properties are divided into
small bins. 32. The method of claim 26 wherein
sedimentary properties of the subsurface volume are
selected from at least one of grain size distribution,
connectivity, net-togross, porosity, permeability,
pore pressure and any combination thereof. 33. The
method of claim 26 wherein at least one of the lateral
grid surfaces is adjusted to match the geologic data.
34. The method of claim 33 further adjusting at least
one of the lateral grid surfaces to favorably
correspond to seismic reflection horizons.35. The
method of claim 26 wherein the lateral grid surfaces
are determined by numerical simulation of sedimentary
processes based on the geologic data. 36. The method
of claim 26 wherein at least one of the lateral grid
surfaces is adjusted to account for removal of
sediment by erosion subsequent to deposition. 


