AN
VE‘U

Benchmark
Solutions for

Porous Media Numerical Analysis of Multiphase Porous

Flow

o Media Flow in Groundwater Contamination
Problems

Radek Fudik’

Exact Solutions of Two-Phase Flow in Porous Media

DSEM 4/6/2006

Michal Bene§' Jiti MikySka'  Tissa H. lllangasekare?

T FNSPE, Czech Technical University, Prague
2 CESEP, Colorado School of Mines, Golden CO



Introduction

Motivation

Benchmark
Solutions for

Two-Phase
Porous-Media

Flow Groundwater protection
Hadei Fucie m Leaking tanks
m Disposal of industrial waste products
m Agricultural activity (fertilization)
m Groundwater depletion
m Salt water intrusion

Forecasting problems
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S Model restrictions
m Two-phase flow system

m Incompressible fluids

m Immiscible phases

m One-dimensional benchmark solutions

Purpose of exact solutions
m Complex numerical schemes validation
m Understanding immiscible two-phase flow
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Integral equation
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Sl B m Exact solution is implicitly obtained from

Two-Phase
P e x— F(s)2A0 - gf(Si)) Vi

Radek Fucik
m Function F(S) has to be computed numerically from

So
(v—S) D(v)
g Fe)—o(v) 4V

(v—=S:) D(v)
IR AGE=
(the exact solution is therefore quasi-analytical)
m McWhorter and Sunada suggest to solve the integral

equation by iterations with Fy = 1.
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The Buckley-Leverett solution is the analytical solution

(MOC) of the hyperbolic problem

89S .1 0f(S)

i.e. the two-phase flow equation without the diffusion term
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McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

0.6r

Effective water saturation S

S — 1
Demonstration

0 0.05 01 0.15 0.2 0.25
Distance x




Troubles and Questions

2% s, — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.46
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

0.6r

Effective water saturation S

S — 1
Demonstration

0 0.05 0.1 015 0.2 0.25 0.3
Distance x




YK

Benchmark
Solutions for
Two-Phase
Porous-Media
Flow

Radek Fucik

S — 1
Demonstration

Troubles and Questions

So — 1 Demonstration

Effective water saturation S

Solutions at t=1000 s, SO =047

0.8r

0.6r

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1
Buckley-Leverett, R = 1

0
0

0.05

0.1

015
Distance x

0.2 0.25 03




Troubles and Questions

2% s, — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.48
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

06} -=- Buckley-Leverett, R=1 |]

Radek Fucik

Effective water saturation S

S — 1
Demonstration

O L L
0 0.05 0.1 0.15 0.2 0.25 0.3
Distance x




YK

Benchmark
Solutions for
Two-Phase
Porous-Media
Flow

Radek Fucik

S — 1
Demonstration

Troubles and Questions

So — 1 Demonstration

Effective water saturation S

Solutions at t=1000 s, SO =0.49

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

0.6r

0.15 0.2 0.25 0.3
Distance x




Troubles and Questions

2% s, — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =050
Porous-Media
Flow 1 T T T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

06} -=- Buckley-Leverett, R=1 |]

Radek Fucik

Effective water saturation S

S — 1
Demonstration

O 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3
Distance x




Troubles and Questions

2% s, — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.51
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

06} -=- Buckley-Leverett, R=1 |]

Radek Fucik

Effective water saturation S

S — 1
Demonstration

1 L i L 1 1 L
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Distance x




Troubles and Questions

2% s, — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =052
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

0.6r

Effective water saturation S

S — 1
Demonstration

O L L L L
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Distance x



Troubles and Questions

2% s, — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =053
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

0.6r

Effective water saturation S

S — 1
Demonstration

O H L L L L
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Distance x



Troubles and Questions

2% s, — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =054
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

06} -=- Buckley-Leverett, R=1 |]

Radek Fucik

Effective water saturation S

S — 1
Demonstration

O 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Distance x




Troubles and Questions

2% s, — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =055
Porous-Media
Flow 1 T T T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

15 0.2 0.25 0.3 0.35
Distance x

0 0.05 0.1



Troubles and Questions

2% s, — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.56
Porous-Media
Flow 1 T T T T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

O L L L
0 0.05 0.1 0.1 02 025 03 035 04

Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =057
Porous-Media
Flow 1 I

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0 005 01 015 02 025 03 035 04

Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =058
Porous-Media

Flow 1 I

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0.1 02 025 03 03 04
Distance x




Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =059
Porous-Media
Flow 1

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0.3 0.4

0.2
Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.60
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0.3 0.4

0.2
Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.61
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =062
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0.2 0.3 0.4 0.5
Distance x



Benchmark
Solutions for
Two-Phase
Porous-Media
Flow

Radek Fucik

S — 1
Demonstration

Troubles and Questions

So — 1 Demonstration

Effective water saturation S

Solutions at t=1000 s, SO =063

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i

McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

0.3 0.4 05
Distance x




Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.64
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0.2 0.3 0.4 05
Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =065
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0.2 0.3 0.4 0.5
Distance x




A Troubles and Questions

\/5'5'5'5 So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.66
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0.3 0.4 0.5
Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =067
Porous-Media
Flow 1 T J

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0.3 0.4 0.5 0.6
Distance x




Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =068
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.69
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0.2 0.3 0.4 05 0.6
Distance x




Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.70
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0 01 0.2 0.3 0.4 05 06 0.7
Distance x

O L L




Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.71
Porous-Media
Flow 1

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0 0.1 0.2 0.3 0.4 05 0.6 0.7
Distance x




Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =072
Porous-Media
Flow 1 T J

McWhorter, R = -1000
McWhorter, R = -100
0.8k McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

O L L L 1 L L L L
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8

Distance x




Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =073
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

01 0.2 0.3 0.-4 05 0.6 0.7 0.8
Distance x

O L L L

(]



A Troubles and Questions

\/5'5'5'5 So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =074
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

0.6

-----

0.4

Effective water saturation S

0.2

S — 1
Demonstration

0 0.2 0.4 0.6 0.8
Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =075
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0 0.2 0.4 0.6 0.8 1

Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for
Two-Phase Solutions at t=1000 s, SO =076
Porous-Media
Flow

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0 0.2 0.4 0.6 0.8 1

Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =077
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =078
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0.2 0.4 06 0.8 1 1.2
Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =079
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

0.8F

0.6

0.4

Effective water saturation S

0.2

S — 1
Demonstration

O 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Distance x




A Troubles and Questions

\/5'5'5'5 So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.80
Porous-Media
Flow 1 T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0 05 1 1.5
Distance x




Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.81
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Distance x




A Troubles and Questions

\/5'5'5'5 So — 1 Demonstration

Benchmark
Solutions for
Two-Phase Solutions at t=1000 s, SO =082
Porous-Media
Flow

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

1 1.5
Distance x
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Benchmark
Solutions for
Two-Phase
Porous-Media
Flow

Radek Fucik

S — 1
Demonstration

Troubles and Questions

So — 1 Demonstration

Solutions at t=1000 s,

5,=083

0.8

0.6

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1
Buckley-Leverett, R = 1

0.4

Effective water saturation S

0.2

0 0.5 1
Distance x

1.5




Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =084
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

Effective water saturation S

S — 1
Demonstration

0 0.5 1 1.5 2
Distance x




A Troubles and Questions

\/5'5'5'5 So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.85
Porous-Media
Flow 1

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

0.8

0.6

L

0.4

Effective water saturation S

0.2

S — 1
Demonstration

Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for
Two-Phase Solutions at t=1000 s, SO =0.86
Porous-Media
Flow

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

)

Effective water saturation S

S — 1
Demonstration

1.5 2 25
Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.87
Porous-Media
Flow 1

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

0.8

0.6

=

0.4

Effective water saturation S

0.2

S — 1
Demonstration

0 05 1 1.5 2 25
Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.88
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

0.8

0.6}

Effective water saturation S

S — 1
Demonstration J
O L L L L

0.5 1 1.5 2 25 3
Distance x



Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
Two-Phase Solutions at t=1000 s, SO =0.89
Porous-Media
Flow 1 T T

McWhorter, R = -1000
McWhorter, R = -100
McWhorter, R =0 i
McWhorter, R=0.8
McWhorter, R = 0.999
McWhorter, R = 1

=== Buckley-Leverett, R = 1

Radek Fucik

0.8

0.6f

0.4

Effective water saturation S

0.2

S — 1
Demonstration

0 05 1 1.5 2 25 3 35
Distance x




Troubles and Questions

So — 1 Demonstration

Benchmark
Solutions for .
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