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����� �	����	� �	 &����	���� �	�(������ (��� �� ,���� (�Æ����� -� �	������� �	���.��(.�		�	 &����	 
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	��� �� ���	���&��� )	���	� ��(��� %��&�� �&� ������ �� ��0����� �� � %��� �	� ����	���( �&	���&
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%��& ���� �� �&� ������ (���� -� ��&�	 ���	���&��� �&� �	���	� ��(��� �	� ����	���( �� ����	��
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Updated Porosity Field: Example 1 Run 1
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Reference Porosity Field: Example 1 Run 1
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Reference Ln(k)Field: Example 1 Run 1
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Number of function evaluation (Inner Optimization): Example 1 Run 1
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Obj func grad wrt MP Properties Iter 1: Example 1 Run 1

Master Points

O
b

je
ct

iv
e

 f
u

n
ct

io
n

 g
ra

d
ie

n
t

     1.0      6.0     11.0     16.0     21.0     26.0

   -2.00

   -1.00

     .00

    1.00

Obj func grad wrt MP Properties Iter 2: Example 1 Run 1

Master Points

O
b

je
ct

iv
e

 f
u

n
ct

io
n

 g
ra

d
ie

n
t

     1.0      6.0     11.0     16.0     21.0     26.0

   -2.00

   -1.00

     .00

    1.00

Obj func grad wrt MP Properties Iter 3: Example 1 Run 1

Master Points

O
b

je
ct

iv
e

 f
u

n
ct

io
n

 g
ra

d
ie

n
t

     1.0      6.0     11.0     16.0     21.0     26.0

   -2.00

   -1.00

     .00

    1.00

Obj func grad wrt MP Properties Iter 4: Example 1 Run 1

Master Points

O
b

je
ct

iv
e

 f
u

n
ct

io
n

 g
ra

d
ie

n
t

     1.0      6.0     11.0     16.0     21.0     26.0

   -2.00

   -1.00

     .00

    1.00
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Obj func grad wrt MP Properties Iter 6: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 7: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 8: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 9: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 10: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 11: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 12: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 13: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 14: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 15: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 16: Example 1 Run 1
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Obj func grad wrt MP Properties Iter 17: Example 1 Run 1
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Static Inversion Porosity Field: With Histogram
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Static Inversion Porosity Field: Without Histogram
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Updated Porosity Field: Example 1 Run 2
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Reference Porosity Field: Example 1 Run 2
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Number of function evaluation (Inner Optimization): Example 1 Run 2
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Updated Porosity Field: Example 1 Run 3
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Objective function values: Example 1 Run 3

Outer Iteration

O
bj

ec
tiv

e 
fu

nc
tio

n 
va

lu
es

     .00     1.00     2.00     3.00     4.00     5.00     6.00     7.00

0.001

0.01

0.1

1

10

E���	� 7A< $�%���
"� �����
� "����� � ��� �
	�������� 
�"���
� ������ � ���	��� � ��� /�

Reference Porosity Field: Example 1 Run 3

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Initial Porosity Field: Example 1 Run 3

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Porosity Field Iteration 1

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Porosity Field Iteration 2

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Porosity Field Iteration 3

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Porosity Field Iteration 4

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Porosity Field Iteration 5

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Porosity Field Iteration 6

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Porosity Field: Example 1 Run 3

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

E���	� 7C< ������� ���
�� ����� �� ���� 
�����
� � ��� �
	�������� 
�"���
� ������ � ���	��� � ���
/�

7>



Reference Ln(k) Field: Example 1 Run 3
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Norm of objective function gradient (Inner Optimization): Example 1 Run 3
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Obj func grad wrt MP Properties Iter 1: Example 1 Run 3
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Obj func grad wrt MP Properties Iter 3: Example 1 Run 3
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Obj func grad wrt MP Properties Iter 4: Example 1 Run 3
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Obj func grad wrt MP Properties Iter 5: Example 1 Run 3
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Obj func grad wrt MP Properties Iter 6: Example 1 Run 3
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Obj func grad wrt MP Properties Iter 7: Example 1 Run 3

Master Points

O
bj

ec
tiv

e 
fu

nc
tio

n 
gr

ad
ie

nt

     1.0      6.0     11.0     16.0     21.0

   -2.00

   -1.00

     .00

    1.00

Ln(k) Porosity

E���	� +>< *���
��� � ��� �%���
"� �����
� �
�� ������� � +����� �
�� ���	���
�
�� ���
� �
���� ���
���
�� ������� �
���� �� ���� ���� 
�����
�� ���	��� � ��� /�

77



Updated Porosity Field: Example 1 Run 4
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Reference Porosity Field: Example 1 Run 4
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Reference Ln(k) Field: Example 1 Run 4

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Initial Ln(k) Field: Example 1 Run 4

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Updated Ln(k) Field Iteration 1

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Updated Ln(k) Field Iteration 2

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Updated Ln(k) Field Iteration 3

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Updated Ln(k) Field Iteration 4

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Updated Ln(k) Field Iteration 5

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Updated Ln(k) Field Iteration 6

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Updated Ln(k) Field Iteration 7

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Updated Ln(k) Field Iteration 8

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Updated Ln(k) Field Iteration 9

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Updated Ln(k) Field: Example 1 Run 4

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

E���	� +A< ������� &��'� ����� �� ���� 
�����
� � ��� �
	�������� 
�"���
� ������ � ���	��� � ��� 0�

7A



Number of function evaluation (Inner Optimization): Example 1 Run 4
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Obj func grad wrt MP Properties Iter 1: Example 1 Run 4
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Obj func grad wrt MP Properties Iter 3: Example 1 Run 4
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Obj func grad wrt MP Properties Iter 4: Example 1 Run 4
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Obj func grad wrt MP Properties Iter 5: Example 1 Run 4
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Obj func grad wrt MP Properties Iter 6: Example 1 Run 4
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Obj func grad wrt MP Properties Iter 7: Example 1 Run 4
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Obj func grad wrt MP Properties Iter 8: Example 1 Run 4
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Obj func grad wrt MP Properties Iter 9: Example 1 Run 4
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Obj func grad wrt MP Properties Iter 10: Example 1 Run 4
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Updated Porosity Field (Initial phi= 0.2, lnk=1.0)
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Updated Porosity Field (Initial phi= 0.2, lnk=3.15)
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Updated Porosity Field (Initial phi= 0.2, lnk=6.0)
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Updated Porosity Field: Number of MP 2X2
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Updated Ln(k) Field: Number of MP 2X2
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Updated Porosity Field: Number of MP 3X3

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Porosity Field: Number of MP 4X4

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

1.000

2.000

3.000

4.000

5.000

6.000

7.000

E���	� =+< ������� ���
�� ��� ���	���
�
�� ����� ���
� ������
� ����! ���� ���� ����!  ����
�
���
���
� ��� ��
� "��
 ����� 
���	��
� ��
� / � / +����� �
����

Updated Porosity Field: Number of MP 4X4
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Updated Porosity Field: Number of MP 6X6
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Updated Porosity Field: Number of MP 7X7
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Updated Ln(k) Field: Number of MP 7X7
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Updated Porosity Field: MP Updating Freq 1

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Ln(k) Field: MP Updating Freq 1
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Updated Porosity Field: MP Updating Freq 2
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Updated Ln(k) Field: MP Updating Freq 2
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Updated Porosity Field: MP Updating Freq 3
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Updated Ln(k) Field: MP Updating Freq 3
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Updated Porosity Field: MP Updating Freq 4
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Updated Ln(k) Field: MP Updating Freq 4
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Updated Porosity Field: MP Updating Freq 8
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Updated Porosity Field: MP Updating Freq 8
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Updated Porosity Field: MP Updating Freq 10
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Updated Porosity Field: Variogram Sensitivity 1

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Ln(k) Field: Variogram Sensitivity 1
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Updated Porosity Field: Variogram Sensitivity 2

X (feet)

Y
 (

fe
et

)

.0 4000.00
.0

4000.00

.0

.1000

.2000

.3000

.4000

.5000

Updated Ln(k) Field: Variogram Sensitivity 2
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Updated Porosity Field: Variogram Sensitivity 3
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Updated Ln(k) Field: Variogram Sensitivity 3
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Updated Porosity Field: Variogram Sensitivity 4
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Norm of objective function gradient (Inner Optim Sensitivity 2)
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Number of function evaluation (Inner Optim Sensitivity 4)
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%&�	� H� ��( H� �	� ���	��� H� ��( H�� 	���������� � E�	 ��	 ������������ %� ���� �&�
�������������� ����� �,������� 3+ ��( 3= �� OI�� 3P ��( �&� ��&�	 OI�� 7P�

� ��������������� %���( (����	� �&� �%� ���������������  �&� (�2�	���� ��%��� ������ 4	��.
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��� ���� (�����	�� �	����� %&�� ����� -������������� I�� 7� -� ����� %� ����� �( -����.
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CA� '&� �������� ��������( &��& ��	���� 5��	������� ��(� ���������� #7 ��( #+ �	�
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Updated Porosity Field: Implementation Issue 1
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Objective function values: Implementation Issue 1

Outer Iteration

O
bj

ec
tiv

e 
fu

nc
tio

n 
va

lu
es

      .0      4.0      8.0     12.0     16.0

0.01

0.1

1

10

E���	� CD< $�%���
"� �����
� "����� � ��� �
	�������� 
�"���
� ������ � 8	���	�����
� 8���� � ���	�

�"���
� �����
�� �� 
� ���	��� � ��� ���

�
�	 ����	��	� ��	�� 
� ����
	�	��

1��� ��������( �	��� �� ���	������� �	 ����	� %�	4 �� �&�� ����� %���( � �&� �����%����

� 1�	��� �&���( � ����� �� ��������� � ����	 �	 ��	� 	���� ������������ ����	��&�� ��		���� �
%�	4 �� ���� (��� �� ������������ ����	 ���( �����	����( �������������

� -������������� �� ���� ����� ������������ ��(���� ����( � �����(�	�(�

� ;�	� 	�������� 	���	���	 �����	��� �&���( � ����	��	���(� ;�����&��� 	���	���	 ����������
������ �&���( � �((�( ���� �&� �����	����� ����	��&�� �$������� �� +� ���� �� ��	����� 
���������

� �����	�������������� �� 	���	���	� ���( �� ��	����	��& �	 ���&������� ����( � ���4�( �����

���	����

���������� �	� 

����

����������������������


���� �� ���������
�

�����������������  �!�� �!�" �	#�� ���� #	$�!�!	$!$% &"!'�$()* ����

� � + � , �  #	�-�$� �	� .' / #		��!$����' &"!'�$()* 0 ���	�

+ + +  $-�� 	� &"!'�$()* ���� 0 $-�� 	� ����� �!�" ��	� ����

�  !$��1 �	� !��$�!�2!$% ���!��� "!��	%���

��������������&)����3�����  �!�� �!�" &"!4�$()* "!��	%��� (�#��� 	� 

� �	���*

� � � �  #	�-�$� �	� &"!'&�����5!�!�2 �$� ��!%"�

6�� ��� 6�� ���  ��!� !$���&	���!	$ &��������� �	� &"!' �$()*

6�7, ��7,  ���$ �$� 8��!�$#� 	� �$()* �!���!5-�!	$

��� ����,  ���$ �$� 8��!�$#� 	� &"! �!���!5-�!	$

�������������&��������  �!�� �!�" �����8	!� �$� ���� ����

�����������	����������  �!�� �!�" !$&-� ��	� ���� �$� �!�� ���& ����

������������&�����3���	-�  �!�� �!�" !$&-� &����-�� ����

���������5	-$���2����  �!�� �!�" 5	-$���2 #	$�!�!	$�

���������&!$!�����  �!�� �!�" !$!�!�� &����-�� �	� �"� �$�!�� �!���

�����������������3�����  �!�� �!�" !$&-� ����!9��!	$�

� �  $-�5�� �	� &"! �$� &���

� � �  $-�5�� 	� �	���' ����� �$� �$� ����!9��!	$�

� ������  :�� ������  ��!��!$% �!�!�� �	� �!��!$% 8��-��

=+



Reference Porosity Field: Implementation Issue 1
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Reference Ln(k) Field: Implementation Issue 1
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Number of function evaluation (Inner Optimization): Implementation Issue 1
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Obj func grad wrt MP Properties Iter 1: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 5: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 6: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 7: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 8: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 9: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 11: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 12: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 13: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 14: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 15: Implementation Issue 1
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Obj func grad wrt MP Properties Iter 16: Implementation Issue 1
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