
b
L&ufl- 92-924

Tit/t

Author(s)

submittedto:

LosAlamos
NATIONAL LA BOIIA1OI!Y

LATT ICE CAS AUTOMATA FOR FLOW AND TMNSPORT IN
GEOCIIKNICAL SYSTEMS

LJHW-92-924

CE92 011236

1). R. Jmccky, S. (hen, S.l)awwm, K. C. lj;~crt,
11. J. Travis

7111 hILt’~11:11 10I1II] $ynlpo+iiulll 011 W:llc’r-lh)t’h ]llll’ril(-l I(M1 ,

I
I’ilrk Clt, y, Utii119 .1(1IY 1(]-24, 1992

I

I D18TFII13UTIOIM OFTHN3 DOCUMENTISUNUNIl~

,:.e:?k:-i,-.,~=mFiy&g=*:.7:.----k’=......... .... ,,..1...,.:..,-,......... ...... . ,.

RI mm !Iwl

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



Latuce GM Auromxm for !1OWxnd [mnprI m geoclteoucxt systemY

D. R, Jxnecky, S. CbQ. S. Dmmoo, K. C. Eggefi, B J. TmvIs

La A.lurrm Muood bbxmry, USA

ABSTRACT: Mticr gxs mItomux umdels mmdascnld, wruch couple SOIUIGtrxtupti With checmcd -tmsu a! uuneml

mr~ wwhin pm networks. Diffusion LOR hox cxlcutatsons s.m dlusmrad, which COmpem di-dy witi Fickmn dlt’fusmn.

Cherm4 -cione xc solid surf~, uscluding p~lplmtromdmsolutmu. SOfptmn, and IXIX@C rGXIIOSS.can k e~amrned WIIh

the modef bW hydrdystemrc [raswpon, XOIUSOdiff’umcm xnd mined surfu p~ xre xll trated explicdy. The
wmplicity ead flexibility of b approach prowda shexbihty to sttdy W mmrrelxuonsiup &twee#s fluid flow modchcrmcal

reMworM m poroue mueruts, w i level of complexq W b no( prewously ti compuutsotrslly possible.

I INTRODUCTION

Chermcd -tion p~ xre OftOOS@Sdy dwtributel in
bcrlh geologlc Xad em- Sysmmm flllnrlxlcdly Coupld

tlow xnd chernd rC#Alrm pmxeeK8xm atsomconuam

haor. In gedogsc sywmsm, a detxdal *nptron xad

slmhtion capability for snmerxl-flwd intmwtmn us

funclIors of tisnn IS cntwxl to our udemmdmg Ot’a Wide
vmely of godsemsul prrmesa, mclruiing watbemg,
diqeoms, sad hydrothermal Aemuw. Them xre also a
van..~ of prxchal xpplicxSmaawhsch demod mpbtrcatmd
modeling capabditlam In petroleum ~mrx, epphceuoax
of mleral uwlude cnuplmg km 011rmsgmtlon, ~

recovery proc-, xad Lheewduuon xnd/or rrwupulmmn of
pommtv. Simslxrly, ~tlons couplal to_ wxtm tlow

md con txmmam uugmtmn xm I~rtmm UI aw~ ml
*ywem8m

As chwllrcd -1100 * bXVOk.o- UWMXIO~iy

uImqJmhesuIve to s.ncld msd cors@9mua, it hxs *

recrrgnld thxt new _ ~ ue rqwmf W

better undemtud -y ~10# Iwo lntemehd fwmm

wwh u rock Iexsum, rnmaml dixtnbutmts, multl~ flow,

and pore nr t’mctum Mwnrk gaxmuy d sffmt the
wmultarlamxly m~rrelstaf procaax of mmerxl dlwlWMIl,

depnmon, d mxxs Imnxporti [n xMhnn, rsmm kmstms
can .ugmhcxdy tff~t the mmgmcd raultx ul such ps~
IP. q, Wello end G} Jrm, 1991). For hulk reMIms or Isrge
WatU of trru 10thouxenti I)f rnetern, rrmdels of gxmhemscxl
procawx have pNwIded ~lgnmcut mslghtx usm~ svemp or

phenornennlogtcxf dewnptmnx of the perrrmhlhty, IIUIO flow

tieldx, nuneml Arnnhulmnx, urd thml cornpmtmsr (Bexmtt

ml Mel(hmr. 1990: Llchtner, IWM; Atiue xud Bnmhxll,
I ~)fiV: USIJreterencen Ihomm), flwre sm tl~) ndoln fl)r

Irncmm! on the Immulu si:mlo[~. y. IAMSS Md (Ilhfm
IVI!7), Mwaen them IWO .WXIM, however. them N mIIW’NY
,)t general xnd tlexlhlo models of tluul. mck mlereclmn. l’lun

Interrndtlo wwlc Is pmttlk’ultrly tmfmrMl to mquxrmmhve
undwmxmhn~ ot both ~mkhemwd utd tlnw pr~rvw.wa m

nesumf poroux mds b-us II is p=mely tie scale xs which
m detxrld xsmtyhcxl, axpensImUl, xnd dewnpuve

nMlhafx pmvlde informulosr.

Rcrhrm (1968) xnd Chea xad othem (1991) exxmrned

q@itioM of Ixtticm EM WCNMtX ( LGA) methodx 10

geologist Problesm 5Y fomoulxsmg nmdol~ to mmulxte tlow

through complex porous nwdi~. Wells xnd others ( 1991)
exxmrnd coupling to the LGA mdels Imth wtkce mwtmna

and fluid Imaxport through flow ad thffuxma fix mwngle
Wlulem n- Stldla dersmlulmruf lhe pnlmrlld Ut Ihls Claalr
of morbl~ for exxmrarn g complex porn nenunrk procemux

enplicilly. 10 lius pxparmwe rqwrt further developnwrws ml

mtioementx of the Mtruquen.

2 LAITICE-BASED HYDRODYNAMIC MODEIS

The cm of rfwx mmlelu IS swewrung ml collmmn of
.Pxrssclag ~m n Isttwe. The Islllce cen h developed m s

vxnety nf stmctura 10 mpmen~ Svo or three dunenmonel

tlow nysterxu (- exunpleir m Olenwr ●mf othem, 1990). A

hexspd myrnmetnc hltlca hxx &n shown 10 fwnvde n

nuuMncd .mnlutmntrr the twn-dmenmortxt NDvler-Slokm

quxtm.s (Fnwh ml rehem, 19R6, 19S7; Wolfmm, 19MrIJ,

ml thus M vqmble ot mmfclmu red svIIIenrx }lvrlrmlvntimlc
~ipmutm of *e rmxlel M dIv Ide4f mto Iwo procewu:

wmaung of .pmlIClm= from nne nude III lhe next duIlrsu

-h urrm step, MCI cdcrhtmn I)t cullumm reIWIIH m the rrw

nmlu. (Imalmmmg tho .pmuclen. h) wnglr ntmJesttmmunu
rexuJM m M Imthmsuf model.

“Theudculitmnrn UI WelhI A t~them ( IW I ) used ~hc

mmlrsul cdlmrn 2-I) FHP.I rmxdel (d Frl.wh end lllhrr~
11~#6) III whjuh ewh Itiitm nude cm ~wrunn tip h) ●I!

wlvem “pwwul-’. Iixulunwt rulm allow (rely (me “tmlt, Ir”
lradlrl~ m my one Amutmn n txuupy ~ nude. I h~ wdrl

wax wh~uentlv upgtxded to mcludd ~ lull WI III \IdlIkIInx

ml Ih@pIruIkdItv IIt ● rwl ‘pmk’lo. AI twh mhtr, u hli h
IAWIIS m mom phynlcully rruumtitde WIWIIWI} I( ‘htw ml
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