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1- Rezaee H., Dibaei A.,Koneshloo M.,2011, Application of Multiple Point 

Geostatistics in Reservoar Modeling an Simulation, The First Iranian Vitual 

Conference on There Ground Storage of Hydro Carbon 
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1�- Realization 
2�- Uncertainty evaluation 
3�- Production history 
4�-Flow response 
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1 ���More organized 
2��Fractures 
3��Low entropy 
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1 �' Multiple point statistic�

2 �' Daniel Krige�
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7 �(��X�C���Z &���(Haldorsen and Lake, 1984)�Z��_���� ]��&�A�����U�%� �(Stoyan et al, 
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1 ��� Sequential simulation 
2 ��� Object-base 
3 ��� A Training image 
4 ��� Spatial statistics 
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(SNESIM) ����^%�O(� .�Strebelle and Journel, 2000)��%��4(�ZA �����8�
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��������8�&����&�6 ��=���6��:����L��?����8FILTERSIM���7 �(��|�(Zhang, 2006)�������"���=
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1�-Configuration 
2�-Extended normal equations 
3�-Single normal equation 



p 

 
 

6��	��&��������8�
A	�
���	M��%�4(���6 &������h	��C�W9���
	�2�������Ortiz and Emery, 

2004��>P�	6%�=�8�����6AO�U�&��7 �(��&�68��	�����	���=���C�(��8�L
O4����29�%�����	���=�
8�%


	� ZA�	� L����� ���� 	�Wu et al, 2008��(��� �� F�(&����Ortiz and Deutsch,2004��8�&�	M� ���:&�A

6eB���EN �� �8� �&�������� &�� ����I��5 �� &�	M� ��� �����C�(������������"���=���� >�X%�6��UM�P��D�

L���8�i�W	�!j�����68�^�A�=�
	�2 ��68���D�2O���������7 �(�6���%M|���%�����b1���6 ��

�������� ����V%�B(�
���	M�������	�^�&�3� (Journel, 2002)6%�=�8�
�%&�[C����V%��G� ?����������8

�����i�N�(���%��9������"���=����>6�G�9�2�(���69�%a�B(&��Z%F�8��8��8��8��%&�[C��Z%��
c���PjB ���
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1�-Permanence of ratio 



- 

 
 

P�	6eB���E�Z�[���	���� �U�������9�7 �(�6�����������"���=� �&���E�
[%�����&����%0=S�N����

�����&����%0=S�N��U���	��8�7O(�	�#��jc�
	�?�����U�%�3�$ �=�������:�(Barrera, 2006)>��

)sk�i�B�(�#�&�G���6�y�	���[%�3��

Z�	�6eB���E� &�	M���<�&�������	��Z���� �8� ��j�6�O�����Z�	����� �
� ��&�	Mr�&��U�_��

�����
%�~9�x�O(&��
 &�8� ��
%�~9�T%��(�Z9�:��\��
%�~9�T%��(�]%���� ��Z��5(���e1��&�M�8� L��

(� ��
:��&�����?��� LU����c�� ?����&��%�� �� 6OC� &�� ��h	�V ��	�T%�6WC�e	� �&�	� 6W	�3����t�����8

�&��1&�����[C����T��(�
%�~9��&��W	�U�����b5�	�&��1&����&�1� �L���
���	M��%�4(�����&���


	��&�M��:���>�� L
%�%�F	� Z��EP�	� P���	����&�F8�� ��� 
A%� 68� �&� &�F8�� Z%��&�� �u%�8� LUF5	���� 

1� ��8�
D���6���8M�
D����6��3�������_�=����&�2 �������P�8�L���>��	�68�63�(��8�2"3�Z����68�^%

�&��1&�#����h(��&�	�&�������^D�����W	�#d�� ��&��	�Z�%�	�����P�������#��ND�T%��(����������

<�&� 6��:� Z%�� ���:&�A8� �&�8���&����U��5	� �"8� 6E� ��� q�R�(� �� 21���� ���8� �%�3� ���

&����&������%��#&��G��&�8����>��

)s*���3�	�#d�� ���i�B�(�m����

P�	� Li�B�(� Z%�� &��&��1&� ��� ������
8� &	� LaF3� 6�� L2 �� 69�:� &��;� 
 &�8� �&��<�&���� 

P�	 �� ��� 
	� UF5	�X�(����8� >� �8
���	� ���_�=� P�A��� ��3�� 68� 63�(� ^A�|� � &���&��	� ���


D���� &�� UF5	�6���8M�A�� L��
[��&���y	� L���L P�����6��1��&� ���������F%���1������ ���N �� L����&

                                                 
1�- Facies 
2�-Meanders 
3�-Fluvial channels 
4�-Levee 



). 

 
 

&�F8�� P�	� 63�(� �&�	� ����1�� 6�
	� 
 &�8� L2 �� 69�:� &��;� U��� ����:� >��� &�F8�� Z%�Z%Z�	�� L�&�	M

6eB���E��&���?�����.�i�B�(�Z%��&�L��
W 
	�����%&�[C�����&�y(�&��
��A����86eB���E���A%�&����

� L��� ���8� UM� 
���� �����8&��� 
 &�8� 68P�	� ��� �&��1&� ��� Z%���	� ��� 
A%��8�!&�9� f��1� 
N�

� �%&�[C�SNESIM��%�����8� >� LZ��_��<�&�����[C�� I��5 ���[�O��
��~9
%��&��1&������8

=�[ �
�g�e1�
�
	�&��;�
 &�8��&�	���:�>2 ��&�4	�<�&����:&�A8����
(d�� �>���
(d�� �^�O;�

6A�%�� @6�O�� �%M6eB���E� ��� L���
C��(� 
%� ���� �8�6��E� 21���A%� ��g� ��������_�=� #����h(� �� ��

��1&�&�
�[�����2 �� &��;� L�����g����UM� &�� ��3�	�
e1����� ��8� �&� ������� ����#d�� �Z%�� 68�$ �=

68��	�
(d�� �����Z9�:�&��1��&��U�F�	�68�63�(��8�L
W;������L�8�;��8�����1�
%�[5 �=�^>����� ����G

�Z%��#����	�<�&��%� �U�_���<�&�iB�(�U������B	�L
c������������68����2 �����&������>�
c��

��8�����1�] �=�Z%��68�
%�[5 �=�m����8�P�	�U�����6�@�
c����%M��� �Z�	��&�6eB���E�&�	M�L��


	�?�����
8��e	�����68�D���6�%F��L2�� ������:2 ��
8��e	��D�&��L������&�	�6\9�����A%�&�Z%��&��

���P�	�������N ��Z%F[%�3�6�C���
C�	�U�����68�L
���	M��%�4(�������N �&Z�	��&����3�	�?��:�%�&�	M

2 �� ����
� � >]C�E� ��� �\�� �&�	�#��R�41���
���	M� �%�4(� ��� ���N �� ����C�(� ������&F8����

6�O�Z�	����� ��E��&�	M6eB��������1�61���=�U��8�U�A	���D��(�6��2 ����>��

)sz�6	���U�%�=�&�1� ��

�^	���6	���U�%�=�Z%�l�
	�^49����8�>P�	�������8�P{���^49�&�Z�	��68�LUF5	���� 6eB���E�&�	M����M���


	�%��>�?���^49�&�L�<�&6�O�����
	�q�R�(�b1�����h	�6%�=��8�b1������ ����> �^49�&��?�

�%&�[C����P�R���8Z�	�������E�&�	M6eB����]C�E����"�M�U�	���=����
	����M�%��>�?&�"E�^49�&�L��68

����	�&�=� 
 &�8�� �%&�[C�� ���&�SNESIM�� 
%�"�� P�	� &�� �"�M� ��`�(� �
	�%����=� >��8� ���=� ^49� &�



)) 

 
 

���:&�A8�Z�	��&�	M�
� rSISt�6eB���E��68���6Rj1�&�cL��68	�"�M�6�%�B�
	�%����=�>�L����^49�&�

P�	�68���� ��W8�����Z%���	����
A%�&��!&�9�f��1�
N�61���=�U��%��%����N��^49�&��2%�"��&���

��� ^R�D� f%��� 68�Z�	�� ���:&�A86eB���E� &�	M���(���"���=� 6��&�� ��� 
w�41� Z%�� &�
	�%����=>



 

��

��

��

��

ZQ
�U[����

��	\���U�=�����]/�-�'	,-�%$���

�!�%�8�'��:��&



)n 

 
 

ns)�6	�B	��

P�	�������N �6�%F��68�63�(��8��2 ��2�����F��D�U�:���:�^%d�8�L��:���2N��T%��R�&����� �&���8����

�&�ND���%�2����8�L����C�����6�%F�������������[%��68�
8�� �����#��jc��L�������%��2"3�L��3�	�6�C��

�R�9� ��2 �� ����	� &���8�P�	6�����x�B��Z�8� 62 �� ��%���&���8� >�P�	� ���%���&����� �8�^���	�Z%�


	� L���8� ��3�	� 
�[����� ��%�:� 6�� UF5	� ��� 
���R�P�	� 6�� �3� UM� ��� �� �%�F9��#��R�41���� 

P�	��%� ����8�%��L
A%F�9��=��� 2 ��2�����Z%���8�F��D��&�Z%�����L2 ��UF5	�&�9&����> 

nsn�P�	�&�T%��(���� ����&��1��


C��(���
[� �#��R�41Z��W(�&���9�LUF5	�
8� &���������2 ��UM���C�(����&�9&�Z��W(�&�����>

2 �F�	�
[� ��D���Z%��E�^	���L
C��W	�UF5	�X%�r�6�
	����	����&��1&�d��W	����t������?������

���� �&��� �&���%0=S�N�� ��^5�5(�U�_��� L
1���A%� ��O���#��R�41� �"�M�� >��(����#��R�41�2�W8

�&��1&�Z�8�	�#��N	�&��1&�T%��(��8����%���P�� �U�%�3�L��2 ����&�1�����=���.(Chang et al, 2010) 

P�	��� �2 ��������8�LP�� �U�%�3��%�
A%F�9��=���W	�����	�&�=���&��8�LUF5	�#��R�41�����>

�� ��� 
O ��	� /&�� 6�� UF5	� 
(��D� ����	�&�=� ��� 
A%�6��&�� �&� 
A%F�9��=� ����	�&�=� T%��(� 2�WG 


	�&��1&� T%��(� P�	� L����
[� � ����� 
8� &� �%2 �>�
	�[���b5�	� �&��1&� ��� #��R�41� 6� 

	
�&��1&���	����
8�1�Z��5(�L���:]�=����8���6��"8��%�
��8�2�������&���LUF5	����%M���C�(���� 

2 �����%��&���8.��	���X�AN(�Z%��8��8P�&��1&����
O ��	���� 
	����
%�"��P�	�68�U�� &�&������(

���8� 6����
%�F�8�]B�� LUF5	�.(Chang et al, 2010)�6�B��Z%���&��1&���L
[� ������ 6�
	������(

8�UF5	���D�m�W	L����Z�	��7 �(������T8��	�������N ���8���!���
	����%��U�:���:�������>��T��(���



), 

 
 

�&��1&���:����&���� &�� LU�:� �[%�A%�U��	� &�� �%
C��(� L6��E��������
	�^A�����:>����C��C���8����

��N	�#��R�41���v�36��E�#&�R�68�6��#�8d�
8� &������L�[%�����j�[C����3��68��&�
(��N	����

��&�M����>�UM����
O ��	���\�	�U�&�M�2 �8��8L�
	���"E�U��(������� �8��&�UF5	�
���2�WG��&�M�2�>�Z%�

L�������%��
����%�4(�2�We;�?����8 ��������
%��2�>6�O��?����
	��	�68� �&�U�A	��Z%����� ��(�L���

�h(���
�[��������
O%�B(�U��8��&�#��L��E����&���^R��9�&���u%�8�L�2����&��1��&��>�2�We;�?�����`�(����

U����c�� ?��� ��!� �� �8� �&�iB�(�q�5	� ����6�O�� 
	� L������ 
 &�8� U��(� >�&��1&� �%�4(�����

L
[� ��6����	�i�N�(����Fh	������	M�2 �8�#��jc���L��&�[������E�UM�V���(��%���������[%���8�������

����� U�_���2 �� 68� ���C� ����
	�%M>��41� �[���8� #��jc�� Z%�� 6����	�6WC�e	� �&�	� ���� � #��R


	�����8� >���h(�	�&�=� q�5	� #��&��1&� 
[� � �����L�� ���h	
N���
	� ����	����>��
��� ���8

L
:u%��Z%��U�����?��8�L���h	��b1�����h	q%�W(�2 ������>��

ns,�b1���
9��4(���h	��

���h	����T%��(�X%����:�����������8L�
	����N ��b1���
9��4(���h	�?���68�
	�"N	��������>� �

� �� �� �� ���

I (u, z) =      � � � � ���� � �

9�P�	�ns)����w�41��68�L��D�2O���q%�W(��8������
	���h	�68�����=�>��:��6��2 ��?�"N	�Z%��68

&��B	���&�����h	�\���&�	�2O����8��8����X%����L���8�6����2 ������q%�W(�6_�M��8��8�
�R�41��%

29�:�����1��NR����#&�R�Z%����g�&���> 2O������
���:�q%�W(��8�
	���D������(���h	�Z%��E�U�

2O���6�������q%�W(�b1��6�� M��D�����
	����	���L��������(Caers, 2001)>��

                                                 
1�-Stratigraphic sequences 

1 if Z(u) � z 

0  else 



)k 

 
 

nsk��%�����b1���|Indicator Kriging)t��

8�%�����&����U�����U�&�M�2 �8����
	�Lb1���|�����������[�=��&��%��^D��	������(@��

)> �b1����%��B	�68� �&�
�R�� ������%��B	r.� �)� t������^%�O(2O��� ��� ���N �� �8� 6�����D����


	�2 ��68�������5����%M> 

n> 
���5(�b1���?��:�%&���6O ��	 

,> �� b1��� �%��B	� ��� ���N ���%��� ��� � X%� &��b1��� ?��:�%&���U����� Z9�%� ���8� |��


(�WC�e	�6Be�	�� �� �2�W;�	����&��b1�� 

k> ���#��N	�{�D�2O���&��B	�Z%��E����8�P{���6�D�	�6 �&��A(�v� Z��5(�U������"	���F�	����

��������6Be�	�� �� �&� 

*> ^%�W(��%���� �&���������W(L�T8��(�������&�	�
[ ��=�}ND����8 

%��� #d��W	� ��[ ��2 �� �&�M��%� 68� ?�d���%���#d��W	� ��[ �� ����	� Lb1���|����
C��W	�|

#��N(�Z%���8�L2 � W	�?��:�%&���Z%F[%�3�Lb1���?��:�%&���6�
	�
C������ r���/�=�
��D�LZ%�C��m��

),p.(>��

ns*�6�O��
=�b1������ �&��
=�Sequential Indicator Simulation)t��

%����%��V�(�(�68�b1���|��L�6�O��2� �68
=�b1������ &�
	����=�<��:�
=������68�6�����

�&����������
W%��(�6�G�9 rCaers, 2001t>��

)> �����U��E����rn�t&��AO��6 

n> ���:�6���6��
9��4(����	�q%�W(����u�����#�;j	��&> 

,> ���:�6���� �� �&��]1�E����ui��� 



)* 

 
 

1� �'�qC��
c���T%��(�Z(n+i-1)� F(ui,z)��Z��5(� �8n+i-1)� pr (z(u) �zk�2O������8���D����

%���������N ���8�#��N	����b1���|��

���� �6�O��&��B	�
D��c�'��z(ui)�c���T%��(�!� ���8�
(n+i -1)� F (ui , z)� �

�����68�������� �6�O��&��B	�U��F9��'������rn + i -1t��

k> ���� �6�O��U�%�=��

6 ��=���h	�X%�^%�O(� �8�r0=S�N��U�_����%�t!j��68���
%L�
	6�O�����8�<�&�Z%�����U��(���� 

!j�����������N �>�68����8��L��D�2O������&��
8��(�?��:�%&���U�&�M�2 �������������8������


	� ���N ��b1���P�	����:&�A8� ���3�� �� ����� �&� 
(��N	�
�[����� ���r?��:�%&��� t2O������8�����


	�#��N	���D�����(Barrera, 2006)>��

����:&�A8�L6Rj1�&�c�68SIS�&��^D��	��%��2 ������6Rj1@  

)> �2O�����5����
%�~9���%�=��8�&�:�� ���D������

n> �b1������8�������2O����8�i8�e	�L�����D���� 

,> ?��:�%&���Y�3&��P�	������2O������8�b1�������q�5	���D���� 

k> 6���#�;j	����8�
9��4(�����	�q%�W(�x�B��?��W	��L�������%��9��%��������N ���8 

qC��t2O���6������8�Lb1���
9��4(�T8�(�
c���
G�%&���	��6O ��	��������N ���8���D����

%�����|������Z����&��1��&����b1����������8��������

��tx�O(&��63&��Q��4(������
8�%�&��#d��D�����

*> 
c���
��	�T%��(����&��B	�X%�
9��4(��&���8�6������

z> UF5	�������N8��4��	�iB�(���� �6�O������W8�Lx�B��6���
	�2 ��68��%M(Barrera, 2006)> 
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%����(�iB�(���C�(���6��:��E����P��D���&�M���3��68��&�
%�~9�
�[�����
8�%�&����%��L>(Journel and 

Huijbregts, 1978; Barrera, 2006)�� � >P�	� &�� &��2%����	�^�C�� 68� LUF5	���� �Y�����2�N��� �� U�F�	

�����#��N		���#��%F3� �8� L6��[%�
 ����Z�	��P�	�X%�Z1� � L&��1�� &�������^)..� o�LU����c�

U�A	�2�����%0=�rLiu et al, 2004t�>�&��UF5	���3&��P�� �U�F�	�U�&�M�2 �8��8�6�D�	�Z%��&�)..�
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��P��3�&��6��<�� �U���	������3�	�����	�&�=�!� ���8z�sp�L2 �����������]%����&����� STOIIP�

iB�(����X%����UF5	���3&��2N��U�F�	��%�P�	�9�iOc�L��zs)��T%��(�T8�(�&������� &��8����	M�2 �8


W��(C90,C50,C10�&������Z%����	�V�D��8�LU���6A�82 ����	M�2 �8r^A�zsnlt>��

STOIIP = tBulk voume * Porosity * (1-sw)r / Formation volume factor�(bo) zs)�  

�3&��2N��U�F�	 [m3
]� STOIIP�   �UF5	�^����D �m3��Bulk voume�

Porosity��^5�5(tor��Formation volume factor������� ���D�&���9��

sw���M�Y�O�����STOIIP(barrel)= 6.289808* STOIIP [m
3
] 

 

�P��3zsp�<�� �UF5	�68�x�8�	������ �����	�&�= r�&�;�#j9�2N��2���t��

                                                 
1 ��� Equiprobable 

2 ��� Stack tank oil initial in-place 
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Bulk volume(million-m
3 ) 3829>202807 Formation volume factor 1.1 

Porosity 25% sw 20% 
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��� 6��&�� P�� � U�F�	� ������ >P�	�
B�N�(� #��jc�� 6E� ���
��&�e8Z�	�� P�	� ��C�(� &�� L�� �
 ���

]�=�L���8����8��8�P�� ���D�
��8Z�	��<�&������	M�2 �8�P�	���2 ������������8�2�R�&�	M

6eB���E��������2 ��6����(�
8�58������"8���3�	�
(��jc��T8��	��������:���	> 

 

�P��3zs-�P��D����� �6�O��U�:���:�����6AO��&��UF5	���3&��P� �q�5	������

Probability/simulation  P10�(m-barrel)  P50(m-barrel)  P90(m-barrel)  

SIS  522  494  465 

(First) MPS  1765.35  1756.08  1746.51  

MPS�(validation)  518.45  514.56  511.18  

MPS�(last grid)  518.38  514.64  511.16  
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Abstract 

In petroleum and groundwater applications field, reliable facies modeling is of paramount importance for 

exploration of new reservoirs and making right decision for management of resources. Many of the current 

cases of facies modeling are based on variogram modelling. However, these conventional techniques, give the 

modellers limited capability to reproduce the�continuities and geometries of facies modeling; and display 

more stochastic heterogeneity than expected. The reproduction of curvilinear and complicated patterns plays 

a crucial role in fluid analysis of the reservoir. Although object-based methods have been used to gain this 

goal; they suffer from some limits, including hard data conditioning process and time and CPU demands.�

This thesis is a case study of Soroush oil field, located on the north of Persian Gulf, based on facies modeling. 

Core and palynological data indicate that the Burgan B in the Soroush area consists of a series of incision-fill 

sequences occurring in an estuarine/coastal plain/ deltaic environment. Environmental analysis indicates that 

tidal and channel sediments have settled in this area. Multiple-point simulation of Burgan B in this field has 

been implemented utilizing SNESIM algorithm in SGEMS software. This algotithm accounts multi-point 

statistics and reproduces non-linear patterns, utilizing conceptual image. The Training Image contains the 

dominant conceptual patterns that geologists have presented in the domain. The Training Image utilized is a 

realization of object-based techniques that has been produced by N.I.O.C Experts. This realization has been 

developed using well logs’ and core’s facies data; geology and sedimentology explanations.�

Results of Multi-point simulation model imply that patterns and continuity of available structures in the 

training image have been reproduced. This is also manifested in the information content and E-type maps. 

Although geometry of sinuosity channels of this field is reproduced, the numbers of specific patterns of the 

training image and the realization (Co-efficient of determination equals with 0/47) are considerably different. 

Co-efficient of determination between net to grass ratios and multi-point simulation realizations is 0.99. The 

respective figure for object-based modeling equals 0.2. Reproduction of well samples in multi-point 

simulation are achieved with an average of 73% in the validation grid; and reproduction of nodes of the 

training image in the range of 70 to 80 percent in the middle 



layers and the average of 57 percent for other layers, which are acceptable. Oil- in-place in different 

realizations are within a small range (511-527 million barrels). By comparing the results of SIS and MPS, the 

uncertainty has been decreased by 5.5 times.  

 

Keywords: multiple-point simulation, training image, facies modeling , non linear 

patterns, multiple-point statistics, fluvial channe
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