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Application No. 60/584,617 filed on July 1, 2004.

FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates
generally to the fields of geophysical prospecting and
reservoir characterization. Mre specifically, the

| NYERTHOD FORGEONOGICOMEHRRAINGITH g@‘H?HWﬁﬁQbi)YNAMICS-
permtting en angg ﬁﬁ[ﬁﬁﬁﬁgh@él Ot- IBS perties

of a subsurface volune, such as ‘a reservoir or basin.
BACKGROUND OF THE | NVENTI ON [ 0002] A geol ogi ¢ nodel is

a conputies apis b @EnBIBAbéleioof OfS. ®reuiisH] fAampticadnt No.

Vw8, 61548 88 Iy ReRA(. eum reservoir or a
depositional basin. In the oil and gas industry,

geol ogi ¢ nodel s are eﬂjn; FVities such
as determning the IgggggggzlgngE#ﬁgﬁﬁggtinating
hydr ocar bon reserves, or planning reservoirdevel opnent

strategies,. Geologic pnodels are also input to fluid )

f 1800 multhisi iBwentios relatss eracwilyprehe fiskls ofr erapbysienl prospecting
S Gl Alebdvoit Qtha@@ﬁFétfbnqPtl\'/l{i?ezﬁef:ﬁfch’lﬁﬁ {38 ih()%/xﬁﬁ)#lnﬁnﬁ ‘méthod for
key parameter in ow simulatron 1s the spatia

dicsdating \geblmgicomopels peahitling ynhanbed repreasgrtatien ofithd) ptdperties of a
pr ogﬁ‘rétti es of the, hydrocarbons and other fluid found

i FUbTHEtect BAHPatUSh AR 2 £FSFBION OT P88 Br i nes the
producibility of the reservoir. Typically, the input

data for geol ogi g ACREIROUNG OFGHEAVERTIGANEd

t hrough seism c prospeciing techni ques. [0003] Seismc
prospecting techniques are conmmonly used to aid in the

sd80®@) for angeeogicunedabns afcospbteebesedasprepgiatinnaribo subsurface
reservojrs., A.seism rospecti.ng operation,econsi sts .

oot Bt sEILE P B gBuR RSOy S RGPt BAPE St the oil and
Proas esdvistig, ge@[%icd atodelsnire chm@ioaly Qfbd hNRtisiHes 886h @§ determining
the operation depends  on satisfactory conpletion of

althe tlpgatiens tofgwells, estimating hydrocarbon reserves, or planning reservoir-

development 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 by



[0004] In the data acquisition stage, a seisnm c source
is used to generate an acoustic signal that propagates

WO nioe/001aes earth and is at |east partially reflPCt/Es2005021991

10

15

20

25

bysubsurface seismc reflectorg- The reflected signals

are detected and recorded by an array of seismc

receivers located at or near the surface of the earth,

in an overlying body of water, or at known depths in
bQUuBReIES seibBROHedts Mehel RAHd SRS GRS §dt8Ged b focorded by an
the recorded seismc signals are refined and enhanced

uSHIRY oA seiamicetegeiyérs doeatasatrarsicahthe suefpenadf ti catth, in an overlying
n e.of . the ol.ogic .structure being investigated
a%&%ﬂfWﬁgr’c%ggglavg?ﬁﬁ%ﬂ?sc@%ﬁeﬂpﬁé raw data. In

general, the purpose of the data processing stage is

t gog0spduce Durlngege ta taccestiRs WidgaC ehef feRbBideli€seismic signals are
recorded seism ¢ data for use during the data

i BefEedrandauhanced tusie 2 yoote Pl PrRseduep it deentan thatature of the

 ASKELSAA 002405k 15 TSRS LR . 1
sgesanle thiatparposh of rths ulatas pfcedshy staga id Bé @i@iRt alnl Bhage of the

st age be used to determ ne_the general geologic
sts‘r?%é‘ffgﬁ?%frﬁmt e GRISEH pesmIc dsi for usaduring the defa dnterpretation stage.
potential hydrocarbon reservoirs, or to guide the
deptRlePPTENt TOE pafhodd EREYaA] YO i
A?M)gir gsent , t hgﬁgjgncl usi O%%’lﬁt%mﬁ%f ?&ﬁ%aﬁg%eggxggéemg%@g(rigd)mauon
t Aeowtathe subswsfape eealogp mfsthagertharenghe graddssed seisrhieddata. The

to broad .descriptions of the size and general nature .
ofesulB T4l lmERlpR st el i Hrienine S paer geologic
Oftrein@afCa SisarfactReBS 6F {PlocABSHoMRYial Bydr6ERBR Feservoirs, or to
provide an indication of the total volune of

hgdide g dryplopmshi eftrnralighdy discavetediragdvdin such

structures. However, present technol ogy does not all ow

t al yst ,to0 r g n ctiop rates.from.the

SE@S(,) 3Pf ace ft tér g?%ngn@ y % Oﬁélggglgsar%glﬁ SHG bFi G5 iy the data
| mt@grbtitlodrstage@s gaferalkpligitad kdbrowe dbschiptioleeMhe size and general
drilled, present technology does not allow an anal yst

t BatgEe abFubspraceosiHchrey Jue b thec Hamited gesofeionaef peisrafc data. The
; . e ti
: E‘%ﬁﬁpﬁé‘ﬁ él?zﬁite) g{ﬂf&&&@#ﬁ»‘?&%& % '1041!52990% fod nﬁlewéc{}?l_r vio}]ume of

e region any suc
phydrocatbars, wikislermipht e remiabd | int yudndtraetatesNUiHwEE present

not || characterjzed b resent_ technol ogy.
: techn\l\cﬁogy cﬂ)es not alfow the %naplyst to determine pro%)lllction 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,



[ 0008] The hydrocarbon vol une and rate of production
depend on a variety of factors, including fluid
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perneability, spatial variabil3ty in grain size

di stribution, and connectivity. Reservoir

connectivity, a neasure of the communication (or |ack

t hereof) between points within the reservoir,is a

Std 9”5&05% TehdtRR &f tht BRI IGhA gébtrﬁtﬂfaéncgﬁoéﬂ?ﬁrh%nlﬁrbdprimary
is comonly a primary factor controlling hydrocarbo
prfmdomctdnunlliqufhydr@axbpnammduqtlom aficéency eod ettimatd Irmoeen‘ys There is

S e e aheBSo o e E TG spBFe ol SosEtey ervoirs using

Sebslobic Hhed, %uclﬁﬁbdse‘lﬁrﬁle Ak, Bﬁi\’\bvﬁﬂodt%ad E'tb dﬁﬂrﬁriany exploratlon and
expl ofation and delineation wel a capabi’lity

wtdahmeatlanu welisat Svebtd wapabdity owomi;ldfaodma:tb cﬁstlmtlmnrmf i Imydrocarbon
afe andéﬁroduccij on, rates tear ﬁ B}&g ar bon1 " d
>Y8 SR S SR A “br8 %slé‘ ﬁ’fo ])Ca Ut frgproration an

stiefelbpm@fPre@ks: modeling is "gridding.” Gidding is

the division of the subsurface region into cells,

wi thi n which the rock properties are regarded as

ut9eagl m TheArpther sipptis grodegiareedelingdis| - grislding/oiGridding is the
| BERL fgtﬁQ'E{a Suffadd %@81? Q&Sté \ﬁ'st %1%;1‘1} W eh‘)é T c}( propertles are

depéndent on ver ft
plre:gaﬁml% udifert 0 Thi ebiliay tor @:cofatesly traidet reea{vb@ ﬁn@ﬂﬂl geometry and
vertical, heterogenei t(%/ in the reservair. result,

S

t ReRsEHEE Hdaresbhispendent ga dreogiricahgtds P@ng indhemonsling Rocesses
gggée l@@ e hituf@bf ‘éﬁ‘étif?c‘aﬁ R vRftchi Hgf{efo;eﬂénﬁnpﬁfel ReErGoir. As a

map Vi ew, um orm rectang grid
c orsmbnithe lgsiddingomethedatm \@bgogmmiddehmg |fa¢usonmuﬂj7 on the vertical

attri bute the Jateral dire ons. 001 There ar
7 St Gt bulerofonss s st | bomap fogPgepigniular grids

ayRl lcaRinfonde Alsedi for MREGNEINI sthalp! %rlaﬁéﬁémife%ﬁlgutes in the lateral
commerci al I'y avail abl e geol ogi ¢ nmodel'i ng t ool

i doteihms. SGM ( Landmar k Graphi cs Cor por ati on,
Strat anodel Geocel | ul ar Moddeling (SGV), 1989-2003),

R oxar A, Lnpe RVE (Reservai r, Model i Syst.ens .
105003, | Aatiea o el W R Bl Ry R Bnmercially
CavdiRbR! pélogid Gaddbling 488ks ZOE%pléfﬂ df Reinn@rcially available geologic
(Technogui de (A _Schl unmber ger Product Grou@) Pet r el
Oy

vsrodelingy tpels| dncludey6SGYO3fLandmarls darap rationh oS¥gatamodel
UBHcdilid odeling (SGM), 1989-2003), RMS (Roxar ASA, Irap RMS (Reservoir

Modeling Systems), 1993-2003), gOcad (Earth Decision Sciences Corporation,
g0cad, 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.
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"reference-grid" in RM5 is the4sanme as
"depositional -grid" in SGM The choice of the nost
appropriate gridding nethod to use when building a
geol ogi ¢ nodel depends on the geologic nodel er' s

e ience al, el f
pgpﬁlc!ul ar SP;}%I %g.a@ﬁg e%llteiﬁrégge% élo r%é gﬁ O#D%Jmémauly available
wasolbgeatedelimg toals aﬁsura:ht asy AGNaRMSB ngOoaid ednals Petrel pack based on

depositian observed in nature at the _seismc sc
i) STsedin o SEEHBUS pilaty | TR B¢ U'S. Pafent Nos.
cqnggqucgz;ainhm gajgdsabl e geol ogi ¢ nodeling tools (such
SGM RVS, ‘gbcad, and Petrel) are based on nethods

d| scl osed in tw of Swanson's patents. The patents are
U[@lm’at ent Higyes 4, 62 1s Jaeqroamlacno@gmu@@&on[ctfom]tlﬁcatmn of sand

a o QS8 sect.. IIu tlon
COBESR, 2a50% o Sl BOAGRERNED Lyl ¥, PR Ry, 1@, and
pqmaﬁbstfanté yarldeodies 162, B 4uhes dodibw ﬁe(rﬁl):abﬂlgdmyeraﬂeﬁom figure
I((_:1 i|lustrate sand bodi es 1, 2, 3, 4, and and | ow
Ka}éﬁmglqmyent@p@r@d@ fromfigure I (a) using
conventional grids. [0013] As shown in figure | (b),

biﬁﬂ%ir tionals GhiAl'; m Pf%pottn)%af & YRliheS #3Che reserv01r

2, 3, 4, an e gl n sequence are
p aamed badies b, 2,13 4 apd B witidn h:m gives sequenes ai¢ wialidheéo the top 7 and

" RO CREAEEIY o T oRBHR o RroIor e SEHIKERR &S SugHvifigiinto the
S%Ql‘l’seﬂ:gr }%mthlQHﬁe BHiRkabR tﬂerbeaﬁ&gé 31' ( C)

assunes that the sa les 1, 2, 3, 4,
and 5 are parallel to the top surface 7 of the
sé@ﬂ]dhce 11 ASTshemeqlf@wel(ﬂ "Ogilapr griitl exbswneshthahthe sand bodies 1,

C ap =T o PARRE BTG B e o s Ry Prasel o By ihence 115

Slghfiéé‘cﬁwﬁh‘iﬁe E&lﬁtaﬁh@ ﬂﬁ&&fé@s delis lBQﬁﬂtﬂre Para3lBPWthe Rop surface 7 and
figure I (d), "Truncation-grid' assunesS that the sand

baeyes tquncated 35 by thebasabsusiaee Haf tielsequenee 1he basal
surface 9 of the sequence 11. The sequence 11 is

IGAGRFY, ™ L BnSP R SRR ba Fo bR B e 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 1(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 disconnected



basal surface 9 and may be truncated 15 by the top
surface 7 of the sequence 11. [0016] As shown in
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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 paralle

to the reference surface 17 and may be truncated 15 by

?n& B0diés N9, Dagainb Br\f\fﬁﬁﬁsﬁp? QCL uehf218 %?Lfg%i‘&%é -aniNfe above

erence surface 1/ I's usua one sort ogi c
d @’nddmgl methbhds cfeagusignificindlyr érfstertedl creprssanteﬂmas ias shben in figures

of Ol (3F e sbinbrpebd ke Bafier Har it bt A meorrectly

g%@ﬁ?écfe)d @i@l?k‘a[rﬁt@d? 2 ik blotRHiAhLaidl ﬁﬂ’érﬂ% s A'iStrated in

are five di sconnectedsand bodi es
wifighias iheandelfclenspectivelpf A slgm'reml t@wre é@d stané bady)ﬁes incorrectly

P abPiehS, R omeR BOGRT i Pl BRhRRIGE ang) body 4 s
afstokieely YhRBcte® Wdraad bady 5 Gihe tﬂuﬁ@e)uon%am om@mell ()3

|ncorrectly connected with sand body 2 in the
pro ortional -grids_and onlap-grids as illustrated in
@(&8&3 |(b)SoawGﬁanfé bydipparsdeqarieeily dispannentsdrivifin fheguselyes. For

' (egémgl% 471’:s &1§cdnﬂ§&§& it %ﬁ oﬁ)%ﬁib%% %%‘6{){.‘%%9 i&?) gnd sand

nlap- nmor €

[ rbod:y Qexstdlscomwmbtredaevwﬁl@-gﬁdw obdigyreS1(ch tHuethermore, some sand
truncation-grid %g I(dé [0018] Sone sand
b&aslies ar&reérorlﬁ% ¥ Qqnyeqiﬁ ¢ flagl Vt’ﬁlinﬁe porasgels/adhese sand

F t

0 DR B om0 Or LAY IAOBTRGN it Byt 90 conngctions. For
diesamnplecwnd tody2 ihdisamneqied)in s pofpoftiapal-gridl{ «):t)ﬁgure 1(b) and sand
Furt her, sand di.es are.erro usl ;
d%&%r@%@mﬁf@ﬁﬂ fbtﬁ? o g methedgs fhavmyin figares 1(b),
U AESE 16915hd> 9@ ERLANENMERBAFEert R Jand &oAICIC dsslsathe direct
the corners, W thout face connections. For exa

s amaselod this letostltmlstvbhmect ed in the proportional - grl ds
of figure | (b) and sand body 4 is di sconnect ed in all

ORPSF) Gy 3Rt BhTRHERBY gRE RO PG ReiRbas co no

b@etRely aglthnd theselves t With dfhe efeber9aiy Sﬁt@ﬁalt Qécﬁnetry The alignment
di storti on problem [0019] Thmﬁlg” ds constructed by

t lhetvegsn e ﬁﬁdﬂ pshEt SFITHPIT ARtETNEE EPRIRRINYITS lﬁmortgnbﬁmtw reasons.
T ergglaﬁg \ﬁ?weﬁ#dlgt%ﬁs El%sl%gevr%ﬁr cbl%e%{lg?gf 119%%'?&)@@10 model

[
subsequently bullt 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 high-
permeability sand bodies and no-flow shale barriers, because the permeability

extremes typically control the oil, gas, and water flows. The ability to model



between the grids and the reservoir internal geonetry
is inportant for two reasons. First, any |lack of
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geol ogi ¢ nodel subsequently bubkt. Second, when the

geol ogic nodel is scaled up for reservoir performance
simulation with coarser grids, the coarser grids wl|
magni fy the m srepresentations and di stortions that
Sxbfhedbility N8 QARChDY 's@vé?&?ellnmt&P B S il ferchall§ a Vallal:fle geologic
accuracy of any reservoit perforfmance predictfon w
dewrdshgdddinginsithads| [Orvanepson thaistbe vmstmgmmziggnnmdehng tools have

adp s Fon R FRRL Rt BT SR B R0 st o fpvering

a"é)ﬁuth@t :ﬁ‘i.h&l SthadtaGh endt Zendwie oS PRkl Al st thishh@ie Olthe reservoir
perneabi|ity. Mst inportant are the perneability

eﬁpm@%gﬂy sigctyrislini @mmrﬂ@atedl iin ygegamb boedels aaudd the resulting
Fifb%n%{g asllrgulg 1§/ In%dse Cc%ﬁr%l%%ﬁtl SRl IF gﬁ}gleévaf%éléra method that

remes COﬂ gas,

f loon&@ated hgldsb ttlidtt foltoty ﬂh?éjeéd@ﬁfeff?abf | dahd b&di€sHra@nthale barriers.
severel}(\g] imted by the comercially_ avail able
g SERTegbly, rBers| 2uds aeuldy allevh dies reservoin eernsativifatto tbee accurately

g 0 d
A pp B AT E AkoIROThAN, ARChRAET SRRkl for reservoir
speﬁd)ranegjlee BMIIlgltl((rDrTlheagﬂmdnn giveﬁ’ﬁort hitresadthehjeed by deferating the
not wg r|or|. AE'% %onseq ence, the reservoir
o G Etgr i w aees Nyl 1T9llawaecihe csumpler depogienabgnd erosional
ggﬂﬁ@&egggsem ihEsild 1 ng performance sinulation
el s.

Accordingly, there is a need for a nethod that
generates grids that follow the geonetry of sand

bodi es and shal e Y OF VENTIO8se grids

woul d all ow the reservoir connectivity to be

o TBAT i TGPl BT B AL oo Risils B prgdsmamics-

S baRed dkridaihg léiRod; AN @ITHydR-ETH dsO mad 8ERe4€ Srifl Rer AR donforming
by eneratl ng the I ater al grid surfaces naturally,

f & Mtowl Aerfaces dvping|thg mMegsssiof| ssdanendgipne vdytlosagate a subsurface

pé%gr%?ﬁt%t} dg@ﬁ@ V%e 18ca@%}1#)[3fc%%s§g%@ Va?r:s gpchT{El(\l‘thermmed by

Re presen
e sdildenent prd@éssamhuﬂtrtmﬁymms@aaﬁdng bf @éblﬁglcrr&étbl 0dSince these
call ed "Hydro-Gids", may generate grid surfaces

c Sifasemragyprecisely 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, but



to time surfaces during the process of sedinentation,
whi ch create a subsurface sedi nentary vol une. The
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determ ned by sedinentary procgss sinulation and
interpretation of geologic data. Since these surfaces

can precisely follow the geonetry of sand bodi es and

shal e barriers, geologic nodels conformng to these

S S c e [

o Ul RS e SORHBRIL, CrRBRE Wi gross, porosiy
upsoadabilgy f mre pesanry and anyssohthindionehsteoful at i on. [0022]

In one enbodi nent, a mnet hod conpri ses obt ai ni ng

ic data atin ontal [in wher ei n
TNDELC oo hesPnd B astoiial b RreiRicdnodetink AL 3 gefmentary basin or
U ir&Rroiin &S 2188 SRet148d ! hl?h1§I %ﬂﬁidhh@rﬂ dfo?ﬁﬁfsé fo‘B{Bhﬁlﬁg geologic data,
geol ogi c data, creating vertical grid'lines, and

metReting gattlﬁ@sts@m h@mcmtegl gntcb piaet bassd ofn ah eesstmtadenmr from the

0351 205101 PLILEE st 0 PecheRbp A gy vl

geo kathdhz@ﬁtaa gtid Qﬁles Hadrd Snelilglibohﬁ% 'h@hzd)ﬂtﬂﬂ gtﬁﬂhh& upscaling the
seism c data, outcrop studies data, core

d aeageds laysip Pasedrn the vertigsanhiel bleraai@hya astatmating: sedirentasns properties
SEie gca@éﬁ ﬁlefé%fl sf%%hg?’ﬂ{a e\fargﬁ}g ?EVel-grb%sfgﬁTHe?dﬁt&gtﬁe horizontal grid

Se I ment e reservolr
bilihey arenﬁﬂedtedrﬁ‘bﬁd ntethods dhé¢luding ebudi ok Ninbigsd Qﬁchanges in the inlet

ctivity, net-to-gross, porosity ermeabi | it
p&?%de ifpnss Shngenmdha sy, ‘%‘P&fhﬁ@ﬁsat‘ﬁél? 5,10 [tmmjlca&\ distribution

|
:gg?@ng:ﬁ{?grgglﬁgﬂ%ﬁhe sRhuldfed dQ s?t aﬂHCiﬁ# fl)lfatl theae

asin or reser I's a |sc ose OfTh
enbodi nment conpri ses obt ai ni ng geol ogi ¢ data, creating
a{002dhst Anmethodi ﬁoorgealoggr mbdeling dfes edbanfaae volume, such as a

f h
QEG o TSt RGO r 1 P GRRPTISHE ERrfpod comprise

| ev@lngfy ebl'&%lch QhithZ QRhBhg Ylettthal 10PRIS surfREQ1tHUivide the subsurface
nelghborln orizontal gfid Iinées, upscaling the

nEelyaw llnay eQOéuIbm%’e dre@tmg lateralt grisk Stgfaaphtq:cdrmpmctwh surfaces of

ey eagef Ui Al ietpEbRRGoR ol ¢ Beiequtirs ot subsurtuce

hOdSlluﬁ@n&lﬁi re@fdséhtiﬂgrtﬁ§ 28316gid Prpel s df rt%d@m&fésvolume within the
i ncl udi ng@ ut not limted to changes in the inlet

céﬂ@ﬁ tallsrroundasbiy e vertiqahand latarplagric puréasasli fF h@ geologic data used

i,bution o

| st
nggé{:l egr?lug ]lst {I'cﬁt lYnglji(tér%iu atselgm é:ec%ag% C{utcgﬂ% s Cwell log data, core
Cd’zitbl deth i feoin ti@fegiodl. 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 grid



[0024] A nethod for geol ogic nodeling of a subsurface
vol unme, such as a geol ogic basin or reservoir, is

waele®ehaomed. | n one enbodi ment the method conprPGEES2005/021991
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obt ai ni ng geol ogi c data, creat8Rg vertical grid
surfaces to divide the subsurface volune into
"colums", creating lateral grid surfaces to
correspond with surfaces of constant geologic tine
A As! ﬁ@rg‘fﬁf%léc%ﬂ oiid L8k B6e1R4Q! the ﬁurnﬂ&t b‘]{ &1siR thdodel, and
subsurface Vo and representing t ogi C
prestablishimgsnayf valhes fou begebhgee proparties ini thh mrgdngrglraeﬁs
cell s bounded by the vertical and lateral grid
surfaces. The geol ogi c data used may include, but is
not limted to, seismc data, outcrop studies, well
| og data, core data, data from nunerical nodeling of
geol ogi cal pr oGBBFSDESCRETIONAORI THE R AWENGS
interpreted fromseism c data. The nodel ed geol ogic
ties f th eservoir ncl ude, but are not
| .lﬁqo d to, ié.%crgﬁ%%qcrl%tll%ﬁatl%mt&mal.sel}d bodies;
net -t o- gr oss, por05|ty, permeability, pore pressure
a y co | o)t her [ d }
Dt e e ST g ot MBERRRTof proportonal-grds
v o¢preseniation bﬁﬁledlrgmatb sad. bodthes $n ﬁgin@dl(ai)e nt conprises
obt ai ni ng geol ogi ¢ data, creating vertical grid

Si@é@iﬁs t ogd %u\gl{’, qﬁcatIP gtcz(?sgf’sgcé{oac gé?qztlg)ge o(n:l)ap grids representation

C@fﬂﬁ&ﬁ@ﬂﬂﬂﬂhﬁhxﬁﬁﬁﬁﬁﬁg&£QR@ﬁ0nStant geologic time
during the creation of the geol ogi ¢ structures in the

subsurface volunme, representing the geol ogic
p Qﬂ?@it. es &igwne l&)bdtr paceosyEretioa vmlltlﬁraﬁlophe)fgrtmcatlon-gnds
c it r al
g?é H@g@ggﬁm@%ﬂgﬁﬁl ¥a§1éilﬂé)§%ls &?ﬁgu Ijaqur I's to reduce
t he nunber of cells in the nDdeI and establishing new
vi003ds for Fhmrgedle)giis ar ocpeﬂstsieetmﬂ nillusteatioer gefl giférence-grids
cells. BRI EF_ DESCR| PTI OF, THE.DRAW NGS [ 0026] Figure
| fepresedt aHOI&P%@D’EO%Hla oﬁlh"ﬁl%f‘}gglﬂrﬁﬂ@f ori gi nal sand
bodi es; [0027] Figure |I(b) is a cross-section
' |003§] rati opidyfe PEOPABY CARRLS Qﬁi‘s@%m‘b@ﬂ’ih?eﬁ?af @Ak iARnBbn;

e original sand bodies in figure I (a); |[0028] Flgure

is a cross-section illustration of onI ap-grids
&Hzgé]sent at thmr@ﬂ isteetagpr Vigivnef 4@7dnunstwdme@ call Heppsitghat would

Rl R G b b s o

[0033] Figure 4(a) is a cross-section illustration of original sand bodies similar

to figure 1(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;



representation of the original sand bodies in figure
I (a); [0030] Figure I(e) is a cross-section

w0 kdoemoT4ed | on of reference-grids representati oPCDUS100£021991
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original sand bodies in figuregk(a); [0031] Figure 2

is a flowchart of a first enbodi mrent of the

invention; [0032] Figure 3 is a top view of 4671
unstructured-cell deposit that woul d need 24806

st ur ed celd

IO, 05) Tigtte PRI E I RRISSAR Sl b Wpl A0 dlisive sand
orbiody naﬂnpemd@f boctrd sasl bodydobdsanflichaneld; (a) ; [ 0034]

Fi gure 4(b) is a cross-section illustration of the

FABGIA°S e FAEF Sick 4 ot et QhiiisihoiFneh BogY locgtions and

| YRRt RkahPRIRbodit GME Budhcdl pbpuldtel b§ ac8ientary process network
arrangenment structure in a Hydro-GidS enbodi nent

[GUBWlPtOF;l gure 6(b) is a hierarchy arrangement of
geol ogic layers;[0038] Figure 7 is a Hydro-Gids

Cr, secti @f i I:

oOERCES! " 2B STl R DA BT R0 of B HRE Yiaces on
8 (fag ddle pppalaastibyseaddinentidyl pusdesahdt@orkodimaninst. body

| ocati ons and sizes, and exanpl e deposit tinme surfaces

popul ated by a sedinmentary prc _net rk si mul at or;

[ 0040] Figure 8(b) is=¢ & CBRIBLION ystration of
deposit tinme surfaces on fan delta popul ated by a

S ntaryy r
Dggﬁégﬁ o ?%I%Zi%ﬁewﬁ%t d’é?éli@d%egei‘ipﬁpﬁ the Qﬁ%ﬁh&ﬁ@ﬂl be described in

. ' I'n“the foll owng detail
desnmdcpmil oiith 1tsh:eeﬁenv<é ambodinwinisl Haevelesdo rtltaecmem that the following

nnect.i on W t| referr i ments. weve t.o .

ERERioRE Peiticrhd PG FiboBEeR oo Recl fregRvention
t hid iPmtentisdHobe BIRAMIVERRLY. OAco'ércHﬁgl | i li@fentiS® iolot Uindted to the
invention, this is intended to be Tllustrative only.

Aspesifié reyhiodimenss | deseribachrbelayv,nbut Iratﬂaﬁlt, e’dlet dovention mcludes all
Sp C' £ Cei,serlJlgoff’ g%%l gﬁ:“ %Ellln?la entts)e%aﬂlﬂg Within %fleh %rue 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 of



alternatives, nodifications, and equivalents falling
within the true scope of the appended clains. [0042]

wOoR@e0e@s6é ds are grids created by sedi mentary PCDUSHSE5/021991
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simul ation. The Hydro-Gids |-atleral or horizontal
surfaces, which may include and be represented by grid
lines, are tine surfaces recorded during the

simul ation of sand deposition/erosion. The grid

Sypd Q&E ehfQlt z&"ﬁﬂ B ﬁﬁ?&f&@%lﬁﬁ?pﬁ%eur L tfutf' %ftwﬁl and lateral grid

|nterna arc Itecture (structure
arsyrfassuiipes)odivides de b;,bsuﬂfa:eexolsunengltcg @m’ldogslts mMm' refemng to

gri dd| hods, Therefore, e nd bod shapes
S el A b oS o pispettionsp S L BRR GRS PORET s Resented by

f %mgﬁﬁg ey Qéc'h g?ﬁlrd‘eﬂrarfﬁi@&&ﬂaﬁ' Vﬁ}ﬂe%f &4th geORER] pr@ﬁer%hom geologic

frgure 2, one enbodi nent has four steps.
r @&@peémﬁemtﬂ@dﬁ lbn‘eml neg fingifedf foggrpian size @letnibugom abanectivity, net-to-

ned o _nuneral 22, vertical grid
S Poagos Y B R%@}ea By Atae BRESRE L de (he subsurt ace
volune into "colums" of limted |lateral extent. Now

r §0@44]i ng t Naw mﬁbﬁingaa nufefd 20rihdlgues 2 Bt gedlogi@rdath is typically
surfaces (Il.ines) may be substantlally or

r éplamﬂ%m bvé.carz alﬁ@ &101Ud§r<‘@f‘?: fatant well tags.coieraR sedieswiipg dating of

depfc))3| ti on 3 lcre&gfg %e%?ggts%gfd g?tls Wd%é%%ggﬁr? éé%ie&%ugraphm

v alirfaees. Tﬂgetdhtarwlll typioatiy tihcladle atfornhaioartaht ¢l #id in choosing the
rfaces I|nes) di vide the su rface volune into .
?‘H‘Ue’él 1>f§t hansrespe ey ey hﬁﬁa e pspbsyrfcegEplugyi énto cells.

pr PRl %eﬁusofnci s SHRSHE ftl?elc il BB 8f Endn RIS eg%;aiog% BYoperties,

gni gridc a particu
eazdhclgmdicra{:p loowp tfa:rpa@artt wcrtibbbs@ﬁmb@gancbqopleqmelrwnlamt losing accuracy.

[ l.u but re not mted, to e

ol aac Penas gifenet T ot 12, HaBlithide Boyatay copditions for the
PeiARARA élrhﬁlaﬁ&ﬂj oP %d%n@ﬁtﬁﬁ&%vﬁlch[lggﬂ]of m e febRH ehi¥ddiment for
to nunmeral 21 in figure 2, ogic data 1s

t yiptermlning ‘shelsszmlm bietvagn thetlateruh smfams imibe sthp showe by numeral 23

dat.a, | logs, outcrop studies, tine dating of
E%@P*@i nuneri cal nodeling results, geol ogi c nodel s,

and interpreted stratigraphic surfaces. This data wll

tyoo4sp! 1y i mNdw G&eﬂrmg% Mbieed] 2hiatfigad 2avetitd] GROQRTRES (lines)
the | ocation of the surfaces, which may divide the

s @b epleciedto,dividethe suksugiare ¥olumenioalqojumnsyi sThis e ge glone for
g}%‘g?}e ?{}?cgetlsﬁ’%dl M ﬁﬁ‘étnfcﬁﬁgds g?lddﬁlté‘?mgﬁ t%{) &€ ﬂlagg{/féw, 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, fine-
scale 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 unstructured-
cell deposit that would need 24,806 structured grid cells 33 for the same accuracy.

Second, due to increased flexibility, unstructured grids capture deposit shapes very



whi ch indicate how far apart vertical surfaces can be
pl aced wi thout | osing accuracy. This also includes

wa@lai0a/0013e6 can aid in establishing boundary coPdi/UsmN5021991
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for the nunmerical sinulation-ofl sedimentation which is
part of the preferred enbodi nent for determ ning the
spaci ng between the |ateral surfaces in the step shown
by nuneral 23 of figure 2. [0045] Now referring to

NYREBRIAEly2 vtile fh SUGErured %rﬁist &R ldi Gk %é&fﬁo@ﬁ%ﬁ?#ésimlhe same
are seléected to divide the subsurface vol'une Into
" euibensf cellfhi $hesarshiyeesdocladd tre dedtahfas tdepeditud® dnditice channel 37

unstructured grjdding, In p or map view, for
sPPﬁ@ES&@Hgﬁﬂgﬁkﬁﬁg?l@ﬁ@m%égtical grid surfaces
(lines) would divide the subsurface volune into

Unod4w] m 1 eC N Wb RFrinl toSklindirl 2324 Hgurh, ltBe dBtermination of lateral
unstructured gridding, the vertical grid surfaces

( leridesytaess (linexiiy bpécaly accamplipbed wilh the kidsofor nymerj¢ah gimulation
. X _
o PEBE SR eSSl b S bl SEUIIEE U SlaBl SPesRg Petroleu

f iRees@adse isceblitblagedigertan Prédess cechuidier dat i@&:oﬁﬁﬁéi@i@ll* Available
geol ogi c properties is rapid, while coarse-scale cells

c8Rd poyake o isesoss tskdledr Bhéha pes divgnpretestedwembodiment uses the
r s nall if e repr t :

s pttipe oA Ron R Qoo b B DI hob oo AR Adeifation No.
sl604608,70&. si gnificantly smaller with unstructured grid
cells than with structured grid cells. For exanple,

fi 3 sh a.map view aof 4, 671 unstructuredcel : )
affEF . haDestiang ikt S ks GpialE gictues various
33teh@r FhQ, 22PRaPGEHARCYor HoeBRlumdURithD HRCERREARke volume is

flexibility, unstructured grids capture deposit shapes
vdetgroinad dtosh yeismivi data.t Mbisss mowmplsbedyby dsskitted sdisstiointerpreter

the d it sh wWth th nber... of l
TRECETER I methofke Furlen Repeiont B Sdinagcslgl i hesre Sigopiel the basal
Chaae| is haljusttdt fonebriddt iy khe ofiehthBod tliiﬁ@ﬁ%ihﬁl ﬁcgs-ition of the
[0046] Now referring to nuneral 23 in figure 2, the

dewdaaei #tathi dimefof| depesitipn.gridepending aere she hatpees pnd glegree of post-

t ypi cal | onpl.ished with the ajd of nuner.l ca

o Bt S50EE bRty b b oL oBlloR o ARG 0 resore he
SERISHdbpeaaill abiatingf thEShikoeRotreMbos! thoRemBent b 88bsideéhic® The size
suitabl e sedinmentary process simulator that is )

c sndrEegrpapf {hesg adiusibicatsdn deteraingd tagcqsding ¢p dbes idgement of skilled

t ﬂﬁelﬁfetters g %Viﬁrb%f ﬂde%%o%WSér%ﬁt ofuosrﬁﬁlaf}h&ill 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 at



numerical sinulation technique described in U S
Provi si onal Patent Application No. 60/608,707. [0047]

w®edoenoidné Nng the |ateral grid surfaces (|ines)PCT/US2005/021991

10

15

20

25

30

typically includes various st€@s. First, a basal
surface for a subvolunme within the subsurface vol une
is determned fromseismc data. This is acconplished
by a skilled seismc interpreter according to nethods

fafphd | ?e'bst@heﬁfv‘ faS %ﬁlfféfanto gfﬂ%@ %\J g%des Jlo'nn rdtd eoraﬂéposned sediment

Secon t he basa surfac to correct
dimomm@bschemt dfhese steps iy tor itgatedlto yadﬁlst ﬂmrbomhdarye:ondltlons of

S face of deposi ti.on. n n the .
o, B o0 ooRRRE it FUHCI NG BFBtlaieg deposit
| RGH YRe é’olbgﬁz afak0 nFﬁlfaIHr hg tl%ﬁéfoﬁﬁaﬁl&n‘é’ Wée bppled R€the basal surface
paleoslope and unbendi ng the surface to renove the

efpmctto @ﬂmglabsn,dénc@veﬁh @fshess umsiotoygtions afe amdm to the basal

rm ned accor to.the
RTRA P GhEidh SE5e80R N dfe MG sl BFETR their tikely
p@j}@@ﬁﬁd@fp(@ftﬁmnary skill in the art. Conputer
simul ati on of subsidence and ot her post-depositional

processes malﬁ( assist in this determ pation (e.g
dreBg | thq sna%ﬁ@,oéhq Y ESNUIREF | ataady state and

N%gﬁ O&Scfe%g.&hg%ﬁ, Rsropoit J@Hﬁm rren‘fegt%gi Y tiftefous, and

Stlatertal grld plwyfacéie arpt beAswaraes by ranSéxtartdegr pphudcofisithulation time.

S nment al.o Conputer Sinul ati ons, .SEPM ( Soci ety for .
E&Wﬁé{ﬁ% df ﬁ%@ewo@nﬁvg@gmm%m Sl%rnﬁ r%(vwrons the lateral grid

. fﬁl%ct%E él?@rugiuriﬁ}%dszﬁqh nstlﬂlbér BhRCHRRerGals \’Pﬂiscrlib form—layering

ace vo me, Is performed over
adljlejllsctdednsmmaﬂhasﬂref ack. prSpmhessanwhsahwmngneum fm lpmmi‘tde within a

n geol.agi c..tine nput.i ng t he .anount .and nature of
o S B el e P CaR GRBEalion 11 e step.
The top surfaces of the simul ated deposit are recorded

ayogpul ar tDuFRgSirAPster The st Rt al pre&lar ibvBRme, there are

geol gl c_nodel may be controlled by changing the ti me

s seyeraliadiustppgnte thad ateviapically made @@ﬂmafeaai@ﬂdmyfabes (lines). First,

L AL, Bl 50, BAT SE8 coun o
Oﬁﬁyl émov41ese s&difpft 'B?yerbﬁoh tﬁfeﬁttﬁﬁ drigimd] %&imédﬂ €in the layer is
boundary conditions of the sinulation until good

c depasiipon febrrwisedhe deipral gl pafaset (ineRkmsy winsateaeh other, which is
S50 B0, SUBRECKOHLE 9% SRSy g i s i
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 of



prior to sinulation, the reverse of these
transformations are applied to the basal surface and

wa@bdosoamput ed top surfaces, so that the surfackGI/ES®05/021991
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noved to their likely present-i$ay position. [0048] If,
during the sinulation, the flowis near steady state
and predom nantly depositional, the deposit
conmposition is vertically honobgeneous, and | ateral

grthéj oo dRS BRI bP GRS Eiﬂt@fs@&tﬁglftﬁf @8 Xl %ﬁﬁ lQﬁ dl 9id surfaces

simul ation tinme. However the flowis
t r(hnes) enfypiallly, diegmivhiuesate detensinedhdy thé esaﬂnatmmﬁncg]r sichulation,

G ke B sntin pf Bedptea) ai Ryt (s ensur es

that the rock properties are as honogeneous as

pPqeesml e W tAn exanplave HydGebs &f sfh@%ll g)ﬁre 4. Figure 4(a) shows a
characterizes reservoir connectivity. Duri ng

arsgosafseeiont pla syimilatad @trbsmfaceavmm{ an Sgursufibo) mﬁ:eHydro Grids

tg?{dﬁm%l a?tg(r?aé fegérrlv%dt’h %@Q%? | ness?][xc? EIS 15§ f,a)t, y4 an%es between

vehé isapeeeabilitn dyess 6f Bechat &h@ﬂy@fd Grigy sfdeds ((hhéy;)follow the
may be adjusted to account forg @% renmoval of sedi nment

byt bdictranrUB A ) itk erameetbatyhshvesrand vathin e original sand
d%%g%ﬁr?ﬂgur%pso%%rﬁrattgﬁf%ﬁéﬁhéh grid surfaces (lines)

may Cross-eac I'S not pernmitted. Second,
it may be found that certain lateral grid surfaces
(1[0023) creadtsedhown sinnfipartei 6N onayemlmdinmamchs inow disclosed. Now

| ocation the coyrespondi ng act rfac obser ed i
o SFEHne papameah f BRI S, Tebkteat driaas gt v refering to
dafumepd 4L¢THARE 3 W&H%r@d %il,ler(fesf (lﬁh%)ear?e cﬂeﬁteﬁhfos dgflde the

case, the lateral grid surfaces (lines) tere
rmnbmlrﬂayq valnme ato ooludhensy oL mied ladmsl dxdﬁntt New refemng to numeral

i on e a t ed a nore fa
AP e R RS RSl R PO DS ROUgly or relatively
Sllhbf'l@&lﬁﬂ afe QBABH RAfch th@epOhd SHIERIrf:REs BP 'g@@i@?iy: time associated
condi ti ons is the preferred nethod when possib

£ orlgmabdea»@sm@@ of thkn sedigrentsbattfilhibe @@bﬁsluﬁacmgolamd Together,

O%ﬁ %UIC{%r t%n gagc'ése ggﬁ)r v?c?e[ @gg%lﬁs%t%e M Ehe into grid

r eéleg r lwt@fejﬂmﬁ@ rt@Inu&éeralnM igufigure, 5, the @eRlgidiptoperties of the
properties of the subsurface volume are represented by
asubsyriperjvelame ate represeried by pysigpdrg joesch arid gelha particular value for

8 rg%l(?ll ge%l& é C ékﬁo%{’tg? al\l?(yw tr?igrrh{g @r ARG oPF gﬁlléeS selected cells are

aces
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 flow



(lines). Typically, these values are determ ned by the
sanme nunerical sinulation, which established the

wo cwanimans of the lateral grid surfaces (Iines)pPCT/08583/021991
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An exanple of Hydro-Gids is sldown in figure 4. Figure

4(a) shows a cross-section of a sinulated subsurface

volunme hi figure 4(b), the Hydro-Gids gridding nethod
preserves the shapes of the five sand bodies 1, 2, 3,

4, 5 2 [oded Yo g r :

o RRy REREERALEANGR apl, TRaicp); KPR Fpfienirion, and. the
s apdinfpot] gragiaize slistnbdtioquiuactddrh ) The eput alataealbo vndlydes information
bet wee nd within the, original sand . bodies in figure . .
2 Cap s DoBing, o drierpicotihontin PRO RO Kol f Géseribed in
f ingkeRa]l 21 oPPguRIPOdi ment i s now di scl osed. Now

referring to nuneral 41 of figure 5, geological data

is obtained. Now referring to nunmeral 42 of figure 5,

vd0@3ddal gr iker herefrense umeedy 4518 and g4t s Beph miyibe similar to
t I e Vol une,into. "c nmes;. limted .

| 2 PP e BRR EROMY 2 Dh Rl R PSR gy tpe verdca
5 gridauffhéds agd seflected ihaatsonet thaei)simiMiite ha@ycubsion of numeral 22 of

substantially or relatively horizontal, are created.
wiigdFe €ofPeEpaREcaRumReral Ay shelatest] ggidorusigres arp gelected in a manner

3 ¥ ! ' Sy S of
o S58B4 b dotfis R S ABhrPRESH HihR 28 rdk dBteponce numeral 44,
t iee yevldgic giropeniiks! At @sdAgnedrtoctashirgtidael i Isimids) todthy idékeussion of
t he subsurface volune into grid cells. Now referring

t Sumgre 2410f 589%si2-f i gure 5, the geol ogi c properties of

t he subsurface volune are represented by assignhing to
CR0Lsyri d Coldw SofBie GUARRCPUY D TiurESC BeIOREN AP that share a
property. Now referring to nuneral of figure 5,

s ebmptondlateed] | gridasuefane (lied atomergtdde redieettind tritalmumider of cells in

of, cel | referring to nunmeral. 46 in figure 5, the

ol G g herEly hries e SPGBl clte, Heh e Fijsbionty be
CokHSrmeéh b R NAnNAEN reskon HTARESNE MeScells & &l HeMAME Fery thin
|nﬁ£;eater detail bel ow. [0053] Now referring to ‘

neelty that aayi gausd gumeri@l pheblémpin regevbobgariogarrace simulation when
obt.ai ned, ich i,d t he sedi nent ar. rocess .
ST A6 srORam Pyl Ferk e Ml (LB B 58 TR used to determine
CevHildH taIRSto faegedariese efithriai 28 %leadPdnefdlafdNtind a combination of
di scharge history. The initial conditions are conposed
othemmaybg employ¢dbal eo) t opography, depositiona

envi ronnent s

[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 persons



(deep or shallow water), and the erodability of the
initial topography. The boundary conditions consist of
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boundary fl ow conditions (no-fliseow or out-flow). The

sedi nent di scharge history consists of the

flowel ocity, sedinent-|laden flow |layer thickness,

sedi nent concentration, and the sedi nent grain-size

d'sgitll%!i bt {rfaNard Ut bé}f‘ beTﬁﬁn& qgu AR %fsﬂ.lﬁlﬁ%éiﬁe%xamples of
rmation about |ocations of stratigraphic surfaces

| lpub]n@tlsnbﬁmt fimclese Byaineptasizatemcinclndel StemnD nerdDa®dompfA.G.: "A

[ 00 For the refer s 42. 43 an }
WAl of opeheaihe ey SRS Cidlss 0, Brqayeq Geologic
' 'P-Ieftérgghrn%lt? " ﬂaBePSPE' ﬂ@h@rpres\éht‘e@ a"t ehe 69 SPEURBYCA)oir*imulation
the vertical grid surfaces are selected in a manner

t Bamposiugy gld an HocusﬂoneT@ias,cLﬂsé"i Sebmwfryn d A29;2ndd2, &% and Beckner,

f i guk K referen uner e "
oo bl QP B SR P P DB Beis el paper
t SPEG2900 Sésehted at MUTEU0H SIS Avkhubli THehBicAl Chfference and Exhibition
ref erence nuneral 44, the 8eo|og|c properties are

assidgn&alled Texan 1ot Dagtoder, R0G0s sinilar to the

di scussi on of nuneral 24 of figure 2. [0055] Now

r I NQut I (e .

tm@r har% tglrgﬁrgﬁo(%w? ﬁ?el{r? %\rfg{n&r ecg{il? flﬁ agJ Fh((& | ne[?lﬁgllrném thickness

metigeid. t Mineia ehickeess afradrianutithes the thekhessi of thbelayers between

del t herehy | ncre se the peed of analyses

eréh%’ég’ﬁ% ntYRalR> pafforangemothe fieknasyet t eAWthbfftween lateral
s, Ofl"hﬂﬁ'a 8% rd e&x@éd Seak ?het % gl biRAtRd Z%%sto&] \Where fine-

ce s that may cause nuneri cal pr ens i n reservoir

pgradim serhmentsgrmlbmsiteah wittlea sedinregtarherapesd sigiutativnd€Thick layers

There are r|o ria that can used to
Bice Breed e o gt s GRSt AR hecs o graip gediments e
C'd@;%sité’d' i duBlrBt 68y BR0cAlsCRIPIARE! ﬁﬂné}fcaf BRIBIARY Flfreservmr
enpl oyed. [0056] "A f| rst approdach to nerg t he ce
magrfonmeingel emdé@tm A piopem Mcknassghmshomes tye;mﬂy wsed to truncate
property eS|ncIud eter n|n t he de e of ..
CeN g iR HRH GBS PO ThE D8 o gbegipeo thickness and
bay a@taaMhicﬁn@is@taaaéﬂ ehabal dfve bh theCRl BRI YdepondiBE 8 thich cell
Typically, a threshold of acceptable change 'S

st deseadn geolagiedll prapesties toethe ddn coll. H@ﬂ preceshas predsrebly continued
Cu@ﬂ%ﬁé thlgkshsésst gtatrﬂe cgl?s elﬁlrere g}?c%lecgs tﬁe g1ven 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. This
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 laminaset



[ 0057] A second approach to nmerging the cells may
i nclude a swept efficiency error (a conbination effect
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A layer optim zation techni quelécan be used to
determi ne the optinmal |ayer-grouping schenes that
mnimze the errors of swept efficiency between the
merged and original layers (cells). Layer optim zation

| SufFadBAHE Serh§FRNOrAB YLt ARy Hdkie Whitdr ﬁﬁr&%ﬁﬁ&hg'vﬁﬂm level

i-n the art and can be found’in a nunber of
puipblicsatoi opaticlanmpiias a¢ dpuebbed &t Longiat Ramindiseic \Bedemd Bedset.

» Re5 CoffRbeC R 2euhlr L ekt o BB SPRBiolest ol 8 a7
t 26RNO6BY Ve l4unh gt HRAIREORIBARLME Ta AL 16hths 9 @pidly from

presented at the 1999 SPE Reservoir Simulation
SyRipuies (ienheatsd A damkmsettdﬁ a TRigtivs, confiormipbleeprogession of genetically

SR B By ST Frion, T YT o

papeforbities 6 2hoh Foese Rbsidlyatrohh enidQRY SPEayAN nA!abed is a relative
Techni cal Conference and Exhibition held in Dalla

TéRBrmably spegessian ofmetwaﬂl@os@}ed&apﬁnwmabm@em bounded by
'T%{n%&g &L?%fr%&' e a hi cqgﬂgss CHi El(ﬂmgﬂ %j'%h ze%s(fell?osmon or their

criteria I mum rra u

t korrélatres caffotrhities,aykich fomhsnepidly dtodi ahinsies t@g@Ss. A bedset is a
Typi cal | wide r e in the thickness of the |ayers

b &fWPST %Spg panfoupah af%g’@dﬁ thqrhiil%fer ayfé?rgp%%org deveipEey @f sedimentary

ctalfeefr&ﬂ%ésgg%o@wmﬁb@%eh@a Rre w@&rv%hé hBGRQY, a@adsets form

sedi ment's are I ment ary process
siomed atlooger fdriagk of aiper shaar becbenﬁihat gchtigesphict hizrarchy levels are

O B Rofa ST o SRS tdons

NYUABGE Gady iRIPM@Bnd thal ?rec?@a&é/ Qi HighP §veP bFRIE Rierarch Prci radation,
simul ation. A mninmumthick nessthreshodlstypy %/

ugggrad@omr and atteograstation may weeult &1 an internweelidte leve] oflgeedhierarchy

{ t hi
! Ba S B ot T RS BB BRh e errcy
c @év'els*}ﬁit}owé dEIBREINEH RAnDhe W eld L ITRE bhansgeg hrpﬁr%rsmﬂlauon conditions
geol ogi cal properties to the thin cell. The process is

peefiemathe yn&psmqnwfethe vertical disteibutioncediths sompositien ofihessimulated

ei iven threshol d thi kne

d%(gc]%{t tba)ég tge%f&:ébsg’s AFPSenee, %s ﬁgc({nﬁgn ho&ag}ﬁ 61(((3)}1? na'he hierarchy
| w;velsfass@ﬁmiecaﬁfbd Y el 1orREhiedy 8 fARELDIE BobredMRSSwith (1§PERes, well
regi ons. Mbst reservoir performance sinulators

alﬁgén‘ﬁldl sepig datpeat
[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 within



the zero thickness cells as inactive cells. For
exanpl e, Eclipse, a product of Schlunberger, is an
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performance sinulator that is IKnown to persons skilled
in the art. [0059] A fourth approach to nerging the
cells may be stratigraphic hierarchy. Stratigraphic
hi erarchy includes associating the | ater aI surfaces

belweedy 8! §Fant 647 ﬂ?éﬁlb&%h@rarﬂaﬁgﬁﬁ&t P ol gt | g%w I:ﬁfers is an efficient,

stratigraphic hierarchy tantliar-to str ers.
TMSed’rbaedrctaltw stgasrec [Fas @xémpla; lIDthB @(pidsra‘aen ‘ahd rdarlg"development

S AT RPN AR L A1THREYE o ERISS A eyl el (coarse)
beay¥ey, aesh afwvegmnpﬂ 62, drekk ﬁﬁﬁr&ﬁ&%ﬁb&@&ﬁcaﬁ%“ &E&RAy used to

may be retained, while I'am na and | am naset surfaces
abuild geelogig mcielssan m@mmgceasmmahm modelenin a niae efficient manner

r n|n | evel a es to a _.part
Sé a{cﬂé3 ar eegpés%a? %% nﬁ‘%ﬁ“l% apﬁré’ﬁ?t%ﬁs e{[ S%@t?s a0y detailed oil
Be¢tootry sttcichampatduired. foNprodh&ﬁBﬁ@emé&i@ ﬂ@ﬂ@@vrlegﬁctﬁne) layers,
and Bedset, Sedinentolo 8 at 7- 26 (1967)

| aweinas,i lsvals, &3sorapd.eean g@gﬁ@@@ﬁlkex‘c@aﬁtﬂd ’tOhaQnSfr@ﬂnhlgh-resolutlon
&aﬁt els@ PAi%r% é ags'i?e gﬁg S@cegsoffe(ssbeer'?‘c!) d? &errgfnﬂrgag lateral

I've con ornab &SEiBn o gen

| aﬁmfme alsoetstded byths E{}fcﬁ@eiﬁld@fveﬂfcabctd@iﬁdmﬂ@ﬂ Hﬁs{b@ﬁé §1ﬁﬁﬁons the
or their correlative conformties, which forns ?rgbi
f layRy imeTgingsisy Botgadrdsable Beepuse the ligioleaw ef dbnftwpniayets is quite

S [ f
RS acfhond el SR e Bliien AR AR oy by epiped as o
s iytae6sids oértieslasbatinateson- deposi ti on or their

correlative conformties, which forns rapidly from

T RGeS BE BB B Pl e ssoosi

gro%%ﬁiegﬁﬁte%éﬂﬂl flefddatddieat resmddiRse %ﬁ@&&bﬁﬁna@&l BEYSlues for
above or bel ow t he bedset. Bedsets formover a | onger

porergad wodeli gedls tifh zalldse d@scalhlg”stlﬂmcalgmga phipernhdability cing porosity
| evel s. are ass at.ed he ¢ rres level s of

+ RS ist GRBE e GIBEs M kS R SR lEd i SHE a2 can be
| Rl ih QCRih A DE ﬁiﬁMl&ﬁl@ﬁE eERarhip18$ of ﬁd’lﬁicaﬁ’cﬁns&h@t disclose upscaling
hi erarch Progradation, aggradation, and

r 816 ltﬁgr pitoif g, ey J: eleutnerlnalarCaﬂqwféme@faEquﬂVel@m @fid Block

L

bevidg 991 Z’VE(Nof 50699; IFeckwy 6. E.,Hinkdi6ses PABYEDrdster! BB M., Jensen,
simul ati on_conditions
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 a



or fromthe inspection of the vertical distribution of
the conposition of the sinulated deposit based on

w@ewbogiied ' s experience, as is conventionally PORES200$1621991
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hi erarchy | evel s assigned can I8 adjusted to achieve a
favorable correlation with the cores, well |ogs, and
seism c data. [0060] In one enbodinent, once it is
established that two cells nay be nerged, one of the
e B A iRae " e Bdmplex sond
cdnlolds S1ipbes 5331and ahammelsf¥care guaintaited agturhielsin theddydbiGrids 58

k t I t 't. .
B, R IE Vinen OfGrg Thd® SaPRETOR Rt y8fital Fid line o
V\ﬁhﬁﬁcecsdi | TaRt &rodi6h Qort Hikdan8s Suifsced)H 57 ekht Rive tRBodARIto reservoir
of renoving as many |ateral surfaces or églons as

p@@lsfpbn@ce[m@kqﬂom e rmem\a':}l iTlhe estloratcals 89 Hn ofignrghy represents

arr r.dey ls 1, 2, 3, and 4
%@gg %‘eugggp °d%£§°%%5resgectfully in the
hlerarchy arrangenent for Hydro-Gids. Figure 6(b)

illustrates the hierarchy arrangenent of |ayers 65

Wijoé4)! evehs Hiliro-6%ids Gdeadttth Ado bd hgedhirehdh¢ R¥mmercially available
arrangenment of geologic |ayers is an efficient,

néé@ﬂ@a@éﬂ PERsEsSs §mulpiengy Elglumg rS(@xanfhBe) illustrafpoexample simulation
CIPAR 3481, ARl gL, SO, 9Lyt Y Sis 1 of

hld@ﬁﬁcrle@tvﬁte aebstiape ko f@yes somplegiviasic depysi 63. fﬁgmﬁe @2}. illustrates
of the hierarchy arrangenent can be directly use

bGPlll(Hb@(b’ok’é@ti%lS 08 o $1zg avither abexpde fap daklahs @md multlple lateral
J)S?t ﬁrﬂe gG?f fF déil!r@ g@’? MRS es ?‘Bﬁﬁ%% qgterla,} desqogl&itler%e surfaces

con enti ona eoIogr i'ng approaches
ore7det &pteeelntam\re Ibagiorddnay asd framsvense yraas-geatiogsiforednd bodies 61 in a
rod&g (%$ deci sions, the lowlevel (fine) |ayers,
evel s 63 or 64, can be efficiently extracted
to construct hi gh-resol uti on nodels. After the desired
nmer gi ng process has been conpl eted, the renmaining
| ateral surfaces are recorded as the Hydro-Gids
vertical coordinates. In some situations, the |ayer
merging i s not advisable because the |ithology of the
two layers is quite different. Then, the lateral grid
surfaces between the two | ayers nay be retained as a
Hydro-Grids vertical coordinates. [0062] Now referring
to nuneral 46 of figure 5, the values of the geol ogic



properties in every nerged cell are recalculated. This
determ nati on of values for nerged nodel cells is
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porosity values is a mature t-d®hnol ogy that is known
to persons skilled in the art and can be found in a
nunber of publications. Exanples of publications that
di scl ose upscaling include Durlofsky, L. J.:

“"Nunerical Calculation of Equivalent Gid Block
Pernmeability Tensors for Heterogeneous Porous Mudia,"
WAt er  Resources Research (May 1991) 27, No. 5, 699;
PiWREIB}m'G E., Ringerose, P. S., Forester, M M,
Jensen, J . L., and Sorbie, K S.: "Perneability
Tensors for Sedinmentary Structures,” Mthematica

Gdol ogyA (methad o6, gepRigic anaddling bf ,a Bedikreatary Boasimand reservoir,
K%mﬁrﬁiﬁ“' "A New Efficient Average Techni que for
séar8up™t Multimillion-Cell Geol ogic Mdels," SPE
Reservoi r Eval uation &Engi neering (August 2001), 297.
Exanpl a. [ 006Blaifth@béctogic aas a cross-section of a
conpl ex avul sive sand body 51 conposed of several sand
body Igbes 53 and_channel s, 55 sinul ated by usin

] : ) g, 1
aphysi ©s- baSedting pmemtal rgyidplings skherein m leasoene Forigontal grid line

S | & .1 obes 53 and . )
PR %kat) GRETLR0:8806h RO ORES Mot s
Hydro-Gids 58 utilizing lateral grid lines or

sur f aces 54 creaticpwarticdligad limes;h vertical grid line or
surface 56. The erosion (or truncation surfaces) 57

that are inportant to reservoir performance simul ation .
are préserv .de%‘?et ISEPMERL Y IEEPITHES{O ut?l% sedimentary basin o
I ERERDRHS IEEABCYeBIdRich] dfaicheatdienyPite vRER i i
to -3). [0064] The f}“?{ydrd(%’- Gi dg Ci oellea ggﬁl al Soaggﬂéé(gg?oital grid
i Hoefany commercial |y avail abl e sedi mentary process
simulators. Figures 8(a) and 8(b) illustrate exanple

Shmul aty from edi ment ar roces

s?'rml a?gg %e\&\ﬁofdé# %18‘1 éjﬁa‘?’g%rél N ggg@»lg}écsgaéi l%f"ﬁ(?f?’?fﬁéjlr%ﬁ]?e group
stasisting of Reismid datd,uierap Saidp | dte, GeliSlob Wate RO datd Forward and
Fi gure 8(ai Il lustrates sand body | ocations 61 and

siyeise wradgling data.cousislien phseimeictdatags sedimentany datpl e

| ateral deposit tine surfaces 67. Figure 8(b)

| 81 ust 7af GRuBd! c}f'o‘i’allﬁn 1 %@fegll thg%gt?]égi gfﬂi TRes W 3565 t%7represent

for representative [ongitudi nal ransverse
cfayembiectiiaahbinkor sand bodies 61 in a

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.



fan delta 65.W claim 1. A nethod for geol ogic
nodel i ng of a sedinentary basin or reservoir,
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hori zontal grid |ines wherein2t- | east one hori zont al

grid line represents deposit tinme |ines based on the

deposition rates fromthe geologic data; c. creating

vertical grid lines; d. nodeling the sedinentary

Proper tiRsmohod BE R&HIdRALEHY DB (R adf RRAE YPlhst izontal

tﬁg grié% 09£8eo gg?gal gata createéﬂgbjtEeévert?ég@qbnzmﬁa

argtidhlorel toofavadablyr ¢aresporgisto 2seifthie efedtma lofrizoh dn rthel seismic data
erei.n the geaql ogic data is chosen fromthe, grou .

CORe o8 e Sentife St OB SR HP I SISy, during the

| amélatich, 260 aRerdBt dimdlalonast ARLIBIRIRS HRdst | ng

data, correlation of seismc data to sedi nentary dat a.

3. The method of claim1 wherein the vertical grid )

| 8nes a emethod efort geolegie evedrlingavbralsedimentary cldsitbionsreservoir,

4. Thgiggthod of claim1l wherein the sedinentary

pr8ﬁ@ P85 of the basin or reservoir are selected from

the group consisting of grain size distribution,

connectal vi t yptaigihg geolggiodata, porosi ty, perneability,

pore pressure and any conbi nation thereof. 5. The

nmet hod ,of claim 1 wherein at the | east one orj ginal o

hori zoftal §FiaHng Pﬂ%zq%alcgr@étneawwe&%ﬁ Igast prgyhqrizental grid line is

8RO drl Lk poitiSn Witk BRithat&d SR i Qa@r 0si onal

efrects arékrécgnc%legﬁ%y a Jus%gﬂgoét Peést one

horizontal grid line to match the sedinentary data. 6.

The metchod ofeatihgiventitalfgridtlives; conpri si ng adj usting at

| east one horizontal grid Iine to favorably correspond

to seismc reflection horizons in.the seisme data.7.....

The method GReETaH RrRiopBR Ry ARy fortfifh grid tines.

at | east one horizontal grid line to favorably

correspond neerging @t RAitoOne @tighbdringhdizoh@abgrid finé,he

seismc data lines is selected fromthe group

conprising before the simulation, during the . .
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.



simulation, and after the sinulation, and any
conbi nation thereof. 8. A nethod for geol ogi c nodel i ng
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obt ai ni ng geol ogi ¢ data, b. crMating horizontal grid

lines wherein at |east one horizontal grid line is

based on a deposition rate estimated fromthe geol ogic

data; c. creating vertical grid lines; d. determni ning

stipat i gfRRRER.D bEERIE RYWha¥S! he %rtiEEIE P lih&ORE .%ho&ﬁ't? represent
lines, e. nmerging at | east one neig %rlng hori zont a
griabrablegertical binpscal i ng t he nmerged horizontal grid

| ayers based on the stratigraphic hierarchy, g.

est,i mating sedi,nmentary properties fromthe upscale .
maPged 1RyBr G0t G HiaY ARVRGHNPS SPERRIETY dreffgics of the basin or
CopRoH NGe I P& NBom! 8RS drlp atsisfidg Ubt '%aiﬁ' lsize distribution,
desired horizontal grid lines are nerged. 10. The
MEPARRYIIBRY , dickitre®soresity, péranchbiditya ot picesped end any combination
a§ﬁ£ d to the horizontal grid |lines are sel ected

fromthe group consisting of changes in the inlet

condi tions, changes in the sinulation conditions,

vadi at iThe methbdef \oidiin 8 avhetkis tak ilddgt b ofifinhhBorizontal grid line is

conposition of the sinulated deposit and an )
o GFBeads kB st deppsition ke NUPRBCeTeOR Rad Fhegeropinatioffeots are

BB Gid g RaERAE S0 RISl P ARETEL LI e e
core data, forward and inverse nodeling data,

cdbr el diheonethdd sfiloim @ wheraint the gedlogientata is stisnac Hata and further
The net.hod .of .cl ai m.8 wherein the vertical idlines .

2 CERYBE A fecbimichy dotsis n eehye fpraplecomelaiion with the
TRe eIy of claim8 wherein the sedinentary

properties of the basin or reservoir are selected from

the group consisting of grain size distribution, o
cdfnectlibgimgthodhef clagn ddosshematiesting\at lesst meaboiizangal grid line to

p%‘%ﬁﬁ,ﬁ; 5(‘?1%5‘501%‘ & Rihié QCI}EICE(%} f’lOOI‘PZO p fl t%gfseismic 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.



14. The method of claim8 wherein at | east one
original horizontal grid line is created by estimating

W0 b@odeoesi tion rate without erosion and the ePOBUSI¥8$/021991

10

15

20

25

effects are reconcil ed by adj-24 ng at | east one

horizontal grid lines to match the geol ogi c data. 15.

The nmethod of claim8 wherein the geologic data is

seismi c data and further conprising adjusting the

hijer ar ey hausd or Eﬁnﬁcl@' ﬁH@refrﬁ fha ﬁlﬁg e(%a‘f:é) E&’ﬁhﬁﬁéés% least one of
with the sersmc .

f ($eismes daelg ogttion g;tu:iy dlaéaswlbhg cﬂaba,lcmwdah gurnetidal meodeling data,

0 corres eismc.reflection horjzgns.in
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f @gor abithy sethol SE0 BRirh 01 $ &ilfendis ﬂl@f\l'e@ﬁéa'l id Qi fg @8 Spdrfition the
the seismc data lines is selected fromthe group

c SHbIUrgEego Bt drte regiensshased en lagmal vuietieof galogic properties.
SI mul ati on, and after the simulation, and any
c in
gggFogﬁgleqn%e(}h(FE B)feglgmé l%ésur %:121968 %.lﬂ{loﬁ:l{lg %‘f'tﬂlaqre.%lons 18 conﬁgured
ohxb ha‘m lagpegieing figilittle ddteral bariatioadh IgB@ogﬁrﬂrbpai’uegﬁncﬂsmall bins for

es; creating |l ateral r|d surfaces that

gﬂﬁ%ﬁldva{ﬂa QR SROREIGProgeidie @‘ieéjéYIH?fIWéO aewﬁglsf he
dep05|t|on of sedinents in a subsurface volume; and d.
r QQr es gk HeneE A Wit Pﬁ %Eélh e EolBEi% yp':rHﬁ SGHES B fhe subsurface
vol une as val ues in each cre ted tersections
ofvolumee wmpmscalat @aas‘d o8g pf gcaals st dlisttibuticat, @Da]hecgmt]d, net-to-gross,
surfaces od of c e
oDl BV behmeab IS, B Saesp af Bur e muBiorchPieit e dat o,
outcrop study data, well [og data, core data,

naeer i qak MaBEed bhglaat B wikfeal hOleafthdde SfuthtaaReal grid surfaces is
interpreted fromseismc data, and any conbi nation

t ladiugied to petchthegepdegiodatas cl ai m 18 wherein the
vertical grid surfaces partition the subsurface vol une

Lot . ‘
B SLRRIFSELN LR SR 056 s
padjuktetd onadegumtifos the rémvad 0 sédimentry egori@dsibRedqigveto deposition.

| ar ge bins for little lateral variation in geologic
roper spal | hins for
P gp tIlhe netho OPBIaImHS Whereln 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;



| arge lateral variation in geologic properties are
divided into small bins. 22. The method of claim18
wob@sedTaed he geol ogi ¢ properties of the subsurPeED®Es2005/021991
vol ume conprises at | east one23f- grain size
di stribution, connectivity, net-to-gross, porosity,
perneability, pore pressure and any conbi nati on
t hereof. 23. The nethod of claim 18 wherein at | east
one of ¢t he |latgmalselgbkd oBlEREERqi s adj usted to match
the geologic data. 24. Fhe ‘method of claim 18 wherein
at least one of the lateral grid surfaces is adjusted
to accdunt fealculating gerlogialprapferty evdluge it thp yesgasksgratheells.
subsequent to deposition. 25. The nethod of claim18
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t lveclpefthe desired atid.ceRbare Mnei@ddiod for creating a

geol ogi ¢ nodel of a subsurface volume, conprising: a.
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deposition ments 1 n a subsurface vol une;

r sfrategzapitic higrayeol oytem, pridpeils haang Subistentisiip squa @eelogic property
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10 ndeppsdiqgrliagingdicks ab@it equivalentet hod of ¢l ai m 26 furt her
conprising repeating steps (e) and (f) until each of

55 40 S 5535 R o R ot oo

basigdicofuts dut@bh studp datigivedl BE dagRasbreOdiRa, Gfunferical modeling data,

classification of a commpn grid surface ina_ =
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substantially equal geol ogic property val ues, one of
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Reanars parod Ut jay e WKL IRe ikl 10, Sufaces parition the

15 swapurfedd vatime oo exgiasdasal dd geolqpiopeptities ofilayémg
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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

20  volume are selected from at least one of grain size distribution, connectivity, net-to-

gross, 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

25  surfaces to favorably correspond to seismic reflection horizons.



deposi tion havi ng been about equivalent. 29. The

nmet hod of claim 26 wherein the geol ogi c data conpri ses
w@rookmambe one of seismc data, outcrop study de€EHUS2085021991

| og data, core data, nunerical24nodel i ng dat a,

stratigraphic surfaces interpreted fromseism c data,

and any conbi nation thereof. 30. The nethod of claim

26 wherein the vertical grid surfaces partition the :

sulsur f [ .

p?’?per t@ggn%tgwgsglragh%rl FLiRRSHEARRMAI YidITRAON Fre determined by

winemeiipaltsireulption of sedimengaryfpradesses bggedna ths gm}o‘gw dataed

to have Iarge bins for little Iateral variation in
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S a8 ulsteb itd\Bccodat fod Rgndal GORdRtherk |bg lefBstdh B ﬁblﬁ to deposition.
sedi nentary properties of the subsurface v ume are

selected fromat |east one of grain size distribution,
5 connectivity, net-togross, porosity, perneability,
pore pressure and any conbi nation thereof. 33. The
nmet hod of claim 26 wherein at | east one of the latera
grid surfaces is adjusted to match the geol ogi ¢ dat a.
34. The nethod of claim 33 further adjusting at | east
one of the lateral grid surfaces to favorably
correspond to seismc reflection horizons.35. The
nmet hod of claim 26 wherein the lateral grid surfaces
are determ ned by nunerical sinulation of sedinentary
processes based on the geol ogic data. 36. The nethod
of claim 26 wherein at | east one of the lateral grid
surfaces is adjusted to account for renoval of
sedi nent by erosion subsequent to deposition.



