WD 2006/ 007466 PCT/ US2005/ 021991 METHOD FOR GEOLOG C MODELI NG THROUGH
HYDRODYNAM CS- BASED GRI DDI NG (HYDRO- GRIDS) This application clains the
benefit of U S. Provisional Application No. 5 60/584,617 filed on July 1,
2004. Fl ELWooshddiasds NVENTI ON [ 0001] Thi s invention rel apesugansnally to the
fiel ds of geophysical prospecting 10 land reservoir characterization. Mre
specifically, the invention is a nethod for creating geol ogi c nodel s
permtting enhanced representation of the properties of a subsurface

vol ume, such as a reservoir or basin. BACKGROUND OF THE | NVENTI ON [ 0002] A
geol ogi ¢ nodel METHODPFOR GEOROTIC MEDESNG THROUGH AypepyYhoaicds earth
vol ume, such as a petrol eumgoHeH (RIDIIN RY-LABR) basin. In the oil
and gas industry, geologic nodels are co nly used in activities such as
determining the locations of wells, estimating hydrocarbon reserves, or

pl anni ng r eser voi r Thid epplicatioreclsinstthebenghited U.Edrbugional qupdicatioaNp. al so i nput
to fluid fb5ows@SBbER fileden ey 1f 2804. devel opnent and production scenarios in
order to optim ze return on investnent. 20 A key paraneter in flow
sinulation is the spatial distrFRIDOF KHE DEVENTIONi ty, which together with
t he properties of the hydrocarbons and other fluid found in the subsurface
reservoir, determnes the producibility of the reservoir. Typically, the

i nput data fogomp! Ot BRERION reRfds YRS IBAIA RIS pddphPHE pRebScng
prospecting echni ques. 25 10003] Seismc prospecting techni ques are
commonl y uU8edand resenyoirncharastesizationh Mase sperificallyl thet ingentish isud mesthagn®an
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I nt er pr et at i osubsitfEesohmes suchfas bidenpioabasin depends on satisfactory

conpletion of all three stages. 30 [0004] In the data acquisition stage, a
seismc source is used to g at , [ i t hat propagates into
the earth and is at | east paft B4 y&.ﬁg—?l cb.%qf'éi}’%&‘ﬁq%

[0002] A geologic model is a computer-based representation of a subsurface
15  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 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.
20 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.

25  [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.

30 [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



WD 2006/ 007466 PCT/ US2005/021991 -2 subsurface seismc reflectors. 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, Qo Rbsdonsgen depths in borehol es. [0005] Duri ngci/bsotkdzeespr ocessi ng
stage, the recorded seismc signals are.®H refined and enhanced using a
variety of procedures that depend on the nature of the geologic structure
bei ng i nvestigated and on the characteristics of the raw data. In general,
t he purpose of the data processing stage is to produce an i nage of the
subsurface frqpshiRe’BRRICRAEE!sS MHe rBfdcfed! SinaléSPe Beteétdd ahdRecO@ed by an
interpretation stage. [0006] The purpose of the data interpretation stage
is to deterni A@ay off sisre resaives legstad ation aear b sirfage of Hhegtaglyingm qvsdyiear t h
fromthe procg witdrSOP o kKARLR Eianr%ﬁJfﬂaés of the data interpretation
stage may be us {0 determn ne ?eﬁ)e general geologic structure of a
subsurface region, or to | ocate potential hydrocarbon reservoirs, or to

gui de the devHl08Bhent oPucing ther daalpratiessingy sirgadl the seaopdsdr seifndio Gignalkt arpr esent

t he conclugio ' . mad t the d b i.nterprefati st age,
are genera?l y%‘i"“#ﬁé@gﬂ}%ﬁ%ﬁi 3% egagféliyp&f%rﬁ%e%81fe%€t%§ C%Pczn ofn%l 613 i ﬁo&’ nat ure
of subsur f aceg&ldgic btmictare beingtiavdstigattd mid e theadataoterigtivsalf thersndataddia. The
descriptions may for exa de an indication of the total. vo] une of
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technol ogy doghsii@ice HoPilie rdt@rddD aéiVfic dafd B8 ITHAE the [dRMUkkiRAatidlfgel rOm t he
20 subsurface formations if hydrocarbons are di scovered. In addition, when
an exploratiogn well has been drilled, present technol ogé does not all ow an

anal yst to bel0088l e t o Heeduwrase plthe Hate ixierprafation siage frdp dremmaine iHemBB ur f ace
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any such well. In particular] eservoir perneability and continuity are not
wel | char act eresuliscoflithe gate srderpreta2ion tstagh may bg ysed 008 miKiechd geheod geddogic vol une

and rate of productien depend on.a variet of factors,.including fluid
properti es, r%“é“éﬁ% Pfaﬁgﬁﬁffégeg)l;eggogr “b r%’%‘%‘? 9?&%1;@?%3@59?3?1})% TESELVOLLS, or 1O

guide the development of an already discovered reservoir.

[0007] At present, the conclusions, which can be made after the data

15 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
20 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

25  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,



spatial variability in grain size distribution, and connectivity. Reservoir

connectivity, a neasure of the communication (or |ack thereof) between

points within the reservoir, W 2006/ 007466 PCT/ US2005/021991 -3 is a

strong fungld edeoiraésne reservoir internal geonetry and ipgTRRIFRMIY@ Pri mary

factor controlling hydrocarbon productionzefficiency and ultimte recovery.

There is a need to predict the detailed internal geonetry of subsurface

reservoirs using geologic data, such as seismc data, and without having to

drill many exploration and 5 delineation wells. Such a capability would

facilitate esgd %&bﬂé"ﬁﬁfcﬁ@ﬂ QF AePHeRPVoir URrHE cbMeR) 268 i@@%ﬂfoﬁ@“& fifRy" at es

early in the hydrocarbon exploration and devel opnent process.” [0009
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geol ogi ¢ nodekbRghel € PRacEBINA! Pro@ibtibh GatkchilF ah thy HydRlch®Bn WxpRidtiohbaiges of a

geologic nodel. In map view, uniformrectangular grids 15 are commonly used

for rel ativel yoeenmenyprocessi ons of attributes in the lateral directions.

[ 0010] There are four gridding nethods commonly used in comrercially

avai | abl e geol@giof MOAelArfighek WpSi L eSodefling QBiGdiAL » Yordiitd A0R

geol ogi c m)d(gl_ i ng tool s 1 ncl udg:sn?s 1 ( andmaruli_é:Gr a?ﬁﬁ:@é Corporag'l ?%n,

Strat anodel 2divisocef it asbsitfans! iegign (i8GMells,198bin2¢BEh , thRWB K RogerticsABA, | rap

Sei ences by peratiig s Wha AL By SR ERRT hoad R ok SR Hhe

Sc hljg nber ger ) Bgmﬁumigy@ datgoly depemtiem :on Mek%dabgtid’mb& in the %dléﬁﬁ@ﬁ,rocéEm f our
gri ddi ng net s used in the trol eumindustry are,cqompnly nanme

propor t i onal " s o e @Wcﬁtﬁ%ﬁﬁca&ﬂa 8 VeRiealy BRIHIRECSITE TR AR ISFVBRCAS fet hod
can vary from@gg, HROkridding® RO -in FRLIRIATRUSling focus mainly on the vertical

variation of attributes of a geologic model. In map view, uniform rectangular grids

15 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
20  Geocellular Modeling (SGM), 1989-2003), RMS (Roxar ASA, Jrap 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
25  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

30  erosion and deposition observed in nature at the seismic scale.



"reference-grid" in RVM5 is the sane as "depositional-grid" in SGM The
choice of the nost appropriate gridding nethod to use when building a

geol ogi ¢ nodel depends on the geol ogic nodel er's experience and personal

j udgenment Gqfo bisgosieke! ' s particular geol ogic setting. @eirAdbdasiosibs! €.
however, was created to mmc natural patjerns of 30 erosion and deposition
observed in nature at the seismc scale. W 2006/ 007466 PCT/ US2005/021991

-4 100111 The gridding nethods used in the nost comrercially avail able

geol ogi ¢ nodeling tools (such as, SGM RMsS, gCcad, and Petrel) are based on

retods sl JAFHL", 3 RIS AR R S, R BB th iy o

illustration (g’eo]sgncamwelmgtuoo}s Efchsen SCNpBMS; g)cad, afd Pétrelb]drdSbamd dnow

perneability |la . s 1 d) ..and (e trate sand
bodi oo 1, 2 SR discidsed i B oF BhanEbbiefy”) Tp&ensiaFb il il Nof o
usi ng convent |4g31a116grahaiaggﬂ,095,3l As shown in f| gure 1(b),

"Proportional -grid" assunes that the reservoir 1o sand bodies 1, 2, 3, 4,

and 5w|th|nt iven uen are parall el he to d. ba aI
surfaces 97of @ﬁ@ seque r%l ?h@r"’efg' %SECP%‘@Ea'E%%QP Sgatgﬁ’ﬂﬂ‘?ﬂlio & nt o
the cells 13b|aai@mr2,ls>,nahnds’ahmav&beﬁiéaﬁ§@ 18yeré he BegeeNGs, kd), 1%@%{&1] As

shown in figure 1 3 grid" assunes that the sand odi s , 3, 4,

and 5 are par d(@d “ﬂ“@tetﬂar@db@fbe%brkécé apd §rangd few perpcahtlisy layersrgom digwence 11
is 15 gri ddqu%ﬁﬂﬁ;c%eﬁﬁ&ﬁﬁﬂ&sth' ckness cells 13 that are parallel to the
C

top surface 7 be truficated 15 by the basal surface 9 of the
sequence 11. [0015] As shown in figure 1é "Truncation-grid" assumnes that
the sand bodil@®3], 2, 3sshowmindigrat®),JBroabitionaltgrid hesupws et therésgoweirg of

t he sequenge T ep t t i ess
cells 13 that Jsga?‘}(‘;l'e‘D pa(’fsafl étl';" t’oﬁ]['"'lhe“"Bﬁilngt;)d’étésg‘lq'g u%gﬁgcg ngg gﬁér%atg ngee%op rﬁar%@at ed 15
by the top subhateurface§ 9tdf&hseeqmenmeelllﬂ[herefo@é}1&] sd@eﬁd@dﬂﬂubdiwﬂécgmt@thk( e),

"Ref erence-gri ssunesg that the sand_. bodies 3, 4, and 5 are
parallel to a glnl ropgriignal t Q@P%@?"ﬁ?‘“’éﬁfng@ SgﬂHﬂPaf‘cQ) 17, such
[0014] As shown in figure 1(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
15 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 1(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
20  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
25 reference surface 17 is usually some sort of geologic datum. In this figure, the

reference surface is the bottorn 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



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 25 reference surface 17 is usually sone

sort of geowogimwdakem |In this figure, the reference wrf@eesiosisbhe bottom
of sand body 2. [0017] The problemis thas-.none of these gridding nethods
represent the true internal geonetry accurately. To illustrate this

problem there are five di sconnected WO 2006/ 007466 PCTI US2005/ 021991 -5
sand bodies 1, 2, 3, 4, and 5 within the sequence 11 of figure 1(a) and the

above griddi ngndebdiess, 2, %4, andl 3 WithirC M8 tskuediss 1 Pof GdureeNap e iRtdbens as
shown in figures  1(b), 1(c), 1(d), and _1§pe when conpared to figure 1(a).
Sand body 1 i sEtiddingrmetheds, cregls mamificentindistorisd eprarsaiptions as shewn in figures
proportional - gy n rd ' tﬁr%alﬁi ' fl-QUres : d1l(c)
respectively. glgﬂgﬁgv\gdﬁﬁ%?%%r‘g&?(‘% ,pbis? glril(?j 0 sf@l P%éﬁdnﬂcogyrle%t%%%%nect ed
wi th sand bodyco8ndctedtwich sant dody)2iinlthe proportimalygrids, andamdhpbgrils ad illustrated in

ey T o0 © SRESITR Al SEERERI, 48 b R Rt Rl Bdometd) ©
thensel ves. Fajonnetedniith, safd sbdpo3lyin 4the Sonllipsgiiane Th/kkrindrd, And body 4 is

proportional -grids of figure 1(b) and san to body 2 is.disconnected in the
onl ap-gri ds ofm?qr@ﬁﬁ?%c@flﬁﬁt?‘?@tsﬁ@r Yé,mg‘élwn%@ﬁﬂ'%‘éﬂpégg‘g? &y r oneousl y

di sconnected fromthe fluid flow since sone cells in these sand bodies only

contact their [pgigghbor €8k sat bddi® EOMBEFRtly Wsbdidéted JGRICABARIISORS: For
exanpl e, sand body 2 is_disconnected in the proportional F%;ql ds of figure

1(b) and sand expalp. sand dody 4 istiveerncstedimthgipropsruanpbegtidanf fighreddbyrapdseachods as
shown in fiogurbga Jz(g)disclaﬁn#eﬂ)' thé Shia .}ﬁﬁs b€ FbureM @R Fﬂﬂﬁ@%@%&éﬁ’g%m he
Erl e B&l thisd obl'em

sand bodi es an sIst I rect se 0 i stortion’pr
[0019] The gr itddies eresrmonetusly discontreted fwwethefinid ftove sings some cils intbedesalel do not

properly align thensgel ve i th the reservajir internal onetry. .The

Bl Tgnment - betdSiER OeoRPr e nehh Ftd e pory SR e shnseyors For

i nportant for dkuBpleSasdbsdy 20 dricofitected iy the pedpoftional- ey Hgued b)Yt Saddhe

reservoir connectivity in th&_geol ogi c, node] . subsequently huilt. Second,
&

when the geol d§AE 4riddisconnscted it &l ofiRrerlayr griding mgpthods as shown in figures 1(b),
15 1(c), 1(d), and 1(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.
20  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 hampet

.25  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

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



performance sinulation with coarser grids, the coarser grids wll magnify
the m srepresentations and distortions that exist in the geol ogi c nodel.
Consequently, the accuracy of any reservoir perfornmance prediction wll
decrease, W sddsHizhds hanper 25 reservoir managenent. [ pERBk200s484d1abl e
reservoir performance sinul ati on depends.gtrongly on the ability of a
geol ogi ¢ nodel to accurately characterize the spatial distribution of
perneability. Mst inportant are the perneability extrenmes, such as high-
perneability sand bodies and no-fl ow shal e barriers, because the
perneability &n%-—ﬁn?ss ' ' t 1.0Ws.
The ability tg m)dfél;[1 WO %ﬁ(%e%;l 8%%2%%9g%%1} ?%Sg 3%18%%5%%@6%?%;3 ?IIOHC y is
currently sevaodeleridding methods. tQre wwaendhatithy ¢xjstingagepigicemodeding goads havedel

gri ddi ng net hgd . 1t st i L.ogi | in ks have
to adopt arbi ?Or %“P&’Pﬁ‘g’%&eﬁfﬁé?ﬁ %ﬁ{ssur a%sgghlﬁté h{%hggﬁf#éaq%g?oua? SYr gﬁyéggg%orret ry
(or layering) of ahe tshed bjedtsoisj rait Bndven wopribeiowAsaa pronssquencds tiie eBseBUENCE,
the reservoir 5 connectivity is typical m srepresented i eol ogj.c nodel s
and the redul PG, Fs()rtﬂﬁ?\(f% g}l%gﬂ’rgﬁcfl{ﬁﬁ %@8&8310%18%56“ ?H'@i 31}6 tf?f‘gii'é‘gi s a
need for a nepé@sinialed sinfifilidh ahefelor iAdSortiihaly, fRdrk QW at ARd IRP HBMENo® fthatand
bodi es and shale barriers, Preferably, these grids would allowthe

reservoir conBeeraies gyide dhife fellastrthe edepmeteh arfasans ibedigs | anda skpde | bsggiess nodel
and preser vedpiil-h61 URSE il Syl ABRCIOberlGr REGAQAVRD 46 B Mubhdhiyipn-  The

current invention addresses the ne by generating t ateral gri
sur f aces nat urkdraorized|ih omigaglogihemodalpindx prisgrosl tlimboa upsoating fors resebir

processes .pbserved in nature. MVARY, OF THE | NVENTI.ON 211 Ungder .t he
present té@hnp oéEm?FaWBfééo% nigj%l'l“L R mvggtion %P%ﬁ%ea?geg Y SPRTAIE the

griddi ng net htgeralC glid edrfaddy diaturillyl, dbllowif Ythe @baiphixe d€pokitiofalr 4raiC e®siemf or m ng
to tinme surfaces during tEe process of sedinentation, which create a
subsurface sBEFEFRSFSGY T¢-The | ocation of these tinme surfaces is
typically determ ned by sedinmentary process sinulation and interpretation

of geol ogic data. Since theseSUMMARY OF THE INVENTION

[0021] Under the present techniques, various embodiments of a hydrodynamics-
15 based gridding methed, called “Hydro-Grids”, may generate grid sﬁrfaces 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
20 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
25  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

30 sedimentary data. The modeled sedimentary properties of the reservoir include, but



surfaces can precisely follow the geonetry of sand bodi es and shal e
barriers, geologic 20 nodels conform ng to these surfaces nmay accurately
characterize sedinmentary connectivity and may preserve their accuracy

duri ng upsaogbhigoiQEs reservoir performance sinmul ati on. pc@Rd2dbshiisane

enbodi ment, a nethod conprises obtaining-geol ogic data, creating horizontal
grid lines wherein at | east one horizontal grid |line represents deposit tine
25 lines based on the deposition rates fromthe geologic data, creating
vertical grid lines, and nodeling the sedinentary properties of the

sedi mentary bagd rho%”luhﬁéd?rwog&mf sB8 dishiBuidn, de"onﬂfactﬂrﬁ?' QQ-fo-HBdsa ﬁﬁ&'ﬁ&w by
the vertical and horizontal grid |ines. The geologic data used 1ncludes but
i s not |imtedemeability,pore prassute andeny eqmbinaiigndkereael | 1 og data, core data,
forward and inverse nodeling data, correlation of seismc data to 30

sedinentary d The a '

I ncl ude, but 39)@2‘58)06/ 03%‘4%%%%&%%&%%&@8%9%&# Qlt]%%eamll% tggé{sﬁ)&gr ain
si ze di stri butressrvoirc snalsx diselossd, Tis- cmbqlm;mt cOprqmsssl bb’tainiqgegefmwhd datey, pore
presoure 10 AReRETR 0B PR ABORA! k902 b 0B BTN IR kit o

Thi s enbodi nemkpesition dnd @sosidat iaith mlo@&nia&gdeteﬂxahﬁg stratigrbstad hisgueally 1&whst one
hori zontal gri I i ne, ba%.ﬁ g? an est i mat, (Lo f.romt he deposi ti.on and
erosion in th&f §echsizontaligid Ingse mereing, neightoripg ferront gidrines, d-lpé‘{'?}mgét@el s of

the hori zont aly@pdddaldrd Bsed ¥R t8Y é’ﬂﬂu@%}g@lﬁi&%&ﬂr @ﬁﬁhm "‘ts@élmﬂfl rb
upscaling the rrerged | ayers based on the stratig c hierarc

estimating sediometheaipycalpdoperged lagers. f%mlqrmhﬂbyglala&mﬁﬁgm hoa»;entsl grifhe
hi er ar chy Iev s t M r d from
met hods i ncI u gq% % fr&n ng%‘&%o gebslgldr?gth%gtefin‘{ae al‘?%on Sbiggﬁnlgt

changes in t heosd1mﬂsachangemnnhh mﬂnolaﬁon mmdltmhs omsiations tith thewerticaldiktribution

di stribution t he co | Qn | at ed deposit and any
conbi nati on tﬁ’gh@(f‘f)?npf’ﬂ ';3\ ?51 B?S“gagalaﬂijlz?:mﬁiﬂgtéqni‘hﬂeﬁg a subsurface
vol une, such as a geologlc basin or reservoir, is disclosed. In one

enmbodi ment t hqoomg hodA cfethod I86 gedlbgio hedelihg) df oL Glb@tface abRme ke kN

vertical grid sur a(i)es to divide, t(;]e subsurface
geologic basin or reservoir, is disclosed. In one embodiment the method comprises

15 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

20 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.

25  [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

30  of the subsurface volume within the grid cells bounded by the vertical and lateral grid



volune into "colums"”, creating lateral grid surfaces to correspond with
surfaces of constant geologic tine during the creation of the geologic
structures in the subsurface volune, and representing the geol ogic
properties whwdpoasPsurface volume within the grids celdrassbasntiess by t he
vertical and lateral grid surfaces. The ggol ogic data used 20 may i ncl ude,
but is not limted to, seismc data, outcrop studies, well |log data, core
data, data from nunerical nodeling of geol ogi cal processes, stratigraphic
surfaces interpreted fromseisnc data. The nodel ed geol ogic properties of
the reservoir gypces) Mérgitpeseldied gileQ;eIIQfo redltbettBéndAberHTaklls Hi the ndddell iddout i on,
connectivity, net-to-gross, porosity, perneability, pore pressure and any
conbi nati on t@ﬁb@ﬂnngzawwﬁﬁor@e ERpUHeTia ke mevged 861? eddlsc nodel i ng of
a subsurface volune is also disclosed. This enbodlnent conpri ses obtai ning
geol ogi c data, creating vertical grid surfaces to divide the subsurface
volunme into "colums", creating lateral grid surfaces to correspond with
surfaces of constant geoloo|c tlne dur|no the creatlon of the geologic
structures in the subsurfad&lbBikps O QE N BRAINGS| 0gi ¢ properties 30
of the subsurface volune within the grid ceIIs bounded by the vertical and
ateral grigd GOC/ 0074AR OV HSRANELARE Abiratdh Ty ARCRng BRYELNO Sl ect ed
grid cells to reduce the nunber of cells in the nodel, and establishing new
val ues for the %leoglc propertles in the nerged grid cells. BRIEF

DESCRI PTI ON OH0839E pRrawFMES s1(Pbos6t WW&U%{ il utigﬂiﬂtlan c P gEoRationabarids
illustration q% r9§ehﬁt18ﬁbf1§1§'8ﬂ i{ﬂﬁlgﬁaﬁébocitél%%%m% re 1(b) is a cross-section
illustration of" proportional - 8 represent at n of the original sand
bodies in figure 1(a); %0028 Figure 1(c) is a cross-section illustration of
onl ap-grids rdpe28ent at ) isrecrops-sgringl illystraiion offioalapignids repmsentatian) ; t o

[ 0029] Figure C | ustration of truncation-grids
representati on&é@(tr §nag?é:n8%§§]|e§ﬁl%u }’es in figure 1(a); [0030] Figure
1(e) is a cross-section illustration of reference-grids representation of
the origi n@l d0029] bodi e¥igure f 1@lr &5 1§ adrpss-section illustration of truncation-grids

representation of the original sand bodies in figure 1(a);

[0030] Figure 1(e) is a cross-section illustration of reference-grids

representation of the original sand bodies in figure 1(a);
[0031] Figure 2 is a flow chart of a first embodiment of the invention;

15 [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 1(a);
[0034] Figure 4(b) is a cross-section illustration of the sand bodies from figure

20 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;



[0031] Figure 2 is a flowchart of a first enbodinent of the invention; 15
[0032] Figure 3 is a top view of 4671 unstructured-cell deposit that woul d
need 24806 structured grid cells for the same resolution; [0033] Figure 4(a)
IS a cross-g@8dosaivséd | ustration of original sand bodi es pgirfiishi@kn2108 figure
1(a); [0034] Figure 4(b) is a cross-sectign illustration of the sand bodies
fromfigure 20 3(a) in Hydro-Gids; [0035] Figure 5is a flow chart of a
second enbodi nent of the invention; [0036] Figure 6(a) is a hierarchy
arrangenment structure in a Hydro-Gids enbodinent; [0037] Figure 6(b) is a
hi erarchy ar' qogsyyen! O%%wbqglaq{&&um c¥éds 2600 AR 74 68mPIeT 1l g0 AR 1991
-9 [0038] Figure Is a dro-Gids cross-section of a conplex avulsive sand
body conposed bofly sempasad oksenerabssdd bpdblebesand chamaglsel s; [0039] Figure 8(a) is

a cross-section illustration of sand body | ocations and sizes, and exanple
deposit tine spsfopces p % : sedl: : pr .
si nul at or; [0840 gilFi gur g% %?G?jéé)%c%rs%?gh‘g%gﬁ%qﬂl ust%a]:'gbl(%l Y]i&(g)%ﬁo e%ngsi t

ti me surfaces simas, ahdpxabeple deppojs timet sudfateg papWatdd e asediepagrmeeesneetworkk

si mul at or. DETA| 1Iﬂalg[%)r,DESCRI PTION [0041] In the follow ng detail ed

descri ptior?, e P iVention will be described in 10 connection with its
preferred enbodi nents. However, to the extent that the foll ow ng
description i J0&48¢ci f i cFigorea8({paid & crisssectih dliistratiin of depopit timecsnrBacesume of

t he inventi on, is is intended to be illustratiyve only. Accordingly, the
invention is rgt ‘tjefq‘iar?i"?‘aﬁtegbyf‘ﬁ e AP eSS eRk F & escr i bed bel ow, but
rather, the invention includes all alternatives, nodifications, and

equi valents falling within the tDEFASCEID®ESCRIPEIONS appended cl ai ns. [ 0042]
Hydro-Grids are grids created by sedinentary process sinulation. The

[0041] In the following detailed description, the invention will be described in

10  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

15 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
20  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,
25  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



Hydro-Gids lateral or horizontal surfaces, which may include and be
represented by grid lines, are tinme surfaces recorded during the simulation
of sand deposition/erosion. The grid surfaces follow the sand body shapes
and their iwd sioged74660 architecture (structure) natural | powushiesiizieny
assunptions used by the existing geologijg-nodel gridding nethods.

Therefore, the sand body shapes and their internal structure can be

preci sely maintained for reservoir performance sinulation. [0043] As shown
in figure 2, one enbodi nent has four steps. In reference to nuneral 21 of

figure 2, geoliROicQirAddthaf iR Rk iubeEHacRRnY %gétﬂé} i@ VRRiERaI ahd Bferal giid

vertical grid surfaces (lines) are created to divide the subsurface vol une
into "col umns'sudgces j(lipase dlivide dheasubsiudeast volmpe intef gtid icalds. t Nawmefening2B,

h t al I I h |1

nort zontalor oL 34, o LSS CRRER S Lt Ky SubSAR  of
time associ at esblgmmg'rtotdaeh grid gplha;bartﬂmlmsrahmcﬁmr ea(:h MOl O firoPaTyl 6Bhe geologic

PCT/ US2005/.021991 10,t t t t fill t f I .

Toget hor . he PREPYies Aot B P e }S i e SRR T it e

subsur f ace volgrbmpofﬁsﬁy,gferrﬁeabﬂityandp&wpfeﬁﬁr|ng to numeral 24 t he
geol ogi c properties of the subsurface volune are represented by assigning

to each grid a par i cul ar .val ue for I Th
geol ogic 5 pri@Ie‘MI ies | I"’JB%"HIW"&I“B’BFI’(IJIZ 5 IIE‘%@% ‘f‘ﬁt*’z’é typic a?ly
di stribution, segmiadatd, bif dan aRBlindlde @k, vRUNBS bﬁtcro%%’fmbhinbfdﬂu@r&' pore

pressure. 100441 Now referring to nuneral_ 21 in frgure 2, the geol ogi c data
is typically derqsifsimumesies] m mgawubrr,sgsdoewr pedels ané marpaeted/marugra@

out o7 op St Serfackd A AitP bypi AP Wi infUHIRELS Bt PR GHd 19%]11';@51'(1#&@% will

geol ogi c nDdeIs and ‘i nterpret ati1graphic sur
typically i nc lagdtion rﬂfoﬂlﬁasurfauest helnclcmmidﬂ!idm tipch gulssurfacet velumeo @t i aetis.of t he

Thi < 1 nol udes 1ABPR T ¥ HESHES B of dhe. R Biek T oBhel obssliaic MBBERL | L

whi ch i ndi cat evbishvinfliesite ApATfhr MRfthicptRhl SifalcRs be phcke witha@a6kiig ddeety.| 0si ng
accuracy. This also.includes data that can aid in establi shr ng boundary

condi tions forhishalsa dncluges rdatan fhak jcar 2it iy gstablisaing; brsmdary eomdifions for Yepart  of
the preferged,gRRodi BMlatioR 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
20  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, fine-
25  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-
30  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



determ ning the spacing between the |ateral surfaces in the step shown by
nunmeral 23 of figure 2. [0045) Now referring to nuneral 22 in figure 2,
vertical grid surfaces (lines) are selected to divide the subsurface vol une
i nto "col uRpe 20068846 Can be done for 20 both structuregcgndaegsibact ured
gridding. In top or map view, for structured gridding, the vertical grid
surfaces (lines) would divide the subsurface volune into uniform
rectangul ar or square cells, while in unstructured gridding, the vertical
grid surfaces (lines) could divide the volume into cells of varying shapes

and sizes. Theccu@elyQivhile $hd Stedcuir@l gi6ds fsy Biseitt BRSdepydit Shya vl Use Qe
structured grids., First, fine 25 scale cells can be constructed where the

change in geoltymber pf eglsy tThese shapesyinrlyde thei Jelia famdenosit 38an8 thephannel A pe
used where th @ﬁﬁ g%ﬂgﬁ . As a result, the nunber of cells
required to rgﬁﬁéggﬁ?ﬁ eegu surgg%gwé%lune with a particular |evel of
accuracy shoul d be significantly smaller with unstructured grid cells than
with structud@@élri d clomstefdrong tcatmdral 2X ingliguse 2, Hieoleterminatipn of &feralf 4, 671
unstructured G&ld ' 130 ryctur. rid.cells 33
for the saﬁe g%guracf.%%%%L%ﬁgggghéﬁ#%gﬂﬁggggégéé?%g%& [ °§$Hﬁns %ﬁ% ured
gri ds capt ur e oflapdimiettaghppessseser For\i@aHR SEDBIIS a REddudSa0 CHIRQA 18:8bleuml 1
accurately, |l e the, structure rids may distort, the deposit sha with
the sane ~ nuntiEroipevcisia LHSHIE S im B Gebiet AL ot S PSRRI SUUEE 35 and
the channel 3%nd aownne bbrsensoBkillde iklehd artf amhd apeRirtd ImboliAelusbohe
referring to nunmeral 23 in figure 2, the determnation of lateral 5 grid
surfaces (i ndgmerieal simglation tycla%@rdsw@%w Wi Rrevigons] Fatent Apmlisation Ha

si mul ation, o%ogggbaﬁntary processes. For exanple, SEDSIM a product of

CSI RO Petrol eum Resources, is a suitable sedinmentary process sinulator that
i's commer ci al Iéqavai | abl e and known to persons skilled in the art. The

preferred enbd4?bnt usBsterniningibedateralagridssuntapest (lines) tydently joeudes yerioused i n
U.S. Provisi Ol@ns Paig‘i taéﬂa%l! &ﬂ'fa&:é)?omsuH'ﬂmggl\glﬁgn?tﬂgsu{)%%é@ vQRﬁn%rg‘ ning

the lateral gritd surtfdce i nes) typrcally includes variou
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
15 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 post-
depositional change, this may include a rotation of the surface fo 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
20  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
25 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
30 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



steps. First, a basal surface for a subvolune within the subsurface vol une
Is determned fromseismc data. This is acconplished by a skilled seismc
interpreter according to nethods famliar to persons of ordinary skill in
the art. Sapop@sodMe basal 15 surface is adjusted to copregisiotsisiip and
orientation to the original position of tjre surface at the tinme of
deposi tion. Depending on the nature and degree of post- depositional change,
this may include a rotation of the surface to restore the pal eosl ope and
unbendi ng the surface to renove the effect of subsidence. The size and
degree of theggneAdieps viRAL & s!i?:iﬁ’@hﬁkﬁéﬂﬁ@% §itlbR GrafeOof Bpdsitet QBdRentof
skilled 20 interpreters as will be understood by persons oIfJ ordi nary skill
in the art. COwgReFtes ocqyrpryTheseoviensmay ssiteated to adivst sk boundarytcondifiens efi onal
processes nmay ' Al X ) i 6evld . IDEN i, H,
B Yfrlatiofl o Hihg%&dﬁ%gﬂﬁ.a@&ﬁgﬁ% PP 315% £ simblaidd deMSEPM

and C oeti ngh: nMeri ca I rent at1 on;

Speci al Publ i ead ittengeobigic 8&a. Mimnbly; if atansfErpationsmistesaripliedto dtei tppsal phgfaceRecent
Advances in Stratigraphi.c a Sedi mentol ogic 25 uter_§j. at,j ons,. SEPM
(Soctety 10r S i RPADGol e, BprT B et o prmafoiR, e aplfH S e Bon o

t he sedi nent asyrfjecand sHadmprdabp Rfacks, Isb thidd ehessibfuesk @€ enovedkdl tRir likely
performed over the adjusted basal surface. Such sinmulations run forward in
geol ogi c ti ne,Pr??GHﬁ@’ViPHﬂU??le amount and nature of sedinent deposited at each
| ocation at each time step. The top surfaces of the simulated deposit are

recorded at 3Qoo48pul ar Iff NnBurklgeke slfitlatie)Dele @low dYeh&ari Btehdie @RO! Qi C
nodel may be controlled by ,changing the tinme step size. Alternatively, the

top surfaces MmEfoBEnanty deprsfional fheadepors sammssiion s gerticallyUsyoessnepsomd - 12
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sedi ment properti &8s occurs. eps Tay be 1terated to adjust t
boundary condiHavwewer, éf thetfloov 4§ highbyt ronsieonwith signifttavbavdsigon denlateral gridc hi eved

bet ween the simyl at ed deppsi t nd .t he .0eql ogic data..Final Iy, if .
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15 [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

20 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 2 more

25  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

30 subsurface volume are represented by assigning values for these properties to each of



[0048] If, during the sinulation, the flowis near steady state and

predom nantly depositional, the deposit conposition is vertically
honbgeneous, and to lateral grid surfaces may be separated by an extended
period of syowdogbemaés ti me. However, if the flow is highlpyrigststana W th
significant avulsions, the lateral grid-.jgurfaces may be defined at much
smaller tinme intervals. This non-uniformlayering nethod ensures that the
rock properties are as honobgeneous as possible within a |ayer, which
effectively characterizes reservoir connectivity. 15 [0049] During and after

the sinul ati oRhd gfid @efatiched! A theUlialettitRs Jf B¢ Qerdicll arielatdrall grafbusfdEnt s
that are typical 3/ made to the lateral grid surfaces (lines). First, the
e

I Jypically, | theservplues are) determipgde by thensamenpymescah simudatien, t o

vertical coor dings

account for Wcﬂgs%ﬁg%eggﬁe%«gﬁio%@meq;&ﬁlgj%%aﬁgsgﬁlﬁs he origi nal sedi nent

in the layer is deposi erw se t era ‘surfaces (lines) may
cross each other, which is 20 not permtted. Second, it may be found that

certain laterdf0di d suAnazampleldf ktydyo-Grdeistshewn in Sgure Batfipie Ay shets avat ch
in location t { ' f I\ gseishil c~dat a,
wel | | ogs, gong S%gé&lﬁgﬁﬁs@g?&é%g# 3’8‘%% At gﬁgge'dggﬁé%g%@h ﬂ%nitJ{Sﬁcrszﬂroa?Tq 1 of
figure 2. |n tghiddingasthodtpiresehat ereshams iofithe dive amsishodics 1e32,) 3, dayndo®ebetiveer ed

it o o e 31N BRERrRtGRre o Hrenis it Ryt sttt et G Foer ved
surfaces is olhfi KA shapthen tg%el a(ag,gaé cétne AR Batéef AMTIthiARBe brfgihid]) Sand

preferred nmethod when possi! wever, in practice, this can be tine
consuni ng and bedips Wdiguse Halisacaratalyaepreseated.cor r espondence, in which case
manual adj ustnent may be made. [0050] Now referring to nuneral 24 in figure

2, the geol|009i[6059!0perth§sslﬁtmtﬂﬁﬁ_gﬁ@ SURRY T dnfHoRind Ok UBEAY SlifctRE&SRBRked Dy
assi gning val ues for these properties to each of WO 2006/007466
PCT/ US2005/ 02 referring-tonumezal Al of Sispess, geelagice] daje inebtpinedr Newttetsrringoo t he

vt ol oS g et S SR g Sl OGS Y oo IRAERELS
of the | at er alsulpputfaceswnlimento (doluness) of [i0d&d Jatefal erteatn N @v cdfertipng tom@nérals i s
shown in fi 9u's o%'ﬁg'tzniregy,rlgteﬁai ¢ idssrl},%g\éses %lines), which may be substantially or relatively
15  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
20  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
25  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

30  conditions (no-flow or out-flow). The sediment discharge history consists of the flow



5 cross-section of a sinulated subsurface volune. In figure 4(b), the
Hydro-Gids gridding nethod preserves the shapes of the five sand bodies 1,
2, 3, 4, and 5 between the low perneability |ayers 6. Because the

Hydro- G i dsygtobaes (11 nes) follow the sand body shapeeriuRdosgise 4(b),
the connectivity between and within the .qui-gi nal sand bodies in figure 4(a)
is accurately represented. 10 [0052] As shown in figure 5, one enbodinent is
now-di scl osed. Now referring to nuneral 41 of figure 5, geological data is
obtained. Now referring to nuneral 42 of figure 5, vertical grid surfaces

(l'ines) are cherted tQidintisRnt How ByESdifides, vsehwé%t | BhQenta@bl RR t1f
limted |lateral extent. Now referring to nuneral 43 of figure'5, lateral

grid surfac es sedimarisgraingigecdistrilaytionefusotion: aFhq Hpnt dase alsg| inglpdes| inforgation
h t al t
nosociatod’ weTpiiiIBGhictl OF b GARILBRARE 1 SHALACE YolmPROLARHSd 0

subsurface vohumerallbgﬁﬁgmcz the vertical and Iateral grid surfaces (lines)
di vi de the subsurface vol une into grid cells. Now referri ng to nuneral 44

of figure g b@r@ eoI O0G: RE Pqur %gl%]ﬁalﬂke% iﬁ'&)?&’gl{lﬁ%g ?tevsgxpggg? %pnelgbtoe ach

represente i gni ng"t o Sach a partr
geol ogi ¢ pr opee stepsdisvussed én ﬁgung 2t dnmpartieulat, with rferédcgwimelnl 42 ethegtgidalcel | s

are nerged to .reduce the tot nunber  of, cell s referring to ral 46
Tt gur o5, | B Seh B seler O g b SRSt HiseiroRp of e R
cell's. The st ¢pgreddForefetds nGHEBAOIIERY 1Stepil gndlsﬁﬁa&wi delct 9k Hanfgt ai |

bel ow. [0053] Now referri ng to nurreral 41 in figure 5, the input geol ogic

data is 25 oBhedivimilayjkithndigenseien of manarlddwifiears 2 pForetucnse mumarel ¢h. The
| nput dat g ' NG uge%ﬁz%d ﬂfoh&l@ilﬁs rh@h%ﬁdéanlﬁ’eaapgﬂﬁiﬁély iCaRALT 1ORS qiRRdicnegd ment

di schar ge | stor It a trons dre conposed of the itnitial
(pal eo) topogmamhsal 24leffi@ir¢ 2onal environnents (deep or shallow water), and
the erodability of the initial topography. The boundary condi tions consi st

o L, LOCEiARRE,, . ShySGRTA opdBe B GRADYR SURIREL B S .,
the fl ow WO 2Q6rimon 16l Eﬁfﬂ'b&i&%@@ﬁﬂd}%ﬂﬁ&)ﬂ&:ged Mred&bd)ﬂlbtwtal senbareficellsaiden f. I ow
layer thi Ckne%hs mosgl medn Ehere%?rcl?lgrtegs%t e spee gf %.xgla?yses that may subsequently be
15 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.

20 [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.

25 [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



sedi ment grain-size distribution function. The input data al so includes

I nformati on about |ocations of stratigraphic surfaces in the subsurface

vol une as described in nuneral 21 of figure 2. 5 [0054] For the reference
numer al s 42Ayo4tcande#t4, these steps may be sinilar to theanshkeps2@iscussed
in figure 2. In particular, with reference huneral 42, the vertical grid
surfaces are selected in a manner that is simlar to the discussion of
nuneral 22 of figure 2. For reference nunmeral 43, the lateral grid surfaces
are selected in a manner that is simlar to the discussion of nuneral 23 of
figure 2. For gflarangf avmRiatandbe fod!inca ARAUWRHIE RibABAIOhS EBxahes2861 gned
to each grid cell is simlar to the discussion of nuneral_24 of figure 2.

[ 0055] Now r efmwbl¢atigns thahdiselps layms optimizatien ickyde Starp R cpd RavsenthS: hare a

comon | at er al L. a |t ne : ﬁﬁﬁja gﬁgjgc t aber of
cells in the Tﬁ%‘é‘gﬁue;ﬁ%it ﬁg?%%%/[&l %I%e?éerg%%e% e ?%ge 0 gona y%eg‘g ?%egw%y
subsequent |y Héetdbgpeitydrpapet SPE Shet2npreseinted At dbich @999 8BE dtesavoimsigilagort he

eservor r per rurirRnLE iidh Bl it 17 msPRte’ SOF bl oot Biie are
various crit erp.a"OpahalCoplapaingsfos Stdeuped fevinttinglliondTetinGeslbgis Metels gper These
rpl oyed. 20 [BBSEI5A IFEEd ablE 48R STB AENE: o oERE CalPensizand i G

enpl oyed. 20 | T i PIENGPedNd]

deposit properde) inGHARY Aexas! 12 O&HRE, Zoor operty changes include detern ning
the degree of change in thé geologic properties across the cell boundary to
determ ne whether the cells may be nmerged. Typically, a threshold of

accept abl e chdf@f8li s Adhizdtaparoagihtp merging theecefle mpydinclude naiginpum tthigknepay e
changes | e t .t hers : : ] AEn e}

mer gi ng t‘hrfaosce “i’és?m'rnat;s//Il %ﬁzfgl:%%%%@n%f ? fl%%g%%ymﬁg?esg%??g@ggﬁgsﬁ tr§1a I on

ef fect of per riwtatal burfages. phypieailyys wials dange e therthickness ofihe {dyes)hetwleen [laigrelr

optim zation techni .can be used to determ ne the i mal | ayer-groupin
obhenes t hat U2 4 BB T FisrEEagpied AEp (OGP LoD PBEY Jben of KB anGod and
original | ayeisgin (s6diiefits -ard- it Wikl o intehtAre Sﬁoceﬁtsﬂhalaﬁ@@.hmcﬁgyyewat I's

known to persons WO 2006/ 007466 PCT/ US2005/ 0219 . .
are generated near the lobe/channel centers or where coarse-grain sediments are

15  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 thc cell above or the cell below, depending on which cell
is closer in geological properties to the thin cell. The process is preferably continued

20  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

25  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”.
30 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



-15 skilled in the art and can be found in a nunber of publications.

Exanpl es of publications that disclose |layer optim zation include Stem D.
and Dawson, A.G: "A Technique for Generating Reservoir Simulation Gids to
Preserve Gagbagisoorabiet erogeneity," paper SPE 51942 preseatrag2asotios 1999 SPE
Reservoir Sinulation 5 Synposium held in Houston, Texas, 14-17 February,
1999; and Li, D. and Beckner, B.: "Optimal Uplayering for Scal eup of
Multimllion-Cell Geologic Mdels," paper SPE 62927 presented at the 2000
SPE Annual Techni cal Conference and Exhibition held in Dallas, Texas, 1-4
Cct ober, 2000.suffaé¥s8ke ferhdiietdd FHIP hivtethyt andnthe @hitegiat foe detrhimingayhich ¢dvee

m ni num t hi cknes to criteria. Mninmumithjckpess criteria utilizes, the
t hi ckness of tarPEﬁ?sat?é‘rE”B@ﬁ%e%‘ﬁfa"q %ﬁ?ﬁﬂ%s%m Fega, @%ﬁ"@%ﬂﬂ@? %(’“aﬁ el ange

in the thicknegs C‘afanélE . Y. SF iR LR hskABES @ld Bt %ﬁent&*&?ﬂ_\)oﬁlﬂ% §-are
generated near the edgés of ‘sand body | obes or where fine- grain sedinents

are deposi t ed,26n{1P67)a Asladiinge ist the ympliest msgassopiei layer et fommiscyery sapidly froay e
gener at ed ar I hanpnel. e rse-qr.al ne.sedi s are
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typically used tp truncate ery thi ells..If acell is. jydged to.be too
thin, it may tenEEithe by $or; eRidle fom, diinptes o sy A pediRce seRitiod to
the cell aboveogforhiife Gebdesdi® ofVgerbEBARielfedOAmMMMCIndC Binlinask YolA& by N

geol ogical properties to the thin cell. The process is preferably continued

20 until the tfasencgefened (Reat diefding urfagesh of cerasionh aopidgpasitionr ex i
thickness gy ig3ngfl co,ﬁemﬁﬁeégaﬂﬁ&{(ﬁmmp% o ot o p&k8 NOREAB0;s! LY ErS,
sone of |ayers may have zero "thickness I'n %one regl ons. st reservoir

per f ormance sigredpatroses oficerdomtableabddy that iffer in bempasiton kixtlre,ew sedielehtaryas

i nactive cells, For exanple, Ecli.ps rpoduct .0 ch erger, i.S an
ool o of . ohmgie FaBos poranRe T Bl BB s diio T petfelS S rEr ¢ hat
i s known to pejepaslonfdr! peiddi of tiie @ad bedD0TN Arafiptaphid HERFBRCIBVALS afr gi NQ

the cells may be stratigraphic hierarchy..  Stratigraphic hierarchy .includes
associ ati ng twésqc&feérvgrh@amwegntﬁ%& {%é@w%? Flganaﬁ%qﬁ{)%?qnﬂgwww@w% in

the stratigrapRipr Rb®'iRfet BeafiGMyl thhyPEreh® SKiER1dvaI 8PHRM BeraldhlyS 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

20  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
25  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
30 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



hi erarchy uses classifications such as "lamna", "lam naset", "bed", and
"bedset". 30 Cells that share surfaces below a certain level in this

hi erarchy may be nmerged. For exanple, bed-scale and hi gher surfaces may be
retai ned, wo twshesgsna and | am naset WO 2006/ 007466 PCTPUGRO04/62250991 - 16
surfaces are renoved. This hierarchy andifhe criteria for determ ning which
| evel applies to a particular surface are described in Lam na, Lam naset,
Bed and Bedset. See Canpbell, C V., Lam na, Lani naset, Bed and Bedset,
Sedi ment ol ogy, vol. 8 at 7- 26 (1967). A lamina is the small est negascopic
llayer that foreRBls\6e! 62, 63RhdI6Y. tmﬁlbé:dﬁyraﬁm%%nfe@t blgicAayerdisAaeficidnt 2

rel ative conformabl e succession of genetically related |ani nae bounded by
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surfaces (ref tayemdsuch asdevmisi@l ny62 of flzckistarchf agnmssiment canoe diegety usddom or

their 10 correlative conformtjes, which.forns rapidly fro L.nutes to
years. A bads B eofosiEaii ind GReortphet HmdiRRapEblsink ird Ehbot apinds
conposi tion, thHantte contdntiondli geatdpts yhodslinigu 6ppibahés. OITF tshidse’d 60 @RRBEAGIlt he
beds above or bel ow the bedset. Bedsets form_ over a |onger period of tine

than beds. ThERYF4eHisienshRee Rawresr enprodusrionslegisins, fasslow-leveldTinek lAvarhe
cor r espondi NgsldRVAl Sevals &118r GA0EESe Afficiéndly GHRAL k0 REnstA¥t hiphGBGidkRg and/ or

new inlet |locations may create a high | eve [ y.  Progradation,

of the hierarc
aggr adat i on, medels.etifieythedlasiradrmerging mecrgssthas heemcompleedydhl rerwining lateradf t he
hi er ar chy

an t A hi . The
stratigr aﬁ?ﬂ C ?%?'52%8 W“%@g?@ Iﬁ%yohllgglwag&érgirlricﬁjérghgreg'm&"f%Ogﬁfgélgflgsﬂb °t he
changes in thimyer mergihg ds nobadvikabda decanse fhreolithblogy i ofsthe ctwocotnyeds ishgriteer ti cal
distribution qgf.th npqsi,tion af the sjnulated 20, deposit, based.on
geol ogi st' s ea‘@@m ni‘ge,n,ﬁge 1?@“35“575'1‘??*1"’8%1{&??"9“0‘3?15‘70 Wﬁgﬁ?aé’r%r@we‘ilaéﬁel s
assi gned can PRdRAHE RetidPcRrdibAYE a favorable correlation with the cores,
well logs, and seismc data. [0060] In one enbodi ment, once it is

established that two cells may_ be nerged, one of the two cells is assigned
"zero” thi cknd¥9§2hnd t WoHTRiEFringeto) nymerg AS @fnfigpre 5, the vatues of the geologic

15  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

20  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

25 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



25 the conbined thickness of the two cells. If a lateral surface contacts at
| east one cell of zero thickness at every napview | ocation, then it can be
renoved. When nerging two cells, the choice of which cell gets zero

t hi ckness iwoguisthetisby t he goal of renoving as many | atmrids260sfkases or
regi ons as possible. [0061] Figure 6(a) iigustrates a hierarchy arrangenent
of four levels or levels 30 1, 2, 3, and 4 | abeled as 61, 62, 63, and 64
respectfully in the hierarchy arrangenent for Hydro-Gids. Figure 6(b)
illustrates the hierarchy arrangenent of l|layers 65 within W 2006/ 007466

PCTI US2005/ 021§ f4ics-baséd| seitigdefitabl proBess sfivulainl Hgure Theholisahatr it iompldxasage ment
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extracted to construct high-resolution nodels. After the desired nerging
process has been conpleted, the remaining lateral 10 surfaces are recorded
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retained as a Hydrgrye?l ds verti cal coord?(ngt es. [0062] NO\;‘\/hl?eferrl ng to
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(May 1991) 27, No. 5, 699; Pickup, G E., Ringerose, P. S, Forester, M M,
Jensen, J. L., and Sorbie, K S.: "Perneability Tensors for Sedi nentary
Structures,"” WMathematical Geology (1994) 26, 227; and Li, D., Beckner, B.
and Kumar , wi-2006/00746ddew Ef ficient Average Techni que for ieiabuisoaioo
Multim|llion-Cell Ceologic 25 Mdels,".8PE Reservoir Evaluation &

Engi neeri ng (August 2001), 297. Exanple [0063] Figure 7 shows a
cross-section of a conplex avul sive sand body 51 conposed of several sand
body | obes 53 and channel s 55 sinulated by using a WD 2006/ 007466

PCT/ US2005/ 021991 -18 physi cs-based sedi nentary process sinmulator. Figure 7
shows that in conplex sand body 51 | obes 53 and channels 55 are nuaintai ned
accurately in th?,kydro-C¥ids 58 wutilizing lateral grid |ines or surfaces
54 in connect "SF'&% h vertical grid line or surface 56. The erosion (or
truncation surfaces) 57 that are inportant to reservoir 5 performance

sinmul ation are preserved. The c IQr-scaie 59 in Figure 7 represents, average
grain size inlthe hFleg"@QI r($PH81S rqsieling of [ pogdipientrey HRpgin, OGTPHE dilea can
al so be used &ﬁﬂﬁﬁ -commercially available sedinmentary process sinulators.
Figures 8(a) an 8?%) illustrate exanple sinmulation 10 results froma

sedi nentary process simulator, which popul ates sand bodies 61 of different

si ze and shape to #or mbABASHEWOHE ¢4 ¢ deposit 63. Figure 8(a) illustrates
sand body | ocations 61 and sizes within an exanple fan delta 65, and

mul tiple | ateral lepoSidatil Brifitd 368 %in6d whiteiu: el Ble hidadfal i ingul ti pl e

| ateral deposit time surfaces 67 epresentative |ongitudin
transverse crispesadedaposittime tineshasedondhedepsditipmrates fican thergediegicalales. WO
2006/ 007466 PCTI US2005/ 021991 -19- We claim 1. A nethod for geol ogic

nodel i ng of a sedifrent ac?éﬁtiﬂ@%érﬂcﬁ%riﬁﬁﬁé‘sr;vm r, conprising:

d. modeling the sedimentary properties of the sedimentary basin or
10 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.

15 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

20 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

25 grid line to favorably correspond to seismic reflection horizons in the seismic data.



5 a. obtaining geologic data; b. creating horizontal grid |ines wherein at
| east one horizontal grid line represents deposit tine |lines based on the
deposition rates fromthe geologic data, c. creating vertical grid |lines; d.

nodel i ng t heoseskioorie ary properties of the sedinentary basinds208s/021991
reservoir fromthe grids of geological dapm. created by the vertical and

hori zontal grid Ilines. 2. The nmethod of claim1l wherein the geol ogic data
is chosen fromthe group consisting of seismc data, outcrop study data,
well |og data, core data, forward and inverse nodeling data, correlation of

seismc data t® sediyERt@by ofidfafn 6Ithetin HR2AINE FOM Ring htlet bndBsiAhtl t he

vertical grid lines are chosen to represent favorable vertical bins. 4. The
met hod of cl ai gridilinshter Everablyecosgstiond e arspismicorsBestionshagizon e thypsismiopdata
reservoir are | egt r ﬁﬂﬁi i raj ize gdi.strjbution,
connectivity, @%ﬁ-%ogeg?cgégg%%r%%egi O;Lél;B ;gz)er rré"g.‘g p?’i"iy)"f t%o?gg%%gésﬁlgﬁ%nthgany
conbi nati on 2émuhdowaeihd afier thé simmistioncnd tnetanbindionttberedsfn at t he | east one
original horizontal grid lineis <created by estinmating the deposition rate

wi t hout erosion and,the,erosional effects ar regoncil ed by adjusting at

| east one h%ri ont &t Iélﬂhadlﬁ’ﬁegeto PENa ert%fﬁe o(ie%liS egka?' gja?tgxé or 6?Seﬁ‘i?ér’grret hod
of claim 1 furddaerisinghpri sing adj usting at |east one horizontal 25 grid |ine
to favorably correspond to seismc reflection horizons in the seismc data.
WO 2006/ 007466 PCT/ US2005/ 021991, -20.7. The nethod of claim6 wherein the
tinme for adjusting @t | SRANBEEIEIcda ol grid line to favorably
correspond to a seismc reflection horizon in the seismc data lines is

sel ected fromthe gyoup cesuing horingtabgidlitestwWiRrdn lkat bedhorofital@id e is

si mul ati on, and %Iter t he sinul atj on, and_any .combi nation thereof. 5 8. A

met hod for geotSl @0 HBhositing rass eshimated;fraunthg gbolpgis dataor reservoir,

conpri si ng:
10 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,
15 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,
20 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.



a. obtaining geologic data, b. creating horizontal grid |ines wherein at
| east one horizontal grid line is based on a deposition rate estinmated from
the geologic data; to c. creating vertical grid lines; d. determ ning

strati graphyg 26vs@6aEchy | evel s of the horizontal grid | ipggaiszoo€o219%8r gi ng at
| east one nei ghboring horizontal grid liig,-f. upscaling the merged

hori zontal grid |layers based on the stratigraphic hierarchy, 15 g.
estimating sedinmentary properties fromthe upscal ed nerged | ayers. 9. The
met hod of claim8 further conprising repeating steps (e) and (f) until al

desired horizoptal 1einkkthdd\&SclARES WREGRGhe F6kticAlRid iR ark MHosér 13irBpriseier ei n

the hierarchy | evel s assi %ned to the horizontal grid lines are sel ected

from the grougevasae yertipa) bi

g8. changes in the inlet conditions, 20 changes in
the sinulation conditions, variation in the vertical distribution of the

conposi tion ofy3t he T3 MidRs L EF @Eﬂﬁfﬂ tunéef tﬁ@%@ﬁ%ﬁiaﬂahfo?%%?%ﬁ?ﬁg basinlor 1he

met hod of claim8 wherein the geologic data is chose romthe group
consi sting of rewirei crelasetectedu pthet grdyp deomsistinge|df gragn dsizen, distubwiodat a,

forward an i [ i d . correlatlon of i SN t Q..

sedi nment ar?/5 da%%é&ecé\%%é#ﬁgg%635%ﬁg %%6@1 52 ?gﬁlprggg%%.ﬂgﬁgmhgﬁ%d of
cl ai m 8 wher eithertdfe vertical grid lines are chosen to represent favorable
vertical bins. 13. The nethod of claim8 wherein the sedinentary properties

of the basin qr, reservoir,are selected fromthe graup ,consisting.of.grain
i ze di stribution. 178 R aF Pt heirin o 165t 8% SigpfRpSaabentlisy i€ o
pore pressur e citedbyestipaimd ik idepositionahte @fithodtderosihieantbthb efbsidhalcdfR bt
wherein at |east one original horizontal grid ljne is created by estinmating

] ) I j
the depositi orfeoaeited s adiisting pideashpneivgizoial geiddweyipanateh the gealogic data.
reconcil ed by adjusting at | east one horizontal grid lines to match the

geol ogi ¢ 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.

15 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:
20 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
25 each cell created by intersections of the vertical gird surfaces and the

lateral grid surfaces.



10 15. The nethod of claim8 wherein the geologic data is seismc data and
further conprising adjusting the hierarchy levels to achieve a favorable
correlation with the seismc data. 16. The method of claim 15 further
.adjusting at | east one horizontal grid Ii to favorably correspond to
seismc reflection horizons in the seismé&<data. 15 17. The method of claim
15 wherein the time for adjusting the horizontal grid line to favorably
correspond to seismc reflection horizons in the seismc data lines is
selected fromthe group conprising before the sinulation, during the

sinul ation, ald alThemeflivd of clainailB ovhereindha ggologivhlatemcoropriseh et deabt orkBofA

met hod for creati.n geol ogi ¢ .nodel o spbsurfa vol une, . conpy.i si,ng: 20
a. obtai ni ng ij’éﬁ??’ﬁ%a%" 3%3? (,’19 grudy rdgér WWE}I légr ?acépreggﬁﬁ %‘H?Wf@%g}orégfm%figg’ti ng
ateral orid SAEALRR dbiftke ierfieRAMNbr: Seistild AL In@hnPeqhfubAsH theldoft during
t he deposition o Ssedinents 1n a subsurface volume; and d. representing

geol ogi c properties of the subsurface volune as values in 25 each cell
created by in2&rsethé onethod afhelaiwerksi whierein rthie sigrticat exvidamarfades partiticar die gri d
surfaces. -22-.19.. The.nethod of claim 1 wherein the geologic data conprises
at | east one Bisirfaqedpivme o regigns based o fateral yapiatio geob%%??ﬁfhe%ore dat a,

nunmeri cal nodeling data, stratigraphic surfaces interpreted fromseismc

data, and any2conbihahietibd dredlgaf 20 3derci eheBirlifshifg of kiRl #pibds W Bbtighrddne

vertical grid surfaces partition the 5 subsurface volune Into regi ons based

on |lateral vafoihavedargebingelor diffieclataralperiation in ggologin gropertiesdansk salhbins for

wherein the rtitioning of the yegions i.s configured to have |arge bins
for little | gﬁge&f'{evgrvﬁﬂ??%nﬁ?o‘f@ggﬁp&BP%{lﬁsr’operti es and small bins for

| arge lateral variation in geologic properties. 22. The nethod of claim 18
wherein the ggpl ogTke piciRal bf el 18 Dihefeitd S hésl6gic opdatiekTof AaTRiisadaceat

| east one of grain size distribution, connectivity, net-to-gross, porosity,
per meabi | 1% y, volune qomasises at least ensyolcsval sige idiviribifione spunectivity, 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

15  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;
20 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
25 lateral grid surfaces;



23. The nethod of claim 18 wherein at | east one of the lateral grid surfaces
is adjusted to match the geologic data. 24. The nethod of claim 18 wherein
at |east one of the lateral grid surfaces is 15 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 determ ned by nunerica

sinmul ati on of sedinentary processes based on the geol ogic data. 26. A nethod
for creating a geol ogi c nodel of a subsurface volune, conprising: a.
obt ai ni ng geol ogic data, 20 b. creating vertical grid surfaces; c. creating
| ateral grid surfeces meghgspEaddggidiosllsmnfiaces of geol ogical tinme during
deposition of sedinents in a subsurface volune; d. representing geol ogic

properties of the. subsuyface volune as values i.n. each cel.l eated by the
i ntersections of%he \F@\[CP? ggjplloglcgqugeé@e\ga?%dnflﬁénerg g’a@@% grid

surfaces; -23- C. nerging seted t gnd cels; and f. cal cul ati ng geol ogi c

property valages iThetkethoB 'cFethis 26! fgler Sondhisinghe %E%’ep@&(efbﬁ& gf)%ﬁﬁiurther
conprising repeating steps (e) and (f) until eacﬂ of 'thé desired 'grid cells
are nerged. esclpef thydesiredignidreds areimerged6 wherein grid cells are selected for
mergi ng based on criteria including at |east one of a classification of a

common gr.i d surf | t g .c hierarch t rid cells having
subst ant Pal | ‘eqﬁl%% %@%ﬁ%af%fﬂ%?&ge‘?‘?éy%mﬁf% S aﬁ%gﬁ%ﬁc&fﬁ% ng?rg’&’ggb&s?cgmhavi ng
a thickness crigsfa ileRdid bhi@shohéd ofal YRssifibRioal bfa GRhhén BRI kEEcH hha

m ni mum swept efficiency errors, a flow properties during their io

deposi ti on haetigrgpiie bieraslay systani grid ¢alls haping syhyanfislly squalfgeslaginpm@perher ei n

t he geol ogi (o) i I 0, sei sm. ¢ dat cr st ydy
dat o el | oo e 23Rl WG A RSk 2R R d PR R BB <
surfaces i nteenhrkgifle Withinskihfim sweittefficiend, amyrsCe Howh piopeftick Eiag ftheir

10 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

15  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.

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.




30. The nethod of claim 26 wherein the vertical grid surfaces partition the
15 subsurface volune into regi ons based on geologic properties of |ayers.
31. The nethod of claim 30 wherein the partitioning of the regions is

confi gur edwd sodi@vsss!l arge bins for little | ateral vari ap¢Bosions @enhogic
properties and small bins for l|arge |lategal variation in geologic
properties. 32. The nethod of claim26 wherein sedinentary properties of the
subsurface 20 volune are selected fromat |east one of grain size

di stribution, connectivity, net-to- gross, porosity, perneability, pore
pressure and g4y CPRdinBol OF clan@ra@Ookherdia thel ﬁ@e_rﬂ%rf@ﬁ:rﬁxfzescéréldﬁieﬁﬁinwﬁfre' n at
| east one of the lateral grid surfaces is adjusted to match the geol ogic
data. 34. Thenymetirebsimulagion phsedinentary proeessen hised eithageqlegie datane of t he

|l ateral grid 25 surfaces to favorably correspond to seismc reflection

hor i zons. VIO 3006/ 067 4360 BSHHSRIRDLARLAN Least o Br (T B RClofl 9] m 20

wherein the lateral grid surfaces are determ ne nunerical sinulation of
sedi nentary pidietessioactragbivr ymavabofpedimsyi by etation subsequihido depdsidivnof cl ai m 26
wherein at | east one of the lateral grid surfaces is adjusted to account
for removal of sedinment by erosion subsequent to deposition. 5





