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A METHOD FOR CONSTRUCTI NG GECLOE C MODELS COF
SUBSURFACE SEDI MENTARY VOLUMES CROSS RELATED

W@RPE8A33 ONS [ 0001] This application clains pPCDUB1095/029753

to U.S. Provisional Application No. 60/609, 057, which
was filed on Septenber 10, 200#- FIELD OF THE

I NVENTI ON [0002] This invention relates generally to
the field of geol ogic nodeling. Specifically, the
invention is a method for constructing a nodel of

geol 0gi MIRTAT FOR CONSTRUGCTING SlE(SBO‘GI@M@DEﬁﬂ OF
BACKGROUND OF THE | NVENTI mli[l\@él)og] gf eol o&[é nodel is
a conput er - baSEBSPREAGE SERIMENIARY Yk Re earth

vol une, such as a petroleumreservoir or a

deposi ti onal ba ] 19D AT eesTioNystry,

geol ogi ¢ nodel s “CRosSRE 1N activities such

as determining the locations of wells, estimting

heeb1gcar Bhis amsieaties clapns pprmrtty ng 1bSePrayisices) eAﬁBWé‘ﬁPn No.

Sidty ontish s SHERTRrRe D, S Lsvd Lo test

developnent and production scenarios in order to

optim ze return on investnent. A key paraneter in flow
simulation is the FIERIDROFTHE INVENTEON

perneability, which together with the properties of

t he hydrocarbons and ot her fl

d f [
J00R3IT f adBisy dwEpiRg relats %?I}ﬁ“ﬂg’ t‘t)h pf‘ﬁ@ué?? p$9olqgjc gpodeling.
t o ORP Lot cimae ioael & $c properties
c%%c{ﬁ%ﬁ%a%/{nafét& gllcrlg]r%t data types, C{% | udi ng bgu%tgﬁ)%otp P
lthrougBeuttacubackeprdpmet y data obtai ned fromwel|s and
seismc data, as well as structural and stratigraphic
surfaces that define distinct regions wthin the
nmodel . The goal oqf C6F THEIRVARPPIONCE @
representation rs-redalistic,
accurate, and consistent with the available data
dm)@ﬂ [ 0008dol16580 hdgEICis ARARIpStebysddakpresemtatiomyof a subsurface earth

fferent forns. Most commnly, desc ve or s
g‘éﬂ‘m@gﬂ srlchrmaea BetElpyne rrserv%fe?fr 6@3‘?%%% 507 b Uy f and gas

l ermining the
b glgsktrgl, <ol %m@?%? V\ﬁeiecﬁ RB&n %Eﬁﬁ}iesosudﬁoéseﬁet rmining th

ol ogi ¢ and
locations of wells, estimating hydrocarbon reserves or planning reservoir-

development strategies. Geologic models are commonly inputs to production flow
simulations that are used 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

TEeServoir.

[0004] The geologic modeling process can use many different data types,
including but not limited to rock-property data obtained from wells and seismic data,
as well as structural and stratigraphic surfaces that define distinct regions within the
model. The goal of the process is to construct a representation of the subsurface that

is realistic, accurate, and consistent with the available data types.



geophysi cal properties such as lithology, porosity,
acoustic i npedance, perneability, or water saturation

wae@easssyned (such properties will be referrepCT/U0S2005/029753
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collectively herein as "rock properties"). The set of
cells constitutes the geol ogi e2rodel and represents
the subsurface earth volune of interest. D nensions of
the cells are commonly chosen so that the rock
properties within a cell are relatively honbgeneous

W000B]Ut  GeBRigid thodBls axgye fekie Ven manp eliffaknic frhs. Nost commonly,
goal ~of the g%_eolo i ¢ nodel i n% rocess is tq assign .
rdseRIRtIVE B rstatis eplp zicaPRrdels ppilf ﬁr PRiEolgwy| a&gﬁeat%a re @the form
i _ e . .
I R ARSI ARHARS (o9, oM BRI s
Tdeeplysivad propertiesisnciway Ethbtnggpparositye acoestidi igpedance,auermeability,

TR ae Savinngs Sl GBE Trope e Pl egiS SRAYES nerein
ARPL-QACHop SR ATHS I o8 (coiRithied HERsdoMslSe tMabLihdRYresents

be either detefrmnistic or probabilistic) are conmmonly
uthe dubsTitfeseecartht wobane phintereshi Rinzensions of diesednare, commonly chosen

di rection, .and spatial .continuity of the rock pr .
o0 T3 O der e opBRES ot 8 Ll TRt AR Yreatng
t aPéscadsive miahsaloRLElIR THSGJAUBT thardealvgl BEddlMRtBocdss ishe assign
rock property at each bl ock. Probabilistic estipmation

etk paepedtésselooqachiicst in bin gehesiomadebse dk thy ssulting model is an
val ues an I C [ f [.C for the
ST BRI S B R R
theoretically being equally probable. The spati al

C[@006]nui tThenf ara two adaipwapsetotpopoiate the diseptized dedlggia volume with

\élgriﬁiaé)l%;;rgn?@@{lﬁ@; l}gq r %ieql; ,Satna % lecgfhgg%\ﬂ n%:i%%ﬁgé?;ﬁ’ag&; geocellular
fc;ée{%gédgtﬁin §9$stﬁ{%9@£laés:tiﬁﬂti?¢ AR @I i§Chd @fther deterministic or

tical nodels offer several key advantages in
t prabaliiieic) can cinunbmly asedi d&lhessgeetbdédse kst intg account distance,
statistic al gorithnms, readily acco dat e _dat.a
cfidp. 1 e C iy g5The rodk ORI TeBkcPddRy pygpinisic
PERRBEbY MBGehd RgbieNH eAbifleZalhRinusivatiaBeOp&IEALE Bf the rock
constrai nts such 'as, "three-di nensi onal seisnic data.,
WSperBaniegach Nback. SPreabilistic esémagan suthodn dewlopdistrdytions of the

cover geocel l.uar del.i ng. net h ' [

SRR et o Pt Of B BPRR hatus for the soslc property
Sb&RS niciettd] WatH bechogelelgihsorebeltly ben@redualbnpabablec®he spatial
W t h" geol ogi ¢ and geophysi cal data, such as well | ogs,

segnginiidy ofin vesksprapRItysTas be eapbered by appe@it t A gariogram is a well-
known technique for quantifying the variability of a rock property as a function of
separation distance and direction. Geostatistical models offer several key advantages
in that they can utilize a wide range of existing statistical algorithms, readily
accommodate data control points such as wells, and are amenable to rock property
modeling and optimization using geophysical constraints such as, three-dimensional
seismic data. U.S. Patent Nos. 5,838,634, 6,381,543 and 6,480,790 cover geocelluar
modeling methods embodied in processing flows which include repetitive
optimization steps to drive the geologic model toward conformance with geologic and
geophysical data, such as well logs, seismic surveys and subsurface fluid production

and pressure data;~Most commrercial geologic modeling software packages, including -
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and pressure data. Mdst commerci al geol ogi ¢ nodeling
sof t war e packages, including -PETREL, GOCAD and

W@EIRADABRDEL, contain a wide spectrum of geostRCT/F82008029753

tools designed to fulfill the requirenents of the
reservoir geol ogi st or engi neg¥- [0007] The chi ef
drawback to geocellular nodels is that they generally
do not closely replicate structures observed in
depositional systens such as rivers, deltas and

PEERENERIC ADMMHATSTIRATANDBEL T BorBaia @nwlddespattivn of geostatistical
significant in that the internal structure of the

theppodisignod i fud§jls therreartienpamiscofaha Fegpv P ESPIOLIST PleiSsRT
reservoir quality and continuity. [0008] Object-based
g@@gﬂg' CTﬁEDgtﬁ%iS Al 34 %Eweilﬂﬁ? HERET 140kt MRY UWHRSra8§ do not
| ages of geol ogl c | ects such as channels or

@Rj@aﬁiréﬂlfw’w stiuotness. obserSed Readeapositiioal sgstoud s@deas rivers, deltas and
di scl oses one obj.ect-based nodel i.ng.sche t hat .all0
AeQRvPiSHICIRY P ainésfé%oiafiﬂse?@ﬁﬁ@@?log §¥ sEpdigan Eh s e tornal

| S itRna | RERhYve siBRiFcantedfidat bl eeservoir quality
g@%ﬁ%o?étﬁﬁg%@gﬁ%%@e%ﬁﬂ Thg a‘bpr %lpr [ a? eness olf t ﬁrg 1
andkoginustyj udged by the operator of the process based
on their geol ogic experience. Mst conmercial software

ges,.. i ncl udin ETREL, .| - Dy oi

ﬁ rren?bﬁﬁﬁ'l%acsfé g%o?%f Jﬁ%(ij.’erl %@F{E@E%’E}% % hatS rri01r¥i ?:mlumes »®

CLanme) s 3P deblobiRSob kN GichiaRhiifriekdoredepositivsal Halsesd @.5. Patent
user - def or mabl e shapes such as half pipes

| and .
V. iGHiEs328[iobeps ong ebiecttusetmageling ssgeme thb afloys aggplogist or
wher e .t hr ee- di, nensi | _spati | nf.ar '
ALt B LTEA D1 EALAL B 125,
| Bk b dhg hfodeled) e psroptistbmas off the apblvglie jslgad by the operator

provided in existing nethaods can not readily captur
tofetheoproress Based QR Theit SPHAEI oFKPSBERFS n?\&%e‘l“oﬁm%ema? software

é}%%?z}eggg,' TR Q%E"ﬁﬁliiﬁ MR APUEMISY Sind FEOED MfiflemB®S bbjects as

curren chniques enphasi ze channel s _and
channetic elsmnexéat asmidhehapnelrang lotes asing simplified glements based

Wi |l e channel i zed syste re signif.icant hydrocarbon
r%@ﬁvéﬁcfpﬂ%l%%&aWhé’*&énﬁ?ﬁﬂP%?ﬁ?‘gﬂﬁ BY®nodel i ng of

channels is inconplete wi thout accurately

characterizing the potentially porous and perneabl e

S t hefy: et hgy S IS ubdFENe@leMe $hraé-dimensional spatial
p@gggged%&%Ckggg?e&boﬂ%gilnuch_Pike sand_ bars ) .
oingemstin eudhrasihaterovided /by Sires-diensianal seismie velygss is lacking or

ek S5 AR g on ot sy
a@a\’)ﬁﬂé QQ@C&Bplex spatial information seen in modern three-dimensional seismic
surveys. Furthermore, most of the current techniques emphasize channels and
channel complexes as the primary reservoir element. While channelized systems are
significant hydrocarbon reservoir types, the identification or modeling of channels is
incomplete without accurately characterizing the potentially porous and permeable
sands that fill them. The sands themselves are packaged in lobate bodies much like
sand bars observable in modern rivers or deltas. It is these bodies which form the
bulk of siliciclastic reservoirs. Geologic models that honor and take advantage of

these naturally occurring, fundamental elements should produce more accurate

30 ——subsurface-models:—
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these naturally occurring, fundanmental elenents should
produce nore accurate subsurfaceni odel sT- A - [0010]

wor@wemssshased geol ogi ¢ nodel i ng tool s attenptPCDUS2005/029753

reproduce subsurface stratigraphy by simulating or

approxi mati ng the physical protesses of sedinent

transport and deposition, building sedinentary

deposits in chronol ogi cal order. The sinulation

results can be checked agai nst subsurface data and the
$0010] at | BcEssbasedugdolgzio anoduhing riobdls wateinghltegepnadese subsurface

iterative pr OCGSS unti | appr OoXi ma rre pondenc
e HEISES Y { AEE BB 20T SPRPRPELEH. (g, IVSISA] SO eof sediment

?raﬁﬁ)%rgﬁ‘%ndegoglgén %ldg{%%e@nﬁéﬁa@% Qﬁ%clh' &?oﬂdﬁégi@alw&ﬁ The
ods usi on oOr rul e-based process,
raehisort msnlltseeanebda ahevqkeé cagamsmﬂvemnﬁaom date pidrilepgimulation rerun
spatial deta

SD e Prioh s g e b o gl S SR correspondence

%ﬁp%hﬁs%rfaééﬂdaiah%ya&ﬁ@veaot .oMpaithi Need5f3d4,799, 6,205,402 and
comrercl al geol ogi c nodeling because it is di fficult

t@%cﬂmscteswrtw thesd shich mstitogs iwhichesnplay Wifusien eiorudesbased process
|ated d dat
‘?f‘??slrtgulcﬁet% e Cﬁ% ‘5%%3&”% ?g}l%g %3%{[) j ec? 1bgs :d

nodel s, process-based nodels typically cannot be

q06111 enPiro)éesQFHaBéﬁ aedeBycamotypitatly gheate telal"rmmlmehmgewnulated
static or dynam c data beco avai |l abl e, Final

fistess, btk aeaksYREPNYaIsedher cggp@eég,lgl %qoéc\)ga éXQélelll‘lg because
01912 fcfﬂ%cpf:t 'ch&ﬁi{{&‘% ”d{ﬁ: h0he1 HRULH! TchBIRY Sis WhELhiRe | 'tl& simulated deposit

oreplicate th process-based nodel s.
[t8 Qiodbr ulesnfatee dhtar egeirnigts. | Untike goecedlebm arhelyjectthased models,
is a need for a netho honor st he sha

t hat
pressss-bgsed; &@PEU%??SIYOF%%"OB%I pifictsatlyr Pfgeslzeﬁ by computer
Za v%‘% ﬁg@ %lén Hen kit or @&lﬁan‘ﬁ@rdaﬁlb%go@@ a@eﬁﬁbley Hih8H, bddern three-

e seismc and well data. In the above
dtisensitend semsmivosrvays qne‘etée bapaih] fsbjesiork Barsaeglogigimodels which

ge ati stical oache ut| lized. Preferably,
tﬁg %ﬂé Thodrep? %&E@P?@eﬁgﬁbagﬁ%/gﬂ?g?gd optim zation
process capable of being performed by a conputer,

et i NGrdh tite FREDIREGHIEAL Be B&ElethatOﬁheﬁehe asnded Ubf aaeethod that
earth volune of interest with m ni nal (illtlonal ti
%

areaosst ther shapPhangr eroperty | disebutions %faflilt§¥ SOEqyIdng sggimentary
eggflgq%wgm @BEA%S’%‘E?@'%{ENA g/\éliagﬁzjs% snﬂ W?:ﬂ da%a In the above

ctirng a geologic nD
SsRREfibddeBethod, process-based, object-based and geostatlstmal approaches may be

utilized. Preferably, the method may provide an automated optimization process
capable of being performed by a computer, resulting in a more accurate model of the
subsurface earth volume of interest with minimal additional time and effort. The

present invention satisfies this need.
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rock properties within a subsurface volune based on
seismc data. In this enbodinent, (a) outline forns of

W@o0k®3s83 one geol ogi ¢ body within the subsurfBCEUS2005/029753

volune are identified fromseismc data; (b) the
grain-size distribution at at -lIseast one point within a
geol ogic body is estimated fromthe outline form of

t he geol ogi ¢ body; (c) rock properties including
porosity and perneability are determ ned using the
deternined grai n SUNRVARY GIYHEINVENTION t h

m neral ogy and buria Istory rntormation. [0014] A

second enbodi nent of the nmethod for constructing a )
od81gi c Arvgthodyipidiselosed £otf Gonstrucsing apgasbesie mygleanwﬂlmhnspemﬁes
b . n [ Sm ata | S . :
oSk b eT R % SRR A bR Mg By 1o i
potisodimaht, GO odutiihecfopmeiofat degst exé raslogid lfcrdlgnwg_ﬁml mislc;bsurface
CYiG GTR PRI okt SERENC PRy (ool giigntise Hution at at Nast one
g Ry e S By ok e DLt Zpy OP bl boay:
cdohsoekt enipertics hinalddingi porasityc and tpeanedbditp nare hietaradhalgusing the
el .such as interval geophysical, properties,; t he .
Siered iR, it G BondE abhe St huehanogs *and Burka history
datematiged Wwithin the outline forms; (e) rock
properties are determned within the geol ogi c bodies

usi ng the determ ned grainsize distribution. In _
d8814li on A savend getboginenyé of ithe meghtpdofer dengrusiingd: genlegjc model

ial hi.sto [ i.an al o ith the grain-size. .
VT sprtiintotk BBy 8 Rfstioh dalolfs R Sy caa
faiso disslesady ah itliig embodialeagi(s) Jmied forhb 6Npspedl fde6®glctddies are
properties within a subsurface vol unme based on seismc

Fatracted fiams geelpgicl B d () Tthe ondlingdarmab Afsr fested;: selagfing only those
RIS o B 05 05 oy Bl o, ORTEPHOSIR o e

deplasi tfomng fsl adyuftedltd mhkd themadubstantiallyeashsistert with additional
geol ogic body fromthe outline form (c). estimting
HRBSEHAS (PR cecalasic: Modeh Bishyist Aivakieepemsicab arapesies; (@) the

HRLARELgE o e LML R oo (9
andk prepedies are-determintidswithib dld gavlogicpodiet naimg thegletepmined grain-
: i f the,sedi t basj.n within, at l|.east . .
DI ARG o1 84 riPar 9O PR TG B8R OF dsrcrHineg yeing buria

diigb#yl iRFrmaeBRbES Witk St BH Db EhtribioPRAW NGS

[0015] A third embodiment of the method for constructing a geologic model
which specifies rock properties within a subsurface volume based on seismic data is
also disclosed. The method comprises: (a) identifying the outline forms of at least
one geologic body from the geologic data; (b) estimating the depositing flow field that
created at least one geologic body from the outline form; (c) estimating the grain size
distribution within at least part of the geologic body using a relationship between the
estimated flow field that created the geologic body and the grain-size distribution; (d)
estimating rock properties of the sedimentary basin within at least part of the of

sedimentary basin based on grain-size distribution.
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[0016] Figure 1 illustrates the initial stage of
deposition of a sedinentary system by a point-source

WO b@w/03138017] Figure 2 illustrates a | ater staper/v$2005/029753

deposition of the sane sedinentary system shown in
Figure 1; [0018] Figure 3 illust+ates an even |ater
stage of deposition of the sane sedi nentary system
shown in Figure 2; [0019] Figure 4 is a flow chart of
an enbodi ment of the invention; [0020] Figure 5 is a
fl ow chart of BRIEBEQESCRIPDHIN®ON TEE DIRA WINES i on;
[0021] Figure 6 is a three dinensional view of a seed
det ected seism c cube; [0022] Figure 7 illustrates a
|ew of t | naI volune il ] ustrated
gur &18C ng'ﬁl]a%ﬁl g%F’é’“ nglolggFP%?té@l 8‘1 {gentary system
S@ap@ﬁmou@mﬂmp views of a potential reservoir
interval; [0024] Figure 8B illustrates a map view of a
p[&t)entl al reserv0| r interval; [0025] Figure 9
i[PVTA¢ r afigaire 2nidlystiatesia dater stage o aleposion oAlthe saee valimentary
s been popul ated with esti nated
g}?%%g?%gwghng%{ uti ons; [0026] Figure 10 is a
schematl c representation of the burial and di agenetic
dﬂ@@iat i Biguod 3 iHestyates hxh opien ofaterestagy aift degBitiRNLf the same
Ny |pcre bu”nﬁi , pressure or tenperature;
[SB @(f? églllrﬁ es a three di nensional view
of a reservoir interval where non-reservoir and | ow
06U9]ty FRSASYQid 16RERI & anddh l ogi c
ﬁodell %&[ 0028] Figure 12 |n20(§qjlglégv?/tfg#alrht€erg§ﬁa third
enbodi rrent of the_invention. DETAI LED DESCRI PTI ON
[10099] | Righrre st flrmphrgt efer seicprtierdeadtimient dfdhg intvtuetion;
invention will be described in connection with its
rr [ tent that. th
POPIS L ey SRR TR e GHRARL bt Be PR i i
enbodi ment or a particular use of the invention, this
|[%022ﬂ1t enbigdret Dillustrated aistap atidw of theltiiree ﬂﬁma{%ﬂag{dﬂumﬁz RBustrated
]\élentl N is not limted to the specific enbodi nent
de8' S %%d bel ow, but rather, the invention includes

al |
[0023] Figure 8A illustrates a cross sectional and map views of a potential

reservoir interval;
[0024] Figure 8B illustrates a map view of a potential reservoir interval;

[0025] Figure 9 illustrates a map view of a single potential reservoir sand body

which has been populated with estimated grain-size distributions;

[0026] Figure 10 is a schematic representation of the burial and diagenetic
alteration of a sample block of reservoir sediment with increasing burial time,

pressure or temperature;

[0027] Figure 11 illustrates a three dimensional view of a reservoir interval where

non-reservoir and low quality reservoir material are added to the geologic model; and

[0028] Figure 12 is a flow chart of a third embodiment of the invention.



alternatives, nodifications, and equivalents falling
within the true scope of the appended clains. [0030]

wab@enizsesi ti on of clastic sedinentary bodi es PEPUSENNF/29753
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begins with a flow of sedinent-|aden water froma
confined channel, such as a riVer nouth, into an open
regi on where the fl ow decel erates. The point where the
sedinment-1laden flow is able to expand and decel erate
is typically known as the inlet. Initially such flows
expand freely and JdDETAILERDESSRIPEHONe fl ow

decel erates. Thereafter, as the deposited sedi nent

SO0 e B LB b L bt
tddAkectiBR WithoNé hidfete iR dirAd@ U MdwWeRer, 4 BRSdxkent Tt $he following

results in a new path and inlet for the flowfield to |
afesaipeion rie gpeoifichieyaopruitionaradjtmdinent 1op atraetiailal uge o6 dierinvention,

The .depos,i ti o ocess then,re , 1an Sec

THE uERSkd R B BRGIR A AL SRR, R oA A o o
Spedfibosibodhehe deérivedl elow, | butwirithen) tHee isweptiom atludes all
time. Overall, the process produces a deposi

t
cdtemiativesa gnedifisaticoks and oguivplesist Blljng owtlea  tharres, spapegof the
usef uc{? nfdel for the structure of hydrocarbon
e} Sic aél.ns'[ 0031] As wll be understood by those
skilled in the art, the flow characteristics which
qoesdle sTab depshitis efdladtie sadialeptaeyl bbdiesntyyasdllyrbeGimskwith a flow

equat i ons_and conservati i nci pl lied t .
G HETFEI 148 A3 G107 & SRATIF IS A ey SE P SFL Watily into an open
:xﬁgltog G PG SOk &’éc@ﬁijates?‘ UG éﬁﬁlt LR G ls¥difiehi-RIAES flbW is able to

eep ocean. Such anal ysés can be extended to flows
véxphnditnd detdlerate isrypieallynimwn sudte mdeta Ishilly cnchhdlosrs expand

| ayer under air,.and these.extensions a al so wi thi .
heeTE cBp obesit AP e, DR DR oPno ORGP Ta te deposted
psregﬁﬁcrntt ©Ofn Helitnt deBOsihd Iobsirh@whél aber fidlde Bvedigalsh @redeposit
and 1 nternal properties of the deposited geologic . )
beegymessirffinientiptasge thabthe fow isidétester grovard sbedenositp dhis results in

o St pitang et e 107 PP ionPR e R b 3Gt to e ol

ApRloki€ants de&peath 2eskekd fen (r@peatd) @ndus bdcoad foodyren dhe system is
geol ogi ¢ bodies can _be extracted fraom geol o%i C daf)rig1
suetedsinssidiiane mese thap oneiish;bodp praythe astively uilt Bithg the system

ol.oqi c i€ e r 0 1 )
P 89 Re e 35 bR s BRSO Rbl st pontr
f{bcﬁii&abvﬁidh_ui usktemoidldor the emegpat iod hiygrovarbyn MEyeyoas.n
size distribution

[0031] As will be understood by those skilled in the art, the flow characteristics
which create such bodies can be analyzed from Navier-Stokes equations and
conservation principles applied to a sediment laden flow beneath stationary clear
water that can be entrained, such as turbidity currents in the deep ocean. Such
analyses can be extended to flows without vertical entrainment, such as a shallow
water layer under air, and these extensions are also within the scope of the present
invention. The shape and properties of the depositing flow determines the shape and
internal properties of the deposited geologic body. Furthermore, the flow field is
related to both the outline form of the deposit and the grain size distribution at all

points within the deposit.
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within the body; and (d) the grain-size distribution
ei ther singularly or conbined with m neral ogy and

wheoc@aB13B3 st ory i nformation, determ nes the roRPKI/US2005/029753

properties including porosity and perneability at al
points within the geol ogi c body- The conbi nati on of

t hese observations leads to a nethod for constructing
a geol ogi ¢ nodel, specifying porosity and permeability
t hroughout a subsurface vol une based on a seismc

ir0o3ae Of ApplRastdbedvchiee thee(a)rtte olliad Brmdsi (glgeek)gig balies can be
and depict the process of faormation of

mtr@tftdafrﬁmcﬂealﬂﬁccdﬁe e 85 TiRNC Splar s Qt) 1he JURgG frms of
gejl g,erbloldl%§ta e 1%?&9&1 t% 6h9 8&)‘&&1&1? ?@w M8 it Rreated the bOdlCS (c) the
ow s emt

nt-ric froman inlet into
@Bp@ﬁlﬁfg ﬂ@sglﬁlihd 1 turAsietdmmirfek dhe epatialplyanim grain 51ze distribution

ket ch e BRSO S B i
I%1'11 %’r"aﬁ)g% A0 Wiafhl sfﬂr? linfkAgfon, @eﬁéﬁﬁﬁ’l@é fthd)fbcﬁfprbﬂ)'@nes including

irst pictured in Figufe 1. In Fi gure
dmrm;ﬁytand @en‘rmeabﬂiﬁy gualbpdintsawitliin ¢]@mgeo|l<g1g pdsandihe gombination of

dﬁbe@gﬂ%’%@nﬁ He &o z‘f@t %B}%l §05 %%Jls%rugﬁl% aéeoiogrld’]ﬁlv(\fdel specifying

ﬁié'rés?ﬂy ngd peHhecablfy %fbﬁ%ﬁ&t@ afduBdiirfage K}GNYHIHI%E(II 0g atsaidmic image
w deposits, 22 and 2 [0035] Figure 3 shows a later

snfalgaeswbslHMp@QIumeon of the system pictured in Figure
2. The flow 30, is now confined to channels 32 and 34

' trans [ S _
ﬁﬂg&g n §1§ng 1 " thﬁ?‘?g cfeglccg g% (}:ﬁ‘Bfﬁq ggﬁgﬁ%ﬁén %@ Fomggour/ca\e water
flhﬁasaaﬁia‘awﬁbﬂﬁgﬁalvwﬁn%ngov@l@eredesh?wbelmt: eaﬂleslglc stageeoledenosition,
to Figure 4, this enbaodi ment. | nvo edures to.

s AseimeBicHict eya s SELURIFTR 28 Wb bL PG AL Opgfegion 14. As
gﬁé @l%vﬁeﬁ?th&%ﬁi ?d@@ﬁaft&f 1ttIB$e rlf%gdaﬁﬁblty% dakryUstinddn ChridNdeposit
igure 4 an outline tormo | east one geol ogi c

bmyfmﬁehlmnédﬂetmdhsmrface reg| on is identified (step
401) The grai n-size distribution i n at I east one

IQ§]4]S dé qﬂ[zr?ga%eol O%Ir %‘61%? (1jr|1 e}i;]ogf on o {h fl‘rs‘?bﬁﬂlred in

dﬁgﬁreﬁr OR&fifre 23 d&%sﬁrlm rad P%d?@iﬂlﬁ@b@iommlaﬁgez and is labeled 16'.
tributiorfi found i n step éste 403)

qutqsIto‘q[ﬁéns |se§angn chaidié newt dgrptty thghHo Q‘re&ﬁppﬁlf 96' igpo longer

R T S h@v%ﬁ%&tfﬂdﬂd@‘*‘-

| dent ification of outline fornms of geol ogic bodies and
C@03%le  Figure 3 shows a later stage in deposition of the system pictured in Figure

2. The flow 30, is now confined to channels 32 and 34 which transport it past
completed deposits 16', 22' and 24', and is building deposits 36 and 38.

[0036] A first embodiment will now be described. With reference to Figure 4,
this embodiment involves procedures to determine rock properties within a subsurface
region using a seismic image of the region. As illustrated in Figure 4, an outline form
of at least one geologic body within the subsurface region is identified (step 401).
The grain-size distribution in at least one point within the geologic bodies as
identified in step 401 is determined (step 402). Finally, at least one rock property is
determined using. the grain size distribution found in step 402 (step 403). The rock
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acconplished by a variety of known nethods from
geol ogi ¢ data. The geol ogi c data can include but is

WwWmea06l031383 ed t o seismc data, outcrop data or BCT/UBHS5/029753

core sanples, reservoir performance data and/or well

|l og data, for exanple. Seisnm€9data is the preferred

data type for determning the outline formof a

geol ogi ¢ body. The geol ogi c data can be obtai ned using
many different prior art acquisition nethod that would
BeogdeRsNinélade poroeins aisk hérhedbility. t e ardividFdlistepdarill beagescribed
be comercially avail able through seismc or

die a1smies detall i igdalioveag Raragiaphs-as previ ousl y acqui red

data that may be avail able both in analog or digital

g@éﬁ] Al ktgg Ueh ifRicAasSatRfn FCSllind ﬂﬁ}m"s?ﬁ g86RLRUbsdickadnd can be

re rntended to be wthin the scope of the clains.

[406@B}lisTihé by aarsetyfdmowai methedshiom geologin dath Ahe geologic data

out l.i ne, form of eol ogi.c_body from sei.smni a

i el sk et FrBEEi SR g pREYT iR B PR cort mples,
$hdeddid hatthiansd! Ghta @Y/ dr NyélN Gogdaiia, MiiexhmgRe | Beisiivedata is the
boundari es of stratigraphic intervals and formthe top

aefetyed datatirsfordeterasnion theentbng forpnfiagsologimbedy | The geologic

| ogi.st .1y | ' ' i
S50, 5 L T S AP RS B
hebwaad perbaLikiltedrinehaie Thischangssbé commetcigityapeilsble shrough

including stratigraphic surfaces. The detail.s of thi
pPeBEES OF Zeephysieh] mpatnbespaérwi@s SREiPUsY prAvited %}% .Hw% may be

[ . o ; i ]
Spe PoB iR AEIOHR: a8l e A Blefog@ oP AR Rih  heyeolosie
sdaltpire giitegdeidco batvéthinaths scopeicd timedlhiow. i s typical |y
pe;forned with a conmputer extrapol ating known or

inferred _stratigraphic surfaces,on the seismc data, .
0! cs ThreieirEraapaine bodidp ohein oy oupte S alifbiosic body
p%&ﬂrs%@nic e, dehaifds: pletdodi & HBE aaRRE] ddtifisatidn 8f stratigraphic
those persons skilled in the art and are included in

caomfreescinathe alpfel Whigh idefise hechouadanieoxe strROgrapkoARKVEals and form

SElI SWORKS3D d PETREL. 004 1t hi el
S S B EELIES - UYL, Rl Sty
fi%éﬁtiﬁtétx%tigﬁﬁhi@gsiu@fa@@%ﬁﬁeca ibiegi udsidbmifying sismit aeflections as

seismc attribute values. The preferred enbod nt f or . )
shagjzon® 1whigh ROTSHEE 16 Phpnges fip c’é{’tckoﬁroéﬁm.e@ e‘BFfb‘an(g stratigraphic

. bodi es hased. h o3 d ' . .
PSS ARG IEARLIGR Al BEtb il B,
Nos. 10/195,582 and 10/ 654, 138. These net hods al | ow
gpoBYIDI Cc Aestiord method is the automated propagation of stratigraphic surfaces,

which define the boundaries of stratigraphic intervals. This method is typically
performed with a computer extrapolating known or inferred stratigraphic surfaces on
the seismic data. Examples include seismic coherency or discontinuity programs.
The details of this process are familiar to those persons skilled in the art and are
included in commercial applications such as VOXELGEO, GEOFRAME,
SEISWORKS3D, and PETREL.

[0040] A third method is the automatic identification of stratigraphically realistic
geologic bodies as regions having similar seismic attribute values. The preferred

embodiment. for step. 401 is automatic identification of geologic bodies based on the .
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to be detected and catal ogued at finer resolution than
is possible with surface-based interpretation nethods.

wo-mslsr3sdre, these nethods all ow researchers POI/US2005/029753

extract neani ngful stratigraphic information from

vol unes over a broad spectrumYf- spatial resol utions

using a hierarchical approach that searches these data

at nultiple scales. [0041] U. S. Patent Application No.

10/ 654, 138 di scl oses a nethod for perform ng
shethddsgrdepdribed! iny Thas Pdtent ado.d 616541688 nand wepesding dhb.a Patent

that.satisfy certain attribute criteria that are . .
Arelich Gt 973 B8 Bt Lkt aferioh g geglosic bodies
| @Y et M EcRilofta A YRRH Eésaﬁﬁoﬁq?érhﬁtpdsmler@gy lstuifi@-based

seism c objects are stratigraphically reasonable.
Setespretation) eethedsmaFuttbersre.athessd matfatds saltove frgseptebers to extract
i nput. i teria., Furthernpor thi,s nmet hod can .
BBl 3 5aPonfs RS Fou Wy 508" PR spestrup of sacia
SRS shsARINB G hib¥rBicAVAppgodchehAREAclesahidy ddtaait etubigsia scales.
seed point in a seismc data volune. The object is

grown by propagating the object to adjacent traces if .
UNB4Hiq] A8LhPriers npbein o 19/t Hiel 8 aitsiaseta aetliod fpy performing
[ n i cati: . . .
845 bubl Sy UL i 0y S8y o i
cafagcthayare strafahpiscadly prasitildr See ditowmboramalhe ldpérad nature of the
vol une. Thi s nmet hod pr.ovides . the ability to predict
RS igh et At ie gTesulling sefspmic &gﬁe@& a?@déﬁﬁ%tiafﬁ@aca&ly reasonable.
S ebigad ki chedlr Heirfplit &rif¥RbN Ol IRAGre, thi
i%’g%{lﬂf (?hg%f&és gipdg ?nlgecéjggc}cgzat thcg:tz%}ﬁ%gy tt rac Etdérflor changes _e e
i methbd can zequrstpbit dedrnpns ihei vre and sopaedta wesificeetsnhe bject by
seism c_objects as function of a chosen threshald .
VPTG e it SielEg 2B gerLRoBb Rt Part G Yolas; The object
NRIowi ‘32 PR SHIPRAE @jectdl &jtkhiOgeet IFEthe REdmd FadeQonforms to
pi Ck a threshold connectivity value and track a
sthdisetectedcittebiady based on that threshold val ue. [0043]

U S. Patent No. 6,674,689 discloses a nethod for

c i fyi e_nor phaol f | &% G ' ' .
oABR3L, Y $E8 i PR el B 5 e E G itk forming
t gbjedtamséd yorindetivin plabiskoy @thréddinmasisnlcdatbyelame. This method
Seism cal l y-def med hodi es that have shapes and . )

i proides theadhiityya msedictthe camnerlvisy obp setSIifuPRecAdetified by seed
r [ : ' ( epent; 10f:dJat ) b
EREHR & BRI belod] o, Bl FEBIPRRR Bl RIAT) bbfiefican be
utthakpa foraskiangesi ia lits Gize p§patislspdsBidad) comeatipnetoerthadeismic objects

eargb ?u(rjllctrirc?rp E)f aacl:hgs%(rjll tﬁreecgltlo% Xfaﬁl%dgé oltﬁereli(s'érr gg&h%‘i‘leg %ogsrt%\{\ﬁtqg two or

more runs are compared. This allows the operator to pick a threshold connectivity

value and track a sedimentary body based on that threshold value.

[0043] U.S. Patent No. 6,674,689 discloses a method for classifying the
morphology of seismic objects. In this method, geometric statistics are calculated and
used to classify the morphology of the seismic object. Seismically-defined bodies
that have shapes and internal attributes indicative of good hydrocarbon reservoir
potential (or other element of interest) can be evaluated and extracted from the

background of unimportant seismic objects.



the body froma seed point using stratigraphically
based seed detection in a seismc data volune. The
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criteria designed to make the body stratigraphically
reasonabl e. The size and shapellbf a specific seisnmc

obj ect can be accurately determ ned. Next, an

obj ect - based connectivity analysis is perfornmed on the
extracted body. The identified seismc object may be
tpoesded fon wbBRAGEenbddiment,Sa z@dimfematy abdyp (ssé:)ttfaotaaddiy growing
connections to other seismc o ts as. fu (g on

of,

chedefy fiorarmerdipial HenE PRHIERicaHbagsd PR dslFoUgh dpf Seismic

% £ G0 Rnf %Wh%@tﬁ@% Qt@ﬁéé Eér%ﬁin aftIOte lerif-RPdesigned to

4 can acco t wo- d| nsi onal and

tinaleethd ibodn straln‘ghpldeeﬂ]ar reglovatgs. Ghe s ynd e, of 2 specific seismic
i ncl udi ng but no imted to seismc li,tude (near .
et e Ao piR b S5tSTUBr R o RS BEvcp SBRectN S malysis s
d(k{%ﬁ)h’n@&‘ onl B teﬁﬁ‘ﬁcﬂé@%kgr amRé ideﬁﬂﬁetﬁ@éisrﬁﬁ&ﬂﬁéot 88} Béuécked for
inpedance (band-limted and total) as wel

dehangestin v smeosm@talspczsum cmos@cgnmwfcah@res@lsm objects as function

con nU|t t 46] oSt
ST PR, LBESOTTRID i BURHEE B, g e
p&bﬂﬂml@gﬁd&llﬂic{dggﬁg@ol ogi ¢ bodies. This step can be

acconpl ished by a variety of techniques. Some of the
techni ques have additional data requjre

OO 1 o BrerBl AR ALCREROMNA gwg—égaena@&aﬂe el Bired fgnendional data
I,
Y875t bty Bpek ittt ROVt AL bnhoRs (O, far and

Q_

aturé o e I es.
afultesthekd),f SB:I[Snlile| aiiribogs t(fept diratéong iinsagameoas aoyplibideeansyf phase),
geol ogi.c bodies to e i nterna size. ..

deatmf Hpeeance ihped- h@e th g éofab rWB@&Si‘f?“EBB%BT%C"S such as

eﬁ; 18@&35%{@913@053&1%&@ 10/ 850, 018. This is the

erre iment I'f fully preserved (not eroded)
bodles can be identified fromseismc and should be
amo|46]ed iStepy HO2 uWOé‘@sdhwéﬁt@mmaﬂlorf of theograitheize distréxition at any

can rate t .

i Po1g Wé 1npﬂjgpg<?ql¥%1 % ﬁleg 1% s e[paclgaﬁl @eeggéom fshécflg% él variety of
CREhti§udtet Sofensfl the @thhidBed Rive addifivmi m@re@h&n&nﬂi and the
the deposit. One enbodi nent conprises solvin

epeartedresnhodimentrgr thisestanalenendsi aathe nvaébbaxmgﬂxlwhary data as
sha flow field that
pwglgg‘%g%ﬂ}%hnﬁ%og r‘ﬁ%gﬂ)él ng H%g fl gw f: gl d toa

[0047] One technique is a method for relating the three-dimensional outline of

geologic bodies to the internal grain-size distribution. This method is described in co-
pending U.S. Patent Application No. 10/850,018. This is the preferred embodiment if
fully preserved (not eroded) bodies can be identified from seismic and should be
applied if the three-dimensional form of the bodies can be accurately determined. In
this method, the internal properties of a water-lain sedimentary body can be
determined from the three-dimensional shape of the deposit. One embodiment
comprises solving equations relating the identified three-dimensional shape of a
sediment body to the flow field that produced the body and using the flow field to

solve for the sediment body properties in at least one point within the body.



solve for the sediment body properties in at |east one
point within the body.[0048] A second technique is a

worediobosi3Bdr rel ati ng the two-di nensi onal pl an RPCEWS2005/029753

10

15

20

25
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outline or contour of geologic bodies to the interna
grain-size distribution. This ¥ethod is described in
co-pending U S. Patent Application No. 10/829, 600. The

nmet hod should be applied if only the two-di mensional

shape of the geol ogi c bodi es can be accurately

d0048] M nackecddai tachrtiduiesis ardiost] fot hdatprpdhe two-dimerfsicmal plan view
wat er -1 ai n sedi pentary .deposit_may be. predicted at an .
| SachOR, & BB DI oLt atieTk gt e ugd This
REnGIROALIERED 3 Jof ho%, AP iARSickin S8t QO/E2DIE00. The
an ouﬁfﬂ% OP const ;t%tnaﬁgposit thi cknegs in a neasured
dagthsd should pe cpplkedrifrinhy thehisvof- ditiedsiphal\shppeo pb thei geslogic bodies

Lo A ST B oL ¥ i
deaRsintary [RPdIPARY B piddtetdd bt Shyf IRWIGDEDA afcdniburdof constant

method is a nmethod for relating the thickness of o
glepbsity thicknesl. e Oneoemhedimenieph e mettiod- eqmiises (a) determining an

distribution. This. nethod is ri L - ' .
s GobSbeSt: TBRbby BRI Fiboth, G5 SEEERNR e tic

ofloW pebpeica e thavalet abihe niasirkd dbgostipshie®) exteanihidzey progerty of

the area of the seism c data then this rretfitlwg shoul d

bibe densisitatianpr painidesida therdepprikiron ngdstipg Hist i flow

measurenent is available or can be estimted at one

pli%b!@] W %&%&d?ﬁ&ﬁo@%@mc‘fﬁgﬂ Sor' TRl RS (RMBRKEES ofBBoI8ERIDAdies to

size distribution at any designated [ocation within a

wht déntetral mrasdizeedisibytiore pddis methmidt isaldsgribechan co-pending PCT

CEEhS b LA b S FERMALY o LERAS A lellfe or i e
Vﬁfﬁésﬁa@c’tenﬁme?mﬁﬁ Ao O kAsricZRtdtheh b Hiekid souR be applied
second location different fromthe desi gnated

| mowitleda grdesumdlistabuticnt mersereprnbisavailabloer eandwrrstingted at one

to.the.two | ocations.i.s determned. .Finally, 't o

R g Ry i pic Bty i Bl Ygp ' Jpution at anmy
| @&atnh@ASocAdd WhBindd SfaferShiesedingdntdrh Luaﬁom. atInitiaBy, the vertical
second |l ocation are used to calculate the grain size

dihickness afiten sedimentaryddeposin at &g desigpated tocatigp togetgrmined as well

fourth te ' [ ves. el [
S0P B i 35 WS R o o
L’éhg g(fbhgﬁ@t@ﬂ dgtdtionegiSesond] ahdisynéd paiartbr geotespomaling to the two
{ easions gudeg T osbt apil (bt Jepccearmeththe TR dhiciaiess at both
Zﬂgﬁﬂo%s,bﬁlda@g l(grﬁﬂ e st B8R the $tco@ab&tBRUrOU& to calculate
odies are to
the grain size distribution at the designated location.

[0050] A fourth technique involves determining the properties of geologic bodies
penetrated by a well and filling a larger geologic region with synthesized geologic
bodies having a similar distribution of properties to those bodies penetrated at the
well. This method should be applied when the smallest scale geologic bodies are too
small to be visible in seismic data, provided a core sample or other measurement of
body thickness and grain size distribution is available. The method for determining
the properties of geologic bodies penetrated by a well is described in co-pending PCT

Application No. PCT/US04/08238. This method can determine the properties of a
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small to be visible in seismc data, provided a core
sanpl e or other neasurenent of body thickness and

w@e@c03sBxe distribution is available. The metPOTUSZNG/029753

determi ning the properties of geol ogi c bodies
penetrated by a well is descrilded in co-pendi ng PCT
Application No. PCT/US04/08238. This nethod can
deternmine the properties of awater-lain sedi nent body

. froma neasurenent of grain size distribution and

dRpaslhin debintdnn ®86y @lonDH eéndaswrainentinofl gratohsizd di$§ribultinn Gmé deposit

enbodi ment, the nethod corrprl ses det e m ni
fthigkingss gb@qfet logationiinithe bogya sl Qis qrétggslll tﬂgd comprlses (a)

{e%ﬂﬁﬁﬁ}wﬂegl%o& :%?Oggepo RRP ﬁfe%%tﬁéd Rﬁeﬁﬁoﬂ Qb} B}@trép'&l?ﬁlg the flow

roug siting flow was enitted
(i@di@ﬁﬁﬁsnbm ot tHeenddt tneughr wbwht theodepobitingafley -Wag gmitted, (c)

qu%d | e %ﬁo ‘ét?l{eg% e %g‘?p%gytq}g Y [Bagﬁcl) g%{dé@)é{‘l a8 lglh 9 B Sediment
e ng %;ylt ﬁgﬁ&elfﬁ th@ ?loWbI%beﬂ‘ti%Q rﬁsﬁigeﬂhe (Rirapslated lﬂwﬁ @edprties at the

ce the sedinentary body properties in the
vihlet fromwteqpf (b) hrea bevinidany eonditonr niOmeel thetsgdimentary body properties in

sei sni.c ogi es .

stS%t"é?m‘PﬁBéu?Xf SBErVRT ot el (e Spadlaus, tagguh%& Bologic bodics

%Hﬂihgﬁédtaﬂl@ Sistehl thh G filied twith ialier dbdies Ohlmmﬁg @8 @propriate
determined fromthe distribution of propertie

attasistical dlisttibutiva efeprppertipg as detenmyaed fogg rqlsé%éuticﬁl of moperties
Z{q%%/é’?ﬁi Etgg HVE Iﬁa eﬂﬁs l%]oh(fsa(tiés&nb @Q/ ﬁ]ﬁglsﬁ}&l P£t919t5 plication

ves Sinm t|n

VWb, g0/ Fsareaced the bod| es and adj ustl ng the boundary
conditions of the flow until the sinulated deposit

&ﬁblégrte guog%th Ee ! I ug{j&% g;qules%%ﬂ heg?lgeir ﬁ{lnlﬁllcfi lvl}r%?vﬁgc eﬁgr\éggced the
o?l?és%‘adad i ﬁg @1% mﬁqh@gcogd@ong’ Bp‘ﬁiesﬂ&ﬂ @ntiPedeeditnulated deposit

lcatl o concurrentl y h the present
apmma: atosonearlyt tesenblas et bejsimically @bwrwi denpsit outline. A suitable

sedi pr o ties. b neri cal del
3@8?1‘?13?& Ir%rfnf)tﬁi}é:e@sa@%s%yﬁgtﬁo%o ?%’r%mggllﬁ?uat TRYisiopg) Patent
gﬂﬁfahbﬁ?sﬁl@d’ dBHE[ﬁJfén‘ﬂ?' widgki fesedt appHiatat dflyd "a method for
cesses is disclosed in the application, This

t mtuarthg e sediingnieryf | priogentiphahy @u@quaalu sRdcling a o o sedipentation
Y]%rlog%ge S’Ch‘édnerrﬁgmdsf rpﬁé giul% r\yclptf)\f s?ﬁg r?ﬁr&ﬁtht If¥deling of

rical

| RAahMBSy frodesSl i digcleset vin-tle mppﬁcaanml Th1ereaﬂlﬁpplﬁchBi‘ntes fluid
mapvi ew system of equations for at |east flow
néynentiesequations Hei g reontrel, ypbfe §¢ frimulate flow physics and

c ep%gl?itorrl atf Obne %Hl@ogl%e[hﬁ' A RHim&ical modeling technique involves, (a)

solving a two-dimensional time-dependent mapview system of equations for at least
flow momentum, flow height, suspended sediment concentration, and entrainment of
overlying water, (b) calculating net sediment deposition at each mapview location
using the flow properties, and (c) recording the time-variability of the net sediment
deposition. As computational power increases, these models may have significant
predictive capability for modeling the rock properties and potential fluid flow

elements in models of hydrocarbon reservoirs.

[0052] _ The preferred method for implementing this fifth technique is in
conjunction with hydrodynamics-based gridding (Hydro-Grids) for geologic modeling



overlying water, (b) calculating net sedinent
deposition at each mapview | ocation using the flow
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the net sedi nent deposition. As conputational power

i ncreases, these nodels may hald- significant

predictive capability for nodeling the rock properties

and potential fluid flow el enments in nodel s of

hydr ocar bon reservoirs. [ 0052] The preferred nethod

fadrthe mﬂ(wmlmmlhdmgfglrélhmzte&hmmqm i Bhi$ method is disclosed in a

t th .hy d b
TR R T -
%e%ﬁ%é& Be] 3 |t%{5§' cBQre L §L'1r?e§:e9 b dnskut 108 as dBlefmined durlng

I's discl ed| a co-pending U. S. Provisional
RA¢ anmexdmfilmmhn@nThb IOOBQﬁSMl@ile the hasimiars ther Fepgesented in this
el cel orrespond to surfaces of
g@'%‘_gﬁ‘gﬂ?mf‘isﬂ‘@%fg @'{5 ‘during the nuneri cal
nodel i ng. The rock propert| es of the basin are then

repsssentsash 408 idviobrel YEE Qebdn@idnCst fmaﬁqﬂolga”mehdwmgm the geologic
structure. [0053] Step 403 involves the pr 13 g%cggn of

riesliesphasp oni @ainviizendipiribEoy e dibisgra o apcos Prit variety of
N+ SI. t {

\%{g(?tlh $ n§?qu8’in? bq.llt QB"E %n(rP]l:I:][Fd g(lpng glal%t %gltcﬁ %Iﬁgnﬁ%g aiegroﬁ)értﬁs from

ggramcsh%ec aisﬁ'ﬂiuabn Q’ﬁlrﬁfal(lig}/() leng bapiel hisesy.f fwnheyalssenees 0 grain size
I stribution, mneralogy, and burial histor In the .

?érFé’éreB‘f geflegin n%ﬂdf{én%l giethods omupanly g 8@8% lagtiet PRigsity and

gl?etrﬁ]l 'Hﬁﬁn It 8 PR Bfo%b@d Ay Rl@f)@s?ﬂléﬁél afAfies to estimate
er mnea ty dat a from cor e pl ugs grouped by

d;mmmalmlmta_roufghamtehe models tThnarablep axchsmbinl dlstylbutlon of porosity are

t hr oyghout

d‘il%lﬁ 1Y Bttt oty gsorieyish CmiGas TokealP Khitsiioneh asisg oalysis

Lol %% br&d- &Eﬁéﬂkﬁqﬁl Lélﬁki%chataomﬂe@aﬁ tértenalPefsaad salled in the
alysis fromtwo- or three- dinensional seismc data

aardoﬁ\gddlogw modeling e f@mh@r with thesetachnighes. art  of
geol ogic nodeling are famliar with these techni ques.

Eﬁ@?ﬂo rg%fﬁg{:c? %%'ﬁgon hl%ddés rllﬂéegflﬁ% %5) ﬁgndl ﬁggg?gkg}iﬁgnal Patent

Thpﬁhdﬁﬁbﬁod\l&l o0} 5386284 S aTlI‘HSt anetho@ pesidlatesn, sandstone  deposition,
conpaction, and cenentatiqn. Fromthe determ ned

gPampAcEPRe s cRmBRRioh, ey Ah gYeterBngsh r gram-sizes ( Gstyibution,
Oﬁlll{e@ﬁ{)g}g BRF Bﬁ g’aql bistat ?)Z {tlll% %%gé?éﬁh%gﬁg ahk Qfimentation, compaction,

grains are
Sardl bﬁhﬁdatld?f op et graims ofre tsiraulstzddsPropertissiofi the sandstone such as

g]%isggllgg %@?&@25{1@%2%& i{aé{:];ﬁ%tag ?ro(r:na‘lh% %krgltﬂgtqog Fhs. hf’he method

permits multiple mineralogies to be simulated during the burial history.

[0055] A second embodiment will now be described. With reference to Figure 5,
this embodiment involves procedures to determine rock properties within a subsurface
region using a seismic image of the region. As illustrated in Figure 5, outline forms
of geologic bodies within the reservoir interval are identified (step 501). Each outline
form is evaluated and discarded if it is determined that the form is unlikely to be a
sand-prone geologic body (step 502). The outline forms are adjusted in size to make
them consistent with additional constraints on the reservoir (step 503). The grain-size

~distribution &t any poiit within the geologic body formis is” determined (step 504).
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enbodi ment i nvol ves procedures to determ ne rock

properties within a subsurfacel¥egion using a seisnic

image of the region. As illustrated in Figure 5,

outline fornms of geologic bodies within the reservoir

interval are identified (step 501). Each outline form

i Eheeroak padpettiande dbtemmindédsing the graim sie¢ distitngiont(sigp 505). The

the formis unlikely to he a .sand-prane.geqgl ogi¢c bo

(elupe SN theesesTR: RV Aighes BPLassoinied duth R defiode ey form
Rl RAMI6Q PR ALy kALK s0al constraints on

pﬁe reeser vo?:}%%[gt ep %03) . lT%gé%rogjn-si ze distributioh

at any point withiri the geologic bbcly forms is i .
d0056]ni nStep(Hapvaloes) tha ksniifiestiopof ther qutlire forms of geologic bodies

S SolEre it ot FEARAE b pECurya: 01 M Rl # e same and
N foRHEQ & @t egLivaltdt rBarBiePina@dcSMoayFisarens.i & préfetred method is to

with | ow perneability material (step, 506). [005}?’]8 Steg .
seomatically extrastcthe gutine dpeag ploacaesie Redishifionya thiseyigmensional

of .. l.oqi ies fromgeol ogic data. The nethods
d%ésg'rg?ggtgvi%}]&lg'ep 401 of Figure 4 are the sane and

performed in an equival ent manner in step 501 of .
Fi0057]e 5.Sted F02edvatuated endht dxtdcted otidinate detetniipa whpther it is a sand-

extract the ouytljpe f f | ogi c. bodi f
CPEG ERIAER Y08 a TS ds SsRoRPlishell Rotenmic afigbus e aug shrough
?%’&M@%nglggﬁ @P(Meaﬁ{o?ﬂqo@dgtglo bPehd RxHE4EH BeRGivvhdijde®. Those

IS a sandprone geol ogi c dy. This is acconplished
bsxtsefed nbutlines mithelt erqmohgudgedntd ther sangiprgee rasplogic bodies are
qﬂﬁg%%%ﬁ of the norphol ogy of the extracted seismc
otf . Those extracted outlines which are not judged
to be sand-prone geol ogi c bodies are discarded. [0058]

S0688P03 St§p 503 adljtel aljubhthesdize o fihd bendsproge prologic bodies to tie
geol ogic bodies to tjie interval geophysical properties )
distesyatigeephysicohPEppiies dotgiained fige) sessmltr%ii/eaweﬁ?- {Hpigally, this

S iy lLves . i Y i | 3 _to-
N T e
| gosy whthe r@scresit iimteivel) af estimated Siwinc s@smizt orve | Wedlsiis substantially

substantjally equal tQ the fraction of vertical . . ..
deaieh e dhe frastigh q%h@rp;ﬁtl éﬁﬁ}%ﬁtcec eugh thy }nﬁerg%ldgpntamed in body

Oyttt &‘?S'Télgh&ﬂﬁ%h%r & 9&ifkingS BFdRY Bsth RERARS8dEAR or removing a
i nvol vé addi ng or renoving a _

constant thickness from the geologic body outline. Alternatively, a constant
percentage of thickness can be added or removed at each point. More advanced
techniques involve adding or subtracting cells to achieve close matches to sand body
shapes known from simulations, studies of outcrops, modern depositional
environments, and high resolution three-dimensional seismic volumes. Persons

skilled in the art will recognize other methods for adjusting body outlines to match

interval geophysical properties.

[0059] Step 504 involves the determination of the grain size distribution in at least
one point inside a geologic body. The methods described in step 402 of Figure 4 are

the same and performed in an equivalent manner in step 504 of Figure 5.
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constant thickness fromthe geol ogic body outline.
Alternatively, a constant percentage of thickness can

wheooassisds or renoved at each point. Mre advane€rus2005/029753

techni ques invol ve adding or subtracting cells to
achi eve close matches to sandlbedy shapes known from
si mul ati ons, studies of outcrops, nodem depositiona
envi ronnents, and high resolution three-di nensi ona
seisnic vol unmes. Persons skilled in the art w |
t ﬁn' z:tﬁeptsulsrmmtzﬁ@d& Iﬁlleﬂlcﬁﬁij uﬁtrbaigphmdyties uvithinghe tggologic
na ch interval geophysica operti St
DA | WAL EFRn dE e BT T PTIRATion Fi R stqpo 304 The Bilferred

S 20 S iy sl s

a0 &smhmtﬁ a;ﬁémmmbhtmar foompecthnn and @mmtan@lmofnﬁhm @raipy;  This

step 504 of Fi e 505 . nvol ves, t

SRR oR oProF e tpr BT oL RPERH PHEIRURGeR sy ok

gﬁ%ﬁ&l&f & ?ofn'tsz vifdtestilid Rudih Oizd fsaiti@iohoy kiiewm.st Ehe methods
he eferred enbodinent is to use grain size

diesdribieth irt stc1m 40hdf qun@rzaar@ dhe spmerandveriorped inpdn equitabsny manner
sedi ment ati on, conpaction, and cenentation

d?S?HgHéngﬁQW #his sinul ation can provide an estimte

of porosity, perneability, and other rock properties

g00gIQi Nt StepiBdGEs tth €illginathe spaczen dhes hrodbLiétancluded othe. geologic

Eagﬁﬁ”f‘é%%"&iﬂf ErvroameAb Uy SHRAL oHi AliNceh beciEpBfed by
nﬂg&%ﬁﬁ %ﬁ:ﬂt teﬁhﬁ@u&é @il ¥0°pérbéﬂs skflleing tk%ozﬁ@ @hese low

I'nc in the geol ogi c body forns
\qzlehhedwl\Nypﬂfrﬂeahay icoytaimathén isad afithislts, i buti they camokmly contain

l'i shed b I
R o oSBT SRR RAR LAt biRlich SRRHi
%ﬁﬁ@%ﬁ@lll éinszor’lffﬁs BBy @FRAtAINHeNdres BBIkedAhahd |gkdins, reducing
ommonly contain significant anmounts of

qmmsmyaancb patyne(abérty ofi the-sgndhi ikt playtmay &s eysesirated in layers

YA 5309, 817 AT e S bt i)

P& Hﬁé%tiddﬁn@{t tch@temBdalgdfitnsl ﬁysnmoipac c(am c@astmwerdem U.S.
in layers ("lamnated clay"), or fairly eve

dPrevisiopal BatenthApnlieationeNeadhip8.284)i apeiss@do cdl%tg;but)% clgsyin our

R TRy LA I O Py oy o, o
6&Q1/d55§ns&§4&»f @i clseccliiers, sdndi thet enodb a(yf idistidirtion (lalﬁlnated or

dispersed). The clay distribution mode, abundance, and cluster density all affect the

pore structure, and therefore the flow characteristics, of the sediment. Emplacement
or deposition of clay, growth of cement and physical compaction all act to decrease

porosity and permeability with increasing burial.

[0062] A hypothetical example will now be discussed. In this example, a seed
detection of a seismic cube is performed. Figure 6 is a three-dimensional view of a
seed detected seismic cube 61 showing the individual prospective sand bodies 63 as
well as the upper 65 and lower 67 bounding horizons of the reservoir interval 69 as

defined by an interpreter.
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(lam nated or dispersed). The clay distribution node,
abundance, and cluster densityl7al| affect the pore
structure, and therefore the flow characteristics, of
t he sedi nent. Enpl acenent or deposition of clay,
growt h of cenent and physical conpaction all act to
geo«_saqlas e?ggdé ﬂjﬁi Hdﬁri]@mie pdonigiad ithrotgh wéethdetentionathiepgre classified
urial. [ 2]. A hypot hetical exanple wi Ll.. now be .
dased @sibair masphilpgiceanhgsismic aﬂeélétgg &%LE%% il%?ﬁ%@feszi‘ map view 75
Stﬁ : tﬁgntl‘geé:-Hﬁﬁeﬂsﬁn?ﬁ%lﬁfrﬁqﬁustﬁté}yfneF%ufeS 62 The sand bodies 63 from
three-dinensional view of a seed detected seismc cube
Fligwh Gniraglassified noithd basid ofitheis perpholegishantl thedi ssisndg attributes

[ 1 . . i g
oSSBT S S R g Blheh FRe 7 e
IRk SRk HoBles [1RIZBS1ikENGE b PErdue dh@ perieabledmNndf safdibodies judged
through seed detecti on, they are classified based on

tundikelyrio bp Miablsgiesesveinbodies Fhbasedion piopRliodegy ridggisgniq attributes.
illustrates a map view 75 of the three-dinensiona

\ PLluystr .1 n. FlQur di .
f[ﬁhﬁéﬁl‘ii gkﬂ' g-u% e%‘rbg&gllleglgsélf%? etge g}]or}glﬂgo%lgsglgg ﬂgef B(t?fﬁ%s?;a)’re classified,
e éhbhedicetnatidity hedlysisBipgrfoanat ¢t thobbétes imthe three-dimensional
categories that reflect their relative reservoir

plstevilivae. Figwien 8y andeth raspestigelydllystaicoms feodigpp) and map views
bgdl %%t HA9Rer b ghﬁuéﬁfaﬁ) g1 ﬁéﬁ)rgeg @Fgr&%ﬁeﬁ%ﬁ of higdRdample.

sand “bodi es ] udge Ikely to bl e reservoir
Heigines8 A 3s hasress-seotionn phev ayyumeadingea potentiak stacking eetiern in a

0064] In this | di nent, af t he. hol ogi f
0] o g TRCSER: G115l BSuBs BIKE R Speras o5

aiﬂ—ﬁ\lvé{e?lic}ﬁe'{ RETAF ABSZRAB7 A ROBHSE $eseRvoiforizon 89.
three di me

sional data volunme. Figures 8A and 8B
respectively illustrate cross-sectional and map views
of0065]pot &et resbrvoasteraroisrinieniad ratigls (Bat-tagrers) caege gyfined at each

PR GRY bl SRR oy M A o o . 1

Pt 1808 ration hdpy BfeCBirde iz ek @8 asiviol gro83llaarital. NTingranges are 30 to
multiple, vertically stacked sand intervals 85 between

t e perspntr et do-gense Soriveda BraRCHH ekl &rase$dy g zoro to five
?}%{r&élg rﬁfét%)-gf%)%ogf)s] L cr:lglﬁsggé(sggéﬁ #%gﬁﬂé)ﬁét—tjo- 64V @nstraint using

'0s (het=T0-gross at each” col um of
C}ﬁllygoms Ntot ldevige ahé avseavisr dhteevat hinfroidotmans bheelatipe awt-to-gross
s

CPeRis et oy £ 4 Pe b FHE SPOHberTRESHEpegons define
aJ dhes Of fefitive reservoir potential, or it may show much more complex distributions.
The more complex models of net-to-gross may have spatially-varying patterns derived
from trace-by-trace interval attribute measurements from seismic and seismically
derived petrophysical volumes. In cases where the assemblage of detected reservoir
bodigs does not total to the appropriate net-to-gross interval value from the map, the
assemblage may be adjusted through iterative modification of the areal extent and

vertical thickness of the individual reservoir bodies.

[0066]  Next, the grain-size distributions and related rock properties of the bodies

" are predicted. Figure 9 illustrates a map view of a single potential reservoir sand body
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70 percent net-to-gross 82, five to thirty percent
net-to-gross 84, and zero to five percent net-to-gross

W@8006/0B383rap gi ves one possi bl e net-to-gross cPOBUSRNF029753

usi ng polygons to divide the reservoir interval into
domai ns of relative net-to-grds$s potential. Such a map

may be as sinple as Figure 8B where broad pol ygons

define zones of relative reservoir potential, or it

may show nuch nore conplex distributions. The nore
anphsratipded Sowfinled3 tand ghodisestivn dfgateoflow 95 that deposited the
spatially-varying patterns de{lved. ron1trac%%ﬁﬁnkgg%%wdon‘

s body. Be Fang pody Ranbesndiphiated withyeean-size &

L s eall; g€ r G The lghaifi 38R Mistributi
1 BB ERY Mp i RE e QO M td BT The il 3ER Yistrbution
rairidddiyathe tlowt 41 eheainjet omyi et estimetedtfoomy medls of putsrapslin the area of

val ue f th , Ih I be_adj d
EhbughTha HUTHEE St 17 STOR GRS 1B B BH by bu ogcef the
Eﬁg%%iél]iﬁ%\le flof ﬁ% Egﬁ?@oﬁhabgf‘o bAad-¥izé vkrsi@seEMBiesiRsirtRd above

Xt grain-size distributions and related .
rfoc kteps d@ennd 8684 of Figueeshbaid§ ragnscibvedyli & dds figigpy the grain-size

illustrates. a, map Vi ey, of SigRg t j I
Saptib g R ot P T Ro i B oSy 5P e R i but the
HehRE bht%ﬁt &f the 8hgefl-| @winSzd Mathodesadnipbele huin saadistributions at
body. The sand body has been popul ated w th grain-size
dillspaints in theedphased on the expected input grain-size
and the shape of the body. The grain size distribution
\S@Pﬁ’ged @fte% NvdikiBY ﬁl{e I'égﬁltihgl %%in”?i%e Bods ik k&M 1 tRMdepth,
I's or outcrops i'n the are study. The esti mated
Qﬁassﬁfesénzleteﬁhb&’afdrén riglimne approprigte fer the dotenmi nfjstodp  Burial history
the algorithps fromthe suife of shape to grain-size . .
i LIS aﬁunl%f Rty GReWaRlser Phett iah ey 8?“%?186153 4%3‘212;% o size
5(ﬁ§]trigﬁtigﬂsgrﬂ£}gﬁe flsednd prediBSIRE ShinkRb ¥f tHeNselifthéntd FO# Burial due to
the grain-si'ze contodr ranges include coarse 90, )
ntirelé,yresB@re aihi nemiSatusen ANeve sinulation tednigues suchmstllePas (described

actuyal _output af th hape -.graj LZEe. neth 14S.: .

B Re P aoh PereheRaRaRPn N 6 S Al PO e ipation of
bR YsedlRG A onA dofpabtiBter senftatioh arfde slalyt filllhggraalibrasidz e thin-
nmodel is taken to the depth, pressure and tenperature
resgiions of iy ssdimhente for the interval of study. Burial

hi story anal ysis coupled with know edge of initial

B 90008 5" Bl opfalatoh o e, BN Benic
balteratloncife saple Bleck Plesfiuscevainsbdimeniel6d with.inddeasing burial 105
Stlh;réjulg%ttin?er,] v&}it%ccrc])rrlllccﬂﬁi%?nt Slrlljc(i‘rgasgss inF}ll'gSZgI% a&g%glﬁ{nei:rgt?lge 107. The initial
grain pack block 101 is highly porous and permeable with low density clays 109 and
no cement. The final reservoir rock block 102 has reduced porosity and permeability
due to mechanical compaction of the sand grains 103 as well as chemical dissolution
and precipitation of pore-filling cements 104 and compacted clays 109. This burial
history allows detailed estimations of the rock properties throughout the history of the

sedimentary basin.

[0069] Figure 11 gives a three dimension view of the last step in this example

work flow where non-reservoir and low quality reservoir material 111 are added to

" the final geologic model using geostatistical methods calibrated to' well and inferval -
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in US. Provisional Patent Application No. 60/558, 284)
permt detailed sinulation of the sedinentation,

w@eopas3Bdn, cenmentation and clay filling, calpP@Grasmds029753

to thinsections of the sedinments. [0068] Figure 10 is

a schematic representation of-¥he burial and

di agenetic alteration of a sanple block 101 of

reservoir sedinents 103 with increasing burial 105

through tine, with concom tant increases in pressure
aRdpliyigateaittole Ald7shokinert tietsand bodias hlpacvelblas the wodrvoir top

i s_highly porous and bl th | d | a
108 e et {¥hne T FePbry ar fo BBt iR magg. of the
cﬁfi %qurapgﬁ@%hﬁ %eaﬁk@d%réﬁﬁﬁﬁ'té bbih ¢8R piBperties and reservoir

anl cal conpaction of the sand grains 103 as wel |
ap;od:melm chéradies gk of therintendl.p e @dq@ﬁlwl’atthmwclmlques described above

B uprk PR B aRAry o TR craerGRs Rt g Rl st the
%W&ir@&vﬁlws%@?i%alﬂﬂﬁﬁs dkhmby, y of the sedi ment ary

basin. [0069] Figure 11 gives a three dinmension view
of the last step in this exanple work flow where

nNe07d1€S grY%H{htl@ﬁ‘ 4o |tﬁ€’VeﬂH@Jllhfeﬁtsr@é%§ﬁb’ééﬂ £bove} grhidd edbddiment is
are dd to the final geol ogic noder sing

gferthmatles;:tlbcéﬁn nEigtred§2.c aWithr egferdneeo tondfigurgnt?, this embodiment

o e RSSR lo raBR 5 el £5EslilfreRB8n wsing o

r RESHIY dinhgdas e kddion. TheSEustesdNinIPigarepI N \ancetitne form of at least
detai |l ed nodel of the reservoir interval and can

L@@deCdO$§tbQﬁlﬂt‘§lﬂﬁiﬁtqhe rSHBRITFCO FEZION 8§ idenfilicdsisy %IP r1201 The
CL&%%%JI %t Cg’%]{dgt'ﬁ &Jea%& ?lgﬁegéol&%@ é)oﬁ%% Yi@tjermﬁl d from t dhe outline

ni Gues Cri ove can be use
tformloftheCodytie siep AR6L.t ITas gefin bize disatliuiontwithyn ﬂmsgenlogiud:)ody is

t t th
Qd%é#m?% FeEre[roHoRn PABReE 10 RETEHELAPROHIL 200 e deposited

r I
R Q2GR 17l 4200 TR IBBE prc | IRER the geplosi body
t écre detenhindi besed onrikoéstiamtqul gramchuzeekstnbut@ket iprsteapni@0dock
properties within a subsurface regi on using a sei smc

95 S B E L B0 bEEHL o o fbyondmay

Sl%’&iébﬁ’@ﬁﬂleﬁ%b&ﬂmggto b §8R&tl oif Bfbtilods Sdselesck#Rd in Jtbe401.
depositing flow field that created t he geol og| c ody

is determined fromthe outline formof the
sm@fﬂh2o§teprh2£2gma@lﬁe%d¢_t@rnun@grth% ﬂPWofflaelwﬂil%dﬁP‘?%féd the geologic

gt()EOd btﬁdyo tBne form of the body. In one embodiment, this step is
accomplished as described in co-pending U.S. Patent Application No. 10/850,018,

which is hereby incorporated by reference, where equations are given relating the
three-dimensional shape of a sedimentary body to the flow field which deposited the
body. In a second embodiment, this step is accomplished in a manner described in
co-pending U.S. Patent Application No. 10/829,600, which is hereby incorporated by
reference. In that application, the flow properties at an inlet are determined from a
two-dimensional map view outline of a geologic body, and the flow field that
deposited the body is determined from the inlet flow properties. In a third
embodiment, this step is accomplished by simulating the fluid flows which could have

produced the body and adjusting the boundary conditions of the flow until the



10

15
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flow field and the deposited grain size distribution

WO p00s10813831203. Then, rock properties w thin theCT/US2005/029753

geol ogi ¢ body are detern1ned based on the estinated
grain size distribution in st-@0-1204. [0071] Step 1201
is the identification of outline fornms of geol ogic
bodi es and nay be acconplished according to a variety
of methods, as described in step 401. [0072] Step 1202

isiM@lhié8 Yepoditesutling mysttieerly kesembles ik 6‘t’fsatvedemd§a1'etfecdn step 1201.
geolo i c body fromthe outline form qf

e
dheui thertior sipnunatiog spch JoWs dodss Pries(bid cosbaping Wisgptionsl
mﬁi@%ﬁA&)ﬁﬁﬁé’tf&% M. PCTBkesh] plv&}h‘f@ht %réﬂg 1n3r%&§&d%8reference.

ereby ‘incorporated’by referen ere
df Wiadse @ﬁﬁ)odih&ngsl, venflove |pmpel‘tgss Bp@clﬁdfd gepatt ofthsiflomaficld typically

shape of a sedi nent th IOW'f|d

et Sidactt e Bty orisgeing sefmens saspiripfdh Bk fow, and
[ R i bed |n co endi n
@?gﬂ%&%{ﬁ%ﬁﬁ%ﬁ%({f@%ﬁ on @{1 Sé%%/%gl% 600, V\,hl cﬁ IS °

hereby i ncorporated by reference. In that BI i,cation,
t[A873] owSEpoldBtineslves defermiipingithe geaiy ét@rdﬁtﬁ efiqny Binihg deposit

f%ﬂ?%%ﬁg%ﬁgs?@g%p{fﬁgﬂ sl ILa'tf[ESﬁ dg a%egtf\sglfo&h&rﬂﬁ’ldﬁélatlonshlps

detwedm e debbardt hgini e tisfibarionnagehd ifles. ploperics. hiAmbropriate
enbodi nent, this stgﬁ is acconplished by sij

I
tetmepificaliralatipeshipsre desead do ﬁaxpénémé&u@@@tlpgé ]%’é%%t Appjication
e I sl 10/229,600.
TR A P AT g P, PR RCA bR o b P AN -
Ohﬁﬁhuﬁﬁeﬂw&kmmabémwn1step 1201. A suitabl e method for

simul ati ng such flows is described in co-pending

Internatlonal Pat en licat].o PCT/U 05/ 2199

DG s SFRSr L TG RaEHCHSP PhfoskHORTTR, "ML dte eeologic
et??%&d t t'ﬁ&ﬂﬁﬁﬁcfo?'rﬁﬂqﬁ tARI pre@iiction are
the F%\?vaf(?lel ﬁ?y%%eggﬁsﬁ%?% ude at | east th% fl o%v
véddsadbedyin seepiPdnded sedi nent concentration in the

flow, and grain size distribution of the suspended
sedinment. [0073] Step 1203 involves determ ning the

grain size distribution in the deposit fromthe fl ow
properties. This determnation is nmade using enpirical

rel ati onshi ps between the deposited grain size

di stribution and the fl ow properties. Appropriate

enpirical relationships are described in co-pending

I nternational Patent Application No. PCT/US05/21991

and U.S. Patent Applications No. 10/850,018 and

10/ 829, 600.),




whi ch are referenced above. [0074] Step 1204 invol ves
the prediction of rock properties within the geol ogic

whowyg/obased on grain size distribution. MethodBCT/U82005/029753
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maki ng this prediction are described in step

403. CLAIM5 W claim 1. A nmethod for constructing a

geol ogi ¢ nodel of a subsurfacelwol une, conprising: (a)
identifying at | east one outline formof at |east one

geol ogi ¢ body within the subsurface vol une from

geol ogi ¢ data pertaining tGLAISISbosurface vol une; (b)
estimating a grain size distribution within at | east

RAL Lia@f: the at | east one geol ogi c body using the at

| east one outline formof the at |east one geol ogic

body; (c) estimating rock properties of the subsurface

viol uned winethod fat ¢amatctpngr & dolegie medelnehtarsybyEcy volume,
based .on the grain size distribution. 2. The nethod of
CPEPHBwher ei n the geol ogic data is selected from one

of seism c data, outcrop data, core sanples, well

| ogs, (and adfemi(fﬁﬂ%idﬂaézis@mnb haitieef forth offlae lenst ooel geblogic body
claim1 wherein the at |east one outljne formof the .
avithie thersubmrstage yplygiecTer g5olpgicidaRMerpInGRE 19\ SYOFET3E yolume:;
sel ected fromone of manual identification of

stratiqgyap n:!sﬁmﬁﬂﬁé g?g%in B ANRLEGoP HARAOAL 184 1t of the at least

stratigraphic sur , automatic identification of )
sdneagebpgapbodyabisivg teabi Epstcongewitbeg forppdf g afslepggingrggologic
having simlar seismc attribute values, and any

ination thereof. 4. The nethod of claim 3 wherein
the at |least one outline formof the at |east one

geol OQ{EY bodimbing SRRIgrépeRbesHf R SudBMice volume within at least part
identification of stratigraphically realistic geologic

befdhessdbyendany dasindbasesroniie Besin s8¢ dist®ytiPRom one of
perform ng stratigraphically based seed detection in

i sm.g data 4P 1N ek RNRCLetkddy f e of
zﬁaly§ﬁ§ ﬁﬁﬁ§g1§$§%ﬁ%gtg@agkbg%i?@%ﬁgcnnrphologies]gglon
SRisait datejueabp dangcmy samples, wgllrlegs end bhyecombination thereof.
nor phol ogi es, and any conbi nati on thereof.

3. The method of claim 1 wherein the at least one outline form of the at least one
geologic body is identified by a method selected from one of manual identification of
stratigraphic surfaces, automated propagation of stratigraphic surfaces, automatic
identification of stratigraphically realistic geologic bodies as regions having similar

seismic attribute values, and any combination thereof.

4. The method of claim 3 wherein the at least one outline form of the at least one
geologic body is identified by automatic identification of stratigraphically realistic
geologic bodies by a particular method selected from one of performing
stratigraphically based seed detection in seismic data, performing object-based
connectivity analysis in seismic data, classifying morphologies of seismic objects and

extracting reasonable morphologies, and any combination thereof.

5. The method of claim 1 wherein step (a) further comprises:



5. The method of claim1l wherein step (a) further
conprises:extracting a seismc body from seismc data

whyooginassng at | east one seism c body froma sSPEDURINF029753
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using stratigraphically based seed detection in a

seism c data set, perform ng an object-based

connectivity analysis on at |-@8st one extracted body,

and classifying the at | east one extracted body by

nor phol ogy and extracting the seismc body if the

mor phol ogy ekBadtingsopeifthie. bdily ffove seisttiodatefbyc praiwing at least one

conprising relating the at |east, one qut e f

at | eSO HIB %?G‘EBBW pgng figatigr e ailp’goé‘se‘{) 8t Yetection in
di st “a@‘éishﬁ@ﬂé’cés&el ected fromthe group consisting of
relating a three-di mensional outline of at |east one

geol ogic body to an internal grain size distrjibution,

rel ating aplevﬁormlmg‘emlmfzﬂt-bpﬂiedn cqrnegii it [applysigf omtat least one

| east o body to the internal grain size
di str.%%ﬁ‘ftg‘ﬁ‘?"‘f}gﬁ‘%&i ng thickness of at |east one
geol ogi ¢ body to the internal grain-size distribution,
det er mi ni ng1AEiGEAAE t hes anflet vakeeextraial dedy nentmbptiglogy and
froma nmeasurenment of grain size (i“ stributi %T and
dep03|€tXt1‘ﬂﬁmﬂ<th%§@SIB’tc ¥ 1 the marphlogy RSB Sast one
geol ogi ¢ body, filling of seismcally defined geol ogic

di e 0 felfing tBd &t 1ehdd Wb Q1R form of at
Bér)ope%l?@e%agggg%%{ 1 éﬂﬁ%esﬂ@/ esl rITlg lating fluid fl gvvs
vibast rbnprgerdlcrgad bodhe tatthd: @zl scmedlg@wutlgm ds iselggtedhiroma the group
adj ustin undar diti.on th uid f]
s A Do BB G E SO gt het ol EfodiPhbty to an
Oiﬁ&?ﬁa\l %Einﬁj §PO &sﬁﬁ&ﬁbh ' I@ﬁtli}\%ﬁ thy ¥ ER N NBlah Gm:v& hﬁhﬁ@f)f at least

he“nmet hod of claim]1 erein estimating r

pc;n@@otqggsb(ld‘y tohke sutrsak gramesizeodistHbuiien selgting éu%lﬂleﬁaq@f at least
% Sl potbEhU bR vy ey SRR RIR. ARbRlinile fbfbrtics of o

RgeLlah Weﬁt@odglﬁdrﬁ & MR HE df gesh is'rmtdlsrmblithm and deposit
grain size distribution and m ner al

gthggkngsm at wenwsatimiein Siendl Bastnepesaenl %g%gfi hﬁg},goof seismically
ebs I geo?orgl RS aRE A fth Sdnfeief ibokiel DiviR 2288 Bul6A &f properties

observed at a well, simulating fluid flows which produced the at least one geologic

body while adjusting boundary conditions of the fluid flows until a simulated deposit
outline resembles the seismically observed deposit outline, and any combination

thereof.

7. The method of claim 1 wherein estimating rock properties of the subsurface
volume uses at least the grain size distribution in at least one point within the

subsurface volume.
8. The method of claim 1 wherein step (c) further comprises,

estimating the grain size distribution and mineral composition of grains in

sandstone,

simulating sedimentation of grains from the grain size distribution and mineral

composition of the grains,
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conposition of the grains,simnulating conpaction of the
grains, and sinulating cenentation of the grains. 9.
wab@eie3BbHd of claim lwherein step (b) furtherPCT/US2005/029753
conprises, creating upper and lower grid cel
boundari es corresponding to depositional tinme surfaces
determ ned by sinulation of sedi-nent deposition.
creating side grid cell boundaries, and nodeling the
rock properties of the subsurface volunme using grid
cel | s sahgleghatRebastibiof fhe gryimsgan@ri d cel | boundari es,
l ower grid cell boundaries and side grid cel
boundaries.. 10. A neth g}for constructing a geol ogic
node|sanuaﬂ@a%%%m#5@80$ S#B0St he met hod conpri si ng:
(a) identifying at |east one outline formof a
ROt entialma6ad mlﬁnpp%elfehpﬂé@&glm& cEi@dbdsdeer t ai ni ng
to the stgsur face volunme; (b) seélecting romthe

identified at |east one outline formonly the at |east
one ourtating uppemand lesey arid el bemganes euresang dhdepositional

eolo C | one

Jits FRlSes R EInea e S BELAPh o e Bhonb BB, P0° e
the potential geol ogi c body substantlally consi st ent
wi t h agelitingehielgridast boandaries,andbody properties; (d)
estimating the grain size distribution within at Ieast

apotion _fthe enti al | ogi ¢ ,bo i ded b
o PP edsriding GerReharppRtieS ol e SEraiceaTous, bie i cell
i@Sthk WBbémgid 06k bBLRREES,| Bfetitili RllHouhasds dhd side
Bdgg?ééaﬁé%}v@hs% pr{%? |1a geol ogllc bodyy\%gsed on the
qurad celldionedatiest r i butl on. 11. The method of claim 10
further conprising filling at |least a portion of a
| ume, wi t sedi men ary [

Foahantipd B IEATROM ara T shodeBE A AFytRhe yotume, the
Qﬁéﬂ{g@b@ ﬁltlylngmterl al . 12. The met hod of cI aim 10
wherein the geologic data is selected fromthe group
consi sting of seismc data,

sanpl €8) weldpntifyigg at Iaagt %m:yo out Cfog:,&q%%otenﬂa‘i geologic body from

geologic data pertaining to the subsurface volume;

(b) selecting from the identified at least one outline form only the at least,

one outline form likely to correspond to sand-prone geologic bodies;

(c) adjusting the at least one outline form of the potential geologic body to
make the potential geologic body substantially consistent with additional constraints

on body properties;

(d) estimating the grain size distribution within at least a potion of the
potential geologic body, guided by the at least one outline form of the potential
geologic body;

(e) estimating rock properties within at least a potion of the potential

geologic body based on the grain size distribution.
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thereof. 13. The nethod of claim 10 wherein the at
| east one outline formof the potential geol ogic body

w0 20060181383 f i ed by a nmet hod sel ected fromthe grOLYPS2005/029753

consi sting of manual identification of stratigraphic
surfaces, automated propagation of stratigraphic
surfaces, automatic identificafdi-on of
stratigraphically realistic geol ogi c bodies as regions
having simlar seismc attribute values, and any

qonbi maki @ethbherediim 16. futhe cobprisingfillidgitrichét a portion of a
wherein the at | east one qutline formof the pot

) nti al
gelinsyithib @ysedsneniasst dappe thy dogs diphtGoprespond to the sand-prone
[ j fi [ j: q]&_g'- Iy realistic geologic
@g(g?gg bé’?%“ﬁ%ﬁt%@&#’%?gﬂ#e%ho érgagl ected fromthe group

consisting of perform ng stratigraphically based seed
det ectlhenméthod ef slaine 10attereip dref grohagie dethjie selecied from the group

connectivity analysis in seismc data, eclassifyin o
seRpOIEise Sy dardculiee SR SRl G el 408 gl o1 combination
easgnabl e nor phol ogi es, and any conbi nation thereof.

15. The nethod of claim 10 wherein step (c) is

performed by alteri ngf the at | east one outline formso .
tlfat ride-method o8 slaish 18 twhesein theorideast 8¢ uflipe fiormepl e potential

as estinated.fr i smi ' .

SR TRT LRGP el S by cposingof

dﬂ@ﬁm@@%ﬂ hgfo gggtigrb)@n?t surPes, merﬁamdepxr?piggat}mt l@rfvsttatifgraphic

contained in body outlines. 16, The t hod of cl ai.m.of,.

SHERoRsL GBS INCuElaG3tioR)of) sTadigrabically rRBHTtEnEeRpEig Podies as
hShdvile Qhnifafhdiinhi 28208 0%} OAbinSed fheRoP!

RSBt i et Pt g A TR AR BAb R e

size distribution, relating a two-di mensional plan .

Videw Olltel meiodbof them 40 Wieash tnat lgestbogioutlinedgrm of theepotential

internal grain sjze distribuytian, .rel.ati t hi ckn .
Cge(’]_(qg@ _g? é%gengﬁ%i gg&u{f’éﬁlﬁglcb@ 1ﬁc&1(1?1h g?%ﬁrgggrﬁgﬁlggﬁy realistic
%e@l iSibpaiedi 5§ rd PHiiceRr HEhEd NHeltetd ROAPE igeupdicolsisting of
ter-lain sedi ment body froma neasurenent of the | )
greaforminigzetratigephichlly based spetl despeiontintspisery e, pariosming object-

l.ocation in the sedi nent .body, .filll~g. selsn : s
o2 s TR sy PSSP o s
Hbgdctd i dx@acidicanpbblc asorplsiegivg dndtnypcodbination thereof.
sifrulating fluid fl ows which produced at | east one

geol ogi ¢ body whil e adjusting boundary_conditions of

tHe f I Theamethiodeo ehim) L0awhgteiny SRR i Emneg &) %?t_ﬁfél?g the at least
roen%ecgmfil?esf Cso ?ia? %t@tﬁgﬁfsso&sﬁrlg%g o€ R IoiPHkdrv A€ as estimated
and any conni nation t eof . ' _
from seismic or well data, is substantially equal to the fraction of vertical distance

through the at least one reservoir interval contained in body outlines.

16.  The method of claim of claim 10 wherein step (d) is selected from the group
consisting of relating a three-dimensional outline of the at least one geologic body to
an internal grain size distribution, relating a two-dimensional plan view outline of the
at least one geologic body to the internal grain size distribution, relating thickness of
the at least one geologic body to the internal grain size distribution, determining
properties of a water-lain sediment body from a measurement of the grain size
distribution and deposit thickness at one location in the sediment body, filling

seismically defined geologic bodies with smaller bodies having a distribution of



17. The nmethod of claim 10 wherein step (e) further
conprises, estimating the grain size distribution and

woeenal3seconposi ti on of grains in sandstone, SPOT/IUSL005O0RI7S3

10

15

20

25 g

sedi nentation of grains fromthe grain size

di stribution and m neral conposition of the grains,

simul ati ng conpaction of the -@sai ns, and sinulating

cenmentation of the grains. 18. The nmethod of claim 10

mherein step (d) further conprises, creating upper and
Fticgr obidesel | at kowet asinegatingr fleid pldevad mchi¢hoproduced at least one

ep05| tional tine surfaces determ ned by s | at i
gediogisrhody eylilsiadiusting bewsaryynditigas @E iog i fonE il Sfuated
ar el C bR, dpdsit Obutlif€ and an
E‘%ﬁﬁpﬁ l?g]?ﬁg ?Q&gﬁi@% Id%éqgsgss%g?ag 5) ﬁ@t%g uppel% 1grl d d

Q@hbhﬁﬁumdﬁfmﬁs |l ower grid cell boundaries and side
grid cell boundaries. 19. A nethod for constructing a

nmodel surface vol ume co ising: (a

ildent iﬁfr‘ltﬂﬁ %\‘E gl %Wﬁ%ﬁe}ﬂ i &F%Fé’fg?o%%%geﬁieol ogi c

body from geol ogic data pertaining to the subsurface

vol umegtifRlin@$itd BRin Bk AlislaP@sont e nfihawl towpekitidiabf grains in
created the at |east one geol ogic body fromthe

candstons, form (c) estimating grain size distribution

Wi thin at |east part of the at | east one geol ogi c body
using f I 1
har PoUFURE AR GEOEER: ROnERE sEhREe bR sid miners
Wodipdsisiod &f eHesdrainbut i on; (d) estimating rock properties

of a sedinentary basin within at |east part of the
subsurface vol une based on t.he raln si ze

di st r i BUEiaERe conpacHa eﬁﬁ@n%@'élaln119 further

conpri sing using mneralogy and burial history

| nf or r@lﬁh&ﬁnQ@etﬁ&ﬁ@ﬁ%ﬂtﬁ@ﬁMtﬁh grain size

distributionto estinate t rock propertles 21. The

met hod of claim 19 wherein the estimted d

it
ioow (Tiet drstingy | 96 cpmt | Ml | STl 1947y o) afirhshgcomprises
one Ofcrgallt%vé/ 1\1/pep|69 Ghli Yowd! 4 D&l 8Bindasils RERESIndiRg t8RRpositional

time surfaces determined by simulation of sediment deposition.

creating side grid cell boundaries; and

modeling the rock properties of the basin using grid cells associated with the

upper grid cell boundaries, lower grid cell boundaries and side grid cell boundaries.

19. A method for constructing a model of a subsurface volume comprising:

(a) identifying an outline form of at least one geologic body from geologic

data pertaining to the subsurface volume;

(b) estimating a depositing flow field that created the at least one geologic

body from the outline form;

(c) estimating grain size distribution within at least part of the at least one
geologic body using a relationship between an estimated flow field that created the at

least one geologic body and the grain size distribution;



concentration, suspended sedinent grain size
di stribution and any conbi nati on thereof.
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(d estimating rock properties of a sedimentary basin within at least part of

the subsurface volume based on the grain size distribution.

20.  The method of claim 19 further comprising using mineralogy and burial
history information in combination with grain size distribution to estimate the rock
properties.

21.  The method of claim 19 wherein the estimated depositing flow field comprises
spatial variability of at least one of flow velocity, flow height, suspended sediment
concentration, suspended sediment grain size distribution and any combination

thereof.



