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GAS, OIL, WATER




TRANSPORT IN POROUS MEDIA

PHysicaL RELATIONS:

ConsTITUTIVE LAW (D’ARCY)
u=-TVOoO
CONSERVATION OF MASS

—divu =§(¢S(CD))+q

CoMPONENT BALANCES

£ (611(0) +iv(ufy(c)) = V +(DVE) + (0

EQUATIONS OF STATE
THERMAL BALANCE
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UPSCALING
K

U=——Va, K = Effective Permeability

H
(¢C)+V.( ) Ve D( )VC CIC D Macrodispersity
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SINGLE-PHASE FLOW EQUATIONS

D'ArcY's LAaw:

%
Mass BALANCE: a((l)p) +Ve (Up) =(

TRANSPORT:

Q(q)c) +Veuc—VeD(u)Vc=A(c)+qc

ot

u,u, 2 B
U,
+ Nonlocal Dispersion (t)
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MULTI-COMPONENT MISCIBLE TRANSPORT UPSCALING

WE ExXPAND ABOUT COURSE GRID VALUES OF THE C AND V

C=C+C, v=v+V

AND PERFORM A PERTURBATION ARGUMENT TO OBTAIN

-%%+VVC+NVC-—O

THE TERM V VC REPRESENTS SUBGRID EFFECTS AND CAN BE CoOMPUTED FROM
THE EQUATION FOR FLUCTUATION

£+v VC +Vv -VC -V -VC =0.

ot
PROJECTING THIS EQUATION ONTO dX(T)/dT V , WE HAVE

dC
dt

INTERGRATING OVER O To t, WE OBTAIN THE SOLUTION OF THIS EQUATION ALONG
THE TRAJECTORY

C'(6t) = (- (X(2),7)- VE(X(2),7) +V (X(z),7)- VC (x(),7) | dr.
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MULTI-COMPONENT MISCIBLE TRANSPORT UPSCALING

SUBGRID EFFECTS CAN BE WRITTEN AS

v, (x0C (x.8) ==V, (x.1) [ v (x(r).7)- VC(x(z).7) d.

THE EQUATION OBTAINED IS AN INTEGRO-DIFFERENTIAL EQUATION. IF WE ASSUME THAT
THE CONCENTRATION VARIES SLOWLY ALONG STREAMLINES, THEN e
oC(x,1)

V. (X,t)C (x,t) = —Z( j | V. (X, t)V;(x(z),7) dz

7\ oX,

J

THE COARSE- SCALE EQUATION IS

acg D V. VE(xt) - V- (D VE(x, 1) =0,

wiere D, (1) j v, (% )V, (x(z),7)dr.

D DEPENDS ON THE CONCENTRATION BECAUSE THE VELOCITY DEPENDS ON THE
CONCENTRATION VIA FLOW EQUATIONS
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MACRODISPERSION COMPUTATIONS

t )
I= |_j (x)’[) :J;) Vj (x(z-), z')dz' (LENGTH OF TRAJECTORY IN | DIRECTION), THEN

D (1) =v, (X 1) L (x.1).
WE CAN SHOW THAT

L. (x,t) =L, (y,.t)+ (=t V. (x1),

|.e., THE MACODISPERSION CAN BE CoMPUTED LocALLY IN TiMeE (WE Do NoT NEED THE
HisTORY OF THE VELOCITY):

D, (X,t) =V, (X,t) L (y,.t,) + (t =t ) v, (X,t) v, (X, 1).

L1
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UPSCALING OF FLOW EQUATIONS

¢ FoRrR UpscALING OF THE PRESSURE EQUATION,
MULTISCALE FINITE VOLUME ELEMENT METHOD Is USED.
THE IDEA OF THIS METHOD IS To CAPTURE THE SUBGRID
EFFECTS USING MULTISCALE BASIS FUNCTIONS. THIS
ALLowsS Us To REcoVER SUBGRID EFFECTS OF THE
VELocCITY FIELD LocALLY AND COMPUTE THE
MACRODISPERSION.

¢ ADAPTIVE LocAaL GRID RE FINEMENT CAN BE USED NEAR
SHARP FLUID INTERFACES To RESOLVE THE FINER SCALE
AND MoRE CoMPLEX PHYSICS.
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NUMERICL RESULTS

— 120x120
- - 12x12 (D=0)
12x12 (with D)




NUMERICAL RESULTS




TWO-PHASE FLOW

U, =— KK, (Vp, —pgVz) , i=w,n

D'ArcYy’s LAaw: I

§(¢/0|Si)+v.(loiui):qilol , I=w,n

Mass BALANCE:

an,w =Pn =Py Sn +Sw =1

w = Wetting Phase
n = Nonwetting Phase

krn

Sw Sw
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MULTIPHASE FLOW EQUATIONS

S,C, d—p+V eu+3S.cc,f, dp; _
dt dt

oS,

p +Vef u+VeKf f A(Vp, -G,) :—SW%+ d,

/ ot

WHERE

u=-KA(Vp+G),u=u, +u,

1 ¢r
pzSapa+SWpW+§jo (f,— f,)d7

A=K Ju, f=A14i=aw

= £+ua/8aov,/1=/1a+/lw
ot
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COMPOSITIONAL MODEL

19 n

ot

u = KKy (Vp, - p,gVz) o =0,W,Q

H,
PHASE PACKAGE:
PARTITION COEFFICIENTS
CuBIC EQUATION OF STATE

\/

0 9

_( i¢)+v.[_°uo _|_i]/—igug)—v\]i :qi 1=1,...,N_

2N ﬁ|/§ —

A=
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APPLICATION/MODULES IN RESERVOIR SIMULATION

olution Component Advanced Components
s Black Oil Model mmmmg 1iMme Discretization . .
mmmmg L 0Ocal Grid Refinement

SN Compositional Model g Fulyimolictt Rectangular
WL Seauential Implicit |

BN Dyl Porosity Model sequertialmpiicit g Triangular |
— INE

BN Thermal Model MEES BEmmd Polygon

" mmmmd Space Discretization
g Chemical Model D e Near Well Bore Flow

E—— Finite Difference . .
Numerical Methods — e HybDrid Grid
B Finite Element

mmmg Space Discretization Methods BEd Turbulence
- : Bmmmmme PEBI
Finite Difference (FD)

S— _ g Horizontal Well
mmmmma -inite Element (FM) _, '

Emmemg PEB! EEEN GAUSS Finite Difference
— Y s PCG BN, | CONOI Grids

mmmd \\ell COUp“ng Methods mmmmmd ORTHMIN .
mmmmmmg |Mplicit BHP e GCMRES
mmmmg Corner Point Correction
g Explicit BHP

e Recycling mmmmmmd REctangle i
—’_
: mmmmmmd Unstructured
g Grids  pummmg

B 2.5 D Unstructured B Bounday

BN Well
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EXAMPLE SCENARIO IN RESERVOIR SIMULATION

Method Options Workflow Application Modules

eFully Implicit
«Sequential Implicit Select
*IMPES

Problem Definition

]
*Finite Difference X : : :
*Finite Element Select Time Discretization

:E\E/Elm \ t > Nonlinear PDEs

-Ségss Select i s L inear Algebraic Equation

*ORTHMIN
*GMRES

Control Logic
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Saevareid, Espedal, et al. 1992.
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MULTIPHASE FLOW SATURATION
CONTOURS

N

N
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LOCAL TIME - STEPPING

5At

GLOBAL

GLOBAL
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LOCAL TIME - STEPPING METHODS

EwING, LAzAROV, VASSILEVSKI - | - COMPUTING, 1990
EwING, LAzAROV, VAssILEVsKI - Il - LNFS, 1990
Dawson, Du, DuponT - UC -1989

Dawson, Du, DuponT - UC -1989

Herox, THomAs - Proc. CMMG - 1989

ERIKSON, JoHNSON - UG -1989

EwING, LAzAROV, PAasciak, VAssILEVSKI - SINUM - 1993
EwING, JAcoBS, PARASHKEVOV, SHEN - SIAM 1991
BoyeTT, EL-MANDOUH, EwING - SIAM - 1991
EwING, LAzAROV, VAssILEV - CMAME - 1992
JAcoBs - PH.D. THESIS - 1995

EwING, LAzAROV, VASSILEV - SINUM - 1994

THEOREM: (E,L.V) Z'2
(m?x e(x,t)‘ SCC(TC +h§)+Cf T, +h§)+C, r.+h2+-<
X,t)el

. hy
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