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ABSTRACT 

This article presents a systematic review of the implementation of Occupational Health and Safety (OHS) systems 
in oil and gas drilling operations, with a particular focus on risk control strategies. The high-risk nature of drilling 
activities demands a proactive and comprehensive approach to managing safety hazards, which include toxic gas 
exposure, high-pressure fluid systems, and harsh working environments. Drawing upon studies published between 
2018 and 2024, the review evaluates the effectiveness of international standards such as ISO 45001, Indonesia’s 
SMK3, and OSHA's Process Safety Management in mitigating workplace accidents. Key findings indicate that 
structured application of these systems, supported by top management commitment, continuous training, and 
active worker participation, significantly reduces accident rates. The review also highlights the importance of the 
hierarchy of controls and the integration of Internet of Things (IoT)-based monitoring technologies in enhancing 
real-time hazard detection. However, several implementation challenges persist, including inconsistent procedural 
adherence, insufficient competency-based training, and weak reporting cultures. To address these issues, the study 
recommends regular evaluations, external audits, and strengthened safety culture initiatives. Overall, this review 
contributes to a deeper understanding of OHS performance in high-risk drilling environments and provides 
evidence-based recommendations to improve workplace safety and operational sustainability in the oil and gas 
sector. 

Keywords: Occupational health and safety; drilling rig safety; risk control strategies; ISO 45001 
implementation; oil and gas industry 

1. INTRODUCTION 

Oil and gas drilling activities are one of the most complex industrial sectors, both in terms of 
technical and operational aspects. This process not only involves heavy equipment such as rigs, blowout 
preventers (BOPs), and rotary systems, but also includes the management of drilling fluids that have 
very high pressure and potential chemical hazards [1]. Interaction with subsurface formations that are 
not fully understood adds challenges to the execution of the work [2]. The occupational safety risks 
faced by workers on rigs are very diverse, ranging from exposure to toxic gases such as hydrogen sulfide 
(H₂S) which can cause death in a matter of minutes, the potential for uncontrolled blowouts, fires caused 
by the accumulation of flammable hydrocarbons, to explosions that can be fatal [3]. In addition to 
technical risks, ergonomic factors such as non-ideal working posture, fatigue due to long working hours, 
and extreme environmental conditions such as hot weather, rain or strong winds also increase the 
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possibility of work accidents [4]. Therefore, a systematic and proactive risk management approach is 
required, starting from hazard identification, risk analysis, and control through engineering and 
procedures, to continuous monitoring and evaluation, to ensure worker safety and the continuity of 
drilling rig operations [5], [6]. 

To overcome the various potential hazards inherent in oil and gas drilling activities, the 
implementation of a comprehensive occupational safety and health (K3) system is an absolute necessity 
[7]. The K3 system is not only interpreted as fulfilling legal provisions and regulations, but also as an 
integral part of the company's managerial strategy in ensuring human safety, protection of assets, and 
the sustainability of the work environment [8]. The implementation of an effective K3 system can reduce 
the risk of work accidents and operational incidents while increasing the company's efficiency and 
productivity in the long term [9]. The implementation of this system must be carried out 
comprehensively and integrated in every stage of the drilling process, starting from well design planning, 
procurement and mobilization of equipment, active drilling operation stages, to well closure activities 
(plug and abandonment) and reconditioning of the work location to make it safe for the environment 
[10]. Each stage must be supported by the implementation of documented work procedures that have 
undergone strict risk assessments, ongoing work safety training for all personnel, incident reporting and 
investigation systems, and internal audit mechanisms for continuous evaluation and improvement. The 
implementation of the K3 system must also prioritize the active participation of all workers and be 
supported by the commitment of the highest management [11]. Without a properly designed and 
implemented K3 system, the continuity of operations will be disrupted by potential losses due to work 
accidents and serious environmental impacts [12]. 

To support the implementation of occupational safety and health (K3) system effectively, many oil 
and gas companies at the global and national levels have adopted international occupational safety 
standards, which have been proven to reduce accident rates and improve operational performance [13]. 
One of the most widely implemented international standards is ISO 45001, a risk-based occupational 
health and safety management system that provides a systematic approach to identifying, evaluating, 
and controlling hazards in the workplace [14]. ISO 45001 emphasizes the importance of proactive 
hazard identification, quantitative risk assessment, and integration of OHS into the organization's 
strategy through active participation at all levels, from top management to workers in the field [15]. This 
approach provides room for continuous improvement in terms of risk control, safety communication, 
and data-driven decision-making [16]. In Indonesia, the national standard used as the main guideline is 
the Occupational Safety and Health Management System (SMK3), as regulated in Government 
Regulation No. 50 of 2012. SMK3 is designed to ensure that every company has a safe work system, by 
the characteristics and risk level of each of its operational activities [17]. Both ISO 45001 and SMK3 
not only aim to prevent work accidents and work-related diseases, but also to form a comprehensive and 
sustainable safety culture within the organization [18]. Both encourage strengthening organizational 
capacity through training, system documentation, internal audits, and worker involvement in decision-
making related to occupational safety. 

The implementation of occupational safety and health (K3) standards that have been designed 
systematically is indeed an important foundation in creating a safe work environment. However, its 
implementation in the field often faces various complex challenges. One of the main challenges is the 
lack of consistency in implementation, especially on large-scale projects with many subcontractors and 
personnel from various backgrounds [19]. The limited human resources who are trained and competent 
in the field of K3 are also often a serious obstacle, so supervision and monitoring of the implementation 
of safety procedures do not run optimally. In addition, resistance to changes in work culture is a 
psychological and structural challenge, because some workers still consider safety procedures as an 
administrative burden, not as a necessity [20]. Therefore, a strong commitment from top management 
is very important in creating a work environment that truly prioritizes safety. This commitment must be 
manifested in the form of firm policies, adequate budget allocation, ongoing training, and support for 
reporting and handling incidents without fear (no-blame culture). The success of K3 implementation is 
not only determined by the reduction in the number of work accidents, but also by the growth of 
collective awareness among workers to maintain each other's safety. In the context of the high-risk oil 
and gas industry, the integration of the K3 system into the company's main business strategy is a crucial 
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step to ensure operational sustainability as well as comprehensive protection of the safety of lives and 
Company assets [21]. 

However, the high number of work accidents that still occur in the oil and gas drilling rig area is 
an indicator that the implementation of the occupational safety and health (K3) system is not yet fully 
effective. Although various companies have adopted K3 management standards, such as ISO 45001 and 
SMK3, the reality in the field shows that there are still gaps in the implementation of safety procedures, 
incident reporting, and control of potential hazards. This shows the importance of conducting a 
comprehensive evaluation of the effectiveness of the implementation of the K3 system, not only from 
the aspect of administrative compliance, but also from its impact on reducing the number of accidents 
in real terms. In this context, risk control strategies are an important element that needs to be reviewed 
in depth, because this strategy is directly related to preventing incidents in the workplace. Therefore, 
this article aims to conduct a systematic review of the implementation of K3 on drilling rigs, with a 
primary focus on the effectiveness of the risk control strategies implemented. Through a review of 
various scientific studies and industry reports, this article seeks to identify approaches that have been 
proven to be able to significantly reduce the number of work accidents, as well as provide evidence-
based recommendations to improve the effectiveness of the K3 system in the risky oil and gas drilling 
work environment. 

2. METHOD 

This study uses a systematic literature review (SLR) approach that aims to critically explore, assess, 
and synthesize various scientific literature relevant to the implementation of occupational safety and 
health (OHS) in oil and gas drilling rigs, especially about risk control strategies. The study was 
conducted to identify trends in the implementation of the OHS system, evaluate its effectiveness in 
reducing the number of work accidents, and formulate evidence-based recommendations for continuous 
improvement. This method was chosen because of its ability to summarize various previous research 
results systematically and transparently, so that it can produce a comprehensive understanding of the 
phenomenon being studied. The study began with the formulation of the problem and study questions 
that focused on the effectiveness of the implementation of the OHS system in drilling rigs and the 
identification of the risk control strategies applied. Furthermore, a structured literature search planning 
process was carried out through the use of relevant keywords and Boolean operators, such as 
"Occupational Safety", "Oil and Gas Drilling Rig", "Risk Control Strategy", and "ISO 45001 
Implementation". The search process was carried out on several reputable scientific databases, including 
Scopus, ScienceDirect, SpringerLink, and Google Scholar, with publication limitations between 2018 
and 2024 to ensure the recency of the data and the relevance of the context of K3 implementation in the 
modern oil and gas industry. 

After the initial search process, articles were screened using previously established inclusion and 
exclusion criteria. Inclusion criteria included: (1) articles written in English or Indonesian; (2) are the 
results of empirical research, case studies, or literature reviews relevant to the topic of OHS 
implementation in the oil and gas drilling industry; (3) contain discussions on risk control strategies; 
and (4) published in the period 2018 to 2024 in indexed scientific journals. Meanwhile, articles that did 
not contain empirical data, were opinionated without a clear scientific basis, or were not relevant to the 
focus of the study were excluded from the analysis list. The screening process was carried out in two 
stages, namely the title and abstract screening stage, followed by the full-text review stage. Articles that 
passed these two stages were then analyzed using narrative synthesis techniques, by grouping data based 
on main themes such as the type of OHS standard applied, the form of risk control strategy used, the 
rate of reduction in work accidents, and challenges and recommendations in its implementation. This 
analysis was conducted concering the PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) framework to ensure transparency and replication of study results. 

In addition, in the analysis process, a literature quality assessment was also carried out using a 
critical appraisal method to measure the validity, reliability, and significance of the findings of each 
study. This assessment uses parameters such as research design, number of respondents (for empirical 
studies), data collection and analysis methods, and clarity of reporting results. The results of all articles 
that meet the criteria are then compiled and arranged into a thematic table showing the relationship 
between the OHS standards used, the risk control approach applied, and its impact on reducing work 
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accidents. Thus, this study not only provides an overview of OHS implementation trends but also 
presents an in-depth evaluation of effective risk control approaches. Data from the articles analyzed are 
also used to compile the discussion and conclusion sections, where the main findings are summarized 
to provide policy advice and practical recommendations. This methodological approach is expected to 
provide meaningful scientific contributions to the development of OHS systems in drilling rig work 
environments that have high levels of risk and require strict safety governance. 

3. RESULTS AND DISCUSSION 

K3 implementation trends in drilling rigs 

Various studies show that the implementation of occupational safety and health (OHS) systems in 
the oil and gas drilling industry has grown significantly by adopting international standards such as ISO 
45001, the National Occupational Safety and Health Management System (SMK3), and OSHA Process 
Safety Management (PSM). These three systems have generally become standard practices in 
operational risk management on drilling rigs because of their ability to align safety aspects with the 
company's business strategy. ISO 45001 is specifically designed based on risk management integrated 
with the organizational system, while SMK3 refers to national regulations in Indonesia through PP No. 
50 of 2012. Meanwhile, OSHA's PSM emphasizes more on process safety and management of 
hazardous chemicals in high-risk work areas. All three contribute to the formation of a comprehensive 
safety culture. According to the study, the adoption of this OHS standard can drive significant 
improvements in safety performance when supported by consistent risk management and compliance 
with operational procedures [22].  

Implementation of the K3 management system can reduce the Total Recordable Incident Rate 
(TRIR) by up to 45% within two years of full implementation [23], [24]. These results were obtained 
from direct observation of several multinational oil and gas companies that consistently implement ISO 
45001 and SMK3 standards. The success of the implementation is not only due to the formal 
documentation aspect, but also to the strong commitment of top management, the implementation of 
continuous K3 training, and the active involvement of workers in reporting potential hazards. Worker 
participation in hazard reporting is an important aspect in building a work culture that is aware of safety 
and responsive to risk. When workers feel heard and given an active role in the K3 system, compliance 
with safety procedures increases significantly [24]. With this approach, the trend of implementing K3 
on drilling rigs continues to move towards comprehensive integration that not only emphasizes technical 
aspects, but also behavioral and organizational culture aspects. 

Risk control strategies 

In the practice of oil and gas drilling industry safety management, the most effective risk control 
strategy is implemented based on the principle of hierarchy of controls, a systematic approach that ranks 
control methods from the most effective to the most dependent on human behavior. The sequence 
includes hazard elimination as the most ideal method, followed by safer material or process substitution, 
engineering controls, administrative controls through work procedures and policies, and finally, the use 
of personal protective equipment (PPE) as the last form of protection. The application of this hierarchy 
helps companies prioritize risk control strategically and measurably. This strategy is very relevant in the 
drilling rig area, which is full of potential hazards such as toxic gases, high fluid pressure, and 
mechanical risks. The emphasis on engineering, for example, can be in the form of installing automatic 
ventilation systems or pressure sensors, while administrative controls include routine training, limited 
work permits, and strict supervision of the implementation of safe work procedures [25]. 

Along with technological advances, the risk control approach has also evolved through the use of 
Internet of Things (IoT)-based monitoring systems. The use of real-time monitoring devices equipped 
with gas and pressure sensors allows early detection of H₂S gas leaks and other operational anomalies. 
This has proven to be very effective in preventing large-scale work accidents. A study by Gomez et al. 
showed that the implementation of an IoT-based digital monitoring system on an offshore drilling 
facility successfully reduced the number of pressure leak incidents by 60% in a one year [26]. This 
system not only provides direct warnings to operators but also allows automatic reporting to the control 
center for rapid decision-making. The use of this technology is a form of modern engineering control 
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that not only increases the efficiency of supervision but also strengthens the emergency response system. 
This strategy is recommended to be integrated into the company's OHS policy as a technology-based 
preventive approach that is oriented toward early detection and rapid control of potential hazards. 

Evaluation of effectiveness and challenges 

Although the occupational safety and health (OHS) system has been proven to have a positive 
impact on reducing the incidence of work accidents, its effectiveness in the field still faces various 
challenges. One of the main problems is the inconsistency in the implementation of OHS procedures, 
especially on large-scale projects with many contract workers and a high rotation system. The high 
turnover of personnel means that not all workers have a complete understanding of the safety procedures 
that apply at a particular work location [27]. In addition, the weak culture of incident reporting, either 
due to fear of sanctions or indifference to minor potential hazards, hinders the early detection system 
for unsafe conditions. This ignorance ultimately increases the risk of preventable work accidents. 
Another obstacle is the limitation in relevant and ongoing technical training, where training is sometimes 
carried out as a formality without measuring the participants' real understanding or competence. 
Therefore, there needs to be a competency-based training strategy and a two-way communication 
approach between management and workers to increase the effectiveness of the implementation of the 
K3 system in the field [28]. 

Ensure that the OHS system does not only run on paper, periodic evaluations and external audits 
are very important instruments. This evaluation must be carried out in a scheduled and structured manner 
to ensure that every aspect of the safety procedure is carried out by the established standards, such as 
ISO 45001 or national regulations related to OHSMS. External audits not only function as a compliance 
assessment tool but also as a mechanism to identify system weaknesses, opportunities for improvement, 
and validation of the effectiveness of corrective actions that have been taken previously. The results of 
this audit can be used by management to establish more realistic and data-based occupational safety 
policies. In addition, it is also important to involve workers in the evaluation process as a form of active 
participation that encourages the growth of a safety culture. As stated in a study, companies that 
routinely conduct external and internal audits tend to have higher levels of compliance and lower rates 
of work accidents [29]. Therefore, evaluation and audit must be an integral part of the continuous 
improvement cycle in the occupational safety management system. 

4. CONCLUSION 

Based on the results of a systematic review of various scientific literature discussing the 
implementation of occupational safety and health (OHS) systems on drilling rigs, it can be concluded 
that the implementation of a comprehensive OHS system based on international standards such as ISO 
45001, SMK3, and OSHA Process Safety Management (PSM), has a real contribution in significantly 
reducing the level of work accidents. The effectiveness of this system depends on several key factors, 
including top management commitment, ongoing training, and the active involvement of all workers in 
reporting and controlling hazards. In addition, a risk control approach that follows the principle of 
hierarchy of controls has proven to be the most effective strategy, especially when combined with the 
Internet of Things (IoT)-based monitoring technology that can detect potential hazards in real time. 
However, implementation challenges remain issues that need to be addressed. Inconsistency in 
implementation in the field, limited technical training, and a weak reporting culture are still common 
obstacles that must be overcome. Therefore, periodic evaluations and external audits must be an integral 
part of the OHS management system to ensure that procedures comply with applicable standards. 
Integration of the OHS system into the company's business strategy is also an urgent need to ensure 
occupational safety, operational continuity, and protection of assets and the environment. This study 
recommends increasing human resource capacity, optimizing safety technology, and strengthening 
reporting culture as concrete steps to improve the effectiveness of the OHS system in the high-risk oil 
and gas drilling industry. 
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