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We will not model flows on pore scale!
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In pore space

Components and phase

Phases

Gas saturation

Liquid 1 Liquid 1
saturation

Liquid 2
saturation
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CH,, C,H,, CO,, N,, H,0

CH,, C,H,, CO,, N,, H,0



Mathematical model

Equations for multicomponent multiphase flows in porous medium:

0 P . :
o 6 pPiCicpySi |+ V| D piCicyWi +w(j) [= Ay, §=1C - mass balance
t i=1 i=1 equations
o P _ P
F gbz,oieisi +A—¢)p,€, [+div Zpihiwi +VY(j)|=0e) -energybalance
i=1 i=1 equation
Kii .
w; = —K — gradP —pg - Darcy correlation

Hi
Kii = Kj(s), B —F =P ik(s) -saturation functions (rel. perm. & cap. pres.)

P C
Z 5 =1, Z Ci(j) = 1 - consistency relations

+ Equations of state (for fluid and rocks)
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Data flowchart
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Data flowchart

RUN-file

(E.g., SAMPLE.RUN)

/E Problem description
Convergence reports,

Executable
(H32.EXE or H64.EXE on Windows; Input File
H32.EXM or H64.EXM on Mac)

Material balance reports,
Linear solver reports, etc.

LOG-file
(SAMPLE.LOG)
Output Files
Can be read by ParaView Cannot be read by ParaView
( AL N A
Grid visualization data
SAMPLE.MVS
SAMPLE . WELLvtu SAMPLE.WELL.MVS Wells visualization data

SAMPLE.GRID.vtu

Output from the GRID

SAMPLE.GRID.SUM section

SAMPLE.0000.vtu

Initial distributions

SAMPLE.0000.SUM (for report time 0)

SAMPLE.0001.vtu

SAMPLE.0001.SUM Output for report time 1

SAMPLE.0002.vtu

S TS TS P )

SAMPLE.0002.SUM Output for report time 2

g g R

SAMPLE .pvd
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EOS modules



EOS modules

Primary calculation —_—
procedures; Calculation thermophysical
Everything not related to fluid properties of reservoir fluid

properties calculation ——
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EOS-modules

“ Components /phases Potential applications

BLACKOIL

BINMIXT

GASSTORE
(B-Bepcus)

SIMPLMOD

T2EOS1

water/oil/gas

Binary mixture; H,0/CO,

water/gas/salt;
Gas =CH,, CO,
Salt = NaCl

A single component/phase
(+ an arbitrary number of
components/phases)

Water/water vapour

Petroleum reservoirs
(underground CO, storage)

Geothermal applications;
underground CO, storage

Geothermal applications;
underground CO, storage;
Gas storage

Immiscible displacement in
porous media

Geothermal applications
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EOS module SIMPLMOD
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EOS module T2EOS1
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EOS module BINMIXT T#const
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EOS module BLACKOIL T=const
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EOS module GASSTORE

Components

Keywords

Phases

Salt(NaCI) n

SALT

Solid phase Liquid phase

T#const

Gas

(CH,; CO,;...)

VA PWAT

SALT WATER
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GAS

Gas phase
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EOS module SIMPLMOD

(%))
=)
c
]
c
o
Q Component 1
£
o
&)
V)
©
|
o
S
>
Q
~
(7))
]
(7))
©
£
o

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD

T#const

17



EOS module SIMPLMOD with
option ADDPHASE

7 r

g Component 1 Component 2
:

Keywords

Phases

ADDPHASE
PH1/

Day 1. Overview; EOS-modules;
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Option ADDPHASE

Component 3

T#const

ADDPHASE
PH2 /




RUN-file
(or data-file)



RUN-file (Scenario 1)

Open RUN-file (SCENARIO-C1.RUN)

in a text editor

Day 1. Overview; EOS-modules;
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Keywords

The keywords are the instructions in the RUN-file to the simulator. By

using keywords the grid, the physical model,

the relative permeabilitiy, the initial and boundary conditions, etc. are

specified. The keywords
* must start in column 1 of RUN-file;
* must be typed in uppercase letters;
* consist of up to 8 uppercase letters.

Example of keywords

HAKE
CART 20 1 > /
XYZBOUND
0 200 -5 2 1000 1050 /
ENDHAKE
PORO
100=0.25 /

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD

The keywords
syntax is provided

in the section
Keywords of the
Reference manual
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Mnemonics

Mnemonics are a short character references to physical, geological,
geometrical, logical data, etc. Using mnemonics you can
* load data in simulation;
* perform operations on arrays;
* specify regions for thermophysical properties;
* specify initial or boundary conditions;
* specify output data.

The mnemonics
description is

Examples of Mnemonics provided in the

section
Ium Parameter Mnemonics.

Pressure (MPa)

TEMP Temperature (K)
TEMPC Temperature (C)
SWAT Water saturation
SGAS Gas saturation

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Comments in RUN-file

Commented out lines begin with: *--° ‘I, * ‘ lowercase letters.

Ezamples of commented out lines

GRID wH#HAH R R R R R R R R R R R R

-— this is a comment line
! this is a comment line too
this is another comment line

MAEE L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
-— cartesian These are comment
- grid nx N0y nz lines

CART i0 10 1 /
XYZBOUND

!  xmin xmax ymin ymax Zmin zmax Also a comment line
100 200 100 200 O 10 /

ENDMAKE e e e e e S G G e e e e e e S e B e G e e e e e e e e e e B

Day 1. Overview; EOS-modules;
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Repeated counts

A data item can be repeated in a keyword a number of times by using asterisk symbol.

Example of repeated counts

BOX
-— imin-imax jmin-jmax kmin-kmax
1 4 1 3 1 1/

o - (=] [ -

-- This keyword

»| PORD

8 0.26 0.26 0.25 0.25

0 0.26 0.26 0.26 0.2
10 0.15 0.15 0.15 0.15 /

12| -- is equivalent to any of the following keywords

14| PORO

15 4#0 .25
16 4%, 25
17 4%0.15 /

10| PORO
20 8%0.25 4%0.15 /

a2 | PORD
23 T#0.25 0.25 2#0.15 2#0.15 /

Uy 4. WUVLIVILV, LUJ 1HIVUUILY,

Fundamentals; SIMPLMOD
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Default values

There are two options for defaulted parameters: by using asterisk or by the slash symbol.

Example of defaulted parameters

BOX
-- imin-ima¥x jmin-jmax kmin-kmax
1 65 1 6 1 2/

(41 [ [ -] [ =] -

-- keywords

o| -— The keyword

L
1 | BOX

2| -- imin-imax jmin-jmax kmin-kmax
3 2% 3 1% 2/

1

5| -— 1s equivalent to

7| BOX

#|-— imin-imax jmin-jmax kmin-kmax

9 1 5 3 6 2 2 f

| -— because the parameters imin,imax, jmax,kmax are not altered

vdy 1. uvvelview, cUD-Iliouuie,,

2
Fundamentals; SIMPLMOD >



RUN-file sections

m Data to be specified

RUNSPEC
GRID

EDIT (optional)
PROPS

INIT
SCHEDULE

POST (optional)

Global properties; EOS module; Units

Grid; Porosity; Absolute permeability; Rock heat
conductivity

We will not use this section in the course

Thermophysical properties of the fluid and rock;
Relative permeability; Capillary pressure

Initial conditions; Data to be saved at every
report time

Report times; Tuning of the simulation

Conversion to ParaView format; Consolidated
reports for wells; grid blocks, etc.

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD

}
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Options

Input
data
loading

Simulating

Post-

processing
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SIMPLMOD; Mathematical
mode; First example



EOS module SIMPLMOD
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Mathematical model

gp +div(pw) =0

ot (¢Pe +(1-9)prer) +

+ div(phw) = div(AgradT)

W = —E(QradP - p9)

U
p(P.T); h(P,T);
oy =const; e, =C.T

h:e+E

yo,

(P, T)

By default, this term
is disabled

- mass balance equation

- energy balance equation

- Darcy’s law

- EoS

- a thermodynamic relation



Formulation of the problem
(Scena riO'Cl) Top surface at 1000 m

depth

_——

&

Initial conditions:

Pure water at 100 bar
Grid: 10*10*5 and 30 C.

Porosity: 0.25
Permeability (X,Y): 100 mD

Permeability (Z): 30 mD

10 m&

All boundaries are impermeable.

Simulate evolution of
parameters for 100 days.

Day 1. Overview; EOS-modules;

Fundamentals; SIMPLMOD 30



RUN-file (Scenario 1)

Open RUN-file (SCENARIO-C1.RUN)

in a text editor

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Folders hierarchy

/ Executables
—» BIN
/ Large include files
—» INCLUDE
/ 15! problem
—»| SCENARIO1

1% simulation

2" simulation (e.g.,
P 2 with other options or

> ... boundary conditions)
/| 2™ problem
»| SCENARIO2

/ 1% simulation
b 1

2" simulation (e.g.,
" 2 with other options or
boundary conditions)

vay 1. vuverview,; tu>-moaules;
Fundamentals; SIMPLMOD
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Running the problem

Option 1

Windows:
Copy the H64.BAT (command file) in your working folder (should be
SIMULATIONS/SCENARIO-C1/0/). Double click on this file to start simulation.

Option 2
In the folder SIMULATIONS/SCENARIO-C1/0/ execute:

Windows:
“.mpiexec.exe” -n 1 ../../BIN/H64.EXE SCENARIO-C1.RUN > SCENARIO-C1.LOG
Mac:
mpirun—-n1 ./../../BIN/H64.EXM SCENARIO-C1.RUN > SCENARIO-C1.LOG
Linux:
mpirun—-n1 ./../../BIN/H64.EXL SCENARIO-C1.RUN > SCENARIO-C1.LOG



Results in ParaView

araView 4.3.1 64-bit =
I ParaView 4.3.1 64-bi - 3% =
Eile Edit View Sources Filters Tools Catalyst Macros Help
2® » ? WK Al > > P | Time0 8 [2of9
@ s € fe| @ Pres (8aR) - Surface With Edges  ~| |- (3¢ BE
Fipeline Browser Properties O Layout #1 % o
Pipeline Browser & x| |4 & 3 @ RenderViewl (0]E]E][x

builtin:

]
- =

PRES (BAR)

O‘T‘ 1 |09‘7|5‘ ] 09.9 100.1 100. 004e+02

: 2 1.
 e——

Open ParaView

Day 1. Overview; EOS-modules;
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Fundamentals



Control on output data

The output in the file SCENARIO-C1.GRID.SUM is controlled by the RPTGRID keyword
RPTGRID syntiaz

1|-— in GRID section

2 Exercise: Add output of grid
3| RPTGRID .

1 mnemonici mnemonic2 mnemonic3d ... / blocks coordinates

5

6

i

8 mnemenic# — 1s the mmnemonic of a property saved in the file *.GRID.SUM.

g If one of the mnemonics is ASCII then the formatted file

10 is saved.

The output in the file SCENARIO-C1.####.SUM is controlled by the RPTSUM keyword
RPTSUM syntaz

-- in INIT or SCHEDULE section

Exercise : Add output of

RPTSUM . .
mnemonici mnemonic? mnemonicd ... / VISCOSItVOfthe phase

mnemonic# - is the mnemonic of a property saved in the files #.0000.5UM,
*,0001.5UM, *.0000.5UM, etc. If one of the mnemonics is ASCII
10 then the formadtéd)faVeVis Eategyles, 36

Lo dm bl CINADINAAN
T T T T T e oIV T SV o

[T-T - T - T TS A -




Cartesian grids

The number of grid blocks along every axis is defined by the keyword MAKE

MAKE-ENDMAKE syniaz

-- in GRID section

MAKE
gridtype ni nj nk /

(41 - [#=] [ ] -

&| -— other keywords

s | ENDMAKE

1|- == = = = = = = = = = = = =
11

12 gridtype = CART - Cartesian Grid

13 = RADIAL - Radial Grid

14 = CORNER - Corner-Point grid

15

16 ni - number of grid blocks along i-indexation axis

17 nj - number of grid blocks along j-indexation axis

18 nk - number of grid blocks along k-indexation axis

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD



Cartesian grids

The domain boundaries are defined by the keyword XYZBOUND

XYZBOUND syntaz Locate the top boundary of

- within MAKE/ENDMAKE brackets. the reservoir at depth 900
meters, whereas the bottom

XYZBOUND
¥min ¥xmax ymin ymax Zmin Zmax Xincr yincr zincr / boundary at depth 920

meters.

xmin/xmax - the domain boundaries along axis ¥ (xmin<xmax)
ymin/ymax - the domain boundaries along axis y (ymin<ymax)
zmin/zmax - the domain boundaries along axis z (zmin<zmax)

o = @ L @ LD b e

e
=1

Xmin Xxmax X

zmin

Zmax

v Day 1. Overview; EOS-modules;

7 Fundamentals; SIMPLMOD 38



Cartesian grids

The gr

[T=T - N - O - - T - B =

10

zmin

id block extensions can be redefined using the DXV, DYV, DZV keywords
DXV syntazx
-- within MAKE-ENDMAKE brackets Resimulate Scenario 1 using the
DXV following thicknesses of the
dx(1) dx(2) dx(3) ... dx(nx) / layers:1m,3m,1m,2m,5m.

dx(#) - grid blocks extensions along axis X.

nx - number of grid block along axis X. nx is the 2nd argument of the
keyword MAKE.
Xmin Xmax
5 X
dz(1)
dz(2)
dz(nz)
Note, this boundary
v dx(1) dx(2) dx(3) dx(nx) R . s
Z Day 1. Overview; EOS-modules; IS redeflned by the

Fundamentals; SIMPLMOD keyword DXV *



Coordinate systems

MAP coordinates

Z

By default option
Y
MAP

GRID

GRID coordinates

In RUN-file the grid is

constructed in this

coordinates (e.g. XYZBOUND)

In ParaView reservoir model

are shown in this
coordinates.

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Coordinate systems

If you want to have the coordinate systems as shown below then type before ENDMAKE:

MAPAXES
010010/

ENDMAKE PR P I R I I e e e I e e e I I I e

Y

Y A

- —

Z x X

Day 1. Overview; EOS-modules;

1
Fundamentals; SIMPLMOD 4



Ar

rays loading

0 syntaz

1
2
3
A
1

=

9
10
11
12
13
14

-- in GRID section

M Mnemonic of Array to be loaded (e.g., PERMX, PERMY, PRES)
0

valuel wvalue? wvalue3 ... value(nbox) /

value(#) - value assigned to the corresponding grid block in the input box.
The grid blocks are ordered with i index cycling fastest,
followed by j and k indexes.

nbox - number of grid blocks in the current input box.
nbox=(imax-imin+1) *(jmax-jmin+1)* (kmax-kmin+1), where
imin, imax, jmin ,jmax, kmin, kmax are defined by the keyword

BOX.
An e le for th id 4*1*3:
xample for the grid 3 index
>
value 1 value 2 value 3 value 4 Note:
E i-index
< value 5 value 6 value 7 value 8 j-index
=~ k-index —
value 9 value 10 | value 11 | value 12

Do d O ioeionh,, COC oo ol ]
Uay L. OUVCETVICU,TOJ TTTUUUTCES)

Fundamentals; SIMPLMOD




Arrays loading

An example for the grid 4*1*3:

k-index

i-index
>
value 1 value 2 value 3 value 4
value 5 value 6 value 7 value 8
value 9 value 10 | value 11 | value 12

Layer 1: PORO=0.25; Layer 2: PORO=0.2;
Layer 3: PORO=0.15; Layer 4: PORO=0.17;
Layer 5: PORO=0.3.

Note:
i-index — X axis
j-index — Y axis

k-index — Z axis

Specify this distribution of porosity and resimulate
Scenario 1.

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD

43



Arrays loading

An example for the grid 4*1*3:

k-index

i-index
>
value 1 value 2 value 3 value 4
value 5 value 6 value 7 value 8
value 9 value 10 | value 11 | value 12

Note:
i-index
j-index

— X axis
— Y axis

k-index — Z axis

Initial pressure is 100 bar for j=1,...,5, and 105 bar for j=6,...,10 . Resimulate Scenario 1

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Keyword BOX

-— 1in all sections except RUNSPEC and POST

BOX
imin imax Jjmin jmax kmin kmax /

[413 = [ ] [ 8] -

8 imin/imax - the boundaries of the input box along i-indexation axis.

0 By default imin=1 and imax=ni, where ni is the Znd argument
10 of the keyword MAKE.

11 jmin/jmax - the boundaries of the input box along j-indexation axis.

12 By default jmin=1 and jmax=nj, where nj is the 3rd argument
13 of the keyword MAKE.

14 kmin/kmax - the boundaries of the input box along k-indexation axis.

15 By default kmin=1 and kmax=nk, where nk is the 4th argument
16 of the keyword MAKE.

The BOX keyword allows to select a region of the reservoir for arrays input. The
arrays in the selected region are loaded on a block by block basis, as this region
is the whole domain.

The ENDBOX keyword resets the input box so that it encompasses the whole
domain.

Note that at the beginning of every section the input box is reset by the
program.

Day 1. Overview; EOS-modules;

4
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Keyword BOX

For example, the keyword

BOX
311 2* 23/

selects the following region for arrays input

i-index
) 1(2|3]|4|5|6]|7]|8]|9
©
£ 10 | 11|12 |13 |14 | 15| 16|17 | 18
~
v

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Keyword BOX

A

10 mD
50/mbD Specﬁy}hh
—_ porosity
) distribution and
< resimulate
Scenario 1.
10 mD 30 mD
>

Index i



Rock properties

The rock thermophysical properties must be specified within brackets ROCK-ENDROCK.
The rock density and heat capacity can be defined using the ROCKDH keyword:

ROCKDH syntaz

-— within ROCK-ENDROCK brackets

ROCKDH
dens heatcap /

L] [ [ ] [ Bl =

8 dens - rock density
9 heatcap - rock heat capacity

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Properties of fluid (DENTAB)

The function ,O(P,T) is specified by the DENTAB keyword.

DENTAEB syntax

DENTAB

templ
| presi denii
6| pres2 denZi
| pres3 den3i

] [ [+ | =] —

-— within EOS-ENDEOS, or PVT-ENDPVT brackets, or in the PROPS =ection

tempZ temp3
deni? deni3
den22 den23
den32 den33

T e e Tl ey

13 temp# -
14 pres§ -
15 den$# -

temperature (degree Kelvin);
pressure;
density for a given pressure (presy) and temperature (temp#).

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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9

10

11

13

14

Properties of fluid (VISTAB)

The function ,LI(P,T) is specified by the VISTAB keyword.

VISTAE syniaz

-— within EOS-ENDEOS, or PVT-ENDPVT brackets, or in the PROPS =section

VISTABE
templ
presl wvisii
pres2 wvisZi
pres3 visa3l

tempZ temp3
vigl2 wvisi3
vis22 vis23
vis3d2 vis33

T

temp# -
pres§ -
vis$# -

temperature (K);
pressure;
viscosity for a given pressure (pres$) and temperature (temp#).

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Properties of fluid (ENTHTAB)

The function h(P,T) is specified by the ENTHTAB keyword.
ENTHTAB syntaz

-— within E0OS-ENDEOS, or PVT-ENDPVT brackets, or in the PROPS section

ENTHTAB
templ temp2 temp3d ... /
presli enthii enthi2 enthi3d ... /
pres2 enth21 enth22 enth23 ... /
pres3 enth3i1 enth32 enth33 ... /
. /
/
temp# - temperature (degree Kelvin),

pres$
enth$#

pressure;
specific enthalpy for a given pressure (pres®) and
temperature (temp#).

Day 1. Overview; EOS-modules;
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Report times

Note that time units is Days.

The report times are the times at which the output is saved. These can be specified
in SCHEDULE section by the TSTEP keyword. When the simulator encounters this
keyword it advances the simulation further in time and produces the required
outputs.

TSTEP syntazx

-— in SCHEDULE section

TSTEP
tstepl tstep2 tstep3 ... /

tstep# - steps between report times (in days). Every tstep# initiates the
program to advance the simulation to time->time+tstep#. After
10 every time->time+tstep# a new *.#### .5UM file is saved.

[T=T - N B T - R - B

Exercise : Re-simulate Scenario 1 reporting parameters distributions

at the times: 10, 15, 30, 70, 100, 150, 500 days

. Overview; EOS-modules;

Fundamentals; SIMPLMOD >7



Report times

0 =T M e & [ k) e

-
=]

TIMES syntaxm

—-— in SCHEDULE section

TIMES

timel time2 timed ...

/

time# - report times (in days). Every time# initiates the

program to advance the simulation to this time and save a new
* #### . SUM file.

Exercise: Re-simulate Scenario 1 reporting parameters distributions
at the times: 10, 15, 30, 70, 100, 150, 500 days and using the TIMES

keyword

Exercise : Re-simulate Scenario 1 reporting parameters distributions
at the times: 10, 15, 30, 70, 100, 150, 500 days and using both TIMES
and TSTEP keywords in the same simulation.

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Scenario 2



20 m (Y)

Scenario 2 (a 2D problem)

Impermeable & insulated

Grid: 100*20 T
PORO=0.25 nit. ond..
PRES=100 bar
PERMX=100 mD I
PERMY=100 mD =

Impermeable & insulated

100 m (X)

Simulate the flow over 200 days reporting every 20 days.

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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20 m (Y)

ACTNUM flag

Possible value of ACTNUM:

0 — cell inactive;
1 — cell active (default);
2 — fixed parameters.

We set ACTNUM=2 for i=1 and i=100

Impermeable & insulated

Grid: 100*20
PORO=0.25

Init. Cond.:
PRES=100 bar

PERMX=100 mD
PERMY=100 mD

TEMPC=30C

Impermeable & insulated

100 m (X)

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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RUN-file (Scenario 2)

Open RUN-file (SCENARIO-C2.RUN)

in a text editor

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Scenario 2 (result)

B ParaView 4.3.1 64-bit

| | E] |

File Edit View Sources Filters Tools Catalyst Macros Help

) ? R K> R

10 Zjofll

@&.; 2 5 S| @ Emec(g) - [surface with Edges RS R 0 J-5 S L ce
Pipeline Browser Properties O Layout #1 % "3

Pipeline Browser J X 30 [

TEMPC (C)

&DOQ?ﬁ91HH\H| a4

RenderViewl [0]E]
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Heat conduction



Including physical phenomena in
simulation

T etion.
. Description
section

CAPPRES Enables capillary pressure
ROCKCOMP Enables compressibility of rocks
HCROCK Enables heat conduction through rocks
HCFLUID Enables heat conduction through fluid
NOGRAV Disables gravity
ISOTHERM Simulate at constant temperature

Day 1. Overview; EOS-modules;
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Heat conduction option

Heat conduction coefficient:

A=¢) sh+ 1—¢ X

HCFLUID HCROCK

The HCFLUID and HCROCK enable heat conduction modelling. The keywords must be
specified in the RUNSPEC section.

The rock heat conductivity distribution must be loaded in the GRID section using
HCONDCFX, HCONDCFY and HCONDCFZ keywords.



Scenario 2; exercise

Resimulate scenario 2 with heat conductivity of rocks 2 W/m/K .

Open RUN-file (SCENARIO-C2.RUN)
in a text editor

Day 1. Overview; EOS-modules;
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Options vs. EOS modules

- SIMPLMOD T2EOS1 BINMIXT BLACKOIL GASSTORE

CAPPRES

HCROCK

HCFLUID

ISOTHERM

ADDPHASE

EQL-ENDEQL
(initial
equilibration)
EOSNUM
regions

Yes

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Not tested

No

No

Day 1. Overview; EOS-modules;
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No

No

Yes

No

No

No

No

No

Not tested

Yes

Yes

Yes

No

Yes

Not tested

Yes

No
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Buckley-Leverett problem
(modelling two-phase immiscible
displacement)



EOS module SIMPLMOD with

T#const
Optlon ADDPHASE Option ADDPHASE
VR e 1
3 I |
§_ Component 1 I Component 2 I
g |
S [
” |
[

: !
© I ADDPHASE [
S PH1 /
2 | :
v
2 | l |

: !
§ Phase 1 : Phase 2 I
8 (“gas” phase) [ (“liquid” phase) |
o

I . |

Day 1. Overview; EOS-modules;

Fundamentals; SIMPLMOD 65



o i=1 — gas phase (CO,)
Mathematical model =2 liquid phase (1,0}
a¢sipi + div(piwi) =0, 1=12 - mass balance equation

ot
0
—| 8D sipigi +(L-@)peer |+
ot i=12 - energy balance equation

+div( Y pihiw;) = div(AgradT)
1=1,2

" —_K Kri (S) (gradpl _pig); Pl_ P2 — Pc(s) - Darcy & cap. Pres.
Hi
pi(R.T) h(R.T) 14(R,T)
hi :ei -|—i
Pi

- EoS



Some words about the fractional-flow
theory

For isothermal flow

P=P,=const

~
=)
3 Displacement
= front
‘9
© S
E Influence of — * 5
® .
7)) capillary pressure

\ L

- >
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Scenario 3 (a 1D problem)

Saturation functions
See RUN-file

100 m
T,=30C < >

P,=85 bar
o, H,0 P,=80 bar

Rock Initial conditions
nocx PRES=80 bar

ERVY100 mD TEMPC=47 C
—oom SAT%H20=1

HCONDCFX=2 W/m/K

Day 1. Overview; EOS-modules; 63
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Scenario 3

1. Open RUN-file in text editor

2. Run the simulation
3. Open LOG-file to see results

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Relative permeability

The saturation functions (e.g., the relative permeability and capillary pressure)
must be specified within brackets SAT-ENDSAT. They can be defined using the
SATTLIQ, SATTGAS and SATTAB keyword.

10

11

13

14

Specifies saturation functions as tabulated functions of liquid saturation
SATTLI{) syntax

—-— within SAT-ENDSAT brackets

SATTLIQ
sliql krliql krgasl pcapl /
slig2 krlig2 krgas2 pcap2 /
sliq3 krliq3 krgas3 pcap3 /

slig# - liquid phase saturation

krlig# - liquid phase relative permeability
krgas# - gas phase relative permeability
pcap# - capillary pressure

Day 1. Overview; EOS-modules;
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Relative permeability

The saturation functions (e.g., the relative permeability and capillary pressure)
must be specified within brackets SAT-ENDSAT. They can be defined using the
SATTLIQ, SATTGAS and SATTAB keyword.

Specifies saturation functions as tabulated functions of liquid saturation
SATTAB syntazx

-— within SAT-ENDSAT brackets

[

b

SATTAB
sliql krliql krgasl pcapl /
s| slig2 krliq2 krgas2 pcap2 /

%]

.

(=]

sliq3 krliq3 krgas3 pcap3 /

L R e e e e
11

12 sliq# - liquid phase saturation

13 krliq# - liquid phase relative permeability

14 krgas# - gas phase relative permeability

15 capillary pressure

e
3
g

#*
I
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Relative permeability

The saturation functions (e.g., the relative permeability and capillary pressure)
must be specified within brackets SAT-ENDSAT. They can be defined using the
SATTLIQ, SATTGAS and SATTAB keyword.

Specifies saturation functions as tabulated functions of gas saturation

SATTGAS syntaz
—— within SAT-ENDSAT brackets

SATTGAS
sgasl krgasl krliql pcapl /
sgas2 krgas2 krlig2 pcap2 /
sgas3 krgas3 krlig3 pcap3 /

- 7] [ =

o

[=:]

L o o e
11

12 sgas# - gas phase saturation

13 krgas# - gas phase relative permeability

14 krliq# - liquid phase relative permeability

15 pcap# - capillary pressure

Day 1. Overview; EOS-modules;
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Relative permeability (example)

SATTAB
-- sligq krliq krgas
6.0 6.0 1.0/ 0.8 —
0.2 0.008 0.84 / &
0.4 0.064 0.36 / 5
0.6 0.216 0.16 / 2 00
0.8 0.512 0.64 / 2
1.0 1.0 0.6 / 204 —
/ =
g i
3 0.2 —
I(r,wat (Swat) = Swat 7
0
Kr vor (Suat) = (L— Syt )2 e
r,vap \°wat/ — wat 0 0.2 04 06 0.8 1

Water saturation



Relative permeability in ParaView

The relative permeability can be loaded in ParaView by the RPTSATTA keyword. This
keyword invokes the output of CSV file with a table for relative permeability (and
capillary pressure).

RPTSATTA syntazx
—-— in PROPE =saction

RFTSATTA
satnum filenmame n =Snin Ssmax sSys  phasename S

-r o= o [ 12 [ =] -

B EaTnum - SATNUM region ID for which the output is requested;

9 filenama - the file name in which saturation functions are =saved. This
10 fila should have axtension .csv;

11 n - number of output pointe in the interval [smin,smax];

12 smin-smax - the boundaries of the output interwval;

13 BYS - 1 or 2. By using this flag user can chooSe a two-phase system
14 in three-phase models for which the functions are output

T (the default value 1 i= recommended);

16 phasename - this should be name of an auxiliary phase provided by the

1y option ADDPHASE.

Load and create a plot for the relative permeability curves in ParaView

Day 1. Overview; EOS-modules;
Fundamentals; SIMPLMOD
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Result
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| Properties 8 x | & i LineChartview2 [I](B]O)(x
Search ... (use Esc to clear text) 091
| = Properties (PlotOverLinel) ‘ : 0.4
Show Line 0.6
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044
[ X Axis I
034
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Including physical phenomena in
simulation

T etion.
. Description
section

CAPPRES Enables capillary pressure
ROCKCOMP Enables compressibility of rocks
HCROCK Enables heat conduction through rocks
HCFLUID Enables heat conduction through fluid
NOGRAV Disables gravity
ISOTHERM Simulate at constant temperature

Day 1. Overview; EOS-modules;
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Scenario 3; Exercise 1

Resimulate scenario 3 enabling calculation of capillary
pressure.

CAPPRES syntaz

-- in section RUNSPEC

[

CAPPRES

[

Day 1. Overview; EOS-modules;
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Scenario 3 (Exercise 2; extension to

2D)

: Reduce the size of the
Inactive

I i t I o" V24 .
Grid: n'g::om?gnhy region boundary” grid blocks
200*20 .
this half
YA
T2=30 C 10 m
P,=90 bag
III!:EI"' 10 m
om 3 i=20 =30 N N 100 m X
Rock Initial conditions
— PRES=80 bar
PORO=0.25 TEMPC=47 C

PERMX=100 mD
PERMY=100 mD
HCONDCFX=2 W/m/K
HCONDCFY=2 W/m/K

SAT%H20=1

Day 1. Overview; EOS-modules;
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Scenario 3; exercise 2

1. Open RUN-file in text editor

2. Run the simulation
3. Open LOG-file to see results

Day 1. Overview; EOS-modules;
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Including physical phenomena in
simulation

T etion.
. Description
section

CAPPRES Enables capillary pressure
ROCKCOMP Enables compressibility of rocks
HCROCK Enables heat conduction through rocks
HCFLUID Enables heat conduction through fluid
NOGRAV Disables gravity
ISOTHERM Simulate at constant temperature

Day 1. Overview; EOS-modules;
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Scenario 3; Exercise 3

Resimulate scenario 3 in isothermal mode

ISOTHERM syntaz

—-— 1in RUNSPEC section

[

ISOTHERM

<%}

Day 1. Overview; EOS-modules;
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Next day

 EOS module GASSTORE

* Operations on arrays

* Regions

* Boundary conditions Vertical brine displacement by CO,
* Fluid-in-place regions
* Radial grids

* POST section

* Point sources

SGAS

O.OOOIe‘-l-O‘O ‘O.% | 0.4 0.6 D‘.8 ?\'72\0901
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