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Abstract

Background and Objective: Fuel storage tanks are among the major hazard
sources in power plants, posing significant risks to personnel, equipment, and the
environment. Therefore, identification and assessment of the associated safety and
environmental risks, together with implementation of appropriate control measures
to reduce the likelihood and consequences of accidents, is of paramount
importance.

Materials and Methods: In this study, fuel leakage from diesel storage tanks was
analyzed as a critical top event in power plants. Initially, the most significant causes
leading to the occurrence of the top event were identified and evaluated using the
Fault Tree Analysis method. Subsequently, the potential consequences resulting
from the occurrence of the top event were predicted through the application of the
Event Tree Analysis technique. Moreover, the most important control measures
aimed at preventing fuel leakage and mitigating its consequences were identified
and recommended according to their priority.

Results: Overall, five principal threats, together with 87 intermediate events, were
identified as contributing factors to fuel leakage from diesel storage tanks in power
plants. In addition, 49 control measures aimed at preventing the occurrence of fuel
leakage were identified and proposed.

Conclusion: Based on the analysis of the results and the constructed diagrams, it
was determined that the most important control measures for preventing fuel
leakage from diesel storage tanks, in order of priority, include periodic inspection
and maintenance, development of safety procedures, and the provision of relevant
training programs.
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Extended Abstract

Background and Objective

Electrical power generation is a critical infrastructure,
and reliable plant operation depends on safe
management of fuel storage systems. Diesel storage
tanks provide reserve fuel during peak demand, supply
interruptions, and emergencies, but they also create
important safety, environmental, operational, and
economic hazards. Leakage can arise from human
error, corrosion, equipment defects, inadequate
maintenance, overflow, or external damage and may
lead to pollution, fire, damage to nearby facilities, fuel
loss, and interruption of production. The Bow-Tie
method is useful because it integrates the causes of a
critical event, preventive barriers, potential
consequences, and mitigation measures within one
visual framework. Previous assessments have often
identified hazards without clearly prioritizing the most
appropriate controls for each causal pathway. This
study therefore aimed to assess and manage the risks
associated with diesel storage tanks in power plants in
Mashhad, Iran, using the Bow-Tie method, with
emphasis on identifying and prioritizing effective
control measures for major threats and consequences.

Materials and Methods

This  descriptive-analytical — study  qualitatively
evaluated factors contributing to fuel leakage from
diesel storage tanks and the consequences that could
follow. Mashhad has four power plants, and because
their diesel tanks and storage processes were similar,
detailed assessment was performed on one
representative facility. The tanks were fixed-roof steel
tanks with capacities of approximately 10, 15, and 20
million liters.

Fuel leakage was selected by expert judgment as the top
event. A multidisciplinary team was formed from
operation, maintenance, safety, firefighting, and
management personnel. Information was collected
through field inspections, incident records, technical
documentation, operating procedures, and expert
consultation sessions. Fault Tree Analysis was used to
identify the principal threats, root causes, and
intermediate events leading to leakage. Event Tree
Analysis was then used to evaluate post-leakage
scenarios according to the performance or failure of
existing protective barriers. The two analyses were
integrated into a Bow-Tie diagram using BowTieXP
software. Preventive measures were placed on the
causal side of the diagram and mitigative measures on
the consequence side. The proposed controls were
subsequently prioritized according to their recurrence
and practical importance across the identified
scenarios.

Results

Five major threats were identified: human error, defects
in fittings and associated equipment, corrosion and
reduction in tank-wall thickness, fuel overflow, and
physical damage to the tank. Across these categories,
87 intermediate events were identified.

Human error accounted for 9 intermediate events,
including mistakes during tank filling and wvalve
operation, often associated with fatigue or inadequate
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training. Seven preventive measures were proposed,
particularly development of procedures, training, and
adequate staffing. Defects in fittings and equipment
represented the largest threat category, with 32
intermediate events. Important contributors included
valve malfunction, pipe and flange damage, blocked
vents, excessive force during operation, corrosion, and
inadequate servicing. Fourteen controls were proposed,
including periodic maintenance, anti-corrosion coating,
training, and initial fuel testing.

Corrosion and reduced tank-wall thickness accounted
for 27 intermediate events. Moisture accumulation, loss
of protective coating, fuel impurities, sludge
deposition, unsuitable drainage or foundation
conditions, inadequate cleaning, weak contractor
performance, and poor supervision were important
contributors. Fourteen control measures were
suggested, especially regular maintenance, structural
correction, procedures, training, and supervision. Fuel
overflow was associated with 10 intermediate events,
including level-gauge failure, failure to stop pumping,
poor calibration, absence of automatic shutoff, and
human error. Eight preventive measures were
recommended, including periodic  calibration,
automatic  cutoff  systems, servicing, timely
replacement of defective equipment, and training. Tank
damage accounted for 9 intermediate events and
included natural hazards, external impact, deliberate
damage, and insufficient preventive planning. Six
controls were recommended, including passive-defense
measures, supervision, earthquake-resistant
foundations, flood barriers, protective fencing, and
training.

Overall, 49 preventive control measures were
identified. Periodic inspection and maintenance ranked
first with 9 occurrences, development of operational
and safety procedures ranked second with 8
occurrences, and training ranked third with 7
occurrences. Event-tree analysis identified five major
consequences of leakage: environmental pollution, fuel
loss, generation of flammable vapors, damage to
adjacent facilities, and pool fire.

Discussion

The findings show that diesel-tank leakage is produced
by an interacting network of human, technical,
maintenance, and organizational deficiencies rather
than a single failure mode. Although human error was
prominent, equipment defects and corrosion were also
major contributors, indicating that prevention cannot
rely only on worker behavior. Risk reduction requires
coordinated technical and managerial measures.

The frequent appearance of maintenance-related causes
explains why periodic inspection and maintenance
became the highest-priority control measure. Aging
equipment, deteriorated connections, valve
malfunction, coating failure, and reduced reliability
repeatedly appeared in the causal pathways. The high
frequency of missing procedures and inadequate
training also points to weaknesses in maintenance
management and safety culture. Clear operating
instructions, competency-based training, adequate
supervision, and reliable maintenance can reduce
variability in operator performance and improve the
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consistency of filling, valve operation, inspection, and
emergency response.

The identified consequences further demonstrate the
need for rapid detection and containment.
Environmental contamination and fuel loss can create
major economic and ecological damage, while
flammable vapor formation and pool fire can escalate
leakage into a severe accident affecting workers and
nearby facilities. Preventive controls should therefore
be complemented by mitigation measures such as leak
containment, reliable  firefighting  equipment,
emergency shutdown arrangements, physical tank
protection, and effective drainage.

The Bow-Tie approach provided an integrated view of
the pathways from threats to leakage and from leakage
to consequences. By linking barriers to specific threats
and outcomes, it supports practical prioritization and
helps reveal where controls are absent or repeatedly
needed. The results indicate that sustainable safety
improvement requires combining hardware measures,
such as corrosion protection, calibration, automatic
cutoff systems, and structural reinforcement, with
organizational measures, including maintenance
programs, procedures, training, contractor control, and
supervision.

Conclusion

Fuel leakage from diesel storage tanks in power plants
can produce serious safety, environmental, operational,
and economic consequences. The analysis identified
five major threats, 87 intermediate events, five
principal consequence categories, and 49 preventive
control measures. Human error, equipment defects,
corrosion, inadequate maintenance, insufficient
procedures, and lack of training were among the most
important contributors. Periodic inspection and
maintenance, development and implementation of
safety and operating procedures, and employee training
were the highest-priority preventive measures.
Effective risk management should therefore combine
equipment  integrity = management, preventive
maintenance, clear procedures, workforce competency,
supervision, and robust systems for leak containment
and fire control. Systematic implementation of these
measures can reduce both the likelihood of fuel leakage
and the severity of its consequences in power-plant
operations.
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