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A Study on the Analysis of Chemical Accident Based on Swiss
Cheese Model

-Focusing on the case of India's Bhopal accident-
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Abstract The chemical accident that occurred in Bhopal, Madhya Pradesh, India in December 1984
immediately killed at least 2,000 people and caused respiratory or serious injury in 200,000 to 300,000.
Court proceedings are still underway some 40 years after the accident. This study was performed by
reviewing research studies on the topic and systematically analyzing data using James Reason's Swiss
cheese model and the General Error Modeling System (GEMS) to determine the cause of the accident.
Swiss cheese model analysis determined that the direct and indirect causes of the accident were lack of
education, lack of personnel, incorrect operation, inappropriate facility design, and unsafe acts. Of these
defects, unsafe acts included facility defects, management defects that caused them, and factors related
to human error, and these acts were analyzed using James Reason's GEMS. In addition, psychological
factors were found to contribute to these defects. Through this model analysis, types of occurrence
factors of unstable behavior due to slip-lapse, rule-based error, knowledge-based error, and violation
were derived to determine how psychological factors contributed to this accident.
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Table 1. Human error classification taxonomy employed in this research

Category Subcategory Definition Prior researcher
Slip Actions that has not been done as intended by the Park Jung-chul and 4 others[12]
skill worker
-based Errors due to the limit of short term memory Park Jung-chul and 4 others[13]
error | Tapse . . .
p Missing prqcedures dur'mg the linkage process due to Ho Wan Kwak Chang & Ho Park[14]
non-compliance of action
Erronem.Js ru‘les applied, or correct rules applied in a Park Jung-chul and 4 others[15]
Rule-based wrong situation
Unsafe Acts mistake Apply daily rules as inappropriate in special situations| Ho Wan Kwak Chang & Ho Park[16]
Misinterpret and apply invalid rules Ki-Seong Yu & Jae-Moon Kiml[17]
Errors in diagnosis or reasoning while solving
Knowledge- problems by making goals, developing plans and Park Jung-chul and 4 others[18]
based mistake | procedures, usually in an unfamiliar circumstances
Not considering all alternatives Ho Wan Kwak Chang & Ho Park[19]
Violation Violations of rules OI" procedures that have become a Park Jung-chul and 4 others[20]
normal way of working

Preconditions for Unsafe Acts

a physical and technical mental condition

Ki-Seong Yu & Jae-Moon Kim[21]

Unsafe Supervision
supervisor's regulations

Inadequate supervision, intended inappropriate
behavior, failure to correct problems, violation of

Ki-Seong Yu & Jae-Moon Kim[22]

Organizational influences

atmosphere, operation

Resource management, organizational society

Ki-Seong Yu & Jae-Moon Kim([23]
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naphthol2 Y3t ou, 19799 o|Fo= F 714
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o o] =0, fUd B3 MIC IRkl 95
Zgo] dojyitt. ojnfjo] kg0 2 QAW Ey} ntdE T,
E610 82 W9l MICE PVH — Jump line — PVVH
— VGS — Edo] 28S &9l F25ATH271.
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Table 2. Description of event

event time Description of event
1984.12.2 OTwo-shift MIC plant supervisor instructs
20~2‘1'(‘)O' cleaning of pipeline from phosgene line to
' scrubber connected to MIC tank.
@The MIC operator starts cleaning the four
lines in the MIC storage facility with high
1984.12.2 pressure water without confirming the slip
2]:15‘ ’ blind installation.

’ ®The line was reported to the supervisor for
blockage, but the supervisor ordered the
cleaning again.

19??;3‘2' @Worker shift
1984.12.2. (®The pressure gage connected to the E610
23:00 tank in the control room is 10 psi.
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®Operator detects MIC odor and checks PVVH
1984.12.2. Apipeline near scrubber for MIC leakage
23:30 (@Water spray on ‘ ' '
®Ask the control room operator for situations
and response actions.
@Recognize that the pressure gage in the
1984.12.3. control room of the E610 tank in the control
00:15 room instructs 25 to 30 psi and report to the
supervisor.
@©The needle on the pressure gage of the E610
1984.12.3. tank in the control room points to a
00:30 maximum of 55 psi
@Connecting and running VGS.
@The MIC operator records leakage of the MIC
on a 33-meter PVVH line.
1984.12.3. @Operate sirens inside and outside the factory
00:40 for about 5 minutes
@Attempt to transfer from micro's E610 tank to
E619 tank
1984.12.3. BFactory's External Siren Re-Operation.
02:30 (6Valve reinstalled and leakage stopped.
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Table 3. Error classification of Bhopal Accident by
Human Error Factors

Category Error classification

[Slip ,Lapse]
(DUnidentified Installation for slip blind
@Failure to communication at work shift

[Rule-based error]

DAbolition of training, modification of facility
qualification, and reduction of facility
operation personnel

@Determined by manual only when pressure
rise 2 psi to 10 psi

®Non-review of the hazards of existing
facilities and MIC in case of process change

@Storage of MIC in E619 tank

®Siren on for five minutes
Unsafe Acts

[Knowledge-based mistakel]

(DE610 tank monitoring with pressure
indicator only

@Execute shutdown of prevention facilities
(flare stack, VGS) during MIC storage

®Cooling facility shutdown and coolant
movement

@Using a design fault Water curtain

®Using a design fault flare stack

®Non-consideration of MIC and water
reaction promotion due to carbon steel
replacement

@Install Jumplines

(MWater curtain protection leak above design
height

@Flare Stack Design Capacity Exceeded

(®Replacement of carbon steel in pipes and
valves

Preconditio-ns
for Unsafe Acts

Unsafe

.. (DInsufficient cleaning work training
Supervision

Organizatio-nal| ®No temperature setting standard in the MIC

influences tank
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