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7�'�.-[���""�5����������	 ����� \Y0 , ������* � 7��C!
� D)�% 2���@�.��0�� ��� ��� ���� ����3! �� ������< . 7�� �"

�'���*������� ��(-��% 8��� �� �!��Y'� ��3)V( ���3	 ��I5! K

+���)H(�&; �!���D� 8�:�! � ��I5! K)V(#��$ ��I5! K)F( �C)�&� K
2��@�.�2��:�1 ������ �)M((HAZOP) �  ...3'	�� �C� ! �-�

]][.
���� �*�� O�3� ��2���Y'�.� ������* �@��2�� ,C)�&�� �
@�.��2�� ^�� _� O� �1 �% 2��:�1 ������ �  � _�!��'���

R`� "���-�'���'�X � ���"� �" ��'������ ����� 7��a! 
������	��� ���� "�Y'�� "� � �"��( . ^�� 7�� ������* ��% O�I	�

 �D)�% 2���&; ,��-� '���- �� �!��:�1 2�<9� � L1�% �� I
 �����	 "��% #������- 9 ,��� E.9� .

 7�	HAZOP , ���" 8����Hb]W ����* �" ICI)N ( �" +����
�* "�% ��� �% ��-�'��% . �C)�&� c���HAZOP �!��@�.� ���$ �% 

 �" �"�1 ����* �� ������	 �����d'� 2�	���-� 8�)" �% �� ���
�0���!��:�1"� ��=0��"�5�����- 9 .��" �- ^�� 7�� �" ��3
) )3 ����X �� ! _�!��'��� � @ �% �0�� e��" ��I�%� � �9<

3'*� �" �%�5! �% 7�QQ.'� �� 8��* ����3� 2��Y'� ��3
�����	 ,�(-���" ,�* ����%  e��" ��I�%� � S�'�� , 8�>"

 �����d'� 7<�� 2�	���-� ����! A :&��- J�� 1 � �"��1���f
�� 7��C! �C)�&� "� �� ��0�� ������	��- 9 . ���XHAZOP

 7��C! ��3� �" ^�� 7��� _�!��'��� ��';�� �� "��Y'�� ����%
E'.� �"�%��� g���Y� �� �0�� ���"�- ���"�<:�1 ��:�

HAZOP�� ��� �% �� ��* ����� g'�� ()� � �'	�X �3%  ��-��]V[ .
 ^�� �"�%��� g���Y�HAZOP2���1  �� �-�]h � b[ :

�X � :&� j���* �� 8��� � �@ ��% ������	 ��0�� ��� K�C)�
���-� �% J���'��� g��D! ��'<k � ����-��" [�- �X �� " * .

��� �'	� ��� �% 2�I�35! � ������	 l &; 8��* �X ��.
���'����$ � : ��'�� ������	 �����d'� O��� +��� �" ���'����$

�� ��� ��% ��=- "� �� ��X ��% J���'� ����-�� .���$ �� �����'�
�%�X ���� ����% S ��C� � �@�� ��� �% ��2���1 ��-���� ��-� :

���" � ��9	 KO���� . J���! Km&� 8��� �� I�- ��(�" ����'����$
 K��'	� ��� �% 2�I�35! � �=- "� � �X �% �� ! �% ������* "� ��

��*�% [�> ��� 7<��.
��:� ������� ��� :��� �� �!��:� 8��* 8No ,Less � More

���" �� O�9- �� ���'����$ ��� ������d! �� ��'��.
n���-� � : �% J���'� ������� ��:� � �'����$ _� J���! ��
�� 8�<9! O6" �9 .3- X �% ���% �* "�5�� J���! ��� ��*�% ��
:�<9! n���-��*�% ��C� �% �9 . S����H ,��:� � ���'����$ ���

 ���#�' (��!��) �"�*�& +,-� � ������ .�� ,0�&��1�� � ���2���� .

DeviationParameterMeaningGuide Word

No FlowFlowNegation 
intentionNo

Less FlowFlowQuantitative 
decreaseLess

More FlowFlowQuantitative 
increaseMore

Low Level
Low Temperature
Low Pressure

Level
Temperature
Pressure

Quantitative 
decreaseLow

High Level
High Temperature
High Pressure

Level
Temperature
Pressure

Quantitative 
increaseHigh

LeakFlowQualitative 
IncreaseAs Well As

�� O�9- �� �3-6 �D&�� J���! � ���0�� S���'� ���������".
8�>" �:��XHAZOPo$�=- "� � �X 7��C! �� , 2�	���-�

�% ����� J�!�! ��% �� �3-6 ��% J���'�"��% ��� ,  �D)�% 8�>"
"��� 7��C! �� 2��	���-� ,�� ^��IX����< . �� 2��	���-� 8�>"

��3D�@ �:,� ��X ��� �% O� '"��� ���� : ED- K�-��-� ��&;
�; /"� 0 � 2�I�35!���.

J��� 1 � :#D-�C)�&� +��� �" 2��:�1 ������� � 2���@�.�
�5�'- 7��C!��� ����% "� � 2�	���-�  D)�% J�� 1 � �� . 7��

 �%�5! O�I�� � c�'�" �" 2�1�@� ��"���� �% �� ! �% J�� 1
�� "�" E�.9! K��X EQ.! ��- * . 8<*H ^�� 2��k :	 

HAZOP�� O�9- �� ���.

�� 	!"������ #� $%�"� �������� ���HAZOP

3��� � 2��@�.� _�!�� !� �C)�&� �<Y! "�5�� �" �!��Y'� ��3
�" % g�3� 2��:�1 �������-� . l�D- 8��* 8�� 1 7�� �� �;�%

 �;�% � ��'�� 2��:�1 ������ � 2��@�.� ��C)�&� ^�� pCq
�Xr�� I�-���%�" �� ^�� 7�� ��s� ����-��( .�% �:� � @ 7��

2���1 8�� 1 �� �-�]V � F[ :
 �����X ��� ���� [�> K^�� e	 � ������ � =�� �% �

3���� �" 7�QQ.'� �� ���'9�% "��C! �� �Y- #* �� 8<9'� ��3

rashtchian@ sharif.edu+E-mail:
)0(  Bhopal ) `  (  Safety Review
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��" �- _��!��'��� � �@ �% �����3� 2��Y'�3) ) ���3 � �9<
-� 8��� 1 � �������	 ����* �% �� ! �% �� �����	 e��"��I%� �-��

���� �����% .��C� � �����% ���X 7��� J����! � 2���Y'� ����
 ���" t� �0�� 2��:�1 ��@ �" ��� 7<�� �� �!��Y'� 2�	���-�

 9"	� :�� 0��;,!& (HAZOP.
��� 7��C! �� 2�	���-� 7�� ����* ;�- J�� 1 7��u��.

 � �" �� � @ O��� �C)�&� �'��" � ���, 7��C! � =�� �%
 2��:�1 ������� � 2��@�.� ��C)�&� ��X �* ��*� 8�� ����

3���� �" 7�QQ.'� �� 8<9'� ����X ����%2��Y'� ��3�0��@,
�!��:�1�3����(- ��3�*�% ������	 �0�� ���".

7�QQ.'���% ���%���-��	�� �! ��*�% �%�5! �% ����! ��-� '%
��� ������	 ��0�� �!��:�1 2�<9� � ��&; "��5�� 7�<�� ��3

9�$ ������ ����.
 � 2��@�.� �C)�&� �* ��? >�% �" �u-6 �% �� ! �% K7���%��%
 n�, � �� ! 8%�� �-��-� ����- �% ���- 8�)" ��% 2��:�1 ������

���I� �*�� �=0�� 8%�� O������ � ��%��� ���X .����5-6 � ��
#�$ 2��:�1 ������ � 2��@�.� �C)�&� 80��� ���� ���% ����-

�� A ��� 2�����; �� ����X :� � 2���@�.� E�.9!" �9 ,
��- �=- �% 7��� ^�� 7�� ��" ��� e	� !��� . �(�" 2���1 �%

3��I� #����C)�&� ��C��� [��1 ��% �3 ," �% ���� ; v��-�&; .
'�"���� �;�%�" ��32���1 ^�� 7�� �(�� �-�:

�%�5! �% 7�QQ.'� �% ���'�" [�1 � : " �� �% +�� � �;�%
[���! ���� ��q�0 �'��* �<-63��I� � "��"�w% �� l �%�� ��3

"��6 g���	 �� [�> 2�-�<�� , ���- "� � EQ.'� "��	� ��� 7<��
��*��- c�'�" �" ��*�% �'*�" �	�� �%�5! � 2��3� ��.

P$ ���<! �^�� ���� : �� 8�'�� 2��	���-� �� �"���� "��C!
 "� �� ����% ��X �� ��'�� �5��� 8�� 1 �:�� �� KS����- ����*

��� �C)�&� �� _� �� � "�" ���� �=0�� . �% �C)�&� �� ����� 7��
���� ���� ��'�; ���- .��- ��X �	�@ �� 8%�� "��C! �� ��-� '

�9k x���� 8:1 �3� !�� �* w 8��-�'$ �3-6 �� _� ��� ����� K�
�-��" �� �R"�0 "�5��.

�"����l�D-pCq�C)�&�2��@�.��������K2��:�13��� ��3
�'�s�I�-" ���-��"���<Y! 2��@�.� _�!�� !� �C)�&� �� "�Y'��

�� �� D! �� 2��:�1 ������ ���< .3��� 7��2���1 �3�� �-�:

Select a line or unit in the plant 
section as a node

Create a meaningful process 
variable deviation using the 

guide words

Find all the abnormal causes 
for the deviation in the plant 

section

Find all the adverse 
consequences for the deviation 

in the plant section

More 
meaningful 
process 

deviation?

More lines or 
units for
HAZOP

Yes

Yes

No

No

End
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 � _�!��'��� ��';�� � ������ � 2��@�.� �C)�&� �D&��
K2��:�1���-� '��'�� ()������%<�!�� !�^�� O"�< , "�3�9�$

��� .
�'��� ��C� ! � O�I�	���� �*� �[�- ��3 �% ����� ���I�	�

^�'�X"�%����3-6�"3'*���32��Y'���	�����3�, #.%�� -
�������%"�Y'����7��g'������% ���&� 2��@�.� _�!�� !� �C)

�� 2��:�1 ������ ��*��]HW � HH[ .
��%��=0��8�� �13��� ��* ���? 2��Y'� ��3 ,�5�'- 7��

�� 8,�0 �!��:�1 ������0�� 2���@�.� ��C)�&� ��X� ��� " 9
" * [�5-� _�!�� !� � @ �% x��� � S���'� , �3� ! 8%�� O�I�� �%

��� 7�QQ.'� ����� g�50 �� ���';� �" ��'9�% O��� � �* �'
 �������	 2�I��35! 2���@�.� ��C)�&� ��� ��! ��*�" ����� ;

���u�$�-���- �� O�* ���" ; ��:%�� �� �' , �- * I���'�]h[.

��	���� �������� ������ ��	� $�& '�()� �����*�
 �C)�&� O"��� _�!�� !� [�I�) ��% 7�QQ.'� ��� ���k ���

2���@�.��"��% ��$ 2��:�1 ������� �  8�%�� 2��D�D�! � ��-�
3=0�� ���� �'	�X 2� , ����� 7��� �" I��- ��]HMGHV[ ,

�'��� ����3���� ��3 �'0 � �'*�" �"���� ��6��� �9
'�D	 ��* J�� ��3 , ��� " % v�-�]F[.

�:�� O6 ����O� !�%^�! ���Poucet � Suokas)HbbV( ,
Preston � Venkatasubramanian) HbbN( ,Shimada � Suzuki

 �Sayama) HbbZ ( "�� ��*�]HN � HZ[ .
�'��� ������ 7��� �" ��; ��3HAZOPExpert �* ����� 

 ��� �!Venkatasubramanian � Vaidhyanathan) HbbM( ,
EXPERTOP �� ! �* ����� Faisal I. Khan � S.A. Abbasi

)VWWW( ,�5�'-���"�� ������ �) ��� 8�%�� � ��-�]F � h[ . ����!
*�� ��� ���X �" �� �<� �" E.9� � �@ �% �'	���� ��% ��3

�� ����-��(]HN[ :
�'��� ����; ���3 :_-�% �� S �C� � @ ��% � #-�" ����

��*�� S �� 8�%�� 8�0 ��% O����� ���% �"�"���� l���'�� ��3
�� "�Y'�����< .
�� ��'���3��'���%S�� :��'	�����0��������	 J)�� �" ��

�� y�* S���� I���'� S�� 7��� ����% ��� � �����- 9 . ��%
O� �1KS�s�_��0�����%2� ,_�g'����)"�C���� 8��-��Y�"

�� �	�C����<  .

�'����'��� �� S��� �% ��'�� ��3D��" ��; ��3 �" � �'
�'�XC�����'8%����'�� "�%��� ,���5-6 �� ���S�� 7��� �� ���
J:f�� g3���3-6 "�5����� 8<9� ,g'��� m���! ��; ���

�� "�"�- 9 .

 $	
+ �����
��- �'�% _� K��; g'��� �:�� @ �% ���% �� ��� ���I	�

)�� � ��:D!�� �0��@ ��9% EQ.! ����" 9 . �" g'��� 7��
3;�* +��� ���� _� �� "�Y'�� �% � ��� �1 �Q� ^ � �� ��

�:��C!�� g����	 �� �%��� ����- "� �� �QQ.! #-�" ���<]H][ .
#-�" _-�% �� �) ,� � @ �% ��; g'���)H( ,l���'�� 7�*��)V( � 

r�� 2�1�@�)F(�%��� ���� j� -� �;�% ���� �% )M( ��% ��� 
�� e�:� l����'�� 7��*����- 9 ,9! ��* 8�<���� . 8<*V

�� O�9- �� ��"� � 7�� l��!����� .
'�C��� �� ���=�� ��1 �5� #�-�" _-��% � y���9� ���3

O -���� 8���* �� �����% "� �� j q � ��% l �%�� ���" �9 .
g'��� ��'9�% ��%��R #�-�" _-��% ����" K" �� � ���; ����

�� @ ��% ��'����- �%��� ���-� ' �� �3-6 2�1�@� �� $ 2� , �% 
��" ��% �� � ���d! .

 2�1�@� � #-�" _-��% 2�1�@� �=0�� ��% l���'�� 7�*��
r�� ,O -���� ��5�'- �� �C���� � ��"��( . l���'�� 7�*�� +��� �"

�!>�% ��&� �� , � "�� ����% �� " � � #-�" J�!�! �(- (k
 80 ���% �3-6 ���� �3% �)z��"��( .

 � �%��� 7�% �0�� � "��� l��!�� ������% ��%��� ���� �Y�{�
��� ��I	� [�- .�� @ �% ��I	� [�- � �%��� 7�% |��$ � #��$ ���

<�"I- �%��� �% �� �-�%� �� ����� �' ,�� 2� ,"��(.
-����* ��*� �� � & ,�'��� ����% �!��Y'� ��; ��3

� 2��@�.� _�!�� !� �C)�&���* ����� 2��:�1 ������ �-� .
�'��� 7��� ����!�-��" v�'9� ���� _� ��; ��3 . ��� 7��

�� ��� 2���1 v�'9� :
_-�% �� "��Y'��l����'�� 7�*��� � #�-�" ���� , 7��u��

3% �%��� ���� _� �� �� ��; g'��� �% l��!�� ������%�� & �� 
�%��� �=- "� � ����* �% �� ! �% ,%�';�"�$ 8�:�! � , �% �� �5�'-

��� ������ 2��:�1 ������ � 2���@�.� �C)�&� O� �1 . I���! ���
�'����� �� ��; ��3"�� �,�; ��� "�� � �" O� ' :

�

<
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 K�* ����� #-�" _-��% ���';�� K���; g'��� ����C�  �-
�%��� ���� �0��@ Kl���'�� 7�*�� "�5�� �" �'	� ��� �% g'�� ()�
 � 2��-�<�� O�I��� � g'��� ��% ��%��� l��!�� �������%  ��- �

�5�'-������ g'��� ����" ����� �-� !.
�'9�%�'��� ����� e	 � ��; ��3�C)�&� ���% �9 _�!�� !�

 ���I	� [�- ���� �" 2��:�1 ������ � 2��@�.�VG "�Y'�� �% � 
�* ��';�� ��}3'	�� ��C� ! ���(-�� .�Xr�� �� �;�% ��';�� ��3

�*}K��(�� #��I	� �� ���; g'��� ���������� .�Xr�� 7��� ��
2���1 �� �-�]HW[:

��Y�� ,O�����@� ��:%�� ,�:%�����(- ���"����P$ y�,� � .

 $	
+ ����� ����HAZOPEN)-(

��'��� �� "��Y'�� �����I�� ��% ��� �! ��% �" ���; ���3
_�!�� !� ��C)�&�2���@��.���������2���:�1, ���; g�'���

HAZOPEN�* ����';��� ��% } ���I�	� [��- ����� �" � ���(
NC++ Builder ��* "�" ��C� !  . �" ���; g'��� 7��� �����C�

 8<*F��� ���6  .9.% 8���* g'��� 7�� r��� #�-�" ���3
�������	 ,����	 ��� �1 #-�"�� , �%��� ���� � l����'�� 7�*��

���.

��/��	0 $1�� 2)�%
 �����	 �% ������	  �� � " % r�� �����	 _� 2�1�@� 8��* 

��� 2��Y'� �(�" ." * �� g���	 �%��� �� ! �� 2�1�@� 7�� ,
��� ��� "�� � 8��*:

������	 �" ��q�0 ������* "� �� � : ����� ����� �:,� 8�)"
��������	�� �� ������*  " � � v�-�&; ������* "� �� �" O� '

�	�� ������	 �" .r��� ����* �" "� � 7�� , /"� �0 "�5�� ��% �"��
��'�� ��� .���C! #D- �P�) 2��@�.� �C)�&� �" ���% ��3-6 ���<
 " * ~��)]Hh[.

 ��; g'��� �" ������* "�� �� �HAZOPEN , 2� , �%
 "� � c�� �� }�*�� "�5�� ������	" 9 .

�Xr�� ����" c�� 7��������* "�� [�- ��� , �" "�� #D-
�����	 ,��� "�� ����&; ��, Q; � �<�I�	 �)�0  .

��X 7��C! ������	 �" " � � ��3 :��X 7�� O��� +��� �" �3
��" �- �� "�Y'�� ��% �� ��'�� ������	 �" " �� � 2�I�35! ���3

3) )�9<���I%��0�� e��"�=0�� "� � ������	 ,�� 7��C!�- 9 .
�* _� �X ����� �X c�� �� �- �- } . c��� 7���

��X [��- 2�Q.9� ,��X j - ,�X �0��@ � .)" ����* , y�*
2��:�1 ��% �" �� ��X �" ��q�0 ������* "� �� �� �'��3	 � �X

��"��( . 8��* �� ��� ���"� � ��X j -��" 9 :
 � �) ) ��� �" "��� S��� O���� �% �!���0 S��� K�) ) ��;
"��� S��� O���� �% �!���0 S���� K��'� $ ��� �� �'9�% ���9	

 9"	���=> 728�
 ?�����4 ��2>�
 (.

 9"	� ��=> 728�
 .���@� (HAZOPEN.

User User 
Interface

HAZOP Knowledge Base

Process General 
HAZOP 

Knowledge

Materials 
Properties

Phnt P & 
IDs 

(Nodes)

Process Unt 
Class 

Definitions

Causes Class 
Definitions

Consequence
s Class 

Definitions

HAZOP
Inference Engine

Process Specific 
Knowledge

Deviation 
Class

Definitions

)0(  Knowledge-base )1(  Specific Knowledge
)`(  Inference Engine )-(  User Interface

Knowledge 
Base

Inference 
Engine

Case Specific 
Data

User 
Interface
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��� � ���	 ���������"�� � ����"#�$ ��%�& ������ ����	 �� ��
 �����

�����  ��!� 6666

��� �"�'� $�� �'9�% ��9	 � O���� �% �!���0 S��� K�) ) ��� 
S���[�X�"����) )� �!���0 S��� K�'� $ ��� �� �'9�% ��9	

 ���� �� ��'9�% ���9	 � ��'� $ ��� �" [��X S��� O����� ��%
��$ K��) )K� �Y��'-����$�%�������K��s�� ���w�� K� Y��'-��

�%�� � ��w�� _-�! K��;? _-�! K��s� �����!��* � ���9-
S�'��.

�%��� ���� �� "�Y'�� �% �%��� , �� 2�Q.9� 7�� ������D�
��X ���%�� E.9� �C)�&� "� � ��3��<.

�/��	0 3���� 2)�%
)�� 8��* 2��:�1 ������ � 2��@�.� �C)�&� �� �1 ��3

��� .�=0�� "� � �����	 �� �� 8D'�� 2�1�@� 7�� , � @ �%
��d! � ��%�R�* ����';�� ��% ���P$�- ��}�� ���� -�� ��(" �9 .

��� �� 8<9'� ������	 �� �1 #-�"��� ��� ��3:
H�����d'� 2�	���-� c�� �������	 : _� n���-� �(- (k

 ������	 ��d'� � �C)�&� "� � �!��:�1 �0�� j - �% ������	 ��d'�
"��" �('�% O6 �" �=0�� "� �� .2��	���-� c�� �����d'� 

������ ��:� 2�Q.9� ����" ������	 , n���-� � ������	 ��d'�
��� . ����% 2�Q.9� 7��HV #.% �" ��� �!��:�1 ��0�� j �- 

��X 7��C!��* ��? ������	 �" " �� � ��3 , 2�	���-� �% ��� ! �%
2�I�35! O6 S����'� , #-�" �� �9.% O� �1 �% � �* ��"���D�
��; g'��� �� �1�(- �� ���"" 9 .

V������	 �����d'� 2�	���-� 8�>" c�� � : n���� �� �<�
 2�	���-�  �D)�% 8:1 7��C! 2��:�1 ������� � 2���@�.� �C)�&�
 �!���1 ��% ��� �!��:�1 �����0�� �" �������	 �����d'� �)��'0�

��� �=0�� "� � �X . ���% � " % �� �1 8�>" 7�� �� �;�%
Y'����� v�'9� 2��Y'� ��������	 �" �=- "� � ��X �� "� . �"

 r�� ����* � �����	 �% �� ! �% � " % ��; �(�" �;�% �� �)�0
�� 7���C! ��C)�&� "� ����- �9 .n�����-� KS��s�� O� ���1 ��%

“No Flow” �5�'- �" � �) ) �X����� �R� �" ��� 7<�� �) ) �" 
" * "�5�� O6 O��* ��$ . ���������	 �" ��� 7<�� 8���1 7���

" * "�5�� 2��Y'� . A ��� �� �1 8�)" _� O� �1 �% K7���%��%
��" 9 . " �� ��) ) 8;�" S��� O����� �" ����� g�� �X� S�0

�*�% �'*�" , +&� �5�'- �" � ��) ) O��* �'�% L1�% ��� 7<��
" �* O���� . � �����	 r�� ����* �% �('�% �:1 7�� 2�Q.9�

"��" �������	 "� �� . r��� 8��>" ���X �" 8��)" 7��� K7����%��%
3D�@�� ����" 9 .

c��8�>"2�	���-������d'�������	����"2�Q.9� �X
�=- "� � ,�X � Q.� ������	 ��d'� n���-� , � r�� 8�>"
�� �1��� ������	 �����d'� 2�	���-� "�5�� .�	���-� 8�>" 2�

�����d'��������	�%�=0������0���!��:�1�2�	���-� O�9,�;
��"���D�� �*�"#.%#-�"�� �1g'�����;������"��( .

F�5�'- c�� ��������	 ������d'� 2��	���-� ���� : ^��
  D)�% 8��>" 7��C! �� o$ 2��:�1 ������� � 2��@�.� ��C)�&�

�d'� 2�	���-� "�5���!��:�1 ����0�� �" ������	 ���� ,�5�'- ��
-��� ���"� � �;�% �" � �����* ;�- J�� 1 � I��- �� 2�	���-� ����

 9"	<�A,A B> 0��%�C� ��,�� ��� $� ��C4 (.

)0(  HAZOP ENcode

General Cause 
Fracture Due 
to Grashing 
Vehichs 
Cranes
Fracture Due 
to Vibriation 
Causing 
Fatigue
External Fire
Boiling
Weather 
Condition
Spec Cause 
Fire Hazard 
due to 
Flammable 
Material
Partial 
Blockage Due 
to Solid

General 
Consequence
High Press Due 
to High Temp

Spece
Consequence
Fire Hazard 

due to
Flammable 
Material

Release Toxic 
Material

Possibility of 
some problems 
due to sensitive 
material to High 

temp

No Flow

Less Flow

More Flow

High Temp

High Press

Deviation 
Class

Cause Class Consequence 
Class

Pipe

Consequence 1

Consequence 2

Consequence 3

Cause 1

Cause 2

Cause 3

Deviation 1

Deviation 2

Deviation 3

Process unit

�D
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�����  ��!�7777

 9"	�( �C4 ?�4 E�=6��  .�0��-2���,�� F��� .

�� ^��IX��< .�5�'- 7�����('�%�%8:1� �'*�" n���-� "�5��
�%��C�!�:1 �� ,��� 2��Y'� . n���-� �:1 �X� KS�s� O� �1 ��%
“No Flow "�) ) �" ,���$�*�% �) ) �X����� �R� �" O��9 , �X" )6

�� �5�'- �� ������	 "� � ��% �������� . ��'�% �X� S��0
���� "� � " �� 8�)" �% �) :-��* ,���� +&� �:1�*�% O , 7<��

" * ^��IX �5�'- O� �1 �% �) ) ��9	 #��I	� �D	 ��� . c��
n���-� �5�'- n���-� ����$ �Xr�� ����" ������	 �����d'� ���

 �0�� ������	 ��d'� n���-� �% �� ! �% �� ��� ������	 ��d'�
O6 "��5�� ��:1 � �!��:�1 , ���(�" #�.% O� ��1 ��% � 7���C!

� �1 #-�" ���� ��;? ��; g'��� �" 9 .
 �� �1 #-�"HV+%��� �� "�Y'�� ��% ��* ��? �!��:�1 �0�� 

 " �� �]VHGHb[��� �" � ���3!��* ��� -�� l �%�� ��3 .
 8<*M�9.% S�� ���� �12��@�.��;�) )�� O�9- ����� .
 8<*N9.% 7��% l��!��  O�9- �� ��� �1 #-�" 2���Y'� ���3

�����.

 $	
+ ����� 4�
/��� 5�&�� ���)�!�HAZOPEN

 � ������	 r��� #-�" 7�% l���!�� ������% ��% g��-�<� 7���
���; g�'��� ��� �1 #-�" ,�5�'- � 2���@�.� �C)�&� ����

�� ^��IX � "�� ���.'�� �� 2��:�1 ���������.
 8<* �" ���; g'��� 7��� l���'�� 7�*�� 2���k :	Z�6  �

��� .��� ��� ���� �% g'�� ()� y�*:
H ���3	 � ������* "� �� �� ���'��� 8�<9! ��% �����% �
��X3) ) [��X��" �% e%�&� �=- "� � ��3 �0�� e��" ��I%� � �9<

�� j��*" 9 . ��%��� ���� e���@ �� � ��%��� �� ! "�� �� 7���
�� 7��C!" 9 .

V��3	 �� �� ��X _�� ��%��� ���X �� _�� � " �� � ���3
 ������	 �����d'� 2�	���-� ���3	 �� �� ������	 ��d'� n����-�

�� A�.'-� �X O6 � Q.���<.
F n����-� � ��=- "� � ��X �" n���-� "��5�� J��� ��X �

A��.'-� O6 ��% J���'� , ��"���D� n���-� 8�>" ����3	 ow�
��" 9 .�� J��� ��X A�.'-� ��%��X ���Rz! O� ' �� 2��Y'� ��3

�X 7�% ��=- "� �� n����-� +�� ! 8�1 � ����% �� 2��Y'� ���
"�" [�5-� n���-� 8�>" ����! ���.'�� ���% .

M ������	 ��d'� n���-� 8�>" ���3	 �� �:1 _� A�.'-� �
�=- "� � �X , n���-� � n���-� 7�� �� �Rz'� ��X 7��C! 7��u��

��* "�5��O6 �"  .�Rz'� �X A�.'-� ��% ,g��% ���P$��Rz! � #��
��X "� �� n���-� +�� ! 8�1 +���� �" � ����% 2��Y'� ��3

��X 7�% �=- �)��'0� J��� 1 [��! 7��C! ����% 2���Y'� ���3
�� [�5-� n���-�" 9.

N�5�'- ���3	 ��"���D� �n���-� ���.

	��6 7���
���% �%��� ���� �0��@3- X �% � ��% ��-� '% �%��� �� �*�% ��

"��� �����% l��!�� O6 �% �'0�� , g'��� ������ 2��Y'� 8�0����
��-�*�% ���" �%��� 2���1 _� �" � �-��� [�5-� �% �� ���I	�.

g'�����;HAZOPEN�"����[�- ���I	�NC++ Builder

�C� !"�"�*.7��u���%��� ���� �0��@ �* �C� O�<�� �0 �! 
c -z��%�%����*�% .7��u����O� '��#.%�������7�� g'���

 A :&��- J�� 1
�%�.'-� �:1

 n���-� _�
 �X �% J���'�
7� A�.'-�

 �� �=-"� � �X
7� A�.'-�

 n���-�  � �R�'� �X
 �� O6 �% J���'�

7� A�.'-�

 n���-� �:1 _�
.'-� �� �=-"� �7� A�

 � "� � ���)
�X �� ������	 ���

7� "���

j��*
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 �����

�����  ��!� 8888

 9"	D( E�=�2
� ?�	�� 0��;,!&HAZOPEN.

 9"	G 728�
 ��	 �H��% �4��' B
�� ( ��=>HAZOPEN.

 ����� �X ��6
 �-�� ���%

����

�:%

��;

O���$

��;

 �=-"� � n���-� 8:1
�%�.'-� �X �"

 ��R�'� �X ��6
 �-�� ���%

����

�:%

  � J��� �X
 �% J���'� n���-�
7� A�.'-� �� O6

G

Archive of SID

www.SID.ir



����� ���	 �
��� � ���	 ����� .��4 5�6��,6� 728�
 5� �����... ������ ����	 �� ��
 �����

�����  ��!�9999

���%�(- (k���� �����"�� "�Y'�� O6 2��Y'� ��� . 8<*]
 ��* �0��@ ��%��� ����HAZOPEN�� O��9- �� ��".

�%�� ������)-(
 5�"��� 8�& 	��%
 ���; g�'���HAZOPEN #.% 2��@�.� ��C)�&� ����% 

�* "�% ��� �% 7�Y)�� O�* ���" �0�� v�� ; .C� l :.� _� e:
O�<)6G �) ) �; _� e��@ �� � ��;? _-�! _� �� KA6 � 7<)6 

�! _-�! _� �% �'� �$ � @ �% K�'� :�� _� S @ �% ��$ K���9-
��" * .�� ���% �!�� l :.� K_-�! 7�� �" �" " � � A6 �! �-��

�! O6" �* 7�9- .#�$ _� � S���� _�� �� ow�[�X � ��1 7�
D'�� #���� #.% �% K"���� 8" �* . �����	 7�� O����� ��" �-

 8<* �"h ��� ��6 ]VV[.
�� A :&��- ��Rz! O�* ���" #���� ��� A6 �� 7�� �� K"��PX

�! _-�! �"�:,�	 �" � �* ��� ���9- � @ �% K2��Y'� �-��� ���
�'�"���;��" *.7��u��l :.�O�<)6G ��" #��I	� ��% 7<)6

�� 7<�� � " �% c��0 �'�� ;�- #���� ���" #��I	� ��R� �" �
����:$O�*2� ,"��X.S Q�����"�*I�-8%��S�C'*���� .
�5�'-�5�'- �% g'��� 7�� ��� �����	 �'�� �C)�&� �� 8,�0 ���
8%������D����.�5�'-����%��"��6�� [��! ��; g'��� 7��

8�>"J�� 1 ��C)�&��'��2��@�.����!�#* $�� ������� .
"�� ��? �� ��'9�% "�� � g'��� 7�� �	�@ �� ,D��" �� �C)�&� �'

:��� ��� [�5-� ��'���� . O�I�� ��% �C)�&� [�5-� O��� 7��u��
�=0�� 8%���� #��� ���%��.

 9"	�?�-A�� ��	 ���� �H�� I��,> FC4 ����# ���,�� (   .

Feed  Buffer/Settler Tank

Heat Exchanger

25 m3 , 20oC, 15 psig

Hydrocarbon from

LIC

FIC

From Reactor
200 °C
260 psig

160 °C
290 psig

20 °C
300 psig

60 °C
240 psig

To Feed
Preheater
And reactor

J2 Feed Pumps 
(one working, one spare)

To Drain

J1 Transfer Pumps
(one working, one spare)

To After-Cooler

20 °C
35 psig

½ Mile Line Section

Hydrocarbon from 
Intermediate Storage

LIC

Feed Buffer/Settler Tank
25 m 3, 20 ° C, 15 psig

�
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����� ���	 �
��� � ���	 ���������"�� � ����"#�$ ��%�& ������ ����	 �� ��
 �����

�����  ��!� 10101010

 ��; g�'��� ������ 8�0���� ��5��� �"HAZOPEN ����% 
3! _�-�! "��6 #�.% 7��� ������ I���0 �X O� ��1 ��% ���9�

��" 9 :
H���X � ������* "� �� �������	 �=0�� "� �� ��3 , �� �!

�� E.9� ��%����- 9 .
Q)�;�- O� �1 �% A6 8��* �����	 �" " � � ������* "� ��� ,

#���� 7<)6 � O�<)6 ����" "����	 O� ��1 ��% 7�Y)�� � ��X O�*
��'�� .

��X2���1 #.% 7��� �=0�� "� �� ��3�� �-� : K��;? _-�!
��$ � �Y��'-�� ���HJ �% ���;? _�-�! �� v�� �; S��D'-� �; K

3! _�-�! S��'�� ���* K���9�LCV3! _�-�! Kw�$ K���9� ���3
Y��'-�� � VJ S��'�� ���* KFCVS���� K S��� O���� �% ��!���0

�) ) ��� �� �'9�% ��9	 � �'� $ ��� �" "��.
V�C)�&� "� �� ��X A�.'-� � :3! _�-�! �X O� �1 �% ���9�

��  A�.'-� �C)�&� "� �" 9 .
F�%�.'-� �X �" �� ! 8%�� ������	 ��d'� n���-� A�.'-� � :

n����-� �5��� �"“Low Level” �=0�� 8%�� n���-� O� �1 �% 
�� ����% � A�.'-�" 9 .

MJ��� ��X A��.'-� � :���X O� ��1 ��% S��D'-� �; �� ��
�� n����-� �-� '“Low Level”3! _�-�! �" �� ��� "�5�� ���9� ,

�� A�.'-�" �9 .
NJ��� ��X n����-� 7��C! � : n����-�“No Flow” ��X 

�� J��� L1�% �-� '“Low Level”3! _-�! �" " * ���9�.
Z�" ��5���8�>"n���-�Q.9��9�X�%�.'-��%�:��� �

g'�����;HAZOPEN^��IX ��" 9.2���1 8�>" 7���� �-� :
 ��$ � ��X"� ; 8�)" �% �) ) �; O�9)�-� ; "��� " ��� ,

A6. (
���$ ����� 8�)" �% �) ) �; O�9�X�.
���$ ���:D- 8���� � �1 8�)" �% �) ) �; O�9.
���$ �S�<*� 8�)" ��% ��) ) ��; O��9 JQ- +� � ��� ����

�-� �'	�(- ���� �� ! "� � � �* "�5��.
���$ ����* ^�C!�� 8�)" �% �) ) �; O�9.

]*��I�X ��:1 _�� A��.'-� ���9 , J��� 1 7���C! ����%
O6 � Q.� :���$O��9 _� O� �1 �% �X"� ; �R� �" ��) ) 
�� A�.'-� �:1" 9 .

h�Rz'� �X A�.'-� �  :���X O� ��1 ��% �!���0 S���� ��
���

J
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 5� �����... ������ ����	 �� ��
 �����

�����  ��!�11111111

 9"	J	��*K 9�L� (�4 ����!�
� ��=> 728�
 .HAZOPEN6 5��6 ��K .��4 �����.

��"��X ���� ��Rz! ��! �-� ' ,�.'-��� A" 9 .
b�Rz'� �X n���-� 7��C! � : n���-�“Less Flow of Cold 

Fluid Out” ,��S��� �� ����; "��� O����� O��9 ,�� �� O� '
"�" ���� �=0�� "� � .

HW�� S��0 � _�-�! �" ��* "��5�� n����-� J��� 1 O� �'
3!"�� ���9� �!���0 S��� ��� �� ���9� .2���1 J�� 1 7��� �-
�� :

S��� �� ����; [�X S��� ���" #��I	� �.
S��� �� ����; "�� S��� ���" #��I	� �.

���$ ���% S��'0� �8<9� �� �% c��0 "� � " �� 8�)" �% ��
��" #��I	� ,7<)6 � O�<)6 ,"�� S��� O���� �" .
8<* ���b � HW �� �* ^��IX J�� 1 � 8�>" J�!��! ��% 
�� O�9-���� .

� S���V��5�'- ��% ���� g�'��� ������ �� ���6 ���"
���;HAZOPEN n���-� ���% “Low Level” _-�! �X 

3!�� ����D� �X 7�� 2��@�.� �'�� �C)�&� �% �� ���9���<.

 �%�� ������)9(
)��:�6	� �;��8���� 3��%<

 ���9	 �" v�� �; OI�.� _� �� O��! %baraHM ���" � Fh
���"�'-�� �% "��X ��$ �:���A/B hFHGHWE �!���0 S��� �% 
hFHGhG ,�� ��$" 9 . ���" �% O���� �� o$ O�! % O����ZW

�'-�� ����"O��! �% ����.'�� ���% 7���$ ���� ��% "���X ,
hFHGHWV�� "��� " �9 .��% 7��� �" ,�Q)�;�- O�! % O���� ��3

O�'$���� 8��*�� ,�Y) � 8�- %���% ��Y) � �" 7�%�� � �� �:���
S :��HN��,�"_�'���,�"���" "��0ZVGNh�'-�� ���"  "��X

�� �'�*" 9 . ��% �>�% �� O�'$���� �� ���1 O�! % O���� ow�
���.'��hFHGHWV��% "�����������&��� �� ����&� �! " 9

:�0 _�'��� S :���9 ," * ��� .�	 7�� O���� ��" �- �" ����
 8<*HH ��6  ���]VF[.

�M
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 �����

�����  ��!� 11111111

 9"	�M	��*K NO�,� ( ��=> 728�
 B
,6 ���HAZOPEN6 5��6 ��K .��4 �����.

 9"	��FC4 ����# ���,�� ( ��2 �P�� �H�� Q,�28	 ��*���6,4 R.
 ���#��S�2� �8��T� ( �4 .��2
�#� $� ���)   728�
 .�� HAZOPEN �2�
 �@A�U� � HAZOP) 9�A�W�> .��.(

Selected Node: Settling Tank

Deviation: Low Level

------------------------

---------------------------------------

---------------------------------------

------------------------------

Regenerator caustic
from E10-873 A/B 

 

DWG. Y-800-4 
 

15% Caustic solution 
from E10-892 A/B 

 

DWG. Y-800-06

FC

N.C. TC

60
3

1

39.4 V10-831

LC

LSLL

LPS
LPC

Caustic solution
To V8-871

DWG. Y-800-04

4S

ST
O
P

G8-831

FC

15.57
38Butane

From E10-602

DWG. Y-9900-8
E10- 831 A/B 

��
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��� � ���	 ���������"�� � ����"#�$ ��%�& ������ ����	 �� ��
 �����

�����  ��!�12121212

Conventional HAZOPHAZOPEN

ConsequencesCausesConsequencesCauses

1.1 Cavitation may occur in J2pump and may 
damage to pump

1.LCV or its controller fails 
close more

Specific:
1.1 Possibility of some 

problems due to Sensitive 
Material, Alkane, to high 

Temp

Specific Cause:
1. 1 Km Line Section 

Fracture due to Corrosive 
material,H2O. 

1.2 Loss of feed to reaction section and reducing 
of output

1.2 Possibility of some 
problems due to Sensitive 
Material, Alkene, to high 

Temp
1.3  Polymer formation in heat exchanger under 

no flow condition.1.3 Cavitation in J2 Pump

2.1 The Same as 1.12. FCV or its controller fails  
open more

2.2 Incomplete separation of water phase in 
settling tank leading to problems on reaction 

section

����� ���# .��S�2� �8��T� ( �4 .��  728�
 .��#� $� ���) Y
� HAZOPEN �2�
 �@A�U� � HAZOP) 9�A�+�� .��.(
Selected Node: Settling Tank

Deviation: Low Level

Conventional HAZOPHAZOPEN

ConsequencesCausesConsequencesCauses

General Cause:

The Same as above1. 1 Km Line Section Fracture due to 
Erosion

The Same as above2. 1 Km Line Section Fracture Due to 
Crashing Vehicles, Cranes

The Same as above3. 1 Km Line Section Fracture Due to 
Overstressing

The Same as above

4. 1 Km Line Section Fracture Due to 
Damage Occurring during installation 
(This Can Remain Hidden For a long 

Time)

The Same as above5. 1 Km Line Section Fracture Due to 
Vibration Causing Fatigue

The Same as above6. 1 Km Line Section Fracture Due to 
Fire

The Same as above
7. Incorrect or Unanticipated Cross-
Connection Causing Uncontrolled out-

flow

The Same as above8. Run out of Row Material

The Same as above9. J1 Pump failure due to mechanical 
damage

The Same as above10. various motor failure of J1 Pump

The Same as above11. Failure of  LCV or Its Controller & 
Close

12.1 The Same as above12. Failure of  FCV or Its Controller & 
Open More

12.2 Incomplete Separation 
of Phases in Settling tank 
Leads to Some Problems in 

Down Stream

�% 2��@�.� �C)�&� � 8�:�! ���� ��5��� �"��� 8��? y�* :H��X � ������* "� � �������	 �=0�� "� �� ���3 , �� !
�� E.9� �%����- 9 . ��
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��� � ���	 ���������"�� � ����"#�$ ��%�& ������ ����	 �� ��
 �����

�����  ��!� 14141414

� O� �1 �% O�! % 8��* ������	 �" " � � ������* "� �� "��
�������	 ,S�0 O� ��1 ��% _�'��� S :�� ,�Q)�;�- 8���* �3
O�'$������ ,��� ��Y) � �" 7%�� � ��Y) � 8�- %�� .

V��X �2���1 #.% 7�� �=0�� "� � ��3�� �-� :
���.'�� ��% �! v�� ; OI.� �� v�� ; S�D'-� �; �.

��$ � � Y��'-�� ���A/B hFHGHWE.
��� S�'�� ��* � O�hFHGFCV.
 �!���0 S���� �hFHGhG , ��� �" "��� S��� O����� ��%

�) ) ��� �� �'9�% ��9	 � �'� $.
F��=- "� �� ��X A�.'-� � :�% ��% �!���0 S��� ��- �- � @

�=0�� "� � �X O� �1 ,�� A�.'-�" 9 .
M n���-� �5��� �" �“Less Flow of Cold Fluid Out” �% 

n���-� O� �1����% � A�.'-� �=0�� 8%�� ��" 9 .G A�.'-� 
J���� �X :S�D'-� ��; ,��$ � �Y��'-�� ����A/B hFHGHWE ,
 S�'�� ���*hFHGFCV ,���X O� ��1 ��%�� �� �� n���-� �-� '

”Less Flow of Cold Fluid Out”��� "�5�� �!���0 S��� �" ��  ,
�� A�.'-�" 9 .

N�� �X �� �	���-� ��� ��� J� O���� O�* g� L1�% �-� '
�� A�.'-� " * �!���0 S��� �" "��" 9 .

Z8�)" ��5��� �" ���%�.'-� �X ��* E.9� n����-� ���
�%�:����� ^��IX ��; g'��� �" 9 .

]*��I�X ��:1 _�� A��.'-� ���9 , J��� 1 7���C! ����%
O6 E�'.�

h��Rz'� �X A�.'-� �  :��0 S�����X O� ��1 ��% �!�� �� ��
��"��X ���� ��Rz! ��! �-� ' ,�� A�.'-�" 9.

b�Rz'� �X n���-� 7��C! � : n����-�“Less Flow of Cold 

“Fluid Out ,��S��� �� ����; "��� O����� O��9 ,�� �� O� '
"�" ���� �=0�� "� �.

HW�� S�0 �"�5�� n���-� J�� 1 O� �'�0 S����" �9 �!��
"��� ����9� �� . S����F�5�'- ��% ��� g'��� �� ���6 ��"

HAZOPEN �����D� ��X 7��� 2���@�.� �'�� ��C)�&� ��% �� 
����<.

8<*���HV,HF,HM�HN8�)" J�!�! �%  ^��IX J�� 1 � ��
�� O�9- �� �*����.
=>� � ?���)

� K2��:�1 ������ � 2��@�.� _�!�� !� �C)�&� L0��� �:�� �
�"�� J:� " ; �% �� 7�QQ.'� ��� ! �� ��� ��3� �% �! ���

 ^�� ����� ���I� � O��� �" ��-� '% ���; g'��� _� �� "�Y'��
3	�,"�� �� 5 ,D��" �� �C)�&�:��� 2���I� �% � �' [�5-� ��'
���" .

n�� 7�� ��% O���� ��'��� �" ,��* �C���� , _�
_��!�� !� g'��� 2���:�1 ������� � 2���@�.� ��C)�&� 

" �* �	��C�.
��'��� ^�� �� "�Y'�� �% g'���� 7�� [�- �% ���; ��3

HAZOPEN���- ����� �"  ���I�	�NC++ Builder  ��C� !
3'	����� .

 ���; g'��� �:� ���';��HAZOPEN #.% ���3k 8���* 
������	 r�� #-�" ,������	 �� �1 #-�" ,�*�� � l���'�� 7

�� �%��� �����*��.
 "� �� �% l �%�� 2�1�@� �� 8<9'� ������	 r��� #-�"

��X � �����	 �" �q�0 ������* ��%��� �� ! � ��� ������	 ��3
�� E.9� �%��� ���� e��@ �� ��- 9 .

 �3�� [�> �� �1 2�1�@� 8���* �������	 �� �1 #-�"
:�1 ������ � 2��@�.� �C)�&� "� � �����	 �� 8D'�� � ��� 2��

�� �����3(- ���; g'��� �" ���P$�-���d! � �=0��" �9 . 7���
�� 8�<9! ���� ���"� � �� 2�1�@�" �9 :

H������	 ����0�� ������	 �����d'� n���-� �.
V8�)" � ������	 ������d'� n���-� ��� �1 � r��� ����

������	 ����0�� .
F- J�� 1 �������	 �����d'� 2�	���-� ����* ;�.

 ���% �����	 �� �1 2��1�@�HV �" ��*��? �!��:�1 �0�� 
��X  7��C! #.%�����	 �" " � � ��3 ,�* "�" �C� ! .

l���'�� 7��*�� , � 2���@�.� _�!�� �!� ��C)�&� g�'�� ()�
�� 8�<9! �� 2��:�1 ������ #-�" 7�% l��!�� ������% �� � ���

�������	 �� �1 � r��� ,�5�'-"�� ����.'�� �� �C)�&� ����,
^��IX������.7����5�'-�� A :&���- J�� �1 � 8:1 8���*

��� �=0�� "� � �X �" ������	 �����d'� 2�	���-�.
�%��� ���� �� �� �%��� , 2�1�@� 8��* ������	 r�� #-�"

��X � ������* "� ��������	 ���33) ) ��" ��- e%�&� �� � �9<
�� E.9� ������	 e��" ��I�%� ����< .g��� 7��k 2�1�@� ��-� '

�0�� �:� 2�Q.9� 8��� �� �� �1 ,  �  EQ.�'� ��X ���3	
���� "��� �� 2���:� ^��I�X .
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�����  ��!� 14141414

 ���#� ( �S�2� �8��T��4 .�� 728�
 .��#� $� ���) Y
�HAZOPEN �2�
 �@A�U� �HAZOP) 9�A�W�> .��.(

Selected Node: G8-831(Heat Exchanger)

Deviation: Less Flow of Cold Fluid_Out

Conventional HAZOPHAZOPEN

ConsequencesCausesConsequencesCauses

1.1 Decreasing of  cold fluid flow 
to G8-831

1. Blockage of strainer of pump 
E10- 831A/B 

 

Specific:
1.1 Contamination of the 

environment to process material

Specific Cause:
1. Leakage in pipe due to 

Corrosive material.

2.1 The Same as 1.1
2.Supply feed failure or failure of 

shut off valve,XV-832 and 
close

1.2 Cavitations in pump 
E10-831A/B 

 

2.1 Possibility of increasing of 
pressure in tube side leading to 

tube rupture.

2.Leakage from shell side to tube 
side of G8-831due to corrosive 

materials

3.1 The Same as 1.13. FCV-831 or its controller fails  
& close more

����� ���# .��S�2� �8��T� ( �4 .��  728�
 .��#� $� ���) Y
� HAZOPEN �2�
 �@A�U� � HAZOP)  9�A�+�� .��.(

Selected Node: G8-831 (Heat Exchanger)

Deviation: Less Flow of Cold Fluid_Out

Conventional HAZOPHAZOPEN
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�����  ��!�15151515

ConsequencesCausesConsequencesCauses

General Cause:

The Same as above1. Line Fracture due to Erosion

The Same as above
2. Line Fracture Due to Crashing Vehicles,

Cranes

The Same as above3. Line Fracture Due to Overstressing

The Same as above
4. Line Fracture Due to Damage Occurring 

during installation (This Can Remain 
Hidden For a long Time)

The Same as above
5. Line Fracture Due to Vibration Causing 

Fatigue

The Same as above6. Line Fracture Due to Fire

The Same as above
7. Incorrect or Unanticipated Cross-

Connection Causing Uncontrolled out-flow

The Same as above8. Run out of Row Material

Decreasing of cold fluid flow to G8-831
9. E10- 831A/B Pump failure due to 

mechanical damage

The Same as above
10. Various motor failure of E10- 831A/B 

Pump
11. Leakage through the seal due to wear 
and corresponding inadequate maintenance

The Same as above1. Failure of  FCV-831 or Its Controller & 
Close more

�<
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�����  ��!� 16161616

 9"	��9�A� ( �4 ��	 :��*K .�� ��=> 728�
 �!�
�HAZOPEN �6���H ��=� ��K .��4���Z�G.

 9"	��9�A� ( �4 ��	 :��*K .�� ��=> 728�
 �!�
�HAZOPEN�6���H ��=� ��K .��4 ���Z�G.
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�����  ��!�17171717

 9"	�<9�A� ( �4 ��	 :��*K .��8�
 �!�
� ��=> 72HAZOPEN �6���H ��=� ��K .��4���Z�G.
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