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ABSTRACT

Introduction: Measuring and monitoring the process safety management system is essential to reduce the
risk of accidents in process industries. For this purpose, lagging and leading process safety performance
indicators are utilized. The aim of the present study is to select, validate and prioritize the leading indicators
of process safety performance.

Material and Methods: First, the leading indicators associated with risk factors affecting hydrocarbon
liquid tanks were identified and selected based on the guidelines provided by the CCPS, HSE UK, OGP, and
relevant scholarly articles. After choosing the appropriate indicators, the content validity of the indicators
was studied. In the next step, indicators with acceptable content validity were studied by experts in terms
of applicability and importance using fuzzy weighting.

Results: Out of 18 performance indicators related to risk factors influencing the performance of operating
personnel, 3 indicators were eliminated due to content validity ratio (CVR) and content validity index (CVI)
scores below acceptable levels. The remaining 15 indicators advanced to the next stage of the study. All 4
indicators related to the performance of maintenance personnel achieved acceptable CVR and CVI scores
and were also included in the next stage. Of the 13 indicators defined for equipment performance, 3
were excluded due to low CVR or CVI scores, and 10 progressed to the subsequent phase. For firefighters,
9 indicators were identified, of which 2 were eliminated due to low CVR or CVI, and 7 advanced to the
next stage. In this stage, all 36 indicators achieved acceptable applicability scores and were subsequently
weighted.

Conclusion: The 36 final indicators presented in this study can be used to measure process safety
performance in the oil industry. Although the present study was a case study on liquid hydrocarbon
tanks, most of the indicators presented can be applied to other sectors of the oil industry. In addition, the
weights specified for each of these indicators can be used to prioritize the indicators.
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1. INTRODUCTION

The history of the process industry is marked by
deadly disasters caused by the release of hazardous
chemicals in terms of toxicity, flammability, and
explosiveness. Disasters during the 1980s forced
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safety regulatory agencies to take initiatives that
could ensure safe working conditions for all
employees. In this context, the US Occupational
Safety and Health Administration (OSHA)
proposed the Process Safety Management (PSM)
standard in 1992 to reduce the risk of accidents that
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can occur in the process industries, and 15 years
later a new approach called RBPS was developed
by American Center for Chemical Process Safety
(CCPS) to improve the effectiveness of the process
safety management system.

Measuring and monitoring the process
safety management system is crucial to reducing
accident risks in the process industry. Process
safety performance indicators serve as lagging and
leading indicators.

Lagging indicators indicate the organization’s
performance after an incident. Since the goal
of establishing a safety management system is
continuous improvement and predicting events
before they occur, in addition to lagging indicators,
leading indicators should be used that enable
organizations to prevent and help them develop
safety performance improvement plans and
corrective actions before incidents occur.

Various organizations, including the UK Health
and Safety Executive (HSE UK), the American
Petroleum Institute (API), the International
Association of Oil and Gas Producers (OGP), the
Institute of Chemical Engineers (IChemE), and
the American Center for Chemical Process Safety
(CCPS), have provided various guidelines and
guides regarding these indicators.

Due to the high number of process safety
performance indicators presented in the
aforementioned guidelines, process industries
may find it challenging to collect and measure the
information required for all of these indicators.
This study aims to address this issue by reducing
the number of indicators to a more practical and
important set. To date, no study has focused on
hydrocarbon liquid storage tanks in this context.
Given the importance and high risk of hydrocarbon
liquid storage tanks, this study aims to select,
validate, and prioritize leading indicators of process
safety performance specific to these tanks.

2. MATERIAL AND METHODS

This study was conducted in three phases in an
oil terminal. First, in order to identify the factors
affecting accidents in hydrocarbon storage tanks,
the factors specified in the review study by Ahmadi
et al. were used. This study was chosen, considering
that it was the most recent review study in this field.
In the next stage, in order to identify the leading
indicators related to the factors affecting accidents
in tanks, the CCPS, HSE UK, OGP guidelines
and related articles were examined. In this stage,
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the indicators related to the effective risk factors
were extracted from the mentioned sources. Then,
throughinterviewsand discussions with operational
staff (staff familiar with recorded data and cost-
effective indicators), the relevant indicators were
selected for further study. An attempt was made to
use indicators that were available in the company’s
databases and did not impose an additional burden
on the company. After selecting the appropriate
indicators, the content validity of the indicators
was evaluated. In order to study the validity of
the indicators, the content validity ratio (CVR)
and the content validity index (CVI) were used,
and the minimum acceptable value of the content
validity ratio (CVR) and the content validity
index (CVI) was considered to be 0.33 and 0.79,
respectively. In the next stage, the indicators with
acceptable content validity were examined in terms
of applicability (minimum acceptable applicability
score of 0.5) and importance using fuzzy weighting
by experts.

3. RESULTS AND DISCUSSION

Based on the results obtained, out of 18 leading
indicators identified for effective risk factors
affecting the performance of operating personnel
based on expert opinions, 3 indicators were
eliminated due to CVR and CVI below acceptable
levels. The remaining 15 indicators entered the next
stage of the study. 4 leading indicators were defined
for effective risk factors affecting the performance
of maintenance and repair personnel, all 4 of which
had acceptable CVR and CVI and entered the
next stage of the study. 13 leading indicators were
defined for effective risk factors affecting equipment
malfunction, 2 of which were eliminated due to
low CVR and CVI and 1 due to low CVI, and 10
were entered the next stage of the study. 9 leading
indicators related to effective risk factors affecting
the performance of firefighters were defined. 1 of
the indicators was eliminated due to low CVR and 1
due to low CVR and CVI, and the next 7 indicators
entered the next stage of the study.

In the next stage, i.e., evaluating the applicability
of the indicators, all leading indicators related to the
effective risk factors affecting the performance of
operating personnel (15 cases), the performance of
maintenance personnel (4 cases), the performance
of firefighters (7 cases) and the performance of
equipment (10 cases) had an applicability score
above the acceptable level (0.5).

All 36 indicators progressed to the final stage,
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which involved assessing their relative importance,
as each indicator possessed a distinct level of
significance and weight compared to the others.
For example, in the section of effective risk factors
affecting the performance of operating personnel,
the indicator “Percentage of pre-work briefings
held for operating personnel activities relative to
the total activities performed” with a weight of 1
was the most important indicator.

One of the limitations of Faisal Khans study in
this regard is that they only determined the weight
of the effective risk factors and used the indicators
with the same weight, while the indicators also
have different weights, which is addressed in the
present study.

The International Atomic Energy Agency
(IAEA) has proposed characteristics for safety
performance indicators. Based on these criteria, the
indicators should meet the following requirements:
1. Establish a clear link to the cause of a
specific defect. In this study, the indicators
were defined according to the accident
analysis ~ conducted by Ahmadi et al
2. Demonstrate applicability. The
practical applicability of the indicators was
evaluated, as some may not be feasible for
implementation in the industrial context.
3. Exhibit high validity. The content validity of the
indicators was assessed in this study. Furthermore,
since the indicators were derived from effective risk
factors, they also demonstrate structural validity.

[ Dow!ed from journals.tums.ac.ir on 2026-04-02 ]

4. Be quantitative. All indicators presented
in this study are quantitative in nature.
5. Be transparent and unambiguous. This criterion
was examined using the Content Validity Ratio (CVR)
index. In the study conducted by Abbas Aghababaei
and his colleague, 105 leading and lagging indicators
were presented, one of the limitations of which was
lack of weighting and prioritization of indicators,
which is considered in the present study.

4. CONCLUSIONS

According to the results of the present study, out
of the 44 leading indicators included in the study,
36 remained useful and applicable indicators that
can be used to measure process safety performance
in the oil industry. Although the present study was
a case study on liquid hydrocarbon tanks, most
of the indicators presented can be used in other
sectors of the oil industry in addition to reservoirs.
In addition, the weights specified for each of these
indicators can be used to prioritize the indicators.

Future studies can investigate the predictive
capacity of the presented indicators compared
to lagging indicators. Also, based on the study of
indicators in different time frames, they can obtain
the correlation between the presented indicators
and lagging indicators.
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