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INVERSE

• Petrophysical parameters:
Porosity and permeability 
Fault properties
• Well parameters: Skin, PI ...

History matching from production data and 4D seismic data

Time 1 Time 2

4D SEISMIC DATA :
impedance maps
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Characteristics of the optimization problem
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Derivatives of constraints are given

calculated with SQPAL, a Sequential Quadratic Programming Approach
Sinoquet D. et Delbos F., 2007



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #11

©
IF

P



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #12

©
IF

P



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #13

©
IF

P



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #14

©
IF

P



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #15

©
IF

P



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #16

©
IF

P

�

°± ²& ; * 1 , ;& ; 1 4 ) ; *0 ( 1 *& / >0 46 * 9 & 8& )1 9 6 , 0 :°± ²& ; * 1 , ;& ; 1 4 ) ; *0 ( 1 *& / >0 46 * 9 & 8& )1 9 6 , 0 :°± ²& ; * 1 , ;& ; 1 4 ) ; *0 ( 1 *& / >0 46 * 9 & 8& )1 9 6 , 0 :°± ²& ; * 1 , ;& ; 1 4 ) ; *0 ( 1 *& / >0 46 * 9 & 8& )1 9 6 , 0 : F³ ² H0F³ ² H0F³ ² H0F³ ² H0

�

´ +6 & ) ; + 4 ) C ° * 4 µ 3 , 0 , 6 & *& 0 ;´ +6 & ) ; + 4 ) C ° * 4 µ 3 , 0 , 6 & *& 0 ;´ +6 & ) ; + 4 ) C ° * 4 µ 3 , 0 , 6 & *& 0 ;´ +6 & ) ; + 4 ) C ° * 4 µ 3 , 0 , 6 & *& 0 ;

�

% * 4 3 3 + )= F0 + *& 0 + 4 ) C ) ( 6 8& 0 4 > >( )1 * + 4 ) & < , - ( , * + 4 ) ;% * 4 3 3 + )= F0 + *& 0 + 4 ) C ) ( 6 8& 0 4 > >( )1 * + 4 ) & < , - ( , * + 4 ) ;% * 4 3 3 + )= F0 + *& 0 + 4 ) C ) ( 6 8& 0 4 > >( )1 * + 4 ) & < , - ( , * + 4 ) ;% * 4 3 3 + )= F0 + *& 0 + 4 ) C ) ( 6 8& 0 4 > >( )1 * + 4 ) & < , - ( , * + 4 ) ;

�

21 1 ( 0 , 1 @ 6 & , ;( 0 & / 8@21 1 ( 0 , 1 @ 6 & , ;( 0 & / 8@21 1 ( 0 , 1 @ 6 & , ;( 0 & / 8@21 1 ( 0 , 1 @ 6 & , ;( 0 & / 8@

( ) / & 0 8 4( ) / 1 4 ) ; *0 , + ) * ;( ) / & 0 8 4( ) / 1 4 ) ; *0 , + ) * ;( ) / & 0 8 4( ) / 1 4 ) ; *0 , + ) * ;( ) / & 0 8 4( ) / 1 4 ) ; *0 , + ) * ;

Moré J.J. & Wild S.M., 2007, 
Benchmarking Derivative-Free Optimization Algorithms



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #17

©
IF

P

¶, * *& 0 ) %& , 0 1 9´ + 0 & 1 *´ + 0 & 1 *´ + 0 & 1 *´ + 0 & 1 *

· & ) & * +1 2 -= 40 + * 96FG 2 H %FG 2 H %FG 2 H %FG 2 H %

¸ & - / & 0 G & , / % +6 3 - & 5¸ G %G 2¹¸ G %G 2¹¸ G %G 2¹¸ G %G 2¹

:0 += + )= B + * 9 H 5 3 & 1 *& /

º 6 3 0 4< & 6 & ) *

H ·»H ·»H ·»H ·»

% . ¶ 6 & * 9 4 / ( ; + )= = 0 , / + & ) *

, 3 3 0 4, 1 9 & / 8@ > + ) + *& / + > >& 0 & ) 1 & ;

% . ¶ 2¼% . ¶ 2¼% . ¶ 2¼% . ¶ 2¼

¼ 41 , - '( , / 0 , * +1 6 4 / & - + ) , *0 ( ; *

0 & = + 4 )

% . 2% . 2% . 2% . 2

F 46 3 , 0 + ; 4 ) 8& * B& & )F 46 3 , 0 + ; 4 ) 8& * B& & )F 46 3 , 0 + ; 4 ) 8& * B& & )F 46 3 , 0 + ; 4 ) 8& * B& & )



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #18

©
IF

P



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #19

©
IF

P



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #20

©
IF

P

noise

11



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #21

©
IF

P

/ + 6 & ) ; + 4 )



�� � �� � � �� �	 
 �� � �� � � � � � � �� 	 �� � � � � � � � � � � � � � � � � � �� � �� � � � �� � 
 �� � � � � �� �� � � � �� � � �� � � �� � � � � � � �� � � � �� � �� �  � � � � � ! � �  " " #22

©
IF

P

Data: production data from 6 wells
778 measurements (3 per well at 41 

½

days)

Parameters :  10 or 40
- geostatistical parameters (10)
- rocks properties (30)
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