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48 Optimized Interface Conditions for SedimentaryBasin
Modeling

I. Faille!, E. Flauraud, F. Nataf, F. Schneider, F. Willien

Why DDM for basinmodeling ?

Basin modelingaims at reconstructinghe time evolution of a sedimentarybasinin order
to make quantitatve predictionsof geologicalphenomendeadingto oil accumulations.It
accountgor porousmediumcompactionheattransferhydrocarborformationandmigration.
Recentevolutionsof basinsimulatorshave contributedto improve thetreatmenbf geological
discontinuitiessuchasfaultsandsalt domes.Faultsdivide the basininto blockswhich slide
betweerthemseles.They maybea preferentiapathor in oppositeabarrierfor hydrocarbons
migration. A saltis animperviousmediumandbecomes trap for hydrocarbon.CERESis
an adwancedprototypeof sedimentanpasintool that canhandlenon-\ertical faultsand
saltor mudtectonics( gure 1). Domaindecompositiormethodsprovide away to solve the
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Figurel: CERES2D realbasin

equation®nthe complex geometriezonsiderednaturallyde ned asasetof adjacensliding
blocksandfaults.

Following the work of [NR95], [NRdAS94, [JNRO1]], we usenonoverlappingtechniquesand
studyseveralinterfaceconditionsnamelyRobintype conditions.

The paperis organizedasfollows. First, the physicalmodelsandthe governingequations
taken into accountare reviewed. Thenthe DDM are presentecbn a simpler equationin
which we nd the main characteristic®f the problem. The optimizedinterfaceconditions
aredetailedfor this equation.Finally, numericalresultsareshovn.
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Models and governing equations

In the blocks,the modelaccountdor the porousmediumcompactiongrosion,heattransfer
hydrocarboriormationandmigration. Theequationaremassconserationof solidand uids
(wateroil,gas)coupledwith the Dargy'slaw anda compactiodaw. Thefaultshave aconstant
porosity but the permeabilityof the faultsevolvesin time. We consideronly incompressible
multiphaseo ws.

To presentthe DD methodwe considera simpli ed basinmodelwheregeometrydoesnot
evolve in time. Using an IMPES (IMplicit PressureExplicit Saturation)schemewe rst
solve a parabolicpressurequationrandthenupdateexplicitly the phasesaturations.

After time discretizationthe pressureaquationis thenroughlywritten asfollows:

. o
At
whereP is the pressuren the compressibilityof the porousmediumand K the intrinsic
permeabilitytensorof the porousmediumdivided by the uid viscosity The permeability
dependsheaily on the lithology underconsideration. The contrastin the lithologies can
inducea discontinuityof the permeabilitytensorof seseral ordersof magnitude(up to six
orders).

Moreoverwe have to dealwith subdomainsf varioussize,blockwidth is about10 km while
faultwidth is about10 m.

L(P) P + div(~KgradP) = f (1)

The DDM for the pressue equation

Ourgoalisto nd a domaindecompositiomethodrobustenoughto dealwith thestrongdis-

continuitiesthat canarisealongandacrossaninterfacebetweertwo subdomainsndwhose
behavioris not ruined by small subdomains.To copewith thesedif culties, we introduce
a Robin type interfaceconditionwhosecoefcients are computedin orderto optimize the

corvergencerateof the Additive Schwarzmethod(ASM for short).

We considetthe parabolidinearequation(1) with stronglydiscontinuougsoefcients K. We

cutthedomaininto nonoverlappingsubdomains$2; andsolvetheequatiorin eachsubdomain.
In the framework of this paperwe weighup only matchinggrid but theapproachs extended
to non-matchinggrid asseeon gure 1.

Pressureand ux continuity betweentwo subdomaing?; and (2, are expressedas Robin

conditionsontheinterfacerl

Py + Ba(KgradP)1.ni = Py — fB2(KgradP)s.my  onl ()
a1 Po + f1(KgradP)s.niy = a1 Py — f1(KgradP),.ni7  onT 3)

whereq;, §; arerealsuchthatay 82 + a1 # 0 anda;8; > 0.

The ideais to nd the coefcients (a;, ;) which allow a fast convergenceof DD algo-
rithm, namelyASM with the boundarycondition(2) in 2; andboundarycondition(3) in 5.
Thishasbeenintroducedoy Natafandco-authoifor corvection-difusionequatiofNRdS94
[NROg].

To computethe Robin coefcients, we successiely addresgswo maindif culties. First, we
considerthe caseof two subdomainsvith a jump of permeabilityacrossheinterface. Sec-
ondly, we dealwith two subdomainseparatedby a smallfault.
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Robin conditions for two unbounded subdomains

We considertwo unboundedubdomaing?;, Q, with aninterfaceI’. The subdomainhave
homogeneoupermeabilityK’; in subdomainf2; andK, in 2. Thecomputatiorof Robinco-

r

KlgmdPl n + KQSZ P) = KQQT’CLC[PQ.T?TQ + KQSQ(PQ)
KQgTadPQ.TLQ =+ KlSl( 2) = —KlgradPl.n_i + Klsl(Pl)

Qs

\l/ﬁl

Figure2: Optimalinterfaceconditionfor 2 domains

ef cients is basedntheapproximatiorof the OptimalinterfaceCondition. Optimalinterface
Conditionsare conditionswhich ensurecorvergenceof ASM in 2 iterationsfor a decompo-
sition into 2 subdomainsThey extendthe Arti cial BoundaryConditionandkeeptheidea
of “packingthe neighboringdomainproblemon theinterfacel”. To do so,let usde ne the
classicalSteklos-Poincag operatorS; associatedo 2; :

S;: Pp —» gT_ac)lPi-mm whereP, {ICD:(PZ) - Op”;nﬂli

We canwrite the OptimalInterfaceConditionasfollows, for Q; :

KlgradPl.n'i + KgSz(Pl) = —Kzgrasz.n'é -+ KQSQ(PQ)
For Q2, we have:
KsgradPy.nip + K151(P2) = —KigradP,.n] + K151(P1)

The contribution of subdomair(2, appearshroughsS,. Thejump of permeabilityK is found
in thetwo termsK, Ko.

To nd the OIC, we needto make explicit the Steklos-Poincaé operator. Thereforewe
performaFouriertransformwith respecto y of equation(1) andwe solve exactlytheobtained
equationwhich only dependn the x variable. The expressiorof A;, symbolof S;, arenot
polynomialin &, dual variablewith respecto y. The Steklos-Poincaé operatorand so the
OIC arenotlocalin spaceandmustbe approximated.

In orderto obtainthe Robin boundarycondition, two constantapproximationshave been
consideredgiving thefollowing coefcients:

e takingaTaylor expansiornof A;, we obtain: (a;, 8;) = (K;w;, 1),

¢ we performtheminimizationof thecorvergenceateonafrequeng slot (kmin, kmaz)-
This canbe doneonly in the homogeneousase. We have the following expression:
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Figure3: OIC for thefault

(a; ,Bi) = (Kz'\/\/w,-2 + k2, \/w? + k2., ,1). Thisleadsto the geometricaverage
of the operatorat thetwo extremefrequenciesk,in, kmaz)-

Althoughoptimizedin the homogeneousase theseconditionsareef cient in the heteroge-
neouscase.Indeedthe coefcient «; is agoodapproximatiorof S;.
Thesdastconditionshave beenimplementedindgive goodresultsfor subdomainsvith more
or lesssimilar size[WFS9§. However in the caseof two blocks separatedby a fault, the
resultsneedto beimproved.

Robin conditions for two unboundeddomainsand onefault

Now, we examinethe caseof threesubdomains we have two unboundedubdomain$, 2
with asmallfault ;. The permeabilityof eachsubdomairis uniform: Ky in €y, K in Qs
andK; in Qr. We rst setuptheinterfaceconditiononthefaultboundarie¢see gure 3). As
for agivenboundarythefault hasonly oneneighbor sowe cande ne the OptimalInterface
Conditionaspreviously, whereS; is the Steklo/-Poincaé operatorassociatedo domaing?;.
Next we setup the OIC on the blocksboundariesAssumewe areon the boundaryof ; to
nd the OIC (see gure 4). The OIC usesSy» the Steklo/-Poincaé operatorassociatedo
Q- Qli

Sty : Py — gradP.aiy(Piy), whereP is solutionto

Ef(P) =0in Qf 3 ,CZ(P) =0in Q,
P =PFPyyonly ; P andKgradP.ii continuouson I'y

Althoughmorecomple, the Steklos-Poincak operatolis determinedaspreviously perform-
ing a Fouriertransformwith respecto y. This operatorS,» depend®n the permeabilities
K, in domainQ,, K in thefault andthe fault width. As beforethe operatorsS;, S;;; are
non-localin spacesowe computea polynomialapproximation:

e wetaketheOIC for afrequeng ko,

e it is dif cult to optimizethe corvergencerate,sowe keeptheideato approximatehe
operatoby the geometricaverageof two extremevalues:
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95 2,

3. — N
KigradPy.nii + K§Spi2(P1) = —KypgradPy.niy + KySyya(Py)

Figure4: OIC for thesubdomair2,

Faultboundarycondition{ay; , 87;) = (Kiv/Ai(kmin)Ni(kmaz) 5 1);
Block boundarycondition: («; , 8;) = (Kfv/Asti(kmin)Af+i(kmas) ,1).

In thefollowing, we denoteby OIC, Robinconditionswith theselast («;, 5;) coefcients.

Numerical results

Theapproachs thenextendedo arealbasinmodel(CERES2D) which accountdor porous
mediumsedimentationcompactionerosionandblocksdisplacementalongfaults.In CERES
2D, wehaveadiscontinuityjump of thepermeabilityK” alongtheinterface sotheRobincoef-
cient «; is computedocally oneachedge.Theinterfaceproblemis solvedwith theGMRES
algorithm.Theunknavnsare Hy = ax Py + B2 F1, Hy = ay Py + (1 Fs, .

£1(P1) = f in Ql
and{ BC on 09, /T
—_ .
as Py + BQ (KlgradPl.nl) =H;onT

Hiz : Hi—s P +6iF
with Fl = (—Klgradpl.n'i)

Theequationsare Hia(Hy)—Hy =0

PressurandFlux continuity Hy — Mo (Hy) =0

Numericalresultsshav the good behaior of the Robin interfaceconditions. Comparisons
with the Dirichlet-Neumannconditionsillustrate the robustnessand the good corvergence
rateof DD algorithmssuchasadditive Schwarzmethod possiblyacceleratedhy GMRES.

Meshre nement

We considera synthetichbasin( gure 5) composedf two heterogeneouslockswith K, K,
permeabilityand a fault with K, permeability We wantto studythe in uence of vertical
meshsubdvision: eachrow is subdvidedin 2 then4, sothe numberof interfaceunknownsis
growing. Moreover, the permeabilityof thefaultis either: perviousjmperviousor anaverage
of thetwo neighbouringolock cells (variablefor short).

In Figure 6, we reportthe numberof DDM iterationsasa function of the numberof inter-
faceunknowvnsfor differentfault permeability The dottedlinesshow the Dirichlet-Neumann
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Figure6: Numberof DDM iterations

condition,Dirichlet on blocks,Neumanron fault,(DN for short)andthe solid lines shav the
Robincondition. The Dirichlet-Neumanrinterfaceconditionis very competitve for pervious
fault but not for the othercases.The Robin conditionscorverge well; all curvescorrespond
to 10 iterationsof DDM. Thenumberof DDM iterationsdoesnotincreaseoo muchwith the
numberof interfaceunknonvnsfor OIC. The behaior of OIC is regularfor all spreadingof
faultpermeability

Time evolution

We canstudythe time evolution of DDM sincethe numberof unknovnsincreaseshrough
time asnew layersof sedimentaredeposited Eachlayer correspondso arow of homoge-
neouscells. On thefollowing gure 7, a syntheticbasinis composedf two heterogeneous
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blocksandonefault. Eachblock hasalternategndshift row of pervious-imperviousedium.

Thefault permeabilityis successiely: pervious,mperviousor variable.

In Figure8, we reportthe numberof DDM iterationsasa functionof the numberunknowns.
The dottedlines shav DN condition and the solid lines shawv OIC. The nhumberof DDM
iterationsgrows slowly with the numberof unknawns for the OIC. Here again,OIC shov
robustnessegardingsubdomairheterogeneities.

Conclusion

We introduceda domaindecompositiormethodappliedto sedimentarypasinmodeling.The
DDM s robustenoughto overcomehigh jump of heterogeneityup to 6 ordersandvarious
sizesof subdomains.To do this, we have chosena nonoverlappingASM with Optimal In-
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terfacecondition, Robin type. The interfaceproblemis solved with a GMRES algorithm.
Despitethe goodresultsobtained the faultis still a very small subdomaincomparedo the
blocks. Thereforeit seemspromisingto considerone dimensionaffault [Fla01]. The fault
modelis thenincludedin the interfaceconditionbetweentwo blocks. We wish to improve
the non-matchingapproachso asto win in e xibility andto have lessinterfaceunknawns.
Anotherimprovementis to extendthe DDM to a “fully implicit” discretizationschemefor
multiphaseo w. DDM will beappliedto a systemof pressureandsaturatiorvariables.
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