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Modalidad

Teoria-Practica.

e Material tedrico disponible en Aula Abierta
e Ejercitacion

e Cuestionarios

e Resolucion de problemas

* Practicas en Simulador T-navigator

2 Examenes Parciales




m Clases (75 hs)
- Martesde 17 a 19 hs
- Viernesde 16 a 19 hs

m Lugar
- Aula de informatica

m Consulta
— Virtual por Aula Abierta. Jueves de 16 a 17 hs

m Parciales (2)

Fechas-Horarios




m Recuperacion Secundaria

m Recuperacion Asistida

m Simulacion Numérica

Contenido




SIMULACION
NUMERICA




Conceptos

v’ Gestidn del reservorio (Reservoir Management)
v’ Simulacién de reservorios
v' Modelo matematico-Modelo numérico

v Modelo estatico

v' Modelo dindmico
v’ Ajuste histérico (history matching)

v Predicciones




Gestion de reservorios
(Reservoir Management)

Geologic model Simulation model

3D seismic data

Upscaling

History Water cut
-

match
Time

Field performance
* Well tests
* Production data

* Repeat logs
* Tracers...
3 e
iPa) 2P Gl Dynamic model
* ¥ :
’ b constraints
" ! s

Conditioning

Static model
constraints
* Lithofacies
* Compartmentalization
* Continuity...

» Saturation
* Pressure
* Transmissibility...

4D seismic data

v Determinar las condiciones optimas para maximizar la recuperacion
economica de los hidrocarburos mediante una operacion racional del
reservorio.

v"  La modelizacion de reservorios es una de las herramientas mas sofisticadas
para alcanzar este objetivo principal.
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= Estrategia de desarrollo

EXPLORATION DEVELOPMENT PRODUCTION
I
I
!
!

EXPLORATION APPRAISAL/ |
DELINEATION|

! FIELD CONSTRUCTION

PRODUCTION PROFILE

- RESTORATION
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2=SYEARS "2=4YEARS

Mining Discovery Development Start of Endof Endof site
rights decision production production restoration
< INITIAL N PRODUCTION PHASE )
| DEVELOPMENT | MODEL UPDATING |
PLAN

FIELD DEVELOPMENT STRATEGY



= Modelo de simulacion numérica

=
-t




= Datos de entrada

Un programa de computacion basado en modelos matematicos necesita datos. Se
requieren datos confiables.
Garbage in Garbage out (GIGO)
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Fuente de datos

EXPLORATION DEVELOPMENT
I
I
I
!

EXPLORATION APPRAISAL/ |
DELINEATION|

! FIELD CONSTRUCTION

PRODUCTION

PRODUCTION PROFILE

- RESTORATION
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= Modelo estatico y Modelo dinamico




= Tipo de simuladores numéricos

* NUumero de dimensiones
* Tipo de yacimiento

* Proceso de recuperacion
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= Mallay numero de dimensiones

-

v' Modelo tanque O dimensiones
v' Modelo 1D horizontal-vertical-radial
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= Mallay numero de dimensiones

J /LSS S

S
S
S

i

v Modelos 2D lineales radiales-3D cartesianos-cilindricos
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= Modelo de reservorio en diferentes escalas

Field
model (km

Lithofacies
model (m)

Pore model
(mm)
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= Tipo de yacimiento

* Yacimiento petréleo negro (Black oil).
* Yacimiento de gas.

* Yacimiento petréleo volatil y gas condensado
(composicional).
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= Proceso de recuperacion

Recuperacion primaria
Recuperacion secundaria
Recuperacion mejorada

No convencionales
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= Datos de entrada: reservorio

Distribucion de Porosidad y Permeabilidad.
Espesores.

Profundidad.
Distribucion de presion y saturacion inicial.
Ndmero y tamano de grillas.

Compresibilidad de la roca.
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= Datos de entrada: fluidos

© B, B,, B,

* Hor Mg Hy,

° Por Pgr Pw
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= PDatos de entrada: roca -fluido

* Curvas de permeabilidades relativas

» Curvas de Presion capilar

1 : : 2%
Endpoint k, : : 20 Well 1 Well 2
e PR - i T 1mD 1000mD
= :\ : = rock rock
= E \ H £ 15
2 F Y = ]
s Y ! == :
E P Total fluid | | 2
o j‘m m.-::-l:ulnv i Endpoint ki, p
; AN - e 5 - -~
z /AN v O
% I Kra \ ' Free water :
S level 0
o ' .
VT S,
0 //:-"! W g . \ 1 Curve | 1 2 3 4 5
/ ater Saturation \.S Swi 01 015 02 025 03
) 5 ‘ 8 -1-5 phi 03 025 02 015 0.1
Also called S,; . L or wor k (md) 1000 100 10 1 0.1
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= Datos de entrada: pozos

Localizacion y estado del pozo
Historia de completacion

Historia de produccion
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Limitaciones

Soluciones aproximadas

Calidad y cantidad de datos

’
’ Reservoir

(ground truth)
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= Etapas del modelo de simulacion

Revision del modelo estatico

Escalamiento

Modelo de produccién-modelo de presiones
Modelo de fluidos-modelo roca-fluidos
Inicializacion

Ajuste histoérico (History matching)
Predicciones
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= Etapas del modelo de simulacién

iento

Escalam
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= Modelo estatico

Model Tree View Bt
v 1/0 Control »
v/ Reservoir »
Q Components >
&) Rock-Fluid »
€ Inttial Conditions »
v/ Numencal »

»

', Wells & Recument

= Q Component Properties
MODEL:

Porosity 1993-01-01

Figure 4: 3D View of the imported grid and distribution of porosity

Grillado
Fallas
Porosidad-Permeabilidad

File: CNIGBulder

User: oscarm

Date: 3/18/2014
1 1

0.250
0.233
0.217
0.201
0.185
0.168
0.152
0.136
0.120
0.103
0.087
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= Tipos de mallas

Block-Centered

TOPS keyword specifies the

upper face depth
DX keyword specifies the

thickness of the cells in the |
direction

;‘ DY keyword specifies the

| thickness of the cells in the J
% /' direction
oLty | P

PR e

DZ keyword specifies the
thickness of the cells in the
K direction

L
R
L
‘-‘L-~-L-~_‘
| = Injector
P = Producer

S, W 12 ol e S5 Corner Poi
—~ AT - rner Point Geometry
-+ \ \' \|'-/
S I O e i T Y
\ - "j.‘:"']\
“‘-‘_.,-f'[::,-‘:'" G Coordinates of
~ L ,»-4"-"‘ | vertices (Q)
/ I sl B specified.
SR 4 = | | I
0l 'l’/_’,— | Vo
L \ ; o Block centres (@)
e \
e Block <-> Block
L Highly distorted Transmissibility
grid blocks
diagonal flow result
pememmmemm T "true"
Oil e 7T
. recovery
recovery

Flow arrows show
the fluid paths in
oriented grid and
diagonal flow
leading to grid
orientation errors

aligned

. result
Time
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= Modelo estatico

# | General Property Specification =REcE <=

Edit Specification
Go To Property: | Grid Top v| | UseRegions /Sectos |

Gad Top Grid Thickness Parosity Pemeahility | Pemeahility J
UNITS: ft ft md
SPECIFIED:
HAS VALUES:
Whole Grid
Layer 1
Layer 2
Layer 3

Layer 4
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Modelo de fluido

Type Typical Form Source Usage
Hydrostatic Gradient

oy e g b Formation Volume Factor
Viscosity H=u(P) PVT Data Transmissibility Terms
c ibil =c (P Storage Terms

ompressibility c=c(P) PVTData | gormation Volume Factor
Formation B=B(P PVTD Transmissibility Terms
Volume Factor =) e Sourcel/sink Terms
Solution Gas R. =R, (P) PVT Data Transmissibility Terms
Ratio T in Gas Equation
Compressibility Z=2Z(P) PVT Data Gas Formation Volume

Factor

Factor
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= Modelo de fluidos

= | Imex PVT Regions

PVT Region |1 = E]

PVT Table | General [ Undersaturated Data |

PVT Table Type:  [(jl and gas (FVT) - Table Uses: | Gas expansion factor (EG) v

Differential liberation table parameters
Bubble point pressure

V| Include Qil Compressibility in PVT Table

Include Gas-oil Interfacial Tension in PVT Table
Qil formation vol. factor

\IDQIS 4 ] Solution gas-oil ratio

= p Rs Bo Ea viso visg co

psi ft3/bbl ft3/bbl cp cp 1/psi

1 14.696 3.81175 1.0455 4 74719 254115 0.0124935 ' 32-005
2 76.5829 11.7208 1.04838 24,906 2.40802 0.0125406 3e-005 |5
3 138.47 20.7473 1.0517 453375 227452 0.0125947 3e-005
4 200.357 30.5163 1.05532 66.0431 2.1481 0.0126575 3e-005
5 262 244 40.856 1.05918 87.0239 2.03095 0.0M127276 3e-005
6 324131 51.6648 1.06324 108.28 1.92341 0.0128041 3e-005
7 386.018 62.8745 1.06749 12%.812 1.82511 0.0128867 3e-005
8 447 905 74.4362 1.07191 151.617 1.73535 0.0129748 3e-005
9 509.791 86.3124 1.07649 173.695 1.65337 0.0130685 3e-005
10 571.678 98.4738 1.08121 196.042 1.57839 0.0131676 3e-005
‘ I 3
13
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= Modelo roca-fluido

‘ Builder - [Tutonal.dat:3]

¢ File Edit Miew [0 Control Reserwvoir Components Rock-Fluid [nitial Conditions HMNumerical Well Tools Window Help
= = W NN = e = ek = | Mol g fl e el _ RN T R RN S M W= O _|

O [ A Tof 1 1 |
' =2 Specily Calculate
! [ Gnd Thickness - Properdy | | Popedy | S
i Model Tree View - O X | x|
= PVT Region:1
0.30
AT ) '| Rs,Bovs P
" Reservoir '| EgwvsP
Viscosity vs P
Componients *
4 | Rockiype 1
+ Rock-Fuid '| kor ws S R 7] PUU ]
&3 Inial Condtions I| ber ws Sl :
3 Phase Kro
+  Numerical 3
i Wels & Recument v
v Rock Fluid Options = F S
#- ¢ Rock Fluid Types :
& Seawater Scale Buildup

032 f------------

kr - relative parmaability

[T S

0.00 = - ¥
0.00 0.20 0.40 0.60 0.80 1.00

krow vs S|

Rendering 3500 gnid blocks, 2631 wview blocks, 1591 extenior faces.

For Help, press F1




= (Condiciones iniciales

Initial Conditions
Perform Gravity-Capillary Equilibrium of A Reservoir Inttially Containing
@ Water, Oil, Gas ( VERTICAL DEPTH_AVE WATER_OIL_GAS EQUIL)
Water, Oil ( VERTICAL DEPTH_AVE WATER_OIL EQUIL )
Water, Gas ( VERTICAL DEFTH_AVE WATER_GAS EQUIL NOTRANZONE )
There will be no residual saturation in Gas Cap ( GASZONE NOQIL )

Reference Pressure and Depth Phase Contact Depths

Pressure (REFPRES) 4000 psi Water-0il Contact ( DWOC ) 10105 ft

Gas-Oil Contact ( DGOC ) 6496 ft
Depth (REFDEPTH) 10007 #t

Datum Depth for Output Pressure
Note: This tem is optional.
Depth ( DATUMDEPTH depth )

For more options use the
Pressure will be comected using the initial equilibrium Advancgil Interface

pressure distribution ( DATUMDEPTH depth INITIAL )

Bubble Point Input Format Advanced
Reservoir inttially saturated (PB =P )

@ Constant Bubble Point Pressure ( PB ) 943 psi

EQ oKk | [ cancel | [ ooy | [ Hew




= Modelo dinamico-Modelo de pozo

-

# | Trajectory Perforation Intervals o &=
Read File | for selected wells Create well completions from trajectory data
Save As | export pedforations for selected wells Do ot create
‘4]@* Ped | perforation options for selected wells Clear existing & create new for selected wells
[—“Cai;;J MD values from E S @ Preserve existing & create new for selected wells
Trajectory | Select | Date MD Stat ft) |MDEndft) | Status | MD Correctio... | MD Length ft) [TVD Stat ft) |TVDEnd @) | =
DO *#1 |Wel1 v 1891-01-01 9839.377 9922.376 Peforated Y 0.0 82.999 9839.377 9922 376
EI: 9922.822 10006.66 Peforated Y 0.0 83.839 9922 822 10006.66
Er 10008.36 10088.845 Peforated ¥ 0.0 80.486 10008.36 10088.845
15910701 9990.971 10088.845 Cement Sque.. ™ 0.0 97.874 9990.971 10088.845
o, |—— -
» 3 [Well10 lv] 1991-01-01 9826.378 9911.057 Peforated N 0.0 84.678 9826.378 9911.057 3
o 9934.902 9998.327 Peforsted Y 0.0 63.425 9934 502 9998.327
8 4 |Wel2 vl 1991-01-01 9806.624 9895.21 Peforated N 0.0 88.586 9806.624 9895.21
9896.588 9987.894 Peforated Y 0.0 91.306 9896.588 9987.894
$990.663 10076.51 Peforated ™ 0.0 85.846 9990.663 10076.51
1891-07-01 9990.663 10076.51 Cement Sque..¥ 0.0 85.846 9990.663 10076.51
6 |Wel3 v 1891-01-01 9846687 9912172 Peforated Y 0.0 65.486 9846 687 9912.172
9936.122 9983.596 Peforated N 0.0 47474 9936.122 9983.596
7 |(Wel4 [v] 1991-01-01 9967.061 10012.041 Peforated Y 0.0 44398 9967.061 10012.041
10012.277 10057.71 Peforasted N 0.0 45433 10012.277 10057.71
10069.082 10091.738 Peforated Y 0.0 27 10063.082 10091.798
[ SelectA | [ Desslect Al [ ok [ cancel | [ ooy |

&l5)



= History matching

F LR

Well 3 Tutorial_hm.irf

8,000+

Mormalised water production rate
o
=
w

Update 025 6,000-

parameters 000 =

P . o 1 4 g

time (year) ]

"4 \ g
. , * Compare § 40001

Senerate - /g; @B observed & predicted ﬁ

new Sy 1= . data 5 \

model — J 2,000

. 0.8

" e AT | | | -
’ sy R R | . P ?

. . o |
Run simulation 3 °¢1 0 , T 1 . T r T .
1991-2 1991-3 1991-4 1991-5 1991-6 1991-7 1991-8 1991-9
0z | Time (Date)
Qil Rate SC Tutorial_hm.irf
0.0 . Oil Rate SC production-history_fid. fhf |
0 1 2 3 4

time (year) T
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= Predicciones

LAl Al s e R H A M
_ Well 1 Tutorial_pred.irf
20,000+
—h\
\
15,000+ \
Prediction with uncertainty . \
> \
-‘-g. 1
— ~ = |
= : —— 2
<o G 10,000 : \
@
>0 \
®38 3 '
5.2 « . \
g 2 ° | \
o
O 5,000
Time
H‘““*‘-¥-__H_
0 T T T T T T T
1991-4  1991-7 1991-10 199241 1992-4  1992-7 1992-10 1983-1
Time (Date)
I 0iRatesc |
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