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a b s t r a c t

Background: A permit to work (PTW) is a formal written system to control certain types of work which
are identified as potentially hazardous. However, human error in PTW processes can lead to an accident.
Methods: This cross-sectional, descriptive study was conducted to estimate the probability of human
errors in PTW processes in a chemical plant in Iran. In the first stage, through interviewing the personnel
and studying the procedure in the plant, the PTW process was analyzed using the hierarchical task
analysis technique. In doing so, PTWwas considered as a goal and detailed tasks to achieve the goal were
analyzed. In the next step, the standardized plant analysis risk-human (SPAR-H) reliability analysis
method was applied for estimation of human error probability.
Results: The mean probability of human error in the PTW system was estimated to be 0.11. The highest
probability of human error in the PTW process was related to flammable gas testing (50.7%).
Conclusion: The SPAR-H method applied in this study could analyze and quantify the potential human
errors and extract the required measures for reducing the error probabilities in PTW system. Some
suggestions to reduce the likelihood of errors, especially in the field of modifying the performance
shaping factors and dependencies among tasks are provided.
Copyright � 2015, Occupational Safety and Health Research Institute. Published by Elsevier. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

According to investigations on industrial accidents, human er-
rors account for > 90% of accidents in nuclear industries, > 80% of
accidents in chemical industries, > 75% of maritime accidents, and
> 70% of aviation accidents [1]. Human error also constitutes one of
the direct causes of some of the most shocking industrial accidents
which have occurred around the world such as Bhopal in India
(1984), Piper Alpha in the United Kingdom (1988), Chernobyl in
Ukraine (1986), and Texaco Refinery in Wales (1994) [2].

In the worst industrial accident in world history, the Bhopal
disaster, a combination of operator error, poor maintenance, failed
safety systems, and poor safety management were identified as the

causes of leakedmethyl isocyanate gas from a pesticide plant which
led to the creation of a dense toxic cloud and killed > 2,500 people.
The explosion and fire accident which occurred in the Piper Alpha
offshore oil and gas platform and killed 167 workers was attributed
mainly to human error including deficiencies in the permit to work
(PTW) system, deficient analysis of hazards, and inadequate
training in the use of safety procedures. In the Chornobyl accident,
operator error and operating instructions and design deficiencies
were found to be the twomain factors responsible for the explosion
of a 1,000 MW reactor which released radioactive materials that
spread over much of Europe. Finally, the main cause of the Texaco
Refinery explosion, caused by continuously pumping inflammable
hydrocarbon liquid into a process vessel which had a closed outlet,
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was the result of a combination of failures in management,
equipment, and control systems, such as the inaccurate control
system reading of a valve state, modifications which had not been
fully assessed, failure to provide operators with the necessary
process overviews, and attempts to keep the unit running when it
should have been shut down [3].

Human error has been defined as any improper decision or
behavior which may have a negative impact on the effectiveness,
safety, or performance system [4]. A PTW is a formal written
system to control certain types of works which are identified as
potentially hazardous. This system may need to be used in high-
risk jobs such as hot works, confined space entries, maintenance
activities, carrying hazardous substances, and electrical or me-
chanical isolations [5]. In this system, responsible individuals
should assess work procedures and check the safety at all stages of
the work. Moreover, permits are effective means of communica-
tion among site managers, plant supervisors, and operators, and
the individuals who carrying out the work. The people doing the
job sign the permit to show that they understand the risks and the
necessary precautions [6].

Although a PTW is an integral part of a safe system of work and
can be helpful in the proper management of a wide range of ac-
tivities, it may be susceptible to human error itself. For instance, a
breakdown in the PTW system at shift change over and in the safety
procedures was one of the major factors that resulted in the

explosion and fire accident of the Piper Alpha oil and gas platform
[7]. Also, the lack of an issued permit for the actual job was one of
the reasons for the Hickson and Welch accident in 1992 [8].

Up to now, very limited studies have been conducted regarding
human error analysis in the PTW system. Hoboubi et al [9] inves-
tigated the human error probabilities (HEPs) in a PTW using an
engineering approach and estimated the HEP to range from 0.044
to 0.383. In another study conducted by the same authors [10],
human errors in the PTW system were identified and analyzed
using the predictive human error analysis technique. The most
important identified errors in that study were inadequate isolation
of process equipment, inadequate labeling of equipment, a delay in
starting the work after issuing the work permit, improper gas
testing, and inadequate site preparation measures. Moreover,
findings of a study conducted by Haji Hosseini et al [11] on the
evaluation of factors contributing to human error in the process of
PTW issuing indicated a significant correlation between the errors
and training, work experience, and age of the individuals involved
in work permit issuance. However, as mentioned above, a limited
number of researches have analyzed the PTW process from the
human error point of view. Moreover, except for Hoboubi et al [9],
other studies were descriptive in nature and failed to quantify the
human errors in the PTW issuance process. In this context, the
present study aimed to identify and analyze human errors in
different steps of the PTW process in a chemical plant.

Fig. 1. Schematic diagram of the human reliability assessment using the SPAR-H technique. HEP, human error probability; HFE, human failure event; PSFs, performance shaping
factors; SPAR-H, standardized plant analysis risk-human.
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