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Abstract - Accidents involving subcontractors at chemical plants can be caused by not only technical and
managerial issues but also socio-structural problems, such as those arising from the relationship between the
company and the subcontractor(s). Therefore, this study aims to analyze the causes of chemical accidents that
occurred during maintenance and repair work by subcontractors at chemical plants from an holistic socio-tech-
nical systems perspective and to identify the relationships between accident causal factors. Twenty-one acci-
dents that occurred at domestic process safety management companies during maintenance and repair work
over the past five years were analyzed. AcciMap was utilized to identify causal factors at each hierarchical lev-
el, and an procedure-based analysis was conducted to examine causal factors in each work stage. As a result,
it was found that chemical plant subcontractor accidents were the result of complex interactions of not only
management, technical, and human factors, but also structural problems that occurred due to the characteristics
of maintenance and repair work that is performed intermittently and the relationship between the company and
subcontractors. Therefore, in order to prevent subcontractor accidents, it is necessary to analyze accident caus-
es and establish countermeasures considering both social and technical aspects.
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Table 1. Accident cases for analysis

No. | Yar Casiteaton Work e

1 201x Subcontractor Welding on pipes Explosion

2 201x Subcontractor Attaching the cover after cleaning the heat exchanger Leak & inhalation
3 201x Subcontractor Removing parts(strainer) Leak & contact
4 201x Subcontractor Insulation work for heat exchanger Fire

5 201x Subcontractor Disassembling separator Fire & explosion
6 202x Subcontractor Replacing pipes Poisoning

7 202x Subcontractor Replacing valves Leak & contact
8 201x Subcontractor Welding on tank Explosion

9 202x Subcontractor Welding on reactor pipes Explosion

10 202x Subcontractor Cutting tank pipes Explosion & fire
11 202x Subcontractor Leakage test after valve replacement Leak & contact
12 202x Sub-subcontractor Cutting pipe flange fastening bolts Fire

13 202x Subcontractor Dismantling pipe insulation Leak & contact
14 202x Subcontractor Removing substances (clay) inside the container (filter) Fire

15 202x Subcontractor Replacing the wire rope for lifting the agitator Explosion

16 202x Subcontractor Welding for tank ventilation pipe replacement Explosion & fire
17 202x Subcontractor Tightness test of heat exchanger Explosion

18 202x Subcontractor Replacing valves and short pipes Leak & contact

Company, In-house
19 202x subcontractor, Replacing storage tank internal parts (form seal) Fire
External subcontractor

20 202x Subcontractor Valve inspection Explosion & fire
21 202x Subcontractor Check for shutoff valve leaks Explosion & fire
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Fig. 1. Rasmussen’s risk management framework and the associated AcciMap technique[6][16].
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Table 2. An example of maintenance work procedures at a chemical plant
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No. Work stage Performers
1 Establishment of maintenance plan Company
2 Pre-bid meeting Company — Subcontractor
3 Bidding Subcontractor — Company
4 Evaluation of participating companies in the bid Company — Subcontractor
5 Signing of contract for maintenance Company <> Subcontractor
6 Carrying out legal proceedings (Contract approval of hazardous and dangerous work, etc.) Company
7 Pre-survey and work plan creation Subcontractor
8 Risk assessment Company & Subcontractor
9 Establishment of work standards (procedures) (Company) & Subcontractor
10 Implement of safety precautions Company & Subcontractor
11 Providing process and material safety and health information Company — Subcontractor
Implementation of safety and health education for workers Subcontractor
12 Educationh;flt}slafety and Confirmation of safety and health education for workers Company — Subcontractor
Safety alarm system operation and evacuation procedure training Company — Subcontractor
13 Completion of PTW(permit to work) application form Company or Subcontractor
14 Review and Approval of of PTW (Ensuring all safety considerations addressed) Company & Subcontractor
15 Issuance of PTW Company — Subcontractor
16 Pre-Job Briefing (Tool Box Meeting) Company & Subcontractor
17 Work Execution and supervision Company & Subcontractor
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Table 3. Identification of accident causal factors through chemical plant maintenance procedure analysis

Causal factors

Work stage
Company

Subcontractor

Establishment of

U | maintenance plan | period)

Inadequate maintenance planning (short work -

Pre-bid meeting

Bidding -

Evaluation of
participating
companies in the
bid

qualified subcontractors

*Failure to follow the procedure for selecting -

Signing of
contract for
maintenance
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Table 3. continue
Causal factors
No Work stage
Company Subcontractor
. *Omission of the subcontracting approval -
6 Carrying out procedure
legal proceedings
*Failure to prepare a work plan *Failure to prepare a work plan
Pre-survey and *Failure of the company to review the eInadequate preparation of a work plan
7 work plan subcontractor’s work plan *Inadequate sharing of the work plan
creation *Inadequate sharing of the work plan
*Inadequate support and review of the *Failure to conduct a hazard assessment
subcontractor’s risk assessment *Inadequate identification and review of hazardous and
*Inadequate identification and review of dangerous factors
hazardous and dangerous factors eInadequate safety measures for hazardous and
8 | Risk assessment | *Inadequate safety measures for hazardous and dangerous factors
dangerous factors *Failure to verify safety measures based on the hazard
assessment results
*Failure to prepare a work standard (work *Failure to prepare a work standard (work procedure)
Establishment of | Procedure) eInadequate preparation of a work standard (work
9 work standards | *Inadequate preparation of a work standard procedure)
(procedures) (work procedure)
*Failure to remove hazardous and dangerous *Failure to implement pre-work safety measures
substances *No fire extinguishers available
*Inadequate measures for the removal of *Failure to implement Lockout/Tagout (LOTO)
hazardous and dangerous substances
*Failure to block the handling pipes for
10 Implement of hazardous and dangerous substances
safety precautions | *Inadequate scaffolds or work platforms
*Inadequate safety measures for leak tests
*No fire extinguishers available
*Failure to implement Lockout/Tagout (LOTO)
*Failure to provide safety and health information -
Providing process | (o sybcontractors
11 and material *Inadequate provision of safety and health
safety and health | jnformation to subcontractors
information
*Inadequate support and verification of education | *Inadequate safety and health education for workers
results for subcontractors *Failure to provide special safety and health education
12 Education of | «Jpadequate training on the operation of the
safety and health | 4 system and evacuation procedures
Completion of
13 | PTW application

form
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Table 3. continue

AcciMap}t AR B3-S o] -7 8t ok  H ) Al shetabal 24

Causal factors

No Work stage
Company Subcontractor
*Failure to measure gas concentration or -
flammable vapor concentration
*Measuring gas concentration or flammable
vapor concentration by an improper method
*Failure to confirm the status of valve isolation
Review and and blind plate installation
Approval of of | emnadequate confirmation of the status of
PTW hazardous substance removal
14 (Ensuring all Inadequate confirmation of the completion of
safety LOTO
considerations | «[nadequate confirmation of the wearing of
addressed) protective equipment

*Failure to confirm the adequacy of fire
extinguisher placement

*Failure to confirm the adequacy of the risk
assessment

15 | Issuance of PTW

*Failure to issue a work permit

eIssuance of a work permit different from the
actual work

*Non-compliance with the procedure (method)
for issuing work permits

Pre-Job Briefing
16 (Tool Box
Meeting)

*Inadequate worker awareness of job-related hazards
due to pre-job briefing focused on work instructions

Work supervision

*Failure to supervise the work of subcontractors
*Inadequate supervision of the work of
subcontractors

Failure to perform supervisor duties
Inadequate performance of supervisor duties

*Failure to comply with work standards (work *Failure to comply with work standards (work
procedures) procedures)
Work *Asking subcontractor’s employees to do the eImproper methods and results for maintenance and
procedure | company’s work repair work
and *Use of non-explosion-proof equipment and tools
method *Change of planned work method
*Non-wearing or inadequate wearing of personal
protective equipment (PPE)
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