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Experiment
Displacement of o1l by water 1n the core sample




Theory

Buckley-Leverett

: — + f (S)— s - water saturation,
equation de, . :
T and ¢ - dimensionless
£i(s) time and length,

Buckley-Leverett Y
function 47 P(s)

Q(s)=/1($)H/(s)

u,=u,/u, - water and oil
viscosities ratio

Solution:

Oil relative perm
wirod 9ANB[IT IJBAN




Direct problem

) " 1
R = —ulLvrj J(s) ds + W, Lv i

k()0 (s) k()

onidd A o T, - water break time, s, and s, -
A2 —ulLvrj S (5) ds initial and final water saturation,

HALRUE) L - core length, v - displacement
=1V, rate, k - permeability of the core,
ot =fs—s, +1-(1=- fs) ]V, O(s)=£i(s)Hufs(s), V, - porosity

displacement front saturation s,— f(s.)= f'(s,) (s, —s,)

saturation at the core end s—>1=171'(s)

I’l +7"2x

parametrization of relative £ (s) = F x

permeability functions % x=(s-51)/(s2-51)
frls)=F,(1-x)"""

Analytical vs. Numerical solution
fast applicable to any equation



Inverse problem
g 2
A= a s s V.-V . Ap . —Ap. . :
minimization @ (r, ) = oy et A L 14 2] i — min
IZIZ[ ( Ve,i J [ A])e,i ] ]

functional

o - scale factor

Optimization methods:
Newton

Gradient and Quasi-Newton: DFP, BFGS
Direct methods: Simplex, Powell
Monte-Carlo

Genetic algorithm

e
\/‘/x :

nonsmooth ravine surface




Program structure

TMainForm TGraphForm

TSolution

TFunction TOptimize

TDiscontEqual TldfblFunction TPIntegral TVIntegral

TBi secNewton TlIntegral

FBL.dIl




Genetic optimization



OCDI'I mterface
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OdIl1 interface

Graphs
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Genetic optimization

ri=¢.00 [0.00..0.00]
ql1=0.05 [0.00..0.00]
rZ=4.8% [0.00..0.00]
qZ=-2.97
F1=0.0565
Fz=1.3080
Lawda=0.0000

I =0.00122

Cron
Iv =0.00007 Ip =0_0Tﬂ'§_|.

[0.00..0.00]

tau[cr]=0.266 s[cr]=0.574
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