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Program

• Operations on arrays (Scenario 3)

• Regions

• Boundary conditions

Arithmetic operations

PORO = 0.2

PERMZ = 0.1*PERMX

PRES = 8.5+0.01*DEPTH

P = const

Domain

• Point sources

• Scenario 4 (summary of the day)
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Point 

source



Operations on arrays
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Keywords for operations on arrays

in a box of grid blocks

Keyword Result

ADD Add

COPY Copy from one array into another array
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COPY Copy from one array into another array

EQUALS Equate to

MAXVALUE Apply maximum limit

MINVALUE Apply minimum limit

MULTIPLY Multiply by

OPERATE Apply a complicated arithmetic operation



Keywords EQUALS

Day 2. Operations on arrays, Regions, 

Boundary conditions & Point sources
5



Scenario3
X

0 m

0 m 100 m

EOS module: T2EOS1

Grid: 50*50

Porosity:  0.3

X permeability: 100 mD

Z permeability:  30 mD

All boundaries are 

impermeable and insulated
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Z

100 m

Z permeability:  30 mD

Rock density: 2600 kg/m3

Rock heat. cap.: 1 kJ/kg/K

Rock heat cond. coef.: 2 W/m/K

Rel. Perm.: see in the RUN-file

Initial conditions (uniform distributions):

Pressure= 5 bars

Temperature = 20C



RUN-file (Scenario 3)

1. Open RUN-file in text editor
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1. Open RUN-file in text editor

2. Run the simulation

3. Open results in ParaView



Using EQUALS keyword
X

0 m

0 m 100 m30 m

PORO=0.2

Exercise: Specify the 
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100 m

60 m

PORO=0.3

PORO=0.1

Exercise: Specify the 

following porosity 

distribution using 

EQUALS and re-

simulate scenario 3.



Answer
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Operations on arrays (exercise)
X

0 m

0 m 100 m30 m

PORO=0.2

Exercise : Specify 

the following 

porosity 

distribution using 
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100 m

60 m

PORO=0.3

PORO=0.1

distribution using 

each of EQUALS, 

ADD and 

MULTIPLY 

keywords, and

re-simulate 

scenario 3.



Keyword OPERATE
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See also the list of 

available operations 

in the keyword 

syntax description



Operations on arrays (exercise)
X

0 m

0 m 100 m

EOS module: T2EOS1

Grid: 50*50

Porosity:  0.3

X permeability: 100 mD

Z permeability:  30 mD

Rock density: 2600 kg/m3

Exercise: Specify 

the hydrostatic 
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Z

100 m

Rock density: 2600 kg/m3

Rock heat. cap.: 1 kJ/kg/K

Rock heat cond. coef.: 2 W/m/K

Rel. Perm.: see in the RUN-file

Initial conditions:

Pressure= 0.1 + 0.01*z MPa

Temperature = 20C

the hydrostatic 

initial distribution 

of pressure and 

re-simulate 

scenario 3



Answer
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Operations on arrays (exercise)
X

0 m

0 m 100 m30 m

Exercise: Specify 

the following 
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100 m

60 m

the following 

porosity 

distribution

re-simulate 

scenario 3.

2 2
0.2 0.001* ( 50) ( 50)x zφ= + − + −



Answer
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Regions
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Flags defined in cells

Flag mnemonic Description

ACTNUM 0 – cell inactive; 1 – cell active; 2 – fixed 

parameters;

TYPENUM 1 – an ordinary cell, 2 – impermeable cell

ROCKNUM Rock properties region number

SATNUM Saturation functions region number
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SATNUM Saturation functions region number

FLUXNUM Is used for boundary conditions specification

MPINUM Grid partition

INCONUM No predefined meaning at present

… …

The flags can be defined in the GRID section using operations on arrays.



ACTNUM flag
X

0 m

0 m 100 m

30 m

15 m

0 – cell inactive; 1 – cell active; 2 – fixed 

parameters.

50 m

Exercise: Specify 

this region of the 
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Z

100 m

INACTIVE

70 m

this region of the 

reservoir inactive 

and re-simulate 

Scenario 3.



TYPENUM flag
X

0 m

0 m 100 m

IMPERMEABLE

30 m

15 m

1 – ordinary cell; 2 – impermeable cell.

50 m

Exercise: Specify 

this region of the 
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Z

100 m

IMPERMEABLE

Initial 

temperature

=200C

70 m

this region of the 

reservoir inactive 

and re-simulate 

Scenario 3 



ROCKNUM flag
X

0 m

0 m 100 m

Exercise: Specify 

3
2600 /

1 / /

2 / /

r

r

r

kg m

C kJ kg K

W m K

ρ

λ

=

=

=
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Z

100 m

Exercise: Specify 

non uniform 

distribution of 

rock material 

properties

50 m

3
2700 /

0.9 / /

1.5 / /

r

r

r

kg m

C kJ kg K

W m K

ρ

λ

=

=

=



SATNUM flag
X

0 m

0 m 100 m

Exercise: Specify 
40 m

3
, ,( ) ; ( ) 1r l l l r g l lk s s k s s= = −

Day 2. Operations on arrays, Regions, 

Boundary conditions & Point sources
21

Z

100 m

Exercise: Specify 

different 

saturation 

functions in the 

regions
2 2

, ,( ) ; ( ) (1 )r l l l r g l lk s s k s s= = −



Keywords for operations on arrays

in a region of grid blocks

Keyword Result

ADDREG Add

COPYREG Copy from one array into another array
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COPYREG Copy from one array into another array

EQUALREG Equate to

MAXVAREG Apply maximum limit

MINVAREG Apply minimum limit

MULTIREG Multiply by

OPERAREG Apply a complicated arithmetic operation



Keyword EQUALREG
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X

0 m

0 m 100 m30 m

Exercise: Specify 

the following 

Exercise

0.3φ=
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100 m

60 m

the following 

porosity 

distribution and

re-simulate 

scenario 3.
0.2φ=



Answer
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Boundary conditions
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Dirichlet boundary conditions

b
o

u
n

d
a

ry

Additional grid blocks

(in which ACTNUM=2) 

created by the 

BOUNDARY keyword
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domain

The additional blocks 

can be referred to by 

the FLUXNUM number

REGBOX

REGALL

See 

description 

of these 

keywords



BOUNDARY keyword
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See full description 

in the reference 

manual



Exercise
X

0 m

0 m 100 m

Constant pressure = 1bar and

constant temperature = 20C

Exercise: Specify the 
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Z

100 m

Exercise: Specify the 

boundary conditions 

at the top surface 

and re-simulate 

Scenario 3.



Exercise
X

0 m

0 m 100 m

Constant pressure = 1bar and

constant temperature = 20C

Exercise: Specify the 

Constant 

pressure = 

10bar and

30 m
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Z

100 m

Exercise: Specify the 

boundary conditions 

at the top and side 

surfaces and re-

simulate Scenario3

10bar and

constant 

temperature 

= 100C

60 m



Result
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Exercise
X

0 m

0 m 100 m

Constant pressure = 1bar and

constant temperature = 20C

Exercise: Specify the 

boundary conditions 

Impermeable 

boundary at

constant 

30 m
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Z

100 m

boundary conditions 

at the top and side 

surfaces and re-

simulate Scenario 3 

up to 1000 days

constant 

temperature 

= 250C

60 m



Result
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Point sources
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Point sources

Point source = Stock tank + pumping device

Stock

Production

case

Pump

Stock

tank
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domain

Stock

tank Pump

Injection

case

The parameters of injected fluid are defined in stock tank.

The injection rate is defined in pump properties.

You can refer to both stock tank and pumping device by using the name of point source.

The point source name is 8-byte character.



Keywords for operations on arrays

for ‘named’ cells

Keyword Result

ADDNAM Add

COPYNAM Copy from one array into another array

Using these keywords you can define parameters of fluid in stock tanks.
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COPYNAM Copy from one array into another array

EQUALNAM Equate to

MAXVANAM Apply maximum limit

MINVANAM Apply minimum limit

MULTINAM Multiply by

OPERANAM Apply a complicated arithmetic operation



EQUALNAM keyword
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SRCSPECG keyword
This keyword defines the location of the point source.
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SRCINJE keyword

This keyword defines parameters of injection sources.

Pump control function
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Exercise
X

0 m

0 m 100 m

Constant pressure = 1bar and

constant temperature = 20C

Exercise: Re-

simulate Scenario 3 

50 m
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Z

100 m

simulate Scenario 3 

subject to the 

boundary conditions 

and the injection 

point sourceInjection rate = 25 ton/day

Pressure = 1 MPa

Temperature = 100C



SRCPROD keyword
This keyword defines parameters of production sources 

(sinks).

Pump control function
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Exercise
X

0 m

0 m 100 m

Constant pressure = 1bar and

constant temperature = 20C

Exercise: Re-

simulate Scenario 3 

50- m

Production rate = 25 ton/day
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Z

100 m

simulate Scenario 3 

subject to the 

boundary conditions 

and the injection 

point source

Production rate = 25 ton/day

Minimal pressure 0.2 Mpa

VP parameter = 100 m3/day

80- m



Scenario 4
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Scenario 4
X

0 m

0 m 100 m

Constant pressure = 1bar and

constant temperature = 20C

50- m

Grid=50*50

Initial cond.:

Hydrostat. Pres. 

Geotherm. Grad.=

3C/100m

φ=0.15

Kx=100 mD

Kz=100 mD

λ=2 W/m/K

ρr=2500 kg/m3

Cr=1 kJ/kg/K

Impermeable

φ=0.3

Kx=300 mD

Kz=300 mD

λ=1.5 W/m/K

ρr=2700 kg/m3
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Z

100 m

Injection schedule

t=0-150 days:

P= 1 Mpa, T=250 C

25 t/day

t=150-200 days:

P= 1 Mpa, T=200 C

35 t/day

t=200-500 days:

Shut

80- m

Cr=1 kJ/kg/Kρr=2700 kg/m3

Cr=0.9 kJ/kg/K

Rel.Perm:

Corey

sl,min=0.2

sg,min=0.05

nl=2.5

ng=1.5

Rel.Perm:

kr,l=(sl)
3

kr,g=(1-sl)



RUN-file (Scenario 4)

1. Open RUN-file in text editor
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1. Open RUN-file in text editor

2. Run the simulation

3. Open results in ParaView



Next day

• EOS-module BINMIXT

• Section POST

• Wells

Te
m

p
e

ra
tu

re

Water

Vapor

Supercritical

Crit. point

Water phase diagram

Results postprocessing

Available range

Pressure
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Time

In
j.

 r
a

te

Wells


