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This analysis of the Bhopal gas tragedy reveals how to avoid 
introducing unnoticed hazards that can increase the risk of a 
runaway reaction.

Kenneth Bloch � Process Safety Supervisor

Bruce K. Vaughen, P.E. � CCPS

The Bhopal Gas 
Tragedy — Part III: 
Runaway Reaction 
Prevention

This special three-part series commemorating the Bho-
pal gas tragedy’s 40th memorial began with the pub-
lication of Part I in September 2024, which explained 

how to develop an effective process safety culture (1). The 
second article, published in November 2024, highlighted 
the importance of eliminating common cause failures from 
process design (2). 
�� �7�K�L�V �¿�Q�D�O �D�U�W�L�F�O�H �I�X�U�W�K�H�U �G�H�Y�H�O�R�S�V �W�K�H �X�Q�G�H�U�O�\�L�Q�J �W�K�H�P�H�V 
involving workaround solutions and design dependencies to 
�G�H�¿�Q�H �K�R�Z �W�K�H�L�U �L�Q�W�H�U�D�F�W�L�R�Q �S�U�R�G�X�F�H�G �W�K�H �K�D�]�D�U�G�V �U�H�V�S�R�Q-
sible for the Bhopal gas tragedy. Applying this knowledge 
improves our ability to prevent runaway reactions in modern 
industrial processes.

Introduction
	 The original “Bhopal Methyl Isocyanate Incident Inves-
tigation Team Report,” published by Union Carbide Corpo-
ration (UCC) in 1985, serves as the primary reference for 
�W�K�H �¿�U�V�W �W�Z�R �D�U�W�L�F�O�H�V �L�Q �W�K�L�V �V�H�U�L�H�V (3). However, the original 
1985 report is not the only investigation report issued by 
UCC. In 1988, UCC released a technical paper entitled 

“Investigation of Large-Magnitude Incidents: Bhopal as a 
�&�D�V�H �6�W�X�G�\�´ �Z�L�W�K �W�K�H �H�Q�J�L�Q�H�H�U�L�Q�J �F�R�Q�V�X�O�W�L�Q�J �¿�U�P �$�U�W�K�X�U 
D. Little, Inc. (4). UCC used this platform to communi-
cate additional information that became available after the 
1985 report was published. While the original 1985 report 
is no longer actively distributed, the follow-up 1988 report 
can be freely downloaded from www.bhopal.com, UCC’s 
�R�I�¿�F�L�D�O �Z�H�E�V�L�W�H �I�R�U �G�L�V�S�H�Q�V�L�Q�J �L�Q�I�R�U�P�D�W�L�R�Q �D�E�R�X�W �W�K�H �%�K�R�S�D�O 
gas tragedy. Reviewing information from the 1988 report 
promotes a better understanding of the events that led to his-
tory’s worst industrial disaster.

Design specifications
	 The methyl isocyanate (MIC) storage tank diagram 
(Figure 1) designates how tank vapor was handled under 
both normal and emergency situations (3). Two separate vent 
lines were connected to each tank, which delivered tank gas 
�L�Q�W�R �W�K�H �Y�H�Q�W �J�D�V �V�F�U�X�E�E�H�U ���9�*�6�� �D�Q�G �À�D�U�H �W�R�Z�H�U �I�R�U �G�H�V�W�U�X�F-
tion. Under steady-state operation at 2 psig (1.14 atm), low-
pressure MIC storage tank headspace vapor vented into the 
scrubber through the process vent header (PVH) connection, 
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which was normally kept open. If the tank pressure rose 
above 40 psig (3.7 atm), it was considered an emergency 
situation, and a safety valve would automatically open to 
�U�R�X�W�H �0�,�& �J�D�V �L�Q�W�R �W�K�H �À�D�U�H �W�R�Z�H�U �W�K�U�R�X�J�K �W�K�H �U�H�O�L�H�I �Y�D�O�Y�H 
vent header (RVVH). This safety precaution mitigated leak 
�D�Q�G �H�[�S�O�R�V�L�R�Q �K�D�]�D�U�G�V �W�K�D�W �F�R�X�O�G �U�H�V�X�O�W �I�U�R�P �H�[�F�H�H�G�L�Q�J �W�K�H 
60 psig (5.1 atm) MIC storage tank hydrostatic test pressure.
�� �8�&�& �G�H�V�L�J�Q �V�W�D�Q�G�D�U�G�V �V�S�H�F�L�¿�H�G �V�W�D�L�Q�O�H�V�V �V�W�H�H�O �D�V �D�Q 
approved material for constructing equipment in MIC 
service (3). Stainless steel resists rust formation, making it 
compatible with MIC (5). Lower-quality materials were not 
approved for MIC service due to their lack of rust resistance. 
Carbon steel, for example, corrodes upon contact with moist 
air to form a surface layer of rust. This must be avoided 
since, in the presence of MIC, rust acts as a catalyst for an 
undesirable side reaction that forms a nuisance material 
commonly called MIC-trimer (Figure 2). MIC-trimer is a 
polymeric compound with a high melting point (178°C) that 
clogs pipes and prevents closed valves from sealing properly 
(5). Thus, the best way to avoid MIC-trimer buildup in pipes 
and valves was to construct any equipment operating in 
MIC liquid or gas service with stainless steel in adherence to 
UCC’s design standard.
�� �,�Q �I�X�O�O �F�R�Q�I�R�U�P�D�Q�F�H �Z�L�W�K �0�,�& �S�U�R�F�H�V�V �G�H�V�L�J�Q �V�S�H�F�L�¿�F�D-

tions, UCC’s preexisting MIC process in the U.S. was con-
structed entirely with stainless steel. However, in the interest 
of cost savings, the Bhopal factory’s MIC storage tank vent 
header piping and valve metallurgies were downgraded and 
substituted with carbon steel (6). Since MIC vapor could 
�À�R�Z �L�Q�W�R �W�K�H �S�U�R�F�H�V�V �Y�H�Q�W �K�H�D�G�H�U �D�Q�G �U�H�O�L�H�I �Y�D�O�Y�H �Y�H�Q�W 
�K�H�D�G�H�U �D�W �D�Q�\ 
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inherently clean design solution. 
	 If carbon steel were used, one workaround to the 
�S�U�R�E�O�H�P �R�I ��
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�U�H�S�R�U�W �V�X�P�P�D�U�L�]�H�V �K�R�Z �W�K�H �Q�L�W�U�R�J�H�Q �S�X�U�J�H �V�\�V�W�H�P �S�U�R�Y�L�G�H�G 
the motive force to send MIC into the pesticide reactors 
without the transfer pumps (4): “A nitrogen pressure of at 
least 14 psig in the MIC storage tank was necessary to move 
the material from the storage area to the SEVIN unit charge 
pot at a reasonable rate.”
	 The substitute MIC transfer method required switching 
the vent valve from automatic to manual control. Console 
�R�S�H�U�D�W�R�U�V �Z�H�U�H �W�R �R�S�H�Q �W�K�H �Y�H�Q�W �Y�D�O�Y�H �Z�K�H�Q �¿�O�O�L�Q�J �W�K�H �W�D�Q�N 
and close it at all other times to establish 14 psig (1.95 atm). 
However, closing the vent valves interrupted the constant 
�À�R�Z �R�I �Q�L�W�U�R�J�H�Q �W�K�D�W �S�U�H�Y�H�Q�W�H�G �P�R�L�V�W �D�L�U �I�U�R�P �H�Q�W�H�U�L�Q�J �W�K�H 
carbon steel vent header system. As a result, rust formed on 
the internal MIC tank vent pipe and valve surfaces.
	 After implementing this change, MIC in the displaced 

headspace gas contacted the rusted vent header pipes and 
�Y�D�O�Y�H�V �Z�K�L�O�H �W�K�H �W�D�Q�N �Z�D�V �¿�O�O�L�Q�J�� �$ �Z�D�W�H�U �Z�D�V�K�L�Q�J �S�U�R�F�H-
dure was introduced as an alternative solution to remove 
the resulting MIC-trimer, which avoided possible product 
quality issues and business interruption. Whereas previ-
ously, a leaking vent valve created no observable safety 
or production impact, the new pumpless transfer method 
required keeping the carbon steel vent valve as clean as 
possible. Failure to do so could result in inadequate storage 
tank isolation, making it impossible to transfer MIC into the 
pesticide reactors.
	 Abandoning the MIC transfer pumps in exchange for 
�Q�L�W�U�R�J�H�Q �S�U�H�V�V�X�U�H �L�Q�W�U�R�G�X�F�H�G �W�K�H �K�D�]�D�U�G �R�I �D �U�X�Q�D�Z�D�\ �U�H�D�F-
tion inside a storage tank. Prior to implementing this change, 
�W�K�H�U�H �Z�D�V �Q�R �Q�H�H�G �W�R �U�H�J�X�O�D�U�O�\ �À�X�V�K �0�,�& �S�U�R�F�H�V�V �H�T�X�L�S�P�H�Q�W 

�  Figure 4. The value engineering basis for 
carbon steel MIC storage tank vent lines was 
dependent on using transfer pumps as prescribed 
in the original design. The carbon steel vent lines 
protected by nitrogen are highlighted in blue, while 
the design basis transfer pump pathway at 2 psig 
(1.14 atm) tank pressure is highlighted in yellow. 
The tank’s normally open vent valve is marked 
ADL #15 (3, 4).

�  Figure 5. A workaround MIC transfer method 
was introduced to replace the failing transfer 
pumps. This change required closing the vent valve 
(marked ADL #15), contrary to the design basis. 
Nitrogen (highlighted in blue) could then be used 
to raise the tank’s pressure to 14 psig (1.95 atm), 
which made it possible to send MIC through the 
alternative pathway (highlighted in yellow). 
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